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FOREWORD 

This  r e p o r t  was prepared by t h e  I l l i n o i s  S t a t e  Geological  Survey 
i n  Urbana, I l l i n o i s ,  under USBM c o n t r a c t  number H0242017. The c o n t r a c t  
was adminis te red  by t h e  ground c o n t r o l  program under  t h e  t e c h n i c a l  
d i r e c t i o n  of t h e  Denver o f f i c e  w i t h  M r .  Douglas Bols tad  a c t i n g  a s  
t e c h n i c a l  p r o j e c t  o f f i c e r .  M r .  David Askin was t h e  c o n t r a c t  adminis- 
t r a t o r  f o r  t h e  Bureau of Mines. The c o n t r a c t  extended from March 1974 
through February 1976, bu t  r e s u l t s  from work beyond t h a t  d a t e  a r e  a l s o  
included.  This  r e p o r t  was submit ted by t h e  au tho r s  on February 6 ,  1978, 
and was resubmit ted a f t e r  r e v i s i o n s  i n  June 1979. 

We a r e  g r a t e f u l  t o  t h e  numerous o f f i c i a l s  and employees of t h e  c o a l  
mining companies i n  I l l i n o i s  who a s s i s t e d  our  work by prov id ing  v a l u a b l e  
in format ion  and a c t i n g  a s  d i s c u s s i o n  p a r t n e r s  and guides .  Our s p e c i a l  
thanks go t o  Consol ida t ion  Coal Company, Freeman United Coal Mining Company, 
Inland S t e e l  Coal Company, Monterey Coal Company, Old Ben Coal Company, 
Peabody Coal Company, and Ze ig l e r  Coal Company, who opened t h e i r  mines t o  
u s ,  permi t ted  u s  t o  u se  d r i l l - h o l e  d a t a ,  and s t imu la t ed  and promoted our  
work i n  many ways. 

The d e t a i l e d  mapping i n  underground mines was performed mainly by 
Heinz H. Damberger, Hans-Friedrich Krausse,  Chris topher  T. Ledvina,  and 
W. John Nelson; t h e  r e g i o n a l  computer mapping was c a r r i e d  ou t  by Col in  G. 
Treworgy; t h e  s t u d i e s  i n  s u r f a c e  mines and t h e  development and a p p l i c a t i o n  
of c lose-range photogrammetry methods were completed by Vincent D. Brandow, 
H.-F. Krausse,  W. John Nelson, and Col in  G.  Treworgy; Chr i s topher  T. Ledvina 
was i n  charge  of c o r e  d r i l l i n g  i n  underground mines; t h e  l a b o r a t o r y  t e s t i n g  
of t h e  d r i l l  co re s  was c a r r i e d  ou t  by Caner Zanback and L e s t e r  S. F ru th  
under t h e  supe rv i s ion  of Alber to  S. Nfeto,  Department of Geology, Un ive r s i t y  
of I l l i n o i s ,  Urbana; d a t a  and in format ion  on rock  mechanics and roof f a i l u r e  
t r e n d s  were eva lua ted  by Stephen R. Hunt; W. Arthur  White was i n  charge of 
t h e  c l a y  mineralogy s t u d i e s .  The e n t i r e  program was guided and d i r e c t e d  by 
£3, H. Damberger and H.-F. Krausse,  and t h e  f i n a l  r e p o r t  was w r i t t e n  and 
coordinated by H.-F. Krausse,  H. H. Damberger, and W. J .  Nelson. 

We acknowledge v a l u a b l e  a s s i s t a n c e  by many Survey s t a f f  members, no t  
l i s t e d  a s  au tho r s ,  i n  p a r t i c u l a r ,  M. E. Nopkins, who i n i t i a t e d  t h e  roof  
s tudy ,  Harold J. Gluskote r ,  Will iam H. Smith, Lawrence E. Bengal,  Roger B. 
Nance, and George J. A l l g a i e r .  
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INTRODUCTION 

The r e l a t i o n s h i p  of roof c o n t r o l  t o  t h e  l o c a l  and a r e a l  geo logic  make-up 
of roof s t r a t a  i n  c o a l  seams has  been i d e n t i f i e d  a s  one of t h e  l e a s t  understood 
s u b j e c t s  of ground c o n t r o l  (Van Besien, 1973),  Therefore ,  a  number of con- 
t r a c t s  have been l e t  by t h e  U.S. Bureau of Mines ( I )  t o  c a t a l o g  d a t a  on roof 
cond i t i ons  i n  mines a s  they  r e l a t e  t o  geologic  f e a t u r e s ,  (2)  t o  understand t h e  
causa l  r e l a t i o n s h i p  between t h e  geologic  s t r u c t u r e  and p r e v a i l i n g  roof condi- 
t i o n s ,  s t a b l e  o r  hazardous, and (3) t o  improve methods of roof c o n t r o l ,  o r  a t  
l e a s t  t o  provide warning i n  advance based on such knowledge. 

The I l l i n o i s  Basin con ta in s  v a s t  c o a l  resources ,  mostly w i t h i n  t h e  bound- 
a r i e s  of t h e  s t a t e  of I l l i n o i s .  The I l l i n o i s  S t a t e  Geological  Survey (ISGS) 
l is ts  t o t a l  c o a l  r e sou rces  of 161.6 b i l l i o n  t ons  f o r  I l l i n o i s  (Smith and S t a l l ,  
19751, 68.4 b i l l i o n  t ons  of which a r e  i n  t h e  Herr in  (No. 6) Coal Member. S ix ty  
b i l l i o n  t o n s ,  o r  88 pe rcen t ,  of i d e n t i f i e d  resources  i n  t h e  Her r in  (No. 6) Coal 
a r e  minable only by underground methods. The Herr in  (No. 6) Coal seam has been 
and is being mined i n  western,  wes t -cen t ra l ,  sou thern ,  and no r the rn  I l l i n o i s  
and i n  Vermilion and Douglas Counties of e a s t e r n  I l l i n o i s .  I n  1973, 75 percent  
of t h e  c o a l  produced i n  I l l i n o i s  came from t h i s  seam. The Herr in  (No. 6) Coal 
Member was t h e r e f o r e  s ing l ed  ou t  f o r  a  s p e c i a l  s tudy  of t h e  i n f luence  of 
s t r u c t u r a l  geologic  f e a t u r e s  on roof cond i t i ons  i n  underground mines i n  t h e  
I l l i n o i s  Basin Coal F i e l d .  

Statement of g o a l s  

This r e p o r t  summarizes t h e  s t a t u s  of our knowledge on t h e  i n f luence  of 
t h e  geologic  and s t r u c t u r a l  f a b r i c  of roof s t r a t a  on roof s t a b i l i t y  i n  under- 
ground mines i n  t h e  Herr in  (No. 6) Coal. The r e p o r t  is  based both  on p a s t  in -  
v e s t i g a t i o n s  and on information c o l l e c t e d  during r ecen t  v i s i t s  t o  a c t i v e  mines. 
More information needs t o  be c o l l e c t e d  and eva lua ted  t o  develop methods f o r  
improving roof c o n t r o l  and mine s a f e t y .  The o b j e c t i v e s  of t h i s  s tudy  were as 
fo l lows  : 

1. To i d e n t i f y  and d e s c r i b e  geologic  cond i t i ons  t h a t  i n f luence  roof s t a b i l i t y  
2. To r e l a t e  roof performance t o  t h e  geologic  s t r u c t u r e  by d e t a i l e d  s tudy  

wi th in  s e l e c t e d  mines 
3. To presen t  information on a r e a l  d i s t r i b u t i o n  of comparable geologic  condi- 

t i o n s  t h a t  i n f luence  roof s t a b i l i t y  
4.  TO compile from l i t e r a t u r e  and f i l e s  geotechnica l  d a t a  t h a t  p e r t a i n  t o  

roof s t a b i l i t y  
5.  To c o l l e c t  samples from s tudy  a r e a s  by diamond d r i l l i n g  



6. To show how t o  recognize,  b o t h i n m i n e s  and i n  diamond d r i l l  co re s ,  t h e  
va r ious  geologic  f e a t u r e s  t h a t  i n f luence  roof s t a b i l i t y  

7 .  To propose a r e a s  of f u t u r e  r e sea rch  on t h e  s u b j e c t  

Previous work and d a t a  b a s i s  

The I l l i n o i s  S t a t e  Geological  Survey f o r  many yea r s  has  had an  a c t i v e  
i n t e r e s t  i n  t h e  i n t e r r e l a t i o n s h i p s  between t h e  geologic  make-up of c o a l  seam 
roof s t r a t a  and roof condi t ions  i n  underground mines, and mine ope ra to r s  have 
been advised on such r e l a t i o n s h i p s  by Survey personnel  as new mines were being 
planned o r  when a c t i v e  mines encountered roof problems. Numerous observa t ions  
on t h e  performance of t h e  va r ious  roof s t r a t a  and on t h e  i n f luence  of s t r u c -  
t u r a l  geologic  f e a t u r e s  a r e  accumulated i n  t h e  ex t ens ive  c o l l e c t i o n  of mine 
no t e s  a t  t h e  Survey, many of which have been d iscussed  i n  ISGS pub l i ca t i ons .  
From t h i s  long experience i t  was r e a l i z e d  t h a t  bo th  l i t h o l o g y  and th i cknes s  
of t h e  s t r a t i g r a p h i c  members above and below c o a l s  have s i g n i f i c a n t  i n f luence  
on roof s t a b i l i t y  i n  underground mines. Roof cond i t i ons  i n  mines having b l ack  
shale- l imestone roof a r e  known t o  be  s u b s t a n t i a l l y  d i f f e r e n t  from mines having 
gray s h a l e - s i l t s t o n e  roof .  A t h i c k  s o l i d  l imestone i n  t h e  immediate roof usu- 
a l l y  provides  a  s t a b l e  r o o f ,  whereas roof c o n t r o l  might become a problem where 
t h e r e  i s  no t h i c k  l imestone o r  where t h e  roof is  formed by a  t h i n  layered  sand- 
s t o n e  t h a t  has  p a r t i n g s  of p l a n t  deb r i s .  Furthermore, c e r t a i n  s t r u c t u r a l  
f e a t u r e s  and f a b r i c s  have been recognized i n  some l i t h o l o g i e s  and a r e a s  bu t  n o t  
i n  o the r s .  Therefore ,  a  sys temat ic  r e t r i e v a l ,  s o r t i n g ,  and eva lua t ion  of d a t a  
on t h e  a r e a l  v a r i a b i l i t y  of t h e  s t r a t i g r a p h i c  members of t h e  Herr in  (No. 6)  
Coal roof sequence i n  Survey f i l e s  ( logs  of boreholes  and s h a f t s ,  and descr ip-  
t i o n s  of ou tc rops)  is  r equ i r ed  t o  d e l i n e a t e  a r e a s  of comparable roof cond i t i ons .  
A system f o r  ga ther ing  t h i s  type  of d a t a  f o r  computer processing was developed 
a t  t h e  Survey (Swann e t  a l e ,  1970; Johnson, 1972).  Almost a  yea r  was spent  
ga ther ing  and organiz ing  a l l  r e l i a b l e  d a t a  on a r e a s  of minable Herr in  (No. 6) 
Coal and p lac ing  them i n  a  computer-processible f i l e .  During t h e  course  of 
t h i s  roof s tudy ,  ex t ens ive  use  was made of t h e  Survey d a t a  base ,  which inc ludes  
many thousands of d e t a i l e d  c o r e  d e s c r i p t i o n s ,  d r i l l e r s v  l o g s ,  and e l e c t r i c  l o g s  
of co re  ho l e s  descr ibed  and eva lua ted  by Survey personnel .  E l e c t r i c  l ogs  of 
o i l  and gas  d r i l l  ho l e s  have r e c e n t l y  been used i n  an  i n t e n s i v e  i n v e s t i g a t i o n  
of t h e  I l l i n o i s  c o a l  f i e l d s  (Hopkins, 1968; A l l g a i e r  and Hopkins, 1975).  Survey 
f i l e s  a l s o  con ta in  many d a t a  on s t r u c t u r a l  f e a t u r e s  such a s  f a u l t s ,  r o l l s ,  
s l i p s ,  and j o i n t s  which were c o l l e c t e d  over  many yea r s  dur ing  b r i e f  mine v i s i t s  
and inc lude  d a t a  on most c o a l s  and a s soc i a t ed  rocks i n  t h e  s t a t e ;  however, 
comprehensive a r e a l  s t u d i e s  i n  a  number of mines were needed t o  develop a  
b e t t e r  understanding of i n t e r r e l a t i o n s  between s t r u c t u r a l  f e a t u r e s ,  l i t h o l o g y ,  
and s t a b i l i t y  of t h e  roof .  

Se l ec t i on  of s tudy  a r e a s  and a c t i v i t y  p lan  

Most of t h e  mines a r e  nea r  t h e  r i m  of t h e  I l l i n o i s  Basin Coal F i e l d .  
During 1975, 58 c o a l  mines were ope ra t i ng  i n  I l l i n o i s ,  of which 17 were underground 
mines i n  t h e  Herr in  (No. 6 )  Coal. The underground mines were v i s i t e d  during 
t h e  i n i t i a l  phase of t h i s  s tudy.  I n  s e l e c t i n g  mines and s tudy  a r e a s  f o r  de- 
t a i l e d  i n v e s t i g a t i o n ,  a  number of c r i t e r i a  were appl ied  and compared. Most 
important  were amount and q u a l i t y  of c o a l  r e s e r v e s  i n  t h e  a r e a s  and t h e  poten- 
t i a l  f o r  s tudying s u i t a b l e  examples of s t r u c t u r a l  geo log ica l  f e a t u r e s  t h a t  
were recognized a s  con t r ibu t ing  s i g n i f i c a n t l y  t o  roof f a i l u r e s .  We s e l e c t e d  
mines o r  a r e a s  f o r  which much information,  i n  p a r t i c u l a r  good c o r e  d e s c r i p t i o n s ,  
w e r e  a v a i l a b l e  from Survey f i l e s .  



Twelve study a r e a s i n s e v e n  mines 
were se l ec ted .  Study a reas  1 t o  3, 
which have a black shale-limestone 
type of roof ,  and a reas  4 t o  9, which 
have a gray sha le - s i l t s tone  type of 
roof ,  were de l inea ted  on mine maps 
a t  s c a l e s  of 1 inch t o  100 f e e t  
(1:19200) o r  1 inch t o  200 f e e t  
(1:2,400). Study a rea  10 is  i n  a  
s t r i p  mine having black shale- 
l imestone roof. Many o ther  mines, 
including study a reas  11 and 12,  were 
v i s i t e d ,  and p a r t i c u l a r  s t r u c t u r a l  
f e a t u r e s  were inves t iga ted .  Study 
a c t i v i t i e s  over t h e  two-year period 
of t h i s  p ro jec t  a r e  summarized i n  
t a b l e  I. 

TABLE 1. Summary o f  work progress. 
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The Pennsylvanian System is  t h e  youngest l a r g e  bedrock system i n  t h e  
I l l i n o i s  Basin and forms t h e  uppermost bedrock u n i t  f o r  over 65 percent of 
I l l i n o i s  (Hopkins and Simon, 1975). It is  over l a in  by g l a c i a l  depos i t s  of 
P le is tocene  age, which l o c a l l y  a t t a i n  a maximum thickness of more than 400 
f e e t  (120 m) but a r e  commonly much th inner .  The Pennsylvanian i s  underlain 
by Mississippian o r  o lder  Paleozoic rocks,  which crop out around t h e  ou te r  
margins of t h e  I l l i n o i s  Basin. 

The Pennsylvanian System ( f i g .  l ) ,  which contains a l l  t h e  commercial coa l s  
i n  I l l i n o i s ,  reaches a  thickness of about 2,500 f e e t  (760 m) i n  t h e  c e n t r a l  
p a r t  of t h e  I l l i n o i s  Basin. Thicknesses of up t o  3,500 f e e t  (1,070 m) have been 
recorded l o c a l l y  i n  down-faulted blocks i n  southeastern I l l i n o i s  and western 
Kentucky. About 85 indiv idual  coa l s  have been recognized i n  the  Pennsylvanian 
System of t h e  I l l i n o i s  Basin Coal F ie ld .  O f  these ,  about 20 have been mined 
a t  l e a s t  l o c a l l y  through t h e  years .  Most of t h e  i d e n t i f i e d  coal  resources 
(about 92 percent)  i n  t h e  s t a t e  occur i n  t h e  middle p a r t  of t h e  Pennsylvanian 
System, i n  the  Carbondale Formation, which c o n s i s t s  of about 350 f e e t  (107 m) 
of s t r a t a .  Four coa l  members i n  t h e  Carbondale Formation account f o r  near ly  
a l l  of tHe 92 percent  ( f i g ,  l ) ,  These a r e ,  from youngest t o  o ldes t :  t h e  
Danvil le  (.No. 79-4 percent ,  t h e  Herrin (No. 6)-42 percent ,  t h e  Springfield-  
Harrisburg (No. 5)-31 percent ,  and t h e  Colchester (No. 21-13 percent .  About 
80 percent of t h e  s t a t e ' s  cu r ren t  coa l  production is  from t h e  Herrin 
(No. - 6 )  Coal, 

The Carbondale Formation has long been known a s  t h e  formation t h a t  b e s t  
e x h i b i t s  cyclothems, which a r e  sequences of s t r a t a  arranged v e r t i c a l l y  i n  a  
p a r t i c u l a r  order  t h a t  i s  repeated (Udden, 1912, and Weller, 1930 and 1931). 
Each cyclothem c o n s i s t s  i d e a l l y  of t en  d i s t i n c t i v e  u n i t s  ( f i g .  2 ) ;  however, 



f requent ly  the  cyclothems a r e  incomplete. Fif ty-four cyclothems have been 
named, including seve ra l  hundred indiv idual  l i t h o l o g i c  u n i t s ,  most of which 
vary from l e s s  than an inch t o  a s  much a s  30 f e e t  (9 m) th i ck ;  an occasional  
coarse-grained e l a s t i c  u n i t  exceeds 100 f e e t  (30 m). The average thickness 
i s  about 3 t o  5 f e e t  (0.9 t o  1.5 m). 

Sandstones, many of which a r e  interbedded with s i l t s t o n e  and l a t e r a l l y  
grade i n t o  s i l t s t o n e  and sha le ,  a r e  t h e  most v a r i a b l e  i n  thickness,  Thicknesses 
of 30 t o  50 f e e t  (9  t o  15 m) a r e  common, and abrupt  changes i n  thickness occur 
where the  sandstone occupies eros ional  channels. A few sandstones a r e  a s  much 
a s  120 f e e t  (36 m) th i ck  i n  some areas .  Shales may i n  p laces  exceed 100 f e e t  
(30 m) i n  thickness,  but  20 t o  40 f e e t  (6 t o  12 m) is  more common. The sha les  
a r e  much more p e r s i s t e n t  than the  sandstones, and t h e i r  v a r i a t i o n s  i n  thick-  
ness genera l ly  a r e  more gradual than those of sandstones, except where they 
a r e  t runcated by sandstone channels. Claystones (underclays) a r e  genera l ly  
2 t o  5 f e e t  (0.6 t o  1.5 m) th i ck ;  l o c a l l y ,  claystone-dominated sequences 
may be a s  much a s  30 f e e t  (9 m) th i ck .  The black f i s s i l e  sha les ,  commonly 

Shale-gray, sandy at top; contains marine fossils and 
sideritic concretions particularly in lower part 
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Brereton Ls 
Anno Sh 
Herr in (No 6 )  C 

Shale-black, hard, fissile; contains large spheroidal concre- 
tions and marine fossils 

Limestone-contains marine fossils 

Shale-gray, silty; pyritic and sideritic concretions and plant 
fossils common at base; marine fossils rare B r ~ a r  H ~ l l  (No 5A) C 

Conton Sh. 
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Sandstone-fine grained, micaceous; occurs as nonchannel 
ripple-bedded facies gradational at base, or as 

channel facies with erosional base 
E Energy Shale 

Figure 1 .  Stratigraphic section of the Carbondale Forma- 
tion, Kewanee Group, showing the positions of 
the most important coals within the Pennsylva- 
nian System in Illinois. (After W. H. Smith, 
1975.) 

Figure 2. Arrangement of lithologic units in a cyclothem. 
(After Willman and Payne, 1942.) 



found d i r e c t l y  above a c o a l  seam, a r e  u s u a l l y  1 t o  3 f e e t  (0 .3  t o  0.9 m), and 
i n  p l a c e s  a s  much as 7 f e e t  (2 .1  m) t h i c k .  Most of them a r e  marine depos i t s .  

The l imes tones  vary  g r e a t l y  i n  t h i cknes s .  Some p e r s i s t e n t  l imes tone  beds 
a r e  l e s s  than  a f o o t  ( ~ 0 . 3  m) and o t h e r s  a s  much a s  50 f e e t  (15 m) t h i c k  have 
been observed i n  t h e  upper p a r t  of t h e  Pennsylvanian; however, t h i cknes se s  of 
2 t o  4 f e e t  (0.6 t o  1 .2  m) a r e  most common. Marine l imes tones  predominate,  
bu t  f reshwater  l imes tones  a r e  a l s o  k n o ~ ,  p a r t i c u l a r l y  w i t h i n  and beneath 
underc lays ,  

Most c o a l s  a r e  6 inches  t o  3 f e e t  (15 t o  90 cm) t h i c k ,  b u t  they  range 
from s c a r c e l y  more than  a t h i n  carbonaceous s t r e a k  t o  a maximum th i cknes s  of 
15  f e e t  (4 .5  m). A few c o a l s ,  p a r t i c u l a r l y  t h e  Herrkn (No. 6) and t h e  Sp r ing f i e ld -  
Har r i sburg  (No. 5) Coals ,  average  3 t o  7 f e e t  (0.9 t o  2 , l  m) i n  t h i cknes s  over  
l a r g e  a r e a s .  

Ove ra l l ,  90 t o  95 percen t  of t h e  sediments of t h e  Pennsylvanian System i n  
I l l i n o i s  a r e  s i l i c e o u s  c l a s t i c s  (sandstones ,  s i l t s t o n e s ,  and s h a l e s ) .  About 
50 t o  60 percen t  a r e  a r g i l l a c e o u s  rocks (47 percen t  r e l a t i v e l y  s o f t  s h a l e s ,  
2 percen t  underc lays ,  and 1 percen t  b l ack  f i s s i l e  s h a l e s ) .  About 5 percen t  
of t h e  sediments a r e  ca l ca r eous  rocks o r  l imes tones ,  some of which a r e  dolo- 
m i t i c  o r  a n k e r i t i c .  One t o  2 percen t  a r e  coa l .  A l l  o t h e r  t ypes ,  i nc lud ing  
s i d e r i t e  and c h e r t ,  make up less than  2 percen t  of t h e  t o t a l .  

S t r u c t u r e  of t h e  He r r in  (No. 6) Coal Member i n  t h e  I l l i n o i s  Basin 

The p re sen t  s t r u c t u r a l  con f igu ra t i on  of t h e  I l l i n o i s  Basin i s  t h e  r e s u l t  
of (1) a subs id ing  embayment open t o  t h e  sou th  dur ing  depos i t i on  of t h e  
Pennsylvanian sediments ,  s i m i l a r  t o  t h e  p r e sen t  con f igu ra t i on  of t h e  M i s s i s s i p p i  
Embayment, and (2) a subsequent u p l i f t i n g  of t h e  sou thern  r i m  of t h e  ba s in ;  
probably a t  t h e  same time a d d i t i o n a l  downwarping of t h e  b a s i n  i n t e r i o r  and 
development o r  a ccen tua t i on  of most of t h e  a n t i c l i n e s ,  monoclines,  and f a u l t s  
occurred.  The r e s u l t i n g  ba s in ,  a s  def ined  by t h e  e x t e n t  of t h e  Pennsylvanian 
sediments ,  l ies  i n  t h e  sou thern  two-thirds  of I l l i n o i s ,  southwestern Ind iana ,  
and t h e  no r the rn  p a r t  of wes te rn  Kentucky. Regional d i p s  a r e  extremely g e n t l e ,  
i n  most p l ace s  10  t o  30 f e e t  per  m i l e  (2 t o  6 m/km). Her r in  (No. 6) Coal 
c rops  ou t  around t h e  per iphery  of t h e  b a s i n  a t  e l e v a t i o n s  of around 400 t o  800 
f e e t  (120 t o  240 m) above s e a  l e v e l  and d i p s  g e n t l y  t o  e l e v a t i o n s  of 750 t o  
850 f e e t  (230 t o  260 m) below s e a  l e v e l  i n  t h e  c e n t r a l  p a r t  of t h e  ba s in .  
Most of t h e  a n t i c l i n e s  and s y n c l i n e s  a r e  wide, g e n t l e ,  and open, and have d i p s  
of lo t o  Z O .  Occasional  d i p s  of up t o  15O a r e  found on more prominent s t r u c -  
t u r e s ,  such as t h e  La S a l l e  A n t i c l i n a l  Be l t  (Clegg, 1970).  Loca l ly  a long some 
of t h e  major f a u l t s ,  such a s  t h e  Shawneetown F a u l t ,  much s t e e p e r  d i p s  have 
been observed. 

The s t r u c t u r a l  s e t t i n g  of t h e  I l l i n o i s  Basin through geo log ic  h i s t o r y  i s  
more complex than  is  apparen t .  Numerous s t r u c t u r a l  e lements ,  i nc lud ing  a r ches ,  
b a s i n s ,  s y n c l i n e s ,  a n t i c l i n e s ,  monoclines,  and f a u l t s  have a s i g n i f i c a n t  i n f l u -  
ence on t h e  c o n t i n u i t y ,  t h i cknes s ,  and o t h e r  p r o p e r t i e s  of t h e  coa l s .  P o s i t i o n s  
and t r e n d s  of some important  s t r u c t u r e s  a r e  shown i n  f i g u r e  3. 

Geology of t h e  Her r in  (No. 6) Coal Member and i t s  roof s t r a t a  

This  s e c t i o n  is  provided f o r  gene ra l  background and a s  a framework f o r  
t h e  much more d e t a i l e d  d i s cus s ion  of roof types  t h a t  fo l lows .  This  p a r t  



cad au Grbs 
Faulted Flexure 

Fault, downthrown 
side indicated 

Anticline 
Sy ncline 
Monocline 

Figure 3. Geologic structures of Illinois. 



i s  based p r imar i l y  on Hopkins and Simon (1975); t h e  s e c t i o n  on roof types  i s  
based on f i e l d  work completed dur ing  t h i s  s tudy.  

THE HERRIN (NO. 6) COAL MEMBER 

The Herr in  (No. 6) Coal Member of I l l i n o i s  is  c a l l e d  "No. 11 Coal" i n  
western Kentucky and '%err in  Coal   ember" i n  Indiana.  The Herr in  (No. 6) Coal 
i s  c o r r e l a t e d  wi th  t h e  Lexington Coal i n  Missouri  and t h e  Mystic Coal Member 
i n  Iowa and commonly c o n s i s t s  of a normal bright-banded, h igh -vo la t i l e  A ,  B ,  
and C bituminous c o a l  (ASTM Standard D388). The lower t h i r d  of t h e  seam con- 
t a i n s  a r e g i o n a l l y  r a t h e r  p e r s i s t e n t  and prominent c l ays tone  p a r t i n g  up t o  
t h r e e  inches  (7.5 cm) t h i c k  c a l l e d  t h e  "blue band." 

The Herr in  (No. 6) Coal seam i s  unde r l a in  by a well-developed underclay.  
The average c o a l  th ickness  ranges from s i x  t o  seven f e e t  (1.8 t o  2 .1  m). 
Loca l ly  i t  reaches 15  f e e t  (4.5 m) i n  t h i cknes s ,  bu t  i t  is  th inne r  (5 f e e t  
and l e s s )  i n  ex t ens ive  a r e a s  of c e n t r a l  I l l i n o i s .  The s u l f u r  conten t  of t h e  
c o a l  is  3 t o  4 percent ,  bu t  l o c a l l y  reaches 5 t o  6 percent .  Where t h i c k  s h a l e  
of t h e  Energy Sha le  Member (20 f e e t ;  7 m o r  more) o v e r l i e s  t h e  c o a l  seam, t h e  
s u l f u r  conten t  i s  as low as 0.5 percent  (e .g . ,  i n  t h e  "Qua l i t y  C i r c l e "  of south- 
e r n  I l l i n o i s ,  f i g .  4 ) .  Syngenetic and d i a g e n e t i c  deformational  f e a t u r e s  such 
a s  " r o l l s , "  shea r  planes ( s l i p s ) ,  l o c a l l y  i s o c l i n a l  recumbent f o l d s ,  "horsebacks," 
c l a s t i c  d ikes ,  d i l a t a t i o n a l  f r a c t u r e s ,  c l e a t s ,  and f a u l t s  commonly have 
a f f e c t e d ,  deformed, and pene t ra ted  t h e  c o a l  seam. 

The Herr in  (No. 6) Coal i s  t h e  most widespread minable c o a l  i n  t h e  
I l l i n o i s  Basin Goal F i e l d .  About 88 percent  P i e s  a t  dep ths  amenable on ly  t o  
underground mining. Most of t h e  i d e n t i f i e d  c o a l  resources  i n  t h e  Herr in  
(No. 6) Coal have an average c o a l  th ickness  of a t  l e a s t  5 f e e t  (1.5 m) and l i e  
w i th in  a 60- t o  70-mile-wide (100 t o  115 m) b e l t  a long t h e  southern ,  south- 
western,  and wes t -cen t ra l  p a r t  of t h e  I l l i n o i s  Basin ( f i g s .  4 and 5 ) .  Although 
l a r g e  q u a n t i t i e s  of c o a l  have a l r eady  been mined i n  t h i s  b e l t ,  e s p e c i a l l y  i n  
t h e  "Qual i ty  C i r c l e , "  l a r g e  r e se rves  of t h i c k  c o a l  remain. Another a r e a  having 
i d e n t i f i e d  resources  of t h i c k  (>5 f e e t  [>1.5 m]) Herr in  (No. 6) Coal is  i n  
J a spe r ,  Richland, and Wayne Counties ,  p a r t  of t h e  F a i r f i e l d  Basin.  There 
t h e  c o a l  l ies  a t  a depth of about 1,200 f e e t  (365 m), whereas t h e  c o a l  a long 
t h e  southern,  southwestern,  and wes t -cen t ra l  p a r t  of t h e  I l l i n o i s  Basin Coal 
F i e l d  l i e s  a t  much shal lower depths ,  gene ra l l y  a t  about 700 f e e t  (210 m) 
o r  l e s s .  Fu ture  underground c o a l  mining i n  Herr in  (No. 6) Coal w i l l  probably 
concen t r a t e  i n  t h e  deeper p a r t  of t h e  bas in .  

I n  I l l i n o i s ,  t h e  Herr in  (No. 6) Coal seam is  most commonly o v e r l a i n  d i -  
r e c t l y  by t h e  Anna Sha le  Member, b u t  i n  t h e  v i c i n i t y  of paleoehannels ,  t h e  
Energy Shale  o v e r l i e s  t h e  c o a l  seam underneath t h e  Anna Shale .  Where t h e  
Energy Sha le  and t h e  Anna Sha le  a r e  absent  because of l o c a l  anomalies ,  t h e  
Brereton Limestone Member (o r ,  where t h a t  a l s o  is  missing,  t h e  "Jamestown 
Coal i n t e r v a l "  d i r e c t l y  o v e r l i e s  t h e  Herr in  (No. 6) Coal. Throughout most 
of t h e  s t a t e ,  t h e  immediate 20 t o  25 f e e t  (6 t o  7.5 m) of s t r a t a  above t h e  
c o a l  a r e  t h e  p r i n c i p a l  elements involved i n  roof s t a b i l i t y  o r  c h a r a c t e r i s t i c s .  

GEOLOGY OF THE ROOF STRATA OF THE HERRIN (NO. 6) COAL MEMBER 

The sequence of s t r a t a  i n  t h e  f i r s t  40 t o  50 f e e t  (12 t o  15  m) above the  
Herr in  (No. 6) Coal is  v a r i a b l e  bo th  v e r t i c a l l y  and l a t e r a l l y ,  a s  shown i n  
f i g u r e  6. The most p e r s i s t e n t  named u n i t s  i n  t h e  roof s t r a t a  a r e  t h e  Anna 
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Figure 4. Distribution of the Herrin (No. 6) Coal in Illinois. 
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Figure 5. Generalized thickness of Herrin Coal. 
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Figure 6. Schematic section of the interval between the Herrin (No. 6 )  Coal Member and the Piasa Limestone Member. (After 
G. J. Allgaier, June 1974.) 

Shale, Rrereton Limestone, Bankston Fork Limestone, Danvil le  (No. 7 )  Coal, and 
Biasa Limestone Members. The Energy Shale, t he  Lawson Shale, and t h e  Anvil 
Rock Sandstone Members vary the  most i n  both thickness and ex ten t .  

The Energy Shale Member and sediments t h a t  f i l l  t h e  Walshville channel 

The Energy Shale Member (Allgaier  and Hopkins, 1975) d i r e c t l y  o v e r l i e s  
the  Herrin (No. 6)  Coal i n  seve ra l  l imi ted  a reas  of t h e  I l l i n o i s  Basin ( f i g .  4 ) .  



It c o n s i s t s  of gray sha les ,  s i l t s t o n e s ,  and sandstones, and i t s  thickness 
v a r i e s  g r e a t l y  (0 t o  100 f e e t  [O t o  30 m]). The Energy Shale i s  b e s t  known 
ar,d has been studied primari ly i n  t h e  "Quality Circle ' '  of southern I l l i n o i s  
( f i g ,  4 ) ,  but  i s  a l s o  known from o the r  a reas  of t h e  I l l i n o i s  Basin. The 
"Quality Circ le9 '  a rea  l i e s  $n Jackson, Williamson, Franklin,  and Je f fe r son  
Counties, e a s t  of t h e  Du Quoin Monocline and d i r e c t l y  e a s t  of t h e  Walshvil le  
channel a t  t he  southwestern r i m  of the  F a i r f i e l d  Basin, The "Quality ~ i r c l e "  
i s  l imi ted  t o  t h e  a rea  where t h e  Energy Shale Member i s  over 20 f e e t  (6.1 m) 
th i ck  and where t h e  s u l f u r  content  of the  coal  i s  genera l ly  l e s s  than about 2 
percent (Gluskoter and Hopkins, 1970). 

The Walshville channel f i l l  

Sediments t h a t  f i l l  the  Walshville channel system and those of the  Energy 
Shale Member a r e  gene t i ca l ly  r e l a t e d ,  The Walshville channel, named by Johnson 
(1972), represents  a paleochannel system t h a t  i n t e r r u p t s  t h e  con t inu i ty  of t h e  
Herrin (No. 6) Coal and some f l o o r  a s  we l l  a s  roof s t r a t a  ( f i g .  6) and has been 
known f o r  many years  (Pot ter  and Simon, 1961). Instead of coal ,  mainly sand- 
s tone  and s i l t s t o n e  and, l e s s  f requent ly ,  s i l t y  sha le  and s h a l e ,  a r e  found i n  
the  channel. The Walshville channel i s  t r aceab le  f o r  a d i s t ance  of a'bout 170 
miles (274 km) and i s  a s  much a s  2 miles  (3 km) wide ( f i g .  4 ) .  Channel depos i t s  
average about 80 f e e t  (24 m) i n  thickness,  but  l o c a l l y  exceed 100 f e e t  (30 m). 

Adjacent t o  t h e  Walshville channel,  t h e  Herrin (No. 6)  Coal commonly has 
been found t o  be s p l i t  (Pot ter  and Simon, 1961; Johnson, 1972), Shale o r  
s i l t s t o n e  par t ings  a r e  in t e r l aye red  with t h e  coal .  These s p l i t s  a r e  thought 
t o  be gene t i ca l ly  connected and contemporaneous with t h e  depos i t ion  of sed- 
iments i n  the  Walshville channel. Energy Shale s t r a t a  more than 20 f e e t  (6 m) 
th i ck  commonly become coarser  upward i n t o  s i l t s t o n e .  The upper p a r t  of t h e  
Energy Shale i n  places grades v e r t i c a l l y  and l a t e r a l l y  i n t o  sheet  sandstone, 
A l l  t he  l i t h o l o g i e s  a r e  usual ly  wel l  bedded. Where t h e  thickness of t h e  Energy 
Shale exceeds 20 t o  30 f e e t  (6 t o  9 m), t h e  next younger members, Anna Shale 
and Brereton Limestone, tend t o  t h i n  i r r e g u l a r l y  and may pinch out  e n t i r e l y  
( f i g .  7) .  

The Anna Shale Member 

I n  most of t h e  I l l i n o i s  Basin Coal F ie ld ,  t h e  Anna Shale immediately over- 
l i e s  the  Herrin (No. 6) Coal, except where t h e  Energy Shale i s  present .  The 
Anna Shale i s  named f o r  t h e  town of Anna i n  eas t e rn  Kansas, Its thickness 
commonly v a r i e s  from 0 t o  4 f e e t  (0 t o  1.20 m) and seldom exceeds 5 f e e t .  The 
Anna Shale c o n s i s t s  of carbonaceous black sha les  having marine f o s s i l s  and 
abundant small phosphatic nodules (see  p, 64).  The lower p a r t  i s  o f t e n  f i s s i l e  
and well-j  ointed.  

Although regional ly  p e r s i s t e n t  over most of t h e  I n t e r i o r  Coal Province, 
e spec ia l ly  wi th in  t h e  I l l i n o i s  Basin Coal F ie ld ,  t h e  Anna Shale Member i s  lo-  
c a l l y  l e n t i c u l a r  and pinches out .  It is  normally ove r l a in  by t h e  Brereton 
Limestone Member, but  where t h e  Brereton Limestone i s  absent ,  t h e  Jamestown 
Coal Member and i t s  associa ted  f l o o r  rocks,  o r  where those u n i t s  a r e  missing t h e  
Lawson Shale o r  t h e  Anvil Rock Sandstone Members o v e r l i e  t h e  Anna Shale. 

The Brereton Limestone Member 

The Breretsn Limestone (Savage, 19271, which commonly o v e r l i e s  t h e  
Shale, is  recognized throughout most of t h e  I l l i n o i s  Basin. It is  reg iona l ly  
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Figure 7. Examples of lithologic sections of the Energy Shale Member and overlying strata. Most sections are from the "Quality 
Circle" area in southern Illinois. 

j u s t  a s  cont inuous a s  t h e  Anna Shale ,  bu t  may l o c a l l y  vary  i n  t h i cknes s ,  be  
patchy and pinch o u t ,  o r  be absent .  The Brereton Limestone is  n o t  only a prom- 
i n e n t  marker bed, b u t  a l s o  a rock u n i t  economically important  t o  underground 
mining; where i t  i s  t h i c k e r  than about  two f e e t  (0.6 m), i t  provides  good 
anchorage f o r  roof b o l t s .  

The Brereton Limestone is named f o r  t h e  town of Brereton i n  Ful ton  County, 
I l l i n o i s ,  and prev ious ly  was c a l l e d  Herr in  Limestone. I n  Kentucky i t s  name i s  
Providence Limestone Member. It is c o r r e l a t e d  w i th  t h e  Myrick S t a t i o n  Member 
i n  Missouri .  Although l o c a l l y  t h e  th ickness  of t h e  Brereton Limestone exceeds 
10  f e e t  (3.0 m), i t  averages fou r  t o  f i v e  f e e t  (1.2 t o  1 .5  m) t h i c k .  It con- 
t a i n s  open-marine fauna,  comprising mostly brachiopods and f u s u l i n i d s .  The 
Brereton Limestone c o n s i s t s  of gray impure l imestone t h a t  may grade l a t e r a l l y  
and v e r t i c a l l y  i n t o  a ca lcareous  sha l e .  The Brereton Limestone i s  o v e r l a i n  



e i t h e r  by t h e  Jamestown Coal and i t s  a s soc i a t ed  rocks ( a s  known from south- 
e a s t e r n ,  sou thern ,  southwestern,and p a r t s  of wes t -cen t ra l  I l l i n o i s ;  southwest- 
e r n  Indiana;  and western Kentucky) o r  t h e  Lawson Shale  o r  t h e  s h e e t  phase of t h e  
Anvil  Rock Sandstone (wes t -cen t ra l ) ,  nor thwestern,  and no r theas t e rn  I l l i n o i s ) .  

The Jarnestown Coal Member and i t s  a s soc i a t ed  roof and f l o o r  rocks 

The Jamestown Coal (Be l l  e t  a l . ,  1931) i s  t h e  nex t  younger named member 
above t h e  Brereton Limestone* It v a r i e s  from a bright-banded, h igh -vo la t i l e  
bituminous c o a l  t o  a sha ly  o r  bony c o a l  o r  t o  a b l ack ,  ve ry  carbonaceous s h a l e  
having coa ly  s t r ea l t s i n some  places .  The Jamestown Coal i s  widespread bu t  usu- 
a l l y  only up t o  a few inches  t h i c k  i n  southern  and southwestern I l l i n o i s ,  in -  
c r ea s ing  i n  th ickness  t o  s i x  f e e t  (1 ,8  m) i n  e a s t e r n  I l l i n o i s  and f u r t h e r  
eastward i n t o  Indiana and Kentucky, where i t  i s  mined a s  Hymera Coal Member 
( V I )  ( Indiana)  and No. 12 Coal (Kentucky) (Willman e t  a l e ,  1975).  The 
Jarnestown Goal, however, has  no t  been recognized i n  no r the rn  and western 
I l l i n o i s  and i n  - t h e  no r theas t e rn  p a r t  of t h e  I l l i n o i s  Basin,  i n  Vermilion and 
Douglas Counties.  

Associated unnamed f l o o r  rocks of t h e  Jamestown Coal above t h e  Brereton 
Limestone and roof rocks below t h e  Conant Limestone (o r ,  where t h i s  i s  absen t ,  
below t h e  Lawson Shale)  toge ther  wi th  t h e  Jamestown Coal have been informal ly  
c a l l e d  "Jamestown Coal i n t e rva l ' '  i n  t h i s  paper. The i n t e r v a l  c o n s i s t s  of 
va r ious  gray s h a l e s ,  a f reshwater  l imestone,  and t h i n  c o a l s .  It v a r i e s  i n  
th ickness  from less than  a f o o t  t o  t h r e e  f e e t  ( < 0 . 3  m t o  0.9 rn) l o c a l l y .  The 
"Jamestown Coal i n t e r v a l "  i s  unde r l a in  e i t h e r  by t h e  Brereton Limestone o r  by 
Anna Shale  where t h e  Brereton Limestone is missing.  I n  a few p l aces ,  where 
both Brereton Limestone and Anna Shale  a r e  absen t ,  t h e  "Jamestown Coal i n t e r v a l r q  
o v e r l i e s  t h e  Herr in  (No. 6) Coal, The "Jamestown Coal i n t e r v a l "  i s  normally 
o v e r l a i n  by t h e  Conant Limestone. 

The Conant Limestone Member 

Prev ious ly  c a l l e d  "Jamestown Limestone," t h e  Conant Limestone (Kosanke 
e t  a l . ,  1960) i s  named f o r  t h e  town of Conant i n  Per ry  County, I l l i n o i s .  It 
i s  v a r i a b l e  i n  th ickness  (0 t o  1 .2  m). I n  most of sou thern  and c e n t r a l  
I l l i n o i s ,  t h e  Conant Limestone d i r e c t l y  o v e r l i e s  t h e  "Jamestown Coal i n t e r v a l . ' '  
It has no t  been recognized i n  a r e a s  o t h e r  than  southern  and c e n t r a l  I l l i n o i s ,  
bu t  has  been c o r r e l a t e d  w i th  t h e  Pokeberry Limestone Member, known from 
Schuyler County. This  c o r r e l a t i o n  i s  r a t h e r  unce r t a in ,  however, 

The Conant Limestone u s u a l l y  is  less than  one f o o t  ( 0 , 3  m) t h i c k ,  bu t  i n  
p a r t s  of Randolph and i n  S t .  C l a i r  and Per ry  Counties  i t  may reach fou r  f e e t  
( 1 . 2  m) i n  t h i cknes s  l o c a l l y .  I n  t h i s  a r e a  i t  l i e s  about  fou r  f e e t  above t h e  
Jamestown Coal; a g ray  s h a l e  p a r t i n g  l i e s  between them. The Conant Limestone 
c o n s i s t s  of dark-gray l imestone t h a t  may grade  l a t e r a l l y  i n t o  ca lcareous  s h a l e .  
It  con ta in s  do lomi t ic  concre t ions .  J o i n t s  a r e  abundant where t h e  Conant Lime- 
s t o n e  c o n s i s t s  of hard l imestone o r  dolomite.  I n  some a r e a s  i t  resembles t h e  
Brereton Limestone, comprising open-marine fauna, bu t  is  d i s t i ngu i shed  by whi te  
product id  brachiopod s h e l l s  and t a b u l a r  fo ramin i f e r a  r a t h e r  than brachiopods 
and f u s i l i n i d s .  

The Conant Limestone i s  u s u a l l y  o v e r l a i n  by t h e  Lawson Shale.  The th ick-  
nes s  of t h e  i n t e r v a l  between t h e  Herr in  (No. 6 )  Coal and t h e  Conant Limestone 



may vary  cons iderab ly  ( f i g .  8) depending on t h e  v a r i a t i o n s  of t h i cknes s  of t h e  
sub j acen t  rock u n i t s  (Energy Sha le ,  Anna Sha le ,  and Brereton ~ i m e s t o n e ) .  

The Lawson Sha le  Member, Anvi l  Rock Sandstone Member, 
and Copperas Creek Sandstone Member 

The Lawson Shale ,  t h e  Anvil  Rock Sandstone, and t h e  Copperas Creek Smd- 
s t o n e  a r e  younger than  t h e  Conant Limestone; where t h e  Conant o r  o l d e r  members 
a r e  miss ing ,  they may o v e r l i e  any of t h e  o l d e r  u n i t s  down t o  t h e  He r r in  (No. 6 )  
Coal o r  even below ( f i g .  6 ) .  The Lawson Sha le  Member (Kosanke e t  a l . ,  1960) 
was formerly c a l l e d  t h e  S h e f f i e l d  Shale .  It was n o t  p r ev ious ly  de f ined  f o r  
sou thern  I l l i n o i s ,  b u t  ha s  been c o r r e l a t e d  w i th  formerly unnamed s h a l e  members 
under ly ing  o r  i n t e r f i n g e r i n g  a s  a f a c i e s  w i th  t h e  Anvi l  Rock Sandstone. The 
Lawson Sha le  c o n s i s t s  conunonly of g ray ,  poor ly  bedded s h a l e s .  They g e n e r a l l y  
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Figure 8. Examples of lithologic sections from the black shale and limestone roof type above the Herrin (No. 6) Coal Member, 
taken from core and outcrop descriptions at various locations in the Illinois Basin. 



a r e  considered t o  b e  nonmarine w i th  occas iona l  b r ack i sh  i n f luence .  F o s s i l s  
a r e  s ca rce ,  b u t  p l a n t  f o s s i l s  a r e  more f r equen t ly  found than  animal f o s s i l s .  
The s h a l e s  l a t e r a l l y  and v e r t i c a l l y  may grade  i n t o  s i l t s t o n e s  and sandstones.  
Fac ies  changes may l o c a l l y  be  r a p i d ,  and l a y e r s ,  of s i l t  o r  sandstones and, 
i n  a few p l aces ,  even conglomerates a r e  common. When d i r e c t l y  over ly ing  t h e  
Energy Shale ,  t h e  Lawson Shale  may be  d i f f i c u l t  t o  d i s t i n g u i s h  from t h e  
Energy Shale ,  

Not only l i t h o l o g y ,  bu t  a l s o  t h i cknes s ,  of t h e  Lawson Shale  i s  h igh ly  
v a r i a b l e ,  from about 6 t o  50 f e e t  (1 .8  t o  15.0 m). It is  2 t o  25 f e e t  (0.6 
t o  7.6 m) t h i c k  on t h e  Western Shelf and a s  much a s  50 f e e t  (15 m) i n  a r e a s  
where i t  is  interbedded wi th  s i l t s t o n e  c l o s e  t o  channel  systems of t h e  Anvil  
Rock and t h e  Copperas Creek Sandstones. 

The Anvil Rock Sandstone Member occupies  a p a r t  o r  a l l  of t h e  Bankston 
Fork/Conant i n t e r v a l  and may i n t e r f i n g e r  wi th  o r  o v e r l i e  t h e  Lawson Shale .  
The Anvil  Rock Sandstone c o n s i s t s  of f ine-grained,  impure, o f t e n  a r g i l l a c e o u s  
s i l t s t o n e  and sandstone forming a s h e e t  depos i t .  Where i t  has  been depos i ted  
a s  a channel f i l l i n g ,  i t  may a l s o  c o n s i s t  of sandstone t h a t  is  medium g ra ined ,  
seldom coa r se  gra ined ,  s l i g h t l y  a r g i l l a c e o u s ,  gray o r  brown, porous,  and o f t e n  
c r o s s  bedded. The shee t  sandstone f a c i e s  i s  up t o  20 f e e t  (6 .1  m) t h i c k ,  b u t  
t h e  channel f a c i e s  may exceed 100 f e e t  (30 m) i n  th ickness .  The channel  i s  
eroded i n t o  o l d e r  rock u n i t s ,  i n  p l aces  as f a r  a s  t h e  Colches te r  (No. 2 )  Coal. 
More o f t e n  only t h e  Herr in  (No. 6)  Coal and i t s  roof s t r a t a  a r e  eroded. Some 
branches of t h e  channel system can be  t r aced  f o r  more than 100 m i l e s  (160 k m ) ,  
and t h e  channel width may reach two miles ( 3 . 2  k m ) .  

The Copperas Creek Sandstone Member occurs  i n  western and northwestern 
I l l i n o i s  and e x h i b i t s  c h a r a c t e r i s t i c s  equiva len t  t o  t h e  Anvil  Rock Sandstone, 
wi th  which i t  has  been c o r r e l a t e d .  For t h i s  r e p o r t  i t  has  no t  been s tud i ed  
because i t  occurs  o u t s i d e  t h e  a r e a  of c u r r e n t  underground mining. 

Bankston Fork Limestone Member 

The Bankston Fork Limestone (Cady, 1926) can be t r aced  through most of 
t h e  I l l i n o i s  Basin,  bu t  it has  no t  been d e f i n i t e l y  i d e n t i f i e d  w e s t  o r  n o r t h  
of t h e  I l l i n o i s  River .  I n  t h e  e a s t  and sou theas t  of t h e  b a s i n ,  i t  c o r r e l a t e s  
t o  t h e  Universa l  Limestone Member of Ind iana ,  and i t  is presen t  i n  western 
Kentucky. The Bankston Fork Limestone c o n s i s t s  of one o r  more benches of 
occas iona l ly  s l i g h t l y  do lomi t ic  l imestones.  The l imes tone  benches a r e  sepa- 
r a t e d  by ca lcareous  sha l e s .  One t o  t h r e e  impure l imestone benches a r e  most 
common. Where t h e  Anvil  Rock Sandstone is  t h i c k ,  t h e  l imes tones  a r e  f r e q u e n t l y  
absent .  I n  S t .  C l a i r  and i n  Vermilion Counties ,  a s  many a s  seven l imestone 
benches reaching about 20 f e e t  (6 m) t o t a l  t h i cknes s  have been r epo r t ed .  The 
Bankston Fork Limestone commonly i s  t h r e e  t o  e i g h t  f e e t  (0.9 t o  2.45 m) and 
gene ra l l y  l e s s  than 6 f e e t  (1.8 m) t h i ck .  Although p e r s i s t e n t  throughout t h e  
I l l i n o i s  Basin,  l o c a l  r ap id  changes i n  th ickness  and p u r i t y  and pinch-outs 
have been found. Its fauna,  composed mainly of bractxiopods and f u s u l i n i d s ,  
impl ies  open-marine environment (Willman e t  a l . ,  1975).  

The Bankston Fork Limestone normally o v e r l i e s  t h e  Lawson Shale  o r  t h e  
Anvil  Rock Sandstone and i s  o v e r l a i n  by s t r a t a  of medium-gray o r  greenish-gray 
s h a l e s ,  which l o c a l l y  i nc lude  t h e  Allenby Coal Member and some assocj-ated 
underclay,  and t h e  Galum Limestone Member, which may be  considered an under- 
c l a y  l imestone of t h e  Danvi l le  (No. 7 )  Coal Member ( f i g .  1 and f i g .  6 ) .  



Younger s t r a t a  

S t r a t a  above t h e  Bankston Fork Limestone Member have l i t t l e  i n f l u e n c e  on 
roof s t a b i l i t y  i n  underground c o a l  mines, and so  a r e  not  t r e a t e d  i n  t h i s  re -  
p o r t .  For d e t a i l s  on rock  u n i t s  above t h e  Bankston Fork Limestone, t h e  r eade r  
i s  r e f e r r e d  t o  Willman e t  a l e  (1975). 

TECHNIQUES EMPLOYED 

A v a r i e t y  of work techniques  have been employed t o  i n v e s t i g a t e ,  c o l l e c t  
d a t a  on, and proper ly  d e s c r i b e  t h e  c h a r a c t e r i s t i c s  and parameters  of geo log ic  
f e a t u r e s  t h a t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  s t a b i l i t y  of t h e  He r r in  (No. 6) 
Coal r oo f .  The main methods app l i ed  were: 

1. Regional mapping us ing  rock s t r a t i g r a p h i c  d a t a  base  
and computer g r aph i c s  

2.  De t a i l ed  mapping of s e l e c t e d  s tudy  a r e a s  i n  under- 
ground mines 

3. Close-range photogrammetry 
4 .  Core d r i l l i n g  i n  underground mines 
5. Laboratory t e s t i n g  of d r i l l  c o r e s  
6. Clay-mineralogy s t u d i e s  

Regional mapping us ing  rock  s t r a t i g r a p h i c  d a t a  ba se  and computer g r aph i c s  

Techniques of computer g r aph i c swere  used e x t e n s i v e l y  throughout  t h i s  s tudy .  
To implement t h e s e  techniques ,  t h e  g e o l o g i s t  s p e c i f i e s  t h e  map a r e a ,  t h e  map 
s c a l e ,  t h e  va lue  t o  be  contoured,  t h e  contour  i n t e r v a l ,  and any s p e c i a l  para- 
meter.  Output can be i n  form of a map produced by a l i n e  p r i n t e r  o r  a p l o t t e r  
showing l e g a l  boundaries ,  d a t a  p o i n t s ,  and contour  l i n e s .  Computer g r aph i c s  
were used t o  produce t h r e e  t o o l s :  (9) r e g i o n a l  i sopach  and s t r u c t u r a l  maps 
of s e l e c t e d  rock - s t r a t i g r aph i c  u n i t s ,  ( 2 )  d e t a i l e d  c o a l  s t r u c t u r e  maps of t h e  
mines s t u d i e d ,  and ( 3 )  graphs d e p i c t i n g  a v a r i e t y  of geo log ic  r e l a t i o n s h i p s .  

The maps were computer-generated us ing  GEOMAPS, a program package devel- 
oped by t h e  I l l i n o i s  S t a t e  Geological  Survey. GEOMAPS i s  t h e  union of two 
mapping programs-ILLIMAP, developed by t h e  I l l i n o i s  S t a t e  Geological  Survey 
(Swann e t  a l . ,  1970) and STAMPEDE, developed by IBM (IBM Corpora t ion ,  1968) .  
ILLIMAP can produce a Calcomp p l o t t e r  ba se  map of any s p e c i f i e d  a r e a  i n  Illi- 
n o i s  a t  any s e l e c t e d  s c a l e ,  l i m i t e d  on ly  by t h e  p l o t t e r  s i z e .  I n  a d d i t i o n  i t  
w i l l  p l o t  d a t a  p o i n t s  on t h e  ba se  map and l a b e l  them wi th  w e l l  number, l i t h o -  
l o g i c  symbol, o r  format ion t h i cknes s .  STAMPEDE i s  used t o  gene ra t e  contour  
maps which can b e  p l o t t e d  by computer on an  ILEIMAP base.  Experience ha s  
shown t h a t  i n  most c a se s ,  STAMPEDE can more r a p i d l y  produce maps equ iva l en t  
t o  o r  a t  l e a s t  comparable t o  t hose  drawn by g e o l o g i s t s ,  g iven  t h e  same d a t a .  

REGIONAL MAPS 

Regional maps were generated t o  show gene ra l  geo log ic  t r e n d s  throughout 
a l a r g e  a r e a  of sou thern  I l l i n o i s  ( f i g .  9 ) .  A d a t a  ba se  was e s t a b l i s h e d  us ing  
t h e  I l l i n o i s  S t a t e  Geological  Survey ' s  ex t ens ive  w e l l  r e co rds  l i b r a r y .  Logs 
were s e l e c t e d  which conta ined  a c c u r a t e  in format ion  on t h e  t h i cknes s  of t h e  
Her r in  (No. 6) Coal and t h e  rock  u n i t s  above i t ,  t o  t h e  hor izon  of t h e  P i a sa  
Limestone ( f i g .  6 ) .  Thickness and l i t h o l o g y  of i d e n t i f i a b l e  u n i t s  f o r  each 
l og  were en t e r ed  on d a t a  forms ( f i g .  10)  and s t o r e d  on computer d i s k .  Types 



Figure 9. Area in the southern haif of Illinois for which data on thickness and facies of roof strata above the Herrin (No. 6 )  Coal 
extending up to the Piasa Limestone were collected and compiled in computer-processible form. 

HERRIN (NO. 6)  ROOF STDDY-DATA ENTRY FORM CARJI #2 

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

county NO. HERRIN ANNA SHALE BRERETON LS. StlALE ABOVE JA13ESTWN CONANT LS. ANVIL ROCK BANKSTON SHALE ABOVE ALLENBY SHALE ABOVE BNEBIIY 

of Datum (NO. 6) BRERETON LS. COAL SS. AHI) PORK LS. BANKSTON ALLENBY SHALE COAL 

P o i n t  COAL LAWSON SH. PORK LS. COAL AND 
WALSH- 
VILLE 

CHANNBL 

llhick- L l t h  Thick- L i t h  Thick- L i t h  Thlck-  L i t h  Thick- L l t h  Thick- L i t h  Thlck- L l t h  Thick- L i t h  Thick- L l h  Thick-  L l t h  Thick- L l t h  

n e s s  Symblness Symb1ne.n S m b l n e s s  Symblness S@lness  S m b l n e s s  Symblness S y m b l n e s s  S m b l n e s s  S m b l n e s s  Symb I I 

Figure 10. Data entry form for the Herrin (No. 6 )  roof study. 



of l o g s  used included co re  d e s c r i p t i o n s ,  d r i l l e r s '  l o g s ,  and e l e c t r i c  l ogs .  
An average  datum-point d e n s i t y  of about  18  l ogs  per  township o r  1 h o l e  per  
2 square  mi l e s  was chosen, which, i n  r e l a t i o n  t o  t h e  cons i s tency ,  c o n t i n u i t y ,  
and s l i g h t  v a r i a b i l i t y  of t h e  c o a l  and i t s  roof s t r a t a  and i n  accordance w i th  
t h e  s c a l e  of t h e  maps, was necessary  and s u f f i c i e n t .  I n  a r e a s  of s p e c i a l  
i n t e r e s t ,  such a s  around mine s tudy  a r e a s ,  a l l  a v a i l a b l e  d a t a  p o i n t s ,  commonly 
ranging from one t o  f i v e  pe r  s e c t i o n ,  were used, The d a t a  base  was developed 
s o  t h a t  i t  could be  added t o  o r  d e l e t e d  from a s  necessary .  

Once t h e  d a t a  base  was completed, isopach and s t r u c t u r a l  maps of t h e  rock 
u n i t s  composing t h e  roof of t h e  He r r in  (No. 6 )  Coal were genera ted .  These 
were used t o  determine t h e  r e g i o n a l  e x t e n t  of u n i t s ,  p a t t e r n s  of depos i t i on ,  
s t r u c t u r e s ,  and any r e l a t i o n s h i p s  t h a t  might e x i s t  between two o r  more l i t h o -  
l o g i c  u n i t s  o r  between l i t h o l o g i c  u n i t s  and s t r u c t u r a l  f e a t u r e s .  I n  a d d i t i o n ,  
maps of p a r t i c u l a r  i n t e r e s t  t o  mining eng inee r s  were genera ted ,  For i n s t a n c e ,  
maps were made of t h e  i n t e r v a l  from t h e  t op  of t h e  c o a l  up t o  t h e  f i r s t  lime- 
s t o n e  g r e a t e r  than  2 f e e t  i n  t h i cknes s .  Such maps can be  u s e f u l  i n  developing 
a  roof b o l t i n g  plan.  

STRUCTURAL MAPS OF MINE AREAS 

De ta i l ed  s t r u c t u r a l  contour  maps, on which t h e  e l e v a t i o n s  were con- 
toured most ly  on t op  of c o a l ,  were produced f o r  each mine s tud i ed .  These 
proved t o  be u s e f u l  f o r :  t h e  r ecogn i t i on  of o v e r a l l  t r e n d s  ( s t r i k e  and d i p )  
and geo log ic  anomalies,  l o c a t i n g  a r e a s  w i t h i n  t h e  mines f o r  f u r t h e r  s p e c i f i c  
s t u d i e s ,  and t h e  i n t e r p r e t a t i o n  and i n t e r p o l a t i o n  of f i e l d  obse rva t i ons .  I n  
some c a s e s ,  t h e s e  maps provided v a l u a b l e  c l u e s  i n  dec ipher ing  f e a t u r e s  observed 
i n  t h e  mines. Data f o r  t h e  maps were ob ta ined  by d i g i t i z i n g  mine survey maps 
o r  by e n t e r i n g  t h e  o r i g i n a l  survey d a t a  on punch ca rds ,  Survey p o i n t s  were 
commonly 50 t o  100 f e e t  (15 t o  30 m) a p a r t  f o r  t h e  e n t i r e  l e n g t h  of a t  l e a s t  
one e n t r y  i n  each pane l  o r  s e t  of mains. They provided e x c e l l e n t  c o n t r o l  on 
t h e  c o a l  s t r u c t u r e  and produced d e t a i l e d  and r e l i a b l e  computer-drawn maps. 

De t a i l ed  geo log ic  mapping of s e l e c t e d  s tudy  a r e a s  i n  underground mines 

A l l  s i g n i f i c a n t  geo log ic  f e a t u r e s  over t h e  s e l e c t e d  s tudy  a r e a s  were 
mapped t o  determine t h e  i n f l u e n c e  of geo log ic  f a c t o r s  on t h e  s t a b i l i t y  of roof 
s t r a t a  i n  t h e  c o a l  mines. The s tudy  a r e a s  had t o  be  l a r g e  enough (1) t o  d e f i n e  
l i t h o l o g i c  and s t r u c t u r a l  t r e n d s  i n  d i s t r i b u t i o n ,  o r i e n t a t i o n ,  and frequency,  
(2 )  t o  i n t e r p r e t  t h e i r  s i g n i f i c a n c e ,  and (3 )  t o  be a b l e  t o  i n t e r p o l a t e  o r  
e x t r a p o l a t e  s i g n i f i c a n t  c h a r a c t e r i s t i c s  over l a r g e r  a r e a s .  

The mapping f o r  t h i s  s tudy  r equ i r ed  more than  a  yea r  of f i e l d  work. For 
most purposes a  s c a l e  of about  1:1,200 ( 1  inch  = 108 f e e t )  was found t o  be  
b e s t .  Some geo log i ca l l y  complex a r e a s  were mapped on l a r g e r  s c a l e s .  The c o a l  
company provided maps (1:1,200) showing e n t r i e s  and pane l s ,  rooms, and p i l l a r s  which 
were used a s  base  maps f o r  d e t a i l e d  mapping. The p r e c i s i o n  of t h e s e  maps var -  
i e d  widely from mine t o  mine. Many f e a t u r e s  cannot be  drawn adequa te ly  on a  
map of any s c a l e ,  p a r t i c u l a r l y  complexly f a u l t e d  a r e a s ,  h o r i z o n t a l  shea r  p l anes ,  
s t r a t i g r a p h i c  sequences,  and many unusual  o r  unique s t r u c t u r a l  f e a t u r e s .  These 
a r e  por t rayed  and descr ibed  i n  c r o s s  s e c t i o n s ,  ske t ches ,  diagrams, photos,  and 
f i e l d  no t e s .  Numbers drawn on t h e  maps r e f e r  t o  t h e  f i e l d  no t e s .  The f i n a l  



l i t h o l o g i c ,  s t r u c t u r a l ,  and roof f a l l  compi la t ion  maps a r e  grouped by s tudy  
a r e a s  i n  t h e  s e c t i o n  on t h e  maps. 

Close-range photogrammetry 

Close-range photogrammetry i s  a  p r a c t i c a l  means of a cqu i r i ng  d a t a  i n  
i n a c c e s s i b l e  a r e a s  such as roof f a l l s  i n  underground mines o r  h ighwal l s  of 
s t r i p  mines ( c f .  Brandow e t  a l . ,  1975 and 1976).  The photogrammetric tech-  
n ique  was used t o  c o l l e c t  in format ion  on t h e  o r i e n t a t i o n  of v a r i o u s  k inds  of 
geo log ic  s t r u c t u r a l  s u r f a c e s ,  such a s  c l e a t s  i n  c o a l ,  j o i n t s  i n  t h e  a s s o c i a t e d  
rocks ,  f a u l t s ,  spac ing  of f r a c t u r e  s u r f a c e s ,  and t h i cknes s  and shape of v a r i -  
ous geo log ic  bodies .  An important  advantage of t h e  technique  is t h e  preserva-  
t i o n  of t h e  s p a t i a l  r e l a t i o n  of exposed s t r u c t u r a l  s u r f a c e s  ( f o r  i n s t a n c e ,  of 
a roof f a l l )  f o r  f u t u r e  i n v e s t i g a t i o n .  The method was a l s o  used t o  map a n  ad- 
vancing h ighwal l  i n  a  s t r i p  mine t o  o b t a i n  s t r u c t u r a l  d a t a  i n  s e c t i o n s  which 
w i l l  un t imate ly  make a v a i l a b l e  a  three-dimensional  model of t h e  shape of t h e  
rock  bodies  i n  t h a t  a r e a .  Photogrammetry s h o r t e n s  t h e  t i m e  r equ i r ed  f o r  making 
measurements and a l lows  t h e  g e o l o g i s t  more t ime f o r  eva lua t i ng  t h e  geo log i c  
s i g n i f i c a n c e  of s i n g l e  s t r u c t u r a l  elements.  The photographs t o g e t h e r  w i th  t h e  
g e o l o g i s t ' s  n o t e s  f u r n i s h  a  complete permanent record  t h a t  can be  r e t r i e v e d  
and analyzed a t  any t i m e .  

OBJECT SPACE CONTROL AND ACQUISITIONS OF PHOTOGRAPHY 

An o b j e c t  space  c o n t r o l  system must b e  e s t a b l i s h e d  t o  determine t h e  appro- 
p r i a t e  parameters  necessary  t o  t rans form photographic measurements t o  u s e f u l  
geo log ic  da t a .  An a r b i t r a r y  c o o r d i ~ a t e  system r o t a t e d  f o r  a l ignment  w i th  
geographic coo rd ina t e  axes  w a s  used t o  a s c e r t a i n  s u r f a c e  o r i e n t a t i o n  of s t r u c -  
t u r a l  elements i n  roof f a l l  a r e a s  ( c f .  Brandow e t  ax., 1975).  Although an 
a r b i t r a r y  coo rd ina t e  system is  s u f f i c i e n t  f o r  ob t a in ing  d a t a  i n  roof  f a l l  
a r e a s ,  a d i f f e r e n t  approach is  r equ i r ed  t o  o b t a i n  a three-dimensional  model of 
t h e  geographic p o s i t i o n  and t h e  shape of rock  bodies  i n  s t r i p  mines. I n  ac- 
q u i r i n g  a  d i g i t a l  model of a  s t r i p  mine by mapping t h e  advancing h ighwal l ,  
measurements from photography taken a t  v a r i o u s  times a s  t h e  h ighwal l  advances 
must be  transformed t o  a  common coo rd ina t e  system. 

Close-range photogrammetry has  been used t o  c o l l e c t  s t r u c t u r a l  geo log ic  
da ta  w i th  me t r i c  cameras. Photography f o r  bo th  phases of t h i s  p r o j e c t  was 
completed w i th  a tripod-mounted Yashica C 2k-x-2k i n c h  camera w i t h  a Yashikor 
80m, f / 3 . 5  l e n s  and a  Hasselblad,  model 500 C/M camera equipped w i th  a  50 mm, 
f / 4  l e n s .  S t e r e o p a i r s  were exposed w i th  t h e  camerasq o p t i c a l  axes  n e a r l y  par- 
a l l e l  t o  each o t h e r  and approximately normal t o  t h e  ba se  l i n e  between exposure 
s t a t i o n s .  A base- to-dis tance r a t i o  of about l : 3  provided an ove r l ap  of more 
than 60 percen t .  

MENSURATION AND DATA REDUCTION 

Observat ions  w e r e  made on t h e  o r i g i n a l  nega t i ve s  w i th  a  WILD STK s t e r e o -  
comparator and reduced by a  computerized, completely  a n a l y t i c a l  approach. The 
d i r e c t  l i n e a r  t rans format ion  (DLT) was used t o  e s t a b l i s h  t h e  r e l a t i o n  between 
t h e  measured comparator coo rd ina t e s  and t h e  object-space coo rd ina t e s  of t h e  
c o n t r o l  po in t s .  The development of equa t ions  used by DLT and a documented com- 
p u t e r  program are a v a i l a b l e  (Abel-Aziz and Karara ,  1973; Marzan and Karara ,  
1975).  



Core d r i l l i n g  i n  underground mines 

Core d r i l l i n g  was used t o  supplement geo log ic  mapping, e s p e c i a l l y  i n  a r e a s  
where roof f a l l s  were so  s c a r c e  o r  shal low t h a t  s t r a t a  above t h e  immediate roof 
could no t  be examined. D r i l l i n g  a l s o  provided samples t h a t  could be t e s t e d  
f o r  va r ious  mechanical rock p r o p e r t i e s  (e .g . ,  s t r e n g t h  and de fo rmab i l i t y ) .  
A Chicago pneumatic b l a s t  h o l e  d r i l l ,  model CP 65 equipped w i th  a  diamond cor-  
i ng  b i t  on NX d r i l l  s t e e l ,  was used t o  d r i l l  s i x  underground t e s t  h o l e s ,  a l l  i n  
s tudy  a r e a  7 ,  mine C.  The mine provided a  Joy compressor f o r  a i r  c i r c u l a t i o n .  
Three t e s t  h o l e s ,  each about  20 f e e t  i n  l eng th ,  were d r i l l e d  i n t o  t h e  r o o f ;  
one was d r i l l e d  h o r i z o n t a l l y  i n  c o a l ,  and two h o r i z o n t a l l y  i n t o  a l a r g e  sand- 
s t o n e  r o l l .  The t h r e e  roof co re s  were d r i l l e d  upwards, t e n  degrees  from t h e  
~ ~ e r t i . c a l , t o a l l o w  an o r i e n t a t i o n  of t h e  c o r e  samples. A l l  samples from t h e  
t h r e e  v e r t i c a l  ho l e s  were logged and wrapped t o  p r e se rve  mois ture .  

Core t e s t i n g  

The samples were removed from t h e i r  aluminum f o i l  wrappers and covered 
w i th  t h i n  a c e t a t e  t o  minimize t h e  l o s s  o r  ga in  of water  i n  t h e  samples dur- 
i n g  c u t t i n g .  Samples were then  c u t  w i th  a  t r i m  saw and t h e  ends were lapped 
t o  o b t a i n  a  length-to-diameter r a t i o  of 2.00 + 0.02 and a  t o l e r a n c e  f o r  non- 
p a r a l l e l i s m  of t h e  ends of k0.0025 i n .  No e f f o r t  was made t o  p r e se rve  t h e  
water  con ten t  of t h e  samples dur ing  l a b o r a t o r y  t e s t i n g .  

Axia l  load ing  was provided by a 100-ton hyd rau l i c  ram d r iven  by a  Donath 
m u l t i p l e - r a t e  pump which provided cons t an t  s t r a i n  cond i t i ons ;  t h e  r a t e  of load-  
i ng  f o r  most of t h e  t e s t s  was 6,000 l b  per  minute (approximately s i x  minutes t o  
f a i l u r e ) .  The load ing  column was equipped w i th  a  s p h e r i c a l  s e a t  t o  minimize 
e c c e n t r i c  loading.  No caps  of any t ype  w e r e  used,  and t h e  s t e e l  p l a t e n s  on 
bo th  ends had a  r a d i u s  of approximately 0.25 i n .  l a r g e r  than  t h a t  of t h e  sam- 
p l e s ,  The l a r g e r  p l a t e n s  w e r e  necessary  t o  monitor a x i a l  displacements .  Axial  
displacements  were monitored by two methods: (1) two t r ansduce r s  w i th  i n f i n i t e  
r e s o l u t i o n  w e r e  mounted oppos i t e  t o  each o t h e r  on t h e  load ing  p l a t e n s  and 
(2) two samples (H-3 #32 and H-3 #35) were inst rumented w i th  two one-inch, 
mois ture-proof ,  self-temperature-compensated e l e c t r i c a l  r e s i s t a n c e  s t r a i n  
gauges mounted a t  midpoint  on t h e  sample and d i a m e t r i c a l l y  opposed. These sam- 
p l e s  were t e s t e d  f i r s t  f o r  deformat ion on ly  and a comparison was made between 
t h e  moduli ob ta ined  by t h e  two methods. 

Force-displacement d a t a  were recorded g r a p h i c a l l y  by means of a  Hewlett- 
Packard X-Y p l o t t e r  and a s  d i g i t a l  v o l t a g e  by means of a  scanning PDP-8 com- 
pu t e r .  The u se  of t h e  computer provided a  more a c c u r a t e  r eco rd ,  b u t  i n  a l l  
c a s e s  t h e  computer d a t a  gave t h e  same r e s u l t s  a s  t h e  g r a p h i c a l  record .  The 
p r e c i s i o n  of t h e  g r a p h i c a l  record  was k0.001 i n .  f o r  d i sp lacements  and +40 l b  
f o r  f o r c e .  

The Young's modulus was ob ta ined  a s  a  t angent  modulus a t  50 percen t  of 
t h e  u l t i m a t e  s t r e n g t h .  The u l t i m a t e  s t r e n g t h  was found by d i v i d i n g  t h e  u l t i -  
mate a x i a l  f o r c e  by t h e  a r e a  of c o r e  perpendicu la r  t o  i t s  a x i s .  W e  b e l i e v e  
t h a t  t h e  computed va lues  of modulus and u n i a x i a l  s t r e n g t h  a r e  s i g n i f i c a n t  on ly  
t o  t h e  n e a r e s t  105 p s i  and l o 2  p s i ,  r e s p e c t i v e l y .  



Techniques employed i n  c l a y  mineralogy s t u d i e s  of v a r i o u s  roof and f l o o r  rocks  

The rocks t h a t  make up t h e  immediate roof o r  f l o o r  of t h e  He r r in  (No. 6) 
Coal i nc lude  l imes tones ,  s h a l e s ,  c l ays tones ,  mudstones, s i l t s t o n e s ,  sands tones ,  
and c o a l  ( f i g .  6 ) ,  a l l  of which have wide ranges  of phys i ca l  and chemical prop- 
e r t i e s .  The p r o p e r t i e s  of s h a l e s ,  t h e  most common immediate roof rock ,  a r e  
c o n t r o l l e d  i n  p a r t  by: (1) g r a i n  and p a r t i c l e  s i z e  of components; ( 2 )  type  of 
cement and ma t r i x  of rock;  (3) con t en t s  (percentage)  of c l a y  mine ra l s ;  (4)  va- 
r i e t y  and combination of c l a y  mine ra l s  i n  t h e  rock;  (5) o r i e n t a t i o n  of t h e  
va r ious  c l a y  mine ra l s  i n  t h e  rock;  (6)  s t r u c t u r e  and t e x t u r e  of t h e  rock  re- 
s u l t i n g  from t h e  o t h e r  f a c t o r s .  

Basic c l a y  minera l s  considered were i l l i t e ,  k a o l i n i t e ,  c h l o r i t e ,  expand- 
a b l e  mixed-st ructure  c l a y  mine ra l s ,  and montmor i l lon i te .  The pe t rographic  
t e r m s  f o r  t h e  t e s t e d  s i l i c i o u s  c l a s t i c  rocks w e r e  used according t o  t h e i r  g r a i n  
o r  p a r t i c l e  s i z e s  ( f i g .  11 ) .  The techniques  app l i ed  t o  o b t a i n  necessary  d a t a  
a r e  mechanical,  o p t i c a l ,  and chemical ana ly se s ;  radiography;  and x-ray d i f f r a c -  
t i o n  ( s ee  G r i m  e t  a l . ,  1957).  

MECHANICAL, CHEMICAL, AND OPTICAL ANALYSES 

Samples were u s u a l l y  descr ibed  and l a b e l e d  b e f o r e  a n a l y s i s ,  and,  if de- 
s i r e d  o r  needed, t h e  c leaned b u t  unprocessed samples were photographed 
( f i g .  1 2 ) .  Specimens t o  be  analyzed were then  sawed i n t o  s l a b s ,  t h i n  s ec t i oned ,  
po l i shed ,  crushed,  pu lver ized ,  o r  o therwise  prepared f o r  f u r t h e r  a n a l y s i s .  

Figure 11. Classification chart for siliceous clastic rock 
types. 

Figure 12. Dark-gray shale from a 2-1 /8-inch core. (1 1 Shale 
was eroded by drilling fluid, (2) shale was not 
eroded due to its higher density and greater 
content of  clay minerals parallel to bedding. 
(Anna Shale from Galiatin County, southeastern 
Illinois.) 



Grain s i z e  and p a r t i c l e  s i z e  f o r  c l ay  (<2 pm), si l t  (2  pm t o  62 pm), sand 
(62 pm t o  2 mm), and gravel  (>2 m) were commonly determined by p i p e t t e  and 
s iev ing .  The nonclay mineral  components were no t  s tud ied  i n  f u r t h e r  d e t a i l  
wi th  t h e  prominent exception of t h e i r  t e x t u r a l  a t t r i b u t e s  and t h e i r  assoc ia-  
t i o n  wi th  t h e  c l ay  minera ls ,  which were observed wi th  a microscope. 

Other mechanical ana lyses ,  such as determinat ion of At te rberg  l i m i t s  ( l i q -  
u id  l i m i t ,  p l a s t i c  l i m i t ,  p l a s t i c i t y  index) and t h e  a c t i v i t y  index, provided 
rock index da ta ,  which a l s o  helped t o  quant i fy  c e r t a i n  types  of roof rocks. 

e rg  l i m i t s  were obtained according t o  t h e  d e f i n i t i o n  and procedure 
of Allen (1942) and White (1949). Samples of s i l t y  s h a l e s ,  sandy sha le s ,  o r  
f i s s i l e  b lack  s h a l e s  t h a t  d id  not  s l a k e  t o  produce s u f f i c i e n t  p l a s t i c i t y  t o  
o b t a i n  At terberg  l i m i t s ,  a f t e r  having been processed i n  water f o r  days o r  even 
weeks, were a l l  simply marked "too sandy," The a c t i v i t y  i s  defined a s  d i r e c t l y  
propor t ional  t o  t h e  p l a s t i c i t y  index and inve r se ly  propor t ional  t o  t h e  quan- 
t i t y  of p a r t i c l e s  smaller  than 2 prn, Thus, t h e  a c t i v i t y  index provides an 
a r b i t r a r y  method of comparing t h e  p l a s t i c i t y  of rocks wi th  d i f f e r e n t  c l a y  com- 
ponents and varying c l a y  quan t i t i e s .  Chemical a n a l y s i s  was performed accord- 
ing  t o  s tandard methods by members of t h e  chemical group of t h e  I l l i n o i s  S t a t e  
Geological  Survey. Samples were analyzed f o r  602, SO4, organic carbon, p y r i t i c  
s u l f u r ,  t o t a l  s u l f u r ,  and boron. Microstructural  and t e x t u r a l  s t u d i e s  and 
i d e n t i f i c a t i o n  of coarse-grained minerals  found i n  t h e  heavy l i q u i d  sepa ra t ions  
of t h e  s i l t  and sand f r a c t i o n s  were a l s o  obtained by s tandard techniques em- 
ploying microscopes* 

RADIOGRAPHY AND X-RAY DIFFRACTION ANALYSES 

Radiography provides an x-ray photo of a sample and is  mainly used t o  
show vague and indeterminate o r  otherwise even i n v i s i b l e  s t r u c t u r a l  f ea tu res .  
To ob ta in  a radiograph, a p l a i n  s l a b  of rock i s  c u t  6 mm (about % i n . )  t h i c k ,  
perpendicular  t o  bedding o r  i n  any o t h e r  o r i e n t a t i o n  se l ec t ed .  It i s  then 
placed on a f i l m  i n d i c a t i n g  any se l ec t ed  o r i e n t a t i o n  wi th  a l ead  marker (arrow), 
which i s  placed on t h e  same f i lm.  An x-ray beam s e n t  through t h e  s l a b  of rock 
exposes t h e  underlying f i l m  according t o  t h e  energy-f i l te r ing  wi th in  t h e  rock. 

X-ray d i f f r a c t i o n  i s  used f o r  determining c l a y  minerals  and t h e  o r i en ta -  
t i o n  of t h e  c l ay  minerals  i n  a rg i l l aceous  rocks. Over t h e  pas t  25 yea r s  both 
t h e  General E l e c t r i c  XRD3 spectromete , with  copper r a d i a t i o n  and n i c k e l  f i l -  
t e r ,  and t h e  Norelco X-ray spectrometer ,  wi th  copper r a d i a t i o n  and a g raph i t e  
c r y s t a l  monochrometer, have been most commonly applied.  For c l a y  mineral  iden- 
t i f i c a t o n ,  p a r t i c l e s  <2 pm were separated,  from t h e  rock samples by wet sedi -  
mentation methods. With t h e  <2-pm mate r i a l  on g l a s s  s l i d e s ,  one specimen from 
each rock sample was placed i n  an e thylene  g lycol  atmosphere f o r  a week and 
then x-rayed from 24O t o  40'20. Af ter  t h e  f i r s t  x-raying, t h e  same s l i d e  wi th  
t h e  <2-pm m a t e r i a l  was heated f o r  one hour a t  3 0 0 ~ ~  and x-rayed again  from 2%' 
t o  225O20. From t h e  d i f f r a c t i o n  da ta  t h e  c l ay  minerals  were determined i n  
p a r t s  of 10 using t h e  form i n  f i g u r e  13. 

The o r i e n t a t i o n  of t h e  c l a y  minerals  a l s o  was determined by x-ray d i f f r a c -  
t i o n  of t h i n  s e c t i o n s  of rock, cu t  p a r a l l e l  and perpendicular  t o  t h e  lamina- 
t i o n  o r  bedding. The following formula was used t o  determine t h e  o r i e n t a t i o n  
index of t h e  samples ( f i g s .  14 and 15) . 
Orien ta t ion  - - 19.8'20 peak a r e a  
index 50 + 5.s0 t o  6 . 5 O  - 6.1°+ 6.5* t o  7.5O+ 7.5O t o  8.8O + 12e4020 peak 

4 3 2 1 
a r e a s  



SAMPLE NO. 

Locat ion 

Depth to Date 
I = =  

present 4 

K2 
I1 - - X ( b 0  - = K = -  

2C4 h When chlorite is KI 
not present - = K = p  

4 

ch 
(iil) 3 = c = -  

Calcite Pyrite EX = Expandable clay minerals 
Dolomite Siderite I = Illite 
Quartz Gypsum C = Chlorite 
Feldspar Others K = Kaolinite 

P- M = Montmorillonite 
K- 

h = Heated 300°C for 1 hour 
g = Treated in ethylene glycol atmosphere for 2 or more days 
1,2,3, and 4 subscript are lst, 2nd, 3rd, and 4th orders in C-direction 

- .  - -  - - -. 

Figure 13. Calculation fo rm fo r  mineral contents i n  argillaceous sediments. 

Degrees 28 ISGS 1079 

Figure 14. Diffractograms o f  a well-laminated shale. Sample 
A was cut  parallel t o  beddpg. High diffraction 
peaks a t  6 3 ,  8.8, i y d  12.4 28 and very small 
peak a t  20 and 35 28 indicate that  most of  the 
diffraction came f rom larger faces o f  the clay 
crystals. Sample B cut  perpendictlar t o  bedding 
has low peaks betwegn 5 and 15 28 and higher 
peaks a t  20 and 35 28, showing that  most of 
the diffraction came f rom the edges o f  the clay 
crystals. Result: clay crystals w i th  preferred 
orientation parallel t o  bedding and lamination. 

Degrees 28 lSGS 1979 

~ i g u r e  15. ' Diffractograms o f  a claystone i n  which sections 
of rock were cu t  parallel t o  bedding (A) and per- 
pendicular t o  the bedding (8). The diffraction 
peaks i n  bo th  sections are o f  about equal height, 
indicating randomly oriented clay crystals. 
(Sample: gray shale [mudstone] f rom Edgar 

(Samples: gray shale f r o m  Edgar County.) # .  County .I 



ROOF TYPES OF THE HERRIN (NO. 6) COAL MEMBER IN ILLINOIS 

The Herrin (No, 6) Coal in Illinois is overlain primarily by two sequences 
of roof rock: the gray shale roof and the black shale-limestone roof. These 
roof rock type names should be used neither synonomously nor interchangeably 
with the names of their lithologic contents or the names of associated rock 
stratigraphic units (members); the distinction between engineering characteris- 
tics and petrologic or geologic data must remain clear. The gray shale roof 
consists of gray shales, siltstones, and sandstones, above which limestones 
occur but have only local influence on the stability of the immediate roof. 
These lithologies are usually characteristic of the Energy Shale and sediments 
deposited in the Walshville channel. The black shale~limestone roof normally 
contains black shale and limestone immediately above the coal and is overlain 
by mottled shale and some minor coals and limestones. Rock-stratigraphic units 
of this roof type are the Anna Shale (at base), the Brereton Limestone, the 
Jamestown Coal, the Conant Limestone, the Lawson Shale, the Anvil Rock Sand- 
stone, and the Bankston Fork Limestone (fig. 6). The black shale-limestone 
roof type prevails over almost 90 percent of the area of distribution of Herrin 
(No. 6) Coal, whereas the gray shale roof has been found only in small areas 
adjacent to two paleochannel systems-the WaPshville channel (fig. 5) and the 
Anvil Rock channel. 

Gray shale roof types 

Channels in the Desmoinesian Series not only coexisted with the swamps, 
but they also formed and persisted after the accumulation of coal-forming 
sediments. The Walshville channel (Johnson, 1972) existed contemporaneously 
with the deposition of Herrin (No. 6) Coal and possibly through the time of 
deposition of the Anna Shale. Whether there was a continuation of channeling 
into younger periods has not been proved because of a probable interference 
with the younger Anvil Rock channel. Both channels interrupt the Herrin 
(No. 6) Coal in certain parts of Illinois. Sandstones and siltstones deposited 
in both channel systems also have been found in the immediate roof of the 
Herrin (No. 6) Coal. Sandstones and siltstones deposited in both are thought 
to grade vertically and laterally into gray silty shales and gray shales, 
which in places directly overlie the Herrin (No. 6) Coal, The gray shale roof 
types consist of different types of gray shales, silty shales, and siltstones, 
and, in a few places, sandstones. Also considered with the gray shale roof 
types are the transitional types of gray shale-black shale-limestone roof. 
Although a number of techniques and a variation of methods in the mining 
procedures may influence the behavior of the mine roof, roof stability in 
Illinois coal mines depends on two major geologic factors: the lithology 
and facies of the roof strata, and the structural anomalies and deformational 
features. 

LITHOLOGY AND FACIES OF THE GRAY SHALE ROOF TYPES 

Lithology and facies variation of roof strata are the basic influences 
on mine roof behavior and have had a major effect upon structural anomalies 
and deformational features ever since sedimentation ended. Lithology of roof 
strata has to be investigated, mapped, and described thoroughly, because the li- 
thology is a primary factor determining roof stability. Since mining methods in some 
mines call for leaving top coal underneath the roof rocks, "top coal" is con- 
sidered here as part of the roof strata. Normally, however, the gray shale roof 



types can be c l a s s i f i e d  according t o  l i t h o l o g i e s  and f a c i e s  of (1) b a s a l  carbon- 
aceous s h a l e  and s i l t s t o n e  wi th  p l a n t  d e b r i s ,  (2)  dark-gray sha le ,  ( 3 )  medium- 
gray sha le ,  (4) s i l t s t o n e s  and sandstones,  and (5) gray shale-black shale-lime- 
s tone  roof t r a n s i t i o n ,  

Top coa l  

Top coa l ,  a l s o  called. s k i n  c o a l ,  i s  coa l  purposely l e f t  i n  t h e  roof during 
mining. I n  many mines of I l l i n o i s ,  and p a r t i c u l a r l y  those  i n  t h e  t h i c k  Herr in  
(No. 
t i c e  
coa l  

1. 

6) Coal of t h e  "Quality Ci rc le"  of southern I l l i n o i s ,  i t  i s  common prac- 
t o  leave  top coa l  s e v e r a l  inches up t o  two f e e t  t h i c k  (15 t o  60 cm). Top 
i s  l e f t  i n  t h e  roof f o r  a number of reasons: 

The c u t t i n g  he ight  of t h e  boring type of continuous miner is l imi t ed  by 
t h e  he ight  of t h e  machine. Thus, when t h e  c o a l  is  h igher  than t h e  ma- 
chine,  e i t h e r  top o r  bottom coa l ,  o r  both,  must be l e f t .  Boring machines 
leave  an e n t r y  charac ter ized  by arched r i b s  ( f i g .  1 6 ) ,  which a r e  l e s s  
prone t o  r a sh  than t h e  v e r t i c a l  r i b  made by a r i p p e r  type  of continuous 
miner ( f i g .  1 7 ) .  I n  t h i c k  coa l  (more than t e n  f e e t ) ,  even a r i p p e r  may 
be forced t o  l eave  top o r  bottom coal .  Where s o f t  bottoms o r  f l o o r  
heaving a r e  encountered, bottom coa l  is  l e f t .  Otherwise, miners gener- 
a l l y  l eave  top coa l .  

The q u a l i t y  of t h e  coa l  a t  t h e  bottom o r  a t  t h e  top  of t h e  seam may be 
low a s  i t  grades i n t o  f l o o r  o r  roof rock. 

Miners l i k e  t o  hear  t h e  roof " ta lk ,"  e s p e c i a l l y  i n  panels  t h a t  w i l l  be 
p i l l a r e d .  Top coa l  i s  thought t o  g ive  audib le  warning of impending 
roof f a l l s .  

Convergence of f l o o r  and roof ,  e s p e c i a l l y  sagging and breakage i n  t h e  
roo f ,  becomes more v i s i b l e  a s  top  coa l  breaks along t h e  c e n t e r  of t h e  
roof sag and s l a b s  down. 

Top coa l  i s  l e f t  t o  p r o t e c t  mois ture-sens i t ive  roof s h a l e s  from exposure 
t o  mine a i r .  Many sha le s  d i s i n t e g r a t e  when exposed t o  changing humidity, 
e s p e c i a l l y  near  a i r  i n t akes  (Augenbaugh, Skudrzyk, and Bruzewski, 1975). 

Where t h e  seam is  t h i c k  enough, top coa l  may permit d r iv ing  of more regu- 
l a r  openings under roof s h a l e s  t h a t  have an i r r e g u l a r  con tac t  wi th  t h e  
coa l .  This i s  e s p e c i a l l y  t r u e  i n  a r e a s  ofr-011s (pro t rus ions  of roof 
ma te r i a l  i n t o  t h e  c o a l ) .  A t  mine B,  e n t r i e s  a r e  usua l ly  dr iven  with- 
out  leaving top  coa l ,  bu t  a t  l e a s t  one f o o t  of top coa l  i s  l e f t  i n  t h e  
panels.  The main argument i n  favor of leaving  top c o a l  i s  t o  provide 
roof con t ro l ,  bu t  s i n c e  r o l l s  a r e  common i n  t h i s  mine, t h e  th ickness  of 
top coa l  v a r i e s  considerably.  Under r o l l s ,  t h e  miner c u t s  i n t o  roof rock 
without leaving  top c o a l ,  bu t  i n  ad jacent  a reas  much more top coa l  than 
necessary is l e f t .  

Some miners l eave  top c o a l  simply because they f e e l  i t  improves roof 
con t ro l .  

The main argument aga ins t  leaving  top coa l  is  t h a t  i t  prevents  inspec t ion  
t h e  immediate roof .  I n  many cases  such inspec t ion  would r evea l  t h a t  t h e  



Figure 16. Top coal left in an entry cut by a Marietta boring type of continuous miner. Cutting height i s  limited by height of 
machine. Arched ribs in transition to roof and floor decrease intensity of rib rashing. 

Figure 17. Top coal lefr in an entry cut by a ripper type of continuous miner. Although the cutting height is  variable and more 
coal can be produced, the hazard of rib rashing along straight vertical ribs i s  greater (left side of photo). 



roof would be  good, o r  e x c e l l e n t ,  wi th  o r  wi thout  t op  c o a l .  Large po r t i ons  
of mines i n  t h e  "Quality C i r c l eq '  have e x c e l l e n t  roof cond i t i ons ;  over  t i m e ,  
only t h e  t op  c o a l  up t o  t h e  roof s h a l e  p e e l s  away. Top c o a l  h ides  t h e  roof 
rock and t h e  dangers t h a t  l i e  wi th in .  Many i r r e g u l a r i t i e s  i n  t h e  r o o f ,  such 
a s  minor f a u l t s ,  s l i p s ,  and r o l l s ,  may a f f e c t  on ly  t h e  uppermost l a y e r  of t h e  
c o a l .  I n  many cases  t h e  hidden s l i p  o r  r o l l  causes  a f a l l  t h a t  could have 
been prevented i f  t h e  danger had been v i s i b l e  and a d d i t i o n a l  roof suppor t  had 
been i n s t a l l e d .  Top c o a l  would have hidden even t h e  shea r  body i n  mine B,  
s tudy  a r e a  5, u n t i l  t h e  roof caved i n .  Although many good reasons  e x i s t  f o r  
l eav ing  top  c o a l ,  i nd i sc r imina t e  u se  should be  avoided because roof c o n t r o l  
may b e  neglec ted  r a t h e r  than  improved. 

Basal carbonaceous s h a l e s  and s i l t s t o n e s  w i th  p l a n t  d e b r i s  

Thin s t r a t a  of carbonaceous s h a l e s  ( i n  p l aces  having s t r e a k s  of bony c o a l ) ,  
s i l t y  s h a l e s ,  o r  s i l t s t o n e s  t h a t  have p l a n t  fragments and t h i n  s h e e t s  of 
p l a n t  d e b r i s  on bedding s u r f a c e s  form a l a y e r ,  v a r i a b l e  i n  t h i cknes s ,  t h a t  av- 
e rages  a few inches ,  bu t  ranges t o  a s  much a s  about  two f e e t  (60 cm). This 
l a y e r  i s  found underneath t h e  o t h e r  f a c i e s  of t h e  gray-shale  roof and, where 
p re sen t ,  forms t h e  immediate roof of t h e  Herr in  (No. 6 )  Coal. This  carbona- 
ceous b a s a l  l a y e r  i s  t y p i c a l l y  an i r r e g u l a r  i n t e r l a m i n a t i o n  of dark-gray f l a k y  
s h a l e  o r  medium-gray s i l t y  s h a l e  o r  s i l t s t o n e ,  and carbonaceous p l a n t  fragments 
o r  even bony coa l .  Basal s i l t s t o n e  and s i l t y  s h a l e s  occur  most o f t e n  beneath 
l a r g e  sandstone and s i l t s t o n e  bodies  o r  shee t s .  The f ine-grained s h a l e s  o f t e n  
con ta in  impressions of f r a g i l e  l e aves  and f e r n  f ronds ,  whereas t h e  coarser -  
g ra ined  s i l t y  s h a l e s  and s i l t s t o n e s  more o f t e n  con ta in  l a r g e r  c o a l i f i e d  p l a n t  
fragments,  twigs,  stems, and, occas iona l ly ,  l a r g e  t r e e  t runks ,  

The b a s a l  l a y e r  tends  t o  break ,  s l a b ,  o r  f l a k e  l o o s e  from over ly ing  sed- 
iments.  The b a s a l  csrbonaceous s trata are u s u a l l y  n o t  t h i c k  enough t o  be  of 
major i n f luence  and concern f o r  roof c o n t r o l ;  however, i n  some p l aces  t r e e  
s t e m s  and s l a b s  l a r g e  enough t o  i n j u r e  miners may f a l l  from t h i s  l a y e r ,  a s  i n  
s tudy  a r e a  9 of mine D and s tudy  area 4 of mine B, f o r  example. 

I n  s tudy  area 4 of mine B,  we measured t h e  o r i e n t a t i o n  of 115 t r e e  t runks  
t o  s e e  i f  a p re fe r r ed  o r i e n t a t i o n  couid be  recognized t h a t  might i n  t u r n  be  
r e l a t e d  t o  o t h e r  sedimentologicaP and s t r u c t u r a l  d i r e c t i o n a l  f e a t u r e s  ( f i g .  18 ) .  
Although t h e  northeast-southwest  t r end  is s l i g h t l y  more represen ted  than  o t h e r  
d i r e c t i o n a l  t r ends ,  no c l e a r  p re fe rence  i s  recognizable .  

Dark-gray s h a l e  f a c i e s  

The dark-gray s h a l e  f a c i e s  of t h e  Energy Sha le  is  s t r a t i g r a p h i c a l l y  t h e  
lowest  major f a c i e s .  Where t h e  b a s a l  carbonaceous s h a l e s  and s i l t s t o n e s  having 
p l a n t  d e b r i s  a r e  absent ,  i t  forms t h e  immediate roof of t h e  c o a l  seam over  
l a r g e  a r ea s .  It c o n s i s t s  of dark-gray, almost b l ack  sha l e .  The s h a l e  is hard ,  
smooth, u s u a l l y  well-laminated, and carbonaceous. Weathering tends  t o  accen- 
t u a t e  t h e  f i n e  lamina t ion ;  t h e  s h a l e  then u s u a l l y  assumes a brownish c a s t .  The 
darker  s h a l e  d e r i v e s  i t s  co lo r ing  from f i n e l y  d i spersed  coa ly  m a t e r i a l  
and from numerous t i n y  carbonaceous s t r e a k s .  The s h a l e  o f t e n  con ta in s  
t h i n  c o a l  s t r i n g e r s .  Thin discont inuous s i d e r i t i c  l amina t ions  a r e  common. 
Thin s i d e r i t i c  nodules  a r e  commonly concent ra ted  i n  l a y e r s ,  b u t  may a l s o  occur 
s c a t t e r e d  throughout where t h e  s h a l e  i s  more homogeneous, massive,  and less 
laminated. Small pec t ino id  pelecypods and Anthracos i idae  i n d i c a t e  depos i t i on  



Figure 18. Rose diagram of orientation of 1 15 tree trunk imprints observed in basal carbonaceous shales and siltstones, immediate 
roof rock of Herrin (No. 6) Coal in study area 4 of mine 5. Main trend is northeastsouthwest, but a preferred orienta- 
tion is not apparent. 

i n  f r e s h  t o  brackish  water .  P l a n t  impressions a r e  more abundant than  mollusk 
impressions.  The rock resembles l i t h o l o g i e s  of t h e  Anna Shale ,  bu t  gene ra l l y  
has  l i g h t e r  c o l o r ,  i s  less f i s s i l e ,  and con ta in s  d i f f e r e n t  f o s s i l s .  It i s  
more a r g i l l a c e o u s a n d f i n e r  gra ined  than  t h e  o t h e r  l i t h o l o g i e s  of t h e  Energy 
Sha le  and i n d i c a t e s  an environment cha rac t e r i zed  by slow and l i t t l e  depo- 
s i t i o n  i n  q u i e t  water .  The s t r a t a  of t h e  dark-gray s h a l e  f a c i e s  average one 
t o  two f e e t  (30 t o  60 cm) i n  th ickness  and r a r e l y  reach t e n  f e e t  (3 m). I n  
s tudy  a r e a  5 ,  t h e  dark-gray s h a l e  v a r i e s  i n  th ickness  between 0.2 and 5 f e e t  
(6 cm and 1 . 5  m); most commonly i t  i s  0 , 3  t o  2.0 f e e t  (9 t o  60 cm) t h i c k .  I n  
s tudy  a r e a  4 a t  mine B,  a s  w e l l  a s  i n  o t h e r  mines i n  southern  I l l i n o i s ,  t h e  
recorded th i cknes s  shows t h e  same range,  

Even though t h e  dark-gray s h a l e  i s  t h i n ,  i t  is  widespread i n  mines B y  H,  
I, and o t h e r s .  I n  s tudy  a r e a  4 a t  mine B,  i t  f o m s  t h e  immediate roof over 70  
t o  80 percent  of t h e  a r ea .  Fa r the r  t o  t h e  e a s t ,  i n  s tudy  a r e a  5, t h e  percen- 
t a g e  i s  50 t o  60. The dark-gray s h a l e  u n d e r l i e s  a medium-gray s h a l e .  The 
con tac t  i s  normally sha rp  and conformable, bu t  i n  p l aces  appears  t o  be  grada- 
t i o n a l .  Where t h e  dark-gray s h a l e  is  absent ,  t h e  medium-gray s h a l e  d i r e c t l y  
o v e r l i e s  t h e  c o a l  seam. The r e g i o n a l  boundaries  on top  of t h e  c o a l  a r e  i r r e g -  
u l a r  o r  l o b a t e ,  and t h e  dark-gray s h a l e  t h i n s  g radua l ly  toward t h i s  boundary. 
It was no ted ,  e s p e c i a l l y  i n  mine B,  t h a t  t h e  dark-gray s h a l e  pinches ou t  over  s t r u c -  
t u r a l  h ighs  i n  t h e  c o a l  seam, and t h e  over ly ing  u n i t ,  normally medium-gray s h a l e ,  
forms t h e  immediate roo f .  Although t h e  dark-gray s h a l e  f a c i e s  occurs  i n  almost 
a l l  mines i n  t h e  "Qual i ty  C i r c l e , "  i t  was n o t  found i n  s tudy  a r e a s  6 and 7 of 
mine C.  

Among t h e  va r ious  l i t h o l o g i e s  s f  t h e  gray  s h a l e  roof type,  t h e  dark-gray 
s h a l e  most o f t e n  e x h i b i t s  j o i n t s .  V e r t i c a l  j o i n t s  a r e  i n  p l aces  a s  well-developed 



and a s  closely-spaced a s  j o i n t s  i n  t h e  Anna Shale (described i n  d e t a i l  i n  a 
following sec t ion ) .  More o f t en ,  j o i n t s  a r e  about one t o  seve ra l  f e e t  a p a r t  
and t h e i r  inf luence  on roof s t a b i l i t y  i s  minor. A t rend of j o i n t s  ~ 6 0 ~ - 8 0 ' ~  
preva i l s  both i n  study a reas  4 and 5 of mine B and i n  o the r  mines of t h e  
"Quality Circle ."  Most of t h e  j o i n t s  i n  t h e  dark-gray sha le  a r e  confined t o  
t h a t  l a y e r  and do not penet ra te  i n t o  the  overlying,softer,medium-gray shales .  
Development of j o i n t s  i s  dependent on l i t ho logy ;  o f t en  i t  is  poss ib le  t o  
d i s t ingu i sh  d i f f e r e n t  l i t h o l o g i e s  by t h e  c h a r a c t e r i s t i c s  of j o i n t s .  

Although small-scale, soft-sediment d e f o m a t i o n a l  f e a t u r e s ,  boudinagelike 
pull-apart  s t r u c t u r e s ,  minor shear  sur faces ,  and microfaul t s  have been observed 
i n  the  dark-gray sha le ,  an almost t o t a l  absence of slump s t r u c t u r e s  and r o l l s  
has been noted. Major deformational f e a t u r e s ,  however, which a f f e c t  t h e  dark- 
gray sha le ,  apparently r e s u l t  from a more regional  deformational inf luence ,  
e .g , ,  l a r g e  l a n d s l i d e l i k e  shear  bodies l i k e  those mapped i n  s tudy a r e a  5 of 
mine B,  a s  wel l  a s  s l i d i n g  and displacement of blocks i n  gene t i c  r e l a t i o n s  t o  
major f a u l t s  systems l i k e  t h e  Rend Lake Fau l t  System (as  mapped i n  mine H) 
o r  t h e  Cottage Grove Fau l t  System (as mapped i n  mine I). 

The dark-gray sha le  has r a t h e r  v a r i a b l e  roof s t a b i l i t y ,  In  some a r e a s ,  
a s  i n  most of s tudy a rea  4, these  s t r a t a  form a s t a b l e  roof t h a t  has an even 
surface .  Elsewhere, t h e  dark-gray s h a l e  i s  a "draw s l a t e "  (miners' term) t h a t  
f a l l s  o r  must be taken down immediately a f t e r  mining. Major roof f a l l s  can 
occur where t h e  dark-gray s h a l e  is thick-four f e e t  (122 cm) o r  more. Large 
f a l l s  a t  C-4 i n  s tudy a rea  4 (see  f i g *  139, p. 153) and C-2 and H-2 (see 
f i g .  140, p. 154) i n  a rea  5 both of mine B e n t i r e l y  involve t h i c k  dark-gray 
sha le ,  which i n  t h e  l a t t e r  a rea  is about t e n  f e e t  ( 3  m) t h i ck .  Thin ( a  foot  
o r  l e s s )  dark-gray sha le  is  l e s s  a hazard, though slabbing is  common along 
j o i n t  planes,  and the  above-mentioned f o s s i l  k e t t l e  bottoms may f a l l .  

Medium-gray sha le  f a c i e s  

The dominant f a c i e s  of t h e  Energy Shale is  a medium-gray sha le ,  which i s  
usual ly  f i rm, f i n e l y  micaceous, and i n  p laces  s l i g h t l y  carbonaceous, and con- 
t a i n s  abundant s i d e r i t i c  bands, nodules, and lenses .  Small coaly fragments 
and p lan t  impressions a r e  numerous, e spec ia l ly  i n  the  lower p a r t .  The medium- 
gray sha le  has a coarser  g ra in  than t h e  dark-gray shale .  It conta ins  abundant 
quar tz  g ra ins ,  and is  o f t e n  s i l t y  sha le ,  which l o c a l l y  may grade i n t o  a 
s i l t s t o n e  o r  sandstone. Exposures i n  mines and d r i l l - h o l e  da ta  show t h a t  
the  sha le  may a t t a i n  a thickness of 50 f e e t  (15 m) or  more, The medium-gray 
sha le  f a c i e s  is  so  dominant t h a t  the  terms "gray shale" and "Energy Shale" 
o f t en  a r e  used interchangeably i n  discussing t h e  roof s f  t h e  Herrin (No. 6) 
Coal. 

The medium-gray sha le  conta ins  th i cke r  and f a i n t e r  laminat ions than t h e  
underlying dark-gray shale .  The carbonaceous ma te r i a l  i n  t h e  dark-gray sha le  
c o n s i s t s  of t i n y  coa l  s t r e a k s , t h i n f l a k e s ,  and f i n e ,  carboncaceous fragments 
and g ra ins  t h a t  were corroded during t r anspor t  and t h a t  a r e  s c a t t e r e d  wi th in  
t h e  medium-gray shale .  

X-ray d i f f r a c t i o n  p a t t e r n s  of medium-gray sha le  samples i n d i c a t e  t h a t  
t h e  c l ay  mineralogy va r i e s .  The medium-gray sha le  does not  conta in  a s  much 
expandable c l ay  mineral a s  t h e  dark-gray sha le ,  but  k a o l i n i t e  and i l l i t e  a r e  
present  i n  both sha les .  Hard, genera l ly  nodular concret ions a r e  only occasionaPPy 



found i n  t h e  medium-gray s h a l e ,  j u s t  above t h e  top  of t h e  c o a l .  Few of t h e s e  
f e a t u r e s  a r e  shown i n  t h e  s t udy  a r e a s ,  b u t  l a r g e  concen t r a t i ons  w e r e  observed 
i n  mine B o u t s i d e  t h e  s t udy  a r e a s .  Two types  of conc re t i ons  occur .  The most 
common types  a r e  ve ry  hard gray  l imes tone  " b a l l s , "  about a f o o t  (0.3 m) i n  
diameter .  They o f t e n  con t a in  open f r a c t u r e s  t h a t  are l i n e d  by c l e a r  c r y s t a l -  
l i n e  qua r t z  o r  c a l c i t e .  Less  common a r e  l a r g e  ova l  nodules  o r  l e n t i c u l a r  bod- 
i e s  of f ine-gra ined  s p h e r u l i t i c  p y r i t e .  These a r e  extremely ha rd ,  d i f f i c u l t  
t o  c u t  w i th  a cont inuous miner,  and, l i k e  t h e  l imes tone  conc re t i ons ,  c o n s t i t u t e  
a minor roof hazard.  They a r e ,  however, n o t  n e a r l y  a s  s e r i o u s  a danger a s  t h e  
b l ack  conc re t i ons  abundant i n  t h e  Anna Shale .  

Bedding p lanes ,  e s p e c i a l l y  i n  t h e  s i l t y  p o r t i o n s  of t h e  medium-gray s h a l e s ,  
a r e  i n  many ca se s  coa ted  w i th  a f i l m  of mica and f i n e l y  comminuted p l a n t  re -  
mains. This  permi t s  s p l i t t i n g  i n t o  p a r a l l e l  s l a b s  a long bedding p l anes ,  which 
is  common i n  many mines. I n  o t h e r  p l ace s  t h e  medium-gray s h a l e  ha s  a r a t h e r  
massive appearance and breaks  i n t o  very  l a r g e  b locks  a lmost  as a massive l i m e -  
s t one  would. 

Medium-gray s h a l e  commonly forms a smooth and r e l a t i v e l y  t r oub l e - f r ee  
roof i n  room-and-pillar mining. Aside from s t r u c t u r a l  i r r e g u l a r i t i e s ,  main 
roof hazards  a r e  p resen ted  by s l abb ing  and mo i s tu r e  s l a k i n g .  Although s l ab -  
b ing  i s  a minor problem, i t  is  most pronounced where t h e  rock  is a l s o  w e l l  
j o i n t e d  o r  s i l t y ,  and is  b e s t  e x h i b i t e d  i n  t h e  o l d e r  a r e a s  of mines. Moisture  
s l a k i n g  does n o t  appear  t o  be  a s e r i o u s  problem i n  t h e  mines s t u d i e d ;  however, 
c o r e  samples of g ray  s h a l e s  from many p a r t s o f t h e  s tate,  e s p e c i a l l y  i n  t h e  
Troy a r e a a n d  t h e  Danv i l l e  a r e a ,  e x h i b i t a m a r k e d  tendency t o  s l a k e .  

I n  mine B,  p a r t i c u l a r l y  i n  s t udy  a r e a  4 ,  i t  was no ted  t h a t  t h e  dark-gray 
s h a l e  gene ra l l y  pinches  ou t  over  s t r u c t u r a l  h ighs  i n  t h e  coa l .  The medium-gray 
s h a l e  is  t h e  immediate roof over  t h e s e  c r e s t s  and shows more i n t e n s e  d i a g e n e t i c  
deformat ion than  anywhere e l s e .  S t r u c t u r e s  i nc lude  l a r g e  and c l o s e l y  spaced shea r  
s u r f a c e s ,  and f a u l t s ,  some having t h i n  c l a y  f i l l i n g  and o t h e r s  having b r e c c i a  between 
t h e  shea r  p lanes .  Prominent r o l l s ,  recumbent f o l d s  i n  s h a l e  and c o a l ,  a r e  abundant 
i n  medium-gray s h a l e  and p r a c t i c a l l y  absen t  from dark-gray s h a l e .  Conspicuous s p l i t s  
i n  t h e  upper p a r t  of t h e  c o a l  seam form l o c a l  c o a l  " r i d e r s . "  These cond i t i ons  com- 
b i n e  t o  produce r a t h e r  weak roof over  t h e  s t r u c t u r a l  h ighs .  They a l s o  sugges t  t h a t  
present-day s t r u c t u r e  i n  t h e  mine s t i l l  r e f l e c t s  t r e n d s  of o r i g i n a l  topographic  con- 
t o u r s  t h a t  e x i s t e d  dur ing  depos i t i on  of t h e  roof s t r a t a .  

Planar-bedded and cross-bedded s i l t s t o n e s  and sands tones  

Medium-gray s h a l e s ,  s i l t y  s h a l e s ,  laminated s i l t s t o n e s ,  and planar-bedded 
and cross-bedded s i l t s t o n e s  and sands tones  grade i n t o  one ano the r .  A l l  t r an -  
s i t i o n s  l a t e r a l l y  and v e r t i c a l l y  e x i s t  w i t h i n  t h e  Energy Sha le ,  and may reach  
up through t h e  p o s i t i o n  of younger members of t h e  s t r a t i g r a p h i c  sequence, such 
a s  t h e  Lawson Sha le  and Anvi l  Rock Sandstone. S i l t s t o n e s  o r  sands tones  form 
t h e  immediate roof i n  p a r t s  of many mines and may exceed t e n  f e e t  ( 3  m) i n  
t h i cknes s .  Commonly bo th  a r e  l i g h t  t o  medium gray,  f a i r l y  f i rm ,  and marked by 
very  f i n e ,  d i s t i n c t ,  p a r a l l e l  l amina t ions .  Many bedding s u r f a c e s  show a t h i n  
carbonaceous,  and o f t e n  micaceous, coa t i ng .  

The planar-bedded sands tones  a r e  o f t e n  i n t e r l amina t ed  w i th  dark-gray t o  
b l ack ,  carbonaceous s h a l e  p a r t i n g s ,  which va ry  from less than  1 mm t o  about 



2.5 cm i n  th ickness .  The t h i n n e s t  and da rkes t  p a r t i n g s  a r e  composed of car -  
bonaceous d e b r i s ,  f u s a i n  s t r e a k s ,  and bony c o a l ,  and have an abundance of mica 
on bedding su r f aces .  The t h i c k  p a r t i n g s  u s u a l l y  c o n s i s t  of dark-gray, carbo- 
naceous, r a t h e r  a r g i l l a c e o u s  s i l t s t o n e o r  f ine-grained sandstone. The t h i c k  
laminae a r e  gene ra l l y  l e s s  w e l l  def ined  than  t h e  t h i n  ones,  bu t  contained with- 
i n  a r e  a l s o  t h i n ,  f i s s i l e  zones, r i c h  i n  organic  mat te r .  Cross-bedding, f l a s e r -  
bedding, r i p p l e  marks and o t h e r  synsedimentary s t r u c t u r e s  a r e  abundant. Large 
s t r i n g e r s  o r  e longa t e  l e n s e s  o r  wedges of c o a l ,  inc lud ing  c o a l i f i e d  t r e e  t runks  
( f l a t - l y i n g )  occur i n  some places .  A s  i n  t h e  medium-gray s h a l e ,  r o l l s  a r e  
common i n  t h i s  u n i t .  

The p o s i t i o n  of t h e  sandstones i n  t h e  roof success ion  v a r i e s  from d i r e c t l y  
over ly ing  t h e  c o a l  i n  s e v e r a l  p l aces  t o  over ly ing  gray s h a l e s  of v a r i a b l e  
th ickness .  D r i l l  co re s  from many p a r t s  of t h e  s t a t e  show s h a l e s  grad ing  up- 
ward t o  s i l t s t o n e s  t o  sandstone;  however, i n  mine C ,  p a r t i c u l a r l y  i n  s tudy  
a r e a  6,  t h e  shale-sandstone con tac t  is  o f t e n  uncomformable. The appearance i s  
f r equen t ly  t h a t  of smal l  s ands tone - f i l l ed  channels t h a t  eroded i n t o  t h e  s h a l e s  
beneath.  

I n  many exposures,  s e v e r a l  s e p a r a t e  channel-shaped sandstone b o d i e s % c a n  
be  d i s t i ngu i shed .  They a r e  superimposed upon each o t h e r ,  i n  many p l aces  w i th  
e r o s i o n a l  con tac t s .  Severe d i s tu rbances  of soft-sediment deformation and 
i n t r u s i o n  of sand i n t o  t h e  underlying c o a l  have been encountered i n  connect ion 
wi th  such sandstone bodies ,  e s p e c i a l l y  i n  t h e  "Qual i ty  C i r c l e "  a r ea .  

Bodies of sandstone,  u s u a l l y  cross-bedded, t h a t  P i e  c l o s e  t o  o r  upon t h e  
c o a l  s e a m  have d e f i n i t e  l i n e a r  t r ends .  I n  mine C and o t h e r  neighboring mines, 
t h e  most no t ab l e  t r end  is  northwest-southeast ,  roughly p a r a l l e l  t o  t h e  Walsh- 
v i l l e c h a n n e l .  Individual  sandstone bodies  l o c a l l y  s t r i k e  i n  o t h e r  d i r e c t i o n s .  

Planar-bedded, t h i n l y  layered  s i l t s t o n e s  and sandstones a r e  found through- 
ou t  t h e  "Qual i ty  Circle1 '  a r e a  of southern  I l l i n o i s ,  and i n  t h e  r o o f s  of mines 
i n  c e n t r a l  I l l i n o i s  and e a s t - c e n t r a l  I l l i n o i s ,  more than  15Q m i l e s  away. They 
c o n s t i t u t e  a very  t reacherous  roof m a t e r i a l ,  Due t o  t h e  weakness imparted 
by t h e  carbonaceous and sha ly  p a r t i n g s ,  t h e  sandstone roof is d i f f i c u l t  t o  
suppor t  and g ives  l i t t l e  warning of an impending roof f a l l .  When f a i l i n g ,  t h e  
sandstone and s i l t s t o n e  s h e e t s  f a i l  a t  t h e  anchor of t h e  roof b o l t s ,  f i v e  t o  
e i g h t  f e e t  (1.5 t o  2 ,4  m) above t h e  top  of t h e  coa l .  The rock m a t e r i a l  r e a c t s  
l i k e  a b r i t t l e  m a t e r i a l  and tends  t o  break almost s t r a i g h t  up along t h e  p i l l a r s .  
Such roof f a l l s ,  once i n i t i a t e d ,  work t h e i r  way up g radua l ly  and top  ou t  i n  
notched o r  dome-shaped hollows o f t e n  10  t o  35 f e e t  ( 3  t o  10  m) h igh .  Other roof 
f a l l s  t e rmina te  a t  t h e  base  of a t a b u l a r  o r  r i p p l e d  sandstone s h e e t  ( f i g s .  1 9  
and 20).  When t h e  roof f a l l s  c u t  upward i n t o  s i l t y  s h a l e s  o r  s h a l e s ,  t h e i r  
c r e s t s  o f t e n  appear more V-shaped. The same f a i l u r e  p a t t e r n  is shown i n  some 
f a l l s  of t h e  Anvil  Rock Sandstone from t h e  b lack  shale- l imestone roof succes- 
s i o n  ( f i g .  2 1 ) .  

The sandstones occas iona l ly  con ta in  water ,  which d r a i n s  i n t o  mine openings 
bo th  through roof b o l t  ho l e s ,  and d i r e c t l y  where a sandstone forms t h e  immediate 
roof rock. This  water seepage-noted t o  b e  e s p e c i a l l y  troublesome i n  mine C- 
can be  used a s  i n d i c a t i o n  of sandstone roof .  The water  is  s a l t y ,  and may 
even tua l ly  cease  dr ipp ing  as t h e  sandstones become d ra ined ,  a l though i n  some 
a r e a s  roof wetness p e r s i s t s  f o r  extended per iods .  Pore p re s su re  of water  
i n  t h e  sandstones ought t o  be  checked t o  s e e  i f  i t  might i n f luence  t h e  f r equen t  



Figure 19. Roof fall in planar-bedded laminated siltstone of the En~rgy Shale Member. Many bedding surfaces are coated with 
coalified plant debris and mica. The diagonal (inclined 45 ) dark stripes in the lower rock layers probably are water- or 
gasescape structures. Location: east-central Illinois, mine D. 

Figure 20. Roof fall in planar-bedded sandstone of the Energy 
Shale Member. Bedding surfaces are coated with 
mica and coalified plant fragments. No prominent 
joints are visible. Sandstone failed and broke al- 
most straight up along the pillar rib. Location: 
"Quality Circle," near Walshville channel, mine C. 

f a i l u r e  of s h a l e s  below those  sand- 
s t o n e s ,  a s  observed i n  mine C ,  s t udy  
a r e a  6, o r  i f  t h e  c i r c u l a t i n g  water  
h a s  weathered and a l t e r e d  t h e  under- 
l y i n g  s h a l e s  and has  reduced t h e i r  
s t r e n g t h ,  

Roof f a l l s  and occas iona l  wate r  
problems a r e  n o t  t h e  on ly  d i f f i c u l t i e s  
a s s o c i a t e d  w i th  a sands tone  and silt- 
s t o n e  roo f .  The c o a l  seam is  a l s o  a t  
an  i n c l i n e  beneath sands tone  o r  s i l t -  
s t o n e  roof i n  many p l ace s .  The com- 
b i n a t i o n  of cross-bedding and silt- 
s t o n e  p a r t i n g s  i n  t h e  c o a l  seam, accom- 
panied by c o a l  " r i de r s "  i n  t h e  roof 
rock  and an i n c l i n e d  c o a l  seam o f t e n  
n o t  on ly  r e s u l t s  i n  an u n s t a b l e  r o o f ,  
bu t  can make mining d i f f i c u l t .  Such 
a r e a s  can be  i d e n t i f i e d  on mine maps 
t h a t  show d i s r u p t i o n s  i n  t h e  o the r -  
wise  r e g u l a r  mining p a t t e r n .  

Gray s h a l e  wedges 
and l e n s e s  and t r a n s i t i o n s  
i n t o  b l ack  shale- l imestone roof rocks  

S p e c i f i c  geo log ic  cond i t i ons  and 
mine roof hazards  a r e  a s s o c i a t e d  w i th  
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igure 21. Roof fall in a sequence of Anvil Rock Sandstone (planar-bedded, light gray siltstone and sandstone), Brereton Lime- 
stone (gray, cloddy limestone with nodules and concretions), Anna Shale (weak, slightly mottled upper portion and 
well-bedded, well-jointed, fissile lower portion), and Werrin (No. 6) Coal. Roof fall extends up to a tabular, plant- 
debris-coated bedding surface of sandstone. Planar-bedded sandstones and siltstones of the Energy Shale often fail in 
the same manner. Location: Western Shelf, west-central Illinois, mine N. 

t h e  t r a n s i t i o n a l  areas between. t h e  gray s h a l e  and t h e  b lack  shale-limestone 
roof types. Although no t r a n s i t i o n a l  a r e a  was s tudied  i n  d e t a i l ,  i nd iv idua l  
observat ions a r e  repor ted ,  s i n c e  i n  some I l l i n o i s  mines Energy Shale t r a n s i -  
t i o n s  pose s p e c i f i c  problems t o  roof con t ro l .  Toward t h e  r i m  of t h e  "Qua l i ty  
C i rc l e , "  t h e  th ickness  of t h e  Energy Shale decreases and t h e  gray s h a l e s  wedge 
out  ( f i g .  22) o r  form l o c a l  l enses  and pods ( f i g .  23) .  S imi lar  depos i t iona l  
f e a t u r e s  a r e  known from s t r i p  and underground mines i n  southwestern I l l i n o i s  
on t h e  Western Shelf and a l s o  i n  west-central  I l l i n o i s .  The immediate roof i n  
many of t h e  mines wi th  gray s h a l e  t r a n s i t i o n s  is  commonly b lack  shale-limestone 
roof ,  which usua l ly  remains s t a b l e  a f t e r  mining. But s c a t t e r e d  throughout those  
mines a r e  wedges an l enses  o r  pods of gray s h a l e  from a few t o  a few t ens  of 
f e e t  wide and a s  much as 20 f e e t  ( m) t h i c k  ( f i g s ,  22 and 2 3 ) *  Medium-gray 
s h a l e  lenses and wedges below black  sha le  a r e  usua l ly  easy t o  recognize.  I n  
some mines, however, t h e  lowermost por t ions  of t h e  Energy Shale,  t h e  dark-gray 
sha le ,  immediately unde r l i e s  t h e  b lack  s h a l e s  of t h e  na Shale,  Both a r e  
very dark gray t o  b lack  sha le s ,  a r e  we l l  j o in t ed ,  an end t o  break along j o i n t s  
and form small  s l a b s ,  They a r e  not  e a s i l y  d i s t i n g u i  b l e ,  a l though,  where 
present ,  t h e i r  i n t e r f a c e  usua l ly  is  a sharp ly  separa ted  sur face .  The con tac t  
between t h e  gray s h a l e  and t h e  overlying b lack  shale-limestone roof gene ra l ly  
is  sharp and abrupt ,  providing easy sepa ra t ion  of t h e  two along t h e i r  i n t e r f a c e .  
The gray s h a l e  is usua l ly  s o f t e r  and weaker than t h e  black ssile s h a l e ,  and 
wedges of gray s h a l e  a r e  l e s s  capable of support ing t h e i r  o weight.  Roof 
f a i l u r e s  a r e  p a r t i c u l a r l y  frequent  where t h e  gray s h a l e  is  about a s  t h i c k  a s  
t h e  length  of t h e  roof b o l t s  and where anchors a r e  s e t  a t  o r  j u s t  below t h e  
i n t e r f a c e  of gray wi th  black shale. "Bastard l i tne~tone ,~ 'amedium-  t o  dark-gray 
l imestone containing abundant f o s s i l s ,  was encountered i n  a number of t r a n s i -  
t i o n a l  roof a r e a s  i n  mines. The l imestone has  been found wi th in  t h e  uppermost 
l a y e r s  of t h e  Herr in  (No, 6) Coal and immediately above t h e  c o a l  o r  t h e  gray 



Energy ; 

Shale 

-- --_ 
coal 

Figure 22. Thinning wedge o f  medium-gray shale (Energy Shale) above Merrin (No. 6 )  Coal and below black fissile shale (Anna 
Shale). The edge o f  the wedge is i n  the background o f  photo ( left center). Although some roof  bolts have been an- 
chored i n  the Brereton Limestone ("cap rock" o f  the black shale-limestone roof)  the gray shale and much o f  the well- 
jointed black fissile shale has fallen. The Energy Shale is unconforrnably overlain by  the younger Anna Shale. Location: 
east o f  "Quality Circle," southern Illinois, mine I. 
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Figure 23. Small lens o f  Energy Shale f rom transitional area o f  gray shale t o  black shale-limestone roof  types. The configuration re- 
sembles slump structures and rolls described later i n  this chapter. Note also the coal stringers i n  and above the lens. Bed- 
ding o f  Energy Shale and Anna Shale appears t o  be uncomformable. Small normal fault, probably resulting f r o m  differ- 
ential compaction, is lubricated w i th  coal. Location: edge o f  'Qual i ty  Circle, " southern Illinois, mine H. 



shale and immediately below the Anna Shale. Locally it appears also to be 
interfingering with the lowermost layers of Anna Shale. 

Large accumulations of calcitic and pyritic coal balls have been encoun- 
tered in the coal seam near the boundary between the gray shale and black 
shale roof. The entire height of one coal face was locally mineralized with 
coal-ball material so hard that entries could not be driven with continuous 
mining equipment. 

Three characteristics observed in transitions from areas of gray shale to 
black shale-limestone roof are thought to be important indicators of environ- 
mental and ecological changes at the end of and shortly after deposition of 
coal-forming material: 

1. Coal thickness appears to be greater under gray shale roof than under 
black shale-limestone roof. 

2. "Bastard limestone" occurs in transitional areas more abundantly than under 
either other roof type. 

3 .  Coal-ball density seems to be higher in transitional areas than elsewhere, 

Observation of these characteristics after mining also indicates a change in 
roof conditions and roof stability. 

The syngenetic wedges and lenses form individual geologic bodies and struc- 
tural anomalies and are basic to initiation of soft-sediment deformation. 
Deformational structures suchas subsurface slumping, soft-sediment intrusions, 
folds, and faults are abundant and result from differential adjustment of the 
various bodies during compaction and diagenesis and in places from lateral 
and vertical movement caused by differential basin subsidence. 

STRUCTURES AND DEFOlRMATIONAL FEATURES OF THE GRAY SHALE ROOF TYPES 

Roof falls are commonly caused by rock anisotropies and structural anom- 
alies in the roof rock. The origin of such features may date back to the time 
of deposition or to later deformation. Some may even be caused by mining 
activity. We have classified features that influence roof stability in the Herrin 
(No. 6 )  Coal according to their geologic genesis. Although such a genetic classifica- 
tion based on time of formation (syngenetic, diagenetic, or epigenetic) is 
difficult to apply in a practical way, it may be a suitable approach for 
geologic analysis of the structural features that influence roof stability. 
Structural development and tectogenesis of a geologic body is a continuous 
process that begins with the sedimentary environment before and during 
sedimentation and continues through diagenesis and also later deformation, 

Depositional structures (Syngenetic structural features) 

Bedding planes, h n i n a t i o n s .  Syngenetic structural features include all struc- 
tures that developed during deposition and during the early stage of diagenesis, 
Most of these structural features are associated with bedding, the fundamental 
property of sediments. Lithologic changes in sediments invariably bring about 
horizontal or subhorizontal bed separation (bedding planes), internal bed irreg- 
ularities, and deformation structures, which produce zones of weakness in the 
sediment. 



e laminated,  massive,  graded, and l e n t i c u l a r  
Massive beds s f  l imestone o r  sandstone a r e  r a r e l y  

% normally fail only  if o t h e r  s t r u c t u r a l  weaknesses 
a l e s  seem t o  form a s t a b l e  roof where they  a r e  mas- 

edding p lanes ,  Laminated, t h in -  
s u b j e c t  t o  f a i l u r e ,  p a r t i c u l a r l y  

~ t h  a t h i n  f i l m  of p l a n t  fragments ( f i g .  24) .  
of f a l l s  seems t o  be  r e l a t e d  p r imar i l y  t o  t h e  mech- 
andstone and i n t e r c a l a t e d  p l a n t  d e b r i s  coa t ing .  
e s  and t h e i r  interbedded s i l t s t o n e s  and f ine-grained 

such sedimentary s t r u c t u r e s  as f l a s e r ,  s p a t u l a t e ,  
of cross-bedding and l e n t i c u l a r  

s ca tegory ,  bu t  normally t h e s e  types  
phenomena. Of t h e  bedding types  
0 t h  i n  t h e  Energy and t h e  Lawson 
p o s i t i o n a l  i r r e g u l a r i t i e s ,  roof prob- 
s were observed dur ing  t h i s  s tudy.  
and are no t  common i n  t h e  immediate 

roof of c o a l  seams. 

L r ~ e g u X a r i t i e s  on bedding s u r f a c e s  i nc lude  l i n e a r  f e a t u r e s  such a s  drag  marks 
and c u r r e n t  marks, small-scale  channels ,  scours ,  and o t h e r  s t r i a t i o n s  of move- 
ment. Drag an c u r r e n t  marks can f r equen t ly  be  observed, bu t  a r e  too  small t o  
i n t e r f e r e  s e r i o u s l y  w i th  roof s t a b i l i t y .  Loca l ly ,  however, scour  bedding and 
smal l  sand channels  have some nega t ive  i n f luence  on roof s t a b i l i t y .  Mud c racks ,  
d e s s i c a t i o n  c r acks ,  f l a k e s  and c u r l s ,  mud pebbles ,  worm boreholes ,  and o t h e r  

i o t u r b a t i o n ,  nd e r o s i o n a l  and weathering f e a t u r e s  should a l l  
be  placed i n  t h i s  ca tegory ,  one of them s e e m  t o  b e  of major importance t o  
roof s t a b i l i t y  of t h e  Herr in  (No. 6)  Coal. 

Figure 24. Planar-bedded sandstone and bedding- 
plane anomalies in the vicinity of the 
Walshville channel. Main weaknesses con- 
tributing to the roof instability are the 
thin bedding and lamination of the sand- 
stone and a film of coalified plant debris 
coating the bedding surfaces. Note the 
thinning and wedging of some sandstone 
layers (center and lower left side of 
photo) and the disturbed bedding planes 
in the roll above the coal (lower center 
of photo), which is  interpreted as a soft- 
sediment deformation structure. Loca- 
tion: mine C, "Quality Circle," southern 
Illinois. 



S p l i t  coal ,  S p l i t  c o a l  conta ins  bands o r  pa r t ings  of c l a s t i c  sediments. It 
i s  commonly found i n  a r e a s  ad jacent  t o  t h e  Walshvil le  channel,  I n  some a r e a s  
wedges of gray s h a l e  o r  s i l t y  s h a l e  i n t e r f i n g e r  wi th  t h e  c o a l  without  any no- 
t i c e a b l e  reduct ion i n  coa l  thickness.  I n  o the r  a r e a s ,  g a r t i e u l a r l y  where s i l t-  
s tones  o r  sandstones i n t e r f i n g e r  wi th  t h e  seam, c o a l  th ickness  is  decreased,  
and previously deposi ted coa l  appears t o  be missing ( these  a r e  c a l l e d  wash-outs). 
Erosion p lus  i n t e r f i n g e r i n g  a r e  i n d i c a t i v e  of coexistence of t h e  coal-forming 
swamp wi th  e ros ion  and depos i t ion  of sediment i n  channel systems. 

Most anomalies ( s l i p s ,  slumps, and r o l l s )  t h a t  cause roof problems Zn 
a reas  of i n t e r f i n g e r i n g  between coa l  and c l a s t i c  sediments have formed subse- 
quent t o  sedimentation during compaction and d iagenes is .  Yet, t h e  i r r e g u l a r  
shape and t h e  abrupt  change i n  th ickness  and l i t h o l o g y  of immediate roof s t r a t a  
( c h a r a c t e r i s t i c  f o r  a r e a s  of s p l i t  coa l )  have e s t ab l i shed  precondi t ions  f o r  
t h e  development of younger deformational f ea tu res .  One type of s t r u c t u r e  has 
developed simultaneously with t h e  coa l  s p l i t t i n g  and con t r ibu te s  s i g n i f i c a n t l y  
t o  roof i n s t a b i l i t y ,  however: t h i n  s t r i n g e r s  and bands of coa l  up t o  a few 
inches t h i c k  r i d e  on top of small  gray-shale l enses  and wedges and i n t e r f i n g e r  
with t h e  topmost por t ion  of t h e  seam, Rarely do those  gray-shale l enses  and 
wedges occur d i r e c t l y  above t h e  seam without " r iders ."  Coal " r iders"  i n  con- 
nec t ion  with r o l l s  a t  t h e  top of t h e  coa l  seam may be somewhat r e l a t e d  t o  
s p l i t s ,  bu t  they a r e  soft-sediment deformational f e a t u r e s ,  syngenet ic  t o  dia-  
genet ic  r a t h e r  than synsedimentary. 

Widespread s p l i t  c o a l  has a l s o  been found i n  a number of mines, including 
mines C and G ,  and has been recorded from d r i l l  ho les  and i n  mine notes .  S p l i t s  
a s  observed a t  mine C a r e  t h i n  (only a few inches)  and l i e  near  t h e  top of t h e  
seam. The most prominent s p l i t  cons is ted  of 1 t o  2 inches (2  t o  5 cm) of sand- 
s tone  about 6 inches (15 cm) from t h e  top of t h e  coa l ,  p e r s i s t i n g  f o r  more than a 

100 f e e t  (>30 m). Most s p l i t s  a t  mine C cons is ted  of l i t t l e  more than t h i n  
s h a l e  pa r t ings  i n  t h e  upper p a r t  of t h e  seam, Several  d r i l l  ho le s  t o  t h e  w e s t  
of t he  present  mine workings, however, penetrated c o a l  t h a t  had s h a l e  s p l i t s  
a foo t  o r  more th i ck  (>30 cm). 

The s p l i t  observed a t  mine G was much more spec tacu la r  ( f i g .  25) .  The 
upper 18 t o  20 inches (45 t o  50 cm) of c o a l  curved upward, while  t h e  lower 
main bench dipped sharp ly  downward. The s h a l e  pa r t ing  increased from a f e a t h e r  
edge t o  about e i g h t  f e e t  (2.4 m) t h i c k  wi th in  t h e  l eng th  oE two c rosscu t s  
(about 150 f e e t  145 4). Then t h e  upper c o a l  bench disappeared i n  t h e  roof .  

A d r i l l  ho le  more than a mile  ahead of t h e  f a c e  showed what appeared t o  be t h e  
same s p l i t ,  about 30 f e e t  (9 m) th i ck .  I n  t h e  o the r  d i r e c t i o n ,  t h e  s p l i t  nar- 
rowed t o  a pa r t ing ,  which is  a p e r s i s t e n t  l a y e r  through t h e  e n t i r e  mine, about 
18 t o  20 inches (45 t o  50 cm) below t h e  top of t h e  coa l ,  

I n  some d r i l l  ho les  i n  southern I l l i n o i s ,  t h e  s p l i t  Herr in (No, 6) Coal 
occupies more than 50 f e e t  (15 m) of s ec t ion .  An unusual c a s e  occurs  i n  a 
s t r i p  mine i n  Jackson County, where t h e  Herr in (No. 6 )  Coal i s  divided i n t o  
a s  many a s  four  benches of minable th ickness  separa ted  by up t o  a t o t a l  of 
100 f e e t  (30 m) of gray sha le .  

Sometimes s p l i t s  i n  t h e  c o a l  can be ind ica t ed  by a coarsening of t h e  roof . 

rock and by an inc rease  i n  t h e  number and th ickness  of s h a l e  pa r t ings  i n  t h e  
coal .  During mining these  pa r t ings  could be found to thicken i n t o  t r u e  s p l i t s ,  
The thickening may be e i t h e r  abrupt ,  as at mine G, or  gradual ,  a s  a t  mine 6 .  



S p l i t  c o a l s  p r e sen t  obvious d i f f i c u l t i e s  i n  mining, a s  they  r e q u i r e  e i t h e r  
mining a long  a t h i n n e r  bench o r  handl ing  l a r g e  amounts of rock.  A s p l i t  near  
t h e  t op  of t h e  c o a l  i s  a l s o  a roof hazard.  The upper bench of c o a l  p rov ides  
a l a y e r  of weakness a long  which s h a l e  p a r t i n g s  break  and f a l l .  

Concretions. Concret ions  a r e  formed by p r e c i p i t a t i o n  of minera l  ma t t e r  i n  t h e  
pores  of a sediment around some kind of nuc leus  ( e . g , ,  animal o r  p l a n t  
remains) .  They a r e  normally roughly s p h e r i c a l  and seldom o b l a t e  o r  i r r e g u l a r  
( f i g .  26).  Concret ions  a r e  abundant i n  t h e  Anna Shale  Member above 
Her r in  (No. 6) Coal ( f i g .  67) .  Concret ions  i n  t h e  Energy Sha le  a r e  mos t ly  
sma l l  and r a r e .  Occas iona l ly ,  ca lcareous  o r  p y r i t i c  conc re t i ons  of cons ide rab l e  
s i z e  a r e  found i n  t h e  medium-gray s h a l e  f a c i e s  ( f i g .  26).  They a r e  n o t  a 
s i g n i f i c a n t  roof  hazard i n  g ray  s h a l e  r o o f .  The on ly  noteworthy concen t r a t i on  
of such conc re t i ons  was found i n  t h e  nor thwes te rn  p o r t i o n  of s t udy  a r e a  4 i n  
mine B. 

Tree stumps. Tree stumps, on t h e  o t h e r  hand, a r e  i n  p l a c e s  a l o c a l  hazard i n  
g ray  s h a l e  roof a r e a s .  Tree stumps a l s o  have been mapped i n  t h e  dark-gray 
s h a l e  s t r a t a  of s t udy  a r e a s  4 and 5 i n  mine B. I n  p l a c e s , t r e e  stumps a r e  
c l u s t e r e d  i n  l a r g e  numbers; o t h e r s  a r e  s c a t t e r e d  over  wide a r e a s .  These t r e e  
stumps, which may b e  a f o o t  o r  more i n  d iameter ,  were embedded i n  a more o r  
less u p r i g h t  p o s i t i o n  i n  t h e  muds t h a t  became dark-gray s h a l e .  They were e i t h e r  
i n  s i t u  o r  p o s s i b l y  f l o a t i n g  stems which sank down wi th  t h e  heavy (stump) end 
f i r s t .  The stumps decomposed and were hollow a t  t h e  end. The bark  and some 
wood became c o a l i f i e d  and now i s  found as a round o r  ova l  t h i n  s t r i n g e r  of c o a l  
i n  t h e  immediate roo f .  The hollow trees were f i l l e d  w i th  t h e  same sediment i n  
which they  were depos i ted .  The c o a l i f i e d  ba rk  s e p a r a t e s  t h e  rocks  i n s i d e  t h e  
stump from rocks  o u t s i d e  t h e  stump, These tree stumps, among miners  known a s  
" k e t t l e  bottoms," a r e  a hazard t o  men i n  underground mines because t h e  c e n t r a l  
plug of rock may e a s i l y  s e p a r a t e  from t h e  c o a l i f i e d  r i n d  and f a l l  ou t  of t h e  
roo f .  

lsopach line (ft) 
6. Data point (in.) 

I ISGS 197% 

Figure 25. Split coal; isopachous map of shale in a split in 
the Herrin (No. 6) Coal in mine G, east-cen~S.al 
Illinois. Split consists of fine medium-gray shale 
near top of coal seam. 

Other l o c a l  i r r e g u l a r i t i e s  t h a t  
may b e  dangerous t o  miners  a r e  (1) t h i n  
synsedimentary c o a l  " r i d e r s ,  " (2) len- 
t i c u l a r  d e p o s i t s  of p a r t i c u l a r  sed i -  
ments l i k e  t h e  accumulation of f o s s i l s  
i n  Ifbas t a r d  l imestone" l e n s e s ,  (3) load  
c a s t s  and s i m i l a r  s t r u c t u r e s  of coarse-  
g ra ined  c l a s t i c  sediments  i n  o therwise  
f i ne -  t o  medium-grained s t r a t a  ( f i g .  27) ,  
(4)  c a s t s  of b i o t u r b a t i o n ,  (5) wate r  
o r  gas  escape c a s t s  ( f i g .  1 9 ) ,  and 
(6)  sma l l  "explosion" s t r u c t u r e s ,  which 
form from r e l e a s e  of excess  pore  pres-  
s u r e  ( f i g .  28) . 
R o l l s ,  f a u l t s  and shea r  bodies  (Diagene t ic  
s t r u c t u r a l  f e a t u r e s )  

Loosely packed, wate r - sa tura ted  
sediments  a r e  transformed i n t o  s o l i d  
rock  dur ing  d i a g e n e s i s ,  mos t ly  by com- 
pac t i on  under t h e  load  of younger s ed i -  
ments, and by v a r i o u s  chemical p rocesses  



Figure 26. Concretions in gray shale roof usually are not as spherical as those in the Anna hale. These concretions in combination 
with planar-bedded silty shales and siltstones are a hazard to miners. Note the thin gmy shale of the Energy Shale under- 
neath black Anna ShaDe, above the Herrin (No. 1 Coal. Location: mine E, southwestisn Illinois. 

Figure 27. Synsedimentary $mail siurr~p and Isad structures of coarse- iments in otherwise fine- to medium- 
grained argillaceous limestone. In places, they not only cause excessive wear on mining tools but are prone PQ fall out 
of the roof. Scale (at right side): 15 cm. Location: mine , ""OuaSity Circle," southern Illinois. 



w i t h i n  t h e  sediments ,  i n  p a r t i c u l a r ,  cementat ion.  The format ion of conc re t i ons ,  
s y n e r e s i s  c r acks ,  and v a r i o u s  smal l  compactional s t r u c t u r e s ,  which beg ins  syn- 
g e n e t i c a l l y ,  a l s o  con t inues  dur ing  t h i s  phase of rock  format ion.  Many changes 
i n  t e x t u r e  and s t r u c t u r e  of sediments  t a k e  p l a c e  dur ing  compaction, and pre-  
v i o u s l y  formed and deformed s t r u c t u r e s  may undergo f u r t h e r  deformation. It 
i s  thought t h a t  most of t h e  r o l l s  and a s s o c i a t e d  f ea tu r e s - s l i p s ,  minor f a u l t s ,  
major s h e a r p l a n e s , a n d  shea r  bodies-are formed dur ing  t h i s  phase of d i agenes i s .  

~ 0 2 2 s  and associated features. TO a c o a l  miner ,  a " r o l l "  i s  any p r o t r u s i o n  of 
t h e  roof m a t e r i a l  i n t o  t h e  c o a l  seam. R o l l s  a r e  abundant i n  a l l  of t h e  s tud-  
i e d  mines t h a t  have gray  s h a l e  roo f .  R o l l s  a r e  complex sof t -sediment  defor-  
mation s t r u c t u r e s  t h a t  s e v e r e l y  i n f l u e n c e  roof s t a b i l i t y .  They range from a 
f e w  i nches  wide and an  i nch  h igh  t o  a hundred f e e t  (30 m) wide and about seven 
f e e t  (2 m) high.  Although they  a r e  v a r i a b l e  i n  s i z e ,  appearance,  and d i s t r i -  
bu t i on ,  r o l l s  have many f e a t u r e s  i n  common. Area l l y  and i n  c r o s s  s e c t i o n ,  a 
t y p i c a l  r o l l  ( f i g .  29) i s  shaped roughly l i k e  a f o o t b a l l .  One edge, t h e  t o e ,  
of t h e  s t r u c t u r e  g e n e r a l l y  is  marked by a c o a l  " r i de r "  t h a t  curves  upward i n t o  
t h e  roof and s p l a y s  ou t  i n t o  a s e r i e s  of f e a t h e r  edges.  The t o e  i s  b l u n t .  
Larger  r o l l s  g e n e r a l l y  have t h i c k e r  " r iders" ;  three- to-f ive- inch (7-to-12-cm) 
t h i cknes se s  a r e  common, and a two-foot (60-cm) t h i cknes s  is except iona l .  The 
c l e a t s  i n  t h e  " r i d e r 7 ' c o a l a r e  normally  perpendicu la r  t o  t h e  curved bedding 
su r f ace s .  The o t h e r  end, t h e  " tai l"  of t h e  r o l l  is wedge-shaped, l e s s  b l u n t  
than t h e  t o e ,  and seldom has  a " r i de r . "  The t a i l  " r i d e r , "  where p r e sen t ,  i s  
gene ra l l y  smaller and does  n o t  extend as f a r  i n t o  t h e  roof  as t h e  t o e  " r i de r . "  
I f  no t a i l  " r i de r "  is  p r e s e n t ,  t h e  t a i l  of t h e  r o l l  may be  d i f f i c u l t  t o  l o c a t e .  
The m a t e r i a l  of t h e  r o l l  enclosed by t h e  " r i d e r s "  is g e n e r a l l y  t h e  same a s  o r  
very  similar t o  t h e  immediate r o o f ,  except  i n  t r a n s i t i o n a l  a r e a s ,  where gray  
s h a l e  r o l l s  occur under b l ack  sha le - l imes tone  r o o f .  I n  many smal l  r o l l s  ( l e s s  

Figure 28. Explosion structure of coal into laminated, normally planar-bedded siltstone and silty shales. These structures, which 
show deformed coal layers and torn-up and tilted roof rock, were formed as a result of sudden release of excess pore pres- 
sure. Scale (on top of coal, left side of  picture): 5 crn. Location: mine D, east-central Illinois. 



than two f e e t  t h i ck )  t h e  bedding i n  t h e  roof normally i s  concent r ic  wi th  t h e  
" r i d e r Y w ' a n d  t h e  bedding wi th in  t h e  r o l l  is  concent r ic  w i th  t h e  "r ider"  above 
and t h e  main c o a l  seam below. Layering is gene ra l ly  ho r i zon ta l  i n  t h e  cen te r .  

Large r o l l s  (more than two f e e t  t h i ck )  e x h i b i t  a l l  t h e  f e a t u r e s  of smal le r  
onesand conta in  a d d i t i o n a l  complexi t ies .  I n  l a r g e  r o l l s ,  t h e  coa l  " r ide r s "  
may a t t a i n  th ickness  of one t o  two f e e t  (30 t o  60 cm), and t h e  c o a l  seam thick-  
ness  may be reduced by t h r e e  t o  fou r  f e e t  (90 t o  120 cm). The c o a l  seam may 
d ig  under l a r g e  r o l l s ,  although t h e  e n t i r e  conf igura t ion  is seldom v i s i b l e  
because t h e  bottom of t h e  c o a l  i n  many p laces  i s  no t  mined and remains p a r t  of 
t h e  f l o o r .  The bedding wi th in  t h e  r o l l  almost always is i r r e g u l a r  o r  d i s tu rbed  
by soft-sediment deformation and f a u l t i n g .  I n  many p laces  t h e  roof above t h e  
r o l l  a l s o i s  deformed; however, bedding cannot be recognized i n  a l l  r o l l s .  
E f f e c t s  of deformation a n d ' l a t e r a l  mass-movement range from simple f o l d s  t o  
h ighly  contor ted  recumbent o r  overturned f o l d s  ( f i g s .  30and 31). Deformation, 
which inc ludes  recumbent fo ld ing  and subhor izonta l  ' shear ing ,  is  gene ra l ly  most 
i n t e n s e  a t  t h e  t o e  of t h e  r o l l  ( f i g .  3 2 ) .  

Rol ls  a r e  abundant i n  the  medium-gray s h a l e  and s i l t s t o n e s  and sandstones 
of t h e  Energy Shale. Rol l s  i n  dark-gray s h a l e  a r e  r a r e  and usua l ly  small ,  a t  
most a few f e e t  wide and a few inches th ick .  Rol l s  a r e  almost unknown i n  
mines wi th  only black shale-limestone roof .  The f e a t u r e s  most s i m i l a r  t o  a 
r o l l ,  observed under b lack  shale-limestone roof i n  mine A,  a r e  "washouts," 
Under l imestone roo f ,  downward pro t rus ions ,  known a s  l imestone "bosses," a r e  
sometimes found, bu t  t hese  l a c k  " r iders"  and o the r  f e a t u r e s  of r o l l s .  

I n  mine B y  r o l l s  occur almost exc lus ive ly  i n  medium-gray s h a l e  roof ( f i g s .  
33 and 34) and a r e  almost t o t a l l y  absent  i n  dark-gray s h a l e  roof .  The maps a l s o  
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Figure 29. Sketch of typical roll (soft-sediment protrusion of ciastic materials into surrounding sediments-coal, shales, siltstones, 
and sandstones). 



30 crn I O, Herrin (No. 6) Coal 

Figure 30. Small irregular (disharmonic) recumbent folds 
(soft-sediment deformation) in Herrin (No. 6) 
Coal, often found in association with gray shale 
rolls in the coal, but also found independently in 
coal. Location: "Quality Circle," southern Illi- 
nois, mine B. 

Figure 31. Soft-sediment folds in a roll. The folds signify in- 
jection or squeezing of Energy Shale into and 
above Herrin (No. 6) Coal. Location: "Quality 
Circle," southern Illinois, mine 0. 

Figure 32. Specimen of small roll having pointed toe of recumbent folds and more or less horizontal shear planes. Silty shale of the 
Energy Shale intruded into Herrin (No. 6) Coal. Scale: 10 cm. 



Figure 33. Roll of medium-gray shale of the Energy Shale intruded into top layers of Herrin (No. 6 )  Coal. Toe (at the left) splits 
folded coal strata into several stringers. Tail has been truncated by compactional normal fault (at the right). The rod is 
about 4 feet (1.2 m) long. Location: "Quality Circle." 
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Figure 34. Soft-sediment deformation of Energy Shale protruding from the roof and producing rolls. Note the riding coal stringers 
that have been split off from the seam, the folded toes of the rolls and the coal in front of it, and the low-angle normal 
faults that steepen downward and dissipate into the coal as "goat beard." Location: "Quality Circle," southern Illinois, 
mine 5. 



show t h a t  r o l l s  d i s p l a y  a  marked tendency t o  s t r i k e  p a r a l l e l  t o  t h e  l i t h o l o g i c  
border  of dark  s h a l e  and gray s h a l e .  Another example h a s  been found i n  mine C 
( f i g .  35). The s i t u a t i o n  i s  much l i k e  t h a t  a t  mine A ,  where f a u l t s  and c l a y  
d i k e s  a l s o  fo l low l i t h o l o g i c  boundaries .  Another n o t a b l e  f e a t u r e  a t  mine B,  
e s p e c i a l l y  i n  s tudy  a r e a  4 ,  a s  p r ev ious ly  no ted ,  i s  t h a t  medium-gray s h a l e  and 
r o l l s  g e n e r a l l y  seem t o  b e  c l u s t e r e d  a t  s t r u c t u r a l  h ighs  o r  s l opes  i n  t h e  c o a l .  
The r e l a t i o n s h i p  is  s o  p e r s i s t e n t  t h a t  gray s h a l e  and r o l l s  can b e  expected 
where a  h i l l  occurs  i n  t h e  c o a l .  Conspicuous r o l l s  occur i n  mine C i n  
a s s o c i a t i o n  w i th  t h e  s i l t s t o n e s  and sands tones ,  and sma l l e r ,  l e s s  abundant r o l l s  
occur  i n  the same mine i n  a r e a s  w i th  gray s h a l e s  a s  immediate roof ( f i g s .  35 and 
37) .  The l a r g e s t  r o l l s  found dur ing  t h i s  s tudy  w e r e  i n  s i l t s t o n e s  and sand- 
s t ones .  The deformat iona l  f e a t u r e s  of r o l l s ,  e s p e c i a l l y  c o n t o r t i o n  i n  t h e  main 
r o l l  body, a r e  ev iden t  i n  t h e  da rk  and l i g h t  l a y e r s  of planar-bedded sandstone 
( f i g s .  37 t o  40) .  

The l a r g e s t  r o l l s  a r e  i n  s t udy  a r e a  7  of mine C ,  where sands tone  forms t h e  
immediate roof ( f i g .  38) and t h e  c o a l  undula tes  s t r o n g l y  and t h i ckens  a s  much 
a s  12 f e e t  ( 3 . 6  m) over  t h e  c r e s t s  of h i l l s .  Many of t h e  r o l l s  a r e  grouped 
t oge the r  i n  a  nor thwest- t rending b e l t .  The b e l t  is  50 t o  200 f e e t  (15 t o  60 m) 
wide and has  been t r aced  d i r e c t l y  f o r  about  1 ,000 f e e t  (300 m) a c r o s s  t h r e e  
pane ls .  The zone of sands tone  roof i n  s tudy  a r e a  6 of mine C i s  on s t r i k e  w i t h  
t h i s  b e l t ,  a s  is  a  zone of s eve re  r o l l s  i n  an abandoned p o r t i o n  of t h e  neighbor- 
i n g  mine 0 t o  t h e  sou theas t .  

An excep t iona l l y  l a r g e  r o l l ,  termed a  "mega-roll," was mapped i n  t h e  south- 
e r n  p a r t  of s tudy  a r e a  7 .  It i s  up t o  100 f e e t  (30 m) wide and s e v e r a l  hundred 
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Figure 35. Softsediment protrusion and deformation of Energy Shale material into the top strata of Herrin ( N o .  6) Coal. This 
complex roll i s  possibly penecontemporaneous to the deposition of sediments in the Walshville channel. The younger 
small normal faults and shear planes probably result from differential compaction. Location: "Quality Circle," southern 
Illinois, mine C. 



Figure 36. Soft-sediment protrusion of Energy Shale from the roof into the top strata of Herrin (No. 6) Coal (roll). The toe of the 
large roll i s  folded, and the coal stringers, split off the main seam, have been deformed to a fishtail structure because of 
differential compaction, which also caused the normal fault at the tail of the roll. Location: edge of "Quality Circle," 
southern Illinois, mine M. 

Figure 37. Large roll: Protrusion of clastic material of the Energy Shale, mainly siltstone and sandstone, from the roof into top of 
the Herrin (No. 6) Coal, probably penecontemporaneous to sedimentation in the Walshville channel. Rolls of this 
type are abundant in the "Quality Circle" area of mines C and 0 in southern Illinois and also have been recognized in 
east-central Illinois in mines D and G. Note the downward dipping of the bedding and the spiit of the coal strata, form- 
ing coal riders and the irregular pattern of shear planes and small normal faults, which result from differential compac- 
tion. The siltstone laminations and layers are uncomformable in the main body of the roll. 



*e 38. Ro l l  i n  planar-bedded si l t -  
stone and sandstone o f  
the Energy Shale Member. 
Near the toe  o f  the ro l l  
(arrow), recumbent soft-  
sediment folds and low-  
angle shear planes are vis- 
ible. These features suggest 
tha t  the si l t  and  sand 
f i l l ing the ro l l  in t ruded 
f r o m  r ight  t o  le f t  between 
the layers o f  peat. (Mote 
the coal "rider" or iginat ing 
a t  the toe and extending 
almost ent irely over the 
roll.) The large low-angle 
slips a t  the ta i l  o f  the rol ls 
may have fo rmed  later b y  
dif ferent ial  compaction. 

Figure 39. Detail ( 
38. 
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f e e t  ( s eve ra l  t e n s  of meters)  long,  and is  somewhat i r r e g u l a r  i n  o u t l i n e .  The 
c o a l  seam is  warped downward a s  much as 12 f e e t  ( 3 , 5  m) under t h e  r o l l ,  Although 
t h e  c o a l  i s  cont inuous under t h e  r o l l ,  t h e  i n c l i n a t i o n  i s  too  s t e e p  f o r  mining 
machines t o  n e g o t i a t e .  The t o e  of t h e  mega-roll is  d i r e c t e d  toward t h e  n o r t h  
and has  a c o a l  " r i de r "  n e a r l y  two f e e t  (60 cm) t h i c k .  The c o a l - r o l l  i n t e r f a c e  
d i p s  sha rp ly  downward toward t h e  t rough of t h e  r o l l ,  then  rises symmetr ical ly  
toward a well-defined t a i l  on t h e  south.  Near bo th  t o e  and t a i l ,  t h e  sandstone 
laminae show i n t e n s e  recumbent f o l d i n g ,  and s t r e a k s  of c o a l  appear  overturned 
a s  " r i de r s "  above t h e  r o l l .  Approaching t h e  c e n t e r  r o l l  body from e i t h e r  s i d e ,  
recumbent f o l d s  g ive  way t o  ex t ens iona l  mic ro fau l t i ng .  The sands tone - s i l t s t one  
beds i n  t h e  cen t e r  of t h e  r o l l ,  a t  i t s  low p o i n t ,  are para l le l - lamina ted  and 
n e i t h e r  fo lded  nor  f a u l t e d ,  y e t  they  appear t o  be  "s t re tched ."  Toward t h e  west 
t h e  r o l l  becomes s t r o n g l y  asymmetrical and g radua l ly  changes i t s  o u t s i d e  
appearance. 

The e n t i r e  s tudy  a r e a  7 of mine C has  an uns t ab l e  roof and numerous l a r g e  
f a l l s  and poor mine condi t ions ;  however, mapping of r o l l s  and a s s o c i a t e d  fea-  
t u r e s  demonstrated t h a t  zones of r o l l s ,  even mega-rolls,  can be  pene t r a t ed  and 
normal mining cont inued beyond. I n  s tudy  a r e a  6 ,  we found water-bear ing,  planar-  
bedded sandstone roof and undula t ing  c o a l ,  bu t  no major r o l l s .  Minor sp lay ing  
of top  s t r a t a  of c o a l  and i n  p l aces  i r r e g u l a r  coal-roof c o n t a c t s  a r e  i n t e r p r e t e d  
t o  be  t h e  only i n d i c a t i o n s  of e a r l y  postsedimentary l a t e r a l  mass movements. 

Ro l l s  a l s o  occur i n  t r a n s i t i o n a l  a r e a s  of gray-shale  wedges and l e n s e s  
underneath b l ack  shale- l imestone roof .  Some smal l  r o l l s  underlying b l ack  sha le -  
l imestone roof a r e  formed by gray s h a l e  resembling Energy Shale .  I n  most 
ca se s  t h e  gray s h a l e  occurs  on ly  w i th in  t h e  body of t h e  r o l l ,  which i n  p l aces  
i s  e n t i r e l y  below t h e  l e v e l  of t h e  t op  of t h e  c o a l  ( f i g .  4 1 ) .  A t h i n  l a y e r ,  o r  

Figure 41. Small pod of medium-gray shale (of the Energy Shale) is between the Herrin (No. 6 )  Coal and a black fissile shale (of 
the Anna Shale Member). These gray-shale bodies tend to be deformed to rolls and are frequently interpreted as rolls. 
Lateral mass movement is indicated by low-angle shear surfaces (slips), extension fractures, and "goat beards" in the 
coal; see left side of gray-shale pod. Location: southern Illinois, mine I. 



" r i d e r , "  of c o a l  may i n t e r v e n e  between t h e  r o l l  and t h e  b l ack  s h a l e  above. 
General ly  t h e  b l ack  s h a l e  i s  even-bedded and undis tu rbed ;  however, i n  a number 
of p l a c e s  i t  has  been found t o  unconformably o v e r l i e  t h e  gray  s h a l e  ( f i g .  2 3 ) .  

Ro l l s  a r e  a s i g n i f i c a n t  cause  of roof  i n s t a b i l i t y  i n  a l l  t h e  mines s t ud i ed .  
The ch i e f  source  of danger l i e s  i n  t h e i r  c o a l  " r i d e r s , "  which form a s u r f a c e  of 
s e r i o u s  weakness and s e p a r a t i o n  i n  t h e  r o o f ,  and i n  t h e  a s s o c i a t e d  ex t ens iona l  
shear  p lanes .  The f o l d i n g  and unruptured d i s t o r t i o n  of bedding w i th in  t h e  r o l l s  
probably i s  of minor i n f l u e n c e  on roof s t a b i l i t y .  When mining through " r o l l  
country,"  t h e  u s e  of many long b o l t s  anchored w e l l  above c o a l  " r i de r s "  appears  
t o  be e s s e n t i a l .  Under l a r g e  r o l l s ,  a d d i t i o n a l  suppo r t s  such as c r i b s  and 
t imbers  a r e  r equ i r ed  i n  many ca se s .  The t r e n d s  of r o l l s  o r  s e t s  of r o l l s  
should be recognized and mapped and t hen  eva lua ted  on a case-by-case b a s i s .  
According t o  most obse rva t i ons ,  r o l l s  tend t o  fo l l ow  l i t h o l o g i c  boundaries .  
Major sets of l a r g e  r o l l s  a l s o  may fo l l ow  p r e d i c t a b l e  courses  f o r  long d i s t a n c e s ,  
which may a l low a d a p t a t i o n  of t h e  mining p l a n ,  

Minor faults ( s l i p s ) .  Minor f a u l t s  ( s l i p s )  have long  been recognized by miners  
a s  causes  of roof  i n s t a b i l i t y .  They are found i n  p r a c t i c a l l y  a l l  c o a l  mines 
having gray-shale  roo f .  Compared t o  f a c i e s  e f f e c t s ,  r o l l s ,  and major shear  
p lanes ,  t h e  minor f a u l t s  a t  mines B ,  C ,  D ,  and G have only l o c a l  bu t  r e l a t i v e l y  
l i t t l e  e f f e c t  on o v e r a l l  roof  s t a b i l i t y .  Most minor f a u l t s  s t ud i ed  a r e  of a 
s p e c i f i c  t ype  t h a t  w i l l  be  descr ibed  i n  more d e t a i l  l a t e r .  Very smal l  s l i p s  
occur i n  every f a c i e s  of t h e  Energy Sha le .  Most of t h e s e  can be t r aced  f o r  
only a few f e e t  a long  curv ing  o r  i r r e g u l a r  cou r se s ,  and d i s p l a c e  no more than  
a few inches .  Many minor f a u l t s ,  some t r a c e a b l e  f o r  a hundred f e e t  (30 m) o r  
more, a r e  found i n  connect ion w i th  r o l l s  and p re sen t  a more s e r i o u s  danger.  
Most of t h e s e  c u t  t h e  roof  and a t  l e a s t  t h e  upper p a r t  of t h e  c o a l ,  and show 
displacements  of a s  much as about a f o o t  ( f i g s .  33 and 35) .  

The o r i g i n  of a minor f a u l t  i n  g r ay  s h a l e  roof may n o t  always be obvious,  
but g e n e r a l l y  can be a t t r i b u t e d  e i t h e r  t o  load ing  and d i f f e r e n t i a l  compaction 
or  t o  g r a v i t a t i o n a l  s l i d i n g  of t h e  d e p o s i t s  above t h e  c o a l .  Unlike t h e  c lay-  
d ike  f a u l t s ,  which g e n e r a l l y  s t eepen  downward and produce ex tens ion  f r a c t u r e s  
i n  t h e  c o a l  (p.  85), minor f a u l t s  of t h e  g r ay  s h a l e  t end  t o  f l a t t e n  ou t  down- 
ward and o f t e n  become i n d i s t i n g u i s h a b l e  i n  t h e  bedding of t h e  immediate roof 
sha l e s .  

Our maps, w i th  t h e i r  l i m i t e d  s i z e  and s c a l e ,  show d i s t r i b u t i o n ,  f requency,  
and o r i e n t a t i o n  of minor f a u l t s  appa ren t l y  t o  be  random. Minor f a u l t s  a r e  
p r imar i l y  concent ra ted  i n  a r e a s  where t h e  g r ay  s h a l e  a l s o  undergoes r a p i d  
changes of t h i cknes s  w i t h i n  s h o r t  d i s t a n c e s  and where r a p i d  f a c i e s  changes a r e  
common. This  i s  p a r t i c u l a r l y  t h e  c a s e  i n  t h e  t r a n s i t i o n a l  a r e a s ,  where t h e  
gray s h a l e  wedges ou t  o r  i s  a b s e n t ,  and i n  a r e a s  of s p l i t  c o a l ,  nea r  t h e  
Walshvi l l e  channel.  

Commonly a s s o c i a t e d  w i t h  minor low-angle f a u l t s  o r  w i th  gray-shale  
and r o l l s  a r e  sma l l  a n t i t h e t i c  high-angle shea r  p lanes .  They p e n e t r a t e  
few beds and pinch ou t  a b r u p t l y  i n  s t r i k e  and d i p  d i r e c t i o n  ( f i g .  4 2 ) .  

wedges 
only a 



Some f a u l t s  n o t  a s s o c i a t e d  w i th  r o l l s  can be t r aced  f o r  some d i s t a n c e ,  and 
they  p e n e t r a t e  t h e  r o o f ,  t h e  c o a l ,  and, i n  some ca se s ,  t h e  f l o o r .  These bea r  
most of khe marks of c lay-d ike  f a u l t s ,  b u t  d i f f e r  from t h e  t y p i c a l  f a u l t s  of 
mine A i n  t h a t  they  l a c k  c l a y  f i l l i n g  and g e n e r a l l y  a r e  s t e e p e r ,  60° t o  75* 
being  common, than  t hose  i n  mine A ( f i g .  4 3 ) .  Such high-angle f a u l t s  of l i t t l e  
displacement  a r e  e s p e c i a l l y  common i n  mine C, s tudy  a r e a  7 ,  and i n  mine E. A 
few f a u l t s  a t  mine B c o n t a i n  t h i n  c l a y  f i l l i n g  and a r e  i d e n t i c a l  t o  f a u l t s  a t  
mine A .  Small c l a y  d i k e s  ( f i g .  44)  a r e  rare. 

Dangerous f a u l t s  we encountered a r e  l a r g e  moderately  low t o  low-angle 
shea r  p l anes  occu r r i ng  i n  t h i c k  gray  s h a l e  a t  mine B. These s l i p s  may t r a n s e c t  
t e n  f e e t  o r  more of roof s t r a t a  b u t  g e n e r a l l y  do n o t  a f f e c t  t h e  c o a l .  Large 
f a l l s  occurred a long  f a u l t s  of t h i s  type  a t  C-2 i n  s t udy  area 5 and CD-34 i n  
a r e a  4 ,  These f a u l t s  appear  t o  b e  r e l a t e d  more c l o s e l y  t o  t h e  major shea r  
s u r f a c e s  a s  descr ibed  below than  t o  c lay-dike f a u l t s ,  

Roof f a l l s  r e l a t e d  t o  minor f a u l t s  commonly occur  p r i o r  t o  b o l t i n g ,  many 
t i m e s  w i th  a s  much a s  3 f e e t  (0.9 m) of roof rock  dropping o u t  from underneath 
a f a u l t  p lane  ( f i g ,  45) .  This  type  of roof f a l l  occurs  immediately upon 
removal of the c o a l ,  a l though i n  a few i n s t a n c e s  f a l l s  of t h i s  k ind  r e s u l t  
because t h e  t i m e  i n t e r v a l  between c o a l  removal and roof  b o l t i n g  is  t ~ o  long.  

Major shear surfaces and shear bodies. Numerous examples of major shea r  sur -  
f a c e s ,  which a r e  low-angle, s u b p a r a l l e l ,  o r  even p a r a l l e l  t o  bedding, were 
found i n  t h e  gray  s h a l e  t ype  of r oo f .  Shear s u r f a c e s  p a r a l l e l  t o  bedding 

Figure 42. Small-scale highangle normal faults, often associated with rolls, gray-shale wedges or antithetic-extension shear planes 
with low-angle slips. These faults are considered by many geologists t o  be caused by differential compaction. Here the 
small faults were laterally stretching the width of a small roll within top layers o f  the coal. 



Figure 43. Gray shale roll sheared into several blocks. Shear plane pattern of high-angle synthetic and antithetic faults in Herrin 
(No. 6) Coal, which steepen downward, resembles clay-dike faults as found under black shale-limestone roof. Location: 
southern Illinois, "Quality Circle," mine C, 

Figure 44. Small clay dike associated with even smaller clay-dike faults under gray shale roof. Clay dikes under gray shale roof are 
rare. False drag of the bedding i s  found in the immediate vicinity of the faults. Location: southern Illinois, "Quality 
Circle," mine 5. 



o f t e n  can be  recognized on ly  by t h e  
presence along t h e  bedding p lanes  of 
p a r a l l e l  s t r i a t i o n s  of s l i c k e n s i d e s ,  
which r e s u l t  from movement between 
l a y e r s  of rock  o r  coa l .  This  t ype  of 
shea r  p l ane  i s  a roof hazard because 
t h e  s l a b  of rock below t h e  shea r  i s  
e s s e n t i a l l y  l o o s e  from t h e  rock  above 
( f i g .  45).  The weight of such a s l a b  
may exceed t h e  c a p a c i t y  of mechanical 
roof b o l t  anchors .  Where t h e  roof i s  
b o l t e d  every fou r  f e e t  ( four-foot  cen- 
t e r s ) , e a c h v e r t i c a l  f o o t  of t h i cknes s  
of rock  loosened along a shea r  p l ane  
l oads  about 2,500 pounds on each b o l t .  
A s  anchorage c a p a c i t y  f o r  expansion 
s h e l l s  i n  gray s h a l e  ranges  from 6,000 
t o  18,000 pounds, a s l a b  of rock more 
than 2% f e e t  t h i c k  may be enough t o  
p u l l  o u t  t h e  b o l t s ,  p a r t i c u l a r l y  i f  
t h e  roof is  a l s o  f r a c t u r e d  v e r t i c a l l y .  

I n  mine C, s tudy  a r e a  7 ,  shear  
p lanes  p a r a l l e l  t o  bedding occur  i n  
t h e  c o a l  and along t h e  coal-roof con- 
t a c t  i n  a r e a s  where t h e  l a y e r s  a r e  

,/f? Possible separation 

Figure 45. Roof failure caused by low-angle shear surfaces. 
The influence of this type of shear surface on 
roof instability overwhelms most other factors 
causing failure. The roof is prone to  fall because: 
(1 ) the wedge of  rock between shear surface and 
mine opening may exceed the tensile strength of  
the shear surface, (2) the wedge may separate be- 
fore support can be installed, (3) the weight of 
the supported wedge may fail the anchor, or 
(4) the weight of the supported wedge may fail 
the roof bolt. 

t i l t e d  o r  fo lded .  Some shea r  p lanes  d i s p l a c e  high-angle f a u l t s ;  o t h e r s  can be  
t r aced  t o  s t e e p e r  i n c l i n e d  f a u l t s  and appear  t o  b e  o f f s e t  by them ( f i g .  46) ;  
ev iden t ly  shear ing  and f o l d i n g  a f f e c t e d  each o t h e r .  Shear p l anes  occur  i n  
bo th  dark-gray and medium-gray s h a l e  f a c i e s  i n  mine B. They do n o t  appear  t o  
be l i m i t e d  t o  a r e a s  of sof t -sediment  fo ld ing .  Most of t h e  shea r  p l anes  occur  
i n  about  t h e  bottom f o o t . o f  t h e  r o o f ,  and no l a r g e  f a l l s  can b e  a t t r i b u t e d  t o  
them; however, s eve re  roof problems i n  mine B,  s t udy  a r e a  5 ,  were caused by a n  
assemblage of shea r  s u r f a c e s  i n  a t o t a l l y  deformed rock  u n i t ,  which w e  c a l l  t h e  
"shear  body." The shea r  body c o n s i s t s  of pe rvas ive ly  sheared and f r a c t u r e d  rock  
a t  l e a s t  2,500 f e e t  (760 m) long,  300 t o  700 f e e t  (90 t o  210 m) wide, and a t  
l e a s t  30 f e e t  ( 9  m) t h i c k ;  t h e  body i s  i r r e g u l a r  i n  o u t l i n e  ( s e e  f i g .  141 ,  
p.  156).  

The lower boundary of t h e  shea r  body i s  a shea r  p l ane  o r  series of shea r  
p lanes  c l o s e  t o  o r  d i r e c t l y  on t h e  c o a l  ( f i g .  47) .  Around t h e  l a t e r a l  bo rde r s  
of t h e  shear  body, t h e  lower shea r  s u r f a c e  curves  upward, c u t t i n g  a c r o s s  t h e  
bedding a t  a low ang l e  ob l i que  f o  t h e  bedding, as i t  is  exposed i n  roof f a l l s  
around t h e  margins of t h e  shea r  body ( f i g .  48-52). 

Coal and rock  below t h e  shea r  body show few v i s i b l e  s i g n s  of deformat ion 
( f i g s .  53-55). The t op  s u r f a c e  of t h e  c o a l  i s  g e n t l y  undula t ing ,  a s  i t  is  e l s e -  
where i n  t h e  mine, and no unusual l a r g e r  s t r u c t u r e s  have been observed. Roof 
rock  below t h e  shea r  body l i k e w i s e  shows f e a t u r e s ,  such as r o l l  p a t t e r n s ,  l i k e  
t hose  found throughout t h e  mine. A t  one l o c a t i o n ,  t h e  t o p  of a l a r g e  r o l l  
f i l l e d  w i th  medium-gray s h a l e  was t r unca t ed  by t h e  shea r  body ( f i g ,  52) .  Th i s  
i n d i c a t e s  t h a t  t h e  format ion of t h e  shea r  body pos tda t e s  t h e  format ion  of 
t h e  r o l l s .  



Figure 46. Shear plane parallel to bedding in Herrin (No. 6) Coal appears to have offest a high-angle normal fault and later to have 
been offset itself along the lower branch of the same high-angle normal fault. Location: southern Illinois, "Quality 
Circle," mine C. 

Figure 47. Finely laminated silty shale with numerous small, narrowly spaced, low-angle normal faults in the "shear body." Two 
major shear surfaces border the sheared block. One major shear surface i s  almost horizontal and i s  oriented parallel to 
the bedding. I t  forms the immediate coal-roof contact, but also truncates the inclined laminations of the silty shale. 
The coal itself is not visibly affected by the deformation. The second major shear surface runs about parallel to the 
many small faults in the laminated shale just below the rock-dusted (white) portion of the roof. Location: southern 
Illinois, "Quality Circle," mine B. 



Figure 48. Almost undisturbed Herrin (No. 6 )  Coal and some beds of finely laminated silty shale truncated by a northward-dipping 
(to the left) sea of major shear surfaces and overlain by the shear body. Location: southern Illinois, "Quality Circle," 
mine El. 

Figure 49. Detail of figure 48. Note the associated drag folds (soft-sediment folds above compass) within the shear zone. 



Figure 50. Roof fall in shear body of mine 6.  
The Herrin (No. 6) Coal i s  over- 
lain by several feet of undisturbed 
laminated Energy Shale. The 
shear body (at top) i s  Energy 
Shale that has been narrowly pen- 
etrated by low-angle shear planes. 
I t  did not hold anchors of roof 
bolts, and failed. 

Figure 51. Shear planes cutting lower lami- 
nated Energy Shale. Both figures 
50 and 51 show breccia zone 
along major listric shear surface. 
Second set of roof bolts have 
been anchored above shear body, 
probably in undisturbed Energy 
Shale. Location: southern Illinois, 
"Quality Circle," mine 6. 



Figure 52. Nearly horizontal shear zone of a 
set of shear surfaces enclosing 
dragged, folded, and sheared dark- 
gray shale; main shear movement 
of each upper shear bed is toward 
the left and has truncated the Pop 
of a major roli of silty, rnedium- 
gray shale. This truncation indi- 
cates that formation of the shear 
body continues after or even post- 
dates formation of rolls; however, 
small low-angle antithetic faults 
penetrate the shear zone of dark- 
gray shale and remnant of roll, so 
these postdate both roli and shear 
zone. Section from bottom of 
photo to top: (A) coal slightly de- 
formed by fault in roll (left side 
of photo), (B )  laminated silty 
shale within the roll, (C) folded, 
sheared, and intensively contorted 
dark-gray shale in shear zone, and 
(Dl greenish claystone of main 
shear body. Location: southern 
Illinois, "Quality Circle," study 
area 5, mine B. 

Figure 53. Microfaulted laminated silty shale and siltstone. Low-angle and high-angle shear planes are adjacent and are of a single 
deformational action. The microfault pattern resembles the lower portion of seismites described by Seilacher (1969). 
Mass movement in general i s  downward, and each lower portian has moved laterally toward the south (left in photo). 
Major shear plane is subparallel to bedding just above coal. oal itself i s  affected only at very top. Location: southern 
Illinois, "Quality Circle," study area 5, mine 5. 



Figure 54. Detail of figure 53. 

Dark gray shale Brownish gray shale 

Figure 55. Microfaulted laminated silty shale and siltstone. Low-angle shear planes prove lateral extension of rock layers. Strike 
and dip of these planes are shown in figure 56. Resembles lower portion of seismites as described by Seilacher 
(1969). Location: in Energy Shale immediately above Herrin (No. 6) Coal, "Quality Circle," southern Illinois, mine 6. 



Within t h e  shear  body i t s e l f  only a pecu l i a r  deformational  rock f a c i e s  
has developed. We r e f e r  t o  t h i s  pos tdepos i t ional ,  a l t e r a t i o n  f a c i e s  a s  t h e  
"greenish c lays tone  f ac i e s . "  The rock i s  a s i g n i f i c a n t l y  s o f t ,  c l ays tone l ike  
sha le ,  d isp laying  poorly defined,  h ighly  contor ted  bedding; however, i t  is 
in t ens ive ly  sheared by narrowly spaced high- and low-angle t o  subhor izonta l  
shear  planes ( f i g s .  53-55). The rock c l o s e l y  resembles a se i smi t e ,  which 
Sei lacher  (1969) defined a s  a rock d is turbed  by earthquake a c t i v i t y .  The rock 
conta ins  l a r g e  i s o l a t e d  blocks of o the r  l i t h o l o g i c  f a c i e s ;  many of t h e  blocks 
a r e  crushed, b recc ia t ed ,  o r  contor ted ,  and o t h e r s  a r e  deformed t o  phacoids 
(Voigt, 1962). Some fragments of t h e  greenish c lays tone  f a c i e s  a r e  f i rm and 
s i l t y  and conta in  f i n e  f l a k e s  of mica, Large p l an t  impressions and inc lus ions  
of dark carbonaceous d e b r i s  a r e  common 10 t o  20 f e e t  above t h e  coa l .  This con- 
t r a s t s  wi th  o the r  f a c i e s  of t h e  Energy Shale,  which conta in  carbonaceous mate- 
r i a l  only i n  t h e  lowermost foo t .  

The shear  body d i sp lays  many f e a t u r e s  of deformation, ranging from plas-  
t i c  t o  b r i t t l e .  P l a s t i c  deformation is  charac ter ized  by abundant recumbent 
t i g h t  f o l d s  and con to r t ions  ( f i g .  49) ,  e s p e c i a l l y  along t h e  lower shear  plane. 
B r i t t l e  f a i l u r e  i s  represented by microfaul t ing  ( f i g s .  47 and 54) and 
b r e c c i a t i o n  ( f i g .  50 and 51).  T rans i t i ons  between p l a s t i c  and b r i t t l e  f a i l u r e  
a r e  common. 

The small-scale  s t r u c t u r a l  t r ends  i n  t h e  shear  body a r e  d i f f i c u l t  t o  
d iscern .  A f a i r  degree of consis tency i s  shown i n  d i r e c t i o n s  of s t r i a t i o n s  on 
shear  planes,  which a r e  represented by arrows poin t ing  i n  d i p  d i r e c t i o n  on t h e  
maps (see  f i g .  141, p. 156). I n  most p laces  t h e  s t r i a t i o n s  t r end  approximately 
perpendicular  t o  t h e  boundary of t h e  shear  body. Therefore,  more divergence is  
seen i n  t h e  western p a r t  of t h e  mapping a r e a ,  where t h e  shear  body apparent ly  
terminates .  The s t r i k e  of most of t h e  shallow-angle shear  planes i n  t h e  e a s t e r n  
ha l f  of t h e  mapping a r e a  i s  roughly east-west,  p a r a l l e l  t o  t h e  borders  of t h e  
shear  body. I n  add i t ion  t o  conventional  mapping, a t o t a l  of s i x  s t e r e o p a i r s  
(compare f i g s .  50-52) a t  fou r  s i t e s  provided measurements of s t r i k e  and d i p  of 
shear  and bedding planes.  Schmidt n e t  diagrams ( f i g .  56) r e f l e c t  t h e  o r i e n t a t i o n  

Figure 56. Schmidt net density diagrams from photogrammetrically collected data of shear planes in the shear body of study area 
5, mine B. (A) Synoptical plot of poles from three populations of shear planes (stereopairs 1, 2, 31, 11 7 shear planes, 
isopycnos: 1.7-3.4-5.1-6.8-8.5 percent. (B) Plot of poles from one population of shear planes (stereopair 6 )  55 
shear planes, isopycnos: 1.8-3.6-5.4-7.2-9.0-1 0.8 percent. 



of t h e  i n t e r i o r  low-angle shea r  s u r f a c e s  s i m i l a r  t o  t h a t  mapped i n  t h e  a r e a .  A 
symmetry around t h i s  t r end  a l s o  i s  shown, w i th  two maxima of low-angle shea r  
s u r f a c e s  on each s i d e  of t h e  shea r  body 's  a x i s .  

The s t r i k e  of most shea r  s u r f a c e s  a l s o  v a r i e s  toward t h e  t e rmina t i on  of 
t h e  shea r  body i n  t h e  west .  The s t r i k e  f i r s t  t r e n d s  no r thwes t e r l y  and is  aga in  
p a r a l l e l  t o  t h e  borders  of t h e  shea r  body i n  t h a t  a r ea .  The po in t  of bending 
occurs  nea r  a moderate " h i l l "  i n  t h e  c o a l  seam. 

A s  i s  c l e a r  from t h e  maps ( f i g s .  140 and 141)  i n  t h e  fo l lowing  chap t e r ,  
roof c o n t r o l  i s  extremely d i f f i c u l t  w i t h i n  t h e  g r een i sh  c l ays tone  f a c i e s  and 
t h e  shea r  body a r e a .  Roof f a l l s  commenced a s  soon a s  t h e  a r e a  was opened and 
a r e  cont inu ing .  The f a l l s  a r e  commonPy 15 t o  20 f e e t  ( 4 . 6  t o  6 - 1  m) h igh ,  and 
t op  ou t  a t  t h e  h ighes t  major shea r  su r f ace .  Roof i n s t a b i l i t y  ex tends  ou t  of 
t h e  mapped a r e a  of t h e  shea r  body toward t h e  sou theas t  s f  s t udy  a r e a  5. There 
t h e  t op  i s  a s  u n s t a b l e  a s  i n  t h e  h e a r t  of t h e  shea r  body. The immediate roof 
i s  f a i r l y  s t r o n g  s h a l e ,  bu t  t h e  shea r  body w i th  i t s  broken rock l i es  j u s t  above 
roof b o l t  he igh t .  I n  many p l a c e s  of t h e  shea r  body a r e a ,  t h e  mine openings have 
been kep t  open on ly  by e x t e n s i v e  c r i b b i n g ,  The weakness of t h e  crushed rock  
i t s e l f ,  combined w i th  t h e  g r e a t  abundance of shea r  p l a n e s ,  i s  obviously t h e  
cause  of t h e  roof i n s t a b i l i t y .  Although no o t h e r  shea r  bodies  of t h i s  t ype  
have been found i n  I l l i n o i s  underground mines, s e v e r a l  s i m i l a r  occur rences  
have been recognized i n  ou tc rops  and i n  s t r i p  mines,  Shear bodies  i n  t h e  
Pennsylvanian System of I l l i n o i s  may be f a i r l y  common. A shea r  body i s  a type  
of mining hazard t h a t  should be e a s i l y  
dance of f r a c t u r e s  and shea r  p lanes .  

The o r i g i n  of t h e  shea r  body i s  ' 

open t o  ques t ion .  Pos s ib ly  i t  is  a 
g r a v i t a t i o n a l  s l i d e  d e p o s i t .  When 
sediments  a r e  depos i ted  r a p i d l y  on a 
s l op ing  s u r f a c e ,  even i f  t h e  s l o p e  i s  
gradua l ,  sha l low slumping o r  l a r g e  
s h e e t  and f low masses may occur .  
S l i d e s  c a n b e  t r i g g e r e d  by excess  of 
l oad ,  unde rcu t t i ng  by s t ream e ros ion ,  
l o c a l  "explosion" caused by escape of 
wate r  o r  gas  from deeper  sediment,  o r  
ear thquakes.  The jumbled and d i s -  
placed roof rock  i n  t h e  shea r  body i n  
s t udy  a r e a  5 of mine B sugges t s  a 
g r a v i t a t i o n a l  s l i d e  d e p o s i t ,  which 
poses a t h r e a t  t o  roof s t a b i l i t y ,  

Joints. While j o i n t s  i n  roof rocks  
a r e  cons idered  t o  have a major in-  
f l u e n c e  on roof s t a b i l i t y  i n  many of 
t h e  wor ld ' s  c o a l  mines, t h i s  appears  
n o t  t o  be  t h e  c a s e  i n  t h e  mines w i t h  
a gray s h a l e  t ype  of roof ( f i g .  57).  
This  is  ev iden t  i n  s t udy  a r e a s  4 
through 7 ,  where t h e r e  are no s i g -  
n i f i c a n t  a s s o c i a t i o n s ,  by d i r e c t i o n ,  
f requency,  o r  spac ing ,  between j o i n t -  
i n g  and roof f a l l s .  

recognized i n  a d r i l l  c o r e  by t h e  abun- 

Figure 57. Narrowly spaced parallel joints in the dark-gray 
shale facies of the Energy Shale. Jointsoare ,nor- 
mal to bedding planes and strike N 50 -60 E. 
Location: mine Q, "Quality Circle," southwest- 
ern Illinois. 



A t  mine B j o i n t s  a r e  abundant i n  t h e  dark-gray s h a l e  and a r e  r a r e  i n  o ther  
f a c i e s  of t h e  Energy Shale. They a r e  spaced from a few inches t o  about a f o o t  
a p a r t  and seldom pene t r a t e  more than a foo t  i n t o  t h e  roof .  Two t o  t h r e e  f e e t  
i s  exceptional .  By f a r  t h e  dominant d i r e c t i o n  is t h a t  of t h e  j o i n t s  i n  mine B, 
a s  i n  o the r  mines s tudied ,  N 0 6 0 ~ - 0 8 0 ~  E. These j o i n t s  c o n t r i b u t e  t o  minor 
s labbing of t h e  immediate roof rock, bu t  cause no major roof f a l l s .  

The r a t h e r  massive sha le s  a t  mine C a r e  p r a c t i c a l l y  devoid of j o i n t s .  The 
N 060°-0800 E t rend  again dominates. Most of t h e  j o i n t s  a r e  v e r t i c a l ,  bu t  some 
a r e  a t  angles  a s  low a s  45O i n  a r e a s  where t h e  rock l a y e r s  a r e  t i l t e d  o r  fo lded ,  
a s  around major r o l l s .  I n  most such cases  t h e  j o i n t s  a r e  normal t o  t h e  bed- 
ding. I n  some p laces  f r a c t u r e s  o r  j o i n t s  not  perpendicular  t o  bedding, and 
without i nd ica t ions  of movement, a r e  present .  These types of j o i n t s  i n t e r s e c t  
with bedding su r faces  t o  form wedge-shaped rock bodies ,  which a r e  a minor source 
of roof i n s t a b i l i t y .  

I n  only a very few cases  could j o i n t s  be  blamed f o r  causing roof f a l l s .  
One such p lace  i s  i n  an a r e a  of t r a n s i t i o n a l  gray shale-black shale-limestone 
roof i n  mine I, where j o i n t s  a r e  
spacedas  c l o s e l y  a s a  cent imeter  a p a r t ,  
and pene t r a t e  seve ra l  meters  upward 
through dark-gray s h a l e  and medium- 
gray sha le s  of t h e  Energy Shale i n t o  
t h e  b lack  f i s s i l e  s h a l e  (Anna Shale) .  
Figure 58 shows f r a c t u r i n g  and roof 
f a l l s  along narrowly spaced s e t s  of 
j o i n t s  i n  mine P. On t h e  whole, how- 
ever ,  j o i n t s  a r e  a minor source of 
roof i n s t a b i l i t y .  

Major f a u l t s  and f a u l t  systems 

Major f a u l t i n g  i n  t h e  I l l i n o i s  
Basin Coal F i e l d  occurred pr imar i ly  
along t h r e e  f a u l t  zones: t h e  e a s t e r n  
p a r t  of t h e  Shawneetown Fau l t  Zone 
and t h e  Cottage Grove Fau l t  System, 
which extend almost e a s t  and w e s t  
through southern I l l i n o i s ,  and t h e  
Rend Lake Faul t  System (Krausse and 
Keys, 1977), which t rends  almost no r th  
and south from southern Frankl in  
County northward i n t o  Je f f e r son  County 
( f i g s .  3 and 59).  Por t ions  of t hese  
f a u l t  zones a r e  exposed i n  underground 
mines i n  Herr in (No. 6 )  Coal. 

Although no d e t a i l e d  mapping was 
performed i n  major f a u l t  systems f o r  
t h i s  s tudy,  t h e  Rend Lake Fau l t  System 
was examined i n  seve ra l  mines, and is 
worthy of f u r t h e r  d iscuss ion .  The 
Rend Lake Fau l t  System is  a north- 
south-trending zone of normal f a u l t s  - --- 

Zones of weakness and roof fall development: 
(A) Early stage of development, the beginning in 
en echelon pattern, along zones of narrowly 
spaced joints. The roof fall is largest and highest 
at the intersection. In some areas of the mine 
these en echelon roof falls join together in a con- 
tinuous northsouth-oriented roof fall. ( 0 )  Sec- 
tion of strata in which kink zones and roof falls 
develop along narrowly spaced joints and slips. 
(C) Joint pagern 5nd en echelon roof fall pattern 
along N 160 -1 70 E-trending zones. Two sets of 
joints in dark-gray shale of the Energy Shale 
(1 55' to 160'183' to 90' SW and 20' to 25'183~ 
to 90' SE). Location: "Quality Circle," southern 
Illinois, mine P. 



Figure 59. Major fault systems and structures in southern Illinois. (After Stonehouse and Wilson, 1955.) 

i n  F r a n k l i n  and J e f f e r s o n  Count ies ,  I l l i n o i s .  It l i e s  j u s t  west of Rend Lake, 
a  l a r g e  r e s e r v o i r  f o r  which i t  is named. The f a u l t  system i s  l o c a t e d  only 
from exposures and test  d r i l l i n g  i n  underground c o a l  mines; no s u r f a c e  ex- 
p r e s s ion  i s  known. The f a u l t  system ranges from a few hundred t o  about 
a  thousand f e e t  (100 t o  309 m) wide. Near West F rank fo r t  i t  branches o f f  from 
t h e  Cot tage  Grove F a u l t  System and extends northward f o r  a t  l e a s t  24 mi l e s  
(39 km) .  Along s t r i k e  i t  no t  on ly  v a r i e s  i n  wid th ,  b u t  a l s o  i n  number of f a u l t s  
and magnitude of displacement .  Along most of i t s  e x t e n t ,  t h e  main displacement  
i s  down t o  t h e  e a s t ,  b u t  t h e  Rend Lake F a u l t  System inc ludes  f a u l t s  downthrown 
t o  t h e  west a s  we l l .  The most c h a r a c t e r i s t i c  s e t t i n g  is a  l a r g e  normal f a u l t  
downthrown 30 t o  60 f e e t  (9 t o  18  m) t o  t h e  e a s t ,  u s u a l l y  a s s o c i a t e d  w i th  a  
number of minor a n t i t h e t i c  and s y n t h e t i c  normal f a u l t s  on e i t h e r  s i d e .  No in -  
d i v i d u a l  f a u l t  i s  cont inuous a long  t h e  e n t i r e  l e n g t h  of t h e  system. The f a u l t s  
d imin ish  i n  throw i n  e i t h e r  d i r e c t i o n  along s t r i k e  u n t i l  t hey  become s t r u c t u r e s  
w i th  minor displacements  a t  t h e  top  of t h e  c o a l  seam, below which t h e  f a u l t  
p l ane  branches downward i n  a  d e n d r i t i c  p a t t e r n  of ex t ens ion  f r a c t u r e s  ("goat 
beard'!), which have no v e r t i c a l  displacement  a t  t h e  bottom of t h e  seam. The 
major f a u l t s  appear  t o  l i e  i n  an en echelon p a t t e r n .  I n  p l ace s  t h e  f a u l t e d  and 
s h e a r e d z o n e c o n s i s t s  of a  z o n e , a c e n t i m e t e r  t o  a  meter i n  wid th ,  of h igh ly  f r a c -  
t u r ed  o r  pu lver ized  rock  w i th  very  l i t t l e  displacement .  

I n d i v i d u a l  f a u l t s  i n  t h e  Rend Lake F a u l t  System g e n e r a l l y  s t r i k e  about  
nor th-south (165' t o  180O), and d i p s  vary  from v e r t i c a l - t o  45' toward t h e  e a s t  
o r  w e s t .  Loca l ly  f a u l t  p lanes  a r e  over turned ,  e f f e c t i v e l y  forming high-angle 
r e v e r s e  f a u l t s .  I n  some p l ace s  t h e  d i p  a long a  f a u l t  p lane t u r n s  a s  much a s  
20° a t  a  s i n g l e  exposure i n  a  mine en t ry .  Normal drag-folding of ad j acen t  
s t r a t a  occurs  bu t  is  n o t  prominent. "Fa lse  drag" and minor f o l d s  a s s o c i a t e d  
w i th  t h e  f a u l t s  have been observed, y e t  they  a r e  no t  common. Zones of gouge 



o r  b recc ia  of f i n e l y  crushed coa l  and fragments of rock accompany t h e  f a u l t  
planes,  but  seldom exceed a few inches i n  'width. 

Predic t ing  t h e  l o c a t i o n  of i nd iv idua l  f a u l t s  of t h e  system is d i f f i c u l t  
because of a l ack  of con t inu i ty  and t h e  en echelon p a t t e r n  of t h e  major d i s -  
placements. Mines have planned e n t r i e s  o r  panels  around s t r a i g h t - l i n e  projec- 
t i o n s  of t h e  Rend Lake Fau l t  System, only t o  have t h e  f a u l t s  appear seve ra l  
hundred f e e t  away from t h e  predic ted  loca t ion .  D r i l l i n g  from t h e  s u r f a c e  does 
not  always a l l e v i a t e  the  problem because ind iv idua l  f a u l t s  tend t o  be smal l ,  
and displacements may be down t o  e i t h e r  t h e  e a s t  o r  west,  o r  both. 

The p r i n c i p a l  mining problem associa ted  wi th  t h e  Rend Lake Fau l t  System 
is  phys ica l  displacement of t h e  coa l  seam. The f a u l t s  gene ra l ly  have no t  caused 
many major roof problems, because i n  many cases  t h e  e n t i r e  f a u l t  system is 
crossed i n  t h e  s h o r t e s t  poss ib l e  d i s t a n c e  by grading t h e  e n t r i e s  through rock,  
wi th  no c rosscu t s  i n  t h e  f a u l t e d  zone. Problems e a s i l y  a r i s e  where t h e  f a u l t s  
tend t o  d i e  out  and branch i n t o  minor shear  planes wi th  l i t t l e  displacement .  
I n  such zones, mining is not  l i k e l y  t o  s top ,  bu t  roof f a l l s  a r e  probable. 

Black shale-limestone roof types 

DESCRIPTION OF LITHOLOGY AND FACIES OF THE BLACK SHALE-LIMESTONE ROOF TYPES 

The b lack  shale-limestone roof sequence of Herr in (No. 6)  Coal comprises 
a l a r g e  number of l i t h o l o g i c  u n i t s  and of rock s t r a t i g r a p h i c  members t h a t  a r e  
highly v a r i a b l e  i n  th ickness ,  a r e a l  d i s t r i b u t i o n ,  and c h a r a c t e r i s t i c s .  Seven 
members a r e  of primary relevance t o  roof s t a b i l i t y :  t h e  Anna Shale ( lowes t ) ,  
Brereton Limestone, Jamestown Coal, Conant Limestone, Lawson Shale,  Anvil Rock 
Sandstone, and t h e  Bankston Fork Limestone Members. Figure 60 i s  a schematic 
of t h e  l a t e r a l  and v e r t i c a l  r e l a t i o n s h i p  a s  found i n  s tudy a r e a s  1 t o  3 i n  
mine A.  The e f f ec t iveness  of a roof c o n t r o l  p lan  depends on an understanding 
of t h e  sequence, t h e  l i t h o l o g i e s ,  and t h e  v a r i a b l e  c h a r a c t e r i s t i c s  of t h e  
l i t h o l o g i c  u n i t s .  

The l e n t i c u l a r  shape of t h e  b lack  s h a l e  and a rg i l l aceous  l imestone bodies  
a s  found i n  mine A p r e v a i l s  over l a r g e  a r e a s  of t h e  I l l i n o i s  Basin Coal F ie ld  
and i s  an important s t r u c t u r a l  element of t h i s  roof type. Although t h e  b lack  
sha le  and t h e  a rg i l l aceous  limestone i n  p l aces  l i e  s i d e  by s i d e ,  t h e  l imestone 
normally o v e r l i e s  o r  a t  l e a s t  p a r t i a l l y  over laps  the o lde r  Anna Shale.  Study 
a r e a  2 i n  mine A i s  an e s p e c i a l l y  good example of t h e  p a r t i a l '  overlapping 
( f i g .  129, p. 131).  

Most of t h e  higher  u n i t s  a r e  more continuous, a l though they vary  g r e a t l y  
i n  t h e i r  l i t ho logy  'and th ickness ,  which apparent ly  depends on thickening o r  
thinning of underlying rock u n i t s .  Probably t h e  most p e r s i s t e n t  u n i t ,  which 
has almost cons tant  th ickness  i n  t h e  v i c i n i t y  of mine A ,  is  t h e  Conant Lime- 
s tone.  Thickness of t h e  Lawson Shale,  on t h e  o the r  hand, v a r i e s  greatly-from 
2 t o  15  f e e t  (0.7 t o  5 m). It becomes th inner  above very t h i c k  l e n s e s  of 
Brereton Limestone and thickens i n p l a c e s  where t h e  Brereton Limestone and 
Anna Shale a r e  t h i n  o r  absent .  The Bankston Fork Limestone o v e r l i e s  most of 
t h i s  sequence; i t s  l o c a l  v a r i a b i l i t y  and i t s  response t o  v a r i a t i o n s  of t h e  
rock members below a r e  not  y e t  we l l  known. 

The l imestones a r e  t h e  s t ronges t  u n i t s  i n  t h e  sequence. Roof f a l l s  a r e  
extremely r a r e  where t h e  l imestone of t h e  Brereton Limestone is th i ck .  Gray 



Thickness 
f t  

A Bankston Fork  Limestone; upper or main bench 
B Shale part ing in the Bankston Fork  Limestone 

C Bankston Fork  Limestone; lower benches 
D Calcareous concretions i n  the Lawson Shale 
E Lawson Shale; upper greenish, light-gray, and lower 

medium-gray t o  medium-dark-gray shale 
F Conant Limestone; calcareous t o  do lomi t i c  concretions 
G Jamestown Coal; generally dark carbonaceous shales 

and irregular nodular and lenticular limestone between 
t w o  th in  layers o f  coal 

H "Jamestown Coal interval" (dark carbonaceous shales 
and nodular and lenticular limestone) 

( Brereton Limestone; commonly  has l imy "clod" at 

the base 

J Anna Shale: upper part  poorly bedded, nonfissile por t ion  
layered w i t h  phosphatic nodules 

K Calcareous and p y r i t ~ c  concretions I n  the Anna Shale 

L Anna Shale; lower par t  well-bedded. fissile, abundantlv 
wel l  jointed, "slaty" por t ion  

M Herr in (No. 6) Coal 

Figure 60. Black shale-limestone roof; sequence of rock stratigraphic members a t  mine A. 

s h a l e s  and s i l t s t o n e s  of t h e  Lawson Shale,  on t h e  o t h e r  hand, a r e  appa ren t ly  
t h e  weakest l a y e r s  of t h e  sequence. Where gray s h a l e s  c l o s e l y  o v e r l i e  t h e  c o a l  
(no Brereton Limestone, very  t h i n  Anna Shale ,  Jamestown Coal, and Conant Lime- 
s t o n e ) ,  roof s t a b i l i t y  decreases  d r a s t i c a l l y .  

The s t r u c t u r a l  f e a t u r e s  of c o a l  and roof rock i n  a r e a s  having t h e  b l ack  
shale- l imestone type  of roof a r e  d i s t i n c t  from those  having t h e  gray s h a l e  type  
of roo f .  D i s t r i b u t i o n ,  frequency, dens i ty ,  p a t t e r n ,  and o r i e n t a t i o n  of defor-  
mat iona l  elements a r e  h igh ly  dependent upon t h e  roof l i t h o l o g y .  

Many of t h e  c h a r a c t e r i s t i c s  of t h e  rocks found over ly ing  t h e  Herr in  (No. 6) 
Coal and t h e i r  r e l a t i o n s h i p s  t o  each o the r  have n o t  been descr ibed  before .  The 
accumulation and composition of coal-forming m a t e r i a l s  a r e  known t o  have in -  
f luenced t h e  p r o p e r t i e s  of t h e  younger rock s t r a t a  i n  t h e  roof .  

Top c o a l  

Much of what a p p l i e s  t o  top c o a l  below gray s h a l e  roof is  t r u e  f o r  b l ack  
shale- l imestone roof a s  w e l l .  The p r a c t i c e  of l e av ing  top  c o a l  under b lack  
shale- l imestone roof i s  no t  a s  common a s  under gray  s h a l e  roo f ,  simply because 
t h e  c o a l  i s  u s u a l l y  no t  as t h i c k  as i t  is under t h e  gray s h a l e  roo f .  P laces  



where top  coa l  was l e f t  were mapped a s  "T" on our l i t h o l o g i c  maps ( f i g s .  118, 125, 
and 133). Wherever top coa l  remains, geologic mapping becomes d i f f i c u l t  because 
many s t r u c t u r a l  f e a t u r e s  t h a t  can be recognized a t  t h e  contac t  of t h e  coa l  and 
roof diminish downward i n t o  t h e  coa l .  Therefore,  i n  "top coal"  a r e a s ,  va r ious  
secondary i n d i c a t o r s ,  f o r  i n s t ance ,  c e r t a i n  pecu l i a r  p a t t e r n s  of c l e a t s  below 
concret ions,  "goat beards," very small  f a u l t s ,  o r  c l a y  d ikes  i n  t h e  c o a l  a r e  . 
used a s  guides t o  deformational s t r u c t u r e s  i n  t h e  roof s t r a t a .  

During mapping i n  mine A we discovered t h a t  where a f o o t  o r  more of top  
coa l  had been l e f t  i n  e n t r i e s  dr iven  by a boring type of continuous miner, t h e  
e n t r i e s  have needed l e s s  maintenance over t h e  years .  P a r t i c u l a r l y  i n  a reas  of 
b lack  s h a l e  with t h i n  o r  no l imestone above, t h i c k  top  coa l  probably a i d s  roof 
con t ro l .  Yet, i t  is  not  c l e a r  how much of t h e  improved performance can be 
a t t r i b u t e d  t o  top  coa l  l e f t  and how much t o  t h e  arched shape of t h e  e n t r i e s .  
Rib rashing a l s o  seems t o  be  l e s s  prominent i n  bored e n t r i e s ,  whereas i n  open- 
ings  mined by t h e  r i p p e r  type of continuous miner, t he  higher  v e r t i c a l  wa l l s  
may r a sh  of f  i n  l a r g e  s l a b s ,  which cause d i f f i c u l t i e s  f o r  s a f e t y  and mainte- 
nance ( f i g s .  16  and 17) .  

"Bastard limes tone" 

Of very l o c a l  occurrence is  t h e  
so-cal led "bastard l imestone,"  an a r -  
g i l l aceous  limestone t h a t  l i e s  i n  and 
a t  t h e  base of t h e  Anna Shale and i n  
places i n t e r f i n g e r s  wi th  t h e  upper 
l a y e r s  of t h e  Herr in (No. 6)  Coal seam 
( f i g s .  61 and 62) t o  form f l a t  lenses .  
In  mine A t he  "bastard limestone1' is 
genera l ly  dark brownish gray t o  almost 
black and conta ins  small ,  d i s t i n c t i v e ,  
brown-weathering f o s s i l s .  It v a r i e s  
from very hard t o  s o f t  and f l aky  and 
i n  places grades i n t o  ca lcareous  sha le .  
Most l enses  of "bastard limestone" 
a r e  only a few f e e t  i n  diameter and 
no more than a f o o t  th ick .  The l a rg -  
e s t  l e n s  mapped covered an a rea  about 
100 f ee t  by 50 f e e t  (30 m x 15  m) and 
was up t o  2 f e e t  t h i c k  (0.6 m) . "Bas- 
t a r d  limestone" was a l s o  observed i n  
small  l enses  a t  mine E ,  mine H ,  a s  
wel l  a s  i n  d r i l l  cores  from var ious  
p a r t s  of t h e  s t a t e  on top  of gray 
s h a l e  r o l l s  and underneath black,  
f i s s i l e  sha le .  

I n  mine A we found t h a t  "bastard 
limestonef '  was o f t e n  deposi ted c l o s e  
t o  t h e  l a t e r a l  l i t h o l o g i c  boundaries 
of b lack  f i s s i l e  s h a l e  and l imestone 
bodies.  The presence of "bastard 
limestone" l enses  may i n d i c a t e  a t ran-  
s i t i o n  between a zone of s t a b l e  roof 

Figure 61. "Bastard limestone" above Herrin (No. 6 )  Coal 
consists of dark, brownish, flaky, calcareous shale 
or shaly limestone with light flecks of fossil de- 
bris. Where "bastard limestone" lenses are very 
large, they are prone to fail and not support the 
overlying strata, as evidenced by roof fall (right 
side of photo). Location: mine A, study area 3, 
westcentral Illinois. 

Figure 62. Lens of "bastard limestone" in top benches of 
Herrin (No. 6 )  Coal below "clod" of Brereton 
Limestone. Anna Shale is absent. Location: 
westcentral Illinois, mine A. 



pro t ec t ed  by a t h i c k  l imes tone  and a zone of roof i n s t a b i l i t y .  The main haz- 
a r d  of t h e  "bastard l imestone" is  t h a t  i t  may be  mistaken f o r  t h e  Brereton 
Limestone, whi6h u s u a l l y  makes e x c e l l e n t  roof .  I f  no t  recognized f o r  what i t  
is,  "bastard l imestone" may be inadequate ly  supported. 

Black s h a l e  roof of Her r in  (No. 6) Coal (Anna Shale)  

The lowest  roof rock u n i t  of importance t h a t  normally forms t h e  immediate 
roof i s  a b l ack  f i s s i l e  s h a l e  of t h e  Anna Shale .  It i s  b lack ,  hard ,  smooth, 
f i s s i l e ,  and carbonaceous, and con ta in s  abundant smal l  phosphat ic  nodules.  
Black s h a l e s  o v e r l i e  most of t h e  c o a l  seams of I l l i n o i s .  Miners and d r i l l e r s  
gene ra l l y  c a l l  them " s l a t e . "  The b l ack  s h a l e  above Herr in  (No. 6) Coal was 
s tud i ed  i n  g r e a t e s t  d e t a i l  a t  mine A, where i t  occurs  i n  i r r e g u l a r  l e n s e s  sev- 
e r a l  hundred t o  over a thousand f e e t  wide and i s  u s u a l l y  o v e r l a i n  by t h e  Brere- 
ton Limestone, a t  l e a s t  a long t h e  f r i n g e s  of t h e  l e n s e s ,  The l a t e r a l  t r a n s i -  
t i o n s  a r e  normally abrupt  a t  t h e  edges of t h e  l e n s e s ,  a s  found i n  s tudy  a r e a  2 ,  
where t h e  b l ack  s h a l e  i nc reases  i n  t h i cknes s  from a knife-edge on t h e  t r a c k  
e n t r y  t o  t h r e e  f e e t  on t h e  next  e n t r y ,  which i s  80 f e e t  (about 25 m) t o  t h e  
no r theas t .  I n  some areas ,however ,  t h e  change i n  t h e  t h i cknes s  of t h e  b l ack  
s h a l e  i s  more gradual  than i n  s tudy  area 2. I n  t h e  c e n t r a l  p o r t i o n s  of t h e  
l e n s e s ,  t h e  b l ack  s h a l e  is  u s u a l l y  two t o  t h r e e  f e e t  (60 t o  90 cm) t h i c k  f o r  
hundreds of f e e t  and l o c a l l y  th ickens  t o  over  fou r  f e e t .  

I n  mine E ,  a s t r i p  mine, t h e  Anna Shale  appears  t o  form l e n s e s  s i m i l a r  t o  
t hose  i n  mine A ( f i g .  63). I n  some a r e a s  t h e  Anna Shale  d i s p l a y s  s e v e r a l  

Figure 63. Cross section in black shale-limestone roof: (A) interval of the Piasa Limestone Member and the unnamed gray, green, 
ocher, and varigated shales below, (B) Bankston Fork, with two limestone horizons, (C) greenish gray mottled and dark 
gray Lawson Shale, (Dl  Conant Limestone, (E) shales, argillaceous limestones, dark-gray carbonaceous shales ("James- 
town Coal interval"), (F) Brereton Limestone (lenticular), (GI Anna Shale (lenticular), and (H) Herrin (No. 6 )  Coal. 
The Bankston Fork and the Conant Limestones are fairly continuous and regular in thickness, whereas the Anna Shale 
and Brereton Limestone are lenticular, and wedge. Above the left aluminum frame (control in photogrammetric map- 
ping), the Brereton Limestone has pinched out on both sides above an Anna Shale lens. Location: highwall of mine E in 
southwestern Illinois. b 



d i s t i n c t  subuni ts  ( f i g .  64). The low- 
e s t  subunit  above t h e  coa l  c o n s i s t s  of 
black,  hard, f i s s i l e  sha le  t h a t  con- 
t a i n s  abundant v e r t i c a l  j o i n t s  and 
concret ions.  When t h e  Anna Shale is 
th ick ,  t h i s  lower f i s s i l e  sha le  l aye r  
i s  one t o  two f e e t  (30 t o  60 cm) th ick .  
Where t h e  Anna Shale i s  l e s s  than a 
f o o t  th i ck ,  i t  is  genera l ly  f i s s i l e  
throughout. 

Where t h e  Anna Shale is  th i ck ,  a 
somewhat mottled, poorly bedded, and 
f a i r l y  weak very dark gray sha le  over- 
l i e s  t h e  hard f i s s i l e  black sha le  
( f i g s .  65 and 66). This t h i n  upper 
depos i t  i s  v a r i a b l e  i n  thickness (0  t o  
3 f e e t  [O t o  0.9 m]) and l o c a l l y  con- 
t a i n s  abundant syneres is  cracks.  A t  
mine A t h e  upper subunit  t y p i c a l l y  
conta ins  two d i s t i n c t  bands of small 
light-brown phosphatic l enses  o r  nod- 
u l e s  ( f i g s .  65 and 66). A s  t h e  dark 
mottled gray sha le  u n i t  with phosphatic 
nodules t h i n s ,  t h e  two bands seem t o  
merge i n t o  one. Both bands a r e  from 
1 t o  2 inches ( 2  t o  5 cm) th ick .  The 
ind iv idua l  nodules and small l enses  
wi th in  t h e  bands a r e  f l a t t e n e d  par- 
a l l e l  t o  the  bedding and range from 
l e s s  than an inch t o  seve ra l  inches 
long, and they a r e  k t o  % inch th ick .  
One t o  two such bands of phosphatic nod- 
u l e s  have a l s o  been observed i n  o ther  
mines of t h e  I l l i n o i s  Basin Coal F ie ld .  

Large spheroidal  concret ions a r e  
abundant i n  t h e  lower p a r t  of t h e  
black sha le ,  p a r t i c u l a r l y  where t h e  
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Figure 64. Cross sections from photostereopairs from close- 
range photogrammetric mapping (see fig. 63) 
show the position and variation in thickness of 
the stratigraphic members above the Herrin 
(No. 6 )  Coal and their interrelationship. As the 
highwall advanced, stereopairs were taken repeat- 
edly with the intention of interpolating from sec- 
tion to section to praduce a three-dimensional 
map of the rock bodies. A is from a photo taken 
in midJune 1976; B is from a photo taken in 
July 1976.. Location: highwall of mine E in 
south-western Illinois. 

u n i t  is th ick  ( f i g .  67). Those found i n  mine A and mine F a r e  t y p i c a l  f o r  
I l l i n o i s .  They range up t o  seve ra l  f e e t  i n  diameter and may weigh seve ra l  hun- 
dred pounds. They a r e  composed of black,  p y r i t i c ,  and s i d e r i t i c  l imestone and 
a r e  surrounded by curved shear  sur faces  t h a t  allow them t o  f a l l  r e a d i l y  from t h e  
roof ( f i g s .  68 and 69). These concret ions a r e  sca t t e red  throughout t h e  Anna 
Shale where t h e  u n i t  i s  more than a foo t  th i ck ,  but occasional ly a r e  concentrated 
i n  c l u s t e r s .  They present  an obvious hazard t h a t  miners counter e i t h e r  by pu l l ing  
them down or  by bo l t ing  through them. 

The Anna Shale a t  p laces  has been b io turbated ,  p a r t i c u l a r l y  where i t  is 
over l a in  by the  Brereton Limestone. Diagenetic deformational f e a t u r e s  include 
c l a s t i c  d ikes  and s i l l s ,  shear  planes ( s l i p s ) ,  low-angle normal f a u l t s ,  "soft-  
sediment" f o l d s ,  extension f r a c t u r e s ,  and j o i n t s .  
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Figure 65. Section of immediate roof strata, black shale-limestone roof type in mine A (west-central Illinois). The Conant Lime- 
stone (top of photo) is underlain by streaks of Jamestown Coal, with freshwater limestones and some lenses of Brereton 
Limestone, which in this section is very lenticular and discontinuous. Anna Shale can be subdivided into three lithologic 
subunits: (1 ) poorly bedded, strongly mottled, weak, very dark gray shale with upper band of phosphatic nodules (P.2),  
(2) weak, poorly bedded, less mottled, very dark gray shale with lower band of phosphatic nodules (PI ), and (3) black 
fissile ("slaty") shale with concretion. The Herrin (No. 6 )  Coal is  lowermost. 

- - - - - -  
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-- 
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Figure 66. Black shale-limestone roof in mine A (west-central Illinois). The Brereton Limestone (appears white because of rock 
dust) is  two feet (0.6 m) thick and overlies thick strata of Anna Shale. The two layers of phosphatic nodules (P1 and 
P2) in the upper, poorly bedded, weak, very dark shale are clearly shown; the black fissile ("slaty") lower shale above 
the coal is covered by rock dust (white). Total thickness: three feet (0.9 m). 



Figure 67. A spheroidal concretion in black fissile shale of Anna Shale. Concretions are found up to a maximum of four feet 
(1.2 m) in diameter, but average about one to two feet. Since the concretions were harder, heavier, and more lithified 
before lithification of the surrounding shales, they have caused deformation of bedding in strata (coal and shale) under- 
neath and above. Slickensided surfaces around concretions separate them from strata and increase hazard of fall. Loca- 
tion: mine A, westcentral Illinois. 

J o i n t s  a r e  on ly  l o c a l l y  a  problem 
( f i g s .  70 and 71).  They occur i n  regu- 
l a r  s e t s  from a  few inches  t o  a  f o o t  
a p a r t  and u s u a l l y  a f f e c t  t h e  lower b l ack  
f i s s i l e  s h a l e  more i n t e n s i v e l y  than  t h e  
upper ve ry  dark  gray mot t led  sha l e .  
Throughout mine A t h e  j o i n t s  s t r i k e  N 
50° E t o  N 70° E. The s h a l e  e a s i l y  
s p l i t s  between j o i n t s  i n t o  l a r g e  s l a b s ,  
which hang p reca r ious ly  from t h e  roof 
o r  f a l l  t o  l i t t e r  t h e  f l o o r .  

Statewide,  t h e  b l ack  s h a l e  i s  
gene ra l l y  considered t o  be  f a i r  t o  
good a s  a  roof m a t e r i a l .  A t  mine A 
most roof problems i n  t h e  u n i t  appear 
t o  be  r e l a t e d  t o  s t r u c t u r a l  anomalies 
and t h e  s t r a t a  over ly ing  t h e b l a c k s h a l e .  

I n  l a r g e  a r e a s  of wes t -cen t ra l  
I l l i n o i s ,  and p a r t i c u l a r l y i n t h e  mapped 
a r e a s  of mine A, t h e  Brereton Limestone 
is  e i t h e r  l e n t i c u l a r  and t h i n ,  o r  ab- 
s e n t ,  where t h e  underlying b l ack  s h a l e  
u n i t  i s  t h i c k .  The next  h igher  lime- 
s t o n e  i n  t h e  roof sequence is  u s u a l l y  
t oo  t h i n  ( l e s s  than  one f o o t  i n  t h e  
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Figure 68. Immediate roof of the black shale-limestone type 
above the Herrin (No. 6 )  Coal. Large concretions 
in Anna Shale associated with small normal faults 
(slips), which result from differential compac- 
tion, cause minor roof falls, and are hazards to 
coal miners' safety. Location: west-central 
Illinois, mine A. 



Figure 69. Concretions in Anna Shale exposed in a roof fall. "Anna concretions" are most common immediately above the coal. 
Tilted concretions in lower center of photo are displaced by faulting. Fault probably was caused by differential com- 
paction around a lens of Brereton Limestone (light oval body in center of photo). Small low-angle normal fault is  visible 
from the Lawson Shale (top of roof fall) through the Conant Limestone, the "Jamestown Coal interval," the Brereton 
Limestone, and the Anna Shale and enters into the coal, steepens, and ends in form of almost vertical extension frac- 
tures. Location: mine R on the Western Shelf, southwestern Illinois. 

* 
Figure 70. Prominent set of joints in black fissile shale (Anna Shale). Slabs, separated along bedding planes and joints, fall out be- 

tween the roof bolts. Location: mine N, westcentral Illinois. 
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Figure 71. Faults and joints increasing roof fall hazards: (A) shape of roof fall, primarily caused by faults and secondarily by 
joints in Anna Shale. Faults and joints in the higher fall area could not be determined. (B) orientation diagram 
(Schmidt net) of  the faults and the major joints forming the roof fall. Thirteen faults and mean value of 59 orientation 
data of  joints in Anna Shale were used. Location: west-central Illinois, mine A. 

c a s e  of t h e  Conant Limestone) o r  too  h igh  above t h e  c o a l  t o  c o n t r i b u t e  t o  roof 
s t a b i l i t y .  Most of t h e  l a r g e s t  roof f a l l s  i n  mine A occur i n  zones where len-  
ses of b lack  s h a l e  and l imestone over lap  and end. These l i t h o l o g i c  boundaries  
a r e  a d d i t i o n a l l y  weakened by a s soc i a t ed  f a u l t s  and c l a y  d ikes ,  which are most 
common near  t h e  boundaries  of t h e  b l ack  s h a l e  l enses .  Roof f a l L s  under undis- 
turbed t h i c k  b l ack  s h a l e  and i n  b l ack  s h a l e  a r e a s  immediately o v e r l a i n  by non- 
f a i l i n g  l imes tones  a r e  g e n e r a l l y  shal low and s m a l l .  

Limestone and "clod" above t h e  b l ack  s h a l e  
o r  t h e  Herr in  (No. 6) Coal (Brereton Limestone) 

Overlying t h e  b lack  s h a l e  s t r a t a  of t h e  Anna Shale  i n  many p l aces  is  a 
marine l imestone,  t h e  Brereton Limestone. The appearance of t h e  l imestone 
v a r i e s .  I n  southwestern I l l i n o i s ,  from Williamson through Macoupin Counties,  
i t  i s  c h a r a c t e r i s t i c a l l y  dark  gray,  a r g i l l a c e o u s ,  f i n e  gra ined ,  dense and hard ,  
f o s s i l i f e r o u s ,  poorly bedded, and i n t e r l a y e r e d  wi th  waves o r  s w i r l s  of s h a l e  
pa r t i ngs .  To t h e  n o r t h  of Macoupin County, i t  is gene ra l l y  l i g h t e r  g ray ,  i m -  
pure ,  and l a c k s  t h e  wavy s h a l e  pa r t i ngs .  I n  mine A, i t  is commonly massive 
and f o s s i l i f e r o u s .  Where t h e  u n i t  i s  very  t h i c k ,  as along t h e  l a r g e  f a u l t s  
i n  s tudy  a r e a  1, t h e  upper po r t i on  i s  l i g h t  g r een i sh  gray,  coa r se  gra ined ,  and 
con ta in s  l a r g e  f o s s i l  brachiopod s h e l l s .  I n  p l aces  i t  resembles t h e  Conant Lime- 
s t o n e  i n  t e x t u r e .  The maximum observed th i cknes s  of t h e  Brereton l imestone is  
11.5 f e e t  (3.4 m) a t  mine A. The normal range of t h i cknes s  i s  from zero  t o  6 f e e t .  

Thick l imestone forming t h e  immediate roof is t h e  b e s t  p o s s i b l e  roof f o r  
a mine. This  is  a p t l y  demonstrated i n  mine A,  where a r e a s  having a t h i c k  lime- 
s t o n e  roof a r e  v i r t u a l l y  f r e e  of f a l l s .  This observa t ion  a l s o  ho lds  f o r  many 
o t h e r  a c t i v e  and abandoned mines i n  I l l i n o i s .  An abandoned mine i n  Macoupin 
County is  s a i d  t o  have had few problems i n  unsupported rooms 50 t o  60 f e e t  wide. 



I n  many a reas  t h e  lowermost por t ion  of the  Brereton Limestone c o n s i s t s  of 
a s o f t ,  weak, poorly bedded, f l aky  o r  slabby, calcareous,  medium-gray sha le ,  
which the  miners c a l l  "clod." This "clod" v a r i e s  from l e s s  than one inch t o  
over s i x  inches (1  t o  20 cm) i n  thickness,  It tends t o  spa11 away soon a f t e r  
exposure t o  t h e  mine a i r ,  and may f a l l  i n  pieces l a r g e  enough t o  cause in jury .  
Eventually t h e  "clod" f a l l s  from around t h e  roof b o l t s ,  remaining i n  place 
only above t h e  header boards ( f i g .  7 2 ) .  This is  t h e  only hazard associa ted  
w i t h a n  immediate roof composed of t h i c k  limestone. 

The b igges t  problem i n  studying d e t a i l e d  l i t h o l o g i e s  and s t r u c t u r e s  of 
t h e  Brereton Limestone and t h e  overlying s t r a t a  i n  d e t a i l  i s  t h e  l ack  of expo- 
su res ,  which r e s u l t s  from t h e  r a r i t y  of roof f a l l s  i n  a r e a s  of l imestone th i cke r  
than two f e e t  (60 em). Our knowledge of l i t h o l o g i e s  and s t r u c t u r e s  i n  a reas  
of t h i c k  Brereton Limestone i s  based on d r i l l - h o l e  d a t a  and from occasional  
exposures along major f a u l t s  i n  t h e  mines o r  a t  overcas ts ,  t h a t  i s , i n  p laces  
where t h e  roof has been c u t  away i n t e n t i o n a l l y .  The th i ckes t  l imestone observed 
t o  have f a i l e d  i s  about 2% f e e t  a t  t h e  t h i c k  end of a limestone wedge t h a t  
pinches out  ( f i g .  7 3 ) .  The roof f a l l  appears t o  have s t a r t e d  a t  t h e  s i d e  where 
t h e  limestone was absent and spread toward t h e  opposi te  s ide .  

I n  mine A c e r t a i n  f e a t u r e s  seem t o  occur only along t h e  margins of black 
s h a l e  lenses .  Near these  margins t h e  "clod" l aye r  o f t en  becomes h ighly  carbo- 
naceous with f a i r l y  th i ck  par t ings  o r  s t r i n g e r s  of coal  and l a r g e  f o s s i l i z e d  
p l a n t  fragments. What we have termed 'lwashouts" a r e  even more s t r i k i n g  fea- 
t u r e s  ( f i g .  74) .  These take  t h e  form of pockets c u t  i n t o  t h e  top of t h e  coa l  
seam which a r e  f i l l e d  w i t h a  r a t h e r  jumbled mixture of "clod" fragments, l imestone 
nodules, black sha le ,  and coal  s t r i n g e r s .  Splayed-out " r iders"  of coa l  a r e  
o f t e n  present  along t h e  edges of "washouts." They may be ove r l a in  d i r e c t l y  by 
"clod," o r  a t h i n  l aye r  of b lack  sha le  may intervene.  

Figure 72. Limestone of the Brereton forms stable roof. About the lowest 3 inches (7 to 10 cm) of soft flaky "clod" have fallen, 
except above the header boards. Location: mine A, west-central Illinois. 



Figure 73. Wedging relationship of roof rock layers; both the Anna Shale and the Brereton Limestone pinch out (toward left side 
of photo). The "Jamestown Coal interval" has thin coal streaks and contributes to bedding separation. The overlying 
Conant Limestone i s  too thin to bridge stresses from one pillar to the next. The Lawson Shale i s  soft and mottled and 
contains numerous low-angle shear planes and syneresis cracks. Location: mine A, west-central Illinois. 
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Figure 74. "Washouts," lenses of impure black slaty shale with abundant coal stringers and phosphatic lenses, contain irregular 
nodules and pockets of brecciated brown limestone in brown shaly matrix. These features are small and uncommon 
within the top layers of the coal seam below black shale-limestone roof. They are similar to rolls found under gray-shale 
roof. Location: mine A, west-central Illinois. 



"Washouts" a r e  up t o  8 f e e t  (2.4 m) wide, averaging 2 t o  3 f e e t ,  and a r e  
from 1 t o  1% f e e t  t h i ck ,  c u t t i n g  a s  much a s  a f o o t  i n t o  t h e  coa l .  They may 
have been crea ted  by water c u r r e n t s  t h a t  scoured small  channels i n  t h e  top of 
t h e  c o a l  and f i l l e d  t h e  channels wi th  mixtures  of t h e  surrounding d e b r i s ,  They 
resemble l enses  of "bastard limestone." They a l s o  appear somewhat s imilar-  
although on a smaller  scale-to t h e  "rolPss'  t h a t  a r e  common i n  gray-shale 
roof a reas ,  which i n d i c a t e  a s t r u c t u r a l  r a t h e r  than sedimentary o r i g i n .  Coaly 
"clod" and "washoutsv' p resent  no s p e c i a l  hazard t o  miners,  bu t  they do appear 
t o  s i g n a l  an imminent change from s t a b l e  l imestone roof t o  l e s s  s t a b l e  black 
s h a l e  roof wi th  i t s  a t t endan t  problems. 

Coal, sha le s ,  and l imestone nodules of t h e  "~amestown Coal i n t e r v a l "  

The next  higher  u n i t ,  informally c a l l e d  "Jamestown Coal i n t e r v a l , "  in- 
c ludes  t h e  Jamestown Coal and its assoc ia ted  f l o o r  and roof rocks,  but  does 
no t  conta in  t h e  Conant Limestone o r  t h e  Lawson Shale. The i n t e r v a l  i s  i n  many 
p laces  approximately one f o o t  th ick .  On t h e  southern p a r t  of t h e  Western Shelf 
i t  inc reases  t o  somewhat more than 3 f e e t  i n  thickness.  In  most of I l l i n o i s  
t h e  "Jamestown Coal i n t e r v a l f f  c o n s i s t s  of a few inches of sha ly  c o a l  o r  black 
carbonaceous s h a l e  interbedded wi th  nodular l imestone. I n  many p a r t s  of south- 
e r n  I l l i n o i s ,  t h e  "Jamestown Coal i n t e r v a l "  inc ludes  l imestone o r  calcareous 
s h a l e  wi th  fresh-water f o s s i l s  l y ing  between t h e  marine Brereton and Conant 
Limestones (Al lga ier ,  personal  communication, 1975), I n  Randolph and Perry 
Counties of southwestern I l l i n o i s ,  coa l  is  o f t e n  present  i n  t h e  i n t e r v a l ,  bu t  
s e v e r a l  f e e t  of s h a l e  o r  c lays tone  may in tervene  between t h e  Brereton Limestone 
and t h e  Jarnestown Coal. I n  most of S t .  C l a i r  County t h e  "Jamestown Coal i n t e r -  
va l "  c o n s i s t s  of about a foo t  s f  dark sha le .  

Mine A i s  t h e  only p lace  t h e  "Jamestown Coal i n t e r v a l "  was s tudied  i n  
d e t a i l .  Most d i s t i n c t i v e l y  and t y p i c a l l y  t h e  i n t e r v a l  is  a dark gray t o  b lack ,  
poorly and unevenly bedded, carbonaceous calcareous sha le ,  wi th  brownish, sha ly ,  
nodular o r  l e n t i c u l a r  l imestone and sha ly  coa l  s t r i n g e r s  ( f i g s .  75 and 76). 
Coal, i f  p resent ,  i s  most abundant a t  t h e  top  and bottom of t h e  u n i t ,  sometimes 
a s  two sepa ra t e  s t r i n g e r s  of approximately 1 t o  3 inches (2-8 cm) th ickness .  
I n  many p a r t s  of t h e  mine, t h e  "Jamestown Coal i n t e rva l "  conta ins  no coa l  a t  
a l l ,  bu t  t h e  sha le s  and l imestones a r e  d i s t i n c t i v e .  

The "Jamestown Coal i n t e r v a l f '  forms t h e  immediate roof of t h e  Herr in 
(No. 6) Coal a t  s eve ra l  l oca t ions  i n  s tudy a reas  2 and 3 .  I n  such p laces ,  t h e  
lower coaly por t ion  blends i n t o  t h e  top of t h e  Berr in  (No. 6 )  Coal, and t h e  
con tac t  is  d i f f i c u l t  t o  determine. Typical "Jamestown Coal i n t e r v a l "  o v e r l i e s  
about two f e e t  of t h e  Brereton Limestone a s  observed a t  t h e  e a s t e r n  edge of 
a l a r g e  roof f a l l  ( f i g .  73). The i n t e r v a l  v a r i e s  i n  th ickness  and pinches out  
i n  places.  Where t h e  Brereton Limestone is f i v e  o r  more f e e t  t h i c k ,  a s  along 
most of t h e  major f a u l t s  i n  t h e  mine, t h e  "Jarnestown Coal i n t e r v a l "  i s  reduced 
t o  a few t h i n ,  dark,  carbonaceous pa r t ings  between t h e  Brereton and Conant 
Limestones ( f i g s .  78 and 90). 

The "Jamestown Coal. i n t e r v a l "  is  a very  weak member of t h e  roof succession 
a t  mine A because of i t s  coaly s t r i n g e r s  and l e n t i c u l a r  f a b r i c .  Where i t  d i -  
r e c t l y  o v e r l i e s  t h e  Herr in (No. 6) Coal o r  t h i n  Anna Shale i t  causes not  only a 
t reacherous s labbing and s p a l l i n g ,  but  a l s o  s e t s  t h e  s t a g e  f o r  massive roof f a l l s  
t e n  o r  more f e e t  high. The overlying s t r a t a ,  t h i n  limestone, and weak mottled 
sha le s  of t h e  Conant Limestone and Lawson Shale a r e  apparent ly  not  competent 



Figure 75. Jamestown Coal immediately above the Anna Shale. Stratigraphic section: (A)  Lawson Shale, ( B j  Conant Limestone 
(here consisting o f  f laky calcareous shale), (C) "Jamestown Coal interval" ( two  layers o f  coal streaks separated b y  car- 
bonaceous shales and nodular lenticular freshwater limestones), n o  Brereton Limestone, (9) Anna Shale (mainly lower 
fissile part), and (El  Herrin (No. 6) Coal. Black shale-limestone roof  conditions o f  this type are prone t o  fail, commonly 
all the way up  t o  the Bankston Fork Limestone, since n o  limestone is present i n  the succession or i f  present is n o t  
strong enough t o  bridge stresses f rom pillar t o  pillar. Location: mine A, west-central Illinois. 
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Anna Shale and "Jamestown Coal interval" consisting of black shales and two layers o f  coal streaks separated b y  car- 
boncaceous shales and irregular nodules o f  limestones. Brereton Limestone is only indicated by very thin, light, wedg- 
ing streaks o f  calcareous material (A). A small clastic dike (B) penetrates f rom above the "Jamestown Coal interval" 
down all the way in to  the Herrin (No. 6 )  Coal (C); note brecciation o f  black shale a t  clay dike (Dl and low-angle normal 
faults and clay-dike faults, (E), dipping t o  the left. Location: mine A, westcentral Illinois. 



enough to carry load across the mine opening. Where the "Jamestown Coal intervalv' 
is higher up above the Herrin (No. 6) Coal, is not supported by a thick limestone 
underneath, and also contains coal stringers, it readily separates along bedding 
surfaces and slips, causing even higher and more massive roof falls (fig. 75). 

Limestone above the "Jamestown Coal interval" (Conant Limestone) 

The next younger unit above the "Jamestown Coal interval" is the Conant 
Limestone. It consists of a coarse-grained, dark-gray, very argillaceous, 
often dolomitic limestone or a dark-gray, weak and flaky calcareous shale, 
which is recognized in southwestern and west-central Illinois. In places it 
resembles texturally a limestone of the Brereton. In south-central and south- 
eastern Illinois east of the Du Quoin Monocline, the Conant Limestone is absent 
or thin (less than a foot). The unit also thins to the north and is not recog- 
nized in east-central Illinois. 

In mine A the Conant Limestone is one of the most uniform and persistent 
units. It averages 0.8 to 0.9 feet (0.25 to 0.3 m) thick; 1.5 feet (0.45 m) 
is the maximum thickness observed. The rock is brownish- or greenish-gray, 
argillaceous, and contains large fossils. Oval, hard, dark, very fine-grained 
dolomitic concretions or nodules, up to a foot wide and containing abundant 
calcite-filled fractures, occur near the top of the unit in most localities 
(fig. 77 and 78). At its base is "clod" similar to, but thinner than, that 
underlying the Brereton Limestone. Where the Conant overlies very thick 
Brereton Limestone, as at the large fault in study area 1 (fig. 78),the "clod" 
is absent. In such areas, only the presence of the "Jamestown Coal interval" 
allows differentiation of the two limestone units. 

The Conant Limestone was not positively identified as forming the immedi- 
ate roof in mine A. It was assumed that all limestone directly overlying the 
coal is the Brereton Limestone (or the rare "bastard limestone"), but from 
underneath, the limestones appear to be nearly identical. The lack of any 
roof falls exposing Conant Limestone as immediate roof is sufficient evidence 
that such occurrences are very rare, if they occur at all. Wherever the first 
limestone above the coal is of the Conant Limestone Member, it is usually the 
only limestone unit within ten or more feet above the top of the coal. Only one 
foot of shaly,limestone is insuffieient anchor to roof bolts and provides little 
protection against massive falls of the overlying shales or siltstones. 

Gray shales, siltstones, and sandstones 
of the black shale-limestone roof sequence (Lawson Shale and Anvil Rock Sandstone) 

Strata of gray shales, siltstones, and sandstones, which are younger and 
usually overlie the Conant Limestone, are the most hazardous interval of the 
black shale-limestone roof sequence. They are facies equivalents in the Lawson 
Shale and the Anvil Rock Sandstone Members. Where the black shale or the lime- 
stone or both are absent below the Conant Limestone, the gray shales, siltstones, 
and sandstones are found very close to or in places even directly upon the coal 
seam. The stability and performance of the roof in such areas is very similar 
to that of the gray shale type of roof. 

The interval of gray shales, siltstones, and sandstones of the Lawson Shale 
and Anvil Rock Sandstone includes a wide variety of rock types of variable thick- 
ness. In large parts of the Illinois Basin, the interval includes from 40 to 
more than 100 feet (12 to more than 30 m) of gray micaceous shale, siltstone, 



Figure 77. Conant Limestone (center) with characteristic dark-brown dolomitic limestone concretions, which show numerous 
white calcite-filled cracks. Limestone about 1.5 feet thick. Section in photo shows: Lawson Shale, (A) mottled greenish 
upper portion, and (B) dark-gray lower portion, calcareous at the base, (C) Conant Limestone, (Dl  "Jamestown Coal 
interval,"(E) Brereton Limestone with very irregular base and (F) "clod," no Anna Shale, and (GI Herrin (No. 6 )  Coal. 
Location: mine A, west-central Illinois. 
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Figure 78. Jamestown Coal between well-developed Brereton and Conant Limestones. The "Jamestown Coal interval" i s  reduced 
to a few thin partings of dark, very carbonaceous shales and nodular irregular limestone lenses. Note the dark-brown 
dolomitic concretionary lenses (A), which are characteristic of the Conant Limestone. The Lawson Shale (top of photo) 
i s  exceptionally thin (2 feet; 0.6 m) at this location and is intensively mottled. Location: mine A, west-central Illinois. 



and sandstone. I n  some p laces ,  t h i n  s t r a y  c o a l  beds a r e  present .  Locally t h e  
o lde r  s t r a t a  including t h e  Herr in (No. 6) Coal have been eroded, and a channel 
sandstone (Anvil Rock) is found i n  t h e i r  p lace  ( f i g .  6) .  

I n  southwestern I l l i n o i s ,  on t h e  Western Shel f ,  t h e  i n t e r v a l  i s  much th in-  
n e r ,  10 t o  30 f e e t  (3 t o  9 m) than i n  t h e  F a i r f i e l d  Basin, f o r  ins tance ,  and 
is  composed of d i f f e r e n t  rocks. I n  one p a r t  of mine E ,  t h e  s h a l e  is  dark gray 
t o  black,  poorly bedded, ca lcareous  and may conta in  concre t ions  s i m i l a r  t o  but  
smal le r  than those i n  t h e  Anna Shale. Elsewhere i n  t h e  same mine t h e  s h a l e  
is  weak, s o f t ,  and greenish gray. Trans i t ions  between these  two extremes a r e  
common. 

Shales  of t h i s  i n t e r v a l  a r e  abundantly exposed i n  mine A,  where they range 
i n  th ickness  from 2 t o  15 f e e t  (0.5 t o  4.5 m). Colors of t h e  s h a l e s  vary  from 
l i g h t  through dark greenish-gray t o  nea r ly  black,  and a r e  o f t e n  mott led ( f i g s .  
79 and 80) .  They may be calcareous i n  p laces ,  grading almost i n t o  a s o l i d  lime- 
s tone ,  and may conta in  limestone nodules o r  concre t ions ,  e s p e c i a l l y  i n  t h e  upper 
p a r t  of t h e  u n i t .  The sha le s  a r e  normally poorly bedded, weak, and d i s sec t ed  
by numerous minor shear  planes and f r a c t u r e s .  

The sha le s  appear t o  be t h i c k  where t h e  underlying u n i t s  a r e  th in .  Where 
t h e  s h a l e s  o v e r l i e  t h i ck  Brereton Limestone, they a r e  gene ra l ly  l i g h t  grayish-  
green, heavi ly  mott led,  and very s o f t ,  almost l i k e  a claystone.  This  has been 
recognized along themajor  f a u l t s i n  s tudy a rea  1 , w h e r e t h e  u n i t  i s  a s  t h i n a s  two 
f e e t  (60 cm). Where t h e  sha le s  o v e r l i e t h i n l i m e s t o n e , t h e y a r e n o r m a l l y t h i c k e r a n d c a n  
be  mapped a s  two d i s t i n c t  u n i t s .  The lower is f i rm,  f a i r l y  we l l  bedded, dark 
gray t o  black,  and may conta in  small  marine f o s s i l s .  Its appearance i s  s i m i l a r  
t o  t h a t  of t h e  upper p a r t  of t h e  Anna Shale a t  mine A. I n  some p laces  t h e  
lower s h a l e  horizon is  very calcareous,  almost a l imestone, and conta ins  a few 
l imestone concret ions s imi l a r  t o  those  i n  t h e  Anna Shale. The upper s h a l e  u n i t  
is s o f t ,  greenish,  and heavi ly  mottled. The con tac t  between t h e  two u n i t s  i s  
t y p i c a l l y  sharp but  very  i r r e g u l a r ,  with f i n g e r s  of mottled s h a l e  up t o  a f o o t  
wide extending deep i n t o  t h e  lower l a y e r  ( f i g s .  79 and 88) .  I n  some a reas  t h e  
s h a l e  appears t o  be dark  gray when f r e s h ,  and mottled a f t e r  exposure t o  moist 
mine a i r .  Elsewhere mot t l ing  i s  observed i n  f r e s h l y  c u t  rock. 

The Lawson Sha lecon ta ins  abundant f r a c t u r e s ,  surrounded by mott led l i g h t -  
green zones. These mott led zones make t h e  contac t  between upper and lower 
l a y e r s  i r r e g u l a r .  The f r a c t u r e s  a r e  normally c l o s e  t o  v e r t i c a l ,  and a r e  or ien ted  
randomly, although i n  a few places  prefer red  t rends  may occur.  W e  be l i eve  t h a t  
t hese  c racks  and f i s s u r e s  a r e  probably syne res i s  cracks.  Whenever these  gray 
s h a l e s  a r e  exposed by f a i l u r e  of underlying s t r a t a ,  they f a l l  r ead i ly .  The 
f a l l s  may dome out  i n  s h a l e  o r  extend upward t o  t h e  base of t h e  Bankston Fork 
Limestone. The sha le s  seldom can support t h e i r  own weight o r  provide proper 
anchoring f ~ r  roof b o l t s .  Conventional roof-bol t  penet ra t ion  i n t o  t h e  sha le s  
may a d d i t i o n a l l y  con t r ibu te  t o  f a i l u r e  because t h e  b o l t  holes  al low moisture 
t o  a t t a c k  and weaken t h e  rock, except where t h e  base of t h e  sha le s  is  very 
hard and calcareous.  Resin b o l t s ,  which s e a l  t h e  b o l t  ho le  from t h e  mine a i r ,  
appear t o  be b e t t e r .  An a l t e r n a t i v e  plan is  t o  use long b o l t s ,  anchor them i n  
t h e  Bankston Fork Limestone, and s e a l  t h e  b o l t  ho le s  from moisture. 

. I n  a small  a r ea  of mine A ou t s ide  t h e  main s tudy a r e a s ,  t h e  Lawson Shale 
apparent ly  forms t h e  immediate roof .  For tunate ly ,  t h e  t o t a l  th ickness  of s h a l e  
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Figure 79. Lawson Shale. Two distinct horizons can be mapped: a lower part very dark gray to almost black shale that i s  very cal- 
careous in places and contains concretions (left side of photo). and an upper part abundantly mottled soft greenish 
medium-gray shale with numerous syneresis cracks. Location: mine A, west-central Illinois. 

Figure 80. Mottled shale with syneresis cracks in greenish medium-gray shale, above very dark gray shale, probably Lawson Shale 
(with syneresis cracks) above Anna Shale. Note roof bolts hang out bare; the soft shales have fallen because of moisture 
slaking; in the center of roof fall, bolt anchors even have fallen out. Location: mine F in east-central Illinois. 



is not  more than f i v e  f e e t  (1.5 m), and high f a l l s  do not  occur; however, con- 
t inuous s labbing and shallow roof f a l l s  loosen t h e  roof b o l t s .  I n  a mine i n  
Macoupin County, t h e  Lawson Shale l i e s  d i r e c t l y  upon t h e  coa l  and i t s  th ickness  
i s  g r e a t e r  than i n  mine A, Roof f a l l s  accordingly a r e  a l s o  much higher .  Con- 
d i t i o n s  here  appear equivalent  t o  those in mine F i n  eas t - cen t r a l  I l l i n o i s  and 
somewhat s imi l a r  t o  mines with gray shale-black shale-limestone t r a n s i t i o n a l  
roofs .  

Mine F, now abandoned, presented an unusual roof sequence ( f i g .  81).  The 
immediate roof is one t o  four  f e e t  (0.3 t o  1.2 m) of very dark gray sha le ,  
which resembled p a r t  of t h e  Anna Shale but  appeared s o f t e r  and not  very f i s s i l e ,  
This i s  ove r l a in  by s i x  t o  t en  f e e t  (1,8 t o  3 m) of greenish ,  mott led s h a l e  
l i k e  t h e  upper p a r t  of t h e  Lawson Shale a t  mine A. The contac t  a t  p laces  is  
sharp  but  more commonly i s  gradat ional .  The dark s h a l e  f r equen t ly  conta ins  
concre t ions ,  and t h e  mott led s h a l e  is  heavi ly  a f f ec t ed  by syne res i s  cracks.  
Both u n i t s  a r e  prone t o  s l ak ing  on contac t  wi th  t h e  a i r .  

Two s t r a t i g r a p h i c  i n t e r p r e t a t i o n s  a r e  poss ib le .  Ei ther  t h e  very  dark gray 
s h a l e  i s  of t h e  Anna Shale,  o r  t h e  e n t i r e  sequence i s  Lawson Shale.  Then t h e  
Lawson Shale would c o n s i s t  of a lower dark and an upper mottled s h a l e  a s  a t  
mine A. We i n t e r p r e t  t h e  u n i t s  t o  be t h e  Lawson Shale,  and not  Anna Shale,  
because t h e  dark-gray s h a l e  a t  t h e  bottom is not  f i s s i l e  and i s  water-react ive 
i n  c o n t r a s t  t o  Anna Shale i n  o the r  mines and because t h e  contac t  between t h e  
two s h a l e  types is o f t e n  gradat ional .  

The Anvil Rock Sandstone i s  in t ima te ly  assoc ia ted  with t h e  Lawson Shale. 
The Lawson Shale and Anvil Rock Sandstone grade v e r t i c a l l y  and l a t e r a l l y  i n t o  
one another ,  more l i k e  two d i f f e r e n t  f a c i e s  than two d i s t i n c t  s t r a t i g r a p h i c  
members. I n  many p a r t s  of t h e  I l l i n o i s  Basin t h e  s h a l e  coarsens upward and 
f requent ly  has been found capped by a shee t  sandstone. From t h i s  l e v e l ,  
channels,  which may c u t  down t o  and l o c a l l y  even through t h e  Herr in (No. 6) 
Coal, have formed. Some of t h e  mines wi th  b lack  shale-limestone roo f s  have 
encountered Anvil Rock Sandstone i n  both t h e  channel phase and t h e  shee t  
phase. The problems assoc ia ted  wi th  t h e  Anvil Rock Sandstone a r e  water i n f l u x  
and roof i n s t a b i l i t y ;  however, none of our s tudy a r e a s  contained any Anvil Rock 
channels o r  shee t  sandstones, 

S t r a t a  of t h e  Bankston Fork Limestone Member 

Rocks of t h e  Bankston Fork Limestone, including t h e  var ious  l imestones and 
t h e  interbedded calcareous sha le s ,  have not  been s tudied  i n  g r e a t  d e t a i l .  The 
f a c i e s  and s t r u c t u r e s  of t h e  Bankston Fork Limestone a r e  b e s t  exposed i n  s t r i p  
mines of southern I l l i n o i s .  A s  i n  mine E, t h e  thick-bedded l imestone benches 
vary from a pure white ,  almost l i t hograph ic  limestone t o  masses of i r r e g u l a r  
l enses  o r  nodules i n  calcareous s h a l e  mat r ix  and from one bench of l imestone 
i n t o  t h r e e  benches over sho r t  d i s t ances  ( f i g s .  63 and 82) .  

I n  mine F of eas t - cen t r a l  I l l i n o i s ,  t h e  l imestone formed t h e  "caprock" of 
roof f a l l s ,  8 t o  15  f e e t  (2.4 t o  4.5 m) above t h e  top  of t h e  coa l .  In  most 
p laces  only t h e  nodular,  i r r e g u l a r  base i s  v i s i b l e .  The e n t i r e  Bankston Fork 
Limestone i s  exposed i n  t h e  ~ l o p e e n t r a n c e ~ w h e r e  i t  c o n s i s t s  of two3- to  4-foot 
benches of l imestone parted by calcareous sha le ,  D r i l l  co re s  i n  Vermilion 
County r evea l  a complex and v a r i a b l e  Bankston Fork Limestone t h a t  reaches 20 
f e e t  (6 m) i n  th ickness  i n  many places.  



t 

Figure 81. Unusual roof sequence above the 
Herrin (No. 6 )  Coal up into the 
Lawson Shale. Soft black shale over- 
lying the coal (which i s  rock dusted); 
sharp contact to soft, mediumdark- 
gray shale, which i s  itself subjacent to 
an intensively altered very soft, 
greenish, medium- to light-gray shale 
with syneresis cracks. There i s  no 
proof whether the black shale i s  of 
the Anna Shale or of the lower 
portion of the Lawson Shale. 
Location; mine F in east-central 
Illinois. 

Figure 82. Cross section of black 
shale-limestone roof se- 
quence from above the 
Piasa Limestone into the 
Herrin (No. 6 )  Coal. (Loca- 
tion: highwall of Mine E, 
southwestern Illinois.) 



I n  mine A ,  t h e  l imes tone  of t h e  Bankston Fork performs very  s i m i l a r l y .  
Its base  gene ra l l y  forms t h e  t op  of t h e  h ighes t  f a l l s .  The th i cknes s  of t h e  
Bankston Fork may reach 10  f e e t  (3 m), and i t s  base  normally l i es  10  t o  20 f e e t  
above t h e  t op  of t h e  Herr in  (No, 6 )  Coal. I n  t h e  a r e a  where t h e  Lawson Shale  
forms t h e  immediate roo f ,  mentioned above, t h e  base  of t h e  Bankston Fork Lime- 
s t o n e  l ies  wi th in  f i v e  f e e t  of t h e  coa l .  The Bankston Fork Limestone c o n s i s t s  of 
f ine-gra ined ,  reddish ,  g reen ish ,  brownish, o r  gray,  a r g i l l a c e o u s ,  somewhat bulky 
t o  nodular  l imes tones  wi th  t h i c k  interbedded l a y e r s o r p a r t i n g s o f  greenish  mott led 
ca lcareous  sha l e s .  I n  many high f a l l s ,  a lower benchof  l imes tone  a b o u t a h a l f  f o o t  
t h i c k  i s  topped by a t h i n  s h a l e  p a r t i n g ,  w h i c h i s o v e r l a i n  by t h e  f l a t ,  unbroken 
base  of t h e  main l imes tone  bench. The same p a t t e r n  is  showninmany co re s  f r o m t h e a r e a .  

S t r a t a  above t h e  Bankston Fork Limestone w e r e  observed only  i n  s t r i p  mines 
and a t  a few major f a u l t s  and i n  t h r e e  o r  fou r  roof f a l l s  i n  mine A. Although 
rock u n i t s  above t h e  Bankston Fork through t h e  P i a sa  Limestone were included 
i n  t h e  po r t i on  mapped with t h e  computer, w e  found no v i s i b l e  evidence t h a t  rock 
u n i t s  above t h e  Bankston Fork Limestone c o n t r i b u t e  t o  o r  cause  roof f a l l s .  

STRUCTURES AND DEFORMATIONAL FEATURES 
I N  BLACK SHALE-LIMESTONE ROOF AREAS 

S t r u c t u r e s  and deformational  f e a t u r e s  i n  b l ack  shale- l imestone roof a r e a s  
w i l l  be  descr ibed  wi th  r e f e r ence  t o  t h e  g e n e t i c  t e r m s  syngene t ic ,  d i agene t i c ,  
o r  ep igene t i c ,  a s  were t h e  gray  s h a l e  roof a r e a s .  Dividing t h e  d i s cus s ion  of 
t h e  s t r u c t u r a l  f e a t u r e s  of t h e  roof s t r a t a  i n t o  t h e s e  va r ious  s e c t i o n s  and 
drawing l i m i t s  may be  somewhat a r t i f i c i a l ,  because t h e  formation and deforma- 
t i o n  of geologic  bodies  i s  cont inuous.  

Depos i t iona l  S t r u c t u r e s  ( syngenet ic  s t r u c t u r a l  f e a t u r e s )  

Distribution, shape, and boundaries of rock bodies of  the Anna Shale and 
the Brereton Limestone Members. Rock bodies  and t h e i r  d i s t r i b u t i o n s ,  shapes,  
t e x t u r e s ,  and boundaries provide a s t r u c t u r a l  framework f o r  subsequent defor-  
mat ions,  even inc luding  those  t h a t  t a k e  p l ace  a f t e r ,  o r  a s  a r e s u l t  o f ,  mining. 
The d i s t r i b u t i o n  and s e t t i n g  of t h e  wide, t h i n ,  d i s c l i k e  l e n s e s  of t h e  Anna 
Shale  i n  mine A a r e  descr ibed  as prominent examples. Before our i n v e s t i g a t i o n s  
and mapping, t h e  Anna Shale  had been thought t o  be  a f a i r l y  uniform shee t  of 
b lack  f i s s i l e  s h a l e  over almost a l l  of t h e  I l l i n o i s  Basin Coal F i e l d .  It has  
been demonstrated, however, t h a t  t h e  Anna Sha le  and t h e  Brereton Limestone occur 
i n  l a r g e  l e n s e s  o r  pods of v a r i a b l e  and uneven shape and d i s t r i b u t i o n .  No 
s p e c i f i c  p a t t e r n  o r  p r e f e r r ed  o r i e n t a t i o n  was discovered.  

The d i s t r i b u t i o n  of t h e  Anna Shale  i s  e s p e c i a l l y  s i g n i f i c a n t  i n  west- 
c e n t r a l  I l l i n o i s  and determines t h e  i r r e g u l a r  channel l ike  p a t t e r n  of t h e  next  
younger rock member, t h e  Brereton Limestone, which changes i n  t h i cknes s  even 
more ab rup t ly  than t h e  underlying sha l e .  The unevenness of d i s t r i b u t i o n  of t h e  
Anna Shale  seems t o  p r e v a i l  over l a r g e  a r e a s  of t h e  b lack  shale- l imestone roof 
type.  S tud ie s  a t  mine E ( s t r i p  mine) and o the r  mines show s i m i l a r  p a t t e r n s ,  
and a r e g i o n a l  computer map based on d r i l l  records  confirms t h e  patchy and 
podl ike  d i s t r i b u t i o n  of t h e  s h a l e  i n  much of t h e  I l l i n o i s  Basin Coal F i e l d  
( f i g .  83) .  The computer maps ( f i g s .  83-85) are more genera l ized  and poss ib ly  
less a c c u r a t e  than  t h e  geologic  underground maps, because t h e  accuracy of a 
computer map depends t o  a g r e a t  ex t en t  on t h e  amount and d i s t r i b u t i o n  of d a t a  
p o i n t s ,  on t h e  d i s t a n c e  between d a t a  p o i n t s ,  t h e  g r i d  s i z e ,  and t h e  search  d i s -  
t ance ,  and because i n t e r p o l a t i o n  near  t h e  edges of t h e  maps is  not  always 
completed accu ra t e ly  by t h e  computer. 



Coal thin, split 
or missing 

Figure 83. Thickness trends o f  the Anna Shale Member, southwestern Illinois. Highest contour allowed: 6 feet (1.8 m )  thickness. 
Contour interval: 2 feet. The Anna Shale may reach 6 feat in  thickness, b u t  is generally less than 3 feet thick. It is len- 
ticular and patchy throughout the area just as it was observed and mapped i n  mines A and E, where Anna Shale lenses 
are often only a few hundred feet i n  diameter. N o  apparent pattern o r  a preferred orientation o f  Anna Shale lenses has 
been found, although there is a general trend o f  decreasing thickness toward the Walshville channel. The Walshville 
channel and the zone where the Anna Shale is mapped as being absent fo rm a rough semicircle i n  southern and south- 
central Illinois. The reciprocal relationship between thickness o f  the Anna Shale Member and the overlying Brereton 
Limestone Member as evidenced f rom detailed studies i n  mine A is obscured i n  figures 83 and 84, possibly b y  the domi- 
nance of the regional picture, which shows more dependence o n  the Energy Shale distribution and the Walshville 
channel. Greater data-point density was used t o  determine the location o f  the Walshville channel. 
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Coal thin, split 
or missing 

Figure 85. Thickness trends of the Conant Limestone Member, southwestern Illinois. Highest contour allowed: 5 feet (1.5 m); con- 
tour interval: 1 foot. The Conant Limestone is generally thin and may reach 4 feet (1.2 m), but commonly i s  less than 1 
foot (0.3 m) thick. I t  i s  recognized in most of western and southwestern Illinois, south of the Sangamon Arch and west 
of the Du Quoin Monocline. The lenticular pattern of the Conant Limestone is similar to that of the Brereton Lime- 
stone. The pattern, however, shows no relationship to the Walshville channel at the top of the coal. This map must be 
used cautiously, because the spacing of datum points in relation to the thickness of the Conant Limestone produces sta- 
tistically valid distribution patterns only where the Conant Limestone exceeds its normal thickness. Greater data-point 
density was used to determine the location of the Walshville channel. 



Bedding, concretions, and srnazz irreguzarities. I n  a d d i t i o n  t o  t h e d i s -  
t r i b u t i o n  of f a c i e s ,  l i t h o l o g y ,  and t h e  shape and boundaries  of rock bodies ,  
a l l  mappable s t r u c t u r e s  and small-scale  i r r e g u l a r i t i e s  i n  t h e  Herr in  (No. 6) 
Coal roof were mapped. Of those  a l r eady  descr ibed  i n  previous chap te r s ,  sev- 
e r a l  of major s i g n i f i c a n c e  t o  roof i n s t a b i l i t i e s  a r e  mentioned aga in  here .  
Bedding p lane  s epa ra t i on  toge the r  w i th  s epa ra t i on  along j o i n t s  i n  t h e  b l ack  
f i s s i l e  s h a l e s  c o n t r i b u t e s  t o  i n t e n s i v e  s labbing  i n  a r e a s  of b lack  s h a l e  roo f .  
Concret ions,  p a r t i c u l a r l y  "Anna concre t ions"  ( f i g s .  67-69), a r e  a s i g n i f i c a n t  
hazard f o r  miners.  Although they  were found l o c a l l y  i n  c l u s t e r s ,  no p a t t e r n  
i n  l a t e r a l  d i s t r i b u t i o n  could be determined. The conc re t i ons  a r e  surrounded 
by s l i ckens ided  and h igh ly  po l i shed  s u r f a c e s ,  and by r a d i a l l y  o r i en t ed  j o i n t s  
and c l e a t s  around t h e  conc re t i ons  which developed from d i f f e r e n t i a l  compaction 
between conc re t i ons  and surrounding sediment. 

"Washouts1' and bodies  of ba s t a rd  l imes tone  a r e  of l e s s e r  importance t o  roof 
performance because of t h e i r  l o c a l  d i s t r i b u t i o n .  I r r e g u l a r  l imes tone  pro t ru-  
s i o n s  c a l l e d  l imestone "bosses" ( f i g .  86) ,  which a r e  common i n  some mines, a r e  
no t  t h r e a t s  t o  roof s t a b i l i t y  bu t  may cause excess ive  wear on cont inuous miners ,  
a s  do very  l o c a l  bodies  of ca lcareous  o r  p y r i t i c  s p h e r u l i t i c  accumulat ions,  
i nc lud ing  c o a l  b a l l s  i n  t h e  t op  l a y e r s  of t h e  coa l .  

Syneresis cracks. Syneres i s  c racks  a r e  s i m i l a r  t o  d e s s i c a t i o n  c r acks ,  bu t  
they  form under a cover of w a t e r ,  p a r t i c u l a r l y  i n  c l a y s  and l i t h o g r a p h i c  l ime 
muds. They r e s u l t  from a coagula t ion  of t h e  s o l i d  p a r t i c l e s  i n  t h e  s t i l l  un- 
consol ida ted  sediment wi th  a s imultaneous expuls ion of water .  Syneres i s  i s  
p a r t i c u l a r l y  we l l  known i n  g e l s  and g e l l i k e  m a t e r i a l s .  I n  Pennsylvanian s h a l e ,  
mudstone and c lays tone  s y n e r e s i s  c racks  a r e  common. I n  some p l aces ,  t h e  c racks  
a r e  f i l l e d  wi th  s i d e r i t e ,  dolomite ,  and c a l c i t e  i n  va r ious  propor t ions  ( f i g s . 8 7  
and 88).  I n  o the r  ca se s ,  t h e  c racks  and f i s s u r e s  remained u n f i l l e d  and allowed 
c i r c u l a t i o n  o f s o l u t i o n s  w i t h i n  them. This  c i r c u l a t i o n ,  pos s ib ly  w i th  a i d  of 
b a c t e r i a ,  d i sco lored  zones of c l a y s  ad j acen t  t o  such f i s s u r e s  t o  a l i g h t  p a l e  
gray.  Gray s h a l e s ,  i n  p a r t i c u l a r  t hose  of t h e  Lawson Shale ,  a r e  i n  p l aces  
h e a v i l y  a f f e c t e d  by s y n e r e s i s  and, because of t h e  d i s c o l o r a t i o n ,  have a mot t led  
appearance ( f i g s .  80, 81, 87, and 88) .  

Mottled s h a l e s  a r e  probably t h e  weakest s t r a t a  of t h e  roof sequence above 
t h e  Herr in  (No. 6) Coal. Where mot t led  s h a l e s  l i e  c l o s e  t o  t h e  c o a l  because 
o l d e r  s t r a t a  above t h e  c o a l  a r e  t h i n  o r  missing,  roof f a i l u r e s  a r e  common. 
Standard roof b o l t s  and anchors  may e a s i l y  s t r i p  t h e  b o l t  h o l e  without  anchoring. 

Clay-dike f a u l t s ,  c l a s t i c  d ikes  and a s soc i a t ed  f e a t u r e s  (d i agene t i c  s t r u c t u r a l  
f e a t u r e s )  

While sediments a r e  being accumulated on t h e  s u r f a c e ,  syngene t ic  s t r u c t u r e s  
a r e  formed. A s  overburden and load i n c r e a s e w i t h g r e a t e r  dep th ,  d i agene t i c  s t r u c -  
t u r e s  develop, and t h e  syngenet ic  s t r u c t u r e s  begin t o  be  deformed. Chemical 
p rocesses  cont inue.  Oxidat ion,  however, decreases ,  whereas reduc t ion  and ce- 
mentat ion inc rease .  Textures  and s t r u c t u r e s  of rocks a s  they  form a r e  con t ro l l ed  
o r  a l t e r e d  by mechanical action-mainly compaction, r educ t ion  of pore volume, 
and i n c r e a s e  of pore p re s su re .  A s  rock bodies  c o n t r a c t  o r  d i l a t e ,  d i agene t i c  
s t r u c t u r a l  f e a t u r e s  develop. I n  b l ack  shale- l imestone roof rock t h e  most s i g -  
n i f i c a n t  d i agene t i c  d e f o m a t i o n a l  elements a r e  clay-dike f a u l t s  and c l a y  d ikes .  

C l a s t i c  d i k e s  are dike-shaped i n t r u s i o n s  of extraneous sediments from 
above (or  below) i n t o  t h e  conta in ing  sediment. Clay d ikes ,  a l s o  c a l l e d  c l a y  



Figure 86. Large limestone "boss" above Herrin (No. 6) Coal has deformed and truncated the top beds of the coal seam. Anna 
Shale is absent, and the Brereton Limestone ("boss") directly overlies the coal. Location: west-central Illinois, mine S. 

Figure 87. Syneresis cracks and mottled shale a few feet above Herrin (No. 6) Coal. Mottled shales are very weak strata in which 
standard roof bolts cannot be anchored easily. Original bolts had been set into the mottled shale, but were pulled out as 
the roof failed. Location: mine E in southwestern Illinois. 



Figure 88. Desiccation fractures or, more probably, synere- 
sis cracks in gray shales of the Herrin (No. 6 )  
Coal roof strata. Fractures are filled with calcare- 
ous material and calcite. Deformation of bedding 
in shales indicates that fracture filling is penecon- 
temporaneous with, or older than, the entire 
compaction. Location: Vermilion County, 
mine F. 

Clay d ikes  and clay-dike f a u l t s  i n  

v e i n s ,  are e l a s t i c  d ikes ;  s p e c i f i c a l l y ,  
they  a r e  d ikes  conta in ing  c l a y  o r  
s i l t y  c l a y  m a t e r i a l  i n  a c o a l  seam. 
Clay d ikes  occur r ing  i n  t h e  I l l i n o i s  
Basin have been descr ibed  (Damberger , 
1970 and 1973); however, no d e t a i l e d  
maps o r  s t u d i e s  of c l a y  d ikes  a n d t h e i r  
deformational  f e a t u r e s  a s  r e l a t e d  t o  
s i g n i f i c a n t  c h a r a c t e r i s t i c s  of t h e i r  
hos t  rocks have been publ ished.  De- 
t a i l e d  mapping dur ing  our  i n v e s t i g a t i o n  
increased our knowledge about  t h e s e  
deformational  elements considerably.  

The p r i n c i p a l  d i f f e r e n c e  between 
c l a y  d ikes  and clay-dike f a u l t s  is 
t h a t  t h e  c l a y  d i k e s  have a f i l l i n g .  
Most of t h e  deformational  f e a t u r e s  
t h a t  a r e  c h a r a c t e r i s t i c  of c l a y  d i k e s  
a r e  presen t  i n  and around clay-dike 
f a u l t s .  Because of t h e  l a c k  of f i l l -  
i ng ,  t hose  f e a t u r e s  a r e  n o t  always 
easy t o  recognize  and a r e  f r equen t ly  
overlooked. 

c o a l s  i n  I l l i n o i s  ( r e f e r r e d  t o  by miners 
as "horsebacks") have been repor ted  from t h e  Kewanee and McLeansboro Groups of 
t h e  Pennsylvanian System. 

Clay-dike f a u l t s .  Clay-dike f a u l t s  a r e  a s p e c i a l  type  of f a u l t .  They 
a r e  probably caused by l o c a l  stress systems t h a t  developed dur ing  depos i t i on  
and increased  dur ing  d iagenes i s .  The major compressive s t r e n g t h  was v e r t i c a l ,  
and s t r e s s  increased  as overburden and pore p re s su re  increased .  None of t h e  
f a u l t s  i n  t h e  seven a r e a s  mapped seems t o  be  a t e c t o n i c  f a u l t ,  which would be  
r e l a t e d  t o  a s p e c i f i c  t e c t o n i c  stress f i e l d  i n  t h e  I l l i n o i s  Basin. 

The clay-dike f a u l t s  s t ud i ed  i n  g r e a t e s t  d e t a i l  were i n  mine A ,  where c l a y  
d i k e s  and clay-dike f a u l t s  a r e  common ( f i g s .  89-94). Every f a u l t  i n  mine A is 
normal, i . e . ,  t h e  hanging w a l l  i s  downthrown. Almost a l l  c lay-dike f a u l t s  a r e  
low-angle normal f a u l t s .  I n c l i n a t i o n  of f a u l t s  i s  a s  low a s  15' t o  20°, bu t  a 
d i p  of 40' t o  50' i s  more common ( f i g .  95) .  The f a u l t s  u s u a l l y  begin  a s  sub- 
h o r i z o n t a l  bedding p lane  shea r s  i n  t h e  roof rock above t h e  coa l .  The i r  i n c l i n a -  
t i o n  s t e a d i l y  i nc reases  downward and s t eepens  r a p i d l y  a s  t hey  extended i n t o  
t h e  c o a l  seam, where they  most commonly t e rmina t e  as a system of en echelon 
ex tens ion  f r a c t u r e s ,  ( f i g s .  96-101). 

The g r e a t  ma jo r i t y  of clay-dike f a u l t s  have less than  3 f e e t  (0.9 m) of 
displacement ,  and many displacements  a r e  less than  1 f o o t .  The maximum throw 
measzred i n  mine A was 1 8  f e e t  (5.4 m ) .  Usual ly  t h e  g r e a t e s t  displacement is  
nea r  t h e  top  of t h e  coa l .  A s  t h e  f a u l t  s teepens  downward t h e  v e r t i c a l  d i s -  
placement decreases  and t h e  h o r i z o n t a l  displacement i s  taken over  by t h e  
opening of t h e  ex tens ion  f r a c t u r e s .  Because of t h e i r  shape, t h e s e  ex tens ion  
f r a c t u r e s  a r e  named "goat beards" ( f i g s .  96, 97, 98, 100, and 101) .  "Goat 
beardsf1 a r e  def ined  h e r e  a s  a system of more o r  less v e r t i c a l  ex tens ion  f r a c -  
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Figure 89. Low-angle normal faults; the main fault cuts Anna Shale, Herrin (No. 6) Coal, and the top of the underclay. Faults 
steepen downward into the coal. The steepening, slight tilting of faulted blocks, false drag in places, and en echelon 
extension fractures ("goat beards") strongly suggest that the faults are clay-dike faults. Location: west-central Illinois, 
mine A. 
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Figure 90. The claydike fault shown i s  a lowsngle normal fault (N 95°-1150 ~135'-50° SSW) with six to eight feet of throw. 
Shales, calcareous strata, and lower portion of Herrin (No. 6) Coal show normal drag. Strata from the underclay of 
Springfield (No. 5) Coal up to the Bankston Fork Limestone are exposed and truncated. Location: study area 1, mine 
A, west-central Illinois. 
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Figure 91. Area shown in figure 90, from a different viewpoint, showing false drag in the upper portion of the coal. 
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Figure 92. Low-angle clay-dike faults penetrat ing underclay, Herr in (No. 6 )  Coal, and  Anna  Shale. No te  t i l t ed  b lock  and false draq 

between the  major  faults and normal  drag, extension, and  f l o w  and shear fau l t ing i n  the Anna Shale. Parallel shearing 
occurs along shale partings w i t h i n  the coal and  o n  the coal-underclay interface. The wh i te  area i n  the le f t  center is rock 
dust o n  the Anna Shale and  t o p  coal. Location: s tudy area 1, mine A, west-central Il l inois. 

Figure 93. Clay-dike faults cut t ing through entire coal 
seam and  displacing Brereton Limestone, Anna 
Shale, Herr in (No. 6 )  Coal, and  underclay. Note 
normal drag and th inn ing o f  Anna Shale and 
Brereton Limestone strata and  false drag i n  some 
places o f  coal. Location: m ine  A, west-central 
Il l inois. 
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Figure 94. Clay-dike faults dissecting the Herr in (No. 61 
Coal and  associated rock strata. The faults re. 
sult  n o t  f r o m  vertical movements, b u t  mainly 
f r o m  horizontal extension o f  the strata, as in- 
dicated b y  collapsed graben-like structures i n  
the upper coal benches and rebound horst-ltke, 
structures i n  the underclay and lowest coal 
benches. Note the convergence o f  the coal 
bedding i n  places, the en echelon extension 
fractures ("goat beards") and the sp l i t t ing and 
downward  steepening o f  the faults i n  the coal 
seam. Location: mine A, west-central Il l inois. 
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Figure 95. Orientation diagram of 240 poles of claydike faults. The distribution pattern displays the low angle of the faults and 
the preferred orientation within a small circular zone, which indicates the significance of the lateral extension in com- 
parison to vertical movements. Measurements were taken in a randomly selected area of study area 1 in mine A, west- 
central Illinois, December 1974. 

' Figure 96. "Goat beards" at lower end of low-angle normal claydike fault. Fault penetrates Anna Shale and Herrin (No. 6) Coal, 
displacing top of coal bed 0.6 feet (0.2 m) downward, but mostly laterally. Lateral extension terminates in the densely 
spaced extension fractures of the "goat beard." 



Figure 97. "Goat beards" in coal below zone of clay dikes and clay si l ls  (as in upper left of photo). Note the numerous en echelon 
extension fractures. Almost all extension fractures are calcite-filled. 
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Figure 98. Lower end of two low-angle normal faults 
(claydike). Faults cut Anna Shale and displace 
top of Herrin (No. 6 )  Coal, steepen downward 
into coal, and dissipate in the form of numerous 
extension fractures, many of which are en 
echelon "goat beards." Extension of Anna Shale 
strata results from dip slip along low-angle nor- 
mal faults. Dilatation of coal seam caused by 
extension fractures ("goat beards") and some 
minor low-angle normal faults. Location: mine A, 
west-central Illinois. 
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Figure 99. Change of trend of low-angle normal faults on 
bottom of the Anna Shale (dip direction and 
downthrown side indicated). Strike and dip data 
given as azimuthal angle (N over El, inclination 
anglf?, andodip direction (e.g., 101133 NE = N 
101 El33 dip towards NE). This lobate curving 
(in strike) of low-angle faults can be observed in 
many places and is related to boundaries of 
lithologic variations. Location: mine A, west- 
central Illinois. 



Figure 100. Low-angle normal faults displacing Anna Shale 
and dissipating in form of "goat beards" (en 
echelon extension fractures) as they protrude 
into top of coal seam. While amount of dis- 
placement appears to be decreasing downward, 
thinning (stretching) of Anna Shale layers, 
particularly the lowermost, fissile portion, 
shows up significantly. This proves the intense 
horizontal extension of the strata. Note the 
antithetic position of bedding and fault sur- 
faces, which result from block tilting during 
the faulting. Bedding of the Anna Shale is 
indicated by several different symbols for 
layers of phosphatic materials, weak medium- 
dark-gray shale and the fissile ("slaty") black 
shale in the immediate roof of the coal. Loca- 
tion: mine A, west-central Illinois. 
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Figure 101. Low-angle normal faults (claydike). Faults dis- 
place Brereton Limestone and top of Herrin 
(No. 6) Coal, steepen downward in the coal, 
and dissipate in form of numerous en echelon 
extension fractures. In places coal shows false 
drag. Horizontal extension i s  achieved by dip 
slip on faults in the Anna Shale and top coal 
and mainly by the extension fractures ("goat 
beards") in the coal seam. Note the displace- 
ment of "bastard limestone." Location: mine 
A, west-central Illinois. 

t u r e s  i n  c o a l  which a r e  gene ra l l y  s taggered  o r  en echelon. They a r e  u sua l ly  
found a t  t h e  v e r t i c a l  o r  almost v e r t i c a l  lower end of a c lay-dike f a u l t  i n  
t h e  coa l .  They form narrow zones of f r a c t u r e s  t h a t  a r e  heav i ly  minera l ized  
wi th  p y r i t e , c a l c i t e ,  o r  s p h a l e r i t e .  "Goat beards" a r e  abundant nea r  t h e  t op  
of t h e  c o a l  s e a m ,  i n d i c a t i n g  a smal l  f a u l t  o r  s l i p  i n  t h e  roo f .  Where t op  coa l  
ha s  been l e f t  i n  t h e  e n t r y ,  t h e  "goat beards" may he lp  t o  r e v e a l  a hazardous 
roof i n s t a b i l i t y .  

Although t h e  f a u l t s  show v e r t i c a l  displacement ,  t h e  f a u l t e d  blocks a r e  no t  
a c t u a l l y  downthrown. The b locks  appear t o  be  t i l t e d  ( f i g ,  92) ,  and t h e  s t r a t a  
d i s p l a y  f a l s e  drag  ( r eve r se  drag)  i n  many p l aces  ( f i g .  102) .  Over a l a r g e r  
a r e a  i n  t h e  v i c i n i t y  of t h e  f a u l t s ,  t h e  f a u l t e d  s t r a t a  remain a t  t h e  same depth  
( f i g .  94, 100, 103, and 104) .  The l a t e r a l  o r  h o r i z o n t a l  displacement  t h e r e f o r e  
appears  t o  have much g r e a t e r  importance than  t h e  v e r t i c a l .  There a r e  t h r e e  
d i f f e r e n t  express ions  of t h e s e  l a t e r a l  movements: (1)  "goat beardst '  ( ex tens ion  
f r a c t u r e s )  i n  t h e  c o a l ,  (2) clay-dike f a u l t s  and t i l t e d  b locks ,  and (3 )  p a r a l l e l  
shear ing  along t h e  bedding p lanes  i n  t h e  roof rock,  and i n  p l a c e s  a long c l a y  
p a r t i n g s  i n  t h e  c o a l  and a t  t h e  i n t e r f a c e  of t h e  c o a l  and underclay.  

Clay-dike f a u l t s  d i s p l a y  n o t  on ly  f a l s e  drag and t i l t e d  b locks ,  bu t  a l s o  
l o c a l  convergence of i nd iv idua l  beds,  p a r t i c u l a r l y  toward p ro t ru s ions  from c l a y  
d ikes  and c l a y  s i l ls  and toward t h e  r a r e  a n t i t h e t i c  minor f a u l t s  t h a t  branch 
o f f  from major f a u l t s  ( f i g s .  94 and 104).  

Soft-sediment deformation i s  i n v a r i a b l y  a s soc i a t ed  w i th  clay-dike f a u l t s .  
S i g n i f i c a n t  c h a r a c t e r i s t i c s  a r e  th inn ing  of s h a l e  l a y e r s ,  f low s t r u c t u r e s ,  
r o t a t i o n  of concre t ions ,  pu l l - apa r t  and th inn ing  as we l l  a s  th ickening  i n  con- 
n e c t i o n  wi th  soft-sediment f o l d i n g ,  g radua l  t r a n s i t i o n s  between f low and flow- 
angle  f a u l t s .  D i f f e r e n t  materials may r e a c t  d i f f e r e n t l y  t o  deformation: some 
m a t e r i a l s  f low ( p l a s t i c  deformation) and some f r a c t u r e  and shear  
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Figure 102. Clay-dike fault penetrating and displacing strata from the Lawson Shale down to the Herrin (No. 6 )  Coal. Most 
intensive deformation and displacement has affected the Anna Shale and the upper portion of the Herrin (No. 6) 
Coal. Lateral thinning (extension) of shales, tilting of coal blocks, false drag, steepening of individual shear planes 
downward and en echelon extension fractures ("goat beards") in the coal are most common deformational features in 
this type of late diagenetic or early epigenetic faulting. Rather thin (0.5 cm) clay dikes in places along faults are not 
shown in the figure. Location: mine E, Western Shelf, southwestern Illinois. 

Figure 103. Low-angle normal faults displacing and "stretching" the Herrin (No. 6 )  Coal and the Anna Shale. Main faults steepen 
downward and dissipate in the form of en echelon extension fractures ("goat beards"). Most of the slippage along 
faults and fracturing did not truncate the "blue band," while slippage occurred along the interface of the coal and 
"blue band." The "blue band" was displaced at an intersection of the major fault, dipping north, and a "goat beard" 
(pyriteenriched zones), which may indicate a fault in the roof above. Note both true and false (normal and reverse) 
drag in the coal layers. Location: mine E, Western Shelf, southwestern Illinois. 
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Figure 104. Clay-dike faults forming a graben at the top (note the intensely sheared gray shale) and a horst at the bottom of the 
Herrin (No. 6) Coal. Low-angle normal faults in shales above the coal steepen downward into the coal and dissipate 
in the form of en echelon extension fractures ("goat beards"). Farther down in the coal seam faults also form an 
en echelon pattern and produce a step-faulted horst. Note convergence features of coal beds (upper left area) and 
false drag. Total deformation is  due mainly to horizontal extension with little or no vertical throw of strata. Location: 
west-central Illinois, mine N. 

coa l .  They form narrow zones of f r a c t u r e s  t h a t  a r e  heav i ly  minera l ized  
( b r i t t l e  deformat ion) .  A l l  of t h i s  i s  f u r t h e r  evidence t h a t  t h e  c lay-dike 
f a u l t i n g  occurred be fo re  t h e  sediments  were f u l l y  compacted and l i t h i f i e d .  The 
amount of overburden on t h e  c o a l  a t  t h e  t ime probably was on t h e  o rde r  of a few 
t e n s  of f e e t  t o  about  300 f e e t  ( t o  100 m). The f a u l t  s u r f a c e s  a r e  r a r e l y  p la -  
n a r ,  b u t  tend t o  be  curved along bo th  s t r i k e  and d ip .  The c u r v a t u r e  makes i t  
d i f f i c u l t  t o  t ake  r e p r e s e n t a t i v e  read ings  of s t r i k e  o r  d i p .  

Clay-dike f a u l t s  occur  i n  a l l  roof l i t h o l o g i e s ,  u n l i k e  c l a y  d i k e s ,  which 
a r e  concent ra ted  under l imes tone  roo f .  Like c l a y  d ike s ,  t h e  f a u l t s  mainly 
s t r i k e  more o r  l e s s  p a r a l l e l  t o  l i t h o l o g i c  boundaries  (e.g. ,  t h e  Anna Shale- 
Brereton Limestone) i n  t h e  roo f .  Study a r e a  2 i n  mine A is  a c l e a r  example of 
t h i s  p a r a l l e l i s m .  F a u l t s  under Anna Sha le  roof d i p  toward t h e  c e n t e r  of Anna 
Sha le  l e n s e s ,  and f a u l t s  under l imes tone  d i p  toward t h e  c o r e s  of t h e  l imes tone  
bodies .  Near t h e  c e n t e r s  of roof rock  bodies ,  f a u l t  t r e n d s  show l e s s  regu- 
l a r i t y  i n  o r i e n t a t i o n .  

Large clay-dike f a u l t s  c u t  a c r o s s  l i t h o l o g i c  boundaries  r a t h e r  t han  run- 
n ing  p a r a l l e l  t o  them. This  i s  d i sp layed  along t h e  e a s t  edge of s t udy  a r e a  2 
( f i g .  128, p.  128) ,  where t h e  f a u l t  has d i sp l aced  t h e  s t r a t a  up t o  10  f e e t  
( 3  m ) .  The major f a u l t  system i n  t h e  no r the rn  p a r t  of s t udy  a r e a  1 l ikewi se  



c rosses  l i t h o l o g i c  boundaries ( f i g .  122, p. 116).  I n  both cases  t h e  f a u l t s  
cu t  very  t h i c k  Brereton Limestone. It i s  d i f f i c u l t  t o  mine and grade through 
t h e s e  l a r g e  f a u l t s ,  but  roof condi t ions  near  t h e  f a u l t s  a r e  good wherever t h e  
Brereton Limestone i s  th i ck .  A t  t h e  s i t e  of maximum displacement t h e  Brereton 
i s  11 f e e t  (3.4 m) th i ck .  

Where clay-dike f a u l t s  a r e  l a r g e  o r  numerous, they cause many roof f a l l s .  
Examples of t h e  d e s t r u c t i v e  e f f e c t s  of major f a u l t s  ou t s ide  a r e a s  of t h i c k  
Brereton Limestone a r e  present  i n  seve ra l  p a r t s  of study a r e a  2. The most com- 
p lex ly  f a u l t e d  a r e a  mapped l i e s  i n  t h e  cen te r  of t h e  s tudy a r e a ,  where seve ra l  
s e t s  of f a u l t s  converge and make t h e  roof extremely unstable.  Only extens ive  
cr ibbing  and timbering has prevented roof co l l apse  elsewhere nearby ( f i g .  129, 
p. 131).  

Most of t h e  small  clay-dike f a u l t s  and c l ay  d ikes  a r e  confined t o  t h e  coa l  
seam and t h e  b lack  s h a l e s  immediately above. The major f a u l t s ,  on t h e  o the r  
hand, extend we l l  below and above t h e  coa l  seam. I n  s tudy a rea  1, t h e  Spring- 
f i e l d  (No. 5) Coal, about n ine  f e e t  (3 m) below t h e  Herr in Coal, and t h e  Bank- 
s t o n  Fork Limestone, 15 f e e t  (5 m) above t h e  Herr in Coal, were o f f s e t  by t h e  
f a u l t s .  It was apparent ,  however, t h a t  t hese  major f a u l t s  a l s o  diminish i n  
throw both upward and downward away from t h e  Herr in (No. 6) Coal, a s  wel l  a s  
along t h e i r  s t r i k e .  

CZastic d i k e s  and d a y  d ikes .  Clay d ikes  a r e  f a i r l y  common i n  t h e  I l l i n o i s  
Basin Coal F ie ld ,  and a r e  found i n  nea r ly  a l l  major coa l  seams. They a r e  a s  
abundant i n  a r e a s  of b lack  shale-limestone roof a s  r o l l s  a r e  i n  a r e a s  of gray 
s h a l e  roof .  Clay d ikes  a r e  a l s o  abundant i n  t h e  Appalachian and o the r  coa l  
f i e l d s .  They have cons iderable  e f f e c t  on mining procedures andonroof  s t a b i l i t y .  

I n  I l l i n o i s ,  t h e  p a t t e r n s  formed 
by c l a y  d ikes  vary  i n  d i f f e r e n t  c o a l  
seams and regions  of t h e  s t a t e .  Clay 
d ikes  a r e  common i n  t h e  Colchester  
(No. 2 )  Coal west of Peor ia  ( f i g .  105).  
Some c l a y  d ikes  i n  t h e  Colchester 
(No. 2) Coal can be t raced  i n t o  narrow 
v e r t i c a l  f r a c t u r e s  o r  brecc ia  zones 
t h a t  may extend 30 f e e t  o r  more i n t o  
t h e  s h a l e  above. Clay d ikes  a r e  es- 
p e c i a l l y  abundant i n  t h e  Spr ing f i e ld  
(No. 5) Coal of west-central  and west- 
e rn  I l l i n o i s  ( c f .  Damberger, 1970 and 
1973). The g r e a t  abundance of c l a y  
d ikes  t h e r e  forced t h e  c los ing  of some 
mines. Many of t h e  d ikes  a r e  nea r ly  
v e r t i c a l  and extend from t h e  c o a l  
s e v e r a l  f e e t  upward i n t o  t h e  roof 
s t r a t a ,  ending i n  a V-shaped system of 
s l i p s  t h a t  extend even higher  i n t o  t h e  
roof sequence ( f i g .  106). Roof c o n t r o l  
around c l ay  d ikes  has  been d i f f i c u l t ,  
e s p e c i a l l y  i n  mines near  Spr ing f i e ld ,  
I l l i n o i s .  F a i l u r e  t y p i c a l l y  occurs  
along t h e  s t r i k e  of d ikes  below t h e  

Figure 105. Clay dike in Colchester (No. 2) Coal in a strip 
mine in northwestern Illinois. Large coal frag- 
ments in the clay matrix, the very irregular 
form, and the steep dip are characteristic o f  
the clay dikes. 



V-shaped system, p a r t i c u l a r l y  i f  roof 
b o l t s  are anchored below t h e  major s l i p s .  

Figure 106. Clay dike in Springfield (No. 5 )  Coal and 
black or dark-gray shale. Clay filling, brec- 
ciated material, and matrix are concentrated 
within the coal seam and the lower portion of 
the black roof shale. Farther upward, the 
dike splits into numerous thin branches and the 
dike zone spreads out laterally. The filling 
thins as the dike approaches the St. David 
Limestone. The side branches grade into 
slickensided shear planes. In the limestone, 
the branches of the dike rejoin, and a thicker 
clay dike is exposed. The cross section has a 
funnel shape, narrow at the bottom, with 
collapse and gravitational structures through- 
out. Location: El Ben Mine near Lincoln, 
Illinois. 

Clay d ikes  i n  t h e  Herr in  (No. 6) 
Coal seem t o  d i f f e r  from t h o s e i n  Spring- 
f i e l d  (No. 5 )Coa l .  T h o s e i n t h e  Herr in  
(No. 6 )  Coal have been s tud i ed  i n  v a r i -  
ous mines, inc lud ing  d e t a i l e d  s t u d i e s  
and mapping of c l a y  d ikes  a t  mine A i n  
wes t -cen t ra l  I l l i n o i s .  S i ze ,  shape, 
o r i e n t a t i o n ,  and l a t e r a l  and v e r t i c a l  
e x t e n t  of c l a y  d i k e s  i n  t h e  Herr in  
(No. 6)  Coal i n  mineAare  h igh ly  v a r i -  
a b l e ,  bu t  t h e  many f e a t u r e s  they have 
i n  common are used t o  d i s t i n g u i s h  them 
from c l a y  d i k e s  i n  o t h e r  c o a l s .  Some 
impressions of t h e i r  v a r i a b i l i t y  can be  
gained from photos and ske tches  t h a t  
p o r t r a y  t h e  f u l l  spectrum of c l a y  
d ikes  ( f i g s  . 105-115). 

Most of t h e  c l a y  d ikes  a t  mine A 
are i n c l i n e d ,  gene ra l l y  a t  l e s s  than  70' , 
i n  c o n t r a s t  t o  t hose  i n  t h e  Sp r ing f i e ld  
(No. 5)  Coal, which a r e  n e a r l y  v e r t i c a l .  
The f i l l i n g  i s  confined mainly t o  t h e  
c o a l  i t s e l f ,  o f t e n  on ly  t o  t h e  upper 
po r t i on  of t h e  seam. I n  some p l aces  
c l a y  pene t r a t e s  t h e  lower f o o t  of t h e  
roof sequence. Shear p lanes  a r e  found 
wi th in  n e a r l y  a l l  c l a y  d ikes  ( f i g s .  
113-115), c u t t i n g  t h e  c o a l  and pene t r a t -  
ing  t h e  immediate roof .  Large c l a y  
d i k e s  may a t t a i n  a width of s e v e r a l  f e e t  
and pene t r a t e  t h e  e n t i r e  c o a l  seam. 
Smaller c l a y  d ikes  g e n e r a l l y  a f f e c t o n l y  

t h e  upper p a r t  of t h e  c o a l ,  and t h e  a s soc i a t ed  shear  p lanes  s t eepen  downward 
and end i n  a s e t  of "goat beards" ( f i g s .  108 and 109) .  The sma l l e s t  c l a y  d ikes  
a f f e c t  on ly  about t h e  t op  f o o t  of t h e  c o a l  seam. This ,  i n  a d d i t i o n  t o  o t h e r  
evidence, i n d i c a t e s  t h a t  t h e  m a t e r i a l  i n  t h e  c l a y  d ikes  w a s  der ived  from 
roof l i t h o l o g i e s .  

Clay d i k e s  a r e  a s soc i a t ed  w i th  clay-dike f a u l t s .  I n  many p l aces ,  e s p e c i a l l y  
i n  mine A, c l a y  d ikes  a r e  c l a y - f i l l e d  clay-dike f a u l t s ,  around which t h e  bedding 
of t h e  c o a l  shows s p e c i f i c ,  y e t  p e c u l i a r ,  d i s turbances .  Displacement of up t o  
s e v e r a l  f e e t  nea r  t h e  t op  of t h e  c o a l  has  normally diminished t o  ve ry  l i t t l e  o r  
no displacement at  t h e  base of t h e  Brereton Limestone, and any f r a c t u r e s  i n  t h e  
l imestone have "healed" s u f f i c i e n t l y  t o  prevent  roof f a i l u r e .  Fa l se  drag 
( r eve r se  drag)  i s  w e l l  exposed along t h e  shear  p lanes .  Although t h e  f a u l t s  are 
normal, t h e  bedding i s  upturned on t h e  hanging wa l l  and downturned on t h e  foo t -  
wa l l  ( f i g s .  92 and 108).  I n  o the r  words, t h e  bedding t ends  t o  t u r n  perpendicu la r  
t o  t h e  f a u l t  plane.  Local convergence of beds i s  another  t y p i c a l  f e a t u r e  ( f i g s .  
94, 108, and 109) t h a t  i s  p a r t i c u l a r l y  n o t i c e a b l e  toward sideward p ro t ru s ions  of 



Figure 107. Claydike filling along clay-dike fault. Low-angle normal fault displays one foot of throw at the top of the Herrin 
(No. 6 )  Coal. Note the normal drag in the coal at the lower footwall and the false drag in the coal at the hanging wall. 
Location: mine A, west-central Illinois. 

c l a y  d i k e s  ( c l ay  s i l l s ) ,  but  i s  a l s o  apparent  a t  t h e  t i p  of smal l  shear  p lanes ,  
which branch o f f  from t h e  main f a u l t  i n  t h e  c o a l  and decrease  i n  i n c l i n a t i o n  
( f i g s .  109 and 113).  

The f i l l i n g  of c l a y  d ikes  i n  mine A is  gene ra l l y  a s o f t ,  l igh t -co lored  
c l a y  s i m i l a r  i n  appearance t o  underclay;  however, w h e r e a c l a y  d i k e  reaches t h e  
c o a l  f l o o r ,  t h e  d i f f e r e n c e s  between t h e  underclay and d i k e  f i l l i n g  a r e  u s u a l l y  
d i s t i n c t .  I n  most ca se s  t h e  underclay is s l i g h t l y  darker .  Where c l a y  d ikes  o r  
c lay-dike f a u l t s  p e n e t r a t e  t h e  c o a l  seam a l l  t h e  way t o  o r  i n t o  t h e  underclay,  
t h e  underclay commonly has  buckled up and protruded upward as a hump i n t o  t h e  
coa l .  A sha rp  con tac t  can always be  found between t h e  c l a y  d i k e  m a t e r i a l  and 
t h e  underclay,  however. The d i k e  f i l l i n g  seems t o  be  m a t e r i a l  t h a t  was der ived  
from s h a l e s  o r  "clod" of t h e  immediate roof .  I n  some p l aces ,  fragments from 
t h e  ad j acen t  s h a l e ,  c o a l ,  and l imestone form a b r e c c i a  i n  t h e  f ine-grained c l a y  
ma t r ix ,  p a r t i c u l a r l y  near  t h e  con tac t  of t h e  c o a l  and roof ( f i g s .  113 and 114) .  

I n  mine A,  c l a y  d ikes  a r e  most prominently developed where t h e  Brereton 
Limestone forms t h e  immediate roo f ,  b u t  they  occur under a l l  roof types.  When 
c l a y  d ikes  form under t h e  Anna Shale  o r  t h e  "~amestown Coal i n t e r v a l "  forming 
t h e  immediate roo f ,  they  tend t o  be  t h inne r  and con ta in  c l a y  wi th  more greenish  
c a s t  than  d ikes  under l imes tone  roof .  

Many i n d i v i d u a l  c l a y  d ikes  may be  t r aced  along curving pa ths  f o r  hundreds 
of f e e t .  Commonly they branch and r e u n i t e .  The appearance of a d ike ,  however, 
may change cons iderab ly  along i t s  s t r i k e .  The d ikes  s t r i k e  p a r a l l e l  t o  t h e  
t r end  of t h e  boundaries  and d i p  toward t h e  i n t e r i o r  of t h e  l e n t i c u l a r  roof 
rock bodies .  
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Figure 108. Clay-dike faults with clastic dikes in the Herrin (No. 6) Coal and Anna Shale. Displacement at top of coal i s  more than 
one foot; however, the "blue band" has not been cut. Horizontal extension in the coal above the "blue band" results 
from dip-slip shearing along the low-angle faults and from rupturing and opening of numerous en echelon extension 
fractures ("goat beards"), which are filled with abundant pyrite and in some places with barite and calcite. Note false 
drag and tilting.of blocks between the faults, and convergence of coal beds at some ends of clastic dikes and sills. 
Location: mine A, westcentral Illinois. 

Clay d ikes  a r e  r a r e  i n  t h e  mines t h a t  have gray sha le  roof i n  the  "Quality 
Circle" area .  A few very t h i n  and small c l ay  d ikes  i n  t h e  upper p a r t  of t h e  
coa l  seam a t  mine I3 have been found ( f i g .  44) .  The r a r i t y  of c l a y  d ikes  i n  
southern and southwestern I l l i n o i s  underneath th i ck  gray s h a l e  roof rock may 
poss ib ly  be r e l a t e d  not  only t o  t h e  d i f f e rence  i n  roof rock type but a l s o  t o  
t h e  decrease i n  frequency of c l a y  d ikes  southward wi th in  t h e  I l l i n o i s  Basin 
( c f .  Damberger , 1970 and 1973). 

A t  mine A even t h e  l a r g e s t  c l ay  d ikes  have l i t t l e  inf luence  on roof and 
r i b  s t a b i l i t y .  One reason i s  t h a t  most c l a y  d ikes  occur under limestone roof .  
Another i s  t h a t  t h e  d ikes  usual ly  do not  extend f a r  up i n t o  t h e  roof .  The 
h ighes t  c l ay  d ike  observed i n  mine A i s  about 8 t o  10 f e e t  above t h e  Herrin 
(No. 6) Coal i n  t h e  Lawson Shale. The c l ay  d ike  t h a t  extends t h e  longest  
d i s t ance  through a rock-s t ra t igraphic  i n t e r v a l  was observed i n  a s t r i p  mine 
i n  Peoria  County. This c lay  d ike  t runca tes  t h e  Danvil le  (No. 7) Coal and 
pene t ra t e s  down through t h e  Herrin (No. 6 )  Coal. 



Figure 109. C l a y d i k e  faults w i t h  c lay dikes i n  Herr in (No. 6) Coal and Anna  Shale. Structural features associated w i t h  clastic 
dikes i n  coal and ciay-dike faults i n  coal are (1)  low-angle normal  faults tha t  steepen downward as they penetrate 
the coal seam and  dissipate i n t o  "goat beards," (2) en echelon extension fractures ("goat beards"'), (3)  false drag, 
al though dip-slip normal  movement  occurred, (4) features o f  soft-sediment deformation, part icular ly th inn ing and  
th ickening o f  Anna  Shale benches, (5) clastic dikes, wh ich  local ly lead i n t o  clastic sil l features, (6 )  convergence o f  coal 
beds, main ly  a t  t ips  o f  clastic sills, and  (7) dike f i l l ing tha t  consists o f  a fine-grained mat r i x  w i t h  b r e c ~ i a t e d ~ a n g u l a r  
coal and  roo f  rock fragments. Br i t t le  and soft-sediment deformat ion occur w i t h i n  the  same deformational action. 
Location:  mine'^, west-central Il l inois. 
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Figure 110. Complex clay dike i n  the Herrin (No. 6 )  Coal. Roof  is Brereton Limestone which is displaced downward t o  the east. 
Fusain layer i n  the center o f  the coal seam is bent downward east o f  clay dike, fractured wi th in the clay dike, and 
offset immediately west o f  the dike. Note the associated small lowangle clay dike faults and the numerous extension 
fractures and "goat beards," and the coal fragments i n  the clay matrix. Location: study area I ,  mine A, west-central 
Illinois. 

Figure 1 11. Detail o f  figure 1 10. 





Figu Ire 1 14. Detail o f  figure 1 13. 

Figu Ire 11 5. Very low angle clay dike $long clay-dike 
faul t  which truncates and diqplaces Herrin 
(No. 6 )  Coal and Anna Shale. Anna Shale is 
intensely altered and is cut  b y  numerous small 
irregular clay dikes and clay sills. Note angular 
interface o f  the coal and the clay dike and 
coal fragments i n  clay dike. Location: mine 
A, west-central Illinois. 



MAPS AND EXPLANATIONS OF THE GEOLOGY I N  SELECTED STUDY AREAS 

Three groups of s tudy  a r e a s  f o r  in-mine mapping were s e l e c t e d .  Each group 
r ep re sen t ed  a p r i n c i p a l  type  of roof s t r a t a  commonly found above t h e  Her r in  
(No. 6) Coal. Severa l  s tudy  a r e a s  f o r  each group were mapped i n  d e t a i l  us ing  
convent iona l  f i e l d  techniques .  Regional t r e n d s  and v a r i a t i o n s  of t h e  roof 
s t r a t a  were s t u d i e d  us ing  computer-generated maps of t h i cknes s  and s t r u c t u r a l  
con tours .  

Resu l t s  of in-mine mapping of s e l e c t e d  s tudy  a r e a s  

The maps demonstrate  t h e  c l o s e  i n t e r r e l a t i o n s h i p  between t h e  l i t h o l o g i c  
boundaries ;  t h e  e f f e c t s  of t h e  shapes  of t h e  rock bodies ;  t h e  d i s t r i b u t i o n ,  
f requency o r  spac ing ,  and t r end  of s t r u c t u r a l  f e a t u r e s ;  and t h e  s t a b i l i t y  of 
t h e  roof rock  a f t e r  mining. These r e l a t i o n s h i p s  vary  according t o  t h e  d i f f e r -  
ences  i n  t h e  l i t h o l o g i c  sequence of t h e  roof rocks ,  a s  descr ibed  e a r l i e r .  

Common c h a r a c t e r i s t i c s  of s p e c i f i c  roof types-for example, b l ack  sha le -  
l imes tone  roof o r  g ray  s h a l e  roof-can b e  mapped and then  e a s i l y  determined 
and descr ibed .  It is  necessary  t o  map a s  many recognizab le  d e t a i l s  a s  pos s ib l e .  
To avoid overcrowding wi th  s t a t i o n  numbers, t h e  l i t h o l o g i c  d a t a  maps were drawn 
s e p a r a t e l y  from maps of s t r u c t u r a l  f e a t u r e s  and maps of deformat ion caused by 
mining. From t h e s e  maps compi la t ion  and combination maps were ob ta ined .  

STUDY AREAS I N  BLACK SHALE-LIMESTONE ROOF 

Figure  116 shows t h e  p o s i t i o n s  of s tudy  a r e a s  1, 2 ,  and 3 ,  which were se-  
l e c t e d  w i t h i n  a c c e s s i b l e  mine workings ad j acen t  t o  s t r u c t u r a l  anomalies.  None 
of t h e s e  s tudy  a r e a s  i s  a t  a n  extremely h igh  o r  extremely low e l e v a t i o n  of t h e  
base  of t h e  c o a l .  Study a r e a  2 was chosen i n  t h e  v i c i n i t y  of and w i th in  an 
a c t i v e  mining a r e a ,  whereas s tudy  a r e a  1 is  a n  a r e a  t h a t  had been mined yea r s  
ago. D e t a i l s  of t h e  t h r e e  a r e a s  a r e  given i n  f i g u r e s  117 through 138. The 
s t a t i o n  maps ( f i g s .  117, 124, and 132) from s tudy  a r e a s  1, 2, and 3 show t h e  
d e n s i t y  of s t a t i o n s  and d a t a  p o i n t s  f o r  t h e  f i e l d  d e s c r i p t i o n s  and may be used 
t o  e v a l u a t e  o r  assess t h e  v a l i d i t y  of i n t e r p o l a t i o n  and i n t e r p r e t a t i o n .  

The maps of l i t h o l o g i c  d a t a  ( f i g s .  118, 125, and 133) a r e  p resen ted  f o r  
t h e  same reason  bu t  e s p e c i a l l y  t o  demonstrate  t h e  accuracy of t h e  l i t h o l o g i c  
maps ( f i g s .  119, 126, and 134) .  Deta i led  d a t a  of t h e  l i t h o l o g i c  roof sequence 
w e r e  ob ta ined  most ly  from a r e a s  of u n s t a b l e  r o o f ,  where roof f a l l s  had exposed 
t h e  ove r ly ing  s t r a t a .  E n t i r e l y  s t a b l e  roof provides  d a t a  on ly  on t h e  immediate 
roo f .  The l i t h o l o g i c  maps ( f i g s .  119, 126, and 134) show a l o c a l  patchy oc- 
cu r r ence  of t h e  Anna Shale  and i t s  wedging toward edges of more o r  l e s s  wide 
i r r e g u l a r  l e n s e s .  The Brereton Limestone i n  s tudy  a r e a s  1 t o  3 appears  i n  
r a t h e r  narrow, c u r v i l i n e a r ,  s inuous  pathways above t h e  coa l .  It ove r l aps  t h e  
wedges of o l d e r  Anna Shale  l e n s e s  and a l s o  forms t h i n  narrow wedges on bo th  
s i d e s  of t h e  t roughs.  Although t h e  t h i cknes s  of t h e  Brereton v a r i e s ,  a n  i s o -  
pach map could n o t  be produced because t h e  s t a b l e  roof cond i t i ons  prevented d a t a  
c o l l e c t i o n .  With two n e g l i g i b l e  e x ~ e p t i o n s ~ r o o f  f a l l s  occur on ly  i n  a r e a s  
where t h e  Anna Sha le  o r  t h e  "Jamestown Coal i n t e r v a l "  form t h e  immediate roof 
and t h e  Brereton Limestone is less than two f e e t  (60 m) t h i c k  o r  i s  absen t .  

A ve ry  c l o s e  c o r r e l a t i o n  between l i t h o l o g y  and roof s t a b i l i t y  can there -  
f o r e  b e  i n f e r r e d ;  however, i t  cannot b e  s t a t e d  w i th  c e r t a i n t y  t h a t  Anna Shale  



Datum point 

Figure 1 16. Map of the base of the Herrin (No. 6) Coal at mine &'study areas 1 to 3. The contour interval is five feet, and the grid 
size for computer generation is 200 feet. 



roof is  e s p e c i a l l y  hazardous.  Areas w i th  two f e e t  and more of Anna Shale  with- 
o u t  Brereton Limestone have been found i n  many p l ace s  t o  be  without  roof prob- 
lems. Where t h i c k  Anna Shale  was t r unca t ed  by f a u l t s  and c l a y  d i k e s  ( s ee  f i g s .  
127 and 129, a r e a s  614, 617, E/3, o r  ~ / 4 ) ,  however, t h e  roof was prone t o  f a i l .  

I n  a few p l a c e s  bo th  t h e  Anna Sha le  and t h e  Brereton Limestone a r e  absen t ,  
and t h e  "Jamestown Coal i n t e r v a l "  d i r e c t l y  o v e r l i e s  t h e  c o a l .  Since those  
p l a c e s  a s  w e l l  a s  t hose  wi th  a few cen t ime te r s  of Anna Shale  o v e r l a i n  by t h e  
"~amestown Coal i n t e r v a l "  a r e  commonly a l s o  deformed by f a u l t s  o r  shea r  f r a c -  
t u r e s ,  i t  is  d i f f i c u l t  t o  determine whether t h e  f r a c t u r e s  and f a u l t s  o r  t h e  
d i f f e r e n t  l i t h o l o g i c  cond i t i ons  a l o n e  impose roof i n s t a b i l i t y  ( s ee  f i g .  122, 
a r e a  A ,  B/3 and f i g .  129, a r e a  G/4 o r  ~ 1 6 ) .  

t h e  

1. 

2. 

3. 

a r e  

1. 

2. 

3. 

4 .  

and 

The maps of t h e  s t r u c t u r a l  f e a t u r e s  i n  t h e  roof  ( f i g s .  121, 128, and 136) 
a r e  most important  t o  prove t h e  c l o s e  c o r r e l a t i o n  between t h e  d i s t r i b u t i o n  and 
shape of l i t h o l o g i c  bodies  and t h e  o r i e n t a t i o n ,  spacing,  and d i s t r i b u t i o n  of 
deformat iona l  f e a t u r e s  such as f a u l t s  and c l a y  d ikes .  Many d e t a i l s  concerning 
such r e l a t i o n s  have been descr ibed  e a r l i e r  and can e a s i l y  be  deciphered from 

maps. 

Three types  of normal f a u l t s  have been mapped: 

Major c l a y  d i k e  f a u l t s  d i s p l a c i n g  t h e  e n t i r e  c o a l  seam wi th  v e r t i c a l  throws 
a s  much a s  18  f e e t  (5.4 m). The i r  s t r i k e  and d i p  i s  independent from t h e  
o r i e n t a t i o n  and from t h e  shape of l o c a l  l i t h o l o g i c  bodies  (e .g . ,  f i g .  122, 
A/9, B/8, ~ / 7 ,  C/9, ~ 1 9 ,  E / B ,  ~ / 7 ,  ~ / 6 ,  and 615, o r  f i g .  129, ~ / 6  t o  12 and 
E/2 o r  ~ / 2  t o  6 ) .  Usual ly  t h e s e  f a u l t s  form an  en echelon p a t t e r n .  
Clay-dike f a u l t s  and c l a y  d i k e s  d i s p l a c i n g  t h e  t op  of t h e  c o a l  seam more 
t han  one f o o t  and a l s o  t r u n c a t i n g  t h e  bottom of t h e  seam i n t o  t h e  under- 
c l a y .  These f a u l t s  a l s o  tend t o  b e  f r e e  of s i g n i f i c a n t  i n f l u e n c e  by l o c a l  
l i t h o l o g i c  bodies  and t h e i r  boundaries ,  which they  b i s e c t  (e .g . ,  f i g .  129, 
a r e a s  ~ / 3 ,  G/3, 4,  ~ / 5 ,  E/6, D/6, C/7, and B/8). 
Minor c lay-dike f a u l t s  and c l a y  d i k e s  d i s p l a c i n g t h e  roof and t h e  top  of 
t h e  c o a l ,  n o t  c u t t i n g  through t h e  e n t i r e  c o a l  seam i n t o  t h e  f l o o r .  

C h a r a c t e r i s t i c s  and behavior  of t h e  minor c lay-dike f a u l t s  and c l a y  d i k e s  
e s p e c i a l l y  w e l l  d i s p l a y e d ' i n  f i g u r e  129, t h e  a r e a  E t o  H/5 t o  11: 

Most of t h e  minor c lay-dike f a u l t s ,  a s  mentioned above, a r e  r e s t r i c t e d  t o  
t h e  l i t h o l o g i c  body w i t h i n  which they  occur ,  and they  seldom c r o s s  t h e  
boundaries  l a t e r a l l y  i n t o  another  l i t h o l o g y .  
The dominant s t r i k e  is  more o r  less p a r a l l e l  t o  t h e  l i t h o l o g i c  boundaries  
i n  t h e  roo f .  
The f a u l t s  i n  Anna Shale  roof d i p  toward t h e  c e n t e r  of t h e  Anna Sha le  
l e n s e s .  F a u l t s  and c l a y  d i k e s  i n  Brereton Limestone roof d i p  toward t h e  
c e n t e r s  of t h e  l imes tone  bodies .  
The c l a y  d i k e s  were dominantly formed under Brereton Limestone r o o f ,  and 
t hey  a r e  e s p e c i a l l y  prominent where it forms t h e  immediate roof  and t h e  
Anna Sha le  i s  absen t .  

The maps of s t r u c t u r a l  f e a t u r e s ,  l i t h o l o g y ,  and roof f a l l s  ( f i g s .  122, 129, 
137) show t h e  c l o s e  r e l a t i o n s h i p s  between l i t h o l o g y  and deformat ional  fea -  

t u r e s  and e s p e c i a l l y  t h e  dependence of roof s t a b i l i t y  on t h e  deformat iona l  
f e a t u r e s  t h a t  occur  i n  p a r t i c u l a r  l i t h o l o g i e s  o r  l i t h o l o g i c  bodies .  F a u l t s  and 
c l a y  d ike s ,  which t r u n c a t e  a roof t h a t  ha s  t h i n  o r  no Brereton Limestone i n  t h e  



success ion ,  i n c r e a s e  t h e  hazard of u n s t a b l e  roof cons iderab ly  ( s ee ,  f o r  in-  
s t a n c e ,  f i g .  122, a r e a  C and ~ / 1  t o  3 ) .  Roof wi thout  Anna Sha le  b u t  r a t h e r  
t h i c k  Brereton Limestone r a r e l y  f a i l s ,  even i f  t h e  l imes tone  is  i n t e n s i v e l y  
c u t  by narrowly spaced f a u l t s  and c l a y  d i k e s  (compare f i g .  122, no r the rn  p a r t ,  
and f i g .  129) .  

Not a l l  deformat iona l  f e a t u r e s  have a n  immediate and s e r i o u s  e f f e c t  on roof 
s t a b i l i t y ,  a s  i n d i c a t e d  i n  f i g u r e s  123, 130, and 138. J o i n t s ,  f o r  i n s t a n c e ,  sel- 
dom pose any s e r i o u s  problems f o r  mine roof c o n t r o l .  With t h e  except ion  of 
l a r g e  sphe ro ida l  conc re t i ons ,  o t h e r  mapped d a t a ,  which a r e  seldom shown on t h e  
maps, have on ly  secondary e f f e c t s  on roof s t a b i l i t y .  "Bastard l imestone" occur- 
r e n c e s d o n o t  impose a roof  hazard themselves,  bu t  they  i n d i c a t e  t h e  v i c i n i t y  of 
a l a t e r a l  boundary between two l i t h o l o g i e s  above t h e  c o a l ,  as shown i n  f i g u r e  
130, a r e a s  ~ / 2 ,  E/3, ~ / 4 ,  G and H / 6  and 7 and F/7 t o  9 ) .  

Note: The s c a l e  of t h e  fo l lowing  maps, f i g u r e s  117 through 148 (un l e s s  
o therwise  i n d i c a t e d  as on computer maps) i s  200 f e e t  (61 m) between 
g r i d  p o i n t s  a t  t h e  margins of t h e  maps. 





Figure 11 7. Stations in study area 1 of  mine A, at which detailed studies were performed and notes were taken. The density of stations and data points allows evaluation of the confi- 
dence range for interpolation and interpretation. (Numbers on the map correspond to station numbers in ISGS mine notes.) 
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Figure 118. Lithologic data of the immediate roof strata of Herrin (No. 6 )  Coal in study area 1 of mine A. Areas of unstable roof yielded more data than areas of stable roof. 
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Figure 119. Lithology of the immediate roof strata of Herrin (No. 6 )  Coal and thickness of Anna Shale in study area 1 of mine A. lsopachs give the thickness of Anna Shale in feet; 
in stippled areas Anna Shale is absent and Brereton Limestone directly overlies the coal. 
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Figure 120. Distribution of roof falls and their relation to the immediate roof strata in study area 1 of mine A. No roof falls occur where Brereton Limestone directly overlies the 
Herrin (No. 6 )  Coal, although some shallow flaking of "clod" may occur locally. 
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Figure 121. Claydike faults and clay dikes in Herrin (No. 6 )  Coal and its immediate roof strata in study area 1 of mine A. Position, orientation, distribution, and frequency of faults 
and clay dikes seem to have formed in close relationship to and are dependent upon the lithologic setting and facies distribution. 
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Figure 122. Distribution of lithology of claydike faults and clay dikes in the Herrin (No. 6) Coal and its immediate roof strata and of roof falls and other induced instabilities in study 
area I ,  mine A. The occurrence of roof falls is a function of two geologic variables: ( 1 )  lithologic distribution and pattern of roof rocks and (2) structural setting and fault 
pattern. Roof falls are abundant along faults; however, there appears to be a greater affinity of roof falls to the lithology than to faults. 
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Figure 123. Distribution of additional data and lateral lithologic boundaries of the immediate roof strata of Herrin (No. 6 )  Coal in study area 1 of mine A. 





Figure 124. Stations in study area 2 of mine A, at which detailed studies were performed and notes were taken. The density of stations and data points allows evaluation of the confi- 
dence range for interpolation and interpretation. (Numbers on the map correspond to station numbers in ISGS mine notes.) 
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Figure 125. Lithologic data of the immediate roof strata of Herrin (No. 6) Coal in study area 2 of mine A. Areas of unstable roof provided more data than areas of stable roof. 
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Figure 126. Lithology of the immediate roof strata of Herrin (No. 6) Coal and thickness of Anna Shale in study area 2 of  mine A. 









Figure 128. Clay-dike faults and clay dikes in Herrin (No. 6 )  Coal and its immediate roof strata in study area 2 of mine A. Position, orientation, distribution, and frequency of faults 
and clay dikes seem to have formed in close relationship to and are dependent upon the lithologic setting and facies distribution. 





Figure 129. Distribution of lithology,of claydike faults and clay dikes in the Herrin (No. 6) Coal and i t s  immediate roof strata,and of roof falls and other induced ins'abilities in study 
area 2, mine A. The occurrence of roof falls is a function of two geologic variables: (1)  lithologic distribution and pattern of roof rocks and (2) structural setting and fault 
pattern. Roof falls are abundant along faults; however, there appears to be a greater affinity of roof falls to the lithology than to faults. 
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Figure 130. Distribution of additional data and lateral lithologic boundaries of the immediate roof strata of Herrin (No. 6 )  Coal in study area 2 of mine A. 
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Figure 131. Map of the base of the Herrin (No. 6) Coal in study area 2 of mine A. The contour interval is one foot, and the grid size 
is 100 foot. Compare with figure 116; the difference in display of the contours results from the smaller contour interval 
and grid size. 



Figure 132. Stations in study area 3 of mine A, at which detailed studies were performed and notes were taken. The density of 
stations and data points allows evaluation of  the confidence range for interpolation and interpretatio,n. (Numbers on 
the map correspond to station numbers in ISGS mine notes.) 



F K 
,,&%-%"--L- L L A -  

...... . / . .  ............ .......... ...................... ? . , ,-. "'T i . , 
__ 

: :  
.-. .,,..> 

. . . . : .  . . . . , . . . 
, . . . "i *.. ,&+...!.. : < 

: 1 
. . . . I I 

. . . . . . i ;  { 
! i . . . . 

. . 
. . . . / i $+?' ,,> .. ...,. . .+"-i. . , . :  

. . . . . . 
i i 

. . , , . ~ 
i i 

% .< .i i , > 

. . 
. , .. ............. , ; 

.............. .- > ..... ............ . . . . . . . .  
! i !  ........ ..... ........................ ......... I :.- ......... ..,\ . .  ...... ". 1 :  L " -.. ".< ,-...- 

. , : i i i . . . . : :  ; i . . , . I : :  . ~ , , . , . . . . . . : . . . 
! ! 

~: . , . , 
. , 

, :  
. . . . . . . . . . 2 : 3 , ( , . . . . : .  . . 
: ,  ....... .............................................................. ......................................... , .., J i -- l' :.: .. : :  
. . . . -- -,.., ,, : ... .-.-, ,"., ," " -.., !, ,.. < , . ................. .................. ....... ..* __..< , -1 ........ ..._..._.......... ................. ~, . . . . j : . . . !  . . : .  . . . , . . . . ; :  

v. 
: ,  , , . . . . . . . . .  ..... ..... .-- : :  . . , , . . . . ~. : ~ : :  . ! . . , . : .  i : i 5 ( . . . . . . . . . . . . : i i :  ; i , . . , . . ................ . . . . ... : , :  . , : i , :  

.. ..?. '*" < .*.*.. ~. . . . , .  . . : :  , :  . . i ; $ i 
. . 

........ ..... ;...,.".A '" " "  
J . ~  

. . ,,.!)( ............. , .  . ,  
....... . ,  . . . .  ...... , . . .  ,' ' ........ /' ' .......-.... -.-, L.. .......................... ,.: j , oi 

.-,< 
i 

.... .......... . . ........... ......... ..... . ............... 202 ,...,\ \ ..' -.., -,: ,,. , ," ' .............- .-. 7 . _ . .  ..I,' 

, :  : .  
~. 
I, i . . , , , , . . > i . . . : r  ! <  : '. . . . . . ~ 

. . 
. . . . . . : :  i i 

. . 
. . . . 

. . 
. . : * . . . . , . 

: i 
: :  . . ~. 

L ' ' 1 ;  1 :  

+ .+ 
. . j ; , :  i ; . . 

. . 

: .  ' ' : I , , : :  ! i . . . . . . 
L.. i : ................. .... ......., ..; ' \  .................,. :.... .................... .../ ,.. ..... >,..._,-.,-.' ' "1 >\. ..! ;.--- 

~a 



Figure 133. Lithologic data of the immediate roof strata of Herrin (No. 6 )  Coal in study area 3 of mine A. Areas of unstable roof 
provided more data than areas of stable roof. 
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Figure 134. Lithology of the immediate roof strata of Herrin (No. 6) Coal and thickness of Anna Shale in study area 3 of mine A. 
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Figure 135. Distribution of roof falls and their relation to the immediate roof strata in study area 3 of mine A. No roof falls occur 
where Brereton Limestone directly overlies the Herrin (No. 6 )  Coal, although some shallow flaking of "clod" may 
occur locally. 
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Figure 136. Clay-dike faults and clay dikes in Herrin (No. 6 )  Coal and its immediate roof strata in study area 3 of mine A. Position, 
orientation, distribution, and frequency of faults and clay dikes seem to have formed in close relationship to and are 
dependent upon the lithologic setting and facies distribution. 
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Figure 137. Distribution of faults and clay dikes in the Hersin (No. 83 Coal and its immediate roof strata and of roof falls and other 
induced instabilities in study area 3, mine A. The occurrence of roof falls is a function of two geologic variables: 
(1 1 lithologic distribution and pattern of roof rocks and (2) structural setting and fault pattern. Roof falls are abundant 
dong faults and slips; however, there appears to be a greater affinity of roof falls to the lithology than to faults. 
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Figure 138. Distribution of additional data and lateral lithologic boundaries of the immediate roof strata of Herrin (No. 6 )  Coal, 
study area 3 of mine A. 
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STUDY AREAS IN GRAY SHALE ROOF 

The s tudy a r e a s  4 through 7 i n  mines having t h e  gray s h a l e  type of roof 
were se l ec t ed  wi th  r e spec t  t o  d i f f e rences  i n  f a c i e s  and roof behavior.  The 
s t a b i l i t y  of t h e  roof i n  s tudy a r e a  4 can be demonstrated wi th  one map ( f i g . 1 3 9 ) ,  
which shows t h e  d i s t r i b u t i o n  of two l i t h o l o g i c  f a c i e s  of t h e  Energy ShaPe- 
t h e  lower dark-gray s h a l e  f a c i e s  and t h e  upper medium-gray s h a l e  f a c i e s  a s  
described i n  d e t a i l  i n  t h e  previous chapter .  The map a l s o  d i s p l a y s  t h e  abun- 
dance of r o l l s  and minor f a u l t s  i n  t h e  medium-gray s h a l e  and t h e i r  absence i n  
t h e  dark-gray sha le .  

Roof f a l l s  a r e  sca rce  and commonly shallow wi th  t h e  exception of t h e  major 
f a l l  i n a r e a s  ~ / 4  and E/5 .  None of t h e  roof f a l l s  i n d i c a t e s  a major r e l a t i o n -  
s h i p  t o  l i t h o l o g i c  change o r  t o  s t r u c t u r a l  f e a t u r e s ;  however, an abundance of 
kink zones (zones of bending o r  sagging i n  t h e  immediate roo f )  was found. The 
s t r i k e  of t hese  kink zones is  genera l ly  north-south o r  s l i g h t l y  west of no r th  
( f i g .  58). The kink zones develop some time a f t e r  mining, and t h e i r  r e l a t i o n -  
s h i p  wi th  geologica l  s t r u c t u r e  i s  no t  y e t  known. 

The geology and roof s t a b i l i t y  of s tudy a r e a  4 c o n t r a s t  sharp ly  wi th  those  
found i n  s tudy a r e a  5 ( f i g s .  140-143). The d i s t r i b u t i o n  of t h e  two f a c i e s  com- 
posed of dark-gray s h a l e  and medium- t o  l ight-gray s h a l e  i s  d isp layed ,  bu t  ap- 
pears  t o  be much more i r r e g u l a r  than i n  a rea  4. The r e l a t i o n s h i p  of t h e  e a r l y  
d i agene t i c  deformational f e a t u r e s  ( r o l l s  and small  f a u l t s ) ,  which a r e  i n  many 
cases  connected wi th  t h e  r o l l s ,  i s  more apparent  and a l s o  demonstrates t h e  cor re-  
l a t i o n  between l i t h o l o g y  and s t r u c t u r a l  f ea tu res .  The r o l l s  and t h e i r  asso- 
c i a t e d  s t r u c t u r a l  elements a r e  more o r  l e s s  r e s t r i c t e d  t o  t h e  medium-gray s h a l e  
( j u s t  a s  c l ay  d ikes  a r e  r e s t r i c t e d  t o  a r e a s  of Brereton Limestone r o o f ) .  The 
r o l l s  and assoc ia ted  f a u l t s  t rend  p a r a l l e l  t o  t h e  l a t e r a l  boundaries of t h e  
dark-gray sha le .  The abundant roof f a l l s  reach a he ight  o f  15  t o  20 f e e t  (4.5 
t o  6 m). They a r e  dominant i n ,  but  not  r e s t r i c t e d  t o ,  t he  dark-gray s h a l e  
( f i g .  140).  To avoid overcrowding t h e  map, s e v e r a l  very  shallow roof f a l l s  
caused by s labbing of immediate roof rock l a y e r s  have not  been included.  

The d i s t r i b u t i o n  and dens i ty  of t h e  roof f a l l s  i n  s tudy a r e a  5 of mine 
I3 can be b e t t e r  understood by s tudying t h e  map of t h e  l a n d s l i d e  shear  body, 
f i g u r e  141. The l i t h o l o g i c  d i s t r i b u t i o n  p a t t e r n  i s  known from f i g u r e  140. 
I n  t h i s  map, t h e  major t r a c e s  of t h e  low-angle shear  su r face  and t h e  o u t l i n e  
of t h e  e n t i r e  l a n d s l i d e  shear  body a s  i t  forms t h e  coa l  roof has  been d i s -  
played. The i n t e r r e l a t i o n s h i p  between t h e  shear  body, a s  described i n  t h e  
previous chapter ,  and t h e  dens i ty  of roof f a l l s  i s  demonstrated. Most of t h e  
roof f a l l s  were caused by t h e  i n s t a b i l i t y  of t h e  shear  body, which con ta ins  
numerous subhorizontal  o r  low-angle shear  sur faces .  

The anomalies i n  t h e  roof rock a l s o  have had s i g n i f i c a n t  e f f e c t  on t h e  coa l  
o r  v i c e  versa .  They a r e  r e f l e c t e d  i n  f i g u r e s  142 and 143. Two t rends  can be 
recognized i n  f i g u r e  143. The genera l  north-south t rend  i s  dominated by a l o c a l  
east-west t rend of t h e  s t r u c t u r a l  highs and lows ( r idges  and troughs) .  The ge- 
n e t i c  r e l a t i o n  between t h e  t rends  of l i t h o l o g i c  bodies  and s t r u c t u r a l  f e a t u r e s  
i n  t h e  roof rock and t h e  t r ends  of coa l  s t r u c t u r e  is  not  y e t  known; however, 
s i m i l a r i t y  of t rends  of o lde r  sedimentary and e a r l y  d i sgnen t i c  f e a t u r e s  (shape 
and o r i e n t a t i o n  of rock bodies)  and younger deformational f e a t u r e s  ( o r i e n t a t i o n  
of shear  body) and t r ends  i n  s t r u c t u r a l  contours  seems t o  be obvious. Pn- 



t e r f e r e n c e  p a t t e r n s  occur  i n  bo th  t r e n d s  of c o a l  s t r u c t u r a l  con tours  and i n  
t r e n d s  of sedimentary and deformat iona l  f e a t u r e s .  

Study a r e a s  6 and 7 i n  mine C w e r e  s e l e c t e d  f o r  mapping, a t  t h e  i n v i t a -  
t i o n  of t h e  c o a l  company, because of s eve re  problems i n  ~ o o f  c o n t r o l .  The 70- 
c a t i o n s  of t h e  s tudy a r e a s  a r e  shown i n  f i g u r e  144, which a l s o  shows how a b r u p t l y  
t h e  e l e v a t i o n  of t h e  t op  of t h e  c o a l  can change. Local changes i n  e l e v a t i o n  
a r e  o f t e n  t h e  l o c a t i o n  of roof f a l l s .  A l a t e r  chap t e r  con t a in s  r e s u l t s  of 
tests of t h e  s t r e n g t h  of roof rock  from a r e a s  6  and 7 .  

Study a r e a  6  ( f i g .  145) ha s  a  laminated s i l t s t o n e  and sands tone  roof t h a t  
is  g e n e r a l l y  s t a b l e ;  however, above t h e  s i l t s t o n e  roof a  water-bearing sand- 
s t o n e  i s  found along narrow zones. This  sandstone probably f i l l s  a  smal l  t r i b u -  
t a r y  o r  d i s t r i b u t a r y  of t h e  nearby Walshvi l l e  channel i n  t h e  west.  When the sand -  
s t o n e  i s  about  20 f e e t  o r  l e s s  above t h e  top  of t h e  excava t ion ,  t h e  roof commonly 
does no t  remain s t a b l e  because of t h e  poor s l a k e  d u r a b i l i t y  of t h e  a r g i l l a c e o u s  
laminated s i l t s t o n e .  A "d r ip  l i n e "  showing w e t  and d ry  cond i t i ons  shown on t h e  
map n e a r l y  d e l i n e a t e s  t h e  a r e a o f  s eve re  roof i n s t a b i l i t y .  F igu re  146 d i s p l a y s  
t h e  development of roof f a l l s  i n  i n t e r v a l s  s f  s e v e r a l  months. 

L i t ho log i c  and wate r  cond i t i ons  i n  s tudy  a r e a  7 ( f i g s .  147 and 148) were 
s i m i l a r  t o  t hose  i n  a r e a  6.  I n  a d d i t i o n ,  t h e  roof of a r e a  7  was c h a r a c t e r i z e d  
by numerous r o l l s  and a s soc i a t ed  f a u l t s  a s  w e l l  a s  o t h e r  sof t -sediment  deforma- 
t i o n a l  f e a t u r e s .  The "mega-roll" shown i n  f i g u r e  148 was l a r g e  enough t o  f o r c e  
a l t e r a t i o n  of mining p lans  i n  t h e  panel .  
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Figure 139. Lithology, structural features, roof falls, and additional data on the Herrin (No. 6 )  Coal and its immediate roof rocks in study area 4 of mine 8 .  Immediate roof strata are 
Energy Shale, lower portion (not stippled) darkgray shale and upper portion (stippled) medium-gray shale. The majority of rolls and faults occurs in medium-gray shale, 
whereas all roof falls and other features of instability (e.g., kink zones, and rib rashing) except one are distributed in areas of dark-gray shale. Jointing is also much more 
prominent in the well-bedded dark-gray shale. 



Figure 140. Distribution of soft-sediment rolls associated with minor faults in relation to the lithology of the immediate roof and 
roof falls of Herrin (No. 6 )  Coal in study area 5 of mine 5. The map displays the close interdependence of soft-sediment 
structural features, mainly rolls and slips, with distribution and lateral boundaries of the Energy Shale roof strata. 
Although the immediate roof in areas of medium-gray shale with rolls and slips commonly i s  very rough and irregular, 
the roof falls are more abundant in areas of dark-gray shale. Roof falls in areas of medium-gray shale occur mainly 
within the shear body. 
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Figure 141. Outline and major shear structures of the shear body in study area 5 of mine 0. Roof falls have occurred most often 
in the area of the shear body and to a lesser degree under dark-gray shale in the immediate vicinity of the shear body. 
Deformational features older than the shear body have not been drawn on this map, but can be compared in their inter- 
relationship to lithologic differences in figure 140. The shear body is not restricted to a particular lithology, but affects 
dark-gray shale and medium-gray shale and, locally, the top of the Herrin (No. 6 )  Coal as well. 
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Figure 142. Computergenerated map o f  the t o p  o f  the Herrin (No. 6 )  Coal in study area 5 o f  mine B. Interference pattern o f  t w o  
structure trends are visible; general trend i n  this overall area is  nonhsouth,  and local t rend is east-west. The locations of  
anomalies i n  the structure contours appear t o  be related t o  the location o f  the shear body and o f  other deformational 
features. Contour interval : one foot; grid size: 100 feet. 



Figure 143. Computer-generated map  o f  t he  t o p  o f  t he  Herr in (No. 6) Coal i n  t h e  area o f  study area 5 o f  m ine  B. The general north-south t rend o f  t h e  region is dominated by a local 
east-west t rend  o f  structure lines, wh ich  produced small irregularities and interference patterns. Contour  interval: t w o  feet; gr id  size: 100 feet. 



Figure 144. Computer-generated map of the top of the Herrin (No. 6 )  Coal at mine C, study areas 6 and 7. For the more regional 
setting, see figure 149. Structural anomalies of the top of the coal reflect anomalies in the roof strata composed mainly 
of laminated siltstone and sandstone, which locally impose severe problems for roof control. Contour interval: two 
feet; grid size: 100 feet. 
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Figure 145. Lithology and minor fault structures of the Herrin (No. 6) Coal and i t s  immediate roof strata, and distribution of roof falls and other induced instabilities in study area 6 

of mine C. 
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Figure 146. Occurrence and development of roof falls in study area 6 of mine C as mapped during three different periods. Although 
excavation did not continue, the roof continued to fall for more than half a year. 
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Figure 147. Lithology, rolls, and fault structures of the Herrin (No. 6) Coal and i t s  immediate roof strata in study area 7, mine C. 
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Figure 148. Lithology, rolls, and fault structures of the Herrin (No. 6) Coal and i ts  immediate roof strata, and the distribution of 

roof falls and other induced instabilities and additional roof support in the area below siltstone and sandstone with 
water seepage. Study area 7, mine C. 



Resu l t s  from computer-generated maps of t h i cknes s  and s t r u c t u r e  

The computer-generated maps presen ted  h e r e  and i n  t h e  prev ious  chap t e r  
( f i g s .  83-85) d i f f e r  cons iderab ly  from those  of i -mine mapping. They d i f f e r  
n o t  on ly  i n  s c a l e  and con t en t ,  b u t  p a r t i c u l a r l y  i n  number and d e n s i t y  of d a t a  
po in t s .  They are l e s s  b iased  than  hand-drawn maps, b u t  they  l a c k  any geolog- 
i c a l  judgment i n  t h e i r  d i s p l a y ,  S ince  t h e  f requency of d a t a  p o i n t s  is low i n  
comparison t o  t h e  v a r i a b i l i t y  of t h i cknes se s  and s t r u c t u r a l  con tours  known from 
in-mine mapping, a l l  computer-generated maps must b e  i n t e r p r e t e d  w i th  cau t i on ,  
e s p e c i a l l y  i f  s ta tements  a r e  made f o r  a r e a s  a s  smal l  as a s i n g l e  mine. The 
maps a r e  b e s t  s u i t e d  f o r  s tudying  and i n t e r p r e t i n g  broad r e g i o n a l  t r ends .  De-  
t a i l s  of t h e  computer-generated maps i n  t h i s  r e p o r t  a r e g i v e n  i n  t a b l e  2. The 
maps r e p r e s e n t  gene ra l i z ed  t h i cknes se s  and s t r u c t u r e s .  The d e n s i t y  of d a t a  
p o i n t s  averages  one d a t a  p o i n t  pe r  s e c t i o n .  The f e a t u r e s  on t h e  maps cannot  
s e r v e  a s  a c c u r a t e  i n d i c a t o r s  of t h e  d i s t r i b u t i o n  of t h i cknes s ,  The maps a r e  
u s e f u l  a s  gu ides  t o  t h i cknes s  t r ends  and s t a t i s t i c a l  v a r i a b i l i t y  of t h e  rock  
u n i t s  i n  d i f f e r e n t  a r e a s  of t h e  s t a t e ,  however. 

TABLE 2. D e t a i l s  o f  mapping f o r  computer-  
g e n e r a t e d  maps o f  t h i c k n e s s  and s t r u c t u r e .  

T o t a l  Approx. no.  of 
S i z e  Ave. d i s t a n c e  Max. s e a r c h  No. of  d a t a  p o i n t s  

F i g u r e  of  a r e a  between p o i n t s  Gr id  s i z e  d i s t a n c e  d a t a  o u t s i d e  
number mi2 (kmZ) mi (km) f t  (m) c t  (m) p o i n t s  map 

Maps of t h e  t h i cknes s  t r e n d s  of t h e  Anna Sha le ,  Brere ton  Limestone, and 
Conant Limestone Members i n  southwestern and sou thern  I l l i n o i s  a r e  included 
i n  t h e  prev ious  chap t e r  ( f i g s .  83-85). S ince  t h e  more d e t a i l e d  s t u d i e s  f o r  
t h i s  r e p o r t  were done i n  t h e  "Qual i ty  C i r c l e "  a r e a  and i n  wes t - cen t r a l  I l l i n o i s ,  
computer-generated maps of t h e s e  two a r e a s  were produced on a l a r g e r  s c a l e .  

F igures  149 and 153 show t h e  gene ra l  s t r u c t u r a l  t r e n d  of t h e  c o a l  seam 
wi th in  t h e  r e g i o n a l  s e t t i n g .  I n  wes t -cen t ra l  I l l i n o i s  and t h e  "Qual i ty  C i r c l e "  
a r e a ,  t h e  o v e r a l l  c o a l - s t r u c t u r e  t r e n d  i s  almost nor th-south.  The c o a l  bed 
d i p s  g e n t l y  t o  t h e  e a s t  toward t h e  i n t e r i o r  of t h e  I l l i n o i s  Basin Coal F i e l d .  
The Walshvi l l e  channel  and t h e  Rend Lake F a u l t  System were mapped dur ing  pre-  
v ious  s t u d i e s  and o v e r l a i n  on t h e  maps. They a r e  n o t  r e f l e c t e d  a s  w e l l  i n  t h e  
s t r u c t u r a l  contour  map a s  i n  t h e  t h i cknes s  maps* 

A v a r i a t i o n  i n  t r e n d  supersedes  t h e  c o a l  l o c a l l y  o r  a long some narrow zones,  
The eas t -wes t - s t r ik ing  Cot tage  Grove F a u l t  System ( f i g s .  3 and 59 ) ,  l oca t ed  sou th  
of t h e  a r e a  i n  f i g u r e  149, is  r e f l e c t e d  on t h e  map a s  a n  east-west  t r e n d  o f s t r u c -  
t u r a l  con tours  and an alignment of sha l low t roughs  i n  T5S. The Du Quoin Mono- 
c l i n e  s t r i k e s  nor th-south over a long d i s t a n c e ,  b i f u r c a t e s  i n  t h e  a r e a  of T3S-RlW, 
RlE, and branches o f f  towards t h e  n o r t h e a s t .  S t r u c t u r a l  contour  l i n e s  fo l low 
t h e  same t r end ,  whereas t h e  Walshvi l l e  channel  does n o t  appear  t o  have been in-  
f luenced  by t h e  development of t h e  nor theas t - t rend ing  branch of t h e  monocline. 



No c o r r e l a t i o n  of t h e  contour l i n e s  of coal  s t r u c t u r e  and t h e  d i s t r i b u t i o n  of 
t h e  th i ck  Energy Shale is recognizable. 

The thickness maps demonstrate t h e  following i n t e r r e l a t i o n s h i p s  of t h e  
roof rocks: 

The regional  a s soc ia t ion  of t h e  Energy Shale with t h e  Walshville channel 
i n  t h e  "Quality c i r c l e "  a rea  is shown i n  f i g u r e  150. It can. a l s o  be in- 
f e r red  from t h e  absence of Anna Shale and Brereton Limestone ( f i g s .  83 
and 84) and from t h e  th i ck  i n t e r v a l  between top of t h e  coa l  and bottom 
of t h e  f i r s t  overlying limestone th i cke r  than two f e e t  f o r  t h e  "Qual i ty  
Circle" a rea  i n  Je f fe r son  and Franklin County, f o r  t h e  " ~ r o y  area" i n  
Clinton and S t .  C l a i r  Counties, and f o r  t h e  "Hornsby area" i n  Montgomery 
and Nacoupin Counties. 
Where th i ck  (>20 f e e t )  Energy Shale o r  t h e  Walshville channel f i l l  accu- 
mulated, a decreasing thiekness o r  absence of Anna Shale and of Brereton 
Limestone was found (compare f i g s .  150 and 151 and 152; a l s o  s e e  f i g s .  154 
and 155). 
Both Anna Shale and Brereton Limestone vary i n  thickness and occur i n  len- 
t i c u l a r  patches o r  elongate troughs. Their i n t e r r e l a t i o n s h i p  i s  an impor- 
t a n t  f a c t o r  i n  roof s t a b i l i t y .  
Throughout t h e  mapping a r e a  an inverse  r e l a t i o n s h i p  between t h e  thickness 
of Anna Shale and Brereton Limestone can be recognized. Where t h e  Anna 
Shale is t h i n  o r  absent ,  commonly a t h i c k  Brereton Limestone i s  found. Where 
t h e  Anna Shale is th ick  t h e  Brereton LLmestone appears t o  be t h i n  o r  absent  (com- 
pare f i g .  1 5 1 w i t h  152 and fig. 154 wi th  155, s e e  t a b l e  13,  p. 193),  This 
r ec ip roca l  r e l a t i o n s h i p  a l s o  has been recognized during in-mine mapping, 
e spec ia l ly  i n  study a reas  1 t o  3 ( f i g s .  119, 126, and 134) of mine A .  
The Brereton Limestone-normally i n  patches o r  troughs ranging i n  thickness 
from 0 t o  6 f e e t  (1.8 m) o r  even a s  much a s  8 feet-was accumulated i n  
even g rea te r  thickness c l o s e  t o  the Walshville channel,  with extremes a s  
th i ck  a s  20 f e e t .  (Compare f i g s .  84,  152, and 155.) 

Experience i n  mines with black shale-limestone roof throughout I l l i n o i s  
ind ica te s  t h a t  thickness of the  i n t e r v a l  from the  top of t h e  coa l  t o  t h e  base 
of the  f i r s t  l imestone bed th i cke r  than two f e e t  is  a s i g n i f i c a n t  f a c t o r  f o r  
roof s t a b i l i t y .  A t h i c k  limestone bed s t rengthens  t h e  roof ,  e spec ia l ly  i f  
i t  i s  c lose  t o  t h e  top of the  coa l ,  where it provides a s t rong anchor f o r  roof 
b o l t s .  This study recognized t h a t  a minimum thickness of two f e e t  of l imestone 
i s  needed t o  reduce t h e  l ike l ihood of roof f a l l s .  Less than two f e e t  of lime- 
s tone  i n  the  immediate roof increases  the  hazards, e spec ia l ly  where t h e  Anna 
Shale a l s o  i s  t h i n  o r  absent .  

The i n t e r v a l  from t h e  top of t h e  Herrin (No. 6) Coal t o  t h e  base of t h e  
f i r s t  t h i ck  limestone bed ranges from 0 t o  more than 100 f e e t  (30 m) ( f i g s .  
156 and 157). Usually, however, t he  i n t e r v a l  is l e s s  than 12 f e e t  th ick .  
Within the  Walshville channel and a reas  having t h i c k  gray sha le  wedges, t h e  
i n t e r v a l  increases  i n  thickness t o  100 f e e t  and more. Where t h e  i n t e r v a l  ex- 
ceeds thicknesses of 6 f e e t ,  t h e  Brereton Limestone may be considered t h i n  o r  
absent.  Where i t  exceeds 15 f e e t ,  t h e  indiv idual  benches of t h e  Bankston Fork 
Limestone a r e  probably l e s s  than two f e e t  th i ck  o r  missing. I n  t h e  Walshville 
channel and a reas  of th i ck  gray shale ,  t he  Brereton and t h e  Bankston Fork a r e  
commonly t h i n  o r  absent  where the i n t e r v a l  exceeds 20 f e e t .  In  t h i s  case  t h e  
f i r s t  l imestone th i cke r  than two f e e t  i s  probably t h e  Piasa  Limestone Member of 
t h e  Modesto Formation. 



I n  a r e a s  where t h e  Energy Sha le  i s  t h i c k  and t h e  i n t e r v a l  t o  t h e  f i r s t  
l imes tone  i s  more than  20 f e e t ,  t h e  l a c k  of a competent l imes tone  a lone  does 
n o t  u s u a l l y  cause roof problems. Roof cond i t i ons  i n  t h e s e  a r e a s  a r e  probably 
s i m i l a r  t o  t hose  known from most mines i n  t h e  "Qual i ty  C i r c l e . "  Spots  a r e  
s c a t t e r e d  throughout t h e  maps ( f i g s .  156 and 157) ,  e s p e c i a l l y  i n  Bond, Faye t t e ,  
and Montgomery Count ies ,  where t h e  i n t e r v a l  t o  t h e  f i r s t  l imes tone  exceeds 20 
f e e t .  These smal l  a r e a s  cannot be  connected w i th  known channels .  Their  s t r a t -  
i g r aph i c  success ion  i s  probably s i m i l a r  t o  t h a t  observed i n  mine A ,  where t h e  
Brereton Limestone is  d i scont inuous  and t h e  Bankston Fork Limestone t h i n s  i n  
p l ace s  t o  a lmost  zero.  The e n t i r e  success ion ,  however, i s  t h a t  of a b l ack  
shale- l imestone roof wi thout  a competent l imestone.  Hazardous roof i n s t a b i l i t i e s  
r e s u l t  from t h i s  s i t u a t i o n ,  which, i f  recognized e a r l y  enough, can be c o n t r o l l e d  
by means of roof suppor t .  
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Figure 149. Map o f  the t o p  o f  the Herrin (No. 6) Coal Member i n  the "Quality Circle" area. Contour interval: 25 feet. Greater 
data-point density was used t o  outl ine areas of  thin, split, o r  missing coal and the approximate location o f  the Rend 
Lake Fault System. 

v A  Coal thin, split, o r  missing 

Figure 150. Thickness trends o f  the Energy Shale Member i n  the "Quality Circle" area. Contour interval: 20  feet; highest contoPr 
allowed: 140  feet. The Energy Shale is thickest i n  the Walshville channel area and rapidly decreases i n  thickness west- 
wards; however, th in lenticular bodies o f  Energy Shale have been found as far west as Randolph County. Energy Shale, 
2 0  feet o r  thicker extends eastward f rom the channel i n  fo rm o f  a large lobe. It rapidly decreases in  thickness farther 
toward the east. Greater data-point density was used t o  outl ine areas o f  thin, split, o r  missing coal and the approximate 
location o f  the Rend Lake Fault System. 
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Figure 151. Thickness trends of the Anna Shale Member in the "Quality Circle" area. Contour interval: 1 foot; highest contour 
allowed: six feet. The map shows the patchy and lenticular occurrence of the Anna Shale, just as found in Bond and 
Montgomery Counties in west-central Illinois. Anna Shale is  thin or entirely missing in areas where the Energy Shale 
is thick. Greater data-point density was used to outline areas of thin, split, or missing coal and the approximate location 
of the Rend Lake Fault System. 

Coal thin, split, or missing 
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Twenty foot isopach of Energy Shale I 

Figure 152. Thickness trends of the Brereton Limestone Member in the "Quality Circle" area. Contour interval: 2 feet; highest 
contour allowed: 14 feet. The map of the Brereton Limestone at first appears similar to figure 151. The pattern and 
distribution of thickness seem to be comparable to those in Bond and Montgomery Counties. The Brereton is  thin or 
absent in areas of thick Energy Shale, whereas it is very thick to the west of the Walshville channel. In some locations 
it is also thin or absent where the Anna Shale i s  thick (especially visible at the border between R3E and R4E in T5S). 
The same reciprocal relationship can be found in the eastern sector of R2E and T3S and in the center of R3E and T4S. 
Greater data-point density was used to outline areas of thin, split, or missing coal and the approximate location of the 
Rend Lake Fault System. 



Figure 153. Map o f  the top  o f  the Herrin (No. 6 )  Coal Mem- 
ber i n  Bond and Montgomery Counties. Contour 
interval: 2 0  feet. The general trend o f  the coal 
contours is NNE-SSW. The coal dips gently f r o m  
elevations of  greater than 300  feet i n  the north- 
western corner o f  the map t o  elevations below 
less than 8 0  feet i n  the eastern and southeastern 
part o f  the map. Major anomalies are displayed i n  
the zone where the Walshville channel crosses the 
coal seam. Study areas 1 t o  3 are located i n  this 
map area. Areas having &2 miles between data 
points: 7N-1 W, 6N-1 W, 5N-1 W, 4N-1 W, 1 1 N-4W, 
1 1 N-3W, 1 ON-5W. Greater data-point density 
was used t o  outline areas having thin, split, o r  
missing coal. 

Figure 154. Thickness trends o f  the Anna Shale Member i n  
Bond and Montgomew Counties. Contour 
interval: one foot; highest contour selected: 
six feet. The isopach map shows the patchy and 
very lenticular occurrence o f  the Anna Shale 
just as it was observed for  the "Quality Circle" 
area and fo r  the rest o f  southern and south- 
western Illinois (figs. 151 and 83). The Anna 
Shale is generally less than four  feet (<  1.2 m )  
th ick b u t  may locally exceed six feet (1.8 m) 
i n  thickness. Neither a regular distr ibution 
pattern nor a trend i n  Anna Shale thickness is 
visible. The lenticular pattern, however, has been 
observed i n  study areas 1,2, and 3. Areas having 
&2 miles between data points: 7N-1W, 6N-1 W, 
5N-1 W, 4N-1 W, 1 1 N4W,  1 1 N-3W, 1 ON-5W. 
Greater data-point density was used t o  outl ine 
areas having thin, split, o r  missing coal. 



Figure 155. Thickness trends of the Brereton Limestone 
Member in Bond and Montgomery Counties. 
Contour interval: two feet; highest contour 
selected: 14 feet. Areas having &2 miles be- 
tween data points: 7N-1 W, 6N-1W, 5N-IW, 
4N-1 W, 1 1 N-4W, 1 1 N-3W. ION-5W. Greater 
data-point density was used to outline areas 
having thin, split, or missing coal. 

Figure 156. Thickness trends of the interval from the Herrin 
(No. 6) Coal Member to the first thick limestone 
bed (> 2 feet) in Bond and Montgomery Coun- 
ties. Contour interval: three feet; highest contour 
allowed: 1 5  feet. Areas having miles between 
data points: 7N-1W, 6N-1 W, 5N-1W, 4N-1W, 
11 N-4W, 11 N-3W, ION-5W. Greater data-point 
density was used to outline areas of thin, split, 
or missing coal. 



Coal thin, split 
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Figure 157. Thickness trends of the interval from the Herrin (No. 6 )  Coal Member to the first thick limestone bed 0 2 feet; 80 
cm) in southwestern and sauthern Illinois. Contour interval: 4 feet; highest contour allowed: 20 feet. Greater data 
point density was used to  determine the location of the Walshville channel. 



OBSERVATIONS AEJD DISCUSSION OF ROOF FAILURE TRENDS 

General  obse rva t  i ons  

The geo log ic  s e t t i n g  and cause  of roof f a l l s  i s  o f t e n  ev iden t .  The 
fo l lowing  g e n e r a l i z a t i o n s  can be  made about  roof cond i t i ons  a s  des igna ted  i n  
t h i s  r e p o r t :  

1. Gray s h a l e  roof (over ly ing  10  percen t  of i d e n t i f i e d  c o a l  r e sou rce s ) :  

A. The occurrence of r o l l s ,  minor f a u l t s  and shea r s  i s  almost  ub iqu i tous .  
Although roof s t a b i l i t y  is  g e n e r a l l y  good, l o c a l l y  t h e  roof may be  
d i f f i c u l t  t o  c o n t r o l  ( f i g .  158) .  

B.  The laminated s a n d s t o n e / s i l t s t o n e  f a c i e s  i s  prone t o  s e p a r a t i o n  a long  
bedding-surfaces.  Roof b o l t s  of uniform l e n g t h  w i t h  mechanical anchors  
appear  t o  enhance t h i s  tendency ( f i g .  159) .  

C.  The gray  s h a l e s  a r e  c h a r a c t e r i s t i c a l l y  low i n  s l a k e  d u r a b i l i t y ,  re- 
s u l t i n g  i n  l o c a l  s p a l l i n g  of t h e  r o o f .  Where water  i s  encountered i n  
t h e  r o o f ,  such a s  near  channel  sands tones ,  massive arched roof f a i l u r e s  
a r e  abundant ( f i g .  160) .  

2. Black shale- l imestone (over ly ing  90 percen t  of i d e n t i f i e d  c o a l  r e sou rce s ) :  

A.  Where a t h i c k  l imes tone  (>0.6 m) forms t h e  immediate r o o f ,  roof prob- 
l e m s  a r e  r a r e ,  r e g a r d l e s s  of t h e  presence of f a u l t s ,  j o i n t s ,  and c l a y  
d i k e s  ( f i g .  161) .  

. Where t h e  f i s s i l e  b l ack  s h a l e  occurs  a s  t h e  immediate r o o f ,  t h e  number 
of roof f a l l s  i s  i n  p ropo r t i on  t o  t h e  number of s t r u c t u r a l  anomalies 
( f a u l t s  o r  conc re t i ons )  i n  t h e  roo f .  These f a l l s  seldom break  upward 
p a s t  t h e  f i r s t  massive l imes tone  l a y e r  t h i c k e r  than  0.6  m ( f i g .  162) .  

The l i t h o l o g i c  d i s t r i b u t i o n  of t h e  immediate roof and the f requency of 
occurrence of s t r u c t u r a l  anomalies i n  t h e  roof  have been c a l c u l a t e d  from t h e  
maps f o r  t h e  e i g h t  s tudy  a r e a s .  The i n t e r s e c t i o n s  of e n t r i e s  and c r o s s c u t s  
were used a s  t h e  sampling p o i n t s  f o r  each 
evenly d i s t r i b u t e d  and g e n e r a l l y  a r e  
t h e  l o c a t i o n s  of t h e  s e r i o u s  roof 
f a l l s .  Table  3 shows t h e  percen t -  
age  of t h e  i n t e r s e c t i o n s  i n  t h e  
given s tudy  a r e a  w i th  s p e c i f i c  
l i t h o l o g y  of t h e  immediate roo f .  
Table  4 shows t h e  percen tage  of 
i n t e r s e c t i o n s  i n  t h e  given s tudy  
a r e a  w i th  s p e c i f i c  s t r u c t u r a l  fea-  
t u r e s  i n  t h e  immediate roof .  

Although t h e  s t udy  a r e a s  a r e  rep-  
r e s e n t a t i v e  of cond i t i ons  i n  t h e  Her r in  

of t h e  a r e a s ,  s i n c e  they  a r e  r a t h e r  

Gray shale 

Coal 

(No 6, roof these dis- Figure 158. Rolls in roof. Rolls are common in the gray shale 
t r i b u t i o n  c o e f f i c i e n t s  a r e  of undeter-  and cause unevenness of the roof. Fractures or 

mined s t a t i s t i c a l  v a l u e  f o r  t h e  e n t i r e  
I l l i n o i s  Basin Coal F i e l d ,  because t h e  
t o t a l  a r e a  mapped r e p r e s e n t s  on ly  a  

faults in the rock cause many rolls to fall before 
bolting; others fall later despite roof bolts. Large 
rolls may protrude into and replace part of the 
upper coal. 
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Figure 159. Laminated siltstone-sandstones. Mechanical an- 
chors may initiate separation of the roof along 
the bedding plane. In normal roof widths of 16 
to 20 feet (4.8 to 6 m), the rock strength usually 
i s  adequate to maintain the separated rock slab. 
At intersections, the span of 2Q to 35 feet is  too 
great for self support. The horizontal compressive 
stresses within a foot of the rib are greater than 
the rock strength. The roof will separate bed by 
bed until the roof falls. 

"Clod" drops out 

Limestone 
Coal 

Limestone 

"Clod" 

Figure 161. Limestone roof. Best roof conditions are found 
where the Brereton Limestone is greater than 1.5 
to  2.0 feet (0.4 to 0.6 m) in thickness. Bolts are 
probably not supporting the roof but are merely 
inhibiting slabbing of the "clod." The crumbling 
and slaking quality of the "clod" in a number of 
mines led to unnecessary cribbing. 

Figure 160. Wet zones in Energy Shale. Where seepage in 
the roof is  locally encountered, large arched 
falls are common. The low slake durability of 
the gray shale in wet conditions can decrease 
roof support by bolts considerably. Both me- 
chanical anchors and resin bolts have locally 
proved ineffective in areas of abundant seepage. 
Bolts fall with the rock. 

limestone 
Coal 
Limestone 

Black shale 

Coal 

Figure 162. Black shale or "draw slate." Numerous falls 
occur, and their number is proportional to the 
number of faults, and slicksided surfaces. Where 
the Brereton i s  thin or absent, roof strata up to 
the next thick limestone will usually fall. If falls 
do not stop at the second (Conant) limestone, 
the Lawson Shale up to the Bankston Fark 
Limestone (6 to 10 feet above the coal) will 
usually fall. 



TABLE 3. Percen tage  of i n t e r s e c t i o n s  of e n t r i e s  and c r o s s c u t s  wi th  d i f f e r e n t  l i t h o l o g i e s  
i n  t h e  immediate roof of t h e  Her r in  (No. 6 )  Coal. 

L i tho logy  of immediate roof of t n e  Her r in  (No. 6) Coal 

I n t e r s e c t i o n s ,  Black s h a l e  Limestone over b l a c k  s h a l e  Limestone Other 
Study sample s i z e  (Anna Sh.) (Brere ton  Ls. over Anna Sh.)  (Brereton Ls . )  (Jamestom t o  Lawson) 

Roof type  a r e a  (100%) ( X )  (XI (%) ( X I  

Black sha le -  
l imes  tone  
roof 

4 4 
16  

n o t  des igna ted  

S i l t s t o n e / S a n d s t o n e  
Dark-gray s h a l e  Medium-gray s h a l e  wet d r y  

(2) (XI (Z )  ( X I  

Gray s h a l e  roof 4 311 75 25 0 0 
away from channel  5 291 4 9 5 1 0 0 

Gray s h a l e  roof 6 153 
n e a r  channel  7 184 

8 158 

TABLE 4. Percen tage  of i n t e r s e c t i o n s  of  e n t r i e s  and 
c r o s s c u t s  w i t h  d i f f e r e n t  s t r u c t u r a l  f e a t u r e s  

i n  t h e  immediate roof of t h e  Her r in  (No. 6)  Coal. 

I n t e r s e c t i o n s ,  
Study sample s i z e  F a u l t s  S l i p s  F r e e  

Roof t y p e  a r e a  (100%) ( X )  (%) ( X )  

Black sha le -  1 
1 imes tone  
roof 2 

3 

Shears 
R o l l s  and s l i p s  F r e e  

( X I  (XI ( X )  

Gray 4 311 7 8 8 5 
s h a l e  
roof 

5 t o t a l  291 12  32 5 6 

o u t s i d e  (189) (18) (9 )  (73) 
s h e a r  body 

i n s i d e  (102) (74) (26) 
shear  body 

6 153 5 2 9 3 

7 184 12  7 8 1  

8 158 4 3 9 3 

7 ,  and 8 w e r e ,  i n  p a r t ,  a c t i v e  headings 

few square  m i l e s  of t h e  approximately 
10,000 square  m i l e s  of Her r in  (No. 6) 
Coal t h a t  is g r e a t e r  than  42 inches  
( 1  m) t h i c k ,  

Frequency and d i s t r i b u t i o n  of roof f a l l s  

The c l a s s i f i c a t i o n  and ca t a log ing  
of roof f a l l s  w e r e  n o t  p a r t  of t h i s  roof 
s tudy ,  nor  would they  b e  f e a s i b l e  un l e s s  
a comprehensive eva lua t i on  of t h e  occur- 
rence  of roof f a l l s  w i th  r e s p e c t  t o  t h e  
e n t i r e  h i s t o r y  of excava t ion  and suppor t  
and subsequent annual  i n v e s t i g a t i o n s  were 
undertaken. The m a j o r i t y  of t h e  a r e a s  
mapped had been mined some t i m e  ago, 
gene ra l l y  months (yea r s ,  i n  some ca se s )  
b e f o r e  they  were mapped. For t h i s  
reason,  t h e  conc lus ions  reached h e r e  
p a r t i a l l y  r e f l e c t  t h e  long-term s t a b i l -  
i t y  of mine excavat ion.  Study a r e a s  2, 6 ,  

dur ing  mapping. 

Table  5 is a t a b u l a t i o n  of t h e  number of roof f a l l s  mapped i n  each of t h e  s t udy  
a r e a s ,  a s  w e l l  a s  t h e  percen tage  of f a l l e n  i n t e r s e c t i o n s  and rooms. It should b e  
noted t h a t  t h e  number of f a l l e n  i n t e r s e c t i o n s  is  g r e a t e r  t han  ehe number of f a l l e n  
rooms. Probably 70 o r  80 pe rcen t  of t h e  l a r g e  f a l l s  occur  a t  i n t e r s e c t i o n s .  This  
undoubtedly depends on t h e  spans of t h e  i n t e r s e c t i o n s ,  which a r e  u s u a l l y  50 pe rcen t  
and sometimes 100 percen t  g r e a t e r  than  t h e  spans i n  rooms. 

FALL DISTRIBUTION RELATED TO THE TYPE OF LITHOLOGY I N  THE IMMEDIATE ROOF 

For  each of t h e  s tudy  a r e a s ,  t h e  number of f a l l e n  i n t e r s e c t i o n s  has  been 
t a b u l a t e d  a s  a f u n c t i o n  of l i t h o l o g y  of t h e  immediate roof ( t a b l e  6 ) .  A s  i nd i -  
c a t ed  e a r l i e r ,  t h e  roof f a l l s  i n  a r e a s  having t h e  b l ack  shale- l imestone type  
of roof (s tudy a r e a s  1, 2 ,  and 3)  dominated where t h e  Brere ton  Limestone is 



TABLE 5. Rela t ion  of s t a b l e  and f a l l e n  i n t e r s e c t i o n s  
and of roof f a l l s  i n  rooms and i n t e r s e c t i o n s .  

Number of mapped roof f a l l s  

Number of Number of 
Sample s i z e  Number of Number of Percentage of f a l l e n  f a l l e n  

Study (number of s t a b l e  f a l l e n  f a l l e n  F a l l s  i n t e r s e c t i o n s  rooms Room 
a r e a  i n t e r s e c t i o n s )  i n t e r s e c t i o n s  i n t e r s e c t i o n s  i n t e r s e c t i o n s  ( t o t a l )  (1) (R) I /R ( % I  

2  

3  

4 

5 t o t a l  

o u t s i d e  
shear  body 

i n s i d e  
s h e a r  body 

6  

7 

8 

TABLE 6. Occurrence of f a l l e n  i n t e r s e c t i o n s  
f o r  d i f f e r e n t  l i t h o l o g i e s  of immediate r o o f .  

Limestone (Brere tonLs . )  
Black s h a l e  over Limes tone  

(Anna Shale) Black Sha le  (Anna Sh. ) (Brereton Ls . ) Other 
study ~ ~ t ~ l  number No. of S i z e o f  Percent  No.of S i z e o f  Percent  No.of S i z e o f  Percent  No.of S i z e o f  Percent 

~ ~ ~ f  type a r e a  of i n t e r s e c t i o n s  f a l l s  sample f a l l e n  f a l l s  sample f a l l e n  f a l l s  sample f a l l e n  f a l l s  sample f a l l e n  

Black s h a l e -  1 249 36 109 33 18  110 16 0  30 0  - 
l imes tone 2 472 46 242 19  11 74 1 5  0  135 0  4 21 19 
roof 

3  215 25 132 19 1 79 1 0  4  0  - 
Si l t s tone /Sands tone  

Gray s h a l e  Dark-gray s h a l e  Wet Dry 
No. of S i z e o f  Percent NO. of S i z e o f  Percent  No. of S i z e o f  Percent No. of S i z e o f  Percent 
f a l l s  sample f a l l e n  f a l l s  sample f a l l e n  f a l l s  sample f a l l e n  f a l l s  sample f a l l e n  

Gray 4 311 
s h a l e  5 t o t a l  291 
roof 

o u t s i d e  (189) 
shear  body 

i n s i d e  (102) 
shear  body 



t h i n  o r  absen t ,  A s  i nd i ca t ed  by t a b l e  6 ,  t h e  percentage of f a l l e n  i n t e r s e c -  
t i o n s  f o r  such an a r e a  ranges from 15  t o  33 percent  and i s  l i m i t e d  t o  non- 
l imes tone  roo f ,  The a r e a s  of g ray  s h a l e  roof do n o t  e x h i b i t  such d i s t i n c t  
l i t h o l o g i c  changes, and, a s  a r e s u l t ,  t h e  f a l l  c o e f f i c i e n t  i s  no t  a s  wel l -  
def ined;  however, i t  appears  t h a t  t h e  lamdnated s a n d s t o n e / s i l t s t o n e  i s  more 
prone t o  f a l l  than t h e  almost uniform gray o r  dark-gray s h a l e ,  e s p e c i a l l y  
i f  t he  s a n d s t o n e / s i l t s t o n e  is  water  bear ing .  

FALL DISTRIBUTION RELATED 
TO THE OCCURRENCE OF STRUCTURAL FEATURES 

The number of f a l l e n  i n t e r s e c t i o n s  has  been t abu la t ed  a s  a  func t ion  of 
s t r u c t u r a l  anomaly ( t a b l e  7 ) .  Only s t r u c t u r a l  f e a t u r e s  t h a t  were of major 
importance were used f o r  t h i s  t abu la t i on .  For t h e  b l ack  shale- l imestone 
a r e a s ,  t h e  term " f a u l t "  inc ludes  c l a y  d ikes ,  c lay-dike f a u l t s ,  and f a u l t s  
t h a t  d i s p l a c e  t h e  t op  of t h e  coa l .  The term " s l i p "  inc ludes  smal l  f a u l t s  
t h a t  produce l i t t l e  o r  no displacement of t h e  c o a l  and s l i ckens ided  su r f aces .  
The term "f ree"  i n d i c a t e s  a l a c k  of s l i p s  o r  f a u l t s  bu t  a  p o s s i b l e  occurrence 
of concre t ions  o r  j o i n t s .  

For a r e a s  of gray-shale roo f ,  t h e  t e r m  " r o l l "  inc ludes  a l l  s i z e s  of r o l l s .  
The t e r m s  "shear and s l i p "  r e f e r  t o  a l l  f a u l t s ,  d isplacements ,  and s l icken-  
s ided  su r f aces  no t  a s soc i a t ed  wi th  t h e  occurrence of a  r o l l .  The t e r m  "free"  
i n d i c a t e s  a  l a c k  of r o l l s  o r  shea r s  and s l i p s  bu t  a  p o s s i b l e  occurrence of 
j o i n t s  o r  concre t ions .  

The most c r i t i c a l  f a c t o r  i n  regard  t o  roof s t a b i l i t y  is  t h e  presence of 
f a u l t s ,  shea r s ,  o r  s l i p s  i n  the rocks r a t h e r  than t h e  magnitude of d i sp lace-  
ment o r  s i z e  of a  r o l l ;  however, a s  w i th  t h e  l i t h o l o g i c  d i s t r i b u t i o n ,  t h e  
s t a t i s t i c a l  v a l i d i t y  of t h e s e  c o e f f i c i e n t s  f o r  t h e  e n t i r e  I l l i n o i s  Basin 
Coal f i e l d  cannot as y e t  be  evaluated.  

TABLE 7. Occurrence of f a l l e n  i n t e r s ec t i ons  
f o r  d i f f e r en t  s t r uc tu r e s  i n  t he  immediate roof.  

Faul ts  S l i p s  Free 
Study Tota l  number No. of S izeof  Percent No. of S izeof  Percent No. of S izeof  Percent 

Roof type area  of i n t e r s ec t i ons  f a l l s  sample f a l l e n  f a l l s  sample f a l l e n  f a l l s  sample f a l l e n  

Black shale- 1 
limes tone 
roof 2 

3 

Rol ls  Shears and s l i p s  Free 
No. of S izeof  Percent No. of S izeof  Percent No. of S izeof  Percent 
f a l l s  sample f a l l e n  f a l l s  sample f a l l e n  f a l l s  sample f a l l e n  

Gray 
sha l e  
roof 

5 t o t a l  

outs ide  
shear body 

i n s ide  
shear body 

6 wet 



Summarv of roof f a l l  occurrences 

To a s s e s s  t h e  occurrence of roof 
f a l l s  q u a n t i t a t i v e l y ,  t h e  l i t h o l o g i c  
and s t r u c t u r a l  d i s t r i b u t i o n s  have been 
combined and tabula ted  i n  t a b l e  8. 
For each category of roof ( l i t h o l o g i c  
and s t r u c t u r a l  occurrence) ,  t h e  per- 
centage of f a l l e n  i n t e r s e c t i o n s ,  t h e  
sample s i z e ,  and t h e  percentage of t h e  
mapping a rea  a r e  l i s t e d .  

A = occurrence of f a l l s  f o r  a  s p e c i f i c  
l i t h o l o g i c / s t r u c t u r a 1  roof type  
( i n  percent ) .  

B = occurrence of a  s p e c i f i c  l i t h o l o g i c /  
s t r u c t u r a l  roof type f o r  a  s tudy 
a rea  ( i n  percent ) .  

The d a t a  support t h e  q u a l i t a t i v e  des- 
c r i p t i o n s  persented e a r l i e r  regarding 
inf luence  on roof s t a b i l i t y .  

For t h e  black shale-limestone 
roo f ,  t h e  worst roof condi t ions  a r e  
assoc ia ted  wi th  (1) black s h a l e  roof 
with s l i p s  and f a u l t s  (24 t o  41 per- 
cent  frequency of f a l l e n  i n t e r s e c t i o n s )  
and (2) t h i n  l imestone overlying black 
s h a l e  (6 t o  23 percent  frequency of 
f a l l e n  i n t e r s e c t i o n s ) .  The b e s t  roof 
condi t ions  a r e  assoc ia ted  wi th  t h e  
limestone (only 2 roof f a l l s  observed).  
S imi lar ly ,  f o r  t h e  gray s h a l e ,  t h e  worst 

TABLE 8. L i t h o l o g i c  and s t r u c t u r a l  d i s t r i b u t i o n  
a s  a percen tage  of f a l l e n  i n t e r s e c t i o n s ,  by s tudy  a r e a .  

S t r u c t u r e s  i n  immediate roof 

L i tho logy  of Study S l i p  Free  
immediate roof a r e a  A No. B A No. B % No. % 

Shale  1 4 1  29 12  35 40 16  25 40 1 6  
(Anna Shale)  2 30 47 1 0  24 101  21 8 99 21 

Limes tone  1 23 40 1 6  1 5  20 8 6 49 20 
(Brereton) over  
b l a c k  s h a l e  2 8 12  3 1 6  3 1  7 1 3  38 8 

(Anna ) 3 - - - 

Limestone 1 0 1 6 6 0  3 1 0 1 2 5  

(Brereton) 2 0 2 4 5 0 2 6 6 0 7 2 5  

3 0 3 1 0 1 3 6 2  6 3 2 9  

Other (e.g. ,  1 - - - 
"Jamestown Coal 
i n t e r ~ a 1 , ~ L a w s o n  38 * O 20 
Sha le )  3 - 0 1 0 0  3 1  

Gray s h a l e  4 0 2 2  7 0 12  4 2 4 3 1 4  

8 - - 6 50 32 

s i l t s t o n e /  wet 6 29 7 5 100 1 1 39 59 39 

sands tone  7 31  1 3  7 1 5  20 11 11 44 24 

condi t ions  a r e  a s soc ia t ed  wi th  t h e  
laminated sands tone / s i l t s tone  roof (10 t o  39 percent)  and t h e  b e s t  condi t ions  
wi th  t h e  uniformly thick-bedded o r  massive s i l t s t o n e  and s h a l e  (0 t o  6 pe rcen t ) .  
Serious t h r e a t s  t o  s t a b i l i t y  wi th in  t h e  gray s h a l e  type of roof a r e  gene ra l ly  
assoc ia ted  with wet condi t ions  i n  t h e  mine. A t  t h i s  poin t  i n  t h e  s tudy,  i t  
cannot be determined what percentage of f a i l u r e s  i n  t h e  wet-condition can be 
a t t r i b u t e d  t o  e i t h e r  t h e  poor s l a k e  d u r a b i l i t y  of t h e  s h a l e s  o r  t h e  occurrence 
of excessive pore pressure  i n  t h e  roof .  

Long-term incidence of i n s t a b i l i t y  

In  an at tempt t o  eva lua te  condi t ions  during and i n  advance of mining, a  
r o o f - f a l l  c o e f f i c i e n t  ( A )  and l i t h o l o g i c  d i s t r i b u t i o n  c o e f f i c i e n t  (B) f o r  a  
given roof type  were ca l cu la t ed  ( t a b l e  8 ) .  The product is a c o e f f i c i e n t  
(A x B) of d i s t r i b u t i o n  f o r  roof f a l l s  ( t a b l e  9 ) .  The summation of t hese  
c o e f f i c i e n t s  f o r  t h e  e n t i r e  s tudy a r e a  r ep resen t s  t h e  t o t a l  percentage of 
f a l l s  f o r  t h e  a rea ,  and is  t h e  same (except f o r  rounding e r r o r s )  a s  t h e  
percentage of f a l l e n  i n t e r s e c t i o n s  i n  t a b l e  5. 



The underground mapping program 
permits a first quantitative assess- 
ment of relative frequency of roof 
failure trends under various geologic 
conditions and supports purely quali- 
tative observations that can be made 
during occasional visits in mines. 
As indicated earlier, each lithologic 
assemblage (black shale-limestone vs. 
gray shale) has characteristic struc- 
tural anomalies (clay dikes or rolls). 
For this reason, the mapping of the 
roof lithology sequence is the best 
overall indicator of roof performance 
on a mine-wide scale. 

As stated before, not enough map- 
ping on a basin-wide scale has been 
completed to evaluate the statistical 
validity of these results (roof-fall 
coefficient A and lithologic distri- 
bution coefficient B); however, the 
geologic mapping for this study has 
proven to be an effective basis for 
quantitative assessment of roof condi- 
tions. Furthermore, the underground 
mapping results (coefficients of roof- 
fall distribution) appear to be a rea- 
sonable basis for the premining evalua- 
tion of roof conditions from explora- 
torv boring data, 

TABLE 9. C o e f f i c i e n t s  of r o o f - f a l l  d i s t r i b u t i o n  
a s  percen tages  of t h e  t o t a l  number of i n t e r s e c t i o n s  

f o r  a  given a r e a  ( A  x B from t a b l e  8 ) .  

L i t h o l o g i e s  of Study F a u l t s  S l i p  Free  
immediate roof a r e a  (%) (%) (%) 

Black Sha le  1 5  6 4 Summationof r o o f - f a l l  
(Anna Sha le )  

2 3 d i s t r i b u t i o n c o e f f i -  
c i e n t s  f o r  e n t i r e  

3 2 7 3 s tudy  a r e a  

Area 1 21% 
Limes tone  1 4  1 1  2 13% 
(Brereton) over 

2 0 
3 13% 

b l a c k  s h a l e  Average 
(Anna Sha le )  3 - - - about  18% 

Limes t o n e  1 0  0 0 

(Brere ton)  2 0 0 0 

3 0 0 0 

Other 

Medium-gray 4 0 0 0 Area 4 3% 
s h a l e  8 0 0 2 

6 22% wet 
7 7% d r y  
8 20% wet 

Dark-gray s h a l e  4 0 0 3 Average 
about 13% 

s i l t s t o n e l  wet 6 1 1 1 5  
sands t o n e  7 2 2 3 



MATERIAL PROPERTIES AND DESIGN CRITERIA 

The state-of- the-ar t  i n  rock mechanics a s  appl ied  t o  coal-mine opera t ions  
has  not  advanced f a r  enough t o  e s t a b l i s h  s p e c i f i c  s tandardized procedures f o r  
design because (1) t h e  long-term demands and philosophy of design (rock 
s t r eng th ,  depth, s a f e t y ,  and economics, f o r  example) have not  been s u f f i c i e n t l y  
inves t iga t ed  and (2)  no t  enough geotechnical  d a t a  (rock s t r e n g t h  o r  s t r e s s  
f i e l d s ,  f o r  example) t o  c o r r e l a t e  wi th  measurements of excavation s t a b i l i t y  
( f l o o r  heave, p i l l a r  crushing,  and subsidence) have been co l l ec t ed .  The f o l -  
lowing geotechnical  information i s  of t h e  same type  a s  mechanical and index 
property d a t a  t h a t  has  proven t o  be va luable  i n  c i v i l  engineering p ro jec t s .  
These d a t a  a r e  presented only a s  background information. A s tandard handbook, 
Obert and Duvall, 1967, o r  Cummins and Given, 1973, should be r e f e r r e d  t o  f o r  
a complete explanat ion of t h e  l abora to ry  t e s t s  and design p r i n c i p l e s .  Good 
d iscuss ions  of rock c l a s s i f i c a t i o n  and design p r i n c i p l e s  can be found i n  Stag 
and Zienkiewicz (1968) o r  Barton, Lien, and Lunde (1974). 

An evalua t ion  of some ma te r i a l  p rope r t i e s  of s p e c i f i c  u n i t s  has  pro- 
vided va luab le  background information. The graph i n  f i g u r e  163 shows t h e  re-  
l a t i o n  between coa l ,  underclay, and var ious  roof rocks and i s  we l l  i n  accord- 
ance with t h e  c l a s s i f i c a t i o n  of i n t a c t  rock of fered  by Deere and Mi l l e r  (1966). 
The s ign i f i cance  of t h e  range of d a t a  is  t h a t  t h e  f l o o r  i n  many cases  i s  as 
weak a s  o r  weaker than t h e  coa l ,  whereas t h e  roof i s  gene ra l ly  much s t ronger .  
A s  an example, t h e  r ecen t  work by Ganow (1975) i n d i c a t e s  t h a t  t h e  r e l a t i v e  
s t i £  fness  (Young ' s modulus) and s&ength 
(unconfined compressive s t r eng th )  of 
underclays assoc ia ted  wi th  heaving a r e  
on t h e  order  of one-third o r  less of 
t y p i c a l  s t r e n g t h  of coa l  (Talbot ,  1907). 

S imi lar ly ,  t h e  success of a bo l t -  
ing  system depends on t h e  "bol tab i l -  
i t y "  of a given l i t ho logy .  A s  an ex- 
ample, va lues  f o r  b o l t  p u l l - t e s t s u s i n g  
mechanical anchors ranged from 6,000 
pounds t o  12,000 pounds i n  a s i n g l e  
mine. This l a r g e  range was a t t r i b u t e d  
t o  l o c a l  v a r i a t i o n  i n  s t r e n g t h  wi th in  
t h e  Energy Shale; t h e  more uniform 
s i l t s t o n e  showed g r e a t e r  pull-out 
va lues  than t h e  laminated o r  banded 
s i l t s t o n e  and sandstone. 

Test ing of m a t e r i a l s w a s n o t o r i g -  
i n a l l y  a p a r t  of t h i s  study; however, 
r e s u l t s  from our tests and from o the r  
sources have proved va luable  i n  con- 
f i rming some observa t ionson rock com- 
petency. Engineers and geo log i s t s  
should eva lua te  ma te r i a l  p rope r t i e s  
i n  order  t o  l i n k  s t r u c t u r a l  and l i t h -  
o logic  d a t a  i n t o  programs of mine 
design. 

underclay 

I0 4 0  
I o2 I o3 I o4 I o5 

COMPRESSIVE STRENGTH, psi ISGS 1979 

Figure 163. Generalized rock-strength characteristics or roof- 
pillar-floor materials in Illinois, based on intact 
core samples (see figs. 165 to  172 for specific 
data). 



Geotechnical  d a t a  from t h e  l i t e r a t u r e  

S tudies  of coal-mining cond i t i ons  i n  I l l i n o i s  have no t  d e a l t  w i th  me- 
chan ica l  rock p r o p e r t i e s  such as s t r e n g t h ,  de fo rmab i l i t y ,  and s l a k e  dura- 
b i l i t y ;  however, a r e c e n t  s tudy  of f l o o r  heaving by Ganow (1975) i s  a no tab l e  
except ion.  I n  a d d i t i o n ,  s e v e r a l  s t u d i e s  of t h e  engineer ing p r o p e r t i e s  of 
s h a l e s  of Pennsylvanian age i n  I l l i n o i s  have been made. The d a t a  presented 
i n  t h i s  chapter  a r e  t h e  r e s u l t s  of s t u d i e s  conducted a t  t h e  Un ive r s i t y  of 
I l l i n o i s  a t  Urbana-Champaign. The o r i g i n a l  s t u d i e s  should be  consul ted  f o r  
d i f f e r e n c e s  i n  purposes and procedures.  

I n  o rde r  t o  ana lyze  t h e  r e s u l t s  of roof-bol t  p u l l - t e s t s  i n  va r ious  li- 
tho log ie s  o r  t o  model rock-mass deformations around an excavat ion,  s p e c i f i c  
d a t a  on shear ing  r e s i s t a n c e  a r e  necessary.  F igure  164 shows va lues  of 
t a n  @r t h a t  a r e  i n  t h e  range one would expect  f o r  i l l i t e -kaol in i te -dominated  
s h a l e s ,  and they compare w e l l  w i th  va lues  r epo r t ed  by Olsen (1974). 

. Simi l a r ly ,  t h e  s t r e n g t h  of t h e  c o a l  i n  t h e  p i l l a r s  is an important ,  bu t  
r a r e ,  measurement i n  t h e  I l l i n o i s  Basin ( f i g .  165).  Although d a t a  on crush- 
i ng  s t r e n g t h  a r e  a v a i l a b l e  from many c o a l  companies, t h e  t e s t i n g  procedure 
and t h e  geologic  s e t t i n g  a r e  gene ra l l y  no t  known. Therefore ,  t h i s  r e p o r t  
does n o t  con ta in  any geotechnica l  d a t a  from t h e  mining companies, e i t h e r  f o r  
c o a l  o r  rock. 

The phys ica l  p r o p e r t i e s  of t h e  coal-bear ing s t r a t a  i n  I l l i n o i s  range 
widely from very  s t rong ,dense  l imes tones  t o  s o i l l i k e  underclays and clay-  
sha l e s .  I n  a d d i t i o n ,  c e r t a i n  p r o p e r t i e s  (dens i ty ,  mois ture  con ten t ,  and 
s t r eng th3  of t h e  g l a c i a l  overburden a r e  very  s i m i l a r  t o  some Pennsylvanian 
s h a l e s  and c l ays .  For example, t h e  dry  d e n s i t y  of many s h a l e s  ranges from 
2.1 g/cm3 t o  2.5 g/cm3 ( f i g s .  166 and 167) ,  whereas an average d e n s i t y  of g l a c i a l  
m a t e r i a l  i s  2.35 g/cm3 (McGinnis e t  a l . ,  1963).  I n  some a r e a s  of t h e  I l l i n o i s  
Basin Coal F i e l d ,  t h i s  over lap  of mechanical p r o p e r t i e s  has  s e r i o u s l y  hindered 
c h a r a c t e r i z a t i o n  of overburden m a t e r i a l s .  E r ro r s  i n  depth and th i cknes s  a s  g r e a t  
a s  75 f e e t  (23 m) have been made i n  determining t h e  t op  of t h e  bedrock. 

The c l ays tone  and laminated sandstones and s i l t s t o n e s  a r e  t h e  weakest li- 
tho log ie s  a s soc i a t ed  wi th  t h e  Herr in  (No. 6) Coal. I n  gene ra l ,  bo th  roof and 
f l o o r  m a t e r i a l s  wi th  h igh  mois ture  conten t  a r e  uns t ab l e  mine openings.  F igures  
166 through 169 i n d i c a t e  a s i m i l a r  range of mois ture  conten t  (5 t o  15  percent  
of d ry  weight) .  F igures  167 and 169 show t h e  t r end  f o r  decreas ing  compressive 
s t r e n g t h  and decreas ing  deformation modulus w i th  i nc reas ing  mois ture  con ten t .  
This  r e l a t i o n s h i p ,  i f  e s t a b l i s h e d  f o r  each of t h e  sha ly  s e c t i o n s  i n  t h e  se- 
quence, should s e r v e  a s  a va luab le  i n d i c a t i o n  of roof o r  f l o o r  performance dur- 
ing t h e  i n v e s t i g a t i o n  of premining condi t ions .  

A s  mentioned e a r l i e r ,  many s h a l e s  and underclays a r e s o i l l i k e i n  t h e i r  
s t r e n g t h  and deformation c h a r a c t e r i s t i c s .  F igures  170, 171, and 172 show re- 
s u l t s  from t h r e e  s e p a r a t e  s t u d i e s  of s h a l e s  of Pennsylvanian age from t h e  Illi- 
n o i s  Basin Coal F i e l d .  These d a t a  i n d i c a t e  t h a t  many va lues  of c o m p r e s s i ~ e  
s t r e n g t h  and deformation modulus assumed i n  mechanical a n a l y s i s  o r  model! s tud-  
i e s  a r e  very  much h igher  than those  i nd i ca t ed  by equiva len t  l abo ra to ry  da t a .  
Although no s p e c i f i c  d a t a  a r e  a v a i l a b l e  f o r  t h i s  s tudy ,  observa t ion  o f t e n  
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Figure 164. Compilation of peak and residual fr ict ional 
coefficients (resistance t o  sliding) fo r  some shales 
o f  Pennsylvanian age f rom the Illinois Basin Coal 
Field. Coulson, 1973-direct shear, intact shale; 
Caseyville Formation, NW Illinois. Mesri and 
Gibala, 1971-direct shear and triaxial com- 
pression: (1) intact shale, (2, 3 )  remolded shale, 
(4) precut shale; Caseyville Formation, NW 
Illinois. Nieto-Pescetto, 1973-direct shear: 
(1 limestone on  shale, (2, 3) intact shale, 
(4) precut shale, (5, 6 )  remolded shale, (7) re- 
molded shale; Carbondale Formation. 

Figure 165. Comparison o f  compressive strength and de- 
formation modulus o f  coal f rom South Africa, 
Pennsylvania, and Illinois; test performed o n  
cubes 1 2  inches (0.3 m )  wide o r  larger. 
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Figure 166. Moisture-density relation i n  shales and under- 
clays o f  the Carbondale Formation, Pennsyl- 
vanian System, i n  the Illinois Basin Coal Field. 
Sample depth, about 300  feet (91 m). Data f rom 
Ganow, 1975. 

Figure 167. Moisture-density relation i n  shales o f  the Casey- 
ville Formation, Pennsylvanian System, i n  the 
Illinois Basin Coal Field, northwestern Illinois. 
Samples are f rom foundation borings; approx- 
imate depths, 25 t o  55 feet (7.6 t o  16.7 m). 
Data f r o m  Gamble, 1971. 
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Figure 168. Comparison o f  compressive strength and mois- 
ture content o f  shales f rom the Caseyville Form- 
ation, Pennsylvanian System, i n  the lll inois 
Basin Coal Field. Data after Mesri and Gibala, 
1971, f rom triaxial tests. 
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Figure 170. Comparison o f  deformation modulus and com- 
pressive strength o f  shales f rom the Caseyville 
Formation, Pennsylvanian System, i n  the Illinois 
Basin Coal Field. Samples are f rom foundation 
borings; approximate depth, 25  t o  55  feet (7.6 
t o  16.7 m). Data f rom Mesri and Gibala, 1971. 
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Figure 169. Comparison o f  deformation modulus and mois- 
ture content. Laboratory tests w i th  samples o f  
shales o f  the Caseyville Formation, Pennsylvanian 
System, i n  the Illinois Basin Coal Field, taken 
f rom foundation borings; approximate depths, 
25  t o  5 5  feet (7.6 t o  16.7 m). Data f rom Hen- 
dron e t  ai., 1970. 
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Figure 171. Comparison o f  deformation modulus and com- 
pressive strength, bo th  undrained, of shales f rom 
the Caseyville Formation, Pennsylvanian System, 
in the Illinois Basin Coal Field. Data f rom Hen- 
dron et al., 1970. 



seems t o  i n d i c a t e  t h e  deformation is  
s t rong ly  time-dependent, e s p e c i a l l y i n  
t h e  underclays, and d e f i n i t e l y  i n f l u -  
ences roof s t a b i l i t y .  

Uniaxial  compression and 
deformation modulus t e s t i n g  program 

For t h i s  s tudy a l imi t ed  numberof 
compression t e s t s  were performed on 
roof rock specimens. The samples were 
from NX core  from t h e  d r i l l i n g  program 
a t  mine C ,  and from core  samples from 
mine D. Samples of l imestone and ca l -  
careous s h a l e  from mine A were a l s o  
t e s t e d .  The co re  samples were taken 
from t h e  co re  f i l e s  a t  t h e  I l l i n o i s  
S t a t e  Geological Survey. 

The test r e s u l t s  as received 
from t h e  Department of Geology a t  t h e  
Universi ty of I l l i n o i s  a r e  l i s t e d  i n  
t a b l e  10. The t e s t s  were in t endedpr i -  
mari ly t o  c h a r a c t e r i z e  some s t r e n g t h  
p rope r t i e s  of t h e  Energy Shale.  The 
r e s u l t i n g  da ta  show t h e  sandstonesand 
laminated sandstones and s i l t s t o n e s ,  

UNDRAINED COMPRESSIVE STRENGTH, psi 
ISGS 1979 

Figure 172. Comparison of deformation modulus and com- 
pressive strength, both undrained, of shales and 
underclays from the Carbondale Formation, 
Pennsylvanian System, in the Illinois Basin Coal 
Field. Approximate sample depth, 300 feet 
(91 m). Data from Ganow, 1975. 

which a r e  t h e  f a c i e s  of t h e  Energy Shale most prone t o  roof f a i l u r e ,  t o  be  con- 
s ide rab ly  lower i n  compressional s t r eng th  than t h e  s i l t s t o n e s  and s i l t y  sha le s .  

It was found t h a t  f o r  a tangent modulus a t  50 percent  of t h e  u l t ima te  uni- 
a x i a l  s t r eng th ,  deformations measured by l i n e a r l y  v a r i a b l e  d i f f e r e n t i a l  t rans-  
ducers  gave modulus va lues  on t h e  order  of 3 percent  lower than those  found 
using s t r a i n  gages and a s t r a i n  ind ica to r .  The dec i s ion  was made t o  t e s t  t h e  
remainder of t h e  specimens using only t ransducers .  Because t h e  sudden r e l e a s e  
of e l a s t i c  energy during f a i l u r e  induced undes i rab le  v i b r a t i o n s  i n  t h e  t r ans -  
ducers,  t hese  were disconnected from t h e  loading frame when an est imated 50 t o  
70 percent of t h e  u l t ima te  un iax ia l  load had been reached. 

In  genera l  t h e  measured va lues  of modulus and s t r e n g t h  seem higher  than 
expected f o r  s i m i l a r  rocks from I l l i n o i s ,  based on e a r l i e r  in-house t e s t i n g .  
P a r t  of t h i s  poss ib l e  inc rease  i n  modulus and s t r e n g t h  may be  caused by t h e  
l o s s  of water content  by drying during s to rage  and t e s t i n g .  One of t h e  t h r e e  
specimens cu t  from core  segment H-3 #35 was placed i n  an oven a t  70°C under a 
moisture-saturated atmosphere, but  t h e  atmosphere inadve r t en t ly  became unsatur-  
a t ed .  This core  subsequently was submerged i n  d i s t i l l e d  water and i n  a few 
hours d i s in t eg ra t ed  thoroughly along t h e  bedding. The "poker" ch ips  ranged i n  
th ickness  from 0.5 i n .  t o  paper-thin. 

Table 10 (samples H-32 and H-35) shows t h a t  when more than one specimen 
was prepared from t h e  same co re  segment, t h e  r e s u l t s  were i n  good agreement. 
The diagrams of t h e  mode of f a i l u r e  i n d i c a t e  t h a t  a g r e a t  major i ty  of t h e  
t e s t e d  specimens developed shear  f r a c t u r e s ,  and t h a t  t e n s i l e  f r a c t u r e s ,  some- 
times common i n  un iax ia l  compress iontes ts ,  occurred only a s  exceptions i n  t h e  
t e s t i n g  program appl ied ,  



TABLE 10. Uniax ia l  compression and E modulus f o r  samples. 

E Modulus Uniax ia l  compres- 
Sample 50% qu ( tangent )  s i v e  s t r e n g t h  Rock t y p e  

Mine No. ( p s i )  qu ( p s i )  c l a s s i f  i c a t i o n a  Mode of f a i l u r e  Remarks 

11,430 

11,380 

11,960 

11,472 

10,000 

10,880 

9,822 

6,650 

9,065 

9,934 

(3rd c y c l e )  

11,260 

11,430 

12,120 

(3rd c y c l e )  

10,833 

11,980 

11,428 

11,044 

19,078 

7,150 

11,085 ' 

11,108 

Sandy s h a l e  

CL 

F o s s i l l i f e r o u s  

F o s s i l l i f e r o u s  Sandy s h a l e  

CL 

Sandy s h a l e  

CL 

Sandy s h a l e  

CL 

Sandy s h a l e  

CL 

Sandy s h a l e  

CL 

Sandy s h a l e  

CL 

Sands tone  

CL 

Thin c o a l  i n t e r b e d s ,  
s h o r t  specimen 

Sandstone 

CM-CL 

H- 3 1.45 x lo6  
#32 Upper ( 1 s t  c y c l e )  

S t r a i n  gages and 
t r a n s d u c e r s  wereused  

Sandy s h a l e  

CL 

H-3 1.42 x l o6  
/I32 Middle 

Sandy s h a l e  

CL 

H-3 1 . 5  x l o 6  
832 Bottom 

Sandy s h a l e  

CL 

Small c h i p  a t  t h e  
end of t h e  specimen 

H- 3 1.84 x lo6  
#35 (3rd c y c l e )  

Sandy s h a l e  

CL 

S t r a i n  gages and 
t r a n s d u c e r s w e r e u s e d  

Sandy s h a l e  

CL 

Sandy s h a l e  

CL 

In te r lamina ted  

In te r lamina  ted 

Endsof t h e  specimen 
were chipped 

Specimen was i n  t h r e e  
p i e c e s ,  s e p a r a t e d  
through t h e  bedding 

Marl-shale 

CL-CM 

CL 

a ~ o c k  t y p e  based on ISGS c o r e  d a t a ;  Deere and M i l l e r  c l a s s i f i c a t i o n ,  1966. 

Sands t o n e  



TABLE 10.  Continued. 

E modulus Uniaxial  compres- 
Sample 50% qu (tangent) s i v e  strength Rock type 

Mine No. ( p s i )  qu ( p s i )  c l a s s i f  i cat iona  Mode of  f a i l u r e  Remarks 

Sandstone 

CL 

Sands tone 

CL 

Sand s tone  

CL 

Sands tone 

CL 

Sandstone 

CL 

Interbedded 

Interbedded 

p$J 

@ 
Interbedded 

a Rock type based on ISGS core data; Deere and Mi l ler  c l a s s i f i c a t i o n ,  1966. 

Pet rographic  f a c t o r s  i n  s h a l e  roof q u a l i t y  

The work s o  f a r  has  no t  comple t edour s tud i e s ,  nor do we f e e l  t h a t  i t  i s  
d e f i n i t i v e .  A long-term s tudy  i n t e g r a t i n g  pe t rographic  and mechanical prop- 
e r t i e s  w i l l  be  necessary t o  observe t h e  time-dependent and c l i m a t i c  e f f e c t s  
upon a given roof type. Examples of some of our  f i nd ings  and gene ra l  conclu- 
s i o n s  a r e  presented here .  

The g ra in - s i ze  a n a l y s i s  i s  a va luab le  source  of d a t a  i n  a s se s s ing  roof 
q u a l i t y ,  p r imar i l y  f o r  t h e  de te rmina t ion  of t h e  c lay-s ize  p a r t i c l e  conten t  ( s e e  
f i g .  11)  of t h e  rock;  however, t h e  a n a l y s i s  must be  used wi th  cau t ion ,  because 
i n  cemented m a t e r i a l s ,  t h e  a n a l y s i s  probably r e f l e c t s  t h e  q u a l i t y  of t h e  ma t r ix  
as cement r a t h e r  t han  t h e  a c t u a l  g r a i n  s i z e ,  Moreover, t h e r e  i s  a cons ide rab l e  
over lap  of p a r t i c l e  s i z e  ( s ee  t a b l e  11) of bo th  t h e  gray s h a l e s  and t h e  b l ack  
s h a l e s  i n  t h e  va r ious  roof- type areas. 

S imi l a r ly ,  sandstones,  s i l t s t o n e s ,  c l ays tones ,  and mudstones e x h i b i t  wide 
ranges i n  p l a s t i c i t y .  Only t h e  most a r g i l l a c e o u s  sandstones show any p l a s t i c -  
i t y .  The kind and con ten t s  of c l a y  mine ra l s ,  exchangeable c a t i o n s ,  and s o l u b l e  
s a l t s  determine t h e  p l a s t i c  p r o p e r t i e s  of a rock. Well-bedded o r  laminated 
s h a l e s  w i l l  tend t o  be  l e s s  p l a s t i c  than poorly bedded s h a l e s  and c l ays tones ,  
a r g i l l a c e o u s  s i l t s t o n e s ,  mudstones, and l imestones,  because t h e  c l a y  minera l s  
do not  d i saggrega te  a s  r e a d i l y  ( f i g .  173) .  

When t h e  p a r t i c l e  s i z e  and t h e  p l a s t i c i ty indexa reknown,  t h e a c t i v i t y o f  t h e  
c l a y  minera l s  i n  t h e  sediment can b e  determined by t h e  fol lowing formula: 

A c t i v i t y  = 
P I  - - p l a s t i c i t y  index 

p e r c e n t < 2  urn con ten t s  of p a r t i c l e  s i z e  smal le r  than 2 v m ,  i n  percent  

The a c t i v i t y  f o r  most roof m a t e r i a l s  ranges from i n a c t i v e  t o  normal, i .e . ,  
a c t i v i t y  <I; however, t h i s  index has  no t  y e t  been shorn t o  c o r r e l a t e  wi th  
s t a b i l i t y  of t h e  roof i n  underground c o a l  mines. 

The c l a y  minera l s  found i n  roof m a t e r i a l s  a r e  i l l i t e ,  k a o l i n i t e ,  c h l o r i t e ,  
expandable mixed-structure  c l a y  minera l s ,  and montmori l loni te .  The sandstones,  



TABLE 11. Selec ted  a n a l y s e s  of v a r i o u s  rock types  i n  I l l i n o i s  Basin Coal F i e l d .  

X-ray d i f f r a c t i o n  e f f e c t  [ p a r t s  i n  101 At te rberg  l i m i t s  (%) 
P a r t i c l e  s i z e  (%) 

S t r a t i g r a p h i c  Kao- Chlo- Mixed l a y e r  Liqhid P l a s t i c  P l a s t i c i t y  Activ-  Safiple 
County p o s i t i o n  Li tno logy  Sand S i l t  Clay l i n i t e  I l l i t e  r i t e  i l l i t e - s m e c t i t e  l i m i t  l i m i t  index i t y  no. 

Macoupin 

Macoupin 

Macoupin 

Macoupin 

Macoupin 

Macoupin 

Shelby 

Sangamon 

Macoupin 

S a l i n e  

Wabash 

C l i n t o n  

Lawsonshale g ray  s i l t  2 46 
s h a l e  

Roof of Her r in  g r a y a r g i l l a -  11 54 
(No. 6 )  Coal ceous s i l t s  

g ray  s i l t  2 47 
s h a l e  

g ray  s i l t  11 35 
s h a l e  

Lawson Sh. (?) gray  a r g i l l a -  1 57 
ceous s i l t s  

Anna Sh. (? )  d a r k g r a y  t o  7  50 
b l a c k a t  base  
a r g i l l a c e o u s  s i l t s  

Anna Sh. b lack  f i s s i l e  4  79 
a r g i l l a c e o u s  s i l t s  

a ~ n n a  Sh. (? )  gray  t o  b l a c k  42 50 
sandy silts 

Bankston gray  s i l t  a r -  6  49 
Fork Ls. g i l l a c e o u s  muds 

No. 6  under- g ray  a r g i l l a -  9 60 
c l a y  ceous s i l ts  

No.6 under- g ray  a r g i l l a -  1 60 
c l a y  ceous s i l t s  

No. 6  under- g ray  a r g i l l a -  2 61 
c l a y  ceous silts 

2 1 

37 

4  7 

36 

3  1 

Sandy 

31 

Sandy 

36 

3  5 

73 

%cry c a l c a r e o u s ,  may b e  b a s e  of Brere ton  Limestone. 

Figure 173. (A) poorly bedded gray shale (Farmington Shale) after having been in water for one day, (B) well-bedded, fissile black 
shale (Anna Shale) after having been in water for one week, and (C) massive mudstone (Lawson Shale) after having 
been in water for two hours show different degrees of slake durability and a different amount of disaggregate. Samples 
are from the Carbondale and Modesto Formations, Pennsylvanian System, in the Illinois Basin Coal Field, McLean 
County. 



s i l t s t o n e s ,  and mudstones w i th  smal l  con ten t s  (e.g. ,  less than 10 percent )  of 
c l a y  minera l s  have i l l i t e ,  k a o l i n i t e ,  and c h l o r i t e  a s  dominant c l a y  minera l s .  
I n  some of t h e  rocks t h a t  have a low clay-mineral con ten t ,  k a o l i n i t e  may be  
t h e  dominant c l a y  minera l  o r  t h e  on ly  c l a y  minera l  ( s ee  t a b l e  11 ) .  C h l o r i t e  
is seldom more abundant than 25 t o  30 percent .  C h l o r i t e  i s  commonly p re sen t  
i n  s h a l e s ,  and, i n  t h e  well-bedded s h a l e s .  It is  u s u a l l y  about  tw ice  as abun- 
dant  a s  k a o l i n i t e ;  however, i t  tends  t o  be  absent  i n  poorly bedded s h a l e s ,  
c l ays tones ,  and t h e  more a r g i l l a c e o u s  members of t h e  s i l t s t o n e s  and mudstones. 
The mixed-structure  c l a y  minera l s  i n c r e a s e  a s  t h e  i l l i t e ,  k a o l i n i t e ,  and chlo- 
r i t e  d e c r e a s e w i t h i n c r e a s i n g  c l a y  con ten t  of t h e  rocks.  Montmori l loni te  is  
presen t  i n  some c l ays tones ,  i n  t h e  more c layey  members of t h e  s i l t s t o n e s  and 
mudstones, and i n  very  poorly bedded sha l e s .  Montmori l loni te  has  n o t  been 
found i n  well-bedded roof s h a l e s  of t h e  I l l i n o i s  Basin Coal F i e l d .  The mixed- 
s t r u c t u r e  c l a y  minera l s  a r e  less common i n  t h e  well-bedded s h a l e s .  They a r e  
more common i n  t h e  poorly bedded s h a l e s ,  t h e  c l ays tones ,  and t h e  more a r g i l l a -  
ceous members of t h e  s i l t s t o n e s  and mudstones. 

The occurrence of va r ious  c l a y  minera l s  i n  l imes tones  i s  s i m i l a r  t o  t h a t  
i n  c lays tones .  The d a t a  a l s o  i n d i c a t e  t h a t  a s t rong  roof rock conta in ing  a 
c l a y  a s  a cement o r  a s  t h e  dominant ma t r ix  probably does n o t  e x i s t ;  however, 
some of t h e  rocks  provide much s t ronge r  r o o f s  than  o t h e r s .  Massive rocks  such 
a s  l imes tones ,  s i l t s t o n e s ,  mudstones, and sandstones wi th  a low con ten t  of 
c l a y  which a r e  cemented wi th  carbonates  o r  s i l i c a  a r e  probably t h e  s t r o n g e s t  
c o a l  mine roofs .  

The X-ray d i f f r a c t i o n  d a t a  ( t a b l e s  11 and 12)  f o r  rock samples c u t  per- 
pendicu la r  and p a r a l l e l  t o  t h e  bedding i n d i c a t e  t h a t  t h e  o r i e n t a t i o n  of t h e  
c l a y  minera l s  v a r i e s  from an  o r i e n t a t i o n  p a r a l l e l  t o  t h e  bedding, a s  i n  wel l -  
bedded s h a l e s  ( f i g s .  14 and 174) ,  t o  an almost  e n t i r e l y  random o r i e n t a t i o n ,  a s  i n  
some c l ays tones ,  s i l t s t o n e s ,  mudstones, and poorly bedded s h a l e s  ( f i g .  15 ) .  Odom 
(1967) i nd i ca t ed  t h a t  t h e r e  was a complete series of o r i e n t a t i o n s  from almost 
completely p a r a l l e l  t o  almost completely random. Our work produced t h e  same 
conclusions.  

I n  some sediments ,  t h e  c o l l o i d s  soon a f t e r  b u r i a l  were (1) l a r g e l y  def loc-  
cu l a t ed  and most of t h e  p a r t i c l e s  were p a r a l l e l  t o  t h e  bedding, a s  i n  well-bedded 
s h a l e s ;  (2 )  o t h e r s  were p a r t i a l l y  de f loccu la t ed  and more of t h e  p a r t i c l e s  ran- 
domly o r i en t ed  a s  i n  poorly bedded s h a l e s ;  (3) s t i l l  o t h e r s  were n o t  de f loccu la t ed  
and most of t h e  p a r t i c l e s  randomly o r i e n t e d ,  a s  i n  c l ays tones  and a r g i l l a c e o u s  
s i l t s t o n e s  and mudstones. I n  a l l  of t h e s e  types of sediments t h e  c o l l o i d s  may be  
de f loccu la t ed  today bu t  i n  some t h e  d e f l o c c u l a t i o n  occurred too  l a t e  f o r  p a r t i c l e  
o r i e n t a t i o n .  Many d i a g e n e t i c  deformational  f e a t u r e s  such a s  s y n e r e s i s  c racks  
( f i g .  175) and minor shea r s  ( f i g .  176) found i n  s h a l e s ,  c l ays tones ,  s i l t s t o n e s ,  
and mudstones depend p r imar i l y  on t h e  c l ay  mineralogy, con ten t s  of each kind of 
c l ay  minera l ,  and t h e  chemistry of t h e  i n t e r s t i t i a l  water .  Syneres i s  c racks  and 
shea r s  i n  c l ays tones ,  a r g i l l a c e o u s  s i l t s t o n e s ,  mudstones, and poorly laminated 
s h a l e s  a r e  elements of weakness and of roof f a i l u r e .  I n  c o n t r a s t ,  t h e  well-bedded 
s h a l e s  have few syne re s i s  c racks  and s h e a r s ;  however, they e a s i l y  s p l i t  and f a i l  
a long t h e  bedding. 

The fol lowing conclusions and g e n e r a l i z a t i o n s  concerning r e l a t i v e l y  
"s tab le"  roof and "unstable" roof a r e  made wi th  r e s p e c t  t o  rock petrography 
only and without  regard  f o r  s t r u c t u r a l  f e a t u r e s ,  bedding s e p a r a t i o n ,  s h e a r s ,  
f a u l t s ,  r o l l s ,  o r  conc re t i ons ,  which gene ra l l y  dominate pe t rographic  f e a t u r e s .  



TABLE 12.  O r i e n t a t i o n  and con ten t  of c l a y  minera l s  a t  sample h e i g h t  
above t h e  Her r in  (No. 6)  Coal i n  C h r i s t i a n  County, I l l i n o i s ,  I l l i n o i s  Basin Coal F i e l d .  

O r i e n t a t i o n  r a t i o  of c l a y  m i n e r a l s  Clay minera l s  
perpendicu la r  p a r a l l e l  I l l i t e  Expandable K a o l i n i t e  C h l o r i t e  

Rock type  Fee t  above c o a l  t o  t h e  bedding t o  t h e  bedding ( p a r t s  per  t e n )  

Anna Sha le  2.50 t o  2.96 

2.19 t o  2.50 

1 . 7 3  t o  2.19 

1.44 t o  1 .73  

0.89 t o  1.44 

0.73 t o  0.98 

0 . 3  t o  0.73 

0 t o  0 .3  

Lawson Shale 4.84 t o  5.80 

8.00 t o  9.00 

In te r lamina ted  11.84 t o  12.17 
s h a l e  i n  Bank- 
s t o n  Fork Limestone 

Gray s h a l e  above 31.50 t o  32.17 
Danvi l l e  (No. 7) 
Coal and below P i a s a  
Limestone (Farmington Shale)  

Figure 174. Radiograph of a black to dark-gray shale. Figure 175. Radiograph of a mottled gray shale with 
(A) well-bedded fissi le portion, (B)  gradational numerous syneresis cracks (very dark irregular 
contact, and (C) poorly bedded portion. Anna streaks and lines). Two small elongate sideritic 
Shale from Clinton County (scale-I : I  1. concretions near bottom of sample. Lawson 

Shale from Montgomery County (scale-1 :I ). 



1. 

2 .  

3 .  

4 .  

5. 

f o r  

Figure 176. Radiograph of a well-bedded argillaceous 
siltstone and silty shale. The deformational 
features display lateral movement of both 
portions. Brittle deformation and extension 
along low-angle shear surfaces like "pull-apart" 
structures in the upper portion and ductile 
deformation and lateral flow that formed small 
disharmonic folds in the lower portion. Roof 
above Harrisburg (No. 5) Coal, Wabash County 
(scale-1 : I  1. 

Sandstones,  s i l t s t o n e s ,  mudstones, and l imes tones  t h a t  have very  l i t t l e  
c l a y  and a r e  cemented wi th  c a l c i t e ,  dolomite,  s i d e r i t e ,  o r  s i l i c a  a r e  t h e  
p r i n c i p a l  ba se  f o r  a  s t a b l e  roo f .  
Black s h a l e s  may a l s o  be  t h e  base  f o r  a  s t a b l e  roof .  The organic  ma t t e r  
i n  t h e  s h a l e  i s  c h i e f l y  i n  a  c o l l o i d a l  s t a t e  and i s  a b inder  f o r  t h e  clay-  
through sand-sized p a r t i c l e s .  The b l ack  s h a l e s  are u s u a l l y  f i s s i l e  because 
t h e  organic  ma t t e r  a c t s  a s  p r o t e c t i v e  c o l l o i d s  and most of t h e  c l a y  min- 
e r a l s  a r e  u s u a l l y  p a r a l l e l  t o  t h e  bedding. 
Well-bedded s h a l e s  and s i l t s t o n e s ,  mudstones, and sandstones t h a t  a r e  
bonded wi th  c l a y  form f a i r  t o  s t a b l e  roo f ,  bu t  n o t  as w e l l  a s  t h e  l i t h o l -  
o g i e s  above. 
Arg i l laceous  s i l t s t o n e s ,  mudstones, poorly bedded s h a l e s ,  and ve ry  a r g i l -  
laceous l imestones cause roof i n s t a b i l i t y  because of t h e  abundance of s l i c k -  
ens ides  and syne re s i s  c r acks ,  and because of t h e i r  permeabi l i ty  ( a l o n g f r a c -  
t u r e s )  and a f f i n i t y  f o r  water .  
Claystones r e s u l t  i n  t h e  most uns t ab l e  roof because o f t h e i r h i g h  conten t  of 
randomly o r i en t ed  c l a y  minera l s ,  t h e i r  g r e a t  a f f i n i t y  f o r  water ,  and t h e i r  
numerous s l i c k e n s i d e s  and s y n e r e s i s  c racks .  

CONCLUSIONS 

Most of t h e  r e s u l t s  from t h i s  i n v e s t i g a t i o n  a r e  new and are s i g n i f i c a n t  
t h e  gene t i c  i n t e r p r e t a t i o n  of t h e  geologic  h i s t o r y  of t h e  I l l i n o i s  Basin 

Coal F i e ld  and i t s  l o c a l  p a r t i c u l a r i t i e s .  The r e s u l t s  demonstrate t h a t  t h e  
geologic  cond i t i ons  and t h e  interdependence of l i t h o l o g y  and s t r u c t u r e s , w h i c h  
a r e  beyond c o n t r o l ,  a r e  c r i t i c a l  t o  mine ope ra t i ons ,  e s p e c i a l l y  t o  roof s t a -  
b i l i t y .  The s tudy  h a s  shown t h a t  t h e  complex, y e t  r e a d i l y  recognizable  r e l a -  
t i o n s  between l i t h o l o g y  and s t r u c t u r e s  may be used t o  a n t i c i p a t e  roof cond i t i ons  
dur ing  mining. 



Geologic s i g n i f i c a n c e  of t h e  r e s u l t s  

The d e t a i l e d  mapping program dominated t h e  s tudy.  The maps a t  a s c a l e  
of 1:2400 (reduced i n  f i g s .  117 t o  141  and 145 t o  148) and t h e  d a t a  c o l l e c t e d  
dur ing  t h e  mapping provided t h e  p r i n i c i p a l  b a s i s  f o r  conc lus ions  and deserve  
c l o s e  i n spec t i on .  

LITHOLOGY ANID ITS DISTRIBUTION 

The d i s t r i b u t i o n  of t h e  gray  s h a l e  t ype  of roof and of t h e  members of 
t h e  b l ack  shale- l imestone type  of roof a r e  much more i n t r i c a t e ,  i r r e g u l a r , a n d  
patchy than  ever  suspected o r  r e a l i z e d  prev ious ly .  S tud i e s  based on d r i l l - h o l e  
d a t a  and b r i e f  mine v i s i t s  had g iven  t h e  impression t h a t  rock  u n i t s  a r e  uni-  
form and cont inuous over  l a r g e  a r e a s .  This  appeared t o  be  t r u e  from a wide 
p e r ~ p e c t i v e ~ b u t f a l s e  a t  a sma l l e r  s c a l e .  Current  p a t t e r n s  of rock  d i s t r i b u -  
t i o n  a r e  known t o  p o r t r a y  n o t  on ly  t h e  r e s u l t s  of o r i g i n a l  sedimentary condi- 
t i o n s ,  bu t  a l s o  a l a r g e  amount of subsequent mod i f i ca t i on  caused by overburden 
stress, compaction, and i n t e r n a l  deformat ion r e l a t e d  t o  l i t h i f i c a t i o n  processes .  
The evidence of syndepss i t i ona l  and d i a g e n e t i c  deformat ion proved t o  be  perva- 
s i v e  i n  a l l  s t r a t a  s t u d i e d ;  however, whereas b r i t t l e  deformat ion can r e a d i l y  
be  recognized,  cont inuous sof t -sediment  and d u c t i l e  deformat ion u s u a l l y  does 
n o t  d i s p l a y  prominent f e a t u r e s .  Therefore ,  t h i cknes s  p a t t e r n s  of many u n i t s ,  
e s p e c i a l l y  t h e  c o a l ,  Anna Sha le ,  and t h e  dark-gray s h a l e  f a c i e s  of t h e  Energy 
Shale ,  may r e f l e c t  d i f f e r e n t i a l  l a t e r a l  f low,  squeezing by overburden s t r e s s ,  
and o t h e r  d i a g e n e t i c  a c t i o n  i n  a d d i t i o n  t o  v a r i a t i o n s  i n  primary t h i cknes s  of 
o r i g i n a l  sedimentat ion.  

Soft-sediment deformat ion,  i n  t h e  t r u e  sense ,  of c o a l  can ha rd ly  b e  recog- 
n ized ,  un l e s s  minor f o l d  s t r u c t u r e s  of l a t e r a l  f low can b e  found; however, th ick-  
ne s s  of t h e  c o a l  v a r i e s  and t h e  c o a l  t h i cknes s  t r end  appears  t o  depend somewhat 
on t h e  immediate ove r ly ing  roof s t r a t a .  The c o a l  seam tends  t o  be  t h i c k e r  under 
t h e  gray-shale  type  of roof than  under t h e  b l ack  shale- l imestone t ype  of r oo f .  
It  is  th inne r  under gray-shale  r o l l s  than  under h o r i z o n t a l l y  s t r a t i f i e d  gray- 
s h a l e  roof o r  under Anna Shale  roof border ing  t h e  r o l l s .  The t h inn ing  of t h e  
c o a l  may r e s u l t  from a l a c k  of depos i t i on ,  from i n i t i a l  compaction and over- 
burden stress dur ing  sed imenta t ion  of t h e  roof-forming s t r a t a ,  from e ros ion ,  
o r  from a combination of t he se .  

For t h e  immediate roof  s t r a t a ,  t h e  Energy Shale  and t h e  Anna Sha le ,  obser- 
v a t i o n s  suggest  t h a t  deformat ion was a t  l e a s t  p a r t  of t h e  cause  f o r  present-day 
v a r i a t i o n  of t h i cknes s .  I n  some p l a c e s  i n  mines B and C ,  t h e  t h inn ing  of t h e  
c o a l  and t h e  th ickening  of t h e  Energy Sha le  may b e  r e l a t e d  t o  l a t e r a l  mass move- 
ment of sediments ,  p a r t i c u l a r l y  t h e  p r o t r u s i o n s  of t h e  r o l l s .  Also,  some of 
t h e  t h inn ing  of Anna Sha le ,  a s  r epea t ed ly  observed i n  mine A, can d i r e c t l y  b e  
de r ived  from l a t e r a l  ex t ens iona l  movements, j u s t  l i k e  many pu l l - apa r t  s t r u c -  
t u r e s  and t h e  shear ing  s u b p a r a l l e l  t o  bedding. 

Yet,  t h e  Anna Sha le  i n  i t s  complete t h i cknes s  of f o u r  t o  f i v e  f e e t  (1.2 
t o  1 .5  m) e x h i b i t s  a sequence of d i s t i n c t  f a c i e s  ( f i g s .  65, 66, and 68 ) ,  which 
is  i n d i s t i n g u i s h a b l e  from one Anna Shale  l e n s  t o  t h e  nex t  and t o  one some 
m i l e s  away, whereas upper p o r t i o n s  of t h e  complete sequence a r e  u s u a l l y  absen t  
i n  t h i n n e r  l e n s e s .  This  may r e f l e c t  a basin-wide isochronous success ion  of 
environments t h a t  i s  d i sp layed  i n  each i n d i v i d u a l  l e n s ,  o r  i t  may p o r t r a y  l o c a l  
sequences of environments,  which r e s u l t  i n  success ions  of s t r a t a  t h a t  resemble 



a "normal" succession i n  each one of the  l enses ,  but  which a r e  d i f f e r e n t  i n  
age i n  d i f f e r e n t  l enses  (time-space r e l a t i o n s h i p ) .  

The dark-gray s h a l e  f a c i e s  of t h e  Energy Shale usua l ly  is found subjacent ,  
and t h e  b lack  t o  dark-gray Anna Shale suprajacent  t o  t h e  medium-gray s h a l e  fa -  
c i e ~  of t h e  Energy Shale. Local ly,  where t h e  medium-gray s h a l e  f a c i e s  of 
the  Energy Shale is  absent ,  Anna Shale d i r e c t l y  o v e r l i e s  t he  dark-gray Energy 
Shale. There a r e  d e f i n i t e  s i m i l a r i t i e s  of both dark sha les :  i n  l i t h o l o g i c  
c h a r a c t e r i s t i c s ,  d i s t r i b u t i o n a l  p a t t e r n ,  and topographical  t rend  of t he  coa l  
underneath. The e l eva t ion  of t h e  coa l  seam under t h e  two dark s h a l e s  usua l ly  
is somewhat h igher  than under o the r  surrounding f a c i e s .  Also, t he  th ickness  
t rend  of both i s  s imi l a r :  i t  seldom exceeds f i v e  f e e t  (1.5 m) and averages 
two t o  t h r e e  f e e t .  The f o s s i l  content  of both f a c i e s  i s  d i f f e r e n t :  nonmarine 
t o  brackish f o r  t h e  dark-gray Energy Shale,  and brackish t o  marine f o r  t he  
Anna Shale. 

The time-space r e l a t i o n s h i p  between Anna Shale and Brereton Limestone 
is not  c l e a r .  Generally,  t h e  Brereton Limestone i n  i ts  e n t i r e  th ickness  i s  
thought t o  be younger than the  Anna Shale,  bu t  i n  mine A and some o the r  mines, 
t h e  two u n i t s  were found more o f t e n  side-by-side than above one another ,  wi th  
only moderate overlap of t h e  Brereton over t h e  Anna. It may w e l l  be  t h a t  t h e  
upper por t ion  of t h e  Anna Shale and a lower po r t ion  of t h e  Brereton Limestone 
were deposi ted simultaneously under d i f f e r e n t  l o c a l  environments. Other u n i t s  
d i sp lay  s imi l a r  interdependencies .  Reciprocal r e l a t i o n s h i p s  of th ickness  a r e  
complementary among seve ra l  u n i t s  ( see  t a b l e  13 ) .  

It can be i n f e r r e d  from observat ion t h a t  present-day coal  e l eva t ion  re- 
f l e c t s  o r i g i n a l  topography t h a t  ex i s t ed  o r  formed during t h e  depos i t ion  of 
t h e  roof sediments. The dark-gray s h a l e  f a c i e s  of t h e  Energy Shale i n  mine B 
occurs above~topographica l  low1 a reas  of t he  top of t h e  c o a l ,  whereas t h e  medium- 
gray sha le  f a c i e s  forms t h e  immediate roof over high a reas  with a r o l l i n g  and 
somewhat inc l ined  coa l  top. S imi lar ly ,  i n  mine @, t he  planar-bedded and cross-  
bedded s i l t s t o n e  and sandstone f a c i e s  is  found above topographical  highs of t h e  
coa l ,  whereas t h e  medium-gray s h a l e  f a c i e s  is  i n  lows. Furthermore, t h e  Anna 
Shale i n  mine A o v e r l i e s  t h e  coa l  i n  topographical  h ighs ,  I n  mine H t h e  Energy 
Shale ad jacent  t o  Anna Shale i s  i n  topographical  lows. The Brereton Limestone 
i s  more l i k e l y  t o  occur on topographical  highs of t h e  coa l  top  i n  r e l a t i o n  t o  
Anna Shale,  found i n  lows, a s  observed i n  mine A; t h i s  r e l a t i o n s h i p  is  not  
d i s t i n c t ,  however. 

medium-gray shale facies 
/ 

I planar-bedded and cross-bedded 
siltstone and sandstone facies 

Brereton Limestone darkgray shale facies I / \  / I 1 rnediumgray shale facies Anna Shale 

high high high high 

I low low low low 

Figure 177. Schematic of the common relationship between the first two units of roof rock immediately above the Herrin (No. 6) 
Coal and their effect on topography of the surface of  the coal. (Vertical scale is greatly exaggerated.) 

I n  genera l ,  of t h e  f i r s t  two u n i t s  above the  coa l ,  i n  each case ,  t h e  Power 
u n i t  was deposi ted i n t o  an e x i s t i n g  topographical  low ( f i g .  177): 

1. Dark-gray s h a l e  of t h e  Energy (low) versus medium-gray s h a l e  of t h e  Energy 
(high) 



TABLE 13. Comparative th ickness  of Anna Shale and 2. Medium-gray shale of the Energy 
Brereton Limestone (5515 d a t a  p o i n t s ) .  

(low) versus planar-bedded and 
cross-bedded siltstone and sand- 

Thickness 
of Anna Sha le  Thickness of Brereton Limestone ( f  t )  Stone of the Energy (high) 

eft) 1 2 3 4 5 9 l2 3. Medium-gray shale of the Energy 
(low) versus Anna Shale (high) 

4. Anna Shale (low) versus Brereton 
4 

Limestone (high) 
24 8 11 10 

44 25 21 22 34 9 7 3  3 From this can be inferred that the 
85  37 47 75 59 53 20 1 8  12 15  small depressions formed during sedi- 

136 68 113 140 114 87 51 39 14 16 mentation in a sequential order that 
187 113 182 228 184 149 72 31 19 19 

resulted from differential compaction 
of the coal caused by the local varia- D ~ l  105 224 223 223 120 74 45 28 26 
tion of load of subsequent sedimentation. 

Note: Data p o i n t s  of t h e  a r e a  shown i n  f i g . 9  (compare a l s o  t h e  
computer-generated maps, f i g s .  83, 84,  151,  152, 154, and 155).  
The genera l  r e l a t i o n s h i p  i s  inverse .  The t a b l e  a l s o  shows a STRUCTURES-TYPES AND DISTRIBUTION 
super impos i t ion  of abnormal popula t ions :  

Various s h a l e s ,  f o r  ins tance ,  Anna Shale,  Energy Shale,  and 
s h a l e s  from t h e  "Jamestom Coal i n t e r v a l "  have no t  been d i s -  
t inguished and have been recorded toge ther  a s  one u n i t .  
S imi la r  t o  A; var ious  s h a l e s  recorded toge ther  p l u s  lime- 
s t o n e s  o t h e r  than Brereton Limestone have been mis in te r -  
p re ted  a s  Brereton Limestone. 
Various l imes tones ,  f o r  i n s t a n c e ,  Brereton Limestone, Conant 
Limestone, and Bankston Fork Limes tone ,havenotbeendis t in -  
guished and have been recorded toge ther  a s  one u n i t .  
Anna Shale and Brereton Limestone th icknesses  l e s s  than one 
f o o t  (<0.3 m) t h i c k  have been counted a s  one f o o t  t h i c k ,  a l -  
though one of e i t h e r  l i t h o l o g i e s  may be absen t ;  * i n d i c a t e s  
more than one thousand counts 

Nearly all the structural features 
observed and mapped were caused bysoft- 
sediment deformation (in a broad sense). 
The deformation probably occurred early 
during diagenesis, while sediments 
above and in the lateral vicinity were 
still accumulating. Deformation resulted 
predominantly from gravitational forces 
of loading, which initiated excessive 
pore pressure, dewatering, and probably 

degassing, as well as contraction of some types of sediments. Vertical compac- 
tion, lateral dilation or extension, and occasional sliding were the major re- 
actions of the sediment bodies. 

Ductile deformation most often affected the still soft and plastic sedi- 
ments, whereas brittle deformation affected the already more lithified and har- 
dened rocks; however, in many cases both features of ductile or plastic defor- 
mation andof brittle deformation were recognized as existing jointly within 
the same lithologies and grading into or penetrating each other. It can be in- 
ferred, therefore, that sudden strong forces like earthquakes (Damberger, 1970 
and 1973) rather than purely gravitational ones may have triggered deformational 
action. 

Rolls and related features of the Energy Shale are soft-sediment features. 
It has not been proven whether they are original sedimentary or postsedimen- 
tary diagenetic deformational features. The traditional theory for roll gen- 
esis is that they are lenses of sediment deposited in depressions in the swamp, 
later partially or completely covered by coal-forming material that became the 
coal "riders." Many deformational elements observed in and immediately around 
rolls-the splaying and upturning of "riders," the disharmonic folding of the 
roll's toe and of the coal in front of the toe, the pull-apart and stretching 
of the roll's tail-suggest an origin different from purely sedimentary, however. 

The rolls, particularly those existing near the coal roof rock interface, 
probably represent a specific property of the lithologies of the Energy Shale 
in which they formed. They also reflect the peculiarity of the coalthat reacts 



with  t h e s e  p a r t i c u l a r  l i t h o l o g i e s  t o  form r o l l s  dur ing  t h e  ex t ens iona l  deforma- 
t i o n ,  whereas another  type  of ex t ens iona l  deformational  f e a t u r e  i s  formed wi th  
o the r  l i t h o l o g i e s ,  a s ,  f o r  i n s t ance ,  c l a s t i c  d ikes  i n  connect ion wi th  Anna Sha le  
and Brereton Limestone. 

The c l a y  d ikes  and clay-dike f a u l t s  r ep re sen t  another  t ype  of d i agene t i c  
deformation, Both soft-sediment and b r i t t l e  deformational  elements a r e  assoc i -  
a t e d  wi th  c l a y  d ikes  and clay-dike f a u l t s .  The c l a y  d ikes  were f i l l e d  from above 
by m a t e r i a l  t h a t  shows f low s t r u c t u r e s .  The f l exu red  ( f a l s e  drag)  and convergent 
bedding of c o a l  l a y e r s  i n  t h e  a b u t t i n g  c o a l  seam and t h e  flow s t r u c t u r e s  i n d i c a t e  
soft-sediment behavior  of c l ays tone  and coa l .  The f i s s u r e s ,  f a u l t s ,  "goat 
beards ,"  dominantly angular  c o a l  and s h a l e  fragments w i th in  t h e  ma t r ix  t h a t  f i l l e d  
t h e  d i k e  a r e  evidence of b r i t t l e  behavior  of t h e  c o a l  which had undergone a cer -  
t a i n  degree of c o a l i f i c a t i o n .  Normally c l e a t  o r i e n t a t i o n  i s  perpendicu la r  t o  
bedding. However, i t  w a s  f r equen t ly  observed t h a t  c l e a t s  ad j acen t  t o  minor low- 
angle  clay-dike f a u l t s  tend t o  be  perpendicu la r  t o  t h e  s u r f a c e  of t h e  f a u l t  r a t h e r  
than  t o  t he  bedding. No i n d i c a t i o n  of r o t a t i o n  o r  deformation of c l e a t s  t h a t  
a r e  perpendicu la r  t o  t h e  low-angle clay-dike f a u l t s  has  been found. This  sugges ts  
t h a t  t h e  clay-dike f a u l t s  e x i s t e d  a t  t h e  t i m e  of c l e a t  formation. 

Therefore ,  i t  may be  assumed t h a t  c l a y  d ikes  and t h e i r  a s s o c i a t e d  deforma- 
t i o n a l  elements formed: 

1. Under sediment cover (buried)  
2. Af t e r  c o a l i f i c a t i o n  was w e l l  advanced 
3. P r i o r  t o  normal c l e a t  formation. 

An important ques t ion ,  however, remains unanswered: Did c l a y  d ikes ,  c lay-  
d ike  f a u l t s ,  and a s soc i a t ed  f e a t u r e s  form a t  d i f f e r e n t  t i m e s  a t  d i f f e r e n t  p l aces  
due t o  d i f f e r e n t i a l  compaction and subsidence,  o r  d id  they develop a t  t h e  same 
t i m e  from a sudden, c a t a s t r o p h i c  event ,  an ear thquake,  f o r  i n s t ance ,  a s  Damberger 
(1970 and 1973) has  pointed ou t ?  

Clay d ikes ,  clay-dike f a u l t s ,  and a s soc i a t ed  f e a t u r e s  are indeed reminiscent  
of ground f a i l u r e  p a t t e r n s  i n  unconsol idated sediments as descr ibed  from major 
ear thquakes i n  va r ious  r eg ions  of t h e  world. The r ap id  change i n  s i z e ,  throw, 
and a t t i t u d e  along both  s t r i k e  and d i p ,  t h e  f requent  o f f s e t t i n g  of i n d i v i d u a l  
f a u l t s  i n  an echelon p o s i t i o n ,  and t h e  s t r o n g  r e l a t i o n s h i p  t o  t h e  d i s t r i b u t i o n  
p a t t e r n  of t h e  a f f e c t e d  l i t h o l o g i e s  may w e l l  be  explained a s  r e s u l t s  of ear th-  
quake a c t i v i t y .  

The l a r g e  shea r  body i n  t h e  Energy Shale  a t  mine B has  formed a s  a subsur- 
f ace  paleo-landsl ide.  It is younger than  some r o l l s ,  which were formed under- 
nea th  t h e  shea r  body, t h e i r  t op  having been pene t r a t ed  and sheared o f f  by t h e  
bordering major shea r  s u r f a c e  of t h e  shea r  body ( f i g .  52) .  The rock mass prob- 
ab ly  s l i d  from a s t r u c t u r a l  h igh  t o  a s t r u c t u r a l  low along a s l i g h t l y  i n c l i n e d  
s lope  t h a t  appears  t o  be  r e f l e c t e d  s t i l l  f n  t h e  present-day s t r u c t u r a l  contours .  
It a l s o  may b e  s i g n i f i c a n t  t h a t  t h e  th ickness  of t h e  Energy Shale  a long t h e  
cen t e r  of t h e  e longa t e  shea r  body is  only 40 t o  50 f e e t  (12 t o  15  m) i n  c o n t r a s t  
t o  80 t o  90 f e e t  (24 t o  28 m) i n  neighboring a r e a s  o u t s i d e  t h e  shea r  body. This  
subsur face  r o c k s l i d e  could w e l l  have developed g r a v i t a t i o n a l l y  from overburden 
stress, bu t  i t  a l s o  could have been t r i g g e r e d  dur ing  e a r t h  t remors ,  e s p e c i a l l y  
those  a f f e c t i n g  r a p i d l y  depos i ted  and s t i l l  on ly  p a r t i a l l y  consol ida ted  sediments 
t h a t  va r i ed  ab rup t ly  i n  t h i cknes s  and formed b l u n t  wedges. 



need s p e c i a l  a t t e n t i o n .  The a r e a  of t h e  shear  body o r i g i n a l l y  was bo l t ed  and 
supported i n  t h e  same manner and according t o  t h e  same roof con t ro l  p lan  a s  t h e  
surrounding area .  Roof f a i l u r e  began l o c a l l y  r i g h t  a f t e r  mining, but  increased 
over time, and gradual ly  became almost ubiqui tous.  Haulage was blocked; t r ave l -  
ways had t o  be d iver ted .  Many e n t r i e s  and i n t e r s e c t i o n s  had t o  be cleaned and 
newly supported, y e t  t h e  roof continued t o  weaken. Immediate and i n t e n s i v e  roof 
support wi th  r e s i n  b o l t s  of d i f f e r e n t  l eng ths ,  s e l ec t ed  i n  accordance t o  t h e  
shape of t h e  shear  body and wi th  a d d i t i o n a l  t imbering and c r i b s ,  probably would 
have decreased o r  prevented the  massive roof f a l l s  and t h e  r e s u l t i n g  e x t r a  c o s t s .  

Roof f a i l u r e  and roof con t ro l  
of t he  b lack  shale-limestone roof type 

The r e s u l t s  of t he  i n v e s t i g a t i o n  and mapping i n  b lack  shale-limestone roof 
provide a c l e a r  message: Brereton Limestone roof two f e e t  and more i n  th ickness  
is v i r t u a l l y  s t a b l e  i n  room-and-pillar mining; w e n  minor f a u l t s  and major j o i n t s  
appear not  t o  a f f e c t  roof s t a b i l i t y .  Where t h e  l imestone is t h i n  o r  absent ,  roof 
f a i l u r e  may be  encountered, p a r t i c u l a r l y  where f a u l t s ,  s l i p s ,  and c l a y  d ikes  pene- 
t r a t e  the  roof rock. Black s h a l e  (Anna Shale) t h a t  is not  penet ra ted  by s l i p s ,  
f a u l t s ,  o r  c lay  d ikes ,  showed increas ing  s t a b i l i t y  with increas ing  th ickness .  
Narrowly spaced j o i n t s  w i l l  a l low a c e r t a i n  amount of s labbing of t h e  lower 
most f i s s i l e  por t ion .  Concretions may drop ou t ,  bu t  roof b o l t s  commonly prevent 
major and massive f a l l s  i n  a r e a s  of t h i c k  ( th ree  t o  f i v e  f e e t )  undisturbed Anna 
Shale. 

F a u l t s  and shear  planes a r e  usua l ly  abundant where t h e  b lack  s h a l e  (Anna 
Shale) is t h i n .  Faul t ing  is p a r t i c u l a r l y  i n t e n s i v e  where l i t h o l o g i c  bodies  and 
l enses  of t h e  Brereton Limestone wedge out .  A s  descrTbed i n  previous s e c t i o n s ,  
t h e r e  is  a continuous v a r i a t i o n  of Anna Shale and Brereton Limestone l enses  and, 
r e l a t e d  t o  i t ,  a change of t h e  roof condi t tons  t h a t  cannot be predic ted  i n  
advance o ther  than a f t e r  thorough inspec t ion  on a day-to-day b a s i s .  Roof con- 
t r o l  plans the re fo re  must be f l e x i b l e ,  p a r t i c u l a r l y  concerning t h e  b o l t i n g  pat-  
t e r n  and spacing and the  se l ec t son  of t h e  b o l t  length  and anchor type. It is  
b e t t e r  t o  decide a c t u a l  procedures f o r  b o l t i n g  a t  t h e  working f a c e  with immed- 
i a t e  re ference  t o  t h e  l o c a l  geologic condi t ions  than t o  p lan  them i n  advance. 
The f l e x i b i l i t y  i n  l o c a l  mining and roof con t ro l  procedures should go a s  f a r  
a s  t o  adapt necessary changes i n  d r iv ing  e n t r i e s  and c rosscu t s  a l t e r h g  p i l l a r  
s i z e s ,  a s ,  f o r  ins tance ,  vary ing  t h e  p i l l a r  lengths  o r  widths,  angl ing the 
c rosscu t s ,  and s tagger ing  t h e  p i l l a r s  ( f i g s .  178 and 179).  The s tagger ing  of 
p i l l a r s  i n  a wrong d i r e c t i o n  may e a s i l y  weaken the  roof and induce roof f a l l s  
where f a u l t s  s t r i k e  diagonal ly t o  e n t r i e s  and crosscuts .  Some roof f a l l s ,  a s  
observed i n  mine A,  probably would have been avoided without stagger2ng ( f i g .  
128,  G 4  and G 5 ) .  

Not a l l  these  precaut ionary measures can be planned i n  advance. There- 
fo re ,  roof b o l t e r s ,  f ace  bosses,  foremen, and supervis ing  mine personnel should 
be well- t rained and experienced t o  recognize t h e  l o c a l  geologic condi t ions  and 
v a r i a t i o n s  t h a t  a f f e c t  roof s t a b i l i t y .  They a l s o  should know how t o  r e a c t  t o  
changes i n  geologic condi t ions  and be l e s s  r e s t r i c t e d  by t h e  approved roof con- 
t r o l  plan. Yet, roof support  must be e s t ab l i shed  without delay immediately 
a f t e r  t he  coa l  has  been mined t o  avoid t h e  i n i t i a l  s epa ra t ion  and loosening of 
t h e  f a b r i c  of t h e  roof rock body. 
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Figure 178. Room and pillar layout in faulted areas, good versus bad examples. 

Figure 179. Roof fall was initiated by changing the direction 
of mining. The roof fall was caused by the weak; 
ness ofo roof rock omainly f ~ o m  joints N 140 
to o1 50  E, N 165 to 175 E and N 55  to 
70  E. Fall of Energy Shale in mine Q, "Quality 
Circle," southern Illinois. 

PREMINING INVESTIGATION 
AND MINE PLANNING 

Premining i n v e s t i g a t i o n  and mine 
planning r e f e r s  t o  t h e  b a s i c  pzojec- 
t i o n  of a  new mine and s h a f t  s i t e s  and 
t h e  planning of t h e  l ayou t  of t h e  mine. 
It inc ludes  p lanning  t h e  o r i e n t a t i o n ,  
l eng th ,  width,  main e n t r i e s  and sub- 
mains,  t h e  pane l  arrangement,  t h e  
avoidance of major geo log ic  f e a t u r e s  
( f a u l t s ,  washouts, and o t h e r  i r r egu -  
l a r i t i e s ) ,  and t h e  c o n s i d e r a t i o n  of 
s u r f a c e  cond i t i ons  (highways, r a i l r o a d s ,  
dams, b u i l d i n g s ,  and o t h e r  e d i f i c e s ) .  
These premining i n v e s t i g a t i o n s  and 
planning can on ly  b e  based on explora-  
t o r y  d r i l l i n g  o r  p rev ious  exper ience  
gained i n  o t h e r  mines i n  t h e  v i c i n i t y .  

It has  been proven and is obvious 
t h a t  most of t h e  geo log ic  f e a t u r e s  t h a t  
a f f e c t  l o c a l  roof s t a b i l i t y  are too  
smal l  and v a r i a b l e  t o  be  recognized o r  
p r ed i c t ed  i n  t h e i r  occurrence and po- 
s i t i o n  and then  a s se s sed  i n  advance of 
mining pu re ly  by means of normally 



spaced d r i l l i n g .  The l e n t i c u l a r  shape, t h e  pa tchfness ,  and t h e  d i s t r i b u t i o n  of 
some rock bodies;  d i s t r i b u t i o n ,  o r i e n t a t i o n ,  and spacing of gray  s h a l e  r o l l s ,  
c l a y  d ikes ,  clay-dike f a u l t s ,  o r  o t h e r  minor s h e a r s ;  and t h e  d e t a i l e d  s e t t i n g  
of t h e  va r ious  l i t h o l o g i e s  of t h e  roof s t r a t a  a r e  t oo  smal l  and too  i r r e g u l a r l y  
d i s t r i b u t e d  t o  e s t a b l i s h  t h e i r  l o c a t i o n  proper ly  o r  t o  a l low adap ta t i on  of an 
i n f l e x i b l e  premining plan.  

Previous experience and we l l - i n t e rp re t ed  r e s u l t s  from d r i l l i n g  can only 
provide a gene ra l  i dea  and knowledge of t h e  amount of v a r i a b i l i t y  l i k e l y  t o  
be  encountered during mining. I n  planning a mine and i t s  l ayou t ,  i t  'is impor- 
t a n t , i f  n o t  e s s e n t i a l ,  t o  provide f o r  an optimum of da t a .  A prospec t ive  s h a f t  
s i te ,  f o r  i n s t ance ,  r e q u i r e s  very  thorough i n v e s t i g a t i o n ,  and d r i l l i n g  s h o u l d b e  
much more dense ly  spaced t h e r e  than  i n  o t h e r  a r e a s  of t h e  mine. It should be  an  
"almost impossible" dec i s ion  i n  mine planning t o  s i n k  a s h a f t  i n  an a r e a  where 
t h e  Brereton Limestone i s  absent  and t h e  "~amestown Coal i n t e r v a l "  i s  l o c a l l y  
found on top  of t h e  Herr in  (No. 6) Coal ( a s  has  been done),  when o t h e r  a r e a s  no t  
f a r  away con ta in  t h i c k ,  s t a b l e  Brereton Limestone. Costs  f o r  roof f a l l  c l ean ing ,  
f o r  a d d i t i o n a l l y  needed support  t o  prevent  f u r t h e r  roof f a l l s ,  and f o r  h ighe r  
energy t o  improve hindered v e n t i l a t i o n  may w e l l  exceed t h e  a d d i t i o n a l  c o s t s  f o r  a 
more d e t a i l e d  and extended d r i l l i n g  program be fo re  making d e c i s i o n s ,  

I n  choosing a s i t e  t o  s i n k  a s h a f t ,  t h e  o b j e c t i v e  is t o  f i n d  and s e l e c t  an 
a r e a  where a s t a b l e  roof is  probable ,  f o r  example, where Brereton Limestone is  
s u f f i c i e n t l y  t h i c k  o r  where t h e r e  i s  a nonlaminated massive gray s h a l e  o r  silt- 
s tone  wi th  a minimum of deformational  f e a t u r e s  (e .g . ,  r o l l s ,  f a u l t s ,  and c l a y  
d ikes ) .  This  w i l l  n o t  be  p o s s i b l e  i n  a l l  c a se s ,  bu t  one should never  s e l e c t  an 
a r e a  where numerous l a r g e  r o l l s  have been encountered o r  where a sandstone body 
forms an anomaly i n  otherwise gray s h a l e ,  p a r t i c u l a r l y  i f  t h e  sandstone i s  sat- 
u ra t ed  wi th  water .  The immediate v i c i n i t y  of major f a u l t s  should b e  avoided. 
Probably t h e  l e a s t  s u i t e d  s h a f t  s i t e  is  w i t h i n  a s t r u c t u r e  l i k e  t h e  s h e a r  body. 

Not only s h a f t  sites, bu t  a l s o  a r e a s  f o r  planned underground workshops and 
s t o r a g e  rooms, l ong - l a s t i ng  haulageways, b e l t  t r a n s f e r s ,  and a l l  o t h e r  impor- 
t an tmineopen ings  t h a t  a r e  supposed t o  last  f o r  a l l  o r  most of t h e  du ra t i on  of 
mine a c t i v i t y  should be  l oca t ed  under t h e  b e s t  p o s s i b l e  and most s t a b l e  roo f .  
The b e s t  pos s ib l e ,  y e t  f e a s i b l e ,  d r i l l i n g  p r o j e c t  should provide t he  d a t a  t o  
make opt imal  dec i s ions  i n  t h i s  po r t i on  of mine planning. 

Many of t h e  l i t h o l o g i c  and s t r u c t u r a l  f e a t u r e s  found and mapped dur ing  t h i s  
s tudy  maintain t r ends  t h a t  l a s t  over d i s t a n c e s  long enough t o  be  recognized 
and considered f o r  planning t h e  gene ra l  l ayout  of t h e  mine and t o  determine 
t h e  s i t e s  f o r  major mine openings provided t h a t  t h e  d r i l l i n g  p r o j e c t  is  planned 
and c a r r i e d  ou t  a c c u r a t e l y  enough. Major sedimentary s t r u c t u r e s ,  r o l l s ,  shea r  
bodies ,  c l a y  d ikes ,  and f a u l t s  can be  recognized i n  t h e  d r i l l  co re s  i f  t h e  spac- 
ing  and p a t t e r n  of t h e  d r i l l  ho l e s  a r e  app rop r i a t e .  A f a u l t  d i s p l a c i n g  t h e  
s t r a t a  f i f t y  f e e t  (15 m) o r  more may be  found e a s i l y ,  bu t  d r i l l i n g  t o  l o c a t e  a 
f a u l t  t h a t  d i sp laced  t h e  s trata twenty t o  t e n  f e e t  (6 t o  3 m) o r  less may n o t  
be  f e a s i b l e  because of t h e  c o s t .  Major f a u l t s  w i th  a l a r g e  amount of throw, 
which a r e  p a r t  of a narrowly spaced f a u l t  zone, such a s  t he  Rend Lake F a u l t  
System may a l s o  be  d i f f i c u l t  t o  recognize i n  widely spaced d r i l l i n g ,  because 
no t  a l l  f a u l t e d  b locks  a r e  downthrown i n  t h e  same d i r e c t i o n ,  and e l e v a t i o n  
d i f f e r e n c e s  between t h e  blocks tend t o  cance l  ou t .  The same e f f e c t  may r e s u l t  
from t h e  f a l s e  drag of t h e  l a r g e  clay-dike f a u l t s ,  a long which t h e  o f f s e t  i s  a 
maximum next  t o  t h e  f a u l t ,  bu t  r a p i d l y  decreases  l a t e r a l l y .  The observa t ion  
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