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Summary report 

W.-F. Krausse, M. H. Damberger, W. J .  Nelson, S. R. unt, C .  T. hdvina, C. G. Treworgy, an 

ABSTRACT 

Roof f a i l u r e s  i n  underground coa l  mines a r e  r e l a t e d  t o  t h e  l i t h o l o g y  and geologic  s t r u c t u r e  of 
t h e  roo f .  There a r e  two d i s t i n c t  s u i t e s  of roof rock above t h e  Herr in  (No. 6 )  Coal i n  I l l i n o i s ,  
and each has d i s t i n c t i v e  p a t t e r n s  of s t r u c t u r e  and roof  f a i l u r e .  I n  b lack  shale- l imestone roof  
a r e a s ,  roof i n s t a b i l i t y  is c o r r e l a t e d  wi th  t h inn ing  of l imestone beds and presence of f a u l t s  and 
c l a y  d ikes .  I n  gray s h a l e  roof r eg ions ,  t h e  prime roof hazards a r e  posed by r o l l s ,  s hea r  bodies ,  
and presence of c o a l  o r  c a rbonaceouspa r t i ngs in  t h e  roof .  Most s t r u c t u r a l  f e a t u r e s  examined a r e  
be l ieved  t o  have formed during e a r l y  s t age s  of sediment d i agenes i s  and compaction. S t r u c t u r a l  
t r ends  and l i t h o l o g i c  p a t t e r n s  a r e  s t r ong ly  in te rdependent  f o r  t h i s  reason.  I n  many cases  geo- 
l o g i c  p a t t e r n s  a r e  so  complex and l o c a l l y  v a r i a b l e  t h a t  p r ed i c t i on  of roof s t a b i l i t y  f a r  i n  ad- 
vance of mining i s  d i f f i c u l t .  The need f o r  g r e a t e r  f l e x i b i l i t y  i n  roof c o n t r o l  planning is  
apparen t .  

INTRODUCTION 

Every yea r  roughly h a l f  t h e  i n j u r i e s  i n  American c o a l  mines a r e  caused 
by f a l l s  of roof and r i b .  The geo log i c  composition of roof rock  s t r a t a  has  
an important  bea r ing  on t h e  s t a b i l i t y  of roof  and r i b ,  b u t  t h e  r e l a t i o n s h i p  
i s  poor ly  unders tood.  Therefore ,  t h e  U.S. Bureau of Mines h a s  supported a  
number of s t u d i e s  on t h e  i n f l u e n c e  of geo log ic  f a c t o r s  on roof s t a b i l i t y .  

The I l l i n o i s  S t a t e  Geolog ica l  Survey h a s  c o l l e c t e d  d a t a  t h a t  a p p l i e s  
t o  such r e sea rch ,  bu t  t h i s  s tudy  i s  more sy s t ema t i c  and i n t e n s i v e  than  any 
p rev ious ly  a t tempted.  The f i n a n c i a l  suppor t  of t h e  U.S. Bureau of Mines 
( c o n t r a c t  no. H0242017) between 1974 and 1976 allowed t h e  r e s e a r c h  t h a t  i s  
r epo r t ed  he re .  Roof s t u d i e s  con t inue  t o  r e c e i v e  h igh  p r i o r i t y  i n  t h e  Sur- 
vey ' s  coa l - r e l a t ed  programs. 

The Her r in  (No. 6 )  Coal was t h e  most a p p r o p r i a t e  f o r  t h i s  s t udy  because 
i t  provides  roughly 80 pe rcen t  of t h e  s t a t e ' s  c u r r e n t  c o a l  p roduc t ion  and a l -  
most h a l f  of t h e  c o a l  r e sou rce s  of I l l i n o i s .  Most of t h i s  c o a l  (85 t o  90 
pe rcen t )  l i e s  a t  dep ths  g r e a t e r  than  150 f e e t  (50 m) and can be  recovered only 
by underground mining. 

Objec t ives  of t h i s  s tudy  w e r e  t o  f i n d  and d e s c r i b e  t h e  geo log ic  f a c t o r s  
t h a t  i n f l u e n c e  roof  cond i t i ons  i n  underground mines. The primary method of 
s tudy  was d e t a i l e d  mapping i n  mines,  supplemented by r e g i o n a l  computer map- 
ping us ing  d r i l l - h o l e  d a t a ,  c lose-range photogrammetry, phys i ca l  t e s t i n g  of 
c o r e  samples,  and c l a y  mine ra log i ca l  i n v e s t i g a t i o n s  of roof m a t e r i a l .  

Over a  per iod  of t h r e e  y e a r s ,  a  l a r g e  volume of d a t a  ha s  been genera ted .  
The r e s u l t s  have been r epo r t ed  i n  two volumes t h a t  i nc lude  a  d e t a i l e d  account 
of t h e  method of s t udy ,  t h e  d a t a  ga thered ,and  t h e  conc lus ions  reached (Krausse 
e t  a l . ,  1979).  The summary p re sen t ed  h e r e  is  in tended  f o r  gene ra l  u se  of 
t h e  major f i n d i n g s  and conc lus ions .  

The geo log i c  s e t t i n g  of t h e  I l l i n o i s  Basin Coal F i e l d  

The I l l i n o i s  Basin Coal F i e l d  covers  more t han  65 pe rcen t  of t h e  s t a t e  
of I l l i n o i s ,  a long  w i th  ad j acen t  p o r t i o n s  of southwestern Ind iana  and 
wes te rn  Kentucky. A l l  commercial c o a l  i n  t h e  I l l i n o i s  Basin Coal F i e l d  



occu r s  i n  s t r a t a  of t h e  Pennsylvanian System. I n  I l l i n o i s ,  92 pe rcen t  
of t h e  i d e n t i f i e d  r e s o u r c e s  l i e  i n  t h e  Carbondale Formation ( f i g .  1 ) .  
The Her r in  (No. 6 )  Coal Member of t h e  Carbondale Formation accounts  f o r  
42 pe rcen t  of t h e  c o a l  r e sou rce s  and 80 pe rcen t  of t h e  c u r r e n t  p roduc t ion  
i n  I l l i n o i s  (Smith and S t a l l ,  1975) .  

The Her r in  (No. 6 )  Coal subcrops around t h e  margin of t h e  I l l i n o i s  
Basin Coal F i e l d  and a t t a i n s  a maximum depth  of about  1300 f e e t  (about 
400 m) i n  t h e  F a i r f i e l d  Basin ( f i g .  2) i n  Wayne County ( A l l g a i e r  and 
Hopkins, 1975) .  The c~.)al. d i p s  g e n t l y  toward t h e  c e n t e r  of t h e  b a s i n  
and is e s s e n t i a l l y  f l a t - l y i n g  through most of i t s  range.  I n c l i n a t i o n  
r a r e l y  exceeds 1 t o  2 pe r cen t  except  a long  t h e  La SalPe A n t i c l i n a l  Be l t  
i n  e a s t e r n  I l l i n o i s ,  t h e  Du Quoin Monocline, and t h e  Cot tage  Grove 
F a u l t  System i n  sou the rn  I l l i n d i s ,  where d3ps exceeding 15 deg ree s  have 
been recorded .  
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Figure 1. Stratigraphic secticn of the Carbondale Forma- 
tion, Kewanee Group, showing the positions of 
the most important coals within the Pennsylva- 
nian System in Illinois. (After W. W. Smith, 
1975.) 

The Her r in  (Noc 6 )  
Coal i s  t h e  most widespread 
c o a l  i n  I l l i n o i s  and exceeds 
a  t h i c k n e s s  of 6 0  i nches  
(1.52 m) over  broad a r e a s  
( f i g .  3 ) -  The c ~ a l  r ank  
h a s  been determined t o  be  
h i g h - v o l a t i l e  A, B ,  and C 
bituminous and has  a  s u l f u r  
con t en t  normally  va ry ing  
from 3 t o  5  pe rcen t .  I n  t h e  
"Oual i ty  C i r c l e "  a r e a  of  
F r a n k l i n  and Williamson 
Count ies  i n  sou the rn  I l l i n o i s  
( f i g .  3 ) ,  a  maximum c o a l  t h i ck -  
n e s s  of about  14  f e e t  ( 4 . 3  m) 
ha s  been r e p o r t e d ,  and t h e  
s u l f u r  con t en t  ranges  from 
l e s s  t han  1 t o  2 pe r cen t .  Some 
of t h i s  low-sulfur  c o a l  i s  ~f 
t h e  q u a l i t y  used f o r  manufac- 
t u r i n g  m e t a l l u r g i c a l  coke i n  
b lends  w i t h  higher-ranked c o a l .  

The g e n e r a l  sequence of 
r ocks  ove r ly ing  t h e  He r r in  
(No. 6 )  Coal i s  shown i n  f i g u r e  
4 .  Although a  wide v a r i e t y  of 
l i t h o l o g i e s  and d e p o s i t s  of 
v a r i o u s  geo log i c  environments 
a r e  r e p r e s e n t e d ,  two major roof  
rock. assemblages have been 
s t u d i e d  i n  d e t a i l .  One i s  
t h e  gray  s h a l e  roof t ype  
comprising t h e  Energy Shale  
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Figure 2. Geologic structures of Illinois. 
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Figure 3. Distribution of the Herrin (No. 6 )  Coal in Illino~s. 
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Figure 4. Schematic section of the interval between the Herrin (No. 6) Coal Member and the Piasa Limestone Member. (After 
G. J. Allgaier, June 1974.) 

Member and t h e  sandstones,  s i l t s t o n e s ,  and sha le s  i n  t h e  Walshvi l le  channel 
( l e f t  s i d e ,  f i g .  4 ) .  The o the r  roof type  i s  t h e  b lack  shale- l imestone roof 
type ,  an assemblage inc luding  t h e  Anna Shale Member and over ly ing  u n i t s  
( r i g h t  s i d e ,  f i g .  4 ) .  D i s t i n c t i v e  l i t h o l o g i c  and s t r u c t u r a l  assemblages 
and a v a r i e t y  of mining and roof cond i t ions  a r e  a s soc ia t ed  wi th  t h e  two 
major roof rock types ,  

The sediments of t h e  Energy Shale a s soc ia t ed  wi th  t h e  Walshvi l le  
channel form t h e  gray s h a l e  roof type.  They a r e  be l ieved  t o  be d e p o s i t s  
of a major r i v e r  system t h a t  e x i s t e d  contemporaneously wi th  pea t  accumu- 
l a t i o n .  I n  t h e  WalshviPle channel i t s e l f ,  t h e  Herr in  (No. 6 )  Coal is 
absent .  Along t h e  channel margins t h e  c o a l  i s  gene ra l ly  s p l i t .  Flanking 
t h e  channe1,the c o a l  i s  o v e r l a i n  by gray s h a l e ,  s i l t s t o n e s ,  and sandstones 
of t h e  Energy Shale Member, The Energy Shale a t t a i n s  a maximum th ickness  
of about 100 f e e t  (30 m) and l a t e r a l l y  decreases  i n  th ickness  away from 
t h e  Walshvil le  channel., Overlying t h e  Energy Shale a r e  marine s t r a t a  of 
t h e  b lack  shale-limestone roof type ,  which tend t o  be l e n t i c u l a r  o r  pinch 
out  a s  t h e  Energy Shale th ickens ,  Where t h e  Energy Shale is  absen t ,  t h e  
b lack  shale-limestone sequence forms t h e  immediate coa l  roo f .  

A c l o s e  interdependence e x i s t s  between t h e  s u l f u r  content  of t h e  coa l  
and t h e  c h a r a c t e r i s t i c s  of overlying s t r a t a .  Where t h e  nonmarine Energy 
Shale i s  more than about 20 f e e t  (6 m) t h i c k ,  t h e  c o a l  has  a r e l a t i v e l y  
low content  of s u l f u r .  This r e l a t i o n s h i p  has been observed i n  s e v e r a l  a r e a s  
and i s  p a r t i c u l a r l y  no tab le  i n  t h e  "Quality C i r c l e P v  a r e a  of southern I l l i n o i s .  
It i s  supposed t h a t  t h e  Energy Shale r ep resen t s  crevasse-splay and overbank 
depos i t s  from t h e  r i v e r  t h a t  formed t h e  Walshvil le  channel and t h a t  t h e  



d e p o s i t s  covered t h e  coal-forming p l a n t  m a t e r i a l  b e f o r e  marine i n g r e s s i o n  
and p r o t e c t e d  i t  a g a i n s t  implacement of s u l f u r  (Gluskoter  and Hopkins, 
1 9 7 0 ) .  

The b l a c k  sha le - l imes tone  roof  t ype  i n c l u d e s  seven named s t r a t i -  
g r aph i c  rock  members r e l e v a n t  t o  mine roof  s t a b i l i t y  ( f i g .  4)- A l l  a r e  
h i g h l y  p e r s i s t e n t  r e g i o n a l l y ,  bu t  show cons ide rab l e  l o c a l  v a r i a b i l i t y .  
The lowes t  member i s  t h e  Anna Sha le  Member, t y p i c a l l y  a  b l ack ,  carbona- 
ceous,  phospha t i c ,  f i s s i l e  s h a l e ,  r a r e l y  exceeding 5 f e e t  (1 .5  m) i n  
t h i cknes s .  The Anna Sha le  i s  thought  t o  r e p r e s e n t  d e p o s i t i o n  i n  shal low 
l agoona l  environments ,  Overlying i s  t h e  Brere ton  Limestone Member, a  

, g e n e r a l l y  f i ne -g ra ined ,  a r g i l l a c e o u s ,  f o s s i l i f e r o u s  rock  r e p r e s e n t i n g  
more open marine c o n d i t i o n s ,  I n  southwestern I l l i n o i s ,  i t s  t h i cknes s  
may exceed 1 8  f e e t  (5.5 m), but  4 t o  5  f e e t  ( 1 - 2  t o  1 , 5  m) i s  more 
common. The Jamestown Coal Member i s  t h i n  bu t  widespread i n  most of 
I l l i n o i s ,  i n c r e a s i n g  t o  minable t h i cknes s  i n  extreme e a s t e r n  I l l i n o i s  
and wes te rn  Ind i ana ,  Where t h e  Jamestown Coal i s  t h i n ,  t h e  i n t e r v a l  
between t h e  under ly ing  and ove r ly ing  members i n c l u d e s  n o t  o n l y  c o a l ,  
bu t  a l s o  a  d i s t i n c t i v e  dark-gray carbonaceous s h a l e  con t a in ing  nodules  
of c h e r t  and sma l l  l e n s e s  of xedium-gray l imes tone ,  probably sf f r e sh -  
wate r  o r i g i n *  Th i s  i n t e r v a l  i s  r e f e r r e d  t o  a s  t h e  "Jarnestown Coal 
i n t e r v a l "  i n  t h i s  s t udy ,  

The ove r ly ing  Conant Limestone Member appea r s  t o  be l i t h o l o g i c a l l y  
s i m i l a r  t o  t h e  Brere ton  Limestone; however, i t  i s  t h i n n e r ,  about  6 f e e t  
(1 .8  m) a t  maximum, bu t  t y p i c a l l y  l e s s  t han  1 . 5  f e e t  (0.32 m) . Next i n  
sequence a r e  t h e  Lawson Sha le  and t h e  Anvi l  Rock Sandstone Members, h i g h l y  
heterogeneous f a c i e s  e q u i v a l e n t s .  They i n c l u d e  g e n e r a l l y  mo t t l ed ,  g r een i sh  
s h a l e s  and c l a y s t o n e s ;  l o c a l l y  ca l ca r eous  s h a l e  w i t h  marine f o s s i l s ;  f i r m ,  
g ray ,  s i l t y  s h a l e s ;  s i l t s t o n e s ;  sands tones ;  and,  i n  p l a c e s ,  conglomerates.  
A well-developed channel  system of t h e  Anvi l  Rock Sandstone h a s  been mapped 
i n  which under ly ing  s t r a t a  l o c a l l y  i nc lud ing  t h e  He r r in  (No. 6 )  Coal were 
eroded. Channels f i l l e d  by Anvil  Rock Sandstone a r e  shown i n  f i g u r e  3 .  

The h i g h e s t  s t r a t i g r a p h i c  member exposed i n  many roof  f a l l s  of under- 
ground mines i s  t h e  Bankston Fork Limestone, Most o f t e n  i t  c o n s i s t s  of 
s e v e r a l  benches of l i g h t - g r a y  t o  b u f f ,  f i ne -g ra ined ,  nodula r  l imes tone ,  
i n t e r s t r a t i f i e d  w i t h  one o r  more bands o r  l a y e r s  of mo t t l ed  g r e e n i s h  s h a l e  
o r  c l ays tone .  Its fauna  of mainly brach iopsds  and f u s u l i n i d s  demonstrates  
open-marine environment of d e p o s i t i o n ,  

Techniques employed 

A v a r i e t y  of  t e chn iques  have been. employed t o  ana lyze  and d e s c r i b e  
t h e  r e l a t i o n s h i p  between geo log i c  c o n d i t i o n s  and mine-roof s t a b i l i t y ,  
i nc lud ing :  

1. De ta i l ed  geo log i c  mapping w i t h i n  s e l e c t e d  s t udy  a r e a s  i n  underground 
mines 

2. Regional  computer mapping u s ing  d r i l l - h o l e  d a t a  
3 ,  Close-range p h o t o g r a m e t r y  



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  cores  
6. Clay mineralogy s t u d i e s  

The in-mine mapping was t h e  most s i g n i f i c a n t  and a l s o  most time- 
consuming work performed i n  t h i s  s tudy.  Seven s e l e c t e d  s tudy a r e a s  i n  
t h r e e  underground coa l  mines were mapped i n  d e t a i l .  The base maps, 
gene ra l ly  a t  a s c a l e  of 1:1200, were provided by t h e  mining companies. 
Within each mapping a r e a  a l l  a c c e s s i b l e  mine headings were walked, and 
a l l  f e a t u r e s  were p l o t t e d  d i r e c t l y  on t h e  base maps. The f e a t u r e s  mapped 
included a l l  geologic s t r u c t u r e s  such a s  f a u l t s ,  j o i n t s ,  r o l l s ,  and c l a y  
d ikes ;  t h e  l i t h o l o g y  of t h e  immediate r o o f ;  t h e  observed sequence of 
roof s t r a t a ;  and t h e  roof f a l l s .  Various combination and compilat ion 
inaps were prepared from t h e  f i e l d  maps. 

Regional computer mapping was appl ied  t o  23  count ies  where r e se rves  of 
t h e  Herr in  (No. 6) Coal a r e  s i g n i f i c a n t l y  l a r g e  ( f i g ,  5 ) .  Data on th i ckness  
and e l e v a t i o n  were evaluated f o r  a l l  rock u n i t s  from the Herr in  (No. 6) Coal 

5 

Herrin (No. 6) Coal subcrop line 

County compilation completed 

ISGS 19 

Figure 5. Area in the southern half 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. 



through t h e  P i a s a  Limestone Member ( f i g .  4 1 ,  us ing  thousands of c o r e  de sc r ip -  
t i o n s ,  d r i l l e r s '  l o g s ,  and geophys ica l  l o g s  from t h e  d r i l l - h o l e  record  l i b r a r y  
a t  t h e  I l l i n o i s  S t a t e  Geolog ica l  Survey (ISGS). An average of about  one h o l e  
f o r  each two squa re  m i l e s  was used,  The maps were computer-generated us ing  
GEOMAPS, a program package developed by t h e  I l l i n o i s  S t a t e  Geolog ica l  Survey 
from ILLIMAP (Swann, e t  a l . ,  1970) ,  and STAMPEDE (IN4 Corp., 1968)"  

Maps genera ted  i n c l u d e  s t r u c t u r a l  con tour  maps of t h e  t o p  o r  ba se  of 
t h e  c o a l ,  maps showing t h i cknes se s  of t h e  s i g n i f i c a n t  roof rock u n i t s ,  and 
maps showing t h i cknes se s  of p a r t i c u l a r  rock  i n t e r v a l s  of s p e c i f i c  i n t e r e s t  
f o r  t h e  s t udy ,  such a s  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  t o  t h e  ba se  
of t h e  f i r s t  competent l imes tone  bed. I n  a d d i t i o n ,  t h e  computer was employed 
t o  produce s t r u c t u r a l  contour  maps of c o a l  seams a t  t h e  mines s e l e c t e d  f o r  
d e t a i l e d  mapping. 

A c lose-range photogrammetric t echnique  was developed t o  c o l l e c t  i n f o r -  
mat ion on o r i e n t a t i o n  of c l e a t s ,  j o i n t s ,  and shea r  p l anes  i n  a r e a s  t h a t  were 
t oo  s t e e p  o r  dangerous f o r  d i r e c t  approach and measurements. It was a l s o  
used t o  map an  advancing s t r ip -mine  h ighwal l  t o  o b t a i n  a three-dimensional  
p i c t u r e  of t h e  shape of roof  rock  bodies .  ( D e t a i l s  on photogrammetry a r e  
p r e sen t ed  i n  volume 2 of Krausse e t  a l e ,  1979, and i n  Brandow e t  a l . ,  
1975) .  

A l i m i t e d  amount of c o r e  i n  underground mines was d r i l l e d .  t o  o b t a i n  
f r e s h  samples f o r  t e s t i n g  unconfined compressive s t r e n g t h  and Young's modulus, 
A t o t a l  of s i x  c o r e s  were taken:  t h r e e  of roof rock ,  one h o r i z o n t a l  c o r e  
of c o a l ,  and two h o r i z o n t a l  co re s  o f a l a r g e  sands tone  r o l l .  

A v a r i e t y  of mechanical ,  o p t i c a l ,  chemical ,  r a d i o g r a p h i c a l ,  and x-ray 
d i f f r a c t i o n  ana ly se s  were performed f o r  clay-mineralogy s t u d i e s  of roof and 
f l o o r  s h a l e s ,  Rock p r o p e r t i e s  t e s t e d  inc luded  g r a i n  and p a r t i c l e  s i z e ,  c l a y  
mineralogy,  A t t e r b e r g  l i m i t s ,  s l a k e  d u r a b i l i t y ,  o r i e n t a t i o n  of c l a y  mine ra l s ,  
t e x t u r e ,  and i n t e r n a l  s t r u c t u r e .  D e t a i l s  a r e  p resen ted  i n  volume 2 of 
Krausse e t  a l e ,  1979. 

ROOF TYPES OF THE HERRIN (NO, 6 )  COAL MEMBER I N  ILLINOIS 

Two major roof t ypes  o v e r l i e  t h e  He r r in  (No. 6 )  Coal i n  I l l i n o i s .  The 
gray  s h a l e  roof type  comprises p r i m a r i l y  g r ay ,  nonmarine sands tones ,  s i l t -  
s t o n e s ,  and s h a l e s  of t h e  Energy Sha le  Member, The b l ack  sha le - l imes tone  
roof t ype  i nc ludes  bo th  marine and nonmarine d e p o s i t s  of t h e  Anna Sha le  
and ove r ly ing  s t r a t i g r a p h i c  u n i t s .  A t h i r d  type  i s  t r a n s i t i o n a l ,  having 
components of bo th  g r ay  s h a l e  and b l ack  sha le - l imes tcne  roof types .  For 
t h i s  i n v e s t i g a t i o n ,  w e  des igna ted  s tudy  a r e a s  1 through 3 ( i n  mine A)  under 
b l ack  sha le - l imes tone  roof  and s tudy  a r e a s  4 and 5 ( i n  mine B) and 6 and 7 
( i n  mine C )  under g r ay  s h a l e  roof f o r  d e t a i l e d  examination and mapping. No 
t r a n s i t i o n a l  roof a r e a s  were mapped o r  s t u d i e d  c l o s e l y ,  

The gray  s h a l e  roof type  and t h e  b l a c k  sha le - l imes tone  roof type  a r e  
d i s t i n c t  l i t h o l o g i c a l l y  and each con t a in s  unique and d i s t i n c t i v e  s t r u c t u r a l  
deformat ion f e a t u r e s .  These a s s o c i a t i o n s  between s t r u c t u r e  and l i ~ h o l o g y  
l e a d  t o  s p e c i f i c  p a t t e r n s  of mine roof  s t a b i l i t y  f o r  each roof type .  



Gray s h a l e  roof t ypes  

Three d i s t i n c t  dominant f a c i e s  of t h e  Energy Sha le  were recognized 
and mapped: 

I. Dark-gray s h a l e  f a c i e s  ( a t  base)  
2.  Medium-gray s h a l e  f a c i e s  
3. Planar-bedded s i l t s t o n e  and sands tone  

The dark-gray s h a l e  f a c i e s  i s  t h e  lowest  s t r a t i g r a p h i c a l l y ,  forming t h e  
immediate roof  i n  l a r g e  a r e a s  of mine B.  I ts th i cknes s  ranges  from 
zero  t o  f i v e  f e e t  (0  t o  1 . 5  m) and i s  most commonly l e s s  t han  two f e e t  
(0.6 m) t h i c k ,  It i s  conformably o v e r l a i n  by medium-gray s h a l e ,  The 
dark-gray s h a l e  ranges  from medium-dark gray  t o  alm.ost b l a c k ;  i t s  da rk  c o l o r  
r e s u l t s  from abundant,  f i n e l y  d i s p e r s e d ,  carbonaceous d e b r i s ,  It i s  hard ,  smooth, 
and g e n e r a l l y  narrowly laminated.  The presence  of f o s s i l s ,  i nc lud ing  sma l l  pec- 
t i n o i d  pelecypods and Anthracosiidae, i n d i c a t e s  a d e p o s i t  i n  f r e s h  t o  b r ack i sh  wate r .  

J o i n t i n g  i n  t h e  dark-gray s h a l e  g e n e r a l l y  i s  much more r e g u l a r  and 
c l o s e l y  spaced t han  i n  t h e  o t h e r  Energy Sha le  f a c i e s .  The dark-gray s h a l e  
i s  v a r i a b l e  w i t h  regard  t o  roof  s t a b i l i t y .  Over wide a r e a s  i t  i s  s t a b l e ,  
bu t  i n  some p l a c e s ,  where i t  a c t s  a s  a "draw s l a t e , "  roof  f a l l s  can occur ,  
p a r t i c u l a r l y  where t h e  s h a l e  i s  t h i c k .  

Medium-gray s h a l e  i s  t h e  dominant f a c i e s  of t h e  Energy Sha le .  It o v e r l i e s  
t h e  dark-gray s h a l e  i n  mine B and forms t h e  immediate roof  i n  much of mine C. 
Medium-gray s h a l e  may a t t a i n  t h i c k n e s s e s  of 50 f e e t  (15 m) o r  more, It 
c o n t a i n s  much less carbonaceous m a t e r i a l  t han  t h e  da rk  gray  s h a l e ,  and 
l amina t i ons  and j o i n t s  a r e  d i s t i n c t i v e  o r  absen t .  I n  some p l a c e s  mica 
and p l a n t  d e b r i s  c o a t i n g  t h e  bedding p l anes  permit  t h e  mine roof  t o  sepa- 
r a t e  i n  l a y e r s  and t o  b reak  i n  l a r g e  s l a b s ,  bu t  e lsewhere t h e  rock  i s  a 
massive mudstone t h a t  forms a s t a b l e  r o o f ,  excep t  where s t r u c t u r a l  anomalies 
o r  deformat iona l  f e a t u r e s  a r e  p r e s e n t .  The medium-gray s h a l e  i s  s u s c e p t i b l e  
t o  mo i s tu r e  s l a k i n g ,  and over  long  p e r i o d s  of  t i m e  l a r g e  f a l l s  may develop,  
a l though  t h e  s h a l e  g e n e r a l l y  i s  s t a b l e .  

The medium-gray s h a l e  may grade  bo th  l a t e r a l l y  and v e r t i c a l l y  i n t o  
s i l t y  s h a l e ,  s i l t s t o n e ,  and sandstone;  however, t h e  planar-bedded s i l t s t o n e  
and sandstone mapped i n  mine C i s  a d i s t i n c t  f a c i e s  t h a t  was depos i t ed  ad j a -  
c e n t  t o  t h e  Walshvi l l e  channel .  It o v e r l i e s  t h e  medium-gray s h a l e  w i th  a 
sharp ,  appa ren t l y  unconformable c o n t a c t ,  and i n  p a r t  of t h e  s tudy  a r e a  t h e  
s h a l e  i s  absen t  and sands tone  rests d i r e c t l y  on t h e  c o a l .  

The planar-bedded s i l t s t o n e  and sands tone  i s  marked by c l o s e l y  
spaced r e g u l a r  p a r t i n g s  of coa r se  mica and carbonaceous p l a n t  d e b r i s  on 
bedding s u r f a c e s .  The rock  e a s i l y  s p l i t s  and s e p a r a t e s  a long t h o s e  p a r t -  
i n g s ,  and s p e c t a c u l a r  roof  f a l l s  are common ( f i g .  6 ) ,  In  a d d i t i o n ,  t h e  
sands tone  may con t a in  wa te r ,  which weakens t h e  unde r ly ing  medium-gray s h a l e  
and promotes more f a l l s ;  t h e  seepage o r  f low of wate r  i n t o  mining a r e a s  causes  
s e r i o u s  problems, 

Any of t h e  Energy Sha le  f a c i e s  de sc r ibed  may b e  u n d e r l a i n  by a b a s a l  
carbonaceous l a y e r  con t a in ing  abundant c o a l i f i e d  p l a n t  d e b r i s ,  i nc lud ing  
some t h a t  may b e  hazardous t o  miners ,  such a s  f o s s i l i z e d  tree stumps, whose 
c o r e s  may f a l l  o u t  of t h e  r o o f .  The e n t i r e  b a s a l  l a y e r  i s  g e n e r a l l y  u n s t a b l e ,  
bu t  i s  t h i n  enough ( l e s s  than  a f o o t )  t o  be  r e l a t i v e l y  unimportant  t o  over- 
a l l  roof s t a b i l i t y .  



R o l l s ,  p r o t r u s i o n s  of roof  m a t e r i a l  i n t o  c o a l ,  a r e  t h e  most t y p i c a l  
and widespread 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  i n  a r e a s  where t h e  
gray  s h a l e  o v e r l i e s  t h e  c o a l .  Most r o l l s  a r e  e longa t e ,  l i n e a r  f e a t u r e s  
shaped roughly l i k e  f o o t b a l l s  i n  c r o s s  s e c t i o n  ( f i g .  7 ) .  The l e n g t h  of 
r o l l s  may r each  s e v e r a l  hundred f e e t ,  t h e  wid th  ranges  from a few inches  
t o  about  a hundred f e e t ,  and t h i cknes s  ranges  from a few inches  t o  t h e  
h e i g h t  of t h e  c o a l  seam. Most r o l l s  observed i n  our  s t u d i e s  a r e  asym- 
m e t r i c a l  and have 2 b l u n t  "'toe" a long  which a splayed-out c o a l  " r i de r "  
curves  upward i n t o  t h e  roo f .  A t  t h e  " t a i l "  end of t h e  r o l l ,  c o a l  r i d e r s  
a r e  poor ly  developed, bu t  l a r g e  s l i c k e n s i d e d  compactional f a u l t s  a r e  
common. The combination of c o a l  r i d e r s  and f a u l t s  s e r i o u s l y  weakens t h e  
roof above t h e  main body of t h e  r o l l ,  which may break  down a s  soon a s  i t  
i s  undermined. 

R o l l s  a r e  a b ~ m d a n t  i n  a r e a s  of medium-gray s h a l e  and planar-bedded 
s i l t s t o n e  and sandstone r o o f ,  bu t  t hey  a r e  smal l  and r a r e  where dark-gray 
s h a l e  forms t h e  immediate r o o f .  The l i t h o l o g i c  m a t e r i a l  of t h e  r o l l  i s  
u s u a l l y  t h e  same a s  t h e  m a t e r i a l  forming t h e  roof above t h e  r o l l .  The 
i n t e r i o r  bedding of t h e  r o l l  commonly i s  d i s t o r t e d ,  e s p e c i a l l y  a t  and nea r  
t h e  "toe" of t h e  r o l l .  The r o l l s  i n  f i g u r e s  8 through 1 2  a r e  t y p i c a l .  

R o l l s  a t  mine B tend t o  s t r i k e  p a r a l l e l  w i t h  boundaries  between medium- 
g ray  s h a l e  and dark-gray s h a l e  ( f i g s ,  13-15]. A p a t t e r n  of sands tone  r o l l s  
i n  mine C i s  l e s s  apparen t ,  bu t  t h e r e  i s  a gene ra l  t r e n d  f o r  r o l l s  t o  s t r i k e  
p a r a l l e l  t o  t h e  edge of t h e  sandstone roof a r e a  ( f i g .  1 6 ) .  

The i n t e r n a l  s t r u c t u r e  and mapped d i s t r i b u t i o n  and o r i e n t a t i o n  of r o l l s  
sugges t  t h a t  they  a r e  l oad  s t r u c t u r e s  t h a t  formed a s  slump f e a t u r e s  i n  which 
s o f t  sediments  squeezed i n t o  t h e  upper l a y e r s  of t h e  coal-forming m a t e r i a l .  
No i n d i c a t i o n s  of c o a l  e r o s i o n  have been found t h a t  i n d i c a t e  t h e  r o l l s  
o r i g i n a t e d  a s  i n - f i l l e d  s t ream channe ls .  

S l i p s  and smal l  f a u l t s  no t  a s s o c i a t e d  w i th  r o l l s  a r e  common throughout  
t h e  mapped a r e a s  i n  t h e  gray  s h a l e  roof  type .  The maximum displacement  a long  
t h e s e  sma l l  f a u l t s  i s  two t o  t h r e e  f e e t  (0 .6  t o  0.9 m), bu t  commonly i t  i s  
much l e s s .  Genera l ly ,  smal l  f a u l t s  d i e  ou t  w i t h i n  t h e  c o a l  seam, and r a r e l y  
do they  extend f a r  i n t o  t h e  roof  s t r a t a .  The i r  o r i e n t a t i o n  may be  roughly 
p a r a l l e l  t o  boundaries  of facies-changes,  bu t  i n  c o n t r a s t  t o  t h o s e  i n  t h e  
b l a c k  s h a l e  roof  type ,  many of t h e  s l i p s  and smal l  f a u l t s  i n  t h e  gray  s h a l e  
roof  t ype  show no p r e f e r r e d  o r i e n t a t i o n .  A l l  i n d i c a t i o n s  a r e  t h a t  t h e s e  s l i p s  
r e s u l t e d  from d i f f e r e n t i a l  compaction of t h e  sediments ,  S l i p s  and smal l  f a u l t s  
l o c a l l y  may be a roof  hazard ,  e s p e c i a l l y  where two o r  more i n t e r s e c t  above 
t h e  c o a l  seam. 

A l a r g e  body of pe rvas ive ly  sheared  roof  rock  was encountered i n  s t udy  
a r e a  5 ,  mine B ( f i g .  1 5 ) .  Th i s  rock  body, h e r e i n  termed a "shear  body," 
i s  more t han  2500 f e e t  (760 m) long ,  200 t o  300 f e e t  (60 t o  90 m) wide, and 
a t  l e a s t  30 f e e t  (9  m) t h i c k .  It i s  i r r e g u l a r  i n  o u t l i n e ,  t r end ing  roughly 
e a s t  and w e s t  through t h e  s tudy  a r e a .  The lower boundary is  a series of shea r  
p l anes  ( f i g s .  17 ,  1 8 ) t h a t  a r e  a lmost  p a r a l l e l  t o  bedding and l i e  on o r  c l o s e  
t o  t h e  t o p  of t h e  c o a l  i n  t h e  h e a r t  of t h e  shea r  body. They curve  upward i n t o  
t h e  roof  a long  i t s  margins.  The c o a l  and rock  below t h e  shea r  body a r e  a lmost  
undeformed. The format ion  of t h e  shea r  body p o s t d a t e s  format ion of r o l l s ,  a s  
i n d i c a t e d  by t r u n c a t i o n  of t h e  t o p s  of r o l l s  by t h e  shea r  body ( f i g .  1 9 ) .  



Figure6 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 almost straight up along the pillar rib. 
Location: "Quality Circle," near Walshville channel, mine C. 

I Front coal "rider" over toe Normal fault (extensional 1 and cornpactional~ 

Postsedimentary "flow" of 
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and extension faull 

Toe with recumbent 
soft sediment folds 

gray shale roof 

- - 

Figure 7. Sketch of typical roll (soft-sediment protrusion of clastic materials into surrounding sediments--coal, shales, siltstones, 

and sandstones). 



Figure 8. Roll of mediurn-gray shale of the Energy Shale Member intruded into top layers of "Lie P5errin I M J .  6 )  Ccial. Toe (at 
the left) splits folded coal strata into several stringers. Tail has been truncated by coa~pactioui;ii normal fault (at the 
right]. The rod i s  about 4 feet (1.2 rn) long. Location: "Quality Circle," 

Figure 9. Large roll (1 0 feet [3 rn] wide; of siltstone material. The toe of the ral! displays slighr soft-sediment deformation. Coal 
"rider" extends over two-thirds of the  roll. Location: "'Quality Circle," scsurhern iltinois, nine C. 



Figure 10. Roll in planar-bedded silt- 
stone and sandstone of 
the Energy Shale Member. 
Near the toe of the roil 
(arrow), recumbent soft- 
sediment folds and low- 
angle shear planes are vis- 
ible. These features suggest 
that the silt and sand 
filling the roll intruded 
from right to left between 
the layers of peat. (Note 
the coal "rider" originating 
at the toe and extending 
almost entirely over the 
roll.) The large low-angle 
slips at the tail of the rolls 
may have formed later by 
differential compaction. 

Figure 9 I .  Detail ( 
4 0. 

~f figure 

Figure 12. Detail of figure 
11. 
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Figure 13. Lithology, structural features, and roof falls of the Herrin (No. 6) Coal and its immediate roof rocks in study area 4, 
mine B. The immediate roof strata are Energy Shale, lower portion (not stippled) dark-gray shale and upper portion 
(stippled) medium-gray shale. The majority of rolls and faults occur in medium-gray shale, whereas all but  one of the 
roof.falls and other features of instability (e.g., kink zones and rib rashing) are distributed in areas of dark-gray shale. 
Jointing i s  also much more prominent in the well-bedded dark-gray shale. Grid interval is 200 feet (6'1 rn). 
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Figure 14. Distribution of soft-sediment rolls with associated minor faults in relation to the lithology of the immediate roof and 
roof falls of Herrin (No. 6) Coal in study area 5, mine B. The map displays the close interdependence of soft-sediment 
structural features, mainly rolls and slips, with the 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. Grid interval is 200 feet (61 m). 



Major roof fall I 1 Well-bedded dark-gray shale, @ Fault and shear plane-low angle 
lower portion of Energy Shale 
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Poorly bedded medium-gray shale, 
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Figure 15. Outline and major shear structures of the shear body in study area 5, mine B. 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 
interrelationship to lithologic differences in figure 14. 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. Grid interval is 
200 feet (61 m). 
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Figure 16. Lithology, rolls, and fault structures of the Herrin (No. 6) Coal and its immediate roof strata and the distribution of 
roof falls, other induced instabilities, and additional roof support (timber and cribs) in the area below siltstone and 
sandstone with water seepage (wet). Study area 7, mine C. Grid interval i s  200 feet (61 m). 



Figure 17. Almost undisturbed Herrin (No. 6) Coal and some beds of finely laminated siity shale truncated by a northward-dipping 
(to the left) set of major shear surFaces and overlain by the shear body, Location: southern Bllinois, 'Quaiity Circle," 
study area 5, mine B. 

Figure 18. Detail of figure 17-major shear surfaces, a set of very low-angle normal faults bordering the shear body (light rock, 
upper part of photo) and truncating finely laminated shale below. Note the associated drag folds (soft-sediment folds 
above compass) within the shear zone. 



Within t h e  shea r  body, a  p e c u l i a r  deformat iona l  f a c i e s  of rock h a s  
developed. The dominant l i t h o l o g y  i s  s o f t ,  g r een i sh  c l ays tone  o r  a l t e r e d  
s h a l e  having h igh ly  con to r t ed  bedding, i n t e n s e l y  sheared ,  A l s o  found a r e  
b locks  and l a y e r s  of f i n e l y  lamina ted ,  mic ro fau l t ed  s i l t s t o n e  o r  sandstone 
( f i g s .  20,  2 l ) , b r e c c i a t e d  dark-gray s h a l e  w i t h  s i d e r i t e ,  and blocks  of bony 
coa l .  Nothing s i m i l a r  has  been found in any o t h e r  s tudy  a r e a .  This  defor -  
mat iona l  f a c i e s  i s  pene t r a t ed  by a g r e a t  number of h o r i z o n t a l  t o  g e n t l y  
d ipp ing  s l i ckens ided  shea r  s u r f a c e s .  

Roof f a i l u r e s  i n  t h e  shea r  body a r e  abundant.  A s  shown i n  f i g u r e  15 ,  
many roof f a l l s  have developed i n  t h e  shea r  body and a long  i t s  margins.  
The average he igh t  of f a l l s  i s  15 t o  20 f e e t  (4% t o  6 m). E n t r i e s  e s s e n t i a l  
f o r  haulage,  a i r ,  and t r a v e l  could be kept  open on ly  by a d d i t i o n a l  suppor t  
such a s  massive c r i b b i n g  and s t e e l  beams. Roof b o l t s  d id  n o t  s u f f i c i e n t l y  
anchor i n  t h e  i n t e n s i v e l y  sheared rock ,  and f a i l e d .  

Although t h i s  i s  t h e  f i r s t  shea r  body ever  t o  be descr ibed  i n  s t r a t a  
above t h e  Her r in  (No, 6 )  Coal,  t h e r e  i s  no reason  t o  assume i t  i s  unique. 
Its o r i g i n  i s  be l ieved  t o  be t h e  r e s u l t  of g r a v i t a t i o n a l  s l i d i n g .  S imi l a r  
f e a t u r e s  have been descr ibed  f o r  o t h e r  r eg ions  ( P o t t e r ,  1957, and Voigt ,  
1969). 

S i g n i f i c a n t  j o i n t i n g  i s  encountered only  in t h e  dark-gray s h a l e  f a c i e s  
0 

a t . m i n e  B.  The j o i n t s  s t r i k e  N 60' t o  80 E and g e n e r a l l y  p e n e t r a t e  less 
than  one f o o t  v e r t i c a l l y  i n t o  t h e  roo f .  The i r  spac ing  i s  g e n e r a l l y  about  
f i v e  t o  t e n  j o i n t s  pe r  f o o t .  These j o i n t s  may c o n t r i b u t e  t o  s l abb ing  of 
t h e  immediate r o o f ,  bu t  g e n e r a l l y  do n o t  cause major roof f a l l s ,  

\ s=, 

Figure 19. 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 top of a major roll of silty medium- 
gray shale. This indicates that formation of shear body continues after or even postdates formation of rolls; however, 
small low-angle antithetic faults truncate shear zone of dark-gray shale and remnant of rolls, so these postdate both roll 
and shear zone. Section from bottom of photo to top: (A )  coal slightly deformed by fault in roll (left side of photo), 
(B) laminated silty shale within the roll, (Cl folded, sheared, and intensively contorted dark-gray shale in shear zone, 
and (Dl greenish claystone of main shear body. Scale: holes in aluminum frame are one foot (30.5 cm) apart. 
Location: southern Iitinois, "Quality Circle," study area 5, mine B. 



Figure 20. Micro.Faulted laminated silty shale and siltstone. Low-angle and high-angle shear planes are adjacent and are of a single 
deformational aaion.The micrrsfault pat tern resembles t h e  lower portion of seismires described by Seisacher (1969). 
Mass movement in general i s  downw~ard, and each lower portion has. moved !aTerallg/ toward the south (left in photo). 
Major shear piane i s  subparallai to  bedding just above cod. Coal itseBf is affected oniy  a t  extreme top. Location: south- 
ern Illinois, "'Quality Circle," study area 5, mine B. 

Figure 21. Detail of figure 28. 



I n  s tudy a r e a  4 ,  mine R ( f i g .  13) roof f a l l s  and kink zones have a 
s t rong tendency t o  extend i n  a north-south d i r e c t i o n .  (Rink zones a r e  
narrow zones of compressional cracking and sagging which develop i n  t h e  
immediate roof a f t e r  mining,) The cause of t h i s  north-south weakness 
is  not  known, but  it should be noted t h a t  it t r ends  p a r a l l e l  with t h e  
Rend Lake Faul t  System t h a t  passes about EOO m) west of t h e  
s tudy area .  

Black shale-limestone roof types 

Three a r e a s  having t h e  black shale-limestone roof type were mapped 
i n  mine A. This roof type was a l s o  examined i n  l e s s  d e t a i l  a t  s e v e r a l  
o t h e r  su r face  and underground mines. The geologic and roof c o n t r o l  
problems i n  t h e  black shale-limestone roof type  d i f f e r  considerably 
from those  found i n  gray sha le  roof ,  

The general ized roof rock sequence a t  mine A i s  shorn i n  f i g u r e  22. 
The lowest s t r a t i g r a p h i c  member i s  the  Anna Shale,  which reaches a maximum 
th ickness  of f i v e  f e e t  (1.5 m) and i s  usua l ly  t w o  t o  three f e e t  (8 .6  t o  
0.9 m) t h i ck ;  however, t h e  Anna Shale may be absent  locally, 
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X X X X X X X Underclay X X X X X X X 

A Bankston Fork Limestone; upper or main bench 

B Shale parting in the Bankston Fork Limestone 

C Bankston Fork Limestone; lower*benches 
D Calcareous concretions in the Lawson Shale 

Thickness 

H "Jarnestown Coal interval" (dark carbonaceous shales 

and nodular and lenticular limestone) 

I Brereton Limestone; commonly has l imy "clod" at 
the base 

E Lawson Shale; upper greenish, light-gray, and lower J Anna Shale; upper part poorly bedded, nonfissile port ion 
medium-gray t o  medium-dark-gray shale layered with phosphatic nodules 

F Conant Limestone; calcareous t o  dolomitic concretions K Calcareous and pyrit ic concretions in  the Anna Shale 

G Jamestown Coal; generally dark carbonaceous shales L Anna Shale; lower part well-bedded, fissile, abundantly 
and irregular nodular and lenticular limestone between well jointed, "slaty" port ion 

two  th in  layers o f  coal M Herrin (No. 6) Coal ISGS 197' 

Figure 22. Black shale limestone roof; sequence of rock stratigraphic members at mine A. 



Two distinct subunits of the Anna Shale have been recognized at mine 
A. The lower subunit is black, hard, fissile, "slaty" shale, significantly 
well jointed and containing large spheroidal concretions. The upper sub- 
unit consists of a poorly bedded, mottled, weak shale containing two per- 
sistent thin bands of phosphatic nodules. Where the Anna Shale is less 
than one foot (0.3 m) thick, the entire member is fissile. Where the 
Anna Shale is more than one foot thick, it shows.both subunits in most 
cases. 

The Anna Shale generally is a firm roof material, although the lower 
layers tend to slab along joint planes. Concretions pose a local hazard 
that can be countered by pulling them down or bolting through them, Local 
roof falls to the base of the overlying limestone occur where the upper 
mottled subunit is not strong enough to be self-supporting; however, large 
roof falls in the Anna Shale do not result from its lithologic composition 
alone, but are related to slips, minor faults, and densely spaced joints that 
penetrate the entire Anna Shale and add to other structural weaknesses. 

Overlying the Anna Shale, or forming the immediate roof where the 
Anna Shale is absent, is the Brereton Limestone, This member is the key 
to roof stability at mine A. Where it forms the immediate roof, it is 
five to more than ten feet (1.5 to >3 m) thick,and roof falls are prac- 
tically unknown (figs, 23-25). The basal "clod" layer, consisting of a 
few inches of calcareous shale, tends to crumble away between header 
boards, but is only a minor hazard in the mines studied (fig. 26). As 
the Anna Shale thickens beneath the Brereton Limestone, the limestone 
thins and at many places pinches out (fig. 27). The limestone was not 
observed to fail where more than two feet (>0.6 m) thick, but roof falls 
are common where the limestone is less than two feet thick, and slips or 
other deformational structures weakened the cohesiveness, 

The "Jamestown Coal interval" at mine A ranges in thickness from a 
few inches to a little more than a foot (>0 .3  m) and includes carbonaceous 
shale, lenticular limestone, and thin layers of coal. It is an interval of 
the roof prone to fail without the support of the underlying Brereton Lime- 
stone, but where it is underlain by two or more feet (>0.6 m) of limestone, 
roof stability is satisfactory, In small areas (figs. 24 and 2 5 ) ,  all, 
lower units are absent and the "Jamestown Coal interval" directly overlies 
the Herrin (No, 6) Coal, Major roof falls are abundant in these areas 
because of the absence of competent strata close to the coal (fig. 28). 

The Conant Limestone above the Jamestown Coal interval is the most 
persistent roof rock member at mine A and maintains a thickness of about 
one foot throughout the study areas. It is neither thick enough nor 
strong enough to prevent roof failure where the Brereton Limestone is 
absent, however, The Conant Limestone is not known to form the immediate 
roof within the mapped areas* 

Overlying the Conant Limestone is the Lawson Shale, a very weak member 
of the roof sequence at mine A. This member, two to fifteen feet (0.6 to 
4.6 m) thick, consists mainly of weak, poorly bedded, mottled, greenish 
shale with abundant slickensided surfaces. Where the Lawson Shale is thick, 
two subunits can be distinguished: a lower, moderately firm, dark-gray 
shale, locally calcareous, and an upper mottled shale, Where the Lawson 
Shale is exposed by failure of underlying strata, massive falls extending 
through the Lawson Shale to the base of the Bankston Fork Limestone may 
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Figure 23. Distribution of roof falls and their relation to the immediate roof strata. No roof falls occur where Brereton Limestone 

directly overlies the Herrin (No. 6 )  Coal, although some shallow flak~ng of "clod" may occur locally. Study area 1, 
mine A, west-central Illinois. Grid interval i s  200 feet (61 m) .  



Figure 24. Distribution of roof falls and their relation to the immediate roof strata. No roof falls occur where Brereton Limestone 

directly overlies the Herrin (No. 6) Coal, although some shallow flaking of "clod" may occur locally. Study area 2, 
mine A, westcentral Illinois. Grid interval i s  200 feet (61 m). 





Figure 26. Limestone of the Brereton forms stable roof. About the lowest 3 inches (7 to 18 cm)  of soft flaky "clod" have fallen, 
except above the header boards. Location: mine A, west-central Illinois. 
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Figure 27. 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 is soft and mottled and 
contains numerous low-angle shear planes and syneresis cracks. Location: mine A, west-central Illinois. 



occur ( f i g s ,  28 ,  29 )*  I n  very  few f a l l s  t h e  Bankston Fork Limestone a l s o  
ha s  f a i l e d ,  exposing even h ighe r  s t r a t a ,  

The d i s t r i b u t i o n  of roof rock  bodies  a t  mine A is i r r e g u l a r  and v a r i -  
a b l e  ( f i g s .  23-25). The Anna Sha le  i s  l a i d  ou t  i n  a  patchy p a t t e r n  of 
i r r e g u l a r  l e n s e s ,  most of which a r e  s e v e r a l  hundred f e e t  i n  d iameter ,  No 
p r e f e r r e d  o r i e n t a t i o n  of t h e s e  l e n s e s  is  apparen t ,  The Brereton Limestone 
forms t h e  immediate roof i n  r a t h e r  narrow b e l t s o r t r o u g h s  between t h e  l e n s e s ,  
Roof rock  u n i t s  below t h e  Bankston Fork Limestone show a r e c i p ~ o c a l  r e l a -  
t i c n s h i p  i n  t h i cknes s ;  where one u n i t  i n c r e a s e s  i n  t h i cknes s  t h e  o t h e r  u n i t s  
of t h e  sequence t h i n  ( f f g ,  221, Lowest roof s t a b i l i t y  occurs  where t h e  Anna 
Shale and t h e  Lawson Shale  a r e  t h i c k  and t h e  Brereton Limestone i s  t h i n .  

3eformat iona l  s t r u c t u r e s  o b s e r v e d i n t h e  b l ack  shale- l imestone roof 
type  d i f f e r  cons iderab ly  from those  found i n  mines w i th  t h e  gray  s h a l e  roof 
type.  The c h a r a c t e r i s t i c  s t r uc tu r a .1  f e a t u r e  of mine A i s  t h e  c l a y  d ike .  
Damberger (1970 and 1973) h a s  g iven  a  g e n e r a l  d e s c r i p t i o n  s f  c l a y  d i k e s  i n  
I l l i n o i s .  This  s t udy  has  y i e lded  many more d e t a i l s  t h a t  may be  found i n  
volume 2 of Rrausse e t  a l . ,  1979. Clay d ikes  a r e  i r r e g u l a r  i n t r u s i o n s  
of c l a y  from t h e  roof i n t o  t h e  c o a l  seam ( f i g s .  30-32), The i r  i n c l i n a t i o n  
v a r i e s  from roughly v e r t i c a l  t o  low ang l e ,  and they  range from a m e r e  f i l m  
of c l a y  a long a  minor f a u l t  t o  major "horsebacks" s e v e r a l  f e e t  wide. The 
l a r g e r  d ike s  connect w i th  t h e  r o o f ,  a l though  they  seldom extend more than  a  
f o o t  o r  s o  i n t o  i t .  Only t h e  l a r g e r  d i k e s  p e n e t r a t e  t h e  e n t i r e  c o a l  seam t o  
t h e  underclay.  

The f i l l i n g  of c l a y  d i k e s  c o n s i s t s  of s o f t ,  u s u a l l y  l i gh t -g r ay  c l a y  o r  
s i l t y  c l a y  w i t h  fragments of c o a l  and roof rocks included i n  t h e  ma t r i x ,  The 
f i l l i n g  was obviously i n t ruded  from above, bu t  t h e  f i l l i n g  b e a r s  l i t t l e  
rese~nblance  t o  t h e  roof s h a l e s  because of i t s  a l t e r a t i o n ;  however, t h e  c l a y  
mine ra l cg i s a l  con t en t  of c lay-dike f i l l i n g  i s  much c l o s e r  t o  t h a t  of t h e  roof 
s h a l e  than  t c  t h a t  of t h e  underc lay  (S tepus in ,  persona l  communication, 
1978).  

D i r e c t l y  r e l a t e d  t o  c l a y  d i k e s  a r e  minor f a u l t s  we have termed c l a y - .  
dike faults ( I i g s .  33, 34) .  These a r e  u s u a l l y  low-angle normal f a u l t s  
t h a t  l a c k  c l a y  f i l l i n g  b u t  show a s s o c i a t e d  secondary deformat iona l  f e a t u r e s  
iz t h e  c o a l  and roof s t r a t a  which a r e  t y p i c a l  f o r  c l a y  d i k e s ,  s p e c i f i c a l l y :  

1. The f a u l t  p l ane  i s  g e n e r a l l y  shal low i n  t h e  roof and t h e  top  p o r t i o n  
of t h e  c o a l .  It s t eepens  downward through t h e  c o a l  and commonly d i s s i -  
p a t e s  w i t h i n  t h e  c o a l  i n  a  s e r i e s  of n e a r - v e r t i c a l  ex t ens ion  f r a c t u r e s  
t h a t  a r e  g e n e r a l l y  minera l ized  and form an en echelon p a t t e r n  ("goat 
beards" ) ,  

2 .  " ~ a l s e  drag,"  i n  which t h e  c o a l  l a y e r s  curve upward i n  t h e  f o o t w a l l  
and downward i n  t h e  hanging f all, t h a t  i s ,  oppos i t e  t o  t h e  d i r e c t i o n  
of normal d r ag ,  i s  abundant ( f i g .  34) .  A s  a  r e s u l t ,  bedding ad j acen t  
t o  t h e  f s u l t  p l ane  tends  t o  be perpendicu la r  t o  t h e  f a u l t  p lane .  

3. Convergence of coa l  bedding a t  t h e  ends of l a t e r a l  f r a c t u r e  f i l l i n g s  
( f i g .  33) .  
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Ban ks ton  F o r k  L imestone 
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Greenish m o t t l e d  uppe r  p a r t  o f  Lawon 
Shale 

Frgure 28. t a w s o n  Shale. T w o  d r s t ~ n c t  h o r ~ z o n s  can b e  mapped:  a l owe r  pa r t  t h a t  conslsts a f  very  da rk  gray t o  a lmost  b l ack  shale 
t ha t  IS  very calcareous ! n  places a n d  conta ins  concre t ions  ( le f t  side o f  p h o t o )  and  a n  uppe r  pa r t  t h a t  consists of abun-  
d a n t l y  n i o t t l e d  so f t  greenish medium-gray  shale havrng numerous  syneresis cracks. Loca t i on :  m i n e  A, west-central  
I l l ~ n o ~ s .  

F igure  29. M o t t l e d  shale w i t h  syneresis cracks i n  greenish medium-gray  shale, above very  d a r k  gray shale, p robab l y  Lawson Shale 
( w i t h  syneresis cracks) above A n n a  Shale. N o t e  r o o f  bo l t s  hang o u t  bare; t h e  so f t  shales have fa l len  because o f  mo i s tu re  
slaking; in the center o f  r o o f  faii, even b o l t  anchors have fai len o u t .  Loca t i on :  a m i n e  i n  eas t cen t ra l  I l l inois.  



Figi jre 30. Clay dike and clay-dike fault in Werrin (No. 1 Coal. Angular fragments of unaltered and altered black shale from the 
roof and of coal in the clay matrix demonstrate the brittle behavior of the material dur-irrq deformation. Synthetic an 
antithetic minor faults are displayed. Note also the plastic behavior of coal, part~cuian l y  a1 .tile end ob the small clay 
intrusion upward, in the upper Cootwall block. Displayed there i s  a convergesvx sPruc.tur*e of the coal laminae. Locati, 
mine A, west-central Illinois. 
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Jre 31. Derail of Figure 30. 



Figure 32. Complex clay dike in the i-lerrin (No. 6) Coal. Roof is  Brereton Limestone, which i s  displaced downward to the east. 
Fusain layer in the center of the coal seam is bent downward east of clay dike, fractured within the clay dike, and off- 
set immediately west of  the dike. Note the associated small low-angle clay-dike faults and the nurnerous extension 
fractures ("goat beards") and the coal fragments in the clay matrix. 
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Figure 33. Clay-dike faults dissecting the Herrin (No. 6) 
Coal and associated rock strata. The faults result 
not from vertical movemenls, but mainly from 
horizontal extension of the strata, as indicated by 
collapsed grabenlike structures in the upper coal 
benches and rebound horstlike structures in the 
underclay and lowest coal benches. Note the 
convergence of the coal bedding in places, the en 
echelon extension fractures ("goat beards") and 
the splitting and downward steepening of the 
faults in the coal seam. Location: mine A, west- 
central Illinois. 
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Figure 34. Claydike faults forming 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 exten- 
sion with little or no vertical throw of strata. 
Location: a mine in westcentral Illinois. 



4.  Clay-dike f a u l t s  usualHy s t r i k e  p a r a l l e l  t o  l i t h o l o g i c  boundar ies  
i n  t h e  immediate roof  and d i p  toward t h e  rock bodies  i n  which they  
occur ,  

5. The underc lay  i s  most ly  buckled upward where c l a y  d i k e s  o r  t h e  asso-  
c i a t e d  f a u l t s  p e n e t r a t e  t h e  e n t i r e  c o a l  seam. 

The above f e a t u r e s  i n d i c a t e  t h a t  c l a y  d ike s  and c lay-d ike  f a u l t s  
were formed by l a t e r a l  ex t ens ion  of t h e  c o a l  seam dur ing  d i a g e n e s i s .  I n  
many c a s e s ,  c l a y  squeezed i n  a long  t h e  opening f i s s u r e s ,  forming c l a y  d ike s .  
I n  o t h e r  p l a c e s  where t h e  amount of ex t ens ion  was i n s u f f i c i e n t ,  no c l a y  
en t e r ed ,  bu t  s l i c k e n s i d e d  clay-dike f a u l t s  developed. 

Clay d i k e s  themselves r a r e l y  cause major roof  f a l l s  because they  sel- 
dom extend more t han  a  f o o t  o r  two i n t o  t h e  r o o f .  Larger  c lay-dike f a u l t s ,  
however, can s e r i o u s l y  a f f e c t  r o s f  s t a b i l i t y ,  p a r t i c u l a r l y  where two o r  
more i n t e r s e c t  above t h e  c o a l  seam. The l a r g e s t  c lay-dike f a u l t s  found 
o f f s e t  t h e  c o a l  a s  much a s  18 f e e t  (5.5 m) and d i s p l a c e  s t r a t a  through t h e  
Bankston Fork Limestone, Major r o s f  f a l l s  r e s u l t  from t h e s e  f a u l t s  and a l -  
t e r a t i o n  i n  t h e  mining p l a n  i s  necessary .  More d e t a i l s  a r e  p r e sen t ed  on 
t h i s  t o p i c  i n  t h e  nex t  s e c t i o n .  

A s  i n  mines B and C, j o i n t s  a t  mine A c o n t r i b u t e  on ly  t o  a  few l a r g e  
roof f a l l s ,  bu t  s l abb ing  between j o i n t  p l anes  is  a common hazard .  J o i n t s  
a r e  common i n  conjuga te  v e r t i c a l  s e t s  i n  a n  o r i e n t a t i o n  N 55O t o  80' E and 
N 145' t o  160° E w i th  a  spac ing  s f  about  t h r e e  t o  t e n  pe r  f o o t .  

J o i n t s  normally  p e n e t r a t e  on ly  t h e  lower ,  f i s s i l e  p o r t i o n  of t h e  
Anna Shale  and r e s u l t  i n  on ly  minor s l abb ing  of t h a t  u n i t .  A l l  major 
roof f a l l s  a t  mine A a r e  caused by absence of competent s t r a t a  (Brereton 
Limestone) i n  t h e  roof sequence, e s p e c i a l l y  where c lay-dike f a u l t s  a r e  
p r e sen t .  

MAPS AND EXPLANATION OF THE GEOLOGY I N  SELECTED STUDY AREAS 

Seven s tudy  a r e a s  i n  t h r e e  mines were mapped i n  d e t a i l ,  and a  wide 
v a r i e t y  of geo log ic  maps were prepared ,  Only t h e  compi la t ion  maps a r e  
p resen ted  h e r e  ( f i g s .  13-16, 23-25, and 35-37). For a  more complete 
s u i t e  of maps, t h e  reader i s  d i r e c t e d  t o  volume 2 s f  Krausse e t  a l . , 1 9 7 9 .  
S i m i l a r l y ,  on ly  t h r e e  examples of r e g i o n a l  computer-generated maps ( f i g s .  
38-48) have been inc luded  he re .  Add i t i ona l  ones a r e  inc luded  i n  volume 2 of 
t h e  complete r e p o r t .  F igu re s  39 and 40 p r e s e n t  a  gene ra l i z ed  p i c t u r e  of t h e  
t h i cknes se s  and s t r u c t u r e s ,  Because of t h e  wide spac ing  of t h e  datum p o i n t s  
(an average  d a t a  d e n s i t y  of l e s s  t han  1 datum p o i n t  per  squa re  m i l e ) ,  t h e f e a -  
t u r e s  of t h e  maps a r e  i n t e r p r e t i v e  and do n o t  show t r u e  t h i cknes s .  They 
are, however, u s e f u l  a s  gu ides  f o r  t h i cknes s  t r e n d s  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 ,  The maps of s t udy  
a r e a s  1 t o  3  a t  mine A ( f i g s ,  23-25, 35-37) d i s p l a y  s i m i l a r  l i t h o l o g i c ,  s t r u c -  
t u r a l ,  and r o o f - s t a b i l i t y  p a t t e r n s .  The r e l a t i o n s h i p  between roof  l i t h o l o g y  
and roof  s t a b i l i t y  is  apparen t .  No s i g n i f i c a n t  roof  f a l l s  occur  i n  a r e a s  of 
immediate l imes tone  r o o f ,  bu t  numerous f a l l s  have been s p o t t e d  i n  r eg ions  of 
Anna Sha le  o r  "Jamestom Coal i n t e r v a l "  r o o f .  Fewer f a l l s  occur  a d j a c e n t  t o  
immediate l imes tone  roof a r e a s  t han  f a r t h e r  away from them, because ad j acen t  
t o  l imes tone  roof  a r e a s  t h e  Brere ton  Limestone i s  p r e s e n t  above t h e  Anna 
Shale.  Limestone t ends  t o  t h i n  and pinch ou t  a s  t h e  Anna Sha le  t h i ckens ,  



0' 

/ Major faults with more than 1 foot " 

throw of top of coal also dis- 
placing the floor of coal 

WP- Faults with more than 1 foot 
throw of top of coal not dis- 
placing the floor of coal 

4 Minor faults with less than 1 foot 
throw of top of coal 

Clay dikes associated with faults 

, - --- - Lithologic boundaries 

Major roof falls 

8 Minor roof falls 

i>>,*?'>,~.,,>> $"?",.> Kink zone in roof 

.> . ,; ,; ,.< Timberprops 

Figure 35. Distribution of clay-dike faults and clay dikes in the Herrin (No. 6 )  Coal and its immediate roof strata and of roof falls 
and other induced instab~lities in study area 1, 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 and slips; however, there appears to be a greater affinity of roof falls to the lithology than to 
faults. Grid interval i s  200 feet (61 m). (See also appendix figure A.) 
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Figure 36. Distribution of clay-dike 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 2, mine A. The occurrence of roof falls i s  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 and slips; however, there appears to be a greater affinity of roof Falls to the lithology than to 
faults. Grid interval is  280 feet (61 m). 





Datum point 

Study area 

Figure 38. Computer-generated map of the elevation of the top of the Herrin (No. 6) Coal at mine C, study areas 6 and 7. Struc- 

tural anomalies of the top of the coal reflect anomalies in the roof strata of mainly laminated siltstone and sandstone, 
which locally impose severe problems for roof control. Contour interval: two feet; grid size: 100 feet. 



Figure 39. Thickness trends of the Anna Shale Member in 
Bond and Montgomery Counties. The isopach 
map shows the patchy and very lenticular occur- 
rence of the Anna Shale just as it was observed 
for the "Quality Circle" area and for the rest of. 
southern and southwestern Illinois. The Anna 
Shale is generally less than four feet (1.2 m) thick 
but may locally exceed six feet (1.8 m) in thick- 
ness. Neither a regular distribution pattern nor a 
trend in Anna Shale thickness i s  visible. The 
lenticular pattern, however, has been observed in 
study areas 1,2, and 3. 

Figure 40. Thickness trends of the Brereton Limestone 
Member in Bond and Montgomery Counties. The 
Brereton Limestone occurs in lenticular patches. 
The isopach map at first appears similar to the 
previous one of the Anna Shale, but in many 
places a reciprocal relationship between the 
thickness of the Brereton Limestone and the 
Anna Shale is shown, just as i t  has been found in 
study areas 1,2, and 3. 

Figures 39 and 40. Size of area-1,620 miles2 (3,226 km2); Average distance between points-1.6 miles (2.58 km); Grid size-5,000 
feet (1,525.0 m); Maximum search distance-50,000 feet (15,240.0 m); Number of data points-817 (about 250 
of these were outside the map area). Areas with > 2 miles between data points: 7N-1 W, 6N-1 W, 5N-1 W, 4N-I W, 
11 N4W, 11 N-3W, ION-5W. The heavy outline of the areas of thin, split or missing coal was hand drawn inde- 
pendently from these maps using a greater data point density. 



The r e l a t i o n s h i p  of f a u l t s  t o  l i t h o l o g y  i s  complex, bu t  i s  w e l l  shown 
the maps, Three gene ra l  c l a s s e s  of f a u l t s  can be  de f ined :  

Major c lay-dike f a u l t s  t h a t  have a displacement  of a  seam's t h i cknes s  o r  more 
( d i r e c t i o n a l  d i p  i n d i c a t e d  on may by s o l i d  t r i a n g l e ) .  A s e t  of t h e s e  
f a u l t s  i s  shown i n  t h e  no r the rn  p a r t  of t h e  a r e a  in f i g u r e  35, These 
l a r g e  f a u l t s  t end  t o  form a n  en eche lon  p a t t e r n  a long  t h e  s t r i k e  and 
c u t  a c r o s s  roof  l i t h o l o g i c  boundaries .  A t e c t o n i c  o r i g i n  f o r  these 
f a u l t s  cannot  be completely  r u l e d  o u t ,  bu t  c e r t a i n  f e a t u r e s ,  no t ab ly  
t h e  f a l s e  d r ag  and t h e  sha l low d i p  ang l e  ( f i g ,  4 1 )  s t r o n g l y  sugges t  
t h a t  t hey  formed wh i l e  sediments  were n o t  y e t  completely  conso l ida t ed .  
The i r  d i s t r i b u t i o n  and o r i e n t a t i o n  might be c o n t r o l l e d  by l a r g e r - s c a l e  
d e p o s i t i o n a l  o r  compact ional  geo log i c  s e t t i n g s  n o t  r e f l e c t e d  i n  t h e  
immediate roof  rock ,  and t h u s  i n  t h e  maps. 
Clay d i k e s  and c lay-d ike  f a u l t s  d i s p l a c i n g  t h e  top  of t h e  c o a l  seam 
more than  one f o o t  and ex tending  i n t o  t h e  underc lay ,  These a r e  shown 
by open-square d i p  symbols, L i k e  t h e  major f a u l t s ,  many of them tend t o  
fo l l ow  r a t h e r  s t r a i g h t  cou r se s  wi thout  r ega rd  f o r  l i t h o l o g i c  boundar ies  
and a r e  formed dur ing  d i a g e n e s i s  i n  response  t o  l a r g e - s c a l e  p a t t e r n s  n o t  
d i r e c t l y  r e f l e c t e d  i n  the  immediate roof ( f i g .  36, d i agona l ly  through 
c e n t e r  of map), 
Minor c l a y  d i k e s  and c lay-d ike  f a u l t s  d i s p l a c i n g  t h e  roof g e n e r a l l y  by 
l e s s  than  one f o o t ,  bu t  n o t  d i s p l a c i n g  t h e  f l o o r  of t h e  c o a l  seam, a r e  
shown on t h e  maps by hachured l i n e s .  These f a u l t s  show a s t r o n g  p a r a l -  
l e l i s m  t o  roof l i t h o l o g i c  boundar ies .  Most f a u l t s  of t h i s  t ype  d i p  
toward t h e  c e n t e r  of t h e  l i t h o l o g i c  body w i t h i n  which they  occur .  Clay 
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Figure 41 Clay-dike fault. Lowangle normal fault (dip angle 35' to 50°) with more than twelve feet (3.6 m) of throw (on figure 
35, area A19 to  Q /  7) .  Shales, calcareous strata, and lower portion of Herrin (No. 6) Coal show normal drag, whereas 
upper portion of the coal diplays false drag. Strata from the underclay of Springfield (No. 5) Coal up to the Bankston 
Fork Limestone are truncated. Phoro shows: A-underclay; B-Herrin (No. 6) Coal; C-Brereton Limestone; D-"James- 
town Coal interval"; E-Conant Limestone; and F-Lawson Shale. Location: study area I ,  mine A, west-central Illinois. 



dikes are most often found under limestone roofs, but clay-dike faults 
are just as abundant under shale roofs as under limestone roofs. The 
pattern observed strongly suggests that the minor clay dikes and faults 
formed during sediment compaction and were influenced or generated by 
differential compaction. As the volume of coal and of the associated 
rock bodies changed during compaction, extension fractures and slip 
surfaces developed to adjust for differences in compaction rates. 

The maps of study area 4, mine £3, show the dominantly dark-gray Energy 
Shale roof (fig. 13). Medium-gray shale roof (stippled pattern on map) forms 
a complex, digitate pattern. Rolls are clearly confined t-o medium-gray shale 
and show rough parallelism to lithologic boundaries; however, roof failure 
occurs mainly along north-south headings and apparently is independent of 
structure and lithology. As stated previously, this north-south orienta- 
tion of roof falls and kink zones is not fully explained. It may be related 
to the north-south-trending Rend Lake Fault System, which passes west of the 
study area, 

In study area 5, mine B, rolls are again confined to medium-gray shale 
roof areas. The map (fig. 14) shows a strong tendency of the rolls to 
parallel lithologic boundaries, but the dominant feature controlling roof 
stability is the shear body, outlined by the bold dashed line in figure 15. 
The spacing of roof falls in the shear body area is much denser than in any 
other area mapped for this study. Were it not for extensive cribbing and 
use of rail bars for roof support, many large falls undoubtedly would have 
occurred. 

As the map of study area 6, mine C (fig. 42) indicates, the most severe 
roof falls and rib rashing occur where the planar-bedded sandstone lies close 
to or directly on top of the coal seam. The line of demarcation between wet 
and dry roof also relates to the height of sandstone above the coal. In the 
northeastern corner of the map, where 20 feet or more of medium-gray shale 
intervenes between coal and sandstone, roof and ribs are dry and stable, 

A similar pattern is seen in study area 7, mine C (fig. 16). Additional 
mining problems resulted from steep inclination of the coal and from large 
sandstone rolls, which generally strike southeastward, parallel with the 
sandstone-shale roof boundary. The largest roll, marked on the map as the 
"mega-roll," necessitated alteration of the mining plan and grading entries 
through rock, as face equipment could not follow the steep inclination of 
the coal. 

The overall relationship between study areas 6 and 7 is shown on the 
computer-generated map of the top of the coal (fig. 38). In most of the 
map area, the coal is roughly flat-lying and has small circular domes and 
depressions, but in the vicinity of areas 6 and 7, contour lines trend 
northwest to southeast, parallel with the roof lithologic and structural 
trend. This parallelism is evidence that present structural features may 
still reflect ancient topograghic features and thus that deposition of 
roof sediments may have been influenced by coal topography. 

Two small-scale regional maps (figs. 39 and 40) are presented as 
examples of computer-generated mapping. Figure 39 is a map of the thick- 
ness of the Anna Shale in Bond and Montgomery Counties. The patchy, lenti- 
cular distribution of Anna Shale is reflected on the regional scale and has 
been mapped similarly in mine A on a larger scale. Figure 40 shows the 
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t h i cknes s  of t h e  Brereton Limestone f o r  t h e  same a r e a .  Although no c l e a r  
p a t t e r n  of p r e f e r r e d  l i t h o l o g i c  d i s t r i b u t i o n  t r e n d s  emerges, a gene ra l  
r e c i p r o c a l  r e l a t i o n s h i p  between t h e  t h i cknes se s  of t h e  Anna Sha le  and t h e  
Brereton Limestone can be observed by c l o s e  comparison of t h e  two maps. 

OBSERVATIONS AND DISCUSSION OF ROOF FAILURE TRENDS 

An a t t emp t  was made t o  quan t i fy  t h e  obse rva t i ons  made dur ing  in-mine 
mapping. A s e r i e s  of t a b l e s  c o r r e l a t i n g  roof  f a i l u r e  w i th  roof l i t h o l o g y  
and s t r u c t u r e s  i n  t h e  v a r i o u s  s tudy  a r e a s  was prepared.  A s  expected,  t h e  
t a b l e s  confi rm t h e  i n f e r e n c e s  der ived  from a s tudy  of t h e  maps, For  presen- 
t a t i o n  of t a b l e s  and d e t a i l e d  d i s c u s s i o n ,  t h e  r eade r  is  d i r e c t e d  ts volume 2 
of Krausse e t  a l . ,  1979. 

The b e s t  roof  cond i t i ons  under t h e  b l ack  shale- l imestone type  of roof a r e  found 
where t h i c k  l imes tone  forms t h e  immediate roo f .  Black s h a l e  con t a in ing  c l a y  
d i k e s  and c lay-d ike  f a u l t s  i s  l e s s  s t a b l e  than  b l ack  shale without  t h e s e  s t r u c -  
t u r a l  i n t e r r u p t i o n s .  Roof s t a b i l i t y  i n c r e a s e s  i n  d i r e c t  p ropo r t i on  t o  t h i cknes s  
of t h e  l imes tone  ove r ly ing  t h e  b l ack  s h a l e .  

I n  s t udy  a r e a s  w i th  t h e  gray  s h a l e  roof type ,  undis tu rbed  medium-gray s h a l e  
is  t h e  most s t a b l e  roof rock,  fol lowed by dark-gray s h a l e ,  w i t h  planar-bedded 
s i l t s t o n e  and sands tone  t h e  l e a s t  s t a b l e ,  Again, p resence  of s l i p s  and r o l l s  
dec rea se s  roof  s t a b i l i t y ,  bu t  t h e  h i g h e s t  percen tage  of f a l l e n  i n t e r s e c t i o n s  
w a s r e c o r d e d w i t h i n  t h e  shea r  body. Wet roof i s  cons iderab ly  more prone t o  
f a i l u r e  t han  d ry  roof  i n  s tudy  a r e a s  6 and 7 .  

NATERIAL PROPERTIES AND DESIGN CRITERIA 

Coal ,  f l o o r ,  and roof m a t e r i a l s  va ry  widely i n  r e l a t i v e  s t i f f n e s s  ( ~ o u n g ' s  
modulus) and s t r e n g t h  (unconfined compressive s t r e n g t h ) , a s  shown i n  f i g u r e  43. 

.' underclav 

COMPRESSIVE STRENGTH, psi 1979 

Figure 43. Generalized rock  strength o f  roof -p i l la r - f loor  
materials i n  Il l inois, based o n  in tact  core samples. 

S i m i l a r l y ,  t e s t  va lue s  f o r  roof -bo l t  
p u l l o u t  va ry  g r e a t l y ;  a range of 6,000 
t o  12,000 pounds p u l l o u t  f o r c e  was 
recorded a t  one mine. I n  g e n e r a l ,  
massive rocks  such a s  l imes tone  o r  
unlaminated s i l t s t o n e  w i l l  hold b o l t s  
b e t t e r  than  well-bedded rocks where 
bedding-plane s e p a r a t i o n  can be  ex- 
pec t ed ,  such a s  i n  t h e  planar-bedded 
sands tone  of mine 6 .  The laminated 
coa r se  c l a s t i c  rocks a l s o  a r e  lower i n  
compressive s t r e n g t h  than  nonlaminated, 
massive s h a l e  o r  s i l t s t o n e .  Another im-  
p o r t a n t  f a c t o r  i s  mo i s tu r e  con t en t ;  e . g . ,  
s h a l e s  h igh  i n  mois ture  g e n e r a l l y  a r e  
less s t a b l e  i n  mine openings: than. s h a l e s  
low i n  mois ture .  

Pe t rog raph i c  f a c t o r s  and t h e  rock 
f a b r i c  have a bea r ing  on roof s t a b i l i t y ,  
b u t  t h e i r  e f f e c t  is  g e n e r a l l y  overwhelmed 
by s t r u c t u r a l  d i s c o n t i n u i t i e s  and d i s -  
tu rbances  such as bedding s e p a r a t i o n ,  
f r a c t u r e s , f a u l k s ,  and roSBs: 



Rocks that contain relatively little clay and are cemented with 
calcite, dolomite, siderite, or silica generally make stable 
roof ( e . g . ,  siltstone and massive sandstone). 
Black shale, despite its fissility, is also a relatively stable 
roof material because the organic matter in the shale is chiefly 
in a colloidal stage and acts as binder for the particles, and 
the clay minerals are oriented parallel to beddi.ng. 
Argillaceous siltstones, mudstones, poorly bedded shales, and very 
argillaceous limestones cause roof instability because of the 
abundance of slickensides and syneresis cracks, and because of 
their permeability along fractures and affinity for water. 
Claystones result in the most unstable roof because of their 
high content of randomly oriented clay minerals, great 
affinity for water, and numerous slickensides and syneresis 
cracks. 

CONCLUSIONS 

Geologic interpretations 

The lithologic distribution patterns in both gray shale and black 
shale-limestone roof types are much more intricate, irregular, and patchy 
than previously suspected. Exploratory drilling can provide coal compa- 
nies with only a general idea of roof conditions in the area, but cannot 
be used to map local, yet relevant, lithologic patterns tens to a few 
hundred feet in size. It is precisely these local irregularities which 
have the greatest influence on roof stability. 

Present-day distribution of roof rock reflects conditions that 
existed in the coal-forming swamp during and immediately after peat 
accumulation. In the vast, almost level, swamps, minor local variations 
in topography and compaction of the plant material probably had a profound 
effect on local sediment deposition, regardless of whether conditions 
were marine (black shale-limestone), nonmarine (gray shale), or transi- 
tional (fig. 44). 

In any depositional environment, small depressions in the swamp 
surface would have been the first sites of deposition. The sediment 
might have been dark-gray mud in the nonmarine environment or black mud in 
the marine situation, These sediments, which became the dark-gray facies 
of the older Energy Shale and the younger Anna Shale,respectively, both 
have much in common. Both are fine grained, finely laminated, and contain 
a high content of carbonaceous matter; these conditions indicate 
deposition in quiet anoxic water. 

As the dark sediments accumulated, their weight caused the underlying 
spongy peat to compress, deepening and widening the depression and allowing 
continued sedimentation up to a certain compactional stage of the peat, 
until a more regional change in depositional environment, such as trans- 
gression or regression of the sea, occurred to change the nature of the 
sediment being deposited. Medium-gray mud began to accumulate above the 
dark-gray shale in nonmarine areas, and the Brereton Limestone was deposited 



medium-gray shale Cacies 
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planar-bedded and cross-bedded 
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Figure 44. Diagram 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 i s  greatfy exaggerated.) 

above the Anna Shale in marine areas. Even younger sediments were 
deposited over the older sediments or on top of t e still uncovered 
peat, 

During all this time, t rming material continued to 
compact differentially depen of previous compaction 
and the additional weight sf rburden, Eventually, 
early compaction decreased as compressibility 
limits in the areas of longes kest sedimentation, Sedimen- 
tation slowed in these areas, whereas adjacent areas, where the 
peat was still compactable, continued to receive sediment* Thus, 
an inverse thickness relationshi evelop, e.g,, the areas with 
thickest Anna Shale would receiv nnest limestone, and vice 
versa. 

The primary depositional shape of t e rock bodies was deformed 
locally by various processes, such as loading, compaction, or gravity 
sliding. The most spectacular example is the shear body at mine B. 
Smaller-scale soft-sediment flow and sl is indicated by folded 
laminations near rolls in gray shale an andstone, In the black 
shale-limestone roof type, less direct evidence of lateral flow and 
folding has been found, but lateral adjustment also occurred in shale 
units during compaction, as shown by secondary thinning of beds. 

Practically all t e deformational features mapped during this 
study can be attributed to soft-sediment formation in a broad sense, 
that is, they were formed before the sedim ts were fully compacted and 
lithified. Sediments vary widely in thei original mechanical and 
chemical properties and in their rates of Pit ification. Some rock 
units, notably coal, may have reacted to overburden stress by brittle 
deformation, while other litholsgies reacted by ductile flow or plastic 
deformation, In some cases, plastic and brittle deformation have occurred 
side-by-side in the same coal or rock unit, 

The different deform e gray shale roof type 
in contrast to those in t ne roof type probably 
relate to different physical s of the original sediments, 
Depositional environment, rat lation, and rate of compaction 
certainly also have a major influence sn deformation, As yet, however, 



we cannot  show what p rope r ty  of medium-gray s h a l e  i s  conducive t o  r o l l  
fo rmat ion ,  o r  what p r o p e r t i e s  of t h e  b l a c k  sha le - l imes tone  roof l e a d  
t o  fo rmat ion  of c l a y  d i k e s ,  

For t h e  a r e a  of mine B, Edwards (1976) ha s  suggested a hypo thes i s  on 
r o l l  fo rmat ion ,  which, however, i s  n o t  e a s i l y  a p p l i c a b l e  t o  r o l l  fo rmat ion  
i n  o t h e r  a r e a s ,  a s ,  f o r  i n s t a n c e ,  t h a t  of mine C:  t h e  f i r s t  s t a g e  i s  deposi-  
t i o n  of dark-gray s h a l e  i n  dep re s s ions  i n  t h e  pea t  swamp ( f i g .  45a) .  Next, 
medium-gray s h a l e  i s  l a i d  down a s  a  b l anke t  d e p o s i t  ,over t h e  pea t  and dark- 
g r ay  s h a l e  (b ) .  I n  t h e  t h i r d  s t a g e ,  compaction of t h e  pea t  c r e a t e s  an  i nve r -  
s i o n  of topography, l e av ing  dark-gray s h a l e  l e n s e s  a s  h ighs  (c) down which 
medium-gray s h a l e  could slump. Masses of g ray  s h a l e  could t hen  i n t r u d e  i n t o  
i r r e g u l a r i t i e s  i n  t h e  p e a t ,  l i f t i n g  up t h e  t o p  l a y e r s  t o  form t h e  " r i d e r . "  The 
f i n a l  r e s u l t  is  t h a t  l e n s e s  of s h a l e  remain w i t h i n  t h e  c o a 1 , w i t h  c o a l " r i d e r s t '  above. 

A s  p r ev ious ly  no t ed ,  t h e  shea r  body i n  s t udy  a r e a  5 i s  i n t e r p r e t e d  a s  
a g r a v i t a t i o n a l  s l i d i n g .  It i s  younger t han  r o l l s ,  a s  shown by t r u n c a t i o n  of 
t h e  t ops  of r o l l s  by t h e  shea r  body ( f i g .  1 9 ) .  The t r i g g e r i n g  event  might 
have been an e a r t h  t remor,  o r  s imply pu re  overburden stress i n i t i a t i n g  t h e  
s l i d e  a long  a ve ry  g e n t l y  s l o p i n g  s u r f a c e .  

Clay d i k e s  and c lay-d ike  f a u l t s  a r e  t h e  dominant deformat iona l  f e a t u r e s  
of t h e  blackshale-limestone roof type .  L ike  r o l l s ,  they a r e  d i a g e n e t i c  
deformat iona l  f e a t u r e s ,  formed under sediment cover .  They a p p a r e n t l y  devel-  

oped a f t e r  t h e  f i r s t  c o a l i f i c a t i o n  
s t a g e  of t h e  p l a n t  m a t e r i a l ,  b u t  
p r i o r  t o  o r d i n a r y  c l e a t  fo rmat ion ,  
a s  c o a l  c l e a t s  a r e  n o t  deformed i n  
t h e  v i c i n i t y  of c l a y  d i k e s .  The 
c l a y  d e f i n i t e l y  was i n t r u d e d  from 
above. The s t r u c t u r e  of f a u l t s ,  
d i k e s ,  and a s s o c i a t e d  f e a t u r e s  i nd i -  
c a t e s  t h a t  l a t e r a l  ex t ens ion ,  r a t h e r  
t han  v e r t i c a l  movement, predominated. 
The s t r e t c h i n g  and f r a c t u r i n g  of t h e  
c o a l  seam might have been a  g r adua l  
p roces s  dur ing  d i a g e n e s i s .  A sudden 
r e a c t i o n  and r e l i e f  of overburden 
l oad ing  may have caused t h e  f r a c t u r -  
i n g  of t h e  c o a l  and format ion  of 
c l a y  d i k e s ,  o r ,  a s  Damberger (1970, 
1973) h a s  sugges ted ,  ea r thquakes  may 
have been r e s p o n s i b l e  f o r  r u p t u r i n g  
t h e  c o a l  and i n t r u s i o n  of t h e  c l a y .  

Figure 45. Interpretive sequence of roll formation. (From 
Edwards, 7976.) 



Recommendat ions 

This i~vestigation has shown that roof stability is closely related 
to the geologic setting and patterns that are  highly variable, intricate, 
and difficult to predict in advance of mining. Roof conditions may 
change abruptly within a distance of less than EO feet (39 m). In one 
entry the roof may remain stable for the  life of the mine with a minimum 
of artifical support, while the adjacent entry may collapse immediately 
unless additional support has been installed, Therefore, much 
greater flexibility in roof control planning is needed, 

In gray shale roof areas, rolls can be a major roof  hazard. 
bolts always should be anchored well above the coa l  "rider" so that sepa- 
ration cannot occur along this lane of weakness, For small rolls it might 
be advantageous to bring dcwn the sha16 lens below the "rider" before bolt- 
ing, Very large rolls may r e q u l r e  timbers or cribs in addition to roof  
bolts. 

Planar-bedded silt stone also make the mine roof  
difficult to control. ts of equal length are used, the 
siltstone strata tend to separate at the next 5 ding plane in or above 
the bolt anchors, In this case roof control mi t be improved by using 
bolts of several different lengths Lo reduce th splitting effect anchors 
may impose and to distribute The laad o er several bedding surfaces, Resin 
bolts could help further by 'binding roc layers together along the entire 
length of the bolt. In many cases, however, hits woul-d have to be supple- 
mented by cribs or timbers, 

A shear body like that encountered in s resents a real 
challenge in roof control. Mechanical bolts are of Little value, as their 
anchors will not take sufficient hold in densely sheared rock. Use of resin 
bolts sf different lengths would probably be an improvement, but a comprehensive 
roof control program would demand a d d i ~ i o n a l  support by cribs, 3-piece sets, 
and rail bars set into the r i b s ,  This additional support 
placed as soon as the sheared roof condition is recognize 

In black shale-limestone roof  areas, t 
immediate roof requires the m i n i m u  arcific 
areas, entries with Limestone ro ined stable  for m r e  than 
20 years without any artificial 
roof bolts should be anc 
limestone bed more than position of the 
limestone can be determi 
machine, Where no limestone mar 
interval of lO to 1.5 feet ( 3  to 
may be needed for long-term s u p p o r t ,  



In long-term mine p lanning  and p r o j e c t i o n s ,  c o r e  d r i l l i n g  i s  t h e  most 
important  method of o b t a i n i n g  d a t a .  D r i l l i n g  d a t a ,  however, cannot  p rov ide  
a d e t a i l e d  map s f  roof c o n d i t i o n s  i n  advance of mining, b u t  i t  can and should 
be  used t o  determine t h e  roof  rock  t ype  and sequence and i t s  range  of v a r i a -  
b i l i t y .  A t t en t i on  t o  co r ing  t h e  roof  and f l o o r  should be given.  A minimum 
of 30 f e e t  (9 m) of roof and 10 f e e t  of t h e  f l o o r  should be  cored i n  every  
t e s t  ho l e .  Some d r i l l  h o l e s  should prov ide  c o r e s  of t h e  e n t i r e  bedrock suc- 
c e s s i o n  t o  more than  10 f e e t  below t h e  c o a l  t o  e s t a b l i s h  c o r r e l a t i o n  
of s t r a t i g r a p h i c  u n i t s .  The c o r e s  should b e  c a r e f u l l y  logged and t h e  d a t a  
used t o  compile l i t h o l o g i c  t h i cknes s  and f a c i e s  maps. I n  a d d i t i o n ,  t h e  c o r e s  
should b e  sampled t o  g a i n  geo t echn i ca l  d a t a ,  p a r t i c u l a r l y  f o r  t h e  purpose of 
rock-mechanical and mineralogic-petrographic  a n a l y s i s ,  t o  supplement t h e  geo- 
l o g i c  i n t e r p r e t a t i o n s ,  

Coal mine p l anne r s  should a t t emp t  t o  l e a r n  a s  much a s  p o s s i b l e  about  
e a r l i e r  mining exper ience  i n  t h e  a r e a  i n  which t hey  contemplate  mining. 
Knowledge of many p rev ious ly  exper ienced f a c t o r s ,  f o r  i n s t a n c e ,  roof  rock  
type ,  f a u l t s ,  and k ink  zone o r i e n t a t i o n ,  can h e l p  g r e a t l y  i n  l a y i n g  o u t  
a  mine t o  minimize roof  problems, Many roof  f a i l u r e  p a t t e r n s  occur  con- 
s i s t e n t l y  throughout  a mining d i s t r i c t .  The I l l i n o i s  S t a t e  Geolog ica l  
Survey main ta ins  a  l a r g e  q u a n t i t y  of in format ion  on geo log i c  c o n d i t i o n s  
i n  c o a l  mines i n  I l l i n o i s ,  

Add i t i ona l  recommendations i n c l u d e  t r a i n i n g  underground pe r sonne l  
i n  b a s i c  r e c o g n i t i o n  of geo log ic  f e a t u r e s  t h a t  pose a  hazard t o  roof  
s t a b i l i t y  and ma in t a in ing  a mapping program t o  r eco rd  ( I )  roof  l i t h o l o g y ,  
( 2 )  s t r u c t u r a l  geo log ic  f e a t u r e s ,  (3) l o c a t i o n  and time of roof  f a l l s  
i n  r e l a t i o n  t o  t ime of c o a l  removal, (4)  b o l t i n g  t ype ,  spac ing ,  and 
p a t t e r n ,  and (5) Loeat ion and t ime of a d d i t i o n a l  roof  suppo r t .  I n t e n s i -  
f i c a t i o n  of underground surveying and sys t ema t i c  sampling of  c o a l  and f l o o r  
and roof  rocks  f o r  geo log ic  and rock-mechanical t e s t i n g  and a n a l y s i s  i s  
a l s o  recommended. Data from e x p l o r a t i o n  d r i l l i n g  and mapping, mine 
surveys ,  s t r u c t u r a l  a n a l y s i s ,  c o a l  a n a l y s i s ,  t e c h n i c a l  a n a l y s i s  of roof  
and f l o o r  rock ,  rock-mechanical t e s t i n g ,  and roof  f a i l u r e s  i n  p a r t i c u l a r  
a r e a s  may be convenien t ly  s t o r e d  and r e t r i e v e d w i t h  t h e  a i d  of  a  computer 
a s  a  supplement t o  e x i s t i n g  d a t a  f i l e s  t h a t  a r e  open t o  t h e  p u b l i c ,  such 
as t h o s e  a t  t h e  I l l i n o i s  S t a t e  Geolog ica l  Survey. 
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Figure A. Distribution of litholagy, 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 1, mine A. (See also fig. 35, p. 32.) 







Figure C. 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 3, mine A. (See also fig. 37, p. 34.) 
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