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CLAY VEINS: THEIR OCCURRENCE, CHARACTERISTICS, 
AND SUPPORT 

By Frank E. Chase1 and James P. Uleryl 

ABSTRACT 

Clay v e i n s  found i n  c o a l  mines have caused numerous i n j u r i e s  and fa -  
t a l i t i e s .  These s t r u c t u r e s  p lague  a l l  phases  of mining,  i n c l u d i n g  e n t r y  
development,  p i l l a r  r e c o v e r y ,  and p a n e l  e x t r a c t i o n .  Clay v e i n s  a l s o  in -  
c r e a s e  p r o d u c t i o n  c o s t s  and may d i s r u p t  o r  h a l t  mining. These d e t r i -  
menta l  a s p e c t s  have prompted t h e  Bureau of Mines t o  i n v e s t i g a t e  t h e  
p h y s i c a l  c h a r a c t e r i s t i c s  of and roof  i n s t a b i l i t y  problems a s s o c i a t e d  
w i t h  c l a y  v e i n s .  T h i s  was accomplished by observ ing  and mapping c l a y  
v e i n s  i n  s u r f a c e  and underground mi-nes. 

The occur rence  and o r i g i n s  of c l a y  v e i n s  were a l s o  i n v e s t i g a t e d  t o  
de te rmine  p r e d i c t i v e  c a p a b i l i t i e s .  The i n v e s t i g a t o r s  found t h a t  c l a y  
v e i n s  normal ly  occur  i n  more s t a b l e ,  l e s s  r a p i d l y  s u b s i d i n g  c o a l  b a s i n s .  
Clay v e i n s  r e s u l t  when t e n s i l e  s t r e s s e s  deve lop  f i s s u r e s  which a r e  l a t e r  
i n f i l l e d .  These f i s s u r e s  can be propagated by compact ional  p rocesses  
a n d / o r  t e c t o n i c  s t r e s s e s  a c t i v e  d u r i n g  and subsequen t  t o  c o a l i f i c a t i o n .  

The Bureau a l s o  found t h a t  a s s o c i a t e d  f a u l t s ,  f r a c t u r e s ,  and s l i c k e n -  
s i d e  p l a n e s  commonly p a r a l l e l  c l a y  v e i n s  and d i s r u p t  t h e  l a t e r a l  con- 
t i n u i t y  of t h e  immediate and,  sometimes, main r o o f .  When c l a y  v e i n s  
p a r a l l e l  o r  s u b p a r a l l e l  t h e  d i r e c t i o n  of f a c e  advance,  t h e  roof  i s  seg- 
mented i n t o  c a n t i l e v e r  beams, c a u s i n g  u n s t a b l e  c o n d i t i o n s .  Consequent- 
l y ,  t h e  s t r a t a  on e i t h e r  s i d e  of t h e  c l a y  v e i n s  shou ld  be b o l t e d  and 
s t r a p p e d  t o g e t h e r  t o  form a  beam. 

' ~ e o l o ~ i 4 t ,  P i t t s h ~ ~ r g h  R e s e a r c h  C e n t e r ,  R u r e n u  of M i n e s ,  P i t t s h r r r q h ,  PA. 



INTRODUCTION 

A c c i d e n t a l  roof  f a l l s  c o n t i n u e  t o  be 
a  major  c a u s e  of i n j u r i e s  and f a t a l -  
i t i e s  i n  underground c o a l  mines (26 ) .  - 
The Bureau of  Mines,  i n  k e e p i n g  w i t h  
i t s  g o a l  o f  promot ing  a  s a f e r  work e n v i -  
ronment ,  h a s  conduc ted  s e v e r a l  in-mine 
i n v e s t i g a t i o n s  t o  d e t e r m i n e  t h e  geo- 
l o g i c  s t r u c t u r e s  and  c o n d i t i o n s  respon-  
s i b l e  f o r  a c c i d e n t a l  r o o f  f a l l s .  These  
s t u d i e s  have  conf i rmed  t h a t  many roof  
f a l l s  can  be c o r r e l a t e d  w i t h  s p e c i f i c  
g e o l o g i c  f e a t u r e s .  Moreover,  t h e  Bu- 
r e a u ' s  i n v e s t i g a t i o n s  have  e n a b l e d  l i m -  
i t e d  p r e d i c t i o n  o f  o c c u r r e n c e s  of  t h e s e  
h a z a r d o u s  g e o l o g i c  f e a t u r e s  i n  [lnlni i ~ e d  
p o r t i o n s  of  t h e  coa lbed .  

P r e v i o u s  s t u d i e s  have  i n d i c a t e d  t h a t  
c l a y  v e i n s  ( a l s o  r e f e r r e d  t o  a s  c l a y  
d i k e s ,  h o r s e b a c k s ,  o r  m u d s l i p s )  were  
formed by e i t h e r  compac t iona l  p r o c e s s e s  
o r  t e c t o n i c  s t r e s s e s .  Occurrence  i n f o r -  
mat ion  c o l l e c t e d  d u r i n g  t h i s  i n v e s t i -  
g a t i o n  seems t o  c o n f i r m  b o t h  t h e o r i e s .  
Fu r the rmore ,  s i n c e  c l a y  v e i n s  a r e  ac-  
t u a l l y  i n f i l l e d  f i s s u r e s ,  t h e  a u t h o r s  
con tend  t h a t  any compac t iona l  p r o c e s s  o r  
ground s t r e s s  c a p a b l e  of d e v e l o p i n g  a  
f i s s u r e ,  o r  f r a c t u r e  t h a t  can  l a t e r  
widen,  can  r e s u l t  i n  t h e  Eormation o f  a  
c l a y  ve in .  

CLAY VEIN ORIGINS 

Clay  v e i n s  a r e  i n f i l l e d  f  i s s l l r e s .  
These  f i s s u r e s  deve loped  when t e n s i l e  
s t r e s s e s  r u p t u r e d  t h e  coa, l  and a d j a c e n t  
s e d i m e n t s  d u r i n g  o r  a f t e r  t h e  c o a l i f i c a -  
t i o n  p r o c e s s .  P r e v i o u s  s t u d i e s  have  i n -  
d i c a t e d  t h a t  t h e  f i s s u r e s  r e s p o n s i b l e  f o r  
c l a y  v e i n  f o r m a t i o n  can  be  p r o p a g a t e d  by 
c o m p a c t i o n a l  p r o c e s s e s  a n d / o r  t e c t o n i c  
( r e g i o n a l  o r  moun ta in -bu i ld ing)  s t r e s s e s  
a c t i v e  d u r i n g  and  s u b s e q u e n t  t o  c o a l i f i -  
c a t i o n .  T h e o r i e s  a d v o c a t i n g  cornpaction 
s u g g e s t  t h a t  t h e  f i s s u r e s  r e s u l t e d  f rom 
t h e  u n e q u a l  s h r i n k a g e  of  p e a t  ( 2 4 )  o r  
f rom d i f f e r e n t i a l  compact ion  (iy 30). 
P r o p o n e n t s  f o r  a  t e c t o n i c  o r i g i n  inchl-de 
?kCulloch ( 1 4 ) ,  P r i c e  (221, and Smith  
(25). o t h e r  i n v e s t i g a t o r s  , i n c l u d i n g  

G r e s l e y  (z), and Oldham (E), have  
a t t r i b u t e d  f i s s u r e s  t o  e a r t h q u a k e  d i s -  
t u r b a n c e s ,  which a r e  o f t e n  r e l a t e d  t o  
t e c t o n i c  a c t i v i t y .  

F i s s u r e s  may be i n f i l l e d  a s  a  r e s u l t  of 
g r a v i t y ,  downward-percola t ing  ground wa- 
t e r s ,  o r  compac t iona l  p r e s s u r e s  which 
c a u s e  u n c o n s o l i d a t e d  c l a y s  o r  t h i x o t r o p i c  
s a n d s  t o  f low i n t o  t h e  f i s s u r e s .  T h i s  
l a t t e r  ( p l a s t i c - f  low) ne thod  of  i n f i l l i n g  
o c c u r r e d  i n  t h e  Upper F r e e p o r t  Coalbed i n  
G a r r e t t  County,  MD, where h i g h  compres- 
s i v e  s t  rc?.;l;cs have p r e s s u r e - i n j e c t e d  un- 
c o n s o l i d a t e d  u n d e r c l a y s  i n t o  f i s s u r e s  
a s s o c i a t e d  w i t h  f l o o r  heave.  Some of 
t h e  f i s s u r e s  i n t e r s e c t  c o a l  r i b s ,  fo rming  
mining-induced c l a y  v e i n s .  

CLAY VEIN OCCURRENCES 

Clay  v e i n s  o c c u r  i n  t h e  Un i t ed  S t a t e s ,  
t h e  Un i t ed  Kingdom, Czechos lovak ia ,  New 
Zea land ,  and e l sewhere .  T h i s  i n v e s t i -  
g a t i o n  was l i m i t e d  t o  t h e  e a s t e r n  U n i t e d  
S t a t e s  ( f i g .  1 )  and i n c l u d e s  p o r t i o n s  of 
t h e  Arkoma, I l l i n o i s ,  N o r t h e r n  and  South-  
e r n  Appa lach ian ,  and W a r r i o r  Coal  Bas ins .  
The i n f o r m a t i o n  shown i n  f i g u r e  1 was 
compi l ed  by Bureau p e r s o n n e l  based  on 

2 ~ n d e r l i n e d  numbers  i n  p a r e n t h e s e s  r e -  
f e r  t o  items i n  t h e  l i s t  o f  r e f e r e n c e s  a t  
t h e  end  o f  t h i s  r e p o r t .  

mine o b s e r v a t i o n s .  O the r  c l a y  v e i n  oc-  
c u r r e n c e  i n f o r m a t i o n  uas  o b t a i n e d  f rom 
t h e  Mine S a f e t y  and ' r i e a l t l ~  A d m i n i s t r a t i o n  
(MSHA), S t a t e  en fo rcemen t  a g e n c i e s ,  S t a t e  

3 ~ l t h o u g h  s e d i m e n t a r y  d i k e  o r  c l a s  t i c  
d i k e  i s  t h e  more e x a c t  g e o l o g i c  t e r m  f o r  
a n  a p p r o x i m a t e l y  v e r t i c a l ,  t a b u l a r ,  s e d -  
i m e n t a r y  i n f i l l e d  d i s c o n t i n u i t y ,  t h e  t e r m  
" c l a y  v e i n "  i s  u s e d  h e r e  b e c a u s e  i t  i s  
f i r m l y  es t a h l i s h e d  i n  t h e  c o a l f i e l d s  t h a t  
h a v e  t h e  g r e a t e s t  i n c i d e n c e  o f  r e l a t e d  
i n j u r i e s  a n d  f a t a l i t i e s .  



FIGURE 1.-Clay vein occurrence map for the Eastern United States, after McNeal (75 ) .  

g e o l o g i c a l  s u r v e y s ,  and mine p e r s o n n e l  
th roughout  t h e  e a s t e r n  and c e n t r a l  Uni ted  
S t a t e s .  

D i s t r i b u t i o n  d a t a  i n d i c a t e  t h a t  c l a y  
v e i n s  commonly o c c u r  w i t h  v a r y i n g  Ere- 
quency i n  t h e  I l l i n o i s  and Northern  
Appalachian Coal Bas ins  f i g  1 The 
immediate and main r o o f s  above co:ilheds 

c o n t a i n i n g  c l a y  v e i n s  were d e p o s i t e d  i n  
v a r i o u s  marine and nonmarine env i ron-  
ments. I n d i v i d u a l  roof  rock t y p e s  con- 
t a i n i n g  c l a y  v e i n s  inc l l ide  t h i n ,  mass ive ,  
o r  i n t e r b e d d e d  l i m e s t n n e s ,  mudstones,  
s a n d s t o n e s ,  s h a l e s ,  and s i l t s t o n e s ;  how- 
e v e r ,  c l a y  v e i n s  occur  l e s s  f r e q u e n t l y  
under  mass ive  s a n d s t o n e  u n i t s .  

DEPOSITIONAL SETTING A N D  INTEKPRE'rATIONS 

D e p o s i t i o n a l  c o n d i t i o n s  i n  t h e  i n v e s t i -  
g a t e d  p o r t i o n s  of t h e  I l l i n o i s  and North- 
e r n  Appalachian Basins  were s i m i l a r  i n  
t h a t  bo th  b a s i n s  were d e p o s i t e d  on more 
s t a b l e  ( l e s s  r a p i d l y  s u b s i d i n g )  p la t fo rms  
w i t h  cor respond ing ly  s l o w e r  r a t e s  of sed-  
iment i n f l u x  (9, 27). Clay v e i n s  a r e  
r a r e l y  encoun te red  i n  t h e  Arkoma, South- 
e r n  Appalachian,  and War r io r  Bas ins .  1.1- 
v e s t i g a t e d  a r e a s  i n  t h e s e  b a s i n s  were de- 
p o s i t e d  on l e s s  s t a b l e  (nore  r a p i d l y  
s u b s i d i n g )  p l a t f o r m s  w i t h  cor respond ing ly  
f a s t e r  r a t e s  of  sediment  i n f l u x  (2, 13, 
28) .  From a d e p o s i t i o n a l  p o i n t  of view, - 
t h e s e  c o n d i t i o n s  a r e  o p t i m a l  f o r  t h e  

widespread p r e s c c v a t  ion of f o s s i l i z e d  
t r e e s  1cettl.ehottoms). T h i s  i s  c o n s i s -  
t n t  w i t h  in fo rmat ion  t h e  Bureau h a s  co l -  
l e c t e d  i n  t h e  Southern  Appalachian and 
i-Jarrior Basins .  

Depositional c o n d i t i o n s  i n  l e s s  s t a b l e  
b a s i n s  d e r e  a l s o  r e s p o n s i b l e  Eor s i m i l a r  
roof rock t y p e s  b e i n g  s t a c k e d  one above 
t h e  o t h e r ,  a s  i s  t h e  c a s e  i n  s o u t h e r n  
Ves t  V i r g i n i a  where f a c i e s  p rograde  slow- 
l y  (5). O v e r a l l ,  l e s s  d i f f e r e n t i a l  com- 
p a c t i o n  o r  deformat ion o c c u r s  when t h e  
same t y p e  of roof rock is s t a c k e d  v e r t i -  
c a l l y  (2). Conversely ,  rock t y p e s  pro-  
g rade  r a p i d l y  i n  n o r t h e r n  Vest  V i r g i n i a  



where t h e  b a s i n  i s  more s t a b l e  (8). 
These  c o n d i t i o n s  a r e  conducive  t o  o f f s e t  
r a t h e r  t h a n  v e r t i c a l  s t a c k i n g ,  and con- 
s e q u e n t l y ,  more d i f f e r e n t i a l  compact ion  
o c c u r s  ( 3 ) .  

The t y p e  of s e d i m e n t s  i n v o l v e d  a l s o  
d e t e r m i n e s  how much d i f f e r e n t i a l  compac- 
t i o n  o c c u r s  d u r i n g  l i t h i f i c a t i o n  (10). 
I n  s o u t h e r n  West V i r g i n i a ,  where c l a y  
v e i n s  a r e  r a r e ,  s a n d s t o n e  i s  more abun- 
d a n t  t h a n  s h a l e  ( 5 ) .  The o p p o s i t e  i s  
t r u e  i n  n o r t h e r n  West V i r g i n i a  ( 2 1 ) .  
Dur ing  l i t h i f i c a t i o n ,  s a n d s  a r e  no t  

a s  r e a d i l y  s h e a r e d  a n d / o r  d i s t o r t e d  a s  
a r e  muds ( 2 9 ) ,  - which co rnpac~  Lnto s h a l e .  
I n c r e a s e d  s o f t  s ed imen t  d e f o r m a t i o n ,  
f a u l t i n g ,  and f r a c t u r i n g  a s s o c i a t e d  w i t h  
d i f f e r e n t i a l  compact ion  d u r i n g  l i t h i f i c a -  
t i o n  may e x p l a i n  why c l a y  v e f n s  o c c u r  
more f r e q u e n t l y  i n  a  more s t a b l e  b a s i n ,  
s u c h  a s  n o r t h e r n  West V i r g i n i a .  I n  t h e  
I l l i n o i s  Bas in ,  d i f f e r e n t i a l  compact i o n  
may a l s o  be r e s p o n s i b l e  f o r  c l a y  v e i n s  
tenrl i 115 t o  p a r a l l e l  b o u n d a r i e s  between 
d i f f e r e n t  roof  r o c k  t y p e s  ( 1 7 ) .  - 

CLAY VEIN COMPOSITION 

Sediments  t h a t  i n f i l l  c l a y  v e i n s  may be 
d e r i v e d  f rom above a n d / o r  below t h e  c o a l -  
bed. Sediments  may e n t e r  t h e  c o a l b e d  
f i s s u r e  v i a  one c o n d u i t  o r  f e e d e r  ( f i g .  
2 )  o r  th rough  s m a l l e r ,  m u l t i p l e ,  i n t e r -  
s e c t i n g  ( b r a n c h - l i k e )  f e e d e r s  (f i g .  3 ) .  
Clay  v e i n s  a r e  predorni~lni~[:l.y cqmposed of  
c l a y s t o n e ;  however, s t r u c t u r e s  i n f  i l l e d  
w i t h  sands to r l e ,  s i l t s t o n e ,  a n d / o r  l ime-  
s t o n e  d o  occur .  F r e q u e n t l y ,  l a r g e  ( 1  t o  
8 i n ) ,  a n g a l a r  t o  sub-rounded f r a g m e n t s  
oE t h e  w a l l  r o c k  ( l i m e s t o n e ,  c o a l ,  sand- 
s t o n e ,  e t c . )  a r e  encompassed i n  t h e  c l a y  
v e i n  :na t r ix .  P y r i t e  n o d u l e s  a r e  common (c), and o c c a s i o n a l l y ,  s econdary  c a l c i t e  
and  q u a r t z  m i n e r a l i z a t i o n  o c c u r s  w i t h i n  
c l a y  v e i n s .  

The t y p e  of s e d i m e n t s  which i n f i l l s  a  
c l a y  v e i n  may a f f e c t  mining c o n d i t i o n s .  

Water  from c o n t i n u o u s  miner  s p r a y i n g  
sys t ems  someE irnes s o f t e n s  and w e a t h e r s  
t h e  c l a y s t o n e  m a t r i x  of  c l a y  v e i n s ,  caus -  
i n g  r o o f  s p a l l i n g ,  which c o n t i n u e s  u n t i l  
a d e q u a t e  s u p p o r t  i s  employed. Mining 
th rough  s t r u c t u r e s  composed of  h a r d  sand-  
s t o n e  o r  s i l t s t o n e  i s  more t roublesome.  
T y p i c a l l y ,  roo f  v i b r a t i o n  i s  s e v e r e ,  and 
miner  b i t s  s h e a r  c o n s t a n t l y .  F r i c t i o n -  
a l  h e a t  a n d / o r  s p a r k s  g e n e r a t e d  w h i l e  
mining th rough  t h e s e  h a r d e r  s t r u c t t i r e s  
have  caused  numerous f a c e  i g n i t i o n s .  Ab- 
no rmal ly  h i g h  methane e m i s s i o n s  o f t e n  
o c c u r  when mining through c l a y  v e i n s  
because  t h e s e  s t c : i c t u r e s  a c t  a s  n a t -  
u r a l  b a r r i e r s  o r  dams t o  f r e e  g a s  f low 
(23) 

COALBED AND ROOF ROCK CHARACTERISTICS 

Most c l a y  v e i n s  have  a  z i g z a g  a p p e a r -  
a n c e ,  a s  i f  t h e  coa lb2d  were  p u l l e d  a p a r t  
( f i g .  2 ) ;  o t h e r s  have  V- o r  U-shaped con- 
f i g u r a t i o n s .  A c l a y  v e i n ' s  geometry and 
c r o s s - s e c t  iorlal. w i d t h  o f t e n  change a l o n g  
i t s  t r e n d  or s t r i k e .  Marked v a r i a t i o n s  
i n  s h a p e  and s i z e  a r e  commonly obse rved  
011 a d j a c e n t  r i b s .  Clay  v e i n s  obse rved  
underground ranged f rom l e s s  t h a n  0.1 t o  
1 6  E t  i n  w i d t h  where they  e n t e r e d  t h e  
coa lbed .  The l e n g t h s  of c l a y  v e i n s  v a r y  
f rom t e n s  of f e e t  t o  o v e r  1.5 m i l e s  ( 1 6 ) .  
Approximate ly  o n e - t h i r d  of t h e  exnmKe(1 
c l a y  v e i n s  t e r m i n a t e d  i n  t h e  co;il.i~t?cI, 
w h i l e  t h e  remainder  p e n e t r a t e d  t h r o t ~ g h  
t h e  c o a l b e d  i n t o  t h e  f l o o r .  A convex up- 
ward b u l g e  i n  t h e  u n d e r c l a y  i s  sometimes 

n o t e d  where c l a y  v e i n s  p e n e t r a t e  t h e  
f l o o r .  

Upward a n d / o r  downward warping of c o a l -  
bed and roof  rock  bedding p l a n e s  commonl-y 
o c c u r s  on e i t h e r  s i d e  of a  c l ay  vein .  
T h i s  warp ing  i s  i l l u s t r a t e d  i n  Eigure  4 ,  
which shows normal ly  h o r i z o n t a l  bedding 
p l a n e s  a p p r o a c h i n g  30" d i p s .  Bedding 
p l a n e  warp ing  d a s  measured a s  f a r  away a s  
8 f t  f rom t h e  c J f l y  vein.  Normally ve r -  
t i c a l  c o a l  c l e a t  w i t h i n  t h i s  warped zone  
a r e  a l s o  i n c l i n e d .  The d e g r e e  and l a t -  
c:r.al e x t e n t  of t h e  zone of i n c l i n a t i o n  
appea red  t o  be governed by t h e  s e v e r i t y  
of d e f o r m a t i o n  a s s o c i a t e d  w i t h  t h e  c l a y  
ve in .  Bedding p l a n e  and c l e a t  d i s t u r -  
bances  were r e a d i l y  o b s e r v a b l e  a t  t h e  



f a c e  and on a d j a c e n t  r i b s  a s  c l a y  v e i n s  
were approached. Where p r e s e n t ,  bedding 
p l ane  warping and c l e a t  r o t a t i o n  i n d i c a t e  
t h a t  t h e  c l a y  v e i n  formed a f t e r  c l e a t  
development. 

From a  suppor t  p o i n t  of view, c l a y  
v e i n s  can be broken down i n t o  two ca te -  
go r i e s :  t hose  w i t h  a s soc i a t ed  f r a c t u r e  
( f i g .  5) ,  f a u l t  ( f i g .  6 ) ,  and s l i c k e n s i d e  
p l anes  ( f i g .  7) i n  t h e  r o o f ,  and those  
wi thout  t h e s e  f e a t u r e s  ( f i g .  2 ) .  Clay 
v e i n s  without  a s s o c i a t e d  p l anes  a r e  nor- 
mal ly  composed of c l ays tone  o r  sha le .  
These c l a y  ve ins  a r e  sometimes mois ture  
s e n s i t i v e  and weather r ap id ly .  F a u l t ,  
f r a c t u r e ,  and s l i c k e n s i d e  planes assoc i -  
a t e d  w i t h  c l a y  v e i n s  had d i p s  ranging 
from 30' t o  90° ( v e r t i c a l ) .  Clay ve in  
f a u l t s  may d i s p l a c e  ad j acen t  po r t i ons  of 
t h e  coalbed up t o  18 f  t v e r t i c a l l y  ( 1 1 ) .  - 

However, displacements  a r e  more common- FIGURE 2.-Slngle-feeder clay vein (wlth veln outllned in 
l y  less than  3 f t .  F a u l t  p lanes  a r e  black). 

FIGURE 3.-Multiple-feeder clay vein. 



FIGURE 4.-Coalbed bedding plane warping in proximity to a clay vein. 

d i s t i n g u i s h e d  f rom f r a c t u r e  p l a n e s ,  a l o n g  
which no d e t e c t a b l e  movement h a s  oc- 
cur red .  F a u l t  and f r a c t u r e  p l a n e s  ex- 
t e n d i n g  a s  h igh  a s  20 f t  i n t o  t h e  main 
roof  were  n o t e d  i n  t h e  S p r i n g f i e l d  ( a l s o  
r e f e r r e d  t o  as No. 5 o r  H a r r i s b u r g )  Coal- 
bed n e a r  S p r i n g f i e l d ,  IL.  

S l i c k e n s i d e s  a r e  h i g h l y  p o l i s h e d  and 
s t r i a t e d  p l a n e s  of weakness. S l i cken-  
s i d e s  a s s o c i a t e d  w i t h  c l a y  v e i n s  may be 
o r i e n t e d  i n  p a r a l l e l  s e t s  o r  randomly. 
P a r a l l e l  s e t s  of i n t e r s e c t i n g  s l i c k e n s i d e  
p l a n e s  a r e  o r i e n t e d  i n  one of two ways, 
"V up" ( f i g .  8) o r  "V down." The c l a y  
v e i n  g e n e r a l l y  o c c u r s  i n  t h e  middle of 
t h e  i n t e r s e c t i n g  s e t s ,  a s  shown i n  f i g -  
u r e  8. Some major s l i c k e n s i d e  p l a n e s  

a r e  a c t u a l l y  warped and s t r i a t e d  bedding 
p lanes .  When c l a y  v e i n s  become l a r g e r ,  
t h e  a s s o c i a t e d  s l i c k e n s i d e  p lanes  in-  
c r e a s e  i n  frequency and magnitude ( f i g -  
u r e s  7 and 9 ) ,  expanding t h e  d i s t u r 5 e d  
zone l a t e r a l l y .  F i g u r e s  7 and 9  were 
t a k e n  10 f t  away From c l a y  v e i n s  and o n l y  
show t h e  set of p a r a l l e l  s l i c k e n s i d e  
p l a n e s  on t h e  l e f t  s i d e s  of two d i f f e r e n t  
"V-down" c l a y  veins .  I n  a d d i t i o n  t o  t h e  
g a j o r  p lanes  mentioned above, minor o r  
secondary s e t s  of i n t e r s e c t i n g  f r a c t u r e  
and s l i c k e n s i d e  p l a n e s  a r e  a s s o c i a t e d  
w i t h  some c l a y  v e i n s  ( f i g .  7) .  The cumu- 
l a t i v e  e f f e c t  of a l l  f r a c t u r e  s e t s  i s  a  
l o o s e  and fragmented roof .  

ROOF SUPPORT 

Clay v e i n s  w i t h  a s s o c i a t e d  f a u l t ,  f r a c -  v e i n ' s  s t r i k e  is p a r a l l e l  o r  subpara l -  
t u r e ,  and s l i c k e n s i d e  p l a n e s  d i s r u p t  t h e  l e l  t o  t h e  f a c e ,  t h e  c l a y  ve in  d i v i d e s  
l a t e r a l  c o n t i n u i t y  of t h e  immediate and, t h e  roof s l a b  i n t o  p a r a l l e l  beams. 
sometimes,  main roof .  Where t h e  c l a y  However, where t h e  s t r i - k e  p a r a l l e l s  o r  



FtOURE 5.-Clay-vein.asrocfst& fracture plane. 



FIGURE 7.-Major and minor slickenside plane sets associatad with a large ~ f a y  v&n. 



FIGURE 8.-Clay-veln-associated slickenside plane sets dlsplaylng a "V-up" pattern. 

FIGURE 9.-Steel mats effectively controlling fragmented clay vein roof wlth slickensides. 



s u b p a r a l l e l s  t h e  d i r e c t i o n  of f a c e  ad- 
vance ,  t h e  roof  s l a b  i s  d i v i d e d  i n t o  one 
o r  two c a n t i l e v e r  beams. One c a n t i l e v e r  
beam o c c u r s  i f  t h e  c l a y  v e i n  c o i n c i d e s  
w i t h  o r  r u n s  a l o n g  t h e  r i b  l i n e ,  a s  shown 
i n  f i g u r e  10. Two c a n t i l e v e r  beams a r e  
formed when t h e  c l a y  v e i n  o c c u r s  w i t h i n  
t h e  e n t r y  o r  c r o s s c u t  a s  i n  f i g u r e s  5 and  
l l A .  To d e t e r m i n e  i f  t h e r e  is  a  c o r r e -  
l a t i o n  between roof  s t a b i l i t y  and a  c l a y  
v e i n ' s  s t r i k e  w i t h  r e s p e c t  t o  t h e  d i r e c -  
t i o n  of f a c e  advance ,  471 c l a y  v e i n  seg-  
ments  were  a n a l y z e d  i n  a  mine o p e r a t i n g  
i n  t h e  Upper K i t t a n n i n g  Coalbed i n  s o u t h -  
w e s t e r n  Pennsylvania .  O b s e r v a t i o n s  were 
c a t e g o r i z e d  a s  f o l l o w s :  ( 1 )  c l a y  v e i n s  
s t r i k i n g  p a r a l l e l  t o  s u b p a r a l l e l  t o  t h e  
d i r e c t i o n  of f a c e  advance  (0"  t o  3 0 ° ) ,  
( 2 )  c l a y  v e i n s  s t r i k i n g  s u b p e r p e n d i c u l a r  
t o  p e r p e n d i c u l a r  t o  f a c e  advance  (61" t o  
9 0 ° ) ,  and ( 3 )  c l a y  v e i n s  s t r i k i n g  i n t e r -  
m e d i a t e l y  (31"  t o  60") .  An a n a l y s i s  of 
t h e  d a t a  i n  t a b l e  1  i n d i c a t e s  a  d i r e c t  
c o r r e l a t i o n  between roof s t a b i l i t y  and 
a  c l a y  v e i n ' s  s t r i k e ,  c o r r o b o r a t i n g  t h e  
above mentioned beam t h e o r i e s .  

The c a n t i l e v e r  e f f e c t  o f t e n  a s s o c i a t e d  
w i t h  c l a y  v e i n s  can sometimes be cor-  
r e c t e d  by b o l t i n g  and s t r a p p i n g  t h e  roof  
o n  e a c h  s i d e  of t h e  major f a u l t  o r  f r a c -  
t u r e  p l a n e  t o g e t h e r  t o  c o n s t r u c t  a  beam. 
Mine p e r s o n n e l  s h o u l d  be aware of t h e  
p l a n e ' s  o r i e n t a t i o n  ( s t r i k e  and d i p )  s o  
t h e y  c a n  de te rmine  t h e  p r o p e r  b o l t  l e n g t h  
and  a n g l e  of i n s t a l l a t i o n  ( f i g .  11) .  The 
o r i e n t a t i o n  of major f r a c t u r e  o r  f a u l t  
p l a n e s  may be h idden  i n  t h e  roof  p r i o r  t o  
s p a l l i n g .  However, i n  c e r t a i n  c a s e s ,  ex- 
a m i n a t i o n  of t h e  c l a y  v e i n  m a t e r i a l  i n  
t h e  c o a l b e d  r e v e a l s  one o r  more s m a l l e r  
p a r a l l e l  f a u l t  o r  s h e a r  p l a n e s  ( f i g .  6) .  
O b s e r v a t i o n s  i n d i c a t e  t h a t  t h e s e  s m a l l e r  
c o a l b e d  f a u l t  o r  s h e a r  p l a n e s  can  be used  
t o  approximate  t h e  o r i e n t a t i o n  of t h e  

major f a u l t  o r  f r a c t u r e  p l a n e s  i n  t h e  
r o o f .  

Whether o r  n o t  a  beam c a n  be b u i l t  i n  
h i g h l y  f r a c t u r e d  rock  w i t h  m u l t i p l e  i n -  
t e r s e c t i n g  major and minor s l i c k e n s i d e  
p l a n e s  i s  d e b a t a b l e .  Some o p e r a t o r s  and 
roof  c o n t r o l  s p e c i a l i s t s  b e l i e v e  t h a t  t h e  
f ragmented rock  mass must be suspended 
o r  keyed t o  i n s u r e  s t a b i l i t y .  Under con- 
t r o l l e d  l a b o r a t o r y  c o n d i t i o n s ,  h i g h l y  
f r a c t u r e d  rock can be s t a b i l i z e d ,  pro- 
v ided  t h e  f ragments  a r e  compacted by v i -  
b r a t i o n  and c o n f i n e d  l a t e r a l l y  i n  boxes 
u n t i l  b o l t e d  (12) .  U n f o r t u n a t e l y ,  under-  
ground c o n d i t G n s  do n o t  a f f o r d  t h e s e  
a m e n i t i e s ,  and q u i t e  commonly, t h e  f r a g -  
mented roof sometimes a s s o c i a t e d  w i t h  
c l a y  v e i n s  s a g s  and u n r a v e l s  ( s p a l l s )  
p r i o r  t o  and subsequen t  t o  b o l t i n g .  

R a t e s  of convergence benea th  c l a y  v e i n s  
c a n  sometimes be u s e f u l  i n  p r e d i c t i n g  
roof s t a b i l i t y .  For  example,  ground con- 
t r o l  p e r s o n n e l  i n  a  c e n t r a l  I l l i n o i s  mine 
moni tor  convergence benea th  p o t e n t i a l l y  
haza rdous  c l a y  v e i n s  l o c a t e d  a l o n g  t h e  
t r a c k ,  b e l t ,  and o t h e r  c r i t i c a l  a r e a s .  
When s a g  r a t e s  exceed 0.2 i n / d ,  p a s t  ex- 
p e r i e n c e  s u g g e s t s  an  impending f a l l ,  and 
a d d i t i o n a l  supp lementa l  s u p p o r t  i s  imme- 
d i a t e l y  i n s t a l l e d .  Ra tes  e q u a l i n g  1.1 
i n / d  have  been recorded  benea th  c l a y  
v e i n s  p r i o r  t o  roof f a i l u r e  i n  t h i s  mine. 

Tensioned b o l t s  h e l p  compress a  l o o s e  
f ragmented roof w i t h  s l i c k e n s i d e s  i n t o  
a  somewhat competent u n i t  (6). Mech- 
a n i c a l  b o l t s  can  be used ,  p rov ided  t h e y  
a r e  anchored  o u t  of t h e  d i s t u r b e d  c l a y  
v e i n  zone i n  competent  s t r a t a .  However, 
d e l i m i t i n g  t h e  d i s t u r b e d  zone bo th  ve r -  
t i c a l l y  and h o r i z o n t a l l y  immedia te ly  
a f t e r  mining i s  o f t e n  d i f f i c u l t .  Where 
mechanical  b o l t s  a r e  anchored i n t o  c l a y  
v e i n s  composed of incompetent  c l a y s t o n e s  
o r  h i g h l y  f r a c t u r e d  s h a l e s  w i t h  i n t e r n a l  

TABLE 1. - Roof i n s t a b i l i t y  a s s o c i a t e d  w i t h  d i f f e r e n t  c l a y  v e i n  s t r i k e s  

S t r i k e  of c l a y  v e i n  w i t h  r e s p e c t  t o  
d i r e c t i o n  of f a c e  advance 

P a r a l l e l  t o  s u b p a r a l l e l  (0"-30°) . . . . . , . . .  
I n t e r m e d i a t e  (31"-60") . . . . . . . . . . . . . . . b b . .  

Subperpend icu la r  t o  p e r p e n d i c u l a r  
(61'-90') . . . . . . . . b . . b . . . b . . . . b . . b . . b b b . .  

T o t a l  
o b s e r v a t i o n s  

141 
173 

157 

Roof f a l l s  r e q u i r i n g  c l eanup  
Number 

63 
15 

12 

P c t  of t o t a l  
o b s e r v a t i o n s  

47 
9 

8 



FIGURE 10.-Rlb-llne clay veln. 
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FIGURE 11.-Clay.veln-associated fracture and fault plane bolting diagrams. 

planes  of weakness, s t r e s s  concen t r a t i ons  
a t  t h e  anchor may crush  o r  break a l r eady  
weak o r  f r a c t u r e d  rock (1). Under t h e s e  
cond i t i ons ,  excess ive  bleedoff  o r  an in -  
a b i l i t y  t o  a t t a i n  o r  maintain r equ i r ed  
t o rque  va lues  may be a  s i g n a l  t h a t  longer  
b o l t s  o r  r e s i n  anchorage i s  needed. Con- 
v e r s e l y ,  res in-grouted b o l t s  i n s u r e  bet-  
ter s t a b i l i t y  i n  weak rock w i t h  a  low an- 
chorage capac i ty  (2). Based on t h e  
above, tensioned point-anchor r e s i n  b o l t s  
should i n s u r e  b e t t e r  s t a b i l i t y  i n  c lay-  
vein-dis turbed rock. Underground obser- 
v a t  i ons  confirm t h i s .  

Full-column r e s i n  b o l t s  a r e  a l s o  e f -  
f e c t i v e  i n  c o n t r o l l i n g  some c l a y  ve ins .  
Although nontensioned, f u l l y  grouted 
b o l t s  e l i m i n a t e  problems a s soc i a t ed  w i t h  
mois ture  a long  t h e  l e n g t h  of t h e  b o l t h o l e  
(1) and he lp  t o  prevent  s l i ppage  a long  

p lanes  by i n f i l l i n g  f r a c t u r e s  and vo ids ,  
e s s e n t i a l l y  g lu ing  ad j acen t  fragmented 
blocks.  Therefore ,  i n  workings where 
c l a y  ve ins  f r equen t ly  occur ,  t h e  r o u t i n e  
i n s t a l l a t i o n  of r e s i n  grouted b o l t s  
should be considered. Since many north-  
e r n  West V i rg in i a  mines have converted t o  
r e s i n  grouted b o l t s ,  t he  West V i r g i n i a  
S t a t e  Department of Mines has repor ted  
fewer clay-vein-related ground c o n t r o l  
problems. 

Bol t s  should be i n s t a l l e d  i n  conjunc- 
t i o n  wi th  c ros sba r s  o r  s t e e l  mats im-  
mediately a f t e r  undermining t o  he lp  s t a -  
b i l i z e  s l i c k e n s i d e s  and prevent  s p a l l i n g .  
Crossbars  and mats should be i n s t a l l e d  
perpendicular  t o  t h e  c l a y  ve in ' s  s t r i k e  
f o r  maximum e f f ec t i venes s .  Mats should 
be f l e x i b l e  enough t o  conform t o  ir- 
r egu la r  top. Fiber-reinforced concre te  



a l s o  c o n t r o l s  c l a y  v e i n  s p a l l i n g ,  and 
roof  s e a l a n t s  p revent  mois ture-sens i t ive  
c l a y  v e i n s  from d e t e r i o r a t i n g .  P re s su re  
g r o u t i n g  w i t h  polyurethane b inde r s  a l s o  
h e l p s  t o  c o n s o l i d a t e  broken s t r a t a  w i t h  
randomly o r i e n t e d  s l i c k e n s i d e s .  For sup- 
p o r t i n g  l a r g e  o r  hazardous c l a y  v e i n s  
l i k e  t hose  shown i n  f i g u r e s  10 and 12, 
even t h e  b e s t  b o l t s  prove inef fec-  
t i v e .  Phys i ca l  suppor t  i n  t h e  form of 
s t e e l  sets and/or  c r i b b i n g  i s  required.  
I n  c r i t i c a l  e n t r i e s  where equipment 
maneuverab i l i ty  is  a  concern, roof 
t r u s s e s  have proven ve ry  s u c c e s s f u l  i n  

c o n t r o l l i n g  l a r g e  o r  hazardous c l a y  ve ins  
( f i g .  12).  When a  c l a y  v e i n  i s  co inc i -  
den t  w i t h  and runs  along t h e  r i b  l i n e ,  
cu t t e r - t ype  roof f a i l u r e  sometimes oc- 
curs .  Rib- l ine c l a y  v e i n s  a r e  p a r t i c u -  
l a r l y  hazardous and warraqt  cr ibbing.  
Where equipment maneuverabi l i ty  is a  con- 
cern ,  o p e r a t o r s -  have e f f e c t i v e l y  ang le  
b o l t e d  r i b - l i n e  c l a y  ve ins  i n t o  t h e  com- 
p re s s ion  zone over p i l l a r s .  If a  c l a y  
ve in  occurs  where a  c ros scu t  i s  being 
turned,  t u r n  p o s t s  should be employed un- 
t il  t h e  c u t  is  permanently supported. 

PREDICTION AND MINE PLAN MODIFICATIONS 

Short-  and long-range p r e d i c t i o n s  of next. This  is because f i s s u r e s  o r  f r ac -  
c l a y  v e i n  occurrences can be made, de- t u r e s  r e s u l t i n g  from t e c t o n i c  stresses 
pending on t h e i r  o r i g i n .  Clay ve ins  re- can form p a r a l l e l  (22, - 31), perpendicu la r  
s u l t i n g  from t e c t o n i c  s t r e s s e s  should (22, g),  and/or  a t  ob l ique  angles  (22, 
d i s p l a y  t h e  same o r  a  s i m i l a r  p r e f e r r e d  25) t o  t h e  maximum compressive p r i n c i p a l  
o r i e n t a t i o n  from one mine p rope r ty  t o  t h e  stress, which is  r e f e r r e d  t o  a s  sigma 

FIGURE 12.-Roof trusses effectively controlling clay-veln-disturbed roof. 



one (01) .  There fore ,  c l a y  v e i n  d i s t r i -  
b u t i o n s  observed underground may be uni-  
d i r e c t i o n a l ,  b i d i r e c t i o n a l ,  o r  mul t i -  
d i r e c t i o n a l .  To determine i f  t h e  c l a y  
v e i n s  i n  a  p a r t i c u l a r  mine r e s u l t e d  from 
t e c t o n i c  s t r e s s e s ,  i t  i s  nece s sa ry  t o  
p l o t  on a  mine map t h e  t r e n d  of every  
c l a y  v e i n  encountered.  Clay ve in s  a r e  
e a s i l y  d i s t i n g u i s h e d  p r i o r  t o  rock dus t -  
i n g ,  and minimal t ime  i s  r e q u i r e d  f o r  t h e  
f a c e  bos s  t o  p l o t  t h e  s t r u c t u r e ' s  t r e n d  
( o r i e n t a t i o n  o r  s t r i k e )  on a  mine map. 
Ana ly s i s  of c l a y  v e i n  d i s t r i b u t i o n  can  be 
achieved by d i v i d i n g  t h e  c l a y  v e i n  t r e n d s  
i n t o  s t r a i g h t - l i n e  segments and p l o t t i n g  
t h e  l e n g t h  of t h e s e  segments v e r s u s  t h e i r  
s p a t i a l  o r i e n t a t i o n .  

F igu re  13 r e p r e s e n t s  t h e  b i d i r e c t i o n a l  
c l a y  v e i n  d i s t r i b u t i o n  of a  p a r t i c u l a r  
mine s i t e .  More complicated mu l t i d i r ec -  
t i o n a l  d i s t r i b u t i o n s  a r e  more e a s i l y  v i s -  
u a l i z e d  and i n t e r p r e t e d  u s i n g  a  360' r o s e  
diagram ( f i g .  14) r a t h e r  t han  a  h i s t o -  
gram, a l though some d i s t o r t i o n  does  re -  
s u l t .  The 6  m i l e s  of c l a y  v e i n  d a t a  
shown on f i g u r e  15 were mapped a long  t h e  
no r thwes t e rn  f l a n k  of t h e  Johnstown Syn- 
c l i n e  i n  Somerset County, PA. The aver-  
age  d i p  encountered was 11". Ana lys i s  of 
f i g u r e  14 i n d i c a t e s  a  c l u s t e r i n g  of c l a y  
v e i n s  approximately  a t  r i g h t  ang l e s  t o  
t h e  nor theas t - sou thwes t -d i rec ted  maximum 
compressive s t r e s s  ( 18 ) .  Th is  sugges t s  
t h a t  t h e s e  c l a y  v e i n s o r i g i n a c e d  a s  re-  
l e a s e  f r a c t u r e s  t h a t  were bo th  formed and 
l a t e r  widened dur ing  s t r e s s  r e l e a s e  o r  
unloading. The c l u s t e r i n g  of c l a y  v e i n s  
a t  45O t o  a1 may have o r i g i n a t e d  a s  s h e a r  
f r a c t u r e s  which l a t e r  widened du r ing  un- 
loading.  Although a  c e r t a i n  amount of 
s c a t t e r  about  t h e  i d e a l i z e d  peaks i s  ap- 
p a r e n t  i n  f i g u r e  14, t h i s  may be a t t r i b -  
u t ed  t o  t h e  f a c t  t h a t  t h e  rock mass was 
s u b j e c t e d  t o  and f r a c t u r e d  by a t  l e a s t  
two d i s t i n c t  s t r e s s  f i e l d s  (18) .  Roof - 
c o n t r o l  problems a s s o c i a t e d  w i th  c l a y  
v e i n s  a r e  compounded i n  t e c t o n i c a l l y  d i s -  
t u rbed  a r e a s .  A s  f i g u r e  16 i l l u s t r a t e s ,  
up-dip l a t e r a l  s h i f t i n g  due t o  f l e x u r a l  
s l i p  f o l d i n g  o f t e n  masks zones of c lay-  
ve in-d i s  turbed roof .  
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FIGURE 13.-Histogram of bimodal clay vein distribution. 

Knowledge of p r e f e r r e d  c l a y  v e i n  o r i -  
e n t a t i o n s  enab l e s  mine o p e r a t o r s  t o  p l an  
main e n t r i e s  perpendicu la r  t o  o r  a t  
ob l i que  a n g l e s  t o  t h e  maximum number of 
c l a y  v e i n s  i n  o r d e r  t o  ach ieve  optimum 
roof cond i t i ons .  Bar r ing  o t h e r  mining 
f a c t o r s ,  longwal l  pane l s  should be o r i -  
en t ed  s o  t h a t  t h e  f a c e  ob l i que ly  i n t e r -  
s e c t s  p r e f e r r e d  c l a y  v e i n  o r i e n t a t i o n s .  
The longwal l  f a c e  should never  p a r a l l e l  a  
p r e f e r r e d  c l a y  v e i n  o r i e n t a t i o n .  

Clay v e i n s  a s s o c i a t e d  w i th  compactional 
p roce s se s  may o r  may no t  be p r e d i c t a b l e .  
I f  c l a y  v e i n s  a r e  co inc iden t  wi th  paleo- 
topographic  ( a n c i e n t  topographic)  h ighs  
o r  lows a s  de f i ned  by coalbed s t r u c t u r e  
contour  maps, then  c l a y  ve in s  can be 
a n t i c i p a t e d  under  s i m i l a r  cond i t i ons  i n  
advance of mining. P a t t e r n s  a s s o c i a t e d  
wi th  topographic  i r r e g u l a r i t i e s  may be 
l i n e a r  o r  r a d i a l .  Some c l a y  v e i n s  a l s o  
appear  t o  be byproducts of slumped and /or  
f a u l t e d  sediments  t h a t  have been d i f -  
f e r e n t i a l l y  compacted a d j a c e n t  t o  c o a r s e r  
paleochannel  ( a n c i e n t  s t r e am channel)  de- 
p o s i t s .  The paleochannels  and c l a y  v e i n s  
shown i n  f i g u r e  17 were mapped i n  south-  
western Pennsylvania i n  t h e  P i t t s b u r g h  
Coalbed. F igure  17 i n d i c a t e s  t h a t  a l l  16 
of t h e  c l a y  v e i n s  over  50 f t  i n  l e n g t h  
occur  w i t h i n  50 f t  of t he  paleochannel  
system. T h i r t e e n  of t h e  16 c l a y  v e i n s  
occur  a long  t h e  margins of t h e  two 
l a r g e s t  channels .  Pesek (20)  - has  a l s o  
noted t h e  occurrence of c l a y  v e i n s  i n  
proximity  t o  paleochannel  d e p o s i t s .  
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FIGURE 14.-Rose diagram of multidirectional clay vein distribution. 
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FIGURE 16.-Schematic drawing illustrating up-dip shifting of clay-vein-disturbed rock. 



Clay veins generally have a linear 
to curvilinear strike. Therefore, once 
mapped, clay veins can be projected for 
varying distances into unmined portions 
of the coalbed. Anticipating clay veins 
in advance of mining sometimes allows 
minor mine plan modifications that can 
minimize or eliminate associated roof 
hazards. For example, some mines shift 
entry locations so that rib-line clay 
veins are contained within a pillar. 
Other mines avoid turning crosscuts that 
coincide with clay veins. Crosscuts are 
turned slightly before or after the 
disturbed zone is encountered. Similar 
short-term mine plan modifications can be 
made to avoid hazardous intersections of 
two or more clay veins. Seven under- 
ground observations of three clay veins 
intersecting were made. In every case, 
falls up to or above the anchorage hor- 
izon were noted by Bureau personnel. 

CONCLUSIONS AND 

1. Clay veins are infilled fissures. 
Fissures develop when tensile stresses 
rupture the coal and adjacent sediments. 
These fissures can be propagated by com- 
pactional processes and/or tectonic 
stresses active during or subsequent to 
the coalification process. 
2. Distribution data indicate that 

clay veins frequently occur in more 
stable coal basins where more differ- 
ential compaction took place. 
3. When clay-vein-related fault or 

fracture planes parallel or subparallel 
the direction of face advance, the roof 
is segmented into cantilever beams. The 
strata on either side of the clay vein 
should be bolted and strapped together 
to form a beam. Mine personnel should 
be aware of the fault or fracture 
plane's orientation so they can determine 
the proper bolt length and angle of 
installat ion. 
4. A fragmented, sagging, and spalling 

roof is sometimes characteristic of clay 

FIGURE 17.-Distribution of clay veins and paieochanneis 
in mine workings. 

RECOMMENDATIONS 

veins with intersecting slickenside 
planes. Bolts should be installed in 
conjunction with wire mesh and/or steel 
mats immediately after undermining to 
help stabilize slickensides and prevent 
spalling. Crossbars and mats should be 
installed perpendicular to the clay 
vein's strike. 

5. Preferred clay vein orientations 
can only be determined if clay veins 
are mapped and analyzed. Preferred clay 
vein orientations should be considered 
in the planning of main entries and 
longwalls. 
6. Clay veins generally have linear 

to curvilinear strikes. Therefore, once 
mapped, clay veins can be projected 
for varying distances in advance of 
mining. Anticipating clay veins in 
advance of mining sometimes enables 
slight mine plan modifications that 
can minimize or eliminate associated 
roof hazards. 
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