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A distinctive roo f type has been identified in this mine; the roof type varies between 
Energy Shale and Anna Shale/Brereton Limestone over a short distance. Other mines 
with this type of transitional roo P can expect similar roof problems. 

Large deposits of coal balls within the seam repeatedly interfere with orderly development 
of support entries and damage IongwaN equipment. The second and third panels have 
been shortened to a void areas of coal-ball concen tra lions. The distribution of coal balls 
is strongly correlated with roof lithology; thus the associa tion o f roof and coal balls 
has been used success fuN y to predict locations of coal ba in unmined areas. 
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Thi s  l ongwal l demons was csnducte i n  t h e  I l l i n o i s  B 
ne, which i s  loca ted  i n  southern Illi- 
r a t e s  i n  t he  H e r r i n  (No. 6)  Coal Mem- 
a t i o n  o f  the  Pennsylvanian System 

( f i g .  2) .  

epos i t i on  o f  t he  peat t h a t  i s  
i t i o n  o f  t he  r i v e r  i s  now repre-  
I l e  channel, l oca ted  about 7 m i l e s  
i t s  w i t h i n  t h e  coal  seam along the  

channel i n d i c a t e  t h a t  the  r i v e r  associated w i t h  the  Wa lshv i l l e  channel 
remained a c t i v e  throughout depos i t ion  o f  t he  H e r r i n  peat  (Johnson, 1972). 
Furthermore, an i n v e s t i g a t i o n  o f  t h e  th ickness and type o f  s t r a t a  below 

o. 6) Coal showed t r i v e r  respons ib le  f o r  t he  Wal sh- 
was a c t i v e  even be o s i  t i o n  o f  coal  - forming peat  

began i n  F r a n k l i n  County. The t o f  t h e  i n t e r v a l  between the  
H e r r i n  (NO. 6) Coal and the  nex t  major coal  seam below, t h e  S p r i n g f i e l d  
(NO. 5) Coal er ,  va r i es  g r e a t l y  i n  t h e  county. The i n t e r v a l  i s  t h i n -  
nes t  near t o  e channel. The th ickness o f  t h e  
i n t e r v a l  was he r e l a t i v e  t o p  graphy upon which 
the  peat form a1 was deposi te . Whereas t h e  
H e r r i n  peat m e t ransgress i  we the  e f f e c t  w i t h i n  
the  study area wa r i n v e s t i g a t i o n  o f  
s t r a t a  below the  
th ickness e x i s  
I n  western Fra H e r r i n  (NO. 6) and 

a m i  l e-wide, crescent-  
r t h e  Wa lshv i l l e  

3 ) .  The coal  i s  
d increased coal  

abandoned before  
peat deposi t i o  

A f t e r  depos i t  the  r i v e r  pe rs i s ted  a whi le ,  forming the  
f i r s t  l a y e r  o r a y  s i l t y  shale c a l l e d  t h e  Energy 
S ha1 e Member, t o  be an overbank depos i t  o f  t h e  r i v e r ,  

d  i n  several l a r g e  p o s i t s  a long t h e  former course o f  t h e  
he channel. The nex t  l a y e r  deposi ted on 
he coa l  where t h e  gray shale i s  missing, 

i s  a b lack  carbonaceous s as t h e  Anna Shale Member, The Anna 
Shale here i s  a widespread, b lac  i g h l y  carbonaceous shale averaging 
2.8 f e e t  t h i c k  w i t h  a low-divers fauna suggest i  e o f  a r e s t r i c t e d  
envi  ronment , here t h e  Energy Shale s about 35 t o  5 f e e t  i n  t h i c k -  
ness, t h e  Anna Shale genera l l y  
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Co. 

Figure I! 
Distribution of the Herrin (No. 6) Coal Member in southern illinoir, and the location of the study area, 
Franklin County. (From Treworgy and Jacobson, in press.) 
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Conant Limestone 

Jamestown Coal 

rereton Limestone ( 

Anna Shale (2.8 to 3.7 ft) 

Energy Shale (0 to I 

Werrin (No. 6) Coal (Top) 

Figure 
Composite stratigraphic section of the roof of the longwail panels, representing 
a portion of the Carbondale Formation, Kewanee Group, Pennsylvanian System. 

igure 3 
Thickness of the interval 
between the top of the 
Springfield (No. 5) Coal 
and the the base of the 

errin (No. 6) Coal in 
Franklin County. 

igure 
Generalized thickness 
(in feet) of Herrin 
(No. 6) Coal in 
Franklin County. 
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mapping and ana 
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Based on d r i l l - h o l e  data 
w i t h i n  p a r t  o f  F r a n k l i n  Co 
l i n e  as the  break p o i n t  be 
r a p i d l y  va ry ing  t h i c k  
lobes o f  t h i c k  Energy 
the  Wa lshv i l l e  channe 
much steeper than the  opp 
t h a t  e ros ion  has ace 
caused by temporary 
the  east-soutkeas 
t i o n a l  r o o f  on the  eas t  s 
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tti n 

The mine i s  s i t u a  I r i v e r ,  The 
Pennsylvanian bed 
60 f e e t  o f  P l e i s t  
c l ays  deposi ted o 

The 1 ongwal 1 demonstrat ion pane 
a re  about 620 f e e t  below the  surface, w i  
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.25'- Thickness (ft) of the Energy Shale Member 

* Energy Shale slightly over 25 f t  (point not honored by 25 f t  thickness line) 
..... .,... ..... Transitional roof (Energy Shale thickness from 0 f t  to < 30 f t l  .... ..... 

Coal-ball sites 

X Entrance shafts 

Figure 5 
Distribution and thickness of the Energy Shale Member in a portion of Franklin County, I h. Areas of transitional 
roof and al l  known coal-ball sites are also plotted. Townships and ranges are indicated along the map border. 
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igure 
Index to mapped areas in the Old Ben Coal Company Mine No. 24. (Numbers on the map are section numbers, 
defining 1 square mile areas.) 
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of that  distance. The overburden consists of about 5 percent limestone, 
80 percent shale, claystone, and s i l t s tone ,  1.3 percent coal, 3.5 per- 
cent sandstone, and 10 percent Pleistocene cover. 

Roof 

The immediate roof of the longwall demonstration panels i s  the transi- 
tional type described in the preceding section; about 65 percent of the 
roof i s  Energy Shale ( f i g . 7 ) .  The Energy Shale i s  a fine-grained, 
medium-gray shale that  i s  usually poorly bedded and has some thin iron- 
stone bands and ironstone nodules roughly an inch in diameter scattered 
throughout. The gray shale res ts  conformably on the coal; in many areas 
the top of the coal and the bottom of the Energy Shale interfinger 
sl ightly. Clay mineral analysis of samples of Energy Shale from the 
longwall panel area show that i t  i s  homogeneous both la tera l ly  and 
vertically ( f ig .  l l a ) .  The contact between the top of the gray Energy 
Shale and the black Anna Shale i s  unconformable, dipping 10' to 14". 
The angle decreases as the top of the Energy Shale i s  approached ( f ig .  8 ) .  
This unconformity i s  the resul t  of erosion that removed the gray shale 
and exposed the top of the coal seam, forming long sinuous areas from 
which gray shale i s  absent ( f ig .  9 ) .  

Two different facies of the Energy Shale are found as immediate roof; a 
lower, carbonaceous shale facies of limited distribution, and an upper, 
widespread, l ight- to medium-gray shale facies.  The carbonaceous facies 
ranges from medium- t o  dark-gray in color, i s  rarely more than 0.4 fee t  
thick and locally contains a lycopod-dominated compression f lora.  This 
carbonaceous facies i s  generally similar t o  the dark-gray unit described 
from a nearby mine (Edwards e t  a l e ,  1979) .  The 1 ight- t o  medium-gray 
facies locally reaches over a hundred fee t  in thickness, b u t  only rarely 
contains recognizable plant material. This facies i s  sometimes s i l t y ,  
varies from finely laminated t o  weakly laminated and often contains 
s ider i t ic  bands or bands of small pyri t ic  nodules near the base. 

The next younger unit ,  the Anna Shale, overlies the eroded top of the 
Energy Shale, or the coal where the Energy Shale i s  absent. The bedding 
of the Anna Shale parallels the surface on which i t  was deposited. The 
lower part of the Anna Shale i s  black, very carbonaceous, f i s s i l e ,  hard, 
and typically has a prominent se t  of joints that  s t r ike  about N 80" E 
with occasional minor joint sets  perpendicular t o  i t .  Large disc-shaped 
concretions u p  to 3 fee t  across occur in th is  lower portion of the unit. 
I t  grades upward into a massive, very dark-gray claystone. The Anna 
Shale reaches a maximum thickness of about 4 feet  b u t  locally thins to  
zero near the central axes of sinuous areas lacking Energy Shale ( f ig .  10). 
Clay mineral analysis of the Anna Shale shows that  the characteristic 
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Brereton Limestone 
Black Anna Shale 17 . . . . . . . . . . . . . . ............ . . . . . . . . . . . . Gray Energy Shale . . . . . . . . , . . , , 

a Coal-ballareas 

Shale-filled rolls 

Normal fault, downthrown side indicated 

Figure 7 
Plan view of roof geology at the longwall demonstration site in mapped area A. 
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Herrin (No. 6) Coal 

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\ \\ \ \\\\\\\\\\\\\\\ 
Underclay 

u a 
Schematic cross section showing interrelationships of Herrin Coal, rolls, and immediate roof members. 



I Portion of mapped area A 

Figure 9 
Spatial relationship of mapped areas A and B and the sinuous exposure of Anna Shale roof. 



igure 
Map of the roof geology for mapped area B, which i s  centered about 5,000 feet east of mapped area A. 



upper and lower p d exposures and 
prel iminary chemi ion of the Anna 
Shale i s  missing ome small areas no 
Anna was deposite e ,  the next higher unit ,  became 
the immediate roo reton Limestone overlies the 
Anna Shale and t h  hale thins to  zero. I t  i s  a 
gray, argi 1 l aceou ous, fine-grained limestone, ranging i n  
thickness from ab 

area i s  of h i g h  volat i le  B 
samples from th is  mine, the 

coal averages 7.8 p e matter, 46.2 
percent fixed carbo 
about 11,900 Btu/lb 
17 fee t  per mile to  east.  The cleat  i n  the coal i s  poorly 
developed with a fa N 35" W ,  while the b u t t  c leat  
varies between N 35 clea t  surfaces have some 
local i zed cal c i t e  coati ngs . 
The coal seam ranges from easurements of the 
coal seam thickness show g. 1 2 )  w i t h  two popu- 
lations corres of types. The thicker coal 
occurs under t he thinner coal i s  under the 
black shale roof. On the low the black shale roof i s  
nearly three-fourths e thinnest part located near 
the center of the cha e roof exposures. 

The thinning of the co to  the erosional cutou of the Energy 
Shale ( f ig .  8) .  This by petrographic study f a ser ies  of 
ful l -seam col umns t r  near Anna Shale reton Limestone 
roof exposure i n  stu 9 ) .  Johnson ( ) ,  in a detailed 
petrographic study, d four d is t inc t  petro raphic units w i t h i n  
the seam alon raverse ( f ig .  13). Significantly, the 
petrographic uous except where the top unit i s  truncated 
or missing under Anna Shale roof. This loss of coal i s  attributed to 
erosion, and/or degrada ue to oxidation of the peat (Johnson, 1979). 

The floor immediately e coal seam consists of an underclay vary- 
ing i n  thickness from ee t*  The underclay usually contains many 
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100% lllite 

@ Base of Anna Shale unlt 
Figure 1 1 b Top of Anna Shale unlt 

Clay mineral analyses of the Anna Shale 
showing differences of clay mineral 
content between the upper and lower 
portions of the unit. 

100'!4 
Kaolinite and chlorite Expandable clay minerals 
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Coal thickness (in feet) 

Figure 
Coal thickness variation by roof lithology. Data from areas with coal balls as well as areas under rolls have been excluded. Values on Y axis are moving 
averages for 3 adjacent intervals. Thickness interval i s  k0.05 feet; actual data range is  7.2 to 8.6 feet. 



Anna Shale 

IIIB 

\ 
IIIA 

I1 
B.B. 

I 

Figure 13 
Correlation of macropetrographic units within the Herrin (No. 6) Coal along a 1,000-foot traverse. The units 
are I, B.B. (blue band), I I ,  IIIA, II IB, and IV. Vertical exaggeration within the seam is  68: 1. (Modified from 
P. R. Johnson, 1979.) 
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100% lllite 

Kaolinite and chlorite Expandable clay minerals 

Figure 1 
Clay mineral composition of underclay samples. 

sl  ickensided surfaces near the contact with the coal seam. The variation 
i n  the clay mineral composition of the top of the underclay throughout 
the longwall demonstration area i s  shown in figure 14. The underclay 
generally overlies a nodular underclay limestone, which i s  composed of 
small 1- to 2-inch diameter nodules of limestone i n  a claystone matrix. 
The nodular form of limestone may grade downward into a massive limestone. 
The thickness of the limestone ranges from 3 to 12 fee t .  No relationship 
was found between the variations in thickness of these floor units and 
the thickness and distribution of the roof shales. 

A V+oll" i s  a general term for any linear protrusion of shale o r  other 
c las t ic  material into the top of the coal seam. We interpret most ro l l s  
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a. Black Anna Shale roof 

-Medium-gray shale - 
\ - 

h Black Anna Shale roof 
U. 

ssiiiferous dark-gray shale 

c. Black Anna Shale roof 

m-gray shale grading 

d. Grades into Black Anna Shale roof 

Figure 15 
Idealized cross sections of rolls showing variation in fill materials. Horizontal scale varies from <5 feet to 
>60 feet. 
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s lake  and tend t o  f a l l  out  around roof bo l t s  a f t e r  mining. These fa1 1s 
usually end within the overlying Anna Shale and a r e  f a i r l y  shallow. 

Coal ba l l s  a r e  masses of peat t h a t  have been permineralized in place 
during o r  soon a f t e r  peat deposit ion.  Carbonate minerals were introduced 
in to  the t i s sues  of the peat before the peat deposit  was coal i f i e d ,  thus 
preserving the or ig inal  plant  materials .  Iden t i f i ca t ion  of the  plant  mate- 
r i a l s  in the coal ba l l s  by T. L. Phi l l ips  of the  University of I l l i n o i s  
( t ab l e  1) shows the typical  peat composition f o r  the Herrin ( N O .  6 )  Coal 
with strong dominance of lycopod t r e e s  (Phil 1 ips  e t  al. ,  1977; Phil 1 ips,  1979). 

Coal ba l l s  a r e  loca l ly  a serious obstacle t o  mining. While we now have a 
short-range abi 1 i t y  t o  successful l y  predic t  these deposi ts ,  general pre- 
d ic t ion of coal-ball locations must await a more thorough understanding 
of t h e i r  o r ig in .  

A f r esh ,  broken surface of these coal ba l l s  has a l i g h t  brown color which 
darkens cnly s l i g h t l y  w i t h  oxidation. Size and shape of coal ba l l s  vary 
considerably. In general ,  coal ba l l s  a r e  l e s s  than 1 inch t o  more than 
3 f e e t  wide and a re  often elongated horizontal ly.  Smaller coal ba l l s  
( f i s t - s i z ed  and smal l e r )  a r e  usual l y  spherical o r  s l  igh t ly  el 1 ipsoidal i n  
shape. Medium-sized coal ba l l s  (up t o  1.5 f t  long) typ ica l ly  have height- 
width r a t i o s  from 1:3 t o  1:6. Where coal ball  material exceeds 60 t o  
70 percent of the  seam, the coal ba l l s  have varied shapes and range from 
1 t o  4 f e e t  th ick.  

C la r i f i ca t ion  of the spa t i a l  d i s t r i bu t i on  of the  coal ba l l s  was accom- 
plished by mapping coal ba l l s  both on p i l l a r  r i b s  and in the roof.  When 

Table 1. Ident i f ied  plant  material by plant  group 
from coal ball  ve r t i ca l  section 3 in  Area L 
( T .  L. Phil1 i p s ,  personal communication) 

iycopods 
Ferns (primari ly tree fe rns )  
Pteridosperms 
Sphenopsi ds 
Cordai tes 
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Coal-ball 
/-- \ 
L/ Coal- ball area FJ Anna ShaleIBrereton Limestone roof 

Figure 18 
Coal balls, coal-ball areas, and roof lithologies identified during mapping of the 3 longwall panels. 
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l ization. Peat-to-coal compac- 
he thickness of coal next to 

individual coal bal ponding thickness of perminera 
955; Zaritsky, 1975 
average value of 5: 
or coal balls of similar age in the 

Donets Basin (USSR). Another se t  of measurem etween stratigraphic 
markers i n  the seam gave a value of about 2.0 g.  1%) .   he coal 
immediately above and below each coal ball of hows extra compaction, 
and some slippage of co 1 (shown by slicke as also occurred 
( f ig .  19b); these facto s produce the lowe ion rat ios  i n  
measured sections through mu1 t i p l e  coal ball s .  

Problems w i t h  concentrations of coal balls occurred early i n  the develop- 
ment of the f i r s t  longwall panel. In mining these areas, the continuous 
miners had to repeatedly receive new cu t s  due to  excessive wear. 
The be1 t entry east of he f i r s t  panel e offset  to  t 
coal-ball area B ( f ig .  d a smaller pro em w i t h  coal - 
was encountered low in the seam on the west side of the f i r s  
the f i r s t  longwall panel was b i n g  mined, two large areas of 
concentrations were encountere areas D and 
suffered damage s excessive wear, and 
of only 155 fee 05 eight-hour sh i f t s  
pared to a norm per sh i f t .  Explosi 
up the masses of coal balls in the core of ea 

When mine development reached the west side of the second panel, coal- 
ball area L ( f ig .  18 was encountered. Because of these coal 
panel was shortened g. 7 ) .  Similar o stacles in area Q 
also required the t h  e shortened by ne r ly 300 fee t  ( f i g .  7) .  
Subsequently, the second and t h i r d  panels had no serious mining pro 
due to coal bal l s ,  b u t  because of the r occurrence, approximately 
50,000 tons o f  coal were los t  w i t h i n  he two panels. 

p i n g  showed that  the coal balls ere closely associated with 
/limestone roof, and th is  predic ive link between coal balls 

and roof type has proven re1 ia  areas sf black 
shale/l imestone roof i n  the m i  f the exposure 
crossing the longwall panels w W i t h  the dis- 
covery i n  l a t e  1979 of another ated coal balls more than 
a mile east  of the longwall a r  h the same roof exposure 
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roof control , 

Shale and the overlying 

t of the north-south faul t  

The north-south 
range in vertica 
the longwall pro 
parts of the roo 

sl  owed devel opme 
entries para1 lel  
the faul t  system 
fal l ing out duri 
centrated hori zo 
The roof in the 
roof shale produ 
Other mines in t 
west compression 

ng s lo ts  in t h  
served to clos 

southern I l l ins i  
tion (Lindner an 

For mapped area B show fa1 l en intersections 

Tables 2 and 3 
control probl e 
probl em ( f i g  . 
control problems in the regio n documented over the past 60 years 
in the I l l inois  S t a t e  Geologi 
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- . - . _ I _  - - I  _I- -. - - - - - . _ I _ _ -  - - -  - -  --- - - -Energy Shale 

. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  
Figure 22. 
Roof fall in relation to mine plan and geologic setting (plan view above and cross section 

ISGS 1982 

below). 
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Table 2. Occurrence of fallen intersections for mapped area B 
by categories of roof lithology and structure 

Energy Sh. roof Anna Sh. /Brereton Ls . roof 
Fa1 1 s Fal 1 s Total Sampl e Sampl e no. of 

size No. % size No. % samples 

Intersections 
with slips* 15 7 47 6 0 0 2 1  

Intersections 
without sl ips* 293 41 14 191 0 0 484 

Total - 
intersections 308 

*Slips are small faults, most of which are of nontectonic origin. 

Table 3. Number of mapped falls by location for mapped area B 

No. % 

Falls at 
intersections 

Falls in entries 
between intersections 

Total falls 

Subsidence of the surface over the first two longwall panels was period- 
ical ly monitored by 01 d Ben Coal Company personnel . Conroy (IW8), 
Curth and Cavinder (1977), and Wade and Conroy (1977) assumed a uniform 
mined-out void height of 7 feet to calculate the percentage of surface 
subsidence/mining height over the panels. However, the actual mined-out 
void heights measured during many traverses of the operating second 

34 ILLINOIS STATE GEOLOGICAL SURVEY CONTRACT REPORT 1982-2 



longwal l  face  vary etween 7,2 an 8.25 f e e t ,  Th is  in t roduces a  3 t o  
17 percent  e r r o r  i n  c a l c u l a t i n g  the  r sidence/mining he igh t  i f  
a  7 - f o o t  min ing he igh t  i s  used. Even coal th ickness ranges 
from 7.2 t o  8.6 fee t ,  t he  v a r i a  u t  vo id  he igh ts  can a l s o  
be r e l a t e d  t o  the  r o o f  rock y t h e  longwal l  min ing 
ope ra t i  on. The average m i  ne the  area ( n o t  a f f e c t e d  
by the  end cons t ra in t s  o f  5 f e e t .  These vo id  
measurements were made on o f  t he  face conveyor pan from the  
f l o o r  t o  t he  r o o f  exposed sh ie lds .  Using t h e  maximum sur-  
face subsidence o f  5,2 fee  ond longwal l  panel and d i v i d i n g  
i t  by the  7.7- foot  min ing the  monument g ives a  r a t i o  
o f  .67 ins tead o f  .74 when e  min ing he igh t .  

F igure 25a represents the  subsidence p r o f i l e  from t h e  second longwal l  
panel and the  mined-out vo id  he igh t  measurements elow the  p r o f i l e .  It 
shows t h a t  t he  p r o f i l e  i s  cont  o l l e d  by small v a r i a t i o n s  i n  the  min ing  
he igh t .  I n  f i g u r e  25b, the  su e f o r  t h e  f i r s t  longwal l  
panel shows t h a t  the  greater  a  ence has taken 
the  area w i t h  t h i c k e r  coal i n  t ximum sur face su 
the  f i r s t  panel was 4.72 f e e t ,  second panel , 5. 
vey, December 4, 1978). I t  was found t h a t  the  second panel had a  13 per-  
cent  increase i n  maximum sur face subsidence as comp ed t o  the  f i r s t  
panel. The comparison was made when the  faces h  vanced equa l l y  from 
the  sur face monuments, which show the  maximum su nce o f  each panel. 

This  d i f f e r e n c e  may be a t t r i b u t a  l e  t o  the  presence o f  f a u l t  system 
t h a t  runs along the  l eng th  o f  t h  i f f e r e n t i a l  move- 
ments can take p lace along a l l ow  l a r g e r  
o f  rock t o  cave, reducing idence usual1 
increases when a  longwal l  e r  longwal l  panel , 
as compared t o  the  smal ler  amount e d o v e r a  s i n g l e  ' 

l ongwal l  panel i n  a  v i r g i n  coal min ing area. 

The cores f o r  these t e s t s  were obta ine from the  r o o f  o f  t he  mine 
d r i l l i n g  from the  mine l e v e l .  A t o t a l  o f  50 f e e t  o f  core was reco 
and tes ted  f o r  i t s  physical  s t rength .  Tes t ing  proce ures, t he  raw data, 
and core desc r ip t i ons  are i n  appendixes A and B. 
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Subsidence 
(fi) 

by end constraints , by end constraints 

Unmined 

rofile monument line. Void measurements are in feet. 

and mined. 



i t y  t o  small var i  i 
ce i s  required, m 
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Immediately prior to  testing, a section of core i s  removed from the 
plastic t u b i n g  and wrapped in tape to  hold the specimen together and to  
protect i t  from the oi l  and kerosine used d u r i n g  sample preparation. 
Samples are cut to a right cyclinder with a saw, and the ends are lapped 
to obtain a length-to-width ra t io  of about 2.5 w i t h  a tolerance for non- 
parallelism of 4.0025 inch. The 2 . 5 9  ra t io  i s  not always maintained 
especially within a section of core where data are needed, so a short 
specimen i s  used. The compressive strength values of the short samples 
are i n  the raw s ta te  and are not normal ized to  any specific 1 ength-to- 
width rat ios .  Loading i s  under constant s t rain conditions a t  rates 
indicated on the raw data sheets. No caps of any type were used. 

The modulus i s  obtained as a tangent modulus a t  50 percent of the uncon- 
fi'ned compressive strength. The ul timate compressive strength i s  found 
by dividing the ultimate axial force by the area of core perpendicular 
to i t s  axis. 

indirect tensile stre 

Discs w i t h  thicknesses one-half the diameter of the core are used i n  the 
indirect tensi le  testing. The discs are compressed diametrically 
between h i g h  modulus platens (steel ) . 
The values of indirect tensi le  strength, ot, are calculated by the 
following equation ( F  = axial load, D = diameter of the disc,  t = thick- 
ness of the disc):  

Samples are unwrapped, prepared, and tested the same day to minimize 
moisture loss. Portions of the tested samples are used for  water-content 
determinations. Moisture content i s  calculated as a percentage of the 
dry weight of the sample. The water content of the tested samples i s  
displayed i n  Appendix B. 
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APPE A 

Top of Hole 

EZevation 
Thick- 
ness Top Bottom 
Cft ,  Cftl Cft,  

Shale (Lawson, Carbondale Formation Member)-- 
F ine grained, medium gray, noncalcareous 
w i t h  occasional hard, dark, i r o n  bands. 
Sharp contac t  t o  . . . . . . . . . . . . .  8.25 -199.33 -209.58 

Limestone (Conant) - 
Gray f o s s i l i f e r o u s  w i t h  a rg i l l aceous  
ma t r i x .  Increas ing  shale and carbona- 
ceous ma te r ia l  downward. Grades i n t o  . . 1.41 -209.58 -208.90 

Shale ( p a r t  o f  Jarnestown)- 
Dark gray, l i m y  shale, w i t h  l imestone 
nodul es . L i g h t e r  c o l  ored upwards. 
Grades i n t o  . . . . . . . . . . . . . . .  1.33 -208.98 -210.32 

Coal (James town) - 
. Hard, very bony, w i t h  some t h i n  v i t r a i n  

bands. I n te r l aye red  w i t h  dark-gray t o  
b lack carbonaceous s ha1 e. Sharp con- 
t a c t  t o  . . . . . . . . . . . . . . . . .  .5 -210.32 -210.82 

Shale- 
Gray, hard, calcareous, w i t h  small f o s s i l  
fragments. Sharp contac t  t o  . e m . . e .  -16 -210.82 -210.98 

Shale- 
Dark gray, carbonaceous, t op  p a r t  
reworked; s l  i ckensided w i t h  ho r i zon ta l  
c a l c i  t e - f i l  l e d  cracks i n  t op  1 ft. Grades 
downward i n t o  gray shal e w i  t h  l ami nae o f  
f o s s i l  s h e l l s  and s h e l l  fragments. Some 

. . . .  s h e l l s  1 i n .  across. Grades i n t o  5.83 -210.98 -216.81 
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EZevation 
Thick- 
ness Top Bottom 
Cftl Cftl Cftl 

Limestone (Brereton)-- 
Gray, f i ne grai  ned, argi  l 1 aceous , dark- 
eni ng downward. o re  argi  11 aceous down- 
ward. The e n t i r e  length shows high angle 
80" j o in t s  o r  f rac tu res  with c a l c i t e  
f i l l i n g ,  3 o r  4 subparallel  k t o  1 in .  
apar t .  Grades quickly i n to  . . . . . . . 4.58 -216.81 -221.39 

Shale (Anna)- 
Black, hard, f i s s i l e ,  f i n e  s i l t  lenses 
a t  top. Several 45" slickensided planes 
and ver t i ca l  j o in t s  with c a l c i t e  f i l l i n g  . 2.91 -221.39 -224.3 

Next 2 un i t s ,  not cored- 
Gray shale r o l l  and coal ; cu t  out by 
entry  in which we d r i l l e d .  

Shale- 
Medium gray, hard, smooth. Sharp contact .  1.2 -224.3 -225.5 

Coal (Herri n) - 
Normal l y  br ight  banded, bl ocky, prominent 
c l e a t  with some c a l c i t e  f i l l i n g .  Sharp 
contact  t o  . . . . . . . . . . . . . . . . 7.5 -225.5 -233.0 

Cl ays tone- 
Dark gray, weak, sl ickensided,  get t ing 
progressively calcareous towards bottom 
of core.  Top not calcareous . . . . . . . 2.16 -233.0 -235.16 

Bottom of Hole 

Total core: 24.97 f t  

Location: 974 f t  north on the 21st  North Entry o f  the  
1-11 West North 

Date : Cored from within the  mine on February 2-3, 1977. 
Elevation of the  base of the  coal i s  an estimate. 
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Core LW-1: Mechanical Proper t ies  o f  Longwall Roof Rock* 

Type o f  t Unconf i ned I n d i r e c t  
rock  compressive Unconfined t e n s i  1 e Moisture 

F t  above ( c l a s s i f i - $  s t reng th  modulus s t reng th  content  S p e c i f i c  Shore 
coal seam c a t i o n )  ( p s i  ( p s i  x l o 6 )  ( p s i )  (%I g r a v i t y  hardness 

0.3 Anna Sh. 8,773 1.0 765 2.64 1.99 ' 36 
(CL 

4.5 Brereton Lrn. 13,854 3.3 2,380 0.75 2.54 46 
(CM) 2,156 

8.9 Calc. Sh. 9,980 1.5 1,048 2.04 2.53 26 
(CL 

14 Carb. Sh. 7,334 1.2 983 2,19 2.31 21 
(CL 

15.8 Conan t Lrn . 16,350 2.7 2,281 0.90 2.61 44 
(BL) 

18.3 Lawson Sh. 5,862 1.5 - 1,29 2.62 25 
(DM) 

25 Lawson Sh. 6,345 1.1 706 2.43 2.51 16 

* Determined by Engineering Geol ogy, Appl i ed Rock Mechanics Laboratory, Department o f  Geology, 
U n i v e r s i t y  o f  I l l i n o i s .  

t Based on I 1  1 i n o i s  S ta te  Geological Survey core d e s c r i p t i o n  (p. 43-44). 

Deere and M i l l e r  c l a s s i f i c a t i o n  (1966). 



APPE 

Top of Hole 

Ft above 
coaZ seam 

Thick- 
ness Top Bottom 
Cft )  Cf t )  Cftl 

Limestone  r re re ton Member) - 
Gray, f ine-grained, argi l laceous.  
Dark arg i l laceous bands near base. 
Grades qu ick ly  i n t o  . . . . . . . . .5 11.71 11.21 

Shale (Anna Shale Member)- 
Black, f i s s i l e ,  bedded. High angle f rac -  
t u re  ( j o i n t s )  i n  lower f o o t  o f  u n i t .  
Bedding i n c l  ined 14", para1 l e l  i ng  the 
contact  w i t h  the Energy Shale. 1 cm 
t h i c k  ca l c i t e -apa t i t e  band 7 i n .  up from 
the base o f  the u n i t .  Sharp i n c l  ined 
(14O) contact  t o  . . . . . . . . . . . . . 3.67 11.21 7.54 

Shale ( ~ n e r g y  Shale Member)-- 
Medi um gray, f i n e  g ra i  ned, hard, s i  d e r i  t e  
bands and nodules throughout. No s l i p s  
o f  j o i n t s  noted . . . . . . . . 7.54 7.54 0 

Bottom of  Hole 

Location: 24th North Entry ( a t  1540 ft north) ,  o f f  the 
West North Mains (1-11 group). 
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D r i  11 Hole LW-2: Mechanical Proper t ies*  

Unconf i ned I n d i r e c t  
compressive Unconfined t e n s i  1 e Moi s t u r e  

F t  above Type o f  s t reng th  modulus s t reng th  content  Shore 
coal seam rock ( p s i  ( p s i  x l o 6 )  ( p s i  (%  1 hardness 

2.0 Energy She 

2.5 Energy Sh. 

3.2 Energy Sh. 

3.6 Energy Sh. 

6.8 Energy Sh. 

7.8 Anna Sh. 

10.3 Anna Sh. 
- 

* Determined by the  I 1  1 i no i  s S ta te  Geological Survey Rock Mechanics Laboratory. 



Limestone- 
Coring stopped i n  limestone. 

Ft above 
coaZ seam 

Thick- 
ness Top Bottom 
Cft) (ft) Cftl 

Shale- 
Dark gray, f i n e  grained, scat tered bands 
o f  whi te f o s s i l  fragments. Best f i t s  
desc r ip t ion  o f  shale u n i t  below Conant 
limestone. Grades qu ick ly  i n t o  . . . . .  -83 

Limes tone (Brereton? Member) - 
Medium gray, f i n e  grained, massive. 
Grades qu ick ly  i n t o  . . . . . . . . . . .  .46 

Shale (Anna Shale Member)- 
Black, lower f o o t  i s  f i s s i l e ,  jo in ted.  
Upper p a r t  massive. Beds i nc l  i ned 5". 
High angle f rac tures ( j o i n t s )  present i n  
lower 2 ft. Concretion from 4.75 t o  
11.5 i n .  above base o f  u n i t .  Sharp con- 
t a c t t o  . . . . . . . . . . . . . . . . .  3.06 

Shale (Energy Shale Member)- 
Medium gray, f i n e  grained, s i d e r i t e  bands 
and nodules throughout. One s l i p  encoun- 
tered i n  core 15.5 f t  above base o f  u n i t .  
Top 2 feet  of core i s  darker gray. . 18.46 

Bottom o f  Hole 

Location: 1442 f t  nor th  on the 24th North Entry o f f  the West North 
Mains (1-11 group). 

l LLlNOlS STATE GEOLOGICAL SURVEY CONTRACT REPORT 1982-2 
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