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USE OF SURFACE JOINT AND PHOTOLINEAR DATA FOR PREDICTING 
SUBSURFACE COAL CLEAT ORIENTATION 

by 

Wo P o  Diamond, 1 C, Mo McCul loch, 1 and Bo Me Bench 1 

ABSTRACT 

Coalbeds exhibi t  a d i rec t iona l  permeability, with the maximum permeabil- 
i t y  oriented pa ra l l e l  t o  the face c l ea t .  Thus, the most e f f i c i e n t  pat tern of 
v e r t i c a l  degasif icat ion holes for  a coalbed i s  dependent upon c l ea t  orienta- 
t ion.  Surface jo in t s ,  infrared photolinears, and Ronchi grat ing photolinears 
were investigated as  po ten t ia l  estimators of subsurface c l ea t  orientation.  
Cleat or ientat ions  were masured i n  18 mines, i n  the Pittsburgh coalbed i n  
southwestern Pennsylvania and northern West Virginia t o  be used as a standard 
against  which prediction techniques would be evaluated. Two c l ea t  systems 
with a strong geographic segregation were measured i n  the study area:  
N 67" W - N 28" E (95" separation) for the north,  and N 76" W - N 17" E 
(93" separation) for  the south. 

Directional data obtained from the three techniques investigated yielded 
sa t i s fac tory  regional predictions of c l ea t  or ientat ion.  Analysis of surface 
joints  was the only technique considered suf f ic ien t ly  r e l i ab l e  on a local  
basis .  Prediction of c l e a t  or ientat ion i s  based on the pairing of the pr inci-  
pa l  d i rec t iona l  s e t s  i n t o  a l l  reasonable combinations of fundamental systems. 
The system o r  systems composed of the most dominant s e t s  nearest t o  90" separa- 
t ion  a re  l ike ly  t o  be a r e l i ab l e  prediction of c l ea t  orientation.  The most 
dominant s e t  of the system selected i s  l ike ly  t o  be the face c lea t .  

INTRODUCTION 

Cleat i s  the natural ly  occurring v e r t i c a l  f racture  i n  coal. Two c l ea t  
s e t s  are  c m o n l y  oriented perpendicular t o  each other t o  form a fundamental 
system (&).2 The more dominant f racture  i s  the face c l e a t ,  which cuts across 
bedding surfaces i n  the coal and may extend for  many f e e t  horizontally.  The 
but t  c l ea t  i s  a shor t ,  poorly developed fracture  t ha t  commonly i s  truncated 
by the face c lea t .  

l ~ e o l o g i s t .  
a ~ n d e r l i n e d  numbers i n  parentheses r e f e r  t o  the l i s t  of references a t  the end 

of t h i s  report .  



(Butt cleat , , /Face cleat 

I It has been demon- 

1- II s t r a t ed  by the  Bureau of 
Mines (L) t h a t  coalbeds 1 exhib i t  a  d i r ec t i ona l  perme- 

Degasificat~on a b i l i t y  d i r e c t l y  r e l a t ed  t o  A- hole ---- I -L---- t h e  c l e a t  system. Degasi- 
-J-1 I I -r Drainoge ellipse f  i c a t i on  experiments con- 

/ ' - A,' , _i_. ducted underground i n  coa l  
I I I I I mines have shown t h a t  - -- 1 I-- horizont a1 holes d r i l l e d  

perpendicular t o ,  and there-  
FIGURE 1. - Plan view of directional permeobi l i ty due fo re  in te r sec t ing ,  the  

to cleat orientation. l a rge s t  number of face  
c l e a t s  w i l l  y ie ld  2.5 t o  10 

times asmuch gas as holes d r i l l e d  perpendicular t o  the  b u t t  c l e a t .  This 
observation can i n  t u rn  be r e l a t ed  t o  t he  placement of v e r t i c a l  degas i f i ca t ion  
holes d r i l l e d  from the  surface i n t o  a coalbed. A v e r t i c a l  hole i n t o  a coalbed 
with a we 11-developed face and bu t t  c l e a t  ( fo r  example, the  Pit tsburgh coalbed) 
w i l l  c o l l e c t  gas a t  a  higher r a t e  from the  face c l e a t  d i r ec t i on  than from the  
bu t t  c l e a t  d i rec t ion .  Therefore, an e l l i p t i c a l  drainage pa t t e rn  ( f ig .  1)  w i l l  
be developed with the long ax i s  p a r a l l e l  t o  t he  face c l ea t .  

To determine the most e f f i c i e n t  pa t t e rn  f o r  v e r t i c a l  degas i f i ca t ion  holes 
i n  an area  of v i r g i n  coa l ,  the  subsurface c l e a t  o r i en t a t i on  must be determined, 
I n  conjunction with an extensive inves t iga t ion  of the  Pi t t sburgh coalbed i n  a 
39-quadrangle area  i n  southwestern Pennsylvania and northern West Virginia ,  a  
study was undertaken t o  evaluate severa l  techniques fo r  est imating c l e a t  o r i -  
enta t ion.  The area  of study was pa r t i cu l a r l y  w e l l  su i t ed  f o r  the  proposed 
inves t iga t ion  owing t o  the  well-developed c l e a t  system of the  Pi t t sburgh coa l  
and the  numerous underground mines, which provided exce l l en t  con t ro l  da t a  on 
c l e a t  or ienta t ion.  

DETERMINATION AND ANALYSIS OF CLEAT ORIENTATION 

Cleat  o r ien ta t ions  were measured i n  18 mines operating i n  the Ptt tsburgh 
coalbed ( f ig .  2 ) .  Data were p lo t t ed  on a semicircular  rose  diagram fo r  evalu- 
a t ion  of cle 'at  o r ien ta t ion  fo r  each mine. A s ing le ,  well-defined c l e a t  sys-  
tem, such as f o r  the  Osage No. 3 mine ( f ig .  3 ) ,  was t yp i ca l l y  observed. The 
mean face and bu t t  c l e a t  o r ien ta t ion  of each mine was p lo t t ed  on a composite 
rose  diagram ( f i g .  4) t o  demonstrate the  regional  trends.  

The composite rose  diagram ( f i g .  4) indicates  the  presence of two nearly 
orthogonal c l e a t  systems. The two fundamental c l e a t  systems calcula ted fo r  
the  study area  are N 67" W - N 28" E (95" separat ion) ,  and N 76" W - N 17" E 
(93" separat ion) .  The f i r s t  system i s  composed of the readings from mines 
located i n  the  northern pa r t  of the  study area (Nos. 1-7, f i g .  2) plus one 
mine (No. 9) more c lose ly  associated geographically with the southern par t .  
The second system i s  composed of readings from the mines (Nos. 8 and 10-18) 
located i n  the  southern par t  of the  area. 



FIGURE 2. - Structure, cleat orientation, and mine locations in study area. 
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FIGURE 3. - Cleat orientation, Osage No. 3 mine, 
Monongalia County, W. Va. 

N 
4 Butt cleat 

Face 
cleat 

Nickelsen and Hough (4) , 
i n  t h e i r  study of jo int ing 
i n  the Appalachian Plateau 
of Pennsylvania, reported 
s imi lar  segregations,  con- 
cluding t ha t  there  exis ted  
a "number of loca l ly  domi- 
nant trends. " They a lso  
noted an "overlap of t rends 
dominant i n  adjacent loca l  
areas and tha t  i sola ted 
occurrences of any given 
jo in t  s e t  may occur f a r  from 
the  area  of i t s  g r ea t e s t  
dominance. " The l a t t e r  con- 
c lusion was observed fo r  the  
Humphrey No. 7 mine (No. 9) ,  
which was geographically 
within the southern group of 
mines, but the c l e a t  o r ien-  
t a t i o n  was s imi la r  t o  those 
of the  northern mines. The 
Blacksvil le  No. 1 mine 
(No. 10) t o  the west of the  
Humphrey No. 7 mine has a 
bimodal face c l e a t  peak 
( f ig .  5). The most dominant 
face  c l e a t ,  N 75" W ,  is  
s imi la r  to t ha t  of the  
southern group of mines 
where the mine i s  geograph- 
i c a l l y  located. The second- 
ary face c l e a t ,  N 63" W, i s  
s imi la r  t o  tha t  observed i n  

36 readings total 0 10 the  northern group of mines. 
U The Pursglove No. 15 mine 

Scale of readings (No. 12), located adjacent 
t o  mines 9 and 10, has a 

FIGURE 4. - Composite rose diagram of cleat orientation. 
suggestion of a bimodal face 
and bu t t  c l e a t  s imi la r  t o  

t ha t  of the  Blacksvi l le  No. 1 mine. However, the  separat ion of the  peaks i s  
not considered su f f i c i en t  to  ca lcu la te  two separate  fundamental systems. 

The separation of the  c l e a t  readings i n t o  two d i s t i n c t  systems ind ica tes  
approximately a 10" ro t a t i on  of the  c l e a t  system, clockwise northward through 
the  area. The ro t a t i on  of the  c l e a t  system i s  s imi la r  t o  the  change i n  trend 
observed fo r  the  fold axis  of the area ( f ig .  2). The b u t t  c l e a t s  a re  essen- 
t i a l l y  p a r a l l e l  t o  the  ax i a l  trends of fo lds ,  and the  face c l e a t s  a r e  perpen- 
d icu la r  t o  them. It has been proposed by Nickelsen and Hough (5) and r e i t -  
erated by McCulloch and others  (2) t h a t  the  face c l e a t s  were formed as 
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FIGURE 5. - Cleat orientation, Blacksvil le No. 1 mine, 
Greene County, Pa., and Monongal ia 
County, W e  Va. 

extension f rac tu res  oriented 
p a r a l l e l  t o  the g r ea t e s t  
p r inc ipa l  compression s t r e s s  
ax i s  t h a t  produced the  
a rea ' s  fo lds .  The o r i g in  of 
b u t t  c l e a t s  i s  obscure, but 
they a r e  possibly re lease  
f rac tu res  formed perpendic - 
u l a r  t o  the g r ea t e s t  p r i nc i -  
pal  compressionalstress ax i s  
during erosion and u p l i f t .  
I f  t h i s  i s  t rue ,  then rocks 
other than coal  po t en t i a l l y  
have s imi la r  j o in t  o r ien ta -  
t i o n  and dominance, hence 
the study of surface jo in t s  
and photolinears t o  de te r -  
mine i f  they can be used t o  
p red ic t  c l e a t  o r i en t a t i on  i n  
v i rg in  coa l  areas. 

TECHNIQUES FOR PREDICTION OF CLEAT ORIENTATION 

Three techniques were imrest igated fo r  poss ible  use i n  c l e a t  predict ion.  
Surface j o in t s  were measured fo r  each of the 39 quadrangles of the  study area. 
A minimum of 10 sample locations per quadrangle; with a t  l e a s t  10 readings per 
location,  were obtained. Jo in t s  of varying prominence were measured i n  a l l  
l i tho log ies  i n  varying bed thicknesses t o  obta in  a broad est imate of j o in t  
s e t s  present  i n  each quadrangle. Infrared a e r i a l  photographs were examined 
s tereoscopical ly  f o r  l inears .  Owing t o  the masking e f f e c t  of the  urban and 
mining cu l t u r e  on the area,  photolinear i n t e rp r e t a t i on  was based predominantly 
on s t r a i g h t  water courses,  stream va l leys ,  and abrupt r ight-angle  bends of 
streams. Thirteen photoindex sheets  covering the  study area  were inspected 
f o r  photolinears using a Ronchi defract ion grat ing.  This technique (5) com- 
bines many indis t inguishable  small p a r a l l e l  l i nea r  fea tu res  i n to  a more read- 
i l y  observable d i r ec t i ona l  trend. Because the  s ca l e  of the  photoindex sheets  
i s  1 inch equals 1 mile, only very general t rends can be d i f f e r en t i a t ed ;  
individual  l i nea r s ,  which could be seen with the in f ra red  photographs a t  a 
s ca l e  of 1 inch equals 2,000 f e e t ,  could not be iden t i f i ed .  

ANALYSIS OF REGIONAL DIRECTIONAL DATA 

For the  three  techniques invest igated,  the d i r ec t i ona l  da ta  were o r i g i -  
na l l y  compiled and plot ted  on rose  diagrams fo r  individual  7-1/2-minute quad- 
rangle o r  photoindex sheet  areas .  Peaks were defined by comparing the  number 
of readings comprising each high point on a rose diagram with the number of 
readings i n  the adjacent 5" in te rva l s .  A decl ine  of one-third the number of 
readings comprising a high point  was used t o  define the  l i m i t s  of an individ-  
ua l  peak, with the  f i r s t  5' in te rva l  containing l e s s  than two-thirds of the 
high point  not  being included within the  peak. However, i f  the f i r s t  5 O  
i n t e rva l  t o  decline one-third the  number of readings,  and the next adjacent 



N 
5" i n t e r v a l  decl ines  an  
add i t iona l  one-third,  then 
the  f i r s t  5' i n t e r v a l  t o  
decl ine  one - th i rd  i s  
included a s  p a r t  of the  
peak. To be included i n  t h e  
analys is  of d i r e c t i o n a l  

I t rends ,  t h e  peaks a s  defined 
76 Average number of readings must (1) extend a b w e  the  

per 5 O  interval (5.8) l i n e  of the  average number 
of readings,  and (2) be 

0 10 composed of a t  l e a s t  4 
207 readings totol - 

Scale of read~ngs percent of the  t o t a l  number 
of readings. 

FIGURE 6. - Composite rose diagram of principal sur- The values of the  
face joint trends. t rends from a l l  individual  

areas  were p lo t t ed  on a 
N s i n g l e  regional  composite 

rose  diagram f o r  each 
technique ( f igs .  6-8). 
Trends on t h e  composite rose  
diagrams of t h e  surface  
j o i n t  and i n f r a r e d  photo 

veroge number of readings d a t a  were assigned orders  of 
per 5' interval (6.5) dominance ( t a b l e  1) based on 

t h e  t o t a l  number of readings 
comprising each peak. A 
di f fe rence  of 10 percent  i n  
the  number of readings i s  

0 10 considered s u f f i c i e n t  t o  
233 readings total I ass ign  d i f f e r e n t  orders  of 

Scale of readings dominance. 

FIGURE 7, - Composite rose diagram of ~ r i n c i p a l  infrared Trends es tab l i shed  by 
photograph photolinears. t h e  Ronchi inspect ion of 

photoindex shee t s  could not 
be assigned meaningful orders  of dominance based on the  composite rose  d i a -  
gram. This i s  the  r e s u l t  of a small  number of readings and the  high degree 
of s i m i l a r i t y  between t rends  obtained from a l l  photoindex shee t s ,  which pre-  
cludes the  enhancement of one trend over another. However, it was poss ib le  t o  
ass ign orders of dominance t o  t h e ' d a t a  based on a v i s u a l  impression of image 
"strength" as each index sheet  was viewed through t h e  Ronchi gra t ing.  
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The p r i n c i p a l  r eg iona l  

s e t s  of t a b l e  1 a r e  pa i red  
i n t o  combinations of funda- 
mental systems i n  t a b l e  2. 

Two surface  j o i n t  sys-  
tems (Nos. 2  and 4)  a r e  com- 
posed only of j o i n t  s e t s  of 
t h e  f i r s t  order  of dominance. 
Both systems a r e  composed of 
t h e  N 15" E '  s e t .  System 4 ,  
wi th  a  91" sepa ra t ion ,  more 
c l o s e l y  approaches the  i d e a l  

0 10 fundamental system's 90" 
104 readings total - sepa ra t ion  than does sys-  

Scale of readings tern 2 ,  which has a  72" 
separa t ion .  System 4  

FIGURE 8. - Composite rose diagram of principal photo- (*N 76" W' - N 15" E' ) is  
q u i t e  s imi la r  i n  o r i e n t a t i o n  

index ineors. 
t o  the *N 76" W'  - N 17" E '  
c l e a t  system es t ab l i shed  

underground. The N 76" W' set of system 4  i s  t h e  most dominant s e t  of sys-  
tem 4 ,  and i t  p a r a l l e l s  the  face c l e a t .  The N 76" W' s e t  could a l s o  be paired 
with the  N 27" E" s e t  (system 5 ) ,  but  the  sepa ra t ion  of 103" is  g r e a t e r  and 
the  N 27" E" s e t  i s  l e s s  dominant than t h e  N 15" E'  s e t .  

TABLE 1. - Pr inc ipa l  d i r e c t i o n a l  s e t s  i n  order  of dominance 

NOTE.--Sets of equal  dominance a r e  l i s t e d  i n  the  same column of a  d a t a  source. 

Data source 

Surface j o i n t s  ................... 
Photol inears  (TR photographs) .... 
Photol inears  (photoindex shee t s ) .  

................... Surface j o i n t s  
Photol inears  (IR photographs). ... 
Photol inears  (photoindex shee t s ) .  

West 
I 

N 57" W 
N 76" W 
N 65" W - 
N 70" W 

I1 - 
- 

N 25" W - 
N 44" W 

East  
I 

N 15" E 
N 20" E 
N 27" E 

v 
- 
- 

N 13" W - 
- - 

I11 
N 34" W, - 
N 79" W 
N 40" W 
N 23" W 

I V  - 
- 
- 
- 

N 09" W 

I1 
N 27" E 
N 01" E 
N 77" E 

I11 
N 37" E 
N 75" E 
N 12" E 

I V  
N 47" E - 
N 55" E 



TABLE 2. - Fundamental reg ional  systems from d i r e c t i o n a l  da t a  

NOTE. --Superscripts  i n d i c a t e  the  o rde r  of dominance wi th in  the  d i r e c t i o n a l  
group ( e a s t  o r  west)  f o r  each da ta  source ,  and an a s t e r i s k  i n d i c a t e s  
the  dominant t rend  of each system. 

Data source 

Clea t  : 
1. .................................... 
2. .................................... 

Surface j o i n t s  : 
1. .................................... 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 .  .................................... 
4 . . .  .................................. 
5. .................................... 
6 ..................................... 

Photol inears  (IR photographs): 
1 ................................... .. 
2 ..................................... 
..................................... 3 

4 ..................................... 
.............. 5 .................... ... 

6 ............................. .. ..... 
Photol inears  (photoindex s h e e t s ) :  

1.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .... 
2 ..................................... 
3 ..................................... 
4 ...................................... 
5 ...................................... 

The N 57" W '  s e t ,  i f  not  pa i red  wi th  N 15O E'  , can be pa i red  wi th  
N 27" E" (system 1 )  f o r  an 84O sepa ra t ion  o r  w i th  N 37" El ' ' (system 3 )  f o r  
a  94" sepa ra t ion .  System 1 (*N 57" W' - N 27" E l ' )  i s  reasonably s i m i l a r  t o  
the  *N 67" W' - N 28" E '  c l e a t  system e s t a b l i s h e d  underground. System 3 
(*N 57" W' - N 37" E' ' ' ) , though not  s u b s t a n t i a l l y  d i s s i m i l a r  from the 
*N 67" W' - N 28" E' ' c l e a t  system, i s ,  however, composed of one s e t  of t he  
t h i r d  order  of dominance. The *N 57" W' s e t  of systems 1 and 3 i s  t he  most 
dominant s e t  of the systems and i s  reasonably s i m i l a r  t o  the face  c l e a t  
o r i e n t a t i o n .  

The f i r s t  i n f r a r e d  photo l inear  system (*N 65" W' - N 20" E '  ) i s  composed 
of the  most dominant wes te r ly  s e t  and the most dominant e a s t e r l y  s e t .  This  
system bes t  e s t ima tes  t h e  e s t ab l i shed  *N 67" W' - N 28" E'  coa l  c l e a t  system. 
The *N 65" W1 s e t  i s  the  most dominant of t he  system, and i t  nea r ly  p a r a l l e l s  
the  face c l e a t .  The N 20" E '  s e t ,  i f  no t  pa i red  wi th  N 65" W' , could be 
paired with N 79" W' " (system 2 ) ,  which i s  s i m i l a r  t o  the  +N 76" W' - N  17" E '  

Degrees of 
s epa ra t ion  

95 
93 

84 
72 
94 
91  

103 
8 1  

85 
99 
80 
60 

100 
88 

97 
82 

100 
99 
86 

West 

*N 67" w1 
*N 76" W I  

*N 57" w1 
*N 57" W~ 
*N 57" W1 
*N 76" wt 
*N 76" wr  
*N 34" w l i r  

*N 65" W' 
N 7 9 " ~ " ~  
N 7 9 " ~ ' ~ ~  
N 4 0 ° ~ ' f t  
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c l e a t  system. However, photo l inear  system 2  conta ins  one s e t  of the  t h i r d  
order  and has a  l a r g e r  divergence from 90' than does system 1. The N 79" W" ' 
set can  a l s o  be pa i red  wi th  N 01" E'  ' (system 3 )  f o r  a n  80' separa t ion .  This 
system, while  having one s e t  (*N 01' E" ) t h a t  diverges 16" from the  b u t t  
c l e a t  of  t h e  *N 76' W' - N 17" El c l e a t  system, has one s e t  (N 79" W' ' ' ) t h a t  
only d iverges  3" from t h e  face  c l e a t .  However, system 3  i s  composed of one 
s e t  02 the t h i r d  o rde r ,  and more s i g n i f i c a n t l y  the  most dominant s e t  of 
the system *N 01" E' ' i s  i n  the b u t t  c l e a t  d i r e c t i o n .  The f o u r t h ,  f i f t h ,  and 
s i x t h  photol inear  systems a r e  each composed of one component of t h i r d  o r  lower 
order  of dominance and have no s i m i l a r i t y  t o  the  e s t ab l i shed  c l e a t  systems. 

The f i r s t  photoindex system (*N 70" W' - N 27" E'  ) i s  composed of the  two 
most dominant s e t s .  This system i s  s i m i l a r  t o  the  *N 67" W' - N 28" E '  c l e a t  
system. The *N 70" W' s e t  i s  t h e  most dominant o f  the  system, and p a r a l l e l s  
the face  c l e a t .  The *N 70" W' s e t  could a d d i t i o n a l l y  be pa i red  with N 1 2 " ~ " '  
s e t  t o  approximate the  *N 76' W' - N 17" E'  c l e a t  system. This second system, 
however, conta ins  one component of the  t h i r d  order .  The remaining th ree  photo- 
index systems a r e  composed of s e t s  of second and lower orders  of dominance and 
a r e  not  s i m i l a r  t o  the  e s t ab l i shed  c l e a t  systems. 

ANALYSIS OF LOCAL DIRECTIONAL DATA 

The r e l a t i o n s h i p  between c o a l  c l e a t s  measured i n  ind iv idua l  mines and 
the  d i r e c t i o n a l  t rends  e s t ab l i shed  by measuring j o i n t s  and photol inears  
d i r e c t l y  overlying the  mines i s  given i n  t a b l e  3 .  Surface j o i n t s  provided the  
b e s t  e s t ima to r  of c l e a t ,  averaging wi th in  27.4" of the  face c l e a t  and 56 -6" 
of the  b u t t  c l e a t .  It was poss ib le  t o  c o r r e c t l y  p r e d i c t  t h e  face  c l e a t  
d i r e c t i o n  f o r  14 of the 18 mines using the  su r face  j o i n t  da ta .  The photo- 
l i n e a r  da ta  were considerably l e s s  r e l i a b l e ,  wi th  averages of '23.7" f o r  the 
face c l e a t  and '19.4" f o r  the  b u t t  c l e a t .  The face  c l e a t  d i r e c t i o n  was cor- 
r e c t l y  predic ted  i n  only 7  of the  18 mines. 

The high degree of divergence observed f o r  t h e  photol inear  ana lys i s  i s  
pr imar i ly  the  r e s u l t  of a  dominant wes ter ly  photol inear  s e t  i n  t h e  v i c i n i t y  
of N 15" - 30" W .  This i s  s i m i l a r  t o  the *N 25" W" s e t  observed on the  
photol inear  composite rose  diagram ( f i g .  7 ) ,  and t h e  N 34" W' ' ' s e t  on t h e  
su r face  j o i n t  composite rose  diagram ( f i g .  6 ) .  Lattman and Nickelsen (2) , 
i n  an i n v e s t i g a t i o n  of the c o r r e l a t i o n  between surface  j o i n t s  and photol inears  
i n  a  smal l  (6-square-mile) a rea  of c e n t r a l  Pennsylvania, determined t h a t  even 
though the  face  c l e a t  gene ra l ly  c o r r e l a t e d  wi th  the  dominant su r face  j o i n t  and 
photol inear  s e t s ,  c o a l  c l e a t  o r i e n t a t i o n s  were not  necessa r i ly  r e f l e c t e d  i n  
sur face  j o i n t s  i n  sha le  and sandstones.  It was a l s o  found t h a t  t h e  j o i n t s  i n  
sha les  and sandstones produced the  s t r o n g e s t  photo l inears .  It seems poss ib le  
t h a t  i n  l i g h t  of these  observat ions ,  a  sur face  j o i n t  t rend t h a t  i s  not  par- 
a l l e l  t o  a  c l e a t  o r i e n t a t i o n  may be i n t e n s i f i e d  a s  a  photol inear  i n  l o c a l  
a r e a s .  
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Analysis  of d i r e c t i o n a l  d a t a  f o r  a  l imi ted  a rea  i s  hampered by problems 
no t  nonnally encountered i n  a  r eg iona l  approach. Surface j o i n t  measurenrents 
a r e  l imi t ed  by the  number and loca t ion  of  outcrops i n  the  a reas  of i n t e r e s t .  
A s  outcrops becoxre l e s s  numerous and f a r t h e r  away from the  a r e a ,  t he  v a l i d i t y  
of t he  a n a l y s i s  decreases.  Under these  cond i t ions ,  pho to in te rp re t a t ion  would 
perhaps be b e n e f i c i a l  because i t  does not  r e l y  on outcrops f a r  d a t a .  However, 
photoanalys is ,  which depends on the  a v a i l a b i l i t y  of q u a l i t y  photographs and 
a n  experienced photo in terpre  t e r  , was s i g n i f  ic.ant l y  l e s s  r e l i a b l e  than  f i e l d  
measurements of j o i n t s  i n  the  a r e a  inves t iga t ed .  Both methods a r e  l imi t ed  by 
the  small number of d i r e c t i o n a l  measurements usual ly  obta inable  f o r  a small 
a r e a .  With smal l  samples,  i nd iv idua l  t rends  s tand  out  l e s s  c l e a r l y ,  which 
makes a n a l y s i s  d i f f i c u l t .  

CRITERIA FOR CLEAT EXEDICTION 

The pa i r ing  of t h e  e s t a b l i s h e d  s e t s  i n t o  a l l  reasonable cambinations of 
fundamental systems i s  of primary importance i n  a n a l y s i s  of each type of d i r ec -  
t i o n a l  da t a .  Which system o r  systems a r e  t o  be used t o  p r e d i c t  the  c l e a t  
o r i e n t a t i o n s  i s  based on the  r e l a t i v e  dminance  of  t he  s e t s  of each system as 
determined by the  number of readings comprising the  corresponding peaks on 
rose  diagrams. A sys teln composed of t he  most dominant s e t  and a  perpendicular  
s e t  of t he  f i r s t  o r  second order  of dominance w i l l  most l i k e l y  g ive  the  b e s t  
e s t ima t ion  of  c l e a t  o r i e n t a t i o n .  The most dominant s e t  of t h e  s e l e c t e d  system 
i s  most l i k e l y  the  face  c l e a t  di-rect ion.  

C lea t  systems of s i m i l a r ,  bu t  d i f f e r e n t ,  o r i e n t a t i o n  may be present .  
Here, two reg iona l  fundamental j o i n t  systems were i n  f a c t  composed of s e t s  of 
t he  requi red  orders  of  dorninance and c o r r e l a t e d  wi th  the  observed c l e a t  
systems. I n  the  a n a l y s i s  of l i n e a r s  from i n f r a r e d  photographs and l i n e a r s  on 
photoindex s h e e t s ,  one system s a t i s f i e d  the  dminancy requirements and was 
c o r r e l a t i v e  wi th  one c l e a t  system, and o the r  sys  tems were reasonably co r re l a -  
t i v e  wi th  the  remaining c l e a t  system. But these  l a t t e r  systems would be 
r e j e c t e d  because one component lacks t h e  necessary r e l a t i v e  dominance. The 
r e j e c t i o n  of an  e s t ima to r  f o r  the second c l e a t  system i s  not  de t r imen ta l  s ince  
the  two c l e a t  systems a r e  separated by only 10". The d i r e c t i o n a l  
systems not  c o r r e l a t i v e  wi th  e s t a b l i s h e d  c l e a t  systems were r e j e c t e d  i n  a l l  
cases because they d i d  not  meet t h e  dominance requirements.  

CONCLUSION 

The r eg iona l  o r i e n t a t i o n  of subsurface c l e a t  systems i n  southwestern 
Pennsylvania and nor thern  West V i rg in i a  i s  r e f l e c t e d  i n  the  f r a c t u r e  t r ends  of 
o the r  rock types.  An a n a l y s i s  of the d i r e c t i o n a l  t rends  of su r face  j o i n t s ,  
l i n e a r s  determined from examination of i n f r a r e d  photography, and Pinears  
observed on photoindex shee t s  using a  Ronchi g r a t i n g  should provide a  r e l i a b l e  
e s t ima te  of c l e a t  o r i e n t a t i o n  i n  a reas  of v i r g i n  c o a l  where s i m i l a r  geologic 
condi t ions  e x i s t .  The procedure depends upon ass igning  a  r ~ l a t i v e  dominance 
t o  the  princTpal  d i r e c t i o n a l  s e t s  obtained by the  th ree  methods and p a i r i n g  
them i n t o  fundamental systems. The a n a l y s i s  of su r face  j o i n t s  i s  t he  only 
technique considered s u f f i c i e n t l y  r e l i a b l e  t o  be  used on a  l o c a l  b a s i s ,  bu t  
even t h i s  may f a i l  i f  t he re  i s  a  s t rong divergence between c l e a t s  i n  c o a l  and 



j o i n t s  i n  the overburden. Rel iable  c l e a t  p red ic t ion  f o r  a  small  a rea  depends 
on the  measurement of enough l i n e a r  f ea tu res  t o  permit d i f f e r e n t i a t i o n  of 
ind iv idua l  t rends .  

Even though inspect ion  of photoindex shee t s  wi th  a  Ronchi g r a t i n g  d id  
al low p red ic t ion  of one of the  r eg iona l  c l e a t  systems, l e s s  confidence is 
placed on t h i s  technique than i n  the  ana lys i s  of sur face  j o i n t  da ta  and 
in f ra red  photol inears .  This i s  because the  dominance of Ronchi g r a t i n g  t rends  
i s  based on a  v i s u a l  impression of  image "strength" a s  opposed t o  a more 
a n a l y t i c a l  approach f o r  the  o ther  techniques. 
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