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PREFACE TO VOLUMES. I, 1.1, ~ ~ ~ ' ' 1 1 1  . 

' 

. . 

I: This  r e p o r t  is w r i t t e n  t o  document p rog res s  made dur ing  

t h e  f o u r t h  year  of our s tudy  f o r  t h e    as tern' Gas Shales  (EGSP) 
. ' . 

P r o j e c t ,  and i t  is  organized t o  meet t h e  needs of r e a d e r s  who 

have a  v a r i e t y  of i n t e r e s t s  i n  t h e  p r o j e c t .  The f i r s t  p o r t i o n  

of Volume I inc ludes  t h e  Executive Summary which g i v e s  a  ' .  

I genera l '  overview h i g h l i g h t i n g  t h e  progress  made over  t h i s  

c o n t r a c t  year .  The second p o r t i o n  of Volume I inc ludes  t a s k  

r e p o r t s  w r i t t e n  by t h e  s p e c i f i c  t a s k  i n v e s t i g a t o r s ,  and it is 

I . w r i t t e n  p r i m a r i l y  f o r  s c i e n t i s t s  i n t e r e s t e d  i n  a t e c h n i c a l  . . 

overview of t h e  f o u r t h  yea r s '  work. Volumes I1 a n d ' I I I  of t h e  

r e p o r t  c o n s i s t s  of appendices  of d a t a  compiled by t h e  p r i n c i p a l  

h v e s t i g a t o r s .  The appendices  s e r v e  as a .data  bank f o r  work 

accomplished dur ing  f i s c a l  1979-1980. These d a t a  can  be used 

. b y  o t h e r  s c i e n t i s t s  w i t h  t h e  p e q i s s i o n  of t h e  p r i n c i p a l  

i n v e s t i g a t o r  r e spons ib l e  f o r  t h e  s p e c i f i c  compilat ion.  
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PART I 

EXECUTIVE SUMMARY - BACKGROUND AND PROGRESS 1979-1980 

ROBERT C .  SHUMAKER 





INTRODUCTION 

This  r e p o r t  p re sen t s  t h e  s c i e n t i f i c  r e s u l t s  and progress  of  ou r  e f f o r t s  
toward understanding s h a l e  gas  product ion from t h e  Devonian s h a l e  w i th in  t h e  
p r o j e c t  a r e a  (Figure 1 )  dur ing  f i s c a l  1979-80. Las t  year ,  f i s c a l  1978-79, 
we e s t a b l i s h e d  a  p o s i t i v e  r e l a t i o n s h i p  between basement s t r u c t u r e  and s h a l e  
gas  product ion i n  southwestern West V i rg in i a .  Th i s  year  we completed compi- 
l a t i o n  of geologic  d a t a  w i t h i n  t h e  ad j acen t  a r e a  of e a s t e r n  Kentucky prepa- 
r a t o r y  t o  t e s t i n g  t h e  a p p l i c a b i l i t y  of t h e  r e l a t i o n s h i p s  observed i n  West 
V i r g i n i a  t o  e a s t e r n  Kentucky. I n  1980-81 we in tend  t o  complete our  a n a l y s i s  
of t h e  in f luence  of geologic  s t r u c t u r e  on Devonian s h a l e  gas product ion f o r  
t h e  e n t i r e  p r o j e c t  a r ea .  

I n  f i s c a l  1979-80 we a l s o  expanded our  geochemical a n a l y s t s  of  e a s t e r n  
Kentucky t o  test t h e  a p p l i c a b i l i t y  of a n  exp lo ra t ion  r a t i o n a l e  developed i n  
t h a t  ' a r ea  t o  a  broader and more thoroughly sampled a rea .  

We embarked on a  computer a n a l y s i s  of  recorded t apes  of s e i smic  d a t a  
c o l l e c t e d  wi th in  t h e  C o t t a g e v i l l e  a r ea .  This  a n a l y s i s  seeks  t o  determine'  i f  
frequency and v e l o c i t y  anomalies are as soc ia t ed  wi th  f r a c t u r e  porosi ty . .  This  
t a s k  i s  being c a r r i e d  on under a  s e p a r a t e  c o n t r a c t  ( D E - ~ ~ 2 1 - 7 9 ~ ~ 1 1 2 8 4 ,  Task 
o r d e r  No.'24) f o r  t h e  upcoming 1980-81 year . '  

PURPOSE OF THE STUDY 

The s p e c i f i c  o b j e c t i v e s  of our  c o n t r a c t  are given i n  t h e  s e c t i o n  e n t i -  
t l e d ,  Objec t ives ,  found w i t h i n  t h e  Task Report s e c t i o n  oi t h i s  Volume. . I n  
gene ra l ,  t h e  'purpose of  o u r . r e s e a r c h  under t h e  EGSP program i s  t o  ana lyze  
s t r u c t u r a l  parameters  of  l o c a l  and' r e g i o n a l  geology t h a t  in f luence .  Devonian 
s h a l e  gas product ion w i t h i n . t h e  c o n t r a c t  a r e a  (Figure 1). Our p r o j e c t  w a s  
designed i n  1976, i n i t i a t e d  i n  e a r l y  1977, and it became f u l l y  s t a f f e d  fo r .  
s i g n i f i c a n t  work i n  1978. E f f o r t s  thus  f a r  have been .channeled toward def in-  
i ng  t h e  s t r u c t u r a l  parameters  t h a t  i n f luence  s h a l e  gas  product ion;  b u t ,  most 
s i g n i f i c a n t l y ,  we have developed an  exp lo ra t ion  r a t i o n a l e  f o r  s h a l e  gas 
( f r a c t u r e  po ros i ty )  e x p l o r a t i o n  i n  West Vi rg in i a .  We a r e  now e n t e r i n g  t h e  
f i n a l  compilat ion and a n a l y s i s  s t a g e  of  t h e  p r o j e c t  which we t r u s t  w i l l  per- 

. m i t  u s  t o  c h a r a c t e r i z e  t h e  s h a l e  over t h e  e n t i r e  c o n t r a c t  a r e a  inc luding  t h e  
e a s t e r n  Kentucky Big Sandy gas  f i e l d .  

. . 
The second goa l  of t h e  EGSP program a t  West V i r g i n i a  u n i v e r s i t y ,  which 

..is t o  provide support  f o r  g e o l o g i s t s  and geophys i c i s t s  s tudying  t o  o b t a i n  
. . 

advanced degrees  i n  t h e  minera l  i ndus t ry  sc i ences ,  has  been.eminent ly suc- 
c e s s f u l .  i n  t h a t  we have placed . n ine  grgduate  l e v e l  g e o l o g i s t s  i n  enkrgy . 

r e l a t e d  employment. 



L E b E N D  
Outcrop area of D e v o n i a n  r o c k s  

Devonian Black S h a l e  gas product ion  

1. Contract a1 - 



' . . METHODS OF APPROACH AND ORGANIZATION 

We have a t t a c k e d  t h e  problem of l o c a t i n g  f r a c t u r e  zonds within '  t h e  
Devonian s h a l e  a long  s e v e r a l  avenues: t h r u  remote sens ing  s t u d i e s ,  subsur- 
f a c e  and s u r f a c e  geologic  s t u d i e s ,  th ru ,  geochemical and geophysical  s t u d i e s ,  
and by hydrologic  s t u d i e s .  Our a t t a c k  has been broad, covering s e v e r a l  
d i s c i p l i n e s ,  and y e t  i t  has been i n t e g r a t e d  i n t o  one work c o n t r a c t  t o . a c h i e v e  
t h e  s t a t e d  goa ls .  Our method of approach t o  a t t a i n  t h e  c o n t r a c t u a l  objec- 
t i v e s  i s  t h r u  t h e  o rgan iza t ion  of our  e f f o r t s  i n t o  s e v e r a l  t a sks :  one t a s k  
is compiling t h e  r eg iona l  s t r u c t u r e ;  a second t a s k  has s tud ied  s u r f a c e  
f r a c t u r e s  and subsur face  f r a c t u r e s  found i n  o r i e n t e d  s h a l e  cores .  A t h i r d  
t a s k  s tud ied  s h a l e  gas product ion  i n  d e t a i l  where r e l i a b l e  product ion d a t a  
is a v a i l a b l e .  A f o u r t h  t a s k  is  i n v e s t i g a t i n g  s u r f a c e  s t r u c t u r e s  which would 
have product ion p o t e n t i a l  i f  found i n  t h e  subsurface,  and a f i f t h  t a s k  com- 
p l e t e d  i t s  s tudy  i n  1979 of ground water-lineament-gas product ion i n t e r r e l a -  
t i onsh ips .  These f i v e  s tudy  groups; t h a t  is: r eg iona l  s t r u c t u r e ,  f r a c t u r e s ,  
subsurface s t r u c t u r e s ,  product ion,  and hydrologic  s t u d i e s ,  have been c a r r i e d  
under one y e a r l y  c o n t r a c t  supported under t h e  EGSP Resource Inventory Tasks. 

Another s tudy  group, a geophys ica l  t a s k ,  has  been c a r r i e d  under t h e  EGSP 
. . Shale c h a r a c t e r i z a t i o n  Task. The geophysical  group has developed a n  inexpen- 

s i v e  se i smic  system which can be .used  t o  assist i n  l o c a t i n g  shal low f r a c t u r e  
zones. 

. . I n  essence,  t h e  f i r s t  two t a s k s ,  r e g i o n a l  s t r u c t u r e  and ' f r a c t u r e  s t u d i e s ,  : 
were designed t o  provide a r eg iona l  o r  bas in  s t r u c t u r e  framework f o r  t he . '  

' 

e n t i r e  p r o j e c t .  Compilation of  t h i s  framework should be  completed i n  t h e  
upcoming year ,  f i s c a l  1980-81. The s u r f a c e  s t r u c t u r e  s t u d i e s  have documented, 
by a n a l y t i c a l  f i e l d  work, those  d e t a i l s  of s t r u c t u r e  which a r e  e i t h e r  slmilar' 
t o  s t r u c t u r e s  which produce gas o r  those  s t r u c t u r e s  which we f e e l  a r e  pros- 
p e c t i v e  f o r  s h a l e  gas  product ion.  This  s tudy  i s  l a r g e l y  completed. Production 
s t u d i e s  have been completed f o r  t h r e e  gas  f i e l d s  where product ion r eco rds  a r e  
a v a i l a b l e  t h r u  coopera t ing  p r i v a t e  companies t h a t  a n a l y s i s  and 'documen- 
t a t i o n  of geologic  parameters t h a t  i n f luence  gas product ion from t h e  sha l e .  
Basin d a t a  c o l l e c t i o n  has been completed f o r  a l l  t h r e e  a r e a s ,  and r e p o r t s  have 
been w r i t t e n  on each i n d i v i d u a l  a r e a .  A comparison of r e s u l t s  and t h e  appl i -  
c a t i o n  of  an  exp lo ra t ion  r a t i o n a l e  developed from our  s tudy  of two f i e l d s  i n  
West 'Vi rg in ia  i s  t o  be appl ied  t o  t h e  e n t i r e  s tudy  a r e a  dur ing  f i s c a l  1980-81 
a s  a t e s t  of t h a t  r a t i o n a l e .  The 'geophys i ca1 ' s tdd ie s  have developed a n  inex- 
pensive geophysical  technique t h a t  can l o c a t e  sha l low f r a c t u r e  zones of h i g h  
permeabi l i ty .  We have found t h a t  r e s i s t i v i t y  surveys can l o c a t e  shal low 
f r a c t u r e  zones. For f r a c t u r e  zones s e v e r a l  thousand f e e t  below t h e  su r f ace ,  
we a r e  developing an  inexpensive se i smic  method. F i e l d  t e s t i n g  of t h i s  system 
w i l l  cont inue  under a s e p a r a t e  c o n t r a c t  (DE-AT21-79MC11284, Task Order No. 24) 
during 1980-81. The hydrologic  s t u d i e s  completed t h e i r  a n a l y s i s  i n  f i s c a l  
1978-79, and found t h a t  a d i r e c t  r e l a t i o n s h i p  was found between s h o r t  l i nea -  
ments, and product ion.  We have coordinated t h e s e  s t u d i e s  s o  t h a t  most of t he  
t a s k . g r o u p s  a r e  working i n  s p e c i f i c  s h a l e  gas  producing a r e a s  where w e  have 
r e l i a b l e  product ion da t a '  (Cot t a g e v i l l e  , .Midway-Extra , and t h e  Big Sandy f ie lds . , '  
- Figure  1 ) .  



It is emphasized t h a t  our bas ic  research  approach, while beiag developed 
f o r  t h e  organ'ic Devonian shales, has d i r e c t  a p p l i c a t i o n . t o  many o the r  DOE 
p r o j e c t s  s u c h ' a s  Tight  Sands, Methane ~ r a i & ~ e ,  coa l  mine hazards such a s  
roof f a l l s ,  underground coal  g a s i f i c a t i o n ,  e t c .  Indeed, any p ro jec t  which 
d e a l s  with f r ac tu red  rocks w i l l  be i n t e r e s t e d  and der ive  b e n e f i t s  from our '  
work on f r a c t u r e s  and gas production from f rac tu red  shale. 

. . 

MAJOR ACCOMPLISHMENTS 1979-1980 

. . W e  haye completed th ree  years  &f research  e f f o r t  a t  f u l l  s t a f f  levels ; ,  
.and we.have now completed.those segments of the  geologic research  t h a t  w i l l  
. l e a d  t o  obtaining t h e  con t rac t  ob jec t ives  wi th in  the  upcoming year .  

The a t t e n t i o n  of a l l  study groups focuses on f r a c t u r e  poros i ty  wi th in  
t h e  shale: its o r i g i n ,  d i s t r i b u t i o n ,  and the  methods of . l o c a t i n g  zones of ' 

more, in tense  ' f r ac tu r ing .  A s  indica ted  above, we have succeeded i n  develop- 
ing a r a t i o n a l e  f o r  s e l e c t i n g  a r e a s  t o  d r i l l  sha le  gas w e l l s  that have a 
higher than normal p o t e n t i a l  f o r  sha le  gas production. This r a t i o n a l e  was 
developed i n  a  l imi ted  a rea  of the  bas in ,  west c e n t r a l  West Virgin ia .  . T h i s  
r a t i o n a l e  suggests  that we l l s  located  i n  t h i c k  organic sha le  up-dip from a 
syncl ine , '  t h a t  is,  o n ' t h e  lower p a r t  of a n t i c l i n a l  limbs, produce more sha le  
gas than any o ther  area .  The optimum producing a r e a  appears t o  be above 
deeply buried basement f a u l t s .  W e  a n t i c i p a t e  t e s t i n g  t h e  a p p l i c a b i l i t y  of 
t h i s  r a t i o n a l e  t o  a  much broader a r e a  i n  e a s t e r n  Kentucky i n  the  upcoming ' 

year t o  see  i f  i t  is app l i cab le  t o  the  e n t i r e  commercially productive area .  

We have found a d i r e c t  r e l a t i o n s h i p  between the  geochemical parameters 
of the  sha le  i n  e a s t e r n  Kentucky and sha le  gas production there .  This pas t  
year w e  have expanded our a n a l y s i s  of t h i s  a r e a  t o  f u r t h e r  i n v e s t i g a t e  the  
r e l a t ionsh ip .  A p o s i t i v e  r e l a t i o n s h i p  e x i s t s  between severa l  geochemical 
t rend maps of elements and minerals  i n  the  sha le  and a r e a s  of major produc- 
t ion .  Trend maps of oxides of A l ,  Ca, Fe, K ,  Mg, Mn, P, S i ,  and T show 
s i m i l a r i t i e s  t o  maps of dens i ty  of high gas  producing wells .  The Ca and Mg 
oxide t rends  a r e  r e l a t e d  t o  f r a c t u r e  f i l l i n g  by c a l c i t e  and dolomite. The 
K ,  A l ,  and S i  oxide t rends  a r e  i n d i c a t i v e  of c l a s t i c  depos i t iona l  r e l a t i o n -  
sh ips .  S t ra t a - spec i f i c  geochemical t rend maps and more reg iona l  maps, 
including work by the  Universi ty of Kentucky and the  West Virgin ia  Geological 
Survey, a r e  now i n  progress. 

Our geophysical program t o  develop inexpensive techniques f o r  loca t ing  
shallow f r a c t u r e  zones has met with mixed success. We have been a b l e  t o  
l o c a t e  very shallow f r a c t u r e  zones by r e s i s t i v i t y  surveys. However, our 
e f f o r t s  t o  develop an inexpensive seismic method have m e t  wi th  t echn ica l  
and equipment problems. However, the  pas t  year w e  solved most of these  
problems,and r e s u l t s  a r e  s u f f i c i e n t l y  encouraging t o  a n t i c i p a t e  f i e l d  test-, 
ing of t h e  system during the  next  year .  The redesigned system should be 
able  t o  roaord o c i m i c  events  f s u ~ u  ~ht !  shale wichiii t he  economic depth range 
of t'he. .producing area .  ' 



The r e s u l t s  of geochemical s t u d i e s  f o r  t h e  next  contrac t  year w i l l  be 
reported under Contract number DE-AC21-76-ET12138, and the  r e s u l t s  from ' 

geophysical inves t iga t ions  w i l l  be reported under Contract number 
DE-AT21-79MC11284, Task Order No. 24. 

. . 
. FINANCES , . . . 

. . 
.. . 

. . . . 

 he r e s p o n s i b i l i t y  f o r  f i n a n c i a l  accounting f o r  t h i s  grant  l ies  with 
the c o n t r o l l e r  of West Virginia  University. .Detailed f i n a n c i a l  r e p o r t s  
a r e  forwarded t o  DOE by the  control ' le r ' s  o f f i c e  a s  separa te  repor ts .  

PUBLICATIONS 

An important aspect  of our inves t iga t ion  i s  our r e s p o n s i b i l i t y  t o  
disseminate the  r e s u l t s  of our research t o  t h e  s c i e n t i f i c  community and 
p r i v a t e  companies in te res ted  i n  explora t ion f o r  sha le  gas production. To 
accomp1,ish t h i s ,  we have presented t h e  following a r t i c l e s  e i t h e r  i n  t a l k s  
during f i s c a l  1979-80 o r  i n  published journals .  ' Copies of these  a r t i c l e s  

. . 
appear i n  Volumes 11 and I11 of t h i s  r epor t .  

Beebe, Robert R., and Henry W. Rauch, "Lineaments.'and Ground-water Chem- 
i s t r y  a s  Exploration Tools. f o r  ~evo 'n ian  Shale Gas i n  the  Midway-Extra 
Fie ld  of West Virginia": DOEIEGSP-ESIAAPG Symposim;Lakeview Inn, 

.Morgantown, WV 26505, October 1979. 

Cheng, Jean, "A s t a t i s t i c a l  Analysis of Geochemical Data f o r  the  Eastern 
Kentucky Gas Field": Unsponsored Research. . ' 

Dixon, Jeane t t e  M., "Techniques and Tes t s  f o r  Measuring J o i n t  Intensi ty":  
F ina l  Report, UGR F i l e  no. 260, DOEIMETC, Morgantown, WV 26505. 

Dixon, , Jeanet te  M. and Thomas H. Wilson, "The Parsons Cross S t r i k e  S t r u c t u r a l  
Discontinuity a s  an Exploration Area f o r  Fractured Gas Reservoirs": 
DOEIEGSP-ESIAAPG Symposim., Lakeview Inn, Morgantown, WV 26505, 
October 1979. 

Evans, Mark A., "Fractures i n  Oriented Devonian Shale Cores from t h e  
Appalachian Basin": ~ i n a l  Report,. UGR F i l e  no. 259, DOEIMETC, 

. . 
Morgantown, WV 26505. 

. . 

,Negus-de Wys, J. , "~eochemical  Studies i n  the  Eastern Kentucky Gas Field" : 
DOEIEGSP-ES/AAPG Symposium, Lakeview Inn, Morgantown, WV, October 1979. 

Negus-de Wys, J., "Lithology Studies i n  the  Eastern Kentucky Gas Field": 
DOEIEGSP-ES/AAPG.Spposium, Lakeview Inn, Morgaatuwn, WV, October 1979. 



PUBLICATIONS. - continued . . 

~egus-de  ~ y s ,  J., "Possible P l a t e  Tectonics ~ f r e k t s  bn t h e  Eastern ~ k n t u c k ~ '  
Gas Field" : DOEIEGSP-ESIAAPG Symposium, October 1929. 

~egus -de  Wys, J. , "The Anatomy of a Large Devonian Black Shale Gas Field'' : 
26th In te rna t iona l  Geological Congress, Pa r i s ,  France, Ju ly  ,1980. 

Negus-de Wys, J., "The Eastern Kentucky Gas Field": F ina l  Report, UGR 
F i l e  no. 262, DOEIMETC, Morgantown, WV 26505. 

Negus-de Wys, J, ,  and J. J. Renton, "Inorganic Geochemistry a s  an Explora- 
t i o n  Tool": 26th In te rna t iona l  Geological Congress, P a r i s ,  France, 
Ju ly  1980. 

Negus-de Wys, J., and J . J. Renton, " ~ r e l i m i n a r ~  Depositional Model f o r  
Upper Devonian Huron-age Organic Black Shale i n  the   astern Kentucky 
Gas Field": SPEIDOE meeting, Pi t t sburgh,  PA, May 18-20, 1980. 

Nuckols, 111, E. B.,  "The Cot tagevi l le  Gas Fie ld ,  Jackson County, West 
Virginia:  A Case Study of Devonian Shale Gas Production": Final  
Report UGR no. 261, DOEIMETC, Morgantown, WV 26505. 

Shumaker, Robert C. ,  "The Importance of Regional and Local S t ruc tu re  t o  
Devonian Shale Gas Production from the  Appalachian Basin": 26th 
In te rna t iona l  Geological Congress, Pa r i s ,  France, Ju ly  1980. 



VOLUME I 

PART I1 

PRINCIPL INVESTIGATORS' REPORTS 

. RESOURCE INVENTORY TASKS 

AND 

SHALE CHARACTERIZATION TASKS 
. . 



OBJECTIVES 

, . .  he gene ra l  o b j e c t i v e  of our  p t o j e c t  under c o n t r a c t  D E - ~ ~ 2 1 - 7 6 ~ ~ 1 2 1 3 8  
(formerly DE-AC21-76MC05194) i s  t o  s tudy  t h e  s t r u c t u r a l  par'ameters of t h e  
Devonian shales t h a t  a f f e c t  gas  product ion i n  e a s t e r n  Kentucky and West 
V i rg in i a .  

To t h a t  end our  program i s  s p e c i f i c a l l y  designed t o :  

1 . )  Co l l ec t ,  compile, and ana lyze  geologic  d a t a  ' t o  c o n s t r u c t .  r e g i o n a l  ; 
s t r u c t u r e  maps of . ea s t e rn  Kentucky and West Vi rg in i a .  

. Determine i f  s t r u c t u r a l  t ypes  and s t y l e s  a f f e c t  product ion,  and 
determine i f  minor s t r u c t u r e s  a s  mapped i n . o u t c r o p  could in f luence  
product ion ' c h a r a c t e r i s t i c s .  

3.) ~ e t e r m i n e  i f  shal low se ismic  surveys can d e t e c t  near-surface f a u i t s  
and f r a c t u r e  zones, and i f  such s t r u c t u r e s  can be de t ec t ed ,  t o  
f u r t h e r  determine how f r a c t u r e s  r e l a t e  t o  both product ion from the  
s h a l e  and t o  l i n e a t i o n s  observed on remotely sensed d a t a .  

4.) Determine i f  a r e l a t i o n s h i p  e x i s t s  between ground water movement 
and s h a l e  gas  p roduc t iv i ty .  

Through t h e  i n t e g r a t i o n  of our 'work  wi th  o t h e r s  i t  is  our u l t i m a t e  goal  
t o  d iscover  i f  r e l a t i o n s h i p s  e x i s t  between Devonian s h a l e  gas  product ion and 
geologic  s t r u c t u r e .  I f  such a  r e l a t i o n s h i p  is  e s t a b l i s h e d ,  we w i l l  a t tempt  
t o  develop a method o r  methods f o r  s e l e c t i n g  f avorab le  s i t e s  t o  d r i l l  s h a l e  
we l l s  t h a t  have a  g r e a t e r  p o t e n t i a l  f o r  gas  product ion than  t h e  norm f o r  
that reg ion .  



.l. Map.showing. t h e  o r i e n t a t i o n  of v a r i o u s  f r a c t u r e s  i n . c o r e s  
f rom West V i r g i n i a  a n d e a s t e r n  Kentucky - 5-31-80 

2. Report i n t e g r a t i n g  and comparing f r a c t u r e  d e n s i t y  and 
o r i e n t a t i o n  d a t a  from o r i e n t e d  c o r e s  i n  We'st Vi rg in i a  

, . and e a s t e r n  Kentucky - 9-30-80 

3. Map showing LANDSAT l i n e a r s  around c o r e s  i n  West V i rg in i a  
and e a s t e r n  Kentucky, and a map showing gene ra l  l i n e a r  
p a t t e r n s  around cored w e l l s  - 5-31-80 

4. Report on f e a s i b i l i t y  of us ing  shear  wave se i smic  d a t a  t o  
l o c a t e  shal low f r a c t u r e  zones - 6-1-80 

5. Design f i e l d  procedure and o b t a i n  equipment t o  implement 
shear  wave s tudy  - 7-1-80 

6. Report. on r e s u l t s  of l o c a t i n g  sha l low f r a c t u r e  zones by 
shear  wave se i smic  methods - 9-1-80 

7. Report comparing r e l a t i o n s h i p s  of f i n a l  open f low f o r  
approximately 4750 w e l l s  in e a s t e r n  Kentucky wi th  
d e t a i l e d .  s t r a t i g r a p h i c  and r eg iona l  s t r u c t u r a l  s t u d i e s  
(300 we l l s )  - 9-30-80 

8. Deta i led  s t r u c t u r e  maps f o r  approximately 4000 w e l l s  i n  
t h e  e a s t e r n  Kentucky gas f i e l d  - 5-30-80 

9. Report comparing d e t a i l e d  s t r u c t u r e  of t h e  e a s t e r n  
Kentucky s h a l e  gas  f i e l d  compared wi th  f i n a l  open f low 
d a t a  f o r  approximately 4750 gas  w e l l s  - 9-30-80 

' ' 10. Regional maps showing s t r u c t u r e n e a r  o r  on t h e  top  and 
base of t h e  Devonian s h a l e  f o r  e a s t e r n  Kentucky and ' 

western.West V i r g i n i a  - 9-30-80 

STATUS .. . . ' . .  . . 

. .  . . . 

. . .  

Complete,, 
. .  . 

Complete 

Complete 

Not f e a s i b l e  - 
r e p o r t  n o t  r equ i r ed  

Not f e a s i b l e  - 
r e p o r t  'not requi red  

Not f e a s i b l e  - 
r e p o r t  n o t  requi red  

Complete 

Complete 

I n  progress  

Complete 





. . 

TECHNICAL SUMMARIES 

Each i n v e s t i g a t o r  has  w r i t t e n  a t e c h n i c a l  a b s t r a c t  covering " 

t h e  r e s u l t s  of h i s  o r  her  r e sea rch  f o r  t h i s  p a r t  of Volume I. 

These synopses a r e  s p e c i f i c a l l y  designed f o r  t h e  t e c h n i c a l  

reader  and should l ead  t h a t  ' reader,  i f  he is  i n t e r e s t e d  i n  more 

' d e t a i l ,  t o  t h e  manuscripts  i n  Volumes I1 and I11 of t h i s  r e p o r t .  





3.1 Work Package 2100-2-1 REGIONAL STRUCTURE STUDIES 

3.1.1 .Current s t a t u s  of  work 

Robert C .  Shumaker 

' . Analyses of s t r u c ' t u r a l  d a t a  compiled under t h i s  c o n t r a c t ,  p r imar i ly  
. . o r i e n t e d  c o r e s  t a k e n ' i n  t h e  s h a l e ,  suggest  t h a t .  .most coinmercial pro- " 

. . duc t ion  r e l a t e s  t o  t h e  presence of h igh ly  organic  s h a l e  a n d . n a t u r a 1  
f r a c t u r e s ,  and t h a t  optimum product ion i s  found where minera l ized  
f r a c t u r e s  occur  w i th in  t h e  h igh ly  organic  l a y e r s .  S l ickens ided  

, ' '  f r a c t u r e s  formed i n  response t o  Appalachian s t r e s s  w i th in  t h e  a r e a s  
of commercial product ion f u r t h e r  suggest  t h a t  d i f f e r e n t i a l  t e c t o n i c  
shor ten ing  (detachment) a c r o s s  t h e  s h a l e s  p l ays  a  r o l e  i n  developing 
f r a c t u r e  permeabi l i ty .  ~ h r e e .  t r a n s i t i o n a l  zones of movement have 
been found t h a t  can b e  cha rac t e r i zed  by t h e i r  f r a c t u r e  p a t t e r n s  with- 
i n  t h e  s h a l e s  :, 

(1) an  o u t e r  o r  c r a t o n i c  zone of t e n s i o n a l  j o i n t s  w i th  no evidence 
of d i f f e r e n t i a l  movement w i th in  t h e  sha l e .  

(2) a  fo re l and  zone of i n c l i n e d  (s l ickens ided)  shear  f r a c t u r e s  and 
t e n s i o n a l  f r a c t u r e s ,  and 

(3) a fore land  zone of recognizable  t e c t o n i c  t r a n s p o r t  def ined  by 
minera l ized  and s l i ckens ided  bedding plane f r a c t u r e s .  

The commercial. ga s  product ion l i e s  wi th  zone 2 of t h e  fore land  a rea .  
For tuna te ly ,  t h i s  fo re l and  area co inc ides  with-  t h e  d e p o s i t i o n a l  
c e n t e r  of t h e  h ighly  organic  Devonian sha l e s .  Maximum product ion 
occurs  wi th in '  t h e ' z o n e  above t h e  margin of basement block f a u l t s  
where unique s t r e s s  f i e l d s  occurred dur ing  Appalachian deformation.. 
The stress f i e l d s  developed a n  extremely porous f r a c t u r e  f a c i e s .  
w i th in  t h e  organic  sha l e s .  I n  t h i s  unique t r a p  the  s h a l e  a c t s  a s  
t h e  source and seal , '  and ' the minera l ized  f r a c t u r e s ,  probably devel- 
oped i n  anc i en t  high-pressure zones, s e rve  a s  t h e  r e s e r v o i r .  

The.optimum s t r u c t u r a l  p o s i t i o n  f o r  development of t h e  r e s e r v o i r ,  a  
porous f r a c t u r e  f a c i e s ,  i s  s l i g h t l y  up-dip from sync l ines ,  on t h e  
lower p a r t  of the.  a n t i c l i n a l  limb. T h e ' d e ~ e l o ~ m e n t  of t h e  f r a c t u r e  
f a c i e s  i s  no t  symmetrical on t h e  basement f o l d s ,  bu t  one f l a n k  
p r o d u c e s - f a r  b e t t e r  than t h e  o t h e r .  The cause f o r  t h i s  i s u n d e r  
i n v e s t i g a t i o n .  . 

3.1.2 Problem a r e a s  
. . 

Renewal of our  c o n t r a c t  has  been delayed because of changes i n  person- 
n e l ,  causing confusion and l o s s  of documents i n  t he  process .  
Extension of t ime under t h i s  c o n t r a c t  permi ts  c o n t i n u i t y  of work bu t  
may cause some de lay  i n  d e 1 i v e r a b l . e ~  fns tho  upcoming 'year. 



, 3.1 Work Package 2100-2-1 REGIONAL STRUCTURE STUDIES Robert C . Shumaker ' 

3.1.3 ' Work plans for fiscal yea= 1980-1981 : 
, . 

. . 

(1) Compile, integrate, and summarize the work accomplished under contract 
numbers E-(40-1)-5194, EY-76-C-05-5194, DE-AC21-76MC05194, and. 
DE-AC21-76ET12138 entitled "An. Analysis of the structural Parameters 
that Influence Gas Production from the Devonian Shale". 

(2) Assist other D.O.E. contractors in their summary reports. 



3.1 Work ~ a c & e  3200-5-1 .PRODUGTION STUDIES . Jane  Ne~us-de Wys 

This  repor t ' '  cons iders  work .completed under: 

. . , . 
3.1 Work Package 2100-1-1 CROSS SECTIONS . .  . 
3.2 Work Package 2100-1-2. ISOPACH MAPS 
3..3 Work Package 2100-2-1 STRUCTURE CONTOUR MAPS 
3.4 Work Package 3200-4-1 OIL AND GAS MAPS 

3.1.1 Current  s t a t u s  of work and scheduled d e l i v e r a b l e s  

Work completed under t h e s e  t a s k s  is  summarized i n  p a r t  i n  papers  
w r i t t e n  and p re sen ted .du r ing  t h e  period October 1, 1979, t o  
September 30, 1980. Copies of t h e s e  papers  and f i n a l  r e p o r t  on 
e a s t e r n  Kentucky accompany t h i s  annual  r e p o r t .  

1 )  Negus-de Wys, J., L i t h o l o g y ' s t u d i e s  i n  Eas te rn  Kentucky Gas ~ i e l d :  
DOEIEGSP-ESIAAPG Symposium, Lakeview Inn, r organ town, West Vi rg in i a ,  
October, 1979. Ora l  p re sen ta t ion ,  a b s t r a c t  and paper publ ished i n  

. . proceedings. 

2) Negus-de Wys, J., Geochemical s t u d i e s  i n  Eas te rn  Kentucky'Gas F ie ld :  
DOE~EGSP-ES/AAPG Symposium, October, 1979. Oral  p re sen ta t ion ,  '. 

a b s t r a c t  and paper publ ished i n  proceedings. . . 

3j Negus-de Wys, J., P o s s i b l e  p l a t e  t e c t o n i c s  e f f e c t s  on t h e  Eas t e rn  
Kentucky G a s  F ie ld :  DOE/.EGSP-ES/AAPG Symposium, October, 1979. 
Ora l  p re sen ta t ion ,  a b s t r a c t  and paper publ ished i n  proceedings. 

4) ,Negus-de Wys, J., and J. J. Renton, Pre l iminary  d e p o s i t i o n a l  model 
f o r  upper Devonian Hilron-age organic  b lack  s h a l e  i n  t h e  Eas t e rn  
Kentucky Gas F ie ld :  SPE/DOE meeting, P i t t sbu rgh ,  PA, May 18-20, 
1980. O r a l  p r e s e n t a t i o n  and a b s t r a c t  publ ished i n  proceedings. 

5 )  Negus-de Wys, J., and J. J. Renton, Inorganic  geochemistry as a n  . .  

exp lo ra t ion  too l :  26 th  I n t e r n a t i o n a l  Geological  .Congress, P a r i s ,  
France, J u l y ,  1980. Oral p re sen ta t ion ,  a b s t r a c t  publ ished i n  
proceedings, i n  p re s s  i n  French geochemical j ou rna l .  

. . 
' 6) Negus-de Wys, J., The anatomy of a l a r g e  Devonian b l ack  s h a l e  gas  

f i e l d :  26th I n t e r n a t i o n a l  Geological  Congress, Par i s , ,  France, 1980. 
.Oral p re sen ta t ion ,  publ ished a b s t r a c t  and paper i n  pre-Congress 
proceedings. 

7) ~ e ~ k s - d e  Wys, J.,  The Eas te rn  Kentucky Gas F ie ld :  Ph.D. d i s s e r t a t i o n ,  
West V i rg in i a  Un ive r s i t y ,  Morgantown, West V i r g i n i a  26506, and open 
f i l e  f i n a l  r e p o r t  on DOE c o n t r a c t  no. DE-AC21-76MC05194 (formerly 
EY-76-C-05-5194), METC, 1979. 

. . 



3.1 work Package 3200-5-1 PRODUCTION STUDIES Jane  Negus-de Wys 

3.1.1 Current  s t a t u s  of work and scheduled d e l i v e r a b l e s  - c o n t i n u e d .  . . 

I n  a d d i t i o n  I served a s  Technical  Chairman f o r  t h e  Appalachian. .Basin '  
Symposium March 31 - ~ ~ r i l  2, 1979, Lakeview Inn,  Morgantown, West 
Vi rg in i a .  

The most s i g n i f i c a n t  c o n t r i b u t i o n s  dur ing  t h i s  y e a r ' s  work per iod '  
include:  

a Completion of , the  Eas te rn  Kentucky Gas F i e l d  Study i n  which gas 
occurrence and product ion i~ r e l a t e d  t o  r e g i o n a l  . s t r u c t u r e ,  
s t r a t i g r a p h y ,  l i t h o l o g y ,  and geochemistry; 

. . .  
a . i n i t i a t i o n  and completiok of f i r s t  n ine  months of s tudy  on a two- 

. y e a r  geochemistry p r o j e c t  i n  which XRF and XRD ana lyses  is being 
performed on c u t t i n g s  from t h e  upper Devonian b lack  shale sequence 
from 1 2  we l l s  . i n  e a s t e r n  Kentucky, ranging from 25 t o  75 samples,  - 
per  w e l l  ; 

a completion of 180 geochemical d a t a  t r end ,  s t r a t o - s p e c i f i c  maps on 
t h e  geochemistry p r o j e c t .  These inc lude  e lementa l  and mine ra l i c  
da t a .  Maps were bo th  hand-contoured and computer-run; 

a completion of 16  e lementa l  and 14  m i n e r a l i c  graphs on each of t h e  
12 w e l l s  sampled i n  e a s t e r n  Kentucky, f o r ' t h e  Ohio s h a l e  sequence; 

a development of a procedural  method, us ing  a v a r i e t y  of s t u d i e s ,  f o r  
l o c a t i n g  a w e l l  s i te  i n  high gas  producing a r e a s .  A se r ie . s  of 15  
maps was used fn t h i s  process ;  

a acceptance,  p re sen ta t ion ,  and p u b l i c a t i o n  of two papers  a t  t h e  26th 
I n t e r n a t i o n a l  Geological  Congress i n  P a r i s ,  France, 1980, on t h e  
r e s e a r c h  r e s u l t s  on t h i s  c o n t r a c t ;  

a exchange. of geology f a c u l t y  between B r i s t o l  Univers i ty ,  B r i s t o i ,  
England, and. West Vi rg in i a  ~ n i v e r  sity and i n i t i a t i o n  of ' s tudent  
exchange proposal ;  

a con t inua t ion  of and ex tens ion  of Devonian s h a l e  r e s e a r c h ' b y  Gulf 
Research Center a s  a r e s u l t  o f '  of geochemistry d a t a  
on t h i s  c o n t r a c t  . 



3.1 Work Packape 3200-5-1 PRODUCTION STUDIES Jane Negus-de Wys 
. . . . .  

3.1.1 Current s t a t u s  of work and scheduled de l ive rab les  - continued 

The geochemistry trend maps of some elements and minerals  are show- 
ing high s t r a to - spec i f i c  c o r r e l a t i o n s  with 

1 )  gas occurrence and production, 
2) f r a c t u r e s ,  and 
3) enviro~lment of deposi t ion .  

It is  too e a r l y  i n  ana lys i s  t o  make f u r t h e r  statemknts a t  t h i s  time. 
. 

3.1.2 problem a r e a s  and suggested' improvements 

With th ree  months l e f t  on t h e  f i r s t  year of the  geochemistry p ro jec t ,  
i t  is s t i l l  unknown whether t h e  second year w i l l  be funded by GRI.  
With i n t e r e s t  shown through geochemistry papers accepted f o r  AAPG 
(2 papers) and t h e  26th In te rna t iona l  Geological Congress (2 papers) 
and published, and with the  i n t e r e s t  and funding support shown by 
Gulf Research i n  a research  g ran t ,  one might quest ion t h e  l a c k  of 
ongoing DOE support f o r  the  second year of t h i s  two-year proposal.  
It would be n ice  t o  complete a p ro jec t  i n  which so  much ou t s ide  
i n t e r e s t  has been shown. 

3.1.3 Work.plan f o r  f i s c a l . y e a r  1980-1981 

The next t h r e e  months w i l l  complete t h e  f i r s t  year on t h i s  p lanned .  
two-year study. Remaining t o  complete t h i s  year is  the  map compar- 
i son  of .  s t r a to - spec i f i c  geochemical da ta  with gas occurrence and 
production,, ' s t ruc tu re ,  s t r a t ig raphy ,  f r a c t u r e s ,  and l i tho logy  i n  
e a s t e r n  Kentucky. This would permit evaluat ion  of the  work t o  d a t e  
i n  t h a t  a rea ,  i n  terms of promise a s  an explora t ion  too l .  

The second year was t o  expand the  work t o  a more reg iona l  b a s i s  a s  
well  a s  s p e c i f i c  f i e l d s  i n  West Virgin ia  o r  f o r  predic t ion .  The 
da ta  base has been acc&ulated t o  a l a r g e .  ex ten t  f o r  t h i s  .second 
yea r ' s  work. 



3.1 Work Package 2100-1-1 SEISMIC . James E. Ruotsala  
Richard T. Williams 

3.1.1, Current  s t a t u s  of work and scheduled d e l i v e r a b l e s  

Work on seismic i n v e s t i g a t i o n s  of t h e  s h a l e  dur ing  f i s c a l  year  1979- 
1980 cons i s t ed  of continued eva lua t ion  of t h e  Bison seismograph a s  
an exp lo ra t ion  t o o l ,  and examination of e x i s t i n g  Vib rose i s  d a t a  from 
t h e  Co t t agev i l l e ,  west V i r g i n i a ,  a r e a .  No f i e l d  work was funded f o r  
t h i s  f i s c a l  year .  

Regarding the  seismograph, a number of problems of unknown o r i g i n  
were i d e n t i f i e d  i n  t h e  system dur ing  . f i e l d  work i n  f i s c a l '  year  1978- 
1979. The p r e c i s e  o r i g i n s . o f  those  problems have been found and 
co r rec t ed ,  and i t  -is now be l ieved  t h a t  t he  s'ystem i s  working a t  i t s  
des ign  c a p a b i l i t y .  B a s i c a l l y  two problems were i s o l a t e d  and co r rec t -  
ed. The f i r s t  problem w a s  r e l a t e d  t o  t h e  geophone f i l t e r  c i r c u i t  
which was designed and cons t ruc ted  by an  E l e c t r i c a l  Engineering grad- 
u a t e  s tuden t  a t  West V i r g i n i a  Univers i ty .  The f a u l t  was t h a t  t he  
f i l t e r  was designed f o r  i npu t  s i g n a l  l e v e l s  of 1 m i l l i v o l t  o r  less,. 
whi le  geophones t y p i c a l l y  produce s i g n a l  l e v e l s  a s  g r e a t  a s  1 v o l t .  
The second problem was r e l a t e d  t o  t h e  mechanism by which record ing  by 
t h e  seismograph was i n i t i a t e d .  The Bison seismograph r eco rds  a 
l imi ted- length  t i m e  s e r i e s  by s t o r i n g  t h e  d i g i t i z e d  geophone s i g n a l  
i n  s o l i d - s t a t e  memory. Because of t h e  l e n g t h  l i m i t a t i o n  i t  is neces- 
s a r y  t o  i n i t i a t e  t h e  record ing  i n  p r e c i s e  syncroniza t ion  wi th  t h e  
se i smic  shot .  Two c i r c u i t s  provided by t h e  seismograph manufacturer 
f a i l e d  t o  accomplish t h i s  r e l i a b l y .  The problem was co r r ec t ed  by a 
l o c a l l y  designed c i r c u i t  which . d e t e c t s  t he  c e s s a t i o n  of c u r r e n t  flow 
through a b l a s t i n g  cap,  and s t a r t s  t h e  seismograph. 

A ful l . -scale  t e s t  of t h e  seismograph was conducted on May 19  ' a t  t h e  
Pricetown, West V i r g i n i a ,  c o a l  g a s s i f i c a t i o n  s i t e .  The seismograph 
worked a s  designed, and t h e  r e s u l t s  of t h e  t e s t  were r e p o r t e d ' i n  t h e  
Quar te r ly  Progress  ~ e ~ o r f  f o r  May-June 1980. 

Regarding . the  Cottagevi l  le. ~ i b r o s e i s  d a t a ,  t h e  o r i g i n a l  r eco rds  of a 
se i smic  r e f l e c t i o n  survey made i n  1977 were obtained.  This  d a t a  has  
never been c o r r e c t l y  i n t e rp re t ed , .  This  d a t a  s e t  c o n s i s t s  of approx- 
. imately 65,000 se ismic  t r a c e s  covering a s u r f a c e  a r e a  of about 12 
square mi l e s  i n  and near  t h e  a r e a  of h igh  gas  product ion a t  Co t t agev i l l e .  
Analysis  of t h i s  d a t a ,  i n  p repa ra t ion  f o r  i n t e r p r e t a t i o n ,  was begun. 

3.1.2 Problem a r e a s  and suggested improvements 

U s e  of t h e  Bison seismograph a s  a n  e f f e c t i v e  means of record ing  
se i smic  r e f l e c t i o n  d a t a  is  s t i l l  hampered' by t h e  l i m i t e d  dynamic 
range 0.f the,  record ing  system. This  problem w a s  d i scussed  i n  some . 



3.1 Work 'package 2100-1-1 SEISMIC' - continued James E. Ruotsala 
Richard T. Williams 

. . 
3.1.2 . Problem areas and suggested' improvements -. continued . . 

. . 

detail in the 1978-1979 Annual Report. Aposiible solution to. this - 
problem has been found,. although it has not been.field tested.. An . . 

. electronic circuit which compresses the analog signal from the 
geophones and limits the.dynamic range has been constructed. The 
circuit differs from traditional AGC circuits in .that signal compres- 
sion is done in a controlled, recoverable manner. The system has 
been found to work well in laboratory conditions on simple wave forms, 
but testing under field conditions on complex seismic.data remains 
to be done. 

3.1.3 Work plan for fiscal year 1980-1981 

Seismic investigations of shale gas production will continue under 
Task Order.24 of contract DE-AT21-79MC11284. 
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3.1 Work Package 2100-2-2 STRUCTURE STUDIES Jeanette M. Dixon . . 

t 

.3.1.1 Current status of work 

During the 1979-80 contract year the final report on fracture studies 
of the Parsons and Petersburg structural lineaments was to be completed. 

The final. report (due September, 1980) was completed and. submitted 
February 7, 1980. The following is the abstract from that report.. 
(The complete final report can be found in Volume I1 of this Annual 
Report. ) 

Anomalous intense jointing has been cited as a reason for gas produc- 
tion from fractured shales, coal mine roof falls, some construction 
problems, and increased water-well yields. Accordingly, a method for 
measuring joint intensity and locating areas of intense fracturing 
would be generally useful. The Parsons and Petersburg structural 
lineaments, in the Plateau province of north-central West Virginia, 
were chosen to develop and test a method for measuring joint intensity 
because previous studies indicated that these lineaments were broad 
zones of intense jointing. The project developed in four related test 
areas. First, the Parsons lineament in the eastern Plateau province, 
Tucker County, West Virginia, was chosen to develop and test field and 
analytical methods for measuring joint intensity. Second, rocks of 
the Middle and Upper Devonian Chemung Group and Catskill Formation, 
and the Mississippian Pocono Formation along the Allegheny Front, were 
studied to determine how the fracturing effects of the Petersburg 
lineament varies with depth and with different lithologies. Third, in 
the Plateau province, rocks of the Lower and Middle Pennsylvanian 
Pottsville Group and Allegheny Formation were measured to determine 
the westward extent of the lineaments. Finally, a large roadcut in 
northern West Virginia, which exposes two coal seams and an overlying 
stream cl~arurel, was chosen to study the effects of a stream channel on 
coal cleat intensities. Jqint spacing was found to be the only neces- 
sary measurement, other than strike and dip to determine joint intens- 
ity. Rocks inside the Parsons and Petersburg lineaments were found to 
be more intensely jointed than rocks adjacent to the lineaments. 
Along the Allegheny Front, results suggest that the Petersburg linea- 
ment affects rock at least one half mile below ground level. Farther 
west in the Plateau province, joint intensities measured indicate that 
the high-intensity joint systems of the Parsons and Petersburg linea- 
ments are disrupted or terminated. Air photograph and LANDSAT linea- 
ments may be an aid in locating structural lineaments or areas of 
intense jointing, but do not necessarily define or bound such areas. 
Intensity of cleats in coal is greater under the stream channel than 
outside. 

3.1.2 Problem arms 

None 
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3.1.3 ' Work plans for fiscal year 1980-1981 

None: work, under this task. is.complete. 
. . 

* * * * * *  

Jeanette M. Dixon 



3.1 Work Package 2100-2-2 STRUCTURE STUDIES Thomas H. Wilson 

3.1.1 Current status of work 

. . 'Title and Conclusions of Final Report 

CROSS-STRIKE STRUCTURAL DISCONTINUITIES - 
TRANSFER ZONES AND TEAR FAULTS IN THE CENTRAL APPALACHIANS OF WEST'VIRGINIA 

CONCLUSIONS 

Surface structural studies along the Middle Mountain syncline 
and Elkhorn Mountain anticline indicate that the Parsons structural 
discontinuity cutting these structures is a zone across which dis- 
placement along a Martinsburg detachment is transferred to ~uniata, 
Wills Creek 'and Middle Devonian detachment ,horizons southwest of the 
discontinuity but.is confined to the Martinsburg northeast of the 
discontinuity. The structural relationships.across the discontinuity 

. . 
can be explained by representing the discontinuity as a transfer zone 
(Dahlstrom, 1969) within which shortening .is taken up by smaller dis- 
placements along more numerous faults and by increased numbers of 
smaller folds. Shortening across the Middle Mountain syncline and 
Elkhorn ~ountain anticline is discontinuous northeast along .strike 
across the discontinuity; however, displacement along the Martinsburg 
detachment northeast of the discontinuity ramps up to higher struc- 
tural levels producing an equivalent amount of shortening northwest. ,. 

across the' resultant Cave Mountain anticline (Figure 1) . Instead of 
tear faults across the structure, constant shortening is accommodated 
mechanically by a transfer zone. 

In the Silurian-Devonian formations of the Plateau the transfer.' 
is seen to oscillate northeast to southwest, back and forth to the 
northwest acro.ss the Plateau producing the Horton, Blackwater, .and 
Glady anticlines and in part the Deer Park and Elkins Valley anti- 
clines. 

The expression of the Parsons discontinuity, however, is not 
confined to detachment in the Ordovician Martinsburg Formation and 
higher level detachment intervals. Detached structures in the 
Cambrian-Ordovician dolomite and carbonate sequence are also related 
to the expression and development of the structural discontinuity. 
The Deer Park and Elkins Valley anticlines are related in part to 
ramping through the Cambrian-Ordovician sequence. A northeasterly 
swing in fold trends along the plunging nose of the Deer Park anti- 
cline (Wheeler, 1976) is related to a tear fault in the Cambrian- 
Ordovician sequence beneath the plunging noses of the Elkins Valley 
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and Deer Park anticlines (Figure 2). The required.right-lateral tear 
. . could be produced' if slip along the Rome beneath the Elkins Valley 

anticline continued over' a -longer period of time or at a greater' rate 
than slip beneath the Deer Park anticline. 

Cambrian-Ordovician involvement is not confined to the,Plateau 
segment of the Parsons discontinuity. The Bergton-Crab Run and Adams 
Run anticlines of the Valley and Ridge in Rockingham County, Virginia, 
are related to ramping of the Cambrian-Ordovician sequence and both 
.anticlines plunge out southwest across the Parsons discontinuity. A : 
tear fault in. the Cambrian-Ordovician sequence has been proposed 
across the plunging'noses of these two folds on the basis of an abrupt, 
change in shortening in that .sequence across 'the discontinuity and a 
substantial left lateral swing in surface fold traces across the 
discontinuity. 

The transfer zone -mechanism also explains the surface Silurian- 
Devonian expression of the Petersburg discontinuity. In addition, 
subs.urface information indicates that a broad transfer zone occurs in 
the ~ambr ian-~rdovician sequence across the Petersburg discontinuity 
(~igure 2). , . 

~escri~tions of structural discontinuities in Wheeler 'and others 
(1978). suggest that most central and southern Appalachian cross-strike 
structural discontinuities may actually be transfer zones. 

A study of systematic joint intensity in the Parsons discontinuity 
across the Middle Mountain' syncline indicates that increased folding 
and faulting in the transfer. zone produces more intensely jointed rock. . ' 

Exploratory drilling 'has been recommended on vergent limbs opposite 
structural culminations on either side.of structural discontinuities. 
An isopach of drilling depth to the base of the Devonian shales has been 
included with this report (Figure 3). 

3'. 1.2 . Problem areas ' . 

None 

. . 
3.1.3 Work plan for fiscal year 1980-81 

None: Work complete. Final report due for delivery in early 
December 1980. 



'3.1 Work Package 2200-1-2 FRACTURE DENSITY .AND ORIENTATION Mark A. Evans 

-v 

3.1.1 Current  s t a t u s  of work . . . . 
. . 

During t h e  1979-1980 c o n t r a c t  year  a f i n a l  r e p o r t  w a s  prepared on 
, . f r a c t u r e  densi ty . .and o r i e n t a t i o n  e n t i t l e d :  Frac tures .  i n  Oriented 

. Devonian. Shale  Cores from t h e  Appalachian Basin. The fol lowing is 
an a b s t r a c t  of t h a t  r e p o r t :  

Examination of t h i r t e e n  o r i e n t e d  Devonian s h a l e  co re s  from the  
Appalachian Basin revea led  cons iderable  f r a c t u r i n g  and shear ing  a t  
depth. F r a c t u r e  frequency and o r i e n t a t i o n  measurements were made on 
t h e  f r a c t u r e s  i n  each core .  F r a c t u r e s  and a s s o c i a t e d  s t r u c t u r e s  
were d i f f e r e n t i a t e d  (wl~en poss ib l e )  I n t o  core-induced f r a c t u r e s ,  
unmineralized n a t u r a l  f r a c t u r e s ,  minera l ized  n a t u r a l  f r a c t u r e s ,  
s l i ckens ided  f r a c t u r e s ,  and s l i c k e n l i n e s .  Core-induced f r a c t u r e s  
e x h i b i t  a c o n s i s t e n t  no r theas t  o r i e n t a t i o n  both a r e a l l y  and wi th  
depth.  This  cons is tency  i n d i c a t e s  t h e  presence of a n  an iso t ropy  
which is i n t e r p r e t e d  t o  be r e l a t e d  t o  a n  e a s t  t o  no r theas t  t r end ing  
maximum compressive stress developed i n  e a s t e r n  North America by t h e  
convect ive f low i n  t h e  mantle  a s soc i a t ed  wi th  spreading a long  t h e  
Mid-Atlantic Ridge. Natura l  f r a c t u r e ,  s l i c k e n s i d e ,  and s l i c k e n l i n e  
o r i e n t a t i o n s  a r e  r e l a t e d  to :  1 )  northwest  d i r e c t e d  t e c t o n i c  com- 
p r e s s i v e  s t r e s s e s  a s s o c i a t e d  wi th  Alleghenian deformation, 
2) s t r e s s e s  a s s o c i a t e d  w i t h  l o c a l  f a u l t i n g ,  and 3) t h e  same east 
t o  no r theas t  maximum compressive s t r e s s  r e spons ib l e  f o r  t h e  core- 
induced f r a c t u r e s .  Higher f r equenc ie s  of n a t u r a l  f r a c t u r e s  and 
s l i c k e n s i d e s  are a s s o c i a t e d  p r i m a r i l y  w i th  incompetent, high-organic 
sha l e s .  Natura l  f r a c t u r e s  occur most f r equen t ly  i n  t h e  Marcel lus  
Shale,  Tul ly  Limestone, Geneseo Shale ,  West F a l l s  Formation, and t h e  
Lower Huron Member of t h e  Ohio Shale .  S l ickens ided  f r a c t u r e s  occur 
most f r equen t ly  i n  t h e  Marcel lus  Shale ,  Tu l ly  Limestone, Geneseo 
Shale,  West F a l l s  Formation, base of t h e  Java Formation, and Lower 
Huron and Cleveland Members of t h e  Ohio Shale .  These observa t ions  
a r e  c o n s i s t e n t  w i th  a f r a c t u r e  f a c i e s  concept that proposes f r a c t u r e  
development i n  shales t h a t  have a c t e d  a s  decollement zones dur ing  
Alleghenian deformation. Deta i led  r e p o r t s  a r e  included f o r  each of 
t h e  t h i r t e e n  co res  i nves t iga t ed .  

-3.1.2 Problem a r e a s  

None 

3.1.3 ,Work p l an  f o r '  f i s c a l  year  1980-1981 

None: t he  f i n a l ' . r e p o r t  of t h e  work package was completed and 
de l ive red  dur ing  February 1980. 
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, -?. 3.1.1 Current s t a t u s  of work 

The work p lan  f o r  t h i s  year  w a s  t o  complete maps and f i n i s h  my work 
on t h e  subsurface s t r u c t u r e  of t h e  eas,t,ern Kentucky a r e a  by June 
30. The t a r g e t  d a t e  was no t  met becaii;$e'I chose t o  expand my s tudy  
and cons t ruc t  a d d i t i o n a l  maps t o  bette$.:qnderstand t h e  nature of .  
c e r t a i n  s t r u c t u r e s  w i th in  t h e  e a s t e r n  Kentucky f i e l d  and because my 
t h e s i s  chairman was temporar i ly  absent .  

The a r e a s  of d e t a i l e d  i n v e s t i g a t i o n  wi th in  t h e  e a s t e r n  Kentucky 
f i e l d  inc lude  t h e  Warfield f a u l t  i n  Mart in  County, t h e  ~ ' I n v i l l i e r s  
a n t i c l i n e  of e a s t e r n  P ike  County, t h e  southern  nose of t h e  P a i n t  
Creek U p l i f t  i n  Floyd, Knott ,  and Pe r ry  Counties,  and a n  anomalous 
area i n  southern  Floyd County. 

The s t r u c t u r a l  maps and i n t e r p r e t a t i o n s  of t h e s e  a r e a s  w i l l  be 
included i n  my f i n a l  r e p o r t  which is expected t o  be de l ive red  around 
November 1, 1980. The fol lowing i s  a n  a b s t r a c t  of t h a t  r e p o r t :  

The purpose of t h i s  s tudy  was t o  l o c a t e  subsurface s t r u c t u r e s  
t h a t  may a f f e c t  s h a l e  gas  product ion i n  t h e  e a s t e r n  Kentucky f i e l d .  
I n  o rde r  t o  accomplish t h i s ,  d e t a i l e d  s t r u c t u r e  contour maps were drawn 
on t h e  t o p  and bottom of t h e  Ohio sha l e .  Data from 4,200 w e l l s  show 
t h a t  t h e  Ohio s h a l e  i n  t h e  southwestern p o r t i o n  of t h e  f i e l d  d i p s  
r e g i o n a l l y  t o  t h e  south ,  whereas, i n  t h e  no r theas t  p o r t i o n  of t h e  
f i e l d ,  t h e  Devonian d i p s  r e g i o n a l l y  t o  t h e  sou theas t .  The divergence 
i n  d i p  c r e a t e s  a broad s t r u c t u r a l  a r c h  i n  P ike  and Floyd Counties 
t h a t  plunges southeastward. The s t r u c t u r e s  found i n  t h i s  s tudy  
formed during s e v e r a l  ep isodes  of deformation, responding t o  s t r e s s  
and s t r a i n  involv ing  t h e  basement and cover ,  a s  w e l l  as j u s t  t h e  
sedimentary cover.  The P a i n t  Creek U p l i f t ,  a broad, low basement 
a r ch  i n  Morgan, Magoffin, and B r e a t h i t t  Counties was appa ren t ly  
a c t i v e  throughout t h e  Pa leozoic  and inf luenced  t h e  development of 
s t r u c t u r e s  i n  t h e  gas f i e l d  on i t s  northwestern boundary. The 
D t I n v i l l i e r s  a n t i c l i n a l - s y n c l i n a l  s t r u c t u r e  i n  e a s t e r n  Pike County 
i s  loca t ed  over a southern  ex tens ion  of a proposed basement f a u l t  i n  
West Vi rg in i a  and a long  t h e  New York-Alabama Lineament. The 
D ' I n v i l l i e r s  s t r u c t u r e  was l a t e r  c u t  by a s t r i k e - s l i p  f a u l t .  The 
Marfield f a u l t  in Martin County is n o t  p a r t  of t h e  southern  boundary 
of t h e  Rome Trough bu t  lies j u s t  south  of t h e  boundary, and i s  on t h e  
u p l i f t e d  sou theas t e rn  rim of t h e  trough. Of f se t  on t h e  f a u l t  i n  the 
subsur face ,  from t h e  Miss i s s ipp ian  Newman Limestone t o  the basement, 
is  down t o  t h e  south ,  whereas, o f f s e t  a t  t h e  s u r f a c e  is up t o  t he  
south.  Both t h e  Warfield and ~ ' I n v i l l i e r s  s t r u c t u r e s  are considered 
basement involved, bu t  bo thmay  a l s o  con ta in  some detachment deforma- 
L h n .  Ce r t a in  f a u l t s ,  such a s  t h e  c r o s s  f a u l t  c u t t i n g  t h e  Warfield 
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f a u l t , ,  show growth dur ing  e a r l y  Mis s i s s ipp ian  sedimentat ion,  and 
t h e  Warf i e l d  f a u l t  w a s '  determined n o t  t o  .be t h e  sou theas t e rn '  margin . . 

of t h e  Rome   rough as was 'prev ious ly  suspected.  Severa l  l i n e a r  
zones of s t r u c t u r a l  d i s r u p t i o n ,  a t  h igh  angles .  t o  t h e  t rend  of t he  
detached Pine Mountain t h r u s t ,  a r e  i n t e r p r e t e d  t o  be tears l i m i t e d  
t o  t h e  sedimentary cover.  

3.1.2 Problem a r e a s  

None . . 

3.1.3 Wvrk p lan  f o r  f i s c a l  year  1980-1981 

None: work under t h i s  t a s k  is  complete. F i n a l  r e p o r t  submit ted 
du r ing  November 1980. 






