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The f i r s t  th in g  th a t  an in d iv id u a l  must th o ro u g h ly  unde rs tan d , i s  

t h a t  geo logy i s  n o t an e x a c t s c ie n c e . T h is  may be s tra n g e  f o r  a g e o lo ­

g i s t  t o  say, b u t  i t  i s  v e ry  s im i la r  t o  th e  p ro fe s s io n  o f  la w  i n  t h a t  

any s e t  o f  da ta  may be and i s  u s u a l ly  in te r p r e te d  d i f f e r e n t l y  by  in d i ­

v id u a l la w y e rs . We g e o lo g is t  s t a r t  w i th  some known fa c ts  (sometime 

g e o lo g ic a l) ,  make assum ptions, and th e n  in t r e p r e t  in t o  th e  unknown.

I t  i s  t h is  in te r p r e t a t io n  th a t  se p a ra te s  a s u c c e s s fu l g e o lo g is t  from  

a g e o lo g is t .  A s u c c e s s fu l o i l  f in d in g  g e o lo g is t  i s  a g e o lo g is t  t h a t  

has deve loped t h is  in te r p r e ta t io n  o f  g e o lo g ic a l f a c t s  in t o  an a r t .

I t  i s  t h is  s ta te  o f  a r t  t h a t  se p a ra te s  a s u c c e s s fu l o i l  f in d in g  g e o l­

o g is t  from  a s u c c e s s fu l g e o lo g is t .

I t  would in d e e d  be a d ism a l w o r ld  i f  a l l  g e o lo g is ts  would be a b le  

to  come to  the  same c o n c lu s io n  a f t e r  s t a r t in g  w ith  th e  same meager 

g e o lo g ic a l f a c t s .  Needless to  say, a l l  th e  o i l  w ou ld  have now been 

fo u n d  and none o f  us w ou ld  be needed in  th e  in d u s t r y  to d a y . An exam­

p le  o f  t h is  f o l lo w  th e  le a d e r  g e o lo g is t  may be seen in  south A rkansas: 

I n i t i a l l y  a l l  Smackover p ro d u c tio n  i n  sou th  

Arkansas was th o u g h t t o  be s t r u c t u r a l l y  con­

t r o l l e d ,  th a t  i s  u n t i l  W alker Creek was d is ­

cove red . O r ig in a l ly ,  th e  d is c o v e ry  was be­

l ie v e d  to  be lo c a te d  on a "s e is m ic "  s t ru c tu r e .

Today we know t h is  f i e l d  to  be one o f  th e  

la r g e s t  s t r a t ig r a p h ic  tra p s  o f  Smackover o i l  

in  A rkansas. Now th a t  we know Smackover o i l  

can be produced from  s t r a t ig ra p h ic  t ra p s ,  the  

g e o lo g is t  i s  d i r e c t in g  h is  a t te n t io n  to  s t r a t ­

ig ra p h ic  e x p lo ra t io n  w ith  reasonable success.
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Would you b e lie v e  th a t  you can f in d  v e ry  few  g e o lo g is ts  th a t  w i l l  

now adm it th a t  they  once b e lie v e d  a l l  Smackover o i l  w ou ld  be produc­

t iv e  from  s t ru c tu ra l t ra p s .  That shows f l e x i b i l i t y ,  an im p o rta n t 

t r a i t  f o r  a g e o lo g is t .

SEDIMENTARY GEOLOGY

How does the re s e rv o ir  rock  th a t  produces o i l  occur in  the sub­

surface? How was the ro c k  dep o s ite d  o r ig in a l ly ?  Under what cond i­

t io n s ?  What are the d is t r ib u t io n  p a t te rn s  o f the re s e rv o ir  rocks? 

These are the questions th a t  a s u c c e s s fu l o i l  f in d in g  g e o lo g is t  must 

answer.

Assume fo r  the sake o f b r e v i t y ,  t h a t  sometime lo n g  ago in  the 

g e o lo g ic  p a s t a broad bu lge developed i n  the  e a r th 's  c r u s t ,  and 

s m a lle r  w rin k le s  occurred  in  the  bu lge  as the  r e s u l t  o f  the  c r u s t 's  

m o b i l i t y  under the in f lu e n c e  o f  the e a r th 's  in te r n a l  h e a t and p res ­

s u re . As the w r in k le s  developed, g re a t  masses o f m a te r ia l emerged 

as is la n d s  above sea le v e l where th e y  became exposed to  the atmos­

phere and s u b je c t to  w ea the ring  and e ro s io n . The loosened p a r t ic le s  

o f  ro c k , now under the in f lu e n c e  o f g r a v i t y ,  w ind and w a te r, washed 

down the  s lopes. Some o f the sediments were depos ited  a t  low er le v e ls  

on the  is la n d s  and along the s h o re lin e ; b u t w ith  t im e , and the ad­

d i t i o n  o f more and more m a te r ia l,  p e r i f e r a l  b la n k e ts  o f  sand, s i l t ,  

and c la y ,  were formed th a t  extended w e l l  o u t to  sea.

Assume fu r th e r  th a t  the  c ru s ta l movements w i th in  the  ea rth  

changed from  tim e to  t im e , and th a t  the  s iz e  o f the bu lge  and the 

shape and o r ie n ta t io n  o f  the w r in k le s  a ls o  changed. O ld  w r in k le s  sub-
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merged and became b a s in s  o f d e p o s it io n  and new w r in k le s  fo rm ed th a t  

c rea ted  new is la n d s , and co n se q u e n tly  new p a t te rn s  o f  sed im ent d is ­

t r ib u t io n .  Again and a g a in  the b u lg in g  and w r in k l in g  p rocesses con­

tin u e d  th ro ugho u t m i l l io n s  o f  y e a rs . G rea t la n d  masses emerged above 

sea le v e l  as o th e r areas subs ided  and f i l l e d  w ith  la y e rs  o f sed im ent.

Accum ulations o f  mud and s i l t  from  nea rb y  is la n d s  began to  

coalesce and ove rla p  each o th e r  fo rm in g  d is t in c t i v e  bedded la y e rs  o f 

s t r a ta ,  and f i n a l l y  c o n s o lid a te d  in to  a b ro a d  mass o f  la n d  more re ­

cogn izab le  today because o f  the  p o s i t io n  o f  sea le v e l ,  as the  c o n t i ­

nen t o f  N orth  Am erica. Sand g ra in s ,  s i l t  and o th e r  d e b r is  are eroded 

from  h ig h la n d s  in to  o f f - s h o re  w a te r. T h is  m a te r ia l i s  u s u a lly  la id  

down in  la y e rs .  I f  the  la y e rs  are p re d o m in a te ly  sand g ra in s ,  we c a l l  

the ro c k  a sandstone, i f  p re d o m in a te ly  s i l t  o r  mud, we c a l l  the  rock  a 

s i l t s t o n e  o r  sh a le . The sand may be fo rm ed  as beach sands, o ff-s h o re  

ba rs  o r  i n  f l a t  shee ts . The sheets o f  sand are u s u a lly  w idespread 

whereas the  beach and b a r sand d e p o s its  a re  more r e s t r ic t e d  in  o ccu r- 

ra n c e .

Where sand is  d e p o s ite d , the  h ig h la n d  area is  a c t iv e  in  d e p o s it­

in g  m a te r ia ls  in to  the a d ja c e n t w a te r masses. The o p p o s ite  is  t ru e  

f o r  the  d e p o s it io n  o f  lim e s to n e . The absence o f o r g r e a t ly  reduced 

e ro s io n  a id s  c o n d it io n s  f o r  the  developm ent o f  ca lca re ous  m a te r ia l in  

the  a d ja c e n t w a te r. T h is  q u ie t  o r  in a c t iv e  p e r io d  u s u a lly  i s  accom­

pan ied  by  warm weather and warm w a te r -----  caus ing  th e  maximum c re a t io n

o f ca lc iu m  and carbonates in  th e  w a te r . Limestone may be form ed as 

c h a lk , s i l t  o r  mud, o r  w ith  s k e le ta l rem ains o f  p la n ts  and an im a ls .

The o o l i t i c  lim e  found  i n  the  Smackover o f  south Arkansas was form ed 

by f in e  g ra in e d  d e b ris  e n te r in g  h ig h ly  co n ce n tra te d  ca lc iu m  en rich ed  

w a te r caus ing  ca lc ium  carbonate to  s o l i d i f y  around the g ra in s .  U s u a lly
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the  w a te r was a c t iv e  enough to  cause th e  a c c re a te d  and e n la rg e d  g ra in s  

to  become more ro u n d e d  b y  th e  r o l l i n g  a c t i v i t y .

D a ring  th e  e a r ly  s e d im e n ta ry  a c t i v i t y ,  p r im i t i v e  fo rm s  o f  l i f e  

e vo lve d ; f i r s t  i n  th e  sea and l a t e r  i n  b ra c k is h  w a te r  swamps and f r e s h  

w a te r r i v e r s ,  and f i n a l l y  on la n d .  G re a t f o r e s ts  and d e s e r ts  were 

form ed, and l a t e r  d e s tro y e d . I t  i s  t h i s  c r e a t io n  and d e v e s ta t io n  t h a t  

the  g e o lo g is t  s tu d ie s  to d a y  to  r e c o rd  th e  h i s t o r y  o f  th e  e a r th .  S t r a t ­

ig ra p h y  s tu d ie s  have e v o lv e d  t h a t  p e rm its  g e o lo g is ts  to  in t e r p r e t  w i th  

some c o n fid e n c e  th e  more im p o r ta n t  c h a p te rs  i n  t h i s  h is t o r y .  S t r a t i ­

g raphy o r  s t r a t ig r a p h ic  g e o lo g y  i s  th e  s tu d y  o f  th e  c h a ra c te r  and d i s ­

t r i b u t io n  o f  th e  la y e r s  o f  s e d im e n ta ry  ro c k  w i th  r e s p e c t  t o  w e l l - d e f in ­

ed p e r io d s  o f  g e o lo g ic  t im e .

In  th e  b ro a d e s t  sense , s t r a t a  (d e p o s its )  a re  s u b d iv id e d  in t o  th re e  

c a te g o r ie s :

"M a rin e  S t r a ta "  ( d e p o s ite d  i n  th e  sea) -  a re  

t y p i c a l l y  s i l t s t o n e s ,  s h a le s ,  o r  lim e s to n e s  

h a v in g  b ro a d  a r e a l d i s t r i b u t i o n  o v e r hundreds 

o r  th ousan ds  o f  squa re  m ile s  w i th  r e l a t i v e l y  

u n ifo rm  c o m p o s it io n  and c o n t in u i t y .

"M a rg in a l-M a r in e  S t r a ta "  ( s h o re l in e  d e p o s its )  -  

a re  t y p i c a l l y  co n g lo m e ra te s  o r  g r a v e l ( la rg e  

p e b b le s )  and sands tones  d is t r ib u te d  i n  w e l l  de­

f in e d  s in uous  p a t te rn s  th a t  re p re s e n t a n c ie n t  

s h o r e l in e s .
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"Non-Marine S tra ta "  (d e p o s ite d  on la n d  o r  

lakes a n d /o r swamps) -  a re  t y p ic a l ly  com bi­

n a tio n s  o f  c la y e y  sandstones and s i l t s to n e s  

having  heterogeneous c o m p o s itio n  and e r r a t ic  

d is t r ib u t io n .

During b u r ia l ,  as new sediments accum ulate ove r the  to p  o f  o th e r 

s tra ta  or sediments, the  d e p o s its  re a d ju s t  to  the  w e ig h t and the  un­

d e rly in g  sediments become more com pact. E v e n tu a lly , the  p h y s ic a l 

s tru c tu re  o f the sediments reach a more s o l id i f i e d  s ta te ,  n o rm a lly  

re fe rre d  to  as rock, due in  p a r t  to  com paction and in  p a r t  to  m in e ra l 

p re c ip ita t io n .  From t h is  p o in t  fo rw a rd , the beds o f  rock  m a te r ia l 

respond in  a more r i g i d  manner to  p h y s ic a l and chem ica l changes by 

f ra c tu r in g ,  jo in t in g ,  fo ld in g ,  o r  f a u l t in g .

The u lt im a te  goa l o f a s t ra t ig ra p h e r  i s  to  be ab le  to  c o r re la te  

in d iv id u a l rock u n its  w ith  contemporaneous g eo log ic  even ts  in  o th e r 

nearby areas. For convenience and s im p l ic i t y  in  v is u a l iz in g  the ro ck  

and tim e u n its ,  a g e o lo g ic  c o r re la t io n  c h a r t  i s  most o f te n  used.

There are two b a s ic  assumptions th a t  are fundam enta l to  a l l  s t r a t ­

ig ra p h ic  in te rp re ta t io n s :

"Law o f  o r ig in a l  h o r iz o n ta l i t y "  -  the o r ig in a l  

beds o f sediments were d e p o s ite d  as f l a t - l y i n g  

beds, p a r a l le l  to  sea le v e l .

"Law o f s u p e rp o s it io n " - in  u n d is tu rb e d  s t r a ta  

the o ld e s t  beds are on th e  bottom , and each 

o v e r ly in g  u n i t  is  p ro g re s s iv e ly  younger.



W ith  these laws and concepts in  m ind , g e o lo g is ts  have e s ta b lis h e d  

two types o f nom enclature in  o rd e r to  communicate t h e i r  f in d in g s .  They 

e s ta b lis h  names f o r  s p e c i f ic  se ts  o f s t r a t a  th a t  seem to  have some com­

m o n a lity , and th e y  u t i l i z e  a w o r ld  s ta n d a rd  re fe re n c e  tim e  s c a le . Fo r 

example: A g e o lo g is t  in  A rkansas, e a s t Texas, and Oklahoma may r e fe r  

to  the  Cretaceous Woodbine Sand, th e  J u ra s s ic  Smackover Lime, o r the  

Pennsylvanian S p rin g e r o f  Oklahoma, and o th e r  g e o lo g is ts  w i l l  under­

stand the  age and som ething o f  the  c h a ra c te r  o f the  s t r a ta .

However, the nom enclature may change from  area to  a re a , th e re fo re ,  

a nom enclature c h a r t may be h e lp fu l  to  s o r t  o u t the  fo rm a tio n s .

A l l  s t ra t ig ra p h ic  u n i ts  have upper and low er c o n ta c ts  w ith  o th e r 

u n its  above and be low . C ontacts are c o n s id e re d  "con fo rm a b le " i f  the 

sed im e n ta tion  across the  boundary appears to  have taken  p lace  w ith o u t 

a m ajor in te r r u p t io n .  Unconform able c o n ta c ts  in d ic a te  th a t  th e re  was 

a h ia tu s  between the tim e  the  lo w e r beds were d e p o s ite d  and the tim e 

the  o v e r ly in g  beds were la id  down ove r th e  to p .  In  some cases, the

h ia tu s  may have been o n ly  a few  hundreds o r  thousand y e a r s  ---- o the rs

may have been f o r  m i l l io n s  o f  y e a rs .

C o r re la t io n  in  i t s  s im p le s t fo rm  i s  th e  m atching up o f  in fo rm a tio n  

about th e  beds from  one p lace  to  a n o th e r. T h is  is  i l l u s t r a t e d  b e s t by  

a c ro s s -s e c tio n  th a t  may show sand p in c h -o u t ,  u n c o n fo rm it ie s  and l a t ­

e r a l changes i n  s t r a ta  under s tu d y .

Isopach mapping i s  one o f  the  m ost common methods used in  under­

s ta n d in g  and i l l u s t r a t i n g  s t r a t ig ra p h ic  r e la t io n s h ip s .  " Is o "  means 

e q u a l, the  "pach" means th ic k n e s s . T h is  method o f  mapping has some 

in te r p r e ta t io n  th a t  must be a p p lie d . The same s e t o f  da ta  can u s u a lly  

be in te rp re te d  in  a t  le a s t  two d i f f e r e n t  manners. A g e n e ra l knowledge 

o f the  re g io n a l trends  o f s im ila r  fe a tu re s  nearby and the  n a tu re  o f  

the fe a tu re s  are e s s e n tia l.
-  6 -



STRUCTURAL GEOLOGY

G eologists use the  word s t r u c tu r a l  geo logy to  mean "d is tu rb e d  

geo logy". The term  " s t ru c tu re "  is  used in  a v a r ie ty  o f  ways. For 

example:

a. S tru c tu re  -  to  mean a p a r t ic u la r  f o ld ,  dome,

fa u lte d  complex, o r  some o th e r type  o f 

fe a tu re  where the  s t r a ta  have been d is ­

tu rb e d  o r b roken .

b . S tru c tu re  map -  I l l u s t r a t e s ,  th rough  the use

o f c o n to u rs , the  p o s i t io n  o f a p a r t ic u la r  

re fe ren ce  datum w ith  re s p e c t to  p re s e n t 

day sea le v e l .

c . S t ru c tu ra l c ro s s -s e c t io n  -  I l lu s t r a t e s  a v e r­

t i c a l  v iew  o f the  c o n f ig u ra t io n  o f  the  

s t ra ta  w ith  re s p e c t to  p re se n t day sea 

le v e l.

In  o the r words, " s t ru c tu re "  im p lie s  th a t  compared to  a f l a t  s u r­

fa c e ,  w ith  sea le v e l as a re fe ren ce  datum, the  s t r a ta  have developed 

a d i f f e r e n t  c o n f ig u ra t io n .

There are se ve ra l s t r u c tu r a l term s in  common usage by the p e t r o l­

eum in d u s try  th a t are w orth n o te :

Axis ( o f  a f o ld )  shows the  p o s it io n  and d ire c ­

t io n  o f a f o ld  a long  i t s  c re s t  ( i f  bowed up­

ward) , o r along i t s  trough  ( i f  bowed down­

w a rd ). (F ig .  1)

Dip is  the  d ire c t io n  and degree o f in c l in a t io n  o f 

s t r a ta .  A d ip  o f one degree equals an in c l in a ­

t io n  o f 92 fe e t  pe r m ile . (F ig . 1)
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FIGURE 1

ANTICLINE WITH CONTOURS SHOWING STRUCTURE



A N T IC LIN E

SYNCLINE

FIGURE 2



S t r ik e  i s  th e  d i r e c t io n  a t  r i g h t  a n g le s  to

th e  d ip .  I n  e f f e c t  a s t r u c t u r a l  con­

t o u r  o f  a bed  d e f in e s  th e  s t r i k e .  ( F ig .

1 )

D e p o s i t io n a l s t r i k e  i s  th e  d i r e c t io n  o f  g r e a te s t

u n i f o r m i t y  o f  a s p e c i f i c a l l y  d e f in e d  s t r a t ­

ig r a p h ic  i n t e r v a l .

A n t i c l in e  i s  th e  name a p p lie d  to  a f o l d  w h e re in

th e  s t r a t a  have been bowed up w a rd . ( F ig .  2)

S y n c lin e  i s  th e  name a p p lie d  to  a f o l d  w h e re in  the  

s t r a t a  have been bowed downward. ( F ig .  2)

F a u lt  i s  a ru p tu re  i n  th e  s t r a ta  w h e re in  th e  beds 

a re  d is p la c e d ,  The amount o f  movement i s  

n o rm a lly  re p re s e n te d  as " f e e t  o f  v e r t i c a l  

m ovem ent". ( F ig .  3)

S t r u c tu r a l r e s e r v o ir s  a re  those  a c c u m u la tio n s  o f  o i l  and gas t h a t  a re  

trap ped  because o f  s t r u c t u r a l  d e fo rm a tio n  o f  th e  s t r a t a ,  e i t h e r  by  

fo ld in g  o r  f a u l t i n g .

S t r a t ig r a p h ic  r e s e r v o ir s  o r  a c c u m u la tio n s  o f  o i l  and gas are  

c re a te d  by s t r a t ig r a p h ic  c o n d it io n s  r a th e r  th a n  s t r u c t u r a l  d e fo rm a tio n . 

The u p -d ip  l i m i t  o f  p o r o s i t y  may be due to  a v a r ie t y  o f  causes : I t  

may be th e  d e p o s it io n a l edge o f  th e  sandbody, o r  i t  may be due to  i n ­

creased c e m e n ta tio n , o r  i t  may be due to  e ro s io n a l t r u n c a t io n .

W ith  t h is  b a s ic  in fo rm a t io n ,  a b e t t e r  u n d e rs ta n d in g  o f  g e o lo g y  

and g e o lo g ic a l p rocesse s  is  a v a i la b le  to  th e  s tu d e n t .  What you do
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w ith  th is  in fo rm a tio n  to  develop the  a r t  o f  pe tro leum  geology is  the  

cha lle nge . In  f a c t ,  i f  most g e o lo g is t  were honest w ith  them selves, 

t h is  b r ie f  s tudy is  about a l l  th e y  c a r ry  w ith  them when they leave 

c o lle g e . I t  is  the  development o f  th e  " a r t "  as th e y  p ra c t ic e  t h e ir  

c r a f t  th a t  b r in g s  them success o r f a i l u r e .
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