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ABSTRACT 

T h i s pape r d e s c r i b e s a p rog ram f o r 
i n t e r p r e t a t i o n o f o i l - w e l l m e a s u r e m e n t s . Two 
t e c h n i q u e s have been merged f o r t h i s p u r p o s e : 
t h e e x p e r t sys tem t e c h n i q u e ( p r o d u c t i o n r u l e s ) 
w h i c h l e n d s i t s e l f t o t h e s y m b o l i c r e a s o n i n g 
a s p e c t o f t h e p r o b l e m and p a t t e r n r e c o g n i t i o n 
t e c h n i q u e ( m a i n l y t h e s p l i t and merge 
a l g o r i t h m ) t o i n t e r p r e t c u r v e s m e a s u r i n g 
p h y s i c a l p r o p e r t i e s o f r o c k s . P a r t o f t h e 
know ledge o f a n e x p e r t i n g e o l o g y has been 
coded i n t o 500 p r o d u c t i o n r u l e s t o g e t h e r w i t h 
h i e r a r c h y t r e e s ( such a s p e t r o g r a p h y , 
p a l e o n t o l o g y ) w h i c h a l l o w t h e p rog ram a n 
a c c e s s t o t h e r u l e s c o n t a i n i n g a s s e r t i o n s more 
g e n e r a l t h a n t h e i n p u t d a t a . T h e r e a r e t w o 
g e o l o g i c a l l a w s u n d e r l y i n g t h e d e s i g n o f t h e 
p r o g r a m : (1) A l l s o u r c e s o f d a t a a r e 
a c c o u n t e d f o r whenever t h e y a r e a v a i l a b l e , (2) 
A d e s c r i p t i o n o f a r o c k has no s i g n i f i c a n c e 
o u t o f i t s c o n t e x t , w h i c h means t h a t t h e 
i d e n t i f i c a t i o n o f r o c k s must b e g u i d e d b y t h e 
know ledge o f t h e e n v i r o n m e n t a l c o n d i t i o n s . A 
s e s s i o n w i t h LITHO i s p a r t i a l l y d i s p l a y e d . 

INTRODUCTION 

A c r u c i a l p r o b l e m i n p e t r o l e u m e x p l o r a t i o n i s 
t h e i n t e r p r e t a t i o n o f measurements o f c e r t a i n 
p h y s i c a l p r o p e r t i e s o f u n d e r g r o u n d r o c k s such 
a s d e n s i t y / e l e c t r i c a l r e s i s t i v i t y , sound 
t r a n s m i s s i o n , r a d i o a c t i v i t y . These 
measurements a r e r e p r e s e n t e d b y c u r v e s c a l l e d 
l o g s w h i c h a r e c h a r a c t e r i s t i c o f t h e v a r i o u s 
r o c k s p e n e t r a t e d b y t h e d r i l l . 

I n o r d e r t o a c h i e v e t h e i r t a s k o f 
i n t e r p r e t a t i o n , g e o l o g i s t s use v a r i o u s s o r t s 
o f k n o w l e d g e . They t a k e i n t o a c c o u n t 
q u a l i t a t i v e d a t a ( e . g " c a m b r i a n " has a 
c o n o t a t i o n o f " v e r y o l d " and t h e r e f o r e 
s u g g e s t s " a v e r y compac ted r o c k " ) a s w e l l a s 
q u a n t i t a t i v e d a t a such a s p e r m e a b i l i t y , 
p o r o s i t y , p e r c e n t a g e o f c a l c i t e w h i c h a r e 
c o m p l e m e n t a r y t o t h e l o g s n u m e r i c a l v a l u e s 
t h e m s e l v e s . 

S t a t i s t i c a l a p p r o a c h e s used s o f a r t o 
i n t e r p r e t g e o l o g i c a l d a t a have d r a s t i c 
l i m i t a t i o n s . These l i m i t a t i o n s a r e due t o t h e 
f a c t t h a t some r o c k s ( e . g . c h e r t s and 
q u a r t z i t e s ) have s i m i l a r l o g r e s p o n s e s and 
t h e r e f o r e can o n l y b e d i s t i n g u i s h e d o n t h e 
g r o u n d o f t h e i r g e o l o g i c a l e n v i r o n m e n t 
( g e o g r a p h y , s t r a t i g r a p h y , p a l e o n t o l o g y ) . 

LITHO i s a n o n g o i n g p r o j e c t d e v e l o p e d a t 
S c h l u m b e r g e r ( C l a m a r t and M o n t r o u g e , F r a n c e ) 
f o r compu te r i n t e r p r e t a t i o n o f v a r i o u s d a t a 

r e c o r d e d d u r i n g and a f t e r t h e d r i l l i n g p h a s e : 
c o r e s , c u t t i n g s , g e o g r a p h i c a l d a t a , s e i s m i c 
i n f o r m a t i o n , X - r a y measu remen ts , p l u g s , 
d r i l l i n g p a r a m e t e r s and l o g s d a t a ( c u r v e s 
r e f l e c t i n g t h e p h y s i c a l measurements m e n t i o n e d 
a b o v e ) . 

The o u t p u t o b t a i n e d by LITHO i s a " l i t h o l o g " 
w h i c h means ( i n p e t r o l e u m i n d u s t r y j a r g o n ) a 
d e s c r i p t i o n o f t h e r o c k s e n c o u n t e r e d i n a w e l l 
( v e r t i c a l l i t h o l o g i c a l c o l u m n ) . For t h e t i m e 
b e i n g , w e a r e c o n c e r n e d w i t h a " l a b e l l i n g " o f 
t h e most p l a u s i b l e l i t h o f a c i e s (*) i n t e r m s o f 
d e p t h . 

W e w i l l d e s c r i b e t h e d i f f e r e n t s o u r c e s o f d a t a 
u s u a l l y a v a i l a b l e and how t h e y a r e a c t u a l l y 
used by t h e p r o g r a m . The f u n d a m e n t a l 
h y p o t h e s i s u n d e r l y i n g t h e g l o b a l p r o j e c t 
o u t l i n e d h e r e i s t h a t a h i g h amount o f 
g e o l o g i c know ledge i s i n d i s p e n s a b l e ( t o g e t h e r 
w i t h w i r e - l i n e measurements know ledge ) t o 
s o l v e t h e p r o b l e m ; f u r t h e r m o r e o v e r l a p p i n g 
i n f o r m a t i o n i s t h e b e s t g u a r a n t e e a g a i n s t 
p o s s i b l e e r r o n e o u s d a t a . 

( * ) L i t h o f a c i e s : t h e sum o f p e t r o p h y s i c a l and 
p e t r o g r a p h i c a l a s p e c t s o f r o c k s . The 
p o r o s i t y , p e r m e a b i l i t y , c h e m i c a l and m i n e r a l 
c o m p o s i t i o n o f t h e r o c k , t h e a r r a n g e m e n t o f 
t h e d i f f e r e n t g r a i n s and p a r t i c l e s ( t e x t u r e ) , 
t h e t y p e o f l a y e r i n g , p r e s e n c e o f l e n s e s , 
p e b b l e s , l a m i n a t i o n s , h o l e s , c r a c k s , f i s s u r e s 
( s t r u c t u r e ) d e f i n e t h e l i t h o f a c i e s . A n 
e l e c t r o f a c i e s i s t h e image o f a l i t h o f a c i e s i n 
t h e space o f t h e l o g s . A p a l e o e n v i r o n m e n t i s 
d e f i n e d b y a l l t h e c l i m a t i c and g e o g r a p h i c a l 
c o n d i t i o n s t h a t l e a d t o a c e r t a i n 
e n v i r o n m e n t a l c o n t e x t o f d e p o s i t i o n ( e . g 
r e e f a l , d e l t a i c , a r i d ) . 

RELATED WORK AND TECHNICAL DETAILS 

LITHO i s r e l a t e d t o HASP/SIAP [5 ) w h i c h uses 
k n o w l e d g e - b a s e d t e c h n i q u e s f o r s i g n a l 
p r o c e s s i n g . A n c e s t o r s o f LITHO a s e x p e r t 
s y s t e m s i n g e o l o g y a r e PROSPECTOR ( 4 ] and t h e 
DIPMETER ADVISOR [ 3 ] . PROSPECTOR was 
p r i m a r i l y c o n c e r n e d w i t h h a r d - c r y s t a l l i n e 
r o c k s w h e r e a s t h e emphas i s i n LITHO i s o n 
s e d i m e n t a r y r o c k s . Log i n t e r p r e t a t i o n has 
been a l r e a d y a t t e m p t e d w i t h t h e DIPMETER 
ADVISOR b u t o n l y one l o g was i n t e r p r e t e d i n 
d e t a i l . H e r e , a l l t h e l o g s a r e a c c o u n t e d f o r 
( s o n i c , d e n s i t y , r e s i s t i v i t y , gamma- ray , 
e t c . ) ; i n f o r m a t i o n e x t r a c t e d can b e 
o v e r l a p p i n g o r c o n f l i c t i n g ( s o u r c e s o f 
measurement e r r o r s a r e m u l t i p l e ) . The 
s t r e n g t h o f t h e a p p r o a c h o f LITHO i s t h e 
c a p a c i t y o f c o m b i n i n g numerous s o u r c e s o f 
i n f o r m a t i o n ( b o t h s y m b o l i c and n u m e r i c ) and 
a c c o m o d a t i n g p o s s i b l e c o n t r a d i c t i o n s . 
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Furthermore, most of the knowledge about 
geology is very general (for example geography 
independent). 

LITHO is a new app l ica t ion of the EMYCIN 
framework a f ter MYCIN[7], SACON {1] among 
others. These systems rely strongly on the 
context- t ree mechanism; on the other hand, 
LITHO makes a more extensive use of the 
cer ta in ty factors combination funct ions. The 
l a t t e r aspect seems to be inherent in geology 
where most of the inferences drawn are weak 
and where contradict ions between data are not 
uncommon. 

LITHO is a complete i n te rac t i ve program using 
reasoning mechanisms acquired from human 
experts. It has the i n i t i a t i v e of the 
dialogue through which it acquires the data 
character iz ing the we l l which has been 
d r i l l e d . LITHO now runs under two versions: 
the DEC-20 version is w r i t t en in INTERLISP and 
uses EMYCIN (8] [ 91 ; the VAX version uses 
ELITHOr a s l i g h t l y s imp l i f i ed version of 
EMYCIN wr i t t en in FRANZLISP. A FORTRAN 
(batch) program run on a VAX current ly gives 
the f i n a l output ( ve r t i ca l geology 
descr ipt ion) on a VERSATEC. 

SOURCES OF DATA 

The primary goal of LITHO is to determine a 
set of most p lausib le l i t ho fac ies for each 
gross zone for example CHERTY LIMESTONE, 
TILLITE, FERROGINEODS SAND, THIN INTERBEDDING 
OF VARVES, EPSOMITE, e tc . 

The values of the goal parameter are in fe r red 
using data parameters asked for during the 
consul tat ion (geologic observations, 
morphologies of curves, e tc . ) and using 
various intermediate steps l i k e the main 
l i t h o l o g i c type, the paleoenvironment of 
deposi t ion. The depth of the inference tree 
is about 4. In order to i l l u s t r a t e the 
combination of pat tern recogni t ion and expert 
systems techniques, t h i s paper w i l l 
concentrate on the two main sources of 
knowledge which are the external (geological) 
data and the shapes of the curves. 

Morphology of logs 

This is a primary source of data; there are 
two problems to be solved: f i r s t , the 
ex t rac t ion of the important features of logs, 
second the i r i n te rp re ta t i on w i th in the 
reasoning mechanisms. This sect ion w i l l 
describe f i r s t the vocabulary that we have 
developed to describe the curves, then how 
these features intervene in the reasoning and 
f i n a l l y the technique of pattern recogni t ion 
used to extract these features. 

In teres t ing features: The curves can be 
described in terms of whether there is 
ind ica t ion of a c t i v i t y ( f l a t or no t ) , presence 
of plateaus (gamma-ray, r e s i s t i v i t y , neutron, 
e t c . ) , ramps (gamma-ray, etc.), beds 
(m i c ro res i s t i v i t y , gamma-ray, e t c . ) , layers 
(HDT, m i c r o r e s i s t i v i t y ) , s t r ings (HDT on l y ) . 
From these data, the program in fe rs the most 
p laus ib le environments, main l i t h o l o g i c types 
and sometimes d i r e c t l y p laus ib le l i t h o f a c i e s . 
As the pattern recogni t ion program can miss 
micro-events which are d i f f i c u l t to recognise, 

the user has the p o s s i b i l i t y to complete the 
feature ex t rac t ion by in te rp re t ing v i sua l l y 
the logs. For t h i s reason, s/he has a 
handbook providing some help for the 
recogni t ion of the various shapes. 
Hesi tat ions do not block the deduction process 
since the user is permitted to introduce 
c r e d i b i l i t y factors weakening the inferences 
to be made. Some of the shapes taken i n to 
account are l i s t e d below. (The observer is 
always looking upwards): 

Plateaus: Constant log response over an 
i n t e r va l longer than 25 meters. Megaramps: 
progressive increasing or decreasing response 
longer than 25 meters. Massive beds: 
Constant log answer over an i n te rva l comprised 
between 5 and 25 meters. 

An example of a (nearly) pure ru le using the 
morphology of the logs is shown below: 

RULE003: 

I f : 1) There is one or several plateaus on the 
FDC curve, and 

2) There is one or several plateaus on the 
CNL curve, and 

3) There is one or several plateaus on the 
BHC curve, and 

4) The global porosi ty of the zone is less 
than 10 percent 

Then: There is suggestive evidence (.5) that 
the geological formation of the zone is 
g loba l ly compacted. 

Morphological analysis of logs : 

The major problems for an automatic pattern 
recogni t ion system are of two kinds : 

-Despite the apparent s imp l i c i t y of the ideal 
representation of a given fea ture , the 
va r i a t i on to lera ted around the ideal curve is 
very la rge. 

-A given s t ruc ture may be s p l i t i n to many 
substructures ( i . e : a megaramp may include 
medium ramps, medium beds, e tc . ) 

This las t s i t ua t i on is natura l for a geologist 
who adapts h is scale of v i s ion to the de ta i l s 
relevant for h is appreciat ion of the 
geological context . 

For these reasons, the fo l lowing approach has 
been chosen; it consists of 2 steps: 

-A log polygonal approximation 

-A syntact ic parsing of the approximating 
polygone Logs approximation: 

The piecewise l inear approximation of a log is 
i n te res t i ng for the two fo l lowing reasons: 

-The approximation can be matched wi th the 
scale of de ta i l s which seems relevant 
(d i f fe ren t scales are easi ly considered) 

-Each curve part is eas i ly coded (two numbers 
for a segment) 

We have r es t r i c t ed ourselves to piecewise 
approximation wi th no con t inu i t y requirements 
at the junc t ion between two segments. It 
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tu rns out t h a t t h i s l i m i t a t i o n i s a c t u a l l y 
b e n e f i c i a l . This i s due t o the f a c t t h a t i t 
i s o f pr imary importance to l oca te ruptures in 
the s i gna l ( " d i s c o n t i n u i t i e s " ) , which w i l l be 
emphasized i f no c o n t i n u i t y c o n s t r a i n t i s 
taken i n t o account. 

Such approximat ions are w e l l su i t ed to our 
problem because the degree of d e t a i l obta ined 
in the approx imat ing polygone i s e a s i l y 
c o n t r o l l e d . They are reached by using a 
s p l i t - a n d merge a l g o r i t h m (6J . 

Parsing of the l o g s : 

The curve decomposi t ion i n t o elementary 
segments is su i t ed to a l i n g u i s t i c approach 
for the p a t t e r n r e c o g n i t i o n problem. I n t h i s 
type of p rocess ing , the waveshapes to be 
i d e n t i f i e d are viewed as a set of vec to rs 
concatenat ion which are analogous to the words 
of a language generated by a given grammar. 
The method is the f o l l o w i n g : 

F ig 1 . Feature e x t r a c t i o n on the dens i t y log 

- S t a r t i n g from the words corresponding to the 
des i red curves shapes lead to de f ine a grammar 
which w i l l generate exac t l y those words 

-Cons t ruc t i ng the corresponding pa rse r , which 
w i l l dec ide , examining a vector arrangement, 
whether i t is acceptable by the grammar. 

In t h i s fo rma l i sm, fo r i n s tance , a decreasing 
ramp is represented by " the concatenat ion .of 
negat ive slope segments, the f i r s t s lope 
segment being under a g iven t h r e s h o l d , and the 
jump between two successive segments (produced 
by the approximat ion) being under another 
t h r e s h o l d " ; the parser t h a t matches the 
f ea tu re aga ins t the grammar is implemented as 
a f i n i t e automaton. 

An example of performances of the o v e r a l l 
procedure -po lygona l approx imat ion and 
s y n t a c t i c pars ing - i s i l l u s t r a t e d i n f i g u r e 

Ex te rna l data 

The term " e x t e r n a l da ta" w i l l r e fe r t o a l l 
i n f o r m a t i o n which does not come from w i r e - l i n e 
measurements. Some are not always a v a i l a b l e 
fo r example c u t t i n g d e s c r i p t i o n s or 
p a l e o n t o l o g i c a l da ta . Others are always known 
(or can be i n f e r r e d ) such as the l o c a t i o n of 
the w e l l bear ing very use fu l i n fo rma t i on about 
the g l o b a l l i t h o l o g i c type usua l l y encountered 
in a g iven area (e.g p la t fo rm-carbonates in 
the M idd le -Eas t ) . Usua l l y , age of format ions 
( s t r a t i g r a p h i c a l knowledge) is p a r t l y known 
from the geograph ica l i n f o r m a t i o n . 

Ex te rna l knowledge is of 8 types o u t l i n e d 
below. I t e i t h e r cons i s t s o f taxonomies 
enabl ing accers to general ru les from s p e c i f i c 
data or of in fe rences t r i g g e r e d as i n f o rma t i on 
is entered ( i f the age of the fo rmat ion is 
"cambrian" then the rocks are very o ld (o lder 
than 185 m i l l i o n s of years) suggest ing a h igh 
p r o b a b i l i t y of very compacted rocks , i . e no 
gypsum, e t c . ) . The 8 kinds a re : 

Geography (geo log ic p rov inces , bas ins , 
f i e l d s ) 
Tectonic a c t i v i t i e s ( f o l d s , f a u l t i n g ) 
S t ra t i g raphy (geo log i ca l e ras , epochs) 
Paleontology ( f o s s i l e s ) 
Mineralogy ( c a l c i t e , c l a y , quar tz) 
Petrography ( l imes tone , sha le , sand) 
Sedimentology ( r e e f , t i d a l channel) 
Petrophysics ( p o r o s i t y , pe rmeab i l i t y ) 

An example of r u l e combining geography and 
s t r a t i g r a p h y i n fo rma t i on is shown here : 

RULE295: 

I f : 1 ) The s t r a t i g r a p h i c a l pe r i od is 
cretaceous, 
and 2) The geo log i ca l p rov ince is one o f : 

i r a n i a n - p l a t f o r m , z a g r o s - f o l d - b e l t 
Then: 
1) There is evidence t h a t the paleoenvironment 
o f depos i t i on o f the zone i s f l u v i a l ( . 6 ) , 
l a c u s t r i n e ( - . 6 ) , d e l t a i c ( - . 6 ) , g l a c i a l 
( - . 8 ) , a r i d ( - . 6 ) , lagoonal ( - . 3 ) , pe lag i c 
( . 4 ) , n e r i t i c ( . 4 ) , metamorphic ( - . 6 ) , 
i n t r u s i v e ( - . 8 ) , e x t r u s i v e ( - . 3 ) , k a r s t i c 
( - . 3 ) , coas ta l ( - .3) o r r e e f a l (.2) 
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2 ) T h e r e i s e v i d e n c e t h a t t h e m a i n l i t h o l o g i c 
t y p e o f t h e zone i s d e t r i t a l ( - . 3 ) , b i o l o g i c a l 
( . 3 ) , e v a p o r i t i c ( . 3 ) o r p l u t o n i c ( - . 5 ) 

Z o n i n g and l a b e l i n g o f t h e w e l l : 

T h i s l a s t s t e p i s e s s e n t i a l l y a n a l l o c a t i o n 
p r o c e d u r e i n t h e l o g v a l u e s s p a c e . T h i s 
s p a c e , f o r t h e c i r c u m s t a n c e , i s f i l l e d w i t h 
t h e c l u s t e r s o f p o i n t s . A p o i n t i s a 
c o l l e c t i o n o f l o g v a l u e s w h i c h make u p t h e 
d a t a base a l r e a d y u s e d i n t h e r o u g h 
l i t h o l o g i c a l s u r v e y a t t h e b e g i n n i n g o f t h e 
p r o c e s s i n g . 

Each c l u s t e r i s r e p r e s e n t a t i v e o f a 
l i t h o f a c i e s , and t h e s y m b o l i c r e a s o n i n g p a r t 
o f t h e p r o g r a m p r o v i d e d u s w i t h t h e a p r i o r i 
p l a u s i b i l i t y o f t h e p r e s e n c e o f t h i s 
l i t h o f a c i e s . 

The a l l o c a t i o n p r o c e d u r e u s e d i n t h i s l a s t 
phase i s once more o f t h e n e a r e s t - n e i g h b o u r 
t y p e , t h e ( E u c l i d e a n ) d i s t a n c e s b e i n g w e i g h t e d 
b y t h e p r e v i o u s p l a u s i b i l i t i e s . 

A f i n a l o u t p u t o f t h e w h o l e c h a i n i s t h e 
r e s u l t o f t h i s l a s t p r o g r a m , i n t h e f o r m o f a 
l i t h o l o g i c a l c o l u m n a s shown i n F i g u r e 2 . 
T h i s c o m p a r i s o n shows t w o t h i n g s : 

F i r s t t h e d r a w i n g s made b y t h e g e o l o g i s t and 
b y LITHO a r e e x t r e m e l y s i m i l a r ; t h e i r 
a g r e e m e n t i s a c t u a l l y b e y o n d o u r i n i t i a l 
h o p e s . 

Second LITHO g i v e s a t e r s e d e s c r i p t i o n o f t h e 
l i t h o l o g y w h i c h i s u s u a l l y a good summary o f 
t h e a n n o t a t i o n s e n t e r e d b y t h e g e o l o g i s t . 

How d o e s L i t h o h a n d l e s p u r i o u s d a t e ? S p u r i o u s 
d a t a may have d i v e r s e o r i g i n s : 

Logs a r e n e v e r e r r o r - f r e e . T h i s i s due t o t h e 
c o n d i t i o n s o f d r i l l i n g w h i c h a r e n e v e r 
o p t i m a l . 

T h e r e may b e e r r o r s o n t h e c u t t i n g s ( a p i e c e 
o f g r o u n d may have f a l l e n down d u r i n g t h e 
o p e r a t i o n o f d r i l l i n g t h u s c a u s i n g i t s 
a t t r i b u t i o n t o a w r o n g p l a c e ) . 

L i t h o c o p e s w i t h t h e s e p r o b l e m s o y u s i n g t h e 
f o l l o w i n g f e a t u r e s : 

T h e r e i s n e v e r a f u l l c e r t a i n t y a t t a c h e d t o 
t h e c o n c l u s i o n s d r a w n . T h e r e f o r e i f d a t a 
r e s p o n s i b l e f o r a g i v e n c o n c l u s i o n h a p p e n s t o 
b e w r o n g , o t h e r s o u r c e s o f i n f o r m a t i o n m i g h t 
h e l p t h e s y s t e m t o s t i l l r e a c h a r e a s o n a b l e 
c o n c l u s i o n . 

I t makes a h e a v y use o f o v e r l a p p i n g k n o w l e d g e . 
A s t r o n g c o n c l u s i o n o f t e n r e s u l t s f r o m t h e 
c o m b i n a t i o n o f 5 t o 1 0 weak c o n c l u s i o n s . 

EXAMPLE OF A SESSION WITH LITHO 

The f o l l o w i n g t r a n s c r i p t i l l u s t r a t e s L I T H O ' s 
i n t e r a c t i o n s w i t h a u s e r and t h e c o n c l u s i o n s 
o f t h e p r o g r a m f a c e d w i t h a r e a l c a s e . The 
u s e r i n p u t s a p p e a r a f t e r t h e d o u b l e a s t e r i s k s . 
Comments h a v e been i n s e r t e d b e t w e e n b r a c k e t s . 

WELL-106 
1 ) Name o f w e l l - 1 0 6 

* * D I D I - 7 
2 ) Where a r e y o u ? 
* * IRAQ-NORTH 
The g e o l o g i c a l p r o v i n c e i s ZAGROS-FOLD-BELT 
The c o n t i n e n t i s MIDDLE-EAST 

[ L i t h o u s e s g e o g r a p h y k n o w l e d g e i n o r d e r 
t o i n f e r t h e g e o l o g i c a l p r o v i n c e and 
c o n t i n e n t f r o m t h e g e o l o g i c a l b a s i n . ] 

3 ) A r e t h e r e any zones o f D I D I - 7 t h a t 
y o u w i s h t o s t u d y ? 

[ L i t h o u s u a l l y w o r k s o n " g r o s s " zones 
d e f i n e d b y t h e u s e r . ] 

* * YES 
ZONE-1 

4 ) What i s t h e g e o l o g i c a l age o f D I D I - 7 ? 
** UNKNOWN 
5 ) P l e a s e e n t e r t h e p a l e o n t o l o g y w o r d s 

t h a t you may know f o r ZONE-1 
** FORAMINIFERA OSTRACUDS 
= OSTRACODS [ s p e l l i n g c o r r e c t o r ] 
The p a l e o n t o l o g i c a l c l a s s e s o f ZONE-1 a r e : 
FORAMINIFERA ARTHROPODS 
The p a l e o n t o l o g i c a l o r d e r o f ZONE-1 i s : 
OSTRACODS 

[Use o f t a x o n o m i e s ( c l a s s , o r d e r , f a m i l y , 
g e n u s ) t o make i n f e r e n c e s . 

14) P l e a s e e n t e r t h e c h a r a c t e r i s t i c f e a t u r e s 
o f t h e gamma- ray l o g i n ZONE-1 

p l a t e a u s : NO 
m a s s i v e b e d s : NO 
m e g a r a m p s : ABSENT 
m e s o r a m p s : ABSENT 
medium b e d s : NO 
medium r a m p s : RARE 

[The u s e r l o o k s a t t h e o u t p u t s o f t h e 
p a t t e r n r e c o g n i t i o n p r o g r a m t o a n s w e r ] 

23) What is the t e c t o n i c s t r u c t u r e of ZONE-1? 
* * WHY 
T h i s w i l l a i d i n d e t e r m i n i n g t h e 
p a l e o e n v i r o n m e n t o f d e p o s i t i o n o f Z O N E - 1 . 
I t has a l r e a d y been e s t a b l i s h e d t h a t 
[ 1 . 1 ] t h e m a i n l i t h o l o g i c t y p e o f 
ZONE-1 i s b i o l o g i c a l , t h e r e f o r e i f 
[ 1 . 2 ] f r a c t u r e i s one o f t h e t e c t o n i c 
s t r u c t u r e o f Z O N E - 1 , t h e n 
T h e r e i s w e a k l y s u g g e s t i v e e v i d e n c e ( . 3 ) 
t h a t t h e p a l e o e n v i r o n m e n t o f d e p o s i t i o n o f 
ZONE-1 i s r e e f a l ( a l s o : t h e r e i s w e e k l y 
s u g g e s t i v e e v i d e n c e ( . 3 ) t h a t t h e 
g e o l o g i c a l f o r m a t i o n i s g l o b a l l y c o m p a c t e d ) 
[The u s e r a s k s WHY (why do y o u w a n t to know 
t h e t e c t o n i c s t r u c t u r e ? ) ; L i t h o d i s p l a y s t h e 
c u r r e n t r u l e b e i n g a p p l i e d t o g e t h e r 
w i t h t h e p a r t i a l r e s u l t s o b t a i n e d t h u s f a r . ] 

He re a r e m y c o n c l u s i o n s : 
The p a l e o e n v i r o n m e n t o f d e p o s i t i o n i s 
COASTAL or LAGOONAL 
The m a i n l i t h o l o g i c t y p e i s BIOLOGICAL 
The m o s t p l a u s i b l e l i t h o f a c i e s a r e : 
WELL CEMENTED DOLOMITIC LIMESTONE 
WELL CEMENTED DOLOMITE 
MODERATELY CEMENTED DOLOMITIC LIMESTONE 
ANHYDRITIC DOLOMITE 
ARGILLACEOUS LIMESTONE 
[L ITHO g i v e s a f e w i n t e r m e d i a t e c o n c l u s i o n s 
a s w e l l a s t h e mos t p l a u s i b l e r o c k s i n t h e 
s t u d i e d a r e a ] 

CONCLUDING REMARKS 

A s s e s s m e n t o f L i t h o h a s been s a t i s f a c t o r y o n 
a b o u t 1 0 zones o f d i f f e r e n t w e l l s e . g . 
B u l - H a n i n e ( Q a t a r ) , D i d i ( S y r i a ) , P r i n o s 
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( G r e e c e ) , N o r t h - W e s t Dome ( Q a t a r ) , Rehden 
( G e r m a n y ) . I n d e e d , w e b e l i e v e t h a t t h e power 
o f t h e w h o l e p r o j e c t r e l i e s o n t h e c o m b i n a t i o n 
o f t h e t w o t e c h n i q u e s m e n t i o n e d a b o v e . 

T h e r e a r e two g e o l o g i c a l l a w s u n d e r l y i n g t h e 
d e s i g n o f t h e p r o g r a m L ITHO: a l l s o u r c e s o f 
d a t a a r e a c c o u n t e d f o r wheneve r t h e y a r e 
a v a i l a b l e . S i n c e a r o c k has n o s i g n i f i c a n c e 
o u t o f i t s c o n t e x t , t h e i d e n t i f i c a t i o n o f a 
l i t h o f a c i e s mus t b e g u i d e d b y t h e k n o w l e d g e o f 
t h e e n v i r o n m e n t a l c o n d i t i o n s . The l a t t e r i s 
p r o b a b l y t r u e i n o t h e r d o m a i n s s u c h a s 
m e d i c i n e w h e r e t h e i n t e r p r e t a t i o n o f , say 
e l e c t r o c a r d i o g r a m s must b e p e r f o r m e d u s i n g 
c o n t e x t u a l i n f o r m a t i o n a b o u t t h e p a t i e n t . 

* D e v e l o p i n g an e l a b o r a t e m o d e l 
d a t a f o r o i l e x p l o r a t i o n . 

o f r e g i o n a l 

* A p o s s i b l e e x t e n s i o n o f t h e p r o g r a m w i l l 
i n c l u d e t h e d e t e r m i n a t i o n o f t h e d e p o s i t i o n a l 
g e n e s i s o f r o c k s ( e . g " m o u t h b a r s a n d s t o n e " 
i n s t e a d o f " s a n d " ) . I n o t h e r w o r d s w e p l a n t o 
d e t e r m i n e t h e FACIES t h e m s e l v e s . 

W e hope t h a t e x p e r i e n c e w i t h t h e p r o g r a m w i l l 
g i v e u s a good i n s i g h t i n t o how g e o l o g i s t s 
s o l v e p r o b l e m s o f d a t a i n t e r p r e t a t i o n . I n 
f a c t w e e n v i s a g e a f u r t h e r use o f t h e p r o g r a m 
b y s t u d e n t s w i l l i n g t o l e a r n l o g 
i n t e r p r e t a t i o n s i n c e most o f t h e i n f e r e n c e 
mechan i sms can b e a p p r o p r i a t e l y d i s p l a y e d upon 
t h e u s e r ' s r e q u e s t . 
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