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I n t r o d u c t i o n  

T h i s  r e p o r t  c o n c e r n s  t h e  two-month p e r i o d  o f  J u n e  and  J u l y  1974. 

P r o c e s s i n g  o f  pho tog raph ic  d a t a  was con t inued .  I t  is now f a r  
enough a l o n g  t o  m:ike p o s s i b l e  t h e  u s e  o f  pho tos  f o r  summer f i e l d  inves -  
t i g a t i o n s .  

Co lo r  compos i t e s  have  been  p r o c e s s e d  from some SL 3 f rames .  

There  a r e  two a u t h o r - i d e n t i f i e d  s i g n i f j c a i l t  r e s u l t s  i n  t h i s  r e p o r t .  

Data r c c e i v c d  -- ---. 

7 0  mm c o l o r  p o s i t i v e  SL2 Cx - 5 
SL3 CX - 10, 26 

35 mm c o l o r  p o s i t i v e  SL3 Cx - 29, 31,  32,  33 

1.1 - 1nvcs t iga t . i ons  of Pho tos  SL3, S .  190 A - Nos. 319, 320, 321. 

1 .11  - I n t e r p r e t a t i o n  o f  I'hoto No. 320 

I ' revious j  n v c s t  i g a t  i ons  nceded t o  be  complcl  c d  by some f icld 
o b s e r v a t i o n s .  Data w c r e  c o l l c c t c d  i n  June.  

T h i s  i n v c s t i  g a t i o n  is r e p o r t e d  i n  Appendix 1: " D j  r c c  t Rc- la t ioas  
between P a l e o z o i c  T r e n d s  of  Montagne N o i r c  and T e r t i a r y  Tectonj .cs  i n  
t h e  Py r ences  (Sou t h e r n  ~ r a n c e )  Revealed  by Sky l a b  Photograplls  . " 

1.12 - I r ~ v e s t i g a t i o u s  o f  Pho to  No. 321  

An i n t c r e s t i n ~  r e s u l t  has  becn  o b t n i n c d  w i t h  Slrylab imagery 
by J.C. Rivereati ( I .F .P .  g e o l o g i s t )  who was i n v o l v e d  some months ago i n  
a d e t a i l e d  p h o t o g e o l o g i c a l  s u r v e y  o v e r  a  600-square-k i lometer  Permian 
t rough  l o c a t e d  on t h e  sou thwes ic rn  b o r d e r  of  t h e  French Massif  C e n t r a l  
range .  I h i s  i n v e s t i g a t i o n  h a s  a l r e a d y  been  mentioned i n  P r o g r e s s  Eepor t  
No. 2 ( A p r i l  1974) .  

RcsuLts a r e  r e p o r t e d  i n  Appendix 2: "Improvement i n  Geo log ica l  
Mapping Using Sky l a b  Photographs .  " 

1.13 - Color  compos i t e s  have  been p r o c e s s e d  u s i n g  f r ame  No. 321. 

P rocoss i - , , :  cas a s  fo l lows :  

1 )  P o s i t i v e  o r  n e g a t i v e  o r i g i n a l  f i l m  t r a n s p a r e n c i e s  o f  s e l e c t e d  s p e c t r a l  
bands ware e n l a r g e d  t o  t h e  d e s i r e d  s c a l e  ( f o r  i n s t a n c e  1:500,000) cn 
f i l m  as p o s i t i v e  o r  n e g a t i v e  f i l m  t r a n s p a r e n c i e s .  Tho r a t i o  o f  e n l a r g e -  
~ e n t  must be  v e r y  p r e c i s e  i n  o r d e r  t o  o b t a i n  a  p e r f e c t  s u p e r p o s i t i o n .  



2)  The edge  o f  e n l a r g e d  t r a n s p a r e n c i e s  were p e r f o r a t e d  t o g e t h e r  t o  make 
s u r e  t h a t  s u p e r p o s i t i o n  would b e  c o r r e c t  when p r i n t i n g .  

3 )  Color  p r i n t s  were o b t a i n e d  by t h e  d i r e c t  c o n t a c t  p r i n t i n g  o f  e a c h  
t r a n s p a r e n c y  o n t o  t h e  same c o l o r  p a p e r  p r i n t  w i t h  t h e  h e l p  of  a DbRST 
c o l o r  e n l a r g e r ,  The DURST e n l a r g e r  h a s  a t h r e e - c o l o r e d  f i l t e r  head  
w i t h  v a r i a b l e  i n t e n s i t y .  A c o l o r  was a s s i g n e d  t o  e a c h  t r a n s p a r e n c y  
w i t h  s p e c i f i c  f i l t e r  p e r c e n t a g e  and  t ime exposure .  T r a n s p a r e n c i e s  
were then  p in-p lugged i n  a  f rame a n d  p r o c e s s e d  o n e  a f t e r  a n o t h e r  o n t o  
t h e  same c o l o r  pape r  p r i n t .  

Only two s p e c t r a l  bands were u s e d  from R 1  3 5  (0.6 - 0 . 7 ~ )  and  
R 1  32 (0.8 - 0 .91 ' ) .  

The o r i g i n a l  p roduc t  was 70 mm p o s i t i v e  and/or  n e g a t i v e  f i l m .  

Ten d i f f e r e n t  composit iorls  were made: 

1) R 1  3 5  P o s i t i v e  Yellow 
R 1  32 P o s i t i v e  13ltie 

2 )  R 1  3 5  l J o s i t i v e  Yellow 
R 1  32 P o s i t i v e  Rcd 

3 )  R l  3 5  Negat ive  Red 
H 1  32  Ncgat ive  Yellow 

4 )  R 1  3 5  Negat ive  Blue 
R 1  32 Ncgat ive  Red 

5) I t 1  35 Negat ive  Red 
H 1  32 P o s i t i v e  Grcen 

6 )  R 1  35  Negat ive  Green 
111 32 P o s i t i v e  Red 

7 )  R 1  35 Negat jve  Ned 
R l  32  Nega t ive  UILlc 
R l  32  P o s i t i v e  Gr'ccn 

8) R l  3 5  Negati;? Red 
It1 32  P o s i t i v e  Green 
R 1  32  Negat ive  B lue  

9) R l  32 Negative. B lue  
R 1  3 5  Negat ive  Green 
R 1  3 5  P o s i t i v e  Rcd 

1 0 )  R 1  32 Nega t ive  Rcd 
R 1  35 Nega t ive  Grcen 
it1 35 P o s i t i v e  B lue  

Some o f  t h e s e  c o l o r  composi tes  were  worked u p  f o r  t h e  i n v e s t i g a t i o n  
r e p o r t e d  i n  Appendix 2. 

A more c a r e f u l  and ~ y s t e m a t . i c  s t u d y  o f  t h e s e  p r o d u c t s  was s t a r t e d  
d u r i n g  t h e  second h a l f  of Ju ly .  R e s u l t s  a r e  n o t  y e t  a v a i l a b l e ;  t hey  w i l l  
b e  r e p o r t e d  l a t e r .  

1.2 - I n v e s t i g a t i o n s  u s i n g  SL 3, S  190 A d a t a  f r ames  Nos. 75, 76 ,  77,  78, 
79  and 322,  323, 324. 



A g e o l o g i c a l  s u r v e y  u s i n g  b o t h  ERTS 1 and Sky lab  d a t a  was under-  
t aken  d u r i n g  J u l y .  

The a i m  is t o  o b t a i n  a better undersxanding  o f  t h e  s i g n i f i c a n c e ,  
i n  A l p i n e  t e c t o n i c s ,  o f  l i n e a m e n t s  a l r e a d y  r e v e a l e d  i n  ERTS 1 'imagery 
and more x c c u r a t e l y  d e l i n e a t e d  i n  SL 3 pho tos ,  b o t h  B-and-W and color. 

' h o  p o s t - g r a d u a t e  s t u d e n t s  a r e  working on t h i s  s u r v e y  w h i c h  w i l l  
n o t  h e  comple ted  b e f o r e  December 1974. 





T i t l e  - 
D i r e c t  R e l a t i o n s  between Pa leozo ic  Trends of Montagne Noire  

and T e r t i a r y  T e c t o n i c s  i n  t h e  Pyrenees Revealed by Skylab Photographs 

by J.  GUILLEMOT 
( I n s t i t u t  F ranqa i s  du PBt ro le )  

A b s t r a c t  

I n  t h e  E a s t e r n  Aqui t a i n e  Basin i n  sou the rn  France,  i n v e s t i g a t i o n s  
u s i n g  SL 3 photographs from an S 190A camera r e v e a l  a s l i g h t  l i n e  j o i n i n g  
a Paleozoic  t r e n d  of t h e  Montagne Noire  massif  t o  a more r e c e n t  Pyrenean 
f a u l t  zone of Cretaceous  to  T e r t i a r y  age.  

According t o  tho  i n t e r p r e t a t i o n  of t h i s  l i n e  a s  t h e  s u p e r f i c j s l  
geomorpllological t r a c e  of  a deep-seatcd f a u l t  zone,  Hercyni an we, 'tnr:ss 
l i n e s  appear t o  have played a more important  p a r t  than p rev ious ly  thought 
i n  t h e  b u i l d i n g  of tho  Pyrenenn range.  

The l i n e  po in ted  o u t ,  h e r e  named "Lezat l i n e " ,  i s  a t r e n d  of smal l  
morphological  f c a t u r c s  obvlous only  i n  t h e  photographs having t h e  h i g h e s t  
r e s o l u t i o n  (Rl 33, 34, 35 and 36) .  

I n t r o d u c t i o n  - 
Photographs MSS S 190A from SL 3,  R 1  35 No. 320 ( F i g .  2 )  r e p r e s e n t  

p a r t  of t h e  c a s t e r n  Aqui t a i n e  Basin i.3 sout!:crn France.  

The Garonne River draws a l a r g e  convex c u r v e  toward t h e  e a s t  ( r i g h t ) .  
The c i t y  o f  Toulouse l i e s  i n  t h e  middle of t h e  curve  ( h l -  8). 

I n  t h e  sou th  ( lower  l e f t  cornel - )  i s  p a r t  of the  Pyrencan range w i t h  
t h e  Spanish Maladetta massif covered by snow. From t h e  Pyrenean r e l i e f  
t h e  l a r g e  o l d  (Mio-Pliocene) a l l u v i a l  f a n  of Lannelnezan ex tends  toward 
t h e  n o r t h  f i l l i n g  t h e  concavi ty  of t h e  Garonne River.  

111 t h e  lower p a r t  o f  t h e  r i g h t  edge ( R - 3 )  a dark  gray-an-black 
t r i a n g l e  is t h e  western  ending of t h e  compl icated Pa leozo ic  range of  
Montagne Noire.  

The ske tch  map i n  Fig .  3, redrawn from t h e  I :  1 ,000 ,000 th  geo log ica l  
map of France,  shows the  main geo log ica l  f e a t u r e s  seen i n  t h e  lower p a r t  
o f  t h e  photo i n  Fig .  2 .  Both Figs .  2 and 3 a r e  on t h e  same s c a l e .  S t ruc -  
t u r a l  f e a t u r e s  a r e  e a s i l y  r ecogn izab le  on t h e  photograph.  

I n  t h e  s o u t h  l i e s  t h e  p a r t l y  metamorphosed and i n t e n s i v e l y  fo lded  
and f a u l t e d  Pa leozo ic  rocks  of the  Pyrenean a x i a l  zone (zone p r i m a i r e  
a x i a l e ) .  They a r e  bounded by a l a r g e  t h r u s t  f a u l t .  

North of  t h i s  f a u l t  is t h e  North Pyrenean Zone (zone nord-pyr6116enne) 
composed of Paleozoic  and Mesozoic rocks ,  less intensively f o l d e d  and 
metamorphosed. The North Pyrenoan F r o n t a l  Thrus t  (chevauchement i ' ronta l  
nord-pyr6n6en) forms a s h a q  boundary wi th  t h e  deep Aqui ta ine  Basin f l l l e d  
by Mesozoic and Cenozoic sedimentary rocks .  



In t h e  P e t i t e s  P y r h k e s ,  t h e s e  r o c k s  are g e n t l y  f o l d e d  i n  two main 
"en 6chelonW a n t i c l i n a l  t r e n d s  (43,  4 4 ,  45, 46, 47 i n  F i g .  1). 

Pho to -ana lvs i s  and F i e l d  Obse rva t ion  

Pho to -ana lys i s  was conducted  us ing:  

1: 500,000th  and 1: 1 , 0 0 0 , 0 0 0 t h  p a p e r  p r i n t  en l a rgemen t s  f o r  
B-and-W photos  of  R 1  35 and 36 

1 :1 ,000 ,000 th  pape r  p r i n t  en l a rgemen t s  f o r  8-and-W pho tos  o f  
R 1  31 and 32 

1:700,00Oth pape r  p r i n t  en l a rgemen t s  f c r  c o l o r  and I R  c o l o r  
pho tos  o f  R 1  3 3  and 34. 

The geomorphologica l  f e a t u r e  d e s c r i b e d  i n  t h i s  r e p o r t  i s  s e e n  o n l y  
i n  t h e  h i g h e s t - r e s o l u t i o n  photographs  o f  R 1  33, 34 ,  35 and 36.  Photographs  
o f  R 1  31  and 32,  though they  g i v e  t h e  b e s t  image o f  t h e  l a n d  r e l i e f ,  w i t h  
t h e  Pyrenean mounta ins  q u i t e  c l e a r  and s h a r p l y  s e p a r a t e d  from t h e  A q u i t a i n c  
P l a i n ,  do n o t  b r i n g  o u t  t h e  s m a l l e s t  d e t a i l s .  The geomorphological  f c?a tu rc  
shown h e r e  is emphasized by d i f f e r e n c e s  i n  v e g e t a t i o n  which :we l e s s  obv ious  
i n  photographs  of R 1  81 and 32. 

The method used  was a c o n v e n t i o n a l  p h o t o - i n t e r p r e t a t i o n  t e c h n i q u e .  

Fig. 4 is t h e  r c p r o d u c t i o n  o f  an  o v e r l a y  drawn d i r e c t l y  on t h o  SL 3 
photograph a t  1 :1 ,000 ,000 th  s c a l c  ( lower  p a r t  o n l y ) .  

The l a r g e  main f c a t u r e s  d e s c r i b e d  above a r e  r e c o g n i z a b l e .  Moreover, 
an  i n t e r r u p t e d  l i n c  j o i n i n g  t h e  n o r t h w e s t e r n  edge of  t h c  hlolltagnc No i re  
( P - 4 )  t o  t h e  i n t c r s c c t i o n  o f  t h e  P e t i t e s  Pyr6n6cs f o l d e d  zone v i a  t h e  
Garonne Val ley  ( G - 5 )  can  c l e a r l y  bc s e e n .  Th i s  i s  a new a s  y e t  unknown 
f e a t u r e .  

T h i s  l i n e  which is q u i t e  obv ious  on  SL " images o f  R 1  33, 34, 35 and 
36 i s  causcd  s o l e l y  by some sma l l  a l i g n e d  morpho log ica l  and a g r i c u l t u r a l  
anomal ies .  The l a r g e r  morphologica l  anomal ies  a r e  l o c a l  t r e n d s  of  t h e  
Garonne n o r t h  of  t h e  P e t i t e s  Pyrbnbcs ( l i  - 5 )  and a s m a l l  s i n u o s i t y  o f  t h e  
AriGge River  (L - 4 ) .  

A t  one  end  i n  t h e  Montagne N o i r e  ( R -  41,  t h e  l i n e  is a f a u l t  which 
s e p a r a t e s  P a l e o z o i c  r o c k s  i n  t h e  s o u t h  from T e r t i a r y  conglomera tes  d i -  
r e c t l y  o v e r l y i n g  o l d  metamorphosed roc!is o f  p robab le  an te- l le rcynian  ~ g c  
i n  t h e  n o r t h e r n  a r e a .  T h i s  was i n t e r p r e t e d  a s  a pos t -Ol igocene  t h r u s t  
f a u l t  ( B .  Geze, 1949)  r e c u r r e n c e  o f  a Horcynian  f a u l t ,  and s t i l l  a c t i n g  
d u r i n g  of  t h e  Qua te rna ry  p e r i o d  . ( P a  B i r o t  e t  a l . ,  1968) .  

A t  t h e  o t h e r  end  t h e  t r e n d  o f  t h e  l i n a  is shown by a s , r u c t u r a l  low 
o f  t h e  P e t i t e s  Pyrenees  f o l d s  where t h e  Garonne f lows  (H-51, and by a 
s l i g h t  t w i s t  i n  t h e  a x i s  o f  t h e  a n t i c l i n e s  (mainly t h e  P lagne  a n t i c l i n e ,  
s o u t h  o f  t h e  Garonne, H - 4-5). 

Between t h e s e  two ends ,  very  few d a t a  a r c  known from o l d  s e i s m i c  
work. A r e c e n t l y  r e i n t e r p r e t e d  s t r u c t u r e  i s  g i v e n  i n  F ig .  5 ( J .  Schocf-  
f l e r ,  1973) .  In  1955 an o i l  w e l l  was d r i l l e d  a t  Leza t  ( 5 - 5 1 ,  c l o s e  t o  
t h e  l i n e ,  t o  e x p l o r e  a s t r u c t u r a l  f a u l t e d  h i g h .  P a l e o z o i c  r o c k s  under-  
l y i n g  Upper Cre t aceous  were r eached  a t  a d e p t h  of  2608 m. 



Proposed I n t e r p r e t a t i o n  

T h i s  morphologica l  l i n e  which w i l l  b e  c a l l e d  t h e  "Lezat l i n e "  c a n  
be  i n t e r p r e t e d  a s  an o l d  l ie rcynian  t r e n d .  In  t h e  Montagne No i re  i t  
s e p a r a t e s  two main s t r u c t u r a l  u n i t s :  t h e  a x i a l  Zone composed s o l e l y  o f  
o l d  metamorphosed rocks  and t h e  Sou the rn  S l o p e  where P a l e o z o i c  sedimen- 
t a r y  r o c k s  a r 9  i n t e n s i v e l y  f o l d e d  i n  a  nappe  s l i d i n g  t o  t h e  s o u t h  
(F. Arthaud,  1970) .  I t  was r e c u r r i n g  d u r i n g  and a f t e r  t h e  Cenozoic.  

I n  t h e  P e t i t e s  Pyrenees  Folded  Zone t h e  " ~ e z a t  l i n e "  a p p e a r s  t o  
ba t h e  mark o f  a  deep-sea ted  l e f t  l a t e r a l  f a u l t  which is r e s p o n s i b l e  
f o r  t h e  t w i s t  i n  t h e  a n t i c l i n a l  a x i s .  

The s t r u c t u r a l  c o n t o u r  map ( F i g .  5 )  shows, t o  t h e  n o r t h  o f  t h e  
"Lezat l i n e " .  a  compl i ca t ed  f a u l t e d  zone known a s  t h e  "Muret f a u l t " .  
The t r e n d s  o f  t h e  "Lezat l i n e "  and t h e  " ~ u r e t  f a u l t "  a r e  f a i r l y  p a r a l l e l  
t o  one a n o t h e r .  

Westward t h e  "Muret f a u l t "  a l s o  seems t o  i n t r o d u c e  a  t w i s t  i n  t h e  
a n t i c l i n a l  a x i s  (Gensac A n t i c l i n e  t r e n d i n g  150' N). I ts p r o l o n g a t i o n  t o  
t h e  nor thwest  is  n o t  known. 

The "Muret f a u l t "  i s  no t  a p p a r e n t  i n  t h e  Sky lab  photographs  as t h e  
11 Lczat  l i n e "  i s ,  b u t  i t  is  marked by a  l o c a l  change  i n  t h c  t r e n d  o f  tlic 
Garonnc sou th  o f  Toulouse  ( L  - 7 ) .  T h i s  might be due t o  t h e  l ack  o f  r e c c n t  
d i s p l a c c n ~ e n t  a l o n g  t h e  "Muret f a u l t " .  

The whole s t r u c t u r a l  f e a t u r e  composed by t h e  " ~ e z a t  l i n e " ,  t h e  
"Muret f a u l t "  and t h e i r  s a t e l l i t e s ,  obse rved  from t h e  s u b s t ~ r f a c e ,  i s  
i n t c r p r c t e d  a s  t h e  i n d i c n ~ i o n  i n  t h e  sed imen ta ry  r o c k s  up t o  t h e  surface 
i n  t h e  "Lezat l i n e "  o f  a deep-sea ted  f a u l t  zone o r i g i n a t i n g  i n  t h e  
basenlent by llcrcyniarl o r o g c n e s i s .  T h i s  dccp-sea ted  f a u l t  a c t e d  mainly 
a s  a  l a r g e  s t r i k c - s l i p  f a u l t  w i t h  a  l e f t  l a t e r a l  d i sp l acemen t  d u r i n g  411d 
a f t e r  t h e  Pyrenean f o l d i n g  phase.  

Importance of  Th i s  I n t e r p r e t a t i o n  

The e l o n g a t e d  a r e a  d e s c r i b e d  above i s  p a r t  o f  a  wider  l i neamen t  
f i r s t  i d e n t i f i e d  i n  ERTS 1 imagery.  I t  c a n  be fo l lowed  from t h e  n o r t h e r n  
Appenines i n  I t a l y  t o  n o r t h e r n  S p a i n  through t h e  s o u t h e r n  Alps a r d  t h e  
Pyrenean r a n g e  ( J .  Cui l l emot  e t  a l . ,  1973) .  I t  is  q u i t e  obv ious  i n  SL 3 
photograph No. 319. 

T h i s  t r e n d  h a s  a l s o  been p o i n t e d  o u t  by J. S c h o e f f l e r  (1965)  unde r  
t h e  n a m o f  " f i r s t  o r d e r  Pyrenean l e f t  t r a n s c u r r e n t  f a u l t " .  

I n  F ig .  6 from a  r e c e n t  p u b l i c a t i o n  (P. Choukroune et  a l . ,  1 9 7 3 )  
t h e  t r a c k  o f  t h e  l i neamen t  is  q u i t e  v i s i b l e  though n o t  emphcsized by t h e  
a t \ t h o r s  of  t h e  p a p e r .  E-W f a u l t s  c r o s s i n g  and d i s p l a c i n g  t h e  a x i a l  zone 
and t w i s t i n g  o f  t h e  s c h i s t o s i t y  l i n e a t i o n s  i n d i c a t e  a  l e f t  l a t e r a l  d i s -  
p lacement .  I t  c o u l d  be a  more i m p o r t a n t  f e a t u r e  i n  t h e  Pyrenean o r o g e n e s i s  
t h a n  t h e  Nor th  Pyrenean f r o n t a l  t h r u s t ,  however, c o n s i d e r e d  by many geo- 
l o g i s t s  a s  t h e  boundaly between t h e  I b e r i c  and European p l a t e s  ( P .  Chou- 
kroune,  1973).  

The impor t ance  o f  t h i s  l i neamen t ,  which was n o t  obse rved  i n  t h e  
Toulouse  a r e a  i n  ERTS 1 imagery,  i s  t h u s  r e i n f o r c e d .  



Conclusion 

I n  t h e  e a s t e r n  Aqui ta ine  Basin i n  sou the rn  France,  i n v e s t i g a t i o n s  
u s i n g  photographs by t h e  S 190 A camera from miss ion  SL 3 g i v e  new 
in fo rmat ion  where o l d  Hercynian t r e n d s  play a major p a r t  i n  t h e  e d i f i -  
c a t i o n  of t h e  Pyrenean range,  

The very l i g h t  l i n e  d e t e c t e d  from SL 3 photographs was on ly  
p o s s i b l e  i n  r o l l s  No. 33, 34, 35 and 36 w'ich have t h e  b e s t  r e s o l u t i o n .  
I t  cannot  bc d e t e c t e d  on r o l l s  31 and 32. 
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0. h r s t  dc Cli~riipdgnr-St. tlrlnirc. - 1. Ant. dc 
Montdcrnt~cr!. - 1. 1'11 do M~rcui l .  - 3. Ant. clc 
PBri~uoux. - 4. D0r1ic dc St-Cypr~en. - 5 .  1% do 
I'll(! d ' O l h o ~ i  - Jonz,tc. - 6. Ant. dc Sauvt?tt:rrc- 
la-Lkmarlce. - 7. DSriic dc Funicl. - 8. M d c  du 
MCdoc. - 9. MDIc dc Montxrb:~n. - 10. M m i i  dc 
La GrOsignc, - 11. Zone tioutc dc Listrac - Illayc. - 
12. Axe d'Arcachon - Lani lw - Uougluris - Clavidc! 
et sot. dc Villac~rairi La:~dir.~s. - 1 ?his. Ant d r  Mano. - 
13. Ant. de Parcntis ei do Motllcs. - 14. Akc Mrriii- 
7an - Pootrx - Lucats. - 15. O i~p i r  dc St,Filul-cri- 
Born. - 16. D~apir dc Bias. - 17. Diap~r dc Carifis. - 
18. Pli ot drapir dc MCzus - Tcnndou. - 19. Drspirs 
des Landes (Boos, etc ...). - 30. Diapirs clc Sr- 
Giron. - 21. Rido salr!brc dc Ivloli~?ls (ou Ldori) - 
Magesq. - 22. Ridc oo,o~Bre dv Sd~astopol - Sous- 
ton. - 23. Ridc salircre do Tercis - St-Pmdclon - 
Banosse-lcs-Dax, Clcrmont. - 24. Ant. dc Saubri- 

~ u o  - St-Lori. - 25. Rrdc dc Carrati- - L:lb~it - Lossc.. - 
26. Ant. dc C,irciri. 27. A r t  d r  Roqut-f:rrt. - % I  his. 
Ant. d ?  Crdon. - 28. Ant, dc Cond~lrn. - 29. R I ~ R  
@'A\ sire. - 30. Ant. dc BordCrcs (Ccmn . {mar -  
dons,. - 31. Ride dc tirt,cas - Lacquy - Vrc-Fczcnr,ac 
- Aurlr. - 37.. A r i ~  dc Poldstron - Murct. - 33. Hido dr: 
Mont-dc- hlarsan - Nsg,~:u. - 34. Ant. dc Lussagnct. - 
35. Rdc de St-MCclud - Puynraurin - St-Aridfb. - 
36. Ant. de la Ctlalosse (ou d'Audignon) - Lnurr. - 
37. Ant. G ~ r l i n  - Maubouryet. - 38. Ant. d'Antin. - 
30. Dinpir do Bastenne. - 40. Obmc d? Lacq. - 41. 
Rrdc dc Pau - Mciilori. - 42. Ant. do Gcrmc - 
Brond~hm. - 43. Ant. d'burignac. - 4 4  Axe ti6 
1-spuyno - Charlas. St.Ma~cct. Prcwpiary. S f -  
Mar!nry. - 45. Ant. dc Plagne. - 46. Ant. dc RIL~ILU. - 
47. Ant. de Mas-d'Az~l. - 48. Ant. dc Orcurlhe. - 
49. An,. dc Puivert. - 60. Ant. do Tri.zrer. - 51.Ant. 
du la Montayne Noirc. 

F i g .  1 - General s t r u c t u r a l  ske tch  map o f  Aquitanian Bas in  
(From E. Winnock, 1974) 





F i g .  3 - S t r u c t u r a l  s k e t c h  map 
S c a l e :  1 : 1 ,COO, OWth 

F i g .  I - Overlay of phrtngraph f i g .  2 (lower p a r t )  
S c a l e :  1: l,CK)O,OOOth 





P i g .  6 - Sketch naps o f  Pyrenean range 
n - genera l  s t r u c t u r e  
b - s c h i s t o s i  t y  and n~etamorphism 

(From P .  Choukroune and a l . ,  1973)  

- Arrows i n d i e a l p  the trend o f  the l ineament  d e s c r i b e d  
i n  t h e  repor t  - (They a r e  no t  i n  t h e  aut l~or- ' s  o r i g i n a l  
f i g u r e ) .  



Improvement i n  G e o l o g i c a l  Mapping 
Using Sky lab  Pho tog raphs  

by J.C. RIVEREAU 
( I n s t i t u t  F r a n c a i s  du P Q t r o l e )  

An i e t e r e s t i n g  r e s u l t  was o b t a i n e d  w i t h  Sky lab  imagery i n  a d e t a i l e d  
p h o t o g e o l o g i c a ~  s u r v e y  o v e r  a  600-square-k i lometez  Permjan t r ~ u g h  l o c a t e d  
on  t h e  s o u t h w e s t e r n  b o r d e r  o f  t h e  French  Massif  C e n t r a l  r ange .  Conven- 
t i o n a l  a i r  pho tog raphs  a t  1:30,00Oth s c a l c  and f i e l d  c h e c k s  were used  t o  
c a r r y  o u t  t h e  geological mapping o f  t h e  a r e a .  A s  b o t h  ERTS and Sky lab  
imagery were a v a i l a b l e  o v e r  t h e  a r e a  s t u d i e d ,  i t  was d e c i d e d  t o  u s e  t h e n  
a s  a complcmentary approach  t o  t h e  s u r v e y .  A c t u a 1 . l ~  t h e  s t u d y  o f  s a t e l -  
l i t e  imagery and main ly  Sky lab  p h o t o s  r e s u l t e d  i n  a  comple t e  new i n t e r -  
p r e t a t i o n  o f  p a r t  o f  t h e  t rough .  

T h i s  Permian b a s i n  i s  f i l l e d  u p  w i t h  a  t y p i c a l  c o n t i n e n t a l  s ed i~ncn-  
t a t i o n  t h a t  i n c l u d c s  mainly cong lomera t c s  and p o o r l y  s o r t e d  sandstone. 
F i n e r  s c d i s ~ r m t s  such  a  s i l t s t o n c  and c l a y s t o n e  may a l s o  o c c u r .  Thc age  
o f  t h e  fo~m-int ions i s  Autunian and Saxoil ian.  Sudden v a r i a t i o n s  o f  l i  t ho -  
logy  i n  bo th  v c r t i c a l  and h o r i z o n t a l  d i r e c t i o n s  a r e  common and malie i t  
d i f f i c u l t  t o  b r i n g  o u t  c l e a r  s t r a t i g r a p h i c  u n i t s .  

In  t h c  c e n t r a l - s o u t l w r n  p a r t  o f  t h c  b a s i n ,  a  w e l l  bedded u n i t  ( A )  
composctl o f  fj nc s e d j n ~ c n t s  ( s i l  t s l o n e  and  cl aycy s a n d s t o n e )  is  surrounded 
by p o o r l y  bcddctl s:lntistonc t o  t h e  west and n o r t h  ( u n i t  13) and co~bg lomcra t c !~  
t o  t h c  s o u t h  ( u n i t  C). Uni t  A h a s  t h u s f a r  been c o n s i d e r e d  by f i c l d  gco- 
l o g i s t s  t o  bc. o n e  of  t h e s e  l a t e r a l  l i t h o l o g i c a l  changes  w i t h  o n l y  t h e  
wes t e rn  boundary h c i n g  s t r u c t u r a l l y  c o n t r o l l e d  by a f a u l t  runr~iny:  N\V ( F  1 ) .  
The c o n v e n t i o n a l  pho togeo log icn l  s t u d y  p r o v i d e d  b e t t e r  and more p r e c i s e  
mapping o f  t h e  a r e a  and showed p a r t i c u l a r l y  t h a t  u n i t  A was q u i t e  homo- 
geneous and t h a t  i t  was c r o s s e d  by nulncrous fcl: its  h a v i n g  a  NVI t r e n d  and 
c a u s i n g  s m a l l  d i s p l n c e n ~ e n t s  o f  bedding .  Ru t ,  due t o  (1) t h e  same s t r i k e  
o f  bedding  of u n i t s  A and B ( 2 )  t h e  same d i s l o c a t i o n  o f  bedding  causcd  
by t h e  n o r t h w e s t e r l y  runn ing  f a u l t s ,  n o t h i n g  e lsc  was s u s p e c t e d  a b o u t  t h e  
r e l a t i o n s h i p  between u n i t s  A and B. 



Only t h e  s y n o p t i c  view o f  Skylab (and ERTS t o  a  l e s s e r  degree )  
imagery showed t h e  c l e a r c u t  r e g u l a r  p a t t e r n  of u n i t  A which i s  bounded 
i n  a l l  d i r e c t i o n s  by s t r a i g h t  l i n e s  and appears  w i t h  a  p e c u l i a r ,  poly- 
gonal  shape. From t h e s e  images i t  i s  obvious  t h a t  t h e  whole u n i t  A i s  
s t r u c t u r a l l y  c o n t r o l l e d  by f a u l t i n g .  I t  i s  now thought t h a t  u n i t  A 
occup ies  a  c o l l a p s e d  p a r t  of  t h e  b a s i n  i n  which t h e  t o p  sediments  of the  
t rough have been p rese rved  from e r o s i o n .  There fo re  u n i t  A may no longer  
be  c 1 ~ r o n o l o g i c a l l y  c o r r e l a t e d  wi th  u n i t  B and no longer  appears  a s  a  
l o c a l  l i t h o l o g i c a l  v a r i a t i o n  of  B. I t  is  p robab le  t h a t  u n i t  A i s  younger 
than u n i t  B and h a s  been removed from t o p  of B i n  o t h e r  p a r t s  o f  t h e  a r e a  
and on ly  preserved i n  t h e  c o l l a p s e d  a r e a .  

D r i l l i n g  and geophysical  su rveys  a r e  now under way i n  t h e  a r e a ,  
and we w i l l  s e e  whether t h e i r  r e s u l t s  confirm t h i s  hypo thes i s .  

We would l i k e  t o  emphasis t h a t ,  a l though t h e  f e a t u r e  i s  v i s i b l e  on 
ERTS images (1242-10085)~ i t  r e a l l y  s t a n d s  o u t  on ly  i n  Skylab photographs 
thanks t o  a  very w e l l  d e f i n e d  s p e c t r a l  c o n t r a s t  i n  S  190AR1 34. 

I t  h a s  been enhanced on v a r i o u s  c o l o r  composites o f  R 1  35 and R 1  32 
of  S  190A, made by mixing e i t h e r  p o s i t i v e  o r  n e g a t i v e  t r a n s p a r e n c i e s .  

From i n v e s t i g a t i o n  made t o  o b t a i n  a  b e t t e r  unders tand ing  of t h e  
o u t s t a n d i n g  f e a t u r e ,  i t  appears  t h a t  t h e  f e a t u r e s  t h a t  e n a b l e  u n i t  A t o  
be d i s c r i m i n a t e d  from surrounding u n i t s  a re :  ~norphology and vege ta l  
cover .  A s  a  m a t t e r  of f a c t ,  t h e  Snxonian sandstones  ( u n i t  13) and con- 
g lomerates  ( u n i t  C )  which surround u n i t  A a r e  poolsly bedded and r a t h e r  
massive and have r e s u l t e d  i n  a  landscape of rounded e longa ted  h i l l s  wi th  
mainly t imher cover  (no more than 20°F of c u l t i v a t e d  a r e a s ) ,  whereas t11c 
s i l t y  well-bedded u n i t  A g i v e s  a  f l a t t e r  a r e a  wi th  100% of t h c  land 
devot?d t o  c r o p s  i.nd nieadows. The i n t e g r a t i o n  of  l -~0 th  t h e s e  morphological 
and land use  c h a r a c t e r i s t i c s  by t h e  s y n o p t i c  view of s a t e l l i t e  imagery 
e n a b l e s  the phenomenon t o  be pe rce ived  wi th  r e a l  accuracy.  

On ER'iS images, u n i t  A i s  d e t e c t e d  only  by morphological  f e a t u r e s  
and t h e r e  is no tor.al  d i f f e r e n c e  between u n i t s  even when us ing  c o l o r  
composite techniques .  Thus a t t e n t i o n  i s  no t  pa id  t o  t h e  f e a t u r e  and 
on ly  a  c a r e f u l  s tudy  c n a b l e s  i t  t o  be detected. This  d i f f e r e n c e  between 
Skylab and ERTS image:: may be due p a r t l y  t o  seasonal  d i f f e r e n c e s  i n  
vege ta l  cover ( t h e  ER'rS image was taken i n  March and t h e  Skylab photos 
i n  September) o r  t h e  d i f f e r e n c e s  i n  a tmospher ic  c o n d i t i o n s ,  but t h e  b e t t e r  
in fo rmat ion  ga the red  on Skylab d a t a  comes mainly from: . b e t 4  er ground r e s o l u t i o n ;  

a t h e  h i g h e r  q u a l i t y  of Skylab c o l o r  and MSS photographs,  
p a r t i c u l a r l y  a s  f a r  a s  s p e c t r a l  r e sponse  is concerned,  
compared wi th  t h e  ERTS scanning system. 

Sky lab ' s  b e s t  performances have been o b t a i n e d  wi th  t h e  fo l lowing  
p roduc t s  : 

S 190A (No. 321) R 1  35 

S  190A (No. 321) R 1  34 






