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ABSTRACT 

This  paper  summarizes t h e  r e s u l t s  ob ta ined  by f o u r  ERTS 
p r o j e c t s  i n  Southeas te rn  France (MMC 009.01, 009.02, 009.03, 
009.04). With regard t o  geology, ERTS photos  of Western Alps 
are very  u s e f u l  f o r  t e c t o n i c  i n t e r p r e t a t i o n  because l a r g e  
f e a t u r e s  are c l e a r l y  v i s i b l e  on t h e s e  photographs even though 
they  are o f t e n  hidden by s m a l l  complicated s t r u c t u r e s  i f  
s t u d i e d  on large-scale documents. The 18-day r e p e t i t i o n  cove- 
rage  w a s  no t  ob ta ined ,  and time-varying sedimentological  
surveys w e r e  impossible.  Nevertheless ,  w e  were a b l e  t o  d e l i -  
nea t e  t h e  v a r i a t i o n s  of t h e  s h o r e l i n e s  i n  t h e  Rhone D e l t a  f o r  
a pe r iod  covering t h e  las t  8,000 years .  Some ins t ances  of 
i n d u s t r i e s  d i scharg ing  p o l l u t a n t  products  a t  sea w e r e  detec-  
t e d ,  as w e l l  as very  l a r g e  ffanomaliesff  of unknown o r i g i n .  
Some examples of  coherent  o p t i c a l  p rocess ing  have been made 
i n  o r d e r  t o  b r ing  o u t  t e c t o n i c  f e a t u r e s  i n  t h e  Alps mountains. 

I - LINEAR TRENDS OBSERVED I N  THE WESTERN FRENCH ALPS 

(P.I .  J. Guillemot) MEC 009.03 

1. INTRODUCTION 

The a i m  o f  t h e  p r o j e c t  PYRALP (009,523) w a s  t o  s tudy  t h e  
t e c t o n i c  r e l a t i o n s h i p s  between t h e  Alps and t h e  Pyrenees and t o  
make a survey o f  t h e  f a u l t  network which s e p a r a t e s  t h e s e  two moun- 
t a i n  ranges and which is supposed t o  be r e l a t e d  t o  t h e  western 
Mediterranean co l l apse .  Bad weather during autumn does not  permit  
any image of  t h e  e a s t e r n  Pyrenees t o  be obtained.  Cloud cover  w a s  
always much too heavy so it w a s  impossible t o  c a r r y  o u t  t h e  main 
o b j e c t i v e  of t h e  p r o j e c t .  

But s e v e r a l  very  good photos of  t h e  Alps w e r e  de l ive red .  They 
permit  t h e  improvement of ERTS 1 d a t a  i n  a s t r u c t u r a l l y  very compli- 
c a t e d  region.  Indeed, one ERTS photo of  t h i s  area shows a whole 
s e c t i o n  of  t h e  Alpine cha in  i n  which rocks  are i n t e n s i v e l y  fo lded  
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and f a u l t e d .  For t h e  most p a r t ,  each of  t h e  s t r u c t u r e s  is less than  
5 km wide and they  are o f t e n  h a r d l y  d i s c e r n i b l e  from t h e  photo. 

However, through t h e  va r ious  t r ends  of  t h e  numerous s m a l l  
s t r u c t u r e s  due t o  t h e  f o l d i n g  f t h e  sedimentary cover ,  l i n e a r  
f e a t u r e s  showing f e w  p r e f e r e n  a1 t r e n d s  can be separa ted .  These 
features,  which are mainly v i s i b l e  when observed i n  a mosaic of 
s e v e r a l  photos ,  are presented  h e r e  on on ly  one photo taken  as an 
examp 1 e. 

2. GEOLOGICAL SKETCH OF THE AREA DESCRIBED 

The area descr ibed  i n  t h i s  paper ,  as an example of t h e  in fo r -  
mation t h a t  t h e  ERTS images can add t o  geologica l  knowledge, is 
undoubtedly among one of t h e  areas i n  t h e  world more v i s i t e d  by 
geo log i s t s  during t h e  last century .  The number of publ i shed  papers  
about t h e  geology of t h e  western Alps is very  great.  It could be 
more than  one thousand. 

The s e l e c t e d  example is p a r t  of t h e  area shown by photo 
No. 1078-09562 of O c t .  9 ,  1972. This photo r e p r e s e n t s  t h e  v a l l e y  of 
t h e  lower Rhone, sou th  of  t h e  c i t y  of Lyons and n o r t h  of i t s  D e l t a .  
There t h e  Rhone runs  from n o r t h  t o  south  and i ts  v a l l e y ,  p a r t i a l l y  
f i l l e d  by a l l u v i a l  d e p o s i t s ,  s e p a r a t e s  t h e  Massif Cent ra l  i n  t h e  
w e s t  and t h e  Alps i n  t h e  east .  

The Massif Cen t ra l  is a large u p l i f t  o f  metamorphosed rocks ,  
mainly of Hercynian a g e ,  covered by a t h i n ,  deeply d i s s e c t e d  l a y e r  
of  sedimentary rocks of Mesozoic age. The r ise  of t h e  u p l i f t  w a s  
contemporaneous- t o  t h e  Alpine f o l d i n g  and accompanied by volcanism 
(Chaine des  Puys) and formation of meridian t roughs (Limagne). On 
i ts  e a s t e r n  bo rde r ,  t h e  sedimentary rocks  g e n t l y  d i p  sou theas t  
a l though c u t  by numerous f a u l t s .  

The Alps d i f f e r  from t h e  Massif Cen t ra l  by a t h i c k  severe ly-  
fo lded  sedimentary sequence of Mesozoic and Cenozoic ages.  

Severa l  provinces  have been sepa ra t ed  by Alpine g e o l o g i s t s ,  
and,  as can be seen  i n  F igure  1, t h e  westernmost p a r t  of t h e  French 
Alps, represented  by ERTS photo 1078-09562, is i n  t h e  o u t e r  province 
(domaine ex te rne )  where are d i s t i n g u i s h e d  a IIzone dauphinoiseyl i n  
t h e  no r th  and a ((zone provenGaleIl i n  t h e  south .  

One o f  t h e  o u t e r  c r y s t a l l i n e  mass i f s  (Pelvoux, Belledonne) 
l ies  i n  t h e  no r theas t e rn  co rne r  of t h e  photo. 

The '(zone dauphinoise" is cha rac t e r i zed  by f o l d s  t rending  
north-south i n  oppos i t i on  t o  t h e  '(zone provenGale" where t h e  a x i s  
of  t h e  f o l d  is e a s t - w e s t .  
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Figure  1 is a s t r u c t u r a l  ske t ch  map of  t h e  western Alps 
publ i shed  a f e w  yea r s  ago ( 3 .  Debelmas and M. Lemoine*). On t h i s  
map t h e  area s t u d i e d  can e a s i l y  be rep laced  i n  t h e  genera l  con tex t  
o f  t h e  F ranco- I t a l i an  Alps. The ske tch  does no t  r evea l  any l i n e a r  
f r a c t u r e ,  bu t  s e v e r a l  of them are drawn on Figure  2 publ i shed  later 
by t h e  same two geo log i s t s .  The l i m i t s  o f  ERTS photo No. 1078-09562 
are drawn on both  F igures  1 and 2. 

DESCRIPTION OF THE AREA REPRESENTED BY ERTS PHOTO NO. 1078-09562 
( f i g s .  3 and 4) 

has been made. The f e a t u r e s  observed are no t  new f e a t u r e s .  They 
can be found on publ i shed  geo log ica l  maps ( t h i s  is no t  very  s u r p r i -  
s i n g  i n  an area where so many geologica l  surveys  have been c a r r i e d  
o u t ) .  However s e v e r a l  l i n e a r  f e a t u r e s  can be poin ted  o u t  more accu- 
r a t e l y  than  can be done from f i e l d  surveys and geologica l  maps. 

An a t t e n t i v e  s tudy  of  t h e  ERTS photo s e l e c t e d  f o r  t h i s  paper  

West of t he  Rhone v a l l e y  t o  t h e  n o r t h  o f  t he  Ardeche River 
are sedimentary unfolded Mesozoic series o f  t h e  east f l a n k  of  t h e  
Massif Cen t ra l .  Metamorphic rocks  outcrop  northwest of  t h e  Rhone- 
Isere junc t ion .  Dominant f e a t u r e s  are f r a c t u r e  l i n e s  t r end ing  mainly 
N 50" E t o  N 60" E wi th  a f e w  d i r e c t i o n s  N 30" E t o  N 40" E. These 
f a u l t s  are p resen t  both i n  t h e  sedimentary and metamorphic rocks.  

Southward, i n  t h e  southwestern corner  of t h e  photo are gen t l e  
f o l d s  t r end ing  e a s t w e s t ,  c u t  by f a u l t s  t r end ing  N 50° E t o  N 600 E. 
Some f r a c t u r e s  t r end ing  north-south can be observed i n  t h e  westward 
ad jo in ing  ERTS photo (1.061-10015). They a r e  only  p re sen t  i n  m e t a -  
morphic rocks.  

35 km n o r t h  of t h e  Ardeche River is a remnant o f  a qua ternary  
basalt f low,  t h e  "Pla teau  des  Coirons . I 1  

I n  t h e  area east  of  t h e  Rhone Val ley t h e  relief appears  more 
i n t r i c a t e .  However t h e  two main d i r e c t i o n s  of f o l d i n g  (dauphinoise  
and provengale)  are q u i t e  clear from t h e  photo (Fig.  3 ) ,  i.e. N-S 
i n  t h e  n o r t h ,  E-W i n  t h e  south .  Most s t r u c t u r e s  areasymmetric,  t h e  
a n t i c l i n e  o f t e n  o v e r t h r u s t i n g  i ts  sync l ine .  On the  photo some of  
t h e  sync l ines  are e a s i l y  d iscerned  owing t o  t h e  r e v e r s a l  o f  relief 
i n  the.Mesozoic series where t h i c k  l imestone and s h a l e  formations 
a l t e r n a t e ,  b u t  drawing t h e  axis of t h e  a n t i c l i n e s  is almost impossi- 
b l e  e 

* 
J. Debelmas, M. Lemoine, 1964, L'InformatPon S c i e n t i f i q u e ,  
Ed i t .  B a i l l i G r e  e t  f i l s ,  P a r i s ,  p a  1-33. 
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F i g .  3 
Photo ERTS 1078 - 09562 - 6 - 
Scale : 1% 000 000 
(A s t r i p  5cm large has been cut off i n  the right side of the original 
photo) 

1488 



Fig. 4 
Overlay of the photo f i g ,  3, showing the l inear features pointed out.  
Scale : 1/1 000 000. , 
Explanation i n  the t e x t .  
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A s  i n  t h e  border  of t h e  Massif Cen t ra l ,  w e s t  of t h e  Rhone, 
and i n  s p i t e  of a much more complicated t e c t o n i c s  it is p o s s i b l e  
t o  p o i n t  ou t  numerous l i n e a r  f e a t u r e s  (Fig.  4). Their  t r e n d s  are 
i d e n t i c a l ,  mainly N 50" E t o  N 60" E, and d i r e c t i o n s  between 
N 30" E and N 40" E are a l s o  p re sen t .  They are mainly traces of  
f a u l t s  bu t  i n  some p l a c e s  they  are a l s o  f l e x u r e s  o r  geomorpholo- 
gical  l i n e s .  

I n  t h e  sou theas t e rn  p a r t  o f  t h e  photo a l i n e a r  f e a t u r e  more 
than  100 km long t r e n d s  N 80" E. This t r e n d  is a l s o  r ep resen ted  
southward i n  Provence. It is no t  a f a u l t  l i n e  b u t  t h e  axis of a 
narrow a n t i c l i n e  s l i g h t l y  f a u l t e d  (Luberon a n t i c l i n e )  prolonged by 
a s t r a i g h t  l i n e  v a l l e y  (Asse River)  beyond a large v a l l e y  (Durance) 
t r end ing  N 30" -E. 

The north-south f a u l t s  ( s t r i k e  s l i p  f a u l t s )  which are near  
t h e  c e n t e r  of t h e  photo quadrangle i n  F igure  2 can h a r d l y  be spot -  
t e d  on t h e  photo,  probably because they  run  i n  a s o f t  sedimentary 
formation (Upper J u r a s s i c  b lack  s h a l e ) .  Likewise,  t h e  western 
borders  of t h e  Digne o v e r t h r u s t s  near  t h e  ' c en t r a l  e a s t e r n  l i m i t  of 
t h e  photo are not v i s i b l e .  

COMPARISON WITH FIELD DATA 

The whole area is covered by publ i shed  geologica l  maps on a 
1:80,00oth scale. Some of  them have been r e v i s e d  f o u r  t i m e s ,  and 
more than  h a l f  of t h e  area is covered by publ i shed  geo log ica l  maps 
a t  t h e  1:50,00Oth scale. F i e l d  surveys w e r e  completed a t  va r ious  
scales up t o  1:10,00Oth. 

A p o i n t  by p o i n t  comparison of f i e l d  d a t a  and ERTS 1 d a t a  is 
beyond t h e  scope of t h i s  r e p o r t .  But a s imple comparison wi th  
F igure  2 which is a very  i n t e r p r e t a t i v e  t e c t o n i c  ske tch  map i s  suf -  
f i c i e n t  t o  give a f a i r  idea  of t h e  he lp  brought  by ERTS imagery t o  
t h e  geologica l  surveying of a t e c t o n i c a l l y  complicated region.  

The main fac t  which appears  is t h e  homogeneity and p a r a l l e -  
l i s m  of t r ends  of t h e  l i n e a r  f e a t u r e s  i n  t h e  metamorphic massif as 
i n  t h e  sedimentary fo lded  zone. From d e t a i l e d  geo log ica l  maps, t h e  
f a u l t  network i s  much mor0 complicated.  Besides  SW-NE f r a c t u r e s ,  
numerous f a u l t s  t r e n d  SE-NW. They are ha rd ly  v i s i b l e  o r  no t  v i s i b l e  
i n  t h e  ERTS photos 

This  l eads  ua t o  t h i n k  t h a t  most of  the l i n e a r  f e a t u r e s  t r cn -  
ding SW-NE v i s i b l e  i n  t h e  ERTS photos are r e f l e c t i o n s  of  deep- 
s e a t e d  f a u l t s  i n  t h e  basement, while  tEe SE-NW f a u l t s  shown by f i e l d  
d a t a  are only  i n  t h e  sedimentary cover s epa ra t ed  from t h e  basement 
by a "decollementff i n  t h e  Triassic  series. 
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According t o  these  f e a t u r e s  from ERTS da ta ,  the  SW-NE t rend  
i s  greatest i n  the  western Alpine t ec ton ic s .  It might be related 
t o  wrench f a u l t s  i n  t h e  basement. This idea has t o  be v e r i f i e d  by 
a larger  survey of  t h e  ERTS imagery and by a more accura te  compa- 
r i s o n  w i t h  t h e  f i e l d  data .  

3 CONCLUSION 

Carrying on a p r o j e c t  whose ob jec t ive  w a s  t o  s tudy t h e  
r e l a t i o n s h i p s  between the  Alps and the  Pyrenees (Southern France) ,  
ERTS photos of  t he  western French Alps have been c a r e f u l l y  examined 
f o r  t e c t o n i c  i n t e r p r e t a t i o n .  From t h i s  survey it appears t h a t  ERTS 
photos obviously show up some l a r g e  f e a t u r e s  which i n  the  f i e l d  are 
o f t e n  hidden by s m a l l  complicated s t r u c t u r e s .  I n  the  example, t hese  
f e a t u r e s  t rending SW-NE (N 30" E t o  N 600 E) a r e  t e n t a t i v e l y  i n t e r -  
p re ted  as r e f l e c t i o n s  of deep-seated wrench f a u l t s  i n  t h e  basement 
of  t he  folded sedimentary s e r i e s .  
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11 - SOME RESULTS FROM THE STUDY OF THE DYNAMIC 
BEHAVIOR OF COASTAL SEDIMENTATION 

I N  THE GULF OF LIONS 

MMC 009.01 ( P . I .  M. Guy) 

1. INTRODUCTION 

The Gulf of Lions is a p r e f e r e n t i a l  area t o  s tudy  sedimenta- 
t i o n  problems on account of  t h e  complexity of t h e  phenomena and of 
prev ious  work 

The o b j e c t i v e s  of t h e  p r o j e c t  ffGOLIONff  proposed for i n v e s t i -  
ga t ion  of ERTS I d a t a  are: 

i) A c o r r e l a t i v e  s tudy  o f  t h e  deformations i n  t h e  p a t t e r n s  of 
sediment d i scharges  a t  sea under var ious  meteorological  condi t ions .  

ii) The p r e c i s e  mapping of t h e  Holocene s h o r e l i n e s  and a 
s tudy  of  t he  chronology of t h e  sediment bodies .  

The short- term behavior  of t h e  c o a s t  is r e l a t e d  t o  t h e  meteo- 
r o l o g i c a l  cond i t ions ,  and its s tudy  r e q u i r e s  repea ted  coverage. Its 
long-term behavior  is r e l a t e d  t o  epe i rogenic  movements and e u s t a t i c  
s e a l e v e l  changes,  s o  a very  s m a l l  scale would be use fu l .  

This  paper  relates some r e s u l t s  ob ta ined  i n  t h e  first phase of 
ope ra t ions .  Some good photographs were obta ined  ; b u t ,  due t o  very 
bad weather cond i t ions ,  repea ted  coverage w a s  no t  made and t h e  cove- 
r a g e  of  t h e  s h o r e l i n e  w a s  l i m i t e d  t o  t h e  Rhone D e l t a  i n  t h e  e a s t e r n  
p a r t  of t h e  Gulf of Lions. 

Nevertheless  two important r e s u l t s  w e r e  a t t a i n e d  : 

i) MSS bands 6 and 7 very  c l e a r l y  show t h e  former s h o r e l i n e s  

ii) Recent changes i n  t h e  morphology w e r e  c l e a r l y  r e l a t e d  t o  

of t h e  Rhone D e l t a  and enable  them t o  be mapped d i r e c t l y .  

s t r u c t u r a l  c o n t r o l  (MSS 5 ) .  

2. MAPPING AND DATING THE FORMER SHORELINES 

Figure  5 is a n  enlargement of p a r t  of photo 1078-09564 band6 
t o  a scale of 1:500,0OOth. F igure  6 is a ske tch  of t h e  main c o a s t a l  
r i d g e s  or beaches and of t h e  n a t u r a l  l evees  of t h e  former beds of 

I t h e  Rhone. 

They c l e a r l y  show t h e  southward a c c r e t i o n  of  t h e  d e l t a  by 
numerous beaches which form an  impressive beach p a t t e r n .  
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These a l l u v i a l  beaches and levees  w e r e  recognized t o  e x i s t  
i n  genera l  be fo re  t h e  ERTS I photo (Kru i t* ) ,  However, it w a s  d i f f i -  
c u l t  t o  l i n k  t h e  r i d g e  elements  among one another  so as t o  recons- 
t r u c t  t h e  former s h o r e l i n e s ,  and so t h i s  had not  been done i n  d e t a i l  
( c f .  Fig.  9). I n  a d d i t i o n ,  unconformit ies  between beach l i n e s  show 
t h a t  t h e  a c c r e t i o n  of t h e  d e l t a  i n  t h e  Holocene d i d  not  t ake  p l ace  
cont inuously.  Var i a t ions  i n  t h e  s e a l e v e l  o r  l o c a l  t e c t o n i c  phenomena 
are t h e  probable  causes  of  t h i s  j e rk iness .  

By using t h e  p o s i t i o n s  of a rchaeo log ica l  vestiges on t h e  
drawing of t he  r i d g e s ,  t h e  d i f f e r e n t  phases can be dated with g r e a t  
accuracy. For example, F igure  6 shows t h a t  a l l  t h e  Roman v e s t i g e s  
are loca ted  behind a wel l -def ined . r idge l i n e .  Such a d e t a i l e d  ana- 
l y s i s  is now being made. 

The e a s t e r n  p a r t  of t h e  d e l t a  shows a less c l ea r - cu t  o u t l i n e  
on t h e  first ERTS I photos ,  a l though t h e  phenomena are j u s t  as 
clear on t h e  a i rpho tos .  The p i c t u r e s  taken i n  s p r i n g ,  and then  i n  
summer with d i f f e r e n t  water l e v e l s ,  could be used t o  complete t h e  
layout  of t h i s  area. 

3 .  STRUCTURAL CONTROL OF SOME ANOMALIES 

F a u l t  c o n t r o l  has  been demonstrated by ERTS 1: photographs of 
t h e  Rhone Delta. 

On t h e  MSS 5 and 6pho tographs  (Fig.  5 ) ,  t h e  e a s t e r n  p a r t  o f  
t h e  Camargue reg ion  shows t h e  o u t l i n e  of i ts  former levees  sof tened  
by t h e  p re sen t  overhurden as t h e  r e s u l t  of a s l i g h t  downward move- 
ment. The western p a r t  is sharpened and eroded,  and the  c l e a r  l i n e s  
of t h e  beaches appear  very d e t a i l e d .  

On t h e  MSS 5 band, where s l i g h t  changes i n  vege ta t ion  are 
emphasized, t h e  boundary between t h e s e  two zones is a very  s t r a i g h t  
l i n e ,  probably a f a u l t  t r end ing  N 30 E (F ig .  7). 

W e l l s  f o r  petroleum e x p l o r a t i o n  d r i l l e d  some years  ago have 
shown great changes i n  t h e  th i ckness  of t h e  T e r t i a r y  sediments when 
c ross ing  through t h i s  zone. But t h e  exact p o s i t i o n  of t h e  f a u l t  and 
i ts  recen t  a c t i v i t y  w a s  no t  known. 

The northernmost l i n e  o f  beaches forms, i n  its western end, 
a se r ie  of curves  asymptot ic  t o  a morphological a l ignments  t rending  

* c. K x i t ,  1955, Sediments of t h e  Rhone D e l t a ,  Mouton, The Hague. 
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approximatily E-W ( N  70 E). 

This alignment is known, in its eastern part from Secondary 
outcrops, as a large fault. 

Study of the Alpine structure by the PYRALP project has 
shown the homogeneity of such a network of faults. 

4 . CONCLUS ION 

With these first observations on ERTS 1 photographs, a detai- 
led study can be made of dynamic processes of the Gulf of Lions in 
the Holocene period. 

The respective contributions of eustatic movements, climatic 
changes (increase in discharge) and structural control may be sepa- 
rated from one another by a precise study of the interrelationships 
of the geomorphic featuves, completed.by ground surveys of archaeo- 
logical and sedimentological remains. 

Unfortunately, bad weather conditions have limited this study 
to the Rhone Delta, but the western part of the Gulf of Lions will 
probably be photographed in spring so that this study can be comple- 
ted . 
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F i g .  9 
Previous knowledge of the success ive  s tages  of Rhone d e l t a  advance 
during the  last 5 ,500  years - (From KRUIT - 1955) 

A - CLIMATIC OPTIMUM 
B - PERIOD OF MAXIMAL ACCRETION 
C - GREEK and ROMAN PERIOD 
D - LATE ROMAN PERIOD 
E - EARLY MIDDLE AGES 
F - PRESENT SITUATION 

IWd Marsh. 

4 Active  channels 
---J Abandoned channels 

Beach and coas ta l  lake depos i t s  
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111 - STUDY OF POLLUTION AT SEA I N  THE WESTERN MEDITERRANEAN 
MMC 009.02 

(P.1. A. Fontanel)  

1. INTRODUCTION 

Our a i m  is t o  s tudy  t h e  use fu lness  of ERTS imagery, assoc ia-  
t e d  wi th  a i rbo rne  r eco rds ,  t o  d e t e c t  and perhaps i d e n t i f y  va r ious  
p o l l u t a n t s  a t  sea and on c o a s t a l  l akes  i n  t h e  sou theas t e rn  p a r t  of 
France. Indeed t h e  Mediterranean is almost a c losed  sea and pol lu-  
t i o n  is a s e r i o u s  problem (Fig.  10). . 

2. RESULTS 

A j o i n t  experiment w a s  scheduled on September 19, 20 and 21 
by I.F.P. (P . I .  o rgan iza t ion )  and CNEXO (Co.1 o rgan iza t ion )  under 
t h r e e  d i f f e r e n t  ERTS I t r a c k s .  

Fig.  10 P o l l u t i o n  problems encountered i n  t h e  i n v e s t i g a t i o n  zone 
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Fig. 11 O i l  s l i c k  de t ec t ion  w i t h  a 32 GHz radiometer 

Our a i m  w a s  t o  pour var ious products a t  sea on p a r a l l e l  
42O301 ( co lza  o i l ,  crude o d l ,  f u e l  o i l ,  f r e s h  water ) ,  ‘to t ake  
samples of these  products a t  d i f f e r e n t  times i n  order  t o  s tudy 
t h e i r  chemical v a r i a t i o n s ,  and a l so  t o  t r a c k  the  s l i c k s  during 
daytime and night t ime with var ious a i rborne  sensors  including: 

- co lo r  and in f r a red  co lo r  photography (RC 10, Wild cameras) - t e l e v i s i o n  camera f o r  nighttime observat ion - i n f r a red  scanner i n  the  3 t o  5 micron band - 11 It 8 t o  14 1’ I 1  - microwave d i f f rac tometer  a t  32 GHz 

Because of rough seas, w e  were only a b l e  t o  pour co l sa  o i l  
(6  m ) a t  sea.  Unfortunately,  w e  did not  r ece ive  ERTS imagery corre8- 
ponding t o  the  pouring p o i n t ,  q u i t e  c e r t a i n l y  because cloud cove- 
r a g e  was too g rea t  f o r  ERTS. Furthermore, with regard t o  a i rborne 
records ,  r e s u l t s  were obtained only with a T.V. camera, the  8-12 
micron scanner and t h e  32 GHz diffractometer .  The co lza  o i l  s l i c k  
w a s  c l e a r l y  de tec ted  with these  th ree  devices ,  ‘but we w i l l  give 
only t h e  microwave r e s u l t s  here.  The l e f t  p a r t  of Figure 11 shows 
an image of the s l i c k  obtained with a v e r t i c a l  35 mm camera (used 
s o l e l y  t o  loca t e  t h e  a i rp l ane  rou te ) .  !be r i g h t  p a r t  shows the  

3 
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F i g .  12 Photo ERTS I - 1075-09393 - 4. 
scale 1:1,000,000 
The arrow shows a patch o f  indus tr ia l  w a s t e  containing 
ferrous oxides and s u l f u r i c  a c i d .  
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d i f f e r e n c e  i n  b r i g h t n e s s  temperature  between t h e  s l i ck  and t h e  
surrounding w a t e r  as recorded during t h e  pas s  over  t h e  sl ick.  The 
antenna is 0.70 m long. The beam width is about  one degree.  Its 
a x i s  is d i r e c t e d  behind t h e  a i r p l a n e  rou te  and is t i l t e d  5 o r  10 
degrees  wi th  r ega rd  t o  t h e  v e r t i c a l .  The temperature  s e n s i t i v i t y  
is about  2O K. Fourteen passes  w e r e  made after t h e  o i l  w a s  poure.d, 
from 9 a.m. t o  12 a.m. The a l t i t u d e  w a s  250 m (800 fee t )  and the  
speed 75 m / s e c .  The p o l a r i z a t i o n  w a s  h o r i z o n t a l  a t  one t i m e  and 
ver t ica l  a t  another  t i m e .  No no t i ceab le  d i f f e r e n c e  w a s  observed 
between t h e  two p o l a r i z a t i o n s .  The b r igh tness  temperature  d i f f e -  
rences  between t h e  o i l  and t h e  surrounding w a t e r  va r i ed  i n  t h e  
range of loo K up t o  3k0 K between t h e  d i f f e r e n t  passes .  

Many remote sens ing  r e s u l t s  have a l r e a d y  been obta ined  by 
t h e  P.I. and Co.1 organ iza t ions  i n  t h e  v i s i b l e  and i n f r a r e d  bands, 
concerning c o a s t a l  lakes and i n d u s t r i a l  zones on t h e  sou theas t e rn  
c o a s t  o f  France,  bu t  they  w i l l  no t  be presented  here  because they  
are n o t  r e l a t e d  t o  ERTS passes .  

Up t o  now w e  have no t  rece ived  a complete ERTS coverage o f  
t h e  area (Fig.  l o ) ,  and t h e  18-day r e p e t i t i o n  w a s  no t  ob ta ined ,  
except  with one photograph. 

Never the less ,  s e v e r a l  i n t e r e s t i n g  f e a t u r e s  appeared on some 
ERTS photographs,  bu t  we w i l l  l i m i t  ou r  d i scuss ion  t o  two main 
examples. 

Some i n d u s t r i e s  have decided t o  dump t h e i r  w a s t e  a t  sea o f f  . 
Corsica.  These dumpings are no t  r e g u l a r  i n  t i m e  and occur  a t  vacious 
loca t ions .  A c e r t a i n  concern can be f e l t  among Gorsicans about  t h i s  
w a s t e  which coa ld  be dangerous f o r  t h e  eco log ica l  balance o f  t h e  
region.  Recent ly ,  a French oceanographic v e s s e l  went ou t  t o  t ake  
samples of t h e  p o l l u t e d  w a t e r  i n  o rde r  t o  determine i ts  noxiousness 
f o r  marine l i f e .  This  w a s t e  ( c a l l e d  "red mudf1) con ta ins  f e r r o u s  
ox ides ,  o t h e r  ox ides  such as t i t an ium ox ides ,  and s u l f u r i c  ac id .  
Fig.  12 shows a pa tch  of r e d  mud 25 km long and two o r  t h r e e  k i l o -  
meters wide. This example proves t h a t ,  under good weather condi- 
t i o n s ,  s a t e l l i t e  monitoring is p o s s i b l e  and very  u s e f u l  f o r  detec- 
t i n g  and l o c a t i n g  t h i s  type  of dumping. 

Figure 13 shows a very  ex tens ive  llanomalyll i n  t h e  nor thern  
p a r t  o f  t h e  Ebro D e l t a ,  running f o r  about 180 km along t h e  Spanish 
s h o r e l i n e  and about 180 km o f f  t h e  coas t .  

Its o r i g i n  is still unknown, but  it is obvious t h a t  s m a l l -  
scale ERTS imagery is w e l l  s u i t e d  f o r  d e t e c t i n g  such large phenomena. 

* This  photo has  been rece ived  by Pr.  Rey (ARNICA p r o j e c t ) .  
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F i g .  13 . Large anomaly of unknown origin at sea 
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Experiments are scheduled i n  June 1973 to  explain t h i s  "anomaly" 
which is, i n  par t ,  s i tuated  of fshore  from a nuclear power plant .  

3 .  CONCLUSION 

I t  is obvious,  f r o m  these  examples, that  small-scale  ERTS 
imagery is  w e l l  s u i t e d  to de tec t  such large phenomena. 
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SV - PROCESSING OF ERTS IMAGERY 

(P.1. A. Fontane l )  MMC 009.04 

1 e INTRODUCTION 

The a i m  o f  t h i s  p r o j e c t  w a s  t o  improve t h e  q u a l i t y  of  photo- 
graphs,  i n  o r d e r  t o  make geo log ica l ,  geophysical ,  etc. i n t e r p r e t a -  
t i o n  easier and t o  automate some p a r t s  of  t h i s  i n t e r p r e t a t i o n .  W e  
used o p t i c a l  and d i g i t a l  f i l t e r i n g  techniques.  

2. TWO-DIMENSIONAL SPECTRA OF MSS PHOTOGRAPHS 

The o p t i c a l  Four i e r  t ransform of a l l  MSS photos rece ived  
shows two series of  luminous d o t s  pos i t i oned  92' and 7 7 O  with  regard  
t o  t h e  scanning l i n e s .  The spacing between t h e s e  d o t s  corresponds 
t o  a d i s t a n c e  of 160 m and 85 m i n  t h e  f i e l d .  Fig.  14 shows an 
enlargement (approximately x 12 with  r e s p e c t  t o  1:1,000,000th scale) 
of an MSS photo taken a t  sea with its two dimensional spectrum. This 
phenomenon appears  on each MSS spectrum bu t  is very s t r o n g  i n  areas 
wi th  low c o n t r a s t .  It can h inder  va r ious  k inds  of s t u d i e s  of t he  
MSS s p e c t r a .  For example, we found t h i s  d i f f i c u l t y  i n  t r y i n g  t o  
b r ing  o u t  t h e  anc ien t  Roman land p a r t i t i o n  i n  no r the rn  I t a l y .  

a. Enlargement of  
an MSS photo 

b e  Two dimensional spectrum of a. 
The arrows (on t h e  r i g h t  s i d e )  
show t h e  d i r e c t i o n s  o f  spu r ious  
p o i n t s .  

F ig .  14 
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F i g .  15 
Part of 
o r i g i n a l  
t h e  cohe 
system 
( 1078-95 
(scale 1 

a 

an image o f  an 

&rent o p t i c a l  
MSS photo thru 

62-6) 
: 1 , 0 0 0 , 0 0 0 )  

P i g .  15 b 

Opt ica l  d i r e c t i o n a l  
f i l t e r i n g  of 15 a i n  
order to  br ing  out  t h e  
NE-SW t e c t o n i c  f e a t u r e s  
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16 a Digit ized original  aer ia l  photograph (taken on test-site) 
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Fig, 16 b Contrast enhancement o f  Fig, 16 a 
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3. COHERENT OPTICAL FILTERING 

The photos i n  Fig. 15 b represent  t he  southwestern corner  of  
an  ERTS image taken as a n  example of t h e  use of coherent o p t i c a l  
f i l t e r i n g  i n  order  t o  b r ing  ou t  t e c t o n i c  f e a t u r e s  i n  a complicated 
area (ERTS I - 1078-09562). The main t r ends  are underl ined af ter  
d i r e c t i o n a l  f i l t e r i n g  (Pincus,  DobrinT Fontanel e t  a l .  1967**). 
These underl ined f e a t u r e s  correspond t o  the  main t e c t o n i c  f r a c t u r e s  
descr ibed i n  the  first p a r t  o f  t h i s  paper (P.I. J. Guillemot).  

4. D I G I T A L  PROCESSING 

W e  d id  not  rece ive  magnetic t apes  from NASA, so we only  
processes  d i g i t i z e d  aer ia l  photographs taken on t e s t  sites. Fig.16a 
shows a d i g i t i z e d  o r i g i n a l  aerial photo,  and Fig.  16b shows t h e  
same photograph after c o n t r a s t  enhancement. 

W e  a l s o  appl ied  numerical d i r e c t i o n a l  f i l t e r i n g  techniques t o  
aerial photographs. Some examples will be given in' later reports. 

GENERAL CONCLUSION 

I n  t h i s  r e p o r t  we have presented the  f ind ings  of f o u r  ERTS 
p r o j e c t s .  However we want t o  po in t  ou t  t h a t  t hese  d i f f e r e n t  resear -  
ches w e r e  c a r r i e d  ou t  c l o s e  co l l abora t ion  between the  P.Is. even 
though t h e  ob jec t ives  would appear t o  be d i f f e r e n t  a t  t h e  first 
glance.  

For example, t h e  f a u l t s  spo t t ed  i n  t h e  Camargue reg ion ,  and 
which provided an explanat ion f o r  var ious  sedimentological  pheno- 
mena (GOLION p r o j e c t ) ,  w e r e  s i t u a t e d  i n  a much wider s e t t i ng ,  thanks 
t o  s t r u c t u r a l  geology surveys c a r r i e d  ou t  farther no r th  (PYRALP 
p r o j e c t ) .  Likewise, t h e r e  is no po in t  i n  emphasying the  l i n k s  which 

* 
M.J. Pincus,  M.B. Dobrin, 1966. "Geological Applicat ion of 
Opt ica l  D a t a  Processing",  J.  Geophys. R e s . ,  71(20) ,  p. 4861-4869. 

A. Fontanel ,  G. Grau, J. Laurent ,  J. Montadert, 1967, Etude des  
photographies aer iennes  p a r  d i f f r a c t i o n  de l a  lumi&re cohhrente.  
Actes Symp. In t e rn .  Photo- in te rpre ta t ion ,  Edi t .  Technip, P a r i s ,  

** 

111, p. 13-22. 
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exist  between sedimentology and of fshore  po l lu t ion  problems. 
Concerning the TRONU project  which has t o  do with o p t i c a l  and 
numerical processing,  it is being done on photos covering a l l  
four of the projec t s  described. 

151 1 


