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CHAPTER 1

Mediterranean Seafloor Features: 
Overview and Assessment

Jean-René Vanney1 and Maurice Gennesseaux1

“Trois p a rties  da m o n d e , c ’est-à -d ire trois m o n d es  fo r t  
d issem b la b les , b o rd a n t ce vaste  Iac sa lé  . .

P a u l  V a l é r y

T h is  p a p e r  fo c u ses  on M e d i te r r a n e a n  sea f lo o r  fea tu res  in v iew  o f  refin ing  in te rp re ta t io n s  o f  
th e  se a b e d  th a t  fo rm e d  in a n  i n te r p la te - in te r c o n t in e n ta l  sy s te m .  T h is  s u r v e y  t a k e s  in to  
a c c o u n t  m a p s  p r e p a r e d  fo r  the  In te rn a t io n a l  B a th y m e tr ic  C h a r t  o f  t h e  M e d i te r r a n e a n  
(1BCM) a n d  o th e r  r e c e n t  in v es t ig a t io n s  us ing  v a r ious  t e c h n o lo g ie s  ( c o n v e n t io n a l  a n d  m u lt i 
n a r ro w  b e a m  b a th y m e t r y ,  s o n o g ra p h ,  se ism ic ,  s id e -sc an  so n a r ,  an d  d iv e  s u rv e y s ) .  T h e  
s tu d y  a s se s s e s  th e  g e o m o r p h o lo g y  in light o f  pla te  te c to n ic  c o n s id e r a t i o n s  d e v e lo p e d  d u r 
ing th e  p a s t  15 y e a r s .  M e d i te r r a n e a n  fe a tu re s  resu l t  e s sen t ia l ly  f rom  (1) th e  lo n g - te rm  
su c c e s s io n  o f  te c to n ic  d i s p l a c e m e n t  in d u ce d  by c o n t in u o u s  m o t io n  o f  A f r ic a  to w a r d s  E u 
ro p e ,  a n d  (2) p ro g re s s iv e  c lo s u re  o f  th e  s e a  involv ing  a  se r ies  o f  su b m a r in e - in s u la r  sills th a t  
p lay e d  a  s ignificant  ro le  d u r in g  th e  M e ss in ia n  sa linity c r is is ,  c l im a t ic -e u s ta t ic  c h a n g e s ,  a n d  
e ro s io n a l  e v e n t s .

T h e  M e d i te r r a n e a n  a re a  c a n  be su b d iv id e d  into th ree  g e o m o rp h ic  se t t in g s .  (1) T h e  r e la 
t ive ly  s tab le  m arg in s ,  f r o m  o f f  T u n is ia  to th e  M iddle  E a s t ,  c o r r e s p o n d  to th e  su b m a r in e  
p ro lo n g a t io n  o f  th e  A f r ic a n  p la te  ( inc ludes  th e  Pe lag ian  S e a  an d  G u lf  o f  Sir te) .  T h e  e a s te r n  
se c to r s  w e r e  in f lu en ced  by  N i le -d e r iv e d  d ep o s i t io n .  (2) U n s ta b le  c o n v e r g e n t  ( su b d u c te d )  
reg ions  inc lude  c o m p r e s s iv e  m arg in s  and  a sso c ia ted  d e e p - se a  f loor ( i .e . ,  M e d i te r r a n e a n  
R idge ,  A r c - T r e n c h  s y s te m s ,  A e g e a n  S e a ,  an d  A dr ia t ic  Sea)  w h e re  th e  se a f lo o r  c o m m o n ly  
inc ludes  a  s t ru c tu ra l ly  b r o k e n ,  c o m p le x  to p o g ra p h y .  (3) R if ted  reg ions  fo rm e d  re c e n t ly  a s  a 
resu l t  o f  e x te n s io n  an d  fo u n d e r in g  ( i .e . .  W e s te rn  M e d i te r r a n e a n  B asin ,  T y r r h e n ia n  Sea) .  
T h e  cen t ra l  p a r t  o f  l a t t e r  s e c to r s ,  p a r t icu la r ly  in the  W e s te rn  B a s in ,  is o c c u p ie d  b y  b a th y a l  
p la ins  b o rd e re d  b y  la rge  d e e p - s e a  fans fo rm e d  by g ra v i ty  d ep o s i t io n a l  p r o c e s s e s .  T h e  
sea f loo r  in su c h  re g io n s  is loca l ly  m odif ied  by  p ie rc e m e n t  fe a tu re s  o f  v o lca n ic  o r  sa l t  
d iap ir ism  origin.

Introduction: Mare Exemplarium

T h e  M e d i te r ra n e a n  S ea  is c h a ra c te r iz e d  by  a 
n o te w o r th y  co m b in a t io n  o f  a t t r ib u te s .  T h e s e  in 
c lude  (1) location o n  an  in te rc o n t in e n ta l - in te r -  
p la te  sy s tem ,  (2) a  c lose  re la t ion  to  a  y o ung  Al
p in e  M o u n ta in  f ra m e w o rk ,  (3) an  a lm os t-c lo sed  
b as in  configuration ,  (4) th e  p r e s e n c e  o f  s teep ,

1 D é p a r tm e n t  d e  G éo lo g ie  D y n a m iq u e ,  U n iv e r s i té  
P ie r re  e t  M ar ie  C urie ,  75230 P a r is ,  F r a n c e .

often  ro ck y  m arg ins ,  an d  (5) a  h ighly d ive rse  
p h y s iog raph ic  setting. T h e  un ique  overa ll  a p 
pea ran ce  re c o rd s  m a rk e d  geo log ic -env iron 
m en ta l  ch a n g es  in t im e  an d  sp a ce  re la ted ,  in 
par t ,  to  th e  A lp ine  o rogen  an d  to  geograph ic  
influences su c h  as  d e s e r ts .  T h e  p re se n t-d ay  
p h y s iog raph ic  configura t ion  (Fig. 1.1) resu lts  
f rom  th e  in te rp lay  b e tw e e n  tw o  m a jo r  se rie s  o f  
relief-form ing fac to rs .  T h e  first is c ru s ta l  m obil
ity d i re c te d  in b o th  ho r izo n ta l  ( A f r ic a -E u r o p e  
pla te  co n v e rg en ce )  and ver t ica l  (d o w n w a rp in g  
and  s u b s id e n c e  w ith in ,  an d  in f ro n t  of,  a  folded
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Fig .  1 .1 .  S im pli f ied  c h a r t  o f  
t h e  M e d i t e r r a n e a n  S e a  s h o w 
ing th e  lo c a t io n  o f  F ig u r e s  1.2 
to  1.12 d i s c u s s e d  in th is  c h a p 
te r .  D e p t h  s h o w n  b y  2000- and  
3000-m  iso b a th s .

belt)  d irec tions .  T h u s ,  a s  an h e i r  o f  th e  T e th y s  
an d  th e  M e so g ea n  S ea ,  th e  M e d i te r r a n e a n  is an  
ideal  ex a m p le  o f  a small s e a  sh o w in g  m arked  
tim e-var iab le  geo m etry .  T h e  s e c o n d  set o f  fac 
tors  is re la ted  to  per iod ic  c l im a te  (ar id-hum id 
su ccess ion )  an d  sea-leve l ch a n g es .  T h ese  
c h a n g es  have  induced  v ar ia t io n s  in reg im e of 
w a te r  d ischarge ,  solid-load su p p ly ,  an d  bo t tom  
c u r re n t  ac tiv i ty .  T h e  effec t o f  te c to n ic  an d  cli
m a tic  c r ises  on  th e  g e o m o rp h ic  e v o lu t io n  o f  the 
M e d i te r r a n e a n  is exem plified  by  th e  M essin ian  
ev e n ts :  i .e . ,  e x c ep t io n a l  sea- leve l  lowering, 
d e e p  cu t t ing  o f  the  co n t in en ta l  m arg in  by  ca n 
y o n s ,  nega tive  w a te r  m a ss  b u d g e t ,  and  d ep o s i
t ion  o f  th ick  ev a p o r i te  layers  th a t  h a v e  s u b s e 
q u en t ly  p la y ed  a  significant ro le  as a  resu l t  o f  
th e i r  c o m p o s i t io n  (so lu tion  fea tu re s )  an d  m ob il
ity (p ie rcem en t  relief  s t ruc tu re s ) .

D uring  the  pas t  d e c a d e ,  in te rp re ta t io n  o f  the  
M e d i te r r a n e a n  seafloor benef i ted  in m a n y  w ays  
f ro m  a  b road -based  scientific effort :  p lotting 
o f  new  b a th y m etr ic  c h a r ts  o f  b o th  gene ra l  ( In 
te rna t iona l  B a th y m e tr ic  C h a r t  o f  the  M e d i
te r r a n e a n ,  scale  1 :1 ,000 ,000 )  an d  deta iled  
(Sea-B eam ) su rv ey s ,  n u m e ro u s  se ism ic  and  
so n o g ra p h  profiles,  D e e p  S e a  Drilling P ro ject  
an d  industria l  b o re h o le s ,  an d  su rv e y s  w ith  the  
su b m ers ib le  C y a n a .  T h e  im p ro v e d  quality  of 
m o re  recen tly  co l lec ted  d a ta  h a s  m a d e  it p o ss i 
ble to  define m o re  p rec ise ly  th e  m a jo r  fea tu re s  
th a t  in this c h a p te r  a re  g ro u p e d  in th re e  g eo 
m o rp h ic  sy s tem s .  C o n s id e ra t io n  o f  subm arine  
re l ie f  in te rm s o f  a  p la te  te c to n ic s  f ra m e w o rk  
resu l ts  in a  s o m e w h a t  d if fe ren t  p resen ta t ion  
th a n  th o se  pub lished  in v a lu ab le  ear l ier ,  s o m e 
w h a t  m o re  d esc r ip t ive  a n a ly se s  su c h  as those  
by  M ikhay lov  (1965), C a r t e r  a n d  o th e rs  (1972),

-Lom niew sky  an d  o th e r s  (1974), a n d  N a i r n  and  
o th e rs  (1977, 1978). T h is  o v e rv ie w  o f  m a jo r  
p h y s iog raph ic  f e a tu r e s  a n d  m o rp h o lo g ic a l  a s 
s e s sm e n t  is in te n d e d  to  se rv e  as an  add i t iona l  
base  fo r  th e  m o r e  de ta i led  geo log ica l  a n a ly se s  
p re se n te d  in th e  c h a p te r s  o f  th is  M e d i te r r a n e a n  
re fe ren c e  v o lum e .

Relatively Stable Regions

T h e  m o rp h o lo g y  o f  th e  s o u th e a s t e r n  M e d i te r r a 
n e a n ,  f rom  th e  G u l f  o f  G a b e s  to  th e  c o a s t  off 
th e  M iddle E a s t ,  r e su l t s  la rge ly  f rom  d e f o r m a 
tion  o f  th e  n o r th e r n  rim  o f  th e  A fr ic an  p la te  and  
a l te rna t ion  o f  h u m id  (high c las t ic  s e d im e n ta ry  
supply) an d  arid  ( c a rb o n a te  p la tfo rm  c o n s t r u c 
tion) co n d i t ions .  T h e  p h y s io g rap h ic  p ro v in c e s ,  
d e v e lo p e d  o n  a  d e e p  f r a c tu re d  an d  d o w n w a r p e d  
b a s e m e n t ,  p r e s e n t  con f igu ra t ions  th a t  v a ry  
f rom  w es t  to  ea s t .

Pelagian Sea: A W arped-Faulted  Spur

T h e  Pelag ian  S e a ,  a n  a d v a n c e d  sa lien t  o f  the  
A fr ica  p la te  a b u t t in g  th e  T el l ian  M o u n ta in  and  
C a lab rian  A rc ,  r e s e m b le s  a  co n t in en ta l  b o r d e r 
land  (Fig. 1.2). T h e  f au l ted  M a l t a - M i s r a th a  to 
th e  eas t  an d  G a f s a - J e f f a r a  (S o n sh o re )  e s c a rp 
m en ts  fo rm  its m o r p h o -s t ru c tu r a l  b o u n d a r ie s .  
This  a re a  d e v e lo p e d  f ro m  d e fo rm a t io n  an d  rift
ing o f  a  th ic k  s e d im e n ta r y  p la tfo rm  p rev io u s ly  
e ro d e d  an d  p la n e d  du r ing  th e  la te  M io c e n e  
(C o lan ton i,  1975; M oreli i  e t  a h ,  1975a; B uro lle t  
e t  a h ,  1979; W in n o c k ,  1982; B lanp ied  a n d  Bel- 
la iche, 1983).
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Fig .  1 .2 .  S o u th - c e n t r a l  M e d i te r r a n e a n  S e a  (Pe lagian  
S e a  a n d  G u l f  o f  Sir te) .  1, c o as ta l  a n d  lac u s t r in e  p la in ;  
2,  c o n t in e n ta l  she lf ;  3, e s c a r p m e n t ;  4, m arg ina l  p l a 
t e a u  (a) a n d  s e a m o u n t  (b);  5, su b m a r in e  c a n y o n  a n d  
s e a  v a l le y ;  6, c o n t in e n ta l  r ise  a n d  d e e p - se a  fan ;  8, 
b a s in  p la in ;  12, v o lc a n ic  fe a tu re s ;  14, su b d u c t io n ;  15, 
f a u l t e d  t r o u g h ;  16, su b m a r in e  p a s sa g e ;  17, f r ac tu re ;  
19, m o n o c l in e ;  20, f ro n ta l  b o u n d a r y  f e a tu r e s  (a) and  
o l i s to s t r o m e s  (b). A d d i t io n a l  legend  sh o w n  in F igure  
1.7. A b b r e v ia t io n s :  A S ,  A lfeo  S m t ;  A r S ,  A rc h i 
m e d e s  S m t ;  B R ,  B e n g h a z i  R id g e ;  C E ,  C y r e n a i c a  E s 
c a r p m e n t ;  C G ,  C a l l y m a c h o s - l o n i a n G a p ;  C S ,  C y r e n e

S m t ;  C T ,  C a la b r ian  T r e n c h ;  E B ,  E s q u e r q u i s  B k ;  E S ,  
E p ic h a r m o s  S m t;  E V ,  E g ad i  V a l le y ;  G ,  G o z o  I s l . ; 
G B ,  G e la  B as in ;  H ,  G u lf  o f  H a m m a m e t ;  H T ,  H e r o 
d o tu s  T r e n c h ;  J ,  J e r b a  I s l . ,  K ,  K e r k e n n a h  Is l . ;  L ,  
L in o s a  Is l . ,  L B ,  L in o s a  B a s in ;  L a ,  L a m p e d u s a  Isl . ;  
L p ,  L a m p io n e  Is l . ;  M a B ,  M a l ta  B a s in ;  M B ,  M a d r e 
p o re  B k ;  M C ,  M a l ta  C h a n n e l ;  M e C ,  M e d in a  C h a n 
ne l;  M e V ,  M e l i ta  V a l le y ;  M P ,  M e s s in a  Pla in ;  M S ,  
M e d in a  S m t ;  M V ,  M is r a th a  V a l ley ;  P ,  Pan te l le r ia  
Is l . ;  P B ,  P a n te l l e r i a  B a s in ;  P V ,  P a n te l l e r i a  V alley ;  
P M B ,  P in n e  M a r in e  B k ;  S P ,  S ir te  P la in ;  T B ,  T er r ib le  
B k ;  T V ,  T r ip o l i ta n ia n  V a l ley .

T h e  m o s t  s tr ik ing  fe a tu re s  a re  th e  n o r t h w e s t -  
s o u th e a s t - t r e n d in g  M e d ia n  t ro u g h s .  T h e se  are  
g ra b e n s  o p e n e d  by  rift ing p ro c e s s  (in th e  Plio
c e n e ,  b u t  still ac tive )  th a t  r e p r e s e n t  an ex a m p le  
o f  r e c e n t  d is ten s io n  m o rp h o lo g y .  T h e  bes t  d e 
fined d e e p s  a re  the  S o u th  Sicily t roughs  (north  
o f  lat. 34°N). T h re e  m a jo r  d e e p  en  éche lon  b a 
sins a re  cu t  in a  s t ru c tu ra l ly  b ro k e n  r idge-and- 
c h a n n e l  la n d sc a p e :  P an te l le r ia ,  L in o sa ,  and  
M a l ta  ( re sp ec t iv e ly  1314, 1615, a n d  1715 m).

T h e i r  i r regu la r  floors are  f lanked  by  s te e p  walls 
an d  vo lcan ic  co n e s  th a t  e m e rg e  a t  th e  is lands o f  
P an te l le r ia  an d  L in o sa .  T h e  still p o o r ly  defined 
Ja ra ffa  an d  T rip o l i ta n ia n  t ro u g h s  o c c u r  sou th  o f  
th e  gen t le  sw ells  o f  M e d in a  an d  M eli ta  banks  
(sha l low er  th a n  200 m) a t  35° n o r th  la titude.  
T h e s e  se g m e n te d  deeps ,  rang ing  f ro m  200 to  
800 m , are  p ro b a b le  fau l t -con tro l led  subm arine  
va l leys ,  as su g g e s ted  by th e  a s y m m e tr ic  config
u ra t io n  o f  th e  h eads  o f  th e se  d e p re ss io n s .
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T h e  n o r th e rn  b lock ,  cons ti tu t ing  the  S o u th  
Sicilian P la teaus ,  is t i l ted  to w ard  the  nor th .  In 
side the  150-m co n to u r ,  tw o  dist inct fea tu re s  (to 
th e  w es t ,  A d v e n tu re  B a n k ,  15 m an d  T err ib le  
B a n k :  to  the  ea s t ,  M a l ta  P la teau  an d  islands) 
fo rm  tilted su r fa ce s  c a r p e te d  by a  R e c e n t  se d i
m e n ta ry  co v e r  a n d  p u n c tu a te d  by volcan ic  
v en ts  (G rah am  B ank).  T h e  in te rm ed ia te  G ela  
B asin  (987 m), c lo sed  so u th w a rd s  by a  d oub le  
series  o f  sha llow  te c to n ic  dam -r idges  (P inne 
M arine ,  M a d re p o re  B a n k ) ,  is an  unusua l fo re 
d e e p  o f  the C a l ta n is se t ta  Basin o f  S icily , 
w h ich  has been  p a r t ly  filled by  the  offshore  p ro 
g ress ion  o f  a  M io -P l io ce n e  o l is tos trom e.

The  th ird  g e o m o rp h ic  un i t  is the  T un is ian  P la
te au ,  the  largest (300 km  w ide,  a long  lat. 34°N) 
such  f ea tu re  in th e  M e d i te r ra n e a n .  T h e  tr ian g u 
lar  T un is ian  P la te au  d isp lay s  a generally  regu la r  
to p o g ra p h y  as a  r a th e r  sha llow  (averag ing  50 
m), low -g rad ien t  sw ell w ith  m inor  undu la tions  
an d  inc is ions th a t  p ro longa te  se a w a rd  th e  
n e a r s h o re  conf igu ra t ion  o f  the  K e rk e n n a h  is
lands  a re a .  T h e  sw ell is f lanked by  th e  tw o  
w e s t - e a s t - t r e n d in g  lo w s ,  th e  gulfs o f H a m m a m e t  
and  G ab e s ,  w hich  h a v e  se rved  as p o s t -M io 
ce n e  d e p o c e n te r s .  T h e  en t ire  p la teau  is d e l ine 
ated  by a poorly  def ined , no tc h ed  ta ius,  p ro lo n 
g a ted  b y  s e p a r a te d  ban k s .  T h e  p la teau  
re p re se n ts  a  m ob ile  b lock : E p isod ica l ly  ac tive  
co m p re ss io n a l  a n d  d iap ir ic  s t ru c tu re s  ( sca rps ,  
m o n o c l in es ,  fo lds)  h a v e  b e e n  su b jec ted  to  long
te rm  e ro s io n .  T h u s ,  th e  p la teau  su r face  a p p e a rs  
to  h ave  b e e n  on ly  m o d e ra te ly  co n tro l led  by 
deep  s t ru c tu re .  T h e  f la t-topped  anticl inal 
b a n k s ,  sync lina l d e p re s s io n s  (som et im es  
c lo sed ) ,  and  a d ja c e n t  p ro g ra d a t io n a l- a g g ra d a -  
t iona l te r r a c e s  sh o w  m in o r  shap ing  by  fluvial 
effec ts  du r ing  low  se a- leve l  s tands .  T h e  p la teau  
su rface  is c o v e r e d  b y  b io c a rb o n a te  d epos i ts ;  
th e  seaf loor  b e lo w  50 m  is, fo r  the  m o s t  p a r t ,  
c o v e re d  by  re lic t  lag  d ep o s i ts .  C a rb o n a te  p ro 
d u c t io n  and  d e p o s i t io n  p red o m in a te  at sha l
lo w er  d e p th s ,  w h e r e  s a n d s  a c cu m u la te  in tidal 
de l tas  a n d  on  low  su b m a r in e  b an k s  (a round  
K e rk e n n a h ,  D jerba ) ,  a n d  micrites a re  t r a p p e d  
in u n d e r w a te r  g ra ssy  “ p ra i r ie s”  (C y m o d o c ia ,  
P osidon iae)  resu lt ing  in pa ra ree fa l  fea tu re s .

Sirte Em baym ent

T h e  seafloor o f  th e  S ir te  E m b a y m e n t ,  the  la rg 
es t  r e e n try  on  th e  N o r t h  A fr ican  m arg in ,  d ips  
gen t ly  n o r th w a rd  a n d  e x te n d s  to the  Sicilian

B asin  by  a  se r ie s  o f  step like  n o tc h e s  (Fig. 1.2). 
T h e  E m b a y m e n t  is in te rp re ted  as  a w ide co l
lap sed  b lock  o f  th e  A fr ican  p la te  (F ine tt i ,  1982; 
G ro u p e  E s c a r m e d ,  1982). It p re se n ts  th e  fol
low ing  a t tr ibu tes :

1. T h e  s e m ic irc u la r  S irte  G u lf  is pos it ioned  
o v e r  p a r t  o f  th e  n o r th w e s t - s o u th e a s t  L ib y a n  
h o rs t -g ra b en  s y s te m ,  w h ich  is dee p ly  b u r ied  
b e n e a th  a  th ic k  C enozo ic  s e d im e n ta ry  co v e r .  
T h e  r a th e r  la rge  coas ta l- lagoona l S ir te  plain 
an d  co n t in en ta l  sh e l f  ex te n d  to  the  n o r th  by 
th e  gen t ly  inc lined  (1%) S ir te  C o n e ;  th e  s u r 
face  o f  this la t te r  is o ffse t by  e s c a rp m e n ts  
in te rp re te d  as su r face  e x p re s s io n s  o f  t i l ted  
b lock .

2. T h e  e s c a rp m e n ts  fo rm ing  th e  la teral m arg in  
o f  th e  e m b a y m e n t  are  essen tia l ly  gigantic  
fau l ted  m o n o c l in e s  a ffec ted  by  m ass  m o v e 
m e n t  o f  the  s e d im e n t  c o v e r .  T h e  M a l ta -M is -  
r a th a  E s c a r p m e n t  to  th e  w e s t  is a  s te ep ,  
h igh-re lie f  (2.5 km ) f ea tu re  d is sec ted  by  a  s e 
r ies  o f  large su b m a r in e  val leys ,  th u s  leav ing  
sp u rs  an d  e lo n g a te  p la tea u s  as high fea tu re s .  
S e a -B e a m  a n d  su b m e rs ib le  d ive su rv e y s  r e 
vea l th a t  local o v e rs te e p e n in g  o f  th e  ce n tra l  
se g m e n t  m ay  h a v e  re su l te d  f ro m  a  ca p p in g  o f  
l im es to n e  d e p o s i ts .  T h e  e a s te rn  m arg in  o f  
th e  S ir te  E m b a y m e n t  is fo rm e d  by  the  C y r e 
na ica  E s c a r p m e n t .  T h is  f e a tu re  is th e  n o r th 
e rn  rim  o f  a  so u th w a rd - t i l ted  b lock ,  as sug
ges ted  by  th e  a b ru p t  c o a s t  bo rd er in g  th e  
B a rk a  M o u n ta in s ,  th e  i rregularly  sh a p e d  n a r 
ro w  (—10 k m  w ide)  shelf,  and  th e  s teep  s lope  
inc ised  by  la rge  ca n y o n s .

3. T h e  Sicilian B a s in ,  be low  2000 m, fo rm s  the  
n o r th -c e n t ra l  p a r t  o f  th e  e m b a y m e n t .  It d is 
p lays  an i r re g u la r  series  o f  small hills o f  fault 
orig in  (S tr ide  e t  a h ,  1977) an d  is b o rd e re d  by 
a  d o u b le  ch a in  o f  f la t - topped  b u t te s  (M ed in a  
S e a m o u n ts  to  th e  w e s t ;  B engasi R idges an d  
C y r e n e /H e r o d o tu s  to  th e  eas t) ,  w h ich  m a y  
be s e d im e n ta ry  h o rs ts .  T u rb id i te s  h av e  lev 
eled  an d  s m o o th e d  th e  M e s s in a - I o n ia n  (4100 
m) a n d  S irte  B as in  pla ins (3900 m, c o n n e c te d  
by  the  C a l ly m a c h u s  G ap) ,  this la t te r  be ing  a 
f au l t -c o n tro l led  p ro lo n g a t io n  o f  the  H e r o d o 
tu s  T ro u g h  (3000-3500  m).

The Nilotic Front: “ A Gift o f  the N ile”

T h e  c o n v e x - s h a p e d  E g y p tia n  con t inen ta l  m a r 
gin  (Fig. 1.3) is th e  g eo m o rp h ic  e x p re s s io n  o f
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Fig .  1.3 .  N i lo t ic  a n d  L e v a n t  m arg in s .  1, c o a s ta l  and  
lacu s tr in e  p lain  (a rrow :  re t r e a t in g  c o as t  line); 2, c o n 
t in e n ta l  sh e l f  (SB: sh e l fb rea k ) ;  3,  e s c a r p m e n t ;  4, 
m arg ina l  p la te a u  (a) a n d  s e a m o u n t  (b); 5, su b m a r in e  
c a n y o n  a n d  sea  va lley ;  6, c o n t in e n ta l  r ise  a n d  deep-  
s e a  fan  (a); 7 ,  e ro s io n a l  m o a t ;  8, ba s in  p la in ;  10, halo- 
k ine t ic  f e a tu re s ,  d o m e  (a) a n d  low  d iap ir  (b);  11, L e 
v a n t  P la tfo rm ;  14, su b d u c t io n  t r e n c h ;  16, su b m ar in e  
p a ssa g e ;  17, f rac tu re ,  f au l t  (a),  s h e a r  z o n e  (b), buried  
s t r u c tu r e  (c); 18, sp re ad in g  a x is  (R ed  Sea) .  A b b re v i 

a t io n s :  A C ,  A le x a n d r i a  C a n y o n ;  A M ,  A r ia n e  M o u n 
ta in ;  B L ,  B a rd a w i l  L in e ;  D ,  D a m ie t ta ;  D S ,  D e ad  
S e a ;  E P ,  E r a t o s t h e n e s  P la in ;  E S ,  E r a to s th e n e s  S m t ;  
F R ,  F lo r e n c e  R is e ;  H P ,  H e c a t e u s  P la te a u ;  J ,  J o r d a n  
R if t;  M E ,  M a r m a r i c a  E s c a r p m e n t ;  PI, P e lu s iu m  
L in e ;  P M ,  P to l e m y  M o u n ta in s ;  P T ,  P l in y  T re n c h ;  
Q E ,  Q a t t a r a - E r a t o s t h e n e s  L in e ;  R ,  R a sh id ;  RC, 
R a sh id  C a n y o n ;  S M ,  S t r a b o  M o u n ta in ;  S T ,  S t ra b o  
T re n c h .

th e  p o s t-M e ss in ia n  de l ta ic  s e d im e n ta ry  bulge 
th a t  has  bu r ied  th e  dee p ly  d is lo ca ted  African 
p la te  m argin .  T h e  m o rp h o lo g y  o f  th e  b asem e n t  
is a  b lock-m osaic :  T h e  m ain  n o r th w e s t - s o u th 
eas t- t rend ing  M a rm a r ic a  an d  B ardaw il  e s c a rp 
m en ts  a re  o ffse t b y  th e  n o r th e a s t - so u th w e s t  
Q a t t a r a h - E r a to s th e n e s  an d  P e lus ium  t r a n sc u r 
r e n t  faults  (N e e v  e t  al .,  1976; N e e v ,  1977).
N ile  D elta  B e lt. E a s t  o f  El A lam ein  (long. 
29°E), th e  s teep  rec t i l in e a r  L ib y a n  m arg in ,  d e 
fined by  th e  M a rm a r ic a  E s c a r p m e n t ,  bec o m e s  
largely p r o tu b e ra n t  as n o te d  b y  b o th  th e  c o a s t 
line an d  d ep th  co n to u rs .  T h e  “ d e l ta  b lo c k ”  
(Fig. 1.3), delim ited  by  th e  Q a t ta ra ,  P e lus ium , 
an d  B ardaw il  s t ru c tu ra l  t r e n d s ,  is dee p ly  d e

p r e s s e d  (and  lo w e r e d  b y  fau lt)  b e n e a th  a  th ick  
p ro g ra d in g  p ro d e l t a .  P re s e n t  surficial fea tu res  
w e r e  a f fec ted  b y  p e r io d s  o f  h igh  solid  d is
ch a rge ,  m a in ly  du r ing  la te  P le is to c e n e  an d  Hol-  
o c e n e  (M isd o rp  a n d  S es tin i ,  1976; C o le m a n  et 
a l . ,  1981): (1) s te e p e n e d  lo w e r  (75 -100  m), m id 
dle (4 5 -5 0  m ),  a n d  u p p e r  (3 0 -4 0  m) te r rac es ,  
th e  R o s e t t a  an d  D a m ie t t a  o f fsh o re  b a n k s ,  c h a n 
nels ,  an d  pro fiuv ia l  p r o m o n to r ie s  on  th e  deltaic  
shelf;  an d  (2) g ra v i ty  fe a tu re s  ( s lum ps) ,  rav ines ,  
an d  m u d  d iap irs  o n  th e  a r c u a te  de l ta ic  slope. 
Th is  gen t ly  inc lined  m ud  su r fa c e  (to a b o u t  1000 
m) is su rp ris ing ly  devo id  o f  m a jo r  c a n y o n s  (nei
th e r  th e  A le x a n d r ia  o r  R a sh id  c a n y o n s  are  
la rge  o r  d e e p ly  incised).
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T h e  re c e n t  evo lu t io n  o f  th e  coas t  and  inner 
m argin ,  an  exam ple  o f  g e o m o rp h ic  rec ess io n ,  is 
the  resu l t  o f  a  s e d im e n ta ry  deficit resu lt ing  from  
severa l  fac to rs ,  som e n a tu ra l  (d im inu t ion  o f  dis
ch a rg e  re la ted  to  th e  H o lo c e n e  t ransg ress ion ,  
acce le ra t ion  o f  dese r t if ica tion)  an d  som e hum an  
(m odification o f  Nile  d ra in a g e ,  e m p la c e m e n t  of 
the  A sw a n  High D am , e tc .)  (T o m a  an d  S a lam a,  
1980; C o lem an  e t  a l .,  1981). D elta ic  d e c a y  is 
re c o rd e d  by  a  sm o o th in g  o f  c o a s ta l  co n to u rs  
( i .e . ,  re t rea t  o f  r iver  m o u th s  an d  o f  proflu- 
vial p ro m o n to r ie s ,  r é tro g ra d a t io n  o f  bar r ie r  
bea ch e s ) ,  reduc tion  in g ro w th  o f  o ffsho re  banks  
an d  m udfie lds, r e trea t  o f  th e  se a w a rd  edge  o f  
th e  she lf  te r rac e ,  an d  a  sm o o th in g  o f  th e  s lope 
by lateral t r an sp o r t  o f  fine partic les .
N ile  C one  B e lt. T h e  d e e p e r  E g y p tia n  margin 
(1000-3000 m) is fo rm e d  by  a  w ide (300 k m  w es t  
to  eas t) ,  e x ten s iv e  (200 k m  n o r th  to  sou th)  sub
m arine  fan. T h e  t im e-spa t ia l  la te  Q u a te rn a ry  
depos it iona l  m o rp h o g e n e s is  is p r im arily  re la ted  
to Nile inpu t load c h a n g e s ,  d e e p  c u r re n t  f luctu
a t io n s ,  an d  c l im a tic -e u s ta t ic  osc illa tions 
(M ald o n ad o  an d  S ta n le y ,  1976, 1979, 1981; 
R o ss  an d  U chup i ,  1977). T h e  ram pl ike  d ep o s i
tional to p o g ra p h y  is loca lly  m odified  by  g rav ity  
and  ha lok inet ic  p ro c e s se s .

W e s t  o f  30° ea s t  lo ng i tude ,  th e  H e r o d o tu s  B a
sin  an d  th e  d is s e c te d  (“ b a d la n d s  p h y s io g ra 
p h y ” ) an d  d e fo rm e d  A le x a n d r ia  “ p a leo - fa n ”  
a re  deep ly  bur ied  by  th e  m o s t  e x ten s iv e  a c 
cum u la t io n  o f  s e d im e n t  in th e  M e d i te r ra n e a n  
(70,000 k m 2), w h ich  c o n s t i tu te s  th e  R o s e t ta  F an  
(R yan ,  1978; M a ld o n a d o  an d  S tan le y ,  1976, 
1979, 1981). T h e  2 to  3 k m  th ic k n es s  o f  Plio- 
P le is tocene  tu rb id i tes  (p re d o m in a n t ly  silty) d is 
p lays  a  reg u la r  c o n c a v e  to p o g ra p h y .  T h e re  is 
little ev id en c e  o f  s u p ra fa n s  lobes  in the  up p er  
par t .  T h e  lo w e r  p a r t  is s lightly  d is s e c te d  by 
small,  n a r ro w  c h a n n e ls  (1 0 -2 0  m deep) .  T h e  
d istal r im  o f  th e  e o n e ,  in  c o n t ra s t  w ith  th e  M ed i
te r r a n e a n  Ridge,  s h o w s  g en t le  fo lds  and  broad  
r ises  o f  su b d u e d  re l ie f  (6 k m  w id e ,  100 m high); 
m ino r  superfic ial ro u g h n e s s  a n d  sm oo th -f loored  
ho llow s a re  o f  p oss ib le  d iap ir ic  origin (K e n y o n  
et al .,  1975; R o s s  a n d  U c h u p i ,  1977; S tride  et 
a l . ,  1977). T o  the  w e s t ,  th e  fan  m e rg e s  w ith  the  
H e ro d o tu s  B asin  p la in  su r fa ce  at d ep th s  f rom  
3000 to 3100 m.

In th e  C y p ru s  B a s in ,  ea s t  o f  30° eas t  longi
tude ,  th e  su rface  o f  th e  D a m ie t t a  C o n e  is m uch  
m o re  i r regular.  T h e  c e n t r a l  a n d  so u th e rn  th ird

o f  the  e o n e  is t e r m e d  th e  L e v a n t  P la tfo rm  (Ross 
and U chup i,  1977) o r  F au l t  Belt (K e n y o n  et al .,  
1975; N e e v  e t  a l . ,  1976). S o n o g ra p h  su rv e y s  re 
veal th a t  b o t to m  ro u g h n e s s  re su l t s  f rom  g row th  
faults and  g ra b e n s  ( 3 - 4  k m  w id e ,  o v e r  200 m 
deep),  so m e t im e s  c r o s s e d  by  s in u o u s  ch anne ls  
(Str ide et al .,  1977). T h e s e  f ea tu re s  a re  in te r 
p re ted  as  th e  c o n s e q u e n c e  o f  c o m p re ss io n  
(N eev  e t  al .,  1976) o r  g rav i ty  p ro c e s s e s  (S tr ide  
et al .,  1977), locally  p e r tu rb e d  by  d iap ir ic  in tru 
sions. P ie rc e m e n t  re l ie f  f e a tu re s  m a y  resu lt  
f rom  effects o f  superfic ia l  d is so lu t io n  o f  evapo-  
r ites an d  c ra te r  fo rm a t io n  (se ism ic  profiles in 
F inett i  an d  M o re l i i ,  1974, a n d  in R o ss  and  
U chup i ,  1977). T h e  n o r th w e s t  s c a rp  bo rd er in g  
th e  L e v a n t  P la t fo rm  p ro b a b ly  is th e  p ro g ress ive  
d isp lacem en t  f ro n t  o f  the  u n c o n s o l id a te d  s e d i
m e n ta ry  c o v e r  (R o ss  an d  U c h u p i ,  1977). B e 
yond  the  n a r ro w  X e n o p h o n  G a p ,  th e  E r a to s 
th e n es  m o u n t  su m m it  (750 m) r ises  a b o v e  the  
plain (2755 m); th e  m o u n t  is b o r d e r e d  by  a se m i
c ircu lar  m o a t  to  th e  ea s t  (2300 m). T h is  d is t inc 
tive m o u n t  is th e  m o s t  a d v a n c e d  b as t io n  o f  a 
m a jo r  fault belt (R oss  an d  U c h u p i ,  1977). T h e  
ea s te rn  pa r t  o f  th e  D a m ie t ta  C o n e ,  th e  D iap ir  
Belt (N e ev  et a l . ,  1976), d isp lay s  low ev a p o r i te  
do m e s  localized  o n  a  gen t le  incline.

Levant Margin: A Shear-Zone 
Morphology

T h e  L e v a n t  m a rg in  is th e  su b m e rg e d  trailing 
edge o f  th e  “ L e v a n t  B l o c k , ”  w h ich  d e v e lo p e d  
in th e  N e o g e n e  o n  th e  n o r th w e s t  b o r d e r  o f  the  
A rab ian  c ra to n  (Fig. 1.3). I t  o c c u p ie s  th e  region 
b e tw e en  a  p o s tu la te d  S u e z  Rift Z o n e ,  th e  J o r 
d a n - D e a d  S e a - B e k a a  s tr ike-s l ip  fau lt ,  an d  the  
P e lu s ium  L in e  th a t  para l le ls  th e  b a s e  o f  the  
s lope. T h e  effec ts  o f  longitud inal s t ru c tu ra l  c o n 
trol (G inzburg  e t  a l . ,  1975; N e e v  et a l . ,  1976; 
B e n -A v rah a m ,  1978) a n d  late M io c en e  e ro s io n  
by ca n y o n s  co n v e rg in g  to w a rd  th e  “ B yb los  B a 
s in ”  (R yan , 1978) b e c o m e  g radua lly  m o re  a p 
p a re n t  n o r th w a rd .

T h e  s o u th e rn  s e c to r ,  so u th  o f  H a ifa  (lat. 
33°N), a p p e a rs  to  h a v e  nea r ly  r e a c h e d  g e o m o r 
ph ic  m a tu r i ty .  T h e  lo w e r  cliff c u t  in to  a  p ro 
grad ing  P l io -P le is to c en e  lens  is p r e c e d e d  b y  a 
set o f  sho re -para l le l  eo l ian i te  ro c k y  w alls  an d  
r idges (“ k u r k a r ” ) su b m e rg e d  b y  r e c e n t  faulting 
a long  a  c o a s ta l  h inge-l ine.  T h e s e  r idges h ave
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s e rv e d  as d a m s  beh ind  w hich  m ud  and  sand  are  
t r a p p e d  on the  inne r  shelf. S eaw ard  o f  the  30 m 
c o n to u r ,  the  m edian  an d  o u te r  she lf  fo rm  a  
m o d e ra te ly  w ide p la in  (40 an d  10 km , r e sp e c 
t ive ly ,  o ff  N e g e v  an d  M o u n t  C arm el);  it is re la 
t iv e ly  s te e p  (to Io), d is sec ted ,  and  co v e red  by 
f ine-g ra ined  H o lo ce n e  dep o s i ts ,  e x c ep t  n ea r  the  
p o o r ly  defined she lfb reak  (at a b o u t  100 m) 
w h e r e  it is b ro k e n  b y  n u m e ro u s  hillocks. O n  the  
c o n t in e n ta l  slope ,  th e  rolling, gen t ly  inclined 
(2 -4°) ,  an d  incised  fo re se t  to p o g rap h y  fo rm ed  
b y  r e c e n t  w e s tw a rd  d o w n w arp in g  a long  the  
sh e lfe d g e  h inge-l ine (N e e v  et al .,  1976). M a p 
p ing  re v e a ls  oval d ep re ss io n s  parallel to  the  
b a s e  o f  th e  s lope (for ex am p le ,  the  subslope  
t r o u g h  off  Haifa) an d  d o w n s lo p e  g rav ity  t r a n s 
p o r t - in d u c e d  form s (n o tch e s ,  a s y m m e tr ic  hills, 
t e r r a c e s ,  channe ls )  th a t  o r ig ina ted  by  slum ping  
a lo n g  th e  G a z a ,  P a lm a h im ,  and  D o r  m arg in  se c 
to r s  (A lm ag o r  an d  G arfu n k e l ,  1979). M a ss  flows 
w e r e  tr iggered  by  fau lt  d isp lacem en t  an d  sed i
m e n ta r y  p ro g ra d a t io n a l  o v er load  a b o v e  the  
p la s tica lly  d e fo rm ed  ev a p o r i te  su b s t ra tu m  d u r 
ing th e  P le is tocene .

T h e  n o r th e rn  s e c to r  (n o r th e rn  I s r a e l -L e b a -  
n o n  m arg in  flanking th e  high coas ta l  ranges) ,  in 
c o n t r a s t  to  th e  ab o v e ,  rem a in s  in a  youthfu l  
s ta te  o f  ev o lu t ion  as a  resu l t  o f  s trong  uplift and  
d e e p  d issec t io n .  T h e  sh e l f  lying o f f  small 
c o a s ta l  p la in s  s e p a ra te d  by  e lev a ted  ro ck y  
p r o m o n to r ie s  ( ra ised  b e a c h e s  an d  w av e -c u t  
p la tfo rm s  u p  to 100 m) is n a r ro w  (less th a n  20 
k m  a n d ,  locally ,  10 km) a n d  sha llow  (she lfb reak  
a t  80 m), m ain ly  o f f  uplif ts  n am ed  the  H a ifa  and  
H a k k o  no se s .  T h e  she lf  su r face  is be l ieved  to 
b e  a  se ries  o f  n o tc h e d  ab ras iona l  su rfaces  c a r 
p e t e d  by  H o lo c e n e  eo l ian i te  r idges (“ r a m lé ” ). 
T h e  c o n t in e n ta l  s lope ,  fo rm e d  in p a r t  b y  s tep- 
fau l t ,  d isp lays  a  g en t le  (8-10°) co n c a v e  profile. 
I t  is inc ised  b y  a b o u t  te n  c a n y o n s  tha t  a re  s e a 
w a rd  p ro lo n g a t io n s  o f  g rab e n s  and  to rren tia l 
w a d is ;  m o s t  a re  th e  g e o m o rp h ic  ex p re ss io n  o f  
M e ss in ia n  p a le o c a n y o n s .  T h e s e  c a n y o n s  are  
se p a ra te d  f ro m  e a c h  o th e r  by  p ro b ab le  fault 
b lo c k s  an d  t i l ted  p la te a u s  su c h  as  th e  T y r e -  
S a id a  B a n k  (300 -350  m). C a n y o n s  ac t  a s  im p o r 
t a n t  d ispe rsa l  p a th s  as  in d ica ted  by  g rav ity  
t r a n s p o r t  b e d fo rm s  n o te d  on  c a n y o n  b e d s . .T h e  
c o n c a v e  lo w e r  p a r t  o f  th e  s lope m erges  w ith  the  
E a s t e r n  M e d i te r r a n e a n  d e e p - se a  f loor a t  a b o u t  
1500 m w ith o u t  d e v e lo p m e n t  o f  n o te w o r th y  
su b m a r in e  fans.

Unstable Convergent 
Subducted Regions

R egions  d isc u sse d  b e lo w  a re  in m a rk e d  c o n t ra s t  
w ith  th o se  desc r ibed  in th e  p re v io u s  sec tion .  
T h e  m orp h o lo g y  o f  th e  n o r th e rn  rim o f  the  
E a s t e r n  M e d i te r r a n e a n ,  fo r  ex a m p le ,  is the  
m o s t  i r regu la r  an d  c o m p le x  m a p p e d  in th is  sea. 
I ts  configuration  is re la te d  to  c o n v e rg e n t  te c 
ton ic s  and , specif ically ,  th e  collis ion  b e tw e e n  
th e  A fr ican  an d  E u r o p e a n  p la te s .  F o u r  g e o m o r 
ph ic  s ty les  a re  reco g n ized .

M editerranean Ridge: An Extensive 
Fold-Fault System

T his  re l ie f  fea tu re ,  a lso  ca lled  th e  O u te r  M e d i
t e r r a n e a n  R idge  (S tr ide  e t  a l . ,  1977) and  M ed i
t e r r a n e a n  C a te n a  (F ine tt i ,  1976; M a sc le  et a l .,  
1977), fo rm s  a  large m e d ia n  a r c u a te  swell in the  
I o n ia n - L e v a n t in e  se a s  an d  e x te n d s  f ro m  Sicily 
to  C y p ru s .  O f  n o te  is its u n d u la t in g  m orp h o lo g y  
c h a ra c te r iz e d  by  a  se r ie s  o f  high an d  low  s t ru c 
turally  d e fo rm ed  b und le s  ex te n d in g  a long  a  d is 
ta n c e  e x c ee d in g  2000 km . T h e s e  fea tu re s  c o r r e 
sp o n d  to  th e  rec en t  uplift a n d  fo lding o f  a  
p reex is t ing  abyssa l  p la in  in to  tw o  b r a n c h e s  (C a
lab rian  and  H ellenic)  th a t  a r e  still o f  c o n t ro v e r 
sial origin. R idge m o rp h o lo g y  is a t t r ib u te d  to 
co m p re s s io n  o f  an  o u te r  a rc  sy s te m ,  to  a u to 
c h th o n o u s  sliding (cf. D ick in so n ,  1973), o r  to 
déc o l le m e n t  (M ulder ,  1973; B iju -D uva l,  1974; 
B i ju -D uva l e t  al .,  1974); th e re  h a v e  been  c o n 
side rab le  m odif ication  by  d iap ir ism , d isso lu 
t ion ,  a n d  m a ss-w a s t in g  t r a n s p o r t  p ro c e s se s .  
C alabrian  R id g e .  T h is  sh o r t  w e s t e r n m o s t  seg
m e n t  lies b e tw e e n  th e  M e ss in a  P la in  (sou th )  an d  
th e  M e ss in a  C o n e  (north)  a n d  e x te n d s  f ro m  the  
M a l ta  E s c a r p m e n t  to  th e  w e s t  a n d  A pu lian  E s 
c a r p m e n t  to  th e  east.  T h e  r a th e r  i r regu la r  p a t 
te rn  o f  e lo n g a ted  hills (lying a t  a  d e p th  o f  a b o u t  
3000 -3200  m) a n d  flat sed im ent-f i l led  d e p r e s 
s ions  (to 3500-3800  m, su c h  as  th e  Botticelli  
B as in  a n d  F r a  A ngelico  T ro u g h )  is genera lly  
pa ra lle l  to  reg iona l  b a th y m e t r ic  t r e n d s .  T h e s e  
fe a tu re s  fo rm e d  in a  th in  (200 m) Plio-Pleisto- 
c e n e  s e d im e n ta ry  c o v e r ,  fo ld e d  an d  o th e rw ise  
d e fo rm e d  o n  th ic k  w edge like  s e r ie s ,  p ro b a b ly  
e v a p o r i te s ,  w ith o u t  c o h e re n t  re f lec to rs  (Belder-  
so n  e t  a l . ,  1974; R ossi a n d  S a r to r i ,  1981; R yan  
e t  a l . ,  1982).
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H elle n ic  R id ^ e .  T h e  length (1500 km), w idth  
(200 km ), S -sh a p ed  p a t te rn ,  m arked  relief, and  
c o m p a r tm e n ta l iz a t io n  are  the main trai ts  o f  this 
r idge  se g m en t  lying fu r th e r  to the  east.  C o n c e n 
tra t io n s  o f  sm all-sca le  hu m m o c k s  and  lows 
ch a ra c te r is t ic  o f  th is  region are  te rm ed  “ c o b 
b le s to n e  to p o g r a p h y ”  o n  conven tiona l  echo -  
so u n d in g  profiles. R o u n d e d  fea tu re s ,  h o w e v e r ,  
a re  an  ar t i fac t  o f  over lapp ing  hyperbolic  reflec
t ions .  S e a -B e am , so n o g rap h ,  and  d e e p - to w  
s u rv e y s  ca r r ie d  ou t in specific a reas  show  th a t  
th e  to p o g ra p h y  ac tua lly  cons is ts  o f  th ree  m ore  
angu la r  g e o m o rp h ic  configurations: (1) a  ridge - 
a n d - t ro u g h  p a t te rn  in te rp re ted  as fo re land  
fo ld ed - im b r ic a te d  f e a tu re s  result ing  f rom  c o m 
p ress io n ;  (2) a  fau lt -and-fissure  p a t te rn  sugges t
ing tens iona l  m o rp h o g e n e s is ;  and (3) a  pim ple- 
a n d -p o c k  p a t te rn  p r o d u c e d  by  d iap ir ism  an d  
so lu t ion  affecting the  M essin ian  ev a p o r i te  
layer .  T h e se  p a t te rn s ,  va ry ing  grea tly  in profile 
a n d  p lan -v iew , sh o w  th e  following geog raph ic  
d is t r ib u t io n  (S tr ide  e t  a l . ,  1977; K e n y o n  and  
B e ld e rso n ,  1978; L e  P ich ó n  et al .,  1982; R y a n  et 
a l . ,  1982):

1. T h e  d e e p e r  units  (below  2000 m) a re  c o m 
p o u n d  and  s te p l ik e  w ith  subpara lle l  folds and  
locally  d isp lay  s inuos ity ,  b ifu rca t ion ,  and  in
terf ingering.  T h e  fo lded  fea tu re s  v a ry  a c 
co rd in g  to th e i r  location : low , bu t  well d e 
f ined ,  on  th e  gen t ly  inclined (about I o) 
so u th e rn  “ d e fo rm a t io n  f ro n t” ; c losed  and  
gene ra l ly  d e fo rm e d  by  longitudinal faults  an d  
s lum p  sc a r s ;  high an d  d issec ted  b y  t r a n s 
v e r se  g ra b e n s ,  c ra te r l ik e  co l lapse  d e p r e s 
s ions ,  an d  e x t ru d e d  (m ud  o r  salt?) d o m e fea 
tu re s  on  th e  s te e p e r  (3-4°) n o r th e rn  
“ d e fo rm a t io n  f ro n t”  (see Fig. 6 in R y a n  et 
a l . ,  1982).

2. T h e  “ U p p e r  P la te a u ”  (S ancho  e t  al .,  1973) 
d e s ig n a te s  th e  s h a l lo w e r  (above  the  2000 m 
c o n to u r ) ,  n a r r o w e r  (100 km) f ra g m en t  o f  
th e  swell. T h e  p la tea u ,  loca ted  in fron t  o f  
th e  C y re n a ic a  P ro m o n to ry  in the  cen tra l  
th ird  o f  th e  Ridge,  co n s t i tu te s  th e  m o s t  
in te n se ly  s h o r te n e d  sec to r .  T h e  se ab e d  is 
c h a ra c te r iz e d  by  sh o r t ,  a sy m m etr ica l ly  
f e s to o n e d ,  high (cu lm inating  a t  a b o u t  1200 
m) c re s ts  in te rp re te d  as  tight parallel fo lds  
d is s e c te d  a n d  b ro k e n  by c ross-fau lts  an d  
th ru s ts .

Arc-Trench System: Subduction 
or Collision?

T h e  se c o n d  c o n v e r g e n t  s e c to r  lies b e tw e e n  the  
Ridge an d  th e  M e d i te r r a n e a n  m o u n ta in o u s  pe- 
n insu la- is land  ( S ic i ly - C a la b r ia - G r e e c e )  region. 
It inc ludes  im p re s s iv e  re l ie f  f e a tu re s  result ing  
f ro m  geologically  r e c e n t  te c to n ic -se ism ic  a c t iv 
ity c o n c e n t ra te d  a lo n g  th e  d e s c e n d in g  A fr ican  
p la te  b e n e a th  th e  E u ra s ia n  m ic ro p la te s .  ' 
C alabrian  A rc .  T h e  s o u th e rn m o s t  pa r t  o f  the  
Ita l ian  pen in su la ,  uplif ted co n s id e ra b ly  since 
the  lo w e r  P l io ce n e ,  d o m in a te s  th e  C a lab rian  
m arg in .  T h e  m o s t  ob v io u s  pa r t  o f  the  la t te r  is 
the  fan -sh ap e d  M e s s in a  C o n e  ex te n d in g  f rom  
Sicily  to  the  G u l f  o f  T a ra n to  (F ine tti  and  
M oreli i ,  1974; R o ss i  an d  G abb iane l l i ,  1978; 
R o ss i  a n d  S a r to r i ,  1981). T h e  h igh ly  i r regu la r  
configura t ion  o f  t h e  s e a b e d  is th e  resu l t  o f  s e v 
era l  fac tors :

1. A  s tep like  conf igu ra t ion  is n o te d  f rom  d ep th s  
o f  a b o u t  3000 m  u ps lope  to w a rd  the  n a r ro w  
c o a s ta l  p la ins. D if fe ren t  d e p th s  o f  bas ins  o f  
r a th e r  un ifo rm  to p o g ra p h y  (m ain ly  at 1500— 
1600 m an d  240 0 -2 6 0 0  m) a re  in te rp re te d  as 
p e rc h e d  s lope d e p o c e n te r s ;  s e d im e n t  is 
t r a p p e d  b eh in d  f e s to o n e d  d am like  sca rps  
fo rm e d  by  la rge g rav i ty  slides (o r  th ru s ts )  on  
th e  so u th e rn  p ro lo n g a t io n  o f  th e  A p en n in e  
cha in .  T h e  u p p e r  s lope and  c o a s ta l  cliffs are  
m o ld e d  b y  y o u n g  fau lt  sc a rp s  th a t  b o r d e r  a 
n a r ro w ,  sha l low  she lf  c o n s t ru c te d  by  a se ries  
o f  alluvial co n e s .

2. T h is  m arg in  d isp lays  a  radia l d is sec t io n  (by 
su b m a r in e  va l leys)  p a t te rn .  S o m e  bas in s  on  
th e  M e ss in a  C o n e  a re  c o n n e c t e d  b y  V- 
sh a p e d  rav ines .  T w o  im p o r ta n t  su b m a r in e  
c a n y o n s  are  c u t  o n  th e  ed g es  o f  th e  e o n e ,  
i . e . ,  w h e re  it is in c o n ta c t  w ith  th e  M a lta  
(west)  an d  A p u lia n  (east)  e s c a rp m e n ts .  
T h e s e  a s y m m e tr ic  c a n y o n s ,  re sp e c t iv e ly  
n a m e d  Reggio V alley  (w est)  a n d  T a r a n to  
V alley  (east) ,  h a v e  se rv e d  as im p o r ta n t  s e d i 
m e n t  b y w a y s .  T h e  Reggio  Valley  has  been  
w ell supp lied  b y  se d im e n ts  t r a n s p o r te d  by  
v igo rous  c u r re n ts  flowing th ro u g h  the  c o n 
s tr ic ted  S tra i t  o f  M e ss in a  (80 m  d ee p ,  4 km  
w ide)  an d  also  b y  tu rb id i ty  c u r re n ts  p e r io d i
ca lly  tr iggered  by  e a r th q u a k e s  an d  tsu n a m is  
( such  as  the  1908 even t) .
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Io n ia n  S e c to r .  T h e  G re e k  m arg in  eas t  o f  the 
T a ra n to  Valley  p rese n ts  a  su b l inea r  (northw est-  
so u th eas t )  p a t te rn .  T h is  m arg in  fo rm e d  a long 
the  s o u th e a s te rn  p ro lo n g a t io n  o f  the  D inaric  
fo re fo lds ,  in M e so zo ic  l im es to n es  and  O ligo
cè n e  f lysch-sch is t  se ries .  T h e  am o u n t  o f  folding 
and  as so c ia te d  d e fo rm a t io n  s t ru c tu re s  in 
c re ase d  u p w a rd  (H inz ,  1974; R oss i  and  Bor-  
se tti ,  1974).

A t  th e  o u te r  p a r t  o f  th e  se c to r ,  the  a v a m p a e se  
p u g lie se  o r  A pulian  P la te au  c o m p r ise s  a  q u a d 
rangu la r  ta b u la r  su r fa ce ;  locally  it has been  
t ru n c a te d  by  small,  so u th e a s te r ly  til ted a b r a 
sion su rfaces .  T h e  A pu lian  E s c a rp m e n t ,  fo rm 
ing its b o rd e r ,  c o n s is ts  o f  en  ec h e lo n ,  linear, 
high-re lief  s tep-fau lted  s lopes .  T h e  u p p e r 
m ost su rface  co n s t i tu te s  a  ra th e r  w ide (IO
ZO km) sh e l f  d o m in a te d  by  th e  tec ton ica lly  
d isp laced  ca lc a re o u s  cliffs o f  th e  S o len t in a  p e n 
insula.

A t th e  m e d ia n  p o s i t io n ,  th e  K e rk i r a  (Corfu) 
T ro u g h  is a  b ro a d  (40 m ),  long  (200 km), flat- 
f loored b as in  in te rp re te d  as  a  fo u n d e re d  g raben  
so u th e a s t  o f  th e  S t ra i t  o f  O tra n to .  T h e  seafloor 
s lopes  g radua lly  f ro m  1000 to  2500 m , tow ard  
the  K efa l l in ia  (C ep h a lo n ia )  V alley .  T h is  la t te r  is 
a  fau lt -con tro l led  t r a n s v e r s e  d e p re s s io n  tha t  
cu ts  the  su m m it  o f  th e  A p u lia n  E s c a r p m e n t  in 
th e  fo rm  o f  a  hang ing  va l ley  a b o v e  th e  M e d i te r 
ra n e a n  Ridge.

A t  th e  inne r  p o s i t ion ,  th e  Io n ia n  I s lan d s  are  
v iew ed  as d e ta c h e d  b lo c k s  de r ived  f rom  the 
H ellen ides.  T h e s e  h ave  b e e n  in tense ly  th ru s te d  
an d  fau lt-d isp laced  w e s tw a rd  as  individual 
b locks  by  c o m p re s s io n a l  m o v e m e n t  w h ich ,  as 
revea led  b y  se ism ic  a c t iv i ty ,  is con t inu ing  to 
th e  p re se n t .  S u b m a r in e  s lo p e s ,  sh a p e d  by  fau l t 
ing, w ere  d isp lac ed  co n s id e ra b ly  du r ing  P lio 
cene  and  P le is to c e n e  c o m p re s s io n  p h a s e s .  T h e  
seafloor  b e tw e e n  th e  is lands ,  a  reef- is le t  shelf, 
and  the  m a in land  w e re  f o rm e d  by  a l igned  syn- 
clines and  fau lt  v a l leys  th a t  n o w  a re  a lm ost  
com ple te ly  filled by  t r a p p e d  de t r i ta l  depos its .  
T h e  coas ta l  ranges  o f  w e s t e r n  G re e c e  a re  d is 
sec ted  an d  offse t by t r a n s v e r s e  fau lts  th a t  a lso 
have  resu lted  in the  fo rm a t io n  o f  gulfs (A rta ,  
P a tras ,  an d  C orin th ) .  T h e  la t te r  is a  long (120 
km), n a r ro w  (15 km ),  a n d  d e e p  (o v e r  650 m at 
the  e a s te rn m o s t  te rm inus)  cu l -de -sac ,  b o rd e re d  
by rocky  s lopes  th a t  a re  still ris ing  at a  ra te  o f  2 
m m /year.

H ellen ic  A rc  S y s te m .  P e rh a p s  th e  m o s t  d is t inct 
ph y s io g rap h ic  fe a tu re s  in th e  M e d i te r r a n e a n  are 
tw o  zo n e s ,  c o n v e x  to w a rd s  th e  so u th ,  th a t  e x 
te n d  f rom  th e  P e lo p o n n e s u s  to  so u th w e s t  A n a 
to lia,  o v e r  a  leng th  o f  a b o u t  1000 km . M u c h  new  
in fo rm ation  p er ta in in g  to  th e  u nder ly ing  s t ru c 
tu re  (H e llen ic  n a p p e s  re la te d  to  c ru s ta l  plate 
k inem at ics )  a n d  sh a p in g  ( influence o f  halok ine-  
sis , g rav i ty ,  a n d  c o r ro s io n  p ro c e s se s )  has  been  
co l lec ted  d u r in g  r e c e n t  yea rs  (G ot e t  a l . ,  1977; 
Jo n g sm a ,  1977; N e s t e r o f f  e t  a l . ,  1977a, 1977b; 
L e  Q ue llec  e t  a l . ,  1978, 1980; A ngelie r ,  1979; Le 
P ich ó n  an d  A ngelie r ,  1979; L e  P ich ó n  et al.,  
1979a, 1979b, 1982; L e  Q ue l lec  an d  M ascle ,  
1979; F e ld h a u s e n  an d  S ta n le y ,  1980; H u c h o n  et 
a l . ,  1980, 1982; M a sc le  a n d  L e  Q uellec ,  1980; 
A ngelie r  e t  a l . ,  1981, 1982; D e rc o u r t ,  1981; 
S tan ley  a n d  M a ld o n a d o ,  1981; L e i te  an d  M a s 
cle , 1982).

T h e  b a s e  o f  s lope  is def ined  by  a  d isc o n t in u 
o us  cha in  o f  m o u n ts  an d  t r e n c h e s .  T h e  m ost 
s tr ik ing  c h a ra c te r is t ic  o f  th is  s e c to r  is th e  sub- 
angu la r  a r r a n g e m e n t  (n o r th w e s t - s o u th e a s t  and 
s o u th w e s t-n o r th e a s t )  im p o sed  by  f ro n ta l  (w es t
w ard )  an d  o b l iq u e  (ea s tw ard )  su b d u c t io n .  The  
m o u n ts  a n d  r id g es  a re  b u t te l ik e  up lif ted  fea 
tu re s  (exam ples :  M a ta p a n  a n d  S tra b o  m o u n ts ,  
re sp e c t iv e ly  2496 a n d  711 m) o f  d if fe ren t size 
an d  shape .  T h e y  m a y  r e p r e s e n t  o u tw a rd  o v e r 
tu rn e d  fo ld s ,  p ro b a b ly  m odified  by  ha lok ines is .  
T re n c h e s  a re  d e e p  (to 5 km ),  ir regu la rly  sh a p ed  
d e p re ss io n s .  T h e i r  s t ru c tu ra l  an d  se d im e n ta ry  
d isco n t in u i ty  is a t t r ib u te d  to  pa r t ia l  b lock ing  by 
is land  flanks.  T h e  w e s te rn  ( Ionian)  t r e n c h e s  in 
c lude  th e  Z a n te  o r  Z a k y n th o s  (4000 m), N o r th  
M a ta p a n - V a v i lo v  (deepes t  in M e d i te r r a n e a n ,  
5121 m), an d  S o u th  M a ta p a n  (4614 m, th e  w id 
est)  d e e p s  (Figs. 1.4, 1.5), filled w ith  0.5 to  1.0 
km  o f  te rr ig e n o u s  depos i ts .  S e p a ra te d  f rom  the  
a b o v e  d e e p s  by  a  t r a n sv e r se  t ro u g h  a re  th e  
poo r ly  defined  G o r ty s  D e e p  (ab o u t  3100 m) and  
the  le ft-offse t S o u th  G a v d o s - P o s e id o n  D eep  
(ab o u t  3000 m o r  less), d isp lay ing  n u m e ro u s  
d iap ir ic  s t ru c tu re s .  T re n c h e s  in th e  e a s te rn  A rc 
d isp lay  a  subpara lle l  p a t te rn :  T h e  n o r th e rn  
Pliny  d e e p  (N65°E) is r a th e r  well def ined  with 
th re e  m ain  en  é c h e lo n  n a r ro w  s e g m e n ts  (m axi
m um : 4096 m). T h e  s o u th e rn  S tra b o  d e e p  
(N55°E) is s h a l lo w e r  (abou t 3500 m) an d  poorly  
d ev e lo p e d  w ith  a  th in  s e d im e n ta ry  c o v e r  (m id 
dle P l iocene  to  P le is tocene) .  T h e  f loor o f  these
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Fig. 1.4 .  S o u th  M a ta p a n  T r e n c h ,  d e e p e s t  M e d i te r r a 
n e a n  sea floor ,  m a p p e d  w i th  a  m u lt ich a n n e l  (Sea- 
B e am )  sy s te m  (a f te r  H u c h o n  e t  a l . ,  1982; k in d ly  p r o 
v id e d  by  X . L e  P ic h ó n ,  P a r i s ) .  C o n t o u r  in te rv a l  20 m 
(c o r re c te d ) .  E x a m p le  o f  a n  a b y s s a l  p la in  o n  a  se g 
m e n t  o f  th e  H e l len ic  T r e n c h ,  s o u t h w e s t  o f  th e  P e lo 
p o n n e s u s .  a t  th e  c o n ta c t  b e tw e e n  th e  A e g e a n  land- 
m a s s  a n d  M e d i te r r a n e a n  R id g e .  T h e  flat b o t to m  is

th e  su r fa ce  o f  500 to  1000 m  o f  p ro b a b le  u p p e r  P le is 
to c e n e  te r r ig e n o u s  s e d im e n t  (drilled a t  J O I D E S  s i tes  
127-128).  T h e  h igh ly  i r r e g u la r  in n e r  (o r  insular)  
s lope  w a s  d e f o rm e d  b y  c o m p r e s s io n ;  loca l ly  the  
s lope  is cu t  by  d e e p  r a v in e s .  In  th e  s o u t h w e s t  c o r n e r ,  
th e  t r e n c h  is p a r t ly  b lo c k e d  by th e  fo o th i l l s  o f  th e  
M e d i te r r a n e a n  R idge .
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F ig .  1 .5 .  A e g e a n  S e a  a n d  s o u th e r n  a p p r o a c h e s .  1, 
c o a s ta l  a n d  lac u s t r in e  p la in ;  2, c o n t in e n ta l / i n s u l a r  
p la in  (SB: sh e l fb rea k ) ;  3.  e s c a r p m e n t ;  4, m arg in a l  
p l a t e a u  (a) a n d  s e a m o u n t  (b); 5, su b m a r in e  c a n y o n ;  
8, a b y s s a l  p la in ;  12, v o lca n ic  fe a tu re s ;  13, su b m a r in e  
r id g e ;  14, su b d u c t io n  t r e n c h ;  15, fa u l t e d  t ro u g h  an d  
r id g e -b a s in  c o m p le x ;  16, s u b m a r in e  p a s sa g e ;  17, 
f r a c tu re .  A b b re v ia t io n s :  A B ,  A rg o l ik o s  B a s in ;  A M ,  
A n a x im a n d e r  M o u n t ;  A s ,  A s t ip a la ia ;  B ,  B o s p o r u s ;

C B ,  C o r in th  B a s in ;  C T ,  C r e ta n  T r o u g h ;  D ,  D a r 
d a n e l le s ;  K B ,  K h io s  B a s in ;  L B ,  L e s v o s  B as in ;  L C ,  
L y c i a  C h a n n e l ;  M B ,  M i r to o n  B a s in ;  M T ,  M a r m a r a  
T r o u g h ;  N A T ,  N o r t h  A e g e a n  T r o u g h ;  N I B ,  N o r th  
I k a r ia  T r o u g h ;  N S B ,  N o r t h  S k i ro s  B a s in ;  P M , P to 
lem y  M ts ;  P T ,  P l iny  T r e n c h ;  R B ,  R h o d e s  B as in ;  S, 
S a n to r in i  (T hera )  Isl;  S IB ,  S o u th  I k a r ia  R idge;  S M T ,  
S o u th  M a ta p a n  T r e n c h  (see  F ig .  1.4); S R ,  S k i ro s  
R idge;  S S B ,  S o u th  S k i ro s  B a s in ;  S T ,  S t r a b o  T r e n c h .



14 Je a n -R e n é  V a n n e y  an d  M a u r ic e  G e n n e s s e a u x

t r e n c h  d e e p s  is genera lly  form ed by  a  s u c c e s 
s ion  o f  e longa ted  bas in  plains, leveled by  p a r 
t ially  d e fo rm ed  tu rb id i tes .  T h e  p rec ip i tous  in 
n e r  walls  (20-40°) a re  fault scarps .  In m arked  
c o n t ra s t ,  the  gen t ly  inclined ou te r  walls a re  in
te r ru p te d  by  d o m e s  an d  te rrac es  resu lt ing  f rom  
fau lt ing ,  folding, an d  d isp lacem en t o f  the  sed i
m e n ta ry  c o v e r  th a t  slid on  a  p lastic -type b a s e 
m e n t .  F if teen  su b m ers ib le  d ives  m ade  du r ing  
th e  C y a n h e a t  su rv e y  revea led  the  im p o r ta n ce  o f  
so lu t ion  p ro c e s se s  (g rooves ,  co lu m n s ,  an d  
c a v e s  w ith  pillars) in the  shaping o f  the  t ren c h  
walls .

T h e  fo re a rc  s lope  sh o w s a  com plex  p a r t i t io n 
ing an d  s tep like  to p o g ra p h y  result ing  f rom  post-  
M io c e n e  vert ica l  an d  ex tens ional  d isp lac em e n t  
a n d  c o n s e q u e n t  e ro s ion .  In  plan  v iew , th e  d is 
t r ib u t io n  o f  f e a tu re s  resu lts  f rom  spurlike  
fau l ted  an t ic l in es  th a t  a re  bo rd e red  by  rec ti l in 
e a r  h ighs w h o se  c re s ts  h ave  been  e ro d e d ;  so m e  
sp u r s  a re  uplif ted  a s  island b locks .  A lso  n o te d  
a re  d is ten s io n a l  t r an sv e rse -o b l iq u e  re e n tra n ts ,
i .e . ,  f o u n d e re d  su r fa ce s  form ing gulfs a long  the  
p ro lo n g a t io n  o f  th e  P e lo p o n n e su s  bas in s  (such  
as th e  gu lfs  o f  L a k o n ia  an d  M essin ia )  and  in te r 
in su la r  p a s sa g e s  c u t t in g  ac ross  n a r ro w  su b m a 
r ine  c r e s t s  c o n n e c t in g  the  islands. S e ism ic  p r o 
files sh o w  th a t  s o m e  c re s ts  an d  sc a rp s  h av e  
a c te d  as  d a m s ,  fo rm ing  pe rc h ed  bas in s  in th e  
ax is  o f  r e e n t r a n ts  a n d  on  the  b ac k -s lo p es  o f  
sp u rs .  L o c a l ly ,  th is  ir regular  to p o g rap h y  has  
b e e n  par t ia l ly  b u r ie d  and  sm o o th ed  b y  th ick  
(> 1  k m  in  s o m e  a reas)  stratified te rrac e l ik e  
P l io -P le is to c en e  a c cu m u la t io n s .  G en tly  inclined 
an d  ja g g e d  u p p e r  s lo p e s  rise to  th e  d e e p  ( 170— 
200 m) edge  o f  n a r ro w  (2 -5  km ) p en in su la r  
sh e lv es .  T h e s e  sh e lv e s  locally a re  b o rd e re d  
l a n d w a rd  by  im p re ss iv e  cliffs, fau lted  an d  d is 
s e c te d  in pos t-V il la f ranch ian  uplif ted  (over  2000 
m) c o a s ta l  h o r s t  m oun ta in s .
C yp ru s A r c  S e c to r .  T h is  e a s te rn m o s t  a rc ,  d e 
vo id  o f  t r e n c h e s  a n d  s itua ted  ex te rna l ly  w ith  
re sp e c t  to  the T a u r u s  C ha in  (Anato lia) ,  is m uch  
less well def ined  th a n  the  above -c i ted  regions.  
T h e  C y p ru s  A rc  c o m p r ise s  a d isco n t in u o u s  
c o n v e x - s o u th w a r d  t re n d  e x ten d in g  f rom  
R h o d e s  to  th e  c o a s ta l  vo lcan ic  cha ins  n o r th  o f  
L a ta k ia .  T h e  en t i re  a rc  resu lts  f ro m  re c e n t  c o m 
p ress iv e  m o v e m e n t  affec ting  the  T a u ru s  oce an ic  
se r ie s  (M eso z o ic  ophioli t ic  su ite  an d  d ee p -sea  
d e p o s i ts ) ;  s t r u c tu re s  a p p e a r  to  ind ica te  sou th -  
w a rd - th ru s te d  n a p p e s  resu lt ing  f rom  c o n t in e n 

tal collis ion  b e t w e e n  A f r ic a - A r a b ia  an d  A n a 
to lia  (B iju-D uval e t  a l . ,  1974; L o r t  a n d  G ray ,  
1974; N e s te r o f f  e t  a l . ,  1977a, 1977b).

T h e  fo re a rc ,  s e g m e n te d  as  s o u th w e s t  o v e r 
th ru s ts ,  c o n s is ts  o f  su b m e rg e d  m o u n ts ,  d is 
ru p te d  as i r re g u la r  s e p a ra te  c re s ts .  W e s t  o f  C y
p rus ,  th e se  in c lu d e  the  A n a x im a n d e r  M oun t  
(909 m) an d  th e  F lo re n c e  Rise (1547 m); s u b c i r 
cu la r  f ea tu re s  a s s o c ia te d  w ith  th e se  a re  p r o b 
ab le  ex p re ss io n s  o f  salt d o m e s .  S o u th  an d  eas t  
o f  C y p ru s ,  a s e r ie s  o f  sha llow  n o r th w ard - t i l te d  
ridges (exam ple: F leca teu s  M o u n t ,  242 m) 
gradua lly  m e rg e  e a s tw a r d  a n d  poss ib ly  ex ten d  
to th e  B aas i t  and  A rn a n u s  c o a s ta l  ran g e s .  C y 
p ru s  I s land ,  th e  e m e r g e d  co re  o f  th is  a rc  s e c to r ,  
is fo rm e d  b y  the  n o r th e r n  d is t inc t  a r c u a te  K yre -  
n ia  R a n g e  (f lanked  by  te c to n ic  cliffs) th ru s te d  
aga in s t  th e  o b d u c t e d  oce an ic  c ru s t  o f  th e  s o u th 
e rn  oph io li t ic  T r o o d o s  C u p o la  (1951 m). T h e  
su r ro u n d in g  sh e l f  is r e m a rk a b ly  n a r r o w  (1 -2  
km) an d  sha llow  ( 2 0 -3 0  m).

B a c k a rc  bas in s  a r e  re p re s e n te d  by  a  se r ie s  o f  
w e s t -e a s t  t ro u g h s  un d er la in  by  th e  A na to l ian  
n a p p e  s u b s t ra tu m .  T h e  b as in s  a re  pa r t ia l ly  b u r 
ied b e n e a th  a  te r r ig e n o u s  N e o g e n e  fill th a t  in
c re a se s  g radua lly  in th ic k n es s  f ro m  R h o d e s  to 
Is k e n d e ru n  K ü rfez i .  W ith in  the  3000 m c o n 
to u r ,  th e  R h o d e s  T ro u g h ,  inc lined slightly 
so u th w a rd s  (m a x im u m  d e p th  o f  4482 m ),  is c o n 
n e c te d  by  th e  L y c ia  C h a n n e l  to  th e  A n ta ly a  B a 
sin (ave rage  d e p th  o f  2200 m). T h e  r a th e r  even  
b o t to m  o f  th is  l a t te r  b as in  is su r ro u n d e d  by  d is
tinc tly  o r ien ted  re l ie fs  r e v e a le d  by  so n o g ra p h  
t r a v e r s e s  (d é c o l le m e n t  fo lds  o r  ev a p o r i t ic  
d o m e s  to  th e  s o u th ;  rugged  b o t to m  o f  poss ib le  
d iap ir  orig in  to  th e  nor th ) .  T h e  Cilicia B a s in  is a  
sh a l lo w er  (by a b o u t  1000 m), n a r r o w e r  p e rc h e d  
b as in  c o n n e c te d  to  th e  p rec ed in g  bas in  b y  a  
gorge.

T h e  A n a to l ia  s lo p e  an d  shelf,  th e  su b m e rg e d  
so u th e rn  flank o f  th e  T a u ru s  M o u n ts ,  f o rm e d  by 
m a jo r  uplift and  s u b s e q u e n t  re ju v e n a t io n .  T h is  
la t te r  t ru n c a te d  th e  fo ld ed  s e d im e n ta ry  series  
th a t  w e re  offset a s  t i l ted  b locks .  M o s t  cliffs o n 
sh o re  a n d  sc a rp s  o ffsho re  are  in te rp re te d  as 
fau lt  su r fa ce s .  C a n y o n s  ( such  as th o se  ea s t  o f  
R h o d e s )  a re  in te rp re te d  as  fau l t -sc a rp  v a l leys  
th a t  a re  se a w a rd  e x te n s io n s  o f  fluvial c h a n n e ls  
o n  land .  T h e  sh e lv e s  a re  genera lly  n a r ro w ,  e x 
ce p t  w h e re  im p o r ta n t  fluvial inpu t ( such  as  th e  
A d a n a  p rode l ta )  p r o d u c e d  w ide p ro g ra d a t io n a l  
m arg ins .
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Aegean Sea: An Extensional Island 
Block-Trough Mosaic

T h e  A egean  (Fig. 1.5), c o n n e c te d  by the  S e a  o f  
M a rm a r a  to  the  B lack  S e a  to  th e  nor th ,  and  by  
th e  H e llen ic  A rc gaps  to the  sou th ,  is an a lm o s t  
e n c lo se d  se a  ch a ra c te r iz e d  by  a  bas in  deep-and-  
sha l low  p la tfo rm  p a t te rn  (Jo n g sm a ,  1977; S ta n 
ley  an d  P er isso ra t is ,  1977; D e w e y  an d  Sengör,  
1979; A ngelie r  an d  L e  P ichón ,  1980; L e  Pichón 
a n d  A ngelier ,  1981; M e u le n k a m p ,  this volum e).  
T h is  configuration  is p rim arily  th e  result  o f  e x 
tens iona l d y n am ics  re la ted  to  subduc t ion  b e 
n e a th  th e  H ellen ic  A rc .  A fte r  th e  last H ellen ide  
n a p p e s  w ere  em p laced  (early  M iocene),  th e  
e ro d e d  A egean  la n d m ass  co n n e c t in g  th e  B a lkan  
to  th e  T a u r id e  C h a in  w as  su b jec ted  to s trong  
vert ica l  d isp lac em e n t  an d  f ra g m en ta t io n  in the  
la te  M io c en e .  O n e  d is t ingu ishes  the  following 
m o rp h o -s t ru c tu ra l  z o n e s ,  f rom  sou th  to  nor th :

1. T h e  C re ta n  B asin ,  a f e a tu re  resu lt ing  e s s e n 
tially f ro m  n o r th - s o u th - t r e n d in g  ex tens ional  
m o tio n ,  calls to  m ind  a  b a c k a rc  basin. T h e  
f re q u e n c y  o f  e a r th q u a k e s  in this region a t 
te s ts  to  ac tive  su b m a r in e  m orphogenes is .  
T h e  C re ta n  T ro u g h  (d e e p e s t  o f  the  A egean  
d ep re ss io n s )  c o n s is ts  o f  e longa ted  d e p r e s 
s ions  inc reas ing  in d e p th  f ro m  w es t  (1300 m) 
to  ea s t  (2500 m). T h e  f loor is sm oo thed  by  
tu rb id i tes  an d  f lanked  so u th w a rd s  by  
p e r c h e d  r idges and  b as in s  o r ien ted  para lle l to 
th e  C re ta n  A rc .  N o r th w a rd s ,  so m e  dist inct 
h igh-re lie f  f e a tu re s  p ie rc ing  th e  b o t to m  in 
c lude  c o n e s ,  su c h  as th e  is land  o f  Santo r in i  
(o r  T h e ra ) ,  w h ich  fo rm  a vo lcan ic  island arc .  
B asins  an d  r idges e x te n d  sh o re w a rd  by  a  sy s 
te m  o f  U -s h a p e d  g ra b e n -b a y s  an d  hors t-  
p ro m o n to r ie s .

2. In  th e  C e n tra l  P la te au ,  th e  n o r th -sou th  e x 
te n s io n  m o tio n  is c o m p e n s a te d  b y  east- to -  
w e s t  c ru s ta l  sh o r ten in g .  T h u s ,  th e  P la teau  
r e p r e s e n ts  a  la rge  e le v a te d  ase ism ic  insu lar  
p la tfo rm  b ro k e n  by  t r a n s v e r s e  and  n o r th e rn  
bas in  d ee p s .  T h e  sm o o th e d  a s p e c t  o f  th e se  
b as in  floors ind ica tes  th a t  depos it ion  has 
k ep t  up w ith ,  o r  p rev a i led  o v e r ,  tec ton ic  d is 
p la ce m en t .

3. T h e  to p o g ra p h y  o f  the  N o r th  A egean  Basin  
resu l ts  la rge ly  f ro m  str ike -s l ip  faulting tha t  
has  ac te d  a long  th e  N o r th  A nato l ian  fault. 
T h e  a re a  c o m p r ise s  to  th e  so u th  a  double  set

o f  s in u o u s  d e e p s  o n  b o th  sides o f  th e  Skiros  
R idge locally  in te r s e c te d  by  gaps ,  and  to  the 
n o r th ,  th e  n o r th e a s t - s o u th w e s t - t r e n d in g  A n 
a to lian  T ro u g h  th a t  e x te n d s  f rom  the  G u lf  o f  
V o los  to  th e  B la c k  S ea.  T ra n s c u r r e n t  m o v e 
m e n t  is a s s o c ia te d  with t r a n sv e r se  f rag m en 
ta t io n  as sh o w n  b y  th e  g eog raph ic  d is t r ibu 
t ion  o f  th e  m a jo r  p h y s io g rap h ic  fea tu res :  
tec ton ic  cliffs, p e n in su la r  sh e lv es ,  p rec ip i
tous  s c a rp s ,  sm all a n d  low  rocky  c re s ts ,  and  
gen t ly  a rc h e d  b a s in  floors (ab o u t  1000 m, 
w ith  a  m a x im u m  1468 m to  th e  west) .

Adriatic Sea: A Buried 
Interm ontane Cul-de-Sac

T h e  A d r ia t ic  S e a  (Fig. 1.6), a  sha llow  e longa ted  
a rm  o f  th e  M e d i te r r a n e a n ,  is th e  resu l t  o f  e x te n 
sive d e p o s i t io n  o n  a  d e e p ly  fo u n d e re d  fore land . 
L o n g - te rm  s u b s id e n c e  o c c u r re d  b e tw e e n  the  
re la t ive ly  y o u n g  o ro g en ic  be l ts  o f  the  A p e n 
n in es ,  A lp s ,  an d  D in a r id e s .  S u b s id e n c e  ra tes  
a re  co n s id e ra b ly  in c re a s e d  to w a rd s  the  Po B a 
sin; th is  f a c to r  c o n t in u e s  to  be  im p o r ta n t  in the  
n o r th e rn  a re a ,  in p a r t  re la ted  to  m a n -m ad e  fac 
to rs .  T h e  evo lu t io n  o f  m o u n ta in s  bo rd er in g  this 
se a  has  co n t ro l led  th e  gene ra l  d ev e lo p m e n t ,  
shap ing ,  an d  d is t r ibu t ion  o f  b o t to m  fe a tu re s  to 
th e  R e ce n t .  T h e  p re se n t  se d im e n ta t io n  p a t te rn  
resu l ts  f ro m  th e  la rge lo a d  ca r r ie d  by  tu rb id  lay
e rs  f ro m  th e  P o  reg ion  th a t  flow an d  s ink  so u th 
w a rd s ,  f ro m  th e  inflow to w a rd s  th e  n o r th  o f  h y 
p e rsa l in e  w a r m e r  Io n ia n  w a te r ,  an d  f rom  the  
im p o r ta n t  ro le  o f  tidal c u r re n ts  an d  s trong  
w in d - in d u ce d  c u r re n ts  in th is  reg ion .  T h e  
m o rp h o -s e d im e n ta ry  t r a n s p o r t  p a t t e r n  has b een  
ex ten s iv e ly  inv e s t ig a ted ,  par t icu la r ly  off  the  
V e n e t i a n - I s t r i a n  c o a s ts  (F a b b r i  an d  Gallignani,  
1972; C o lan to n i  and  G all ignani ,  1975; N e w to n  
a n d  S te fa n o n ,  1975, 1982; C o lan ton i  e t  al.,  
1979; C a laver i  a n d  S te fan o n ,  1980).

F e a tu re s  o f  th e  A dria t ic  S e a  a re  su m m arized  
briefly as  fo llow s: (1) T h e  n o r th e rn  loba te  p r o 
d e l tas  e x t e n d  to  a b o u t  50 to  60 m ; th e  seafloor in 
th is  reg io n  d ip s  gently  a n d  is gene ra l ly  sm oo th  
w ith  on ly  m in o r  irregula ri t ies  p ro tru d in g  from  
the  s a n d  an d  m u d  cover .  A lth o u g h  the  ro le  o f  
d e p o s i t io n  h a s  b e e n  e x ten s iv e ,  F lan d r ia n  t r a n s 
g r e s s é e  coas ta l-de l ta ic  f e a tu re s  ( i .e . ,  beach  
ro ck ,  c a lc a re o u s  ree f  rock)  a re  locally  ex p o sed  
by  e ro s iv e  b o t to m  tu rb u le n ce .  (2) A  w ide ter-
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race like  su rface  e x te n d s  from  a b o u t  60 m to 
ab o u t  100 m , the  cen tra l pa r t  o f  w hich  inc ludes  
a  m a rk e d  b ro k en  te rra in .  T h re e  small bas in s  o f  
th e  M id-A dria t ic  (or J a b u k a )  d e p re s s io n ,  w ith  
d e p th s  to  a b o u t  250 m (m ax im u m  to  268 m) e x 
te n d  so u th e a s tw a rd s  by a  m ed ian  valley  (de
fined by the  150-m con tou r)  b o rd e re d  by s c a t 
te re d  knolls ,  sc a rp s ,  and  is lands.  D eeps  and  
v a l leys  are  the  p robab le  g e o m o rp h ic  ex p re ss io n  
o f  a  highly d efo rm ed  s u b s t ra tu m  in c om ple te ly  
bur ied  by  th ick  fo re se t  beds  o f  th e  Po D elta .  
T h e  p re se n t-d ay  seafloor  configura t ion  also 
resu lts  partially  f rom  f luv ia l-lacustr ine  and  
g rav i ty  t r a n sp o r t  p ro c e s se s  ac t ive  du r ing  the  
last  low  sea-level s tand .  (3) T h e  h o r s e s h o e 
s h a p e d  so u th e rn  A dria t ic  is a  p o s t -M io c en e  
d o w n w a rp e d  basin. T h e  large, c o n c a v e  cen tra l  
t ro u g h  (m ax im um  dep th  n e a r  1260 m) is a  se m i
e n c lo se d  dep re ss io n  (north  o f  th e  S tra i t  o f  
O tran to )  partially  filled by th ick  s e q u e n c e s  o f  
tu rb id i tes .  T h e  su r ro u n d in g  m a rg in s ,  p ro g re s 
s ive ly  n a r ro w  and  til ted s o u th w a rd s ,  d isp lay  a 
c re n u la te  fo rm ; this la t te r  is d u e  to  ca n y o n s ,  
fau l t  sc a rp s ,  an d  spurs  ( som e o f  w h ich  m ay  be 
su b m e rg e d  cora l reefs) on ly  par t ly  b u r ie d  by  th e  
s e d im e n ta ry  cover.

Rifted Cenozoic Basins

T h e  W e s te rn  M e d i te r r a n e a n  B as in  an d  T y r r h e 
n ia n  S e a  a re  tw o  b as in s  a lm o s t  en t i re ly  u n d e r 
lain  b y  y o u n g  oce an ic  c ru s t .  D if fe re n ce s  in the  
t im ing  o f  co n t ra c t io n  o f  th is  la y e r  b y  cooling  
a n d  in th ic k n e s se s  o f  s e d im e n t  a c c o u n t  fo r  th e  
d if fe ren t  d e p th s  o f  th e se  tw o  d e p re s s io n s :  2800 
m  in  th e  W e s te rn  M e d i te r r a n e a n ,  3600 m in th e  
T y r r h e n ia n  S e a  (F ah lq u is t  a n d  H e r s e y ,  1969; 
S e l l i a n d  F ab b r i ,  1971 ; F ine t t i  an d  M oreli i ,  1973, 
1974; S tan le y  e t  a h ,  1974a; M oreli i  e t  a h ,  1975b;

F ig .  1 .6 .  G e o m o r p h ic  sk e tc h  o f  t h e  A d r ia t i c  S e a  (af
t e r  J .R .  V a n n e y ,  1977). 1, a n c ie n t  d e l t a ;  2, r e c e n t  
d e l t a ;  3, p r e s e n t  d e l ta ic  p r o g r a d a t io n ;  4,  s u b m e rg e d  
d u n e  r idges  o r  b a r r i e r - b e a c h e s ;  5, b e a c h - r o c k ;  6, tec-  
to n ic -k a r s t i c  d e p r e s s io n s ;  7, e s c a r p m e n t  c o n tro l led  
b y  s t r u c tu r e ;  8, p a le o -v a l ley ;  9, p l a t e a u  w ith  t a b le 
l ik e  s t r u c tu r e ;  10, c o a s ta l  w a v e -o u t  p la t fo rm ;  11, 
p la in  o f  m ar in e  d e p o s i t s ;  12, hills  s h a p e d  in N e o g e n e  
f o rm a t io n s ;  13, u p tu r n e d  a n d  o v e r th r u s t e d  se c t io n s  
in th ic k  ( 3 -4  km) P l io ce n e  s e r ie s .  A b b r e v ia t io n s  (is
lands ) :  Bi.  B ise v o ;  J ,  J a b u k a ;  L ,  L a s to v o ;  Pe ,  Pela-  
g r u z a ,  Pi, P ia n o sa ;  S u ,  S u c a c ;  S v ,  S v e t a c ;  T ,  T rem i t i ;  
V ,  Vis.

R y a n ,  1976; W a tts  a n d  R y a n ,  1976; R ehau lt  et 
a h ,  th is  volum e).

W estern M editerranean

T h e  W e s te rn  M e d i te r r a n e a n  Basin ,  roughly  tr i
an g u la r  in sh a p e ,  e x t e n d s  a b o u t  1200 km along 
th e  A fr ican  c o a s t  a n d  850 k m  on the  9° east 
long itude  m e rid ian  (F ig .  1.7). I ts  w e s te rn  co rn e r  
o c c u r s  a t  th e  S tra it  o f  G ib ra l ta r  (400 m deep ,  14 
k m  m inim al w id th) ,  th e  on ly  passage  to  the  
w orld  o ce an  fo r  salt ex c h an g e .  A cco rd ing  to 
gene ra l  op in ion ,  th e  e n t i r e  bas in  fo rm e d  mainly 
b y  long- te rm  c o n t in e n ta l  rifting fo llow ed by a 
sh o r t- te rm  drift (A lv a re z ,  1972; A u ze n d e  e t  al.,  
1973; D e w e y  et a l . ,  1973; B occa le t t i  and  Guaz- 
zo n e ,  1974a, 1974b; A lv a r e z  et al .,  1974; Biju- 
D uva l and  M o n ta d e r t ,  1977; B iju-D uval e t  a l .,  
1977). G eo log ica l  a n d  geophys ica l  d a ta  have  
s h o w n  th a t  th e  o cc id e n ta l  bas in  (o f  w es te rn  Pa
cific type)  w as  c re a te d  f rom  th e  late O ligocene 
to  th e  u p p e r  M iocene .  It w o u ld  seem , h o w e v e r ,  
th a t  th is  a p e r tu re  d id no t  fo rm  syn c h ro n o u s ly  
ev e r y w h e re ,  i .e . ,  A q u i ta n ia n  to  B urdiga lian  in 
th e  n o r th e rn  par t ,  b u t  p ro b a b ly  slightly younger  
(B urd iga l ian  to T o r to n ia n )  in th e  so u th e rn  part 
(A lger ian  plain). T w o  ty p e s  o f  bas in s  a re  rec o g 
nized .
N a rro w  R if te d  B a s in s .  T h e  A lb o ra n  S e a  is an 
e lo n g a te d  d ep re ss io n  ( a b o u t  350 km  long, 150 
k m  w ide)  loca ted  w ith in  a  T e r t ia ry  sem ic ircu la r  
m obile  bel t ,  th e  G ib ra l ta r  A rc ,  e n c lo se d  by  the  
B e tic  an d  R i f  m o u n ta in s .  I ts  orig in  rem a ins  c o n 
t ro v ers ia l .  R e c e n t  s tu d ie s  sh o w  the  M o h o  d is 
con t in u i ty  r is ing  to  a b o u t  15 k m  in th e  cen tra l 
p a r t ,  b u t  th e s e  r e p o r t s  h a v e  no t conc lus ive ly  
es tab l ish ed  th e  c o m p o s i t io n  o f  th e  under ly ing  
c ru s t .  M o s t  g e o m o rp h ic  f ea tu re s  p robab ly  
re su l t  f ro m  d is ten s iv e  m o t io n  dur ing  the  u p p e r  
M io c e n e  to  P liocene .  A  vo lc an ic  subm arine  
ch a in ,  co m p ris in g  th e  A lb o ra n  Ridge an d  A lb o 
ra n  Is land ,  d iv ides  th is  se a  in to  tw o  bas ins: the  
W e s te rn  B as in  (1500 m dee p ) ,  s e p a ra te d  from  
th e  E a s t e r n  B as in  (1900 m) b y  the  A lboran  
ch a n n e l  (1700 m). T h e  m a jo r  f ea tu re s  on  bo th  
m arg in s  are  large p la tea u s  ( for  ex a m p le .  A nda-  
luc ia  P la teau ,  800 m d ee p )  fo rm e d  by fo u n d e r 
ing o f  fau l ted  co n t in en ta l  b lo c k s .  T h e i r  recen t 
t il ting re su l te d  in th e  fo rm a t io n  o f  sa lien t o u te r  
b a n k s  (D jibouti  B ank ,  213 m ; C âb lie rs  B ank ,  
291 m ; A lid a d e  B a n k ,  44 m), h ighs w h ich  se rve
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Fig. 1 .7 .  W e s te r n  M e d i te r r a n e a n  B asin .  G e n e ra l  key  
(a lso  a p p l ic a b le  to  o t h e r  f igures in th is  c h a p te r ) :  1, 
c o as ta l  a n d  lac u s t r in e  plain  (a r ro w :  re t r e a t in g  c o a s t 
l ine);  2, c o n t in e n ta l - in su la r  sh e l f  (SB: sh e l fb rea k ) ;  3, 
e s c a r p m e n t ;  4, m arg ina l  p la te a u  (a) a n d  s e a m o u n t
(b); 5, su b m a r in e  c a n y o n  a n d  s e a  v a l ley ;  6, c o n t in e n 
ta l  r i se  a n d  d e e p - s e a  fan  (a);  7 ,  e ro s io n a!  m o a t ;  8, 
a b y s sa l  (b a th y a l)  p la in ;  9, K e n e  P la te a u ;  10, halo- 
k ine t ic  fe a tu re s :  d o m e s  (a) a n d  low  d iap irs  (b);  11, 
L e v a n t  P la t fo rm :  12, v o lca n ic  fe a tu re s ;  13, s u b m a 
r ine  r idge;  14, su b d u c t io n  t r e n c h ;  15, fa u l t e d  t ro u g h  
a n d  r id g e -b a s in  c o m p le x ;  16, su b m a r in e  p a s sa g e ;  17, 
f r a c tu re ,  f au lt  (a), sh e a r  z o n e  (b), b u r ied  s t ru c tu re
(c);  18, s p re a d in g  ax is ;  19, m o n o c l in e ;  20, f ron ta l  
b o u n d a r y  o f  c o m p r e s s io n  f e a tu r e s  (a) a n d  o l is to s -  
t r o m e  (b). F o r  A lb o ra n  S ea :  1, W e s te r n  A lb o ra n  B a 
sin ;  2, E a s te r n  A lb o ra n  B as in ;  3, A lb o ra n  R id g e ;  4,

C e u ta  P la te a u ;  5, M o u l o u y a  P la te a u ;  6 ,  A v e n z o a r  
P la te a u ;  7, A n d a lu c i a  P la te a u .  A b b r e v ia t io n s :  A .  A l 
b o r a n  Is land ;  A B ,  A l id ad e  B k ;  A R ,  A b u b a c e r  
R id g e ;  C ,  C ab lie rs  B k ;  C B ,  C h e i la  B k ;  C a B ,  C a b l ie r s  
B k ;  D B ,  D jibou ti  B k ;  E B B ,  E m i l e - B a u d o t  B k :  E B E ,  
E m i le -B a u d o t  E s c a r p m e n t ;  E M S ,  E l  M a n s o u r  S m t ;
H ,  H a b ib a s  E s c a r p m e n t ;  M ,  M a u r e s  E s c a r p m e n t :  
M E ,  M a z a r ro n  E s c a r p m e n t ;  M R ,  M a im o n id e  R idge;  
N E ,  N u r r a  E s c a r p m e n t ;  P ,  L e s  P r o v e n ç a u x  B k ;  S E ,  
S u lc ia  E s c a r p m e n t ;  T B ,  T o f iñ o  B k ;  V C ,  V a le n c ia  
C o n e ;  X B ,  X a u e n  B k ;  Y R ,  Y u s u f  R idge .  T o w n s :  A ,  
A lm e r ía ;  Al,  A l i c a n t e ;  C, C a r ta g e n a ;  G ,  G e n o v a :  
G h ,  G h a z a o u e t ;  M ,  M o n tp e l l i e r ;  M u ,  M u rc ia ;  P ,  P e r 
p ig n an .  D e ta i led  S e a - B e a m  m a p s  o f  (a) R h o n e  salt 
d o m e  (in Fig.  1.8), (b) p r o d e l t a  o f  V a r  R i v e r  (Fig.
I .9 ) ,  a n d  (c) c h a n n e l s  o f  th e  R h o n e  d e e p - s e a  fan  (Fig .  
1. 10) .
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as  d am s modifying th e  d ispersa!  o f  te rr igenous  
s ed im en ts  (S tan ley  e t  a l . ,  1970; O livet et al .,  
1973a, 1973b; M u l d e r a n d  P arry ,  1977).

T h e  V alencia  T ro u g h  is c h a rac te r ize d  by  a  V- 
sh a p e d  configuration  (400 km  long, 200 km 
m a x im u m  width). T h e  d e p th  o f  the cen tra l  val
ley ranges from  1300 m to  2000 m. A rift origin 
is p robab ly  re la ted  to  th e  open ing  o f  the  con t ig 
uous  G u lf  o f  L io n ,  d a t in g  f rom  the  O ligocene.  
T h e  tw o  trough  m arg in s  m a y  be co n t ra s te d .  The  
n o r th e rn  side b o rd e r in g  the  c o n t in en t  w as  af
fec ted  by  ac tive  p ro g ra d a t io n  (P lio -Q uaternary  
buildup) o f  a  w ide c o n t in e n ta l  she lf  (60 km) and 
m a rk e d  e ro s io n  o f  the  s lope .  T h e  so u th e rn  side, 
o n  the  o th e r  han d ,  c o m p r i s e s  a  n a r ro w  she lf  and  
s teep  ro ck y  s lope  ( T ra m o n ta n a  E sc a rp m e n t)  
b o rd er in g  th e  B a lear ic  I s lan d s ;  this m argin  is 
o ffse t by the  Ib iza  a n d  M a llo rca  ch anne ls  (800 
m  deep).  Axial valley  d e p o s i ts  bu ry  som e vo l
can ic  s t ru c tu re s  th a t  f o rm e d  dur ing  rifting 
(M auffre t e t  al .,  1972, 1973; B a y e r  e t  a l . ,  1973; 
M auffre t ,  1977; V a n n e y  an d  G e n n e sse a u x ,  
1979).
C en tra l M a jo r B a s in s .  O n e  geog raph ic  n am e  is 
co m m o n ly  u se d  fo r  th e  en t ire  W e s te rn  M e d i te r 
ra n e a n  d ep re ss io n :  th e  A lg é ro -P ro v en ç a l  Basin. 
T h is  m a jo r  d e p re s s io n ,  h o w e v e r ,  inc ludes  th e  
A lgerian ,  S a rd in o -B a lea r ic  and  L igu ro -P roven -  
çal B asins  th a t  a re  n o t  d is t inc t ly  s e p a ra te d  f rom  
each  o the r .  T h e  th re e  s e c to r s  a re  backarc- l ike  
bas ins ,  under la in  b e lo w  th e  d e e p e s t  pa r ts  by 
norm al oce an ic  c ru s t ;  d e p th s  a re  nea r ly  c o n 
s ta n t  (2600 to  2800 m ),  a n d  th e  flat bas in  f loor is 
th e  resu lt  o f  sm o o th in g  b y  tu rb id i tes .  T h e  o c e 
anic c ru s t  is p ro b a b ly  o f  v a r ia b le  age. M o re  s e d 
im ents  h ave  b e e n  t r a n s p o r te d  b as in w ard  f rom  
the  E u ro p e a n  than  f ro m  th e  A fr ican  so u rce  t e r 
rains. D uring th e  r e c e n t  p a s t ,  th e  overa ll  p h y s 
iographic  evo lu t io n  has  b e e n  in fluenced  by 
m a rk e d  no rm al  fau lt ing  a long  con t inen ta l  
s lopes ;  th u s ,  co n t in en ta l  sh e l f  bu ild -out b ec am e  
limited while  s lope dec liv i ty  inc reased .  T ra n s 
port  fo r  co n s id e rab le  d is ta n c e s  o f  an  ab u n d a n t ,  
b u t  irregular,  su p p ly  o f  c las t ic  sed im en ts  (turbi- 
ditic and  hem ipelag ic )  has  a ffec ted  the  en tire  
bas in  plain conf igu ra t ion  (A u z e n d e  and  O livet,  
1974; Biju-D uval,  1974; R e h a u l t  e t  a l . ,  1974; 
M auff re t ,  1977).
C o n tin en ta l M a rg in s .  S h e lv e s ,  s lopes ,  and  
rises ,  i rregularly  d is t r ib u te d  a ro u n d  th e  W e s t 
e rn  M e d i te r ra n e a n  B a s in ,  a re  subd iv ided  into 
tw o  main  p ro v in ce s :  th e  u p p e r  m arg in  and  the 
lo w er  m argins.

T h e  u p p e r  m a rg in  (she lves  a n d  s lopes ;  cf. 
B o u rc a r t ,  1960) inc ludes  n u m e ro u s  sec to rs  
w h ere  th e  ro c k y  b a s e m e n t  is e x p o s e d  (M aures ,  
C o rs ic a ,  B a le a r ic ,  an d  A fr ican  margins).  
S h e lv e s  te n d  to  b e  n a r ro w  a n d  so m e tim es  a b 
sen t  o f f  c o a s ta l  m o u n ta in  c h a in s ,  ca p es ,  and  
cliffs ( su c h  as o f f  N ic e  an d  m a n y  par ts  o f  the  
A lger ian  co a s t) .  T h e  seaf loo r  is o f ten  ro ck y  o r  
th in ly  m a n t le d  b y  H o lo c e n e  b iogen ic  o r  te r r ig e 
n ous  se d im e n ts .  M o r e o v e r ,  th e  she lfedge dep th  
is h ighly var iab le :  90 m off uplif ted  coas ts  such 
as th e  n o r th e rn  L igu r ian  S ea  an d  130 m in zo n e s  
o f  s u b s id e n c e ,  su c h  as th e  M a u re s  margin 
(F ie rro  e t  a l . ,  1973; G e n n e s s e a u x  and  R ehau l t ,  
1975; G e n n e s s e a u x  an d  V a n n e y ,  1979).

H igh ly  i r re g u la r  con t in en ta l  s lo p e s  c o n t ra s t  
w ith  th e  n e a r -h o r iz o n ta l  su r face  o f  th e  adjoin ing 
b a th y a l  p la in .  T h e  m ultip le  s tep like  na tu re  o f  
th e  s lope ,  p r o b a b ly  re la te d  to  no rm al  faults ,  is 
n o te d  o n  b a th y m e t r i c  c h a r ts .  S e ism ic  reflection 
r e c o rd s  a lso  r e v e a l  n u m e ro u s  le n ses  o f  Plio- 
Q u a te r n a r y  f ine-g ra ined  s e d im e n t  tha t  a re  e i
th e r  d e fo rm e d  o r  d isp laced  (o r  bo th )  by s lu m p 
ing. S o m e  s lo p e s  w ith  a  dec liv i ty  exceed ing  
20%  ca n  b e  te rm e d  e s c a rp m e n ts  (Fig. 1.7). 
S o m e  s lopes  a re  se v e ra l  h u n d re d s  o f  k ilom ete rs  
long, su c h  as  th e  E m ile  B e a u d o t  E sc a rp m e n t  
( so u th  o f  th e  B a le a r ic  is lands) ,  H a b ib a s  E s c a r p 
m e n t ,  a n d  m o s t  o f  th e  A lger ian  m argin. T h e i r  
w id th ,  a s  m e a s u r e d  b e tw e e n  the  200 and  2000 m 
iso b a th s ,  d o e s  n o t  e x c e e d  10 k m  (exam ples : 
M a u re s ,  N u r r a ,  a n d  H a b ib a s  E sca rp m en ts ) .  
M o s t  a re  p a ra l le l  to  the  s t ru c tu ra l  t rend  o f  
c o a s ta l  ch a in s ,  an d  th e i r  relief ,  e x c e p t  w here  cu t 
by  a  few  sm all v a l ley s  (H a b ib a s ,  Balearic ,  and  
E m ile  B e a u d o t  E s c a r p m e n ts ) ,  is generally  
s m o o th .  O th e r  e s c a rp m e n ts ,  in c o n t ra s t ,  a r e  af
fe c te d  b y  b a s e m e n t  f ra c tu re s  an d  a re  deep ly  in
c ised  b y  la rge c a n y o n s  (C o rs ica ,  M aures) .  
T h e s e  v a l leys  a re  gene ra l ly  sh o r t ,  less th a n  60 
k m  long, b u t  h a v e  cu t  in to  th e  ro c k y  b a s e m e n t  
so as  to  p r o d u c e  re liefs  to  1500 m. This  m a rk e d  
re l ie f  re su l t s  in la rge  p a r t  f rom  s h o r t  bu t  in tense  
e ro s io n  o f  th e  b a s e m e n t  dur ing  M ess in ian  d e s s i 
ca t io n  a n d  s u b s e q u e n t  P l io -Q u a te rn a ry  su b s id 
e n c e  (C ita ,  1973; C i ta  an d  R y a n ,  1973; R ehau l t  
e t  a l . ,  1974; C la u z o n ,  1975; E s to c a d e ,  1977, 
1979; B e l la ich e  e t  a l . ,  1977, 1979; R yan ,  1978; 
C ya l igu re ,  1979; V a n n e y  e t  a l . ,  1979; G e n n e s 
se a u x  a n d  L e f e b v r e ,  1980; V a n n e y  and  B e l
la iche ,  1982).

A  se c o n d  g ro u p  o f  u p p e r  m arg in  ty p e s  has 
r e su l te d  f ro m  m o re  e x te n s iv e  d isp lac em e n t  o f
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fau l ted  b lo c k s  (W este rn  S ard in ia ,  G u lf  o f  L ion , 
A lb o ran  S ea) .  T h e  s e d im e n ta ry  c o v e r  h e re  is 
genera lly  th ic k e r ,  in pa r t  b e c a u s e  o f  so m e w h a t  
in c re ase d  se d im en t  s tab ili ty  o n  s lopes  o f  d e 
c re a se d  dec liv ity .  M a jo r  d e p o s i ts  lie se a w a rd  o f  
tw o  m a jo r  E u ro p e a n  r ive rs  (R h o n e ,  E b ro )  tha t  
built a  p rograda t iona l  sh e l f  70 km  w ide in the  
G u lf  o f  L ion  (A u z en d e  e t  a l . ,  1973; R e h au l t  et 
a l . ,  1974; Aloïsi et a l .,  1975; M a ld o n a d o ,  1975). 
T h e  sh ap e  o f  m a jo r  d e e p  v a l leys  th a t  cu t these  
d e l ta  s lopes  resu lts  f rom  im p o r ta n t  su b m a r in e  
inc is ion  du r ing  Q u a te rn a ry  low  sea- leve l  s tands  
(Fig. 1.10). In  som e c a s e s ,  h o w e v e r ,  c a n y o n s  
h a v e  re su l ted  f rom  a  c o m p o s i te  p ro c e s s  invo lv 
ing b o th  subaer ia l  (during  the  M essin ian )  an d  
s u b m a rin e  (P liocene  a n d  Q u a te rn a ry )  p ro 
c e sse s .  O n e  such  ex a m p le  is th e  V a r  C a n y o n  
(Fig. 1.9; C lauzon ,  1978; P a u to t ,  1981). T h e  ori
gin o f  th e  S ard in ia  m arg in  is co n s id e ra b ly  differ
en t .  H e r e  th e  she lf  a p p e a r s  t il ted b as in w ard  
( she lfb reak  d e e p e r  th a n  200 m), an d  its co n s id 
e ra b le  w id th  (40 km) an d  sm o o th  su r face  m ay  
b e  re la ted  to  lava flows o r  o u tc ro p s  o f  M esozo ic  
s e d im e n ta ry  rock  b a s e m e n t  o r  b o th .  O u r  u n d e r 
s tand ing ,  h o w e v e r ,  o f  th e  u nder ly ing  s tru c tu ra l  
co n tro l  is lim ited.

T h e  lo w er  m arg ins (including  th e  con t inen ta l  
r ise)  are  well d ev e lo p e d  on ly  in the  n o r th e rn  
p a r t  o f  th e  bas in  ( ea s te rn  V a le n c ia  T ro u g h  and  
L ig u ro -P ro v e n ça l  Basin)  as  a  re su l t  o f  d ra inage  
a n d  se d im e n t  inpu t by  E u r o p e a n  r ivers .  C o n t i 
n u i ty  o f  th e  r ise in the  n o r th e rn  p a r t  o f  the  
W e s te rn  B as in  resu l ts  f ro m  o v e r la p  o f  th re e  m a 
j o r  d e e p - se a  fans.  T h e s e  a re ,  f ro m  w e s t  to  eas t ,  
th e  E b ro ,  R h o n e ,  an d  V a r  cones .

T h e  R h o n e  C one  is th e  m o s t  im p o r ta n t  (200 
k m  w ide) a n d  bes t  def ined . I t  fo rm e d  largely 
d u r in g  th e  P liocene  and  Q u a te rn a ry ,  an d  se d i
m e n t  supp ly  has b e e n  re d u c e d  s ince  th e  end  o f  
th e  W ü rm .  R e c e n t  S e a -B e a m  s u rv e y s  an d  high- 
re so lu t io n  se ism ic  ref lec tion  profiles se rv e  to 
define se v era l  p h y s iog raph ic  p ro v in c e s :  (1) an 
u p p e r  fan , w ith  a  ra ised  flat-floored val ley ; (2) a 
m id-fan ,  w ith  a  re c e n t ly  fo rm e d  le ft- trending  
bed  on  a  n ew  la tera l c h a n n e l  (Fig. 1.10); an d  (3) 
a  lo w e r  fan o v e r  w h ich  tu rb id i te s  flow a ro u n d  
salt d iap ir  hills (Fig. 1.8) su c h  as  th e  M is tra l 
D o m e  (250 m  high) and  o th e rs  (G e n n e s s e a u x  
a n d  V a n n e y ,  1979; M o n a c o  et a l . ,  1982; Bel- 
la iche et a l . ,  1983).

T h e  V ar  C o n e ,  m uch  sm a lle r  th a n  th e  R h o n e  
F a n ,  rem a in s  ac tive  and  e x te n d s  so u th w a rd  to 
th e  b a s e  o f  th e  C o rs ic a  s lope  in th e  L igur ian

S ea.  The  deep  V a r  V alley  c o u r s e  has  b een  
s trongly  affec ted  by  s u b s id e n c e  o f  the  cen tra l  
bas in  and  a s so c ia te d  salt d iap ir ism .

T h e  E b ro  F an ,  f o rm e d  in th e  o u te r  part  o f  the  
V alenc ia  T rough ,  is less  well defined . Its config
u ra tion  has  been  s t ro n g ly  in fluenced  by  the  
ea s te rn  margin o f  th e  t ro u g h  ( the  B a lear ic  c o n t i 
nen tal b lock , w h ich  ac ts  as  a  barr ier)  a n d  is 
co m p o sed  o f  th ree  su c c e s s iv e  detri t ica l c o n e s ,  
n o n e  o f  which is o b v io u s  on  b a th y m e tr ic  ch a r ts  
(M aldonado ,  1975; M o n a c o  e t  a l . ,  1982).

T h e  se d im en t  c o v e r  on  the  con t in en ta l  rise is 
red u c ed  (and locally  ab sen t)  in so m e p a r ts  o f  
the  W e s te rn  Basin .  B a th y m e t r ic  ch a r ts  c lea rly  
sh o w  tha t  o ff  C o rs ic a  an d  A lger ia ,  fo r  ex am p le ,  
the  2400- to  2600-m isoba th  fo rm s  a  sh a rp  
b o u n d a ry  b e tw e en  th e  lo w er  s lope  and  th e  flat 
ba thyal  bas in  plain. T h e  K e n e  P la te au  (1700 m) 
is an o th e r  ty p e  o f  c o n t in e n ta l  r ise  e x ten d in g  
so u th w a rd  o f  th e  B a le a r ic  I s lan d s ,  bu t  its origin 
is not w ell  defined. L a rg e  m a g n e tic  anom alies  
suggest  the  p r e s e n c e  o f  a  v o lcan ic  b o d y  be low  
the  sed im en ta ry  c o v e r .  A  h y p o th e s is  favoring  
the  founder ing  o f  a  co n t in en ta l  b lock  rem a in s  
to  be p ro v ed  (B ay e r  e t  a l . ,  1973; M auff re t ,  1977; 
Kelling et a l . ,  1979).
B a th y a l P la in . A  long  ( > 8 0 0  km ),  n a r ro w  (100— 
200 km) bas in  p la in  e x te n d s  w i th o u t  in te r ru p 
t ion  f rom  th e  A lb o ra n  S e a  to  w e s te rn  C o rs ic a  at 
d ep th s  o f  a b o u t  2600 to  2800 m. T h e  u p p e r  u n 
conso l ida ted  s e d im e n ts  a re  f o rm e d  by a  th ick  
(1000-2000 m) P l io -Q u a te rn a ry  s e q u e n c e  o f  tu r 
b id ites  an d  hem ipe lag i tes .  T h e s e  b u ry  th ic k  s e 
ries o f  M ess in ian  e v a p o r i te s  (gypsum  and  h a 
lite) a s  ind ica ted  b y  se ism ic  ref lec tion  rec o rd s .  
N u m e ro u s ,  o ften  c o n t ig u o u s ,  sa l t  d o m e s  p ie rce  
th e  over ly ing  s t r a ta  a n d  locally  d is ru p t  th e  sed i
m e n ta ry  c o v e r  a t  th e  sea-floor  su r face .  A s in 
o th e r  M e d i te r r a n e a n  m arg ina l  bas in s ,  th e  se d i
m en ta t io n  ra te  is high, at le a s t  10 c m / 1000 years  
an d  locally  m u c h  g r e a te r  (M o n ta d e r t  e t  a l .,  
1970; R e h au l t  et al .,  1974, th is  v o lu m e ;  S tan le y  
e t  a h ,  1974b; M ore li i  e t  a l . ,  1975b; M auff re t ,  
1977).

Tyrrhenian Sea: Youngest Oceanic Basin

T h e  bas in  floor o f  th e  T y r r h e n ia n  S ea  is d e e p  
(3600 m), y e t  on e  o f  th e  sm a lle s t  (230,000 k m 2) 
in th e  M e d i te r r a n e a n  (Fig. 1.11). W a te r  e x 
change  in th is  a lm o s t  c o m p le te ly  la nd -enc losed  
bas in  o cc u rs  ac ro s s  fo u r  sills: th e  S ard ino -T un i-
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Fig .  1.8 .  M u lt ic h a n n e l  (S ea -B eam ) m a p  o f  a  d o m e  in 
t h e  D e s  M a r in s  g ro u p  o n  th e  R h o n e  C o n e .  C o n t o u r  
in te rv a l ;  10 m. L o c a t io n  sh o w n  in F ig u re s  1.1 a n d  1.7.

sian  S tra i t  (1950 m), th e  B onifacio  S tra it  (60 m) 
b e tw e e n  C o rs ic a  an d  S ard in ia ,  the  C o rs ic an  
C h a n n e l  (400 m) in th e  n o r th e rn  T y r rh e n ia n ,  
an d  the  S tra i t  o f  M e ss in a  (100 m) b e tw e e n  Sicily 
an d  I ta ly  (M ore lii ,  1970).

R e c e n t  geophys ica l  and  geologica l s tud ies ,  
u n d e r ta k e n  p r im arily  by  I tal ian  ins t i tu te s ,  h ave  
s h o w n  th a t  the  p re se n t  g e o m o rp h ic  p a t te rn  
re su l t s  f ro m  rifting m otion  da t ing  f rom  th e  u p 
p e r  M io c e n e  an d  su b se q u e n t  rap id  fo u n d er in g  
o f  n ew ly  c re a te d  ocean ic  c ru s t  (Selli an d  F ab-  
b r i ,  1971). T e c to n ic  d isp lac em e n t  has  been

N o t e  th e  l in ea r i ty  a n d  a s y m m e t r ic  f o r m  o f  th e  hill. 
K in d ly  p r o v id e d  b y  J . P .  R e h a u l t ,  V i l le f ran ch e -su r-  
M e r .

la rge ly  co n t ro l led  b y  n o r th -s o u th  fau lt  t r en d s ,  
su c h  as  the  m a jo r  F ag l ia  C en tra le .  D e p re s s io n s  
lo c a te d  beh ind  th e  C a la b ro - S ic i l i a n  A rc  are 
v ie w e d  as  m arg ina l  b as in s  on  th e  bas is  o f  vo l
c a n ic  an d  se ism ic  cr i te r ia .  R e c e n t  fo u n d er in g  
an d  con t inu ing  s t r u c tu ra l  ac tiv i ty  he lp  explain  
th e  m a rk e d  re l ie f  o f  b o th  th e  m arg in s  and  the  
b as in  f loor o f  this s e a  (A lv a rez ,  1972; B occa le t t i  
an d  G u a z z o n e ,  1974a, 1974b; W e ze l ,  1974, th is  
v o lu m e ;  B iju-D uval an d  M o n ta d e r t ,  1977). 
C o n tin e n ta l M a rg in s .  D u r in g  s u b s id e n c e  o f  the  
T y r rh e n ia n  B a s in ,  co n t in en ta l  m a rg in s  w ere
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Fig. 1.9.  C h a r t  o f  th e  Q u a t e r n a r y  p ro d e l t a  o f  the  V a r  (6°) e c h o s o u n d e r .  T h e  c h a r t  d e p ic ts  th e  n a r ro w  del-
R iv e r  ( P r o v e n c e ) ,  k in d ly  p r o v id e d  by D e c c a - S u r v e y  ta ic  she lf ,  d e e p  a n d  in te n se  d i s se c t io n  b y  a  radial
F r a n c e .  L o c a t io n  s h o w n  in F ig s .  1.1 and  1.7. T h e  ra v in e  s y s te m ,  flat b o t to m  o f  th e  V a r  C a n y o n  (on the
b lo ck -d iag ra m  h a s  b e e n  c o m p u t e r  g e n e ra te d  f ro m  a  lef t  o f  t h e  d iag ram ) c o n t r a s t in g  w ith  th e  s h a rp  a n d
digita l  d a ta  b a n k .  T h e  or ig ina l  c o n to u r  m a p  (a t  a  c r e n u la t e  c re s t s ,  an d  th e  n e a r - c o n t in u i ty  b e tw e e n  the
sca le  o f  1: 10,000) w a s  p r e p a r e d  f ro m  a d e n se  b a th y -  su b a e r ia l  a n d  s u b m e r g e d  se g m e n ts  o f  the  V a r  Valley ,
m e t r ic  l ine  s u r v e y  (50 m  a p a r t ) ,  u s ing  a n a r ro w  b e am

d isp laced  a n d  ver t ica l ly  o ffse t  a long a  d ense  
n e tw o rk  o f  n o rm a l  fau l ts .  T w o  s truc tu ra l  o r ien 
ta t ions  a re  h igh ligh ted  b y  th e  topo g rap h y  (Fab-  
bri et a l . ,  1981):

1. S o m e  p h y s io g ra p h ic  f e a tu re s  a re  ind icative  
o f  p r e d o m in a n t  fau lt ing  para lle l  to  the  co a s t  
line. T h e  conf igu ra t ion  o f  S ard in ian ,  Sicilian, 
an d  so u th e rn  I ta l ian  m arg ins  ca n  be re la ted  
to  b a s e m e n t  s t r u c tu re  as  em p h as ized  by Selli 
(1970). A  s e m ic o n t in u o u s  su c ce ss io n  o f  se a 
m o u n ts  a n d  ridges o f  c ru s ta l  der iva tion  d i
v ides  m o s t  o f  th e  s lope  in to  tw o segm en ts  
(Fig. 1.11 A). A lth o u g h  n o t  all sec to rs  o f  such  
m arg ins  h a v e  b e e n  sa m p le d ,  s tudy  to da te  
ind ica tes  th a t  th e i r  u n d e r ly in g  geological 
con f igura t ion  as  well a s  th e i r  sh a p es  are  d i
v e rse .  O ff  th e  S a rd in ia ,  B a ro n ie ,  and  Q u ir ra  
s e a m o u n ts  lie tw o  e lo n g a te d  (100 km  in 
length)  an d  v e r y  n a r ro w  ch a in s ;  these  la t te r  
o c c u r  up  to  50 k m  f ro m  th e  coas t  and  are  
s e p a ra te d  by  th e  O ro se i  C a n y o n .  R e lie f  f e a 
tu re s  are  m a in ly  f o rm e d  by Paleozo ic  c r y s 
ta lline se ries  ( such  as  th e  S ard in ia  c rust)  and 
h a v e  r e su l ted  f ro m  large no rm al  fault d is 
p la c e m e n t  an d  t i l t ing  d u r in g  th e  P lio -Q ua te r 
n a ry .  T h e  B a ro n ie  h ighs  w ere  e ro d e d  during  
th e  W ü rm  b y  su b a e r ia l  p ro c e sse s  (170 m 
d ep th ) ;  th e  m u c h  d e e p e r  (866 m) Q uirra  S ea 

m o u n t  rem a in ed  su b m e rg e d  du r ing  th is  
per iod .

O n  th e  I tal ian  m arg in ,  th e  m o s t  im p o r tan t  
in t ra s lo p e  ridge e x te n d s  a long  the  P ao la  B a 
sin f ro m  41° n o r th  la t i tude  to  C a lab r ia  in the  
sou th .  E ls e w h e re ,  ind iv idual s e a m o u n ts  and  
sh o r t  r idges an d  ch a in s  (a l loch thonous  series 
a n d / o r  basa lt ic  vo lcanoes)  a p p e a r  on  som e o f  
th e  typ ica l  T y r rh e n ia n  c ro s s - se c t io n  profiles 
as  d e p ic te d  sc h em atica l ly  in F igu re  1.11 A. 
T h e  g re a te s t  effec ts  o f  te c to n ic s ,  h o w e v e r ,  
a re  n o te d  on  th e  S icil ian  m arg in  w h e re  v o lc a 
noes  a b o u n d  (Eo l ian  is lands ,  U s t ic a  Is land).  
T h e s e  re l ie f  f ea tu re s  se rv e d  as d am s ,  w ith  
the  d e e p  b as in s  beh ind  th e m  re ta in ing  g rav 
ity - in d u c ed  depos i ts .  In  som e ca se s ,  these  
in t ra s lo p e  bas in s  (Fig. 1.1 IB) h a v e  b ec o m e  
en t i re ly  filled with de tr i ta l  s e d im e n t  (C ala
br ian ,  P a o la  B asins)  w h ich  th e n  overf low  and  
b y -p a ss  th e  s tru c tu ra l  ba r r ie rs .  W h e n  such 
t e c h n i c a l l y  co n tro l led  bas in s  lie n e a r  the  
c o a s t ,  co m p le te  filling b y  s e d im e n t  e v e n tu 
ally resu l ts  in th e  fo rm a tio n  o f  a  con t inen ta l  
she lf;  o n e  su c h  ex a m p le  is the  m id s e c to r  o f  
th e  I ta l ian  c o a s t  n o r th  o f  N a p le s .  In  o th e r  
reg ions ,  par t ia l  filling o f  a  b as in  resu l ts  in a 
w ide  te r r a c e  se p a ra t in g  the  tw o  s lope  seg 
m e n ts ,  i .e . ,  a  good  ex a m p le  is th e  so u th e rn  
S a rd in ia  m arg in  (W ezel et a l .,  1979; B orse tt i



Fig. 1 .10 .  C h a n n e l s  a n d  fan  o f  th e  R h ô n e  C o n e  p lo t
ted  w ith  m u l t i c h a n n e l  (S e a -B e a m )  d a ta  ( fo r  lo ca t io n ,  
see  Figs.  1.1 a n d  1.7). C o n t o u r  in te rv a l .  20 m. K in d ly  
p ro v id e d  by  G. B e l l a ic h e  (V i l le f ran ch e -su r-M er) .  
T h e  V ieu x  R h ô n e  C h a n n e l ,  a p p r o x im a te ly  d e l in e 
a te d  b y  th e  2050-m c o n to u r ,  is c h a r a c t e r i z e d  b y  a 
s in u o u s ,  f lat-f loored  s e g m e n t ;  a  d e s e r t e d  s o u t h -

s o u t h e a s t - t r e n d in g  c h a n n e l  a p p e a r s  a s  c r e s c e n t i c  d e 
p r e s s io n s  a n d  f la t - to p p e d  c r e s t s .  A t  2210 m . th e  n ew  
c h a n n e l ,  s o u t h  a n d  so u th w e s t - t r e n d in g ,  is b o rd e re d  
b y  le v e e s  o n  t h e  l o w e r  e o n e .  T h is  re c e n t  d is t r ib u ta ry  
c h a n n e l  a n d  a s s o c i a t e d  fan  su r f a c e  fo rm e d  b y  inc i
s ion  o f  t h e  w e s t e r n  le v e e  a n d  c h a n n e l  o verf low .
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Fig .  1 .11 .  T y r r h e n ia n  S e a  a n d  s u r r o u n d in g  a rea s .  
L e g e n d  fo r  c ro s s - s e c t io n ,  in A: 1, c o n t in e n ta l  shelf ;  
2 ,  u p p e r  s lo p e ;  3, in t r a s lo p e  b a s in ;  4, m id s lo p e  sm t ;  
5 ,  l o w e r  s lo p e ;  6, c e n t r a l  p la in ;  7, c e n t r a l  sm t .  L e g 
e n d  fo r  th e  c h a r t ,  B: 1, c o a s ta l  a n d  lac u s t r in e  p la in ;  
2,  c o n t in e n ta l / in s u la r  s h e l f  (SB :  sh e l fb re a k ) ;  3, e s 
c a r p m e n t ;  4, m arg ina l  p l a t e a u  (a),  i n t r a s lo p e  s m t  (b), 
a n d  c e n t r a l  sm t  (c); 5, su b m a r in e  c a n y o n ;  8,  a b y s sa l  
p la in ;  12, v o lca n ic  fe a tu re s ;  13, su b m a r in e  r idge;  15, 
f a u l t e d  t ro u g h  a n d  r idge  b a s in  c o m p le x ;  16, s u b m a 

r in e  p a s sa g e ;  17, f r a c tu re .  A b b re v ia t io n s :  B S ,  B a r 
o n ie  S m t ;  C B ,  C o r s ic a  B a s in ;  C e B ,  C efa lu  B as in ;  E l,  
E lb a  is land ;  E R ,  E lb a  R id g e ;  E V ,  A eo l ian  vo lcan ic  
is les ;  F C ,  F ag l ia  C e n t r a l e  ( C e n t r a l  F a u l t ) ;  F G S ,  Fla- 
vio  G io ia  S m t ;  IS ,  I c h n u s a  S m t ;  M B ,  M o n te c r i s to  
B as in ;  M S ,  M ag n ag h i  S m t ;  M a S ,  Marsi l i  S m t ;  P B ,  
P a o la  B asin ;  P S ,  P a l in u ro  S m t ;  S B ,  S a rd in ia  B asin ;  
S V ,  S t ro m b o l i  V o lc a n o ;  U ,  U s t i c a ;  V V ,  V e su v iu s  
V o lc a n o ;  V S ,  V a v i lo v  S m t  ( se e  Fig.  1.12).

e t  a l . ,  1980). In so m e se c to r s ,  c ry s ta l l ine  or 
v o lc an ic  s t r a ta  h a v e  m e rg e d  la rge ly  ab o v e  
th e  s lope  an d  de l inea te  sha l low  b as in s  (C e 
fa lu  Basin)  o r  d e e p  f u r r o w s ,  so m e  o p e n  at 
e a c h  en d  (nea r  B a ro n ie  S e a m o u n t) .

2. O th e r  p h y s io g rap h ic  f e a tu re s  o r  m arg ins 
re s u l t  f ro m  ob lique  n o rm a l  fau lt ing  abu tt ing  
ag a in s t  a  h o rs t  a n d  g r a b e n  sy s te m .  T h e  
n o r th e rn  m arg in  o f  th e  T y r r h e n ia n  S e a  is the 
d i r e c t  so u th e rn  co n t in u a t io n  o f  th e  T u sc a n y  
la n d m a s s .  T h is  s e c to r  c o m p r i s e s  a  d e n s e  se 
ries o f  n o r th - s o u th - t r e n d in g  h o r s ts  an d  gra-

ben s  w ith  a  conf igu ra t ion  recalling  a  co n t i
n en ta l  b o rd e r la n d  (V iaris  d e  L e se g n o  et al .,  
1978; W e ze l ,  th is  v o lu m e ) .  T o  th e  w e s t ,  the 
C o rs ic a n  B a s in ,  co m p ris in g  a  th ic k  a c c u m u 
la tion  o f  C e n o zo ic  s e d im e n ts ,  is s im ila r  to 
a  relict fo re a rc  bas in  (R eh a u lt  et a l . ,  this 
vo lum e).

B o th  c a n y o n  d is t r ib u t io n  an d  axial trends  
a re  d e p e n d e n t  on  fau lt  sy s te m s .  S o m e  val
leys  en d  in m id s lo p e  b a s in s ,  w hile  o thers  
on ly  a p p e a r  o n  th e  lo w e r  s lope .  A  few  T y r 
rh en ia n  c a n y o n s  su c h  as  O ro se i  C a n y o n ,
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F i g .  1 .12 . V a v i lo v  S e a m o u n t  ( c e n 
t r a l  T y r r h e n i a n  S e a )  b a s e d  o n  m u lt i 
c h a n n e l  (S e a -B e a m )  d a ta  ( loca t ion  
s h o w n  in F ig s .  1.1 an d  1.11). C o n 
t o u r  in te rva l  100 m. T h e  m o u n t ,  
c l e a r l y  d e l in e a te d  b y  th e  3300-m 
c o n t o u r  in t h e  T y r r h e n i a n  P la in ,  is 
o n e  o f  th e  m o s t  im p o r t a n t  s e a 
m o u n t s  in th e  M e d i te r r a n e a n .  It is a 
t h i c k  tho le i i t ic  lav a  bu i ld -u p  a lo n g  a 
n o r t h - s o u t h  f r a c tu r e .  N o t e w o r t h y  
a r e  th e  w e s t - e a s t  a s y m m e t r y  o f  the  
s l o p e s ,  lo w  n u m b e r  o f  large ero- 
s i o n a l  r a v in e s ,  a n d  c ra te r l ik e  k n o b s  
o n  t h e  Crestline .

n e a r  th e  B aron ie  S e a m o u n t ,  an d  S tro m b o li  
C a n y o n  a re  s im ilar in sh a p e  to th o s e  o f  the  
W e s te rn  M e d i te r r a n e a n  Basin .

C e n tra l B a sin . T h e  d e e p  T y r rh e n ia n  b as in  se c 
to r  e x c e e d s  d ep th s  o f  3500 m o w ing  to  its o c e 
an ic  s t ru c tu re  c o v e re d  by  a  th in  s e d im e n ta ry  
c o v e r  a n d  geologica lly  r e c e n t  fo u n d e r in g  tha t  
has  p ro g re s s e d  f rom  w e s t  to ea s t  s ince  th e  M e s 
sin ian  (F a b b ri  and  C u rz i ,  1980). I ts  to p o g ra p h y  
is c h a ra c te r iz e d  by  tw o  m a jo r  fea tu re s :

1. A  flat p la in  (Fig. 1.11 A ,  1.1 IB) in th e  d e e p e s t  
p a r t  o f  the  bas in  has  r e su l ted  f ro m  tu rb id it ic

d epos it ion  d u r in g  th e  P l io -Q u a te rn a ry .  Salt 
d iap ir ism  h e r e  is less  a c t iv e  th a n  in th e  W e s t 
e rn  M e d i te r r a n e a n .  N o  d e e p - se a  fans  have  
dev e lo p e d  a l th o u g h  an  a b u n d a n t  s e d im e n 
ta ry  supp ly  a s  b e e n  p rov ided  f rom  th e  A p e n 
nines.

2. L a rg e ,  a s y m m e tr i c  m o u n ts  an d  ridges (Fig. 
1.11 A) e m e r g e  a b o v e  the  flat seafloor .  T h e s e  
a re  genera lly  e lo n g a te d  an d  o r ien ted  N 10°W , 
parallel to  m a jo r  d is ten s io n  fault t r en d s .  
S o m e  are  t i l ted  co n t in en ta l  c ru s t  b locks ,  
o th e rs  a re  v o lc a n ic  fe a tu re s ,  s o m e t im e s  o f  
tholeiit ic o rig in  (V avilov  M o u n t ,  2600 m.
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Fig. 1.12, and  Marsili high, 3000 m), rising 
a b o v e  th e  bas in  floor.

Concluding Remarks

A  few  o f  th e  sa lient po in ts  ra ised  in th is  c h a p te r
c a n  be  su m m ar ize d  as follows:

1. S he lves :  T h e  gene ra l ly  na r row  n a tu re  o f  
M e d i te r r a n e a n  con t in en ta l  she lves  a n d  var i
ab le  d e p th s  o f  she lfb reaks  are  largely a  fu n c 
t io n  o f  P l io -Q u a te rn a ry  tec ton ics .

2. S lopes:  T h e  genera lly  high s lope declivities 
m a y  ref lec t  a  re c e n t  overa ll  c o m p re ss io n  tha t  
has  a f fec ted  the  en t ire  M e d i te r r a n e a n  basin. 
A  ch a ra c te r is t ic  a t t r ib u te  resu lt ing  f ro m  geo
logically  re c e n t  te c to n ic s  is th e  o ffse t o f  the  
s lope  in to  tw o  o r  m o re  se c to rs ,  as exem pli
fied by  th e  T y r rh e n ia n  m argin.

3. C a n y o n s :  M e d i te r r a n e a n  c a n y o n s  h av e  long 
s e rv e d  as type  e x a m p le s  o f  su bm erged  V- 
s h a p e d  valleys . N e w  tech n iq u e s  (Sea-B eam , 
d e e p  su b m ers ib le  d ives) ,  h o w e v e r ,  indicate 
th a t  flat floors ,  so m e t im e s  w ide and  U- 
sh a p e d  in profile (V a r  C a n y o n ,  fo r  exam ple ) ,  
o f ten  prevail .  A s  to th e i r  m o rpho logy ,  som e 
c a n y o n s  a p p e a r  to  h ave  b e e n  cu t  by  subaeria l 
e ro s io n  du r ing  th e  M e ss in ia n  an d  th e n  su b se 
q u en t ly  modified by  Q u a te rn a ry  deepening .

4. C o n t in e n ta l  r ise: T h e  tw o  largest s e d im e n 
ta ry  d e p o c e n te r s ,  th e  R h o n e  an d  N ile  cones ,  
a re  co m p o s i te  su b m a r in e  de l tas  fo rm e d  by 
s u p e rp o se d  fans .  C lass ic  levees  and  lobes are 
m u c h  b e t t e r  d e v e lo p e d  o n  the  R h o n e  deep- 
s e a  fan  th a n  on  th e  N ile  C one .

5. A c t iv e  c o m p re s s iv e  m arg ins:  N e w  te c h n o l 
ogy ,  S e a -B e a m  s u rv e y s  in p a r t icu la r ,  show  
th e  g rea t  p h y s io g rap h ic  com p lex i ty  o f  M e d i
t e r r a n e a n  tec ton ic  a rc s .  T h e  H ellen ic  
T re n c h ,  fo r  ex a m p le ,  is no t  on e  co n t in u o u s  
t ro u g h  as o f ten  d e p ic te d  in som e typ ica l  P a 
cific a rc s  b u t  c o n s is ts  o f  a  se ries  o f  deep , 
va r iab ly  sh a p e d  an d  d is t r ib u ted  s truc tu ra lly  
s e p a ra te d  bas ins .

6. D e e p -s e a  floor: E a c h  o f  th e  th ree  m a jo r  bas in  
sy s te m s  d e s c r ib e d  h e re in  (W es te rn  M e d i te r 
r a n e a n ,  T y r rh e n ia n  S e a ,  Ion ian  S e a - L e v a n -  
tine) c o n s t i tu te s  a  d if fe ren t  m o rpho logy .  T h e  
I o n ia n - L e v a n t in e  B as in ,  reco rd ing  effec ts  o f  
long - te rm  c o m p re s s io n ,  is c h a ra c te r iz e d  by  a 
“ y o u th fu l”  ( sh a rp ,  sm all ,  high-relief,  b ro 

ken) to p o g ra p h y .  T h e  W e s te rn  M e d i te r r a 
n e a n  b as in ,  in c o n t r a s t ,  d isp lays a  v as t ,  
s m o o th e r  su rface  fo rm e d  by  gravity-f low  d e 
pos i ts  locally  d e f o r m e d  by  salt tec ton ics .  The  
sm all plain su r fa ce  o f  th e  T y rrh e n ia n  Basin  is 
c o v e re d  by  a  re la t iv e ly  th in  se d im en t  se ries  
th a t  has  no t  yet b u r ie d  n u m e ro u s  o ffse t and  
t i l ted  co n t in en ta l  b lo c k s  an d  subm arine  vol
can o es .

In  1972, D .J .  S ta n le y  ap t ly  su rn a m e d  the 
M e d i te r r a n e a n  S e a  a  “ m o d e rn  sed im en ta t ion  
l a b o r a to r y . ”  O u r  o v e rv ie w  show s,  o nce  again ,  
th a t  its co m p lex  p h y s io g ra p h y  offers a  m a g 
n if icen t field fo r  m o rp h o g e n e t ic  s tu d y ,  p a r t ic u 
la rly  s ince  th e  M e d i te r r a n e a n  has  und e rg o n e  
a lm o s t  c o n t in u o u s  “ m e ta m o rp h o s i s ”  since 
J u ra s s ic  t im e. A s a  re s p o n s e  to th e  s t ru c tu ra l  
f ra m e w o r k ,  fo r  e x a m p le ,  th e  T un is ian  P la te a u -  
P e lag ian  S e a  is c o n t in u in g  to  b re a k  ap a r t .  The  
A d r ia t ic  S e a  is d e fo rm e d  b e tw e e n  th e  evolv ing  
A p e n n in e  a n d  D in a r id e  cha in s .  C on tinen ta l  
s lo p e s  r e c o rd  d if fe ren t  s tages  o f  evo lu tion : 
c o m p le x ,  b r o k e n  con f igura t ion  in young  d is te n 
sion  T y r r h e n ia n  m a rg in s ;  h igh decliv ity  in som e 
W e s te rn  M e d i te r r a n e a n  B asin  s e c to rs ,  p r o b a 
b ly  o w ing  to  r e c e n t  c o m p re s s iv e  m o v e m e n ts  
(M au ffre t  et a l . ,  1981); an d  d iso rgan ized  high- 
r e l ie f  f e a tu re s  th a t  c h a ra c te r iz e  m uch  o f  th e  te c 
h n i c a l l y  a c t iv e  ( largely c o m p re s s iv e  d e fo rm a 
t ions)  E a s t e r n  M e d i te r r a n e a n  margin.

S im ila r  su c c e s s iv e  s tages  a re  re c o rd e d  by  the  
d e e p - s e a  floor. D e e p  p o r t io n s  o f  the  recen tly  
r i f ted  T y r r h e n ia n ,  fo r  e x a m p le ,  d isp lay  n u m e r 
o u s  s e a m o u n ts  fo rm e d  b y  b o th  c ry s ta l l ine  and  
v o lc an ic  se ries .  In  c o n t ra s t ,  bas in  re l ie f  fea tu re s  
o f  th is  ty p e  in th e  W e s te rn  M e d i te r r a n e a n  Basin  
a re  m a n tle d  b y  th ic k  h o r iz o n ta l  se d im e n ta ry  
la y e r s  ( A u z e n d e  e t  a l . ,  1972, 1975a, 1975b; 
M a u ff re t  et a l . ,  1981). T h e  surficial co v e r  o f  the  
E a s t e r n  M e d i te r r a n e a n  R idge ,  o n  th e  o th e r  
h a n d ,  is p ro g re ss iv e ly  d e fo rm e d  by  su b d u c t io n  
p r o c e s s e s .  O u r  m o rp h o g e n ic  classifica tion  m ay 
p e r h a p s  b e  u se d  to  help  ev a lu a te  ch an g es  in
d u c e d  by  th e  p ro g re ss iv e  d is a p p e a ra n c e  o f  the  
M e d i te r r a n e a n  Basin.
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