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ABSTRACT I

A detailed geom orphological and  sedimentological study has been  perform ed  at a  tidal sandbank, which has been Hillii«» dredged during 30 years. Localised intensive aggregate extraction created a depression in  the central part of the
sandbank, upon which the Governm ent decided to close this section of the bank for fu rther exploitation. Multibeam 
and sicle-scan sonar technology was used to survey the bank, in com bination with extensive ground-trathing. Autom ated 
seabed classification was perform ed, but showed no direct correlation with the m ean grain-size; the primary drivers 
influencing the classification being the sorting of the sediments, the presence of shells and of fine sediments. Very- 
high resolution seismics revealed the internal architecture of the bank. In the central depression, the upper unit is 
locally severely dredged.
The central depression is characterized by distinct morphoseclimentary facies, com pared to the western and eastern part 
of the bank and the Kwinte swale, adjacent of it. The difference between the western and the eastern part is essentially due 
to different tidal current characteristics, each having their particular seclimentation-erosion patterns. These processes 
seem to be rather stable, though the evolution of the sediments in the central depression shows similarities with the 
Kwinte swale sediment evolution.
Since th e  d ep ress ion  is som ew hat ob lique  to  th e  n o rm al Crestline, it now  form s an  o p e n  tran sp o rt pathw ay fro m  th e  
swale u p  to th e  crest o f  th e  sandbank . T his led  to a canalization  o f  th e  flo o d  c u rre n t w hich  is w itnessed  m ostly  by th e  
no rth w ard s a n d  faster p ro g ression  of beclform s. B ecause o f  th e  d ifference  in  se d im e n t characteristics betw een  the  
d re d g e d  m ateria l a n d  th e  p resen t-day  supply  o f  sand, it is unlikely  th a t n a tu ra l processes will be  able to  co u n te rb a lan ce  
th e  severe d red g in g  activities.
Moreover, the presence of the central depression is located close to the kink of the sand bank, which is influenced by a 
high-energy hydrodynamic regime. Its presence could intensify the current action in this area and could enhance the 
evolution of the bank.
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IN T R O D U C T IO N

N u m e ro u s  su b tid a l  s a n d b a n k s  a n d  d u n e s  (senso  A s h l e y , 
1 9 9 0 )  cover th e  sea  floor of th e  E n g lish  C h a n n e l a n d  th e  B e l­
g ian  C o n tin e n ta l  Shelf. Som e of th e s e  s a n d b a n k s  a re  e x p lo ited  
o r a re  lo ca ted  n e a r  n a v ig a tio n  c h an n e ls ; a s  such, th e i r  d y n a m ­
ics a n d  fo rm a tio n  h a v e  g iven  r ise  to  n u m e ro u s  s tu d ie s  (e.g. 
C a s t o n , 1 9 8 1 ; C a s t o n  a n d  S t r id e , 1 9 7 0 ; D e l e u  et al., 2 0 0 4 ; 
E is m a , J a n s e n , a n d  V a n  W e e r in g , 1 9 7 9 ; H o u b o l t , 1 9 6 8 ; K irby  
a n d  O e l e , 1 9 7 5 ; L a b a n  a n d  S c h Ot t e n h e l m , 1 9 8 1 ; L e  B o t  et al., 
2 0 0 0 ;  L e  B ot  a n d  T r e n t e s a u x , 2 0 0 4 ;  S t r id e , 1 9 8 8 ; T r e n t e s a u x  
et a l ,  1 9 9 4 ; V a n  L a n c k e r  a n d  J a c o b s , 2 0 0 0 ;  V in c e n t , S t o l e  a n d  
P o r t e r , 1 9 9 8 ; a n d  W il l ia m s  et a l ,  2 0 0 0 ) .

O ff th e  B e lg ia n  coast, som e p a r ts  o f th e  s a n d b a n k s  a re  
d re d g ed  in te n siv e ly . T h e  e x p lo ita tio n  of m a r in e  s a n d  b e g a n  in  
1976 and , fro m  1979 o n w ard s, th e  e x tra c tio n  a c tiv it ie s  h a v e
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b e e n  m o n ito red . T h e  a n n u a l  e x tra c tio n  evo lved  g rad u a lly , 
fro m  370 ,000  m 3, in  1979, to  l ,7 0 0 ,0 0 0 _ m 3, in  th e  m id d le  o f th e  
1990’s. In  2001, th e  e x tra c tio n  ex ceed ed  1,900,000 m s; h o w ­
ever, th e  la s t  2 y ea rs , th e  p ro d u c tio n  h a s  s ta b iliz e d  a ro u n d  
1 ,600,000 m 3 (D e g r e n d e l e  et a l ,  th is  vo lum e).

O ne of th e  sa n d b a n k s , th e  K w in te  B an k , h a s  b e e n  e x p lo ited  
in te n s iv e ly . In  fact, tw o  a re a s , lo ca ted  on th is  b a n k , re p re s e n t  
25 % of th e  to ta l  e x tra c tio n  on  th e  B e lg ia n  c o n tin e n ta l  shelf. 
O n e  of th e s e  a re a s  co rre sp o n d s  to  th e  “c e n tr a l  d e p re ss io n ” 
(D e g r e n d e l e  et a l ,  t h i s  vo lum e); i t  h a s  a  d e p th  o f 5 m, is  700 
m  w id e  a n d  1 k m  long, a n d  is  lo ca ted  in  w a te r  d e p th  a t  a ro u n d  
10-15 m  M LLW S (M ean  L o w est Low W a te r  a t  S p rin g s) (F ig ­
u r e  1.). S ince F e b ru a ry  2003, th e  m a r in e  a g g re g a te  e x tra c tio n  
h a s  b e e n  p ro h ib ite d  a t  th is  p a r t ic u la r  location , b e c a u se  o f th e  
c re a tio n  o f a  m o re  t h a n  5 m  d e p th  fo rm atio n , for a  d u ra tio n  of 
3 y ea rs , a llo w in g  a  p o te n tia l  reco v e ry  of th e  a rea .

T h e  c lo su re  o f th e  d e p re ss io n  h a s  led  to  in c re a s e d  e ffo rt to  
s tu d y  th e  e n v iro n m e n ta l  im p a c t o f s a n d  e x tra c tio n  ac tiv itie s . 
T h e  a im  of th is  p a p e r  is  th e  g e o -en v iro n m e n ta l c h a ra c te r is a ­
t io n  of th e  c e n tra l  d ep ress io n . S ince  th e  d re d g in g  o ccu rred
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F igu re  1. Location of th e  K w inte B ank  a n d  th e  d ifferen t m easu rem en t 
an d  sam pling  areas . Left: B a thym etric  m ap of th e  B elgian con tin en ta l 
sh e lf (R enard  C en tre  of M arine  Geology. G hen t LTniversity). R ight: 
B a th y m etry  of th e  K w inte B ank  (Fund  for S an d  E xtraction), 
an d  location of th e  p re sen ted  geophysical a n d  sedim entological 
m e a su re m e n ts .

n e a r  th e  c re s t o f th e  b a n k , i t  w a s  im p o r ta n t  to  e v a lu a te  w h e th ­
e r  th is  h a d  a n  effect on  th e  m o rp h o se d im e n ta ry  b e h a v io u r  of 
th e  d iffe re n t p a r ts  o f th e  sa n d b a n k . K now ledge  w as  n e e d e d  on 
th e  g ra in -s iz e  d is tr ib u tio n s  in  th e  a rea , b o th  fro m  a (re)so u rce  
p e rsp ec tiv e , a s  w ell a s  fo r th e  e v a lu a tio n  of th e  se d im e n ta ry  
m a te r ia l  in  t r a n s p o r t .  T h e  s tu d y  of th e  m o rp h o lo g y  focuses on 
th e  b e d fo rm s a n d  th e  e ffec ts  d re d g in g  h a v e  u p o n  th e se . In d i­
rectly , th e  s tu d y  of th e  se d im e n ta ry  e n v iro n m e n t can  p ro v id e  
in d ic a tio n s  o f w h a t  e x te n t  th e  e x tra c tio n  h a s  a lte re d  th e  se d i­
m e n t t r a n s p o r t  p a t te rn .  T h e  r e s u l ts  allow  h a v in g  a  f i r s t  im ­
p re ss io n  of th e  p o ss ib le  re g e n e ra t io n  of th e  d ep ress io n , a f te r  
i ts  c lo su re  for ex tra c tio n .

T h e  s tu d y  is  b a se d  on th e  r e s u l ts  o f h ig h -re so lu tio n  a co u s­
tic  tools, su ch  a s  s id e -scan  so n a r  a n d  m u ltib e a m . M a n u a l a n d  
a u to m a te d  se a b ed  c la ss if ic a tio n  w a s  p e rfo rm ed ; th e s e  w ere  
c a l ib ra te d  w ith  se d im e n t sa m p le s  (boxcores a n d  V an  V een  
g rab s) a n d  v ideo  im ag e ry . C o n c lu s io n s a re  d ra w n  on th e  p e r ­
fo rm an ce  of th o se  te c h n iq u e s  r e la te d  to  th e  c h a ra c te r iz a t io n  of 
th e  t r u e  n a tu r e  o f th e  seafloor. V e ry -h ig h  re so lu tio n  se ism ics 
w ere  u s e d  to  e s t im a te  to  w h a t  leve l o f th e  b a n k  th e  e x tra c tio n  
to o k  p lace. M oreover, i t  p ro v id es  a n  e s t im a te  o f th e  re so u rce  
p o te n tia l  a n d  i ts  h o m o g en e ity .

ENVIRONM ENTAL SETTIN G  

G eneral M orphology and Sed im entology
T h e  F le m ish  B a n k s  a re  o r ie n te d  ob liquely , in  re la tio n  to  

th e  m a x im u m  t id a l  c u r re n ts  (D e  M o o r a n d  L a n c k n e u s , 1 9 9 0 ) . 
T h e  K w in te  B an k , one  of th e  F le m ish  B a n k s , is  a  SW -N E  o r i­
e n te d  t id a l  s a n d b a n k  (F ig u re  1.). T h e  s a n d b a n k  h a s  a  h e ig h t 
of a b o u t 17 m, a  le n g th  o f ab o u t 15  km , a  w id th  v a ry in g  from

a b o u t 2 k m  in  th e  s o u th e rn  p a r t  to  a b o u t 1 k m  in  th e  n o r th ­
e rn  p a r t;  i t  show s a n  offshore  “k in k ” over i ts  m id d le  p a r t .  T he 
m in im u m  w a te r  d e p th  is  close to  -5 m  M LLW S, in  th e  s o u th ­
e rn  p a r t  of th e  b a n k  w h e re  th e  b a th y m e tr ic  p ro file s  show  a 
sm o o th  m orphology . M ost o f th e  s a n d b a n k  is  co v ered  w ith  
la rg e  to  v e ry -la rg e  d u n e s  (senso  A s h l e y , 1990) w ith  a  w a v e ­
le n g th  of s e v e ra l h u n d re d s  o f m e tre s , a  c re s t  le n g th  of se v e ra l 
te n s  o f m e tre s  a n d  a  h e ig h t  v a ry in g  b e tw e e n  1 a n d  7 in. In  
th e  n o r th e r n  p a r t,  v e ry -la rg e  d u n e s  a re  fo u n d  in  a r e a s  w h e re  
th e  m in im u m  d e p th  is  a b o u t -8 in  M LLW S. L a rg e  d u n e s  a re  
p re s e n t  a lso  in  th e  m id d le  p a r t  o f th e  b a n k ; th e i r  h e ig h t  can  
re a c h  2.5 in. T h e  m in im u m  d ep th , in  th e  sw a le s  a ro u n d  th e  
b a n k , is  o f th e  o rd e r  o f -22 in  M LLW S. T h e  c ro ss-sec tio n  o f th e  
s a n d b a n k  is  c le a rly  a sy m m e tric a l, w ith  th e  s te e p e r  sid e  (slope 
u p  to  5 %) fac in g  th e  N W  (D e  M o o r , 1985; D e  M o o r , 1986; a n d  
L a n c k n e u s  et al., 1989). T h e  g e n tle  e a s te rn  slope o f th e  b a n k  
c an  re a c h  ~2 to  3%.

A long th e  w e s te rn  slope of th e  sa n d b a n k , th e  s e d im e n ts  
co a rse n  to w a rd s  th e  n o r th , fro m  a b o u t 240 pm  u p  to  400 
pm . G en era lly , th e  e a s te rn  f la n k  is  f in e r -g ra in e d  w ith  v a lu e s  
a ro u n d  200 pm  in  th e  so u th  (L a n c k n e u s , 1989).

H ydrodynam ics and Sed im ent Transport Pattern
T h e  h y d ro d y n a m ic s  a r o u n d  th e  K w in te  B a n k  a re  c h a r a c ­

te r iz e d  b y  s e m i-d iu rn a l  t id e s  o f  a  m a c ro tid a l  r a n g e  (4-5 m  
a t  sp r in g s ) . T h e  a v e ra g e  t id a l  m o v e m e n t c o r re s p o n d s  to  a n  
e lo n g a te d  c u r r e n t  e llip se , w ith  a  s o u th w e s t - n o r th e a s t  ax is . 
T h e  flood p e a k  a n d  ebb  p e a k  c u r r e n t s  a r e  o r ie n te d  to w a rd s  
th e  n o r th e a s t  a n d  th e  s o u th w e s t  re sp e c tiv e ly . T h e se  t id a l  
c u r r e n t s  a r e  r o ta t in g  c o u n te r  c lo ck w ise  a ro u n d  th e  K w in te  
B a n k  (C a s t o n , 1972; D e  M o o r , 1986; H o u b o l t , 1968; a n d  
L a n c k n e u s  et a l., 1989). T h e  v e lo c ity  o f th e  su r fa c e  p e a k  
c u r r e n t s  r e a c h e s  u p  to  2 k n o ts  (1 m /s) a n d  th e  flood is  th e  
d o m in a n t  c u r r e n t  (D e  M o o r , 1986; a n d  V a n  C a u w e n b e r g h e , 
1981).

T h e  d ire c tio n  o f s a n d  t r a n s p o r t  is  l in k e d  w ith  th e  t id a l  
c u r re n ts .  O n  th e  w e s te rn  p a r t  o f th e  b a n k , th e  flood t r a n s ­
p o r ts  s a n d  to w a rd s  th e  n o r th e a s t  ( C a r e l , th is  v o lu m e). O n 
th e  e a s te r n  p a r t  o f th e  b a n k , th e  ebb is  d o m in a n t  a n d  t r a n s ­
p o r ts  th e  s a n d  to w a rd s  th e  so u th w e s t.  T h e  K w in te  B a n k  
re ce iv e s  s a n d  fro m  b o th  a d ja c e n t  sw ales, co m in g  fro m  o p ­
p o s ite  d irec tio n s , p ro v o k in g  s a n d  u p -p ilin g  to w a rd s  th e  c e n ­
t r a l  p a r ts ;  s t i l l  th e  v e r tic a l  g ro w th  is  l im ite d  b y  w av e  a n d  
s to rm  a c tio n  (C a s t o n , 1972; L a n c k n e u s  e t ai., 1989; a n d  V a n  
V e e n , 1936). T h e  s te e p  w e s te rn  slope  is  g e n e ra lly  r e g a rd e d  
e ro s io n a l, b y  th e  a c tio n  of th e  s tro n g  flood c u r re n ts  w h e re a s  
th e  g e n tle  s lope  c a n  b e  c o n s id e re d  a s  a n  a c c u m u la tin g  a re a  
(D e  M o o r , 1985; L a n c k n e u s  et ai., 1989; a n d  V l a e m in c k , G u l - 
l e n t o p s , a n d  H o u t h u y s , 1985).

G eological Background
T h e  T e r t ia ry  s u b s tr a tu m  u n d e r n e a th  th e  K w in te  B a n k  is  

com posed  of co m p act c lay  of th e  K o r tr i jk  F o rm a tio n  (for an  
overview , see  L e  B ot  et ai., 2005) a n d  is  loca lly  e ro d ed  in  th e  
sw ale , w e st o f th e  K w in te  B an k . T h e  Q u a te rn a ry  geology of 
th e  s a n d b a n k s  is  b e s t  s tu d ie d  a lo n g  th e  M id d e lk e rk e  B ank , 
lo ca ted  a d ja c e n t to  th e  K w in te  B an k . D e ta ile d  s tu d ie s  sh o w ed  
th a t  th is  s a n d b a n k  is  com posed  of sev en  u n its , e ach  h a v in g  
a p a r t ic u la r  lith o lo g ica l co m p o sitio n  T r e n t e s a u x  et al., 1993; 
T r e n t e s a u x , S t o l k , a n d  B e r n é , 1999). A  co m p ariso n  of th e  
p re se n t-d a y  m o rpho logy  w ith  th e  to p  T e r t ia ry  e ro sio n  su rface  
p ro v id es  a  ro u g h  v o lu m e e s t im a tio n  of 3 0 0 x l0 6 m 3 fo r th e  to ta l  
K w in te  B an k .
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M ETH O DO LO G Y  

M ultibeam  and Side-scan Sonar
A coustic  m e a s u re m e n ts  w e re  u n d e r ta k e n  in  J u n e  2003 

(23-27/06/2003) (RV B elg ica  c am p a ig n  ST0317; re p o rt  www. 
m u m m .ac .b e ). A  K o n g s b e r g  S im r a d  E M 1 0 0 2 S  m u ltib e a m  
e c h o so u n d e r w a s  u sed ; th i s  t r a n s d u c e r  p ro d u c es  111 b eam s, 
a r ra y e d  o v er a n  a rc  o f 150° a n d  u s e s  tw o  freq u en c ie s , 93 a n d  
98 k H z  (K o n g s b e r g  S im r a d , 19 9 9 -2 0 0 la ) . T h e  m u ltib e a m  
im a g e ry  p ro v id es  tw o  d a ta se ts :  th e  b a th y m e try  a llo w s a  d e ­
sc rip tio n  of th e  m o rpho logy  of th e  se a b ed  and , e specia lly , th e  
b ed fo rm s; th e  b a c k s c a tte r  p ro v id es  a n  e s t im a te  o f th e  n a tu r e  
o f th e  sea  floor, in flu e n ce d  m a in ly  by  se d im e n t te x tu re .  T he 
d a ta s e ts  w e re  p ro c essed  w ith  d iffe re n t so ftw a re  p ack ag es: 
N e p tu n e  (K o n g s b e r g  S im r a d , 1999-200 lb), for th e  d a ta  co rrec ­
tio n  a n d  c lean in g ; P o se id o n  (K o n g s b e r g  S im r a d , 1999-200 le), 
fo r th e  c o rrec tio n  a n d  m o sa ic in g  of th e  b a c k s c a tte r  d a ta  a n d  
T rito n  (K o n g s b e r g  S im r a d , 1999-200K1), for th e  a u to m a te d  
se a b ed  c lass ifica tio n . T h e  l a t t e r  is  a  m u lt iv a r ia te  c la ss ifica tio n

of b a c k s c a t te r  v a lu e s  a n d  u s e s  d iffe re n t s ta t is t ic a l  p a ra m e te r s  
su ch  a s  s t a n d a r d  d ev ia tio n , pace, q u a n ti le  a n d  c o n tra s t .

T he s id e -scan  sonar, a  G eoacoustics m odel 159D, w a s  d e ­
p lo y ed  a t th e  sam e  tim e  a s  th e  m u ltib ea m  d a ta . T h is  w ould  
allow  a co m p lem en ta ry  c h a ra c te riz a tio n  o f th e  b ed fo rm s a n d  
th e  n a tu r e  of th e  sea  floor. O n ly  th e  410 k H z  freq u en cy  w as 
recorded; no  in te rfe re n c e  occu rred  w ith  th e  freq u en cy  of th e  
m u ltib ea m . T he sid e -scan  so n a r  d a ta  w ere  p ro cessed  w ith  th e  
Is is  so ftw are  (T rito n  E lies). A s d e ta ile d  fu ll-coverage m u ltib ea m  
d a ta  of th e  a re a  a lre a d y  ex isted , (F u n d  for S a n d  E x trac tio n ), it 
w a s  p re fe r re d  to  space th e  tra c k lin e s  acco rd ing  to  th e  sid e -scan  
so n a r  coverage, b e in g  fa r  la rg e r  th a n  th e  one of m u ltib eam .

S edim ent Sam pling
D u rin g  th e  J u n e  2003 c am p aig n , 17 b oxcores w ere  ta k e n  

to  c a lib ra te  th e  s id e -scan  so n a r  a n d  th e  m u ltib e a m  im ag ery . 
T h re e  m o n th s  l a te r  (S e p te m b e r  2003), a  la rg e r  a re a  w as  cov­
e re d  by  120 V an  V een  g ra b  sa m p le s  w ith  a  g r id d in g  of 150 
m  in s id e  th e  d e p re ss io n  a n d  300 m  o u ts id e  it. T h is  a re a  w as 
sa m p le d  a g a in  in  F e b ru a ry  2004, O c to b er 2004  a n d  F e b ru a ry

M eters
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>me shells 
ells fragments 

libationsFine sand 
w ith coarser beds

; to medium 
1 with

Medium  sand 

Fine sand v

Medium
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g g g !
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Figure 2. Boxcore interpretation and video im agery (June 2003), in  relation to various parts of the sandbank.
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Table 1. Sum m ary o f the major sedimentological characteristics o f the four environments (September 2003) (the mean value (M) and the range (R) 
for each environment inside the sam pling area, are indicated).

E n v iro n m e n t M ean g ra in -size S o rtin g Skew ness C a rb o n a te  c o n te n t

East pa rt (gentle slope) Fine to medium sand 
(M: 281 pm, 188-489 pm)

Well to moderately-well 
(M: 0.59 0, R: 0.27-1.69 0)

Low values
(M :-0.18, R : -0.77-+0.13)

Low (M: 13%, R: 7-27 %)

Central depression Fine to coarse sand
(M: 303 pm, R: 205-552 pm)

Moderate to poor
(M: 0.72 0, R: 0.35-1.57 pm)

Variable
(M: -0.26, R: -0.64 - +0.26)

Variable (9-31%)

West flank (northern large 
to very-large dunes, top 
and steep slope)

Coarse sand (M: 541 pm, 
R:229-1219 pm)

Poor
(M: 1.04 0, R: 0.50-1.69 0)

Very variable
(M :-0.21, R : -0.70-+0.29)

High (> 40%)

Kwinte swale Fine sand
(M: 268 pm, R: 206-461 pm)

Poor
(M: 0.92 0, R: 0.48-1.68 0)

Variable
(M: -0.39, R : -0.76-+0.01)

Low (M: 14%, R: 8-21%)
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Figure 3. Sedimentological param eters obtained from the Van Veen grab samples (September 2003): A- Mean grain-size: fine sand  (light grey) 
to coarse sand (dark grey), B- Sorting: well-sorted (light grey) to poorly-sorted (dark grey), C- Skewness: enrichm ent in fine grains (white) to 
enrichm ent in coarse grains (dark grey), D- Carbonate content: low values in  fight grey and high values in dark grey.
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2005 (RV Zeeleeuw , RV B e lg ica ; r e p o r ts  a t  w w w .vliz .be  a n d  
ww w  .m um m , ac.be, re sp ec tiv e ly ) .

T h e  b oxcores w e re  ta k e n  to  v a lid a te  th e  re la tio n s h ip  b e ­
tw e e n  th e  aco u s tic  m e a s u re m e n ts  a n d  th e  t r u e  se d im e n ta ry  
c h a ra c te r  o f th e  sea  floor a n d  becom e a c q u a in te d  w ith  th e  fac ­
to rs  co n tro llin g  th e  d e fin itio n  of th e  a c o u s tica lly -d e riv ed  s e a ­
b e d  c lasses . B oxcoring  p e rm its  sa m p lin g  of th e  f ir s t  20-50 cm 
o f th e  su b su rfac e . T h e  boxcore  c o n te n t w a s  f ir s t  d e sc rib e d  a n d  
p h o to g rap h e d , a f te r  w h ich  2 su b -co res w e re  ta k e n  to  a n a ly se  
th e  s tra tif ic a tio n  a n d  th e  g ra in -s iz e  o f eac h  v e r tic a l  su b -sec ­
tio n . S e d im e n ts  w ere  s iev ed  on  a  ra c k  o f 2 m m  to  75 pm  w ith  
a Vi p h i  in te rv a l  to  p e rm it  d e ta i le d  a n a ly s is . T h e  f in a l r e s u l ts  
w e re  t r e a te d  s ta tis t ic a l ly  acco rd in g  to  F o l k  a n d  W akd  (1957); 
th is  a llo w ed  o b ta in in g  th e  m o st re le v a n t  se d im en to lo g ica l p a ­
ra m e te rs , su c h  a s  m e a n  g ra in -s ize , so r tin g  a n d  sk ew n ess . T he 
ca lc iu m  c a rb o n a te  c o n te n t w a s  d e te rm in e d  th ro u g h  calcim e- 
try . S e d im e n t g ra in -s iz e  f ra c tio n s  w e re  c la ss ified  acco rd in g  to  
th e  W en tw o rth  sca le  (W e n t w o r t h , 1922).

O n  th e  la rg e r  g rid  fram ew o rk , V a n  V een  g ra b s  w ere  col­
lec ted . T h e  p o s itio n s  o f th e  sa m p le s  w e re  d e fin ed  on  th e  b a s is  
of a  300 m  g rid  a lo n g  a  t r a n s v e r s a l  sec tio n  o v er th e  sa n d b a n k

a n d  a  150 m  g rid  in c lu d in g  th e  c e n tra l  d ep ress io n . F ro m  e ach  
g rab , a  b a g  of a b o u t 1.5 k g  w a s  ta k e n . In  th e  lab o ra to ry , th e  
b u lk  sa m p le  w as  sp lit; th e  g ra in -s iz e  a n a ly se s  w e re  s im ila r  to  
th o se  a p p lie d  to  th e  boxcore  sam p le s .

V ideo R ecording
In  J u n e  2003, v ideo  se q u e n ce s  w e re  o b ta in e d  a t  th e  sam e  

lo ca tio n s  a s  th e  boxcores. T h e  sy s te m  u se d  w as  a  S im ra d  u n ­
d e rw a te r  v ideo  c am era , m o u n te d  on  a sm a ll fram e . S a m p le s  of 
th e  v ideo  im a g e ry  w ere  ta k e n  u s in g  th e  H ollyw ood P in n a c le  
so ftw are .

Seism ics
D u rin g  th e  J u n e  2003 cam p aig n , a  b o o m er (IKB S e istec  

b o o m er/rece iv e r) w as  u s e d  to  in v e s tig a te  th e  in te r n a l  a rc h ite c ­
tu r e  o f th e  sa n d b a n k . B oom er so u rces  co m bine  h ig h  f re q u e n ­
cies w ith  a  b ro a d  sp e c tru m  a n d  a good re p e a ta b ili ty , a n d  seem  
to  offer a  good co m p ro m ise  b e tw e e n  re so lu tio n  a n d  p e n e tr a t io n  
(m ain  freq u e n c y  ~ 4  k H z  w ith  a  ra n g e  of 0 .7-7  kH z, a  re so lu tio n  
of 20 cm  a n d  a p e n e tr a t io n  of 10—20 m ). H ow ever, th e  q u a lity  
o f th e  d a ta  is  h ig h ly  w e a th e r  d e p en d e n t. T h e  d ig ita l  reco rd in g

A- Presence o f  whole shells (white).

shells shells'

September 2003 February 2004

B- Distribution o f  maximum size o f  gravel.

20 mm 
15 m m  

10 m m  

5 m m  

3 m m  

2  m m  

0  m m

0002 FpKntcint 0C\C\A

Figure 4. D istribution of the coarse fraction. Sedimentological information is wrapped onto a 3D bathym etry map. Crosses correspond to the sam pling  
stations. A- Presence o f whole shells (unbroken). They are only present along the western slope and in  the central depression. B- D istribution of the  
m aximum  size o f gravel.
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.41 . c e n tra l  d ep re ss io n

February 2004 - Flood during spring February 2005 - Ebb during neap tide
tide

F igu re  5. D istribu tion  of th e  fine-gra ined  sed im en ts (< 75 pm), 
in co rpora ted  w ith in  a 3D b a th y m etric  m ap. Crosses correspond to the  
sam pling  sta tio n s . In  F e b ru a ry  2004. th e  sam ples have  been  tak en  
d u rin g  th e  flood; th e re  is no m u d  on th e  top. In  F e b ru a ry  2005. the  
sam ples have  been ta k e n  d u rin g  th e  ebb; a fine layer of m u d  is p re sen t 
on th e  top of th e  sam ples. Top: photos of th e  sam ples.

a llo w ed  a  f u r th e r  p ro cess in g , in c lu d in g  a.o. b a n d p a s s  f i l te r ­
ing, age sca ling , d eco n v o lu tio n  a n d  sw ell f ilte r in g . S m a ll-sca le  
se ism ic  u n i ts  a n d  th e i r  b o u n d a r ie s  w e re  id en tified . T h e  lo ca ­
t io n s  o f th e  m e a s u re m e n ts  a re  sh o w n  on F ig u re  1.

RESULTS 

Sedim entological C haracterization, D erived  from  
B oxcoring, Van Veen Grabs and V ideo Im agery

S a m p le s  from  th e  b oxcores (Ju n e  2003; F ig u re  2., A n n ex  
1) a n d  from  th e  V an  V een  g ra b s  (S e p tem b er  2003; F ig u re  3.) 
show  th e  sa m e  se d im e n t c h a ra c te r is tic s  a n d  allow  to  d is t in ­
g u ish  fo u r lith o fa c ies  a lo n g  th e  c e n tr a l  p a r t  o f th e  b a n k  (loca­
t io n s  in d ic a te d  on F ig u re  2).

E a c h  of th e s e  lith o fa c ie s  h a s  specific c h a ra c te r is tic s  o f m e a n  
g ra in -s ize , so rtin g , sk e w n e ss  a n d  c a rb o n a te  c o n te n t (T ab le  1) 
a n d  c an  b e  d e sc rib e d  a s  follow s (e a s t to  w est):

1) T h e  e a s te rn , g e n tle  slope of th e  s a n d b a n k  is  c h a r a c te r ­
ise d  by  w e ll-so rted , fine  to  m e d iu m  sa n d s  (m ea n  g ra in -s iz e  of 
281 pm ). S o u th  a n d  n o r th  o f th is  c e n tra l  a rea , th e  se d im e n ts  
becom e, resp ec tiv e ly , f in e r  (+/- 190 pm ) a n d  c o a rse r  (+/- 300 
pm ). T h e  sk e w n e ss  is  c h a ra c te r is e d  by  low v a lu e s , in d ic a tin g  a 
low e n r ic h m e n t in  v e ry  co arse  o r  v e ry  fin e  se d im e n ts . T h e  c a r ­
b o n a te  c o n te n t is  g e n e ra lly  re d u ce d  to  15%, w h ils t  no  im p o r­
ta n t  in te r n a l  s t r u c tu re s  can  b e  o b se rv ed  in  th e  boxcores. T he 
v ideo  im a g e ry  show s sm a ll  d u n e s  w ith  s e d im e n ts  c o m p ris in g  
som e sh e lls  a n d  sh e ll f ra g m e n ts . No o rg a n ism s  a re  v isib le . No 
b ig  d iffe ren ces o f se d im e n t occur b e tw e e n  th e  g e n tle  slope a n d  
th e  w e s te rn  b o u n d a ry  of th e  N e g en v a a m  sw ale .

2) T he c e n tra l depression , c au sed  b y  d redging , is a  h e te ro g e ­
n eo u s  a rea . T h e  so r tin g  is  v a r ia b le  a n d  th e  sa n d  is  fine  to  coarse. 
T he in te rn a l  s tru c tu re  of th e  u p p e r  se d im e n t la y e r  show s she ll 
b ed s  of a  few m illim e tre s  th ick . In  fact, th is  facies is  in te rm e-

C- C entral depression. Large dunes (1) cross the 
depression, b u t the ir s izes d ecrease. Sm all dunes 
are p resen t in the  sw ale (2),on  th e  b ank  (3) and 
in the  depression (4).

F igu re  6. Bedform s on th e  K w inte B ank. B a th y m etry  of th e  K w inte 
B ank  (A), th e  k in k  in  th e  b a n k  (B) an d  th e  cen tra l depression  (C).

d ia te  b e tw ee n  facies o b se rv ed  on th e  w e s te rn  s teep  slope a n d  
a long  th e  g en tle  e a s te rn  slope. T h e  f irs t  facies is  found, for ex ­
am ple , n e a r  th e  so u th e rn  e x tre m ity  of th e  d ep ress io n  a n d  com ­
p r ise s  a  la rg e  n u m b e r  o f sh e lly  b e d s  (F ig u re  2.). T o w ard s th e  
g en tle  slope, th e  facies becom es m ore  hom ogeneous. S kew n ess 
is  th e  se d im e n t p a ra m e te r  t h a t  c learly  d is tin g u ish e s  th e  d e ­
p re ss io n  from  th e  g en tle  a n d  s teep  slope: it show s a  low er m ean  
v a lu e  th a n  a long  o th e r  a re a s  o f th e  sa n d b a n k . G enera lly , th e  
sk ew n ess  is n eg a tiv e , b u t  som e po sitiv e  v a lu e s  (e n ric h m e n t in 
very-fine  sed im en ts)  can  b e  fo und  a t som e p laces. T he c a rb o n ­
a te  co n te n t lies b e tw ee n  10 a n d  35 %. V ideo im ag e ry  show ed 
sh e ll f ra g m e n ts  a n d  com plete  shells , in  th e  tro u g h s , b e tw een  
th e  sm a ll dun es. T h e  c re s ts  of th e  d u n es  w ere  devoid  of shells .

3) T h e  w e s te rn  b o rd e r  of th e  c e n tra l  d e p re ss io n  a n d  th e  
s te ep  slope of th e  sa n d b a n k , a re  c h a ra c te r iz e d  by  po o rly  s o r t­
e d  se d im e n ts . L a rg e  sh e ll f ra g m e n t la y e rs  o f se v e ra l c e n tim e ­
t r e s  th ic k  occur a t  th e  b a se  a n d  a re  covered  w ith  a n  a l t e r n a ­
tio n  of f in e r  s a n d  a n d  sh e ll b e d s  o f se v e ra l m ill im e tre s  th ick . 
G en era lly , th e  sk e w n e ss  is  n e g a tiv e , b u t  low p o sitiv e  v a lu e s  
a lso  occur. T h e  s a n d  is  co arse  to  v e ry  co arse  a n d  th e  c a rb o n ­
a te  c o n te n t can  ex ceed  40 %. T h e  v ideo  im a g e ry  show s sh e ll 
f ra g m e n ts  a n d  co m p le te  she lls , m a in ly  in  th e  tro u g h s  of th e

B- E longated very-large d u n e s( l)  and  large 
dunes (2) w ith superim posed sm all dunes. 
M edium  d unes in th e  sw ale  (3).

'c en tral
depression

UTM31 -WGS84

mSXBSBM
easting (m)

A  - B athym etry o f  th e  K w inte  Bank. Location  o f  the tw o  areas (A  and  B ) en larged below.
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• com pound 
Jàrge dunes /

a rc a  subdued

boundary

H direction o f  the dune crest 
and direction o f  progradation 
o f  the dunes

a re a  subdued  
to  th e  flood

F ig u re  7. M ultibeam  b ack sca tte r  of the  "kink" a rea  of th e  K w inte 
B ank. Location of th e  a rea  is show n on F ig u re  8.

sm a ll  d u n es . G en era lly , e p ib e n th ic  f a u n a  and , in  p a r tic u la r ,  
E c h in o d e rm a ta  a re  o b se rv ed  (e.g. s ta rf ish , b r i t t le  s ta rs , a n d  
u n c o v e re d  sea  u rc h in  te s ts ) .

4) T h e  sed im en ts  of th e  sw ale, west, of th e  K w in te  B a n k  (K w in­
te  Swale), a re  poorly sorted , due  to  th e  p resen ce  of g ravel a n d  
clayey or s ilty  sed im en ts, m ixed  w ith  fine  sand . T h e  sk ew n ess is 
v a riab le . T he ca rb o n a te  co n ten t is, generally , dow n to 20 %.

O n an  o v e ra ll b a s is , th e  d is tr ib u tio n  of th e  co arse  frac tio n  (> 
3 m m , m o stly  sh e lls ) is  lim ite d  to  th e  w e s te rn  p a r t  o f th e  b a n k  
a n d  th e  c e n tr a l  d e p re ss io n  (F ig u re  4.).

A  fine  la y e r  o f m u d  can  a p p e a r  on th e  to p  o f th e  sa m p le s  
in s id e  th e  c e n tr a l  d e p re ss io n  (F ig u re  5.). T h is  occu rs  w h e n  th e

t id a l  c u r re n t  a re  v e ry  low in  th e  c e n tra l  d ep ress io n . T h is  lay e r  
w a s  sa m p le d  d u r in g  ebb a n d  s la c k -w a te r  t im e  d u r in g  a  n e a p  
tid e . So it  is  d ifficu lt to  d is t in g u ish  w h ich  cond ition , b e tw e e n  
ebb a n d  n e a p  tide , is th e  m o st im p o r ta n t. D u r in g  th e  flood, 
t h i s  la y e r  d isa p p e a rs .

Large and Sm all-Scale B ed form  M orphology  
Results from  the m ultibeam  and side-scan sonar im agery

T h e  fo u r lith o fac ies , p re v io u s ly  d esc rib ed  c o rre sp o n d  to 
p a r t ic u la r  m orp h o lo g ica l c h a ra c te ris tic s :

1) T h e  g e n tle  slope of th e  sa n d b a n k  sh o w s la rg e  s in u o u s  
d u n e s  t h a t  a m a lg a m a te  in  som e p laces . S m a ll d u n e s  cover 
t h e i r  f la n k s  (F ig u re s  6. a n d  7.).

2) T h e  c o n to u rs  of th e  c e n tra l  d e p re ss io n  a re  w ell p ro ­
n o u n ced . In te re s tin g ly , th e  la rg e  d u n e s  c ro ss  th e  c e n tra l  d e ­
p re ss io n , b u t  th e y  a re  sm a lle r  th a n  th o se  o u ts id e  th e  d e p re s ­
sio n  (F ig u re  6C.). T h e  c re s ts  o f th e  la rg e  d u n e s  w ith in  th e  
c e n tr a l  d e p re ss io n  a re  m o re  d iv e r te d  to w a rd s  th e  n o rth , t h a n  
th e  c re s ts  on b o th  s id e s  o f th e  d ep ress io n , in d ic a tin g  a m ore  
ra p id  m o v em e n t o f th e  d u n e s  in  th e  d e p re ss io n  a re a  d u e  to 
t h e i r  sm a lle r  h e ig h t.

3) T he w e s te rn  p a r t  (steep  slope a n d  crest) show s e lo n g a ted  
v e ry -la rg e  dunes, g e n era lly  w ith o u t su p e rim p o sed  sm a ll d u n e s  
(w ith in  th e  accu racy  of th e  device). In  fact, th e re  a re  tw o ty p e s  
o f la rg e  to  v e ry -la rg e  dunes: (i) h ig h e r  (up to  5 m) a n d  e longated , 
lo ca ted  close to  th e  K w in te  Sw ale  (F ig u re  6B. (1)); (ii) m ore  to ­
w a rd s  th e  n o r th  a n d  eas t, b e lo n g in g  to  th e  g en tle  slope a n d  are  
sm a lle r  (a ro u n d  2-3 m  h e ig h t) w ith  su p e rim p o sed  sm a lle r  b e d ­
fo rm s on th e i r  slope (com pound la rg e  du n es) (F ig u re  6B. (2)).

4) W ith in  th e  K w in te  Sw ale, e ro sio n a l fe a tu re s  from  c u r­
re n ts  (furrow s), o rie n te d  n o rth e a s t-so u th w e s t,  a re  lo ca ted  b e ­
tw e en  tw o fields of sm a ll to m ed iu m  dunes: th e se  d u n e s  h a v e  a 
so u th e a s t-n o r th w e s t s tr ik e  (F ig u re  6B. (3)). T h e  f irs t  d u n e  field  
ex te n d s  to w a rd s  th e  m o u th  of th e  c e n tra l  depression , w h ils t th e  
second  te rm in a te s  on th e  p a r t  of th e  s teep  slope, w h e re  th e  off­
sh o re  k in k  is p re se n t  (see above). T h e  C restline of th is  section  of 
th e  b a n k  co n sis ts  of one e lo n g a ted  v e ry -la rg e  d u n e  s tru c tu re .

easting  (m )

UTM31 -W G S84
B- M ultibeain  backscatter

location o f 
Figure 10

F ig u re  8. C om parison of th e  seabed  classification, ob ta ined  from  A- S ide-scan son a r im agery  an d  B- M ultibeam  b ackscatter. 
F ive classes hav e  been derived  from  th e  side-scan sonar im agery  (1 to 5) an d  seven ones from  th e  m u ltibeam  im agery  (A to G). 
In th e  background: b a th y m etry  of th e  K w inte B ank.
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Figure 9. Triton autom ated seabed classification (Kongsberg Simrad) 
(classes T1 to T5). Comparison with the m anual seabed classification  
(classes A  to G).

R esults from  seab ed  classification
M u ltib e a m  a n d  sid e -scan  so n a r  d a ta  w ere  u s e d  for th e  

se a b ed  c la ss if ica tio n  (F ig u re  8.)- T h e  s id e -scan  so n a r  im a g e ry  
w as  in te rp re te d , m an u a lly ; th is  h a s  led  to  th e  d e lin e a tio n  of 
6 c la sse s  (F ig u re  8A.), o c cu rrin g  fro m  s o u th e a s t  to  n o r th w e s t  
(see below ).
— C lass  1: r e p re s e n te d  b y  la rg e  d u n es, su p e rim p o se d  w ith  

sm a ll  d u n e s  a n d  a  low to  m o d e ra te  re fle c tiv ity  (g en tle  
slope);

— C lass  2: th e  sa m e  la rg e  to  v e ry -la rg e  d u n e  s tru c tu re s , b u t  
th e  re fle c tiv ity  is  s tro n g e r  (c e n tra l d e p re ss io n  a n d  a lo n g  th e  
c re s t  of th e  w e s te rn  p a r t  of th e  sa n d b a n k );

— C lass  3: sm a ll  to  m ed iu m  d u n es, w ith  a  m o d e ra te  to  s tro n g  
re fle c tiv ity  (sw ale, d u n e  field);

— C lass  4: fu rro w s  w ith  a  m o d e ra te  re fle c tiv ity  (sw ale);
— C lass  5: devo id  o f b e d fo rm s a n d  a  m o d e ra te  re flec tiv ity  

(sw ale);
— C lass  6: fie ld  of sm a ll  to  m ed iu m  d u n e s  w ith in  th e  sw ale.

A  se a b ed  c la ss if ica tio n  h a s  b e e n  p e rfo rm e d  on  th e  m u lt i ­
b e a m  b a c k s c a tte r  d a ta  (F ig u re  8B.). S im ila rly , a s  fo r th e  
s id e -scan  so n a r  b a c k s c a tte r ,  th e s e  d a ta  a re  a lso  a  fu n c tio n  of 
se v e ra l p a ra m e te r s  su ch  a s  se a b e d  se d im e n t type, ro u g h n e ss  
a n d  b ed fo rm s. No la rg e  d iffe ren ces w e re  d e te c te d  b e tw e e n  th e  
s id e -scan  so n a r  a n d  th e  m u ltib e a m  b a c k s c a tte r . S ev en  c la sse s  
w e re  d is t in g u ish e d  m a n u a lly  from  th e  m u ltib e a m  b a c k s c a tte r  
d a ta  (see below ).
— C lass  A: sam e  b ed fo rm  p a t t e r n  a s  C la ss  1 (see above) (g en ­

t le  slope), c o rre sp o n d in g  to  la rg e  dun es, su p e r im p o se d  w ith  
sm a ll  d u n es; a  low re fle c tiv ity  is  observed ;

— C lass  B: c e n tra l  d e p re ss io n  a n d  s im ila r  to  C la ss  2 (see 
above). I t  d isp lay s  a  h ig h e r  re fle c tiv ity  th a n  th e  g en tle  
slope;

— C lasse s  C a n d  F: th e  sm a ll to  m e d iu m  d u n e  fie ld s  o f th e  
sw ale  (c la sses  3 a n d  6, see  above), w ith  a  h ig h e r  re flec tiv ity  
fo r C lass  C;

— C lass  D : th e  fu rro w s  of C la ss  4 (sw ale, see  above), a  h ig h  
re fle c tiv ity  is  observed ;

— C lass  E : d iffe re n t from  C lass  5 (sw ale, see  above), a lso  a 
h ig h  re fle c tiv ity  is  seen;

— C lass  G : th e  e lo n g a te d  v e ry -la rg e  d u n es, b e in g  a  p a r t  of 
C la ss  2 (w e s te rn  p a r t:  s te ep  slope a n d  c re s t  o f th e  s a n d ­
b a n k , see  above) w ith  a  re fle c tiv ity  so m e w h a t lo w er th a n  
th e  o n e s  of C la sse s  C, D  a n d  E .

SENW
central

depression20

Kw4

Kw3Î0

Kw2
K\v

40

F igu re  10. Seism ic profile crossing  th e  cen tra l depression. 
In  th e  cen tra l depression, th e  ex trac tion  n early  affected th e  base  of the  
youngest seism ic u n it  Kw4.

T h e  a u to m a te d  se a b ed  c lass ifica tio n , b a s e d  on  th e  m u lt i ­
b e a m  b a c k s c a tte r  d a ta , a llo w ed  d isc r im in a tin g  5 c la sse s  
(F ig u re  9.). C la sse s  T l ,  T2 a n d  T3 a re  lo ca ted  m a in ly  in  th e  
K w in te  sw ale, a n d  c o rre la te  w ell w ith  th e  C la sse s  C, D a n d  E, 
b a s e d  on a m a n u a l  in te rp re ta t io n  of th e  m u ltib e a m  b a c k s c a t­
t e r  d a ta . C la sse s  T1 a n d  T2 are , also, fo u n d  on th e  e lo n g a te d  
v e ry -la rg e  d u n e s  (c lass  G). C la sse s  T4 a n d  T5 a re  s i tu a te d  in  
p a r t ic u la r  on  th e  g e n tle  slope of th e  s a n d b a n k  (C lass  A) a n d  
a lo n g  a d u n e  fie ld  in  th e  K w in te  S w ale  (C lass  F). T h e  c e n tra l  
d e p re ss io n  is  co v ered  m a in ly  w ith  C la ss  T2 a n d  so m e w h a t by  
th e  C la sse s  T l ,  T3 a n d  T4.

Internal Structure o f  the Bank
T h e  p r e s e n t  in v e s t ig a t io n  o n ly  fo c u sse d  on  th e  a re a  

a ro u n d  th e  c e n t r a l  d e p re s s io n . T h e  i n te r p r e t a t i o n  of th e  
se ism ic  p ro f ile s  a llo w e d  fo r th e  d is c r im in a t io n  of fo u r  u n i t s  
(K w l-4 )  (F ig u re  10.). T h e  o ld e s t  o nes, K w l a n d  K w 2, a re  
b o u n d e d  b y  e ro s iv e  re f le c to rs  w i th  m e d iu m  to  good co n ti-

  :__
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Table 2. Correlation between the backscatter, the sea-floor classification a n d  the sedimentological a n d  morphological characteristics.

Sediment type High silt content (> 5 %) High carbonate content
Fine to medium well- 
sorted sand (sandbank)

Poorly-sorted, fine to 
medium sand (swale)

Morphology (bedforms) Sm all dunes, furrow s E longated  very  large dunes Compound large dunes No bedform s

Classes C-D G A E
B ackscatter

V alues High High Low M edium

A utom ated  sea-floor classification T1 T2 T4-T5 T3

Side-scan sonar ,3-4 O utside the  area 1 5

n u i ty .  T h e  in te r n a l  s t r u c tu r e  o f K w l is  c o m p o sed  o f som e 
h ig h -a m p li tu d e  a n d  low  d is c o n tin u i ty  re fle c to rs . K w 2 sh o w s 
c h a n n e l- s h a p e d  s t r u c tu r e s ,  a l t e r n a t in g  w ith  m o re  l in e a r  r e ­
f lec to rs . K w 3 h a s  a  b a n k - s h a p e d  fo rm  a n d  p r e s e n t s  som e 
re f le c to rs  p a r a l le l  to  i t s  s lo p e s . K w 4 c o r re sp o n d s  to  th e  
b a n k  its e lf .  I t  is  c o v e re d  b y  d u n e  s t r u c tu r e s  a n d  s m a lle r  
b e d fo rm s . T h is  u n i t  is  a b o u t  5 to  7 m  th ic k . In  t h is  p a p e r , 
o n ly  th e  re le v a n c e  of th e  d a ta  w ith  re s p e c t  to  th e  im p a c t  of 
a g g re g a te  e x tr a c t io n  is  d isc u sse d .

D ISC U SSIO N  

M ethod ologies - Interrelationship o f  the A coustic  
T echniques

T h e  b a c k s c a tte r  d a ta  from  a 95-98 kH z  m u ltib ea m  echoso- 
u n d e r, su ch  a s  th e  EM 1002, can  p ro v ide  a n  e s tim a te  of th e  n a ­
tu re  of th e  su rfic ia l se d im en ts . F o r  a  m u d d y  seabed, th e  s ig n a l 
is s tro n g ly  ab so rb ed  a n d  th e  v a lu e s  of th e  b a c k s c a tte r  a re  low. 
On a rocky o r g rav elly  seafloor. th e  s ig n a l is  s tro n g ly  re flec ted  
a n d  th e  v a lu e s  of th e  b a c k s c a tte r  a re  h igh . A  fla t seab ed  or a r ­
e a s  w ith  w e ll-so rted  se d im e n ts  re flect less  th e  s ig n a l th a n  a 
ro u g h  seab ed  o r th a n  p o o rly -so rted  sed im en ts . O th e r  fac to rs  
c o n tr ib u tin g  to  th e  v a lu e  of th e  b a c k s c a tte r  re la te  m a in ly  to 
se d im e n t com paction  a n d b io tu rb a t io n  (e. g. F e r r in i  a n d  F l o o d , 
2006: H u g h e s  C larke  et al., 1997; a n d  N it s o h e  et al., 2004).

F o r  th e  p r e s e n t  d a ta se ts ,  th e  m u lt ib e a m  b a c k s c a tte r  d a ta  
ra n g e  b e tw e e n  - 4 0  a n d  -1 0  dB. T h is  ra n g e  a p p e a rs  to  depend , 
a t  a  f irs t  a p p ro x im a tio n , u p o n  th e  sea  floor ro u g h n e ss  (th e  
p re se n c e  of sm a ll  bed fo rm s), so r tin g  a n d  p re se n c e  of shell. 
V a r ia t io n s  in  th e s e  th r e e  p a ra m e te r s  c o rre la te  w ell w ith  th e  
b a c k s c a tte r  d ifferen ces. C o a rse  se d im e n t is  fo u n d  in  th e  sw ale  
w h e re  th e  re fle c tiv ity  is g e n e ra lly  h ig h  (C lasse s  C, D a n d  E) 
a n d  on th e  e lo n g a te d  v e ry -la rg e  d u n e s  (C lass  G). w h e re a s  f in ­
e r  s e d im e n ts  a re  fo u n d  on th e  g e n tle  slope (C lass  A), a n d  on 
th e  fie ld s  o f th e  sm a ll  to  m ed iu m  d u n e s  (C lass  F), w h e re  th e  
re fle c tiv ity  is  low.

T h is  p a t t e r n  c o rre sp o n d s  on  th e  s id e -sc an  so n a r  im a g e ry  
to  th e  low re fle c tiv ity  o f C la ss  1 a n d  th e  h ig h e r  re fle c tiv ity  of 
C la sse s  2 a n d  3 a n d  4.

A lth o u g h , th e  re fle c tiv ity  of th e  m u ltib e a m  c o rre la te s  a p ­
p ro x im a te ly  w ith  th e  m e a n  g ra in -s ize , th e  r e s u l ts  o f th e  sea  
floor c la ss ifica tio n  (T riton ) do n o t ex ac tly  r e p re s e n t  th is  p a r ­
t ic u la r  p a ra m e te r .  T h e  r e s u l ts  show  th a t  th e  T rito n  a u to ­
m a te d  se a b ed  c la ss if ica tio n  is  m ore  se n s it iv e  to  th e  c o n te n t in  
she lls , in  fine  s e d im e n t (C lasse s  T1 a n d  T3) a n d  in  th e  s o r t ­
ing: fo r ex am p le , th e  d iffe ren ce  b e tw e e n  C la sse s  T3 a n d  T4-T5 
re p re s e n tin g  fin e  to  m e d iu m  san d , b u t  poor a n d  w e ll-so rte d  
s a n d  re sp ec tiv e ly . C la sse s  T1 a n d  T2 r e p re s e n t  th e  c o a rse s t 
se d im e n ts .

transport o f  fine  sedim ents 
tow ards the  gentle slope: sorting

FLOOD: 
t h e  s t ro n g e s t transport o f  sand, sh ells  

and gravel

1 0 0  m
strong  cu rren t into the  central depression: 
no deposition, only transport and m aybe erosion 
C rests o f  large dunes m ove northw ards

shelly  sand

SE
E B B : w e a k e r  b u t  lo n g e r  

—  d u r a t io n  c u r r e n t

transport o f  fine sedim ents 
tow ards the  steep slopem obile layer

abovi

1 0 0  m,  w eak  current into the  central depression w hich 
,  becom es a p rotected area:
■ possib le  m ud deposition ,

coarse  and , 
shelly  sandi

E n v .2 : ¡
c h a n n e l  ■ s te e p  s lo p e  ■

E n v .4 : 
g e n tle  s lo p e

E n v .3 : 
c e n t r a l  d e p re s s io n

E n v .l :
c h a n n e l

F ig u re  11. C onceptual m odel o f th e  se d im e n ta ry  dynam ics associated  
w ith  th e  cen tra l depression  of th e  K w inte B ank d u rin g  flood (top) an d  
ebb (bottom) tide. Env. = environm ent.

In  su m m ary , C la sse s  A /T4-T5 c o rre sp o n d  to  fine  to  m ed iu m  
w e ll-so rte d  san d . H ow ever, p ro b lem s a p p e a r  w ith  th e  o th e r  
c la s se s  co rre sp o n d in g  to  m o d e ra te  a n d  poorly  so r te d  san d . 
F o r  e x am p le  C la sse s  C a n d  D /T1-T2 c o n ta in  a m ix tu re  o f fine  
san d , g ra v e l a n d  silt. T h ey  show  aco u s tic  c h a ra c te r is tic s  s im i­
la r  to  th o se  of C la ss  G, fo rm ed  b y  co arse  sh e lly  san d . In  fact, 
C la ss  T1 seem s to  b e  m o re  se n s itiv e  to  th e  s il t  c o n te n t a n d  
C la ss  T2 to  th e  c a rb o n a te  co n te n t. C la ss  T3, fo u n d  w ith in  b o th  
of th e  sw a le s  (C lass  E) c o rre sp o n d s  p ro b a b ly  to  fine  to  m ed iu m  
poorly  so r te d  s a n d  (C e u l e n e e r  a n d  L altwaert, 1987). T h e  d if­
fe re n t  c la sse s  a n d  th e i r  p o ss ib le  in te rp re ta t io n  a re  su m m a ­
rise d  in  T ab le  2.

T h e  r e s u l ts  o f th e  sea  floor c la ss if ic a tio n  d e lin e a te  th e  r e ­
g ion of th e  c e n tra l  d e p re ss io n  a s  b e in g  com posed  of h e te ro g e ­
n e o u s  se d im e n ts . T h is  is in  acco rd an ce  to  th e  sed im en to lo g ica l 
re su lts ,  b a se d  on sam p lin g . T h e  c a rb o n a te  c o n te n t is  g e n e ra lly  
le s s  t h a n  20 %. T h e  h ig h e r  re fle c tiv ity  of th e  c e n tra l  d e p re s ­
sion  is a lso  in flu e n ce d  by  a m o re  co m p act n a tu r e  of th e  se d i­
m e n ts . W h e th e r, th is  is  d u e  to  a n  e a r ly  co m p actio n  d e c re a s in g
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th e  p o ro sity , a  so m e w h a t s tro n g e r  c u r re n t  a c tio n  o r p e rh a p s  
th e  ex te n s iv e  d re d g in g  t h a t  ex p o sed  m o re  c o n so lid a ted  se d i­
m e n t r e m a in s  to  b e  in v e s tig a te d .

Interpretation o f  the Four L ithofacies
A ro u n d  th e  c e n tr a l  d ep ress io n , fo u r lith o fa c ies  w ere  id e n t i ­

fied, e ach  w ith  i ts  specific  sed im en to lo g ica l a n d  m orp h o lo g ica l 
c h a ra c te r is tic s . T h e  fin d in g s  a n d  th e i r  in te g ra t io n  w ith  th e  
g o v e rn in g  h y d ro d y n a m ic  c h a ra c te r is tic s  a re  sh o w n  in  F ig u re  
1 1 .

T he Kwinte Swale
H e te ro g e n e o u s  se d im e n ts , com posed  of fin e  to  m ed iu m  

s a n d  c o n ta in in g  a c o n s id e ra b le  a m o u n t o f sh e lls  a n d  e p ib e n th -  
ic fa u n a , fo rm  th e  K w in te  Sw ale . T h e  s il t  c o n ten t, o ften  h ig h e r  
th a n  5 %, to g e th e r  w ith  co arse  g ra v e l w a s  sa m p le d  on th e  
seab ed . T h is  d is tr ib u tio n  p a t t e r n  a p p e a rs  to  b e  r a th e r  stab le , 
ex cep t for som e sp o ra d ic  h ig h -e n e rg y  ev en ts . P re v io u s  s tu d ie s  
(C e u l e n e e r  a n d  L a u w a e r t , 1987) h a v e  in d ic a te d  t h a t  th e  v a l­
u e s  o f th e  c lay  a n d  g ra v e l c o n te n ts  w ith in  th e  sw a le s  b e tw e e n  
th e  F le m ish  b a n k s  c an  b e  h ig h  a n d  th e  a d m ix tu re  r e s u l ts  in  
th e  o ccu rren ce  of po o rly  so r te d  san d . S tro n g  c u r re n ts  can  lea d  
to  th e  fo rm a tio n  of e ro s io n a l fu rro w s, e ro d in g  th e  u n d e r ly ­
in g  T e r t ia ry  c lay  a n d  p re -H o lo cen e  s to n e s  (e sse n tia lly  flin ts). 
U n d e r  h ig h -e n e rg y  ev en ts , th e s e  can  b e  t r a n s p o r te d  to w a rd s  
th e  b a n k s . M oreover, a s  th e  b a n k s  a re  ob liq u e  (up to  20°) to  
th e  t id a l  e llip ses, s e d im e n ts  t h a t  a re  e ro d ed  in  th e  sw ale  a re  
tr a n s p o r te d  to w a rd s  th e  b a n k . W ith  su ffic ien t sa n d  av a ilab le , 
d u n e  fie ld s fo rm  in  specific  a rea s .

W estern part o f  the sandbank, steep  slop e and crest
H e te ro g e n e o u s  m ed iu m  to  co arse  sh e lly  s a n d  c h a r a c te r ­

izes  th e  s e d im e n ts  of th e  e lo n g a te d  v e ry -la rg e  d u n e s  a lo n g  
th e  w e s te rn  p a r t  of th e  sa n d b a n k . T h e  s tro n g  c u r re n ts  in  th is  
a rea , g en era lly , p ro v o k e  ero sio n  a lo n g  th e  s te e p  slope. T h e  e ro ­
s io n a l n a tu r e  o f th is  s te ep  slope is  c le a rly  sh o w n  w h e n  e ro sio n  
a n d  d ep o sitio n  a re a s  a re  m o d e lled  (B r iÈr e  et al., t h i s  vo lum e; 
a n d  V a n  d e n  E y n d e  et al., th is  vo lum e). T h e  s tro n g  c u r re n ts  
on th e  s te e p  slope (V a n  d e n  E y n d e  et al., t h is  vo lum e) allow  a n  
ac tiv e  t r a n s p o r t  of sh e lls  a n d  co arse  m a te ria l,  w h ich  is  p ro b ­
ab ly  com m on a lo n g  th e  e ro siv e  w e s te rn  flan k . T h is  t r a n s p o r t  
a p p e a rs  to  e x te n d  u p  to  th e  d ep ress io n , sh o w ed  b y  th e  co arse  
frac tio n  p a th w a y  (F ig u re  4.). T h e  e a s te rn  f la n k  of th e  c e n tra l  
d e p re ss io n  seem s to  fo rm  a  b o u n d a ry  fo r th e  p ro g re ss io n  of 
th e  co arse  frac tio n s . M oreover, th e  t r a n s p o r t  p ro cess  lik e ly  d e ­
s tro y s  th e  she lls . T h ey  f in ish  u p  a cc u m u la tin g  on th e  n o r th e rn  
e lo n g a te d  v e ry -la rg e  d u n es, w h e re  th e  sh e ll f ra g m e n t size is 
q u ite  h o m o geneous.

T he central d epression
T h e  c e n tra l  d e p re ss io n  sh o w s p a tc h e s  o f fine- to  c o a rse ­

g ra in e d  se d im e n ts ; a s  su c h  it  is  a n  in te rm e d ia te  a re a  b e tw e e n  
th e  h e te ro g e n e o u s  a n d  p o o rly -so rted  sa n d s  o f th e  w e s te rn  f lan k  
a n d  th e  fine- a n d  w e ll-so rte d  sa n d s  of th e  g e n tle  slope. B efore  
d red g in g , i t  is  lik e ly  to  h a v e  b e e n  a sso c ia te d  w ith  s im ila r  se d i­
m e n ta tio n  a s  a lo n g  th e  w e s te rn  sid e  (B o n n e , 2003; V a n o s m a e l  
et al., 1982), s ince  th e  a re a  w a s  a fo rm er C restline  o f th e  K w in ­
te  B an k . N o tew o rth y , a re  th e  v e ry -la rg e  d u n e s  t h a t  a re  c le a rly  
lo w er in  h e ig h t  in  th e  d e p re ss io n  th a n  o u ts id e  of it, th o u g h  
th e  s tr ik e  o f th e  d u n e s  is  c o n tin u o u s  from  th e  w e s te rn  p a r t  up  
to  th e  e a s te rn  p a r t .  F ro m  t im e -se r ie s  o f m u ltib e a m  im a g e ry  
(D e g r e n d e l e  et al., t h i s  vo lum e), i t  h a s  b e e n  sh o w n  th a t  in  th e  
d ep ress io n , th e  d u n e  sec tio n s  h a v e  a  h ig h e r  r a te  o f m obility .

F igu re  12. C aston 's hypo thesis on th e  evolution of th e  Norfolk B ank 
(Caston, 1972) ad ap ted  to th e  F lem ish  B anks. The m orphology of 
th e  K w inte B ank  is sim ilar to S tage B condition. A: sing le  ban k , B: 
fo rm ation  of a k in k  on th e  steep  slope, C: en la rg em en t of th is  k ink  
u nder tid a l cu rre n t action, D: se ttin g  of two san d b an k s, E: con tinuation  
of th e  process w ith  th e  in itia tio n  of a th ird  sand b an k , an d  E: th ree  
sandbanks.

T h is  m ay  allow  a n  e a s ie r  p a s sa g e  of th e  c u r re n ts  (F ig u re  11.) 
a n d  hence , a n  in c re a s e d  e ro s io n  p o te n tia l  m ig h t b e  e x p ec te d  in  
th is  a re a . D e g r e n d e l e  et al. ( th is  vo lum e) o b se rv ed  a  d e e p e n ­
in g  of 0.8 m  b e tw e e n  1999 a n d  2003 a n d  e ro s io n  p ro c esse s  a re  
s ti ll  e v id en ced  from  h y d ro d y n a m ic  m e a s u re m e n ts  a n d  m o d e l­
lin g  (G a r e l , th is  vo lum e; B r iè r e  et al., th is  vo lum e). H ow ever, 
D e g r e n d e l e  et al. ( th is  vo lum e) in d ic a te  a lso  t h a t  th e  e ro sio n  
in  th e  d e p re ss io n  a p p e a rs  to  h a v e  c ea se d  a n d  th a t  th e  to p  vo l­
u m e  of th e  s a n d b a n k  is  s ta b le  ag a in , s ince  th e  c lo su re  o f th e  
d ep ress io n .

T h e  re g e n e ra t io n  o f th e  d e p re ss io n  is  h o w ev er p ro b lem atic , 
a t  le a s t  on th e  sh o rt- te rm . F ro m  th e  tim e -se rie s  in  se d im e n t 
sa m p lin g  a n d  fro m  th e  s u b s e q u e n t  m u lt ib e a m  so u n d in g s  
(D e g r e n d e l e  et al., th is  volum e), no  ev id en ce  of a  s ig n ifican t 
se d im e n ta t io n  a f te r  th e  c e ssa tio n  of d re d g in g  is  o b served . Ac­
c o rd in g  to  th e  m a in  s e d im e n t t r a n s p o r t  d irec tio n , a  so u th e rn  
p ro v e n an c e  w o u ld  b e  m o st fa v o u rab le . S till, i f  th e  d e p ress io n  
is  to  b e  re filled  w ith  co arse  san d , a s  w a s  o rig in a lly  th e  case, 
th e r e  is  o n ly  a  l im ite d  a v a ila b ili ty  o f th is  f ra c tio n  to  th e  so u th . 
T h e  on ly  ev id en ce  found, is  th e  t r a p p in g  of sh e lly  m a te r ia l  in  
th e  d ep ress io n , lik e ly  o r ig in a tin g  from  th e  c o a rse r  w e s te rn  
slope of th e  b a n k  a n d  h e n ce  t r a n s p o r te d  w ith  th e  flood c u r ­
r e n t.  F ig u re  11. a lso  show s th e  p o ss ib le  t r a p p in g  of s ilty  se d i­
m e n ts  in  th e  d ep ress io n , m o st p ro b a b ly  o ccu rrin g  u n d e r  ebb 
a n d  n e a p  t id e  con d itio n s. I f  b o th  p ro c esse s  w o u ld  b e  c o n tin u ­
o us over tim e , th is  m ig h t b e  a  f irs t, b u t  v e ry  slow  in it ia l  s ta g e  
fo r a  fu r th e r  re g e n e ra t io n  of th e  a rea .

Eastern part
F in a lly , op p o site  to  th e  w e s te rn  p a r t,  th e  g e n tle  slope of 

th e  b a n k  is  com posed  of h o m o g en eo u s fine  to  m e d iu m  san d . 
T h e  la rg e  d u n e s  a re  sm a lle r  a n d  a re  covered  w ith  sm a ll d u n es. 
T h e  g e n tle  slope is  m ere ly  su b d u e d  to  th e  ebb c u rre n t .  T he 
b o u n d a ry  b e tw e e n  th e  in flu en ce  of th e  flood a n d  of th e  ebb is

L E G E N D

B ank  Crestline
D irec tion  o f  the  dom inan t bo ttom  cu rren ts
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v is ib le  on th e  m u ltib e a m  b a c k s c a t te r  im a g e ry  (F ig u re  7.); th is  
a re a  c o rre sp o n d s  to  a  b e d  lo ad  con v erg en ce  zone (e.g. H a r r is  
et a l ,  1995).

Evolution o f  the Sandbank
S e v e ra l  a u th o r s  h a v e  a t te m p te d  to  e x p la in  th e  m a in te ­

n a n c e  o f th e  N o r th  S e a  s a n d b a n k s  a n d  m a in ly  a t t r ib u te d  
th is  to  th e  c o n v erg en ce  p h e n o m e n a  of t id a l  c u r r e n ts  (C a s t o n , 
1972; L a n c k n e u s  et a l ,  1989; a n d  V a n  V e e n , 1936). In v e s t ig a ­
t io n s  c o n ce rn ed  w ith  th e  K w in te  B a n k  h a v e  a g re e d  u p o n  th e  
v o lu m e  e q u ilib r iu m , b u t  th e y  h a v e  n o t  e x p la in e d  th e  e v o lu ­
t io n  o f th e  o ffsh o re  “k in k ”, lo c a te d  w ith in  th e  m id d le  p a r t  of 
th e  b a n k , ju s t  to  th e  n o r th  o f th e  c e n t r a l  d e p re ss io n . T h is  
k in k  is  co v ered  w ith  th e  h ig h e s t  v e ry  la rg e  d u n e s ; i t s  e v o lu ­
t io n  a n d  c u r r e n t  p a t t e r n  s u g g e s ts  a  s tro n g  h y d ro d y n a m ic  r e ­
g im e  (V a n  D e n  E y n d e  et a l ,  t h i s  v o lu m e). P re v io u sly , C a s t o n  
(1972) h a s  e x p la in e d  th e  p re se n c e  of su c h  a  f e a tu r e  in  th e  
N o rfo lk  B a n k s  (F ig u re  12.) w h e re  six  s ta g e s  h a v e  b e e n  d e ­
sc r ib e d  w h ich  co u ld  le a d  to  th e  fo rm a tio n  o f tw o  n ew  b a n k s . 
T h e  in i t ia l  l in e a r  t id a l  b a n k  (S ta g e  A) b eco m es s in u o u s  u n ­
d e r  th e  a c tio n  o f th e  t id a l  c u r re n ts .  T h e  s in u o s ity  in c re a s e s  
w ith  th e  fo rm a tio n  of a  k in k  (S ta g e s  B a n d  C) u n t i l  th e r e  
is  th e  d e v e lo p m e n t o f a  d o u b le  c u rv e  (S ta g e  D), a s so c ia te d  
w ith  th e  ebb a n d  flood c h a n n e ls . T h e  n ew  c h a n n e ls  le n g th e n  
c o n sid e ra b ly , u n t i l  th e y  b r e a k  th ro u g h  th e  s a n d b a n k s  a t  th e  
lo ca tio n  of th e  k in k  (S ta g e  E). T h e  p a ra b o lic  te r m in a l  b a n k s  
lea v e  g a p s  a t  th e  e x tr e m it ie s  o f th e  c h a n n e l. T h e  f in a l s ta g e  
(S ta g e  F) r e v e a ls  th e  c re a tio n  o f th r e e  b a n k s , o u t o f a  s in g le  
b a n k .

T h is  h y p o th e s is  m ig h t b e  a p p lie d  to  th e  F le m ish  B a n k s  for 
th e  reaso n s :

(1) T h e  N orfo lk  B a n k s  a re  u n d e r  a  h y d ro d y n a m ic  reg im e  
w h ich  is  v e ry  s im ila r  to  t h a t  o f th e  F le m ish  B an k s;

(2) Som e of th e  F le m ish  B a n k s  show  som e of th e  in te rm e ­
d ia te  s tag es , a s  p re s e n te d  b y  C a s t o n  (1972). F o r  exam ple, 
th e  M id d e lk e rk e  B a n k  a n d  th e  O o s ten d e  B a n k  h a v e  re a c h e d  
S ta g e  D a n d  th e  B u ite n  R a te l re v e a ls  a  k in k , re se m b lin g  th e  
m id d le  b a n k  sh o w n  on S ta g e s  E  a n d  F.

T h e  K w in te  B a n k  a p p e a r s  to  b e  s im ila r  to  S ta g e  B, a s  
d e sc rib e d  fo r th e  N o rfo lk  B a n k s . T h e  fo rm a tio n  of th e  k in k  
is  p ro b a b ly  d u e  to  a n  in c re a s e  in  th e  c u r re n ts  a n d  th e  b o t ­
to m  s h e a r  s t r e s s  a t  th is  p a r t i c u la r  lo ca tio n  (W il l ia m s  et al., 
2000) b e in g  re sp o n s ib le  fo r th e  fo rm a tio n  of th e  e lo n g a te d  
v e ry -la rg e  d u n e s  (C lass  G of th e  m u lt ib e a m  d a ta  se t) a n d  
th e  m e d iu m  d u n e  f ie ld  o b se rv e d  a t  th e  b a s e  o f th e  s a n d b a n k  
(C lass  6 o f th e  s id e -sc a n  s o n a r  im a g e ry  a n d  C la s s  F  of th e  
m u lt ib e a m  im a g e ry ; F ig u re  7.). In  F ig u re  7., i t  c an  b e  seen  
a lso  t h a t  th e  w a v e le n g th  o f th e  e lo n g a te d  v e ry -la rg e  d u n e s  
d e c re a s e d  to w a rd s  th e  n o r th e a s t .  T h e  sm a ll  b e d fo rm s  lo c a te d  
f u r th e r  e a s tw a rd s ,  h a v e  a  n o r th - s o u th  o r ie n ta t io n  a n d  a p ­
p e a r  to  b e  m a in ly  fo rm ed  b y  t h e  ebb c u r re n t .  In  co n clu sio n , in  
t h is  a r e a  o f th e  k in k , th e r e  is  a  c o n v erg en ce  o f s tro n g  forces, 
p ro v o k in g  in s ta b i l i ty  o f th e  s a n d b a n k . D e l e u  et al. (2004) 
fo u n d  th e  sa m e  c o n c lu s io n s  fo r th e  W e s th in d e r  k in k  a rea , 
lo c a te d  to  th e  n o r th .

T h e  p re se n c e  o f th e  c e n tra l  d ep ress io n , close to  th e  k in k , 
cou ld  in te n s ify  th e  c u r re n t  action ; th is  co u ld  e n h a n c e  th e  evo­
lu tio n  of th e  b a n k . H ow ever, th e  m o d ellin g  s tu d ie s  (B r iè r e  et 
al., th is  vo lum e) sh o w ed  t h a t  d re d g ed  a re a s  a re  r a th e r  in s ig ­
n if ic a n t a t  geological tim e -sc a les . M oreover, w ith in  e x is tin g  
s a n d b a n k  g ro u p s  in  th e  s o u th e rn  N o r th  Sea, th e r e  m ig h t n o t 
b e  e n o u g h  acco m m o d atio n  sp ace  to  allow  a  re p a r t i t io n in g  of 
th e  b a n k .

D ifferent Seism ic U nits o f  the Banks
F ro m  th e  in te rp re ta t io n  of th e  se ism ic  p rofiles, th e  fo rm a ­

t io n  o f th e  c e n tra l  p a r t  of th e  K w in te  B a n k  se e m s to  h a v e  
o c cu rre d  in  fo u r m a in  p h a se s , s e p a ra te d  b y  th r e e  m a jo r ero- 
s io n a l su rfaces . C o rre la tio n  of th e  r e s u l ts  w ith  th e  d e ta ile d  
se ism ic  in v e s tig a tio n s  a n d  g ro u n d - tru th in g  of th e  a d ja c e n t 
M id d e lk e rk e  B a n k  (T r e n t e s a u x  et al., 1993; a n d  T r e n t e s a u x , 
S t o l e , a n d  B e r n é , 1999), su g g e s ts  t h a t  th e  fo u r u n its ,  K w l-4 , 
a re  LTpper Q u a te rn a ry  in  age  a n d  h a v e  a  v a ry in g  litho log i- 
c a l com position . H ig h -a m p litu d e  re flecto rs, lik e ly  in d ic a tin g  a 
c o arse  se d im e n ta tio n , c h a ra c te r iz e  th e  o ld es t u n i t  a n d  lik e ly  
re flec t th e  in fill o f a  f lu v ia tile  c h an n e l. K w 2 is  m o re  com plex; 
i ts  geological h is to ry  m ere ly  re flec ts  a  c h a n n e l-b a r r ie r  facies 
w ith  a n  a lte rn a t io n  of c h a n n e ls  a n d  b a r r ie r s .  T h is  m ay  be  
r e la te d  to  a  m a rsh , a  lag o o n  or a  b a c k -b a r r ie r  sy s te m  of a 
c o a s ta l p la in  a n d  in d ic a te s  t h a t  th e  s e d im e n ta tio n  is  r a th e r  
h e te ro g e n e o u s  (T r e n t e s a u x , S t o l e , a n d  B e r n é , 1999). K w 3 h a s  
a s a n d b a n k -s h a p e d  facies; h e n ce  i ts  s e d im e n ta t io n  is  lik e ly  
sa n d y  a n d  m o re  h o m o g en eo u s  in  n a tu re .  K w 4 is th e  a c tu a l  
t id a l  s a n d b a n k  facies, m a in ta in e d  b y  th e  p re se n t-d a y  hyd ro - 
d y n a m ic  reg im e. In  th e  c e n tra l  d ep ress io n , th is  u n i t  is  a lm o st 
d re d g ed  com ple te ly .

T h ese  r e s u l ts  confirm  th a t  th e  s a n d b a n k  is  n o t a  h o m o g e­
n e o u s  p ilin g -u p  of s a n d  a n d  th a t  n o t  a ll u n i ts  a re  p e r  se  sa n d y  
in  n a tu re .  I t  is  c le a r  t h a t  d e ta ile d  in fo rm a tio n  is  n e e d e d  on 
th e  in te r n a l  s t ru c tu re  o f th e  b a n k , if  a d e q u a te  re so u rce  ca lcu ­
la tio n s  a re  to  b e  m ad e . F ro m  a n  e n v iro n m e n ta l  p e rsp ec tiv e , 
i t  se e m s on ly  re co m m e n d e d  to  d red g e  th e  u p p e r  su b su rfac e  
lay e r, a s  on ly  th e s e  s e d im e n ts  m ay  b e  re n e w e d  b y  th e  p re se n t-  
d ay  h y d ro d y n a m ic  reg im e.

C O N C LU SIO N S

A  d e ta i le d  geom orpho log ica l a n d  se d im en to lo g ica l s tu d y  
h a s  b e e n  p e rfo rm e d  on a  t id a l  s a n d b a n k  t h a t  h a s  b e e n  d re d g ed  
d u r in g  30 y e a rs . T h e  m a r in e  a g g re g a te  e x tra c tio n  h a s  led  to  
a d ep ress io n , in  th e  fo rm er C restline  o f th e  b a n k , o f u p  to  5 m. 
F ro m  th is , th e  G o v e rn m en t c losed  dow n th e  a re a  fo r fu r th e r  
e x p lo ita tio n .

H ig h -re so lu tio n  a co u s tic s  w e re  u sed , a s  a lso  se a b ed  c la s ­
s ifica tio n  too ls. M u ltib e a m  a n d  s id e -scan  so n a r  b a c k s c a t­
t e r  sh o w ed  s im ila r  re su lts .  A u to m a te d  se a b e d  c lassifica tion , 
b a s e d  on  m u ltib e a m  b a c k s c a tte r , sh o w ed  n o  d irec t c o rre la tio n  
w ith  th e  m e a n  g ra in -s ize . T h e  p r im a ry  d r iv e rs  w e re  m ere ly  
th e  so r tin g  of th e  se d im e n ts , th e  p re se n c e  of sh e lls  a n d  of fine  
se d im e n ts . V e ry -h ig h  re so lu tio n  se ism ics a llo w ed  s tu d y in g  
th e  u p p e r  20 m  of th e  s a n d b a n k  a n d  sh o w ed  th e  p re se n c e  of 
v a r io u s  se ism ic  u n its .  O f th e se , on ly  th e  u p p e r  u n i t  is  r e p re ­
s e n ta t iv e  of th e  p re se n t-d a y  h y d ro d y n a m ic  reg im e; th is  u n i t  is 
n e a r ly  co m p le te ly  d re d g ed  a lo n g  th e  c e n tra l  d ep ress io n .

T h e  c e n tr a l  d e p re ss io n  w as  c le a rly  d is t in g u ish e d  fro m  th e  
m o rp h o -se d im e n ta ry  en v iro n m en t, c h a ra c te r iz in g  th e  w e s te rn  
a n d  e a s te rn  p a r t  o f th e  b a n k  a n d  th e  sw ale . T h e  d if fe re n tia ­
tio n  b e tw e e n  th e  w e s te rn  a n d  th e  e a s te rn  p a r t  is  e s se n tia lly  
d u e  to  d if fe re n t t id a l  c u r re n t  c h a ra c te r is tic s  t h a t  le a d  to  d if­
fe re n t  e ro s io n -se d im e n ta tio n  p ro cesses . T h ese  p ro c esse s  seem  
to  b e  r a th e r  s ta b le  a s  eac h  su b e n v iro n m e n t h a d  s im ila r  o v e r­
a ll g ra in -s iz e  c h a ra c te r is tic s  o ver a  p e r io d  o f tw o  y e a rs . W ith in  
a  su b e n v iro n m e n t, som e e v o lu tio n a ry  t r e n d s  cou ld  b e  d is t in ­
g u ish e d  a n d  cou ld  b e  r e la te d  to  se a so n a l v a r ia tio n . O f n o te  is 
th e  e v o lu tio n  o f th e  s e d im e n ts  w ith in  th e  c e n tra l  d e p re ss io n  
a s  th is  w a s  s im ila r  to  th e  e v o lu tio n  w itn e s se d  fo r th e  sw ale
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se d im e n ts , h e n ce  s ig n ific a n tly  d iffe re n t from  w h a t w o u ld  be 
ex p ec te d  fro m  a fo rm er C restline  o f a  sa n d b a n k . T h e  in te rp la y  
of th e  flood a n d  ebb c u r re n t  is  a s  follow s: (a) T h e  flood is  a 
s tro n g e r, b u t  of a  s h o r te r  d u ra tio n . I t  e ro d es  a n d  t r a n s p o r ts  
th e  s e d im e n ts  in  b u lk , w ith o u t e ffic ien tly  so r tin g  it. A t such, 
i t  in d u ce s  a  re su sp e n s io n  a n d  su b s e q u e n t se d im e n ta t io n  of 
co arse  se d im e n ts , poo rly  so r te d  a n d  w ith  h ig h  c a rb o n a te  con­
te n t .  T h ese  s e d im e n ts  a re  t r a n s p o r te d  in to  th e  d e p re ss io n  a n d  
a c c u m u la te  locally; (b) th e  ebb t id e  is  w eak e r, b u t  o f lo n g er 
d u ra tio n  th a n  th e  flood. I t  e ro d es  w ith  d ifficu lty  th e  se d im e n ts , 
b u t  i ts  long  d u ra tio n  p e rm its  a n  im p ro v e d  so r tin g  o f th e  fine 
to  m ed iu m  sa n d  frac tio n . T h e re  is  no  su p p ly  in  she lls , a s  th e s e  
a re  on ly  o b se rv ed  a lo n g  th e  w e s te rn  p a r t  o f th e  b a n k .

T h e  p re se n c e  of th e  c e n tr a l  d e p re ss io n  h a s  se v e ra l in f lu ­
ences. I t  is  lo ca ted  a lo n g  a p a r t  o f th e  b a n k , t h a t  is  g e n e ra lly  
d y n am ic  in  n a tu r e  a n d  i ts  p o s itio n  is  close to  a  k in k  in  th e  
sa n d b a n k . T h is  cou ld  h a v e  a  p o sitiv e  effect: th e  h ig h  a m o u n t 
of t r a n s p o r te d  s e d im e n t co u ld  e n a b le  a  lev e llin g  o u t o f th e  
d e p th  d ifferences. H ow ever, k in k  a re a s  a re  m o stly  le s s  s t a ­
b le  in  n a tu re ;  a s  such , in it ia l  e ro sio n  m ig h t b e  a c c e le ra te d  in  
su c h  a re a s . T h e  d e p th  o f th e  c e n tra l  d e p re ss io n  sh o u ld  allow  
a  t r a p p in g  of se d im e n t. H ow ever, th e  d e p re ss io n  is  so m ew h a t 
ob liq u e  to  th e  n o rm a l C restline; a s  such , i t  now  fo rm s a n  open  
t r a n s p o r t  p a th w a y  from  th e  sw ale  u p  to  th e  c re s t  o f th e  s a n d ­
b a n k . T h is  h a s  led  to  a  c a n a liz a tio n  of th e  flood c u rre n t;  th is  is  
w itn e s se d  by  a  d e c re a s in g  h e ig h t  o f th e  d u n e s  a n d  th e  fac t t h a t  
th e  o ccu rren ce  of sh e lls  is  r e s t r ic te d  to  th e  d e p re ss io n  a n d  n e e d  
to  b e  b ro u g h t  in  b y  th e  flood. T h e  lo w er h e ig h t  o f th e  la rg e  
d u n e s  c a n n o t slow  dow n th e  c u r re n t  a n d  ero sio n  a n d  t r a n s p o r t  
of se d im e n t is  in c re a sed . T h ese  p h e n o m e n a  lik e ly  p re v e n t  an y  
s ig n ific a n t re g e n e ra t io n  of th e  d ep ress io n .

I f  th e  d e p re ss io n  is  to  re g e n e ra te , i t  w ill lik e ly  n e e d  a  re fill 
in  co arse  m a te r ia l,  s im ila r  to  i ts  o r ig in a l se d im e n ta ry  d ep o s­
its . H ow ever, th e  p re se n t-d a y  h y d ro d y n a m ic  re g im e  is  n o t  ab le  
to  su p p ly  th is  frac tio n , n o r  a re  th e r e  a n y  n e a rb y  so u rces  t h a t  
cou ld  g overn  th is  supp ly . N e v e rth e le ss , th e r e  is  a  c o n s ta n t  su p ­
p ly  in  she lls , o r ig in a tin g  from  th e  w e s te rn  s te e p  slope. M oreo­
ver, t im e  w in d o w s e x is t d u r in g  w h ich  fin e  s e d im e n ts  can  s e ttle  
dow n. I f  th e  sh e lls  w o u ld  b e  ab le  to  t r a p  th e  f in e r  se d im e n ts , 
th is  m ig h t b e  a  f ir s t  in it ia t io n  of a  f u r th e r  re g e n e ra tio n .

T h e  m a jo r  p ro b lem  fo r th e  re g e n e ra t io n  o f th e  c e n tra l  d e ­
p re ss io n  r e m a in s  th e  la c k  of c o a rse r -g ra in e d  m a te r ia l  t h a t  
is  n e e d e d  a s  a  b a s is  fo r a  f u r th e r  in filling . A s th e s e  fra c tio n s  
a re  n o t re g u la r ly  t r a n s p o r te d ,  i t  is  u n lik e ly  t h a t  th e  n a tu r a l  
p ro c esses  w ill b e  ab le  to  c o u n te rb a la n c e  th e  sev e re  d re d g in g  
ac tiv itie s . If, from  a m a n a g e m e n t p e rsp ec tiv e , th e  c e n tra l  d e ­
p re ss io n  n e e d s  to  b e  re s to red , i t  m ig h t b e  e n v is a g e d  to  su p p ly  
th e  d e p re ss io n  w ith  a  b a s ic  la y e r  o f c o arse  s e d im e n ts  o r  sh e lls  
from , for ex am p le, th e  w a s te s  o f th e  d re d g ed  m a te r ia l  a ro u n d  
th is  a re a . T h is  w o u ld  lik e ly  p e rm it  a  m o re  im p o r ta n t  t r a p  of 
se d im e n ts  a n d  th u s  in i t ia te  a  f u r th e r  in fill o f th is  d ep ress io n .
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Annex 1
Sedimentological parameters of the boxcores, as shown in Figure 2.

B o x c o re s P o s it io n
S a m p le  d e p th  
(cm  f ro m  th e  

to p )

M e a n  g ra in -  
s iz e  
(pm)

S o r t in g
( «

S k e w n e s s C a C 0 3 °o M ode

Steep slope- 
sw ale

1 236 0.65 -0.50 11 unim odal
BC4 3 255 0.82 -0.59 12 unimoclal

17 498 1.28 -0.17 23 bim odal
6 466 0.81 -0.31 11 unim odal

BC10 Top 22 423 0.58 -0.30 20 unim odal
32 442 1.07 -0.17 20 bim odal
6 500 1.17 -0.07 31 bim odal

BC8 Top-central 14 537 1.12 -0.07 38 bim odal
depression 17 325 0.97 -0.48 13 unim odal

25 799 1.04 0.41 34 bim odal
6 265 0.46 0 11 unim odal

BC12 C entral 11 226 0.44 -0.08 12 unim odal
depression 13 270 0.55 -0.04 16 bim odal

20 250 0.59 0.01 19 bim odal
3 253 0.52 -1.04 14 unim odal

C entral
depression

12 318 0.68 -0.14 9 unim odal
BC15 17 284 0.60 -0.11 15 bim odal

20 385 0.83 -0.20 27 bim odal
28 353 0.71 -0.10 8
4 282 0.47 0.15 1 unim odal

BC13 G entle slope 12 276 0.47 0.1 7 unim odal
23 310 0.63 -0.1 11 unim odal
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