
Journal o f Coastal Research SI 51 95-100 West Palm Beach, Florida Sum m er 2010

Grain-Size Trend Analysis for the Determination o f  Non-Biogenic 
Sediment Transport Pathways on the Kwinte Bank (southern North Sea), 
in Relation to Sand Dredging
Serafim E. Poulos1* and Arnaud Ballay1**

1 Department of Geography and Climatology ** EcoPlage
Faculty of Geology and Geoenvironment 100 route de Clisson F44200
National and Kapodistrian University of Athens Nantes. France
Panepistimioupolis, Zografou
15784 Athens, Greece
*poulos@geol.uoa.gr

ABSTRACT I

Grain-size trend analysis is applied to the determination of sediment transport pathways over the Kwinte Bank, Hillii«» southern North Sea; which had been subjected to intensive dredging, within the context of the environmental impact
of dredging activities. On the basis of the results of grain-size trend analysis, focused mainly upon the transportation 
of the non-biogenic sedimentary material (<2 mm), it appears that: (i) there is a main sediment pathway over the 
western (bank crest) and central (dredged area) part of the bank directed toward the NE; whilst a secondary pathway 
is established over its eastern gently-sloping flank, having a SE direction. Further, the present analysis shows that the 
area of the central (dredged) depression acts more as a "by-passing" zone rather than as a clepo-centre for the non­
biogenic sediments. Comparison undertaken with the results of an earlier investigation, for a non-clredged area at 
the northern end of the same bank, reveals that the depression due to dredging modifies significantly the sediment 
transport pathways; this may be attributed to a change in the seabed morphology which, in turn, modifies the near- 
becl hydrodynamics (related to tide and/or storm events).

ADDITIONAL INDEX WORDS: linear sandbank, dredging effe-cts, grain-size trend analysis, southern North Sea,

INTRODUCTION

T h e  e s ta b l is h m e n ts  o f se d im e n t t r a n s p o r t  d irec tio n  is  one  of 
th e  m a jo r  co n cern s in  th e  s tu d y  of se d im e n ta ry  sy s te m s  w ith ­
in  th e  m a r in e  e n v iro n m e n t. T h e  a n a ly s is  o f s p a t ia l  c h an g e s  in  
g ra in -s iz e  p a ra m e te r s  (m ean , so r tin g  a n d  sk ew n ess) is  one of 
th e  m e th o d s  u s e d  for th e  id e n tif ic a tio n  of n e t  se d im e n t t r a n s ­
p o r t  p a th w a y s . T h e  in it ia l  s tu d ie s  u n d e r ta k e n  fo cu sed  u p o n  
v a r ia tio n s  of a n  in d iv id u a l p a ra m e te r ,  su ch  a s  m e a n  g ra in -s ize  
(e.g. P e t t i .jo h n , P o t t e r , a n d  S ie v e r , 1 9 7 2 ) . H ow ever, th e  u s e  of 
a  s in g le  p a r a m e te r  is  n o t a lw ay s  d iag n o s tic  for se d im e n t m o v e­
m e n t b e cau se , d e p en d in g  on  th e  ty p e  of e n v iro n m e n t u n d e r  
c o n sid e ra tio n , g ra in -s iz e  p a ra m e te r s  m ay  in c re a se  o r  d ec rease  
d o w n -d rift. A  m a jo r im p ro v e m e n t in  g ra in -s iz e  t r e n d  a n a ly s is  
w as  p re s e n te d  b y  M cL a r e n  (1 9 8 1 ) ,  w ho u s e d  a co m b in a tio n  
o f th e  th r e e  m a in  g ra in -s iz e  p a ra m e te rs :  m e a n  size, so r tin g  
a n d  sk ew n ess . S u b seq u e n tly , M cL a r e n  a n d  B o w l e s  ( 1 9 8 5 )  d e ­
v e lo p ed  a  s ta t is t ic a l  t r e a tm e n t  o f th e  g ra in -s iz e  d a ta , w h ich  
p ro v id ed  a  1-D m odel o f n e t  s e d im e n t t ra n s p o r t ,  a s  p a th w a y s . 
A ccord ing  to  th e  M cL aren  m odel, a lth o u g h  th e r e  a re  th e o r e t i ­
cally  8 p o ss ib le  co m b in a tio n s  o f th e  a b o v e -m en tio n ed  s t a t i s t i ­
cal p a ra m e te rs ,  on ly  2 c o m b in a tio n s  h a v e  a h ig h e r  p o ss ib ility  
o f e x is tin g  in  n a tu r a l  e n v iro n m e n ts , w h e re  se d im e n t t r a n s ­
p o r t  occu rs in  a  d o w n s tre a m  d irec tio n : (1) finer, b e t te r  so r te d  
a n d  m o re  n e g a tiv e ly  skew ed; o r  (2) co arse r, b e t t e r  so r te d  a n d  
m o re  p o s itiv e ly  skew ed. S u b seq u e n tly , M c L are n ’s m e th o d  h a s
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b e e n  u s e d  w ith  sa tis fa c to ry  r e s u l ts  a s  in  th e  case  o f th e  S ev e rn  
E s tu a r y  (LTK) (M cL a r e n  et aí,, 1993), in  a  fjo rd  of B r i t is h  Co­
lu m b ia  (M cL a r e n , C r e t n e y , a n d  P o w y s , 1993); th is  a p p ro ac h  
w a s  e v e n tu a lly  s ta n d a r is e d , i.e. p a te n te d  (M cL a r e n , 2001).

G ao  a n d  C o l l in s  (1992) re -e x a m in e d  th e  b a s ic  a s su m p tio n s  
o f th e  g ra in -s iz e  t r e n d  a n a ly s is ; th e y  a rg u e d  th a t ,  a lth o u g h  
th e  tw o  c ases  d e sc rib e d  p re v io u s ly  m ay  b e  th e  d o m in a n t ones, 
th e  p re se n c e  of o th e r  fa c to rs  can  c au se  a h ig h  lev e l o f n o ise  
u s in g  th e  1-D ap p ro ach . T h ese  in v e s tig a to rs  h a v e  sh o w n  fu r ­
th e r  t h a t  som e t r e n d s  occur in  th e  t r a n s p o r t  d irec tio n , w ith  
a h ig h e r  f req u en cy  of o ccu rren ce  th a n  in  a n y  o th e r  d irec tio n . 
F o r  co m p ariso n , in  th e  M cL aren  m eth o d , i t  is  a s su m e d  t h a t  
in  th e  t r a n s p o r t  d irec tio n  on ly  c e r ta in  ty p e s  o f t r e n d s  can  oc­
cur, w h ils t  o th e rs  do n o t  occur. T h u s, th e s e  l a t t e r  a u th o rs  d e ­
ve lo p ed  a n  a n a ly tic a l p ro c e d u re  fo r g ra in -s iz e  d a ta , b a se d  on 
a s e m i-q u a n tita t iv e  f i lte r in g  tec h n iq u e ; th is  in c o rp o ra te s  a n  
a d e q u a te  sign ifican ce  te s t  a n d  u s e s  th e  co m b in ed  t r e n d  of th e  
tw o  m a in  c ases  (G ao  a n d  C o l l in s , 1991, 1992 a n d  1994a). T h is  
p ro c e d u re  r e s u l ts  in  th e  c a lc u la tio n  o f a  2-D  re s id u a l  p a t t e rn  
o f t r a n s p o r t  v ecto rs.

T h e  p r e s e n t  c o n tr ib u tio n  p re s e n ts  a  g ra in -s iz e  t r e n d  a n a ly ­
sis, fo llow ing th e  G a o  a n d  C o l l in s  (1992) p ro ced u re , fo r th e  
K w in te  B a n k  in  th e  B e lg ian  p a r t  of th e  N o r th  Sea. T h is  m e th ­
od w a s  ad o p ted , p r im a rily , a s  i t  is  w id e ly -accep ted  a n d  h a s  
p ro d u c e d  good r e s u l ts  in  t id a l  e n v iro n m en ts ; and , secondarily , 
d u e  to  th e  fac t t h a t  i t  h a s  a lso  b e e n  a p p lie d  p re v io u s ly  a n d  
su ccess fu lly  in  th e  case  of th e  K w in te  B a n k  (G a o  et a l ,  1994). 
W ith in  th e  co n te x t of th e  e n v iro n m e n ta l  im p a c t of d re d g in g  
a c tiv itie s , th e  p r e s e n t  t r e n d  a n a ly s is  is  fo cused  m a in ly  u p o n
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th e  t r a n s p o r ta t io n  o f th e  no n -b io g en ic  se d im e n ta ry  m a te ria l,  
w hose  g ra in -s iz e s  h a v e  b e e n  d ed u ced  from  th e i r  s e t t l in g  v e loc­
itie s . T h e  fin d in g s  o f th e  p r e s e n t  s tu d y  a re  d isc u sse d  fu r th e r , 
w ith in  th e  c o n tex t o f th e  e x is tin g  k n o w led g e  of th e  h y d ro d y ­
n am ics, w h ils t  th e  effect o f d re d g in g  is  e x a m in e d  th ro u g h  com ­
p a r is o n  w ith  e a r l ie r  in v e s tig a tio n s  u n d e r ta k e n  on  th e  K w in te  
B a n k  (e.g. B e l le c  et al., t h is  vo lum e; G akel, th i s  vo lum e; Gao 
et al., 1994; L anckneus, 1989; a n d  V an  d en  E ynde  et al., th is  
volum e).

THE STUDY AREA

T h e  p re s e n t  in v e s tig a tio n  co n ce rn s  one of th e  sa n d b a n k s  
lo ca ted  off th e  B e lg ian  coast, i.e. th e  K w in te  B a n k  (F ig u re  1.); 
th is  is  one  of a  se r ie s  o f N E -S W  tre n d in g  l in e a r  s a n d b a n k s . 
T h ese  b a n k s  a re  som e 10-20 m  in  h e ig h t, o v e r la in  b y  w a te r  
d e p th s  o f le s s  t h a n  10 m, o v er t h e i r  sh a llo w es t p a r ts .  S u p e r ­
im p o sed  u p o n  th e s e  b a n k s  a re  N -N W  / S -S E  tre n d in g  d u n e s  
(w id th s  o f se v e ra l te n s  of m e tre s  a n d  h e ig h ts  of u p  to  7 m) 
a n d  m eg a rip p le s , w ith  sp a tia lly -v a r ia b le  a sy m m e tr ic  p a t ­
te rn s .  S u ch  l in e a r  s a n d b a n k s  a re  fo rm ed  in  a n  e n v iro n m e n t 
a sso c ia te d  w ith  s tro n g  c u r re n ts .  H ig h -re so lu tio n  re flec tio n  
se ism ic  su rv e y s  h a v e  re v e a le d  t h a t  th e  b a n k s  co n sis t m a in ly  
of H o locene  d ep o sits , w ith  th e  s a n d s  b e in g  su p p lie d  b y  th e  r e ­
w o rk in g  of T e r t ia ry  a n d /o r  P le is to c e n e  d e p o s its  (Liu, M issiaen , 
a n d  H enriet, 1992). T h e  d e p o s its  lie  on  a n  e ro s io n a l su rface  
of T e r t ia ry  s t r a ta ,  w hose  u p p e r  la y e r  is  co m p rised  m o stly  of 
g rav e ly  m a te r ia l.  T h e  fo rm a tio n  of th e s e  s a n d b a n k s  is  r e la te d  
s tro n g ly  to  th e  e x is tin g  h y d ro d y n a m ic  re g im e  and , in  p a r t ic u ­
lar, to  th e  t id a l  c u r re n ts  a n d  s to rm  w aves; th e  fo rm er re a c h  
m e a n  su rfa ce  sp eed s  o f b e tw e e n  0.9 m s '1 a n d  1.2 m s '1 o ffshore  
of th e  B e lg ian  co as t (H owarth a n d  P roctor, 1992), w h ils t  th e  
l a t t e r  c an  re a c h  s ig n ific a n t w ave  h e ig h ts  u p  to  5 m, w ith  s ig ­
n if ic a n t p e r io d s  o f 7 s (H outhuys, T rentesaux, a n d  D e W olf, 
1994). T h u s, s to rm  w av es  re s t r ic t  th e  v e r tic a l g ro w th  of th e  
F le m ish  B a n k s  to  w a te r  d e p th s  of le s s  th a n  5 m  (M LLW S).

T h e  p re s e n t  in v e s tig a tio n  is  fo cu sed  u p o n  th e  c e n tra l  p a r t  
o f th e  K w in te  B a n k  (F ig u re  2.), w h ich  in c lu d e s  a n  e lo n g a ted

Figure 1. Geographical location of the Kwinte Bank, in relation to the 
North Sea (inset) and the Belgian Continental Shelf.

d e p re ss io n  (5 m  deep, 700 m  w ide  a n d  1 k m  long); th i s  is  th e  
m o rp h o lo g ica l r e s u l t  o f in te n s iv e  d re d g in g  id en tif ie d  in  1999, 
w h ich  su b se q u e n tly  le a d  to  th e  decision  of th e  B e lg ian  G ov­
e rn m e n t, in  2003, to  stop  d re d g in g  fo r a  p e rio d  of a t  le a s t  3 
y e a rs , h o p in g  to  th e  re g e n e ra t io n  of th e  b a n k .

T h e  b a n k  i ts e lf  h a s  a n  a sy m m e tr ic  m orphology; i ts  c re s t 
lie s  a lo n g  i ts  w e s te rn  flan k , w h ich  d e ep e n s  to  th e  W SW , w ith  
slopes o f u p  to  5%. T h e  c re s t  i ts e l f  lo w ers from  th e  SW  to  NE, 
w ith  w a te r  d e p th s  on b o th  s id e s b e in g  d e e p e r  th a n  10 m. T he 
e a s te rn  f la n k  of th e  b a n k  slo p es a re  m o re  g e n tly  (1.5-3%), to ­
w a rd s  th e  SE. O v er th is  a rea , b ed fo rm s, su ch  a s  s a n d  w aves 
a n d  m eg a rip p le s , a re  p re s e n t  ex ten siv e ly ; th e y  a re  of v a r io u s  
w a v e le n g th s , h e ig h ts , o r ie n ta t io n s  a n d  a sy m m e tr ic a l p a t te rn s .  
T h ese  b e d fo rm s co n sis t m a in ly  o f w e ll-so rte d  sa n d s  (200-400 
pm ), w ith  a  v e ry  sm a ll  g ra v e l f ra c tio n  (L anckneus, 1989). A 
d e ta i le d  m o rp h o -sed im en to lo g ica l a n a ly s is  o f th e  s tu d y  a re a  is  
p re s e n te d  e lsew h ere  (B e lle c  et al., t h i s  volum e).

Som e fo rm er s tu d ie s  u n d e r ta k e n  in to  se d im e n t t r a n s p o r t  
p a th w a y s  over th e  re g io n  h a v e  b e e n  u n d e r ta k e n ;  how ever, 
th e y  w ere  lo ca ted  o v er th e  n o r th e r n  p a r t  o f th is  p a r t ic u la r  
b a n k  a n d  d id  n o t in c lu d e  th e  c e n tra l  d e p re ss io n  (G ao et al., 
1994; L an ck n eu s , D e M oor, a n d  S to lk , 1994; a n d  V anw esen- 
b eeck  a n d  L anck n eu s , 2000). A n a ly s is  o f th e  b e d  m o rpho logy  
in d ic a te s  a  g e n e ra l N E  d irec tio n  of se d im e n t t ra n s p o r t ,  co in ­
c id in g  w ith  th e  d irec tio n  of th e  flood c u r re n ts  (V anw esenbeeck 
a n d  L an ck n eu s , 2000). T h e  g ra in -s iz e  t r e n d  a n a ly s is , a p p lie d  
to  th e  n o r th e r n  p a r t  o f th e  K w in te  B an k , sh o w ed  a  s im ila r  
d irec tio n  fo r th e  w e s te rn  f la n k  of th e  b a n k , w h ils t  i ts  e a s te rn  
f la n k  h a s  a  N W  d irec tio n ; th is  beco m es SW, a t  w a te r  d e p th s

Figure 2. Morphological characteristics and sam pling positions 
(for details, see text) of the Kwinte Bank.
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of more than  20 m (G a o  et al., 1994). Differences between 
sediment transport directions given by the grain-size trend  
analyses, with those indicated by bedform morphometry (e.g. 
megaripples), m aybe attribu ted  to the ir different spatial- and 
time-scales of operation. The former are influenced often by 
other local structural (geological) characteristics and, being 
the result of extreme events, occurred over a much longer pe­
riod of tim e (tens to hundreds of years).

DATA COLLECTION AND METHODOLOGY

In September 2003 and February 2004, 120 samples (from 
the same locations) were collected with the use of a van Veen 
grab, during MAREBASSE / EUMARSAND campaigns (R /V  
Zeeleeuw). The interval between successive stations was 300 
m on the edges of the grid and 150 m over the central dredged 
depression (Figure 2.).

The samples have been sub-sampled and analysed, follow­
ing decarbonising with an HC1 solution, in order to estim ate 
and remove the biogenic fraction (the shell content), as the 
present investigation focuses upon the transport pathways of 
the non-biogenic sediment component. Moreover, the biogenic 
fraction of the sediment was removed for analytical reasons,
i.e. to improve the accuracy of the grain-size trend  analysis. 
The shell content incorporates usually a bimodal grain-size 
distribution, resulting in inaccuracy in the grain-size determ i­
nation using settling velocities; its abundance on the sea floor 
is variable, depending upon localised benthic environm ental 
conditions.

In addition, shell fragm ents are somewhat different from 
the quartz grains, in term s of the ir density and morphology; as 
such, they differ in term s of the ir settling, transport and sort­
ing characteristics. Besides, shell fragm ents are not usually 
uniformely distributed over the seabed; they are more abun­
dant in some areas, being rare in other; they follow not ex­
clusively near-bed hydrodynamics, but also the local biologic 
production (benthic and/or neritic). Hence, the use of the bulk 
sediment would have introduced some additional differences 
into the sediment texture, related to sediment transport.

Following decarbonising, sediment samples were analysed, 
by means of a settling tower, to determ ine the settling veloci­
ties (Ws) of the individual particles; these, in turn, have been 
converted into equivalent sieve diameters, according to the 
S o u l s b y  ( 1 9 9 7 )  equations. Sediment grain-size fractions were 
identified according to the W entworth classification (1 9 2 2 ) ;  
the ir statistical param eters needed for the trend  analysis 
method, i.e. mean grain-size, sorting, skewness, were calcu­
lated using statistical moment theory ( R iv ie r e ,  1 9 7 7 ).

For the determ ination of sediment transport pathways, 
using the statistical param eters of the grain-size analyses, 
the procedure described by G a o  and C o l l i n s  (1992) has been 
adopted. This method is based upon the relationship between 
spatial changes in grain-size trends and the residual tra n s­
port directions. Thus, grain-size param eters are compared 
between pairs of sampling sites, considering the increase or 
decrease in th ree param eters: mean grain-size (Mz), sorting 
(bj) and skewness (SJ. Consequently, 8 cases are theoretically 
possible; of these, only 2 are representative of physical real­
ity in non-extreme m arine conditions (G a o  and C o l l i n s ,  1992; 
G a o  and C o l l i n s ,  1994a; and M c L a r e n  and B o w le s ,  1985). If 
transport takes place from Site 1 to Site 2, 2 cases can be val­
id, either Case 1: ö,2<ö,l. M  1>M 2. and S.2<S.l (in a down-’ I — I ’ Z  Z  ’  k  —  k  '

stream  direction, sediment becomes finer, better sorted and

more negatively skewed); or Case 2: o :.2< Oji. M_2>Mzl, and 
S kZ¿Skl  (sediment becomes coarser, better sorted and more 
positively skewed). Notably, these two cases do not represent 
extreme environments, in which, for example, sediment is 
trapped or reworked intensively, or transport agents are not 
selective. For th is  reason, a three-step approach has been fol­
lowed: the first step, as proposed by G a o  and C o l l i n s  (1992), 
consists of the verification th a t the two aforementioned cases 
are indeed valid for a study area (see below); the second step 
refers to the calculation of the three grain-size param eters (ac­
cording to F o l k ,  1974), by means of the equations issued from 
the statistical moment theory (R iv ie r e ,  1977); and, finally, the 
th ird  step incorporates the application of the computerised 
analytical procedure developed by G a o  (1996), to the calcula­
tion of the transport vectors.

The Kwinte Bank is under the influence of tidal currents and 
oscillatory flows related to wave activity, which are selective 
transport agents; th is m eans th a t the particle sorting, in all 
cases, increases in the downstream direction. Furtherm ore no 
sediment accumulation has been observed over the study area 
between 1992-1997 ( D e g r e n d e l e  et al., th is volume), which is 
consistent with the relatively “homogeneous” grain-size distri­
bution pattern. Therefore, the two aforementioned cases are 
expected to be representative of the local non-biogenic sedi­
m ent transport, in the case of the Kwinte Bank area. Realis­
ing step 3 (see above), initially, a critical maximum distance 
(Der) has to be selected between two neighbouring sampling 
sites, whose grain-size param eters are compared. Thus, with 
the use of all sampling locations, contour maps for the grain- 
size statistical param eters of the area under investigation has 
been created; then, common data points have been re-sampled 
every 300 m, in order to produce a grid with even Der.

Subsequently, dimensionless “trend  vectors” are drawn be­
tween every two sites (separated by Der), following the G a o  
and C o l l i n s  (1992) procedure; th is is based, for a single analy­
sis, upon the consideration of the two types of transport occur­
ring at the same time, i.e. a combination of Case 1 and Case
2. Finally, the following calculations are undertaken for each 
site: (1) the “resu ltan t vector”, which is the sum of the trend  
vectors; and (2) the “transport vector”, calculated with the fil­
tering procedure developed by G a o  and C o l l i n s  (1992, 1994a). 
This approach allows the resu ltan t vectors from the neigh­
bouring sites (e.g. w ithin the Der), to be taken into account; 
th is  in turn, leads to the calculation of a weighted-average. 
Subsequently, these produce all the transport vectors of the 
pattern  of the residual transport, which enables recognition of 
the m ain transport directions.

It should be noted th a t it is impossible to attribu te any 
quantitative significance to the length of these composite 
transport vectors, w ithout introducing a bias towards one of 
the grain-size param eters (L e  R o u x , 1994). Hence, with the 
use of the G a o  and C o l l i n s  (1992) method only the sediment 
transport pathways are determ ined and not the associated 
transport rates.

RESULTS AND DISCUSSION

The results of the application of the G a o  and C o l l i n s  (1992) 
procedure, applied to the results of both the sampling cam­
paigns of September 2003 and February 2004, are presented 
in Figure 3. The analyses of the two series of samples generate 
generally sim ilar results, which indicates the dominance of
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t September 2003 

t February 2004

ĉ 001

F ig u re  3. T ran sp o rt p a tte rn s : Sep tem ber 2003 (black arrow s) a n d F e b ru a ry  2004 (grey arrow s), show n in  re la tio n  to th e  g rain-size d istribu tion  over 
th e  sam pled  a rea  (see F ig u re  2.).

re la tiv e ly  s im ila r  p re v a ilin g  h y d ro d y n a m ic  co n d itio n s, e ith e r  
for a  sh o r t  p e r io d  o f t im e  p r io r  to  th e  (two) c a m p a ig n s  a n d /o r 
for th e  w hole  o f th e  p e rio d  b e tw e e n  th em .

O v er th e  w e s te rn  p a r t  o f th e  b a n k  an d , m o re  sp ec ifica lly  
a lo n g  i ts  c re s t  a r e a  a n d  th e  w e s te rn  f la n k  of i ts  c e n t r a l  d e ­
p re s s io n  (fo rm ed  b y  d red g in g ), th e  t r a n s p o r t  v e c to rs  h a v e  a 
N E  o r ie n ta t io n , in d ic a tin g  se d im e n t t r a n s p o r t  to w a rd s  th e  
d e p re ss io n . H e re , th e  b e d  m a te r ia l  is  co m p o sed  of h e te ro g e ­
n e o u s  m e d iu m  to  c o a rse  sh e lly  s a n d  (sh e ll c o n te n t  40-55% ) 
(B e l l e c  et al., t h is  v o lu m e). O n  th e  o th e r  h a n d , th is  v e c to r  
d ire c tio n  is  in  a cc o rd an c e  w ith  th e  m a in  a x is  o f th e  o b se rv ed  
la rg e  b e d  form s, i.e. th e  e lo n g a te d  s u b a q u e o u s  d u n e s . F u r ­
th e r ,  i t  sh o u ld  b e  n o te d  t h a t  th e  d ire c tio n  of th e  v e c to rs  b e ­
com e p ro g re s s iv e ly  N N E  to w a rd s  th e  n o r th e r n  p a r t  o f th e  
s tu d y  a re a ; fin a lly , th e y  a re  d ire c te d  n o r th w e s tw a rd s ,  a t  i ts  
n o r th e r n  lim it. H e re , th e  c re s t  o f th e  b a n k  is  h ig h e r  a n d  th e  
b a n k  i ts e l f  b e n d s , w ith  i ts  e lo n g a te d  a x is  b e in g  d ire c te d  to ­
w a rd s  th e  N o rth .

W ith in  th e  lo w er (so u th e rn )  a n d  m id d le  p a r t  o f th e  d re d g ed  
a rea , th e  s e d im e n t t r a n s p o r t  v e c to rs  d e r iv e d  from  b o th  c a m ­
p a ig n s  in d ic a te  a  g e n e ra l N E  d irec tio n  o f se d im e n t t ra n s p o r t;  
a t  i ts  n o r th e r n  p a r t,  th e  se d im e n t t r a n s p o r t  p a th w a y s  a re  d i­
re c te d  to w a rd s  th e  N N E . O nce ag a in , th is  ch an g e  m ay  b e  a s so ­
c ia te d  w ith  th e  o r ie n ta t io n  of th e  e x is tin g  m eg a -b ed fo rm s (e.g. 
s a n d  w aves) a n d  th e  m o rp h o lo g y  of th e  K w in te  B an k . N e v e r­
th e le s s , th e  a r tif ic ia lly -m a d e  d e p re ss io n  a p p e a rs  to  ac t a s  a 
se d im e n t t r a n s p o r t  p a th w a y , r a th e r  t h a n  b e in g  a  d ep o -cen tre . 
H ere , th e  se d im e n t a re  m o re  h o m o g en eo u s (M z=400 p m  a n d  
10-40% sh e ll frac tio n ; B e l l e c  et al., th is  vo lum e). T h is  in te r ­
p re ta t io n  is  in  acco rd an ce  w ith  th e  fin d in g s  o f D e g r e n d e l e  et 
al. ( th is  volum e), w ho s ta te  t h a t  o v er a  p e r io d  o f 8 y e a rs  (1992- 
1999), no  sig n ific a n t m o rp h o lo g ica l c h a n g e s  can  b e  id en tified . 
F u r th e rm o re , th i s  p a t t e r n  is  in  acco rd an ce  w ith  th e  o b se rv ed  
c u r re n ts  a c tin g  o v er th e  a re a  (V a n  d e n  E y n d e  et al., t h is  vo l­

um e), w h ich  p e rm it  th e  t r a n s p o r t  of th e s e  co arse  a n d  sh e lly  
se d im e n ts . O verall, i t  a p p e a rs  t h a t  se d im e n t is  t r a n s p o r te d  
from  th e  c rest, to w a rd s  th e  e a s te rn  f la n k  of th e  b a n k , d e sp ite  
th e  p re se n c e  of th e  d re d g ed  d ep ress io n .

T h e  g en tly -s lo p in g  e a s te rn  f la n k  of th e  b a n k , c h a ra c te r is e d  
b y  h o m o g en eo u s  fine  to  m ed iu m  s a n d  w ith  a  sh e ll frac tio n  
g e n e ra lly  <20%  (B e l l e c  et al., t h i s  volum e), p re s e n ts  a  t r a n s ­
p o r t  p a t t e r n  t h a t  cou ld  b e  d is t in g u ish e d  in to  tw o  su b -reg io n s: 
(a) a  n o r th e r n  one, w h e re  th e  v e c to rs  a re  d ire c te d  to w a rd s  th e  
N N W ; and , (b) a  c e n tra l /s o u th e rn  one, w h e re  v ec to rs  a re  m ore  
o r le s s  d ire c te d  so u th e rly .

Som e v ec to rs  lo ca ted  a t th e  b o u n d a ry  of th e  s tu d y  a re a  
m ay  show  v a r io u s  o r ie n ta t io n s  a n d  d irec tio n s ; how ever, th e y  
h a v e  n o t b e e n  in c o rp o ra te d  in to  th e  a n a ly s is , h a v in g  b e e n  a t ­
t r ib u te d  to  th e  ‘edge  e ffec t’. T ra n s p o r t  v ec to rs  on  th e  edge  of 
th e  g rid  u se  le s s  n e ig h b o u r  p o in ts , for th e i r  c a lcu la tio n  (G ao  
a n d  C o l l in s , 2001). T h e  l a t t e r  l im ita t io n  w o u ld  e x p la in  a lso 
som e d iffe ren ces in  d irec tio n  a lo n g  th e  e a s t  b o u n d a ry  of th e  
s tu d y  a rea , b e tw e e n  th e  S e p te m b e r  2003 a n d  F e b ru a ry  2004 
re su lts .

In  t e r m s  of th e  p re v a i l in g  t id a l  re g im e , th e  s e d im e n t 
t r a n s p o r t  p a th w a y s  o f th e  su rf ic ia l  n o n -b io g e n ic  (<2 m m ) 
m a te r ia l  o f th e  w e s te rn  s id e  (c re s t  a n d  d e p re ss io n )  o f th e  
b a n k  a p p e a r  to  b e  c o n tro l le d  b y  th e  flood p h a s e  of th e  t id e , 
w h i ls t  i t s  e a s te r n  f la n k  b y  th e  ebb  tid e ; t h i s  is  in  a c c o rd ­
a n ce  to  th e  r e s id u a l  flow s id e n tif ie d  b y  C a r e l  ( th is  vo lu m e).  
M o reo v er, th e  d e r iv e d  t r a n s p o r t  p a th w a y s  do n o t  co in c id e  
w ith  th e  m e a n  flood /ebb  d ire c tio n s , a s  th e y  a re  in f lu e n c e d  
a lso  b y  th e  p re s e n c e  o f b e d fo rm s  an d , m o re  sp ec ifica lly , by  
th e  p re s e n c e  o f a s y m m e tr ic a l  d u n e s  (w a v e le n g th s  > 30  m) 
a n d  m e g a r ip p le s  (w a v e le n g th  o f 5-10 m ) (L a n c k n e u s  e t al., 
1993). F u r th e r m o r e ,  th e  in f lu e n c e  o f w a v e  a c tiv ity , u n d e r  
s to rm  c o n d it io n s  a n d , p a r t i c u la r ly  fo r th e  c r e s t  re g io n  o f th e  
b a n k , c o u ld  n o t  b e  e x c lu d ed . F o r  e x am p le , in  th e  c a se  of
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sim ilar sandbanks in the  B ristol C hannel (UK), it has  been 
estab lished  th a t  the  heigh t of the  banks is controlled by the 
storm  conditions ( B r i t t o n  and B r i t t o n ,  1 9 8 0 ) .  The la tte r  ob­
servation is a m a tte r for fu rth e r investigation, re la ting  to 
the  combined effect of storm s and tides.

Finally, if the  findings of th e  p resen t investigation  are 
com pared to those produced previously by G a o  et al ( 1 9 9 4 ) ,  
for the  n o rthern  end of the  Kwinte B ank (where sedim ent 
pathw ays are directed tow ards its crest, having an E-ESE 
direction along its steep w estern  flank and NW along its 
easte rn  more gentle flank), on the  assum ption th a t  the 
whole body of th e  bank  is subjected to the  same hydrody­
nam ic (tidal) regime, th en  it may be concluded th a t the 
presence of the  depression (due to dredging) has modified 
significantly the near-bed hydraulic regim e ( G a r e l ,  th is  vol­
ume). This regim e now favours the  tran sp o rt of sedim ent 
from the crest over the  bank, tow ards its  easte rn  flank. The 
p a tte rn  is in accordance w ith the  observations m ade by D e ­
g r e n d e l e  et al. (this volume), w here an overall lowering of 
the  heigh t of the  b ank  (by ca. 0.5 m) h as been identified, 
betw een 1 9 9 2  and 1 9 9 9 .

CONCLUSIONS

On the basis of grain-size trend  analysis, the residual 
transporta tion  pa tte rn  reveals that, on the w estern steeper 
slope and w ithin the central depression of the bank, the p rin ­
cipal transpo rt pathw ay of the non-biogenic sandy m aterial 
is directed tow ards the northeast. Further, it can be assum ed 
th a t the relatively coarse (>500 pm) and less well-sorted 
(>1.2) sediment, w ithin these two sedim entary provinces, 
are associated w ith erosion (and/or transporta tion) during 
the flood phase of the tide. Flowever, wave action should not 
be excluded from the analysis. Over the eastern  gently slop­
ing p art of the bank, characterised by medium sized (250- 
500 pm) sediments, an overall southerly transport pathw ay 
is identified; th is  is induced, most probably, by the ebb cur­
rents; although these are weaker, they last longer and, as 
such, provides improved sorting (< 1.0) of the sediments. In 
addition, the presence of the bedforms and the overall size of 
the bank  appear to control the sedim ent transpo rt pathways. 
Finally, the presence of the central depression appears to act 
as a ‘by-passing’ zone, ra th e r th an  as a depo-centre for sedi­
ments.
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