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A bstract
In  the period  1995-1999, a d e ta iled  m o rp h o - and sed im en t dynam ical investiga tion  w as carried  ou t in the w estern  
B elg ian  near coastal area , in w a te r d ep th s  o f - 3  to  - 1 5  m  M L L W S . T h ro u g h  ch ron o seq u en tia l b a th y m e trica l and 
digital side-scan  so n a r re g is tra tio n s  su p p lem en ted  by  in ten siv e  sam p lin g s, a quan tita tive  m o n ito rin g  o f  the m ost 
dynam ic zones w as acco m p lish ed . A lth o u g h , the a rea  is gen era lly  devo id  o f  bed fo rm s, w e ll-co n stra in t zones o f  
very  large dunes o c c u r  w h ere  th e  b ed  sh ea r s tre sses are h ighest. S ince, suspended  load  acco u n ts  fo r m ore  than 
80 % , the d im ensions se e m  to be la rg e ly  co n tro lled  b y  the am o u n t o f  the to ta l load  ac tu a lly  tak in g  p a rt in 
bedform  developm en t. A  c le a r  d iffe re n tia tio n  ex ists be tw een  the m orp h o lo g y  o f  th e  dunes and  th e ir  surfic ia l 
sed im ents, the tro u g h s b e in g  up  to  0 .3 0  phi finer than  the crests. D u rin g  the o b servation  pe rio d , the sim ila rities  
in Crestline positio n s w e re  m ore  s tr ik in g  than  the d iffe ren ces and show ed  a m ax im um  sh ift o f  o n ly  20 m . The 
data se t allow ed to  d iffe ren tia te  the v u ln erab ility  o f  th e  area  to v ary ing  hydro -m eteo ro lo g ica l co n d itio n s and 
show ed  that the a rea  reco v e rs  fa irly  q u ick ly  from  s to rm y  periods.

1-M ethods

T he B elg ian  coastal zo n e  is a s ilic ic las tic  m acro -tida l en v iro n m en t (tidal range o f  4.5 m ) o f  w h ich  the nearshore  
is characte rised  by a san d b an k  -  sw ale  m o rp h o lo g y  (fo r a lo ca lisa tio n  see also V an  L an ck er e t ah , th is  volum e). 
T he v e lo c ity  o f  th e  flood  (N E ) tida l cu rren ts  am oun t up to 1.18 m /s and have a h igh  sed im en t resu spension  
p o ten tia l. T o  b e tte r u n d e rs tan d  o n g o in g  sed im en t tran sp o rt p ro cesses, an in teg rated  research  stra tegy  w as se t up, 
invo lv ing  ch ron o seq u en tia l se d im en to lo g ica l and  g eo -acoustica l observations. T h is  enab led  to  reveal ch an g es in 
the sed im en tary  pa tte rn  on a short-, m ed iu m - and lo n g -te rm  basis (V an  L ancker 1999).

2-R esu lts

The tran sp o rt o f  sed im en ts  in  the co asta l zone  is s tro n g ly  a ffec ted  by  a v a rie ty  o f  hydrodynam ica! p ro cesses 
includ ing  w in d -in d u ced  resid u al c u rren ts  th at m ay  h ave  a d irec t e ffec t on sed im en t resu sp en sio n  and bed fo rm  
m orphology . D ue to  th e  in te n sity  o f  th e  h y d ro dynam ic  forces in w a ter d ep th s o f - 3  to - 1 5  m M L L W S , it seem s 
accep tab le  th at b ed fo rm  d e v e lo p m en t m ay  be largely  inh ib ited . T he m easu rem en ts  in the p e rio d  1995-1999 did 
confirm  this g enera lity , still w e ll-c o n stra in t zo n es o f  v ery  large  dunes w ere  observed. M o st p ecu lia r is the 
in teraction  zone  o f  tw o  m a jo r  sa n d b a n k s  ch arac te rised  b y  a sm all san d b an k  and an  ad jacen t field  o f  large  dunes 
(F igure  1).
In D ecem b er 1995, ech o so u n d in g s  an d  sid e -scan  so n a r reg istra tions w itnessed  th e  p resen ce  o f  large dunes o f  up 
to 2 — 3 m in the B a lan d  B an k  area . A  m ore  deta iled  in v estiga tion  rev ea led  a field o f  dunes, e as t o f  the sm all 
sandbank . S ide-scan  so n a r  im ag es g av e  ev id en ce  o f  quasi stra ig h t-crested  bedform s, h a v in g  a  sp ac in g  o f  m ore 
than 100 m; th is ju s tif ie d  the  u sag e  o f  th e  term  “ tw o-d im ensional very  large d u n es” (A sh ley  1990). T h e  s trik e  o f  
the 2D  dunes g rad u ally  v a ried  fro m  140° in th e  no rth eastern  part, up to 183° in the v ic in ity  o f  the b a n k  itself. 
W av e len g th  values ran g ed  b e tw een  125 and 200 m. G iven  the restric ted  area in w h ich  the dunes occur, each 
dune had  a fa irly  latera l co n tin u ity  w ith  loca lised  b ran ch in g  o f  the c restlin es. In S ep tem ber 1996, the asy m m etry  
o f  the very  large d u n es p o in ted  in a so u th w este rn  d irection . T his was ra th e r excep tional as this p h en o m en o n  was 
not observed  during  12 o th e r  c am p aig n s , also sa iled  in a tim esp an  o f  3 hrs before , up to 4  hrs a fte r H ig h  W ater. 
A lthough  side-scan  so n a r reco rd in g s  on ly  v ag u e ly  show ed  a su p erp o sitio n  o f  sm all to m edium  dunes, the term  
“com pound  dunes” seem ed  to  b e  valid . G en era lly , th ey  have a sp ac in g  o f  m ax im u m  5 m  and h ave  stra ig h t, 2D  
Crestline patte rns, w ith  a strik e  a ro u n d  135°. T h ey  w ere  observed  in the  troughs o f  the la rg e r dunes, in w ater 
depths d eep er than - 7  m , b u t seem ed  to  be absen t in the sh a llo w er reg ions. A long  the w estern , s te ep e r s lo p e  o f  
the B a lan d  B ank, fro m  ro u g h ly  -8  m  to  -6 m , w ell-defined  sm all to m edium  sized  d u n es co u ld  be  o b served . 
T heir spac ing  varied  a ro u n d  4-5  m , the strik e  a round  120°. A  s lig h t v eerin g  to 130° occu rred  in a no rth w ard s 
d irection . T he steep  sid e  o f  th o se  b ed fo rm s p o in ted  in a no rth eastern  d irec tio n  co n co rd an t w ith  the d o m in an t 
flood current. S id e -scan  so n a r o b se rv a tio n s  over the sh a llo w est reg ions rev ea led  a w ave dom inated  rip p le-like  
m orphology , su p erim posed  on th e  C restline o f  the sm all san d b an k  and d ipp ing  in a coastw ard  direction .
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Figure  1 -  A com pila tion  o f  ech.osound.ing p r o fi le s  co verin g  the W estdiep sw ale, the w estern  ex trem ity  o f  the  
S troom bank, the in teraction  zo n e  o f  th e  S tro o m b a n k  a n d  the B a la n d  B a n k  (data o f  M arch  1998, Ju n e  1998).

The bedform s in the in te rac tion  zone  o f  the N ieu w p o o rt B ank  and the S tro o m b an k  (n a rro w est p a rt o f  the 
W estd iep  sw ale) are characte rised  b y  dunes w ith  a less-d ifferen tia ted  m orphology . S till, one p ro n o u n ced  very  
large dune o f  a lm ost 2 m  in h e ig h t is o b served . G enerally , the  he ig h t o f  the b ed fo rm s ran g ed  b e tw een  0 .5 0  and 
1.25 m, w ith a w avelength  v a ry in g  from  100 to 150 m . A  slig h t veering o f  th e  strike  o f  the  dunes co u ld  be 
observed  from  200° fo r the m o st w este rn  dunes up to 136° fo r the easte rnm ost dune. T h e  asy m m etries  o f  all 
dune-like  structures a lw ays p o in ted  in a n o rth eas te rn  d irection . R em arkable  is the restric ted  area  over w h ich  the 
b ed fo rm s occur. T h ey  co u ld  o n ly  be obse rv ed  o ver a d istance  o f  1600 m  from  the w estern  end  o f  the 
S troom bank  and seem ed to be  re s tr ic te d  to w a te r  dep ths sh a llo w er than - 9 m . S id e -scan  so n a r im ages fa iled  to 
show  th e  crestlines o f  these  dunes, th o u g h  p a tc h es  o f  m olluscs appeared  dow n stream  o f  the steep  side  o f  these 
bedform s.

O n th e  S troom bank , the he ig h t o f  th e  v e ry  larg e  dunes reach ed  a m axim um  he ig h t o f  up to  2 m, h av in g  a 
w av elen g th  o f  150 - 200 m . S o m e tim es , th ey  w ere  su p erim p o sed  by  sm aller sca le  rip p le-like  featu res . A lthough  
th e ir p resence  is fa irly  irreg u lar, b ed fo rm s are ex p ec ted  from  a dep th  o f  - 7 m . A t the  w estern  end  o f  the 
S troom bank , a succession  o f  large  d u n es o f  ab o u t 1 m  in he ig h t and  a w aveleng th  o f  100 m  cou ld  be o b se rv ed  
and w ere  restric ted  to w a ter dep th s sh a llo w er th an  - 5  m . T h ese  bedform s q u ick ly  die ou t to w ard s the cen tra l 
p a r t o f  the bank.

In  genera l, the in teraction  zone  o f  the n e a r coasta l area  and the F lem ish  B anks is characte rised  b y  the p re sen c e  o f  
w e ll-defined  bedform s. In  p a rticu la r, the so u th e rn  end  o f  the M id d e lk e rk e  B an k  and  the R av elin g en  a rea  w ere 
investigated . T h is enab les to  co m p are  b ed fo rm  d y n am ics in the offshore and nearshore  areas. T ab le  1 g iv es an 
o v e rv iew  o f  the  bed fo rm  h e ig h ts  in the areas a reas B aland  B ank , W estd iep  sw ale , the so u th e rn  end  o f  the 
M id d e lk e rk e  B an k  and the R av e lin g en  sand  bank.
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T ab le  1 -  F requency  o f  occu rren ce  (in % ) o f  b ed fo rm  h e ig h ts  a long  the areas B a la n d  Bank, W estd iep  sw ale, the 
so u th ern  e n d  o f  the M id d elkerke  B a n k  a n d  the R a ve lin g en  B a n k  (F ield  data o f  M arch  1998).

H eight B a la n d  B a n k  
d u n e  area

W estd iep  sw a le R a v e lin g e n M id d e lk e rk e  
B a n k  (so u th )

sm a ll d u n es 0 .50-0 .75  m 10.7 25 13.4 15.5
la rve  d u n es 0 .75-1 .00  m 19.1 31.3 19.8 18

1.00-1.25 m 20.8 37.5 16.1 13
1.25-1.50 m 21.3 6.3 12.4 13
1.50-1.75 m 11.2 0 13.4 15.5
1 .75-2 .00  m 3.9 0 4.1 9.3
2 .00 -2 .25  m 6.7 0 3 .7 9.3
2 .2 5 -2 .5 0  m 2.2 0 6.9 3.1
2 .50 -2 .75  m 1.7 0 4.1 1.2
2 .7 5 -3 .0 0  m 1.1 0 2 .8 1.9

verv la rg e  dunes 3 .00-3 .25  m 1.1 0 1.8 0
3 .2 5 -3 .5 0  m 0 0 1.4 0

M ax. h e ig h t 3 .2  m 1.9 m 3.4  m 2.9  m
%  F lo o d 66 95 69 41
%> E b b 10 0 12 25
%  S ym m etr ica l 24 5 19 34

E n v iro n m en ta l contro ls
F ig u re  2 sh o w s som e re la tions p lo tted  fo r the larg e  dunes in the  d ifferen t su b en v iro n m en ts . T h e  he ig h t versus 
w av elen g th  re la tion  sh o w s sm alle r h e ig h t v a lu es th an  w ould  be calcu la ted  fro m  th e  w a v e len g th  u sin g  the 
equ atio n s o f  F lem m ing  (1988) or A llen  (1984). A  c loud  can  be observed, sh o w in g  that a ran g e  o f  dune heigh ts 
can  b e  fo u n d  for a range o f  w av elen g th s and  that no  real re la tion  betw een  b o th  can  b e  d e te rm in ed . H ow ev er, if  
the h e ig h t o f  the dunes is ca lcu la ted  acco rd in g  to V an  R ijn  (1984) tak ing  into acco u n t the ra tio  o f  bed load  versus 
to tal load , then  the d im en sio n s beco m e m uch  sm a lle r  and a fa irly  goo d  ag reem en t is fo u n d  b e tw een  the 
d im en sio n s o f  the dunes in the field  and th e  ca lcu la ted  ones. T his m eans th at a lo t o f  sed im en t is ju s t  by p assin g  
and does n o t take p a rt in b ed fo rm  developm en t.

F o r the figu re  ‘a sy m m etry  index versus w a te r  d e p th ’, a d istinction  w as m ade  b e tw een  p ro g ressiv e  and 
sy m m etrica l dunes, in d ep en d en t o f  th e  d irec tio n  in  w h ich  the dunes w ere d ipping. T h is  w as done  as it w as 
ex p ec ted  th at d epend ing  on the d ep th , the dunes w o u ld  sh o w  a degree  in  v u ln e ra b ility  w ith  regard  to the 
h y d ro d y n am ic  forces. H ow ever, no re la tio n  is seen  an d  ap p aren tly , as w ell p ro g ressiv e  an d  sym m etrica l dunes 
can  b e  found  in the ran g e  o f  w ater dep ths. T h e  p lo t sh o w in g  the  he ig h t o f  the  dunes v e rsu s the w a ter dep th  is 
m ost in te resting . C o n tras tin g  to the re la tio n sh ip  o f  A llen  (1984), it seem s th at the  h ig h es t dunes o ccu r in the 
sh a llo w es t areas. It is b e liev ed  th at the cu rren t is th e  m a jo r  con tro lling  fac to r in th e  d ev elo p m en t o f  bed fo rm s 
and th a t the h ighest b ed fo rm s co rresp o n d  w ith  zo n es o f  m ax im um  in terac tion  o f  b o th  f lo o d  and  ebb residual 
curren ts. H ereby , it is su p p o sed  th at the flood  b rin g s  in sed im ent, w h ilst the ebb cu rren t m ere ly  k eep s the 
b ed fo rm s in shape. T he w av elen g th  v e rsu s the w a te r  d ep th  show s no coheren t pa tte rn , and  app aren tly  a v a rie ty  
o f  w av e len g th s  occurs in th e  range o f  w a te r  dep ths, fro m  ro u g h ly  -3 to -8 m.

F ig u re  3 sh o w s the re la tio n  o f  sed im en t g ra in -s ize  and  the m orp h o lo g y  in the B aland B an k  dune  area. A c lear 
d iffe ren tia tio n  is seen  b e tw een  the su rfic ia l sed im en ts  o f  the b ed fo rm  crests and the tro u g h s , th e  la tte r  b e in g  
c learly  f in e r in  tex ture. T h e  d ifference  can  am o u n t to 0 .30  ph i. A lthough  the so rting  c o effic ien t be tw een  a c rest 
and  a tro u g h  is no t a lw ay s s ig n ifican tly  d iffe ren t, it is m ore like ly  that the troughs have  a p o o re r so rting . 
T o w ard s th e  east, th e  su rfic ia l sed im en ts  g rad u a lly  beco m e fin er co rrespond ing  w ith  th e  reg io n a l sed im en t 
tran sp o rt in a  no rth eastern  d irec tion  (F igu re  4).

T em p o ral variab ility
T h e  m ig ra tio n  h isto ry  o f  the v e ry  large  d u n es in  the d iffe ren t su b env ironm en ts has been  d e te rm in ed  b ased  on  the 
accu rate  p o sitio n in g  o f  th e  d u n e  c rests in the  p e rio d  1996 - 1998. F igure 5 show s th e  Crestline positio n s in  the 
B a lan d  B an k  dune area.
In genera l the s im ila rity  o f  the  obse rv a tio n s is m o re  s trik in g  th an  the d ifferences. O n ly  m in o r m od ifications 
o ccu r b e tw ee n  the su ccess iv e  cam p aig n s. T h e  gen era l sh a p e  o f  the  bed fo rm s is unch an g ed ; o n ly  som e flex ing  o f  
the s in u o u s  c res t lines is o b served . U n d e r rough c o n d itio n s the larger b ed fo rm s do not seem  to  be m ou lded  o r 
b lu rred  b y  sto rm  activ ity . S till, s to rm -w av e  and sto rm -cu rre n t a ctiv ity  lik e ly  increase  the sed im en t tran sp o rt 
ra tes sig n ifican tly . A s the area  is fa irly  sha llow , a m in o r reb u ild in g  o f  the c rests o f  the la rg e r dunes o v e r a tidal 
cycle  is to  be  expec ted , though  w ith o u t m a jo r changes in height.
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Figure  2 -  B edform  ch a ra c te r is tic s  o f fo u r  sh a llo w -w a te r e n v iro n m en ts  (F ie ld  da ta  o f  M arch  1998).
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Figure  3 -  R elation  o f  the m o rp h o lo g y  o f  the B a la n d  B a n k  dune  f ie ld  an d  its g ra in -size  characteristics .
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F igure  4  -  G rain-size ch a ra c teris tics  o f  the very  large d u n es in the B a la n d  B a n k  area. T h e  data p o in ts  are 
labelled  according to the re la tiv e  p o s itio n  o f  the sam p le  a long  the Crestline: “n ” northern  ex trem ity , “ c ” cen tral, 
“s” so u th e rn  extrem ity.

G iven  the  flood dom inance  in the area , th e  s teep  slope o f  the bedform s is gen era lly  p o in tin g  in a n o rtheastern  
d irection . T his also im p lies a m o v em e n t o f  th o se  bed fo rm s in that d irection . S till, fro m  th e  ev idence , the 
bedform  m ovem ents are m ere ly  f lu c tu a tin g  an d  the crestlines o f  the b ed fo rm s m igrate  in as w e ll the  flo o d  as the 
ebb d irec tion . M ost rem ark ab le  a re  th e  Crestline positio n s m easured  in S ep tem b er 1996. A ll larger dunes in the 
B aland  B ank  area and a lo n g  the so u th e rn  p a r t o f  the M id d e lk e rk e  B an k  show ed  a reversed  asy m m etry  regard less 
o f  the general flood d o m inance  in  the area . C o m p arin g  th is situation  w ith  the Crestline p o sitio n s o f  M arch  1998, 
the Crestline o f  the san d b an k  i ts e lf  had sh ifted  2 0  to 38 m  tow ards the n o rth east w h ils t in the dune field , an 
average  sh ift o f  20 m w as observed .
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F igure  5 — D une m ig ra tio n  h is to ry  in th e  B a la n d  B a n k  area (D ecem ber 1995, F ebruary , Sep tem ber, N o vem b er  
a n d  D e ce m b e r  1996, F ebruary, S e p te m b e r  a n d  N o v em b er  1997, F eb ru a ry  an d  M a rch  1998).

T he d ifferentia] m o v em en t observed  in F ig u re  5 o n ly  represen ts the Crestline, hence  the zone m ost v u ln erab le  to 
changes. T his im plies th at these ch an g es m ay  m ere ly  reflect sho rt-period  reversals in the  net sed im en t tran sp o rt 
w ithou t tak in g  into accoun t the g lobal b eh av io u r o f  the bedform s. In o rder to  b e tte r evaluate  the changes 
b e tw een  the su ccess iv e  cam paigns, co n to u r m ap s w ere  genera ted  fo r each su rvey  and the in te rsu rv ey  heigh t 
changes w ere  de te rm in ed  by  ch art d iffe ren c in g . F igure  6 show s the vo lum e v aria tions o ver the p e rio d  
S ep tem ber 1996 to M arch  1998 re la tiv e  to M arch  1998.

T em p o rally , the vo lu m e changes are  m ost in te res tin g  for the B aland B ank  dune area . T he S ep tem ber 1996
cam p aig n  is c learly  low est in v o lu m e. A lth o u g h  the  su rvey  w as preceded  b y  som e storm  d ep ressions 
characte rised  by s tro n g  w inds from  a N W  d irec tio n , it seem ed  that a period  o f  8 days o f  E N E  w inds o f  less than  
6 B f, ju s t  before  the  cam paign , d e te rm in ed  the m o rpho log ical pattern . H ow ever, it is b e lieved  th at th is cou ld  
only  be  acco m p lish ed  as the area w as d estab ilised  b y  the N W  conditions p reced ing  the cam paign. T h e  sed im en t 
vo lum e increased  s ig n ifican tly  a fte rw ard s as the w ind  b lew  p red o m in an tly  from  a S W  direction . In teresting ly , 
the m ajo rity  o f  the sed im en ts w ere dep o sited  in  the  tro u g h s and a long  the stoss sides o f  the dunes. T h e  resu lts o f  
D ecem b er 1996 sh o w ed  a decrease  in v o lu m e  w h ich  w as m ost severe  for the sh a llo w  regions. D e ep e r than  - 8 
m , the v o lu m es seem  to be stab le . T h e  in te rsu rv ey  p e rio d  w as characte rised  by calm  w eath er co n d itio n s. A n 
im p ortan t increase  in vo lu m e w as obse rv ed  b e tw ee n  the D ecem b er 1996 and F eb ru ary  1997 cam paigns due to 
su ccess iv e  SW  storm s. It shou ld  be  no ted  th at the ex tra  am o u n t o f  sed im en t was p a rtly  deposited  on top o f  the 
sed im en ts th at o rig in a ted  from  the p e rio d  in b e tw een  S ep tem b er and  N o v em b er 1996. R em arkab le  is the strong  
decrease  in sed im en t vo lum e rep resen ted  b y  th e  S ep tem b er 1997 results. It is h o w ev er in te resting  th at th e  trend  
re sem b les the resu lts  o f  the S ep tem b er 1996 cam p aig n . T h e  N o v em b er 1997 volum es w ere  again  m u ch  h igher, 
w h ils t a fte rw ards th ey  d ecreased  again  as is sh o w n  fo r the F eb ru a ry  and M arch  1998 cam paigns. A p paren tly , 
few  ev en ts  o f  N W  w inds changed  the resid u a l p a tte rn . M oreover, the w in ter m onths a re  genera lly  ch aracte rised  
by an  in tense  sed im en t tran sp o rt due the co m b in ed  ac tio n  o f  cu rren ts and w aves.

F rom  the o b se rv atio n s, there  seem s to be  a c lear re la tion  b e tw een  the m orpho log ical changes and the ru lin g
hydro -m eteo ro lo g ica l cond itions. T h e  v o lu m e  v aria tio n s a long  the B aland  B ank  sh o w  th at the low est vo lum es 
are gen era lly  asso c ia ted  w ith  sum m er to  au tu m n  co n d itio n s, w h ilst the w in ter m on ths w itness the h ighest 
vo lum es. T he sed im en t volum es in th e  sp rin g  p e rio d  like ly  fall w ith in  the range o f  both.
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Figure 6 -  R e la tive  vo lum e va ria tions in the dune  area  o f  the B a la n d  B a n k  a n d  the a sso c ia ted  m e teo ro lo g ica l  
conditions.

R elated  to the h y d ro -m eteo ro lo g ica l co n d itio n s, som e conclu sio n s can  be  d ra w n .. T h e y  are particu la rly
supported  by the o b se rv a tio n s a lo n g  the B a lan d  B an k  area, b u t are confirm ed  a long  the o th er env ironm ents:

« F rom  the o b se rv a tio n s, it seem s th at the sm allest sed im en t vo lu m es are associated  w ith periods o f  N E  to
N N E  w inds. T h ese  fron tal w inds are m ere ly  assoc ia ted  w ith  e rosion , e sp ecia lly  a lo n g  the in te rac tion  zone 
o f  the  n ear coasta l a rea  and the F lem ish  B ank  system ;

« F ro m  the  m o rp h o lo g ica l ch an g es, the im p ac t o f  N E  to E  w inds can  no t b e  fu lly  show n. Su ch  a situ a tio n  w as
characteris tic  fo r the w in ter p e rio d  o f  1995 -  1996. T hese  w inds like ly  enhance th e  sed im en t tran sp o rt 
cap ac ity  o f  the ebb  tida l curren t. I f  these  w inds p e rsist in  tim e , the re in fo rced  ebb tida l cu rren ts  are ab le  to 
a lte r the  b ed fo rm  p a tte rn . S till, u n d e r m ost c ircu m stan ces , the c restlin es w itness the d o m in an ce  o f  the flood  
current;

• W inds b lo w in g  from  an E to S d irec tion  are c learly  inferior; hence, th ey  are not co n sid ered  im p ortan t to 
exp la in  ch an g es in m o rpho logy ;

• P e rio d s ch arac te rised  by  w in d s b lo w in g  from  a SSW  -  SW  d irec tio n  are m ost in te resting . A s this w ind  
d irec tion  a ligns w ith  the d o m in an t flo o d  cu rren t and w ith  the genera l con fig u ra tio n  o f  the sw ales, a lo t o f  
sed im en t can  be ad v ec ted  a lo n g  the sw ales. G enerally , th ese  situ a tio n s are  associated  w ith  an  accu m u la tio n  
o f  sed im en ts. H o w ev e r, i f  th e  c u rren t is s trong ly  enhanced , hydrau lic  so rtin g  p rocesses are  in tensified . T h is 
exp la ins the s tab ility  to  s lig h tly  e rosional trend  a long  th e  ax is  o f  m ax im al force;

° S to rm s asso c ia ted  w ith  w inds fro m  a N W  d irec tion  are  gen era lly  the m o st sev ere , th o u g h  as th e ir du ra tion  is
m o stly  short, th e ir  lo n g -te rm  e ffec t can  be  m inim al. G iv en  the heigh t o f  the w aves a sso c ia ted  w ith  such  
even ts, it seem s th at the a reas are flattened . A lthough  th is  im pact can  no t be fu lly  estim ated , these even ts 
lik e ly  evoke a d e s tab ilisa tio n  o f  the env ironm en t. T h e  p e rio d  fo llo w in g  such  an ev en t w ill de te rm in e  the 
m orp h o lo g ica l evo lu tion .


