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ABSTRACT I

maa
— Marine aggregates (sand and gravel) are im portant m ineral resources and traded commodities. Their significance is

bound  to increase further, due to increasing coastal zone development, stricter environm ental regulation concerning 
lancl-won aggregates and increasing dem and for beach replenishm ent material. Marine aggregate (MA) deposits 
can be differentiated into relict and m odern  deposits. The form er consist of sedimentary material deposited in  the 
past and under different environm ental and sedimentary regimes than  those existing presently (e.g. the gravel/ 
sand deposits of the Pleistocene buried river valleys of the northwestern European shelves). The latter are deposits, 
which have been form ed and controlled by the m odern  hydro-and sedim ent dynamic conditions (e.g. the linear sand 
banks of the southern  N orth Sea). The present contribution reviews the current state of affairs in 9 representative 
E uropean M em ber States concerning the prospecting and extraction (dredging) techniques as well as the levels of 
production and usage. The review has shown a m ixed record as, in some of the studied States, m arine aggregate 
production is an im portant and stream lined activity, whereas o ther States have not yet developed efficient m arine 
aggregate policies and industries. It has also shown that although attem pts have been lately m ade to coordinate the 
field, the industry still faces problems, which h inder its sustainable development. These include (amongst others): 
lack of standardisation of the relevant information, difficulties in the access to information, non-coherent regulatory 
regimes and lim ited collaboration/coordination  between the m arine scientific research establishments and the 
m arine aggregate industry. These issues should be addressed as quickly as possible in order to exploit effectively this 
im portant m ineral resource.

ADDITIONAL INDEX WORDS: Marine aggregates, dredging, offshore mineral resources, relict sediments, buried palaeovalleys, 
mineral resource prospecting.

INTRODUCTION

In  re c e n t y ea rs , th e  im p o rta n c e  o f m a r in e  a g g re g a te s  (sa n d  
a n d  g ravel) a s  a  m in e ra l  re so u rce  h a s  in c re a s e d  in  th e  EU , due  
b o th  to  in c re a s in g  d e m a n d  a n d  s t r ic te r  re g u la tio n s  c o n ce rn in g  
lan d -w o n  a g g re g a te s  in  th e  M em b er S ta te s  (e.g. J e w e l l , 1 9 9 6 ; 

P hlta et al., 2 0 0 4 ) .  In  th e  la s t  2 0  y e a rs , m o re  t h a n  5 0  m illio n  
m 3 of sa n d  a n d  g ra v e l h a v e  b e e n  e x tra c te d  a n n u a lly  (on a v e r ­
age) from  th e  n o r th e r n  E u ro p e a n  c o n tin e n ta l  sh e lf  a lo n e  a n d  
th e  p ro d u c tio n  m ay  in c re a se  f u r th e r  to  su p p ly  th e  m a te r ia l  
n e e d e d  fo r th e  c o n s tru c tio n  of th e  p la n n e d  p ro jec ts  o f c o as ta l
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in f r a s tr u c tu r e  ( P h u a  et al., 2 0 0 4 ;  S e a m a n , 2 0 0 6 ;  h ttp ://w w w . 
d re d g in g -in -g e rm a n y .d e ) a n d  th e  r e p le n is h m e n t of th e  e ro d ­
in g  E u ro p e a n  b e a c h e s  ( E u k o s io n , 2 0 0 3 ;  H u m p h r e y s  et al., 1 9 9 6 ; 

I c e s , 2 0 0 6 ;  S e l b y  a n d  O o m s , 1 9 9 6 ) . M a rin e  a g g re g a te s  a re  of 
p a r t ic u la r  im p o rta n c e  in  th e  c o a s ta l  s ta te s  of n o r th w e s te rn  
E u ro p e , w ith  th e  UK, th e  N e th e r la n d s  a n d  D e n m a rk  collec­
tiv e ly  p ro d u c in g  m o re  t h a n  8 0 %  of th e  E u ro p e a n  m a r in e  a g ­
g re g a te  p ro d u c tio n  (e.g. I c e s , 2 0 0 5 ;  I c e s , 2 0 0 6 ) .

M arin e  a g g reg a te s  (MA) a re  n o n -m eta llic  se d im e n t depos­
its , co n sis tin g  o f sands, g rav e ls  a n d  sh e lls /sh e ll debris, w hich  
h a v e  b e en  fo rm ed  a s  a  re su l t  o f e ith e r  co n tem p o ra ry  (m odem ) 
o r p a s t  se d im e n ta ry /h y d ro d y n am ic  p ro cesses (relict deposits). 
Two d iffe ren t c lass ifica tio n  sch em es a re  in  p lace  co n cern in g  th e  
size o f m a r in e  sa n d  a n d  gravels. G eologists u se  th e  F o l k  (1 9 8 0 )
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g ra in -s ize  c lassification , accord ing  to  w h ich  se d im e n ts  co n sis t­
in g  of p a r tic le s  w ith  sizes ra n g in g  b e tw ee n  0.063 a n d  2 m m  a re  
c lassified  a s  s a n d s  a n d  w ith  sizes g re a te r  th a n  2 m m  as  g ravels. 
In  com parison , th e  M A in d u s try  c lassifies se d im e n ts  co n sis tin g  
of p a r tic le s  w ith  d ia m e te rs  ra n g in g  b e tw ee n  0.063 a n d  4 (or 5) 
m m  as  san d s, a n d  se d im e n ts  w ith  p a rtic le -s ize s  g re a te r  th a n  
4 (or 5) m m  as g ravels. In  th e  p re s e n t  co n trib u tio n , th e  second 
c lass ifica tio n  is  used , a s  m o st o f th e  av a ilab le  d a ta  on su p p ly  
a n d  d e m a n d  follow th e  M A  in d u s try ’s c lassifica tion .

T h e  n a tu r e / te x tu r e  o f m a r in e  a g g re g a te s  is  g e n e ra lly  s im i­
la r  to  lan d -w o n  a g g re g a te s  (G u b b a y , 2 0 0 5 ;  H a k r is o n , 2 0 0 3 ) .  

H ow ever, th e r e  a re  a lso  d ifferences, a s  m a r in e  a g g re g a te s  
a re  g e n e ra lly  le s s  ‘c o n ta m in a te d  b y  f in e -g ra in e d  m a te r ia l  
(s ilts  a n d  clays) a n d  h a v e  h ig h e r  c o n c e n tra tio n s  of u n d e s i r ­
ab le  s a l ts  (N aC l) a n d  b io g en ic  m a te r ia l  (sh e lls /sh e ll deb ris). 
In  a d d itio n , s ilic ic las tic  m a r in e  a g g re g a te s  co n sis t g e n e ra lly  
o f “h a r d e r ” m a te r ia l  t h a n  lan d -w o n  a g g reg a te s , a s  th e y  h a v e  
b e e n  su b je c ted  to  r ig o ro u s  a b ra s io n  in  th e  e n e rg e tic  c o as ta l 
a n d  in n e r  sh e lf  m a r in e  e n v iro n m e n ts  (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 ).

T h e  com p o sitio n  o f th e  M A d e p o sits  v a rie s , d e p en d in g  on 
th e  o r ig in a l se d im e n t source. F o r  ex am p le , f lin t fo rm s th e  
g re a te r  p a r t  of th e  g ra v e l d e p o s its  o f th e  e a s te rn  E n g lish  
C h a n n e l a n d  th o se  o ffshore  o f th e  R iu g en  I s la n d  (G erm any), 
b e in g  th e  p ro d u c t o f e ro sio n  of th e  f l in t b a n d s  of th e  ex te n siv e  
C re ta ce o u s  C h a lk  o u tc ro p s  fo u n d  in  th e s e  a re a s  (K e n n e d y  a n d  
G a r r is o n , 1 9 7 5 ) .  In  co m p ariso n , m a r in e  a g g re g a te s  fo u n d  off­
sh o re  o f th e  H u m b e r  E s tu a ry  (U K  se c to r of th e  N o r th  Sea) 
h a v e  m o re  v a r ia b le  com position , re fle c tin g  th e i r  g lac ia l o rig in  
(G u b b a y , 2 0 0 5 ) .

T h e  a im  of t h is  c o n tr ib u tio n  is  to  rev iew  th e  M A  u ses, o r i­
gin, d e m a n d /su p p ly  a n d  e x p lo ita tio n  (p ro sp ec tin g /d red g in g ) 
te c h n iq u e s  in  (9) c o a s ta l  E U  M em b er S ta te s  (B elg ium , F ran ce , 
G e rm an y , th e  UK, th e  N e th e r la n d s , P o lan d , S pa in , D e n m a rk  
a n d  G reece), re p re s e n tin g  th e  d iffe re n t E u ro p e a n  c o a s ta l  a r ­
e a s  (i.e. th e  A tlan tic , B a ltic  a n d  M e d ite r ra n e a n  coasts).

USE OF THE MARINE AGGREGATES

M a rin e  a g g re g a te s  a re  u se d  (B m a p a , 2004, 2005; C e d a , 

1993): in  co n cre te  a n d  m o r ta r  m a n u fa c tu re ; a s  in g re d ie n ts  of 
a s p h a lt  a n d  c o a ted  p ro d u c ts ; fo r b lock  m ak in g ; a s  d ra in a g e  
a n d  c ap p in g  m a te r ia l  a n d  in  o th e r  f i ll- re la te d  u ses; a n d  as 
b e a c h  re p le n is h m e n t m a te r ia l.  In  sa n d y  b e a c h  re p le n is h m e n t 
sch em es (D e a n , 2002), m a te r ia l  sp ec ifica tio n s (a p a r t  from  
p ro jec t-spec ific  g ra in -s iz e  re q u ire m e n ts )  a re  re la tiv e ly  sim ple , 
a s  th e  m in e ra lo g y  of th e  m a te r ia l  is  no t, g en era lly , a  s ig n ifi­
c a n t  concern . N e v e rth e le ss , re p le n is h m e n t m a te r ia l  m u s t  be  
c lean  a n d  n o t c o n ta in in g  fre sh  b io g en ic  m a te r ia l  a n d /o r  con­
ta m in a n ts  su c h  a s  c h em ica l p o llu ta n ts ;  for e x am p le , se d im e n ts  
from  som e a re a s  o f th e  B ris to l C h a n n e l (UK) c a n n o t b e  u se d  
a s  b e a c h  r e p le n is h m e n t m a te ria l,  a s  th e y  a re  c h a ra c te r is e d  
by  la rg e  c o n c e n tra tio n s  (exceed ing  in  som e c a ses  40%  of th e  
se d im e n t w e ig h t) o f w a s te  coal (H a m il t o n  et al., 1979; V e l e g ­

r a k is  et al., 1996). S a n d  u s e d  in  c o n s tru c tio n  m u s t  com ply  w ith  
c e r ta in  s ta n d a r d s  (D e  V r e e , 2003) re g a rd in g , fo r in s tan c e , i ts  
ch lo rid e  c o n te n t (T ab le  1.).

Table 1. Chloride content lim its (according to B S  882, App. C, 
Table 7.) in marine aggregates.

Chloride
Concrete Type Content

(% weight)

Pre-stressed concrete, heat-cured concrete with 0 01
embedded metal

Concrete with embedded metal made with 
cement BS4027

Concrete with embedded metal made with 
cement BS12, BS146.DS1370, BS4246, BS 6588, Q5
BS6610, or combinations with ground granulated 
blastfurnace slag or pulverised-fuel ash

Other concrete no repu i remen I

M a rin e  g ra v e ls  a re  a lso  u s e d  fo r b e a c h  re p le n is h m e n t a n d  
in  th e  c o n s tru c tio n  in d u s try . W ith  r e g a rd  to  th e i r  u s e  in  th e  
c o n s tru c tio n  in d u s try , a lth o u g h  g ra v e l-s ize d  a g g re g a te s  form  
a n  e s s e n t ia l  in g re d ie n t  o f c e r ta in  c o n cre te s  (see T ab le  2. for 
sh e ll c o n te n t re q u ire m e n ts )  a n d  a s p h a lt  p ro d u c ts , th e y  c an  be 
re p la c e d  b y  good q u a lity  c ru sh ed -ro c k  a g g reg a te s . In  c o n tra s t, 
m a r in e  g ra v e ls  a re  v i ta l  re so u rc e s  fo r c e r ta in  b e a c h  re p le n is h ­
m e n t schem es, d u e  to  th e i r  g ra in -s iz e  a n d  (g en era lly ) ro u n d e d  
sh a p e  (e.g. A r t h u r t o n , 1997; B a t e s  et al., 1997).

Table 2. Shell content lim its (according to B S  882 1992, Table 1.)

G ra in  Size/Type Shell c o n te n t 
(% w eigh t)

M aterial with size less than  5 mm (sand) no requirement

Shingle size up to 10 mm, graded or all-in 
aggregate (> 5 mm and < 10 mm) 20

Shingle sizes, graded and all-in aggregate 
(> 10 mm) 8

in marine aggregates.

ORIGINS OF THE MA DEPOSITS

E x p lo itab le  M A d ep o sits  h a v e  b e en  m o stly  fo rm ed  in  th e  
Q u a te rn a ry . O n th e  b a s is  o f th e i r  fo rm atio n  period , th e y  m ay  
b e  d iffe re n tia te d  in to  re lic t a n d  m o d ern  se d im e n ta ry  bodies 
(e.g. M c M a n u s , 1975). R elict d ep o sits  a re  th o se  fo rm ed  in  th e  
p a s t  a n d  u n d e r  d iffe ren t e n v iro n m e n ta l co n d itio n s i.e. in  e n ­
v iro n m e n ts  co n tro lled  b y  s e d im e n tra ry  reg im es d iffe ren t th a n  
th o se  ex is tin g  p re sen tly . T ypical e x am p les  a re  th e  g ra v e l/san d  
d ep o sits  fo u n d  w ith in  th e  P le is to cen e  b u r ie d  r iv e r  v a lley s o f th e  
n o r th w e s te rn  E u ro p e a n  sh e lf  (A n t o in e  et al., 2003; G ib b a r d , 

1988; V e l e g r a k is , D ix , a n d  C o l l in s , 1999), th e  m o rib u n d  b a n k s  
fo u n d  a t  th e  o u te r  sh e lf  (a t 60-140 m  w a te r  d ep th s) of th e  C e lt­
ic S ea  (e.g. K e n y o n  et al., 1981; R e y n a u d  et al., 1999) a n d  th e  
g lac ia l (e.g. H e r r m a n n  et al., 1999) a n d  tra n s g re ss iv e  (B e l l e c , 

D ie s in g , a n d  S c h w a r z e r , th is  volum e) d ep o sits  of th e  so u th e rn  
B a ltic  Sea. Such  d ep o sits  a re  n o t n o rm a lly  invo lved  in  th e  m od­
e rn  se d im e n ta ry  p rocesses, a lth o u g h  som e m o v em en t of th e ir  
su p erfic ia l lay e rs  m ay  ta k e  p lace  u n d e r  p a r tic u la r  conditions,
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Figure 1. Seismic (boomer) section and its interpretation  from a 
tribu tary  paleovalley of the ‘English Channel River’ (Gibbar d, 1988; 
Hamblin e t al., 1992) in the central English Channel. The infilling 
sedim ents form different seism ostr atigraphic units, with coarse-grained 
sedim ent topping the sequence (shown from the  acoustic character of 
the deposit, e.g. from the  presence of num erous diffractions, and ground 
tru th  data). Key: I, lower bounding unconformity of the  coarse-grained 
deposit; II, upper bedrock erosional surface; III, la te  channels.

100 m

Figure 3. Seismic (boomer) section and its in terpretation  from a buried 
valley of the eastern  English Channel. The infilling sediments form 
different seism ostr atigraphic units, with (mostly) fine-grained deposits 
topping the infilling sequence. Key: I, upper bounding unconformity of 
the tran sgressive deposit (transgressive system trac t (TST)); II, upper 
bounding unconformity of the coarse-grained deposit of the lowstand 
system  trac t (LST) see Posam entier and Vail (1988); and III, upper 
bedrock erosion al surface.

su ch  a s  s to rm  w av es (e.g. D a lry m p le  et al., 1992). M o d em  de­
p o s its  a re  th o se , w h ich  h a v e  b e e n  fo rm ed  a n d  co n tro lled  b y  th e  
m o d e m  h y d ro -a n d  se d im e n t d y n am ic  conditions. In  a re a s  a s ­
so c ia ted  w ith  h ig h  t id a l  a n d /o r  w ave  energy , a s  i t  is  th e  case  
in  m o st sh a llo w  A tla n tic  c o n tin e n ta l shelves, m o d e m  d ep o sits  
c an  b e  c h a ra c te riz e d  b y  s ig n ifican t m o b ility  (e.g. V e le g ra k is  et 
al., 2007; V incen t, S to le ,  a n d  P o r te r ,  1998), w h ich  m a y  r e su lt  
in  co n sid e rab le  m a te r ia l  ex ch a n g es  b e tw e e n  th e m  a n d  th e  a d ­
ja c e n t  a rea s .

Relict MA deposits
T h ese  d e p o s its  h a v e  b e e n  m o s tly  fo rm ed  d u r in g  th e  P le is ­

to ce n e  c lim a tic  c h a n g e s  a n d  se a  leve l o sc illa tio n s. D u r in g  th e  
P le is to c e n e  se a  lev e l fa lls  (lo w stan d s), c o n tin e n ta l  sh e lv es  
a ro u n d  n o r th e r n  E u ro p e  w e re  re p e a te d ly  ex p o sed  to  sub - 
a e r ia l  e ro s io n  a n d  d ra in e d  b y  la rg e  p e r ig la c ia l r iv e r  sy s te m s

III

Figure 2. Seismic (boomer) section and its interpretation showing 
drowned river terraces in the Eastern English Channel (water depth 
~30 m at the upper p a rt of the deposit). These terraces are found along a 
submerged tributary  of the Northern Paleaov alley (the large submerged 
valley of the English Channel, see Hamblin e t al. (1992)), which, in many 
areas, is devoid of sediment infilling, possibly due to an extreme flooding 
event during the last (Flandrian) transgression (e.g. Smith, 1985; 1989). 
The terrace m aterial consists mainly of flint gravel and/or sandy gravel, 
indicated by the presence of acoustic diffractions on the echogram and 
verified by ground-truth data. Key: I, lower bounding unconformity of 
the coarse-grained terrace deposit; II, upper bedrock erosional surface at 
the terrace area; III, upper bedrock erosional surface a t the interfluve.

100 m

Figure 4. Seismic (boomer) section and its interpretation showing a 
coarse-grained drowned beach in the E astern English Channel (water 
depth ~35 m a t the upper p a rt of the deposit). The m aterial consists 
probably of flint gravel and/or sandy gravel, shown by the plethora of 
sound wave diffractions present on the image and ground tru th  data 
(core sampling). Key: I. upper bedrock erosional surface.

(e.g. A n t o in e  et al., 2003; G ib b a k d , 1988); d ep o sitio n  of u n c o n ­
so lid a te d  (a n d  re la tiv e ly  w e ll-so rted ) c o a rse -g ra in e d  m a te r ia l  
w a s  ta k in g  p lace  a t  th e  r iv e r in e  th a lw e g s , te r ra c e s , p o in t b a r s  
a n d  fa n s  (L e e d e r , 1999). T h ese  d e p o s its  a re  o f p a r t ic u la r  i n te r ­
e s t  fo r th e  M A  in d u s try , s ince  th e y  c o n ta in  la rg e  q u a n ti t ie s  of 
g ra v e l a n d  sa n d y  g ra v e l (F ig u re  1.). A lth o u g h , su ch  c o a rse ­
g ra in e d  d e p o s its  a re  u su a lly  b u r ie d  u n d e r  tra n s g re ss iv e /h ig h -  
s ta n d  f in e r -g ra in e d  d e p o s its  (see below ), in  som e c ases  th e y  
c an  a lso  b e  fo u n d  ex p o sed  on th e  p re s e n t  seafloo r (F ig u re  2.).

D u rin g  th e  e a r ly  s ta g e s  of th e  su b seq u e n t m a rin e  t r a n s g re s ­
sion, th e  lo w sta n d  flu v ia l e n v iro n m e n ts  w ere  t ra n s fo rm e d  f irs t 
in to  e s tu a r in e  a n d  th e n  m a r in e  e n v iro n m e n ts  (e.g. A l l e n  a n d  
P o s a m e n t ie r , 1993). T herefore, th e  la s t  (F la n d ria n ) t r a n s g re s ­
sion  c au sed  f in e -g ra in e d  se d im e n ta tio n  (i.e. m u d d y  s a n d s  a n d  
m u d s) over la rg e  sec tio n s o f th e  r iv e r  p a laeovalleys, w h ich  w ere  
p rev io u s ly  c h a ra c te r is e d  b y  co arse -g ra in e d  se d im e n ta tio n  (e.g. 
F l e t c h e r  , K n e b e l , a n d  K r a f t , 1992). Su ch  se d im e n ta ry  sé ­
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qu en ces (F ig u re  3.) a re  difficult to  exploit, a s  fin e -g ra in e d  sed i­
m e n t d ep o sits  m u s t b e  e x ca v a te d  befo re  re ac h in g  th e  c o arse ­
g ra in e d  re so u rce  (b u t see L o m a n  (2006) for new  techno log ical 
d ev elo p m en ts  w h ich  m ay  a d d re ss  th is  problem ).

O th e r  re lic t  s e d im e n ta ry  b o d ies  w ith  a  good re so u rce  p o te n ­
t ia l  a re  a s so c ia te d  w ith  d ro w n e d  b e a c h e s  a n d  b a r r ie r  is la n d s  
(L e e d e r , 1999). T h ese  a re  c o a s ta l  s e d im e n ta ry  b o d ies  left b e ­
h in d  d u r in g  th e  la s t  m a r in e  t ra n s g re s s io n , a s  a  r e s u l t  o f th e i r  
p ro te c te d  p o sitio n  (e.g. p e rc h e d  in  f ro n t o f c o a s ta l  cliffs) a n d / 
o r th e  fa s t  r a te  o f th e  t r a n s g re s s io n  (F ig u re  4.). T h ese  d ep o sits  
a re  o f p a r t ic u la r  in te re s t ,  a s  th e y  a re  c h a ra c te r is e d  by  r e la ­
tiv e ly  good so r tin g  a n d  co n sis t o f m a te r ia l  r e s i s ta n t  to  a b r a ­
sion, w h ich  m a k e s  th e m  id e a l for b e ac h  re p le n is h m e n t. T h e ir  
te x tu re  d e p en d s  on  th e  p a r t ic u la r s  o f th e  d ro w n ed  se d im e n ­
t a r y  e n v iro n m e n t a n d  th e i r  e x p lo itab ility  is  c o n tro lled  b y  th e  
d e p th  of th e i r  p re s e n t  p o s itio n  (B a t e s  et al., 1997).

Figure 5. Seismic section and its interpretation  across the Kwinte 
Bank (Flemish Banks, southern North Sea). Key: I, base of the modern 
sand bank: II, base of the transgressive coastal bar preceding the 
modern bank: III, base of the tidal flat deposits: and IV, base of the 
estuarine channels.

W

30 m

Figure 6. Side-scan sonar sonograph from the Bristol Channel (UK), 
showing a field of sand subaqueous dunes (Velegrakis et al., 1996). 
Key: A, large subaqueous dunes: B, medium subaqueous dunes 
superimposed on the larger bedforms.

In  som e a re a s  d u r in g  th e  P le is to c e n e  g lac ia l ep isodes, ice- 
sh e e ts  o r ig in a tin g  from  th e  la n d  m a s se s  s p re a d  a n d  e x te n d e d  
to  th e  she lves, d e p o sitin g  e x te n s iv e  m a n t le s  o f su b -g lac ia l 
t i l l  c o n s is tin g  of clays, sa n d s , g ra v e ls  a n d  b o u ld e rs . A lth o u g h  
th e s e  d e p o sits  c an  a t t a in  s u b s ta n t ia l  th ic k n e s se s  (e.g. J a c k so n  

et al., 1995; J a m e s , H a r r is o n , a n d  C ia v o l a , 1992), th e y  m ay  
o n ly  ra re ly  be  o f econom ic in te re s t  d u e  to  (a) th e i r  c o n so lid a ­
tio n  a n d  ‘c o n ta m in a tio n ’ b y  b o th  fin e  a n d  o v ersize  m a te r ia l  
a n d  (b) re g u la to ry  re s tr ic tio n s  p u t  in  p lace  for som e a re a s  (e.g. 
in  th e  B a ltic  Sea, see  H e l c o m  (1998)). In  som e a rea s , how ever, 
p ro -g lac ia l t i l l  d ep o sits , d e p o s ite d  b y  m e lt ice r iv e rs  from  th e  
ice f ro n t a n d  c o n s is tin g  of sa n d y  g ra v e ls  a n d  co arse  g rav e lly  
s a n d s  can  b e  of in te re s t  to  th e  M A  in d u s try  (e.g. th e  C lea v er 
B a n k  in  th e  D u tc h  sec to r a n d  th e  a re a s  e a s t  o f N orfo lk  a n d  th e  
H u m b e r  in  th e  LTK sec to r o f th e  N o r th  Sea).

F in a lly , som e a re a s  o f th e  n o r th e r n  E u ro p e a n  sh e lv es  a re  
c h a ra c te r is e d  by  v e n e e rs  o f lag  g rav e l. T h ese  d e p o sits  h a v e  
b e e n  s u b s ta n t ia l ly  re w o rk e d  by  th e  p re s e n t  h y d ro d y n a m ic  r e ­
gim e; th e y  u s u a lly  fo rm  th in  se d im e n ta ry  bodies, a s  i t  is  th e  
c ase  in  th e  B a ltic  S ea  (e.g. B l a z h c h is h in , 1976) a n d  th e  E n g ­
l ish  C h a n n e l (H a m b l in  et al., 1992) and , th u s ,  th e y  h a v e  on ly  
l im ite d  econom ic p o te n tia l .

Modern MA deposits
In  t e rm s  o f t h e i r  d y n am ics, m o d e rn  d e p o sits  m ay  be  b ro a d ly  

d if fe re n tia te d  in to : (i) se d im e n t sin k s, i.e. d e p o s itio n a l c e n tre s  
t h a t  do n o t  su p p ly  s e d im e n ts  to  th e  su r ro u n d in g  a re a s  a n d  
(ii) se d im e n t s to res , i.e. d e p o sits  c h a ra c te r is e d  b y  c o n s id e r­
ab le  s e d im e n t e x ch a n g es  w ith  th e  a d ja c e n t a re a s . In  e n e rg e tic  
m a r in e  e n v iro n m e n ts , su p e rfic ia l se d im e n t d e p o sits  a re  lik e ly  
to  b e  m ob ile  and , th u s ,  c an  be  g e n e ra lly  c la ss if ied  a s  ‘s to re s ’. 
S a n d  s to re s  in  th e  c o n tin e n ta l  sh e lf  in c lu d e  s a n d  sh e e ts , s a n d ­
b a n k s  (F ig u re  5.), s a n d  p a tc h es , s a n d  rib b o n s  a n d  su b a q u e o u s  
d u n e  fie ld s  (F ig u re  6.).

Figure 7. (a) Seismic (boomer) section showing subaqueous sand dunes 
in the English Channel and (b) Seismic (boomer) section showing 
subaqueous gravel dunes in Christchurch Bay, (southern UK). Key: I, 
basal unconformity of the sand bedforms: II, basal unconformity of the 
gravel sediments; BM, bottom multiple: B, Tertiary bedrock.
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Table 3. Official M A information holders in the investigated E U  Member States.

C ountry O rg a n isa tio n /D a ta  se ts

Fund for Sand Extraction, FPS Economy, SMEs, and Energy (www.mineco.fgov.be) (resource maps and databases of multibeam 
data/dredging activity)
Management U nit of the North Sea M athematical Models - MUMM, Departm ent VI of the Royal Belgian Institute of N atural 
Sciences (www.mumm.ac.be/) (resource maps, lisenced areas, dredging activity data, including EMS “black-box” data) 
Geological Survey of Belgium (www.naturalsciences.be/geology/) (geological maps and prim ary data sets)

Belgium

BRGM-Bureau de Recherches Géologiques et Minières (Office of Geological and Mine Research) (www.brgm.fr) (geological maps, 
prim ary geological data)
IFREMER (French Research Institute for Exploitation of the Sea) (www.ifremer.fr) (MA licenses, MA reserve maps, oceanographic 
databases (SISMER), subsurface data (CORIOLIS), satellite data (CERSAT))
SHOM-Service Hydrographique et Océanographique de la Marine (Hydrographic and Oceanographic Service) (www.shom.fr) 
(marine data/information, including hydrographic, multibeam and geophysical data)

France

PGI (Polish Geological Institute) (http://www.pgi.gov.pl/) (MA licensed areas, geological maps, natural resource maps, central 
geological archives) and MIDAS Register (Management and Protecting of Polish M ineral Raw Materials)
DGiKG (Department of Geology and Geological Concessions, Ministry of the Environment) (http://www.mos.gov.pl/dgikg/) (national 
proven, probable and possible m ineral reserves)

Poland

BSH (Federal Maritime and Hydrographic Agency) - (http://www.bsh.de/de/index.jsp) (MA licenses, resource maps, marine 
environmental data and CONTIS database
BGR Federal Institution for Geosciences and N atural Resources in Hanover (http://www.bgr.bund.de/cln_029/DE/Home/
homepage node.html nnn=true) (central authority advising the German Federal Government)
State (Lander) Geological Surveys (e.g. http://www.uni-mainz.de/FB/Geo/Geologie/GeoSurv.html):
Landesamt für Umwelt, Naturschutz und Geologie Mecklenburg-Vorpommern (Office for Environment, Nature Protection and 
Geology) http://www.lung.mv-regierung.de/ in Mecklenburg-Vorpommern (Geological and natural resource maps, Baltic Sea 
Territorial W ater environmental data, GIS-based geological data)
Landesamt für Bergbau, Energie und Geologie (LBEG) (Office for Mining Industry, Energy and Geology (est. in 1-1-2006) in Lower 
Saxony (http://www.lbeg.niedersachsen.de/) (geological/natural resource maps and North Sea Territorial W ater environmental data) 
Landesamt für N atur und Umwelt (Office for Nature and Environment) - http://www.umwelt.schleswig-holstein.de/servlet/is/155/ - 
in Schleswig-Holstein (geological and m ineral resource data/maps, environmental databases)
Behörde für Stadtentwicklung und Umwelt Geologie (Agency for Town Development and Environmental Geology) in Hamburg 
http://fhh.hamburg.de/stadt/Aktuell/behoerden/stadtentwicklung-umwelt/umwelt/geologie/start.html

Germany

GEUS (Geological Survey of Denmark and Greenland) (http://www.geus.dk/) (MA extraction licenses, geological/mineral resource 
data and maps)

The
Netherlands

TNO (Netherlands Institute of Applied Geosciences - Geological Survey) (http://www.nitg.tno.nl/eng/) (MA extraction licenses, 
geological/mineral resource maps and databases)
Ministry of Transport, Public Works and W ater m anagement (http ://www.verkeerenwaterstaat.nl/?lc=nl) and North Sea 
Directorate (http ://www.rijkswaterstaat.nl/

The UK
British Geological Survey http://www.bgs.ac.uk/ (geological and m ineral resource maps and databases)
The Crown Estate (http://www.crownestate.co.uk/) and BMAPA (www.bmapa.org/) (information on MA extraction licenses, 
extraction activity database)

Spain

Instituto Español de Oceanografía (Spanish Institute of Oceanography) - IEO - http://www.ieo.es/version_eng/indexingles.htm 
Del Ministerio de Agricultura, Pesca y Alimentación en España (Ministry of Agriculture, Food and Fisheries) - http://www.mapa.es/ 
Instituto Geológico y Minero de España (Geological and Mining Institute of Spain) - http://www.igme.es/internet/default.htm 
Dirección General de Costas, Ministerio de Medio Ambiente (General Directorate of Coasts, M inistry of Environment) - http://www. 
mma.es/costas/htm/actua/infor/

IGMR Greek Geological Survey (marine geological data/maps) and 
HCMR (Hellenic Centre for M arine Research) (marine environmental data) 
Public Estates Company (MAlicenses)
YYN (Naval Hydrographic Office) (Hydrographic data and maps)

S a n d  sh e e ts  a re  ex ten siv e, c o n tin u o u s  v e n e e rs  o f sa n d  of 
v a r ia b le  th ic k n e ss . S u ch  d ep o sits  a re  com m only  fo u n d  over 
th e  w e s te rn  E u ro p e a n  shelf, m o stly  a t  re la tiv e ly  la rg e  (> 40- 
60 m ) w a te r  d e p th s  (K enyon a n d  S tr id e , 1970). T herefo re , even  
th o u g h  th e y  m ay  form  s u b s ta n t ia l  m a r in e  a g g reg a te  resources, 
th e y  a re  p ro b a b ly  b e y o n d  th e  o p e ra tio n a l c ap a b ility  o f th e  m a ­
jo r ity  o f th e  v e sse ls  o f th e  d red g in g  in d u s try  flee t (e.g. B a te s  et 
al., 1997; V isser, 2007). S a n d b a n k s  a re  e lo n g a ted  se d im e n ta ry  
bodies, w h ich  m a y  re a c h  le n g th s  w ell in  excess o f 30 k m  (C o l­
l in s  et al., 1995; D y e r a n d  H u n tle y , 1999; P a t t i a r a tc h i  a n d  C o l­
lin s , 1987). T h ese  s e d im e n ta ry  s t ru c tu re s  fo rm  h u g e  re so u rce s  
o f good q u ality , re la tiv e ly  w e ll-so rted  sa n d -s iz ed  se d im e n ts  a n d  
a re  one o f th e  p r im a ry  ta r g e ts  o f th e  M A  in d u s try  (e.g. Ices, 
2005; V e le g ra k is  et al., 2001). S a n d  rib b o n s  a re  flow p a ra l le l  
b ed fo rm s (e.g. K enyon, 1970; M cL ean, 1981) c o n sis tin g  o f e lo n ­

g a te d  p a tc h e s  o f s a n d  re s t in g  on co a rse r-g ra in e d  se d im e n ts  
a n d /o r b ed ro ck  su b s tra te s ;  th e y  fo rm  good q u a lity  M A  d ep o sits  
w hich , how ever, a re  c h a ra c te r is e d  b y  a  l im ite d  th ic k n e ss  a n d  
r ig o ro u s  h y d ro d y n a m ic  reg im e  th a t  m a k e s  th e i r  m in in g  dif­
ficu lt. S u b a q u e o u s  d u n e s  (A sh ley  et al., 1990) a re  flo w -tran s­
v e rse  re p e tit iv e  se d im e n t s t ru c tu re s  develop ing  on a  sed im en ­
ta r y  b e d  u n d e r  th e  in flu en ce  of c u rre n t-  a n d /o r  w av e-in d u ced  
flow s (B e ld e rso n , Joh n so n , a n d  K enyon, 1982; D a lry m p le  et al., 
1992). T h ey  h a v e  d u n e-lik e  sh a p e s  w ith  th e i r  c re s ts  a lig n ed  
(a lm ost) p e rp e n d ic u la r  to  th e  p re v a ilin g  flow d irec tio n  a n d  a re  
c h a ra c te r is e d  b y  v a r ia b le  se d im e n t te x tu re  a n d  d im en sio n s 
(F ig u re s  6. a n d  7.), re flec tin g  th e  se d im e n t a n d  flow d iv e rs ity  
o f th e  sha llow  m a r in e  e n v iro n m en ts . S u b a q u e o u s  d u n e  fie lds 
c an  b e  o f la rg e  econom ic in te re s t ,  a lth o u g h  th e y  p re s e n t  c e r ta in  
p ra c tic a l p ro b lem s in  th e i r  e x p lo ita tio n  (B a te s  et al., 1997).
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EUROPEAN MARINE AGGREGATE RESOURCE 
INFORMATION

In  a ll in v e s tig a te d  E u ro p e a n  M em b er S ta te s , M A reso u rce  
in fo rm a tio n  h a s  b e e n  fo u n d  to  be  d isp e rse d  am o n g  v a rio u s  o r­
g a n isa tio n s  (T able 3.). T he av a ilab le  in fo rm a tio n  co n sists  of 
b o th  an a lo g u e  a n d  d ig ita l d a ta  se ts  a n d  in c lu d es  m a r in e  a g ­
g re g a te  re se rv e  m a p s  a n d  m ap s  of a re a s  licen sed  for e x tra c ­
tion , sha llow  se ism ic  a n d  sid e -scan  so n a r  records, bo reh o le  logs 
a n d  vibro-core, g rav ity  core a n d  g rab  sam p le  records. T h e  d a ta  
q u a n ti ty  a n d  q u a lity  v a ry  w idely, w ith  th e  m o st m o d em  a n d  
u n ifo rm  d a ta  b a se s  fo u n d  in  th e  UK, th e  N e th e r la n d s  a n d  D e n ­
m ark , w h e re  m o st of th e  in fo rm a tio n  is  h e ld  e lec tro n ica lly  (Ices, 
2005; M eakins et al., 1999; N ie ls e n  a n d  Jen sen , 2003). A lth o u g h  
th e  re c e n t y e a rs  s u b s ta n tia l  re se a rc h  h a s  b e en  u n d e r ta k e n  
to  access th e  M A re so u rce  p o te n tia l  of th e  E u ro p e a n  shelves, 
th e re  a re  s till  in fo rm a tio n  g ap s in  a ll in v e s tig a te d  E U  M em b er 
S ta te s ; th is  is  t r u e  even  for th o se  s ta te s  w h e re  m o d ern  su rv ey s 
h a v e  b e en  c a rr ie d  out. T hus, a cc u ra te  e s tim a tio n s  of th e  o verall 
re se rv e s  a re  n o t av a ilab le  (Ices, 2006), p a r tic u la r ly  o ver a re a s  
exceed ing  40 m  w a te r  d e p th s  (e.g. B a te s  et al., 1997).

R esource  in fo rm a tio n  is also  n o t a lw ay s s ta n d a rd is e d  (Ices, 
2005; M eakins et al., 1999). N o t on ly  is  th e re  a  w ide d isp a r ity  in  
th e  ty p e /q u a lity  of d a ta  se ts  h e ld  b y  in d iv id u a l s ta te s , b u t  th e re  
a re  d isc rep an c ie s in  th e  re so u rce  c lass ifica tio n  sch em es a n d  d e ­
scrip tions, in  sp ite  of th e  obvious b e n e fits  of d a ta  s ta n d a rd is a ­
tion . M a rin e  a g g reg a te  c lass ifica tio n s a p p e a r  to  d ep en d  on  th e  
a rea , ty p e  of m a te r ia l  a n d  en d -u se r. F o r  exam ple, th e  low est

g ra in -s ize  lim it for in  th e  U K  v a r ie s  from  2 m m  to  4 m m  to  5 
m m , w h e re a s  in  F ra n c e  v a r ia tio n s  occur even  b e tw ee n  reg ions. 
C lassifica tio n  d isc rep an c ie s  a re  o f s ig n ifican t concern  w hen  
q u a n ti ta t iv e  d a ta , su ch  a s  d e m a n d  o r re se rv e  e s tim a te s , a re  
c o m p ared  b e tw ee n  d iffe ren t a re a s  a n d /o r E U  M em b er S ta te s . 
Som e effo rts  to w a rd s  a  co n s is ten t fo rm a t/s ta n d a rd s  h a v e  b een  
m ad e  (e.g. De Vkee, 2003), p a r tic u la r ly  by  o rg a n isa tio n s  in  
th e  UK, th e  N e th e r la n d s  a n d  D en m ark ; how ever, sa tis fac to ry  
s ta n d a rd is a tio n  h a s  n o t b e en  y e t achieved. In  th e  M e d ite r ra ­
n e a n  region, M A re se rv e  in fo rm a tio n  is n o t av a ilab le  in  a  com ­
p re h en s iv e  way, a lth o u g h  it  a p p e a rs  t h a t  s u b s ta n tia l  re lic t a n d  
m o d em  d ep o sits  a re  av a ilab le  (e.g. V e leg ra k is  et al., 2001).

Neth? druids

40  -

35  —

Figure 8. M arine aggregate production in 8 EU Member States in the 
period 1989-2005 (see also Table 4.). D ata from Ices, (1995, 2000-2006) 
and M eakins et al. (1999).

Table 4. National marine aggregate extraction for the period 1989-2005. (Data from Ices, 1995; 2000-2006; M eakins et al. (1999) and the Belgian 
F und for S and  Extraction). Note that the JJK data have been estimated on the basis o f a  volum e/w eight coefficient 1 /1 .66  (Ices, 2005, 2006). The 
first value for Germany and Denmark refers to the total production volume, whereas the values in parentheses refer to production volumes from the 
North Sea. Key: nd, no data available.

Y ear
E x tra c tio n  vo lum es (in m illion  m 3)

G erm an y P o lan d UK F ra n c e N e th erlan d s Spain D en m ark G reece B elgium

1989 1.97 (1.97) 0.96 16.27 nd 8.43 7.68 nd 0.96

1990 2.27 (2.27) 1.35 15.24 nd 13.36 0.08 5.74 nd 0.95

1991 2.02 (2.02) 0.99 12.23 2.00 12.77 0.66 6.40 nd 1.75

1992 2.49 (2.08) 1.58 12.41 1.90 14.80 1.32 4.38 nd 1.22

1993 3.26 (2.21) 1.35 10.78 1.90 13.02 2.19 4.32 nd 1.45

1994 10.12 (8.81) 0.74 13.13 2.50 13.55 2.75 5.17 nd 1.60

1995 2.91 (1.54) 0.81 15.72 2.50 16.83 0.42 5.31 nd 1.66

1996 4.26 (1.38) 0.85 13.61 2.30 23.15 1.48 6.32 nd 1.44

1997 2.22 (0.00) 0.96 15.00 2.60 22.75 1.67 6.40 nd 3.86

1998 0.70 (0.70) 0.69 13.80 2.60 22.51 1.41 6.66 nd 1.40

1999 0.71 (0.71) 0.74 12.60 2.60 22.40 0.49 12.04 nd 1.69

2000 2.97 (1.67) 0.82 13.89 2.60 25.42 0.41 7.12 nd 1.90

2001 nd nd 13.71 2.43 36.45 0.30 7.86 nd 1.92

2002 nd 0.53 13.22 2.43 33.84 0.08 5.57 (3.50) nd 1.62

2003 1.14 (0.70) nd 13.39 nd 23.97 1.19 8.13 (6.18) nd 1.65

2004 nd 0.85 12.98 0.34 23.59 0.79 6.46 (4.18) nd 1.50

2005 14.00 (13.61) nd 12.78 nd 28.76 0.05 11.05 (9.28) nd 1.36

Average 3.64 (2.00) 0.94 13.57 2.21 20.92 0.96 6.86 nd 1.64
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In  v iew  of th e  in fo rm a tio n  g ap s  a n d  c la ss if ica tio n  d isc re p ­
ancies, th e  p ro v e n  reco v e rab le  E u ro p e a n  M A  re se rv e s  a re  
d ifficu lt to  b e  e s ta b lish e d  w ith  accu racy . H ow ever, su c h  e s t i ­
m a te s  e x is t for som e of th e  in v e s tig a te d  s ta te s , on  th e  b a s is  of 
d e ta i le d  re c o n n a is sa n c e  m a p p in g  ( I c e s , 2 0 0 6 ) .  F o r  exam ple , 
D a n ish  m a r in e  s a n d  re se rv e s  h a v e  b e e n  e s t im a te d  to  b e  v e ry  
s u b s ta n t ia l  (in  th e  o rd e r  of se v e ra l b illio n s  m 3), b u t  co arse  
sa n d /g ra v e l re so u rc e s  a re  r a th e r  l im ite d  in  th e  N o r th  Sea  
(B ir k l u n d  a n d  W i .js m a n , 2 0 0 5 ) .  T h e  G e rm a n  reco v e rab le  M A  

re se rv e s  o f th e  B a ltic  S ea  a re  co nfined  (of th e  o rd e r  o f 4 0 -5 0  

m illio n  m 3), w h e re a s  th e  P o lish  re se rv e s  h a v e  b e e n  e s t im a te d  
to  b e  close to  a  1 0 0  m illio n  m 3 (H e r r m a n n  et al., 1 9 9 9 ). E s t im a ­
tio n s  for th e  U K  h a v e  sh o w n  t h a t  th e  p ro v e n  a n d  p o te n tia l  
w o rk a b le  m a r in e  s a n d  re se rv e s  fo u n d  w ith in  th e  p re s e n t  o p e r­
a tio n a l  c a p a b ili ty  of d re d g in g  v e sse ls  a m o u n t to  se v e ra l b illio n  
m 3( H u m p h r e y s  et al., 1 9 9 6 ) .  In  c o n tra s t , c o a rse -g ra in e d  d ep o s­
i ts  a re  fin ite , a s  th e y  m o stly  fo rm  a  th in  (less t h a n  lm  th ick ) 
v e n e e r  over th e  seab ed ; on ly  over c e r ta in  a r e a s  th e  th ic k n e s s  
of th e  g ra v e l d e p o s its  b eco m es s ig n ific a n t (F ig u re s  1., 2 . a n d  
4 .)  and , th u s ,  econom ica lly  v iab le  (e.g. A r t h u r t o n , 1 9 9 7 ; B a t e s  

et al., 1 9 9 7 ).

MA PRODUCTION AND USAGE

R eliab le  s ta tis t ic s  on  m a r in e  a g g re g a te  p ro d u c tio n  in  th e  
E U  M em b er S ta te s  a re  d ifficu lt to  co lla te  (e.g. I c e s , 2006), due  
to  n o n -s ta n d a rd is e d  a rch iv in g , v a ry in g  m a te r ia l  c la ss if ica ­
tion , co m m erc ia l c o n fid e n tia lity  is su e s  (M e a k in s  et al., 1999) 
a n d  re g u la tio n  d isc rep a n c ie s  (R a d z e v ic iu s  et al.., t h is  vo lum e). 
In  g en era l, in fo rm a tio n  is  m o re  co m p le te  in  th o se  c o u n tr ie s  
t h a t  h a v e  in c re a s e d  d ep en d en ce  on m a r in e  a g g re g a te s  a n d  a 
m a tu re  M A in d u s try ; hen ce , l im ite d /sp a rse  in fo rm a tio n  can  
b e  fo u n d  for th e  M e d ite r ra n e a n  E U  S ta te s , w h ich  re ly  p r e ­
d o m in a n tly  on  la n d  a g g reg a te s . C o n tin u o u s  p ro d u c tio n  (ex­
tra c tio n )  f ig u re s  (for th e  la s t  30 y e a rs)  a re  a v a ila b le  for th e  
UK, th e  N e th e r la n d s  a n d  B e lg iu m  (C e d a , 1993; I c e s  re p o rts  
2000-2006), w h e re a s  F ra n c e  a n d  G e rm a n y  show  s ig n ifican t 
in fo rm a tio n  g ap s  ( I c e s , 2006; I f r e m e r , 2007).

Liverpool ^
H um ber

Am sterdam

k. 'Uedai

-  0 40 km

N orfolk i t  
Suffolk ♦ '

Tham es
►B ristol Estuary 

S o u th a m p to n

English Channel 0____ 80 km

Figure 9. Licenced areas for m arine aggregate extraction in  (a) the 
N etherlands and (b) the UK. Adapted from Phua et al. (2004), Ices 
(2005) and Bm apa (2005). Key: 20 m, contour line of the 20 m water 
depths; and I, major dredging areas.

MA Production
In  th e  la te  1980s, M A  p ro d u c tio n  in c re a s e d  s ig n ific a n tly  in  

s e v e ra l s ta te s .  T h e  leve l o f p ro d u c tio n  h a s  s ince  b een , m ore  
o r less, s ta b il is e d  (w ith  th e  ex cep tio n  of th e  N e th e r la n d s ) , 
a lth o u g h  sig n ific a n t in te r a n n u a l  v a r ia tio n s  m a y  occur in  r e ­
sp o n se  to  p ro jec t- le d  d e m a n d  (F ig u re  8. a n d  T ab le  4.). T he 
th r e e  m a in  M A p ro d u c tio n  c o u n tr ie s  in  th e  E U  a re  th e  N e th e r ­
lan d s , th e  U K  a n d  D e n m ark , w h ich  co llective ly  y ie ld  o ver 80%  
of th e  m a r in e  a g g re g a te s  p ro d u c ed  b y  th e  9 s tu d ie d  c o u n tr ie s  
(H a r r is o n , 2003; I c e s , 2006; U s c in o w ic z  et al., 2003).

The N e th erla n  d s
M A p ro d u c tio n  (ex trac tio n ) h a s  b e e n  in c re a s in g  m o re  o r less  

s te a d ily  s ince  1989 (F ig u re  8). T h e  p ro d u c tio n  from  th e  N o r th  
S ea  lic e n sed  a re a s  (F ig u re  9a.) p e a k e d  in  2001 a t  36.5 m illio n  
m 3, in  re sp o n se  to  in c re a s e d  d e m a n d  for fill a n d  b e a c h  re p le n ­
ish m e n t m a te r ia l  d u r in g  th a t  y ear; in  2005, to ta l  m a r in e  sa n d  
p ro d u c tio n  w a s  - 2 9  m illio n  m 3 ( I c e s , 2006). In  th e  D u tc h  sec­
to r  o f th e  N o r th  Sea, th e r e  a re  no  ex p lo itab le  g ra v e l re so u rc e s  
and , th u s , th e  g ra v e l n e e d s  o f th e  c o u n try  a re  co v ered  th ro u g h  
im p o r ts  (a ro u n d  2 m illio n  m 3 p e r  y e a r)  m a in ly  fro m  th e  UK. 
T h e  in c re a s e d  M A p ro d u c tio n  is  co m p o u n d ed  by  th e  c o n s tru c ­
t io n  o f m o d e m  fa c ilitie s  (w h a rv es) in  th e  p o r t  o f R o tte rd a m  for 
th e  la n d in g  a n d  p ro c ess in g  of m a r in e  a g g reg a te s . T h is  la rg e  
in v e s tm e n t sh o w s th a t  th e  N e th e r la n d s  p la n s  to  sh if t f u r th e r  
th e  p ro d u c tio n  from  lan d -  to  m a r in e -b a se d  sources.

The U K
M A p ro d u c tio n  h a s  in c re a s e d  s te a d ily  in  th e  p a s t  fo u r dec­

a d e s  ( -5 .7  m illio n  m 3/y e a r  in  th e  60s, - 9  m illio n  m 3/y e a r  in  th e  
70s, - 1 1  m illio n  m 3/y e a r  in  th e  8 0s a n d  - 1 3  m illio n  m 3/y e a r  in  
th e  90s). T h e  p ro d u c tio n  p e a k e d  in  1989 a t 16.9 m illio n  m 3 (to 
su p p ly  th e  la rg e  in f ra s tru c tu re /b u ild in g  p ro jec ts  in  th e  L o n ­
don m e tro p o lita n  a rea ), to  d eclin e  su b se q u e n tly  to  10.8 m illio n  
m 3 in  1993 (G u b b a y , 2005); s ince  th e n , th e  a n n u a l  p ro d u c tio n  
h a s  a g a in  b e e n  in c re a s in g  to  a n  a n n u a l  a v e ra g e  of - 1 3  m il­
lion  m 3 (T ab le  4.) to  p ro v id e  th e  a d d itio n a l m a te r ia l  r e q u ire d  
fo r b e ac h  re p le n is h m e n t sch em es a n d  in c re a s in g  e x p o rts . I t  
is  e x p ec te d  th a t  th e  m a r in e  a g g re g a te  d e m a n d  w ill b e  fu r th e r  
in c re a s e d  in  th e  n e a r  fu tu re , in  o rd e r  to  su p p ly  th e  la rg e  d e ­
v e lo p m e n t p ro jec ts  a s so c ia te d  w ith  th e  2012 L o n d o n  O lym pics 
(S e a m a n , 2006).

T h e  h ig h e s t  d e m a n d  fo r m a r in e  a g g re g a te s  is  in  SE  E n g ­
lan d ; th u s ,  M A p ro d u c tio n  is  c o n c e n tra te d  in  th e  so u th e rn  
N o r th  S ea  a n d  th e  E n g lish  C h a n n e l (B m a p a , 2004). A g g re ­
g a te s  a re  su p p lie d  from  lic e n sed  a re a s  o ffshore  o f th e  T h am es  
E s tu a ry , th e  N orfo lk  a n d  Suffo lk  c o as ts  a n d  th e  C e n tra l  a n d  
E a s te r n  E n g lish  C h a n n e l (F ig u re  9b.). T h e  3 o th e r  m a in  M A 
p ro d u c tio n  a re a s  a re  lo ca ted  in  th e  B ris to l C h a n n e l, offshore  
o f th e  H u m b e r  E s tu a r y  a n d  in  L iv erp o o l Bay; th e s e  p ro d u c ­
t io n  s ite s  su p p ly  local m a rk e ts . V ery  l im ite d  M A  e x tra c tio n  
t a k e s  p lace  to  th e  n o r th  of th e s e  a re a s . W ith  r e g a rd  to  th e  
ty p e  of m a te r ia l  p ro d u c e d  (g rav e l o r sand), th e r e  is  a lso  a d if­
f e re n tia t io n  acco rd in g  to  loca tion , w ith  th e  s o u th e rn  coast, th e  
T h a m e s  a n d  th e  H u m b e r  lic e n sed  a re a s  p ro d u c in g  m o st o f th e  
g ra v e l (S e a m a n , 2006).
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D e n m a rk
T h ere  h a s  b e en  a  co n sid e rab le  p ro d u c tio n  of m a r in e  sa n d  

(m ostly  for fill p u rp o ses) over th e  la s t  decade  (T able 4. a n d  F ig ­
u re  8.), to  m ee t d e m a n d s  from  th e  la rg e  in f ra s tru c tu re  p ro jec ts  
u n d e r ta k e n  along  th e  D a n ish  c o as ta l zone (e.g. H e r r m a n n  et al., 
1999). W ith  th e  excep tion  of th e  p e a k s  of 1999 a n d  2005, p ro ­
du c tio n  v o lu m es h a v e  re m a in e d  s ta b le  a t  a ro u n d  6-7 m illion  m 3 
d u rin g  th e  la s t  10 y e a rs  (C e d a , 1993; I c e s , 2005; 2006).

F rance
M a rin e  a g g re g a te  p ro d u c tio n  h a s  re m a in e d  s ta b le  (a t 

a ro u n d  2- 2.6 m illio n  m 3 p e r  y ear, see  T ab le  4.) in  F ra n c e  for 
se v e ra l y e a rs  ( I f r e m e r , 2007). T h e re  is  a  s ig n ific a n t a g g re g a te  
d e m a n d  in  th e  n o r th e r n  S e in e  a n d  L o ire  re g io n s  b u t, l i t t le  M A 
e x tra c tio n  ta k e s  p lace  d e sp ite  th e  o ccu rren ce  of s u b s ta n t ia l  
M A re so u rces . A t th e  sa m e  tim e , som e 47  m illio n  to n n e s  of 
a g g re g a te s  h a v e  b e e n  a b s tr a c te d  from  th e  c h a n n e l  a n d  flu v ia l 
te r r a c e s  o f th e  R h o n e  R iv e r a lo n e  since  1949 (A r n a u d -F a s s e t - 
t a , 2003). T here fo re , e v en  th o u g h  th e  a n n u a l  a g g re g a te  d e ­
m a n d  is  -3 0 0  m illio n  to n n es , le s s  t h a n  1% of t h a t  is  su p p lied  
from  m a r in e  sou rces . A p p ro x im ate ly  1 m illio n  to n n e s  o f m a ­
r in e  a g g re g a te s  a re  im p o rte d  a n n u a lly  from  th e  LTK a n d  to  
m u ch  le s se r  e x te n t  from  B e lg iu m  ( I f r e m e r , 2007).

G erm a n y
M arin e  sa n d s  a n d  g ravels a re  p ro d u ced  in  sev era l a re a s  of th e  

G erm an  sec to rs of th e  B altic  a n d  (p a rticu la rly ) th e  N o rth  Seas 
(see S ch w a rzer , D ie s in g , a n d  M a n s o , th is  volum e). T he produced  
v o lum es h av e  no t b een  g re a t (F igu re  8. a n d  T ab le  4.), b u t  th ey  
m ak e  a n  im p o rta n t co n trib u tio n  to  reg io n a l ag g reg a te  supply. 
S ign ifican t q u a n tit ie s  of th e  e x tra c te d  m a te ria l  a re  u tilise d  in  
b each  re p le n ish m en t schem es, w h e reas  th e  re m a in d e r  (approx i­
m ate ly  h a lf  of th e  a n n u a l production) is u se d  in  th e  construction  
in d u s try  ( Ic e s , 2002). In  1994 a n d  2005, th e  p roduction  in creased  
sh a rp ly  due to  p ro ject-led  d em an d  (Ic e s , 2006).

B elg iu m
A lth o u g h  th e  se a b ed  of th e  B e lg ia n  sec to r o f th e  so u th e rn  

N o r th  S ea  c o n ta in s  la rg e  q u a n ti t ie s  of san d , p ro d u c tio n  is  con­
c e n tr a te d  m a in ly  on th e  K w in te  B a n k  (D e g r e n d e l e  et al., th is  
vo lum e; H a r r is o n , 2003); ho w ev er, s a n d  e x tra c tio n  from  th is  
s ite  h a s  s to p p e d  in  2003 in  o rd e r  to  s tu d y  i ts  p o te n tia l ly  d e t­
r im e n ta l  effec ts on th e  s ta b il i ty  a n d  b io d iv e rs ity  o f th e  b a n k  
(see V a n  L a n c k e r  et al., th is  vo lum e). M A  p ro d u c tio n  h a s  in ­
c re a se d  s ince  th e  1980s. In  th e  re c e n t y ea rs , w ith  th e  ex cep ­
tio n  of a  p e a k  d u r in g  1997 (F ig u re  8. a n d  T ab le  4.), th e  a n n u a l  
p ro d u c tio n  h a s  re m a in e d  re la tiv e ly  s ta b le  a t  1.5-2 m illio n  m 3. 
M ost o f th e  p ro d u c ed  sa n d  is  u s e d  in  th e  c o n s tru c tio n  in d u s ­
try , w h e re a s  som e sm a ll  q u a n ti t ie s  a re  e x p o rte d  to  F ra n c e  
( I c e s , 2006; S c h o t t e , 2003). B e lg iu m  im p o r ts  y e a r ly  a b o u t 1.5 
m illio n  m 3 of m a r in e  sa n d /g ra v e l from  th e  LTK.

P o la n d
P ro d u c tio n  in  P o la n d  is  lim ited , h a v in g  a n  av erag e  of less 

th a n  1 m illion  m 3 p e r  y e a r  (T able 4. a n d  F ig u re  8.). In  2004, th e  
fine- a n d  m ed iu m -g ra in ed  sa n d  e x tra c te d  from  th e  P o lish  sec to r 
of th e  B a ltic  Sea  ( -0 .8  m illion  m 3) w a s  u se d  m o stly  in  b e ac h  r e ­
p le n ish m e n t a n d  c o as ta l defence sch em es (Ices, 2005); lim ited

q u a n ti t ie s  w ere  u se d  in  th e  c o n stru c tio n  in d u s try . Som e m a te ­
r ia l  (e.g. -0 .3  m illion  m 3 in  2000), e x tra c te d  from  th e  S lu p sk  
B ank , h a s  b e en  e x p o rted  to  G e rm an y  (LTs c in o w ic z  et al., 2003).

S p a in
M A  p ro d u c tio n  in  S p a in  is  a llo w ed  on ly  fo r b e a c h  re p le n ­

ish m e n t (see R a d z e v ic iu s  et al., th is  vo lum e). T h e  a v e ra g e  a n ­
n u a l  p ro d u c tio n  is  a b o u t 1 m illio n  m 3, b u t  th e r e  a re  s ig n ifican t 
in te r a n n u a l  f lu c tu a tio n s  in  re sp o n se  to  b e a c h  re p le n is h m e n t 
n e e d s  (T ab le  4. a n d  F ig u re  8.). E x tra c t io n  ta k e s  p lace  b o th  
in  th e  A tla n tic  a n d  in  th e  M e d ite r ra n e a n  in n e r  c o n tin e n ta l  
she lves, b u t  p re s e n t ly  is  c o n c e n tra te d  offshore  of th e  so u th e rn  
S p a n ish  c o as tlin e  ( I c e s , 2006).

M ed iterra n ea n  E uro p ea n  coast
T h e re  is  n o t  a n  a c c u ra te  re g is try  o f M A p ro d u c tio n  for 

I ta ly , th e  s o u th e rn  F re n c h  co as t a n d  th e  o th e r  ELT M e d ite r ­
r a n e a n  c o u n tr ie s  (e.g. G reece). In  th e s e  a rea s , m o st a g g reg a te  
m a te r ia l  is  s t i ll  p ro d u c ed  from  la n d  o p e n -q u a rrie s , r iv e r  c h a n ­
n e ls  a n d  te r ra c e s . P u b lish e d  in fo rm a tio n  su g g e s ts  t h a t  ab o u t 
690 m illio n  m 3 of a g g re g a te s  h a v e  b e e n  e x tra c te d  in  th e  p e rio d  
1958-1981 from  th e  Po R iv e r v a lle y  (D a l  C in , 1983; M a r c h e t t i , 

2002), - 9 3  m illio n  m 3 (1950-1992) fro m  th e  E m ilia -R o m ag n a  
r iv e rs  ( I d r o s e r , 1994), 12.7 m illio n  m 3 (1966-1975) from  th e  
r iv e rs  o f th e  M a rch e  R egion  a n d  m o re  t h a n  26 m illio n  m 3 
(1966-1981) from  th e  A b ruzzo  r iv e rs  (A q u a t e r , 1982). L a te ly , 
M A  p ro d u c tio n  h a s  a t t r a c te d  m o re  a tte n tio n , d u e  to  th e  d is ­
covery  of s ig n ific a n t re s e rv e s  o ffshore  of th e  c o a s ts  o f L azio  
(S. C apucci, p e rs . com m .) a n d  E m ilia  R o m ag n a  (A. L am b erti, 
p e rs . com m .). W ith  re g a rd  to  G reece, M A  e x tra c tio n  h a s  b e en  
ta k in g  p lace  s ince  th e  1960s, m a in ly  fro m  th e  in n e r  c o n tin e n ­
t a l  sh e lf  o f th e  G re ek  is la n d s  (e.g. A ndros, M ykonos); m o st of 
th e  m a te r ia l  p ro d u c ed  w a s  u s e d  in  th e  c o n s tru c tio n  in d u s try . 
S ince  th e  1990s, s t r ic te r  e n v iro n m e n ta l  re g u la tio n s  h a v e  r e ­
s u l te d  in  th e  te rm in a t io n  of m o st in sh o re  M A e x tra c tio n  a n d  
p ro d u c tio n  h a s  s ince  b e e n  c o n c e n tra te d  o ffshore  o f th e  c o as ts  
of T r ik e r i  (N. E vo ikos Gulf) a n d  S o u th e rn  E v ia . A lthough , 
th e r e  is  no  re a d ily  a v a ilab le  in fo rm a tio n  on a n n u a l  e x tra c tio n  
vo lum es, i t  is  th o u g h t  t h a t  th e s e  a re  o f th e  o rd e r  o f h u n d re d s  
of th o u s a n d s  of m 3 r a th e r  t h a n  m illions.

MA Usage
W ith  th e  ex cep tio n  o f th e  LTK a n d  to  a  le s se r  e x te n t  P o ­

la n d  a n d  th e  N e th e r la n d s , m a r in e  a g g re g a te s  a re  u s e d  in  th e  
c o u n try  of p ro d u c tio n  (T ab le  5.). A n n u a l  e x p o rts  o f a g g re g a te s  
e x tra c te d  from  th e  LTK w a te rs  v a ry  b u t, in  som e y ears , c an  be  
m o re  th a n  20%  of th e  LTK p ro d u c tio n  w ith  th e  m a in  fo reign  
m a rk e ts  b e in g  th e  N e th e r la n d s , B e lg iu m  a n d  F ra n c e  (B m a p a , 

2004; I c e s , 2005). R e la tiv e ly  sm a ll q u a n ti t ie s  of D a n ish  m a r in e  
a g g re g a te s  a re  e x p o rte d  in  som e y e a rs  to  S w ed en  a n d  G e rm a ­
ny, w h e re a s  th e re  a re  a lso  in te r m it te n t  D u tc h  a n d  P o lish  M A 
e x p o rts  to  B e lg iu m  a n d  G erm an y , re sp ec tiv e ly  ( I c e s , 2005).

In  th e  N e th e r la n d s , m o st of th e  M A p ro d u c tio n  is  u s e d  for 
fill a n d  b e a c h  re p le n is h m e n t, w h e re a s  in  S p a in  th e  w hole  p ro ­
d u c tio n  is  re s e rv e d  for b e a c h  re p le n is h m e n t (T ab le  5.). T h is  
is  n o t th e  case  in  th e  LTK, w h e re  m o re  t h a n  60%  of th e  M A 
p ro d u c tio n  can  be  u s e d  in  th e  c o n s tru c tio n  in d u s try  (G u b b a y , 

2003, 2005; M e a k in s  et al., 1999). In  D e n m ark , a lm o st 40%  of
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m a r in e  s a n d  is  u se d  in  b e a c h  r e p le n is h m e n t schem es, m a in ly  
a lo n g  th e  w e s t J u t l a n d  coast, w h e re a s  a lm o s t 8 0 %  o f th e  P o lish  
p ro d u c tio n  is  u se d  for b e a c h  re p le n is h m e n t ( I c e s , 2 0 0 5 ) .

W ith  r e g a rd  to  b e a c h  re p le n is h m e n t, m o st o f th e  so u th e rn  
U K  c o as t b e ac h es  c o n s is t o f f l in t/c h e r t  g rav e l (sh ing le), w h e re ­
a s  th e  r e m a in d e r  o f th e  U K  c o as tlin e  is  c h a ra c te r is e d  by sa n d y  
b each es . T h ere fo re , th e re  w ill be  a n  in c re a s in g  d e m a n d  for 
(flint) m a r in e  g ra v e ls  in  th e  so u th e rn  U K  to  su p p ly  th e  b e ac h  
r e p le n is h m e n t sch em es. A s g ra v e l d ep o s its  a re  l im ite d  (found  
m a in ly  in  th e  b u r ie d  v a lle y s /d ro w n ed  b e a c h e s  o f th e  E n g lish  
C h a n n e l a n d  th e  so u th e rn  N o r th  Sea), e x tre m e  c a re  sh o u ld  be 
ta k e n  to  u se  th e m  in  a  su s ta in a b le  m a n n e r  i.e. to  re se rv e  th e m  
for b e a c h  r e p le n is h m e n t a n d  n o t to  u se  th e m  in  th e  c o n s tru c ­
t io n  in d u s try , fo r w h ich  m a te r ia l  o f le s s e r  q u a lity  is  su ffic ien t 
(e.g. A r t h u k t o n , 1997; B a t e s  et al., 1997).

Table 5. Different usage of marine aggregates during the last years 
(as a percentage of the overall production). Data extracted, from lees, 
2002-2006.
Note: Data for Spain have heen extracted from lees (2006) and. data 
for Belgium are based on an estimation and. can be used, only as an 
approximation.

C o u n try
MA

e x tra c te d
(m illion

m 3)

C o n stru c tio n
In d u s try

(°o)

B each
re p le n ish ­

m en t
(°o)

E x p o rts
(°o)

Belgium 1.63 93.8 6.2 0

Denmark 7.01 59.9 38.8 1.4

France 2.77 nd nd 0

Germany 7.57 nd nd 0

Netherlands 29.07 49.2 43.4 7.4

Poland 0.64 2.9 79.6 17.5

Spain 0.48 0 100 0

UK 13.13 66.6 4.8 28.8

Future MA demand
P re d ic tio n  o f th e  fu tu re  M A d e m a n d  is  n o t  a n  e a sy  e x e r­

cise, a s  i t  d e p en d s  on fo rec a s ts  o f econom ic g row th , th e  cy­
clical n a tu r e  o f th e  c o n s tru c tio n  in d u s try , n a tio n a l  a n d  E u ro ­
p e a n  p o lic ies a n d  re g u la tio n , th e  ab ility  o f th e  M A  in d u s try  
to  p e n e t r a te  m a rk e ts  lo n g  h e ld  by  lan d -w o n  a g g re g a te s  a n d  
r e la te d  in v e s tm e n t (e.g. c o n s tru c tio n  o f d re d g in g  v e sse ls  a n d  
w h a rv es). In  a d d itio n , fu tu re  d e m a n d /su p p ly  is  d e p e n d e n t on 
th e  a v a ila b ili ty  o f s u ita b le  m a r in e  a g g re g a te  re so u rces . In  th e  
B ris to l C h a n n e l (UK) for exam ple , c e r ta in  M A  d e p o sits  w h ich  
h a v e  b e e n  d re d g e d  for over 60  y e a rs  a re  co m ing  to  th e  e n d  
o f th e i r  e x p lo ita tio n  life (H a r r is o n , 2003); likew ise , e x tra c tio n  
from  o ld  O u te r  T h a m e s  E s tu a ry  lic e n ses  is  in  decline. H o w ­
ever, th e  U K  in d u s try  h a s  fo u n d  s ig n if ic a n t n ew  re se rv e s  in  
th e  E a s te r n  E n g lish  C h an n e l, th e  I r is h  S ea  a n d  th e  B ris to l 
C h a n n e l (e.g. S e a m a n , 2006), w h ich  cou ld  l a s t  for som e dec­
a d es  a t  th e  p re s e n t  r a te s  o f e x tra c tio n , ev en  th o u g h  sp ec ia l 
c a re  sh o u ld  be  g iv en  on  th e  a v a ila b ili ty  o f g ra v e lly  m a te r ia l  
w h ich  a p p e a rs  to  be  l im ite d  (A r t h u k t o n , 1997; B a t e s  et al., 
1997; H a r r is o n , 2003).

F u tu r e  d e m a n d  f ig u re s  c a n  be  d is to r te d  by  la rg e  “on e-o ff’ 
c a p ita l  d e v e lo p m en t p ro jec ts . F o r  ex am ple, th e  U K  L in csh o re  
b e a c h  re p le n is h m e n t p ro jec t u se d  8 m illio n  to n n e s  o f m a r in e  
a g g re g a te s  (M e a k in s  e t al., 1999). In  th e  N e th e r la n d s , p la n s  
e x is t to  u se  m a r in e  a g g re g a te s  in  m a jo r  fu tu re  d ev elo p m en ts , 
w h ich  w ill re q u ire  la rg e  q u a n ti t ie s  o f m a te r ia l  ( P h u a  et al., 
2004).

W ith in  n o r th w e s te rn  E u ro p e , only  th e  U K  a n d  th e  N e th e r ­
la n d s  h a v e  p ro d u c ed  official e s t im a te s  o f th e  fu tu re  d e m a n d  
for m a r in e  s a n d  a n d  g rav el. F o r th e  E n g lish  p a r t  o f th e  UK, 
th e  D e p a r tm e n t o f E n v iro n m e n t (D O E) (now  D E FR A ) h a s  e s ­
t im a te d  t h a t  th e  to ta l  a g g re g a te  d e m a n d  in  th e  p e r io d  1995- 
2015 w ill be u p  to  7000  m illio n  to n n e s  (H u m p h r e y s  et al., 1996; 
M e a k in s  et al., 1999). T h is  d e m a n d  is  n o t  s p re a d  even ly ; in  
so u th e a s te rn  E n g la n d , w h e re  o u tc ro p s  o f h a r d  rock  su ita b le  
for u se  (a fte r  m in in g  a n d  c ru sh in g ) in  th e  c o n s tru c tio n  in d u s ­
try  a re  n o t a v a ilab le , lan d -w o n  a n d  m a r in e  s a n d  a n d  g rav e l 
a re  v i ta l  fo r th e  c o n s tru c tio n  in d u s try  (B a t e s  et al., 1997; 
G u b b a y , 2005). F u tu r e  a n n u a l  to ta l  a g g re g a te  d e m a n d  for th e  
N e th e r la n d s  (u n til  2020) h a s  b e e n  e s t im a te d  a s  20 m illio n  
to n n e s  o f g ravel, 23 m illio n  to n n e s  o f s a n d  for c o n cre te  a n d  
53 m illio n  m 3 of fill s a n d  (M e a k in s  et a l., 1999); 7 o u t  o f th e  
20 m illio n  to n n e s  o f g ra v e l w ill be d e riv e d  from  D u tc h  lan d - 
b a se d  sources, w h e re a s  i t  is  th o u g h t  t h a t  th e  r e m a in d e r  w ill 
be  su p p lie d  from  recy c lin g  a n d  im p o rts . In  1997, th e  M in is try  
o f T ra n sp o rt ,  P u b lic  W o rk s a n d  W a te r  M a n a g e m e n t u p d a te d  
th e i r  fu tu re  d e m a n d  fig u res  for M A e x tra c tio n  from  D u tc h  w a ­
te rs . T h ese  u p d a te s  su g g e s t t h a t  fo r th e  p e r io d  1996-2030  th e  
av e ra g e  a n n u a l  e x tra c tio n  sh o u ld  be  in  th e  o rd e r  o f 30-33 m il-

Figure 10. (a) M ultibeam image of trailing  suction dredging m arks 
from the Kwinte Bank, (Flemish Banks, southern North Sea), adapted 
from data of The Fund for Sand Extraction, Belgium; and (b) side scan 
sonar image from the dredging area of Tromper Wiek (German Sector 
of the Baltic Sea), showing the presence of several anchor dredgingpits 
on the gravelly seabed. Key: I, dredging m arks from trailing suction 
dredger (Figure 10a); II, anchor dredgingpits (Figure 10b); III, surficial 
sand deposits (light areas) on the gravelly (dark) background, formed 
from the spillage of the sand-size fraction of the dredged m aterial after 
its screening on the dredging vessel (Figure 10b).
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Table 6. M ain differences between multibeam echosounders and side 
scan sonars (After Van Lancker, 2003).

V ery-h igh  r e so lu tio n  
m ulti b eam  sy stem

V ery-h igh  r e so lu tio n  d ig ita l 
s id e -sc a n  so n a r  sy stem

Figure 11. M ultibeam image of the Kwinte Bank (Flemish Banks, 
southern North Sea), adapted from data of The Fund  for Sand 
Extraction, Belgium. Key: I, large subaqueous dunes; II, bank crest; 
III, poorly-sorted swale sediments; and IV, dredged area.

Highly accurate w ater depth 
m easurem ents
In tegrated  sensors for motion 
correction or positioning 
Provision of (depth- and angle- 
corrected) backscatter data, 
expressed in num erical values 
(dB), allowing quantitative 
evaluations
Transducers rigidly m ounted 
onto the survey vessel hull or 
poles, elim inating most casting 
shadows
B etter in deeper waters as 
sw ath width depends on w ater 
depth
Very-high resolution imagery, 
b u t extensive processing time 
Sound velocity m easurem ents 
over the vertical are needed 
Expensive system/need for 
additional sensors 
Various corrections required 
(e.g. system atic errors, tidal 
effects, heave, vessel lift/squat, 
an tenna motion and in ternal 
tim e delays), particularly  
in shallow w ater. Sensor 
calibration needed.

Very-high resolution, m ulti­
param eter image obtained in 
real time
Most systems have no additional 
sensors for water depth, motion 
correction or positioning 
Backscatter is function of the 
relief and intrinsic nature of the 
seafloor and depends on gain 
settings; thus, only qualitative 
evaluations are possible 
Superior for target detection due 
to the low grazing angle which 
produces distinctive shadows 
behind objects 
More efficient bandwidth 
sampling
Better in shallow waters due to 
the low grazing angle and swath 
widths which are independent of 
water depth
Generally, higher resolution 
images
Quick processing, bu t thorough 
interpretation requires skilled 
personnel
No calibration required 
Cost-friendly system th a t can 
easily be deployed from vessels 
of opportunity

lio n  m 3 o f s a n d  (M eakins et al., 1999). T h e se  f ig u re s  do n o t  t a k e  
in to  acco u n t a d d itio n a l d e m a n d  fo r o ne-o ff p ro jec ts .

I t  h a s  b e e n  e s t im a te d  t h a t  la rg e  q u a n ti t ie s  o f m a r in e  a g g re ­
g a te s  (b e tw een  6 a n d  14 m illio n  m 3 of sa n d ) w ill b e  re q u ire d  
fo r b e a c h  r e p le n is h m e n t to  c o m p e n sa te  fo r s a n d  lo ss  in  e ro d ­
in g  a r e a s  o f th e  D u tc h  c o as tlin e , p a r t ic u la r ly  i f  t h e  e ffec ts  o f 
se a  lev e l r is e  a re  c o n s id e re d  (R on2, 2004; H arte et al., 2003; 
V a n  D alfsen  a n d  E ssink , 1997). F u tu r e  a n n u a l  m a r in e  a g g re ­
g a te  d e m a n d  fo r c o n s tru c tio n  (ex c lu d in g  la rg e  in f r a s tru c tu re  
p ro jec ts )  h a s  b e e n  e s t im a te d  a s  b e tw e e n  9.3 a n d  29 m illio n  
m 3 (P hua  et al., 2004). As, ho w ev er, la rg e  la n d  re c la m a tio n  
p ro jec ts  h a v e  b e e n  p la n n e d  fo r th e  n e a r  fu tu re , D u tc h  M A  e x ­
t r a c tio n  m a y  in c re a s e  v e ry  su b s ta n tia l ly .  T h e  m o st im p o r ta n t  
of th e s e  p ro je c ts  a re : th e  e n la rg e m e n t o f th e  R o tte rd a m  H a r ­
b o u r, w h ich  w ill r e q u ire  u p  to  300 m illio n  m 3 o f s a n d  a n d  th e  
W es te rsc h e ld e  (W este rn  S ch e ld t) C o n ta in e r  T e rm in a l  (W CT), 
w h ich  w ill r e q u ire  u p  to  20  m illio n  m 3 (D hv  M ilieu  & Infra­
structuur, 2003).

MA PRODUCTION TECHNIQUES

M A  p ro d u c tio n  in c o rp o ra te s  3 m a in  p h a se s : (i) id e n tif ic a ­
tio n  o f th e  p o te n t ia l  d eposit; (ii) e v a lu a tio n  (p ro sp ec tin g ) o f th e  
d e p o sit a n d  (iii) a g g re g a te  m in in g  (e x trac tio n ). T h e  f i r s t  p h a se  
(id en tif ic a tio n  o f a  p o te n t ia l  dep o sit, P h a s e  1) is  o ften  lin k e d  
to  o th e r  m a r in e  re s e a rc h  p ro jec ts  su c h  a s  g e n e ra l geological 
m a p p in g  of th e  se a b e d  (e.g. H amblin  et al., 1992; J ackson et

al., 1995) a n d /o r  h a b i ta t  m ap p in g . I f  a n  a re a  a p p e a r s  p ro m ­
isin g , a  p ro sp e c tin g  lic e n se  w ill b e  o b ta in e d  acco rd in g  to  th e  
p ro c e d u re s  in  p lac e  in  e ac h  s t a te  (see  a lso  Radzevicius et al., 
t h i s  vo lu m e) to  p ro sp e c t/e v a lu a te  th e  p o te n tia l  o f t h e  d ep o sit 
in  d e ta i l  (P h a se  2). F in a lly , i f  th e  d e p o sit is  fo u n d  to  b e  eco­
n o m ic a lly  v iab le , a n  e x tra c t io n  lic e n se  is  o b ta in e d  a n d  m in in g  
(d red g in g ) co m m en ces (P h a se  3).

Prospecting techniques
T h e  e v a lu a tio n  o f s a n d  a n d  g ra v e l d e p o s its  (P h a se  2) r e ­

q u ire s  th e  u s e  o f sp e c ia liz ed  e q u ip m e n t, su c h  as: (a) aco u s tic  
(se ism ic) sou rces, p o w e rfu l e n o u g h  to  p e n e t r a te  th e  m ed iu m - 
a n d  c o a rse  g ra in e d  s e d im e n ts  an d , a t  th e  sa m e  tim e , h a v in g  
su ffic ien t re so lu tio n  to  m a p  a c c u ra te ly  th e  in te r n a l  a rc h ite c ­
tu r e  o f th e  se d im e n ta ry  d e p o sit a n d  (b) co rin g  e q u ip m e n t ab le  
to  p e n e t r a te  a t  le a s t  2 to  3 m  in to  a  m ed iu m - a n d /o r  c o a rse ­
g ra in e d  s e d im e n ta ry  seq u en ce . R ev iew s o f se a b e d  m a p p in g  
te c h n iq u e s  a lre a d y  e x is t  (e.g. K enny  et al., 2003). N e v e r th e ­
less, i t  is  u se fu l  to  su m m a ris e  p a r t ic u la r  te c h n iq u e s  u s e d  in  
th e  m a r in e  a g g re g a te  p ro sp e c tin g  a n d  w h ic h  a re  b a s e d  on 
th e :
• co llection  of in d ire c t ( rem o te ly -sen sed ) in fo rm a tio n  on  th e  

geom orphology/geo logy  of th e  seab ed , u s in g  a co u s tic  so u rc ­
e s  (e.g. s in g le  a n d /o r  m u lt ib e a m  ech o so u n d ers , s id e -scan  
so n a r, c o n tin u o u s  se ism ic  p ro filin g  e q u ip m e n t)  a n d

• co llection  o f (d irec t) g ro u n d - t ru th  d a ta , u s in g  su p e rfic ia l 
(g rab ) a n d  su b -b o tto m  (g rav ity  a n d  v ib ro -core) se d im e n t 
sa m p le rs .
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In fo rm a tio n  from  b o th  th e  d irec t a n d  in d ire c t m e th o d s  is  
com bined, a s  th e  scope of th e  p ro sp e c tin g  is  n o t  on ly  to  id en tify  
th e  s p a t ia l  (h o rizo n ta l a n d  v e rtica l)  e x te n t  o f th e  M A deposit, 
b u t  a lso  to  e v a lu a te  i ts  q u a lity  (i.e. i ts  te x tu re , m in era lo g y , 
sh e ll a n d  s a l t  c o n te n t etc).

A co u s tic  sources
T h e  aco u s tic  dev ices u s e d  in  M A p ro sp e c tin g  a re  d if fe re n ti­

a te d  in to  th o se  t h a t  p ro v id e  in fo rm a tio n  on th e  se a b e d  geo­
m o rp h o lo g y  (b a th y m e try )  a n d  su p e rfic ia l sed im en to lo g y  of th e  
re so u rce  a n d  th o se  t h a t  p ro v id e  in fo rm a tio n  on  i ts  th ic k n e s s  
a n d  in te r n a l  a rc h ite c tu re  (su b -b o tto m  p ro file rs). D ep en d in g  
on th e  re se a rc h  v e sse l u s e d  a n d  th e  lo g is tic s  o f th e  p ro sp e c t­
in g  su rvey , su ch  e q u ip m e n t c an  b e  u se d  e i th e r  c o n c u rre n tly  
o r se q u e n tia lly .

S u p e r fic ia l m a p p in g  o f  th e  M A  d ep o sits
T h e  ‘w o rk  h o r s e ’ o f se a b e d  g eo m o rp h o lo g ica l m a p p in g  is  

th e  s id e -sc a n  so n a r . I t  p ro v id e s  in fo rm a tio n  (so n o g ra p h s) on 
th e  d is t r ib u t io n  of th e  a co u s tic  c h a ra c te r is t ic s  o f th e  seab ed , 
on  th e  b a s is  o f th e  in te n s i ty  o f th e  s e a b e d  b a c k s c a tte r  o f th e  
t r a n s m i t te d  a c o u s tic  e n e rg y  fro n t. A s th e  b a c k s c a t te r  i n te n ­
s ity  is  c o n tro lle d  b y  th e  a co u s tic  re fle c tio n  coeffic ien t (C ), 
w h ic h  is  d if fe re n t fo r e a c h  p a r t i c u la r  s e d im e n ta ry  m a te r ia l ,  
s e d im e n ta ry  fac ies  (a n d /o r  a r e a s  o f ex p o se d  b ed ro ck ) c an  be  
d e m a rc a te d  on  th e  s e a b e d  (F ig u re s  6. a n d  10b.), p ro v id e d  
t h a t  th e  b a c k s c a t te r  in te n s i ty  p a t t e r n s  w ill b e  c a l ib ra te d  by  
su ffic ie n t g ro u n d  t r u t h  d a ta  (su p e rf ic ia l s e d im e n t sa m p le s) . 
In  a d d itio n , a s  b e d ro c k  o u tc ro p s , s e d im e n ta ry  b e d fo rm s  a n d  
o th e r  m o rp h o lo g ic a l f e a tu r e s  p ro d u c e  “a c o u s tic  sh a d o w s” b e ­
h in d  th e m  (F ig u re  6.), th e  p o sitio n , d im e n s io n s  a n d  sy m m e try  
(in  th e  c ase  o f s e d im e n ta ry  b ed fo rm s) o f th e s e  f e a tu r e s  c an  b e  
e s t im a te d  fro m  th e  d im e n s io n s  o f th e  a c o u s tic  sh a d o w  a n d  i ts  
p o s it io n  re la tiv e  to  th e  s id e -sc a n  s o n a r  “f ish ”. H ow ev er, co r­
re c t io n s  sh o u ld  b e  m a d e  on th e  d if fe re n t d is to r tio n s  a p p a re n t  
on  th e  so n o g ra p h s  (e.g. V o u l g a r is  a n d  C o l l in s , 1991), w h ich  
a re  n o w a d a y s  p e rfo rm e d  b y  a lg o r i th m s  in c o rp o ra te d  w ith in  
th e  d a ta  a c q u is it io n  sy s te m s  of th e  d ig ita l  s id e -sc a n  so n a rs . 
T h e  re so lu tio n  of th e  so n o g ra p h s  d e p e n d s  on th e  fre q u e n c y  of 
th e  t r a n s m i t te d  p u ls e  b e in g  co m m o n ly  b e tw e e n  100 a n d  500 
k H z  in  th e  n ew  d u a l  f req u e n c y  h ig h  re so lu tio n  sy s te m s  u s e d  
fo r th e  m a p p in g  of th e  m a r in e  a g g re g a te  d ep o sits .

M u ltib eam  echo-sounders p rov ide b o th  b a th y m e tr ic  a n d  
b a c k sc a tte r  d a ta  of th e  seab ed  (D a v ies  et al., 2001). A ccurate  w a ­
te r  d ep th  in fo rm atio n  concern ing  th e  M A deposit is  e sse n tia l for 
i ts  efficient exploitation , w h e rea s  th e  acoustic  b a c k sc a tte r  of th e  
t ra n s m it te d  p u lse s  can  prov ide in fo rm atio n  on th e  n a tu re  of th e  
seabed. A lthough  th e  m u ltib ea m  echo-sounders a re  ex trem ely  
pow erfu l w a te r  d ep th  m ea su rin g  a n d  im ag in g  devices (F igu res 
10a. a n d  11.), th e y  h a v e  b o th  a d v an tag e s  a n d  d isa d v an tag e s  con­
cern in g  th e  m ap p in g  of th e  acoustic  c h a ra c te r  of th e  seab ed  in 
re la tio n  to  th e  side-scan  so n a r sy s tem s (T able 6.).

Th ickn  ess a n d  in tern a l arch itec ture  o f  th e  M A  d ep o sit
T h e  M A d ep o sit th ic k n e s s  a n d  a rc h ite c tu re  a re  s tu d ie d  u s ­

in g  c o n tin u o u s  re flec tio n  p ro filin g  a n d  se ism o s tra t ig ra p h ic  
te c h n iq u e s  (e.g. M c Q u il l in  a n d  A r d u s , 1 9 7 7 ; P o s a m e n t ie r  a n d  
V a il , 1 9 8 8 ). M A  d e p o sit su rv e y in g  re q u ire s  h ig h  re so lu tio n

aco u s tic  so u rces  (e.g. sp a rk e rs , b o om ers, ch irp  a n d  3.5-2 .5  kH z  
sys tem s), w h ich  p ro d u ce  se q u e n ce s  o f re la tiv e ly  h ig h  f re q u e n ­
cy aco u s tic  p u lse s  t h a t  a f te r  th e i r  re flec tio n  from  th e  se a b ed  
a n d  su b -b o tto m  re flec to rs  r e tu r n  to  h y d ro p h o n e  s tr in g s  to w ed  
b e h in d  th e  su rv e y  v e sse l to  b e  re co rd e d  a n d  p ro v id e  im a g e s  of 
th e  in te r n a l  a rc h ite c tu re  o f th e  d e p o sit (see F ig u re s  1., 2., 3., 
4., 5. a n d  7.). A s th e  freq u en cy  a n d  e n e rg y  of th e  t r a n s m i t te d  
aco u s tic  w av es  co n tro l th e  re so lu tio n  a n d  p e n e tra t io n , i t  is  im ­
p o r ta n t  to  u se  th e  r ig h t  a co u s tic  sou rce  for o p tim a l re su lts .  A s 
a g e n e ra l ru le , m ed iu m - a n d  c o a rse -g ra in e d  d e p o sit su rv e y in g  
re q u ire s  aco u s tic  so u rces  w ith  freq u e n c ie s  e q u a l a n d /o r less  
t h a n  2.5 kH z, com m only  a t  500-2000 H z d e p en d in g  on  th e  te x ­
tu r e  o f th e  dep o sit. I t  sh o u ld  b e  n o te d  th a t ,  a s  th e  ex p lo itab le  
M A  d e p o sits  a re  lo ca ted  a t  re la tiv e ly  sh a llo w  a re a s  (10-40 m  
w a te r  d e p th s )  th e r e  a re  c e r ta in  d ifficu lties  in  th e  in te r p r e ta ­
t io n  o f th e  aco u s tic  (se ism ic) reco rds, r e la te d  to  th e  m a sk in g  of 
p r im a ry  re flec tio n s  b y  m u ltip le s  (see fo r e x am p le  F ig u re  7b.).

G ro u n d -tru th  d a ta
T h e  re m o te ly -se n se d  aco u s tic  in fo rm a tio n  re q u ire s  ‘c a l ib ra ­

t io n /v a lid a tio n ’ from  g ro u n d  t r u th  d a ta . T h ese  d a ta  a re  e ith e r  
su p e rfic ia l se d im e n t sa m p le s  co llec ted  u s in g  V an  V een, H am - 
m o n  a n d /o r la rg e  h y d ra u lic  g ra b s  (for th e  c a lib ra tio n  of th e  
s id e -sc an  so n a r  a n d  m u ltib e a m  im ag es) o r se d im e n t co res (for 
th e  c a lib ra tio n  of su b -b o tto m  p ro filin g  d a ta ) . T h e  p re fe r re d  co r­
in g  e q u ip m e n t is  th e  v ibro-core, a s  i t  c an  ach iev e  sa tis fa c to ry  
p e n e tr a t io n  in to  th e  m ed iu m - a n d  c o a rse -g ra in e d  se d im e n ts  
o f th e  M A d ep o sits . T h e  g ro u n d  t r u th  d a ta  n o t on ly  c a lib ra te /  
v a lid a te  th e  aco u s tic  d a ta  a llo w in g  v o lu m e e s t im a tio n s  b u t, 
th e y  p ro v id e  a lso  in fo rm a tio n  on th e  q u a lity  o f th e  M A dep o sit 
(e.g. on  i ts  g ra in -s ize , m in e ra lo g y  a n d  c a rb o n a te , o rg a n ic  m a t ­
t e r  a n d  c h lo rid e  co n te n t)  th ro u g h  th e  a n a ly s is  o f th e  reco v e red  
s e d im e n t sam p le s .

T h e  p ro sp e c tin g  d a ta  can  a lso  b e  u s e d  to  p ro v id e  e s se n tia l  
in fo rm a tio n  on  th e  m o b ility /m o rp h o d y n am ics  of th e  M A d e ­
p o s it  (B r a m p t o n  et al., 1998) a n d  to  m ap  i ts  h a b ita ts ,  w h ich  
a re  e s s e n tia l  c o m p o n en ts  o f th e  re q u ire d  e n v iro n m e n ta l  im ­
p a c t  a s s e s s m e n t o f th e  e x p lo ita tio n  o f th e  d e p o sit (R a d z e v ic iu s  

et al., t h is  vo lum e; V iv ia n , 2003). I t  m u s t  b e  n o ted , how ever, 
t h a t  b o th  th e  co llection  a n d  th e  in te rp re ta t io n  of th e  re le v a n t  
in fo rm a tio n  re q u ire  c a re fu l a n a ly s is  a n d  sk ille d  p e rso n n e l, 
o th e rw ise  se rio u s  e r ro rs  m ay  a r is e  in  th e  e v a lu a tio n  a n d  su b ­
se q u e n t e x p lo ita tio n  of th e  d e p o sits  (V e l e g r a k is , G a o , a n d  
C o l l in s , 1994).

Extraction
T h e  ty p e  of d re d g in g  v e sse l is  u s u a lly  d e te rm in e d  b y  th e  

e x is tin g  re g u la to ry  reg im e, econom ic c o n sid e ra tio n s , c o n ta c ­
to r  re q u ire m e n ts  a n d  s ite  co n d itio n s. N o w ad ay s, d re d g in g  v e s ­
se ls  o p e ra te  a ro u n d  th e  clock, 365 d ay s  a y e a r. In  th e  UK, th e  
c o n s tru c tio n  cost o f a  m o d e rn  ta i l in g  su c tio n  v e sse l is  a ro u n d  
£ 15-20  m illio n  (22-30 m illio n  €). A  m o d ern  la rg e  d re d g e r  can  
e x tra c t  a n d  lo ad  som e 5,000 to n n e s  of m a r in e  s a n d  a n d  g rav e l 
fro m  40-60 m  w a te r  d e p th s  in  3 h o u rs , w ith  o v e ra ll o p e ra t io n ­
a l cycles u su a lly  b e tw e e n  12 a n d  36 h o u rs , d e p en d in g  u p o n  th e  
p o r t  of d isc h a rg e  (B a t e s  et al., 1997).

Two m a in  ty p es  of d red g in g  v esse ls  a re  u se d  for m a r in e  sa n d  
a n d  g rav e l ex trac tio n : (i) t r a i le r  su c tio n  d re d g e rs  a n d  (ii) a n ­
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chor su c tio n  d re d g e rs  (see for ex am p le  I h c , 2007). T he fo rm er 
can  o p e ra te  u n d e r  re la tiv e ly  ro u g h  sea  conditions, e x tra c tin g  
se d im e n ts  th ro u g h  th e i r  su c tio n  ‘p ip es’ w h ile  s te am in g  over th e  
deposit; th e y  o p e ra te  v e ry  m u ch  like  m ov ing  ‘v acu u m  c le a n e rs ’, 
re su ltin g  in  th e  develo p m en t o f su c tio n  fu rro w s (up to  1 m  deep) 
on th e  se d im e n ta ry  b e d  (see F ig u re  10a.). T h e  a g g reg a te s  a re  
e m p tied  by  o p en in g  b o tto m  h a tc h e s  o r  b y  p u m p s. B ecau se  of 
th e i r  h ig h  p ro d u c tio n  ra te s , th e s e  d re d g e rs  c a rry  o u t m o st la n d  
re c lam a tio n  p ro jec ts  a n d  a re  a lso  su ita b le  for h a rb o u r  m a in ­
te n a n c e  d red g in g  a n d  p ipe  tren c h in g . T h e  la t te r  e x tra c t sed i­
m e n ts  w h ile  a n ch o re d  a n d  th e  su c tio n  m eth o d  em ployed  re su lts  
in  th e  dev e lo p m en t o f su c tio n  p i ts  (F ig u re  10b.). T h ese  vesse ls  
can  o p e ra te  in  re la tiv e ly  deep w a te rs , b u t  th e y  a re  sen sitiv e  to  
s tro n g  c u r re n ts  a n d  ro u g h  w e a th e r  conditions; m oreover, th e y  
a re  n o t su ita b le  for c h a n n e l/h a rb o u r  co n stru c tio n  p ro jects, as 
th e y  p ro d u ce  confined  ex cav atio n s. T h is  m e th o d  is  now  p ro h ib ­
ite d  in  som e E U  M em b er S ta te s  (e.g. B elgium ), a s  i t  is  con sid ­
e re d  to  h a v e  la rg e  e n v iro n m en ta l im p acts .

D re d g in g  a c tiv itie s  a re  su b jec t to  e n v iro n m e n ta l  im p a c t a s ­
s e s s m e n ts  a n d  sh o u ld  b e  c o n tro lled  b y  th e  c o m p e ten t re g u la ­
to ry  a u th o r i t ie s  (see R a d z e v i c i u s  et al., t h i s  vo lum e). In  se v e ra l 
(b u t n o t a ll a s  i t  sh o u ld ) E U  M em b er S ta te s , d re d g in g  v e s ­
se ls  a re  re q u ire d  to  b e  e q u ip p e d  w ith  E le c tro n ic  M o n ito rin g  
S y s te m s  (“b la c k  b o x es”), w h ich  allow  th e  m o n ito r in g  o f th e i r  
a c tiv it ie s  a n d  th e i r  co m p lian ce  w ith  th e  lic en sin g  te rm s .

SUMMARY AND CONCLUSIONS

M a rin e  a g g re g a te s  a re  a  m in e ra l  re so u rce  o f in c re a s in g  
im p o rta n c e  fo r th e  E U  M em b er S ta te s . A d d itio n a l re so u rce s  
a re  n e e d e d  to  m ee t fu tu re  d em an d , w h ich  is  b o u n d  to  in c re a se  
s u b s ta n t ia l ly  d u e  to  b o th  in c re a s in g  c o a s ta l zone d ev e lo p m en t 
a n d  th e  n e e d  to  b a t t le  a c c e le ra tin g  c o a s ta l  e ro sio n  effectively . 
Flow ever, in  o rd e r  to  develop  a n  effec tive  a n d  s u s ta in a b le  E u ­
ro p e a n  s tra te g y , se v e ra l p ro b lem s fac in g  th e  in d u s try  sh o u ld  
b e  a d d re sse d . T h ese  in c lu d e  (a m o n g s t o th ers ): lack  of s t a n d ­
a rd is a t io n  of th e  re le v a n t  in fo rm a tio n , d ifficu lties  r e la te d  to  
th e  access  to  in fo rm a tio n  a n d  th e  p re se n c e  of b a r r ie r s  b e tw e e n  
th e  sc ien tific  r e se a rc h  e s ta b lis h m e n ts  a n d  th e  m a r in e  a g g re ­
g a te  in d u s try .

T h is  rev iew  h a s  sh o w n  th a t  th e r e  a re  se rio u s  s ta n d a r d iz a ­
tio n  is su e s  a s  w ell a s  im p o r ta n t  in fo rm a tio n  g a p s  t h a t  h in d e r  
th e  s u s ta in a b le  d ev e lo p m en t o f th e  in d u s try . W ith  th e  ex cep ­
tio n  of few  M em b er S ta te s , th e  s i tu a t io n  is  r a th e r  d isc o u r­
aging, p a r t ic u la r ly  in  th e  M e d ite r ra n e a n  co u n trie s . In  som e 
cases, i t  h a s  sh o w n  to  be  v e ry  d ifficu lt to  access th e  re le v a n t  
in fo rm a tio n  (e.g. p ro d u c tio n  vo lum es, re so u rce  e s tim a te s ) , as 
th is  is  s c a tte re d  b e tw e e n  se v e ra l o rg a n iz a tio n s . I t  is  im p o r ta n t  
t h a t  th e s e  is su e s  sh o u ld  b e  a d d re s s e d  a s  qu ick ly  a s  possib le , 
p o ss ib ly  th ro u g h  E u ro p ea n -w id e  in itia tiv e s .

A lth o u g h  th e  tech n o lo g y  a n d  ‘k n o w -h o w ’ a re  a v a ilab le , it 
a p p e a rs  t h a t  th e s e  a re  se ld o m  em p lo y ed  in  th e  d isco v erin g  
a n d  e v a lu a tio n  o f new  m a r in e  a g g re g a te  re so u rce s . Flence, 
m u ltib e a m  e ch o so u n d in g  te c h n iq u e s  a re  u s e d  ra re ly  a n d  th e  
sam e  is t r u e  for th e  m o d e rn  te c h n iq u e s  in  th e  a cq u is itio n  a n d  
in te rp re ta t io n  of th e  re m a in d e r  o f th e  aco u s tic  d a ta . T h ese  
p ro b lem s a p p e a r  to  b e  r e la te d  to  a n  a p p a re n t  la c k  of c o o rd in a ­

tio n  b e tw e e n  th e  sc ien tific  r e se a rc h  e s ta b lis h m e n ts  a n d  th e  
M A  in d u s try , w h ich  is  e n d em ic  in  m o st E U  M em b er S ta te s . 
A  c lo ser co lla b o ra tio n  b e tw e e n  th e m  w o u ld  n o t  on ly  h a v e  s u b ­
s ta n t ia l  b e n e f its  for b o th , b u t  i t  w o u ld  a lso  p ro v e  to  b e  cost- 
effective.

F in a lly , i t  sh o u ld  b e  k e p t  in  m in d  t h a t  m a r in e  a g g re g a te s  
a re  fin ite , b e in g  a n o n -re n e w a b le  re so u rce . T h ere fo re , th e y  
sh o u ld  b e  u s e d  in  a  s u s ta in a b le  m a n n e r  a n d  effec tive  po lic ies/ 
a d m in is tra t iv e  fra m e w o rk s  sh o u ld  b e  dev elo p ed  to  a d d re s s  
fu tu re  sh o rta g es , p a r t ic u la r ly  w ith  r e g a rd  to  c e r ta in  ty p e s  of 
m a te r ia l  (e.g. g ravel).
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