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Over the last 15 years m arine scientists in 

Europe have come together to w ork on 

a range o f scientific problem s related to 

the geological, physical, chemical, and b i­

ological processes that control the func­

tioning of the ocean m argin system, the 

m ost im portan t area for our natural m a­

rine resources. These projects have been 

com m issioned due to the increasing 

need to  understand the offshore envi­

ronm ent, especially since its exploitation 

by the hydrocarbon, telecom m unication 

cable, and fishing industries is increasing 

rapidly. The m ost recently funded p ro j­

ects have been b rought together by two 

overarching projects that create clusters 

o f related science activities. The EU-

funded OMARC (Ocean M argin Deep 

W ater Research C onsortium ) project 

links 13 EU -funded projects on  conti­

nental m argins. The European Science 

Foundation (ESF)-funded EURO MAR­

GINS (for example Slope Stability on 

Europe’s Passive Continental M argins) 

program  includes 14 projects that study 

a range o f European m argin settings 

from  the active m argins of the M editer­

ranean Seas to  the passive high-latitude 

m argins o f the N ortheast Atlantic.

Generally speaking, the European 

m argin can be divided in to  two different 

tectonic settings: (1) Atlantic margins, 

consisting o f rifted and shear m argin 

segments where continental break up has

led to the form ation  of new  lithosphere, 

and (2) convergent M editerranean m ar­

gins where lithosphere has subducted 

beneath  continental crust, causing fre­

quent and high-am plitude earthquakes. 

In addition, m ajor contrasts in  geologi­

cal processes exist due to  the form erly 

glaciated m argin setting in  the n o rth  and 

a river-dom inated m argin in  the south 

(see Canals et al., this issue).

As scientists discovered m ore about 

different areas o f the European m argin, 

it has becom e clear tha t we m ay be able 

to achieve a m uch  better understanding 

o f strata form ation and related physical 

and biological processes by integrating 

climate and tectonic variability. So far,
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O v er  t h e  last 15 years  m a r in e  s c i e n t i s t s  in 

Europe  have  c o m e  t o g e t h e r  to  w o r k  on  a

range  o f  s c i e n t i f i c  p r o b l e m s  r e la ted  t o  t h e  

g e o l o g i c a l ,  ph ys ica l ,  c h e m i c a l ,  an d  b io lo g ic a l

p r o c e s s e s  t h a t  c o n t r o l  t h e  f u n c t i o n i n g  o f  t h e  

o c e a n  m argin  s y s t e m ,  t h e  m o s t  i m p o r t a n t

area for our  natura l  m a r in e  r e s o u r c es .

the m ajor controlling processes investi­

gated include changes in  global sea level, 

oceanographic regime, and sedim ent 

fluxes that are strongly influenced by 

climate variability. A nother im portan t 

study was to understand  the controlling 

processes from  the deep to  the shallow 

biosphere and the biosphere’s coupling 

to the geosphere, w hich m ay be influ­

enced by tectonic variability.

The m ost recently funded projects 

are briefly described below. Each project 

involves a num ber of partner laborato­

ries from  a range o f European countries. 

These projects are in  various stages of 

progression; some have recently been 

com pleted, while others have barely 

started.

A C T IV E  S E D IM E N T A R Y  

PRO CESSES A N D  T H E  S T R A T A L  

R E C O R D

A n um ber of projects w ithin the 

OMARC cluster are related to sedim ent 

dynamics. These projects aim  to un d er­

stand a com plete sedim entary system 

from  source to sink, and contribute to 

better m odelling o f inorganic and o r­

ganic particle transport along transects 

from  rivers to  the shallow shelf and from  

canyons to the deep sea. These projects

focus efforts at contrasting sectors o f the 

N ortheast Atlantic and M editerranean 

m argins. M ajor goals o f this cluster o f 

projects are: determ ine the tem poral and 

spatial variability o f the governing sedi­

m ent transport processes, pathways, and 

fluxes; determ ine their con tribu tion  and 

role in  the construction  of the m argin’s 

sedim entary strata; and understand the 

architecture o f the sedim entary record.

EURODELTA (European C o o rd in atio n  

on M ed ite rran ea n  Prodeltas)

Prodeltas are large, shallow-m arine fea­

tures located seaward o f river m ouths 

that are characterized by significant m ud 

accum ulation at water depths below the 

level tha t storm  waves can destroy. O n 

the M editerranean and Black Sea shelves 

(Figure 1), prodelta deposits up  to  tens 

o f m eters thick are extensive, shore-par­

allel, and m ud-dom inated . These de­

posits form ed approxim ately 5 kyr Ma 

(thousand years ago) under the influence 

of fluvial supply and m arine processes 

and constitute shallow areas o f rapid 

sedim ent accum ulation and intense ex­

ploitation  (e.g., trawling, mussel cultiva­

tion, cables, pipelines, platform s).

In view of the considerable economic 

and societal im portance of European

coasts, it is necessary to establish how 

prodeltas developed and evolved, how 

vital they are to the long-term  stability 

of coastal regions, and how  they can be 

best m anaged to  sustain econom ic activi­

ties and the natural environm ent. The
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EURODELTA project is reconstructing 

the recent growth o f prodelta systems by 

integrating knowledge ranging from  riv- 

er-discharge and flood dynamics (m ag­

nitude, recurrence, offshore im pact), 

to estimates of sedim ent-accum ulation 

rates based on short-lived radionuclides 

and/or sedimentological analyses o f sedi­

m ent cores from  delta plain and prodelta 

environm ents, to physical stratigraphy in 

shallow waters revealed by high-resolu- 

tion  geophysical surveys. This data in ­

tegration also includes key inform ation 

from  historical m aps constraining the 

phases o f delta construction over the last 

few centuries and will lead to  a better 

evaluation o f climate and hum an forcing.

For the first tim e in  Europe, a specific 

river flood event, the Po River flood in 

October 2000, has been quantitatively 

related to a depositional event and the 

construction o f a sedim entary body (i.e.,

the prodelta) in  the nearshore environ­

m ent (Figure 2). This new  knowledge 

will facilitate better predictions of where 

and how  m uch river-borne pollutants 

tend to  accum ulate nearshore. EURO- 

DELTA is advancing the understanding 

o f the processes, stratigraphy, sedim ent 

budget, and geophysical characteristics 

o f prodeltas. Significant contributions 

are m ade to shallow water surveying 

technology, prodelta risk-assessment 

strategies, and prodelta modelling.

EUR O STRA TA FO RM  (European  

M arg in  S tra ta  F orm atio n )

This project takes the results from  EU- 

RODELTA and extends the w ork into a 

m ore com plete source-to-sink approach 

following m arine sedim ent dispersal 

from  source to  sink (i.e., river ou tpu t to 

deposition on the shelf, slope, or basin 

floor), and the conversion o f this sedi­

m ent into strata. The EU -funded project 

EUROSTRATAFORM has a U.S. coun­

terpart that is also called EuroSTRATA- 

FORM and is funded by the U.S. Of­

fice of Naval Research. The EU project 

focuses on the Adriatic, G ulf o f Lions, 

Portuguese, and no rth ern  Norwegian 

m argins while the U.S. project is lim ited 

to the Adriatic and G ulf o f Lions. Sci­

entists from  b o th  projects w ork closely 

studying the Adriatic and G ulf o f Lions; 

their efforts include jo in t cruises and 

meetings, data exchange, and num erous 

jo in t publications. Several articles o f this 

issue are devoted to  the results o f these 

collaborations.

ASSEMBLAGE (Assessm ent o f the  

Black Sea S ed im entary  System Since 

th e  Last G lacial Extrem e)

ASSEMBLAGE is a European collabora­

tive project focused on the assessment
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Figure 1. M ajor delta systems studied a t the  northern margin o f the M editerranean Sea and the  Black Sea (m ore inform ation available a t www.pangaea.de/ 
Projects/EURODELTA).
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Figure 2. EURODELTA da ta  has, for the  first time, quantitatively related a specific depositional event to 
the  construction o f a sedim entary body (i.e., the  prodelta) in the  near-shore environm ent. This figure 
shows river discharge d a ta  from the  centennial Po River flood in O ctober 2000 and the  resulting sedi­
m en t record on the  Po prodelta.

of the Black Sea sedim entary system 

from  its northw estern part, including 

the continental shelf and slope, down 

to the deep sea zone. The w estern Black 

Sea is a unique physiographic setting 

characterized by a particularly wide 

shelf (100 to  150 km ). The northw estern 

Black Sea receives water and sedim ent 

discharge from  some m ajor European 

rivers (Danube, Dniepr, Dniestr); the sea 

is characterized by high sedim entation 

rates, w hich present favorable condi­

tions for paleoclimatic studies o f this 

region. Its geographic position and that

o f its drainage basin makes it sensitive to 

changes in  the ice cap during the last gla­

cial period. These changes are recorded 

in  the sedim entary record.

Two cruises (BlaSON 1 and Bla- 

SON 2) provided detailed images o f the 

seafloor by swath m apping, side-scan 

sonar, and very-high-resolution seismic 

profiling. These cruises have increased 

our understanding of the tim ing o f and 

the processes controlling Holocene sea- 

level rise on  the shelf and have allowed 

reconstruction o f the outbuilding of 

the D anube delta and deep-sea fan. To

characterize the last transgression (inva­

sion of saltwater into a giant low salinity 

lake?), sedim ents were sampled from  the 

coast to the deep basin; these samples 

covered sedim ent history from  the Late 

Pleistocene lacustrine phase to the H olo­

cene m arine phase o f the Black Sea. Core 

samples retrieved by the R/V Marion  

Dufresne, which have n o t yet been ana­

lyzed, will provide detailed age determ i­

nations. By studying the stable isotopes, 

pollen, molluscs, ostracods, foraminifers, 

diatom s, and clay m ineralogy o f these 

cores and by using proxies delivered via 

rivers that drain  the interior o f Asia and 

Europe, it will be possible to understand 

the h istory  o f climate change at a very 

h igh resolution. The abrupt Holocene re ­

connection o f the Black Sea to the M edi­

terranean is perhaps one of the m ost 

dram atic climatic events tha t occurred in 

Europe in  the last 18,000 years, and this 

research can be used as a proxy for pos­

sible future scenarios.

PROMESS 1 (Profiles Across M e d ite r­

ranean S ed im ent Systems: P art 1)

Continental m argins’ outer shelf devel­

opm ent is complex. Scientific drilling 

is needed to  understand how  sedim en­

tary  processes create continental m argin 

strata, how  fast and under w hat condi­

tions strata creation is achieved, and 

how  knowledge o f these processes and 

m argin stratigraphy can be form ulated 

into predictive and diagnostic models. 

Because the best places to study are often 

those w ith the highest net accum ula­

tion  of sedim ent, sam pling by relatively 

short p iston cores is often precluded. 

PROMESS 1 fills this knowledge gap by 

involving scientific drilling on continen­

tal shelves and slopes in  the M editer-
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ranean Sea and em phasizing sampling 

o f long sections (50 to  300 m ) and in 

situ m easurem ents of shelf and upper 

slope sedim entary sequences deposited 

during the last 500 kyr, at 50 to 300 m  

water depth. Data gathered th rough 

PROMESS 1 will provide high-resolution 

records of sea-level changes, slope stabil­

ity, canyon history, and climate variabil­

ity in  physiographic settings w ith  high 

sedim entation (glacial and interglacial 

prodeltas) and exceptional preservation 

o f depositional sequences.

The first drill site in  the G ulf of Lions 

was situated on the interfluves of the 

Bourcart and H érault canyons, at a water 

depth  o f 298 m . Seismic data show con­

tinuous sedim entation during the Late 

Pleistocene. The targeted penetration  

was 300 m eters below seafloor (m bsf), 

w hich was supposed to  correspond to  the 

last four 100-kyr cycles. The occurrence 

of Pseudoemiliana lacunosa below 270 

m bsf indicates that M arine Isotope Stage 

(MIS) 12 was reached at the bo ttom  of 

the hole. It is already possible to  confirm  

that the seismic bound ing  surfaces do 

no t represent local changes in  sedim en­

ta tion  processes. They are linked to  100- 

kyr glacial-interglacial cycles tha t m odify 

lithology and sedim entation rates on 

the upper slope. The presence o f coarser 

sedim ent at the end of each “forced re ­

gression” (sedim entary sequence form ed 

during a sea-level fall) and the occur­

rence of some biogenic gas trapped by 

the overlying clayey sedim ents deposited 

during the ensuing w arm  period are 

causing seismic anom alies. These seismic 

patterns repeat during each glacial cycle. 

These anom alies can be tracked at the 

regional scale and studying these cores 

enable researchers to  determ ine the age

o f buried  shorelines.

A second drill site was situated at the 

seaward term ination  of the Last Glacial 

M axim um  shoreline, at a water depth  of 

103 m. The targeted dep th  was 100 m bsf 

in  order to sample shelf sequences that 

were deposited during the same tim e 

interval as the first site. The m ajor differ­

ence from  the first site (where con tinu­

ous sedim entation occurred) was suc­

cessively em erged and subm erged areas 

characterized by discontinuities related 

to subm arine and/or subaerial erosion. 

Preserved dipping sedim entary units up 

to 35 m  thick were interpreted  as evi­

dence o f form er shorefaces and shore­

lines form ed during a sea-level lowstand 

o f glacial periods.

PROMESS 1 also included two drill 

sites on  the Adriatic shelf and slope. The 

shelf site offers an unprecedented high- 

resolution record o f the Holocene (about 

30 m ) and will be exploited to  recon­

struct short-term  changes in  sedim ent 

supply driven by climate change and/or 

hum an  im pact. The slope site penetrated 

about 70 m  of m ud  in  the distal part of 

“forced-regression” deposits that are ex­

pected to represent a finer-grained cor­

relative to  those penetrated  in  the Gulf 

o f Lion. A lthough the G ulf o f Lion and 

the Adriatic slope sites are different in 

term s o f tectonic setting and supply re­

gime, com paring them  should help us 

separate eustatic fluctuations from  re­

gional and local com ponents o f relative 

sea-level change.

STRATAGEM  (S tra tig raph ica l 

D e ve lo p m en t o f th e  G laciated  

European M arg in )

To go beyond the range of shallow drill­

ing and to  extend our scientific knowl­

edge bo th  back in  tim e th rough the 

whole Neogene and laterally along a 

m argin transect requires the in tegra­

tion  of vast data sets. M ainly through 

the provision o f vast quantities of seis­

mic data generated by 29 oil companies, 

the STRATAGEM project has achieved 

this m argin-w ide study in  the N ortheast 

Atlantic from  Norway to southwest o f 

Ireland. Through this endeavor, scientists 

have learned that even though the glaci­

ated European m argin is tectonically clas­

sified as passive, the post-rift h istory of 

the m argin has been physically dynamic.

The resulting stratigraphie atlas pres­

ents a unified stratigraphie fram ew ork 

for the m argin from  M iocene to the 

lower Pliocene and the lower Pliocene to 

the Holocene epochs, respectively. The 

seismic stratigraphie fram ew ork is based 

on unconform ity-bound megasequences 

inform ally term ed the “lower” and “u p ­

per” Neogene successions. The lower 

Neogene succession m ainly preserves a 

record of basinal deep water. The fully 

established therm ohaline circulation in 

the N ortheast Atlantic Ocean is a N eo­

gene phenom enon. The upper Neogene 

succession records a m ajor seaward 

p rogradation  of the m argin, as well as a 

change in  the oceanographic circulation 

pattern . This change in  sedim entation 

style occurred at about 4 m illion years 

ago (Ma) and is m arked by m argin-w ide 

erosion. A lthough glacial sedim ents 

form  a m ajor com ponent o f the p ro ­

grading wedges, the onset o f late Neo ­

gene change pre-dates N orthern  H em i­

sphere glaciation by at least 1.5 m illion 

years. The latter m ay have been acceler­

ated by uplift. A change from  restricted 

to  expansive glaciation occurred in  the 

early to  m id-Pleistocene.
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As s c i e n t i s t s  d i s c o v e r e d  m o r e  a b o u t  d i f f e re n t  

areas  o f  t h e  E uropean m argin ,  it has  b e c o m e  clear

t h a t  w e  m ay  be  a b le  to  a c h i e v e  a m u c h  b e t t e r  

u n d e r s t a n d i n g  o f  s tra ta  f o r m a t i o n  and  re la ted

ph y s ica l  an d  b io l o g ic a l  p r o c e s s e s  by in t e g r a t in g  

c l i m a t e  an d  t e c t o n i c  variabil ity .

Plate tectonics is the m ain  long-term  

instigator o f change and has u nder­

p inned the shaping o f the ocean m argin. 

Climate change, ocean currents, and 

sea level have all responded to tectonic 

change, and have interacted am ong 

themselves to sustain and further m odify 

the shape o f the m argin. However, large- 

am plitude tilting cannot be accounted 

for by intra-plate stress variations, b u t is 

consistent w ith a dynam ic topographic 

response to  upper m antle convection, 

in  particular, edge-driven flow beneath 

the continental m argin. Sedim entary 

and oceanographic changes resulting 

from  dynam ic topographic responses to 

the evolution of upper m antle convec­

tive flow during ocean w idening m ay 

be characteristic o f the developm ent of 

“passive” continental m argins (Stoker et 

ah, in  press).

COSTA (C o n tin e n ta l Slope S tab ility )

One of the p rim ary  concerns about ex­

ploitation  of the m argin is the threat of 

subm arine landslides, w hich is w ide­

spread in  some sectors. The COSTA 

project has investigated strata form ation 

and subm arine slope failures along the 

European m argin. It has allowed scien­

tists to  determ ine w hich type o f strata 

form ation contributes to precondition­

ing a subm arine slope failure, therefore

to the potential for geohazards. Detailed 

images o f seafloor failures provided by 

swath m apping, side-scan sonar, and 

three-dim ensional seismic im aging have 

provided an understanding of the com ­

plex processes and resulting impacts.

To properly analyze slope stability and 

subm arine flow dynamics, sedim ents 

were sampled in  and around failure- 

prone areas to beyond the depth  of the 

failure plane. This type of sampling 

allowed detailed exam ination of the 

physical and chemical m akeup of desta­

bilized sedim ents and of the know n or 

potential failure surfaces they bound. 

Furtherm ore, the effect o f earthquakes 

and gas hydrates on slope stability is of 

im portance to the understanding o f the 

variability o f slope stability. An excellent 

example of a giant subm arine landslide 

comes from  the m id  Norwegian m argin, 

where the hydrocarbon industry  worked 

jointly  w ith academia (M ienert, in  press; 

Solheim et al., in  press) (m ore in form a­

tion  available at www.offshore-technol- 

ogy.com /projects/orm en/).

The giant Storegga slide developed 

as a retrogressive slide in  a passive con­

tinental m argin setting, where the shelf 

is approxim ately 100 km  wide (Figure 

3). It is located im m ediately south of 

the V oring Plateau where it was discov­

ered in  1979. The nearly 300-km -long

headwall is located in  water depths from  

150 to 400 m  along the shelf break. The 

headwall reaches m axim um  heights of 

between 150 to 200 m. The m axim um  

ru n  out o f slide m aterial reached 400 

to 800 km , and the final deposition oc­

curred at 3800 m  water depth. It is now  

well docum ented that the Storegga slide 

consists o f lobes from  m ore than  50 in ­

dividual slide events ranging from  the 

first phase o f 2400 km 3 to m inor slides 

o f less than  1 km 3 at the headwall. The 

slope gradient along the failure planes 

is between 1 degree and 1.5 degrees, bu t 

reaches 23 degrees or m ore at the head 

wall. The slides affected an area of ap ­

proxim ately 95,000 km 2 and they took 

place alm ost concurrently  around 8250 

years ago. Therefore, it is appropriate 

referring to the “Storegga slides” of H o­

locene age (Haflidason et ah, in  press).

The stratigraphy of the area prone to 

the Storegga slides is characterized by 

glacial-interglacial sedim entary cycles. 

D uring interglacials, thick deposits o f 

fine-grained m arine clayey sedim ents are 

deposited parallel to  the warm , north - 

w ard-directed Norwegian current, which 

produces a sedim ent drift w ith  sorted 

m arine clay layers. The glacial sedim en­

tary  units are com posed o f unsorted  

diam icton and /o r ice-proximal meltwa- 

ter deposits on the upper slope. Glacial 

sedim ents were rapidly deposited on the 

interglacial sediments, creating an excess 

pore pressure. However, layer-parallel 

slip surfaces and jum ps between various 

stratigraphie levels have been observed, 

for example, in  the Storegga slide scar 

area (Figure 3). Slip surfaces in  Storegga 

are developed in  the interglacial m arine 

clays. These clays are weaker and have 

higher sensitivity than  glacial clays, and
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Figure 3. Location of the  giant 
Storegga subm arine landslide 
on the passive Norwegian conti­
nental margin (left top) and the 
area with geophysical evidence 
for gas hydrates. Storegga is one 
o f the  largest subm arine slides 
known on continental margins 
affecting an area o f ~ 95000 km2. 
The bathym etric m ap of the 
Storegga slide shows the  loca­
tion o f the  headwall (solid line), 
the  northern sidewall, the  FHel- 
land Flansen arch and the  Or- 
men Lange dom e (stippled area) 
including the  area of inferred gas 
hydrate occurrence (color scale 
= tim e beneath the  sea surface) 
(after Bünz and M ienert, 2004). 
Pock marks indicating fluid es­
cape (black stars) concentrate 
on the  northern  zone of the  gas 
hydrate field.
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show contractant behavior upon  load­

ing, which creates failure planes.

H YD RATECH (Techniques fo r the  

Q u a n tific a tio n  o f M e th an e  H ydrate  

in European C o n tin en ta l M argins)

M ethane hydrates are im portan t because 

they hold vast reserves o f hydrocarbons, 

m ay cause subm arine landslides, and 

can pose a hazard to  offshore drilling.

It is difficult to  identify them  beneath 

the seafloor, and even m ore difficult to 

quantify the am ount o f m ethane locked 

w ithin the hydrate itself.

M ethane hydrate is an ice-like solid 

com posed o f water and m ethane. It oc­

curs in  sedim ents up  to  a few hundred  

m eters beneath  the seafloor often on 

continental slopes where water depths 

exceed a few hundred  meters. Any in ­

crease in  tem perature or decrease in 

pressure will cause hydrate to dissoci­

ate and release m ethane gas, w hich 

can weaken the host sedim ent, rup tu re  

overlying sediments, and hence, make 

seafloor slopes prone to landsliding. 

Large slides can generate tsunam is w ith 

catastrophic consequences for coastal 

populations. Hydrates m ay also pose

problem s for petro leum -production  

wells that tend to w arm  the surrounding 

sediments, thus releasing m ethane gas 

from  the destabilized hydrate and w eak­

ening the platform  foundations. There is

a clear need to  find out the distribution 

o f hydrates on  continental m argins so 

that environm ental protection and geo­

hazard m itigation strategies can be pu t 

in  place.

The aim  of the HYDRATECH p ro j­

ect was to evaluate and develop m arine 

rem ote sensing (seismic) techniques 

that can be used to  identify the pres­

ence o f m ethane hydrate beneath  the 

seafloor, and to  quantify the am ount of 

hydrate present. Seismic data sets were 

acquired at three sites (off Northwest 

and Southwest Svalbard, and adjacent 

to the Storegga Slide off Norway) using 

state-of-the-art seafloor seismometers 

and high-resolution seismic reflection 

m ethods. M odelling o f seismic ray paths 

and inversion o f travel tim es from  these 

high-resolution data allowed us to  de­

tect and m easure the spatial variations in 

the seismic properties of the underlying 

sediments. The m easured properties in ­

clude the velocities o f com pressional and 

shear waves, and the attenuation  of com ­

pressional waves, th rough  the underlying 

sediments. Known relationships am ong 

these seismic properties and hydrate 

content allowed us to predict the am ount

o f hydrate w ithin the sedim ents there.

C ontinental-m argin hydrates are 

often seen on seismic sections as b o t­

tom -sim ulating reflectors (BSRs). This is 

where the solid hydrate form s a blanket

that traps free m ethane gas beneath  it. 

The results from  N orthwest Svalbard in ­

dicate a 100-m -thick zone o f gas hydrate 

im m ediately above the BSR at a depth  of 

200 m  below the seabed; we predict the 

hydrate is present in  low concentrations 

here. By contrast, the results from  South­

west Svalbard indicate the absence o f any 

significant hydrate concentrations above 

seismic bright spots that are associated 

w ith  accum ulations of free gas. However, 

locally developed BSRs are seen at shal­

lower depths around possible gas m igra­

tion  pathways. The results from  Storegga 

show that the d istribution  o f hydrate is 

strongly controlled by the m igration of 

gas th rough locally perm eable sediments, 

p roducing some areas w ith  hydrate 

above a strong BSR, and other areas 

where hydrate is undetectable above a 

weak or absent BSR.

Seismic properties were interpreted  in 

term s o f hydrate content based on theo ­

retical or em pirical relationships. Several 

existing techniques were evaluated and 

new  approaches were developed before 

applying the m ost prom ising of these 

m ethods to the data acquired from  the 

Svalbard and Storegga sites. These ap ­

proaches were also tested against labora­

tory  experim ental results o f variations 

in  seismic properties o f sedim ents w ith 

hydrate grown under conditions sim u­

lating nature. This laboratory  w ork in ­

volved a study o f how  m ethane hydrates 

grow in sediments, including Nuclear 

M agnetic Resonance im aging o f hydrates 

form ed in  samples, and the develop­

m ent of a resonant-colum n system to 

m easure seismic properties o f hydrates 

under similar frequencies and strain am ­

plitudes against those used in  the m arine 

experim ents. These were the first m ea­

T he  HYDRATECH p r o j e c t  d e m o n s t r a t e d  a

s u c c e s s f u l  m a r in e  s e i s m i c  t e c h n i q u e  for d e t e c t i n g  

an d  q u a n t i f y i n g  h y d ra te  c o n t e n t  b e n e a t h

t h e  s e a f l o o r  on c o n t i n e n t a l  m arg ins .
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M e t h a n e  is o n e  o f  t h e  m o s t  i m p o r t a n t  e n e r g y

s o u r c e s  in t h e  in d u s t r ia l i z e d  w o r ld ,  bu t  is a lso  

an e f f e c t i v e  g r e e n h o u s e  gas  w h e n  e m i t t e d  in to  

t h e  a t m o s p h e r e .  Vast  a m o u n t s  o f  m e t h a n e  are

c r e a t e d  in E uropean  m argin  s e d i m e n t s  l e a d in g  

t o  t h e  f o r m a t i o n  o f  free  gas,  to  c o m p l e x

c a r b o n a t e  s t r u c t u r e s ,  an d  to  m e t h a n e  e m is s io n .

surem ents to  be m ade of seismic p roper­

ties o f sedim ent containing hydrate at 

seismic frequencies in  the laboratory. A 

theoretical m odel can be used to  make 

good predictions o f the know n hydrate 

contents o f laboratory samples based on 

the know n resonant colum n seismic p a­

ram eters.

The HYDRATECH project dem ­

onstrated a successful m arine seismic 

technique for detecting and quantifying 

hydrate content beneath  the seafloor on 

continental m argins. The m ain sources 

o f error are: the uncertain ty  about the 

m anner in  which hydrate form s inside 

the host sedim ent, w hich depends on 

sedim ent type; and, in  the absence of 

boreholes, the uncertain ty  over the ac­

tual sedim ent types present. Progress on 

resolving the form er will depend on fu r­

ther investigation of natu ra l and labora­

tory-created samples containing hydrate, 

especially o f clay-rich sedim ents tha t are 

prevalent in  the m arine environm ent.

B IO S P H E R E -G E O S P H E R E  

IN T E R A C T IO N S  

M ETR O L (M e th a n e  Flux C o n tro l in 

Ocean M arg in  Sedim ents)

U nderstanding the controls and m echa­

nism s o f m ethane production  and break­

dow n in ocean-m argin sedim ents is the 

key aim  of the METROL project (m ore 

inform ation available at www.m etrol. 

org). METROL m ainly deals w ith  shal- 

low-water environm ents and will make 

im portan t contributions in  understand­

ing the d istribution, turnover, and em is­

sion of m ethane in  coastal seas, includ­

ing the N orth, Skagerrak, Kattegat, W est­

ern Baltic, and Black seas.

M ethane is one o f the m ost im por­

tan t energy sources in  the industrialized

world, b u t is also an effective greenhouse 

gas w hen em itted into the atm osphere. 

Vast am ounts of m ethane are created 

in  European m argin sedim ents leading 

to the form ation of free gas, to  complex 

carbonate structures, and to  m ethane 

emission. These processes are n o t only 

im portan t for offshore operations o f the 

hydrocarbon industry, b u t also for eco­

system diversity and for climate devel­

opm ent. M ost im portantly, it has been 

found that a high percentage of the en ­

tire m ethane flux th rough  the sediments, 

maybe greater than  90 percent, is re­

tained in  the seafloor th rough  anaerobic 

oxidation by m icroorganism s (Boetius 

et al., 2000; Michaelis et al., 2002). MET­

ROL aims to explore the m icrobiological 

and geochemical controls o f this m eth ­

ane barrier in  subsurface coastal sedi­

m ents to  quantify current m ethane fluxes 

and evaluate the effect o f environm ental 

change on seafloor m ethane release.

Estimates of the total m ethane flux 

in  the seafloor range from  85 Tg C/yr 

(teragram s o f carbon per year) for the 

entire ocean to 120 to 248 Tg C/yr for 

estuarine and shelf sediments, w hich 

constitute 8 percent o f the ocean floor. 

The contribu tion  o f m ethane fluxes from  

slope and deep-sea sedim ents is poorly

know n. However, the global m ethane 

flux is assum ed to  be equivalent to 10 to 

20 percent o f the total subsurface sulfate 

reduction, w hich accounts for the oxida­

tion  of 370 Tg C/yr. The total anaerobic 

oxidation o f m ethane in  the ocean floor 

should therefore be 37 to 74 Tg C/yr 

(i.e., significantly less than  the above es­

tim ate for shelf sedim ents alone). Thus, 

the num bers are still highly uncertain. 

The total em ission of m ethane from  the 

ocean to  the atm osphere is estim ated 

to be only 10 Tg C/yr (Reeburgh et al., 

1993), m uch o f which is presum ably 

produced in  the water colum n. Thus, the 

seafloor is currently highly efficient in 

retaining m ethane, although accum u­

lated gas m ay occasionally be released 

by eruptive events. A lthough published 

reports on natural gas seepages suggest 

that they are very rare, the petroleum  

industry  has identified, b u t no t publicly 

reported, m any m ore. This discrepancy 

is partly  due to the lack o f high-perfor­

mance and expensive geophysical tech­

niques w ithin the scientific com m unity. 

There are still too few data on the flux of 

gas from  seabed seepages and even fewer 

on the contribu tion  of seepages to a tm o ­

spheric concentrations of gases such as 

m ethane.
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At the METROL study sites investi­

gated in  2003 and 2004, it was confirm ed 

that the microbiological key process of 

subsurface m ethane oxidation plays a 

critical role as a barrier against m eth ­

ane emission. Regulating factors are the 

m ethane and sulfate fluxes b u t also the 

geological characteristics o f the sites 

(Figure 4a, b). Even at m ethane seeps, an 

unknow n b u t probably m ajor portion  

o f a m ethane deposit is biologically oxi­

dized before it can escape into the water 

colum n. The efficiency o f this process 

m ust be understood  if researchers are to 

quantify current m ethane fluxes in  m a­

rine sedim ents and predict the effect of 

environm ental change on seafloor m eth ­

ane release.

A N A X IM A N D E R  (E xp loration  

and Evaluation o f th e  Eastern 

M ed ite rran ea n  Sea Gas H ydrates and  

th e  Associated Biosphere)

This project studies m ethane-bearing 

sedim ents and associated gas hydrates in 

the A naxim ander area east o f the Rhodes 

Basin in  the eastern M editerranean. The 

overall objective is the investigation of 

the deep biosphere (bacteria) related 

to presence of m ethane and/or to the 

form ation/dissociation o f gas hydrates. 

The deep-biosphere environm ent will be 

studied by sam pling and by fully char­

acterizing the m icrobial com m unities in 

gas hydrate and/or other m ethane-rich  

sediments. Anaerobic m ethane oxida­

tion  carried out by consortia o f archaea 

(m ethanotrophs) and sulfate reducing

bacteria as well as biogenic m ethane p ro ­

duction through m ethanogenesis is u n ­

der investigation. In addition, the m eta­

bolic activity, distribution , and com posi­

tion  of the organic m atter found in  the 

biogenic com m unities associated w ith 

the gas-hydrate environm ent are being 

examined. A second objective involves 

the developm ent o f pressure-sam pling 

techniques to collect pristine sedim ent 

cores w ithout the dissociation o f gas hy­

drates during sample collection and h an ­

dling. Com parison of the field data on 

the equilibrium  phase of the gas hydrates 

w ith  those from  the experim ents will en ­

able understanding of the condition and 

the rate of their dissociation during h an ­

dling and sample treatm ent.

Data collected during the project will

Figure 4. (a) A seismic profile through the  METROL study site in the  K attegat (N orth Sea, Danish sector). The gas rising from the  deep source is completely 
consum ed by anaerobic m ethanotrophic microorganisms, (b) Flydroacoustic imaging of a gas flare above the  METROL study site Tommeliten (North Sea, 
Norwegian Sector). Gas is escaping from the  seafloor despite the  presence o f a m ethantrophic com m unity. The image was kindly provided by G. W endt 
(University Rostock, Germany).
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M a rin e  s e d i m e n t s  c o v e r  70 p e r c e n t  o f  Earth's  

s u r f a c e  an d  c o n t a i n  t h e  largest  g lo b a l  r eservo ir

o f  o r g a n ic  c a r b o n .  Surpris ingly ,  high bac ter ia l  

p o p u l a t i o n s  are p r e s e n t  in t h e s e  s e d i m e n t s ,  t o

a d e p t h  o f  at l eas t  h u n d r e d s  o f  m e t e r s

be used to define the stratigraphy, m or- 

pho-sedim entary  features, deform ational 

structures, and depositional bodies based 

on seismic and acoustic imaging, in  o r­

der to  establish the tectono-sedim entary 

fram ew ork where the gas hydrates are 

hosted. Im portan t goals are to  determ ine 

the d istribution of the gas hydrates in 

pore space, their properties at unsa tu ra t­

ed conditions, and their transport in  the 

liquid phase by diffusion and convection. 

All in form ation  gathered from  this study 

will contribute to the evaluation of the 

role o f gas hydrate as a potential con trib ­

utor to  global w arm ing, the possibility o f 

its exploitation as an energy source, and 

its role in  environm ental risk assessment 

in  the Eastern M editerranean.

DeepBUG  (D e v e lo p m e n t and  

Assessm ent o f N ew  Techniques  

and Approaches fo r D e tec tin g  

Deep Sub-Seafloor Bacteria and  

th e ir  In te rac tio n  w ith  Geosphere  

Processes)

M arine sedim ents cover 70 percent 

o f Earth’s surface and contain the larg­

est global reservoir o f organic carbon. 

Surprisingly, high bacterial populations 

are present in  these sediments, to  a depth 

o f at least hundreds o f m eters (current 

deepest sample 842 m , oldest 14 Ma). 

These bacteria are n o t just surviving, 

they are thriving in  extreme conditions 

at these depths; they have high diversity 

and are well adapted to life in  the sub­

surface. Bacterial biom ass in  these sedi­

m ents represents about 10 percent of the 

total surface biomass; the sub-seafloor 

biosphere is a substantial habitat on 

Earth. Existing m icrobiological tech­

niques are inadequate for the investiga­

tion  of these deeper samples, and there­

fore the EU’s DeepBUG research project 

aims to develop new  techniques and 

approaches for detecting sub-seafloor 

bacteria and their interaction w ith geo­

sphere processes.

The DeepBUG project designed and 

tested a range of new  sam pling and sub­

sam pling systems that enable consolidat­

ed sedim ents in  excess o f 1000 m  deep to 

be processed effectively for m icrobiologi­

cal analysis. These new  systems were cen­

tral to handling on Ocean Drilling P ro ­

gram  (ODP) Leg 201, the first dedicated 

“deep biosphere” ODP drilling leg. De­

tection lim its for m icroscopic detection 

o f sedim entary bacteria have been im ­

proved by a factor o f 25, dow n to 2,400 

cells/cm3, and new  approaches using 13C- 

substrate incorporation  to  detect active 

bacteria have identified the ability o f a 

m ajor division of uncultured  bacteria to 

use acetate under sulfate-reducing con­

ditions. This represents a m ajor advance 

and m ay lead to  the eventual isolation 

o f m em bers o f this group. In addition, 

the sensitivity o f the radiotracer m ethod 

for m easuring rates o f bacterial sulfate 

reduction  has been greatly im proved 

(less than  1 picom ole [pmol] S 0 427cm 3/ 

day) (Kallmeyer et al., 2004) and used to 

dem onstrate the presence o f sulfate re­

duction in  deep and ancient sediments, 

including the lowest rates ever m ea­

sured in  any m arine environm ent.

A new  high-tem perature, h igh-pres­

sure apparatus has been developed (Kall­

meyer et al., 2004), w hich has shown that 

sulfate reduction rates can be highest 

up  to  80 to  100°C and are stim ulated by 

elevated pressure (220 and 450 bar). In 

contrast, initial investigation of m etha­

nogenesis indicates that the process is 

n o t influenced by pressure. Bicarbonate 

m ethanogenesis was confirm ed as the 

m ajor m ethanogenic pathway in  m a­

rine sediments, and indications o f deep 

bacterial m ethanogenesis to 1,100 m bsf 

and about 125°C provides evidence for 

the deepest and hottest deep biosphere 

so far.

A range of different approaches dem ­

onstrate an overlap between biosphere 

and geosphere processes, including the 

role of bacteria in  deep, high-tem pera- 

ture alteration o f organic m atter, and 

in  aspects o f fossil-fuel form ation and 

geosphere processes providing deep 

(bacteria- related) energy sources. In the 

subsurface and to  tem peratures up to 

50°C, m ethane was shown to be a signifi­

cant energy source for sulfate reduction, 

whereas, at higher tem peratures other 

energy sources dom inate.

The range o f different genetic ap ­

proaches used (16S rRNA gene libraries, 

Polymerase Chain Reaction [PCR] p ro ­

filing, D enaturing G radient Electropho­

resis [DGGE] profiling, and functional
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gene libraries), com bined w ith  bacterial 

activity, total bacterial num bers, Stable 

Isotope Probing (SIP), determ ination of 

viable populations, and characterization 

o f deep sedim ent isolates has enabled the 

m ost robust and com prehensive assess­

m ent o f biodiversity (bacterial and A r­

chaea) and function in  the sub-seafloor 

biosphere to  date. Direct bacterial p o p u ­

lations were enum erated from  15 new 

sites (27 percent increase in  global data) 

representing a range o f oceanographic, 

diagenetic, and geological conditions, 

w hich further confirms that deep bac­

teria are globally present in  m arine

sedim ents (Figure 5). Detailed spatial 

sam pling th rough  deep geochemical 

interfaces has dem onstrated m arked el­

evation of bacterial processes (especially 

m ethanogenesis and bacterial p roductiv­

ity) biodiversity and bacterial num bers 

(Parkes et al., 2004). If this is w idespread 

in  sediments, it m ay lead to an increase 

in  the global estimate o f the biom ass in 

the sub-seafloor biosphere. New deep 

bacterial isolates have been obtained, and 

they greatly extend our knowledge of the 

physiology o f sub-seafloor bacteria (Tof- 

fin et ah, 2004).

DEEP C O R A L  REEFS A N D  

C A R B O N A T E  M O U N D S

Coral reefs are usually associated w ith 

warm , tropical waters, n o t w ith  the cold, 

deep, dark  waters o f the N orth  Atlantic 

where corals were once regarded as odd i­

ties on the seafloor. O nly recently has 

it becom e know n that cold-water coral 

species also produce reefs that m ay r i­

val their tropical cousins in  term s o f the 

species richness o f associated m arine 

life. Increasing com m ercial operations 

in  deep waters and the use of advanced 

offshore technology have slowly re­

vealed the true extent o f Europe’s and 

other h idden coral ecosystems (Freiwald 

et ah, 2004). Three closely linked EU 

projects— Environm ental Controls on 

M ound Form ation along the European 

Continental M argin (ECO M OUND), 

GEOM OUND (The M ound Factory-In­

ternal Controls), and Atlantic Coral Eco­

system Study (ACES)— aim  to expand 

our knowledge o f Europe’s deep-water 

coral com m unities.

E C O M O U N D

Cold-water carbonate m ounds along the 

European continental m argin have been 

investigated in  the ECOM OUND project 

to understand the external oceanograph­

ic control and forcing m echanism s on 

carbonate m ound  form ation  and devel­

opm ent. The m ain target areas were the 

Porcupine Seabight, the Rockall Trough 

m argins, and offshore the northernm ost 

part o f N orway where clusters o f car­

bonate m ounds have been reported, and 

w hich are densely colonized by the cold- 

water coral Lophelia pertusa.

Deep-water coral associations and 

reef form ations have been know n to oc­

cur along the European M argin for sev-
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Figure 5. D epth distribu­
tions o f global popula­
tions o f sub-seafloor 
bacteria (microscopic 
cell counts, modified 
from Parkes e t al., 1994), 
w ith 278 new DeepBUG 
da ta  points (o) from 13 
new sites (ODP Legs 185, 
190,199 and 201).
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...these carbonate mounds are unique reef structures for

the modern cool-water European seas... They provide the 

most diverse ecosystem of deep ocean margins and are

possibly one of the most important sites for fish recruitment.

eral decades. However, these carbonate 

m ounds are unique reef structures for 

the m odern  cool-water European seas, 

even though  they were m uch m ore com ­

m on  in the geological past. They provide 

the m ost diverse ecosystem o f deep ocean 

m argins and are possibly one o f the m ost 

im portan t sites for fish recruitm ent.

C arbonate m ounds w ith cross sec­

tions between 100 to  1800 m  at their 

base, rising up to  350 m  above the seabed 

and surrounded by a 60 to 90 m  deep 

circular m oat have been reported  in  the 

Porcupine Seabight in  water depths of 

650 to 1000 m. M ore recently, carbonate 

m ounds o f a similar height were discov­

ered on  the continental slope n o rth  of 

the Porcupine Bank in  water depths of 

500 to 1100 m. C arbonate m ounds have 

also been described in  a zone up to 15 

km  wide in  water depths of 500 to 1000 

m  in the southw estern Rockall Trough 

(Kenyon et ah, 2003). These m ounds 

also rise up  to  350 m  above the seabed 

and appear associated w ith  slum ped or 

faulted m argin sediments. Only offshore 

N orway do the coral reefs occur on  el­

evated ridges shallower than  400 m.

H igh-resolution acoustic im aging and 

video docum entation show a prolific cor­

al cover on m any of the m ounds, w hich 

are m ostly confined to  an upperm ost 

seismic unit o f Early Pleistocene age (De 

M ol et al., 2002). But, a simple m odel 

for m ound  form ation is unsatisfactory 

owing to  the observed variation in  size, 

m orphology (e.g., linear ridges, ring 

shapes), and num ber o f these m ounds 

showing very localized clustering.

The oceanographic regim e is gov­

erned by different water masses display­

ing a density gradient in  the vicinity of 

the m ounds, where organic carbon from

the sea surface prevails and provides n u ­

trients for the corals. The environm ental 

setting o f the m ounds shows a strong 

diurnal tide influence. The m ounds con­

sist o f a high p roportion  o f biogenic car­

bonate material, where sandy and silty 

clays are baffled and then  accum ulated 

w ithin the biogenic framework. Particu- 

late-organic-m aterial dynam ics o f the 

benthic boundary  layer at this specific 

setting indicates enriched flow rates at 

the sedim ent surface. The activity of 

benthic fauna associated w ith  the deep- 

water coral ecosystem causes em place­

m ent o f fresh organic m aterial into the 

sediments, consequently enriching the 

m ound  sedim ents in  organic carbon rel­

ative to  off-m ound sites, b u t no  evidence 

for hydrocarbon venting is reported.

Detailed analyses o f sedim ent cores 

reveal that coral grow th occurs only d u r­

ing interglacial times. Glacial oceanog­

raphy does n o t support the form ation 

o f a density gradient in  the vicinity of 

the m ounds, and therefore insufficient 

nu trien ts existed for the deep-sea coral 

ecosystem. These observations finally 

lead to a m odel describing the growth 

and developm ent o f carbonate m ounds 

controlled by environm ental changes 

(Figure 6).

G E O M O U N D

Large clusters o f carbonate m ounds on 

the seabed have appeared tim e and tim e

again th roughout Earth’s history, m ostly 

form ing spatially confined clusters. It is 

believed they reflect a key process in  the 

biogeochem ical dynam ics o f the ocean 

and atm osphere. The earliest so-called 

strom atolitic m ounds, which appeared 

billions o f years ago in  the Precam brian 

seas, had very m odest dim ensions, no t 

m uch  higher than  a few meters, b u t they 

provided all o f Earth’s atm ospheric oxy­

gen that hum ans breathe today.

The GEOM OUND project, closely 

associated w ith ECOM OUND, has quan­

tified the carbon sink represented by the 

giant m ound  provinces discovered in 

the Irish Porcupine and Rockall Basins, 

and has defined their b road basinal set­

ting and their link to large-scale fluxes 

o f m atter and energy. G iant carbonate 

m ounds seem to be systematically con­

fined to offshore hydrocarbon basins; 

advanced basin m odelling has revealed 

potential pathways o f m ethane, which 

m ay have played a role in  the initiation 

o f m ound  form ation. Bright spots in  the 

sedim ent layers just below a num ber of 

m ounds m ay represent the “sm oking 

gun”— residual patches of gas arguing 

for a degassing event. Pockm arks also 

frequently occur close to  m ound  clus­

ters, and a spectacular buried  slope fail­

ure underlies a large cluster o f around 

1,000 small, buried  m ounds called the 

Magellan m ound  province. It is possible 

that slides and m ounds are different ex-
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pressions, at different tim es and under 

different oceanographic conditions, of 

one in term itten t gas m igration pathway. 

However, no  active seeping has been ob ­

served in  the Porcupine Basin.

M ounds also appear to  be prolific h o t­

spots in  ecosystem diversity, particularly 

rich in  deep-water coral species such as 

Lophelia and Madrepora. GEOM OUND 

has directly led to the discovery and 

survey o f one of the m ost prolific deep- 

water coral ecosystems in  the Atlantic: 

the Thérèse m ound  group in  the Belgica 

m ound  province. Intriguingly, this group 

o f m ounds, covered by true  forests of 

deep-water corals and associated spe­

cies, occurs adjacent to totally barren 

m ounds.

ACES

The EU ACES project has concentrated 

on the coral ecosystems and investigated 

coral ho tspot areas off m id  Norway (Sula 

Reef), the Skagerrak (Kosterljord reefs), 

the n o rth ern  Rockall Trough (Darw in 

M ounds), the southern  Rockall Trough 

(Logachev and Pelagia carbonate m ound 

provinces), the Porcupine Seabight (Bel­

gica and Hovland carbonate m ound  

provinces), and the Galicia Bank.

The ACES project has successfully 

m apped cold-water coral ecosystems in 

all study sites stretching from  the Galicia 

Bank to  the Norwegian Sula Reef. The 

fram ew ork constructing potential o f the 

locally reef-form ing coral Lophelia per­

tusa is variable and is controlled by the 

following factors: (1) intrinsic controls 

are determ ined by the skeletal ultra- 

structural com position of the skeleton 

and the lifespan o f the polyps, which can 

be estim ated as 10 to 15 years on aver­

age; (2) extrinsic factors are determ ined

by the trophic condition of the am bient 

water mass, which is correlated w ith  the 

skeletal growth rate. The m ore nourished 

the water mass, the higher the skeletal 

growth developm ent. The m olecular 

genetic m apping indicates an existing 

gene flow along the continental m argin 

b u t also high degrees o f interbreeding 

because of the existence of long-lasting 

clonal colonies. Scandinavian Ijord cor­

als show a significantly different genetic 

signature as a m atter o f genetic isolation 

from  the open-ocean coral populations.

The hydrographic regime in  all ACES 

sites is characterized by a strong cur­

rent regime, driven by tides; this regime 

becomes accelerated at topographic 

highs such as m oraines and carbonate 

m ounds. The role of subm erged oceanic 

banks (Porcupine Bank, Rockall Bank) 

and the in teraction w ith  the oceanic 

circulation and particle flow has been 

recognized as a prim e control for the 

nourishm ent o f extensive coral growth 

at the continental m argin. Submerged 

banks force the surface currents to form  

an anticyclonic vortex around the bank, 

w hich in  tu rn  entraps cold and relatively 

eutrophic waters for a prolonged period 

o f time. This p lankton soup sinks, driven 

by tidal pum ping, and becomes concen­

trated  at the bathym etric position o f the 

coral ecosystems. This m odified ben tho- 

pelagic coupling process fits w ith the 

analysis o f particulate organic carbon in 

the benthic boundary  layer and dem on­

strates the im portance o f bo th  oceano­

graphic and hydrographic controls.

D uring the lifetime o f ACES, the 

num ber of verified Lophelia sites in  the 

N ortheast A tlantic increased from  416 

to 846. To date, the num ber o f identified 

species that belong to the reef-associated

fauna (Figure 7) is 1300. The biodiver­

sity indexing is underw ay b u t m ust be 

regarded as a difficult task due to  the 

sam pling techniques used in  this habitat. 

The analysis o f the soft tissue o f Lophelia 

pertusa showed that the coral produces 

lecitotrophic larvae and spawns in  w in­

ter. The reaction o f Lophelia polyps to 

different exposures of sedim entation was 

obtained from  aquarium  experiments.

To conclude, Lophelia ecosystems indeed 

attract a large num ber of species and 

biom ass com pared to  the background 

environm ent.

ACES generated status reports focus­

ing on  the hum an  im pact to  cold-water 

reefs for the Kosterfjord, the Darwin 

M ounds, the southern  Rockall Trough, 

and Porcupine Seabight coral ecosys­

tems. Damage o f different degrees by 

the fishing industry  is observed on m any 

ACES study sites. The topic of cold-wa­

ter coral ecosystem protection is now 

anchored in  m any international political 

conventions and culm inated in  a com ­

prehensive report on the global status o f 

cold-water coral ecosystems (Freiwald et 

ah, 2004).

E U R O M A R G IN S

EUROMARGINS is a new  activity of 

the ESF that started in  2003. It has as its 

principal focuses the imaging, m o n i­

toring, and m odeling of the physical, 

chemical, and biological processes that 

are occurring in  the passive continental 

m argin. The program  com prises 14 p ro j­

ects covering a range o f topics including 

the crustal “architecture” of conjugate 

volcanic margins; studies o f slope stabil­

ity in  the Arctic n o rth  o f Svalbard and 

on glacier-fed m argins and in  the M edi­

terranean on river-fed margins; detailed
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Figure 7. The dead stony coral framework 
serves as settling substrate for a diverse com ­
munity. As seen here a t 285 m w ater depth  in 
the  Sula Reef, Mid-Norwegian Shelf, octocoral 
sponge gardens typically occur in such subhab­
itats within a cold-w ater coral reef ecosystem.

studies o f seepages th rough  the seabed; 

and carbonate m ounds and deep-water 

coral reefs and their relationship to fluid 

flow in m argins. The program  will run  

for five years and includes national re­

search funding and a European netw ork­

ing com ponent.

Passive continental m argins, w hich are 

one o f the m ost distinctive m orphologi­

cal features o f the w orld’s ocean basins, 

m ark  the transition  between continental 

and oceanic crust. They are also the sites

o f some o f the w orld’s largest accum ula­

tions of sedim ents and are one of the few 

rem aining frontiers for natural resourc­

es. The nations of Europe share one of 

the longest m argin systems in  the world. 

U nderstanding the processes tha t have 

shaped this passive continental-m argin 

system will require broadly based in ter­

disciplinary studies. EUROMARGINS 

will seek to  encourage the developm ent 

o f bo th  new  technologies and concep­

tual models for passive-m argin evolution

w ith  the expressed aim  of advancing, 

in  a m ajor way, integrated research into 

the m echanism s that are responsible for 

continental break-up and the form ation 

o f ocean basins and their m argins. The 

pooling o f hum an  resources, the training 

o f a new  generation of geoscientists, and 

the optim al sharing o f national observa­

tional platform s (e.g., ships), and analyt­

ical and m odelling facilities are consid­

ered im portan t “value-added” ingredi­

ents o f the EUROMARGINS program .
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C O N C L U D IN G  R E M A R K S

There has been a considerable am ount 

o f research on  Europe’s continental m ar­

gin, b u t m uch m ore needs to  be done.

As techniques develop and m ore areas 

are surveyed, researchers see a gradually 

evolving picture where the geosphere, 

biosphere, and hydrosphere all interact 

to produce a range o f com plex environ­

m ents. The long-term  effects o f h u m an ­

kind’s im pact on these environm ents 

th rough  exploitation of fish and m iner­

als rem ain unknow n, b u t m ore research, 

and m ore integration  o f this research, 

is urgently needed to m easure these im ­

pacts and to  m ap a route to sustainable 

developm ent. Europe needs to  make 

such decisions in  line w ith  its strategic 

objective o f sustainable development. 

Guidance docum ents on  sustainable de­

velopm ent have been developed at vari­

ous conferences and by various organi­

zations, including: EU’s G othenburg Eu­

ropean Council, w ho m et in  2001 (m ore 

inform ation available at h ttp ://eu ropa. 

eu .in t/com m  / gothenburg_council/ sus- 

tainable_en.htm ); EU legislation was en ­

acting in  1998 called the Biodiversity Ac­

tion  Plan for the Conservation o f N atu ­

ral Resources (available at h ttp ://eu ropa . 

eu.int/scadplus/leg/ en/lvb/12 802 3 .htm ) ; 

principles developed at the W orld Sum ­

m it on Sustainable Developm ent in  2002 

(available at http://w w w.johannesburg- 

sum m it.org) and the com m itm ents to 

m itigate the loss of biodiversity created 

at the Convention on Biological Diversi­

ty  in  Rio de Janeiro in  1992 (available at 

h ttp  ://www.biodiv.org/ convention/arii - 

cles.asp), and the biodiversity strategy to 

prevent biodiversity loss at the regional 

level developed at the OSPAR Conven­

tion  for the Protection of the M arine

Environm ent o f the N orth-East Atlantic 

in  2000 (available at http://w w w.ospar. 

org / eng/htm l/w elcom e.htm l).
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