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As part of the multidisciptinary programme ËCOMARGE (ËCOsystème des 
MARGEs continentales) an experiment ta measure vertical flux of particJes was 
carried out in the golfe du Lion off Banyuls-sur-Mer (Lacaze- Duthiers canyon) over 
a period o f 17 days in autumn 1983. Sediment tra ps were deploycd at depths of 100, 
200 and 315 m in a water column 350 m deep. The trapped material appeared ta 
consist of fine IIlUÙùy sed iment and nume rous biogcnic dcbris. Total mass Oux 
increased linearly with depth from .... 4 g m- 2 day- I at 100 m to .... 13 g m - 2 day- I at 
315 m. The lithogen ic fraction was predo minant at ail depths (55 to 60 % of to tal 
mass nux). T rap-collected fecal pellets were calegorized by different shape classes 
and enume rated . Mass calculations showed that intact pellets accounted for on ly a 
small proportion ( .... 5 %) of the total mass nux at the 3 depths. Seq uent ial leach ing of 
trapped particles showcd that Cu was essentially <tssociated with the organic phase , 
Mn with ca rbonates and Fe wÎth hydroxides. Measurements of tho rium isotopes gave 
concen trations and ratios typical of suspended terrigeno us pa rticles. Based on these 
results, we suggest that the Lacaze-Duthiers canyon acts as a site of concentrat ion fo r 
particles imported into the region by currents (advective transport) mixed with 
partides produced Olt the trap site (vertical transport) . This pilrticulate material is 
then transfe rred to the deep basin . 

Oceaflol. Acta, 1988. Océanographie pé lagique méditerranéenne , éllité par H. J . 
Minas et P. Niva l, 149-154. 

ÉCOMA RG E : flux de matière particulaire en Méditerranée (golfe du 
Lion) 

Dans le cadre du programme pluridisciplinai re ËCOMARG E (ËCOsystème des 
MARGEs con tinentales) , une expé rience de mesure de Oux pa rticulaires a été 
menée penda nt 17 j da ns le golfe lIu Lion , au large de Banyu ls-sur-Mer (canyon 
Lacaze-Duthiers), il l'automne 1983. Des pièges Il particu les ont été placés li 100, 200 
et 315 m au-dessus d'un fo nd de 350 m. Le matériel particu lai rc récolté consiste en 
une vase fine associée Il de nombreux débris biogènes. Les nux particu laires 
prése ntent une augmentatio n linéai re avec la prorondeur de 4 g m- 2 r 1 environ li 
100 m à 13 g m- 2 r 1 environ li 315 m. La fraction lithogène est prédominante aux 
trois profondeurs (55 à 60 % du Oux de masse lo tal). Les pelotes fécales collectées 
par les pièges , classées par catégories de forme , on t été dénombrées. La contribu tion 
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de ces particules biogènes au nux de masse total est estimée ;) 5 % environ . Une 
attaque ch imique sélective du matériel particulaire a montré que Cu est essentielle 
ment associé à la phase organique, Mn aux carbonates ct Fe aux oxyhyd roxydes. Les 
mesu res concernant certains isotopes du thorium fournissent des valeurs et des 
rapports typiques de matériel terrigène en suspension. Le ca nyon Lacazc-Duthiers 
paraît. au vu de ces résultats qualitatifs et qua nl itiltifs, fonctionner duran t la période 
d 'érude comme un site de concen tration des p<trticules amenées par les courants 
(transfert adveclif) ct des particules produi tes dans la zone du site expérimental 
(transfert vertical). Cc maté riel d'origine mixte serai t ensuite acheminé vers le bassin 
profond. 

Oceallol. ACUl, 1988. Océanographie pélagique méditerranéenne. édité par H. J . 
Minas et P. Nival. 149-154. 

INTRODUCTION 

During the past decadc , a major e ffort in OCCano
graphy has focused on studying Ihe question of 
matcrial and energy tra nsport to the ocean depths. 
The rapid development of adequate in situ sampling 
techniques (sediment traps, large volume particle 
pumps , etc.) has made il possible to obtain sufficicnt 
particulale material 10 examine rigorously large l'ar
ticle sedimentation processes in the watcr eolumn (fo r 
review see Simpson. 1982; Angel , 1984; Fowler. 
Knauer. 1986). For examplc . research in scdimentolo· 
gy and geochemislry has sought a better underslanding 
of the mechanisms of particle transport and sedimen
tation proce!\!\es in decp ocean basins. In the biologk:ll 
contex!. a principal aim has been to discern the 
transrer of ene rgy from the ocean su rface 10 depth and 
ilS eventual utilization by bcnthic species. 

With the above-ment ioncd objectives in view, il 

multidisciplinary research program me was devc loped 
to study the ECOsystems of continental MARGins 
(ECOMARGE). The o\"era ll aim of the progra mme is 
10 understand bcl1cr the continuilY and periodicity o r 
part icu late sedimentation processcs which occur on 
the Pyrenees·Catalonia continental margin. This ap
proach includes examining terrigenous inpu ts from 
the adjOlcem land mass, and the processes in the 
Iransrcr zone (the shelf and ilS canyons) and the 
region or ultÎmate deposi tion (ocean basi n and plains). 
Most simila r stud ies 10 date have ta ken place ei thcr in 
the open ocea n or in the nearshore coastal zone . il is 
therefore essential tO study particulate transport pro
cesses along the margins in orde r beuer 10 undcrstand 
ma te rial transfer 10 the open basins. Within 
ECOMARGE two main objectives have emcrgctl : 

1) 10 de termine qualitative and quant ita tive aspects 
of the vertical and lateral componenls of paniculate 
flux . and to examine temporal variability of lhe 
nuxes j 

2) 10 delermine the conseq uences of particul;ue nux 
on spccics diversilY and the cnergetics and dynamics 
of benthic populations. The preliminary results re· 
ported here are from an ECOMARGE pilol exper
iment during au tumn 1983 and pertain on1y to the fin,t 
objective. 
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MATERIAL AND METHODS 

Location and sampling met hods 

The :,i te chosen for the pilot study ho sit uated al Ihe 
head of the Lac;lze-Duthiers canyon (42"35'20~ N-
3"23'4Y E, deplh 350 m) roughly 12 miles off 
Banyuls-sur-Mer (Fig. 1). An anchored mooring 

Figure 1 
8mlr)'l/lerric chari uf/lrt Grrlf of LiOlr (NW Mtdirarurrtafl) O/rd 
l(Xmiofl uf udil/lt/rl-lrap SIl!' 1/1 tht LQcu:t·DwhitfS CQII)'OII. 
Cart!: bath~'métrique du golfe: du Lion (Nord·Ouest Méditerranée:) 
et localrsatlon du site des pièges dan~ le: canron Lacaze·Duthrers. 

equipped with an acoustic release and !)ubsurfacc 
notation containcd three particle traps al 100.200 and 
315 m as we il as an Aanderaa cu rrent meler 30 m 
abm c the sea noor (Fig. 2). The p;lrticle traps are a 
modificd cylindrical type (Model PP3. Technicap) 
wilh a surface area of 0.125 m" and a heightldiarncter 
ralio of 2.5. The body of the Ira p. a single piece of 
pol)ester resin fibcr glass on gcl-coal. is cquipped 
with a melal support lU assure conslant alignment 
wi lh the mooring. A notation coll ar o f symactic foam 
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Figure 2 
Simpfijied diol5r11m 01 Jf.'dimem-lrap moorillg cmlfigura/ioll. 
Sl.:héma simplifié de la ligne de mouiJ!<lgl.' des pièges à pa rticules . 

gives the Irap nculra l buoya ncy in sea waler. The 
tenon colleCiion cup (500 ml) con tains a perforatcd 
d iffuser which slowly relcases cOllcentra ted (40 %) 
buffered formal in. The collector is opened and closed 
man ually by nylon co rds when the lrap is al Ihe 
surface. The Iraps wcrc deploycd for 17 days belween 
19 Septcmber-6 Oetoher 19H3. 

Laboratory analyses 

P" rliculatc mate ria l co lleclcd .It caeh dCplh was 
appon ioned wi th the aid of éI Folsom splitter ,md cach 
aliq uol used fo r various amllyscs. Weight de term i
nations we re made by fî ltering aliquols through 
0.45 Jim Millipore fi lters , rinsing with distillcd water 
and drying fo r more than 12 h at 60 ·C . Il iogenic and 
lithogenic fractions were measured fo llowing the 
method adopted by Honjo et li/. (1982). Tota l 
granulo metry was dete rmi ned by means o f a Sed i
gm ph 5000. Qua litat ive detcrmination of biogenic 
constilUents and enumeration and measure mems of 
feea l pe llets were m'lde using a stereoscopic micro
scope equipped wi th a cal ibra ted grid. O nly intact 
fecal pe lle ts wi th a recognizable shape were con
sidercd . 

The extraction of trace metals (Cu . Mn and Fe) was 
made by the fo llowing sequent ial and selective Icm.: l1 · 
ing techniques: 
1) oxidation wilh HP 2 (30 vol) fo r melals associated 
wi th o rganic matter ; 2) attack wi th unbuffered 
C H)COO H (35 %) for metals ilssociated with carbo
nates; 3) attack with NH20 H + CH )COO H fo r 
me t ais assod atcd with oxyhydrox idcs. Leaching wilh 
acetie aeid and l i mixture of 'Icctic add and hydro
xylamine are adapted from the method of Cheste r and 
Hughes (1967). T he extracted metals we re sub
sequenlly analyz:ed by atomic absorption spec
tropho!ornctry. 
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Natural se ries tho rium radionuclides (ns-rh. mrh , 
and 23ù[h) were extracted by standard techniques .lnd 
analyzed by alpha spec!romc lry (Bojanowski el (Il ., 
1983). 

RESU LTS 

Hydrodynamics 

Currenl-meter reading 30 m above the bottom indi
cated the existence o f a wea k curren t , oriented a long 
the axis of the caynon towards the sOUlheasl , with an 
average velocily of the order o f 1.5 cm ç 1. T his very 
law va lue was just a t the hmit af resolulion fo r the 
current mcter. However, current measure men ts a lso 
shawed the re lative ly large importance a f inert ia l 
oscilla tions ( frcquency - 17.5 h) whieh resulted in 
alternating currcnls with speeds as high as 10 10 

15 cm Ç '. 

Charact~rizalion of particulatcs 

The particula te mate ria l callecled in the three traps 
was noccu lent and appeared visua lly to consis! o f a 
fi ne , muddy sed iment. Hawcver, microscopie exami· 
nation revcaled the presence a l each deplh af con
siderable biagenie debris , no tably partia l o r who le 
planktonic crustacean ma lts (principally Ihase of 
copepods) , phytoplanktan remains (diatoms and coc
colithophores) .md intact zooplank ton fecal pe lle ts. 
Tin: plallk tonic debris was closc1y assoc iated wil h 
minera i grains and laye red silicates which were o rtcn 
in the midst af fecal pellet fragme nts. T he med ian 
grain size of the inorganic particles . freed of organ ic 
detri tus by Hz Oz allack and d isaggregated by ul
trasonic trcatmen t , was approximate!y 1 !-lm at 100 
and 200 m. A sligh t increase in med ian grain size 
(- 1.2 !-lm) was noted in materia l from the dcepest 
Irap. 

Mass nu x 

T he pa rt iculate mass flu xes expressed as grams dry 
pe r square me tTe per day (g m- 2 d- 1) a re listcd in 
Table 1. They increase li nearly wit h deplh from 
3.99gm- 2 d 1 a l lOOm to 12.%gm- 2 d- 1 a t 35m 
above Ihe bollam. T his increase in nux with depth 
indicales a suppleme ntary input af part icula tcs in the 

Table 1 
TOlai mass flllxts ami percelZl cmuribWiQn ofUlho/;fnic and biogeuir 
jraclioflS. 
'"lux de masse el contributions re lali\'cs de~ fractions lithogêne el 
biogêne. 

Trap Mass Lilhogenic Biogenic 
deplh no> frllction fraClion 
(m) (gm -~ d-I ) (% ) (%) 

100 3.99 54.S 45.5 
200 7.68 >8. 1 41.9 

'" 12.96 "'.S 39.5 
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intermediate (HX)·200 m) and deep (200·315 m) layers 
..... ith rcspect to the top 100 m. ThÎs could resu lt [rom a 
combination of in sim production of particulatc ma· 
terÎal in the deeper layers (fecal pellets and other 
planktonic debris) "nd lateral advcctivc transport 
originating (rom outsidc the study sile . 

The major constituents of the partieulate material 
have been grouped into t ..... o fraClions: lilhogenic and 
biogenic (Tab. 1). The lithogenic fraction (54.5· 
60.5 %), composed of quartz, fcldspa rs and days, is 
predominant al Ihe three depths. The biogenie frac· 
tion is comprised of organie ma terial , biogenie silica 
and carbonates , and its relative importance decreases 
slightly with depth . 

Fecal pellet Oux 

Disce rning Ihe contribu tion of biogcnic partieulales, 
panieularly zooplankton fecal pe llets , 10 10lal mass 
Oux is one of the principal objectives of Ihe 
ECOMARGE programme. These large particles , 
varying in size from a few to severa! hundrcd ,..,m, sink 
rapid ly (102_IOl m d - 1

) and Ihus contribule subslan· 
tially to the downward mass nux of clements and 
compounds (Angel , 1984 ; Fowler , Knauer, 1986). 

Intact feeal pellets (FP) were countcd lUld groupcd 
inlo Ihrce shapc·c1l1sses (Tab. 2). Feca l pellet flux was 
relatively high lIod increased almost linea rly with 
deplh from 2.3 x 106 pellets m- 2 d- L at 100 m ta 
7.4 x 106 m- 2 d - L al 315 m. This increase in numcrical 
nux shows that plaoktonic organisms producc fecal 
pellets throughout the entire water column at this sile. 
Cylindrical fecal pellets which o riginate from 
eu phausiids and large ca lanoid copcpods (Marshall, 
Orr, 1956; Fowler, Small , 1972; Paffenhôfer, 
Knowles. 1979) represcnted "pproximately 5 % of the 
lotal number of pelle ts. The mean volume of Ihese 
pellets , calculated from size measurements (fi = 60) , 
was 5.65 x JOS ,..,m3. Sma ller e lliptieal pellets produced 
mainl)' by copcpods (Marshall , Orr. 1955; 1956 ; 
Sasaki. Nishizawa , 1981) were far more numerous and 
comprised 6()..70 % of the tOlal and the mean volume 
was 3.65 x JOS ,..,ml . Spherical pellets. the origin of 
which at presen t is unknown, accounted for the 
rcmalOlOg 25-35 %, wilh a mean volume of 
1.90 x lOs ,..,m l . 

Using the mean volumes coupled wi th Ihe re lative 
frequenc)' of eaclt fccal pe llel shape catcgory at each 
depth (Tab.2) , a pellel wet dcnsity value of 
1.22gcm- 3 (Komar etC/I., 1981) and a we i/dry ratio 
of 4.4 (Fowler. 1977) the m<L SS nuxes of fecal pellet 

Table 3 
F«al ptlltt mass }lUXtS and N'JarnY! coml/bf/flQn If} fht tO/(l1 nrtJSS }II/us. 

Table 2 
F«al pt/ltl (EP) }lUXtS and pt"tnl cOlllflbut;on of focal ptlltt shapt 
cfassn. 
Flux de pelotes fécales (PF) ct imponancc ro:lative des d iffé remes 
ealégories de formes. 

Trap Fr Flux CaTegories of shapes o f pellels (%) 
dCpTh (m) (FP m- ! tr L) 

Cylintlrieal EJliptiçal Sphericlii 

100 2.3 x 10" 5.7 59.4 34.' 
200 5.2)( \(1) 5.' 6\.6 32.5 
315 7.4 )(1(1> 4.3 70.1 25.' 

can be calculated (Tab. 3). Thesc rcsults indicate that 
intact fecal pellets (i.e. identifiable fecal malter) 
comprised only abou i 5 % o f the tOlal mass nux 
measured by the Iraps. 

Trace metal Oux 

To examine further possible sources of the partieulatc 
mate rial , a liquois were analyscd for sclected trace 
melals and nalural series radionuclides. Among thc 
trace metals, Cu , Mn and Fe wc re chosen because 
Ihey readily partition between the particulate and 
soluble phases and are thus useful as geochemical 
lracers (Bruland. 1983). Furthermore , Ihese melals 
have becn analysed previously in sed iment cores from 
Ihe S:Lme region (Monilco et al. , 1982; Fernandez, 
1984). 

ln gcncral, the results in Table 4 indieale a relatively 
clear geochemical specificity. Cu is mainly associaied 
wilh organie material and oxyhydroxides , Mn wilh 
carbonates , and Fe with oxyhydroxides and to a lesser 
degree ca rbonates. Changes in concentrations of Ihe 
three elements at different deplhs, particularly Cu 
bound to organics and Fe and Mn associated with 
oxyhydroxides, permit rcadily distinguishing surface· 
dcrived mate rial from Ihal collected al depth. Corre
sponding leachable melal fluxes for these clements 
indicale Ihal Cu decreased while Mn and Fe increased 
subslantially al dcpth ('l'ab. 4). The iflcreases in Mn 
and Fe Oux ..... ith depth resu lted from corresponding 
incrcased mass flu x, since tota l leachable concen
trations of these metals in the particles remained 
essen tia lly constant with dcpth. It is also noteworthy 
that tOla] Icachable nuxes for Cu , Mn and Fe through 
100 m were appro:dmately 20 , 12 and 2.5 times grea· 
ter. respectivcly. Ihan average total metal nuxes 
mcasured through the same depth al a nearshorc 

F1Ul! de ma5SC des pelotc~ fécales ct oonLributions rela tives aUl! nux de mas5t totaux. 

Trap Fecal pellet mass nUl! (mg. m ' d " FP Contribution 
deplh to total ma~s 
(m) C)hndnçal EthpueaJ ~pheriçaJ Totlll flux (%) 

100 20.6 138.0 42.6 201.2 5.0 
200 48.2 323.5 89.' 461.3 '.0 
315 50.0 523.9 100.4 674.3 5.2 
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Table 4 
Tra« _,~I conctnlrQ/ions (j1g ~- 1 dry) in /he di/ferttll ItachQblt ph/.lS~s of /ropptd JHlnieulQlt nl(,jll~rial (1 : orglmie ma/lu ; 2 :cu.bo/IQlts ; 
3: hydroXfdts) und corrtspondmg 100Ql ltQcllubit mt'IQI PUXtS ( j1g m- - d- 1). 
Tentol1l en métaux- traces ( j1g g- 1 sec) dans les difréremes pha5es de malC~1e l ~"icuJa ire collecté (1 : ma tiè re organique ; 2 : carbonales : 
3: ox)'hydrox)'dcs) el nux totaux de métaux tracc::s correspondants (ilS m- j - ). 

Tr~p C" Mn F, 
dcpth 
(m) 2 3 A", 2 3 Hux 2 3 Flux 

100 44 29 56 "4 178 9'" 109 4816 7 2060 9 41 0 45192 
200 " " 44 5" 17' 847 41 8172 JJ 311 10 2375 47597 
JJ5 2 17 , 3D 165 9" 25 14373 JO 2283 3 280 72 226 

Table 5 
ThQri/ml uClivilits (dpm g- / dry ) in trupfH!iI pUrliclilole /lullaÏ/11 (If/il corrts/Wn(/illg pl/US (dpm m- Z d- 1). 
Activités du thorium (dpm g _ 1 sec) dam le matériel panieulairc co llecté ct nu~ correspondants (dpm m- ~ j - 1). 

Tmp :J% 
deplh 
(m) Activi ty A", 
100 1.8; 0.1 7.1 ::!: 0.4 
200 2.1 ;0.1 16.4 ;0.8 
31S 1.9;0.1 25.2; 1.3 

station in the Ligurian Sea o ff Monaco (Fowler . 
1985). The large difference in metal flux between the 
two areas is due primarily to much higher mass flux 
observed ln the golfe du Lion during the 
ECOMARGE experiment. 
Activit ies of thorium isotopes in matcrial çoltcr.::tcd al 

the three depths are presented in Tilble 5. The 
relative ly uniform concentrations at the different 
depths suggest a si mililr origi n for the ma;ority of the 
particulate material. 2J1"h activities, ranging bctween 
1.8 and 2.1 dpm g- 1 d ry , are typical of Ihose found in 
suspcnded cl<iYs and sediments. Furthermore . the 
relative ly low Zl&fh/23lyn ratios ( ... 2) ilre characteristic 
of those measured in near shore suspended sediments 
(Spencer eut/ .• 1978). Taken together, these data 
indica te particulate in put of essentially terrigenous 
origin at the site (Krishnaswami el a/ . • 1976 ; Brewer 
et al., 1980) . 

DISCUSSION AND CONCLUS IONS 

The particulate fluxes measured at the test site on the 
Pyrencan continental slope were 10 to 100 timcs 
higher than those observed by numcrous authors in 
va rious oceanic arcas (see Simpson, 1982). Although 
to a lesse r extent , they were also higher than values 
measured at comparable depths in different coastal 
environments including the northwest Mcditerranean 
(Wassmann , 1983 ; lJake r, Milburn , 1983 ; Burns 
et al. , 1985) . These clevated fluxes arc most certain ly 
a combincd result of the proximity to the continent 
(12 miles), the morphology of the trap environ ment 
(canyon) and the relatively shal10w depth at the site. 
The most notable aspect o f thesc results is the 
li nearity in the increase of nux wi th depth . which 

"'Th "'Th 

Activil)' A", Activity Flux 

2. 1; 0.1 8.4 ; OA 3.7::!: 0. 1 14.6 ; 0.5 
2.1; 0.1 16.0 ; 0.8 3.8; 0.1 29.2; 1.0 
2.8; 0.2 35.9;2.1 4.5; 0.3 5iU; 3.3 
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likely results from a constant large particle concen
tration over the depth range cove red by the traps. 
This observation cou pIed \Vith the sedimento logical 
and geochemical characleristics of the particulates 
(e.g. predominance of lithoge nic fraction and actj"Îlies 
and ratios of thorillm isotopes) indicates the presence 
of a thick nepheloid layer, the effect of whieh was 
evident even at the base of the euphotie 7.One 
( ... 100 m). The facl that the OOllom current along the 
axis o f the canyon was weak strongly suggests that the 
nephe lo id layer was not formed by loca l resuspcnsion, 
but ralher originated from outsidc the canyon. The 
existence of a lateral comp<mcnt in particuJate flux 
dynamics on the continental margin is supported by 
the work of Aloisi el al. (1979) which was ca rried out 
on the continental shelf of the golfe du Lion. These 
authors observed , during the presence of the thermo
cline, a bcnthic nepheloid la yer which was spread 
uniformly ove r the shelf and entered the head of the 
canyons. Particles in this layer consistcd primarily of 
organo-mineral floes. 
The presence of a substantial bioge nic fraction (40 to 
45 % of IOtal mass flux) , in particular large numbe rs 
of zoopla nkton fecal pellets. attests to the existence of 
a vert ica l componen! of flux. The relative importance 
of the vertical component can not be quamified in a 
rigorous manner from the avai lable data. However, as 
a rough approximation , il is possible to fix il minimum 
contribution at 5 %, i.e. the fraction of tota l mass flux 
due tO rapidly sinking fecal pellets. Likewise , the 
remaining lithoge nic fraction (55 -60 %) which is com
pased principally of te rrigenous material could se rve 
as li minimum esti ma le of laterally ad vected particu
late mate rial. 

Based on the combincd result s, we can fo rmulate a 
first hypothesÎs on particulate transpan and nux 
which atlempts to take into accoun t the various 
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observations made ta date. From its morphological 
characterislics, Ihe area of the canyon studied appears 
10 funclion as li nalUral sediment trap in which 
particles originating from the con tinental shelf o r 
directly from the adjacent land-mass are transponed 
laterally by advection of water masses and sub
sequemly concemrate in the canyon waters. Added to 
this latera l inpul are the large . rapidly sinking biogenic 
particles whosc tr<lnsport through the water column 
possesses a large venical componen\. The fate of the 
particJes in suspension in the canyon , at least the 
finest fraction, would then depend upon the prevai ling 
hydrodynamic cond itions. At the time o f the expcr
imem , due to the presence of alternating near-bonom 
currents. the pllrticles moved bilck and {onh along the 
canyon. wi th a ne t resultant displacement lowards the 
decp basi n. 

T he present hypothesis is based on .. single rela tively 
shon-term experimem carried out during the )'ellr. 
Since simi lar slUdies have demonstfilled 1hat particu
late flux shows marked seasonal variability (Dcuser 
el al. , \98\ ; Burns el al.. 1985) , it will be necessary to 
examine our hypothesis over a longer inte rval of lime . 
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This is to be donc by performi ng repetilive partiele 
trap experimcnts under simi lar conditions as in the 
pilot slUdy . Of equal importance wi ll be an auempt tO 
est imate cnergy input to the deep arca5 of the 
continental margin. ilS poten tial utilizatÎon by benthie 
f"una and the biogeochemical processes comrolling 
organie compound transformation at the sediment
wa ter in terf"ce . 
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