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ABSTRACT - Continental slopes are presumed key areas for deposition of organic carbon exported from 
the shelf. Analysis of across-slope differences in diatom and silicoflagellate fluxes recorded in bottom 
sediments of the Goban Spur margin, a typical North Atlantic slope environment, was carried out to test if 
they can provide information on the magnitude of advection of material from the shelf into deeper waters. 
Total diatom and silicoflagellate accumulation rates showed strong across-slope differences. Minimum 
values are recorded at the shelf break where maximum surface productivity conditions occur while the 
deeper sampling stations record fluxes as high as 183x lo6 valves cm-* ka-'. While high diatom fluxes show 
a clear correspondence with the activity of a permanent bottom nepheloid layer operating in the region, 
they do not correlate with productivity patterns observed in the water column. Diatom assemblages are 
mainly composed of Chaetoceros resting spores and Thalussionemu nitzschioides (Grunow) Grunow ex 
Hustedt, typical indicators of spring bloom conditions in the area. The absence of clear across-slope trends 
in the diatom assemblages is interpreted as the effect of random mixing driven by the strong hydrodynamic 
regime provoked by the activity of the bottom nepheloid layer. The dominance of Chaetoreros resting 
spores across the slope is related to important exportation of shelf-derived production. However, due to 
the broad ecological tolerances of the main taxa composing the diatom assemblages, they do not allow 
precise estimations on the magnitude of the primary vertical flux vs. the secondary lateral flux in this slope 
environment. Use of the tychoplanktonic and benthic diatoms, which are restricted to the neritic realm, 
allows only the estimation of the minimum amount of shelf-derived diatoms reaching the slope sediments 
(at least 13% of the total diatom assemblage for the upper slope area of the Goban Spur). This study 
shows that major limitations exist for the use of diatoms preserved in surface sediments of this area as 
tracers of shelf-derived production transported to the continental slope. J .  Micrupulaeontol. 19(2): 123- 
13 1. December 2000. 

INTRODUCTION 
The world's continental margins constitute key areas for 
understanding the global carbon biogeochemical cycling (Walsh, 
1991). It has been reported that over 90% of the organic carbon 
preserved in marine sediments is stored in the continental 
margin areas (Berner, 1982). The possibility that continental 
slopes may act as depocentres for organic material produced on 
the shelf (Walsh et al., 1981) makes it relevant to determine the 
magnitude of fluxes of particulate matter across the margins. 

Values of organic carbon in slope sediments are usually higher 
than those at similar depths in the open ocean. On continental 
slopes, particulate matter inputs to the seafloor are usually 
derived from both a primary pelagic vertical flux and a 
secondary lateral flux of shelf-derived production transported 
within intermediate and bottom nepheloid layers (Gardner, 
1989). Thus material balance on the slope cannot be established 
by considering vertical sedimentation alone, and lateral supply 
of organic matter has to be taken into account (Graf, 1992). For 
this reason distinction between the two sources of material 
inputs to the sediments is of primary importance. 

Trends in microfossil fluxes recorded in the bottom sediments 
across continental slopes could potentially provide information 
on the magnitude and distribution of material exported from the 
shelf to the continental slope and ocean basins. In the 
Norwegian Sea downslope transport is indicated by the 
occurrence of neritic dinoflagellate cysts (Samtleben et al., 
1995) and high fluxes of coccoliths coming from the Barents 
shelf recorded in traps (Samtleben & Bickert, 1990). In the Celtic 
Sea continental slope, the presence of characteristic mid-slope 

benthic foraminifera at lower depths has also given evidence of 
lateral supply (Weston, 1985). 

Diatom skeletal remains preserved in surface sediments of the 
northeastern Atlantic have proven to be useful indicators of 
temperature, upwelling, oceanic productivity, terrigenous influ- 
ence or water masses (Maynard, 1976; Barde, 1981; Abrantes, 
1988; Koq Karpuz & Schrader, 1990; Bao et a/., 1997), although 
sometimes the preserved diatom signal in the sediments has no 
clear correspondence with oceanographic features of the water 
column (Schrader et al., 1993). In this context, complex 
hydrodynamics of slope environments (Huthnance, 1995) could 
make diatom assemblages preserved in them strongly biased for 
interpretations of processes operating in the overlying water 
column. The low biogenic silica content of north Atlantic Ocean 
sediments and resulting dissolution (Ruddiman & McIntyre, 
1976) might also obscure the oceanographic significance of the 
preserved diatom thanatocoenoses. Alternatively, instead of 
reflecting features of the overlying water mass, diatoms could be 
used as indicators of near-seabed processes, such as downslope 
bottom transport and resuspension phenomena. Diatom assem- 
blages in slope environments could therefore be considered as 
potential tracers of both local oceanographic characteristics 
and/or of the magnitude of particle bottom transport from the 
shelf. 

The Goban Spur lies on the continental slope off SW England 
and Ireland (Fig. 1). It is part of a continental margin 
characterized by a broad, gently sloping shelf extending from 
the Celtic Sea. Its stepped morphology is the result of the early 
rifting history of this margin (Masson e t  al., 1985). A 
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Fig. 1. Location of the area studied 

multidisciplinary study was conducted at the shelf edge and 
slope of Goban Spur during the European Union-funded Ocean 
Margin Exchange (OMEX I) programme in order to evaluate 
the transport of material from the shelf to the deep sea. Results 
of the first phase of this programme showed that there is 
evidence of important advection phenomena taking place at this 
margin (van Weering et a/., 1998; Antia et a/., 1999; McCave et 
a/., 2000). 

The aim of this work is to describe the diatom thanatocoe- 
noses preserved in surface sediments across the Goban Spur 
margin, to study their significance as indicators of the 
oceanographic features of the water column and as potential 
estimators of the magnitude of diatoms being exported from the 
shelf waters to the open sea. This could contribute to a better 
understanding of the importance of organic carbon shelf export 
to the continental slopes. 

MATERIALS AND METHODS 
Surface sediment samples were collected with a box corer along 
two transects perpendicular to the Goban Spur continental 
slope, during two cruises with RIV Pelagia in October 1993 and 
RIV Charles Darwin in May/June 1994 (Fig. 2a,b). The &1 cm 
surface sediment of 12 box cores was taken for diatom analysis. 
All the samples were treated following standard acid cleaning 
(Schrader, 1973) with some minor modifications. An aliquot of 
each cleaned sample was mounted on 22x22mm coverglasses 
with Hyrax (refractive index = 1.7). Counts were made at l00Ox 
with a Nikon Optiphot I1 phase contrast microscope, with the 
exception of the sample from station D86-11 which contained no 
diatoms (Table 1). At least 300 valves were counted per sample 
following standard counting procedures (Schrader & Gersonde, 
1978). Silicoflagellate specimens were also counted. 

Relative percent abundances of the most important taxa were 
calculated for each sample. Species were grouped according to 
their ecological characteristics (e.g. Hustedt, 1927-1 966; Hen- 
dey, 1964; Hasle, 1976; Sancetta, 1982; Ricard, 1987; Denys, 
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Fig. 2. (a) Transects and boxcore sampling stations across the Goban 
Spur margin; (b) bathymetric sections. 

1991a, b; Hasle & Syvertsen, 1996) (Table 2). Absolute diatom 
and silicoflagellate abundance estimates (valves g-' dry sedi- 
ment) were made using Lycopodium spores following the 
procedure described in Kaland & Stabell (1981). Diatom 
accumulation rates (DAR; valves cm-' ka-') and silicoflagellate 
accumulation rates (SAR; skeletons cm-* kd ' )  were calculated 
using the obtained absolute diatom and silicoflagellate abun- 
dances, the dry bulk density of the sediment, and the 
sedimentation rates estimated on the basis of I4C calibrated 



Transect I Transect 2 E! 

D86-9 D86-10 D86-11 E 

Amphora spp. 0 0 1 0 0 0 0 0 1 0 0 - ? 
- 6 

Chaetoceros resting spores 144 266 178.5 118 230 199 I84 186 180 184 238 - E 

E 
0 

~~~ -~ ~~ ~~ -~ ~ ~ ~~~~~~~ ~~~ ~ . _. 

Sample D86-1 D86-2 D86-3 D86-4 D86-5 D86-6 D86-7 D86-8 OMEX-C 

0 
-L, Actinoptychu.y senarius 0 0 0 0 1 0 0 1 0 0 0 - 

Asteromphalus fluhellatus 0 0 0 0 0 0 0 0 1 0 0 
Aulacoseira spp. 0 0 0 0 0 9 8 0 0 3 I 
Bacillariineae spp. 0 0 0 1 0 0 0 0 0 0 0 
Bacteriastrum spp. 0 0 0 0 0 0 1 0 0 0 1 
Centric spp. 1 0 0 0 1 0 0 2 0 0 0 - a 

Cocconeis scutelhim 0 0 0 1 0 0 0 0 0 1 0 
Cocconeis spp. 0.5 0 1.5 1 0 0 0 0 1 0 0 
Coscinodiscus radiatus 0 1 5.5 1 8 20 9 7 3 12 5 - J 

5 Coscinodiscus spp. 0 0 1 4 1 0 0 0 0 I 1 
Cyclotella ocellata 0 0 0 0 0 0 0 0 0 0 1 - E 
Delphineis surirella 5.5 4 4 4 3 2 1 1.5 5.5 12 5 B 
Dimmerogrnmma minor 0 0 0 0 0 0 0 0 1 0 0 - e 
Diploneis didyma 2 0 0 0 0 0 0 1 0 0 0 - E. 
Diploneis sp. a€. advena 5 2 0 1 1 1 1 4.5 1.5 1 1.5 - 
Diploneis spp. 4.5 0 0 2 0 0 I 1 0.5 0 0 - 
Fragilaria fasciculata I 0 0 0 0 0 0 0.5 0 0 0 - 
Fragilariaceae spp. 0 0 0.5 0 0 0 0 0 0 0 0 - 

Gyrosigma spp. 0 0 0 1 0 0 0 0 0 0 0 
Hemidiscus cuneijormis 0 0 0 0 0 0 0 0 0 0 1 
Navicula spp. 3 0 1 0 0.5 0 0 0 1 0 0 
Naviculaceae spp. 0 2 0 0 1 0 0 0 0 0 0 
Nitzschia coarctata 1 2 0 0 0 0 1 0 0 1 0 - 
Nitzschia marina 2 6.5 3 8.5 I 3 4 6 3.5 4 3 - 

Nitzschia sp. af. hicapitata 2 2 I 4 4 13 12 2 5 1.5 1 - 
Nitzschia spp. 2 0 0.5 1 5 0 0.5 1 1.5 0 0 - 
Paralia sulcuta 18 3 3 27 12 2 1 I I 0 4 - 

Pennate spp. 0 2.5 1 1 2.5 0 0 0 0 0 0 - 

Pleurosigma sp. 1 2 1 0 1 0 0 0 0 2.5 1.5 0 - 

Pleurosigma spp. 2 0 0.5 I 0 0.5 0.5 2 0 0 0 - 
Podosira stelliger 4.5 0 0 1 0 0 0 0 0 0 0 - 
Rhaphoneis amphiceros 0 0 0 0 0 0 0 0 1 0 0 
Rhizosolenia spp. 2 4.5 1.5 0.5 2.5 3.5 1.5 2 6 2 0.5 
Roperia tesselata 0 1 0 0 0 0 0 0 0 0 0 - 
Thalassionema frauenfeldii 22 21 48 63 61.5 16 10.5 18.5 63.5 11.5 12 - 

Thalassionema nitzschioides 39 26 38 48 52 66 51.5 40 40 33.5 21 - 

Thalassiosira anguste-lineata 2 0 2 0 0 2 0 0 0 0 0 - 
Thalassiosira decipiens 0 1 0 1 0 2 1 0 0 0 0 - 

Thalassiosira eccentrica 1 0 I 0 2 9 2 4 2 8.5 1 - 
Thalassiosira leptopus 0 0 3 2.5 2 I 4 2 1 2 0 - 
Thalassiosira oestrupii 0 0 0 0 0 11 6 0 0 4 3 
Thalassiosira spp. 4.5 2.5 6 3 8 0 0 2 6 0 0 
Thalassiothrix longissima 31 23.5 23 1 29.5 15.5 8 10.5 0 7 3 - 

- 

- 
El 
m 

- 

0 
0 

- J c. 
- 

0 
- 

- 

5 

- 

- 

- 

- 

- 

- 

- 

- 

B Total count 301.5 311.5 330.5 291.5 434.5 381.5 308.5 301.5 334.5 302.5 309 

Table 1. Raw counts of diatom data for the Goban Spur margin (B = Barren). - 
N v1 
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~ ~ 

Taxa grouped as pelagic Taxa grouped as neritic 
Holoplanktonic or meroplanktonic 
condition coiidi tion 

Tychoplanktonic or benthic 

Coscinodiscus radiatus 
Hemidiscus eune formis 
Niizschiu marina 
Roperiu tesselata 
Thahssionema frauenfeldii 
Thalussiosiru anguste-lineata 
Thalassiosiru leptopus 
Thalassiosiru oestrupii 
Thulassiothrix longissima 

Asteromphalus ,flabellatus 
Chaetoceros resting spores 
Thalassionema nitzschioides 
Thalassiosiru decipiens 
Thalassiosiru eccentrica 

Actinoptychus senarius 
Amphora spp. 
Cocconeis scutellum 
Cocconeis spp. 
Delphineis surirella 
Dimmerogrammu mittor 
Diploneis didyma 
Diploneis sp. af. advena 
Diploneis spp. 
Frugiluria ,fusciculata 
Navicula spp. 
Nitzschia coarciata 
Parulia sulcata 
Podosira stelliger 
Rhaphoneis amphiceros 

Source for the groups is a literature survey of the ecological requirements attributed to the taxa (most summarized in Denys, 1991a, b). 

Table 2. Ecological grouping of diatom taxa 

planktonic foraminifera1 or lithostratigraphic datum levels (van 
Weering et a/., 1998). 

RESULTS 
Diatom accumulation rates on the Goban Spur margin range 
from 2 . 2 ~  lo6 to 183x lo6 valves cm-2 ka-' for transect 1 and 
from 0 to 8 6 ~ 1 0 ~  valves cm-2 ka-' for transect 2 (Fig. 3). 
Sediments from station D86-11 were barren of diatoms. Diatom 
fluxes in the surface sediments are, in general terms, low for the 
upper slope stations, increasing downslope, with the exception 
of station D86-5 at  Pendragon Escarpment. Silicoflagellate 
accumulation rates show a similar pattern, with the exception of 
station D86-5, which records a higher flux than the more 
onshore OMEX-C station. Sediment accumulation rates are 
highest on the shelf, decreasing with increasing water depth till 
about 1500 m, and increasing again deeper downslope. The 
largest discrepancy between total sediment flux and siliceous 
microfossil accumulation rates is detected at  the most proximal 
positions in both transects (stations D86-1 and D86-1 l), where 
maximum mass accumulation rates and minimum microfossil 
fluxes are recorded. 

In spite of the high diatom accumulation rates found in some 
parts of the slope, diatom diversity is low, with only 45 taxa 
identified in both transects. Nearly all taxa found on Goban 
Spur are robust forms, possibly indicating strong dissolution of 
the diatom assemblages. This is also noticed in the high numbers 
of valves showing dissolution at  their margins. The most 
common diatom taxa include Chaetoceros resting spores, which 
range from 47 to  77% of the total diatom assemblage, 
Thalassionema nitzschioides (Grunow) Grunow ex Hustedt, 
Thalassionema ,frauenfeldii (Grunow) Hallegraeff, Thalassiothrix 
longissima Cleve & Grunow and Paraliu sulcatn (Ehrenberg) 
Cleve. All these taxa together make up 79 to 91% of the total 
diatom assemblages. Chaetoceros resting spores dominate in all 
stations. Vegetative Chaetocer OJ cells were not found, nor 
differences in the state of preservation of the spores. 

No clear trends can be seen in the across-slope variations in 

relative abundance of these taxa (Fig. 4), with the exception of 
an increase in the abundance of Thalassionema frauenfeldii at the 
mid-slope stations, followed by a decrease deeper downslope, 
and the Paralia sulcata peaks at the shelf (station D86-1) and 
upper slope (station D86-4) positions. Silicoflagellates show a 
high degree of fragmentation. Only two species, Distephanus 
speculum (Ehrenberg) Haeckel and Dictyocha fibula Ehrenberg, 
were recorded. 

Diatom taxa were grouped according to their ecological 
characteristics as pelagic and neritic (Table 2). A distinction in 
the latter was made between those having a planktonic life-form 
and those having a tychopelagic or purely benthic character. The 
reason for this separation is that neritic diatoms having a 
planktonic condition, although preferentially distributed in 
shelf/coastal waters, can sometimes be abundant in the open 
ocean. On the contrary, tychopelagic and benthic diatoms 
cannot complete their whole life-cycle in the oceanic environ- 
ment, being restricted to the neritic realm. Tychopelagic diatoms 
are facultatively planktonic during a short interval of their life- 
cycle (mainly during resuspension events), most of their life 
being benthic. The benthic group includes epipsammic, epipelic, 
as well as epiphytic diatoms which live in the inner shelf attached 
to a substrate. 

Distribution of the different groups along both transects 
shows the dominance of the neritic planktonic diatoms in all 
stations due to the overwhelming contribution of the Chaeto- 
ceros resting spores to this group (Fig. 5). There is no evident 
sorting of the different groups along the transects. However, 
distribution patterns of tychopelagic and benthic diatoms will be 
treated in more detail since they are strictly allochthonous 
material transported to the slope from the shelf. 

Maximum diatom accumulation rates for the benthic and 
tychopelagic groups are recorded in the OMEX-C station (Fig. 
6). This situation contrasts with that of total DAR (Fig. 3). 
Cumulative percent abundances of both groups show two peaks 
in the shelf and upper slope stations (D86-1 and D86-4), 
representing about 13-15% of the total assemblage in these 
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Fig. 3. Late Holocene sediment accumulation rates (from van Weering er a[., 1998) in g cm.' ka-', diatom (DAR) and silicoflagellate (SAR) 
accumulation rates in valves and skeletons cm-* ka-', respectively. DAR and SAR are not on the same scale. 
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Fig. 4. Relative abundances of the most common diatom taxa. 

positions. Their relative abundances diminish to the lower slope 
and represent slightly over 1% of the total assemblage at  station 
D86-6. This diminution is parallel to  that of their accumulation 
rates. 

DISCUSSION 

Total diatom fluxes 
The observed trends in total diatom fluxes in the two transects 
studied reflect, in general terms, the hydrodynamic and 
sedimentary regimes present a t  the Goban Spur. A high energy 
current regime results in minimum diatom and silicoflagellate 
accumulation rates (DAR and SAR) on the upper to mid-slope 
areas, while maximum fluxes are recorded at  the deeper stations 
where high mass accumulation rates take place (van Weering et 
al., 1998). Notwithstanding high sediment accumulation rates 
on the shelf edge (station D86-1), very low DAR and SAR are 
found at  this location. Low DAR and SAR cannot be attributed 
to reduced productivity of the euphotic zone, because highest 
nutrient and chlorophyll concentrations in the Goban Spur 
surface waters are present a t  the shelf break (Pingree & Mardell, 
1981; Garcia-Soto & Pingree, 1998) due to doming of the 
thermocline, causing the injection of new nutrients to the 
euphotic zone (Pingree e t  al.,  1976). Low diatom and 
silicoflagellate concentrations in the sediments a t  this site and 
probably at  station D86-11 may therefore be attributed to 
strong opal dissolution. Intense near-surface water silica 
dissolution takes place at  the Goban Spur margin. Antia et al. 
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Fig. 5. Relative abundances of the ecological groups defined according to Table 2 

0 Neritic (tychopelagic+benthic) 

(1999) report a production of 7.5 g opal m-2a-' sedimenting only 
1 g m-2 a-' to 600m. About 85% of opal produced in the upper 
layer undergoes dissolution in the area. A low opal supply rate 
from the water column to the seabed could therefore explain 
enhanced dissolution at this site since impact of dissolution at 
the bottom increases rapidly as opal accumulation rate decreases 
(Pokras, 1986). On the other hand, diatom enrichment of the 
downslope stations must be attributed to the effects of down- 
slope near-seabed advective flux of particles. Trap studies have 
shown that particulate biogenic silicate fluxes reaching deeper 
waters at the Goban Spur margin are more than four times as 
high as near-surface fluxes (Antia et al., 1999), indicating that 
lateral supply causes a considerable input of siliceous particles to 
the deeper waters. This input is probably even higher than 
revealed by trap studies since the total arrival flux at the bottom 
comprises a large proportion of material transported at less than 
5m above the seabed (McCave et al., 2000). All these data 
support the idea that total diatom fluxes to the bottom of this 
continental slope do not have a direct correspondence with 
productivity conditions of the overlying water column, but are 
mainly the consequence of intense lateral supply from the shelf 
waters. 

Composition of diatom assemblages 
Differential dissolution and the capability of certain taxa to 
flourish during more than one season may produce diatom 
thanatocoenoses not representing the period of maximum flux 
from the water column (Sancetta, 1989; Crosta et al., 1997). 

t 7 

rb 
B 

Species composition of transects accross the Goban Spur is 
largely dominated by Chaetoceros resting spores and Thalussio- 
nema nitzschioides. Both taxa appear in large numbers during 
spring bloom conditions in the Goban Spur area, being greatly 
reduced the rest of the year (Rees et al., 1999). Trap studies also 
indicate that annual peak silicate fluxes occur during spring and 
are enhanced in the deeper traps by the effect of lateral influx 
(Antia et al., 1999). Large amounts of siliceous debris can also 
be exported from the shelf break after the summer, but because 
of the strong seasonality of phytoplankton production, it is 
likely that exported material consists mostly of previously 
sedimented spring diatoms. 

Across-slope distribution of the most common taxa and 
ecologically defined groups does not show consistent variations. 
This fact might be interpreted as an effect of random mixing of 
the diatom assemblages (Sancetta & Calvert, 1988). In our case, 
this would be driven by strong hydrodynamics on the slope 
caused by the activity of nepheloid layers. While intermediate 
nepheloid layers are weakly developed and have a temporary 
character, the bottom nepheloid layer over the Goban Spur 
margin is permanent and is probably the dominant sediment 
transport mechanism on this continental slope (McCave et al., 

High numbers of Chaetoceros resting spores in both transects 
raises the question about the origin of their enrichment in these 
sediments. Pelagic nearshore sediments can strongly be enriched 
in Chaetoceros spores by the effects of advection from the 
continental shelf (Sancetta, 1992). SEM analysis of filtered 

2000). 

128 



Diatoms of the Goban Spur continental margin 

- t percent abundance 
p&q -/ * 

12 .Y 
P 

10 2 
8 2  

6 5  

4 ;  

2 2  

0 

H 6x106 I 

m 0 9 r 
0 8 0 

7 7 

w co 
U U 

Fig. 6. Diatom accumulation rates and relative abundance of the benthic and tychopelagic groups. 

suspended particles of the intermediate and bottom nepheloid 
layers of the Goban Spur have shown very high amounts of 
Chaetoceros resting spores (I. N. McCave pers. comm.). In view 
of the episodic character of intermediate nepheloid layers, 
transport by the permanent bottom nepheloid layer coming 
from inshore positions to the slope must be the major pathway 
for Chaetoceros resting spores. 

Although most abundant in neritic environments, Chaeto- 
ceros is also a common taxon in the open ocean (Rines & 
Hargraves, 1988), as is the case of the Goban Spur margin (Rees 
et al., 1999). Nevertheless, some data point to a minor 
Chaetoceros vertical flux to the sediments. Delicate Chaetoceros 
vegetative cells d o  not appear a t  the bottom, suggesting 
dissolution in the water column during settling. This is 
supported by the maximum silica dissolution in the near-surface 
waters observed at  Goban Spur (Antia et al., 1999). Intense 
silica dissolution may not only affect delicate diatom forms, but 
also heavily silicified resting spores which, as a result, may have 
strongly reduced fluxes (Samtleben et al., 1995). However, the 
lack of differences in the state of preservation of the spores along 
both transects does not help to definitely distinguish between 
autochthonous Chaetoceros spores that could be settled from the 
overlying photic zone and those transported within the bottom 
nepheloid layer. Although most of the spores can, on the basis of 
known Chaetoceros autoecology (Rines & Hargraves, 1988), be 
assumed to have originated from the shelf area, some unknown 
enrichment by vertical settling cannot be totally excluded. 

Therefore, it is not possible in our case to quantify the 
contribution of spores coming from the shelf to the oceanic 
areas only by the study of diatom thanatocoenoses. This clearly 
illustrates the difficulty of interpreting the significance of 
Chaetoceros-rich sediments in most situations (Sancetta, 1992). 

Benthic and tychopelagic diatoms could be better tracers for 
knowing the magnitude of the contribution of the shelf material 
to the total diatom assemblage. Both groups constitute, due to 
their habitat requirements, unequivocal indicators of shelf- 
derived production, since they cannot grow in slope environ- 
ments. Their relative abnndances indicate that a t  least 13-15% 
of the total diatom assemblage in the sediments of the upper 
slope and outer shelf are composed of allochthonous diatoms 
coming from inner shelf positions. These figures, however, must 
be taken only as minimum estimates (Falkowski et a/ . ,  1994). A 
high relative abundance for the two combined groups at station 
D86-4 could explain their relatively high accumulation rate 
recorded at  the adjacent station OMEX-C. Intense resuspension 
takes place at  the Goban Spur slope between 1000-1460m 
(Thomsen & van Weering, 1998; van Weering et al., 1998), 
accounting for a large proportion of the total fluxes in the 
sediment traps deployed in the area (Antia et al., 1999). The 
resuspension of these sediments enriched in benthic and 
tychopelagic diatoms (station D86-4) could contribute to the 
maximum valve fluxes for these groups recorded at station 
OMEX-C. 

The strong reduction in relative abundance of the tychope- 
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lagic and benthic components at the deepest stations, and its 
uncoupling from the total diatom accumulation rate (Fig. 3) 
may be interpreted as an indication of an absoiute decrease in 
the contribution of displaced shallow-water diatoms to the total 
flux at  deeper stations, and enhanced vertical settling. This is in 
agreement with data on sediment grain size distribution, which 
show an increase in the finer fractions to the deeper stations (van 
Weering et al., 1998) and with SEM studies of filtered particles 
of the bottom nepheloid layer, which also indicate an increase in 
the vertical particle flux at these positions (McCave r t  a/. ,  2000). 

CONCLUSIONS 
(1) Diatom and silicoflagellate accumulation rates do not 
directly reflect productivity of the overlying water column 
across the Goban Spur continental slope. Lowest accumulation 
rates are recorded in the most productive shelf edge as a 
consequence of strong opal dissolution taking place at the 
seabed. Maximum diatom and silicoflagellate fluxes are recorded 
in the deeper slope due to advective flux of particles mediated by 
the activity of a permanent bottom nepheloid layer. 

(2) N o  clear across-slope trends can be found in the 
composition of the sediment diatom assemblages probably due 
to the strong hydrodynamic regime causing a more or less 
intense random mixing of diatoms. 

(3) Diatom fluxes recorded in the sediments of the Goban 
Spur slope do not allow a precise quantification of the relative 
importance of the primary vertical diatom flux and the 
secondary advective flux to the seafloor. This quantification is 
strongly biased by the dominance of the Chaetocems resting 
spores in the sediment diatom assemblages. Although most of 
the Chaetocems spores in the sediments are supposed to be 
transported downslope from the shelf, broad habitat preferences 
of this taxon cannot rule out some enrichment by vertical 
settling. Benthic and tychopelagic diatoms give only minimum 
estimates of diatoms transported by advective processes. At least 
13% of diatom fluxes to the upper slope consist of diatoms 
originating from the shelf. A combined study relating fossil 
diatom distributions in the bottom sediments with seasonal 
diatom flux variations recorded in trap studies and diatom 
composition of the nepheloid layers is necessary to test out the 
indicator value of diatoms for estimating the importance of 
lateral transport in slope environments affected by strong opal 
dissolution. 

(4) Diatom-based palaeoproductivity estimates in slope 
environments need to be corrected for the effects of allochtho- 
nous supply of diatoms coming from the shelf. For  the specific 
case of the Goban Spur, surface sediment samples of  this slope 
environment must be excluded from data sets for the construc- 
tion of any diatom-based transfer function. 

( 5 )  Differences in the local topographic features, biological 
response patterns and hydrographic regimes create a large 
variety of  shelf-slope systems along the European continental 
margin. Although these varying settings may provide important 
differences in the patterns of  diatom accumulation in slope 
sediments, results presented in this paper indicate that strong 
hydrodynamic conditions and a poor knowledge of the 
autoecologies of many diatom taxa and of their taphonomy 
can make of limited value the diatom-based (pa1aeo)oceano- 
graphic inferences in the slope environments of the world. 
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