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Abstract
The presently active region of the Congo deep-sea fan (around 330 000 km2), called the terminal
lobes or lobe complex, covers an area of 2500 km2 at 4700-5100 m water depth and 750-800 km
offshore. It is a unique sedimentary area in the world ocean fed by a submarine canyon and a
channel-levee system which presently deliver large amounts of organic carbon originating from the
Congo River by turbidity currents. This particularity is due to the deep incision of the shelf by the
Congo canyon, up to 30 km into the estuary, which funnels the Congo River sediments into the deepsea. The connection between the river and the canyon is unique for major world rivers.
In 2011, two cruises (WACS leg 2 and Congolobe) were conducted to simultaneously investigate the
geology, organic and inorganic geochemistry, and micro- and macro-biology of the terminal lobes of
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the Congo deep-sea fan. Using this multidisciplinary approach, the morpho-sedimentary features of
the lobes were characterized along with the origin and reactivity of organic matter, the recycling and
burial of biogenic compounds, the diversity and function of bacterial and archaeal communities
within the sediment, and the biodiversity and functioning of the faunal assemblages on the seafloor.
Six different sites were selected for this study: Four distributed along the active channel from the
lobe complex entrance to the outer rim of the sediment deposition zone, and two positioned crossaxis and at increasing distance from the active channel, thus providing a gradient in turbidite particle
delivery and sediment age.
This paper aims to provide the general context of this multidisciplinary study. It describes the general
features of the site and the overall sampling strategy and provides the initial habitat observations to
guide the other in-depth investigations presented in this special issue. Detailed bathymetry of each
sampling site using 0.1 m to 1 m resolution multibeam obtained with a remotely operated vehicle
(ROV) shows progressive widening and smoothing of the channel-levees with increasing depth and
reveals a complex morphology with channel bifurcations, erosional features and massive deposits.
Dense ecosystems surveyed in the study area gather high density clusters of two large-sized species
of symbiotic Vesicomyidae bivalves and microbial mats. These assemblages, which are rarely
observed in sedimentary zones, resemble those based on chemosynthesis at cold-seep sites, such as
the active pockmarks encountered along the Congo margin, and share with these sites the dominant
vesicomyid species Christineconcha regab. Sedimentation rates estimated in the lobe complex range
between 0.5 and 10 cm yr-1, which is 2-3 orders of magnitude higher than values generally
encountered at abyssal depths. The bathymetry, faunal assemblages and sedimentation rates make
the Congo lobe complex a highly peculiar deep-sea habitat driven by high inputs of terrigenous
material delivered by the Congo channel-levee system.

Keywords: Chemosynthetic habitats; Congo deep-sea fan; Fine sediment; Sedimentation rate;
Seafloor morphology; Turbidite; Vesicomyidae
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1. Introduction
Rivers deliver most of the ~500 Tg y-1 (500 1012g y-1) of organic carbon globally exported from land to
the ocean (Spitzy and Ittekot, 1991). They also carry large amounts of nutrients which promote large
primary production (Jahnke, 2010) and generate a mix of autochthonous marine organic carbon and
terrestrial carbon in the coastal ocean (Dagg et al., 2004; McKee et al., 2004). Therefore, continental
margins, which represent a crucial link between land and ocean domains, have long been recognized
as dynamic reservoirs in the global carbon cycle (Andersson and Mackenzie, 2004; Degens et al.,
1991; Liu et al., 2010; Rabouille et al., 2001; Spitzy and Ittekot, 1991; Schlünz and Schneider, 2000;
Ver et al., 1999; Walsh, 1988; Wollast, 1993, 1998).
Continental margins present a variety of habitat-forming morphological features such as canyons and
seamounts, and host oxygen minimum zones, cold methane seeps, coral and sponge reefs created by
the interactions of several driving forces including water properties and dynamics, terrestrial inputs,
sediment diagenesis and tectonic activity (Menot et al. 2010; Levin and Sibuet 2012). These habitats
display high regional biodiversity under significant threat that needs to be further studied and
preserved (Levin and Le Bris, 2015). Cold seeps represent one of the main biodiversity hotspots of
continental margins. There, benthic productivity, dominated by chemo-autotrophic fauna and
bacterial mats, is stimulated by methane-rich fluids seeping at the sediment surface (Sibuet and Olu,
1998; Sibuet and Vangriesheim, 2009). Inputs of organic matter such as whale carcasses (Smith et al.
1989) or sunken woods (Distel et al. 2000) also sustain chemosynthesis in the deep-sea. Besides
these peculiar environments, chemosynthetic fauna in sediment accumulation areas of continental
margins has been described only once in relation with large particulate matter deposition in the
Laurentian fan (Mayer et al., 1988).
Submarine canyons play a critical role in the transfer of particulate material from the coastal ocean
to the open ocean because they rapidly channel particles to the deep-sea (Canals et al., 2006;
Heussner et al., 2006; Monaco et al., 1990; Sanchez-Vidal et al., 2012). As a result, large quantities of
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organic matter of terrestrial and marine origin (Goni et al., 1997; Hedges et al., 1997), and also
recycled old organic matter (Tesi et al., 2010), are transferred from the continental shelf to the deepsea by turbidity currents (Khripounoff et al., 2006; Vangriesheim et al., 2009a) or cascading dense
water flows (Canals et al., 2006; Ulses et al., 2008). The supply of organic matter is able to maintain
high densities and diversities of benthic organisms in at least some deep continental margins (Levin
and Sibuet, 2012), such as in the Congo/Angola margin near the Congo canyon (Galeron et al., 2009;
Van Gaever et al., 2009).
In this context, the Congo canyon and deep-sea fan are particularly interesting as they provide the
sole example of a major river directly connected to a large canyon (Babonneau et al., 2002; Milliman,
1991). In this system, a massive and direct transfer of particles into the canyon and the channellevees of the deep-sea fan is driven by strong turbidity currents (Savoye et al., 2000, 2009).
Preliminary observations from two remotely operated vehicle (ROV) dives in the investigated area
during the ZaiangoROV cruise (Savoye and Ondreas, 2000) detected the presence of microbial mats
and vesicomyid bivalves (unpubl. data). They resemble the biological communities associated to cold
seeps (Nelson et al., 1989; Sibuet and Olu, 1998), especially those located on the continental slope
pockmarks near the Congo canyon (Olu-Le Roy et al., 2007).
This paper reports the observation methodologies and sampling effort conducted during two cruises
devoted to the multidisciplinary investigation of the terminal lobes of the Congo deep-sea fan in
2011 and 2012: WACS (Olu, 2011) and Congolobe (Rabouille, 2011). It presents the first highresolution bathymetric maps of some portions of the lobes obtained using ROV-based multibeam
bathymetry and introduces sampling locations. The biological habitats sampled during the WACS and
Congolobe cruises are described with a few photographs. Finally, sedimentation rates measured in
this complex and heterogeneous system are reported and discussed.
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2. Background information
The Congo River is the second largest river on Earth by its freshwater discharge (1250 km3/yr)
and by its drainage basin area (3.7 106 km2; Milliman, 1991) with limited seasonal variation of flow
because of the location of its drainage basin on both side of the Equator (Laraque et al. 2009). Since
the Oligocene, the Congo fan, one of the biggest deep-sea fans in the world, has developed on the
West African margin, fed by particulate inputs from the Congo River. The Late Pleistocene deposits
are still visible on the seabed morphology as an intricate network of about 90 highly sinuous channellevees terminated by lobe-shaped deposits characterized by poorly channelized morphologies and
called terminal lobes or lobe complexes (Droz et al. 2003; Marsset et al. 2009, Picot et al. 2015). The
channel network has developed by successive phases of channel bifurcation and abandonment and
all the channel-levees but one, the youngest one, are fossil. This latter channel-levee is connected to
the Congo canyon and extends 750 km across the continental slope and rise and the abyssal plain
(Babonneau et al. 2002). Present and Holocene turbiditic activity along the canyon and channel-levee
has been demonstrated by cable breaks (Heezen et al. 1964), by sediment trap studies (Khripounoff
et al., 2003) and by dating of turbidites (Migeon et al. 2004; Dennielou, 2002).
The extremity of this active channel-levee, at 4750 m water depth (Babonneau et al. 2002) is
characterized by the gradual vanishing of the channel and the development of lobe-shaped
sedimentary bodies that constitute what we call the lobe complex. Based on bathymetry and seismic
data, five adjacent and partly stacked lobes have been identified (Savoye et al., 2000; Babonneau,
2002; Bonnel, 2005). Each lobe have developed at the termination of distributary channels and the 5
successive lobe have developed and migrated 50 km south-westward from channel-levee by
successive avulsions of the feeding channel (Dennielou et al. this issue). Based on the morphological
features and structure of the lobes it was postulated that the age of the lobes decreases downstream
(Savoye et al., 2000; Babonneau, 2002; Bonnel, 2005; Dennielou et al. this issue) and, therefore, the
lobes have been labelled from 1 to 5 in a structural and chronological order. Based on excess 210Pb
6

analyses on the lobes and radiocarbon dating on the levees (Dennielou, 2002; Savoye et al., 2009), it
was proposed that the development of the lobe complex started during the Holocene. The age of this
onset was refined to 4 ka BP by Picot (2015).
There is another, older, lobe complex emplaced to the north of the recent lobe complex. The
feeding channel is connected to active channel-levee but was abandoned after the avulsion of the
active channel to the south to feed the active lobe complex. This abandoned lobe complex is called
the northern lobe complex and probably also developed during the Holocene, but between 6 and 4
ka BP (Picot 2015).
Sediment cores collected all over the lobe complex show dominantly muddy turbidites with
sand confined inside the distributary channels (Babonneau, 2002; Bonnel, 2005). In this particular
area, deposits represent a mix of particles discharged by the canyon, composed of Congo River and
shelf particles with little proportion of biogenic material settling from the surrounding water column
(Baudin et al. 2009; Stetten et al. 2015; Treignier et al., 2006). The organic carbon discharge from the
Congo River is 2x1012 g OC/yr (Coynel et al., 2005) with a clear signature from soils (Spencer et al.,
2012). This high organic discharge induces an intense biogeochemical recycling of biogenic particles
(organic carbon-OC, biogenic silica-bSi) in the Lobe region due to the funnelling of the particle flux
into the canyon down to the terminal lobe zone with very little lateral export to the levees mid-slope
down to 4000 m (Rabouille et al., 2009 ; Ragueneau et al., 2009). Background oceanographic
information in the canyon area can be found in Vangriesheim et al. (2009)

while chemical,

biogeochemical and biological data in the Angola slope area and near canyon pockmark zone are
reported in the Deep-Sea Research II volume on Biozaire (2009, Vol. 56).
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3. Material and methods
3.1 Cruise description and sampling strategy

In 2011, two cruises were conducted on the RV Pourquoi Pas?: the second leg of the WACS cruise in
February 2011 (10 days) and the Congolobe cruise between mid-December 2011 and mid-January
2012 (30 days). During these cruises, two types of operation were performed: ship board operations
consisting of coring and deployment of in situ instruments and sampler and ROV-based operations
consisting in bathymetry, seafloor observations, sampling and in situ measurement (Table 1).

Six sites were chosen among the different morpho-sedimentary environments of the lobe complex in
order to span areas of various turbiditic activity (Fig. 1). Sites A, F and C are located along the active
feeding channel from upstream to downstream. Site A is located on the channel-levee at the entry of
the lobe complex. Site F is located 40 km downstream of site A. Site C is located 25 km downstream
from site F, at the termination of the feeding channel at the entrance of the youngest lobe (number
5). Site D is located at the outer rim of the youngest lobe n°5 at the most distal part of the lobe
complex. Site B is located on the main body of lobe number 3, 22 km WNW of site A (Fig. 1) and 10
km north of the feeding channel. Site E is located on the abandoned northern lobe complex, 45 km
north of the feeding channel of the active lobe complex.
3.2 Ship-operated tools
As described in Table 1, two types of cores were collected: multicores (MTB) which preserve the
sediment-water interface and Calypso cores (CS) which allow coring through geological strata (5-25
meters). Free-falling instruments were also deployed during the cruises: (i) a respirometer which
allow the measurement of benthic fluxes over 24 hours (RAP, Khripounoff et al., 2006) carried 3
benthic chambers and a microprofiler as described in Rabouille et al. (2009) which deployment was
monitored with a video-camera to determine the penetration depth of the chambers in the
sediments and (ii) a mooring line with one sediment trap to measure particle flux and a ADCP current
8

meter which was deployed during the WACS cruise in February 2011 and recovered during the
Congolobe cruise in December 2011 (Table 1). The sediment trap was positioned 45 meters above
bottom (m.a.b) and the current meter positioned 35 m.a.b. (Khripounoff et al., 2003). The sediment
trap had an opening of 1 m2 and contains 24 collecting cups programmed for 15 days rotation. The
cups were filled with formaldehyde to prevent bacterial activity and preserve trapped particles
(Vangriesheim et al., 2009a).
3.3 ROV-operated tools
Ifremer's ROV Victor 6000 is an instrumented deep water, remote-controlled system able to perform
high-resolution bathymetry, high quality optical imagery, operate underwater instruments and
perform scientific sampling (http://flotte.ifremer.fr/fleet/Presentation-of-the-fleet/Underwater-188
systems/VICTOR-6000).
3.3.1

High-resolution bathymetry

During the Congolobe cruise, the ROV Victor 6000 was equipped with a high-resolution multibeam
echo-sounder (Simeoni et al., 2007) and a long-range black and white camera (Table 1).
At each site, data acquisitions for bathymetry were performed at a speed of about 0.4 m s-1, under
two configurations:
- A survey was conducted at an altitude of 60 m, providing a swath width of about 200 m. To improve
the data quality, and insure good overlap of multi-beam data, profiles were separated by 180 m. At
each site, an orthogonal profile was also acquired to ensure an efficient geographical fit between
parallel profiles. Using these data, high-resolution bathymetric maps were compiled with a depth
resolution of about 1 to 2 m (<5% altitude)
- Additional transects were performed at each site at an altitude of 8 m to simultaneously survey
fauna clusters using an OTUS camera with 8 meters wide images and acquire further bathymetric
data. With this configuration, the bathymetric vertical resolution increased up to 0.2 m. Details of
data collection on each site are given in Table 2.
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A total of about 150 km of high-quality bathymetric and acoustic backscatter data in three deepwaters (5000 m) study sites were acquired. The bathymetric and backscatter data were processed
on-board with CARAIBES software of Ifremer (http://flotte.ifremer.fr/fleet/Presentation-of-thefleet/On-board-software/CARAIBES) and a 1 m DTM was provided in order to guide the survey for
biological habitats and their sampling. Bathymetric maps presented in this paper have been
reprocessed on-shore.
3.3.2

In situ habitat observation and sampling

Sites for investigation of the chemosynthetic habitats (e.g. microbial mats, vesicomyid bivalves
clusters) were selected from the intensive OTUS camera surveys described above, guided by
topographic structures together with acoustic backscattering. Faunal assemblages spotted by the
OTUS Camera were further observed at 3 meters altitude to improve image resolution with the ROV
HD-colour video cameras.
Intensive sampling was performed on a selection of densely populated habitats (bacterial mats,
bivalves, black sediment patches. Typically for each habitat, 8-16 push cores (CT) with a diameter of 8
cm were collected in order to analyse geochemical and microbiological parameters, 3 to 4 blade
corers (GCL 300 cm2 or PCL 150 cm2) were taken for macrofaunal and megafaunal analyses and
several net samples were obtained to collect bivalves. Bottom water approximately 5 cm above the
sediment-water interface was also collected near the investigated habitats using a ROV-operated
tube and a water collection system (PEP, Olu-Le Roy et al., 2007).
In addition, ROV movable benthic incubation chambers (CALMAR; Caprais et al., 2010) were
deployed in these habitats and in surrounding sediments, and in situ bivalve incubations were
conducted with these chambers (Khripounoff et al., 2015). Finally, the ROV-movable autonomous
microprofiler (Deep Micro Profiler System, DMPS) equipped with a Unisense microprofiler (as
described in Rabouille et al., 2009) carrying oxygen, pH, and sulfide microelectrodes was deployed
from the ship and handled by the ROV using floats to reduce its weight in water. The deployments
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were achieved on selected habitats (mostly bacterial mats and black sediment patches), as microelectrode profilers are not suitable for working on hard substrates such as shells.
All ROV deployments were associated with a set of photographs that documented the exact location
of the sampling and in situ measurement. Some of these photographs are presented in this paper but
the data collected in the habitats will be presented in separate publications of this special issue.

3.4

Radionuclide measurements and sedimentation rate calculations

During the Congolobe cruise, sediment samples from the multicorer were vertically sliced at 0.5 and
1 cm intervals and dried at 100 °C for two days on board. Calypso cores were sub-sampled in the
laboratory: 1 cm layers were collected down to 1 to 6 meters down-core upon requirements, and
dried at 100°C. Before measurements, samples were gently ground and sealed for non-destructive
gamma spectrometry in polyethylene tubes as described previously in Rabouille et al. (2009). The
activities of 234Th, 228Th, 210Pb, 226Ra, 228Ra and 137Cs were measured on 2-6 g of dried sediment using
three low-background high-efficiency well-type (215, 430, 980 cm3) Ge gamma detectors and
calibrated with several IAEA standards: RGU-1, RgTh-1, IAEA 447. These measurements were
conducted at the Laboratoire Souterrain de Modane (LSM) in the French Alps which is protected
from cosmic radiations by 1700 m of rocks overburden (Reyss et al., 1995; Cazala et al., 2003). We
report 210Pbxs activity, i.e. the difference between 210Pb and 226Ra activities.
Other samples collected during the Zaiango cruises in 1998 (Savoye et al., 1998; Cochonat et al.,
1998) using piston cores (KZAI) and their trigger gravity cores (KPZAI) were analyzed for

210

Pb and

226

Ra by high-resolution gamma spectrometry at EPOC (Dennielou, 2002) in 2000. Some of these

samples were re-analyzed at the LSM using the above technique to cross-calibrate the present data
and simultaneously provide

137

Cs measurements. Activities of

210

Pbxs measured in 2015 were

recalculated in year 2000 to compare the present data to the initial data.
Concerning the calculation of sedimentation rate from on 210Pbxs distribution, we used the Constant
Flux-Constant Sedimentation rate model (CFCS, Appleby et al., 2001) for depths below 10 cm in a
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preliminary approach. This choice was made although deposits represent a mix of riverine and
marine particles probably including particles eroded along the canyon and channel and because of
the temporal discontinuity of the fluxes from turbidity currents. Indeed, as the recurrence of
turbidity currents in the canyon (≈2 years, Heezen et al., 1964) is much smaller than the half-life of
210

Pb and as the turbidity flux is much larger than the vertical hemipelagic flux of particles (Rabouille

et al., 2009), a constant flux over periods longer than a decade can be assumed as a working
hypothesis.
137

Cs can also be used to estimate recent sedimentation rates, as this artificial radionuclide was

produced by the atmospheric nuclear weapon tests and spread in the environment during the sixties
with a maximum production in 1963. Therefore, it is a fair temporal marker and sediments containing
137

Cs are considered to have settled after 1963. Using this interpretation, maximum sedimentation

rates were estimated based on the maximum depth of

137

Cs penetration in the core divided by the

time elapsed since 1963, i.e. 49 years for Congolobe in 2012 and 35 years for Zaiango in 1998.
Bioturbation entrains particle-bound Cs to the bottom of the sediment mixed layer (Berner, 1980),
which averages 10 cm depth (Boudreau, 1998). This generates large uncertainties in sedimentation
rate calculations when applied to slowly accumulating sediments of abyssal plains, where
bioturbation is much more efficient than burial in transporting particles to depth. In rapidly
accumulating sediments of the Congo lobe complex, however, this method is much less biased by
bioturbation.

4. Morphological features of the study areas and shipboard sampling

-

Site A

The high-resolution bathymetry covers about 3.8 km2 and reveals contrasting morphologies despite
the low amplitude (45 m) in the water depth fluctuations between 4745 and 4790 m. The most
visible features are two channels (Fig. 2). The southern channel is 45 m deep and around 1400 m
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wide and shows a 30° bend to the south. It is the prolongation of the active channel-levee of the
Congo fan that feeds the recent lobe complex. The channel floor is rather flat and widens westward
from 830 m to 935 m. The channel flanks are asymmetrical with a steep (up to 60°) northern flank
and a gentle (mean slope < 5°) southern flank. The southern flank shows several headscars with
adjacent sediment blocks. Outside the channel, mostly flat or gently sloping areas are interpreted as
levees. The northern channel is related to lobe number 3. It is 25 m deep and 1000 m wide with a
central 200 m wide inner channel. It has a faint morphology possibly because it is partly buried by
spill over sediment from the southern channel (Fig. 1) but may also serve as a conduit for these
sediments to lobe 3. It is therefore less active than the southern channel. The flanks show evidences
of widespread slides towards the channel axis providing a highly hummocky aspect.
At this site, two Calypso piston cores were collected (Fig. 2 and Table 3). Core CoL-A-CS01 was
collected at 4755 m water depth on the northern (right-hand) levee of the southern channel. Core
CoL-A-CS02 was collected at 4764 m water depth on the southern and internal gentle flank of the
southern (left-hand) channel and particularly on a slump scar, where clusters of fauna were
discovered. The RAP was deployed on the northern levee (CoL-A-RAP1 and WACS-A-RAP3) together
with the multicorer to obtain sediment samples (WACS-A-MTB3 and CoL-A-MTB2&13). Another
multicorer (Col-A-MTB3) was obtained in the channel, near the south flank and fauna clusters
(bivalves and microbial mats, marker CoL2), which were investigated during dives 483-484 (Markers
CoL1 and CoL2). Finally, a mooring line with a sediment trap and a current-meter (WACS-A-PPART3)
was deployed in the southern active channel at 45 meters above bottom (Fig. 2).

-

Site B

High-resolution bathymetry could not be acquired at site B, but the low-resolution bathymetric map
(50 m grid, Fig. 3) reveals a small sinuous channel, with few meters high levees, that is connected to
the northern channel of site A. This channel feeds lobe number 3, with much less transport than the
active southern channel (see site A section above).
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At this site, one Calypso piston core (CoL-B-CS07) and a multicore (CoL-B-MTB12) were collected at
4822 m water depth on the southern (left-hand) of the lobe 3 feeding channel (Fig. 3 and Table 3).
Piston cores KZAI-09 is located further downstream where the lobe 3 feeding channel has vanished.
Piston core KZAI-12 is located on the northern (right-hand) levee, further upstream of the channel, at
midway between the lobe 3 feeding channel and the active channel coming from site A (Fig. 1). The
respirometer (CoL-B-RAP5) was deployed 500 meters east on the same levee.
-

Site F

The high-resolution bathymetry reveals a 2.5 km wide 45 m deep NNE-SSW channel that slightly
widens downstream and is the continuation of the active channel described on site A. It comprises a
shallower and narrower inner channel that is 15 m deep and 350 m wide to the NNE and that also
widens to reach 650 m width to the SSW. The morphology of both flanks appears strongly indented
and hummocky with numerous flat depressions, scarps and blocks.
A Calypso core (COL-F-CS03) was sampled at 4886 m water depth as a reference for undisturbed
levee sediments on the western (right-hand) flank of the channel. Multicore sampling (CoL-F-MTB 45-7) was conducted at the same location of the Calypso core to investigate organic matter recycling
on the levees. The respirometer was deployed on the same levee (CoL-F-RAP2, Table 3).

-

Site C

The high-resolution bathymetry reveals a shallow (11 m deep) channel widening downstream of
more than 5000 meters. The channel floor is rather flat and is flanked by poorly developed
hummocky levees. It is interpreted as the most recent deposition zone at the end of the channel.
Four Calypso cores were collected at this site: Core CoL-C-CS04 was obtained from the northern
levee at 4949 m water depth, and cores CoL-C-CS05, CoL-C-CS06, and WACS-CS07 were sampled in
the channel at 4954 m water depth (Fig. 5). Two additional piston cores had been collected 12 km
upstream at the entrance of lobe number 5 during Zaiango cruise: KZAI07 located in the active
feeding channel and KZAI08 located on the northern levee (Fig. 1). Multicores were also collected on
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the northern levee (Col-C-MTB-6-8-9) and within the channel near microbial mats and dense
vesicomyid habitats near marker CoL9 (Col-C-MTB10-11 and WACS-C-MTB4-5-6). The respirometer
was deployed twice in the channel (Col-C-RAP3 and WACS-C-RAP4) (Fig. 5 and Table 3).

-

Site D

Site D (Fig. 6) was placed at the outer rim of lobe number 5 (Fig. 1) where sidescan backscatter
showed evidences of morphologies, probably related to recent, turbidity deposits (Bonnel, 2005).
This site, surveyed during the WACS cruise in February 2011, is located 18 km southwest of site C, in
water depths around 5000 m. The area is gently sloping south-westwards (around 0.2°). Note that
the deep channel located to the north of site D is not related to the modern lobe complex: it was
abandoned long time before the onset of the present lobe complex (Picot et al., 2016). The channel
morphology is still visible due to the small thickness of the post-abandonment sedimentary cover.
One Calypso core (WACS-D-CS06) was collected at 4996 meters depth. A ROV dive (PL 438) was
performed at the outer edge of the deposition zone, but no chemosynthetic habitat or fauna
indicative of sulfide-rich sediments were found, and therefore are not discussed in the next section.
Push cores were collected during this dive near marker W13.

-

Site E

Site E (Fig. 7) is located on the former feeding channel at the entrance of the northern lobe complex,
approximately 45 km to the north of site A. The bathymetric map (low resolution only) reveals a wide
bulge with a faint channel-levee, which morphology indicates an abandoned system.
One multicore (CoL-E-MTB14) was sampled at the same location as the ROV deployment. The ROV
dive PL 494 investigated the channel and the levees at the approximate water depth of 4750 m. No
habitat typical of reduced conditions was found in this area and sponges of different morphologies
and holothurians dominate.
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5. Dense habitat description

A number of different habitats resembling chemosynthesis-based cold seep ecosystems (bacterial
mats, reduced sediments, vesicomyid clusters) were observed and sampled during the ROV dives at
sites A, B, C, and F. These habitats were not found at sites D and E. For some of these habitats, we
used physical markers: WXX for markers deployed during WACS, or CoLXX for those used during
Congolobe.

Site A
During the Congolobe cruise, sampling dives PL483 and 484 were conducted along the southern
gentle bank of the active channel shown in Figure 2 where large concentrations of bivalves belonging
to the Vesicomyidae family were found associated with black reduced sediment and sometimes
microbial mats (Fig. 8a). This first sampling site gathered several small clusters of very densely
packed vesicomyids (marker CoL2, Fig. 2). They were dominated by the species Christineconcha
regab, (Cosel and Olu, 2009; Krylova and Cosel, 2011), which also dominated the vesicomyid
population of the Regab pockmark, located at 3200 m depth along the Congo margin (Olu-Le Roy et
al., 2007). Another species, Abyssogena southwardae (Krylova et al., 2010), has also been identified
and sampled at this site in a much lower density than C. regab. This species is assumed to be amphiAtlantic as it is also known from the Mid-Atlantic Ridge hydrothermal vents, Barbados prism and
Florida seeps (Teixeira et al., 2013). Vesicomyids and the associated macrofauna were sampled with
blade corers (GCL), while sediments were collected using push-corer (CT) for microbial community
analysis, and biogeochemical investigations of sediments and pore waters. A benthic chamber
(CALMAR) was deployed on the habitats and overlying water was sampled by PEP above the
vesicomyids. Large size tubicolous polychaetes identified from samples as belonging to the
Ampharetidae family were abundant among the bivalves. Another vesicomyid patch located near
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marker W11 was studied during PL435 of the WACS cruise (Figs. 2 and 8b). This patch was located on
the northern levee of the active channel (Fig. 2), and CTs and GCLs were collected together with a
CALMAR measurement over the bivalves.
A patch of black sediment with white filaments in its periphery was observed near marker CoL1 and
was called “King Kong” (Fig. 8c). Such patches are common features of cold seeps and typically
exhibit sulfide-rich and oxygen-poor porewaters near the surface of the sediment. The white material
generally consists of microbial filaments of large sulfide-oxidizing bacteria, such as Beggiatoa sp.,
that is characteristics of the most sulfidic habitats at cold seeps (Niemann et al., 2006; Pop Ristova et
al., 2012). Only a few empty vesicomyid shells were observed lying on the sediment in the patch,
while some seem to be living in the near vicinity, half buried in the sediment. Tubes of polychaetes
were also observed in the patch, but have not been sampled. A limited set of CTs was collected on
this reduced sediment patch.
Site F
ROV dive PL486 (Fig. 5) explored depressions on the western flank of the channel where the large
inner channel divides and presents indented flanks with scars and blocks (see description above).
Numerous small bacterial mats with sparse vesicomyid patches were observed during this dive. At
this site near marker CoL3, low densities of vesicomyids with some dead white shells and microbial
mats were located along the flanks of a small relief (Fig. 9). Small patches of black sediment were
visible under the white microbial filaments and within the tracks made by the bivalves. Both C. regab
and A. southwardae species, were collected at this site though C. regab dominated. The sample size
was too low (total of 18 specimens) to be conclusive on the relative proportion of each species. Most
bivalves found in these black patches were alive though a few empty shells were observed between
patches. These bivalves were sampled with underlying sediments using blade corers (GCL and CL).
Pushcores were collected and analyzed for microbial and geochemical analysis while CALMAR was
deployed on a small vesicomyid spot near marker CoL3.
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Site B
ROV dive PL 492 explored the less active northern channel bottom of site B and its northern and
southern levees, located 10km away from the active channel (Fig. 3). Sparse vesicomyids were
observed together with decimeter-scale reduced sediments patches (Fig. 10). The grainy texture of
the sediment is indicative of degraded bacterial mats which form thin crusts at the sediment surface
(Vigneron et al., 2013). Vesicomyid patches were dominated by dead shells which cover a large area
in this zone. Interestingly, A. southwardae was the most abundant species at site B, as the otherwise
dominant species C. regab was present in minority at this site. Most samples (CT, GCL, nets) were
collected near marker CoL11 in one of the typical vesicomyid sparse habitat (Fig. 10). Four CT’s (9-12)
were collected near marker CoL12 (Fig. 10).
Site C
Five ROV dives were conducted in the southern, central and northern part of the channel at site C
(Fig. 5). The first dive (WACS-PL 436) explored the southern levee and the southern part of the
channel, where CT samples were collected from a bacterial mat in the vicinity of marker W12 (Fig.
11a). All other dives (PL 437-489-490-491) were devoted to sample other chemosynthetic habitats
and reduced sediments near markers CoL4, W15-CoL9 and CoL8 (Figs. 5 and 11). Bacterial mats,
hypothesized to be constituted by sulfide oxidizing bacteria, associated with black sediment patches
(Fig. 11b) have also been observed during PL489-490 at several other places at site C in the northern
part near CoL4 (Fig. 5). Sampling was performed using blade and push-corers for fauna, microbes and
chemical characterization. The sediment consisted of a thin crust on the top overlying an extremely
soft bottom. This sediment was so soft that a blade corer (GCL3, size 50 cm) was lost, buried during
deployment, and CALMAR chambers occasionally flipped upon deployment. The underlying sediment
was reduced as observed from the black colour of the sediment when corers were retrieved (not
shown).
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Figure 11c shows a black patch of reduced sediment with a few empty shells of vesicomyids near
marker CoL8 (called “Black ogre”). The composition of the black layer on the top still needs to be
characterized as it was difficult to keep the thin interface sediment layer intact during sampling by
ROV-operated push-corers or blade corers. A microprofile series was performed using the
autonomous microprofiler (CoL-DMPS 3) during dive PL 490 on nearby reduced sediments similar to
the one displayed on Fig. 11c.
Dense habitats with vesicomyid bivalves were observed in two patches, respectively called « the
heart » (Fig. 11d) and “the mouth” (Fig. 11e), during both WACS and Congolobe cruises (PL437 and
PL491). These patches revealed the most complex organization that has been observed so far.
Although the center of the black sediment, except for a few empty shells, was devoid of bivalves in
both patches, the periphery of the patches was densely colonized by bivalves. Among them,
Ampharetidae polychaete tubes have been sampled and are visible on images. A few Zoarcidae
fishes, common at cold seeps, were also observed around the aggregate. In “the heart”, some
smaller vesicomyid patches were visible, a few decimeters around the main cluster. C. regab largely
dominated the specimen sampled, compared to A. southwardae that seems more rare in these
patches. Blade and push-cores, nets, and overlying water were collected at both sites. A special
sampling scheme was devised with samples taken inside and outside the patch for contrast studies.
In situ CALMAR benthic chambers were deployed on both patches together with the microprofiler at
“the mouth” (W15), where O2, pH and dissolved sulfide depth microprofiles were successfully
obtained (W-C-DMPS4).

Proposed functioning of the observed habitats and comparison to cold-seeps
The habitats observed at these four sites appear similar to those associated with cold seeps where
mats of giant filamentous sulfide-oxidizing bacteria are generally associated with low porewater
levels of dissolved oxygen and high concentrations or fluxes of dissolved sulfides (Nelson et al., 1989;
Niemann et al., 2006) and where large vesicomyid bivalves, a family known to carry sulfide-oxidizing
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symbionts, may settle and form colonies in the deep-sea (Fiala-Médioni and Felbeck, 1990; Sibuet
and Olu, 1998). These biological communities indicate the presence of hydrogen sulfide which can be
produced in anoxic, organic-rich sediments by sulphate reduction or anaerobic oxidation of methane
(AOM) coupled to sulphate-reduction (Boetius et al., 2000). The dominant pathway for sulfide
production and methanogenesis in the sediments of the Congo deep-sea fan remains to be
elucidated, but could be related to the large inputs of organic carbon from the canyon which may
drive anaerobic decomposition of organic matter by sulphate-reducing and methanogenic bacteria
and archaea. This was already observed in organic-rich environments, near whale carcasses (Smith et
al., 1989) or at one canyon outlet near the Laurentian fan (Mayer et al., 1988). The observed
communities resemble the chemosynthetic communities associated with active methane seeps in a
large pockmark area discovered in the vicinity of the Congo canyon at 3150 m depth (Ondréas et al.,
2005; Olu-Le Roy et al., 2007; Pop Ristova et al., 2012). Chemosynthetic organisms have also been
observed sporadically along the Congo main channel flanks between 3000 m and 4000 m depth (Olu
et al., unpubl.).

6.

210

Pbxs and 137Cs profiles and sedimentation rates in the different zones

Depth profiles of excess 210Pb (210Pbxs, T1/2 =22.3 yr) and 137Cs in the sediment cores collected with the
multicorer are presented in Fig. 12. All cores, except cores obtained at site E and KZAI12, showed
137

Cs and

210

Pbxs in the upper sediments. The sediment-water interface was well preserved by the

multicorer, and high activities of short half-life radionuclides 234Th (T1/2 = 24.1d) and 228Th (T1/2 = 1.9yr)
(not shown) were found in the 2 top centimeters together with large activities of 210Pbxs (>500Bq/kg).
This particular layer is affected by deposition, accumulation, erosion, diffusion, early diagenetic, and
bioturbation processes before its incorporation in the sedimentary column (Turnewitsch et al., 2008),
which explains its different signature compared to the rest of the core. Interestingly, this enriched
layer was not observed in piston cores (CS, KZAI) and their associated “pilot” cores (KPZAI), probably
indicating a partial loss of the sediment-water interface during this type of coring. As the upper
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sediments obtained by Calypso or piston coring display 210Pbxs and 137Cs activities that are larger than
1 Bq/kg, it is likely that the loss of sediment was limited to a few centimeters. Therefore,
sedimentation rates calculated for the KZAI and KPZAI cores based on

137

Cs penetration represent

minimum values. The depths of the first layers of the Calypso cores were adjusted using the 210Pb and
137

Cs contents of the MTB cores, when collected at the same location. It is noteworthy that 210Pbxs did

not reach zero at depth, though very low levels (around 10 Bq/kg) were reached in most cores. This
issue is either due to the underestimation of 226Ra activity (which is subtracted from raw 210Pb activity
to calculate excess) during gamma counting as a result of calibration uncertainties or the upward
diffusion of dissolved 226Ra (Cochran, 1985) which creates a background of 210Pbxs. This slight shift in
210

Pbxs does not alter significantly the calculation of sedimentation rates, as the slope of the

regression of the log-normal plot is shifted by no more than 10%. Cores at site C and KZAI07 showed
very large
displayed a

210

Pbxs and

137

137

Cs values over meters of sediment. For example, the Col-C-CS06 core

Cs penetration over 6 meters, whereas KZAI07 displayed

137

Cs activities larger than

1Bq/kg at 90 cm depth. These values lead to sedimentation rates of around 10-22 cm yr-1 for Col-CCS06 and >2.5 cm yr-1 for KZAI07 depending on the method (Table 4), which represents an ultra-high
sedimentation rate for sediments at 5000 m deep. These extreme sedimentation rates are likely
related to the position of this station at the end of the main channel, where fine material
accumulates (Bonnel, 2005). At the other sites (A, B, KZAI08, KZAI09), coring was performed on the
levees at increasing distance from the main channel. As a result, sedimentation rates are much lower
and range between 0.3 and 1 cm yr-1 (Table 4). Although the absence of 137Cs in the surface layer of
KZAI12 may be indicative of a larger loss of surface sediments during coring, it is unlikely the case as
piston coring procedures were similar at each station during the same cruise. The lack of 137Cs in this
core could also be due to local erosion as ripples characteristic of mass transfer through
resuspension are visible in levee sediments (Dennielou et al., this issue). This process could explain
the difference in

137

Cs activity between KZAI09 and KZAI12 (Table 3) which were collected in the

same lobe and the same levee at 12 km distance. Finally, the MTB core obtained at station E
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contained no 137Cs, likely resulting from the low sedimentation rates at this site located outside the
active channel (50 km northwards).
With the exception of this station, sedimentation rates recorded in the active lobe zone (Table 4) are
much larger than sedimentation rates reported for the Holocene in the area, i.e. 2-8 cm kyr-1 in the
deep area of the Gulf of Guinea and its abyssal plain (Mollenhauer et al., 2004). The values reported
for the active lobes of the Congo deep-sea fan are therefore 100 times larger than values in the
abyssal plain in the levees of the present channel and 1000 times larger in the present deposition
area (Site C).

7. Synthesis
In the interdisciplinary studies reported in this special issue, in situ technologies and ROV sampling
operations were combined with conventional multicorer and piston corer sediment sampling during
two cruises (WACS and Congolobe) on the youngest lobe complex of the Congo deep-sea fan to
characterize their geology, organic and inorganic geochemistry, and micro- and macro-biology. The
ROV Victor 6000 was deployed at a depth of around 5000 m to obtain high-resolution bathymetric
mapping and habitat imaging, deploy in situ instrumentation on the seafloor (micro-electrode
profiler, benthic chambers) and collect overlying water, sediment and biological samples using
corers, nets, and water sampler.
Combined with previous geological work on the active Congo lobe complex, this dataset sheds light
on the functioning of the lobe area. First, the channel is well marked at the entrance of the lobe
complex (site A) and becomes wider and smoother downstream, towards its distal end (stations F
and C). The channel that was abandoned by the channel avulsion and prograding building processes
of the lobes (site B) are still visible on high-resolution bathymetry and may carry part of the
secondary turbidity flow that spills over the main active channel. Site C represents the main
deposition zone while the most western site D does not presently show signs of large deposition. The
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northernmost site E is abandoned, and does not presently receive turbiditic material.
Simultaneously, the reported variations in sedimentation rates in the lobe complex can be explained
by the morphological differences between the lobe entrance and the lobe terminal deposition zones.
The high sedimentation rates found at site C (up to 12-22 cm yr-1) are consistent with channel infill
processes inferred from morphological and geological observations. Sedimentation rates on the
levees at site A or B are at least one order of magnitude below sedimentation rates in the terminal
lobe (site C), yet much higher (i.e. 0.6 to 1 cm yr-1) compared to abyssal sediments, indicative of
deposition processes from turbidity currents. Furthermore, sedimentation rates at sites A and B (~1
cm yr-1) agree well with sediment rates recorded in the Amazon deep-sea fan during the glacial
period, when the Amazon fan was actively connected to the Amazon River, as is presently the case
for the Congo deep-sea fan (Schlunz et al., 1999). In contrast, present time sedimentation rates in the
Amazon fan are two orders of magnitude lower (around 5-10 cm kyr-1) than sedimentation rates in
the Congo deep-sea fan, as most of the sediments delivered by the Amazon are deposited on the
continental shelf while intense turbiditic activity feeds the lobes and maintains large sedimentation
rates in the Congo fan. Finally, in situ observations and fauna collection revealed dense bivalve
populations located in spots associated with bacterial mats and black sediments all along the active
channel at site A, F and C. The bivalves belong to the Vesicomyidae family and include the two
species Christinaconcha regab and Abyssogena southwardae, which are symbiotic bivalves previously
reported at active cold-seeps and hydrothermal vents. Sparser and smaller vesicomyid communities
were observed at site B, located 10 km away from the active channel, compared to sites located near
the main channel. The occurrence of these bivalves at site B provides information on the temporal
persistence of these assemblages when disconnected from the active channel. Site E, located in a
zone which has been disconnected for millennia, revealed no signs of faunal community linked to
reduced sediments (bacterial mats or vesicomyids), and rather showed classical deep-sea megafauna
such as sparse sponges and holothurians. Overall, the results indicate that these habitats are
sustained by large inputs of organic material around the active channel connected to the Congo
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canyon, but further analysis is needed to better understand the origin of this gradient and the
persistence of these ecosystems through time as well as their relationship to the large-scale
geological evolution of the deep-sea fan.
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Annexe: Position of operations
Calypso cores
Date
24/02/2011
25/02/2011
18/12/2011
20/12/2011
23/12/2011
29/12/2011
30/12/2011
02/01/2012
05/01/2012

Time
19:35
21:05
23:42
11:04
16:37
15:20
22:29
13:28
17:49

Lat (°S)
6°44'18.4
6°42'08.5
6°27'45.3
6°28'18.6
6°34'55.6
6°39'37.2
6°41'57.0
6°41'57.0
6°25'36.7

Long (°E)
5°19'35.8
5°29'18.4
6°01'55.0
6°02'09.0
5°41'37.2
5°28'10.1
5°29'19.7
5°29'19.8
5°49'34.5

Label
WACS-CS06
WACS-CS07
CoL-A-CS01
CoL-A-CS02
CoL-F-CS03
CoL-C-CS04
CoL-C-CS05
CoL-C-CS06
CoL-C-CS07

Station
D
C
A
A
F
C
C
C
B

Depth (m)
4996
4955
4755
4763
4866
4949
4955
4954
4822

Time
11:16
7:20
11:29
16:50
19:09
4:32
11:44
12:31
19:03
9:13
11:17
13:42
2:34
6:28
13:42
22:54
7:52

Lat (°S)
6°27'15.6
6°41'15.7
6°41'15.1
6°41'15.9
6°27'35.9
6°28'12.5
6°34'51.0
6°34'50.0
6°40'15.9
6°34'49.9
6°40'16.1
6°40'16.0
6°41'57.0
6°41'56.8
6°25'36.9
6°27'35.6
6°05'53.6

Long (°E)
6°01'56.0
5°29'00.0
5°28'59.4
5°28'59.8
6°02'04.7
6°02'12.9
5°41'27.4
5°41'27.9
5°28'24.0
5°41'27.8
5°28'23.8
5°28'25.6
5°29'19.7
5°29'19.8
5°49'35.2
6°02'04.5
5°54'29.0

Label
WACS-A-MTB3
WACS-C-MTB4
WACS-C-MTB5
WACS-C-MTB6
CoL-A-MTB2
CoL-A-MTB3
CoL-F-MTB4
CoL-F-MTB5
CoL-C-MTB6
CoL-F-MTB7
CoL-C-MTB8
CoL-C-MTB9
CoL-C-MTB10
CoL-C-MTB11
CoL-B-MTB12
CoL-A-MTB13
CoL-E-MTB14

Station
A
C
C
C
A
A
F
F
C
F
C
C
C
C
B
A
E

Depth (m)
4884
4955
4953
4956
4759
4774
4864
4864
4951
4861
4950
4950
4954
4960
4823
4767
4750

Lat (°S)
6°27'14.7
6°41'15.9
6°27'36.1
6°34'54.3
6°40'09.0
6°41'56.8
6°25'42.0

Long (°E)
6°01'58.4
5°29'01.6
6°02'04.6
5°41'27.8
5°28'23.1
5°29'19.8
5°49'51.7

Label
WACS-A-RAP3
WACS-C-RAP4
CoL-A-RAP1
CoL-F-RAP2
CoL-C-RAP3
CoL-C-RAP4
CoL-B-RAP5

Station
A
C
A
F
C
C
B

Depth (m)
4765
4953
4759
4873
4945
4955
4827

Multicores
Date
20/02/2011
22/02/2011
23/02/2011
25/02/2011
18/12/2011
20/12/2011
21/12/2011
23/12/2011
25/12/2011
28/12/2011
29/12/2011
30/12/2011
31/12/2011
31/12/2011
04/01/2012
05/01/2012
06/01/2012

Respirometer deployments
Date
20/02/2011
22/02/2011
16/12/2011
23/12/2011
26/12/2011
31/12/2011
04/01/2012

Time
4:02
9:14
17:00
8:38
14:29
7:41
13:25
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DMPS deployments
Date
24/02/2011
30/12/2011
03/01/2012

Time
2:08
05:40
03:09

Lat (°S)
6°42'04.7
6°41'23.3
6°42'11.9

Long (°E)
5°29'17.3
5°28'46.7
5°29'17.7

Time
18:55:05
16:41:53
02:47:15
08:56:58
11:55
23:21
9:03
1:19
1:41
10:13
01:27
17:30
3:10
5:30

Lat (°S)
6°26'54.4
6°42'45.9
6°42'04.7
6°47'32.9
6°28'17.0
6°28'16.8
6°35'25.8
6°40'56.9
6°40'54.5
6°41'23.4
6°42'04.9
6°42'13.1
6°25'14.1
6°25'13.1

Long (°E)
6°01'55.8
5°29'25.8
5°29'17.2
5°12'47.3
6°02'08.6
6°02'08.4
5°41'24.7
5°28'55.2
5°28'51.7
5°28'47.0
5°29'17.4
5°29'19.0
5°49'42.8
5°49'42.9

Time
6 :42

Lat (°S)
6°28'03.6

Long (°E)
6°02'10.1

Label
WACS-C-DPMS4
CoL-C-DMPS3
CoL-C-DMPS4

Station
C
C
C

Depth (m)
4946
4946
4946

Markers
Date
20/02/2011
22/02/2011
24/02/2011
25/02/2011
19/12/2011
20/12/2011
24/12/2011
30/12/2011
30/12/2011
01/01/2012
03/01/2012
03/01/2012
05/01/2012
05/01/2012

Label
W11
W12
W15
W13
CoL1
CoL2
CoL3
CoL8
CoL6
CoL4
CoL9
CoL10
CoL11
CoL12

Station
A
C
C
D
A
A
F
C
C
C
C
C
B
B

Dive
PL435
PL436
PL437
PL438
PL483
PL484
PL486
PL489
PL489
PL490
PL491
PL491
PL492
PL492

Depth (m)
4751
4946
4945
5028
4767
4769
4868
4947
4944
4947
4945
4946
4816
4816

Sediment trap
Date
26/02/2011

Label
WACS-A-PPART03

Station
A

Depth (m)
4779
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Tables
Table 1: Operations conducted during WACS and Congolobe cruises
Operation
Reference instrument
Ship-operated tools Multicoring
Oktopus – 8 tubes
Piston coring
Calypso – 5-25 meters (Institut
Paul Emile Victor, IPEV)
Respirometer
RAP2 - IFREMER
Sediment trap and ADCP
Technicap PPS5 + RDI 300kHz
current meter
ADCP
ROV-operated tools High- Resolution Bathymetry
Reson Seabat 7125
Bottom imagery
OTUS camera
Sediment and fauna sampling
- Pushcores
CT-Ifremer/Victor 6000
- Aspirator
ASPI-Ifremer/Victor 6000
- Blade cores
GCL or CL-Ifremer/Victor 6000
- Water sampler
PEP-Victor 6000
- Nets
Ifremer/Victor 6000
Benthic incubation chambers
CALMAR Ifremer
In situ Profiler
DMPS-Unisense/Ifremer

Achieved
17
9
7
1
3 stations
3 stations
12 dives
“
“
“
“
“
3

Table 2: Details of bathymetric ROV acquisitions on each site
Sites
ROV speed (m/s)
ROV altitude (m)
Parallel profiles spacing (m)
Number of parallel profiles (mosaics)
Mosaic size (length km x width km)
Total number of profiles
Total length (km)

A

F
0.3-0.4
60
8
60
180
n.a.
180
n.a.
5
8
3.6 x 0.7-1.5 n.a. 2.8 x 1.0-1.7
9
1
10
21.6
23.4
25.2

C
8
n.a.
n.a.
n.a.
1
18.8

60
180
6
6.2 x 0.8
7
30.6

8
5
18
21
30.4
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Table 3: Position of the 6 Congolobe and WACS sites and official operation labels (PL stands for
ROV dive; MTB for Multicore; CS for Calypso core; RAP for Autonomous benthic chamber; DMPS
for in situ microprofiler; PPART for sediment trap deployment). Note that labels on maps are
simplified (excluding station name and replacing WACS by W) for clarity of the Figures.
Lat (°E)

Site A

Long
(°S)
6°28’S

6°02’E

Depth
(m)
4765

Site B

6°25’S

5°49’E

4840

Site F

6°35’S

5°42’E

4875

Site C

6°42’S

5°29’E

4950

Site D
Site E

6°46’S
6°06’S

5°16’E
5°54’E

5030
4765

Sampling
dives
PL435
PL483-484

Sampling

CoL-A-MTB2-3-13
WACS-A-MTB3
CoL-A-CS01-02
PL492
CoL-B-MTB12
CoL-B-CS07
PL486
CoL-F-MTB4-5-7
CoL-F-CS03
PL436-437 CoL-C-MTB6-8-9PL489-490- 10-11
491
WACS-C-MTB4-5-6
CoL-C-CS04-05-06
WACS-CS07
PL438
WACS-CS06
PL494
CoL-E-MTB14

RAP-DMPS
CoL-A-RAP1
WACS-A-RAP3
WACS-A-PPART3
CoL-B-RAP5
CoL-F-RAP2
CoL-C-RAP3-4
WACS-C-RAP4
WACS-C-DMPS4
CoL-C-DMPS3-4
/
/

Table 4: Sedimentation rates at the Congolobe/WACS/ZAIANGO sites
Site
A
C
KZAI7
KZAI8 (levee)
B
KZAI9
KZAI12
E

210

Pbxs Sedimentation
rate (cm yr-1)
0.6
22
/
/
0.4
/
/
/

137

Cs Sedimentation rate
(cm yr-1)
1
12
>2.5
0.7
0.3
0.4
<0.05
<0.05
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Figure captions

Figure 1: General map of the lobe complex, distal part of the Congo turbidite system with location of
the 6 sites explored during WACS and Congolobe cruises: Boxes are the size of Fig. 2 for Site A, Fig. 3
for site B, Fig. 4 for site F, Fig. 5 for site C, Fig. 6 for site D and Fig. 7 for site E. Some previous cores
from Zaiango cruises (KZAI) are also shown. Numbers 1 to 5 correspond to lobe number from oldest
to youngest (redrawn and simplified from Babonneau, 2002). Dashed lines are individual lobe limits
whereas the dotted line is the limit of the channel terminal part, a deposition zone with highest
sedimentation rates.
Figure 2: High-resolution bathymetry of site A, included on the low resolution bathymetric map with
location of operations, dive tracks (light gray WACS-PL435, dark grey CoL-PL483 and black -PL484)
and markers. Note simplified labels (excluding station name and replacing WACS by W) for clarity of
the Figures.
Figure 3: Low-resolution bathymetry of site B (distal part of lobe 3) with surface operations, dive
track (PL492) and ROV sampling markers. Note simplified labels (excluding station name and
replacing WACS by W) for clarity of the Figures.
Figure 4: High-resolution bathymetry of site F included on the low resolution bathymetric map with
surface operations, dive track (PL486) and sampling markers. Note simplified labels (excluding station
name and replacing WACS by W) for clarity of the Figures.
Figure 5: High-resolution bathymetry of site C included on the low resolution bathymetric map with
surface operations, dive tracks (PL436, PL437, PL 489, PL490, PL491) and sampling markers. Note
simplified labels (excluding station name and replacing WACS by W) for clarity of the Figures.
Figure 6: Low-resolution bathymetry of site D with Calypso coring, dive track (PL 438) and sampling
marker. Note simplified labels (excluding station name and replacing WACS by W) for clarity of the
Figures.
Figure 7: Low-resolution bathymetry of site E with multicore and dive track (PL494). Note simplified
labels (excluding station name and replacing WACS by W) for clarity of the Figures.
Figure 8: Ecosystems at site A: (a) patch of vesicomyid bivalves observed and sampled in the
southern flank of the active channel during PL 483-484 near marker CoL2, (b) patch of vesicomyid
bivalves sampled on the northern levee during PL 435 and (c) Reduced sediment with dead
vesicomyid shells near marker CoL1 “King Kong” (PL 483-484). See Table 1 for label significance.
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Figure 9: Bacterial mats at site F with vesicomyid bivalves observed and sampled during PL 486 near
marker CoL3.
Figure 10: Sparse vesicomyid habitats observed near marker CoL11 and CoL12 at site B during dive
PL492
Figure 11 : Ecosystems at site C: (a) Dense bacterial mat near marker W12 (PL436), (b) Sparse
bacterial mat near marker CoL4 (PL490), (c) Reduced sediments with empty shells of vesicomyids
near marker (PL490) known as the “Black Ogre”, (d) vesicomyid “heart” observed and sampled near
marker CoL9 during PL491 and (e) vesicomyid “mouth” observed and sampled near W15 during
PL437.
Figure 12: 210Pbxs and 137Cs profiles in multitube (MTB) and Calypso (CS) cores sampled during the
Congolobe cruise (Site A, B, C and E) and during the Zaiango cruise (KZAI 07-09 and 12) from the
Congo Deep-sea fan zone. The black straight line represents the regression obtained by the CFCS
model for cores from the Congolobe cruise (see methods for details).
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