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FOREWORD

This report is a compilation of the cruise narrative, observed variables,
implemented equipment and preliminary results provided by the groups who
participated to the cruise. Many operations were carried out and many variables
were measured during the BONUS-GOODHOPE cruise. We tried to make this

report as much exhaustive as possible.
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1 GEOGRAPHICAL REGION OF OPERATIONS

The BONUS-GOODHOPE cruise took place on board of the French R/}
Marion Dufresne in the South-West Atlantic and in the Atlantic sector of the
Southern Ocean (the cruise track and stations are showed in the Figures 1 and 2
below). More specifically, it started on February 13 2008. Oceanographic
operations have been undertaken from the shelf region just out of Cape Town
harbour (at the isobath 200m), following the GOODHOPE-A21 repeated
hydrographic section, and reached 57° 33°S along the Greenwich Meridian on the
evening of March 15, 2008. Full water depth operations ended on March 17, at
1:45 pm (Local Time).

Figure 1 — Map of the BONUS-GOODHOPE transect. Each cross indicates the position of a
station. Black crosses are for hydrological stations only. Blue crosses designate LARGE stations;
Red crosses the SUPER stations. Pink crosses define the two C-PIES moorings deployed during the
cruise The yellow cross indicates the position of the intercalibration station.
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Figure 2 — Map of the BONUS-GOODHOPE transect. Dates are reported along the track.
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2 CRUISE PARTICIPANTS

Picture of the BONUS-GOODHOPE cruise participants.
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SURNAME NAME  NATIONALITY TAsSK ORGANISM EmAIL
- . Pb-Po-Ac-Ra sampling & . .
Amado José Luis Spanish Geo. Atm. sampling UAB, Spain JoseLuis.Amado@uab.cat
Arhan Michel French CTD, Responsible LPO Michel Arhan@ifremer.fr
: (IFREMER) : :
. LEGOS (CEA .
Arsouze Thomas French Fe/REE/Nd/Pa/Th sampling. / IFREMER) thomas.arsouze@lsce.ipsl.fr
Barnes Kirsten South African Sed. sampling and analyses UC/'I\'f,riguth Kirstb007 @gmail.com
Co-organic speciation LEMAR
Bown Johann French analyses, responsible (UBO) Johann.Bown@univ-brest.fr
Co/Cd/Zn (diss/orga)
Scientific Co-PI « Bio- & LEMAR
Boye Marie French Geochemistry », Sampling & (CNRS) Marie.boye@univ-brest.fr
responsible GO-FLO casts
. S, 02, nuts sampling LPO . .
Branellec Pierre French responsible (IFREMER) Pierre.Branellec@ifremer.fr
H202 analyses, on board LEMAR
Bucciarell Eva French incubations Fe-Cu. (UBO) bucciare@univ-brest.fr
Responsible H202
Si-isotopes and Ba samplin Africamuseum
Cardinal Damien French e ? sampiing. Tervuren, damien.cardinal@africamuseum.be
Responsible of Si-isotopes ]
Belgium
. . Pb-Po-Ac-Ra sampling & . .
Casacuberta Naria Spanish Geo. Atm. Sampling UAB, Spain Nuria.casacuberta@uab.cat
C-isotopes in specific
Cavagna Anne-Julie French compounds & biomarkers VUB, Belgium acavagna@vub.ac.be
sampling and responsible
DFe analyses. Responsible LEMAR .
Chever Fanny French Fe (dissollpart) (UBO) Fanny.chever@univ-brest.fr
Cortes Norbert French Responsible C-PIES, CTD LPO Norbert.Cortes@ifremer.fr
’ (IFREMER) : :
BSi sampling, Si-incubations. LEMAR
Corvaisier Rudolph French Responsible of BSi and Si- (CNRS) Rudolph.corvaisier@univ-brest.fr
inc.
Co-Chief scientist « Bio- &
Dehairs Frank Belgium Geochemlstry » Ba and #Th VUB, Belgium fdehairs@vub.ac.be
responsible, Responsible for
sampling on in situ pumps
. pCO;, DIC, TA sampling and Univ. Liege ;
Delille Bruno French analyses. Responsible DIC. (Belgium) Bruno.Delile@ulg.ac.be
Chl-a sampling and analyses;
Ezat Ullah French alk, cocco., taxo. Sampling. LSCE (CNRS) Ullah.Ezat@lsce.ipsl.fr
Responsible alkenones
Africamuseum
Fripiat Frangois Belgium Si-isotopes and BSi sampling Tervuren francois. fripiat@africamuseum.be
(Belgium)
Gladyshev Sergey Russia CTD SIO, Russia sgladyshev@ocean.ru
. Nicolas- . pCOz, DIC, TA sampling and Univ. Liége, .
Geilfus Xavier Belgium analyses. Belgium nxgeilfus@ulg.ac.be
Gonzalez- . pCOz, TA, pH sampling and ULPGC, :
Davila Melchor Spain analyses. Responsible pH Spain mgonzalez@dqui ulpge.es
Gelay Amélie French Pigments and Chi-a sampling. LOV (CNRS) Amelie.Gelay@obs-vifr.fr
Responsible HPLC ' '
Chl-a sampling and analyses;
Guenneugues Audrey French alk, cocco., taxo. Sampling. IUEM Audrey.Guenneugues@univ-

Responsible chl-a, cocco.,
taxo.
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Grossteffan Emilie French BSi sampling, Si-incubations O(SCUI\]IFESE)M Emilie.Follenfant@univ-brest.fr
SURNAME NAME ~ NATIONALITY TAsSK ORGANISM EMAIL
Guillerm Christophe French CTD& Multl-cc_)rer, in situ INSU (CNRS) Christophe. Guillerm@ifremer.fr
pumps assistance
Halo Issufo South African XBT UC/'I\'f,riguth Issufo.Halo@uct.ac.za
H . LPO . .
amon Michel French CTD (IFREMER) Michel. Hamon@ifremer.fr
PP and N incubations CSIR. South
Joubert Warren South African responsible & O2/Ar sampling Af‘rica wjoubert@csir.co.za
and analyses
Kermabon Catherine French CTD (IFFL_I;\(/?ER) Catherine.Kermabon@ifremer.fr
Kestenare Elodie French Log-book (TLoEuIGo(u)sSe) elodie.kestenare@legos.obs-mip.fr
Key Erika American Atm. captors CETP (Vélizy) ericalkey@gmail.com
Lagadec Catherine French CTD (IFFL-EI\(/?ER) Catherine.Lagadec@ifremer.fr
. 13C/C in orga. material and R .
Laborde Nadine French DOC reponsible LSCE (CEA) Nadine. Tisnerat@Isce.cnrs-gif.fr
. Fe/REE/Nd/Pa/Th & Fe LEGOS .
Lacan Francois French is0 /JREE/Nd/Pa/230Th (CNRS) lacan@legos.obs-mip.fr
L " LPO " .
e Bot Philippe French S,02 (IFREMER) Philippe.Le.Bot@ifremer.fr
Le Boyer Arnaud French CTD LPO (UBO) Arnaud.LeBoyer@univ-brest.fr
. Responsible Profiling Floats, LPO . .
Leizour Stephane French cTD (IFREMER) Stephane.Leizour@ifremer.fr
. a Nuts. analyses, h
Le Moigne Frédéric French POCIPONIPIC sampling UBO fred.le.moigne@wanadoo.fr
Nuts. analyses,
Masson Annick French POC/PON./PIC sampling, UBO Annick.Masson@univ-brest.fr
responsible nuts and
POC/PON/PIC
Messager Christophe French Phys. atm. responsible LPO (CNRS) Christophe.Messager@ifremer.fr
PP and N incubations CSIR. South
Monteiro Pedro South African responsible & O2/Ar sampling Af‘rica pmonteir@csir.co.za
and analyses
Pasquero Vincent French Movie and « Carnet de bord »  Univ. Paris 7 vincent.pasquero@free.fr
. Sed. sampling and analyses, IPGP (Univ. o
Pastor Lucie French all sampling on sediments. P7) pastor@ipgp.jussieu.fr
Perrot Xavier French LADCP LPO (UBO) Xavier.Perrot@univ-brest.fr
. Nuts. analyses, . .
Perruche Coralie French POC/PON/PIC sampling UBO Coralie.Perruche@univ-brest.fr
Africamuseum .
Planchon Frédéric French 24Th sampling Tervuren fred_erlc
(Belgium planchon@africamuseum.be
. . . LEGOS (Univ. . .

Radic Amandine French Fe/REE/Nd/Pa/Th sampling. Toulouse Il radic@legos.obs-mip.fr
Richard Maxime French CFCs sampling LPO (UBO) Maxime.Richard@univ-brest.fr
Rupolo Volfango Italy S,02 ENEA, Italy rupolo@casaccia.enea.it

Santana- . pCOz, DIC, TA sampling and ULPGC ) .

Casiano Magdalena Spain analyses (Spain) jmsantana@dqui.ulpgc.es
Fe(ll) analyses, on board LEMAR

Sarthou Geraldine French incubations Fe-Cu. (CNRS) Geraldine.Sarthou@univ-brest.fr

Responsible for Fe(ll) and
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these incubations.

Multi-corer, in situ pumps and

Scouarnec Lionel French Niskin casts assistance INSU (CNRS) Lionel.Scouarnec@ifremer.fr
. . ) Scientific Co-PI, Chief LPO (UBO- ' . .
Speich Sabrina Italian Scientist IRD) Sabrina.Speich@univ-brest.fr
SURNAME NAME ~ NATIONALITY TAsSK ORGANISM EmAIL
Swart Neil South African CFC’s-sampling UCXf’ri(;Uth nswart@ocean.uct.ac.za
Swart Sebastiaan ~ South African XBT responsible UCXf’rizmh sebastiaan.swart@uct.ac.za
Thomalla Sandy South African PP and N incubations UC/'I\'f,riguth sandy.thomalla@uct.ac.za
Verdeny Elisabet Spanish Pb-Po-AcRa sampling and UAB, Spain Elisabet.Verdeny@uab.cat
responsible
Sed. sampling and analyses, IPGP (Univ
Viollier Eric Eric French all sampling on sediments. P7) ' viollier@ipgp.jussieu.fr
Responsible sediment
On board incubations trace LEMAR
Wake Bronwyn Australian metals, responsible for bronwyn.wake@gmail.com
: ] (CNRS)
these incubations
Waldron Howard South African PP and N incubations UC/'I\'f,riguth howard.waldron@uct.ac.za
Zeppa Pierre French Sed. sampling and analyses lPGl;,%JmV' pierre-zeppa@wanadoo.fr

The IPEV personnel taking part to the BONUS-GOODHOPE cruise were:

SURNAME NAME NATIONALITY TASK ORGANISM EmAIL

Leau Heélene France Responsible IPEV oceanopol@ipev.fr
Millet Martin France Informatics IPEV oceanopol@ipev.fr
Rigaud Fréderic France Responsible IPEV oceanopol@ipev.fr

informatics '
Reaud Yvan France Assistant Ingeneer IPEV oceanopol@ipev.fr
Sangiardi Pierre France Res_pon&ble IPEV oceanopol@ipev.fr

équipement
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3 COMPLETED RESEARCH

3.1 CRUISE OBJECTIVES REMINDER

The BONUS-GOODHOPE project in the region south of South Africa
was built on two main objectives related to:

* The large scale inter-ocean exchanges,

* The characterisation of the biogeochemical processes involved in the
internal cycling of trace elements and isotopes and carbon.

The BONUS-GOODHOPE project is also intimately linked to a third
objective, the coastal-open ocean exchanges, which should be fulfilled in a second
cruise, around and across the South African continental margin. The latter has
been submitted for scientific approval and ship-time as the SACSO project.

All three objectives are addressed using physical and biogeochemical
tracer approaches, both resting on observations and models. The combination of
hydrodynamical and biogeochemical objectives, as well as the cooperative
approaches have been funded, essentially in France, by the CYBER and IDAO
actions of the French LEFE/INSU programme, by IFREMER, IPEV and ANR.
The BONUS-GOODHOPE project is part of a Southern Ocean (within the IPY)
and global scale (within GEOTRACES and IMBER) international effort of ocean
exploration.

Our knowledge of ocean circulation and global biogeochemical cycles
has a strong basis in the GEOSECS programme, conducted in the 1970s. This
international joint venture was and still is the basis for understanding the
distributions and biological roles of the dissolved inorganic carbon system, the
major essential nutrient elements N, P, Si, as well as a small number of relevant
isotopic tracers. The ensuing development of analytical techniques now allows one
to study trace elements and their isotopes (TEIs) at concentration levels and at
space and time resolution that were inconceivable during the GEOSECS era.
Detailed mapping can thus be obtained of far more tracers, including their isotopic
composition, with the potential to provide unique insights into a wide range of
oceanic processes. This opportunity was the stimulus of the recently inaugurated
GEOTRACES programme. In the framework of the International Polar Year (IPY)
the international geochemical community (GEOTRACES) is bringing together the
best available techniques for a range of important TEIs. Within IPY,
GEOTRACES therefore offers the ideal platform for a major internationally
coordinated study of tracer distributions in polar waters to improve our
understanding of the role of the polar oceans in the biogeochemical cycles.

The large-scale transect of BONUS-GOODHOPE (Figure 1) lies very
close to WOCE cruise tracks (A12 and A21) and is similar to the one chosen in
2003 for repeat measurements by the International CLIVAR Southern Ocean
GOODHOPE project. Since February 2004, this transect has been regularly
sampled by high-resolution XBT lines and full depth CTDs. More than 45 ARGO
profiling floats were deployed along it
(www.ifremer.fr/lpo/speich/ GOODHOPE/goodhope.htm). The part of BONUS-
GOODHOPE devoted to the large-scale inter-ocean exchanges is therefore clearly

—17-
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a contribution to the pre-existing GOODHOPE project. The observational program
of BONUS-GOODHOPE is furthermore part of a series of synoptic studies
proposed in the framework of IPY in coordination with the program CLIVAR.

Strong collaboration with the IPY-CASO, IPY-GEOTRACES and
CLIVAR “ZERO&DRAKE” project that extends the section of BONUS-
GOODHOPE on the zero-meridian from Polar Frontal Region towards the
Antarctic continent will provide a full section between South Africa and
Antarctica.

Furthermore coupling the Indo-Atlantic connection south of Africa in
BONUS-GOODHOPE with the Pacific-Atlantic connection at the Drake Passage
in ZERO&DRAKE and the repeated IPY 16 section in the Indian sector of the
Southern Ocean, and the other synoptic sections that have been organized across
the Southern Ocean in the framework of CASO (Figure 3) will lead to significant
advances in understanding the impact of the “warm route” and “cold route” of
water masses transport (salts, heat, and nutrients) on the thermohaline circulation
that regulates earth climate to a large extend. The success of such a project,
together with all the multidisciplinary national and international collaborations
established before and during IPY will set up the basis of a future Southern Ocean
Observing System (SOOS:
www.clivar.org/organization/southern/expertgroup/activities.htm).

Figure 3 — Map of the CASO IPY cluster transects that have been undertaken or are programmed
to take place during the fourth IPY (March 2007 — March 2009). Some of these sections have also
a GEOTRACES and ICED component. The red line is the BONUS-GOODHOPE cruise track

The major objectives of the projects are:

—18-—
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* Obj.1- Large scale monitoring and quantification of surface, mode and
intermediate waters mass transport and ventilation in the southern hemisphere
south of South Africa. Particular emphasis will be given to Antarctic
Intermediate Water (AAIW), Subantarctic Mode Water (SAMW) and to the
water properties of Agulhas rings and Cape Basin mesoscale structures.

* Obj.2- Determination of the distributions of selected trace elements and
isotopes (TEls), evaluation of the sources and sinks of selected TEls, and
characterisation of the biogeochemical processes involved in the internal
cycling of TEIs and carbon in the study area.

3.1.1 OBJECTIVE 1: LARGE SCALE INTEROCEAN EXCHANGES

The Antarctic Circumpolar Current (ACC) is by far the largest conduit for
interbasin exchanges. Recent analyses of satellite and in situ observations have
uncovered that the Southern Ocean is a very turbulent region. This is particular
true for the ACC. Indeed, this current is concentrated on a number of quasi-
permanent circumpolar jets that dynamically separate water masses. The positions
of these jets are determined by topographic steering and by the wind stress curl.
This frontal system influences the formation processes of SAMW and AAIW, and
the transformation of deep waters.

South of Africa, the Southern Ocean provides the export channel for
North Atlantic Deep Water (NADW) to the global ocean and the passage for heat
and salt from the Indian and Pacific oceans. This region is influenced by the
largest turbulence observed in the ocean. The eastward flowing ACC, the South
Atlantic Current and NADW meet with the westward flow of Indian waters carried
by the Agulhas Current, leading to water masses exchanges through jets,
meanders, vortices, and filaments interactions. These local mesoscale interactions
and the derived meridional fluxes might constitute the major link between the
Southern Ocean and the Meridional Overturning Circulation (MOC). Because of
these intense mesoscale activities, this region of the SO allows meridional mass,
heat and fresh-water exchanges that are critical to close the MOC and the nutrient
balance. SAMW and AAIW are the major waters involved in these exchanges.
These waters, formed at various locations, are conveyed to the Atlantic sector by
the zonal circulation, by the ACC and the Agulhas Current. Because of their
different paths and origins, the water masses carried by these flows are different.
When they meet south of Africa, mesoscale dynamics acts to transfer a portion of
them from the SO to the South Atlantic. At the same time, mixing and air-sea
interactions are responsible for significant property modifications. Considering
these processes, the BONUS-GOODHOPE studies will put emphasis on ACC,
AAIW and Mode Waters using physics coupled with the distributions of selected
trace elements and isotopes (TEIs) in the water masses.

Finally, the SO being a very wide ocean surface circumnavigating the
South Pole and extending well through the subtropics, it is submitted to a wide
spectrum of climatic events and meteorological conditions. This implies very
intense exchanges of properties, energy, and momentum with the overlying
atmosphere. The role of such exchanges is also capital in establishing the regional
dynamical and biogeochemical behaviour of both, the ocean and the atmosphere.
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The main questions we have identified to approach our objectives are:
Specific objectives:

* What are the characteristics of the water masses in terms of physical and
biogeochemical properties that are conveyed by the zonal circulation
southwest of Africa?

*  What are the origins and proportion of such water masses, and in particular of
SAMW and AAIW, according to the observed physical properties and
selected tracers distributions?

* What are the variations of such properties along a meridional direction
crossing the high turbulence region southwest of Africa, with particular
emphasis on the variation of properties of thermocline waters conveyed by
Agulhas rings to the South Atlantic?

* What are the relative proportions of the different water masses (South
Atlantic, South Pacific, via the ACC and Tasman and Indian via the Agulhas
Current) that cross the Cape Basin and that are presumably exported as
thermocline waters into the South Atlantic?

*  What is the structure and impact of air-sea interactions in the observed water
masses circulation, formation and transformation?

ASSESSING THE REGIONAL DYNAMICS AND AIR-SEA EXCHANGES

Since it starts, the GOODHOPE project has been a major contributor to
the improvement of the data coverage of the SO in terms of number of available
monthly profiles. Nevertheless, the nature of the complex exchanges of waters
south of Africa makes their understanding and estimate a real challenge.
Therefore, the opportunity offered by a multidisciplinary approach to deepen our
understanding of such processes is unique. This is one of the reasons that pushed
us to propose the BONUS-GOODHOPE project.

Moreover, while the SO is particularly poor in observations, this is even
truer for the overlying atmosphere although the knowledge on the mechanisms of
air-sea interactions and their evaluation is primordial in understanding the present
climate and in evaluating its evolution. This is why we were particularly keen to
build-up atmospheric observations and air-sea fluxes estimates during the
BONUS-GOODHOPE cruise. This has been possible, observations of many
variables have been undertaken and the data collected are rich. Their analysis as
well as the comparisons of the obtained results with remotely sensed data will
provide new insights on this climatic subsystem.

Ocean and atmosphere in situ observations give a snapshot view of their
structure and governing dynamical processes. In order, to really be able to deepen
our understanding of ocean and atmosphere dynamics and interaction, and to
monitor their changes, we need to integrate the in sifu observations in broader
spatial time-series. This is possible only through numerical modelling and satellite
remote sensing.

Nowadays, modelling and remote sensing provide relatively long time
series of sea surface temperature, sea level height, many atmospheric variables
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such as surface winds, precipitation, heat fluxes as well as chlorophyll. Models of
the ocean and the atmosphere now give access to quantitative hindcasts, analyses
and predictions that are intended to be used to improve our air-sea scientific
understanding. Nevertheless, they all need to be validated. This was one of our
new objective during BONUS-GOODHOPE. Therefore a very cooperative and
successful collaboration has been set up with the Laboratoire d’Océanographie
Spatiale of IFREMER, the US IMAGO of IRD, METEOFRANCE, MERCATOR,
RSMAS and NOAA. This allowed us to receive daily regional satellite images and
data, as well as models forecasts. All this data have been retrieved for further
analyses to be undertaken after the cruise. In addition to the cross validation of
parameters and observations, the daily maps helped us in positioning the cruise
stations, radiosounding, XBTs and floats deployment as well as in understanding
the real time evolution of observed surface and subsurface structures.

MONITORING THE PHYSICAL DYNAMICS BY SELECTED TRACERS:

The distribution of selected trace elements and isotopes (e.g., Obj.2) will
further help us draw the picture of large-scale physical dynamics. Pa/Th
disequilibrium is expected within the recently ventilated and advected water
masses such as AAIW and Agulhas rings. With a residence time of 20 to 50 years
9T is more particle reactive than *'Pa (residence time of about 200 years) and
will trace more intense and more recent events of particle-solute interaction.
Assessing the distributions of both tracers allows quantifying the “ageing” of these
recently ventilated water masses. In addition, the eNd(‘) signatures of the dissolved
phase will document the origin, mixing rates and/or trajectory of the circulating
water masses. Radiocarbon activity of the dissolved inorganic carbon (DIC) pool
can also contribute to a better understanding of the zonal circulation of this area.
Such modern '*C data, when compared with data obtained earlier, during
GEOSECS (1973-1978), WOCE A21 section (1990) and CIVA1 of WOCE-
France (1993), will allow us to quantify recent ventilation, characterize changes in
deep and bottom waters in the Agulhas current and calibrate ocean models.

Furthermore, **’Ac (half-life 21.8 years) is mainly set free from deep-sea
sediments through decay of its progenitor >'Pa and can be used as a tracer of deep
upwelling.

The two long-lived Radium isotopes **°Ra and ***Ra show a contrasting
pattern in subpolar and subantarctic waters: **°Ra (half-life 1600 years) as well as
Ba are known to increase steadily in the surface waters from North to South across
the ACC due to replenishment from upwelling of nutrient-rich waters. In contrast,
*»Ra (half-life 5.8 years) accumulates to high activities in shallow water bodies
overlying continental shelf areas. It can hence be used as a tracer of shelf water
input and helps to identify advection of shelf waters into the open ocean. The
combined analyses of **’Ac and ***Ra can also be used to distinguish between
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where CHUR represents a present day average earth value; in the ocean, Nd is a trace element, predominantly found in the dissolved form (90 to 95%). Its residence
time is around 500 to 1000 years.
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vertical versus lateral movement of water masses. In the region of interest, the
Agulhas Current is particularly prone to collect a distinctive shelf ***Ra signal
during its southward flow along the continental shelf edge of South Africa. By
contrast waters protruding northward from the Antarctic Zone generally lack clear
*28Ra signals as they have not been in contact with shelf sediments for a relatively
long time. The turbulent mixing zone south of Africa, where waters from the
Atlantic, the Indian and the Southern Ocean meet, is therefore a region where
identification and distinction of different water masses can be accomplished by
joining physical oceanography and the TEI distributions. Careful determination of
end-member activities should allow one quantifying mixing processes and
assessing travel times, e.g. of Agulhas Rings and cyclonic features in the mixing
zone.

Furthermore it is observed that physics (frontal systems, mixed layer
depth) have a significant impact on dissolved barium (Ba) distributions, a tracer of
water mass and mixing. Thus high resolution dissolved Ba profiles will provide
information of water mass and mixing around frontal systems and the area of
SAMW and AAIW formation. Characterisation of water-mass circulation,
especially of SAMW and AAIW, will also help us to further understand the
transport of trace metals and macro-nutrients to lower latitudes (Sarmiento et al.,
2004).

Transient tracers provide the only means of reliably identifying the most
recently formed component of a sub-surface water mass. However, it is the
anthropogenic transient tracer data that show which source waters have been in
closest and most recent contact with the atmosphere and hence would be most
susceptible to change due to a variable climate. The inventories of transient tracers
in a water mass are directly correlated with the formation rates of the water mass.
The CFC inventories for the WOCE data can be compared to prior and future data
sets to assess variability in formation rates. During the period 1984 to 2004
repeated sampling of hydrology and anthropogenic tracers (CFCs) has been
performed along the Greenwich Meridian from Antarctica (70 °S) up to 50 °S. The
time series have allowed an estimate of the variability in water mass properties and
the ventilation rates in the eastern Weddell Sea. During the November 2004
GOODHOPE cruise, the section has been extended further north. While the
continuation of the tracer time series will help assessing formation rates of bottom
and deep water in the Weddell Sea with even higher precision, the northward
extension of the transect, proposed here, will provide important additional
information on the origins of recently ventilated thermocline waters.

3.1.2 OBJECTIVE 2: DISTRIBUTION, SOURCE, SINK OF
SELECTED TEIS AND CHARACTERISATION OF THE
BIOGEOCHEMICAL PROCESSES INVOLVED IN THE
INTERNAL CYCLING OF TEIS AND CARBON

DISTRIBUTION AND INTERNAL CYCLE OF TRACE METALS AND
MACRO-NUTRIENTS

The distribution of several GEOTRACES-key trace metals (e.g., Fe, Zn,
Co, Cu, Cd, Ba) and of macro-nutrients will be determined in the water-masses
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(encompassing AAIW and SAMW) at large and meso-scale. Next to physical
processes (advection, mixing, ...), their distribution, source and sink strengths and
internal cycling strongly depend on physical-chemical speciation, interactions with
the microbial food-web, recycling and re-mineralization, and atmospheric and
sedimentary inputs.

SPECIATION OF TRACE METALS AND INTERACTIONS WITH THE
MICROBIAL FOOD-WEB:

The distribution of trace metals and their interaction with the microbial
food-web strongly depend on their speciation in seawater, which controls their
solubility, residence time in surface waters, and bio-availability. The speciation of
trace metals is described by the different size-classes (particulate, dissolved,
colloidal, soluble) and by the different chemical forms (organic, inorganic,
oxidation state). The chemical speciation of dissolved trace metals is often
dominated by complexation with organic ligands, which may increase both their
residence time and bioavailability. Complexation with small organic colloids can
furthermore be significant for Fe speciation and bioavailability. The origin of the
organic ligands is not fully understood yet, but phytoplankton or heterotrophic
bacteria can represent a significant source. The redox cycle can also be important
for the speciation of at least Fe, especially in the cold waters of the Southern
Ocean and at continental margin interfaces increasing both its solubility and
availability. A better understanding of the speciation of these trace metals and of
the processes involved in their biogeochemical cycling, including interactions with
the microbial food web, is urgently needed in order to improve our understanding
of the mutual dependencies between trace element occurrence and phytoplankton
community composition.

Specific objectives:

* To determine the distribution and speciation of trace metals (Fe, Co, Zn, Cu,
Cd, Ba) in the study area,

* To study the interactions between the speciation of Fe and the microbial food
web,

* To monitor the surface gradients of trace metals and their speciation in
conjunction with the microbial food web structure.

To address these objectives, the dissolved concentrations of trace metals
and their speciation (e.g., the dissolved organic speciation, the redox speciation of
Fe, and the colloidal/soluble Fe) will be monitored in the surface waters (here
together with the taxonomy of phytoplankton) and deep waters. Incubations will
be carried out on natural phytoplankton and bacterial communities, under natural
and laboratory controlled conditions (temperature, light, carbon sources, inorganic
nutrients Fe, Si). The phytoplankton uptake and regeneration of different Fe
species (organic and inorganic) will be studied together with the phytoplankton
growth. Complemented with the determination of the microbial community
(phytoplankton, bacterioplankton, protozooplankton and viruses), this will help us
to understand and quantify the chemical forcing of Fe on the composition and
structure of the planktonic network, and on macro-nutrients (Si, N, P) as well as

_23_



— BONUS-GOODHOPE Cruise Report —

the feedback of biological activity on the Fe biogeochemistry (speciation,
regeneration, bioavailability).

MACRO-NUTRIENTS

Silicon plays a key role in controlling the biological carbon pump that is
largely driven by diatoms. Its abundance in Southern Ocean surface waters is
largely driven by Fe availability, while its transport along with subantarctic Mode
Waters largely controls the thermocline nutrients and biological productivity at
lower latitudes. Despites the intensive efforts deployed during the SO-JGOFS
programme the Si cycle needs to be constrained further, especially aspects related
with its recycling. To better assess the latter process on deck incubations will be
performed to further understand the grazing pressure exerted on natural diatom
assemblages (using BSi as a marker of diatom biomass) and the dissolution rates
of biogenic silica (using *°Si enrichment experiments). Furthermore, comparing
isotopic signatures of Si(OH)s; and bio-silica (BSi) in seawater will provide a
means to refine our understanding of Si(OH)s-diatom dynamics, especially as
concerns production versus accumulation. The isotopic composition of dissolved
silicate tends to integrate the effect of isotope fractionation over the growth
season, while isotopic composition of particles will rather reflect the instantaneous
result of fractionation. The combination of d*’Si and d'°N analyses (solutes;
suspended matter) will allow to further constrain our understanding of the spatial
and seasonal Si:N uptake ratio variability. Investigating for the content and carbon
isotopic composition of specific compounds characteristic for specific plankton
groups (diatoms, dinoflagellates, coccolithophorids) will provide information on
contribution of major phytoplankton groups to the suspended organic carbon pool
and on possible alteration of isotopic signatures during mineralization.

Specific objectives:
* To further understand the cycle of macro-nutrients in the study area,

* To determine the Si and N isotopic signatures of surface and mesopelagic
waters of the ACC and to understand how these isotopic signatures are
affected by progressive nutrient depletion and formation of Mode waters.

ATMOSPHERIC INPUTS

Atmospheric transport is the dominant means by which iron is supplied to
the remote ocean. This is particularly important in the SO, an area removed from
the world’s major deserts and where surface water iron concentrations are
extremely low. Aerosol iron solubility is generally low, but it varies systematically
with aerosol source. Furthermore over most of the Atlantic Ocean, soluble aerosol
iron is in excess, relative to the other nutrients, in terms of phytoplankton nutrient
requirements. To date the solubility of aerosol irons over the remote SO has not
been determined, nor have the concentrations of the other major nutrients (N, P,
Si) or micronutrient trace metals (e.g. Zn, Co, Cd) in that aerosol been determined.

Specific objectives:
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* To determine the rate of supply of iron and the other major and micro-
nutrients from the atmosphere in the form of wet and dry deposition,

* To evaluate the solubility of iron in aerosol over the remote South
Atlantic/Southern Ocean atmosphere.

Continuous sampling for aerosols and opportunistic collection of rain
water will be performed. Nutrient and trace metal concentrations will be measured.
Atmospheric inputs to surface waters will be determined from these concentrations
using dry deposition velocities (aerosol) or rainfall rates. Meteorological data will
be required for data interpretation. Analyses of total and soluble aerosol
component concentrations will be made for the determination of aerosol species
solubility.

SEDIMENTARY INPUTS

Sedimentary inputs can represent the major source of trace metals in
continental margin areas and in surface waters of the ACC by advection from the
Antarctic Peninsula and Drake Passage. This source likely depends on benthic
chemistry and dynamics such as bioturbation and organic carbon mineralization
processes. It is thus proposed to estimate the biological and biogeochemical
response of the sedimentary environment to quantitative and qualitative variations
of particulate organic matter input and the consequences to benthic fluxes and
pathways. The major issue relates to the understanding of benthic-pelagic coupling
and its modifications along a large scale transect in the ACC and at the South
African continental margin. Very few studies (if any) relate fate of trace metal to a
complete description, both biological and biogeochemical, of the sediment-water
interface functioning. Sulphate reduction is a major pathway for degradation of
organic carbon in deep sea sediments. While a significant amount of work has
been done regarding sulphate reduction in the Central and Northern Benguela
regions, in the area of interest this information as well as information on sediment
trace metal content is scarce. New data will be generated for sulphate reduction,
allowing to confront the shelf area south of South Africa with the Southern Ocean
basin. This has implications for benthic organic carbon recycling, trace metal
speciation and epibenthic fluxing. Furthermore, practically no information is
available as to what extent the southern African continental mass influences
biogeochemical processes in the coastal regions by providing carbon and trace
metals inputs. The study of trace metal sources and distribution in sediment is high
on the agenda in South Africa. Understanding the oceans around South Africa is
also of vital importance to establish if land-based sources of pollution are
impacting the environment.

Specific objectives:

* To investigate the sources, distribution and deposition patterns of trace metals
in the sediments,

* To quantify the exchanges through the sediment-water interface for trace
metals, macro-nutrients, carbon and other chemical compounds that
characterize the redox state of the sediment (oxygen, sulphide),

* To characterise the early diagenesis rates, bioturbation (meio-& macro-fauna
activity) and pathways across the sediment-water interface and incubation
experiments,
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* To investigate of anthropogenic sources of metals and natural run off from
coastal and river systems.

Sediment cores will be collected for highly resolved vertical sampling and
analysis. Kinetic and exchange incubations will be carried out on board. Trace
metals will be normalized to airborne or riverborne lithogenic tracers (Al, Th,...)
or isotopic oceanic tracers (coll. with C. Jeandel team).

BIOGEOCHEMICAL PROCESSES INVOLVED IN THE CARBON
CYCLE

ANTHROPOGENIC CO, PENETRATION, AIR-SEA CO; FLUXES

The SO acts as a sink for atmospheric CO, most of the time. Primary
production in the SubAntarctic is one of the main contributors to this uptake of
CO,. However, the connection between carbon export to the deep ocean and air-
sea CO; fluxes is still poorly constrained partly due to the complexity of physical
and biogeochemical processes that drive CO, fluxes. Subduction of mode and
intermediate waters represents a major pathway for anthropogenic CO, penetration
in the ocean interior. Further south, model estimates indicate low anthropogenic
CO, storage. However, recent studies which take into account oxygen
disequilibrium under ice suggest that deep and bottom water formation in the SO
is still a key process in the natural sequestration of anthropogenic CO; and that the
inventory of anthropogenic CO; in the SO could be much larger than what is
currently accepted. Physical processes involved in the uptake and storage of
anthropogenic CO, will be further resolved in conjunction with Rationale 2.1.
Furthermore, coupling CO, analysis with biological and biogeochemical
observations will help to understand the biological processes involved in carbon
sequestration. The questions that will be addressed are: how do air-sea CO, fluxes
compare with carbon export (as assessed via multi-proxy approach) in the
biologically active SubAntarctic zone? What is the inventory of anthropogenic
CO, along the Zero Meridian if we carefully take into account sea ice cover effect
on surface oxygen concentration further south? What is the contribution of SAMW
and AAIW subduction to the overall anthropogenic CO, storage?

Specific objectives:
* To budget air-sea CO; fluxes in the ACC and compare it to C export and deep
sea mineralization derived from multiproxy measurements,
* To contribute to ongoing international efforts to better assess the inventory of
anthropogenic CO; in the S.O.

CO; fluxes will be calculated from underway pCO, measurements and
meteorological data. To examine how the induced carbon export relates to air-sea
CO, fluxes requires parallel assessment of export via the “*Th-deficit method.
However, CO, fluxes computed from pCO, measurements provide a snapshot
estimate that does not match the time scale of C export measurement (~one month
for 2*Th). It is therefore required to integrate air-sea CO, fluxes over the month
preceding the field work by reconstructing pCO; fields and corresponding CO,
fluxes using remote sensing data (wind speed, SST and Chl-a). pCO, — SST-
SeaWIFS Chlorophyll relations will be derived taking into account the
hydrological zonation determined from SST gradients. pCO; fields will then be
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reconstructed and CO, fluxes calculated using QuickSCAT wind speed. Dissolved
Inorganic Carbon (DIC) and Total Alkalinity (TA) will be measured and
anthropogenic CO; inventory will be derived by applying the classical back-
calculation and TrOCA (Tracer combining Oxygen, inorganic C and total
Alkalinity) method on these DIC and TA data. This approach will also take into
account oxygen disequilibrium under the ice which was recently proven to be
crucial for the analysis of water masses south of 50°S. Results from this cruise will
be integrated with data collected in the IPY framework in order to produce a
synoptic inventory of anthropogenic CO; for the Southern Ocean. Collaboration is
already set up with the others (N. Metzl, LOCEAN, Paris) involved in the
budgeting of CO; fluxes and the assessment of anthropogenic CO, inventories in
the SO.

FATE OF CARBON:

A"C and A 'C signatures of the different forms of organic matter reflect
the balance between production and deposition. It is therefore possible to
determine the partitioning of exported carbon between dissolved and particular
forms, and to understand, in conjunction with the other tracers, the factors that
regulate the fate of these carbon pools. For example, recently photosynthesised
organic matter is tagged with bomb-produced radiocarbon, whereas old refractory
organic matter is significantly depleted in radiocarbon. Hence radiocarbon
provides information on particle dynamics that is complementary to the
information yielded from Th isotope geochemistry. Comparison with Th data will
allow determining the degree of coupling between Th isotopes and the carbon
cycle. DOC also plays an important role in the availability of limiting trace metals
such as iron. Thus, determining radiocarbon in bulk DOC as well as in different
organic fractions (for selected samples) will allow to better assess the DOC cycle
and its interaction with to the micro-nutrients. By analysing mixed layer and
subsurface suspended matter for compounds characteristic of major plankton
groups (diatoms, dinaflagellates, coccolithophorids) it will be possible to assess
their relative importance in sustaining carbon export. Stable carbon isotope
composition of these group-specific compounds will contribute to resolving origin
and reactivity of this plankton-derived organic matter.

By applying multi-tracer approach in the study of surface, mesopelagic
and deep layers, the aim here is to achieve a better insight in:

Specific Objectives:
* Particle vs. solute interactions for organic carbon

* The processes in control of organic carbon export and its transformation
during transit through the mesopelagic depth region.

EXPORT FLUXES. SCAVENGING RATES AND REMINERALISATION (using
BLpa/30Th 21°Po/f1Ph, 2 Th, *!°Po and Ba)

#'pa and #*°Th are both the decay products of soluble uranium isotopes
(***U and **U respectively). Pa and Th are produced at well known constant rates
in the ocean, and both are sensitive to scavenging: if the production of Pa or Th is

_27—



— BONUS-GOODHOPE Cruise Report —

balanced by scavenging on particles their concentration profiles must increase
linearly with depth and it provides an estimate of the average settling velocity of
the particles in the water column. In addition to this role of chronometer, Th
isotope pairs (such as *°Th-**Th or Z*°Th-***Th) are useful tracers of the particle
aggregation and dis-aggregation. Close to the coast, where particle flux is
important, the Pa/Th disequilibrium measured in the dissolved and particulate
fractions is used to trace the dissolved/particulate exchange and the particle
settling velocity. Any difference between the linear profiles and the actual
distribution of these tracers indicates that the transport of these nuclides is
influenced by ocean currents and water mass mixing and hence allows tracing
ocean circulation. >**Th and *'°Po are useful in quantifying the rate of scavenging
from solution onto particles and the processes governing the dynamics of particles
in the ocean. These radionuclides have in common the fact that they both are
daughters of a long lived parent (***U) with conservative behaviour in the oceanic
water column (*'°Pb). The degree of disequilibrium and the dynamics of
association to particles can be used to assess scavenging rates, export fluxes,
remineralisation rates and role of types and/or composition of particles involved in
these processes. The mesopelagic zone is the depth layer where most changes in
sinking organic matter occur and also where SAMW and AAIW are formed. POC
contents will be used to convert >**Th and ?'°Po fluxes into carbon fluxes. Hence,
in conjunction with non-lithogenic particulate Ba, another tracer of carbon
remineralisation in the mesopelagic waters, subsurface 2*Th excess (relative to
equilibrium with **U) will inform on remineralization intensity of organic matter
exported from the surface and help to constrain this process.

_28—



— BONUS-GOODHOPE Cruise Report —

3.2 SUMMARY OF OBSERVATIONS

3.2.1 SAMPLING STRATEGY

The general measurement strategy of the transect consisted in sampling
the several waters masses, air-sea exchanges and atmospheric structure to provide
a 2D matrix, vertical and horizontal, of water-masses characteristics, air-sea fluxes
and lower atmosphere behaviour with a relative high resolution sampling. The
selected vertical scales encompass the several water-masses, and, despite the tight
ship-time constraints, the applied horizontal resolution tried to cover all the very
important dynamical structures encountered such as all the mesoscale features,
frontal systems and slope currents.

Table 1 and Figure 1 summarize the lateral station strategy and associated
measurements.

3.2.2 SAMPLING METHODOLOGIES

* Ocean physics: We deployed 132 XBTs (I XBT release between two full
depth hydro casts and, to improve sampling around mesoscale well defined
structures, the sampling was increased in frontal region), 79 hydrological
stations (CTD/Niskin rosette-casts and L-ADCP), VMADCP acquisition, and
deployment of 17 profiling floats. Although the planned station spacing was 20
NM, this had to be increased up to 30 NM over wide areas, due to time
constraints. We managed, however, to keep the 20 NM interval across the
major fronts. Moreover, all previous sampling of the southern part of the
section during previous cruises (R/V Akademic Vavilov) have been relatively
coarse, due to a lack of time, and limited to about 55°S by the extent of the sea
ice at the period when these cruises took place (November). During
BONUS GOODHOPE we managed to keep 20 NM south of 49°S and reached
the latitude 57°33°, thus reaching and slightly getting over the southern limit of
the ACC, for the very first time since the start of the GOODHOPE project. Two
deep Current Meter Pressure Inverted Sounders have been deployed along the
first part of the transect, at the continental slope (isobath 1000 m) and in the
Cape Basin open ocean region (at the crossing of Jason-1 ground track 134), in
order to start the international cooperative monitoring of the South Atlantic
Meridional ~ Overturning (SAMOC: Garzoli et al. 2007: see
www.aoml.noaa.gov/phod/SAMOC). The onboard thermosalinograph data
were collected in continuous mode and validated with a daily water sampling
followed by on-board analysis

* Atmosphere physics: Continuous atmospheric sampling has been undertaken
through a very complete set-up of instruments. Atmospheric radiosounding has
been carried out on a daily basis, with higher frequency during SUPER stations
to calibrate the diurnal-cycle, and when crossing pronounced mesoscale
structures such as the ACC fronts.

* CFCs : 1191 samples (a mean of 18 samples per hydro casts) were collected
from Niskin bottles. Samples were stored in glass bottles (bottles and caps are
from www.sks-bottle.com. 125 ml bottles n0.40000040.01S - case of 160
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bottles without caps - cap size 22-400, the caps are SKS no. 6021-03 -
Aluminium lined caps). The samples (about 125 ml) were taken via Viton tubes
connected to glass bottles with connectors. The bottles and caps were
thoroughly rinsed with the water to be sampled. The bottles were filled and
capped underwater in a 1L beaker, Viton tubing was required as a fill tube
between the Niskin and the sample bottle.

Tracers and isotopes (TEIs): Both the dissolved and particulate phases were
sampled throughout the water-column. For the dissolved phases: sufficient
amounts of seawater (60 L for Ra/Pb, 10 L for Nd, 20 L for Pa/Th, 4-5 L for
2%Th; although the Toulouse group developed a protocol allowing the recovery
of all these tracers from a single volume of ca 30 L) were collected to allow the
analysis of the isotopic and chemical tracers. For the suspended particles:
major, minor and trace elements, (Ba, Si, Ca, Sr, Al, Mn, U ...) in suspended
matter required filtration of 5-10 L of seawater using pressurized filtration
units. The vertical distribution of these elements in the water column was
assessed with appropriate resolution (15 to 20 depths on CTD casts, between 0
and 2000 m or bottom). For analyses requiring a large amount of material (e.g.:
Ra, Nd, Pb isotopes), samples were collected by in-situ pumping using battery
operated pumps, eventually fitted with manganese oxide cartridges (Ra), which
allow to filter large volumes of water (100-1000 L). Assessing the C-isotopic
composition of phytoplankton groups via compound specific isotope analysis
(CSIA) also required large volume sampling. Multi-coring on the open-ocean
(using the INSU Oktopus GmH) should have allowed to collect surface
sediment and intertostitial waters. All the TEIs mentioned above, together with
the alkenones, were measured in solution and in the solid phase to allow an
assessment on their source/sink budget,. In addition, redox-sensitive tracers
(together with O, and pH) were measured in the interstitial waters.

Trace metals and speciation: samples were collected using acid-cleaned Go-
Flo bottles mounted on Kevlar line of 4000 m length. All sub-sampling and
filtration were carried out in a clean container (INSU).

Macro-nutrients and biological parameters: macro-nutrients (N, Si, P), Chl-
a, pigments and phytoplankton taxonomy, and primary production were
determined in samples collected using the Niskin-Rosette.

Carbon: [norganic carbon: underway pCO2 was measured from the clean
seawater system of the ship, DIC (dissolved inorganic carbon), TA (total
alkalinity) and pH was sampled from the Niskin. Organic carbon: DOC, TOC
(dissolved, total organic carbon respectively): samples for total organic carbon
(TOC) were collected using Niskin-bottles fitted with Silicone tubing and Viton
o-ring. DOC/TOC was sampled just after the sampling for gases, taking all
necessary precautions to avoid contamination. Samples were collected in glass
ampoules (8 ml) poisoned with 85%-H;PO,4 flame sealed and stored without
filtration in the dark at 4°C.

Atmospheric nutrients and trace metals: High-volume (Im’ min™) samplers
equipped with cascade impactors for aerosol size segregation were used
(University of East Anglia). Rain samples were collected on an event basis by
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deploying large (42cm diameter) plastic funnels for the duration of rainfall only
(University of East Anglia).

Sediments: The INSU Oktopus Gmbh (Germany) multiple corer (head version
MUC 8/100) equipped with 8 transparent polycarbonate cylinders has been
deployed. It is one of the simplest and it is thought as the most efficient
designed for successful coring and careful tubes recovery on the deck. Tubes
are 61 cm in height and their inner diameter is 9.5 cm. Weight addition should
have allowed the sampling of various sediments (up to 16 x 12 kg). Overlying
water and up to 8 cores should have been retrieved for each station. Expected
sediment height in core tubes was ranging from 25 to 45 cm. Only the top 20
cm should have been processed at first (30 sampling levels by classical slicing).
Two cores should have been dedicated to pore waters extraction and solid
fraction analyses, three cores to incubations (benthic fluxes and luminophores),
one to microelectrodes, one to sulphate reduction rate (radiotracer >°S) and one
to DET incubation. The Oktopus has been deployed eight (8) times, but only
the first deployment has been completely successful, very likely because of
particularly calm sea conditions. A last deployment was partially successful
with a very small sediment samples collected. The sediments sampling has been
rather unsuccessful and difficult despite the downward speed of the oktopus
being carefully controlled (1 m/s) and despite instrument depth being
permanently checked both from the length of cable unwound by the record of a
“pinger” dual echo (fastened on one side of the multi-tubes corer. During
operation, cable tension was checked in order to track oscillating behaviour due
to waves.

Remote sensing: A collection of remote sensing data was established since
early January by the Laboratoire d’Océanographie Spatiale of IFREMER,
Plouzan¢, France. A very nice set of satellite images and data (only for
ODYSSEA-SST and AVISO Real Time Absolute Dynamic Topography
(ADT)) have been sent daily from France to the ship to provide a regional
overview of different air and ocean variables. This operation has proven to be a
very important element to optimise the position of the cruise stations and
atmospheric sampling. It gave us also the possibility to follow particular
structures in time and space, to understand the origins of observed mesoscale
features encountered during the transect and to initiate a validation of satellite
products such as SST, geostrophic velocity derived from altimetry and
radiometer-derived wind speed and stresses.

3.2.3 STATIONS DESCRIPTION: PLANNED AND EFFECTIVE

WORK
The BONUS-GOODHOPE cruise followed the GOODHOPE transect

defined in 2003 in order to optimize repeated observations with altimetry sampling
and past and present moorings deployment by University of Maine (ASTTEX
project), the Alfred Wegener Institute WECCON project and NOAA-AOML
repeated high resolution XBT transects. The transect starts from Cape Town
harbour and joins the altimeter JASONI1 133 ground track by going westward.
When the 133 JASONI ground track reaches the Greenwich Meridian (at about
51°8S), the cruise track veers south. The southernmost latitude reached by any past
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GOODHOPE full-depth hydrological cruise was 55°S, slightly north of the
Southern boundary of the ACC. As BONUS-GOODHOPE happened during late
summer, the plan was to reach 60°S as these latitudes are free from sea-ice during
this time of the year. Presence of sea-ice has been the major factor that prevented
to reach high latitudes during the previous GOODHOPE cruises. Because of
delays that prevented operations for a few days, we were only able to reach
57°33°S. Also, initially we scheduled a sampling step of 20 NM (a total of 96
hydrological stations). Because of time constraints we had to decrease the spatial
resolution (25 to 30 NM) for long sections of the transect and could only complete
79 hydrological stations, 5 SUPER and 7 LARGE. Thanks to the satellite images
we were receiving on board, we adjusted stations position in a way that allowed us
to sample all the water masses and most of fine dynamical structures encountered
during the leg, despite the reduced sampling resolution. The final view of the
BONUS-GOODHOPE stations is presented in Figure 1.

The cruise was due to leave Cape Town, South Africa, on February 9,
2008. Due to the late customs release of the French containers and the fact that a
Kevlar cable and related winch for clean tracer sampling (this equipment was still
at La Réunion), we only left Cape Town on February 13, at 2:00 pm Local Time
(LT). During the same day, we started the hydrological casts. We had to come
back to Cape Town to collect the Kevlar cable, on February 15. This made us
looses a further 23 hours.

WORK PLANNED IN THE SHIP-TIME PROPOSAL

Because of constraints due to particularities of sampling protocols, ship
time request and analytical resolution/performance for the different parameters to
be measured, three types of stations were initially planned:

- Hydrographical (HYDRO) stations: one CTD/Niskin rosette-cast (0 m-
bottom, 22 depths with Niskin bottles of 12L, CTD SEABIRD SBE911+).
During these stations we planned to measure the full depth hydrology (T, S,
pressure, O2) and other parameters (fluorescence, Chl-a, nutrients, DIC, TA,
dissolved Ba) associated to thermohaline and water column velocity
observations. This latter was planned to be acquired by two 300kHz
Lowered — Acoustic Doppler Current Profilers (LADCPs) mounted on the
rosette carousel and occupying the space of two Niskin bottles (this is why
we were sampled only 22 depths and not 24). We choose to use the
SEABIRD rosette of INSU because of the large volumes of water required
for biogeochemistry (the LPO rosette can accommodate only 8L bottles). In
the initial proposal we planned 80 HYDRO stations (including in these 80
the first CTD cast for each other station type), for a mean station time of 4
hours each. Therefore, the total time initially evaluated for these casts
amounted to 320 hours (13.3 days).

- LARGE stations: one CTD/ Niskin rosette cast (0 m-bottom, 24 depths, 4
h) and one Go-Flo cast (0-2000 m, 12 depths, 4 h),. Parameters to be
measured: CTD parameters, biological parameters (Chl-a, chloropigments,
primary production, plankton taxonomy), macro- and micro-nutrients,
tracers and isotopes, DIC, TA, pH, DOC/POC. LARGE station spacing was
initially planned at 80 miles, with a total of 26 stations of which 6 were
SUPER stations (see below). Therefore, 20 LARGE stations in total were
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planned, for a mean station time of 4 hours (this excluding the 4 hours mean
time for the first CTD cast). The total time for these stations (excluding the
time for each first CTD cast) was evaluated at 80 hours (3.3 days).

- SUPER stations: one cast for in-situ pumps (0 m-bottom, 8-12 depths,
pumping time = 3 h, cast time = 3 h, total of 6 h) + two CTD/Rosette casts (0
m-bottom, 22 depths, 8 h). We initially planned to get the AWI multiple
corer attached to the CTD rosette for one of the two deep CTD deployments.
+ two Go-Flo casts (0-2000 m and 2000 m-bottom, 12 depths each, 4 h + 8 h
= total 12 h), multi-net deployment (5 depths, between 0-500 m, 1 h), large
volume sampling for process studies (~40 L sampled at one sampling-depth
at the Chl-a maximum using Go-Flo bottles, 1 h), Parameters: CTD
parameters, biological parameters (Chl-a, pigments, taxonomy of phyto-&
zoo-plankton, primary production), macro- and micro-nutrients, tracers and
isotopes, sediments & core parameters, DIC, TA, pH, POC/DOC, process
studies (Fe bioavailability, zooplankton feeding, Si regeneration). SUPER
stations were planned at every ~ 240-320 miles, for a total number of 6
stations, about 24 hours each (always excluding the time needed for the first
CTD cast and included as “HYDRO” station time). The total time for these
stations (excluding the time for each first CTD cast) was evaluated to be
about 144 hours (6 days).

The total amount of stations time was evaluated to 22.6 days. To this
station time cost, 7 days of transit time needed to be added for a total estimate of
29.6 days of operations.

We also planned to deploy XBT, between CTD casts, with increased
resolution across frontal regions. We were also planning the deployment of 10 to
15 ARGO profiling floats. This additional set of observations constitutes a
physical background to evaluate water mass characteristics and transport
calibrated by hydrology, LADCP, and profiling floats data and extrapolated in
time and space via the altimetry and satellite surface temperature observations.

Two deep Current Meter Pressure Inverted Sounders (C-PIES) were
planned to be deployed in the ACC domain to complete the German and US
network along the GOODHOPE line. This in the framework of a long term
monitoring of the region.

WORK PLANNED BEFORE THE CRUISE (JANUARY 2008)

In January changes have been made to the initial ship-time planning,
essentially because of an increased ship-time request by the biogeochemistry.

- HYDRO stations The HYDRO casts were slightly increased in number to
cover the entire leg with a spatial resolution of 20 NM, this resolution being
the minimal to resolve the mesoscale structure of the ocean dynamics. This
happens to be almost insufficient in the Southern Ocean region, since the
higher the latitude, the smaller the Rossby radius of deformation, and
therefore the embedded dynamical scales (the first internal Rossby radius of
deformation is lower than 10 km south of 50°S). Also, at the start of the
project, attempts to find collaborations to cover the observation of the
atmospheric physics have been unsuccessful. However, these observations
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being necessary to understand the dynamics of the Southern Ocean, they
were finally covered thanks to a last minute effort provided by Christophe
Messager and funding supplied by IFREMER, CNES, and INSU. Assistance
was also provided by Prof. Peter Minnett at RSMAS who lent us an
important set of Atmospheric instrumentations (for more details see section
about the Physics of the Atmosphere). In addition, atmospheric radiosounds
were provided by IFREMER, IUEM, UCT and the South African Weather
Service. The opportunity uncovered by the extensive atmospheric sampling
together with the need to close the ACC budgets and reach the Weddell Gyre
constituted the reasons that pushed us to extend the leg southward and reach
60°S. Indeed, 60°S 1is the northernmost latitude of all atmosphere
observations and re-analyses done in the framework of IPY. An overlapping
with that latitude would have been suitable for the analysis and integration of
the physical atmosphere parameters in a larger context than our cruise and
would have benefited our own studies. This meant to extend the number of
HYDRO stations to 96, but due to past cruises experience in the region and
the mean bottom depth along the transect, we revised the mean time cost of
the station to 3.5 hours. The total cost that we estimated in January for the 96
HYDRO stations was 14 days.

LARGE stations: 20 in total. The total time for these stations (excluding the
time for each first CTD cast) was estimated to 3.8 days.

SUPER stations: 6 in total. The total time for these stations (excluding the
time for each first CTD cast) was estimated to 11.8 days.

MARGIN stations: 1 in total. The total time for this station (excluding the
time for the first CTD cast) was estimated to 0.32 days (7.5 hours).

INTERCALIBRATION stations: 1 in total. The total time for this stations
was estimated to 0.5 days (12 hours).

LARGE VOLUME CLEAN SAMPLING: 0.15 days (3.5 hours).

The estimated total stations time was 30.42 days with additional 8

dayvs of transit time for a total of 38.57 days of ship operations.

The XBTs, profiling floats and C-PIES deployment plan was unchanged.

EFFECTIVE WORK DURING THE CRUISE

The true station number and type differed from the originally planned,

because: (1) the initial delay in cruise departure; (ii) an interruption of operations
during 12 hours (because of weather conditions); (ii1) recurrent problems with the
CTD winch during the first two weeks, the Oktopus sediment corer, and (iv) the
larger water volumes and increased ship time requested for biogeochemistry
operations. The final number and type of stations occupied were:

HYDRO stations: 79 in total (included here are the first CTD cast for each
LARGE and SUPER stations). The total time used for these operations was
250 hours (10.4 days). Overall the CTD/Niskin-rosette has been deployed
111 times (cast bgh000 to bgh110).

We left Cape Town harbour on February 13, at 2 pm LT after the uploading
of the French containers. We started the operations with a test station (cast
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bgh000) on the 2000 m isobath of the African slope along the westward
transect of the BONUS-GOODHOPE line. The station work being
successful, the cruise transect started properly with hydrological stations at
the shelf break and continental slope just out of Cape Town harbour. During
this first part of the cruise, biogeochemistry sampling was limited because of
the absence of the Kevlar cable for ultra-clean GO-FLO casts. This
prevented the realization of the Margin station on the African slope.
Nevertheless, the biogeochemistry sampling from Niskin bottles could take
place. The rosette-bottles were closed at depths to achieve appropriate
resolution in the major water masses, the bottom waters and to ascertain
increased resolution in the upper layers to meet requirements from the
biology (most active in the mixing layer, euphotic zone and the ocean layers
just beneath it).

- LARGE stations: 7 in total. The total time for these stations (excluding the
time for each first CTD cast) has been 52.1 hours (2.2 days).

- SUPER stations : 5 in total. The total time for these stations (excluding the
time for each first CTD cast) has been 223.2 hours (9.3 days).

- INTERCALIBRATION station: Most of the intercalibrations were done
during other HYDRO, LARGE and SUPER stations. Therefore the only
intercalibration station that was undertaken as such, was the one for the
REE. The total time for this stations has been 3 hours.

- LARGE VOLUME CLEAN SAMPLING: This operation took only 2
hours.

The total stations time has been of 22 days.

We deployed XBTs in-between CTD casts and increased the resolution to
about 6 NM in frontal regions. We had a 17% failing rate (fail or spiking) due
essentially to rough weather conditions in the subantarctic and polar part of the
transect.

We deployed 13 profiling floats at 13 CTD casts position and four (4)
additional ones on the transit to Durban. All floats, except one, were successful in
transmitting data to the Coriolis data centre. The one float that failed was the one
that accidentally went under the ship stern shortly after its launch.

Two C-PIES have been deployed across the South African slope and in
the Cape Basin abyssal plane along the BGH line. Their position has been decided
in collaboration with the German, British and US in the framework of the South
Atlantic Meridional Overturning Circulation (SAMOC:
www.aoml.noaa.gov/phod/SAMOC) monitoring project. The goal of this project is
to monitor the variability of hydrology (heat and salt content) and water mass
transport in the South Atlantic sector of the Southern Ocean.

Finally, we were also able to sample atmospheric physical variables in a
very satisfactory way. The only regret is that, because of the time constraints of
our cruise, it has not been possible to reach 60°S, the southernmost position for all
our sampling has been 57° 33’ S.
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A global view of all the stations and deployments is given in Table 1. See
the log-book chapter and the Annexes volume for the detailed timing of each
operation.
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Table 1 — List of operations, timing and related dates during the BONUS-GOODHOPE cruise.

Station |CTD cast Dist| Depth True | EFFECT | EFFECT | EFFECT LOCAL TIME
# # Lat |long | \\m)| (m) | OBSERVATIONTYPE I, rsitT| TIME HRS | DAYS (UT +2 hrs)
Cape Town 0 0 0 2/13/08 15:00
1 1-3356,3 (17574 | 36.6 200[cTD, 0 05 7.76| 0.323333 2/13/08 22:45
2 2(-3357,7 |1731,2 | 21.8 500/cTD, .. 25 0.91| 11.17| 0.465417 2/14/08 2:10
3 3-3358,13 (172338 | 6.6  1000/CTD,q,, + Mouillage C- 23 2.55| 16.02
0.6675 2/14/08 7:01
4 4|-3358,48 (171818 | 4.6]  1500|cTp.., 2.5 1.65 20.17| 0.840417 214108 11:10
5 5-3359,6 (16571 | 17.6]  2500/cTD.,.... 2.3 3.25 25.72] 1.071667 2/14/08 16:43
6| 6/-34008 (16352 | 18.2]  3000/cTp,.. 2.25 3 30.97| 1.290417 2/14/08 21:58
7| 7(-34021 [1612,0 | 19.3]  3600/cTD,.... 2.25 3.33 36.55| 1.522917 2/15/08 3:33
8| 8[-3403,8 [1541,2 | 259]  4050/cTD,.... 2.45 3.2 42.2] 1.758333 2/15/08 9:12
Back to Cape Town area to recover the kevlar cable 23.2 0 65.4) 2.725 2/16/08 8:24
9 9|-34 055 [15098 | 26.1 4251.75/CTD,,, + Mouillage C- 0 5 70.4
2.933333 2/16/08 13:24
10 10[-34 07,4 [1435,0 20| 4410/cTD. . 25 6.5 79.4] 3.308333 2/16/08 22:24
011 L1[11&12 [-34255 (14243 21 GO-FLO Test, CTDy, 12 93.8
12 13-34435 (14136 20| 4626.25/cTD. . 2.25 3.85 99.9]  4.1625 2/17/08 18:54
13 14-3501,6 |14 28 20| 4726.75/CTD, ... 3 525  108.15] 4.50625 2/18/08 3:09
14 15[-3519,6 [1351,9 20  4597/cTD,.. 2 3.67]  113.82] 4.7425 2/18/08 8:49
15 16-3537,5 [1340,9 20| 4568|cTD,.. 3.5 35 120.82( 5.034167 2/18/08 15:49
16| 17]-35555 [1329,8 20|  4820.5/CTD, ... 21| 39  126.82] 5.284167 2/18/08 21:49
17| 18]-36 134 [1318,6 20| 4843.5/CTD,.. 4.75| 7.47]  139.04] 5.793333 2/19/08 10:02
18 |-3631.4 [1310.46 5| 4920.25|0ctopus 2.5 6.5]  148.04 6.168333 2/19/08 19:02
18] 19-36 31,4 [1307,3 | 4920.25 N 0.5] 5|  153.54] 6.3975 2/20/08 0:32
18| [-36314 [1307,3 0] 4920.25/GO-FLO TM 0-300 0| 34|  156.64] 6.526667 2/20/08 3:38
18] 20(-36 314 [1307,3 4920.25/CTD ML of 32| 159.84 6.66 2/20/08 6:50
18] 36314 [1307,3 4920.25/PIS (] 6.4  166.24] 6.926667 2/20/08 13:14
18| 21/-36314 [1307,3 4920.25/CTD REE 0-Bottom 0| 38| 17004  7.085 2/20/08 17:02
18] 36314 [1307,3 4920.25/GO-FLO 2000-3500 (] 6.4]  176.44] 7.351667 2/20/08 23:26
18] -36314 [1307,3 4920.25|PIS Th 0-Bottom 0f 8| 18444 7.685 2/21/08 7:26
18] 36314 [1307,3 4920.25/GO-FLO Incub Fluo Max 0| 17| 186.14| 7.755833 2/21/08 9:08
18] 22(-36 31,4 [1307,3 4920.25/CTD 234 Th 210 Po 0- 0f 2|  188.14 7.839167 2/21/08 11:08
18| -36314 [1307,3 4920.25/GO-FLO Incub Fluo Max (] 1.5|  189.64| 7.901667 2/21/08 12:38
18| 2336314 [1307,3 4920.25/cTD BaSi 0-1000 0| 2| 19164 7985 2/21/08 14:38
18] 36314 [1307,3 4920.25_|Go-FLo Incub Fluo Max (] 1.5]  193.14] 8.0475 2/21/08 16:08
18| -3631,4 (13073 4920.25|Plancton Net 0f 0.77]  193.91| 8.079583 2/21/08 16:54
18 -36314 [1307,3 4920.25/GO-FLO Cd 0-300 [ 1.5  19541| 8.142083 2/21/08 18:24
18] 36314 [1307,3 4920.25|PIS Ra (] 8.25]  203.66] 8.485833 2/22/08 2:39
18] 36314 [1307,3 4920.25/GO-FLO Fe isotop (] 5|  208.66| 8.694167 2/22/08 7:39
19| 24/-3649,2 [1255,9 4981.25(cTD,... 2.25 525  216.16] 9.006667 2/22/08 15:09
20 25(-37071 [1244,4 20] 4983.5/CTD,.. 2.25| 48]  223.21] 9.300417 2122108 22:12
21 26(-37250 (12328 20| 5071.75|cTD. . 2.25 42| 229.66| 9.569167 2/23/08 4:39
22 27-37428 [12211 20| 5097.75/CTD, ... 2.25 45  236.41] 9.850417 2123108 11:24
23 28[-3805.58 [1205.22 | 25|  5011/cTD,... 2.3 4.7 24341 10.14208 2/23/08 18:24
24 29|-38 27.54 |11 49.86 25| 4959.25/cTD,0. 2.3 5| 250.71| 10.44625 2/24/08 1:42
25 30[-38 49.56 |11 34.5 25| 5154.75/CTD,... 2.3 45 257.51] 10.72958 2/24/08 8:30
26 31[-39 11.52 [1119.2 25|  5192/¢TD,.. 2.3 45  264.31] 11.01292 2/24/08 15:18
32/-39 33.54 [1103.84 4991.75 271.11] 11.29625 2/24/08 22:06
-40 17.52 [10.33.12 4731.25/cTD, ., ] 283.91| 11.82958 2/25/08 10:54
30 -4043.15 [1012.82 4693/CTD,..... 2.7 3.5 290.11] 12.08792 2/25/08 17:06
31[36,37  [-4110.50 [09 54.98 4589[cTD, . 25 3.5  296.11] 12.33792 2/25/08 23:06
3ML2 38|-4110.50 |09 54.98 4689 0 46| 300.71] 12.52958 2126/08 3:42
33 4042 02,22 [0916.25 | 30| 4689.5/CTD,.. 25 3.5|  308.61] 13.05042 2/26/08 16:12

08 55.72

307.21| 13.32125

2/26/08 22:42

2/29/08 6:42

Storm, wind 55 kt, huge
swell

2/29/08 12:27
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Station |CTD cast|
# #

OBSERVATION TYPE

True
Transit T

EFFECT

TIME

EFFECT | EFFECT

HRS

403.71
416.46]

DAYS
17.34208

17.87333

LOCAL TIME
(UT +2 hrs)

311/08 23:12

3/2/08 11:57

53277

CTDsten

444.06

19.02333

3/2/08 20:27

3/3/08 15:33

511.82

3| CTDyae

450.36] 19.28583

3/3/08 21:51

4 47.34

456.66]

19.54833

3/4/08 4:09

3/7/08 2:03

3/7/08 8:09

3/8/08 3:42

3/8/08 9:06

3/8/08 22:12

039.29

25.16708

3/9/08 4:12

3/9/08 19:00

019.77

2161

CTD...

2.25

596.26

25.365

3/9/08 23:45

000,0

25.56292

3/10/08 4:30

63 88521620 0000 | 200 2637CTD,., | 225 3 611.01] 27.52125 3/12/08 3:30
| 65| 901525580 0000 | 20| 2610/CTD,.. | 225 2 62051 27.91708 3/12108 13:00
| 66| 921531560 0000 | 20| 2462lcTp,.. | 225 2 62776 2821917 3/1208 20:15

-53 55.20 2428|CTDhydro i 285775 3/13/08 4:51
69 95[-54150 [000.0 20] 2592.75(cTp,.. 2.25 25| 641.11] 28.77542 3/13/08 9:36
70 96|-54348 [000.0 20 1342[cTD,.. 175 16|  64446] 28915 3/13/08 12:57
71 97-54546 [000.0 20 13%4[cTp, 175 7] 647.91] 29.05875 3/13/08 16:24
72 98|-55 144 [000.0 20] 3023.75[CcTD,... 375 25| 654.16] 29.31917 3/13/08 22:39

74 102[-55540 |000.0 200 3952/cTD,. 2.25 34]  664.01] 30.15042 3/14/08 18:36
75 103/-56 138 |000.0 20 40135(cTp, ., 3 33 670.31] 3041292 3/15/08 0:54
78] 104/-56 45.0 |000.0 25| 41585/CTD, . 6.7 35 680.51 30.83792 3/15/08 11:06
771 10557132 |000.0 25 4111cTp,. 24 35 686.41] 31.08375 3/15/08 17:00
78] 106/-57330 |000.0 20 3932750, . 175 3| 691.16] 31.28167 3/15/08 21:45

Table 1 — continued.
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GENERAL IMPRESSION ON THE RESULTS QUALITY

The data quality for the data acquired directly on board (CTD captors,
Thermosalinograph, 02, PCO,, DIC, Alkalinity, pH, Nutrients, meteorology
variables, ...) has been monitored constantly and regularly. We can already state
that the data quality will be very good after the usual calibration and validation
processes. The data processing of ADCPs (Ship-born and Lowered) has required
particular attention but the data obtained are very satisfactory and of very good
quality.
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4 PRELIMINARY SCIENTIFIC CONCLUSIONS
4.1 PHYSICAL OBSERVATIONS

The BONUS-GOODHOPE hydrological section has led to a very rich
sampling of many water masses, surface, subsurface and deep mesoscale and
frontal structures as well as a very rich and unique collection of atmospheric data.
Atmospheric data collected through continuous acquisition and radiosounding,
revealed already a strong interaction between ocean mesoscale and atmospheric
dynamics and related air-sea exchanges and yielded a very rich set of data that will
be analysed further. Satellite imagery and data we were receiving on board in real-
time during the cruise were used to improve the hydrological station positioning as
well as XBT, profiling floats and atmosphere radiosounding deployment strategy.
This proved to be a very powerful way to optimize the ocean sampling and
allowed for rapid interpretation of many ocean dynamics aspects related with
observed surface and subsurface structures.
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4.1.1 INVOLVED SCIENTIFIC STAFF AND TASKS

DISTRIBUTION DURING THE CRUISE:
Observations coordinated by the Laboratoire de Physique des Océans,

UMR 6523 CNRS-IFREMER-IRD-UBO

Contact : Sabrina Speich (UBO & IRD) (speich@univ-brest.fr)
Laboratoire de Physique des Océans

UFR SCIENCES et TECHNIQUES

6 Avenue le Gorgeu

C.S. 93837

29238 Brest Cedex 3, FRANCE

Involved scientific staff and tasks distribution during the cruise:
Sabrina Speich (UBO & IRD-LPO): team leader and chief scientist
CTD Shifts:

- 0-4:  Catherine Lagadec (IFREMER-LPO, shift responsible)
Stéphane Leizour (IFREMER-LPO)
Arnaud Leboyer (UBO-LPO)

- 4-8:  Michel Arhan (IFREMER-LPO, shift responsible)
Lionel Scouarnec (INSU)
Serguei Gladyshev (Shirshov Institute, Moscow, Russia)

- 8-12: Catherine Kermabon (IFREMER-LPO, shift responsible)
Norbert Cortes (IFREMER-LPO)
Christophe Guillerm (INSU)

ADCPs follow-up

- Jean-Pierre Gouillou (IFREMER-LPO): installation and testing of
LADCPs while in Cape Town

- Michel Hamon (IFREMER-LPO): monitoring of LADCP activity,
download of LADCP data.

- Catherine Kermabon (IFREMER-LPO): data processing
- Xavier Perrot (UBO-LPO): data processing

Salinity and Oxygen analyses

- Pierre Branellec (IFREMER-LPO responsible, Oxygen
analyses and TSG sampling)

- Olivier Peden (IFREMER-LPO): Oxygen analyses
- Volfango Rupolo (ENEA-Casaccia, Italy): Salinity analyses

CFCs sampling
- Maxime Richard (UBO-LPO)
- Neil Swart (UCT, South Africa)
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Profiling floats
- Norbert Cortes (IFREMER-LPO)
- Stephane Leizour (IFREMER-LPO)

C-PIES preparation and deployment
- Norbert Cortes (IFREMER-LPO)
- Stephane Leizour (IFREMER-LPO)

Expandable Bathy-Termographs (XBTs)
- Sebastiaan Swart (UCT, South Africa)
- Issufo Halo (UCT, South Africa)

Air-sea fluxes and radiosounding
- Christophe Messager (CNRS-LPO, responsible)
- Erica Key (sensors responsible, CETP & RSMAS)

Hélene Leau, Pierre Sangiardi, Martin Millet, Fréderic Rigaut and Yvan Reaud
from Institut Polaire Frangais Paul-Emile Victor helped acquiring all these
observations.
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4.1.2 FULL DEPTH CTD ACQUISITION: PRELIMINARY
VERTICAL DISTRIBUTIONS
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Shirshov Institute of Oceanology
Moskow, Russia
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Dipartimento Ambiente, Cambiamenti Globali e Sviluppo Sostenibile
Centro Ricerche ENEA Casaccia

Via Anguillarese 301

1-00123 S. Maria di Galeria (RM)

Full depth CTD data were acquired at 79 stations occupied in the region
33°58 S —-57°33>8S,17° 13° E — 0° E, from February 13, 2008 and March 17,
2008. Measurements were made at all stations from the surface to about 15 to 30
meters from the bottom. The station spacing was varied from 7-8 NM on the
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continental slope, to 20 NM across frontal regions and strong topographic slopes,
and, because of time delays and the tight ship-time, we lowered the resolution to
30 NM in the deep abyssal planes and away from mesoscale structures and sharp
topography.

The stations were made with a SEABIRD 911+ probe mounted on a 24-
bottle SEABIRD Rosette. Only 22 bottles were in operation as two bottle (bottles
22 and 23) were removed to allow the two WHS 300 kHz L-ADCPs to be fixed
on the Rosette frame. Salinity, dissolved oxygen, nutrients, DIC, pH and
Alkalinity were analysed on board.

Preliminary vertical distributions for the basic CTD (Temperature,
Salinity, and Density) and rosette (Salinity and Oxygen) physical parameters are
shown below. The measured CTD parameters were smoothed vertically with a 10
db step. The rosette parameters were linearly interpolated from the original
discrete vertical sampling to provide continuous profiles.

We present here observations from the uncalibrated CTD data we
collected during the BONUS-GOODHOPE cruise.

4.1.2.1 OCEANIC FRONTS ALONG THE BONUS-GOODHOPE
TRANSECT

The oceanic region separating the African and Antarctic continents may
be subdivided in three main regimes, namely, the subtropical domain north of
40°S-42°8S, the ACC between 40°S-42°S and 55°S-57°S, and the eastern part of
the Weddell Sea gyre to the south.

The Antarctic Circumpolar Current (ACC) is associated with several
narrow jets or fronts. These frontal regions are characterised by sharp horizontal
gradients in hydrological properties (such as temperature, salinity, density, oxygen
and nutrients) that mark the boundaries of different water masses.

Four main fronts are continuous features of the ACC: the subantarctic
front (SAF); the polar front (PF); a deep-reaching front observed persistently to
the south, the southern ACC front (SACCF). The ACC is bounded at its
southernmost limit, in our region, by the Southern Boundary (Sbdy). North, the
ACC is separated from the Subtropical Region by the Subtropical Front (STF).
From various set of data (CTD, satellite imagery and XBT) we were able to define
the position of each front along the cruise track. The position of the principal
branches of such fronts as derived from CTD data are given in Table 2.
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Table 2 — Position of the ACC principal fronts crossed during the BONUS-GOODHOPE cruise.

FRONTS POTENTIAL TEMPERATURE ST]?AEI;‘}-ION BGH CTD BGH
ACRONYM CRITERIA NUMBER NUNMBER LATITUDE
S-STF 10°C < Byp0m < 12°C 33 40 42°2°S

The northernmost region where o n»
SAF Baooy > 4-5 °C 38 49 44°2’° S
o .
PF 0 < 2°C along the 0., for depths > 57 77 50°22.4'S
200m
The northernmost region where 6 >
1.8°C along 0y, for depths > 500 m
SACCF & the southernmost region where 0 62 87 51952°s
< 0°C along the 0,,;, for depths >
150 m
Southern limit where 0,,,,,> 1.5°C at o s
SBdy about 200 m of depth 74 102 55°54.3°S

4.1.2.2 WATER MASSES FROM NORTH (THE AFRICAN
CONTINENTAL SLOPE) TO SOUTH (WEDDELL GYRE).

Leaving Cape Town, on the continental shelf-break we meet at the
surface a thin and narrow layer of warm and salty waters (the “Agulhas jet”); the
water underneath is fresher and colder, probably northern upwelled slope waters
brought southward by the “upwelling” slope undercurrent. Leaving the 200 m
isobath we meet the subtropical warm and salty water of clear Indian origins. We
crossed different large anticyclonic eddies (Agulhas rings). For most of them (and
this appear clearly in looking at the altimetry fields), we sampled them at the
periphery. Nonetheless, the signature in temperature, salinity and oxygen is
classical, reaching depths of more than 1000db. The layer at about 800-1000 db is
relatively saltier than classical “AAIW”. Indeed, this layer probably is made of
AAIW of Indian origin that is slightly saltier than the classical variety of AAIW
we will find more south along our cruise transect. During the transect, we also
sampled cyclonic eddies originating from the Agulhas Bank in the northern part of
the domain. Other cyclonic eddies along the northern part of the second leg of the
transect (from station 10, along the altimeter ground track) seem more to be of
subantarctic origin.

Underneath, along the slope, between 2300 db and 3200 db, salinity and
oxygen maximum are evident, showing that we sampled the deep southward slope
current of diluted NADW. When the slope reaches its deepest depths and in the
Cape Basin abyssal plain, we found probably a diluted variety of Antarctic Bottom
Water.

The southern STF (S-STF) is located north of the Agulhas Ridge. Just
south of the S-STF, in the subantarctic region, we crossed a small cyclone (we
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named as “cyclone S”). Just southward of it, well sit on the Agulhas Ridge, we
sampled a very large and intense anticyclone of Indian origins (we called it
anticyclone “M”). Its surface temperature is lower than the northern Agulhas
anticyclones found in the subtropical domain. This is very likely due to the fact
that this structure has released heat to the atmosphere, being kept in the
subantarctic region for weeks if not months. Its structure shows that, this eddy has
being exposed to a strong cooling, before the Summer heating. Before Summer, its
mixed layer probably reached 500 to 600 db of depth. North of the eddy we found
waters of southern origins. At about 600 db, just north of anticyclone “M”, we
sampled a filament of what seems to be AAIW.

The principal branch of the SAF has been found just south of anticyclone
“M” and the Agulhas Ridge. South of the SAF, we find surface water that gets
cooler going south and shows a light seasonal thermocline. Underneath, we
sampled AAIW. At deeper depths we find water that has the typical characteristic
of low oxygen Upper Circumpolar Water (UCDW). South of the Agulhas Ridge,
deeper waters than UCDW show more and more diluted NADW properties.
Although they are characterized by more or less the same neutral density, NADW
and Lower Circumpolar Water (LDCW) differ in salinity, LCDW being fresher.
From our preliminary data, along our section water south of the PF seems to be
“classical” LCDW having gone through the Drake Passage. Therefore, the deep
water between the Agulhas Ridge and the PF are a more diluted variety of NADW
compared to that found northward, in the Cape Basin. This water probably is
NADW injected in the ACC in the south-western Argentine Basin, whose
influence has reached the PF by the time it arrives at the Greenwich meridian. At
the bottom, we found what seems to be a fresher, colder AABW variety.

The near-surface water of the Polar Frontal Zone is the least saline near-
surface water in the ACC band. South of this surface fresh layer of water, we find
successively the SACCF and the SBdy of the ACC. Once crossed the SBdy we
reached the Weddell Gyre. There we found the water masses that classically fill
the water column of the Weddell Sea. At the northern side of Weddell Gyre, along
a narrow band of latitudes, surface waters are more saline than across the ACC
southern fronts. This narrow band of surface waters could come from the
upwelling of deep saltier water during the path of the water from the western most
part of the Weddell Gyre and the prime meridian.

The fronts’ locations as well as the principal sampled water masses are
superimposed on the vertical sections derived from the CTD.
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4.1.2.3 PRELIMINARY BGH VERTICAL DISTRIBUTION OF
TEMPERATURE AND SALINITY FROM THE CTD

Figure 4 — Full-depth vertical sections from uncalibrated CTD observations made during BGH.
Upper panel: potential Temperature (in degrees Celsius). Lower Panel: Salinity. The African
Continent (i.e., the northern part of the section) is on the left.
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0 - 1500 m BGH CTD - Potential Temperature

CTD 0 — 1500 m vertical distributions

0 - 1500 m BGH CTD - Salinity

Figure 5 — Vertical sections for the upper layers from uncalibrated CTD observations made during

BGH. Upper panel: potential Temperature (in degrees Celsius). Lower Panel: Salinity. The African
Continent (i.e., the northern part of the section) is on the left.
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Zoom BGH CTD Eddies — Salinity

Zoom BGH CTD Eddies — Density

Figure 6 — Regional zoom for the SAF and eddies “S” and “Michel” (M). Upper layers vertical
sections from uncalibrated CTD observations made during BGH. Upper panel: Salinity. Lower
panel: potential density anomaly o, (in kilograms per cubic meter). The northern part of the
section is on the left.
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BGH CTD Southern end — Potential Temperature

BGH CTD Southern end — Salinitv

Figure 7 — Regional zoom for southern end of the BONUS-GOODHOPE transect. Upper layers
vertical sections from uncalibrated CTD observations made during BGH. Upper panel: Potential
Temperature (in degrees Celsius). Lower panel: Salinity. The northern part of the section is on the

left.
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4.1.2.4 PRELIMINARY 6 - S DIAGRAMS
0-S diagrams — full depth BGH - CTD

0-S diagrams -BGH — CTD deep and bottom waters

Figure 8 — Potential Temperature-Salinity relationships for the BONUS-GOODHOPE transect
derived from uncalibrated CTD data. Vertical profiles are coloured from North (Green) to South
(Lilac) in relation to their geographical position compared to that of the encountered fronts (S-
STF, SAF, PF, SACCF, SBdy). Upper panel: vertical profiles for the full depth CTD data. Lower
panel: zoom on the colder domain (deep and bottom waters).
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4.1.2.5 PRELIMINARY VERTICAL DISTRIBUTION OF SALINITY AND
OXYGEN FROM THE 22-BOTTLE ROSETTE

Figure 9 — Full depth vertical sections for the from uncalibrated BONUS-GOODHOPE CTD-
Bottle data. Upper panel: Oxygen (in millilitres per litre). Lower Panel: Salinity. The African
Continent (i.e., the northern part of the section) is on the right.
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4.1.3 ACOUSTIC DOPPLER CURRENT PROFILERS (ADCPS)
DATA

Sabrina Speich (speich@univ-brest.fr)

Xavier Perrot (Xavier.Perrot@univ-brest.fr)

Laboratoire de Physique des Océans UMR 6523 CNRS-IRD-IFREMER-UBO
Université de Bretagne Occidentale

UFR SCIENCES et TECHNIQUES

6 Avenue le Gorgeu

C.S. 93837

29238 Brest Cedex 3

France

Michel Arhan (michel.arhan@ifremer.fr)

Catherine Kermabon (catherine.kermabon(@ifremer.fr)

Michel Hamon (michel.hamon@ifremer.fr)

Laboratoire de Physique des Océans UMR 6523 CNRS-IRD-IFREMER-UBO
IFREMER / Centre de Brest

BP70 - 29280 PLOUZANE

France

Martin Millet (martin.millet@ipev.fr)
Institut polaire frang¢ais Paul-Emile Victor
Technopdle Brest-Iroise

BP75

29280 Plouzané

France

4.1.3.1 VESSEL MOUNTED ACOUSTIC DOPPLER CURRENT
PROFILER (VM-ADCP)

Acoustic Doppler Current Profilers (ADCP) measure Doppler frequency
shift from reflected acoustic pulses. Reflections occurring mainly on passive
particles, this shift can be used to resolve water current profiles. When mounted on
a vessel (VM-ADCP), ocean currents are measured relative to a reference system
moving along with the vessel. If the vessel's navigation parameters are known, one
can compensate for this motion in software to resolve absolute current velocities.
However, good quality data rely on an accurate navigation system providing
position and velocity measurements relative to an Earth fixed frame as well as
attitude, i.e. heading, roll and pitch, to compensate for changes of instrument
orientation. Typically, VM-ADCP consists of four beams, their directions varying
with the ship's orientation. If not compensated for, oscillations in roll and pitch due
to vessel wave motion will be seen in the measured data.

Averaging of measurements over a period of time reduces these errors.
However, precise heading, roll and pitch data available at a high rate are important
for measuring ocean currents with high accuracy in rough sea conditions. Accurate
heading information is essential to transform measured velocities into an Earth
fixed coordinate system. The heading accuracy of a gyro compass is not sufficient
for providing high quality ADCP measurements. Another important navigation
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parameter is vessel velocity. This is obtained through DGPS and by measuring the
vessel velocity from bottom reflections. where acoustic pulses can reach the sea
floor, that is, in shallow areas.

Two RDI VM-ADCPs have been in operation on RV Marion Dufresne;
the narrowband 150kHz VM-ADCP and a 75 kHz Phased Array instrument

(Ocean Surveyor). The latter has been analyzed daily during the cruise. with the
LPO-IFREMER Cascade software.

At the beginning of the cruise the OS 75 kHz VM-ADCP was not
operational as it was giving absurd values and we did not know the angle of
unalignement of the instrument. Owing with a good cooperation with Martin
Mellet of IPEV, we were able to configure the VMDAS similarly to what is done
on the RV Pourquoi Pas? (e.g., we found that the correction on the ship heading
was not made. During the way to Cape Town and back to recover the Kevlar
cable, it was possible to evaluate the unalignement angle to a 7.5° value).

During the first two weeks of the cruise, the weather conditions being
smooth, the VM-ADCP data acquisition was very good (despite a maximum
penetration of 800 m of depth). This has led to a validation of the derived
velocities from the VM-ADCP with the L-ADCP data and with geostrophic
velocity derived from the absolute dynamic topography (near-real time data) we
were receiving on board. Because of the increasing swell as we were heading
south, the depth range became shallower leading to some missing data at the end
of the hydrographic transect.

VM-ADCP data have been collected also during the transit from our last
hydrographic station at 57°33” S 0°E to Durban.
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Figure 10 — VM-ADCP velocity vectors through all the BONUS-GOODHOPE transect and the
return route to Durban from the last cruise station, located at 57° 33°S. The velocity values are the
mean of velocities measured between 50 and 350m.
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4.1.3.2 LOWERED ACOUSTIC DOPPLER CURRENT PROFILER
(LADCP)

Full depth velocity profiles of ocean currents are useful for many
applications in physical oceanography ranging from direct observations of the
large scale ocean circulation, over investigations of individual processes that
control ocean dynamics down to aspects of small scale mixing. Several methods
exist to obtain deep velocity profile one of which is the lowered acoustic Doppler
Current profiler (LADCP) that allows to measure full ocean depth velocity profiles
during a Hydrographic station. It takes no extra ship time to obtain the
measurements since the profiler is part of the CTD rosette package and requires
minimal operating effort.

The LADCP-2 system we used during the BGH cruise employs 2 ADCPs
(the “master” and the “slave”) of the Workhorse type (WHM300) manufactured by
RD Instruments and mounted head to tail. The instruments operate at a frequency
of 300 kHz. With this system, at least one of the instruments will always obtain a
full range profile even when approaching the sea floor or the surface. Each
acoustical transducers emits every second an acoustical pulse that is transmitted
into the water and the backscattered signal along each of the four beams is
analyzed. The strength of the signal allows to map changes in the backscatter
environment and is also useful to monitor the instrumental performance. The
Doppler frequency shift of the backscatter is transformed into a velocity estimated
and the range gating allows to probe at different distances for the transducer heads.
The range of useful velocity data for each single ping is about 100 m depending on
backscatter conditions. A velocity profile is obtained along each of the four beams
that are inclined from the vertical by 20 or 30 degrees. Using pitch, roll and a
compass these profiles are then converted to earth coordinates and stored
internally. Often 2--10 profiles are averaged in order to reduce the data volume
during each station of 2--5 hours duration. This raw data set is then down loaded
from the instrument once it is back on the research vessel. The data processing is
usually done right after the cruise but we started to analyse each cast data daily. At
LPO we could normally use two different L-ADCP analysis softwares, one
developed by Yves Gouriou (IRD) and Catherine Kermabon (LPO) and based on a
principle of vertical “integration” of velocities ; the second has been developed by
Martin Visbeck (IFM-Kiel) and is based on the principle of “inversion” of ADCP
data but it gives also a solution based on the vertical integration of velocities. After
a quick evaluation and based on the fact that for this cruise we had a master-slave
WHM300 configuration mounted on a Seabird CTD-Rosette system, we used the
“Visbeck” software that was ready to be used in such a configuration and able to
improve the velocity estimates by including VM-ADCP data and Seabird CTD
data as well as the ship navigation system.

Besides a first LADCP (slave) needed to be changed already at station nr.
3 with no available data for this LADCP for stations 001, 002, 003, for the rest of
the cruise the master LADCP and the substitute slave LADCP (borrowed from
IRD) were stable and the data looked realistic.

In the following we show the derived BGH LADCP velocity vectors
averaged around the bottom and for deep water (around 1500 m).
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Ladcp mean velocity around bottom with shift of 300m
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Figure 11 — Non-validated L-ADCP velocity vectors through the BONUS-GOODHOPE transect

for the bottom layer with shift of 300m.
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Figure 12 — Non-validated L-ADCP velocity vectors through the BONUS-GOODHOPE transect
for the deep layer around 1500mof depth.
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Figure 13 — Absolute vertical profiles for the U component (left panel) and V component of the
VM-ADCP (in red), the L-ADCP values computed with the “integral” method (in green), and .with
the “inverse” method (in blue) at station 76. The three values compare well for each velocity
component.
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4.1.4 EXPANDABLE BATHY-THERMOGRAPH DATA
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Since the implementation of the multi-national GoodHope programme, 10
repeat high density Expandable Bathy-Thermograph (XBT) transects have taken
place. These measurements are vital in determining the physical structure of the
upper ocean layer between the African and Antarctic continents. Moreover, these
measurements are able to provide us with valuable information on the deeper
physical structure, by exploiting an array of empirical relationships. The
deployment of XBTs in high density mode, during this programme, is a first for
the region, allowing us to resolve the finer ocean structures and heat fluxes
associated with the Antarctic Circumpolar Current (ACC) and the Indo-Atlantic
exchange region. Here, we present the details and preliminary results pertaining to
the eleventh repeat XBT section occupied along the GoodHope cruise track during
the BONUS-GOODHOPE oceanographic survey.

For the BONUS-GOODHOPE survey, XBTs were funded by the
Department of Oceanography at the University of Cape Town, South Africa. The
XBTs were deployed also to fulfil the objectives of NOAA's Office of Global
Programs as part of their High Density XBT project at NOAA/AOML. A total of
134 Sippican Deep Blue XBTs were deployed between 33.98° S, 18.12° E and
57.54° S, 0.03° W (Figure 14). One to two XBTs were deployed in-between each
CTD station along the cruise track in order to achieve a spatial resolution of less
than 10 nautical miles between each CTD and XBT deployment. The spatial
resolution was increased to ~6 nm over the main frontal regions. In total, 23 XBTs
(17%) failed or spiked, before the probe reached 500 m, mainly as a result of
strong winds and sea swell blowing the running signal wire against the ship’s hull,
which resulted in the XBT wire stretching and thus creating insulation leakages.
On the return transit to Durban, South Africa, an additional 9 XBTs were deployed
to investigate a warm Agulhas Return Current filament/eddy that was
opportunistically crossed.
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The above mentioned XBT data will undergo quality control procedures
at AOML/NOAA and will be available, a few months following the date of this
report, at: http://www.aoml.noaa.gov/phod/hdenxbt/high_density home.html

4.1.4.1 SURFACE AND SUBSURFACE THERMAL STRUCTURE
DERIVED FROM XBTS

Identification of the main ACC fronts is essential in order to trace the
upper level circulation associated with the baroclinic shear. We unambiguously
position the major ACC fronts according to the criteria given by Orsi et al. (1995).
The major ACC fronts were positioned as follows: northern Subtropical Front
(NSTF): 37.86°S; southern Subtropical Front (SSTF): 41.47°S; Subantarctic Front
(SAF): 45.04°S; Southern ACC Front (SACCF): 52.78°S; Southern Boundary
(SBdy): 55.40°S. Although, classically, the STF has been found to exist as a single
front, this crossing identified two distinct branches of the STF, that were separated
by approximately 3.6° of latitude.

We also show the temperature anomaly of the XBT section whereby a
mean temperature, from the first five GoodHope XBT sections, has been removed.
This helps to highlight the mesoscale features and seasonally warmed upper layer,
mentioned above. In Figure 14 we present the position of XBT stations (black
dots) occupied during the BONUS-GOODHOPE survey. The station positions are
overlaid onto the bathymetry (in meters) of the region. We also show XBT data
collected during the BONUS-GOODHOPE survey (Figure 15). The position of the
ACC fronts are as follows: northern red dashed line: NSTF; southern red dashed
line: SSTF; orange dashed line: SAF; green dashed line: APF; blue dashed line:
SACCF; magenta dashed line: SBdy. Last figure shows the temperature anomaly
for the XBT data collected during the BONUS-GoodHope survey in comparison
with the first five GOODHOPE XBTs transects. The positions of the ACC fronts
are the same as in the XBT BONUS-GOODHOPE data (Figure 15).
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Figure 14 — Position of XBT stations (black dots) occupied during the BONUS-GOODHOPE
survey. The station positions are overlaid onto the bathymetry (in meters) of the region.
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Figure 15 — Temperature section from the XBT data collected during the BONUS-GOODHOPE
survey (above). Temperature anomaly section from the XBT data collected during the BONUS-
GoodHope survey (below) The position of the ACC fronts are as follows: northern red dashed line:
NSTF; southern red dashed line: SSTF,; orange dashed line: SAF, green dashed line: APF; blue
dashed line: SACCF,; magenta dashed line: SBdy.
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4.1.4.2 SAMPLING OF AN AGULHAS RETURN CURRENT
ANTICYCLONE

During the transit from the last hydrographic station and Durban we
crossed what was looking in the SST satellite data as an intense anticyclone just
shed from the Agulhas Return Current. We decided to sample it with XBTs,
atmosphere radiosounding and to deploy the last ARGO profiling float by slightly
deviating the ship track with no cost in ship time. Figure 16 shows the temperature
section obtained from the 9 XBTs deployed over this warm mesoscale feature on
our return voyage to Durban, South Africa during the 21% March, 2008. The
deployment of the XBTs over this feature coincided with the release of

-100 -50 0 50 100 150 200 250 300 350
Distance (km)

radiosounds in order to better understand the ocean-atmospheric heat flux.

Figure 16 — Temperature section obtained from XBT data, crossing an anticyclonic, warm cored
eddy, on the return leg to Durban.
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4.1.4.3 DYNAMIC HEIGHT AND BAROCLINIC TRANSPORTS

The mean meridional temperature gradient in the upper 600 m, is shown
in Figure 17. This data is used to determine the dynamic height at the surface,
relative to 2500 dbar, by exploiting an empirical relationship between the mean
upper ocean temperature and dynamic height data, from previous CTD sections
(Swart et al., 2008). These representations emphasise the large declines in
temperature and dynamic height over the main ACC fronts.

From the XBT dynamic height data, we are able to derive the cumulative
baroclinic transport between the SBdy and the SSTF/NSTF (Figure 17) using a
second empirical relationship between dynamic height and cumulative transport
(relative to 2500 dbar), from previous CTD sections (Swart et al., 2008). As we
expect, the largest gains in transport are located over the ACC fronts. More
interestingly, further gains in transport are located away from the typical front
positions and these can be attributed to additional jets that may be associated with
the main ACC fronts. This is more clearly visible when we distribute the
baroclinic transport in latitudinal bins, shown in Figure 18. The large reversals in
transport found prior to the SAF are associated with the large anticyclonic eddy
(anticyclone “M”). Less intense flow reversals are also associated with other
eddies, mentioned previously.

Figure 17 — Mean temperature between the surface and 600 m from XBT data (upper panel).
Dynamic height data, relative to 2500 dbar, derived from XBT data (lower panel). The positions of
the ACC fronts are colour-coded as for the XBT transect.
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Figure 18 — The northward cumulative baroclinic transport, relative to 2500 dbar, derived from
XBT data. The positions of the ACC fronts are colour-coded as in the case of Figure 16.
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4.1.4.4 BONUS-GOODHOPE DERIVED GRAVEST EMPIRICAL MODES

During the BONUS-GOODHOPE survey, the Gravest Empirical Mode
(GEM) was used to forecast the thermohaline structure in the upper 2500 dbar and
the ACC front positions. The GEM makes use of the principal that the surface
dynamic height can be used to determine the thermohaline properties, to 2500
dbar, using empirical methods.

Figure 19 illustrate the predicted fields of temperature and salinity using
the altimeter derived dynamic height for the 26™ of February, 2008. The GEM
does an excellent job at determining the positions of the ACC fronts (e.g. the APF
was located within 1 nm of the GEM predicted position). Furthermore, the GEM
fields revealed most of the mesoscale eddies and features located along the
surveyed section. The location of the warm Agulhas anticyclone we crossed in the
Subantarctic Zone, as well as other small warm features, can be seen clearly near
the position of the SAF, on the GEM fields.

Figure 19 — A view of the temperature (upper panel) and salinity (lower panel) fields, as predicted
using the GEM method. The altimeter derived dynamic height used in the GEM method to predict
the thermohaline variables is depicted below each section. For each plot, the fronts are shown by
the vertical lines are, from north to south, as follows: NSTF, SSTF, SAF, APF, SACCF, SBdy.
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4.1.5 THERMOSALINOGRAPH DATA
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Real-time sea surface salinity (SSS) and temperature (SST) measurements
were recordered from the vessel-mounted thermosalinograph (TSG). SSS (part per
thousands) and SST temperature (degrees Celsius) are from SeaBird SBE21
thermo-salinometer (5Sm below sea level). The complete TSG data time-series are

displayed on Figure 20.
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Figure 20 — Thermosalinograph data collected during the MD-166 BONUS-GOODHOPE cruise.
Upper panel: Sea Surface Temperature; Middle panel: Sea Surface Salinity; Lower panel: Density
anomaly.
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A quality control of TSG SSS data was undertaken daily by sampling sea-
water from the two accessible direct inlet of sea-water on the ship. The one
situated near the ship bow showed the most stable values. The onboard analyzed
sea-water samples from the ship-bow inlet showed salinity values that compare
very well with the TSG SSS values. They were very stable and showed just a
slight gap. The second sea-water inlet, showed more variability. The data values
used for comparison between the TSG and the sea-water samples analyses are
listed in Table 3.

Table 3 — This table compares Salinity values measured by the Marion Dufresne TSG and values
taken from the tap on the ship bow, near the TSG location (sal pTHS) and its deviation from the
TSG salinity (deltal); values obtained from a second tap more at the rear of the ship ( sal rob) and
the deviation (delta2). The bow tab showed values close to those given by the TSG and a constant
difference in time. While the values of salinity measured at the rear tab were much more different
and variables. The validation has been done on a daily basis when weather and sea conditions
permitted to reach the ship bow lowest level safely.

date heure(TU) lotitude longitude temp THS sal THS sal pTH: deltol sal rob  delta? sal inc deltad  sal CTD deltod
15/@82/88 Q8@ -34 @373 @15 41,28 295481 35 5573 35.6123

16/82/88 ©8:35 -34 05,50 @15 @520 20,8215 35 40885 35.5142 -0.@117 355123 -@.@13% 35.6136 -9.1151
17/82/88 12:14 -34 25 60 @14 24.52 21 9204 35 p143 35 6327 -0_0184 35 5286 @.@937 35 5388 @.@843
18/82/88 @8:5% -35 19.59 @13 51.93 20 0606 354054 35.4253 -0.0199 35 5257 -@.1283 35.4438 -0.9384

19/@2/88 @8:45 -36 12.93 @13 19.85 29.7B3E 35.6051 35.6244 -0.0193 356227 -0.@176 35.6238 -0.2886

28/82/88  13:@¢  -36 31.25 @13 @F.13 214277 35 5593 35.6200 -0.0207 3561687 -8.@114 35.6442 -0.0449

21/82/88  G8:34 -3 2994 @13 @707 211982 35 538G 35.5505 -0 @215

22/@2/88  QB:S®  -36 49 28 @12 56.18 213296 35.5316 35.5563 -0.8247

23/82/08 QB85 -37 4296 @12 21.16 2D.TFOF9 35,4949 35 51856 -0 @237

24/82/88  @9:12 -39 11.46 @11 19,11 16,7831 349705 350051 -0 0256

25/82/88  13:47  -49 43 .38 018 12,87 15 3814 34 725F 347492 -0 0248

260/82/08  16:@4  -42 15 47 @03 @587 13 3860 34,6511 34,6365 B.0146

2778208 @840 -42 28.14 @B8 55.72 13 B1O6 34.6287 34_.6411 -B.0204

28/82/08  13:42  -42 53 .68 @BE 34,31 13 1843 34 671E  34.7014 -0 0296

2982708 0B:52 -44 @2.46 Q@7 IT.8E 33,9258

@1/83/a8 tempete

@2/83/708 @8:25 -45 19.48 @6 3D.BE 33.8301

@3/@3/88 11;52 -46 21.3% @35 32.65 J3LEZ 33 7RIR 33 _VROZ -A_0254

B4/B3/08  QB:@d -47 19.89 @4 3I7.20 L5384 33,7020 33_7302 -0.0282 33917 +@. 2158

ra
B
@5/@3/708 QB:44 -47 32.93 @4 22,12 6.7253 33,7520 33.9457
Q683708 11:40 -47 S8.22 @@3 57.46  6.5227 33,6929 337253 -0.@324 337095 -0.0166
@7/83/08 988 -49 G168 BR2 49,83 5 GRETF 33 FIEE 33 V457 -0.8202 337113 +8.0142

il

3

2

2

= =

@8/83/08 mangue de temgs (pb oxygene)
@9/83/88 Q8:52 -59 38.37 OB 58.56 CHETE 33.T1ES 3307551 -B.0392  33_7H14 -@.@ess

18783788 @7:33 -51 S1.23 Q@0 @b 03 (B3B3 33.7121 33.711@
11/83/88 @8:12 -51 52.93 @0 @0.19 2991 33,7885 33.7129
12/@3/08 @8:45 -52 55,82 o0 @b.d4  1.8461 33,7630 33.7ale
13/83/88 @9:40 -54 3473 000 @0.DB  1.1543 33 FFR4 33 8065 -0 @341 33 8316 -@.@592
14/@3/08 @8:27 -55 34.23 @0 @D.33  P.5276 33,8325 33_8653 -@.@328 33_8634 -0.@309
15/@3/68 @7:55 -56 45.76 -000 @D.81 9.7209 34.1182 34.0424
16/83/08 @8:30 -57 33.12 -0dd @2.18 9.5237 34.8795 348795
17/@3/708 @7:38 -57 33.08 -000 @3.04 1.2862 340612

18/@3/08 13:38 -53 44.72 @34 36.57  1.117F 33 6214 339481 -0 0267 34.1233 -0.2019
19/@3/788 12:@0 -49 54.79 Q1@ 18.67 4.1494 33 7266 337569 -0.0303 341254 -0 40185
28083708 @8:44 -46 15.62 @15 20,38 7461 33, 7934 33 8231 -0.0297 348817 -0. 2083
21/@3/708 @8:21 -42 28.22 Q21 28.30 21.77EE 3540950 355241 -@.0291 33 8302 1.6048
22/83/08 BB:29 -37 40,61 @24 44,38 19,3851 35.4728 354081 @.0719 35.4916 -@.@19%

-71 -



— BONUS-GOODHOPE Cruise Report —

Due to the quality of the TSG data we realized a first onboard data
analysis of these data in terms of a theta-S diagram with coloured values that
depends on time and the observed (surface) position of the crossed oceanic front.

This is displayed in Figure 21.
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Figure 21 — Temperature-Salinity diagram for the surface value derived from TSG. Colours vary in
function of time and oceanic regions crossed during the cruise. Values go from: Green (Benguela
Upwelling waters),; Red (Subtropical region); Lilac (between the Southern STF and SAF), Violet
(between SAF and PF); Blue (between PF and SACCF); Light Violet(between the SACCF and

SBdy),; Lighter Violet(Northern Weddell Gyre surface waters).
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4.1.6 ARGO PROFILING FLOATS (PROVORS)
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Argo is a global array by now of more than 3,000 free-drifting profiling
floats that measures the temperature and salinity of the upper 2000 m of the ocean.
This allows, for the first time, continuous monitoring of the temperature, salinity,
and velocity of the upper ocean, with all data being relayed and made publicly
available within hours after collection. For the first time, the physical state of the
upper ocean is being systematically measured and the data assimilated in near real-
time into computer models. Argo builds on other upper-ocean ocean observing
networks, extending their coverage in space and time, their depth range and
accuracy, and enhancing them through the addition of salinity and velocity
measurements. Argo is not confined to major shipping routes, which can vary
with season as the other upper-ocean observing networks are. Instead, the global
array of 3,000 floats will be distributed roughly every 3 degrees (300km).

The development of such an observing system is of particular importance
in the framework of the Southern Ocean, a region so hostile in terms of climatic
conditions, so remote in location and large in extension. The deployment of such
floats in the Southern Ocean only started in early 2004. Between 2004 and mid
2007, the Argo global profiling float project has collected, in the Southern Ocean,
more than 66,000 temperature and salinity profiles, while the World Ocean
Database shows that from 1950 to 2000, only a total of 22,809 temperature and
salinity profiles to depths of at least 1,000 m were collected in the same region.
We are participating to this unprecedented effort of observing the Southern Ocean
since 2004 in the framework of the GOODHOPE project with ARGO float
deployment from France (Coriolis), USA (NOAA), Germany (AWI) and UK
(Weather Service). During the BONUS-GOODHOPE cruise we deployed 17
PROVOR Argo floats, 13 along the BONUS-GOODHOPE cruise track, and four
(4) during the return transect to Durban. Of these, only 16 are transmitting data to
the data centre, as one of them has been damaged during the deployment. In Table
4 are listed the position and date of deployment with all the identity numbers
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associated to these floats. Below (Figure 22) also are the maps for late 2003 and
the latest map of global Argo floats positions.

Table 4 — Listed are the identification numbers (Argos, WMO and serial), date and time of
deployment, as well as the deployment position (latitude and longitude) for each PROVOR
profiling float deployed during the BONUS-GOODHOPE cruise.

Figure 22 — Argo network floats positions as for October 2003 (left panel) and March 2008 (right
panel). The BONUS-GOODHOPE/ZERO&DRAKE 2008 deployments stand out clearly.

All the BONUS-GOODHOPE floats that have been deployed are already
taken into account (together with the XBT data) for weekly analyses of the global
ocean status. Examples are given below in terms of temperature and salinity at 10
m and 1000 m of depth. Below are examples for before the IPY BONUS-
GOODHOPE, ZERO&DRAKE, DRAKE and 30°E US cruises (October 2007)
and after (March 2008). Such maps show that now we can have access to a weekly
varying ocean status to at least 1800 m of depth. Before 2004, this was not
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possible. This gives un unprecedented view of this capital region for the world
ocean circulation and global climate. Maintaining such an effort is of primary
importance to continue to build up the available time series and led to a
monitoring of the upper ocean layers status, and this despite the spatial resolution
1s not yet optimal to resolve the fines scale ocean dynamics that composes most of
the ocean circulation.

Figure 23 — Ocean status for Temperature (left panel) and Salinity (right panel) at 1000m of depth
as analyzed by the Coriolis Data Centre for the week of April 16 (see
http://www.ifremer.fr/co/co0525/en/global/).

Brief description of PROVOR profiling floats

IFREMER has developed, through industrial partnership with MARTEC
company, a free-drifting hydrographic profiler based on MARVOR technology
and named PROVOR. As MARVOR it doesn’t need any ballasting operation and
the operating pressure can be decided just before deployment if necessary:

- the profiler executes identical programmed cycles of descent, drift at depth
at a given pressure for a few days, descent to the start of profile depth,
raising, Argos data transmission.

- CT (Conductivity, Temperature) measurements are carried out during the
descent and/or the ascent phases.

- the profiler is not located at depth. It is located only at the surface during
the ARGOS data transmission phase.

- the profiler is able to synchronize the beginning of the rising profile in
order to get synoptic CTD profiles from floats that are not deployed at the
same time in an area.

- the number of cycles is higher than 100 and function of the number of
points, which are kept for each profile and the buoyancy.

- 1in the case of grounding during the descent, the profiler can stay where it is
stranded, waiting for the start of the ascent, or stabilise a few meters
(programmable) higher, drifting for the length of the cycle at another level
and trying to reach the nominal drifting depth on the next cycle.
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- the CTD measurements are carried out every 10 seconds and the data are
processed before transmission to reduce the amount of information and
keep only some points.

Table 5 — Parameters, accuracy and resolution measured by the standard PROVOR profiling floats
we deployed during BONUS-GOODHOPE.

Sensors 0.1 dbar 0.001 0.001°C

PPE PRS- v O miaa
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The South Atlantic Ocean is unique in its role as a nexus between the
deep, southward, flow of cold and salty North Atlantic Deep Water (NADW)
along the eastern coast of South America and the compensating northward flow
that is a mixture of warm and salty surface waters and cooler and fresher Antarctic
Intermediate Waters (AAIW). This circulation pattern, in which warm waters flow
towards the equator and cold water towards the pole results in an equatorward heat
flux and has a strong impact also on salt flux. Although the anomalous heat flux
was recognized by the middle of the last century, a true quantitative estimate has
not yet been achieved as well as that of water masses exchanges and the driving
processes.

The South Atlantic being at the crossroad of the MOC, has motivated
several efforts to estimate the interocean exchanges, but the lack of data, the extent
of the boundary region, and the variability of the flow has hindered most of these
efforts (e.g., de Ruijter et al., 1999). The uncertainty about the South Atlantic
interocean exchanges is particularly evidenced by the range of disparate estimates
of its northward heat flux, which vary from a maximum of 0.88 PW to a minimum
of -0.23 PW. In a framework of a changing climate, and the ocean being the major
subsystem digesting the atmospheric heating excess, it is important to better
estimate and monitor the ocean exchanges through the South Atlantic “gate”. This
is why a volunteer effort has been undertaken since May 2007 to coordinate the
observational effort in natural chokepoints (Drake Passage, south of Africa) and
try to design a pragmatic and efficient monitoring system. This effort is
summarized in the South Atlantic Meridional Overturing (SAMOC) Workshop
Report (www.aoml.noaa.gov/phod/SAMOC)/).

The SAMOC monitoring system rely on repeated high resolution
hydrography (CTD, XBTs), deployment of Argo floats and Pressure Inverted Echo
Sounder (PIES) moorings, possibly with a currentmeter added to them (the “C” in
C-PIES). Figure 24 summarizes the observing system that is already almost in
place by now.
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South Atlantic planned and proposed observations
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Figure 24 — Map of the South Atlantic and Southern Ocean, including the two principal choke-
point regions, the Drake Passage and south of South Africa, with the current and proposed
locations of instrument deployments and the institutes leading the corresponding associated
projects.

In strong-current regions of the global ocean, the IES vertical acoustic
echo time measurements have been used to estimate, with remarkable accuracy,
entire profiles of temperature T(p) and specific-volume anomaly O(p) (or
equivalently density p(p)). From hydrographic data, two-dimensional t-
parameterizations of these fields, TG(t,p) and dG(t,p), can be computed. We call
each of these a "gravest empirical mode" (GEM) representation of the vertical
structure. IES measurements of T, combined with the GEM interpretation, produce
estimated T(p) and &(p) time series at each site. Time-series profiles of
geopotential thickness can then be estimated above each IES. Pairs of IESs give
O(p) lateral differences, which, through geostrophy, determine profiles of average
baroclinic shear between the two sites (normal to the sites' separation vector). An
L-shaped group of three IESs determines estimates of both velocity components.
Additionally, the deep pressure and current measurements provide referencing to
make the velocity profiles absolute (see:
http://www.po.gso.uri.edu/dynamics/[ES/index.html).
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Figure 25 — IES with Doppler Current Sensor (DCS) — Deployed View

In the region south of Africa, in the ACC-GOODHOPE region the AWI
has already deployed and maintains 12 PIES. In the Weddell gyre the AWI
maintains since the early 90 a network of tall mooring. This is why we decided to
implement with a starting set of two C-PIES the Cape Basin region just west of
Cape Town, along the first part of the BONUS-GOODHOPE transect that
overlaps the repeated HR A18 NOAA-AOML XBT line. At the same time four
PIES will be deployed on the Argentinean side to complete the boundary currents
deep monitoring through such an observing system.

The two C-PIES have been deployed successfully. The first on the
southern Africa continental slope, at 1000 m depth (corresponding to the location
of station 3). The second in the Abyssal plane in the Cape Basin, always along the
BONUS-GOODHOPE transect. We adjusted the position of this second mooring
to coincide with the Jason-1 altimeter descending ground track (station 9). This
positioning results to be optimal to monitor the flow entering the South Atlantic
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along the Eastern Boundary. Figure 26 shows the two C-PIES deployment
positions. Both moorings sent telemetry signals once deployed and possibly landed
on the sea-floor. Only for the second one we were able to download an entire flow
of data and assess the mooring position with accuracy.

BONUS-GOODHOPE FIRST SECTION STATIONS
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Figure 26 — Positions of the first stations of the BONUS-GOODHOPE transect. In green the two
stations where the two C-PIES moorings have been deployed.
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A permanent, global observation of the oceans and atmospheres and their
movements is vital for us to understand climate variations. Satellite remote sensing
gives us the wider picture we need to achieve this for the surface and subsurface
ocean as well as for the atmosphere, numerical models help to understand
processes and potentially can led to a complete 4D picture of these geophysical
fluids. A large number of satellite data have been gathered by Jean-Francois Piolle
from the Laboratoire d’Océanographie Spatiale of IFREMER, and sent daily to
the ship. Table 6 list those data and images and include the images from the
MERCATOR global ocean model 1/4° forecasting systems and Christophe
Messager (LPO) original development of BONUS-GOODHOPE WRF regional
atmosphere forecasts. Additional fields were sent occasionally by Dominique
Dagorne from the IRD US IMAGO in Brest, France.

Table 6 — In this table are summarized all the satellite and models images and data that were sent
on board daily (or weekly for MERCATOR-Ocean model outputs) by the “Laboratoire
d’Océanographie Spatiale” at IFREMER, Brest.
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4.1.8.1 SATELLITE SEA SURFACE TEMPERATURE

We received daily on board different SST satellite products originating
from different sources listed on the data listed in Table 6 and gathered essentially
by the LOS-IFREMER and the US IMAGO of IRD that organized the sending of
data to the ship. Of the different products, the highest spatial resolution (METOP
and MSQ), were interesting in terms of details of the mesoscale and submesoscale
structures we crossed along the cruise transect. Nevertheless, because their space
coverage is influenced by the presence of clouds, these products were very often
less useful than the AMSR-E (micro-wave) and the ODYSSEA products in the
subantarctic and polar regions (that is more or less south of 42°S). Nevertheless,
when the cloud coverage allowed, the MSG derived visualization of oceanic fronts
proved to be particular useful to assess strong SST gradient positions along the
cruise transect.

Also, the availability of daily fields, such as ODYSSEA, showed to be
very important because mesoscale and submesoscale observed features along the
cruise were showing a very important day-to-day variability. Indeed, stations were
often adjusted to get the more appropriate set of observations of these fine scales
structures (eddies, frontal jets, filaments, ...). Finally, despite the increased cost in
term of files size, the availability on board of the satellite data themselves (in
NetCDF format) revealed to be very useful to improve the station positioning to
best capture the fine thermodynamical features, to organize the atmospheric
radiosounding and to follow in time the behaviour of such structures. In Figure 27
and Figure 28 are given examples in how these data were used.

Figure 27 — The figure sketches the daily value of SST along the track as function of latitude and
time. Overlapped are the day/latitude positions of the ship. Each star corresponds to a station. In
black are the hydrological stations, in blue the LARGE, in red the SUPER and in yellow the
intercalibration.
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Figure 28 — Each panel shows the daily values for the SST-ODYSSEA starting from February 16
till March 16 (the day we started the last station). Temperature contours are of 0.5°C.
Superimposed is the cruise transect with the red star indicating the daily position of the ship.
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Figure 28 — Continued
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Figure 28 — Continued
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Figure 28 — Continued

SST data have been also capital in the detection and in the setting up the
observation strategy of an anticyclonic eddy that detached from the Agulhas
Return Current during the return transect to Durban. Thanks to the SST satellite
data we were able to observe the birth of the anticyclone, to launch at ad hoc
locations XBTs and radiosounds, and to deploy the last ARGO profiling float in
the middle of the structure.
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During the cruise we started to compare the satellite data to the observed
SST values. This has been initiated with a comparison between the SST measured
by the Marion Dufresne Thermosalinograph (TSG) and the ODYSSEA SST for
which we were receiving the data in NetCDF format. This work showed a high
correlation between the two fields for both, SST values and time variations. The
ODYSSEA SST showed to be slightly underestimating the SST (Figure 29). This
is probably due to the various parameterization and models used to recover the
SST value from the different satellite sensors. Differences can also be due to the
fact that the TSG SST is measured at 5 m depth while the satellite products are
supposed to recover the temperature of the upper few cm of the sea water. This
kind of analyses, as well as the correspondence of remote sensing observed
dynamical features with those measured from the in situ data, need to be deepened,
include the air-sea set of observations made during the cruise. This will allow
better validation and calibration of the satellite products. This is of primary
importance for research and operational issues (e.g., satellite SST is often used for
meteorological forecasts, etc).

Figure 29 — Intercomparison between the satellite ODYSSEA-SST values (in black), and TSG SST
values (in red). Upper panel: SST values as function of time (days);, Lower panel: satellite SST
values are plotted as function of TSG SST values. The points gather together along a line. This
shows the high correlation between the two sensors. The regression is linear except for a two-day
period at the end of the cruise.
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4.1.8.2 SATELLITE DERIVED ABSOLUTE DYNAMIC TOPOGRAPHY

An altimeter measures the sea level above a reference ellipsoid 1, which
is the sum of the absolute dynamic topography h and the geoids height above the
same ellipsoid N. In oceanography, the signal of interest is h, from which
oceanographic currents can be deduced geostrophically. However, the poor
knowledge of the geoid component at the very beginning of altimetry prevented
the oceanographers — and it is still the case- to fully exploit the altimetry
measurement. Alternatively, the repetitiveness of altimetry missions was planned
so that very accurate mean sea surface profile could be computed along-track and
the variable part of the dynamic topography (Sea Level Anomaly — SLA) could be
deduced from the altimetry measurement at a centimetre level accuracy. The
analysis of the SLA has led to numerous progresses in our knowledge of the ocean
dynamics. However, 15 years after the launch of ERS-1, the inference of the
absolute dynamic topography from the altimetry measurement is still a challenge.
One way to do it is to add to the SLA an estimate of the Mean Dynamic
Topography (MDT). Different methods have been developed to estimate the ocean
MDT independently from the knowledge of the geoid’s shortest scales. AVISO
proposes now an absolute dynamic topography product (ADT) that adds the
satellite derived SLA to what has been proven to be a robust estimate of MDT
(Rio et al. 2004). This method uses a recent geoid model derived from GRACE
data (EIGEN-GRACEOQ3S) and synthetic estimates of the ocean MDT (dynamic
heights and drifting buoy velocities minus concurrent altimetry height and velocity
anomalies). This way we have access to 16 years of ADT time series at 1/3°
horizontal resolution in space and seven days in time. These fields are quality
controlled and use different sources of altimetry data in a delayed-time mode. The
use of ADT instead of SLA only in an ocean region such that around southern
Africa proved to be very important, the MDT field being of the same magnitude of
SLA. An example of such a field for our region is given in Figure 30. The entire
region, no matter the basin (South Atlantic, Indian or Southern ocean) is
characterized by eddies of different sizes and jets.

During the cruise we got access to daily images and data for the region
around the BONUS GOODHOPE transect. The data were the AVISO ADT daily
fields in a “near real time” mode (released within 7 days), that is, the daily data
were received for the day J-7. It must be said that the “near real time” mode the
data do not benefit of the exact knowledge of the satellite orbit, therefore their
precision is less accurate than that of the “delayed time” data. However, for the use
of these data on the ship, such a precision was not necessary. It will be for all
further work on the in situ and satellite data, when we will be interested in more
quantitative comparisons and velocity estimates.

Despite the lag of seven days, this proved to be very important to contrast
eddies and frontal jets. Indeed, even if the oceanic situation we were measuring
during the cruise was one week “older” than the altimetry data we were receiving,
we were able to better qualify and follow in time the different features we were
crossing during the cruise than what could have been possible if we were using the
SST satellite data alone. This because ADT reflects ocean processes that are not
confined only at the sea surface but can go as deep as more than 1000 m. The
retrieved images and data have been very important for the cruise strategy itself,
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but also to understand the dynamics, origin and fate of observed in situ features
such as the anticyclone “M” or the small cyclonic feature “S” as well as the
Agulhas rings and nearby cyclones evolving in the subtropical part of the transect.
An example is given in Figure 30, for ADT data the day we crossed the centre of
anticyclone “M” just above the Agulhas Ridge (February 29, station 36). North the
cyclonic feature “S” is still visible as well as all the Agulhas rings and cyclones in
the northern part of the domain. Visible also is the SAF strong gradient just south
of the anticyclone “M”.

Figure 30 — Black contours show the near-real time Absolute Dynamic Topography for February
29. Contour interval is 5 cm. The bottom topography is overlapped in green and in red appears the
part of the transect that crossed the region. Each star is a station. The corresponding number of
station is indicated for each star.

One of the interesting features of the ADT is the possibility to retrieve the
geostrophic velocity field. But the representativeness of this geostrophic field
compared to the real ocean motion is still an open question. Because of the
availability of the VM-ADCP data along the cruise track, one of the objectives we
have is to assess what percentage of the ocean currents and to which water layer
the ADT geostrophic field accounts for. On board, we started to compare
qualitatively the VM-ADCP filed and the ADT derived geostrophic velocities
interpolated along the cruise transect (Figure 31).
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Figure 31 — Qualitative comparison between VM-ADCP velocity vectors (on the left panel) and the
geostrophic velocity derived from the near-real time ADT along the BONUS-GOODHOPE transect
(on the right panel, with contours of ADT for March 3 overlapped as well as the cruise transect
with the date for each station). Labelled are eddies “M” and “S” as well as the SAF. The two
fields behaviour compare relatively well. The comparison needs to be deepened with validated
ADCP data and delayed-mode ADT (that is in general better in precision compared to the near-
real time field).

4.1.8.3 OCEAN COLOUR

Ocean colour images for different ocean variables were sent on board on
a daily basis. We received both MERIS and MODIS fields for chlorophyll a and
suspended matter treated beforehand by the DYNECO Ilaboratory at IFREMER
and by the US IMAGO at IRD. These images were most of the time very patchy
because of the satellite orbit and the presence of relatively large cloud cover.
Therefore, it has been mostly impossible to follow the evolution of these fields
along the cruise track. A post-cruise work on merging fields and making the mean
of two or more days of data is necessary to start any comparison with the in situ
data we collected during the cruise.
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4.1.8.4 IRRADIANCE, WINDS AND PRECIPITATION DATA

Surface solar and downward longwave irradiance images, as well as
winds (QuickSCAT and Blended) and precipitation daily images were compared
qualitatively on board with model forecasts and observations. Because of the large
set of data and the impossibility to work precisely with just images, the
comparative work will start between these fields, regional and NCEP forecasts as
well as in situ observations after the cruise. However wind fields and
precipitations showed to be very helpful also in following depressions or the
behaviour of high pressure regions and to validate forecasts.

4.1.8.5 REGIONAL ATMOSPHERIC FORECASTS

Regional atmospheric forecasts have been set up for the Southern Ocean
sector south of Africa during the cruise period. The forecasts were made using a
regional configuration of the Weather Research & Forecasting (WREF:
http://www.wrf-model.org) Model. WRF is a next-generation mesocale numerical
weather prediction system designed to serve both operational forecasting and
atmospheric research needs. It features multiple dynamical cores, a 3-dimensional
variational (3DVAR) data assimilation system, and a software architecture
allowing for computational parallelism and system extensibility. An operational
forecast system has been set up with WRF for southern regions at several
horizontal resolutions (37.5km, 12.5km) and 50 vertical levels. The run were
performed using the IFREMER-Brest computer facilities.

Global forecast products from GFS-NCEP are taken as initial and lateral
boundary conditions for the WRF bigger domain (with the coarser horizontal
resolution - 37.5km). The child domain (12.5km) communicates with the bigger
one through a two-way boundary exchange processes. The SST has been updated
every 6h as well as the GFS lateral boundary conditions.

The 48H weather forecast has been produced every day at 06Z from the
00Z GFS model cycle runtime and for the forecasts product times from 00 to 48
hours. The fine and the coarse resolution forecasts (see Figure 32) were sent daily
to the ship by the Inmersat communication system.

The WRF forecast has been compared in real-time with on board
atmospheric collected data. This showed that the model represented remarkably
well the wind direction and intensity as well at the 10m height. Further

investigations are now necessary to quantify and to provide standard forecast
skills.

The forecast products have been also used to better evaluate the model
ability to take into account links between ocean surface features and atmospheric
boundary layers conditions (for instance the wind decrease/increase in the vicinity
of ocean eddies boundaries). The WRF regional forecasts have also been used to
plan the radiosounding launches, especially in relation with the air fluxes around
the ship that sometimes prevented a correct and secure launch.
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Figure 32 — Example of 12:00 forecast for February 28, 2008 for the WRF regional operational
model we implemented for the basin-wide domain on the left panel (37.5 km of horizontal
resolution) and for the child domain embracing tightly the cruise track (on the right) at 12.5 km of
horizontal resolution. Shown variables are : 2 m height temperature (colours); Sea Level Pressure
as black contours (contours spaced at 4 hPa); 10m wind vectors (m/s).

4.1.8.6 MERCATOR-OCEAN FORECASTS

The MERCATOR forecasting systems (http://www.mercator-ocean.fr)
use a set of complex software packages. Mercator Ocean uses the full range of
OPA ocean circulation models developed at LOCEAN, the oceanography and
climate laboratory in Paris. The operational MERCATOR-OCEAN systems
receive input from many data sources for operational requirements (real time data)
but also for validation and reanalysis (delayed time data). The MERCATOR-
OCEAN model assimilates satellite and in situ data via an Optimal Interpolation
method. The forecast range is, in the MERCATOR system, the longest forecast
range is 14 days. One new analysis and two forecasts are available every
Wednesday. The forecasts are for 7 days and 14 days. The model is run on the
Meteo-France VPP 5000 computer every week, during the night of Tuesday to
Wednesday. Every Wednesday (day T0), the Mercator bulletin consists of: A daily
analysis from TO-14 (14 days before TO) to T0. This analysis combines assimilated
data and model outputs. Data are assimilated weekly, on TO-14, TO-7 and TO. A
daily forecast from TO+1 to TO+14. These fields are from the numerical model
only, with no data assimilation. The operational system we use is the PSY3V1
based on the global 1/4° resolution OPA ocean model. MERCATOR-OCEAN
made us available every Wednesday, seven-day forecasts for the simulated SST
fields for our region of the Southern Ocean. During the cruise Jean-Francois Piolle
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at the Laboratoire d’Océanographie Spatiale (LOS) of IFREMER gathered the
MERCATOR data. He then made them available to us via Inmarsat.

The model showed to have a mean behaviour comparable with satellite
products and the in situ data collected during the cruise, but more quantitative
comparisons are needed to precisely evaluate the skill of the MERCATOR-
OCEAN PSY3V1 operational model in this region.

Figure 33 — SST for February 26, 2008. On the left panel the MERCATOR-OCEAN PSY3V1
forecast; On the right panel the satellite SST from ODYSSEA.
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4.1.9 ATMOSPHERE AND AIR-SEA PHYSICAL ON-BOARD
OBSERVATIONS

Erica Key (Responsible atmospheric sensors; ericalkey(@gmail.com)
Peter Minnett (pminnett@rsmas.miami.edu)

RSMAS/MPO

University of Miami

4600 Rickenbacker Causeway

Miami, FL 33149, USA

Christophe Messager (PI Physical atmosphere: christophe.messager@ifremer.fr)
Laboratoire de Physique des Océans UMR 6523 CNRS-IRD-IFREMER-UBO
IFREMER / Centre de Brest

BP70 - 29280 PLOUZANE - France

Sabrina Speich (speich@univ-brest.fr)

Laboratoire de Physique des Océans UMR 6523 CNRS-IRD-IFREMER-UBO
Université de Bretagne Occidentale

UFR SCIENCES et TECHNIQUES

6 Avenue le Gorgeu, C.S. 93837

29238 Brest Cedex 3 - France

To further the study of fluxes and better define the atmosphere-ocean
interaction of fronts and eddies in the Southern Ocean and Agulhas Current region,
a suite of sensors was deployed on the R/V Marion Dufresne II during Bonus-
GOODHORPE. The integrated dataset would:

a. delineate sea surface temperature features, and provide high quality
measurements for validation of satellite SST products

b. record changes in the maritime boundary layer which could be associated
with heat exchange in the vicinity of fronts and eddies or forcing by large
scale weather patterns (atmospheric cyclones, convective rain)

c. mark the evolution of air-sea temperature differences both at the surface
and in profile across oceanic fronts, filaments, and eddies

d. capture changes in cloud cover, weather, and radiation over a large
latitudinal range, from sub-tropical to polar atmospheric conditions

All instruments except the radiosonde receiver were installed on the
bridge I, above the main bridge. Attention was paid to limit the effect of the ship
on each instrument, which included profiling, imaging and hemispheric sensors, as
well as those, which required adequate ventilation and clear lines-of-sight. It was
also necessary to have direct access to each instrument at all times for routine
cleaning and, in the case of failure or weather events that may degrade the quality
of the measurements, maintenance or repair of the instrument itself.

The central instrument to this effort is the Marine-Atmospheric Emitted
Radiance Interferometer (M-AERI), which measures infrared spectra between 3-
18 um. Its measurement cycle includes two blackbody calibration views, as well
as views of zenith, and + 55°, which combined takes approximately 10 minutes to
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complete. Spectra collected from each view are used to calculate the air
temperature and sea surface skin temperature (SSST) with very high accuracy.
The M-AERI was sited on the starboard railing of pont I just aft of a small GPS
antenna, with clear field of views of the sea surface forward of the CTD and of the
sky overhead.

Just aft of the M-AERI in the starboard corner of the railing, a small table
was welded onto the rail to support the all-sky camera. As it is imaging the
hemispheric cloud cover and weather, it is necessary to have as few structural
obstructions nearby as possible. The best that could be managed still included
some obscuration of the hemispheric view by the main mast; but, this is a common
problem on most research vessels and will not greatly affect classification of cloud
types in the imagery.

On the port railing of pont I forward of a whip antenna the microwave
radiometer was mounted for the retrieval of cloud liquid water and integrated
water vapour. Part of its measurement cycle includes a tip-curve that requires a
90-degree unobstructed view of the atmosphere seaward. A reversible table with
telescoping legs was constructed at the University of Miami to allow easy
installation, and the instrument was oriented with cables forward so that the tip-
curve would sample the atmosphere off the port side of the ship.

On the forward railing, to the starboard side of the centreline, two tabs
were welded to allow for the secure deployment of the Weatherpack and radiation
sensors on a T-frame. The Weatherpack, which included a Young anemometer as
well as sensors to measure air temperature, relative humidity, and barometric
pressure, was mounted at the top of the “T”, while an Eppley pyranometer and
pyrgeometer were placed on gimbals at the end of each arm of the “T”. The
plates, which house the meteorological measurements, need to be well-ventilated
to ensure the best quality data. And, the Eppley domes must be maintained daily
to remove traces of precipitation and soot from the ship’s smokestack, which
change the radiative characteristics of the measurement dome.

All of the power and signal cables from these instruments were run into a
small, wooden mobile laboratory, which was built by IPEV and craned onto the
bridge near the port side railing. One laptop per instrument was allowed to capture
data 24 hours a day, and the main M-AERI computer resided here as well. In
times of good weather, I was able to work inside the lab and monitor all
instruments in real time. During times of large seas and extreme weather events,
Dr. Key was allowed to access the lab while carrying a radio and after notifying
the bridge. In this way, the quality of the data and state of the instruments could
be maintained.

The radiosonde receiver was installed in an engineering space above the
helicopter hangar. The GPS antenna and a signal antenna built by the radio officer
of the Marion Dufresne were installed on the hangar roof to provide clear
reception in all directions. The signal antenna made by the radio officer was to
replace a missing broomstick antenna that was not included in the shipment.
Because this modified antenna did not have a preamplifier, the receiver was placed
in a location that minimized the length of cable between it and the antenna.
Despite the lack of preamplifier, this antenna worked well and provided reception
for radiosondes to heights of 25km.
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A hard hat float was also brought but not used during the cruise. The
float houses a calibrated thermistor, which is spliced to marine cable and
connected to a millimetre that measures resistance. The resistance is converted
into temperature, providing a bulk sea surface temperature at ~ 2cm depth while
the ship is hove to on station. While initially there were instrument issues that
delayed the hat’s use on stations, a lack of deployment location ultimately
precluded its inclusion in the campaign. It was preferred to lower the hat into the
sea on the same side of the ship as the M-AERI and CTD, forward but away from
the bow thrusters; however, the marine cable must be run indoors to a protected
area where the multimetre and laptop can log the data. The only location which fit
these parameters on the “E” deck was the CTD winch cabin, and it involved
threading the cable through one of the two winch cable pass-throughs. Soon the
set-up came into conflict with CTD operations. So, in the end, the operation was
abandoned and the thermosalinograph bulk temperature was used as the sole bulk
measurement.

Table 7 provides a basic description of the parameters measured and their
accuracies, as described in the manufacturer’s guides.
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Table 7 Basic description of the physical atmospheric parameters measured and their accuracies,
as described in the manufacturer’s guides.

Manufacturer  Instrument Height Parameters Units  Uncertainty Sampling Rate
Center,
I Inivareit nf
DVDICLLD. LG,
20m  Wind direction o 5.2 1 minute
Relative Humidity Relative % 203 1 minute
S1057W 20m  humidity '
Barometric mb 054 1 minute

Barometer 6400 20m  pressure

pyranometer (PSP)
SeaBird 45 Bulk oc 0.01° 1 minute

thermosalinograph -6 m  {emperature

-6m  Salinity psu 0.0001 1 minute

Radiometrics ~ Microwave 19m Total integrated cm 0056w minute

radiometer water vapor

WVR-1100

water

Vaisala RS92-SGP 14m- Air o n1z0m6 *oeal
University of  All-sky camera ~ 18.5m Cloud cover  okta - 30 seconds

Miami

? Coastal Environmental Systems, Inc., Relative Humidity Sensor $1057 brochure

! Coastal Environmental Systems, Inc., Barometer 6400 brochure

* ARM MWR manual for December conditions at the SGP site

® All radiosonde uncertainties are based on repeatability in calibration from Vaisala.

” For sonde data collected before March 4, 2008, the sampling interval for all sonde variables
was 10 seconds.
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Sampling Methodology

With the exception of the radiosonde launches, all instruments sampled
their relevant parameters at user-defined sampling rates and operated in a port-to-
port, 24-hour mode. Sampling intervals of each instrument is mentioned in Table
7. The 1-minute data provides for robust resolution of features, such as turbulence
and gustiness over the top of the bridge and drops in air temperature associated
with downdrafts before convective rain. However, it does not allow for resolution
of the structure of turbulent features themselves, which would require the 60Hz
data of more traditional flux systems, such as the Licor Open Path Gas Analyzer
and a sonic anemometer reporting 3-dimensional velocities.

The daily sampling length of the all-sky cloud imager was adjusted with
latitude to capture 2-m hemispheric images of sky cover and weather between
sunrise and sunset. The 30-second images are used to create a movie each
evening, which can be analyzed later by a meteorologist. Because instantaneous
classification of cloud imagery can lead to underestimation of mid- and upper-
level cloud (due to the predominance of low-level cloud), the meteorologist will
observe 10 minutes’ worth of imagery to make each cloud determination. The
movement of different cloud layers during the 10 minutes exposes upper-level
clouds that would be otherwise obscured and not noted in the data record.

Radiosonde launches were made with preference towards 12Z and 18Z
for satellite overpass and model integration times. When fronts or eddies were
encountered, sampling would increase to four sondes per day at 0, 6, 12, and 18Z.
Three diurnal cycles like this were conducted, two in conjunction with SUPER
stations. On the return to Durban, a large eddy was crossed, and sampling was
conducted across the eddy at 2-hour sampling resolution. Each sonde flight
transmitted 1-second samples of atmospheric variables, though for sondes
launched before March 4™, the temporal resolution was 10-seconds.

Storage Procedures

All data are archived to two types of media on a daily basis to prevent any
losses through overwriting of files or disk crashes.

Analysis Procedures

A very preliminary quality control is applied to all data on board. These
procedures are simply to remove any negative incident radiation values and rain-
contaminated temperatures from the M-AERI. Further rigorous quality controls
measures will be applied post-cruise to resolve a number of issues common to
shipboard sampling of atmospheric and flux variables. These are discussed in
Section 5.1, Data Treatment.

Daily time series of merged ship, Weatherpack, and M-AERI variables
are plotted and displayed in the PC room. These merged maps highlight possible
instrument failures, superstructure influences, sampling gaps, and rain effects, as
well as encapsulating the physical variability of the air-ocean system along the
ship’s track. Every few days, a map of skin and air temperature, and air-skin
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temperature differences are made until the end of the cruise, when a complete map
of the entire cruise track is presented. Radiosonde air temperature, relative
humidity, and wind profiles are plotted en masse to look at changes in atmospheric
structure over the course of a day or across an eddy. Other diagnostic figures are
made as necessary, to aid in cruise and radiosonde launch planning.

Preliminary Results

Shown here in Figure 34 is the cruise track, coloured by M-AERI skin
temperature. The data return was quite good, despite often inclement weather.
The high wind speeds often angled precipitation so that it was parallel to the
ground and did not alight on the M-AERI mirror.

Figure 34 — Alongtrack measurements of sea surface skin temperature from the M-AERI.  Strong
temperature gradients at the various frontal locations are clearly seen in the data, as well as the
signature of some upper ocean eddies

The ship’s meteorology and thermosalinograph data is merged in this
graphic (Figure 35) with the Weatherpack, M-AERI, and microwave radiometer
data. As one can see, significant quality control needs to be done to remove
erroneous data in the thermosalinograph and to correct for temperature and relative
humidity differences between sensors.
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R/ Marion Dufresne I BONUS-GOODHOPE Raw Air-Sea Variables

Figure 35 — Time series of the merged data sets, including meteorological, radiative, and
radiometric variables.
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Two sets of time series (Figure 36 and Figure 37) derived from the
radiosonde data depict the varied air temperature, humidity, and wind speed along
the cruise track. Wind direction was fairly constant, coming from the same
quadrant for much of the cruise.

Marion Dufresne Radiosondes. 13 February - 24 March 2008.

52 60 68 76
Year day, 2008

Y ear day, Z0Us

Figure 36 — Time series of air temperature and relative humidity profiles from the radiosonde data.
Most radiosondes reached the tropopause, and in a few cases as high as 25km.
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Figure 37 — Profiles of wind speed and direction as derived from GPS on each radiosonde. Not the
core of high wind speeds near the tropopause and also the uniformity of the wind direction.

Data Treatment

Intercomparison of measured values, particularly noting differences
between the ship’s TSG bulk sea and the M-AERI sea skin temperatures and the
meteorological time series from the BATOS and Weatherpack, will continue.
Initial comparisons on board have shown a time offset and a bias between the
BATOS and Weatherpack data streams. Since the Weatherpack air temperatures
and M-AERI air temperature time series generally agree in magnitude and timing,
and the M-AERI time clock is synchronized during each measurement with GPS,
it 1s likely that the offset 1s in the ship’s BATOS logging. The bias between the
Weatherpack and BATOS will be more difficult to resolve. Superstructural
heating of pont I during low wind/high insulation periods and the relative
proximity of the air temperature sensor to the deck (~2m) introduces heat plumes
into the Weatherpack air temperature data. Turbulent eddies and other flow
distortions, such as wind acceleration over the edge of the bridge and shadowing
by the ship’s mast, can also influence air temperature. These rapid fluctuations are
evident in both air temperature and wind time series for both sampling units.

The average difference between the Weatherpack and BATOS air
temperatures is ~ 0.7°C, but this value changes as a function of wind speed and
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direction, insolation, and remote forcing by eddies and downdrafts. Correlations
will be performed to isolate the time lag between the BATOS and Weatherpack
data, while M-AERI air temperature data will be used as “truth” to define heat
plume events in the Weatherpack and bias in the BATOS air temperatures.

Bulk sea temperatures from the ship’s Seabird thermosalinograph have
also undergone a level 0 intecomparison with XBT and CTD data collected at 6m
depth. More detailed comparisons, assuming the start time of the profile is not
that different from the sampling time at 6m depth, will allow for exact
quantification of temperature differences amongst the bulk sampling devices on
board. Once the validity of the thermosalinograph temperature time series has
been assured, skin-bulk temperature analyses can be undertaken with the M-AERI
data.

Wind data will require significant scrutiny.  The Weatherpack
anemometer was not located in a preferable location due to needs for accessibility
during the cruise and possible interference with radio operations. It was ultimately
sited to the starboard side of the centre line on pont I, blocked aft by the ship’s
main mast, and measuring accelerated speeds over the bridge when winds were
taken on the bow. It is undetermined at this point how much of the wind data from
the Weatherpack will be usable. Winds reported on the ship’s system were
collected from a Gill sonic anemometer located on the forward mast along the
ship’s centerline. While the speeds may be accurate for most of the southward
track when winds were taken on the bow or port side to aid in over-the-side
operations, during the return to Durban, most of the winds were arriving on the
stern. The level of this forward mast does not exceed that of the main mast, and is
thus shadowed in a radius of more than 90 degrees to the stern. Other wind
sensors on the ship, including an anemometer on top of the main mast, and another
sonic anemometer on the cross-platform of the main mast, were not logged.
Neither were turbulent values from the forward mast sensor provided; so, accurate
determination of turbulent wind speeds and accelerations will not be possible.

Radiation measured by the gimballed Eppleys on the Weatherpack’s T-
frame will be checked for shadowing post-cruise. The ship’s main mast would
often shadow the insolation sensor during station operations. Ship schematics and
measurements of the angles to the mast will be used with a solar model to
determine the zenith angle of the sun relative to the Eppleys, so that only
shadowed measurements and not cloud signatures are removed from the data.
Comparison with the ship’s plate-mounted pyranometer on the second forward
mast will also provide another control on the data. Since the ship’s sensor is stable
relative to the ship’s plane, and thus may not be parallel to the horizon during
periods of high seas, the exact value of the ship’s pyranometer will not be used;
only the slope of the insolation curve over time will be used to compare with the
Eppley pyranometer for removal of the shadow events. Downwelling longwave
radiation measured by the Eppley on pont I will be calculated from the raw
longwave and case temperature measurements collected during the cruise. This
method is preferred to account for changes in the emissivity of the sensor dome
due to large temperature changes along the cruise track.

Relative humidity was only reported by the Weatherpack and an ancillary
sensor on the microwave radiometer. The ancillary sensor was not calibrated and
suffered a failure in the middle of the cruise. Before the failure, however, the two

— 104 -



— BONUS-GOODHOPE Cruise Report —

sensors agreed in the timing and amplitude of events, if not the exact magnitude.
Another ancillary sensor, which aids in the operation and maintenance of the
microwave radiometer is the rain sensor. When precipitation is detected, a blower
and heater are engaged to remove any droplets or moisture from the antenna
screen on the microwave radiometer. Since the rain sensor on the M-AERI was
not functioning properly, all rain flags were derived from the microwave
radiometer’s rain sensor. This time series allows for the identification of rain-
related air and sea temperature decreases, wind bursts associated with downdrafts,
and possible M-AERI temperatures that should be removed from the time series
due to rain/snow/hail/spray contamination of the mirror surface.

Cloud liquid water and integrated water vapour amount from the
microwave radiometer will be computed by Dr. Goshka Szczodrak at the
University of Miami, RSMAS using physical and statistical models.

Data Validation

Skin temperatures retrieved from the M-AERI will be compared against
several satellite products to aid in the algorithm development for satellite SST.
These validation efforts will be done at the University of Miami by Dr. Peter
Minnett, and will focus mainly on MODIS, AVHRR, and AMSR-E. Match-up
statistics for each satellite are given as a function of platform flight direction
(ascending or descending), time of day (daytime or nighttime), surface wind
speed, and water vapour content.

Due to the frequency of cloud cover, particularly during the southern half
of the cruise track, the number of match-ups with MODIS and AVHRR will be
few. AMSR-E will provide the majority of information about the position of
fronts and eddies. A combined microwave-IR SST product from Chelle
Gentemann at Remote Sensing Systems may also be validated with M-AERI data
to determine the relative accuracy of microwave vs. merged SST products in this
region.

Post-cruise Data Analysis

From the M-AERI spectra and radiosonde data, profiles of air
temperature and mixing ratio can be generated for the length of the M-AERI data
record. The radiosonde profile is used as a first guess and inverted into a spectra
using a line-by-line radiative transfer model (LBLRTM), using code derived from
that developed by Wayne Feltz at the University of Wisconsin-Madison’s Space
Science and Engineering Centre. The converted spectra is compared against
collocated M-AERI spectra, and adjusted to fit the M-AERI. The procedure is
reversed, and an atmospheric profile is derived from the adjusted spectrum.
Through this intensive procedure, profiles of air temperature and mixing ratio can
be derived for each M-AERI time step, ~ 10 minutes. ECMWF analysis profiles
have also been used to initialize the model, when radiosonde data were not
available. Since atmospheric conditions from the radiosonde data were not
transmitted over the GTS to national weather prediction centres like ECMWEF,
forecast and analysis profiles can be used as independent “measurements” of the
atmospheric state.
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These time series of atmospheric profiles can be matched with XBT,
CTD, and VM-ADCP upper ocean measurements to isolate frontal signatures and
the transfer of heat from the ocean to the atmosphere and vice versa. Though, in >
90% of measured cases worldwide, the air-skin temperature difference is negative,
indicating that the ocean is warmer than the air above it, and that the direction of
heat exchange is from the ocean to the atmosphere, during Bonus-GOODHOPE,
several instances of positive air-sea temperature differences were noted. Given the
high temporal and spatial resolution of the hydrographic data, it may be possible to
delimit the edges of atmospheric and oceanic fronts, their respective “onset” times,
and the air-skin-bulk temperature gradients across the air-sea boundary. Upper
ocean currents and radiosonde winds will better define the dynamical influences
on the measured air-sea temperatures and aid in the determination of remote
forcing by eddies and fronts upstream of the ship.

- 106 —



— BONUS-GOODHOPE Cruise Report —

Table 8 — BONUS-GOODHORPE radiosounds launch table.
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4.2 BIOGEOCHEMICAL PROCESSES INVOLVED IN THE
CARBON CYCLE

It has been often stated that the Southern Ocean plays a key role in the
global carbon cycle. Understanding the exchanges of carbon between the
atmosphere and ocean and the fate of carbon delivered to the deep sea is
fundamental to the evaluation of ocean carbon sequestration options. The Southern
Ocean supports unique food webs with strong feedbacks and linkages to
biogeochemical cycles that affect carbon cycling and atmospheric CO2 exchanges.
The region is vast, remote and logistically difficult to access and thus is one of the
least sampled regions on Earth. Our effort here is devoted to improve assessment
on air-sea carbon exchanges and related mechanisms.
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4.2.1 AIR-SEA CO, FLUXES AND INORGANIC CARBON
VERTICAL DISTRIBUTION

Bruno Delille (Bruno.Delille@ulg.ac.be)

Nicolas-Xavier Geilfus (nxgeilfus@ulg.ac.be)

Université de Liege

Departement d'Astrophysique, Geophysique et Océanographie
Unité d'Océanogaphie Chimique

Allée du 6 Aout, 17

B-4000 Liege

Belgium

The Southern Ocean (SO) acts as a sink for atmospheric CO,. Primary
production at mid-latitude is one of the main contributors to this uptake of CO..
However, how air-sea CO, fluxes relate ultimately to carbon export is still poorly
constrained partly due to the complexity of physical and biogeochemical processes
that drive CO; fluxes.

Sinking of mid-latitude mode and intermediate waters of SO is a major
pathway for anthropogenic CO, penetration in the ocean interior. Further south,
although deep water formation was initially thought as an efficient mechanism for
anthropogenic CO, sequestration most data based on model estimates low
anthropogenic CO, storage. However, recent studies which take into account
oxygen disequilibrium under ice suggest that deep and bottom water formation in
the SO is still a key process in the natural sequestration of anthropogenic CO, and
that inventory of anthropogenic CO; in the SO could be much larger than what is
currently believed and must be revised.

In the frame of the BONUS-GOODHOPE project we aim to address the
following questions:

* How air-sea CO, fluxes relate to carbon export assessed from
geochemical multi-proxy approach in the biologically active mid-latitude
zone of the S.0.?

*  What is the inventory of anthropogenic CO, along zero meridian if we
carefully take into account sea ice cover effect on surface oxygen
concentration further south? What is the contribution of mode and
intermediate waters subduction to the overall anthropogenic CO;
penetration.

* In order to address these questions, we carried out underway pCO; and
DIC discrete measurements in order to assess the spatial distribution of the
partial pressure of CO, (pCOy) at the surface and the vertical distribution of
dissolved inorganic carbon respectively.

4.2.2 UNDERWAY PCO,

Underway measurement of pCO2 concentration of surface waters was
carried out throughout the cruise, from 13-02 to 23-03-08.
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The complete description and performance test of the system for pCO2
measurements was reported by Frankignoulle et al. (2001). Briefly, pCO, was
measured continuously from the uncontaminated seawater supply of the ship. A
non-dispersive infrared gas analyser (IRGA, Li-Cor® LI-6262) was used to
measure pCO; in air equilibrated with seawater. The IRGA was calibrated daily
using three gas standards of 0, 359.9 and 404.7 ppm provided by Air Liquide
Belgium®. Seawater flowed into an equilibrator (3 L min™) from the top, and a
closed air loop (3 L min™) ensures circulation through the equilibrator (from the
bottom to the top) and the IRGA. Temperature at the outlet of the equilibrator was
monitored using a pt100 temperature sensor. The pCO, values were corrected for
the temperature difference between in situ seawater and water in the equilibrator,
using the algorithm proposed by Copin-Montégut (1988; 1989).

In addition, an intercomparison with the group led by N. Metzl from the
Laboratoire d’Océanographie et du Climat: Expérimentations et Approches
Numériques, Institut Pierre Simon Laplace was carried out in 1998 aboard the
R.V. Marion Dufresne. This will ensure a consistent potential merging of pCO,
data from BGH cruise and OISO (Ocean Indien — Service d'Observation) survey
carried out in January 2008 in adjacent waters.

Discrete dissolved inorganic carbon

All 78 "hydro" cast were sampled (all depths) for analysis of Dissolved
Inorganic Carbon (DIC) analysis. More than 90% of the samples were analyzed
aboard. The rest of the samples will be subsequently analyzed in Belgium.

DIC measurements were carried out with the new AIR-DIC (Analysis
InfraRed — Dissolved Inorganic Carbon) system developed by MARIANDA.

The AIR-DIC, automatically acidifies and strips the CO; out of a known
volume of sea water ranging from 500 pL up to 2000 pnL integrating the infra red
IR absorbance from CO,. The AIR-DIC system consists of 4 main components:, a
syringe module, a sample stripping manifold, a LICOR LI-6252 non-dispersive
CO; infra-red analyzer and a personal computer. A Kloehn syringe module
equipped with a 5 port distribution valve and a thermostated 2.5 ml syringe are
used to select and subsample from either water sample or a certified reference
material CRM. The sample is delivered to a glass stripper. The sample is acidified
in the stripper with 1.0 ml of 8.5% H3PO4 and the CO; is stripped from the sample
with N,. The gas from the stripper is dried using a series of two Pemarpure Nafion
tubes before measurement of CO, concentration by the analyzer.

The mole fraction of the CO; is integrated to determine the total CO,
stripped from the sample. The DIC from a seawater sample of 1500 p L was
stripped during 145 s with a flow rate of N, of 200 ml min L. The average of 4
replicates was considered to compute DIC concentration. The system was
calibrated by carrying out measurement of 1450, 1500 and 1600 pL of Certified
Reference Materials (CRM) delivered by Andrew Dickson. Water samples and
CRM was kept to a constant temperature prior and during analysis.

This system is a prototype. This cruise was the first opportunity to assess
the performance of the system. We carried out an intercomparison with
measurements carried out by Melchor Gonzalez Davila and Magdalena Santana-
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Casiano from the University of Las Palmas in Gran Canarias using the VINDTA
colombimetric system, the currently most accurate and precise method for
determining DIC in seawater (DOE, 1994).

Preliminary results

During the cruise, pCO, ranged from 325 to 415 ppmV, and exhibited
significant changes across fronts and eddies than can be tracked as step changes in
SST. Subtropical area appeared to be undersaturated in CO, compared to the
atmosphere, while the subantarctic and polar frontal zones were below or near the
saturation, and the polar open oceanic zone was oversaturated. The maximum of
pCO; was observed at the southern circumpolar Antarctic front (SACCF).

Comparison with pCO, measurement carried out during the ISPOL cruise
in spring 2004 and early summer 2004-2005 (data not shown) suggest that pCO,
was significantly higher during the Bonus-Goodhope cruise south of the
subtropical front (STF). This might suggest at first sight that we encountered a late
summer regime, with conjugated warming of surface water and remineralisation of
organic matters that increase pCO; in the subantarctic zone. South of the polar
front (PF), upwelling of CO, rich subsurface waters (Figure 38) may contribute to
the increase of CO, and lead to the oversaturation in CO, compared to the
atmosphere.

Significant increase of DIC over the thousand first meters of the water
column is related to mesopelagic biomineralisation. Below 1000 m, main water
masses of the subtropical area and circumpolar current (e.g. North Atlantic Deep
Water, Circumpolar Deep Water, intermediate Antarctic waters, among others)
appears in the vertical distribution. For instance, in the suptropical area, a tongue
of Antarctic Intermediate Water with DIC ranging between 2210 and 2235 pumol
kg water is transported northward between 1000 and 1500 m. We observed an
overall DIC increases southwards. Between the STF and southern boundary
(SBdy), DIC increases towards the bottom, while south of the SBdy with an
increase of DIC distribution exhibited an increase towards the bottom that mimics
the increase of oxygen concentration (data not shown). Maximum of DIC was
observed south of the SBdy in the top 1000 m.

Figure 38 — Sea surface temperature (SST) and pCO; change along the cruise.
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Figure 39 — Distribution of sea surface temperature (SST) and pCO, along the shiptrack.
Approximate position of the subtropical (STF), subantarctic (SAF), polar (PF), southern antarctic
circumpolar (SACCF) fronts and southern boundary (SBdy) are indicated by the black dotted lines.

Significant increase of DIC over the thousand first meters of the water
column is related to mesopelagic biomineralisation. Below 1000 m, main water
masses of the subtropical area and circumpolar current (e.g. NADW, AAIW,
among others) appear in the vertical distribution. For instance, in the subtropical
area, a tongue of antarctic intermediate water with DIC ranging between 2210 and
2235 pmol kg water is transported northward between 1000 and 1500 m. We
observed an overall DIC increases southwards. Between the STF and southern
boundary (SBdy), DIC increases towards the bottom, while south of the SBdy with
an increase of DIC distribution exhibited an increase towards the bottom that
mimics the increase of oxygen concentration (data not shown). Maximum of DIC
was observed south of the SBdy in the top 1000 m.
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Figure 40 — Vertical distribution of dissolved inorganic carbon (DIC) along the Goodhope
transect. Approximate position of the subtropical (STF), subantarctic (SAF), polar (PF), southern
antarctic circumpolar (SACCF) fronts and southern boundary (SBdy) are indicated.
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4.2.3 CARBONATE SYSTEM VARIABLES : PH, TOTAL
ALKALINITY, DIC

Melchor Gonzalez-Davila (mgonzalez@dqui.ulpgc.es)

J. Magdalena Santana-Casiano (jmsantana@dqui.ulpgc.es)
Grupo de Investigacion de Quimica Marina (QUIMA)
Departamento de Quimica

Universidad de Las Palmas de Gran Canaria,

Campus Universitario de Tafira

Edificio de Ciencias Basicas

E -35017 Las Palmas de Gran Canaria

Scientific Objectives.

* Determine the carbonate system variables in the water column along the
GOODHOPE section and compare them with data in previous cruises, with
special emphasis on the saturation grade for calcite and aragonite.

* Determine the water mass distribution using an optimized multiparameter
analysis model (OMP).

* Evaluate the anthropogenic carbon budget along the GOODHOPE section :
importance of the different water masses, AABW, SAMW and AAIW.
Application and comparison of different methodologies to this computation.
Relationship with the evolution of other tracers as CFCs.

* Establish the inventory of Canr transported and stored during 2008.
Comparison with data from 2004.

Scientific and sampling strategies.

Three variables of the carbonate system were measure on board of the
Marion Dufresne in order to achieve the highest level of data quality and
resolution and to account for the objectives above proposed. Initial invitation to
participate in this cruise considered only the determination of two of these
variables. However, the QUIMA group of ULPGC owns a coulometric
determination system for total dissolved inorganic carbon that was considered by
us to be an important contribution to the success of this project. 79 hydrocast
Stations (78 stations plus station zero) were sampled for pH in total scale at 25°C
(pHr.25), total alkalinity (TA, in umol kg) and total dissolved inorganic carbon
(CT, in umol kg™). From a total of about 1639 fired bottles in hydrocast CTD
stations at not repeated depths and after the corresponding analysis of the total
amount of samples on board, considering in some cases a selection of depths of
sampling and time for the analysis by two people, broken samples, flagged data,
and other small problems, a total of valid results for pH data of 1609, for TA of
1559 and for CT of 1504 have been obtained.
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Protocols: Parameter definition and methodology

pH

The pH is measured in total scale ([H']r = [H']¢ + [HSO4], where [H']¢
is the free proton concentration), pHt at a constant temperature of 25°C. An
automatized system based on the spectrophotometric technique of Clayton and

Byrne [1993] with the m-cresol purple as indicator was used [Gonzdlez-Davila et
al., 2003].

Total Alkalinity

Samples for At were potentiometrically titrated with standardized 0.25 M
HCI (0.45M in NaCl) to the carbonic acid end point using a systems described in
detail by Mintrop et al. [2000]. The titration of certify reference Material for
Oceanic CO,, CRMs (#85) was used to test the performance of the titration system
given values that were within + 1.0 pmol kg™ of the certified value.

Total Dissolved Inorganic Carbon

A VINDTA 3C system [Mintrop et al., 2000] (www.MARIANDA.com),
with coulometer determination was used for the titration of the total dissolved
inorganic carbon after phosphoric acid addition. The titration of CRMs (#85) was
used to test the performance of the equipment after the preparation of each titration

cell. Over 30 bottles were analysed on board with a system precision of + 1.5 pmol
kg™

Sampling procedure

500 ml glass bottles were used for the determination of both pH and TA.
100 ml glass bottles were used to analyse CT. The bottles were rinsed twice with
seawater and over-filled with seawater. Samples were preserved from the light and
analysed between stations. In shallow stations and in case the samples were not
possible to be analysed for CT in less than 5 hours after sampling, poisoned with
HgCl; (60 ul, saturated solution) was used.

Preliminary results.

Most of the effort we have carried out during transit days from the last
station to Durban has been to process a first quality control to our data checking
the CRMs reproducibility and accuracy.
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Figure 41 — Chart sheet with values of CT for the CRMs #85 determined in the cruise.

A CRM was analysed every time a new titration cell for CT determination
was prepared (1 a day, except in SUPER stations) with a total of 31 data. Results
give a value of 1996.0 = 1.6 umol kg™ for CT, while the certify value is 2000.4 =
0.4 umol kg™'. A study done on board indicates that this difference is related to the
temperature of determination of the CT that in our case was 25° C. Data has been
corrected for this shift multiplying them by the factor 1.0022.

Each CRM sample was also analysed for total alkalinity determination,
and the corresponding chart sheet is presented in Figure 42. The agreement
between on board experimental data (NAT = 2293.7 = 1.0) and certify value (NAT
= 2293.7 = 0.8) indicates accurate HCI] concentration and pipette volume for the

titration system.

........................ PO L I IR R R &  Experimentl
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Figure 42 — Chart sheet with values of TA (umol kg') for CRM batch #85 analysed on board.
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The inorganic carbon system determination requires salinity values for
the samples analysed in order to compute the corresponding concentration both for
Total alkalinity and CT. Moreover, the spectrophotometric determination of pH
needs also the salinity value for the determination of the acidity constant of the
dye, which is salinity dependent. The area studied along this cruise cross important
frontal zones, eddies and meanders which will affect the carbonate distribution
strongly correlated with water mass properties, in particular with salinity values.
At this moment, we have been able to used salinity values for each bottle fired on
the CTD cast, that are not validated. We expect that after real values are provided,
in four weeks we can be able to provide data for each analysed parameter and an
analysis of results. Same preliminary results for pHr at 25°C are presented in
Figure 43, where the stations have been selected just before and after the frontal
zone STF, SAF, PF, SACCF and SBdy. Changes in the vertical profiles are related
to changes in seawater properties of the different water masses and frontal zones.
Station 36, shows the effect of the anticyclone “M” which affects the surface pH
distribution in the first 600 meters acting as important carbon pump. Moreover,
Figure 44, presents the preliminary results for the total Alkalinity along the 79
stations, closely linked to salinity variability, where the presence of the different
water masses, the frontal zone and mesoscale structures are observed.

Figure 43 — Vertical profiles of pH in total scale at 25°C for selected stations representative for
each area along the GOODHope section.
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Figure 44 — Total alkalinity (in umol kg™') distribution along the GoodHope section
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4.2.4 INTERCOMPARISON OF CARBON DIOXIDE VARIABLES
WITH THE GERMAN R.V. POLARSTERN

Written by Marie BOYE (marie.boye@univ-brest.fr)

Onboard Marion Dufresne: Bruno Delille, Nicolas-Xavier Geilfus, Melchor
Gonzélez-Davila, Magdalena Santana-Casiano

Onboard Polarstern: Steven van Heuven, Hans Slagter, Hein de Baar

For the sections from Capetown to the zero meridian, and from there
along zero meridian to Antarctica, the GEOTRACES-CASO program of BONUS-
GOODHOPE (MD166) aboard Marion Dufresne is complementary to the
Polarstern ANT XXIV-3. Towards an overall integrated database of both
expeditions, some intercomparison of carbondioxide variables between both
programs was envisioned. The initial cruise tracks of Marion Dufresne and
Polarstern were scheduled to be overlapping, and this, in principle, allows the
positioning of stations and sampling depths at the same place. This is the strategy
of choice for intercomparison of CO2 system measurements, which are already
calibrated routinely on both ships, by the shipboard use of certified reference
material (CRM, supplied by Dr. A. Dickson, Scripps Institute of Oceanography).

Once at sea, Polarstern by its earlier departure was further south than
Marion Dufresne. At 26 February the positions and sampling depth horizons
(pressure, salinity, temperature at 22-24 depths per station) of thus far completed
21 stations with CO2 system data aboard Polarstern (then until 590S, 00W) were
communicated to Marion Dufresne. This allows re-occupation of selected same
stations by BONUS-GOODHOPE, its overall research program and the weather
permitting. 10 duplicated stations nearly matched the same occupation of both
ships within 5 nautical miles maximal difference were sampled on both cruises of
22 depths each (Table 9). These common stations were located between
46°02.41'S, 5°86.48' E and 57°55.25' S, 0°03.65' E (Table 9 and Table 10).
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Table 9 — Carbondioxide variables intercomparison between Marion-Dufresne (BONUS-
GOODHOPE) and Polarstern (ANT XXIV-3).

Table 10 — Additional informations on CO2 variables onboard Marion-Dufresne used for the
intercomparison, including depths where data are available
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4.3 TRACE ELEMEMENTS AND ISOTOPES (TEIs)

TEI’s are a powerful tool to track the fate of carbon and nutrients such as
nitrogen and silicon. For instance it is observed that physics (frontal systems,
mixed layer depth) have a significant impact on *°Si and dissolved Ba
distributions. Besides physics, biogeochemical processes, including plankton
biomass production, aggregate sinking and aggregate disintegration and
remineralization, also significantly control the redistribution of carbon and other
elements in the oceanic water column. The biogeochemical processes are tracked
using proxies such as **Th deficit to assess particle export and particulate
authigenic Ba to assess remineralization of exported organic carbon.
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4.3.1 WORK AT SEA

Trace Elements and Isotopes

Trace Elements and Isotopes (TEI’s) have been collected in seawater
either with GO-FLO bottles suspended on a Kevlar wire on the 7 LARGE stations
and 5 SUPER stations, or with In Situ Pumps (Mac Lane and Challenger) on the 5
SUPER stations, or with Niskin bottles modified with internal Teflon springs on
most of the stations for some of the TEI’s such Ba (see Annexes 1-3), or
sporadically using the ship-intake water supply (see Reports of Verdeny et al.,
Ezat et al., Monteiro et al.).

In sediments TEI’s have been collected with an Oktopus Gmbh multiple
corer (head version MUC 8/100) equipped with 8 transparent polycarbonate
cylinders on the SUPER stations when efficient (see Report of Viollier et al.)

In the atmosphere TEI’s in the aerosols were collected continuously using

a high-volume (1 m’ min_l) sampler equipped with a bulk aerosol sampling head
(Whatman 41 filter), while in the rain they were collected very sporadically on an
event basis by deploying large (40 cm diameter) plastic funnels for the duration of
rainfall only (see Report of Baker et al.).

A rough summary of the GEOTRACES parameters sampled during the
BONUSGOODHOPE cruise is given in Table 11. The details of the sampling list
are given in the Annexes, in the various reports and in the Dictionary.

unf. 100

uuuuuuu

+49 Yes

filters 99 MErs Yes

Discrete

D isc.rete

Table 11— Summary of the GEOTRACES parameters sampled during the BONUS-GOODHOPE
cruise
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On-deck incubations

Large volumes sampled with the Niskin bottles at the Large-type B
13
stations have been incubated with C for deck incubations to investigate the
15
primary production (see Report Monteiro et al.); with N to study the nitrogen

. ., 30, . .
uptake (see Report Monteiro et al.), and with ~ Si to investigate the uptake rate of
Si and dissolution rate of biogenic silicon (see Report Corvaisier, Grossteffan,
Cardinal & Fripiat)
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4.3.2 ORIGIN, PATHWAYS AND VENTILATION OF WATER
MASSES

4.3.2.1 NEODYNIUM ISOTOPIC COMPOSITION , 2Th AND *'Pa
CONCENTRATIONS, REE AND IRON ISOTOPIC
COMPOSITION AND CONCENTRATION

Francgois (Lacan lacan@legos.obs-mip.fr)

Catherine Jeandel (jeandel@legos.obs-mip.fr)

Laboratoire d'Etude en Géophysique et Océanographie Spatiales
14 av. Edouard Belin

31400 Toulouse

France

Matthieu.Roy-Barman@lsce.cnrs-gif.fr
LSCE-Vallee

Bat. 12,

avenue de la Terrasse,

91198 GIF-SUR-YVETTE CEDEX
France

Scientific objectives.

Neodymium isotopic composition (Nd IC), *°Th and *'Pa
concentrations, Rare Earth Element concentrations (REE) and iron isotopic
composition (Fe IC) and concentration, in the dissolved (<0,4 micrometer) and
particulate phase will allow to quantify and estimate, notably:

* Vertical particulate fluxes, particle settling velocities (**°Th and **'Pa)

* Transit times of water masses involved in vertical motion (convection,
subduction, upwelling... **°Th and **'Pa)

Origin and mixing of water masses (Nd IC, REE)

Matter exchange fluxes between the lithosphere and the ocean (Nd IC,
REE, Fe IC)

Dissolved particulate interactions (230Th and % 1Pa, Nd IC, REE, Fe IC)

* Origin of the iron (Aeolian, sediment). Isotopic fractionation factors
involved in Fe oceanic cycle. Fe dissolved particulate interactions. (Nd
IC, Fe IC).

Scientific and sampling strategies
Sampling at the SUPER stations (5 stations).
Dissolved 230Th, 23 1Pa, Nd IC, REE : 61 samples
Particulate 2*°Th, **'Pa, Nd IC, REE (in situ pumps): 36 samples
Dissolved and particulate Fe IC: 50 samples
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Protocols

Parameter definitions:

. 2 .
9T : concentration of 2*°Th per seawater mass unit.
231 . . 231 .

Pa : concentration of © per seawater mass unit.
Nd IC: neodymium isotopic composition
REE: Rare Earth Element concentrations per seawater mass unit.

Fe IC: Iron isotopic composition

Sampling, storage and analysis procedures:
29Th and **'Pa, Nd IC, REE :

1. Dissolved phase: sampling with Niskin bottles, 20 L per sample,
filtration at 0.4 micrometer, onboard preconcentration. Storage at
pH=2 (HCI). Analyses with ICPMS, TIMS, MC-ICPMS.

2. Particulate phase : sampling with in situ pumps, 0,4 micrometer.
Analyses with ICPMS, TIMS, MC-ICPMS. Storage at -20°C.

Fe IC:

Goflo sampling. 10 L per sample (20 for the two shallowest of each
station). Filtration at 0.4 micrometer. Storage at pH=2 (HCI). Analyses with
ICPMS, TIMS, MC-ICPMS. Filters stored at -20°C.

Preliminary results

None.

Data delivery

Within 2 to 4 years from now.
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4.3.2.2 %Ra, *®Ra AND **’Ac SAMPLING

Elisabet Verdeny (Person in charge, elisabet.verdeny@uab.es)
Nuria Casacuberta (nuria.casacuberta@uab.es)
José Luis Amado (JoseLuis.Amado@uab.es)

Sampling of 226Ra and 228Ra along the water column (surface-bottom) (PI:
Claudia Hanfland, Claudia. Hanfland@awi.de, Alfred Wegner Institute, AWI,
Germany)

Sampling of 227 Ac along the water column (surface-bottom) (PI: Walter Geibert,
Walter.Geibert@ed.ac.uk, University of Edinburgh, UK)

Scientific motivation

The two long-lived Radium isotopes *°Ra and ***Ra show a contrasting
pattern in subpolar and subantarctic waters (Hanfland 2002): **Ra (T, = 1600
yrs) is known to increase steadily in the surface waters from North to South across
the ACC (Chung 1974; Hanfland 2002; Jacquet et al., 2004) due to replenishment
from upwelling of nutrient-rich waters. In contrast, **Ra (Ti, = 5.8 yrs)
accumulates to high activities in shallow water bodies overlying continental shelf
areas. It can hence be used as a tracer of shelf water input and helps to identify
advection of shelf waters into the open ocean (Moore 1969, Li et al. 1980). **’Ac
is also a useful tracer for water mass circulation, upwelling, and mixing rates
(Nozaki, 1984; Geibert et al., 2002). The combined analyses of **’Ac and ***Ra
can also be used to distinguish between vertical versus lateral movement of water
masses. In the region of interest, the Agulhas Current is particularly prone to
collect a distinctive shelf ***Ra signal during its southward flow along the
continental shelf edge of South Africa. By contrast, waters protruding northward
from the Antarctic Zone generally lack clear ***Ra signals as they have not been in
contact with shelf sediments for a relatively long time.

Sampling methodology and sampling treatment on board

2°Ra, *®Ra and **’Ac were collected using MnO,-coated filter cartridges
(1 wm) via in-situ pumping filtration, using battery operated pumps that filter large
volumes of water (100-1000 L). Filter cartridges were sealed wet in plastic bags to
be transferred to the AWI lab for further analysis. Analysis in the home-lab will
allow determining the activity ratio ***Ra/**°Ra and the absolute **’Ac activities.
Besides, absolute activities of ***Ra and **°Ra can be obtained if the absolute **°Ra
activity is known. Therefore, parallel samples of ~ 24 L seawater, obtained from
regular CTD casts using Niskin bottles, were taken specifically for *°Ra. A
quantitative precipitation with BaCl, led to the formation of Ba(Ra)SOs,thereby
concentrating the Radium activity in a small sample volume. The precipitate was
then transferred to 250 mL LDPP bottles for an easy transport to the home-lab.
The procedural recovery can calculated via the Ba content.

The Ba precipitates will be measured by gamma-spectrometry detection
at home-lab (AWI, Germany). The MnO;-coated -cartridges will be
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radiochemically treated at AWI. A leaching procedure followed by iron
precipitation and ion column chemistry will allow separating the different isotope
fractions. **’Ac will be determined by alpha-spectrometry. Analysis of the
228Ra/**°Ra activity ratio will be done either by direct gamma-counting of the
precipitated leachate or further processing following the so-called ***Th-ingrowth
method.

Sampling results

Water column profiles (surface-bottom) of 3-4 successful depths for
28Ra/***Ra and 2 depths for **’Ac were collected using MnO»-coated cartridges
with the in-situ pump deployments. An additional cartridge sample for ***Ra/**°Ra
was obtained by filtering 1000-1500 L of surface seawater form the ship’s intake
supply. An additional sample for **’Ac form the surface was obtained using an
alternative sampling method, which involves 100 L of seawater sample, and a
MnO, co-precipitation. An internal yield of *°Th was used to assess recovery. The
precipitate was filtered through 1 um QMA filters (124 mm diameter) using a
peristaltic pump. Two QMA filters were needed for each sample, due to the easy
clogging of the filters by the fine MnO; precipitate.

Therefore, 4-5 depths cartridge profiles for ***Ra/***Ra were collected at
SUPER Stations 1, 2, 3 and 5. And 3 depths profiles for **’Ac were collected at
SUPER Stations 2, 3 and 5. A total of 19 cartridges will be treated back to home-
lab for determining the isotopic activities. A total of 4 cartridges were deployed
with unsuccessful pumping (pump did not work).

Seawater samples for “*°Ra, necessary to assess absolute **Ra activities,
were also collected at SUPER Stations 1, 2, 3 and 5, from 3 different depths
chosen to match with the in-situ pump sampling depths. An additional ***Ra
profile was sampled at the Inter-calibration station. A total of 18 samples were
collected, including one replicate.

Table 12 — Compilation of samples collected for 210Pb-210Po, 226Ra, 228Ra and 227Ac

' Type of sample
Station  Type of Date Lat (S) Lon (E)

name Station of sampling Pb-Po Ra-226 Ra-226/228 Ac-227 Ac-227

ppt ppt  cartridge ppt  cartridge

18 SUPER 1 21/Feb/2008  36.29.755  13.06.997 20 3 4

34 SUPER2  27/Feb/2008  42.28.297  08.56.004 20 4 5 1 2

4 LARGEB1  02/Mar/2008  44.53.770  06.53.110 20 1

48 SUPER3  05/Mar/2008  47.33.290  04.22.540 21 3 5 1 2

52 LARGEB2  (07/Mar/2008  49.01.678  02.49.874 22

62 SUPER 4 11/Mar/2008  51.52.158  -00.00.109 22

65 Intercal. 12/Mar/2008  52.58.913  00.00.020 4

72 LARGEB3  14/Mar/2008  55.13.948  00.02.611 20

78 SUPER 5 16/Mar/2008  57.33.150  -00.02.270 19 3 5 1 2
TOTAL 164 18 19 3 6
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4.3.2.3 DISSOLVED BARIUM

Frank Dehairs (fdehairs@vub.ac.be)

Vrije Universiteit Brussel

Laboratory for Analytical & Environmental Chemistry
Pleinlaan 2

B-1050 Brussels

Belgium

Damien Cardinal (damien.cardinal@africamuseum.be)
Royal Museum for Central Africa

Dpt. of Geology and Mineralogy

Section of Mineralogy and Petrography
Leuvensesteenweg, 13

B- 3080 Tervuren

Belgium

Dissolved Ba behaves as a bio-intermediate nutrient (sensu Broecker &
Peng) showing slight utilization in surface waters and release in the deep waters.
While Ba is clearly biogeochemically active, diss. Ba appears to have a
pronounced conservative behaviour that makes it a useful tracer of water masses.
This strong conservative character is due in part to the fact that concentrations of
dissolved Ba (diss Ba) are two to three orders of magnitude larger than those of
particulate Ba (nmol/l vs. pmol/l, respectively; see also below). Diss. Ba correlates
well with silicate and alkalinity but the match is never perfect, reflecting the fact
that a specific particle-solute interaction exists for this element, in which barite
formation and dissolution appears to play a major role.

We sampled for dissolved Ba at all SUPER and LARGE stations, and at
several Hydro stations (see Table 13 with sample list). A small volume (15 ml) of
unfiltered seawater is acidified using ultrapure HCI and saved till later analysis in
the home based laboratory. Samples will be diluted 30 times with ultrapure water
and spiked with *’Ba. The '**Ba/'**Ba ratio is measured using a HR-ICP-MS and
mass bias corrected by analyzing natural, unspiked Ba solutions in bracketing
mode. The dissolved Ba profiles and resulting transect will be compared with
those of silicate, nitrate as well as DIC, alkalinity. We will also compare results
with diss. Ba results obtained earlier for the Prime Meridian section extending
south of the BGH and the Weddell Basin (ANT 23; 2005; collaboration with
Mario Hoppema), as well as with diss. Ba sections along 30°E (CIVA-1) and
145°E (SR3).
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Table 13 — CTD Rosette casts sampled for dissolved barium

CTD Cast #

84
89
94
96
98
102
106
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station type
HYDRO

HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
LARGE
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
SUPER 1
HYDRO
HYDRO
HYDRO
SUPER 2
HYDRO
LARGE 3B
LARGE 4A
SUPER 3
HYDRO
LARGE 5B
LARGE 6A
SUPER 4
HYDRO
HYDRO
HYDRO
LARGE 7
HYDRO
SUPER 5

station

Date
14/02/2008
14/02/2008
14/02/2008
14/02/2008
15/02/2008
15/02/2008
16/02/2008
16/02/2008
17/02/2008
17/02/2008
17/02/2008
18/02/2008
18/02/2008
19/02/2008
19/02/2008
22/02/2008
24/02/2008
25/02/2008
26/02/2008
28/02/2008

1/03/2008
3/03/2008
4/03/2008
7/03/2008
7/03/2008
8/03/2008
10/03/2008
12/03/2008
13/03/2008
13/03/2008
13/03/2008
14/03/2008
15/03/2008
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Long
17.43.220 E

17.1821 E
16.57.13 E
16.35.22 E
16.12.00 E
154120 E
15.09.80 E
143529 E
142429 E
14.13.570 E
14.02.780 E
13.41.010 E
13.29.820 E
13.18.590 E
13.07.320 E
12.44.340 E
11.34.350 E
10.33.010 E
08.55.700 E
08.14.230 E
06.53.140 E
05.51.890 E
04.22.610 E
03.10.691 E
02.49.940 E
01.18.130 E
00.00.041 E
00.00.090 E
00.00.100 E
00.00.042 W
00.01.380 E
00.06.790 E
00.02.190 W

Lat
33.56.660 S
33.58.46 S
33.59.68 S
34.00.74 S
34.01.999 S
34.03.79 S
34.05.50 S
34.07.320 S
34.25.67 S
34.43.425 S
35.01.600 S
35.37.510 S
35.55.520 S
36.13.400 S
36.31.370 S
37.07.040 S
38.49.530 S
40.17.440 S
42.28.170 S
43.19.460 S
44.53.770 S
46.01.450 S
47.33.260 S
48.42.078 S
49.01.690 S
50.22.360 S
51.51.350 S
52.36.080 S
53.55.130 S
54.34.828 S
55.13.847 S
55.54.260 S
57.33.150 S

depth range
0-bottom

n
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4.3.2.4 CARBON ISOTOPES (**C AND ()

Nadine Tisnérat-Laborde
Martine Paterne

LSCE/IPSL, CEA-CNRS-UVSQ
Domaine du CNRS - Bat 12
Avenue de la Terrasse

F-91198 Gif-sur-Yvette
tisnerat@]lsce.ipsl.fr
paterne@]lsce.ipsl.fr

Introduction and scientific objectives

Carbon is one of the most abundant elements in the universe and is the
basis for the existence of life on Earth. Knowledge of the cycling of carbon in the
ocean is important not only for the understanding of the biogeochemistry of a
variety of elements, but also for the global carbon cycle and thus climate changes
of human concern.

Carbon-14 also called radiocarbon (**C) is continually formed in nature
by the interaction of neutrons with nitrogen-14 in the Earth's atmosphere. It is
rapidly converted to carbon dioxide by reaction with atmospheric oxygen and
mixed and uniformly distributed with the atmospheric carbon dioxide (CO,)
containing stable carbon-12 and carbon-13. Then, the CO, is exchanged with
biosphere and ocean reservoirs. In the ocean, this distribution is governed by
biological processes and carbonate chemistry. Carbon occurs in inorganic and
organic pools : dissolved inorganic carbon (DIC), dissolved organic carbon
(DOC), particulate organic carbon (POC), and sedimentary organic carbon (SOC).
Measurements of radiocarbon and stable carbon isotopes of these different
reservoirs provide some interesting insights into the oceanic carbon cycle and
oceanic circulation.

The aim of this study is to investigate the variation of radiocarbon and

13 . ) . .
o C signatures of the different forms of carbon in the water column and sediment
in the inter-frontal region of Southern Ocean in order to contribute to understand:

1. the zonal circulation : radiocarbon in DIC is a tracer of circulation as
CFCs which allows to quantify the recent thermocline ventilation,
characterize changes in deep and bottom waters in the Agulhas Current,

. . 143 144
estimate the temporal and lateral oceanic transport as Nd/ Nd and
calibrate, evaluate ocean models

2. the fate of carbon : A13C and A 14C signatures of the different forms of
organic matter (POC, DOC and SOC) reflect the balance between
production and deposition. It is therefore possible to determine the
partitioning of exported carbon between dissolved and particulate forms,
and to understand, in conjunction with the other tracers, the factors which
regulate the fate of these carbon pools.
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Methods

Three different forms of carbon samples (DIC, POC, DOC) were
collected at the five SUPER stations to also investigate the variability of carbon
isotopes signatures in the inter-frontal zone of the Southern Ocean. We added the
LARGE station 7 for DIC samples to obtain a higher spatial resolution. Due to the
Octopus problems, only one SUPER station was sampled for SOC.

Dissolved Inorganic Carbon

119 seawater samples were collected.

250 ml of seawater were collected for depth profile (19-20 depths) using Niskin
bottles in the five SUPER stations and LARGE station 7. Seawater was poisoned
with 1-ml of saturated HgCl, solution. Then, the borosilicate bottles were sealed
on board.

Once back in the lab, the DIC samples will be acidified (phosphoric acid) and
stripped of CO; by recirculated nitrogen gas (Leboucher et al, 1999).

Particulate Organic Carbon

Suspended POC (POCi,s,) was collected using in situ pumps (Mac Lane
and Challenger pumps) deployed for 2 hours. During each deployment, 150 to
1600 litres of seawater, depending of the depth and the pump characteristics, were
filtered through a pre-filter (petex, 53um) and a lum pore diameter, pre-
combusted (550°C) quartz-fiber filters (142 mm diameter). For carbon isotope
analyses, 25% of prefilter and six punches (2.5 cm diameter) of quartz filter were
dried on board at 40°C.

At LSCE, quartz filters will be acidified and dried under vacuum. Then,
they will be combusted in quartz tubes at 850°C. The concentration of POC (ng/l)
at each depth will be determined from the pressure measurement of CO, gas
obtained after combustion of each filter and the litres of water filtered. This will be
compared with the measurements realize at VUB ANCHLAB.

A total of 43 samples will be analyzed. Prefilters will also be analyzed
depending of the amount of carbon.
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Super 1 Super 2 Super 3
Depth (m) volume (I) castn® Depth (m) volume (I) castn® Depth (m)
Challenger 4 50 1084 1 McLane 1 30 491 2 McLane 3 20
Challenger 3 75 693 1 INSU 4 75 1369 2 Mc Lane 1 50
Challenger 1 75 952 3 McLane 2 130 1041 2 INSU 1 80
Challenger 2 125 1316 1 INSU 1 175 Blk 2 Mc Lane 2 230
Challenger 1 175 1008 1 INSU 2 250 1565 2 INSU 7 1038
Mc Lane 3 250 603 1 McLane 3 590 1983 2 INSU 1 1048
Mc Lane 2 500 612 1 Mc Lane 1 1450 922 1 McLane 3 2023
McLane 1 725 Blk 3 Mc Lane 2 2900 1011 1 McLane 2 4320
Mc Lane 1 750 612 1 Mc Lane 3 3940 3940 1
McLane 2 1200 974 3
Mc Lane 1 1250 1027 2
McLane 3 2700 913 3
Mc Lane 2 2750 978 2
Mc Lane 3 4700 994 2
Super 4 Super 5
Depth (m) volume (I) castn® Depth (m) volume (I) castn®
INSU 1 30 - 2 INSU 1 20 Blk 2
INSU 1 40 - 1 Mc Lane 1 50 658 1
INSU 2 80 710 1 McLane 2 90 789 1
INSU 7 100 629 2 Mc Lane 1 115 Blk 2
INSU 2 125 765 2 McLane 2 300 991 2
INSU 3 165 1213 1 INSU 2 500 1522 2
Mc Lane 1 240 - 2 INSU 1 1200 Blk 1
McLane 3 400 1156 1 Mc Lane 3 1500 1259 2
INSU 3 749 1209 2 INSU 7 2500 - 2
Mc Lane 2 1108 1017 1 Mc Lane 3 3884 919 2
INSU 7 1685 Blk 1
Mc Lane 2 1685 1012 2
Mc Lane 1 2468 Blk 1
McLane 3 2468 942 2

Table 14 — Suspended particles collected using in situ pumps

Sediment Organic Carbon

9 samples of sediment were collected in SUPER station 1 using the Octopus. One
of the 8 cores was sectioned in a cold room (4°C) into 0.5-1 cm thick layers. For
carbon isotope analyses, 2 g of sediments were sampled in these layers and dried
in an oven at 40°C.

At the lab, the sediment will be acidified to remove carbonate and dried. Then, the
sample will be combusted in quartz tubes at 850°C.

Dissolved Organic Carbon

50 seawater samples were collected.

Four litres of seawater were collected using Niskin bottles for radiocarbon
analyzes in the five SUPER stations. Samples were also collected for
concentration of DOC at the same depths (collaboration with R. Sempéré, C.
Pangiotopoulos, B. Charriere). Ten depths for each SUPER station were chosen to
obtain a profile of concentration and radiocarbon DOC with a higher resolution
towards the surface. The seawater samples were filtered through pre-combusted
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(550°C) quartz-fiber filters (45 mm diameter). The filtrate was transferred to
borosilicate bottles (2 litres), poisoned with saturated HgCl, solution and sealed on
board.

At laboratory, the DOC samples will be acidified to remove DIC and
oxidized using a system which is currently developed (Beaupré et al, 2007). This
system combines ultraviolet oxidation and a vacuum line system to convert marine
dissolved organic carbon into CO,.

¢ and B C analyses

The CO; from DIC, POC, SOC and DOC will be converted to graphite
targets and '*C will be measured by accelerator mass spectrometry (Artémis, UMS
2572). Stable carbon isotope results will be performed on splits of CO, when the
amount of carbon allows it. The 8"°C measurements will be made on a Finnigan
Mat Delta +, IRMS.
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4.3.2.5 ALKENONS

Ullah EZAT (ullah.ezat@lsce.ipsl.fr)

Marie-Alexandrine Sicre (Marie.Alexandrine.Sicre@lsce.ipsl.fr)

Laboratoire des Sciences du Climat et de |’Environnement, CNRS-CEA-IPSL
Avenue de la terrasse, 91190 Gif sur Yvette France

Sea Surface Temperature (SST) is calculated by the alkenones index:
alkenones are organic compounds (having 2, 3 or 4 double bonds) which are
synthesized by coccolithophorids (especially E. Huxley), they are poorly dissolved
in seawater, consequently precipitate with others organics or mineral particles
forming in this way an archive within the sediment.

Our objectives in this work are to search for important advection of
coccoliths. For this we sampled the following:

Sampling strategy

Seawater samples:

*  maximum of fluorescence, just above and below the maximum
*  in situ pumping of several litres (alkenones)
*  water for taxonomy studies

*  seawater in laboratory, more than 30 litres are filtered(alkenones)

Sediment samples

Sediments sampling was planned, but unfortunately our attempt was not
very successful.

We collected a total of 120 samples which are brought back to the home-
based laboratory for later analysis.

Sample conservation:

*  samples taken for coccoliths and alkenones were oven dried (at about 50
°C).

*  samples collected for taxonomy studies were kept in the dark after addition
of a few ml of Lugol.

*  sediment samples were wrapped in aluminium foil and preserved at — 18
°C.

Methods:

For alkenones determination, samples will be treated chemically by
different organics solvents, we obtain a total organics compound which will be
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separated in different fractions (hydrocarbons, fatty acids, alkenones...etc.).
Finally the alkenone fractions are reconcentrated and measured via gas
chromatography.
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4.3.3 EXPORT FLUXES, SCAVENGING RATES AND
REMINERALISATION INVOLVED IN THE CARBON
CYCLE

4.3.3.1 *"LEAD - *"POLLONIUM DISEQUILIBRIUM IN THE 0-1000 M
WATER COLUMN

Elisabet Verdeny (Person in charge, elisabet.verdeny@uab.es)
Nuria Casacuberta (nuria.casacuberta@uab.es)

José Luis Amado (JoseLuis.Amado@uab.es)

PI: Pere Masqué (pere.masque@uab.es)

Universitat Autonoma de Barcelona (UAB)

Department of Physics

Bellaterra

Spain

Motivation and general sampling strategy for B-GH Leg-1

The BONUS-GOODHOPE LEG-1_from Cape Town to the Southern
Boundary of the ACC along the Greenwich Meridian has been chosen because it
crosses the geographical region where water masses of the ACC and the Agulhas
Current converge and mix before entering the South Atlantic as thermocline
waters.

The general sampling strategy of LEG-1 consists of monitoring the
different waters masses to provide a 2D matrix, vertical and horizontal, of water-
mass characteristics to allow understanding of the physical and biogeochemical
dynamics along the section with relatively high spatial resolution. The selected
vertical scales various water-masses (notably AAIW and SAMW), and the applied
horizontal resolution covers the main frontal systems and inter-frontal regions.

Scientific motivation for *'°Pb-*'"Po sampling

2o (T, = 138.4 d) is a useful tracer for quantifying particle export
from surface waters and the processes governing the dynamics of particles in the
ocean (Cochran and Masqué, 2003). *'°Po is a daughter of a long lived parent,
29ph (T, = 22.3 y), of the U decay series. The degree of disequilibrium
between *'°Pb and *'°Po and the dynamics of association to particles can be used
to asses scavenging rates, export fluxes, remineralization rates and role of types
and/or composition of particles involved in these processes. The mesopelagic zone
is the depth layer where most changes in sinking organic matter occur and also
where SAMW and AAIW are formed. POC contents measured in sinking particles
will be used to convert *'°Po fluxes into carbon fluxes.

Sampling methodology and sampling treatment on board

2% and *"°Po total activities were measured from ~ 5 L seawater
samples from Niskin bottles (CTD casts), from 20 depths between 0-1000 m. The
high vertical resolution sampling undertaken in this project will allow assessing
the vertical distribution of these elements in great detail.
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Seawater samples for 2'°Pb and *'°Po were pre-treated on board in order
to pre-concentrate the activities of these radionuclides. Internal yields, stable Pb
and **’Po, were added to asses the procedural recovery. The pre-concentration was
achieved by forming an Fe(OH); precipitate that effectively scavenges Pb and Po
from solution. The precipitate was then transferred to small volume HDPP bottles,
for an easy transport to the home laboratory. The radiochemical analysis of these
samples will be done at UAB, and the activity of the samples will be determined
via high resolution alpha-spectrometry using surface barrier alpha detectors
(UAB).

Sampling results

Seawater profiles of 20 depths (0-1000 m) for the *'°Pb-*'’Po work were
collected from a total of 8 stations (5 SUPER Stations and 3 LARGE Stations)
along the transect from 36.3°S 13.1°E to 57.33°S 0.0°E. A total of 172 samples
were collected, including 6 procedural blanks (3 at the beginning of the cruise and
3 at the end), and 5 duplicate samples to ensure reproducibility.

Table 15 — Compilation of samples collected for 210Pb-210Po, 226Ra, 228Ra and 227Ac

' Type of sample
Station  Type of Date Lat (S) Lon (E)

name Station of sampling Pb-Po Ra-226 Ra-226/228 Ac-227 Ac-227

ppt ppt  cartridge ppt  cartridge

18 SUPER 1 21/Feb/2008  36.29.755  13.06.997 20 3 4

34 SUPER2  27/Feb/2008  42.28.297  08.56.004 20 4 5 1 2

4 LARGEB1  02/Mar/2008  44.53.770  06.53.110 20 1

48 SUPER3  05/Mar/2008  47.33.290  04.22.540 21 3 5 1 2

52 LARGEB2  (07/Mar/2008  49.01.678  02.49.874 22

62 SUPER 4 11/Mar/2008  51.52.158  -00.00.109 22

65 Intercal. 12/Mar/2008  52.58.913  00.00.020 4

72 LARGEB3  14/Mar/2008  55.13.948  00.02.611 20

78 SUPER 5 16/Mar/2008  57.33.150 - 00.02.270 19 3 5 1 2
TOTAL 164 18 19 3 6
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4.3.3.2 BIOGEOCHEMICAL PROCESSES INVOLVED IN CARBON
EXPORT AND REMINERALIZATION

The aim here is to achieve a better insight in: (i) particle vs solute
interactions for organic carbon; (ii) the processes in control of organic carbon
export and its transformation during transit through the mesopelagic depth region.

4.3.3.2.1 Export and shallow remineralization

Frédeéric Planchon (frederic planchon@africamuseum.be)
Royal Museum for Central Africa

Dpt. of Geology and Mineralogy

Section of Mineralogy and Petrography
Leuvensesteenweg, 13

B- 3080 Tervuren

Belgium

Frank Dehairs (fdehairs(@vub.ac.be)

Anne-Julie Cavagna (acavagna@vub.ac.be)
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4Th (and *'°Po; see work by Elisabet Verdeny’s group) is useful to
quantify the scavenging from solution onto particles and the processes governing
the dynamics of particles in the ocean. These radionuclides have in common the
fact that they both are daughters of a long lived parent (**U) present in the
dissolved phase and with conservative behaviour over the oceanic water column.
Profiles of total ***Th inform not only on the export of particles (from the deficit of
#*Th vs ***U) from the mixed layer but also possibly on remineralization of these
sinking particles below the mixed layer (from the ***Thexcess relative to >**U). We
assessed the export of particles from the upper mixed layer using the **Th deficit
method. This approach consists in recovering total “**Th (i.e. dissolved and
particulate) from a **°Th-spiked 4L seawater sample by scavenging on Mn(OOH)
precipitate and filtering on quartz filters. These filters are dried and counted on
board for beta activity using a low beta RIS@ counter. The ***Th activity deficit
relative to *°*U is integrated to yield a ***Th flux associated with sinking particles.
To transform this flux into a carbon flux the >**Th activity exclusively associated
with particles is also measured. To that purpose large volume filtrations are
performed with in-situ pumps fitted with nylon screens (50 pm cut-off) and QMA
quartz filters (1 um cut-off). The material collected on the 50um screens is washed
off and reconcentrated on a 0.4 pm silver filter. QMA filters were subsampled
using a cut-out (25 mm diameter). These filters were dried and counted on board.
At this stage we only have a crude idea about the magnitude of the ***Th export
flux along BGH. Indeed, samples need to be recounted in the home-based
laboratory after about 6 months to assess background ***Th activity (from
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scavenged ~**U) and to assess the yield of the original ***Th recovery by analyzing
the concentration of *°Th, which is the yield monitor used. After recounting, the
filters with particulate **Th will be analysed for POC content using an elemental
analyzer, in order to assess >*Th/POC ratios. Only then will it be possible to
generate final numbers of POC export flux. Results will be compared with those
obtained by Elisabet Verdeny on *'°Po and *'°Pb.

Table 16 — CTD rosette and in-situ pump casts for 234Th activity analysis

Station station CAST
type number date CAST type Number Latitude longitude

CTD Mixed

SUPER 1 18 20/02/08 05:06 Layer 20 13.06.974E  36.31.536 S

SUPER 1 18 20/02/08 11:30 PIS 1 13.07.139 E  36.31.2558S

Superl REE 0-

SUPER 1 18 20/02/08 15:52 bottom 21 13.07.096 E  36.31.278 S

SUPER 1 18 21/02/08 05:25 PIS 2 13.08.650 E  36.28.040 S

SUPER 1 18 21/02/08 09:00 CTD Po-Th 22 13.06.997E  36.29.755 S

SUPER 1 18 22/02/08 00:30 PIS 3 13.06.311 E  36.29.105 S

LARGE 2B 31 25/02/08 21:40 CTD HYDRO 37 09.55.057E  41.10.705 S
CTD Mixed

LARGE 2B 31 26/02/08 01:37 Layer 38 09.55.313E  41.11.390 S

SUPER 2 34 27/02/08 12:04 PIS 4 08.55.723 E  42.28.134 S

SUPER 2 34 27/02/08 20:30 CTD Po-Th 43 08.56.004 E  42.28.297 S

SUPER 2 34 28/02/08 00:12 BaSi 44 08.55912E 42.28.130 S

SUPER 2 34 28/02/08 07:30 PIS 5 08.55960 E  42.28.110 S
CTD Mixed

LARGE 3B 41 01/03/08 15:39 Layer 52 06.53.114E  44.53.801 S

LARGE 3B 41 01/03/08 23:36 CTD HYDRO 53 06.54.230 E  44.53.480 S
CTD Mixed

LARGE 4A 44 03/03/08 08:15 Layer 58 05.52.520E  46.01.030 S

SUPER 3 48 05/03/08 06:50 PIS 6 04.22.160E  47.33.160 S

SUPER 3 48 05/03/08 17:56 CTD Po-Th 65 04.22.540E  47.33.290 S

SUPER 3 48 06/03/08 03:07 PIS 7 04.22.845E  47.33.056 S

LARGE 5B 52 07/03/08 12:27 CTD HYDRO 70 02.49.873E  49.01.687 S
CTD Mixed

LARGE 5B 52 07/03/08 14:39 Layer 71 02.49.930 E  49.01.680 S
CTD Mixed

LARGE 6A 57 09/03/08 06:16 Layer 78 01.19.432E  50.22.698 S

SUPER 4 62 10/03/08 20:30 PIS 8 00.00.00 E 51.51.330 S

SUPER 4 62 11/03/08 02:48 CTD Po-Th 86 00.00.109 W 51.52.158 S

SUPER 4 62 11/03/08 15:49 PIS 9 00.00.00 E 51.51.330 S
CTD Mixed

LARGE 7A 72 14/03/08 06:47 Layer 100 00.00.021W  55.34.140 S

LARGE 7A 72 14/03/08 10:57 CTD HYDRO 101 00.00.330 E  55.34.230 S

SUPER 5 78 to be completed PIS 8 00.00.330 E 57.33S

SUPER 5 78 16/03/2008 18:44  CTD Po-Th 86 00.00.330 E 57.338S

SUPER 5 78 to be completed PIS 9 00.00.330 E 57.33S
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0-50
0-750

5000
1250-4700
0-1000

75-2700
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0-300
0-3940
0-1000

1500
0-1450

0-300
0-4110

0-200
1038-4340
0-1000
0-550
0-1000

0-150

0-250
0-2468
0-1000
0-2468

0-250
0-1000

0-1000
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4.3.3.2.2 Mesopelagic remineralization
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The accumulation of particulate authigenic Ba (mainly consisting of
BaSO,, barite formed in decaying aggregates of biogenic matter) in the
mesopelagic water column (100 — 1000m) has been shown to correlate with
subsurface bacterial activity and to reflect the intensity of past mesopelagic
remineralization of exported organic matter.

We sampled several litres of seawater (4 to 10L) using the rosette casts at
LARGE B and SUPER stations and filtered the water over 0.4 p m Nuclepore
membranes under pressure of filtered air. Membranes are dried and saved till later
analysis in the home based laboratory. Filters will be subsampled first for 8°°Si of
bioSi (surface water samples only) and also for the SEM-EMP study of discrete
barite microparticles present on the filter. The filter part for total Ba will be
subsequently digested using a tri-acid mix (HCI, HNO;, HF). Ba (as well as Sr,
Ca, Al, U, ..) will be analysed by HR-ICP-MS. Excess, non-lithogenic particulate
Ba (Baxs) is calculated using Al as the crustal reference. A transfer function
established earlier for the same area as BGH relating Baxs with oxygen
consumption will be applied to deduce the rate of oxygen utilization and the rate
of POC respired. These values will be compared with carbon export flux (obtained
via the **Th method), with new production and new community production, both
assessed by the group of Pedro Monteiro.

Table 17 — CTD Rosette casts sampled for particulate barium

depth
CTD Cast# Station type Station Date Long Lat range
23 SUPER 1 1 21/02/2008 13.06.300 E 36.28.140 S 0-1000m
44 SUPER 2 34 27/02/2008  08.55970E  42.28.110 S "
54 LARGE 3B 41 2/03/2008 06.53.130 E 44.53.740 S "
66 SUPER 3 48 6/03/2008 04.22.480 E 47.33.310S "
72 LARGE 5B 52 7/03/2008 02.49.930 E 49.01.690 S "
77 LARGE 6A 57 8/03/2008 01.18.130E 50.22.360 S "
87 SUPER 4 62 11/03/2008  00.00.410 E 51.52.540 S "
99 LARGE 7A 72 14/03/2008  00.02.660 E 55.13.930 S "
110 SUPER 5 78 16/03/2008  00.02.268 W 57.33.152 S "
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4.3.3.3 USE OF CARBON ISOTOPES (**C AND "*C) TO TRACE
MARINE CARBON CYCLE IN THE WATER COLUMN

Nadine Tisnérat-Laborde tisnerat@lsce.ipsl.fr
Martine Paterne paterne@lsce.ipsl.fr
LSCE/IPSL, CEA-CNRS-UVSQ

Domaine du CNRS - Bat 12

Avenue de la Terrasse

F-91198 Gif-sur-Yvette

Scientific objectives

As explained here above in section 3.4., the aim of this study is to
investigate the variation of radiocarbon and A"*C signatures of the different forms
of carbon in the water column and sediment in the inter-frontal region of Southern
Ocean in order to contribute to understand the fate of carbon : A”C and A'C
signatures of the different forms of organic matter (POC, DOC and SOC) reflect
the balance between production and deposition. It is therefore possible to
determine the partitioning of exported carbon between dissolved and particulate
forms, and to understand, in conjunction with the other tracers, the factors which
regulate the fate of these carbon pools.

Methods
Cf. Sect. 4.3.2.4
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4.3.3.4 DISTRIBUTION AND INTERNAL CYCLE OF SILICON
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4.3.3.4.1 Natural silicon isotopic composition

Samples were taken to compare the natural isotopic signatures of Si(OH),
and bio-silica (BSi) in order to better constrain the Si(OH),-diatom dynamics (Si

utilization efficiency, mixing, Si source and accumulation). The isotopic
composition of dissolved silicate (8°°Sips;) tends to integrate the effect of isotope
fractionation over the growth season, while isotopic composition of particles
(8*Sigs;) rather reflects the instantaneous result of fractionation. To that purpose
seawater sampled per rosette during LARGE and SUPER stations was filtered on
0.4 pm Nuclepore membranes. Generally 19 depths were sampled from rosette
casts for the determination of 63OSiDsi while filters will be available only on
surface for 8*’Sigg; due to the insufficient amount of particles below. Deeper
8*"Sigs; will however be determined from the large volume in-situ pumps samples
collected with Supor filters of 0.4 um pore size at the SUPER stations. Filtrate and
filtered particles were saved for chemical processing and isotopic analysis in the
home based laboratory. After a thorough purification and preconcentration
process, analyses will be carried out in the home-based laboratory (MRAC) by
MC-ICP-MS in dry plasma mode using Mg external doping. Before the analyses
we apply a wet-alkaline digestion on biogenic silica samples (2 M NaOH leaching
at 100°C for 40 min). Silicon is then purified through its quantitative reaction with
Triethylamine-Molybdate following by combustion (1000°C) and a HF/HCI
dissolution. For samples with Si(OH)4 lower than 10uM a MAGIC
preconcentration step is first necessary.
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Cast#  Station type Station Date Long Lat depth range
19 SUPER 1 18 19/02/2008 13.07.320 E 36.31.370 S 1500 - bottom
23 SUPER 1 18 21/02/2008 13.06.000 E 36.25.999 S 0-1000
37 LARGE 2A 31 25/02/2008 09.55.010 E 41.10.560 S 0 - bottom
41 SUPER 2 34 26/02/2008 08.55.700 E 42.28.170 S 1400 - bottom
44 SUPER 2 34 27/02/2008 08.55.970 E 42.28.110 S 0-1000
53 LARGE 3B 41 1/03/2008 06.53.140 E 44.53.770 S 1250 - bottom
54 LARGE 3B 41 2/03/2008 06.53.130 E 44.53.740 S 0-1000
57 LARGE 4A 44 2/03/2008 05.51.890 E 46.01.450 S 0 - bottom
63 SUPER 3 48 4/03/2008 04.22.610 E 47.33.260 S 1400 - bottom
66 SUPER 3 48 6/03/2008 04.22.480 E 4733310 S 0-1000
70 LARGE 5B 52 7/03/2008 02.49.940 E 49.01.690 S 1500 - bottom
72 LARGE 5B 52 7/03/2008 02.49.930 E 49.01.690 S 0-1000
77 LARGE 6A 57 8/03/2008 01.18.130E 50.22.360 S 0 - bottom
84 SUPER 4 62 10/03/2008 00.00.041 E 51.51.350 S 1200 - bottom
87 SUPER 4 62 11/03/2008 00.00.410 E 51.52.540 S 0-1000
98 LARGE 7A 72 13/03/2008 00.01.380 E 55.13.847 S 1500 - bottom
99 LARGE 7A 72 14/03/2008 00.02.660 E 55.13.930 S 0-1000
106 SUPER 5 78 15/03/2008 00.02.190 W 57.33.150 S 1250 - bottom
110 SUPER 5 78 16/03/2008 00.02.268 W 57.33.152 S 0-1000

4.3.3.4.2 Si isotopic dilution incubations

Isotope dilution experiments using *°Si spike additions were conducted at
LARGE and SUPER stations in close collaboration with the group of Rudolph
Corvaisier and Philippe Pondaven (IUEM, Brest). We will assess Si-uptake rates
as well as bio-silica dissolution rates to determine the Si-budget and the impact of
internal recycling on the Si-availability in the surface waters. Uptake rates will be
compared with N and C uptake rates assessed by the group of Pedro Monteiro. In
this regard, a common sampling strategy was implemented and samples were
taken from the same CTD mixed layer casts and incubated simultaneously for C,
N and Si for 24h at 100%, 25% and 1% light levels. In addition some 48h
incubations were performed at SUPER stations. Sample processing and analyses
will be carried out in the home-based laboratory (MRAC, Tervuren) via HR-SF-
ICP-MS. We also apply first an alkaline digestion on biogenic silica samples. For
dissolved silicon, a preconcentration is applied, and for the samples with low
Si(OH)4 contents, a purification step on cationic exchange resin is necessary to
overcome the matrix effect.
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Table 19 — CTD Rosette casts sampled for Si uptake and bSi dissolution incubations

Cast #
12
20
38
45
52
58
62
71
78
83
100
108

Station type
LARGE 1A
SUPER 1
LARGE 2B
SUPER 2
LARGE 3B
LARGE 4A
SUPER 3
LARGE 5B
LARGE 6A
SUPER 4
LARGE 7A
SUPER 5
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Station
11
18
31
34
41
44
48
52
57
62
73
78

Date
17/02/2008
20/02/2008
26/02/2008
28/02/2008

1/03/2008
3/03/2008
4/03/2008
7/03/2008
9/03/2008
10/03/2008
14/03/2008
16/03/2008

Long
14.24.520 E
13.07.120 E
09.55.360 E
08.56.050 E
06.53.070 E
05.52.390 E
04.22.610 E
02.49.920 E
01.18.930E
00.00.040 E
00.00.021 W
00.02.252 W
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Lat
34.25.600 S
36.31.310 S
41.11.400 S
42.28.110 S
44.53.880 S
46.01.010 S
47.33.160 S
49.01.680 S
50.22.480 S
51.50.870 S
55.34.140 S
57.33.161 S

depth range
0-250
0-300
0-300
0-250
0-300
0-200
0-250
0-250
0-250
0-250
0-250
0-270
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4.3.3.5 NEW AND TOTAL PRODUCTION IN THE ATLANTIC SECTOR
OF THE SOUTHERN OCEAN - BONUS-GOODHOPE
RESEARCH CRUISE;
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Council for Scientific and Industrial Research
PO BOX 320

Stellenbosch 7599, South Africa
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Sandy Thomalla (sandy.thomalla@uct.ac.za)
Department of Oceanography
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Michael Bender (bender@princeton.edu)
Department of Geosciences
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Princeton University

Princeton, NJ 08544

Introduction:

New production fluxes south of the Sub-Tropical Front (STF),
particularly in the Sub-Antarctic Zone (SAZ) between 40 — 50°S are thought to
make this region one of the most important oceanic sinks of atmospheric CO,.
This sink is driven by two main mechanisms: dissolution and subduction i.e. the
“solubility pump” as well as phytoplankton export fluxes, the “biological pump”.
The work undertaken on the Bonus-Goodhope Cruise focused on the
characteristics and variability of the “Biological Pump”.

This region is characterised by a wide range of spatial (mesoscale features
and meridional gradients) and temporal scales of variability. The basis for the
variability of ocean productivity in the sub-Antarctic zone remains uncertain and
the lack of observations also limits the validation of indirect model estimates to
quantify productivity and export production. The BONUS-GOODHOPE research
cruise has provided an opportunity to investigate physical and biogeochemical
processes across the major fronts in the Atlantic sector of the Southern Ocean
close to, and along, the 0° meridian.

A range of nitrogen dynamics and primary productivity experiments were
conducted to investigate the role of the SAZ in respect of carbon sequestration via
the biological pump. Hourly (day vs night) and daily rates of new- and total
production within the euphotic zone will be estimated from the uptake rates of
NO;3-N, NH4-N, urea-N and carbon using N- and *C-labelled salts. N- and C-
uptake rates were also targeted in the micro- nano- and pico-plankton size
fractions using surface water samples. This suite of experiments was supplemented
by a series of three, 6-day incubations. These were designed to determine the new
production (and hence carbon export) response of the ambient phytoplankton
assemblage to the addition of iron. Experiments were conducted in iron-replete
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and —depleted oceanic environments. Net community production and gross
primary production (which provides an estimate of export production, similar to
the f-ratio) were determined using O,/Ar and the triple oxygen isotope method. A
high resolution underway sampling strategy was adopted using an equilibrator
inlet mass spectrometer (EIMS), as well as discrete samples collected during
rosette deployments.

In summary, the following work was undertaken:
« N and "C tracer production experiments.
* New production response to iron addition.
* Natural abundance isotope variability
* Oxygen triple isotopes: Net Community Production

There should be useful synergies arising from the comparative analysis of carbon
export fluxes derived from these two techniques (*°N uptake and O/Ar) and those
that measure sub-seasonal (Th) and seasonal (Po) particle export fluxes.

Methods

Production Measurements:

Production measurements were undertaken using bulk water samples
obtained from the 100, 50, 25, 10 and 1% light levels of the CTD Mixed Layer
Depth (MLD) cast (LARGE stations, type A and B and SUPER stations).
Occasionally, opportunistic sampling was undertaken at Hydrocast stations from
water within the surface mixed layer (SML). These lower-volume bulk samples
were used for the 50% light level, short-term incubations aimed at determining
hourly day-time and night-time rates of N-uptake. In all cases, three, 2L sub-
samples were pre-screened into borosilicate glass bottles (through a 200pm mesh
to exclude grazers); for each light depth of the MLD cast as well as the single bulk
sample from the SML short-term experiments. 15NO3-N, NH4-N and “urea-N
salts were added to the respective sub-samples from the light depths and SML sub-
samples and, in addition, °C salt was added to the "NO;-N bottle. °N and "°C
tracers were added at <10% of ambient nutrient concentrations. The bottles were
incubated at simulated in sifu light levels on deck and maintained at SST by
continuous sea-water flow. The period of incubation was approximately 24h for
the MLD and 4h for the short-term experiments. Experiments were terminated by
filtration onto pre-ashed 47mm GF/F filters, which were then dried at 75°C and
retained for particulate nitrogen, carbon and '°N analysis. Initial concentrations of
ammonium-N and urea-N were determined manually by colourimetric method and
initial nitrate-N concentrations were available from the autoanalyser results. Size-
fractionated (<2um, 2 — 20pm and 20 — 200pum) chlorophyll-a and phaeo-pigments
were determined fluorometrically for one bulk sample in the SML.

Size fractionated production at the surface

Size fractionated nitrogen uptake and carbon fixation experiments were
conducted using 20L bulk surface samples obtained using a plastic bucket. The
bulk sample was pre-screened (200um) and divided into three, 6L sub-samples,
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contained in clear polycarbonate incubation cylinders. The sub-samples were
spiked pro rata with ’NO3-N, "NH,4-N, and “urea-N salts. A proportional amount
of 13C salt was also added to the ]5N03-N bottle. The 3 samples were incubated at
the simulated 50% light level, for 24h in each experiment. Each sample was then
post-fractionated at <20um and <2um and filtered onto 47mm GF/F filters.
Nitrogen uptake and carbon fixation rates will therefore be estimated for the
<2um, 2 — 20pum and 20 — 200pm (micro-, nano, and pico-) size fractions. Initial
nutrient concentrations were obtained as previously. Size-fractionated (<2um, 2 —
20um and 20 — 200um) chlorophyll-a and phaeo-pigments were determined
fluorometrically on the initial bulk sample.

Nitrate uptake / Iron addition experiments

These experiments were conducted in waters with both low and high
nitrate-N concentrations. It is assumed that the latter environment was a high
nutrient, low chlorophyll (HNLC) area and hence iron-limited. Each experiment
lasted for a total of 5-6 days. Broadly speaking, the experiment was designed to
investigate the phytoplanktonic nitrate uptake response (new production/carbon
export) to the addition of iron in a HNLC area. It was necessary to follow trace
metal clean protocols during the set-up and execution of this experiment and we
were fortunate to have the advice and facilities of colleagues on board (most
specifically, Dr Bronwyn Wake). A mixed, bulk sample (36L) was collected in the
euphotic zone using Go-Flo bottles on a Kevlar cable, sampled in a clean container
and divided into thirty six, 1L sub-samples. The sub-samples were pre-screened
(200um) and poured into acid-cleaned polycarbonate bottles. Eighteen of these
bottles were spiked with ]5N03-N at <10% of the ambient NO3-N concentration.
The remaining 18 bottles were similarly treated and, in addition, 2 nano-moles of
Fe were added. The 36 bottles were then incubated at a simulated 50% light level.
This made it possible to run a 6 day experiment with 3 controls ('°"NOs-N only)
and 3 iron-enriched (’NO;-N + Fe) sub-samples being removed each day (T1, T2,
T3, T4, TS5 and T6). It is hoped that this will give a time-series of nitrate uptake
response. After removal from the incubator, a 100ml sub-sample was removed
from one control and one iron-enriched bottle for iron-contamination tests and 1ml
was removed for flow-cytometry analysis to determine the response of the
phytoplankton assemblage during the 6 day experiment. Note that this was also
done on To samples prior to the commencement of the experiment. Initial nitrate-
N concentration was determined as described previously.

Natural Abundance Isotope Variability

The objective of this part of the programme is to characterize the
variability of POC/PON, "*C and N in the surface waters across the southern
ocean. 2L samples were collected from the ships intake water supply every 8
hours. The samples were frozen and retained for particulate nitrogen and "N
analysis.

Oxvygen isotopes NCP (EIMS)
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High resolution measurement of the spatial variability of net community
production using the O./Ar ratio and gross primary production oxygen triple
isotope method was conducted underway. Anomalies of O,/Ar relative to the long
term atmospheric mean are driven by net autotrophic or heterotrophic activity.
The export of carbon leaves a net positive anomaly that can be related to the net
community production. The oxygen triple isotope ratios are used to derive
estimates of gross primary production.

A continuous flow system that draws from the ship’s scientific seawater
supply was linked to a micro capillary equilibrator that separates the gas and water
phases. The gas phase was analyzed on board using a Pheiffer quadrupole mass
spectrometer. The system included an Aanderraa oxygen optode and a number of
thermocouples used to continuously monitor the temperature at each stage of the
sampling cycle. The sampling period was < 30 seconds.

The underway system was calibrated using samples collected through the
same lab seawater supply in evacuated flasks for later analysis in dual inlet mass
spectrometer. The discrete lab samples were compared to in situ samples of
surface water taken periodically from the Rosette. Small differences in the oxygen
concentrations were monitored through periodic simultaneously sampling of both
lab supply and surface waters for Winkler analysis.

Station information is summarized in Table 20— Table 24.

Table 20 N Production incubations station and sampling information for
mixed layer depth casts during LARGE stations on the BONUS
GOODHOPE transect.

Table 21 N Production incubations station and sampling information for
mixed layer depth casts during SUPER stations on the BONUS
GOODHOPE transect.

Table 22 Size fractionation production incubations and short term
production incubation station and sampling information for
surface samples on the BONUS GOODHOPE transect. O,/Ar
samples were also collected at all the mixed layer depth casts.

Table 23 Natural abundance isotope variability samples collected
underway from the ships scientific seawater supply system.
Table 24 O,/Ar samples collected underway from the ship’s scientific seawater

supply as well as from surface rosette samples, for comparison
between these two water sources.
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Table 20 — °N Production incubations station and sampling information for mixed layer depth
casts during LARGE stations on the BONUS GOODHOPE transect.

. o Sample
Station S::::Zln CTD mon/dayl/yr (I:;t) I(_ooEr; Iigfht D[en[:; h vo:t;ne
11 11 L1 12 02/17/2008  -34.43  14.41 100 1 6
11 11 L1 12 02/17/2008  -34.43  14.41 50 5 6
11 11 L1 12 02/17/2008  -34.43  14.41 25 10 6
11 11 L1 12 02/17/2008  -34.43  14.41 10 50 6
11 11 L1 12 02/17/2008  -34.43  14.41 1 80 6
31 31L2B 38 02/26/2008  -41.19 9.92 100 3.5 6
31 31L2B 38 02/26/2008  -41.19 9.92 50 3.5 6
31 31L2B 38 02/26/2008  -41.19 9.92 25 7 6
31 31L2B 38 02/26/2008  -41.19 9.92 10 15 6
31 31L2B 38 02/26/2008  -41.19 9.92 1 36 6
41 41L3 52 03/01/2008  -44.90 6.88 100 20 6
41 4114 52 03/01/2008  -44.90 6.88 50 20 6
41 41L5 52 03/01/2008  -44.90 6.88 25 20 6
41 41L6 52 03/01/2008  -44.90 6.88 10 40 6
41 41L7 52 03/01/2008  -44.90 6.88 1 60 6
44 44LA 58 03/03/2008  -46.02 5.87 100 11 6
44 44LA 58 03/03/2008  -46.02 5.87 50 11 6
44 44LA 58 03/03/2008  -46.02 5.87 25 21 6
44 44LA 58 03/03/2008  -46.02 5.87 10 21 6
44 44LA 58 03/03/2008  -46.02 5.87 1 48 6
52 5215B 71 03/07/2008  -49.03 2.83 100 5 6
52 5215B 71 03/07/2008  -49.03 2.83 50 5 6
52 5215B 71 03/07/2008  -49.03 2.83 25 10 6
52 5215B 71 03/07/2008  -49.03 2.83 10 15 6
52 5215B 71 03/07/2008  -49.03 2.83 1 60 6
57 57L6B 78 03/09/2008  -50.37 1.32 100 1 6
57 57L6B 78 03/09/2008  -50.37 1.32 50 1 6
57 57L6B 78 03/09/2008  -50.37 1.32 25 10 6
57 57L6B 78 03/09/2008  -50.37 1.32 10 15 6
57 57L6B 78 03/09/2008  -50.37 1.32 1 80 6
72 72LB 100  03/14/2008 -55.57  0.004 100 5 6
72 72LB 100  03/14/2008 -55.57  0.004 50 5 6
72 72LB 100  03/14/2008 -55.57  0.004 25 13 6
72 72LB 100  03/14/2008 -55.57  0.004 10 24 6
72 72LB 100  03/14/2008 -55.57 0.004 1 109 6
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Table 21 — °N Production incubations station and sampling information for mixed layer depth
casts during SUPER stations on the BONUS GOODHOPE transect.

. Sample
. Station Lat Lon % Depth
Station Label CTD mon/daylyr (°N) (°E) light [m] vo:t;ne
18 18 S1 20 02/20/2008 -36.52 13.12 100 3.4 6
18 18 S1 20 02/20/2008 -36.52 13.12 50 7.5 6
18 18 S1 20 02/20/2008 -36.52 13.12 25 14.2 6
18 18 S1 20 02/20/2008 -36.52 13.12 10 39.7 6
18 18 S1 20 02/20/2008 -36.52 13.12 1 53.7 6
18 18 S1 22 02/21/2008 -36.51 13.12 100 1 6
34 34 S2 45 02/28/2008 -42.47 8.93 100 3 6
34 34 S2 45 02/28/2008 -42.47 8.93 50 5 6
34 34 S2 45 02/28/2008 -42.47 8.93 25 10 6
34 34 S2 45 02/28/2008 -42.47 8.93 10 22 6
34 34 S2 45 02/28/2008 -42.47 8.93 1 50 6
S3
48 (MLD) 62 03/04/2008 -47.55 4.38 100 3.77 6
S3
48 (MLD) 62 03/04/2008 -47.55 4.38 50 3.77 6
S3
48 (MLD) 62 03/04/2008 -47.55 4.38 25 9 6
S3
48 (MLD) 62 03/04/2008 -47.55 4.38 10 20 6
S3
48 (MLD) 62 03/04/2008 -47.55 4.38 1 59 6
62 62 S4 83 03/10/2008 -51.85 0.00 100 5 6
62 62 S4 83 03/10/2008 -51.85 0.00 50 5 6
62 62 S4 83 03/10/2008 -51.85 0.00 25 10 6
62 62 S4 83 03/10/2008 -51.85 0.00 10 25 6
62 62 S4 83 03/10/2008 -51.85 0.00 1 125 6
80 S5 108 03/16/2008 -57.55 0.04 100 5 6
80 S5 108 03/16/2008 -57.55 0.04 50 5 6
80 S5 108 03/16/2008 -57.55 0.04 25 10 6
80 S5 108 03/16/2008 -57.55 0.04 10 30 6
80 S5 108 03/16/2008 -57.55 0.04 1 90 6
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Table 22 — Size fractionation production incubations and short term production incubation station
and sampling information for surface samples on the BONUS GOODHOPE transect. O)/Ar

samples were also collected at all the mixed layer depth casts.

Station Lat Lon Sample volume
Station Label CTD experiment mon/day/yr  (°N) (°E) % light Depth (L)
15 15 Hydro 16 SF 02/18/2008 -35.63  13.68 100  surface 18
18 18 S1 SF 22 SF 02/21/2008 -36.31 13.07 100  surface 18
27 27 SF 27 SF 02/23/2008 -37.55 12.35 100  surface 18
29 29 SF 34 SF 02/25/2008 -40.29  10.55 100  surface 18
42 42 55 Day 03/02/2008 -45.33 6.50 100 ML 6
47 47 SF 61 SF 03/04/2008 -47.32 4.62 100  surface 18
48 S3 66 SF 03/06/2008 -47.56 4.37 100  surface 18
62 62 S4 85 Night 03/10/2008 -51.86 0.01 100 ML 6
65 65Int 90 Day 03/12/2008 -52.93 0.00 100 ML 6
70 70SF 96 SF 03/13/2008 -54.58 0.00 100 1 18
76 76SF 104 SF 03/15/2008 -56.76 0.01 100 1 18

SF : size fractionated incubation
Day: short term daytime incubation.
Night: short term nighttime incubation.
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Table 23 — Natural abundance isotope variability samples collected underway from the ships
scientific seawater supply system.

Date + UTC Underway Natural Abundance samples
FilterNumber | Time Lat Long

16/02/2008 14:00 bgh1 14h10 34004.76 15004.10
16/02/2008 22:00 bgh2 21h40 | 34007.329 14034.956
17/02/2008 06:00 bgh3 06h00 | 34025.560 14024.320
17/02/2008 14:00 bgh4 14h05 | 34031.931 14020.025
17/02/2008 22:00 bgh5 22h00 | 34053.746 14007.188
18/02/2008 06:00 bgh6 05h55 | 35015.031 13054.571
18/02/2008 14:00 bgh7 16h20 | 35037.514 13041.012
18/02/2008 22:00 bgh8 21h45 | 35055.316 13031.945
19/02/2008 06:00 bgh9 08h15 35015.5 13029.8

19/02/2008 14:00 bgh10 16h05 | 36026.531 13010.457
19/02/2008 22:00 bgh11 22h00 | 36031.248 13007.104
20/02/2008 06:00 bgh12 06h00 | 36031.257 13007.140
20/02/2008 14:00 bgh13 16h00 | 36031.252 13007.130
20/02/2008 22:00 bgh14 21h55 | 36031.820 13007.342
21/02/2008 06:00 bgh15 06h10 | 36030.712 13007.330
21/02/2008 14:00 bgh18 16h10 | 36027.534 13006.059
21/02/2008 22:00 bgh19 21h45 | 36029.781 13006.657
22/02/2008 06:00 bgh20 06h03 | 36027.547 13007.201
22/02/2008 14:00 bgh21 13h55 | 36047.343 12056.477
22/02/2008 22:00 bgh22 22h00 | 37024.889 12032.873
23/02/2008 06:00 bgh23 06h05 | 37042.949 12021.138
23/02/2008 14:00 bgh24 15h15 | 38005.511 12005.123
23/02/2008 22:00 bgh25 21h50 | 38027.516 11049.784
24/02/2008 06:00 bgh26 06h10 | 38049.561 11034.498
24/02/2008 22:00 bgh28 21h55 39033.54 11003.73
25/02/2008 06:00 bgh29 06h30 | 40017.457 10033.003
25/02/2008 14:00 bgh31 14h15 | 40043.939 10012.880
25/02/2008 22:00 bgh32 21h45 | 41010.693 9054.999
26/02/2008 06:00 bgh33 06h30 | 41036.548 9035.033
26/02/2008 14:00 bgh34 14h00 | 42002.245 9016.246
27/02/2008 06:00 bgh35 05h50 | 42028.144 8055.725
27/02/2008 14:00 bgh37 14h05 | 42028.134 8055.731

27/02/2008 22:00 bgh38 06h10 42028.12 8055.96

28/02/2008 06:00 bgh39 08h20 42028.11 8056.01

28/02/2008 14:00 bgh40 14h00 | 42053.619 8033.941

28/02/2008 22:00 bgh41 22h00 43019.78 8013.67

29/02/2008 06:00 bgh42 06h30 | 44002.4638 | 7037.910
29/02/2008 14:00 bgh43 14h00 | 44012.9901 | 7029.1520
02/03/2008 06:00 bgh45 08h30 | 45019.308 6030.775
02/03/2008 14:00 bgh46 14h00 | 45031.4105 | 6019.185
02/03/2008 22:00 bgh47 20h00 | 45050.260 6000.258
03/03/2008 06:00 bgh48 06h43 | 46000.9026 | 5052.5160
03/03/2008 14:00 bgh49 14h00 | 46021.396 5032.66

03/03/2008 22:00 bgh50 22h00 | 46050.7856 | 5004.3836
04/03/2008 06:00 bgh51 08h30 | 47019.064 | 4037.2075
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Table 23— Continued

Underway Natural Abundance samples

FilterNum Time Lat Long

04/03/2008 22:00 bgh52 22h00 | 47033.1654 4022.363
05/03/2008 06:00 bgh53 11h50 | 47032.8733 | 4022.0924
05/03/2008 22:00 bgh54 11h10 | 47046.1869 | 4009.4437
06/03/2008 22:00 bgh55 22h00 | 48022.7728 | 3031.5045
07/03/2008 22:00 bgh56 21h45 | 49001.6828 2049.93
08/03/2008 14:00 bgh&7 10h00 | 49049.9685 | 1055.7695
08/03/2008 22:00 bgh59 20h45 | 50007.8974 1036.1175
09/03/2008 06:00 bgh60 10h30 | 50038.1074 | 00056.7079
09/03/2008 14:00 bgh61 20h30 | 51010.2409 | 00020.0162
10/03/2008 06:00 bgh62 10h15 | 51052.1379 | 00000.8109
10/03/2008 14:00 bgh63 22h00 | 51051.4821 | 00000.6702
11/03/2008 22:00 bgh64 00h50 | 52016.3845 | 00000.1633
13/03/2008 06:00 bgh69 06h00 | 54015.012 0000.0
13/03/2008 14:00 bgh66 11h34 | 54039.9116 | 0004.2234
13/03/2008 22:00 bgh67 00h10 | 55014.0238 | 00002.3864
14/03/2008 14:00 bgh68 16h00 | 55054.2646 | 00006.7938
15/03/2008 14:00 bgh85 13h30 | 57012.7345 | 0006.7966
16/03/2008 22:00 bgh84 22h00 | 57033.1471 | 00002.1885
17/03/2008 22:00 bgh83 22h00 | 55052.4537 | 01055.4469
18/03/2008 14:00 bgh82 14h00 | 53041.073 04042.297
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Table 24 — O/Ar samples collected underway from the ship’s scientific seawater supply as well as from surface rosette samj

sources.
ctd
Date station # # Station type Lat Lon 02/Ar (lab) 02/Ar(cast) DO
bottle #
17/02/2008 11 11 ML (LARGE) 34025.5 14024.3 X 1024 324
20/02/2008 18 19 S1 36031.3 13007.1 X 1004 321
21/02/2008 18 21 S1 36031.3 13007.1 X X 451
24/02/2008 27 32 HYDRO 39033.5 11003.7 1062 X
25/02/2008 29 34 HYDRO 40017.5 10033.0 935 66 X
25/02/2008 31 37 L2 41010.6 90.55.0 X 1021 318
27/02/2008 34 43 S2 42028.3 8056.1 1026 1064 114
28/02/2008 34 45 S2 (ML) 42028.1 8056.0 X 1040 169
28/02/2008 36 47 HYDRO 43019.8 8013.7 X 877 118
29/02/2008 38 49 HYDRO 44002.5 7037.9 X 57 161
01/03/2008 41 51 ML (LARGE) 44053.9 6053.1 110 X 339
02/03/2008 42 56 HYDRO 45019.3 6030.8 849 82 469
02/03/2008 43 56 HYDRO 45036.5 6012.6 X 98 X
03/03/2008 44 57 ML (LARGE) 46000.9 5052.6 64 325
03/03/2008 46 60 HYDRO 46043.3 5011.8 1077 26
04/03/2008 48 63 S3 (ML) 47033.3 4022.6 37 72 49
05/03/2008 48 65 S(Th-cast) 47033.3 4022.6 929 856 X
06/03/2008 49 67 HYDRO 47058.2 3057.5 1061 1201 119
07/03/2008 52 71 ML (LARGE) 49001.7 2049.9 39 1006 83
08/03/2008 53 73 HYDRO 49034.1 2014.2 840 928 109
08/03/2008 55 75 HYDRO 49050.5 1055.8 4 850 119
08/03/3008 57 78 ML (LARGE) 50022.5 1018.9 846 843 X
09/03/2008 59 80 HYDRO 50054.2 00039.3 93 955 169
10/03/2008 62 83 S4 (ML) 51051.0 0000.0 997 9 73
12/03/2008 65 90 HYDRO 52056.3 0000.0 899 1092 48
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Date station # c;d Station type Lat Lon 02/Ar (lab) 02/Ar(cast) DO(lab) DO (cast)
bottle # ml/| bottle # ml/|
12/03/2008 66 92 HYDRO 53015.7 00000.1 891 949 110 7.815 46 7.815
13/03/3008 70 94 HYDRO 54034.8 00000.0 932 938 328 X
13/03/2008 72 96 HYDRO 55014 .4 0000.0 904 115 412 7.836 155 7.827
14/03/2008 73 100 ML (LARGE) 55034.1 00000 947 1018 122 7.745 81 7.832
14/03/2008 74 102 HYDRO 55054.3 00006.8 87 976 418 7.968 407 7.883
15/03/2008 76 105 HYDRO 56046 00000 X 1031 484 7.887 162 7.907
16/03/2008 78 108 S5 (ML) 57033.2 00002.3 X X 499 7.879 459 7.768
17/03/2008 Intake 56013.8 1054.3 902 X X X
18/03/2008 Intake 54047.7 3006.8 114 X X X
18/03/2008 intake 53041.1 04042.3 1070 X X X
18/03/2008 Provor 52058 5048 116 908 X X
18/03/2008 intake 52016.8 06051.0 107 X X X
18/03/2008 Provor 50038.9 9014.2 1052 1062 X X
19/03/2008 intake 48009.0 12046.9 956 X X X
19/03/2008 Provor 49015.7 11013.6 105 1076 X X
20/03/2008 intake 46029.8 15001.8 40 X X X
20/03/2008 intake 44006.2 18048.7 832 X X X
21/03/2008 intake 42049.9 20053.3 1089 X X X
21/03/2008 Provor X X

Table 24 — Continued
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4.3.3.6 SPECIFIC BIOGENIC COMPOUNDS

Frank Dehairs (fdehairs(@vub.ac.be)

Anne-Julie Cavagna (acavagna@vub.ac.be)

Vrije Universiteit Brussel

Laboratory for Analytical & Environmental Chemistry
Pleinlaan 2

B-1050 Brussels

Belgium

The content and carbon isotopic composition of specific organic compounds (total
lipid extract and phospholipids derived fatty acids) characteristic for specific plankton groups
(diatoms, dinoflagellates, coccolithophorids) will be assessed to yield information on (i) the
contribution of major phytoplankton groups to the suspended organic carbon pool; (ii)
differential changes of the lipid constituents with depth (and age) and (iii) possible alteration
of 8"°C isotopic signatures during remineralization. Samples were taken by large volume in-
situ pumps fitted with nylon screens (cut-off 50 pm) and QMA quartz filters (cut-off 1 um).
Samples were deep frozen and saved for later analysis. A modified Bligh and Dyer extraction
method will be applied on samples to extract total lipids, and after sylilation, samples will be
analyzed on GC-MS and GC-c-IMRS to assess 8°C isotopic signatures and compounds
determination in the home based laboratory (VUB).

ISP Cast# Station type Station Date Long Lat depth range
1 SUPER 1 18 20/2/2008 13.07.14E 36.31.25S 50 - 750m
2 SUPER 1 18 20/2/2008 13.07.33E 36.31.80S 1250 -4700m
3 SUPER 1 18 21/2/2008 13.06.70E  36.29.60 S 75 -2700m
4 SUPER 2 34 27/2/2008 08.55.72E 42.28.13 S 75 -3950m
5 SUPER 2 34 28/2/2008 08.55.96 E  42.28.11 S 30 - 1450m
6 SUPER 3 48 5/3/2008 04.2216 E 47.33.16 S 1000 - 4400m
7 SUPER 3 48 6/3/2008 04.22.84E 47.33.06 S 20 - 550m
8 SUPER 4 62 10/3/2008 00.00.00E 51.51.33 S 40 - 2500m
9 SUPER 4 62 11/3/2008 00.00.00E 51.51.33 S 30 - 2500m
10 SUPER 5 78 16/03/08 00.02.19W 57.33.14 S 50 - 3900m
11 SUPER 5 78 17/03/08 00.03.03 W 57.33.08 S 20 - 2500m

Table 25 — In Situ Pump casts sampled for biomarkers
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4.3.3.7 BORON ISOTOPES IN THE SOUTHERN OCEAN

Eric Dowville (douville@lsce.ipsl.fr)

Nadine Tisnérat-Laborde (tisnerat@lsce.ipsl.fr)
LSCE/IPSL, CEA-CNRS-UVSQ

Domaine du CNRS - Bat 12

Avenue de la Terrasse

F-91198 Gif-sur-Yvette

Introduction and scientific objectives

Increasing acidity of the surface ocean, in response to anthropogenic emission of
CO; into the atmosphere, is a subject of preoccupation as it may have severe consequences for
marine calcifying organisms, which build their external skeleton out of calcium carbonate
CaCO; (Orr et al., 2005). During the last 200 years, roughly fifty per cent of the
anthropogenic CO, (IPCC, 2005) contributed to the acidification of the superficial ocean by
0.1 pH-units, and sea surface pH could drop to ~ 0.4 units by the year 2100 if carbon emission
increases on the present—day trend (Caldeira and Wickett, 2003). Quantifying changes of the
oceanic pCO; over the last centuries and over thousands of years is therefore of importance to
better evaluate links between oceanic and atmospheric changes of pCO, and their
consequences on ecosystems. Past sea surface pH may be deduced from the boron isotopic
composition (8''B) of biogenic carbonates such as foraminifera and surface or deep-sea
corals. This 8" charbonate — PHgeawater” Indicator would have the potential to calculate seawater
pH change of 0.02 pH-unit in the past only if different assumptions are verified. Among the
assumptions, it’s commonly considered that the isotopic composition of boron (long residence
time) for seawater is homogeneous in the Global Ocean about 40 %o. Here, we suggested to
precisely measuring this parameter (8''Bsw) on MC-ICPMS in order to verify its stability,
first, in different geographical locations and second in the water column, especially in the
oXygen minimum zone.

Methods
141 seawater samples were collected for Boron analyses.

50 ml of seawater were collected for depth profile (14-20 depths) using Niskin bottles in the
five SUPER stations and LARGE stations 1, 4, 5 and 7. Seawater was poisoned with 1drop of
saturated HgCl, solution.

Station L1- StI1 [ SI- St | S2- S34 | L4- St44 | S3- S48 | L5- St52 | S4- S162 | L7- St72 | S5- S78
hydrocast| 15 14 14 14 14 15 14 15 20
tap 1 1 1 1 1 1

Once back in the lab, Boron in seawater samples will be extracted and purified on
anion exchange resin Amberlite IRA 743. About 5 ml is used for this extraction. The isotopic
composition of boron will be measured by using new generation of mass spectrometer MC-
ICPMS with a precise bracketing approach.
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4.3.4 TRACE METALS AND INTERNAL CYCLE OF TRACE METALS

The distribution of trace metals and their interaction with the microbial food-web
strongly depend on their speciation in seawater which controls their solubility, residence time
in surface waters, and bio-availability. The speciation of trace metals is described by the
different size-classes (particulate, dissolved, colloidal, soluble) and by the different chemical
forms (organic, inorganic, oxidation state). The chemical speciation of dissolved trace metals
is often dominated by complexation with organic ligands, which may increase both their
residence time and bioavailability. Complexation with small organic colloids can furthermore
be significant for Fe speciation and bioavailability. The origin of the organic ligands is not
fully understood yet, but phytoplankton or heterotrophic bacteria can represent a significant
source. The redox cycle can also be important for the speciation of at least Fe, especially in
the cold waters of the Southern Ocean and at continental margin interfaces increasing both its
solubility and availability. A better understanding of the speciation of these trace metals and
of the processes involved in their biogeochemical cycling, including interactions with the
microbial food web, is urgently needed in order to improve our understanding of the mutual
dependencies between trace element occurrence and phytoplankton community composition.
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4.3.4.1 GO-FLO’S SAMPLES AND TRACE METALS ON DECKINCUBATIONS

Marie BOYE (marie.boye(@univ-brest.fr)
LEMAR- IUEM

Technopole Brest Iroise
FR-29280 Plouzané

GO-FLO samples

Onboard: Johann Bown, Marie Boye, Eva Bucciarelli, Fanny Chever, Warren Joubert, Pedro
Monteiro, Francois Lacan, Amandine Radic, Géraldine Sarthou, Sandy Thomalla, Howard
Waldron, Bronwyn Wake.

Not onboard: Eric Achterberg, Peter Croot, Gideon Henderson, Rémi Losno, Sonja
Ripperger, Constant van den Berg.

4.3.4.1.1.1 Trace Elements and Isotopes sampled with GO-FLO’s bottles

Sampling strategy

The stations positions were selected in order to cover at most the vertical distribution
of TED’s in the interfrontal regions crossed by the transect, as well as some of the frontal
systems, the region of the Mode Waters formation and an anticyclonic eddy originated from
the Agulhas Current retroflexion (e.g., SUPER-1 station). The sampling depths were selected
to characterise the several water masses encountered in the water column, especially the
Mode Waters, the Antarctic Intermediate Waters, the North Atlantic Deep Waters and the
Circumpolar Deep Waters.

Ultra-clean sampling

The water samples for trace metals (Zn, Fe, Co, Al, ....), isotopes (Fe-IC; Cd-1C),
and trace-metals on deck incubations were collected with 10 pre-cleaned 12 L GO-FLO
bottles (LEMAR, FR) suspended to a Kevlar wire (NIOZ, NL). The Kevlar line was rolled up
on a freshly epoxy-coated winch (IPEV) and operated with three trace-metal free pulleys (one
directional for the winch, one of “return”, and one counting-pulley). 10 depths were sampled
at the 7 LARGE stations between surf.-2000 m and 20 depths at the 5 SUPER stations
between surf.-4000 m for the trace metals by a mean of two Go-Flo casts, while only the 5
SUPER stations where sampled for the Fe and Cd-IC, and 3 to 4 SUPER stations at the
maximum of fluorescence for the trace metals incubations.

Wire angle correction will be made using the "Microcat" depth sensor that was
attached to the bottom of the line when maximal depth permitting (> 3500 m). Depth will
further be calibrated using the nutrients analyses that were made in selected GO-FLO bottles.

The GO-FLO bottles were closed by means of Teflon messengers, and where placed
in a trace-metal clean container (INSU) after retrieval.

The samples were filtered using 0.2 microm polycarbonate cartridges SARTOBAN
Sartorius for dissolved trace metals and dissolved Cd-IC; using 0.4 microm polycarbonate
filters mounted in a Teflon filter holder for dissolved and particulate Fe-IC; and using
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prescreens (200 um) for the incubations. All filtrations were made directly from the Teflon
tape Go-Flo bottle under a free-metal nitrogen pressure of 0.1 bar.

Preliminary results of dissolved iron concentrations recorded on board indicated that
the whole device and the sampling procedure were not introducing contamination for this
element (see Report Chever et al.).

Scientific subprojects achieved with the GO-FLO sampling

The scientific topics achieved with collecting samples using the ultra-clean GO-FLO
and device (Kevlar line and epoxy-coated winch) are listed here below. The objectives of
each subtopic and preliminary results when available are in the several reports, except for
subtopics 4, 6, 8, 9 and 10. The details of the sampling list, station positions and depths are all
reported in Annexe

Subproject 1: dissolved and particulate multi-trace metals distribution in the Southern Ocean
(B. Wake, M. Boye, E. Achterberg)

Subproject 2: particulate, dissolved and soluble iron (F. Chever, G. Sarthou, E. Bucciarelli)
Subroject 3: redox cycle of iron (G. Sarthou)

Subproject 4: organic speciation of dissolved iron and humic substances (S. van den Berg)
About 170 samples have been collected for dissolved iron analyses, its organic complexation,
and humic substances determinations in low density polyethylene bottles (cleaned by J. Bown
and M. Boye) and stored at -20°C. The samples will be analysed in Liverpool University
(UXK.) in the group of S. van den Berg by the use of voltammetry and FIA-
chemiluminescence methods.

Subproject 5: dissolved zinc, cobalt, cadmium distribution and organic speciation in the
Southern Ocean (J. Bown, M. Boye)

Subproject 6: dissolved copper and/or manganese distribution and complexation (M. Boye)
Copper and manganese are essential micro-nutrients. Furthermore it was realized that Cu may
act in reductive dissociation of Fe-organic complexes at the cell surface, hence facilitates iron
uptake and phytoplankton growth. Additionally the external sources of trace metals into the
oceans are either from the atmosphere (dust) or sediments, where Mn can be used as a tracer
of the sedimentary iron redox cycling source. About 170 samples have been collected for
dissolved copper and/or manganese analyses, the organic complexation in low density
polyethylene bottles (cleaned by J. Bown and M. Boye) and stored at -20°C. The samples will
be analysed at LEMAR (IUEM, FR) in the group of M. Boye by the use of voltammetry
method.

Subproject 7: dissolved and particulate iron isotopic composition (F. Lacan, A. Radic)

Subproject 8: distribution of the dissolved cadmium isotopic composition (G. Henderson, S.
Ripperger) About 8 depths per SUPER station have been sampled by M. Boye for dissolved
cadmium isotopic composition (e.g., about 40 samples in total) in low density polyethylene
bottles of 1 to 10 L, and stored at room temperature. The samples will be analysed for their
isotopic composition in cadmium by mass spectrometry in Oxford University (U.K.) in the
group of G. Henderson by S. Ripperger.

Subproject 9: dissolved and particulate aluminium analytical comparison (P. Croot, B. Wake,
M. Boye) Aluminium can be used as an atmospheric source tracer for several trace metals,
such as iron. However for this element there have been reports of contamination during
storage due to release of Al from the plastic of the storage bottles. Here we have collected
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duplicates samples for both particulate and dissolved Al analyses stored at pH 1.8 (nitric acid)
at room temperature in low-density polyethylene bottles and in PMP bottles (cleaned by J.
Bown) that will be analysed by ICPMS at NOCS (UK) by B. Wake and compared with a
modified method of FIA-Chemiluminescence at IFM-GEOMAR (GR) in the group of P.
Croot.

Subproject 10: dissolved trace metals analytical comparison (M. Boye, B. Wake, J. Bown, R.
Losno, F. Chever, S. van den Berg, F. Lacan, G. Henderson, S. Ripperger) Duplicates
samples for dissolved trace metals analyses stored in low-density polyethylene bottles at pH
1.8 (nitric acid) at room temperature will be analysed by ICPMS at NOCS (UK) by B. Wake,
by voltammetry for Zn, Co, Cd by J. Bown at LEMAR (IUEM, FR); and compared with
analyses of samples stored at pH 1.8 (HCI) in Teflon vials by ICPAES at LISA (FR) in the
group of R. Losno. The dissolved iron concentrations (< 0.2 microm; expect for F. Lacan: <
0.4 microm) that will be determined by ICPMS (B. Wake; F. Lacan), FIA-
Chemiluminescence (F. Chever; S. van den Berg) and ICPAES (R. Losno) will be compared
in order to draw an intracomparison of the methods and procedures for dissolved iron. The
dissolved cadmium concentrations (< 0.2 microm) that will be determined by ICPMS (S.
Ripperger), and voltammetry (J. Bown) will be compared in order to draw an intracomparison
of the methods for dissolved cadmium.

Subproject 11: co-impacts of zinc, iron, cobalt on the phytoplankton (B. Wake, M. Boye, J.
Bown)

Subproject 12: co-impacts of iron and copper on the phytoplankton (G. Sarthou, E.
Bucciarelli, F. Chever)

Subproject 13: impact of iron on the nitrogen uptake rate (P. Monteiro, W. Joubert, S.
Thomalla, H. Waldron, B. Wake, M. Boye)

Subproject 14: hydrogen peroxide (E. Bucciarelli)
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4.3.4.2 TRACE METALS (ZINC, COBALT, CADMIUM) CYCLES

Johann BOWN (johann.bown@univ-brest.fr)

Marie Boye (marie.boye(@univ-brest.fr)

Laboratoire des Sciences de [’Environnement MARin CNRS UMRG6539
Institut Universitaire Européen de la Mer Technopole Brest Iroise
FR-29280 Plouzané

Scientific objectives

First one is to study the distributions of the micro-nutrients cobalt (Co), zinc (Zn)
and cadmium (Cd) in the Southern Ocean by mean of analysis of their organic speciation and
dissolved concentrations in the water column. The second objective is to further understand
their biogeochemical cycles in the atlantic sector of the Southern Ocean, and their roles in the
(co)limitations of the phytoplankton growth in this region, hence on the biological pump of
carbon.

Protocol

The samples were collected with Go-Flo bottles attached to a Kevlar line and closed
using by Teflon messengers, on every Super and Large stations with extra samples collected
for the Intercalibration exercice as part of the GEOTRACES objectives. Seven LARGE
stations of 10 depths (0-2000 m) and five SUPER stations of 20 depths (0-4000 m) were
sampled, given about 170 samples per metal and per analysis. The samples are filtered on
0.22 pum Sartorius filter under pure N2 pressure, and collected in LDPE clean bottles (500
ml*2 for organic speciation, 250 ml for dissolved concentrations). Organic speciation samples
are stored in doubled bag and frozen at -20°C. Dissolved concentration samples are acidified
with Ultrapur Acid (at pH=1.8) and stored at ambient temperature.

Method

The organic speciation and dissolved concentrations will be determined by
Voltammetry at LEMAR.

References

Ellwood et al. (2005). Organic complexation of cobalt across the Antarctic Polar Front in the Southern Ocean.
Marine and Freshwater Research, 56, 1069-1075.

Ellwood (2004). Zinc and cadmium speciation in subantarctic waters east of New Zealand. Marine Chemistry, 87,
37- 38.

Saito, M.A. & J.W. Moffett (2001). Complexation of cobalt by natural organic ligands in the Sargasso Sea as
determined by a new high-sensitivity electrochemical cobalt speciation method suitable for open
ocean work. Marine Chemistry, 75, 49-68.

Donat, J.R. and K.W. Bruland (1998). Direct Determination of Dissolved Cobalt and Nickel in Seawater by
Differential Pulse Cathodic Stripping Voltammetry Preceded by Adsorptive Collection of
Cyclohexane-1,2=dione Dioxime Complexes. Anal. Chem., 60, 240-244.

- 168 —



— BONUS-GOODHOPE Cruise Report —

4.3.4.3 Fe(ll) CONCENTRATIONS IN THE WATER COLUMN
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Scientific Objectives

The role of iron in limiting primary production in the oceans is now well established
(Blain et al., 2007; Boyd et al., 2007). In oxic waters, Fe(Ill) is the dominant redox species,
but is highly insoluble. Although Fe(Il) is more soluble than Fe(IIl), it is rapidly oxidised by
oxygen and hydrogen peroxide (Millero et al., 1987). However, in the Southern Ocean, Fe(II)
has been shown to exist for several hours and at elevated concentrations (~1 nM) (Croot et al.,
2001). The reduction of Fe(IlI) to Fe(II), with subsequent re-oxidation to Fe(IIl) is a possible
mechanism by which colloidal iron is made more bioavailable to phytoplankton (Croot ef al.,
2001).

The objectives of this works were to examine the redox state of iron along a north-
south latitudinal transect in order to better understand the redox cycle of Fe(Il).

Sampling and method

Depth profiles of Fe(Il) were performed at the seven LARGE stations (0-2000 m)
and five SUPER stations (0-bottom). Fe(Il) concentrations were also measured in samples
from on-board incubations (see cruise report for on-board Fe-Cu incubations). All samples
were collected and processed using trace-metal clean techniques. For depth profiles, samples
were collected using acid-cleaned Go-Flo bottles mounted on a 6 mm Kevlar hydrowire. The
bottles were individually attached to the synthetic line and triggered at depth using Teflon
messengers. Fe(Il) samples were processed immediately. Sub sampling of the Go Flo bottles
(60 ml) were performed in a clean container and the maximum time between sample
collection and analysis was 5 min. Total (unfiltered samples) Fe(Il) were collected at each
station. Dissolved Fe(Il) (< 0.2 um) were also collected at Go-Flo 1 and 2.

Concentrations of Fe(II) were determined on board using a Flow Injection Method
with chemiluminescence detection (Croot , Laan, 2002; Hopkison , Barbeau, 2007). The
typical detection limit was 107 pM.

Preliminary results

Figure 45 shows depth profiles of filtered (Fe(II)q) and total Fe(Il) samples ((Fe(II),).
Except at the shallowest and deepest depths (5.1% and 3.7%, respectively), dissolved Fe(Il)
represented less than 3% of total Fe(Il) and were close to or lower than the detection limit.
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Figure 45 — Depth profiles of total and dissolved Fe(Il) at station L1

On Figure 46, we reported depth profiles of Fe(Il); and dissolved Fe (see cruise
report from Chever et al.) at stations L1 and S1 (Go-Flo # 1 and 2). Fe(II)t varied between 3
and 40% of DFe at station L1 and between 2 and 8 % of DFe at station S1.

Back in the laboratory, Fe(Il) data will be processed for the other profiles and the Fe
on-board incubations. Data will be delivered to the data base within the next 6 months.
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Figure 46 — Depth profiles of Fe(Il)t and DFe (see cruise report Chever et al.) at station L1 and S1.
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4.3.4.4 DISSOLVED, TOTAL DISSOLVABLE AND SOLUBLE IRON
CONCENTRATIONS IN THE WATER COLUMN
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29280 Plouzané

France

Scientific objectives

The role of iron in limiting primary production and in partly controlling the structure
of the planktonic community in the Southern Ocean is now well established. However, the
fraction available for the phytoplankton is still unknown. The main objective is here to study
the different physical (total dissolvable TDFe, dissolved DFe and soluble FeS) and redox
(Fe(IlT) and Fe(Il) (see cruise report from Sarthou et al.)) fractions of iron in seawater to
better understand this topic.

Scientific and sampling strategies

Depth profiles of dissolved, total dissolvable and soluble Fe were sampled at all
stations where Go-Flo casts were performed, ie the seven LARGE stations (0-2000 m) and the
five SUPER stations (0-4000 m max).

Sampling and method

Ten Go-Flo bottles hanged on a Kevlar line were used to take samples from the
surface to the bottom. Sub sampling of the Go-Flo bottles were performed in a clean
container. Go-Flo bottles were gently pressured with N, (high purity grade) allowing on line
filtration of seawater through 0.2 p m cartridges (SARTOBAN). Soluble samples were
obtained by filtration of dissolved samples on 0.02 pm filters (ANOTOP 25). The samples
were stored in trace metal clean 60 ml HPDE bottles and acidified by ultrapure HC1 at pH 2
(as duplicates for DFe and TDFe).

The samples were stored for at least 24 h before analysis. Five profiles of DFe were
determined on board using a Flow Injection Method with chemiluminescence detection,
adapted from Obata et al. (1993). The purification of the solution of luminol through an 8-
hydroxyquinoline resin column improved both the blank and detection limit of the method.
The blank was determined every day. It was equal to the mean of 5 measurements of a low
iron concentration sample with 0 s of preconcentration (extrapolation from the signals
resulting from 10s and 120s of preconcentration). Blanks varied between 9 to 36 pM with a
mean value of 23 + 10 pM (n=8). The detection limit, equal to three times the standard
deviation of the blank, ranged from 2 to 22 pM with an average value of 9 + 6 pM (n=8). The
individual contributions to the total blank of hydrochloric acid, ammonia, and ammonium
acetate buffer were determined by addition of increasing amounts of these reagents in the
sample and were lower than our detection limit.
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Preliminary results

Erreur! Source du renvoi introuvable. shows five profiles of DFe samples
analysed on board and displays no obvious contamination. For these profiles, DFe
concentrations in surface waters were lower than 0.5 nM. Concentrations increased with depth
up to 1.0 nM near the bottom (station S1). These profiles are typical of the open ocean.

Figure 47 — Shown are five profiles of DFe samples analysed on board
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At the laboratory, DFe profiles will be completed and duplicate samples will be
analysed in order to validate our data. Total dissolvable and soluble samples will also be
analysed. These data will be discussed taking into account physical and other biogeochemical
parameters (water masses, nutrients, other tracers).
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4.3.4.5 ON-BOARD IRON INCUBATIONS
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Scientific Objectives

The limiting role of trace metals and particularly iron (Fe) in controlling
phytoplanktonic production and the structure of the planktonic community is now largely
admitted in the Southern Ocean (Martin et al. 1990, Boyd et al. 2000). Fe is indeed involved
in many essential cellular processes like photosynthesis, and subnanomolar concentrations of
this metal are often limiting for phytoplankton growth and have a major impact on the major
biogeochemical cycles (C, N, Si, S) (Watson et al. 2000, Turner et al. 2004). However, the
bioavailable form of iron has still to be determined (soluble, dissolved, Fe(IlI), Fe(Il), organic
iron...). Besides, other trace metals may act as co-limiting factors. A recent study showed the
role of copper (Cu) in increasing the Fe stimulation of phytoplankton growth in the Subarctic
Pacific, another Fe-limited region (Cochlan et al. 2007). In this study, we aimed at better
determine the effect of Fe and Fe-Cu additions on the growth parameters of the
phytoplanktonic community in on-deck incubations, and the bioavailable form of Fe in these
incubations.

Protocols

On-board Fe-Cu incubations were performed at SUPER stations (S1, S2, S3, and
S4). Seawater for incubations was collected between 30 and 60 m, using acid-cleaned Go-Flo
bottles mounted on a 6 mm Kevlar hydrowire. The bottles were individually attached to the
synthetic line and triggered at depth using Teflon messengers. Seawater was gently mixed in
acid-cleaned 30-1 Nalgene polyethylene carboys, then immediately transferred into acid-
cleaned 2.4-1 Nalgene polycarbonate bottles after screening through a 200 pm mesh sieve to
exclude larger organisms..

The 2.4-1 experimental containers were immediately amended with iron and/or
copper, macronutrients, pore waters as described below, then capped, sealed with PVC tape,
and set in circulating surface seawater inside polyethylene incubators located on deck.
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Position, start date

36.3S,13.07 E
21 Feb. 2008

Ambient conditions  Experimental treatments

T=22°C Control (untreated)
+ Fe
+ nutrients (Si, N, P) + Fe
+ nutrients + Fe + Cu
+ nutrients + porewaters

Super Station 2

42.28 S, 08.55 E
27 Feb. 2008

T=12°C Control (untreated)
+ nutrients (Si, N, P)
+ nutrients + Fe
+ nutrients + Cu
+ nutrients + Fe + Cu

Super Station 3

47.33S,04.22 E
5 March 2008

T=8°C Control (untreated)
+ nutrients (Si, N, P)
+ nutrients + Fe
+ nutrients + Cu
+ nutrients + Fe + Cu

Super Station 4

51.51 S, 00.00 E
11 March 2008

T=2°C Control (untreated)
+Cu
+Fe
+Fe + Cu
+2Fe

Samples were taken for nitrate, silicate, phosphate, chlorophyll a, POC/PON,
biogenic silica, cytometry, taxonomy identification, total Fe, dissolved Fe (< 0.2 pum), soluble

Fe (<0.02 um),