1. Fahrtverlauf und Zusammenfassung

sogenannten ,DOM-Pumpe® identifiziert. Dieses Wissen wird helfen, die Modelle zum
weltweiten Kohlenstoffkreislauf zu verbessern.

Wahrend der gesamten Reise wurden bathymetrische Untersuchungen durchgefihrt,
um Facherlotdaten zur Erweiterung der Datenbasis fir verschiedene Ozean-
kartierungsprogramme zu sammeln und die Seekarten in antarktischen Gewéassern
zu verbessern. Die hydrografischen Arbeiten wurden durch Vermessungen an Stellen
ozeanografischer Probenahme unterstitzt, vor allem in den Bereichen der Ozean-
passagen. Eine spezielle Untersuchung wurde in der Nahe eines Erdbeben-
epizentrums durchgefihrt, um eine eventuelle Verédnderung der Bodentopografie zu
entdecken.

Nach Abschluss des Arbeitsprogramms fuhr Polarstern in Richtung Kapstadt und
erreichte den Hafen am Morgen des 29. Oktober 2006.

Fig.1.1: Cruise map of ANT XXIIl/7



ITINERARY AND SUMMARY

The research vessel Polarstern left port in Cape Town (South Africa) early morning
on 25 August 2006 to perform oceanographic, sea ice, biological, air chemistry and
bathymetric investigations in the north-western Weddell Sea southward of the South
Orkney Islands (Fig .1.1).

The oceanographic work was dedicated to investigate the winter conditions in the
dominant regions of deep and bottom water production and export to the world’s
oceans. Dense sections across the main passages east and west of the South
Orkney Islands and a section to the south to the Larsen-A region comprised the main
hydrographic activities (Fig. 3.1), which were aimed at the understanding of the
formation, the distribution, the pathways and the export of the deep water masses.
The hydrographic work was complemented by tracer measurements (Helium
isotopes *He and “He, Neon and CFCs), which will also be used to characterise
water mass formation and transport, and by iceberg marking to provide a better
estimate on their drift trajectories and the freshwater input to the Weddell Sea from
iceberg melting. In addition, total CO, and total alkalinity were measured during the
cruise which, in combination with auxiliary data, will allow deriving the anthropogenic
COs signal in Weddell Sea waters. It is expected that these data will provide an
estimate of the total annual anthropogenic CO. uptake by the Weddell Sea water
masses.

Furthermore, six bottom pressure sensors were deployed on the sea floor in the area
of the Antarctic Circumpolar Current (ACC) to acquire multi-year time-series of ocean
bottom pressure and acoustic travel time to the surface for the validation of gravity
field variability measurements by the GRACE satellite mission, for estimates of the
variability of ocean currents and the transport of heat and mass in the South Atlantic
part of the ACC.

Sea ice plays a major role in determining the exchange between ocean and
atmosphere in polar regions and affects the climate system also on the global scale.
The sea ice characteristics in winter in the Weddell Sea are poorly known and were
investigated in detail, especially concerning the regional and temporal variability of
snow and sea ice thickness, which were determined from a helicopter-borne
thickness sensor, from the ship’s sea ice monitoring system and from in-situ
measurements on the ice. The main emphasis was given to the characteristics of
first-year and second-year ice and especially to the modification of the ecosystem
after survival of the summer melt.

Increasing evidence supports the hypothesis that salty frost flowers on newly formed
sea ice represent the long-sought major source of polar tropospheric bromine. In

10



Itinerary and summary

order to shed light on this, trace gas measurements over the sea ice surface were
performed, samples of frost flowers were collected, and the results will be analysed
using surface information from both ship observations and from satellite. The aim
was to verify the potential bromine sources and to possibly quantify and parameterize
the bromine fluxes.

The main focus of the sea ice — biogeochemistry and biodiversity work was directed
towards the characterization of the physical, chemical and biological interactions in
the Weddell Sea during winter, in order to understand the evolution of the biomass
production in this part of the seasonal cycle. As part of these activities photosynthetic
parameters and bio-optical properties of sea ice were determined to understand the
influence and forcing factors on sea ice primary production.

The distribution of organisms in and below the sea ice was investigated with respect
to species composition, vertical distribution, abundance, biomass, as well as their
living conditions, physiological performance and adaptation strategies. Of special
importance were sea ice copepods and their pelagic counterparts. Investigations
were performed in order to understand the respective physiological and biochemical
adaptation, energy requirements and life strategies to utilize short-term food-pulses
and to endure periods of food scarcity. Another topic was the production of dimethyl
sulphide (DMS) through biophysical processes in the sea ice and the surface ocean
layer. DMS is transported into the atmosphere as aerosol and plays a major role in
the development of fog and clouds, with effects on precipitation, on radiative
properties and energy absorption in the atmosphere. The investigations will provide
an extended basis for process understanding, climate model parameterizations, and
interpretation of ice cores.

The polar oceans play a central role in the global carbon cycle. The formation of deep
and bottom water in these regions removes high amounts of dissolved organic matter
(DOM) from the active carbon cycles for thousands of years. The knowledge of the
chemical structure of DOM is of major importance because only biogeochemically
stable, refractory substances survive the transport to the deep ocean. DOM in the
area of Antarctic Bottom Water Formation was analyzed on a molecular level by
modern analytical techniques. Transformation processes of DOM resulting in
refractory organic substances were identified for the quantification of the so-called
“DOM-pump”. This knowledge will help to improve models for the global carbon
cycle.

During the entire cruise bathymetric investigations have been undertaken to collect
multi-beam data to enlarge the data bases for different ocean mapping programmes
and to improve Nautical Charts in the Antarctic. The hydrographic work was
supported through surveys around oceanographic sampling sites, especially in the
regions of ocean passages. A special survey was performed in the vicinity of an earth
quake epicentre to detect a possible change in bottom topography.

After the conclusion of the work programme Polarstern steamed towards Cape Town
and reached port in the morning of 29 October 2006.
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2. WEATHER CONDITIONS

Rudiger Hartig, Hartmut Sonnabend
Deutscher Wetterdienst

Polarstern left Cape Town in the morning of 25 August 2006 bound to the scientific
research area: “northwestern Weddell Sea”. The cruise started with fair skies, fresh
breeze from southeast and moderate sea swell. As soon as the next day, however,
the weather turned worse. Frequent development of intense depressions over the
Southern Atlantic ocean produced winds of near gale and gale force as well as rough
seas. In this early period Polarstern was hit twice (26 August and 30 August) by
storms with gusts up to force 9 Bft. With the beginning of September weather
conditions improved. West- and nothwestwind around force 6 Bft and sea swell
between 4 m and 7 m were observed. Just in time the research area near the South
Orkney Islands was reached on 6 September.

The weather here was very unsettled. Several low pressure systems developed at
the northern tip of the Antarctic Peninsular and moved eastward across the Weddell
Sea. Ahead of these depressions moist and mild oceanic air moved into the working
area, followed by cold and dry polar air in their rear. Thus periods with overcast sky
and occasional snowfall changed with fair weather. The temperature ranged between
freezing level and -17 °C, the wind was between 5 Bft and 8 Bft from various
directions.
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Fig. 2.1: Distribution of wind force during cruise in open water and cruise in ice

A medical emergency case interrupted the scientific programme between 11
September and 18 September. The vessel changed the course to King George
Island, attempting to fly the patient via Teniente Marsh airfield to Punta Arenas, Chile.
This trip started with weak winds and smooth sea, but approching the peninsular on
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2. Weather conditions

13 September the weather turned worse. Finally, visibility and ceiling improved by the
afternoon and the patient was flown by helicopter to the airfield. As the connecting
flight to Punta Arenas could not be organized, the patient was returned to Polarstern
for evacuation in Ushuaia (Argentina). The Drake Passage was crossed at southwest
winds force 6 Bft. The swell started with 8 - 11 m in the southern portion and
decreased to 5 - 6 m in the northern portion of the passage. On 15 September
Polarstern took waiting position approx. 80 miles off the coast of Tierra del Fuego. A
first attempt to fly to Ushuaia failed, as severe showers (snow, grain) and icing
occurred within the flight corridor. Afternoon conditions improved and the patient was
successfully flown to Ushuaia. Due to darkness the return had to be postponed to the
next day. On 16 September frequent showers and gusts between force 8 Bft and
force 11 Bft (Fig. 2.1) delayed the return flight until 18:00 h local time. After the return
of the helicopter, Polarstern sailed back to Antarctica. Crossing the Drake Passage
again moderate southerly airflow, moderate swell and drecreasing temperatures were
observed.

On 19 September the scientifc work
Ristrtamen ey continued west of the South Orkney Islands.

The general atmospheric circulation until 24
September was given by high pressure west
of the peninsular and low pressure east of the
Weddell Sea. This lead to cold air advection
from southwest and south with force 4 - 7 Bft
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fall occurred occasionally. On 25 September
an anticyclone turned the flow to northwest
and west. Broken to overcast skies, windforce
still from 4 to 7 Bft and temperatures between
-5 °C and freezing level prevailed for several days. Low ceiling, poor visibility and
icing obstructed the flight activities those days (Fig.2.2). The west and northwest
surface winds enhanced the pressure on the sea ice, increased ridges and closed
leads. As the vessel made no significant progress against the icedrift, the work in the
Powell Basin had to be shortened and Polarstern sailed west to positions near
Joinville Island and the Larsen Ice Shelf.

Fig. 2.2: Distribution of visibility
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Fig. 2.3: Temperature time series ANT-XXIIl/7

Marambio (60 km distance) observed 0 °C! From 6 October to 12 October high
pressure determined the weather with variable winds around force 3 Bft and
temperatures from —4 °C to —11 °C. Overcast skies and periods with fog were
interrupted by two sunny days. Due to dense and thick sea ice Polarstern could not
get as near to the ice shelf as planned. Therefore several helicopter flights were
required to support the scientific work. Even though the conditions were not optimal,
the flight schedule was almost completed. Only two “long distance flights” to the ice
shelf had to be cancelled due to bad visibility and low ceiling.

From 13 October to 15 October
stations in the Bransfield Strait along
- 55°W were covered. The sea ice was
less dense in this area, so the
northwest of force 5 to 8 Bft was able
~ to produce a swell of approx. 3 m (Fig.
2.4). Low cloud cover, poor Vvisibility
{{7 and temperatures around freezing level
Us.
7 8 9
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On October 15 Polarstern sailed east
Fig. 2.4: Distribution of wave height to perform final works near the South
Orkney lIslands and South Sandwich

Islands. This period started with gale from south. After 3 days the wind finally turned
to west and decreased to force 3-5 Bft. Poor visibility, low cloud cover and
temperatures near —2 °C were the most frequent conditions. Only 17 and 18
October appeared with fair skies and -10 °C, allowing extended flight activity. A
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2. Weather conditions

flight to the South Sandwich Islands on 21 October, however, had to be cancelled
due to fog.

On 21 October the vessel left the sea ice starting the return voyage to Cape Town.
This leg started with moderate winds from west to northwest and temperatures near
freezing level. Visibility was poor or moderate. On the way north the wind intensified
to near gale and gale force. On 26 October a violent storm passed the cruise track in
the south, but did not increase the windspeed above force 8 at Polarstern. The final
approach to Cape Town was determined by a subtropic high giving moderate
southwest winds and fair weather. On 29 October this cruise leg finished.
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3. PHYSICAL AND CHEMICAL OCEANOGRAPHY

3.1 Water mass variability in the north-western Weddell Sea: A
continuation of the DOVETAIL project
Hartmut Hellmer", Mathias van Y Alfred-Wegener-Institut
Caspel®, Andreas Macrander”, Dirk JFundacdo Universidade Federal
Olbers", Lutz Sellmann®, Mauricio do Rio Grande, Brasil
Mata?, Vagner Da Silva Duarte?, ®University of East Anglia
Rodrigo Kerr Duarte Perreiraz),
Nuno Nuez®, Michael Schodlock”

Objectives

Acquisition of wintertime hydrographic conditions in key regions for the
composition and advection of globally relevant newly formed water masses to
reduce the summer bias in temporal interpretations.

Continuation of long-term observations in the north-western (NW) Weddell Sea as
part of the international DOVETAIL (Deep Ocean Ventilation Through Antarctic
Intermediate Layers) project to monitor the flow of deep and bottom waters out of
the Weddell Sea.

Estimation of the wintertime export rates through main passages in the South
Scotia Ridge connecting the Weddell Sea with the global ocean.

Acquisition of hydrographic conditions on the continental shelf under the influence
of drastic changes due to the decay of Larsen-B Ice Shelf.

Monitoring of the large-scale upper-ocean structure by means of ARGO drifting
floats.
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3. Physical and chemical oceanography
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Fig. 3.1: CTD station distribution map for the north-western Weddell Sea including deployment sites
for ARGO drifting floats (white triangles)

Work at Sea

The hydrographic work was focused on CTD (Conductivity-Temperature-Depth)
measurements in combination with LADCP (Lowered Acoustic Doppler Current
Profiler) observations and bottle rosette sampling for tracer and biogeochemical
studies. A total of 46 stations were conducted in three main areas (Fig. 3.1):

= the South Scotia Ridge with the passages to the east (South Orkney — 41°W 61°S)
and to the west (Philip — 49°W 61°S) of the South Orkney Plateau,

= the north-western Weddell Sea continental shelf and slope, and

= the eastern Bransfield Strait Basin.

Although a high or equally spaced distribution was desired, the actual position of the
stations was strongly influenced by local bathymetry, which often had to be
determined first by means of a Hydrosweep survey, and winter sea ice conditions. As
a consequence 6 stations were conducted across the South Orkney passage and 13
stations on two sections following the main axes of the Hesperides Trough (including
the confining ridges) and the passage itself from the deep Scotia Sea into Powell
Basin. On the transit from Philip Passage to the NW continental shelf the Powell Basin
was sampled from NE to SW with 6 stations. In the shallow waters (down to 440 m
depth) off the northern tip of the Antarctic Peninsula 9 casts were conducted on the
way in and out, while only 4 additional stations covered the continental slope at ca.
64.2°S down to 2,500 m depth because of a compact sea ice cover further east. The
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3.1 Water mass variability in the north-western Weddell Sea: A continuation of the DOVETAIL project

section across Bransfield Strait at 55°W from Joinville to Elephant Islands (Fig 3.1)
represents one of the long-term observations maintained by the Federal University of
Rio Grande (FURG), Brazil. It was originally planned as the Brazilian contribution to
the DOVETAIL programme but became a repeat section in the scope of the Brazilian
Antarctic Survey (PROANTAR) GOAL project. Since in open water, none of the 8
stations had to be re-located from the original position.

Preliminary results

In the following, the preliminary results are presented according to the above
mentioned main areas:

3.1.1  South Scotia Ridge

The bathymetric survey to the west of Philip Passage revealed that all previous
hydrographic cruises had sampled the southern crest of a ridge system which confines
the two major basins of the Hesperides Trough (see Fig. 3.1). With a depth of more
than 5500 m the eastern basin serves as a “trap” for dense water masses escaping
from Powell Basin across the less than 1850 m deep southern sill. The northern sill
with a depth of 2800 m, connecting the eastern basin with the Scotia Sea, does not
serve as a major outflow because with temperatures less than -0.3 °C the waters
crossing the northern sill are 0.1 °C warmer than those in the southern Scotia Sea
(Fig. 3.2). Therefore, in the past the contribution of Philip Passage to the Weddell Sea
outflow might have been overestimated emphasizing even more the importance of
South Orkney Passage for the export of deep and bottom waters formed in the
Weddell Sea. Using the pre-processed LADCP measurements this export amounts to
1.7Sv (1 Sv=1x10°m®s™).

3.1.2 North-western Continental Shelf and Slope

The more or less meridional section on the shallow (< 500 m) continental shelf from
the tip of the Antarctic Peninsula to the former area of Larsen-B Ice Shelf revealed a
high spatial variability in shelf water characteristics. Pronounced features are the core
of Modified Warm Deep Water (MWDW) with a maximum temperature of -0.78 °C and
a salinity of 34.57 (# 581) in combination with a salinity minimum at the surface, and
high salinities (34.59) at both southernmost stations (Fig. 3.2). Because of the
inaccessibility of the area due to a compact sea ice cover, we can only assume that
the stations are located on the northern slope of a trough extending toward the coast
where a water depth of 963 m was previously measured.
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3. Physical and chemical oceanography
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Fig. 3.2: Potential temperature (upper) and salinity (lower panel) section extending from the
southernmost station (# 579) on the Larsen-continental shelf (leff) across Basin to the southern Scotia
Sea (# 556, right). For station locations see Fig. 3.1.

The section perpendicular to the continental slope (Fig. 3.3) showed that local shelf
waters cannot contribute to the formation of deep water. Due to its low salinity,
probably caused by melting of the numerous grounded icebergs, this shelf water
interleaves at a depth of roughly 450 m. However, as the temperature/salinity
distribution indicates, the bottom layer at the easternmost station (# 584) with very
low temperatures of -1.55 °C might originate from the shelf stations (# 578 und 579)
just 80 km to the south. The comparison with stations from the central Powell Basin
(e.g., # 567) suggests that these bottom waters do not contribute to the near-bottom
layer in Powell Basin. However, the differences in the characteristics between both
sites could be simply caused by temporal variability in the composition of the western
bottom waters.
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3.1 Water mass variability in the north-western Weddell Sea: A continuation of the DOVETAIL project
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Fig. 3.3: Potential temperature (upper) and salinity (lower panel) section extending from the Larsen-
continental shelf (# 574) across the continental slope (# 584). For station locations see Fig. 3.1.

3.1.3 Eastern Bransfield Strait Basin

First results show relatively high salinity (S > 34.55; 6 < -1.6 'C) waters present at the
bottom of stations on the continental shelf and at the shelf break to the north of
Joinville Island. This is a quite different situation compared to the summertime
cruises which always found a strong melt water signal near Joinville Island. Although
these shelf waters are the densest found along the entire section, they are not
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3. Physical and chemical oceanography

observed in the deeper parts of the eastern basin, where warmer waters (S < 34.55,
6 > -1 °C) from the northern Powell Basin via the north-eastern channel seem to
dominate. Obviously, the relatively high salinity waters do not predominantly
contribute to the deep water of the eastern Bransfield Strait basin. Instead, they
ought to continue westward to ventilate the bottom waters of the central basin.

Waters with higher salinities (S > 34.55) are also found at intermediate levels
(1,250 m) near the southern slope (# 591), associated with relatively high
temperatures (6 > -0.68 °C) and low oxygen values (DO. < 5.9 ml/l). This suggests
that they represent cold MWDW present in the northern Powell Basin and the north-
eastern channel. Along the section, the warmest waters are found near Elephant
Island (6> -0.35 °C) at around 380 m. The low oxygen values (DO: < 5.9 ml/l)
indicate a CDW origin from incursions near Elephant Island which were also
observed during the GOAL high resolution summer cruises.

3.2 Water mass variability in the north-western Weddell Sea: Trace
measurements — helium isotopes, neon, CFC’s, and tritium

Oliver Huhn
Institut fir Umweltphysik, Bremen

Objectives

Measurements of noble gases (helium isotopes “He and *He, and neon), tritium, and
chlorofluorocarbons (CFCs) complement the hydrographic programme. These tracers
provide additional and independent information to identify and to compute fractions of
contributing source water masses to the formation of Weddell Sea Deep and Bottom
Waters and the time scales of their spreading. Furthermore, comparable tracer
measurements from previous cruises exist from 1996 (section west of Joinville
Island), from 1998 (Philip Passage/Powell Basin, section west of Joinville Island,
South Orkney Passage), and from the ISPOL cruise in 2004/2005 (in the vicinity of
Larsen-C Ice Shelf). A comparison of these data sets might allow assessing the
variability in formation and distribution of deep and bottom waters which partly
escape from the Weddell Basin towards the north contributing to Antarctic Bottom
Water and, thus, the deep and cold branch of the global thermohaline circulation.

Main objectives of the repeated and new tracer measurements are to:

= extend the tracer time series, particularly after large parts of the northern
Larsen-lce Shelf had disintegrated,

= assess changes in deep and bottom water distribution in the area where they
leave the Weddell Basin,

» quantify the deep and bottom water composition, i.e., changes in contributing
shelf water types, particularly Ice Shelf Water or glacial melt water,
respectively, and

» estimate the time scales of the water mass formation and conversion
processes.
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3.2 Water Mass Variability in the north-western Weddell Sea: Trace measurements — helium isotopes,
neon, CFC’s, and tritium

Work at sea

During the cruise a total of 550 samples on 37 CTD stations were collected for
chlorofluorocarbons (CFC-11 and CFC-12). The water samples from the rosette were
collected into 100 ml glass ampoules and sealed off after a CFC free headspace of
pure nitrogen had been applied. The CFC samples will be analysed later at the IUP-
Bremen. The amount of CFC degassing into the headspace will be accounted for
during the measurement procedure in the lab. The determination of CFC
concentration will be accomplished by purge and trap sample pre-treatment followed
by gas chromatographic (GC) separation on a capillary column and electron capture
detection (ECD). The system will be calibrated by analyzing several different volumes
of a known standard gas. Additionally, the blank of the system will be analyzed
regularly.

Furthermore, 310 samples from 30 stations were collected for helium isotopes (*He,
*He) and neon (Ne). The water samples from the Niskin bottles were stored in
clamped off copper tubes. They will be analysed later using the IUP-Bremen noble
gas mass spectrometer, after the gases were extracted from the sea water samples.

Finally, 110 samples from 16 stations (in the western part of the cruise only) were
collected for tritium (*H). Additionally, several snow samples were collected. Since
tritium is part of the water molecule, the water samples were filled into water vapour
tight glass bottles. At the IUP-Bremen, all gasses will be extracted and the water
samples will be stored for at least half a year. During that time a sufficient part of the
®H has decayed to °He. Finally, the *He is measured with the same IUP-Bremen
mass spectrometer as mentioned above.

3.2.1 Tracer methods and expected results

Atmospheric air with a constant composition of helium and neon is trapped in the ice
matrix during the formation of meteoric ice or shelf ice, respectively. Due to the
enhanced hydrostatic pressure at the base, these low soluble gases are completely
dissolved in water when the ice shelf ice is melting at its base. Thus, pure glacial melt
water is supersaturated by roughly 1,060 % in helium and 770 % in neon. Noble gas
observations allow for calculating even small fractions of glacial melt water (or Ice
Shelf Water) contributing to the formation of deep and bottom water. Furthermore, at
the mid-ocean ridges of the deep Pacific helium with an enhanced ®He/*He ratio (8
times larger than the atmospheric ratio) is released into the deep water. These
waters contribute to Circumpolar Deep Water (South Pacific Deep Slope Water) of
which parts are advected into the Weddell Sea forming Warm Deep Water (WDW).

Chlorofluorocarbons (CFCs) are transient tracers due to their atmospheric time
evolution. Atmospheric concentrations of the entirely anthropogenic CFC-11 and
CFC-12 increased almost monotonously between 1940 and 1990. Afterwards they
leveled off (CFC-12) or even decreased (CFC-11). The ocean surface (i.e., the mixed
layer) in which they are dissolved by gas exchange is the only source for the ocean
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3. Physical and chemical oceanography

interior. Thus, CFC measurements provide information whether a water mass
observed in the inner ocean contains fractions of recently ventilated (surface) water
and, furthermore, allow to estimate the time elapsed since this water mass was in
contact with the atmosphere (i.e., the internal transit time or "age").

Tritium is a radioactive tracer which decays to ®He. The only source of tritium for the
inner ocean is the ocean surface via precipitation and water vapour exchange. The
major pool of tritium in the atmosphere lasts from hydrogen bomb tests in the 50s and
60s of the last century, even if this “bomb peak” declines rapidly due to the
radioactive decay of tritium. However, different spatial precipitation rates and different
spatial water vapour exchange rates (e.g., due to sea ice coverage) imprint locally a
different surface water saturation of tritium. Thus, the observed tritium concentration
in the ocean interior provides information about the source region of deep and bottom
waters (therefore we additionally take snow samples from different regions).
Moreover, since the decay time of tritium is known (12.4 years) and the amount of
®He is measured as well (sea above) the ratio of tritum and ®He allows a
complementary estimate of the “age” of a water mass observed in the ocean interior.

Major aims of the (partly repeated) tracer measurements are to compare the
contemporary distribution, the composition from different source water masses and
their spatial origins, and the time scales of the spreading of deep and bottom water
which is partly able to escape from the Weddell Basin through gaps in the South
Scotia Ridge. Furthermore, they will allow comparisons with tracer measurements
from previous cruises. Since large parts of the Larsen Ice Shelf had collapsed in the
past (Larsen A in 1998 and Larsen B in 2002), a change in the boundary conditions
might have caused a modification of the deep and bottom water formation and its
distribution and spreading, particularly concerning possible changes in the
contributing fractions of different shelf water types, i.e., Ice Shelf Water or glacial melt
water.
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3.3 Iceberg drifter deployment (freshwater export in the north-western Weddell Sea)

3.3 Iceberg drifter deployment (freshwater export in the north-
western Weddell Sea)

Michael Schodlok
Alfred-Wegener-Institut

Objectives

The calving of icebergs from Antarctic ice shelves and their subsequent drift causes a
significant transport and input of freshwater from the ice sheet into the upper ocean.
Calving events of gigantic icebergs are known to occur infrequently, but the drift and
life times of these giants can be easily monitored by satellite. However, a large
amount of freshwater is transported away from the Antarctic ice sheet through
medium and small-size icebergs with lengths of the order of a few kilometres and
less. Since 1999, 69 of medium and small-sized icebergs have been tagged with
GPS buoys in the Weddell Sea to monitor their positions and subsequent drift. The
analysis of these drifts indicates:

= an export of icebergs to the west of the South Orkney Islands,

= an export of icebergs to the east of the South Sandwich Islands, and

» the possibility that icebergs remain within the Weddell Sea

= the importance of sea ice concentration on iceberg drift.

Only a small number of sea ice and iceberg buoys have been deployed on the
western Weddell Sea continental shelf to date to reveal predominant drift patterns.
And although sea ice cover above 90 % concentration in the western Weddell Sea
dominates iceberg drift, the pathways of sea ice and iceberg buoys in this area are
different. Sea ice buoys mainly follow the Weddell Gyre eastwards whilst iceberg
buoys show a separation of drift pathways at the southern edge of Powell Basin
partly drifting towards the north and partly following the Weddell Gyre. Thus, the
objective during ANT-XXIII/7 is to study this drift separation and in turn prevalent
iceberg drift patterns, and the freshwater export in the north-western Weddell Sea.

Work at sea

During ANT-XXIII/7, 8 icebergs with edge sizes between 300 m and 3,000 m and up
to 50 m freeboard were tagged at the southernmost part of the cruise on the western
Weddell Sea continental shelf. The iceberg buoys transmit the daily (12:00 h) GPS
position (given with an accuracy of less than 15 m) using the ARGOS satellite
system. Buoys with additional air pressure recorders have a higher transmission
frequency of 3 hours. Iceberg deployment specification such as dimension and dates
are presented in table 3.1. Figure 3.4 shows the deployment positions relative to the
cruise track, and iceberg A53A which broke of Larsen-C Ice Shelf in 2005 with an
initial size of 29 nm x 14 nm.

The icebergs in the vicinity of A53A were tagged in an area dominated by first-year
ice (see also contribution of the sea ice group, C. Haas et al.) while the easterly
icebergs were drifting in an area of heavily deformed multi-year ice. The
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northernmost iceberg (#10812) was part of a cluster of grounded icebergs with large
areas of open water. This assembly of large icebergs with edge sizes of more than
1 km are the remnants of iceberg A53B which broke off of Larsen-C Ice Shelf also in
2005. While consecutive SAR images show the drift of parts of this cluster (not
shown here), iceberg 10812 remained fairly stationary with a mean speed of 0.2
km/day + 0.3 km/day during the first 14 days of drift.

Tab. 3.1: Details of iceberg buoy deployments during ANT-XXI11/7

No. ARGOS Date Time Latitude Longitude Length Width Freeboard
ID (UTC)
1 8061 | 07.10.2006 | 14:00 | 65°17.31’S | 57°13.07’'W 830m | 610m 49m
2 8065 | 07.10.2006 ?6:30 65°44.15’S | 58°07.98'W | 1350 m | 630 m 49 m
3 9367 | 07.10.2006 ?7:35 65°24.78'S | 57°32.17'W | 3110 m 1685 46-56 m
4 9360 | 10.10.2006 ?3:28 65°06.55’S | 56°20.92’W 830 m | 520 2 39m
5 9831 | 10.10.2006 ?4:04 65°26.53'S | 55°10.04'W 870m | 390m 55 m
6 3701 | 10.10.2006 ?8:52 65°04.40’S | 56°00.75'W 720m | 390m 30 m
7 9835 | 10.10.2006 ?9:11 65°02.79'S | 56°00.68'W 390m | 295m 30m
8 10812 | 11.10.2006 23:36 64°14.84’'S | 54°43.71"'W | 1110 m | 815 m 43 m

As mentioned above the buoys were deployed on icebergs drifting in different sea ice
concentrations. The icebergs in the vicinity of A53A show a different drift behaviour
compared to those further to the east (Fig. 3.5). The mean speed (first 14 days of drift
record) of these buoys (8061, 8065, and 9367) of 4.3 km/day + 3.7 km/day is smaller
compared to 7.9 km/day + 4.8 km/day of buoys 9831, 9835, and 3701. Furthermore,
the latter buoy array shows a more coherent drift pattern from the start of the drift.
With the drift of the northern buoys 9360 and 8061 into the area of multiyear sea ice
(SAR images show the changes in ice regimes between 17 and 24 October 2006)
their drift pattern became more coherent with the eastern buoy array.

The three snapshots of iceberg A53A were taken from SAR images (Fig. 3.5). Its
freeboard was very variable from only a few meters to more than 40 m (the latter is
an estimate comparing A53A freeboard height to measured adjacent smaller
icebergs). A draft estimate can be inferred from the last position as its north-western
edge crossed the Polarstern cruise track (7 October 2006), and due to an extensive
Hydrosweep survey (see Chapter 7) the bottom depth is well known. As the iceberg
is still drifting the draft is not larger than 440 m.
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3.3 Iceberg drifter deployment (freshwater export in the north-western Weddell Sea)

Fig. 3.4: Cruise track of Polarstern in
the north-western Weddell Sea
during deployment of 8 iceberg

buoys. The arrows along the cruise
track indicate the travel direction. For
deployment date, position, berg
dimension, and ARGOS ID see table
3.1. The location of iceberg A53A is
taken from a SAR image
(03.10.2006).

cgewy . 58°W  57°W  56°W  55°W  5a°W

6635w 58°W 57°W 56°W 55°W 54°W  53°W

Fig. 3.5: Drift tracks of icebergs tagged with ARGOS buoys during ANT-XXIIl/7. Buoy 10812 is
grounded as part of an iceberg cluster which is the remnant of iceberg A53B. Iceberg buoys 9835 and
9831 contain air pressure sensors, thus showing 3 hourly positions underlain by the daily (12:00 h)
position. The position of iceberg A53A is taken from three SAR images (03.10., 17.10., and
24.10.2006).
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34 Uptake of anthropogenic CO, by the Weddell Sea

Steven van Heuven
Royal Netherlands Institute for Sea

Background and objectives

In the last 250 years large amounts of CO» have been emitted to the atmosphere as a
result of human activity. A significant fraction (~50 %) of this 'anthropogenic' CO, has
subsequently been taken up by the oceans, which in that way have an ameliorating
effect on the rate of climate change - predicted as a result of increasing atmospheric
CO: concentration. The total amount of anthropogenic CO, taken up, current and past
rates of uptake, the potential decline in uptake due to 'saturation' of the surface ocean,
and the deleterious effect on marine life resulting from the increasing total dissolved
inorganic carbon content of the oceans are a current focus of the fields of marine
chemistry, biogeochemistry, and biology.

Next to laboratory studies aimed at conceptual and mechanistical understanding of the
processes involved, a large effort is being made to investigate the state of the
carbonate system in all areas of the world ocean. This is performed almost exclusively
through research cruises, since no remote sensing or automated profiling systems are
currently suitable for the task.

Work at sea

High-precision measurements were made of the total dissolved inorganic carbon
(TDIC) content and total alkalinity (TA) of all samples collected on all oceanographic
stations, generally excluding the samples from 5 m depth. This yielded at total of ~525
unique samples + ~175 duplicates.

Analysis of TDIC was performed using the "coulometric method". TA analysis was
performed with the 'standard' titration, using curve fits along modified Gran plots. Both
analyses were performed using a single integrated system: the VINDTA system
(Versatile Instrument for Determination of Titration Alkalinity, MARIANDA, Kiel,
Germany). Analysis accuracy was set through the use of certified reference material
(CRM, supplied by Dr. A. Dickson, Scripps Institute of Oceanography).

3.4.1 Details of methods used

Two VINDTA setups were used concurrently, often running 'duplicates' of the same
samples, drawing from the same sample bottle at the same moment. These duplicates
will yield an estimate of system inter-comparability, relative drift, and (to some degree)
CRM variability.

For the coulometric determination of TDIC, an accurately known amount of sample
(~20 ml) is dispensed with an automated, thermostated pipette into a stripper. The
sample is acidified, converting the carbonate species into COz(aq). The evolving CO,
is removed from the sample by sparging with N». The COz-enriched N, stream is led
through a solution in the coulometric cell, which absorbs the CO, and, thereby,
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becomes more transparent. The coulo-meter subsequently electrically titrates the
solution back to its original opacity. The required amount of charge is a direct and
linear measure of the amount of CO, absorbed. With knowledge of the sample's
volume and density, the concentration of the total of CO»-species in the sample is
easily calculated.

Total alkalinity is mathematically derived from a 4th order curve fit along a 'modified
gran plot' of electrode potential versus volume of acid added to an accurately known
amount of sample (~100 ml), dispensed with an automated, thermostated pipette.
Titration is performed automatically in a thermostated cell.

Approximately every 6th analysis was followed by analysis of CRM in order to set
accuracy and to detect and to be able to correct for measurement drift. Every CRM-
sample was run on both machines at the same time. A final way of application of
corrections is still to be decided upon. The most likely candidate is a best-fit linear
correction through all CRM measurements between start-ups of the equipment, i.e.,
per day.

3.4.2 Data quality

The initial estimate of data quality is "reasonable" to "excellent", with the later stations
generally being of higher quality than the earlier ones. For an example of the some of
the preliminary results, see Fig. 3.6.
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Fig. 3.6: Same transect as Fig. 3.2 but for total alkalinity (upper) and total carbon (lower panel)
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