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GEOTRACES: Biogeochemical cycles of trace elementsin the Southern Ocean
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Summary

We propose for the IPY a synoptic study of the distributions of selected trace elements and
isotopes (TEIs) along several meridional sections through the Southern Ocean. By partnering with
physical oceanographers we will identify the physical transport processes that supply marine
phytoplankton with essential micronutrients such as iron. By partnering with biological oceanographers
we will determine the physiological and ecological response of marine plankton to variability in the
supply of these micronutrients. Using other geochemical tracers, we will identify the sources of
micronutrients, and we will characterize the processes regulating their internal cycling as well as their
removal from the ocean. This one-time synoptic survey will form a basis for planning future studies of
biodiversity and of the carbon cycle in the Southern Ocean, as well as the sensitivity of these features to
climate variability and environmental change.

GEOTRACES

GEOTRACES is an international program designed to determine the global distributions of
selected trace elements and isotopes, and to generate a sufficient understanding of their biogeochemical
cycles to apply that knowledge to interdisciplinary problems. This overarching goal is further divided
into four principal themes, with related objectives:

1) To determine the distributions and speciation of essential micronutrients, as well as a
quantitative understanding of their sources, sinks and internal cycling within the ocean;

2) To identify the processes regulating the transport and fate of trace elements in the ocean, and
to quantify the rates of these processes;

3) To develop geochemical tracers of water mass structure and ocean circulation; and

4) To calibrate geochemical proxies used in paleoceanography so as to provide more reliable
interpretations of paleoceanographic records.

The strategy to achieve these objectives includes a combination of large-scale ocean sections,
regional process studies, and modeling.

Approximately 200 scientists from at least 15 nations have participated in GEOTRACES
planning activities over the last 3 years. Planning for GEOTRACES is currently operating under the
auspices of the Scientific Committee for Ocean Research (SCOR).

Background and Rationale

The Southern Ocean plays a key role in the global carbon cycle due to unique features
involving both physical circulation and biological processes. In particular, the outcropping of deep
water masses allows for the exchange of gases such as CO, between the deep sea and the atmosphere,
while the incomplete utilization of nutrients by marine phytoplankton allows the concentration of CO,
in the atmosphere to be substantially greater than would be the case if these nutrients were used



efficiently. Many hypotheses have been advanced to explain past climate-related (glacial-interglacial)
variability in atmospheric CO, concentrations in terms of physical and biogeochemical changes in the
Southern Ocean. Furthermore, models indicate that the response of the Southern Ocean to global
warming will be a critical factor determining the ocean’s future uptake of anthropogenic CO.,.

Recent studies have demonstrated that the efficiency of nutrient utilization in the Southern
Ocean and, hence, the efficiency of CO, sequestration in the deep sea are limited by the availability of
iron and, perhaps, by other trace elements that serve as micronutrients (e.g., cobalt, zinc). Both
modeling and observations have shown recently that the principal source of iron to marine plankton
throughout most of the Southern Ocean is physical upwelling from depth, although sedimentary sources
from continental shelves are locally important in some regions. Consequently, a high priority for
research in the Southern Ocean is to identify the physical and biogeochemical processes that regulate
the supply of micronutrients to phytoplankton in the Southern Ocean, and to combine that effort with a
characterization of the biological response to changes in micronutrient supply. This combination of
information is vital for predicting the impact on marine biodiversity and the ocean carbon cycle that
may occur in response to climate variability and future environmental change.

Scientific Objectives and Partner ships

We propose to measure full water column distributions of TEIs along several (approximately 8
to 10) meridional sections through the Southern Ocean. TElIs targeted for study can be subdivided into
three categories:

1) Micronutrients (e.g., Fe, Co, Zn);

2) Tracers of micronutrient source (e.g., Al, Mn, Nd isotopes); and

3) Tracers of the internal cycling of micronutrients and of their removal from the water column,
(e.g., particle-reactive natural radionuclides), which also provide information about the rates of these
processes

Partnering with programs in physical oceanography and climate dynamics (e.g., CLIVAR) will
enable us to determine the rate of supply of micronutrients to the surface ocean, as well as its spatial
and temporal variability. Partnering with programs in biological oceanography (e.g., SCACE) will
enable us to determine the biological response to variability in the supply of micronutrients, in terms of
the physiological state (e.g., photosynthetic efficiency) of phytoplankton, the structure of marine
ecosystems (biodiversity), and the impact on the ocean carbon cycle.

Benefits and Future Applications

Completing the proposed synoptic study during the IPY will provide a foundation on which
future studies of marine biodiversity and the ocean carbon cycle can be constructed. For example,
within the U.S. program on Ocean Carbon and Climate Change (OCCC) are explicit plans for process
studies beginning early in the next decade that will determine the sensitivity to climate variability of a
suite of factors that regulate carbon fluxes in the Southern Ocean. Anticipated results from the
GEOTRACES-IPY study will be well timed to be exploited in planning the OCCC process studies.

Relevanceto the IPY

Obijectives described above fall squarely under multiple themes defined in the ICSU-IPY
Outline Science Plan:

Theme 1) The environmental status of the Southern Ocean and its variability;

Theme 3a) The role of the polar oceans in the global carbon cycle; and

Theme 3c) Linkages between physical, chemical and biological systems.






