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Roadmap- A few vignettes

Brief review of physics of the Southern Ocean
system and Subantarctic Mode Water

The Great Calcite Belt and SAMW. associations

Chemical and biological conditioning of SAMW
by coccolithophores:and diatoms

Eddy influences-in the Subantarctic

View of the Great Calcite Belt from the Atlantic
basin and a conceptual model

Summary



Southern Ocean- Deacon defined the physics
of the global system of ocean circulation...
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Deacon, G. E. R. (1933), A general account of the hydrology of the South Atlantic Ocean, Discovery Rep., 7, 171-238.



Sub-Antarctic Mode Water:

is @ homogeneous layer with uniform density; sits
over lower salinity AAIW

formation is associated with deep mixed layers, well
ventilated with 95% oxygen saturation; 17-18 Sv
produced in all three ocean basins

density 6,=26.5to 27:1

silicate is depleted relative to nitrate (residual
nitrate)

exchange FW and heat between the Southern Ocean
and Subtropical gyres

supply nutrients to adjacent Subtropical gyres
shows circulation time scales of decades



Fate of SAMW

e Estimated to control 75%
of the biological
production of waters
north of 30°S

e Controls functional
groups of these waters,
depending on the amount
of silicate that'leaks”
from the Southern Ocean

e Subducted SAMW arrives
to the equatoria| zone Sarmiento et al., 2004; Nature
~40 years later.
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Great Calcite Belt sits in high-velocity
circumpolar currents of the Southern
Ocean...likely sites of high Ekman pumping

Balch et al., 2016; GBC



Plot surface PIC concentration in
temperature/salinity space
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Coccolithophore calcification lowers
the alkalinity and increases the pCO,

@

Nick Bates, BIOS Balch et al., 2016; GBC



Iron concentration

Mandala for biogeochemistry and ecology in the GCB

Balch et al., 2016; GBC



Eddies and Sub-Antarctic Mode Water

Koch-Larrouy et al. 2010, Ocean Dynamics



PIC-rich eddies

e Eddies spinning
off of SAF

e PICrich eddies
survive for
months

e Seen previously
Read JF et
al.(2007) DSR |



Altimetry day shows importance of
eddy mixing...



Community Earth

System model (CESM)

Global eddy-resolving
integration of CESM Upper
100m integrals

Includes ocean BGC
component called the
Biogeochemical Elemental
Cycle (BEC) mode

Represents multiple nutrient
co-limitation (N, P, Si,.and Fe)

3 explicit phytoplankton
functional groups (diatoms,
diazotrophs, and “small”
pico/nano phytoplankton),
and one implicit group
(calcifiers)
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Low [coccolithophores] in the
Equatorial Atlantic...why?

SAMW

10 AMT Cruises

Balch et al., GBC. in review



Conceptual View of Subantarctic mode
water export... “So what?”



Summary: BESA(ME)
Biogeochemistry and Ecology of the Sub-
Antarctic (and Mode water Export)

The biogeochemistry and ecology of the Subantarctic (as
described in the mandala) likely influence'the BGC and
ecology of the subtropics and tropics

The linkages are physical{via SAMW)

Minerogenic phytoplankton (diatoms and calcifiers)
condition SAMW pfrior to its subduction, which could affect

growth of ballast-producers and export of waters well to the
north

BESA(ME) cruises in January 2019, 2020 in Indian Sector of
the Southern Ocean (Balch [BLOS], McGillicuddy [WHOI],
Long[NCAR], Morton[SFU], Bates[BIOS], Brownlee[MBA,UK])



Thank you!
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