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What we have learned...
(over the past decade)....

What we are now learning,
what we know we don’t know...




What we have learned...
(over the past decade)....

Particle fluxes decrease with depth.

Fluxes vary temporally (in response to upper ocean dynamics).
Fluxes vary spatially (in response to upper ocean dynamics).
Indicators of organic matter degradation.
Differential degradation vs selective preservation?




Particle fluxes decrease with depth:
Organic matter decomposition + inorganic matter dissolution
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Fluxes vary temporally in response to upper ocean dynamics:
20-year record of flux at Bermuda
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Fluxes vary spatially in response to upper ocean dynamics:
Monsoonal physical forcing in the Arabian Sea
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Fluxes vary spatially in response to upper ocean dynamics:
Monsoonal physical forcing in the Arabian Sea
Arabian Sea Fluxes
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Indicators of organic matter degradation

Amino acid Degradation Index (D)
(sensu Dauwe and Middelburg)

Amino Acid PCA First Axis - Site Scores
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Differential degradation

Organic compounds behave differently...

Preferential degradation???
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But — bulk compositional
analysis (13C-NMR) shows
something else!

Amino acid-like and alky!
materials dominate, but there
IS minimal change in
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How does “molecularly-characterized” OM become
“molecularly-uncharacterized” OM?
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What we have learned...
(over the past decade)....

Particle fluxes decrease with depth.

Fluxes vary temporally (in response to upper ocean dynamics).
Fluxes vary spatially (in response to upper ocean dynamics).
Indicators of organic matter degradation.
Differential degradation vs selective preservation?

What we are now learning,




What is the correct POC measurement?
The same old question of bottles vs pumps....
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Measuring a flux accurately
Neutrally-buoyant trap to is still a non-trivial task!

Reduce hydrodynamic biases
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Particles with different sinking velocities have
different organic compositions
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Thorium-234 approach for estimating particle export
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Estimating OC flux using 23*Th requires the OC/234Th

In-situ pump filters, Sub-Antarctic
(Australian Sector)

MedFlux 2003 SV traps

6.0

—4—POC/Th
5.0 4

4.0 4

3.0

2.0 -

POCF*Th (umol Cidpm Th)

T T T T T T T T T T T T ‘,—"' ‘/ T T v L2 T T T=T=TTrrrrT T T L2 LN st | L2 =TT
0 10 20 30 40 50 60 200 270 220 01 10 100 1000 1000.0 100000
Filter size {um) , .
Settling Velocity {m d)




Why do particles sink?
Organic matter will not sink without mineral ballast
[pOM ~0.9-1.05; Poio-silica 2.0 glcc; Pcarbonate 2.3]
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Which mineral ballast carries most of the POC flux?
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Effect of mineral on particle dynamics:

Calcifying cells (E. huxleyi) aggregated faster,
were smaller, had higher settling velocities and
excess density and mass than non-calcifying
cells.

Experiments comparing calcified aggregates
with showed a greater ballasting effect than
for silicified aggregates (diatoms).




How fast do particles sink?

To compare different locations and
times, we normalized for the different
size SV bins:

Mass flux density has the same
relationship to mass flux that
probability has to probability density:
the area under the bar is mass flux,
while the height of the bar is mass
flux density.

The MFD-SV pattern was the same in
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Mineral — organic
matter interactions??

POC flux

unprotected/
labile
What if ballast minerals on
sinking particles physically
protect a fraction of their
associated organic matter,
and that the ratio of organic | . ..q

depth ()

carbon to ballast is key to
predicting variability in




Effect of mineral on particle degradation:

Calcifying cells (E. huxleyi) aggregated faster,
were smaller, had higher settling velocities and
excess density and mass than non-calcifying

cells.

Experiments comparing calcified aggregates
with showed a greater ballasting effect than
for silicified aggregates (diatoms).

Cells without a shell were more subject to

loss of OM than calcified cells.

Biogenic calcite helps in the preservation
of POM by offering structural support for

organic molecules.




Are degradation (or dissolution) rates constant as particles sink?
What really are in-situ degradation rates —
does increasing pressure slow degradation?

PASS: PArticle Sinking Simulator
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a)
Comparison of high pressure vs.
atmospheric pressure incubations
show considerable difference
in organic matter compositions.

b)

Therefore incubation experiments
carried out at atmospheric pressure
may not accurately represent
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Some final thoughts —

Particle dynamics:

Slowly sinking particles collide with other particles to
form larger aggregates, but when they get too large and
start sinking too quickly, they fall apart because of the
high shear.

Sinking velocities:
Basically, particle size and sinking velocity adjust to
changes in particle density, always yielding the same
sinking velocity spectrum.




More final thoughts —

Export-driven flux: particulate

organic carbon (POC) fluxes Export-driven and ballast-driven models of deep-water remineralization

are determined uniquely by
the POC flux at some "export " p—_ A —
horizon", independent of any /\f //<x o
other factors. Example: the [Pt 1A
"Martin curve." I.'f Ao ||'||.f Foctd)

III ll'l

Ballast-driven flux: There are |
two dominant components to ¢

Ballast-driven

Export-driven

Foc(2) = Foc(o)* f(2,20) Foc() = E&(2)+ Fle(2)

FE4(2) =(0C : B),. - Fi(z)
Foff =(For(zg) -(0C: B)y  Fylzp)) felz,2p)
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See http://www.msrc.sunysh.edu/MedFlux/ for more information.
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