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CaCO, production in the surface and transport to depth
increases atmospheric CO,.

On millenial time-scales CCP leads to shifts in the vertical
distribution of TCO, and TA
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Constrain the opposing effects of these counter-acting
components of the biological carbon pump
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Island-associated blooms in Southern Ocean

lIron-supply enhances ecosystem productivity and POC export
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POC fluxes enhanced by a factor of ~2-3 as a result of iron fertilization

Driven by resting spore formation of Eucampia antarctica var antarctica
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- Annual CaCO, fluxes were 7-10 times higher in [+Fe] regime

- Large excess CaCO, fluxes than excess POC fluxes :1 POC:PIC ratio



AIMS

(1) How are CaCO;, fluxes distributed across
different calcifying groups?

(2) How significant is the carbonate counter pump
for iron-fertilized sequestration of atmospheric CO,?
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METHODS

Coccolith Foraminifer Pteropods

Methods:

Coccolith-derived CaCO; - fine-fraction (< 20 um and 20-63 um) Ca (ICP-AES)
Pteropod species enumerated, removed and weighed with fragments

Foraminifera — automated image analysis (63-100 and >100 um) Manual species ID.
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Excess PIC fluxes >
Table 1| Excess fluxes resulting from iron fertilization. excess POC fluxes in
Corg Cinorg Cinorg Cinorg Cinorg a” fra Ctlons
Total Total Foraminifer Pteropod <20um
Excess fluxes* 24-27 39-57 13-19 1.9-2.0 6.9-70
Increase’ ~3 7-10 6-8 64-68 ~9

*Excess fluxes in mmol m~? yr—' calculated as [4-Fe] — [HNLC] annual fluxes. * Factor
increase, calculated as [+Fel/[HNLC].
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Table 1| Excess fluxes resulting from iron fertilization.

Corg cinorg Cinorg c:inorg Cinorg
Total Total Foraminifer Pteropod <20um
Excess fluxes* 24-27 39-57 13-19 1.9-2.0 6.9-7.0

*Excess fluxes in mmol m~? yr—' calculated as [4+-Fe] — [HNLC] annual fluxes. * Factor
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excess POC fluxes in
all fractions
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Larger species more important at iron fertilized site

Changes in foram-CaCOys: (i) increase production (ii) assemblage shifts
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(1)

(2) How significant is the carbonate counter pump
for iron-fertilized sequestration of atmospheric CO,?
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Atmosphere

CO,
Surface Ocean 1 |

(i) Removal of CO, plankton POC export — biological carbon pump

(i) Production of CaCO, above ventilation depth - conservative
____________________________________ | Ventilation

. depth
(i) POC:PIC ratio

No correction
For dissolution

(v) W = CO, released:CaCO, precipitated

Deep-Ocean
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Atmosphere

CO,
Surface Ocean 1 |

(i) Removal of CO, plankton POC export — biological carbon pump

—> | (iii) POC:PIC ratio

(i) Production of CaCO, above ventilation depth - conservative

l

(v) W = CO, released:CaCO, precipitated

Deep-Ocean

1. {[(gross CO, sink)-(net CO, sink)]/(gross CO, sink)}* 100

2. Gross CO, sink= (FPOC,\,)
3. Net CO, sink = [(FPOC,,, ) - (FPIC,yqy X W )

Ventilation
depth

No correction
For dissolution



RESULTS & DISCUSSION

50
[ M10[+Fe]-N
) ] 1 M5[+Fe]-NE
S 40 4 1 M6[HNLC]-S
8
wn
(@]
o
&)
5 30 A
Q
?
Qo
(]
[P]
el
g 207
(e}
8
3]
§ 10
- ﬂT
°\° ﬂT
0 IN 1N N

I | I
Sed.Trap  Sed.Trap DIC deficit DIC deﬁc1t Thorlum Thorlum
(constant b) (variable b)  (90%) (75%) (100m) (200 m) Salter et al. 2014 Nat. Geosci.

Expressed as % reduction in deep-ocean CO, storage

CCP effect: 6-32% in [+Fe] region
1-4% in [HNLC] region



INTRODUCTION METHODS RESULTS & DISCUSSION

10
Polar Front Sub-Antarctic Front
| [
: [
8 4 |Polar frontal zone: Sub-Antarctic zone
|
= |
Q |
S |
S 61 :
é I g
o | Iron-fertilised
e | Crozet bloom
O 4- !
o
___Q
n
2 -
————— —
0 -

Importance of bloom location
Salter et al. 2014 Nat. Geosci. S|

SAF transition from Si to CaCO, dominated production/export

Si:PIC ratios characteristic of PFZ



RESULTS & DISCUSSION

Southern Ocean data compilation
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Southern Ocean data compilation
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Southern Ocean data compilation
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[+Fe] enhances CaCO, flux in PFZ
Foraminifer dominant CaCO, flux fraction
Effective CO, transfer by BCP may be reduced 10-30%

POC:PIC < 1in Si:PIC>1 unique to polar frontal zone iron fertilization
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Neogloboquadrina pachyderma
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Increases in OC export were possibly accompanied by
a strengthened carbonate counter pump

Decreased significance of BCP for regulating glacial
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Southern Ocean data-set
compiled
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POC:PIC CHANGES WITH DEPTH FROM MULTI-TRAP DEPTH MOORINGS
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12 - POC:PIC increase with depth

10 1

Increase with depth

4 - POC:PIC decrease with depth




