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 Calcium carbonate dissolves slowly and 
with a nonlinear response to saturation state 
(Ω) in the lab.   
 However, the dissolution rate 
can be catalyzed by the enzyme 
Carbonic Anhydrase. 
 This catalysis implicates aqueous 
CO2, and carbonic acid, in the dissolution 
mechanism of calcite in seawater.

CDisK-IV Cruise August, 2017

Conclusions 
• Inorganic, in situ rates do not seem to explain the large dissolution signals in the N. Pacific 
•Sediment trap data suggest that carbonate dissolution is associated with high rates of organic remineralization 
•Water column data suggest that Corg remineralized in the intermediate ocean is completely neutralized by 

carbonate dissolution 
•Deep ocean waters contain a significant excess of CO2 
• Implications for paleo-circulation and the future of our oceans with increasing ocean acidification

Visit my website: 
www.adamsubhas.com

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w

1

1

0.75

0.75

0.
75

0.75

0.5

1

1.5

2

2.5

3

20˚S EQ 20˚N 40˚N
5000

4000

3000

2000

1000

0

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w

D
E
P
T
H
 
[
M
]

OmegaCAin

30˚S

EQ

30˚N

60˚N

120˚E 150˚E 180˚E 150˚W 120˚W

O
c
e
a
n
 
D
a
t
a
 
V
i
e
w

CO2 

CaCO3
(Alkalinity Out)

CaCO3

Sedimentary Reservoir

Rivers, 
Weathering 
(Alkalinity In)

Ca2+ + CO3
2-

Surface
Deep

Pteropods

CO2

CH2O + O2 CO2 + H2O

CaCO3 Cycling in the N. Pacific

Key et al, 2004

Ωcalcite

CaCO3 dissolution is a major part of 
the ocean carbon and alkalinity cycles.  
However, the magnitude and location 
of the dissolution flux has long been 
debated. 

The Pacific ocean is deeply 
undersaturated with respect to calcite 
and aragonite, and exhibits steep 
ocean chemistry gradients.
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Catalyzed Ω=0.65

Sediment trap POC and PIC 
attenuate in the upper 200m. 

Sediment trap PIC 
remineralization does not 
scale with aragonite 
saturation at 200 meters!   

Instead, the highest rates of 
PIC remineralization are 
associated with high rates of 
POC remineralization. 

PIC remineralization rates are 
very fast.  These fast rates 
leave room for CA catalysis.

Intermediate Depths

Water Column Data
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Deep Ocean

[19] One can get a sense of the dissolution throughout the
water column from a plot of the average TA* as a function
of depth (Figure 11). The maximum signal is near 1100 m,
just below the average depth of the aragonite saturation

horizon and well above the old southward return flow. A
second local maximum is observed near 3800 m, just below
the calcite saturation depth. A third maximum is observed in
the bottom-waters. This could be a benthic dissolution

Figure 7. Wedge-like cutout section of TA* in mmol kg!1 along 170!W, 30!N, and 135!W in the Pacific
Ocean.

Figure 8. Plot of TA* versus CFC-11 age for data
collected along the 26.65 sq surface in the North Pacific
Intermediate Water.

Figure 9. In situ calcium carbon dissolution rates plotted
as a function of potential density in the Pacific Ocean.

FEELY ET AL.: IN SITU CALCIUM CARBONATE DISSOLUTION 91 - 9

σθ
Tracer-based dissolution rate:  

0.04 μmol kg-1 year-1

Feely et al., 2002
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Isotope Balance of Water Column DIC
δ13Cadd=forg*δ13Corg + fcarb*δ13Ccarb

AOU/DIC*RC:O = DICorg/DICtot = forg

D E P T H I N T E R M E D I AT E D E E P

AOU/DIC 0.89±0.03 1.37±0.07

forg 0.55±0.02 0.86±0.04

δ13C pred. -11.2±0.8 -17.8±1.8

δ13C add -9.4±0.9 -16.1±2.5

δ13Ccarb  = +1‰

δ13Corg  = -21‰

Isotope balance in pore waters quantifies the relative amounts of 
organic carbon and calcium carbonate remineralization to DIC.  
Could this work in the water column as well?If the interpolation of the Ca2! profile underestimates the

CaCO3 dissolution rate, then our value for the "CO2 flux across
the sediment-water interface may also be somewhat low. If our
estimate of this flux is low, then our value for ƒd is somewhat
high. The resulting values of ƒo and ƒc would then be somewhat
low, but the ƒc/ƒo ratio would be unaffected. It is important to
note that use of a smaller ƒd or of a lower ƒc/ƒo ratio in our 14C
mass balance would result in older estimates of the #14C of the
carbon added to the "CO2 pool by CaCO3 dissolution in the
surface interval at Site B.
Site G, 0–1.8 cm interval. At Site G, we use a large range

of possible "CO2 fluxes across the sediment-water interface
due to dissolution, 5–17 !mol/cm2/y. In addition, we use two
fits to the stable isotopic data in the surface interval, one
including and one excluding the bottom water point. "13Cadd is
$ 6.69‰ if bottom water is excluded, $ 8.79‰ if it is included.

When the low value of the dissolution flux is used, ƒd (at 1.8 cm
below the interface) is 50% of the flux across the interface
(Table 2). In this case, ƒc is 2.2 to 8 times ƒo in the surface
interval, the lower value corresponding to the case in which
bottom water is included in the "13Cadd calculation (Table 3A).
The high dissolution rate results in ƒd % 26% of the interfacial
flux, and fc % 1.4–2.6 times ƒo. The results obtained when the
ƒo, ƒc, and ƒd are all calculated from pore water O2, "CO2, and
Ca2! data are very different from the isotopic result when the
low dissolution flux is used, but similar when the high disso-
lution flux is used (Table 3B). When ƒo, ƒc, and ƒd from the
low-dissolution case are used in the 14C balance, the resulting
estimates of the #14C of the dissolving CaCO3 are impossibly
enriched in 14C: more enriched than the surface ocean. Thus, it
is likely that the true dissolution rate approaches the higher
value. For this reason, we use the ƒ values calculated from the

Fig. 5. The "13C of pore water "CO2 at the study sites. The interpretation of panels B and D is the same as that of the
corresponding panels in Figure 3. The circled whole-core squeezer (WCS) data in panel B were not included in the analysis
(see text).
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Cruise conducted to measure in situ dissolution rates 
and water column properties.  Onboard 
measurements taken: 
• Picarro δ13C of DIC 
• Picarro [DIC] 
• Spectrophotometric Alkalinity and pH 
• CTD oxygen, salinity, temperature 
• Sediment trap sinking material 
• In situ pump suspended particles 
• Carbonic Anhydrase activity (MIMS assay) 
• in situ dissolution rates (isotope tracer method)
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