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ABSTRACT

Suboxic and anoxic conditions are widely observed within coral reefs and other
shallow-water marine carbonate frameworks. These conditions result from the
importation of organic matter by the advection of seawater through the frame
works, with subsequent decomposition of these materials within the frame
works. These processes result in the buildup of end products such as CO2 and
CH4 in the framework porewaters, which can then be transported by advection,
diffusion, and turbulent mixing to the overlying and adjacent seawater. Esti
mates of porewater-to-seawater transport rates from several sources were mul
tiplied by porewater concentrations to yield gross fluxes of CO2 and CH4 to the
overlying seawater. Using published estimates of the global area of coral reefs
and carbonate platfonns. these flux rates were extrapolated to give global CO2

and CH4 fluxes of 9600 and 0.6 Tg yr- I
, respectively, for coral reefs, and 16

and 0.005 Tg yr-I for carbonate platforms. In comparison, the global rates of
net ocean-atmosphere exchange for CO2 and CH4 have been estimated as
350,000 and 10 Tg yr- 1, respectively. These results suggest that these very
large sedimentary systems may be important, but not dominant, components in
global carbon cycles, although more research will be needed to detennine their
exact role.

Introduction

The interiors of coral reefs and other marine carbonate frameworks have been
generally assumed until recently to be oxic and not to play an important role in
diagenetic recycling of carbon and nutrients. It has become clear from recent
research, however, that the interiors of these systems are typically suboxic to
anoxic.1.22.24.31 These conditions result from the importation of organic matter
by the advection of seawater into the framework, with subsequent decomposition
of these materials within the framework. 23 This organic matter degradation is re-
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flected by stoichiometrically consistent increases in end products such as total
carbon dioxide (LC02), inorganic nutrients, alkalinity, and methane (CH4) in
the framework porewater. 30.31 Thus, it appears that organic matter decomposi
tion within these systems is important on at least a local basis, although its
significance on a global scale has not been previously examined.

A number of studies have also focused on the importance of advection, dif
fusion, and turbulent mixing in transporting porewater and its constituents through
reefs1.2.4.10.12.14.16.18.30.31.32 and other carbonate frame-works. 20.21.2S.28,3S These

processes also result in the transport of porewater with elevated diagenetic end
od . hI' 29 30 32 Th ., 'bl hpr uct concentrations to t e over ymg seawater. .. us, It IS POSSI e t at

porewater may be a significant source of CO2, CH4, nutrients, and other end
products to the external environment. The very large areal extent of these systems
make it important to determine their possible contribution to global carbon cycles.

The goal of this chapter is to estimate the global rates of transfer of CO2 and
CH4 from marine carbonate frameworks to the neighboring seawater environ
ment. Because carbonate frameworks exist in shallow waters, it is likely that
large fractions of these fluxes will be transported to the atmosphere, thereby
contributing to the atmospheric pools of these radiatively important gases. Al
though there is only limited data thus far on relevant rates and concentrations
needed for these calculations, the results indicate that shallow-water marine
carbonate frameworks may be significant components in global carbon cycles.

Results and Discussion

Porewater Concentrations

The compositions of reef and platform porewaters appear to be quite similar
(Table I). In this chapter reef data from only the upper I m will be used because
vertical transport in reefs greatly exceeds horizontal transport (see below), and,
thus, porewater concentrations in the uppennost area of reefs should approximate
the composition of porewater reaching the framework-seawater interface. The
"best guess" values shown in this chapter were selected as conservative esti
mates and reflect the author's perception of the relative importance of the indi
vidual field sites for the empirical data listed in the tables.

Porewater Adl'ection Rates

To my knowledge, porewater-to-seawater transport rates have been measured
only at one reef. These were measured in Checker Reef, Oahu, Hawaii, by means
of hydrological modeling of data from (I) residence time estimates from rain-
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Table I. Composition of porewaters in coral reef frameworks and marine
carbonate platfonns.

Sampling IC02 CH.
Site Depth (m) (mM) (oM) Refs.

Coral Reefs
Checker Reef, Oahu, 2.16-2.70 61-441 31

Hawaii
Davies Reef, :51 2.05-2.44 <25 1,22

Great Barrier Reef
"Best guess" average 2.20 50

Carbonate Platfonns
Mud Hole Submarine 0 2.23 101 6

Springs, Horida Platform

Submarine frameworks, 19-45 2.13-2.31 109-137 24
Oahu, Hawaii

Marathon Key, 305-380 2.05-2.42 1040-5000 24
Horida Platform

"Best guess" average 2.20 200
Tropical surface 0 1.96 12 1,31

seawater

induced salinity perturbations, (2) in situ pressure sensor and manometer arrays,
and (3) direct measurements of porewater transport out of the reef. 29.30,32 Trans
port rates can also be estimated using internal porewater velocities, data which
are available for several sites. Table 2 summarizes available data on both vertical
and horizontal velocities. In this chapter, however, only vertical velocities will
be used to calculate fluxes because vertical advection rates appear to be generally
much larger than horizontal rates.4.3O•32

In addition to these quantitative estimates, a number of other descriptive
observations have been reported on the rapid advective exchange between reefs
and the adjacent seawater.1.2.4.10.11 These studies also serve to note the highly
heterogeneous character of coral reefs, in that large advective flows can be
observed at fissures at the reef-seawater interface. Also, there can be significant
differences in advection rates at different locations of a given reef. 1.14

Large-scale (> 100 km2) marine carbonate platforms present a more difficult
system to model because of the lack of data on the rate of exchange of porewater
with the adjacent seawater. Nevertheless, porewater-seawater exchange rates
can be estimated by assuming that internal vertical porewater advection is con-
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Table 2. Reef porewater advection rates.

Porewater Velocity (m d- I
)

Table 3. Advection rates of saline porewater in carbonate
platfonns (averaged over whole platform).

Site Vertical Horizontal Refs. Site
Porewater Velocity

(m yr-I) Refs.

Global Porewater Fluxes

Global fluxes of CO2 and CH. to the adjacent seawater were calculated sep
arately for reefs and platforms using the following formula:

tinuous with exchange at the platform margins. The rates of such internal ad
vection in platforms have been estimated by Rougerie et aI. by measuring the
distribution of nutrient tracers. 19.20 These data are summarized in Table 3; note
that these rates are -1000 times slower than those for coral reefs (fable 2). Other
papers have described porewater advection in similar systems based on isotopic
tracer data21 and by modeling the convective movement of porewater due to
thermal8 .9 .28 and salinity1.26.J5 gradients; however, the lack of quantitative in-

formation in these reports prevent their use here.

25
20
19

2.0

0.8-4
1.8-88

0.51-0.97

"Typical" platform
Pacific atolls
Mururoa Atoll,

French Polynesia
"Best guess" average

Milliman's estimate of the global area of all shallow water carbonates (1.4 x
1012 m2)13 and Smith's estimate of the global area of reefs (6.2 x 1011 m2).21

These data yield ubest guess" global coral reef fluxes of CO2 and CH. to
overlying seawater of 9600 and 0.6 Tg yr- I

, respectively. Computed "best
guess" global carbonate platform fluxes of CO2 and CH4 were 16 and 0.005
Tg yr-I, respectively. The results are summarized in Table 4 and compared with
estimates of global net ocean-atmosphere exchange rates. Table 4 also presents
ranges of possible values for the computed fluxes. The lower values in the ranges
were calculated using the smallest LC02 or CH. porewater concentrations in
Table I and the lowest advection rates for each environment in Table 2 or 3' the
higher values used the largest concentrations and the highest advection rat;s.

Unfortunately. there are few empirical data available to compare with the
fluxes predicted here. However, the predicted CH. flux of 55 mmole m- 2 yr- I

for coral reefs (Table 4) is similar to the integrated flux of 25 mmole m-2 yr- I

from the Kaneohe Bay (Oahu, Hawaii) barrier reef measured by Webb. 34 In
contrast, the predicted flux is higher than the fluxes of 0.12-4.1 mmole
m-2 yr-I from reef flank sediments (water depth of 14-18 m) measured by
Oremland. 15 The latter data are not directly comparable, however, in that flank
sediments are probably not associated with upper reef internal advection and may
contain lower levels of labile organic matter due to their distance from the upper
reef primary production.

To my knowledge, fluxes of CO2 have not yet been directly measured from
shallow marine carbonate frameworks. However, changes in the chemical com
position of surface water as it passes over coral reefs can be used to estimate net
CO2 release from reef-associated calcification and organic matter decomposi
tion. On a global basis, a flux of 80-260 Tg CO2 yr-I can be calculated from
such data. JJ Although this estimate is largely within the range of possible values
listed in Table 4 for coral reefs, it is much lower than the ubest guess" value of
9600 Tg CO2 yr-I, thus suggesting that the latter may be an overestimate of

4

16

14

3
32

9-120

0.086-0.2591.7-5.2

4

1.4-50

0.86-86
0.1-2.2

where cpw = concentration in pore water (molelm
J
),

C
5W

= concentration in adjacent seawater (mole/mJ
),

vpw = porewater velocity (m yr- I
)

A = global area of coral reefs (6.2 x 1011 m2
) or shallow-water

carbonate platforms (7.8 x 1011 m2
).

Only vertical porewater velocities (Table 2), along with porewater concentrations
for the upper I m (Table I), were used for reef calculations. The global area of
shallow-water carbonate platforms was calculated as the difference between

(1)

"Typical" reef
Checker Reef, Oahu,

Hawaii
Davies Reef,

Great Barrier Reef
Tague Bay Reef,

St. Croix
Orpheus Island,

Great Barrier Reef
"Best guess" average
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Table 4. Computed gross global gas fluxes from carbonate frameworks,
and estimates of oct global ocean-atmosphere gas exchange rates.5

...

fluxes are for "best guess" data in Table 1-3. Values in parentheses are
ranges possible using all data in Tables 1-3 (sec text).
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works. This infonnation will be required for an accurate detennination of the
global magnitude of these processes.

System

Coral reefs

CaJbonale

plalfonns

Nel~

atmosphere

ellchange

350 (3.3-23,000) 9600 (90-630.000) .5.5 «0..5-13.000)
0.5 (0.046-40) 16 (1.6-1400) 0.38 (0.04.5-440)

350,000

0.6 «0.00.5-130)
0.00.5 (0.0006-5 ..5)

10
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