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Summary 

The interiors of coral reef frameworks are sites of active anoxic and suboxic 
organic matter oxidation, and as a result methane concentrations in the porewater 
can exceed 800 nM. Methane ol3C values in the framework of Checker Reef, 
Oahu, Hawaii ranged from -49 to -40·per mil, reflecting production of CH4 at 
depth, presumably in microenvironments, coupled with CH4 oxidation in the bulk 
porewater. Fluxes of CH4 from Checker Reef to the overlying water were small 
and variable, presumably due to the activity of CH4 oxidizers at the reef-seawater 
interface which keep porewater CH4 concentrations <1OnM in the upper 10 cm of 
the reef framework. 

1. Introduction and Description of Field Sites 

The interiors of coral reef frameworks are sites of active organic matter (OM) 
oxidation which result from the importation of OM by advection and turbulent 
mixing of seawater into the reef structUfe. Consequently, reef frameworks typi
cally are suboxic within a few cm of the reef-seawater interface, and become 
anoxic a short distance below that. The importance of anaerobic processing was 
emphasized by the first measurements of elevated methane (CH4) levels in reef 
framework porewater (PW) (4). Methane concentrations in reefs can exceed 800 
nM. which is -l00x the level of overlying seawater and -l000x the level of open 
ocean seawater. 

Two Recent reefs are examined in this study. Checker Reef (21 °28'N, 
157°48'W) is a patch reef with a maximum tidal amplitude of approximately 0.9 
m. In comparison with many reefs it is poorly lithified and is located in a rela
tively protected environment, although the forereef margin is well developed with 
coral growth due to its exposure to tradewind swells. PW samples were pumped 
from discrete depths within the reef framework using well point samplers (5) at 
five stations across the reef. Davies Reef, Great Barrier Reef (18°50'S, 
147°39'E) is a platfonn reef located -30km inland of the continental shelf break, 
80km offshore of the mainland (4). The maximum tidal amplitude is approxi
mately 3.5 m, and the local wave spectrum is considerably more energetic than at 
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Checker Reef. The reef features a solidly lithified surface reef plate across the 
windward reef-flat study site. PW samples were collected using cased wells and a 
well point sampler. 

2. Reef Framework Porewater Chemistry 

Table 1 compares the concentrations of several diagenetically important 
species in reef PW and overlying seawater. These data indicate that active micro
bial degradation of OM, along with the associated processes of aerobic respira
tion, anaerobic respiration, and nutrient regeneration, are actively occurring 
within the reef frameworks (7,9). Products of these processes (CH4, ~S, NH4, 

and dissolved inorganic carbon (DIC)) are significantly elevated compared to the 
overlying seawater. In Checker Reef these products increase from the margins of 
the reef towards the center. The reverse trend is observed for the reactants 0z and 
NOz+N03, which are frequently undetectable in the central reef PW. 

In general, the concentrations of OM oxidation end-products are markedly 
lower in Davies Reed than in Checker Reef. This implies either lower rates of OM 
diagenesis within Davies Reef or higher rates of PW flushing within the Davies 
Reef framework due to its greater wave and tide energy. In addition, the Davies 
Reef framework appears to be much more heterogeneous than the Checker Reef 
framework. Note the generally lower CH4 levels in Davies Reef reflecting these 
differences. 

Table 1. Ranges of chemical composition of Checker Reef and Davies Reef 
porewater, and Checker Reef overlying seawater 

Chemical Species Checker Reef Davies Reef Overlying seawater 

0z (11M) <5-110 <5-1 ()() 190-310 

CH4 (nM) 5-840 3-390 0-89 

HzS (11M) 3-480 <7-34 <5 

NH4 (11M) 5.2-76 <1-84 0.12-1.9 

NOz+N03 (11M) 0.0-0.6 0.0-6.1 0.03-2.3 

DIC (mM) 2.1-3.3 2.0-2.3 1.8-2.0 

pH 7.4-7.8 7.6-7.8 8.1-8.3 
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3. Methane Production and Oxidation within Reefs 

Stable carbon isotopic signatures of Checker Reef PW CH4 and DIC are 

reported in Table 2. The reef 0l3C-CH4 values are much heavier than those for 
unaltered biogenic methane (-60 to -110 per mil (10)), which suggests that CH4 
oxidation, which favors the lighter isotope of carbon, is actively occurring. We 
hypothesize that CH4 produced within microzones diffuses into the bulk PW 

where it can undergo oxidation. However, the ol3C-DIe data (Table 2) suggest 
that the elevated PW DIC levels are primarily due to the oxidation of non-CH4 
OM which results in only a small lowering of the ol3C-DIC values. This can be 
quantified by making an isotopic mass-balance of the isotopic signature of the OM 
being oxidized (assuming that all of the DIC increase in PW is due to this oxida
tion): 

The results of this calculation (Table 2) indicate that the OM oxidized has 

mean ol3C values ranging from -8 to -20 per mil. This is consistent with 
stoichiometric models of the PW composition (9) which indicate that 50-80% of 
the oxidized OM is derived from benthic macrophytes (-5 to'~ per mil (8)), with 
the remainder from planktonic sources (-18 to -23 per mil (8)). The data also 
indicate that CH4 oxidation can only be a minor component in the reef carbon 
cycle. 

The existence of microenvironments with restricted circulation within reef 
frameworks is consistent with both the heterogeneous nature of reefs and the 
observed S04 and CH4 distributions. Methane accumulates in the bulk PW 
despite the presence of S04 concentrations that are not significantly depleted from 
those of the overlying seawater (data not shown). Such conditions normally allow 
S04 reducers to outcompete methanogens for organic substrates in marine sedi
ments, thereby inhibiting CH4 production. Methane production in reefs without 
S04 depletion may be due to 1) CH4 production in sulfate-depleted organic-rich 
microenvironments, with subsequent diffusion of CH4 into the bulk PW, or 2) 
CH4 production from the small range of organic compounds for which 
methanogens can successfully compete. There is similar evidence for sulfate 

reduction within microzones: 1) the bulk PW 034S-S04 values increase in the 
more diagenetically altered portions of the reef (data not shown), and 2) pyrite 
framboids are found within dissolution pits in the framework solid phase (6). 
Sulfate reduction in microzones, coupled with sulfide precipitation and release of 
~S to the bulk PW, is consistent with these observations. 
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Table 2. Stable carbon isotopic composition of Checker Reef porewater 
CH4, DIC, and oxidizable organic matter (calculated). 

ol3C (per mil) 

Location Depth (m) DIC(mM) DIC OM CH4 

Surface sw 2.00 1.04 

Forereef 
margin 

2.13 -0.22 -19.6 

Forereef 2.34 -0.47 -9.4 

Forereef 2 2.57 -1.91 -12.3 -40.02 

Midreef 2.71 -1.35 -8.1 -47.92 
-47.77 

Midreef 2 2.73 -2.18 -11.0 -48.60 
-47.84 

Backreef 2.21 -0.41 -14.2 

Backreef 2 2.31 -0.96 -13.8 

Although the CH4 in terrigenous marine sediment PW has a ol3C value of -60 
to -110 per mil (10), the CH4 in Checker Reef is much heavier (Table 2). This 
implies that methane-generated cements in carbonate frameworks, if they occur, 
may be heavier than methane-derived cements in terrigenous sediments, which 
have o l3C values of -7 to -59 per mil (3). However, reported ol3C values for 
coral reef carbonate cements are approximately -1 to +4 per mil (1), suggesting 
that CH4 is probably not a major source of their carbon. 

4. Methane Fluxes across the Reef-Seawater Interface 

Methane concentrations in the upper 10 cm of Checker reef are nearly con
stant, in contrast to the roughly linear gradient of concentration vs. depth deeper 
in the reef (Fig. 1). This indicates that there is an upward transport of CH4 from 
depths>10 cm to the upper reef where oxidation and/or vertical mixing with the 
overlying seawater occurs. If oxidation is dominant, then there should only be 
very small fluxes of CH4 from the reef surface to the overlying seawater. We 
have measured these fluxes directly by in situ benthic chamber incubations (2) at 
the reef-seawater interface (Table 3). In all cases the fluxes were small (several 
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orders of magnitude smaller than the >100 Ilmole/m2/h fluxes that can be mea
sured from organic-rich temperate sediments (2». Note that on a number of occa
sions the measured Checker Reef fluxes were negative (downward), presumably 
due to populations of active CH4oxidizers present in the surface sediment capable 
of consuming CH4 in the enclosed volumes of the benthic chambers. Thus it 
appears likely that reefs are, at most, small sources of CH4 to the overlying 
water. 
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Figure 1. Depth distribution of CH4 in Checker Reef mid-reef porewater. 

Table 3. Net methane fluxes from Checker Reef. Data are from individual 
benthic chamber deployments. 

Flux (nmoVm2/h) 

Date	 Midreef Backreef 

26 June 1992	 -59 -120 
-99 110 

2 July 1992	 -40 25 
-49 65 

16 July 1992 81 80 
110 10 
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