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ABSTRACT 

Dissolved methane was detected in the interstitial porewater from three of four wellholes 
sampled in the reef" flat of Davies Reef, Great Barrier Reef, Australia; this is apparently the first 
report of methane in such an environment. 

Porewater was collected at depths of 0.5 5.3 m into the reef framework, where methane 
concentrations ranged between 60 - 370 nM. These waters were anoxic, and contained highly elevated 
nutrient levels, but, surprisingly, contained sulfate concentrations which were not depleted from 
seawater values. 

The presence of methane in these sulfate-containing porewaters is hypothesized to result from 
one or lIlOre of the following processes: a) methane production in sulfate-depleted microzones (visible 
porosity of reef framework is 5-10~)j b) methane production in deeper, possibly sulfate-depleted zones 
of the reef framework, wi th \!pward transport of the produced me thane; c) me thane produc tim from the 
oxidation of short-chain amines or other organic compounds for which methanogens can out-compete 
sulfate reducers. 

These results, when combined with data from other reef systems, suggest that anaerobic 
oxidation of organic material, and the subsequent oxidation of reduced decomposition products, may play 
an important role in controlling geochemical processes such as carbonate dissolution and cementation in 
the internal porewaters of the reef. 

This research was conducted as a part of the US-Australian MECOR (Microbial Ecology of Coral 
Reefs) project. 

REsmm 

Du methane dissous a ete decele dans l'eau interstitielle provenant de trois • quatre pU"its 
fores sur Ie platier du recif de Davies. 11 s'agit semble-t-il de la premiere reference a la presence 
de methane dans ce type de milieu. 

De l'eau interstitielle a ete recoltee a des profondeurs de 0,5 a 5,3 m dans la masse 
recifale, avec une concentration en methane variant de 60 a 370 nM. L'eau de ces echantillons etait 
anoxique et presentait des concentrations tres elevees en sels nutritifs. Cependant, et de fa~on 

quelque peu surprenante, les concentrations en sulfate n' etaient pas differentes des valeurs normales 
pour l'eau de mer. 

On peut admettre que la presence de methane "dans ces eaux interstitielles riches en sulfates 
est la consequence de l'un (ou d'une canbinaieon) des processus suivants a) -production de methane 
dans des microzones appauvries en sulfates (la parosite apparente du substrat recifal est de 5 a 10~). 

b) -production de methane dans des zones plus profondes peut-etre appauvries en sulfates, avec 
transport vers Ie haut du methane produit. c) -production de methane resultant de l'oxydation d'amines 
a chaine courte ou d'autres composes organiques pour lesquels les methanogenes l'emportent sur les 
sulfatoreducteurs. 

Ces resultats, lorsqu'on les ajoute a des donnees obtenues dans d'autres systemes recifaux, 
indiquent que l'oxydation anaerobique de matiere organique, ainsi que l'oxydation subsequente des 
produits de decomposition reduits, pourrait jouer un role important dans la regulation de processus 
geochimiques tels que la dissolution des carbonates et la cimentation, dane l'eau interstitielle de la 
masse recifale. 

Ce travail de _recherche a ete condUi t dans Ie cadre du projet australo-americain KECOR 
(Microbial EcoloSY of Cpral Reefs). 
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INTRODUCTION 

This paper reports the measurement of 
dissolved methane in the internal pore waters of 
a coral reef flat. The presence of methane in 
these waters, along with the associated elevated 
levels of inorganic nutrients and the absence of 
oxygen, indicates that anaerobic decomposition 
reactions may occur in modern carbonate 
frameworks. The occurrence of methane is of 
particular interest because it indicates the 
presence of the highly reducing conditions 
necessary for methanogenesis. 

Although geologists and geochemists have 
traditionally viewed carbonate reef frameworks 
as sites for the deposition of fine-grained 
material and the precipitation of carbonate 
cements (Macintyre, 1977; Marshall, 1983a, 
1983b), interest has generally focused on the 
involvement of aerobic inorganic processes. The 
data presented here, however, suggest that 
organic inputs and transformations within reef 
frameworks may be more important than previously 
thought. Anaerobic conditions, presumably the 
result of decomposition of structural, 
sedimented, and/or dissolved organic matter, 
were found within Davies Reef (Great Barrier 
Reef, Australia) and may be a common occurrence 
in the internal cavities of other carbonate 
frameworks. It is possible that the end 
products of these anaerobic organic matter 
transformations may significantly influence the 
occurrence and kinetics of inorganic geochemical 
processes such as carbonate cementation and 
di880 lut ion. 

There have been several reports of anaerobic 
processes in intertidal and lagoonal carbonate 
sediments (Skyring and Chambers, 1976; Hines and 
Lyons, 1982; Skyring et al., 1983), but only a 
few such reports exist for carbonate framework 
environments. Very low oxygen concentrations 
have been measured in the pore waters of both 
dead coral rubble (DiSalvo, 1971) and intact 
carbonate frameworks (DiSalvo, 1971; Zankl and 
MUlter, 1977; Risk and Muller, 1983); in these 
cases it has been assumed that the depletion of 
oxygen was due to the oxidation of organic 
material associated with fine-grained sediment 

that is commonly trapped in the internal 
cavities (Ginsburg and Schroeder, 1973; 
Ginsburg, 1983). These processes have also been 
reflected by the elevated nutrient 
concentrations (Andrews and Muller, 1983; Risk 
and Muller, 1983) and changes in pH and 
alkalinity (Zankl and Multer, 1977; Risk and 
MUller, 1983) with respect to overlying seawater 
that have been reported for carbonate framework 
porewaters. 

Direct evidence for anaerobic organic matter 
oxidation within carbonate frameworks includes 
the presence of sulfide-producing grey-black 
voids in coral frameworks (DiSalvo, 1969), and 
the observation that methane concentrations 
increase in seawater as it passes over the reef 
flat at Kaneohe Bay, Hawaii (Webb, 1977). 

Previous analyses of Davies Reef porewater 
(Buddemeier and Oberdorfer, 1983) indicated that 
these waters were anoxic and contained elevated 
levels of sulfide and nutrients as compared to 
overlying seawater (Table 1). These results 
suggested that anaerobic decomposition of 
organic material was occurring within the reef 
framework, which led to my investigation of the 
possibility of .ethane accumulation. 

FIELD LOCATION AIm M!TIIODS 

Samples of pore water for this study were 
collected from the windward reef flat of Davies 
Reef, Great Barrier Reef, Australia (18°48'S, 
147°39' E) using bore holes which had been 
drilled, cased, and equipped with sampling 
tubes; the tubes allowed samples to be collected 
from the bottom of each hole by means of a 
battery-operated peristaltic pump operated from 
a small boat anchored above the reef. These 
wells were constructed in 1983 by M. Sandstrom 
and coworkers, Australian Institute of Marine 
Science, Townsville, Qld. 

Samples for this study came from depths of 
0.5 to 5.3 m below the reef flat/seawater 
interface, at sites near the front and middle of 
the nat (Fig. 1). Initial proce88ing of 
samples was conducted on shipboard at the field 

Table 1. Arithmetic means of analyses for Davies Reef porevaters obtained 
from wells shown in Fig. I, and for seawater overlying the ree( flat. Na
data not available. 02, NH 4 , N03+N02, P04 , and Si data are from samples 
collected 12-13 Feb 1983 (n-13); S2- data are from samples collected 7 Mar 
1983 (n-2); pH, alkalinity (Alk), and EC02 data are from s8llples collected 
11-12 Mar 1983 (n-3). Data from M.W. Sandstrom and R.W. Buddemeier 
(reported by Buddemeier and Oberdorfer, 1983). 

Uk ECOiSite pH (meq/l> (aM} 

Front-shallow (FS) 1.9 63 0.01 1.1 9.8 2.27 2.16 

Front-deep (FD) 4.5 32 0.37 1.2 9.3 7.74 2.32 2.21 

Middle-shallow (MS) 4.5 0.32 < 0.74 2.2 7.76 2.20 2.05 

Middle-deep (MD) 0.64 56 0.07 1.1 24 7.75 2.41 2.30 

Overlying seawater 170 0.34 0.57 0.18 SA 8.23 2.35 1.99 
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site within three hours of collection; analyses 
were completed at the Australian Institute of 
Marine Science on the day after sampling. 
Samples were carefully handled to ensure that 
they were not exposed to oxygen. 

Methane samples were analyzed by gas-phase 
extraction and gas chromatography (Kipphut and 
Hartens, 1982). Samples were. collected in 10 ml 
gas-tight glass syringes and then extracted with 
He in the field; the extracted gases were 
returned to the shore-based laboratory for 
analysis by gas chromatography and flame 
ionization detection (Tracor 222). Sulfate was 
measured gravimetrically as BaSO~ (Hartens and 
Klump, 1980). 

DAVIES REEF 

2008 "'------+--....:::::... l 
N 

Mlddl. - d••p. 1.8 M 

Middle - 110., 0.5 '" 

....-lI~--I'ron1 - 110•• 2.5 In 

Front - d•• p. 5.3 m 

~TRAOEWI"08 

Fig. 1. Location of sample wells on the 
windward reef flat of Davies Reef. The sampling 
depths of the wells (the distances into the reef 
flat from which .amples were pumped) are given 
in meters. 

RESULTS AID DISCUSSION 

Measurable levels of dissolved methane were 
found in the porewaters of three of the four 
wells sampled (Table 2) despite the existence of 
sulfate concentrations that were not measurably 
depleted from surface seawater values (ca. 28.5 
aM). These sulfate levels were surprising 
because previous studies have indicated that, in 
general, sulfate-reducing bacteria can out
compete methane-producing bacteria for most of 
the available sources of reduced compounds in 
marine sediments containing more than ca. 1 aM 
sulfate (e.g., Hartens and Berner, 1974; Nedwell 
and Bauat, 1981; Sansone and Hartens, 1981). 

The presence of methane in these sulfate 
containing porewaters is hypothesized to be the 
result of one or more of the following possible 
processes: a) methane production in nearby 
sulfate-depleted microzones; b) methane 
production in sulfate-depleted zones deeper in 
the reef, with upward diffusion of the produced 
methane; c) methane production from the 
decomposition of organic compounds that are not 
utilized by sulfate-reducing bacteria (e.g., 
short-chain methylated amines or dimethylsulfide 
(Ore-land and Polcin, 1982; King, 1984». 

Table 2. Methane and sulfate data for samples 
collected 20 August 1984, and e.timates of the 
concentrations in the overlying surface 
seawater. Numbers in parentheses are standard 
deviations; n - the number of replicate samples 
analyzed (two methane replicates were analyzed 
per sample container; five or .ix containers 
were analyzed per site); nd - not detectable 
(detection limit - ca. 25 uM methane). 

Sulfate Methane 
(aM)Site (uM) 

FS	 28.3 150 
(0.4)	 (0) 
n-2 n-lO 

FD	 29.2 373 
(0.6)	 (4) 
n-3 n-9 

MS 27.4 nd 
0.3) n-12 
n-2 

HD	 30.1 62 
(0.4)	 (8) 
n-3 n-ll 

Surface South 
Pacific Tropical 28.5 a 1.6-2.0b 

Seawater 

a - Salinity - 35 0/00 • 

b - Data from Lamontagne et al. (1974). 

It is likely that anaerobic proce••e. in reef 
matrices occur in environment. with re.tricted 
circulation; the.e environment. may po •• ibly 
range in .ize from sub-millimeter microzone. to 
cavities with diameters of up to ten. of 
centimeters (Garrett et al., 1971; Scoffin, 
1972; W.J. Wiebe, per•• comm., 1984). However, 
it has been shown that methane, if in sufficient 
concentration, can be transported moderate 
di.tances in sediment. (at least several meter.) 
before oxidation and incorporation into 
carbonate cement. (Allen et al., 1969; Roberts 
and Whelan, 1975; Mel.on and Lawrence, 1984). 
Thus, it is pos.ible that the effects of 
anaerobic decomposition on carbonate 
di ••olution/cementation may be significant some 
distance from the actual site of organic matter 
oxidation. 

Methane oxidation has been fairly well 
studied in marine .y.tems, and the residence 
time of methane in .ediments and coastal waters 
has been mea.ured to range from 0.3 to 0.9 year. 
(San.one and Hartens, 1978; Scranton and Brewer, 
1978; Iverson and Blackburn, 1981; Griffith. et 
al., 1982; Devol, 1983; Lindstrom, 1983; Alperin 
and Reeburgh, 1984). Because the residence time 
of porewater in the reef flat of Davies Reef has 
been e.timated to be approximately one year 
(Oberdorfer and Buddemeier, 1983),it is 
rea.onable to hypothesize that much of the 
methane produced in this reef flat is oxidized 
within the reef framework. 

Measurement of ceaent 13C/12 C rat ios should 
provide information on the importance of methane 
in cementation, because methane-derived cements 
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have very "light" stable carbon isotopic 
compositions compared to that of sea.ater 
inorganic carbon (Allen et al., 1969; Roberts 
and Whelan, 1975; Relson and Lawrence, 1984). 
Bovever, isotopically light cements viII 
ultimately be converted by diagenesis to 
isotopic ratios resembling the bulk solid phase 
(Friedman, 1975). 

Methane that is not utilized in the reef 
framevork may leave the interior of the reef 
flat for the overlying vater column, vhere it 
may be oxidized or released to the atmosphere. 
This hypothesis is supported by the observation 
that the methane concentration in seavater 
increases as it passes over a reef flat in 
Kaneohe Bay, Bavaii (Webb, 1977). The flux into 
the overlying seavater vas estimated to be 2.6 
~le/m2/hr, vith the flux to the atmosphere 
approximately 10% of that value. 

In conclusion, the existence of elevated 
methane concentrations demonstrates the presence 
of active anaerobic organic matter decomposition 
vithin the reef flat studied. Further research 
viII determine the ubiquity and importance of 
these processes in other carbonate framevorks 
and should provide a better uDderstanding of the 
specific roles and effects of anaerobic 
diagenesis on geochemical processes such as 
carbonate cementation and/or dissolution. 
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