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p
revious investigations in diverse habitats have shown that
the surface waters of the world ocean are slightly super-

saturated with respect to atmospheric methane, and they are
a small source of methane to the atmosphere (Lamontagne et
al. 1973; Lamontagne, Swinnerton, and Linnenbom 1974;
Scranton and Brewer 1977; Ward et al. 1987; Conrad and Seil-
er 1988). The magnitude of the global ocean source is uncer-
tain, however, because of sparse data coverage and a general
lack of understanding of the processes that regulate oceanic
methane distributions. This is especially true for coastal
regions where methane supersaturations tend to be the great-
est and most variable (Scranton and Farrington 1977; Brooks
1979; Ward et al. 1989).

Methane data are particularly sparse in the southern
oceans, even though the region covers about 10 percent of the
surface area of the world's oceans. A few dissolved methane
measurements made in the vicinity of the Ross Sea indicate
that during the early austral summer, surface waters vary
from saturated to slightly undersaturated, whereas closer to
shore the concentrations increase above saturation (Williams
and Bainbridge 1973; Lamontagne et al. 1974). The undersat-
urations are a particularly unusual feature of the surface
ocean and indicate that part of the southern oceans may
actually be a net sink for atmospheric methane.

During the research on antarctic coastal ecosystem rates
(RACER) program, methane distributions in antarctic coastal
waters of the Bransfield Strait, the Gerlache Strait, and in the
southern oceans waters of the Drake Passage were examined.
The objectives of the study were to identify the factors con-
trolling methane distributions in antarctic shelf and open
ocean environments and to evaluate the contribution these
regions make to the sea-air flux of methane. As one small
component of this larger study, we also occupied a single
hydrostation in Port Foster, Deception Island (figure 1). In
this report, we present the water-column methane distribu-
tion from this unique, partially submerged volcanic caldera
and compare these values with samples collected in sur-
rounding surface waters.

Dissolved methane samples were collected using 10-liter
polyvinyl chloride Niskin bottles mounted on a General
Oceanics rosette fitted with a SeaBird conductivity-tempera-
ture-depth device (Mitchell and Holm-Hansen 1991). The
water samples were transferred into 260-milliliter (mL)
borosilicate glass bottles, poisoned with 1 mL of a saturated
solution of mercuric chloride and sealed with ground-glass
stoppers. All samples were returned to shore for analysis.
Methane was measured by gas chromatography using a gas-
stripping method (Tilbrook 1992). The solubility equations of

Weisenburg and Guinasso (1979) were used to calculate the
concentration of dissolved methane in equilibrium with the
atmosphere.

Saturation ratios (R) were calculated by dividing the mea-
sured concentration by the calculated atmospheric equilibri-
um concentration. Values of R less than 1.0 indicate undersat-
uration relative to the atmosphere, and values of R greater
than 1.0 indicate supersaturation.
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Figure 1. Map of Deception Island showing the location of the Port
Foster hydrostation.

Methane concentrations in Port Foster were the highest
recorded in the entire RACER study area; they ranged
between 9.37 nanomolar (nM) at the surface to 22.45 nM at a
depth of 125 meters (m) (figure 2). The surface values exceed
the air-saturated equilibrium values by more than 300 per-
cent (11>3). By comparison, methane concentrations at the
nearby RACER station 48 in Bransfield Strait varied between
2.67 and 3.40 nM, which is at or slightly below the air-saturat-
ed methane concentration (table). Similarly, throughout the
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Figure 2. Vertical distribution of dissolved methane at a station in Port
Foster, Deception Island, sampled on 27 February 1987. The solid
line is the calculated atmospheric equilibrium methane concentration.

RACER study area, we never observed surface-water methane
supersaturation that approached those measured in Port Fos-
ter, and at selected stations methane was slightly undersatu-
rated (table). These data clearly identify Port Foster as a local
methane source in the RACER study area. In view of the
recent volcanic activity on the island (SEAN Bulletin 1989), a
hydrothermal source for the methane is possible, but bio-
genic methane formation cannot be ruled out. Distinguishing
between these sources generally requires information on the
isotopic composition of the methane (Whiticar, Faber, and
Schoell 1986), which is currently unavailable.
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Dissolved methane concentrations in the surface waters
(0-5 m) at selected stations in the RACER study area
during the 1986-l987 austral summer expedition

Drake Passage
(20)61.9°S	1/30/87	2.68	0.88

	

62.30W 3/03/87	2.78	0.91

	

3/23/87	3.11	1.00
Bransfield Strait
(13)	 63.40S 12/27/86	2.85	0.90
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61.30W 1/26/87	3.49	1.16

	

2/28/87	3.63	1.17

	

3/21/87	3.49	1.11
Port Foster
Deception	62.90S	2/27/87	9.37	3.17
Island	60.70W
aSaturation ratio (R) is methane concentration in sea water
relative to air-saturated value.R values greater than 1 indicate
supersaturation.
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