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LONG TERM GOALS

1. Determine the teporal and spatial variability of the stableloan isotopic atios of oceanic
methane (CF}, paying particular attention to coastal regions and other areas of high
prodictivity.

2. Elucidate the details of Glgrodiction and consumption in the upperean.

3. Determine the iportance of terrestriabsirces to the oceanic CElycle.

OBJECTIVES

The objectives of thiproject are tgrovide a letterunderstanding of the carbonaty in the ocean
and to allow estimation of the iBon isotopic compaon of methane exchanging with the
atmospherdérom surface waters. Estimates of the oceanic ponent of global CHmodels can
thereby be better constrained. Thisrlwis supported by ONR @mical Ocenography.

APPROACH

In order to achieve the above mentioned long-term goals, the isotopic signaturgpob@ited by
plankton and in particulate matter, which may be theee of the observed GCBupersaturation in
open oceanwsface waters, will be determined. The oral and vertical spatial variability of GH

in the upper oean are also investigated. In adzhtithe isotopic compd#n of CH, in coastal

waters and nehy oligotrophic surice waters have been comparedruter to elucidte the spatial

and temporal importance of CHrodiction and consumption processes across this transition zone.
Finally, the degree of equilibrium between the atmosphere andfaee oceafor CH, fugacity

and isotopic are determined.

WORK COMPLETED

To achieve to the long-term goal adtdrmining the variability of CHn the ocean, water samples
have been taken at an oligotrophite $n the Pacific ocean near Hawaii (Station@A)' over a
seasonal cycle (Juli995, 1997, October 1996, January and April 1997)na@asuredor CH,
concentration and isotopic composition (dataomsto be aailable on the Hawaii Ocean Time-
series website. Samples were collectdébm several depths throughout the upper 1000 m and in
July 1997 throughout the upper 4000 m. Aiddally, water samples in a transéaim the Sargasso
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Sea, across the Gulf Stream and over the mid-shelf have been analyfsck Sater samples

from several river-estuaryeean transeci{€olumbia River (OR), Elkhorn Slough (CA), Parker
River (MA), Merrimac River (MA), Great/Little Bay (NH), Kaneohe Bay (HI) and Everglades (FL)
have been analyzed, yieldingformation onprodiction and consumption processes across this
important transition zone.

As an initial step in elucidating the details of @kbdwction and consumption in the upperean,
particles were collected with a sediment trap and wedear different depths att&tion ALOHA
was obtained in Jul¥997. These have been inaed with and whout“C-labelled acetate and
bicarborate inorder to study poteial CH,prodiction in particulate matter and in water kout
visible particles as well as meti@genic subsate uptake.

Samples of atmospheric air have been collected simultaneouslywabeswater Cksamples to
determine the degree of equilibrium between atmosphericuafatts ocean CHwith respect to
concentration and isotopic ratio. Additionally, laboratory expents have been germed in

order tomeasure the theoretical isotopic equilibrium values between seawater and the atmosphere
at different ambient temperatures.

RESULTS

CH, in the upper cean at Station ADHA exhilited subarface concentration maxima 20 to 3.5

nM (37 to 67% supersatated with respect to atmospheric fbhletween 100 and 300 m during
October 1996 and January, April and July 1997 (Fig. 1). On averagesdahe m this region
suppliedl.2 umol CH,m’ d* to the atmosphere, except in Jul995, when theaean appeared to

be a net sink foatmospheric CH Isotopic values were constant throughout the year and ranged
from -45 to -47%o in the upper 300 m. The resultsdate that this region is a steastyurce of
isotopically heavy methane to the atmosphere, whichoh@values of —47.0 to —47.3%.. Below

300 m, concentrations decreased and the isotopic vadgasie heavier, exhibiting maxima at 600
m of up to -12%.. Bcterial oxidation of the methane and mixing of water masses of different ages
explain variations in the methane profiles below 300 mimMas pattern was seen in sampfesm

the Sargasso Sea. In surface water tHelr concentrations ranged from 2.4 to 3.0 nM, with
isotopic ratios of —45 to —47%. at all three sampling sites. Concentration maxima were observed at
100 to 250 m, whilé"*C values remained similar to that measurediifese water. Belovs00 m,
decreasing concentrations and increasing isotopic ratios indicated net oxidation ®h€H
correspondence of GHtoncentration maxima with the pycnocline in both areas supports the
hypothesis that methane is produced in padieuinatter that accumulates at the pycnocline.



Figure 1. CHconcentrationsi) and3"°C -CH, (00) of water at station ADHA.
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Particulate matter collected with a sediment fragm 200 m depth showed nearly a doubling in
methane concentration after a two week incubation period. AIthJSOglabelled acetate and
bicarborate were added to some of the samples, isotopic ratios indicate these substrates were not
taken up. These results suggest that the particlegalar $o closed systems with resgt to

substrate uptaki®r methanogenesis. In contrasgter samplefom 200 m that were incabed

with *C-labelled acetate showed no significant increase in methane conoentatithe label was
incorported into CH (613C in duplicate samples wad57 and +267%o). In addition,ater samples

from 100 m, 250 m and 400 m were inatdd with no substrate additions and showed significant
methane production (0.5 to 3.0 nM) after 45 days.



Table 1.  Methane concentrations and stable carbon isotopic ~ Iransects across several river-

ratios of selected rivers estuary-gean systems show
the generally high
Freshwater Mouth of concentrations and 10&°C
endmember estuary values typical of river-borne
River CH &% -CH CHi &“C-CH CHs and nearly atmospheric
(nM) (%o) (nM) (%o) levels and isotopic composition
Columbia 120 -58.1 12 515 of the offshore endmembers
Parker 930 -46.2 50 -60.4 (Table .1) 6 C values refleqt
the variation in the terrestrial
Merrimac 740 -49.3 290 -53.1 methane sources at the
Oyster 910 -36.2 32 -48.2 different sites and the degree of
(Great Bay) oxidation of the methane. A
Picassic 880 -38.1 “ “ mixing diagram o5"*C-CH;
(Great Bay) and CH concentrations for the
Kaneohe 33 -56.6 4.2 -52.0 Columbia River (Fig. 2), a

typical advectively dominated
system, shows that concentrations of methane dropped below the conservative mgéing line and the
: . 13 CHswas enriched in"C

Figure 2. Chlconcentrations€) andd °C-CH;, (M) of relative to what would be
expected based on
conservative mixing. The
180 STy 35 observed trend_s are exple_lined
160 1 by methane oxidation, which
140 decreases CHtoncentrations
and leaves the residual ¢H
enriched in"°C. The other
systems studied also showed
deviation from conservative
behavior, with methane in
some areas apparently being
O controlled by methane
Y e 0% v e EEe oxidation, while others were

" influenced by significant inputs

‘heoretical
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of methane in estuaries bordered by extensive marshes.

IMPACT

Our research this year has produced the first set of profiles of methane concentrations and isotopic
compositions from the opertean over anrmual cycle. Theseada, in addition to the resuli®m

the Sargasso Sea and the river/estuary diltheawaluable in constraining global models of methane
sinks and sources. Ongoing research following up on the intriguing results obtained from the
incubation of particulate matter and seawater discussageanay provide information on the

source of the methane being produced in the opearo

RELATED PROJECTS



The research funded by this prof hagproven to be of grat uility to other (NSF-spported)
projects ondwcted inour laboratories on the cycling of dissolved gases in marine systems. These
projects include Chlproduction in nearshore marine carbtes and in shallow volcanic seaumts.
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