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Stable carbon isotopic studies of volatile components in seafloor
venting hydrothermal and cold seep fluids, using CF-IRMS

Urumu TSuNoOGAT*

* Division of Earth and Planetary Sciences, Graduate School of Science,
Hokkaido University, N 10 W 8, Kita-ku, Sapporo 060-0810, Japan

This paper summarizes stable carbon isotopic studies of hydrocarbons, especially methane,
in seafloor venting hydrothermal and cold seep fluids, and their effluent methane-enriched
plume in water column. Through highly sensitive isotopic analysis using CF-IRMS, we have dis-
cussed origin and/or behavior of hydrocarbons in each system. Major results are as follows: (i)
methane in cold seep fluids around Japanese islands mostly microbial origin, (ii) methane emit-
ted from cold seep fluids mostly oxidized anaerobically within sediments just before they emit-
ted into ocean, (iii) methane in hydrothermal plume oxidized aerobically in some extent in the

.- water column. Besides, methane flux and heat flux can be calculated for a methane-enriched
fluid venting area from §6*C distribution of methane in hydrothermal plume, by using kinetic
isotope fractionation which occurs during partial destruction of methane in water column as an
indicator to estimate magnitude of the partial destruction. Similar approach could be also appli-
cable to study origin and behavior of reactive trace components in atmosphere, such as non-
methane hydrocarbons and CO. Preliminary results of such studies are also presented.

Keyr words: methane, hydrocarbon, CF-IRMS, carbon isotopic composition, hydrothermal and
cold seep fluid, carbon monoxide, kinetic isotope frationation
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Fig.1.1 Schematic illustration of the way to use
isotopic composition as a tracer to deter-
mine the origin.

ERILER
DEH

)
A= logeB(CEjCA)

Fig.1.2 Schematic illustration of the way to use
isotopic composition as a tracer to deter-
mine the behavior.
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TWBPEBRIIBRER) 2ALTERELZZHDOTL
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LT, TBMLREORE -BE, A VOR
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%\ (Brand, 1996; Brenna et al., 1997; X R {32,
1997) 6
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Map showing the locations of seafloor cold
seep area in and around off Tokai area
(modified after Tokuyama et al., 1999) and
the 6*C compositions of methane dissolved
in bottom seawater sampled just above
each cold seep area.
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Fig. 3 Vertical distribution of 6®C methane in
sediments below seafloor at Nankai Trough
(ODP Leg 131, Site 808) (modified after

" Berner and Faber, 1993).
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Fig.4.1 Vertical distribution of concentration (a) and isotopic composition (b) of
methane at Lake Towada (modified after Nishimura et al., 1999).
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Fig.4.2 A schematic diagrain showing the proc-
esses of methane emission and consump-
tion within the Lake Towada.
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5. BEKBETICETIAZDEE
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PDB &\ fET L7275, MET CldiE) Erd L
TR Ao FITHBEKETHRYZIEVELTHOK
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cm 13 EOHPTHEIKRE (B LTWT, Tk —100
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Fig. 5 Concentration vs. §*C plot for the methane

.dissolved in pore fluids sampled just below
Ryuyo Canyon cold seep area, together
with 6*°C composition of bottom sea water
sampled just above the cold seep area
(modified after Tsunogai et al., in press).
Apparent methane concentration reduction
due to dilution with seawater is corrected
for by using the [CHi. value instead of the
actually measured CH, concentration.

TaAT) 25, RAARSBIAH#ET L CEREICESIE
ESCHACEATL 52 Ed5hh ) £ L7 (Fig. 5)0
FICBONE KD -60~—-80%PDB & 5 & Lk
KEDfE (Fig. 5 #12 [bottom sea water] & L T#i
BRT) &, ThoORMESINI L REREICE
ZoTVBGHEKA Y Y OMEFHES 72D T,
TREORMEZELESEIBRIIEDLI HDD
TL &) Ho MMOKSZEHIT 5 & HRYPICIIEEE
BEDP S 72D TTA, HREREBRDLDNATHEA T~
SO0 hhokRLALEBEbhsBibAkE
(H:S) MM ENTE L 2F ) THLEE B
TR BBEARFDAY ¥ (CH) &, 25 LARAL
WRFOREEA + > (S02) 2FHLT, 22T
WEWIC L B4 5 OBt (BELBZEOEVRTRE
TIEBITAEIL), 2FVLUTO LI & KEAERIC
ETLTWBZ L THBABE TS (Tsunogai ef al,
2002) o

CH. +S0/—HCO; +H,0 +HS"

COPRSZEEAIRO BRI L HRE L 22 TV B
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AEOREZHAT L -DICBEIN TS TL
7% (Kulmet al., 1986), Zhi X% > DR
bk LT = 2ol 52 L3Sk 720TF,
DI NEHEKRBTIERA Y VICE A BT 2B TE
EORVHIPLMIATETWES, = OBEKIZIEEIC
BT AERMCTRED S LARAFEILR 2K L B
ENET, BRIZTS KB THERFOBITHYE &
RIS LUTELS 2 302N T ORE ChREsgTA
UFVTHAY Y ETRERA ¥ R R CRALAE R
WL, ChymBKRICERECHFEET I ay Y
AZBETIZANT—FEL R0 TVDTT, Hf
DRLWES7BKROBFERIMEEDLSTHOT LF N
TLEA, b IZA 5 v ORERBAKL TR & ¥
FIBICBE LT o) 25452 L asHiks
ZEBDPY F L [X ¥ ¥ ORERMK (D)
=X VOEFGOFEHR] L LTHARRSL Z E25b
MPol=DTT,
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Sectional contour map of methane concen-
tration along the central axis of Suruga
Trough (a) and 6*Cewm vs. 1/ (CH, concentra-
tion) plot for water samples collected from
the shallower plume (open marks) and the
deeper plume (solid marks) (b) (modified af-
ter Tsunogai et al., 1998). The horizontal
axis in (a) shows the relative distance from
the northern coast and the dashed contour
lines in the figure for depths less than
1,000 m are partly speculative for lack of
sufficient data.
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Location and bottom topography of the
Myojin Knoll Caldera, together with the
sampling stations of hydrocasts (Nos. 1-5)
and the locations of hydrothermal fields
within the caldera (a), and 6“Cem vs. 1/
(CH, concentration) for the effluent plume
water samples (open circle for depth<<800
m, and closed circle for depth>800 m) (b).
Bold lines in the topography (a) indicate an
inner 800 m depth contour, which almost
corresponds to the deepest rim of the cal-
dera. The open square in (b) indicates the
estimated pure hydrothermal fluids and
the solid line in the figure indicates a hypo-
thetical mixing line between the pure hy-
drothermal fluid end-member and the
background sea water around the depth of
800 m.
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Fig. 8 A schematic diagram showing the proc-
esses of diffusion and oxidation of methane
within the Myojin Knoll Caldera (a) and a
plot between vertical diffusive methane
flux (F.) and stable carbon isotopic composi-
tion of vent-derivemethane (6*Chy) at each
depth in thecaldera (b) (Tsunogai et al.,
2000b). '
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Fig. 9 A schematic diagram showing the proc-
esses of emission and oxidation of ethane in
the atmosphere (a) and mixing ratio vs.
0”C plot for ethane in samples (b)
(Tsunogai et al., 1999). The line represents
the least square fit for maritime and
coastal atmospheric data.
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Fig.10 Temporal variation of CO concentration
(open circle), 6®*Ceo (solid square), and
0%Cco (solid circle) in an artificial lake
within the campus of Tokyo Institute of
Technology.
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