HWHEEERAH, $£49% 105, p. 541-549, 1998

"=

BEXY VN FL— MREILET 3 MFHRBRENE
we g

Osamu MaTsuBavasHI (1998) Heat flow measurement as an exploration tool for subbottom methane
hydrates. Bull. Geol. Surv. Japan, vol. 49 (10), p. 541-549. 8 figs., 1 table.

Abstract A review is given on heat flow measurement and its interpretation techniques for marine
methane hydrate exploration. In addition to seismic reflection data (BSRs), or instead of BSR data,
heat flow measurement could provide useful means to estimate the distribution of subbottom
methane hydrates, if we resolve some technical problems, such as a success in careful long-term
measurement using a sea-floor heat flow probe. Solving those problems will lead to our better
knowledge of the heat transfer mechanisms, and then contribute to answering some fundamental
questions on marine methane hydrates that have been raised by the recent results of the ocean
drilling program. Also, implications of the heat flow data obtained for methane hydrates to the

problem of oceanic plate subduction processes are briefly mentioned.
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Fig. 1 Phase diagram of methane hydrates according to
the formula given in Maekawa and Imai (1996), where
bold and thin curves indicate those for 3.5% NaCl
solution and pure water. Units of pressure and
temperature are kgf/cm® and degree Centigrade,
respectively.
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Table 1 Basic requirements and specifications for reliable heat flow
measurements in shallow seas where bottom water temperature has a
significant annual variation (according to Beck et al., 1985).
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Fig. 2 Relationship between the depth of BSR and time-extrapolated temperatures (solid circles and squares) measured for
three holes drilled in ODP Leg 164 by Ruppel (1997). Solid and broken lines indicate lower boundary of methane hydrate

stability for pure water and sea water, respectively. Open circles show Cl concentration as reverse indicator of abundance of
methane hydrates.
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Fig. 3-a Simplified methane hydrate distribution model
MH4, proposed by Edwards(1997). Linear decrease of
porosity as function of depth, and change of hydrate
saturation (s) as sinusoidal function of depth between 20
m (s=0) and 200m (s=0.4) are assumed in this model.
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Fig. 3-b Thermal conductivity vs. depth for MH 4 model.
Mixing relationship of multi-component system as pro-
posed by Woodside and Messmer (1961) is used.
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Fig. 3-¢c Temperature-depth profiles for MH4 model
(variable thermal conductivity) and for constant thermal
conductivity model(L) are compared.
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Fig. 4 Comparison between BSR-derived heat flow (solid squares and open circle) and probe method heat flow (solid
circles) along a seismic line off Shikoku Island (Ashi and Taira, 1993). DF stands for deformation front.
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Fig. 5 The temperature-depth profile computed using
the average probe heat flow value (92mW/m? and the
variable thermal conductivity, in comparison with the
temperature-depth given by BSR analysis. The differ-
ence could be explained as due to advective transport of
additional heat by vertical pore fluid flow (Davis et al.,
1990).
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Fig. 6 Schematic profiles of characteristic heat flow,
calculated porosity, and inferred regional fluid flux
through the seafloor across the northern Cascadia
accretionary prism. (Davis et al., 1990).
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