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1. Introduction

The Nankai Trough is a plate convergent boundary where earthquakes with a magnitude of 8 take place
repeatedly. Thermal structure in subduction zones influences pore pressure and diagenesis such as
consolidation, dewatering, cementation, and constrains physical propertiies of fault-slip plane. In addition,
existence of fluid affected by thermal structure is important from a viewpoint of geo-hazards such as
submarine landslides (Dugan and Sheahan, 2012). Methane hydrate is a clathrate that consists of water and
methane. Recently, it attracts attentions not only for marine resources but also for estimates of thermal
information below the seafloor using the characteristics of its stabilization under low-temperature and
high-pressure conditions.

First, in this study, | make a distribution map of the detailed Bottom Simulating Reflectors (BSRs) in the
Nankai Trough including from offshore Tokai to Hyuga. The BSRs are acoustic reflectors that imply
existence of methane hydrate below the seafloor. Second, precise two-dimensional thermal structure ranging
from the seafloor to BSR depths is calculated taking topographic effect into account, because subsurface heat
flow is affected by bathymetry features. The thermal structure gained here provides essential data for seismic
simulations in subduction zones and for laboratory experiments as analogues to seismic ruptures in plate
boundary faults.

2. Data and Method

I use two-dimensional multi-channel seismic reflection data obtained from offshore Tokai to Hyuga. The
BSRs investigated in this study are recognized as the acoustic reflectors that parallel the seafloor on seismic
reflection images with high-amplitude and reversed-polarity waveforms.

In order to estimate geothermal gradients based on BSR depths, BSR depths below seafloor and water
depths on seismic images are firstly calculated based on the relation between porosity and p-wave velocity
(Hyndman et al., 1993). Second, pressure at BSR depths is calculated assuming pore pressure to be
hydrostatic (Zwart et al., 1996). Third, temperatures at BSR depths are calculated from the pressure at the
depths. Finally, geothermal gradients are estimated using these values and observational bottom water
temperatures.

Geothermal gradients in rougher topography tend to be widely different from that in flat seabeds. To
remove this effect, | evaluated the effect by conducting the simple two-dimensional thermal calculation of
Blackwell et al. (1980). In addition, | calculate the Base of Gas Hydrate Stability zone (BGHS) taking into
account the thermal structure coupled with the topographic effect.

3. Result and Discussion
Existence of BSRs is widely confirmed ranging from forearc basin to slope basin as is known in previous



studies. Interestingly, however, a BSR at the toe of accretionary prism is confirmed, which has not been
reported so far. This BSR is identified only in the Tokai area. It was known that sediments including methane
hydrate were sampled by deepsea drillings whereas BSR is absent at the prism toe (Ashi et al., 2002).
Seafloor is almost flat there, but sedimentary layers dip landward and the sedimentary sequences play roles
in migration paths of the fluids. The BSR here is likely to be developed below the hydrate formed within
sedimentary layers due to gas accumulation. The prism toe offshore Tokai where the BSR is discovered
currently suffers from the beginning of the subduction of the Zenisu ridge. Additionally, the Paleo-Zenisu
ridge has been subducted, so the seafloor was very rough (Taira et al., 1989). These phenomena motivate
accumulation of methane gases below the methane hydrate. The geothermal gradient value estimated from
BSR depths tends to increase landward of trough floor, which is similar to the observed values by heat
probes (Hamamoto et al., 2011). The value ranges from 22°C/km of offshore Shikoku to 115°C/km of
offshore Kii peninsula. These values were revealed to fit within reasonable values by considering plate age,
topographic effect, and sedimentary or erosional effect.

A deepening trend of BSR depths landward of trough floor is confirmed as suggested in previous studies
(‘Yamano et al., 1982). This observation yields countertrend because the BSR depth should be deepest in the
trough floor as methane hydrate is stable under low-temperature and high-pressure conditions. Thus,
observed BSR depths suggest that heat flow actually decreases landward of the trough floor.

The investigated BSR depths are constrained from deep heat flux, and vary basically landward of the
trough floor. But, in this study, BSR depths are deeper around anticline parts and shallower around sycline
and slope parts. Theoretically, the convex-upward seabed is subject to cooling owing to cold bottom seawater,
while the convex-downward one is less subject to the cooling. Evaluations of this kind of topographic effect
suggest that sycline and slope area can be explained by only the topographic effect. Thus, thermal regime
calculated from BSR depths does not change in sycline or slope areas.

4. Conclusion

In this study, the BSR was confirmed for the first time at the prism toe. The detailed BSR distribution map
can contribute to disaster prevention because BSRs have potential to being fault-slip planes. In the Nankai
area, geothermal gradient values scatter, but the values can be explained by considering subducting plate age,
topographic effect, and sedimentation or erosion. In addition, while distances from seafloor to BSR depths
are different even under the same water pressure, the calculation taking topographic effect into account
revealed to be able to explain these depth changes. Moreover, the calculated thermal structure over BSR
depths considering topographic effect seems to be accurate, because estimated BGHS depths and BSR depths
fit well together. Understanding precise BSR depths enables to precisely estimate deposited amount of
methane hydrate. This study provides thermal information essential for seismic simulations in subduction
zones and for laboratory experiments as analogues to seismic ruptures in plate boundary faults.
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