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I. Introduction

During the recent years, development of new energy resources is expected to replace traditional
fossil fuels. Methane hydrate is one of the big candidates for new energy resources, especially for
Japan. On the other hand, explosive dissolving of methane hydrate is thought to have much effect
on global climate. Consequently, understanding formation process of methane hydrate is
significantly important for economically and for understanding global climate change. Methane
hydrate accumulations are strongly related to migration of fluid including methane. However, fluid
flow pathways are not fully understood at the present day. The Nankai trough is the largest methane
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Fig.1 Study area and distribution of FBR&BSR
I1. Data & Methods

High resolution 3D seismic survey, “Tokai-oki to Kumano-nada”, was conducted for methane
hydrate exploration in the eastern Nankai Trough by METI in 2002. We used two areas of those
data, called “Tokai-oki area” and “Daini Atsumi knoll area”.

In addition to observation of seismic section, we applied seismic attribute analysis including
instantaneous amplitude, instantaneous phase, instantaneous frequency, and semblance. Dip
direction analysis of seismic reflectors are also applied.

I11. Results & Discussion

Our study focuses on zigzag-shaped specific reflectors on BSR margins on the 3D data. We call
the reflectors “Foldback Reflectors (FBRs)” in this study. FBRs are observed in the area adjacent to
the Tenryu Canyon and the Ryuyo Canyon (Ta, Th, Tc), the southeastern side of the Daiichi Tenryu



Knoll (Td) and the area around the northern slope of the Daini-Atsumi Knoll (Aa, Ab). Distribution of
FBRs are mapped on Fig.1.0n the basis of following regularities, we have given new interpretation
to FBRs.

From the edge of BSR, the 1st FBR generally extends down to lower formation below the BSR
crossing sedimentary horizons. The following FBRs (often the 2nd, sometimes 3rd and above)
extend down from the edge of the last FBR forming bellows-like shape. The 1st FBR indicates
normal polarity (antiphase of BSR), and the following FBRs change their polarities alternately.
Semblance attributes suggest FBRs are mostly developed in the well-stratified formation but not in
the area of frequent fractures and the area of major lateral lithological change.

FBR generally corresponds to lateral seismic facies boundary between BSR distribution area and
outside the BSR area. The formation beneath the BSR shows dimmed facies characterized by
relatively low amplitude and lack of high frequency components in contrast to outside the BSR area
of normal facies. Seismic velocity analysis (JOGMEC, personal communication) suggests that
FBRs correspond to velocity boundaries, where the dimmed faceis below the BSR coinsides with
relatively low velocity. The polarities of FBRs are also consistent with such velocity changes. Such
dimmed facies with low velocity and low amplitude anomaly suggests relation to gas components
in the formation water. The lowest FBR does not cross major unconformities, which often exhibit
negative polarity suggesting fluid migration from the lower unit. In this case, the lowest FBR which
shows negative polarity and reaches the unconformity is to be merged to the negative reflection of
the unconformity. In addition, high amplitude layers are sometimes recognized at foldbacks convex
to the outside the BSR area. These high amplitude layers probably having higher permeability are
interpreted as conduits of gas-related fluid from the BSR distribution side to the outside the BSR
area. Dip direction analysis indicate that the dip direction of FBR are controlled by the dip direction
of surrounding formation. The results of the dip direction analysis suggest formation process of
FBR is related to layer-parallel fluid migration. From these facts, FBR can be regarded as important
proxy indicating distribution and migration of gas-related fluid. Effect of reduced pressure of pore
water or formation of antiform caused by uplift might be related to formation of FBR.

geafloot

Gas hydrate stability zone e

" 1 i
High amplitude layer ="
ol e - \‘I_-Jf.'-: = FBR{Foldback reflector)
(a:ist; b:2nd; c:3rd; d: 4th)
Momal reflection
Cloar stradificaon d Negative reflector

ey
N;,uf"o‘“ Low ampoltude.

Fig.2 Schematic diagram of FBR



