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1 INTRODUCTION

1.1 Nankai Trough

1.1.1 Location

Nankai Trough is a submerged subduction zone located offshore southeast of Japan. This trough sits between
two tectonic plates where the Philippine Sea Plate subducts northward beneath the Eurasian Plate along the
trough (Figure 1) at approx. 4 cm/year (Mochizuki et al., 2010). This area has been studied by active-source
surveys and Figure 2 showed the seismic reflection profile by Akuhara et al. (2020).

Figure 1: satellite image of Nankai Trough with neighbouring Japanese islands. The red solid and dashed lines
mark the plate boundaries. Nankai Trough is located between Amurian Plate and the Philippine Sea Plate. The
annotation with asterisk signs indicate city names in Japan (Mahdyiar, 2021).
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Figure 2: Seismic reflection profile from Akuhara et al. (2020). The subducting oceanic crust and the thrust
faults are clearly outlined. Accretionary prism, the wedges of sediments and rocks above the subducting plate,
is also identified. Decollement that delineates the fault planes is an area weeknesses.

1.1.2 Historical earthquakes

Large-magnitude earthquakes often occur in subduction zones. Nankai Trough has a well-documented histor-
ical earthquake records. Earthquakes occurred repeatedly in Nankai Trough with an interval of approximately
100-150 years (Ando, 1975) (Figure 2). The two most recent earthquakes were 1944 Tonankai (M7.9) earth-
quake and 1946 Nankaido earthquake (M8.0) (Mochizuki et al., 2010). These large-magnitude earthquakes
caused severe damages and posed a significant tsunami threat to coastal communities. For example, in 1944
Tonankai earthquake, there was 1223 fatalities and 17347 houses damaged in the affected area (Kikuchi et al.,
2003). Therefore, it is of vital importance to understand the mechanism of these ruptures, which can then be
applied in future earthquake prediction and hazard assessment to minimise life loss, economic loss and other
earthquake impacts.

1.1.3 Excess pore pressure

The faulting mechanism of Nankai Trough has been thoroughly studied by Tsuji et al. (2013). They analysed
the multi-channel seismic reflection data and found out that there is a large spread of "intraoceanic thrusts" in
the subducting oceanic crust which are seismically active. Pore fluid pressure plays a key role in understanding
the characteristics of megathrust faults, which can help us better understand how they rupture and trigger large-
magnitude earthquakes (Akuhara et al., 2020). There are numerous previous studies that shed insights into pore
pressure anomalies in Nankai Trough. Tsuji et al. (2014) looked at the growth of the "mega-splay fault system"
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from high-quality waveform tomography velocities, hence interpreted high pore-pressure zones around the
faults. The overpressure zones may trigger coseismic slip towards the trough axis. Zhang et al. (2021) provided
quantitative constraints on pore pressure distribution in Nankai trough from consolidation experimental results
and numerical estimations. Our understanding of the pore-pressure characteristics in Nankai trough was further
advanced in a recent paper by Pwavodi and Doan (2022). They calculated the details of the excess pore pressure
from the drilling and logging data of the NanTroSEIZE project, claiming that the excess pressure combined
with the lithostatic pressure can be accountable for up to 62% of the excess stress (Pwavodi and Doan, 2022).

1.2 Aims

This report is in fulfilment of the online internship, which provides the opportunity to familiarise with data
processing and modelling processes to find pore pressure anomalies. The main goal of this report is to perform
estimation calculations to locate areas of potential slip events in Nankai trough. We used p-wave reflection data
from seismic survey combined with borehole data to estimate porosity distribution, hence the pore pressure
anomalies.
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2 Methods and results

2.1 NanTroSEIZE project

The IODP Nankai Trough Seismogenic Zone Experiment, NanTroSEIZE, is a project that drills and samples
the "seismogenic" parts of the Nankai trough to investigate the seismic processes and mechanisms (Tobin
and Kinoshita, 2006). Nankai trough has been identified as a perfect location to perform such drilling and
investigation on a subduction zone that is prone to earthquake hazards for better understanding. Figure 3 shows
the spatial layout of the seismic survey and Figure 4 shows the schematic of the instrumentation at the borehole.

Figure 3: The spatial limit of the seismic survey area in Nankai trough. Cross-lines and inlines are shown
in numbers. Borehole drilling was performed at the C0002 site. The figure is sourced from learning material
provided.
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Figure 4: The schematic of drilling instrumentation at site C0002 (Tobin and Kinoshita, 2006). The instru-
ments include seismometers, pore pressure ports, volumetric strainmeters, tiltmeters, geophones, accelerome-
ters and thermistors (Kinoshita et al., 2014). LWD refers to logging-while-drilling technology.
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2.2 P-wave velocities to porosity

The compressional P-wave velocities are affected by porosity, which is a measure of the volume of void inside
a material. Biot’s theory (Biot, 1956) is a widely used theory to describe the behaviours of acoustic waves
in fluid-filled porous media. It laid down the foundation to study the relationship between acoustic velocities
and porosity. There is a rich collection of literature (Wyllie et al. 1956; Erickson and Jarrard, 1998; Hoffman
and Tobin, 2002; Saffer and Tobin, 2011) that identifies the importance of porosity: an increase in porosity in
sediments will induce an decrease in P-wave velocities. The changes in porosity are also closely related to the
concept of effective stress. Total stress of a material can be broken down into effective stress and hydrostatic
stress (Carcione, 2001), in which the p-wave velocities are related to the effective stress. Furthermore, the
effective stress is dependent on the pore pressure and confining pressure. The pore pressure is the same as the
hydrostatic pressure when the fluid needs to support overlying fluid only. A rock is overpressured when its pore
pressure exceeds the hydrostatic pressure.

Figure 5 and Figure 6 show the distribution of p-wave velocities from the seismic reflection surveys along the
cross- and in-lines (Figure 3).

We then computed the porosity profiles from the p-wave profiles using the Wyllie’s formula (Wyllie et al.,
1956):

1
Vprock

=
N

∑
i=1

Xi

Vpmatrixi

+
φ

Vp f luid
(1)

where φ is porosity, Vprock is bulk velocity of rocks, Vpmatrix is solid grain velocity, Vp f luid is fluid flow velocity,
X is the volumetric portion of a specific mineral content in the rock (Saleh and Castagna, 2004). The p-wave
velocity is inversely proportional to the sum of porosities of different mineral components. For Nankai trough,
this empirical formula becomes:

φ =
1209
Vp

−0.1377 (2)

where Vp is the p-wave velocities from the reflection data.

Figure 7 and 8 show the porosity profiles obtained using p-wave velocities.
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Figure 5: The p-wave velocity profile for in-lines 2179 (top), 2485 (middle), and 2530 (bottom).
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Figure 6: The p-wave velocity profile for cross-lines 5200 (top), 6228 (middle), and 6600 (bottom).
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Figure 7: The porosity profile for in-lines 2179 (top), 2485 (middle), and 2530 (bottom).

12



Figure 8: The porosity profile for cross-lines 5200 (top), 6228 (middle), and 6600 (bottom).
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2.3 Porosity to pore pressure anomalies

Here we present the main calculation steps to convert porosity to effective stress and hence pore pressure
anomalies. Effective stress is the difference between the total stress and pore pressure, in which pore pressure
is the sum of hydrostatic pressure and excess pressure. First we need bulk density:

σv(z) = g
∫ z

0
ρs(z)dz+gρwzs f (3)

where σv(z) is the effective stress as a function of depth z. ρs is bulk density, ρw is density of seawater, and zs f

is the depth of seafloor.

Then, hydrostatic pressure Phy is calculated:

Phy(z) = g
∫ z

0
ρw(z)dz (4)

The total pore pressure is obtained by summing hydrostatic pressure with existent excess pressure ∆P, which
is the parameter we are trying to find. Therefore, the equation can be rearranged into:

σv = σtotal − (Phy +∆p) = φ0e−αz (5)

The porosity-depth profile can be modelled by exponential function. We selected the reference porosity profile
at site C0002 shown by Figure 9. The interpolated equation of this porosity profile is:

φ = 0.5817e−0.000425z (6)

After calculating the reference porosity, we obtained the porosity anomaly distribution at each seismic line.
These are shown in Figure 10 and 11. We can identify areas with changes of pore pressure towards higher
pressure. For instance, with the in-line sites in Figure 10, the areas with overpressure are towards larger
horizontal distance and deeper depth. These areas are potential seismogenic zones.
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Figure 9: The reference porosity profile at site C0002. Black dots are porosity measurements and the red line
is the interpolated line of best fit from regression modelling.
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Figure 10: The porosity anomalies along in-line survey sites.
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Figure 11: The porosity anomalies along cross-line survey sites.
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3 Conclusion

This report verifies the feasibility of extracting pore pressure information from p-wave reflection data. For
future work, and to achieve higher-quality results, we need to re-assess which empirical formula to use and
to quantitatively compare each cases. Nonetheless, this internship provides an excellent opportunity for me to
learn from and collaborate with world-class researchers and to extend this opportunity further.
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