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1. Goals of project:

The main objectives of the project includes:
● Creating a formula from velocity data provided to find porosity values from velocity data.

I used data analysis from Microsoft Excel to create a formula.
● Creating a 3D porosity image from Nankai trough seismic data and plotting reference

porosity line
● Calculating the porosity anomaly and estimate overpressure. Finding the best matched

overpressure value for the porosity anomaly.
● To assess overpressure values to find likelihood of earthquake occurrence

1.1 Why is Nankai Trough chosen?

The Nankai Trough is between the Philippine Sea plate and the Amur plate and has been the site
of many interplate megathrust earthquakes. It is southwest of the coast of Japan and could impact
lives and infrastructure near the area. Predictions suggest that the next earthquake in the region
will occur in the near future, with a recurrence period of 200 years before 1361 and 100 years
after 1361. Therefore, monitoring systems are needed to interpret an interplate boundary
condition and try and predict when and where this may occur. This can allow sufficient measures
to be implemented to reduce the impacts from earthquakes and tsunamis.

2. How do earthquakes occur?

Subduction zone earthquakes occur at convergent plate boundaries when one tectonic plate is
forced under another by slip along the point at which they converge, known as the thrust fault.
Thrust faults are reverse faults with a relatively shallow dip angle and therefore larger
displacements nearer to the surface. Megathrust earthquakes are driven by accumulated interplate
slip deficit, thus historic megaquakes are thought to have occurred on an interplate boundary
with a high slip deficit rate (SDR). After approximately every 100 years, the strain accumulated
is released as seismic waves due to the sudden slip along the fault.



Figure 1: Diagram showing how earthquakes occur

Earthquakes occur when the shear stress along the fault exceeds the shear strength. Factors that
affect the shear strength are cohesion and internal friction between soil particles, pore pressure,
vertical load and type of soil. In areas of lower porosity anomaly, this is due to the soil becoming
more compact possibly due to build up of strain at fault line, thus researching on these regions of
porosity anomaly and calculating the overpressure values can help predict when earthquakes
happen.

Figure 2: Velocity structure along subduction zone



2.1 Areas where data is gathered and how it is acquired

Data was gathered from the C0002 borehole and was used as a reference porosity line by
extrapolating the data. The data was collected by Seismic reflection data, Borehole logging and
from Core samples from borehole. Data was also gathered by a 3D seismic survey which was
conducted offshore the Kii Peninsula across the Nankai Trough. The 3D volume data includes
both the reflection image (called PSDM) and the modeled P-wave velocity (Vp). There are 3
inlines and 3 crosslines data that was collected.

Figure 3: Diagram showing where data is collected from

The trench is approximated to be subducting at the Northeast direction at 6cm/year. Looking at
Figure 4, the blue line represents a possible seismogenic fault which can cause earthquakes in the
near future, thus the C0002 borehole was drilled around the area to get data of porosity
anomalies. The red line represents the shallow section of the fault.



Figure 4: Diagram showing seismogenic profile of cross section area of Nankai Trough

Methodology

3. Conversion of velocity to porosity

During the data collection process, P-wave velocity data was collected from borehole logging
and drill sites, which has a correlation with porosity. Its empirical relationship is a useful tool for
probing large‐scale underground physical properties and stress states based on P‐wave velocity
structures acquired by seismic surveys.

Porosity is volume fraction of the pore space which is basically the fluid volume in fluid
saturated pores.
There are multiple methods to convert velocity to porosity, where x=porosity.

From the Wyllie’s equation:
Vwy = 1.209 (ϕ + 0.1377)÷

From the Erickson & Jarrads equation for high and normal cases: These two empirical
relationships predict the compressional velocity of siliciclastic sedimentary rocks with
water-filled pores as a function of porosity and clay content for the full range of observed
porosities. Velocities of siliciclastic sedimentary rocks decrease rapidly with both increasing
porosity and increasing clay content. (Erickson, S. N., and Jarrard, R. D. (1998),
Velocity-porosity relationships for water-saturated siliciclastic sediments, J. Geophys. Res., 103(
B12), 30385– 30406, doi:10.1029/98JB02128.)

Applying to the data from Nankai trough,

https://doi.org/10.1029/98JB02128
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Vnorm =

0.739 + 0.552 x + 0.305 ( (x + 0.13) + 0.0725) + 0.61 (0.6 - 1.123) X1[p]×  ÷ 2 ×  ×  

From the Hoffman method for the Nankai Trough:

Vhoff =

0.746 + 0.532 x + 0.305 ( (x + 0.124) + 0.305 (0.232)- -2 -0.876) + 0.61 × ÷ 2 ÷ 0. 1242 ×  ×
(-0.323) X1[p]×

From my method:

Plotting the velocity vs depth data from the IODP Drill site C0002 borehole using Microsoft
Excel and using the data analysis tool, I found the equation of the graph. I used the equation
where the R value is closer to 1 and the p value is 0, which ensures the equation I got is useful.

Figure 5: Diagram showing depth against velocity



Next, I plotted the porosity vs depth data from the IODP Drill site C0002 borehole using
Microsoft Excel and using the data analysis tool, I found that the graph had an exponential trend.
This is because I compared the linear equation and exponential equation and found that the
exponential equation had a R value closer to 1 and a p value of 0.

Figure 6: Diagram showing depth against porosity

Then, I subbed the two equations together which cancels the depth from the equation, thus
forming a porosity vs velocity equation from the data sets given, which is

ln(porosity)=-0.00042(vp-1502.433 0.9107)-0.54202÷

Lastly, I plotted a graph to compare which equation the data was closer to, and came to the
conclusion that the data closer matched Wyllie’s equation until around 0.6 porosity.



Figure 7: Diagram showing porosity against velocity, with data from Wyllie’s equation,
Hoffman’s equation and Ericson and Jarrads equation compared to the equation from my results

Image plots

Figure 8: Diagram showing cross section image of inline and crossline data collected from
Nankai Trough



In 2006 a 3D seismic survey was conducted offshore the Kii Peninsula across the Nankai
Trough. The 3D volume data includes both the reflection image (called PSDM) and the modeled
P-wave velocity (Vp). It had 3 inlines (subduction-parallel) and 3 crosslines (parallel to trench)
data, and each of them include Vp and PSDM data, coming to a total of 12 files.

I plotted the 2D velocity profile images of the 3 inlines and crosslines data, to find zones of
velocity anomaly at the northeast section of the drillsite.
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These plots evidently depict the area of higher velocity anomaly which correlates to a lower
porosity zone. But the important factor is the small area of lower velocity below the higher
velocity anomaly. Lower velocity correlates to a region of higher porosity which suggests that
the pore fluids support a disproportionately large part of the overburden, leading to an
overpressure scenario. Geologically, overpressure zones indicate restricted vertical and
horizontal permeability, possibly by a high density of growth faults , high shale-to-sand ratios,
deposition of impermeable sediments and montmorillonite diagenesis among other factors.
(NFOR, Bruno Ndicho and OKOLIE Michael Ikechukwu. Porosity as an overpressure zone
indicator in an X-field of The Niger Delta Basin, Nigeria. Archives of Applied Science Research,
2011, 3 (3):29-36  ) This suggests a higher chance of slip and an earthquake could occur.

I converted the velocity data to porosity using the Wyllie’s equation as it has the closest
correlation with the data set, and plotted a 2D porosity image starting from the seafloor.

IL2485



4. Finding effective stress

Porosity depends on effective stress.
Overburden stress, or vertical stress, is caused by the weight of the overlying formations. If bulk
densities of the rocks vary with depth, the vertical stress can be calculated by integration of the
densities to the depth of interest, where ρs (z) is the formation bulk density as a function of
depth. ρw is the density of seawater and Z’ is the water depth.

Next, hydrostatic pressure is calculated , which is pressure by static water.

Pore pressure is calculated, which is hydrostatic pressure with addition of overpressure.

Since I have bulk density data, using the QUADF function of Excel, I calculated the vertical
stress. The effective stress can then be calculated by:

Which is the vertical stress subtracting the pore pressure.

The reference porosity can then be calculated by the effective stress, through this formula, where

we assume =0. It was taken from calculations from C0002 borehole as it assumes a more
uniform increase in velocity from the sea surface.

, with and being unknown.β

To find the unknowns, I used the Curve Fitting Tool in MATLAB. To do this, my x-axis had to
be the effective stress. For my y-axis, I used the fit function on with the fit type being ‘exp1’.



Figure 9: Diagram showing and value derived from effective stress versus porosityβ
reference graph

This gives the value being 0.5955 and the value being -0.3938, which can be used to findβ
the reference porosity.

4.1 Finding overpressure zone

Next, I added 1-8 megapascals of overpressure ( ) into the equation to find the porosity from
the reference porosity line, which can be seen from the green lines in Figure 10.

This is to find the best match overpressure for the porosity anomaly.



Figure 10: Diagram showing overpressure zones over porosity anomaly for IL2485.

Figure 11: Diagram showing 2D image of velocity from IL2485 with selected anomaly red line

From Figure 10, the red bold scatter line is the selected porosity line with greatest anomaly
chosen from the data given as the red line across Figure 11.



Figure 12: Diagram showing close up of porosity anomaly at overpressure zone

From Figure 12, by over laying the porosity for some non-zero overpressure values, it can be
deduced that the overpressure value is 3.5Mpa.

4.2 2D overpressure map

From the IL2485 data with velocities anomaly, I calculated the overpressure estimates and
plotted a 2D overpressure map. The overpressure can be calculated from this formula.



Figure 13: 2D Overpressure map from Dr Masa Kinoshita from IL2485, with the z axis colorbar
units in MPa for overpressure.

It can be seen that the green portion (depth at 8000-10000m, horizontal distance at 20000m) had
an overpressure zone of around 3.5MPa. It could be a seismogenic zone (refer to Figure 4) as it
was the area of high porosity anomaly as previously seen above and this could be a cause of
earthquakes in the future.

5. Conclusion

From the research, I found that the low velocity zone reflects a high porosity zone at around
8000-10000m depth at a horizontal distance of 20km. The overpressure zone near 8000m could
be estimated to be around 3.5MPa which was a function of porosity and effective stress. This
could be an overestimation as it is based on comparison of reference porosity lines and predicted
overpressure value lines, as well as the 2D overpressure map. There is clear indication of a
growing overpressure zone in that area which could lead to future failure and slip. We infer that
this overpressured underthrust sediment hosts slow or normal earthquake activities and that
accompanied strain release helps impede coseismic rupture propagation further updip. Thus, it is
worth having further research and evidence collected in the area.

6. Future perspectives

As the project’s main goal was to find overpressure estimates along the Nankai Trough, more
could be done with the data found, which includes assessing the slip tendency. The tendency of a
surface to undergo slip in a given stress field depends on its frictional characteristics primarily
controlled by rock type and the ratio of shear to normal stress acting on the surface, here defined
as slip tendency. The thermal properties could also be studied as temperature is a key parameter
controlling the occurrence of subduction zone earthquakes. The boundary observations can be
given from observation data and the thermal structure of Nankai Trough can be studied.
Recently, scientists have been finding shallow slow earthquakes that occur every 2-5 years with
slow 2-4cm slips at Nankai Trough. This could cause gradual displacement of the sea surface and
a higher possibility of a large earthquake occurring due to greater instability on the seafloor.
These are possible areas of continual study after finding overpressure estimates.
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