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Objective

The main objectives of this project were as follows:

• Extraction of P-wave velocity image of Nankai 3D seismic data, and converting it to
the porosity values and plot it

• Comparing this image with ‘standard’ hydrostatic porosity, and calculating the
porosity anomaly

• Convert porosity anomaly to the overpressure, to assess the earthquake likelihood

Why choose Nankai?
Nankai trough was chosen to be our prime candidate for multiple reasons.

Nankai trough has a history of seismic activities since the 7th century. This indicates
that the location of the earthquake is predetermined. Large earthquakes have occurred
once in every 100 years. The places where these earthquakes occur are Nankai,
Tonankai and Tokai. Since we know that there is one major earthquake in every 100
years, there is a sense of urgency to predict the next big earthquake so that we may
save lives and limit the loss of capital.

Nankai trough is the most advanced region to observe crustal movements, seismic
observations and submarine geological observations. Researchers from all over the
world are pursuing this from a scientific point of view to understand the mechanism of
an earthquake occurrence.

Mechanism
The subduction zone earthquakes occur due to the thrusting of the plate boundary in
the subduction zones. Most of the time, the plate interface is locked. This leads to
accumulation of compressional strain. After roughly every 100 years, this strain is
released. This leads to a release of energy which is dissipated in the form of seismic
waves. In short, earthquakes are caused by a sudden slip along the fault.

Earthquakes occur if the shear stress along the fault exceeds the shear strength of the
fault. The key factors that govern this are frictional coefficient, vertical load, pore
pressure and in-situ stress.
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The fluids from pores escape under vertical load which leads to lowering of shear
strength. As a result these regions are prone to earthquakes.

This is why we must investigate such regions of porosity anomaly which can be an
indicator for earthquake prone regions.

What is Porosity?
Porosity is the volume fraction of the pore space which is basically the fluid volume in
fluid saturated pores.

φ = ΔV/V; Total volume ＝V, Pore volume ＝ΔV

Porosity is related to the P-wave velocity in the following manner:

; P-wave velocity (Km/s)ϕ = 1.209
𝑉

𝑝
− 0. 1377 ϕ → 𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦;  𝑉

𝑃
→

and ϕ ∈ [0, 1]

The theoretical equation is based on the work by Wyllie et al. (1956). Gurkirat Singh
applied this equation for the Nankai Trough drilling data and obtained the actual
numbers.

What is Effective Stress?
For the assessment of rock failure at depth, we need to know:
The stress difference between vertical & horizontal stresses (deviatoric stress). The rock
fails if the deviatoric stress is larger than a certain value.
Deviatoric stress = -σ

ℎ
σ

𝑣

The difference between stress ( , ) and pore pressure (Pp) is called the effectiveσ
ℎ

σ
𝑣

stress. The rock fails if the effective stress is larger than a certain value.

Effective stress = -Pp, -Ppσ
ℎ

σ
𝑣
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Methodology
We have done a seismic analysis for the seismic line HYU01.

Our aim was to estimate the overpressure values which would help us to assess the
earthquake likelihood.
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x= 0 corresponds to the SW end of the seismic line HYU01 and x= 160 corresponds to
the NE end of the seismic line HYU01. (Arai et al. (2021))

For this we first converted the velocity data to the porosity values.

The porosity values were obtained from velocity data using the formula:

; P-wave velocity (Km/s)ϕ = 1.209
𝑉

𝑝
− 0. 1377 ϕ → 𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦;  𝑉

𝑃
→
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Here, one can notice the contour lines and see that there is a positive anomaly at x=
100 and y= -6. There is also a negative anomaly at x= 50 and y= -(6 to 6.5).

Now to find our standard hydrostatic porosity, we have used the following formula to
approximate the curves.

ϕ = ϕ
0
𝑒

−𝑘.σ
𝑒 + 𝑐

Where,

σ
𝑒
(𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑠𝑠) = (ρ

𝑎𝑣𝑔(𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑠)
− ρ

𝑤𝑎𝑡𝑒𝑟
).  𝑔.  𝑑𝑒𝑝𝑡ℎ − ∆𝑃

∆𝑃 → 𝑂𝑣𝑒𝑟𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 (𝑃𝑎);  𝑘(𝑃𝑎−1),  𝑐,  ϕ
0

→ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠
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To find the constants, we have found the best fit curves for the vertical strip at x=0 using
the exponential functions.
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The orange curve was used to approximate the porosity curve for lower depths. The
pink curve was used to approximate for the higher depths.

The region between 1640m and 4400m (below seafloor) was not approximated using
the curves because there may be a pressure anomaly that could have caused the
porosity values to change drastically. As a result, we have not considered that region for
our overpressure values estimation.

The next step was to use this curve for x=0 to find the porosity anomalies across the
entire region.

Since the curves in our approximated functions were calculated from the seafloor i.e.
depths were calculated from seafloor, we first calculated the ocean floor depths for this
region to use that as our y=0. This was calculated using some codes and some manual
work.

This was chosen as our first standard hydrostatic model.
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The difference between our reference plot and the standard hydrostatic model should
show us the porosity anomaly.

The difference graph didn’t give us a good estimation of the porosity anomalies. Hence
we tried to find a different hydrostatic model.

One can notice from our reference graph that at around 6km depth, there was a
horizontal zone of similar porosity values. This gets exaggerated when we truncate the
porosity values from 0.19 to 0.22.
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This gives us a sense that the hydrostatic model could start from the sea level itself
rather than the seafloor because the porosity decreases to the same level for all the
strips at y= -6km

Therefore our new hydrostatic model looks like the following:
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When the difference was calculated, one could notice the porosity anomalies at x= 100
and x= 50 for y= -6.
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Now that we have identified the porosity anomaly regions, we can go further to calculate
the overpressure values.

For x=100, the following graph was obtained at a value of 12.5MPa.∆𝑃
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For x= 50, the following graph was obtained at a value of -3.5MPa.∆𝑃
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Discussion

Earthquakes occur due to the sudden release of accumulated stresses. If the
subducting plate was frictionless, it would simply slide under the continental crust which
would not lead to any accumulation of stress and as a result no seismic activities.

We can see that there are two seamounts at around x= 60 and x= 90.
This could lead to a region of excessive compression and as a result could lead to
dewatering at x= 50 which may in turn cause a negative anomaly over here.

The reverse is true for x=100. The trailing side of the plate would have a relative
expansion which would allow the fluids, which escaped from x= 50, to occupy this place,
in turn leading to a positive anomaly here. The arrows indicate that the fluids may have
moved this way.
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One can notice that the porosity values decrease exponentially. The overpressure
values estimated for x= 100 and x= 50 are 12.5 MPa and -3.5MPa respectively.

The overpressure values are both a function of space and time. By selecting a good
reference hydrostatic model (with no overpressure), one can estimate the porosity
anomaly as a function of location (the difference map), which can be converted to the
overpressure.
However, it is usually difficult and challenging, partly because of the complex geology
and the porosity trend (even without any overpressure) varies in place.

One can notice a porosity anomaly in our reference graph at x= 20 as well, this is
smaller than the one at x= 100 anyway. This may be due to the uncertainty in the
velocity model. As a result, we have not considered this region.

The close porosity values (approximately constant) till a depth of 6km in the reference
graph may be due to the lithology differences, sedimentation, compaction etc.
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The overpressure value of 12.5MPa may be an overestimation because we have
assumed factors like densities, a constant value. There may be many other parameters
at play which we have not considered.

Appendix

Code for porosity estimation at x=0 (1D)
clear;

clc;

load Vp_depth.txt;

x= Vp_depth(:,1);

y= Vp_depth(:,2);

%plot(x,y);

%xlabel('Depth in m (below sea level)');

%ylabel('Velcoty in m/s');

%ocean depth= 340m

newVp(:,1)= Vp_depth(36:2001,1)-340;

newVp(:,2)= Vp_depth(36:2001,2);

%plot(newVp(:,1),newVp(:,2));

%xlabel('Depth in m (below ocean floor)');

%ylabel('Velcoty in m/s');

phi= (1209./newVp(:,2))-0.1377;

hold on

plot(newVp(:,1),phi)

xlabel('Depth in m (below ocean floor)');

ylabel('Porosity using velocity');

op=0;

c=0.187948;

Estress= (2000-1030)*9.8.*newVp(:,1)-op;

p=0.5534458904;

k=.0000000827;

phiexp= p.*exp(-(k.*(Estress)))+c;

plot(newVp(:,1),phiexp)

xlabel('Depth in m (below ocean floor)');

ylabel('Porosity using Effective stress');
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legend('Porosity using velocity','Best fit Porosity using Effective stress');

op2=12500000;

c2=0.187948;

Estress2= (2000-1030)*9.8.*newVp(:,1)-op2;

p2=0.5534458904;

k2=.0000000827;

phiexpnew2= p2*exp(-(k2.*(Estress2)))+c2;

plot(newVp(:,1),phiexpnew2,'Color',[1 0 0.7])

xlabel('Depth in m (below ocean floor)');

ylabel('Porosity using Effective stress');

legend('Porosity using velocity','Best fit Porosity using Effective stress','Best fit
Porosity using Effective stress');

hold off

Code for porosity subsurface plot and porosity from Vp
(Reference graph):

clear;

clc;

load Vp2D.txt;

lastT= length(Vp2D);

for i= 2:1:163

for j= 1:1:lastT

newVp(j,i-1)=Vp2D(j,i);

end

end

A=10^-3;

j= 1:1:162;

i= 1:1:lastT;

contourf(j,-(i-1)*10*A,newVp,150);

colorbar;

colormap("jet");

xlabel("Strip number")

ylabel('Depth (km)');

title('Subsurface Plot');

for i= 1:1:162

for j= 1:1:lastT

20



newPor1(j,i)= (1209./newVp(j,i))-0.1377;

end

end

j= 1:1:162;

i= 1:1:lastT;

contourf(j,-(i-1)*10*A,newPor1,150);

colorbar;

colormap("jet");

xlabel("Strip number")

ylabel('Depth (km)');

title('Porosity Values (From Vp)');

Code for Porosity values calculation, Hydrostatic Model and
Porosity Anomaly (Difference):

clear;

clc;

load t.mat;

load Vp2D.txt;

lastT= length(Vp2D);

newVp=0;

for i= 2:1:163

for j= 1:1:lastT

newVp(j,i-1)=Vp2D(j,i);

end

end

depths=0;

for i= 1:1:162

for j= t(i):1:lastT

depths(j,i)=Vp2D(j,1)-(t(i)-1)*10;

end

end

strip100=0;

strip50=0;

newPor2=0;

for i= 1:1:162

for j= 1:1:lastT
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if j< 1+163

newPor2(j,i)=
(0.5534458904).*exp(-((0.0000000827).*((2000-1030)*9.8.*j*10)))+(0.187948);

elseif j> 1+440

newPor2(j,i)=
(0.5534458904).*exp(-((0.0000000827).*((2000-1030)*9.8.*j*10-12500000)))+(0.187948);

end

end

end

for i= 1:1:162

for j= 1:1:lastT

newPor1(j,i)= (1209./newVp(j,i))-0.1377;

end

end

A=10^-3;

j= 1:1:162;

i= 1:1:lastT;

contourf(j,-(i-1)*10*A,newPor1,400);

colorbar;

colormap("jet");

xlabel("Strip number")

ylabel('Depth (km)');

caxis([0.19 0.22]);

title('Porosity Values');

A=10^-3;

j= 1:1:162;

i= 1:1:lastT;

contourf(j,-(i-1)*10*A,newPor2,400);

colorbar;

colormap("jet");

xlabel("Strip number")

ylabel('Depth (km)');

title('Porosity Values (new)');

A=10^-3;

j= 1:1:162;
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i= 1:1:lastT;

contourf(j,-(i-1)*10*A,newPor1-newPor2,400);

colorbar;

colormap("jet");

xlabel("Strip number")

ylabel('Depth (km)');

caxis([-0.005  0.02]);

title('Porosity Values (difference)');
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