
Analysis of Seismic Anisotropy beneath the Japanese islands 

 

Introduction: 

Seismic anisotropy is basically variation in velocity of propagation of seismic waves with 

variation in the direction of their polarization (particle motion). It is believed that at many 

places earth is seismically anisotropic in nature. For example some parts of crust and upper 

mantle is considered to be strongly anisotropic. Now, this anisotropy is originated due to the 

mantle flow which aligns minerals in the direction of flow or orientation of cracks in a 

particular direction in case of crust. Unlike the isotropic medium when seismic waves pass 

through this anisotropic medium, the shear wave split into two direction of polarization with 

different propagation velocities. This particular property is used to know more about the 

dynamic model of the earth (e.g. mantle flow).   

Methodology of Analysis: 

When a shear wave enters an anisotropic medium, it splits into two perpendicular directions 

of polarizations. One wave travels faster than the other. In reality we do not have any 

information about the direction of polarization of the shear wave originated at the source 

(depends on source mechanism occurring at a depth of 500km or more for deep earthquakes). 

Also we do not know about the fast or slow direction in the anisotropic medium. We only get 

seismograms recorded in three different directions at different stations on the surface of the 

earth. Now, if we plot the two components of the shear wave (without splitting as in case of 

isotropic medium) on X-Y axis we get a linear plot. Whereas when we plot the same two 

components for the split shear wave we get non-linear plot.  As already explained this non-

linearity comes from the splitting. So in the last 6 weeks I tried to do analysis in the reverse 

direction of splitting. My aim was to rotate the two components of seismogram in the 

direction of fast and slow and provide a time shift so that the non linear plot changes to a 

linear plot. 

For this analysis I picked only the S and SKS phases of seismogram for the deep earthquakes 

to know about the anisotropy of earth just below the station. I used 64 F-Net station data 

spread all over the Japan for 42 different earthquake events over last 10 years. They were 

mainly far earthquakes.  Then I coded some programs in C language to apply rotation and 

time shift to my data. But then I do not know the direction of rotation and also the time shift. 

So, my program rotated each station data for a particular earthquake from 0-180 degrees 



(with an interval of 1 degree). For each degree rotation I provided the time shift of 0-4 

seconds (with an interval of 0.05 sec) and calculated the cross-correlation between the two 

components. In this way I got 180*80 values of cross correlation for each station for each 

event. Now I started with the aim to get a linear plot by doing the right rotation and time shift 

in the fast and slow direction. To obtain that, I coded in a way to get the maximum value of 

cross correlation from 180*80 values for each station for each event. The corresponding 

values of theta and time shift gave me the Fast direction and split time for the waves reaching 

that particular station. Similarly I calculated the values of fast direction and split time for all 

64 stations for 42 earthquake events. Then I plotted my results on the map of Japan to get a 

better view of mantle flow direction.   There was large variation in the fast direction for most 

of the stations. To have a consistent result, I tried to find the median of fast direction and split 

time for all the events for each station. Then I coded to calculate the variance (and standard 

deviation) from the median and discarded the results for the stations with standard deviation 

greater than 30 degrees.   

Results: 

There were only 11-12 stations which have standard deviation values less than 30 degrees 

from the median. So I plotted only those stations on the map. The northern part of Japan (the 

main island) did show a lot of variation in the fast direction if we move from one station to 

other. So nothing can really be said clearly about the exact flow direction in the mantle which 

causes anisotropy. May be this is due to the thick crust beneath the main island which is more 

complex and this particular method is not very good to analyze that.  

Unlike the northern stations, the stations in the southern islands (Ryukyu Islands) were pretty 

consistent and almost all of them were indicating the same fast direction. Another most 

interesting thing to notice was that this fast direction was parallel to the trench in that area. 

Now this particular result matches with all other trench parallel observations around the 

world. A possible explanation for trench parallel observation is given by the 3-D flow of the 

mantle around the subducting slab. Basically, near a subduction zone if a trench retreats the 

mantle material below has to go around the subducting plate and this causes the trench 

parallel flow. As already explained the fast direction is supposed to be along the mantle flow 

direction, so my results are pretty much consistent in the southern part matching the trench 

parallel observations. This may be due to the thin crust and simple structure beneath that area 

unlike the main islands. 


