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Upper mantle seismic wave velocities in the Hindukush region
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ABSTRACT. (Iutenbcrg' amcthod haa been applied fort he determination of the seismic wan vcloclt les and their
variations with depth in the upper part of't hc upper mant le below the Hlnduku sh mountains. n ata from tift) · ear th
quakes ocourring at va r ious depths in the Hlndukueb region have been uttll eed . The results confirm the ex istence
of a low velocity layorfor S-wavee at a deptb of'about InOkmbelow tb e surface. The S .Yclocityd N'reascs slowlyfrom a
value of 4 · 5 kmjecc at a depth of 65 km to B value of 4 · .. km/sec at a depth of 160 kill afte r which it rlsee again
reaching value of4· .')2 km recc at a depth of22.'i km. :S-o such velocity minima iR, however , discernible in th e case of
P. waves. Tho velocity of p.w&\-e~ appear s to remain nearly constant at 8 km/ecc upto a depth of 160 km. It
then rises steeply up to a dept hcf 200 km afte rwhicb t,he \-e1oeit-ygradient dooreases.Tbe va}ue of Poisson' s rntio
ju st below the Mohorovlclc d tscont lnuity ill this reg ion work s Ollt to he O' 26. This value Inorce eee steadily to O'29
upto fI, depth or 225 kID anti t hen atta ins a constnnt value.

horizontally will deflect towards th e cent ro of th e
earth and may not emerge at the surface under
certai n circumstunccs. In other words the presence
of a low velocity layer may create a shadow zone
at th e surface . It can be shown that even in t he
presence of a low velocity layer, the ray wouhl
emerge at the surface if th e velocity docs not
decrease at a rate greater than given hy

The relation (3) was used by Gutenberg (1953) to
calculate the velocities of P and S waves in t he
interior of the eart h upto a depth of nearly GOO kill.
Using data of 8~ ear t hquakes with epicentre mostly
in the Japan area he compu ted curves for P and S
velocites and also for the value of the Poisson's
ra tio o as a funct ion of depth . His resulta showed
that t he velocities of both P and S show a decrease
below the ) Iohorovicic discontinuity with a mini
mum aro und It = 100 km for P waves and 1t=150
km for S waves. Poisson's ratio increased from a
value of 0 ·2G at a depth of 50 km to 0 · 29 at a
depth of 250 km atHI became constant thereafter.

In view of the lateral inhomogeniti es in the earth's
crust and upper mantle it was decided to apply
thi s method to st udv the variation of velocities
with depth in the Hi;ldukush region which is tec
tonically considered a very important area. It is a
perenia l source of largo and small earthquakes
occurring mostly at a depth of about 225 km and
from nearly the same focus. Earthquakes also origi
nate at depth less than 250 Ian at places within
a few degrees from this source.

2. Method and materials

The meth od used was almost the same as used
by Gutenberg with only minor modifications in
detai l. Data of 50 earthquakes occnrring at diffe
rent depths ill the Hindukush region was collected

t . Introduction

According to t he IIergl ot.z-Wiechert. method of
tracing the paths of seismic ray~

(v,. R)/r = ;;jsill i, (I )

where v , is t he true velocity oft.hewaveat it s deepest
point at n distance r from the centre of the earth,
i,. is tho angle of incidence made by the ray emer
ging at the surface of the earth, and R the radius
of the earth. ;; is the true velocity at the surface
of tho earth and, th erefore, v lsin i, is the
apparent surface velocity I' at. th e terminus of th e
ray:

J' = (v,. Ill/r (2)

Seismic rays leaving the focus of an earthquake
at various angles of incidence will appea r a t t he
surface of t ho earth at d ifferent distances, Of all
these ray s, the ray leaving the focus horizontallv
will appear at a particular dista neeb,. At thi s poi,;t
the travel-time curve will hav e n point of inflexion
and the apparent velocity will have its minimum
value yo. which can be found with the help of the
observed t ravel -time curve. TI,e relation (2) ca n
be used to determine th e true velocity 1', at th e
focus.

1', = VO.rIR

Since r = (R-h)
1', = VO(R-h)/R

= VO( I-hIR) (3)

This method can, however, be applied only under
limited conditions. If the velocity increases conti
nuously with depth the ray will always be concav e
to the surface and will also have a vertex. I n thi s
case the time-distance curve will also be continuous.
Difficulty will, however , ari se if at some depth the
velocity instead of increa sing starts decreasing
with depth. In such a case the ray leaving the focus

d l',ldr = V,lr (,I)












