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andinferred upper mantle structure

G. S. VARMA

Cell/ral SeiS1nologicnl Ob.<rrmJory, Skillon!!

(Rt'ffivcd 29 July 1969)

ABSTltACf. The arrival times of the P :phalClt from 28 nuclear detonations cond ucted by RURlIiQin the Matern
Kat;akhRtan have been det ermined by the Indian setsmogreph 8tatiom~. These arrival timf'tl bavo been plo t ted
ft.u:"inKl th e di stenee From verioue Indien Mlijlmng'rKl' h ",Iali onll; tbe dlsteuce rRnA:C~ from 6 = 16° to 40°. 111,. 1'8\"(')
tirn cl!. of }'-\\"&\"('II indi cate abru pt velocity clllm~C'8 a rro und 6 = 18° and ,6= 2-1". The p .w.,".... \'£·Iocity in Ib n top
of mantle co rnell out to he 8 '16 km!flAe, th e "ha rp d itlCnntinllitip8 are seen at l:.= ISOand 24° at a depth of 3.')0 aud
650 kru respectiv ely below t he crust . Th e \ elocitl ce below the se th ree dlecontluuttfeeheve been found to be88 9 ' 33 ami
11 · 24 km/t'OO respeet tvcly.

Th e T.Jn res idua ls t'~r"", U have been plotted. Tra\'C'] timr" of seismic W8\"C'8 have been compa red wit h t he
travel ti me" tA.blf'H of JB. ThAveloclties or ver loua depth" have been compared wit h those obtained by ot ht·rR. Th e
densltlee at various dlsonuttnulttee have eleo been det ermined with t he kno wledge of P .wnT'c n ·Jocitit'll u~ng Birch ',
form ula.

t . Introduction

In the studies of the low velocity channel travel
times are customarily plotted agnilL.t the apparcnt
distences-e-bhe distance as measured on the surface
of the earth from the epicentre to the recording
station. Tills method of plotting is only acceptable,
however, if all the events arc of nearly the same
fOCl\I depth. In the present study the author has
selected nuclear explosion. conducted in the south
of Kazakhstan region of S.S.R. which is very ncar
from Indian seismograph stations as shown in
Fig. 1. The determination of velocity from nuclear
explosions has 3 .main a.dvantages-:(1) The co
ordinates of tile epicentre 18 predetermined, (2) The
time of occurrence of the explosion is accurately
known; and (3) The depth of the focus is known.

In determining the velocity from natura l earth
quakes the aecuracy of these above three factors is
not high. Many such upper ground as well a.
under-ground explosionswereconducted by Russia
either in the Kazakhstan region or in Novaya
7.emliya region. The later is much distant from
Indian sbationsand will not yield any result about
the upper mantle velocities. Thus the former was
considered to be a suitable site for the present
study. In his paper on the Montana earthquake
of 1925, Byerly (1926) pointed out that a study
of a single event would perhaps reveal more of the
earth's interior than a sbatisbieal study of many
events because of smoothing over of small anoma
lies with consequent overlooking of details which

may have significance. Thus a single source has
been selected for the present study.

The evidence that regional differences in the
travel tilll~ exists raises difficulties with regard
to the choice of standard travel times, This ha"
heen recognised by Jeffreys (1966) who remarked
'I have several times sought for difi'erences of the
travel times of P according to azimuth, but have
never found anything significant'.

2. CoI1" UOD or data and proees. 1ng

For the study of the velocities in the Upper
mantle 28 nuclear explosions were 80100100 from the
period 1964 to 1969. The magnitnde varies from
5· 0 to 6·3. High magnitude explosions were
especially used in this study so as to be recorded
by the maximum Indian seismograph sta tions.
The epicentres snd the origin time were ta ken
eith~r from the bilerllatiollol StMmo[.oyi",[. Sum.
tI"",,,, or from u.s.e.G.s. These explosions Were
recorded by many Indian seismogrnph sta tiOI\8

and their initial P ·times were notOO from the
monthly Seiamologirol Bulleti.. of India Meteorolo
gical Department. The disbance of the ste tion from
the place of explosion was detennined by the direc
tion cosine method knowing the coordinates of
both the epieentre.as wellas the recording stenion,
In case of any~repancy the a"ailable origina l
record of the station was checked. Varlous points
were plotted on a graph with ·the disbance as
X-axis and the time ta ken by the wave from the








