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ABSTRACT . A eoft ware package uelng IDM 300/44 has been developed for dete rmining the epioent.ral
pl\rameten of local crusta l earthquakes. The arrival times of both the di rect (Pg and 89) &8 well as refra cted (PI'
end 8,,) phases recorded at the seismic sta tions have boon ut ilised. Tho oomputation involves the formulation of
3 X 3 eymmetrix mat rices for fixed depths and th eir sola tion with a ppropriate weightege. In cases, where the
repo rted arriva l tim es arc only for P g and 8g pheees, t he depth is also fleeted and a 4 X 4 eymmetrix mat rix is
formed and solved.

Th e results have been compared with those determined earlier using a large scale map (1 em=l km) or the
U. S. Geological Sur vey monthly listings. It is soon that the agreement is fairly good when tho data eoveregc is
appropriate . .

t . Introduction

With the opening of a close network of seismo
logioal stations around Pong and Pandoh dam s
large number of events are. being deteete~

which are mostly ooucentrated 1Jl the grid 32 
33°N, 76°_77°E . The determination of the epi
central paramet ers for these events using manu al
means has been obvio-isly time consuming. The
ntili ty of a compute r programme for thi s purpose
WI\ S felt all the more neOe3~ILrY after the occurrence
of the Kinnaur eart hquake of 19 J unuery 1975
which h...s been followed by more than 3000 after
shocks. These cons iderations led us to develop a
computer programme using IB~f 360 model H
and ntilising the near earthqua ke phases p• • S. '
p . and S•. The seismologiea l observatories ntili 
sed for monitoring the near earthqua kes are shown
in F ig. J.

2. DoseT\pUon et th. programme

The programme is in two par ts-Main and Sub 
rout ine TIMO. In the )fain prograIllIlle the data
are read and sorted onto Subroutine TDro is
ca lled upon to fix np a tentative origi.n time of ~he

earthqna ke. The.loca~ion of the statl?": ~eporhng

earliest arr ival tnne ts taken as the initial guess
for the opicent re and the dept h of focus is initiallr
fixed to l\ certain minimum value. The guess IS

then optimised by ite rat ive pr OC."ss. Th~ invol,,:es
formulation of 3 X3 symmet ric matrix and Its
solut ion, followed by calculation of variance and
standard errors. In order to ascertain the depth
of focus, this process is repeated for var ious dep
ths. by increasing the depth in steps and finally
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the soluti on with minimum variance is selected
from amongst those for various depths.

With the selected solution of epicentro, tra vel
time residuals are cnloulatcd and based upon
these. t he weights for each of the individual obser
vations are modified as neoessary. Tbe whole
pr ocess is then repeated until all t he residual
have converged to 0· 5 St.'C or less, to give a final
solution for the opicontre . However, in. case . the
reported arrival times are only for tbe p. and
S. phases, the final resnlt is fnr ther subjected to
improvement by floating the dept h as well. A
4 X4 spumetric matrix is then formed and solved,
which gives a more precise estimate of the depth.

Subroutine TWO is based upon the well kno wn
emp irical relation betwee n the observed arr ival
times of P nnd S phases at a stat ion am] the origin
time of the earthquake. The origin t imes are cal
enlated from all the available P and S pairs of
obseravatiolls and checked for extreme values,
lend ing to the rejection of unacceptable S-phase
observat ions. a -t ime is then calculated by the
least squares fit based on th~ . low..,t reported
arr ival time as guess and solving for the erro r
correction. The S-phase observation of any
station whose correspondiug O-time is not found
aeeeptable. is d iscarded for the processing of
epieentre coord inates as well.

Sal ient features of the programme are discussed
in the following sect ions.
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