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"It is now well known that comsidersble regionsl varistions emint in Pand S wawe -
velocities. Any standard set of travel time table or J-B tables, are thus affected by these
variations. Total effect of regional variations on travel - dinitiar: sulomisniic dittandes Som.
be.split: up sinid Aheke; coppesents: (1) The. affect. of the upper maniie helow the spyrce
(2)- effect of thecippar: messie;below e sations and  (3) ‘effect of the. lowes mantle. Lower. .
mantle is usaally sskenso-bacletenadly homogeneous. However Hales. at al. (1968), Chionery.
&: Tokeoz (1967); . Talwoz-et al (1968), Julian; & Sengupte (1978) and. athers. bave pointed
ous that regiomal varistions. catienist in lower mantle. Cinpa Lompits (1971) hay discussed
erzorein travel - times.in the:latesslly inhomegenapus earth, The efiect, of source and, statiop_
biss on travel times, ssseng-others; hasdieen discused by Bolt & Nuuthi (1966), Cleary and '
Hales (1966), Claary (1967, Douglas (1967), Hewrin & Taggart (1968). Any nﬂthqdoj
analysis based on standard setof teawel times is affected by erram from twe major upurpel
(1) azimuthal clustering of staliaessind physical inhamogeneity of earth, Let A be a region
ofisnemalous Simic velocities. in the mantle. The byndls of Seiumic rays througb A caus
o dbaiiug of anamaleus astivals- atithe earth sprfape, 1f vy ja low, the raya will pigher ba
trapped in jow velocity cliannel, or they will arrive iater thes the diffeacted rays around
the low velocity inclusion. In either case arrival through A will be late. If vy is high,
energy partition favours high velocity region and ‘there will be strong early arrivals through A.

Systematic errors tend to be self consistent within a given computational procedure. It
has been found that ]-B travel time tables predict Systemagically iaté agrivals for all events.
These effects of Jateral inbomogeneity can be.seperated from other Systematic errors. Gauss
has pointed out that the optimality of an estimator depends on three assumption concerning
the error, § = X—x, in our case § may be residuals

(a) X'sare mdepandently distributed random variables,
(b) Pasitive and negative values of mgquplly hk;ly and |
(c) mm.{smmammmm ) .

Here residuals satisfy all these conditions and thus uling statistical uehmqueldme erpor
can be reineved.

In the presest study of P miduah we .Imq mod mﬁ;d qut lazmu,wpeny vaciations
by removing systematic errors. Methods of Station cersections has been used. Since the
parameters of the explasions are correctly known, the effect of the upper mantle below the
source can be removed. Since the explosions Lappen to beon the same site within £ 0.2°
latitude and longttude a good set of azimuth dependent observations for different stations were
expected. The aim is to study lateral xariations. from azimuthal variatiops of the residuals.
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Station eorrection have been oalculated by Cleary & Halos (1966) Herrin & Taggart
(1968), Lilwall #m‘%%%.ﬂthﬂﬁz "4; —4‘:!!!.- Ak Tl*" :,l:}-“-;»cul-.u- gluimutbnuy
dependent station corrections. Bolt & Nuttli (1966) in :ugayiing P wave residulas from 47
earthquakes observed at 13 stations found ssisythal-depeptenge on travel times. We have
tried to look the lateral variation by azimuthal variations statistically by takis large amount
of data observed at 400 stations. In an earlier study we have also caleulated station
corrections wsing the same data as it is being.used -here. : .

Mothod of Analysis aud Discussies . . o ,

. We conidered the nuclear explosions fréim 1964 to 1972 residuals “froun these expiosions
were sojted fof dach station.” Ehch station receivid P arrivais: from the same-ggissuth as
expected, beciuse all the explosions taken happened tobe nearly oo the samesite. In
calculating travel timesof P waves from Nevada nnuclesr explosicas; we applisd method of
uniform reduction (Jeffreys, 1936'. We found that all residufas greater ‘than 3,0 sec. in
magoitude got zero weight. Hemce we discarded all vesiduals grester than 5.0 sec. in
maguitude in this study also. The meany and standard deviations were esloulased for each
#ation. These means were used a3 station corrections. Then all the residuals. were soited
in the cells of 5° and 5° Azimuth and got a 21 x 72 comtingency wble. Mesns and 8.D. for
- eech cell was calculated. We found from the table that the region from 150° to 218° azimuth
had information only in first cell ie. upto 5°. -In 90° to 150° srimuth range information
was available only upto 85°. Hence we decided to devide the whole region into 9 azimuth
rangéa AZ;, AZg, AZ3 where as ‘ :

0 AZy . o
90° AZ, 1500
215 AZ, 360°

Region 150° to 215° azimuth was not taken into consideration because of the lack of
observations. ' 7 S B

Means and standard deviations were then calculated in the remaining groups for each
5° epicentral distances. Table I gives the mean of the’ residuals for the three azimuth
groups. My, My, My are the means of the ‘dzimuth- groups AZy, AZy, AZy respectively.
M & MD are mean and mean deviations of M;, M;, My, MD gives a measure of the closeness
of the fit of the azimuth groups. SR o

To see whether or not there isa significant difference in the residuals for three groups
~we considered the mean residuals and applied t-test in pairs to the differences in the mean
residuals io the three azimuth groups. S :

We compared the three azimuth .-gx‘o:l.ibs.for.‘ all dagreea of freedom, leaving those
intervals where no information is available in either.of the group, we get
o tig = 8.56 (16 degree of freedom) -
i3 =398 (13 ,, ., . )
tig =592 (17 , -, , )
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dtg ‘ M “'5. «:,. e % MM . .MD

2.5 —om ~-osm —0.3!67 -aomv 00288 o
7.5 | GOe —15837 T 039385 -mm 0.04%6
123»‘-“ " 1.6917 VIS tdvdz  0m096
175 = =0.1771  —0.0769,; ~ -;1.4613 0.4691  0.7948

RS, ~L1816 L2586 . 06885, - 02388 0,9566
2715  —1.7748 02842 - ;o= —0451 10292

535 —20800 03730  —046)0. —0.9757. 0.U
$7.5 —17085  —0.2667 - ~08420 08577 05712
25 -1@;{17“ —22500 11381 —15399 04734
415 . 288 —10015 o= —19167  0.9151
525  —2.8571  —11949 ) '-1;acoo —=1.9442  0.5937
575  —21209  —4.3394 08071, —24255  1.27%9

62.5  ~1,5636 1-0.8114 —0.51?,4 ~1.0181 - 0.3636

. g?_;?{“ - ' .= o, Trisamenizn -} o-m .
[ % R et -—ﬁ 19810 -1% 0.4'86
TI5  —11518 0.1)43 —1.4151 —0.8174  0.6212
825 —07435 —3.1026  —1,1440 —1.6634  0.9505
87.5 —09898 = — —L5887  —1.2877  0.2980
925  —1.4500 _ ~0.6858,  —10677,  0.3824
9.5  —1,5890 13000 © —QI435 14415
102.5" —uson 21,6000 —09250 0.250 .

These all valusa of t are higher than the table valus at 5% level of significance at their
corrosponding -degree of freedom and shows that there are significant vuutwn in thres
groups, o

Though%hc above malylu shows ngmﬁmnt variation in tho thm uinith groups even
then we can..pot be sure whether the dxﬂ'ereneu are due to lateral velocity variation or
because of me othrtﬂecu'. As the initia] parameters of the explodmu are correctly known
to us ouly station amdyeui effect the results and hence we intend 1o remove it. Bolt &
Nuttli (1966) hids showsi P wiua deluy times (reiative to-Berkeley at twelve stations) depndence
on szimuth of wayvs approach at some stations. Removal of this bias from the renduah is
therefore expécted 16 glVe sisll mean devistions. Since the explosions happen 6 be ‘¢h the
same site a good set of saiiiftithally dependent obsérvations for different stations sre expetted.
" Hence we ct smalier meant deviation after applying ‘agimathally . depent station vorrec-
tions; Then - wo. calcilated station: cosrection and -apptied to.the -three asimuth. gwapu
and after oompumn we get the value of t statitic-as: fobléws ¢
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tyg = 3.00 (16 degree ofifrdid@a)’

tn w3088 4 p W )

t1s = 4.57 (17 " w ”» )
Means and meéan‘deviations were very mirch reduced afer applying! ‘station ‘gorrection, but
comparision, ‘from’ takeri Valtie of t7 sbowe-significant variationitiil” tivee azilvtith groups.
Table II gives means anb mean deviationfor three groups; Figure | shows mean deviation
before and after applying station corrections wsing residusls of L. 8, C. Bulletina. .

TABLE -

Mban and mean deviation after applying station eorractiou
(Using 1.8.C. Residuals)’

d‘e‘g" M; M. Ma M MD
2.5 0.0249 0.0279 . 0.0083 0.0204  0.0080°
75  —0.0251 00000  —0.0660 —0.080¢  0.0238
125 —00022° 00349 0,0274 0.02000 0.0148
17.5 0.0000  —0.0738 —0.0515 —0.0418  0.0278
22.5 0.0152 0.0280 0.0085 00156  0.0085
274  —0.0097  ~—0.0095 - —0.0096  0.0001
325 —0.0194 —0.0180 0.0117 —0.0086  0.0135
875 0.0026 0.0000 0.9149 0.0058  0.0060
425  —0.0517 0.0000 - —0.1839 —0.0785  0.0702
475  —0.0052 0.0045 - —0.000¢ 00048
525 —0.0318  —0.0001 0 0000 —0.0106  0.0141
57.5 0.0268  —0.0003, 0.0054 —0.0106  0.0108
62.5 —0.0264 -0.0014 - 0.0048 —0.0108  0.0104
’ 67.5 0.0167 0.0156 - . 0.0182  0.0024
7258 0.0023  —0.0547  —0.0003 ~8.0176  0.0248
775  -0.0067 0.1529 0.0068 - 0.0%10  0.0679
825 —0.0039  0.0000 —0.0588 —~0.0209  0.0153
87.5 0.0435 - 0.0800 0.0612  0.0188
925  —0.0281 - 0.0476 0.0098  0.0378
97.5  —0.1157 - 0.0000 —0.0578  0.0578
102.5 0.0000 - —0.0028 —0.0014¢  0.0014

In aneaslier study we calculated the travel time of P waves and station correctiona by
using the same set of nuclear explosions from Nevada. We umed the residuals calculated
from our calculated times 10 that effect of delay in J-B times may net affect the resuit, Tha
means and mean deviations were caloulated before and after applying station corrections.
The mean deviation in both cases are shown in figure 2.
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(O} AFTER  APPLYING  STATON CORMECTING ! :
I8} AFTER  APPLYING  STATION CORAECTIONG

Comparision of the three azimuth groups were made and the values of the ¢ statstic
were found as follows : :

(1) Before applying station correction

tig = 7.48 (16 degrees of freedom)

t1a = 9.50 (13 » ” 3 )

ltla - 4.95 (l7 » ”» » )
and (2) after applying station correction

tis = 3.53 (16 degrees of freedom)
t” = 3.60 (13 ” » E1) )
t13 = 3.40 i » » )

Significance of t statistic in all cases at 5% level shows that the variations in the thres
groups are due to lateral velocity variations and not dus to other effects. The other effects
such as station anomaly intend to increase the value of t statistic and shows that azimuthally
dependent station corrections give better result than mean station corrections.

Couclusion

P residuals from Nevada explosions have been studied and: Iatere]l velocity variations
established. Itis also found that azimuthal dependent station corrections give better results

than mean station corrections.
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