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by 

Robert G. Rodr i guez** 

ABSTRACT 

The lack of information on mantle velocities and crustal structure of 

the U.S.S.R. has led to a preliminary examination of published Soviet 

earthquake bulletins in the hope of deriving useful velocity and structure 

information from the data they contain . Mantle velocities deduced from 

earthquake data on several Russian earthquakes are in excellent agreement 

with results of Soviet deep seismic sounding . 

* Work performed under ARPA Order No. 193-64. 
** U. S. Geological Survey, Denver, Colorado. 
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by 

Robert G. Rodriguez** 

INTRODUCTION 

The possibility of determining seismic-wave velocities and crusta l 

structure in t he Soviet Union by an ana l ys i s of pub l ished earthquake data 

i s worthy of i nvestigation becau se information concerning crusta l s tructure 

and the ve locity of se ismic wa ves wi thin the crust and upper mantle is no t 

ava i l able f or l arge area s of t he U. S.S.R. A prel i mi nary i nves tigat ion 

us i ng published Sovi et earthquake bu l l e tins as a da ta source ha s yielde d 

intere sting results . 

Th e government of the Soviet Un i on maintains and op erate s a ne t of 

abou t 100 se i smic observator ie s. The h ighes t s tat ion densi t y i s along the 

southern border of Ru s sia i n the r egions of greatest se i smic act ivity ; 

ne.mel , , t n the mountainous a r ea s of central As ia encompas sing t he Russian 

s ta t e s nor t h of and a dj a cent to Iran, Afghanistan, and western Sinkiang, 

a nd , to th e we s t, in the r eg i on of t he Caucasu s between the Black Sea and 

th e Ca spi n Sea. Much of the Soviet e f fort i n prob i ng t he crust of the 

ea r th by deep se ismi c sound i ng ha s been expended in the centra l As i a n reg i on, 

perm' t t ing a compar i son o f the re sul t s derived from proce s si ng t he pub i shed 

ear t hquc.ke dat a \Ji. t:1 t .. ose dE: j 1ced f r om deep seismic sound ing (F ig , 1 • 

* Work pe r for med under ARPA Orde r No. 193- 64 . 
** U. S. Geo l ogical Su rvey, Denve r , Colorado. 
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Figure 1.--Location of Soviet seismic-refraction profiles and mantle velocities. 
{A - Godin, and others, 1960; B - Riznichenko, 1960; C - Ulomov, 1960; and D - Kosminskaya, and others, 

1958). 



SOURCE OF DATA FOR CENTRAL ASIAN EARTHQUAKES 

The Academy of Sc i ences of the USSR regularly publ i shes data recorded 

by the Soviet sei smic sta tions. Prior to 1962, the da t a were published by 

t he Aka demiya Nauk USSR Council on Seismology in quar t er ly bulletins 

enti t led Bullet i n of the Ne t of Seismic St a tions of th~ USSR. This serie s 

seems to have been discontinued some time during 1961 and replaced in 1962 

by a new series of month ly bulletins , publ ished by the Akademiya Nauk USSR 

Institute o f Earth Phys ics ] entit l ed Seismo l og ic a l Bulletin of the Net of 

Seismic Stations of ~h~ .!JSSR. I nfor mat i on contained in the t wo bulletins 

is identical in forma t. 

Da ta in t he ear l i er bulletins is g iven in 3 tab l e s . The f i rst 

constitutes a list of all th e earthquakes for which epicenter s we r e 

de t e rmined . The second tab l e presents detail ed i nforma tion concern ing 

severe earthquakes. Its da t a are of pr imary interes t for the dete rmination 

o f t he velocity of prop aga t "on of sei smic. waves ( Fi g. 2). The third t able 

lis ts all earthquake s r ecorded at each individual station. 

ANALYSI S 

The present analysis of Soviet earthquake data consisted primari l y of 

reducing the data to basic travel-time curves of the P0 wave , and calcu­

lating the velocity by the method of least square s . 

Initially, velocities were determine d mathematically wi t hout actually 

plot ting the data or considering the az imuthal location of recordi ng 

stations . This procedure did not provide adequate information on the 

variations in mantle veloc i ties and was abandoned . La ter calculations made 

on trave l -time plots of earthquake data r eco rded by seismograph stations 

situated along a linear profile seem to give super ior results. ( Riznichenko, 

1960 ) . 
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Explanation : 

Record ing station 
Epicentral distance in kilometers 
Epicentraf distance expressed in degrees of ar c 
Arrival time of indi cated wave (compressional ) 
Arrival time of indicated wave (transverse) 
Period o f maximum qisplacement of the so~l 
Maximum amplitude of soil displacement (microns) 
7 north-south 8 east-west 9 vertical 
Other arrivals 
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Selection of data is an important part of the analysis. An estimated 

15 percent of the 200 or more earthquakes of magnitude 4 and above that 

were examined in this study have given acceptable values for Pn velocity 

and reasonably linear travel-time plots. The percentage of useable data 

increases as the magnitude of the earthquake increases. However, as the 

magnitude increases , the number of earthquakes of that magnitude decreases 

and the analyst is again faced with the dilemma of quality versus quantity. 

Much of the area of the Soviet Union from which earthquake data is 

available in sufficient quantity for analysis is structurally complex. 

The marked changes in structure cause considerable variation in the 

velocity of seismic waves J making it difficult to establish an absolute 

Pn velocity for a particular area ( Godin~ and others, 1961; Ulomov, 1960; 

Kosminskaya, and others, 1958). The fol lowing criteria, which establish 

a definite azimuth sensitivity t o the resulting velocity values, have been 

observed i n th e se l ection of data for analysis: 

1) Da ta must be derived from earthquakes of magnitude 4 or greater; 

2) The epicenter o f the earthquake must lie within 200 or 300 

kilometers of an area of high station density; 

3) The geographic distribution of the epicenter and recording 

stations must be such that they lie along a reasonably straight 

line; 

4) Data must contain enough upper-mantle refractions to make a Pn 

velocity determination feasible. 

After selecting a particular earthquake consistent with the above 

criteria, the data on the Pn phase contained in the bulletin were reduced 

to a travel-time curve. The epicentral distances reported in the Soviet 
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bulletins are questionable and \-tere disregarded in favor of computed 

distances from a comput e r program that computes surface distance by the 

cent r a l angle method, correcting for the ellipticity of the earth. 

A comparison be tween the repor t ed epicentral di stance and the calculated 

ep icent ral di stance is shmm in Table 1. In nearly every ca se the 

computed dis tance i s greater than the distance reported i n the bullet i n. 

Use of the computed di stances gen erally has the effect of raising the 

apparent velocity of th e sei smi c '"aves. For earthquake 1365, from which 

the data of Tab l e 1 have been t aken, t he calculated velocity of Pn based 

on bu lletin values for epicent ral di s tance is 8 .0 km/sec. Computed 

epicentra l distances r a i s e th is value to 8.2 km/ sec. Although the vel oc i ty 

values derived fr om da ta on earthquake 1365 are themselves suspec t, they 

do serve t o point out the dif ference arising from the use of "measured" 

bullet in di s tance s and "ca l culated" epicent ral distances . 

Seve r al t ravel- time curves plotted from data on Sovie t earthquakes 

are i nc l ude d i n the nppendix. brief statement explaining the signifi-

cance o f par ticu l ar p lot s i s also i ncluded where necessary. Plots and 

da ta are r e fe r r ed to by number s that have been assigned by the Russian 

seismolog i s t s . The sequence begins with number 1 on J anuary 1st and 

enumera t es th e events occur ring in a particular "zone" for the duration 

of the year . Travel- t ime plots and subsequent ca lculat ions were usually 

made over t he dista nce range 20 - to- 1000 kilometers from the epicenter. 

This ran~e t ends to cancel the major effects of focal depth on velocity 

near the ep icen te~ , nnd th e replacement of the Pn wave as t he first 

arrival at distances gr eate r than 10 degree s ( 1100 kilometers). The 

travel-time curves reproduced in th i s report represent data from profiles 

6 



Table 1.--Comparison of reported epicentra1 distance with calculated 
epicentra l distance for earthquake 1365 

I{eported Cal. culatea 
epicentra1 epicentra1 
distance, distance, Difference, 

Station lan km km 

Garm 30 34. 5 + 4.5 
Obi-Garm 50 50 .0 + 0.0 
Dzhirgatal 100 100.5 + 0.5 
Khorog 18o 172.7 - 7·3 
Fergana 225 225.2 + 0.2 
Namangan 270 28o.6 + 10.6 
Andizan 285 289 .9 + 4.9 
Tashkent 295 --- ---
Samarkand 300 305 .6 + 5.6 
Chimkent 4oo 4o6.9 + 6.9 
Naryn 565 573.2 + 8.2 
Frunze 58o 587.5 + 7·5 
Rybach'ye 635 650.4 + 15.4 
Bairam-A1i 700 726.4 + 26.4 
Fabrichnii 700 714.7 + 14.7 
A1ma-Ata 745 756.2 + 11.2 
A1ma-Ata 2 765 783.6 + 18.6 
Przheralsk 795 8o5.0 + 10.0 
Ashkhabad 1030 1046.7 + 16.7 
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parallel or coincident with profiles studied by the Soviet scientists 

with deep seismic sounding methods and from the records of earthquakes. 

The results of the Russian work place the Pn veloci t y at 7.9 km/sec. 

Velocities arising from the use of data contained in Soviet earthquake 

bulletins vary individually from 7.9 km/ sec but when several are con­

sidered together, the predominant or "weighted" average ve locity of the 

group i s in excellent agreement with the Soviet value. In the case of 

earthquake 990 (Figs. 19 and 20) , where the profile assumes a more 

northerly trend, the velocity increases toward the value of 8.1 km/sec 

shown in Figure 1. An increase in velocity was also noted for other 

earthquakes whose epicentral locations favored a north-trending profile. 

CONCLUSIONS 

Published earthquake bulletins are a reasonable source of crustal­

structure information as long as the seismograms from the Russian stations 

remain generally unavailable . The accuracy of data for a single earth­

quake will not yield conclusive evidence regarding mantle velocities, but 

a system of processing selected quantities of Soviet data on an individual 

basis, followed by treatment of the individual results by statistical 

methods, will give relatively dependable values for seismic wave velocities. 
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(526) July I , 1957 

APPENDI X 

Earthquakes 526 and 804 

time~ 11h42m1os location: lat 37.5°N; l ong 69.0°E 

magnitude ~ 4 3/4 depth of focus = normal 

(804) October 5, 1957 time~ 2i'4om46±2s location: lat 37 .6°N; long 69.4°E 

magnitude = ? depth of focus = 80 kilometers 

The travel-time plots of earthquakes 526 ( Figs. 3 and 4) and 804 ( Figs. 

5 and 6) show a definite change of Pn velocity over the Frunze- I li section 

of the curves relative to the Dzhirgatal-Andizan section. Whether this 

change should be attributed to inaccuracies in the data or changes in crustal 

structure or other complications is uncertain. Soviet deep seismic sounding 

data support a marked thinn ing of t he crust in the Frunze-Alma-Ata vicinity 

(Kosminskaya, and others , 1958; Ulomov 1 1960) which would undoubtedly 

increase the apparent velocity of Pn waves in the area , but data from other 

earthquakes do not exhibit an increase in velocity over the same interval. 
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Earthquakes 361, 365, and 373 

(361) Sept. 12, 1962 time: 2oh57IIl008 location: l at 36.4°N; long 68.7°E 

magnitude = ? dep th of focus = 50 kilometers 

(365 ) Sept. 13, 1962 time: 1~45m58s location : lat 36.4°N; long 68.7°E 

magnitude = ? depth of focus = 50 kilometers 

(373) Sept . 18, 1962 time: 05h23mo5s loca t ion: lat 36 .4°N; long 68 .7 °E 

magnitude = ? depth of fo cus = 50 kilometers 

The travel-time plot of earthquakes 361, 365, and 373 (Figs. 7 and 8) 

i s a composite of data from all three ear thquakes. Travel times from the 

epicenter to the recording stations varied, according to bulletin data, from 

0 to 3 seconds for t he three different earthquakes. A weighted average of 

the travel times from each report was used t o construct a travel- time curve 

which yields a Pn velocity of 8.1 km/sec . I t is i nteresting to note that 

while the composite ve l oci ty is 8.1 km/sec, the individual velocities were 

(361) 8.3 km/sec, (365) 8 .2 km/ sec, and ( 373) 8.3 km/sec respectively. The 

composite velocity doe s not represent the average velocity value of the group 

and its significance is not clear at the present time. 
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Earthquake 1365 

( 1365) December 20 , 1960 time: 20h43mo4s location: lat 38.69°N; long 70 . 29°E 

magnitude = 4~ depth of focus ~ 10 kilometers 

Earthquake 1365 demonstrates the difference in calculated Pn velocity (Figs. 

9 and 10) arising from the use of epicentral distances published in the Soviet 

bulletins and epicentral distances calculated by the central-angle method . 
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Earthquakes 45 and 387 

(45) January 13 , 1957 time: 11h38m17s location : lat 38.77°N; long 70.58°E 

magnitude = 5 depth of focus = 10 kilometers 

( 387) l'Iay 9, 1957 time : 08h44m19s location: lat 38.8°N; long 70 .5 °E 

magnitude = 4~ depth of focus = 10 kilometers 

Data from earthquakes 45 and 387 (Figs. 11 and 12) have been plotted 

together to emphasize the difference in data from two earthquakes exhibiting 

the same Pn velocity. The greatest scatter is seen in the plot of earthquake 

45 for which J according to the Soviet bulletin, the epicenter was determined 

to 0.01 degree. The less accurate epicenter determination for 387 provides a 

more - linear plot. 
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Earthquakes 182, 285 , 414, and 990 

· ( 182) June 19 , 1962 

magnitude = 4 to depth of focus = normal 
4-1/4 

(285) April 4, 1957 time: 11h36m22s location: lat 36.1°N; long 69.9°E 

magnitude = 5 depth of focus =? ( deep ) 

(414) November 1, 1962 time: 1 3h4~31s location: lat 37.8°N; long 70.1°E 

magnitude = 5 depth of focus = normal 

(990) November 26, 1957 time: Ocft4lm33s location: lat 37.1°N; long 72.5°E 

magnitude "" 4 depth of focus = normal 

Travel-time plots and t he location of recording stations for earthquake 

182 are shown on Figures 13 and 14; for earthquake 285 are shown on Figures 

15 and 16; for earthquake 414 are shown on Figures 17 and 18; and for earth-

quake 990 are shown on Figures 19 and 20. 
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Figure 15.--Epicenter and profile location for earthquake 285. 
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Figure 16.--Travel - time curve for earthquake 285 constructed from data in Soviet earthquake bulletins . 
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Figure 17.--Epicenter and profile location for earthquake 414. 
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Figure 18. -- Travel-time curve for earthquake 414 constructed from data in Soviet earthquake bulletins. 
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Figure 19.--Epicenter and profile location for earthquake 990. 
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Figure 20.--Travel-time curve for earthquake 990 constructed from data in Soviet earthquake bulletins. 



Earthquake 238 

(238) August 19, 1962 time : 18h26ffi38s location: lat 44 .7 °N; long 81.4°E 

magnitude = 6 to 
6-1/4 

depth of focus = 25 kilometers 

The location of the epicenter of earthquake 238 ( Fig. 21) makes it possible 

to construct a travel-time curve representing a general reversal of direction 

over previous plots. Figure 22 is a travel-time plot constructed over the . 

interval from Chilik to Tashkent. Calculations made in the direction Chilik-

Obi Garm show a Pn velocity of 8.06 km/sec. 
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Figure 21.--Epicenter and profile location for earthquake 238. 
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Figure 22.--Travel-time curve for earthquake 238 constructed from data in Soviet earthquake bulletins. 
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