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In 1957-1959 the Institute of the Earth's Physics of the Academy 
of Sciences of the USSB carried out geophysical and geological study of 
the earth crust and the upper mantle and of the seismicity of the Earth 
in the region of Kuril Islands, Kamchatka, Okhotsk sea and the zone of 
the region of Kuril deep water trench (Tuskarora) in the North Pacific 
basin in accordance with the IGY program. The main aim was to study 
the transition zone from the far rast side of the Asia Continent to the 
Pacific Ocean (1_2). The detailed study of the seismicity itself and its 
connection with the deep structure in the south part of the Kuril Islands 
arc was one of the partial problems of the general plan. 

For the purpose of earthquakes study the Institute of the Earth's 
Physics together with the Sakhalin Complex Besearch Institute of the 
Ac. of Sci. of the USSE two years ago organized the system of high sen-
sitive seismic stations which continue observations in 1960. The situation 
of the stations and the district of works are shown on fig. 10-11. 

These stations were supplied by regional seismographs Yegik and 
galvanometers GB-1V (M1 = 1,0 kg, I1 = 0,1 m, Kx = 10"3 kg/m2). 
These devices are described in paper (3~4). 

Begistering traces of the stations have the same frequency response 
(fig. 1); the response is steeply cut down towards low and high frequencies 
which is necessary for eliminating of storm microseisms and wind noise, 
their level being very high on the Kuril Islands. 

Each station has four registering traces. Three of them have magni-
fication Fm a x = 10000. The fourth has Fm a x = 500. The recording 

(*) Paper read at the Helsinky Assembly of the I.U.G.G. 1960. 
(**) The Ins t i tu te of the Ear th ' s Physics, Academy of Sciences of 

the USSR. 
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speed is equal to 240 mm/min. The errors in determination of absolute 
arrival times of seismic waves are not more than ± 0.2 sec. which makes 
it possible to determine epicenters and earthquake depths more accurately. 
I t is possible to get the information about the seismicity of studied region 
in short time using the described devices. 

v 
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Fig. 1 - S tandard frequency responce of a t race 
of a seismic Station of the Soutli Kuril System. 

At the present time the metliodics to determine the source coordi-
nates and to estimate earthquake energy in the South-Kuril zone by 
recordings of regional station is developed. 

y. 
D E T E R M I N A T I O N O F R E L A T I O N S V = V(h), ~ = /(7T) A N D M A S S D E -

v s 
T E R M I N A T I O N O P S O U R C E C O O R D I N A T E S . 

In the South Kuril zone very many earthquakes happen with sour-
ces situated mainly under the Ear th crust. I t is necessary to allow for 
the refraction of seismic waves at the bottom of the crust when epicen-
ters and source depths are being determined. 

The method of " mass determination of source coordinates " sug-
gested by U.Y. Riznichenko had been chosen (5). 

The method is convenient because it enables us to determine epicen-
ters and source depths quickly and with high accuracy for any distri-
bution of seismic wave velocities with depth. This method can be used 
if the law of velocity change with depth is known. That is why the study 
of such change preceded the mass determination of source coordinates. 

The mean velocity of Active seismic waves V's-p in the Ear th crust 
was determined using travel-time curves of weak earthquakes (fig. 2). 
I t occured that in the crust of the South Kuril Islands V's-p = 8.4 km/sec. 
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According to the preliminary data of the deep seismic sounding (2) 
the thickness of the Earth crust under the Kuril Islands and the adja-
cent shelf equal to 20-30 km. 

Fig. 2 - Travel time curves of earthquakes with source depths 5, 10 and 20 km. 
Mean velocities of seismic waves in the crust of the I tu rup Island. 

To determine seismic wave velocities in the upper part of the Earth 
mantle near earthquakes with source depth 30-120 km and with 
coordinates known with errors less than ± 10 km were used. 

We did not succeed in determination seismic wave velocities in this 
part of the mantle by the customary method using times of seismic wave 



122 FEDOTOV, AVERJANOVA, BAGDASAROVA, KTJSIN, TARAKANOV 

arrivals directly to the stations. The reason was that the velocities in the 
crust differed from that ones in the mantle and seismic rays refracted at 
the crust bottom. I t is well known that velocities in the upper part of 
the mantle undergo a little change, (see, for example (6)). Therefore if 

Fig. 3 - The dependence of t ime at the depth 30 km upon the source depth, 
a mean velocity Vs—p in the upper par t of the mant le under the contin-
ental slope of the deep water through. 

the tunes of seismic waves at some depth near the crust bottom were 
known the problem of further determination source coordinates and velo-
cities in the mantle would be not complicated. 

In this work the times [$-P] sec. recorded on the stations were 
recounted into the times [$-P] H l = 30 sec. for the depth 30 km under 
the stations using auxiliary nomograms. In this recounting the mean 
velocities at depths less than 30 km V'S.P = 8,5 km/sec., V'p = 6,1 km/sec. 
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and at depth more than 30 km V"s.p — 10,5 km/sec., V"P = 7,8 km/sec. 
were accepted. I t can be show that if: 

1) the errors in a preliminary determination of source coordinate 
are not more than ± 10 kin, 
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Fig. 4 - The relation Vp/Vs = j(li) for South-Kuril earthquakes. 

2) the mean velocity in the crust changes in the range 8.25 km/sec. 
< V's.p < 8.75 km/sec., 

3) the depth of the Mochorovichich boundary changes in the 
range 25 km < II Mocho < 35 km; 
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4) the mean velocity in the upper part of the mantle changes in 
the range 10.25 km/sec. < V"S.P < 10.75 km/sec. 

then the errors in recounting are not more than + 0.2 sec. The errors in 
determination of arrival times using the records of the South Kuril 
system are of the same order. Consequently the described recounting is 
admissible. 

After the recounting arrival times to the depth 30 km the new — 
more precise — epicenter position was determined by use of several 
methods. 

At the same time source depths relating to the level / / , = 30 km, 
and mean seismic wave velocities were being determined using 
the method of theoretical travel-time curves by U. V. Riznichenko (5). 
On fig. 3 the dependence of time at the depth 30 km under 

the epicenter t"^ 3" upon the source depth h is shown. If follows 

from this curve that in this district Vs.p = 10.6 km/sec. at depths 
30-100 km. 

By Yadati curves the ratio Vp/Vs for earthquakes with different 
source depths was determined (fig. 4). At depths 30-100 km the mean 
value of Vp/Vs cu 1.74; consequently mean velocities of P and 8 waves 
at these depths are: Vp — 7.8 km/sec. F s = 4.5 km/sec. At depths 50-80 
km the reduction of Vp/Vs till 1.71-1.72 is marked. This means that if 
Vs.p = const Vp and Vs undergo some reduction at these depths. 

Using the obtained values of velocities the travel time curves of 
seismic waves for the South-Kuril zone were calculated. 

S E I S M I C W A V E S E N E R G Y D I S S I P A T I O N I N T H E E A R T H C R U S T A N D T H E 

U P P E R P A R T O P T H E M A N T L E , T H E E N E R G Y C L A S S I F I C A T I O N O F T H E 

S O U T H K U R I L E A R T H Q U A K E S . 

According to our data, the main part of earthquakes in the South 
Kuril Islands occur under the crust at depths 30-120 km. To all appea-
rance the sources are situated higher as well as deeper the upper boun-
dary of " asthenospere " where — according to Shebalin data (7-8) — 
the screening or very strong energy dissipation begins. I t is well known 
that magnitudes M of Kuril-Kamchatka earthquakes are anomally 
reduced when M are determined by use of the Fare-Eostern stations 
data (9). This anomaly is caused apparently by peculiarities in the 
structure of the upper part of the globe in the Island arc region. 
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Consequently it was impossible to use any ready scale to determine 
the energy of near undercrust earthquakes in this region. Evidently 
this classification must be carried out estimating the body waves 
energy. 

In the best case it is possible to draw experimental curves e = s(r) 
not nearer to the source than r = h where h is the source depth, s is the 
seismic waves energy flux per unit area, r-hypocentral distance. 

Fig. 5 - The reduction of the energy flux of seismic waves with distance 
c = e ( J ) for weak earthquakes in the South Kuril Islands crust. 

1) for separate earthquakes; 2) the mean curve. 

To estimate the decreasing of this flux for r< h it is necessary to 
know the geometrical divergence and chiefly the seismic waves energy 
dissipation in the Earth crust and in the mantle. 

The dissipation of seismic waves in the crust and in the mantle can 
be estimated analyzing the curves s = e(A) for earthquakes with different 
source depths, where A — is an epicentral distance. The curves e = E(A ) 
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for earthquakes with source depths 0-10 km 30-60 km, 70-100 km were 
drawn (fig. 5, 6). e was determined by the formula: 

rP + [1] 

Fig. 6 - Mean curves e = e(A) for the South Kuril ear thquakes with source 
depths 0-10 km, 30-60 km, 70-100 km. 

where q — the density and F s the mean velocity of S waves at depths 
0 — 1 km, Tp} s — the duration of the group of intensive vibrations in P 
and S waves, T — the predominant period of waves in the group, 

— i t " i1/* 
A = — Z A*[ 

n (i=i | 

where At is the amplitude of a separate vibration and n is the number 
of vibrations in the group of duration r. 

The formula accounts for the doubling of amplitudes at a free 
boundary admitting that the main part of the energy is transported by 
SH waves. 
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The fact deserves an attention that s of undercrust earthquakes 
decreases with A as quickly as s of earthquakes in the crust (fig. 5, 6). 

Pig. 7 shows the experimental curve e = e(zl) for earthquakes in 

the crust and theoretical curves s = , e — - J j . Obviously the observ-

ed waves are not refracted waves; the energy of the last ones must 
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Fig. 7 - On the estimation of energy dissipation of seismic 
waves in the crust. 

decrease quicker than e = . The travel-time curve of these weak 

earthquakes (fig. 2) shows that for epicentral distances from 35 km till 
at least 100 km the waves may be considered as direct ones. Then we 

can admit that e (A) & ( j e~a^ for A > 35 km and source depth 0-10 km 

where a is dissipation coefficient and 

-a(A 2-AJ b (A2)A2
2 

= -eiAJAS [2] 

Using formula (2) it had been found that for 35 km < A < 1 5 0 km 
cii = (0,009 = 0,001) km"1. The obtained value ax is in fact the estimation 
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of energy dissipation coefficient for S waves in the curst at frequencies 
3-5 cps which predominated on earthquake records. 

The following factors determine the value e(A) for earthquake in 
the upper part of the mantle: a geometrical divergence of the energy 
from a source to an observational point, losses in result of reflection at 
the crust bottom, interferention at the free boundary at the point of 
observation, energy dissipation in the crust and in the mantle. In our 
case it is easy to calculate the decrease of e in result of the geometrical 
divergence in the crust and in the mantle and the energy dissipation in 

Fig. 8 - Oil the estimation of the energy dissipation 
of seismic waves in the Ear th ' s mantle for earth-
quakes with source depth 30-60 km. 

1) mean experimental curve; 2) and 3) the theoretical curves drawn wi-
thout allowing for the dissipation in the mantle. 

the crust because the velocity distribution as a function of depth and alt 

are known. The losses in energy in result of propagation through the crust 
bottom were accounted for by means of known coefficient (10). It- had 
been admitted that the main part of energy is transported by SH waves 
and consequently the change of angle of emergence does not influence 
much upon the form of curve e(zl). 

Pigs. 8 and 9 represent curves E = £ (A) with all above mentioned 
factors allowed for except the dissipation in the mantle a2. 

Curves N. 1 and N. 2 of figs 8 and 9 are calculated for two extreme 
possible variants of velocity distribution as a function of depth. a2 had 
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been hound from comparing curves e = E(A) and E = E (A) by the 
formula: 

( V r ¥ i L ! ( ^ i M 4 ) roi 
~ e^AjeiAJ L J 

where r, and r2 — the lengths of path in the mantle for rays correspon-
dingly to A1 or A2. 

I t is not difficult to show that formula (3) gives the mean dissipation 
<u in the thickness of the mantle from a source to the crust. I t occured 

Fig. 9 - On the estimation of the energy dissipation 
of seismic waves in the Ear th ' s mantle for earth-
quakes with source depths 70-100 km. 

1) the mean experimental curve; 2) and 3) the theoretical curves drawn 
without allowing for the dissipation in the mantle. 

that at the depth approximately from 50 to 30 km a2 iv 0.007 km"1 

at a frequency near 3 cps and at the depth from 90-80 km to 30 km 
a2 0.020 km"1 at the same frequency. These figures indicate upon the 
strict increasing of energy dissipation of seismic waves deeper than ap-
proximately 50 km. 

Basing on data about the geometrical divergence, a and a2 the coef-
ficiens of reflection from the crust bottom and the experimental curves 
e = E(A) the nomograms to classify near undercrust earthquakes of 
the South-Kuril zone according to body waves energy had been drawn. 
The curves of the nomograms are the experimental curves e = E{A) or 
e = s (fS'-P) for earthquakes of some given range of depths. Levels of 
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curves corresponding to different energies in earthquake sources had 
been determined by calculating the decrease of energy flux per unit area 
from a source till some point at the surface of observation. 

T H E S E I S M I C I T Y O F T H E S O U T H K U R I L Z O N E . T H E E A R T H Q U A K E 2 2 H 

6. x i . 1958. 

Coordinates of sources and earthquake energies are determined by 
use of the described above methodics. As a great number of weak earth-

M q ; c h 1959 

Fig. 10 - The map of epicentres of the South-Kuril zone for March 1959. 
Inside the dotted line all ear thquakes with the energy E ^ 1010 joule 
are plot ted; " a " the fault plane strike for the catastrophic ear thquake 
of 0. xi . 1958. 

quakes is registered so epicenters for separate months are mapped. 
Eigs. 10 and 11 show two such maps. The dotted line denotes boundary 
of the region inside of which all earthquakes with depths 0-150 km and 
energy ~E = 1010 joule are clearly recorded by all regional stations and 
plotted on maps. 

Thus maps on fig. 10-11 adequately represent the seismicity in the 
considered region. Fig. 12 gives the vertival cross-section of the I turup 
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Island and deep-water trench. All the earthquakes with depths determ-
ined with errors not more than ± 15 km are ploted there. Fig. 12 shows 

flptil 1959 

Fig. 11 - Tlio analogous map" for April 1959. 

VERTICAL CROSS-SECTION OF THE EPICENTRAL ZONE ALONG THE LINE R B 

tJ-W 
fl O r 

^ Itueup 

k _ 50 ^ 100 ISO B 

IjQ 150 im 

Fig. 12 - The vertical cross-section across the epicentral zone, line AB. 
Notat ions for sources are t he same as on fig. 10-11. 

1) direction of the fau l t ; 2) direction of compression forces in tlie source of 
the ea r thquake 6 .XI .1958. The t rue position of the source can differ 
f rom indicated on this figure because its coordinates cannot be 
determined accurately. 

that the crust and the upper part of the mantle in the Sea of Okhotsk 
and under the South Kuril Islands have little seismicity in spite of an 
active volcanism on the islands in recent time. The epicenters are situat-
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ed mainly on the shelf side on the continental slope of the deep water 
trough. The dependance between the number and energy for these 
earthquakes is shown on fig. 13. 

The greatest seismical event in the South Kuril zone during the 
expeditional observations from 1.01.1958 till 1 . x i . 6 0 was the catastrophic 
earthquake which occured. 6.XI.1958 at 22h 58m. I ts approximate 
coordinates are cp = 44,2°N, X = 148,5°E, h = 90 km, M = 8.2. The 
earthquake aroused tsunami with the height 3 m on the South Kuril 
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Pig. 13 - The correlation between the number of ear thquakes and their 
energy in March-April 1959. 

Islands. The earthquake 6.XI.1958 determines the seismicity inside 
the area 44-45° N, 148-149°E on figs. 10 and 11. 

Hing sensitive regional stations were carrying out the observatives 
near the epicentral zone of this catastrophic earthquake for 11 months 
till the earthquake and more than 1.5 years after it. Data are interpret-
ated. 

The source mechanism of the earthquake had been defined by Y. N. 
Averjanova using the method of A.Y. Vvedenskaja. Using signs of displa-
cements in P and S waves of seismical stations around the epicenter two 
nodal planes for P waves and four nodal planes for SV and SH waves 
had been drawn (fig. 14). To answer the question which of the nodal 
lines coincided with the fault plane and to estimate approximately the 
dimensions of the source the times of increasing till the first maximum 
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on different stations had been used. The approximate linear dimension 
of the sources 2o can be found from the relation 2g = VpAt where At 
is the time of increasing till the first maximum and Vp is the P waves 
velocity. Pig. 15 a represents values 2o obtained from data of stations 

N 

Fig. 14 - On the mecanism of the ea r thquake 6 .XH .1958. 

1) Waves of compressions 2) waves of di latat ion; 3) tension; 4) compression; 
5) the nodal line Up = 0. 

for which the angle between seismic rays passing from the source and the 
vertical was 90° ±10°, that is, the rays were almost in the horizontal 
plane. Pig. 15b represents values 2g obtained from data of the stations 
with this angle being 26°-90°. In the second case all the stations are' 
situated in the sector of azimuths 296-320°, that is, in direction of the 
dip. According to figs. 15a, b the linear dimension of the source is 80 km. 
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The direction of fault plane strike is shown on figs. 10 and 11, the 
fault plane dij) is shown on fig. 12. The displacement in the sources had 
the character of faulting with great component along the strike. The 

north-west side of the fault sank displacing at the same time in south-
west direction. The direction of compression force coinciding with the 
axis of the main compression stress has the azimuth A, = 112° and the 
incidence angle i = 53°. 

C O N C L U S I O N 

In this work preliminary results of the interpretation of expeditional 
seismical observation on the South Kuril Islands are given. 

Mean velocities of seismic waves in the crust are: 

F s = 8 .4 km/sec, Vp = 6 . 1 km/sec. and F s = 3 .5 km/sec. 

Mean velocities in the upper part of the mantle under the Islands 
and the continental slope of the deep water trough at depths 30-100 km. 
are: 

Vs.p = 10.6 km/sec, Vp = 7.8 km/sec., Vs = 4 .5 km/sec, Vp/Vs = 1.74. 
The decreasing of Vp/Vs at depths 50-80 km for Vs.p = const and pred-
omination of velocities Vp = 8 km/sec. at Moho (2) withnesses for some 
decreasing of Vp and F s with depth. 
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Approximate values of dissipation coefficients of seismic waves 
energy are determined for the crust of the Islands and the upper part 
of the mantle under the Islands and the continental slope of the deep 
water trench. 

The mean value of dissipation coefficient at the frequencies 3-5 cps 
in the crust is a t = (00,09 ± 0,001) km 1 . The mean value of the same 
coefficient at the frequencies 2-5cps under the crust is: 

at the depths from 30 to 45 km a2 as 0,007 km"1 

at the depths from 30 to 85 km a, 0.020 km"1 

The values of these coefficients will be defined more accurately in the 
future. 

The dissipation of seismic waves in the considered region of the 
Islands increases at depths more than 50-60 km. This anomally quick 
decreasing of the energy flux with an epicentral distance for earthquakes 
with source depth 70-100 km cannot be explained by screening or by 
peculiarities in a geometrical divergence for all possible — according 
to our data — variants of velocity distributions. Seemingly, the 
main reason is the strong dissipation of seismic waves at depths more 
than 50-60 km. 

In the south part of the Kuril-Kamchatka Island arc the main part 
of earthquakes occur ander the continental slope of the deep-water 
trough at depths 30-120 km. Sources form a focal surface prolonging under 
the Islands. Largest faults in sources of the South Kuril earthquakes take 
place along this surface. 
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