THE NEW ELEMENTS ON THE MAP OF SEISWIC ZONING
V.I.Bune'’

Synopsis

The zones of probable generation of earthquake sources
differentiated accordinzg %o their depths znd i s a8 well
as quantitative assessments of the prohabilit?mﬁf shakings
are new elements on the map of seismic zoning. An example
of the map with new elements is presented.

Introduction

In the USSR, USA, Japan, I%aly and other countries
different methods of seismic zoning (SZ) were proposed with
the aim to satisfy constantly increasing demands on the
contents, accuracy and reliability of the maps of SZ.

In general these demands come o the followings

1. The seismic danger of a region is detvermined by -
the maximum or probable intensity of shakingsend the pre-
sence of probable seismic sources zones (SSZ) with differ-
ent magnitudes. On the basis of studying SSZ, regions with
the intensity 6, 7, 8, 9 and more are distinguished. IV is
assumed that on other territories the intensity is 5 and
less. The SSZ are differentiated by the M and the depths
of seismic souxrces. The necessity of the evaluation of

" is connected with the dosign of the buildings with

regard to the dynamic loads using typical accelerogranms,:
velocitygrams and seismogrems. %The scale of future cata-
strophes can also be evaluated by the correlation boetween
the M and areas with the intensity of shakings9, 8, 7.

2+ The map of S2Z should also contain information of
the poscibllity of shakings with various intensitys mean
timc intervals between strong earthquakes, possibility of
& strong earthquake in {the nearest 10-50 years etc. Thesc
dﬁta ihould be accompanied by information about dispersion
of values. '

3. The method of using parcmeters presented on the map
of SZ should be indicated when designing buildings with
ragard to dynamic loads.

Hovieover, the maps of SZ which would satisfy all men=
¥ioned demands zre not yet compiled.

In the USSR a new map of SZ has been compiled by the
method schematically presented or Fige. 1. A detailed account
of the method is given in /1/. Using this method initial
celsnologicel data vere reconsidercd, e complex interpre-—
%ation of seismological, geological and geophysical data
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was done to compile models of the maps of SZ of the
republics and some seismoactive zones. On the basis of
the authors’'models were prepared models of the regional
maps, which included zones where intensity was 6 and more.
This work has been done by the editorial board (editor-in-
chief Academician M.A.Sadovsky).

A8 an example, on Fig. 2 the region: the Crimea =
the Caucasus-Turkmenia is shown. Author!s’medels were pre-
sented by the following institutes: '

For the Crimea - the Seismological department of the
Institute of Geophysios of the Academy of Sciences of the
Ukrainian SSR3;

For the Georgian SSR - the Institute of Geophysics and
the Institute of Geology of the Academy of Sciences;

For the Armenian SSR -~ the Institute of Geophysiocs and
Engineering seismology of the Academy of Sciences and the
Erevan S8tate University;

For the Azerbaijan SSR - the I.M.Gubkin Institute of
Geology of the Academy of Sciences;

For the Dagestan autonomous SSR - the Institute of
Pl;,y:ios gga the Dagestan Branch of the Academy of Sciences
o e T .

For the North Caucasus - the Grozany Oil Institute of
the Ministry of Higher Education.

For the Turkmenian SSR - the Institute of the Physics
of the Barth and the Atmosphere. of the Academy of Sciences.

Dist%gguim features of the legend of the new map
0. as_compared %0 previous maps o .
As before, the basic load of the map falls on areas

with the intensity of sbakings6,7,8,9 and more than 9. The
difference comes to the following:

1) On the new map of SZ the most probable SSZ arse
presented. These zones are distinguished by the Mooy 3

6,1 - 7,03 7,1 -~ 8,03 8,1 and more. Theoretical isoseists
(fig. 55 and probable isolines of X, x and x/2,3/ are
included in.the legend of the map.

2) Another new element is the data on the possibility
of shaking with some intensity. The possibility of shakings
in Fig. 2 is shown by indexes near the figures of intensity
in the given zones 7,, 7,, 7z and so on. These indexes -
correspond to the meg.n raeu.téenco once per 100, 1000 and
10.000 years or the probsbility - 0,5; 0,95; 0,945 that the
event with the given intensity would not take place in the
nearest 50 years. It is necessary to mention that% the in-
tensity of shakinﬁon the usual maps of 8Z is not +the
maximum possible intensity, but only probable. On the new
maps its pro®ishility is determined more carefully.
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3) On the map (Fige 2) the epicentres of previous
destructive earthquakes are shown. The epicentres are pre-
sented as signs of different size according to M divided
into the following groups:s 5,1 = 6,03 6,1 - 7,03 7,1 - 8,03
8,1 and more. The class of accuracy of the location of
epicentres and the depth of hypocentres are shown. All
epicentres are divided by their accuracy into three cate-
gories: the most precisely determined were epicentres for
19561974 (thick contour); not so precisely-epicentres
for 1911-1915 (thin contour); probable epicentres of de-
structive earthquakes for the beginning of the XX century,
XIX century and earlier are shown by a broken line.

For the well studied earthquakes with M-more than 7,1
isoseists of intensity 9 are shown (or contours of - zones
of aftershocks for the earthquakes in oceans and seas).
The year of the earthquake is also showm.

The shallow earthquakes with the depths less than
70 km are shown by circles; if the depths are more, the
epicentres are shown by triangles.

The delineation of SSZ and evaluation of the tendency.
of development of seismic processes in these zones in the
nearest decades is the most complex and responsible task
in the SZ. Difforent methods were proposed and used for
the complex numerical interpretation of geological and
geophysical data with the aim of delineation of SSZ.

Complex interpretation of seismological, geological
and_geophysical datas

Systematic ways of the delineation of the SSZ and the
studying of the correlation of seismicity with the pecu-
ligrities of the structure of the Earth crust were worked-
out in the Caucasus, the Middle Asia and East Siberia /1/.
Numerical methods of the interpretation of geological and
goophysical data with the aim to recognize the SSZ and to
evaluate M are of principal interest /1 .

The numerical ways were proposed in /4/ for the inter-
pretation of a large number of various geological and geo-
physical parameters, rather complexely connected with
geismicity, with the aim %o delineate SSZ for three cate-
gories of 1 . ¢ My = 6.1/2 =~ 1/2; M, = 5.1/4 + 1/2;

M, = 4 + 1/2. The papers /5,6/ contain the desecription of
i;ﬁe preparation. of geological and geophysical data with the
2im of using them for numerical interpretation. The method
of the delineation of the S5SZ with differeant s doscribed
in /4-6/, should not be considered separately, without any
connection with the studies of geological and geophysical
causes of the generation of earthquakes. In each new region,
it is necessary to solve the problem described in /4-6/
anew from the beginning to the end. An attempt was made to
transfer the criteria worked out for the Caucasus, to the
Carpathian region. In this case /6/ on the one hand were
delineated the S8Z with M = 6.1/2 + 1/2, when there were

no data to prove that such earthquakes were possible, on

852



the other - in zones where M . was evaluated as 4.1/2,

5.1/2, earthquakes took place with M = 6,7-6,8 (Bulgarias
Shabla 31.3-1901, Gorna-Orachovica 14.6-1913).

The method of pattern recognition of the intersection
of morphostructures as the SSZ is proposed in /7,8/. This
method was already used in some seismoactive regions of the
- Barth and it deserves serious atteniion. It is necessary to
develop this method, as in the Middls Asia, where this -
method was used, the Kyzyl Kum desert with strong earth-
qggkesdin 1929 (M = 6,5) and in 1976 (M=7,3) was not con-
sidered.

Yu.V.Riznichenko and E.A.Dzibladze proposed a method
of the correlation of geological and geophysical data /9/.
This method, on the one hand, is not comprehensive enough
(for example, in the Caucasus is delineated a large area
where earthquakes with 11=6 are possible} on the another
hand, one can not be sure that the evaluation of L S is
precise.

The distinguishing of the SSZ with M = 6,0 is the key
question for the basis of the maps of S2. This problem is-
not yet solved with the necessary detailing, accuracy and
reliability, as follows from above-mentioned publications.
In connection with this, when delineat the S5Z on Fig.2,
geological criteria of seismic danger /1/ were used.

Bvaluation of the probability of the intensit
7.8 end 9 in Lthe nearess 50 years L

Calculations based on the recurrence of earthquakes
with different M or energetical classes K were used for the
ovaluation of probability of earthquakes. The evaluation of
probability was done for zones with intensity of shakings
7,8 and 9. In most cases there are only scarse statistical
data for the evaluation of probability of shakings with
intensity 6.

The. probability was evaluated that aqn earthquake with
the intensity, accepted for this zone, would take place not
carlier, than in 50 years from any arbitrarily chosen
moment of time. Three types of zones were delineated. It
is possible to suppose that in the most dangerous -zones
with the probability approximately 0,5, n earthquake with
the intensity, indicated on the map for the given region,
would not take place in the nearest 50 years (the mean
recurrence period is 100 year). The soue can be assumed
with the probability 0,95 for less dangerous zones (mean -
recurrence period is 1000 years) and,. finally, for the
.least dangerous zones = the probability is 0,995 (the mean
recurrence perioed is 10.0C0 years).

The values of %the indicated probabilities are presented
on the map by the corresponding indexes - 132;3.
Long-term forecasting of seismic danger

The intervals of time between destructive earthquakes
even in seismoactive regions can amount to several hundred
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years. Thercfors, from the practical point of view, it is
essential that the tendency of the dc:avelopmept of ‘che_z
scismic process should be evaluated in the given region fpr
the neavesh decades. A successful Ilong-term forecasving
based on the analysis of seismological data was done for

the EKamchatlka /10/e

New elements, described cbove, were absent in all
official editions of maps of SZ of ;grevious years. It is
hoped that data on the SSZ with different Em,:ut of possible

earthquakes cnd the possibility of shekings will enable
+the users tako into account wany important elements of
seismic regime in their practical 'gvork when designing
safe buildings and other constructionse.
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Captions

Fige 1+ Block-~scheme of studies used for the construction
of the map of SZ.

Fige 2+ The map of SZ of the Crimea, the Caucasus and
Turkmenia.

Fig. 2a. The legend of the map of SZ and designations
' are in Fige 2.

Fige 3+ Probable isoseists of earthquakes of various
' magnitudes with foci within the c¢rust of the Earth.

855



®
i
!
f
ST

L _la1dvy

{ K

e am Om s e co S Gom wwn G e e = s bl k-

i iy .
: TR My im

! Lnmuns aﬂ'ﬂ!ﬂ- ! n*_m\twu Ry ou ”..%ht

| e

|

: w W h.lguﬂ_sﬁ FONNHHEE 19HOE
.Il"“lﬂ—“— — [} Le-ve
[ e mmuﬁm% -
'.\'llll'nllll:lllll"’— i“ﬂﬁ .Cﬁsn h h
191380V T H
— [ S R .u.lu.n.-p_

| pannmons0 13navy) ===
T s |
|
.w%ﬁ.??n&i?ﬂﬂh |
[IRTEIT T T pgeiparidipi i | - A -
WME'6 2'9C6 “ umﬂwuﬂa:xﬁﬂwﬂ.uu«lnumnm
. . - - . .‘( ) )
I oprivbveya | TR
e b L )
9z's 9z6 L I ]
Meoiniteo wavasl @.l_rﬂ.ﬁ | gy __| vy v
LHO4L0 Wi | pAMGDIL MIIVH; ¢ ﬁ %m. % 0 {
‘6 vZ'6 4¥) ¥l SHeq ! o ;
ec [ by “wy

856



SNHUUEHTPYI .
JEMNETPACENUM

h<80nm h>80ku M
O w
O A -8

O

o.

A er-10

A 51-60

FTNYBUHA

OY4Aros . KNACC 30HbI
SEMNETPACEHUN TOYHOCTH HIOANHNN BEPOATHOrO BO3HUKHOBEHHA
B BANALHOCTH OYArOB 3EMNETPACEHUM
O 70 - H€ 70k, HA 250k u
0 OD;@UO-.@N&:. 7 .N -, M>81 M=71-80 M=64-70 M>7,1
© o-10 O A a01956r —~2 ] EEEE EHD %
D u-2 {245 nomanpo- M3OCEWHCTHI 9-6
nomoxxﬂw- . -
® 21-40 CKAM ABHHbIM % 30HbI BONbLWEI(a) Unu MEHDbIWENH (6)
BEPOATHOCTU 3EMAETPACEHMI
® 4-80 30HA CM>73/4 B BAMIKAWME AECATUNETHA
A 81 -150 APTEPWOKOB
a 7
A 151-300 Wwww \\\k 6
1904 ;
A >300

o
. .
pCTRP T

FIGURE - 23

*A- s

_ oo ___mct2 |
5 Baupam-Anu

 \ 2B
a5
e:?o = % au

\
48°

FIGURE - 2

- 857



BEPOATHLIE

M3OCEUCTHI 3EMAETPACEHMUIM
M=75

M=7.0

—— IX
Vil

Vil

@5_ vil

vii

50 100 150 200km

¢ —

FIGURE -~ 3

' 858



