SEISMIC INVESTIGATIONS IN THE VAKHSH AREA OF TADZHIK
REPUBLIC RELATING TC  LARG DAM CONSTRUCTION
PROJECTS

By BUNE, V.I.X)

The construction of several large dams is going to be
undertaken on the Vakhsh river in the Tadzhik republic. Seis~
mic forces affecting the dam are computed in terms of the Kc
coefficient which is obtained on the basis of the seismic
zontng map. The paper discusses the main principles in deve-
loping the seismic zonmng map of the Vekhsh area and the re-
sults obtained in studying the seismic conditions by proce-
eding from data on the recurrence of earthquakes belonging to
different energy classes.

K is the energy class of the earthquake (K = 1lg Ej )

ﬁk is the average number of earthquakes of class K in a

year according to long-term observations.
N

A is the seismic activity (Ao = g2 * 10%; S m)

X is the slope of the recurrence curve.

In the USSR when it is necessary to select the Kc coeffi-
ent for computing seismic forces affecting the dam, the seis~
mic zoningmap is consulted /1/. If the expected maximum of earth-
quake intensity is 7 degree, Kc is assumed to be 0.,025; for
8 and 9 degree intensities, Kéis 0.05 and 0,1 correspondingly.
The seismic zonal map for the USSR is drawn to 1:5 000 000
scale. Earth-quake regions where larg dems are going to be

erected have been the objects of special seismological and
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geological activities with a view to obtain more precise
seismic zonhy;maps[z’zL The present paper presents the re-
sults of seismological investigations in the Vakhsh area in
the Tadzhik SSR. Important seismological data have been col-
lected by the expedition sponsored by the Institute of Phy-~
sics of the Earth, the USSR Academy of Science,and the In-
stitute of Earthquake-proof Construction and Seismology, Aca=
demy of Sciences of the Tadzhik SSR. The investigation re-
sults obtained have contributed to the design of the 300-nm
high dam for the Nurek hydroelectric power station on the
Vakhsh.

1. Studying the Relationship Between the Sources of

Earthquakes and the Features of Geological Structure

and Developing the Map of Expected Maximum Earthquakes

Intensity

Fig. 1 shows the epicentral zones of strong earthquakes
with K>12 and the main faults in the Vakhsh area. Even from
the figure it can be seen that the sources of the earthqua-
kes mainly coincide with the 2zones of large faults. The
earthquakes grow in number where the faults branch out and
intersect. However, the analysis of materials presented in
fig. 1 fails to clarify a number of important points. Thus,
we‘know very little about the focuses of deep earthquakes
and do not know at all how the facuses are related to tﬁe
structure and faults at depths over 10 - 15 km. These faults
might possibly have been omitted by the compilers of geologi-
cal maps and their importance from the viewpoint of seismic

danger is almost unknown. m
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In order to obtain the necessary information a dense
network of highly sensitive seismic stations was set up.

Owing to the concentration of seismic stations around the
epicentral zones it possible to reduce the errors in determi=-
ning the coordinates of earthquake focuses to 15 km. For fi-
ve years the coordinates of about 2000 focuses of weak earthw
quakes were determined, and these testified to a definite re-
lation existing between the focuses and the faults. Fig. 2
shows the epicentres of earthquakes with K>9 for that period.

The data on the location of epicentres with reference to
the existing faults have been treated by the methods of mathe-
matical statistics[4’5l Thereby the conclusion that the ear®h-
quake focuses coincide with the zones of faults has been con-
firmed. The validity of this conclusion has likewise been cor—-
roborated by the investigation of the mechanisms of a great
many earthquakeéﬁl Proceeding from seismological data it has
been possible to show that the faults bounding the Gissar
valley on the North and South (Fig. 1) have steep incidence
Planes and extand to depths up to 40 km , i.e. they cut through
the whole earth crust.

Apart from the study of genetic links, the correlation
between the earthquake focuses and the features of geological
structure has been examined for evaluating the maximum inten-
sity of earthquakes. The maximum energy of the earthquake
is largely dependernt on the size of the geological structu-
re within which the stresses are concentrated. For the Vakhsh
region it was found convenient to examine the maximum earth-
quake force by drawing comparisons between the size of the

geological structures and the maximum force of those earthqua-
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kes which had already been recorded in those structures[BZ
Most essential for seismic zoning is the identificati-
on of Ist-category faults, viz. those of the Surkhob~Khans-
xin displacement zone or the Vakhsh boundary fault. The
Ist-category fault extends over nearly 1000 km and divides
large geological structures. In developing a seismic zonUg;
map it was assumed that at any point within this zone (ar-
bitrarily % 10 km north or south from the projection of the
fault on the earth surface)a 10-9 intesity earthquake of the
Khait or Karatag type is possible. To draw isolines separa-
ting zones of different intensity, should the earthquake sour-
ce occur in the vicinity of the Vakhsh fault, the isoseis-
mals of the Khait earthquake were used as a basis[7l
IInd=-category faults extend over 100-300 km and bound
particular geological structures. With respect to the IInd-
category faults it was assumed that at any point of such a
fault an 8-intesity earthquake of the Nurek type, on November 22,
1956, may occur. These data were used to map of maximum pos-

sible earthquakes on rocky ground (Fig. 3).

2., Evaluating the Recurrence of Strong Earthquakes

in the Vakhsh Region

The recurrence of earthquakes cannot be evaluated, un-
less the main parameters of the seismic regime, viz. A and X,
have been determined[al Equally important is to know the ac-
curacy of these parameters, to determine the stability of
seismic conditions and to study the variation of the main pa=

rameters with time. Let us consider the earthquake recurrence

curve (Fig. 4). 1130



Seismic parameters A and X can be computed from obser—
vations conducted during a certain period of time on the
earthquakes of three and more energy classes on the assum~
ption that the seismic regime is stable. The hypothesis abo-
ut the stability of seismic regime suggests that the parame-
ters A and X do not vary with time and X = const. for a
wide range of energy (K = 7-17). If this problem is to
be consideréd more rigorously to take account of possible er—-
rors, the stability of the seismic regime for a given region
implies that A and X’observed at different time intervals
should coincide up to a certain value & , and £X<GX’ where
GSX is the mean-root—-square error in computing X’ by the least~
~squares method according to long-term observations. For the
Vakhsh region according to the data on the earthquakes with
K=8-12 for 1930-1959 A= 0.26 T 0.04 and Y =0.51 I 0.02.
Corresponding to these constants are the following recurrences
of earthquakes: once in five years for K = 13, once in fifte-
en years for K = 14 and once in fifty years for K = 15. In
fact, during 30 years there were six earthquakes with K = 13,
one earthquake with K = 14 and one earthquake with K = 15.
The period of observations for K = 15 earthquaskes can be ex-
tended to 50 years, because since 1911 every strong earth-
quake in this region has been recorded by the tele-seismic
stations in Pulkovo, Tbilisi and Sverdlovsk and could not ha-
ve passed unnoticed. Thus, it can be assumed that in the
Vakhsh region there was not more than one K = 15 earthquake
for the past 50 years. The above data indicate that in the
Vakhsh region the observations conducted on weak earthquakes

( K = 8 = 12) have been used to evaluate the recurrence of
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strong earthquakes (K=13-15), which proved to be pretty clo-
se to the observed values.

The earthcguake recurrence Ek statistically computed from
the material of a given sample is an approximate quantity. It
will not aquire a definite meaning, unless the range in which
lies with a certain probability (reliability coefficient) the
virtual (constant) value of ﬁk is indicated. The interval
within which lie with the indicateduprobability the possible
values of ﬁk is referred to as fiducial interval. Fiducial:
probability (reliability coefficient) is chosen to conform to
a given significance level. The combined data from five-yesr
observations of weak K = 7 = 10 earthquakes made in expedit-
tions, and thirty-year observations of K = 11 =13 earthquakes
give a satisfactory answer for 5% significance level, viz.

one K = 15 earthquake, on the average, for 25 - 60 years.

3. Fluctuations of A and X Parameters in the

Vakhsh Area

If A and X are computed from observations made over two

different intervals of time, two cases are possible, if
zg..32‘<€5Xi , it may be assumed that the difference in

values is within the mean-root-square error in computing'Xlor
X;'and, apparently, we may consider that X1=¥ Xé. If, one
the other hand, XL—X;;7QSX » the question arises as to
how much the A and X quantities may fluctuate, and whether
there is a law in their variation.

The study of the variation of seismic-regime parameters
with time usually turns out to be a rather complicated matter;

because the amount of available material is quite inadequate.
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This is also true for the Vakhsh region. In the foregoing
paragraph the main parameters A and X were compubted
from the data on the earthquake recurrence ﬁ8—12 on the as-
sumption that the seismic process is stable, To identify
fluctuations and variations of A and X parameters du-
ring 30 years of observations, this range of enersy is
useless, because during that period only XK = 11 earthqua-
kes were probably recorded without omission9. The pumber of
such earthquakes is insignificant and only for the ten-year
period it is possible to compute Aﬂz and X parameters from
the data on the recurrence of K=11-13 earthquakes. Fig. 5
shows a curve illustrating the variation of A10 and X for
three different decades, In all cases A1O were computed from
A12 with 5’ =0.51. In fig. 5 these values of A o are repre-
sented as a broken line consisting of three segments. Plot-~
ted on the same diagram are the values of A1O for ten years,
obtained by the moving-~average method with one-year steps, a
smooth curve being drawn through these points.

As can be seen from fig. 5, the values of AﬂO vary with
time. The values of Aﬂo and J' for thirty years are compu-—
ted with the mean-root-square error G; (3). Plotted in fig.5
are these values and the respective zones of possible errors
within ¥3 . Departures of A, beyond 0.2433 @ 4 and

J values correspondingly in excess of 0.50%3 CSX testify
to substantial disturbances in the normal seismic process.
Less pronounced deviations can be regarded as accidental fluc-
tuations. From fig.5 it is seen that the deep minimum at A4,
 plot, protruding beyond the limit of allowable fluctuations,
corresponds to the period which saw the strongest earthquake
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thirty years in the Vakhsh region, viz. the Faizabad earth-
quake, January 11, 1943 (K=15), and in the neighbouring Gam
region the strongest earthquake for the past thirty years for
the entire South-Tianshan area (Khait earthquake, July 10,
1949, K = 17). Minimum values of K’ were recorded for the
same period (see fige 5). Observations show that variations
of A and Z’ are both cyclic but differ in period.

4, Evaluating the Recurrence of Strong

Earthquakes on the basis of Maps of Seismic

Activity

The curve of earthquake recurrence compiled for the en-
tire region fails to give an adequate description of the re-~
lative seismic danger of the various districts in the Vakhsh
area, because the sources of strong earthquakes are not scat-
tared throughout the territory, but mostly coincide with the
places where the existing faults branch off and intersect.
Different districts may be compared in respect of relative
seismic danger by consulting either recurrence curves compiled
for them or the maps of seismic activitgal As can be seen
from fig. 6, the available materials make it possible to de-
velop maps of seismic activity with comparative stable boun-
daries. A high~activity region, A10 > 1.0, located along the
Vakhsh north-east of Nurek stands out in fig. 6. The rest of
the area is characterized by lower activity, 0.2 < A5 < 1.0
the sections of still lower activity can be seen in south-
-west and north-west, Aﬂo.c.o.z. Zonal outlines of different
seismic activity in fig. 6 correspond, on the whole, to the

distribution of strong earthquake focuses in fig. l. The zo=
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nes differing in activity about five times are found to dif-
fer in the relative frequency of strong earthquakes (K =12)
two or three times, on the average. This relationship was
obtained from observations on strong earthquakes during twen—
ty five years before starting observations on weak earthqua-
kes which were used for compiling seismic activity maps, and
during the following five years[91
The analysis has shown that the relative frequency of

strong earthguakes for the past twenty-thirty years is the
highest within the zone identified from observations on weak
earthquakes (K=7=10) for sny two years during the five-year
period 1955-1959. At the same time the two strongest earth-
quakes (1907 and 1943) for the past 80-100 years occurred in
a less active zone, 0.2 < A1O < 1.0, The explanation probab-
1y lies in the fact that the strongest earthquakes in the
Vakhsh region are related to the largest geological structu-
res and Ist-category faults. There is no regularity in the
appearance of the sources of strongest earthquakes within such
structures, and for developing a seismic zonal map it is not
enough to confine observations to the seismic activity of
weak earthquakes for a short period of time. For this reason
the map in fig. 6 was found inadequate to be used as a basis

for developing the seismic zonal map in fig. 3.

CONCLUSIONS

The main conclusions derived from five-year observations
by using a gence network of highly sensitive seismic sta-
tions in the Vakhsh region are as follows:

1. Owing to the high sensitivity of seismic instruments
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(10-15 thousand magnificatiopn) and the relatively dense net-
work of seismic stations (10 to 18 stations located 30 to
60 km from one another were in simultaneous operation) there
was a sharp rise in the number of earthquake epicentres whose
coardinates were computed with great accuracy (length : 5 knm,
on an average) In the period of tive years (1955 - 1959) were
determined about 2000 epicentres, i.e. approximately ten
times as many as in the previous twenty five years (1930-1954),
A sharp increase in the amount of information and its impro-
ved quality enabled the relation existing between the earfh-
quake sources and the specific geological structures and faults
to be established in a more precise way. This was made pos-
sible by taking into account the data on space distribution
of earthquake sources and their mechanisms. Some outcropping
geological faults were traced after the sources of weak
earthquakes down to 30 km depth. The abyssal nature of those
faults was thus corroborated. By using instrument data on the
depth of a great many earthquakes, the main features in the
distribution of earthquake sources throughout the earth crust
were identified. The majority of the sources are at 5 to
20 km depth. No sources were found to occur below the earth
crust (below 40 km depth) and very few at the boundary bet-
ween the crust and the mantle. The data on the concentration
of earthquake sources in the vicinity to large faults within
the earth crust stressed the importance of using geological
materials in seismic zoning. As a result, those zones where
the occurence of earthquake sources is potentially possible
have been defined with greater precision and reliability.

2. Preliminary conclusions as to the probability of re-
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currence of strongest earthquakes within the boundaries of
the Vakhsh region can be made from observation materials ob-
tained through the general system of seismic stations.

The relatively large scope of information about weak
earthquakes, obtained by detailed seismic investigations,pro-
vided additional support for the above conclusions., Detailed
seismological investigations also made it possible to collect
the necessary material for plotting earthquake recurrence
curves for separate zones and regions of this area, Precise-
ly such differentiation with reference to seismic danger con~
tributes to a proper choice of sites for dam construction, In
this case the general notions of the seismic features relating
to a comparatively large area prove insufficient.

3. The materials furnished by detailed seismological
investigations, coupled with the technique of seismic napping,
made it possible to identify within the given region several
zones with a rather different level of seismic activity and
to show that observations on strong earthquakes for the period
of thirty years corroborate the validity of the evaluation of
seismic activity from short-term (two to five years) observa-
tions on weak earthquakes.

It is worth remembering that seismic activity in a com-
paratively small region (S = 30.103 sq.km) may display percep-
table fluctuations over a period of several years, According-
ly, the results of short-term expedition observations must
be considered agsinst the background of the seismic history
of the given region dﬁring a long period of time. Moreover,it
is necessary to take into account the main features of the

seismic process in a sufficiently large region (for example
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in our case the data for the entire South~Tianshan zone musy
be considered). Nevertheless, it is quite apparent that frop
observations obtained through a dense network of highly sen-
sitive stations over a period of two or three years suffici-
ently accurate maps of weak earthquake epicentres can be de-
veloped, and by using the maps of seismic activity the prin-
cipal seismic zones can be identified. This conclusion is of
paramount interest, because in many cases one has to evaluate
seismic activity in regions, for which macroseismic data are
unavailable, whereas the instrument observations available
from the general network of seismic stations are inadequate,
In these conditions detailed seismological studies coupled
with geological and tectonic ﬁork will yield a sufficiently
well-founded result.

Thus, detailed seismological investigations contributed
to our knowledge of the places where strong earthquakes are
most likely to occur and of the expected depth of their focu-

ses and recurrence.
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CAPTIONS TO FIGURES

Fige 1 The map showing pleistoseistic zones and epicentres of
strong earthquakes in the Vakhsh region for 1907-1962
1,2 = Isoseismals of strong earthquakes (Roman numbers
indicate intensity degree); 3 - Classification of
earthquakes according to energy - K= 1g Ej=12-14.
Classification of earthquakes according to the accu-
racy of computing the focuse coordinates, 4 - class
Az 25 km; 5 - class B : 50 km; 6 - unclassified
(the error may be in excess of 50 km). Classification
of earthquakes according to the depth of the focuse
with the epicentres computed within b3 5 km;

7 - 8= 50 1m. 8 - 8 = 1573 km; 99, 10 - Geological
faults of the first9 and second 10 categories;
11 - seismic stations.

Fig. 2. The map showing epicentres of earthquakes in the Vakhsh
region for 1955-~1959.

Classification of earthquakes according to the accu-
racy in computing the focuse coordinates: 1 - class
At 2.5mm ; 2~ class B 5 km; 3 - class C T 10 ku;
4 - unclassified (the error pbeing 15 km and more).
Classification of earthquakes in depth: 5 ~ H=5 km;
6 = H= 10 km; 7 - H = 15 km; 8 - H=20 km; 9 - H=30-
- 40 km3; 10 - Vakhsh boundary fault of the first ca-
tegory. 11, 12 - main faults on the geological map;
13- Seismic statiomns; 14, 15 ~ Isoseismals of strong

earthquakes; 16 - Classification of earthquakes in

energy K = 1g EJ = 9=-13.
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Fig. 3 Seismic zoningmap of the Vakhsh area.
1 - lst-category faults 3; 2 = IInd category faults,
3 - Boundaries between the zones of different intensi-
ty. 4 - Intensity of rocky grounds.
Fig. 4 The earthquake recurrence curve for the Vakhsh area,
Fig. 5 Variation of A1O and X in the Vakhsh area with time.
Fig. 6 Comparison of A1O isolines on maps of seismic activi-
ty for the Vakhsh region, plotted from observations
', 1957-
- 19582 s 1958-1959 3. With reference to earthquakes

over different periods of time: 1955=1956

with K= 7 - 10,
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