B .G |
. ' INSTITUTUL DE GEOLOGIE $I GEOFIZICA
“9,{/0 STUDII TEHNICE $1 ECONOMICE

SERIA D Prospecfiuni geofizice :- Nr. 10

A Xlll-a ADUNARE GENERALA
A
COMISIEI SEISMOLOGICE
EUROPENE

(PARTEA A III-a)

Bragov, 28 august —5 septembrie 1972

BUCURESTI
1975

| X o - - -~ | i~ =1 1 -y Y - 1
Institutul Geologic algRomaniei

e
—
M
\




Réspunderea asupra confinutului acestor arbicole
revine in exclusivitate autorilor.

f/ \1 Institutul Geologic al Romaniei
IGR



AR
\ee/

Institutul Geologic al Roméniei



" INSTITUTUL DE GEOLOGIE $I GEOFIZICA
STUDII TEHNICE S| ECONOMICE

SERIA D ; Prospectiuni geofizice Nr.

10

A XIlll-a ADUNARE GENERALA
e A
COMISIEI SEISMOLOGICE
EUROPENE

(PARTEA A III-a)

Bragov, 28 august — 5 septembrie 1972

BUCURESTI
1975



INSTITUTE OF GEOLOGY AND GEOPHYSICS
TECHNICAL AND ECONOMICAL STUDIES

D SERIES Geophysical Prospecling . No. 10

THE Xllith GENERAL ASSEMBLY
OF
THE EUROPEAN
SEISMOLOGICAL COMMISSION

(PART III)

Bragov, 28th August — 5th Septe‘mber 1972

BUCHAREST
1975




_@ Institutul Geologic al Roméniei



TABLE OF CONTENTS

V. I. Kulikov, F. T. Kuliyev, V., A, Kasparov. TheSelsmo—
active Zones of Azerbaijan Connected with Structure and Evolution of
theEarth’s Crust . . . . . .. . .. ..

Psgg_
Symposium 1. Microseisms and Ground Noise . . . e 7,
H.Korhonen. Power Spectra in Storm M1croselsm Research at Oulu 3 7
G.D. Panasenko. A Two-Year Variation of Microseism Intensity at Apa-
tity Station and its Correlation with Similar Fluctuations in Temperature
ReFIME 5o o s & ol @ o 0 0 oiie o 15
0. V. Pavlowv, L I Alekseeva . The Appllcatlon oftheFSSS for the
Microseisms Investigation Uk g 19
T. A. Proskuryakova, V, Alkas SomeDataonResearchofLong—
Period Microseisms . 3 S L oF S 23
E. Rygg. Comparison of Some Theoretlcal N01se Models mth the NORSAR
Microseismic Noise Fields. 2 3 31
A. P. Sinitsyn. Geothermal Field Influence on Mlcroselsms Parameters g 39
V. N. Tabulevich. On the Power and Energy of Sources of Excitation of
Microseims 45
A.Zatopek. Onthe Similarity of Generalized Amplitudes of Microseisms . 53
Symposium 2. Structure of the Lithosphere and Asthenosphere X o Jlo o Bl o BN 63
MhEORY! =-= 5o Bt 1ap =t (@ 3 5 63
I. S. Berzon, I. P. Passechnlk A M Pollkarpov TheEstl-
mates of the Q, Values in the Earth’s Mantle . 2 63
V. Cerveny,K. P&& Seismic Waves in Inhomogeneous Medla — A Rewew 71
N. Jobert. Synthése d’ondes PL et PL(S) 2 partir de modes normaux : 97
O. Novotny, K. Pé&c¢. Fundamental and Higher Modes of Love Waves for
Different Crust-Mantle Models . . . . . . . . . . .. e . .. . 103
Modelling . . . . R -
J. Behrens, L W anie k Selsmlc Boundarxes and Their Models - A 121
Methods . . . . . 153
E. Bisztri c s a n y Computatlon of Earth s Crust Structure and the Depth
of LVL in Carpathian Basin ., . . 153
A.Hirn, J. C. Ruegg. Méthodes d’enreglstrement des grands proflls en
France . : 159
A. A. Poplavsk y On the Relatlon of Earthquake Record VlS\lal Characte-
ristics with Focal Depth and Environmental Structure . , . . 5 . 165
J.C.Ruegg, A. Hirn, G. Perrier. Apercu sur quelques problemes d’m—
terpretation 5 171
L./P. Vinnik, A, A. Go d21kovskaya SoundmgoftheMantleandthe
Core by the Con]ugate Points Method . . . . . . B . 5 o e 179
Regional Results . . : 187
B. Beranek. A, Z4& t o p e k On the Crustal Structure in Czechoslovakia and
the East-Alpine Region . . . . . . . . . . .. .. 187
A.Hirn, R, Kind, K. Fuchs. The Structure of the Upper Mantle Den-
ved from a 1000 km Long Seismic Refraction Profile in France . . . . 207



6 TABLE OF CONTENTS

Page
P. Mechler. Structure dela discontinuité de vitesse vers 600 km . . . . 217
H.Neunhéfer, D. Giith. Dispersion of Rayleigh Waves in Middle Europe
and Phase Velocnty Splitting . . . 223
G. P ayo. Crust-Mantle Velocities in the Iberlan Pemnsula and Tectonlc Im-
plications of the Seismicity in this Area . . . 55 & 6T 229

G. Perrier, J. C. Ruegg. Structure du Massif Central Frang:als s e 248
M. Sapin, C Prodehl. Structure de la crotite de la Bretagne au Massif

Central . .. © 233
V.Sollogub, A. C h e k uno v Types of Crustal Models on an Example from

the Ukrame and Adjacent Seas . . . 261
V.Sollogub, C. Prodehl. Synthesis of Observatlonal Results and Data

Generallzatlon o ol e g s BN 20T 265

Symposium 3. Time and Space Vanatlons of Selsmlc Act1v1ty e B . 271

P.Beuzart. Seismicité du bassin Méditeranéen et des régions env1ronnantes . 271
J.Buben. Statistical Analysis and Prediction of Earthquakes in the Region

Val Padana, Italy . . . . A o ., e 275
L. Constantinescu, I Co rnea, V Lazarescu Seismotectonic

Map of the Romanian Territory . . 291
G.Gangl. Seismic Regime and Selsmotectonlc Analysns of Earthquakes in the

Eastern Alps Seveso el L o o P 299
D.HadZijevski, M. J an ko vi é . Some Charactenstlcs of the Se1sm1c

Process of Banja Luka Epicentral Area . . . . i 305
V. Ldzdrescu, M. Trimbitasu. Seismologic Prediction in South- e

Eastern_Rotnania using the Study of Young Tertiary Deposits . . . . . 319
R. Maaz, W, Ullmann. Seismicity and Focal Volume . . . . . . . . 325
D. Prochazkova. Migration of Seismic Activity . . . o 333
Z. Schenkova. Time Distribution of Earthquake Occurence in the European

Area . . 3 e 34
Yu. K. She h u k i . Deep Selsmogenlc Structules of the Ealth’s Crust

adiUpper MANE " 0 e ek b5 e e s B 8o E et e o ST



SYMPOSIUM 1. MICROSEISMS AND GROUND
NOISE '

POWER SPECTRA IN STORM MICROSEISM RESEARCH
AT OULU
BY
HEIKKI KORHONEN!

This investigation develops my earlier spectral analysis of microseisms
at Oulu (Korhonen, 1971). In this study power spectra computed
from selected samples of LP-Z recordings by the method of South-
word (1960) are transformed into two different forms : sonograms and
cumulative power spectra. The sample Jenght is mostly 6 minutes, sampling
interval one second and maximum lag number 40. This corresponds to
ca 17 degrees of freedom (Blackman, Tukey, 1958). The sonograms
are constructed from succesive power spectra using selected power dis-
tribution ranges, which are presented in figure 1. The cumulative power
curves are obtained by summing up the power density values for frequency
band 40 —310 mHz. In each spectrum the sum of all these values is called
cumulative power Pc¢. Correspondingly the half power point is notated
(Pe[fm), where fm presents the median of the power distribution in question.

Figure 1 shows two sonograms from different types of microseism
storms. The source area of the storm 1967, Jan. 22 —23 is assumed to be
over the North Atlantic, where a 970 mb cyclone center is situated SW
of Iceland. During this storm winds of up to 40 —50 knots are blowing
on the ocean and wave heights of up to 10 meters are reported from the
North Atlantic weather ships. The power maximum of microseisms ocecurs
at relatively low level in frequency band 75 —130 mHz during this storm.
Quite different is the situation during the storm 1965, Nov. 29 —30,
when the source area probably lies over the North Sea. The maximum
power level is remarkably higher occuring in frequency band 160 —200
mHz. As the storm grows the power shifts towards lower frequencies.
Similarly, as the storm weakens an opposite shift can be observed.

1 Department of Geophysics, University of Oulu. Oulu, Finland.
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10 o H. KORHONEN * Wt 5% 4

Two more sonograms from different types of microseism storms
are presented in figure 2. On 1965, Dec. 17 a cyclone is moving from SW
of Iceland towards the Norwegian Sea, which it enters the next day.
Correspondingly the microseism power increases and shifts towards higher
frequencies. On Dec. 19 the center of this cyclone still lies over the Nor-

T T T T T
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1963 DEC 7, 12h12

411967 FEB7,06h 22

-

00

1967FEB13,16h 15

411966 NOV 30, 03h 11
41966 JAN 20,04h00

11965 DEC 19,03 h54

41965 DEC 31,13h 42

Cumulative power /um"’le

3

1

50 100 150 . 200 250 300 mHz

Fig. 3. — Cumulative power spectra of microseisms computed from
selected storms.

TABLE 1
Case Pcf2
No. Date (i | fm (mE)
1 | 1963 Dec. 7 12 h 158.0 183
2 | 1966 Jan. 20 04 h 14.2 205
3 | 1967 Feb. 7 06 h 104.6 150
4 | 1967 Feb. 13 16 h 31.4 162
5 | 1965 Dec. 19 04 h 10.7 173
6 | 1966 Nov.30 03 h 17.2 205
7 | 1965 Dec. 31 14 h 7.0 122

wegian Sea (fig. 4, position 5) and the microse’sm storm reaches its maxi-
mum. On the next day when the center of the cyclone moves over the land
the power decreases remarkably and shifts towards higher frequencies.
During the storm 1966, Sep. 21 —24 a depression covers the whole Fenno-
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scandia with its center over the Barents Sea. Winds of up to 30 knots
are blowing nearly orthogonally towards the Norwegian west and NW
coasts. During the storm maximum the power shifts towards lower fre-
quencies and then back again.

mHz QUL 1966 SEP 5-10
3001

250 '

100+

50+

00O 12 00 12 00 12 00 12 0O {2 OO
SEP 6 7 8 9 10 ik

Fig. 6. — Sonogram and cumulative power curve obtained from succes-
sive microseism spectra during the storm 1966, Sep. 5 — 10.

In figure 3 some cumulative power spectra are presented from selec-
ted microseism storms. Corresponding weather conditions are characte-
rized in figure 4. The half power points of these cumulative spectra are
listed in table 1.
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In cases 3, 4 and 5 the source areas lie on the Norwegian Sea. In
these cases the half power points occur systematically at lower frequencies
with increasing power. In cases 1, 2 and 6 the centers of the cyclones
lie over the Barents Sea or over the North Sea. Half power points occur
at relatively higher frequencies than in the cases when the cyclone centers
lie over the Noiwegian Sea. The most remarkable exception in figure 3
is case 7, when the storm center lies on the North Atlantic. In this case
the power occurs at lower frequencies than inthe cases of Fennoscandian
miecroseisms. Thus the differences in the spectral composition of micro-
seisms reflect different source conditions as well as various paths of wave
propagation and they can be used in source identification.

Figure 5 shows the trace of .a tropical cyclone moving with a speed -
of ca 15°/day across the North towards Scandinavia 1966, Sep. 5--8.
Corresponding development of microseisms at Oulu is presented in figure
6. The sonogram in the upper part of this tigure shows the shift of power
towards higher frequencies until the storm maximum is reached in the
afternoon Sep. 7. The cumulative power curve in the lower part of figure 6
shows clearly how the microseismic energy increases one pcwer of ten, when
the storm center enters the Norwegian Sea. Probably the geological discon-
tinuities reaching from the British Isles to Iceland screen out the major
part of microseismic energy propagating from North Atlantic to Fennoscan-
dia. On Sep. 8 the center of the storm moves from the Norwegian Sea to
land and weakens. Correspondingly the cumulative power decreases remar-
kably. The minimum oz this cumulative power curve on Sep. 6 afternoon
presumably associates to the source approach on the geoloorlcally dlS-
turbed areas between the British Isles and Iceland.
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A TWO-YEAR VARIATION OF MICROSEISM INTENSITY
AT APATITY STATION AND ITS CORRELATION WITH
SIMILAR FLUCTUATIONS IN TEMPERATURE REGIME

BY
G. D. PANASENKO?

Abstract

A two-year periodicity with about a four-month delay relative to the similar tempera-
ture variation is observed in the microseism intensity fluctuations recorded at Apatity seismic
station for 1960—1970. :

Numerical relation between the amplitudes of the two-year variations of microseism
intensity and the lowest atmospheric layer temperature is approximately equal to

Ams =~ 0.1 A;.

A two-year periodicity manifests itself in the course of numerous
planetary and locally developing meteorological processes and a number
of nature phenomena directly or indirectly dependent on meteorological
factors. The alternation of cold and warm winters (Boeiiros,, 1891)
and the two-year variation of Gulf Stream temperature (JIecradm,
1899) have long been observed; the two-year rhythm in the W-E air
flows of the lower stratosphere in tropical and sub-tropical latitu-
des (Ebdomn, 1960; Ebdon, Varyard, 1961; Ebdon, 1963;
JNybennos, 1964; 3aitnena, Ycmanos, 1964; Dartt, Belmont,
1964) and in typhoon activity (Paguuena, 1966) have been proved to
exist. Botanists note the two-year periodicity of climatic changes by
annual rings of perennials and geologists by interlayers in the varved clays.

The two-year cycle in also traced in certain geophysical phenomena,
for example, in secular variations of geomagnetic field (Haaumuum,
1952 ; MarcypoBs, 1960). The two-year variation of velocity of de-
velopment of secular tilts of Earth surface at Apatity station (the Kola
Peninsula) is found ((lamacernko, 1972).

As is known, microseism intensity in Europe is mainly determined
by meteorological processes and primarily by cyclonical activity in North

1 Polar Geophysical Institute, Apatity, Murmansk district, USSR.
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Atlantic. Since the above meteorological processes display the two-year
cyclic recurrence, it is likely to be available in the microsei-m intensity
fluctuations. To reveal the two-year recurrence standard observationa
data on the microseisms obtained at Apatity station were properly analy-
sed. Average fortnightly vertical component amplitudes were computed

1

\ \

f\} Fig. 1. — The two-year variations (ave-
! rage for 1960 — 1970) of microseism in-
tensity are in micron/yr (top) and the
lowest atmospheric layer temperature in
deg. C/yr (bottom) at Apatity station
(the Kola Peninsula) and sinusoids ap-

Y
‘ %
! |
' 1
i i

. |

A \ proximating them.
1] i,

from the station bulletins. (When estimating microseism intensity it
would be more correct to take the ratio of amplitudes to periods —A4/T.
Since the comparison of estimate results from the amplitudes and the
ratios A/T showed their absolute qualitative identity, the amplitude
alternative was chosen as less labour consuming in performing calculations).

Seasonal effect was eliminated by considering annual microseisms
intensity increments, i.e. by subtracting the like (in a calendar sense)
amplitude of the preceding year from each average fortnightly amplitude.
The obtained succession of the annual microseism amplitude increment
was broken down into 5 two-year intervals the averaging of which gave
the values of annual increments for the average two-year interval illus-
trated in figure 1.

An empirical curve is adequately approximated by a sinusoid.
The most probable values of its parameters determined by using ACM
are asfollows :

Aps = 0.139 micron/yr;
Pms = —38.3°;
e = + 0.133,
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where 4,, and ¢,, — the amplitude and the phase of the two-year varia-
tion of annual inciement value of microseism intensity (amplitude) res-
pectively ; ¢ — the square dispersion of empirical values relative to the
approximating sinusoid.

Since the microseisms recorded at Apatity seismic station and the
meteorological regime of the Kola Peninsula are mainly consequent to
the same meteorological processes in North Atlantic, it can be expected
that the two-year variations of the microseism intensity and the tempe-
rature regime in the area of the station will prove to be similar. To accom-
Pplish this the data of one-hour measurements of the lowest atmospheric
layer temperature at Apatity station for the same period of time (1960 —
1970) were treated in a similar way.

Obtained empirical curve (fig.) of the two-year temperature varia-
tion is approximated by a sinusoid with parameters

4; = 1.55 deg.C/yr;
o = 18.7°;
e = £ 1.98.

The parameters of approximating sinusoids indicate their likencss:
the ratios /4 defining to some extent accuracy and reliability of appro-
ximation are close to 0.96 for the microseisms and 1.28 for the tempera-
tures ; the phase difference is comparatively small and makes up 57°, the
temperatures being followed by the microseisms with a shift of about 4
months.

In both cases the ratios /4 proved to be rather large and this
bears witness to the deficient reliability of periodic approximation. Their
large value can partly be accounted for by the presence of variations
with periods differing from two years in controlling meteorological fac-
tors and by random fluctuations. This seems to a great extent to result
from. distorting affects of physico-geographical peculiarities : genera-
tion area and propagation line up to the recording station —for microseisms;
relation between water plane and land and the latter’s orography on the
main ways of air mass transfer — for temperature of the lowest atmospheric
layer.

The genetic unity and the likeness of the two-year microseism and
temperature variations appear to serve as a sufficient basis for their direct
numerical correlation. Then we have

Aps =~ 0.1 Ay

i.e. the annual air temperature increment per 1°C is followed by (whith
a2 four-month delay) an adequate increase in microseism amplitudes
approximately by 0.1 p.

2 — ¢ 871
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THE APPLICATION OF THE FSSS FOR THE MICROSEISMS
INVESTIGATION

BY
O. V. PAVLOV, L. I . ALEKSEEVA?

The station FSSS (frequency-selected-seismic-station) as an equip-
ment for getting of seismic oscillations spectra was considered in the papers
of K. K. Zapolsky, M. A. Gostev, V.I. Khalturin. Never-
theless, the working conditions of the FSSS as a seismic canal were not
considered, although to get the objective characteristics it was necessary
to have the exact calculation of working conditions for the seismometric
canal in this or that range of frequencies. Tt is more important for the
FSSS canal which includes the amplifier, filters and in some cases the
integrating and differentiating cells.

The possibility of such analysis and the exact calculation of working
conditions is available if to take into consideration the followings :

A back coupling between seismometer and galvanometer is absent
because of the presence of the amplifier in the FSSS canal. That is why
the motion and working conditions of the seismometer in the FSSS canal
will correspond to the motion equation and working conditions of pendulum
without galvanometer. Solving the equation of forced motion of pendu-
lum we shall get the decision in the adopted form but with the additional
term in the damping coefficient. Depending upon the constants of galva-
nometer and ratio between the periods of galvanometer and seismic wave
the displacements of seismometer coil are proportional to displacements
velocity and acceleration of ground.

With the investigation of the FSSS canal containing additionally
functional cells the galvanometer motion equation is reduced to the form
in order to leave the term proportional to the forced current in the right
part of equation. The forced current in case of differentiating, intergra-
ting cells is proportional accordingly to the derivative and double integral
from the displacement of oscillations centre of pendulum (with the recor-
ding conditions of ground displacement by seismometer).

1The Earth’s crust Institute, Academy of Sciences of the USSR, Lermontova 128, Irkutsk,
USSR.
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The F'SSS station canal consisting of seismometer, amplifier, and box
of filters and galvanometers over filters outlets was considered. Besides,
the cases of including in the FSSS canal of differentiating, integrating
and double cells were considered. The different working conditions of the
FSSS station were investigated. The exact calculation of the FSSS wor-
king conditions to record displacements, velocities, accelerations in motion
-of the ground for different frequencies was carried out. The constants of
seismometers and galvanometers for the woiking condition of velocity
of the ground motion were calculated. With these constants the operational
frequency ranges have errors in amplitude and phase-amplitude charac-
teristics which do not exceed 2 —129, according to amplitudes and
5 —13 9%, according to phase.

For the velocity recording condition we may use the following
systems for the station work : a) seismometer records displacements of
the ,,ground”, galvanometers record the velocity of oscillations centre of
pendulum. It is necessary to include the differentiating cell into the canal
provided that galvanometer is included in the recording condition of
the displacement of the oscillations centre of pendulum ; b) seismometer
records acceleration in the ground motion, the double integrating cell is
included into the canal after the preliminary amplifier, galvanometers
records oscillations centre of pendulum velocity.

Thus, if each time with putting forward the seismological or engine-
ering-seismological problem, which is solved with the help of the FSSS
and if to calculate exactly the F'SSS seismometer canal then it becomes
possible according to cited above to get the spectra of velocities, displa-
cements or acceleration in seismic oscillations.

The FSSS theory of the random functions is put forward to define
the microseisms. The microseismic oscillations totality is identified with
the random functions.

Briefly the FSSS theory of the random function analysis is reduced
to define the amalytical connection beiween the FSSS recordings (the
canals of which produce over the outlets the weighted compcsing the reali-
zations of the current spectrum) and the statistical spectra of random
process, which more completely defines this process. To simplify the cal-
culations we consider the random process as stationary and ergodic
one, but as a final result we shall take in account non-steadness by addi-
tional averaging in time. We obtain the sought for connection if to equate
the full instantaneous power of the stationary ergodic process (this process
is determined accordingto Wiener—Chinchin formula as a auto-
correlation function with ¢=0)and the full power of the random function
realization accumulated during the realization (it is determined through
the current spectrum of realization accordingto Railey gh formula). In
this case the square of the random function realization is replaced by the
square of rounding of fluctuating oscillations over the outlets of the narrow
banded systems (the FSSS filters) since the process over the outlet of
the FSSS filters may be regarded as the narrowbanded process.
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In such a way the formulas for the instantaneous spectrum of this
random process power for the energetic current spectrum and the sta-
tistical spectrum during the realization were got.

In field testing of the F'SSS station collected in the engineering
seismological laboratory in the Institute of the Earth-’s crust in the canal
of station worked : the seismometer S5S in the recording condition of
displacements, octave filters with pass bands in 0.16 —31 cps, 0.23 —0.46
eps, 0.47 —0.95 ¢ps, 1 —2 ¢ps, 2 —3 ¢ps, 4 —8 cps, T—14.5 cps, 15 —32 cps,
galvanometers GB —IV worked in the recording conditions of velocities.
‘Wide-banded canals in 1 —40 and 0.16 —1 cps were included in the canal
of station to facilitate identification of the wave pattern and to compare
with the recordings of standard seismic stations. The wide-banded ampli-
fier using for strengthening of seismic signals and deviding seismometer
from galvanometers had strictly uniform frequency characteristics.

For the through electron-dynamic graduation the generators MGPA
(in field conditions) and NGPXK (in stationary conditions) were used. An
increase in canals ranged from 5000 to 30000.

The principle characteristic speetra of microseism and Fourier
machine spectra for the same places of recordings at the same observation
point were calculated for comparison. For the statistical FSSS spectra
a good agreement for different places of the recordings at their sufficient
lenght and at the same observation point was obtained, this fact proves
more complete characteristics of microseisms in comparison with the
standard spectra.

The differences between the spectra of microseisms for different
points of observations are due to the difference in ground conditions,
the level of microseisms being the same; this corresponds to the seimic
features of grounds of these places for the positive temperature conditions.

Thus, the FSSS stations enable us to get sufficiently complete charac-
teristics of microseisms in the form of the statistical spectra. And these

spectra may give the information which may be used for the seismic
microzoning.
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SOME DATA ON RESEARCH OF LONG-PERIOD MICROSEISMS

BY
T. A. PROSKURYAKOVA, VASILY ALKAS?!

Over the last years the world seismic network gets more and more
systems which are capable of recording the long-period signals. Therefore,
the interest of studying of long-period Earth’s shakes rises.

In this work the attempt to investigate the microseisms in the range
from 10 to 130 s recorded by long-period instruments in Baldone (Riga)
and Pulkovo was made.

The used data. The microseismic storm (September 28—30, 1969)
was sorted. The parameters of instruments for Pulkovo (a) and Baldone
(b) are shown in table 1.

TABLE 1
The paramelers of insiruments for Pulkovo (a) and Baldone (b).
(a) (b)
| Z |[N-S|E-W Z |N-SE-W
Ts 30 30 30 Ts | 25 25 25
Tg 26.1 | 23.2 | 25.3 Tg | 79 824 | 823
Ds 0.6 0.6 0.6 Ds 1 1 1
Dg 0.7 0.7 | 0.7 Dg | 0.479] 0.468 0.487
o? 0.2 0.21| 0.21 o% | 0.236{ 0.218] 0.250
v 1980 |. 1710 | 1730 | V 421 | 430 | 458

The 38 parts of records of microseisms and seismograms (19 parts
for every station) were selected at the time when long-period signals
may be sorted well. The example of records is shown in figure 1.

The frequeney analysis, We have done the spectral analysis of micro-
seisms storms referred to it. Calculations of spectra were made by electronic
computer using the F ourier method. The amplitude and phase

1 Physical department, Moscow State University, Leninskie gory, Moscow V—234, USSR,
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Fig. 1. — a, example of seismogram at Pulkovo station;
b, example of seismogram at Baldone station.
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Fig. 2. — a, the amplitude spectrum of z-component o3
recording of Baldone and Pulkovo stations;
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spectra in the range of period from 10 to 130 s were examined. The exam-
ple of amplitude spectra obtained for 3 components is shown in figure 2
(a, b, ¢). From the figures one can see that maximums in spectra coincide
for appointed values of source of microseisms of these periods and they

A

2 L : L

0. 0 X 40, 50 .80 70 80 % 108 119 120

B0 T(s)

Fig. 2 — b, the amplitude of NS-component of recording of Baldone and Pulkovo-
stations;

] L 1 L 1
1&) 2 D 4 - 50 60 70 80 90 100 10 7 130 :I'(s)

Fig. 2 — ¢, the amplitude spectrum of EW-component of recording of’
Baldone and Pulkovo stations.

1, Baldone; 2, Pulkovo.
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distinctly expressed maxima for periods 8 —10 s, 24 —26 s, 45 —475s, 120 —
130 5. All these periods may be seen on seismograms directly except the
periods from 120 —130 s, which became visible only by using the spectral
analysis.

The second class microseisms (2 and 3 maxima) have the ampli-
tude 5 —8 times smaller than the first class microseisms (4 —10 s). The
maxima of microseisms with periods 70 —75 s have the same order that
microseisms of the first class, the maxima of periods of 120 —130 s reach
the greatest value. Moreover, there are maxima only of Jocal origin in
spectra, particularly on Baldone station (55 —58 s and 100 s and so on).

Determination of the direction of mieroseism propagation. The
analysis of amplitude-frequency spectra made it possible to (draw conclu-
sion about existence of the only source of studying microseism records
in Baldone and Pulkovo. The method of determinating microseism origin
offered by Jensen (1958) was used. The histograms obtained on

28.03.69

S0

Fig. 3. — Sinoptic maps of the Northern hemisphere of 28. I1X.69.18h.

the directions of the shakes origin of microseisms observed directly
with periods of 10 —80 s shown that the source is situated in the Atlan-
tic Ocean. .



Fig. 4. — The atmospheric pressure map of the Northern hemisphere of 30. IX.69.

Fig. 5. — a, the trajectory of motion of
soil particles in the vertical plane accor-
ding to Pulkovo station recording.
b, the trajectory of motion of soil parti-
cles in the vertical plane according to
Pulkovo station recording.

PULKOVO

.

5 RESEARCH OF LONG-PERIOD MICROSEISMS 27
ou.03.55 .
7 %50 /™
H 10
0l
S 4

e
7

BALDONE

Iy

N

L.t

)
v

/\

)

2
V4

(7




28 T. A, PROSKURYAKOVA, V. ALKAS 6

The 809, of the received valuesof the azimuth directions cross in
the rear part of the deep cyclon the coordinates of the centre of the cyclon
being A=0°20'E, ¢ = 61°07'N on the 28 of September, 1969.

The synoptic situation is shown in figure 3. The development of
the cyclon could be observed in azimuthal direction during the three
days of the storm. The microseisms with periods of 120 —130 s could not

3
(km/s)
5 3 i L
int
3'0 1 1 - T 1 L 1 ] i 1 1 1 1 ™
g 20 0 40 50 60 70 & 0 - 0 120 BT

Fig. 6. — The experimental data (dots) of phase velocity (z-component) and theoretical dis-
persion curve (line) of phase velocity.

be observed visually and so the direction of the origin of these were not
determined. Such microseisms may be supported to be due to the fluctua-
tions of the atmospheric pressure in result of the passing of air fronts
including great areas of space. Figure 4 shows the baric map of 30.09.69.

Polarization of long-period microseisms As is well known polariza-
tion is one of the most important characteristics of wave processes. The
investigation of the short period microseisms in this aspect have shown that
the microseisms consist of the surface Rayleigh and Love waves and
body waves (Rykumnov, 1967; Vinnik, 1968), while there exist no
data on the wave characteristics of the long-period microseisms.

This paper deals with the investigation of the wave characteristics
of microseisms, without any analysis of quantitative relationship between
the components of this oscillations.

Figure 5 (a, b) shows some examples of trajectory curves of the soil
particles movement in Pulkovo and Baldone, which approaching ellipses.

The plane of oscillation in all cases proved to be deviating from
vertical, which may be due to the fact that the wave is propagated in
the inhomogeneous medium (Boath, 1962).

Thus, the long-period microseisms include both R and L waves,

Phase veloeities. The velocity of wave propagation is also a very
important feature. Using the data of phase spectra an attempt was
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made to determine the phase velocities as microseisms according to the
following well known formula :

2x A
C(T) =
T 1) =9 T)] + [yo(T) — vo(D)]+2r m
where ¢,; ¢, — phase spectra
Ya; Y1 — phase shifts, caused by the apparatus
A —distance between the stations
m  — number of wavelenghts, that can be propagated bet-

ween the stations.

The observed values of the microseisms phase velocities for z-—compo-
nent are represented by points (fig. 6). The numerical values of velocity
prove the analysed long wave microseisms to include the suiface R waves.

The relative error in the calculation of velocities is 4 %. On basis of
the experimental curve of phase velocities of microseisms an attempt
‘was made to find a theoretical model which would fit tor corelating the
experimental data with the theoretical curve. Table 2 shows the parameters
of the model of the Earth structure up the depth of 400 km.

TABLE 2
The parameters of the Earth structure model up the depth of 400 km.

h km a kmy/s b km/s ¢ glem? i
1 1.8 3.1 1.2 2.35 l
2 17.5 5.65 3.35 2.65
3 18.5 7.0 4.1 2.93
4 76 8.1 4.6 3.15
5 100 8.2 4,55 3.49
6 100 8.3 4.5 3.53 |
74 80 8.7 4.76 3.6
9.3 5.12 3.76

Note :h — thickness of the layer
a — velocity of longitudinal wave propagation in i layer
b — velocity of transverse wave in i layer
p — the density of i layer.

The theoretical dipersion curve, corresponding to the chosen model
is given in figure 6 (solid line). The chosen model implies the thickness
.«of the Earth’s crust equal to 37.8 km and in the mantle at the depth of
the order of 115 km a slight decrease of velocity of the transverse waves
may be observed.

e et b el s Ao s e
Institutul Geologic al Romaniei
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COMPARISON OF SOME THEORETICAL NOISE MODELS WITH
THE NORSAR MICROSEISMIC NOISE FIELD

BY
EIVIND RYGG?

Abstraet

The effectiveness of large arrays in mapping the noise field is well known. This paper
describes an attempt to estimate the noise field by using a small number of sensors. The noise
fields are defined by their power densities in the frequency-wavenumber space, and their
validity will be judged by comparing coherence estimates of real data with coherence compu- .
tations on the basis of the models. The real data base has been recordings from Oyer array
— the first large installation in the NORSAR area.

INTRODUCTION

During the last few years methods for mapping the noise fields
have been presented in literature and results from different. sites have
been presented in numerous reports.

A commonly used and excellent way of presenting the results-is
by displaying the power density as a function of the frequency and the
wavenumber, thus giving the distribution in azimuth and velocity of
the noise fields. However, to map the noise field this way, one must have
access to data from large and properly spaced arrays, and of course the
results are valid only at or near the array sites.

Now, the number of large aperture arrays is not very large, and
usually the number of sample points in space is very limited. The normal
case will be recordings from one or a few (2 —3) sensors at each site. In
this paper we have investigated the possibility of estimating the noise
field in frequency-wavenumber space by using the experimental data
from only a small number of sensors. The procedure has been to design
noise models with specific power distributions and to check the models
by coherence computations.

1 Seismological Observatory. University of Bergen, Villavei 9. N—500 Bergen, Norway.
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THE NOISE MODEL

Before defining the noise mode', let us point out a fewrequirements
that must be met : First of all the model must be simple enough to be
mathematically formulated and to allow the caleculation of the parameter
-of interest. Secondly it should not deviate too much from the noise fields as
mapped by using arrays in the samearea, and thirdly it must explain certain

Jex Azimuthal
N- power distribution

Power distribution .
as a function of velocity

Fig. 1. — The theoretical Noise Model.

peculiar observations such as variation of coherence with direction (Ry g g
et al,)2, With these restrictions in mind we define the model as follows :
The theoretical noise field consists of a number of plane, uncorrelated
wavetrains approaching from all azimuths and distributed over a certain
velocity range (fig. 1). Each wavetrain is assumed to have a flat spectrum
inside the frequency band of interest for our computations (white noise),
and the power density is distributed with varying strenght along the
periphery.

The reason for chosing this model instead of disc noise sources or a
combination of disc noise and fixed velocity arc noise is that we have
experienced that this model is a good approximation to the experimentally
-estimated noise field (Bungum et al.,, 1971). In the model we have
also allowed for some power variation associated with varying velocity,
thus taking into account energy connected with different modes of propa-
gation. On evaluating the theoretical coherence function for this model
we follow the lines of Murdock and Pfluke (1970): The periphery
is divided into K discrete directions. From each direction we assume that
L discrete wavetraing propagate with different velocities, carrying diffe-

2Rygg E., Bungum H, Bruland L. Spectral Analysis and Statistical
Properties of Microseisms at NORSAR. 1969, Sci. Rep., No.1, University of Bergen, Norway.
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rent amounts of power. The total number of wavetrains reaching a sensor
is then K, L. The output in the transform domain is :

K L !
5() = kZ‘.I 12‘{ Agi () Hey (D

Here A,;, is the Fourier transform at a spatial reference point of
the wavetrain with direction index % and velocity index I. H,; (f) is a
transfer function expressing the effect of the medium from the reference
point to the sensor. (We assume the instruments to be identical).

The cross-spectrum between two sensors (1 and 2) is then :

. —— E L E L
Py (f) = S,()-S () = Z Y Y YA Ann () Hipg (D Hymin (N

k=1 I=1 m=1 n=l

The bars represent complex conjugates. Now, since the wavetrains are
mutually uncorrelated :

E{Ag 1 (f) - Apa(f)} = PWiy(f), whenm =k andn =1
= 0 otherwise.

Here, PW,, (f) is the (auto)-power spectrum of the wavetrain coming
from the k'th direction and propagating with the velocity whick is tied
1, to velocity index .

If we neglect attenuation and dispersion across the site, the transfer
functions H,, (f) represent merely phase delays. Thus, if ¢, ,; is the time
required for a specific wavetrain to pass from the reference point to sensor
the associated trapsfer function can be written :

—‘imtl.k‘]

Hygi(f)=ce (w=2xf)

Then we have:

Hopd () - Hyjeg () = ™kl - o=tk = o= f0 0kt =t

Py(f) = Z Z PWi,(f) e —iodtk

k=1 l=1

K L

Puth =Y Y PWy(f) o0k

=1 l=1

Here At,;=1t,;,—t.,; isthe time required for the wavefront with
the direction index & and velocity index ! to pass from sensor 1 to sensor 2
The expression for the coherence is

= (Pn(f) Pyy(f)

172
) » and according to this for mula and the foregoing
Py(f) Py(f)

3 -¢ 871
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the coherence estimate will be
L 1/2

3

k=11

PWii(f) PWy,n (f) coso (Alg; — Aty z)
8

E

K L
Y Y PWei() PWaa ()

m=1 n=1
DATA AND RESULTS

In the following we shall compare some of the theoretically computed
coherence curves with coherence estimates of real data collected at Oyer
subarray (fig. 2). The theoretical, continuous noise field has been approxi-

A3 u

1A2

1Al

*1F1

A0Y
iF4

11

*1C2

*1C3

Fig. 2. — Oyer Subarray.

-101
«1D2

-1D3

S5km

mated by 35 discrete azimuth directions and 7 individual wavetrains
associated with each direction. The power densities of the wavetrains
decrease exponentially from a maximum value at a velocity of 3.3. km/2s.
The total velocity span is 3.0 —3.6 km/s (fig. 1). The cross and auto spec-
tral power estimates of the real data have been obtained by averaging
over 50 nonoverlapping blocks, each of 51.2 s. Thus each estimate covers
42 2/3 min of recording starting at the times given on the figures. The
sampling interval was 0.05 s.

Figure 3 shows a weather map for May 18, 1968. Meteorologically
this is a very quiet day, and by experience we do not expect a very aniso-
tropic noise field due to Atlantic or coastal sources under such conditions.
An assumed power distribution at Oyer is shown on top of figure 4. Even
if we assume that the noise field has a maximum in one direction, there
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Fig. 3. — Weather Map May 18, 1968.

Fig. 4. — Comparison between theoreti-
cal coherence curves (solid lines) and a
real coherence estimate (dotted line).
The theoretical curves have been calcu-
lated using the azimuthal power distri-
bution shown on top. 0 refers to the
curve calculated for a sensor combina-
tion pointing towards the maximum
noise power, while 90 refers to a sensor
combination at 90 degrees to this direc-
tion. In both cases the sensor separations
was 3 km.
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Fig. 5. — Weather Map March, 28,
1968.

Fig. 6. — A real coherence esti-
mate (1A1—1F4), and a theore-
tical curve (solid line). The the-
oretical curve gives the coherence
between two sensors 2.8 km apart
and whose connection line is in-
clined 25 degrees relative to the
maximum noise power direction.
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LS |

is no reason to believe that there is a minimum in the opposite direction.
Therefore we propose isotropic condition around the opposite half peri-
phery. As we see there is a very good fit between the experimental data
for 1A1 — 10Y and the theoretical curve calculated for a sensor combina-
tion pointing towards the maximum noise power. The result is a support

Y
0]

1F1-1F4
MARCH 28, 09.05

Fig. 7. — The coherence estimate
between 1F1 an 1F4 compared |
with a theoretical curve for two 064
sensors 2.8 km apart and making
an angle of 80 degrees with the
direction of maximum noise po-
wer, The power distributionis the
same as in figure 6.

0.2

HE
-

T - R e T =

o) 05 T T

for the noise model proposed, and if we use this model it should be located
with its maximum in a north-west direction.

In the following ws present examples of a more anisotropic model,
and for comparison we have selected coherence estimates made on a day
with dominating Atlantic and coastal noise sources (fig. 5). In the upper
part of figure 6 is given a proposed power distribution for the weather
situation shown in figure 5. The coherence curves of figures 6 and 7 demon-
strate the general increase in coherence compared to the more isotropic
situation. This is particularly pronounced when the sensor pair is oriented
towards the maximum noise power. If we look at a sensor combination
abreast of the maximum noise concentration (fig. 7), the coherence drops
rapidly from a high start value.

One may object that the fit between the real estimates and the
theoretical curves in figure 6 and 7 is not very good. We feel therefore
it should be pointed out that there has been made no attempt to get a
better fit by for instance varying details in the parameters. This has seve-
ral reasons : The noise fields are estimated the indirect way — through
the coherence, and for computational reasons the power fields were defined
using assumptions which are not valid in general (e.g. whiteness). Further-
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more, finer details in the noise field stiucture can not be explored when
one is using only two or three space sampling points.

CONCLUSION

In this paper we have used a most commonly measured parameter —
the coherence — to estimate the noise power distribution. The procedure
applied only allowed the corroboration of noise models which were crude
approximations to the actual noise fields.

In the way suggested the noise field can be roughly estimated even
if the number of space sampling points is small (2 —3), and one gets a
direct measure of the noise anisotropy.
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GEOTHERMAL FIELD INFLUENCE @N MICROSEISMS
* PARAMETERS

BY
A.P. SINITSYN'!

STATEMENT OF PROBLEM

Microseisms propagation conditions were studied in detail in scien-
tific works by Savarensky (1959), Tabule vich (1960),
Proskuriakova (1970), Bernard (1971), Tillotson (1971)
and others. There was pointed out, that the mechanism of microseisms
propagation is very sensitive to the change of physical conditions of the
upper layers of the Earth crust including the change of geothermal field.
Let us study the influence of temperature field of the parameters of longi-
tudinal waves in conditions of one-dimensional problem. In this case the
differential equations of motion for the displacements should be as fol-
lowing (Sinitsyn, 1971): .

1 d%u o%u oT
e = — (i = )
cz o 0x? ox
oT J%u 0T
e [1 42 (1 — v)] — 4 o T,E =N ¥
ek | i % Bz ot 9z o

There are :

u — displacements of the particles in wave P; T (=,t) — temperature
function; « — ceefficient of expansion; ¢ — waves’ velocity ; ¢ — den-
sity ; e. —specific heat rate ; F—elasticity modul ; A—heat transfer rate ;
v—DPoissen rate; T,—initial temperature. In formula (2} there is para-
meter ¢ by which the coherency between equations (1) and (2) is ¢stabli
shed. The value of parameter .c is calculated by formula :

a Ty

= e 3
p% Ce K502 @)

1 Council for Seismology and Earthquake Engineering, B. Grouzinskaya 10, Moscow
123810, USSR.
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K2 =3(1—2v)(E (4)

D%=£_$_V)__ (5)
p A+v) Q-2

To solve the equations (1) and (2) we shall make thefollowing substitution :
u=ug+u 6)

u — total displacement ; u; — displacement due to inertia forces ; U, —- dis-
placement due to temperature. To determine u, the equation (1) is used ;
it should be simplified and then we have :

0% u, " oT

dx2 oz

=0 )

Now we integrate the equation (7) by ,,z’’ and obtain :
‘ du,
ox

Then we differentiate the equation (8) in respect with ,,i”” and substitute
the result in equation (2):

=aT (8)

oT orT . 02T
ce[14+2:(1— — 4+ aTgEa— = A
pee [ e ( V)] ot & iy ot 922

©

The equations (1) and (2) are separated now for U, we obtain the usual
solution from the equation (7).

DEERMINATION OF LONGITUDINAL WAVES'VELOCITY

To determine the dynamic part of the displacement which corres-
ponds to the waves propagation process we shall study thelinear alteration

of the temperature field in coordinate ,,z#”’ domain, now the second deri-
2

vative

For =0 and the equation (2) should be homogeneous. The inte-
&r
gration of this equation by ,,1° gives :

" pce [1 42 (1— )] T+uToE%=O
x

The differentiation of this equation by ,,x» gives:

d%u

x2

oT
pee [1+ 26 (1 = V)] — [+ & TE il (10)
x

From the equation (10) Eis obtained and substituting it in equation (1)

ox
after transformation we have:

1 0%y 0% uy

() 82 a2

(11)
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¢’ is the modificated velocity of longitudinal seismic wave in the presence
of temperature field. This velocity is connected with the usual velocity
,,C”? of longitudinal waves by the following formula :

1—9v)(1 —2y) .
er=|14+ = C* =y C? (12)
[ 1+v) [1+2E(1—v)]]

From formula (12) it is clear that in the preéence of temperature
field the velocity of longitudinal waves changes its value, and depends.

7
120
Fig. 1. — The diagram of velocity coe- B
fficient. 1.00 st

on the value = which is proportional to the initial temperature according
to the formula (4). The alteration of coefficient v as a function of T is
shown in figure 1.

AMPLITUDE DETERMINATION

The estimation of the influence of temperature field on the alte-
ration of amplitudes of longitudinal waves let us study the case when :

T(x, {) = T,te—bz (13)

Now the solution of equation (11) is :

ug = Ae~b@=0' | peblm+elh) 14
But previding t =0; 4, =0, 4 = — B and
11 e A [e—b(x—c't)_ e—b(:c—c't) 1 (15)

using the second initial condition : providing { =0; % =0 we obtain

the amplitude :

_ o,
22 ¢

@16y
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From this formula it is clear that the displacements’ amplitude due to
temperature field is inversely proportional to the waves’ velocity. If the
velocity increases the amplitude should decrease and the amplitude rate

is equal to:
Ay e € L Vi an
¢ N

To determine a total displacement of particles in a seismic wave it is
necessary to evaluate the displacements due to the temperature. Using
the equation (8) we shall substitute the value T (,?) from formula (13)
and beccme :

O uT (5 0) = & Tyt e~ (18)
ox

After integration of this equation by ‘2" we obtain :

~bx
u;, = — o Tyl

(19)

The value A from formula (16) is substituted in formula (15) and adding
%, from formula (19) we obtain when z >c¢’t

U=oa Type I:_sﬁ;(zbc'_t) ——%] (20)
¢

‘The following conclusion may be made : in the presence of the temperature

field there is a decrease of displacements. The stresses in the wave with
consideration of the temperature field should be calculated by formula :

c=E[%—uT(x,t)] (21)

X

Making necessary substitutions we obtain :

R ET’oa e %" snpx)| T < @)
be e shpet)y ) > ¢t
‘The amplitude of stresses should be calculated when z = ¢'t
E o«T, b
Omar = — £ ( 1 - “;m) (23)

‘The stress waves have a characteristic configuration as it is clear from the
-equations (22) and (23), this is due to the influence of temperature field.
‘The scheme of stress wave propagation from the free surface is shown
in figure 2.
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DISCUSSION OF RESULTS

The investigations carried out in recent years, as it is shown by
professor Bernard (1971), pointed out that in microseisms there are
P-waves too, and that the microseisms scmetimes have small amplitudes
‘when according to syroptic map these amplitudes should be high ( T il-

£t
5 bx M
4 ML
3 1M e Fig. 2. — The diagram of slress wave propagation.
2
1 A
¥ o v s ///71,_1;

9 12345678

lotson, 1971) and vice versa. These contiadictions indicate that the
study of those physical conditions under which the recording of micro-
seisms are fulfilled must be done mole accutate. The formulae obtained in
this paper shcw that the geothermal state and the temperature of the
envirorment may considerably effect the velocily of wave propagation
and the amplitudes of microseisms. As it is known, the study of geothermal
field influence on longitudinal waves propagation velocities in lower layer
of the upp«r mantle attract the attention of the seismologists long ago.
The results obtained in this domain (J a ¢ o b, 1971) show that it is neces-
saly to evaluate the influence of the geothermal field. While the investiga-
tion of microseisms this problem must be studied more piecisely, particular-
ly; while dete:mining the microseisms parameters the attention should
be payed to the state of temperature field under condition of which the
microseisms propagate. It is essential to point out that the temperature
field may effect also the veitical component of the surface waves although
this problem requires further investigations. It is noteworthy, the theo-
1etical results should be checked by experimental data.
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ON THE POWER AND ENERGY OF SOURCES OF EXCITATION
OF MICROSEISMS

BY
V.N. TABULEVICH!

Due to the experience of modern seismology the urgent need for
a parameter has arosen, which would permit the comparison of the inten-
sities of various seismic processes (earthquakes, explosions, microseisms)
eliminating such variable quantities as, for instance, distance, dispersion
and others. As an adequate parameter the energy of elastic vibrations in
the source was proposed. Originally it was introduced 1911 (1960) by B. B.
Golytsyn in an analysis of the Sarez earthquake.

A transfer of the procedures of determination of seismic energy
into the field of microseismic vibration would be rather promising, as it
would permit a comparison of the intensities of the sources of excitation
of microseisms, atmospheric disturbances (cyclones, typhoons), wave
patterns, infrasound, which would develop under conditions given on
various aquatories (lakes, seas, oceans), on various latitudes, in various
seasons etc. However, the basic differences between earthquakes, explo-
sions and sources of microseismic excitation are to be kept in mind. Earth-
quakes are impulsive phenomena and the introduction of the term ,,energy”’
occurs for them quite naturally, whereas the term ,,power’’ is meaning-
less.

Microseisms are quasistationary or semiperiodic phenomena. Here
the concept of ‘“‘power” is easily applicable. As microseismic storms last
sometimes for a several days, the conversion factor between power and
energy may sometimes reach 108. For stationary periodic processes the
therm ‘‘energy’’ can not characterize the intensity of the source of excita-
tion of microseisms at a time instant given. A comparison of microseismic
sources by their energies can provide one and the same values for quite
different processes, for instance, for a weak long acting source, and a
short one, but with great intensities.

Procedures of determination of absolute energy values developed
during earthquakes at present encounter some difficulties, as for instance,
the account of residual deformations, which are impossible or difficult to

1 Politehniceskii Institut, Irkutsk, USSR.
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eliminate. On the other hand, the energy of elastic body and surface:
waves of earthquakes can bz principally determined separately.

In the case of microseisms we have a simpler process of energy
transfer than the stress relaxation during earthquakes. It can be shown
that microseismic vibrations in the source cause elastic waves only. The
maximum values of bottom pressure may be estimated as 5 -105 mkbar
or 500 g/cm3, These values are substantially below the thresholds of elas-
ticity for all substances forming the sea bottom. On the other hand, in
the case of microseisms the summary vibration is recorded, the conception.
of a radiation angle becomes meaningless. Therefore, the deduction of the
correspondent relation has to be begun from basic principles.

The Umov-Poynting vector p characterizes the energy transmitted
though a unit surface in a time unit (density of power). To obtain the
whole energy developed inside a close volume during the time interval.
t we must summarize with respect to surface and time :

E=S§5dsdl.
tJs

As we shall assume the microseisms to be a stationary process, the time:
integration can be omitted and the power will be :

W= _‘?_E_‘ = S pds.
¥y,

Generally p = p (2, y, 2). Vibrations measured at the surface are not.
representative for a certain wave front. For example, processes of refrac-
tion inside the surface from hidden obstacles can lead to the fact that it
becomes impossible to draw a wave front i.e. a surface through which a
similar vibration sequence should follow. This is accounted for by C ar-
der et al. (1962) by means of a factor @, giving, as the authors believe,
account of energy dissipation during refraction. It is known, however,
that during refraction no energy dissipation takes place and @, is to be
regarded as an empyric factor, correcting computed values.

In our work (1964) is was shown, that microseisms, similar to elastic

earthquake waves, are composed of body and surface waves. The law of
the amplitude decrease is given by

A=ar-2 4 br- 12,

It was shown that a/b = (1-5 4 3-0)-10* provides an optimal fit to
observe values.

The isoamplitude surface (wave front) for surface waves is a cylinder.
If for body waves the dependence 1/r could be accepted, the wave front
would be spherical. In the case of the amplitude decrease of the body
waves proportionalto1/r2 (Savarensky, 1955)the shape of the isoam-
plitude surface should vary in time, because there does not exist a simple
geometric image, the surface of which varies as 1/%. For an approximate
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approach to the problem consider that if at the Earth surface (the boun-
dary) the amplitude varies as 1/r2, then the rate of variation in the direc-
tions perpendicular to the horizontal plane should belower. The shape
of the isoamplitude surface is schematically shown on figure la. We
represent this surface by means of an equivalent cylinder of equal surface

e

Fig. 1. — Isoamplitude surface of body
waves.

@, schematic shape of the isoamplitudine surface;
b, equivalent jsoamplitudine surface.

|
|
I
|
|
i

a b
(fig. 1b). Computing the sizes of the equivalent cylinder from considera-

tions of the constance of the power flow of the body waves :

" A%
W= B|S =2n?ppCp(nr® + 2nrx) —
T3
Assuming 2> 7,
WBT%

B ———a— 0

4 78 pBCBA%r
(we neglect the radiation through the bottom of the cylinder). At r = 0

the amplitude should become infinite. To eliminate this alogism we assume
that the amplitude in {he source of microseismic excitation is determi-

it ’ . Wy 2
ned by a definite dimension of the source rg. Then =2 = ——:—r‘
P s

r3
It follows z = —

P
Generally

A% A%
WB=2TEZF ppCp 2mrz =y 1t
, 4m®

Here = PsCs

[

On the other hand for the surface waves the relation is valid :
Ag

Wg = 47— p,Cohr=¢

7 Rl Ty

4

/o

Here =4 nspsc§

| o5 =4 | = |y
institutul 'r':-.';".;:{'_;:w_;{
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The bulk power of the source will be equal to the sum of the powers of
body and surface waves :

A2 A2
W=Wp+ Wg=y —2ptqe,
T2 T

we e+ (42 o] e (31 ]

Here a/b are taken from our initial relation

or

’ 473p.Cs Y 4wippCp -

e P wnd =il & O,
T 4 3 T2 2Tt

Hence the expression in the brackets depends on the period only and
does not depend on distance.

The value of Ag is unknown from seismograms, since the summary
amplitude of all kinds of seismic waves is recorded, which can not be
subdivided without complementary theoretic constructions.

The bulk amplitude of microseisms equals to the sum of amplitudes
of body and surface waves:

A=AB+A'S=AS 1+é§-
Ag

and
e AA % A
1+ __B_. 1 +i r-Ls
s b

Substituting we obtain :
P 2 2
v (—2\[+(]
14 a; r-1s K

In our developments we have not accounted for damping of microseismic
vibrations (the waste of energy for irreversible processes). Our wave
front is in a strict sense not exactly a locus of equidistant points from the
source, nevertheless we shall ascribe the value ¢** conventionally to the
parameter r to obtain finally :

N2 2
T
1+%r‘l-5 e
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In estimates of energies of earthquakes it is convenient to use not
absolute values, but rather to relate them to a reference value, arbitrally
chosen. The dependence of the amplitude of the vibration of such a source
from distance at a definite period is referred to as a calibration curve.

2
Fig. 2. — Calibration curves for a source of microse- 0% p
ismic vibrations with a power 101% erg.s~1 and periods
of vibration from 2 to 10 s.

0%

0% T Km

We introduce a similar conception. Taking a minimuwm reference
power level 10!% erg/s~! and the source radius 7y = 100 km, we obtain
the calibration curves given in figure 2. In introducing the calculation
formulae we involve the same considerations as in the deduction of the
relations for the energies and amplitudes of earthquakes, namely

log W == log W, + 2 (log a — log a,)
log W = 12 + 2(log a — log a,),

here a is the amplitude of the microseisms, measured at a distance r and
a, is the amplitude of microseisms obtained from the calibration curve
(fig. 2).

Analogous to earthquakes the conception of the magnitudes of micro-
seisms can be introduced :

2M =log W— 12,

Now consider some examples of microseismic storms. We have selec-
ted cases of microseismic storms stipulated by powerful oceanic cyclones,
less powerful events on aquatories of limited dimensions (Okhotskoye
and Caspian seas) and finally have considered microseisms on smaller
aquatories, as the lake Baikal. In table 1 the results of the determination
of the power on various stations.

It should be noted that the power of the vibrations in the source,
as computed on hand of the records of various stations, located at diffe-
rent distance nearly does not vary. Hence the power is actually invariant
from absolute values of amplitudes and distances, which is in full concor-
dance to the physical meaning of the physical parameter introduced.

4 —c. 3N
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TABLE 1
Power of sources of excilalion of microseisms

| Power erg/s—!
. Distance Amplitude Period
Stat. .
ation km A mmk Ts £ mdtlvtl.dual average
| station
Atlantic ocean
Pik 1 890 3500 8.6 ] 10174
Apt 1 940 2 800 8.0 1017-3
Kshn 2 800 1400 9.0 1026.9 10172
Sv 3 550 2000 9.0 10173
And 5 400 500 9.0 l 1017.0
. Caspian Sea
Mk 100 9 000 3.5 10%?
Bk 320 2 000 3.4 10157 10158
K—A 600 600 3.2 1018-8
Okhotskoye Sea
P—-K 650 2000 4.5 I 10163
Megd 200 2 000 5.0 10146 10154
Tx 2 000 200 5.0 | 10154
Indian ocean
Perth 3000 5 500 8 10172
Irk 11 000 700 8 10178 10
Baikal lake
Kb 50 3000 2.8 1013 |
Zak 200 40 2.8 10118 1012-5
Arsh 150 100 2.5 1012
Kyakhta 200 110 2.5 1018

The introduction of the magnitudes allows to draw a parallel bet-
ween earthquakes characterized by energies and microseisms, characterized
by power.

From comparison of our data it follows that oceanic microseisms
phenomena are characterized by a power 1017 — 108 erg/s and a magni-
tude 3. Sea microseisms — by a power 10% and M = 2 and lake micro-
seisms have W = 10%2° and M = 0 — 0.5. We determine the energy
transmitted to the Earth during the duration of the microseismic storm.
So the energy transmitted to the Earth by a cyclone in the Indian ocean
from 12.00 h 20.IX ¢ill 00 h 23.IX equals 2-10%® erg. In the Okhotskian
sea from 00 h. 29.X till 00 h. 30.X EF = 10%° erg. On the Baikal lake
E = 107 erg.

The introduced conception of power of microseisms closely correlates
with alternative hydrometeorological and atmospheric estimates of the
energy and destructive power of spontanous processes.

I 3 v P e ol Iy e R e
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