


A STUDY OF MICROSEISMS

GENRRATED BY A STORM IN FERRUARY 1949

1.  IITRODUCTIGHT

The nature of microselsmic waves is of theorstical and practical
interest in the study of sea waves and wave prediction. Very little
consistent work has been done on this subject, but it is known that
microseisms can be generated in areas of meteorological disturbance
over the sea. They may be due to atmospheric pressure disturbances on
the sea surfece (Press and Ewing 1948) or, more probsbly, to pressure
fluctustions in wind-gencrated ses waves (Longuet-Higgins 1950). Lord
Rayleigh (1885) has shown that in a homogeneous medium surface waves
can be propagated in which the displacement of the perticles is partly
vertical and partly horizontal in the direction of propagation.  The
phase difference of the displacements is 90°. Les (1932) hag shown
that waves of similar type can exist when the elastic medium is
overlain by a second elastic medium; the ratio k of the vertical and
horigontal displacements at the free surface depends on the elastic
constants of the two media. Scholte (1943) and others have studied
the case when the overlying layer is a fluid.

Since microscisms arc almost certainly caused by pressure
fluctustions transmitted in some way through the ocean, it is
reasonable to expect that, in the first place, they consist of waves
of Rayleigh type. However, the nropagation of the microseismic
waves through inhomogencous medis and their reflection and refraction
at geological faults may cause part of the Rayleigh waves to be
converted into Love waves, in which the displacement of the particle
is entirely horigontal and perpendicular to the direction of
propagation,

Lec (1935), working with records from Kew Observatory, concluded
that mlcroselsms consist entircly of Rayleigh waves, I this is true
always, the dircction can be found very casily by estimating the ratio
of the intensitics of the Bast-West and North-South components which
gives the tangent of the bearing to the North. This method, howsver,
has not worked successfully and it is not possible to estimate the
bearing of a storm with any accuracy on this assumption. Other
workers (Leet 1934, Darbyshire 1954) have started with the more general
assumption that microscisms are a mixture of Rayleigh and Love waves,
and they have achleved more accurate results. A consistent and
thorough study of this subject is bound to present meny points of
intersst and may ultimately lead to a reliable and quick method of
agtimating the besring of storms that generete microseisms.

2. OBJECT OF THE PRESENT INVESTIGATION

The main aim of this investigation is to study the vsriation of the
Love-wave/Rayleigh-wave ratio as a function of the position of the
generating storms. A storm of Februsry 1949 in the Atlantic was chosen
for this study as it had 2 fairly long track from the south-west to
north-west quadrant. The direction of arrival was also estimated by
measurements of correlation coefficients and intensity ratios between
the various components. An effort was made to study the distribution
of Rayleigh wave components along the horizontal and vertical directions.

3. THBORY

Darbyshire (1954) pointed cut the possibility of cstimsting the
direction of arrival of microscisms by messurement of the maximum
correlation coefficients between the various components.



If the horizontal displacement due to Reyleigh waves is given by
R(t) and that duc to Love waves by L(t), and € is the bearing to the
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Now the values f L(t)/R(%) as calculated from thesc couations depend

to a lerge extent on

coefficients. Fortuitous correlations become more predominant when the

the accuracy of the cvalustion of the correlation

amplitude of une of the components is very small. Unfortunataely this
was the case during the storm under discussion, zs the North-South
component records were very posr and correlation botween N-3 and B8-W
comp . onents ( {yv) very small, This gave in some cases negative values
for (L(4)/R(£)Y2 as evalusted from cquation (7), which is igpossible.
Yy anavwere reasonably good. Messurements of 3., %y and % tend to be
accurate, since the A.R.L. analyser can be used for evalusting these.
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Hence an equation cbtained by combining (4) and (5):

Tan@= Yxy X (8)
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is used in the present investigation.

According to this
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(It can be seon that (Lttyﬁ?fg can never be negative in this case.)

_A further refinement can be incorporated if the values of Y
and % are slso considered unreliable. ¥

By using (1), (3) and (&) we get
Ya.. X = L Snd " ‘ (10)
T3 k

It may be pointed out here that if the valne of K can be evaluated
for a particuler seismograph station the bearing ven be found by
measurement of Y-ﬂyﬁ % and "g

L. PROCEDURE ADOPTED

The records from Kew Observatory were made suitable for use in
the analyser and correlstion meter by magnifying and reproducing them
in black and white profile form. The correlation coefficients were
measured using the correlation meter described by Tucker (1952). The
AR.L. snalyser was uscd to caloulate the r.um.s. values of the
displacement by squaring and adding the peaks in the frequency spectra.
In using equations (8) and (9) a correction had to be applied for the
different sensitivities of BE-W and N-3 component seismographs. This
was found by measuring the average value of ¥ and 9 for the whole span
of the storm and finding out the ratio 3 ig (It follows from (1)
and (2) that for - wide range of ©, X pa,=2V4). The value of 3 yas .
divided by this ratic to give the sctusl value.  (The value of
{ﬁi/g>av'was 1.61,) The records word analysed for every three hours
from” 1200 on 6.2.49 to 0600 on 8,2.49.

5. DISCUSSION OF RISULTS

(n) Varistion of L(t)/R(t) with dircction.

The most striking rosult of the investigation was e variation
in TIE)/5(%) with divection (¥ig.1). It was about 1.5 when the
storm was in the SW and NW directions but reached o maximum of 3.5
when it was westerly. This can give two conclusions =

(i) Reyleigh weves are absorbed most in a westerly direction.
(This fits in with the results of a present investigetion by
Darbyshire on the refraction of microseisms approaching the
British Isles.)



(ii) Love waves are produced more in a westerly direction
suggesting the presence of a geologic fault or a so~-called )
"microseismic barrier". The investigation seems worth pursuing.

(b) Evalustion of Tan & (Fig.1),

The bearing given by this method shows the general trend of the
movement of the storm. There is some uncertainty when the storm crosses
over from the SW to the NW gquadrant. In general the bearings are a few
degrees south of the actusl positions, and this is to be expected from
the wave-interference theory. The uncertainty when the storm approaches
due West is to be cxpected in all techniques involving the N-S component,
which is bound to be very small as the Rayleigh wave component will be
small in that component for the direcetion. It is also interesting to
note that the bearings become erratic after 1500 hrs. on 7.2.49. This
fits in well with the time of arrival of swell from the storm on the
coast, The amplitude of the sea waves from records at Perranporth are
plotted against time in the seme figure for reference. It may be
noted that the wave activity on the Irish and west British coasts due

to 2 storm in the West starts sbout six hours sarlier than at Perranporth
(Darbyshire, 1950).

(¢) ~ Equation (10) looks promising as it holds a solution of @ with few
perameters.  Hence the estimation of i/k is very important. In Fig.2
VK Sin © is plotted against time. The graph obeys the general trend
of vardiation of © till the swell starts arriving. The second peak
after the swell starts coming is interesting as' it points to a source
mainly caused by swell. With data from more storms givipg better
records of the N-S component also, it will be possible to evalustse the
constant k for Kew Observatory. '

6. CONCLUSIONS

(2) Study of varistion of L(%)/R(%) with direction can throw
more light onto the generation and propagation of
microseisms.

(b) Direction of arrival of microseisms can be studied by fewer
measurements of correlation coefficients, using the more
accurately msasurable quantitiss ¥ and S

(c) Direction-finding techniques can be simplified by estimating
the Rayleigh wave constant k.
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