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There are three main parts in this report:

- a study of magnitude anomalies in French Polynesia. A first approach
gives an anomaly per station which is roughly a function of a zimuth valid for all
French Polynesia plus a station's constant. A more detailed study shows the
influence of local structure. /

- a theoretical study of generation and propagation of crustal seismic
waves, Radial and vertical displacement are computed up to 500 km for various
sources (quakes and explosions).

- Propagation of T waves and conversion into seismic waves at a continental
slope level. We explainéd the rather long duration of T phases in continental
station (some minutes, in French Polynesia only some 10 seconds) by conversion of
water waves to seismic waves along a large area of the continemtal slope. This
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Magnitude anomalies in French Polynesia

D T T TR T N .

At the last DARPA meeting we presented preliminary results of our
study of magnitude anomalies in French Polynesia.

The set of data consist of all quakes between January 1978 and July
1979 and recorded in at least one of the nine stations of our network

in French Polynesia. This oneand a half year period was not long . enough
to provide us with a large enough data set to smooth our results for a
large variety of azimuth. We increased our data basis by including
selected events from 1975 to 1981 which occur in less seismic areas.
Our final data set is made of 733 quakes among which 299 are recorded
in the nine stations,

We will first, present results from our new data file which prove

quite similar to those presented last year,

!__.. Presentation of our data set:
The detectability of the network is presented in figure 1. The cumulated
number of quakes is plotted versus magnitude for both subarray of
Tahiti and Rangiroa. The b factor of the asymptotic law

log N = a - bm
valid for large magnitude is quite similar in both places: 1.68 in
Tahiti and 1.65 in Rangiroa. The 50 % detectability threshold is also

quite similar. Respectively 5.3 and 5.2,

The following figures represent more precisely our data set. -

Figure 2 :Geographical repartition of epicenters. This is only a é#_

seismicity map of Pacific Ocean ( Tahiti beeing roughly at the center O

of the Pacific ). —_

Figure 3:Number of quakes versus distance. Erey ——
i INSPECTED

Figure 4: Number of quakes versus focal depth,

1

. Avallubliity Geodes

Figure 5:Number of quakes versus magnitude, i~ 7" TAvail and/or -
‘Dist Spectial




II - First results on magnitude anomalies,

We computed the observed magnitudes of all events in all our stations,
and compared the results to the magnitudes published by USGS.

Figures 6 and 7: magnitude anomalies versus magnitude USGS for

Tahiti and Rangiroa ( magnitude for Tahiti means average magnitude
computed from our 5 stations in Tahiti, for Rangiroa average from

4 stations in Rangiroa ).

Figure 8: magnitude anomalies versus distance for Tahiti and Rangiroa.
Figure 9: magnitude anomalies versus focal depth for Tahiti and
Rangiroa.

In all figures, the density of grey is proportionnal to the number of
data. There is no statistically significant variation of magnitude
anomalies versus one of this above parameters,

A contrario, we observed a significant dependance between azimuth

of incoming wave and magnitude anomalies. This is clearly seen on:
Figure 10: Magnitude anomalies versus azimuth for Tahiti and Rangiroa
and on :

Figure 11: Magnitude anomalies versus azimuth for the 5 stations of
Tahiti,

Figure 12: Magnitude anomalies versus azimuth for the 4 stations of

Rangiroa.
In all the nine stations of French Polynesia, -—> may notice that
generally speaking all events east of our stat.. are well recorded

(positive magnitude anomaly) and all events west of our stations
poorly recorded.

In oder to decrease errors ( both our reading errors and errors in
the magnitude values published by USGS ) we first decided to take
average of all events from the same seismic area.

We were puzzled by the results : magnitude anomalies versus azimuth
in one particular station are the sum of a constante ( depending from
the station ) and a variation with azimuth which is the same for all

polynesian stations,




It implies that there are no effects from the local structure of this
island or atoll. This joint was important enough to demand a more

detailed analysis.

A smoothing of our data on all quakes originating in the same seismic
area, shows no influence of the local geology. We used E., Flinn ' s
seismic zoning for this averaging process., We use only the first
digit of his regionalization and so do average over a large enough
number of quakes. But in that case, the size of the seismic area is
too large, and so do the azimuth intervals over which we average,

All possible local effects of the structure of Polynesian islands are
smoothed out,

In order to study these local effects, we used in our data set, only
the 299 quakes recorded in all the 9 stations.

Figure 13 gives a plot of the variation versus azimuth of the observed
magnitude in Tahiti minus observed magnitude in Rangiroa. On the
left hand side, a plot of all values, and on the right hand side a
smoothing of variations., ( The smoothing is obtained by a Bartlett
triangular window, the total aperture of which is 10°),

We now nctice an average effect of the structure of the island of
Tzahiti and of the atoll of Rangiroa.

Figures 14 and 15 try to describe in more details the effects of local

stucture inside a subarray ( figure 14 Tahiti, figure 15 Rangiroa ).
In both figures we plotted the difference between observed magnitude

in one particular station and the average magnitude of the subarray.

With this more accurate smoothing, the dati. lead us to show a
definite effect of the local structure on the azimuthal variation of
magnitude anomalies, One of our current work is to correlate this

magnitude variation with what we know on the geology of the subarrays.
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Magnitude anomalies versus distance.
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Magnritude anomalies versus focal depth
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Theorical study of generation and propagation of
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It has been shown in a recent study (Bouchon 1982) that the Lg waves train
is a superposition of S waves multiple -reflected through the crust and
incident on the Mohowith anincident angle larger than the critical reflexion
angle. The energy transmitted by these waves is consequently trapped in-

side the crust.

Pg waves are similarly built by a superposition of reflected P waves in-
side the crust. But these waves beeing able to be converted in S waves
through the Moho, their energy is not trapped in the crust, as efficiently

as it is for Lg waves.

Synthetics for earthquakesand explosions have been generated at different
epicentral distances between 50km and 500km (Fig. la, b, c). The source is
5km depth, the mechanism is a strike slip (horizontal), and the crustal
model is a continental one currently used for France (Fig.3). From these
seismograms (3 components) it has been possible to look at the maximum
amplitude decrease versus distance (Fig.2) = attenuation for Pg phases
is stronger than for Lg phases. For distances larger than 100km the three

components amplitudes are decreasing similarly.

These synthetics have spectra (0-5Hz) with steepish decrease for Lg
phases with f > 2-3Hz; Pg spectra beeing rather flat up to 5Hz (at

least for the involved distances).
Source depth effect on Pg and Lg phases =

Computations of synthetics have been made for three other depths = 17km,
29km, 3lkm. (the Moho beeing fixed at 30km). If surface waves amplitudes
are strongly affected by depth, it does not seem that Pg and Lg waves

are decreasing as long as the source is kept inside the crust,

When the source is put under the Moho (z = 31km) Pg and Lg amplitudes

are thi: time strongly decreasing, observation which confirms the crust




as a wave guide for these phases,

Attenuation due to geometrical spreading has been obtained for these

distances (50-500km) = (Fig.4)

for Pg «D™3

for Sg «D~085

source mechanism effect =

Synthetics built for two different sources =

- dip slip (fault plane with 45° dipping angle).

- strike slip.

(b th sources at 5km depth).
give very similar Lg waves trains (but the polarity signs which are opposi-
te). Pg waves are quite different. The _Pg ratio is larger for a dip slip

than for the strike slip mechanism. Le

Case of explosions =

We have modelled the seismic source for a nuclear explosion by a pressure
applied on a spherical cavity's wall, the cavity radius beeing taken is

100m and the pressure function very similar to a pulse.

Synthetics obtained with the source placed at 5km depth, have no Lg waves
(Fig. 5a, b). When decreasing the depths that is to say when taking z = 2km
(Figéa,b) and z = 1, 5km (Fig.7a, b) the Lg waves train is becoming
important again. These few trials pointed out the influence of depth factor
on the excitation of Lg waves. For explosions, these Lg waves are cer-

tainly due to P to S waves conversion at the surface level.

That study is going to be developped by adding more earthquakes synthetics
in various crust models, and comparing them to real cases. These samples

will be taken in France and Africa essentially.
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Figure 1b :

Tangential di splacement
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Figure 7b
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Propagation of T waves and conversion into seismic
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The purpose of the study we have started recently (end of 1982) concerns
a better understanding of the T waves we usually record on seismographs
on islands, atolls or continental plateau (case of France) and which origin

could be an earthquake or an explosion.

In France, the T waves trains recorded for an under sea chemical blast,
on continental stations, have a rather long duration : some minutes, and
longer is the continental slope, longer is the seismic signal . For similar
sources, seismic signals recorded on small islands or atolls in French

Polynesia are shorter (some 10 seconds) and with a clear incident wave,

The basic idea which could explain this phenomena is that the T wave
signal recorded in one continental seismic station is composed of different
simple signals having followed different propagation paths (sofar) in the

sea from the source to different conversion points of the continental slope.

At this level, each elementary contact point could be considered as a
diffraction source which transmits along different azimuths the energy of

the incident T waves.

Before translating this physical approch into some mathematical form ,

we had first to determine the nature of the converted seismic waves,

Taking the opportunity of some chemical blasts in the Atlantic Ocean at
about 1500km from the French continental slope, three componentsdata have

been recorded on a SP seismic station set up at 200km from the sources

(Fig. 1).

After having applied filtering process as remode filters (rectilinear motion
detector) on the data, it was possible to identify the two successive main
converted T waves trains as compression and shear waves which propa-
gate at Pg and Sg velocity. In fact, the remode filter is a polarisation
filter which computes a cross correlation of the vertical and the supposed

radial components versus azimuth to pointed out any P wave reception,




In our case maxima where found inside a * 30° angle around the epicentral
azimuth., This result seems to confirm a large participation of the continen-

tal slope to the wave forms (Fig. 2).

Similar dispersions where found for Sg waves (Fig. 3).

The next step should be to compute for each sample of the continental slope
at the sofar depth (1000m), the transfert function of the incident signal

to the diffracted signal. Then sum them with reasonable time delay. By
convolution with a source function and attenuation function for the crustal
propagation, try to rebuilt the whole seismogram at each station which

recorded the converted T phase.

If this comprehension of conversion of T phases into seismic waves is
satisfactory, we are planning to use then a more complicated source
function to simulate an earthquake and see the main differences on the

seismograms features,

Another effect to be studied is the conversion between seismic ant T waves

at the source level.
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Figure 2 :

Displacement in horizontal (above) and vertical (below)
plane for P waves.
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