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ABSTRACT

To investigate the early tectonic processes of ocean litho-
sphere, we examine the stress drops of 11 earthquakes occurred in
(7) and near (4) the Mid-Atlantic ridge.

The required parameters are derived from the azimuthal varia-
tion of body-wave pulse-widths through a least squares process,
involving unilateral, bilateral and circular models of rupture
propagation and various rupture velocities.

Combining this procedure with information obtained from long
period body wave inversion, a more accurate evaluation of stress
drops and other source properties was achieved and showed no
systematic difference between the two types of events,

This is contribution No:1@ of the laboratory of Theoretical and
Applied Seismology of Patras University.
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1. INTRODUCTION

Estimates of earthquake stress drops are important in the
understanding of +the regional stress field. Although a stress
drop does not represent absolute levels of stress, it does indi-
cate how much stress is being released during an earthquake, and
therefore it gives a minimum value of the initial stress level.

Many studies of oceanic earthquakes have provided crucial
information on the tectonics of oceanic regions. Normal faulting
at mid-ocean ridges (Sykes 1967) identifies them as zones of
active extension while in contrast, focal mechanisms in older
ocean lithosphere indicate compressional stress, presumably due
to "ridge push", the force caused by density inhomogeneities
resulting from the thickening and subsidence of the cooling
lithosphere (Bergman and Solomon 1980, Dahlen 1981).

Although the seismicity and source parameters of ridges and
near ridge areas has been extensively studied, including analysis
of body waves, surface waves and free oscillations there 1is
little information about the involved stress drops. This is
mainly due to the fact that most of the wused techniques were
applied in the frequency domain where only the amplitude spectrum
is explained. One problem with estimating stress drops using the
standard formula (e.g. Brune 1970) for a circular fault 1is the
uncertainty introduced by the stress drop's cubic dependence on

fault radius. Using Brune's model which assumes an infinite
rupture velocity, one could obtain a fault radius from the corner
frequency, or one could assume a more physically realistic model

and try to estimate a rupture velocity and duration of the rup-
ture. But accuratlte estimates of corner frequency are difficult to
obtuin from teleseismic waveforms because of the effecl of scat-
tering and attenuation.

On the other hand, the time domain approach permits both phase
and amplitude spectra to be interpreted simultaneously and the
theoretical prediction can be compared with the observation in «
more direct way.

In the present investigation we are going to estimate earth-
quake stress drops from time domain information, ithrough an
inversion of azimuthal change in pulse width of body-waves,
following a procedure similar to that of Chung (1979).

Since source dimensions and stress drops are usually model
dependent (In particular estimated values for fault area and
stress drop can vary substantially with different methods used) ,
instead of assuming the same fault model for all events, several
different models are being tested and compared and then the best
one is used for the computations. To investigate any variations
of stress drop it is desirable to compare stress drops determined
by the same method. Thus, we can achieve a good estimate of
relative stress drops even though the absolute values are to some
extent model dependent.



2. METHOD OF ANALYSIS

During the present investigation, unilateral, bilateral and
circular fault models are examined. For the first two models we
assume that the rupture occurs simultaneocusly over the entire
fault width and that the fault length is much larger than the
fault width. Hence, the contribution from the fault width to the
duration of the far field time function is assumed to be minor
and can be neglected.

The waveforms of most of the analyzed earthquakes are relative-

ly simple; the p-waves usually have a large first swing and a
small second swing and then die away very quickly (Fig.1l). The
most important parameters characterizing the waveform are the
pulse-width and the amplitude of the first swing, since the

amplitude of the second swing can be compensated for, by choosing
a proper shape for the far field source time function.

For the modes of rupture propagation shown in Fig.2, the dura-
tion of the far field source time function Ts can be expressed as
(Chung 1979)

TsabX [1]
where
b = L/Ve (unilateral)
= L/2Vc (bilateral)

= a/Vc (circular)

X = Vc/Vr—cos% (unilateral)
= Vc/Vr+Icos?gl (bilateral)
= Vc/Vr+sin3 (circular)

In the above equations, % is the angle between the rupture
direction and the ray taking off from pocint A to observation
point P, and § (for circular model) is the angle between the
normal to the fault plane and the ray taking off (Fig.2), Ve 1is
the P- or S- wave velocity of the medium and Vr is the rupture
velocity.

Having determined Ts at each individual station and for a given
direction of fault propagation, the parameter é can be c¢alculat-
ed. Hence, the parameter b in equation [1] can be easily deter-
mined through a least squares apprcach. By repeating this proce-
dure for each one of the three rupture models separately and for
an acceplted range of rupture velocities those parameters which
give the minimum root-mean-square errors are adopted for further
analysis.

To calculate the far field source time function S(t) from the
recorded pulse - . R(t) on the records, we try to establish an
analytical relation between the two, following the approach
proposed by Chung (1979) but slightly modified since we perform



the calculations in the frequency domain. For this purpose we use
a proper source time function and we take attenuation into
account.

We can express R(t) as follows (Fig.1)

R(t)=S(t)*Q(t)*I(t) [2a]
or in the frequency domain
R(w)=S(w)Q(w)I(w) [2b]

where S(w) is the Fourier transform of the far field time func-
tion, I(w) the instrument respon-e and Q(w) the earth's attenua-
tion filter (Futterman 1962, Carpenter 1967), given by

Q(w)=expl{-wt*+[iwt*/(2%) ]In[w/w')-2)]} [3]

with 1{7=-]ds/Q, Q the quality factor and w' the Nyquist frequency.
For P waves from shallow teleseismic events t*=1 (Kanamori 1967),
hence, by using various boxcar and triangular far field +time
functions we can easily establish a Ts versus Tr relationship

R(t):,-},ch)mw)x<w)exp<-iznwndw [4]

and by taking the average relation between the case corresponding
toc the boxcar and triangular functions we end up with a simple
relation which 1is presented in graphical form in Fig.3 and 1is
used to estimate the duration of the far field time function from
the observed pulse-width on the seismic records.

During the analysis, we try to avoid multiple events and study
earthquakes with relatively simple wave-forms. We are also re-
stricted to earthquakes for which there are known fault plane
solutions and seismic moments as obtained from the inversion of
long period body waves. Seismic moments are usually well deter-
mined and not model dependent so we adopt the published values.

Assuming reasonable values for wave velocity Ve at the source
depths we can calculate from the corresponding optimum b-values
the fault dimensions. As far as the fault width is concerned, we
assume that it equals 0.4 of the fault length (Ellsworth 1975).
The obtained stress drops will be slightly different if a differ-
ent width to length ratio is assumed and +the relative stress
drops do not change in any signifi.cant way.

For calculating the stress drops we employ the relation

A6=(7/16)Mo/ (&) [5]

where a is the radius of the equivalent circular fault with area
LW.
3. DATA ANALYSIS AND RESULTS

Eleven earthquakes near and in the Middle Atlantic ridge with
depths less than 10Km and magnitudes ranging from 4.8 to 5.9 are

investigated (Fig.4). We investigate earthquakes with known fault
plane solutions and seismic moments, Tablel, presents all +the



relevant to the earthquakes information.

The duration of the first half swing of each event is measured
from the long period WWSSN records at many stations (Fig.5), with
close reference to the already published synthetic wave forms.
The durations of the recorded half swings are then converted to
the source duration by using the solid curve in Fig.3. Having the
values of Ts at a number of stations the searching process de-
scribed above is carried out through a series of least squares
analyses for three different rupture modes. The rupture velocity
is constrained within 0.4 to 0.9 of the shear wave velocity (Vs)
and a fit is done for each increase of ©.,1Vs, The processing
scheme which was followed during the present analysis is illus-
trated in Fig.6.

The obtained results (Table2), shows that for the 11 events
analyzed, unilateral rupture fits the observation best for 8
events, bilateral rupture gives best fits for 23 shocks and in no
case does the circular faulting give the best fit. This inadequa-
cy of the circular rupture mode to describe the rupture process
can be explained as the effect of non isotropic material proper-
ties and stress field at the earthquake source region.

As shown in Table2, the source dimensions of the investigated
earthquakes, vary from about 9.1 to 14.2Km with an average of
about 12Km. The corresponding stress drops obtained vary from
about 13.6 to 63.5 bars with a mean value of about 35 bars for
the in ridge events and between 23 toc 166 bars with an average of
71 bars for the off-ridge events.

Tt is known that the uncertainty in determining stress drops
arises mainly from the uncertainty in the fault area. In the
present investigation we have tried to reduce this uncertainiy by
first comparing several fault models with observations and then
compute the fault area with the best model.

Chung (1979), pointed out that the fault length can be resolved
to better than a factor of two for using the pulse-width tech-
nique. Assuming a factor of 1.5 for fault length resolution this
results to a factor of 3 for stress.

The obtained stress drop values for the two examined categories
of events show no systematic difference if one consider the error
limits (presented as bars in Fig.7). On the other hand if we
consider only average values there is a slight indication for the
in ridge events to show relatively higher stress drops. This (i
it is true), can be explained ecasy since stress drop 1s con-
trolled by the temperature dependent material properties at the
source region. However, the limited amount of examined data does
not permit us to reach any conclusions and more earthquakes have
to be analyzed.

4. SYNTHETIC SEISMOGRAMS

In order to test the quality of the obtained results, synthetic
seismograms from the estimated source parameters are computed and
then compared with the observations for a limited number of
earthquakes. The method applied for the synthetics has been used
for source studies of various events (Helmberger 1974, Chung and
Kanamori 1976).

Basically, we model the far-field seismograms by convolving the



sum of ~various body wave rays (e.g. P, pP and sP) with source
time history, earth attenuation, crustal structure and instrument
response,

For the displacement of P waves we can write

Up(t)=Mo/ (47RY% ) (s(A,h)/a) B, S(t-1)#Q(t,TS/Qav) 2C(1) #1(t) [6]

where

Me= seismic moment

h = source depth

R, = the density at source

V= the wave velocity at source

a = earth's radius

Rep= radiation pattern

and g(A h) is the geometric spreading factor given by

[7]

s Pn Vﬂ‘ ) ?!!‘In l_ J'i"
g(b)= \IP. Vo smB el dA

where p, ,We,ie are the density, wave velocity and angle of inci-
dence at the station respectively and g Yyand iyare the same
quantities at the source.

The crustal filter for a particular station can be written as

Co=[6cosicsci(1+3coti)]/[4coticote+(1+3coti)] (8]

with g the reflection angle of the SV waves which are generated
by the reflection at the free surface.

During the calculation we assume trapezoidal far field func-
tions S(t), whole rise times (tls) are about @.2 times the +total
duration Ts of .the time function.

Fig.8 shows an example of comparison for event Nol, we compare
only the waveforms and not the absolute amplitudes. The theoreti-

cal seismograms are constructed assuming a source with a (unit)
seismic moment of 10E25dyn-cm. Judging from Fig8, the obtained
synthetics match the observed waveforms very well, suggesting

that the results from pulse-width and least squares searching
method are correct.

CONCLUSIONS

In this paper we have tried to compare stress drops between in
ridge and near ridge earthquakes. We have tried to reduce the
uncertainty concerning the estimation of fault area by first
comparing several fault models with observations and then compute
the fault area with the best model.

Despite the obtained small differences between the average
stress drops for the two cases the limited amount of events
investigated does not permit to reach any conclusion for the
existence of a systematic difference in stress drops between the
two kinds of events.
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CAPTIONS OF TABLES

TABLE 1: Earthquakes used in the present analysis

TABLE 2: Source parameters

CAPTIONS OF FIGURES

FIG.1: Calculation of theoretical pulse-width Tr on a seismic
record R(t) by convolving a boxcar far field tme function S(t)

with a Q-filter Q(t) and an instrument impulse response I1(t).

FIG.2: Modes of rupture propagation considered in the present
research.

FIG.3: Relationship between the far field source time function
duration (Ts) and pulse width duration of a seismic record (Tr).

FIG.4: Epicentral location of the 11 near-ridge and in-ridge
earthquakes used. '

FIG.5: Focal mechanisms and used P-waves for the 11 events.
FIG.6: Processing scheme used in the present analysis.

FIG.7: RMS errors for the three rupture modes.

FIG.8: Comparison between the synthetic (dashed curves) and

observed (solid curves) seismograms of earthquake number 1 at ihree
stations.



TABLE 1

No DATE LAT(N) LONG(E) MAGN(m) MOMENT(1@dyn-cm)
NEAR RIDGE EVENTS
1 Aug.6 62 32.26 -41.03 5.6 13
2 Aug.8 69 -47.76 -15.66 6u¥ 15
3 Jul.l1 74 -22.57 -1@.68 5.5 3.3
4 Sep.13 81 24.87 -46.30 5.8 8.9
IN RIDGE EVENTS
5 Sep.20 69 58.35 32.08 5.6 15
6 Apr.3 72 54.33 35.20 5.1 4.4
7 Jun.28 77 22.64 45.07 5.3 3.0
8 Apr.22 79 33.00 39.72 5.6 9.9
9 Jun.28 79 00.40 24.96 5.5 3.6
10 Jun.6 72 32.93 39.79 5.3 4.1
11 May.12 83 17.63 16.53 5.7 7.1
TABLE 2

No STANDARD ERROR OF ESTIMATE Vr/Vs LENGTH AREA STRESS-DROP

Unilat. Bilat. Circular (Km) (Knd) Bar
1 2.637 0.732 0.801 0.8 9.1 33.1 166
2 0.793 0.656 0.991 0.9 14.2 80.3 51
3 0.679 0.809 1.001 0.9 11.1 49.5 23
4 0.931 0.956 1.017 0.8 12.6 63.5 43
5 0.433 0.502 ®.516 0.9 13.2 69.3 63
6 0.920 0.953 0.972 0.9 10.8 42.6 34
7 1.571 1.432 1.593 0.7 12.8 66.1 14
8 0.529 0.546 ©.531 0.9 13.5 72.9 39
9 0.796 0.632 0.723 0.8 10.5 44.1 30
10 0.841 0.875 0.879 0.9 12.5 62.3 20
i 0.646 9.696 0.782 2.9 11.5 52.86 15
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