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Abstract

Broadband body waves recorded at 12 digital seismic stations worldwide were used to study the source process of
the October 12, 1992 Cairo earthquake. To study the source process of this event the P and SH waveforms from IRIS
data center were inverted to double couple source using the method Kikuchi and Kanamori (1991) in which the
rupture is presented by discrete subevents with various mechanisms. The best solution consists of only one event
with a mechanism 270°/47°/-123° (strike/dip/slip), a normal faulting mechanism with small strike slip component.
This solution is almost compatible with the previously suggested mechanisms for the same event. This event took
place at a depth of 22 km. This depth explains the lack of surface faulting. The seismic moment is 7.2 x 10" Nm
(M, =5.8) with a source duration of 4 s. The estimated fault length is about 11 km, the derived average dislocation
(D) is 0.24 m, the stress drop (Ao) is 1.85 MPa and the Orwan stress drop is 0.425 MPa.

Key words inversion — source process — Cairo zone since the historical destructive earthquake
earthquake of August 1848. The main shock was followed
by a long aftershock sequence. According to the
government announcement 561 people were
killed, 12199 were injured and more than
20000 people became homeless. More than 8300

On October 12, 1992 a violent earthquake buildin d
. . gs were damaged or destroyed. The total
took place in Dahshor region, 25 km SW of loss was estimated to be 4 bilion U.S. dollars.

Cairo city (M, = 5.8; M, = 5.4). This earthquake Abu el Enean et al. (1997) relocated the

is ca lled the Cairo ear.thquake (fig. 1) by the hypocenter of the aftershocks which occurred
National Research Institute of Astronomy and for one year, using the arrival times recorded

Geophysics (NRIAG-Egypt). The focal parame- by a network of portable analog seismographs

ters, as reported by NRIAG, were an origin time (fig.1 ;

o . . g.1). Installation of 7 Spregnether MEQ-800
13:09:56.5, an epicenter location at 29.7N- began on October 13, 24 h after the main shock.
31.07E, a depth of 22 km (NEIC) and a magni- All of these stations were equipped with 1 Hz
tude MD (HLW) = 5.3. This is the largest earth- L4-C vertical seismometers. After nearly one

quake known to have occurred in this seismic week field seismographs were operated at five
sites. On November 3, the other two stations

were sited in the epicentral area. In addition to
these stations, data were also available from

1. Introduction

Mailing address: Dr. Hesham Mohamed Hussein, p
National Research Institute of Astronomy and Geophysics, four p ern:lanent stations (HLW, SPH, KEG,
Seismology Department, P.O. Box 70, Helwan 11421, TAS) at dlstapces up to 220 km‘ (fig. 2): Hypo-
Cairo, Egypt; e-mail: hesham65@hotmail.com central locations were determined using the
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Fig. 1. Epicenter of the Cairo earthquake (solid circle). Open triangles represent the network station locations.
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Fig. 2. Locations of the permanent stations.
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HYPO71PC program (Lee, 1990). The spatial
distribution of the well-located aftershocks ap-
pears to form a cluster (fig. 3). The main shock
took place at the western edge, outside the
cluster. The aftershock activity appears to mi-
grate eastward during the first 24 h of the se-
quence. The 3D distribution of the aftershocks
(Maamoun et al., 1993) indicates the upward
propagation of the aftershocks, which are shal-
lower than the mainshock hypocenter along
a plane dipping 50° to the NE. The main ac-
tivity is confined between 15 and 23 km of
depth.

The main purpose of this work is to deter-
mine the mechanism of this event including
fault geometry, fault area, rise time, seismic
moment and other related source parameters,
using waveform inversion. Determination of
these parameters is useful not only for under-
standing the physics of earthquakes but also
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for estimating the potential hazard associated
with stress changes on the faults adjacent to
the earthquake (Kanamori et al., 1992). This
event is the first in this region for which a fault
plane solution is derived. Therefore, this earth-
quake provides the only clue to the active tec-
tonics of Dahshor region.

2. Data

The data set used in this study consists of P
and SH body waves recorded by the digital
network of the Incorporated Research Institute
of Seismology (IRIS) in the epicentral distance
range between 30° and 90°. In this distance

range, the waveforms are not contaminated by
strong upper mantle or core phases. Fourteen
body wave records from 12 stations, including
vertical P and horizontal SH components, were
used in this study to derive the source process
of this earthquakes. The parameters of these
stations are given in table I. Deconvolution of
the instrumental response was made to obtain
broadband displacement seismograph type
(Kikuchi and Kanamori, 1986, 1991). The
records were bandpassed between .02 Hz and
0.5 Hz. This frequency band provides a con-
venient characterization of the rupture process
for the teleseismic source spectrum (Houston,
1990). Figure 4 shows the displacement records
of P waves as well as SH waves at several sta-
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Fig. 3. Epicentral distribution of the aftershocks.

mainshock.
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The triangle represents the location of the Cairo earthquake
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Table I. Listof station parameters.

Station Azimuth Back azimuth Distance Phase
degree degree degree
YSS 39.9 305.4 81.8 P
HIA 45.1 289.5 67.10 P
MDJ 46.7 279.3 75.20 P
MAIJO 50.4 303.0 84.90 P
WMQ 56.1 272.10 46.50 P
LZH 63.0 286.70 60.0 P
LSA 74.0 286.00 51.5 P, SH
KMI 75.2 292.00 62.8 P
CHTO 83.3 294.3 62.0 P SH
HRV 312.8 59.80 78.8 P
CCM 318.2 473 90.00 P
COL 359.5 1.0 85.40 P

tions. The P wave displacement records are al-
most simple. This suggests that the earthquake’s
source consisted of a single event. Therefore,
the first 50 s of the data from the onset of the
direct P waves and SH waves were windowed
for this study. The information contained in this
time window is adequate to resolve the source
process. The moderate magnitude of this event
limited the azimuthal coverage to the NE and
NW quadrants. At some stations an inflexion is
observed in the first P wave up swing almost
6 s after the start of the record. This represents
the pP depth phase (fig. 4).

The crustal structure of the source region
(Marzouk, 1987) used in the calculation of the
synthetic waves consists of 3 layers, 32.5 km
thick crust and semi infinite mantle layer. The
thickness of the first layer is 2.5 km with P
wave velocity 3.5 km/s. This layer is underlain
by two layers, each 15 km thick and with
average P wave velocities of about 6.0 and
6.35 km/s respectively. At the receiver the
crustal structure is assumed to be a half space.
The P and S waves velocities for the half space
are 6.0 and 3.46 km/s respectively, with a rock
density of 2.7 gm/cm’.
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3. Teleseismic body wave inversion

Many earthquakes have complex sources
involving time-dependent source processes
(Strelitz, 1980; Kikuchi and Kanamori, 1986).
For example, the fault may rupture in different
time periods and the segment of the fault may
have varied focal mechanisms, an earthquake
may also initiate at shallow depth and then re-
initiate at deeper location. The pre-existing plane
of weakness, the re-adjustment of the stress field,
the heterogeneity of the fault area are among
the possible factors which contribute to com-
plicate the source process (Das and Aki, 1977;
Kanamori, 1981; Ruff, 1983).

To investigate such details of the rupture
process, a time dependent moment tensor in-
version technique for teleseismic data (Kikuchi
and Kanamori, 1991), was used to resolve the
source complexity by matching the waveforms
and extraction of the source parameters. In this
method the rupture is represented by a sequence
of subevents (point sources) distributed on the
fault plane. The subevent mechanisms were
determined from the data and allowed to vary
during the rupture. The subevents were succes-
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Fig. 4. Body waves recorded by some IRIS stations for the Cairo earthquake.
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sively determined by minimizing the squared
difference between the observed and synthetic
waveforms with a grid search over all the val-
ues of source parameter P. P is a parameter that
collectively represents the onset time, the lo-
cation, and any other attributes to the source
along the strike and depth. The first step of
inversion was the calculation of Green’s func-
tion for the six elements of the moment tensor
at four discrete depths (18, 20, 22 and 24 km)
beneath the epicenter, assuming a single sub-
event. The focal depth lies within this depth
range. For Q attenuation a Futterman (1962)
operator 1* (ratio of travel time to average Q)
of 1 s was used for P waves and 4 s for S waves
(Helmberger, 1983). This Q filter was convolved
with a triangle source time function with a rise
time 7, of 2 s and a source duration 7, of 4 s.
Consequently, the seismograms were simulta-
neously inverted to double couple single sub-
event in the least square sense for the source
model parameter, assuming no change in the
mechanism during rupture. The inversion proc-
ess was carried out over the four discrete depths.
The depth yielding the minimum residual was
taken as the depth of the source.

For this event a point source model provid-
ed more or less equal fits to most of the wave-
forms. This means that a single source is suffi-
cient to describe the source process of this earth-
quake. The P wave records as well as the SH
waves, at different stations (fig. 4) also reflect-
ed a smooth rupture without any prominent
subevents. The fit of data for the point source
model is shown in fig. Sa-c. The final residual
waveform error is 0.2628. Observed directivity
due to rupture propagation is not clear. The
best matching double couple has a strike of
270°, a dip of 47° and a rake of —123°, normal
faulting mechanism with small strike slip com-
ponent. Moreover, inversion was done using
this solution as a fixed mechanism and the re-
sults indicate a good fit to the data with a final
residual waveform error equal to 0.2631. A
slight change in the parameters of the fault
plane caused an increase in the residual wave-
form error. The results of the two different in-
versions produce synthetics that fit the ob-
served data equally well. At least 4 previously
determined fault plane solutions exist for 1992
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Cairo earthquakes (HRVD Moment tensor so-
lution (Dziewonski et al., 1993; El Hadidy,
1993; Maamoun et al., 1993; Abu Elenean et al.,
1997). All these solutions preferred nearly nor-
mal fault mechanism with some strike slip com-
ponent although they do not completely agree
on the fault orientation. Table II summarizes
the parameters of these solutions.

For simplicity, the above solutions will here-
after be referred to as CMT (HRVD solution),
E93 (El Hadidy, 1993), M93 (Maamoun et al.,
1993) and A93 (Abu Elenean et al., 1997).
Three of them (CMT, M93, A93) imply normal
faulting mechanisms with small strike slip com-
ponents on a roughly WNW-ESE striking plane.
E93 preferred normal faulting mechanism with
some strike slip component along a roughly
E-W striking plane. This solution was obtained
through body wave inversion using both P and
SH waves, with a smaller data set. M93 and
A93 were determined from the observations of
the P wave first motions from WWSSN stations.
The focal depth of 22 km + 1 km obtained in
this study is in agreement with the depths
determined from CMT and E93. The released
seismic moment is 7.2 x 10" Nm, which corre-
sponds to moment magnitude of 5.8 with
source duration of 4 s. The source duration of
4 s is also consistent with the other duration esti-
mates (CMT, E93). Seismic moment estimates
from spectral analysis of teleseismic P body
waves (Al Ibiary, 1993; Hussein et al., 1998),
spectral magnitude calculations (Hussein et al.,
1998), body wave inversion (El Hadidy, 1993)
and moment tensor analysis (HRVD solution)
range from 5.6 x 10" to 9.97 x 10" Nm. Con-
sidering the different methods, the seismic mo-
ment obtained in the present study is in the
range of those previously calculated (table III).

Assuming a circular fault model, the fault
area of this event can be estimated using the
relation of Fukao and Kikuchi (1987)

S=m(Vr/2) (3.1)
where V is the rupture velocity, typically (0.7-
0.9) V.V is the shear wave velocity. T rep-
resents the rupture duration. V. 7/2 term repre-
sents the source radius (a). The estimated
source radius of this event is 5.6 km. Therefore
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Fig. Sa-c. Results of the inversion with a double couple source. a) Seismic moment release as a function of time:
b) mechanism diagram of the best fit double couple point source; ¢) observed and theoretical P and SH waveforms.
The numbers in the upper and lower left indicate peak to peak amplitude in microns of the observed records and the
azimuth respectively.
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Table II. Source models derived by different authors.

Reference Strike Dip Rake Source duration Depth
degree degree degree S km
CMT 297 49.0 —-103.0 4 22
E93 262 54.0 -144.0 4 23
M93 289 49.5 —138.7
A93 282 57.0 —136.0
This study 275 48.0 -122.0 4 22
Table III. Source parameters of the 1992 Cairo earthquake estimated by different authors.
Reference Al Ibiary El Hadidy Hussein Hussein HRVD This
(1993) (1993) etal. (1998)  etal. (1998) Dziewonski study
Spectral Spectra etal. (1993)
analysis magnitude
Moment (Nm) 9.1E17 6.99E17 9.77E17 9.97E17 5.6E17 7.2E17
Stress drop (MPa) 0.648 2.30 0.51 0.76 1.85
Radius (km) 8.5 4.5 9.5 6.9 55
Area (km?) 227 81.0 283.0 149.49 99.0
Dislocation (m) 0.13 0.22 0.12 0.22 0.245

the length of the fault will be about 11 km
(L = 2a). This length is nearly the same length
as the aftershock zone. The estimated fault area
is 99 km®.

Using the aftershock area S, we can obtain
the average stress drop (Ao) following Fukao
and Kikuchi (1987)

Ao =25 M/S" (3.2)

where M, is the seismic moment. The stress
drop corresponding to this event is 1.8 MPa.

According to the slip dislocation theory of
faulting (Aki, 1966), the average dislocation
(D) can be estimated from

D=MJuS (3.3)

were u is the rigidity (3 x 10" N/m®). The ob-
tained value is 0.24 m.

The dislocation velocity can be determined
from the dislocation-time history following
Kanamori (1972)

D’ =D/t/2. (34)
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The value obtained in this study is 0.12 m/s
for a rise time of 2 s.

The above estimated source parameters dif-
fer from those calculated previously (table III).
As seen in table III, the source parameters are
not exactly compatible with each other. The
cause of the discrepancy between these param-
eters might be that source parameters (e.g., stress
drop) depend strongly on the actually faulted
area. The faulted areas obtained in the earlier
works were estimated from spectral corner fre-
quency of telesismic P waves (Al Ibiary, 1993;
Hussein et al., 1998), aftershocks (El Hadidy,
1993) and the corner frequency corresponding
to maximum magnitude spectrum (Hussein et al.,
1998) and are therefore different.

The estimated value of M/7’= 1.125 x 10
is the same costant value obtained by Ekstrom
et al. (1992) for shallow continental earth-
quakes with M, =5 ~7. 7 represents the pulse
width of the source time function. An Orwan
stress drop can be obtained from the seismica-
ly radiated energy E, and the moment M,. The
Orwan stress drop (Orwan, 1960) is defined as
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follows:

Ao =2u E /M, (3.5
assuming that the final stress (0,) is equal
dynamic frictional stress (o) on the fault. There-
fore, the Orwan stress drop can be obtained
from seismic moment (M,) and energy (E,). The
calculation of the stress drop by this method
has advantages over some other methods be-
cause it does not require the estimation of the
rupture area from the aftershock distribution or
from azimuthal variation of the source time
process or spectral corner frequency (Houston,
1990). This quantity depends on the energy
over the entire faulting process. The estimated
seismic energy from the source spectrum of the
P wave first motion by NEIC is 5.1 x 10" Nm.
The Orwan stress for Cairo earthquakes is
equal to 0.425 MPa. This value is lower than
the static stress drop estimated before in this
work. This may be due to deviation from Orow-
an’s condition (o, = ) or due to short fault
length.

4. Conclusions

Modeling of body waves recorded at tele-
seismic distances has shown that the 1992
Cairo earthquake was a normal faulting event
with small strike slip component on a roughly
east west striking plane. This earthquakes had
a shallow crustal focal depth of 22 km. Observ-
able directivity is not clear due to short fault
length. The estimated fault length associated
with the main shock is 11 km. The cluster of
aftershocks indicates nearly the same fault
length with unilateral eastward rupture propa-
gation. The seismic moment released along the
fault is 7.2 x 10” Nm. This seismic moment
corresponds to a moment magnitude of 5.8.
The stress drop associated with a fault area of
99 km’ is equal to 1.85 MPa. The average dis-
placement is 0.24 m and the dislocation veloc-
ity is 0.12 m/s. The Orwan stress of Cairo earth-
quakes is 0.425 MPa which is smaller than stat-
ic stress drop obtained by the other methods.
This is due to the deviation from Orwan’s con-
dition (0, = 0,). The value of M/t obtained in
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the present study is 1.125 x 10”. This value is
a typical value of continental shallow earth-
quakes.
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