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Abstract The 19 October 2012 earthquake (M = 5.1) oc-
curred in the northern continental margin of Egypt within
the Nile Cone at latitude 32.35° N and longitude 31.27° E.
The quake was felt over a wide area in north Egypt and East
Mediterranean countries, but no casualties have been reported.
This area had experienced the large earthquake (Ms = 6.7) of
12 September 1955. The fault plane solution of the 19 October
2012 earthquake is here presented based on the digital
seismograms recorded by the Egyptian National
Seismological Network (ENSN) and other regional seismic
stations. The analysis is carried out using the well-known
techniques of first motion polarities of P-wave and the ampli-
tude ratios of P-, SH-, and SV-waves with lower hemisphere
projection. The fault plane solution based on the first P-wave
onset demonstrates a left lateral strike-slip faulting mecha-
nism, while the solution based on both P-wave polarities and
amplitude ratios of P-, SH-, and SV-waves reveals a reverse
fault with strike-slip component trending NW—SE to NE-SW,
in conformity with the N-S compression along the Hellenic
Arc convergence zone. Following the Brune’s model, the
source dynamic parameters for the 19 October 2012 ecarth-
quake are estimated as corner frequency = 1.47 Hz, fault
radius = 0.7 km, stress drop = 22.1 MPa, seismic
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moment = 2.80E + 16 Nm, and moment magnitude
M, = 4.9. These parameters may provide important quantita-
tive information for the seismic hazard assessment studies.
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Introduction

The northern Egyptian continental margin is located to the
south of the Mediterranean Sea Ridge where the sea floor is
occupied by the Nile Deep Sea Fan, Eratosthenes Seamount,
and Herodotus basin. It represents the northeastern portion of
the North African passive continental margin (Fig. 1). This
region is of great importance due to the hydrocarbon explora-
tion activity there (Badawy et al. 2015).

The northern Egyptian continental margin is characterized
by a complex tectonic setting accompanied by earthquake
activity due to the relative movement between African and
Eurasian plates (Badawy et al. 2015). The structural pattern
of this region and its surroundings is shown in Fig. 1.
Numerous geodynamic models have been developed to ex-
plain the processes in this region (Makris 1976; Le Pichon
et al. 1982; McKenzie 1970, 1972; Badawy 1996; Badawy
and Horvath 1999a, 1999b; Mascle et al. 2006). One of
these models adopted the idea that the northern Egyptian
continental margin represents the transition zone between
the continental-oceanic crusts where the stress field chang-
es from dominated tension on Egypt land to compression
along the Hellenic Arc convergence zone. The Hellenic
Arc is a tectonic feature related to the subduction of the
African plate beneath the Aegean Sea plate (Sofratom
Group 1984; Abu Elenean 1997; Korrat et al. 2005; Abou
Elenin and Hussein 2007; Abu El-Nader et al. 2013).
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The northern Egyptian continental margin has suffered
from historical and instrumental earthquake activity
(Maamoun et al. 1984; Ambraseys et al. 1994). Two historical
earthquakes with maximum intensity (MSK = VI) were re-
ported on 320 and 956 A.D. and caused considerable damage
in north Egypt especially in Alexandria City (Maamoun et al.
1984; Ambraseys et al. 1994; Badawy 1999; Badawy et al.
2015). The earthquake catalogue of Egypt (1900-2014) col-
lected from the Egyptian National Seismological Network
(ENSN), National Earthquake Information Center (NEIC),
and International Seismological Centre (ISC) demonstrates
that the most significant earthquake to have occurred in the
Egyptian continental margin was in 12 September 1955 with
magnitude Ms = 6.7 (Fig. 2). This event caused notable dam-
age in several localities in the Nile Delta and Alexandria
(Badawy et al. 2015). The focal mechanism of this event is a
strike-slip faulting mechanism with a considerable reverse
component (Costantinescu et al. 1966).

Seismicity of the Eastern Mediterranean region developed
by Abou Elenin and Hussein (2007) reveals that almost of
earthquake activities tend to be clustered at three zones; the
Mediterranean Ridge, Nile Cone, and the Eratosthenes
Seamount (Badawy et al. 2015). Korrat et al. (2005) reported
that although this region appears to be characterized by a sparse
activity, there is a marked concentration of seismic activity in
the Nile Cone before and after the installation of ENSN.

In this article, we introduce a detailed fault plane solution
for the (My = 5.1) 19 October 2012 northern Egyptian
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continental margin earthquake (Fig. 2). Our estimations based
on the first motion polarities of P-waves as well as the ampli-
tude ratios of P-, SH-, and SV-waves. In order to obtain further
information about the physical properties of the earthquake
source, we also estimate the source parameters of the investi-
gated event including the fault radius, corner frequency, stress
drop, seismic moment, and moment magnitude.

Geological and tectonic setting

The passive continental margin of Egypt appears in the south
to the folded arc forming the Mediterranean Ridge, where the
sea floor is occupied by the Nile Deep Sea Fan, Levant Basin,
Eratosthenes, Seamount, and Herodotus basin. Its eastern bor-
der is characterized by a narrow continental shelf extending
from the shoreline seaward to the shelf edge at about 15—
20 km. However, the shelf in the region between Rosetta
mouth and Bardawel Lake becomes wider, where it ranges
in excess of 70 km (Ross and Uchupi 1977). The
Mediterranean Ridge, Levant Basin, and Nile Deep Sea Fan
are the major morphostructral domains in the study region.
The Mediterranean Ridge is a long accretionary prism be-
tween Africa and southern Europe, consisting of sediments
which are scrapped off from the subducting plate (McKenzie
1970). Its initial rifting has been dated between Jurassic to
Early Cretaceous times (Morelli 1978; Guiraud and
Bosworth 1999; Dolson et al. 2000). It is re-activated during
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Fig.2 Location map showing the
epicenter of the 19 October 2012
earthquake (star) and seismic
stations that recorded this
earthquake and used in fault plane
solution; ENSN stations (green
triangles), regional seismographs
(red triangles). The green square
indicates the epicenter of the 12
September 1955 earthquake
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the middle to upper Miocene during the Red Sea—Gulf of Suez
rifting (Mascle et al. 2000). Eastward, it is bounded by the
Dead Sea Fault zone (DSF), and to the north, by the Cyprus
convergent zone and Mediterranean Ridge (MR). The Nile
Delta Fan is considered as a large hinge zone that consists
of several half grabens to southward. These grabens are
deformed and bounded by E-W oriented northward dipping
faults (Hussein et al. 2001). The Nile Delta Fan is rich of
sedimentary clastic accumulation within the southern
Eastern Mediterranean Sea (Ross and Uchupi 1977). This
con drapes most of the Egyptian continental margin and
consists of thick (up to 3 km) rapidly sedimentation of
Pliocene to Quaternary sedimentary blanket emplaced on
layers of evaporates or lateral equivalents (Loncke 2002).
The thickness of these sediments varies between 1 and
3 km (Camera et al. 2004).

The northern Egyptian continental margin forms the rem-
nant of the Mesozoic Neo—Tethys Ocean with rifting stages in
Triassic and characterized by nine identified geomorphologi-
cal land types: beach and coastal flat, coastal dunes, agricul-
tural deltaic land, sabkhas, fish farms, Manzala lagoon,
saltpans, marshes, and urban centers (Robertson 1998;
Garfunkel 1998, 2004; EL-Banna and Frihy 2009). Abdel
Aal and Lelek (1994) reported six major structural trends de-
lineating the present Nile Delta and the northern continental
margin of Egypt (i.e., the E-W Neogene hinge line, NE-SW
Rosetta fault trend, NW—-SE Temsah structural trend,
Pelusium shear zone, NW—SE Red Sea—Gulf of Suez fault

20°E

25°E 30°E

trend, and the minor N—S Baltim fault trend). The north
Egypt has underwent three subsequent tectonic phases from
early Mesozoic to present. The present day stress regime af-
fecting this margin is a compressional stress oriented from N
to 30° NW (Abdel Aal and Lelek 1994).

Seismicity

The seismicity of the northern Egyptian continental margin
during the period (1900-1997) was taken from different
sources such as the International Seismological Centre (ISC)
and the National Earthquake Information Center (NEIC) and
shows low earthquake activity in this region due to lack of
seismic stations in north Egypt. The installation of Egyptian
National Seismological Network (ENSN) in 1997 has a great
contribution in monitoring the seismic activity in the northern
Egyptian margin. After the installation of the ENSN, the an-
nual activity rate increased to 54 events per year with total
recorded 864 events within 16 years period (Badawy et al.
2015). Recent studies (e.g., Korrat et al. 2005; Abou Elenin
and Hussein 2007; Abu El-Nader et al. 2013; Badawy et al.
2015) indicate that the northern Egyptian continental margin
is characterized by moderate and continuous seismic activi-
ties. These activities are concentrated in the Nile Cone at the
southeastern part of the Mediterranean Sea.

The largest historical earthquakes in the Egyptian continen-
tal margin were reported on 320 and 956 A.D. with maximum
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intensity MSK = VI (Maamoun et al. 1984; Ambraseys et al.
1994; Badawy 1999; Badawy et al. 2015). The largest notable
damage in this region was reported from the 12 September
1955 earthquake. This earthquake took place offshore
Alexandria within the Nile Cone, with surface wave magni-
tude (Ms = 6.7). The 12 September 1955 earthquake struck a
quite large area bounded by the entire east Mediterranean
basin, including Palestine, Cyprus, and Dodecanese Islands.
It was felt over a very wide area in Egypt and caused notable
damage in the Nile Delta and Alexandria. The fault plane
solution of this event was determined as a reverse faulting
with strike-slip component on NW/ENE trending planes
(Fig. 3). The horizontal motion on the NW plane is right
lateral, while on the ENE plane is a left lateral (Maamoun
et al. 1984; Abu Elenean 1993; Ambraseys et al. 1994).
Costantinescu et al. (1966) pointed out that on 30 January
1951, an earthquake (Ms = 5.7) was recorded at the periphery
of the Nile Cone and continental slope with focal mechanism
of dominant normal dip slip faulting associated with minor
strike-slip component. Another event with magnitude
(M, = 4.6) took place on 9 April 1987 with epicenter located
100 km west of the 12 September 1955 earthquake. The source
mechanism of this event corresponds to a normal fault with a
strike-slip component. The two nodal planes trend in SSE and
NW directions (Abu Elenean 1993; Korrat et al. 2005).

A nearly similar size event (M, = 4.7) was recorded on 9
June 1988 at the eastern border of the Mediterranean Ridge. Its
focal mechanism demonstrates reverse fault with a strike-slip
component on the EW-NW nodal plane. Korrat et al. (2005)

Fig. 3 Focal mechanisms of the
significant earthquakes that took
place in the Egyptian continental
margin
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mentioned that the best studied event was recorded by the
ENSN in 28 May 1998 (M;, = 5.5) with epicenter location at
about 200 km northwest of Alexandria in the Nile Cone close
to the continual shelf periphery. Its fault plane solution shows
reverse fault (Hussein et al. 2001). Figure 3 summarizes the
focal mechanisms of the significant earthquakes that took place
in the northern Egyptian continental margin. It is clear that
most of the fault plane solutions in Fig. 3 are reverse faults
showing that the Egyptian continental margin is affected by
dominant compressional stress field due to the relative move-
ment between African and Eurasian plates.

Fault plane solution

The digital seismograms of the 19 October 2012 earthquake
were collected from the Egyptian National Seismological
Network (ENSN) and regional seismic stations (e.g., Italy,
Greece, Cyprus, Turkey) surrounding the epicenter. The re-
gional seismic data is available online and is here used to
improve the azimuthal coverage. The hypocenteral parameters
are determined using data set of 48 seismograms and based on
running two technical programs; the HYPOINVERSE pro-
gram included in ATLAS software, Version 2.11, provided
by Nanometrics Inc. and the standard linearized inversion
program, HYPOCENTER 3.2 (Lienert et al. 1986; Lienert
and Havskov 1995) that is operated under SEISAN software.
The earth model of seismic velocities is here used after
(Makris et al. 1979).
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Fig. 4 Fault plane solution of the
19 October 2012 earthquake o N
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The fault plane solution of the 19 October 2012 earthquake
has been carried out based on the direction of the first motion
of P-waves of 31 seismograms distributed around the epicenter
with gab azimuth = 42.5°. The analysis is performed using the
software package of Suetsugu (1998). In the current work, the
low-quality data is excluded from our analysis due to low
signal-to-noise ratios, unclear identification of the first onset,
and inaccurate onset times. The obtained solution shows a left
lateral strike-slip faulting mechanism trending NW-SE
(Fig. 4). Table 1 summarizes the nodal planes’ parameters.
These results are in a good agreement with the solution given
by the INGV (Instituto Nazionale Di Geofisica e
Vulcanologia) which reflects a left lateral strike-slip fault
trending NW-SE with gab azimuth = 55° (http://autorcmt.bo.
ingv.it/QRCMT-on-line/QRCMT12-on-line/E1210190335A.
html).

The focal mechanism is also carried out using FOCMEC
program (Snoke et al. 1984) under SEISAN, which uses the
direction of the first P-waves onset and the amplitude ratios of
P-wave, horizontal S-wave (SH), and vertical S-wave (SV).
This technique depends upon the P-waves and amplitude in-
version method (Ebel and Bonjer 1990). FOCMEC program
performs an efficient systematic search of the focal sphere and
reports acceptable solutions based on selection criteria for the
number of polarity uncertainties. The selection criteria for

both polarities and angles allow correction or weightings for
near-nodal solutions (Fig. 5), which demonstrates that the
compression and dilatation areas are in a good distribution
due to the good coverage by seismic stations. The final focal
mechanism obtained by FOCMEC program shows a reverse
fault with strike-slip component trending NW—SE to NE-SW
(Fig. 6). Its parameters are listed in Table 2. This solution
agrees with the solutions of the United States Geological
Survey (USGS) and the International Seismological Centre
(ISC) online bulletins.

Source parameters

The source parameters provide important information in
seismic hazard assessment of any region. In order to obtain
further information about the physical properties of the
earthquake source, it is necessary to find out a complete
set of the source parameters such as the focal location,
magnitude, seismic moment, source dimension, stress
drop, and average seismic slip. Several studies (Hanks
and Wyss 1972; Thatcher and Hanks 1973; Tucker and
Brune 1977; Singh et al. 1979; Fletcher 1980; Sharma and
Wason 1994; Bansal 1998, Thakur and Kumar 2002; Kumar
2011) have made notable contribution in the source

Table 1  Parameters of fault plane solution of the 19 October 2012 earthquake based on the first motion polarities of P-waves

Date Origin time (GMT)  Location P-axis T-axis Nodal plane 1 Nodal plane 2 Depth (km) My
Lat Long Az Pl Az Pl S D R S D R

19102012 03:35:14 3235°  31.27° 78 04 168 06 303 &9 7 213 83 179 127 5.1
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Fig. 5 Multi-solutions plot for
the 19 October 2012 earthquake
obtained by FOCMEC program

parameters investigations following the Brune’s theory (Brune
1970, 1971), which describes the far-field displacement am-
plitude spectra as the physical process that release energy at
source. Uncertainties in source parameter determinations are

31.144 10.5 JSO 45 0.5 5.1LJS0

N Enter  to quit or
press <return> to continue or
move the cursor and emter P or T
. to select your preferred solutiom.

directly related to theoretical and observational uncertainties
in the specification and determination of far-field displace-
ment spectra. Once the corrected displacement amplitude
spectrum is determined, the frequency spectral level (€),

Fig. 6 Final focal mechanism of
the 19 October 2012 earthquake
obtained by FOCMEC program
and based on the P-wave
polarities and amplitude ratio of
P-, SH-, and SV-waves
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Table2  Parameters of fault plane solution of the 19 October 2012 earthquake obtained by FOCMEC program and based on the P-wave polarities and

amplitude ratio of P-, SH-, and SV-waves

Date Time (GMT) Location Nodal plane Depth (km) My Mw
Lat Long D R
19102012 03:35:10 32.58° 31.14° 307 61 28 10.5 5.1 49

corner frequency (f), £* (the average attenuation path), and
were varied to converge the best fits to the Fourier spectrum
using least squares nonlinear technique. By assuming Brune’s
model (v = 2), the number of free parameters decreases from
four to three and the fit is more robust (Hough 1996).

This study presents an attempt to calculate the source pa-
rameters of the 19 October 2012 earthquake. Firstly, the

original seismograms of some selected stations are retrieved
for removing the effects of free surface, instrument response,
and geometrical spreading. Secondly, the vertical components
are selected to skip corrections of the site effect. The low-
frequency spectral level () and corner frequency (f;) are
estimated from the displacement amplitude spectra of these
seismograms (Fig. 7). The seismogram analysis provides an
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Fig. 7 Vertical component seismograms of the stations BST and KOT in
Egypt and KULA and IKL in Turkey of the 19 October 2012 earthquake
(upper); the displacement amplitude spectra (lower), presented by the

signal spectrum (fop), noise spectrum (bottom), observed spectral
(smooth curve), low-frequency, and high-frequency asymptotes with their
intersection point as a corer frequency (straight lines), respectively
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Table 3  Source parameters of the 19 October 2012 earthquake

Je (Hz)

Ao (MPa) r (km) My (Nm) Mw

1.473 22.1 0.7 2.80E + 16 49

accurate seismic moment (M,). In frequency domain, the am-
plitude spectra have low-frequency asymptote levels, Q,
which related directly to seismic moment (Brune 1970) as
follows:

Mo = 4mpv* RQy/R(OD) (1)

where p and v are the density and the wave velocity at the
source, R is the hypocentral distance, Q is the low-frequency
spectral amplitude, and R(O®) is the radiation pattern coeffi-
cient. In this work, the shear-wave velocity near the source
zone is taken as 3.5 km/s and average density of the medium
(p) is taken as 2.67 g/em®, and the average radiation pattern is
0.63, Sa is free surface amplification = 2.

The source dimension could be described by different fac-
tors such as the area of the fault (4), the length of the rectan-
gular fault (L), and the radius of the equivalent circular fault
(r), where L = 2r. It controls the period of seismic waves,
determines the deformed area, and can consequently be used

Fig. 8 Fault plane solution of the 24
19 October 2012 earthquake .
obtained from this study and from
USGS bulletin

32

28
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in the calculation of other source parameters (e.g., stress drop
and average slip). The fault length is inversely proportional to
the corner frequency and can be calculated from the wave
spectra as follows:

r=037v/f, (2)

where v is the wave velocity and f; is the corner frequency of
the wave spectrum.

The stress drop (Ao) describes the difference in shear stress
on the fault plane before and after the slip. When a complete
stress released is assumed, the stress drop for a circular fault
can be calculated from the relation between the seismic mo-
ment and the fault radius using the formula of Brune’s (1970)
as follows:

Ao = 0.44 My /i 3)

where M, is the seismic moment and 7 is the fault radius.
The moment magnitude M,, is an important parameter in
earthquake hazard assessments. The time window used for
spectral determination of M,, must be at least as long as the
rupture time to include all the energy. Thus, P-spectra of large
earthquakes at short distances might not be possible. The mo-
ment magnitude developed by Kanamori (1977) and Hanks

28’ 32° 36°
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and Kanamori (1979) is defined according to the following
IASPEI-recommended standard form:

Mw = 2/3*log10 (M,)—6.07 (4)

where M, is the seismic moment, M,, = 2/3 * logl0
(M) — 10.73 if moment is in dyne * cm (Kanamori 1977).

Table 3 summarizes the calculated source parameters for
the 19 October 2012 northern Egyptian continental margin
earthquake.

Discussion and conclusion

The northern Egyptian continental margin is located to the
south of the Mediterranean Sea Ridge where the sea floor is
occupied by the Nile Deep Sea Fan, Eratosthenes Seamount,
and Herodotus basin. It represents the northeastern portion of
the North African passive continental margin. Economically,
this region is of great importance as a hydrocarbon productive
zone. Previous studies demonstrate that this region is charac-
terized by a complex tectonic setting accompanied by seismic
activity. The moderate size earthquake (M = 5.1) of 19
October 2012 occurred in this region, which has experienced
the 12 September 1955 earthquake (Ms = 6.7).

We introduced a detailed fault plane solution for the 19
October 2012 earthquake by using the waveform data recorded
by the Egyptian National Seismological Network (ENSN). In
order to improve the azimuthal coverage, recordings from re-
gional seismographs were included in our analysis. The anal-
ysis was performed using the first motion polarities of P-wave
and the amplitude ratios of P-, SH-, and SV-waves. The ob-
tained fault plane solution based on the first P-wave onset of 31
seismograms around the epicenter showed a left lateral strike-
slip faulting mechanism, agreeing with the solution given by
the INGV. Analysis based on the P-wave polarities and ampli-
tude ratios of P-, SH-, and SV-waves revealed a reverse fault
with strike-slip component trending NW-SE to NE-SW in
conformity with the N—S compression along the Hellenic Arc
convergence zone. This mechanism corresponds to the solu-
tion of the USGS online bulletin (Fig. 8). We prefer this solu-
tion since it shows a good agreement with the compressional
stress field which is affecting the source region due to the
relative movement between African and Eurasian plates.
Moreover, it is compatible with the fault plane solutions of
most of the past earthquakes in the area which shown in Fig. 3.

At the second part of this study, we calculated the source
parameters, which provide quantitative information about the
physical properties of the earthquake source. Using the Brune’s
model, the source dynamic parameters of the 19 October 2012
earthquake are estimated as corner frequency = 1.47 Hz, fault
radius = 0.7 km, stress drop = 22.1 MPa, seismic
moment = 2.80E + 16 Nm, and moment magnitude

(M, = 4.9), similar to that estimated by the USGS
Mwc =5.0).
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