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Abstract

The Nile valley and the Nile delta are part of the active rift that is probably connected with the

Red Sea tectonism. This zone is characterized by small to moderate size earthquakes that have

caused extremely severe damage to recent and historical constructions. The most vulnerable area

along the Nile valley is the one of Cairo-Faiyoum. Small local and large distant earthquakes could

be a source of huge socio-economic damage in this area. The loose soft alluvial sediments of the

Nile Canyon are the main factors behind this potential damage because they may greatly amplify

the ground motion, as demonstrated by strong ground motion modelling. The largest

amplification is generally concentrated along the edges of the graben and occurs at frequencies

between 1 Hz and 2 Hz. This may explain the huge damage caused by distant earthquakes during

recent and historical times. The distribution of intensity values during the events of 1926 and

1992 is well correlated with the modelled spatial distribution of the spectral amplification.



1-Introduction

The rapid growth in the Egyptian population is generally concentrated in the

urbanized areas within the Nile valley and its delta, where most of the Egyptian

sensitive structures and archaeological sites are located. Those urban areas are the

zones most vulnerable to earthquakes, mainly due to the presence of the soft

sediments of the Nile filling the Nile Canyon. That is because the unconsolidated

surficial sediments can amplify earthquake ground motion resulting in damage to

structures far from the epicenter of the earthquake. The 1985 Michoacan, Mexico, and

1989 Loma Prieta earthquakes are recent reminders for the site effect of the local

geological conditions.

To map the areas where amplification is likely to occur and to convey this

information to emergency managers and community officials is important for the

planning of earthquake mitigation. Moreover, the awareness coming from pre-event

modelling of strong ground motion is essential in (1) land use planning, (2) reducing

business vulnerability, (3) retrofitting buildings, (4) producing guidelines for new

constructions and (5) assisting in infrastructure upgrading.

The Nile valley is a large elongated Oligo-Miocene rift, trending N-S as an echo for

the Red Sea rifting. During the Pliocene-Quaternary the Nile valley filled the Eonile

Canyon with loose sediments that reached up to few hundreds of meters (El-Gamili,

1982 and Said, 1981). River deposits in this canyon include clay, sand and gravel

(Said, 1981). This geologic setting makes the settlements within the valley vulnerable



to both distant and local earthquakes. In this study, we will consider the Cairo-

Faiyoum area as a pilot example. It is the most populated settlement along the valley

and in the whole of Egypt, and in the past it has been affected by local (e.g., the 778,

1303, 1847 and 1992 events) and distant events (e.g., the 1926 earthquake in the

Hellenic arc and the 1995 earthquake in the Gulf of Aqaba).

The spatial distribution of earthquakes (Figure 1) and the associated damages raised

the following questions: (1) must the Nile valley be considered a seismically active

zone?, (2) why do small local and large distant earthquakes have a relatively large

effect on the Cairo-Faiyoum area? Our main purpose in this study is to answer these

questions, and to account for them in the seismic hazard estimation. This has been

achieved by reviewing the history, origin and seismicity of the Nile valley region as

well as modelling the effects of the Nile Canyon sediments on seismic waves

propagation.

2- Origin of the Nile valley

The origin of the Nile valley has been a subject of controversy. Beadnell (1901) and

Sandford (1934) advocated that the Nile valley is of erosional origin. On the other

hand, many authors (e.g. Sieberg, 1932; Said, 1981; El-Gamili, 1982; Kebeasy, 1990;

Mesherf, 1990 and Kulhanek et al., 1993) consider it of tectonic origin. The tectonic

origin of the Nile valley is supported by the fault scarps bordering the cliffs of the

Nile valley, by the numerous faults recognized on its sides (El-Gamili, 1982 and Said

1981, 1990) and by the focal mechanisms of the most recent earthquakes (NRIAG,

2001). Moreover, recent studies indicate that the Nile valley of Egypt occupied the



marginal part of two tectonic zones (the Eastern Desert and the inner part of the

Neogene-Quaternary platform), and it is considered as a barrier that prevented the

extension of the activity of the East African orgenic belt to the west (Said, 1990).

Said (1981) studied the evolution of the Nile river from its sediments in the Eonile

Canyon since the late Miocene (Messinian) age and he identified five episodes

affected by meteorological and tectonic activity. The most intense seismic activities

reported in the Nile valley are related to the tectonic activity of the Red Sea axial

zone (Said, 1981, Ross and Schlee, 1973) and with the eastern Mediterranean recent

tectonism (Hsu et al., 1973). No evidence of major faulting or seismic activity is

known from northern Egypt since the early Miocene (Said, 1981), although the valley

extends along a seismo-active zone (Sieberg, 1932, Maamoun et al., 1984 and

Kebeasy, 1990).

3- Seismic Activity

The location of Egypt, at the intersection of ancient and important continental and

maritime routes, made it a country of a long and relatively well documented history,

preserved in a variety of sources. Ambraseys et al. (1994) subdivided the earthquake

history in Egypt into three periods representing the pre-Islamic, Islamic and

instrumental periods.

The distribution of earthquake activity in the pre-Islamic period depends mainly on

papyri and archeological evidences provided by temples and monuments themselves.

The difficulty in this period is that most of the material for the study of ancient Egypt



contains no explicit mention of earthquakes (Faulkner, 1969). A few well documented

reports of earthquake-induced damage are found in San El-Hager (the capital of the

recent Faro kingdom), Behbit Al-Hegaria and Tall Basta. These three archaeological

sites were completely destroyed, with similarities in the damage patterns. For

instance, in San El-Hager all obelisques and temple columns fell down in the same

direction (NNE-SSW), breaking into two or three segments showing a horizontal

displacement of 1 meter (Figure 2) and a rotation of approximately 45 degrees. The

general absence of explicit reports allow authors (e.g., Sieberg, 1932; Antonopoulos,

1980 and Ambraseys et al., 1994) to locate only very few earthquakes.

The Islamic period started in 622 AD. From the early date, the Muslims took a serious

interest in history and paid considerable attention to "natural phenomena", especially

to earthquakes which were considered as one of the portents of the Day of

Resurrection "Qur'an, Sura 99 (the earthquake)". These religious and superstitious

dimensions encouraged the Muslim society to report even minor shocks (Ambraseys

et al., 1994). However, it is not an easy task to use these reports to locate the

earthquakes in time and space. This is mainly due to the potential shift between the

Gregorian and Muslim calendars. This difference could be a source of much

confusion (see Ambraseys et al., 1994). Another source of confusion is the word

"Miser", that could be related either with Cairo or with the whole country. Ambraseys

et al. (1994) made a big effort to review and relocate the earthquakes using the

original reports. About 60 earthquakes are reported as felt and/or damaging in Cairo

during this period (Sieberg, 1932; Maamoun et al., 1984 and Ambraseys et al., 1994).

The most severe damage in this period is associated with the event of August 7, 1847.



The instrumental period started in Egypt in 1899 when the first Milne seismograph

was installed at Helwan (later in 1964 it became part of the WWSSN). By mid 1980's

the number of working seismic stations started to increase. Nowadays the Egyptian

National Seismological Network (ENSN) consists of the Cairo, Hurghada, Burg al

Arab, Aswan and Toshka sub networks that include more than 50-RF telemetry

networks with vast communications between sub-arrays and the central sites. In

addition to these seismograph stations, ENSN has 24 mobile seismograph stations and

24 strong motion accelerographs. By this dense network of instruments it is possible

to record most of the ongoing seismic activity in Egypt. Generally, the majority of

earthquakes reported in Egypt is concentrated in/around the Nile delta and the Nile

valley. Luckily, most of these quakes are with magnitude less than 5.

In 2001, the National Institute of Astronomy and Geophysics published a catalogue

that covers the period 1997-2001. In this catalogue, fault plane solutions for selected

events with a fairly large amount of good records are given. As shown in Figure 3, the

normal faulting mechanism of WNW strike is the dominating mechanism along the

Nile valley and its delta, while a strike slip mechanism of ENE is more common

around Naser lake (events 5 and 6 in Figure 3). These mechanisms are in good

agreement with the known tectonics along the Nile valley (Said, 1981, Woodward

Clyde Consultants, 1985). However, we should emphasize that the tectonic setting

under the highly-populated area is poorly understood. Judging from geological maps

(Egyptian Geological Survey, 1983), there are possible faults underneath the

metropolitan area of Cairo, but their detailed characteristics are not known.



Based on both historical and recent seismicity, the Nile valley area is seismically

active. This activity is usually reported as small to moderate. Nevertheless, some

events had caused considerable damage along the valley. The most severe damages

are reported usually for the Cairo-Faiyoum area. The effects of the Mu=5.3 event of

1992 are an example of severe damage caused by a moderate local earthquake.

Despite the relatively small magnitude, at least 541 people were killed, 6,500 people

were injured and 8,300 buildings were damaged or destroyed in the Cairo area alone.

More than 1,000 Egyptian schools and many historical Egyptian constructions, e.g.,

mosques and temples, were damaged. The estimated losses are about $ one billion

U.S. (JICA, 1993, NRIAG, 1993 and El-Sayed, 1996).

The Cairo-Faiyoum area was severely affected by large distant earthquakes too.

Based on the damage reports given by Ambraseys et al. (1994), at least 80% of

damage in the Cairo-Faiyoum area has been caused by remote earthquakes that are

located as far as the Hellenic Arc like the event of 1926 (Ms=7.4). This event

occurred close to Rhodes, 36.5N & 26.86E, at a distance of more than 700 km from

Cairo (Ambrasyes and Adams, 1998). The maximum reported intensity around the

epicenter is VIII and attenuates rapidly to be V at about 100 km to the north.

Nevertheless, in the Cairo-Faiyoum area the reported intensity is VII (see Shebalin et

al., 1974; Margottini, 1982) or V according to Ambraseys and Adams (1998). In

Cairo, at that time a city with more than 200,000 houses, the shock caused

considerable concern. In poorer districts, six adobe houses were ruined and about 450

suffered various degrees of damage. In the district of Faiyoum, a few adobe houses in



farming settlements, two to three storeys high, collapsed, killing nine people (Figure

4). From the damage distribution it seems that the Nile Canyon responds in an

abnormal way to the propagated seismic waves, therefore, it is important to

understand this phenomenon.

Numerical Simulation

The subsoil condition is an important ingredient that controls the distribution of the

observed damage. Tertiary formations are widely found in the highly populated area.

Thick, unconsolidated Quaternary sediments overlie these rocks in the Faiyoum basin,

the Nile delta, and all along the River Nile. The thickness of the alluvial sediments is

estimated to be around 80 m in Metropolitan Cairo and 50 m in the vicinity of Giza.

The ground water table also represents an important factor affecting the stability of

the ground. It is estimated to lie 2 to 3 meters below the ground surface in

Metropolitan Cairo and in the area of the River Nile. A very shallow water table is

also observed in Faiyoum. The stress of such condition reduces the value of

(ai+CT3)/2, transporting the center of Mohr circle toward the origin (Price and

Cosgrove, 1990), and consequently reduces the shear resistance capacity of the soils.

Moreover, re-packing of the soil particles, during the earthquake, may liberate the

excess of pore space water and consequently lead to liquefaction underneath the

foundation of the constructions (Makroum, Personal communication).

The hybrid technique, developed by Faeh et al. (1990), Faeh et al. (1993 and 1994) is

used here to study the effect of the Nile graben sediments on the propagation of



seismic waves. This technique combines the modal summation (Panza, 1985; Panza

and Suhadolc, 1987; Florsch et al., 1991; Panza et al., 2000) and the finite-difference

methods (Virieux, 1984; 1986; Levander, 1988). Both methods are applied in that part

of the structural model where it works most efficiently. The finite-difference method

is applied in the laterally heterogeneous part of the local structural model, which

contains the sedimentary basin, and the modal summation is applied to simulate wave

propagation in the bedrock reference model, i.e., from the source position to the

beginning of the local model of interest.

The seismic source used in this study represents the event of October 12, 1992 Cairo

earthquake (Figure 5a). The epicenter is localized about 75 km to the south east of

Cairo (22 km from the beginning of 2-D model) at a depth of 23 km. In the numerical

simulation, we use a double-couple point source with strike=158°, dip=67° and

slip=308° (El-Sayed et al., 1999). The strike of the fault coincides well with the

geological lineaments of the area and with the distribution of the aftershock sequences

(Abo-Elenean, 1993).

The reference bedrock model describing the path from the source to Cairo is shown in

Figure 5b. The thickness, density and P-wave velocities of layers in this model are

taken from Bouguer anomaly and deep seismic sounding profiles published by the

Egyptian General Petroleum Company. The S-wave velocity is assigned to be

Vp/1.73. These data are stored in the Atlas of Geology at Cornell University, USA

(Barazangi et al., 1996). The quality factors are taken from Xie and Mitchell (1990).

For the upper mantle we have considered a standard continental model (Du et al.,



1998).

The local model considered in this study (Figure 5c) is the profile (4-4') given by Said

(1981). This profile is located between Cairo and Faiyoum at a distance of 22 km

from the epicentre of the 1992 earthquake. The geotechnical parameters in/around this

area have been investigated by many authors (e.g., Marzouk, 1995; Mohammed, 1995

and Helal, 1998) and governmental building organizations (e.g., Educational Building

Authority, EBA). These investigations were carried out by using shallow seismic

techniques and drilling boreholes. We should emphasize that the velocities (Vp and

Vs) given by different authors are in general agreement with laboratory measurements

made by EBA. Table I summarizes the parameters used in our calculation for each

layer.

To take into account the kind of buildings in the region, the high frequency limit for

our numerical simulation has been chosen to be 5 Hz. P-SV (radial and vertical

components) and SH (transverse component) synthetic seismograms are computed at

97 sites on the earth's surface along the 17 km long profile (Figure 6). The reference

seismic signals are calculated at the same positions but using the bedrock model. To

investigate the effects due to the choice of the reference bedrock model adopted, the

calculations carried out for the original reference model given in Figure 5b have been

repeated assuming a 10% faster uppermost layer in the 1-D reference model. To

account for the source magnitude, the signals' spectra are scaled using the scaling law

of Gusev (1983), as reported in Aid (1987). Response spectra with 5% damping (RS)

are computed at each site for the seismograms obtained for the 2-D model, and for

10



the 1-D models (original and perturbed). The response spectra ratio RSR, computed

as RS(2D)/RS(1D), is used as an estimate of the amplification due to the local soil

conditions (Figures 7 and 8).

To investigate the effect of distant earthquakes another set of calculations was made

assuming a source positioned at 150 km from the first site in 2-D (Figure 10).

Results and Discussion

The transverse, radial and vertical components of synthetic accelerograms for the

laterally varying (2-D) model have been compared with the corresponding ones

calculated using the bedrock model in order to assess the site-effects. As shown in

Figure 6, the calculated accelerograms show a considerable difference in the peaks

and shapes at the beginning of the local model.

The amplifications RSR are summarized in Figure 7. For three selected sites the

response spectra and the RSR are explicitly shown in Figure 8, but are available at

each site. For SH waves, the largest amplification (a factor of 6) occurs in the

frequency band from 1-2 Hz. In some areas, e.g., at the edges of the local model,

this band expands to higher frequencies. The pattern of the spectral amplification is

quite different in the case of radial and vertical components of Rayleigh waves. In the

vertical component, the amplification is stronger and occurs for frequencies between

1.5 and 4.5 Hz. The studies by Ambraseys and Simpson (1996) and Ambraseys and

Douglas (2000) support this observation. These authors conclude that, at high

frequencies and small distances, the vertical component response spectra may be

11



larger and may exhibit stronger soil dependence than the horizontal ones. High

amplification values for the vertical component at short periods also point out clearly

the importance of considering vertical as well as horizontal components for

engineering purposes. The most complicated pattern for the spectral amplification is

observed in the case of the radial component of Rayleigh waves. As shown in Figure

7, the maximum amplification, about 7, is quite spread in space and frequency. For

10% changes in the uppermost layer of the bedrock reference model the amplification

pattern does not change significantly (Figure 7), as far as the distribution in space and

frequency is concerned. This stability is important, as it allows us to identify the areas

along the profile where large amplifications might be expected, independently on the

reference model adopted. The absolute value of the amplification is varying ±15% for

the horizontal components, but for the vertical component the amplification changes

by about 200%. It can be seen from Figure 9 that for the perturbed reference model a

phase with velocity around 3.1 km/sec is much more developed than in the case of the

original reference model of Figure 5b. The interaction of this phase with the local

model may reasonably explain the larger amplifications obtained. As our model is

rather well constrained by the studies of several independent authors, we do not

expect larger uncertainties in the absolute value of the amplifications.

By considering distant sources, the amplification becomes stronger at lower

frequencies (Figure 10). Comparing the seismograms and the spectral amplification in

the case of distant and local sources we can see that, in the case of distant sources,

different phases start to build up adding more complexity to the waveforms. The

amplification of seismic waves at low frequencies is certainly relevant to understand

12



and interpret the damage caused by distant earthquakes, like those of the Hellenic Arc

(1994) and Aqaba (1995).

The October 12, 1992 and June 26, 1926 events are suitable events to verify our

calculations for local and distant earthquakes, respectively. In the case of the 1992

local event, the most severe damage was reported for the regions (such as El-Aiyat,

El-Beeadaa and Al-Akwan, Giza districts) where thick sediments are present and the

water table is shallow (JICA, 1993). For example at Berwash village (the area of

maximum spectral amplification) 30% of houses collapsed, 50% suffered serious

damage and 10% suffered light damage (JICA, 1993). On the other side of the valley,

at Cairo city, the reported damage is relatively smaller than that reported at Giza

(Elgamal et al., 1993). In general, the areas of severe damage reported by JICA

(1993) and Elgamal et al. (1993) correspond to the areas of maximum spectral

amplification along our cross section.

The distribution of damage due to the 1926 distant event supports our calculations as

well. The epicentral distance from Cairo is about 700 km, therefore energy peaks are

observed at frequencies of 1-2 Hz (El-Sayed et al., 2000). Nevertheless, damage has

been observed in a wide range of buildings in the Cairo-Fayioum area, where the

zones of maximum damage are the settlements located above the Nile Canyon filling

sediments (Figure 4). This behaviour of the Nile Canyon sediments has been

confirmed by the observations following the events of 1996 (Cyprus) and the events

of 1997 (Aqaba).

13



Conclusions

The main results of this study can be summarized as follows:

1- the soft sediments of the Nile valley can strongly amplify the seismic waves. Most

of this amplification occurs at low frequencies and this may explain the severe effects

caused by distant earthquakes in the Nile valley and its delta;

2- the maximum spectral amplifications are concentrated at the edges of the Nile

basin;

3- areas of thick sediments and shallow underground water table are strongly

amplifying seismic waves; and

4- small variations in the definition of the reference model do not alter the general

amplification pattern along the profile, but can lead to a considerable variation in the

absolute value for the vertical component.
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Figure Captions
Figure 1. Distribution of earthquake epicenters in and around Egypt in the time period
1900 - 2001. Lines denote the major tectonic elements that are reported in the studied
area (modified from Kebeasy, 1990 and Mesherf, 1990).

Figure 2. Examples of the damages to archaeological sites that are most probably
caused by earthquakes. (1) Abu Kair bay, at which part of the old Alexandria was
discovered under 8 meters of water, (2) San El-Hager, that include many destroyed
obelisques, temples and statues covered by few meters of alluvium and (3) Behbit Al-
Hegaria a completely destroyed city. The remains are of small size and are visible on
the surface.

Figure 3. (a) Focal mechanism solutions available for the Nile valley and its delta in
the time period 1992-2001 (NRIAG, 2001). The numbers in the figure are arranged in
ascending order accordingly to the date of the earthquake. The size of each beach ball
is proportional to the magnitude of the earthquake (mb=3- 5.3).

Figure 4. Distribution of the observed intensity during the event of 1926 in the
Hellenic Arc, after Ambraseys et al., (1998). The shaded part shows the limits of the
Eonile Canyon. 1: Alexandria [V], 4: Benha [IV], 5: Beni Salef [V], 6:Beni Suef [IV],
7: Cairo [V], 8: Damanhur [V], 9: El-Faiyoum [III], 10: Gebali [III], 11: El-Giza [IV],
12: Islmilia [IV]; 13: Kafr abud [III], 15: Mansoura [IV], 17: Minuf [IV], 18: Port
Said [ffl], 23: Suez [II], 24: Tanta [IV], 26: El- Wasta [V], 27: Zagazig [III] (the
numbers between square brackets are macroseismic intensities MSK scale).

Figure 5. (a) Distribution of earthquake epicenters around the Cairo-Faiyoum area.
The beach ball represents the focal mechanism of the October 12, 1992 earthquake,
(b) Crustal model (Vp and Vs) adopted for the path from the source to the local model,
and (c) the local model for the profile 4-4' (Said, 1981).

Figure 6. The cross section and the corresponding synthetic strong motion records
calculated for the local model (top) and for the reference bedrock model (bottom) for
the (a) transverse, (b) radial and (c) vertical components. For each component, the
signals have been plotted normalized to the maximum one, for which the amplitude is
indicated.

Figure 7. The cross section and the Response Spectra Ratio (RSR) versus frequency
for transverse (TRA), radial (RAD) and vertical (VER) components for: (1) the
original model, and (2) the modified model, with the velocities of the uppermost layer
increased by 10%.

Figure 8. (a) Response Spectra Ratio (RSR) and (b) Response Spectra (RS) and for
some selected seismograms. (1) and (2) stand for original and modified reference
models, respectively. Seismograms 21, 35 and 80 are located at distances of 26.36,
28.71 and 36.27 km from the source, respectively.
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Figure 9. Synthetic strong motion records (vertical component) calculated for the
original (bottom) and modified (top) reference bedrock models. The main difference
between the two sets of seismograms is encircled by the elongated ellipse.

Figure 10. Example of synthetic strong motion records and response spectra ratio
(RSR) versus frequency for a source located at 150 km from the left extreme of the
cross-section shown at the bottom of the figure.
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Table I. Mechanical parameters for profile 4-4'. Numbers denote the layers
composing the local model (Figure 5c).

Layer

1
2
3
4
5

Density
gm/cm
1.800
2.000
2.200
2.400
2.600

VP
km/sec
0.475
1.475
1.800
2.600
3.500

QP

50.0
120.0
120.0
250.0
220.0

vs
km/sec
0.250
0.300
0.500
0.700
2.000

Qs

20.0
80.0
80.0
150.0
100.0
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