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Seismotectonics & fismic Zones of the Arabian Peninsula

INTRODU CTION
The Arabian Peninsula presents several interesting seismological problems. On the west,
rifling in the Red Sea has split a large Precambrian Shield. Active rifling is responsible for
the geometry of the plate margins in the west, and southwesheTsotuth, similar rifling
running in a more eastest direction through the Gulf of Aden has separated the Arabian
Peninsula from Africa. In the northwest, the Gulf Afjabah forms the southernmost
continuation of the Dead Sea transform. The northern antheastern boundaries of the
Arabian Plate are areas of continental collision, with the Arabian Plate colliding with the

Persian Plate.

Modern societies and economics depend upon engineered infrastructures supplying externally
supplies such as power ftreir continued successful operation. The supplies and services
enable development and growth to proceed and progress. The administration and distribution
of the supplies and services are the means by which society operates on a daily basis, and
without whch the infrastructures of the region would be adversely affected, economically,
socially, and politically.

In the foreseeable future, there will be rapid growth of industrial development, increased
population, and urban expansion. Experience has demimaktitzat natural disaster, and
earthquakes in particular have tended to become increasingly destructive since these affect a
larger concentration of national properties and population, thus, generating calamitous
incidents like the Cairo earthquake: 12 Q&92; Yemen earthquake: 28 Dec 1982; and

Agabahearthquake: 22 Nov 1995.



Particularly, three conditions determine the occurrence of an earthquake disaster. The first
condition is the magnitude of the earthquake since small seismic events will not isificie
generate severe ground shaking to cause extensive damage. The second condition is the
closeness of the source of earthquakes, but under special conditions, earthquake disaster can
occur at further distance (450 km). The third condition is dependertherdegree of
earthquake preparedness.

Earthquake hazard depends not only on the seismicity of a region, but also on population
density and economic development. Even though seismicity remains constant, both
population and economic development are indéngagapidly. ldentifying sources of
vulnerability and taking steps to mitigate the consequences of future earthquake disaster are
the most essential elements of disaster preparedness. Because the existing facilities represent
the main earthquake risk, reseh and performance evaluation have much desire to be done

in this critical area.

In order to reduce earthquake hazards in a rational way, it is necessary to have a clear
understanding of the phenomena associated with earthquakes and their adversélleffects

key element in coping with earthquake hazard is the ability to assess seismic hazard. To make
rational decisions in coping with earthquakes, it is necessary to know the answers to some
guestions related to:

1. Sources of destructive earthquakes

2. Locations of earthquake occurrences

3. Frequency of various size of earthquakes

4. Nature of the severe ground motion near the source and its
attenuation with distance

5. Influence of local geology and site condition on the severity of
ground shaking

6. Types of earthquake haards



7.

Main characteristics that define the damage potential of

earthquake shaking

Most regions that are threatened with earthquake hazards have conducted seismic hazard

assessment through zoning maps with different seismic hazard level. Because each zone

covers large area, the present map represents a crude average of the real seismic hazard in

each zone.

SEISMIC ZONATION

Seismic zonation is the division of geographic region into smaller areas or zones expected to

experience the same relative severityanfearthquake hazard (e.g., ground shaking, ground

failure, surface faulting, tsunami wave runup, etc.,). The resulting zonation maps provide

community policymakers and development.

The key questions are summarized below:

1.

= =/ =2 A -2

Solid Earth System(i.e., defires the physical characteristics of the source, path,
and site which control earthquake hazards (e.g., ground shaking and ground failure
hazards)).
Where have earthquakes occurred in the past?
Where are they occurring now?
What is the magnitude and deptBtdbution of the past and present seismicity?
How often have earthquakes of a given magnitude recurred?
What are the dominant earthquake generating mechanisms?
What levels of ground shaking have occurred in the past? Ground
failure? Surface faultupture? Tsunami wave runup?

What are the maximum levels that might be expected in future earthquakes?

Built Environment System, (l,e., defines the temporal and spatial distribution of

buildings and lifeline systems exposed to earthquake hazards).



1  What arethe physical characteristics of the present inventory of buildings and
lifeline systems (e.g., age, type of materials, number of stories, elevation, plan,
foundations, etc.)? The future inventory?

1 How have these buildings and lifeline systems performegdast earthquakes

(e.g., what are the vulnerabilitgations for eachype of building and lifeline?

SociatEconomicPolitical System (1 , e., defines the comm
management policies and practices (e.g., mitigation, preparednessgemeyerg
response, and recovery).
1 What risk management policies and practices (i.e., building and land use
regulations) have been adopted by the community in the past?
1 How have they been enforced?

How effective have they been?
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REDUCTION OF COMMUNITY VULNERABILITY

BUILT ENVIRONMENT

1 Location value, exposure, and vulnerability of buildings and lifelines ¢
earthquake physical effects (hazards) which can cause damage, fa

function, release of hazardoomaterials, injuries, and deaths

HAZARD ENVIRONMENT POLICY ENVIRONMENT

* Physical effects such as: *Social, technical, Aadministrativ
Ground shaking; liquefaction; landslid political, legal, and economic forces wh
surface fault rupture; tectorshape a communityé®o
deformation; fires, and flood waves frc for: earthquake rls management (i.¢
seiche, tsunami, and daboneak generate prevention, itigation, preparedne
in an earthquke and the aftersh prediction and warning, interventic
sequence; each potentially impacting emergency), public awareness, train

built environment. education, and insurance.



REGIONAL TECTONICS

The surface geological and tectonic settings of the Arabian Peninsslataoainly of :
1) The Arabian shield in the west and
2) The Arabian platform in the east.
3) Tertiary volcanism along the Red Sea coast

4) Red Sea & Gulf ofAgabah

1. TheArabian Shield

The accretionary evolution of the Arabian plate is thought to have originated and formed by
amalgation of five Precambrian terranes. These are the Asir; Hijaz, and Midyan terranes from
the western part of the Arabian shield, and from treteea side of the shield are the Afif
terrane and the Amar arc of the Ar Rayn miptate. The western fusion is along the Bir

Umq and Yanbu sutures (Loosveld et al 1996). The eastern accretion may have started by
about 686640 million years ago (Ma) whehe Afif terrane collided with the western shield
along the Nabitah suture. At about 670 Ma, a subduction complex formed west of Amar arc.
Along this subduction zone, the Afif terrane and Ar Rayn microplate collided that lasted from
about 646620 Ma. (Al-Husseini 200Q) The north trending Rayn anticlines and conjugate
northwest and northeast fractures and faults may have formed at th(sHigset3 ).

The Arabian Shield is an ancient land mass with a trapezoidal shape and area of about
770,000 sq. km.Fig. 1). Its slightlyarched surface is a peneplain sloping very gently toward

the north, northeast, and east. The framework of the shield is composed of Precambrian rocks
and metamorphosed sedimentary and intruded by granites. THadtlgattern oftie shield,

together with some stratigraphic relationships suggests that the shield have undergone two
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orogenic cycles. The first cycle was the Al Hijaz orogeny which was more intense and
widespread areally. Eagtest compession was dominant, so that strongly folded and faulted
beds of the shield in the wesentral part trend northeasterly, while in the southern portion
trend generally northerly. The tectonic features include transcurrent, normal and high angle
reverse falts, and major fold axes. For the first orogeny, folding and intrusion may have
occurred at greater depth. The second cycle was the Al Najd orogeny. This orogeny represents
the younger period of mountain building. The effects of the second orogeny weere th
northwesterly trending left lateral faults. The faults may reflect shearing from shallower
movements. The fault systems in this orogeny are subsequent to the other systems and have
offset and truncated many of the previous tectonic lineaments. It isf tine most prominent
Precambrian Cambrian sinistral wrench fault systems (Chapman 1978).

Following the formation of the Najd fault system, the Arabian shield remained a rather stable
platform throughout the Paleozoic and Mesozoic except for several episbdnovement

along older faults. The only major orogenic event which affected the region since early
Cambrian was the deformation and magmatism associated with the Red Sea rifting. Recently,
various speculations have indicated that the Arabiabhian sheld formed through a process

of arc and micreplate accretion. On the basis of this interpretation, the evolution of the
Arabian shield is in terms of 3 stages: (a) magmatic arc; (b) continental collision; (€) intra
cratonic.

To the first order, the Arabmashield is composed of two layers, each about 20km thick, with
average velocities of about 6.3 km/s and 7 km/s respectively (Mooney et al 1985). The crust
thins rapidly to less than 20 km total thickness at the western shield margin, beyond which the

sedments of the Red Sea shelf and coastal plain are underlain by oceanic crust.



2. Arabian Platform

The platform consists of the Paleozoic and Mesozoic sedimentary rocks that unconformably
overlays the shield and dip very gently and uniformly to tiéBEEtovards the Arabian Gulf
(Powers et al.,, 1966). The accumulated sediments in the Arakatfiorm represent the
southeastern part of the vast Middle east basin that extend eastward into Iran, westward into
the eastern Mediterranean and northward into Jotdemand Syria.

The Arabian shield isolated the Arabian platform from the north African Tethys and played
an active paleogeographic role through gentle subsidence of its northern and eastern sectors
during the Phanerozoic, allowing almost 5000 m of cmmtial and marine sediments
deposited over the platform. This accumulation of sediments represents several cycles from
the Cambrian onward, now forms a homocline dipping very gently away from the Arabian
shield.

Several structural provinces can be ideeatifiwithin the Arabian platform : 1) An interior
homocline in the form of a belt, about 400 km wide, in which the sedimentary rocks dip very
gently away from the shield outcrops. 2) An interior platform, up to 400 km wide, within
which the sedimentary rock®ntinue to dip regionally away from the shield at low angles. 3)
Intra-shelf depressions, found mainly around the interior homocline and interior platform (
Fig. 2).

Unfortunately, no locally recorded earthquake data have been used to determinettie cru
characteristics of the Arabian platin. The regularly spaced north trending Summan
platform, KhuraisBurgan and En Nai&hawar anticlines, and Qatar arch in the eastern part

of the Arabian plate appear to have formed during the Precambrian AmasidoHibout
640-620 million years ago (Ma). This collision occurred along the north trending Amar suture
that bisects the Arabian peninsula at about 45 degrees east longitude when the Rayn

microplate in the east was fused to the western part of the Arat@ton (Husseini 2000,
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Looseveld et al 1996). The great anticlines are bounded by the northeast trending Wadi Batin
fault and northwest trending Abu Jifan fault that converge on the Amar suture. The anticlines
intersected deformed metasediments that aexldes syrcollisional. The Amar collision was
followed by a widespread extensional collapse of the AraNiaman shield between about
620530 Ma. The extensional collapse culminated in the regional development of the
extensive Najd fault and its complimtary rift basins, Zagros suture, the northeast trending
Oman salt basins, Dibba fault, and the Sinai triple junction.

The Sinai triple junction is composed of the Najd fault system, the Egypt rift, the Jordan
valley, and Derik rift. During the final exteional stage about 58¥0 Ma, the northwest
trending Najd fault system dislocated the Arabian shieldldégrally by about 25300
kilometers. This dislocation appears to compliment the northeast orienteddantnaental

rifts in Oman, Zagros mountai and the Arabian gulf. These rift basins accumulated thick
sequences of clastic and carbonate rocks and salt such as the Ara group in Oman, Hormuz
series in the Arabian gulf and Zagros mountain (Ziegler 2001). During the extensional
collapse, the nortlrénding anticlines probably remained elevated as elongated horst bounded
by normal faults. The intervening subsiding grabens accumulatemftsyediments including

the Hormuz salt, and form an intigngering pattern between the great north trending anti
clines.

The striking geometric pattern appears to have formed in two tectonic stages. The
Precambtian Amar collision between about-620 Ma, followed by the development of the
Najd rift system between about 5380 Ma.

In Oman, during the intraxtensonal tectonics (rift cycle 1), a series of nesthuth to
northeasti southwest trending basement highs may have developed from north to south.

These are the Ghudithasfah high, the AnzatRudhwan Ridge and the Makardvtabrouk

11
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high, separating different basin segments. The event is also associated with igneous activity
which is the formation of the Oman mountains and is followed by a thermal subsidence
phase. During this cycle, there may have been widespread rifting of thélabara group
(During the Cambrian to mi€arboniferous (Rift Cycle 2), the Abu Mahara rift configuration

was reactivated. The -activated eastern angle leamgle bounding fault of the Ghudun
Khasfah high becomes the western margin of the asymmetricth Eman basin. In the

north, the Ghaba salt basin develops as a narrower, deeper and asymmetrical feature with
some asymmetry reversals. The South Oman and Ghaba salt basins are related to the Najd
event of rifting and wrenching dated at between-680 Ma (Looseveld et al1996, Blood
2001). Around 110 Ma, the Atlantic ocean started to open, leading to the closure of the Neo
Tethys between the AfrArabian and Eurasian plates. A northeasterly dipping-imtesanic
subduction zone developed, accompanied dgkdarc spreading. At approximately 93 Ma,

this subduction complex collided with the continental crust of Oman. Uplift and partial
erosion of the Natih formation and the development of a major hard ground signaled the onset
of this event. The initial onsétas been described as a mobile or stationarylfolge that
preceded dowswarping of the foreland ahead of the advancing thrust front. During this
phase, the Hawasina and Samail Nappes are emplaced, the region south of the nappes are
downwarped with loal footwall uplift, the Aruma foredeep develops, a dextral transtension
along the Fahud fault zone, and a sinistral transtension along the Maradi fault zone occur. In
the Eocend’liocene second Alpine phase, folding commences in the Oman mountains and
shotening overprints extension in the area around Natih, Fahud, and the northern Maradi
fault zone (Noweir & Asharhan 2000). The Salakh arch develops, reverse faulting occur in
foredeep, the northern portion of the Maradi fault zone is inverted in dexinaptession,

and the Fahud main fault is-aetivated with a small sinistral component.

At the CretaceouSertiary boundary, intr@ceanic nortroversouth thrusting between the

13



lower and upper nappes of Masirah island occurred, immediately followed Patbecene

by the oblique obduction of the Masirah complex onto the Arabian continent (Peters et al
1995). Along the east coast of Oman, largely offshore under Masirah bay and Sawqrah bay, a
narrow, gently folded foreland basin, the Masirah trough, develofiee western margin is
bounded by normal faults reactivating Mesozoic rift related faults. On its eastern margin, a
wedge of ophiolitic and probably continental slope sediments is largely underthrusted below

the eastern and uplifted part of this foredbapin.

3. Tertiary Volcanism

Two distinct phases of continental magmatism are evident in western Saudi Arabia. The first
phase produced tholeiitio-transitional lavas emplaced along NW trends from about 30 to 20
Ma. The second phase produced tramsétto-strongly alkalic lavas emplaced along NS
trends about 12 Ma to Recent. The first phase is attributed to passntke upwelling during
extension of the Red Sea Basin, whereas the second phase is attributed to active mantle
upwelling but was facitated by minor continental extension perpendicular to plate collision
(Camp & Roobol 1989, 1992). The second phase is largely contemporaneous with a major
period of crustal uplift to produce the West Arabian swell. The central axis of the uplift and
magmaism of the Arabian swell is symmetric and coincides with two fundamental features
whi c h ar -Ruthbdh drchHmatlieindrth and the MakkslladinahkNafud volcanic line

in the south (Camp & Roobol 1989, 1992). Volcanism was widespread in western Saudi
Arabia during the Tertiary Period. The oldest lavas, called the Trap Series rest on Cretaceous
clastics in Yemen where these are associated closely with the Rifting of the Red Sea.
Northward, thick effusions of basalt and andesite cover vast areas. Thensffnave been

subdivided on the basis of radioactive dating, and these ranges from Oligocene to Holocene.
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The Oligocene and Holocene flows were like those of the Trap Series. Thus, volcanism

continued up to the presemne (Chapman 1978).

4. The Red Sea and Gulf oAgabah

The Red Sea is an 1800 km elongated trough trendingSEWom the Sinai Peninsula in the

north down to the Strait of Bab Al Mandeb in the south. The Red Sea can be divided into two
main physiogrghic units. These are: (a) the shelf area which is composed of the coastal area
and the marginal shelves, (b) the main and axial trough. The shelf is narrow in the north and
wide in the south, whereas the trough is wide in the north and narrow in the south

Structurally, the Red Sea is a graben along the crest of an anticline that formed in the
ArabianAfrican Shield. The inner margins of the shield apparently undergo considerable
uplift that formed prominent scarps at the edge of the Red Sea rift. Aotdr2 km. wide

that is composed of high and tensional faults concealed by coastal sediments lies at the foot of
the escarpments. On the seaward side of this zone, the basement has been step faulted
downward in blocks and lies beneath the shelf area ahd#p2-3 km below sea level
(Chapman 1978).

Three sets of faults seem to have controlled the development of the Red Sea. These were the
NW-SE trending main line of faults which are associated with step faulting and the-WNW
ESE major fault trend in the Ri@mbrian basement which caused many irregularities in the
coastline (Chapman 1978).

The regional distribution of seismicity in the Red Sea indicates concentrated distribution of
events proximal to the main and axial trough in the southern portion. Howineer,
concentration is not uniformly distributed, but occurs in clusters on the ridge crests, or near
transform faults of the rift axis. Other significant activities appear to occur along other

portions of the central rift not having transform faults. Tlodvdies may be related to
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intrusive mechanism, normal fault movements associated with the down dropping of blocks,
or movements along undetected transform faults. Focal mechanisms for two earthquakes
located near the southern Red Sea rift axis indioadelynpure strikeslip mechanism on NE
trending planes that suggest seismic activity on rift transform faults (Thenhaus et al 1986).
The Gulf ofAgabahforms the southern part of the Levantine transform fault. This fault forms
the boundary between the Aian and African plates. The fault is composed of 4 straight
segments (Freund 1970). The first is along Algmbahand Araba that trends N15E, the
second runs along the Dead Sea, Jordan and
and Orontes valle and from Orontes the transform extends up to the T&dagsos thrust.

With a total of 1058110km dominant left lateral shear (Quennell 1956; Ben Avraham 1985),
minor components of extension, compression and/anping occur in many places. Normal
faults were generated along the margins of the transform due to these systems with variable
displacements in the localities of these faults. Changes in the trend of the transform resulted
in the formation of rhomishaped basins such as the 4 deeps in the gllh@Dead Sea. On
either side of the gulf, long early Neogene dykes trending NW parallel to each other were
believed to have accompanied the initial rifting of the Red Sea. This volcanism was followed
by the shear along the Gulf éigabah A system of falis subparallel to the gulf exists

within a zone of tens of kilometers wide on either side. From a study of active faulting in the
Dead Sea rift, Garfunkel (1981) indicated that there two types of fault activities. These are the
strike-slip and normal, falts, the previous type as the more prominent in activity (El Isa et al

1984).
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Seismicity & Crustal Structures

The Arabian Peninsula forms a single tectonic plate, the Arabian Plate. It is surrounded on all
sides by active plate boundaries as evigenby earthquake locations. Figdrehows a map

of the Arabian Peninsula along with major tectonic features and earthquake locations. Active
tectonics of the region is dominated by the collision of the Arabian Plate with the Eurasian
Plate along the Zags and Bitlis Thrust systems, rifting and seafloor spreading in the Red Sea
and Gulf of Aden. Strikelip faulting occurs along the Gulf dkgabahand Dead Sea
Transform fault systems. The great number of earthquakes in the GAljablahpose a
significart seismic hazard to Saudi Arabia. Large earthquakes in the Zagros Mountains of
southern Iran may lead to loqpgriod ground motion in eastern Saudi Arabia.

The two large regions associated with the presence or absence of sedimentary cover define
the largescale geologic structure of the Arabian Peninsula. The Arabian Platform (eastern
Arabia) is covered by sediments that thicken toward the Arabian Gulf. The Arabian Shield is
has no appreciable sedimentary cover with many outcrops. The Arabian Shieldscanaist

least five Precambrian terranes separated by suture Z8dewift et a] 1979). During the

late Oligocene and early Miocene, the Arabian Shield was disrupted by the development of
the Red Sea and Gulf of Aden rifts, and from the-Midcene to tle present, the region
experienced volcanism and upliiBghannon et al.1989). The uplift and volcanism are
generally assumed to be the result of hot, buoyant material in the upper mantle that may have
eroded the base of the lithospheaihp and Roobpl1992). However details about the
nature of the upper mantle, such as its thermal and compositional state, are not known.

Volcanic activity (the Harrats) is observed on the Arabian
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Shield . This is likely to beelated to the opening of the Red Sed aantle asthenospheric
upwelling beneath western Arabia (€Gamp and Roobpll992).

The northwestern regions of Saudi Arabia are distinct from the Arabian Shield, as this region is
characterized by high seismicity in the GulfAdabd and Dead SeaifR Active tectonics in

this region is associated with the opening of the northern Red Sea and @&g#bathas well

as a major continental strigfip plate boundary.

The Dead Sea transform system connects active spreading centers of the Red Sage#o the
where the Arabian Plate is converging with Eurasia in southern Turkey. The Gujéb&hin

the southern portion of the rift system has experiencedbleital strikeslip faulting with a 110

km offset since early Tertiary to the present. The seigmof the Dead Sea transform is
characterized by both swarm and mainshait&rshock types of earthquake activities. The
instrumental and historical seismic records indicate a seismic slip rate eb.85.&m/year
during the last 100A500 years, whilestimates of the average PliocdPleistocene rate are
0.7-1.0 cm/year.

Previous seismicity studies in the Gulf indicate a relatively lower seismic activity (Ben
Menahem 1981). However, lately there were recent seismic activities that have occurred.
Thesewere the 1983 sequence that lasted about 2 months and associated with a maximum
magnitude (Mmax) of 5.2. In April 1990 and in May 1991 which have peak Mmax of 4.3
respectively were another 2 set of earthquake sequences that have occurred. These two
swarmsindicate a spatial overlap with the southern part of the 1983 events, suggesting the
1983, 1990, and 1991swarms were a part of one tectonic segment and activity in the Elat
deep. The sequences were followed later by the 1993 event which was located in the
Aragonese Deep with Mmax of 5.8. The latest earthquake of concern that is located also in
the Aragones Deep is the 1995 event with Mmax of 7.1, which is the strongest among the

events that has occurred in the gulf.
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Seismicity activities in the Gulf oAgabahhave been dominated by earthquake sequences
lasting for about 43 months, with a clear pattern of spatial distribution that cover a specific
tectonic segment. Each segment is observed to goes through a seismic swarm cycle.
Interaction between segmemgluences the time period of their cycle

Historically, the most significant earthquakes to hit the Dead Sea region were the events of
1759 (Damascus), 1822 (Aleppo), and of 1837 ;1068 (Gukgalbaharea) caused deaths of
more than 30,000 peoplBen Menahem(1979) indicated that about 26 major earthquakes
(6.1<ML<7.3) occurred in southern Dead Sea region between 2100 B.C. and 1900 A.D. In
1980's and 1990's, the occurrence of earthquake swarms in 1983199851993 and 1995

in the Gulf ofAgqabahclearly indicates that this segment is one of the most seismically active
zones in the Dead Sea transform system. Earthquake locations provide evidence for
continuation of faulting regime from the Gulf northeastward inland beneath thick sediments,
suggestinghat the northern portion of the Gulf is subjected to more severe seismic hazard
compared to the southern portigk-Amri et al,1991).

Seismic activity in the Arabian shield appears to be low. There were only few moderate
seismic events composed of 260<Ms<5.9) and 1 (Ms>6.0) to have occurred since 1900.
However, historical accounts (Ambraseys 1988) indicated that strong ground shaking has
been felt in the northwestern portion of the shield during the 1068 event (Ms7.0) and 1588
event (Ms6.7). The M3(0) was accompanied by ground cracking and fissuring that caused
widespread destruction. The central portion was also shaken in the year 1269 which was felt
at Taif. This earthquake was associated to the activity of the right lateral NE trending Ad
Damm fult which passes close to Taif. In 1256, the City of Madinah also experienced
ground shaking. However, the shaking phenomenon was more related to volcanic activity
(Fig.5)

In contrast to the scarcity of information regarding earthquakes in the nosheroentral
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portion of the shield that has affected the population, a continuous document of felt, strongly
felt, and destructive earthquake occurrences in Yemen since the year 742 was compiled by
Ambraseys (1988). The location of these earthquake eventgrianarily distributed in the

Yemen Trap Series. The 13 of December 1982 Dhammar earthquake (Ms6.1) killed 2,000
people, destroyed 300 villages, and rendered 700,000 homeless.

To the south, the majority of earthquakes and tectonic activity in theSRadregion are
concentrated along a belt that extends from the central Red Sea region south to Afar and then
east through the Gulf of Aden. There is little seismic activity in the northern part of the Red
Sea, and only three earthquakes have been recoattid of latitude 2% N. Instrumental
seismicity of the northern Red Sea shows that 68 earthquakes (3.8<mb<6.0) are reported to
have occurred in the period from 1964 to 19%3y. 5)

Historically, about 10 earthquakes have occurred during the p@b81994 with surface

wave (Ms) magnitudes between 5.2 and 6.1. Some of these events were associated with
earthquake swarms, long sequences of shocks and aftershocks (the earthquakes of 1941, 1955,
1967 and 1993). The occurrence of the January 11,19¢1qeake in the northwest of Yemen

(Ms = 5.9 with an aftershock on February 4, 19Ms = 5.2), the earthquake of October 17,
1955(Ms = 4.8), and the 1982 Yemen earthquake of magnitude 6.0 highlight the hazards that
may result from nearby seismic soureggl demonstrate the vulnerability of northern Yemen

to moderatemagnitude and larger earthquakes. Instrumental seismicity of the southern Red Sea
shows that 170 earthquakes @1tb< 6.6) are reported to have occurred in the period 1965
1994. The historicahnd instrumental records of strong shaking in the southern Arabian Shield
and Yemen (1832; 1845; 1941; 1982 and 1991) indicate that the return period of severe

earthquakes which affect the area is about 60 y&&w&nri,1995 b).
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Fig. 5. Seismicity map of the Arabian Peninsula
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