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Abstract:
This article deals with earthquakes in Sudan and the need to implement 
strategies to control shaking to reduce its impact in the country in the country. 
The review showed that almost every area of the country is at risk of some 
ground-shaking event. Earthquakes in Sudan are associated with the East 
African Rift System, Central African Rift System, Red Sea Rift System, 
Central Sudan Intraplate, Volcanic origin seismicity, and seismicity caused 
by Lake Nasir in southern Egypt. The severity and magnitude of these 
seismic events have resulted in devastating damage, including loss of life, 
collapse of buildings and civil structures, economic loss, psychological 
trauma, displacement of people, and great fear. The available data indicate 
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that much of the damage was caused by earthquakes due to the collapse of 
buildings. Therefore, it is necessary to discuss objective, implementable, and 
sustainable measures to control the threat of seismic events in Sudan. The 
paper is expected to raise awareness of the emerging earthquakes in Sudan and 
draw the authorities’ attention to the need for timely and practical mitigation 
strategies to avoid earthquake-related disasters.

Keywords: Seismicity, Rift systems, seismic hazard, Civil structures, Sudan

نظرة عامة على تقييم الأحداث الزلزالية 
في السودان

ــا  ــة الجيولوجي ــية – كلي ــا الهندس ــم الجيولوجي ــق دفــع الله وادي – قس   دفــع الله صدي
ــرول والمعــادن – جامعــة بحــري   الب

  رندا جمعة علي مرجان – قسم الجيولوجيا –كلية النفط والمعادن -  جامعة النيلين  

  محمد إسحق عبدالصمد – قسم الجيولوجيا – كلية العلوم – جامعة كردفان	 
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  عبدالمطلب عبده عبدالله – كلية علوم الأرض – جامعة البحر الأحمر

المستخلص:
تتنـاول هـذه المقالـة الـزلازل في السـودان، والحاجـة إلى تنفيـذ إستراتيجيات للسـيطرة عليهـا، والحـد مـن 

تأثيرهـا على البلاد. وقـد أظهـرت المراجعـة، أن كل منطقـة تقريبًـا في البلاد، معرضـة لخطـر حـدوث بعض 

أحـداث الهـزات الأرضيـة. ترتبـط الـزلازل في السـودان بأنظمـة الصـدوع في شرق إفريقيـا، وأنظمـة الصدوع 

في وسـط إفريقيـا، وأنظمـة الصـدوع في البحـر الأحمـر، والزلازل الداخلية في وسـط السـودان، والـزلازل ذات 

الأصـل البركاني، والـزلازل الناجمـة عـن بحيرة نـاصر في جنوب مصر. وقد أدت شـدة وحجم هـذه الأحداث 

المدنيـة، والخسـائر  المبـاني والمنشـئات  الزلزاليـة إلى أضرار مدمـرة، بمـا في ذلـك فقـدان الأرواح، وانهيـار 

الاقتصاديـة، والصدمـات النفسـية، ونـزوح الناس، والخوف الشـديد. تشير البيانات المتاحـة إلى أن الكثير من 

الأضرار كانـت ناجمـة عـن الـزلازل بسـبب انهيـار المبـاني. لذلك، من الضروري مناقشـة التدابير الموضوعية 
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والقابلـة للتنفيـذ والمسـتدامة للسـيطرة على خطـر الأحـداث الزلزاليـة في السـودان. ومن المتوقـع أن تعمل 

الورقـة على زيـادة الوعي بالزلازل الناشـئة في السـودان ولفت انتباه السـلطات إلى الحاجة إلى استراتيجيات 

تخفيـف عمليـة وفي الوقـت المناسـب لتجنـب الكـوارث المرتبطـة بالزلازل.

الكلمات المفتاحية: الزلازل، أنظمة الصدع، الخطر الزلزالي، المنشئات المدنية، السودان

Introduction:
Earthquakes are one of the main disasters that have catastrophic consequences 
in today’s world (Kanamori, 1978; Geller et al., 1997; Kanamori & Brodsky, 
2004; Obara & Kato, 2016). Since the end of the twentieth century, more than 
50 catastrophic earthquakes have occurred worldwide, claiming an estimated 
million lives (Guo, 2010; Alaneme & Okotete, 2018;  2022; Över et al., 2023; 
Kolivand et al., 2023; Jiang et al., 2023; Hussain et al., 2023) and affect 
millions of people every year ( Ritchie & Rosado, 2022).

In 1992, the United Nations (UN) launched the Global Seismic Hazards 
Assessment Programme (GSHAP) project (Giardini, 1999; Kossobokov & 
Nekrasova, 2012) after recognizing that natural disasters were a significant 
cause of loss of life and development (Giardini, 1999). This project was 
designed from 1990 to 1999. The main objectives of the project were to raise 
global awareness and reduce the risks of natural disasters. The GSHAP was 
completed in 1999, and probabilistic seismic hazard assessment maps and 
digital analogs were published (Giardini et al., 1999; Shedlock et al., 2000; 
Kossobokov & Nekrasova, 2012). The project results are the most accurate 
maps of global seismic activity to date. Although the project was completed in 
1999, the data collected are still accessible, including maps of the most active 
earthquake zones worldwide (Silva et al., 2014). Fig. 1 shows the seismic 
hazard map for Africa produced by the GSHAP.

Africa is relatively far from the margins of the plates and has fewer earthquake 
zones than other continents (Hartnady, 2002). Nevertheless, sporadic 
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activities have occurred (Fairhead & Gridler, 1971; Wadi et al., 2021). These 
activities occur mainly in the northern part (Fig. 1), where the Arabian Plate 
collides with the Eurasian and African Plates (Poggi et al., 2020). The eastern 
part (Fig. 1) is home to one of the strongest African earthquakes (Foster & 
Jackson, 1998; Mulwa et al., 2014; Poggi et al., 2017).

Sudan and its surroundings have diverse geological and tectonic structures 
(Almond, 1986). The earthquake sources affecting most of the country are 
located in and around (1) the eastern part from the East African Rift System 
(EARS), (2) the central part from several rifts and volcanic, (3) the Red 
Sea coast near the Afro-Arabian border, and (4) Lake Nasir in the far north 
(Khattab, 1975; Ali & Whitely 1981; Flege, 1982; Browne & Fairhead, 1983; 
Bermingham et al., 1983; Browne et al., 1985; Clark & Browne, 1987). 
Earthquakes of varying intensities and magnitudes have occurred in all parts 
of the country mentioned above. Fairhead and Stuart (1982) reported that 
earthquakes have been recorded in Sudan and neighboring countries since 
700 (BC). However, this instrument was used to record events that began 
in 2001 (Alhassan et al., 2007). The source in central Sudan has recently 
become more active (El Tahir & Midzi, 2019). In addition, there has been a 
marked increase in seismic activity in the Nile Basin and surrounding areas, 
which justifies an assessment of the seismic hazard of the country and the 
region (Clark & Browne, 1987; Abdalla et al., 2001; Ezzelarab et al., 2021).

This study aims to provide detailed insight into the reality of seismic activity 
in Sudan. It aims to raise awareness of Sudan’s seismic activity in a language 
easily understood by everyone and to influence government engagement and 
policy regarding seismic hazards as geoscientists. A more comprehensive 
literature on seismicity in Sudan must be compiled to match the scope of the 
current study.
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Fig. 1. Global seismic hazard map created by GSHAP after Giardini et al. (1999).

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م 242

Terms and concepts: 
In the earth sciences, various terms describe the nature and magnitude of 
earthquake effects. These terms make it easier for technical and non-technical 
experts to understand earthquakes. The two terms most commonly used in 
earthquake research are magnitude and intensity.

Earthquake magnitude has been proposed as the basis for geophysical and 
engineering analyses of earthquakes (Båth, 1981; Kanamori, 1983). It can be 
defined as a quantitative measure used to compare the strength of earthquakes 
worldwide, regardless of geological and geographical conditions (Borman, 
2021). Therefore, earthquake magnitude is a logarithmic measure of the energy 
released by an earthquake (Hammed et al., 2016). Richter (1935) derived 
the earthquake magnitude scale from the maximum amplitude measured at 
various epicenter distances from the point of rupture in the Earth’s crust. This 
scale is known as the Richter scale and is the first approach to assessing the 
magnitude of earthquakes (Boore, 1989). 

The Richter magnitude also called the local magnitude ML, is, therefore, a 
numerical value that characterizes an earthquake and is independent of the 
location of the recording station (Rundle, 1989). Body wave magnitude (mB) 
is proposed to overcome local magnitude limitations. The magnitude of the 
body wave is calculated from the amplitude and period of the seismic body 
(Das et al., 2011). According to Kanamori (1983), the main advantage of mB 
is that it can be applied to both shallow and deep seismic events. Liu et al. 
(2007) pointed out that mB represents the magnitude of long-period body 
waves, and mb represents the magnitude of periodic body waves. Furthermore, 
shallow and distant earthquakes’ surface wave magnitude (Ms) is derived (Di 
Giacomo & Storchak, 2022). Additionally, a relatively new scale, the moment 
magnitude (MW) scale, was introduced (Hanks & Canadian, 1979). This scale 
has the advantage that it can be used to measure more significant earthquakes 
(Baruah et al., 2012; Das et al., 2019).
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Intensity is a term that describes the impact of an earthquake on the earth’s 
surface (Dowrick, 1996; Grünthal & Musson, 2020). It is a qualitative measure 
of the actual shaking at a location during an earthquake (Hammed et al., 2016). 
Terms are shown in uppercase Roman letters. This scale was initially developed 
to extract observational data from seismic events. Masson et al. (2010) stated 
that the first detection scale was the Rossi-Forel scale, where he used 10 degrees 
to define the impact of an earthquake at a location. The intensity scale includes 
a range of specific severe reactions, such as moving furniture, damaging 
chimneys, and waking people up. There were several intensity scales according 
to the Rossi-Forel scale. After several revisions, the Mercalli scale (Eiby, 1996) 
became the modified Mercalli Intensity Scale (MMI), which now plays a vital 
role among geoscientists (Worden et al., 2012). 

Table 1 provides a brief description of the 12 levels of the latest version of 
Mercalli strength. Additionally, other scales are used after the MMI scale 
in some parts of the world. They are the Medvedev-Sponheuer-Kalnik 
(MSK) scale (Hinzen & Oemisch, 2001) and the European Macroscopic 
Scale (EMS), a modified version for European buildings (Gruenthal, 1998; 
Musson et al., 2010).

The peak ground acceleration (PGA) equals the maximum ground 
acceleration at a particular location during an earthquake (Wald et al., 1999). 
The maximum ground acceleration corresponds to the maximum absolute 
acceleration amplitude recorded at an area during a particular earthquake 
(Douglas, 2003). Earthquake shaking generally occurs in all three directions 
(Çağnan et al., 2017). Therefore, PGA is often divided into horizontal and 
vertical components (Bozorgnia & Campbell, 2016).

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م 244

Table 1 Modified Mercalli Intensity Scale (Eiby, 1966)

Level Description

I Not felt except by a very few under especially favorable conditions.

II Felt only by a few persons at rest, especially on the upper floors of build-
ings. Delicately suspended objects may swing.

III

Felt quite noticeable by persons indoors, especially on the upper floors 
of buildings. Many people do not recognize it as an earthquake. Stand-
ing motor cars may rock slightly. Vibration is similar to the passing of a 
truck. Duration estimated

IV

Felt indoors by many and outdoors by few during the day. At night, some 
awakened. Dishes, windows, and doors are disturbed; walls make crack-
ing sounds—a sensation like a heavy truck striking a building. Standing 
motor cars rocked noticeably.

V Felt by nearly everyone; many awakened. Some dishes and windows 
were broken. Unstable objects overturned. Pendulum clocks may stop.

VI Felt by all, many frightened. Some heavy furniture moved; a few in-
stances of fallen plaster. Damage slight.

VII

Damage is negligible in buildings of good design and construction, slight 
to moderate in well-built ordinary structures, and considerable damage 
in poorly built or badly designed structures; some chimneys were bro-
ken.

VIII

Damage is slight in specially designed structures; considerable damage 
in ordinary substantial buildings with partial collapse. Damage is great 
in poorly built structures. Fall of chimneys, factory stacks, columns, 
monuments, and walls. Heavy furniture overturned.

IX

Damage is considerable in specially designed structures; well-designed 
frame structures are thrown out of plumb. Damage is significant in sub-
stantial buildings, with partial collapse and buildings shifted off founda-
tions.

X Some well-built wooden structures were destroyed; most masonry and 
frame structures were destroyed with foundations. Rail bent.

XI Few, if any (masonry) structures remain standing. Bridges destroyed. 
Rails bent greatly.

XII Damage total. Lines of sight and level are distorted. Objects are thrown 
into the air.
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Geology of Sudan:
Sudan is one of the largest countries in the northeastern part of the African 
plate (Fig. 1, Fig. 2, and Fig. 3). It is generally underlain by Precambrian 
rocks, especially in the southwest, northeast, and center, which were roughly 
reactivated during the Neoproterozoic Pan-African tectono-thermal event 
(Ezzelarab et al., 2021). 

Large parts of northern Sudan are covered by continental clastic sequences 
of mostly Mesozoic Nubian sandstones (Schlüter, 2008). Many geoscientists 
have described Sudan’s geology (e.g., Reischman and Kröner (1994), 
Almond (1978), and Vail (1982, 1987). According to these scholars, the most 
important stratigraphic units of Sudan (Fig. 2) are (1) the basement complex, 
(2) Phanerozoic sediments, and (3) Cenozoic volcanic rocks. 

The basement complex covers approximately 52% of Sudan, extending from 
the Archaean through the Early to Middle Proterozoic to the Pan-African 
(Schandelmeier & Darbyshire, 1984). Granitic and metamorphic rocks 
dominate the basement complex, which can be observed across all provinces 
of Sudan (Abdelsalam & Stern, 1993). These rocks have experienced regional 
metamorphism, ranging from greenschist to low amphibolite grade, and have 
undergone folding, shearing, and thrust faulting on a regional scale. 

The Phanerozoic sediments encompass a wide range of ages from the early 
Palaeozoic, Mesozoic, and Cenozoic strata overlying the Precambrian rocks 
(Wycisk, 1991). Cenozoic volcanic activity extended from the Late Cretaceous 
to the Quaternary to the Paleogene (Almond et al., 1978).
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Fig. 2. Geological map of the study area, modified after GRAS (2004)
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Tectonics features and earthquake history in 
Sudan:
Sudan is one of the countries considered to have low-to-moderate seismic 
activity (Mohamedzein et al., 2006). However, in the last 60 years, moderate 
to large earthquakes have occurred in various parts of the country (Clark & 
Sadig, 1967; Clark & Browne, 1985; Gaulon et al., 1992; Abdalla et al., 2001; 
Alhassan et al., 2007; El Tahir & Midzi, 2019). These earthquakes included 
May 20, 1990, with a magnitude of 7.4 Mw in the southern region (Giardini 
& Beranzoli, 1992; Gaulon et al., 1992), August 1, 1993, and November 15, 
1993, in the northern part with magnitudes of 5.5 and 4.3 Mw respectively 
(Girdler & McConnell, 1994). In addition to these two areas, many parts 
of the country are considered active, especially the Red Sea area, which is 
constantly seismically shaken (Khan, 1975; Daggett et al., 1986; Youssef, 
2015; Mitchell & Stewart, 2018). Fig. (3) provides Sudan’s seismotectonics 
and seismicity (historical and current).

Sudan is located in the intraplate region of Northeast Africa. It is bounded 
by two active tectonic structures: the East African Rift System in the south 
and southeast and the Red Sea Rift Valley in the northeast. It is crossed by 
many rift systems (Clark & Browne, 1987). Some of these rifts are major 
rifts that span the African continent and beyond (Abdalla et al., 2001). Most 
faults associated with rifts have experienced several earthquakes of varying 
magnitudes (Ambraseys & Adams, 1986; Fairhead & Girdler, 1971). Fig. 3 
shows the major rift system in Sudan and its surroundings.

The Afro-Arabian Rift System (AARS) runs from southeast to northeast 
and stretches over 6500 kilometers (Girdler, 1991). The East African Rift 
System (EARS) and the Red Sea Rift System (RSRS) are part of the Afro-
Arabian Rift System (Fairhead & Stuart, 1982) and are considered to be very 
active (Browne & Fairhead, 1983; Browne et al., 1985; McKenzie et al., 
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1970). The East African rift systems (Fig. 3) consist of two branches: (1) a 
western branch that extends from the Mozambique coastal plain in the south 
to Lake Mobutu in the north (McKenzie et al., 1970; Ebinger, 1989; Girdler 
& McConnell, 1994) and (2) an eastern branch that runs from Tanzania in 
the south to the Ethiopian Afar Depression in the north (Chorowicz, 2005).

The Central African Rift System (CARS) extends from southwest to northeast 
across the African continent (Fig. 3) over a length of approximately 2000 km 
(Fairhead & Stuart, 1982; Bermingham et al., 1983; Fairhead, 1988; El Tahir 
et al., 2013). The CARS is part of the West African Rift System and extends 
from the Gulf of Guinea to the northeast of Sudan (Jorgensen & Bosworth, 
1989; Ibrahim et al., 1996). The CARS are orthogonally connected to the 
Atbara, Blue Nile, White Nile, and South Sudan Rift Systems (Abdalla et 
al., 2001).

The South Sudan Rift System (SSRS), White Nile Rift System (WNRS), 
Blue Nile Rift System (BNRS), and Atbara River Rift System (ARRS) 
have similar tectonic features (Medani & Vail, 1974; Browne et al., 1985; 
Salama, 1997; Gani et al., 2009). The four rift systems run in a NW-SE 
direction and terminate in a line at the north-western end (Fig. 3). The 
SSRS extends in a northwest-southeast direction from western Sudan across 
southern Sudan and northern Kenya to the Indian Ocean (Bosworth, 1992). 
The SSRS overlaps with the CARS at its north-western end (King et al., 
2013). According to Abdalla et al. (2001), the Bahr ElArab earthquake of 
February 26, 1947, was attributed to the SSRS. In contrast, the Jebel Dumbeir 
earthquake in 1966 and the Bara earthquake in 1974 were triggered by the 
WNRS (Qureshi & Sadig, 1967).

The intraplate zone in central Sudan shows scattered and low seismic 
activity (Fairhead, 1988; Schandelmeier et al., 1990). The volcanically 
induced seismicity of Jebel Marra and Lake Nassir (Fig. 3) also shows low 

  An overview of the assessment of earthquake events in Sudan   



249مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م

seismic activity; its effects are limited to the Darfur region in the west and 
Khartoum (Bermingham et al., 1983).

Although geoscientists have paid little attention to the study of seismicity in 
Sudan, some studies have described earthquake events in the country. Qureshi 
and Sadig (1967) and Clark and Browne (1987) studied earthquakes and 
related faults in central Sudan, including a series of earthquakes that began 
on October 9, 1966, and continued until April 1967. They hypothesized that 
these seismic events were associated with the western branch of East Africa 
and the Red Sea Rift System (EARS).

The study conducted by Ambraseys and Adams (1986) revealed that the 
majority of Sudan’s activities are situated near the East African Rift System 
(EARS). Nevertheless, the northeastern area of Sudan is susceptible to 
earthquakes originating from the Red Sea, and there have been instances of 
earthquakes in the central intraplate region that could potentially result in 
damage.

Two significant earthquakes occurred in southern Sudan in May and July 
1990. The primary earthquake, which occurred on May 20th of that year, 
was one of the most substantial events ever recorded in Africa and had a 
magnitude of 7.4 on the MS scale (Girdler & McConnell, 1994). Its focal 
mechanism revealed a left-lateral strike-slip fault oriented parallel to the 
Aswa fault zone (Gaulon et al., 1992). This fault zone is a critical Proterozoic 
tectonic feature (Baker & Wohlenberg, 1971).

Abdalla et al. (2001) created a probabilistic seismic hazard map for the region 
depending on the number of seismic zones. Their results showed that the 
maximum peak ground acceleration (PGA) occurs in the Red Sea region, 
where the PGA reached 607 cm/sec2 for 250 years, whereas other regions 
have a relatively low PGA. Table 2 summarizes the eight regions of Sudan 
and their surroundings for different periods.

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م 250

According to El-Nadi et al. (2005), most local events occurring near 
Khartoum were linked to faults believed to have been responsible for the 
Khartoum earthquakes in August 1993. Similarly, Mohamedzein et al. (2006) 
discovered that the active rifts and faults in central Sudan can potentially 
cause damaging earthquakes in the generally low-hazard area of Khartoum, 
the capital of Sudan.

El Tahir and Midzi (2019) utilized seismic data from various sources, including 
the Eastern and Southern Africa Catalogue, International Seismology Centre 
(ISC), and National Oceanic and Atmospheric Administration (NOAA), 
to create regional hazard maps for different return periods and exceedance 
probabilities. Specifically, they produced maps with 50-year, 100-year, and 
10% exceedance probability return periods. Their analysis revealed a high 
seismic hazard in South Sudan, whereas other parts exhibited slightly lower 
values.
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Fig. 3. Seismotectonics and seismicity (historical and current) of Sudan and 
its surroundings, data from Sudan Seismic Network (SSN), United States 
Geological Survey (USGS), Abdalla, et al. 2001, Giardini et al. (1999), 
Ezzelarab et al., 2021) 
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Table 2 Seismic source region 
of Sudan and its vicinity (Abdalla et al., 2001)

Source 
region 

No.
Source Name Source Boundaries Coordinates

Maximum 
Instrumental 
Earthquake

I Northern 
Sudan

(20.1 E, 19.3 N), (36.2 E, 16.0 N)
(30.7 E, 23.5 N), (36.2 E, 20.4 N) 5.8

II Central Sudan (29.6 E, 13.0 N), (33.9 E, 10.7 N)
(32.0 E, 17.0 N), (36.1 E, 15.0 N) 6.4

III Southwestern 
Sudan

(26.3 E, 09.4 N), (32.7 E, 06.6 N)
(27.2 E, 10.9 N), (10.7 E, 08.9 N) 6.8

IV Southern 
Sudan

(30.9 E, 03.6 N), (33.5 E, 03.6 N)
(31.7 E, 06.5 N), (34.4 E, 06.5 N) 7.2

V Equatorial 
Uganda

(28.8 E, 00.0 N), (33.5 E, 00.0 N)
(08.9 E, 03.1 N), (33.5 E, 03.1 N) 7.5

VI Central 
Ethiopia

(34.0 E, 02.0 N), (36.5 E, 00.0 N)
(38.0 E, 13.3 N), (40.7 E, 10.7 N) 7.7

VII Afar and the 
Gulf of Aden

(36.2 E, 16.0 N), (42.5 E, 09.0 N)
(40.7 E, 18.7 N), (44.9 E, 13.8 N) 7.5

VIII Red Sea (37.4 E, 18.7 N), (40.0 E, 18.7 N).
(37.4 E, 22.4 N), (40.0 E, 20.0 N) 7.2

Sudan Seismic Network:
The Sudan Seismic Network (SSN) was established in 2001 by the Sudan 
Geological Survey (GRAS) to monitor seismic activity in Sudan and abroad 
(Alhassan et al., 2007).  SSN is located in Khartoum state and consists of 
three long-term stations. These stations are distributed around Silatiat (SLAT), 
Melkhyat (MRKH), and Jebel Auliya (JAWL) in Khartoum (capital) and are 
32 km, 23 km, and 42 km from Khartoum’s central station, respectively. 
Recently, new stations were added to the network to cover a wider country 
area. The stations are (1) Arkawwit (ARKT) in the east, (2) Muhammad Qool 
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(MQOL), (3) Kasala (KSLA) in the east, (4) Marawi (MRWI), and (5) Abu 
Hamad (HMAD) in the north, (6) Jabalia (JBLN) in the south, and (7) Al-
Obeid (OBID) in the west.  SSN is currently a full member of the International 
Seismological Center (ISC) and regularly sends data to the ISC. Figure 4 
shows the distribution of SSN stations.

Fig. 4 Distribution of the locations of the SSN stations and the stations 
proposed in this work
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Results and discussion:
Sudan’s seismicity map shows that many regions of the country, particularly 
around the Red Sea and Central African Rift Valley (CARS), are vulnerable 
to seismic activity of varying magnitudes. These seismic activities can cause 
severe property damage, reduce quality of life, and even lead to economic 
instability in some affected areas. Magnitude information can be subjective 
because it comes from residents of the area where the event occurred. 
However, it does indicate the extent of damage and impact for each event.

Reports indicate that the intensity of earthquakes in Sudan varies between 
I and VIII, which means that earthquakes in northeast Africa have minimal 
or no impact to slight damage to well-constructed buildings (e.g., Sadig 
1967; Sykes, 1970; Browne et al., 1985; Shudofsky, 1985; Ambreseys & 
Adams, 1986; Clark & Browne, 1987; Gaulon et al.,1992; Mohamedzein 
et al., 2006; Alhassan et al., 2007; El et al., 2019; Ezzalarab et al., 2021). 
However, the damage has not been very severe, and there is a need to develop 
earthquake mitigation methods as Sudan is known to be affected by intra-
plate earthquakes, which increase the frequency of earthquake occurrence.

Earthquakes in Sudan are associated with the following features: (1) East 
African Rift System, (2) Central African Rift System, (3) Red Sea Rift System, 
(4) Central Sudan Intraplate, (5) Volcanic origin seismicity and (6) seismicity 
caused by Lake Nasir in southern Egypt.

The central and Red Sea coasts are the country’s most seismically active 
regions. Seismic activity can cause significant structural damage to large 
buildings and critical systems. As Sudan does not have seismic codes, it is 
highly recommended that such codes be introduced and that engineers be 
provided with seismic construction guidelines and regulations.

The tectonic and seismic conditions of the African countries in Table 3 are 
similar to Sudan’s. The Sudanese government still needs to introduce an 
earthquake risk reduction strategy through norms or regulations.
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Table 3 Seismic Code and Standards in African Countries that are 
prone to seismic activities (Modified after Alaneme and Okotete 2018)

S/N Country Code/Standard Seismic 
Code?

1 Egypt Egyptian Code 201 2008-draft (ECP201, 
2008-draft) (Serror et al., 2010).

Yes

2 Algeria RPA99/Version 2003 (CGS, 2003) (Zermout et 
al., 2008).

Yes

3 Cameroon None No
4 Democratic 

Republic of 
Congo

None Exists No

5 Ethiopia Ethiopia Building Code Standard (EBCS) (1995). 
Volume 8 Seismic (Lubkowski et al., 2014).

Yes

6 Sudan None No
7 South Sudan None No
8 Uganda US 319:2003, Ugandan Ministry of Lands, 

Housing and Urban (Zajac & Davies, 2015).
Yes

9 Rwanda Building Regulations Manual (2009) from the 
Rwanda Ministry of Infrastructure (MININFRA) 
(Lubkowski et al., 2014).

Yes

10 Burundi Not Known No
11 Kenya Kenyan Code (1973) (Worku 2014). Yes
12 Tanzania Not known. No
13 Malawi Various Malawi Standards include building 

materials and construction practices (Lubkowski 
et al., 2014).

No

14 Djibouti Not known No
15 Mozambique A version of the Portuguese Code from the 

colonial era (Bommer, 2010).
No

16 South Africa The South African Code – SANS 10160–4:2011 
(Roth & Gebremeskel, 2017).

No

17 Ghana The Ghanaian Code – 1990 (Worku, 2014) Yes
18 Nigeria Nigeria National Building Code (NBC, 2006) 

(Ogunbiyi, 2014).
No
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Many studies have highlighted the ineffectiveness of earthquake regulations 
in Africa for various reasons (Alaneme & Okotete 2018). The ineffectiveness 
of African norms is believed to be due to the lack of legal instruments to 
enforce existing norms (Kinde et al., 2011; Worku, 2014). Moreover, the 
adoption of narrower-scope codes is limited to government institutions 
such as schools, hospitals, and other public institutions (Bendimerad, 2004; 
Meslem et al., 2012). Similarly, it has been noted that existing regulations in 
African countries do not include specific seismic requirements (Worku, 2013), 
which certainly affects the response of civil structures to ground movements 
(Kassegne, 2014).

Conclusion:
This paper focuses on Sudan’s often underestimated seismic activity and 
highlights the need to apply shaking mitigation strategies. This article shows 
that virtually all regions of Sudan are at risk from some seismic event, whose 
size and intensity can result in widespread damage. The review emphasizes 
the need for proactive measures in Sudan to mitigate earthquake risks, 
particularly in regions with seismic activity. It also suggests new measures to 
reduce earthquakes and seismic hazards.

Recommendations:
The current Sudan Seismic Network (SSN) should be expanded to cover 
a wider area transformed by the rift valley. Potential locations or cities for 
additional SSN stations are Atbara (ATBR), Wadi Halfa (WAHFA), Gedarif 
(GDRF), Tokar (TKAR), Port Sudan (PRSD), El Damazin (DMZN), Kadugli 
(KDGI)), Nyala (NYLA), Kutum (KTM), Zaringei (ZLNG), and EL-Geneina 
(GNNA). Figure 4 shows the location of the proposed new station.

Sudan’s architects, civil engineers, geoscientists, and the government 
should implement effective seismic regulations in response to the increasing 
vulnerability to earthquakes in many parts of the country.

  An overview of the assessment of earthquake events in Sudan   



257مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م

Funding: 
This research received no specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors.

Authorship contribution statement: 
Dafalla Wadi: Writing – review & editing, Software, Investigation, Formal 
analysis, original draft, Conceptualization. Randa Juma: Conceptualization, 
Writing –Visualization. Mohammed Abdallsamed:  Writing –review & 
editing. Ibrahim Malik: review and editing. Abdelmottaleb Aldoud: Writing 
–review & editing.

Declaration of Competing Interest: 
The authors declare that they have no known competing financial interests or 
personal relationships that could have appeared to influence the work reported 
in this paper.

Data availability: 
All data used during the study are available from the corresponding author 
by request.

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م 258

References
(1)	 Abdalla, J.A., Mohamedzein, Y.E., Wahab, A. A., 2001. Probabilistic 

seismic hazard assessment of Sudan and its vicinity. Earthquake 
Spectra, 17(3), 399-415.‏ https://doi.org/10.1193/1.1586181

(2)	 Abdelsalam, M.G., Stern, R.J., 1993. Tectonic evolution of the Nakasib 
suture, Red Sea Hills, Sudan: evidence for a late Precambrian Wilson 
cycle. Journal of the Geological Society, 150(2), 393-404. ‏ https://doi.
org/10.1144/gsjgs.150.2.0393

(3)	 Alaneme K., A. Okotete E.A., 2018. Critical evaluation of seismic 
activities in Africa and curtailment policies – a review. Geoenvironmental 
Disasters, (2018) 5:24, https://doi.org/10.1186/s40677-018-0116-2

(4)	 Alhassan, A.A.I., Belail, A.E., Elbashir, H.S.H., Mohamed, I.A.R., 
Mohammed, M.B., Eltahir, N.B., Havskov, J., (2007). The Sudanese 
seismic network. Seismological Research Letters, pp. 78, 498–501. 
https://doi.org/10.1785/gssrl.78.5.498

(5)	 Ali, H.D., Whitely, R.J., (1981). Gravity exploration for groundwater 
in the Bara basin, Sudan. Geoexploration 19, 127–141. https://doi.
org/10.1016/0016-7142(81)90025-9

(6)	 Almond, D.C., (1978). New ideas on the geological history of the 
basement complex of north-east Sudan. Sudan Notes and Records, pp. 
 AfricaBib | New Ideas on the Geological History of the ‏ .136–107 ,59
Basement Complex of North-East Sudan

(7)	 Almond, D.C., (1986). Geological evolution of the Afro-Arabian 
dome. Tectonophysics, 131(3-4), pp. 301–332. ‏ https://doi.
org/10.1016/0040-1951(86)90180-0

  An overview of the assessment of earthquake events in Sudan   



259مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م

(8)	 Almond, D.C., Kheir, O.M., Poole, S., (1984). Alkaline basalt volcanism 
in northeastern Sudan: a comparison of the Bayuda and Gedaref 
areas. Journal of African Earth Sciences (1983), 2(3), 233–245. ‏ https://
doi.org/10.1016/S0731-7247(84)80018-X

(9)	 Ambraseys, N.N., Adams, R.D., 1986. Seismicity of the Sudan, Bulletin 
of the Seismological Society of America, 76, 483-493. https://doi.
org/10.1785/BSSA0760020483

(10)	 Baker, B.T., Wohlenberg, J., 1971. Structure and evolution of 
the Kenya Rift Valley. Nature, 229(5286), 538-542. ‏ https://doi.
org/10.1038/229538a0

(11)	 Baruah, S., Baruah, A., Kalita, R., Biswas, N., Gogoi, J.L., Gautam, M., 
Sanoujam, Kayal. J.R., (2012). Moment magnitude – local magnitude 
relationship for the earthquakes of the Shillong-Mikir plateau, northeastern 
India region: a new perspective. Geomatics, Natural Hazards and Risk 3 
(4): 365–375. https://doi.org/10.1080/19475705.2011.596577

(12)	 Båth, M., (1981). Earthquake magnitude—recent research and 
current trends. Earth-Science Reviews, 17(4), 315–398. ‏ https://doi.
org/10.1016/0012-8252(81)90014-3

(13)	 Bendimerad F., (2004). The 21 May 2003 Boumerdes earthquake 
lessons were learned, and recommendations were made at the 13th 
World Conference on Earthquake Engineering. Vancouver (2004) Paper 
No. 9001. https://www.iitk.ac.in/nicee/wcee/article/13_9001.pdf

(14)	 Bermingham, P.M., Fairhead, J.D., Stuart, G.W., (1983). Gravity study 
of central African Rift System: A Model of continental disruption 2. The 
Darfur Domal uplift and associated Cianozoic Volcanism, Development 
in Tectonophysics, pp. 94, 205–222. https://doi.org/10.1016/B978-0-
444-42198-2.50019-5

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م 260

(15)	 Bommer, J.J., Douglas, J., Scherbaum, F., Cotton, F., Bungum, H., Fah, 
D., 2010. On the selection of ground-motion prediction equations for 
seismic hazard analysis. Seismological Research Letters, 81(5), 783-
https://doi.org/10.1785/gssrl.81.5.783 ‏.793

(16)	 Boore, D.M., (1989). The Richter scale: its development and use for 
determining earthquake source parameters. Tectonophysics, 166(1-3), 
pp. 1–14. ‏ https://doi.org/10.1016/0040-1951(89)90200-X

(17)	 Borman, P., (2021). Earthquake, magnitude. In Encyclopedia of 
Solid Earth Geophysics (pp. 243–254). Cham: Springer International 
Publishing. ‏ https://doi.org/10.1007/978-3-030-58631-7_3

(18)	 Bosworth, W., (1992). Mesozoic and early Tertiary rift tectonics in 
East Africa. Tectonophysics, 209(1-4), pp. 115–137. ‏ https://doi.
org/10.1016/0040-1951(92)90014-W

(19)	 Bozorgnia, Y., Campbell, K.W., 2016. Ground motion model 
for the vertical-to-horizontal (V/H) ratios of PGA, PGV, and 
response spectra. Earthquake Spectra, 32(2), 951-978. ‏ https://doi.
org/10.1193/100614eqs151m

(20)	 Browne, S.E., Fairhead, J.D., (1983). Gravity study of the Central African 
Rift system: A model of continental disruption: 1. The Ngaoundere and 
Abu Gabra Rifts. In Developments in Geotectonics (Vol. 19, pp. 187–
203). Elsevier.‏. https://doi.org/10.1016/B978-0-444-42198-2.50018-3

(21)	 Browne, S.E., Fairhead, J.D., Mohammed, I.I., (1985). Gravity 
study of the White Nile Rift, Sudan, and its regional tectonic setting. 
Tectonophysics. 113, 123–137. https://doi.org/10.1016/0040-
1951(85)90113-1 

  An overview of the assessment of earthquake events in Sudan   



261مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م

(22)	 Çağnan, Z., Akkar, S., Kale, Ö., Sandıkkaya, A., 2017. A model for 
predicting vertical component peak ground acceleration (PGA), peak 
ground velocity (PGV), and 5% damped pseudospectral acceleration 
(PSA) for Europe and the Middle East. Bulletin of Earthquake 
Engineering, 15, 2617-2643. ‏ https://doi.org/10.1007/s10518-016-
0063-9

(23)	 Chorowicz, J., (2005). The East African rift system. Journal of 
African Earth Sciences, 43(1-3), 379–410. ‏ https://doi.org/10.1016/j.
jafrearsci.2005.07.019

(24)	 Clark, R.A., Browne S.E., (1987). The Kordofan earthquakes, central 
Sudan. Journal of African Earth Sciences, Vol. 6, No. 4, pp. 573–58. 
https://doi.org/10.1016/0899-5362(87)90097-2

(25)	 Daggett, P.H., Morgan, P., Boulos, F.K., Hennin, S.F., El-Sherif, A.A., 
El-Sayed, A.A., Basta, N.Z., Melek, Y.S., (1986). Seismicity and 
active tectonics of the Egyptian Red Sea margin and the northern Red 
Sea. Tectonophysics, 125(4), 313–324. ‏ https://doi.org/10.1016/0040-
1951(86)90168-X

(26)	 Das, R., Sharma, M.L., Wason, H.R., Choudhury, D., Gonzalez, 
G. (2019). A seismic moment magnitude scale. Bulletin of the 
Seismological Society of America, 109(4), 1542–1555. ‏ https://doi.
org/10.1785/0120180338

(27)	 Das, R., Wason, H.R., & Sharma, M.L., (2011). Global regression 
relations for conversion of surface wave and body wave magnitudes 
to moment magnitude. Natural hazards, pp. 59, 801–810. ‏ https://doi.
org/10.1007/s11069-011-9796-6

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م 262

(28)	 Di Giacomo, D., Storchak, D.A., 2022. One hundred plus years of 
recomputed surface wave magnitude of shallow global earthquakes. Earth 
System Science Data, 14(2), 393-409. ‏ https://doi.org/10.5194/essd-14-
393-2022, 2022

(29)	 Douglas, J., (2003). Earthquake ground motion estimation using 
strong-motion records: a review of equations for estimating 
peak ground acceleration and response spectral ordinates. Earth-
Science Reviews, 61(1-2), 43-104 ‏https://doi.org/10.1016/S0012-
8252(02)00112-5

(30)	 Dowrick, D.J., (1996). The Modified Mercalli earthquake 
intensity scale: Revisions arising from recent studies of New 
Zealand earthquakes. Bulletin of the New Zealand Society for 
Earthquake Engineering, 29(2), 92–106. ‏ https://doi.org/10.5459/
bnzsee.29.2.92-106

(31)	 Ebinger, C.J., (1989). Tectonic development of the western branch of the 
East African rift system. Geological Society of America Bulletin, 101(7), 
https://doi.org/10.1130/0016-7606(1989)101<0885:TDOT ‏ .903–885
WB>2.3.CO;2

(32)	 Eiby, G.A., (1966). The modified Mercalli scale of earthquake intensity 
and its use in New Zealand. New Zealand Journal of Geology and 
Geophysics 9 (1–2): pp. 122–129. https://doi.org/10.1080/00288306.1
966.10420201

(33)	 El Tahir, N., Midzi, V., 2019. An Overview of the Seismic Hazard in 
Sudan. In Conference of the Arabian Journal of Geosciences (pp. 53-56). 
Cham: Springer International Publishing. ‏https://doi.org/10.1007/978-
3-030-73026-0_14

  An overview of the assessment of earthquake events in Sudan   



263مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م

(34)	 El Tahir, N., Nyblade A., Jordi Julià J., Durrheim R., 2013.  Crustal 
structure of the Khartoum Basin, Sudan. Tectonophysics 593, 151–160. 
https://doi.org/10.1016/j.tecto.2013.02.032

(35)	 El-Nadi, A.H., Elzein, Babiker, E.A., L.A., El Khidir S.O., Et Toam 
G.A., 2005. Discovery of a youthful fracture zone, possibly related to 
central Sudan earthquakes: Implications for rejuvenating lithospheric 
extension in Proceedings of the Fourth International Conference on the 
Geology of Africa, Assiut, Egypt 2, 875–877.

(36)	 Ezzelarab M., Ibrahim K.Y., Mohamed A.A., 2021. Earthquake 
magnitude regression relationships for Sudan territory. Journal of 
African Earth Sciences 183, 104326. https://doi.org/10.1016/j.
jafrearsci.2021.104326

(37)	 Fairhead, J.D., (1988). Mesozoic plate tectonic reconstructions of 
the central South Atlantic Ocean: The West and Central African rift 
system’s role. Tectonophysics, 155(1-4), pp. 181–191. https://doi.
org/10.1016/0040-1951(88)90265-X

(38)	 Fairhead, J.D., and Girdler, R.W., (1971). The seismicity of 
Africa. Geophysical Journal International, 24(3), 271–301. ‏ https://doi.
org/10.1111/j.1365-246X.1971.tb02178.x

(39)	 Fairhead, J.D., Stuart, G.W., (1982). The seismicity of the East African 
rift system and comparison with other continental rifts. Continental and 
Oceanic Rifts, pp. 8, 41–61. https://doi.org/10.1029/GD008p0041

(40)	 Flege, R.F., (1982). Regional gravity and magnetics in the Sudan. 
Application to petroleum exploration. (Abstract). 52nd Annual Int. 
SEG Meeting, Dallas, Texas. https://doi.org/10.1190/1.1826978

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م 264

(41)	 Foster, A.N., Jackson, J.A., (1998). Source parameters of large 
African earthquakes: implications for crustal rheology and regional 
kinematics. Geophysical Journal International, 134(2), 422–448. 
https://doi.org/10.1046/j.1365-246x.1998.00568.x‏

(42)	 Gani, N.D., Abdelsalam, M.G., Gera, S., Gani, M.R., 2009. Stratigraphic 
and structural evolution of the Blue Nile Basin, northwestern Ethiopian 
plateau. Geological Journal, 44(1), 30-56. ‏ https://doi.org/10.1002/
gj.1127

(43)	 Gaulon, R., Chorowicz, J., Vidal, G., Romanowicz, B., Rouit, G., 1992. 
Regional geodynamic implications of the May–July 1990 earthquake 
sequence in southern Sudan. Tectonophysics, 209(1-4), 87-103. https://
doi.org/10.1016/0040-1951(92)90012-U

(44)	 Geller, R.J., Jackson, D.D., Kagan, Y.Y., Mulargia, F., 1997. Earthquakes 
cannot be predicted. Science, 275(5306), 1616-1616. ‏DOI: 10.1126/
science.275.5306.1616

(45)	 Giardini, D., (1999). The Global Seismic Hazard Assessment Program 
(GSHAP)-1992/1999. Annals of Geophysics, 42(6). http://hdl.handle.
net/2122/1391

(46)	 Giardini, D., Beranzoli, L., 1992. Waveform modelling of the May 20, 
1990, Sudan earthquake. Tectonophysics, 209(1-4), 105-114. ‏https://
doi.org/10.1016/0040-1951(92)90013-V

(47)	 Giardini, D., Grünthal, G., Shedlock, K.M., Zhang, P., 1999. The 
GSHAP global seismic hazard map. Annals of Geophysics, 42(6). 
http://hdl.handle.net/2122/1396

(48)	 Girdler, R.W., (1991). The Afro-Arabian rift system—an 
overview. Tectonophysics, 197(2-4), 139-153. ‏ https://doi.
o rg /10 .1016/0040-1951(91)90038-T

  An overview of the assessment of earthquake events in Sudan   



265مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م

(49)	 Girdler, R.W., McConnell, D.A., (1994). The 1990 to 1991 Sudan 
earthquake sequence and the extent of the East African Rift 
System. Science, 264(5155), 67–70. ‏DOI: 10.1126/science.264.5155.67

(50)	 GRAS, (2004). Geological Map of the Sudan. Geological Research 
Authority of the Sudan, Ministry of Oil, Gas and Minerals, Khartoum 
–Sudan.

(51)	 Grünthal, G., (1998). European macroseismic scale 1998. European 
Seismological Commission (ESC). ‏

(52)	 Grünthal, G., Musson, R.M., 2020. Earthquakes, Intensity. In: Gupta, H. 
(eds) Encyclopedia of Solid Earth Geophysics. Encyclopedia of Earth 
Sciences Series. Springer, Cham., 1-7. ‏ https://doi.org/10.1007/978-3-
030-10475-7_23-1

(53)	 Guo, H., (2010). Understanding global natural disasters and the role of 
earth observation. International Journal of Digital Earth, 3(3), 221–230. 
https://doi.org/10.1080/17538947.2010.499662

(54)	 Hammed, O.S., Awoyemi, M.O., Badmus, G.O., Sanni, O.O., 2016. 
Interdependence and variations of earthquake parameters on African 
lithospheric plate using Gutenberg and Richter relations. Journal of 
Geography, Environment, and Earth Science International 4 (4): 1–12. 
DOI: 10.9734/JGEESI/2016/20050

(55)	 Hanks, T.C., Kanamori, H., (1979). A moment magnitude scale. Journal 
of Geophysical Research: Solid Earth, 84(B5), pp. 2348–2350. ‏ https://
doi.org/10.1029/JB084iB05p02348

(56)	 Hartnady, C.J.H., 2002. Earthquake hazard in Africa: perspectives on 
the Nubia-Somalia boundary: news and view. South African journal of 
science, 98(9), 425-428. ‏https://hdl.handle.net/10520/EJC97553

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م 266

(57)	 Hinzen, K.G., Oemisch, M., 2001. Location and magnitude from 
seismic intensity data of recent and historic earthquakes in the northern 
Rhine area, Central Europe. Bulletin of the Seismological Society of 
America, 91(1), 40-56. ‏ https://doi.org/10.1785/0120000036

(58)	 Hussain, E., Kalaycıoğlu, S., Milliner, C.W., Çakir, Z., 2023. 
Preconditioning the 2023 Kahramanmaraş (Türkiye) earthquake 
disaster. Nature Reviews Earth & Environment, 1-3. ‏ https://doi.
org/10.1038/s43017-023-00411-2

(59)	 Ibrahim, A.E., Ebinger, C.J., Fairhead, J.D., (1996). Lithospheric 
extension northwest of the Central African Shear Zone in Sudan from 
potential field studies. Tectonophysics, 255(1-2), pp. 79–97. ‏ https://
doi.org/10.1016/0040-1951(95)00080-1

(60)	 Jiang, X., Song, X., Li, T., Wu, K., 2023. Moment magnitudes of 
two large Turkish earthquakes on February 6, 2023, from long-
period coda. Earthquake Science, 36(2), 169-174.  DOI: 10.1016/j.
eqs.2023.02.008

(61)	 Jorgensen, G.J., Bosworth, W., 1989. Gravity modeling in the 
Central African Rift System, Sudan: Rift geometries and tectonic 
significance. Journal of African Earth Sciences (and the Middle East), 8(2-
https://doi.org/10.1016/S0899-5362(89)80029-6 ‏ .283-306 ,(4

(62)	 Kanamori, H., (1978). Quantification of earthquakes. Nature, 271(5644), 
https://doi.org/10.1038/271411a0 ‏ .414–411

(63)	 Kanamori, H., (1983). Magnitude scale and quantification of earthquakes. 
Tectonophysics 93: 185–199. https://doi.org/10.1016/0040-
1951(83)90273-1

(64)	 Kanamori, H., Brodsky, E.E., 2004. The physics of earthquakes. Reports 
on progress in physics, 67(8), 1429. ‏DOI 10.1088/0034-4885/67/8/R03

  An overview of the assessment of earthquake events in Sudan   



267مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م

(65)	 Kassegne, S.K., 2014. Proposed Considerations for Revision of EBCS-
8:1995 for Conservative Seismic Zoning and Stringent Requirements 
for Torsionally Irregular Buildings. https://digitaladdis.com/sk/SK_
Zede_EthioSeismicCode_Reconsiderations_TorsionalAnalysis.pdf

(66)	 Khan, M.A., (1975). The Afro-Arabian rift system. Science Progress 
(1933- ), 62(246), 207–236. http://www.jstor.org/stable/43420300

(67)	 Khattab, M.M., (1975). Sedimentary basins in northeast Kordofan, 
Sudan, indicated by a gravity survey. Egypt J. Geol. 19, 77–85. http://
pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt= 
PASCALGEODEBRGM8220143782

(68)	 Kinde, S., Engeda, S., Kebede, A., Tessema, E., 2011. Technical 
Notes: Notes and Proposed Guidelines on Updated Seismic Codes in 
Ethiopia-Implication for Large-Scale Infrastructures. Zede journal, 28, 
https://www.ajol.info/index.php/zj/article/view/77254 .‏.91-110

(69)	 King, J., Fairhead, J.D., Salem, A., East, P.J., Green, C.M., (2013). 
Structure of the South Sudan rift basins based on gravity and magnetic 
studies. In SEG International Exposition and Annual Meeting (pp. 
SEG-2013). SEG. ‏ http://dx.doi.org/10.1190/segam2013-0069.1

(70)	 Kolivand, P., Kivi, H.K., Hasheminezhad, S.F., Saberian, P., 
Shamspour, N., (2023). The Presence of International Relief Teams 
in the 2023 Turkish Earthquake: Challenges, Strengths, and Lessons 
Learned. Prehospital and Disaster Medicine, pp. 1–2. ‏ https://doi.
org/10.1017/S1049023X23000456

(71)	 Kossobokov, V.G., Nekrasova, A.K., 2012. Global seismic hazard 
assessment program maps are erroneous. Seismic instruments, 48(2), 
162-170. https://doi.org/10.3103/S0747923912020065

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م 268

(72)	 Liu, R., Chen, Y., Ren, X., Xu, Z., Sun, L., Yang, H., Liang, J., Ren. 
K., (2007). Comparison between different earthquake magnitudes 
determined by China seismograph network. Acta Seismologica Sinica 
20 (5): 497–506. https://doi.org/10.1007/s11589-007-0497-x

(73)	 Lubkowski, Z., Coates, K., Villani, M., Jirouskova, N., Willis. M., 
(2014). Seismic design considerations for East Africa. In Second 
European Conference on Earthquake, pp. 1–12. Istanbul: Engineering 
and Seismology.

(74)	 McKenzie, D. P., Davies, D., Molnar, P., 1970. Plate tectonics of 
the Red Sea and East Africa. Nature, 226(5242), 243. https://doi.
org/10.1038/226243a0

(75)	 Medani, A.H., Vail, J.R. 1974. Post-Cretaceous faulting in Sudan and 
its relationship to the East African rift system. Nature, 248(5444), 133-
https://doi.org/10.1038/248133a0 ‏ .135

(76)	 Meslem, A., Yamazaki, F., Maruyama, Y., Benouar, D., Kibboua, A., 
Mehani. Y., (2012). The effects of building characteristics and site 
conditions on the damage distribution in Boumerde’s after the 2003 
Algeria earthquake. Earthquake Spectra 28 (1): 185–216. https://doi.
org/10.1193/1.3675581

(77)	 Mitchell, N.C., Stewart, I.C., (2018). The modest seismicity of the 
northern Red Sea rift. Geophysical Journal International, 214(3), 1507–
https://doi.org/10.1093/gji/ggy176 ‏ .1523

(78)	 Mohamedzein, Y.E., Abdalla, J.A., Abdelwahab, A., 2006. Site response 
and earthquake design spectra for central Khartoum, Sudan. Bulletin of 
Earthquake Engineering, 4, 277-293. ‏ https://doi.org/10.1007/s10518-
006-0002-2

  An overview of the assessment of earthquake events in Sudan   



269مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م

(79)	 Mulwa, J.K., Kimata, F., Suzuki, S., Kuria, Z.N., 2014. The seismicity 
in Kenya (East Africa) for the period 1906–2010: A review. Journal 
of African Earth Sciences, 89, 72-78. ‏ https://doi.org/10.1016/j.
jafrearsci.2013.10.008Get rights and content

(80)	 Musson, R.M.W., Grünthal, G., Stucchi, M., 2010. The comparison 
of macroseismic intensity scales. Journal of Seismology 14: 413–428. 
https://doi.org/10.1007/s10950-009-9172-0

(81)	 Obara, K., Kato, A., 2016. Connecting slow earthquakes to huge 
earthquakes. Science, 353(6296), 253-257. ‏DOI: 10.1126/science.
aaf1512

(82)	 Ogunbiyi, M.A., 2014. The national building code and the construction 
industry professionals in Nigeria. International Journal of Social 
Sciences and Entrepreneurship 1 (12): 937–948.

(83)	 Över, S., Demirci, A., Özden, S., 2023. Tectonic implications of the 
February 2023 Earthquakes (Mw7. 7, 7.6 and 6.3) in south-eastern 
Türkiye. Tectonophysics, 866, 230058. ‏ https://doi.org/10.1016/j.
tecto.2023.230058

(84)	 Poggi, V., Durrheim, R., Tuluka, G. M., Weatherill, G., Gee, R., Pagani, 
M., Andrew, N., Delvaux, D., 2017. Assessing seismic hazard of the 
East African Rift: a pilot study from GEM and AfricaArray. Bulletin 
of Earthquake Engineering, 15, 4499-4529. ‏ https://doi.org/10.1007/
s10518-017-0152-4

(85)	 Poggi, V., Garcia-Peláez, J., Styron, R., Pagani, M., Gee, R., 2020. 
A probabilistic seismic hazard model for North Africa. Bulletin of 
Earthquake Engineering, 18, 2917-2951. ‏ https://doi.org/10.1007/
s10518-020-00820-4

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م 270

(86)	 Qureshi, I.R., Sadig, A.A., (1967). Earthquakes and associated 
faulting in central Sudan. Nature, 215(5098), 263–265. ‏ https://doi.
org/10.1038/215263a0

(87)	 Reischmann, T., Kröner, A., 1994. Late Proterozoic island arc 
volcanics from Gebeit, Red Sea Hills, north-east Sudan. Geologische 
Rundschau, 83, 547-563. ‏ https://doi.org/10.1007/BF01083227

(88)	 Richter, C., (1935). An instrumental earthquake magnitude scale. 
Bulletin of the Seismological Society of America 25 (1): 1–31. https://
doi.org/10.1785/BSSA0250010001

(89)	 Ritchie H., and Rosado P., (2022). Natural Disasters, Published online 
at OurWorldInData.org. Retrieved from: https://ourworldindata.org/
natural-disasters [Online Resource]

(90)	 Roth, C.P., Gebremeskel, A., 2017. Updated provisions of SANS 
10160-4 for steel structures. Journal of the South African Institution 
of Civil Engineering, 59(1), 45-47. ‏ http://dx.doi.org/10.17159/2309-
8775/2017/v59n1a6

(91)	 Rundle, J.B., (1989). Derivation of the complete Gutenberg‐
Richter magnitude‐frequency relation using the principle of scale 
invariance. Journal of Geophysical Research: Solid Earth, 94(B9), 
https://doi.org/10.1029/JB094iB09p12337 ‏ .12342–12337

(92)	 Salama, R.B., (1997). Rift basins of the Sudan. In Sedimentary Basins 
of the World (Vol. 3, pp. 105–149). https://doi.org/10.1016/S1874-
5997(97)80009-3

(93)	 Schandelmeier, H., 1990. The Central-African fault zone in Sudan 
possible continental transform fault. Berliner Geowiss. Abh., A, 120, 
31-44. DOI: 1570009750543927680

  An overview of the assessment of earthquake events in Sudan   



271مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م

(94)	 Schandelmeier, H., Darbyshire, F., (1984). Metamorphic and 
magmatic events in the Uweinat—Bir Safsaf Uplift (Western Desert/
Egypt). Geologische Rundschau, 73(2), 819-831. ‏ https://doi.
org/10.1007/BF01824984

(95)	 Schlüter, T., (2008). Geological Atlas of Africa (Vol. 307). Springer-
Verlag, Berlin. https://doi.org/10.1007/3-540-29145-8_53.

(96)	 Serror, M.H., Hassan, M.M., Mourad, S.A., 2010. Towards a boundary 
between special and ordinary steel moment resisting frames in the 
Egyptian code. In Proceedings of 14th European Conference on 
Earthquake Engineering (Vol. 197). ‏

(97)	 Shedlock, K.M., Giardini, D., Grunthal, G., Zhang, P., (2000). 
The GSHAP global seismic hazard map. Seismological Research 
Letters, 71(6), 679–686. https://doi.org/10.1785/gssrl.71.6.679

(98)	 Shudofsky, G.N., 1985. Source mechanisms and focal depths of East 
African earthquakes using Rayleigh-wave inversion and body-wave 
modelling. Geophysical Journal International, 83(3), 563-614. ‏ https://
doi.org/10.1111/j.1365-246X.1985.tb04328.x

(99)	 Silva, V., Crowley, H., Pagani, M., Monelli, D., Pinho, R., (2014). 
Development of the OpenQuake engine, the Global Earthquake Model’s 
open-source software for seismic risk assessment. Natural Hazards, p. 
https://doi.org/10.1007/s11069-013-0618-x ‏ .1427–1409 ,72

(100)	Sykes, L.R., (1970). Seismicity of the Indian Ocean and a possible 
nascent island arc between Ceylon and Australia. Journal of 
Geophysical Research, 75(26), 5041–5055. ‏ https://doi.org/10.1029/
JB075i026p05041

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م 272

(101)	Vail, J., (1982). Distribution and tectonic setting of post-kinematic 
igneous complexes in the Red Sea Hills of Sudan and the Arabian—
Nubian shield. Precambrian Research, 16(4), A41-A41.  10.1016/0301-
9268(82)90127-9

(102)	Vail, J.R., (1987). Late Proterozoic tectonic terranes in the Arabian‐
Nubian Shield and their characteristic mineralization. Geological 
Journal, 22(S2), pp. 161–174. ‏ https://doi.org/10.1002/gj.3350220613

(103)	Wadi, D., Wu, W., Malik, I., Ahmed, H.A., Makki, A., 2021. Assessment 
of soil liquefaction potential based on standard penetration test for the 
upper Benue region in Nigeria. Environmental Earth Sciences, 80, 
https://doi.org/10.1007/s12665-021-09565-y ‏ .1-11

(104)	Wald, D.J., Quitoriano, V., Heaton, T.H., Kanamori, H., 1999. 
Relationships between peak ground acceleration, peak ground velocity, 
and modified Mercalli intensity in California. Earthquake Spectra, 15(3), 
https://doi.org/10.1193/1.1586058 ‏ .557-564

(105)	Worden, C.B., Gerstenberger, M.C., Rhoades, D.A., Wald, D.J., 
2012. Probabilistic relationships between ground‐motion parameters 
and modified Mercalli intensity in California. Bulletin of the 
Seismological Society of America, 102(1), 204-221. ‏ https://doi.
org/10.1785/0120110156

(106)	Worku, A., 2013. Seismic soil-structure interaction as a potential tool 
for economical seismic design of building structures. Journal of EEA 
30: 55–66. https://www.ajol.info/index.php/zj/article/view/104354

(107)	Worku, A., 2014. The status of basic design ground motion provisions in 
seismic design codes of sub-Saharan African countries critical review. 
Journal of the South African Institution of Civil Engineering 56 (1): 
40–53 Paper 977. https://hdl.handle.net/10520/EJC154140

  An overview of the assessment of earthquake events in Sudan   



273مجلة القُلزم: علمية مُحكمة ربع سنوية - العدد التاسع والثلاثون - صفر/ربيع الأول 1446 - سبتمبر 2024م

(108)	Wycisk, P., 1991. Stratigraphic update of the nonmarine Cretaceous 
from SW Egypt and NW Sudan. Cretaceous research, 12(2), 185-200. ‏ 
https://doi.org/10.1016/S0195-6671(05)80024-2

(109)	Youssef, S.E.H., 2015. Seismicity and seismotectonic setting of the Red 
Sea and adjacent areas. In The Red Sea: the formation, morphology, 
oceanography, and environment of a young ocean basin (pp. 151-
159). Berlin, Heidelberg: Springer Berlin Heidelberg. ‏ https://doi.
org/10.1007/978-3-662-45201-1_8

(110)	Zajac, C., Davis, T., 2015. A comparative analysis for base shear 
calculations between six countries with moderate seismic activity. In 
AEI 2015 (pp. 775-787). ‏ https://doi.org/10.1061/9780784479070.067

(111)	Zermout, S., Bakhti, F., Mehani, Y., Inukai, M., Azuhata, T., Saito, T., 
2014. Seismic vulnerability of a strategic building designed by Algerian 
seismic code RPA 99, using the capacity Spectrum method, the 14th 
World Conference on earthquake engineering October 12-17, 2008, 
Beijing, China. Journal of Geology 4: 542–550. https://www.iitk.ac.in/
nicee/wcee/article/14_11-0183.PDF

  Dafalla Wadi - Randa Ali - Mohammed Abdallsamed - Ibrahim Malik - Abdelmottaleb Aldoud   



￼فهرسة المكتبة الوطنية السودانية - السودان
مجلة القُلـزم العلمية

 Al Qulzum Scientific Journal
الخرطوم: مركز بحوث ودراسات دول حوض البحر الأحمر 2024 
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