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                                    ABSTRACT 

Historical earthquakes catalog which were felt in the Stable 

Continental Regions (SCRs) of the Arabian plate for the period (600 to 

1900 A.D.) was compiled. The spatial distribution of these earthquakes 

appears as clusters of events in the northern parts and absence of 

events in the other parts. This may be attributed to concentration of the 

population centers in the northern parts relative to other parts and / or 

to that the seismicity level is very low. These events have a shallow focal 
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depths. This is a characteristic feature of the SCRs. The 

cumulative strain release curve exhibits two periods of high seismicity 

separated by low seismicity period. There is a relative quite period 

extends from (1194 to 1900). The b–value in magnitude relationship 

was low and this low value is a characteristics feature of the SCRs 

earthquakes. 

Introduction 
Until now, plate interiors are known to experience rare, large 

earthquakes; for the continents such events control the seismic hazard of a 

significant fraction of the world's population. Earthquake that occur far 

from plate boundaries are known intraplate earthquakes. Plate tectonics 

does not emphasize earthquakes far from plate boundaries mainly because 

their globally averaged energy release is almost negligible compared to 

that from earthquakes associated with plate boundaries. 

A comprehensive study of intraplate earthquakes found that the 

globally averaged seismic moment release for intraplate earthquakes is 

about (10 dyne cm) per year (Johnston and Kanter, 1990). Comparatively, 

this is about (0.5 %) of the global average. 

Intraplate earthquakes occur in plates that are characterized by very 

low strain rates (Johnston, 1989; Johnston et al., 1994). Although their 

potential for widespread destruction is large, intraplate earthquakes have 

longer return periods compared to their plate boundary counterpart. 

Because of this long recurrence time, major earthquakes may occur in 

areas that have been historically seismically inactive. 

To understand where intraplate earthquakes might occur, it is 

necessary to have an idea about the mechanism that causes them.  
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Primarily because of rarity of intraplate earthquakes and a general 

absence of accompanying surface ruptures, their mechanisms are not well 

understood. Gangopaldhyay and Talwani (2003) reviewed models that 

have been proposed to explain intraplate earthquakes. They found that 

intraplate seismicity occurs in the vicinity of "stress concentrators" within 

pre–existing zones of weakness. These stress concentrators are structures 

where plate tectonic stress can cause a localized build–up of stresses and  

ultimately, earthquakes. These include intersecting faults, buried plutons 

and rift pillows. 

Because of our study area represents continental region, we use term 

Stable Continental Regions (SCRs) to refer to them as intraplate regions. 

Stable Continental Regions (SCRs) are defined as "regions of continental 

crust that have not experienced any major tectonism, magmatism, 

basement metamorphism or an orogenic intrusion since the early 

cretaceous, and no rifting or major extension or transtension since 

Paleogene" (EPRI, 1994). 

The objective of this study is to compile a historical earthquakes 

catalog for SCRs of the Arabian plate and to analyze the continental 

historical Seismicity of the plate. 

Historical Earthquakes Catalog 
The Arabian region and the Middle East have good documented 

historical data back to some (4000 years). Boundaries of the SCRs of 

Arabian plate are directly extracted from the EPRI (1994) maps. A 

historical catalog of the felt events in SCRs of the Arabian plate for the  

period from (600 to 1900) was compiled. The earthquakes that  

24 



Emad A. M. Al-Heety 
 

occurred or felt at the Arabian plate were reported in different 

regional and global catalogs. These catalogs are sources for the database 

of our catalog. The source catalogs are the catalog of Alsinawi (1988), the 

EPRI earthquake data sheets (EPRI, 1994), the catalog of shallow 

intraplate earthquakes 

(Triep and Sykes, 1996), the Earthquake of Database of the Arabian 

Peninsula (Seismic Studies Center–King Saud University, 1999) and the 

updated global earthquake catalog for Stable Continental Regions             

(Schulte and Mooney, 2004). 

According to Schulte and Mooney (2005), and in an attempt to remove 

events that are in fact related to plate boundary deformation, events 

within (200 km) of plate boundaries, as well as, event within (40 km) of 

the SCR–ACR (Active Continental Regions; Regions of continental crust 

that do not satisfy the definition above) boundaries were removed from 

the database. We also excluded the events that were felt at the SCRs 

regions and the surroundings regions at the same time because these 

events may be occurred out of the SCRs and were felt here. 

We appreciated the approximate locations for the events that were felt 

at the known cities (e.g., Baghdad, Wasite,….ect).We considered the 

geographical locations of these cities representative of the approximate 

epicentral locations of the events. 

Some of source catalogs (e.g., Alsinawi, 1988) used to compile our 

catalog, contain detailed information about the damage experienced. This 

offered possibility of giving a rough intensity estimate at the approximate 

locations affected by the seismic events. Alsinawi (1988) used the 

methodology given by Poirier and Taher (1980). 
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If no magnitude estimate was available, nor aerial intensity data, a 

cutoff maximum intensity of (VII) on the Modified Mercalli scale 

(orconversions to it) was used. This minimum size cutoff is necessarily 

approximate because of the multiple magnitude scale in use, their non–

uniform application, and differing interpretations of data on historical 

events. 

A uniform magnitude scale, the moment magnitude (Mw) was applied 

through the catalog according to the following steps:  

1. For events with reported estimated (Mw) magnitude that value is 

preserved. 

2. For events with estimated epicentral intensity (Io), (Ms) is calculated 

using the standard Gutenberg and Richter equation (Gutenberg and 

Richter, 1956) 

Ms = 1 + 2 / 3 Io                                                           (1) 

3. The hierarchical scheme developed by Tanner and Shepherd (1997) 

to assign (Mw) values to most earthquakes in the catalog is used: 

(+Mw) calculated from (Ms), (Mw ≈ Ms) where (Ms) has been reliably 

determined for (Ms > 6.6) and for (Ms ≤ 6.6), we use the following 

equation 

Mw = 2 / 3 Ms + 2.34                                                  (2) 

(+Mw) calculated from mb through a two–step process of first converting 

(mb) to (Ms) using the equation 

Ms = 1.74 mb – 3.95                                                    (3) 

then; using one of the relationships given above. 

The focal depths of the events were estimated using an empirical  
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relationship given by Shebalin (1961): 

 

I = 1.5 M – 3.5 log h + 3.0                                          (4) 

The estimated focal depths range from about (5 to 35 km), i.e., 

earthquakes of the SCRs of the Arabian plate have shallow focal depths 

and occur in the crust. This is a characteristic feature of the SCRs 

seismicity. 

Though  earthquakes of our catalog have not enough accuracy in their 

occurrence time, epicentral locations, intensity and magnitudes, they 

remain important for the purposes of seismicity, seismotectonic and 

seismic hazard studies. The current catalog contains events within SCRs 

of the Arabian plate from (600 to 1900 A.D.) Table (1) . 

Spatial Distribution of SCRs Seismicity 
The spatial pattern of SCRs earthquakes is usually a series of 

clusters, although linear patterns have often been delineated within these 

clusters. For example, on a large scale, the seismicity in New Madrid 

zone appears to be clustered but within the zone, there is an obvious NE 

alignment along the Reelfoot rift zone (Talwani, 1989). 

To study the spatial distribution of the historical SCRs earthquakes, 

we appreciated the approximate locations for the events that were felt at 

the known cities and we excluded the events that were felt at regions or 

countries such as at Iraq, Syria, …etc., because an acceptable determi–

nation of their location is impossible. 

Figure (1) shows the approximate locations of the  historical SCRs 

earthquakes in the Arabian plate. The accuracy of locations of these  
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earthquakes my be of the order of a few tens of kilometers or more. 

There are clusters of SCRs events in the northern parts of the plate and 

absence of the events in the other parts of the plate. This may be 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
Figure (1)  Spatial Distribution of SCRs Seismicity in the Arabian  

Plate. 



Table (1):Historical Earthquake Catalog of the SCRs Regions in 

the Arabian Plate . 

MwDepth (km) Intensity Region Long. (E°) Lat. (N°) Date 

5.5    47.80 30.50 0658 

6.3 25.95 VII–VIIIDijiah &Tharthar 43.50 33.62 0678 

7.1 15.33 IX–X Al-Hadr 42.60 35.46 0749 

6.5 22.75 VIII Baghdad 44.40 33.30 0849 

6.5 22.75 VIII Baghdad 44.40 33.30 0859 

6.0 26.82 VII Wasit 46.30 32.20 0871 

6.7 19.95 VIII–IX Wasit 46.30 32.20 0872 

6.3 25.95 VII–VII Sammrra 43.79 34.11 0872 

7.0 19.30 IX Basra 47.70 30.45 0873 

6.0 26.82 VII Baghdad 44.40 33.30 0880 

  VII Baghdad 44.40 33.30 08810929 

7.0 19.30 IX Baghdad 44.40 33.30 090207 

5.2 08.76 VII–VIIIWasit 46.30 32.20 097309 

  VII Baghdad 44.40 33.30 09771017 

5.6    44.70 34.30 10581208 

7.1 15.33 IX–X Kufa 44.41 31.87 1115 

6.0 26.82 VII Baghdad 44.40 33.30 111705 

6.1    45.70 33.60 11300228 

6.0 26.82 VII Baghdad 44.40 33.30 11350725 

6.3 25.95 VII–VIIIBaghdad 44.40 33.30 1150 

5.6 34.90 VI Baghdad 44.40 33.30 1155 

6.3 25.95 VII–VIIIBaghdad 44.40 33.30 11780330 

4.7    44.30 32.00 119403 



5.5    46.40 32.20 1430 

5.7    46.90 31.90 1457 

5.8 30.59 VI–VII Baghdad 44.40 33.30 1641 

5.6 34.90 VI Rawa 41.80 34.50 1680 

  VII Baghdad 44.40 33.30 1702 

6.0 26.82 VII Baghdad 44.40 33.30 1769 

5.5    47.80 30.50 17860728 

4.8    46.10 33.20 1827 

5.5    49.60 25.40 1832 

6.3 25.95 VII–VIIIKirkuk 44.40 35.45 1862 

5.9    45.90 33.30 18641207 

6.0 26.82 VII Jassan 45.94 33.39 1865 

  VII Mandali 45.50 33.83 1867 

5.6   Baghdad 44.40 33.30 1873 

 

attributed to concentration of the population centers in the northern parts 

relative to other parts and / or to that seismicity rate is very low. 

Temporal Distribution of the SCRs Seismicity 
Through study of the temporal distribution of seismicity within the 

intraplate setting of the southeast United  States, it has been found that 

seismicity is temporally stationary (Talwani, 1989). However, large 

temporal changes of small to moderate magnitude seismicity are often 

observed in areas with intraplate seismicity (e.g., Sykes, 1978). This also 

been observed in less seismically active areas in Norway (Large Oslo 

earthquake in 1904, see e.g. Bungum et al., 1986, and Meloy sequence 
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,Bungum et al., 1982). In such cases, seismic monitoring over only 

a few years will not give a true indication of the seismic potential within 

an area. 

Figure (2) shows the temporal distribution of the historical SCRs  

earthquakes. It was found that in general, the seismicity is temporally 

stationary except in some periods , the seismicity rate (number of events) 

increased. To study the temporal distribution of the SCRs seismicity, we 

determined the Following: 

 

 

 

 

 

 

 

 

 

 

 

 Figure (2) Temporal Distribution of the SCRs Seismicity in the 

Arabian Plate.  
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I. Frequency–Magnitude Relationship 
The frequency–magnitude distribution of the earthquake is well 

expressed by the Gutenberg–Richter relation (Richter, 1958) 

Log N = a – b M                                                          (5) 

Where (N) is the number of earthquakes with magnitude (M) and 

more and (a) and (b) are constants for a region. The constant (b), known 

as b–value, is the slope of the log–linear relation. Agrawal (1991) states  

28 
               
that tectonic earthquakes are characterized by the b–value from (0.5 to 

1.5) and are more frequently around 1.0 for seismically active regions. 

Studies of Mogi (1963) and Scholz (1968) reveal that the b–value 

depends on the percentage of existing stress to the final breaking stress 

within the faults. 

Fitting equation (5) to the historical events of the SCRs regions in the 

Arabian plate by using the graphical approach give (a) and (b) as (3.93) 

and (0.47), respectively (Figure 3). The low b–value is a characteristic 

feature of the intraplate environment (Talwani, 1989). The regions with 

lower value of (b) are probably the regions under higher applied shear 

stress after the main shock, whereas the regions with higher value of (b) 

are the area that experienced the slip (Enescu and Ito, 2002 ). 
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Figure (3)  Frequency–Magnitude Relationship.  

 

was calculated using the following equation (Gutenberg and 

Richter, 1956) 

Log E = 11.8 + 1.5 M                                                  (6) 

The graph clearly exhibits periods with low and high seismicity 

(increase or decrease in number of events and / or increase or decrease in 

the magnitude). There are two high seismicity periods stated in (859) an 

(1117), respectively. These high seismicity periods were separated by 

period of low seismicity as shown in Figure (4). The Arabian plate 

appears relatively quite region for the period from (1194 until 1900).  
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This period may appear hiatus in seismic activity or in documentation 

.The average annual release is corresponding to an earthquake of  

magnitude (6.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (4)  Cumulative Seismic Strain Release. 

 

 

Discussion and Conclusions 
The first objective for this study has been to compile historical  
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catalog for the felt events in the SCRs of the Arabian plate. The 

second objective  has been to analyze the historical seismicity of SCRs. 

We used several source catalogs as a database for our catalog. Some of 

source catalogs (e.g., the catalog of Triep and Sykes, 1996; the Catalog of  

 

Schulte and Mooney, 2004) contain information about the 

epicentral location and magnitude (Mw) for some events. Other source 

catalog (Alsinawi, 1988) contains detailed information about damage 

experienced. This offered possibility of giving a rough intensity estimate. 

If no magnitude estimate was available, nor areal intensity data, a cutoff 

intensity of (VII) on the Modified Mercalli scale (or conversions to 

it) was used. 

Some of source catalogs contain information about the epicentral 

location (Lat.; Long.) for some events. Other source catalog reported the 

cities and countries affected by the events (e.g., Baghdad, Wasite, Iraq, 

...etc.). In such cases, we considered the geographical coordinates of the 

cities affected by events, represent the approximate epicentral locations 

for those events. Though, these epicentral locations have not enough 

accuracy, they remain important for purposes of the seismicity and 

seismotectonic studies. 
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The estimated focal depths of the events indicate that events have 

shallow depths. SCRs seismicity is characterized by a shallow focal 

depths and deep focus is not commonly observed in SCR seismicity  

 

 (Rjendran and Rajendran, 1999). Talwani (1989) found that with few 

exceptions most of intraplate earthquakes occur in the upper crust, at  

depths usually shallower than about (15 km). There are however a few 

locations where events have been observed at greater depths. 

In our study, the b–value was low. The b–value for SCRs tend to be 

lower than those for plate boundary events, which are usually around (1).  

 

One possible explanation for this observation is that within the plate 

the rock are not as intensively fractured (Talwani, 1989). Shaik and 

Srivastava, 2003) said that b–value depends on the mechanical 

heterogeneity of the rock mass and increases with the increase in 

heterogeneity (intensive fractured rocks). Thus  there tend to be fewer 

smaller events relative to larger events ( low b–value) than would be the 

case in a plate boundary where because of greater abundance of fractures, 

there would be a larger ratio of smaller events to larger events ( large 

b–values). 

Our study led to the following conclusions : 

1. A historical catalog for the felt events in the SCRs regions in the 

Arabian plate for the period from (600 to 1900 A.D.) was compiled. 
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2.  The spatial distribution of SCRs seismicity  shows cluster of events 

in the northern parts of the Arabian plate  and absence of that in other 

parts. This may be attributed to concentration of the population centers in 

the northern parts ( e.g., Baghdad, Wasite) relative to the other parts and / 

or to that the seismicity rate is very low. 

3. The cumulative strain release curve exhibits two seismically active 

periods separated by period of low seismicity. There is a relative quite 

period extends from (1194 to 1900). The average annual release 

corresponding to an earthquake of magnitude (6.2) 

                                           

4. The b–value in frequency–magnitude relationship for the studied 

area was (0.47). This low b–value is a characteristic feature for SCRs  

earthquakes. 

5. The focal depths of the SCRs earthquakes range from about (5 to 35 

km). The Shallow focal depths is a remarkable feature for SCRs 

seismicity. 

 

References 
– Agrawal, P. N., (1991) Engineering Seismology, (New Delhi:           

Oxford & IBH Publishing Co. Pvt. Ltd. 

– Alsinawi, S. A., (1988) Historical Seismicity of the Arab Countries,  

Proceedings of the Third Arab Symposium on Earthquake               

Seismology, March 1986, Riyadh, pp. (9–33).  

– Bath, M., (1973) Introduction to Seismology, Brikbanser Verlag      

Basel and Stuttgart, 391p. 

 

37 



      MESF CYBER JOURNAL OF EARTH SCIENCE,  Volume 3, pp 22-41, 2005 

–  

– Bungum, H., Vaage, S., and Husebye, E. S., (1982) The Meloy     

Earthquake Sequence, Northern Norway: Source Parameter  and their     

Scaling Relations. Bull. Seism. Soc. Amer., Vol. 72.  

– Bungum, H., Havskov, J., Hokland, B., and Newmark, R., (1986)   

Contemporary Seismicity of Northwest Europe. Annales Geophysicae,   

Vol. 44 , pp. (567–576).   

– Electric Power Research Institute (EPRI), (1994) Johnston, A.C.,   

Coppersmith, K. J., Kanter, L. R., and Cornell,C.A., The 

Earthquakes of   Stable Continental Regions, Vol.(1–5), Edited 

by J. F. Scgneider, Palo Alto, California. 

– Enescu, B., and Ito, K., (2002) Spatial Analysis of the Frequency–

Magnitude Distribution and decay Rate of Aftershock Activity of the        

2000 western Tottori Earthquake. Earth Planet Space, Vol. 54, pp. 

(847–859).    

– Gangopadhyay, A., and Talwani, P., (2003) Symptomatic Features   

of Intraplate Earthquakes. Seis. Res. Lett., Vol. 74, pp. (863–883). 

– Gutenberg, B., and Richter, C., (1956) Earthquake Magnitude,       

Intensity, Energy and Acceleration. Bull. Seism. Soc. Amer., Vol. 32, pp. 

(163–191). 

– Johnston, A. C. (1989) The Seismicity of "Stable Continental          

Interiors". Proceedings of the NATO Advanced Research 

Workshop on   Causes and Effects of Earthquakes at Passive 

Margins and in Areas of      Postglacial Rebound on both Sides  

 

 

 

38 



Emad A. M. Al-Heety 
 

– of the North Atlantic, Vordingborg, Denmark, (9–13) May 1988, 

pp. (299–327). 

– Johnston, A. C., and Kanter, L. R. (1990) Earthquakes in Stable       

Continental Crust. Sci. Amer., Vol. 262, pp. (68–75).   

– Johnston, A. C., Coppersmith, K. J., Kanter, L. R., and Cornell, C.        

A. (1994) The Earthquakes of Stable Continental Regions : Assessment     

of Large Earthquake Potential. EPRI Rep. TR–102261, Edt. J. E. 

Schneider, Palo Alto, CA: Elect. Power Res. Inst., 309p. 

– Mogi, k., (1963) Some Discussions on Aftershocks, Foreshocks 

and earthquake Swarms, the Fracture of a Semi Infinite Body 

Caused by an Inner Stress Origin and its Relation to the 

Earthquake Phenomena. Bull.  Earthquake Res. Inst., Vol. 41, 

pp. (615–658) 

Poirier, J. P. and Taher, M. A. (1980) Historical Seismicity in the     

Near and Middle East, North Africa, and Spain from Arabic Documents, 

(VIIth–XVIIIth Century). Bull. Seism. Soc. Amer., Vol. 70, pp. (2185–

201). – Richter, C., (1958) Elementary Seismology (San Francisco,           

California: W. H. Freeman & Co. Inc.).  

– Rajendran, K., and Rajendran, C. P., (1999) Seismogenesis in the   

Stable Continental Interiors: An Appraisal Based on two Examples          

from India. Tectonophysics, Vol. 305, pp. (355–370). 

– Scholz, C. (1968) Microfracturing and the Inelastic Deformation 

of Rock in Compression. J. Geophysics Res., Vol. 3, pp. (1417–

1432). 

 

39 

–  



–      MESF CYBER JOURNAL OF EARTH SCIENCE,  Volume 3, pp 22-41, 2005 

 

Schulte, S. M. and Mooney, W. D., (2004) An Updated                    

Earthquake Catalog for Stable Continental Regions. 

http://earthquake.usgs.gov/scitech/scr_catalog  

– Schulte, S. M., and Mooney, W. D., (2005) An Updated Global        

Earthquake Catalog for Stable Continental Regions: Reassessing 

the        Correlation with Ancient Rifts. Geophys. J. Inter., Vol. 

161, pp. (707–721).         

– Seismic Studies Center–King Saud University (1999) 

earthquake    Database of the Arabian Peninsula. Scientific Issue 

Series (1). 

– Shaik, M., and Srivastava, S. (2003) Statistical Parameters of          

Bhuj Earthquake Sequence of January 26th, 2001. Earth Planets 

Sci.,       Vol. 112, pp. (397–400). 

– Shebalin, N. V., (1961) Intensity, Magnitude, Depth of Focus of      

earthquake: In Barosh, P.J., (19690 Editor, Geol. Sur. Bull.1279, 

U.S.        Atomic Energy Commission 93p. 

– Sykes, L. R., (1978) Intraplate Seismicity, Reactivation, of              

Preexisting Zones of Weakness, Alkaline Magmatism, and other             

Tectonism Posdating Continental Fragmentation. Rev. Geophys. 

Space    Phys., Vol. 16, pp. (621–688). 

– Talwani, P., (1989) Characteristic Features of Intraplate                   

Earthquakes and the Models Proposed to Explain them., 

Proceeding of    

 

 

– 40 

 

http://earthquake.usgs.gov/scitech/scr_catalog


Emad A. M. Al-Heety 
–  

–  the NATO Advanced Research Workshop on Causes and 

Effects of          Earthquakes at Passive Margins and in Areas of 

Postglacial Rebound on   both Sides of the North Atlantic, 

Vordingborg, Denmark, (9–13) May,          1988, pp. (563–579). 

– Triep, E. G., and Sykes, L. R., (1996) Catalog of A Shallow   

Intracontinental Earthquakes. 

                 http://Ideo.columbia.edu/seismology/triep/intra.exp. 

 

 

 

 

 
                            http://www.meseisforum.net

41 

 

–  

 
 

http://ideo.columbia.edu/seismology/triep/intra.exp
http://www.meseisforum.net/


 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

36

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

37 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

38

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

39

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


