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Abstract The spatial distribution of the seismicity parameters of the magnitude-frequency
relation has provided preliminary quantitative basis for establishing different zones of seismic
activities in the southern Red Sea regions. Four zones were constructed from application of
proposed models that yielded approximate b value range for each zone, thus, providing relative
bases for preliminary classification as follows: zone III has b value <_0.6; zone II has b value
<_0.8; zone I has b value _<1.0; and zone 0 has b value > 1.0. The zones were characterized
through correlation to seismotectonic and some geophysical configuration in the study area.
Narrow contour spacing among zones is observed to occur along intersections of areas of
probably different seismic source zones, while wider spacing occurs seemingly for a
prominently dominating source of seismic activity. Corresponding spatial distribution of
estimated maximum magnitude and expected magnitude at 90% non-exceedance in 50 years
was prepared. Likely occurrence of a major earthquake is spread over a wider area of coverage
characterized by presence of rift zones, structural discontinuities, and dislocations in the study
area. Broad confidence limits for the parameter values are encountered, but correlation to
primary tectonic structures is seen to be possible. Comparison of the present results to previous
relevant studies indicates general agreement with regards to tectonics and related phenomena.
The spatial distribution of the parameters seemed to provide appropriate basis of analysis to the
observed complexities of seismic occurrences in the Red Sea and adjacent shield areas. © 1998
Elsevier Science Ltd. All rights reserved

Introduction
The seismicity parameters were introduced by Gutenberg
and Richter in their monumental work in 1954. Utilizing
an augmented database gathered by sets of modern and
standardized seismographs, Miyamura (1962) re-evaluated
the seismicity of the world and found out that the
parameter b of the magnitude-frequency equation is related
to tectonic structures. A more detailed analysis was
undertaken by Hattori (1974), wherein the spatial
distribution of the b-values was determined at every degree
of latitude and longitude of different seismic regions of the
world. Karnik (1969) constructed regional seismic zones in
terms of b. Experimental work by Mogi (1962) using rock
specimens showed that the parameter b is related to the
degree of heterogeneity of materials under stress. Scholz
(1968) indicated that the frequency of microshocks is a
function of the area of rupture and the applied stress.
The gradual perception of the significance of parameter b
as characteristic of seismogenic zone and recognition of its
role in the magnitude-frequency relation in the assessment of
seismic hazard could have prompted some authors (Aki,
1965; Utsu, 1965; Karnik, 1969; Bender, 1983) in
developing different methods for its determination. The
applications of some methods in seismic hazard assessment
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Arabia and adjacent regions can be seen in the work of
Thenhaus et al. (1988); Al-Amri (1994); Al-Haddad et al.
(1994) and El-Isa and AI-Shanti (1989). The essential
knowledge and information obtained in their respective study
areas cannot be over-emphasized. In their studies, the usual
process of delineating seismic source zones has been applied.
The arbitrariness of drawing the boundaries of the delineated
zones is recognizable and depended on the point of view of
the investigators. Justifiably, this may be due to randomness
of earthquake events in space-time. However, non-uniform
occurrence of seismic events is an observed phenomenon
even in seemingly considerable one geological unit
(Ritsema, 1969).
Hence, it is deemed appropriate that this observation be
given essential and detailed treatment in space-time for
proper evaluation of the characteristics and tendencies from
the viewpoint of seismotectonics and related geophysical
phenomena in the study area. Further, the vital role of
parameter b in assessment of seismic hazard requires
detailed analysis of its spatialtemporal distribution,
subsequently for the other parameters of the magnitudefrequency relation. These considerations prompted this
present study to initiate application of established and
proposed methods and models for the spatial distribution of
the parameters of the magnitude-frequency relation that
respond in establishing preliminary basis for evaluation and
comparison to other related results.
The study area is located between 12-22°N and 37-46°E
(Fig. 1). It can generally be considered to be composed of
two portions. These are the oceanic
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The b value range of greater than 1.0 almost generally
covers the Red Sea basin. High b values are almost
centered along the mid-ridge. The Red Sea which
separates the Nubian shield from the Arabian shield is
generally accepted as a divergent plate margin which is
the locus of sea-floor spreading. The Red Sea can be
divided into three physiographic regions. These are the
narrow continental margins, the main trough, and the
deep axial trough. Intense structural deformation is
concentrated in the axial zone by normal faulting and
heat flow due to intrusion and presence of deep holes.
Marine and land magnetic surveys indicate the presence
of many N-E trending transform faults which could have
probable extension inland and displace prominent
Cenozoic structural features. Concentration of seismic
activities is seen to be mainly along the axial zone, but
not uniformly distributed (Fig. 1). The cluster of
epicenters are observed to be located in areas where the
presence of a transform fault and high heat flow is
inferred. These are approximately at 19°N, 17°N, and
15'N. At latitude 17°N, the Ad Darb transform fault is
located, whose probable extension to the western flank
above the gulf of Zula is prominently displayed by the
line of earthquake epicenters. However, its extension to
the eastern side is still uncertain due to the narrow zone
of the axial trough. Although moderate seismic activity
could be seen inland, it is uncertain whether this could be
attributed to the presence of the Sadah fault.
Concentration of seismic activities above 18°N could
probably be due to the presence of an inferred and
proposed leaky transform fault where high transverse
magnetic anomalies and heat flow are detected (Hall,
1979). Likewise, at 15°N, the seismic activities thereat
could well be associated to an inferred transform fault
and presence of high heat flow. Some continental portions covered by this range could probably be due to
inland extension of inferred transform faults altering
orientation of some prominent structural formation..
Since high b value are mostly found to occur along midocean ridges, it would seem that along the axial zone of
the Red Sea, the b value is likewise more prominently
influenced by the presence of heat flow (Miyamura,
1962; Hattori, 1974; Francis, 1968), since some of the
iso-curves do not generally follow the orientation of
inferred transform fault. On the other hand, inferred
transform faults can be considered not yet fully
developed since the Red Sea rift is a young divergent
ridge. The shallow depth of the asthenosphere in the Red
Sea reflected by high heat flow makes it probable that
not all movements in the area are due to displacement
but also are in the form of creeps. The highest b value
obtained in the basin is 2.07 and it is located at 19°N and
40°E. This area is characterized by the presence of
regional dykes associated with magnetic lineaments: On
land, the highest b value is 1.37 and it is located at 20°N
and 41°E where NNW trending faults are present but in
the vicinity of a volcanic terrain at point (21°N, 42°E). It
could be reasonable but uncertain that the presence of
some geophysical phenomena could diminish the effects
of tectonic structures when these are less dominating in
size.
Owing to constraints encountered in the study area,
the representativeness of the parameter values cannot
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be ascertained, but could only be inferred from previous
findings related to this study. Variations in bvalues
occurring in a geological unit with a known b value range
on the basis of previous findings seem to suggest
independence of compartments belonging to respective
discrepancies within the unit. The compartments which
correspond to different b value ranges need to be
segregated for interpretation of the variations whenever
possible in relation to tectonic structures, geophysical
phenomena and seismic activities thereat. The
segregation requires each compartment be delineated. To
draw the boundaries of the delineated compartments and
assign a zone for each needs some preliminary basis of
approximation.
Forming the different compartments into independent zones with more or less similar seismic activities in a
confined area is done by applying equation (8), from
which the b-value range for each zone is determined. The
different zones correspond to the assumed values of q =
0, 1, 2 and d = 1.5. When each of the q values is
substituted one at a time with the d and the b values in
their respective locations in (8) positive and negative
results are given. The positive and negative results were
used in the segregation process and in delineating the
respective boundaries of the different zones. Since
probability could have only values from 0 to 1, the
negative results are excluded from a particular zone.
Zone III corresponds to the value of q = 2 and the
obtained b-value range is equal to or less than 0.6. Zone
II corresponds to the value of q = 1 excluding those that
belong to Zone III and the b-value range is from 0.61 to
0.8. Zone I corresponds to q = 0 excluding those that
belong to Zones III and II. Its bvalue ranges from 0.81
to 1.0. Values greater than 1 were considered as another
zone, Zone 0, and these include the negative values in (8).
Explanation for the negative values, however, is not
physically feasible and needs further studies. The selected
q values gave preliminary good results from trial and error
procedures. Other possibilities within the given range of
q and d are open for different interpretations. The
different zones and respective compartment of coverage
are shown in Fig. 4.
Zone III mainly covers the Tihamat-Asir region and
the southern portion of the Arabian shield in Yemen in a
portion of its volcanic terrain and plateau, portions of the
volcanic terrain in northern Afar, Danakil block, and
Djibouti. Depth of crustal structure in the Arabian shield
is composed of two layers of 20 km thickness, while the
Yemen area thickens in several steps to 35 km (Egloff et
al., 1991) and can be considered relatively as rigid, thick,
and large crustal structures capable of resisting larger
applied stress (Wyss, 1973; Scholz, 1968). Zone II
corresponds to continental seismic zone composed of
younger tectonic and active regions seeming to conform
with the delineation (Mogi, 1962; Welkner, 1967). Zone I
covers the coastal areas of the Asir region, shale
structures of Yemen, southern end of the Red Sea, and
continental margins in the western flank.
Narrow spacing of contour curves is observed
between zones I and 0 except at 21°N and 18°N in the
Red Sea basin. The close spacing is located where this
could be a probable boundary of two or more different
source zones. Relatively wider spacing is observed to
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conversion to pga shows that compatibility exists
between present and previous findings based on the
same attenuation model.
Conclusions
Different zonal configurations were preliminarily
established from the space distributions of parameter b.
The distributions were the results from the applications
of the maximum likelihood methods of Utsu (1965) and
Aki (1965) to the moving block method of Hattori
(1974) as data source area. Boundaries between
delineated zones were determined from the applications
of the proposed models of Scholz (1968) and Wyss
(1973).
Four zones were formed from the models for simplicity. Characteristics of each zone were preliminarily
defined in correlation to seismotectonic and geophysical
observations from previous studies and investigations.
Correspondingly, the space distributions of the other
seismic parameters were also prepared. The different
zones which correspond to respective b-value range are
generally agreeable to previously established correlation
for approximately the same b value range. Zone III,
whose b-value range is less than 0.61 covers stable and
mobile continental areas whose structures are mainly
composed of stress resisting materials. Zone II has the b
value range from 0.61-0.8. The areas covered by Zone II
are characterized by the presence of younger structures
and dislocations. Zone I whose bvalue range from 0.81
to 1.0 covers the coastal areas on both flanks of the Red
Sea basin and the southern tip of the Red Sea. Zone 0
has the b value greater than 1.0. Areas covered by this
zone are the oceanic portions where normal and
transform faults, heat flows and magnetic anomalies are
prominent and relatively high seismic activities are
present.
Spatial distribution of the seismicity parameters
obtained in this study in the southern Red Sea regions
may be the first of its kind in this area. The findings may
be preliminary due to the encountered constraints.
However, the results show strong agreement with
previous work done in larger area of coverage. The
advantages are due to the applications of the methodologies, procedures and models that reduce dependence
on arbitrariness and yielded quantitative bases in
characterizing the seemingly observed complex seismic
activities. The results have shown some degree of
appropriateness of the applied methods in correlation to
seismotectonic activities and to some extent to the
geophysical phenomena observed in the study region.
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