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Abstract. The occurrence of earthquakes and radiated energy in parts of the African plate were evaluated.
The data for this study were extracted from the International Seismological Centre (ISC) earthquake
catalogue. The data were analysed using seismicity rate, radiated energy model and Gutenberg - Richter’s
relationship. The findings of the study revealed that seismicity rate in all the regions of Africa under study
varies arbitrarily with time. The total seismicity rate was higher in north Africa, followed by south Africa,
east Africa and the least in west Africa. The b-values were determined to to be 0.49 in north Africa, 0.47
in south Africa, 0.69 in east Africa and 1.58 in west Africa. This indicates that a large b-value in a region
shows that small earthquakes occur frequently and a small b-value shows that small earthquakes are not
so frequent and that large earthquakes are more likely to happen. The radiated energy was also determined
to 3.39607x10" J/Km?/year in north Aftrica, 20.3563x10" J/Km?*/year in south Africa, 223.292x10"
J/Km?/year in east Africa and 1873.82x10" J/Km?/year in west Africa. The energy per unit area per year
follows this increasing trend in the order: north Africa - south Africa - east Africa - west Africa. This
indicates that the radiated energy is highest in west Africa and lowest in north Africa. The implication of
this study is that the regions of study are under stress especially north Africa and the lithospheric plate is
gradually becoming unstable.
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Introduction

The rate of seismicity varies from one region to the
other. Earthquake epicentres are not evenly distributed
over the surface of the earth, but tend to occur mostly
along the narrow zones within the rigid outer layer of
the earth. The circum-pacific zone, is one of the most
active zones of the world accounting for 75% to 80%
of the yearly release of seismic energy (Lowrie, 2007)
which consists of the subduction zones along the west
coast of Asia, Australia, New Zealand and the Americas.
In addition, the Mediterranean-Trans-asiatic zone,
accounts for 15% to 20% of the yearly seismic energy
release. This zone starts at the Azores triple junction in
the Atlantic ocean and extends along Azores-Gibratar
ridge. After crossing through the Italian Peninsula, the
Alps and the Dinarides, it then cuts through Turkey,
Iran, the Himalayan mountain chain and Island arcs of
the southeast Asia which ends at Circum-pacific zone
(Olayinka, 2010). The oceanic ridges and rises are also
active seismic zones and are responsible for 3% to 7%
of the yearly released seismic energy (Lowrie, 2007).
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These zones apart from their seismicity, are also
associated with active volcanism. The remaining portion
of the earth can be regarded as aseismic i.e. (not
seismically active). However, no part of earth is free
from earthquake since intraplate earthquake events
account for 1% of global seismicity.

The African plate according to (Hammed et al., 2016)
has a land mass of 60 million square kilometres (Km?)
and with major earthquakes predominantly from tectonic
activities. North Africa is close to the active subducting
zones that are subducting beneath the Eurasian plate
(Aderemi et al., 2013). In addition, the African
tectonic plate comprises the active East African Rift
System (EARS). It was formed during Miocene 22-25
million years ago (Ebinger, 2005). At early stages
scientists considered it to be Great Rift Valley from
north to Asia minor with more information, it is now
clear the divergent plate boundary is responsible for
the formation of two plates the Somalian plate and the
Nubian plate separating at a rate of 6-7 mm yearly
(Fernandes et al., 2004).

Since, there is evidence of drifting of the Somalian plate
and Nubian plate though at a slow rate, this has aroused
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the interest of the researcher to evaluate seismicity rate,
a- and b-values and radiated energy of earthquakes in
the African plate. This information provides an insight
above the African plate and create room for more
research.

Materials and Method

Source of data. The data for this study were extracted
from an earthquake catalogue from the International
Seismological Centre (ISC). The data had M >0.2 from
1* January 1971 to 31* December 2015 (45 years) with
focal depth varying from 0-700 Km. The region of study
is situated within the coordinates as shown in Fig. 1.
The catalogue was declustered so that only known
magnitudes were used and all unknown magnitudes
were deleted.

Seismicity rate. The rate of occurrence of earthquakes
of different magnitudes in the region is given as:

where:
A is the seismicity rate, N is the number of earthquakes
in time interval T of 45 years

Radiated energy. The seismicity of any given
geographical region can be explained in terms of radiated
energy of earthquakes by taking into account an arbitrary
region of area A and N earthquakes happened over a
given period of time T.

Log,o E=1.5MAT1.8 coooooooroeeeeeeeee )

where:
M,, is the moment magnitude (Kanamori, 1977).

From equation (2), the total energy radiated by an
earthquake of magnitude M is given by:

S L1 3)

The amount of energy radiated per unit area is given
by:

_i N 1(Q(-5ML+1L8)
R — 4)
where:

M=M_, geographical area of each region was calculated
using the standard formula: as given by (Adedeji, 2012):

A= (n/180) R? {sin(lat,)-sin(lat,)} {lon,-lon,} ........ 5)

where:
A is the geographical area, R is the radius of the earth,
lat, and lat, are minimum and maximum latitude, lon,
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Fig. 1. Earthquake map of Africa indicating the
after (Hammed et al., 2016).

and lon, are minimum and maximum longitude.

The Gutenberg-Richter’s relationship. The Gutenberg-
Richter’s relationship is given by:

LogN=a-bM......oooiiiiiieieiet e (6)

where:

aand b are regression constants, M and N are magnitude
and cumulative number of earthquakes within a given
time interval. A large b-value in a region shows that
small earthquakes occur frequently and a small b-value
shows that small earthquakes are not so frequent and
that large earthquakes are more likely to happen (Fowler,
2005).

equation (6) can be expressed given by Adedeji (2012)
as:

N=100 M e (7)
TOM=TO@INC e (8)

Substituting equation (8) in equation (4) yields

R TA & N/
Conversion Ms and Mw (surface wave magnitude into
moment magnitude) is given by Scordilis (2006) as:

1 n 1 0@bo) %1

M, =0.67(x0.05)Ms+2.07(0.03) for 3.0<Ms<6.1 .......

Conversion M, and M (body wave magnitudes into
moment magnitude):
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M, =0.85(:0.04)M,+1.03(0.23) for 3.5<M,<6.2.......

Conversion M; and M_ (local magnitude into moment
magnitude)

M, =0.722M,+0.743 (from ML>2 for intraplate
dOMAINS) c.vveeeieeiiieiieeie et (13)

This conversion was done due to the fact that radiated
energy is related to moment magnitude (equation 2).

Results and Discussion

The results obtained in this study are as shown (Table
1, Fig. 2-8)

Figure 2 shows the variation of seismicity rate with the
time interval in north Africa. It indicates that seismicity
rate increases with time from 1971-1975 till 1981-1985,
1996-2000 to 2001-2005 and decreases from 1981-
1985 to 1991-1995, 2001-2005 and 2011-2015. The
highest seismicity rate was recorded between 2001 and
2005, while the lowest seismicity rate was between
1971 and 1975. Seismicity rate varies arbitrarily with
time. The north Africa region, from Egypt to Morocco
has experienced various devastating earthquakes in the
past. The largest recorded seismic event reached Mw
7.3 in 1980 at El Asnam in the Tell Atlas of Algeria
(Meghraoui ef al., 2014). The occurrences of these
events in the northern region were associated with its
location along the Africa-Eurasia plate boundary. The
Gulf of Suez in northeastern part of Egypt has also been
reported to experience seismicity of low to intermediate
magnitudes (Toni ef al., 2016). Higher activities of
earthquake were majorly reported around the southern
part of the Gulf of Suez linked to triple junction and
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relative plate movements of the Arabian plate, African
plate and Sinai-sub plate (Morsy et al., 2011; Hussein
et al., 2000).

In Fig. 3 depicts the seismicity rate in south Africa
region. Seismicity rate varies arbitrarily with highest
rate in 2006-2010 and the least at 1976-1980. South of
Africa has only recorded moderate seismicity over the
years; majority of which are mining-related seismicity,
triggered by deep rooted mining activities which cause
instability within the earth (Alabi et al., 2013). Most of
earthquakes reported in the region have therefore been
earthquakes of small local magnitude between 2 and 5
(Mangongolo et al., 2017).

Figure 4 shows variation of seismicity rate in east Africa.
Seismicity rate varies arbitrarily with highest rate in
2006-2010 and the least at 1971-1975. East Africa is
one of the first regions to be regarded as seismic in
Africa and this was because of the occurrence of
earthquakes with high magnitude and intensities. It has
been established from geological studies that the
seismicity of this region (eastern Africa) is linked to its
situation along the east African rift system (Alaneme
etal., 2018).

In Fig. 5 shows the seismicity rate in west Africa.
Seismicity rate was constant between 1971-1975, 1976-
1980, 1981-1985, 1991-1995, 2001-2005 and 2011-
2015 and highest in 1996-2000.

It therefore means that region of west Africa is
unchanging as compared to other parts of Africa. This
is due to the fact that it seats on a stable old crust known
as west African craton (Abong ef al., 2018). Plate
tectonic theory stipulates that those distinct processes

North A

outh Africa

ast Africa

Time Events Seismicity rate Events Seismicity rate Events Seismicity rate Events Seismicity rate
interval

1971-1975 810 162.00 109 21.80 11 22 0 0
1976-1980 998 199.60 35 7.00 27 5.4 0 0
1981-1985 1482 296.40 89 17.80 61 12.2 0 0
1986-1990 1270 254.00 78 15.60 35 7 1 0.2
1991-1995 1909 381.80 108 21.60 29 5.8 0 0
1996-2000 5692 1138.40 182 36.40 36 7.2 6 1.2
2001-2005 13399 2679.80 67 13.40 35 7 0 0
2006-2010 11668 2333.60 202 40.40 160 32 1 0.2
2011-2015 1840 368.00 87 17.40 54 10.8 0 0
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Table 2. a and b values in the different region of Africa

Region a b Energy per area per year
x 10" (J/Km?*/year)

North Africa 5.44 0.49 3.39607

South Africa 4.16 0.47 20.3563

East Africa 5.1 0.69 223.292

West Africa 7.97 1.58 1873.82

like earthquakes and volcanoes tend to tilt predominantly
to plate boundaries even though intraplate earthquake
events exist. West Africa is very far from plate boundaries
and therefore is characterized by low rate of seismicity.

Generally, the total seismicity rate is higher in north
Africa, followed by south Africa, east Africa and the
least in west Africa. The distribution is as shown in Fig.
6.

Table 2 shows the a- and b- values and radiated energy
of the study areas namely, north Africa, south Africa,
east Africa and west Africa. The distribution is as shown
in Fig. 7 and Fig. 8.

It is observed that west Africa region has a high b-value
and south Africa the least b-value in this study. A large
b-value in a region shows that small earthquakes occur
frequently and a small b-value shows that small
earthquakes are not so frequent and that large earthquakes
are more likely to happen (Fowler, 2005). The decreasing
b-values reported by Urbancic ef al. (1992) which
correlate with increasing stress release estimates and
that larger events tend to occur where the b-value has
its steepest gradient. They further observed that b-values
provide the best estimates for stress conditions within
the seismogenic volume as they include information
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from both spectral-(seismic moment) and time domains
(peak amplitudes). Also, (Geffers et al., 2022) revealed
that lower b-values correspond to a higher level of
induced seismic activity while high b-values correspond
to a low and moderate seismic activity.

Which shows the large b-value reported by Enescu and
Ito (2002) in a given region or area in a relative
abundance in small earthquakes. Areas with low b-
values on the other hand are probably under higher
applied stress after the main shock. They also suggested
that the rupture process in an earthquake and previous
earthquake activity are the major factors controlling the
spatial distribution of b-value.

Figure 8 shows the distribution of radiated energy in
the different regions of African plate. The energy per
unit area per year follows this increasing trend in the
order: north Africa-south Africa-east Africa-west Africa.
This indicates that the radiated energy is highest in west
Africa and lowest in north Africa. According to the
USGS (2023), the total energy from an earthquake
consists of energy required to create new cracks in rock,
energy expelled as heat through friction and energy
elastically radiated through the earth. Out of these, the
only amount that can be measured is that which is
radiated through the earth. It is the radiated energy that
shakes buildings and is recorded by seismographs. This
energy can be measured directly from velocity
seismograms and converted to magnitude.

Conclusion

Earthquakes are natural disasters and have caused a lot
of damages throughout the human history. Properties
worth billions of dollars are destroyed especially
countries within the pacific ring of fire. Based on the
findings of this study, it was revealed that seismicity
rate in all the regions of Africa under study varies
arbitrarily with time. The total seismicity rate was higher
in north Africa, followed by south Africa, east Africa
and the least in west Africa. The b-value was determined
to be 0.49 in north Africa, 0.47 in south Africa, 0.69 in
east Africa and 1.58 in west Africa. The radiated energy
was also determined to 3.39607x10" J/Km?*/year in
north Africa, 20.3563x10" J/Km?/year in south Africa,
223.292x10" J/Km*/year in east Africa and 1873.82x10"
J/Km?/year in west Africa. The energy per unit area per
year follows this increasing trend in the order: north
Africa-south Africa-east Africa-west Africa. The
implication of this study is that the regions of study are
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under stress especially north Africa and the lithospheric
plate is gradually becoming unstable.
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