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ABSTRACT
Three hundred and thirty earthquakes data sets within a period of twenty-six years (1990 -2016)
were obtained for the Mid-Atlantic Ridge and East African Rift. The data were analyzed using Seismic
Analysis software (SEISAN 9.0) and Microsoft Excel, and the results showed that the earthquakes occur
more at a focal depth of 10 km. The body wave magnitude for EAR ranged between 4.1 to 6.6 with a
dominant magnitude range of 4.5 - 4.9 and 5.0 – 5.4 having 53 and 52 (32%) occurrences respectively.
mb for MAR ranged from 4.1 to 6.4 and recorded a dominant magnitude range of 4.5 – 4.9 and 68 (41%)
occurrences. Surface wave magnitudes for EAR and MAR ranged from 4 to 7.2 and 4.1 to 7 respectively
while their dominant Ms range was 4.5 – 4.9 with 18 (28%) and 26 (34%) occurrences respectively.
Moment magnitude for EAR and MAR ranged from 4.7 to 7.1 and 4.9 to 6.8 respectively while their
dominant range was 5.0 – 5.4 with 29 (45%) and 37 (49%) occurrences respectively. Monthly time
occurrence showed that EAR had more earthquakes occurring in March while MAR recorded highest
occurrence in August. Empirical relationship between correlated magnitudes for EAR and MAR were
obtained. The b-values for EAR and MAR were 0.77 and 0.83 respectively while stress drop values
within these regions ranged from 2.2 – 51.1 bar, with an observed radius of rupture between 7.0 – 14.4
cm.
Keywords: Earthquake, Focal depth, magnitude, Time of occurrence, b-value, Mid-Atlantic ridge, East
African rift
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1. INTRODUCTION
An earthquake is a vibration or disturbance of the Earth’s surface caused by the abrupt
release of seismic energy accumulated in underlying rocks within the Earth (Plummer and
Carlson 2008). The occurrence of five large earthquakes and one tsunami in England between
1750 and 1755 necessitated the beginning of modern seismology. This era featured an extensive
study and cataloging of earthquakes based on their devastating effects, hypocenters and time of
occurrence. In recent years, the wide coverage of global communication network and improved
sensitivity of seismic instruments have further enabled researchers in carrying out a more
detailed analysis on earthquake data. Approximately 500,000 earthquakes occur annually with
at least 100,000 being felt significantly (Binks and Fairhead, 1992). Tectonic movements cause
over 90% of these earthquakes, while the other 10%, results from volcanism, collapse of
underground cavities, and human activities (Lowrie, 2007). Regions (like Nigeria) which are
classified as seismic inactive have witnessed earth tremor in the recent past, hence the need to
constantly analyze the earthquake events taking place in different parts of the world in order to
study the tectonic movements that may provide earthquake warning signals to even the already
adjudged less prone areas.
The concept of sea floor spreading and continental drift explains the formation of oceanic
crust and the oceanic basins within them. These oceanic crusts are enclosed by continental
formations, which suggest that new oceanic basins or rift basins are the consequences of active
divergence along continental margins or within the continents themselves. It is therefore
imperative to further study the spreading process of continents through a comparison of
earthquake characteristics along both continental and oceanic divergent zones. Though these
regions have been extensively studied as entities, information from available literatures
necessitates collective analysis of both regions earthquake characteristics up to the most recent.
The objective of this work is therefore to make comparative analysis of earthquakes along
the East African Rift system (continental divergent margin) and the Mid-Atlantic Ridge
(oceanic divergent margin) using both focal and dynamic parameters. This is accomplished by
picking the seismic phases of both primary and secondary waves for teleseismic events
occurring along the East African Rift and Mid-Atlantic Ridge; analyze seismic phase attributes
(P and S-waves) to determine origin time, hypocenter (Latitude, Longitude and focal depth),
magnitudes (mb, Ms and Mw), seismic moment, radius of rupture and stress drop values; and
establish monthly time-occurrence distribution of earthquakes, empirical relationships of
magnitudes and earthquake b-values within the study areas.
There are several tectonic plates in constant relative motion, with three major operational
types of margins along their boundaries identified as divergent, convergent, and transform
margins. These movements along plate margins results in tectonic activities such as volcanism,
orogenies and seismicity (Mussett and Khan, 2009). Earthquakes along divergent plate
boundaries are usually of small magnitudes, and occur close to the crest of the oceanic ridges
(Lowrie 2007). This type of boundary is characterized by major faults, widespread volcanic
formations, and high-rise positions, caused by shear stresses across transform faults (Hammed
et al., 2016). In addition, divergent boundaries readily occur as mid-ocean ridges along oceanic
plates, and “rifts” along divergent boundaries within continents.
The Mid-Atlantic Ridge (MAR) and East African Ridge (EAR) are perfect examples of
an oceanic and continental divergent margin respectively. The African plate is currently
splitting into two distinct halves: Nubian and the Somali plate. This developing continental rift

-61-

World Scientific News 120(2) (2019) 60-80
is spreading at a rate of 6 – 7 mm annually (“Spreading rate for East African Rift” 2017). EAR
is considered as the largest seismically active continental rift and its lithospheric composition
within the Afar region makes it a perfect model of a new oceanic opening within a continent
(Chorowicz, 2005). On the other hand, MAR is spreading at a rate of 2 – 5 cm annually
(“Spreading rate of the Mid Atlantic ridge” 2017).
Lindenfeld et al. (2012) studied earthquake distribution within the Rwenzori Mountains
along the western branch of EAR using local magnitudes ranging from – 0.5 to 5.1 obtained
from 27 stations. Their result showed a heterogeneous distribution of earthquakes within the
study area with a dominant hypocentral depth of 15km and maximum extents ranging between
20 and 32 km which correlate with the Moho depths. Also, they recorded a b-value of 1.1. Alabi
et al. (2013) evaluated the seismicity of Southern Africa within a period of 23 years (1986 2009) using a threshold magnitude of 𝑀𝑏 ≥ 3.0. Their result showed that small and moderate
earthquakes characterized the intraplate region and the probability of a major earthquake
occurring within the same period of years recorded is low. They obtained a-value of 5.75 and
b-value of 1.23 using the Gutenberg-Richter relationship.
Fiama et al. (2015) analyzed the spatial distribution of stress drop values of the Kivu
region within the western branch of EAR using the spectral Brune’s model. They obtained a
stress drop value of less than or equal to 1.1 and inferred that stress drop values correlates with
fault types within the study area where high stress drop signifies reverse faults while low values
correspond to normal and strike slip faults.
Isogun and Adepelumi (2014) reviewed the Seismicity of Central Mid-Atlantic fracture
zones. Six hundred and eighty eight sets of seismic parametric data from 1990 to 2009, obtained
from the International Seismological Centre bulletin were analyzed. They observed that at a
depth of 10 km, the epicenters of numerous events based on their data set were along Romanche
and Saint Paul Fracture Zones. The minimum and maximum magnitude for all analyzed data
ranged from 3.0 to 7.0. Their results showed that for body wave magnitude (mb), the dominant
magnitude ranged from 4.0 – 4.4 and 4.5 – 4.9 with two hundred and forty six occurrences
(36%) each, Surface wave magnitude (Ms) recorded a dominant magnitude range of 4.0 – 4.4
with two hundred and nineteen occurrences (32%) while moment magnitude (Mw) showed a
dominant magnitude range of 5.0 – 5.4 with ninety one (51%) occurrences. The results obtained
for earthquake time occurrence showed no distinct period. The b-value computed within the
year interval 1990 – 2009 was 0.88; they inferred that a relatively low b-value implied that the
stress condition of the region is moderately high. Hammed et al. (2016) carried out a research
on the “Implication of focal depth, temporal and magnitude distribution of earthquakes in
oceanic ridges. Only earthquakes of magnitude 1.0 to 8.0 within the period of 1981 – 2010 were
obtained from Northern California Earthquake Data Centre USA. Their results showed that all
three Oceanic ridges studied were characterized by shallow focus earthquakes and they inferred
that these hypocenters occurred close to the oceanic floor which could very likely trigger
Tsunamis. The predominant magnitude range within the study areas was determined as 4.0 –
4.9, showing frequent occurrence of moderate earthquakes [18, 19].

2. GEOLOGY OF STUDY AREA
This research work compares the earthquake characteristics of two divergent zones, the
EAR and the MAR. Both parametric and waveform data were acquired along these spreading
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zones. The comparison involved earthquake data obtained along the EAR within Latitude 12°
N and −30° S and longitude 20° W and 50°E while those obtained along the MAR, were
between latitude 5° N and −15° S and longitude −20° W and 5° E.
2. 1. East African Rift System

Fig. 1. Hypsographic DEM of the East African rift system (After Chorowicz 2005)
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Expeditions of great discoverers such as David Livingstone, led to the proposition of the
concept “East African Rift Fracture” by Suess in 1891. Over the years this concept has been
improved through consistent scholarly research, from studying its local geology to its
consideration as an intra-continental ridge system in recent years. The EAR System reveals a
sequence of contiguous rift valleys connected by shoals and bordered by protruding dipping
shoulders. These successions of rift valleys result in two distinct paths, the Eastern and Western
branch with a third in the Mozambique Channel called the Southeastern branch (Fig. 1) [20-48]

Fig. 2. Mid-Atlantic Ridge, study area indicated by black line (Wikipedia 2016).
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According to Chorowicz (2005), the Eastern branch extends a distance of 2,200 km,
beginning at the Afar triangle up North, through the main Ethiopian rift, Omo-Turkana lows,
Kenyan rift and finally terminating in the South at the basin of the North-Tanzanian divergence.
The Western branch consists of diverse segments: the north segments trending progressively
from NNE to N-S; the central segment from NW-SE and lastly the Southern segment. These
segments total a distance of approximately 2,100 km and originate in the north from Lake Albert
through Lake Malawi down south.
The divergent mechanism behind the rifting of the EAR System results in faulting and
subsidence of the brittle lithospheric crust, this process also thins the ductile upper mantle and
rises the asthenospheric mantle in turn, showing up at the surface as thermally uplifted
shoulders. The EAR is an operative continental rift region which has been in existence for the
past 22 – 25 million years from the beginning of the Miocene era. Its spreading rate is between
0.6 – 0.7 cm annually. This continental splitting result from external tensional stresses
established to run along lines of long existing lithospheric faults (Chorowicz, 2005).
2. 2. Mid-Atlantic Ridge
A group of scientists discovered the MAR in 1872 during an expedition called the HMS
Challengers. In 1950’s further study of the Earth’s ocean floors by scientists showed that MAR
had a seismically active central valley which appeared to be the rupture point of several
earthquakes. This ocean ridge system results from the constant divergent movement occurring
between the African and South American plates, and North American and Eurasian plate. This
process is called “sea floor spreading” and its consequence is the formation and widening of
new lithospheric ocean floor.
The observed spreading rate is 2 – 5 cm annually; this is a slow rate of spread and implies
that the ridge is characterized by narrow and steep inconsistent topography (Stein and
Wysession, 2003). The Ridge which has been in existence for over 180 million years extends
over a distance of about 16,000 km, running through the Arctic Ocean and winding up close to
the southern end of Africa in a curvy path comprised of long mountain chains (Fig. 2).

3. MATERIALS AND METHODS
Seismic events within the East African Rift and Mid Atlantic Ridge were collected. A
total of 330 sets of seismic data were acquired covering year 1990 to 2016. This comprised of
127 parametric seismic data obtained from International Seismological Centre (ISC) within a
period of eighteen years (1990 - 2008). Sixty of these earthquakes had their epicenters along
the East African Rift while the other 67 occurred along the Mid Atlantic Ridge. These
earthquakes had all the three magnitudes (mb, Ms and Mw) already calculated. Also 190
parametric seismic data were obtained from the United States Geological Survey (USGS)
within a period of six years (2010 - 2016); 101 of these earthquakes occurred along the East
African Rift while 89 occurred along the Mid Atlantic Ridge. For these set of earthquakes, only
body wave magnitudes (mb) were obtained from the site.
Thirteen earthquake seismograms were analyzed to obtain source parameters using the
SEISAN 9.0 software. Nine of these seismograms obtained from Observatories and Research
Facilities for European Seismology, Netherlands (ORFEUS) had their epicenters along the Mid
Atlantic Ridge, while the other 4 seismograms were obtained from the Centre for Geodesy and
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Geodynamics (CGG) Toro, Bauchi State Nigeria and their epicenters were along the East
African Ridge system. Hence both East African Rift and Mid Atlantic Ridge had a total of 165
earthquakes each. Data selection was entirely based on the availability of both parametric data
and seismograms from the seismic catalogues.

4. RESULTS AND DISCUSSION
4. 1. Earthquake Spatial Distribution
Seismic hazard of a region can be determined through the use of earthquake spatial
distribution. Figure 3 shows the seismicity map for 330 earthquake epicenters within the study
areas generated with Generic Mapping tool (Wessel et al., 1991, 1995, 1998, 2013, 2017). The
red circles show the earthquake epicenters while the large black circles represent the epicentral
distance in 20° increase from the center.

Fig. 3. Earthquake distribution within MAR and EAR
(Wessel et al., 1991, 1995, 1998, 2013, 2017)

-66-

World Scientific News 120(2) (2019) 60-80

4. 2. Focal Depth
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Fig. 4. Focal Depth Versus Body Wave Magnitude of Earthquakes along the East Afrian Rift.
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Fig. 5. Focal Depth Versus Body Wave Magnitude of Earthquakes along
the Mid-Atlantic Ridge.

Figures 4 and 5 represent a plot of the focal depths obtained from International
Seismological Centre (ISC) catalogue, United States Geological Survey (USGS) catalogue and
those generated from wave form data. The focal depth of earthquakes along the EAR and MAR
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ranges between 5.0 – 40 km and 2.4 – 40 km respectively. The dominant focal depth of these
regions is 10 km, while at depth ranges of 5.0 – 10 km, 12 – 20 km and 24 – 40 km earthquakes
occur sparingly. More than half of the earthquake focal depths are less than 30 km. The
occurrence of shallow earthquake focal depths within the study area is characteristic of
divergent zones, which could generate destructive waves at points close to the ocean floor
resulting in tsunamis, regardless of the earthquake magnitudes (Hammed et al. 2016).
4. 3. Earthquake magnitude
Earthquake magnitudes are computed for the purpose of estimating possible harm after
an event (energy released), defining earthquake physical size, as well as forecasting ground
movement and seismic hazards. Various magnitude scales exist and can be used individually or
in combination based on the network and proximity to the event. Three types of earthquake
magnitude scales were analyzed (Figs. 6 – 11), which include body wave (mb), Surface wave
(Ms) and Moment (Mw).
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Fig. 6. mb Distribution for EAR
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Fig. 9. Ms Distribution for MAR
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Fig. 10. MW Distribution for EAR
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Fig. 11. MW Distribution for MAR

According to Havskov and Ottemoller (2010), the validity range of various magnitude
scales differ. Empirical relationship of magnitudes play a unique role in the determination of
magnitudes for earthquakes without waveforms and the conversion from one magnitude type
to another. There are different methods in use for determining empirical relationships between
various magnitudes in the form 𝑦 = 𝑎 + 𝑏𝑥 (y and x are magnitudes while a and b are
constants). Microsoft Excel was used to determine the regression models between correlated
magnitudes, mb, Ms and Mw (Figs. 12 – 17).
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Fig. 12. mb versus Ms between Year 1990 – 2016 for Shallow Earthquakes.
The regression equation is mb = 0.4962Ms + 2.7401 (EAR)
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Fig. 13. mb versus Ms between Year 1990 – 2016 for Shallow Earthquakes.
The regression equation is mb = 0.6415Ms + 1.8808 (MAR)
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Fig. 14. Mw versus mb between Year 1990 – 2016 for Shallow Earthquakes.
The regression equation is Mw = 0.9842mb + 0.2787 (EAR).
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Fig. 15. Mw versus mb between Year 1990 – 2016 for Shallow Earthquakes.
The regression equation is Mw = 0.8878mb + 1.0015 (MAR).
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Fig. 16. Mw versus Ms between Year 1990 – 2016.
The regression equation is Mw = 0.6414Ms+ 2.1879 (EAR).
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Fig. 17. Mw versus Ms between Year 1990 – 2016.
The regression equation is Mw = 0.7365Ms+ 1.8236 (MAR).

4. 4. Monthly Earthquake Time Occurrence
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Fig. 18. Earthquake monthly time occurrence distribution of events between 1990 and 2016
for the study Areas.
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Although earthquake future time occurrence is a probabilistic prediction, having its time
of occurrence data can serve as a parameter for inferring earthquake periods within a given
region. Figure 18 shows the monthly time occurrence for the study areas.
4. 5. Frequency-Magnitude Relationship
Earthquake data obtained over a period can be verified for completeness (Havskov and
Ottemoller 2010). This refers to the occurrence of earthquakes within a varied magnitude range.
Gutenberg-Richter linear relationship is:
𝐿𝑜𝑔 𝑁 = 𝑎 − 𝑏𝑀

(1)

where N represents the number of earthquakes with magnitudes greater or equal to M
(cumulative number) within a given period.
The constants a, is the number of earthquakes with zero magnitude and b is a constant
approximately equals to one. This linear relationship serves as a valuable tool for characterizing
distinct regions because of its validity for both global and local earthquake occurrences.
The b-value represents the relative number of either small or large earthquakes within a
given time period and therefore describes the tectonics of an area while the a-value is a
quantitative measure (Havskov and Ottemoller 2010).
According to Havskov and Ottemoller (2010), high b-values of approximately 2 indicates
earthquake swarms while a low b-value shows high stress conditions. a and b values can easily
be obtained by plotting log N as a function of M in which the intercept and slope of the curve
gives a and b-values.
However, equations 2 and 3 were used to calculate a and b-values by the Least square
method:
n

b

 (m
i 1

i

 m )(log N i  log N )
n

 (m
i 1

i

(2)

 m)

2

a  log N  bm,

(3)

where m is the mean magnitude and log N is mean of log N.
The a and b - value for earthquakes within a twenty-six year period (1990 - 2016) were
calculated for MAR and EAR (Figs. 19 and 20). The threshold body wave magnitude used was
greater or equal to 4.0. These values will indicate the characteristic tectonics of the study areas.
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Fig. 19. The number of earthquakes together with the Body Wave Magnitude (mb ≥ 4)
between 1990 – 2016. Magnitude interval is 0.2. The line is the least square line for the
magnitude interval 4.1 – 6.6. a and b-values are respectively 5.58 and 0.77 (EAR).
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Fig. 20. The number of earthquakes together with the Body Wave Magnitude (mb ≥ 4)
between 1990 – 2016. Magnitude interval is 0.2. The line is the least square line for the
magnitude interval 4.1 – 6.3. a and b-values are respectively 5.92 and 0.83 (MAR).
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4. 6. Stress Drop Values
Earthquakes of different sizes in the same tectonic regions are predicted to have a constant
stress drop (Equation 4). This is the generally accepted theory of self-similarity by Stein and
Wysession (2003).

∆𝜎 =

7
16

𝑀0

1

7×10−14

𝑎

16×(0.37𝑣)3

10−14 =
3

𝑀0 𝑓03

(4)

If the stress drop is constant, then 𝑓03 ≈ 𝑀0 and the corner frequency fo decreases when
the moment 𝑀0 increases (Havskov and Ottemoller 2010). Estimates for stress drop, moments
and radius of rapture were generated for thirteen events within the study, nine from MAR and
four from EAR. The stress drop values obtained for these events range from 2.2 to 51.1 bar with
an average value of 17.6 bar. An average seismic moment (M0) of 17.81 dyne-cm is computed
for moment magnitudes within the range 5.5 and 5.9 while an average seismic moment of 18.38
is unique to Mw range of 6 to 6.4. This implies that Mw increases as Mo increases. The radius
of rapture ranges from 7 to 14.4 cm and has its average as 9.3 cm.

5. DISCUSSION
Results obtained for monthly time-occurrences of earthquakes based on available data
show a high rate of activities occurring in March and August for EAR and MAR respectively.
The dominant body wave magnitude (mb) for EAR occurs between the ranges of 4.5- 4.9 and
5.0 – 5.4 while MAR recorded more earthquakes within the magnitude range of 4.5 – 4.9. For
Ms and Mw, both EAR and MAR recorded pick occurrences at ranges between 4.5 – 4.9 and 5.0
– 5.4 respectively. The empirical relationship between magnitudes showed distinct regression
equations. However, all the regression equations show how the known value of one magnitude
can be used to obtain the other for both EARS and MAR. This is useful for earthquake studies
and associated hazard monitoring. The study areas show great similarity in the distribution of
focal depths. Both areas are characterized by high rate of seismic activities occurring at 10 km
depth, while at depth ranges of 5 – 10 km, 12 – 20 km and 24 – 4 0km earthquakes occur
sparingly.
The b-values computed for events within the study areas for a period of twenty-six years
(1990 - 2016) for 𝑚𝑏 ≥ 5.0 are 0.77 for EAR while MAR is 0.83. These values therefore reflect
the occurrence of a large number of small to moderate earthquakes and relatively high stress
conditions within these diverging zones. However, EAR appears to be more stressed in
comparison to MAR. The b-values and a-values were used to make predictions. For EAR, ten
earthquakes of mb = 6 and two earthquakes of mb = 7 are expected within the next 26 years
while in the next seventy eight years only one earthquake of mb = 8 is likely to occur. Also
earthquake forecast for MAR based on available data shows that eight earthquakes of mb = 6
and one earthquake of mb = 7 is expected within the next 26 years. Only one earthquake of mb
= 8 is likely to occur within the next one hundred and thirty years.
The corresponding Ms and Mw values for the mb values were calculated using the derived
regression equations. Along EAR, Ms and Mw values computed for mb = 6 and mb = 7 are 6.7,
6.2 and 8.6, 7.2 respectively, while for MAR, the Ms and Mw values computed for mb = 6 and
mb = 7 are 6.4, 6.3 and 8.0, 7.2 respectively.
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The results of the spectral analysis shows a range of stress drop values from 2.2 – 51.1
bar with a mean value at 17.6 bar. The Mw varied proportionally with moment Mo and the
observed range of rupture radius is between 7.0 – 14.4 cm, with an average value of 9.3 cm.

6. CONCLUSIONS
Though the East African Rift System and Mid Atlantic Ridge have been extensively
studied as entities, there is not much work, from available literatures, where earthquakes from
these areas are analyzed collectively. This study has given comparative results for earthquake
characteristics along East African Rift and Mid Atlantic Ridge within a period of twenty-six
years (1990 - 2016). These sets of comparisons include: Origin time, hypocenters (Latitude,
Longitude and Focal depth), magnitudes, seismic moment, radius of rupture, Monthly timeoccurrence distribution, magnitude empirical relationship, b-values and stress drop. In addition,
it provides earthquake forecast within the study areas. Both oceanic and continental divergent
zones are characterized by similar tectonic activities. Earthquake focal depths are dominant at
10km while the dominant earthquake magnitudes within the study areas ranges between 4.5 and
5.4. Semi-empirical estimates of the three magnitudes (mb, Ms and Mw) were computed.
Monthly time occurrence of earthquake infers high earthquake activities within March and
August for EAR and MAR respectively while b-values for EAR and MAR are 0.77 and 0.83
respectively.
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