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Abstract 11 

An earthquake has been identified as one of the major natural disasters that cause loss of lives and 12 

property. To mitigate this disaster, knowledge of global seismicity is essential. This research is aimed 13 

at evaluating the Gutenberg Richter b-value parameter and focal depth distribution of earthquake 14 

parameters to identify the prominent earthquake-prone zones in the Northern and Southern 15 

hemispheres. The study area covers 20° to the Northern and Southern hemispheres, with the equator 16 

in the middle. The data were obtained from the earthquake catalogue of the Advanced National 17 

Seismic System (ANSS) hosted by the Northern California Earthquake Data Centre USA from 1963 18 

- 2018. Fifty-four-year earthquake data of M 6.0 were processed and analyzed using Gutenberg-19 

Richter (GR). The b-value parameters obtained from the GR model were plotted against the 20 

hemispheres using bar chart graphs to determine the tectonic stress level of the study region. The 21 

earthquake energy released was evaluated along the Northern and Southern hemispheres for a proper 22 

understanding of seismic events in the study region. It was observed that the rate of earthquake 23 

occurrence at the Southern hemisphere is higher than the Northern hemisphere. The b-values 24 

obtained in all the zones vary from 0.82 – 1.16. At the same time, the maximum earthquake energy 25 

of 4.6 × 1025 J was estimated. Low b-values indicate high tectonic stress within the plates. The large 26 

tectonic stress accumulation around the equator suggests that unstable lithospheres characterize this 27 

zone. 28 

Keywords: b-value, Seismicity, Focal depth, Lithosphere, Equator, Earthquake energy 29 

1.  Introduction 30 

The destruction associated with large earthquakes is one of the primary motivations for studying 31 

seismicity. The major concern about an earthquake is its radiative energy being released during its 32 

occurrence, which poses a threat to humankind. Proper investigation of the energy released by great 33 

earthquakes could proffer insights on the dynamics of the lithospheric plates. It has been established 34 

from previous studies on latitudinal variations of the energy released by earthquake events and its 35 

occurrence pattern that significant seismic events were observed to occur below latitudes ± 45° 36 

(Varga et al. 2012; Riguzzi et al. 2010; Levin and Sasorova, 2009; Dennis et al. 2002; Levin and 37 

Chirkov, 2001; Shanker et al. 2001; Varga, 1995; Sun, 1992; Chouhan and Das, 1971). The primary 38 
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mechanism that is associated with the release of energy at a deeper source is an earthquake (Kirby et 39 

al. 1991; Abe and Kanamori, 1979; Richter, 1979; Chouhan and Das, 1971). It has been documented 40 

that when these deep energies are released, they are not uniformly distributed along the earth’s radius 41 

(Gutenberg and Richter 1956, 1954, 1942, 1936). About 25% of the global earthquakes occur at focal 42 

depth > 60 km (Frohlich, 2006), and of the total energy released, 0.2% came from foci earthquakes 43 

with depths > 300 km (deep focus) (Abe and Kanamori, 1979). The analysis of great earthquakes 44 

from seismically active zones showed that the earth is silent at depths beyond 680 km, and the 45 

deformations at these depths exist within the viscous regime (Abe and Kanamori, 1979). This study 46 

aims to determine the levels of tectonic stress accumulation along the Northern and Southern 47 

hemispheres to identify the regions that are likely prone to major earthquakes in the future. 48 

 49 

2. Materials and methods 50 

For this study, the data were extracted from the earthquake catalogue of the Advanced National 51 

Seismic System (ANSS) hosted by the Northern California Earthquake Data Centre U.S.A in a 52 

readable format. The data comprised earthquakes of M ≥ 6 that occurred along the latitudinal 53 

boundary of 20° S to 20° N (Figure 1) from 1963 to 2018. The data comprised the date and time of 54 

occurrence, the latitude and longitude of the epicenter, the depth, the magnitude designation, source 55 

codes, and event identification. The data were sorted and filtered in preparation for further processing 56 

using the CompiCat software (Kossobokov et al. 2011). The study area, which is a strip of width 40
0
 57 

around the globe with the equator at the middle, was subdivided into four regions, each of 5
0
 widths 58 

along the Northern and Southern hemispheres. The areas along the Northern hemisphere are: 59 

latitudes 0
o 

to 5
o
N, 5

o
 to 10

o
N, 10

o
 to 15

o
N, and 15

o
 to 20

o
N, while the regions along the Southern 60 

hemisphere are: latitudes 0
o
 to 5

o
S, 5

o
 to 10

o
S, 10

o
 to 15

o
S, and 15

o
 to 20

o
S, respectively. 61 

 62 
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 63 

Fig. 1: World map showing the latitudinal boundary of 20° S to 20° N (Adapted from MapsNworld, 64 

2011). 65 

 66 

The Gutenberg Richter (GR) relation parameter b-value was evaluated in order to establish the levels 67 

of tectonic stress accumulation along the northern and southern hemispheres (Adagunodo et al. 68 

2018a; Hammed et al. 2016a; Nuannin, 2006; Damanik et al. 2010). GR relation is the frequency 69 

magnitude distribution that defines the total number of earthquake events in an area with respect to 70 

their magnitude (M). The GR model used is revealed in Equation (1). 71 

                    log𝑁 = 𝑎 − 𝑏𝑀                                                                       (1) 72 

where N is the cumulative number of earthquakes with magnitudes equal to or greater than M, and a 73 

and b are real constants whose values vary in space and time. 74 

 75 

An a-value represents the seismicity level, while the b-value corresponds to the slope of the power-76 

law and describes the size distribution of events. A high b-value indicates a larger proportion of 77 
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small events and vice-versa. Also, the b-value represents the tectonic character of an area, which is a 78 

function of the accumulated stress within the lithospheric plates (Hammed et al. 2016a). These two 79 

parameters have been used in the tectonic analysis, earthquake prediction, seismic risk analysis, and 80 

seismicity study across the globe (Adagunodo et al. 2018b). As described by Hammed et al. (2016a), 81 

b-value, which is inversely dependent on the differential stress, and serves as an indicator of stress 82 

level, that is, a region with high-stress level often have relatively low b-value. The b-value of each 83 

section (that is, 5° divisions) within the study area is computed as a slope of the line of best fit. 84 

Besides, b-values are plotted against the hemispheres using bar chart graphs to understand the 85 

tectonic stress level of the study region. 86 

The seismicity parameters such as earthquake energy, earthquake magnitude, earthquake focal depth, 87 

and earthquake epicenter were analyzed. As reported by Amiri et al. (2008), it is paramount to 88 

investigate the seismicity parameters in order to mitigate its effect in the future. For a proper 89 

understanding of the seismic activities in the study area, the energy released by an earthquake is 90 

plotted against its epicenter in the Northern and Southern hemispheres (Ghosh, 2007). The energy 91 

released, E, by an earthquake, can be estimated based on Gutenberg and Richter relations (Gutenberg 92 

and Richter, 1954; 1956), as shown in Equations 2 and 3. 93 

 Log E = 11.8 + 1.5 Ms (erg)        (2) 94 

 Log E = 5.8 + 2.4 Mb (erg)        (3) 95 

where Mb and Ms are the body-wave and surface-wave magnitudes, 96 

1 erg = 10
-7

 Joule (Hammed et al. 2016b). 97 

The variation of earthquake focal depth with magnitudes in the hemispheres was plotted using 3D 98 

CompiCat plots to assess the seismic hazard along the hemisphere on a global scale. The temporal 99 

distribution of seismicity in the hemispheres was evaluated using frequency-time graph analysis. 100 

 101 

3. Results and discussion 102 

      3.1 Trend of Seismicity and Tectonic characterization along the hemispheres 103 

      The degree of correlation coefficient (R
2
) of the Gutenberg-Richter equations obtained for all 104 

latitudinal zones (Fig. 2 – 9) along the hemispheres is significant enough, due to its closeness to 1, to 105 

serve as a correlator. This implies that both the number of events and the corresponding magnitudes 106 

are much correlated. Thus, the Gutenberg -Richter b values of earthquakes obtained from this 107 

correlation are valid to be used as the tectonic stress accumulation indicator along the hemispheres. 108 

The b-value is the stress meter that indicates the level of tectonic stress accumulation in the 109 

earthquake-prone zones, Hammed et al. (2019). The lower the b-value, the higher the tectonic stress 110 

and vice-versa (Awoyemi et al. 2017; Hammed et al. 2013). In this work, the b values obtained in all 111 
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the zones vary from 0.82 – 1.16, as shown in Fig. 2 - 9. Along the Northern and Southern 112 

Hemispheres, the latitude zones 0 - 5N and 0 - 5S that is 10
o
 across the equator are characterized by 113 

very low b values (Fig. 10). The implication of the low b values associated with these zones is that 114 

the zones are embedded with large tectonic stress accumulation. Thus, there is a strong plausibility 115 

that the zones may be prone to disastrous earthquakes in the future. 116 

The analysis of the trend of seismicity along the hemispheres revealed that the rate of earthquake 117 

occurrence in the Southern Hemisphere is higher than that of the Northern Hemisphere (Fig. 11). 118 

This implies that the phenomena that are associated with seismicity, such as the rate of divergence 119 

and convergence of lithospheric plates, are higher in the southern part of the equator. The seismicity 120 

is heavily distributed around the equatorial region at -5
o
 to +5

o
 (Fig. 12). This further confirms that 121 

the high rate of tectonic stress accumulation around the equator is indicated by low b-values. 122 

The weighted sum of earthquake energy counts along the hemispheres is densely distributed in the 123 

equatorial region (Fig. 12). At latitude -5
o
 to +5

o
, it is observed that the earthquake energy increased 124 

significantly up to the peak of 5.4 x 10
24

 J. This is an indication that the equatorial regions are 125 

characterized by large tectonic stress accumulation which implies that the lithospheric layers in these 126 

regions are very unstable.  127 

 128 

     3.2 Distributions of focal depth, frequency, and energy of earthquake released 129 

 130 

      The focal depth distributions (70 km depth classes) of the number of events (frequency) and 131 

energy of earthquakes are shown in Fig. 13 and 14, respectively. The number of events decreases 132 

with an increase in focal depth up to about 300 km. From 300 to 500 km, the numbers of events are 133 

sparse and sporadic. This zone could be interpreted as a subduction zone (Riguzzi 2010). Beyond this 134 

focal depth range, there is a significant increase in the number of events up to 700 km.  Most of the 135 

elastic energy radiated by deep events are concentrated in the depth interval between 500 km and 700 136 

km. In summary, 94.16% of the events occur within 300 km, while the remaining 5.84% occur from 137 

300 to 700 km. About 77.38% of the total number of earthquakes is concentrated in the first depth 138 

class (0–70 km); 16.71% occur from 70 to 300 km; the remaining 5.92% up to 700 km. As regards to 139 

the earthquake energy, 85% is dissipated within 300 km, the remaining 15% from 300 to 700 km, 140 

where most of the energy dissipation is viscous. About 70% of the total amount of energy is 141 

concentrated in the first depth range (0–70 km), with maximum sharp energy of approximately 4.6 × 142 

10
25

 J; 15% is dissipated from 70 to 300 km, and the remaining 15% up to 700 km. Only 5.92% of all 143 

the earthquakes released accounts for about 15% of the total energy release at depth 500–700 km. 144 

The deep event clustering is marked by high energy release (energy peak ~ 0.2 × 10
25

 J). 145 

The predominant clustering of magnitudes M6+ within the shallow focal depth (< 100 km) along the 146 

hemispheres (Fig. 15) indicates a high level of stress in the lithosphere around the equator. The 147 
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maximum energy of about 4.6 × 10
25

 J generated at shallow depth within this zone suggests that this 148 

zone is characterized by unstable lithosphere. 149 

 150 

       3.3 Temporal distribution of seismicity along the hemispheres 151 

 152 

       The analysis of the temporal distribution of seismicity along the hemispheres (Fig. 16) revealed 153 

that the earthquakes increase with time, and decade wise. The earthquakes are densely distributed 154 

around the equator in the last three decades. The increase and densely distribution of earthquakes 155 

along the equatorial zones is an indication that the lithospheric layer embedded in this zone is not as 156 

stable as early thought. This deviation could have been due to improved monitoring of the equatorial 157 

region. The increase in tectonic stress accumulation around the hemispheres could trigger continuous 158 

occurrences of an earthquake. 159 

 160 
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 161 

Fig. 2 Frequency Magnitude Distribution of Earthquakes along Northern Hemisphere 0
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Fig. 3 Frequency Magnitude Distribution of Earthquakes along Northern hemisphere5
o
 – 10

o
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 165 

Fig. 4 Frequency Magnitude Distribution of Earthquakes along Northern Hemisphere 10
o
 – 15

o
N 166 
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 169 

Fig. 5 Frequency Magnitude Distribution of Earthquakes along Northern Hemisphere 15
o
 – 20

o
N 170 
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 176 

Fig. 6 Frequency Magnitude Distribution of Earthquakes along Southern Hemisphere 0
o
 – 5
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 180 

Fig. 7 Frequency Magnitude Distribution of Earthquakes along Southern Hemisphere 5
o
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 183 

Fig. 8  Frequency Magnitude Distribution of Earthquakes along Southern Hemisphere 10
o
 – 15

o
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 186 

Fig. 9  Frequency Magnitude Distribution of Earthquakes along Southern Hemisphere 15
o
 – 20

o
S 187 
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 192 

 193 

Fig. 10  Distribution of b-value along Northern and Southern Hemisphere 194 
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 198 

Fig. 11  Distribution of frequency of earthquakes along Northern and Southern Hemisphere 199 

 200 

 201 

 202 
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 203 

Fig. 12  Distribution of Weighted Sum of Earthquake Energy along Northern and Southern 204 

Hemispheres 205 
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206 
Fig. 13a  3D Focal depth distribution of Frequency of Earthquakes along the Latitudinal Zones 207 

 208 
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 209 

Fig. 13b  Focal depth distribution of Earthquake Frequencies along the Northern and Southern 210 

Hemispheres 211 

 212 

 213 
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 214 

Fig 14  Focal depth distribution of weighted sum of Earthquake Energy along the Northern and 215 

Southern hemispheres 216 

 217 
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 218 

Fig 15  Focal depth distribution of magnitudes along the Northern and Southern Hemispheres 219 
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 222 

Fig. 16  Temporal variation of frequency of Earthquakes along Northern and Southern Hemispheres 223 

 224 

 225 
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4.  Conclusion 226 

The trend of seismicity along the hemispheres revealed that the rate of earthquake occurrence in the 227 

Southern hemisphere is higher than that of the Northern hemisphere. The b-values obtained from this 228 

study vary from 0.82 to 1.16. Very low b-values dominated the equatorial region, that is, 5° S to 5° 229 

N. This indicates that the level of stress around the equator is relatively high. The maximum 230 

earthquake energy of about 4.6 × 10
25

 J was estimated. 70% of the total amounts of energy calculated 231 

are housed in the shallow depth, while the intermediate and deep depths share 15% each. The 232 

shallow and the deep depths constitute the seismicity regime, as the numbers of events in the 233 

intermediate depth are scarce. To further evaluate the number of energies being hosted around the 234 

equator, 5° S to 5° N, a maximum of 5.4 × 10
24

 J of earthquake energy was estimated. This indicates 235 

that the equatorial regions are characterized by large tectonic stress accumulation. It can be 236 

concluded that the lithospheric plates around the equator are unstable. The temporal distribution of 237 

seismicity along the hemispheres revealed that the earthquakes increase with time, and decade wise. 238 

There is a strong plausibility that the regions around the equator may be prone to disastrous 239 

earthquakes in the future. 240 
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