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Abstract

We map the earthquake frequency — magnitude loiigioin ( b value ) as a function o depth in the
intraplate regions of the earth. About 590 welbedted events in the different intraplate regiores a
selected for this analysis. The earthquake dataassetseparated in 10 km zones from 0 to 40 knmhdept
The b-value of the intraplate regions ranges fron2 @ 1.20. There is a clear tendency for decrgmase
b- value in Africa, Asia, North America and Glolyaland increase in b-value in Australia and Europe
The low b-values and low seismicity at depth rao§20-30 km may be associated with low degree of
heterogeneity and high rheological strength in @neast. The result shows that the b-value increases
below the depth range of 20-30 km in Africa, Adigrth America and Globally and decreases in
Australia and Europe. We found that there is higisraicity below the depth range of 20-30 km. Such
high seismicity with high b-values may be assodatéth high heterogeneity as well as with low
strength in the crust.
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[. INTRODUCTION

In the mid1950's , Gutenberg and Richter [1] introedl a formula for the frequency — magnitude
distribution (FMD), in the form :

LongN=a-bM .......ccceeeennn. Q)

For a certain region and time interval, eq.(1) jpies the number of earthquakes (N) with magnitude
(M) wherea andb are positive, real constants. The paramateescribes the seismic activity. It is
determined by the event rate and for a certainoregiepends upon the volume and time window
considered. Thé parameter is a tectonic parameter that seemsptegent properties of the seismic
medium. After the pioneering works of [2], [3] [4hey have been extensively used by other workers.
The temporal variation df was investigated by many researchers ( e.g. 8],[f]. The relations
betweerb- value and a physical properties such as streagtgrial homogeneity and pore pressure were
studied by other authors ( e.g. [2], [3] [4], [8]Studies investigating the spatial variation ofdide
were carried out by many workers ( e.g. [2], [3], [8]). Studies investigating the spatial variatiof
b-value were carried out by many workers ( e.g. [9]10], [11], [12]).

Gutenberg and Richter [1] suggested thatbthparameter changes between 0.45 and 1.5, while
Mogi [2] found thatb-value ranges from 1.0 — 1.6 for the global sei#mid-or global seismicity,
McNally [13] found that théb-values range between 0.8 — 1.2, and Udias anduadid] found that
the b-values range from 0.6 to 1.5 for the global set#iyni Monerroso and Kulhanek [15] found that
the b-values range from 06 to 1.6 for Central Apzer seismicity.

Few studies investigated the variation of b-valitl the depth. Gutenberg and Richter [1] founat th
values ofb are 0.90 +0.02, 1.240.2 and 1.2+0.2 for shallomteimediate and deep earthquakes,
respectively. Depth dependenceefialues may reflect the degree of material hetareie [2] and
stress conditions [3]. Some investigators [16],[l1A] have shown that increasing of pressure with
depth, as possible, leads to decrease of b-valtie aépth, in general. Mori and Abercrobie [19]
investigated the variation di-value with depth in California, and found thatrihés a systematic
decrease in b-value with the increasing depth ofhgaakes. To explain the observation, they

111506-8484 IJBAS-IJENS © December 2011 IJENS I1JEN 4



International Journal of Basic & Applied SciencdBAS-IJENS Vol: 11 No: 06 30

postulated that due to the high heterogeneous malafoperties and low lithostatic stress at the
shallow crust ( 0-6km), rupture initiations are molikely to stop before growing into larger
earthquakes, producing more smaller earthquakes.

ZHU et al [20] investigated the variation of thevalue with depth in Beijing area. The results show
that theb-values decrease with increasing the hypocentrathdeystematically. A dramatic variation
in b is observed around the depth of 8km.

It indicates that there are more smaller earthgaiade shallow depth(0-8km),while more larger
earthquakes occur at greater depth(8-25km). Theigddymechanism behind this phenomenon can be
explained by the variations in material heteroggmean lithostatic stress condition. Khan and
Chakraborty [21] found that the high b-values asged with depth, coinciding with the lower crust,
indicate that the shilling Plateau , India , isoped by a strong lithosphere. Amorése et al {@ahd

that the variability ob is often not statistically significant and thaé thecrease df with depth should

be interpreted with caution. Singh and Chadha {@8hd that there is a systematic decreade\malue

up to 8km followed by an increase in the Koyna-Véaindia. The increase in b-value is interpretad i
terms of presence of the fluids.

Low b-value areas at 5km depth indicate localiziggh Istresses which are favorable for future rupture
The purpose of this study is to investigate theatimn of b-value with depth in the intraplate rags.

ll. b-Value in the Intraplate Regions

Many investigators estimated the b-value in theapiate regions, locally, regionally and globally.
According to Talwani [24], the lovb-value is a characteristic feature of the intrapleggions. One
possible explanation for this observation is thdthiw the plate the rocks are not as intensively
fractured. Triep and Sykes [25] found that foraadtive intracontinental regions combined, excepaAs
b- value changes from 0.90 to 2.1 at a corner madeitMc of 6.9 to 7.0. The distribution of stable
regions indicates similar changes. Thwalue for Australia is 0.88 [26]. Thie-value for the entire
Indian Peninsula is 0.92 [27],[28]. From historiealrthquakes, Al-Heety [29] estimated the b-value o
the stable continental regions in the Arabian platequals to 0.47. Stein and Newman [30] fourat th
the New Madrid Seismic Zone hhsralue equals to 0.91. In the Wasbash Zone btlalue equals to
0.74. The parameters of the Gutenberg-Richter imbia City, India, ara = 7.7 + 0.04 and = 0.86

+ 0.02 [31]. Al-Heety and Eshwehdi [32] studiedsseicity of the northwestern region of Libya as an
example of continental seismicity. The b-valuehi$ region equals to 0.73 + 0.038. The b-valuéhef t
western desert of Irag is 0.54 [33]. Okal and SwW&4} conclude that botR — andb-values for true
intraplate earthquakes are essentially equivatetiiase of interplate earthquakes in similar rarafes
moments or magnitudes.

lll. Data

The source catalogs for the database of our strglyha catalog of shallow intraplate earthquakes
[35], the EPRI earthquake data sheets [36] ance#iithquake catalog for stable continental regions
[37]. An earthquake data set used in seismicitgaismic studies must be homogenous and complete.
All earthquake magnitudes should be in the samenihate scale and a specific time period. A
uniform magnitude scale, the moment magnitude Mas applied throughout the catalog. Thg M
2/3 logMy — 10.7 [38], where Mis the seismic moment(in dyne.cm).For those evetisre M was
not available, it was determined from regressidrg @on other magnitude scales( mb, Ms), which had
already been developed for [36].The Spatial digtidm of earthquakes in the studied regions is show
in Fig 1. The events that lack the magnitude and focattdepre excluded.

V. Methodology and Results

The estimation of the magnitude of completeness) (Mccritically important in calculating b-
values [39]. A forward modeling technique propobgdViemer and Wyss [39] is used to calculate the
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Mc. Mc is obtained as 4.5. Five hundred and niegtyhquakes larger than,M.5 used to estimate the
b-values.This number changes from region to other Table 1).

The Maximum-Likelihood method was used to estimite b-value in the frequency-magnitude
relation [40] :

3= l0g. /(May -Mmin) = 0.43/(My -Mmin) -+« cevvvnenn. 2
Where M, is the mean of the observed magnitude apg i the minimum or threshold magnitude in
the group of events for complete reporting. Wit®&f confidence limit, the overall b-values are(.9
+ 0.06, 0.84 £ 0.08, 0.99 + 0.08, 1.2 + 0.15, at7@.07, and 0.90 * 0.03 for Africa, Asia, Australia
North America, and the Globe, respectively. Theadetre divided into four groups based on the depth
ranges of 0-10, 10-20, 20-30 and 30-40 km to cateub-values (Table 1 arfidg.2). An overlap depth
of 10 km (moving step) was used to maintain thesiaht continuity of the data points. To ensure the
stability of the b-value estimations independenthaf method used, the least square method (LS) was
also applied to calculate the b-values for the abdepth ranges and results are shown in Table®. Th
results from both methods show the consistent t@rdef decrease in b-values with increasing
hypocentral depth. The results showed decreasifig-ofalue increasing depth to the depth range (20
— 30km) in Africa, Asia, North America and Globaliyd increasing of b — value with increasing of
depth in Australia and Europ€ig. 2).Below the depth range (20 — 30Km), there existsdéase in b —
value in Africa, Asia, North America and Globallgdadecrease of b — value in Australia and Europe.
Fig.3 illustrates the depth distribution of seismicitythe all intraplate regions. Irrespective of the b
values, it was found that in all the regions thedst seismic concentrations are observed between 20
and 30 km.

V. Discussion

Previous studies show that the main factors thatazuse perturbations of the normal b-values are
material heterogeneity, effective stress and teatpes [2],[3],[4] ,[41]. High b-values indicate arye
number of small earthquakes, to be expected inonsgof low strength and large heterogeneity,
whereas low values indicate high resistance andHeterogeneity [42], [43],. The phenomenon of
heterogeneity decreases with depth and normalssitr&s long been noted [44]. The b-value may also
decrease with increasing depth [19],[5] possiblg thuincreasing applied stress at deeper levels 45

is reasonable to consider that the physical meshaliehind the decrease in b-value with increasing
depth can be explained by the variations in mdtémderogeneity and lithostatic stress conditions.

Because of the intraplate earthquakes are infreqtiem access to a sufficient number of shocks by
more than 4.5 meets the requirements of statiséicalysis on the calculation of b — value variation
with focal depth, is impossible. Studies show tmaist earthquakes of this type occurs in the upper
crust [25], [46] . we find that the number of eguhkes in the depth ranges in excess of 20 kmbeill
few. According to the above mentioned, variatiorbef value is often not statistically significamtda
that conclusions of this study must be taken waéthtion.

The low b-values and low seismic activity at depi30 km Fig.2 and Fig.3 can be accounted for
by a low degree of heterogeneity and high rheoldgstrength in the crust, allowing brittle failua¢
higher levels of stress. The high b-values and Hgismic activity following the depth 20-30 km
(Fig.2 and Fig.3 reflect a sharp change in the subsurface rhgol8gch a high seismicity, with high
b-values may be associated with high heterogerastywell as with low strength in the crust.

VI. Conclusions

From our study, we conclude the following:

1. The b-value of the intraplate regions rangemftb72 +0.07 t01.20 +0.0.15. Globally,

b-value is 0.90 + 0.03.
2. There is a clear tendency for decrease in b-velitle depth in Africa Asia, North-

America and Globally, and increase in b — valuAustralia and Europe.
3. The low b-values and low seismic activity at tthepO — 30 km may be associated with

low degree of heterogeneity and high rheologicalrggth in the crust.
4. There are increases in b-value below the depibge of (20 — 30 km) in Africa, Asia,
North America and Globally and decrease in Ausdralid Europe . There is high seismicity below the
depth range of (20 — 30 km). Such high seismicitthvhigh b-values may be associated with high
heterogeneity as well as with low strength in therust .

111506-8484 IJBAS-IJENS © December 2011 IJENS I1JEN 4



International Journal of Basic & Applied SciencdBAS-IJENS Vol: 11 No: 06 32

VIl. References

[1] B. Gutenberg and C. Richter, Seismicity of thetEand associated phenomena . Princeton UnivsRres
Princeton , NY , 1954 .

[2] K. Mogi, " Magnitude — frequency relationship for elasshocks accompanying fractures of various

materials and some related problems in earthquaRe$i, Earthquake Res. Inst. Univ. Tokyo ,vol. 40,
p. 831 , 1962.

[3] C. Scholz, "The frequency — magnitude relation afrofracturing in rock and its relation to earthiges,"
Bull. Seism. Soc. Am.,vol. 58 ,p. 399 ,1968.

[4] M. Wyss, Towards a physical understanding of thehgaake frequency distribution," Geophys. J. R.
Astro. Soc., vol. 31 ,p. 341, 1973.

[5] S. Wiemer and M. Wyss, "Mapping the frequency -gnitade distribution in asperities : an improved

technique to calculate recurrence times ?," J .pBgn Res .vol. 102 ,p. 15115 , 1997 .

[6] S. Wiemer and K. Katsumata, "Spatial variabilityseismicity parameters in aftershock zone ," J Ggop
Res. ,vol. 104 ,p. 13135, 1999 .
[7] S. Wyss, K. Shimazaki, and S. Wiemer, "Mapping asperiby the minima of local recurrence time : San
jacinto — Elsinor fault zones,” J. Geophys . Resvpl.105 ,p.7829, 2000
[8] B.E. Shaw," Frictional weakening and slip complgxit earthquake faults," J. Geophys. Res.,
vol.100, p.18239, 1995.
[9] K. Kaila and N. Rao, "Seismotectonic maps of Euesparea,” Bull. Seismo. Soc. Am., vol.65 ,p.1721,
1975.
[10] A. Yilmazturk, Y. Bayrak, and O. Cakir, "Crustatismicity in and around Turkey," Natural Hazards,
vol.18,p. 253, 1999 .
[11] Y. Bayrak, A. Yilmaztirk, and S. Oztiirk, "Latesadriations of the modal (a /b ) values for tliféedent
regions of the world,” Journal of Geodynamics, vol34 ,p. 653, 2002.
[12] E.A. Al-Heety , "Quantitative Seismicity Maps ofethArabian Plate," Journal of Al-Anbar
University for Pure Science, vol.1, p.102, 2007.
[13] K. McNally," Earthquakes and seismicity," .In : D. James ( Ed.) The encyclopedia of Solid Earth
Geophysics , p.308, 1989 .
[14] A. Udias and J. Mezcua, "Fundamentos de geofisicélianza Universidad Textos , 476pp, 1997.
[15] D. Monterroso and O. Kulhanek, "Spatial variatiasfsb — values in the subduction zone of
central America," Gedfisica Inter., vol.42 ,p. D03.
[16] J. Evernden, "Study of regional seismicity and eisged problems,” Bull. Seism .Soc. Am., vol. 6(393,
1970.
[17] J. Eaton, M. O'Neill, and J. Murdock," Aftershoaksthe 1966 Parkfield — Cholme , California eartakgel
: a detailed study,” Bull. Seism. Soc. Am.,, vol. ,60p.1151 ,1970.
[18] J. Curtis, "A magnitude domain study of the seistyiof Papua , New Guinea and the Solomon
Islands," Bull. Seism. Soc. Am., vol. 63 ,p.787739
[19 J. ] Mori and R. Abercrombie, "Depth dependeatearthquake frequency — magnitude distributions i
California : Implications for the rupture initiatig' J. Geophys. Res., vol.102 ,p. 15081,1997.
[20] A. Zhu, X. Xu, P. Hu, Y. Zhou, G. Chen, and W.nGaVariation of b value with hypocentral
depth in Beijing area : Implications for earthquakgleation,” Chinese Science Bulletin, vol. 50 ,
p.689 , 2005.
[21] P.Khan and P. Chakraborty, "The seismic b — valueigncbrrelation with Bouguer gravity anomaly over
the Shillong plateau area ; tectonic implicatiodgurnal of Asian Earth Sciences, vol. 29 ,p. 136
2007.
[22] D. Amorése, J. Grasso, and P. Rydelek, "On varyirgValue with depth : results from computer —
intensive tests for California,” Geophysical Journaternational, vol. 180 ,p. 347 , 2010 .
[23] C. Singh and R. Chadha, "Variations in the freqyenanagnitude distribution of earthquakes
with depth in the Koyana — Warna region, India,urdal of Asian Earth Sciences, vol. 39 , p.331,
2010.
[24] P. Talwani,” Characteristic features of intraplasthquakes and the models proposed to explain.them
Proceedings of the NATO Advanced Research Workshroauses and effects of earthquakes at
passive margins and in areas of postglacial reboartabth sides of the North Atlantic , Vordingborg
Denmark , ( 9 - 13 ) , 1988 , p. 563 ,1989.
[25] E. Triep, and L. Sykes, " Frequency of occurrenéemmderate to great earthquakes in
intracontinental regions: Implications for chandgesstress , earthquakes prediction , and hazards
assessments," J. Geophys. Res., vol. 102, p.9BZ%7,

111506-8484 IJBAS-IJENS © December 2011 IJENS I1JEN 4



International Journal of Basic & Applied SciencdBAS-IJENS Vol: 11 No: 06 33

[26] T. Allen, G. Gibson, A. Brown, and J. Cull," Deptfariation of seismic source scaling relations :
Implications for earthquake hazard in southern f@alia,” Tectonophysics, vol. 390 , p.5 , 2004.
[27] K. Jaiswal and R. Sinha, "Probabilistic modelingeafthquake hazard in stable continental shield
of the Indian Peninsula," ISET Journal of Earthquakechnology , vol.43 , p.49 , 2006.
[28] K. Jaiswal and R. Sinha," Spatial variation of nmaxtin considered and design basis earthquakes
in Peninsular India," Current Science, vol. 9230 &2007.
[29] E.A. Al-Heety," "Historical Seismicity of the StablContinental Regions ( SCRs) in the ArabizateP|
(A Preliminary Study)," Journal of Al-Anbar Univétg for Pure Science, vol. 1,p. 44, 2007.
[30] S . Stein and A. Newman," Characteristic and aratteristic earthquakes as possible artifacts :
applications to the New Madrid and Wabash seigoies," Seismol. Res. Lett., vol.75 ,p. 173, 2004.
[31] S. Raghu kanth and R. lyengar," Seismic hazaichagsbn for Mumbai City," Current Science,
vol. 91 ,p. 1486 , 2006.
[32] E.A. Al-Heety and A. Eshwehdi," Seismicity of Nlantestern Region of Libya : An Example for the
Continental ~ Seismicity," Seismol. =~ Res. Lett, vol.77p. 691 , 2006.
[33] E.A. Al-Heety ," Intraplate Earthquakes in lIraqi WWern Desert,". Journal of Kirkuk
University ( Scientific Studies), vol. 5,p. 31, 201
[34] E. Okal, and J. Sweet," Frequency — size distrimstifor intraplate earthquakes," GSA Special Papeis
425 ,p. 59, 2007.
[35] E. Triep, and L. Sykes, Catalog of shallow intragwental
earthquake.http://www.ldeo.Columbia.edu/seismolwigg/intra.expl.html.1996.
[36] Electric Power Research Institute ( EPRI ) Jobmst A. C., Coppersmith , K. J., Kanter , L. R. and
Cornell, C. A. ,"The earthquakes of stable contiakregions," vol. 1 — 5, edited by J.F. Schnieder
Palo Alto , California ,1994.
[37] S. Schulte and W. Mooney , " An updated globatheprake catalogue for stable continental regions:
reassessing the correlation with ancient rifts,” o@®s. J. Int., vol.162,p. 707 ,2005.
[38] T. Hanks and H. Kanamori," A moment magnitude staleGeophys. Res., vol.84, p.2348, 1979.
[39] S. Wiemer and M. Wyss, " Minimum magnitude of coetphess in earthquake catalogs :
Examples from Alaska , the western US and Japaall: Beism. Soc. Am., vol.90, p 859 ,2000 .
[40] T. Utsu, "A method for determining the value oinbthe formula log N = a — b M showing the
magnitude — frequency relation for earthquakesdpbgs. Bull. Hokkaido Univ., vol. 13 ,p. 99 ,1965.
[41] N. Warren and G. Latham," An experiment study arihal induced microfracturing and its relation to
volcanic seismicity," J . Geophys. Res., vol. 754455, 1970.
[42] T. Tsapanos," b — values of two tectonic partsineuEn — Pacific belt,"” PAGEOPH vol. 134 ,p. 229909
[43] P. Khan," Study of the occurrence of two recent aigimg earthquakes and their aftershocks in
the central Himalaya," In : National Symposium oevBlopments in Geophysical Sciences in India ,
BHU , Varanasi ( extended abstract ) pp. 114 ,2003.
[44] R. E. Abercrombie and J. Mori," Characteristicsfafeshock occurrence to large earthquakes in the
western USA," Nature,vol.381,p303,1996.
[45] P. Bhattachary and J. Kayal," Mapping the b — \&laied its correlation with the fractal dimensiorttie
northeast region of India," Journal of the GeolayiSociety of India, vol. 62 , p.680 , 2003.
[46] M. Cattaneo, P. Augliera, S. Parolai, and D. Spadlsa," Anomalously deep earthquakes in
Northwestern Italy," Journal of Seismology, vop.3421,1999.

111506-8484 IJBAS-IJENS © December 2011 IJENS I1JEN 4



International Journal of Basic & Applied SciencdBAS-IJENS Vol: 11 No: 06

34

Table 1: Variation of b — value with depth in tte intraplate regions of the continents

Region Depth Range ( Km)
0-10 10- 20 20-30 30-40 For all
Africa N = 107 N =28 N=8 N =54 N =197
Mpin= 4.5 Mpin= 4.5 Mpin= 4.5 Mpin= 4.5 Mpin= 4.5
b=126+0.12 b=1.0+0.18 | b=0.59+0.20 b=1.12t0.15 | b =0.90 + 0.06
Asia N =27 N=8 N = 1€ N =37 N =88
Mpin= 4.5 Mmin= 4.5 Mmin= 4.5 Mpin= 4.5 Min= 4.5
b=0.82+0.15 b=0.78+0.18 b=0.71+0.21 b=1.19+0.19| b =0.84 +0.08
Australia N =58 N =25 N=4 N =56 N =143
Mpin= 4.5 Mpin= 4.5 Mpin= 4.5 Mpin= 4.5 Mpin= 4.5
b=0.81+0.10 b=0.81+£0.16 b=1.56 +0.76 b =1.03 + 0.13| b =0.99 + 0.08
Europe N =3C N =11 N=28 N =13 N = 62
Mpin= 4.5 Mmin= 4.5 Mmin= 4.5 Mmin= 4.5 Mmin= 4.5
b=1.14+0.20| b=1.19+0.35| b=1.43+0.50 | b=1.07 £ 0.28| b =1.20 £ 0.15
North America N =49 N =32 N=8 N=11 N = 100
Mpin= 4.5 Mpin= 4.5 Min= 4.7 Mpin= 4.5 Mpin= 4.5
b=0.91+0.13 b=0.86+0.17 b=0.60+0.21 b=0.68 +0.20 b =0.72 +0.07
Globe N =271 N = 10¢ N = 44 N =171 N = 59(
Mpin= 4.5 Mpin= 4.5 Mpin= 4.5 Mpin= 4.5 Mpin= 4.5
b=0.92+0.07 b=0.89+0.12 b=0.74+0.14 b=1.1+0.08 | b=0.90 + 0.03
N = Number of events M, = Minimum magnitude
Table 2: The b- values for a depth ranges using ffiérent estimation methods
Region Method Depth range (km)
0-10 10 - 20 20 - 30 30-40
Globe ML: 0.92+0.07 |0.89+0.12 0.74+0.14 1.14+0.08
LS: 1.06+0.04 |1.0+0.07 0.92 +0.04 1.35+0.05

ML, The maximum likelihood estimatiorLS, the least squares estimation.
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Figure 1: Spatial distribution of intraplate eveintshe different intraplate regions. Instrumental
earthquakes are denoted by dark grey circles,ridat@arthquakes by light grey circles.
Stars indicate M = 8 events. In Africa and Asiasses are smaller (4.5 — 5) events.( After
Schulte and Mooney, 2005 ).
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Figure 2: Depth variation of b — value for diffetentraplate regions in the continents and globally
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Figure 3:
Variation of seismicity with depth for the intratga
regions in the continents and globally.
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