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ABSTRACT

A total of 1488 evenrs reported in the Deud Sea region by
the Jordanian Seismological Net Work are used to study the
recurance-rate relation of the area. The events cover the period

from September 1983 1o September 1986 and lic in a magnitude
“range between 1.4 and 5.1.The frequency-magnitude relation for
the considered period has been derived in the form :
Log(N)=5.271-1025M,
where N.is.the cumulative number of events per vear for events
with magnitude M. The b-value in this relation is considered to

“be well representative of the region since in its evaluation it was
found that incorporating events at the high magnitude limits,

tends to produce a more stable and constant factor. The relation

seems to fit well with the pattern of the historical earthquakes in
the area. The geographic distribution of epicenters show, in
- many cases, a direct relation to geologically known surface
. faults. Earthquakes follow NW-SE faults in the southern parts,
while in the central and northern parts they are associated with
the main Dead Sea rift direction and the E-W and NE-SW fault
~ systems. The relatively low number of events reported for the
western side of the Fift is believed related to major differences in
the crustal structure of both sides.

(1) Presented at the XX General Assembly IUGG Vienna,
August 11-24, 1991. S

35



Recent Earthquake Activity ...

STRUCTURE and SEISMICITY

The Dead Sca lies between two tectonically different regions. the Red
Sea to the south with its active spreading center pushing the African and
Arabian plates apart, and the Tourus-Zagros. thrust zone to the north

resulting from the continued convergence of the Afro-Arabian plate relative

10 the Iranian blocks.

Structurally the Jordan rift valley is crossed by two major diagonal
faults (Figure 1), the Er Risha fault in Wadi Araba and the Jordan Valley
fault in the Jordan Valley. These two faults overlap in the Dead Sea region.
The Er Risha fault stans on the west of the Gulf of Aqhb:i crosses Wadi -
Araba diagonally continuing to the Wadi Hasa at the shores of the Dead Sea
where it dies away. The .m:xxﬁnum throw of the Er Risha fault is reported to
be around 2200 meters or more |Burdon, 1959]. The Jordan Vallcy fault
begins from the castern shores of Lake Tiberias and extends southward
forming the westemn shores of the Dead Sca. Thesc two major faults arc
characterized by a tremendous horizontal sinistral displacement of about 107
- 111 km [Burdon, 1959; Qucnncll, 1956. Fruend et al. 1970]. This
left-latcral displacement is also deduced from the seismicity of the region

‘[Ben Menahem et al., 1976; Reches and Hoexter, 1981].

Less prominant faults. fall in two directional groups. Those striking
NW-SE, most of which appearing as tensional faults, and where double
faults exist, they lead to the formation of grabens. The normal faults of this
group are located south of the Dead Sea as is the case of the Petra group of
faults, Ras El Nagb group and the Wadi Khuneizra group - located west of
Tafilia, while the grabens of this group are located east of the Dead Sea as is
' the case for the Karak and Wadi Sirhan grabens (Figure 1). The second
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group of these less prominent faults strike E-W and are found to extend

‘castward from the Rift and are concentrated in the south.‘They show

maximum diMwlacements near the Rift and die out 1o the cast. Of these are
the Wadi Zarqa Ma'in, the Sirhan, the Wadi Hasa. the Dana and the Shaubak

faults (Figure 1). -

~ This structural scliing, has been accompanied with seismic activity

‘dating as early as ‘the year 2150 B.C. Alsinawi (1986) collected 400

historical carthquakes for the whole Arab region between 1606 B.C. and
1900 A.D. His historic;ﬂ isointensity map of the Dead Sea rift region
(Figure 2) indicates the historical high sciesmicity of the Dead Sea region.
El lIsa zind Hachh (1986) ‘reported 2»()’ historical c:mhqhakcs of local

magnitudes between 6.1 and 7.3 occuring in the Dead Sca region between

2150 B.C. and 1837 A.D. and 1006 instrumental czmhquukcs'of magnﬁude
Iess than 5.5 in the period 1903-1984. Both historical and instrumental
carthquakes are located along the Dead Sca trasform faults as well as along

the two less promin:mi fault groups mentioned previously. (Figure 3).

MAGNITUDE-FREQUENCY RELATION

The b-value, one of the two factors of the relationship log N =a - bM,
is considered to have a direct physical meaning with respect to the area
being investigated. It reflects the extent of the teétonic stress under which an
area is subjected to and when moni'tored in time could lead to foretelling the -
degree to which the region is approaching its ultimate strength and so

' nearing the release of accumulated energy through an earthquake of high

magnitude [ Li et al., 1978; Riad et al., 1991]. Different b-values have been
reported for one and the same region. For the Dead Sea region b-values of
0.86 and 0.65 are reported [Ben-Menahem, 1981; Ben-Menahem and

Aboodi, 1981; Ben-Menahem et al., 1982; El-Isa and Hasweh, 1986].
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MANIPULATION

A total of 1488 cvents recorded by the Jordanian Seismological

Observator) (J.S. 0.) from September 1983 1o September 1986 were utilized

[Jordanian Smsmolomcal Observatory. Bull. 1-12. 1984-1986}. The evcms lic

in the magnitude range between 1.4 and 5.1 with a predominating magmlude

between 3.2-3.3 (Figure 4). These cvents arc secn {0 be mainly localized on
the castem side of the Dead Sca rift and being grouped about the tectonic

features of the region (Figure 5 & 6).
The two clements affecting the evaluation of a and b in the LogN versus
Magnitude relationship are the period and the magnitude range. utilized. The
period, whether monthly, bimonthly, quarterly or anualy does not affect the
b-valuc. Figure (7) shows the two. best-fitling straight lines for the
cummulative grouping of evenls per year and for the cummulative grouping
reported for the whole period. The two lincs are paralicl, indicating the same
valuc of b. The intercepts of these two lines change bringing a difference in the
valuc of the constant a. On the omcrlmnd the choice 01 magnitudc range has a
morc considcrable cﬂcct on. both a and’ b Figure (8) shows that as the

maizmtudc range is mcrcascd mcorporatmg more cvents in the calculauon

the straight line's slope gets stecper. thus significantly mcreasvmg the value of
b as well as a in the process. By stabelizing the lower limit of the magnitude
range at two values, L. 5 and 2, while varying the upper limit, the
corresponding changes in both b and a were monitored (Figure 9 & 10). The

two plots show an increase in the value of both factors accompanying the
increase in the upper limit of the range. A tendency for the curves to stabelize
towards the high upper-value limits is felt, being more evident in the plot for
the b-value. This would imply that with the incorporation of high magnitude
events more stable a and b-values would be calculated. The following table

gives valuesof a and b for the different ranges used.
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CHANGE UF‘A(b) WITH CHANGE IN Ml RANGE
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Figure (9) Effect of varying the upper’
limit of the magnitude range while sta-—
bilizing the lower limit on the b-value.
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CHANGE OF (a) WITH CHANGE IN Ml RANGE
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Figure (10) Effect of varyving the upper
limit of the magnitude range while sta-
bilizing the lower limit on (a).
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LONCLUSION

Thc Dcad Sca has bccn a sxcsmlcally active region for the past 30
centuries. hs sxesmncny comcxdcs with. the regions stuctural and
tectonic scmng Eanhquakcs follow NW-SE faults in the

7 southcm p.ms. _whxlc n mc ccnlrdl and northcrn parts they am
i assocmud with I_hL mam Dcad Sca nn dmcuon and both NE-SW

And E W mun svsmms

2. T he rd.mwl) low numbcr 01 reeent carthquakes reported for the

, wulgm side 01 the rift may | bL rdalcd to m.gor differences in the

mlxl.xl struuuru 01 hoth sulu

3. In_ calculating the b-valuc, incorporating cvents of the high

7 mdumudc limits. lcn(l o, produc,c a morc, smblc.;_;_xnﬂ constag

hvalucs llmn whcn cvcnls 01 mc low cnd magniludcs are

anrpomlcd.,

4. The Dead. Sca region. is  thus characterized - by a

f maﬂmludc frcqucncy rclauon as. follows

| Log(Njyean=5271-1025My

49



Recent Earthquake Activity ...

REFERENCES
Alsinawi, S.A., 1986: The Historical Scismicity of the Arab Countrics. Proc.
of the Third Arab Symposium on Earthquake Seismology, 8 0
March 1986, Rnadh Saudi Arabia.

Ben-Menahem, A.; Nur, A. and Vered, M.; 1976: Tectonics, Seismicity and
Structure of the Afro-Eurasian Junction - the Breaking of an

Incoherent Plate. Phvs. Earth Planer. Int., 1 2:1-50.

Ben-Menahem, A. and Aboodi, B.; 1981: Micro- and Macroscxsmncuy of the
Dead Sca rift and off- Co 151 Eastern Muhu.rmncan in The Dead

Sca rift, pp. 199-234, cdts. Freund, R. and Garfunkel, Z.. Elsevicr.

Amsterdam.

Ben-Mcenahem. A, 1981: Variation of Slip and Creep Along the Levant rift
Over the Past 4500 Yecars; in: R. Freund and Z. Garfunkel (cdts)

The Dead Sea rift. Tectonophysics, 80:183-197.

Ben-Mecnahem, A.; Vered, M. and Brooke. D.; 1982: Eanhquaké Risk in
the Holly Land. Boll. Geofisica Teorica ed Applicara. 24:1175-203.

Burdon, D.J., 1959: Handbook of the Geology of Jordan.

El-Isa, ZH. and Hasweh, N.K., 1986: Seismicity of the Southemn
- Jordan-Dead Sea Transform. Proc. of the Third Arab Symposium
on Earthquake Seismology. 8 -10 March 1986, Riyadh, Saudi

Arabia.

50



Riad et al.

Fruend. R.: Garfunkel. Z.: Zak, L: Goldberg, M.: Derin, B. and Weissbrod.
T.. 1970: The Shear Along the Dead Seca rift. Phil. Tran. R. Soc..
267.:107-130.

Jordanian Seismological Observatory. 1984-1985: Earthquakes in Jordan and
Adjacent Arcas: Naturdl Resources Authority, Kingdom of Jordan,
Jordan Secismological Observatory, Geophysics Division, Bulls.

1-12.

Li, Q.L.; Chen, J.B.: Yu, L. and Hao, B.L.:1978: Time and Space Scanning
of the b-Value: A Method for Monitoring the Development of

Catastrophic Earthquakes. Acra G('()[)Ivl)'.\‘f(‘(l Sinica. 21:101-125.

Quennell, AM., 1956 Tectonics of the Dead Sca Rift. Proc. XXth Inter.

Congress, Mexico.

Reches. Z. and Hoexter, D.; 1981: Holocene Scismic and Tcctonic Activity
in the Dead Sca Arca, in: R. Fruend and Z. Garfunkel (cdts) The

Dead Sca Rift. Tectonophysics, 80:235-254.
Riad. S.. Ghaleb, M. and Hosney. H.: 1991 Time Scanning of the b-Value

for Earthquakes in the Dead Sea Region. 6th Inter. Seminar on

Earthquake Prognostics, Berlin, Germany. '

51



i guslly &l 1S
Tl Zosall il ey il

wllé ngera «grims guus ¢ Bty sotow

ol Ty oy Lana 534 VEM (e 8 398l Lyl o laglall s

by 30 el I Jamgall VAN paaey VAAY s 0 Lo 3l i el

plaiial 6 aay LS. 3y SEU ULl eyl sl S TN 23l o

ol s lams Uslalls (D) culill linwa b Loadiuall il 1ol el gl
' calill 13g!

52



