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While the Dead Sea basin has been studied for a long time, the Cluster (° o .
available knowledge about the micro-seismicity, its distribution Between February, 9th 2007 and March, 4th 2007, 115 2 ///;://, ) )
and characteristics is limited. Therefore, within the framework of events occurred in'a very small area in the southe'ast of the F10 s, - :
the international DESIRE (DEad Sea Integrated REsearch) project, 36° basin in the depth range of 14 and 17 km (red square € 5 < )
a dense temporary local seismological network was operated in . P g€ o 9 -5 2 ' >
the southern Dead Sea area. Within 18 month of recording 650 P8R E(I)gtuhraet1c1lSi.t\e/\nfT;lsetgzeziln(?areseﬁgﬁpglfjilri: Se?/qelrﬁ:gicﬁl-?et(ejd . . v
events were detected. Based on an already published R within the First 7 hours (Fi )l/.ll"e 6).The first and the third 0 5 6 o T 15 B 21 2 2 @ @ @ - L e e
tomography study clustering, focal mechanisms, statistics and S 4, 9 ' , Hours after first event o - - s | | |
the distribution of the micro-seismicity in relation to the velocity # o5 Yt %‘* events were among the largest of all events during the ol - -
models from the tomography are analyzed. The determined b- ‘ R N BT f) o1 recording period (ML of 4.3 and 4.5, respectively). 4 other Fid. 6 g . ] :;
value of 0.7 indicates a relatively high risk of large earthquakes Mediterranean Sea o S TRENF T events display magnitudes larger than 2.5, and all the 1g. | S e . )
compared to the moderate microseismic activity. The AR other events had magnitudes between 0.5 and 2 (Figure 7). Number of events per hour after the first event of the cluster. :
distribution of the seismicity indicates an asymmetric basin with - The events of the cluster were relocated using the double- o - .. ) )
a vertical strike slip fault forming the eastern boundary of the difference location procedure HypoDD (Waldhauser et al. = 3’ = :
basin, and an inclined western boundary, made up of strike-slip 2001). The accuracy of the locations is significantly - s
and normal faults. Furthermore, significant differences between improved by including time differences determined by | feesesssessiessiisiiiiilis bl 5.0
the area North and South of the Bokek fault were observed. African cross correlation. Fig. 8 shows that the events have similar | o .-
South of the Bokek fault the western boundary is inactive while 30l Plate epicenters, only the depth (14.5-17km) differs between | 35 p - -
the entire seismicity occurs at the eastern boundary and below ‘ them. The cluster shows hence a vertical structure | 30 B i -
the basin-fill sediments. The largest events occurred here, their perpendicular to the direction of the movement on the . -25 £ ]
focal mechanisms represent the northwards transform motion of main faults (horizontally North-South). A potential 1 (20 8 ovv Flg. 9 Forsome high quality events in different depths, the
extension of the spatist and temporal closter From February. dependency between origin time and depth, indicating ? i . L e bt b
S)(;E)e7nissl(i)nntgrptreetesgaatslableaigg f':?;tpeo(;ilocéﬁsetleordzl?lz (I):I:eEI':g?';ygion ‘ Fluid induced Seismidty was teSted' but could not be | [0 v S indipca%/ing the best fitpline through thexllargy(Est arﬁplitude of the S-
around the Bokek fault. North of the Bokek fault similar seismic confirmed. An approach to verify that the cluster has a first 0o % s w0 % 70w % 1 10 R I wave-train. With increasing depth the distance between P and S
activity occurs at both boundaries most notably within the basin- - order vertical structure is presented in Figure 9. Event number O”SQI ® '”Creas'”tgt' TS”S’ thf_tdfeptth ?'tsrf”b“}'on Sf the relogated
fill sediments, displaying mainly small events with strike-slip Fi 1 . _ o _ _ - Fig_ 7 Fig_ 8 1he events of the cluster in a 3D olot. No SVENIS SEEMS NOLTO LS an arielact of e TElocalion procecure.
mechanism and normal faulting in EW direction. Therefore, we g . Left: Overview of the plate boundaries in the region around the Dead Sea. The left lateral moving (107 km within the Magnitude of the events in the cluster in chronological order. Jertcal exaggeration.

last 20Ma) Dead Sea Transform (DST) separates the Arabian plate from the African plate. Right: 65 seismic stations were recording
Eu'ggeSE that the Bokek fault forms the border, bet,ween the . the microseismicity in the southern Dead Sea area between October 2006 and March 2008. Only the main faults are indicated as

single” transform fault and the pull-apart basin with two active solid red lines. Eastern border fault (EBF); Western strike-slip fault (WSF) and Western Boundary fault (WBF), here collectively called
border Faults. Western faults (WF). The two faults bordering the Lisan diapir: Ein Gedi fault (EGF), Bokek fault (BOF). The green line is indicating
the North-South - profile of Figure 10. The dashed box is indicating the study area in (Figure 11a).
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active area at the eastern boundary; South of P o ,. . - - - 10 & - - - 10 & hypocentres on a vertical cross-section along the _§ o e i :
31.15°N (A, South of the BOF), between between s - 31.4 314 o BLS = : % % : % transverse axis of the DSB; d) Histogram of events per . jeronen W S
31.15°N and 31.4°N (B, between BOF and EGF) and o /B. B ] | s = o) | s = depth kilometer. The events, marked as dots in different S o ";;.} i A |
_ North of 31.4°N (EGF). In the south only the eastern 1 ¢ ¢ ia [ 1 e [ | G A S colours, scaled by its magnitude. For each different = Wil B A [ o
E boundary is active (A). Meanwhile between 31.15°N P B =L P A, B pi— - . B seismic region one or two characteristic focal = 0
= and 31.4°N the berlawogr of both boundaries looks 1 % - 313 = 3187 w2 kS B T - mechanism are indicated. The three main regions of . A
= smglllf; (kB). Qt 3t1h.2NN iﬁlsmlcflt%/hoclcurs bstweden 4 i S, .“;‘ﬁ-,' i i [km] different seismic activity A, B and C marked. A is . TRy ' _
g an Km depth. Northwarads the lower boundary IS " i 3 e ' representing the seismic activity South of the Bokek fault i e d : i 2
increasing continuously to 17 km depth at around Py et =) : F D N 10 0 S o AR B 312 3
° o i N X L 310 £ 310 d o e u . . which is solely related to the eastern boundary fault - : v wH =
S e o ity ot trerds the T— 3 S I ° ] i (EBF). These events occur mainly in the depth range ‘rﬂm GAP g
end of the study area, the seismicity at the EBF is 5 ) ' . . : ) || 2
concentrated around 8 km depth, while at the 1 " I 7 et o | .. . from .12 to 1.8 lfm. and its fogal plane SO!U’[IOHS are . i ,*,., E
western faults events occur between 13 and 20 km .o ‘-* . ° - - shovylng strike-slip mechanlgms (see Figure 5). The . 2, i . g
depth. Thus, the behaviour seems to again be - - 31.1 31.1 - _ , e B £ @ . 18 o lower boundary spatial and temporal cluster in ngrgary 2007 .(F|gure.s 6- ' : -
different at each boundary (eastern and western Py £ 10 - . R = 9) occurred also South of the seismically inactive region i
W boundary) north of 31.4°N. ] [ | TR i 3 T, 17 = of the low vp body (GAP). B is representing the upper crustal activity North . )
. 3D Hypocentres | | | 30 — | ———— b — ’ R 5 | °s $a @ O 6 of the GAP, occurring at both boundaries in the same . P :
354 35.6 0O 5 10 15 20 25 30 0O 5 10 15 20 25 30 '__ B I depth range between 4 and 17 km (see Figure 3) and B i " B A
Deoth [k Deoth [k b0 LVB/Vs 3D with similar focal mechanisms (normal and strike-slip, ‘ Tt !
LON [deg] epth [km] epth [km] | see Figure 5). Furthermore, the activity in the lower crust ‘ w ‘ ' | - | -
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F 1J. 2 Longitude - depth section with vectors indicating the shift in in the depth range of 25 — 29 km is marked with C. epih
hypocentre location after the tomographic ve and ve/vs inversions 0 | . ! R T T . 0
(indicated by red circles) relative to hypocentre location obtained with the gt : d]
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1D model. The difference between the velocities in the 1-D model and the e) VpYs TOMR © ol » Vs SO © R . ?B
tomographic models of up to +/- 25 % (Braeuer et al. 2012) results in large : e 171819 " < e t7o 1819 o .. i
location discrepancy of 3-5 km. Therefore, a new inspection of the Magnitude . Avp orid values | g0 3 5 60 D i S}
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00 - = i representation of the frequency of - latitude section. A: Events south of ! l 2 | s 2 P C
events per 0.2 Magnitude M.. 31.15°N. B: Events in the upper crust : 503 : o0 O 30 - Sy ! , , —T 30
%0 1 - i In addition to the 530 events used for north of 31.15°N. C: Events in the lower Q | /\' o | o 354 356 0 20  #evenls €0 80
> 801 - - the tomographic inversion (Braeuer crust north of 31.15°N. 11 of 30 events, - 3k — o 5 — o 5 Longitude [deg]
S 701 - et al., 2012), we determined local where focal plane determination was % -9 - =
> 60 - i magnitudes M. for 116 events. This possible, occurred in the Southeast of the (Vg
2 i dataset of 646 events was used to study area (A, see also Figure 3). The Flg 10 Discussion
determine the b-value by a simple largest events occurred there and almost 313 \@ e . . L . . .
40 1 - _ - line-fitt of the linear part of the all events are showing strike-slip - For a quantitative verification we use the approach of Hauksson (2011), assuming that geophysical For the determination of accurate hypocenters and focal mechanisms in the study area, event locations revealed through a
30 - - logarithmic magnitude-frequency mechanism with fault planes oriented s parameters are not uniformly distributed. Thus, it needs to be verified whether the preferred tomographicinversion (2-D or 3-D) are essential (Figure 2). Crustal earthquakes occur from 2 to 29 km depth, while large
20 | : distributionh(Figure [fifg:Ob!-SvalltJ/le]). E%r L/xest-East alnci North-Sputh,Trﬁﬂectm? | - E S::Q?alﬁr:q?]‘;‘gi?‘;ﬁI;”paa faer:ilzrrfgfgeeoﬁffecff?eysﬁﬁ?np;rrigsfé 'r?ur:;’;é‘f;faﬂzgsilafr:gﬁce i part of the seismicity is concentrated in the upper crust down to 20 km depth (Figure 11). The determined b-value of 0.7
10 - i events in the range of -0.5< M. < 4. e regional stress regime. The events in 3 : , T : . . . S . .
. | | | | S a completeness magnitude of Mc=0.4 the upper crust in the north (B, occurred N - 812 unit of a certain parameter (here Ave and ve/vs) within the whole inversion grid is plotted as a mhdlcc?,tes,g re.latlv?lyhhlgh.rlslf 9': l'::] rge e[il rth,qual?\es colmpared té) lihe mOderage, MIcroseismic ?thlty (F,Igél'l,re 4)
1 0 1 2 3 4 5 was revealed. The resulting b-value at both boundaries, see Figure 3) show | histogram together with the histogram of the normalized numbers of earthquakes for the same unit of The distri .Ut'on. of the seismicity Is confirming t e velocity models presented In Braeu.er etal. (2012), In 'Catmg. an
M, of 0.7 is smaller than older values of strike-slip mechanisms, West-East O/ the parameter value (a, b, e, ). The two normalized histograms are divided (divided red by black) to asymmetric basin due to the transtensional regime of the region (Garfunkel, 1981; Smit et al., 2010), with a vertical strike-
0.8 (for the DSB, Shapira and oriented normal faulting character, or a '\ obtain the ratio of earthquakes per unit of the chosen parameter ((Hauksson, 2011), ¢, d, g, h). North- slip fault forming the eastern boundary, and an inclined western boundary, made up of strike-slip and normal faults (Figure
B) 10000 ot Feldman, 1987) and 0.97 (for the le};f}JredOkf) both. Ih? h;%hESt rgr\]a_gnltudes \N South depth section (for exact location see Figure 1) through the 3-D model of the ve/vs ratios in the 11¢).
' i archive events in the north is one - - . . e e epe . -
entire DST, Hamiel et al., 2009). magnitude smaller than the largest gafte(:;‘ edge of the DSB from Braeuer et al. (2012) with earthquakes around the section as green The seismic behavior exhibit significant differences between the area North and South of the Bokek fault (GAP in Figures
ots (). . . . . . . . s
— : i i . o | N | 10, 11). h of th kek f he w n ndary is inactive while the entire seismici r h rn
? 10007 e tef\lleerl]cf\?vlanr E:f;ﬁs‘iostatg\;v'l'sfgﬁ;:v;”events N \ \® Following Braeuer et al. (2012) the basin-fill sediments are characterized by low P-velocities and high bo’ d) SO(lIJ:l-I O t3)e B% s l aUlttht E .eSl'-':.eu bdo.u dat y(FS aCt1 Oe) Thlelt €€ tt € Si smic ty OC?(I:_]U > all-'__l_l;' e ?aSt?
o ' ' mechanisms and normal faultipn ©) \ ve/vs ratios. Thus the events North of the GAP are occurring mainly within the basin-fill sediments (c, oundary (Figure 5) and below the basin-fitt sediments {(Figure . The largest events occurred here, their focal
SCE b=07 ! g %) g). However, the activity South of the GAP occurs below the basin-fill sediments - where the P- mechanlsms represent the northwards transform motion of the Arabian plate alpng the Dgad Sea Transform (Figure 5). The
5 | ! velocity is still low (d) but the ve/vs ratios are low (h) vertical extension of the the spatial and temporal cluster from February 2007 (Figure 6-9) is probably related to the locking
2 . i of the region around the Bokek fault (GAP in Figures 10,11). North of the Bokek fault similar seismic activity occurs at both
_ XXose | boundaries (Figure 3) most notably within the basin-fill sediments (Figure 10), displaying mainly small events with strike-slip
P mechanism and normal faulting in EW direction (Figure 5). Therefore, we suggest that the Bokek fault forms the actual
-1 0 1 2 3 4 5 border between the transform activity and the pull-apart basin.
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