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2721177 DIPPIRT NADT ORPPIOK TN IR P27 DIPINIINDINCIA *213-2297 (7017) 2°017
M2 %23 HY Ypwn SWo0 SW 00X NNV ;NN F12T3 MY N2 712703 M7 12 27pnaw
SR QY O°P9Y LIPIRRY VY Q1N2npan Yhn L,00N0m 0PNL-IRDDT YW O RmA-0Ta 20Wwa 21w
0° 0TMDOIW MANDNIN ARXIND JPINAAN D7 2RI PRV 191N 07 ¥P2 MR ;012 NINRNA
RIT DR MR OV ONWNOAT I 279N ORPIIDRT MY 712 02w MY P2 D230 nvnn

SR 2°2°9000 DRYOW HW nvRY NPYN0RINN0T NPDIRYI00 MNTY W Inowna
"3TW 90 M WAwM DMWY IRAT NYNN IRA 2PN 2PAY 201 0 17 DR N
¥X12177 1:50,000 77°1 7102 DR KW MR MDA NIA0A YAV 222191 AIRNT DOLITIV0Y
DO1INI 97011 MATIPA M9M0 MTIAY 90 DR 25WnT IR SW 1R 199 TV CAIRT 102

.1:10,000 5w 77°7 73p2 0IDINTIX Mo 002 ¥ GIS MIon N2 YRI2 VDR 9 DWW

TMDIDMMINGG 2

DRIV DPHMUPINV0T DVPWI DR DOROANT DOPYET DOWIN°TON 2°XIDI N2OR 11093 YW onaman phna
PR 3o NR yaon Ry (Frieslender, 2000) wn 1000 -5 5w privh 7v nomnTa 727wn v
SW W PN AR VPR NIRRT A .(Sade, et al., 2008) wn 1500 -3 Hw on
DM AN DTPINKMT D9 SNNoY Anoa NIDNIMY NPPR N0 L,aANNaY mnn 3 ,NR 9l
,0°001 1MW M, AW WA D1 1927 72w (119XD 21171) 07 727991 1R YIon? ovTpanan
AW L,NAD0W 1D O DM A0y L PIRDI D1 19210 A2y ,MINgY ,00nY , nTInw L5y 501192 710
Raloli7aliininivjainti7Qiby valp) 720 inin bin BN ot} 1745 bu o Kain | hTa Xy oty e X vivom M a vyt S L o Mk 700 e b o ISR R RVA
T DR "DOPIP2"2 DPLAM-DPOMALA DOYD0A D27 DNINT DR D°TRIA 07 AN DIWna)
DITY 07 °19 72132 TIANWR NDPR MR 77172 97007 72337 (1 1K) 9% 2y "pia"a 072
9712 07 700 -7 A2 727 11°9A7 2992 1NV MnYna 07 °197 SYn un 40 7217 7Y DK PIon
15 -n mmo 5w amn? %K% 27723 W9 AW M PIN 902 on 800 -n aoynh Ty anbw
D17 Q7N PW AN NP DOMPW .00 DWW SI1IRa 11285 MINNSNY 07T On oM
Weissbrod ,1990) 7711 5maay nnw 22, (Beyth and Mushkin, 2010) aany 132 12 omoham
"2 o7 (Eyal,Y. 1967) 1ws Hm1 o7 %y "mawl" wK voawn ona Sw 1own phna (and Sneh
MY 1PN Y AW YW MIPYER MMWRT LI JRI00M9D LIP1hoa MTPYES NINUPLT NNy
NMNTA T2 YPAT W MTINA DY 2025w MTIR NUMDN 77P0 (2 1K) 1w 2w

(1970) Hp1973 "y man:



PV .3

7007 DWW UMM (2MR) D20MAAT NPIPYY YO0 MXIAR WP D10 1K 11°9A VR0 MY
73 TN 172NN WR 21VOYPI QWL JPIRKD TV O1I2NPAN ,0°I0INTON 290, RINIIIDINT

-7 T0n MINWRIT MXAPT DY PR LPYET OPOKRY T JPrnan 1on 00 vpa Hw Innnoni
721 .(Beyth and Heimann, 1999 ,.w.»n 532 -07p) 0721 012np a1 170 nown ,peneplain
01201 v7ww (Avni et al, 2011) PR A NI TUwn TI5R MNTNKRT MXAPT Nw

.0°7177 °027 222 021N DM

232 oowm (3 R ;Garfunkel, 1980; Bentor, 1961) avsunanmy avsamuna awves 3.1
QOAZN PR Y70 L°211-2270 20017 DW SNDET ¥R DOMPMANT 2RV 7117 ,NPR D 221922 1R
DIPIMILMIDINIL DY MIANONT Sw 23w 112 300-1 N TIRD NOWRIT NN 00
9521 (Morag et al., 2011; Be'eri-Shlevin et al., 2009; Kolodner, 2007; Kroner et al., 1990)
DPOWMI NP2 APV RROVIONT VY0 .MM NPDINLD NPIRORIOND PAAY N0 DP9 TR
D747 .3 MR 12 oM XY 7T o222 opnym (Mushkin et al.,, 2003) ooy p19aa
WX PR W 177w 27Ph/2%Ph 1 U-Pb 9% 07 1 9Ty Dwhawam DumEnT DR
PR ¥ 4 R &2 PACAr nTTa yapIw o T P Y uynY 0OYh0n MRNITH 1701

DIV MMYT 3INA2 *211-22797 29011 DR MR 2P0

(Kroner .w.n 813-800 12°3w n?°X (2°00°Ww) Moxn 012 n9OR pivas oo e avwhon 3.1.1
MDY MITNT WR 00NV DP77INT .0OWN0D-TuM O°WH0-1un Sw 019 1) et al., 1990)
"y M mnoxa L(Shimron, 1972) 0o %01 1IMYTIR L0IRTIR L UIIMRLD L0103 001 O
,(Morag et al., 2011; Kroner et al., 1990).w.»n 790 -782 31 ,720 013, 017-y MNP P0IPD
(Kolodner, 2007; W 744 2740 3n DR 011 -1 L0V POIPD OMY AN AmIRm
W NP2 VYR AT DR YW RT3 Mnoxh 770 72w o»nw ok (Kroner et al., 1990)
DXXD2 MIXVINMT NPV NIPDNALA NITD NW 21127 7 TPYRONIOND L0 WA N1PNADXT NN
(Morag and 0o W 3->0 20NR ORPXDD A1 YA TN NP2 MDY 2w 012000
7T 277937 0225w CIWH NPINMIRG MINNONT DR P2 w087 (1999 ,1980) 2pnona . Avigad, 2010)
W PXROXIOND DDA DORINT OOMALA VIR RVIANT OAR TR 2w M 1 50-01 am
(Matthews et al., 1219°p 3.8-2 4.6 12 yr»1 660 C° -5 580 C° 12 mmwonw Sw on nv°r piaa
MMVIDAYT IWRD ONMPHT NPR? RN 2POMMunT aRINg 772 (1993) Vapnik .1989)
SOTPTMPAY BT MR 00w 17T 1P 4.2-4.6 D oMz oM 650 C° bw mimas

J09917IRDD



(Morag 2w *1%7  800-2 0773w 7717 NINOXY LLANMA D712 TTIN 21932 2D mnnT 20phon
7V W 7MBIOAY RIN2 TNONT WK ,O0IN1ONR R IOR D90 KW D Mnuna oxxon . et al., 2011)
MADYA MNONT anvw Tna oowumamn L(Katz et al., 1998) 12%p 5 7 4 Sw o 650C°
(Gutkin and “vnan 7RI KT AR T2 TN 01 W 0ORI00T 12°KR) NODTINUA TPXAA0 TN
I ODMNWAT IR ROW DW I LPIR MIPEA DORLANA PERIDT vnp wRd Eyal, Y. 1998)
2220 (belt) a7an o3 oo Mnwnn owhon oowl bma (Katz et al.,, 1998) .w.n 725 -5 o17p

DMIRDN DYNMIPDT DYH0n

nwp mnnana ,(subduction) anmoa ¥R DBX™R T DR HW 091222 @vEmmunn avwhon
P9I L7927 2RI DOVIANTON DWW ANDMNALAY NWRT OV 579257 XN DYPWI L WP YW TR 00K
w.n 790 -780-2 1727 ,7pnn YR0 DW MINOX 2IPET 03 AR xR .w.a 800-2 12 wiing ot
[(Eyal et al., 1991) »mwaana 2% DR 2°3X™H7 720 0PI 2w N09O2 2P YW 0090 onw
MOMALNAT IR .w.n 950-5 700 12 297w DR MDY 2°772 2PTY 15R°N (2007) TP
Q1D OWOIIAT DPIAT 1M ANDMALAY NYA 1AW VI VT FINR 22772 DONIPD 1T ANWRIA
Shimron 1972; Garfunkel 1970) 2»nnox 0»vOr7IR 0°p°7 2w 7777 2" PIXD INOIMUNT X
-5 N N1 oM oxves oaxnn (Katz et al., 2004 ) ovowan »vwy  (Avigad, 1984;

.(Morag et al., 2011a).w.» 705 0°» Greenschist

644-640 9732 DR 71222 NN VITATVA M3 N1PDI02 MPIDRER -PRR NPTINVPR bW 7Tn 3.1.2
VI3 A0 OPIORPOR-POPI DRI M7 (Morag et al., 2011; Kroner et al., 1990 ) .w.»
(Katz et al., .w.n 634 %> 777 007 -y ( Morag et al., 2011).w.n 642 23 7777 P57
(Be'eri-Shlevin et al., 2009) .w.» 630 3 nx v13 1998; Stein and Goldstein, 1996)
WP NOR VA1) TN VT -y P2 .post-collision mxrnvapa 25w DR 2°1¥n 7T DR 71923
DOIWT DONIZD W AWYA? XM DR VI 00 W (2004) 1M UK LTERD Mnpna
MY TN DMV R NANY T W DOMIMAT OOOWT DR N7 POIPDT LNMIINAT 71120

.(Eyal et al., 2004) ©»13 -0>173 AW O°127A

(Morag et al., 2011; .w.» 608 273 VOV MANW DAY VI ,AMPHPOR 2OV D 7N
,(Morag and Avigad, 2010 .w.n 609) o>v511 o°p»72 ononn Be'eri-Shelvin et a., 2009)
o°n°yh .(Beyth et al., 1994) extention nnenn W 2% DX 202071 DOVITTIR QPMT IO
(Gutkin and oroywnn oo¥0n H9an 85% -5 0Minn ,Anow T2 "Dop T PR -aw 19K M0 P

(Bentor, 1961) 7711 v 1°7 -y IMp2 2°27 2°10p 2°TNR2 NI Panw vl (Eyal, Y. 1998)



Y701 2271 DYDY NDOR IR ININRT DUANAT MY RIT LO0WAIR-1pPT 2Re 3.1.3
,M212 ;0002172 M Volcanic vent mo% 0ny 17 01972 5070y 0 P1922 0°201WR 20D
(Peltz and n%°X 2922w NMINW NMIY232 DOV VTR TN 21222 DOVINPAIRY DOVITTIR
ow o7y o (Eyal and Peltz, 1994) any nnn nTopa ovxnn oopn Eyal, 1995)
12w .(Mushkin et al., 2003, Wurtzburger, 1959) oy 5w 21922 02IR°0- YR 0200
D°IP°N 191 NR vy (Paz, 1997) o9on nxn (1961 T0207) 770 vamanp o9ovw
. 590 -5 wwnn o> (Gutkin and Eyal, Y. 1998) nnbw 1 7IR2 MR 2917 07°0°02
Tomn i A"p 12 -3 101 1w Cmynwn MR 25w ovkvanm (Morag et al., 2011b)
12°R1 cohesive debris flows w 220 X nx vaanp  (Garfunkel, 1999) >XinmuoIrig
77 79R 2°90 .(Kagan et al., 2010) *%°ux°2175 XXM 07 2797 NEN2 TN 2O0IM2ANP
maowen L(Katzir et al., 2007) .w . 585 5w 90n 202070 DLITTIR D0 P MY
(Kessel et al., 1mnw 77 1MOXAW NR VI DONTAT DPOTA TN PO OV RO
077%Y 77 21172 NPOR 123 MW SWNNTT POTI RIT 190197 0"V NN N s T . 1998)
DT PR MNRANTA 22PN 2o PAIR- 1WOwR 2% (Beyth and Heimann, 1999) .w.»n 532 1°»
(Weissbrod, 2005; Weissbrod and Sneh, 2°9°1% nT1gn 5w 11995 ponnan D217 NITI0eR:
(Garfunkel, 7nn n"p 2 -5 n07 "y ¥ DT DPIAAP OW RITW LA muwn 10001077 .2002)
T PDMD LI AW 127 NMAW DI AR 211 MAY0ETA 797 ROAT .00 922 1o0IRmY 1999)
nYPWRY TR NPOLRITD TTINRD 017 WK 72V SVOIWY NN NORY L0 rRIRPD 1D 92 12y

.(Sandler et al., 2011; Angerer et al., 2011) 770 ° 27 YW D°VIATON

11 40 -3 B P0DIN NYRAAT NIPYDA NIMYAWA MPOST 121 D AW MNDIMNRCAT WP
T2 WA 55 -1 ;nvrhpoR-phpn MR PaR oTNRDXA DPYTM OTDMMunT Whon A oI

ST POTY DUITTIRTY D091 O

L0 00 :NITNAN Wann P12 NPOR IR NPI0IT00 A0700 — (5 1K) avaumeTen awhen (3.2

JPIRRY TYY Q1N2NRAN 7INWR 123 NTAYY 0°OIXA T LA 200
PRI DR L(P2T-0122P) NNNN NPPRINKCDD 3 DO0IATON DR NP0 e 2% nMan 3.2.1
PRMI 20PN NN PR 01072 PO 20T Q10RO 2°0IRT0 'Y P NIRRT VT 1T
TR M7 NN 1070197 D¥n vhaw DAY 72 .0°001 DTINW LYIAN ,AR0Y STINY NIIED AY2IRD
,(2005-1 1980 ,1969) Weissbrod "y nmaxinn 798 mone .onlap omPa ovvunann o°vo057 22x 7y
AR NNEN NN 2P TNNT AW 02001 NMXN? Sy L(1986) Segev 1 (1971) 1aim Karcz

11°97 380 -2 HW 57000 W NRLAAT ,paraconformity ,7ARNT-K YW YA NNRN PPIR 2



T°9Y TIPPRINKRIDD 191 IPOY2 AN NPPRINIRDD 223 2°W90 S vn 2,500 -3 D IIRD ARYIND 71w
(Weissbrod, 2005; Kohn et al., 1992; 29137 7277 ¥R Aw12wn IRXIND NN PRORINmN
NYIX2 MR I DPYP10 W WA v DRI T aaRNa-R .Gvirtzman and Weissbrod, 1984)
DR 122 MO 20 NMAN DW INT C1AR LW AN avand nl L7 PhI2 391 PBR 9nIa) 7207
MM-2wn 0on% Y 7P (Morag et al,, 2011c) 3T nwae P9XD o7 2w
MNPIR-2101 N0 2T OPNanp 2% aabw 1wy navxn .(Weissbrod and Bogoch, 2007)
29YR-T1DXDY NOXY 777 WIPOW VR 377 WA X WK 1NN 092N DRI DOV
SNl MM NOWMAT AND AN NLR°0 N0 Sw naow ameng 0°022 (Karcz and Key, 1966)
I NP0 [N -0I1072 ,0070Y T DWW 2OMINTT 20 NOWNI AMENT LW 2132 1T NINY
VIAN AR 791N PIAN NMIN WA 901 TR 1w M2 21IRA 0IP2 LNTNW 9RI0 21T L, 0nR
2WN-TTTA MPOW AW T DAY OTINY 007 MY DA DYTIOMT DT DR AR OV
,INANT 29990 1D .00 299517 (020D CIW 72 21 AT 1 XYM aMxna .(Segev, 1984)
L300 179 091 PPN DW TPXRPN2 NIAIPRa DM 0°022 .N1P0IM MINPIRA0 W 191NN M
0°12%1 77807 w902 L(Segev, 1986) “ncoam I L LIAT (DPOROXRDIND IWIWn M2 ,oyn
NYPA2 71M2) TR Y202 ODRITTY KXW RIT O OROXDWIDTA POM 70N MYDIN Nimpna
(thrombolites) o»7X°219P % 07 NOK 1AR2 DOWIMATT DWW AN W SWY PP (YInn
(sandy columnar 2»7ny 0»90 DLWMIVD YW MTT2 MYDIT OV DPNPIR-210 M
XN YA DAY CTva gngnn ownna L(Soudry and Weissbrod, 1995) stromatolites)
N2 TmM Q7P OPIANR 0D AT VAPl 47D DY 2OTI9PIT OUOAI0 N1DIN DUITa
977 M2°202 ,0°D11 N2V NOWMI TIXNT °2°0730170 MR PUena ((Parnes, 1971) noon oyanp
7% M2OW 2V NI W KPR NN AR OTIMY NTIXN OV TPIRIXIONDY W DMI2 ,0nR N 0y
Qv MR DM W waon2 bW Ty 1N Svn awnl mud cracks -1 a1 mwTy MmN v
DP9 DOUR2 WPWITY NPOIM NOMPIRA0 T JARD 7IP°Y2 12 AR NMZN 0w oM
-2107% M2 PINANT SINA-277 VIO DTPHR N NPHPI0L BW WK DOV WYL AP T ATXNa
>I1°0 0¥ N2 MINPIR-2107 M127 1277 197 1HYR L0 40 -2 30 Paw "2Ww12 MNP NI MNPIR
DOUY°0 TV M-NIPT MNPIR-2107 N2AT NI VM, vn 50-3 Hw awa (Skolithus) a0as
ox aown nnw 3nxn L(Weissbrod, 1980, 2005) qvn 60 79 2w 211 1271 D-01IR VIR
20 -2 5w 212 3MA-PT WIIIR-PINPA N2 2IBWI AMIN .NMNW 721 DY 77 11D 27953
NYPa2Y 0AY 172 1D DAY NNEN DY (CL7RMONPID) TARNT-IRA NNINT 20U NIRG KX W07
JINAN PPV AR 31T Nann 0°DLI NN DAY NIEN YW 2hrhyn 0°09a 000N Yann
2° NMan PR N°HHa 1N D1TR A oy ano-ownn vaxn L(Weissbrod, 1980; Segev et al., 1992)

12 9m178021 IR MIPENA O3 20 RV2NAY ,NNNW NTIXN DY 1277 1197 vYNR? 710



2o NPYIIIR-PIMP DN C1ARA 7IP°¥2 12 (77PN DTIRN N2ava annd) 21 nman W3.2.2
,0%01 NTMXN DY ARKRNT-R2 DADAT AR DNEN MMXN WIPW 72 1°R27 TN20M LNAN PR
Oy 179791 7322 27 jaR7 7112 vRR nMxn (Weissbrod, 1980, 2002) ano nmxn 102y nen
DN NMINPNR .OW-2X YYD 02 1P 77 OPOINR LDODIIRP DW 0IAXY N2 TV T D7 20
IR 972 7Ena 22 (Weissbrod and Barthel, 1998) miapy °1218m1 719921 211°0 RN 771802
7w amena 9a (Weissbrod and Sneh, 1997) Sow mika Hw quwn 20ax»ni mbyn o 0™xn
D72 NPYIIR-PINP 2 212RM 777112 72992P NYIRN L0 S50 -0 2w DT IROWORY INMIRIN 12
NPOIRD N2V NMNEN 20010 10-5 2YTRW YR PR DY MWTY MmIpna) 03 Ty 7 A
0°310 NIXT P21 29W-2DW 2w MDA MNT0 aY MOR TV 127 YAXI DONYN P W NI 00I
0IP°Y L0200 217 ,DOMNXY DORY CIIRD DD ANV NMEN Lun 70 7Y ¥n 2w 2OPOIN
MW NP 277 NN .DPTNIAN 02N DY SDIDT T DOV 9N 2w aphnal owInad
7DD ,NWINI PW PRI ITONT 2ONANT 2NN P2 LAENT YW nnnna apbna
NWINI W 2770 20700 YW MWTY MINDD A1N2Y NIEN 0°0221 TR NTEN A2 .NRvanm
falla)[pTamMiyialonta B | Mba b4 wivln hera i o172 g hvy Micive Nyl BN N KRS o B vl in by . vin 'dm S a bt/ by k5'd nlvdmh /o B o KR 10y
TXNT DX LR NN W T 21722 MIPPNY 970 MR NIED DAY CTINY IR .00 TN
DOIVIV0 DOPWI DRI 2I2INA TR0 0¥ 1MPOVA IV 2947 .119°N IR2IR? 1INAN IROVOR P2 R
YIAN NYPAA AN DX XA 070ReT nvon bw SSArCAr S myenxa yap: vhva oo wRd
IRPOR 7Y IR0OR YR 720w me nxn (Weissbrod and Segev, 2003, Segev et al., 1995)
0071 NP0 W 0192 MW Y A-NON1A T RT ,NINN DPUIIR-PINR 20 AR 7712 MR
DOXY S12IRN D°MIXN 712 03 NAR NINIPKAY LRI 1117 Y90 XX vk 130 -5 80 Pa v maw
PIXY NINn 020 A0 PNTRA O AT MMM AN NIPONRA NI NN
LW T 01772 ,00w P11 TIRD L000Y 07 WA A9 210 12N LAY DTN YW ua0pn

JIWA N2WS [N 29YR-017721 20OV DMl YW 279N PN TR
MO AR LIIRA 1TIPR NP MITIXN VAR N2 N0-1Ip 20 77 nman 3.2.3
NW2T A2 DTPMAN 1AaNRA DR avpw 7% nMxn (1972) 1am 2002 'Y SR,
D°VI9M MW 2w A% .0n 100 -5 79 3037 )0RIvY 7T 002 ,°213-°20850 2000 DY 19X %P2
NPMYAWR DPNVPY MYUN 17 KD 0 77°V7 0°73°1 2P0 210 5V DOMynwn DYHROXRD DMW ROY
377 NIHRPI0A M9 M2 DAY 20D AYIIR? NPRIND T 120 -5 7MWW A% NMXN LI9PN INN2
W7 07022 IWRD 712 211 ¥axa 0 30 -3 YW PIgn XM 0T RIT L1020 L1000 09 LR
N0 NIEN A3 DY ANRNA-OR2 AR 0 10 7Y 1P2WW PR X YA SYINPIRDA-DT 0IMT
VI .0°°TAY 22 TN PYX MO NMRN AN AT WNIH NPT ANOX 72VND 1020 VD YW T TN
D7D ,MIDTY 212NN TWY T 30 -2 W C2w3a NN 1A AR P17 NI A aQvpa Y

-2 HW MW PIZA X1 NIRIIID PWYY N MWTY 2V MOXR P2 M2 MDY VA9 R¥NI Hyn .02



QUPT PV VA9 W 70T IR QAAWD MDY VDM 1AM 0IDA N3 21D PIXN DY 73217 .aun 30
7127 T3 JARA NG PR M2 00V 020 LD 192 U2 R0 ANANY AR DTIXN DR 79DRN
NOY2 3 1287 M2 1PHYR PYAT QOTRIVOIND TPV 0212INNA TIRA T1PWY VT DA ,TNOR TY
Neolobites v k7 oy 797 ,732% 7% AR Yoy Paper limestone avn paswn ,p7 210w
LOW-01TR W7 DW APT 7200 NRYNI N0 U1 A2 LMRDT R DR 1%na vibrayeanus
DN QY .80 DR MY 02 1A0 AN 10w 2°97apnn MINTH2 2ON°YY NDwnIa LbIno
-1DY ANPIW 2OTIT D°DMRA DO 2AI2 MNONT QTPMAT PNV TP 102,78 NNEN NYRYR
7AW D PRIV QY NPR IR NN 1990 221K 1an 217 R L(Freund, 1962) 27wn-0117 nm
T On2) 2°9XDY 02X M2ADWA I3 TNENT DV U0V PO IR AN Ypw 121 Tun 100 -7 50
7Y 5w 221w (IR CHXD-12Y2) TR NNEN .2PPH0T9 2UTITY DRIND AP DY DTV 90
MPWY NI NMMDR TV MNP NP0 P2 *112 NINANT 1197 10°019 wIwS npbnnn Tun 108
WEANT 0D .OTPM NNL DR DWIIMAR T1A X I VA OW MpT M2DW av 023 Pl
PR L,DCIND DPWY DUIINIT VA JARD POV NI PR WO MRAY 1D WATY C200hp
SYXARY O7Pw w2 o Tylostoma cossoni 1w2nm Choffaticeras Vascoceras wianx:i
,MIPI7° NN ,0n 5 -0 HW 02w 92001 DA NAOW POV NYAYTR N1PDIT NAW D1 10U 0197
S DO9pn DT MMM NIPDINT DW 51D VAZT L7977 N0 .0 % YW MpT Mo
51 7 7KDL, NA9OW D12 2OOWRI IR DX YW 2L 200K LTIR DR YW AM9mY 1IN
MAIPA2 .avana 5 217 DR 35VN2 ,0717 DOINY NPYR0Y AR 0 YW aPYR0T 190 W
D°9XO VAW DI NIWA D1 PAW ADIRT T AW Yh1 ahyna LW DI D ,007aw TOINRD
YPAT SV 0PN MWL TR AV DOIWUPY MO ARYIND OPORYT 021271 DX 2Umpn
TR VXD DY 2WIRA DO NNENN DONTA 2OWR AR I 270V 7 12 LIna pnvah R
¥IDTY SNOT TN 232 IWRN MINTT 2312 NV 72V TR NNXN L7790 M MWAYH MPOINIWD
TRONY DR IR TIRNT 0D VAW TN A2 IWRA N ARNY AIRD 9200 AMXNT YW Nnnnn
T PYa PN v 130-2 5w 2w MR N an ey nmxn L(Freund, 1961) onr
NYOIN OV POIPN WOAA-PT MO A MW D707 NNANT PONT .NWOT 772 N7 202 OYpY)
9772322 NPPOIN 7T D932 PXVIN 1AW 2°P1727 IR 2PNAIA0T 0010 MNpna Mumpnn M
SW TOAN PV PRNR .IPAY MIMWRT D1PNVRLT NIVINT M2APYA 1R 7R 02121 0D ORI LRI
T3 12RM 227 POV POAT .O°I0PAMD DPTIPIVOINRA FPWY 7127 NUN0TR 773 AR M2 37 778N
MY Hun A 0 Yaxa piknd o°ua0 (Burrows) 7021 C1°0 oy 2uh 2°20Wn 0T
MWTy SW M23WD W NPT N2OW2 MY .NPOT3 NNXN W 1297 MNP 1A TR DN W 20070
LMIRDT PMOY 1IN NIX Navw Hippurites 207 02000710 . Jnnm D 11008 pona v npT M
TRPW 7273 NIDX2 MDA 2AUWH NIXY MDA DTN NN 901 T9YR2 M RN A2 awm

AR 72,703 2W TNRY LNMNMAY 72,700 02w Dw omInTa Wb TRY 00120 A% nownn
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Twelve million m® of brackish water are pumped annually and are desalinized for the use
of the local population. This brackish water is a mix of the fossil salty water from the
sandstone aquifer of the Yam Suf and Kurnub groups with fresh renewable water from
the alluvial fans (Bein et al., 1993).

7. Previous studies

Numerous geological studies were carried out in the Elat area and not all of them are
included here. We refer mainly to those that directly contribute to the map and the
explanatory notes. The Elat area was previously mapped by Bentor and Vroman (1955) at
1:100,000 scale; Garfunkel (1970) at 1:50,000 scale; Druckman et al. (1993) at 1:100,000
scale and Garfunkel et al. (2000) at 1:100,000 scale. Specific areas previously mapped in
more detail and compiled into the present map are: Y. Eyal (1967), Bartov (1967),
Shimron (1972), Mushkin et al. (2003), Amit et al. (1999), Gutkin and Eyal, y. (1998),
Avigad (1990), Katz et al. (2002), Katzir et al. (2007), Paz (1997), Peltz and Eyal, M.
(1995), Eyal, M. and Peltz (1995), Ginat et al. (1994), Bartov et al. (2002), Weissbrod
(1961) and Kagan (2006). Key studies for the understanding of the general structural
geology are those of Garfunkel (1970), Y. Eyal (1967, 1973) focusing on the structural
map of the Yotam and Shelomo grabens and Bartov (1967) for the structural map of the
Be'er Ora area and Themed Fault. The study by Frieslander (2000) is important for the
subsurface geology along the Dead Sea Transform and the structural map included.
Mushkin et al. (2003) mapped the Amram block. Amit et al. (1999) and Zilberman et al.
(2001) mapped the recent faults along the Dead Sea Transform.

Dating of the Neoproterozoic metamorphic and magmatic rocks was done by: Kroner et
al. (1990), Stein and Goldstein (1996), Katz et al. (1998), Garfunkel (1999), Beyth and
Heimann (1999), Kolodner (2007), Katzir et al. (2007), Be'eri-Shlevin et al.(2009) and
Morag et al. (2010, 2011a.b.c).

The maps by Shaw of Southern Palestine (1947) and by Bentor and VVroman (1955) of the
Elat Area served as a base map for the subsequent mapping The study by Bentor (1961)
was the pioneering work on the Neoproterozoic metamorphic and magmatic complex.
Shimron (1972) presented a structural framework of the metamorphic complex. Papers
Avigad et al., (2005, 2009) contributed a lot to the understanding of the Neoproterozoic
history of the region. Garfunkel (1980, 1999) analyzed in detail the petrology of the
Neoproterozoic rocks and the erosion phases at the Late Neoproterozoic Early Cambrian
transition. M. Eyal and Peltz described the Late Neoproterozoic volcanic rocks at the.
Weissbrod (1969, 2005) described the stratigraphy of Yam Suf and Kurnub groups and
Bartov et al. (1972) summarized the stratigraphy of the Judea and Mt. Scopus groups.
Regional magnetic and gravimetric data is presented in Segev et al. (1999).
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Change of flow directions of Nahal Amram and it's tributaries is an indication for the
recent activity of the Arava Fault (Beyth and Mushkin, 2010). The Nizoz Fault (Bartov,
1967) north-east of Mt. Amram displaces the Shehoret Formation and Amram Rhyolite
on the east block opposite to the Judea Group on the west block as a marginal structure
of the Dead Sea Transform.

4.3 The dextral Themed Fault which is part of the Sinai-Negev Shear Zone (Bartov,
1967) strikes west-northeast and extends from Nahal Shani at the west to Be'er Ora at the
Arava at the east (Elat and Be'er Ora Sheets). Garfunkel (1970) suggested that it is a
reactivated pre-rift marginal Neoproterozoic fault. The Themed Fault in the Elat sheet is
accompanied by marginal grabens with blocks of Zihor, Menuha and Mishash
formations, and synclines and anticlines parallel to the main fault few hundreds meters in
size. The biggest structure is the Raham Syncline south of the Themed Fault. Faults
striking north-south like the Nizoz Fault at the east or Neshef Fault at the west are cut by
the Themed Fault. The Late Pleistocene Zhiha Formation at Nahal Shani is not affected
by the Themed Fault.

5. Landslides and rock collapse

Landslides along the slopes of the rift margins are common as a result of the tectonic
activity associated with the Dead Sea Transform and the stratigraphy where rigid
dolomite and limestone beds overlie clay units that serve as the lubricant for sliding. The
common ones are the Gerofit Formation blocks that slide on top of the Ora Formation
shales like along the Mt. Amram cliffs or the basal clays of the Gerofit Formation at the
upper Nahal Shehoret. Here a series of dip fructures striking northeast were mapped
cutting the Gerofit Formation parallel to the cliffs of Nahal Shehoret tributaries. A
massive landslide was observed here at the stream bed. Overlaying the limestone of the
Gerofit Formation, dipping 10° to southeast, two big blocks of sliding Zihor Formation
were mapped. Rock collapse are common like at the upper Nahal Netafim, Nahal Raham
and Nahal Shani where huge boulders of limestone of the Zafit Member originally
overlaying the marly beds of the En Yorge'am Member fill the stream. Huge blocks
weighting more than 10 tons of the Amudei Shelomo and Shehoret formations were
mapped along Nahal Amir.

6. Economic aspects

The geological mapping is a major tool for the sustainable use of natural resources. At the
Elat region where desert tourism is a major income the detailed geological map is an
important tour guide. The map is also important for planning infrastructure and future
development and to estimate and mitigate the high seismic risk of this area along the
Dead Sea Transform. Typical examples are the studies of Tahal Engineers (Tahal
Engineers, 2002; Israeli and Harash, 1990) and of the Geological Survey (Zilberman et
al., 2001) of the Roded and Shahmon sites. The intense solar radiation and the flat vacant
plains make the area also an ideal location for the production of solar energy. The
elevated topography of the rift margins adjacent to the Elat/Agaba Gulf is ideal for pump
storage which is essential for solar energy and electrical net end users. At the Amram
Pillars mainly in the Amir Formation ancient copper mines of the Egyptian and Muslim
periods were excavated (Willies, 1991) and traces of gold were found in the rhyolite
dykes of Nahal Shehoret and Nahal Roded (Bogosh et al., 1993). The potential of raw
material for the construction industry was summarized by Shirav and Segev (1995).
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Syncline, between the Roded and Amram blocks plunges eastward and in it's north-
eastern edge is a recumbent syncline where the dips of both flanks reach 80°.

The young-recent faults were first mapped by Quennel (1958) The general pattern of the
active faults along the Dead Sea Transform cross the Arava alluvial fans, the A'vrona
Playa and the Elat Sabkha was presented by Garfunkel et al.(1981). These faults displace
the Elot and Garof formations (Ginat et al., 1994) and were partly active during the last
10,000 years. It is possible to connect some of the fault activity to historical events (Amit
et al., 1999). Amit et al.(1999) concluded that there were at least six earthquake events of
magnitude 6 during the last 14,000 years at the A'vrona Playa. During the last 1,000 years
a relief inversion occurred in the A'vrona Playa as a result of an uplift of the surface by 1
meter due to a 6.1 magnitude earthquake. This event opened the previously closed
drainage system and the A'vrona Playa which is presently drained by Nahal A'vrona to
the Elat Sabkha. The present major active faults which can create earthquakes like the
one of Nuweiba 22.11.1995, are the Elat Fault and the A'vrona Fault (Tahal Engineering,
2002). Two systems of active faults were defined in detailed geotechnical studies of
Tahal Engineers (Israeli and Harash, 1990; Tahal Engineers, 2002) and the Geological
Survey (Zilberman et al., 2001) along the alluvial fans of Nahal Roded and southern part
of the city of Elat, between Nahal Garof and Nahal Shachmon. The youngest one,
striking north-east, was active during the Holocene (year>11,000) and the Late
Pleistocene, and the oldest one striking northwest, was active from the Pliocene-Middle
Pliestocene to Late Pleistocene. In the city of Elat the Shahamon Fault was mapped in
detail with a fault plane of ~80%300° and a vertical down throw of 7-10 meters of the
western block (Israeli and Harash, 1990). This fault was also detected in the alluvium and
was defined as an active fault. South-west of Gevaot Shehoret, the river terraces and the
Garof Formation are cut by a north-west striking fault ("Roded Fault™), which was active
from Late Pliocene, during the sedimentation of the Garof Formation, to Late Pliestocene
(?). Two additional faults, which displace the Garof Formation, were mapped west of
Gevaot Shehoret. The entire area between Gevaot Shehoret at the north and the city of
Elat at the south is crossed by numerous short faults and lineaments (Zilberman et al.,
2001).

The direction of the Amram Block is east-west while the Elat and Roded blocks are
elongated in the north-east direction. The boundary faults of the Amram Block are: The
Arava Fault in the east, the Roded Fault in the west, A'vrona Fault in the north and
Amram Fault in the south. At the center it is separated into two sub-blocks by the Zefunot
Fault. Arava and Roded faults are sinistral faults striking north-east and A'vrona, Amram
and Zefunot are dextral faults striking east-west. Part of these faults like the Zefunot one,
where the north block of Amram Granite Porphyry faces the Amram Rhyolite south
block below the Early Cambrian peneplain, are reactivated Neoproterozoic faults. These
east-west striking faults like the Amram and Zefunot are a shear zone composed of
numerous faults. The expression of this shear is when it crosses the Multicolored Member
of the Shehoret Formation at the Amram Pillars or north of Giv'at Bahat. The A'vrona
Fault is cut at the northwest corner of Mt. Amram by a north-south sinistral fault with a
horizontal throw of 120 meters. Geophysical mapping (Frieslender, 2000) indicates that
the Arava Fault at the north-east corner of Mt. Amram sinistraly offsets the A'vrona Fault
by 1,138 meters assuming that the Be'er Ora Fault of Frieslender (2000) is the
continuation of the A'vrona Fault. The sub-surface saddle between the A'vrona and
Yaalon basins is most probably the sub-surface eastward continuation of the Amram
Block. The Amram Block is an ancient reactivated east-west block marginal to the major
regional Themed Fault. The Mt. Amir Syncline was formed along the tectonic junction
between the Roded Block, moving northeast and the east-west trending Amram Block.
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The structure of the metamorphic rocks in the Elat block is characterized by southward
dipping foliation with east-west striking isoclinal folds (Shimron, 1972). These folds
vary from isoclinal to kink folds and their size ranges from a few centimeters up to few
meters as observed in Nahal Shelomo. It was suggested that these schists are the northern
flank of the east-west striking Murach Syncline, which it's east-west axis is along Wadi
Murach 20 Km south of Elat and that the total thickness of the schists is approximately
10 Km (Eyal, 1980). At Nahal Yael a tectonic contact (thrust?), was mapped between the
Elat Schist and the Elat Granitic Gneiss (Avigad, 1984). The foliation of the metamorphic
rocks of the Roded block is vertical and the strike is north-south with isoclinal folding of
a few tens of centimeters in size (Katz et al., 1998).

The Schist dykes intruding the Elat Granitic Gneiss at the Elat Block strike east-west
(Shimron, 1972) and thus indicate a north-south extention during intrusion and
subsequent parallel shearing. The dominant direction of the rhyolite, andesite and
composite dykes in the Elat and Roded blocks is north-south and east-west in the Amram
block. These directions are an indication of perpendicular extention at the Late
Neoproterozoic. Part of the Volcano-Conglomeratic complex at the Roded Block is
preserved in east-west striking grabens (Garfunkel, 1999).

The pink, thick morphologically positive rhyolite dykes are a useful marker of horizontal
faults like the sinistral faults at Mt. Tzefahot, where these dykes intrude the grey Taba
Gneiss.

4.2 The young faults (Figs. 2, 5 and 6): The major structures in the Elat area were
developed as a result of the young tectonic activity associated with the rifting of the Dead
Sea Transform. These structures are the Gulf of Elat, the Elat Sabkha, Av'rona Playa and
the Yotam and Shelomo grabens. The grabens and the step faulting along the margins of
the rift are controlled by north-north-east sinistral faults which also have a vertical
component. The major faults at the south and central parts of the Elat Sheet are from west
to east: the Gishron faults, Shelomo, Tzefahot, Yotam, Roded, Mahzevot and Elat faults
(Eyal, Y. 1967). The Yotam, Tzefahot and Mahzevot faults coalesce northward, north of
the Yotam Graben, in the subsurface to the north-east striking Arava Fault. (Frieslender,
2000, Fig-2). The calculated amount of the sinistral movements of the Elat and Roded
blocks in respect to the Sinai Block west of the Gishron Fault is 8 and 2.5 kilometers
respectively (Garfunkel, 1980). Along the Roded Fault and the northern part of Shelomo
Fault, northeast plunging synclines and anticline oblique to the faults were mapped, like
Shehoret Syncline East and Shehoret Sycline West. Similar structures were mapped
along the southwest margines of the Shelomo Fault in the Shelomo Graben: Taba,
Rehavam and Shelomo synclines and a series of dense small folds along the Nahal
Yehoshafat (Eyal, Y., 1967). The axes of these folds are also trending north-east oblique
to the Shalomo Fault. Along Nahal Gishron half domes like the one north of upper Nahal
Yehoshafat developed deflecting the direction of the stream. Most probably both the
folds and the faults were developed contemporaneously due to northwest southeast stress
field. While the Shehoret synclines are broad, the folds of the southern parts of the
Shelomo Graben are asymmetric with up to vertical dips of the northern flanks. The
reason for this difference is that the Shehoret synclines were developed at an extending
segment while the folds south of Nahal Yehoshafat express shortening for up to 30%.
Sub-horizontal slickensides like along the Tzefahot, Shelomo and Roded fault planes are
common and in upper Nahal Shelomo with rhomb structures indicating sinistral
movement. Sub-vertical slickensides are common like at the fault planes of Yotam and
Gishron faults. The east-northeast striking Mt. Amir Syncline and Nahal Raham
Syncline (Bartov, 1967) are the biggest mapped in the Elat Sheet. The Mt. Amir



peneplain. The Arava Formation is a fluvio-lacustrine formation build of conglomerates
of Pliocene age, deposited between 4-2 Ma at a relative tectonically stable phase along
the margins of the rift after intensive rifting phase that controlled the Miocene-Pliocene
drainage pattern (Avni et al., 2001). The Sagi Member of the Arava Formation up to 30
meters was mapped in the Elat Sheet as a conglomerate consisting of boulders of local
origin mainly of carbonates and less of chert and rhyolite, rounded and up to 3 meters in
diameter. The average imbrication of the boulders indicate westward flow direction. The
Arava Formation unconformably overlays the Mt. Neshef rhyolites and the Judea and
Mount Scopus groups. The Zhiha Formation of Pleistocene age is built of fine-grained
sandstone to red clayey-silt and unconformably overlies the Arava Formation (Ginat et
al., 2001). Beds of calcitic paleosoils with carbonate concretions formed by pedogenic
processes are common in the Zhiha Formation different from the more recent gypsiferous
soils. These soils of the Zhiha Formation were developed in close basins along the
Pleistocene major rift fault systems when the flow direction in the rivers changed from
west toward the east. The calcitic paleosole probably indicate a more humid, semi-arid,
climate than the present extreme-arid climate. The thickness of the Zhiha Formation is
around 10 meters.

In the rift zone west of Elat at Nahal Shelomo the Miocene Raham Conglomerate was
mapped (Garfunkel et al., 1974) and north and south of Elat the Elot and Garof
formations (Ginat et al., 1994). The Raham Conglomerate is a poorly sorted, coarse
conglomerate in which the boulders are rounded-angular and are composed mainly of the
Avdat Group with nummulites without magmatic and metamorphic boulders. Avni et al.,
(2011) suggested the Raham Conglomerate to be of the Eocene age. The Elot Formation
of Pliocene age is up to 20 meters thick and is built of two units: The lower brown-light
red and in places green, well-bedded clayey sandstone with carbonate concretions and the
upper medium-grained sandstone with fossil flora roots and pebble beds of magmatic
origin. The Garof Formation of Pleistocene age is up to 20 meters thick and overlies
the Elot Formation with an angular unconformity at the Roland Forest, north of Elat. At
the lower part pebbles up to 50 centimeter in diameter are embedded in a sandy matrix
and conglomerate in the upper part with a bed of large boulder up to 3 meters in diameter.
A white colored desert pavement developed at the top of the Grof Formation. Old river
terraces (Q;) were mapped east of N. Gishron and around N. Shelomo and contain
diorite boulders transported from an intrusion west of N. Gishron. These terraces
represent a drainage pattern pre-N. Gishron and are of Early pleistocene age. The young
terraces(Q;) are part of the recent drainage system dated as Middle Pleistocene to
Recent. The dating of six levels of Q, terraces was carried out by Porat et. Al., (2010) by
the OSL method at Nahal Shehoret alluvial fan east of Gevaot Shehoret. The oldest age
was >231,000 and the youngest 14,000 years. The accurate definition and stratigraphy of
the river terraces in the Elat Sheet needs additional research.

4., Structure

The structures of the Elat Sheet were classified into three types: 1) The ancient
metamorphic/magmatic, 2) the young ones which are of the Dead Sea Transform and it's
margins, and 3) the structures related to the Themed east-west dextral fault system.

4.1 The ancient structures of Neoproterozoic age are expressed in the metamorphic
fabric or the dyke directions, which are all parts of the evolution of the East African
Orogen and the development of the Arabian-Nubian Shield. This tectonic event was
terminated by extension, exhumation and peneplanation.



1967). This sandstone bed was previously described as the Sand Member which changes
northward to a shaly-—marly member where the big oyster Pycnodonte vesicularis is
common. The sandstone bed was also mapped at the axis of the Mt. Amir syncline close
to the Arava Fault. Chalks of marine pelagic origin are typical for the Menuha Formation
in central and northern Israel and enriched in clastic sediments from continental origin
southward in the Elat area. In the Raham Syncline the Menuha Fm. is presented by white
chalk at the lower part and yellow marl at the upper part, total ~ 20 m. thick. The
Ostracoda Limburgina miarensis of biozone S3 (Lifshitz et al., 1985) of late Santonian
was identified (A. Honigstein per. Com.). The overall thickness of this formation ranges
from 80 to 100 m. Also fish tooth and phosphatic bones(?).The boundary between the
Late Coniacian-earliest Campanian Menuha Fm. and the Campanian Mishash Fm. is at
the contact between the second chalk bed and the main chert of the Sayarim Formation of
Bartov et al. (1972). The Mishash Formation is built of three units: The lower the main
chert bed, 25 m thick, the middle soft carbonate rock with phosphorite, 20 m thick and
the upper porcelanite with phosphorite on top, 30 m thick. The upper part of the Mishash
Formation is marked by concretions of chert and limestone >1 m diameter. These two
formations were mapped in the Taba, Rehavam, Shelomo, Shehoret west, Mt. Amir and
N. Raham synclines and as small blocks along the north-south faulted at the northern part
of the Shelomo Graben. At the Raham Syncline in the white chalk of the Mishash Fm
(third chalk (?)) the Ostracoda Brachycythere beershavansis and Ventrocythereis rotunda
of biozone S-5d , early Late Campanian were identified (A. Honigstein per. Com.,
Lifshitz et al., 1985). Two chert beds with many concretions are exposed at the Rehavam
and Shehoret west synclines. These two formations Menuha and Mishash were deposited
in very different environment than those of the Judea Group. Sedimentation of the Mt.
Scopus Group occured in an unstable shelf rich in nutrients and organic material while
the Judea Group was deposited in a shallow sea poor in nutrients and tectonically stable.
The Gareb Formation of Maastrichian age is built of well-bedded yellow-reddish marly
chalk with gypsum veins and is up to 70 m thick. It is exposed in the Taba, Rehavam,
Shelomo and Shehoret west synclines and in small outcrop at Nahal Netafim at the
northern terminus of the Yotam Graben. The Tagiye Formation is built of green clay
and marl with limonitic nodules with pyrite at the center. The Tagiye Formation was
mostly mapped in association with the Gareb Formation. The thickness of both
formations ranges from a few meters to a few tens of meters. The boundary between the
Gareb and Tagiye formations is the base of the Cenozoic Era and Tertiary System which
is characterized by a biological turnover such as the extinction of the dinosaurs.
Correlation, isopach and facies maps for the formations of the Judea and Mount Scopus
groups for the northern Negev and Sinai are presented by Bartov and Steinitz (1977).

3.2.5 Avedat Group of Eocene age is built of four formations: Mor, Nizana, Horsha and
Matred. The Eocene rocks are exposed in the Nahal Shelomo, Rehavam and Taba
synclines are built of well bedded white chalk with chert interbeds and limestone
concretions up to 1 m in diameter. The Eocene rocks are up to 100 m thick at Nahal Taba
(Eyal, 1967) and they are most probably the equivalent of the Mor Formation of Early to
Middle Eocene. At Nahal Shelomo syncline the top of this formation is truncated by the
Raham Conglomerate.

3.3 The young clastic rocks (previously called the Upper Clastic Unit) of Miocene-
Pliocene-Pleistocene age were deposited as a result of the rifting. At the northwest rift
margins at the Shaham planes and Nahal Shani the Arava Formation (Avni et al., 2001)
and the Zehiha Formation (Ginat, 1997, 2001) were mapped overlying the Oligocene



carbonate platform belt (Ramon-Judea) to the north. Relative sea-level fluctuations
temporarily turned the basin into a lagoon with brackish-water during influx of runoff
water with plants, or hypersaline conditions depositing dolomite and gypsum. The Ora
Formation is up to 108 m thick and is divided to three members: The lower member is
build mainly of green to gray shales with gypsum veins and thin beds of yellow nodular
limestone with Early Turonian ammonites. The middle member is known as the
fossiliferous dolostone VVroman Bank in the Makhtesh Ramon area. Among the common
fossils are the Turonian ammonite genus Choffaticeras and the gastropod Tylostoma
Cossoni of Early and Middle Turonian. The upper member is built of red and green beds
of shale, a 5 m thick massive gypsum bed and thin beds of limestone and dolostone. The
soft morphology and the red and green shales with the gypsum bed are good mapping
markers. Complete sections of the Ora Formation are found at Nahal Shelalgon, the
eastern part of Nahal Shani, at the axis of the Mt. Amir syncline and north of Maale Elat.
Along some faults the shales like at upper Nahal Shelomo, Nahal Shani and between
Nahal Gishron and Nahal Yehoshafat are folded into diapir structures as a result of
faulting along the margins of the Dead Sea Transform and the Themed Fault. West of Mt.
Amram the shale of the Ora Formation comprise the lubricant for the eastward sliding of
big massive blocks of the Grofit Formation. The Gerofit Formation of Late Turonian
age is 130 m thick and built of gray, finely crystallized limestone precipitated in a
shallow sea. The lower part is built of limestone interbedded with green clay.
Disharmonic structure and block rotation like at Mt. Yoachaz, attest to horizontal
shearing along the rift margins. The middle part of the formation is built of a white
chalky limestone rich in ostracoda and foraminifera. This upper part is composed of well-
bedded limestone and dolostone with thin beds of chert and chert nodules and a common
crustaceae burrows. The upper part forms a brown distinct cliff above the soft white
carbonate. The rudist, Hippurites of Turonian age occurs at the top of the Grofit
Formation at the upper part of Nahal Shehoret indicating upward shallowing during the
deposition of the formation. The Gerofit Formation forms planes at the northern parts of
the Shelomo Graben, Mt. Shehoret and at the structures along the Shelomo, Gishron and
Yotam faults and at the Mt. Amir syncline. The inclined Gerofit Formation often slides
over the shale of the Ora Formation, which tend to cover the contact between these two
formations and inferred contact are used on the map. The Zihor Formation of Late
Turonian-Coniacian age was mapped by Bartov (1967) as the Eteq Formation. It forms a
light red-brown distinctive unite, up to 30 m thick, overlying the light brown-grayish
limestone of top Gerofit Formation. It is built of limestone, marl and dolostone rich in
fossils such as stromatoporoids and oyster beds. A one meter thick massive brown bed of
clastic dolomite forms the base of the Zihor Formation at the upper part of Nahal
Shehoret. Here at the top of the formation underlying the chalk of the Menuha Formation
marl with oncolites (Lewy, 1972) of about 1 cm in diameter and the Coniacian ammonite
Heterotissotia neoceratites were found. The Zihor Formation is mapped in the Taba,
Rehav'am, Shelomo and Mt. Amir synclines and at Nahal Raham and upper Nahal
Shehoret.

3.2.4 Mount Scopus Group is built of four formations: Menuha, Mishash, Gareb and
Tagiye. The Menuha and Mishash formations were integrated by Bartov et al. (1967) into
the Sayyarim Formation. The Menuha Formation is built of two chalk units, the lower
20 m thick and the upper 25 m thick. Occuring in between are (from bottom to top)
sandstone beds, 10 m of dolostone beds and 20 m of marl and in places chert beds with
phosphorite. The sandstone unit thins northward from 45 m at the Taba syncline, down
to 25 m at the Shelomo Syncline and to 10 m at Nahal Raham (Bartov et al., 1972; Eyal,



the Netafim Formation are missing in the Timna Valley (Segev et al., 1992). The dark-
brown color, which is very distinctive on the airphotos, is typical for the Yam Suf Group.

3.2.2 The Kurnub Group (previously called the Hatira Formation) of the Lower
Cretaceous period is composed of the Amir, A'vrona and Samar formations. The Amir
Formation is built of white friable, fine to mediun-grain quartz kaolinitic sandstone with
recumbent cross-bedding, trace fossils and tidal channels (Weissbrod and Sneh, 1997)
covered by a typical yellow-brown patina. The age of the Amir Formation is between
about Late Barremian to Early Aptian and its thickness is around 50 m. The A'vrona
Formation up to 70 m thick, and is built of medium to coarse-grained sandstones with
quartz pebbles of 5-10 cm in diameter. It is characterized by rounded cliffs and caves and
large-scale cross bedding. Nodules of sulfidic copper mineralization with secondary
green mineralization coating are common at the top of the Amir Formation and the base
of the Avrona Formation. Copper mineralization was also found along fractures and was
mined in ancient times at Amudei Amram. The Samar Formation of middle Albian to
Late Albian age is 80 to 130 m thick and is built of quartz sandstone of fine to medium
grain- size with lateritic beds. The Kurnub Group is of alluvial origin and forms the soft
geomorphological unit below the carbonate cliffs of the Judea Group. The Kurnub Group
outcrops along the margins of Mt. Amram, Nahal Shani, southern Mt. Shehoret, along
Nahal Netafim and north and south of Nahal Gishron.

During Late Barremian-Albian times the southern margins of the Tethys Sea transgressed
over the Arabian-Nubian continent in pulses evidenced by shallow marine sediments in
between terrestrial clastics. Since the Early Cenomanian the sea covered the Elat region
and gradually progressed southwards into Sinai (Egypt).

3.2.3 The Judea Group of Cenomanian-Coniacian age comprises four marine
formations: Hazera, Ora, Gerofit and Zihor which were described by Bartov et al. (1972).
The Hazera Formation, which is 120 m thick, is divided into four members which are
map able at the Mt. Amir syncline. The lower Hevyon Member forms a light brown
dolomite cliff 30 meters thick with an up to 10 m thick yellow glauconitic-dolomitic-
sandstone bed at the base unconformably overlying the Samar Formation. The En
Yorge'am Member, 30 m thick, is built of a green marl and clayey limestone rich in
bivalves, gastropods and echinoderms. The gray limestone with chert nodules and
Nerinea of the Zafit Member forms a 30 m high cliff. The double cliff of the lower
Hevyon Member and the upper Zafit Member with the marly En Yorge'am Member in
between is an important marker for geological mapping. The assignment of the members
of the Hazera Formation described above and shown on the map assumes a particular
correlation with the type section of this formation. However, another correlation (Arkin et
al., 1967) is also possible. The section in the Elat area may also be interpreted to
comprise only the Zafit, Avnon and Tamar members (i.e what is shown as Hevyon may
actually be the Zafit member, etc.). More study is needed to resolve this uncertainty.

The upper Yotvata Member is built of white to gray well-bedded limestone at the lower
parts, paper limestone at the middle and white limestone with the ammonite Neolobites
Vibrayeanus indicative of the Late Cenomanian. A thin red-brown limonitic-dolomite
bed at the top of the Yotvata Member marks the top Hazera Formation. During the Late
Cenomanian-Early Turonian elongated shallow basins striking northeast-southwest
developed in the Negev (Freund, 1962). The biggest basin is in the Elat area with a water
depth of 50 to 100 m where the Ora Formation (previously called Ora Shales) was
deposited. The basin was situated between the coast to the south and the elevated



The result of the geochronological studies indicate two possible major breaks in the
Neoproterozoic magmatic activity: ~60 million years break is between the metamorphic
rocks and the calc alkaline intrusions and the second ~55 million years is between the
rhyolite, andesite and composite dykes and the dolerite dyke.

3.2 The sedimentary rocks (Fig. 4). The pre-Dead Sea Transform sediments, from
Cambrian to Eocene, consist in the Elat area of five groups: Yam Suf, Kurnub, Judea,
Mount Scopus and Avdat.

3.2.1 Yam Suf Group: The lower, Cambrian part of the sedimentary section comprises
four formations: Amudei Shelomo, Timna, Shehoret and Netafim, which were described
by Weissbrod (1969, 2005) and Segev (1986). They onlap the Early Cambrian peneplain
for example, at Mt. Amram. A paraconformity, a stratigraphic gap, of 380 million years
separates between the Aptian Amir Formation and the Cambrian Netafim Formation.
This gap is the result of erosion of approximately 2,500 m of mainly lower Paleozoic and
less upper Paleozoic and lower Mesozoic rocks as a result of three uplift events
(Weissbrod, 1995; Kohn et al., 1992; Vermeesch et al., 2009). This paraconformity is
well exposed in the north at Givat Yokheved and at the southwest margins of Mt. Amir
syncline. The sand of Yam Suf Group must have been transported several thousand
kilometers before deposition from south to north Gondwana (Morag et al., 2011c).
Avigad et al., (2005) suggested that the vast sheet of mature Cambro-Ordovician sand
blanket of north Africa and Arabia are essentially of first order cycle sediments derived
from the Neoproterozoic basement. The Amudei Shelomo Formation of Early
Cambrian age is composed of sub-arkosic sandstones and conglomerates filling a
moderate relief, which was formed along a drainage pattern aiming north and northwest
(Karcz and Key, 1966). The base of this formation around Nahal Shehoret and Nahal
Gishron is built of a dark-brown silty-clay bed a few meters thick. The Amudei Shelomo
Formation was mapped at the southern margins of Mt. Amram, at the southeast margins
of the Mt. Amir syncline, south-east of Nahal Shehoret, at Nahal Shani the Red Canyon
and at Nahal Gishron. The Timna Formation is exposed in the Timna basin to the north
and the Elat basin to the south which are separated by the east-west trending Mt. Amram
and Mt. Neshef ridges (Segev, 1984). The formation was divided into the Hakhlil and
Sasgon members. The lower Hakhlil Member is built of silt and sandstone with rhyolitic
breccia at the base, and the upper Sasgon Member is built of three lithofacies: dolomite,
sand and clay (Segev, 1986). The dolomite at the Elat basin is dolomitic thrombolite. The
sand is sub-arkosic with sandy columnar stromatolites (Soudry and Weissbrod, 1995).
The age of the Timna Formation is Early Cambrian (Parnes, 1971) forming a
transgressive-regressive cycle. This formation is exposed at the Netafim pass, at the
northern margins of Mt. Amram and is associated with the Amudei Shelomo Formation.
A full section of the Timna Formation with dolomite and limestone beds, manganese
nodules and mud cracks occurs in Nahal Amir close to the junction with Nahal Shehoret.
The Shehoret Formation is built of silt and sandstone deposited in a coastal
environment. The formation was divided into three members along the margins of the Mt.
Amir syncline: the lower sub-arkosic multicolored Member, 30-40 m thick, the White
Member of sub-arkosic sandstones with Skolithus of maximum thickness of 52 m, and the
upper Variegated Member up to 60 m thick built of red to brown clay alternating with
white sub-arkosic to silt beds (Weissbrod, 2005). The Netafim Formation, 20 m thick is
built of fine-grained sandstone deposited in a tidal environment, unconformably
overlying the Shoehorned Formation. The upper members of the Shehoret Formation and



al., 2004) of the low, greenschist, metamorphic facies and 705 Ma (Morag, et al, 2011)
mark the end of the metamorphic events.

3.1.2 The calc alkaline intrusions, the Shahmon Metabasite in the Elat block 640-644
Ma (Kroner et el., 1990; Morag et al., 2011), Roded Granite Porphyry, 642 Ma (Morag et
al., 2011), Roded Quartz Diorite, 634 Ma (Stein and Goldstein, 1996; Katz et al., 1998)
and Elat Granite, 630 Ma (Beeri-Shlevin et al., 2009) in the Elat and Roded blocks mark
the cratonization, post-collision phase of the orogen. Some foliation was observed in the
Shahmon Metabasite, Roded quartz Diorite and in the Elat Granite. Eyal, M. et al., (2004)
suggested that the Elat Granite is composed of two plutons; the one on the eastern
margins of Mt. Shahmon is metamorphic and is therefore distinguished by them as the
Shahmon Granitic Gneiss.

The intrusions of the alkaline granites such as the Amram, Shahmon and Yehoshafat
granites, 608 Ma ( Be'eri-Shelvin et al., 2009; Morag et al., 2011), is accompanied by
rhyolite dykes, 609 Ma (Morag and Avigad, 2010), andesite and composite dykes which
mark the extension phase (Beyth et al., 1994). In places such as the "Dyke Country™ at
Mt. Shelomo the dykes form 85% of the outcrop (Gutkin and Eyal, Y. 1998). The
Shahmon Granite intrudes the Quartz Diorite Roded in numerous small intrusions
(Bentor, 1961).

3.1.3 The volcano-conglomeratic event is the final major magmatic event in the Elat
area, represented by the Amram Rhyolites, basalts, andesits and conglomerates of the
Mapalim Formation in the Roded block (Paz, 1997, Weissbrod, 1965), andesites and
trachytes at Gevaot Shehoret (Peltz and Eyal, 1995), acid volcanic rocks at the Yotam
Caldera (Eyal and Peltz, 1994), the basalt and andesite volcanic rocks in Mt. Shelomo in
the Elat block, hypabyssal shallow intrusions of the Amram Monzonite and Amram
Quartz Syenite (Mushkin et al., 2003).

The Roded Conglomerate, the Mapalim Formation and the Elat Conglomerate in Mt.
Shelomo (Gutkin and Eyal, 1998), dated at about 590 Ma (Morag et al., 2011), are the
products of a major erosion phase in which 12,000 m of the section were removed
(Garfunkel, 1999). Garfunkel (1970) interpreted this occurrence at N. Shelomo as a
graben because of the knife-sharp contact between the sediments and enclosing granites,
the far travelled origin of the sediment and absence of local detritus. The Elat
Conglomerate is a product of cohesive debris flows while the Roded Conglomerate and
the Mapalim Formation are fluviatile sediments (Kagan et al., 2010). Rhyolite, andesite
and composite dykes 585 Ma. of age (Katzir et al., 2007) intrude these conglomerates. A
petrologic study of these dykes intruding the Elat Granite at Mt. Shahmon was done by
Kessel et al. (1998). The Neoproterozoic basement is truncated by a peneplain and the
youngest dolerite dyke below it is of 532 Ma age (Beyth and Heimann, 1999) and was
mapped in the Elat Sheet at the southern part of Mt. Amram. Identical ages were reported
from the dolerite intrusions in the Zenifim Formation (Weissbrod, 2005). This Early
Cambrian peneplain was formed by erosion of 2,000 m of the section (Garfunkel, 1999)
and by chemical weathering. At the junction of Nahal Amir and Nahal Shehoret the
Roded Granite Porphyry was altered to kaolinite, suggested by Sandler et al., (2011) to be
a relict of a thick lateritic section which was removed before the sedimentation of the
conglomerates of the Early Cambrian Amudei Shelomo Formation. Avigad and
Gvirtzman (2009) suggested that the lowering down of the Arabian-Nubian Shield to sea
level at Early Cambrian was significantly accelerated by post-delamination cooling and
thermal subsidence during the last stages of down wear when erosion slows down.



3. Stratigraphy

The Elat area comprises three major rock sequences: 1) The Neoproterozoic metamorphic
and magmatic basement; 2) the sedimentary rocks from Cambrian to Eocene and 3) the
young clastics and playa deposits accreted during the evolution of the Dead Sea
Transform since the Miocene. The Early Cambrian peneplain separates between the first
two sequences (Beyth and Heimann, 1999) and the Oligocene erosion surface between
the second and the third sequences (Avni et al., 2011).

3.1 The metamorphic and magmatic rocks (Bentor, 1961; Garfunkel, 1980, Fig. 3)
were mapped at the Elat, Roded and Amram blocks as part of the northern margins of the
Arabian-Nubian Shield. These rocks formed during more than 300 milion years of the
Neoproterozoic crustal evolution (Beeri-Shlevin et al., 2009; Kolodner, 2007; Kroner et
al., 1990; Morag et al., 2011). The oldest rock association was mapped at the Roded and
Elat blocks and the youngest at Mt. Amram (Mushkin et al., 2003). The U-Pb dating and
Hf isotopic analysis of single detrital zircons from the Late Neoproterozoic Elat
Conglomerate bear evidence for two major magmatic cycles, island-arc magmatism
peaked at ~800 Ma and post-collisional granitoids and volcanics invented the
amalgamated arc crust peaked at 610-630 Ma. The results of the Hf isotopic analysis are
in line with the overall juvenile character of the Arabian-Nubian Shield with some
contamination of older crust (Morag et al., 2012).

3.1.1 The metamorphic rocks of the Elat block are built of the metapelitic and
metapsammitic Elat Schist, 800-813 Ma of age (Kroner et al., 1990). The metamorphic
minerals in the schist are biotite, garnet, staurolite, cordierite, andalusite and silimenite
(Shimron, 1972). The Elat Schist is intruded by the quartz-diorite Taba Gneiss, 782-790
Ma (Morag et al, 2011; Kroner et al., 1990) and by the Elat Granitic Gneiss, 740-744 Ma
of age (Kolodner, 2007; Kroner et al., 1990). Garfunkel (1980, 1999) suggested the
existence of two orogenic phases separated by 50 million years. Two metamorphic
phases are distinguished in the Elat metamorphic association, the amphibolitic, medium
to high temperature and low pressure facies and the amphibolite-greenschist facies
(Morag and Avigad, 2010). The mineralogic association suggests temperatures of 580 to
660 C and pressures between 4.6 to 3.8 Kbar (Matthews et al., 1989).

The metamorphic rocks of the Roded block are comprised of the Roded Migmatites
and Roded Schists, 800 Ma old (Morag et al., 2011). The metamorphic amphibolitic
facies suggests temperatures up to 650 C° and pressure between 4 to 5 Kbar. The peak of
the metamorphic event was pre-750 Ma (Katz et al., 1998).The Roded Migmatites of Mt.
Shelomo developed from the Roded Schist by metamorphic segregation while the
protolite of the Roded Gneiss was most probably magmatic (Gutkin and Eyal, Y. 1998).
At Nahal Netafim the metamorphic rocks form a belt at the east and south margins of the
younger plutonic rocks of the Roded Quartz Diorite.

The metamorphic rocks of the Elat and Roded blocks represent an event of subduction,
formation of island arcs, erosion of the arcs, deposition of the erosion products and
metamorphism of these sediments. This event took place between ~800 Ma (the age of
the zircons in the schists), to 780-790 Ma (the age of the zircons in the Taba Gneiss; Eyal
et al., 1991). The schists were intruded by quartz dioritic and granitic plutons after the
first metamorphic event and metamorphosed like the Elat Granitic Gneiss. The andesitic
magnesium-rich schist dykes (Garfunkel, 1970; Shimron, 1972; Avigad, 1984; Katz et



1. Introduction

Three major processes controlled the geological and geomorphological evolution of the
Elat area: 1) The creation of the Arabian-Nubian Shield during the Neoproterozoic as part
of the East African Orogen and the enclosure of the Mozambique Ocean between the east
and west Gondwana plates; 2) Accumulation of the Cambrian to Eocene sedimentary
sequence on the Arabian Plate at the southeast margins of the paleo-Tethys and Tethys
Sea; 3) The Miocene to Recent evolution of the Dead Sea Transform, a sinistral fault,
which is the plate boundary between the Arabian Plate to the east and the African Plate to
the west.

The stratigraphy and structure of the well-exposed rocks in the extreme arid desert
climate of the Elat area document the evolution of these three processes and thus make
the geology of the Elat Sheet so unique.

Therefore the extensive research done in the Elat area has turned this region into a field
laboratory for geoscience students. The Elat Sheet geological map was prepared as part of
the 1: 50,000 scale geological mapping project of the Geological Survey of Israel and is
based on previous maps updated by field work during the present study. This most recent
effort of very detailed mapping was carried out on a 1:10,000 average scale using GIS
and orthophoto as the base map.

2. Geomorphology

The eastern part of the Elat Sheet comprises the up-to 1,000 meters deep structural basins
of the southern Arava (Frieslander, 2000) and the Gulf of Agaba/Elat with a water depth
of up to 1,500 m (Sade et al., 2008). The geomorphological expression of these
depressions on land are the Avrona playa, Elat sabkha and the alluvial fans of the rivers
draining eastward. The ephemeral rivers (wadis) draining into the southern Arava and the
gulf are from south to north: Taba and it's tributary Gishron, Shelomo, Garof, Shahmon,
Netafim, Roded with its tributary Yael, Shehoret, Amram, Zefunot, A'vrona with its
tributary Nizoz, and Raham with it's tributaries Shelalgon, Shani and Uzia. Most of these
rivers are incising at their upper parts, the sedimentary rocks of the Shelomo Graben on
the west the metamorphic-magmatic rocks of the Roded and Elat blocks to the southeast
and Amram Block at the north. The topographic elevation in the east ranges from sea
level to +40 m in the A'vrona playa. The elevation in the west ranges from 700 m at Mt.
Shelomo to more than 800 m at Mt. Hizkyhu and Mt. Neshef. This sharp difference in
east-west relief which spans less than 15 km is the major reason for the canyon
morphology of these ephemeral rivers. Changes of stream direction as at Mt. Amram
(Beyth and Mushkin, 2010), of the Shehoret and Roded rivers (Weissbrod and Sneh,
1990) and the "capture™ of the Gishron by the Yehoshafat River (Eyal, Y. 1967) were
controlled by the young Pliocene, Pleistocene and Holocene tectonic activity of the Dead
Sea Transform and its margins. Garfunkel (1970) presented a detailed study of the young
stages of the evolution of the rift margins in the southern Arava (Figs. 1&2).






List of Contents

Lo INEFOUCTION ..ttt st sttt ettt et st st bt ses e bt b et eb et e be et et et sesbesens 1
P CT=To g aTe] o o] T oY= 4 VOO OO TSP U TRSRRRRRRTN 1
B A 14T =T o] o 1V 2SO OO OO STOSTSTRPRP 2
L o 8 ot U] = TSSOSO 8
5. Landslides and rock COlAapSE.. .ttt e st s e sene 11
B, ECONOMIC @SPOCES ittt ctieis sttt sttt st st st e e ste st e es eestesaeeessesseesseessessesnsesnnnessens 11
7. PrevioUS STUAIES.....coourereetiie sttt ettt ettt b e s b et sttt eb e st 12
8. REFEIENCES....eeeee e sttt et st s bbbttt b e s et be et n

List of data in the CD attached:

1. Photos, kmz-selected photos in Google Earth.

2. Station description, kmz- Field station description in Google Earth.
3. Geology, kmz- Geology in Google Earth.

4. The geology of the Elat Sheet-PP presentation.

5. Three geological cross sections.

6. The geological map of the Elat Sheet.






This map is dedicated to Prof. Yakov Bentor who was our teacher and a pioneer in the
geological research of the Elat area.

* Attached isa cd
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