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MNN CWVITN — TN YPA PONA DIND

YD 40N INAN 1994 — DM VI 1XNY NNNY MHRIVIN IADNRAN N1anND
Y9 MR ARV DYNNINN DMIVD PRI IMIAPN TMPYPEY TYNNA NRN DD
OR DMVYOY DM

DAY ARIN MININRD DAVA (1PD) IR DVION ONNYNY DNPH 1TYN DION
792% ORNYY DMR TIYY DIAMNYNN VI NIONY PINn DIONY D) DNIRNN
T 2100 DIYONN YT PPOY INT0NY HYI PRI IMN MOHN 157THR MIAIN

YWITNL DYTPHRNN ,I0MIA VI ANNYNY DPRINA DMPDN DMATH PIVN
QDNNN DWRIND DIIVON PUN PNINN T YIAVINN LITPR YA Pava pnnn
DYYYM DN DN 921,1989 — NMINTA TIPI VR MNNIRAA 172NN DI MDY
290 PARNN (1989) NMINT VI RN 4YNY NN AT PIYN MNRL DPPN YN DR
DYMIT DDA 2P IBNNYA TVR 1YRY MVaAN MR IpNNN JYNN YpVINY
DMV INYY

MMYPN MPYE NPNNIRG MPHNT D TPHRNN NRT NI2INA DYDY 72000 12T
DTPY MNIRMN M Ypan " Mand monmn *19 0, nnnnn 1dvn ypab
NNNIRNDN PNVDNL MR YR D0 0NN LID NI PPAN MIRNNY
DPNDIRY 0NN P2 VPN INY DMMP DR TYR DMNVPL DMVYNY DNYPH
7292 19NN D127 DMIPINY IR 1YY MININ NN 12Y YPAN MINAY INTPY
INR NAPIYI NIMRNN MDPON MIRA P15 PN DM NYPY D0IN DINKRY Tyl
DMy nwhin MR

MMNMYPN NMVNINN NV 12 NRY NMR D210 PNINY P1IY IR HY 11710
DRARIND DMIAVAN NNIY IR PNNNA PPNMIPA NNIPHYN MH»PA 1pMmvpLva
72W YWnh 72 .N219N NNINA PYR NV YW ANMTP NNVPL NIIYNY DIV 1T HY
MY NIIPNN PYN ANNN PANNN PIPINIPI AN ANIN 12V 1T HY aRnn PIRY
LDYORNY DY HY NN NP TR L(AMYRI 729N POPI) DrPYRN Ppan

MYNN NIPRY N0 ANAN ,AIMTH DRNRN NAIPN RVANH MPNIPN DPIPHIN
1729 11NN MIRINNN NIMTPN MPAIND 171 0N VP .DPNYN DMR DY MY
99,31 INTNY 120N .ATYRD APNNNN PONI PININD VI3 DY ININNN PN ypan
TP NOYNI AT NN JONM DMAVN PN NPV RN L5 TINTG 297 MY NPV MITINY
172 PNAnY YR 22 APIYN NWYNY RINRD RN PINTINA YN YV NnIn PHn .ovn
I MAYVIND NPARNA TNV Y3 MNON NYPR MHYH HY NPVYI NNV NN
,(1989 — MINT VI 1IN 2 NITTNA D ART) PININD Y NN MNRNN
Pan NR PV 0PNVPLVA DIHYNNY INVPN NRMN

TARN YR DMIPYY DRV AW 107N YRR RN NNIY NAXNY MIRD 1102
A2 TWR PVINIVN WPYNI 1T VM YPI2 DNV M2vH Dnnn

NN2D 1NN PYN ,DMR DMNMYNN DI DMAYA 12 DON’A DIN P1IPH Man Yy
D2YONTIVN ,ADNI .MHYTIM DPVIMIVN LPPYNN 'POD YV NITION NYINVIVD
DIVA 19N PPN YV MOIMRNNYAN NR DNAXYNHN PPN HHODI DI 1T YY DN
MYANN T Y DITIND YPAa NYNN 7272 NMTYA 1°2 997 9 D»P IININKRD



NR DPNYNH DMIAYVD T HY NIRIND YN MNI P22 DPNVR MY IR NNYHN
JOMIVN PPYN

DV L1INM APY 2V MIAN R¥N AT DI DMIPON MR HY MITH pHna
TIUR MIYONN Y1 T2VH MYANN NPORN YV POY DN 1YY AN NEN
12599 MNYPN MYAIN P2 TIaNY NYP D17 DMIPNI L1200 YHDL NV
Pann qynonn av%n 12va MMYPn AYR 2% NN NYPN YV M»Yan

0 — (1989) NINT VI TIPI TWR DNMP WOY MNHYR NN N1 0 D)
(1989 ,17am 130 ) Pavan N IRY M1 nypab

NPYR RNNATY DPMY DN HY INNHT P NTIONY NONPN 12T MDYN
PN TNRY APNNN DTN DR PIPAY NN NIRT NTION NP INRY PP ANMVPN
MYTIM DPIYN DYPVNN DY YN *OM NYap YY Ip°»a NDDIIN NIIYAN VY
JMIRIN

Y9 NPYRN MNOVPVN PNVONT TPANHN IR PNT Y NIKIN M NYPa
NR 0INY Y AT NRNY INNR YR IR NN YV ANYPYR NOPNN YNR NIRD
NN MY MANN Y099 NRY 1 NN MTPI NTVINY 93 INY IMTPN 1PNV
DN MTP MINR OR PIR YV DNIANA AT MR 1D TYR NNO»ON 1PYATIN
YD NN PIY PNVY 72PN DMRIN DAY PRI PPN MM MDD DNan
T I02 DTVINAN PNRTPN DIRN YV YTV DINYN PPN DN HY YHRvnNi

N7°90 YV NPIYYAN MR ,IIP-171 DY YV INIITIA 1T IR DA
9 DYNNNRNN DNANY YWY MYV NMNVPY 11NN 207N MR MPNIRDIN
YHON NYPYN NMI21D PIARNN JAIRNI IR WNRYN INTPN DIRD .119NN NNN
Jnayaa

09210 AYRIR MY TITINN 0N RYN RIN,TINY HMII DPNVDNI DITIY
DOYIPRY PUIYNRY 772 Y PN02 ROR PPN TN RYN IR AT INRY MY
9P N9 AME WRAVA (YYD NN 0YANI DMPY J1D) YPan TN wWwnImny
TONM PPN NI PYTY PPV IYR DIVPN PHN .TINY YN NDY TVR MOIYIIRD
NN VI NMRN JNI=T2IP) DVPLVY T HY INPYI RN TIWR qON PTN IR ,IpNn
MYVRRN NMVONY DNVN DDIT 0N (1989 ,7INT DID DD NIAMN) APy’
W) MR DVYPRN YPWND 'YH0 HY NN INTOTH NIRI 1PIVDNHeN N.pna
DMINR NN TINVPLA MPPON NNRIY Y NYRIARN PTNY MR 2APY* N
R

DYRNXYN DIPONY DTN YN DY DMID DION ANNYNY DHYNKRN 1R
DMLY DIRNA 7NN 1YY NN PNV HY 179N HNN .DMPDI MPATN NN DR
JDMYR NN 1Y

D2oMNMYn



14999
POYA NINRN D PYPAA PLINIV SYFYNI APHVPL NMIYIIN
HNY?

199 ININ

DU SNDIND 1NN

ypa

2990 MON P2V Y1230 DR MNNNA NYNN D’ DNHOINV TNRY NNaAnn nYnn ©* Ypa
NYNINN LKW IMNNL , 001700 TNRY 19 Y2Ipn (1 71) RPMIORD MYH
12 P20 9N PIRN NOXA .(Freund et al., 1970) NP 105 Y¥ MYRNY MPAIR NYIN
10NN DINIRNY DXIRN M2 MNRY YPAN NINN PININM 1910 ,299010 90 Mn
VI DTND NN SV DMNNNN DPIvIN YT HY DITIOM 1Y PRYY NYINA NN DR
nYNn O Ypa1 MPPEN YHoN MTN YV HH9IN 19IWVIVD NN (2 X) NHVN

23 7181 80 YRIWY Paxa

"911390 N1ana MPOWN YR NR IR 178 RN HY WYY M MTayn 1"an
Picard, 1965; Freund et al., 1970, Horowitz, 1973: Schulman :Np*» 500 MT N1
.1990 ,J1"11 13) and Bartov, 1978; Garfunkel, 1981; Joffe and Garfunkel, 1987;

DYYRIN DN ,DMIPIYN NPAVA 1299 INR APYN (R) 199D 0N NVN
(2) .NVPYVR DMPNYN NIAM HRIY? 1A NIMYA D123 NR DNIPORNN DMIVNM
myasm ,nTYVa DNYAN — NNINN PHRY NANA DRININ PVINIVN YPYN NN
NVPON MHPYEY DRYY WP OIVIPRM MIN DA ,MTNIN NPIVINITO
PNYA LTI NN LD NN 1DYNN L,NNON NAXa 1PoN YV Y nn

(2 91%) DRMIN NNTIY PVOIMIVN PPYNII ANI0N NIRA ,A%NN

(2 7913 9982 HMMIVN MON NNNN) MPON NN

(2069/2573 .8.3) MINYN (1

Y 19182 YPAN Man YV NIDN NIVHRN MINDR AVIN NN DITTIY NOXNN NP
= NN PARA ,1HNN MITIN = NN :ANARM NN 2210 1M NN M Y
PNNNA Y90 YV 01Yan Nan - 27YN1,DTND NNY — NTY PavN TN NN
NNRIN NIION 220 YP1AN M2W YV PIOMIRGD (2 IPR) 1N NN MNAMmn
93 .(1990 1NN ART DMIYNYM DMIAVA VING) ANNN RIN NNN MIRIN

PO NPV PN (Mam H»n) 1989 mwa NNMLIRBN MANA DIPIA ANNY DY 1PYNA IMT AT WD
LDPUINVA TN PHNN NADIM APIVPYA PON PYNN

1
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29 NN 29 HY WA 2 =N PYX NN D978 T NI R NN PR NIIRINPH
PYR R IRNN (Kafri and Heimann, in press) 979301 N7t Y9 npin pvoa oMy
=077 ANVI TN (7191) NN .(Heimann and Ron, 1993 ,]1%7Y NRY) W0 1 -n
TNIRY PPN NN DINTIY HY NMY 72V 21PNN 771N 1AW NYINN RN 2N
1AX YHH9ON DMNIY DAY BN DORY IMTTA ‘N 400 =N NIMT HY MY MW
2 =N PYR DTN NN NPAVA Y1 .DMYI-NN 790nY NI NR DPYNN 2YN

.D772VN YT HY NVDINM NN NR N0INN NN 9 RINY MY PN

(2092/2627 .8.3) 12949 NN (2

N NN 1913 239NN P2 N P2 DPIND NANN MIAN NPD DTN (71Ya) Nm
170 M2V T HY NN (1987 ,p¥rYn) NNAY 2V T YY 12IYNa NYIM N
Y MPM (4,2 DIVR) AT NIRI MLYAN NY VAN IRNN YD DAY MNOR
NYANANMIRG MNTY :NVARN 90N YT HY AN TN JTNIRY YVRIN PPN pnyn
,(5 9% NRY) TN TR YN DNY NHTA *97 ,(Harash and Bar, 1988; 1987 ,pX911)
VYN JTIN PAR TNRY YYRIN PRYAN DIPN NR DIRIND NYNDND EPYSI MP
TP TMRY MVINT NN MY 191 ,(Rotstein and Bartov, 1989) 19 NN
DYNIRY TINVPVIGNND N3N T HY P9IRN INRY TINOR- PRYN N2 1HDYNM
YNN YV 29910 Y TNNOR 72vHW YRIN LPYRN DM HY Dyasnin Drpun mva
19720 HYWNY 1N 10K MNNN ANNN MPAIN 19 HY NRN MHRNY NIPOR
,JNMN DR VYA AIRT) (20770/26120 .X.3) INIDN TN NIRL N2V P OY IN¥NN
NN POND 1YY OYRNY APNN 199 020° RIN IINYR pnvi YV M (1990
DTN 7931 AYNY VN 1NN L,DIT PO NIV DNI0ITVA HY 1YYIN
MIIYN 90N MDIVIR 1AW PN I APNYY NV1IN (Heiman and Ron, 1993)
VAN NHM DY P2 9YT7ANN (Rotstein and Bartov, 1989 ,02190 OpYN1) DMV

(470%) (1987) *p¥922 7T HY NYYI NLYN 19 YY DMIVN HY

Heimann and) .W.1 0.8-5.1 %) NMLVY Mo '7)’ NNLY 2172 A01ON DT ND NNI
(5 7¥ ;Ron, 1993

MNONNN DMV TMINYRY JTIN 72V HY MAXY N7 797 ‘N1 NYAXNN NTIPIN
AR T HY (4 VX)) NW AW 1,790 PINIY Dav MIIYNN NNR1 1N
NIMAIRD NIPYRI MAXY 1N ,JTIN pRYAN INOR pRyn YXONN 11 opna ,JTn
MY 10 1YR MWW 180 (1988) Harash and Bar .(1 DY2R) YpIp MWy

AT MR MR MDY TPIN DIPINHI NOMNN

(2101/2690 .8.3) 7)Y Nosn (3

NPYNI AT NTIPIN 20N DAXI MANN HYIM DTN NNT ,ANNN PRy YV DMann
1PN .(5 X)W1 0.8-2.5 1MW DTN 1117 MBI T HY DIIND NNT NN MNARD
NN D) NPYTY 3T NPIVY 719N PNAX DR DIPRYNA 29PN PNARDY DOV DMav]
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DMV MRN N YV AN DPIYa YV MY AR PRPYAIN NP NMIYD PPIPN
59 297 DY NW 11192 N2IPYHN DR DM YWRIA PRYANN DYReNnNn N9 Nanm
.(Rotstein and Bartov, 1989) 12191 NYNN

TINA 11.4° £4.0° YV MYV DPYIN YV MROIT HY MPIIRN NPYVNMRDS MT'TN
NNV 72 YY YasN *0NY»P MM .(Heimann and Ron, 1993 ;6 1Y) NPV 1Y
DY YW T PRVIIN ARIND (DIIT-NOX PN MIRPNN) MRNNGT 172Y DTND
PN DMEPN DAY Y DIVN MRN 790N YV HTI ITOL NN NPPAIR MPNN
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MINNNN MR DR MRIY N0 .01 NNT 93P YR 12PN 1990 NNIN VIN .1 TN
W3 RN 1Y MpYRN NRY 17N

fo
Y
A) Initial Configuration B) After deformation (Slip & rotation)
4. sin &
w  sin(g+d)xsina
5 =_£’_= 'sinoz
A sin (@ +6)

.(Heimann and Ron, 1993) D112 7MY21 Ma0 NNYnNn YW MUMIRI MOV .6 X
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T Y9 551 YT 9702 DAY DMR YY 1NON 1Y 11,315°-290° DVIY ,NNIN
DYPY0A AT RVITN NPY 490 MRA HY MNMINM 1PN DIVN MRN 1900
D1 RN NIPYNN IPPY IRINT LMY 1191 MND T .v.1 3.8-n 0Y) NVY
RIN DT 9N NNIYNY DINAY PRIN MY NN PYY DD nna YV nown 101
mouvan NYNN 111799 Y2pNn IR VAV PPN ;TNYR 72V YY APYRR Navn

.(Heimann and Ron, 1993) D179 NNI2 Mpnn X1 1NVIaw n¥my 1vHY nasn

VPANN IR IMNNYR 72 DTN NN NONIN NNYNN P2 WP DN”P IR DR
NYND?DN MYYAN A HPI MY 1Y MND 199 NN MNOR 72V YV MY YanY
YNNY PYRN NVIAN RIN IMNOR 72V 31 AMNA .DPA TY NIYNM RNY RN
DT NNT2 NNYND IR 1PHY MPIPAN IRYINN AT NRA DNO0ITVN HY NIPOIRD

ST NN GRY 1N

WR AYINN PRY P2 DTN NNT HY AXNYR MR P TIONN YYNVPIVON YA
N1772Y Man RYY ANNN PRY PN YR NNNID DN NNT ORI NV N9 YY NN
YN PITD PR .NOYN 19 HY DOYN DPRY DMIY DINPPY 1IN IR DYMYNYN

N DTN PYvA PAY Jaynn MR HY YPIph nnn

Y9 0PNVN M2V NN Y2NN (rhomb-graben) PPN NNT PHRY N ANNN PRY
MMRY TN 72WN DT %AY MNYHNN NNNY MIP 72w1a ppvn Ha3n 29pnn Joun
DORRNN TARD 2P PRI ALIND PR (7 I0R) DAY MIIPN 1DONN MIAN NPIY
Freund et al., 1970; Garfunkel, Y9Nn% 1®7) pull-apart basin = Y11 T 5P 1INV
NRT,YPIAN THRY DMINR DR 790N D) MAY IMT 12V HY DITYH 0NN (1981
NNMPY NTNA .PHRYH IMIIAY HYTIN N2 HY VPN IMIT AN 72VY ,(8 ‘ON NINN
19791 MITI PR 2MIY NPAY PN NI AMNAY 1PN? ,pRYR DT NPIAY
NRNO 19NN NP 07) DT DY YV 1RO YV 20970 DIV 1IN anaxa

(1990 ,197°71) 1MIND MR ,AYINY AN DNAVITVN NI YHHD NPYN NRYIND

Y1 DPMIR DYVINTO YV PAYYINN 25N PHYA PYPIPN NN HIWVIVON TNNN
(Heimann and Steinitz, 1989) 3 N7V MTP2 40Ar/ 39Ar nvXwa mHan IR
nYIa NN¥N MTPN VDY MIPY 191 197VIVD TTOI MITON 1Y T2 HY Yasn
DY0ITO YV NaY NN YV MNP V.1 41 N2 RO PYHYN DN 1DON .W.N 8.8 N
LN JARD PRYN WMV AT NMPNIY T Y PINN W0 4.1 =N PYRD DIn MY
YN RY MRAY IR 1999 DY DYHPYN WPY RY 0.0 41 =Y NNTpn 19pna
Heimann and) .9.0 4 =3 2% InY Ynn nYNn pnyw PIN NRT NIRY AR
28D TRNY MINN 9INNON INANY ANNN PRY YN V.0 2.5 =3 NaY (Steinitz, 1989

.(1990 ,1nMN) MRVINTON 2XPY PRINNA ANY IMYANYD

(2102/2877 .8.3) NOIN NYA) (4

LNV 72Y AN PNRY YV MIMN NN IR NN DITT-NOR NP2 DAY NOIYN
MYOIN .1NY PP NIRT MYRIN NIIPNNN HRANN (7 IPX) NN NarY MY
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(7 7982 DR A-A" NN DIPM) PNY 729 MR YV (0"1p RHY) NN aM7 NN 8 N

IR T2V NN MR HY MY 72W2 198 NN PAxY 72w mhYrann Yv MM
R ,2991 DT N 400 RN NY 12W YV MOYRNMOIND NPT (2 TR) PNINAY
mnab apmy 92vn TNRY NIPYR MYan N NoaxvY (DarY 1Y) nnenven

(8 9% ;7290 NR NDANA MHT NYT H7) MY PON NVN

M, AP (1990 ,J00°0) W 0.2-0.3 NYNIY APYR NYTIN 7PN NOIR NYAX
,ORN DY ,2%0P YN — NImM-1axy mrIv 1p JTIRY Mnpmnn MInR myax
1811 OR NP .AN20N NV ANND PAY PN AN = 7N HM 1Y NYI3
D2V PVP TNRY NMYRNY MPAIR NPIVN NRNIND (push-ups) NXNY 22N
MY DYPY YY DNYP (9 X ;Heimann and Ron, 1987) M1’ N7 DMOOINN
1Y JNRY MYIYON D) 9 DTN MY MAYMN MHYTaN HY PYRA 1993 DTIn
72V RN ,DMMIT DN IRENI 1DNRY 0N 1AV 1P INP PYR LY 29 L,

(10,9, 7 DR) ANINN PNRY YWY 12NN H11 DpINh IMNY

NYN NNT NYNY NYT VION RN D 220 YV AP KA RIN (7 18) THRD 79D 72V
0.55 K11 Nt 929 Y »orrnn YRINNN NMIIRD AYNINN 2RP 1200 V.0 04— PYDX
Heimann and) NYINN pRY 19901 17770 MYNYIN MY imTa ,Mvw/n"n

.(Steinitz, 1989; Kafi et al., 1983

Freund etal,, Y9n%) 921pn .(2 m»Y) NINA NaN RWINND ANNN pnYY NN Nasn
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— Conlour interval: 10 m.
~—— Faull trace

S
e Elevated zone

.(Heimann and Ron, 1987 ;1990 ,]1%71) IMMINWY 11 M2W TNRY M 2an .9 N

PNYY 198N DNHDITVN 1P 1991 IMPNRY AXNY T HY I8N PININN 1 (1970
D P2 TIRY AYNND 91Y NMT N1ann NP 9131 ,MINN 7Y YV YVPa ANnn
Y9 19PN PHN ,J5N NIannY Mank 200 MR I PININN YR mavna .nYhnn
Heimann et) XN .NTN 71971910 DY D*INR 12 DNMP RO TRN MNIWM RN 1NN
DPYRT DMV 123 HY NIMRND 17290 ARYIND ;PN Y1IIR NWM Y (al., 1990
Y 9 IRD YRIN DMV DN DY DMEN PPYM MWD VOIN PNINA TN
nYNN DR NVPY R NN NNIPIVDNYA-1YE RN ININD 1IaN MNMANn
( Joffe and Garfunkel, 1987) NMVYAN Y123 TNRY AYNINN IR NPYH MNMINAN

nMNMAINNN AYNN OYPNN IR A1 VP ATNA .ANNA PRy NIPYY D3 RITY
9NN PNY 93,90 4 -N MNS 19Y PNINN MDYV NMPYn

(2118/2935 .8.9) 7 (5

NP1 ,DRN NP3 71T ANAR TN LNAIR YN MITA NRPY (9,7 DIVR) 1Y 12Y
My (3 DYR) VIMLINPN AMIAN NN NP PVINTV AMNIN DRNIAN NNT LY
W RN PAXY 1Y 12V YV 1DVNN TP 12V TIRY NRNYN IRRIND TINRI 1980 YR
(PR 72W) MIT PYUPN 20N YR 12V (2 IPR) ININD DR ARIND PVRY
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TIRYY DM INNNN 12 PNINN PRI .01ITHY DRN NP 1IN 1Y NY1 3 YN
JIRW 7Y YW 19MRY

1929W 1PVNY 2% W NP0 NP PR VIMLINP HPN NNNA PV 4 DIPY
NYPWRY NIMRAN TPMYRYA INVPO MPPa YY PYnn 92T YT MR MY
MW 25,000 =2 1979 POINION
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YNNM YRNVA NITIN IRRIND IYRNDY NTTI DIRENIN (RPIAV 72W) M08
Heimann et al.,,) pull-apart basin R'1® RNNI2 NYPI INNAOND NIYRNVA N'PIRD
. (1990

20990 .YRNY NPAIR AYNN AVNIND PRY 7AW TNRYY PN (1980) TINTO
DTN MTNNN) PNIND "R (R DT VIYYA NIPNY N7 NYPOIRD IYINN
700 DOV Y"3PN NAINNN NN NP (2 ;(1980 TIMID) ‘N 1000—2 VOIN (D»2YPN
DYIN PRW 72W OR (2 ;(1985 ,110N) 12WN YV MAIPNN TR NPVNNN TYRNN N
1000 =2 YV NN’ NVDN MP) AV YV NNV .27PN NI HY 11192 DAY 90N

(1985 ,10771) PR NVN DMNY DMV P2 N0 RN Y ('

PR 9N YV APIVDMYAN H7APN 1) YY NIND PVINTVI MAXY NN 1IN NYyan
MYNn Y ATYN I ATV (4 DIPR) DT PIY 25° =3 YT DNV DAY VR
JIRV-TTY 72Y TNRD PPRD MPPAN D1 HY 1PN DI IRINM T 1PAF IOY VYR

(2133/2933 .8.3) IV YI¥P Y - ONMAN 19 (6

NP 20 =3 ,7P0M 2NT) NVYWA PYMIV DDIIN DRNAN NN IYINN pny Nov
PR LITYN MNPNY DNaTp MY N 60-3 TY YW 12121 (10 8 ;1985 ,iN"N)
DPNONN DYMN PARY YN ONIRY PIVINA ANVP PLINTOA MYINVN
oI PIMP YV TN 117 1Y DPMIN-YT VIRYPIN 1171 1NN PYVIMIVN
SN0V TP MNY Man HPA DIN-1NANY ,TI0 .21 HHI 771T7a YHoN .0»vI0T
,D9P TV PYYN ,DMNY M2IRND DRING (R :DRND NWA PONIIVA PNIANY 1NN
MNAIRNA HT YON ODRING (2 .(5,6 DMPR) NEN MIP YV IpYa ,00pan Dy
TIPY NN RYY ,DMPAN DRINAN MY P2 DMYIVYN DMAYNN (7 MN) DN
PNRY 1A% POMIVN .(Heimann and Sass, 1989) D10 DONN P2 1NN RYNIp
MM (Picard, 1963) 921 793 PVINTIVY JT PVIMIV MTN MYH TIOIN 19NN
NRY VIMLINP 128N NOT (8 DIPR) MDT NYTA DY PIAWR DN MNNIN YR
9 RRY HPI9 RN POINIV NYPYN .(Heimann and Sass, 1989 ;11 I18) 23 M
%Y ,DMNN MR 1T HY CO, YV PINA YNYN NNNON ,ONITP *PYY DN NY)
DN T 5P NYRIM NNIRVIND DNAN CO, DRI 1NN MIIT MY pH —N
LJIRR ,D0ANVY P2 Y MYYPAY .0 MAPPY DINN 1) DYORPIDN
PYHINA L(9-12 DMPR) N2 MDYN POINIVI DIRIDIN DR’ DNNRY NPIVPA
M2 NR DNPNAN 221 CO, =1 MMVPANREN DNNN DIYNNYN NTOIDIVION
MR PI0IN POIMNMTOAN WANVIORY N ANY NN NIRL POIMIVN 0N
W2 YR MY 2390 MYPYI MOMNA PP HTINNY IR (1985 ,1nMN) 11NN
MM 2200 T YY NIM YR DMANPR NV HY NN DNYH DMWY DMIDNPRN
MT 72Y2 POINIVA DR PYPYAY DMNN 20770 TN M 20710 DRIIN M HY Inwn
HYPYN NPV DY PRIV POIMIVA .DYMIA DY DNNIN DN 271D ARNN DD
NTPN POIMIVN NPPYN N DNN NNVIANY MR 2P 71PN DI J9 DRI MR
D1 DRMIAN PPN 192 VNIIPY DN DN YV I NN AT . 3-4° =d2 DM
PPN IRT MIIRNN RVND VINAY) IMAT YV NP 2.5 INMRY 6.5 =Y YN 3 RN
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Mpnn RIN DYINNN PHN .HIPOIIPMY NNNN ARNY 193 MAIR POINIV .9 MY
JIRAD VRYPA MPON IRDIN TN TIMRNY MNN

PPN RYINY NPV NALYNI 4PIN YHNN ¥ MIp NP3 HY HHN TV .10 MY
JIROD VIXYP I HY
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21929 232 NN IR0 VIRYP HY LI NI
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PON 2w D7I0NYTI DY DRI .ANNN PRY 1NOX Y9I 291PVIVD NN .11 TN
N 150 =3 YW NN NP 10 =3 YW M2 DN NN PTN (MY AYYNI) MTIAN
.(Heimann and Sass. 1989)

JOR2N YaNY DT QUMD DNNY MN2IRN HINN DRING POINTY .13 DIDN

PRY YV DMYNAXN DMYIVA T'IT NIPYN 1P DPVINTVN NYPYN NOPN1A (1985
D'NVY NDIY AYINN DIR YR ,NO0M MOVY NIR 29 YY ,NMAIT NI YR DM .AYINN
59 191 MIND HIDNW MR DITITI DN DYV T NPOR INIT.ADIND pRYa DN
2%p .(6,13 MYR) DMYNIVAIR VNP NYPVWN IRIN NPXY ARAN DN NPNNK
DY) .(Heimann and Sass, 1989) NIW 30 —1 T0NID 7139 PN POINIVN NYPY
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,DOMIN AR YV DYNIVY YN YPIYY LYNM L,PVINTV NPYPY PRI VYN
1°2 MNIPYN HTANNY RN VR NTITI NN YV DIRIN DINMY D2 DINRY
N0 .DYOMRMRYAN DRINA NPYWY NWP ANAY POIMIVN NYPYN NAWMN
102 NYNNY MNVPYL MPPHL NNVP DHMRNRYON DIRINA NPYH NIVOR
POIMIVN HM) MY 25,000 —N NPPRN MPYAY PRIN JPOIMION NYPY NN
NN MNMAINNY ARMIN PRW-TTY 72V THIRY (DR2N NNY 223 YY Ina PR
T NOIPNN 0NN DPXARI DMNN NNMUYY DYNI MAINNNAY RIANY 927 , 082N
AR DMN DY NN NI .NWND 13 HY POINIVN NYPYN 1PDAIN TR
S MON? 121NN NN MATT 2PY PLINIV NPPY NIVORN NPR DY DONIN
nYpPY axp YV YW 'Mind JIRN .(Heimann and Sass, 1989 ;1985 ,jN»N) DMN
MY 73 Y YN ,(Heimann and Sass, 1989) NYINN pHRYy 19¥1 POINIVN
D PRI PPV NPNT VNAIPN MNON 15% P NN 2P AYPYY VNIIPN
NN PPYY VNIIPY DPIPYR MMPNIN TNR IR ITMPD VMND VIAIPN NI

N9PN MR INPPNIY VYN

Y9 N DHVIND HIYNN NN PRNaANY Y91 ,0RNaN YN PMPY NYavnn NTIPA
—n 9NN RIN M0N1TI PIRN 29 HY BHNY POINIVY NHTL NN NARI POINION
(11 9% HY N1 M IPYNA VI ITY RIY r9I) W0 0.025 TYY W0 1.23
POINIV PITAN DY 1237 DR WM ANYT NYTA 123 HY IR NIM H2 99D POINID
199N PYN H .NOYN 9 NR N0 NP NPIN NNNN HPA RN ,PYRD )T
71 (1984 ,9”P1 DM2T PNRP .R) “4C nowa mw 25,000 =Y Yap1 1T POIMIV Y
75 =3 1PN PNIPY 117 PVINTON NPPYN NPDAN INRY INNNN ORMIN HMY

.MV "N 3-3 RN YNNI MINNNA avp /N

(2139/2941 .8.9) ONA5 Y99 (7

TV YV NMNMYA PN TIT2 .ORNIN KN HR TN IV PIp THY "Nt wunn
DYVVMIVD YV MYNNIA NP NHRRD YV DHYON PP ,POINIVN TN NMIXD
TN PINN NR IR ATPN YNNI (13,14 MDR) DPMPNN DRIRON MYV
Sann Y .(8 DYX) NYYNY PYVIMIVY NYTAN PAY VAN YINN DR PVINTVA HY
PR DPIY JRIN PUINTIV NIV DDVN DOR PPARIY NHTIN HPHOY 10 DOV
OIMIV SV NRMODN APPY MY XY Y900 123 HY ,TTRN JPOINIV HY NYPY
JPMIN MTT KV AOPY CO, YV NV APAN NN NIVARNA NI AXYN NYINN
RIXNY 1M ,AN12 OPVR DNN NN NN 102 ,PPARN DIV ,NNVR MM

JI0IRT NYPYN PARND YONATP P12

(2065/2940 .8.3) 1794 11N YU MAPN N PY IR N2 NI (8

A9 ANTTY 128N NYTIA YN Y DR ANAN POIMIV PRANY YOI AT INR]
ANy 120 VP PUIMNIVN .PRYN NN MDAV A1 TR ANY IRI POIMIVN 29N
MINT DYTINN NP T ANY APAINY NDOAY AR NMIX STV MNg oM



%9NnY 1T QUNIN NPVNIVNITIVD MER YV MMNMVPITVD DY PVINTV .14 MIPN
JORMAN

172 17PN PIRY 279NN INR M1 HNI1 QUMY 293 T2 POYN 11V 115 MR
5MIN Para N (QBgh) *1a¥N NYIA M 8 =3 VOIN .(Qky) Y21 79I PVLINTV
22w MW NR NNDMI
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NYPYM 1ONN 122970 1pY YHON MVPM POIMIVA YV INY PNY YA PPV
729 = 29PN-NN ANV NIV 1P T HY VI PVIMIVA .ON2TPN YV NN
72V NR NN RN INR 12 HN) PRI INTT 128N NHTL .(2,7,10 DIVY) T2 1PN
273 03 RTIY ,NAVN DY M2 1PN (10 R) V.0 0.9 NYTIN 9 (15 DY)
I90N NENN 0N 1AV AT 2V TNRY DR APMIN AT 9N DPINY LPVIMIVN
DMXNN AT 2 DTN DN YR DMIY MY .Ta%2 N 8 =3 RN ,ANYIT DMVN MIRN
2 MR MTPY (328N NHII) IR MAWYNN MOTAN IR 22 Y .ANNn Paxa
IRD DR RHWY NMIT MNVI MHTINY 1MW PPONY N7 (VN Ma¥n M) YHn
10T 797 MR TIPIV NOMD 12 W J9Y 12D (1990 ,1NMN) MWRI 1YW P YYD
1O%2 72V DY RHWY ANIT MNVI MY ,NMIN MR MINY ,ARINN 17

.(Kashai, 1988) 11981% 12110 NIRY RN 122 P90 NN

(2056/2963 .8.3) 92y nYa) (9

PNY YV 129PN1 MINY 92¥ 1P TNIRY Mnpmnn myaan nnk RN Ny nyan
7, DIPR) 1Y 72V TNRYY MPAY AMT2 (push-up) NRMNHYN ARVIND 1IXNY NOINN
(10 9% = 0.1 0.9 PPMINY NP3 ND3IY) MN8N NY1 IR VYON PPPINY 71V .(9
VIMINP 1M NP NP VN 0.9 =N APYRN MY 1DNRY NYNINNY IRIM
PNNNN NPPNIPN LRI YYON DPIoN NN (1985 ,1070 9P 97ap) NPIvDNYs
VIMBNPN NOMNN NY RN 12 YY1 NMPOYD»YH-1Ye MY JPIRRA L]PHYMN
DT OIMNINP TOVY I RHY RN LONIPIRR DYNN DN LTV 99D IR NINN
DY 191 M7 RY DPYNA NPN .12P2 YRINY 93 1990 DVIMINPN VN TIRY
(1985 ,11"0) NYINN PNY 7Y YR AMIT DI AT VR NARVIYD N T HY YN
VIMLINP MY :NIRAN MYAINI NAR) PN NR ARIND NIIWPNN W1 JTNRY
NPYNN MDY ,DNIVP DAY ,(pressure solution) DPIYN 122 PNY NONN *VIN ,NINVI
APIN RNTAT NP T APV MNIIN YR MYOIN .0;vNn 13 HY DVNPH;
M2 72299 AT PO DY DOPIYN 23 HY IR¥N DVNPHOM NPYNNN NINYD

LOIMLINPN MIRIPD INRY 198N DNY

(2036/2978 .8.3) NN 913 NXOSN - 1Y PNRY NHIVN (10

NN 72WH MNN 72V P2 AN 11N XN ,NNVNY NAXN DY LYY Py
NYIPN-IRN PINN VIV NN JPY PRYY (2 IMX) HRAY NI DN DINTHN
MY (1 TX) NI POXY BMADIVA 72V P MY Y31 NRN 72WN YVP MY M
92» NOLYN 9 YY REM RY DY IMMIITA NMRY VIO DN NPPAN 120 DYNWYN
1) H%ONN NYIND ORI LAY N YV NANNN MNPIRRA WY pnYn P2 TIann
1% 31990 ,JRN) WHRAY PSR IPIN YV 2537 *HP2 D12 1YWY DNOVITON
(3) ;1IN0 NR ARIND PYRY 72V (2) ;NUNN PNINA DR PPHN AYAI0 72 (1) :(2
MAXNN NPPAT VYN ,ANN=]AX-]AY 1M1 ,FPMNY 7292 INYNNY I8N 1Y
VNI PYRIN NAVA NR ANANA ,ANMN 12V (4) ;7227PNN 1N IR NN RN DY



DT 0 1Y PRy ,N%0Na 1NN 1N ar PIY 1%a% NN Van .16 YN
J1adn

—1a%-719%% MY ,017 72Y (5) ;RYPAN 12Y YR NUN-NAR-1I9%Y 1Y pnyn
TP INAY TYUNN NN HY GINN PN DR XY PP pRyY 17vnn 12 ,1vn
RIN DT 0I2W NWININY DNADII0N 1P MYRANNY NMIVaAR 121°0 .M7171% M
PRINNY NDI1D MIPR DINT-1I8X 111992 IYNNY 99 DINN DNADITVA N2 NPV
NRYINDY NMNPNN NPIYN NR NIYWARN DAY 190N YV DN1P . MPHRwn nnyn RS
LRI LR NP 105 —N MIVP NN T2V T YY NIPYNN IPAIRD NYNNN PN
mIYNNN 24% —3 MR ,NN2) T 17PN DR .(Garfunkel, 1981) N”p 80 NN 93H
PR NYNN NYNIND NIN? 72V Y DR DYIR .DMIWVNN D12VN Y DYXINn
n”"p 10 MNP 9% IR (Quennell, 1984) N"P 20 =3 YV Y713 7702 ,INY MV
OINRD 02V DY IYRIAND NNYNNN 80-90% IR (Hancock and Atiya, 1979)
98 0MAVNN PN P MINY MIIPNIAY 1M N9NT NPR 01w HY M»yan
MV 0N 0PI DPaN DMAVNY (AN .NNYNN 27 DR VO INNIPNA TR Y
mYPa 1IN — 1YY IMINY M2Y — DMWY YW 'MITTH N¥PAY PRWY 10avn
1P 19NN YV PN NN YV 0NNN YA MAXY 1N Nax 1N .NTYR
921 N2 28NN NPPI MR, D17 12V YV MITH IPINA PRand o nn (16 mPR)
28) 12701 MYRT MY DRIN MR PININD DY YPYPPVIRD 112N AN Y

i
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DYNPN

,JPIIPN NVDINRD LI NTIAY DTN NN HY NIPMVPY .(1987) W pwrvna
Jny 94,090

WHPYNY WITA TN AN PHRY NOXY DRI NNT YW NN .(1985) R ,jNMN
/Y 155,097 ,1Mapn NYDIBNRD 10 NTIIY POV

PHIVY NYNN T PP YV APMVPLN .(1989) .0 LR 2 MR L0 T LR LIPMN
,D71°0 I L(NNT) MOYRIYVN INYINGA N9ANN YV MIVN DN HRIWY Pova
1-62 'ny

JP100MY921 1p1Y92 HRIY 1aX1 PYIVY NYNN D YPa MNNoan .(1990) R ,jN1N
Ny 114,091 NMaYN NVIDIINRD ,NOPT NTAY
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28-32 '0Y ,TMRNN PIVPN NRNIN ,712Y .01 PTHY R NP2 DINRN PP N
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MIADHN DWW DY NPINVPLI NN ,MAIWVIVD

P2V N2 1PM-12 DOITIBNN ,INININND NPINNBH — N8N 109
DU SNIINID NINN — 1999 PP BPHY *2)

N an

NMNVPON NPNVONN MY DIVARNA PI1A2IN *DIWA NNAN MINR 190N H213 10N
MTMN DR 1I8PA NPOI DA NIND NNMY M1 DIV (1 DYIN) M"PRA
NY2PNN NITNM MYRIY IR MITIN MTINN PHYN VNNIY NPHRVIVOINYN
PRI IR INAVY DN M NPOR NNV 1TITIM NPIN MINR MR Y
MY .(1990) 5V YV NVPITH NTIAP (1988) MEN HY JNDNN NTIAY NONA
MMRN NN IINN DY POV W NP AVDIINIRY WNN MITIAYN
YV (in press) Hatzor etal. ** %Y |’ NT2P NN YV MHWVIVON YV MY VNN
NN (1990) Hatzor and Reches .(1991) Shaliv et al. 7 Y» NN DM 120 MMNaN

AMNNANNY RIANY DRNRND ATV NT PN 1Ian NR

a4 Rlid -l A

,IT2Y L, D09IN-T0 L, 0TI MIMIANY MOMYN Mavn vl mavmn yhon mrn
IRIN DIAIND TN AT MNIANY MIPMYNT MR (2 DWIN) NYNh 0N ,1Mav
NTIY NN MTI 3NN HY NN ’Y 199 HRIW Ay 199n2 MY MTaya
nonn BN 19720 MMNMIAN Y MM (Hatzor et al,, in press) YWTNN NNINKRA 1IN
MYN MTN? 790N NI O3 NI ANVRIY 112 a8 MTNN 93 IR 9232 1IRIN

.(Shaliv et al., 1991) NYNPN

nYay HMan

=1,"9RYID WYY 71990 7 :N1HNTe RY N9M TN WYY PN (1961) 10359
3 YR M LE3 ,E2 ,E1 NPINT N9 MTN? TN (1988) 11NN ."RaND-92 1y
MMYN 10 .903%9 YV N9MN MTN DY NVYI Madin JRY »avin Y51 nom
INNNY "MNRND R” A0NY INNYA N (Hatzor et al., in press) N797PVIVO1I
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Figure 3: Structural contour map of the Gilboa area (from Hatzor, 1988).
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Figure 5: Lower Hemisphere projection of the Gilboa stress tensor, faults, slip vectors and
dikes (from Hatzor. 1988)
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Figure 6: Lower hemisphere projection of the Gilboa stress tensor (sigma symbols), poles
to the gilboa fault plain (dots), measured slip axes on the Gilboa fault (circles), and the
calculated axis of the maximum resolved shear stress across the Gilboa fault (heavy
cross). (from Hatzor and Reches, 1990).
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Figure 7: An E-W cross section along the southern bank of Nahal Bezeq; for symbol legend
see Figure 2. (after Hatzor, 1988. K/Ar ages from Shaliv, 1990)
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Figure 8: A cross section along the western flank of the Faria anticline at Nahal Bezeq, no
vertical exaggeration; for symbol legend see Figure 2. (from Hatzor, 1988)
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Figure 9: A cross section along the northern bank of Nahal Avinadav, no vertical
exaggeration; for symbol legend see Figure 2 (Hatzor, 1988)
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Figure 10: A cross section across Migda Graben, no vertical exaggeration ; for symbol
legend see Figure 2 (after Hatzor, 1988)
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Figure 11: A cross section across Eastern Gilboa, no vertical exaggeration ; for symbol
legend see Figure 2 (after Hatzor, 1988, K/Ar ages from Shaliv, 1990 )
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Figure 12: Schematic cross section across the Rewaya Tuff quarry with a proposed
structural reconstruction; for symbol legend see Figure 2 (K/Ar ages from Shaliv, 1990).
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Figure 13: A panoramic view of the Eocene sequence as exposed along the Northern bank
of Nahal Avinadav. For symbol legend see Figure 2.
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Figure 19: A schematic cross section through the Heftzi-Bah Quarry (from Hatzor, 1988.
K/Ar ages from Shaliv, 1990)
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DYNITH DNVY DHYNDR NP 119N MRPIAN NPV Y93 .penh Yynw nnan
MPaNN AP NHWVIVON ANNNN DY NVYA NNTY DANnR ,Ta%1 DIVP

JIVRIN NIPNN 9IN Y AIRINY 1N 1212 NN IR IPPTA

MY 1Y PVMYVL DIP 1N NN ,MTN? 12 RPN NN I 1T MR
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_-_—-——5 Meter

179NN MOY DINEN NNONA APV NIYN YV NN .1 PR
(Gisis and Bar-Yosef 1973) 1973-21
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171,(5 N29Y) TNNN TIN2 R¥NI MY HVMYVD DYIP .MPNY HY 17 990N 1 PRIANY
MTN? 6 1NN 1Y LT MR D) 2NNNDIR N DN EPIAN PR
Y591 MNINIIR IMIN MPHIN MY HY PRYPIVIR ARENY ,NPAWVIVD

DYV

Garrod and) TYIR) YW MW MYV NR NN APYTAN MPANN MMHN RN NN
172 NINIRNN M T MINY NPIPY NPYYN NY MAYN) 1MV D ,(Bate 1937:115
q¥72 1Y NNNN PIR PN MNRDAN NNIPNY NIPARN NIV YYD NN
=1Y9R DN NNIN TVRY L,MVHY MYVYR AYNNI NP TIINIY VYRR N8N
1N DRVANN NPYYNN MY P2 DYTANN .(Jelinek 1981 ;IRPVINA” IR) NPT
NI 1M (DMNMoN DY DIV LY NPONN NMNIYIL) MAINAvN nMa
NPYYNY MR “NR1Y2Y NP2V NITIND MDA NPV YINYYR) NMNYIOvN

J(0ava nmrvoinn

NYNYRN 2V KV 1MPN D717 PHY R¥NMY DPMIONN HY PIRM ANVOPLN 2D HY
99 1971VIVON NP NPTIIV-IYYRI INTY MWD N RIN AN NIYNN
,AMOI TIN-1HYR VINOR YV M ,0IRAST NMVDINY DN NITIND-1HVRN
MTTAN DPPYVN) PIRT DITPH Y0DIMNNITA MTHVN RENNY AT R¥NND DR 1297
Y13 DN PR IR ,INY DMITP DINR DN AP’ NI TWIN DNNG MY NV P TPNYN
NVDMNION PN NVYVY NMI0INNTPRA 1VAN (VNN MIMDPY YTN Paoh
nPYYNN YV 1INy 1Y ARNYNN NR N2MON DMIPIND 11aHwa R HY
Keith in Turville-) TP 7INIR D .NPYVITIRIN NPVIVIIRY 12PNV NPIVOINN
JDIRMAD DIRMAD ININD N NNY DR DIVY NIMYWI NHNYNN NR DAY (Petre 1927
IR DI0MN PAY DYHIPRA DIYVITIRIN PPIY DY DNON INNINN JPNT Mapya
RE¥NONN DR PTIN LN NVYVN IPNNN NNPTION IRVIND NNNMDN NN
DMIPIND NN HY H2IPN DD .DOMA RN MY 1IN N AT NN HOITIRD

.(Vandermeersch 1982) YRR DIRHD 1MIND R¥NNN HY» Mt

2599 NYRYNN NIININ VIRAYA NPNNINDIRD NMYN HY YO PIRNN 00 Y
mmay Jno Yy ,Npvn INYYIN 70-01 NNV JYOYN 1PvD»Yea DTN
,(Bar-Yosef and Goren 1982; Tchernov 1981) N19%5 MIPNMDI NPHINVIVOMA
(DINR DMINRIY ANV DI 9%991) PARVA NPTIIV-IYYRN MV 1IRNY
WPV DPINR NITTO MPENR DNINMN 11 YIPNN T YT PN ANy DMTp
AR HYND ARV MIYNA ESR—M TL-1 7 IRNNY (Schwarcz et al. 1980) NV

.(Grun and Stringer 1991; Mercier 1992; Mercier et al. 1993; Valladas et al. 1988)

1PV DYNIN-DYINR 97IRN .1 1YV

PIRN 9WVIVY DIPN
164121 ky PMD-HVRY NNnn
14816 ky MMID-1HYVRY nNnn
95+10 ky nMYoYINY LR P
97413 ky IOy 2.RN P
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= IPTI=HYVRD YW DIPIVNN IR ,D79°1nY DN DAY YR DM IRN
Bar-Yosef) N1W 300,000 -250,000 %Y DY 0 MY - Nt Y91 nroun nYuvum
Y01 ANY 02791 YN N1YIN1 D91V DVMD YV DY MapYa .(1992: 193

.TL-2 PR

(1972.2530 .8.9) 1Y NHIYN -2 79N NN

DY YYn M35 =3 Y NI ,PIPN YV 1PN 1R PHON TINY TYH NRYM 1IN
NDIN ,AMLY MBNIR NI NN NIPHNN NNPINN 1Y PIvNY YYn Moun NN
18YT) YNIN YV MIMNN TR D3 AN I ANT HY NIVNN .MIPYNN DITNN NNNA

(1964

mYYa P TINY NIYn N8N (PPN nHYNA ‘M 600—-3 NRYNIN) AW NN N
NRY 729N NYN DR MR 10 1IPNN YV MAND PP 7aY P =YY VoIp
MYPIP2 YAIM 12VN YV 1DVNN .DWVNN P PYINN P THIRY NYDIN YV O
PPN HY Maxn 1921 YHON YV INYAIN TVRI ,NPYYD MIOT YA PINIYI 1IYNN
WMIN DR NN AT PIIY JOMITA INITA TERTIN AN MNVPOYA MY yan YHia nnw

STPHINYAN AW T TN ANAIMR VINPTOA NIV TY NIPNN YV Npn

9990 799 MPPN YV NI0N IR MR N7 (2 IR) NIMN 1IYNn YR vam
ORIV OYN WNY NVYY YYN (ZMVDIP N21IR H91I) NN NIMY NR TWARND J19INA
5NN YR N MOVVINDN ,NTIPYNI MYTINAN MPANN 1N NMTYN *9Y .AMno
mv”»aY NIPnNn PNAY VINTON NR NOYN T MOLVINNA .PIPNN PHWYIN
NR .PIRNY HYnY NN N oM HY M Mt Y91 nphna ,neIn MR
TP AYN DAY 1PIVDNYON ToNNa DYV DMRA APINNN PNIRA D DN
JPI00MHYAN 10 NRIPY PPR DN PAINRD TYRI ,TINY YN YV nsNon DV
VI NN PPN PN YR 1ONDI PITHN NMINNANM MR MYIYAN 1N IRRIND
D192 NY P 1D TP IRYN) AHNN NOY PNA .AIPND 3N INMY 2NN YHon
D2%VN NYR TN 1NLINN RY 199 MIPNN PITA DOYPY PN INMY , 0N
DYVINYTO 1720VXN PNNRNY "PRa’n DR 0NN DM ,DPNNINDIRD DYVINYTOI

A0 MOYVIINAY DIMRN

DTN NPIPYY MTN NYY 197VIVON 4¥IN NR DN IPYN NIYN1 onana
B1, B2,) 11N WYY .(3 T1R) MDY 4-N NN MRS Hn nrn (B) nnnnn
NNY PPIPTI MITINY DPOIR DYPIOIN 12V VYD YVINYTON MIAINN (B4
MY R¥NN 19N AYR MY TN DTN TRIPNPT YV DV IR DPAN
1°N2N Y00 ,0NNM DPIYN HY N2OW AP = B3 = NN N2V SVDMNIRDY

.(Chinzei 1970) NN

D9YNY 1HHN 012990 NY 172 1IMTI NNRAN 2977 ,DPIYN DIMARND VL HY
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1oNNa VVINNAY LAY 101 NIPAN MR .NINN VAN — TINY NN .2 IR
1990 1P007%an

VYNNI TINY NIYNI B AN Y0 mdrvan %1Yann 3TN vIrRavn N 09N
NPIVNPTI MOV INRD DR TIRNY MIP0IN J9YY 11900 RN 122 9avn
.(Suzuki and Takai 1970: appendices) DINT INHRA RY MINY

9915 ,NPMVYN MAPNN ININD NR NY2D (A) MPHYN MHVIVON 1T NN
B TN PINY Mamw mma

125w YW 131 .B1 N2d5Wa RIN D197 YV DNTANA AN 1WNN R¥NNN YW 1PN
NHN Y1 NYW 28N 0D DR ,0HY THW QUNI DMK M PDR NVNYI )T
J TP YT ,T1HWN TN DYNNININD PINARN TR0 9P NN NMINA
Suzuki) (N9ITR YV DPOYPN DHVITININ N NNV ,I1MPI) YORYP-RY HVLITIRNID
919915 TN YNYINN NITIN YY DI W NYIAP MYWI YTINT RY IR YTINA .(1970:422
10N .01 INMKRA IPNNA NVYVY MYVNRD 1RIVIARD YV N1pR 1DANN YY1 72N

AT INTPI DIRMAD DIRMAD IMIN YV PMIAR 17 DYVITIRIN 0 N0V N

DNYINN YW TL-N 727IRN DN TWURI  TPHID NVVIAND W NIPNR NPT
Bar-) (MW 60,000— 2 YVITIR YV THY R¥N) NAYW) N5RID NIYNN DOIVOINN
79N N2) NTARP NIYNM (Yosef et al. 1986; Valladas et al. 1987; Schwarcz et al. 1989
QYR 92=Y TIRIN YR 12T YIY NI PMVIR HPI DTPMN HY NNAP-N]
YW NWTINA 1PYT1 NP 91APNA .(Vandermeersch 1981; Valladas et al. 1988 ;MW
(Ohnuma) 10011 Y1990 WINN 3TN RIM LB TNy Yv »nodn H:Yonn n oxmn
NR WINN PIT2% 1IRIN Y'Y 127 DTN NONTI TINY NIPHNI NWTINAN NaNN 1992
Y95 TINA IMIPN DR PITIY L,1PVNN D271 CVNPIR NNV L,NIVAN TN RYDND

J0IRIYN DINTA DIV TINRA
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MOWYY (Hovers et al. 1991) NNTIPN NPANN NYI YY P11 1M1 VTR NPaNn NV
NY9TVIVON NN .MV NPONN IR MHIVY DPVNN (4 IR) DOVTINN NPaNN
Y9 MY N VIO NYVYI B TN YV MV 1N PHNI TWRI ,NAPN NIREN NPHYIN

OPTIN DPNNIVIMTO DINARN DY DIPAN

DN L0297 Y'Y YIRINY ,ANNYA YPIPN POIR 7 ,7aN00 IMIATIMIPM Naya
Y9 DYAN Y M DN PAY TARM, IR 1IPY 19MY 1TPIN HY DITIWY
:DMNVN NIPNN NVYI ANY NN NNRIY (9791 ,)72T99 .01 1 9) PRAMvM
12y DTPIND APINN RY VYN DINRI DIRYNI DYOINYTON MARD PPN N2PA
INNYN 299,901 1PN DRI DNN K921 NAMWN Y931 (cementation) VIPN
nnpRY AN (DPN ADRIVA 1I0) NIPNN 1IN .NVYI DV DY) DOV
TN VIPN 172PY DITPIN DMIR PT .07 ANT INTR WM D721 HY MY Yan
Y9 AYOINN NR MIRIY NN DINN2 .TNMON TR HY WA 1TINNYD DNTIIN INRY
NNYIPY P DNYY MNYYN a8N 2 DR .1PONN MOYN TNR KI5 MPARA D TPIND
NRNIND GPYN MITTA 1NN NVVYA RN DTPIND 11T ,ANTI IPR 1Y INn
4=5 NN DYTPN HIINN TNNN NNVIY DY 1R NIPYNI ANRNY WY AT MIYVIR

AT NAPNN MINR MIYNI D3 RN N

19NN MYINYAN YN VINTOY MPPYR NPNN DI IRVN HID PR TIYa DTPINN
YN RY MYIINN 12970 799 (P00 1 DR) MNR 1R AT VINTO .NIYPNL TAVRNY
VAP IRINND ARRIND ,WIN NN-PT 1NN 2971 171 NN .nvnk Yynw anann
PRY 1TNP2 RVANN AT YAV 1INRI 00NN 1WA NP INR 17IVY DYONN
.9) DMIYN DYVADIY YV DITYNA MDA 1PN DAPT IR DI ,DIPVINTY
1129 ,(D7PN NIRII LPIARY ,ANOI) PIRT MINR MIPNY TN ,(9"Y1 271TH0

DMMYN TIVHDI DIONIIP Y VPN HY NYAINN XN

ANINIPA J9INRD J9IT-NIRY RN ,NTANN NVY Y¥NARI NN NPRMN ,B3 129V
MIPNN MTPPR MPRPIAN BRA PO YV MPIANM ADNN MIAPYI NI W NOY

NINRND THPYNR MPPAN 11 1RINVIIAN |7 1PN TINYa 0?I00INN DPVINTON
19V ,MIPN RYANN 28 PI D7 DMIPNI AYYI NP DNVPR MNIAN NNT ANy
RE¥NIN VINPTOY ANT ,INRY ANRD N QORI N 9N MNAN DR RYNNA NN
IRENY NP DNTI ML .PINNI IMNNY AVPY 1TV MY RYNNA PYWY ,1INR
NANT AN YR NOVYA DN L,AT TNRY TR 1N WRDAY YN YN T T

SANN YV IMITH NVYA NRE¥NI J1INRA NON 0 NAY

29) 127 3% DPHVITIN DN YINARN D ANYPN TINYN DR THY H¥ NYTINN PP
YN THOV B2 N29YW YR QUM (4 TPR) NN IRYMY DR TV 12 .(9"v2 ,871Y
M HVIMIRNY NIPAR NNGNN 12 NI DYTIN 10 9731 120V ,pn YV
Rak et) NIMON NP Y 17NN VOPLIPA R¥NM PIPNN TOV I TNY YV Mpm
60-50 ky 59 9 DN B2-1 Bl M15WN DPNWRI TL "IRN .(al, in press
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old excavation

excavated 1991-3

excavated only in 1993

TINY NIYN1 DTRA TV DIPINI NPAND MOV NanN 4 IR

T TINYA DHVITIRNN HY 0PI 4RIN YV 1YY PYNY (H. Valladas, pers. comm.)
RENNA J1PNT DPP AMRN NP VYN MR ,NIRII NIPYNT IRMY AYR HY 1Y RN
0DINN L(YVITIR R¥NI N2 DIV 1RV NIYNA B N2IVM) AYR NYIYN "NYN Non

(5 9R) N DI HY NIMT MO MPNOY HY
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NN MNENY DYPARD DD1IANIAN N K1 NEN Y MDY H¥nw ohin N
1NN HMIn NYYNIY DOWNNN 1N IR PIIPN N 1ORIY ,(1964 JNROT) RINI-T11)
N MmN Y81 PO ATIPN IMDOR Y92 HAR TPRPI MR PN TINY NIYN THY

SNRN VY Y'Y MPINT DTOYY P

a

TINY NIYNI B2 N2OWH DYPaR TN Y 5 IR
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5) NN K553 VAN (PNONNY NINIMN) MTAIY NN - 1NN
(Y99N-519 191990 190 113Ny

,(Blanckenhorn, 1897)NNTPR ARN2 ANYINN MNIPYN NIVYNNRD TAY NNEN
mMNRY MPIY D) 9910 MNONRYH-MNNIDIR INRI DIWVN NIV NIYRI
Y9 DY IR MAPN NPNNINDIR MPAN 127P) 1960-1974 DAV DIV
DPNNIRNN DVNN ANV GOV-I2 0D HY 190 RN (1967 MVWY 1Y) DHYPLVY
" HY DINNVNRYIMN (Picard and Baida, 1966a; 1966b) RTA TIP0 7 Yy 1)
79N MNINRA DIYVA WAN T9NNa . (Tchernov, 1973;1986) AMY'¥Y (Haas, 1966) TR

A2N7'¥ qOY-72 0T HY 2IW INRN

DPVANIRDDY NMHIWVIVD-1NTIN ,NTON OM DA YY NIMYN TP NNXN
9939 919911 NNam (Bar-Yosef and Goren-Inbar, 1993) INNNN 1P100YaY
IR AMI NN P¥N 1 R (Eisenmann et al,, 1983) MW 11N 1.4 M2 WIWN
12°202 MINRA MNENY MOMNN NN TP NNEN YV 1HVIVDN NRY

D = 1RM ;B — DN NEN ;A — PYHYN NNRN) NAPN

DMNIRDIRM DNNIRBN DR RN NOYN 19 HY ANENN 1727 YV 19PYNN VYN
(Picard, 1963)NM¥NN NIHNY DIV 1WNY VR NIPYY MYYN 79010 HY» M
.(1966a,b) R TP *T* HY DOMAY 227NN MNNBN TNNN NPRY NRT MIAPY
PI2°p 0I5 MR RPN K nYyn RwInY) 0rm 0M90N1 MM mMYynn
(2911 07Y) DYTPN DM1IY DMHONI MAIVYN 190N 1PN Y3 NA (DPar
D2VN DR ,NMNENN MOYYN DIPN NAn 1IN 2 TR (DM 0ITY) IMRNY
INIANY ,0MP YV DIAINN DNAAN 1TTIN NNRNA NNV MOYYNM PYY RN

JOONM APAYVY DPYT WP DI Y HY DRy

nPNAN /N 190 YV P2 NN 2DMNN INNM L,HNYN NPR ANENN YV novva
MPINN NPMIR M2220 Y9 1PN Y D NNA DVI9 NYIIR 1IN NPHIPVIVD
(MNRNNA 15 NN 9P :Fi, Fu) IPYNN — (1NRNNA 1799 INN MR :Li, Lu)
25700 NN 2 5Y MIAMYAN 1IN MNNN DR PN 3 TR .M NPYIARING

MWIPN 28NN NNNNY RNV

DN 66) DN ,DYMIT ,0PN-1T ,ANRNMPYNI MPYY DPINNN 0NN M0
9 MPAIRND NPAVM NPHMAN MDD 00T (P0ININ NYININ 25% DMNINN
IRN NN TNV DN MRM DD 45 Y900 , TN PYY DIPIY qORN P
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NPSMIRNRDG NRPAIDY DMYNM ,M2T MLVPD ,DNIY DY DINY»HN
MIIN .(Tchernov, 1986) (DPRPMIOR-JIANT DPTPORIIR ,DPOVPNIR D) .TINY
YPA HY 9IMRMA PITONY PTIND AN AN DN M HY 1N MNvNIRYaN

.nHnn-o

II- = VIR MTIY DINRL RN N2 TWR ATNN N2OWN PPV MR 107 1 hannn
.(Tobias, 1966) Homo sp. =3 DRIV ™1 HY TNV ,NIMY JV YV ,R8NND .23

995 AP MPR NPNNRIINRD MPONN YV MORYPN ATINNAY 72N0N AT NIX]
qOY=71 MY 19% .MYYN 90-Y TY MNVI DY NPPAR JPRY MY Y
0 DAY WHVIN I NIV .5 =1 4 DIPRI NIXPNN VTN 11HN NOOY 21NN
DY .DPNNIRIIRD DPAIRN NIPR NYYI MYPNA TN .N1AOYY 2812 NHYN RN
NR NNMIND N29VN YV strike =N TNIRY NARINN THRN DR DYPan At AYY DIN
DHVIN 791071 1YV .DPNYINIIR DIRYNAN NION RNY  DYNIRIIRD DOYANN
NV .NVN YV strike—=N dip—1 TNRY MYIRIIRD DYANA NR NIT NP2
MYINVIN TINYYH MAIYARY AN PINYD ,MNTPRN PN N9M NIVYR W 1PN
DOY9NN NIPRI NNY D3 W HOWY JNAY DNYN DIRYNNT MWD HY annn
DOYNNN PR DNV ‘living-floors' ‘DY NN 20%AN’ DMINN MTNY H¥ DYTINN
DPNNONRYE IRYDN  DIRVNN ,DMY INPA Y9N TN ;Yn 1va ,0pon Y
NNYDY .DIPNA NP NNAY DITIMAN MDIYIR YV D'NMON AR YN
Bowman and) 19 19 RY (Ym ,DaR) DmYnn Y oMNpn IR RIvNd DMIVMLIN
12 IR¥NI ROV AT PPN DN PO AYann RY DHIYN D 8D W (Giladi, 1979
M N PAIR HY NP NDORND NHYNN H(MNEP JIR 19I) DYNVDNID DIRYNN

strike=1 TNRY 1VYNI 7NN N 80-N NHPNHY DIRYNAN NPNY N2V LI-15 N2OY

DYOYaN 67-n 1YPNY TIMR LINNT MIIVA NHVYNNT MYYNN TPON IRRIND
DY DMINR DRI MNYIRIIR 11NN DHYR DMNNY NN TYR DY DMNINIIN
N2 MYn MY A L(Fi) PNNNN YYMIN V39N 1727 PPN VYN DINRN NN
PITN AN DITHM DITPN DINRA Y1930 2WNN ;0NN DYTPM PIRD INRA DN

DPMAR VY YINN

Y91 YV MONNNN NMNME RN MNNIRIIRD 19IND T2 NPIIND NPYAN NNR
AN TN PR M HY NPNNIRIIRD MYNNIN NNR Y YV DIpmn MY .0vank
my”npn Y NP1 DWPN NNRNA DTVINNN D1YNONVM DMYIVRYN DMPYN

DY MOPNA 1DYNMY MNYN MWD 12 NPRYNPN NR 78N 1 1Y %0

J1-26 9V ©35913PN 2 NIND

I N2V INR 2pYN1 126 = NIA0INY DIPIYN YV NPT N1dDY INYann 1 nYyma
7901 1YW’ 3 72NDA 1AMYNN YNNI ,DMVINTON MIAYNA MNR (oY NIY)
TR 93 .5 PRI AR ANNWY 18I (1-26 3, b, ¢, d) MWD HYN NNR MTINNN MDY
9T TPRNEYI NPT DPIYN NIV T HY P9I DIRYNN RYI 1YY DIPIRD NN

66



m
l
ll

il

WELE

ONOULULEWN

SE

170
II-24-25 180
. 1-12 A
'"31“ K-20 112324 o0
A 15

7, ’ff '%}f”szzw : | 26 200 ]

B S hS e : Tell 'Ubeidi
AI/I,////}/,;]/}}{’”A:}A‘.:ﬁn92;9;,{!/,4{[,1/[ U YG 1
C =~ )
—\ Jordan R.no:
.: oAl 5 230 -
TN T -
240
0 100 20N 1

L A - m

MINRD MNENY MOMNMA NN TP NNN HY HINPVIVOM INRI 2MT NN 1R
(D = R ;B — DM NN A - VYN NEN) NAIPN N27202

67



So

e —————

2

Hard layer escarpment
nnn  Possible fault

T Fault
50m

0
R N ——

Fish Pond

DINYD MYYNM PYY DIRNN DMIVA ,ANRNN MVN DIP'N NHN .2 TR



Grassland

Marsh
® Oak
9%  Ppistachio

nNNNY ARNYNI 297100 NN 29 5 TP MAMVNN 1IN MNNN 3 IR
NVIYN IRNN

NNR N2OV-NNN DNY 1N DIRINND MO PN YV MONN Maaxn ,)dnn
RRINY) BHY NR-DID T NIWYNY NMON N29Y 113 YY N NN P A
Y931 DNIMDN JaR Y5 YV NHVIAN NYI NN ,DIDID MINKY M L(NYVYVN

.M20vh-nn

69



DMOVIN DOYANN NPANY DMTIPN NIINN 22DY NR IRNNNN MOMPR TR 4 TR

3 D991 MDY MY (AR M0 AYIYY  1YTAIY MOV 1IN DMTPN DPIMNN
PN NTNA DINR DIMN) HHYRN NININD MIINN YV PTIY NR NN 12aRD
MIMINN TNR 93 (A DPIINRA DD HY DN NY SRIN Y912 1T R
TIMN 5 1Y P 29I HY MANID (NNIX) DIV NENY WY WY nhan
=NM TR0 ,NX 'P1YN 123 HY (polydrons) DINITINM (chopping-tools)
R¥N) DYDIDVN NN N1 YY (handaxes, bifaces) T MR P2 1R Y21 HY DIPRIOD
NYONN MNNIVYA 2 1Y TP NPNNIRMDING MAOYVIN NNR D91 TPNR
MY2D AN NPT W MNY .NMA MNY NI DNV DODIVN YV onysina
N (NMY M0 NINPAY DRNNA MNY NPEPNG) DPNAD DMPYH 1NVP
DNMIN NIRIN JARD Y9 YV M2 DNIVN DDV DOPDIN 6 TPRL DTN PYY
.(flake todls) DTN *93Y 190 INRD 1Y DPYNY DN 1YY (pnn Mp) nvonn
D?IPYYN DINNPVN DDIDVN NMNIY RN (MNNTH YTV :0M”INDA) 7 TR

T2 Y058N/INRN NN

NPIYR NMIAIND NINRD NVIN D1 DAORNT MTIR DPNYRIN DNIDI9
PN AMNN 91PN MINYPNNA MIN1AIN MY HY AYSIN ANSX) DY ,N1Mprarn
9V HRIVIN VIRMIRIN :DYPLVY P 11D VR MMM MY MNP TP D)
A(IVO) "TM1TIRD MAINN YV HRIVIN VIRININYY (IVA) "IHaRn mMann
DPN9190 DN HY TN VIT NNYY TN JARD 19 T0NPR Y3 HY nYTINN AprTa
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Table 1. Geological correlations of layers at ‘Ubeidiya.

West Sections East Type of Environment Main Archaeological Finds
Cycle| K 1] | "
Fault (Naharayim| Fossil soils, screes and fluvial
FU 9'2 Formation) | deposits
86
85 4|2 } 1] { 5'1 Marshy to open, turbid lake with some
LU 56 aal I 43 fluvial penetrations
85 3'2 } | { 42 Screes In the west and fossil soils
48 28 !_ 41
27 = 40 Shoreline deposits
47 | 39 4 superimposed living floors (I-26a,b,c,d) between Trenches I-11
% = { 37 with chopping tools, few handaxes, spheroids in I-26d and bones
215 } L { 3|6 Waest: fossil soils and fiuvial deposit In 11-36 chopping tools, spheroids, bifaces and picks; abraded chopping tools,
21 | ! a3 East:_muddy to non-marshy fittoral a trihedral fragment and large bones in 111-34
26 20 = 32 Shoreline deposits Few artifacts
3|0} | 2'5 Wadi beds, gravel laid by floods Two superimposed assemblages: K-29 (K-5) containing chopping tools and
Fl 27 3 23 spheroids; and K-30 (K-6) containing many handaxes and chopping tools;
22 1|9 } LA { 3.‘ Muddy littoral to fossil soils In I-15 and 11-26 chopping tools, spheroids, bifaces, picks, bones
17 | 28 in K-20 to 25 chopping tools, spheroids, no bifaces
op ° = F Fine shoreline conglom. Main assemblage in 11-24-25 containing chopping tools, spheroids and bones,
15 l 26 covers living fioor no bifaces
5
main 1§ = :'2 Swampy, muddy littoral
1413 = 21 Shoreline deposits
20 = 20 126 Swampy, muddy littoral Living fioor in Trench K with chopping tools; bones
19 = 19 | (layers 20-19 | Quiet, shallow water with water plants
18 missing 1817
17-14| dueto 16-11 | Deep water to littoral
13 fault) 10-9cd
u 12 Muddy, shallow littoral Few artifacts; many bones
;0'1 1_ . : ab | Degp water lake
e I 7 1 7 Swampy and littoral to deep water
4 2 2
Base of "Ubeidiya Formation not
exposed

= Established correlations

Empty lines: Due to lenticular character of layers

MWD MYPNL VVMY DT MY P (MIIRI) 1EHYNP nHIL .1 nHYav
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PRINN NN NHYR MDY P2 MYINR NDIVH D*TIY RN Nir and Ben-Arieh (1965)
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(NN vH9)

YR PIR NN YV PNNNN V9N HY DIVON PTINYN NN TP T NN
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PRI DT DIOPITA” DYYINN DRON 101 DPNIVIYE DVYNDPN TV It LN
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MPNN DIN POPP X NYT YYD HY 1YY MIIN DN DMVIVTN DIPPPYNR Y
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270 5 9P 0% RYY YT DYNYN N PYNN MINNN MPT

18 R8N Tchernov (1975) .NPWY TIMNNITN NNRGL POIYN TNNN HY INNNN VIO
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Figure 1. Type section of Erk el Ahmar Formation at central Jordan Valley. Samples TS 1-
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29 MMPIVOIIR YV YAV NI (8791 DT THOMN .R) NPNNVNIRYOIPD MP Ta
M2A5W1A IRXNI 12 D .Candona sp 12 Cyprideis torosa DI'NN DNAY DPINN DN
DTN AYPYN 1PV DIPINR DMOPHNTS TNNN YV MY

NN .(Horowitz 1983) NNX MTPN IMIN 129PI NN WPV 12190 MPPT2 1YY
TS- DMITN) MNRITNMR 1IN MPYY MY MY YW MpP1121 .palinozone Q-II =Y 7Y
Quercetalia, DN PP PXYNN R P 17ITIN AMNENN YV PNNNN V192 (6, TS-1

.Conifers, Picea

MO 1Y -3 TN ANNNN YV (TS-6 DymM) NNNNN V991 MNP RXNMIY Py
[(9"p2 D17 PPYAYY) Fraxinus syriaca

N NN .(Braun et al. 1991) NMXNN YV PNNNN VIO 1IIPI NPOIMRYY MTTN
D02 2YNIN=-PON-"YNM=19N :(NYYN 8% NvNYN) R1N DIDNN IT0 NR YN
JYOPN IR PNNNN reunion IO NR DRIN TNNN

NENA YRV N DPINYR DNV DI RN HY MT Horowitz (1979)
DY) .NINNA NX YO D R IRYN Verosub and Tchernov (1989) .IINR YR pIR
191 ,M% DMWY chopping tools DY DY ,PNNNN V192 ,7aNNN P IREN) DAV
DTN IRENI J1HYN V92 .DINRA PR YR DO DR N2 RY NHTAY MY T

.DINRA OpYN NR DMYY

RO IREN RY .00OP RIN 7 MRIN ANENA PONIIPN Ym0 Y X mp mpm
JONNIR
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9 9 Yap Tchernov (1975) .MIVNVTI PAPI RY INNR YR PIR NNEN 93 O
972 73 AP Tchernov (1986) .N7T2IY NNXNY NMTP NNENN 22 DPVDNRG DNPY
1 DMINYY DNPY N0 YY PIYN Horowitz (1989) .W"N 1.4 RN TNY NN
M7 2 Yy ,ReM ,NYR D97 HY JNNDNA W' 1.7-2.0 RN ANENN YN
9% .(Braun et al. 1991) MW YN NWYWI RIN NANNN VION VDA 273 M NPLVLINMIRYS

21T IR ‘¥Nn YW 1rHYYn vIon

090 NNEN - (2036/2277 .8.3) 2 NN

(2 91%) MMR M2IINN NYND M YIYY HY DN NN DR I3 1T NINna
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Figure 2.Composite columnar section of Naharayim Formation at central Jordan Valley.
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T %9900 N2 DIRYNI MO NYPII DAWYNNN IRY D) .00 MY nnNnn
2PN DORYNIN ANMENN HY DT DOWVNN .JNTN IR JTPN TR DHYM DI

Picard (1932) "y 1IN T NVY JNA NaY

TIPY MNR HR PR DN NYTI MNRN YY TONNT ANRNN 'R ANNN ATIN
NN NNRNNA INNN POYN .N9INT MPALRNN 2PY’ NN NTHN PNPR nhn
Jwvn

RN DINR MINMIPNAI ,HT0N RN D27 MINIPNI NN 1NN HINYN AN MY
/2029. X.1) DN NON NINNY PN HYNY 1N DIPIYN YV NPT NAIVWI NYdMN
99,2200 Y .DINH0 DIVN RIN Y M NYPII D9IWNNN 272 (2269
NYPaY DTN TIMY 22NN WD (1T NOY TINA NIRNI) M 15 RIN Picard (1965)
DPIYN YV N 169 DTN 1/70 MR M MTPA .NR NNY NUNN N 4 Rin MO
0I9Y PV YR DIPIYNN 197 PHN D 1AM .0MIN YN YV MHWVIVON DTNV
1NYVNI NYR MNP PNIANY NMTVHR T0INN DR ,INNR YR PIR '8N YW 119OYN
,(1983, Horowitz) 1973907001997 1IRVIDIVIRA Ay NN MTP1 .MTPN
MR VIMNNPN L1 DAY MTP HY DINR DMIPNNA /N 16-30 PP ANLNN NITM

23911

AD97912) 00 Y YV YT TY 1YW HTEN PYIN IPYA DA DTN
DYPIYNN VIR M JAR YV DPIYN VM NN MYTAN PP DMVYY DPIYNN
DPMIVN VYN DTYH R¥N PYNN P2 .pIYN DIM 200 YYD HYI 11T
%N P2 IINR YR PIR NNNN DPIYN DIYY MR 7N PIT?PY NANNY NPRA JIRIN
NN XN IPPYI DMYY DPIYNN (2033/2338 .8.3) MY DIR MPRI NN NHTAN
NDIN YV MYTY MMpn 99001 MKRN PYNN MY P2 .pIp %N Jnn
2P .0P0MTH THAN 2P AT AN D AR .OPVNTIP DIPIIMN VYN DY IMTR

OO0 DMVN RIN AR MYTY YV 12NN

120360 28.1) TIR-YN N2 RN Melanopsis sp. 7729 VYN 17T AN NNIINRIN
DYTIOIVD) Picard (1965) R¥N NTNMIY N0IRYO] Bythinella sp. *12W 121 (22837
DN YR ,Xerophila vestalis 19V Helicogena cavata, Lucochroa candiddissima :DNWYY?

JPTINMD 12’201 DN
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marbles, generation of conjugate microshears and emplacement of syntectonic (de-
formed) veins was asyngenetic process taking place in the same stress field and during
the same deformation event. The marble (micro) tectonites suggest that considerable
differential stresses, such as would be present during thrusting, partook in this
deformation event.
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is characteristic of overthrust terranes where high fluid pressures are necessary to
reduce the large horizontal compressive stress necessary to move thrusts to below the
brittle strength of the rock (Cosgrove, 1993). Consequently it seems that thrusting was
fascilitated by, and confined to, areas of high fluid pressures delineated by zones
where active dolomitization was taking place. It appears that, similar to generation of
diatremes, such anarea was shaped beneath the Kidod Formation marl-shaleaquiclude.

Magaritz, (1975) has suggested that the coarse crystalline epigenetic dolomites asso-
ciated with Pb-Zn mineralization on Mount Hermon are depleted in ®O compared to
the country rock limestones, indicating a much higher temperature of formation. On
the other hand the carbon-isotopic composition of the dolomite (+1.6°/00) is similar
to the limestones and apparently precludes the influence of meteoric or magmatic
waters which have more negative "C values (-5 and -17°/00). He suggested that
dolomitization was caused by saline water from Jurassic formations which after being
heated, dissolved carbonate. A somewhat similar, although broader, range of isotopic
values was obtained from dolomitized Jurassic and Cretaceous carbonates in the
southern Alps of Italy (Monti Lessini, Cervato, 1990). Dolomitization here was
suggested to have a hydrothermal origin and the heat flow associated with contem-
poraneous volcanism allowed marine waters to penetrate the system, circulate in
convective cells through tectonic breccias causing dolomitization of the limestones.
Structural control was excercised by faults and fractures during a phase of extensional
tectonics.

Iron mineralization in the Cretaceous Judea Group in northern Sinai and the Negev
was emplaced within epigenetic dolomites (Ilani et al., 1988). Such dolomites are
restricted to regional tectonic lineaments and the authors suggest that (a) the Mg-rich
brines developed during the Cambrian-Lower Cretaceous continental time-interval
and (b) episodic expulsion of pressurized dolomitizing and metal-bearing brines was
related to Early Miocene-Pleistocene tectonic and igneous activity.

The latter modeling is analogous and compatible with the various observations
presented above. The fabric of the dolomites in general supports the 50-100°C
temperature of dolomitization implied by Magaritz. The nonplanar and planar
anhedral textures may suggest crystallization above a critical roughening tempera-
ture estimated to be in the 50-100°C range (Sibley and Gregg, 1987).

Twinned Calcites. The e-twin-lamellae (Burkhard, 1993) are a deformational feature,
and numerous studies have shown the usage of e-twins in stress axes determinations
inmetamorphic or macroscopically undeformed or weakly deformed rocks (Burkhard,
1993 and references therein). The character of the twinned calcites (coarse and curved
twins) indicates that they grew during deformation at temperatures in the 150-300°C
range. Such a temperature was easily reached in the limestones recrystallizing next to
the basaltic dyke intrusion. This then appears to suggest that the crystallization of the
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3. The geometry of the conjugate set of syntectonic veins (ENE-WSW oriented
maximum horizontal compression) is compatible with the stress field for emplace-
ment of the magmatic bodies above. Syntectonic veins were preferentially emplaced
into second order (tensional) structures and were deformed within Riedel shears.

4. The microfabric of contact marbles implies that compressional deformation took
place during the crystallization of the marbles. The geometry of the microfabric
(prefered orientation of calcite twins, microshears) appears to be compatible with the
regional stress field orientation (above).

5. The NE-SW trending Guvta fault zone was the focal line which controlled the
emplacement of many of the basaltic bodies on the SE Hermon. The apparent 300 m
dextral offset on the Orchard Dyke and lack of evidence for any displacement of
significance on the NE branch of the Guvta Eruptive (emplaced ca. 115-120 MYBP)
places clear time constraints on any horizontal movement on this fault line.

The importance of (second order) conjugate shear zones with ENE (ca. 060°) and E-W
(ca. 090°) trends was demonstrated. I have also attempted to show evidence pointing
to the close time-space relationship of basaltic magmatism, dolomitization and this
shearing. In particular, considerable emphasis was placed on the character of compres-
sional deformation characterized by ESE shallow dipping shear zones, a related
planar mesofabric and some remarkable recumbent isoclinal mesofolds of dolomite.
All of these indicate bedding-plane slip or oblique thrusts with transport from ESE
towards the WNW. The orientation of many of the ENE-WSW to E-W trending
magmatic bodies (N-S extension), a regional (pre-dolomite) ca. 350° oriented disjunc-
tive solution cleavage and the geometry of the conjugate shears and thrusts are all
compatible with an approximately 070° oriented maximum horizontal compression
during the Early Cretaceous. This is compatible with a stress field for the Hermon re-
gion which has previously been speculated (Shimron, 1989a, 1989b, 1992, and Fig. 3).

Based on the mapping of Dubertret in Syria, low-angle (post Eocene) overthrusting in
the Hermon region has been suggested by May (1989). However May emphasized that
structures associated with thrusting were not observed on the Israel side of Mount
Hermon.

Dolomitization and Hydraulic Fracturing: In the area examined dolomitization of J4
limestones is clearly associated with deformation. Breccias of numerous varieties are
in particular characteristic of the dolomite belt, many are clearly not fault (sensu
stricto)-related breccias but are the result of hydraulic fracturing. Hydrothermal
solutions and pore fluids were very likely subjected to tectonic compression, pore
fluid pressure increased until fracturing or reactivation occured along pre-existing
fault planes. High fluid pressures must also have overcome the vertical overburden
pressures and enabled the formation of the subhorizontal network of carbonate veins
with crystals parallel to the direction of vein opening (normal to bedding). This feature
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PUTTING IT TOGETHER:
The Case for Early Cretaceous Compressional Deformation

1. Diversity of orientation of magmaticbodies and their relation to E-W and NNE-SSW
tectonic lines (summarized in Fig. 10A). Faulting on NNE (dextral) and E-W (sinistral)
trends took place during distinct magmatic episodes. Dykes were intruded into
tension fractures parallel to the regional ENE-oriented 6, __ butalso intosecond order
E-W oriented extensional fractures and small grabens (Fig. 10C).

It is rationalized that the roughly N-S oriented (Orchard, Guvta and Biq'at Man)
dykes, and/or plugs, were emplaced into tensional bridges between P-fractures
generated within the Guvta shear zone (Fig. 10B, modelled after Tikoff and Teyssier,
1992), within which they were subsequently deformed and acquired their sigmoidal
morphology. Within the strike-slip setting tectonic room for the important Guvta
Eruptive Center was provided in a tensile bridge (dilational jog or pull-apart) between
right-stepping segments on the Guvta fault line, after wrench faulting ceased.

2. It remains to be clarified whether the E-W and NE-SW “zig-zags” of the bounding
faults of the Guvta graben and volcaniclastic complex within it were controlled by
older lines of weakness (pre-graben conjugate set of NNE and E-W faults-shear zones)
or manifest a younger phase of deformation which offset (sheared) the graben
boundaries.

Figure 10A (opposite). Schematic sketch showing the main tectonic and magmatic
features in the Newe Ativ area and how these are related in orientation to the
postulated Early Cretaceous stress field.

Figure 10B. The model for emplacement and deformation of the Orchard Dyke. It is
suggested that (a) the dyke was emplaced into a tensional bridge between P fractures
(see also 10C) and was subsequently deformed (b). Shearing was eventually blocked
by the refractory dyke and it passed into right-stepping faults (c) concurrent with
opening of the Guvta Graben and onset of explosive magmatic activity within this
structure.

Figure 10C. Solving the space problem. Tectonic room for magma emplacement
during contractional deformation in the strike-slip environment may be generated in
~ localized extensional regimes. Such may be generated within horsetail splays at fault
terminations, in tension cracks (T), releasing bends or dilational jogs, in tensional
bridges between P fractures and in thrust ramps. T=tension fractures; P=P shears; R=R
or Riedel shears. Modified after Schmidt, et al., 1990, Tikoff and Teyssier, 1992 and

others.



Figure 9. Conceptual
interpretation of the Majdal
Shams-Kidod Formation
outcrop. The limestone-shale
unit is cut by a set of NE-SW
and ESE-WNW set of shears,
apparently of conjugate
character. Careful
examination of the shear
planes will show that most
oftentheNE shears cutacross
the ESE shears. The open
monoclinal structures of
bedding indicate bedding-
plane (up-dip) slip. It can be
observed that the horizontal
slip on the ESE planes is
dextral rather then the
expected sinistral, if the set is
truly conjugate with an E-W
oriented horizontal ¢,. Have
these shears perhaps formed
as secondary (Riedel) shears,
as was shown in the Newe
Ative outcrop (Figs. 5-6) ?

STOP 8. CONJUGATE SHEAR ZONES IN THE KIDOD FORMATION.

We enter Majdal Shams from the SW and exit through the eastern exit. At our stop, just
past the fuel station, we observe a fine road cut of 040°/40° SE dipping Kidod Shales
with limestone intercalations. The rock face is cut by anumber of upright shear zones.
The shears are filled with sheared carbonate veinlets and occur either as individuals
or conjugate pairs (Fig. 9). Their general attitudes (with a few exceptions) are;

1. 050-060°/V-75°NW
2. 095-120°/V-70°NE

The NE set generally cuts the ESE set of shears, where distinguishable the latter set are
always dextral. Some E-W trending south-dipping faults cut both sets of shears.

On the opposite side of the road, black shales contain narrow zones of spaced slaty
cleavage, the cleavage planes dip 30° towards the NW.
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Majdal fault. They breccia zones strike about N-S and it is ambiguous if they are
compressional or extensional features of the fault zone.

STOP 7. THE YA’AFURY DIATREME AND VICINITY.

At this location the geology of the Ya’fury diatreme (Fig. 8) it’s various components
and structural setting will be examined. The diatreme is a WSW plunging small
explosion pipe, one of a number of satellite-like bodies around the parent Guvta
Eruptive (Fig. 1). The pipe appears to be roughly funnel-shaped, about 200 m
maximum diameter but rapidly narrowing down towards it’s feeder dyke. What
probably comprises it’s feeder is a basaltic dyke flooring a small graben of Kidod Fm.
(J5) shales within the Hermon Fm. (J4) limestones. Similar to some of the other pipe-
like explosive volcanic features in the area violent explosive activity was initiated near
the Kidod and Hermon formations interface as rising hot basaltic magma passed from
aquifer into the impermeable shales and marls of the J5 aquiclude. The small collapse
graben, and others in the area, are attributed to fault slip above and in front of the
laterally propagating feeder dyke. Such a feature is characteristic of volcanic rift zones
where dyke intrusion generates normal faulting and graben subsidence (Rubin, 1992).
The orientation of the diatreme and bounding graben was probably influenced by the
ENE-WSW orientation of the regional stress field (Fig. 10A).

The diatreme consists of numerous magmatic elements and it’s history was long and
clearly multiphasal. The eruption history was in the following stages:

1. Pre-vent Phase; emplacement of early (pre-diatreme) dykes near the junction of the
Corral and Majdal fault zones.

2. Vent Clearing Phase; generation of tuffisite (intimate mixture of volcaniclastic and
sedimentary (Kidod Fm.) constituents, very likely formed by intense fluidization.

3.Main Phase; intrusion of main phase polymict volcaniclastic breccia. It is very likely
that at this time a small maar volcano erupted at the paleosurface.

4. Green Breccia Phase; a complex mega-breccia with abundant large sedimentary
clasts from the Jurassic column and abundant sulphide minerals in the matrix.

5. Alkali Basalt Phase: passive emplacement of alkali basalt with abundant kaersutite
and plagioclasemegacrysts and carryinglower crustal xenoliths of granulite, websterite
and spinel gabbro.

The various elements of the diatreme including features of syn-emplacement com-
pressional deformation by fluidization will be shown and, time permitting, discussed.
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towards 080°. The dominant trends of the dolomite breccias in this area are E-W/V,
NNE-SSW/45° E and SE-NW.

Microscopically the dolomites can be divided into the following dominant varieties,
arranged in paragenetic sequence (classification of Sibley and Gregg, 1986 is em-
ployed whereas previously refered to idiotopic and xenotopic are presently refered to
as planar and nonplanar types ):

Type 1. Main Type: unimodal, planar-s, more rarely nonplanar. Most dolomite
crystals are subhedral to anhedral with straight boundaries and numerous crystal-
face junctions. Porosity is low.

Type 2. Vein Type: these are microveins of unimodal to polymodal dolomite, the
crystals are coarse nonplanar to planar-s types passing to saddle dolomite and/or
prismatic and fibrous (rarely sigmoidal) varieties. The large crystals are always
strained, growing normal to the vein walls.

Type 3. Shear Zone Type: the crystals are polymodal, planar-e types. Most are
euhedral, zoned and lie in a matrix of clays, microbreccia and broken crystals. This
type may pass into a dolomite tectonite, or dolomite cataclasite, with increasing
deformation. The latter is manifested by a strong prefered dimensional orientation of
strained, microfractured and broken crystals. Microshears are generally present in
this variety.

Late, forcefully, perhaps explosively emplaced, milky white calcite net veins are
characteristic of the dolomitic shear zones. The calcites are medium to coarse crystal-
line and fine to coarsely twinned, and more rarely are concentrically zoned. They are
always associated with meso and microbrecciation and replace the dolomites
(dedolomitization ?) to various degrees. In the latter case the calcites comprise zoned
rhombs.

Attheroad turn we see that the Orchard Dyke and the Golany dolomite belt terminate
sharply along an E-W trending fault zone (the Corral Fault, see also Fig. 10A). This
fault meets a 050° trending fault near the Ya’afury Diatreme (Stop 7). The junction of
these structures is a spectacular area of dolomitization and generation of complex
dolomite (hydraulic) breccias.

The dolomite belt continues and thins rapidly along the NW flank of the NE trending
vertical fault (the Majdal Fault, Fig. 10A), roughly paralleling the road entering Majdal
Shams, and thins out to nothing near the entrance into the village. A well developed
350° to N-S trending disjunctive cleavage is seen here in the limestones along the fault
zone, the cleavage does not transgress into the dolomites and may thus pre-date
dolomitization. Often the cleavage appears to parallel stylolite seams. Numerous
explosive breccia zones (breccia dykes ?) occur along the footwall limestone to the
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STOP 6. The Orchard Dyke, its contact aureole and tectonics.

Westop at the corral, there are many geological features of interest at this site, examine
them and observe in particular the following:

1. Faulting on the Orchard Dyke. Walk past the cowral towards the edge of the hill.
You are presently on the southwest wall of the Orchard Dyke. The view towards the
north shows that the dyke appears to have been displaced, or deformed, in a right
lateral sense along the eastern bounding fault of the Guvta Fault Zone (the EGF). If a
dextral displacement of about 300 m is a correct interpretation of the dyke configura-
tion, then movement on the fault must have taken place previous to the emplacement
of the Guvta Eruptive breccia (about 1 km to the SW) whose age is ca. 115 Ma (Fig. 1,
10B and discussion below).

2. Contact Metamorphism and Tectonics. Near the corral, along the contact of the
(deeply weathered) dyke against the J4, a deep grey to black coloration passing
gradationally into a white (marble) rock defines the contact aureole. The calcite marble
is particular interesting, stylolites are profuse, the columns strike from E-W to ESE-
WNW, but ca. 80° pointing columns appear to be dominant. Brown veinlets, many of
which microscopically are revealed to be conjugate microshears (Fig. 7), trend NE-SW
and SE-NW. One particular set of veinlets (youngest and seen in vertical section only)
dips about 25° towards the east. Spaced slaty shear zones dip 30-40° towards 130° with
occasional lineations (slickensides) on shear planes plunging down dip and clearly
indicating subhorizontal-up dip, transport. Vertical breccia zones of dolomite strike
080 and 130° and a few 090° trending faults with sheared calcite rhombs clearly
indicating vertical, E-W sinistral strike-slip faulting.

Microscopically an oriented section cut normal to east-dipping veinlets shows that in
discreet microshears rhomb wedges are filled with fibrous calcite and show an up-dip
(sinistral) sense of shear. The matrix consists of subeliptical to subpolygonal twinned
calcites showing good dimensional and optic (crystallographic preferred orientation
of the c-axes) preferred orientation, apparently in two directions. This tectonite
foliation trends roughly N-S and collectively with the long axes of stylolitic columns
(E-W) and sense of displacement on syntectonic veinlets (Fig. 7) indicates animportant
phase of compressional deformation with an approximately E-W oriented ,.

3. Dolomites, Shear-Fault Zones, Breccias etc. Along the trail towards the NNE, we
can observe that dolomite-limestone contacts are generally sharp and variable in
character. Some are along NNE trending mesofaults whereas in some cases coarse
bedding parallel stylolite seams may define a sharp contact zone. In most cases
however, the dolomites are clearly tectonized in the sense of comprising complex and
numerous varieties of breccia. In particular, at the road bend, note one variety of
dolomite breccia with coarse white calcite cement. A pseudo foliation dips about 26°
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Figure 7. Microscopic sketch of black, contact limestone (incipient marble, Stop 5 at
Orchard Dyke) showing the relationship between syntectonic microshears, stylolites
and an early tectonite fabric. Fibrous calcites are strongly elongated, curved or warped
in micro-kink bands, their elongation is parallel to the microshears and growth was
preferential along long arms of some stylolite seams (compression bridges ?).

The orientation of metamorphic-matrix calcite (schematically illustrated in portions of
the section) is parallel to one set of microshears. Somewhat folded lenses of coarse,
non-deformed calcite, often with a clayey seam in the core may indicate late-kinematic
growth of coarse (marble) calcite in extension zones (perpendicular to the direction of
maximum incremental stretching) or perhaps relicts of bedding. The orientation of the
principle compression axis, based on the field orientation of stylolite columns, is here
estimated to have been about 080°. This is compatible with dextral slip on the ENE
oriented microshear, the prefered orientation of thelong axes of budding metamorphic
calcites and orientation of the NNE trending fiber bands. The tectonic stylolites appear
tohave formed both during and after the compressional deformation here manifested.

The matrix calcite fabric is much exaggerated in size relative to other elements in the
section. Section AS93/22a.
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with a slaty cleavage strikes 080°/V. Nearby discreet mesoshears have an attitude of
ca. 050°/%15° SE. Note that these attitudes of shallow SE dipping shears reappear and
are therefore a widespread feature.

The excellent view towards the NNW shows the settlement of Newe Ativ and the NE
culmination of the Guvta tectono-magmatic graben, the closure of which is clearly
decorated by a broad NNW-SSE trending basaltic dyke (green, terraced area).

Substop 3. Atabout 300-400 m (until the only tree in the area). Numerous subhorizontal
breccia zones in limestone become increasingly more prominent. Slightly sigmoidal
en-echelon veins of calcite cut the limestones. Stylolites both cut and are cut by the
veins implying they formed simultaneously and are thus related (dissolution-em-
placement). Some of the veinlets appear to form a conjugate set, with sinistral shearing
on SE trending and dextral on NE trending veinlets. Other veinlets trend E-W and NE
(060° and 090°) and with related stylolite columns, in contrast to previous orientation,
all these indicate an E-W oriented 6, __ .

As we again pass into dolomites we observe the following: Most of the dolomites are
brecciated, the breccias are monolithologic and clasts appear to define a (pseudo)
foliation, individual clast are somewhat linear. The attitude of the breccias zones is
about 030°/40° ESE and the clasts plunge approximately down the dip plane. About
50 m further, the dolomites reveal a well developed cleavage and quite spectacular
recumbent isoclinal mesofolds. The planar, locally slaty cleavage, is apparently axial
planar to the folds, its attitude is about 015°/45° ESE. This is clearly a tectonic fabric,
notably itis concordant to most others (which admitedly were somewhat speculative)
previously established along this traverse.

Note the broken chert fragments (top J4 ?) lying within the cleavage and also defining
a lineation identical to the clasts in the breccias seen above. They clearly indicate
fragmentation during dolomitization, within the protolith J4 unit.

An altered amygdaloidal (calcite amygdales) basaltic sill strikes across this deforma-
tion zone, notably it does not seem to posses the slaty cleavage so well seen in the
neighbouring dolomites. Is it possible that the Early Cretaceous sill was not affected
by the deformation described above, and is therefore younger then this tectonic
event ?

The deformation here seen characterizes this whole dolomitized area. Perhaps over
50% of the dolomites are brecciated, or were emplaced as breccias, as well as some of
the immediately neighbouring limestones. In general, vertical breccia zones strike E-
W and NNE-SSW whereas others dip up to 45° towards the E or ESE. A crude cleavage,
orspaced slaty shear zones, are often present and show attitudes similar to the breccias
above.
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whereas small NNE trending cross faults tend to be all dextral. Numerous altered
dykes are present, most trend 070°-080° and fine internal zones of slaty cleavage strike
090°/75°Nand ca. 120°/70° N. Near the Ma’ale Golany road intersection the light grey
J4 limestones become black near basaltic dykes occasionally passing into white
crystalline contact marble.

STOP 5. MA’ALE GOLANY...lower.
Dolomites, Hydraulic Breccias and Recumbent Structures

At the junction of Ma’ale Golany and the Hermon highway we start a 2.0 km walk,
down an old (Roman-period ?) road towards Newe Ativ. The traverse will take
approximately 2.5 hours (brisk walking) and will include our lunch stop.

Substop 1. J4 limestone dipping gently towards the SE, which is the regional attitude
in this area. Note numerous bedding-parallel stylolites. Some stylolites are however
of tectonic character and show N-5 oriented columns and together with N-S striking
calcite veinlets indicate a N-S oriented ;. This is interpreted as exhibiting the latest-
Neogene maximum compression direction.

Wearehere at the edge (near the stratigraphic top) of the zone of dolomitization within
the Golany Shear Zone. Observe the vertical contact of the dolomite bands against the
limestone and some fine shear zones with dolomite breccias implying forced or
tectonically controlled dolomitization. The attitude of the 5-10 cm wide shears is 080°/
65° S whereas in some fine shears (in the limestone) about 055°/35° SE. Do the latter
possibly define shallow SE dipping micro-thrusts?

Substop 2. About 60 m. Note conspicuous zones of en-echelon extension fissures and
microbreccia. The fissures and neighbouring stylolite columns trend about N-S
indicating a N-S (Neogene) oriented G .

At the road turn we enter the main dolomite horizon. The contact limestone-dolomite
at this location appears to be subhorizontal and parallel to the bedding. Many fine
calcite veinlets cut the dolomite, their attitude is 090-100°/10-15° S, a direction which
subsequently switches to 050-055°/10-15 ° S dips. Note that crystalline calcite in the
veinlets grew inward from the vein walls which curiously is also against the direction
of compression of the overlying sediments. At times such veinlets, which are an
important regional characteristic of the dolomites, appear to define, or follow, a crude
subhorizontal cleavage.

Numerous vertical faults strike about 050°. Calcite wedges and attitude of slickensides

indicate oblique sinistral movement took place on this fault set. We pass a large area
of late speleothems (flow-stone) filling fractures and cave openings. A clayey dyke
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The slaty zones are altered (kaolinitized) and subsequently sheared basaltic dykes.
Microscopically the zones of slaty cleavage are clays (kaolin) with some dolomite and
opalalso present;a very subtle conjugate microfabric of the clay fraction minerals may
be distinguished under crossed polars. Were emplacement, shearing and alteration of
the dykes a synchronous proocess ? Whatever the case, the evidence implies that (a)
either kaolinitization took place before the earliest tectonic history of the Hermon
(Early Cretaceous ?), or (b) that the shearing deformation is very young (Syrian Arc ?
Neogene ?).

STOP 3. GUVTA ERUPTIVE AND SURROUNDINGS....an overview.

The stop affords an excellent view of the stratigraphy of the top Jurassic, the character
of the Haluza Fm. erosion surface and some of the magmatic units in the Newe Ativ
area. Beneath, the NE segment of the breccias of the Guvta Eruptive complex is seen.

STOP 4. GOLANY SHEAR ZONE

We drive via Newe Ativ past the entrance into Majdal Shams and up Mt. Hermon to
just past Ma’ale Golany, about 1 km NE of where the gravel road intersects the

highway.

The Golany Shear Zone is a NE (ca. 030-050°) trending highly complex, over 500 m
broad fault-shear zone decorated in particular by breccias and cataclasites, dolo-
mitized J4 limestones and many discontinuous bands of altered ENE to E-W trending
basaltic dykes. The zone is bound on the NW by the NE continuity of the Guvta
tectono-magmatic structure, it parallels Biq'at Guvta and continues via Emeq Bolan
into Syria. The Biq'at Guvta dolina is floored by a basaltic plug (with a curious
sigmoidal morphology), one example of the numerous magmatic bodies whlch line
this conspicuous deformation zone.

The road along the Guvta fault line towards the NNE is a chaotic breccia front. At our
stop we observe a number of ca. 070-090° striking vertical dykes, all are kaolinitized
and surrounded by dolomites. Notably, above the Ma’ale Golany road and
stratigraphically higher, most dykes are not kaolinitized or associated with dolomiti-
zation. Observe that some dykes appear to have propagated within a certain specific
elevation within the J4 with dolomitization mushrooming around the dyke. A
cleavage can be seen in many of these clayey dykes, the dominant dyke trends at this
location are 065-070°/V.

Along the road cut to the SW we observe the complexity of the deformation and

dolomitization. Many generations of fault planes are present, in general one important
050° striking slip plane with megaslickensides shows a phase of sinistral displacement
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narrow, tensile fractures followed by infilling of the open spaces by growth inward
from the vein walls of crystalline, often prismatic or fibrous calcites. This is the crack-
seal mechanism of vein formation (Ramsay, 1980). In the present case the growth of
crystals is shown to be both syntaxial (growth from the wall inward, Fig. 5C) and
antitaxial in the sense that crystals are in optical continuity across the vein and appear
to grow from a median suture line toward the walls.

Curving fibers indicate the changing principal strain increment direction during
crystallization (tracking the opening direction of the vein) or rotational strain, during
vein growth. Remarkable of many undeformed calcite fibers are deformed fine
inclusion screens of wall rock material and / or stylolites. Such a relationship suggests
recrystallization of calcites following internal deformation.

It is concluded that a regional 070°-080° oriented principle horizontal stress deter-
mined the geometry of the vertical shear zones and secondary stresses set up by shear
couples which also generated the fracture (vein) arrays and regionally a conjugate
slaty cleavage in some clayey rocks (Stop 2, below).

STOP 2. GREEN GATE SHEAR ZONE

At this location one of the many shears which appear to have controlled the zig zag
pattern of the NE trending WGF (Western Graben Fault) is examined. In addition, we
shall see shearing-associated dolomitization and the ca. E-W and NE-SW character of
highly discreet conjugate shear zones with an associated slaty cleavage.

The shear zone elucidates one of the E-W to ENE trending branches of the WGF while
along its strike it appears to pass into the E-W to ENE trending Graben Dyke and thus
illustrating an apparent genetic dyke-(N-S) extension connection (Fig. 1). The zone of
shearing is about 45 m wide characterized by rusty dolomites, bands of micro and
mesobreccia, cataclasites and bands of slaty cleavage. The attitudes of the 1/2 to 1m
wide highly discreet zones of slate are 110°-090°/55°S till vertical, and 060°/55°NW.
It is pointed out that these are precisely the main directions of conjugate shears at
STOP 1.

The dolomites are complex and a number of varieties (dolomitization pulses) are
clearly manifested. Calcite veinlets are abundant and these strike from NE-SW to E-
W with the NE-SW set predominant. Microscopically the character of calcite twins
(thick bands) combined with straining of dolomites and deformed twin lamella
implies considerable deformation took place during and subsequent to vein emplace-
ment. In fine microshears deformed large vein calcites are recrystallized into new
subpolygonal calcite subgrains with dolomite rhombs apparently formed simulta-
neously. Innumerous shear-crackle zones both calcites and dolomites are strained and
broken indicating that deformation outlasted some of the dolomitization.
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bulk strain

Figure 6C. The geometry of conjugate shear zones after Ramsey and Graham (1970).
The type of deformation illustrated is (a) progressive irrotational bulk strain and (b)
progressive rotational bulk strain. Compare these sigmoids and sense of shear with
those seen at the Stop 1 and illustrated in Fig. 5A.

Figure 6D. Traditional interpretation of en-echelon fractures with respect to primary
and secondary stresses (modified after Hancock, 1972). The fracture array is considered
a first-order shear zone whereas the en-echelon fractures are thought to be generated
by secondary stresses set up by a shear couple acting along the zone. The en-echelon
gash veins are considered to have been established as hydraulic fractures and the
accumulation of significant strain following the initiation of the en-echelon fracture set
resulted in sigmoidally folded tension gashes and faulting on Riedel shears. Veins at
about 20° to 40° to an array are according to Hancock viewed to occupy surfaces
transitional between shear and extension fractures.

T=tension fractureat45° tothearray, R, and R =Riedel shears at 15° and 75° toan array,

Sc’=primary shear couple, Sc”=secondary shear couple, 6’1 and 6’3=primary maximum
and minimum principal stresses, @=angle between shear fracture and c1.
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Figure 6A. Explanation to Figure 4, showing a schematic representation of en-echelon
sigmoidal vein arrays generated in conjugate shear zones (with opposite sense of
shear on shear zones of different orientations). The veins may have initially formed in
tension gashes (at about 45° to the primary, 1st order shear direction) and were
subsequently deformed (sigmoids and/or faults) along second order Riedel shear
directions. Sense of orientation of crystal fibers, inclusion trails or kink-band
orientations, are also shown in individual sigmoids. The most frequent orientation of
intrusive bodies on the southern Mt. Hermon and the estimated principal horizontal
compression axis are shown. This model is a modification of the works of Beach (1975),
Dewey (1965) and Hancock (1972).
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Figure 6B. Schematic representation of two geometric classes of conjugate en-echelon
arrays (before and after deformation). In A, the veins in one set are not parallel to those
in the other. In B, the veins in both sets are initially parallel. Note that the veins in one
shear zone are parallel to the complementary shear zone, and vice versa. Pressure
solution cleavages at right angles to the veins are considered to be an important feature
in these shear zones (after Beach, 1975).
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Very fine bands trending NNW-SSE across the veins above is an incipient tectonic
fabric, microscopically it is seen as a (slightly conjugate) prefered orientation of linear
elements in the marly limestone (see below and Figs 5B, C)

The character and geometry of some of the en-echelon segments of veins is consistent
with their formation as tensile (dilation) fractures. Nontheless, most veins are highly
deformed occuring as boudins, sigmoids or faulted segments with the sense of shear
in oppposite directions. Such deformation can generally be atttributed to either
syntectonic emplacement and/ or due to deformation which took place subsequent to
vein formation. Clearly much of the deformation here seen is shown (microscopically)
to have been ductile, extensive in time and accompanied by more then one phase of
recrystallization and polygonization (Figs 5B, C).

Close examination of the ca. E-W (050-090°) vein sets shows strikingly complex
relationships of the various veins, including bifurcation (a single vein forking into NE
and E-W trending branches), en-echelon veins with individual veins showing sigmoidal
S and Z-shaped segments and vein pairs in which the NE vein shows sinistral (060°)
and the E-W vein dextral (090-110°) meso-and microfaults. Microscopic examinations
show that many veins are clearly simple extension veins which formed by opening of

Figure 5A (opposite). Field sketch of calcite veins at Stop 1-The Newe Ativ outcrop.
The sketchillustrates the conjugate, bifurcating and occasionally en-echelon character
of the 060-090° trending vein network (discussion in text). Master fault-shear zones
strike about 095° and 050°. Note some veins showing opposite sense of curvature
towards the 090°, breccia filled fault indicating sinistral slip on this shear. The SE-NW
vein set, with dextral slip, is much younger and the deformation along these veins was
entirely brittle without accompanying or subsequent recrystallization. Scale is
approximate.

Figure 5B inset. Microscopic detail on a 095° trending calcite veinlet (Stop 1). The
characteristic fabric of the dextrally sheared vein type is shown. Deformation was
mostly ductile and accompanied by growth of new calcite grains and subgrains along
microshears. A discreet microcleavage in the marly limestone host (fine lines) trends
aboutN-S, which is also parallel to a regional disjunctive cleavage. Wall rock inclusion
trails (stippled) and opaque lenses trend about 060°. The N-S oriented stylolite
columns reflect a younger-Neogene compression. Section 93/4h.

Figure 5C. Portion of thin section showing 060° trending veinlet. Orientation of calcite
crystals indicates syntaxial growth (from walls towards center of vein) and inclination
of crystal trails points to sinistral movement on the vein during crystallization. Fine,
younger dextral shears (part of conjugate set) on the vein and a slightly conjugate
microcleavage in the matrix are also shown. Section 93/4f.



(€661 ‘Z3[2d PUe UOIWIYG I3)Je) B3IE UOULISH JUNOA IS
U3 ui syrun djjewrdew pue ATejusurpas snoadejer)) A[Teg 03 Jssen( a3e au 10J uumjod onyderdnens ayrisodurod paziespy ‘§ aanSig

uonuiys- Yolre
;3
£ .w. ‘® e
deil 1]
= 2 g il oG ie
z g . g - mmmmmmwmmm
2 g Rt 2 ' 3 H 883 .M a =
z g 2 g SE gEE8 8 s28330%i3 =3
2 : BE : E SRESERRED FiRERE
$ 2 2 | 213 ¢ g o Es AEREERE LR I EE-IFIREEE
8 2l el @ = 8 g8 2 ' ™ 1 [
g s | 215 % 3 g3 P 0 > W
| |l =8 & g g 8s H 0 > G
= S| & |a o g & ) 3 u > 0 K4 bR
SSENDIOIHL 2 " 8 ) b -
vAV VJV W VV’V VVL.V v. v.ov.Nn l..Mb > .~|0 O VV ..'.V.El_ﬂnv,ﬂ—ﬂ_.ﬂ.—_v._.w.._v.a.v:_.v .V >, _I—I—n.
Vm. . VVxV > 7 > - > .-00. ° .0.~c..0.—vﬂﬁ~qfw—h_d____l_l _I_..__._. _._._...____ -
> > > > > > > > > > > 2 > > > > > > >
3 }154 NGOG ) PR R 91 N PNANIN =5 555
= > > AL . ® ~oo N.O Vvvvvvvv.vvv.v.vv > > >
m 4 >>MH> > > > > » o, ~ o- o.~ ooo.~ R .___..__ ! _._... o
1> s 2 > > s uoo ~u o ® ~uoo. ~uooc “MHiH ." I
i s LTS .ooQo~...o~ 0o e (e o >Rl T Tty 'ttt bt
ez
NOLLYAOA souonbog neySq 7 Ao popIY 1yoz
2V ARY NVIAZIVL <+—— NVIAIY4LOVH <+—— NVISVIYd3d NVIQI03XO0 NVIAOTIVO
WALSAS SNOFDIVIAID oIssviane
r T 1 A v — T ]
woz ol 0 weor 05 0



10N )

y

&/ sion
. B \ { o0LINE
R 1/

Transtensional.
bowa £

=3

Figure 3. Early (Shimron, 1989) regional interpretation of the tectonic setting of the SE
Hermon Range. Large NNE dextral (the Guvta fault) and E-W sinistral structures were
interpreted to comprise a conjugate set. Thick arrows are estimated axes of extension
and shortening. The approximately NNW-SSE direction of extension is compatible
with the predominantly 070-080° trend of most basaltic dykes in the area.



frequently it is seen that the breccia was explosively emplaced into the overlying
sedimentary blocks. The overall appearance is of roof pendants of Jurassic sediments
lying within an explosive mafic volcanic complex. At least one large slide block (the
Maman Slide, Shimron and Peltz, 1993) of ca. 130-110 Ma old volcanic with epiclastic
and lacustrine rocks slid into the “graben” implying that a paleo-depression, or some
sort of elongated fault-bound crater was already present at the site during the Early
Cretaceous. Indeed, it is likely that the oldest intrusive unit in the area, the Snaim
(tholeite) diabase-gabbro mega dyke (Shimron and Lang, 1989) may have played an
important early role in defining the geometry of this tectono-magmatic depression.

The bordering (Eastern Graben-EGF, and Western Graben-WGF) faults of the com-
plex are not simple normal faults but show evidence of a complex history with two
phases of strike-slip and one phase of normal faulting manifested on many fault
surfaces. The faults follow a zig-zag pattern with NNE (030-050°) and E-W (70-90°)
trends dominant. Similar NE and E-W trends are also defined by the main segment of
the volcanogenic breccia within the graben and a +080° trend is manifested by dykes
beyond the eastern periphery of the eruptive (Fig. 1). Based on these data the collapse
of the evolving tectono-magmatic graben is attributed to a combination of volcanic
and tectonic processes whereas the pattern of its boundaries to pre-existing, or
simultaneously generated, lines of tectonic weakness. The latter also reflect a
regional tectonic pattern (faults, shear zones, fractures).

EXCURSION STOPS:

Observation Point. We leave from the Banias area, cross Nahal Sa’ar and view the
Nimrod Fortress to our left (north). A line of trees, shrubs and brown rocks (dolomites)
define a kaolinitized basaltic dyke which extends from beneath the fortress towards
the Banias springs. Most of the valley beneath the fortress is occupied by volcaniclastic
breccia of the E'Nakeb diatreme (Fig. 1).

STOP 1. THE NEWE ATIV OUTCROP

The Newe Ativ outcrop occurs at the junction of the 040° trending Western Graben
Fault and a +080° trending dolomitized shear zone. The outcrop, comprising the top
of the J4 formation, is cut by numerous calcite veins, however two vein systems can
be seen to stand out prominently (Figs. 5, 6), they are (1) a system which includes ENE
(050-065°) and E-W (080-090°) trending veins, and (2) an ESE (145-150°) vein set. The
latter (dextral) set is clearly younger then the above and deformation along it was
brittle. It was associated with Neogene tectonics and with a complete switch of the
horizontal principal stresses from an E-W to N-S direction. This phase will not be dealt
with any further during the present discussion.
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formation as tensile (dilation) fractures whereas in many tensile veins accumulation
of strain culminated in sigmoidal folding and/or faulting in secondary (Reidel)
shears. Supporting evidence for syntectonic veins is provided by crack-seal growth of
curved antitaxial and syntaxial calcite fibers in deformed veins, indicating rotational
strain during deformation, or shearing subsequent to their growth. Itis concluded that

- aregional 070°-080° oriented 6, determined the geometry of the vertical shear zones
and secondary stresses set up by shear couples which also generated the fracture
(vein) arrays and regionally a subtle conjugate slaty cleavage insome clayey rocks. The
orientation of early stylolites, a regional N-S oriented spaced disjunctive cleaVage, the
geometry of oriented twinned calcite crystals (in contact marbles) within microthrusts,
conjugate microshears and subhorizontal shear zones with recumbent mesofolds in
dolomite, collectively lend support for the tectonic modelling above.

Discordant linear bodies of dolostone and spectacular dolomite (hydraulic) breccias
are spacially associated with vertical NE and E-W and subhorizontal shear zones on
the one hand, but also with deeply kaolinitized basaltic dykes on the other. It is
speculated that either (1) during cooling of the mafic dykes kaolinitization released
large quantities of Mg&Fe in solution promoting widespread dolomitization or (2)
high heat flow associated with magmatism and compressional tectonics, fascilitated
the penetration of hot marine waters into the (shear zone ?) system causing dolomiti-
zation. Itis proposed thatbasalticmagmatism, generation of conjugate an subhorizontal
shear zones, hydrothermal dolomitization and formation of syntectonic veins were
roughly contemporaneous. All are related in space and time, and products of a
protracted Mid-Mesozoic phase of magmatism and deformation.

INTRODUCTION

The Mt. Hermon magmatism and related tectonics excursion will focus on the area of
Newe Ativ where many of the magmatic and tectonic features of the range are well
exhibited. We shall examine numerous, apparently related, structural features, some
of the magmatic bodies and dolomitization phenomena of J4 limestones. An attempt
will be made to discuss the various features from the descriptive and genetic point of
view and a common denominator between them will be sought. Hopefully some
conclusions will be drawn on the basis of the evidence presented. The main geologic,
tectonic and magmatic features of the SE Hermon Range are shown on Figs. 1-3 and
a composite stratigraphic column (Fig. 4) summarizes the main stratigraphic features
of the area during the Late Jurassic to Early Cretaceous times.

The dominant tectono-magmatic feature in the Newe Ativ area (SE Hermon) is the
Guvta Eruptive Center (Shimron, 1989a, 1989b, Shimron and Peltz, 1993). Also
refered to as the Guvta or Ativ graben it generally comprises a graben, or downsag,
of Late Jurassic rocks (Kidod till Haluza Fms.) within the Middle Jurassic Hermon Fm.
A major portion of the graben appears to be floored by volcaniclastic breccia and



FIELD TRIP 4

JURASSIC PARK: conjugate shear zones, thrusting,
syntectonic veins, basaltic magmatism and hydrothermal
dolomitization on the SE Hermon Range

Shimron A. E.

Geological Survey of Israel, 95501 Jerusalem

FOREWORD

The Hermon Range, a rapidly rising horst since the Neogene, has since Late Jurassic
times been subjected to a number of complex tectonic and magmatic events. A
speculative scenario pertaining to Early Cretaceous tectonism on the Hermon Range
was introduced during the 1989 Ramot meeeting of the Israel Geological Society
which dealt with the geology of northern Israel (Shimron, 1989a). The field character-
istics of the magmatic rocks from that Period were examined during an accompanying
excursion of the SE Hermon (Shimron, 1989b). The present field trip differs from the
former in the sense that it will focus on structural features and evidence interpreted
to have influenced the construction of the Hermon Range during the Late Jurassic to
Early Cretaceous times. Some of the magmatic bodies and hydrothermal features
related to this tectonic activity will also be critically examined and discussed.

On a regional scale, most of the Early Cretaceous intrusive magmatic bodies on Mt.
Hermon trend (a) ENE-WSW, (b) NNE-SSW (northern segments) and more rarely (c)
NNW-SSE till N-S. Many appear to be concentrated along and in the vicinity of the
Guvta fault line. The most conspicuous tectonic manifestations on Mt. Hermon are
NNE (040°) and E-W trending major fault sets formerly interpreted as comprising an
Early Cretaceous conjugate system with a ENE-WSW oriented principle compression
axis (0, , Shimron, 1989 and Figs. 1-3). The previously described (Ron et al. 1990)
Newe Ativ outcrop (21885/29610) occurs at the junction of the important 040° Guvta
fault line and a +080° trending dolomitized shear zone. The outcrop is cut by
numerous calcite veins, however two vein systems stand out prominently, they are (1)
asystem with ENE (050-065°) and E-W (080-095°) trends, and (2) an SE-NW (145°-150°)
vein set. The latter set is clearly younger and offsets the former in a dextral sense. Set
(1) comprises a complex, syntectonic vein system which includes:

(a) A conjugate set of sheared, frequently bifurcating, veins cut by 060+10° sinistral
and 090°-110° dextral meso and microshears.

(b) En-echelon, often sigmoidally deformed vein sets.

The geometry of the conjugate and en-echelon system of veins is consistent with their
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Application of Radar Imaging in Geology

Karnieli, A.,;! Arkin, Y.2

1. The Remote Sensing Laboratory, J. Blaustein Institute for Desert Research,
Ben-Gurion University of the Negev

2. Geological Survey of Israel, 30 Malkhe Yisrael Street, 95501 Jerusalem

Radar images are of particular interest in geological investigations due to
enhanced sensitivity to topography and surface material properties that are
related to rock type, tectonics, structure, age, geomorphology and geobotany.
The independence of radar images with respect to weather and sun angle is an
important factor in many interpretation studies.

The Synthetic Aperture Radar (SAR) image, on the front cover, is from the first
European Remote Sensing Satellite (ERS-1). This image of northern Israel is a
good example of the capability of monitoring both land and coastal environ-
ments. Different landforms and covers, such as mountainous terrain, escarp-
ments, drainage networks and agricultural fields as well as geological struc-
tures, such as faults, lineaments, folds and volcanic cones are recognized.

Radar imagery of a water surface depends largely on backscatter influenced by
winds at the moment of data acquisition. In the negative image, on the back
cover, the observer “faces” the source of the radar illumination beam providing
an image processing technique which enables visual detection of surface fea-
tures not usually recognized on the positive image.

The radar image on the cover was kindly supplied by the Laboratoire de Géologie-
Géomorphologie Structurale et Télédetection, Université Pierre et Marie Curie, Paris.
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