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NTIND 91393 011NN BINYNHN
NN PN JY MYawn, (1I9N) 981N
N990 v

PPN 191D 13 2,191 NYM 2,192 OIY 2L DP9 NT
wy

,ODOWINA SIaYN NVITIDNNND ,NIND 9179 91195 1199 .1
91904 DYV

95501 DYIVIY ,30 DNV 19913 IINIYIN INDINNIN 1NINN .2
14102 M2V ,345 1.0 NN APNY NTaynn .3

NYan

MON) NN PRI 2250 MYPIP NP2 NN NNAY TYN NNNN NN VP
NN DIN VI NNOWN DY NOYNIY YPIPN DN .NIY DRPINNN DN
PDNNRN MINN NPXNNHD INNIND 9Py NTHNNA TV ,1952-1958 DNIVYA NN
NN MNN GNN,TIN ININD .PIN MDA PT VINTO PO DPIBN JTAN
SN 799 90N (Shoham and Levin, 1968 ) Y2 NVYPIR-NN M9Mwn Ham
YONID JPIN PV 1000-2000-D DY NTHNN NOOWI BN NYNN D200 DY Pnn
Avnimelech et al.,) N2INN NYPIAD 1P DO IMNMNNN NNDY N2 NPHN NIYH
1OP NVY SV NASN 1994 MONI NYN2 DN Ny Sva (1972 197D ;1977
YHYNn Mt OIN PN 909 (1 9PN) NTN 0P DIXR NI WN (1.1 km?D)
95 PN D PND WM (1 PN - 10 km?-D) 1D NONNY 51257 NVLYHY HpPY DA
M’ Yy VOMN ,222PN INOVDNN NDINN DIND 2N IN NNVINITO PNT
DN MON NN DHND APYHN TN VPN NOYA MM INID NN DY

(1994 ,DNY) "M AMNN HNODIVIBN NPHYD NNPRN NIWND NIVPNN

WYY W) NONN NI AN 9120 SY YPIP P2 YN 1P 1Y POIND DINNA
NPON APY NOYNI TWUN DIV IINNN TN YiPIP P20 L(DINRN NOWN
ANNN 72 DY NN N 4-6 DY YA PHNAON VINTON N 1 DY PRIYS DIND
NN INNSNN K DINN DY RIMM N8N IPHNA (1967 ,172) MIN POV
 Potamegeton nodosus) NN (Phragmites australis) NP YV DTN DPN VYND
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(Typha domingensis) O NPNNY NNNANN DINN SV MVTN IPYNA NNE IOy
DN ,N1¥ NN 21250 NOSN . MAIN NAVID NIPN N (Najas deliley) NN
Y Freshwater Marsh-D 1NN TWUN NIMM NVYWY (wetland) PNYA N0 )0
MINNN MVY2 . (Mitch and Gosselink,1993) TPROVNM TORP NN NIYTINN 29
TPNIA0N 1MDYN SWA (Wetlands) 1ON M2A0DA TOYTHN MMIYNNN DO
N/ AN MPNN NDIA0N SV ‘NP5 pPOIDINVN CO, MDD NOND 1Npom

D09 NN Y DN Y DY NPT VPININDD DPVINVVN

JPicard, 1952) O DMTP  THD Sy PN AHNN DY MMNIN - TIPIN
Brenner et al.,-) ;Agron and Fleisher, 1976 ;Horowitz, 1973 ;Cowgill, 1969, 1973
POV WNN S¥ MDY DN IWND 912D NN NYIIN NN ON3 (1978
SV M) NN PPN NI 0 4-8 Y2IYA NIAOW N YN DaoN  .DPMIN
(MnO, = 300-2000 ppm ,Fe,0, = 8-23%) DN PIM D72 RN ,(2-4% NN
MPYN WPTNN NN (Hutchinson and Cowgill, 1973 ,Agron and Fleisher, 1976)
)95 P MND WINVY (Cyperus papyrus) ©YV99 NN 1PN NMNVONN NNNA
NSN MIP PN OINN O¥19) ONNY .(Bein and Horowitz, 1986) MY 5000
(Typha domingensis) NS NO\ (Scripus lacustris) DINN WX (Phragmites australis)

.(Dimentman et al., 1992)

NNN HYA PIVN D) 51252 H208N NANNN YIA» NN 1YY DIYN 40 TYNI
1121 D %Y NOVN IPNHRNN DX DY NIANM VRINDY TIHINX NN
NMMPNIA Y M PN Y NONN DINNNIN DNVY DIND NVYIAY 51251 DN
My’ YINN NONN DIND DNI-VINXTON NOWNY ¥ 7D DIVN .OMNN NNdD
(1996 '23M YW ,1995 DM HPN) D MOONA NYANNRN ONINDY NMIA)
NPNONHD MINNN HY DM DRDMN DYIAVN I/ RH2D NN MPNKT 1O
PN NTYA )0 ON NI WINN NOINN DIX DV MININ NN NIvn 51153
MM 1Y ,0200 TN P DY DHANNN DM VNN MM Dya Pinn DIN

DIPMNNN MOONA YN DM PIM D2

PRIND DY VIITON 299D

AURD IMIND DY MNYN NINN VIN*TON DY 10N 207NN NN PN 2 N
PON NN 3 TINM RN PONN NN 2 TINN NN PONN IR MIX»H 1 NN
D120 YN DXNNM POINRN DY ROMM IMNOSN PPON 1D NNY M WND VTN
VIR TON YV M50 2590N PN MINNN VINTO DY NI MMITN IPONY Tyl
30%-2 20% )2 ¥I YN25N PHNA MIMND INNN MM NV DX PN NvI
MINNINN POND 2096-D 10% P2 ¥ 751250 PON CaCO, 1127 ,49% INNND PON)
MINNNN PONAY 496D 306 12 ¥ O9135N PHNA PHTN HIIN NN .90%-D 50% A
DY7aNY DM NAINN YW DNV PPN NV P2 ION DTN .1.50 JY NN PN
P2 D7D DONNA DDTINN DN NNNANNY MONPNRN NPNNNI

DN M VINTON



MOSNN INN NN DY 195N 259D OMPY

NP’ ND252 JTPN NPT (MIND $W) 2 NN URINDM NION MdN
1T o0 5¥ 2127y 0PN NIMIND M D MINAY JI0) 41 3 DN DO 51257
M YTV N PA NNNAN ON? 1N DMK 1PN BN WRD 22D HP» M)
DM .20-50%-7 9NN TWN 1TV M 100% VYNID VP I M O 1PN
DYNAYY VP DPYNIN P2 YIN) PNOINI 01N DY MNYN 19T 1N 9010 1WN
 ATIYN NN TAYHRI N M DM SW IMDYN (JIN2 MY NwdY Ty
P19 MNN Pya) DY DN HY PDOPIATNY YNNT) PN OV DY
1MDI 1995 X YNNI YWnb 1o .0mN NTNNYY VINYTONN (12D SV MNMIN
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Cl1 Concentration in Lake Agmon and its Sources
May 1994 - Oct 1996
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SO4 Concentration in Lake Agmon and its Sources
May 1994 - Oct 1996
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PHIN NN TOY NDON .OMN NI DY NMNT DIYIY 93D T OXIVIN N
173N INAYM OXIVIN TINI 12 WNNN VINTOI YNINNN T8PI0)-NT
NPIDINOND R

5CH,0 + 4NO," ———> CO,(g) + 4HCO, + 3H,0 + 2N (g) )

1B NN ORIV HY IPMYNYN MNND pHDY N I89ON-NTH POIN
MM NPYN NNYA PONNN DY 1AXP TN PNIRD 7T 9T DN DY Mnvn
D998 OPY YONWD 1IN WP 30-40 WN9 ,2000-3000 wmol/m?/day-2 ONIONIN
P T Oy TOY NNINA Ca/SO, MNN DN .IIYY PV 10-15 1N DD NNINI
NN YIPN NPy PONIND D SV NONN DY ,PID NI ,PYM (6 WN) NTHD
(7 PN) DPONPVDIVINN D)2 URONIDN 9179 .00 G112 ONODIDN N
NNYI D AN PYRD TTON WM 51250 VINTO DAY DR PrIY D PN
TYNA 51201 Ypww DN DD 70D NIV 300 Ty 200-D WA NPNON NYonn

2PN NIV 40

290 PMIINI DPMN VXOP NYPYN DY Pyn Alk/Cl 9mn NN
Ca* + 2HCO,” <====> CaCO, +CO,+H,0 )

1Y 17mmol YV VXNOP NYPYN ASPY NYNM PP 9Py NYNINN NYpYNn
MYAY MNP VIXOPN NYPYN .1996 NP2 DYY 219 36mmol-) 1995 Y’ OVY
IND NN MNPOINDS CO, NI DVl PPa NMAN MONPDIVIN

:(Redfield) D190 FHONPN NNDHNVING HY MIVNPNIVDA

106CO, + 16NO,~ + H,PO, + 122H,0 <====>

C106H2630110N16P + 13802 (3)

MN2 NPVIN MEX MNNANNN YA 1996-) 1995-1 VXOYPN NYPWN P HTINN
1996 P2 NP TN BT TINDY Y N

Sv NYPN IMVDN NOIND HY DOINTOI NINDN 99D YNINN UNOND NN
Y Yy NYANH 5 NI NN DY TIPIYN HINNDYN NN MNHDNTIN PON
(Markel et al., 1996) VI TDI VNOND NNN DV NN ,ONIND Dy 7O

o> )

2CH,0 + S0,> — > H,S + 2HCO,- ®

VINMTON YV DPINNVDIVINN D2 (Ferrous iron) YY-1TN H¥12N SV 10N
22 ANHNAN NN Y PYN (7 ON) 2 MINNA NN



CH,0 + 2FeOOH + CO, ——— > 2Fe’+ + 2HCO," + H,0 ®)

I NON DN GIY IINNYN 1IN 11251 VINTOA SN PONDN ,Td DIWH
NSNNY Y FeS NVYY WNnn HtHan oy

H.S + Fe* > FeS + 2H* 6)

912 YV TN DM YW NOIRD SV IMITN IPINI MINNND VI TOL NINY YD
AN (redox) MVN-NIPNN HNONIVIY TV WND NPaV 1907 5 DN .k
MINNNN VINTOA 2DY-1T J1122 MONND DY ,NNY VRINDN NN NN 1D
LOPPNN M PONN 1PN DX .0IPTON HY 1pHYN PHN SR INNYD PIOND
IND POIRD HY VTN 1PN NNANIY NON NMNND N0 MNHD NIM 1DN»

.1996 12NV

SNON MNINDH

NTIND VP9 - DIIPNNN 1P 1 MIND
(2793/2050 .8.3)

NN Y NN YY ,NANNN INND NIV I8ND ,1994 NDA OPN DMPNNBN TN
9y DIMNNN ,DMPNNN OPNIDN HY DNAYN DIIPNNI NPVDNDN MOWNN
MPNM MNOPN MPNN ,0MN MPNN 3-2 DXPINI ORIV NP PN M

Ca/Cl Vs. 80O,/Cl Ratios in Lake Agmon and its Sources
May 1994 - December 1995
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920212 NNIND DY 2 NINNA DYONVDIVIPND DN Y 213D 29119 17 TN
Y2IY-1T PINY 2YAT S MM i (MLS) NPYINT INN DT HW MNNIN L1996
DY T pH ¢ .pRyN DY DY LRSNDY 10 MM b .pmyn DY DY

0N DY DY MHNN) MPAND  TPONNIP NPIIPON MM d .poiyn

Main biogeochemical processes at the Agmon Wetland

\/
S + Fé* SFeS + 2H*

X = Humic Acids, Ny, CO,, Fe*’ Mn’" H,S , PO}

* = mmol/mZ/day

D2ININ DXANPN JNIND DY NIIWNIA D7IP2YN DPRINIPIN ODINNNDN 18 N
aNY VIVTONY DIINNYNN DIVINN TO NN I¥PD X1 mmol/m2/day-1 DIN

.0Mmn



N T OPN DN MIPNN RN 19N NVYN ‘NN 1N DIPNNN DXNN 2 INOD
0"IanN T 9N IR

29N Y XINNY DMIPNNN TP DN ,MYD? XRY D IN W9 v MNNa
LOPN19N HY 0NN TIWNN NN NANPA MPD? KRY .NNNN VPNID HY 0N

M .DMVN MY NND SV PEIYY YINN W MR R¥NDI OIPNNN TP 15
912571 9INNYNN (CH,) 1NN ¥ DYDY 5¥a 1o 72 DYayan mTpa onnn
PO ,PMYN 912531 NUNINKN (MNINNN) ONIOPI MDY NNSIND

SPHAN" nhan P Sy DMTP 190NN

(2792/2063 .8.3) “DIPIN" DN DY NNYNN 2 NN

DY NVIAYNN PAWHN NOYNN DYN NAYI DIPNNN TPIND TPAN ‘D 100-D
YN TANR NUPD NN PYNI 1Y NNNA YWY DNT MDA 209 21N
9V MNONN 1PIN NONI IR JMINN DY MIAWN-NONN 1292 NNNNIN NIV
YNVYY DD JTVN M PON WMYHN JTPN NOYN SV ND2IOD NOIND
D) .D1Y2 19 DN NVDNN 1TPN INNN DY NIDNIY NOYNI NOIND NN
51 MPHNN N I8N NOON (7.8-8.2) MON’ M) pH-1 DIPNOND VN

(350-450 us)

T NINNN NNND FPNNN NPDA ¥R VIV YN IWONRD 2T NTNI
PH JN0N 19D D”MOINAPA DXVNID NPT DTN NVW NN XTI ,DINA
redox-) MM ANV

(279072074 .8.3) “DIAN4D 9135 1 1P NS 3 NIND

MPINN 101 NOYN ND25HY YN DIND NONNY TITA TAN NUP-D NNNN Yyon
AWUND POIND IWN DM NPHR INNN R NOYN .DINN DN NONN 51 'NVY NN
2125 M 9NN 52D N T PP )TV M MDIN PA DY) NI DN MON
-0 DM M5 NN 189N NNON L(6.5-7.0) PO NI pH-1 DININND
LONNIIP-2) 392 NPOIN NN )T 9N HY DN DM HWA 2000 ps
NN NANNY 125N YNVYWA DINNN M DN 5195 MNIPN NPOn | NHYND
JING NOYY NP3 IND DY/ 101 ADYND ORPIND 13D M 9NN NNy
0L Yy MIYY 1IN DY MOYND NN JTIPNN DM DINNN D DY TW
R NNYPNN DNYN NNIND 101 NOYNN DI PNY VYN ;T 8N .M
2y NYNY NIYANAD 1 NOWN 220N HOYN 101 NOYND NOINND NN
NN 195 YPIPn 295 NNNN NUD 60-100 DY PMYa Y DNN M DYON

DOSNN YNVYI NOSHY NPNADN NPRIPNN MYPIPN AP0 MNPy DM

2N DIV PMINA HANN ,ONT 500-D 1299125 NN N¥NDI 101 NOYND NNHN

10



LDPN VW7 MND NN NTI9N VPYN NOYN .NNHRD NOSH NPy V7Y nYyn:
DINYN) DY NI NOY MINODD WNYH 15K DPN D WAN UPNI9N 170N 29 Yy
NN DY RN P2 M9 YDID) DD DMIVYN PIAN JOPM 22NN NN DY
SV MPYY NN MDPNN DYIYIN OM .(2789/2074 .8.)) 1V MITP N8I
DA NN AT MTP .PIPY Yasa DOVNIAN DY Nysan Dy PO
OINN PHRY DI 0NN M DY ROIR YNY YY M7 IMTYS N9IVNNN

(1996 !23m Yp 1 ;Neuman and Dassberg, 1977)

(2778/2074 .8.3) DINN NYYNY PNNINNN ANYIN 14 NINN

17PN M 2 IR DY NVIAYHRN TPAMNHN NOYND 1Y NNNHD NYDIA PYN)
1I9NY NAWH NRN M) .DVTH MINN TP NN W) H2yY DY 195 1OON
=D LDONN NOYND NN DM DY DN NNPIY YIN NMIND DY VTN
2V MIOINN 29 DY 0NN NOYNY NOINND DINNY DYDY P9 25,000 TY 10,000
DNPOI DVUN )12 DNNY ARWNY YR O D WNON (1994 ,0NY) NDIND VPN
VPNID SY IMPYN PIMIVNN NNN NIWORND ,NYYND 15 .Ppwnd onn

175N DV 1IPAIN PNND 120N 1P M DY VOMN PN - NONN

Typha) PO NPNNY NNNONN 12 NOINN DY MV IPHN DY NNN R MINN
INNANM N MNI 2NN VIVFTO DY ,NOSNN 1D PN VDY NNON (domingensis
(MO IN NINIIN NN TP TOINY NY NAIN ,MIVP N7AD) MAN NAVIN
AN NON OV NIMNN NONNL996 I1INVDA TNHY 1NMINP) 1230 1901 DIPHN
NIMNN NPN R DMNN DRN NI NY PTY 1997 9NN NPNNM NOON
MONNA DMINVN OIMN DY DN X NONN DY NNNIN N NON DY 1dYI0
AN (Fe) 9y 1T 5192 1NN AN VINTOA MINN NN DY TPNTIT
SV MINN 2SPY NPNI APTD PN NMSY Y0PV SNNII Dy DN ((H,S)
PNY NV P HY M AN R DDIVIN BN 2 NIND ¥ DT IOR DN DY
PONAY MINNNN VIHXTOA PN SN DM . PIND-RI2 DY NSNND N
DPYN INYA MDD VINYTOA PN TPMYNDYN DN POINN DY NN
NN 9PIM MINNNN VIVTONN FWNN PAND FINNYN PPaY PR 75 Hva

APTNHN NMISH YV OWNIYN

(2765/2046 .8.3) 1Y 93NN 5 MINN

80-N NV YNNI DPN N PD 1P 5.6 DV NBID NINND N 1Y NND
0 OWHY NNI5Y DYNINN DT MDA DY) 2PN Y0MY NN NN NIVNI
NNMY-NMIP 2112V 15 NAWYHN NOYNI RN IX NNONN NIWYWHN RPN
NYYNN TV NINNY TP NMNNDND MNP NINN MDD DY DTN MM DU
PYNY H3M (N¥NHNI APYA) NNN HYNWN APIAN 1YY DNNDD NPAYHNN
MIONN 29 HY PNIT NN DN N2 ,NDNN PHRYA 13NVID TY 'ND YNNI
1TV 0 D1NY OMYY NXAYNN NOYNI WRD MNSVYN NNOPNI PINYONNN
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DM )Y VNNY NXAYHRN NYYNNN DMN NN MI9NN NNV D0 NN’ ,D7P)
T DOINMVI DM YA PP NI DUV

191 PONY T2 MNIPNN PIONA IPY NI AN INNN VPN NNPN INND
NPAIN PNND NIND 912D PMY T ,DINN NOYN TIT NOINNND DINSPN DDN
N YY P 19N 0.5 DY G0N MND DX DM DPI O TIND 1NN HY
212 NN SV INNIM N NINRD Y INNPN NNSYNN HNN YN DR wHvd
VPN DR 1TV M IAYNN NHYNA W 1Y NRNDD INNY DNIP DNDD

D55 DY DIPNA N PHRya IYPYND N 51200

(2718/2092 .8.3) N V) :6 NMINN

DAINN DPVINMIVVN NN NONY I NAWNN DTN NNPI N NN W)
DN PN NPAD 1D DNSNI N DT NTMPIA NN DY INONN DN PNN
Y MWD NTIAYN PP DY DYNIANHD MOLINM NONN INYY D0 DY FOMOIN
“MNPR" SV DNNINND OO HNY M ONINN DY ;NN “MMpn” NHan
PN NIV DY) YSINN MMV NI MININ NPTV 390 NInn My
JINN JPIN YD 1N NN IIN NNONI TPV 27 DY ((FPTIvh Nprava
T2 NN TPNNNI 80-N NIV YNHN TY INDY 0NN N PRIV 27 DY
ND ORIV DN 17Dy 7D NN UNINDA 80-N NIV YSHN TY NP Dy
D2VYN Y15YA NIO MEND PN IONIY DMPYN DY PN NN NNON)
PRI IWYIV DMPYI NNPN DN OMPYI NN 2 TYNN NN TININNRND
DM OMPY R DY 19N NI NNE MDY .NNNN VPN TN Hpnn
TYT N2 VPN PRD DN (ORIDIN UXIVN) DMPYN DXVINMVDN

2NN W)

HHnn

MO0 HPM PNT HY ORMOPITN NTAYN PoN PN IR MSINN NNayn
DYTIN VN NN POV OHDWIPA NMAYN NOXOIVNNI YIND NI Y TNd
VP9 WINY 97N APNNN NN DM TWUN 992 P9 ORIWO Nn»pn 1Y
NONA TIOINND PN MTAYY NOD NNYD NIPYA NN 1TAY WN NNNN
OV NRPPN 1PN DY GIS-N MWIRD MUDIND HNTA IRY WK INNININ

APON Nan NN

HNMIPN

PN NONN .DODN NYT NNNN NYPI W Phyn 5Hadn 1997 .y 73
JONNPNY NPYNN

NPIN PN NN OIN NPONIN MYIT NNON DI NYIN 1972 .Y 19N
,N220) NPIOMI TONIWN TINON NTYNN ,DDWD NN VP 1OY
.63-69 'y

NYT .WTNN NOIND DINX DY MIOINDN .1995 |\ RY . WY X )1,y T 99
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Figure 1:

Regional Fault map

and damaged sites:

A. Nimrod's Castle
[Qal'at Subayba]

B. Tel Ateret
[Vadum Jacob]

C. Susita

é\ Roshmj
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(19993 98a) N2ASIN NYLHP N PN
839N YV MNMOOINN

INOTY MYON 29NN ONIIAN YW 2IPNRN VHYN YD DY NN NDIANON NYOP
NNOYNI DY PYYM DONIN DXVIN 10 7PN NI JNO'NY MYON .1227/8 vl
NI RPNT 1T 200D 199 WP P1ON NROY YT JY NTOIY NPAPND NOOUN
NON YPIANDN PYND DPIN INNNY IR .PIYN ININN AN MY M 7N
DY2PNN 19772V NNNHN 1D PINDY PAPRN MISNN NN N9Y DP9

DIVY VYYD NINNN YV DIYRIN DNWYA D2IAOSN TID

MY P2 NN MAPNN NIPNN NN 13-N INDN DY DIWYN Nva
WUNID) D'OYNON OUNON PYNnT VOV Ty NNN PNONIP YN NPONIP
DY N2 NI HNRNROYN INNIYN SHNON D8N VHY AN PMIYN TPONIPN
VOV T (DDWIV HY MIONN INDA DX PRNNY) DYN TITID DNNN 10PN

DOV NOOYN R I P00 DM 7PN NN 1NN NNOND PYnT

D7V 10 TYNI VINAYN DY DPN ,AD%)PN NP9 21T 21D 208 YON HY DN
PYNTOVLY PN DD’ 1227 NIV TY .DPND WMIN NY M PARN 953 TN ,0YNd
MYNAY PINN DY ONAN YONI 1M NNV NISDN 1D DHYNND DI DY

JDOPN

YTINNDN N¥22 T 1DNN DN NIND DMNNN NIONN MM Wi 1227 Niva
VOV 19 NN NMION VNANNI NN ISIND NHPNA DD Op Hv
NN ©OUM 155 DNP MAI DIV SNN NIAY NINN NNTRN NOVXWA VPI pYnT
/N .D2208N P 1D YA 1P VIS PNV DMIAONN DMINANN NN
P2 NISMOY UM 51T 820 O7PNY SNM 792 PONDN KD D'OYNINY NNE DY
TONON DY NN DI TPAN DNIAN VHY .pYNT PRI VNN 1DYA DNIAOIN
VoW M8IN NNN5NY NUONN DNYa ,1228 MIVA D'OYNON NHYDY ,N”Ian

NPNN MAIND DY MNNY NN ONIIN

YN 2DYN Naas nydp

NP 5P WNINN OV INNHN IPHN P NYRIN 2DV DPIN VOV MNN 29 Yy
{2A wY) 1228 NIV INNOYN PIRND NONPNHRN NHPNN NND NIANHN SN

M NOYTPN NNON NN NNZINN VYN DTN SV NN NN Nran Yy
WD TN W ID) NN VAYTY NOINNNN N I8N DD TY NNINNY

SN NINANN ANYNIN I3 DY NN BINIM 19NN NYIN bva
INPY HIYON 99NIN INVDIDN 1IN
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INBN'Y HNANIYN 1N ,DINVIIDN YNRY 019030 X ,ONYONN 390 ,PTON
2%, YN 1aN

NN MNAYa PYNYY NYIN 10N MY DIMNINNN PNINd YIONN JINYIN
.NYNY 625 NIVA YO

9 bV NANYN NYyHp

NOYYN NN Y20 XIND YN DV PITIY WHNNNN 1PN DINNN DY DOONN
IN (FPRYDIN NVYHYA 1M DNIDRD DWITRN MMPHN) NPNNNN DOl
YA ANY AMND MY IMPHN N8N NNSND 12 N8N MTINND 1Y
AN P9 MmN DY 1Y TPON AW KDY W) NSNA NINND NN IYN PIATI9 Y 1229
INNY PRYIN OHNOYN 1PN 9157 D'VYNON SV 1IMM YN TIPS NARY INNRD
A¥3NN NN NO9M 23YHRN PYNN DR Y9 NANINN .WTNN I¥NN NN DOYNN

A9 VINAON Y3 LY TARD

D9THNN 1D TAN 5D VYN MOINNKBN MTAN MAND 1P YN A5V 10
NN 11 'O YT DY 129NN NNSA IMSHNN PYND 2 'On NN

NIYNN NN 13NN DIAAN 983N NINY Y MNS .OINM 1NN NYIN Bva
NV NYIVH

1399191 DITYINR 99NYN 511N INVSIDN 1NN 13 INNPN'Y ,ADIN INYD NN

1N ,PVMNN ,OVINN 21330 YY PN WITPN BMbN ,DIVD DIVYNN NVIY
1N93 NYHN IMN NO 2PN 13 493

-INYIA9) 627 MV ,'N 939 YNIND 1A NN TNNN J1N DY MTIaYN NINN
13 9931aK ,(NYHN 1mNTY) NN NIYNRN NP NNRPHN Yy (1230 O
INTY UN NINNTIN HN NPNIT IAN 13 NNDIN

77,08y MY NN MONPNN DINN DYTHINY TND INNDIY MODN MAIND
.DMNN DVTNY

NXNN NN OMNN VNN NN 12 GN MNP PYNN INDTNY DYON DY 12
20N YON XIND YN ,1239-40 TV ,NNPN NMNI .ND2ON WO NN O
NANINN MNYS NN DAY 11PN 19NM PYNT DYy NYYNY DORY G0N DWIN
NMPNN D2 DPPVY DNNNI NNYRID M I¥INN D) IO IN . DYNY

[Huygens, lines 29-43]

) ADY NAASIN NYOP

DONNNN WD 1260 NIV IR XIND 7PNOY 0ONNNN NWHaN Mmapya
"3 NTNK'DA 2D 2MD NHNY 1IN MMIDINN VDNIDN NIND DNV DININ DM
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YIRS 1129 NYDIN MNSN NN Y PYNTY P11 9N (1260 1919-91) 658
(368 /N 1IN 206 DY ,NNNY 1IN) .N2AHNY NY¥3

Py 2992 050NN AN DANY DI MDNNN NANNN HNN IV NMINA
ANVUN P PNO ORI YIN NN DN YTNND 820 NN ymapyy moh
-259 Y 2 PPIVON) UTNN IMN M2 NYYN NIASOR MMN NN D122 DPY

(60

TN AO0MN NN HVIMNN NAND2 SN DI DY 1Dysnd mTy
DMONN DI TIWY DIIDVYN (2¢ ) 11 DTIND ND2ON NNOY TND I¥INN
YN NN NN DIV DM DIRY ,DOVIN NN NNOMND 7P NO'WA
N9 NP NAY NOWIA WYIV D2IANN NPPA D7) DIDNNN Y INRW?
NPPN YW OIMNNN DHTINA DY DN HNDIVIAN NI DDIATNY NON
TY NONDM NAINHNY NPPN NONON NN TNNN 92T ,1OWM MIMN DY D)

Any

TN POIN NN DY P MNN MATN IPON D TNN DDTIN PO DI
NAVYN" NODIN YT DY DN2WYNN DOTINN NN NDYY NATIYN NOSN 1N’ NI
"IINYN

MaP’Yy M2 1YW NN NNSY PHNN 11 ST HYWHORVIMNND NVTHN DN
13- NNDN DY DVYYN NMIYA D2 P DY 1)2) MOVIINN

1 abY NAASIN NYTp

NNVN D95 NP NIMND NNPNI NP PDIDIAN M1MIAN DY PID PN
DYSM 2 YO TN DY ININNY NIRD NP IPN NINNY INTR DY
NN DY .NNDO NN XD NYWOVIN TN NN XD MIAPY 512 RPN 29D 19INI
NIV HY NNT NN 99D NNTRN NDHYY HY IMOYa 21W DIN) INIANNY IR
MNMDY DNPNN IPK 1840 NIV DIPNI 1P2AY DO TINVTRY MO0 1759
NDYII DIV NOY NN NOHND DYDY DNPNN NINY Tiya D0 0N
VIOV I¥INNY M3PY P 1) (Robinson and Smith, 1857) 1837 NIV DV NNTNN
PN .IIND'TIYN NMOPNN ToNN2 WO (1517 TY) O0NNN NOPNN 95 TUna
NN MTY DWW DY M NP KO MIMNDD MNPNN 19 MON ©IND DIND

Rl varsp)

HDNINPY MNVYPY P Y HPIVS

DNT-NOY DOV DMAYN Syn MNVpP D 28D MpoNI NN MNVPN
153 DMaYN) MIANI MAYPAY Ty NYRD 2DIN DY 19D NPRNYN MNXIN
YPIPN SY D000 MTYNNn NONX MPRYNY NN .Apnyn PR (39yn-natn
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29YN-NNN 7PN APYN NTINN NPOY NN

P YV MODI MYNn

YTAN 295 NMINN YW NIDW 122 .NY2N NN MPN 7 NIAX DY DIy MN9N
D27 MMPNA IMPN PRI DN 1TIWY DNIANN D) 1IN DAN MO D
MN) MNSPN DY MNND AT T AN DY M1 DPTO N1 DININ
Y9 N9 NN MDIN PN DY 1220 INM 0N HY DITHNA T NIAN L(MND
MMM MIANA MIANVYN Pry 199N DNANN DN MMPHNA VNI R NYN

JMPNN DX N PPN AN

(2¢c 998) 400 MmInn

NVYTY DN 7132 23R YY Iy N9I0N DN NI 21930’ AN Van
MIPON NN MVN 29-5Y NIINN NOWH

MY NN NPND X Y PPa 1% PTON NIN-D19T NP8 P1o
JINONND DNVA VI

NIANON NYOP NANTNA NVYN 2DWN DD NN NTYNHN MND (VI H3mns
INID NNNH TPAND NN (1989)Amitai 295 JHNY PWON NY 12 MY
NONNa

NPNYN W NNOY 12yn Yy NONHNN NUPIAY DININ IND :MAN) MnYp
DPNYN PN NAPIN NNIDYIY Tiya NYNY 1aN Y

DM 20D NNITIN NYND IANY MAYP DY MDD MON HNI1HN 893
[2d WN) AWNNINN NMNT DR NNSY 2NN 11 Y THINIANNITIN
YOP PRNNM POND DTN TIWY 1Py YOPN 210NN Mt NI D7)
DY SYNY PINPA NYRY DIANR NNY N8N TN YOPI .ANWD TN
NVYPA DPNYN D0 PR 1NN TN YOPA JANND NPNYID MITTIN
P9 D) W (NMINA NN% YY) TN YOPNN NN NN DY NONNN
2NN AN HY N0 37 (DIVT-)NON) YNON oY YOPI NYNI DIND
PPN SV OMYN DTN NPYI PRIV IRD PMPN YV 1ynn vpa

A2N0NY DNT 1IN OVNY AWHNHDN 12T, PNVOD Nnam

1

0999393 NNV
MNP DTN TRAN ANTIN ,\’I\'?\T‘?H ARITIN O PR IN IR ,INY 1IN

.1958

.1954-61 TNANYTN ANTNN JNDON IRNW 9T PIIPIHN
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((Hany HNn) apy BTN 2 PN

MDY 20/5/1202 H¥ NNIRN NPYII NS N8N SV NPRYM NYp
[DST) NN © OMNOVINV Y NP MINND

1PN

D’ DNHDVITV TNIND NPIDIN MY NHTN MDY HY M NODNN DWIN N DY
29 NPV SY DMPN 1IN KO ININKRY TY (Amiran et al., 1994 NoTD) NOON
MY DIININD DI HY MODN .DPMONIN DA HY MOON WX NVYN
MTYN .DPNDYD DMND NIWND DNODIVN DY NYLNN A8P NINIAN DYO
MYPON TN NNYINN DST -N TIRD NOY 19 NPIYY NNIYRIN TN
-219NNY (NHNY HN) 2Py DITNY TVOVIMNNN NNIATNN NTINNI NININDIIN
NN MMANY VYN N NN DIVAON Y P2 DNV MPIND 1993
TON VP DITNON NI PRYN DY ' 2.1 NHRHY WO 2WN-NNND O3

0N NN VOM N YN

PNYNN NN 1JOYN DM DNINRN NPNYNN PPN 9900 NN TndH 1N 2y
TNDA YPIPY DYPYUN YV 79 INOIOD 1P DIDNY IaPna NMsHNN Pna
SDNNNN DN NHNY PRYNN DY RN OWPN DY IR TIND T mind
DY,V NTINNN NN DY M NODMN YD DY NON NPINN 25WN pPNN
1202 YW NPYII NIMA NNSHVNY IR MNIN DMOIN INTN MDY DY

.1837 IN/) 1759-1 9NV MIVP NPHA W NPRYYM

(pny Dn) apyr BYINY HTISN

NNNN NPHN AN DX TPN 0N MNNDIN PITA NWNIND APY DITNY NTSH
PT-R-NOND MMD 7P NN NYAD) NN NHAN NTINHN ;1178 MNVPINI
DNMON DTSN YWY DIPHRN MBWYN L1179 ,VOMNA 30-1 ,DWNN 11 NIAYD
MMNPRM O02INON HHYW NI RSN - DY TN DNYDIBM TAN T8N 072NN -
NV NNSHN NIOIVON .DINNN DY NMN) NADNN DIWONDN DY NODNN
NMNNN 12-N NN V5N NNV INONDY) APY NI WID DY YTV MNayna
SV TPPVON NYNNIY MNTHNND NN (3 1Y) D 50 x "D 150 DY NYINVNN
MPP THNN NADNND INNRD NN ADPNN N 4 XY NYHN NN .DOVY
20N NVIZWD M2y N5 DNP NPHPA MIWP MNMODN ) 2IAND THN
™IIN 002 DYTOVN N XPIYN NYY NAINDM T POPPHN MASN MIMINN
NOON 0N 2.1 SY NPMTH NYRIAP NIWORNN NPT NIMONND NN

1179 TIVWS NININD
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Figure 3. A. Location map.
B. Plan of Vadum Jacob,
showing exposed man-
made structures (solid
lines) and partly exposed
or inferred structures
(dashed). C. Detail of
southern wall showing
offset and rotation of
masonry. Numbers refer to

tour stops explained in
text.
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MNPONO MY INTIN YPI

(1 90y) NHnn © OMNVDI Y DYYEN DPRYNNN TAN DY M2 NNNHN
NPONN 7D Y NP 105 -2 TWIN JPPHN XD DNIDIIVN DY NVONN MY
PRy NHNT DNANN (Steinitz et al., 1978; Joffe & Garfunkel, 1988) N5 DYV
MMPNI DNIDITON TIRD 19X NPO-YRY GO NONT 0NN DN NNNN
DNILION TIND MVINY MY (Garfunkel et al., 1981) DONTI O’PNYNN DNA
NYNVDN NHTN MDY, DMPIVD»Y DYV HY TPNNNITI NRVINN NONI
DMPVDNAN MBRAM DXOINTON NOYHNN NYON NPDNO»DN NMNDIN
:Picard 1963) YOt YN NNINYN DPNYNN DY IVMINIM TRD DIINYN
Goren-Inbar & Belizky, ;Harash & Bar, 1988 ;Heimann & Ron, 1987 ;Belitzky, 1987
WSNN DMPIN 190N (Heimann & Ronn, 1993 ;Rotstein & Bartov, 1989 ;1989
DMVYN 022N N TAD DY MINN JTYN TIND 1Y DYaN DNODIVNY
YYD MNA YONMIN PO (Harash & Bar, 1988 ;Garfunkel et al., 1989) TN
1295 (Karcz, 1955) 1988-2 NWAN DY INHD DNADIIV MRN AN KD NN

MV N 1-2 DYy MDY NPR PRYNN DY MNOVN NDMN AP

DNOVIVN HY DDNDN DYOPY DN NI APNHRN NVYIA IHOMON MY
IPRG, 1983-1995 Seismological Bulletins; Shapira & Feldman,) N2YnM NN -
DPNRYN TP MND WONIWN NYIA VORIV NP NN NPNN (1987
NONN Py ONTA DPINY M 4.3 PN NTIVINI NPYY NI DPN9NN
VNN 57 DY WHRAY NYLN NI TN PN PIND .APY DITNID NONN

.(van Eck & Hofstetter, 1990) W1

DMV OYPN NYAIN 181D (Amiran et al., 1994) NPNODN MDY DV NHVP
NYY OFTHOYINN ON NIN DY PN .1837-1 ,1759 ,1546 ,1202 :NVODY 1179 INND
APy DITNIA NADSN NNNNN HY DINN IR

MON MNINN
99yN NINYO .1

1DYN) DN MMPNA 1POND TN PNV IMONIND 20N NI NP NNNHN
MMNN NOYA TPNY MND NI9WI NI YPIPNY IRIN TMPON PN MmN
MMTP MAOPM TPVOIONN NMPNNN OOIN 2NN MY PPy SN AN -
TY MINI DMYNRIN DDIDN NYY NN DN NdVYN YpIpn nYMD .any
MMPHI NONDA 19YN NN DOMN AN 1IN .DYYN DY 1NN 0Yand
1D NN DOV MDY HNYN 1M NONDN .DINIAY DN IWDIWY NN
TATIN Sy MYNNN MPTH VO MDY N"D NWD »1ya 120 YV NN

INND) DDNNN Y2 .MBXIT MMINN AR MMOPN WY TaTN Sym »wbwn
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N NN DOINNNN NINNN DD D PIYY XN SUNI TIPOYN YON Naova
1179 LOMIN NMOO NAOWN

NNYIN PPN .2

2AND TAN MPP THXN NN INNN NN NPHRN 0N 4 7y PN NN
MIVYN M 0N 0.5 TPVN AN 22Y D POVPH MASN MNMON 7R
NYIoYI 121ya VIV DY TN NN PN NWY AP TONN MPP Pa .NTOPa
MPIYN WYO NRNDN IMITNH NMNA NN NAYNI NVDNN .(3-4 DY) TON
YN NN NXIN 0N 50- ¥ TINA TN NMIND .01 2.1 DY DWW
PP Oy PRI NPRNYN IRIN DIVT-NON NP NMNRN U5 .293Y0-NND P10 proa
MVTN PP NPRYNN 11790 MRNN TO NN NTHN PP MDYV MRNN ;M
AN DY MIVP MOVDNI NIRVIAND NN DY 0N 10-D IMI2 MN 9y NN
N NNV 1 1AN - NN Y0 MY 11 MPYY V512 N2 JNDOY NN
NI NNY D 22APNn YYn YNNI DNNN DN NPHNIVY - N"D 20-D Pmya
2V PRYN MY NMIAYY NIYYN PN T 15° NANDN ,NNON TN 0N NVDIN
291 ,D1VT-NON PO NPPAIN INTTN PP MOONN YD (3 WN) DND N"D

DYPAN DV DY DINON VY

(4 918) MNVHYOININS NOYN .3

PIYON DY IIMNRN DY PN WOND TPMYTH NODIDA NYYN YV VNN TYyN
TPNODNN NN PNAND 7T N NNPI NDYNN (3 1Y) PN 7PNN MO DY
PO PN RPN DN NPNY DTN NMNN DY MYV NRRNN DY

299190 NMNN NNINHNN MX NN INHNY

PR YIDWN DM NYYNI 1OYNIY DIVINTON

(4 208) OANNNN OHOIATIN NYWY DX NDDY I9YN TOVYN NIONND 1 AN
ANy DNy DPVDNON DXOIN NN NTHN

DONNN Y1 NDM NPAXN )20 VVN NI (DD 10 TY) NPT 2 AP
JO AN 1122990 XN OUND L1 AT DY NDON NN THM I83HN A0V
NPHY DYIANND OM 1 DPHY DYN PN DXNNN INSNI N¥ND DD DND)
TAN .PPYTO 1T 12D NUNYN | DTN 729 .1179 VOMINI NVY 19 NP R
DI NOINN AN X PP N2 PY" PT-R-NNODY P DPRODINN MNPHN
MPN N2 POMYITIND NN PIADN M NN PHOPN NN PN DMN
TR L3 AP DY MPYW TVOYTN NDINN DY MNPAN THNN PPN 1 AN
DINA TN POHVIN VN AN 2D NN (¢ W) ONIARND TN *P DY My

1179 LDMNIN DA NINN TYNI GN N 2PN
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Legend
August 1179
datum - .

Bee-cater nests
Cobble

Fault/shear plane LRy

Pebble-rich [P

Colluvium E}Um‘swl Cfater)
aderlime [ Unit 2 (Crusader time)

surfaces
Crusader infill 2 unit 1 (Crusader time)

A. Trench log (see Fig. 3 c for location). Exceptionally precise arhaeological stratigraphy allows
dating of fractures: the limy layer is dated to 3 days precision (the siege ant the end of August,
1179). The fractures that terminate in this layer are assigned to the 1202 earthquake.

B. A schematic profile across the wall perpendicular
to the wall. Dashed vertical line shows the
approximate location of the trench' section (Fig. 2 A).
The recangular blocks misplaced on the limy layer
were likely thrown by the Muslim conquerers
immidiately after the siege. The colluvium above it
represents subsequent slow deterioration of the basalt
cobble infill.
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Figure 4: The trench southeast of the southern gate
(work jointly with T. Rockwell).
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VPP U2 NN ISNND DIV (3 APM) VON N2V DY NN 3 NN
OIND NN 199 NHYIAN KON N ARV Y ONT NKA PN YoM
NADNN VIN IWRD MR NIVIN 3 AP (3 0N) 0N TPHN VPY NN
T8 INODNN VIPON MNNRY DIYA MNNA ,7NONN NMINN Sv 29N
n"ON 20-30 1K’ TY NOYNN 1179 NO NXRIPY NINNY NOPN NINMD 3 NP
YPIPN SV A POINA TPNITMOVYI NNNIN DN 3 APM DY DaNNN DOYOYN

DV M) DN

NOWNN NPNYN N DPTO DY MOYN MY NN (4 W) NOyNn TN
NPN TN 3 AN DOVN POIN NNY 1 APAM DDOYN NN NPPNYN NNYNIN
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ing the village of Massada the path strucks the massive dolomites of the Yagur Forma-
tion. Reach the main road, where the bus is waiting (Bridge over Nahal Safar).
|

LUNCH BREAK AT BIRKAT RAM

Drive to Nahal Nimrod.

STOP 3 Panoramic view

Drive through Newe Ativ, back to Banias. Way back to Qiriat Shmona.
STOP 4 Shmurat Mazokei Ramim

Driv up through the township, up to the base of the cliffs.

Visit of the Geological park of Mazokei Ramim.

Depending on the time, it is possible to climb along the main cliff and reach the base of
the Hidra formation with the iron-oolites.

Back down to the parking, and back to Kfar Giladi.
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Fig. 3. Generalized Early Cretaceous columnar sections:

(a) Har Ramim, (b) SE Mt. Hermon slope between Ein Quniya and Massada



Fig. 2. Geological Map of SE Mt.Hermon Slope (after Hirsch, 1996)
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Fig. 1 Geological map of the Ramim cliff (after Kafri, 1991)
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units are coeval with the Yagur Formation at of the Carmel. At Massada, this unit is
represented a massive dolomite. The Yagur Formation is Albian in age (Lewy and
Raab, 1976).

EXCURSION ROUTE

Leaving Kfar Giladi in the direction of Banias. Crossing the Hula Valley and climb in
the direction of Massada. About 6 km after the Banias bridge, turn to the left in direc-
tion of Ein Qunia.

STOP1 (E2175/N2928) at the bend of the road:

Panoramic view:
WEST: the Ramim Cliffs above Qiriat Shmona
N- NE: the Newe Ativ Graben, Qalaiat Nimrod and Jurassic Hermon uplift.

Close-by the stratigraphy of the Lower Cretaceous above Ein Quniya.

STOP 2 Two hour walk crossing the Lower Cretaceous

Drive 2 km further, into the village of Ein Quniya, and leave the car for the 4 km walk
to Massada. Up the steep street (Church) in E direction one crosses the Tayasir and
Hatira formations. The village of ein Quniya is partly built on the Nahar Safar Forma-
tion (Upper Jurassic) and on the Lower Cretaceous Tayasir, Hatira and Ein El Assad
formations. The latter consist of large downfaulted, slided blocks.

Following the path that leads to Nahal Nimrod and Massada, along one of the numer-
ous faults. To our left we can see Nahal Shatr, where the contact between Tayasir and
Upper Jurassic is well exposed. One reaches the larger not-downfaulted part of the ein
El Assad Formation. Below the massive limestone, a number of beds are core and
contain algae. The bulk of the limestone contains sometimes Orbitolina. Above the
whitish carbonates follow the sandy iron oolites of the Hidra Formation. Further up we
reach the roadfork , leaving the path leading to Nahal Nimrod, we take right in the
direction of Massada. Now we cross the top of the Hidra Formation into the lower
member of the Rama formation. Along the path we can study the terraced ledges of the
lower Rama Formation until we reach the hardground at top. Abundant bivalves occur
in the marly limestones. The shales and marls yield the ammonite Knemiceras sp. and
Albian ostracodes. Further down a basaltic dike crosses the formation. Before reach-



in 1847 (Dubertret, 1937; Heybroek, 1942). This clear landmark can be followed from
the Druze village of Ein Qinia (also spelled Ein Qunia) into Syria, east of Majdal
Shams. In the village of Ein Qinia and its vicinity, landslides have dislocated portions
of the formation into slabs on which parts of the village are built. Also forming a
landmark, the cliff of Ramim above Qiriat Shmona, is 42 m thick (Rosenber, 1960).

Hidra Formation (Eliezri, 1965) [Kli]

Consists of sandstones, iron-oolites, limestones with Orbitolina and shale, known as
the Couches a Orbitolines in Lebanon. In the Galilee sections of Menara and Har Ramim
105 m occur (Rosenberg, 1960).Above the village of Ein Quniya, the sequence, 80 m
thick, yields Aptian - Early Albian ostracodes (Hirsch et al., 1994). The Hidra Forma-
tion was established at Rami in Galilee, were it reaches 133 m thickness. (Eliezri,
1965). The Asfuri limestone, a 12 m thick ledge at Rami, consisting of brown oolite
was identified above the Hidra Formation (Eliezri, 1965). The Tammun Formation in
Judea and Samaria (Shachnai, 1968; Mimran, 1969) and the Katih Formation at Ein
Qunia (Saltzman, 1968; Sneh et al., 1985) are considered as junior synonyms.

Rama Formation (Eliezri, 1965) [Kir]

The Rama formation consists between Ein Qunia and Massada, of up to 230 m of
limestones and marls, subidivided into two members:

The lower Limestone and Marl Member at base [Klr1] consists of 80 m of nodular
limestones with marly intercallations, forming a distinctive ledge. At Ramim (Qiriat
Shmona), the Zumoffen ledge (Heybroek, 1942) consists of 25 m of hard, fine grained,
partly oolitic limestone (Rosenberg, 1960). The top bed of the member is covered by a
fossiliferous hardground.

The upper Marl and Shale Member [Klr2] consists of up to 150 m of soft marls and
thin fossiliferous limestones. The member yields the ammonite Knemiceras sp. and
abundant large bivalves. Ostracodes indicate an Albian age (Hirsch et al.,1994). This
member resembles the Qatana beds in Judea. Based on lithology and fossil content, the
name Mas’ada Formation (Saltzman, 1968) is regarded as a junior synonym of the
Rama Formation (Eliezri, 1965). At Ramim the unit consists of 126 m of yellowish
marl and argillaceous limestone (Rosenberg, 1960).

Yagur Formation (Picard, 1956; emend. Kafri, 1972) [Kly]

Above the Rami Formation follow at Ramim 55 m of hard, fine grained dolomitic
limestone, the ipassage bedsi (Rosenberg, 1960). Follow 140 - 200 m of thick bedded
grey dolomite, some marls and flint concretions at top, the Kamon dolomite. These
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Tayasir Volcanics (Mimran, 1972) [Kit]

Prior to Latest Jurassic - Early Cretaceous magmatic activity regional tilting affected
the area, causing denudation and subaerial erosion. Basaltic flows (KIt) cover an ero-
sional surface carved deep within the Jurassic substratum. Detected in the subsurface
of Galilee and exposed in the Malih and Hermon outcrops, the Tayasir tuffs and basalts
cover a paleorelief, carved deep within the Jurassic. Near the village of Majdal Shams,
these volcanics rest directly on the Oxfordian Majdal Shams Formation (Mor, 1987).

The Tayasir Volcanics of Wadi E’Shatr consist of up to 130 m thick basalts and tuffs,
intercalated with lacustrine sediments (Shimron and Peltz, 1993). The carbonaceous
intercalation in the volcanics near Ein Quniya yields a Berriasian microflora (Conway,
1991) and freshwater-brackish ostracodes of “Wealden” affinity (Hirsch et al., 1994).
A 480 m thick sequence was drilled in Eastern Galilee borehole Hula 2 , whereas the
sequence is 230 m thick at Wadi El Malih (Mimran, 1972).

Hatira Formation (Wetzel and Morton, 1959) [Kih]

The Hatira Formation consists mostly of coarse reddish sandstones, crossbedded in
places, reaching 70 - 80 m. near ein Qinia. At Ramim, over 50 m are exposed. The unit
present here corresponds to the oldest part, prior to the black or brown cuestas of the
Hatira Formation in the Negev (Weisbrod et al., 1990).

Nabi Said Formation (Eliezri, 1965) [Kin]

At the entrance to the village of Ein Quniya, a 10 - 20 m thick sequence of sandy
limestone beds, yielding gastropod fragments, occurs at the base of the ledge forming
the Ein el Assad Formation, This sequence is tentavily identified as the thinned out
Nabi Said Formation, representing the beginning of the Aptian transgression. It con-
sists of sand, marls and oolitic limestones, well exposed in the “Couches a Gasteropodes”
(Heybroek, 1942) in South Lebanon, where its thickness ranges from 190 m in the W
(Abeih) to 65 m in the E (Barouk). A sequence of 78 m is exposed at Har Ramim
(Rosenberg, 1966), 86 m at Ras Ramali in Samaria (Mimran,1972), 77 m. at Har Netofa,
west of the Sea of Galilee and over 42 m (b se not exposed) at Rami in Galilee (Eliezri,
1965). In the Hermon slope it may represent the proximal end of the facies.

Ein El Assad Formation (Eliezri, 1965) [Kle]

The Ein El Assad Formation builds a well developped carbonate cliff. Known as the
iMuraille de Blanchei in Lebanon, named after Blanche, who mentioned it as early as
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THE LOWER CRETACEOUS ON BOTH SIDES
OF THE RIFT HAR RAMIM (QIRIAT SHMONA)
- HERMON

Francis Hifsch

Geological Survey of Israel, 30 Malkhe Yisrael Street, Jerusalem 95501 Israel
INTRODUCTION

(1) In the newly established nature reserve of Ramim (Qiriat Shmona, Eastern Galilee),
the Lower Cretaceous Galilee Group (Kafri 1972) and the lower part of the Judea
Group are well exposed in a sequence of nearly 600 m, building up the slopes of the
Northern Naftali Mountains (Rosenberg, 1960; Kafri, 1991).

A well marked path permits the study of the Hatira, Nabi Said, Ein El Assad, Hidra ,
Rama and Yagur formations.

(2) The southeastern slope of Mount Hermon, between Nahal E Shatr and Nahal Sa’ar,
in the triangle of Nahal Nimrod, Ein Qinia and Massada, is built of Lower Cretaceous
sedimentary and volcanic rocks. The lower contact of these rocks with the underlying
Late Jurassic Nahar Sajar Formation is well exposed. Toward the SE the sequence
plunges with a dip of ca 30 degrees beneath the Pleistocene basalts. The Late Jurassic
- Early Crateceous magmatic complex was studied by Shimron and Peltz (1993). The
stratigraphic subdivision of the Lower Cretaceous of Dubertret (1960), Saltzman (1968)
and Sneh et al. (1985) was revised by Hirsch (1996).

GEOLOGICAL BACKGROUND

Only 17 km separate today the exposures of Qiriat Shmona and Ein Qinia. In order to
understand the stratigraphy, one has to move the eastbank over 100 km back to the
south, along the Levant transform, more or less opposite the Lower Cretaceous expo-
sures of Wadi Faria and Malih (Samaria).
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