





& V287 .

O 9
& % 2
4
3. O

3

* Geological oo

Mvh 91an

1992 YopuN

D390 75919

1992 999982 1 - D98N 30  S7IVUN’AYIN S - /DD



WHWM Honwae.



DIV PN

TN
nom N

D»PNRN PNMNOIN 172NN DI 70 NN IRYY 1 0IPD MIaN
30.3.92-1.4.92 NopYNAI

D>IRINMD DXVNON ,OXYNINN OMIPON I TAR YD1 NINNM O>NDDNN
MNP IO DX O) OAIVPON TITNI YHNYNY 1N 0170191
mMon >33 DY NMD DXIPDN 200N .N9ANN DD NTNONIA ROV , 02T NN
TINYA NOHN 22X DY NMD D100 DD ;DY PO IO TINA MMDON

NRaN

NOPYN 9INI 19MON DI :NPLYN
DOV NN PN - P D DN



1 ?
& “g"";‘ Ty,
‘Tusa opa WM
3"Jwn ‘177N T3-a"
1.4.92 - 30.3.92

-31'aN 9n g*'11'0 ‘91901
19°
g MmN 0T
—_
[o)
7 mamn
oYyw ’>
. .. 6 ..
0., .
np
m
O
: : s
117an
r\_l“
]
0 1 D
n'g1 ! g
@ Ty
paw-IN1
o
anne
Q
3 omr
Ima-aTw
(o] 10 20 300"




21

35

44

53

DN 19D

MYA)) IMONN 22N NN NN MNNONN DPNIR) DMIVINYTO DXINNND
(DYPONY yavw-INRa 2D
Y pact A 9702

MHIVTA PNN NYH DY 1IN
YR s} g Le b

923 D57 MR MLPLVIRYD AMYHY IO NH MTY
VOPYYI 0 O]

NN Sv VAN NTY
REY R

NIPYR HM 29N Y AN
> M

TOIND NN ANRT R DY 'Y NP WOIN PON

JOIN 027Y 19N IRT

1990

2 v

3 o

4 Yo

5 wo

6 W






1999

131987 2250 NN 1IN MNNANT DMNINI DPIVINTO DIINHN
(D*POINY YaY N2 ,anY Mya))

Y 1190t L8 47»ama

DYV AN 19BN

anIpn
030 O JAINYIN yPunan 'VI0 AR 0'AX' N 0'31wng 1gaom 2122 M on

710N ATADNY . (1 T1X) VAW-TIND TITONDY AW2a nJgw 01T MITON] oaunan
1°2 WPn 1N N12Wn NITYNA U AVRYnn N11'302 A1 31N TT0 N1y o 1axye
<NTINA DU NA12137I00 NINA2ANY Oonx1an
1Y ,N1M° A17TIN YAITIR IR YW12W N1AX) 02 1potw yoon miTne
12V 11N L 112 A0 12100 18T 00 )3 0993 J¢U NY3J12122 NYIvI My
N1223) NA011 Naxn JY MUINYTO0 NTNN1 ARUWAAN 1TD NIV 2D . 11anan 1R 2an

. (1
Ouin 0N NMIX'311 012NN o than - 1 n21u
M0N0 DU N11IUn NYinna an? o'ontan
o> 1TND JvU 092
gr»*py o O'"PaIN Vg N2 N2 niyaa
nuoa Tno nuva aINn :NWI3 NNIXA
171799 aPoInn 'ava I-IV mi1'n -
? 19 11 TNN - 19 nNixn -
1ann o9
v ua 1Tnn ¥'ua anxn JUN N1 AIXn
119V 17210 oM a1) o < (VPP -nn)
1771700-1RYI1TNA M1 Y3 NINR DU :VIW NIXn
N16-N17 |019°Un O'A109N) 0'Mm1g11°97 -
71921 Porites| mwIv1 O IIR
nyuovipia
(A97°% 11¥2)
A97°'% MTNNn , N0 AIPX P IV AR
1120 1710 0'A109N - pLIRRIURR a7 o))
170nn Pon| 0Y1Yw 0'01a'un nuan 1IN
N8-N9

0ol , M1y 1NAgna 1N AVPYn N111°320 02X g0 an axnTtnan 1]

00IN*T0 .0 ¥0%121'1 T WIN T 0 A1NIN 02300 0°'¥YI1177 0YYiIN 70 07910
SONTT TWTN DTTAN) WVAY ADPX A1TIXA AN 0°'27'37M AN

NN21N1 .Buchbinder et al.-1 Buchbinder and Martinotti, in press



D

N M

L)
~.-"‘\:~q 2

an e ?
T, wm . X

< ah 'pm;?/{/ .

ETINeI g0y

060

.71°02 N1aAANN NBn - 1 MY
; YAV ON22 N91TADN MAXNNN - 2 'Ol NANnN ;0%anY N - 1 'on nann

;O0'PDIND NATHND WHLa NTINND - 4 'On NaNn ;0%Wa1d N1 - 3 'On Nann
.0°PBIND ainTh wHad nwnn - 5 'on Nann



n11'a0 o0'ax*'n aom 17199 220 010 W1 11 WOUN oY1 Tnan . (027XPan
N9 uUNN ANSN .NW291 19 MTIXN 2¢ 0°°'80%21°11 01302 0'IN 70 JU  Nypun
T791 MTNBD3 19 ATNIXA JU '9IND LAU03Y 19 A1TNIXA 1°1 gyvann Jv AxW@wonn
«0°T1T7 122 M7 T QY N901) N7 XN

YD 1R AN 29U NTR M 1anan 12129 7y 0n noapgn 921
1anaAn 0 Aan 011 .017TPA AUl 11T AN 91N et a NITRY aIea
UJ213N 07PN 12122 INAD IND 117700 1T INR T11XAn AWl 1IN I TND
»101)  NWIA TR INITT 2D AR XN (VAW IR LDTY) R2YaN 11 IR 110 Oonlan
-(077%PA NN AR L0NNRY 18217 5 1960

0131027 0'WIN*T0 12100 NNl vy (NN Ne'n) awlan 1177 TN
NN N0'D 0D 00122 0 07910 JU M3Ipnl -'V12'] 017 NX1O0 A7 W
171280 1A71 .00 W 0211172 0UINYT0 e L, (AUl 1TR) NYaun TTITN
Nay NN AVpunl N1 aNnm Ngiznnt 0'°'yintian 0'vuIn’Ion JYU Apdonn AXpP 13
N1vAa (N'XTIA1713) AUan 111Ta NTT1Y 07Aw 0031 0T 0 U0OR 0Yuin o Y
<3N ;7Y

(1120 121'0) A9P°X 11nn

0'117112) 110NN 220 ,1120 121 220 0N A22°X 11TNA Y vigunn Yvo0
20 AYAP 01D TV 22PN NN °ad (INYJTUTI3) 110V 171" NN (N8-N9
Oy 0O'WINNAAN OTINTIND RXNDIY 011013027990 01921 '0711an 8 qoNan 2y noo1an
TI1N13N 1927311371180 AINYXD DV 121 011 Aa0 O0'3iInIon
TTIND OAIA9N N111W INNann 11200 12100 Na1iZ2nl.Borelis melo curdica
O'RXn11l 19N MY 99 0 Rn 0awnan 011710 21821 A 1IN DX
01 ON OU ,72'aN 11112 29 A0171T0 OT7aNn 7TIND L (2 1Y) 02381 T1IN]
MmN .ATe g1t Nt - anvn 119X 27y 111131 NA1210) Mvax Ny
091y 0210998 ,0WNT 10T 020D O 7YING 0221998 v 2V M1191Nn
gorltes 019U 02177 012200 DA 10N Stzloghora 0iIaun
' . (Buchbinder, 1979)

Mavwn 03A371INN 00912 0'VINNTD 1YY (N2aun) Nuan 1R NTNa
w2 N1 0NN 031nNnn LN12'371 YU A1 2T 01933113 P NIXN

AN MY1A-TIR]

(119 121'p) wrug Mg
PN1I6 INYI0ND L, INITUTIY) 11V 12100 220 00 ¢¥ua NN ¢ 0Ovpunn
077N N LU0 1R YW 27ynn PONR AN 271 NA0D vua NMTNn YW Naxan . (N17
01 AT NINa ¢ 0Y4UNNN .2'axN W 117IP0 77T Yaw N2 NTRD NTTn
TNIT AT NIND .O0'P91N T2 ¥Ua NTINA TTNI 0P vl wwnnnt ,0'uvIn
ATIXA A2 ANIXA W ANIIUN ANTEN PIND wya NN JY 0'uiaTon Nava
JU M1 1T1TAN 2V 1WWPUY N1al M2dw) 0'WMTNa11Opn 1IR3 NADin whua




o PT Ay¥yn "y 0°0100 (2,3 0YNY) 119X 390 017201 0'BUIA LPaR A2vN
NAIXN T2 20 1'312'N3 N1131 N12Jun .porites D1a'un O''alV 02NN
117700 NI AN NIAXIY A A1I11XOTI1aT 11 A1 UIN LTINIINT (A DTTIN)
IN 07918 TN O0'31wn Uug 1T ¢ 0'3IN70n .nvpunn 171 gnn
AIXTU'NI21T 172V L0298 NP2Yn 11 IRR 01U QTNIND VRap-nnl 0 1xn

<nuINIa IR APON
ANT DTN 7102 INXAL ,WW3 ATIXAD  27vna nt"p 1-2 0 1'Yoa Mgl

«(172300-1KJ10T14) N16-N17 01317127 0'2°win 0°')1Ui7123 0 14910 Ng
N aNIaINa NIXRNM (7372 porites) 0213980 2w O)an 1a0n uiwyv'n

IV NN J3D 0Tyl LNXTUMINTA 101 (7291 Mesophyllum  laffittei)
NYypUn 10T AN 117GKRY DIND NC0NY 022210 O1'P NIA 1T1TW Na Avpeun na°10
20 A111UN I3 W NYRPUAN N11°30 AN OA 011 OND 00T 0°NIA AP NTIXN

«112'A0 00 1AN3 110V P

07912 0N 0OU ,Vyay TINI1 208 11'J22 02 172710 wug tnn Sy 01N T0
0°79131707119N q0OND . (Martinotti et al., 1978) Vviwl 9QUN N1 MmN NN
INXDY N2 VAW AIXA2 L (N16-N17) nIiNa 1210 220 10 N 11 ATixnl
NONANN=N 71UN2 ANANDT JUN N2 ATIXA V0 AN11D KN INNG N 0°NJN 0'J21N0
WA NTNNA DTN N 02 NNINY ¥ L, Nu79 ATxa 0011w

Naunl yavw nTIxXny 0'7°010 1IN VAU TINI T1TND 0'gunon Ju UTIing Tinaon
N1 NidAn (4 MX) AT 0WPNd 27291 vaw o N2 QU 121 TAan naxnnd
07712 077212 IR 019N V) 010 02'3W0I1?11'2 O VWINYT0 JW 0YNNI81)°IR
O°'N200Y (11710 T2 111°D) 27vn 01717 111127 0uan (BN Ton 11Nl 0raxn
n27yn "y NAAd VITA 0'0Ta1V1IPN NDTV0 LNXTIATAa JW OAT1 11 )P0 AN
WMM-AN 1IN VITIAN LV1T2 0N 14X1 1001 0AW 2Tva 114X 1132 mova
N7 O0°ax? N 002 0301711 0'WINYTO .UIN TN NMYPAN 147 Ty VN
MY N1AING N2VAN AYRIPYI NMIJVAN ANK NN O'NONN ,debris flows Qv  yunl
73ya 0313 07 WINYT0 MA . (0°)71Y gutter casts) NNCIT JW TN AvAN
ANTID L, N17°80971' MYTY 19¢ 07807211720 0237100 2V 1AnvNa "A%2'X 11wWIo"
NJIDN L,110AYTY VAW TIRDD 2TVD 11980 0NN AINIPNd 02 IRXD) ,N1T NX1AOn
MIYX 1N 1311700 198 MUY 0'NAN 1IN ("Ziglag tongue™) "ADPX 1iwd"
N2AXNM1 N9 MYUTY 7103 INXDIW 030070 021098 J¥ 0'713W 299X nTIxnn
OA109RY 11130 ANT <110V 12100 1YX 11NRY 272 DV 0Two L, Vi TIN]
« 127000 YITIND INND 112'AN0 0N T1TRAD 923 129VI D gunTn

(0DIP10 _121'99) 19 MInog
11730 NAX AN LAPTINIIND 13 ATIXA AN 0°7710 19 NTNN JU vpuan 'yI0

U N1TIAN 21NN MJANA (5 71X NYpwn N12°'10 AN - offshore) M Ay
<NYW29 A7XN



116 000

< ,\<\<‘
/ v \ '
. 4

\ 115|500

) 100 200 300 400 500 1

(313N 1°1213-1"2 N YN -1 nnw Ju omguIp
TINTn Neatp 19Dy w'v9 nTxn

nan o nea U373 103
0'aM9Nraa npl 0N

.k4 'On NANN) YLD NTINAY WOHUrBY AORX MITIND YRIWWNAR JW "an - 2 7Y



ATING apaa
w9

1I80-0177 50 ng-119y
A G'I9IN
150 |
190 |
130 | iz 2 =
L e e —— T e e . - .
120 - 1'I1211 n*a ayA
NN 111 S e——
1o
) — 1 1 1 1 1
100 o 100 200 300 400 500 n
sk} . . v Jwniacw rararn E=2A nevp [ <
ypIN E g*1a9x ntw mo MmNt myn == “wun | 4
niixn IRNM - nivn nlyn
190y w'u9 1'13u n'a

ATNO0 OYYAN - YYD NTINAL WAUDY ADPN MITIND MDA 9T NN - 3 71N
.(4 'on ninn)

-S- -N-

> SHEVA

.(2 'On NaNN) "hnd0 0PN - Yaw N1 NIXNNA *27unn PR - 4 My



- LAGOON
(Brackish)

SHOREFACE OFFSHORE

Lower

8 BEACH

Upper

BACKSHORE
FORESHORE

20 OYTIND LA HTNY NN TITNA DYPYAN NIAYA0 NN AYNDN YNNDO0 NN - 5 21N
91%7°N .Duke (1985) ;Harms et al. (1982) - 1 1MAPYI NI YWINYTON NITWPIIWVON
. .0 NWYPAP 2V AvHYavn 023N NYIIN 2 pnivin 9'nnn shoreface-n



0'w3113 2NJ1 91UnNn NN 002 AN 0'311 OO0 0'ayn 19 ATIXN 'glwnn
1001 NX2J A01) 2WNN 279N 1112 Jw 0 Aaxn 891w 11N (6 1Y)
NA7ayn"  TITN1 VAU TIRD O INI W NN I18XD NTA2 L 11010 Jw 0T 00 91w9
Vag amixnl At RN AN 7731 1aya .aved "grxn
07210 121229 972 on?'? (1968) ,X'11pW1N .(Gvirtzman and Buchbinder, 1969)
W3 NAXNA JW AT 1NN 1YONDN 112070 A0NA J¢W 11T AN 17X AT iwnnd

-3°N1

(121°24) nwla 111nNn
TWOANI WPV L, V3AW TIND TTND 003N 0'NUY 14 YV naund nwoa nixn

JU Y1MVgIN AN NN, (1980) Goldbery .0'377 ITIND  O4wnnil  gr*2nin
a0 AR PN NID L (NT21Y YNIN 2107 N113) 000 7INY 11N quniv atxnn
J7T13 U ATITIN N0 IV ATTAINY NVPUN N2°30 NAXOD ANK 93 TUN NN wwd
NT12Va 02 OXNIN TN T2V AVXITW NZI9NN .0°3011 011 aNn AT
PN) ,0'W210 JN)) VN 2TvAa 11981 0'301) 020N ¥ MiPeTa N LAN01INn
Ju  NJam T1IWI 0 ININ (297 VNP MIR L,07IXN JW 21NN maxnna L0091y
<MW MTNY JU NVRUNN N11°10 91N
w29 AIxn YU I

JN11 900 JINW 21N TN O2ANNY N2v0 nYO0a NTiXA 28 MmN Al
0nYY AN qunl N3 NTITT N3N Aypwn N1°10 O0'ax'a L (6,7 O0°11X) O0'wWa1D
0NN LART . ANIVI L0097 Y02 MViz 12 INNannt N nwl? 0211102 ManiTa
N1 ARI0Y NYPYN N2°20 AXY 0,007 1Tyn 114%0 NXNIN (8 71X) 021y JN1 v
ELRigintamuiviaRimtshi

oy ,HDHWD »11129 71”413ND I900 2I8W 1102 N011a - I TN
097XV 0°921vnN1 0 147 02120 Uyn N3 071791 trough cross-stratification
N PINITIN=-A1UD°0 210 YJINN N'13] QTN 021y 9N1Y DYYWa1D YNi1 .0°'7T713a
79V 0N NPy NA°10 0'AX0 02 117NRN -NT1a) Mvainl ApaiN 0'xi1aY oy
vin 0N AVIIN QY 0N 92 JU Nyuyn nyawn OV ,offshore 1IN lower shoreface
MYaXN 900 2INY 21072 . (5 1Y ANT L,NVPUNN 111130 NIYA Y23A0) ARl
N17301 NNTJD megaripples AN U M1ya1a 9V 121X0 113N J¥  A1TUR21IB0N0
.upper shoreface-N 11TN1 MJIUW 13 0wl 7R 01T W

79N TN 0°'327 02190 OV N1121930 21N Y1aNN N1l - I TN
LU 0°2A1ynY 03N L0 1Y L (n"0 1-5) 01upR 21719 On 0219N0 . 1annn
213 N YPOIN 21D MI2ya 10 2NN 1IN L,0'W31D JNJ31 900 J1NY 1INnMa
A21 QWP WrIPOR 0TI ANNANND VR AYXY JYW 2301719 AINTAY NuY 221X
oo Ngyy Miyvain MiaNn unpoen 0122 anany NINA IR .aT'N0

~N170J0I N
JnJl .foreshore 1IN beach J¥ ANTJJ NN ART QTN OV DVPYNN N3120
L] 110 91N 10y NNT NNt NX1J (8 1Y) gy



?
2

000
o O
AV®

=Z
2l,l2 LITHOLOGY
By =i and ENV | RONMENTS
g Z | W|SEDIMENTARY STRUCTURES
2l12]=
16
Sandy
v calcarenite |UPPER ShOREFACE
—lis yellow
)
o
s -
5
13—
{
<
P
[ 12 > { Sandstone BEACH, FORESHORE
] yellow-
w 1V " g( white
N 1D
L } \
Calcrete
T 10 o © ©° _o 2
65 6 Current lineations
R N W20°N
(707 I Y | - .
° ° Sandstone,
m loose WASHOVER FAN?
wlB gl e, structureless | FLUVIAL?
2 brown
Calcrete
- 7
s Sandstone BEACH, FORESHORE
al-le —% yellow-
1 PAD) white
s —
] ——
- r-y 2 95
4 Limonite crust
D
— ©.
3 Silty sandstone
I
2 —é_—‘_l,,umomte crust | LOWER SHOREFACE,
E;“I";:Sandstone,yel 1 ow| OF FSHORE
. Silty sand,yellow|
o T
hred - Silty marl
& o _____3 arey OF F SHORE

nwIsl1 13 NMTIXN Y2IWNN DY YTIRY DN - 6 Y
.(3 'On Nann) 0'Wwa1d DNaa

Planar bedding ? 3 | vadose aissolution
’ § § (pedogenic or Karstic)
- H H AV AR AR

Low angle cross-stratification o shell beds
[CREVNEN

Trough cross-stratification A A A Burrows

HummocKy cross-stratification —_ I01ays and marls
——

Pebbles and boulders W"A Calcrete hardpan
_-‘

Yy TIRYA OYONNT NRApn

|
©
|



2
2l le LITHOLOGY 3
e w and ENVIRONMENTS - %) LITHOLOGY
§ z|g SEDIMENTARY STRUCTURES <§t 8 lcs and ENV | RONMENTS
7 | = |~ | SEDIMENTARY STRUCTURES
| | oo olZ|w
v Sandy calcarenite UPPER SHOREFACE wio ﬁ
v UPPER SHCOREFACE
s Sandy
c ]
overe 10 calcarenite FORESHORE
Al Graded ™~ Calcrete
V| oo o gglbioclastic cg!l
13 LOWER SHOREFACE
v -
12 Sandstone, (storm beds) Sandstone, ”
- [ms—— vyellow-white - vellow-white BEACH TO DUNE?
Lt — ul
1T | 10 efﬁ_f’: » LOWER SHOREFACE
- [ o0 oVo Sér:ze:s I_ )
P r = -
o et pioctastic cgl I 61=g5( clay, green BACKSHORE LAGOON
. W —( contains Oysters brackish
Pl == sandstone, LOWER SHOREFACE (D_ e ¢ )
| 5 Calcrete
w —»—] yellow-white (stcrm beds) w
| e = =-
- —A ~ 4
6 f—0r L
a T alll - Sandstone, BEACH
= 3 5 g yellow-white
T 4 [ —]si1ty sandstone, | OFFSHORE 2
7\
3= yellow | .
— \
2 I Sandstone, UPPER SHOREFACE
/5 white, loose
| = o]
AONA" 9IRY 21NN IWID NTIXN MIWAN DW YTy N - 7 A1
oll—— . (1980 , 2727912 "y TWNINW nNN)

.09V SNOA NWOD NTINN MIWND DY YTINY RN - 8 "y

- 10 —



71007 210w OV 0171 000 JWw NTIX NI ,hummocky cross-stratification
LOINTUY NMITVZ IN MY2I20 NTIXD QTN NUWN 2V O0'RJINN ANiuy Ny Jva
0Wwn 072 0NA7T 02 N1 A AypPun N11'107 0'J)'dI1N AT 2100 0'1a0
0'17 (Harmes et al. 1975) 0'72172 NY0 220 NNX1AD (oscillatory flow)
AN 1210 ¢ M uao o'219n ay n1'3yoYpra mwiy . (07NN
nyrum na°'Nno »31Inn 1N aN N1AXY D L,ANT DTN INXNIYW (graded bedding)
N1 IT AT 'NY2 AVXIODN AYPYNN N1'10 .NTY0 02 YT 2y 00 NOYRR DV o auTinn
.lower shoreface N T1TN1 NMITVO 220 AVaAUINW O NP2 NN 00

170N ANT T1TND VTRD NAVAIN AN NJud KW N9 AN - IIT AT
MpIPaY M0IND D112 N (7 NY) 1990 2INY 11072 .03 wnnnn 2oNna
SRRV 0712700 1N NINTUDIN ] nraip vau ni21»J0n

NN ART DTN JUW ATIVIYGN nyvpwnn N2°10 . (Rosenfeld in Goldbery, 1980)
N7 NN 0'WaYd 2NJa 9100 Q¢ 21NN N'I10Nn IIAND DNNgNNYW NP7 NJ1A2
OPTY NTY0 2PV INTIN 223 Vpuwyw N11UINT0 MTIUR1i1uo KRY2 01N 210Nn 1l
N0 N9APon NTNYN 021y JNJ1 . (washover fan) Q1NN N121907 Tayn 0°VINTO
(Strombus) 027 0'21922W) 097X L,N171'2) OV '21'-'21N OKRXNA1 0'UM12A1112
.lower shoreface -0 JW N1 P10V ON'XNI ONTID O'AX* 0N

J¢¥ 020N 110NN NP2N1 021N Oy N11Ya 21N YJaNa i1 - IV AT
N176Z1780e 11ANAN NPIN AR N118aNd L, (6,7 0 711 X) 900 218w 0wyl 2Nl
79NN .(foreshore 1N beach) n'410 Aypun N3110 2y MY AXAN N1NUY N1°711949
MIUZI¥oN Yiwy T3 TV 0IA1Ta 02NN vauin aTixan du 111ovn
02 2AX'0 90NN 2¢ AT PONY 1200 L1322 UPOR 19X AT1XYT M TIuIn et Ion
OV 210 MJIND ART QTN 0011 ,(8 T1X) 021V N1 .90 NI T
A0 212w 0OV ATIA 02 0U0I711'2 MYWTY1Y  hummocky cross-stratification
.lower shoreface N Y¢ N1'101 AVO Wpwn 0°'AX''0ON.(Graded Bedding)

TOAN ONXKNA1 Y910 KN .0'T3190 0210 0V IP912 N 11 - Voatne
N1NiPn11 trough cross stratification- 2¢U N17UPZITIV0L NJI*P31NAYT NTNN 9222
NYRUNN N11'20 .0'217T2 010N 2yl 2190 tabular cross-stratification 0O'INN
N1J1vWwl N01Jdn N'Y? OV upper shoreface - N NIN ANT ATAY S0 AVIUGN
112'wUn .megaripples 1XYW TIN 0T 1NNanNn ON'J)'aYw  (longshore bars)
<2100 MUY W D40 10N AR AXY D O0YTAanN 2172 1921XN

LAN0TIPN MITINYAN N1IYD TN 9D Y39 Y ANT DTN W TINND ORPXNGN
07'%WNY Y92 N122 0 02and ANTID L, 1ARD "M190) AXTIAITG oW Onn 2y Twn
NN MITNNY V. .ATAY 102 1AND Y2181 onlap 0N

12I1N11 *37v0 119X 32101 Vvay 7IND TNTNR JU 9130 21Xy

0 9N NIRRT NP0 VaUIn vayw TIND TNTND 0pvn 9110 RN 21Xy
NTIX 10 TTRA DV 10MN AR NN N9 T 23 - 1AININ ngvgn 33 wna

-1 -



<IN 219007 TITA TNWYD AT1XY] 1N Vpun Vo0
OATT00 (S 1Y) N1¥213 911 MATITA YIZ¥d AT TN 1'Nand 1A

noavw T2V AAXIION AYYXAOND NATTAN L2027 NI1YAA 027 T IV AAXI MO0 AN13aAn
<WUa JN) T 2V ATZIVINY RYAN 11117 119 Y AyAuUNn N21nin Ao aAAIN
«01°219X1 021 NPoN2 N013ND ANT NATTI0

N1127 TV RYUIADD 202 NI1VAA 037 110 Yyaw TINAD 11491 N1 ¥212n 0390
1197 NM81IN ATaAY AN YW M1TNA 1131 027N .0°3NY TN 1ITNa 'n 518 QW
017721 (473 .27 NTIZ1) 2711A Ayaan NN L0270 2W O0°'NI12AN 1PN WNI 21V
01700 NATTA2 272 ATIXAN 21V A0 A7I1XN1 0'0133 ,1149%1 0307 Y TV
<0202 N 71T ‘A 50-22 TV 1annn nRon 271 00wl Ou 2711 NS 071140
AN VT1an ';n 460-470 1N21AW PAIN BYNI AN TITA WM 2V ANa AN
2712 AV2AN 037N N1A04 N112a1 NJvn . (10 X)) ATaY Aan Y 1uan nnn
NTIXAN JU NN 31Va NOyn Nvald L 119X ('n 518) 0°'aNY N2 OV1T2 ('n 473)
<1732 2V oWIY A9 X

XN 71T oY 707490 L0370 JW IN1 Y aia YMITN 129N2 271 nvaa 1a
02" Jw MITTH PN IV L0177 Wand T ANRTID 1301 27YNY NITNN 007N NN
02 12X1y 0013220 122N 012071 0'PONY NN X ,00WI3 0'0In o INXDI N2
«VITA YTIUN T DY ONn

0*»7an L, °'n 150-180 ON11AYW IN2 Myax 8371 20U ¢ 0a7ynRn 1M
YN TIITND N2V VINUnn 2N11 MNMYon AT ATIXAd 101330 A1A04an N3va AN
,(N210IN NYaun Y FATTWE 22NN AN MR 333 N7avW 1en 10T La3In
CNJII0 N7 NMya IA JY oD’jﬂX] nX12n 1 INRD Jﬂyﬂ 017779 NaNT NYViIXT1 yvinunon
«(9 TX) OTINN UTMI2A3121 NWI9 ATIXN W 0'VIN IO

¢ N1I1T0N MITATRT TV @TYIAUN L7177 001 AVRY TUN AuDa nTiXn 'aiwnn
Y3000 173y IR9NIY DI FIAN 2V 1Vpw i 12 N1TPa .anY Avaa 007
ano n1grin 1713uxN NN 219009 TINXA L0710 YNI0T 0'WI0 17X ATianTa
(NT72Y N3N VYI0 JW NYI30 NIAN RVl 17TA) ON'1I7NY O nn-nn 0'015Mm
AN NJ12N L29P'X ATIXAN 1TAJY O0'221y0 010N 0730 0N OYINN MNnI1gnd N
«N1209N YUKNRT

APY X1) 202 NI1VAA DI JW aTVoN 212000 J¥U 410N 11XV 13197 AR
AN 02 NIX Y 09D NAIN W29 ATIXA AN YV'PUnY NN TRoN 12T N 1112 N21va
namngign NATINA ANV N300 223N 1299 DU NN 1T AN Mwn
2 0T Napun L, NU79 ATIXAN JW ATI A9 ATNIXA JW TITAn Nen 112 nTann
U DTN NTNWRZ ART AT 1200 LA ATINA NVpun NND 2% mivaa oo
U Tywl N9011 AN LA ATIXA ATATIND N 02 ATNINGD 11720 N1 0P VAN
N7IXN JW 0 0VINYTO 01 ONXA)Y 002 022N 710 9V AAX1'0D ‘n 200-D>
Jvn) oT7inn 121292 00 119 22U N9YN ('n 320-360) Vvavw TINI N TNI Nwoa
.(Hag et al. 1987) 7171 'n 90-21 NJWwIn (N3130 0N 02an

1972712 N210JN NYaUnY (in prep.) Buchbinder et al. 0O'WID L,NANT 0OV

-12 -



N G
& /ﬂf: 7
@ ® Y220, //I// 6%//11%/
' S

Ry i 2
BEER )\ PPNy f /f’/,//
LSHEVA™ o~ / :
: e A /) o
14Great P e =
\*q\ Quarry A “
\\ \ \ v 17 Ve

\NURE

N, Ve

-~ :%/ A4
g Nl 4
W) BPPATAR
e, 7 ’& 1y // /
S s

Fluvial loess -8
Ahuzam Conglomerate -7
Pleshet Formation -6
Sheva Formation -5
Bet Eshel Formation -4
Ziqlag Formation -3

Avedat Group -2
Taqiye Formation -1

nwony vaw ,).'JD"X—I'H“I'IXD 1" ORI NDTV0Y OYYENININRYA OYONY - 9 NI
LANNO0 YTAR-NON NN - 20D NIYAAY Yav AR TN

~'yn- -'a-
121121 0199 §~———r

p———1310) Y9 W—f 1909 na1paa

nwh9 nnyn
2IWTINI- AT NI GUAN I s

i’aunu

N'v01

(vaw nnxn)

AT VAW N2 NDYN2 A0D NIvaan nn - 10 7N
LWODY Yaw L AOP'Y NINIXN 0ODN

- 13 -



AN N0 N I10P0 AY130 3Py ORTID 11200 121700 AJI1BNTD NaX1y AT Tn
YT 2002 ATV 1ONY AVTINY LA0PX ATNXN Ju O'TTNA 1w 1A TN i
AN AV 007210 10 TR TITNANT AanTan 33000 2701 130 ,Vvaw N2 N TN]
<AW289 ATNXA AT2TND INTPW TITANY NAXNn 1AT2 17010 ani gl i

TI22J0 A2y MIaanan T 9y DNTIX11 . VAW IR 1 TND D210 NaTTon
N1 ';p 20-40 110 MANAND NVY 20N N2¥N AN O'N290N 0'¥WIn 701 N'Nd1IN
0798 N2J7yn 2¢  MIANANIT yvau  IN1T 17vn 1149X0 A9Van 218 Aawnd 00a
<10y N1 JU NI1IN PAyvil NI ON2Y U9120Y 2210 N79w J¢ 024900 11N vy

n1i1nan T1iNa

(11 71°X) 0'aN2 20 - 1 'on nina

NN1aN AW TR JU ONXNID A9 X ATIXA J¢W 111 gIN AN NAX ' annn
.'n 42 nnNn 21V .0'2Aa0 nvawnl 11010

N33 Mg P 12101 V172 Mu'a 139 2V nwa n11xh 2vyn0 NI NNIxnan
pll] ‘n 0.5-3 92¥W N22wn 21D371B NT'N°'D 0'01 .Thalassinoides 21000 N1919X
.011192 J¢ DWUYIVUA O 7Y OV 097X N1'WY Packstone

~N°0N' PINY 0 J¥ N21301 NTATN N0 N0TADITY AX 0 ATIXAN 0°0]
oy N107N 1ypY N2 NP7 N11A7 YW AXDD TV NAATT MITTIAN AR Ny 2ad)
oWmiT o'NInNn NwpnN=3 0N anl . (1L ‘00 MITNN AA) MIINTTA AINTU0IN
N1°'P732 MoTIN NYpwnl 0°'aNoNY N1 Qy 0°71a 0'WI0 nvpunl 02 nnan
. «N1773129 N11101

oy 0'2'71ay aWT 0317227 JW 'n 4-2310 107021 23712 11URTN 1 TNan
IN ,7IND N1UY trough cross-stratification 711949 210w
AViZUn 2y M1Tva 170N IoN. MU uon Jhummocky  cross-stratification
mnnann Nl Na'a0 ,M1J0 ,combined flow JW DOINJIN] A1IVOD Nyvawiny nNa1°3101
TN N7 1113 V1 017 OV 219w 07a0 Nviin OV 0''7A1 D'111021 0
OVPZUNN N1°'10 .(Nottvedt and Kreisa, 1987) 0O'N1VW megaripples 0O'7IX1'N

«lower shoreface - offshore N1 NINT N7NY 2V AVIUDN

10VY 11ANAN P90 NTvn OV L, Q0ND U211 21X 91un ANT DTN Jvn
'00 20-30 J¥ O NTNND 1DND 2I1XoNW 1'NAN2 1AY] 21gn wvwana .'n 5-2
NATTNA 0291 037X 072 V¢ 0'02 0'73un 2271300 80212112 11'Ad 0o nNon
U A1TNURITV0 ay 0'AWI1 NRAIN NININT OV TATA-PT 4017297 NYyn *add
AN N1227vnn NYY0o 01119 9N 017NN .hummocky cross-stratification
AW 021w 0020 029NN AN N1 DRI NIXPIan AR NIR20n L, N vion
T2A72N-02 AONNN JVD 0PN 01711000 0'WINTON 027317112 NTVoN 1YW Oy .00a7X
1w 0'y'a1n Jvn .(Kreisa, 1981; Kumar and Sanders, 1976; Kidwell, 1991)
.H.C.S 2u 0 '1an OV M 0WT 0'*11'0Y 0°'¥IN 0

179Vni shoreface 1 TMIN AN NINTID AX'0 ('D 13 2 4 111) AT 271717WIN

—-14 —



SEDIMENTARY gTR UCTURES
an

ENVIRONMENTS

FORMATION
CYCLES
METERS

sl ?

N | Large BACKSHORE LAGOON
[ =-loysters (brackisn)

10 SHOREFACE
v \
o
q I
Va4
5 Vvv\/vx./
—— -/ LOWER SHOREFACE
o
- OF FSHORE
. A
Ndl OFFSHORE
O e x>
——— MARESHA FM.

|-~ _\(Lower to Middle Eocene)

_

MARESHA

ONYNNDY 20PN NTINN 20 YTy 9NN - 11 919N
. (1 '0n NINN) 0'AA% Na (CB0YPIA) BN TP

- 15 -



0 TIPAA0INT NINAUOIR 0277200 0°'A'0TN 0'¥iIN T2 1IWNIN TThan 0'°aon
NYP7aN N11A90 AN NIAXY YD Q9N M0N0 . (55822T NAAIT L,T2937T17 .N) 02

<100 N22120 2W YTINRD NTIXA Nnhanne
APY ONINN 21PV2 DU IR 011y 0NTNNA NAaxy 9V aaTan nIaionn

V172 Ngrun

(4 71°X) vaw N3 naxNn - 2 ‘on ninn
770 Wug NN AN 2'Va MIAXY 0 Yaw NG 12XNna mawwnn mnn
Vau A7Ixnl AON 04N 19731 7aya < (1100 L1 uma) 112y 1

«(Gvirtzman and Buchbinder, 1969) A27°'X 11¢:N

N72111 N .0AXNNa qunn ann v nanan 2oNn AR NJ1a 1 o
TIW YW 00PN 0Awn Pya 0tAJ7iAn 0N L,0'RT 0u ITpYn
oy 993 12-18° miMivin '@t 20-50  JwW 11ya M2DW O L0119
0 INN AI0IPA1 A1220 101 107022 TN L,N1717231 MYWY . A98 N1adw .a1vn
N2AX D A998 N132¥ VIAvTY .0'ax O7712 017012 0Niu 02 on uyn
NN 2%YW WRD L (W"2-ATY) 2N 1112 T2 11109 clinoforms YW N°XTA174
MYTTY O¥aT1911°99 2% A1TA T3 A11T7 JUXK N1 ANIXN ¢ INIIND I1UNRN
QYU NP2 A0PVIS AJNAON .07N0 NOXWINX 0721V 0311179 01Nt Ion
SIOXTIIA 7G7) JUN A2 NTINA DU DAXION AN O0'ON1AN 11120 JU M 0'Rinvn
.(1978

MIDATIE M2yA N21yn T 2V 1aINg (2,3 M1T2N) anNn ¢ 119y Ponn
NIRDION MI2yNn 2171 .17yn O0117=-N7T3 119X 9930 111128 N aun AR NN
~702 0'W0I%71'1 0'VWIN T01 DUIVIDY TATIA=2T 021N O U I7P2P 0'VIN1T0]
ovuin I0 .(3 nTnY) 01190 01717212 ANY 02120 ¥vyo 00 Inn AT
JA7AN 02 0'U0I211°20 0°VINTTON «"AIPY 11W9T"1 7ava 1992) NIN 0138077112
N2vAN 0011 02N 0'A%20 1XYW (debris flows) X121 mar T2V 1TIXY)
AN 9Tiaa M1WN NTTYA NINRD 00T 19002 1'NANY 101 . (gutter casts)
N112 0 0724901 X111 9NN JU AT 22N .0NIR 0327100 0°97XN Y0N0 AR 1 aNnn
U 0aY L 11ANAN 22NN JW 0181100 YT 2V 11 g "1on nRg N
WX 1IN DAY TYyn NDVNaYw . 0°U0%1211'AN 0'WINTT0] OYTINING OYA100N
. <121'0n

171X 112w vay AN A1°\uIn AN 111200 L, (1980) Goldbery and Givon
NRX1AD NN -AN 12201 0'NAGADN 0121V 21N IAD 1MV 01N0 L0172 AT Nlpa
11120 AN BAYVTY  MIDNRIN 27yn 0171792 Muin .29u) NIRA 28 MpTtn ninraTn
JU 1010 MIONIAN N1NITY OINXDD ND NON31VIN NT1aVa L0aun ANt Ju vaiunn
773 MIIXAN NN N11MY 21120 L2901 NIRA DU UUan yvauinn vt 111a1a
LVIVU NT1IXAD INXDIY 0'0yNN 07721320 03 .ANTI 1211102 0'WiRlwn 0'¥11n1701 993
MAT T OV NYRUN RI1T M 11T Y A11XUMITA T3 2y 00T vn
. .traction

YT OV O0IRIINGD N3] L,000NNY ANN 2V ABNAN N AnJian L4 T
A28 M7°N .Aw29 ATNIXA J¢ 21N 3N N°YVYNY 0131812 01910 a) 0nnX

«11217390 N TNAEY Mo

- 16 —



(6 11'X) O wa1d 9N - 3 '0On Ninn

DV AX1'2 19 NTNA LAU991 19 T1TNA AN 0'AX''n 0'w11D JNJa orgiunnn
mInea T 2y Auda MTnny nnn v 11ANAN 29N 0YTNaNN O0TINIINN L
LIJNIN 01U PaIXnn AN A1)1aA

POIN OV 1A% NN W20 9Nl NADTNA AYWJ2a ATxn 20 I nT'N?
03 NI ANT DTN 9% Nypwnn N1°20 001U 02190 2200 NYXONI 3oo?1 121
.offshore - lower shoreface N T IN1 A0ON PNy

01U NX 7AR AN 7190 212w 0Oy 21N JANN Nt11d I AT
11109 UMIPIP B .Foreshore N 1TN1 10N ¥ 110000 79N 1ypwe 0'2x1vm
L1D1TIN NQWN NaVRN 2V T'yn TN A AN NaxXnn N

ANTID AAXOY N anan LN2°7a 23N 1aNa 01l III AT
TTIAND NTOY IN N1TIVO YT DY 10UnW 0°WINNT0 AY'ZUn NIX1Jlw  washover fan
01NN N2100 JU

OPIUN1 022 YR 0'WwON 0OV 21N MJANA 1AanAn aponl 1)l IV n1n
119Vn OPOoN1 MNAan nonn nivaim DNY2vn v POR OVe Oy » 7002711
NJ101 NNl foreshore 1IN beach A'91N N21°201 NYPY RN 1711929 110 112w

LONVPUA YTD 1A NND NDTIN Ngtung

JU 0YVINTTO 0'J)aNn OV 0712198 0\ IRIPn n11i3 v arne
vawinw upper shoreface - 1 71TN2 NVYPYW NN .trough cross-stratification
SIN DTN

21072 (1980) Goldbery 171 2V INIAYW NTI A01T OWAI1D N1 YU ANn
029N NV YW OoNITNB-NN Y Miaxp LIV o1 IO LI AN L100nn 9I1NY
WY NMTN-AN AIX1Y VTN J(IITD NTNY) 0wl ¥uynd O0YUInTo aontlawd
.NITN2 12NN ?21¢W 1993 Y1721 onlap 0ONY1 NPTN 0240 N9y Qv

(2,3 O01X) (O'P9IN) WA ATIXA - 4 'Dn Dinn
1210 970 A9 ATNIXA JU NTINAN AN 0'AX''Nn AT JNNa 0Ygi1unnn

«1771°00-1711107138 2A0 Wua NNIxXnl o 1innn 112310
(UNTT 27107T) O TNING 0149700 0 A109N A111Un N1 (2 'Don) A2°'X AIXn
01220 Packstone 019Un 0'VIN°T0 ONJ QW) (O0°1gly) 071 Na12'30)
ATY0-017T0 0NXA) NM1M)WN U 0'91unan .0'T719R) AIXN 71w .09 0 ag
Nyvax nNJayna pIn 0N NIN 0'91UNa 003N N1 ¢ NATAaN 171avnl wua NTixng
JU 0MITTN 021U 1TIRD 2TY0 119X - N7 0177 11132 MTonn Mg gy
021098 NM1YJ1YW NAINTD O0'291R IN) ¢ AATTAN NTa1 0'9wnNnl .@2'aN 11110
2V 01wl O AININA 312 WNID L,11'a0d TV 10020 249RN N1 AR N1axon

-17 -



AGE

FORMATION

SAMPLE

THICKNESS(m)

LITHOLOGY

R EMAREKS

OC ENE

PLESHET

L

EZ 552

EZ 55!

EZ 550

5.5

4.5

lomerate, consists of flat, well-rounded and very well-sorted pebbles

(2-5cm). At the base, scattered larger, rounded pebbles (10-15cm) are found.

Hard calcareous sand units are interbedded in the sequence. The top is
cemented by caliche and contains brown loamy matrix, probably derived from
the overlying loess.

Conglomerate, well-rounded chert pebbles cemented by calcarecus sand.
Contains coarse-gritt sand units. The coarsest pebbles (7-15cm) occur
at the lower part. The upper part consists of alternations of small chert
pebble lenses (1-3cm) and coarse sand. The matrix of the conglomerate
and the grit fraction contain fossil remains.

The lower part fills an erosional relief and shows post-depositional
collapse in the underlying sand unit. The top is eroded and modified by
collapse sometimes at a vertical contimuation with the lower collapse sites.

Sand, yellow-white, various degrees of cementation by carbonate, vague
sedimentary structures such as cross bedding and lamination. At the

‘base, concretions of calcareous sand. A few small pebbles are scattered

in the sequence. The lower part is stained by secondary limonite. The
top is eroded by the overlying unit and the upper contact is also modified
by post sedimentation collapse structures.
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Figute 17. Reconstructed drainage pattern of the unconformity
surface at the base of the Yafo Formation (Figure 16). Three
geomorphological units are distinguished: (A) the Arabian Plat-

Figure 16, Contour map of the unconformity surface at the base
of the Yafo Formation (Pliocene). The contour interval is
250 meters. In most of the contoured area the Yafo Forma-

form edge; (B) the platform siope; (C) the Levanr Basin. rion overlies the Mavqiim anhydrite, ’
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STOP 11 (Optional)

The terraces above Nahal Guvrin, east of Tel Zayit,
coordinates 1346/1150, elevation 165 m MSL, consist of ca 4 m of
conglomerates. These h#ve been considered by Gvirtzman and
Buchbinder (1969, pp. 9-11) as representing the Late Miocene
Beit Nir Formation. Sneh and Buchbinder (1984, pp. 60-64)
correlate the conglomerates found at the elevations of ths lower

Shefela with the younger Ahuzam Conglomerates.
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- Alaglo | B s dE] 3 LOCATION : NahalGuvrin, east of Tel Zayit
Y COORDINATES : 13460/ 11502
2 020 | SOIL
3 ELEVATION : app. 165m MSL
. AVERAGE DIP : O
el I ozl ol TOTAL THICKNESS : 43m
w|Z w SECTION NO.: 66-5
k] E DATE OF SAMPLING : July 12,1966
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. Bottom not exposed,underlying Beit Gwrm Fm
i estimated at 5-10m below bottom of exposure
Lithoclasts of very

E-257] coarse sand size Pebbles Boulders [=——] Modslo Nari Carbonate cement

'or claysto or matrix
and gronules PEBBLE SYMBOLS :
@ Judea limestones O Zor'a and Beil Guwrin chalks @ Adulam or Mishash flint © Ziqlag biosparite

Beit Nir Congl (Lale“' Tabianian ?) type section.

Subunit A. Mi Composed of li chalk and flint granules (2-4 mm), some quartz grains and some peb-
bles (24 cm) angular, equant, well sorted, grey, in crystalline calcitic matrix.

Subunit B. Mi Composed of very coarse sand-size li lithocl d by carb . Porous,

browmsh-grey.

Subunit C. Conglomerate. Pebbles, 2-15 cm in diameter, equant, well rounded, composed of various Judean limestones, Zor'a
chalks, Beit Guvrin chalks, Mishash and ‘Adulam flints and rare Ziglag limestones. The matrix is a microconglom-
erate of angular granulm cemented by calcite.

Subunit D. Maristone. M g atic, with g les of i and chalk. Grey, soft, weathered to narl.

Subunit E. Congl Boulder bed, up to 60 cm in thickness, with megular contacts above and below, poorly sorlcd Com-
poscd of boulders of Beit Guvrin and Zor*a chalks, 30-100 cm in d . lar and elong C ic
matrix of pebbles and granules of chalk and flints, 5-20 cm in diameter, rounded, equant; these are in turn emheddcd
in a finer mi gl ic matrix (Sample 529) with granules of the same components in carbonate cement. Hard,
well cemented, ledge-forming.

Subunit F. Congl ate. Bimodal distribution. Comy : 1) Pebbles (5-15 cm) of Judea limestones, flint and some
aqlag limestones, well rounded, equant. 2) Very coarse sand-size lithoclasts and granules (0.5-3 mm) of Judea
limestonces, Mishash and *Adulam llints, and Ziglag limestones, both modes embedded in a carbonate cenent, altered
o nari.

Subunit G. Conglomerate. Pebbles of li and flint embedded in soft nari.

Subunit H. Conglomerate. Bimodal. Components: 1) Pebbles (5-15 cm) of Judea limestones, flint and some Ziglag limestones,
well rounded, equant. 2) Very coarse sand-sizc lithoclasts and granules (0.5-3 mm) of Judea limestones, Mishash
and *Adulam fNints and Ziglag limestoncs, cmbedded in a carbonate cement. The larger mode is predominant at the
bottom of the subunit, and the smaller mode at the top.
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STOP 8

The northslope of Nahal Ha-Ela consists of well bedded Early
Eocene limestones with chert of the lower part of the Adulam

Member of the Zora Formation.

STOP 9

The roadcut near Zekhariya consists of slumped beds within
the Early to Middle Eocene upper part of the Adulam Member of the
Zora Formation. Such slumped beds occur in many localities of

the same age in Israel and are believed to be due to tectonic

instabilities (Buchbinder, 1989).

STOP 10

The slopes of Tel Azeqa consist of Early to Middle Eocene
chalks of the Zora Formation. From bottom to top one observes the
poorly bedded limestones of the upper part of the Adulam Member,
which are followed by the Middle Eocene soft chalks of the
Maresha Formation. At the top of the hill, at the elevation of
350 m above MSL a few remnants of yellow calcarenite with fossil
fragments, belonging to the 2igqlaq Formation, are found.

[Walk to top of the hill, requires ca. 45 minutes]
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B. Buchbinder et al.
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LUNCH-STOP (6)

Wide view over the lower Shefela from Mitzpeh Massua.
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Morphological crosssections showing the Lowes and Higher Shefela plane surfaces and their relation
to the Mioceno, Pliocene and Pleistocene depasits. ( For location of the cross-sections, see Fig. 1)

STOP 7

At the Ela Junction (Zomet Ha-Ela) a panoramic view on the

surroundings of Nahal Ha-Ela consists of shales of the Taqgiye
Formation to the east, covered by bedded Lower Eocene limestones
of the Zora Formation to the North and cross bedded and slumped

limestones and chalks of Tel Azeqa to the West.
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STOP 5

The still fresh roadcut near Gebel Shab e Sheikh exposes a
section of the Turonian Bina Formation, the Santonian - Campanian
Menuha and Mishash formations and the Maastrichtian Ghareb
Formation. The latter is truncated by a jasperoidic limonitic
bed, covered by the Paleocene Tagiye Formation. This Tarqumiya
section is well dated by ostracod and foraminifer faunas
(Honigstein et al., 1987; Gvirtzman et al., 1989) ranging from

Coniacian through Middle Maastrichtian.
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NS, oo Y S .-..l. _____
Neogene M- e = - Middle-Up
. arly-chalk e a tddie-Upper
Mottled Zoue conglonierate " o _,_’\/ marty o Maastrichtian
(Hatrurim type) [[° [ iron Rl (L. quadratus Zonc)
-~ e L - phosphates . | A ZT =~ Ghareb —— — — — —
. Jasperoidic | Fe si fe si| Iron-rich Fe P FeSife P Fe P fe P Fe Hiatus
Jasp nodular P
limonitic bed | fe_fe Fe fo] bed __ fo,0.fe Poof hosphorite —|-£2-SteSpfe] Fm. =~ ©
e 1 P P P P‘\E P ~ A~ ~ Lower
~ o~ 7|l perper ~ ~— Maastrichti
hatic |~ ~ "lefplutc @T—iﬁ}—:ﬁ S~ \?\\ ~ q ‘a;\{fJICl ;m
Phosp\lauc o~ Series” | o s . TS O~ 2 (Q. trifidun Zonc)
mar e P Sipsirsi| - SslPrrrel g T T T T T T
~ o~ o~ L 1Y D § ———=-r--| Mishash Upper
s - SRGYE
8 ~a8 ~ ,// P - OQOO ' C)o\)/’)(-r; Fm Campanian
. 0 ~ ¢ rs - L\‘L){:)' . AL = —_———
Main P PP P p;j/ TJL)_Q !
Phosphorite ST DO '
Main Chert ) &%w

Schematic sections showing stratigraphic location of Iron-rich beds.
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STOP 3

A view into the valley, at 1.5 km E of Telem on the new
Bet Guvrin - Hebron Road, allows to recognize from the bottom of
the wadi up to the surrounding hilltops the terraced dolomites
and marls of the Soreq Fm., the limy cliff of the Kesalon Fm. the
En Yorgeam chalks, the Bet Meir dolomites and its topping "Hirbet
Luisa" reef underlying the characteristic terrace of the Motza
marl. The hilltops consist of Amminadav dolomites. The section
represents a part of the Albian - Cenomanian sediments of the
Judea Group. The top of the Kesalon limestone may consist of a

oyster-lumachelle, similar to that found at the top of the

Hevyon Formation in the Negev.

STOP 4

Within the settlement of Adora a new roadcut allows to
study a fresh outcrop of the Moza Marl.

The outlook into the upper part of the Guvrin Valley shows
the Albian Givat Yearim dolomites (with sources at top) and well
terraced Soreq marls and dolomites. The lateral facial wedge out
of the Kesalon cliff is seen in the right flank of the valley.
The overlying Early Cenomanian Bet Meir and Motza Formations are
poorly exposed due to strong nari cover. The Late Cenomanian

Amminadav Formation is visible on top, plunging NW ward.
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tus and other gastropods, pectinids, cardiids and
other bivalves, Clypeaster sp. as well as some float-
ing pebbles, 2-5 cm in diameter, well rounded,
mostly of Ziglag biosparite and biomicrite.“The
matnx is soft and partly repliced by nari. Samples
413,414, 416.

2.2 m. Biomicrite with abundant mollusk dcbris,
algal, f ife (Amph ina and 7
spp.). Yellow, cavernous, bank talus facies. Sample
415.
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ROUTE DESCRIPTION

STOP 1

At Givat Gad (Sheikh'Ali), located at coordinates 1393/1048,
NW of Amazya, an outcrop of biocalcarenites, biosparites, and
yellow biomicrites with abundant debris of bivalves, gastropods,
echinoids, algae and well rounded pebbles of the Late Miocene
Ziqlag Formation occurs, at the elevation of 400-410 m above
MSL. A detailed description is found in Gvirtzman and Buchbinder
(1969, pp. 33-34). The site has panoramic views on the Hebron
Mountains to the east, the coastal plain to the west, and the
surrounding upper Shefela hilltops, most topped by relicts of the
Ziqlag transgression or by accompanying conglomerates.

[Easy 1 hour walking from the Hanan cave road]

STOP 2 (optional)

At Pt. 420 (W of Amaziya) Miocene "Ziqlag" conglomerates
occur on a relatively high hilltop covering the Eocene Zora
(Maresha) chalks. They consist of polymictic fairly rounded

pebbles of Judea and Mt. Scopus material.
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2. Generalized Stratigraphic Section.
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The Paleogene and Senonian of the Shefela consist mainly
of Eocene chalks (Zora Fm.), Paleocene marls (Taqgiye Fm.),
Maastrichtian. bituminous chalks (Ghareb Fm.), Campanian
phosphorites and cherts (Mishash Fm., which wedges out tongue-
wize towards the West) and Campanian - Santonian chalks (Menuha
Fm.), that overlies the Turonian Bina limestones, the top of
which is reached in the boreholes of Amazya and Shekef at a
depth of 400 m below MSL.

Near Tarqumiya the Ghareb and Tagiye Formations were
partly replaced by the calcium-silicatic high temperature
minerals (Hatrurim) and the Eocene and Paleocene Formations are
found in an onlapping position over the Maastrichtian strata of
the Hebron monocline.

The sediments forming the Hebron monocline consist of the
Senonian strata (Mt. Scopus Group) mentioned above and of
Turonian - Albian carbonates (Judea Group). The later consist of
rudistid limestones, dolomites, fossiliferous chalks and marls.
The Hebron Monocline is part of the Judean anticlinorium, the
result of the Levantinid Senonian folding and Cenozoic uplift of

the Syrian Arc.

—10 —



GEOLOGICAL SETTING

The excursion consists in a cross section from the
Mediterranean Coastal Plain to the Western Flank of the Hebron
Mountains. The assumed structural boundaries of the
morphotectonic areas run parallel to the SSW - NNE general strike
of the Judean anticlines.

From Ashgelon to Gat extends the Coastal Plain with its
deep buried high structures (e.g. Helez). These are covered by
thick Paleogene and Neogene sediments.

From Gat to Tarqumiya extends the Shefela, separated in
Lower - and Upper subdivisions by the assumed structural line of
Ramat Avishur (Sneh and Buchbinder, 1984). This line passes near
the locality of Bet Gubrin. The hilltops of the Lower Shefela
reach the elevation of 300 m above actual sea level, whereas the
elevation of most hilltops of the upper Shefela range from 375 to
500 m. The exposed rocks of the Lower Shefela consist generally
of the Eocene Zora Formation, the Eo - Oligocene Bet Guvrin
Formation, the Oligocene Lakhish Formation and the Plio -
Pleistocene Pleshet Formation. The rocks of the higher Shefela
consist of the Eocene Zora Formation, its upper surface
corresponding with the patchlike occurrence of the Miocene Ziqlag

Formation and associated conglomerates.



Cenomanian (Givat Yearim to Amminadav Fms and
lateral facies. change of the Kesalon Fm.).

(5) Roadcut near Gebel Shab e Sheikh (Tarqumiya area on new
highway to Hebron): Section of Turonian (Bina Formation) and

Santonian - Maastrichtian (Menuha, Mishash and Ghareb Fms.).

(6) LUNCH stop at Mizpeh Massua: View on lower Shefela.

(7) Zomet Ha-Ela : View on Nahal Haela surroundings.
(8) Nahal Ha-Ela: Eocene Zora Formation.

(9) Roadcut near Zekhariya: Zora Fm. Slumping.

(10) Tel Azeqa: : Middle Eocene chalk and Ziqlaq Fm.

(11) (Optional) Tel Zayit: Conglomerates.

EQUIPMENT

Easy walking shoes, hat and water bottle requested. Two stops

require about an hour of easy walking, each.



EXCURSION NO. 6

GEOLOGY OF THE HEBRON MOUNTAIN FOOTHILLS

Hirsch F.

Geological Survey of Israel

EXCURSION ROUTE:
Ashgelon- Qiriat Gat - Amazya - Bet Guvrin - Telem - Adora -
Bet Guvrin - Mitzpeh Massua - Zomet Ha-Ela - Nahal Ha-Ela -

Zekhariya - Tel Azeqga - Bet Nir - Gat - Ashgelon.

STOPS:
(1) Givat Gad (Sheikh'Ali): Miocene Ziqlag Formation.

(2) Pt. 420 (W of Amaziya): Miocene Conglomerates. (Optional)

BREAKFAST near Hazan Cave.

(3) 1.5 km E of Telem on B.Guvrin -Hebron Road:
View of Albian - Cenomanian (Soregq-Kesalon- Bet Meir
- Motza - Amminadav Formations).

(4) Adora : Moza Marl and view of Albian -



(upper) which contained thousands of sherds belonging to oil lamps.
On  the lamps were scenes deplcting mythological and heroic
characters, as well as scenes of an erotic nature. The oil lamps
showed no signs of ever having been 1lit.

In the 4th century CE a Late Roman bathhouse was built in Grid
38 (upper). A very large sewer passed under it in which the
skeletons of nearly 100 newborn infants were foﬁnd, attesting the
rractice of infanticide. The bathhouse wae covered in the 6th
century CE by an apsidal building the extent of which is not known.

In Grid 41 a Byzantine church dedicated t$ St. Mary the Green
(Santa Maria Viridis) was uncovered., During the Fatimid period it
became a Mosque, to be rebuilt as a church by the Crusaders. The
remains of a fresco which covered the apse can still be seen,
showing four saints reading Greek scrolls from the homilies of St.
John Chrysostom.

In 1187 Saladin conguered the city, only to destroy it four

years later before giving it back to the Crusaders.

Suggested tour sequence: half an hour in Grid 2; walk to Grid
38 (Upper) 15 minutes; tour of Grid 38, 20 minutes; walk to Grid 50
and tour, 20 minutes. Length of tour: one and & half to two hours.
(I£ the Byzantine church and Garstang’s basilica are to be

included, add 40 minutes).



Several Late Bronze Age burials were found on the central
mound in Grid 38 (lower), as well as some Iron Age I (Philistine)
and Iron Age II buildings (1175-604 BCE). These were followed by
at least five phases or sub-phases of the Persian Period (538-332
BCE), located in Grids 38 (upper), 50 and 57. The earliest Persian
phase consisted of monumental ashlar buildings which have only been
partially excavated. In Grid 50 this phase was represented by a
large warehouse. A very strange episode followed in which the
warchouse was replaced by a large dog cemetery that ran along the
shoreline. It showed up in both Grids 50 and 57, yielding close to
one thousand dogs, and the borders»of the cemetery are still
unknown. It was covered by several more phases of Persian
architecture, a seriee of villas in Grid 38 (upper) and warehouses
in Grid 50.

Some time after Alexander the Great had conquered the area, it
appears that Ashkelon experienced a wide spread destruction,
possibly around the time when Ptolemy I Soter was trying to
establish his control over the region in about 300 BCE. The
following Roman period was mainly represented by finds made by John
Garstang in the 1920s.  He found a large basilica which he called
a Herodian senate hall (bouleuterion). Some of the finds,
including a statue of Victoria-Nike, the goddees of victory
standing on a globe which is held by Atlas, and another statue of
Isis flanked Ly the infant Horus, have recently been dated to the
Severan dynasty in the early 3rd century CE. In the Harvard

excavations the period is represented by a Roman villa in Grid 38
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1. Location of excavated grids at Tell Ashkelon.



EXCURSION NO. b

TELL ASHQELON FROM THE MIDDLE BRONZE AGE TO THE CRUSADER PERIOD.

LASS H.E.

Tell Ashkelon, located directly on the Meditarranean Sea in
the southern coastal plain of Israel, is mentioned several times in
the Hebrew Bible and in other ancient Near Eastern and medieval
texts. It had an economically important harbour during most of its
history. At least twenty ancient cities can be found in its
strata, lasting from about 3500 BCE to 1500 CE, a period of 5000
yvears. The tell is semi-circular in shape, having the shore line
as a western border. There is a centrally located mound called al-
Hadra, which is surrounded by valleys that rise on all sides to the
outer ramparts, making the tell look like half of a bowl from the
air.

Since 1985 the tell has been the site of major excavations by
the Leon Levy Expedition of Harvard Univereity under the direction
of Lawrence E. Stager. A grid of 100 meter squares was sub-divided
into 10 meter squares and imposed on the tell to faoil;tate
excavation.

Among the major finds uncovered so far is an impressive Middle
Bronze IIC (1600-1550 BCE) rampart and mudbrick tower, located at
the northern edge of the mound in Grid 2. On the lower slope of
the rampart a sanctuary was discovered which contained a small
bronze calf covered with silver leaf. The rampart was repaired and
re-used throughout the history of the tell. In the Iron Age a
glacis and mudbrick tower were added. The remains of a Hellenistic

city wall can etill be seen, and the Fatimid wall with its towers
marks the sky-line of the tell.
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