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We regret to announce the sudden death of our friend
and colleague Prof. Eliezer Ganor

Eli Ganor was born in Tel Aviv. His academic s 'S
were carried out at the Hebrew University of Jerusalem
where he received his M.Sc. in Physical Geology and
his Ph.D. in Geology. His Ph.D. thesis {(published in
1975 and carried out under the supervision of Prof.
D.H. *" "an) was entitled "Atmospheric Dust in Israel
— Sedimentological and Meteorological Analysis of
Dust Deposition.” This was a seminal work that was
the basis of future research on the atmospheric dust
Israel; work which continues until this day and is of ever
increasing interest and importance. Eli's principal post-doctoral studies were at 2
State University of New York, Albany where he specialized in Cloud Physics.

Eli's scientific career was characterized by his many fields of interest and his
collaboration with a large number of fellow scientists  Israeli and foreign. This
is illustrated by a long list of publications in the fields of geology, pedology,
meteorology, toxicology and environmental science, to name but a few. Amongst the
major projects he carried out we mention here only his participation in the Meidex
project to measure atmospheric particles in space, his work on dust precipitation on
e Kinneret and hisca  -long workontl  microscopy and € :tron-microsc
of individual atmospheric particles.

Much of Eli's career was spent at the Research Institute for Environmental Health
belonging to the | nistry of Health and this was reflected in his keen interest in
pollution studies and other factors relating to the effect of the environment on
mankind. In partic 1, Eli was Israel’'s It ng expert on asbestos. In later years |
completed a master’s degree in Occupational Health at Tel Aviv University. After his
retirement from the civil service, Eli continued his scientific work at the Department
of Geophysics and Planetary Sciences of Tel Aviv University.

Eli Ganor is survived by his wife Margalit, his daughters Osnat, Li'at and Gili and by
his four grandchildren. He will be sorely missed by them, by his extended family and
by his friends and colleagues from all over the world.
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Endangered ancient coastal settlements in Ashkelon region

Ehud Galili

The late Quaternary dune encroachments into the
northwestern Negev Desert, Israel

Joel Roskin, Haim Tsoar, Naomi Porat, Dan G. Blumberg, Ezra Zilberman
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m Unit F:EI‘Z‘? Lithology and pedology Ag%s(ka)
1 Loessial Arid Brown Soil 136 *1.2
(Calciorthids) with calcic nodules s o
Grumusolic Brown Soil 4 +5
(Xeretic Calciargids) .
2
Calcic horizone 68* 4
Grumusolic Brown Soil 12780
2 Xeretic Calciargids
o
Calcic horizone beastb
Grumusolic Brown Soil &
2 Xeretic Calciargids Rzw
Calcic horizone
2 Normal
<780Ka
Calcic horizone
Reverse
3 >780Ka Brown mediterranean soil
(Haploxeralfs)
4 Prehistoric site
5 Reverse Red mediterranean soil (Hamra)
>780Ka with calcic Nodules
(Rhodoxeralfs)
6 Kurkar and sandstone

(only the top exposed)

© Calcic nodules

s Black crust (Iron and Manganese oxides)

&z Artifacts

;Laukhin, 2007 nx 907007 TITN) 40NN TN WX 7Y 20700 1970700 N0 - 5 WX

(Wieder et al, 2008 7nx N0
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Figure 24. Schematic cross section A-B through the Horvat Zura

outcrop (No. 8).

. 3 m Ziglag limestone; yellow biosparite, algal, fora-
miniferal, with mollusk debris and Borelis sp. Near
bottom some flint pebbles, 2-5cm in diameter.
Samples 3, 4.

2. 5m Ziglag Limestone, entirely replaced by nari,
covered by soil.

TITO0 NOWD 22 7Y NN /D072 190 11133207 ,A77X TUND .U 1270 777 217189 2017 )00 :5 0'wIn

.Gvirtzman and Buchbinder, 1969 170 7YX NUXN DX YTOA 171230 179¥70 7Y

2012 |I7pWX NI7IXN 112NN 010

78



79

1927 NITNN N'9¥N - ATIA' 1 7V 121ynn 9axXin 22 7y TIT2 'NDWYN :2 NINN

('n 670 '972191D DIN ,2084/6200 .X.1) NYY'1-7X

7w 1ynn HAXN DX TT DY DT NXAY DX VITI 'NbwD Y 7V NIIND N'OXYN MY IT TP
.onmnnnn ']'7?]]’)3 TN N

NINY ,(N2ININ 1NN NN2) 07U NDWDY7 J'MYD NP P'Nyn 03 271,001 11220 TITan Nbwn
2IY'7 DINTN 27YDA XN 7Y NINBIN NIA2WA DX YTI '27y00 10X DX NIXYYZ [N /D 800 -2 XN

(X6 0'wN) 'y-n1

/D 650 -2 XIN INNVY ,N7'Y NDWYN 7Y NJINXN TITIN NYIXAT7 1" NYUND NIF 010 TITI0 Nbwn
1ay'7 .07 |II'3'7 N'9XNN NTIRPIN NIDYDIN NIyaa nvavy 1']IX'7 NI'oDIn NIAJdYN NX VT2 NDYUNin
ninNNNAN AXXIND INXY '27yNN faXnnN DI'> NpNnin Niyaan nvavy (26 0'wn) 91X 19N

.27YNN 92NN IX7 D0 D'DAIPOI0 DPRY

NAXIYN NY22N .NY2'2 DI0NN7 N27YN YN NRPINHDA ,NMISN NY23 11T 112Y1 N27YN NN 110172
9NN NI72INY7 X¥PIY TITY NDWN INT /D 540 -1 7¥ D111 ,|p12 NDYN - QNI IN1 TIT2 NDWN "y
OMIYP D'NDYNN 1Y .NNI2IN N'79WN NDYND 7W 'MNATHN NYpPR 7yn Dyn ,ATIN 0 7Y 27ynn

JN'D12 X110

/N 400-500 7¥ NINNINNN XDAN NNIAIN N79WN NDYND |27 Y7V NDYN |2 120N Y190

(2005/6391 .0.X.1) NTIP PIXD |IDY - NIINIA N79VWAI NN N79WA :3 1INN

1AN'YY OWYINIXA NTTO 7Y IR q91vn nnyx y70 nimne 7w mine nn qunl 111197y NIINNN N1T02
ONTNYI,7 0O'YIN2 190N 22 7Y [PION NTIP PIX92 NIINNN DIP'D .N2IN1NI NNI2IN 1'79WN NX
.8 0'YN2V JNNN 22 7Y '0NJ0 |9IX2 NINION N'912'0DIDoN

NTIN' N79W7 QTN 0N



22w VT D7V N0 7Y 20V00 AX20 X AT 7Y 2000 9aX0 JUX7 TITI NOw0 :6 0'wIn
D/72 '27Y07 QX7 122 7Y DI N2 YT A7 NOYD 2.0 800 -2 7 DI '27V070 X1 WXI12 TI1IDI
AXT JUXT DDV NIV NI 7V (WX TIX AXYD N0V .10 650 -3 7¢

2012 |I7pYUX NI7IX'AN 112NN 01D | 80



WNY (2702 (D100 IWIDA VUXA DI7¥N1 Y907 WX ATI7 7IX9 /19X 107 NiAN 190 :7 0N
J199I07 1901

(20104/63865 .¥.1) 384 .211D.ID N'OYN X 3 NINN

NDWYN NX NIX17 |01 INTTD N'9XN1A .NNI230 179N NDYD 7W "27y0N NN 121 7Y XY 11000
N79UN NX NIX17 N 27Y0 [19X7 N'9XN2 .0NNN NI72707 TY NIT0 1972 qUN) Nnidan n79vn
,N2ININ N79WN NDYD 7Y 'MNATDN NXPA 7Y 19219100 DN ['YTID 1'YN NDPIND N'7YW NN

'OXNA N 7w 197219100 DIN7 NNNN 'ND 60 -2 ,'N 320 -J XIN ,117 N2YN DYD

81 | nTIA* n79w7 nTIANr A0



(20098/63882 .¥.1) 1M-N"2 DINITAIP Y2 3 NINN

TN XIN 11-N DINITAIP 1N-N DINIZAIPD 112 AT DIP'DA NNIaN N79wWn 7V |I'7yn apn
TYI DINTA Y 7MI0 N72210 NN1220 179WN 'DINNA N'ANINN INIYINWAYI NNIpn X o7
1700 iy (Gvirtzman and Buchbinder, 1969 ;Buchbinder, 1969 ;4 n'wn) j19¥a nTap paxo
(Wachs et al,, 1986 ;Buchbinder et al.,, 1986) ‘D 50 -2 XIn AT 2NN 11-N'2 DIRITAIP 7Y

10027 1230 NN DX ONAIY 1AX [INTHN 122 7Y N'9¥NA DTN ANT1A

VN2 NI712'V2 X PI7ANRIENNIIR D71 1Y PI70n 1p'ya 1A ,10p'R'719 ,02 1 DINITAAIPN
NDWN 19 7Y qIYNN [I'7Y0 170 DX 12700 (01P'7)) 12179 DAUAP 'T 7Y TI7D DIANITAPN
omY71,nyina N7y Y pI7n 0rYaxan (Mx1) 07p7pn DAY 119 7y .10 10T 7Y nwpni

opm non

YOI NNNN YY Vi) VD3
3 N maov oy
TN oown oPpvn
v vin pina 3 e A a4
Y09 NNNN |- 3 2 : zolé)l/aézss

400
nman nsown 3

WIPS NMINN PN DY
UM (i3 D9OPIN)

ONYN NN PN 0N LIV
VMPYP 2 Dy "oest

- 280

]
RN
1100 (900

TNBY/NIN Y700 THTY 7197400 73207 NX OXI0 000 0737 2IX9 JI9X2 217X 207 00 :8 0'wIn
.7IN22 DIDI0D 0N TNINA 19010 .12IP37 1797 A0 1797 ' 12VY00 WX 210117

2012 |I7pYUX NI7IX'AN 112NN 01D | 82



83

12IN2V 'DMPT7PN JINND NIV ONY9INY ,ATIA NNIAND NT1W 149 21702 02 12IN2 |'N2n7 [N
[21 oo1wnna In'Tw (1986) Buchbinder et al. 7¥X D192 INXIN DINIZ22PN IMDXD .OXYNI DN
7712 0T NNW AXYN (1989) 7172-1241 .NIM'OIN NITA! D2 |I'Y N7'0N 1ITXA IYXIAY D'NIT'R 190102

JIMyA 121202 N'7X1A179 N2IyN2 12110 XINWI D'7I0IX'Y79

('m 330 '972191D DIN ,20078/63881 .X.1) 27pX NIINAN 2 3 NINN

N112 X' NNI22N N79UN 7Y TITIN WD NIX 102D 17p'Y NIIXN 7Y NPT 11 N22YW ,N1IX N11NA
‘N 15-20 7w 121y 27pY NIIYD 7Y 11 ,NMN2IN NINNA ,NXT N7 .7 NDYN 7¥ §ivnNn 122 DX
N'aNINN NOIN9NY7 NNITA .NNIAAN N'79WN 197 NNND ‘D 50 -3 ,1'1-N'2 DINI721P'7 NNND XXN]
N179UN MINN2 “N2INY“N 27pX NIXD 7W N'ANI0DN NNIYINYN ,N'7Yy0 NNINY 11-N' NNIXD 7Y
NIN'Y' AN7 NNAM XN AT TR (4 D'WAN) [1I9¥2 1T PIXD TV DNTA P1IY 700 172210 Nnidan
27pPX NOIXD Y ,|I'Y N'7'00D 1ITX2 N NRAT IYNIAY O'NIT{PA .NTAY N1IAn 7w yiTa nn a7y

(Buchbinder et al., 1986) 'n 3 -7 Ty y1an

/P9IN-NN 7722 XIN NNNDY O'Y700 OY Yann X ,7{ 0'72N01 |'N2N7 [N 27pX N1IXN 0'012
VPV 112 7YY NN N9YNN DTN XY DY TITI NDYD NWYN'Y7 XIN 0T Yan .12yn OX'Y9 X77
0'7172 012IXD X77 ,"1"9IX OIND TY 2N2NY YA 12712-01 'DO7P1A 10 1112 MIXNA .A1IXNN
N7I9X N1'D92 0'0IDN NIINNN 7Y O'1720 'MNDWN 19 .0NY'72 DMIDJI7X Y70 MaY IX D'PIT7N X771

J'DANI72P-ITIXO9 NYOIN N7 NIYDY O'PTO IXT QINTIDMPR7PN NYa91 XN Dmy'71,niny -
|

OINN NWYN'Y7 INT /D 330 XIN AT DIP'N2A 27pX NIIXN 0'012Y TITIN NDYD 7Y '9219100 0NN
,]2'97 .0M190 DMIDN NIXD IN'XD PRANN N7V 'N1TRN N¥P2 021NN N79WN NDYN 7Y '97219100
NIIXN 371 121NN N79WN NDWN 123 7Y 172710 ,N'7YyDY 11-N' NINDLL7PY NNIXD AT DIpRa
2MNNDN OYINIXD 170 .NNIX NN “NNIAaN7 27X NNIXNYT7 NINIXD 1T PIX921 “N2INNY 27pX

:|70'72 XIN N2 TY 1'XOY NIT'NN NON9NN

(MY N27'N) 27X NIXD NYRIY TITIN NDYN 122 7Y .NN12a0 N'79wn TI73 .1
/P 100 -2 '7¥ 7712 1T02 NIPRINNN .2

DINI7AP 7w DAY NN YPIY N'7YD117pX NNIXD NYRIY TITIN NDYD 12 7Y .12I010 N79Wn T3

.NI2IN N79WN 7W TITIN NDYN DY TI7NNN NDINYTO NBWN NI 1Y (AT PIXD) 11 N1

NTIN' N79W7 QTN 0N



U0 1-1.5 -7 0T OWINNKRD ¥ 7Y [DTA WD NIX 7220 277X N1In 79

701 "2V AT ITX 271 YPY 11 N DINITZAR NY7YDY "NDININY 277X NNIND NNIXDN TRY VITD
NNIXNA TRY 7¥ D'91YNDN 7W NIYINYNN DINN NX 2pyN ?)19¥1 1T PIX97 DNT2 puy
(1127 ATIN' A N'TND PAIY 701 7W XXINN ITXD N2WNIA NNDIN'TO AYINT 0NN DNY XD
N'9XYN AN O'P'MY 0'Y701 2171V 1IXT ARINN T D9IYND NYIXIYI (4 0'WIN) 17y0 |19Y [19Y
12'70N7 XNV ,NNIAIN N79YN NDYD DY INXT DTN 0 NIDRINNNY DNYOXN NX 1'7YD 1T
NINND 7101 DITPN PV 7N 7W DINNNNNN X 01 1y'20,713I010 179YN NDYD DX NY'WY TITI0
[1'D7 ANNNA X7X ,'N210 129X 7V 'XIIN2,N27Y0D DN TRINn X7 paiv 701 .0012a0 n'79vn 197
fINN 19 7Y MDD ,NYPA QTN NN 22 YA IIXT7 1011020 PRy NN JIN,27Y0 (19X 19X
119N IN¥PA .N79WN DX NN N NN D721 0'9IXN-10 NNIERNN 27 100 1NTY 7¥ 121yn0
7N NIan 27 |'YTIN DoIN DX M1a0 ATINY N7IA0 12 Yyann 1IX7 ,27yn'7 119 7010 0T pny 7y
pPnyn N'ypap 121 7y nypy 0'n 0790 Y7y 0y [I7'X 701 OI'D 121y 12Y 'XIN2,ANNTHY 0'9INN
DINI7211P PRYN P'OX N2 12DXN N'7YNI1,27PX NIND (N9YANN AXYIND TITY Y NIXIY DNWY)
DIANI7NIP 7V D'OIYNN XN 'VITINYT [I9¥ND .Y 701 7¥ pnyn iN2 172ny 0'pI7nn 12100
7NN 123 7y NI DY 0'0J10 'X'W NIX N2 XINWI ,11-N1 DINIZIIRYT 11M9XNA ANITY '0pM'719
NIX OMINR 17X DINI72P 'DIYNNY [N .(1971,N1217 ;1971 ,0ID'T) 27X NIIXNT7 WYY 1DU2P

NI220 179NN DITPN PIIY 7N XXINAY §N0N N91IN1A Ypww DINI7IpN "TIY

1N1220 A79¥A 7¥ N'2ynpa N'TNa 1" N1 27pY NNIYDA T 3 0ann
(20061/63893 .x.1)

121NN N'79vn |'J'7 112 790NV |INTN 12 7y ,NNI2JN N79W0N 7¥ N1YNDN NITNN TN 0T X

7v |"Mn X701 020 JNNNN OWINNY7 [N .01 DA DINI7AIR 7¥ N0 NN qYNI N10p nax¥nna
NN NIX17 [N ,)NTN 7Y INNNA 17N ,02¥nn7 nnnn .mass-flow 7w 191X '7y2 ,0701'7211p0

.NNI9N 'vo7P YyoIn1 2'7|7¥ NIIND 7W 1210XND

2012 |I7pWX NI7IXN 112NN 010

84



85

,20060/63899 .X.1) N2INAN N'79wN NDWYN 7V 'NITNN AP 9InIp :'n 3 nINnN

('m 320 "M1910 DN

N79Un 7¥ N'21yDN NTNN DX QNN I-N1277X DIIXDD 120 [NTHN 0'012 O'XXNI 11X
1DP'MIIND DINITAIP 7Y DTV MDY I'7YY 1(POIX NDYD YINYD |INTRN NI72I07 27ynnD .nninan
NIX11 722 11121 1'2'2I0V 191N DINIZAIP AT .NI7P D'0INDI A0 O'721YN 1IN 'PI7ND 101INY
0"D2TPN 02D 73 :0'720 Y'Y TITA 12Y1 5NN 1P 7YD DDNNNY 11I-N DINI7ZAIR 7Y 717NDN0

172yNN1 Np'NWN Y700 DX TV D'WRD XD PI70 PIEDY7an ni7ys vy 7'73 1pnv

NDWYDN 7V 'MITN INXP . TIT2 NDWD XIN 0TIV DX 7YY NDYDAY 12 7Y T'YD '9INN DIDI7201p0
21-N11 27X NNIXNN 7Y JNNN DX TTY 00 7Y 9NN 1R 7w 1N 'NITa Inip'n DX [non
12 NIX7 XY DITR '9IN PIXD AWYNT7 XN 11'7YDY 1NN N1'79vn 7w N'21ynn nitnn ,12'97

O INIX 7Y 9NN

NINT N2 XXD1 XN .N2ID1N N79WN NDYD 7¥ 'NTTHN INXPA XD ORI X 1179 TITI0 YD
NI9XN 'MY O'XDAN '9INN DINI7AIPNIAT7PX NIIXN,)I'97 “N2ININY 17pX NIIND 0'01 7V NT7
N'7'NN21,NIYX] TITA NTX9 .1 :0790 INIX7 NNTIN [AYI ,N21D10 N79WN NDWD DX ITTY NIT19)
MV TITI NTXD1 .2 ;11-N'1 DIDIZAPI1A7PY NIIND OWYRIY TITIN NDYD 7VWD ,[12'N0 [I'Dn
OTPID IYPWW NNIXNA NTD 1973 NOJ1 X'NY IN,0TRIY X 1'7VY NDYNN NX NIX'WY N1 NINIXD

191N PIXD N9XNN N'TNA DAXI'E,NDTIPN ATtX9a ane

(2004/6390 .10.X.1) N2ININ N79WA 7W 1NN N¥PA W'DD NINA 21 3 1IN0

,0"2IT9 TI'70N7 0'N N2'01 INXT 19WN1 INIX 102V D'DIN'TONI NMIYN N9YNA IWNNY TITIN NDYD
[N, NIXT DY .12 7Y 1YpYUY O'Y70 '9IX1 NINANN 7Y nUpNn (IX1) DNP7p DNp 19 7Y XY
O'pPRYN 7X TITIN NDYNDN 1Y'72¥ O'PI72 NNTYAI 0'DYD 0'9IWND NIty 17X 0'Y'70 NNX NIipnnny

.NBYNA '7Ivawy 0Tl

7272 NO2 N DTN NYPY 1MW NDXAN 17002 1XYW NDYDA 122 7Y ,'910 DINI7AIP 1270
MP'YN 77200 .NITRNRY “N2ININ" 27X NIIXN7 NRITA 07172 02IXND X77 ,0iN3 TY 102Ny yaxa

0'DININD 077121 ,0NNX DMIDJI7X 022701 D'721YD 91N PI70 §OXD XIN 17X NIT'NW My |2

NTIN' N79W7 QTN 0N



NIX11N 720 NIV LI7X 012170 . TITI0 NDWND 1) 7y ypwywv 1lan ina 172171 J7|7¥ nixnn Ny
27PY MIXNN DTY1 XN NINIXDA,NMYN N9YNA YPYY 110 N2 ORYN1,NITHRY 7170000
Yy anmbian T7|_IDJ nypwv "naimin”

n1I¥N7 AniTn 2'a171n'7 '7ya 0w n2Inin n79wn 19 7y 0'T'ND 0Y'R'D 0'DIN'TON
ANIXD [PI'D 710 W'09 NIIXNA 07172 ,1T NNIXNYT INIXD IYPYY XL [12'N [P 7910 17X
1197 NNNR NNNNAY 01PN '71W2A 12y nIXIN 122 w09 nixn .(Buchbinder et al, 1993)
;1992 ,|D12'7'T1 17112011 ;Martinotti et al, 1978) qIn0n n7xn ‘7M1 17 102,001 N79WN
nypww nnan nTnn 72 oX (Buchbinder and Zilberman, 1997 ;Buchbinder et al, 1993
TITIN NTXD 79 X NIIXND X0I1LY'D9 NIINNYT N2'NWD TITI0 NDYN 123 7Y NMUn N9¥nn 17002

JNIXDA [PIDY7,00T01Y DX 7YY TITIN NDYD DX XY 0N

,20018/63919 .X.1) N2IN1N A79wn 7V 'Mtnn N¥P2 INIA TITIA NDYN T 3 1INN

(m 300 '221910 DN

‘N 20 -2 NNANY N'9I9I0 NINTHA 1IYD 971 D'NOD Y'DD NIIXD NN I'7YY TITIN NDYD
f9in 'PI7n 0'9WN1 NDYNN 23 7Y .DP7{ DNPA 102N XIN DAY 5011 NDYND X¥ND1 N'NI7171071
0107 O'91YNN 19001 .NDYNN NX N0V '9IN DINI7A1PT7 O'TIY ,02MDNI 0'721YD ,0MIY
YNV NIMYIN NITNNN 1IY72W 0'DININD 17XV DN 72X, 01 NNIT DNIP7{0 1IN0 0'¥axann

.LIP7PN Y ITIITI

119 NX '910 |9IX XYY ,|PI'790 N7'NNN W'Y TITY NDYND 7Y 'NITRN N¥PN 110 NDYDNY X1
DINI721P 7¥ DTV O 9NN 'PI7NVIL,(2009 12 ;1989 ,|N127'T) NIININ 179N NDYND 7¥ NDYN
AXIN NIPIY790 NW'79 NIXN 7Y (NN 0'0121 '91N DINI7A11 N1IPIY790 NY'79 NIIXN 7¥ 0'02N
DIP'PA NXYNI X7 NDXY NY'Y79 NAINN (707 [31;2009 ,12 ;1989 ,|P127'T) N2ININ N'79Wn 7IX 727
NDWN ' 7V NWY79 NIXN 7 'M' 9IWND IXIN,|'V'TING 71002 ,NTIp pIX97 N2IYND MI9X 72X 1T

.(Buchbinder and sneh, 1984) nainin n7awn

:0I2'0 |
:(9 O'wAn) Xan 0'YIN'XN 1T0 DX NI1A7 [N N2 Ty 1'XY NIINNN 717000

/N 300-400 7V 1IY'Y21 N79WN ATXI NTIAY N NIDRINNA :INNN [P .1

2012 |I7pWX NI7IXN 112NN 010

86



87

a2 aov

anRa aow

hyhi b

e

0TI [pim N7'Nn
NN N79WN TITAI NOXA

NINNANA DRI [P

M P N2 NN

,NNIAN nown TITY
"NNRan“ A7px MIXN NYRUn

> I N'Nn
;0790 NTYI NINnNNN
YW [IURY TITAI NOXN
,MdININ N79UN

1Y 7m nNnNNn

M [P N7'Nn

MNINN DYWL 0790 Ny
v "noman® a7px

nIMIN n79wn 19

M |7 N7'Nn
TYpWnl 0790 N7y
219-n2 VMNP
Y 7N P'or M2

Y TITAI NOXN ANIKA [7IM
,7dININ N79WN W
Y'09 MIXD NYpUn

WYY TITA NOXN (|17
,MIMN N79wN 7w
Y9 MIXD NYRYUN

2701 19X 7v/ 77210 '0PNI20 2017 N0 127 7Y 1210371 A12370 A79%70 7Y TINN9NAA A7 :9 0'wIn

NTINY D797 nTINY AN

179N



JINNN NN MTY 7W 0NN 0'71Wn 1IXT7 N0 179wn TIT91 19¥N (12N |pI'n N'7'nn .2
(MY N27'N) 27X NIXD NYRIY TITIN NDWR 22 7Y

NINDNNNN T2 |IN /D 100 -3 7V 1IY'W1 100 NTY NINDINNN (WD :[12'N |PI'D N7'nn .3
2189 12Y'7 ,27yYN [I9Y |I19X7 qUNIN 2N PRY NI 1NN N79YN NDYNA P 701 1NNNND

TP

.N2IN1N N79YWN NDYD NX NIIYXI7 NTTINY N9¥AI NINDINNAN D' :|12'N |pI'D N7'NN .4
VYPIV PV '7N1 7V pRYN N2 ,017VY01 “NIIMNNNY 27X NNIXD NypIY TIT0 Nbwn 21 7y
NDWD 7W NDWN 1197 TY 2N'PA VAN 1231 120XN DINI721PN (N TP PIXD) 1 N DIDITAIP

.NNI22n n'79vn

NTX9 7V NT7 NNT 07902 ,N2IN1N N'79WN NDYD NX 1"V OY91 NTTIDY 19X :[I'7Y [pI'D .5
T1INVW NN “NO1Y” NITNY TITIN I'TN NIDTPNA L|I2'NN [PI'DN N7'NN0 NIYXIN TITI0
27X NNIXDAN 1120 ,N2ININ N'79WN 7Y 0'NITRN D'71W2 TITI PIND NN NRTIPN N9¥N2

TITIN PIXDD NT21W 02DI0 17'900 W09 NIIND NYPIY NDYDN 12 7Y .-Nal

71P1 07902 ,N31ND1N N79¥WN 079N NX N'Y'7WN DY91 NTTINDY N9O0I1 NOXA :|pI'79 N7'NN .6
0'PND1 AT |9IX2 .NDYNN 7Y NDWA 19 NX '910 [91X2 NAXYDI,O'DTIPN TITIN 'NDYDD DYD
119 7V .N7Y 'NITDN NYPN DX XNINT 001010 N'79Wn 79 NDWN 19 2ND NI 0NITpn 0700

Y79 NN NYPIY TITIN NDYUN

011 ,18560/62330 .X.1) N'9Y ‘7N NW'79 NIIXNI N2IN1A A'79Wn NDWYN :4 NINN

(m 190 991D

19 7y 9'pwn7 N1 7NN UXID NNITD N'9YN1 .N2IN1N N'79WN 7Y '27YNN N¥pP2A XXYXN1 N'OX 7N
/D 180 -2 XIN IT NTIPIA N2ININ 179N O .02 N79WN NI72107 TY NDWNDIN 121010 N79v0n
.0'9011'D 30 -2 7V N2112 N'MIDX70D N9OIN XIN XY 7NN UXIWI

07Ty NNIXN Y70 NX Y7112 XINWI 121NN N'79WN 7¢ TITIN NDWN qwN1 700 7Y '1211ynn n19n1
I9IYNN .NY79 NIIXN 7¥ 0'020 DINI7221P NN NDYNN 22 7Y (10 O'WIN) [INNN [PIX'X 7190
7¥ 1NNN 22 NX 1112 XINWI 121010 179w NDYN 19 7Y NINIPR 19002 IXYNDI AT '910 DINI7IR

O'721yN Y 'PI7NN 1021 'DPHRI 3”172 XIN DINI72PN .NDYNN 'TIY DX NIADIPN NIY2IN WX

2012 |I7pWX NI7IXN 112NN 010

88



L7202 N79Y07 7¢ TITI0 NDYD 127 7Y NINAD NY79 NUNND X 19X 703 '972407007 NN :10 0'WIn

2070 D20 .2 2707 X7 Y02 07TV NUXD DX VTN

89 | NTIN' N79W7 NTIA AN



D'91WNNN 212 .Y Ty "1 0TI2'71 070 1-10 |2 217 Y1 077w ,0'0IN9 11N7 ,0'p'7N1 20N
NIY2IN 'WUXI12 0TI IX NDWDN NX N0JDN DMP7PN DNP NN DIYAYAN D'721yPn 1IN P17
(2009 12)

(1969) Gvirtzman and buchbinder "y pin'92 XN 20" fIWN BIRI72IPA LIT NINNA
191NN BIRI7211PN .ANNPY IB'PA NN N7 Thalassinoides 7w ninaa 7712 ARI7AIPN
7yn IN0N N7XN 7M1 7¥ Ip1*790 2'9XN Y'Y qINN 17 7X 1721w 0Y721yD X7 0170 D2 700
191N DANI7A1p 7¥ Noon N1dv 7yni (Coquina) NI9TY NIV OY 111 N1IW NNAUD DIANI7APN
IY'¥N ONEL,DTINX DIR172217'7 (1984) Sneh and Buchbinder ™y naiw 1t pani7aa1p naow
JPIDOM79 MIIMT JNNYT "W T DINI7APYT 7YD NANWY 271X 212'W DY N2 70 [AX 7¥ JNNY
XP DYN D700 'DNIDT 1A 7Y N12YW IRINY JNNA 727 7yn nn7ann nwTinn np'Taa
qITX2,72'97 1T NIINNYT7 XIN D2 1"NYD A'MNNNPY JNNN 72 [271,NY79 NIIXNYT7 NIX112 N2 NYnI
9iNN 17 7Y NITIN 7Y D'Y'AXDA,'9IN DINI7IR 7W D'POIX 190D 1pI'790 ''0N JNNN 7710 Nt

.MIXNN NT270 77002

N1V N'92191D 121THA 211YN 1970 NNINON NJININ N79WNY NIX17 [N 7NN WXIND N'9¥na
NYDVIDND N'WY1 IT N27TR N2-NMP7 NDNT .AMI72I07Y 9NN 11vb'7 1'79wn 2 0771900 ,D 60 -2
I NINND XN TIXD ND7I2 N27TRN (19X 117 X (1970 ,11) D'7IX'X D'DIN'TO 7V '0'IN NXXIND
N1IaN Y70 D'9IYN 121N WXL .7X1Y! 1210 1IN 727 TIXD 1201 Nwp2a qWnIn v TR Y
0MpILOM79 O'DIN'TO N'NI7ANTI ('Yn WXI2) NTINY (PIIW '7Nn12) T0'9I1¥A 0 ,(N'DY '701) NTay

.0"MpI'79 0'Y'70 0'N'Y7 O'NININ DOINDY

N'YXN 1217197100 291NN 1IYDY7 121NN N'79YN 2 NTI90Y NA1TN DX X 021700 17'X
DIN'PD IX N71AYD Y1217 0712 N1 TN 7W D120 N1ANINN DIYINWNNE Y5 XINN ,N07Ian!
OITR P79 9N 1R NIX7 NR2TNAX NI7'Y90 IX 12010 179V 7¥ 1P1'790 NDYND'Y7 1YWY 079
N'aY 7n2 N1 TNV 1120 (1984) Sneh and Buchbinder -1 (1936) Picard and Solomonica

LAIXQN NINN2 NRIYA NIMMYSXn NX |II']J'7 1011 NX ."71IO|7'7E) 112D N9pwn

2012 |I7pWX NI7IXN 112NN 010

90



91

'97I9I0 DIN,18534/62632 .X.J) DNIN 192 NA¥NNA pI'79-DOID PNYN :5 NINN
(m 140

N9YN1 NIXNDA 5NN UY'D7 12101 N79WN NDYD |2 NTI9DY N271THN 122 7Y NIXYD] 1T 11NN
NIIXN 7Y 0'02N DIANI72P NN 1Y7YD ,N2ININ N79WN 7Y TITIN NBYD Y QYITaN 07ITY NIXN
NIIXN 0'01 NX P'NYNY 11N pNyn NINT7 [N .NY79 NIIXD 7Y Apyn '7IN0 JNNn 1'7yni NY'79
INNN 7W NIFTYN NIMBIN'TON NNIBRINBON .(11 O'WIN) NNXY NIINND NIX DY NX1101 Y79
122 7V 71N NIN2QDXN 7Y 12ITRY NNYOX NI77IV pNyNN 1WD7 DITIDXD NY'79 NIIND 7V *7IN0

.121TNY 7'2PN2 ,NTH [IDX-[IDYY XIN PRYAN (11D . TIT9 PN

NNM I'7YWI NTAY NN DX YT NDYDA 7W 10171 ,71271TRY7 NQTND :0'9'Y0 W DIY' AT pnyn7
01N UN1 'POIX-NNN YITIN NDWD ,NI71THN 122 7Y ,NNYY NA¥NNA /D 180 -1 XIN NW79 N1IXN
NXD1 YITIN NDYD QNI NN .N271THN WX TR D 40 -2 7W NDIX NDON 1'AT,'D 140 -2 7Y
JPIY790 19 NINN 7V D 40 -2 7¢ 11y2 MIXIN NN 77190 NY79 NIIXD 17 1112YD ,ypipin Nna
N1 7y Y1AXD O'NIT'? 190D NIYXDXA |INTN7 11YNDY YpIpn-NNa NY'79 NIIXN 0'01 1ITNY
/D 92 XIN MIXNN 0'01 0N ,NAX¥NNY7 11YNN ‘D 400 ,1 ONIN-193 NIT{PAYI ,27YN7 1.7° -2 7¥
7V N'DIX NBON7 NNYIX N7YD1,/D 110 -2 7 DIN7 IMNIX XN NAXNNT7 TY 17¥ 1'¥7191D0pKI

.N12¥NNA {IYNN pRyNn K7 D 30 -2

7YWDY 121NN N79vWn "2 NT9DY ND712N NTRN 7Y NRXIND AT UTXAY 12 7y y'axn nt phyn

DIPI'79-D0I9 ,N'YX NPNYNA XIN 9NN

NTIN' N79W7 QTN 0N



TU9210) TNINNN THA0N .72 (D100 2Ny .(1854/6265 .X.1) DNIN-192 NAXNDA 7NV :11 0w N
TI21790 NYW79 NUXN NIX 7'NY0 2NV07 1I9X0 0310 - (DITX2 T1i97i0) 17y TUinn .07 00 - (7171
21'79-0019 XN AZNYANA 792 12N [2IX'X 720 D7ITY NN 710

2012 |I7pWUX NI7IX'AN 112NN 01D | 92



93

:NNIpD |

AIDPIT NTIAY YAl N79UN NITXA D'YRIP-NNN 000 NNIPD 7Y 212171X0 1961 ,.X ,10'X
O'7UN', NM2yn ND'0121IIXN

60 ,80/5/.0.0 N”IT 1A1I7IX'AN |10 .0TIA' 10 17YN2 NI'DOP NIYSIN 119XN 170 .1980 ,.',|'PIX
/ny

N”IT,217IX130 1200 7% ¥IX2 D'72N00 NINN9NN 7V 2¥pnl 01A7wn 1997 ,.V,|P127'T ,.2.0,122

/Dy 63 ,GS1/24/97

]'II)}II) 119X 1210 AT'XA 510 DiINN9NAIDM2IX) 0™"MDIN'TOo 0NITND L1992 ,.Y ,|DT:1'7'T »1,1T12212

.1-20'Dy ,0MI7IXYI DNI'0 )TRL[I7PWXR ,MIYA 0120, NI7IX'AN 112NN .(DP9INI yaw X2 ,an7

121719710 ,NP 0P - 7RI 17V [PINKAD 7XIY! 1DI0 7W Nwaq Y71V 2IN'Y 12009 ,.V 1]
N”IT ,217IX'0 [12DN ;YAY-IX21 ,2212 |I'1-]2 ND'012IIX IDPIT NTIAY .A1'9712'DID0I
/ny 207 ,GSI/32/2009

X, N'79WNI1 9INN 1WA (DTPIN [PIB0™79 Ty ININD [PIX'X) NP0 N1IAN .1970 ,.3 ,|D¥ 1)

/Ny 180,0D/5/67 N”IT 2I7IXIN 190N

2N NTIAY 7X N2 ]'l]"7|7'IJJN 7y 0"1ynn NIminnl |NIN N2AITX 7v NI71XIN L1971 ,.X ,DID'T

/DY 79,101/71.0.0 0”17 ,217IXIN |19DN ;0'7Y1N',NMAYN ND'012MIND

ND'0121INN N NTIAY I'Y N'7'0N T (JI'7V [PI'D) 111 ' NNINNN D'7I0IXYD .1989 ,.0 ,172-12'

/Ny 143 ,GSI/4/90 N”IT,2171XI0N [12070;0'7W1N,NMN2yn

AIDPIT NTIAY DNPAL 2IXIA 127V (19X 1I9XN ,'TII0N 1212 5170 NINN9NN .1989 .y ,|n127'T
/DY 164 ,GSI/45/90 N”IT,"A17IXAN |1DDN,1991;0'7W17' ,NMAYN NB'012IIXN

NTIay .(0'D1-NAP-TIAY ATK) ATIA' N 7Y DPAYD-[I9XN NI72I00 7Y NA17IXN L1971 ,.X ,N127
/Ny 70,102/71.0.0 0”17 I7IXIN 1900 ;07N ,NN2YN ND'0121IXD 02

(1989 - NWTN NITAN) D'7WIN'IDTPX 7KW XX 7W 117197I01XD .1970 .7 11

Buchbinder, B., 1969. Geological map of Hashephela region, Israel, 1:20,000, with
explanatory notes. Geol. Surv. Isr., Rep. OD/1/68 and Inst. Pet. Res. Geophys. Rep.
1030, 13 pp., maps.

NTIN' N79W7 QTN 0N



Buchbinder, B., Benjamini, C., Mimran, Y., Gvirtzman, G., 1988. Mass transport in
Eocene pelagic chalk on the northwestern edge of the Arabian platform, Shefela area,
Israel. Sedimentology, 35:257-274.

Buchbinder, B., Calvo, R., Siman-Tov, R., 2005. The Oligocene in Israel: A marine
realm with intermittent denudation accompanied by mass-flow deposition. Isr. J. Earth
Sci., 54:63-85.

Buchbinder, B., Martinotti, G.M., Siman-Tov, R., Zilberman, E., 1993. Temporal and
spatial relationships in Miocene reef carbonates in Israel. Paleogeogr., Paleoclimatol.,
Paleoecol., 101:97-116.

Buchbinder, B., Sneh, A., 1984. Marine sandstones and terrestrial conglomerates and
mudstones of Neogene-Pleistocene age in the Modi’im area: a re-evaluation. Isr. Geol.
Surv., Current Res., 1983-1984:65-69.

Buchbinder, B., Sneh, A., Dimant, E., 1986. The Neogene Bet-Nir Formation: a study
of alluvial aggradation along the toe of the Judean monoclines. Isr. J. Earth Sci., 35:
183-196.

Buchbinder, B., Zilberman, E., 1997. Sequence stratigraphy of Miocene-Pliocene
carbonate-siliciclastic shelf deposits in the eastern Mediterranean margin (Israel): effects

of eustasy and tectonics. Sedim. Geol., 112:7-32.

Druckman, Y., Buchbinder, B., Martinotti, G.M., Siman-Tov, R., Aharon, P., 1995. The
buried Afiq Canyon (eastern Mediterranean, Israel): a case study of a Tertiary submarine

canyon exposed in Late Messinian times. Mar. Geol., 123:167-185.

Fleischer, L., Gafsou, R., 2003. Top Judea Group - Digital structural map of Israel, scale
1:2000,000 (2 sheets). Geophys. Inst. Isr., Rep 753/312/03, Lod.

Garfunkel, Z., Horowitz, A., 1966. The Upper Tertiary and Quaternary morphology of
the Negev, Israel. Isr. J. Earth Sci., 15:101-117.

Gvirtzman, G., Buchbinder, B., 1966. The Tertiary project. Semi-annual Progress Report
on the geological project, The Institute for Petroleum Research and Geophysics, Rep.
1018, pp.11-17.

Gvirtzman, G., Buchbinder, B., 1969. Outcrops of Neogene formations in the central

2012 |I7pWX NI7IXN 112NN 010

94



95

and southern coastal plain, Hashephela and Be’er Sheva regions, Israel. Geol. Surv. Isr.,
Bull. 50, 73 pp.

Gvirtzman, G., Buchbinder, B., 1978. The late Tertiary of the coastal plane and
continental shelf of Israel and its bearing on the history of the eastern Mediterranean.
Init. Rep. DSDP, 42B:1195-1222.

Lewy, Z., Almogi-Labin, A., Siman-Tov, R., 1995. The paleoecological significance of
Upper Masstrichtian and Lower Eocene rocks recently discovered in Jerusalem, Israel.
Isr. J. Earth Sci., 44:25-32.

Martinotti, G.M., Gvirtzman, G., Buchbinder, B., 1978. The Late Miocene marine
transgression in the Be’er Sheva area. Isr. J. Earth Sci., 27:72-82.

Picard, L., 1943. Structure and evolution of Palestine, with comperative notes on
neighbouring countries. Hebrew Univ. Jerusalem, Geol. Dept., Bull. 4, 134 pp.

Reiss, Z., Gvirtzman, G., 1966. Subsurface Neogene stratigraphy of Israel. Third Session
of Committee on Mediterranean Neogene Stratigraphy Proc., Berne: Leiden, E.J. Brill,
p. 311-346.

Sneh, A., Buchbinder, B., 1984. Miocene to Pleistocene surfaces and their associated
sediments in the Shefela region, Israel. Isr. Geol. Surv., Current Res., 1983-1984:60-
64.

Wachs, D., Buchbinder, B., Sneh, A., 1986. Old landslides in the Canada Park area:

geological and environmental implications. Isr. J. Earth Sci., 35:158-165.

NTIN' N79W7 QTN 0N



2012 |I7pWUX NI7IX'AN 112NN 01D | 96



DT §INA 19UPX 1ITX] 1707 0 D 4

0N NIV 217070 NN, \("U:l"7 apy!

NITIN 7KW NIFTR 7w 0Py 00A NNPR TAX AR (27Y0D 0NTA P70 TNIMA) 9iNn 1911pX
N'YIXN N2IYDA NI WNWY 7131 TWX 'TINY 1IN0 §INN 194IPX AIIND .DIINITAN 1NN

.n79n0n [Tyl

:5INN 19MPX 7Y 'MNTA 1P'7N2 D'AIWN O 1pN0 D'PPIND 0NA NINN WI7W1 1p21 1I'0n N1I0n2
1200 7221 110N 17002 (1 1K) NNR'Y NINNIE,ANP'Y N1TNNN INX,[1I7pWUXA 0D 7900 |pNn

DINTA [INNA9UIPX 7 '71y9nn niniol ,alp'y niio 7y NNIPD NN 0NN NIYA 'WIRD

[I'7pUXa N'79NA |pNn :1 nINn

0'nn NIvA - 72 n'7'a 0NN

niaxa 0 paonn (SWRO) na19n nTnoIX ND'WA 0 'D N'79NN7 [pNR 110 [I7pWX N'79N0 [phn
N'2N2 NTRY 1IX7 7R NN OPINY [IYXIN 10 0T [PN0D .NYIXD 0PN N2IyR7 n'71yn
.0' M N'79N0 9'n7 n7vnnn

,IY7XD'0PNN [PNDN NPI9N .2005 DONIXA N'7NN 0NN NPOOXI,2003 NIWA 17NN |[PNRN NNPN
(121 NX7 2NN Y7PRYTN 100 7W NPI9NYT 11pR2A 0121 [pNNN) Y'pn'7n 120 7y NTDIY

N12N 7¥ NI2N NINN NP2 X7XYpP D120 7¢ NDWA N2 [I7pYX Y7 NMINT OpIinn |[phnn

97 NDINTN 9NN A9UIPX T 21707 o



N3N
mra 17 it @

nNipn 'nITye *
D09 D'NIT' ¢

n7onn upnn 8

2012 |I7pWUX NI7IX'AN 112NN 01D | 98



99

[PnnN .n1w 25-3 qwn'7 BOT-Build, Operate, Transfer no'wa n121 bpnon Ji7pwxa ‘7ownn
n'7ix (IDE Technologies Ltd) niar7nap IDE nian nizyaa - VID nyiap v 7y9ini opin

IM7Ivn

.0NDND WY NYNND 7V PRIYNI 9INN0D 10DI7'P 7¥ PNIND O'D DAXIVA AP 1R AWI7Y [pnn'T
(12 70) n122 YN72 0'DN O'ONT1 DWN DX [12'01 O'7p'R' NPT 77120 ,0Tp 719'0 0NAly 0N M
ONNXNN7 0'N70 NIO'NN O'79NINN O'N'Y7 0'9'01N 51017 .0'N'7NN NTI9N IX7 NIINANDA N2ynY7
nN7nnni,NNIPN N12N7 0'DN 02YID 1'79N00 770N 0I'01 LN )*7nN 0y 0'nnl,Nny m7

.0'7 NTNIN

DYyDD “2006-1 MWA 7Y N79NNN [PNNR” 0192 12T ,07I¥A 1100 17712 WA 11'AY ,[pNnn
7X7w1 n79nnn Ntwyna nmiynwn 17T [ax nirnl GWI - Global Water Intelligence

.071yal

ANDPY ATNAA 1NKX :2 11NN

NNipn N1an - [DoDia 'ol' TN

0'mN 71N .07 X127 N1PAY ANPY N1TNNN 7Y9N7 1IN0 17D 750-2 TN ANpY 7n)
7IN'7NN NITY'7 DN2YIND 0'DN YIP'WUN INXT [1I9¥DY 1IT90 NITYY7 111N N7YN1 DN1ayn Yy nuyl

J91pPXT7 O'ON 7IN7N WNNNND YIP'Un 12X02 02 /0D 1.2 7Y 1012 112X NIYXDXA

2’070 8 TV 7V DX N91 X' 'D +17 -3 7V DIN7 YIP'Wn 1IX0D N¥pA W7100 12210 1981/2 nva
0'YyNIN X7PNN 1IXNN 0N2 01IY 190107 NNX 271 N1 DR ['ITN 191N ,5N0 NINADYA ApY ,7V19]

.2DXNY NoN M11'97 NITIAY

X'N N'yan .annY/’n 0.8-2 7w 7IN'7N X 72pNn 7y90Dn 7V 112NN |PTA 1IYXIAY 7IN'7N 11N2na
NIDYONN 2¥PA D170 7IN7NN NIXD 7Y NMMXD N12'900 [271 7172 11X 117 'M'720 NN 2Iyy

TN DN

NI'Ny NITIN2 "9XNNDN M2ATD 'XN T2 XXD1 NDpy 7n1 7w nip«an ax 7w N1TN NLbY 2N

.2007 MY NN'N NIIDL'Y D7) PPV INXY NINNXD DY9N .0'YpYNRN NINNd21

.71n'7NN NITY2 N1TANY7 0Y79N1I0 0'D '9T1IY NDATA7 112'Y 7112 ,|I7pWXA 179000 |[PND NDpn 0y

NDINTN 9NN A9UIPX T 21707 o



TNN 1DIX7 079010 0N '9TIY IDITIN X7 NNNNXD 012

NNDNN NNXY (NMDPY TIX 191N TP NP 1) 0 27 12 D'NITR 17 1121 0'7 INXA 7V N2 1py
'NATRN IT'¥N T'9011 D'NITR INTPA |2 13 .0'7 0'NNI2 DAY 197 0'7N7NPN 0'DA NO'N XIN 0N7Y
.NNITN D'DYINDA 0'PN NX 02 019N7 [TYIY 1IXDN 7Y

7Y NTTNT NXANY NIYID N2XYD NXXIND 110 'NITPR 702 IN700 NN9Y1 , 01y 190D 197
JTXD NDYDIND TP10 'MNITPR NP9 NIRINNXD 0'NIY1A .ONITpn 12yY7 '1an |90

'NITHDA 1220 DP'IND - NNN'Y ANKX :3 11NN

oma niv1 - 21 7Y ANNAIPN N12N - [DDIA 'OI' :0'2"TN

,INN 19UPXR 7Y MINTA IP7N 7Y DIR'wn N12INA 'T2I0 27W 1IDXI NHIAN MNATN TN DP9
UTIN2 0NN NIYI2 NIYIXI O'PN NIYIA 11200 92X 7W AT I9 XN ND2INN . TITYUX7 oy 1 2
790NN IPNNI 0NN NI7IN NIDWD,DNITPN VIXA 771D ,N12INN0 7¢ N'7'7190 NI7yn .2010 IXIN19

.N"Y7n 450-31 NTNX1

40%-2 NIINNN ,MWYA (D'T1172) N70 |10 20,000-1 7Y N'7712 NN P'NINY7 09X 'NITRN T30 'NITR
0'9011 0'2'270 (D' 'N 7712 X7) DIIWN NNIPRAN 91NN 19'1PX7 NATIND N'NIYA 0700 NININ
72.,'N1TN TR0 'NITR'7 21900 ,MIP'Vn IXD ATXA 1PN 7V MIyDYD DIXDY 0'7713 N13na
,INTY) AUTX2 DY NIX 1207 1IN0 2 102 MY TN 17'D7 O'XNN ITX2 N77100 nponny
,OIP'UN ITXA N'PWN7 D'WRYNA 0'NY7IPn NIN'D DX TINY7 11D 07900 1pnn7 (TITUXI [I7pWUX
X'aN'7 19X 17X NI71Y9 217'¥ .0"N20 DIN'T 'D1IA 27071,01p'Wn ITXD 0'NY70 0'NIT) 2'NnY
7y XD"p 12 71y9N IN'DA NIPXA NN7DNN )'70N ND'7171 DINNN 'D 0790 DIp'Y'7 12T 7V 19102

JIXAXN O'DN N2ynn |7'7I'D 9INNA9IpPX DT

7Y YIX ,0'WTN D'NIT'P NNYY 7Y YINIIOTIA 7T 71001 110N 27W0 'NITHN 1210 DR'nD
:0'N'70 O'D'7 179NN 1NN Y 7Y N2NNIEARRALDNITPN 2N NP90X i 7¢ N9YION NJWN
.NI1722 179000 [PNn1 (DN7 [pN0) |02 [I'Y W’V 17900 [pN0

217YNDN 9NN 19'1PX 7Y 'NITRN 71220 11IX7 D'NY70 0'D 2IXYT7 XN 'NIT0NA 110 'NITp Non

77T POX N7 19X DNITRN 172 N2A'NRYN .NTAY NIIAN 7Y 1070 Y70 1Y Vann TRy

2012 |I7pWX NI7IXN 112NN 010

100



101

20-26 |'2 INTP" N113INN N1200D2 .NITHN 0'Y9INN 0'NY7NN 0NN NPT NX NMIYDYN 0OX¥NDX7 711
O'NITPN 15-7 1971DY! 17X DNIT' WY 12 QWINT DNTY 1AW NDWN NYIXT IXT7 D'WTN ONITY
npPI9NY7 O'NITP 40-2 7Y DTN YT TR (APIAT PNY NIXKIYD 2210 MNITR) T XN X7 Dmepn
NIJ'X NINN9NN INX 2pYN'7 110D 'NITP 7¥ NP N12INND 7201 .11wa 0N P’ |I'7'D 35-2 7

J91pPXA 217NN 2PN 0N

NI NN'70NN 17 17'X1 0TI 11MY¥Y 179000 IpNnD QY7 191' 0'NITPan 0'NY70N 00N INXI

N’NXXP-DN'7-NIN2 NN70N 1P 0T 07 DIp'wn ITXD

1PN NPI9NIL,NIYA 27D |I'7'D 35-2 1'9' O'NITPN 12 0'1'AN 27W DX O"0'7 [12IND 2012 910 NX1PY
i i 7D i I | 9 i

.My D |1"7'D 30-2 7y TIDYN (XIN 'D) 179000

NDINTN 9NN A9UIPX T 21707 o



Endangered ancient coastal
D 58_ settlements in Ashkelon region

Dr Ehud Galili

Israel antiquities Authority and Zinman
Institute of Archaeology, University of Haifa

I Sea level rise and coastal erosion- the time perspective: Most
civilizations and urban centers in the world evolved in the last 4000 years
during relatively stable sea level condition. During the 20th century a sea level
rise of about 0.2 meter was recorded all over the globe. Predicted sea level rise
in the 21th century is up to about one meter. Such rise will have crucial impact
on coastal regions. While urban centers and living human societies can adapt,
change and move, coastal archaeological sites can not. After four millennia of
relative stability, we are facing a rapid global sea level rise. Records from the
last million years indicate that sea level can reach as high as + 7 meters above
present sea level even without human intervention.

I Human intervention and coastal development: The Mediterranean
region is considered to be the cradle of many civilizations, religions and cultures.
The cultural and the natural heritage of the Mediterranean countries were and
are strongly modified by climatic change and human intervention.

In recent decades marine and coastal environments were intensively disturbed
by human activities. Massive construction works took place along the
Mediterranean coasts. Archaeological evidences for coastal-marine, including
coastal and underwater archaeological sites recording an evolution lasting
millennia, are rapidly eroded and destroyed. There is an extremely narrow time
span to salvage, protect and preserve the coastal and marine cultural resources
of the Mediterranean.
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I The Israeli perspective: The coastal archaeological heritage of Israel
reflects important chapters and events in the history of humanity, including
the Neolithic revolution and the appearance of the first Empires. It contains the
physical evidences for the foundation of the major monotheistic religions and
other major historical events. Human activity in the coastal region (particularly
sand quarrying and the construction of marine structures) resulted in an extreme
shortage of sand along the coast, rapid erosion and destructive effects on coastal
and underwater sites. The problem has been exacerbated by the global rise in
sea level over the last century. Ancient sea walls, structures and installations
are collapsing (fig. 7). The coastal settlements at risk (fig. 2) can be classified
into three categories: Fortified coastal cities with a sea wall, founded on a rocky
platform; stratified coastal tells and submerged Neolithic settlement. Erosion
rate in several locations is more than one meter per year. The coastal settlements
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' - - !
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Main risks to the underwater and coastal heritage

Figure 1. A tentative typical cross section of the coast with the risk factors to which the
antiquities are exposed to in the different regions, at different depths.
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Figure 2. Map demonstrating the Main endangered coastal settlements in Israel.
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at risk (fig. 2) can be classified to three categories: Fortified coastal city with sea
wall founded on a rocky platform; stratified coastal tell; Submerged Neolithic
settlement. If this process continues, a significant portion of the coastal and
marine cultural heritage of Israel will disappear and archaeological, tourist and
economic assets of great value will be lost.

I Actions taken by Israel to rescue the coastal and underwater cultural
heritage: Israel conducts a series of actions including: monitoring, risk
assessment studies, preservation and protections plans and established special
legislation for the protection of the coastal environment. Underwater surveys
aimed at rescuing and documenting underwater sites are being carried. A
comprehensive GIS data base was established for the coastal and underwater
sites. Damage to the ancient coastal sites is constantly monitored visually,
photographically and by field surveys. During 2009 a policy document and risk
assessment study of the coast and the ancient coastal heritage was prepared
by the Prime Ministerns Office jointly with other organizations. A detailed
master plan for protecting and preserving the sea fronts of the ancient coastal
settlements of Israel was established by the Israel Antiquities Authority. Pilot
projects for preserving and protecting selected sections of the sea fronts of
Ashkelon, Ashkelon north, Ashdod Yam, Apollonia, Caesarea and Akko were
conducted.

| Coastal settlements at risk in Ashkelon region:

Tell Ashkelon: The siteis anational park. The fortified city was founded during the
Bronze Age. Numerous granite and marble architectural elements are indicative
of the magnificence of the city during the Hellenistic and Roman periods. In the
Early Islamic and the Crusader periods the city was fortified by a heavy wall and
the seawall was reinforced by granite columns taken from ancient buildings.
Principal risks: collapse and massive destruction of the seawalls, erosion and
run-off accelerate the destruction of the coastal cliff. There is a significant
narrowing of the sandy beach due to the construction of harbor installations
south of the site. As a result waves are directly damaging the archaeological
remains. There is a dire safety problem stemming from landslides, deterioration
and collapse of sections of the coastal cliff, parts of buildings and installations.
In the absence of protective beach sands, the tell strata are being washed away
after the collapse of the sea walls. Shipwrecks and cargoes are exposed on the
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seabed and are threatened by treasure hunters. Measures required for salvaging
the site: archaeological salvage excavations of the buildings and the installations
on the tell seafront which are in immediate danger of destruction, dismantling
dangerous buildings that cannot be stabilized. Conservation works of buildings
and installations at the seafront: filling empty overhanging spaces, pointing up
joints, stabilizing slopes by means of terraces, vegetation and nets, arranging
drainage on the slope and above it, protecting the seafront by reconstructing
Crusaders seawalls (figs. 3, 4), or building a protective seawall of boulders and/
or depositing sand. Yearly monitoring: panoramic photography and locating
new risks when they occur; underwater surveys to be carried out year round
to locate, document and salvage the remains of shipwrecks and cargos newly
exposed on the sea bottom.

Figure 3. The Ashkelon seawall after conservation (E Galili).
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Figure 4 The Ashkelon seawall during 2012 after storms damage (G. Almagor).

I Ashkelon Mayumas (Ashkelon North): Settlement remains from the
Byzantine period and a fortified compound are located on the coastal cliff and
are currently being destroyed by the sea (figs. 5, 6). Erosion rate has reached
more than one meter a year (Fig 7). A temporary protection of the cliff foot using
geo-technique plastic sleeves filled with sand was constructed several years ago
(fig 8). It was heavily damaged by the sea and failed. Shipwrecks and cargoes
are often being exposed on the sea bottom. Archaeological salvage excavations
of buildings and installations on the seafront, which are in immediate danger of
destruction, are required as well as underwater surveys year round.

I Ashdod-Yam: The site, an Early Islamic and Crusader fortress, is surrounded
by a wall. Parts of the seawalls have undergone conservation and were restored.
The fortress and the seawalls are damaged by the waves. Conservation and
restoration measures are required, as well as protection of the sea front.
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Figure 5 A water well recently exposed on the coastal cliff —Ashkelon north coast (G.
Almagor).

I Conclusions: Sea level rise and human activities, mainly building and
quarrying, are causing massive coastal erosion and the rapid destruction of
unique coastal and underwater sites. In recent years, significant damage has been
caused to the ancient coastal settlements of Israel and valuable archaeological
assets have been lost. Further developing works in the coastal region and rising
sea levels during the 21 century will cause a severe damage to the ancient
coastal settlements. Without the implementation of protective and conservation
measures, substantial parts of the ancient coastal settlements of Israel will
be lost within several decades. The detailed master plan for protecting and
preserving the sea fronts of the ancient coastal settlements of Israel should be
applied.
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Figure 6. A collapse of the cliff and a monumental building on the Ashkelon north beach
(E. Galili).

Figure 7. A drainage outlet on the Ashkelon north beach demonstrating coastal erosion of
ca 15 m since 1999, when it was constructed (G. Almagor,).
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Figure 8. A temporary coastal protection at Ashkelon Mayumas using a geo-technique
sleeve filled with sand (E Galil).
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The late Quaternary dune
D 6 encroachments into the
northwestern Negev Desert, Israel

Joel Roskin', Haim Tsoar!, Naomi Porat?,
Dan G. Blumberg', Ezra Zilberman?

1. Dept. of Geography and Environmental Development, Ben-Gurion University
of the Negev, Israel. P.O.B. 653, Beer-Sheva, 84105, Israel.

2. Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem, 95501, Israel.

Introduction

This field trip follows the evolution and encroachment route of aeolian (wind-
driven) sand and vegetated linear dunes (VLDs) into the northwestern (NW)
Negev during the late Pleistocene, from the Egypt - Israel border to the dunes’
easternmost location at Ramat Beqga. Along this excursion we will present the
morphology, internal structure, chronostratigraphy, sedimentology and dynamics
of the dunes and demonstrate the episodes of their mobilization, activity and
quiescence. This will enable a comprehensive understanding of the forces that
control vegetated linear dune elongation, accretion and stabilization.

The trip will visit sites mainly situated at the dunefield edges, due to logistics.
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Background
| Vegetated linear dunes

The common, dominant dune type in the stabilized world deserts are the
vegetated linear dunes (VLDs). These are found in the vast sand seas of
Australia and the Kalahari and in small areas of the Arizona and California
deserts, the Indian Thar desert and the Negev desert. They are found in semi-
arid and arid lands where the average yearly rainfall is 100 mm, enough to
support a sparse vegetation cover.

There is a direct relationship between (vegetated) linear dune spacing and
height. VLDs have unique spatial structures, where two adjacent linear dunes
merge in a Y-junction (tuning fork) shape and then continue as a single ridge.
Other linear dunes, the seifs, are completely devoid of vegetation on both
slopes. This type is rarer than the VLDs and is mostly found in the driest parts
of the world’s deserts, such as the Sahara.

The processes of formation and elongation of VLDs, which are partly or
fully vegetated, are not well understood because all contemporary VLDs are
stable, located in areas that are under low wind power; active varieties are not
available for study. Nevertheless, it is assumed that vegetation cover is the
main reason for VLD formation, and several theories have been proposed for
their formation.

We propose that VLDs were formed under conditions that prevailed during
the Pleistocene but are not present today. Those ancient conditions were
characterized by higher wind power and lower rainfall that can reduce, but not
completely destroy, vegetation cover, leading to the formation of big nebkhas
with lee (shadow) dunes behind each nebkha (Fig. 7). The lee dunes later
connect to the nebkha in front of it, eventually forming one elongated linear
vegetated dune. The wind that formed the nebkhas and lee dunes also eroded
the swales that run parallel to the lee dunes. Accordingly, VLDs develop by

Main savnd ranporting vind divecion Figure 1. A scheme of the proposed
— . .. .

2 ‘v incipient formation stage of vegetated

i T linear dunes (VLDs). Sand accumulates
'\‘“-k\v/.@?\\‘_Vﬁ"\l behind vegetation to form nebkhas (1) that

bstrate with time coalesce to form a VLD (2).
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elongation of lee dunes and formation of downwind nebkhas, where shrubs
or grasses grow. Thus the VLDs are a combination of swale erosion, sand
deposition, and elongation of the linear dune. Such long, fixed and changeless
VLDs are found today in Australia and the Kalahari.

| Geographic setting and previous works on the Sinai-Negev erg

The Sinai-Negev erg comprises the northern Sinai and the NW Negev dunefields
with an area of 13,094 km?, only 10% of it is in the Negev. The source of
the northern Sinai dunes is believed to be the Nile Delta (Goring-Morris and
Goldberg, 1990; Tsoar, 1990; Hunt, 1991; Amit et al., 2011) though this has
not been proven (Fig. 2a). The northern Sinai is comprised mainly of active and
sparsely vegetated linear and seif dunes (Tsoar, 1974; Misak and Draz, 1997;
Rabie et al., 2000) that have extended in a general west-east orientation. The
Sinai dunes have not been dated by the luminescence methods.
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Figure 2a. Sinai-Negev erg map.
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Situated at the downwind end of the Sinai-Negev erg, the NW Negev dunefield
(N30°/E34°) is suitable for the study of dunefield evolution (Fig. 2b; Table 1).
Its western edge is the Israel-Egypt border and its eastern point is at Ramat
Beqga, an incised plateau composed of Lower Eocene carbonates (Avedat Group)
(Zilberman, 1982), gently rising 10-560 m above the dunefield. This plateau does
not comprise a topographic barrier for dune advancement. The dunefield is
divided by the Qeren-Rogem anticlinal ridge (Qeren Ridge, Fig. 2b) that trends
WSW-ENE and protrudes 50-150 m above the dunes. The portion of the
dunefield south of the Qeren Ridge fills an east-west synclinal depression and
the dunes intercept wadis draining the Negev Highlands (Blumberg et al., 2004).
Dissected surfaces underlain by loamy sediments are evidence for standing-
water bodies created by dunes damming the wadis (Magaritz and Enzel, 1990;
Harrison and Yair, 1998; Ben-David, 2003; Blumberg et al., 2004).

The main aeolian sand and dune body lies north of the Qeren Ridge. It covers
a gently seaward-sloping landscape that was established by the receding
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Theme Data Comments

Dunefield area 1,300 km?
Dunefield width 25 - 50 km
Dunefield substrate Calcic sandy/silty loam

palaeosols and clays

Prevailing dune type Vegetated linear dunes (VLDs) | Several 20 m high
transverse dunes

Dune height/width 5-15m/ 100 - 400 m

Sand texture Sand, loamy sand

Grain size mode range 110 - 250 pm

Mineralogy 83 - 95% Quartz Several carbonate-rich
(3-11%) samples

Vegetation cover 5-17%

Biogenic crust cover On slopes, crest is often active

Initial dune deposition (OSL) age | ~24 - 11.5 ka

Main dune encroachment 16 - 13.7 ka;

episodes 12.4 - 11.5 ka

Holocene mobilization ~2-0.8 ka

Annual rainfall 140 - 80 mm The last 15 years has

been drier.

Table 1. Northwestern (NW) Negev dunefield ID data.

Pliocene shoreline and later covered by a sequence of Pleistocene calcareous
loamy palaeosols (Zilberman, 1991; Zilberman and Amit, 2005; Zilberman et
al., 2007). Previous research has concentrated on the eastern, southern and
mainly southwestern section and edges of the dunefield (Goring-Morris and
Goldberg, 1990; Magaritz and Enzel, 1990; Zilberman, 1991; Harrison and Yair,
1998; Ben-David, 2003) (Fig. 2b). According to small datasets applying different
radiocarbon and luminescence methods mainly upon fluvial deposits in the
southern dunefield, dunes encroached into the NW Negev in the late Pleistocene
(Zilberman, 1991; Rendell et al., 1993). Aeolian sand is reported from ~67 ka
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while the main incursion was suggested to be at 25-10 ka (Ben-David, 2003).
The Negev dunes, associated with Epipalaeolithic sites dated by (uncalibrated)
radiocarbon to ~18-10 ka, were mainly active during the Mushabian Geometric-
Kebaran and Harifian periods (Goring-Morris and Goldberg, 1990).

The dunes are mainly stable vegetated linear dune (VLD) types, with vegetation
cover of 5-17% (Tsoar et al., 2008; Siegal, 2009). Similar to the linear dunes
of the Sinai, the dunes are elongated in a general west-east direction (270°)
with southern dunes trending 259° to 249° (Striem, 1954). The dune flanks are
currently stabilized mainly by biogenic crusts (Danin et al., 1989; Karnieli and
Tsoar, 1995; Kidron et al., 2000). Detailed geomorphic, pedologic and ecologic
analyses of dunes at the Nizzana research station are presented in Breckle et al.
(2008) and an overview on the history of the dunefield research can be found
in Roskin et al. (2011a).

I NW Negev dune sedimentology

The Negev dune mineralogy and geochemistry is similar to the upwind Sinai dunes
(Fig. 3). Both have relatively mature mineralogy (after Muhs, 2004), probably
inherited from the source. However, the Negev VLDs contain a very fine sand
(125-50 pm) component that is not found in the Sinai sands (Fig. 4), but is found
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upon the Qeren ridge slopes (Enzel et al., 2010) and in the loess, downwind of the
dunefield (Crouvi et al., 2008, 2009). That very fine sand was probably winnowed
out from the active Sinai sands and deposited in the northern Negev where wind
speeds were lower and rainfall and surface friction was higher.

| Dune mapping and sampling strategy

The geomorphic units of the dune field were classified qualitatively based on
dune crest orientation and spatial density, dune and cross-section morphology
and dune slope distributions (Roskin et al., 2011a). Ultimately, the geomorphic
units were merged into three main west-east trending dune bodies, delimiting
discrete incursion corridors as partially consistent with Tsoar et al. (2008) (Fig. 2b).
The sampling strategy for stratigraphy, sedimentological analyses and OSL
dating was designed to identify the earliest dune incursions and to analyze
dune elongation/advancement rates. The dunefield was sampled along 5 lines:
a western and an eastern transect generally trending north-south, and a west-
east transect along each incursion corridor (Fig. 2b). The western transect along
the Israel-Egypt border is almost perpendicular to the VLD orientation. Sampling
was performed along this line in every geomorphic unit. In the eastern transect,
the easternmost extent of each incursion corridor was sampled.

Sampling was conducted at defined sites, which often included several exposed
and/or drilled sections of the dune, interdune and upper dune substrate. Exposed
sections composed a majority of the sections and enabled detailed stratigraphy
and sampling.

| OSL dating

The sands were dated at the Geological Survey of Israel (GSI) by optically
stimulated luminescence (OSL, Aitken 1998) using the single aliquot regenerative
dose (SAR) protocol (Murray and Wintle, 2000). OSL is a method that dates
the burial age of sediment when it loses contact with sunlight. It is based on the
accumulation of dose and emission of light, luminescence, mainly from sand-
sized quartz grains. The age range over which the method can be applied is from
several hundred years to several hundred thousand years (Wintle, 2008). In this
study it was assumed that the luminescence signals of saltating sand grains are
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fully reset as consequently confirmed by modern upper dune section ages dated
in the range of 150-10 years.

Sampling for OSL dating usually began 1-2 m below the surface to avoid the
bioturbated and active dune crests. Sampling points in exposed sections were
chosen for each unit and involved driving hard, opaque plastic pipes into the
exposure. Drilling was performed with Dormer Eng. hand augers and a maximum
drill depth of 11.4 meters was achieved.

Altogether over 100 samples for OSL dating (Porat, 2007) and several hundred
samples for sedimentological analyses were collected from 40 exposed sections
and drills at 20 sites (Fig. 2b). This high sampling density provides a relatively
reliable numerical age dataset for environmental and palaeoclimatic interpretation
(after Telfer and Thomas, 2007).

Stop 1: Plada Division memorial observation tower, Qerem Shalom belt:
Aeolian sand landscape: Sandy soils, aeolianites and the Sinai and
Negev dunes.

We are located in the Qerem Shalom (QS) agricultural belt (Fig. 2b). To the south
we can see the NW Negev dunefield composed of VLDs. Further southeast
across the border we can easily discern active exposed linear dunes. To the
north we can observe the southern (exposed) aeolianite ridge near Dahaniya in
the Gaza strip.

The region is dominated by aeolian deposits. The surface is covered with thin
sandy soils that overlay interchanging deposits of calcic loessial paleosols and
sands (see Stop 2). These units extend into Sinai where land-use is different.
There is no substantial drainage network in the entire sandy terrain extending
from Wadi Al-Arish in northern Sinai to Nahal Besor in the northern Negev.

There is a sharp rainfall gradient from north (Rafah - 200 mm) to south (Nizzana
80 mm) and parallel to the Gaza strip from southwest to the northeast (Sderot
400 mm). By Sufa, only 3.5 km to the north, the sediment, though still sandy,
includes darker and more clay-rich units than at the Qerem Shalom trench,
portraying the precipitation gradient.
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Strong southwesterly winds, associated with winter storms, are the main factor
driving sand (grain) saltation while winds from the coast also have occasional
sand transport power. The climatic configuration in the past was also strongly
controlled by the Mediterranean Sea (Enzel et al., 2008). Winds were probably
similar in direction but higher in magnitude in the past, enabling substantial
sand transport and consequent deposition.

Stop 2: Qerem Shalom trench: Mid-late Pleistocene sequence of sand and
calcic palaeosols.

The Qerem Shalom (QS) section is composed of a series of seven aeolian sandy
units separated by sharp contacts. Each of these units contains at least one
calcic paleosol (Fig. 5). The uppermost unit is capped by sand. The OSL ages
range from modern (130 years) to approximately 500 ka, beyond the limit of
OSL dating. The ages can be considered reliable for the upper units (4-7). Grain
size is finer in units 4-7 than in the lower units.

This QS sequence reflects several cycles of aeolian activity, each starting
with aeolian sand and silt accumulation, continues with a period of stability
characterized by calcic soil formation and terminates with the erosion of the
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Figure 5. Qerem Shalom trench stratigraphy, OSL age range and grain size fractions.
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upper part of the soil (A and upper B horizons), probably by deflation and
sand abrasion. The eroded particles were probably deposited to the east. All
of the units are intensively bioturbated, reflecting long surface exposure due to
low accumulation rates. This suggests that vegetation, sustained by sufficient
rainfall, played a major role in the formation and stabilization of the aeolian
deposits.

Unit 5 (190-150 ka) is marked by large fractions of very fine sand, silt and clay.
The deposition of the Unit 6 sands (~40% very fine sand) started at ~90 ka
during MIS 5. The top of the unit, dated to 55 ka, marks and end in dune-sand
accumulation while very fine sand is dated there to 40 ka, possibly indicating
a decrease in wind power. Subsequently, soil formed during the colder Last
Glacial periods of MIS 3 and 2. The time of sand deposition in the upper part
of Unit 6 is similar to the time of dune formation along the central coastal plain
(~65 and 50 ka) (Porat et al., 2004). The time span of paleosol formation in Unit
6 corresponds to the formation of Hamra in the coastal plain, which developed
between ~50 ka and ~13 ka (Engelmann et al., 2001; Frechen et al., 2001,
2002; Porat et al., 2003). Unit 7 started to accumulate at ~16-12 ka at the
time of the Negev dunefield main mobilization episode, probably during times
of maximum sand transport fluxes. The unit here, ~1 m thick, is significantly
thinner than Negev dunes which then attained thicknesses of 5-10 meters.

The QS sediments are composed of sand from the continental shelf and coastal
plain, sand from the northern Sinai dunefield and finer (loess-size) particles.
Due to the proximity to the coastal aeolian dunes and aeolianites (observed
at the previous stop), and since the units can also be generally chronologically
correlated to the Israeli coastal plain sequence, we suggest that the sands
originated mainly from the coast and not from northern Sinai, aside perhaps
Unit 7.

The ages of Units 5 and 6 also resemble the age range of units L1 and L2
(respectively) of the northern Negev loess, downwind of the dunefield (Crouvi et
al., 2008). This, and the increase in very fine sand in units 5-7, can be explained
by aeolian addition of very fine sand and suspended silts and clays in a windy
climate, probably from the west (after Enzel et al., 2008).
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Stop 3: Haluzit 1 (village): Fully dated dune section and palaeosol substrate.

The stratigraphy and chronology of this full dune section is representative of the
entire dunefield. It was trenched in 2006 as part of the construction of a road.
The section is of the dune axis and includes four main aeolian chronostratigraphic
units (Figs. 6 & 7):

di sand sels
0 0062 Dry dipping
W |0005ka
Dry horizontaly bedded sand

Bicturbation, abundant roots.

Dry horizontaly bedded sand
137+  Complete snail shells and shell

fragments.
0.9 ka Flat thin subtle boundary

Structureless uniform fine dry
1.1ka  sand No biological remnants,
Current sand talus beneath 5 m.

Structureless umform stratified
/ fine dry sand. Several slightly
3.5t darker laminas Single root traces.
2.2 Thin layer with unique pebble
concretions. Probably erosional surface

10619 Light brown consolidated caleic silty loam

108+22 Dark brown calcic silty,
strongly consolidated palaeosol

Figure 6. Haluzit 1 stratigraphic section.

d—— Recent; 150-40a —jp

I.;: Exlm:m:;

o Silty calcic loam palacosol; 116-108 ka securty road
500 1000 1500m

Figure 7. Generalized VLD chronostratigraphy in the western part of the NW Negev
dunefield. Ages in ka.
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1. The dune substrate: Calcic loamy paleosols, ~100 - 30 ka.

2. The main dune body dating to the late Pleistocene, 18 - 11.5 ka.
3. A late Holocene dune unit, 2 - 0.8 ka.

4. Modern cross-bedded re-activated dune crests, 150 - 40 years.

The dune substrate is quite sandy and indicates the presence of sand in the
system since ~100 ka as suggested by Zilberman (1991). Sand flux was small
and surface roughness was higher due to increased vegetation cover. Between
these pulses pedogeneisis has ensued. The contact between the dune substrate
and dune is sharp.

The second unit comprises the majority of the section and indicates that between
15.5 - 13.7 ka, the main mass of sand rapidly encroached into the NW Negev
(Fig. 8). As this unit composes the base of the VLD and also the interdune, this
sedimentological episode may have been in the form of a “sand sheet”. It is
also possible that the upper part of the section was in the form of a VLD and
was later eroded and redeposited forming a VLD during the late Holocene. Both
scenarios result from enhanced sand supply and strong unidirectional west-east
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Figure 8. NW Negev dunefield western transect and chronostratigraphy. The transect
Jocation i1s marked on figure 2b. Ages in ka.
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winds. Sand sheet development may be a result of higher vegetation cover,
probably caused by the suggested wetter late Pleistocene.

This dated sequence presents the internal structure and helps understand
the development dynamics specifically of VLDs (Fig. 9). VLDs both elongate
and accrete sand. During major mobilization episodes VLDs accrete and
the corresponding units have horizontal contacts as observed parallel and
perpendicular to the dune axis. Accretion may have involved erosion to a certain
extent but the 13.710.9 ka unit overlaying another 13.7%1.1 ka unit indicates
two successive accretion stages with probably relatively limited erosion.

VLD elongation direction

— —

1 E2(1.73+0.09),

T

112 (13.740.4) i
B (15.1+0.6) !

40 (17.9+1.0),

= b,

-

kilometers

Figure 9. Scheme of the VLD elongation and aaccretion. a. Schematic longitudinal section
of a VLD showing elongation and accretion stages according to Negev dunefield OSL age
ranges. b. A schematic cross-section of a VLD presenting dune-sand accretion stages and
the resultant dune-axis core stratigraphy that enables reliable OSL-dating.

Stop 4: Ze'elim roadstop, the northeastern edge of the Negev dunefield:
Observation of the large Baladiya VLD and evidence for a rapid major
incursion episode.

We are located at the eastern end of the northern dune incursion corridor
(Fig. 2b). The northern incursion corridor VLDs are usually broad and low, and at
the northeast corner of the dunefield (Baladiya) the VLDs are exceptionally broad
(200-400 m) and high (10-15 m). The only evidence of ancient watercourses
beneath the central and northern dune incursion corridor is found in the Baladiya
section drillings that penetrated gravels beneath the dune section (Machta,
2005). These may have been deposited by the lower Nahal Mobra (Blumberg et
al., 2004) prior to dune encroachment. Nine meters of the Baladiya VLD axis
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is dated to 15.910.7 - 13.7x1.7 ka (Fig. 70). The late Pleistocene section is
overlain by a 0.6 m sand unit unusually cemented by carbonate (3.0+0.6 ka).

Precise VLD elongation rates cannot be calculated since the dunefield lacks
VLDs that continuously elongate as a single defined dune for many kilometers.
However, sand transport rates can be calculated between the western and
eastern ends of the dunefield. The northeastern edge of the dunefield shows
late Pleistocene OSL ages similar to those found in the western transect. The
basal and the mid-section ages of Haluzit 1 (Fig. 6) in the west (15.5 £2.2 ka;
13.7 £0.9 ka, respectively) present essentially identical ages as the Baladiya
section. These ages signify rapid elongation and buildup roughly over ~1,000-
2,000 years. These ages, along with additional ages from the lower parts and
bases of dunes in the western and central dunefield, suggest that the main
and major dune incursion and buildup phase was at ~16-13.7 ka (Fig. 717). This
event has been suggested to be connected to the Heinrich 1 event (Roskin et
al., 2011b).

The dune palaeosol substrate ages (108 £22 ka and 106 +19 ka at Haluzit and
98129 ka at Baladiya) are also similar and may indicate similar erosion patterns
preceding or during dune activity.

After ~14 ka, wind probably subsided resulting in less sand input and dune
growth. Based on the broad and high Baladiya section, in contrast to the limited
sand found further east, later winds did not substantially erode the dunes axes.
The current presence of relatively abundant vegetation throughout the northern
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Figure 10. Baladiya VLD section.
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part of the dunefield (Siegal, 2009) and thicker biogenic crusts (Almog and
Yair, 2007) that may have also been present in the past, also decreased sand
mobilization.

Stop 5: Retamim road stop, central dune incursion corridor: Observation of the
Retamim dunes and last paleosol and initial dune sand ages.

We are located in the eastern part of the central incursion corridor. To the east
of the Ze'elim - Mashabei Sadeh road are the Retamim dunes and beyond them
the easternmost Sekher dunes. These dunes reveal dune morphologies that
degrade towards the east. The Retamim section marks the sharp change at ~30
ka, between the youngest calcic silty paleosols that compose the dune substrate
in the Negev dunefield and the oldest age of overlying aeolian dune sands (Fig.
12). The site also marks the easternmost extent of the major dune incursion at
~16-13.7 ka (Fig. 11).
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The base of the Retamim interdune (ID) section preserves the oldest
unconsolidated aeolian sand units (27.3+3.8 ka and 22.8+3.1 ka) that overlay
a calcic loamy sand palaeosol dated to 28.3+2.7 ka. The dune substrate age
is similar to substrates along the western transect at the BM (29.7+3.5 ka)
and Tzidkiyahu (~30%7 ka) interdune sites (Fig. 8). The base of the sand
section, which is only slightly younger than the palaeosol, marks the onset of
the aeolian sand phase in the northwestern Negev that soon matured into the
initial dune incursion. The sand base ages resembles the Halamish VLD flank
dated to 23.313.4 ka where Ben-David (2003), based on a similar IRSL age of
23.5+1.5 ka suggested initial sand accumulation at 25-27 ka. It also strengthens
Zilberman’'s (1991) synthesis of the southern dunefield that suggested initial
sand incursion followed by dune incursion that began evolving at 25-30 ka.
Altogether, the Retamim interdune section preserves evidence of the ~1 m
thickness of the initial ~27-19 ka aeolian sand cover on the paleosols.

The ~27-19 ka ages are not common at basal sections along the western
transect of the central and northern incursion corridors (Figs. 8 & 77). This may
indicate that the western transect bases have been fully reworked by the later
and major dune incursion and the OSL signal of the sand grains was fully reset.
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Figure 12. Retamim VLD section.
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The Retamim basal ages were possibly preserved due to local physiography of
local depressions or pockets. The thin unit dating to ~16 ka age of the Retamim
ID section attests that the major incursion was only thinly recorded in this
eastern section.

The consistent lack of preservation of old basal units throughout the dunefield,
considering the sampling resolution of dune bases, also suggests that the initial
sand was thin. Furthermore, the younger sand and dune cover east of Retamim
does not support the notion that a thick sand unit was deposited at ~27-23 ka
or even earlier, to be later transported and accumulated further east during later
dune incursions. This comprises additional support that dunes surely did not
cover the NW Negev before ~23 ka.

Stop 6: Ivha hill - southern dune incursion corridor observation point.

At this stop we will observe (Lavan) VLDs (Fig. 73) and learn about the VLD
geomorphology, vegetation cover and dynamics (Figs. 1, 9) (see introduction).

Figure 13. The spatial pattern of VLDs. a. Orthophoto and VLD crest lines (in orange) of
the Lavan dunes.

The capital letters correspond to soil types (Dan et al., 1964). v = Sand dunes. t = Sandy
regosols and arid brown soils. | = Calcareous serozems.. s = Brown lithosols and loessial
serozems.

b. Map of the Lavan VLD crest lines.
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Stop 7: Shivta Junction: Abundant prehistoric sites by a dune and standing
water deposits.

Standing-water deposits (SWDs) or paludal sediments are found throughout
the southern dunefield from the Egypt-Israel border to Nahal Sekher (the central
corridor) in the east, commonly overlying basal dune flanks, expanding into the
interdunes and upstream. They are evidence for dune migration that dammed
wadi courses (Magaritz and Enzel, 1990; Ben-David, 2003).

Ten interdune sections with stratigraphy of interchanging aeolian, fluvial and
standing water deposits were studied and dated from underlying and overlying
sandy sediments. The results in the context of the NW Negev dunefield dune ages
show the direct relationship between dune mobilization and stabilization to dune-
damming and breaching.

Thus, dune damming exemplifies the extent of environmental impact of a massive
dune incursion. Interdune basal paludal sediment overlie dunes dated to ~23 ka
and 18 ka, suggesting accumulation mainly in response to the main incursion period
due to intensive dune damming. We also suggest that the main dune incursion
transported large sand volumes across Wadi Al-Arish and blocked it as well.

The upper-parts of six interdune sections date to 10-8 ka, younger than the main
incursion stabilization age. Following the cessation of dune elongation, water-
lain sediments continued to accumulate behind the dune dams until breaching
them. Mid-sized (10%-10° km?) NW Negev catchments breached and destroyed
the dune dams in the Early Holocene leaving residual standing water deposits
(Harrison and Yair, 1998; Ben-David, 2003). In contrast, smaller drainage basins
are still covered by dunes (Blumberg et al., 2004). This aeolian-fluvial history
may explain the occurrence of mainly Mid-Epipaleolithic (~15-12.5 ka) to Harifian
(~10.75-10.1 ka) artifacts and camps in this part of the Negev (Goldberg, 1986;
Goring-Morris and Goldberg, 1990). While it has been pointed out that those
archaeological sites have a limited spatial extent in the region (Goring-Morris and
Goldberg 1990), paleolakes and ponds created by dune dams would have been
favorable sites for at least short-term human settlement.

North of Shivta junction is a ‘playa” (SWD) that was probably formed by the
dune to its north damming wadi Es-Sid (Magartiz and Enzel, 1990) (Fig. 74).
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Figure 14. Standing water sediments at the edge of the Shunera dunes, north of the
Shivta junction. a. Map of the Sekher prehistoric sites, geomorphic features and location
of cross-section and log. b. Cross-section. (Figs. 13a, b is courtesy of Nigel Goring-Morris).
c. Stratigraphy (log) of the standing water deposits (playa) described at the ‘geological
trench’in fig. 14a (Magaritz and Enzel, 1990).

At the base of the dune are abundant sites spanning the Epipalaeolithic period
(Goring-Morris and Goldberg, 1990). The sites are short-term campsites and are
suggested to be associated with the nearby standing-water body (playa). A layer
of Harifian artifacts stick out of the lower dune slope and attest to the dunes’
presence and configuration at that time.
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Figure 15. Orthophoto and generalized cross section of the (Nahal) Sekher sites. Section
B-B’ is depicted in Figure 17.

Stop 8: Sekher sites: The Sekher VI Natufian site and interchanging early
Holocene standing-water deposits.

I Sekher stratigraphy

The Sekhersandsand 1-5 m high dunes differ from prominent dune morphologies
that characterize the NW Negev dunefield west of Nahal Sekher and have
younger incursion ages (12.4-11.6 ka) than in the west (16-13.7 ka) (Roskin et
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Figure 16. Stratigraphy of the Sekher sites.

al., 2011a, b). The sands fill several wadis that slope westwards towards Nahal
Sekher (Fig. 8) from a local water shed at an elevation of ~380 m located 2 km
east of the Sekher VI site. Along this west-east topographic incline, the sand
cover accumulates and then thins out until it diminishes (Fig. 75).

Here, two prehistoric sites along with adjacent paludal deposits were investigated.
The Sekher XXX site is at the fringe of the Sekher dunes on the southern bank of
Nahal Sekher. Harifian artifacts upon a thin loam crust, are only 35 cm beneath
a surficial and bioturbated sand unit. Sand from 10 cm beneath the Harifian
unit, dates to 11.5+1.3 ka (Fig. 76).
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The Sekher VI site surface, at ~340 m, slopes westwards to Nahal Sekher and
southwards to a Sekher tributary (Fig. 76). The site is embedded in undulating
aeolian sand, resembling coppice dune morphology. The site is mainly composed
of a distinct (exposed) surface containing Early and Late Natufian lunates
and other artifacts and tools (Barzilai and Agha, 2010). The surface which is
composed of a thin 1-2 mm soil crust is additionally strewn with limestone
pebbles, lag deposits and snail shells. The limestone pebbles are 2-15 mm, sub-
angular to sub-round and polished, suggesting a fluvial source. Lag deposits are
sandy concretions cemented by calcium carbonate. Snail shells (2-40 mm) are
complete and broken.

Two main OSL age-groups are discerned; 13.7-11.5 ka from below the Natufian
layer and 3.8-2.9 ka above the Natufian layer (Fig. 75). The lower sand dates to
12.411.8 ka and is overlaid by the pre-Natufian sand similarly dated to 13.7+1.3
ka. Another pre-Natufian sample at the northern section dates to 12.3+1.2 ka,
similar to the other ages. The overlaying sand from both sections dates similarly
to ~3 ka, similar to the 3 ka calcic sand unit in the upper Baladiya section (Figs.
10, 17), possibly indicating a short and small remobilization. The Natufian sand
gives a mixed ~3.8%+1.2 ka age, probably indicating deflation sand mixing as
observed in the section.

The Sekher VI Natufian units overlay sands of similar ages of ~12.4, ~12.3 and
~11.9 ka. This indicates sand encroachment and stabilization shortly followed by
Early Natufian encampment. The ages beneath the Natufian layers correspond
to a second sand mobilization episode at 12.4-11.6 ka that brought the Negev
dunes to their easternmost extent (Fig. 77) and has been associated with the
Younger Dryas (Roskin et al., 2011b).

I Standing water deposits and dune damming

The Sekher sites have been associated with paleolakes (Goring-Morris and
Goldberg, 1990) covering 60,000 m?, radiocarbon dated to 11.6-10.3 ka BP
(uncal.) whose formation has been associated with dune activity and aridization
(Enzel, 1984; Magaritz and Enzel, 1990). The paleolake dates though, were
carried out on fine carbonate minerals extracted from a gypsum layer and
therefore should be viewed with caution. Here we present OSL ages for the
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Sekher sands,

Sekher VI Natufian s

Figure 17. Chronostratigraphic sections of the Sekher palaeolake fringe (see figure 15 for
location).

upper paleolake section.

A flat paludal sediment surface abuts from the southern edge of the Sekher
sands and was hypothesized to be the fringe of a palaeolake. An outcrop 85
m southeast of the Sekher VI site composed of interchanging units, several
decimeters thick of calcic reworked sandy/silty loams was dated to 9.0t1.5
ka at 45 cm. It post-dates the sand deposition and Natufian encampment. A
trench approximately 50 m east of the Sekher VI site revealed paludal sediments
interchanging with the aeolian sand dating in the range of ~7.7-10.9 ka (Fig. 17)
that post-date the Natufian, indicating the persistence of a closed water body
probably by dune damming.

The presumed standing-water body probably extended to the south, where
south of road 40, 5-10 m thick paludal sediments are exposed, and form a flat
surface and a shoreline lined by prehistoric artifacts.
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I Summary

Along this excursion we observed full VLD sections and their relationship with
their underlying substrate. We learned about the initial and main encroachment
stages and their impact on the landscape and prehistoric man. The data is
important for understanding the triggers, extent and intensity of past, historical,
present and future dune mobilizations.

The evolution of the NW Negev dunefield included several episodes. While thin
sand sporadically covered the NW Negev since ~ 100 ka, dunes initially reached
the Negev from northern Sinai around ~23 ka. Two main dune encroachment
episodes are identified. The first and main episode, concentrated at 16-13.7 ka,
deposited thick dune sections in the western part of the dunefield, thinning out
to the east. A less intense episode, partially based on the ages of this work and
associated with the Younger Dryas at 12.4-11.6 ka, transported sand several
kilometers further east and formed low dunes and sand cover in the vicinity of the
eastern Sekher sites. The Negev sands were partially and sporadically mobilized
until stabilization at ~10 ka. During the main dune encroachment episode
extensive dune-damming was concentrated along wadis in the southern part of
the dunefield, recurring during the second episode and lasting into the earlier
Holocene. These short-term water bodies attracted prehistoric man. Since the
onset of the Holocene, due to a decrease in windiness, the sands have stabilized
and were probably encrusted, aside from a late Holocene remobilization and
modern upper dune and dune crest activity, possibly related to the impact of the
Nabataean, Roman and Byzantine anthropogenic activity.
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