
7,,)• ,!,n9J ,,J,)1N,Jn 71.Jan ,7,p1H Jp», 
-7J1Pj)P , ,,,.on -jJlYl a,,u ,n,1;, _!>'II n,,;,D 
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n.J17iJJ n!>on a,!>• a,pn•nn P1YD .J 'DD ,,,o 
)1)j, ,,,on .!>•nn niln ,•in 71J1N1 n•Jn niln 
.o,a,n n!>,n u;,,,,,., a,pn,nn P1YDl n,,.~ np 

z,•!>~ ,)nsJ - 0,,1,nn n»pll uaJn ,n,1p) ,J1!>1H,J ,,,o 

.2 D711J !>• PlUJiJ UJJn n11p 77) - iJJ1'11H1 nJnn .~ 

rn,~, 20) D711J )-,, 7J1)1N7JiJ iJJJDn - iJJl'IIN1 nHY1iJ 

.•-------~-----------------------------------------1J1D )~ n,,.J )JlJ J1J1Dl 719Yl ,71» ,,,) n,n,ra-n,0117 ,o•p 7 -j NY.DJ ,o,11J !>• nJl.DiJ 
D"i>-2.5) .. ,,,,r (J1»a-719y n .. ;, 13) "717'.J .. (iJJlJJY z,"'p 12) ·o,,upn'" 71J.J n1!>ru n1J,);, 

, ( iJl-,Jl'D 
,D7J1P 07jJD1Nl U)JDNl PDJ ,TJ NYDJ n)N Q7JlDl 

071171 ilJ.:n, ,n,1v 17 7"J) 1n1N 7J111Pi'J iJJ.llliJl 0,,1,nn m:ipl 11nJ NYZJJ 071'1.1 )D i1Jl.Di1 
.o,,1,nn1 ""'D ,nn1JD n111yn ,7, )p no1:,z, iJJ.lDiJ ,1rH .71,1on .1.1) JlJDn ,;)o ,,, 117n• 

-:, 1;rn111 r,"p 4 _., lJ11H • 11,,v JJ nJJIJ D'Dl )p 1),51N l1HZJ 711;, i1JlZJ Hln 0,,1.1 nJlD 
iJJlDiJ n11;, n1l7lDJ 'lYD 'J111Dn nJlZJiJ "'• ,.N, ,0117 -JllY Nln ,,,y ,,,,, .a•;, 2 

.G.C.l 
.(J171K n11Yn)J 3 D71JJ1 (q,,P n11yn)J 2 0,,,.1 :nr i1Jl.Dl 1l»l 1n7pJ 1l:J D'j11ZJ» o,n11p 2 

n11ynJ 07Dl LlDJ j)7!)jJ "3 0,,,.2H1 r,pJJ NliJl on,non N) T.11 UJ>J 'lZJO 1NYDJ 2 D7"UJ.l 
.,n11 ni1ynz, r.u -,z,JN 

a,pnpn ,nH; ,(cN,,u 71nnn-K11, ;,JnJ n1;,1»» n111YnJ ,;;,1;,-nnn nJlDn ;1,.1 nH 1nH) ,7:, 
n;,K-71» "'l' nDlY ~,J:,n »U?J ,00,,0 1nn n•»J n1rz,-0117J 11Dn pn»n 01,;, nnH;, a,;,,n» 

111 7:JJ o,,;r,11J o,;,n»n ,Jr,J 7,nJn) 1PDN ,r,o,,on 1;,n )• n»11.1n 1n1,,N n,,n; .111nn-;,1Y 
.n,rD-D117J 11DiJ ;,n»iJJl iJJl.Dn "'" 11TNJ J1PD-D117-01TD-71DY 

.nJJDn r,,n nH o,y1nr, o,;,n;n nH n,nJ:, 11n ,n;11nH; n1;,JP 4 0,11.1 n11p 

.2 -1 1 111z,n-p1Y n11p Z'J n,J111unn;J.1n - n,Jr, nJnn .J 

·!DlCZ=!~l:]l2~D.Cl!.2lZC.Z~-~2~:2ea.lDC:.~!l.Blll~Z~-~l2~!D2.::a~~f-2~~2 
);, ,,non UDJ ;" nJ1"K1n n,;.1nn nK n11nz, 1 111on-;,1y n11pl 1981 -l n).1nni, ;;,n UDJn 

-:, ) l1 ?01DJ n1,K1T1N7)D-n1,0K,,u n,,ur,; UDJ n11;, JJJJ OlPJ i1J1.K1) .,;,., JJJj) 11THJ 
)r, o,,n,ron jJ7)19"J KYDJ 11,nn ?lY ;p 1u;,n 7J111Un j)JJDiJ •'l111Un jJJJDiJ "'•D (D"p % 

n111Yn ,7, );1 ,n,ron 1;,)nJ n1,J111u n111YnD 0,J10,pJ1 o,,,.1J no1:,z, Hln .0,,1,nn n,;,:i 
.l1YDJ •• ,z,1 nn1JD 

K117 ;,JD) o,;,,n»n DJJJDiJD 07Jl" D717JYn D'JJDa• nN1n ,n,rz,n JJJn 11THJ 11»J• ,pnD 
.nu~n ,;o ;i, ,,,rKn ,,o,on1 o,;,,o»n D,n11,;,n o,oJ )» nn•»J 1r n11J» .(0H,1u-11nnn 

,p;,1p-nnn nJJDnw nnK1n~ 111z,n ?lY ,,rHJ na,pz, n,r,a,K,.1 n11J» nn•»J 11•H1n n11pn inK) 
11rHn nK o,;,;non o,J, 0,pn»na,,J111u a,,JlJDn o,JlZJnD nJ1• n1,aH11,-n1,oH,,u n111Yn )• 

.o,p,n• o,pn»n on, DJ11J o,;,1)J) 

,,1;,r, o; nn,u• ,7 no11ov)D ;i, nJJD .01,1-Jl»Y 111HD 'T~1D ;,1)J o,,p 111on-p1y i1THJ 
p,n» nJJZJ ;w n:,i»ono p;n n1,nz, 11rHn ):, .1n1, 0,10 ,a,,1n p)nn 1•K:J n,on, o,Jup o,nlJ 

.0,,1,nnn n•P.l )• n)11J n,J1Jo nJ,)PJ'D ,., no,~an 

11rNJ VDJ ,.,a,nn n,r~inn niuz,n ,o,Jin o,,J1upon o,,,J,•n1 n,z,,,11,,,nn n1),1an JP» 
-»ai,n• n,1,j;D .o,u,,1a11Hn )• 110) nnno ,0H,1un 1nnJ n1Ta.2,,o,oo n111J)ZJ KlYD) nn,n 

.n,0J,1111,n1 n,J,opu n1),•ao n1n• nJ 

1H ,iJJlU n1j7ff )»J UDJiJ .OK71U ;,.10 07Jll.1 n11Yn )• )1n n1•1» 11nl HYDJ UQJjJ #DJOH1 
11rKJ V9J n1• n1n,9 .n;Kn )1nn ,a1J n,,,.an nH 1,n»l 1nH) 1••H 7y,:, n,»J no,,;, ,,,,m 

.nr .21oz, n111:,)z, inK) nn)Ynn n1,0J ,,)n nr 

.7,p1N ., - 110 ;n;1 o,)», )nJ J7J n1Yo JJ1JJ 0,1,»Y nno ,p1,o 3 oo nJnn - J •oz, 11,0 

:n1,,p,, n1Y1Jp »JiK) o,p)nno 11rHJ o,p,on 

.33o0 
111,:,J a,pn,n .1 
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,Di1J731!' o,Ju;,n o,e,1Jn .n;Dn o, ;11 n,.Ji»an n1J.J o,0011nn1 D7J.J1Ji1 nH a,1y1, n;N o,pn»n 
o,n,.v;, 07Jjll 07iJ.JJ.J 07j)1YD.J n;JnD n;H 01pn;n; 7jp7.J .D77£1N1i1 07Jjj7.Ji1 ,,nN 07.JPl» 

117.J o,pn.vnn .;,n.vnn 11211:J.J a,,J10.J;N1 o,,ps1N a,,.JJN n;,;nn ,,,21,n n1N1} 1n1J n1.J11;, 
.o,,oz, n1111» }11 npn;n o» a,,;z,11J ;;., 

ni,,;,.vg , 71;0 ;,JD nn'JJZJ 11t1-,;, '"» no1.:n, p_11,nn- 111H.J pJo} 011;,.J .JE'OJ n;N o,pmm ;,.:1 
r,p,;n n.Yl»D.J on1;,E1 ,1!'2'71:'1 nn1JD n,11yn )11 n;,mm '"» n11t1J o,pmmn 111H) ,n11nn 

.o,;,n.vnn 111N) n,r,nn n,;,.vgn nH 0,11,.:1,n a,,.:11)1g11ZJ1N,.:1 a,,,w,n ;11 nn1Jnn1 

,D71:JTli' o,;,,o .2 
-.VDi1 .n1.J1.VZJ ,ne,.J 07}JnD 07.JlZJDi1 0?11TN.J1 i17YZJ 7.J1J 11n.J 11TN.J 071:JTli' 07p7Di1 n.J1»ZJ 

o,;,,o .356°-, 2900 ,60° o,;11,.J.J n1J11nn ~.J1»an1 300 ,J1s0 o,;71,.J.J n,N1J o,,;,,;n nj, 
,9ol'J !,e, .:znn.:z o,p1on n11,,, n11.Jn.:z ,n,!,p;o __ 111H ,1n1J:o n,n·n.:z1 n11n, n11.JnJ 01v!i.Jn:o n)H 

10-15 PJ !,!,,J 117.J 07j770,1 PJ a,pn12m .1ny!,p 7"J7 o,N!,11:)ZJ a,n,»!, 1N D711.lO ,D71VZJ7!17ZJ 
190:0 !,e, u,y!,pJ o,H!,1DD !,!,,J 111.J nn1J:o n11Yn.J a,p1on .a,pn;nn ,,, nn19 nr ;,n1n1. :o"o 

.np!,nn ,,121,:oJ 1,n.:zn!, 7n1J 0,;,,1»n n1J97.J isN u,y!,p ,;,,111 o,,y,nn n1111 

• .J111:o-n1rD np!,nn !,e, o,J11,.J .3 
o,,p91H np!,nn ·,1121,D o» n,,r.l ,,121,:0 pp1.J !,nJ1 11:0 !,nJ ,o,!,p, !,nJ n11,pJ 7,n.Jn) 7n,J 

.;,p; 111H o,p1on1 o,;,n»nn nH n;,,n»D o,n.,JJh n,J,,, N,n 1r n»1Jn·, 

' 

~!;~:~~-~~:~~=~-!22.Ll;2~.:.2!!~~2l~!:=2!2;~.:.2~2.~;2~.2f~!~lf 
: 7r,p)_7.J o,1nH 0,1.JHn ns;n; .:z;,11n n.Jn nJnn op!,sr,1p 

,;;.Jn 01;,,:on .i12f"J7 n1121 n1nJrJ ,HY17' n!,»n,HY11' ninJn ,n.J nJnn ,yn!, ,,s, n10,1 "1.lMD 
.n10,1n ,1.lNrJ) a,:o,HnD o,nu11 n1N,Y7' ,7, !,11 .Jn.Jlil ,Q,;;, ,J -; no1s .J 7,.J op!,s:01;,n !,11 

-JDn • .J , 71J.J'ni1 '"JJ B111,J11 +so -; +Jo 01nn.J 11;,1;, 011 .M :1,n 1.J!J o,,,;,,»n o,;,p,11n 
.n!,:on o,; y1n:o ,,Jo ,;111sn ;,n,:o ,.l .»~o ,,i,p ,o,,;,1YD o,nu•zr n1» 

,!,"Jil ,!,!,,JjJ D1?7Di1 7l'Jlnn.J 077J7UJ1t,!,N D701'1PD 7JIP ,,n~J ,o,g,pn 077J.JU1N7.l D71PD n1.J?JJ.J 
,Jn1 211.l n1!,1J.l.J D7P'D .N :1,n o,J1,1u,1pn ,no,s ,J; 11no ,J11n1 o,;;, .J; n,J,sY 1nHn 

71p,u1;, ;e, ;,n 7J.JH2:J m»J7'il; __ o.,pn»nn p1yn; .J1JJ2:JD 1hn mu ,?nnn.J- ,n,!,11u;,11110 .J.,Y, 
.op!,sn1pn ,~.JH ;e, n,!,).Jn n,.Jn1nn n11y!, n:oHnn .J ; 01nn ,n; nnnn 7n11.J 11nnn 

1nN q10~, q7Jllil ,n,;» n.J1JJi11 707Ji1 71J.Jn) ,'7.J7UJ1U;N OUIP ),JJ jllDll 1pnn n17,p!, 1117'il.J 
.nJnnn 1nN.J 1nJJ J.JHP ,no,~ 

:1!1l.!!.. 
7,91!,,n:o J.J17D u!,121n p!,on .71,.Jn u,s 11n.J ;400 -.J 011.J n11pJ 7JII.J 7D.J1Nn n.Jil nJnn ,H 

,711'1jll 1N110 ,17J 7J.JN 7,.J 071.J:»DrJl 
-70JUJ7Nil j1170i11 Jl~7~jJ ;;.l.J "Dl~ i1J3Dl 7JlJ7J pr1n 1J,n »!ion non,., P)l.Ji1 71 7GHn ,3 

• D'77.J 
10-5 ;e, ;11.l 110.J n;,n n1,),3HD1sn .n1,pJn n,p,n ;»:a 1uD 50 -.J 1j111 01nn 7D o!,a,n ,l 

,i17Jp/t,"D 
7"19Dn a,pn»nn PlYD 117 n.J11onon n»1Y~ 01nn3 ,p,p.J n,j,J n1,»Y n,J1upu1s11D n,;,;;9 .7 

.,nn no.J 7,J; »P.Jn 7,3 
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□ 'lllnn Oj77DD1j771 llY l'lO D7 0D01D7 .2 .on 71 7 0 

7 Al71N 7 Ail llJOil ,')17'~ l'N' ,n,n~n;,1 il 7 Al)Nil ,,~n ,lilT 7 7N nJllill 
n•1Jy~ il0'07l 7 )1 Nil ,il'Al71N 7 A7 ilj77nDil 'l117lj7 Y~lil'l 

( 7 ll171j7 Yl0lil 7 nJllill) 0 7 711nn Oj77DD1j7 

□ ''D11DOD □ 'Y7D 7~ il110 Nlil 111'11 7N10' 011110 (111ADil 11TNil) 0>111nnn Oj77DD1j7 
Gross 1977, Kolodny & Gross 1974, YAD nTlD11DOD 7~ 0 7 l,.,.'l0 0N'XD7 ilD'NnDn 

7j7l'7j77 1nN un ilN11~il n11 N'il 17N D'Y70 70il 7 Al71l'Dil Matthews & Kolodny 1978 
70 il110l l'DlND □T'D11DODil 70 11j7'Y .07D 70 il 1 XU1l'il '1XlD7 'lO lXDl UlDX 70 

□''lj7Yil 0 7 U7 71011Dil .D''l11X1Mlnl 1'A 70 1lj7D Y70l il7nilO il'XT'lll1j7-ill n1 1 Xj7H 7 1 
il11U1DDU 70 DT'DllDUDil nllj7Yl .nl'lj71N'79 nl'll)Oil il'j7nl l1'Y n111xnn D'Y70 Oil 
l70il Nl il'XOll'il-nll il'XT'lll1j7-ill 70 11DNJ ,,., n1'1j7Yil n1 1 Xj7N'lil ll 10H ililllA 

, llJn'J nxrnnn 11 nn 7 DO il'X1U1l'il nl'Xj7H'1l 11j7Yl l'DlH l~N "□1111nnn YllN" 70 'leln 
.D 7 111nn;, 'Y70l 0 7 j711Yil lj7'Y llXll nr l70l .UD710 nn•DDl 

J1'Y n111xn 'Y70l0 'lDlO'lil 1Dlnil nD'lO .,,., 0 7 717nnn 70 DT 7 Dl1DOD7 01nn llj7D 
-lDOil 7 7X~ 71Xll 1n1~n7 □ 'OlD llNO 1'7iln 1n1N 70 'Yll) 1))71 7 1j7N 1D17J ,il'j7nl 

□ 'Y70il 7~ i1'A177l'Dl Oil "0'111nn;, Yl1ND" 70 71 Y7 1NlnDil 711Dl D"lj7Yil l'J1D7 Dn 
.17N D'Y7D 7~ □ '0j7'7'0ll 0'0llllj7l 1nnn1 1xnn 70 D7 D101T'N 70 ilT'7lNll ,D'j771Yill 

( 1 ission tracks) Ylj7l nllj7Y 711Nn '"Y (N :nlU'O >nol ilOYl 0 7 111nnn Y11ND 111Hn 
0 77 D71DOD 0'7ll 7 D OlNXDil (l .o.D 13.6+2.0 70 117Nn 7lj7nD □ ''DllDUD D'U'UDH 7Y 

70 'HlNlil 1'7Nn7 1'JlD'n.n1xn-uo19-.,,., Y11Nil 'J il1 7 YD illXn 7"Aj7 70 Oj7'10Dl 
.0''UlAD-lN7 7D 0'1j7nDD DA D1 7lj7nD 'D11DUDil Y11NDil 

0 7111M 71700 1llffl 

•□ ,111nn Oj77DD1j7 O'Ol 7N ONO'D-il0l)D-1Xl n111xn 70 7nn 711 0'7Y' 7nll 11) 11 7 01 
0 7 A177l 7 D N7 n11y 1T .ill'lOil Y707 'D11DODil Y70il 1~10 YADl DlDn 70 nlDT 7 19 ilNll 
~DODil 7 D71DOD n:nn 7"Aj7 7N D77 D11DUDil D'Y70l 11 'Yl l'ODl .Dj77DD1j7l ilillH 'DD07 

~--•~ 111C••.(O 
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**'ll;,w ., ,*inlt .M 
n,nwnn, tt'lilMn ,iw* 

,1,;,M,ln ll:>Dn** 

ltlll:Jl lPi.ll (1983 ,Wll:JMl ,,3,;,w ,,n,t) ,,y nyp:i:i ,;:,;:,n O'il90l£1i\ ,,n,M; i'l!l?h.l 
:(1 il'!i) hlM.li\ ·n,,,n,n 

cy l'lli'O' )1J£10l£1 ,x,,n ;;,:, i\hllJl hi\Yn ;ye hllDhl WMW'D hilYh ;w ,,nnn., p;nn 
.('n 15-25 ;w ,:i,y:i) 11 ,:i,0011-,n,yp-,:i ilY n,:1:n, ,,;yn1 ('n 2-5) n't?i ilY n1:i:,e 

Q'1'11J90l£1 c,y;o l'lli'b' o,:n,ern (11n,0t10UJil ili'lbi\11 ) 'l!IMl!1'Jl hi\Yh ;e, ,,,;yn in~ 
1J'il£1Dl£1 '" n1:i.:,w1 D'llW n,;,10 i'l ,o,:i;,:i ,,,,:m 0901£1 '" n1:i:,w ,n,,0,l,Yiltll 

.c,n~T n~1nnn 2□-35%J ,~,~, 

'M.ll (tllMlj)i\ nyp:i, iiY ;n) lPlM'Ml i\lj)O .li 1)) n"\lYhD nt:i:,w hlhl\D WMW'D hilYn ;ye 
.Dllll\Mll i\Nil:> (iiY) M\.ll ilY ,p,;n, ;,n (DliMi h.lih) 1:,,;n OiDl,lllP '" n1:i:,w j\J'lKflj\ 

nown ll£1 .lli hM hlbJD QliOD iU'lJ ;e, l.ll)).l o; nx,e, lM/l .,,~ ,p,;n ny ,,Kl ?w nl:i:J9 
.1lTKil ~,,:i n,ll?tK,lil illlnnn nM hlj0DJ'll nypn 

?nl i1tK1 : (2 ,,,yJ 10??1:, a,,;M,Y!l n,,u.,21 ;y y,:iyn; 1n,l 11n,c!lbl!>il ni'lon 11 inn 1uu 
n1:i:,w an,J,:it n,,:i,,o c,,:i,y:i1 nnl.ll ntj,Mn D!lOt!l nt:i:>w w,;21 1nnn ;,:,n ,,,;yn C'1?MY 

.(Y.lW 1K1 ;nl) n,,,, U!lbt!lil nt:i:>w n,:>,Mt n:iyrm ;;1:,n 1nnn :iiyn ,n;:, .n,;!lc n,,l,:i 
,1nnn ;w ntnYncYn n1M1n; ,n,l ("liltt ;e, ill.,;p,cJMn nti"\tn ,!l?:>) 1,y ?w n,wynn ittlCl 
WMw,nn ;w n,yr,u,J10,; ntY!ltn ,,:i,, 1:,1 :i1 1y; wMw,nnn i:iyn:i ,,?till 0!l01n ;e, nyntn 

.n,,,, n,:,,M ;y:i Ntil o!lotnn (c,;n, ?nlt n,y"m ;nl) a,,,n,nn., n,1,tM:1. .:i, 1yn1 

11n.,un01!ln n,10i1 11 ;w oitnnn n.l:mn1 i1Y nypn wMw,n n,1:s:n 7w n,!lil,0100,0,;n np1;n11 
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LEGEND 

Qono'im Volley fault zone 

D Location of structural Mop 

Fig. I. NASA ERTS photograph showing the Dead Sea 
Judean Desert, and adjacent areas {photo- E-l 144-
07430-702). Dashed line is Qana'im Valley fault 
zone, and outline is location of structural map. 
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Chemical c:omJ>Olitioo of water type&. 

W11erType N./CI CaJ11s •ICI K/Na T.D ... (wl) 

Po,c watu 0.60 0.60 0.II06 0.115-0.m 40 
Seepaatwatu OJI 0.16 Ol/07 0.DlS 93 
Surfac;:c Wlltr OJ2 0..19 Ol/07 0.1130 75 

Dud Sea 1ftter O.ll 0.l4 ODIi 0.1132 3lC) 

T .D.S.- Tolal ~ Salu. 

Physical properties of Lian clay. 

Sample Natural Void Bulk Dry Poroa: 
Moilt1111 Ratio 0-Uy Dellllty 'h 
" ""'" ""'" 6130B 33.6 0.89 1.88 !Al 47 

6131A 30.5 0.81 1.92 1.47- 4S 
6l32C 20.8 0.5S 2.1)2 1.71 36 

Degree of aturation of llnlpla ra11111 
from 99.6 to 99~. 

0-$' f f·f 
.sh.,- sfr"".1/J, ~/c.w-' 
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11~,n n11xnl 01n•p 'llD - o•x1n '7nJ 2 . on nJnn 

'V1i1 li1Y'l 11D'D lj1Y' 
'Al7ll<'An 11::mn 

01!Jl O•!Ji,nJ ,1Nll0l ll'JlA1N '7i, 1'D1'7•nD o••lJln n1J•D'7 '7i, D'llD1j1D D'Xlj1D 
,,, '7y D'71l1D D7 0Dlj1Dn D':Uj1Dtt .o•x,n '7nn ,,~,n n,,xn '7i, "ll7n j11XD"n 

D7 10D7 0JO l'l o•Jni,D o•ODj1n '7i, '7An 111Nl n110•'7DDNn .nl'j1!JN nn n1•1J•D'7 n,110 
,n Y11'Al nn••noDn n'7yD •n'7J n•nA11n n1nnnnn o•N1D o•oD?n . 1nN 10DJ'7 0•1113 

0 7 j1n1D 711N'7 01n•j1n Ol'l'OJllJ'N 7Yl l ' lY '7y n11n1i, n10Dlj1Dn n111on .(4 11•x) 
01'l'OJOJ 7 Nttl n•1on•on ,o,n•j1n llJAO 'J nN1J .i,1nn Y'!J1D1 1Yl1 lllll'j1o 1i,NJ 0'1Xj1 

mPn'7 '7i, onon•n □"llYll non1?nn n1101 nY:rio'm - '7i, D"l'lo mlJi, 'llYl 0»1'7n 
on1on•oN o•on?n 0•1j1nn l11l • ,m-• nl'll?DDf?iV'lllnJn nPn•o1nn n1J>n'7n1 o•JH1Nn 

n110 1nN 'Jl!'i7 n1?Dl .y,n•i, n•1r •Jinn 0• )1Q~ o•?nYn ,,, '7y n1n1?nl 0•11'1n1 
011Xj1nn'7 ,n, O'N'lD ,lllD7 j1 0•11'7nn ( imbricate '-1 0'DY1 nJllll ,n'7NJ 0 7 j10Ytt '7v 

"D'!JlYD" (101'1 ln11 •n I) a•'711An D'Ollj1o 0•1nN 0'1j11ll .70-80\ '7i, 11y•i,3 n•j1DN 
ll"O 10-J) 0'Jllj7 0'00j1l Ol'l'Ollll'Nl Ollllllj1D Olj11 nPll'D'7 n1110 ,,, '7y n'7yn'm 

.a••j1DN-nn D7 )lj1D ,,, '7y 01Y11A ll17 n'7N n1•1J•n'7 01110 .(lnll 

01'1Jl Fl n•X011!J1 1,Yol •J ttNlD Ol'0 7 JH1Ntt iJ~.~•D'7n '7i, 'Dlj101lj7'Dtt Oj110o nl'Ol 
01n•?l m!lnni,n mPn'7n 1i,NJ .("o•n1n" n1ixr O'JH1N •onn '7i, □"7N•11 o•oA1AND 

j11l'!J1 n•)j7!Jnlj7 07lj70D n'7•nnl .n•XD1l!J1n j~D1j10n DY 0•3'7i, l!JODl 1•nln'7 1n•3 
O'J1AlNn •n1!J llll nJi,D) n•Xj1DDlj1o 101 7' 01j7nD l7tll ;O'J1AlNn •nl!J '7i, 'j170 

. n1•'7N11'l'll'No a•onnn '7i, OD1Ylll n•x0Ji •11N nnn!JnD n• XD1l!J1o N•i,11 ,D 7 j11Dnn 
(hinge) D'l)Oj7n 'l') l1T 7 Nl 071N ,O'llllj1 •DAN 111N7 o•DAllll l!JXJ n•xn11!Jlo 'l7V 7J 
,'l1j7Dn OJlll '7y 11ni,i, O'l1A1N •n1n ttl1o DY , n111n ·1n1• oN1) Dj710o1 OllYOll 01J•D'7n 

.1•01'7n'7 OYDJ 011YJ O!J1Y11l n•XOJ'llNl 

0 0.5meter 
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n~Dn o, 111H~ 

a,n1l!lnDn ,l1YDD a,?nYilil ?l~D llnlN ill1'1D D'1~ nniD-011D o,lJ 111N'1 ilY,Dll ;7'77J 
a,Jnnl n1N1nnn 117 ,77J 1n1Nl nn,, n,11'11n,'1n1 ( s ,,,~) n,,n, n11ln 79 en 

o,0'11l 71'1onn 771N'1 (Arkin and Braun, 1965; Bentor and Vroman 1963) a,,DlDUil 
n,,,nN 7w n,nn 7y a,y,liD i1'1N ,1nn1 llllN o,u,nn ll Ylli'N ,gn,, 'llY ,,lll!I 1PYl 
11Yl llllJl lln '1nl 11TNl 1TJ1Dl!I ,n,pn llN ,, ,n,nnnnn DY ,,,,;yn 1Dll?l o,NJnn 

p'1n n1nn'1 fl'JDT-ll ,n,pnnw nypwn nll'lD ,n~ n,,j,'7 n1111 11 n1nnnnn .llYD 011, 

P'1HJl 1'1N1 , 11YJ ,rm U191 TlllN 019 on']poJ. D'Nlnl Y?l!I lln 11Hl • ,11,n TD 
1D'j7fll Dl?D '1Jl N7D 1N(D111l) 101' D1j71D a,,73,g3n 0'Nlflil 11Dll 0'ill11Dil 

n,,,w, D7 ny'1 ,,nn 019 7v 'lllDDDllj7JDil U7 D1'111il '1 7 l?Dl Y?l!I Ol!ll ,(11ijn '1nl) 
n,,pnn i1Y11 7 il Y1Nil TJ1D '?v n,"731,A1il illlDnn nN nDNln ll illlDn .n,gi 019 ",y 

;1971 ,LlJD,l) 11,1n n,l lAN nH 1ln lAN ,,JTD 1n1 7 Dll ,1n,n1'?,1pn1 n'?N n1,,n, 
,(1971 ,nn,7 

lD1AV Ll1Dj7 n1y1Jn'? 1Vj7nn'? i1'1VY 01,, ,9"7J l'n11'0' '?J '?y ,J111Ui1 1nnn nl??lnil 
ill ,nn nnJ llAJ ,on,n illllYil 11TN'? D'JlDDil D'lll'lt91l n1J1Dil n,n,1Ti1 ilDNnilil 'N'? 
'lA '?y n,n,11 ilDNOil 'Nl hllD ~NV'D 11l1 •n 65 '?y i1'?1Y ll'N 'l111Llil 7nnn 'llY 

.iil n11:m 

'?v D'A11'0 DilW a,,,yi D'LllD'lD ngv1n n'?Dil D' nA'Dl :1ln '?nl 1DV .3 ilJnn 
D'Jnvn Dil'l'l □ ''fllDJil D'D0 7 il .D,ll'?A '?Yl '?1n a,ny'?1 n1,01n DY Ll'l1A1N n,1111 

'?111 ,a,n,rn 0"100 D,l1!JDl .nypt,iltl Ol 7 l0l a,,,n,'? DNOill lh1Dl DAl 1nnl DA 
19WOJV 0'J1il D'UlD'lDil .,H1D1 YllJ j711t,Dl i11Jl Hlill n1,o,nn ,,., 7 Dn,n ?'?nn 101' 

.D 7 "7Ai1 n7 Tn lllJ Nlil DlllJV D7 l 7101 a,n",n Dill ni11nn i1D'10 i1 7 D11N'? D7 llfil 1lJD N'? 
.11v'?n n11inn ll'? 1J1Di1 OH fi11 7 JTD1 ,,n, flll19J n1nHnn 'Hl 0197 7A 

ilY'llil nlDl?Dl 0 7 Di1 '?v il'D'Jl lDTl D'Yll? 077 1Jt, lHlDJ :11TD ,nn ,4 illnn 
,l?'?nl n1nn'? ,D 7 DlV H2S -nv '?ll?D .n'?nn 0' OlY!JWil '?y o,,,ynn ,nlY'llil 7 D'?DDll 

OllN nlll!ll il'?N D'D D'l?l li1 7 '1YV n1 7 '?1'?el ,SOij ,,., '"N'1Dj7l 11Tn '1D Nlil 
n7 1DJD'?N 0'191'? lfllN hlllDODl H2S -il nN n1'?lJDi1 01 7 Dhl 7 0101D 01'01'1?-119 
D'lYl'l D7 "7 7 JD ,ill '?111 071 ,,., D'llV D711111 Ol'hil ,n'?N n1iN '?v 01 7 Dl'?J1N 

.11Nil '?v D11Dj7DOl 1n'? D7 HhDil YDP'Dil '?v fl'l'D?'?D i1Ll 7 '?j7 711i'? D'llV 

n1'?11A nlDlY V' (illV'il o'?v ilDlD) n,111 'j71lD'? i1 7 '?Yi1 n'?,nn1 :01111 '?llD nDll 
lil'l'll ,nlllV 011'0' '"" Dill l'hl~'? lfl'l n,nue h'9lhl ,D''LlD'?? a,y'?o ,,., 

,ililJ ill 7 09 n'? h'l''DlNl llV 101' nlJl'?D ilJlnnnn ill'O'il ·"'l'D11N ilDNflil 'N 
.on'? nn1p1n N'il 7J'!l'?1 ,D'll'J?'? n,,,n ill'N 7N 07 j7nYilil j71lD 7 "1A1 nN ilDlD N'il 

,1ND 7 '? n,,in DY Ylll'N ,pn, o,ny'? n'? .,,, D7 '?nl ,nnD'? 1j7Yl h'l''!llN illl''?Yil i11 7 07 il 

'?y VAl DY ,",110?1100 '?11Llll? 7 '?Yl 0',LllA'!JN 0'Ll'D1"111 '?y n1 7 Dln :il'A11 'lNl 
11 lHIOJDil" DHJLl'? lUJl) ill DlDLll .( 6 11'l) "111Yj7i1 11 DlDLlD u,n,"711 nn'7i 

,D'i71D lN 1llll 7 1j7 '"Y. i1'1lYll O'?lAlD H'il , T:l1D'? 0'11li1D lrt'i1 nllJ"il h7 Dl 
.nll'Dl 1Jl 'llYl ilillAil DY y'?1in Hlil 'lll'nil nD?'n 

(1864/1106 .~.l) D~~ nD~D 11TH - 5 nlnn 

1nnnn ?~01 'll11U-1Dllj7il 1nnn '?v 11'7Yn ?~nn D'D~nl ,~., n,111 '?nJ ll'l? '?y O~D 
D'Nl? nY?~ :D''1i7'Y 0'UJDNJ 7 '? 'l~ l'l ~ADD nll?l lH:l illV' .'lDD?-llUJDil 

n,,n1HDil il'll''?ll'nl il'll'U'Dl~ll .n,pDN ilTlTn '?flYn Oill'V - 01'1v nDlD-1D'l1"11 
:'l111Uil 1 7 An ,,., D''UlAH'ln D''ll'~~ 
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0'0191 ll'HDnl noon lllY~ n]lH9ll?'Dl tt)lH9AD DY n'XT'O'D1711 llYD Dlnl'l .H 
.0'717n 

.llJ'Dn 'llD'D nl'DD 71n ttOlD n11xn 7D tt'XT'O'Dl711 .l 
fll'lHlln flll)Pl el nl ]'nln7 lfl'lD ttOlD n11xn 7D n'l'DlOl'H tt'XT'0'D1711 .A 

.'l'DD 0'017117 197n1n ,n,n 7J lDH) 
.O'll 7')Dn 'lDD 0'01711 .1 

.D'77nl 011YDl 'lDD O'll 'l7'D .n 
.'117) 11n111 lAlDl ttl'DYn ttl'YX tt'XT'71l'D .l 

ttllA D'llD 011? 01110' Tl)'l D'll 0'1?Dl 

(0'7ll'X91N - 1844/1113 . X.l) D7D tt9XD 11TH - 6 n1nn 

.('D 0.5- 1.0 lY) D'lY O'll-0'X7e 'ellY DY (nnllD n11xn) 'lllD 1101'? 
.nlnYT VllD 7D 0'1ltt 0'XT'71l'D OH ttl')TD 0'1l 7D lT n•xr•71l'D 
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A 

B 

C 

FIG. 2 : STAGES IN THE DEVELOPMENT Of' 
A PSEUDOSYNCLINE DOLOMITIC SWELL. 
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n'lJYO il\J'Dll'J1Nil,il'A1~1N'A'7 i1?'7nnn ,OJl lNT nJ71ill 
D''7Wl1' ,'Al'71N'Ail llJDil ,All171A ill:ID 

1j7ll i111:1,il1rJ 0"'7J ,nlJlA 7,u,, 

NlJD 

fll'Dln '7'71J ll'Dil .il'JD 7y Yl\Jill illln nJ,'7j71JlD 7r, il'A171N'A7 l:llj7D ll'Dil 
,y?oJ D'JlllV flj7'1l ,Nll'il ,y?o ,g711nn1 11'0 ,l\J? r,nJn ilDlD ,D 7 llj7Y i17YDl 

.,,,on 111N7 .r,nJDil NllDl "''l'7?1J1Dil i19 7 DJl flllJl:lil flllll fll)Jllflill illln 'ln 
.m.nA '7N,P flJllill t}lll Yl\J nPDln lllHP ,C,Jll'l - 7 fJj7 ,J3"j7 10-J) ilJ''7ili1 

,l'l-lil Dllil ,n''7J 7 '7j71J1Di1 i19 7 9Jil 711N'7 fl'Dln .0 7 llj7Y i1'7YD l:INl - illnn 
.lTD n11in ,g1r,nn ,illln \JJDNJ 7 '7 ,D'll?Y n'7yn '7r, lllil 

.i1 7 97A 7 \Jl\JD ,nlrJ 7 '7A ,r,nJDil flll'?l 07 \JD?l D7 1JV .illln r,nJD ilDlD - 2 illnn 
.(nun'7 l 7 lj7fl ilNl) Nll'il 7 Y'7D l'Y'7A - 3 illnn 

,□ 'lllND noon .VnJDil NllD llTNl illln 1 in ,ll'lfl 0191 D'l11lW ~,wnn - 4 illnn 
.D''l1Uj1U n,inNn 'l11Jl fll1lj1flil 'JllJ 

Dlj1D ,''D'Yj1l'' ,'1Ulllj1 ~l!JJ ,ill'°7j1lllDl flllJWil fllll .wnJDil NllD - 5 illnn 
,7l!lilil 1lWi1 

'fl°7l llj1l ,nn!lnilw ,'ll!Jlil lAlil '7r, flll'°7j11l1Dil n,1on nnN N'il illln '7w ill'°7j11J1Dil 
.(1982 ,11Y ,?lj11'°7!l) ,n1Nn 1A1N'J°7 1Yl (1960 ,1Dl1Dl ,,n ll) D1j1Dil llJDilD Yllj1 

:D'J'°7ilfl 'JV 1'l il 7 lj1N1Ul'ND i1NllflJ '!l1A'U10Dil 11Uil 7J 1lWJl UDlj1 1°7N D'llD~ 
1Y1 D1j1Dil llJDilD '7N1rl' YlNl no'71r,r, llYD-nlTD ,'7'7J lllJl fl'j1!JN fll1lj1fli1 .N 

llUil '7r, 11nnnil p7nl D'J1!Jil D'1lrJ '7y ilYlJn .l (Eyal & Reches, 1983 ) 1AlN'J7 
D'J'7iln .(fl'j1!JNil fllllj1flilil ,1, 7y ilU7rJJ lT ilYlJflil DA 'J "'lil7 l'lD) '!llA'UlUDil 

:ll'Dil 77ilDl i1N1l Oll1 flNf ,D'Nlil D'llDil 'Dl!JU flN lll' 17N 0''l1Uj1U 

l'll D'7lADil ,n,rn-01,1'7 il!l'lfl il'Ul ''7Yl D'llTN lilW n,,73,'7p1J1n fll!l'DJ .N 
llUil '7J 9nnvn 17'7il fllD'DJl .Dil'fll'7Ain'7 ,73,'7j1J'D l'l DVNll ,53,,p,uJN 
nHPDJil 711 D7 711Uj111UD D7 Jnnl .'ll!Jlil lAll 0 11 j1 5-J l'llYt:I '!J1A 7 010Dil 

lN (illlO WflJD NllD) fl'l0llllj1 il11ll fll!Jl!JJ flllJWil DillW D7 YUj1l D7 J 7 0lD 
D'llDJ n1l'°7j11J1Dil n,y,g1n il!JDl .(pl lil D11i1l lDJ kink band ) "Yj1l 11 flllll 

il'7Yn) flll 7 '7j71J1t.li1 ON D7 0t.lj7Dil 0'7lj7 (''D 77 Jll'') mPDJ 'YUj7 DY o·qr,,, D7 J7Nrl 
,lfll!l 7 l7 nN 0'7l1Wil il!J 7 !1Jil 'YUj1 ,nlJ'°7j1lllDil '7r, lW'il 17NDil 'Nlflil .('7wn'7 D7 llj1Y 

p'7nl D'Jl!lilil D7 7lrJil '7r, 'N1n'7 D'71J a,on,,n ,nlJ'°7j71JlDil l'l nllDill D1j1Dil 
1Jfl 7 l nll'°7j11JlD7 D'i1'flY 1'7N 07,llrJ i1Nllil '7JJ .UDlj1Dil 0'Y'7Di1 llUil '7r, 11nnnil 

.(Freund et al, 1975 1 Reches et al, 1981)07 '°7071J D,llrJJ D7lj1Dl 17llll 

'lA '7y □ 'lJlD Dill 0171-llDi ,'7'7J lllJl o,y,nr,n Dil'l'lrl D'Olfl!l □ 7 00j1 .l 
0'11TNl lN (1978 ,1117) a,,73,'7j1J'Dil 07 11TNil 7 lA 7y fl1'°7l 7 °7j1ll1Di1 fll!J'!JJil 

Nlil 1'7N O.,UDj1 7~ °7Ail 111N (1962 ,1Dll!Jl llfl-ll) flll'7j1ll1Dil '7r, D7 illlAi1 
D'UDj1l 1

1 D 100-J lY Dil'7rJ flYlrJDill D11 j1 10-J lY DJllN 1 D11 j1 3-J lYl l'l11 j1 0.5-D 
flllJrJil flY'JJ TIN □ 'NUlD Dill '!J7A'U70Dil 11Ui1 '7r, 1Ui1 p'7n j17 ilN7JJ 9nnr,n 1'7N 

,(□ .,Jl9ilil 0"17lrJil 7 ll1J '7N OlD!J 7Wj1 N'7'7) llYD-OlTD fllllj1fii1'7 

Oil.,'7Y ilYllflil ,270°-310° 1,1 j1"1'100il lllJ ,'7y1 ,o, 7 '7Dlll '7'7J ,,,1 ,D'llrJ .A 
17N 0'7lW ,(illlfl r,nJD) 0'1190 0'7UD1'7 7 j1 '7y i1'71Y ll'N DJlNl •n 100-J lY 

111Jl fllJ7Nnil □ 'NOlD Dill j11 j1D1Y'7 a,,,,n DJ'N ,'l 9'YDD D'hlfl!Jil 0'0Dj1'7 i1Dlll 
.il'7yn7 illJTlilW fllllj1fli1'7 fllll n 7 '7'7J N'ilV 'YD-'71'7 'TD-'Dl lY 1 11-'Dl 
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0 7 U7 7l~'UD 1 0 7 119D 0 7 1UD7 UJD 7~ n1UDi1 7 "1Yl D'llllr.l lj1Yl ,D'JU? D'llD .~ 
,'7'7J 111Jl nlllj1fli1 '7y D71J D'Y'l~Dil D''lr.lD D'"11J'Dl ,,..,n DY 0'?11Yl 0''l1Uj1U 

'7JJ □ 'l19l 1'7N D''llD .( Rcches, 1976; Eyal & Reches 1983 ) 'YD-'TD '7r.i 
llTNil '7r.i il'lD7791i1 n1n11 111Jl 0 77 1'7n DJ 7 N Ofll9'9ll DJ11J1 fl1J 7 '7j11J1Di1 'llTN 

D.,,JlPlil D7 JlT.li1 n,ru.n nHNlll 7 0Jlli1 r.1119i1 ,g7 .( Reches, 1976 ) fllNDil 
lllDilD 077 7J1 7 Ali1 □ ''llU?Uil D7 lDNDi1 nnAD ON ,(n7yn7 '1-'1 0'9'Y0l) D7 JUj1i11 
nunnn 1JlN7 "D""Jll"ill m'771Ai1 nP'7J"'7j11J1Di1 n19"9Jil nnu1 1"1Nl P,HU'7 lYl 

.n,nr.inlr.i D'?'flYil D7 1lr.li1 AlND nN 

,,uwn'7 D7 J10Ji1 D7 1111 D'D 'llTNl n,n, i1 7 lUJD 710 'llln 7r., fl1 7 9In7 11 7 D ..,,,on 
.79Wl fl1N 7 A 7r.i n1"1yn1 Olr.ll''flil '?10 7r.i fllJlYD 7y 1Jl 79r.il fllNA 

'T.llllil i1"111A .2 10? wnJD U9li1 011'? Dj71D nn>.D9lW ilYlA 7y i1'1Yll ''lWil nN llTYJ 
'l)lDil Wlll flDj71DDi1 lT ilYlAl .D'lUj7 ilAllD ,pnyn '711,1 n1'11n Nlill 'i71XD ll'il 

n11xn7 □ 'J''l!IJ □ 'illTDil Nll' ,,,. 'll a,y',o D'Nll illDDl ,a,gwnJ (I 0'W1fl ilNl) 
lllY D'flY7W □ ''U'J7Np7j1 a,,,,. D''lll 1'1N □ 'Y7D .(2 a,w,n ilNl) W'D7n Ul9 ,1i11T 

0''1XD1 '11n 'llN TJ lDJl ,(77J ,,,,.n 11j7Di1 nH 1Ji1 ''1l'1 lY fl1Dlj7Dl) il'Xl'U'D1711 
lfll'lDll 7DWi11 nlH'Ail nynwn7 11nJil 11TNl lllllil 1'1N 7J .a,,u,,o a,ny7 

.(inter to supratidal zones ) 

DlD'Uil TD 'N117 lllj7 ,nlWl''flil 'j710 17Xll ill 11TN ,ypwn 7w D'Ulll1j1i1 TD p7nl 
.on'11>.n7 i1D1>. DJlnl nlN'Ail ,n flD'lll!I , ( mega sand-cracks) D"i7lY 11 '(ll-'j7lD11 7v 

ll!IDill ,11lUXi11 D'71>.1Di1 D'j71Di1 nH 1H7'D ,o,,'11n1 D''U7'D D'flY7 ,D''l'}. D'7JD 
llllil D"Ullllj7 0'Yj71!1D 7r, rnn ,nnm.1 lY , 11 0,n1HDi1 11 D"Ullllj7i1 D'Y'1t>i1 'l}. 7y 

.(.2 D'Wln ilNl 1)1 i1UD'1 UlD 9Yi1) lNJ 11Jli11 19Xl 1'1NJ D'llTnD 'll:9 n1nD'1 .n'1,'1n 1T1TI1 

.□ ''U'l1Nj77j7i1 D'l'Al lWN U'D1'11li1 fll~lYl 'W'l}. '1Jl UYDJ illflllil il'Xl'U'D1'111-i11 
"'1'>.il 11nnn 11 -n1 "'U'D171li1 nnnn11 l'll!I ( Transition Zone ) llYDil llTN 01nn:i 

il'XT'U'D1'111-i11 .'''U'D1711i1 - TlTIDil'' llfll ~N D'D'lDD D'lj7Dl1 (I 'DD o,w,n ilNl) 
,T>.1N'll ,01p1nn 11P'nlj7i1 nn1pnl ~r.tnl ilTil 'DN11'i1 7nnnw nyJ ilNlJJ ilYlN lT 

,□ l'J ~N ''11Nl li71U0'''1Dl 

ilDNflilil 'N lll'N me l"XDil ililJil "'''T1li1 - Dllj7"il nN ilT 1JD1j7DD ilNlJ pn,, Ul.DJ. 
.illl' - 11nnn ll?'fl1j7 

"Y1J.i1-'j71D11 nN lllj7D nun'1 flJD .'1y ilYlAil ,,,.,,r.i '7nli1 D'Dl '1N ilUD lll ill J.'119l 
1'1N D'j710 '1w 'l''DlNil 7nn7 J.'1 D'r.tl .(2 D'Wln) 11''1Yi1 llTTIDil '1w D''PlYil 

nD'llD lYlJW ilDDil n,7,yg '711,1 '1W9N Yl'Dll h'lJ'Dil n,'1,ygn hY9Will 1'11>.1n1 1lTI11i1W 
D''U7'Dil □ ''1X9i1 7w 'Dfl'il DlXDl DflY91i17 DA 1ll'1 nN D'Wl .DJll '79r.li11 hlN'Ail ,n 

.'1nJn '1w n,n,1n-11DJil n1>.n l'Pl 1i7'Yl 1'1'1n D'i11Dil nN D"N'1DDil 11a,un711n11 n 
fl'9Xn 1)'1 fl1W9ND ,'1 11 li1 D'j11Di1D p'1n 111N'1 n7yg np7nJ., h'OH11'-U019 ill'll!I n,7,yg 

.1'1N illl!I 'OTT' 7y illlU 

- nnnn 11i7'fl1j7 ilT.lNflilil 'JM 1111,1,nJ "Yl>.J 117 7J1Jl l1YD'1 •n 200-J 1J'11'1DD nN l'l!IDJ 
'J.}. '1Y nm:mnn .. ,7,r,3n-011p 11 7 J.7 D'l!ll .ilYJ.Ail i17YDD D11j7D ll'Ml 1fl1N i11P 
"''7'Tlli1-D1lj7il Dj779D1j7" .a,,,,. 'lA 7y DA fl1Dlj1Dl1 0"DM1P D"U'7'D a,,xg 

11MD "D'°7Tl1lD11 0"1'}. D''1X!JD 'lllill ,11nnnil 11i7'fllj7'1 ,,,,,.l Dnl'Dil 
(1960) 101791 ,,n ll '''Y WllD ,ll?'Yl n,,u,,o '11n 'llMD lJl (D''U'l1D''11 a,,u,unn) 

.nJllMD n,u,,u, i1D1NJ 
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,,11nn 'l~ ,~ ill~il >on> nN ilN1J ll 01pn'7 ilD111 •n 800-900-J lN)n ,,.,nn 1J717DD 
7)1) ill Dl?DJ .(2 0'~1n) Dll?n l1)Tlilr,l n1'1yn1 0'?10 1nnnnil Dl,\ '7y~ illl1ilil -

Dl1?il 0?'7nnl? '"Y ilDl)Dil (?) n>J1p>n1p il1n il1'l" n1'1•yg7 n1•11y nlN17 DA 
.nlN'Ail ,n 1n1T ])1N7~ n1J1nnnil nl7Ynil 11Tnnn ?7n 7Y il7YD7D ilN1D 1)1 ,"'7'T1lil 

" 7 Dl11il ~Hil" '7~ 'l1YDil Yl>?7 Y'Al 7nJil '" lT ilnl71/1l ill1YD •n 300-J 17Jr1)'7 
N71 n•'7D1ll n,n, ilY?~il - nl•lOl l1l1lilrl o••o•J1N?7? 0•1•A nlN1'7 7)1)1 (I o•r,1n) 

l1lY D'1'Ailn µ'7n ll "1lYDil-1lTN" 10N lli7Y7 DA '7)U • '7'7) jl>l(Y,l)>Dl'7l1 l1lY 
.n, ict>o•n1 '711 

(2 0•~1n) 11'7Yil-l>'Dl7llil nl)~n ll>l>lDnili, Y'7D '"l" ,nonl n11n, DA 7)1) lT 1))111 
. Ol 7 Nll'Oi1'71> '" "171U il1'l) m'7•n.n '" D"l7'Dl pnlil7 '7)U Dillrll 
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FIG. 1.-Tht Jur,usic outcrops and thr petrccraphic µro,-incr1 in Ha'1 .,khteoh HaQat.an Area. 
(Geologi ~•ti) aftrr Gradtr 195-l, Gill 1963.J 
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n,'11uo,n1£>1 n,l,~lM'l.- n,~y m~, ,,r.1 ip 6 .on ,,,o 

.n,,.:iyn i1UlD1.Jll1Nn ,il'l1?1Ml:>1M? np?nnn,l1.J1ill ?lND n:,,,n.:i 
,,,,u-1.:i nu'IO''l.Jl,1.lM ,illll?"IM"ll? il?~mnn ,l.l"IJl'll.J o,,·n 

.n,,.:iyn i1Ul01.J'IJ1Mil ,illl\?lMll? nv?nnn,,,nw 1ll 

i1J?1?:,n n1yn1nn .,,~ ?nJ 1\?MJ Dllll?lMll n1yn1n ?0 lllll'l llYJ nt ,,,o.:i 
?w ll'l?.J 1?\MlMil ,y;o ,~ il'ID1l'IU1UO-lnl?n,-,,.:in ,l'Yil ,,.:iw 1\TM ?w ill.JDil nM 

n:,,;n.:i 11,:, ,,,on .,,y ?n.l 111M? n,,,,uo,n,,nn a,,nMnl 1,y,.:iin ?w n1l11nn ,n,.:iy 
.n 11 p 3 - :, ?1::1 

.,,,o.:i nunn 

.n,,nn ?w nl:mn 01,, ,,,~n ,,.:iw n:,iyn .1 nJnn 
.n,.:iy no,, l'Y ?nl 111:,; a,,,; n,nyn ,1p1.:i n,w nw,,n .zii3iiri 

. (D-1O1) n,nnn 1p1.:i1 (D-1OO) 1p1.:i ?0 n,,,,uon,,n o,,nM .3 nJnn 
-l'Y ?nlD n,.:iy ll'l?? ilDlJj .4 illnn 
.n,.:iy ll'l?.J lJ?\MlMil 1nnn .s illlln 

.,.:i,.:ib~ o,,nMni n,~y ,,y ?y n,9yn .6 nJnn 

,,n111 1.l 
.n,,Jyn no,b,J,JiMn,n,li?iM,.1? np?nnn 

Nin ,n1Jy no, ,,J; ,Ji9Yn J.lln ,a~, ,,J n1,19nn ( 1yn- 1 tn) Jni,n nyiy, Min ,,y i? 
(1951) 1oi,!l1 ,in-1J , 11y 1iMin ,wM (ni,11y 1y· o,,1iJ 'D?) ni,iop1,u0-1ipn , .. y ,,.:no 

:niYiJ? ,n0? n1p?nno1 

1VM1 J1YD 0171 --n,10 119Y ,,,~ ,,,~J on,,,Y\!1 ,o,,;J,??lllD ,,~ ,,,J ,OlD'? ,JJD .1 
cn,n,n,nlJ c,,y,, 1?M c,JJo .(noJw ,,p,~ ,o,pi?n ,n,,nn) oi,1? ll9YD 1pn ,9;~ o,nn1J 

,n, ,o,,,n 1Yn 

. l'Y ip; iJYD ,iUlli1 nN?n o,nnil n,Yni ?nnn lJJn .nni,1 n19,,n n19,9~ 

.,,y l? '" n,,,~n lnD.lD? o,?,J?D lM ,0,.1,110 ,,~ 1i1J ,o,,Jw hlJiYD .2 
.(600 - ao0) o,?,?n o,,Jwn ,,,w,n, 

0~71N7 7WN (1974 ,JioiJ) ,l,D 119Yl J.l]J o,,nM n7,JW ip; n,,,~n ,no.lDJ ;,Jpo ,,y l? 
,1974 ,J107J) 1p1,nn ,,nN ,y~ hl9l?hD hl'lD' nl,?9lM ili,T.l n1y1Jn? n,,,,y iMYDl 

inn 7bn1 ,JlY o,m,y ,9 ?y ,lM:iD (1976) JlOiJ .(1981 ,1J ;1978 Steinitz et al . 
. 110Jbn lDTJ lM ,J9? n7nn l'Y 1p ,,Jwn p7n 7w ni?,ynnw nniJn n11YnJ 

,,~~ - o,1M1n ,,y ;y n,nyn :1 nJnn 

.c,,~~-n,,M,n ,,y )085° ,;;~ 11,~J n,,yw n9,9~ n1y,, ,,y l? 7M n,,nn nlJD nn,nl 
nJ:m 7w n,n,tn 011,n nl,!ln 1y (1285/0285 .Y.l) o,p,;n nJ,??J,bD n~wnJ 11 n9,9~ 

.(1395/0313 .~.ll n,,nn 
:o,yop nw17w7 p?nnn 7111 - o,1N1n ,,y 

o,,,ol 7VM J7 1 Y n11yn ,y;c 0,91111n lM~ .,,y nSyn 1Y o,piSn nJ,SpJ,DD - a'Y i11W .1 
,NJ n?N ?yo .n,po h11Yh n,J,Tli,M ilDMnn ,NJ on,;y, Ji)JD 0111 1Y 01117 2 - 1sO 

,l?!liNn ,,y i11W OiDl7lll? n,n,,1 ilDNnn 
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.,"Y .,,:.on ill:mil .n,ro a,,,; q,,n ,ul,? n?)):i n,,un,DK no,:, ,:in - l'J n?yn ng.,:, .2 
iVJN'l , n,n:, o, ,, n,tn - :,i)nl 1 lDJ :l"l;pD· 1)1 :n>m n"ltn ,;;:,n Dl, ,:::,0 o ,,:,., n::iiyn 

,y;o ?in (1:i.l n11:.'n ,y il"l:ih n1,:.'n ;., l'lllK uio) n,,n, n,,:in ,y;o nK o,p,nyo 
,,,,n 1!1U.i1'l illi),)D '11l.l ,OilDil ,,l'l!l:.'il Wllil .(111,,,n nnun n,,u,n) Ol!)l:.'il "Iii ni,:,11 

n11:in ll:i nl:mn .n,rn? :,iynn n?,y o,,:iwn n:>"lYJJ ;y n,;;:,n np,1tnw 1:::, '?!l'lK nn 
.n,,un,oN no,:, ':.'h ;v, N'lil we,,n ,,:.' b?on:, ill:ll'lil ,;,Kl 'lUll D11D pi?:, ;w K'lil n,,n, 

;v, 11T'1K ;y lYVJJ VJW'D ,,:.' o?on:, ill:lllil ;., q,,nn ,,n,pn ·'llD"lilD'i 1:::, ;y ill:lDil 
.n,,n, ni,:in ll o?on::i o,,:,w 'JW ,,:, ,;Mow l11'1 

,,:, lli'l 11TN ;y 1)11!1.lil ,,n,p 1)) :lll!J ,hJ'llD ilhlK:l n,,un,oK j\g'Jj ':.'h - ,,,~ no,:, .3 
10:::,1 D'1!>l0il Oil (1'1:i n?yn no,:,;., O'J1:lWil h!>"l))l'l ,wnn) lK!> O'J'WKiil 0,1:::,wn .D11lW 
n,,n, n11ln ,y?o n1nnnwn n,,n n,;y oy .u,n,pl n,,n, n,iln ,y~o 1Nj a,gnnwn 1::i 

.nuln nniNj n,lin,no,,n illOPl n::i7,n nitn7 l,ynn u,n,pl 

n,,yn ?w U'1lD0lDn U1D iy il1Yn n,,Yn 7w 11llN U1DD c,y?o o,g,~n l'Y n?yn ng,j::,, 
a,?0,11 on, ,,,, ,n,,,n a,,y ,n,?N.DW nn1nl a,1,1,n n1:mn nM a,y,nn a,,lwn .v~,o 

n'!n;pu•,oon np,·nn . (i1J1!lY o,u,.l! a,::inn an,,,w,n l,,,,n ,,,nc:1 . (60°- 80°) a,?,7n 
1'Pil flljJ!l1Nil ilUDilil\!1 ,::i n.'.l,)11l 70 -j net slip-il n,uJ, 1 0 150 -::i N1il lN::I n,l,,nn 

1131!11 ,n,,::i l.'.l1YDil lll!lil ?w ,l,)»lil ilY?n ?yo •ODl?D WW'D ,JY .il?l 1n 40 -::i nl, n1 l1l' 
:D'YDND n,,w '1lW ilYDWil 7y ilY'lYD n,,1up1,00-,tDl -,,v,n n,,,n .nn,tn i"IK7n 

1 DY 'DY 1y 1 11-'DY n,?n,cpo n,pniN niiypnn - a,,::iwn 7w l,,,,n ,,,tNJ .1 
• 'TD 111 111 - 'YD 

. 'TD ,,, -•yn 1 DY n,;n,D?D "'?!llN n11ypnn - a,,nN hlD1?Dl .2 

fll!lDll n,yn,n n,n,p, ,,nn? ,;n,110 D''WNiil D'i:liWil '!l1M illnWD M':>il ,yn niTDl 
.a,,,-,,DY lll::ll nliY?nn 7w 

n,:r,o 

ilNlWill ,,,, - a,,Nlll ,,y ,,::iw n::i,yn ;y n,::ilNil il?'iTil n,nnnnnl fllNilil fl1DlDil 
7::i ?y n,y,::,yo ilJlDil ,,,N? il'.l1D1il0'1il n,,n hllhDilll n,7?::in n,?,10p11uon il?'iT7 

,,n,Dni ,n1nn11nn ::ipy liY1ll n,,nn ill.:ml (inherent ) a,,;,n ,,,, DliNln ,,::iww 
UlD'?ill n,,::i~n .,,w a,,nM a,yup n,?,ynn h'WDlh l'Y 1? ?w ilT Yll? 1i1M7 n1? 1 ygn 

.n,pu nilYn n~::i,n ,nN? n,nn7 1:>IJDll llUlDil lDTl ,?nn 

n,,,;,n 

.n,::iy ,,,;1 ,(1:100000) lllil ?w h'l17lM'lil ilDDil :1951 lDllD ,Yl , ,,,n ll .1 

,iDl n,1::iy ,w,nn n7)11'l llTM ,,,n::i - q~iY l? ?w il'l171N'lil :1981 ,.l ,,::i .2 
.a,,a,,, ,n,ilYil ilU'Dil'llMil 

n1,?11up1,u0 n11yJ ,,1,0 r::i,n 7w n,o,::in ,l:ml a,,j~n ,1974 , ., ,::i,u,j .3 
.c,,~,,, ,n,,~yn il0'Dij'1J1Nil ,,10?,, nillY .n,,n~llN'llM,,n, 

4. Bartov, Y., Y. Arkin, G, Steinitz, 1976: The Zin fault - an example of 

Senonian faulting in the Northern Negev. Israel J. Earth Sci., 25, 40-44. 
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n,l1;,N,:>"1N; np;non ,li:i,;,l ;,Nn 
n,,:iyn no,bi:i,llNn 

?l!I :in,i llllOl ipno? r:,,n n,,,n n,:i,y;,,~.l 1llN ,nlll1hNn o,lwn 15 11!11l:i 
n,l1?1ul1N,~n ,n,l1?1n1101N'l ,n,ll?lN'l ,n,,100,nin :11y,:,,1; o,on,nnn ,o,n,nn 

(.Marks ,1976,1970,1983 ) c,,,li;u,?n) np,lut:a,,,c,;g ,n,,~,in ,;y:i 
,,,uo,ninn ipnon nN :,,u,n ,n,w iwN o,,,uo,n,n n,inN "l!lbn lN~ol ,,r ;,g1pn iem:i 
ll?lN'lil .,,,nN ,~ ill'lblN'?nn nN ,,:in?;,:,, ,,,,,uo,n,nn .,nN:> 'll,lN'lill 
Ht cJ'f nH>'>l!I niry:i n,,0nP11 1:,itnn ·u1N 'l?N o,,nK:i emnwn; n,n ;,:,, , l"T'YD 

.D'11!J"lltlH('lli1 D,,u,e,n ?11
:,; 11l)1 J DP"lln/tll'Jl"'l'\M 

0,10010 a,,nN ,no,n ;y (100000 ,10?) a,,r,nn a,,;e,N D'NYl:lo n,;;,:, n,,n~nn 
,(;l?Y,O~ D-35 -, 3.1 ,,,x, D-15) DDl?n~ lN>Dl D?!>n1(90,000-40,000 BP) 

0-101; (i?,~l 0-100; o-34; o-31; 0-27, A,B (45,000-18,000) 1P7Y n,,,x,ogn a,,nx 
n,,,x,ll (site D-5 - 18,000-10,000) o,,n,,,x,,g,gx a,,nx (n>nnn ip,~) 

.1 100 n11nn nNi (p -1 inN ,9,500) 

('TD 1 !lY) ;NDW 1YD 11'l?nl(~YD-'i1)1'~'D 1'Y,l ,no nN n,N.,, ,n,l ,lT n,gyn n11plD 
• , .,,,y .,,nm py ;nl nN ncn,nn \'Ynn no,0 nN 

D-15 1N 'llD 1"Y WNi ,w,,,oo,nn ,nNil KWl,1l"l?n ;yo ,'TD-!lYD 10 600 -::, 
lW'll!lW 0,0,,0 D'10lD'10 l::>lnje, ,,,, Y?'Oj D?lDD 'lnNn ,(Crew, in Marks ,1976) 

(495 rn illJl) iltlin ;e, o,nn::i n,n cnyp~n 1Dfj 'l'ON 1'Y .l ;e, n::>1nl il'l1lN~ n1nYn ,ypem::, 
• (Goldberg, in Marks 1976) 

D'Y'.'.JYDW ,,,,nn ,w 100 80 ?DlYD ,n1y, nj .,,,j n,n,;pn C14 nlNDll1 w1,w ln?,l 
.>S0,000 7>> ~y 

,,n::i ?!lll 1hNil ,~ nlN10 n,,,100,n,Dn n,,e,ynn ;e, nl,ll?l!llDil n,p,,jn ,nNT noiy; 
Schwarcz et al., 1980) 90,000 - 70,000 -ll.,,n, ,,ooion nnipnn ;e, c11pn p;nn 
(Tchernov, in Marks , 1976 , 11y l?i:Jl) ill lN!lil ,,,,0 (Bar Yosef and Vandermeerik, 1981 

'1lOT lj inN ,,oo,o inNDl ,ill 'lhNO ,,,n hlNDlll .c,oolllN'i N;l D'1U)l0 
,ilT 1J:lfj .'.llD'l c,;pN 7y y,jYDil 'lji , ,:yy ,,,!)j n,,,e,y n,on, · ,,n ,:J?).).lj 

;!llW 'YYh ,,0,,1,0 ?w a,;,,l a,p,;j ;e, n,::i,c;a hl'l.'.lUYil ,?N0\?10 ,,1,3p; i\0'1]'.).'.] 
np, nJ.:ie, n1w, ,1?N c,p,?::io 1nN ,,j .,n~llil ,,N1? ?yo 10 30-38 -::, ,n1op nliioo 

jj)lOn nN lY'D 'le.IN ( D -101) n,nnn 'lPl.'.l 1hN.'.l , ·1 V n::i::,e,::ie, ,;M; 0'1011 ilY ,;::, n?,::,nio 
,lT j\j::)\?1? nnno, ?yo hlNDll1 1l~N'h (3 illhh ilN'l) ,,,;y n,;,N,?!l; ,,::,,n n,;,N,?DD 
,::,,,Nn? 0'1j'1j.lY n?N n,::,,,Nn ,50,000 - 45,000 ,,::i D''lNh llhl c,,,1n/c1,1,1N no,e,::i .,,y~ 45,000BP- n>nnn ip,~n ci4 



aadtu Lltru t,utu 64 UlLlc,A (£8 s~~~H UI ) Ut(t'LQQ ~4 tULr, UGL4l· 
tlUL ~L,tU" ,ucL llU aAc,i ~4 UUtCGlU c4~,u m4 UNllL caml ooo'oz BtlU NUL, ClclL" 
tlUL cwal UQdlu UOL,ata,o CQDUtO V L-a' CNlilL cmau, 3 l-a u,uu 4L4LCtNAtU 
ULAb uoaLa,tLGt 24 CL4l a,At G6t4lU ttNLalLGtU tLL4U ,LUL LNtlt,LU U44~U ttlUlU 

NU UULNLtC UNGLLtC al ua6LC' 
lU aa4b CtLNU NU U4G6U OL,ataA,u ULNL, al UalLU 4ttau Udl4lCtNAtU mi,cLU aUL@ 
CCtlll 3' u,u,LLU UUL4,tu-0,4a,tu a,L44LU CN4l u,U,LLU UNGLLLU-ULOtUtlU au6CLU' 
QQU a' 4,L UUAGtU 64 t'Atl' uuuL LLCL 0,4a, LUL4, cca,al lULo,u, CLNQL" atLc,u• 
umau ULUC 44 UUGtLU CNL CZKC,6 64 4,tL, 4aL4, COLtr.rtaA,U' cu4d ualLUt CtlUL ~4 
a,4a,o aNtAct,a CULL uLa,u LUL4" 
cutl uuuL aa rt cattu 24 aaooo•~z uaL,ara,a Lta,o 4N4L araau,c v L-a Lac,4,0 
ULN ac,4 ta~, taau,o g talLU L-a ttll! ,LUL Laal'(Lc· u,NLLL ~I~ aaoGL LXGLU Q(LL,a 
1'(4 urcl'(u' XGLt,u L4al'(4u cuaau V' ~QXN utaau L!UGLL Utll4 t,LUL CNUL tldl-taau 3-g· 
tLrl'( Lt,t4 at,LU CXG, o,r,· 
uul'(ia,u UGLU,QOLLtU a,GLQ,U 4G4tNL4,u ul'(4,Ll CNLG,U LLLOU 4ul'(ra,LU tatNUL, dLta 
,ta GULU Ur.i'(L4 • 
cc44' L!OL,ata,a LLa,c 4Nt..4l ta~AQU a Lac,4,Q a,4a,o ataLCt,o CULL ULQ,LU' NL 
raANL uc4,o Ctaau a' L!L, taUNL,c, ;13 QLN,O c, UC Ai'(,L,o tLUL Caaooo'9£ )· 
CAL L!OlLU, ta4 L!'CCi'(U aaldo taau v · 4aLlU muc4,a taANtC CNL tNLUl (lCL! taCL 
N,>ll4,C (40)" 
tQANL CUUL tCLtalU ltaCLC 4N L'CL4L, a4 UXA Ld" ULO,U 4ctu dtaU' 0,4a La,radtC,a 
ttldl uuu,u· ~LNU c, dtaL oaLa,tLG, CLLL c,l tat, x,L, L!LNL,· cataL 1al L!UGtLL! 
L!dLLO' araau a 4aLLU taN,tl QXL, CtaGtC' Lltn! a,GL4Lt,u' 4c4,a al umccu ul'(4,LtU 
tUGLL NLCi'(U taau, uu,tatLU CNUL' CULL uxx,,o 4N a4LCL,o' UL4' a,40 lULa,u· UUlQL 
NUL Cldl aaLdO cx,Ll uai'(LC, ta4 t·x,l' c-ozt a. al'(4 tLdL uuu,u (UOltl! Zl 
Nill. t:ld~ 

NL NQKI'( LltL011 (Lg•dd'£861 'S'Jl.:l'BH U1 'z:qM.o.:roF{) 
L!UU,taClU Ctldl uuu,u u,u ,era· 4N ,eta cal L!t..LO' NL tlUL aNraL camL uu,4u Ll,LO 
uia,n, auradl'(u al'(4 U'CLLU 4utadtCu CULL uui'C4u· CL,c!U L!Glt;l O'LNU c, 11UNc!4,a tamL 
UKA '(Q caac:,4 c4,a taUld,c. at,4 Gt;,NL4,u .tC4,Ll" ta,n, GXd~Q ll!' C{4jli;( Ctl,Nl! NU 
u('(4,Ll L!Ot..GlOtlU" CGt.. tatLNU CtaLU' L!taCCLU LdLU L!'CltL tuuc:, ULlU ('(4 ,L, c,al, 
tLNL! c:, aLLCL er,, cat,tlU daooo'lt" ta4LaU L!taCCLU raal'(4 LLOLU ,LUL 4u('(ta,LU UG4,NL4,u 
d,a,a t u,NLLC, ~13 QQCCL! t' L4aLLU tal!UtNLLCt..O tLG4,o t(tl4LU m,au u,NLLL lL' 

t.tUG4,NL4,u UU,Cll 4G4,NL4,u ul'(4,Ll-ULG('(U t..ULL,U 44cta C4CL" 
ra4 ULLNL uxz;;:, tt;L," L!taCCL! L!tQLCL! CtlUL ac,4u c:4, XLL ua,xr,o tt,LlL NU ual'(tL 
NUL lU aadLO tl'\L L!QlLUt ia4 uu1C4u LCl t aG40, anL,a CULL 0·1 Cl1 -s·t a. 

CLdL UUUt.U 

tat,UD. tQl'\Nl CQLL'CL!' tUlL QL~ata,a 4~C,~l Q,4a
1 

ULCt..U
1 

UL4 lULlNl" 
mt, NUL,a Nt;l a,~r,o LXb UUGUULU G4,NL4,u 1'(4,Ll Qlti\40 (£86l'LL61' s~i'BW) 

(LNl..l uaL tu Z) 

NU~,Q GL~,CalL"Q-t:\d~ (001-<i)\t:lCL-UUU-,U (101-a) 
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FIG I - Inde x map of the area showing the locdtllln or 
Avda1 Plateau. N. Zin. N. Havarim. Avdat springs and 
the s,tes of Boker and Boker Tachtit. 
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FIG. 2 - East-West cross-section through N. Zin and the sites of Boker and Boker Tachtit. 
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'l'l:Pl:l D"M 
11,,1l-l:l nu,oi:l,llK,n'll71N'l; np?nnn 

c,;;,:i, ,:l?Y ,,n ,y ni:l)Jtl ,1,:,n ,p,m ,,r,N:i o,n,wn 01,p l?lK'N ;,ln c,y;o 
ny:iiN .nw,,n n11:tn o,o:ll nl:t'l n11:tn .,,n ni1:tn ,(in,,:, 11,;y p7n) n,pn n11:tn nK 
,,,,wnn 'l!l'l'.l" llTP:l Cl M:lll 1:::, -lK:J o,,:,,n 11nnnn l?lK)Kj Bolli ;v, 0'3.1TP:lil 

l~lNn Hanthenina aragonensis 71 ill1DK1il 1nyo1n7 011? 1n,,n 77l:l c11pn 1P1K'K7 
"'D1l'U1U01U''" n1lD~n .(1971) Berggren ,n; 11:::,,nn lPlN'Nil "''"" MK il1'1ll'.l lMYDlill!J MlD 

• (1967) Braunl (1963) Bentor & Vroman 71' Klil 

n,,,n,n 1') ,wvn : 1 ,,,:,:, Mll:tlD :lll) Ml'l?lN'Nil n1,1Ynn l':l 01,;K,:tDil o,on,n 
n,;,u; 1:llY illY'l 'Yn ,l':til Pl!m:l .2 ,,,:,:i l:tll'.l n,,01l,u1u01,:in1 Ml'D1l'U1U010''" 

'l:J'l ll'N 'l.l1il .il'lDll ill:t'l 1 :tn1 ,c;e,n U),11:l:J Klil 1:lY1lil ,:lPY 11h:l .,,n 1 Yn7 nn,rn 
.n:>wl illl'l 'in ,;,f,(:, i'IK'll , v,n,n n,gyn:,, il'l171D111:l1K'l:l 

illlND) 011?DVJ ill:t'l 1:tn ;v, 011,ln 1:l)Jtl 1n.:m .ill:t'll ,,n ~:tn '" ilY?Dilil n,:i,.lo 
,,,1 0101:ll D''l1U?J7g D''lD'l'D'llD DY 'l7D y,:i; ,a,,,,l D''lD'J'D'llD ,p,y:i ,n,llUl:l 

?lDY ,n,no o, Nlil 1:::,7 ,,n 1 Yn '" nypan 1 :lO ,,n 1 :,n:, ,n,,,,,,, '" hllDP n,,,n:, DY 
n11y a,ny7 nN'ln lK a,n,, D'KJn:> ni:,11 n1y,1 'in .11Kn n,,,n o,nn7 nnnn D?ll:lD n,on, 

.,,vyn 01n1:>n ny9~n•nK 11,1yw ,n,, a,,,,, D'Kln7 a, 

: nw17w on illY'l 'Yn 5u a,,,ln nN n,:,,:,inn ,uo?p1,:,n in,n7 a,,,woN n111pn 
n,:,::H!lil ,oon ,n,,,::,y 'D'lT ,;,K lN a,,,1, D'D'lT ' 11Y 11:l'llill!J (D"UD7PP:J) D''ll'll .1 

.1,nnv,nw o,n,rn ,ooD? 1:::,7 D'Nn' 
.nr ,,r,KJ 1nn11 n1p7n 10pnnw inK7 1111cn 111n:i 1n,r1 1uu1nnnu n,,oo;p,,J n1:i::,w .2 

.11nn1nw n1u01nnn 'Yl'lK ,oon Kln n1:,::,un -u,on 
o,nyon ,oon nN DKln Ml.l::>Dn 'lDOD .nJ,:lO:l """ h11),lj , 11y Dli,1D.l l'l:tll c1007DP:lil .3 

.,nnn 'lH'iK:i a,,,r,y D"bl:l D""' D'll ,11:,,n D'lUl!J 

n1:,,1 1:tn 7w nypwnn nJ,:,o 1:::,51 .,n,,pnn l:IN 11:,r1n1 n1yo1nnn 1nN 7:iw n,,,,y a,n,,p 
;:, N7 :i11DYN ."lH<n n,,,n 01nn:i "'?5n n,n:::,111 nu111t:1 n10i,1nnn ,a,n,r , 11y n1n0Knn 

q,1ynn ,,;N;:to,,p,n ipnn ;y 001:mn ;,,n nH'lD 3 100 ,,,:11 ,nn,, 5?m:i ?y.l ,,n n1yn1nn 
:nlH:>n n1:l,onn ,01n ,011:i,pn ,n,nn n,,:,,; ,n,pcn ,,vnn l'IH 

1rainstones o:vn1 011101,p:l no ,,,n 1u:i ,D'D"lTl nyon ;r, n,71:l'l'D n,;,yo7 n11y "'" D11YH .1 
l,1,n .l1)1Dl ,:i;,:, :ll)'D l'H .n,,01010 Dl'N n7K n,~o,n ,0,uo~p-n,01,Kl o,,,9)1 

01uo?p11J oy mudstones on o,y;on :i,, ,ll!l,no 110,01 n1DNnn 'K lDYl N7 1:::,1 
np;u,y iornn Dl ,nll::>i,n ''1N'll Y'DlDI ,onion Grainstone .nP71l'Yl lPD N'7 

l'lli'D ilN'll)\11 drusy K77 ,a,:i1,,v,n u?n DY ' u,,p,n; 0')1Dil tPuo?pp:,n , ll'Dl 
,,nw n1yo1n cn1Nw ,,,,::, .hardgrOunds - :i ni1pu ,n:, ,D''l?D 5w winn n1wl~nrm 

,n1JY nn,J a,,nK hlDl?DJ D''D'? l:IN D'D1T 'lbll1tl '" nn,:il il'l1lN 'Klll n,::,,n; n,;,::,, 
o,n,r '10ml ;, 1Dl'i'-'K7 nn::,1n l:IN D'?l.:tnn ,,r,ia Dll'l0hD 1\K1l ,nJY1l ':tnl 

.nr ,,r,K:l ,1,i, 

nlJ)VJJ ,Yl1J 1111?:l ill:t'l 1:tn:i Y'l'N "'YDDD ,n il'llY:l n,n,;v, hll)D '" ,,,n:i ""''l .2 
Ml'l?lK'N n,,,n,Jl (ilWlD n,n, ,o,:in7 D'.l) ,ilPTY 7n) n7DD:l ill:t'l 1:tn7 hl'.l'u;,,p 

D'1'lil ,,~ n11,0N,1 n,,,n:i n115n n7K n1yo1n .a,0011 n101?nJ1 1110,uJ n11nN 
mn,u ,n,:, n?N n1yo1n .1::,?nn n,uu inN ,011:>i? fl.l lK 11u,,p , 11y ,n,p;n a,1:,17on 

one, a,y?o.l n7K:> n11,,;1 . '"N ;., l?lK'K:i nn,71.:i :c>D nP101n,1on n11,np1,non J177 
.1N::> hl~lDil "''K'inn n11nn7 D'Nl1Dh ,:i, ,'lti,nn hlD:J'n q1D ,,t,K7 D''l'DlK an 
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nn n11y; O"'\!> .illy wi'il inn; n1.l·n, n1,n>' P:!iil ,pun "HT'N..l ill!:l.,l nit:!in:i PK 
,g, ,r ;y ,r n,:i,,, ilw,;l n1:i~D; il.l1D n11y 1'K .1:!i? inr:i i11.,M n,on, ilY?Elil ;y 
nlllTil .ll"'\.l .n,!>W.l KYlllW 'D.l n1,D"'\l)01001.,.l n,;n,~ ,.,N. ,,, .Yl1.l rr,p:,, o,n,,pl!I 

.no,,n nn,n in,,:,, n'}pn ilYllnilw o,J.,,y 0,3::m ,n,w il,,n,n ;, lN. p;n .110,,p/1,l ;a 
• n,on, 10? n,n ntJ,;l ny13n ;El pn,nn, n,n,nw ilK"'\l ;1:i; 

n,,,n □ ,nn:i ittn o,;,,l o,:,,g1nw o,,n,3,n11D ;w 0,10? o,u,gn :i,,,n ,oo;p,,:,,n ,n,nn.3 
o,Kln; n,1y N.'il l'r 11n1,0Jl" 11Nil 

,n,.:iy ,,r,tt:i n11on n1p,,, nt:!iK .n;K 0,1,n ;w n,nn; ,;,21 Nlill!:I ,,r,N..l o,,;n,uD1K N.; 
1hN.l o,o~; )11? 1hK ,ill:!i'l 1 !:ln ;w D'"l1T'K ,1w:i n,y,!llDl ,n,,,,l Oil n,,n,,K nl:!iKl 

1n,·.:i hP"'\11.l.J hlY'DlD K'}K nuwn "'IJ!I hK hl!l!:lD 1l"'IK nUKil ll; .Jl'l? 
n,,.:io,n Dl hl!:lK.l n;N. n1yn1n .uo;p,,:,, 1K oo;pn,ul,K DT.l"'\Dl!l.l ,D'D:!iD 0'1D'l'D"l1!1 DY 

.n,,n,,K hl:!iK; ,n,,.:i n,;,w n:i,:,,o .n,,,;n N.; n,ypip, h"'IDh., D"'IPlD)I D'D ;w nl)l!llh.l 
(_o,,nPD o,,vn:i) ,y PDl)I 1D 80 .lD o,pn1y:i n'ID:!il n;K hl)l!lln ,o,.,uo;p Kl;>; ,o,;,;!:l D'll.l 

• 1D 250 

110,,p;,,l ;w n,,,,rnn; c,,;K n,;,u?1) n?yn ,g;:,, i:i1yn .,,n 1!:ln ;a ,,!:l:i nu;1:in n,.,,,rnnn 
,,;n, ,D'Jl:!iP 1nr:i D'hll"'\D.ll n,on, :i, PDl)l.l nwn,nnn il)IDlh.l i1£1)K hl:llD ,ill!:111 1!:ln ;D 

n,,;n, illlKD ;,,,l ,"llK ;w h"'\.lllD n,,,,n lK n,,,n .,,,; D'K.,.lDil o,y,,, ,n;:,, o,,,ovn:i 
n,,,:i1 'PDlN..l n1y,g1n 11!:lil 'D!I ,(ill!:l'l DK"'l!:l!l.l) 1'l h"'\1!:l'l ,3,03.:i 

,u,e.in ;El o,nou o,v~in ;,;,; ,,,,!in n1021£1nn oy ,n5-tt n,,,:,,1 ,,;,tJ ;a n,:,,,up;o nn;nn 01,n1 
n,n,lD n,,n:i,w ?y:i DK,:,, ,:,,,on ll'KEI ,1101,pn ;21 n,n,l!ln ill.lDil nK o,o,;:,,n n;K 0111!:l 

,n,., 1'1!:1)1 ,,1,1:J;il p':mn .il'!:lJ1'\lOl'l.l '1 11)1 J.l"'\l)ID 1t,'}n:i1 ,,1,n? 1p'}n.:i ,D'lll!I Q'IDl!l'IDD 
:i 111.:i o,nn,nn 0,11!:ln • 1:mn-,;1 D'N.ln.:i. )"'\:!ill ilN.'11.ll ono!U:>1!1 o,p'lp;n, o,,Jl'llN. D'11tJtn:i 

,,,a,nn p?n:i, ,o,,1p1K'Kil o,y;o:,, o,,,uln,,on 0,3::m:,,1 nw,;1n ,.,,a,o:i ,,,,!I .11:i1n p?n:i 
innn ;, n,,!:l, intt? ,,n,, n1n1tmn nTllK'l'l; 1''1D ,,,.,!in,:,, D'K'UJ ,cn,K D'!:ltnn p11,on 

.n,,l1opun n1y1£1nn n7,nn inN? Dl nK1l.l1 ,,,oln,,on 
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