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lt¡'t'¡t!ìrrrt ( ìr,rtlo.r¡tL\tl ,\ttt yt¡ utttl i\lttttttr: .lttlltot il.y (it'('l)lr!.\it \ l)t'l,ut lntt'nl
.l .\ttlttlt \tltttt lÌtn¡tl, lltl¡,t.t,ttt, (\rrrrt, I rr¡,t

'l lrt' rc¡iiotrlrl ricolltennill pirtlcnt ()l lÌ!ryllt lr;r:; ltct n l)t(rvi()usly tlrrl¡¡rcrl l'r o¡n lrollo¡lr
Itole tcttt¡rtntltur'rlittir ilrsitlc oil rvclls in Norllrt'r'rr l.,lypl tr¡r,l (it¡ll ol srrc¿. lio¡ lllc
r';ttìtr' ()l)i('(ti\'(', li( ()lltcr ¡lt.tl ¡i¡lr(licnl, lìcll florv rlclt'r rìrir).ìli()rì:, lr;rvr, irlso lrccrr
t:tllttlut:lL:tl irr,itl,'t'xislin¡i rlin,rr;rl ex¡rlollrlro¡r iuì(l \\rrtt'r'rvclls irr liirstclrr lt1l.1¡rl lrrrtl
ttl Klìiltll;ì ()it\t:. ttt !\/t'slttrt I)('scrt;rs rvcll irs rìiir(lc s¡rcerirlly tlrrllcrl lt:gir,rutl ¡ir;rtlrcrrl
:ilt.tll()\\' ltrttt'lrolt's itt lrlrslcnt llli\ l)1. 

'l,r c,.rrrr¡rlt'rncrìl tlìù r't:girrn;rl pr'otlrt:nìtitl l)i(lutc
ilt lltt'ltottlllr'nt l)ittl ol l.¡i¡,¡rl, lcnr¡i¡¡1¡¡¡¡¡cs \vcrc tììrit:ìltr'(:(l t¡lsrtlt: st:rrt'¡r \\,itl(t \vr:lls
ilt tt tcltltllr: iil('it in llrt' sor¡llr \\/cslclt l)c\ctl irl lÌír\l ()rvt:i¡ltl. l lrt: ¡tvt.lltl'r:
e;tlittl;tlcil lr'rììl)(ìriìlur(ì !ritrl¡('rìl rr;ì: Iìrrr¡rrl lr).1¡¡lounl tri ll lrrK, lr,,r r..rlu.::irrril,rr
l() lltitl otrlltitlctl llotu lrollorn ltolt: l(:lììl)('rtturt'r'rlt'lrllr rt'llrliolrr;lril) ol (lccp lrrlcsi:rn
l't'lls ltl l)lrklllrr ( );r;r'; .ì(X) [. lu lo llt,'noltlt, lrrl nlr¡r lr lt'sr lllul lllc n()nlitl lir¡t(lictìt
illlt()ÌrlìlrlltÌ l(ì l() tttK,lt i¡t Norllrcrrr lì¡lt'¡rl.'llrt'tl,tlrr rrlrl;rirr,'tl t'nr¡rlrirsrzc llrc
r:\lr'tt\i()tt ol lltt'los'lrt';tl llorr'¡rrorittr'r'ol tlrt'l\4t'rllt('n:ltr';ttì rlo¡tll r¡l lrliv¡rt lo ilr
:,oullrt'ilr hortlt'l r!itll Srrtltrrr,

i\ ,li:;tr ilrrrrçrto rt l,iorrlrl rlr' llrrro ltcoti.t nl(,() rro Irlilo loi ¡r¡,,r.¡,,',r,.tìlr'(l(,lirrirllr lr ¡ltr
lit tlt: lt'ttt¡rt't:rllllrr: tlt'lrrrtrl,r ilt'l)()\'() ilt((li(llts cnì l)()\'(]i, (l('l)('lt()l('() il() tì(]tl(.(l() I'l,l
l() r lt() l'ollìr tlc \tlr'2. ( (ìttt () nt(':,rìro olr jt tiro, rltlclntilir\()er; rlc Ilrtliclrtc: li'lllrito:t
t'tlr'flttlrttl,',ltl,l¡ lotltttrttltllz:ttlllt(tnl)()\'()\l)iu:t('\l)l()ntç;rorlittt.r;tl,ttlr'itllulln()
Ir'"lr'rlo l,l'ito c r(),)it.,i.; rlc Kl¡lll it lt() (lr'r.('tlo ot itlcnl;rl, it-sint (()nt() (.ll lì()(():, tit:;():j
t's¡ttti;tliltt'rtlr'¡rcll'lrIlttlrr; lt0 1,,':;1,.'tl() lttlir0. I'1il:t t()rtrl'lt'til('ltl:ü lt t('l)t(sr.illit\it() (l()
lltlro lilil|,,r r,r,i,'il,r1 t¡.t 1,,il1r",il1 tlo l:.'ilr', lrrr.u¡r ¡¡rttlrrlits t(:r¡rl)('l¡tlilt:t ('nt s(l('
¡ltlstr:. tlt'li¡itt:r t'ttt tr¡rt:l it( it r( ilr{rl;l |0 tlt'.,cl l(} (l():it¡rl()r':jlt'cnl l:lt,;l ( lrt't irr,rl. ( ) I't:t
rlitttlr'lir¡t,ito rrri'tlio ('n((ìrlt;rtlo i'rlt' l.t nrl, ln, r,lrlol r;ilnillt ;to !)l)litlo:r ¡r:irtir tlt.
It'l.lr,rtt':l (l( l('tttl)('t.tlu¡;t tlt lt¡tttl0 rlt'l)()\'(). llr,)lltiltliillrtlc (l('l)()\'():,,ill,':,i,ilto\ lìt('
l1¡¡11lrr'. lìrì 1r;i'.i'- rl,' l)rrLlrl:r l(lll r¡rtilo¡¡¡¡'1r(ì:, nlll ;tiì rrltl(', nt,t,, nrrilo inlì'lltr :r'r
1'ttttlir'ttlt: t't'0lt:lr¡lito rì()¡ilr.rl rlt .l0 ¡rrl. ilr ('n(()¡rl¡lttlo rro rrorlt'tltr It¡lito. {):; tlltrl0,;
()l)ll(l!):i ('ttl;tli/:ilìt lt ('t\lr'rì\;r() rl;t ¡rtot'ittti,r rl(. l,lrilo llrrro li'ilili!() (lo il()tl( lilc(lil('l
rUrc'o rlo I ltilo ¡rrrir ir :.r:t lrontt'ir:r r.rl ( ()nt o Sutllro,

( I lurlrrzrilo l)clit lìcvistlt)

IN',l l(()t)t r( "l t()N

l{c¡,iorlrl 1it:ollrt:rnutl r¡t('irsut(lr)t('lls il¡ l:¡'v¡rt
',lrttlt'tl :,irrlt' rr¡irl suvt rrtics (c.lt. I crvl rc, I()75; lvlor rltrtr

cl irl., l1)77). lrirst ittlcntl)ts to tlclirrc lltr.r gt'ollrt'r rrrirl

l)illlcnr rrr IrAt'pl \\,crc rìrír(lrì lr\, r.'.,¡,.'r''ilrg llrllltlr¡¡ llolt'
Ictttl,t'tirtrrrt' (llll l ) rllrrlr llollt oil rvcll:; rn n()tlltclu
Wr'stt.rrt l )(,.scr t ol lillvpt,, Nilc l )t'lt ;r r t.giorr,rrrrl ( irrl t rtt
Stt,'z rc¡iiorr (ltill. I ). I lrc rìt(.ilt f,,(Ì()lllt:r rrr¡rl tirir(lienti,
cslinr.rtc(l llorrr llllI tlltt;r irr l,lS oil lr,r:lls lrr n(Ìtlltcnt
lrtÌypt rt¡rtl lH orl *,tlls in tltc (ir¡ll ol Srrcz (lrigs. l:rrrtl .ì)
lry Nttrr¡iirr t'l ;tl (19771 rvcrt' lorurtl lo llt: .1O.6 r 5.0
tt¡K/rn ("(';'krrr) t c:il)ccliv(:lv slrorvirrg tlrlrl l lrc ¡Ìnttlicrrt
irr tlrt (irrll i:; ltiul't:r tllur in Nortlrt:rrr Irrv¡rt lrv rrlrotrt
ì0rr¡/0.

Iltt' nrr'lrtt lrc¡rt llorv lor Nortlrt'nì lipyl)t \vltil
t'slirrr;rtt.rl lo lrt.in llrc tlrrr¡lt'ol .ll ^17 lnW,'lrr, (lVlor¡ilrrr
cl :11.. lt)77) ¡rssr¡lrrinl' l nr(';ur llrr'lrllrl (()nrlr(tiritv ol
lltc totk, ur llris tcl¡i()n ()l l.O.Ì. ì \\/, ¡¡1, K. Ilri., ¡iut[,,c t:,
(:()tt\i:,1(.nl rvrllr rrrrilonulv lt'rv llt'¡tl llorv llrlrrcs rc¡rorlctl

lìr llrt' clriilcln IVlr,'rlite¡riurclln rcllron (.10,15 lrrW,, nr':
lilrrtr cl irl., l()7(); lrriksorr, l9l0; !lorg;rrr, l1)75). Ilrt:
Iorv lrcrrt Ilorv ir, irrtt'r¡rrr:lt:tl ¡rs I('sultirr¡i lrorrr it slitl)l('
nru rl lrÌ lr(Ìirl l lorv co¡¡ l r il'r¡lio¡¡ rv il lr lcr y loir' l¡. ,¡

¡rtotltrclror¡ in lllc ul)llct cnt\1.
llc¡rt llorr,cslinìlttcli lltvt. I'ct:rt llrltr cxlcrrtlctl [rv

r¡r()rc c()n\icrrlion;rl p,collì('ttìtitl ¡'rrrlir.rrt trrrtl lrclrl llorv
nrcrrsul cnìctìls in 56 lllilì( titl crplol trliolr lrrrtl witlct wclls
Itl I l silcs tttoslly c\)nLcillt¿tlc(l ¡il llrt: litr:,tt:l¡l l)(ì:irÌtt ()l'

lrtlv¡rt (lVlorlliur cl irl., lt)ll0 ;rrrrl l()lill rrlrt'rt' tt'rrr¡rt'rr-
IUIcs wcrc ilrt'ltsr¡r'crl ¡tl 5 Dt iill(,lvitls llt lllc [r,)lcllolr:s.
lvllrrry ol llrt: cslirrr¡rlt:tl lrcltl Ilorv vlrlrrr.s lor llrslcrrr
ligy¡rl irltr rt:lrrtivt'ly lritllr ill collttit\t rvitll Wcstt:rrr
lr¡'v¡rt l)lt'vior¡s slu(li('s lllrvt' lrt,r'n .,rr¡r¡rlt.rrrt.rrlt.tl hV

rit'ollrt'tttlrl lirr(licnl trnrl lrt:rl llorv illvt'sr ig¡ttions in l.l
'il)((iirlly tlrillt'tl tc¡1it'tltl-¡irrtlicttl slr¡tll()\v I'or,'llolt's
(' l(X) 150 rrr) irr l.;tstt,rrì l:tt\l)t (lllor¡ilrrr t't lrl., l()1.10,

l()tiì, l()H5l lVlot¡';¡¡1 r.l;rl l()l{5 l¡¡¡¡¡¡11 tlllrl ltt.;rl llou
*t'll lrrrirv lr()tì¡ tlll lietl Selr is ¡rrolrlrlrlv irr tlrc ltrrr¡¡t
ì5\5 nr\\/,'r¡l' lrr¡rl irl)pcit¡ s lo inr'¡t'lsc rcl.rlivclv ltpi(ll\
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3040 krrr ol tlle Rctl Scrt coitst to 75-l(X) ttrW/ttt'"1'llc
¡rostulatcr.l tltr:tt¡tal attttttraly alottg tltt: Rc<l Sc¡r tttitrgirt

with hcat l'lorv lbottl l(X) rrrW/rll¡ lll)l)citrs to llc rcl¡rtcd

with tlrr: Rcrl Se¡t o¡rcttitt¡r, alrd is ¡ltrtttitrily clrusctl [ry
high rtrnrrtk: ltt:at llorv crtttsitt¡¡, litltos¡rllclic llrinnirrg
ccnlcrcd bcrrcutll lltr: Rt:tl Sc¿r.

(ìeolln;¡ t¡¡,tl ut,t(l¡Ìnts ittsttlc w¡tl tt¡ wt:lls

lvlir¡r rrl l gyIl slìo\\'rrì1.Ì (l;rl;r ol Fct)lltcttttitl titir(liIlllr; ill
Wtslcrrr ll¡1y¡rl cotrt¡rrlcil llottt ¡rtcvitttts rltt(ltcs (A: lvlol

liur rt irl.. l()/7; ll: Srviurbet¡¡ cl ;r1., l9ult ( : Nlurt]it¡t et

rrl., l')ll0).rttrl ¡rte:ettt s(trtly (l)),

l¡r thc Wcstt:t tì l)cscrt, tltc sttrlitce w:ttcr tct¡ll)cla-
tr¡rcs ol'artcsialt ()I cotìlirìttoltsly ¡)tlllìpc(l wÍrtcr wclls at

l)akhla ¿urd KluuEiÍt ()irscs (l;'ip,. l) ltavc lrcctt t¡sccl ttl
rct'lcct tlìc lll ll arrd cstttttrrtc tltt: gcotltcrttrrrl tlradicrrt in
thcsc rcgiotts (Sw:rnhcrg cl ¡1., l1)76 a¡rd l9fl-l)' r\vcrage
g¡ adicnts obtaitìc(l íll tlìcsc ()ascs by lcast st¡tt:trcs littcar
rcgrcssi()n ilnitlysis ()f lllc¿tsttrcrd sttl litce tclììl)cr¡tltlrcs ()l

watcr wclls anl()r¡nle(l lo 1.1.7 IllK/tn ltlr ó lltcsialì íllld 7

corrtirtrrrtttsly ¡.tttttt¡.rt:tl u't:lls (l6() 76lil rrr tlccp) at Kltalga
Oasis artrl ll.!) rrlK/rn lirr l5 irrtt:siltll rvt:lls (280 1220 ¡lt

<lccp) :rl I)akhl¡ ( )ascs.

lrr thc l)rcsctìl stt¡d)', gtr()tltcrtllal tìlcastlrctllcllts
hirvc bccrr conrlur:tr:d i¡tsi<lc scvctt watcr wclls clrillcd to

llusr:rntttl lo tlc¡rllts ol l2()-,1'),-ì lìl ¡tì llìc sottllt Wcstcrtt

l)cscrl ol'li¡lv¡rl :rl li;rsl ()rvcinat irt tltt: vrciltity ()f thc

l:gy¡rt iirn borrlct rvit lt St¡tl¡trr (Fi¡¡.'l). Tllc lcrlllx:l íìtt¡l cs

cl;rtu r:tlllt:r:lc<l frorrl tltc itct:cssitrlc loggctl clc¡rtlls (1202110

rrr)rvcrc rtscrl (o tlrrorv lighl ott tltcgcotltcllìliìl l)¿lllcrlì ¿ll

llrc soulllcnlrìì()\l friu I rrl Wcstcllt lìpv¡rt . 'J'hc rvt:lls lt:tvt-'

bc:r.r¡l tlrillctl by tlrc (ìt:¡tct'itl l'clr()lct¡lll ('ottt¡tatty itt

li¡lv¡lt lo ('vítlrtírlr: lltt' glottttclrvttlt:t tt:st:t vrlit' ilt lltc ltrca.
'I'lrr: atlt¡ilct rvltit:lt ltits bccrr ittvcstigittt:tl ilt lllis ¿trca

co¡ttltitrs;t ltttv-sltliltitìly wíìl('r rvlricll rvill bc tlst'<l l<l

ir lig;rlc scvt'r'ltl IIlottslttltls rtl lt:tltlatts rct¡tlirt:tl tìrt'

ltgtir:ttlttrlitl tlt:vcloptttcltt irl tlris rclll()lc llrcit (tll-
Illukorrkv t:t ¿t1., l9'/(.)).

(;t,:()t,()(,;l( lA l, sl,;l"l l N(;

'l'lrr: lut'¡t turtlr:t irtvcstigltliotr is itltttosl Illt with
grourttl clcvtrlio¡rs at tltc wclls ralì8ilì11 lronr 2[ì0 lo J60 r¡t
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l)¡tt¡t()l /6 ltll'l vstlc¡rtlrrrrthc(irrll 0lsrrczrrgronll0ill .ltlrrrl rvcll:rv¡llttllt:ilsitcssltrtwltiltllt(ìirts(:ltttit¡l(aflcr
lvlot¡lirrr ct ¡1., l,)/ /r.

above sca lcvcl and covcrcd by 2..1 rtr ol Quatcrrrary
clc¡rosits of sands atttl ¡ttuvt'ls. 'f lrc ¡',colo¡',it';tl st'cliotl ;ts

observcrl insiclc drillcrl rvcllr, cortsi..ils ol slttt<ls:t¡t<l
slndsl()ncs i¡t tltt: tt¡r¡tt:r ltot iztttt, ltttcl slttttlslottcs,
siltstoncs, urtrl rrlitys ll (lc¡)llt. 'l ltc lttitill lìrrlttttliolt
rundcrlf ing tltc (Juutclttat)'rlr:llosils is rt:lcrrt:<l lo:ts lltc
Nubien sandstonc: (()retaccous-Jt¡rassic'l) atì(l l\
lith<llogicirlty lìor'or¡s s¿utrlslo¡tc (rlisrctlartlitlg {ltt:
sillst()nc an<l clays i¡rlcrc¡rl¡rti0tts lotiltd rtl dillclr:ltl
Itorizo¡rs antl locl¡litics). lhc llrickncss of'lllrs s¡tntlslollc
Itoriz.ort rartg,cs ur llrc stu(ly alt:rr (lrig.4) l'rorrr 2(X) ttr
l(X)0 rrr rrntl cxcccrls l7(X) rlr itt tltr: rvitlt:t ¡trc:t bot¡ltdctl
bc(wr:cn 22" ¿r¡rrl 25" N & 27" ¿urd .ì l" Ii (lìl-llalkot¡ky ct

al., 1971)), l'ht: llast'rnr:nt rocks ()ulcr()p allotr( l5 kr¡r NIi
¡rt llir 'l'ar lawi (lrig. 4), ('xlctì(l tìorllìc¿tslwilrd lìrr abttut
45 krn irr arr urcl ol ltroul I5(X) krtl'(lil-llarkorrky ct al.,
1979), arrcl ¿rl)l)cirr ut;r clc¡rtlr ol 157 tlt l't()tìt lltc sttrl'itcc
irr wcll rrl' lll (lrig. .l).

I't,lM t) t,,R 
^'t' 

I i lr t,l M t,l 

^ 
s I I R t,lM t,l N't's

'l'crrtllcritltrrcs wcr(' nltltst¡rt:(l insitlt: rvltlr'r uclls
using thcrrrristor lllclrrr(rnrctcl l)I()[)c ¡rt 5 nì illtcrv¿tls
(cxccpt at rvclls n()s. Vl)t irrrtl \'.¡¡r (liig.,l) rvlrt:rc
tìì('¡r;rlrcnìcnls wcfc llkcn ¡rl I lrr Iltlcrvlrl lrottt lltc
st¡lllrcc to ir tlc¡rtlr ol l-l rrrrrl I I rrr rcs¡rcctivcly). lhc
¡ltccision ol nrcirsr¡rcnrcrrts is 0.01"('

Al crrclr nìcirsurirtH rlc¡ltlt, (Ìlcr:lrrc¡ìl rr'sistlurt,'
tcatltlt¡is ol llrc llrollc wcr( r((()t(l('rl evclv l/.1 rr¡ttrttlt'
till I corrscculivc corrstlrrrl rt'lrclirr¡ls rvcrc olrlrrincrl rvitlr lr

tlt¿txilrrur¡r ¡rcriorl ol l,l nlinrrtcs lronl lclrvilrll tlrc ¡rrolrt'in

¡rositiorr. lrr ull tlrc rvcllr,, irl lll¡lttsl itll lrrllizolts i¡t lltc
rv:ttcr colunln, lltc lìr'(ìlr(' cr¡rrilihritl('\ v('rv rlr¡ritlly (',

l/.1 lrin)rvitlr its srrrrorrrrrlirrgs irrrrl lllc rccoltlctl rcarlitt¡i
of l lrt' ¡rr olrt' l csrsl lrnct: (ltrrtl lrt:t:or rlirrgl v t lrc (ron csl)on(l
irtli lcl¡lPclrrltttc) rlocs nol cltrttt¡it cottt¡rlt:lt'lv irr tlrc lilst
lu,o rninulcs ol lcrn,irrg tltr: ¡rroltc irt ¡rosiliort. ()lt tlttt
ollrt:¡ lr¡trrrl, r¡r lllt: ;tir t:oltrrurr, llrc lcsisllutcc ol tltc

Ilotrt rvrrs vlrryitr¡t vcry r;r¡ritllf irttlicltlirrg th;rt lltc ¡rrobc
ct¡uilibnrlcs rcllrlivcll' slorvly rvillr its suttottrt<littgs.
.\ccolrlirr¡:l¡', ;r:;c¡ir:r; t'l rcsisllurct'nrc:rsurc¡nc¡rls rs litttt'
rvcrc nllrrlc lrl cirrlr lr:vr:l lrtttl (rxtrírl)olíttc(l lrl c<¡rtrliltrittrtr
corrtlitiorrs to obluirr rrl irrlirrilr: lirttr: lllt: r'csislitlt(:c, tltc
corlcs¡rttrrrlinll lcnll)cr ll urc ol rvlticlr is csl irltltlt:tl l'r <lltt

(ìitlil)r iìl ¡o¡r t;rblt's ;rrrcl rc¡rrcscrttctl ott tltc lcnt¡lct ltttrrt:

¡rrol ilrr. lrr¡uilitlr itlt:<l lctu¡rcr;tl ttrc tl¿tl;t rvcrc pltlltctl vs

tlc¡rllr lìrr tltr: loggt:tl rrt:lls Il'.'' ll, lll,lV A, V¡rr,V.r¡,, Vl
A, W. Sclirrrlr I slrorvlr irr Iiitls. 5-ll rcs¡lt:ctivcly.

(;t,ro't't I t,]tM A t, (;RAt)t ¡iN't

ll lurs Itt:t:tt rtoltt:ctl tltirt lllc l(:llll)cl;tttrtc'tlc¡rllt
¡rrofilcs (lrigs. 5- I I ) ilrsitlt: rvitlt:t rvclls ¿ttt: clt¿trltclcrizctl
irr gcrrcml by lriglr tclnl)crirlurt: [itl<lit'ltls lor lcttt¡rcril-
Iurc nìc:rsrrrcnlcrtls lltkcrt irr tlrc itir t'tlltltltll ltbovc tltc
witlcr lirt)l('¡ttttl rt'l¡tlivcly low ¡lratlit'ttls irt tllc wlttct
colu¡tttt. 'l lrc lri¡llrcst ¡,t tttlictrls itl itll r"t"ls (with thc

cxcc¡rliorr ol wclls r',' lV A ittttl V,r1.,) atc Icsttictctl t<l thc

lll)l)crnì()sl l0 nt ltoriztttt ittltl ltlÌt()tllll ttl ^' .1(X)-57()

rnK/¡u lollowctl tlownwrtrtl by scgtttcltts ott tltc lctttpcrtt-
I trrc ¡rrrll'ilt: sltrtwittg ¡rrogrcssivcly tlccrcasittg 8rûdicnts
(^,,.10-ó(lrnK/rrr). i.c. l0lirrrcs lo$cr ilr thc unclcrlying 15-
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ligurc .l Lotrrliort rtritl) ()l lrtt)l)cr:tlttrc lotlEttl rv;tlcl ut'llr itt l:¡tsl
( )rvcirurt

'l'ltc tcnt¡rctitlutr' l)l()lil(' l)iìllcrll âbovc tllt: w'ittcr

tatrlt: sccrrrs l() rcc()r(l llrc l)r()gr('ssiort ol ¡t l¡trßc ¿trìrttlltl

tcntl)et:tlurc w¡t\'() it[)()v('lltc \vlllcr litt)lc.'1 0 itct:tlttttt l'tlr
tlrctlclrllr ()l'l)cn(l,,rlr()rl(,1 Ilris.rttlltt,tl w;tve,Illctl¿tlittll
thc nurrirrrrrut irnrl nttttirtnlrìì tìt()lìllìl\'stril Iclttllclitltllcs
al rllllì'rcrrl tlc¡rtlr.; (().01'.1 ttr) lot lltc vc¡tt l')lì() lrt tlrc
rttt:tt'otolo¡iitltl st;tliort rtl Klutttllr (15".17'N, 10" ì.1'1'.)

Ititvc lrt'cr¡ tollc.tctl llo¡ll I l\f .,\. (l()iO). Ilti: sl tlt,rrr ir
coìtsitlt'ttrl it:, Iltc lrlo:;l Iclilrlrlc rtltltolt ltlltl llctttcsl Irr tlrt'
sludy arel. l'ltc lop srlil rtl r,v'lrir'lt tr(':ì\utctttcttls wcr c

takcrt is loosc gtitttttl¡t¡ s.ttttlv loitttt.'lltc ¡rcttctttrtiotl
dc¡rtlt ol tlrc lrntttt¡tl tcnrl)trirlutt \\'.r\'( ittl() Ilt( c¿rltlt lllts
bccn cslinllrlctl lr1, tlrc ut¡lltol l¡otlt lllt' ,tlrovc tlitt¿t ¿tltd

loutrtl rrot lo cxtcctl .1 5¡t¡. Âttottlrtt¡ lo ()lll¿ll¿t

(l9tllt). lllis tlcf'tlt rvillt ltlt t'sll¡¡tr¡lttl rlt'rlitlioll ol t 5(¡/o

cl¡r trc corrsrrlcrt:rl, rrillr ¡t lliglr ricrltcc ('l rt'lilrlr¡lilv, ¡rs

rc¡rrcscrrlirt¡i ¿tln¡osl llìt"';uttr' rlt'¡rllr rtt lltr' sttttly ltrt'lt
|rt-inp. :;iltt¡ttt'rl rtttilt'r ;tlnto't llt,' :,:ttrtt' t'lilllltltt:

120

t/.0

160

lrl(J

lilgur (r ()lrscrlc,,l trn¡l)(rirlur( r'',,1c¡ltll ¡rlrililc lot l)r(ìrltlcl;()ll \\'c¡l

ll lll il \itll(l\l()llc; l) lilollllltc sittttlll.trc, r '¡t¡¡rl ¡tt'tl
s¡t tttl rl tlltc.

e orrtlilions :rs ul Kltitr¡llt l lcrtee , lt t rlttt¡llclt' tlitttt¡rittg of
lltc;rnttt;tl rlitvt: is cr¡rce lcrl lo lrc ltl ir tlt'¡rllr ol .\¡tt.

Strbsct¡ucrrl ruc.t:,urcnlcrrts l.rkr:ll irt lltc w'¿ttcr

tolrr¡rr¡r r( l)r('s('nl irr rlosl t,l tltc ¡rrolilcs lrlt ;tlt¡tost
liltclr lcrtr¡rct ltl ttt t' tlt'¡rl ll r t'l:rt i, rtr.,ltip :¡tttl t cl l,-cl llrc
¡rrcvlrilin¡¡ ¡lcolltct tturi ¡'ltrlit rtl ol lltt' tt'¡iort :itrtt tlrc
w;lf cr ;t(l\ tts lt ¡iootl ¡rtcrlttnrt lo¡ ltltttslt I I tllß llìc
lcnt¡ictitlutc ol llrt' rtrt tottlttlitt¡i lrtt¡lt:tltott:' lo lllc
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flrcr ntislol . (,('()llì( t ttìitl ¡ll lrtlierttr irlsi,lt' t'lt,:lt rvcll lr;n'c

llt:crr csti¡rltlt'tl :tl tlt:¡tllts lttrlorv lltc sllrli( \v;ll('l lt vt'1, ;tl

tltllclcnt tlt'¡rtlr irrt('r\':tl)', lry lt.r:l st¡tl.ttts litrt,tt
t ('llr ('\lii')n lrtlitl\ sis tll l lrt' lt:ttr¡lt'l iìl l¡l c tlc¡rllt rl;tllt, lttt,l

itrr-'slìt)rt,tì i¡r tlrlrlc l.
I llr' tltltlrlirl('rl l'llttlit'ttlr. t':lt\, llotlr \..1 ¡ltK. ltl lll

rvcll rrl' lV r\ lo l.l..l ¡¡rK. ¡rt rrl \\', iillirrr.r I rr,ll, *rtlr ,r

tttclttt ol ll.l rlrK/ nr, ()r l l. / rrrK, rrr il lltt loo lort'

!r'ir(lr('nt lìl \\,1'll rrl' lV z\ rvitlr tlrt'lrirlrt'r;t tlr'r'irrliorr l¡orrr
Ilrt'nrt'lt¡t i:, r¡ol llrkcn i¡rto l(((ìlnrl llrt ir\'('riur('

I t¡tt,t¡l K,ttttt:l lloulos
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lcnrl)('lirlur'('inl('r(('l)l is 10,7''('rrlricll i:; lorvt:¡ llt¿¡ll lllt:
Iltcltlr lltottlt(l l('lttl)ctitltttc itt t¡tosl ttl llfypl ;trtrt,t¡ttlil¡g
Irr l("'( .ts it¡tlt..tle.l It,irtt llle ILI)l)ct.rlttttr tlc¡tllt tlltl;'t
Irorrr lllc \Vct;lcr tt l)t'scll olr:;t:; (Sil:rrrlrt:r'g t:l ;rl , l9lì.1 ).
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l',('\)llrcnrirl lirirrlicnl ¡rtolilr'l)rst,irtll l)y l()ttliilr¡tlr llJ.\"
I :;lr,rs,,; ir l;oulll\\'ir(l (l('('r,.':rs(' Irtlnr Illt' fit;rtlrt'rrt v,rlrrt'
irr tlr,'rrortlr tlJitr,. l.Ì).

'l0:rr'L'trr¡rl lìil lltt'ltt'¡rl llorv iil lllt'lrr(':t, \,irlu('s ()l

Iltr't ¡lrl t ottrlr, livilir's ol tock :;;rnr¡rlcs slrrttrltl llt'
krrorvrr. Aclurrl ((rn(lur'livill' nrtrr';rrrcnr( nt:, \\,crc n{'l
ttr,rrlt ,rl llri: rl,u,t. \',rr,rlt()n5 r'l llrt ,t,trtlutlit'ili.r,'l
llrt s,'tlrtncttll ol llrr' lo¡,r,ctl trt lls lttt t't¡rt i lttl l(ì (li r'llt
lrt,lll vt'r tlrlrlly rrnrl lrtlt'lrrll\. Sirtrc lltr'nllri()r r'()tt',liltt( ltl
ol tlrr' lillrololir' rLrr'1, unil ;rlrrrrl' 1lrt lr,r,;t'nttrìl in llt('
;il1it f, trlltl llr';illltJ, Iril(ìil,,ì¡l¡rjr,l(ìll( :r" ttttl'ti,,tt,.l

illrori. iut {'1.,1luitl,{l \;tlu( r)l I:, ,()n(lu(Irrtllrill l,t

tlttlIttl ltottt llrt ilt'l:lllll('. l'lll)ll',ll,tl,lltl;r;tlrrrttl lltt'
to¡¡11¡¡, ¡iritt ,rl ,¡ll(l:tl()trt' irt( r'i\( n ilt l;tl,l, .)'ll(r\\irìl'il
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I
I

t0
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I(l
l¡l
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li¡ure I I ()l)s(:rv('(l t('nrl)('rltnlt('r'r, rlt ¡rtlr ptolll( 1,)t \Vc,t Stltnllr
rrr'll, rr :;rntl ttrtrl lir:tl,el; lr sillsl,llrc jilt(l:,jilt(l:.t()ilr.; (

s;1il(lsl()t)('

(:()N(:t,UStON

'llrt' (l(Ìt(lnln(:(l lic()lllcnnill ¡t:l(li(ìiìl itl lltst
()rvt'irlt is sirnillrr to tlt¿ll lrt I),rklrllt ()lrsi:r (lri¡1 I);rlrorrt
.l(X) krrr lo tllc rroltlr, irlrrl is tr¡r¡rrorirrlrrcl\, ll rrrK,,'rn.
'I lrc rllrllr i¡lrlitrirlt tlurl l,ollr ;ilcs iu( in llrc s:rrrrt:

¡icotlrclnr;tl r'(:flntì(:. Si¡lrc rvlrlt.l is.r ¡roor e()n(llt('lot r)l'
Illcnrt¡tl t:orttlt¡tlivity o1 0.(' \\/,,'lrlrK, it is r:r¡tt:t'tt:tl rllrI
f ltt: ¡rrltotrs Nutrilur si¡ìclsloltc lot¡¡¡¡¡¡rort lrt.ltrrn¡i rvlttcr
llt;tl lcctls tltc o¡rscs tll tltc Wcslt:ilt l)cs(ll iltity l)osscss

l igrrrr lì N \ ¡Ìt:olltt:t ttiltl ¡t|lrtliInt l)rr)lil(: Ilr,,:i¡lr¡l l)y lr)ilfÌilil(l(ì
.rli ì" I

ilrr critiilìílt(Ì(l llrt:l r¡r;rl (:olì(lÌt('tivrly ol l W/r¡lz'K or cvcn
Iorvcl . llr suclt (Ìíui(:, tltt: llclt llorv rrriry bc lrboul .lo
nrW.'rn'or lorvct iulcl llrus llrc Iorv lrc¡tl llrlrv l)t()vnì(:(ì nt
VYcslcrtt ligypt rvill cxl('¡t(l lo tltt' stlullttÌttìtì)()sl l)iul ol'
tlrc tor¡rrlty ro rls lrtlrrlt'l rvillr Sr¡rllur.

A('h NOWt,¡,,t)(,; t,iM t,tN't s

llrt: ¿rrrtltor grlrtt'lrrlly itcklr)\vlc(lgc IVIt. Âhtuctl A.
ll:tr;s¡rn, lllr ('lurillnlrrr ol lltt: lrgv¡ttilrrr (it:olotiic;rl
Survt'y lrrrrl Nlirrirr¡l Arrtlrority lìlr llis ('nc(Ìrtritlic¡¡lLrnl lì)r
¡rrrlrlislrirr¡' tltis rrol-k. llr¡rnks lt(: ills() tlrrc lo lvlr.
llr¡sscin,\. K:r¡¡rt:1, llrc ('lltulr¡llr¡r ol tlrc (icrrcr¡tl
l't'llolt'urn ('o¡llpttnv lol itllorvitrg l() il(:c(:ss lo
Itrnpctirlurc l(,[1 llrc rvclls ¿rrrrl t'ollct'l llrr ¡icolo¡',iclrl tlutlr
tcr¡urrctl lìr¡ tlrc strrtlv, lo lVlr. N. 7. llirslir lrrrrl l; A. A.
Slurllr rvlro w('rc cnllítgcrl irt tltn yrnl'. ()ut tlrc liclcl
nrclrsurcnìcnts, iur(l to I )l . A. A. ( )nnr'¡r trlr hls
irssislíuì(:( r¡t ¡rlovitl irr¡i llrc ¿ulllì()r \villt lllc
rììrìl()()r olor,,iclrl tllrl;r lrrrrl lus l Irrit l rrl tlist rrsr,io¡1.
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0

lll,ll,'l,lllr,:N ( ¡,:s

IttlNll:lt,\l(lll,tr l9l{,1 (r(:(}llì(ìilllr(:].51)ilrìgrr VeIlir¡i, llt:r lrrr

I lcrtlclbcr g, l,l.l ¡r¡r.
('l.AIlK, li,l'. l')6ô ll;urrllrook ol l)hysrerrl ('t'nst;rnts. (ìcol.

Soc. r\nt. lvlcrn. ((.)7),5tt7 ¡r¡r.
Irl. ll^Rh()llK\', 

^.N,, 
lll. (;lizlillltY, N., lvl()l{Slll l), 1.,

K¡\lvllrl.. ll., NÂKlll.r\. ¡\.lt Alltl /.lrll), A.lvl. lt)'/e l'¡c.
linli¡tiu v lnvcitill.rtir,¡r'; ¡rl (;r)un(lwirt( r ¡ttttl Srliì lltrrlrrr'c'; r¡r li¡rrl
()\\crn.rl /\rc:r. \\/('\rcilì l)csc¡t, I liylì1. (icncrirl l'clr0lcrilil ('0il1-

l)¡rily, litÌ) l)l,
lr ¡yl A llr(iYl''ll¡\N lvllrllrí)l{()l ()('l(,\l /\ll'lll()l.ll.lY

('Alll()) l9ll0 lr4¡rrttlr,\!t'irtlllr llt¡rorl:;, lirrrrrirrl l)r'tt.nrlrcr
I1)t{0, .Ì.r.

lrlll( Kli()N, 
^. 

ì. lt)70 llrt'lr'lr'.r:,ttrcnrtrtt ;rnrl lrrttr¡rrtt,rliorr ¡rl

llc,tt l'low irr tlte Nltrlrttn;utr';rn ;urrl lllircll Sr';r, I'll. l) tlrclts,
l\,l,r,:,. l¡1,¡. 1,. li.

Ilt I I, Lli. ,! lllrll(; llì.. l.\\/. l()6ll I llt'rnlrl inl(l lrlcrtncill
( o[rlrrr tirrtit , r,l :i,ilrrl.,tÙrì( l{ilr'l:, ,tlrrl ( )(f¡ilt S(.(liilr.nlr.
( ico¡rl1Yr¡1 ';, I ì l.ll{() 5{X)

lvl()l,l(;AN, l'. l')75 llr',rt l,Irt'l)itl.t lt(ll ( y¡nrrriutrl tlrc ll¡r'r
trt;tl Rt¡lttttc ol lltc l;rsltr¡¡ Nl((lrl,,¡ri[rc;Ir ltclr(ì¡r. /\l)slll(l \\'rllì
l't(,fÌtiuil, l()r' (ìeil. ;\rr\'. ,rl tlt(. ltJ(i( i, (irt.rrolrlc. l,lirrrtc, r\rr¡1.

.11 St¡rl ¡r, ¡r. ¡t

Nl()l((,r\N, l'.,lll ¡\( hWlrl 1,, l).1).,1'/\lilS, I ( ,lt()tll,()\, Lh ,

ñ \,,\l llÌ, l'.(.i. lt.l77 I'rt'lit¡ttt;rty (icolltcr¡¡r¡rl (irirtlrc¡tl ir¡ttl

llr',tt I los' Vitltttr lol Nortlrt'rn lr¡1y¡rl irrrtl tlrc t ìulf ol Suc¿ llol¡t
()rl \\/cll l):ttir, lr l)ro.c(:(lnrfl.;, lrìt. ('()lf. llre¡nr¡rl W:tt(.t\, (icol-
Ircrrrirl lr¡¡cr,'y :r¡ltl Vrrlc:rri:rr ol llr, N'lctlrtcr¡ir¡rtir¡ Âlt'1. N¿rl.

It:tlr. (Jrriv. /\tlr('rrr (ir(e('(:, ().r1. lt)7tr, |:.lll.llll.
lvl0l{(ir\N, l'., S\\'^Nlll,l{(i, ( .r\., ll()tll.()S, lr.K., llllNNlN,

S.1,., Ill. SAYlrl), ,4.,^ ,t lli\S'l .,\, N,7. l9tì0 ( i(ì(ìlltcnni¡l
Slutlrcs rl \orllrr;rsl ¡\lnt;r. ,,\¡r¡t:rls t ict'1. Srlv. l,lgypt,
| 0 ()7 | ()f,t 

'
ivlol{(iÂN,l'., ll()tll.()S, lr.K.ñS\\¡\Nlll lì(,.('.r\. lt)llì Rc

¡iion;tl (it:rrllrcurrrl lrr¡rlorrliorr rn li¡1y¡rt. (ir.o¡rlr1:;. l'ros¡r.,
II:l(¡I.ì/(r.

lvl(,1(( ;/\N, l', li( )l ll.(¡:i, l.,h, I llrNNlN, 5 l, . lrl, Slllrl{ll, 4.¡\.,
l.l. ii,\\'l.l), ,\.,\., ll,\lil.\. \./. ¡( l\il.t.t,K, \' :i. I,)¡15

llclrl I lrlrr irt lìrr.,tt'rrr I ¡lv¡rt Ilrt llrr'rrrrirl \ill¡irlurt ol ir (ìrnli
ilr'rlirl llrcirhlrl). l. ( it'o,lt'¡r,r¡rrics, .l;lil/ I ll

RY,\N, \\/.lt lr., :ì1,,\Nl.l \" l).t, lllilìsl \" I lr, l.r\lil r)UISI,
l).r\. ñ,,\l l,\N. Ll). lt)7{} llr(' l('(1,Iil(\ ¡illtl (icolopyol
llìr l\l((lrl{'r|tttr'irlr }it;r, ril llrt \r'¡r,.1, ¡rt ll l¡t/,1(,1.', nl. A.lr.
Nlitrstll, \(\\' \',r¡li. \\irlcr llltt'lirrctrtt.

\ll,\l{irl/\, l'.V. l')'{r ( ito¡rlrl.,rrrrl ltltllrorl, l¡l (it'olo¡lt'. I\lc



I /:) ( ì eo t Irt.'r rr t;t I 3t r,tt I it:t ¡ t s i t tsitI t : w,t t t:r wt' I I s

tllotls lr (icr'ellt r¡ri:lly irrrtl (ico¡rlry:les (lÌ). Irl;cvict, Âltl,tcttltrrrr,
.l)tl ¡r¡r.

Stl(;/\WAl,l.A, A.,t \()SlllZ¡\WA, Y. l()61 Atì ln\'(:trlltrou
rìlrllìr'llr|ilrritl(ìrnrlrr|lirrlì'oll)r¡rrrlr,,\4:rtrlilrlr,lrrrrlil:,,\¡r¡tlit,;t
tio¡¡ trr l)0l0rlr lìrlt l, ,\rlrtr¡rli;rrr .1. l,lrys., l,l:.1(rU ,lll0.

Sll(ir\WAl{Â, A. ñ \'()SlllZ¡\\\iA, \' l()(ìl Âlr l.r¡rt.rrrrrt:ntlrl
Irtvcstt¡,illiorr (ìn llt(. I lleill[rl ( Dlrrlilt]nvtt\, ()l ( orr,,¡rlitlirtcrl l,rr
trlttr, lt4lrlcri;rls. l. À¡tpl. l'lryr.,, ì.ìt.ì 1.ì,\,ll.ì¡,1.

S\VANlllrlt( ;, (,¡\., Nl()l{(i¿\N, l'.. I ll:NNlN, S 1.., l)r\(i( ilr't, 1,.,

MIrl.l( , \'.il,.t lrl Slll:tillj, A,A, 197ó- I,rcl¡r¡r¡rrary Rc¡xxt
olr tltr lllcnl:rl:il)t¡nfÌ\()l ll¡tv¡rt, il l)t()(t'('!l¡nll:;, lrrt. (irrr¡i..lltr:r
rrr.rl W:ttr'r:, (icolllclrn:rl lìrrrr¡iy irrrtl Vr¡lc;urisnl ol lllc lvlcrlilcl¡-
rx.;ur r\lcl Nlrt. 'lcclt. []lliv. ,\llrc¡1,, (jrcc¡r:, ()rt. lgl6,
.li'i.¡() 1-\n.

SWr\Nltlrllt;, ( ,/\., Ivl()R(;AN, 1,. ñ lt()Ut.()tj, Ir,K t98.ì

I li\\/l'l( , R. 111i.\ (ico¡l¡¡ ¡¡¡¡;¡l (¡tit(ltctìtr irr tlrc (ir¡ll ol sr¡cz.
l'r f¡,rlr rlr¡ ( rr , I rplur¡rtl,rrr Kc¡,1¡¡¡ N .ll J. X l)l).
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