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•. "c' .. ';.. .'In.November 1965, the, United:NationS;·GeneraIAss~·nibly·deCid~dto··':. . ~ . .;. 1> ~

. ....... :.. <." merge ~W?'~xis~j~? q~v:elpn~eiit: opera~ioiJs~th~. ~pand~<;l ~r?gr~~~e . ~ ....:': . :\..
;. '. . .' .. :-. of T~phmcal~shed In 1950} .and . the' SpeCIal Fund... " " .' .'. J

.:" .-' '·;:·i· '~ (es~~blis~ed in'Jti5~)~hitb<a si;n~l~~ ~P.tjtY·.no~: kno~~at#i~·tInite~ ":" ..:::.:": .- /-- .~~.
'.~~.); .;':~":.~'.'. .. ;N~tl~~. D.~:v:elop~e~t:~ragr~~~e.'(UND~):· The, p:~~ger,was.~c.corrF' .,:"" '.' :',' ., 1, )..•
~ .. '; -: \' . - . plIshed m.Jal!uary l~qQ.v' ' . " ' ..' . : "., . , .' - . '" ·t· .,: "

. :,.~..., .' Th~ ·T.!N:Q~(~s~aQ~ished in. ~ccordatlce·,~itll:.i:~s~lti~i9n· 20~.9{XX) (jf; :. :r.· ·.L,·./;
' •.,'-. <•• " :'·~heUnited.,Na.tion:sG:erierar;AsseIi10~Y),see~to~dva!tce.tne.deve~op'R,ient·".. ~. ,", '. : J . ,':

.: ~.i; :. ~ ~:.' t. '.: ,"~9t ,h~ma~'''~a:~~ .~a~t1ra!. ~e~o.ur.~.~s b:v: .. ~~~;~~~.ti~~! ..~n ~so~~~~ti0!l' :~ith:: .'.~ '. /.' .:'<~
.' .. ,. '~.i· .' ~ ~ Ooverp'mf!llts~,,~elect_~a. pr.e~lnvestn;t~Rt'faA.q: techmcaL,a13sIstancB ~qJe~tSi; i'~'. .....:"-: •. , .' 1,.
~':.: ~;'" ~':f ~ ~'~ :•. :F~e;iny~tmeiit:pi:ojects.~ ii;jqi'hde~·re~oliirce.~su'rieys~ antffeastbility.~tuJfes:', (.;;:" .:~"~." ,:.~. ,~;....

:'; }:~ <.~; 'f\ .:{~:- '.- to ~ <i~t~rIl)~n~':~ere\in:v.e.$.ti11~~tJ~pra~tica·bi~.;an1:fhow·~it·D1~\b{Yp:aAe.:;~;;:',-.(.,: .~':, .~~ . -. '.':'

'.;.~':!~j.<.' ... ·.f~~~\;~f,'r!i::~ili~ p~~~:r:f!IT:_n~;t6;~e1~::~::fa~~~4:!~:;~,~~>,.'1: ""':~:~:
.:::' .. '> :':' ""~i~>~'~':~deveio1?~~~t' pr<?~~ss; antl.:the· ~si.aQ1iship'g pf.· r~seai:cli;"ce~t~~s ~to, 'd~~s;t/~":: ;: ' .~ .. " '.'
.:<::' .' :~:.~, ·n.ew;t~Ricitleffi~ppltcabl~ih·industry,·agriculture and' other,fielUs~~::~':f.;; .,;.~:r~:., _..-: ....: '. '~.. '.
; ..,::. ... ; .~ .•.~., . • ~'."D: •.~.~.' Pre;:investmepI:'ptoJects~are initiat~d:at .th:~ regue~t.·J)f'Gov.~fnineatif'C,:·: ":'~.:.::~::. '~':--" ': ,
.~ :'<~i : .',:,:;:.: .:y·.they''haye:Jt si?~cific .purpose and~~over '~':stip4hited'1{e~iod d~~ tW(£;:~jhl~· ',::,' ;.~ ";';~" .':~\:' .. .
':':.::":'/:' ':~,.:-I .}, ;:V.NDP·ri~~~~~lY,:r.n~e~~tlie·co~fof~iii;ein~ti()ti~lpers.~ri~~11,()ffe~low~~i~ .•.. : ~ ..' '!:'~"'~.~::";":i::·

, ...:; .. ;<: .•t. ·.'for the .traJmng-.of;;counterpart··persoRtlel~a>nd·.6f.-equlpment Imported ...~, ',-. .. ...
~ ·'C-..: ....C'r;~·\.i; t• . " ~:' .:from·~~~~d~·~hf:Gover~~ent'reteiv'ing aid nOflmillY.coptril)lites~<)od$l:·'·':~:'::-. "c ::' . .;'

.' ::., ..'»~, .:···ti~tipP'lies· an:dserVices~hatcarigem~t from· local resources.. ~. .: "'. ': ~ ..' ~.~~ :::' ." ., ..:~; ..
:;\:: ..;, "~ -.. The. imple1nen;tatiori of .pre-:i~vestment .'projeCts js etifrqsted ..by the .... 'f:' .,.: ,~

~i,:... ' ..,'. UN:P~ 'to ~~. of, t~e ,agencies'of::the l!~ite9. ~~fid~:.~~.mily,·,:VhiG~ J.~ ...f~ ..', '. , : ~ .. "
X',.. . \ .' :. :c,apaCI~Y.oLe;"C~~1J?-g~gepcy t~en.b~c~m~s r~sP<?-~I~le.forth~.'.r~cru~t-:· .. ,'. .... • .'-""

~t r, . .< :" ••ment 9f mtern tiona1 staff, t?e mstructIOn of local staff an~ t~e c.onduct ",' - ' .~. .
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' Tn:January 196frtheUnite~INationsSpeCial'Fu·nd·(afterJanmiry.·1966the.Dnited;. .:"/~

..;.. Na~io~s~~~lO~Ihent,:,P~~~rani~e)aI>pr~ve4.th~.~eq~e~t;p(~l:leGby~rnme~t~q(/,.~ ,
" '., ..._ ". SomalIa f·or anmvestIgatIon ()f the occurrence 6f Iron-bearmg rock& In the, Bur.

,~. '.. :- area. Recognition.oS this "and 'othef .Closely:relatedneeds.resrilted in~a'Plan"of . . .
•..'..... ......... ..... .' . -' .. > .•.. .'. ". .,.

Op~ration, ~igneq.o·~22-December~962,~picfi.. provided}or.the4eveIQpment of ,.
.. a' .. SomaJt.geoldgicaL survey department,·. ~nd surveys for- other 'l}1inerals~md

. ~oundwater .. iIi'.additi.on to the sea:rch for iron:;. A. total ~f $US. 874,300 :was' '~""'"
. .ear1llarked, .of w4ich ~he Govern~ent c.on:p.ter art ·c~:mtributipy. w~s to "b~ ~he::. .'(7'• •. :

eq\liy~lenp- of $280,000 ,and the $i>eeial Fund ctontrIputi,on ..'\yas to,b~ ~594,'30o., . '. ';. '. .' ..... : .•....
In}uhe ,1966, the total costs w~re revised to,$98l~268.t)f.which,theSpeci~llfuna,'\

.,' . w.as to' contribute .$649,600, , .' t' '-.' ••.. • ..• " '.••. ", ". :' .' : -,

<. . , : : tnve~tig~ti(ni of ·the·iren occurr~nces in th~ 'Burarea disClosed poten~iaJ r.eserves· ...' .. ' i,."·

_. .~. >.' '. o!" 170 ~il1ipn,'to~~.~f ore~A~aiy'sis.of· t]:le~u~e'.~istrilm.t.i6n".ore>grad~, ':~~an~porta~: .' .-
/' "" . .'~ " .·.~~op. "a~d. JjeneticIatIon .r~qU1remen~s;.horev~r-xsho~E!donl~;~~ :n1l11l<?~ ~(:WS9r' ..

: '_. ..' market~?~~ .r~serve~ ,WhICh,: :f~rth~r~o~~,. cO)Id' no.t b~ p~()fit3:bly mme~, No . .'
" ' .. -d~velopment'Qf.. t-hese depOSIts IS ;r~commended -for the forese~able future~. ..' ..

'. -: ':.-: D. Anaerial.sur~eyoritlined38·ra<lioflcti-(re .aiio,m.alies :withiif ftfoughly re~tangu-·. ~.~
: .' .: - . ·~.1ar' 3;i:ea.·.0(1();00o.,sq~ar~,· kilometres inth~ -B\li.area, Ground. 'e:xplof4tiori;'of, one", -' .

" . theAlio Ghelle :a,nomaly:,Jound,ore bo;oies :·ot 'highIY,.al1;>itize.d<toek contalning' '
. • ,0- , '., _ ,_ _'", ~" . _ - .', l \ _ - - '.. .' ... _ _'.' .' •

.-3.30o/e Th02 ;0.12% UaOs;'::ynd o,q~O%Y:2.o3".Simple gravity~bene.fi~iationprocess-· " ... ' "
. ,':-" 'inggives a"concEmtrate'~ontairiing:30,0% ThOf arid O.83%UaO~1 :with recoveries ' ... \" ..

. ': " ·~f,Y3,~%'.a.n~:5~._2~ w~.~e~~iveiY, ,:,h~~~js' amenaij!e:t9.1eac~i~g~~d's~p'~rp.~i?~~ .. " ~', ".. "~'
l .:. ., . Four"a4dIhoIfalraihoa~tIve ano:p:l.ahes.~~re locat~4 o.:n\lt~~ grou;nd IJ;1'c~~'bn.uatIon\ :' ....".,
~. .' .: of' giiq·Ghel:'~' .lf~~loW;i\~g .~~ese Ji~ds,~~~:~ur.a~ea ,\\:as:giv,~ri.o:ye~. to,:~o~~eess.i~.~ ..: ":" \
~'" '~;".~._~ndtthe project wJthcl~ew f~om the are~.· " \,' ',' :.' ..!" .', :,.,.... '" ," \;. .
:1 ..•,. , A:'cQ.untry-wide·'SuI'Y.eY·,'was made Jor'bauxit'e but on . ',low grade. and. irregqtar~. '. ,:'.
/1 . . deposits :·~e~e· fou~d.~T·he ,pr~~pect,' of" tlndjng.:,bauxi.te 'In' omalia is ·.co~cluded \ .' '. ..' ~'
I', . ~ t h . ~. . : .', ." . " .: .: ,... . . \ . /: \.' . ,
r. \." • . o· e poor. "',' ':.. ..' . ClF~" :',' :.... .'.' ......:
r.,,: "1'~ '.': _.' : .~, ?~P~~i.t:.~~nt~i.~~~g·.i7~perc~1J~" ·:.1?~1·te··~~.:·~~~up.i~ d~ W.~ich i~~ull~Ui~a~le',
~ .." :.' for ,hIghly.refinedm@ufacture : '~ay ··be· .of Industr ... use.;: and It' deserves .. '~.' /
K. ' .... further' iilves.ti'gation: ..':' . . '/' .' .. ' .. ' ~~, . ' ':.::'. . . " --
H- ' ~ .~ J .. .. .. ~ '•• \' • f •• ...rJ j; , .; <

~ ';;', ;.. '. '\. ,.:.~: .~;.,••• f : ":' 1'3 -~,.. ~ : '.
!l" .81 -'/ '~ .. ,"11' '. • • •...... ".~ . ~:
tl " . ..- "'.';" - .... - ..;; . \.. ~. . , ....
:1 . ,:~. :' '. '. ~ •_.; \. " . ' , '.' .l '.' • , .

.. ,\.~. . \" ".. ~.:- •. ' , ,. _.. •.•• ." i. ,..~.. l ... ~. "":I
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'. . .'. ' .• ··A.GEOGRAPHICAL.BACKGROUND
.' ",:. . . ..,;: " ..:., .. ',: '?--', '., . " '. . '-";?'" . '; '. , .f.·. ~ ' .. " ,,'

," The So~alJRepublic (Somali~) covers an area ~f·63~~OOtFsqkllico.mpr~iligboth· ':.
theforirierBritish Somalil::mdand Italian SomaliIand.: It· achieved independence: .

~. ..... ' on··1·J~lY·1960: To·th~:w~stan51.sq~thlie..Fr:~ch Somali1and,·EthiOpfa.·and.K~~a:· - .
·:To the 'north 'alideast,.J;ts· 2,800-kmcoasthne ,follows the Gulf of Aden· ana., the

: " Indian Ocean.(figute' i}~'Tl1e.c.ountry,200kmto·a90~m \yide;'is in·theshapeof
:.. the digit~1,'witlfthebar at the ·north. ex;t~mdfrig 1",000 k.mwestward~ and the stem/ ,;

1,500 kndong,~p.ointirigsouthwards. ," .'., "" ,'.'. ':". ,. .'.... '.' .' .
I. • To the.north ~n.d west,' hills rise'froni~1,500 metres to2,500:mettestoward~_:.,
'. ..... the.Ethiopianhig~lan~,buLthe ground drops sharply towaids tlJ.e.'southeast; ":.

'whereapl~te-audescend~.b~stepstothe sea(fi~re .2).\ . .'. :. C'

,The northern two thirds ,.ofthe country consist· mostly.of ·barren <sand,. and· , .
~ -:rock with]ittle ~gricult4rafiand..The dtainage pattern'is-typicaJof .arid ~c(mdi~ '. ..

,- . <ll " ' 'ti6hsi with~rYstr;eamb~4s.sU~jeet to 's~dderi floodin:g~ 9ftep los~ng :tliemselves ... ' ., ' .
• ~ . in~loeal dep:re.ss~bns.:'Fenip;eratures <?fteliTe~ch45°C fromM;ay .to Septeinber,~ .. #

.. ~. '..th~ ,winter months ate cool. The averag~ annu~J rainfall is 100~mm,: ".' .',", '.'. C'" +The south~rn third of the c(Juntry is drained by two ~ivers.or uebis:- .the GiP.~, ' ",' '.
. . ,',. w~hi~~; is perennial, an~ ,~he Sceb~li, .which :is .seaso~al. Both rise ~~ ,the .~th~opiari. f. • ". •.

, . nllls and flow southwards towards the- Indmn: Ocean. Th~ area contm.ns ,good.
". p~t'entiarfa:rmland,especiallybetw~en thetwn rivers,butis sHlllargelY',cover'~~".

" .... 'bythiek~ thornY,scrUb. ". ·····t•. ' . .. .. :,". ' ,': •. ". ,.:.'., :' .

. Thedim.atic pitttern'is-well de·fined..From~mid-DeGemher tomid~Mar'ch;' t"he .•..~.,
':. _ _. _ _ _ - . , . " .-' .- .' '~.. -. -'- -'- . -,' - " _ ' _. '.. .... ' ."..,.

\. .... '.. ·4
h
r:v, gi~bl correshPonds t~ ,the ndorh~h;-h'~ast mdIlSOOp~."FFrom.tni~d-MM3:rch~to.mhoi~-Mday;:' ",

t· e gubrings ea~ :rams an '., 19 'temperatures. forn mJ.~ . ay to teen. , of' .; ..:.
·.September, .the~agai\cprresponds :to the south-west monsoon,: with: a sli"ght rain-' ." . .' .
'fail Qn' the southern coastal b~lt. ,From· October to. mid-December; thefler'niarks: ;.

.' .the return <;>£ the north-e~t" monsoon, with a second rainy seas.·on, less pronounced ". "
. than ·the gu~, .." ,'....,.... ~ _". ' ". .'....,. ,..' .

.in: the sou(h and ~lorig ,the northern oc~anic coastal plairi,:'teniperatrites remain··.·· '
" ..•.. ,. around 30oG,whileinthehighlmids they vary seasonany,hetweeri5()C-'anq.,40dG.. ·~

Annp,al rainfall'averages ·600inm' In.-tl1e'l?out4ern river' area. ,'. :. . . ,.'
.' .' .'. :J'" " ;: '. ~ , '.' ;lo" ~.' I. ' .'. ",'.' ,

", . .- .7. .'
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" ,t.:'.;",: ·.;';·,sotila.U~·constitutesthe"~aster..Ift!l~rq.·'·,9f.the',.trian:gti.I~r.iiQrth~east ',African struc..;·. .
.::: .t· ~.~qralbl~cI,tjhi~h'islirilited:·oI(th,~~n9it.~·;J)ytl1~.Grilfo.rAdenfault;~brith~ w~s~bY . «.,;; .~.
:,L: "..·th~ :A.by~siniariJ:;tUlt-tfou~hancI·.O'nthe easfbytlfeIndian Oc~an (figdte 3}.Through-:·· .',., ,'}.

.•.. :';:::. ..00it'mQst.:of..t~~ n.brt~ern".part.9f tltecp~ntry,~ock ~xp()sur.es:~are' e~cel1.ent,)~e.r~, ~<,. '"7', '.
~. :~ ..., ' .. ·4·· .be~n?'Jit~l~or.uQ t.o~s~il~b~t in thEr~?1,l~lfoli~1~<?P&'ar-.e rar~, a;.n~la~thick, fe~ture~~s~·. .<"

" , , .. eluYlal -man~le extend.s bv~~..great.dlstances,.~overed by d(;l~e; thor;n.y,scrub: ..'.
~ --' '. " ~of the ,country falL-into'three' categories:' . '. :". :. : .' '. ; '. '. . ' '...~ ~' '. "7' .,

. .:.....(~r.B~s~~ent r~ckS;:·prof)a~lY:..tie'::Ca~bri~p., mo~tlv··gr~p.it~;~nias.soclati6~.Q£. · .....: , .;
,'. . ... " t·· .... . . .' . d' M .. . h' . ks····....... ·· \ ,. . . c··. ,".. . ..'.. • ''';.'.' ..•• \«,... ..:Ill rusrve· anmeL.~:morp lC ,r0G; .... ...•.. . .... , " .... .' '... ' ". ..' ,<~:,. '., .... '...

~'. ;. '" ' .... :'.:" ..••·.(9).:.M..... ~.~OZO.j.S. '.·•.(~.u.ra.;..s·s~(fa~d:S ..l'.·.~.t.q~ePtl.s}., ..~.~a .Tertia.'r¥ S~i.'.~~nt.ar;y. C.O.JlSOlid.ate<f", "T-.. :
..•.. '..... .'.:,f ••·'.:~!:~:fd.u~erri~~~~.~,.~:;,viu~::an~,CQ~~I.re~:Q:~~~io~;~e:~f·'·.·.'.·.· •.:\
." ' ." ,..... ':.. . " Th~·. bas.em~J..1t:Jocks:·erop 'qllt' ext~nsively..iri::the' :gortP- arid i~ the basins. of. tP~··, ' .. ~,:':'" '.

~
., . ., .. ,~iiioa·~n.q: s~*be:li r,iveros~ J~e.re,th~y.c<:H:is~itqte IIfo~.t .Of; t~~' -Bu~ a!~a (pl~t~ i ).~.wh~~~~'· .

•: ' '".~" \' l,S oyalIl). shape,and ~19ngated..towa;r9s the no~th-east;ltlIes at-42°45J~, and betwe~~', .'
~{:. . -, .. .'. ';. f03()'.N:· a~d 3°~P'}{) :~OO-:~pO k:Iti'froij 'Mo~~9i~ciQ., T.b;e ·9ase:rp.~n{fO~niations.c~o~: .." ..:"
. : ;'-: :ti'nue'w~stwards .ih~oEth!~pia:, wher(;f they~, coyer l~!ge ."area~: ·To th~ .east-·.and· .;'.. .'.

" ,. .... south-:east thror ·have' been"found in,oil. wells~at '9BPUis of 3.,000-5,000 metres. Ih';P "..
,.' ,,' '.. "'."': '. tl;1e ·sout.h~~es~, ~~~se roc¥.s..cQnsis~ lI1os~ly. Q1, old gta~ttes a~d ·g~~~se~. In.t~:p-orth ..
. , . . ,. . they aJ;e rE(pre~e~~ed by gra.nj~i~ peginatit~~a~d byt~e,.me'tamorp~osed~.qua<rtzites,..' ,
, • '.0 ~ p~yIX~t~s and scliis~. otthe. s~eepl¥ dipp~tig .HI~d~ .AllW'_::~erjes, Bpth in no~~thern.'

. ". and southern SomalIa,./~'hese basement rO'cks tia;ve.. b~:n' illtruded:- by more ..:recent., . '.
, " "gr~nites, diorites small' . . .... and quart~J)Qrphyries:: ,'. ' ... >.. . ....

.. rh,es~.i~trUsio:ns.are~elie~ea.to :I:ie. 0 ·ur~sic}.tge·~nd~Q b~ TeJated to)tll the ..~:.· ': '. '"
" -mineral.6ccurreJ;lces:oft:Qe-country~'·::·· .- '.~ . '. : :.....'.:' .. ;. . ''''. ... ,"" ' ..

. : ...' /. ~ rr.~e··~~osiQnal su~~~e 9f:t~e b'aseni~ t:r. .s';i.~:f;~vedain..:t>Y Jura~sic limestones,'.. '. .
''- ~". '.. " mails, sall:~ston s :aild argil~ites 'which" ~{wjde-s!?re.a.g. in.. sQuth-\yest"S~~~ ~nd' .'"

< • .' which extend into: thiQ"" 'a:'!ro .' no' ::'east, theY'di~appear: under thiyk.forma- "
, .' . ,'::'" ti~ns..of~.the.·UpperanaLower'. :.feta~eous, ·e·elves.oy~flaiu pyca·thick:s·eri~$9f., .

... -: '.. .?'Fertia;ry,saridsto'rle~,argiHit~';an~ 'liplestonestha ha-Je iJ;i- pl~ces'heen ·do19.mitized::...
'..' .;,~:,';" .. an9siUCifi~d~;~ ',::. .:.' '.,,",~;"":::.~..:.;,: . :.." '.~ . .~.... .•...'.,~" •. ~, '. ~::" .' >,':/

. . . .'.'. . ,.. ". Recep.u':(quaternary) ~1li;:I;v1:a.~s>ariq.,:9line·'~a~·ar~.widespre.~dalongJhe: coast.' '.>
.. ,..,.-....>..... ; '.... ~f\~h~~~i~jl.Ocean ap:~ i~.t~e centf~d ar~~... foriI!e.r£~~~~l?li:SOl~~l~la~1.~ '.> "..;"A .. ~

'~ '. ,..~..',': :.;<;:..~ .. :. .. .';"",'.:.. ,~..' ,,,~ , :~-.'"
. ;. '. ~' :.:~ ,.~",., ~.;~.:~.~~~V~?~~.GE?LOG~o.ALAND ·GEO(}RAPHIGAL.C?~R~GE. :' i '" .'F •.' . .' •

'" ·.·;~'SUr1JeiJ~~-/ ... : '. ': ',> :.':. ".',~,;.. ;. "
. ....~. .. ,.. ~. '., ..

" <7,~ <'~~~',~.;n,a:: -' ~ '. '.' ':.;.', .'.,'+~.. .'. ...,",
.);~. .', . Northern Sofuali~wasextefiS,iv~Iy:.studied·'fromthe, second.half 9fthe.lastcelItulY.:_· ',,"

. ~',' ' ..;.:;' b.y·the:form~t}~r.itish·.G~logiCM Survey})£, theSomalil~:md.Proteet<?ra~e. Systematic .
.':"~';':. ~ r:,'::,' .. ".e~lor~tiql]., 'ljYL,~arqliharson<.iri. ~fJ24,~was ~eQntirm~d. in.J933,~y' ~~~f~9yen, 'whQ' .... '..•~
. " .~. ,:. ,..;.PlJ~I~~hed:~Oigeolo-gicaLrila tOR scale of l:l,pOO~OOO a1f.d outIinedthe;geol(jgical:'~..· ';,:'

,'. ' ,.:': '.·'strU~tur~:an~:::mrne~aI.res~rces. Between.: 1952',an~ 1961, :th~';:GeolQ,,~i(~aFSMrvey.:· "? ". v.

:'.' ,;:~", . ': . ~:pr~J?~r~d ~,3e~s :.' ap' th~.ai'ea.~o·,a~?~leof1:125)qQO~~dprosp~ctedthemain ....·?·,:::
": •.; -,.",,'. :..... ' ~.' 1: • •• • :.... ....... • ... .":. It.' .. .;. .,.::-'. • :' • : • . .". ":t,.:"'

:.J, ..'fi ... , ._:- \ .. ,,' ~ .. " .•-.~;...- • ,"t;'lIt, ~,~......._:<.." .'.". ~'-18 ~. , ".. '. ':\ ,..v~_~ . ':£1' .~~. : .... _ ~" .~
~.. '-:._ :: ." lr' .' ..~. .. .. ' .i

"f :~,' ....
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"~ , mineraloccurrEHlces. Bome 'Qf. these sheets anti tAeir. ~ccQ:i.npany,ing·reportswere··'
,,' .·A"pul;>li~hed,. butothers.' .were,aiof 1968~a,waiting.p1tlblicati6~'inthe ~rchives of the '.

•. "-, ',' ,:,',' ' '. " _ ,,~'., ' , ,', " " , . ~,.. '" " ',. - .. t " "j' \', ,~

.geologica1.departmEmVors.omalia:·' .,.. ,.' ,'~'~" . ...:, "'j . ' .
. ' The Be1~bera~Sheikh area and 'the basic. and uI'trabasic' ;'ocks !'notth-west ~of ~

.. • " ~ • • _ • .. , 0 t , ~ '. -"

'_ Harg'eisa.wer appeQ. in de n. 0 . .' • • • • ... I.:''' :
• . .' . I\l - ~.. .'

. . The geologic .structure of t e crystalline basement rocks. w-as map~d' to a scale
of 1:125,009; fr m ac~nipila ~on of' the 30-sheet ~eological sur-Yey., 'trhis: ~~p was

;'uiipublised'a .011968, an the manuscript cQntained, discrepancies.. 'oi:ing to the ,',
r_, "'- qiverse aut'~ smp oftp.e or ~n3:l ~ur'f€Y sh~etS.. ',4" .',. ~.(,'. _.::, /~. • ~.

.. _~ . In the 194 s, no h.omalia w~' c9vered by a~17ial p~otograph~.~t~,:,asc~le 'of (.if, .' ;:;

. '.,' .' , \ 1:20,000 and 1:42,000, the latter'=by the Unit~d'Stat-es ~iJ; Force~ Th~'~'s,~,p'jrhentfary~"

\,' " ~ormatlon.s· w~re ·mapped. al}.d extensively drilled by"various' oil .con1i1~n'ies:;' a:nd '\
,. ':" ...• (%19~'~ kmC:-W.er~ tp.us:surve¥€:€l an~-iriapped to a sGa]~' of 1 :~,o..to,eQ $hro~rq\ th~:,Baga '.

,.' ShaHell.on showings south-east of .Berbe:ra. The centraLand'southerri"/'parts of· the' .-
, ':;"'. nbrthernar~am'er~s.urveyedto ascale of1:?50,oocL. /·>C\'··.·

.''.. , / .. ' .. In'195.3itheSomaliland Oil Explorati()u..(Jompauy pr; oglc~l map 'of'
., •• ,.£;,,' .' ,-' .' ""." , • •• , '. ' -' .~", .' : ',.' ....: ~ • ,'.. •• il'" . ., '. . - ..'

-,: • :. ~'-1 .- ~the northern area to a scale Qf 1:1,000,000.· . ~
6"~ .~. .- ••• , ••~ • --'-':----. -y. ~ - ~.'.'

. . . 'sout~malia( ' .. 0, :.'. . tb" ,

. ".~' ,dovera~e of s~~n.:s~· a l~ was.l~ss, complete. q;h~~st geoI<?:~ic~1 repor~. '1

. '~date fr?m;the be~iniiii:Ig ?f. the ~twe}lti~?·ce~tury;bu~ ~~~~ystematic'e::ploratiou' ,
. .,.{~.... " .' It~~laDx Sqmahland wasca.rned'o:ut ,~thm th~ fr~~ewor.kofan :over all p~o_~ .. '" .

gl' :Itie··cov~ting tlie' whole of what.was then Italian Ea!?t Africa,witheinphasis," '. ~.
. . ~ '. on Eri~rea artdEthiopia., . .'-; , '~". .,...':' .' ." ."<

The,basjc do.cumentfor- 'SoII1,ali~ lli~ Z'~ccaQni's tqpographicalmap~rawn tq:a~ .
scaleof'l:400,OOOin 22· slie~;ts, eompU~d hi .the·.1930s'. 'The g-eological' 1nforn1ati9n:~'

.'ls eontahied in, Stefanini~s (19H3) and Dainelli;s (1943) maps to a'~cale 9Cf-:'200,OOO,.
-, .• •• " 4 .' ,

. andthe-.qcGompanying reports.' . 0 • " • " • '. ..,. ':. "

.,.' ~·.rrhe Bur·areawasm-st described.bY$tefani!li"in:f916 an&was~·jhtermittentlY·,.
re-examinedlu ;the 1~30s., Ip: 1960~1961;jt was .photographed ;froifftl1e. a~r"and' .

., .: iriterpreted· p~o.togeological~Y by:, J.Daniels, whq. prepared RI30;Iltour'!h?p"'Of the< ..' .
;" ;:. ma.inarea ofbas.einEmt.rocks,aud of theirprin~ipal'~tructure~ In 1963, an airborne'

'~'. '," . '., " magtietonieter survey covered part of the~rea'to"asGale ofJ :30,000." :. .'. ";, '
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"'\, \h: , "as the;coun~ry:wasnot equipped With·the.porfs' or'roads necessary to~support "a' '. . ".
:,i~. 'Vt,-..< suse~inedlhiningdeveIQpmellt~. "",~ ..0 \<r:- '. ' l-' .;

t-' .":\:\"~ ". > ' .. • ~ , '" , ~. ~'.I' •. t ..\. ,\:~..~~.>., ..": .... ~. -t..., .' ,., 'r '~.
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. ;'" .~ , ,':.J;n 'tbe"Bur' area, .in 1964rC.Faill~ce,reflort~d "on' giou~d:wat~.r'coI)dit10·ri~>:,in"....
~ . th.BSceoeli ~iy.Elr 'V~l1ey ::lnd: in.1006"FAO·p,reparedaifunpupB&hed repQrt:and a~.: ;~~' ;. --;.
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: :·c·... In thebower''Guib~a:rea,:'in1963:,-J964, ,the Water-Construction Desifrl;r Iristi-~, .... ""
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'. -l~·th~ northern '.awa, 16caJ'water resources were ,sJlr~eye,d'b:v tl!e, British ;Geo
lo~catSurvey,':and, iri'1966:-1967, the. Irrigation Research I.nstitute of the USSR. ~
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, ,,: ;' ~: .;. ~!n0ng·.,the variciu~jr.niI!er~1 ~.~~urrences w:hic~:were k~~ ~i~ ·SomaUa;. th~ fer:~ . ~:.'..:~ ','
~~'-; ..':: ..' .' ruginous qUart~~~· oJ -the ~ur a~e~;:were:;co:P.sidered· to b.!=! the most ·.~~ter.~tilig7· -. ..'
~;. '., :~ . .and prevIous repor~a.aJec9irinieiicled that'th~ two principJ1Loutcrop~' Bur .G-ahin ..•...~"'. ';~'

i 4f;·",· '~. ..,,': ': and:Dalmirbe syste#i~ti'caliy:e.xplored.·~~";.:. <-,' •.•..••..•~. ,~. ~~•.•:~. ';'. :,.- ......• '. j.";:.{ ..... :
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;"'.' .". 'A,revised:Pl,itnofo.peratiori'was:ther.efore-signeg:on22..'De<;eIjtber 1962;~with tH~~'" .~ .:tci.~· 'o. ;

.. ~., .:J..,' foIJ(r~~~rtgbroadoh}~ctiv:e.s·i'.<.~/..,',: .".~-:': '., :,'.. ";'':':~~.~,',. /'.:'~ ,>' .. ~;. :.,::~"" ',' ~ ':';. "'. '7 • ",

::' '.' .~..l •.. ;;..... \~), .ro fel}:)~;e~eIQ~ ..;a ~e?ld~ic*~~~ry~y~:4~~~ttlll~~~:wjt~ii1 the.f:,an:~~o!Jf:pJ.~·~ ..;/~ ..".~' .. >.•.: ~._
." . "'~" \ ;"':, .the··~o~alrA.c;l~Wlstr~B.0~:~' ,:.. . '. >. ,0;." .' J.. .. '. '. :." .~~;:: ....".' .' .L.. . .

.' .... .- ... A; .ch) .To·.carry:'Out,·.~s ..fjjst.prlOfltYi' Cl pre~myestment s~ryey ,0.£ .the.lr.op.-bearIng. '. ~.~ ..
.:. : ....' .. " . occurrences {)f..,the~iIr;ar~a.······· .": '." ' .. '; .' .... .' ">~~: ,'... ~:. ...·t. .. ., , , . ~ . . .. . .", ' ,", ' ...

'.:~> ":"j' .;.~. .... :.. ,.~'~. Gc2 .~? ~~lor~ ·.f?~ ,~o.~~er· .~1nfl1~ra!s :.and' ~~~: ~~uJ?-dra~er:. i~ :tl1~ ~~r'a~~a a~d":_~
;"1 .~. :' ,":-': . ~els.e~hef.e ~n ,S~J?~ha. '.:1 \' i. : ~'. ...'.." . $ .' . '.:"'. .'".
'. it;:.' -,<~ ~ .r.N:~' project wa;s .fU'!?th~( e.n~J:Usted. ~y. "t~e: S~mali 'Goverrime~t~ with, t~e sup~r:- . - ,,' ".. -' ..'

~. ',' ··yl~io~of'the ~eol~)~i?al..~o~k.?e~ng:~~r#.ied O~ij.V:u~?er·biIatE\tal:ia~eem~nts. !":: '-~:-~'." .> :., .
.• ..' ': .' . A. -I.. Ka~kov· ~as..aPPdn1-teQ fr:oJect 'Manager, a~d wol'k .m. the field beg,an ~n. " ". '.. ....

. . '. ' .. ;:: .'..'.·,(JaIiuary. ~r964. Tp.~: .ma:irl'target8 for. explor~piQll :were sel.ectedd;ri the ~r area bY.. ,," '. .;:1:., ~::.'.-, ;: ',_ ., .. '." .".~.. ..;.: ~<. .,~,.:; :~'I,":::' .~ . ' < ..' ....~ ,.... '_. ~.;.' ,1: .:.::,:., ....,~•. ,'25' .... .~: "_:~ : '.. ~.~~:~ ,
.... ..<._..-~ ......~.~.~j.- .. :.... '_ '4' • • '. ~ ..'" ..~ "\..-:,". .. . ''11

~-':Jt. ,':.....: . <.. ~ .~., ~ 10 ~ ~ . ;".: ;~ "",:r '- ."'~'•..:-: , ' - ,';f_ ... ~ .•". .' _. .. ~ ~ '.' " ....'. • ..: ~. • • Q

.', " . " . '., . '. '._~ j1 • 6' .. '>'f/~,'..;{ . ..... .. - "'~ -'~·-'.·r~ .~: .;. - .~., i '. •.. ~ ~ \\' ~ :~' --.Jk1

. . '" :i.~ 'i
l
':'" ' •• i""> "'~'.. '. " : ~" .....~·,o .. 'c.. i.."."'...'.

':'~ . '.; : ,~.' .;. .:~ ~ ~ • ::' . I ;. • r "''; , • • ••~.. • • ' .. ~ ", :." .11
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... , , '.' ". '.\ ','.:' .; , .'," ' .'.;0 :, '>. ' .. :",!' .~. " _.: .

. ~ . -/.:, ..;,.. ?:Phot.?geol~~, g~~~~. ~r~Ve .. ·~~.a~<J·~u::f.~ce~ S~:inpling~. '~mlJollowe~ .up by.ge~'-·-·
,',- . . ,phYSIcal exploratlOnrPlttmg~ trenchmganddl~mpp.d drlUutg. .,'.' . .'" .", .

- ;. . ' '- ._. . .... ~ '. .. ' ...." .., i . '\_.., _" . . . . I... .. ... . ~ , .:
, .:: '.In the ~our~e ofthegeological.explgration,pqtentially va]uable,pegmatite'yeins .... \. ,' .

. ' :: ",. ' .... ... ;' .<'wer~:Iocat~d in ,th;e easternpart"pf 'ille area". gooa m·~rhles,were reported from· . .::', .::'.> .
-. - , ~ .. 'several points, and 'heavy concentrates from around, :a:UT Acaba were fOl1~d' to' . ','.. ~....' .

" ' .. ' ;.' '; .;., ~ ,'. . ." cont~i~ high' geo'~l:,Iem~~~r vaiues ~f tin, ~il~eI' and copper~~. ..... ".', . :~ ~ '.' ~~.~- .~ '. . . .
~ ',. .' ,': s.orite~ P?in~~ of the .prea wer~ ',cQy:~red· bl' ? .l~ter-it\~ mantle: ~~:m~~ining free ".,.
",-"." "' alum{na hydro~des, ,~i1ij_ these app~~red. suJficjently';favourablff' ,to..war.ra:nt,tne~··.' ~,' f','

,,\'; .;t;'., .~,I· "";;,'·e~am~~atioii~qf'.th~··~ovntrY·'J?Y'·~D:~~~rtwpo-suI'v~yed,Othe·:W.hble.tertiW::'f~,,:,'-J . " ,<:
':: .. ' .~';:" :\)~~~enti,al.b~~~~e:lu,the cou~se~~fthe~~st.t~e.e ~o~tlls.0f.Jl)68.:, .'.\. :.'....~'<:, ',>" '.:' ,': . J',

:'" :'. ','. As:thets.ur,v.-~y::oi.~p.e:'BUf"area d~velop~dt:lt b~Gan1~·appal~ent· 'that ~n,di~lOns:.}.' _
\;'., ,<;,:.:"-,;:wer(rpt9mising'Jor,,qthe.~' mi~er~ls ,~ild:.tfiatrV~he ,suriey,~·Sho~I.9·: b~'e~paude:dto:, "'" <.' .',

~'.'., '. ....,' .. *.-',~over ·ROt'· orily tHe<f~tru.gin6u~ ·qu.~rtzit€s. but·.also·, q.~'other mlneral,6~cllrren:ces .. '·· .'. f" .~

, 7 ~, ~": ",; r Q' :'<J~~ ,:No~t4~"east. of'~he 'B~r:aioo,' t~e, El Hur::sepioljt-e~\v~re:;.appraiseQ.~apd:.fotinq,to' ':.' ;-'.,~-/

~~~:~ :}i~0
·•·..~..~" ..l:. '.;_ : '" ·l?fYSiC,~l~urv:ey::~p.~,~Y'~~e.~f~l-pho.t()gt1:lP?-Y~'.'.J~<':"~~{" '.< ",:":' n'" < 3- . ';":;.' \:~.:'.,:~:: ~
,".~". " .' ..... ' .. ,In Noven1ber-Dedm~b~f.19,p5, an. area of22iOOO!km~,,_was'surv . 'n atr~ . " ."
•• .... t1O.. " ..~... ••. . -i'- 4 .. ;: ' • : I"t .:'~'. ~_ • '.~ - ....

" , . ' ': '';: 'bdtrfe magh~tomet~r:and scintil~()I~eter; .c.e.l:tpled,,·With skip" . otographY,of ~he " .- .1,

'.', , .. ' " .~. tttght. paths: This .s,ho)Ve4. up several·TIl?~netic .a-n!Jjnali~s. ~ nd .a:ls~-i3$)~idact'tv:e . ',., ~ .. :,': '. :
'. . ... ··anornalies·.;contail1ed within 'an'area of sQmeJIOO:¥J.Q '. ".. , ". .- .:< ;., ,... ,; .l,' . N ,.:~ '..

• ' : ,'. ;~: . . ~i . ",'As ,~··tesult:~tt~~·.a~oyefin~ing§.,·a. t€vi.sea'· .,'!L of;·Q~er,atiQl{was:.slgti~d iJii;' ~'<, :,: ~.

:.\~,':. f;":: :.':, , 18.Iune 1.966cProvidiifg, fo~..;'a!1·i~crea.~~ '.'t?~:~!l~mqer::Qf•.~peci~lis~ ,and,in~ 'par~,:; . :'. ',:'.~~.:
" ." ., ·,.ticl:llar/for "~;j>p.otogeologi~t!~~..niihera. ...gi$1 ~nd':.an_ flssarer '(se~~n:p.exl).While.·.''c" >:./: .. ':'

· . . '.' . ":·.'~'~~h€:geo~q~.icaF.and;;'geophysical' ';'/' e'. s:6fE~r·:~,ab~n·ah@)jah!lJt W-~:r.e-being· C9rh.; " ,~; ~~ ':::~;:;
... ,;; . , ~,.... ' .. "','~ :~.:. pIeteq ~n~·silppletn~i1.ted"b~.pi i g,. trenching:;::shallow' diilliiig.~~p;~1;ctnipling,.a. . .'.~,/j.. ' .
~". ~ ..~, <:' '..'geopp-ysical' tea.~ lo'cat~d t ':: .lq" Ghelle··.r~qio.activ-e ~anOnialy:"(fi~r~ ~:J .on tl\~x. ,~.'~ .. ;. ~.

· c.,." ."~': ':{~' ·gtoI.inrl>~nd-beg.anits e .ora "9rtBY:tll~,seCbndhalf' :of·~~9:6t;tlie;·v·olum,~:ofwor~~. .~ '. ~'~"?,
~ '. "" c';: ,..~,,:- '.... on.·thejrQ:tl-b~~fi.ng 6c~. .: .c~s:'waS' s~ffi61eiit 't0waFrari{ t~~jr.·ecoiioI!iicappr~isiii'",' c·:; :~, ~,,>
. ,:',' .~ ..'... ~'-?' ;.,- .'Hnthe· . rira'.re~·a~de· asis:~was 'tral1sfett~d~t'o AlioG;helle:' > ;p.;,. y.; .',: '.':'. ,. <,.. ":: ..J..-. :••.

;. I:' : ~'r •. the.horthern'c., 'n~, otkWC;ls~i.:ni.tial1Y;':r\t&.ttictedtQasu.rv:gY'pfthehnint=rat;·','>.J'~>'
,.,' "~,' ' :". .. 0 .' fl;en~es,al .:,: .·~eI?o ,~:ed::~r()m'.~t~e': Ber~ra;:'ftl~d:a;arg~l~aa.tef1' iJJ:at were' .." '. ., :;..~.:.. '.

.'. _. '. ..... ~~si;s~ .:~~ce ,..~u~c<a~ So~aH~.~e9J<?gists. r~t~.rn~di,~~h1~aih!ntk~~dBr; bil~teta~~~::' :' '\ ~. :iJ~.. .'

.. ." "... '. agr~e!U~ni!S a a a~ ~()relgn..goolQglsts pro.~~.e,d. ~nder.~Il.afu~eem,~nts b:~c~mtf:].':. :-;'. c.. , .' .

. \' : t: .'....«-." . .' ava~labl~ the" project, t}1e.,,~c6pe .. qf wor1p'''Y~s~' ~xp'a~~ed, an~,~t}le·~bqilPihg.o' _': ; '." ... ¥'.'

;<'.:":' .. :' '.:' ~~e>~q. ~r Br~~oi~s? ~e?lo~i~al:S v~y: at,~a~ei~~~~~ ~~~ipP~?':fs a he~~~~r:~~r. . +:: .',,,,., >r 'J

..'.Qc urrertces of:gy:psum,.col . ~h .. ~nta)lf~J,b~ryl~ pl(~zo"'e~ectrl~quartziGa~s\~erI~e, .. ~. ,.<~ .
~' .•.. .• t:"" ~'ind· strialfe]dspar, .mo.liPnite-galepa:bi~J;lllJ.thinite~,:a¥~ .~hatG.opJttite~m~Iachite -: .

. '.. ' C •'>~d'~-' ~ .:~'eex~hilned.,.. ';.. ~,.,~;.",.c ..... ",,"';" .,;",.:"', i':~ ';:t.,~~.~.,,::.. ."'.~"?i':',".~".',':::. ,.

-,.,.,- ,;:;, ." ,eanwhilet -'~ '£bPstit'fi .. '. and ·~ti: as:s0Ci~te' e~ert :r.epo·rt'~d ~ "; t}'re'·, pbssibilitie~··, '. ">'~' .
. .~.:. ," ~, .-' . of: oundwa:ter:." . " alari'"IJa{iniJ:;.~'B1Jr,Acabaariadh·simaio, areas~:'apd:~;' e; "~':~''';'

,'~ ,:', -'. ' .. ':' '.~ ; ···t~·e.,.GQur~~.~(the·,~u'mn:ter· 0 ~ :",' I~f '''':.\ "¥i't€lr: .:~:~;~en~.~a'·tQ;Hhe~"·',·.~:.,.~r.'':'
'- . ~. ; . ,:,·.tiort~ef~t~\in:~rwhees.' bythe~$tatt',q .the.'·prQjeqt 'W9.r~irlK.~i:ij <io'njunctio:q~w~~J1~ ·he ·',.~.··.I /::'

• '. """'~'D". -h' 't"· ..~~ ."f··P·'- b"U ·'ttT,·f;;~ ,' .. '... '.. •. ."', . ~.,-, :" ~', ." '. •... '-.';"." "~'~'..' .";,.: ,,,,,,",,.;
" ".' ·e,lJ~r.mentJ.o" .u, e,"vvqr~.·.. ,.:'~.' .1" ..~. :' •. ~ :''-~~ .,;: ... ~ :,--,.~"\" -\ . ' . ',;:"

·r:)· ····':t~2=~~:-;S::,it~~:~;i~~~ ~~~~ejci:~t~~ri:;~;~j:~,~~~~~\' '.,;", .
'. . i . :'.', . apptovedJ:>ythe ,Go.vernmg ·Cou-neij.,In.J~nuqryl9E)$.·W()r,k..stl~l·cQIltlilU~:d.tolf·the'

.':... ...•.....'..:.~..... ,.:iO;j~~~[d.~!her:r~~~d~t;re'~F~i.~~~~~h"S.t,~~i7~0ienti ..;e.~~~e: .•..,' ",,~::.~~'
.... ... ", • • ""~ (lo- • • : ,111.. I. .i;\. . ,..~ """" '. ;,.-- • '~~:', ~ .•

. .-," • "'. .. • _ '. • ~ _~.:,\'". '.~.'.• ;"'. __ • '. ',' .' •.~," :,'", •__ . ...~. • ~_ !" • 't.:" •
. ,. • f' c: .,: . \\." .... -. • . .

• 1( .. _. -, .-..~.... _';~~; '." ~. .... .." ~. • •••,. .".. A "

•.':.-\~ ',.1 <'., ' •.b. '.(J ,1.-.","':', ~ ,,~,.;~

, • .\ >\. ' : .• r .>! . , .".": . ',. ,
~ ,'\ . . -.' '-,_., .....: ~ -•.•_ ~ ;'- ...... -; • - ,-' :'". ...'. 1 • /'-~.

- * . -. ~ :-.



• ~. ~. T •

" .

..

--':::.' .:' , Z'

.... r,·.
..-: ,,,.,.'.0

> •
~

~.- , .. .
~,.,/

...
;- .'. " .

.; ," ~ .' ....." -'

~ t. ~..

"

:~- '" . ~~! -..

' .. -.

, .'
.j

\.

\ • _- 0...

. .
' ..'. '.:'

"'/ '.. .'
• ~ • 0

. . ~'.

. ' ~." .....

I, '.

~.

..~. "

. ..
.'

'-. 'r••
• 1. ~~. ...

'.
.. • O·

,....

.":,i-:" 1&-.

.-,

,.
.. .

.. ..., ..

. \, .
.. .- ~

• ,r

\ ,.~. ' ..
"

......

(. ~ .; .,..

., ... ,

. t..' ~ ... ,.

.. .
.....

. "

.......: .

. ~ ~ 0 ! 0.._-....:. -- .' '. ,. ...;:.0
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", •••; :-...... • '.";"1.

. 'r:: -..: .. ' \l .f, • _ 0 : • , ,1~, ;... • • _ ." ~~: _ : •• :. _~~~ '.-- .f·.
o

'. ,~: ',. .... :.... .~~;";'''' -':.- "'<': '._".' ';,[,~. :r,' ~,C·_~·'- ~.~: :" '.,:' ;, ,.. '; ~\. . '.<1 ~'-~-~.".....:'4'. ~.' .'....0; ~_, ~

:xeserye§,or .e~QnomicS" the findings: 6ithe sUl"f~ce'ex'Qration, dr~Uing,·as~a.Ying.. ~ .. ;. ..' ~< .1

.~ .and be:i:Iefi~iatjqn testing. all.ter{ded:t9 ,corrobor.at.e the..p6ssible'exist~nce <;>f~(nTajbr '. ~;." .. ' c" . . '. ,"':-

:;';;t~orhpn~p,raJ1ium ··fteld. !riter~ationa;f int~res.t ~~s ~rqvs<td; apd<thy'Uliited::ij~tio~s' : ... ......:< .::' :: ~:
. '~~, .:' :stibrnitt~daR-ad!hoc. ~e~qrt '~~theGqvernment'in l\tIat.1968}.: ~.;~:': .. , \,.' 'c;=" --.: '·~"';l.i::'.~":,.· .

~""'.' ,:.The··Oovernmel1t ,asked that thi$.pot~ntially·.v'3,luablediscovery be.valor'ised;as .' '.' .' ..... ,,' .
. ··f)OoI}.';~s·posJ)ible,:;and tb~·.United' :Natio'nspevelo,pment :er-ogtSJ;mm~; ther~fbre;.:·.~...:\~~:,:' :-;'~'.: .'

....." ,·.:~e ,tto ~~nialiit'.a···s.~pioF.consu!tf-nt~.?"i;te~pert~n.;Uranium,,·F,,R,..Joubj!11-t~:ca~se~~ ... <'.y .,', .' <
. · .. ·.th situ ion and .eventually,:to ad:Vj~e.the So.malLGoyernnient j.n their negotiationS . ,.' '\ '.:' .,::' v.:.

~; ,~' 'Wl .ompfmie~. tend~ring for c~mcess}oiis. ~ .~ , . .:':' ..\ :.< :: . ,....; ~ ;'.: .:,. .> ".' •

,;..";~ ..~~::i~,~::~.).vrr: Jb~liJ:>in .~rriYe'd inSo~alr?n 2~ Jti.~y~."~nd'ioUo~~~gI,1isdiscussions' arid~:o" '" I ,~;' ••.••.

. ' :.:~~.'. . . .,., i:t:c?~~~ndatio~,:~:the':U!1itetr N.at~ons;\;itnq. .th.~. Unit~~ :N~tio~~,:: ?.eVe.I~~~'mt ..~ .' ;.;.;~ ..
.' ~': , .. ' Pt~gr~m~~' ~g,r.~~.~ t~ wlthd~C!~ from th~ ~u~ a,r~a.a?~:~~ relea~e. It10~ c0.ncessl~~ : ~ :~' ", .,., ~ :..~: .

,. . .nf\verlng'.,.ail- mInerals ., . " '" .. . ':' ' . ,""- ...,.' r' . . ,- . . ; . J: :
\. .... ~y, .. ~ • .:!' • •• ... •• '. 'IT ~ it,. ...~ ..

.~: :" ..::~. ''''.. : Mr:-joubln~·.with.the·assistkee:o'f Iqbhl Singlj.,'M':B:E,,·bilatercil3;l'cl}egal a:CIyi~e(' '. -. :·DI.'~:: .', ,,'

~", ': 0 ••••• _ •• ··~~?·":t~e.P~i~e.lVIin~st,rJ!~ ~lso ~p~~~are~·ft:..~,ni~e91~inlPJ(code .fOE, tb~ :~~~~r~~~!J-t'~ '~~:" ..." >'. '..~ or", .;
'. . .' :.' .' cOtlsldera-tlOn and -establ~4ed'xhe'ba$lc..prmclples on w:hlCh the' urann.tIi( .concesslOps- 'i. .••. • ~ ': ~ ~. /

.:; ":'~'''.'.!"i1d:h '. ~~ ":i{ t d":~':' ::' .\ '.' .. ,~',;:,~. ,'. ...... ';~'~;... .,' ,.. .",;' .' . .'. '. .' ".:a-: .,' , ' ..'~'.' ." ,. ..;~., '.' ..cou. . e negO.l::1: e ~, . ' . . '4 .", • • • " _' .' ". '!;"j ,.. . ..•••
l~".:·... ." _..... - ~ .• ~ , ~ ~ ,,~,J.. r. / ~ .

. t" N.'> '. '''': ·At ~the~''fequist' of -the Go~erIW1ent; et technical expert .was ~sent to Somalia' to "\... .,.: '.
: ·~:.'i· .' ", .' ass1s:Ci'n ~the drafiini'~6{the' funger-'d-p;~uments', arid a' co~:alt~~t ,on:minera'l~ co:q:-· -\f' ;';: S, .,.;. .
. :7': ~:~ ..' ~:, ce-ssions~ ·C. Beaten' .of- Canada, "~avi~ed t~em in;theito negotiatioiIs; COnc'essions'. J' i •. ,:. '. :':". '

.. '>" ...'. : ..... coyethi~ a~pr.~~~~~t~1y t~rE;~.:fo~r:th~·Y~f;~lie r,tj,dfqacti~e' ~rea:haY"e.been t~f~P.·up::\ ... ':. <I:,.! .

",.):,'.: . ;:.: >J~.by~qn:nr~njENI of.:Itcyly;· Uran~rzgeb.a~.·of 'the. fedeF~1.GerIlla,:!L~Pubh~1 and- .. ·· .
'<~'.~:.':' ~'~~:., .'•.-w;~steF~:,N~~le~h9ftl1e V!1ited Stit'e$ ;~!.A1Jieri~a.?he':~e.m~iningare~ \v.m; 'e~!d ". ~.<c.. . ';i . "

~.: ~ . ", as ~ goVerrip:i~ntresery;~. .' ....' '.,;.: ,'. .... ;';., '.:;_ '" :t:;~,':., .:' ",~~, : .':' '.. " ..:.:,...;.',,':;
';7/ .... ':~ .'.~ ~J?has~·.If:'Q.~~ the'pi:oj~~t;:Wlij9h :W~S a.pproy:e(tp~fo~e the~e'~Xen~s. o'bCtfrredi.was" ~J~": ~i:c' ..~ '.~•.. ': .':> ./;.~: :f~ .:mo4ifled'tq ;C6nfine.i:t.p~· mJneral...jI;ives:tjga~i9nS·to.:· tliei~ nor-th~tn'prqvi~ce~ :of~ th.e. \:. . .. ~'~; , ..',>/.:: .:>..... >... -R~p'UbliQ,.: -the ,~(jup:dwat~t' '&:ury.~Y~1J.l§Li'ning? \inch;anged. As:.of'"]r~~~ary 1969.;' ". :~>' '.'~ :..

;:' . ".~:"':.- .! ~ " "I.it'~as 'being: revisea folloiWin:g an agi~ep.t..·Signe(Fb~twe~n:'.iJie."~SomaIC Govern.," v.. ..
,...,:~ ..:,,'~: ,··>· ... rrt~~tl and.i~~i;Solit~r:~niIE~IgrouI>; .for. 't~~ )att~t .to. ~pelld' ~(qpp; 009one~p.lo~hlg. '. :' 't.Y ~ ~~f: ..':;'< '~,
.. ',' .J:':< l • :~:,the<P:re:Cambriap.· areas· oFthe norr.hern pr'dvinces.Three p-6sSj;blerorin$:.of'!JiliMd '..,' .' '0--'_

.0/"> .... I -{ ._ .. ,. -.~ _.~. ,",.-, _ '<;,. . -.., ...', ~.- '•• .-"".~ ..~.' ' •• ,' ' - ., ....~"i' .'-~~;....,.:.... ; .. "
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•,' .i." ..~.~ .;>~.~;.~;.~:.TbeA:rer:~a~~~.J:(~~.~Glii~v:e(r~et~mp,odie9.}!l#..~;p~og:ic~I·~!!l~I{6~~the\:Blli·;~r:a. ':.,;':':;Q~.'."'.
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. '\;' r-:.,.'~ '.. '.' ,,': ··<t:r·.:· '..... ',: '. ., .• ...., > .'j':':~" .. '~ . ""
. • ;'. " .,'" I.:>\." :, :~;:'i; ..'~;.,;;'. .. >:,>,'. ',;~~£.

. ',: ','..~"\:':.;·!:rheresults;wIiie~· b:e~~ni~availapl~ ..·bi·ibid~.19()~,' sh6we&.·nqt 'O~lf'.~~·s~~ies·"oi·: / :·'t·r~j{'.
. :.'.. :. '. ,."., .magnetic anomalies{jfwliiclil0w~ntified·as·ironformationand38 were radid-"g '. -, ..

", .,<,. . : '.' .'. Q. ..~ a~tive anomalies~.~The 'spacirig ofthe fljght~liries and of the readings, in ,r.el~tio.h to '. :'.' ')~" .
:..;.~, '.' > .' . '.. ~ound' bl:eararicew~r.~ slJ.ch; ho.wever:··that:,sotite,· anom.ali~ay'.iJ.ot have·b~~n' :" ' .. /. ~> .~;

." . .' ;:'~':,:" .;.'C()niplet~ly~re:c~rd.e.d.a~~~·~o~e;i~la~ha'Toe.15een.:mJsS~d:",::,~ ":-C,'>' .•>; :" ".: .~. ..., ""; .• :~: t. ~. ~. "~';" . '.'

, '." >" .::. .::'. (:. :r:.Be~;~useQ(thel~,w;.fuaf§!lev.jq latituq.e)m~ithe,·~jghly mag~et~e, pr(rper~s :Qftf1e: ..:~:' :.~'.:.;.: .<
.r .. '''.~.', f~rruginoU&q(iartzite's;'t;p.e:<;ortesponding $omalies' have a distinct dipole Gharacter:' :'. ;- : ..

". .' ..l· \ '.: and '!pany )pow··a; ',high itadieI1t' 'w~th. a" sheetllke 'l:?trtlcture; ·giving itp tQ .1,000, . ..:: ~k .

.' .. ..•.• i:··· ::'.::~:U~U:i·tQ6,~~treS~ltit.'}\ ~it~~mi~u~t~e_~o~tit .~~ a~rotim~~. } .
'-.~:,,~ ... ~~. '. ,.+ ...:.~~~~: 'y?u!1~er;~~pi .es·;na:V~·ca·"sfmilat·.~dip~I~<ipha:~~~t~r·butrith,,9- dis!..an~e of; .. ,' .~.t~· .

. ' ... ~' ". ; ~s~v~ral.~Q~en kilom .' res hef~een~he, two.P9!~s\9lJ·~pme .seC~I()nsiith,e pOlludary', _ '." ..
'.' .' '../ . . J-,.' ?r.~p~ J~~ssic)r . s~o~~s'can 1?~~identi~~dbe~~J:l~;Ef~~he~llo~a~ie~.die~~t'b~Ybnd'i,t~ .. ::>. '!l." '.~
, ..', :" "" .. The·.~a<ti~a~tiv~~?o.ma~i~S:-~h.ichJte~!~h4i,...a.qu ,ril.a~~ral.of.s~nie.1.0?~bY,':' · .. 15.·.. "
.... :., .' . '. ._: .-100 km are group~d-mto' two. ma~Il; 'ar~as W1t4·!pea:ks ,f:> '.. .:: o~r ~~d.slx-tm).es.~he ' ' ..:~';' . .

....\ ',:.. f ';,backgrQp.:nd v~ltie,-\.surr(rQndedl1Y· b~1l;s'10 knf"'to·.~9, wide~ '\V-:1nch show twice! .' I '. ~
". ".'" _ '.. ~ thebackgiounp. value",:>': .' "', ' .. , '._ >"": ".)t< ,-4:". ~.' :. .; :,. ,.:; .

. , . ~.. ~ '.' :rl;1~ ·i\Iio 'Ghen~~ anofualy .(map··2) coverS' ~h·.f~re~' or- ~imrdximateiy. 36~km~; ,~.?:.;:~;.'" ~
'.. " ~.:" '. ~ ·.~~on~a~edJro~!ast t6\w:.st, 0~tlirie4, ~~,~.~fi.ig4t~1ines ·and. fa~ing w~tw:a!d~. ~t·-is. ·"::L'. 0 ' ••
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.,':. '" '. .. . ~ .' ",... 1,... -. .' . . - t.. " '. west'of Bur.AGab ; ,. ... ';' ! ..... ~ ~.-'.. . '-:" ..... . ..... ,", "'. .. ;.. ~ .•.-. -.

'.~ '- 'o'. -. '" ..._... ' .~',.. ' ,;,.... ';. '~'w;·., ' _.'. .... ' .' •.. '?.: , , ...p • :"" , .• ' " _:. _., '.":~ " .~, ~. ''''''; 44-.
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. p' .:: .' .• ' •••.,.t n~v~ga~i~#~tl\ ~?'~frol .~.n9~d":. ~tr~p; ..:p~~tqgr~p~y· "~a~. ~~o~. _geen', pf:ec~de~:' ?y .;' .•'~:,';':.. c· .•..... . ... ! -'PrelImmarY" ground: sl1rve§ing.. or Jnarkmg. '.The .only -ground·.plan avaJ.la'ble con- '.. Y'"

\.' .~, ~ .. '., .:,:' V,:: .. ·· ... '.' si~te_d' in '~r{ ~;riC6nt!01IeQ :photom~sak :a;t- .apP~~'xiniately the' s~e sc~le.. II;l. ·this ~.;:; ."
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.' ....: ·The.Daf:~~ir and Bur Ga:lafi·,magneti~.ariohi.alies'were 'covered by a!\,Ask.ania: '," '"'>~f.'

"":,' .:~: DF:2 To.fsion lllagIietbm~tergrid.wlth reaaings·every·.50~ ..mette~,:mtr;r(jw~d to 10~ .' .:~.

,:' ,', ·,·:.; •. ~.lnetres whengrea.t.er'.detail.w~sredu.{redi Thl,s,gf.i4~~rveq.as'a basisj9rth~'geolog)cal . ,/::;f,\~' .
. .' . .' l;\ur:v:ey, andfQf sampling,pitting;:..tren~llin,g an4j~riJli~g .. '. ';, ,:~ >."'. ''.'. ~~/~~}' ,'.

. ...: ',\ . ..:r~~mag~etic,field~asma:ppea;to .~ sGale o~ 1:'50,OOO'in, fri:.area,'of '14 km\- ",'(', ~:'\.,," ,,' ~-.> ..
,:.;. f ,~ ).~ro.~.rid the Da:imi~.occ:m::~?·e,and,.theB~r. q~14h ~P:?~ly:v;~i9i~ppe~,to,a;sc~le:ic'>"':i"',J! '. . '.

, ./' ,jIof 1.10~000. ·f. ,:"., .. ''. :1.. .r" "-. ''.~; ;'. '. . '.. ..' (. '
: ,'. ':.'.:iv.ragne~ic.profil~s'were· made'evety'100;metr4s, Jith>~eadings' every. -lOimetr;s .. ';i,. '

hi:an ~~ea of 1 ~m~ aroij.~d th~ Alio ,Ghelle r~4i(i),~cwve anomaly to"determine t~~ ,'" .
. ' ~ tr;end'ofthe country,.ro~ks.,Withthe arrivalof tUe EJ¥I-gunin June'1968, this,w~s

'0 '. :" followed. uphy a mictomagnetic survey cOInprising'S,OOO ~.adingsinan area of '-
'" '.. :,.:~':f2 X 2 krn,and t~e.,FeEiuJts·we;re·present~donarhap:ta a 'scale of.l: 2,000..,' ",~,~" ·c.,

.~"" 2~ . R.acUometric·.metkods. Gr~und'exJ?J.0ra~io)1 ~egan, ~~~h the Alt~ Ghelle ae:iaf "
.;. ' .,.. .,: anomaly, because It was.the first to .be I~ep.tIfied on the grounq and was the eaSIest •
. ' 1>'1'" . "9(~cceSS.,:, T~e an~maly, w.as ~fvere<;l by a radioIT,1~tr~c *id.5 ::<- ~O metres and ,,/t.:.

" . ~,5/X '10rnetres .~~lC4·outlmed'lts' co.ntours an~ local p~aks. In~ll,. ,4.~5~rn2.were " , t
;f-.:~finallYcoyeredb~"a radiometric. survey'to a scale of 1:10;000 which e$ta;bllshed,.'. ~.

'. 't4e general pattern' of the radioactivity and:rol,Indtwo o.therliigh anomalies. This<'r " . :,,'
. . ~ • . ", -,' . ..' •. " ... !- .

, "gr-idpatt~rn was subsequently extended t-oanafignment 9 kl1llong passing; througl)..' .
.' . ,....'. . .' .', . '1

: '. Alio Gli~lleand.twomore anomalies were recorded. .' , ,.' .:[ktr'·
·:·;:~::>:·,~_fhis.surve~g'howed,that the high ground anom~lies are oniy..~ few d~z~nmeti~* '

. . ,in' ~tent as' compared to the~'wide .expanse 'of' the, aerial anorria1ies.-It follo~~ '.
.' .'·;;i;d. t~erefOTe, '"t1ia~ all, aerially IQcated anOln,alies. ~u"st be >'resurveyed on ,the grOl{~~" ..',

',' •.~., ': ' ~·to :locate tlie:6rigih of tpe radieactivity.' C";' ~ .' . "{;\ ,,'. ',;~!1/ .. ',." "
:' ... ~;', ~".E~ect~iCir.esisii~it~.. .Th~s~as t~s~e,a a~ori ,c inpro~es ,atAI~o GP:elle.a~~~~:·':.~ '-, ;;:;

, (gaveap. apparent reSIstIVIty WhICh vaned·shg].l ,rou d 10 ohms along the profiles, ,',: . ".... .
. ~ : ':with:'certain areas which:'showedlocal resis~l-v.ibe ,. 0, 20.pe~ centlg.wer,th~rl tIi~~(' / ,"

average and trending ina westerly direction. A. .' ,urveydlIri,ng-the drY:seaso.Ii~~t?:. ,.

·~id. not'con.. firmlhese·.fin~. ing.s"a~~.'1w~U.14: ee.· :..t..ha~~ ..~?e.'·e~~~lYe.i:cl~):.'t. Oil ,"cOil.....:\, .. , ..
lS a good condactor,and masksthe~tnc prop>ertIe~ofthe bedr.ock. . " '. ' ~'.. . '-. '

.' ,4. Spo~tc:n~ous pol~r~~a~io~. Thi~, ~as 'te~te~ ?n·tw<J,. pfofil~~,- at:~li9 ,Ghel~."~u't: " c /},\ ~ ,~ ',' '.:.~ .--

showed Qnly slIght VarIatIOns from n~rmal values, ' 1 ~.' , ~ ; '. .' ':. ::~J..

5. Gr~vity;' ,Seve~al, readiiigs.~which·, we~e·Jri.ade: ~t·'v.ari~usJiQin~ on;:tlie" :Ali6'''~''',,; "':'.' ; :'~'.' ;.
, . ,~ Ghelle ano-m'a:lyshowelaf~w irregularities,buf.noabnormal-ifydn. th~'fiefd':-A·. 'f'~""
" ~., .. :~::~~:t~eature!&agen"]·.j.~c~ein gr~4~Il\iiIt~O,5.mgal/kIi\' ~ar.!Is..· ,

.,' ,~.:qraVityjn:otiles'we~~ aisoniade~tBur,"Gala:n,·:bqirnir: a~d.·Biss~q~ A.dde~·At .' '.,,:
:- ' .....:Daimir;·peaJFsof l:~mga1.Bbu$Uer;wereregister~d.; buft~'topographicmfluenc~'"; '..

. . ..~: >,wi:l.g.so stfongas' to cancel ofItthegeophysical anQmalies." 'r.he·t9Pograp;hy;~was too'
,',::, . " .ru.gged forthetIseof gravity.:tnetliods in'''detectirlg"ironfQ:rmationS~' '.' ,.
. ., . .; . '., ~?:. . . . '~:'::':;';'~'.." -:" .' ,'".,~.;:," . '.: ...v" '.

GeophYSical t~sti~g .' ;. \. ._,> " : :.' " . , " ..' .. ,. ,.' .
'. Ail 'dril'c~t~~ ,f~om:Alio.·~h~lt~,,~ere\,t~sted· for ~~tiioacti0ty, ,and..graphs w~re' .~.: '::'0

, ' ,const~ct~~.t~ ~h,9~th~ r~did~~ttY~ fOTrilaSoris. Al~tr~l}ches_andPits were ~ested'.
. ,". ,by GeIger coun,ter. In most cases"'except ·over the:actual occurrencesor pI:Imary., ,',

:' . , .' ore;' tne' radioac.tive·int~Iisity,·however high .it· might 'have been near :the surface,
11- - -. ) • ..'.' -. • 4. • .. , '. " 0-

. " , .:.;' " .. 'diininished' downwar$: In 1968, the drillholeS"were logged by.m~ans ,of. a 'scintil-'!
,$1;. " . Jometer"pr"Obe·~. .' :' '. .. • . ' , ' ~.. ,'.;~..' ..

.... ... '. 'I ", ~ • • ..,? '. ...~: . . ,.' . • .... -
•• ~~ : •• ", O-' ..... ~. • ':0 • • • - .. ~ \ •
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,.' ,>::"';!:'ti'r,'--:'" ,.' "\. ". .' "
~ , Q ""' ......" .", :4.,' ~.. / .. - ~~,' ~ , -

.' . 'f.~' ~ • r~' ol-:: .
(~ ••. ".. '. :.7 >--_~, -·i~-~:;~.""~'''- .,:- .. ~.~ : /. ,'I . _, , •

• "." ,#,,,." lI. .... '- - ,,' ; ~.. '. ;~~>•.:":.. :'i.-;., \ .. '.; . '1' ~ ..

• •L ;,: •• ..' 11' • • ... '._ ,. ~ _ ," .' ' .. _..-,. :...". . ;.. '~':<~'~~ :5':' . ,'<,:'" .:.. ',: ',' : :.. ;:" "p ..•.. . ;;:' .
Pitt~ng arlfl,.tr.enchlJng' '::<.:~\:i . q.... '. "". ..';' ."' ' ...~.. '.. '.' -".. ' .. 'co, ~.....,. ~

'Att~e,[lai;Jrirori;be~foccJm.'llce, ~hal}()",J)i~ were~tint~~~lsOfj(jto ,.::,," ,"". •
30 me1fres:1alopgprospeetingJin~s';4(}Ocfuetres:ai)art. F6urpit lines wef(~ completed 0";_
,on the easternfIankoftb.~·~a~currenceal1d·two·'onthe western flapk:. Pits were' ,
sit'ed according to·t~~::~su\t~· 6f.th~gto~nd. ma.g!letgnieter surv~y,~nd th~"ge9-~' /::, .'
logicalandieophys.ic~rpit~$e~tiohs ,w-ere tie,d,lriwiththe surf~ce'su·rve'y. The':Bur •... "
Galaii 6ccurre~e~~~:;checki~)3YA~30.lJl3·gr·:lrenchirigaWl;by"'lfmetres qf shalIo\V: . ,"" ':." ..
pittingon a' ~imilar/pa~~er~;:,;"'-,; .: " ','c,;-"".'~;,~ r ,',' • ':'." ':. \."':'.;., • D-' ....~

,Eighteen pits were.,su:pk., t<;> ~qna.verage'depth qt~J.h·e~resa·Ild:to ':,.a ·.w~xitn,tini
depth of .'4' metres,qn the Alfo Ghelle·radioactive a;p.QIllalY~' to~e~eli':theweatpered, ::
bedrock below.the eluvi~fmantle>'.<;. ._0: ..• ':. o' ..... :. ~" .,.. .." ..••

.. Ni~e' trencn:~~ ,tot.anbig1 ,600 ni3~er~als~,dug;.ave}agiIig·3.nl~ttes·deptIi,v~~iabrtl·.~ -.. ~:
. I, ;--.." ? accordilig-.t6 ·the"thiCknes~ of w~atIi~Hn:g/Four.tre~c4'~s (p.~Qject' nl].·m})~~ '21;24:,.' .. ,: .

25,an& 26) :provided U.seful ~rl,fotmati(jn as, regard~ tb.e ..geologie~l' struhJIre. and :', ~':
... ' the m04e9~~~currencedf t'he"-de~?sit: 'Thep!hers pr~,0de~.dataori)hEfdistr:,iputiolT' " ';."

of rqcktypes." .~." ...:~:}. . ' .
I .. );. . r" If ,.. ,,'.' '"., • ", < ();.. "u

.:ht~~ling ,l,";;' ~rf" ,~ ... ~. ". •. .,'~"; i

I. ~ ./ 11 .;1 I'- ., \: .. • ,,'.

--: :Dia.irtQn~ :drilling , ,', . .!':' ',,'~'. ' ., . .D

. '. , . '. '. ••.....;" " '. '. ... '. 'd: " ... ' .; .'

. D~illing on 'the H~n'}9tmati<:fVs was Vmited: to Jl:tre~hoIe~ ,sl;lnk· totdepth..$' .of.. _:".
", .. 41 metres, 13.5metres,. aild29 metres"by'niealis of. aWinkie drill on. the: Bur G-alan. . , ' ..~

~ O,ccurrence:a~dto"cine shqpow hole 'O'nj)~imir~ \;' : -. . .. ' .. ',:. ,:: .... . ....:.. ' ..
~ .' l' I '" . ~. . ... • • ~ ~ . .

On'the Alio Ghelle radioactive ~nQmaly, the riorth~eas£ernpeak area was',:e~pI9red <\ .

· by':syst~~atic~'(l~i~liilg/ first alolii aCf9ss3ine to obtaiIF ~,~v;ertic~l is€ction:acro~s . '..
.. th'e strike '.and ''i;oobtajn, .so.me ide:;t Of. the 'actual ·6cctirre'nc~".below. the surface .....

"'~ '" .. ,' .' .mantle"ttJiJ~·}jYahoh;'@ffsetalong:,thestrik~,finallYt~a ~~dp~ttE!rn"on 5o'metr,es,~ ", ,. ." •
l,... '.':'~'~ ~ ;~enttes,which )Y,al? ndj;comp}etedr, ana.by.an,inGfine~ c:rqss~hole.. '. ~' .. r . . ", '~.,

'. ,/' . .Although)nitiated~,by. the, "\;' jt:s"eTf:.,tIi-e41rmi.i1g~rogram~ew~s contract~d..
, .~:~'jto th~firtn'6fCraelius'in '68." I c·· .. ·,., ... , .. ,- ..~ _.' ',. \. .,., , "~f.~;:

... .- __ .' _ .' . '11 ~ ,-. ( '. _ .,' . " _ " ~ "-\: ",...~.~... "', '/' .

, .,.0,; .•.0<' Thfte~!:1~t&;o~tHe'pr gr~hinhe are. summarized in tabI~J:.· r'~;T' ..,' .' ,'. '. ..
" 'por~:r.eCOV~fy in u~altered j:oc~ was systematiga)lj'good,.qel!e hol~~Lcarne~
,put otore alolig:the -foot 'wClV'f-p-d the or~ body,is:'~ot~known 'be}.:wa de»th. ()f lW' :.:.'''. .....
'~etr~he ,effects ·~f.'.w~~I~her~_~~ and oxi~atipn~ere..app_arentW?~ th~ cpres... ," '~ . ,.' .
, The holes put down In the centre of the 'south-w~~terl\,'aJ}di;Ji~ly. t9 pbtam' a ..'.

,'sample of un~l~e~e.d rockweresctop~~d.f<it technic~Lre~dils!tl~~" ,ell<~let":vas~:_:~--~:\
down on the Alrpor~anomal:y.(ma:p,2).toa-depth ;of 33 .m, and·~toJ}ped In .. ' .' --

. highly,~raaio~ctive,syeriite he~9-use'w()rk inthisareawasClosE}."",j)Wn: ;:7 ," .... "
.. .; ~. ' -...."" '._ "- . " ~ • > ._, . \ '-. '. _'";.1 -; ", • r. -r ::>.

. , ,:' 'i~ge~ ~fiUj~g .. '.- ". . "". f' ":,.' >. . "";";" > ,i(: '; > • ,'. '., . '

• -'-. • ~ • • • • ••• • - ;. • \. • t· ,- ":4" •• -- ~.

This method..was..extensively used on Alio Ghelle to sample the elllvial mantle " '.
. ',aDd to 'prope: the' bedrovk. A line of holes' .'was put' down' at 10": etre intervals .

'.. 'hetw~",'enDD.HI050/1QOO and DDH1'10bjiOOO'-to verify an inf~m'; <Lfault 'whieh '\' ", "
, ... '. appe e.d to limit-the Illr.~eralization..'TIi~ r.esults were inconclusive~'·· . , , '. '. " '.

.. , . ,r nching .and' pittihg .had pot been able to find the:' soutce of th\ sorith::~est.: . .
". ),.; . :·'anQ. ~IY~~It ... was tlie~efqre covere4 'by 53 .auger ,holes' to, dept'hs' 6f 7.5\8- me'tres, .:." .

.... 1~~d.9.!It on .a.zri9· p~tt~rn.~to outline t~e -r~di()ac~i~e}oc~.~nd~t~c~o~se"~~eofQr
. ,". .' d>aP1:0nd.;qr.I1lmg; All. soIl;~~l?pl~s~were. tested fo,r ,radIO .Ct.I~Ity, and, thlswa~ 10u~~.

,... ,.:..... ..., ',1',; 't . -- • " .
.. .;':'-,<.~ 38', . j : ' \. . . . ';"" ':-+',~., 'i- '.

. t·: ;." ',: . ....;. ". :.,
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r '~Accintinuouseluvial-diIuvialmalltle ~f,r-ecen~ o'rigin covers niOst'oft.li~·'ar~~.bn. " , ': ".'
". '; th~.J~r~ssiclimesto:ne~!!bismantle. conSi~tsdf~O,;.5-,-lmetreaf'~l~ye:y SQn~ bat over '".' ,::' '.' .•

_ "·the basem~nt roc~ its :·thicknE;!ss can range from a few' decimet.res· t.o 20 ·metres. " .
:' Itr-cS:>$ists of brown·to brown-greY,ealcareous"cI~y which passes downwards'to a ,- ..<,.
. .. 'coats~detrital'eluvia.lmaterial.Thequartzjte terranes' are,usuallyfre~ of' eluvial ". >--~~
. 'cover,·whiIe ove;r.'the 'S'chis~ afidamphibolites,thecoverr~a6hes maximum thiclt- ' .:' . " "
,n.ess. Xhe t~g valleys ar~ 'filled,'\Vith'aUuviu.m.. The smallertugd have 'b!'o\vnsan.d' }

. ~. ~'Cwliich is rich'in magnetite near th~ ferrumnotisquitr-tzite. the valIey,s of •. the .large ,; ~.. --;,
tugs ·are' 'up' to2.~kni .wide and corttain.26 metres to 30:metres ofalluvial .clay;.'
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,~: .·Co~se~afue~~as~ .• arid .. hornble~de i-ocks,. rangirtg -.' .~Olll~~iH61ioe~,~~~;~-'-. ~',

;;;:~:=.~~~~~~;:.t~~::~:tr:r;O=:_#;~~~. ·c.~
", c.onsIstmg (jf'plaglQ'(~lase"bIOtIteand altered hornblende.~-,: .' ,~··"s."C"!:": _ \l.•••~ ___

- The numeroqs basic rock 'masses shown' on the .geologicalrnap 'ot the Bur area
~'Yere' ·i~er.roe'd from~~ot?geoIQgi.~aland.geQ?hys~c~~-yidence.:here'is ',llO'direct
..' co-rr-Q!>9ratIOn of th~I1" e~Istencei'~~ the -ar~a IS devOId of outcr-ops. ,.', ,(

• ':'~ • ' , '.,.--.--,'. ".'" 7" 0.' -:"-

, ,.',,', A1kali~ ~oc~s~ .~.. . . "'~__"<..: .' .' . . '. . . '.

.. .. 0/': - .. '0, , ;" The.presei'1ce of syenitiUi-t-he~ boss.neq:r,Mqclu~ode,villag~has been
;.-;~. ~~-.;--- :,,~ "~~-. "c~ted as. heing WIdely: dis~ribu~e~ throUgh¥~.~~~~rea.<>~rilll~g ..~as s!lown.~his" .

,,' ' ... ~ype·~:&r~c~t~be assoCl,at~d~tht~eth~q:.U1u~·mm~~11zatlOn;'an~to be .
,,' .JntruslveIn the.Pfe-Ca~brIan amphlb(ale.,gne'ls~·~he.l);lm~raloglCalpatt~rn IS ~om",

.. .~ ··~~~~::~t~~:~::~;:j1:i~~~:~~~~~;;:t:t~~~~~~a~e~ ~d~:~~f:~: . .,
, .' oce~ee~ '" '. ' "", . ," . , , -

" ". / . ,,'~ pe~~~ti~es' . fT : ...: ' : ~". " ..~ p ~,/ • • • • .'

, ~... - ~eg~atit~~"a~~"'aplite 'dike~~rie co~mon in. the'rhetam~r;hi~ ro.tfand al~ot~~ " .'
pen~tra~~tli~ granite m!l~~.Th~e~ma~ite~ usu~lly form~leItti~ular, 'impersist~~t _. :i,,:,,'--~

,_ '" ' bodIes fro~.O!O fiv~. met~es t~l~~..,~nt~rbedde~ co!lliorma~ly· III t~~ surr?un~mg
<', ',:.'., roc:lL~nd WIth adatlOnal contac~\p'e gramtes. Most of the Vel'US contam a,

• . . cor.e:ofquartz, 'rrim one to'two metre'lfll'i-cli; 'surrounded'by'an outer.area'oLpink-
'. . pegmatite, 'of variable ·structure: In pla~e~' ·co: taining; microclil?-e crystal~: as' la~e~ '..

.. as- 50 cm. Some pegmatitesmay be:younger th9-'9- tdominantgranites": f01.:jnstap.ce,~ .
, ,~, . the white and pinlV170cks which- cut acro~sthesurro ding g~eisse~ some 10~Ilr

, -,;:~' ,~. _,: north.of Bu(Acaba-. ...•. .... ". . " .- >X.' .,-' "." '
" '"" .

.' Jurassicsediments .~:-~, :.' :"" '.r

... -- .. ',' \. .."' . "-, ".. .

• '-cet~c_"_ '.' •• ' 'Oc . ' • ;phise, J;ocks' eith~w 'surround .tfiE(Bur uplift-,or lie inj~~~i~ depressio~ such as',
.~ ...--,:.~7~-,~tbat~li~~aq~Br.ava.~e.y;..j!.:re~eferI'!3d tQcas the Hamar\lI~.~~~esa.ndcomnst mostlvr

.";0":. . ,<~ofji1nest.ones·!yhiyh: 90nt'ain:elay~,: orsilic~fied algae,witli'suhordin:lt~~~0Jtrits , ~

.\ .... , .of rnarls:ftild 0fc?quinalim~stone~.Tpe·com;m>sitiono~. the 'beds .reinaJns~6nStant f '

• .' .over--gteat qistanc~&( Thmr :ire sUbhor'izont.al,.dip gently 'north near Iscia cB",@.idoa;. . .
.'. t>-aiffiir 'ctndDinSor and·fohri?a·plateau s.lightlY. tilted awaYfrom·the Brir.uplift ".~.
. ," Thethi~kness oftha,seri~~ int~~,Bur 'qrea is·several doze~ metres,: in9rea!=ling- . .

·1gradually"noI'thwards.., ....~, ..' "-, :., ,.'. . ..,'" . " .. '
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. . :~ .'.:. :".:.' . The. Bur ·Daien synelirtal z.one cover.s the °north~easteJ;.npart ·of· tIre Bur,.area and·-,,:.' ..
' .•- ' ..d> ~: ' consistS· oftmee' minor synC1ihal.~0Ids.JVhk4 eontaiI1.~_o~~asional·du.t~rops of ~ocks .. ':":'

to , • '". .' ... • •. ,. .,~. ...... •. '. ~'. .. '...

.'" " .' • .. '". " .' .... ..k', .' : .' '. . "
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-..;._., '.. . ~ "\ I .'; ~ ;.. L.,".: ".:-. " ~:'.;;;.,.. ~ I,.: ~-..~-~ .' ':\ "'" '-'~ 'tf~".~ . . :.. - .. ,. ......... ~ r . :».~~ -of' I .. "; ."'" •. :_ ~. • :~'" ~ • .; ~~"- -'r "•.
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~•.._~.~ ....", _." .' .... It· -.. " ," ,_ .... '.

. . ,' ~,' '.': '/~:>"'<"; ;'. ..... .' ..' .... : ." . '.' .. <;~~..' ., ..~ .c. '. ',.>. ..' ..

;,'< '.1 :,.:,,~~'::.:";:. ~;...!'......;~~~.. :::.;,,".:....._ : .. "'.".._,~.~.~.,.;:.~~' ..~. "'f :":-:" :'. ";. _ " ••,;,1';'" '. .' ., ':"<>"
. .'.. \"" - - '.: ", ..~: .. ~.,..:_ .

• ~ ..... :.~.". 1: .~~ ,~.t." ... ". ~_/ I:·," '.~ ~ .•. ".•:.. . .:' .~. ~ ~'. t - .'. ~~. ;., .~ •. :' ._ • .;'.•

_,........,._ •• ' '~""lI.' ••,~.'; •. ~' ", ·'t·... .:";..~:.. .~_o.:.~. ..~'~.....

':. -. ~.. 1.;. :.: .; f' .'. ~;\ :';:: ':t .', '. .:,:'"'. ;: '.' <.~ .. .<., '. ... .. :; /.' " ... ~ ';~i.. :'"
..•..~laYey s~ndi .al:d'.~rayeL.~M:any::~~ ~t~e.tug~.,la~~a .\Velr.defi~ep chamiel :'ih.their. ,

. lovv.er: reaches. :,tnd co.ver'large .areas WIth 'proluvml accun;lUlat;rQn~. 'rhe Bur Acab'a. . .
. tU,fl ewpHes'lntd ,~ .bro~d·'~roiU:viarj)ia.ih~20,kI11 ~Quth ~{ ~ar~i·a·.~' The ~iIl,c~anner ,.:::. "

'. :'"; ~•.,;. ,'sp!jts, j:tItQ ::a nUPlpei'<Of ;small,feinp'orary'·streani,:bedswJiich;irteand~ring\ over. ;".".. . '.
. -:'~.theplai;n;haw~.b~iltup,a\thictir~ss'.6f s~veraid~z~n'metres ofdaY;sand;'and'graver. . ..... ,.~. , .

.:~.'~ .. ··.:<'·•..Galcar~6~s:;:'atqst,~;:Q'r.:Ji~Jiche,:·bccur:.irequ·eri.tIJ. along- .the: l~mlt'betweer1:the' .;~
·~;:'~Ju:ra..~§i~.plate.ali>~nd.tlreha:s~me~uTOcks, .These calicheCfUl?tsmaybe .dense an~' , ': . .' ,

.. ;~.~ u~~if~~~~·:PQroo.s,.~:~~,i~gai~d:o-r:9rec~ia;~4~From ~he,aerial p~ot9gF~ppst~.~y..~p.~e;:af':"":' ' ..;" .~
.: ~t~.be:co.~m?R.a~so::lllthe.~9u~her:tJ:.part qft;he Bur area. : . .
. . ,"::'.... ..•. , . ~.;" ,·;'t'i';:,,· ,:~."' "'". . . " .. >

:i:,"':;0''-B.:'':TECTPNICS·· , ;' :, .,".< .~- so(~·,' ~".' "'.'. I

. ...., .... ,. ;: .... " ','~:.: .. '.~~',~ :;. ",:~ ~~,.\'" .~. ',,-, ~..... '~,' ",'. ,',,; .. ~ ~"" ," ",:' ,_..... ~ '::" '.'.'; .. ,,' .'. \-,

'Tlie Blif-:9-rea ·falls··,withhi,:t.p-e.mainteCionie uhjt of' the S(:n,naIj,basin 'Yhich~js ..,~.
'.:' .' ,~..~iVi~e.~~~·"t~~~lJga:de~~r4~~et.It}~ ·assu.rri~d :~9 ·coi1~titutearrl}~liftof. the ba.se·~erit/. '. ,.... '.~
. , . ,.. 11). ·cOri(tl).1u·at~n ?f.-t~~ ~ga~e~ rIdge, a?-d It m~orporates seyeral &truct1;!J:e~,:~ .~. '. .'..>·'._.~:.~,?~~;.s·~r:uct~r.~!=I '~re:'ty~ie~ll~ ,~r~-C~:~br~an, and ~~f~:ldin~a~ qeen···· ..•. '- ... ';' . ' ...

.• :~~l.pia::~o.§~,~.f'.:~~~!~.f..~ult~. c~.~tIng' th-e.~en~q~KS ~are. pfe.~J~ra.sst~·,·?u.tpost-.,·, ::~;:;:~ .' .. .
",' :·,·JurasSI~·f~u;ltl~g":QCcursalb;ng.tne:;n'()ffli-west.bbrd.er'e>f'tije;Bur u}!>IIftwherethere.·· ..:" '.~:,;: ; ....~ .... -...' .....~:-,.. ,. ".,' . ',< .~.;' ",\' -~'--"",.";..., ..;. , ":,," "" .. , ".' ,11,- q ..;.,~ " .•.' .'.'. l> .' ..... ' , ~..

Y':. . .:. : .is ~otrl.E!:~vi<le,tiG~:9:f'step:'f~l.l:ltst~ctl.ire. I ••;...... .~ '..J. ,.... ,. .'- '. .':': "., ;. ~t.:~~.-.

>~" .. ',.:.;'. .. '...": ::rh'e'.regjohs· >~~h'ere~tight 'linear ~folding predonijrrate.s are'co'nsid'ered>:to be :a:nti:- ' - :-'~, I' .(.. :~!.

'.:','. ;~ ~ ~::: ··.~(~~I~n~r:~~~~~~~:~~p.~V.~~.~i~t;m~~·t!y' of~oc~ .of:·~l1~.I~~er.·~erl~S:~ T.h~.sYhc.~in~l, i~~~::. ....:. ,.,,' .' ." .f·: :"",:
;',:.sHow\!sqmJ3tflGI91dmg.and·blocksof gently,dlpplug·strata..,·. ..' ;:: :~ ..• ~ .'. ' .
.~~:',; ~~: .··.Two·m~}or::altticIilial.z0nes..havethus,been Qutlined;';eii'r4calla a,Ila'B~rGhehla;i:' :' ....•.; .... ~." .~.. ".

<,' •sepata;ted'. bi':a:'central' syncllnal ipne.· The area south-w~st:'of Bur. Gb,eJu,ii.corre~:, .:.. j-' '.
o " •••• ' • _~. ~ ~ ...: l...,. .... , , -.... • "~ •• c '. ·~ ..l --r...... . ~ r" r .'

sponds;to-..:the, south-western '~ranite mass... ." '. . " ': : . . ". ..: . . ' . .'
:.,: .:' ." '. : ::.:.(,>:.::. .. ;;::."/r;.s;~: .:"f. ::: '~;.,. ~ ...,: '''._... .,., :.. :: .;. :. . I ~. .' '.' ,

'. '. ,~;:(::,:,·~~r;:4p~?~.:lint~clin~·t~one.: .' __ .. ""::';1.. .:' ...~ .. ',' . :::'·l..:·' .'.:-.... . ....•.

~:;.;:~:::;.~.~~::jh~\B~i~~~~akJ:lM~lin3J~oile'e~t~~ds'fr~mth~~il<tge6fP~ddu\~~I~t~roug~ ., . , ",
~<:::;.~ :\13uti.A.~aba.:a:ndMa;fia:s.,to disappearl1ndertheJ\ira.$Sjc>litn,estones.The fqrmatiQns . ." '.'

' •.~'f ' .', - : .. ,. . -.:,Q~jh,ei1OWeefsefies, ,whiGp c.onsti~h te 'this, ar.~~\!.dip ·at hig4 an~les~nd are:cOP:lpress.ed· . '," ~ .
.:"; ': .(:.~,. .:.~~~~<.~.:~~~i.~~·;~f.ti~~t·li.nea: ~ol~~ st~\iking. ::Y~~",E~E; in.·~~cnr~a~c,e '1h the gene,r.~l:.;'_. .::'. ¥. ~..:. ~,~. l ", '

. .:.., ~gl.g.n~l: tr€md.. . ....:' " -. ,~. .. o. . . ',.,' .'. .' . .

.' . . . '.: :.""..' ·-:·N:~r:an~\r.erse sY·~c~ina(fold cuts 'the-Bur AGaba .aiilicl~nal zone ~ast of~ th~ ,town-.... : '..
:' c, .' '~~•. _.. "< ..,or-'But :Acaba. The structure .was hot' determined 'but the marbles and ~alc-silicate'>'
.' '., :'.':~" ...~.<••r?ckS~~ia.~ined·i:n~i:~l~ti~~ ~lt~·.th~ ~04u.Mode.J?~os?~atiG·o~c1.!rrence~?ich..diP.· ".

;'.:~ ,.a,t,30.;.:40 .w" strIke E",W.some 2 toA km to the east;. . .. .. , .'-.. ~ ;.,....
>.",;, ~ ..;.- ....,.. '.~ .:' .• : ':~", ,", "":'- '" '.' .... ", .", .. " " '.". ,'-'..':.... ,'. ,' .. , ..:.;, t" " '.'

-.' f·:;""·~,I;::d:·~:,:ty-t>ic·1:11 ~b:r:a~hy:.,:,atiticliri~'. fold wasin~pped~westof.Modu ·Mode. Its axis'tren{ls . .
" ~ < :;. . 's·o1ith~~ast-·.an4 theJold plunges in 'the' same: aire~tion; showing':a periciinal closure: . ' . "1' .

,.~.' ·.;.;·.. ··::~···i1eafB~rdale; '0'" :,<';" '. :'\ ",'i< . ~'.-: .' \. ;"r:': ,\.._~,."

....' :;~ ..Z~:':~iti.'" ,~:, . "~j.~~ '.;'~-<;:':.::':.'>}.'-'; '~... ,'~. ,H., ~.' ..~~ .~~ : • • '. '.'

. :;:':\~·~:·;:,·"'::~::Bur·Gheluai:anticlina;l' zone .'. . A.". ' . ..;,-~ . .'
. .~;~ ~... '. -... .. ... ~.. .:- ...' ~.... . .. '.. . j,".... .:' ~ . Cl - • - .. ~- - • • •

~ .:, . -.. ·('.The::atIr Gh'eluai ·ari.tiC1in~l·zone· contairis sever~l·SE:'NW Ilnear· {oIds with gne.is~es'· '". .",
.!::·::.';"::·::~nd~~~sts,~liI?ping·attv.a~~~m~~ng~~~.fr()hi:~~.O.o:t?y~f.ti~~l.:Th4s:.zope: teJj-nipat.$s· .~: '.. " '.' ,
.;. ;..:..., .;; betwe!3nDa:lmIr and ~ur,Saf~ra~0IeI.m.th~-:l!.or~4~w~st'>J..' ... ~ .... '. •~,,- ,''.:- .
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,.pf~h~. upper. ·se~ies.-An'thr~e ~y~cl~ines :iren~.' to.:tv~t(ls:'the·· n()rth~w~s.L~ith. iocal~ ..
., deviatio.ns. Dips g~n.er.allY·average '700 but, oec~siQna]ly are' ~:;;. gentle asSqo; .', '

~ - -, .'. ~ • _. - • 11' . • ~. ~,

, .-. ...'. • • . 1 .' " . .. • .~.,.-.' ,"'"

'; v '~'.. -:.,; " '. '.' r '.~ ~~, ....,;. ::.

-.. (Jen(f;al.~syncZinal zQne;~'" \. ,'. !: ..' ' . r·, .~ . " .... ".::. '(~ "

'.' The'ce\i~r~l"~y~~ii~al~;'t6~~,'e~~e~ds" ·fr.orri.li~;~re~~:~,t~~)!~i~i~,a~d~ ~i~;.ch~~~G~:"::,,'\ '
" terized by three linearf&h:ls$ith' undulatingcrest$';~m'-d PY)Sometric .~nd,btachy-i '

",' :' .~:foldilig. ·..Th~ •Daimir·.syn,cnI!~'~hich·eictends" foward the.·NNW;'.dlsappears' to:tbe,i,i
..': :uo:t;th below th~ 'Jur~~sic for~atiops. It .contains the Bp.r.Gala~ and Mali~s syncli!1af ... , .;

.: fotds~'Fault~ng' -and"'~~coI:1darY,foldin~.pro·duc~ !ll!-merous 'variations of,str.ike: "',\
',.' '., '.. ':", :'" . . .••• ' .,: '., " ..... Q ., .... ".' '. " J. ~".' '-.... • " ". __ • ,. ~ :i,:

~ . 7t, _.: - I", ", .. '

,C. ·SOUTH.:;wms;r G;RANITE,MAS.S.'·:;} .. .... ,.:.\- '. '. . ...'
I" • ". ':' ',.", ; '. .' ,;:." .',.j.,~,"'. : ,,':' /:' ,

'. "Several~eI9ngate<Pgrari,tte:outcrops appe~r·to merge at depthto for-m 'a'single large ....
" .gr~nite inlier. THe'trend ofthe gneis'ses and schists;pres~rved:·inthe roof peIidailts,'

... • v .. , . '.' • , •. "... " , .~ •

-..'~. ~;; 'and.:the 'gneissosity of: the granites outline the interilal·strudureof. the' area.· In
" .,t1J.e ieast.1 :th~ .rocM 'trelid' persist~ntly t'ow~rds":t1J.~'north-~a~t, 'in. the we;t they

\~. '?:,.~I:erid 'ndrth:~~ruth~'a,n(tin~th~'S011ththey trendeas,t-w~st~' <jutliriing €to v~sfstru~~ ..
.·.tural:.tflahgie~: . . '" . ", ,.. . I . '. '" .' ..~, ....
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.....car.bo~atest 'o<1Fpr. fte<lue~t~i ~ith:·yei~s:.of,' ~lJef~,cl/:~afbo¥a.ceo~~. ·~;ri.~;:(~~nit~r~;' ·;·t: .'

..t .. ' ,..mf\:terI,al.Sm.aU ~xposures.of gabbro_ .a.n~;·i:tmphI ..bo,h~e oce4r .along the;G9n.tq:ctsof. . ""',' .'/. " .:(., . "
..~' } '~" .~~e "grahi.tk r:~rcks' anQ;~f. the:~ei.rg~itVius9ri~~~zit~~·ar.oU:~(ftur:!Galkp, ..-'tk~feri'u-"~{~' .... './ :"

:', ·ginoIis; quartzites' which' wilHje aescfibed:later are, wrde.spreap,1hroQknQut'the area· ·.. ·.1 .'\. , ..
',~ .. ,~ :··'''put~~ecUrespeci~n:Ka16.ng~·iria{h·;alig·n111e~t~h{ch·fo·~~~{~dbot4]~hr ~&:ala~)and' .': ,~.... / . :.. ..'

'r - ...,.: Daimir,"The .adjacent 'rocks: ,arlmostly' granj,tb-gn~isses~::Wit~ qu~tt.~·p'egpati~es-lr:',. ' ..\; '..,;~. .' '
.:~ .', ~'_;;,"< J·.AccQr~iIig·toth~pJ:lOtogeolbgy;the .P~<i\t~i1ing,.,~~;ru:ctJ1re",9f·-'tlje· h~~e:#1~nt <~omis.;·'·· .... '>.'." :.~.' .

'; ' '.. '. :.' ~ .' is:a serIes' Qf'narrow,Subparaller;folds?wliich:strjk~55°SE;' F91dfJeX[Qres:~s;ie\gently .. ,. ': :',:,. '.
· . ,!;-:,;,~ .' ·:.:.linaulating'allGl'~hpwOilt1:le',p'h~togFaphsa~ a~.f',er~es p£elosur~s;'th~fpa,f,t~f'~::h~jhft,~;('"'.' ~.;.(., ~
'" , ':r'~pe~ted ,at several scales~' Yop.riger erUptiv.e,rocks·-alsp app~ar to,b.~·':Pp~~~htjn t~e.,'.. ~;.'"

,. :.. . .9'. q;rea,·~he'.rp.etaillorpliic:ocks~a~e·.entirely'.overlaiii by reddish··qr.~w~· ~'andw}#ch" .. ,:.,:'~ '0 ' .

.... ,. '.' ;>~<?n.ta.iiIs·quartz.an~.ir6!! ..mineif.~ls,'W~~,·~tani~ie.ro~ks ~re o.yerl'~ip:. b~~fg~ey'.:s~mi"'::,; :: " \~ ..
'.' '. 10"" I'n ' o'n n nt ut . . ~~ .. , .. . I ;." /,.5"<." ~ ;' ", • . ..<D..: .• ';. . • vv .Ir '",0 e .'. ,'." ~ ....,' .. , . i· 1),; , " 1" " . ....
.. ' :. ~_: .. ,:", ': ..~: -. :,,1" ·\ ·:·F-i; i.~'::"~'::;':'" \.. ':"'/ .. ::1.'"'' "',

... ':. -. ".. '.' ...": PT;~'ft.~i'P.f!'l je.~i~ies orit~fd:.b~aif~iig o{J~(JtUirence{).: >: :.' ;:~ ~ .' '. ::- /. '.:':;: ~.~ /",\ ' ..,,-"., .~'.~ ..:-:.' .
..~ ,,~:" •• ". .... • '- '\ l\ .;.., • • • "JI'. . ~ ., " f.·~ ; ').' \. ~ \',-:: • • 1-. .).:Jj~' . ~ '.. ':.- • ~ ,~ \; o. I I '

. ~ '; .... :- The outcrops ar,e typicaLof ·t.he numerbus l
' occurrences 01 b~nded jrdt£ formatiQrt :" '. .'"

~. ~,:.: whi6nex.is'·ifl;·~n.tlie'Pi~~Oam-b~i~11·af(:!asiof.the·#6~1(LTh.es;~ro~ksc:j;re~nivers~lli:·· .. ~' ' '.~
'" ,'.', , , ~ -:.. ,,''', , : ,~_,. j":'. -;".'."':,~' :"~"·'·',":"l'·" •.. 'l.'·" "," ~ -:' ,-.~. '."~":-. :» '.,'~, ':. ';/".. "

'). < t~rni~d.ban<;ledhematiteqqart,zites .(~HQ):qr:,:q~nd.e(rmagneti.te·flJlaI;t~~tes (BMQ)I. .,/: .
.: . ~~ ". ',-:. ·.:~ccor(liIlg"tq.the·~dotriihanf·iron-b~ring~·trihieraL .;,rh~se.~ahbrevi~tiQns:· WIn :b.e':-, ~'. ',.: '.::", ...'.r'·,· .)i':; .. ~.~·a~o~~ed~h~ie~nd:ei; ~'1)teonite~;)~~biri~~ ~~n~ :9tlrer.~;iit~;)oc~t ~aj'.~et¥~::hl:t~~§~·L· .~.,. . ,.~;':' -\~> ...
j.~ ~. .'~ .~~-.A}mai'ri divis'i0~.···/' .,:.:.:~,,:1. :'.~:<~: ;,·,tt,;~!..:';'4-C'. "·""~'(·· •.·L . "'~' :~~) ·';;~~"'.~·.~:.f1;.~~·.: ::,.~"~;~:.::.:::' ',~ <:.-; .~

". \~.. : ..·,·t;J>:~.;~1l~·~~}rQ:~6lLMfdp's';.ijtthe.. BUI;~'ar~~':'~~:,~i'fft~r~'lfIiear ~o~:.i~;m~trk.Ll ..T~~Jin:~.at/~:7- ':;\:'i_":'~~'~~ K••,'. ;'~;.,
:'. \. • ;\~;~(:.::bfi1;~;qps~~~~h<JWjhe.:~tu.el'tlJ.lckri~s~:bf·.~1ie'~·ior'm~ti~ir:' ~ih:t:are<bet~Ei~~~:l5~cinll:ao,::~:.:~~.~t ;;~ .~:'." Sit;"
· '.~: .,;~:~ i '.' .;~ ,:~ '*.:,'~\ ~m~~r~~ ..Wi~e~~~tia~~1€r~1~·hun:9t:~a. nietr)~:':lo~g.;:rr_~~y .stri~e.~mp~stl¥~-3-i9~:330~N:W~}\:; >,\ :: ~ ". :;.~. ···;~~:~~ .•:~:,~.~;f~
.•..~' .~~. -,jl.., -·:wil!h.a~steep,:.~~p.e~an:v,n()rth!east'dip.:rp.b;e ~~tril(eis Ibcal1y.50~~60?NE ~WithS.teep-.,:;::/~:.: '. ;:;.' ../

·:~'.>.::.:.;':,(,J,1~~~~otsc~~t~J~i ~J:ur~:~:~::·g~tly.c~iP~~i~ioi<ls:·of;:li:·C¥~~~~;i~~~;:~··)',;:. ',',..•.......):
~. ,;'.' " .'., . 0;' "~'.":,' .' ' •. ' :"- .,' . ~.._I'~. ,.'ri '. ',','. '., .:~~ ' .• ' '~'" .. .':'. ''-' ", .:',.... '.; ,: '.~.~, .'·I:"...·.··::;,.. . ':,~.'J'';''' . .4' ,~'" """', 0·•. '"

"::. '" :. :~.~~~:~ .. ' .B~~~bo;~ld~\~ .on'·the1.J:i}l-t?pC!-~d:with ~ycumul~tjonS":of:qu.~t~z'.at!:th~f{)ot~tI:}9~!lt;k._ ":<:.. '~ .~. '.: ...'. . '~'.

<I c':' .q ..."./.:~:J.. ~~~U'i~e~;;ot str~K~,a:ett~q~e~t .., qcc.·~IDP.~niedR~\a wide~i~g ·.G.f..t4e.!:.~~td.r6t> '~o;'~ 'or.' :":.: ' ../.::.~., 1~·'. : ;,' • ~/.•

. ." .' ,', 60 metresthroughduphcatlOn byfoldmg. The contact,between·t»eBHQ and::the:. ," ·'·.··'~4~,"?··

. " ~ .', ;, .....~~gne~~·~~· 'and )§rantt~s ,..~va~se.en iI}.·,§eY~ra(~re{lches c1!1d .'on..:severa~' oittcr~ps.>J;;~e~': .":,,':... '1 ~... .":.: .~.
I' .~ ": :a-HQ frequ(m.£ry~appears to. be·shear.ed along the ·contact,· out ·th~ expos:ures .wer~: .' ~ . _.' .

')' ·;,·'»weath6reu'and the·observ.ations'ullG.ertair);.' ~~ .; ',' q >{. : <~ . . '{ .~:}~
';~ ~.~ •. . .,~ .. "'4'0, ~.~. • ./'~."" .. ~~, . .. ~. '!'. ...,.~.' '..• ".,f .. " •.

,.',~' ..' " .,. .'.: ,'n ,L~i"" '. \.J......'.
... • ., J ". • 'l:: .'1/'.'

~. ',.."it'1:' .. .: ...0 ... "."":, - .,.... '. • _ .~.' •• ,' •.j ;.: ~ ... . ii: '.~.!. " • . • .~' ~ .:_

'." . ., G. >DAIMI~ bCC~RENCE]S. '. '. . .-'.,I'!: T~' ,. .....~ .~ .. , '. ... ..' •

'. :~/':. • a;OZ-Ogy: '. .::.' .... . ',. .:. ~ :", ." ~ .'. .. .' .. ~". ~ '. .~....", ;.'c•• ~· ••.' •.• :i, .

,... The":grOUn~4:ma~~etic~~r~~y'O~~li~~d '~wo' anQ~~li~s.~ Tit~~'t~rn:'~il;''i~ ~ 3;000 \~'.'~';~; ~ ." :';'
.metFe~ lo.i1g and from·100;to~300I~ietres:.wjde~It,contiii~larg~foutcropsofB~Q..•~'·:. ,'.... . . ,.':' :,'"',

. ,;;;thewesternanomalyis:In()re complex and contains~three·~a4easQfdiffeiing.magnetic.·'.~.•~~' .~.'
: int'enSity. Exploration w~.'1argelycmJ.fined tp:the east·ern.~nonialY.> '~:-'. '" '.' J

. ·;·.In the:' east~rn ·::tnoma1y; ',the)~HQ out6r~p~iJ lo~tirh~~'i1,o~th .of·tlIeprinci;pal····
: gccu~r~nce ~s ~wo .paral~el qa~as's~p'arated"?Y-$~e~s~es: ~lon~ ·it& co~tact ~tJ1' the:_ _ .. '

, '. . BI:IQ, the gneISS IS enrIched m .mICa and Iron"'inmetaIs 'WhlCh rapldlY'J(}ISappear .
.' ..... ~ • -'! ~ I... ~ \r -.

." with-:in.creasihg distance. The main band can. be' followed over'cL distance of 30 km.:' ,',
~.. 'towards'330o-360oNW, occllsion'ally thicke.~ed hy foldbig 'to fl~:;muchas 100 metres:; ,,-
~~'~. The secondban~co,nsist;So(a series qr' isoltLted'9~tcrop~~'~' '::; "'\ ..: ..
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...: :..' .1:" ." " ..• : •. 0",,' _~ .:.~\ .;. ',' .,~ .•.., ...~, ~', .~'"-

.q" ~. ·t.. •· ., .'\ ," y.. '~,.,. . .1'
',:. ~ 'l' i. .~, _ .....

.~ " "'_ ' ., . " " ......-:.~~.. j:;,.c.;':;~,'" :~,:~
'. '.~' t" .~.~.:... ' ... :,':"~:.,.

, ~'.'; '. , . '.. '. .'. '.. :....'..... ,' .', .. .,';. .' .~ :.. ' ... , " '. .' , .. ':'!:: .

" '.' . .' ,~\.' '. . ~'''''J:,> ,~'.~::;.: ;"~,, '-c';-.·.:,,': ,<-..:. .;.~}:'~....'.'~ .: .: .
lrithe western anomaly~ the .]~:a~ is:sirhihir to:tha.tor,the·e~tern 'aoomalY,btit' ..' :,

'. ~. t·.·. . ~.:..~?~ist~nt: ~Ut~r?ps ·..occur oiil'~ t?,~~r~ ,'its 'so~thetIi ~xtre~itY" wi~_g~ntle~' hiit ' .. <. .~,
'~,. '. , . ~rIable dIpS. . .' . ,; . '. " ~,.,.. ." .... . . I..., .' ; . ,

. . ~., :.:". :~;"" ~The ·.l?BQ.. vart.es in teXt~re.and structure:"arid: is strongly·folded.~rid faulted.:',: ,,;'~'~
. . . ..' , <-:,..TIIe't~vo··oeCUi:rences 'prob~bliJle-. along the'ea~tepn an<;l..western flanks of ahor~h~"." '.

_.' " " '. ": .... , ":~' __ •.~ _,'.,-, " _ ~;. ,.~.~~.' ,_. ,~". ',',"'~,.' .. '. :~, • ~ ,'~. :.~_4~:· ." ....':., ' ,", .....

~. '. : .: ., \. ',: sp.l;lth· sxncli~alfold; pqssibly ,~cc<l.wpanied .by ~a .gentle;"overtbrustJrom·th~.:soU:th- .~
.:'~. ~." . ,. . ..,. .., ..... .' '" '.' . '. '. ..\..... .', . : >...~. "west: Sorne fault)ines are 'l~r~s~ed ~y, quartz:'feldsp~thic"vei~:an<;l tne' o~curr~nce

...", . .: .." is- prbpabIY'par~ial1y granitized'. ~ -, .' '.' ." ~ .... ': ':. .:' . "
......, ';: . . .~~ 'rhe "outcrops''''~o,P1e-1q-20 m~tt:e§..~1vide, con~ist, mostly of' higher gfade~1}HQ

'.' .. .;:. ' .•: '.~ "Whicli \va~ ipore resistant to weathe.dngf.A~cording to the.geological,and g®p..llysical..
:0.:/,.,' . ,,':. ;: ~. ·d~t.a;. ~he ~v~n-:ai! ..t.4ie~!les~. of tlle ~or1D~tie-n-~s around' 50, m,~tres~ b~t 20:-30.metres
i'·: '.'".. of. t~i%·corffijsts:of]qvr·grad~.ahd:lesS r~sist.arit material. ..' '" .. ' .. ' .. ',':'

-;, .', .-':-'~ ••••,;~. 1 "; ". ·At ,theJ)aseof the fQrmation :lifi.;~0.,..30Jnetres6fw'eIl,band~dqua;1:tzite~ lo\v in·
:: .' " ..."..~ .' " j,.;i~~~~;Tliis rock'is .cteaU1;coIQp.r.e~~ndcontains: quartz$or chert bchids u.p to.on~ .
_ . ,..., '. .' ." '::'centimetre' thick' separated by ferruginous.bandS oneo:ta··twO.·ll1il1imetres thick..
.."... " ,~' . .,;:.~.~......:,'.:',. ", ,<. 'In ·th~rriiddle.of,t4e·io~mati0'~,t1le quatt1ites arehigh~r'gr~ae; th~.b.cnJ:ded:$trtie-·

. ~'.:~,;. /',"'.' '.' ". ..·tureo·~asiOnallYdi~p,ears~and veinlets~im~ grains pf re<:rystaflized qttarlz fr6:t1f
. ~ "·1.· .. '" . ,<>'.. ·O.5~l.Ocmin.sizeii~curjllthe rock. . . '. ., ',..: .. ' \ ; .. , ~ .....

,: ~., .,'. . .-' ',' ,, "",',,":::!, ..:.' '.··f . ': . . .. '. ..... " '... '>:',: '.:'
.,.,.' .'. .... .:'\, '., '. )'". .' - ., ~""., ,,-

<~ . '.'" '.....; .,' '. .' ".:" ~ Co:mp~s{ti~n of ~fiCk .. '. .'''~:';' .. :~. ~:.. ';:i,. ..: .;,~".,:: '. .'.. ,: ..

:., "i .;;,•. \,;,.,' ••, ':' . ~>',':. "'.":'.. . " ...} : "', ' ....•. ' " .', ,.~'.J . . '.~. \i .. ·.·.. ':.. •.
T ,:;;:« .. ' ..',.>'; "':"Magneti~e' constitutes from. 1 to,: 50 per-cent of the .rocj(: It .usually:occursindiso,- .,.... .' .. ',\
.' ::,., >Lh~~:"t~' .. :'~ofp9ic' orjdio#lo~phic grains,'Q.aJ.:2·..5~IIl.in.size, .or iliaf:g;e~ah;s~' 5-8'mlIJ.i~,·';:; / ..;'.'; ..~.
> .~.; .:::;-;.:<", '~iame~~r/.It:is ~~llaUYJPartiti?ed,.:e.xc~~t ,f9-r:·~:orile··i~io~~~rphic,grairis: 'In.-..:.sb.me,,:: ../ . .~
'~~~;.. ' , .:;~"'~ ,~~,,\~,~ ..
.:.;,.'?'. :.. ~. " .,;. '.... ~ ~" n.etIte,graIns and.~ccbun.ts f~r.only2 or 3p~rcentor 'the lronur the rock .Inde.- t
•. ,1 !,. ,', . • .... ... . .."", . '. . •...

"~.~~'.~- ':'.:'" ;:', :... ~.. ~ .' pendent gr'~i~.of hematite can also b~found, possj.Ql;y formed·.dUl:!ng.ma.ttitization.: .. _.
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., .. '. . l ....." ,~.~ " - :. .._. " .. ,'. '" . . .

...... . .." '. :+. . . .':- cry,stals. Quartz't>ccurs as chert':in·'{h,e· b$illdingj ,or a5. isolated' irregular grams or' '. .'
: ~:,,' .~ ;,:-~:>< . :,~I< ": p~e?tlon:011?~~p',~o 8'cmlo~g :nd ~ c~ thicJc: .. ::.~ .:' ~" ....; " .... :-,'., ..... :.. C"'!~:;~~>' ....
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· .. .'~:;::it:ec~:~i:~'~;:~~a~~v~-the.:~~i~~th~r~ti~I'"cil~~;tiO~·.- '.•
(m percentages}.for t~e o:r:e~;' . . ..:.', .' ,.~\: ..;"

'.' ''';;.--:-'''''' ":;'., . " ~- ~ ..
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'. . the .outcrops, one 'obtains:~" .. : ~ :,.', \.. . •, ',.

. ·...If.· ....•.............. :. '. .~. " ....... \ .. ~.
'i";-, ..' .Ge~.~t~a.·: 'r":' .. ' . ", 78,000,000 tons'. •. '.

'.•. ,". !"., '.-, ".North-west area'·· 35,goo,OOO.tbn~ .
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, .: t·.' . . .. , .•.. '. .. " ~,~ .. -
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·'sl.ightly:' ~ ore 'than 80 per' cent;,,·· .. " ':, ," .~,' ~; , '. ....'... .... .... '. ."
. Tr~nchsani les::are: alw~ysWeafhered and are· not ;~presentative of the ore' at .'

.. depth...Jn. partictt ~r,' the te&,ts:. gave good>li'b~ration'of· the. magnetite· andmaptite :.
. pitrticl~sat·relatiy_ely coarsecl1Ishing, .an,d·this w.{lipmbabIynot be the,case:for

• ., , , -,'. - ' . .."' ,_' _' _.' .", ". ' ."". ~. , la

thetteeper T9Ck lying'belo'W thelfozone ofweatQ.E:!ring. : '; .'
..... : • .' . '" • • • '- •.~_ J, :., •..";. ,.' .

. i'.- .... ::.... "'-', ."" I • ~'-_'i:: ~ --'" ~. . ~,. . 0 "" •

~:,., ., F. ~FEASI~I~lTYOF·MINING··... '. ,.' .', ...... ' .. '" '. • ....
..... . ~....._. ,,' .' ... ~: '.' ~ ~.~.. -,~~ .. -'. -. '.--'. '-....~.' .. "- '. ... ,

:... ,'," Occurrences 6firOlfformationsimilarto. those. 'in Somalia have ·beep. studied in
:' ".. '. ," . many. places throughouf.'thepre-.Cimbrian :~reasof~,he:world. The ~cortomics are

_ .:' wellkndwl?- and·hav~·~ireql).Emtly be'en: descrilted. :Localrninil).g· conditio·ns.can,
..~ " ~ therefore, safely be a~sessed eve~.aUer a relatively super-ficiaf examin'ation: :' ",
.. ': '.. ~ . '. " . ., . '. ~. -::"'. . '.:.

' .•• _ "",;":: .... '~--"l~~~ ~ '......

: 'Marketable :reserves' .. '. ) " . .. '-' , ..
_ ... _., • ". .. ,,'O; ~ , • It

-..The potential 'geological reserves betw~en Daimir anq. Bur·.Gala~, have Qeen, esti- ..
mated at 167 million .tons. Of these, onlY 48· million tons at ',Dainiir and 64 million·

•.•11.· ". . •... ..' . ...•. . . ..

tons at Bur Galan, or R total of 112 million .tons, occur with olltcrop.widths: of-
," . ' 50 '~netres~ ,sufficient 'for minIng- 'hy open pit methods to th~' depth'of.tbO··metres

. , . '--. '_."' -. -', ,. - ..... ""., . . -- - ,- - .
post~lat~d.~()r:tl1e .reserve~.:· . ".. ' .... . ..; .. ,.,........: .....

~, .. Tllese',thickefareas 'are. said to contain along their foqt-wall some 20-io30 .metres . ,<'

of.BnQ·wliiGh~·ve.ragesorl1y20-"23% Fe. this ·materialwill. not be' eco~omic'al to ~ ,.
''r' .ben~ficiat~, esp~Cialiy~undetlocal.eoriditiol1s.Theto:r;"IIlations are' aiso>Said to be ~..

. - variabiein -thickness and tb.be:iriter.bedded witH 'sericit~'schist~and with ,otHer,.··
-' - ,'- -'. -, _ .., , "-, - , . -, . ~'"',' . . -, '. ,'. . . . .:

. wa&te materials.' rh~.:reserves of ·potentially·economic, mat~rialrecdverab~eJrQm ... . ,-. - ' . ' .. , ' _. ~. . .
I'
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'" ~----., t~e 'ope.n 'I?itsa~described'-above will, at: mo.~t,am<?untto65'p~r.centof,the-~eo~'.'~
-',' -' "-".; logical reserves. these pitscontain;u" -; :. - -',' ': '.;. •. -r " ....- "

" ' . ,,,. • " - ' .. " "_. .' .,,', ":"', ", - - ,_. _. ._. ~ • ",' . ~.", " - '..:, " " I , ..

'": - . 'y': .. : .~o:·be·warketable~.underpr~selit,cQJlditiOns, theg;radef>f~thefinal produGt !l1U~t .
. " :pearpund65%'~e,ol>t_ained froIp.·~£~no.f.minemateriaL~hi?h,av.erage.s 3tt3.%.F:e

.between Bur Galari and Daimir." : '" -" " .... .:~, .-. . .' .',
1 • ..': ' .. The.'prellIhinar;y"ben~ficiati~~'test~;:~eatried~:out- on· ~e:;tthere'd:matefial'parti: '..

-··cul~r1y'afuen:apIeto.~onc~ntratiori·arid at a grade .higher tlia"ri the average) gav~o .
, satisfiCiOry concentrates fQf'"an iron '~cbYerY'of80 percent. This figUre'c.a;nbe

.' :'.:,' ", assumed a§' representi~g a jllg,xi]Ilum·esti!l).ate'of recovery and it means 'that 2.25
;' ~ ~Q~r~g,iwiILhave~o)~~W~~·to·'~ro~u:e.'OJ:~et9n 9£ ma:~Qt~~~e·concentrate~~

:'. r ,... T.b~ .fi~u~e.&-o~_r~servesc~'b~ .~~~~a.pzed:,.a~ .fbl~Q.F.•. s.'. (m. mI1II'!l.n,s of to~).: ,
. . . /. ~ . - _,". J \." .' .. :-;Pot~ntrallV' .:;Eco~oJicall'!J .~eserves of , ".' •

<I' '.' • • ". _ ~ Ge',fJ!1iic{l.l. '. m~n.eable'. ' -.m1.neable. .marketable .'
. • ..', - . ···reserveS'·, reserves' . '.re~erves' . product - , ....,'

" , Daimii" ~':,." ',:'- . 48 .' . 48:' ....~, 31' .':", 14 ' .
Bur Gai'ari' -.:.... , "~ 119 '. ' .. '64"' ..... . j 41 . ,.' 19' ..

• ... ~";. '-A' • ".' . : •.; ..
-- _........ .-:-. ". -'-. t 4---:-.

: "

. ..

':167 . 112' j 72 . . . . 33
t1 ••~, 0""':'" ... • • • ".,' •. ' • '.•

. . ' -".,.: .,' .:As.suII!i~itbatthe-..t~o other _at~a~6f ~HQ,.~hi~H,.werenot-'~plQr~d but are - .. ~.
J:' sai<:Ifo besiDtilar and:t~contain"siWi13:rreser1-es, #i~~iota:Imark~tablepo~~!1~ialof "

". :.the Bur area'can:he .aSsessed at'ardllnd 654nillion tOtijS .ofconceIitrates.· .'. .' .•
_,'!h~'~rob~b{lity:?t~h(ii~~further ec?~ozn.ieailY~:~eable. tor~?~s~t dep~Jl,·o!. .".. '
··on other outcr-oP$, IS" yery slIght be.ca1J.s(jl: - ' A '. • 'I' i _:-". .'. .,

. , . (a): BHQis' 'ev;~rY'Yhere more resistant -to :weathering thal). the' surroiInding'" ". '.' < .. , .
. ',. , :basem.·e.ntroc..l~s.·.., An.. Y'~.u.r..~.. e.·~ce9.f..-.:.ap.p.r.·ecia.bl:~ t.hI.·.ck.n.es.s. ' ..t.h·..~re.f. o.~..~~.' ,.s.t.a.~d:S.:·. '.' ~, .. '

.', "out as.ahlllock or k~;m:DalNIran.d Bur,Galarr ,a:re .110: e4ceptIon and. the f9:~t " ". :..
". -. \ ' " ··.~~at there,ate no'·other.?Q~~p'icuous~ou~cro·p~'js,;~:V~rYUhf-av~~l'ab1~1hdi~~tit)ll; :.', ."....

. .. ' . " '(b).The ·.BHQ forljl1atIo~i:L.are kn'ownto· be roof pen'~ant:;;.:of: UpP(~r.. bal:;ement:.
... , sediments .within the rocks •ofthe. lower>basement, series..The linear outcrops '

. .. are .diSCOritinuou~and"between IS ancl20me .'. wide" at'their maxicilum; It is '.. '': ;. • .... , .- ..'.. - "-, .' .' 'r ..... '... "
'doubtful whether such ojItctops:persist ·toahy.consI erable~ €pths; .'._ ..~,}

.~~r~,:\~~eo~:~:;:~:!~i:t~::r~;in;:~~~;;::~,:i~~lt:;riG:l~:· ;
.otit~rops·cqv~r· a· "potential•.ge.ological area!~':of 525,000 ll!~ Which:,c9ntains..
only6B inilIiontpns;,ofmarJ{eta:bleeonc.entrates to.¥n.assumed.den.th-ofl00'-

. - '" . . ,.. - _. - '." ,..-.' ~.'..' .- ,. - ' '" - ....
, metres. 'This'm'eanstlla't'theycoJ1tahi 1.24 tons of concentrates per. squ~re

: ; "metr~;,o(~rea and pet· rftetr.e.~fdepth. -'Th~'avefage thickn~ss of. the :ir<)ll'
' •. _. ~ 0. •• .~. ,\ 6 • _. __. t· • . -. - .... _. _.... . . '.

· .' .formation iw said to .b~, between l~and 20;metJ;~s. ~su,ming that it could be ,
.- . '. thine<Jbyop'en ,pitloa':dept4dQublejts width 'and-that it'is consistentlyb,igh .:,',\. .. . ~,

. grade,then·an extra)ength·o(1,:30dnietres would' have' to be/mined'to produce'; .,
an increase of 1 uiillion·tons·of:ma:rk~ta.ble ~~serves. Thi~'wotild be ecoI).omicallY· '., "

.. - .. quite unrealistic; . .... .'" ' . ,. i-. . .:':. ,:: 1, ." .~

. :, .(d) 'UhdergrOli~d' mining ~ihnot,he· ccirist9.er~d. ~ecause:-it 'requlr~s cos . ' "
~- preli.mina'ry.prep~ratio,n an? hi~~~y··s.ki,lled":p.ers~il1'i~~'di~cul~ to fecr~it;: .' .. _
. the produ,({tIqn rates;per un.Itof 'area .are far.1ower tpanJoran open PIt.. ~ , . . .-.. '""'

•. i { ... \~' .. _~.:. __ ~.... :.~ .. ',to_ ">'~~.;

k .': ': .." "Mi'n.i~g and'beneftciiition.' .; :' .,. '. ':'". " :r ,:'., .". <., ~'" " .
,... '; Bec~u~~'of'the·shape·~i.the o~Ef,b6dies,:the.J~b·bP~P...~its\vo~d.:g~ .dqw~·,iirthe , .. :"," .'~}': .~:.
. . ... '8!'ape ofnarrow~'V;'s with a. total lengtlI Of~7;000 metres~;~he pit w~J1sare.,· .• .;_0.' . .

. . . • . .". ., . . .~- '; ;. .."." 6'-''3;'::-" .'.
- ," . . '.C'\ ._ -. ." . - . ' .~. .

-. - "." ".. " ~\ ' ,. ,. '" _\ '. \'.. '. : , if. ~' .. )
" •.~ ". • • - /~ !~. • ;' .: •. . .... •. .' .. _. .

~, ...,' i '.' k;" . .: ·.-r··:· '.~.' "
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.':m~d~ of eo~pact gneis~, we'~ah ~ssu~~ that tje~ w~\ll,d &:~~d.ai'an angl~ as ste~;p ~ '.. '. ~ .
as' .570 w:ithout collapsing.- .' . . .' ._. F'· I .. ';::;" . ~ ",. • J • "

. The"specific ira~tY fof the ore.is 3.2: .Th~t oi-the cQrPpact gneiss is ~s~im'ated ,.
,to 'be ·2.75.B~n~;ficiatioh.testS'·have show;n ·th~I,.f2~25. tons of pre at<the' ~'verage',"

.'., . grade oL3.3%.:FewouXd·pe·requlredt6,prQd~ce,;itonbf c6ncelitr~t~. '~ 'r·., " /: ,': . ',,: f ,. ,

..:A¥uplingthat ai{ .idea:lPithqs.been.desigh~.din<,whieh ,~pro:duc'tive .face ,30'
. ,;inetres wide e~n bemix.:edvYithout.ta~ing.· ~.1l;Y;~ waste other.{han t~a(~ec~ssary :
~ to ke~p··the··pit Walls 'at the~::require.d.a:ngle,.'tnecpnibine.d characte'risflcs of :the ~

, ..··twoJ)its. hiken .jQintlY·wil.l be:: I'" .... ; ,..' . • '
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."~ .. 'This'ineansthat,ln~ roundfigure~,·forevery 1·tOP'o{concentr~tespr~duce~:l,
7~tonsofmatedalwill have 'to be min€das: from. the start of .the·pit.··· ,',' ::..

, ·'A 1 Jrtillion ton pe~"year rrtarketable produ:cti()p.willFtherefor~; require moving,
7 million tons ,of. material, or for a 300:;'day :working Year.'approximat~ly24,000'
·~ns.-a day~ orfrorn2 pitS 12,OOO·tonSp~r,~RiP,"gr·:rp: rounu fi~~es,.4jOOOm3" Tee ',.
,average' width.9f t~e nit would '}:)e aroiiri4.~ao·flm'~~s iI).oreand·~aste,aSSU1n.irig'~ '.' '.

, '.benches' to be)O rnetr~s: ~igh, and t"h~ wl1ole.pit would' h~ve ;toadvarice' a1.a r,a~~
, "of5 metr~s,peiday/Assuwingalway§the ia.earpitaiId.,a~idealsolution·tothepiob,:,
, lein oLniovlng the.,.ore ~tif()fthe pjt, this is technicallY' net inconceivable; but

is"so opti~lstic t~at·.~riy tho:ugh£ of improvingon~tpis'I?rodu~tionfigur~'ismore .
than doubtfuL ;: . -,; ,:' '.. ..:, .!'

_ ,"', ,-' • _ ' _ " ' ,.' _ " : t.-._", '" , '. • ......;. ,_ ," . '. '''', , ,'".: '_', • _ " _

,. Apitrecently developed to'mi:ne a·narrow high.grade~orebody lying in"conditions ~

" somewhat slmil'~r:to, tl1ose;.ir" SoITialia' and requirin~.to niQvesome5.million' tons'
,o{,inat~rial per Y~at.rcost $4.00 per annual ton Illoved, from' the"1qfne, 'iIicl~ding . j.'

pd~arY.;,~~sh~n~,·ahd.conv~Ying .to· plaIlt, but:'with allthe'''ne~eS$~ry:.a~Gm~rY','' ,
facilities already availabl~. The 7-million-tQn-per-:year pitsr~quired to-mine Dairnir ,

". and·B;~r Galan can, therefore, be conservatively estimate~, at, $20 -million at least.. '
<The. t~cl1'hique;' investnient and operating ,costs' of ~·beneficiatiort.'.ovary widely
;', with iheniaterl'ai' treated ahQ. require extertsiveprelimiir~ry... ·tesbing ,and estimating..,
Recent estimates made for a he~atite-magnetite material whl~p will requjre' less.

, <.crushing than that of'Daimir-Bur Galan .gave an irivestment fi~re of .$10· per,
, aimual ton pro.duced1 exClusive of' ancillarY equipment.- T4e. Somali beneficia:tion.:.f '

plant4 would, therefore, cost at ieast $iO'million. '. ','.: :,: ";~ " '"
.' ." - . I) _. -, . " ',," .

Pelletiiing would pro.bably be 'car~iedoiit'at the port and ~hereag~in; R minimum . ~ ".
investment of $10 per abnual ton. ~an begstifnated,: provided, that ,35 kWJiand
2QO,OOOkilocalories per tQnofpellets are. aJteadyavailable.· .,. .
, Th~ total cost .of the mining 'development wOlild~ therefore, amounLtb atl~ast"

"$50 million inchidingpelletizing, .and.c$40 'millio1). withoht peII~tizing., '" ~..,. "
" . ,.... ~

"4~;' "
. -'~<:~~-'"

,t J'~:

.. -'.6",

,\

.........

l , \

.. '

Transp'ort ' . ,;, '" .,' ~, .'

,: -':The,in~est~eIl~' and operating eo~ts for transport ar~.entirelydependent,qn l~cal
copaitions and cannot be estimated without a thorough.preliminaryciviiengineerihg 0",

,s?ryey. !he'~~es.en~·a~~\ssmenta~~nlmesthat transport" co~diF~0D:~(aregood1 tp.~t ~.
CIVIl,engmeen~g IS hmItea, :anfl: that the load travels downhIll through;' flat country;. ,

.' . .' . . ".' . ..-. . ~ - - .'\.' .. '". ,. . ,,"
.. Th~", distanc~.frbm the'Bur Galan-D~imitarea to the nearest developed port, '., ."

" Mogadiscio, is'350 kin". THe yearly tranSport of'c(;ncentrat-es.w~ll~ therefore; amount '."
".1" • • ,.... "',,« t . ~ _ M

. to '350 million:tt>lls/km"with little return freight except:fpr the,fewthousand tons ...-
of.s~pplies tothe mine.Practicali~thewliolecostoftheoperation would h~ cha~ge~
:abl'e:tO:the irOn-ore. " . " . '.,

.,., <Tht~e.Illethoas;of.transp6rt- can·be envisaged;' 't~ck,pipelirie,' ~nd railway~ ,
Truckillgand ·taiJing will,proyide an infrastri.l(~ture .which can beu8~d for, the' ,:
transport of other goods, thtpipeUnewould be special~ea ill, the t~ansport of .

:• ' ...... ironoreconcentrates only.:" ' ..: ' " ...' '

"/; ,'.'
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. Road construction
..' Rolling stock .

. Ancill!lry' equipment;. .;
.. . ~ . ','"
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.. ~...Ro~ ,transport is '~~e~pest \yh~r\'60ne~ 'ea,units.·For~opg,.dis.t3:nceopel'a-.·

;. tioris_ .11.a pUblichigliWf!.Yr;'~ve.cah.as~me',· e, "l1se,O£ 35;t,bn.tracto~-tr~ile:. UIl:it~ .
. ." '. 'opera~ng,"at.~n'avera~e.speed.of.70' k9lJ?r~The rOFI!d tnpcan then .~~:.estImated·

at 1 .~hour~ 'o~n ~the' I;9~dplus'~wo- h9'i.lrs·:at~~rR.1i;na.ls; for ,~?q.ding7,..ul1loading and ·
.serv:cmg. ..' .::,' ", :: <>///"'," ,'r;,., • • ••.• '. . .

, ". sut¥ing a~ouJ1d-the-ye~rop~ration, each 'lUllt.','\fOi,ild. ia.i1y· 25,000. tOns· peif '.'

· ilea '. and '40 ()perational un.its would b~;.rei~Wed..:·:r~v~./tJ~c.torsandl0 ,trailers .'
· sho Id be provided '.as stand-bys.foT' mainteijarme .and.t~pair~ The cost-'Of such a. . ~I

:f}ee' wo:uld-1JffapproXiJPately $3.5 million.. ~.', .' ',' . . .' .. _ . .~' "
1. T th~ above: must be a~lded the cost 'Of workshops, of niad"maintenance equip<>- :'

of sto<;ks of'tires aitrd spares, and,housfl1Knf pe~son.neL Thi~ can be estimated :.,
rth~f·$5miilion.·. . '.' . '. .....'... ". .' ,
total investmentfol' road transpurt will7therefore,·an:~.ount to:. ~ . ',. '

:~ ."' _ ... '.;. .• ~ - '. i' ' ll,~,' -.
• • ' .D ••

'$.7,'000,,000
3,500,000 .

'. 5,090,000

-,': ";

'.~..

..,.

'. ,~ (J- " . . •. ..~. " .~"., . . •..• :. r . . - ~ .. ~~.

~RQad'tr nsport for bulk .materiaIs:·is 'costly to'· operate,especiallywhe17e there
. . ' ... " ~.......' . '. .' .'. .,.. .' / .. '

",isno retur :freight. Tire consumption ishighan.:d heavy-duty tire.sare expensive~'

For acontr ,uous operatio'n, eac;h transpm't'would~require'at least three ·.creWs,·
· w9rking·12 outs on, 24.liours"off~. ..'...' " .~. "') .... " .',... , .', ~. ,.

.For ,exaIIl;p es elsewhere, long-distance haulage of this type, can beestiinated to>
cos,t betWe~n$0 ..015 and':.$0:07. per: .li'seful ·ton?k;ilometr~.~i!lAssuming· '$0.015' per>

. ,toni:kilometre',the~transp(jrt~ostp~r:~ts:m fropithe ~ine .to;MogadisClo would ... :;

. 'am._bunt ~t,·.b $.5'~ .... ,~,;' '. , r • . ., •

.- .. ~' " .
. - . ".'~~~: ~ .. - :_~ ~-" - '- ..', '~'. ~- . .' ,-~:

.' Pipefule . , .-: ~
";) ~ . \. . . .
· ,.'ThepipeIlne· . etho.d of,;;transport is' relati;vely· . w. and· has not been tri~d out-
·.. over·distances. as long ~ ·.::thos~ foreseen:'lu·Soalia. The loitge~t mifientlpipelihe';
: .. '," _ 1.,',', _ '. ".' ,........•;~.';} ...~~::~.- _ .-:" . ,--', ':, _ -', _ " _ '..": ... ,,~

, at present. ~~ope ·ation.}~;C~,:~. e ~ay.~ge~,!f.·' r ·iniIj.e jn'Tasmania .and. issome ."
80 km long... ..<':.. ..~<. ..,...., '. ,~ . @ Q ." .'

According'.to pu 'Iished info;!n~tiQn, ,tb,e':investment and operating cos~ for:q ~:'.
.' pipeline oyer long cl ta'nces: are' similar to ~hose for a che~p railway o~ra~i~h; and& '. .' .
th~{pipeline is just.I ed mainly \vh~ obstacles impede .raihyay construction' CN(d .' .
~,. . \ ",' . . .

. . epe,ration; . "'. ' , . .. . .~ ',. 0 ••,' • : " ..' •

, .~. ',', : '. ~ ;T~~.;·i~:r~s~m~t}fo.,a' l:mi~li~n~to~-per:.-year pip~lin: in.Sbm~l!a,' i~Cl~ding"he· "
. ·lnterIlledl~.te,pUl1lplJ1g tabons, l~ estImated to bearouml$15 milhon.9;lyQ,tlie.6per" .

.. • '. '... ', _~_ ,.' . ..-' . ',.. . ., •... .' •., '. ~: - • ••.~I ~ , .• , (J.~.

~ti~g cost about '$1;50. er ton carried. . .i ...· ·~:r,,~..{~." ..... .
• ,i!;'". • • , 1- .t-'~ .' '~, .

· '::: !;" \.\~~.:: .." \f~
.' 'l{ailway ft. • ~ :. i"~' ':. '

. . .• ' .'. ,'~ ,':,. ", ...• ""~-:-;v.,~, -~":., ~, -0

" ~..<.:~\:::' ."I.\~c~m~ co:nStru~~19.n co ts for !.Uineraf r~ilways!:'p:Uilt to ca~JYsev~i'aImitHbll{Q~~'~'.
. .,:'.,,'p.et'?~year~ haYa..yar!~d. be ween$60,OOO and $182)000 per kilon;tetr~'Qf comple@tt~"

,-... ,.: tracj{;5tccor.~ingto' t~~' am unt of civil: engineering in"volved. ,'. " ,~',., , . - +' ..

_,' - "For. the volume of" tra port foreseen in Somalia, and the type of:ground to be
.. .' ... ,. ciQ's~ed~the :track ~otlrd~beof lighter cQ'nStI1lction'than tha~·~Q¥ere4·:by··the'ab'oy~. '.' '. '~"

,. . fig:ures7.bilt.. it' 'mus( b_e~ su cien~lyrobust' ,to witlistan~~ regular he'ayi tritlisp~rt, ...:~". ..
Without.risks of intj:}rruptiOl.· , . - , }. ~.' . :'.:.

.. .. .;, •.,' . , " ~. :. . . 1' /.

66: \' . '~,:, '- ,i • \'" ···1 ..... ·
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Relying on thefigUreor$20,O()Op~rkilometre.given I61: 'road,'collStj:uction, a
ngure of '$30,00P'ner kiloi11etre is the~iniI~lum ·which ean be assumed foi·-the rail-" '.t ..

,','" way. Il1(~luding -th~~£ern~illpl .siding !thd 'fnstaHatiolls, this corresponds to 'a total - ,,_
expenditUre of $11 million..' .' ,... . . . ',.:./ '".. " ~

.' '., 'Th~ tOIJnageio'b~caTI"ied'i~ J,llbdest alld'~anbe'handled~y'relativel~ight l:?lliiii . ',: > .,~~~,.;., _

,'\ , stocksuited to.tbjeha]:acteristic~ofthe,track.,TwbtraJns a daYl~chA~ay,ea.di, ',' ",,~,

. carrying sOll1e 1,100 ,tons :\)~ou1a:, be sufficient' on the ,basis of .~. round':th~':yefu:, ..' :,
'. operation. Including stand:Sr:ecpiipment flndso~egel~el:3:l.p:ui'Pos~,cal's,4;li,~cost ' J'~ .

,.; ':, ?f ~he.(rroningstock,is-estiQ1ate~''atarourid'$3,n}illi<l\1.:. ',' .'. ~ ~ '.' , :" . '. '.'ftI '::' ~
~. 'To 'keep, the railw3;Y operatjonal, a worksh~p wquld be n~~ded to n\aintain tlje ,\,.,
--~nd'electrical 'equip'~lle~t~ true the wh.eels a.~p. rep~ir the bo~ie~. A wrecker
, " cra~e' \vould be ll~edetl to 'enSure ,that the- ~rack is kept clear. Spares~ ~o~~ rqIling .. ('

'. stock,and track l:haiIitenance.\Yould have.to be,provided. It·is reasonable to, assllure' _ ,',
'! '" . ~ j '\\t';:.. , -

all investment ,of $6 Jnillion ~p co:ve~ thes~.-operit~ional items and ot~el" l1:ecess~ry'. '
equipmelit", '" ~ ,". .", .' . ", . . ' , '

, .. ' The- ov.er-all~quipn1el1t '011 the l~aihvay -Would; therefore, 'amouht to "$20, iniiliol1.
,~~~ '. ' .• ' This' corresponds. 'to .$0.057='pel: annuat ton' per kilometr~, \~hich is 'high. This is

" " 'be~a~~ t~e', trafl.ic wou14 ~~ ~,mai~and t~~, e~pa<:ity of t~e.,.~·ailwaY.~arJY6in.
. ,~··'satu].atlOn. , ~' ; . .' . ,~ ' ..'. .. ,.', ...... _':. ..' \ '.' .. ,

. Over-all operating c~sts,~ ,high:-capacitysIfe~iaIi~ed nrin~l'at1:fl,iJ\va~scan'heas'

low as$0.003.per.-ton,lkilometre. Assumi!1g'.that in Sonialia th:~ operating cQsts
~. would amount tu, $0~005pel: ton/kilometre, the'ti'anspOl~t pet ton'from mine. to

port wowd cost $1.7f?:, '... Q" ,. . ...• , ',7
. ~.' .
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Ec01tomics ..' };"::~'::
•••• .•. l.l :.:~',,:._.•_. • _ • ' " •• ; .' ..' -'_~""~';'''' : ...

.- Alternative investments and fuJiilicialchaiges" ' ., . .~." , .
.. '. _\'~ ''"'.:' "!<..._ ':. ~ '. -: :,;.-;("~::'" ~_..' ."'", " , _ .~~';i, _ .' -;, . ..-.;."~ ,.;' .

,.~,Acc?rding' to }:geme~ho~(*f; tl'~ns~~~~~' ~9~p.ted, ·thealter~3:~ive,·solq~ions ;pre
sented above can,beco~ted as';foIlows (llln;lllli9J]$, Qf.doIlaI"S):. .' "':'. ."'

, " . . . :.::~{:\ " . d;~d Pipeline . " RiIilu;ay ,

. :Mine.'. .·:/S\ .' .". .50.. . 50 ' .' 50' .
,- Transport,", '~,:; ~.. ' 15' H)' 20',

Port , ~~1:.:,<'" ;' 0, . 2 "" .. ' 2 . \ ,2.

67 67"> .'. ''I 72 .
.~ .

...

'\': .'

.'

.<...

"

:: . ~' ..
- ·.:fr·:p •
"' ..."t..'

Port facilities .:<
.,,~~ .w•• 11- ;.

If iron, ore ,is to.,be ·expolt~d:at'c6mpetiti.ve freight j'ates elsewhere than to the
, countri~s which'are the im)ne~iat~ne!ghbours of Somalia,:sea transport would have.

to be:assured in otecari:iel"$.,Qf,,:at -least, 50,000 tonsdead\teight '(TDW);. For'
'~hort haulS',ore carriel"S.of15,OOO-:-20,OOOTDW co~ldbeeIivisaged." .~"".,

," :" The cost. of porfconstruetio,i1 ,to a 'given' depth 'cannot' be estimated before'the
' .. \ eharactel'istics of ,.ethe se!lbed",ha'Vebeen established. For mjneral'ports built. 9uHng , •

'.• the pc\st 'decade, the~ea \Vbl:k alone.hasy:aried betw~en$~ Imillion and $25 million. .' . ....
•'. We'mu.&t assuIhe,therefore, that "an '~d~::-quatepOl~t wolijd be, ah~e.ady available in .' .

.. .,Somalia.·. .:',,: .' .,..... },' ...;,' .,.... ~. . ~".:.' , . ,-' '. ", , .
. . . '.. .' 'The port wduld have to)i~e~ippe~with a specializ~d'pre::q~al1d unloading ';',

;. . . 'eq,uipmen.t~'a .stQcking ~re~~~:s~a.1~,ading ~quipment,. a, l:?J;l1an~peclalize~.worksl1oP, ~.
. -' . ,:'.a.small. saniplin.ginstalla:ti9:n,:::~~}d an ',aSsayingl.la~.oi''atoty.. Tbe<over~~tll.cost·of ."~'.:'

~. ," '. such. an. instaIlatio~l il? .est.iwat~~, at ..$2 ,:iWllion.. .."". , .. ..-'....., .
• '..,. ...; _.. ~ _.' -0 -~ -~. . > .' : • iI ' ...

.. _:: ~"_. o· -, ••
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lnitiaistocks,- ~peratirig* capit~T,.~t yea;.ofoperatio~:· :~::. .')f.~". ."...','.' .
• • .~ • ..~' ;. .. -. __ ". .: , . .' -~,;... v 'I,;'· . '. _. "u "

.... r ~Gil ~ .. ~,. pipeJi~~ ., '·;.lUiilWGf/ .'
. 0 ,. ' " ,S, ". , " .' , ':3 "'~' . .i . ..,i5 3... .... .'.",," .

", 1 ~ '. -. .: . '.i.i'

. 70~" '::"'\,.,,'< '.<',-.
Q;•. 70":,' ,'. 1 ».75

'. ". ..'. " 11.. .. ,.": .' .' ,,"J'Y':"
. ov~r2n years at a.5 per cent:-illteFest~~'.:th:e- \

, (in. fuillions of dollars, :rouri~figures),,'WQ~ld '., .
·;:,:·amount to:... . ..... "".' .' " . " '.' :.' .<:: :'·i· ;

..... a;- ..... ". . • . .... • ..... . f. .\., \ ':~ . ,~. " ..:: . . .' -(/' ..~.:'~ .'.
. ' ,..r-;-I.1:': . . Road ;. '.. erg PJ;peltne . Ratlway.

:.; '. ",:. ". \. '. . '" " .~ .• '. . '~'~'. 1:8'7 -:... .. .,::~~:87.' . I "':'~"';~':•. ':~' ". ~

.',!h~~...~~p..:o.~d,..i:flgyea:ly,~.e..j>~Y.. T.·elf}....:~.ts. W~lJl~ a.• m9~nt. to: .. :' .. ~.:., :.~.' '". . ".<:">".-;. ',' ',"
,.~. ,",..:;;( . - tll ""I..... '.. ,:' ..: .. ,,1," ...•. ,

." ,;." "/ .... : .~ .. ' . -~ . . ,.' .'\;. Road .: Pipelin~"'_·;·"fta~·£way':." ..,'

C":'. , .. \ . ~ .' "~ '.; '. 5:37 . , '.5::37: ·;·!I:>~tI5··: ...:'
'.', .• /',. . ..•.........~.. .?'.,'.' .·b ..• -:. .' •..•. .. f·: :,:." . :.:.: '.' '.' ".' '".' '.- ;;

'. .' Assuming that road or 'T~nway cQns.trnction is· done' .out ~f.public fun,ps'a:nd ' .' . "' .
.... (>. '. -~ ••' that. the 'inYeStme~tascr~babl~,tothem.i~eJsliInitedto thespe~jalized··eqaipthimf. ~~: ....

. r~ql1i17ed, the apQvefigure.s:canbe··modi:fieda~Jollows(in'milliQni6f: dollars)'.:>'-· .. '. ".
.. ,';.'. ..,~; . ". ; -'.~; :" " '~'.' .;. ..·.;oa.d . . '. 'Pipe:ihe ';", . :'fja;l~~f/, ..:/- .

."'. ~ \' . \ ~. .. \. - . "i. . . 1

.. Investment ., "';,' .; '60·" 70: 62· '.
, .... • .\ ' • ..-;, + .:-. ':. •

:~. " . :Yearly fiIianciarchar~e :.. "'1.6:· . , . 1.87'· '1:-.66
.:. '.' Total Y~.~ly repayID.ent. 4.6 . '~.' .. '5,37~"" . 4;96

. _ ..s ~-., '~- ... .,;t-:~.... ~'o'. • .:..:.. ~.•.~.'.:'.":: . -c" • '; '. ,. ,-,.- "'•• , ."', ~"I '•.. '. ": ;., .

. The solutionbytruck_c~n,therefore,b~ el~!riinated·,because.. thefinancial advan~. ~".
'ta-ges it may represent wilT be offset by far higher o~rating cqsts. / .' '. ,/ '...

. ~. Th~'solution .by. pipeline. is~appa~entlythe ·~h.eap~~t,b~t·,te~hni6a:llY it 'is :sfilT'· .
': . the leaSt assured, and it cannot he used for any other purPo~e:than'for .the.transpOrt; '.

/, ... .' ' of::;;:~;;;~y.appem; theret6re, io'bethe~o~t '~cono!iliC~l a~d'~';~~~lution;' .
. .I~.. , ~. '-7 ~as has'~lreadybeeri ab~ndantiy provedelsew4ere, espe~iany.;where:r:ail\Vay",c9ii~·. ~~
... /,':,..- /. ·.$~ru~tiori·is,simple·andthe haui i(~.~wjilii~.!or through 'flat countfYP.:This·:~dltitio:ri";
,.~L< ',' ·/'., , ' ,\fill" t~eref~re;be adopted to estab~ish ~~r:ti:g cosbi.;,··,. ,

~;,.:/{:;>; . . :. .' ..Operat~~ costs ~'." :' '. "I ". ~ ". . ','".'." ,.:" ~;.

~?<7~.;,.\ :.,; ,I Y'l.. /J' As fOl~ ,the investments,. operating costs ha,ve bee~ assy ed from similar ',Opera- ,

. ;' /.J.. ', ... ' ,-than .would,be the case In ~?mal~a, :enablmg the use ()~ .ore.powerful eqUIpment .., .
.~ ,(,':' ':.- '- .. _which' ~ ,.ch,ea'per to oJ;>erate per. ton~ han~d; so that, q~er~ and .finan~ial'. .
.'"r,; , •. ,' .. charges c.an be sprea9. over .a greater pro~uctlOn .tonnage .~d larger' resery.e~. ,0 1 e'·,

. 'f,' .1\~ /, .". ~ 'In'March 196~, a trade :pu,blication,~"theEngineeri"nfJ. a~d"-f#ining ·Journa4 p~b-' ~..., .- ,;;'~
'~. f~; ~ .~ . lished the 0' _ . .. tsfor seven.fulhessit1.uit~diuth~:Un~te'dStatesalld Gan~da;' .

.('~;'~!{ ":\ .. ~o 'Cihg'p~IletsJfo~ o~gs ~ip1i~~: ~~ those lit':~Q~alia.~~~:;.: '.'_. '..: .. ' ~': ... ~r~ ',' ,. .'

.>( ~·.i· ·'.I.~.,·.•.•"'.'.'.·.(.·.~\.·.·..·...•.· :..'.;:l":,:.'i\.··.~,'\·.·:·.•·,·· ~ \~,il·:~."'.·'!'••'l'-"".· .~ ,.b:~7e.::~ls~~~~~t;:e::f7t:~~~e.~~7:rt:~ :r~:~~b~~in~~~:;'~:<.~~~i~~~~f··~:· , .
. , .".' .'Qe ~ed, andoverhead$ and fifi~nciaLcliargescan be'spreaddver far,;greater toimages.

,!,\~f-~~",t' ..' Sonlli'of thesemtes ,j;.~;~o~"';ver, situated ,ill highly industri~ized ••aDd ' ~,,,.
""'"'ji,;(t,.' '\ ''~t\ ',,'.belle~t ~~,!",wer: workshops, alldhandling facWties "'~~aJreailY exis't. ". .'",

:\il,\\~i'" \ 'l\\ d 68 . '," '0:; ~ •

,;::~c;i\~t:\,,~\:~~:'i' ,", ...., ' ...". '
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lA,Q f07'., 1.13
3'.10' 1.55'1.70"·
1.40" L59',: '1:70"
.0:05, { ,0.15' ,OJ:5

.~.;'; " .. '.~ ..

. I '.

J. ..,: ..

11.3-'" :2~4 '. .5,~:.; "9.•0
2.1' ,"2.0.. '2.2" '2.5

28.4 " 31.2, 46A· ... 50k '.
.' .~'. ' ' .

" '. ' .,. .,..., . "
' ..'.

. . ....

.. q,, .

. ..
1;62: 0.96'';' L05.·

2..49 ..21·.~.2j57. ; ,3
1
' .'4400

1.15.
0.54' 0;05'.: 0.05'

,"\'. '" ...

0.40.0.45
,6'.20 5.18.

....... ."
":2 :1 . .'. 4- /,.. 5" ..6' '}" .'

30.9.' .34.,0 .33:0.:·'3~J) ::37.0~~1.0.
61.:0. 63;0 .. '60.0, .. 63.0 . uQ.O 65.0

.f.98
2.60

'1.15' ,
"'0.37

. - .
0.45
6.55 .

. '

. . .....
'~,';,. 3,'

. et , " _". ~," .~.: ~,'r" '. •

These'costs .can,be suml:narized~as follows: '. "

Mine 1;
• t.. .' , .

~ Grad,e of run bfmin{\ ore'(% F~) . 30.0
" Grade of pellets (%'~e) .;.62,0

. ; ProduCtlon capa~ity (millions '
. of tM. .' . :.: 10.3 .-. iO.7 ...·3:6.

. Goncer{~ating ratio. ',i ' 3.1 "3.0 2.6
" In'ves.tmellt ($ per't!y) '., . '42.5 3L3' .27.8

• • ' ·.f ~.

Opera~ingcdsts'($)perto.nolp~tlets '
MiniI1l~ ..•. '. .

. .' .-.,:,.. .'. .'

Crushing aI,ld co~~tratin.g '::,
Pelletizing . " _ .
'Load~ng, 's(ockpi~ing;han<ilin'g"

Mine overheads . :: ,: ..
:"., ·Sub,.totaj(opet~tingc<ists($)' .'

. ",,:" .

'Markets-and j.().b.~·prices ..' i'

. . . :- _ -- ''''.!:, ,: ~- _.'~.... ,'" _.<.:.~ i .. . ..; _ '., "~. ;

,,: ~he c.i:f. (<rost, insur~nce_afitl freight) price of iron ores,· pellets ~n<1, conceritrat~ .
d,elivered)o' :R-~t,t~rd~m ~an ~e, taken as. repres~n~'ativ: .o~ delivered ~~rld m~r~e~ ~

•. ~ ", c·, '..... . •
~ " ~ ~.'

" . :

'.

0.45," 0:J,.5 .~ 0.50.. ,0.50
"6.25 '6.60<' 4.86' 6;35.. ~.' . .

. 3..33 :2.46 :2,itJ :2.19 ':2.44' 3:06 ',4.:25 w..
• . t.: > ...•.• - .'), .' . _.-

.Total-cost atraiJheadmine ($). '.9.88. .?66:~· .7.35",:8;.44 '9.04 ,7;e2 '10;60
~ I . ~, '. • "" - -' • ~

':. ,\",. :Based. on' the abqv:e costs; and 'on examples hiken. elsewhere with conditions
, more li~e ~hos~ ~n.So;rruiIia; an~ ~pplyjng ~h.es~.t? th~ ~(;in~~~an.or~.d~~s'a~'defined; .

the followmg mJmmum co~ts can b.e· establIshed for the .Somalutpre .(In dollars).: ;,., .,~

.. ;- .... ,'. f!J \-:'.:' ,.' :"" (': .' •• ,. '~" - .":':.'::~':'. '-.' ~. :.', Pe~ion .... ,,:,
. .~., . • - . '. • ~. , .'., ' , (concentrates' .' , ,
. .... • c,.' ",-' .' 'c- ...•• '. .•...• .'. .,. .' ' ,_ • or pellf}ta) . -.,

1). Movement of ore and waste in p,tt, $0.35' X 7 tons._",,,:, .::.. , .....•. : ... ".' .: :,_: ", 2;45:...
. Crushing, co'riveymg, stockpiling, pit. ov:erheads, .$0.2{) 'X 2.25 tons,. >.' :... ; .. ,; 0,56-' ..,';~,:"" .' .

. <General services, camp, man.a.:gement, $0.30X· 2.25 t.ons:<:~ .:~~:, .. '';'" ,'::- .. ,;..... ,.: 0~6~.. · .....~, .
• '.. • -t. . . ". •.. • ",.",

" ,~. ., T~t~l ,Pit~~J?~~~es::'.. ", ,':. ~,( , .:.. . ',' '.:':~.~~: ':; :. : ~. ~"'.' : .'.,~. ~ ~", • ,~,::.. . ,.' 3.?,'9 ,"
. '. I ConcentratIOn at 2.'25/1- ratuL ~ , ; .. ,' .. ' ' ~ . .-, . _ , , , , . .- _,2.75

, Pel}etizing fcir~a 1 million tons/year plant.. : .'..~: .' : : , . : ~ : . ,. :;~-1.25
~" .' • ._ .t. ,~.' - ::jf.~~:~ '- ~.

.' : . Totalper ton peliets atn::tine:, .~:. '.. ,'..' ::.. : .. , ..... "'>'" .. " ':.' .," ,.8.69.. '

R~il.~r~~sport, 3'5~kniat~~-'01W.~e:'t.?~ikm.;;r, <,.·:·:' .'.~-. ;. ',' ...... -' .... \.:. ',' :, .', i:'r5' ,t..
Port stocks and shipment .. ",: •............. " . " - .. ".'1' ••• ,. , • • • • • • •• 0.50

." . - . . . -. '.. ~ .' , :. "

",# =.. ,,", . ,,' ... " .." .' . ., __ ,.' ~ ." .,~;"_.. _}~....~. 0,., •

. " Tot~J opera~~~g.costs J.?~. ve~sel: ..... '.":' ",: ," .- . ..·... ~:l.{ .":'.- '~:~~".;., .10.94-~

:Repa~ment and SElrVlCmg of-caplta'1 !it 5 per,cent over20 years. " .,:.' . ',' ... ; ..... '5;75.... .., ',' .. '" ': \ . . . ... . .', A: .',.:.. . "1:6:'.6','9,.
'rotal f.o.b: cost. , '.. ' , : '" ", '..' ...•. /~:\, ';" '. , . ,... .

, In rounp.figures., . ' ',' " : ;. : ;( , .';, '>'c'::; '.' ... !.... '." .. ::'. ~' ..:~: 16.70
filI,_ ._.

d ... : ,,' c:

"'-';:~~~~himihg' that the";or~ j~ hot pelIetizedblit ~is shipped,as~~ coneentnife,' the"" ..
·iiwestn:le~twould be reduced by $10miIIloll; yearly repayments'would be reduGed'

.. :by":approximately' $0.75 per' tol1.,aI.!d the 'cost of,pelIe£izing wortldbeeconom,ized.- '
.Qoilcentl:?'tescoulq,:therefor~,be~hipp~ a~. an-f.o.h. c?stof $~4.70. "" .. '
. Assu1J1lllg further, that raIlway construetIQn.was'pmdfor outQf publIc funds, .;

..~he~yeady fipa~ci~l Tepayments wouldl)eTe~uced .b! ~ppr?X:im~telt,$0.80 'and
th~ i.o.-b-. costs woUldp~::p~l1ets,$1&.90;concentrates,·$~g.90. '.' . . ..-'
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':a.• .':0, ' -••
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T· .;." 4 "0

.~ ;,. -.

.: - o~

"""..'

.' - .

l'.··. .~i,!,.· ~.. '., '.::: ,..." ••..• :

.' r -. p -~.:~' :;!,-,!~.•~ _~ •. -, ._

. ·r:.' '. ,I... \' ..
'. .

." .. ' '." • • ..... , • ~... -".' ....~ .r. -

; .~t ~.~ .~«~:. " • ' . : T". • of. • ..." •• ~;.~ -:;,.. .;

.>. ·.pric~.At th~ :e~a·o~. ~;6~' .th~~ ~~i~~fu~d :'at$14:~~,fO~-.~~~
· . '. ~.,.·oreq~ce:p.tra,te,eont~I~mgQ5.%'Fe"and'at,$8 •.~a.~fernc~ntrat.e~.ort?e.~a1pe:,
~-,grade., :From the~e pn~es;.t~e'~9st()f. se,~.:,.l?-sP9rtlUustbe d,edu~te~n4, .IQI' a'· '"
·.. ' ,: .' ..... .'. aO,OOO-ton' suiT)' from,MQgq,~lisGicLto'': 'otterdam, -·;not includ.ing'..the Suez·' Ca'naI ..
, ''''~''i;:, . cp~rges,.~.is c.~m be:assess9d~~t"$1:f:9(), ,;NI a~disCio.-Rot~erdam;·The:·f!Q.b. pri~e w4iPP : ~ ~ '.

'. , the .,prqdu~ts, ca? ··be expeeted·.t~. ~9fl;1m d ir- S9mali~: wIn; th~:r:e~or~, be arq:tnid , ':' ~,:'
.'. " ..$11.0.0 for pellets anq $5.5'0 .fot concentrates. 'This will 'cQrre~rpoA<il' ,to a; losS' ;p~r . l) '. '. ".

. , .':' ·t.o"fI of ~4 ..90.an~ $8.49 resi?ectiv~l~> ~ssuJ?ing,the ~aihyay to·be·'fina'nced.froIn·~1\blj~. '.' ,..' .::,.:.'
." _ '\ ,~'. fU!1dsJ'.~tl:r.~?P .gre~\~to .be·~~veredpy. anY"c?n~eh:>apl~j~prov~m~n!.pr~~e ~peratio~. ~ :, :"':,.:F
." .•. '~'. " :~.. ~.~S~~'iiri~tha(re.~u~r:~m~l}ts'of')ron o~~ ~ilI,~dse ;\~.~h~.~u~trie~:'~eig~.~o~riii~. .. '. " ..
~" '. ~O~~Ia,'whjc_h are Not ~Q.ulpped t<; take..~h~p..s, of'5(f,QOO .~,..I)fW~, the'b\~'wIll- have . ". ".

• " 1 .'. ~t,?·be Qarrie:d~!n.sfiips'of 15,000:'-20~000~:Pr:07'W.: For' a distance' of1,QO():§~;bOO miles . :_;./. :..~.~.

''''.: " . in: ~uGP:~htpS,th~ freight,.,~i~~niount.to';tfouna-:$3.00 jJ~r.toi1;esp.~c~allY·.~s. ._.
'''~' .. '. '...:' '" ~'" ·s·maH~shiPs,:ar~farmore~:d[ffi~ult ·to.;charter.··thari:big .·one;s'! T4.e,:d.elivere& Qr.~.w.in,: ...,:. -....:
;.-<,1:. r:'0 '. '..th~~·ef.ore, ,~,~~ .. e~r~~~ c~.~.cos,~ ~f, at ·~~a1t?.~~.~:90.,f6:.p.eI~e~s·.tnld~'$l~..~O '~or G?n- :. . .'D

.-' .\ ·cent;r;:ates.. " ,'- '. .... .... . ~'. -. t • ~ .' " • 0 .'." ') ", .'

4< • • •• " .:..\, • - " ~ _ ~. • ••,. ' .. Il' ••• " • .' .. • ~ ."~ .' .;

'\> <1:... ' • \At':th~s.cost, .tIte, will e. unconj.p~ti~iye wit~. t~ ores" ·wlit9h.· ar~ .bein~(m.ined . .... . " .
. ', c, ';:" •. ' -Qf ~eveloped .in 'Egypt'or 'Saudi .Mahi~..()l"·yYith the "high~grade.iron ore .x:eserves . ,

. ": :' 'u~or;aBtern'ZamMa;to be·deliver~dtb the-~dast:.oli<;e t1l.e :Zainbia~Tanzap.iC't'.ra.ill1nk ..
~ ".10. '. _ , ". ... ' ••'4.-' .' ..'If! - -" • " - J' ··.=;~"'~~:::4.... . ".: .,-" " ~ ~_ .~...

,"". . .'. Ijas' be~n bu~It. .- ~ .' '.'. :....!! '.'.,J" .~. ..,... ..'( ;.::~ -.'
1" :~'" ... ~., .Ass~~ing· fur~h~r t.b~t: Somalia pi\r~hases its'o~ 2(j~OOQ .to!} or~:~;rrier' a~l'd~;is·· . ~ .

•* .:,... '~ . - .. " . -~. '." ".' ".. -. .. - _', " '1'" -"<?6 ~. '. _.. ~.• ' •

.t·:" . 'equipped tq ~serVice'jt,.this.eariier·would carry the. total production a.'distap.~e·.of. .,
-:..,. < ,lt5.00,.IhiI~)n,.5.9·~Y~~:~s. ~ri~, wiiJ sp~~~.~ach ?ear~~~P1~:~O~:~1ciys.:a(s~a·;a~d'~O,O 1<" "i:'f:.;:.; :

.'- . days">In port,..eltl1er ID~dmg, or' ~nloqdmg, plu.s 65 days ldle~ The 'yearly:..cost "of.,.,. ....
\":' ,.' :the·.pR~ra~ion ~~P:. b~:esti~ated at)1 ·inill~.on,. ~r $1 per t~nj.';of O!'e~.no~;'l~~lU;~ipg .... ,; A.. -, .
." ',' , .,. the:.dv~rhefldmiQ/lan.d:.~j.t~~si!1vo~yed:..}h~. Qre:v;roul'd be .d~li.vered·a.~;~.~~j~f. c.?sL..·..:: '. '

. ~.' of. §~6:9Q-$14~9.0.·a..nd :will.~tI1l.:r:eII!c.nn·'!1"l).~f)1XU~retlrIve. . .::-":.,i "",'~... ":' ,'" .: .. ,.

'\l .' _"'~.:.'-;;<:.:"; V '-: ..... '::.- .• '. . " .:.. ~ ._":~,,

: ',. 9.'pnclusi~~. " ' ..:" .' . . . . .., .·.i •• '. .'~.". ": .~ . '. . ..": • - • - ...... . -•. -'

., "-,,,., r', . ; ..;.. . '. ~., ~.. .. '. ;"., . ..~ - . .'...,.'.. .. '
'h G ••;. The,pande.d hematit~rquar:t~ites:'arid bandetl,magnetit~ qua' ·zites.. (BHQ an.d) ,.':.,
. ,:.' ::' BMQ). 'Qf Somalia' ·c~:~mut'·'Qe;,consider~~.-as (~eonomic.t.9 riii~e in tliE(fdres~~able .. ' ~ " '.

\ ..•. ~~ ."~ ..fut~re;a~4 n~ fu,pther. ~l(s~oy~g.~e/undetta~~n:o;nth.~m; <.: ',:,'.:'/: . :~'> ., ~ ,., ..
•' ';". ". ":. '~he ge!!>phYsfc~I study: or' th~: BU~ areaJ~gge'Sts,: how~v~r, tha:ts~me br6ad~f, ,'.~: : ',:_ .
.. ' .,\ . '~..:. ·~~1~tiv~~.~· ·in.~~rise .. ~nom~~ies·· ...~~y be~nnec~e(i wi~~ gf.~~J\sto~es .~:.h~ch~,.c0n~~ . :.~. " .',,',

'. q :" • ili~g~e1it~·an~yzhI~~.~~~ pe',h!~~~~~~~tne .~urfac~:.l11~U;t~e~:· :,< .". ~.'.:} ',.:~: ,." . ,
•.In the ·~res.ent;.~f1d~verop'ep. 'C~~~it~~~.'.{)f._tf~ .a~e~,. and~·rit~,..t¥6 p~es.ent I?w' .-:: .
Iron ore prIces .WhIch·ftre mcpected,-t,o. persI~t aupng the ,next d~eade,:.such ·t1'epOSJts· . . .

.~ will. ,~o.t'?_~ ~c:~np.1nie 't~. n,:ip~·.:~:u. t)f t~e"~r.a~il1T.~nid>6t~erIndu~5~jes.arr~~~~ess~.': .. . .r:· .-./
'. ~. ,'. ,.. ' TU~I~d~:.elqp~(la;Atl ~~~2~d~a~~ecO?0.I¥I~ l~r~st~c~~r~for tt~ areal,"and..lf Ironf?-re~:.,~:.,·,-.. ,": .'; '.;:

-.,: ';'. P.l'I~e.~ T.lS~ a~:~he.. Y,.,a.r:e... exp.eet:e~ to ~o l~:..e.. c..1.?l1~:t :'\. on1~ ..~f ,t~e ,.m~ne,,~.~.. ." ., .. ,. . ?

: ~:~ .. c~tFent1Yln.~peratI5>n~·:. e .. e,cq • . eJ?I~t~d; ..e s e m~n~st~~~t~,d.,,):. '. ~>' .
. ,,'.,: by' a-few 'dr IIholes, as 'uch'materfaIs;'Jf-suffie lly.rn'med " .'p •

'/"" .-.......-',:" ',' ,ilo" -.. .'~ ." • .:.._ 'I).... • ~_._ .'. c" ./ (_ ". '.. ., .~'.

'" .eIse.·whereo... . ,.... ..' ". --. .';; - . . . 'H' ,a: :.' f"';' .... • "
• L _ .... >: > -",. .~ '. .. .- \ ." ~ 1," ;: .. :, -"",,:. - ~', ~. • -... ..", -~d . "... _'. -- ,'I .~...... 9'·> -;'1

J . ' •.. ·.It· is.. 'not recomrrierided ~that such '~~rkbe" El.Jn:·espe-',' : .
.~:.... .~ianYaisuchmagitetic anbmaHe's':-rnaY'si~::(}t tHe' <. ;', ,-' "'_.,

'. ..i,',' .l.>~~·e~ent ro~~ ,i~~A~~~~~·.:~~;~~.~c~~~iu.:i~~ .= ,," " .~~:' ", .;
-:.- ..... : ..~ ~ '.~ .... ., . .. .~ . -~ a.' _~ .. ,~.. r' ~ _.- .. , ": ',' J:. 0.·· ." ,,~;, ~ .~. . '~~}.... . "

'. ~g 70 .. 'IJJ',';.,' '....\ .. '.' .,,!I,~, ~:" ... ,,,,,,,, :~ , . . .'

~ .• " 1:,' '. '.; ii. "'., '~"'.""""". '.I../.l'.~· ·.~n·.: .. :,.~.' '.....,.;...•.......,.".\;. _.'I)._~:" _:~., .•.•..• ~~ .• Q.......4.,.I.!...... '. ." ',' ••...• '" ." ...••._.... ~'~ . !../ -,
, ;." ~.:../c:.~.:.~~'?.•. '. . . ., !In. ; . . ". ".... . .: ~ .:. l. ', 4· •.~ " ,. ..: '" 'J' , . - .•.• ;.

~ .' ".'.'I,.\. '. ,., ·I·~.·, .:' '. ~ ,': . ~ ,. '" ".' ., "', ".' ..' '" \.;'\.
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,.' .
. ' .

t.. .,)r.?~..0" '/~•• :.' :... •••;.~'<!,:" ~;. .' '>?\, .~": ..
;,.....,. • . . _ . . . _ . " .: ".\~.... . •.....'9'. .' ",< ",' *; I . -,,' w

. . . ~ 1.~" .T'" -: -:.;. 41' ". • ..:. ~... . ;. U. • .4

. . - \ .. !. ... ..
•".: :11\, _. .' "t. '.. ~ .':" '{ '. " -. :... '.... I;) • I" . "'.. ... '" •. ,... .\. .,,'

.{.': .>-.\':.;:\' :<:~ .,;~~;'< '",:~/,,: <. ..'. '.
• Q. ," ... • "'~~" .:....... ;.'-';~~:';..:~... • ~ - .' ~•••••~ ~ :';.' r t \. '''.,1 .:~ ...

,::,;'. ':;:,«l>"':,~~;'~' .~'. j '.i: .. /" ;'", :',,': ."':,-"..." .":.-'. '. ':' ... .•.:.. ". . ;'CX'.
4 :~.:. ;:":" ~<'~ ':q..... 0, ~•• ' r)Jig~t;~r~Y\~i~:.~?f ~f~~4s~~thi~' ~?~~:. fFO·~·9.~,,~,t~.};~ ~:~~re~ thi~k, .cut" ~~r~ss' o' •..•.. ,": •

~C ''. ... : :'.. :'.;. tpe: fO~~atl~~., w~~m ~fie· ar:eas ?f)he .ra?~OactI~~. ~~~urt~nc.~s ... 'Th~~. CO~I.St .of .,,'
.: ":' '..J .. '.' -. "r ~ ,:. • 1~~50.)~r, ~ll,t obgQcl~~:L39-;.40·.per ~cenp,:qua~tz<~~~.?p'-,-tQ. 2q, per"c~n~ ~~otIte ' .

~G!..~:" '~::;'~; ~.~.:' :":" ~" ~~~~ ..?~~~b~e~:tl.e~~.:~~:~.~~.~tiQbs~i~. W~~~..~~~ ..~~~~a~_~~~.~_;rt~~: '~~9~h:: :(;>~ . .-
1,;. '.. ' '," -:.<"",. ,;..' .' ··Albitites~.·· ..';:" ',;,'.;:." ;,. ¥ ••••. '::"~'" '. '. • ..... i.' I' r-. "
§J'/':"~.~ .',:,\,' <: .:.,:.:':. ·..~ithi.~~·:~~d':~~?Ji~d~:~~·~:~~di6~G~i~~";'?$P~·~it.S(,~·~.c~W-t~p~l~:.cbQd~:~s.: and' \r~iri~ets . _,r ..,
"'. I::. 9f~&.reddl$hbro'\Vn,or!pmkJ~hequrgranular·co~~~.tp.fine~gramedroe!}." It CQ,i1SIStS '.
,':'.:., ~ . ,".~. . ':,'.'mQ:s~ti·. o~a1Bije'~i~h '.~nt-ip.er-tl1~t~~'Jh~ergrowth~:9.f:;h~1~tq.~i'ine!.9(qu~~Z1 an4of~· ..

.. ~.. ,.:> _.''-':< '~'. sU!>l;)r~ina~ea~~~nt$.'Of;,biotite,·.~.al~i~~,. ..ali(tthqnite!·~:~~ ..~.~·,':~'"'' .~; :.'" .:'. ,.''\.:- .
· -'::.':". "'. .',<;. ~ :..:: .-'.-:: .!~9rite.J~ t~~ }\t~rj~i~~I..:I)J.iU€~al-~·~r :t?e !-~~~oa~tiV~ ,~o,~i$r-r~n:~~s:.c,tnd the al~~tit~~'
'~: ... :,' '\J...... '.; ll:r,e .~lb~~:rel~~~d ~enen~~!ly: t?',~~~.. mlI~~ral~:i1~~i.Qn; '~... : t. <:::J . I::. . "<....... ;. • ,Q" ,.;' 0.. .'."

,•.•• '.: .,:,',:;' .......•::'.:'.•~. :',;.'e;~witil~.-th~~~~j;. ~ff·C.~;:"J~:~'~:;I::a~dL~Y~rS;··ve\n[1; ':". "'..;:..::::-
~•• : .' ..'~ r~;"~ ~...e 9f~,cal9ite,:0.2'":'2~;9~·qqi:tpi'ck:;,;cbritCJ;i:riin'g'ba:ry(tes;atI.d;-;commoiilY15t'ii6.r:ite:.'·.:~'.;'·':'~ ". :'. :.

· ._r:.. ":':'~';~.;. ,'.. : .' ~ .; :olltliir<ta·.hY;;th>aedar~;:qrV:ejr;.J;his~m~n.;tle.-contains:t~dibaclii'V~>irilnerals·'.weathered,... : ~;..::: /'
::r;~~:;~':' ..~~',::.~~r· ~:.:.: .•.:'.. ~.9Ur-~f."tl.i€tPr~· .•.~~y Ei~P9si ~~{a:nd'q,isp~r~e.~, arb~l~,4.~~~~m!1T}{e·~~~ti~~ldiical.,e:x~m~~~;;.· .,:. '. .' '!le: .' .:.

:.. < /. ...1;:" .i'~;::·.:;t,ibIi:<of~stLnipl-es.takehfrom tl:ie':tpaIitle:gav.;e?,p{Ii·;to.40 percent thoHte i;l].the "heaVy .... .,;';.::' .'
·":'; t·v,>-·~<_~.'. ·.:.,·:l~t~~tr.oma~fi~ti~:fra~~ioii·r~i~5.~xphtiif~::t'h~:~ia~,!~~~nt;:~)f.th~~~~riat:~n6!llali~s'a$'~'~:" .::-. ~7'::'~~

'. ",' /. '.' " ~':./ .';~:~.; ~cQjnpared,:with'the~ restrictecl a: ·ea~\.i6f high':r(j;diqa~tfy:ity;:·whi~h·t}iey.c.ontai~ .anq d" .. ·':~.,
" '~' ·;f~. ":.>/r,.,-·... ..whiC~:·C9fr.~p6ri~·.toff4~~.ptltna ·""pr~:1~lin,ibelq#·.th(?$uTfa:2~,.m£ntre. -.'.. :' .:':':'-:', :~:'.:: ':::"':~,.
:'.: . ~ ..:';~"':.:' .7(' ;'?,~-tn s·6me\P)a~f~·"llies~J1~c·~:t·..·a~ir~.:-i,~,~·stronMIYCarb:6natlze~;drid'below,··the~e,·~t~~,· : ,"... ":: '_ ..
':, ~\. '.'. ": ~~: . f'; /~~';~lle~s~~s,:~c?~t~~n.·r~gq.¥:r~:~ n:-Iike ·P9SK~ts..~( :~~~~!.~r~.ill(:~~'~a!~it~,··~rQr:1·.~,~.~.,:~~'" ',/. ~' c:.: -:'. ~i

,. .....::-;,,:': . , ,1.0 metre- In. eX;~ nt,,\yhH1~h ,ch. -out ao:r,uptfy.. a~. deI¥:h or. v~ms of fine :tp ;medm:r;n-,. "~ .. ' < .",~ .-
.. ' :,.:,i '};;f';~;; ;~~::", ·.~f~in~~i:] oQs'e}~::~o?er~n. .~·~atci~~ \y:~~ch:. H~.:~,~~~~r'~ co~~tfii~b.l¥~. wl~h '.~~'. ~a:Q~oss~ the .~, '.', .~~ ~~'0;'~ >.::::
'~ .. "::.>:'••:,: ,;.' ,s,tTl~e of..~¥g.p.els~es: Tn~s,e.occurrenc~~n~,'P;n~.~r.to/b_~:exogen~t~~.-;.'",::::';"~ "', .' .".::. ". "..'
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·.',~ .;~' ,.!. A~6ng tlieanomalieS-.:Fegi .ere., / tliat ofAli,d' Gh;elle;,:sitriated12klitf to'west-ef ",," \" ..
I.·~~'·· ". ':~;' ,< :.:\:. J£is1
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· ,:,:'";::<tF--:: ~~;.-Ah~~~'::d g~~~ readJnjlSofop t~ ~.8, tI;~.;~he ac~,\~n~V'aljle .. ""i, " .;:

'Ji, :. . '. ~~J.?,:, ;;, c<'y..;..., .' . .- . ;', ..•/ +./\ \\,.' ..... '" :'.,
~:' ."~. ....•.. -::-.".:: .• : .... ;.;~:.• ,". ' .: .~'>.-.i.,._ ," •. Z,~.:< ~. : ~'tJ", ~\\'1'~~" :~""~' ,.

... .4 ' •.••:, •.••:.~•.•. ,.,~. -~ !.~.·.·"!':.(I···:.· .":: .. ' _. ~l '. - "~ ~. .,1 to- <" \ +... ., ,...... . .' ." ".~
" ,.....,... '. ~ ,.;:·~~:.:'4r.. .'7J<.. ~ ",.' '\ ..,.~~'" ..' ." ." .. , :. '..' ~ .
•: ~. :. If .. '.: ./~ ' , .' ....... / ..... ,";"':--. 10' ': ",' • .' ~•••



"\
• '. I

.....

. ~, - ..

.' _: ~

'~- t·, •

, ,- ,. ~ ,~: ..•

~ .... .

:; .'

',< ,-
I "

~ .. ... . " , .'
'1:

'.

, "
. \,.. '

.~ '. ~.,~' ",

" ,-

..... 'I ' .. ~ ;:. .- - .;

j ," ~ ~., .". • 1

'~10. • ..

' ... I."

',' .-'

. , ,

'.
" .

.. \

..~-. '.'

. ~.

.",'

....." M·· ...
".' ~. " 0 •

..-' '.

-., .'

;::','
". ,MO

"

." I ,

..~ ,." ,

" '

.:'. I

,_ ~.' . v. ;" ..
",;', If"":'. ,'" r '. ••.•:.~.... I '._' • t

"'. . "-". ..... .' ..i ' '. .. J '. ' •• ' ';' .)' • ,"'... ., ,

'~': '":::"~' >/: .. .~.j' . '0).

M ~.. - Ii" ~ ,::'.' • .' .••.. " • . • .. -:

'i;#~.~-,'" '.~' ~•••~t. '. ..... r "'_

. ,,~, ' .•• ,'. ,. ~."'" I ,,' /.'

• ; T. • ....~ .,' '::.'" M •• '. " '.. ,; l t.'

. : . :., "', l·. ' " ,.' ,'" : ." ..,.. ,.', .. .. ' !

..~ .\,:r:",). '.:: (>:' ; .•'," .. i,:': '~", .,,-
,~.1 "~'.••'. ~.• ~ '_.:,'

....~~.' •• __ '.:~~ 'M' ''S. :',,: ,_". • Jl ' \ ,.': ,-';.".. ;: I ,. "".:' 1

'.:' '. 'T4~ Yaq Erava anomaly, sitaated between DinsOf' and yaq·Bt-.~ya.\r.illage,/wa:;;·.
':~ entified' on 2o.Jiight Jil1~S, includipg Cros~)i~es a~Q 'gave. r~.adi~g~.Up: to 6'.6 tim~s : : .'.

. .·-Jhe)a~~g;round"'Yaltie:>.·"'i :, ,:<.... . ,'. ,..":' "':\,~' '.:','.'; '. :;,:~'~. ',,'::.-~.' ':.

..... ". Mos~ ort~e infrirrnatior(giveninthis chapter' d~~ive~f~om..·t4e stUqy orth~ Ali,o .,. "<i ': ;",

•• ... • I' " Ghelle. aJ,lqmaly w'fj'ich ,was the, fifst to be::identifiep. on:t4e. ground ~and,.Was -the' ,'. .". '. ,
,,-,:, _' ': " ea~iest.ofacce'~s. 'For these'reaso~, it w:as·.the 'one chos~n'-tp begin detaileg. ground. .;

); .., ,~)tploratio~.;, .'. iJ:"> , . /.": .< ;.,' '." ..~'. '\ ~ c':: : '. <': ... 0 '.. '.' .' •• ':' ~ y..!-

I •• , 'f" " .••,.,: : ~esul,ts ·on Aljq. .GJrelfe )l~:V:~, .hoWev.er:; be~ir ~o: .consistent: t1J,at it ,-cair'l?e hop~d •. ' ,'" .' ,... , ,,~
, .' .... ~ '.. that the fi.nclings wilI be appli~abJe. to ·the Bur area-as· a.whole~ .." " '. '. '., " , '. ,,'

";,,;:.... '. ~ '. ...;\,. - I ••.•• .• ~• .;,..- .• - .•.•••)... ~••.',' .e.- . -. '.',
'. I .:.' •• '.. • , '. .. • ;1'. ".-' .'I~ '..... • _ ....,. ./:.-

....• :: ..... , r·· \" ,"01 ,~""::•.~\' ., ~ ~ •• ' ,. ,.. \.•.~.. . -, ~". ;,." '.~ ,.

'~'·"\··I-'· .. ' .. :~~:_~ '.:' ''''-'~ "'~;~ ....," -, . ,'"
f ',~,' ;. ~.~ ~ " ....... ~.... • it.' ~. " • t. -.:" .. ' '. ~,::.··o .. " or" '~. ~.. . ; ....; 'o;.~.
. \, " . " ',.' . <;~f)l(Jgy' of radioactive 'an(fmaHes: '... !:", '. '. ',.. ":. r. . . . . ,).\ ". ..,:, ....: ..' ,. .' ~,\~, Cl" .~"

::, ,,': ·:,_: !~o ~~~e::~~a:: ~ ~; ::i;t :~<- <.c, ?:.,"~;:;}'. :::':~' :: ,;::;:.<,. :': .~.\~~';$.::'" ..;..;' ',< .~ •
.~." .. /'.0..... :- 'r ,:' ,:~.Th"e~~gr6lt·l)d"~nd 1!nri~rgrpllil:9-: sJlrv~Yk~t:~li6 ..:Gi!-eW~iI>~uggest',,·uha:t;·~~J)rIIt}~~y: ~:", ;.;~>...~ ~,;:. ;f:~"':" '~'.•
, :.~? .:"~:o· :'!:/. '..·,ore:.~b?qj.~ 'g,e~~r~tes ':tw~n;~toug~lf ~~yal""~~ui1a~~ ...~u~m~nes ·Wi;tlr··i/;A~ir.~iift~~~:' <;l( !;~> .~;,,·t ~.."::-~; ';'~
~ '( .' .. ~.' ~" '~" ,. ~a~.dm~~:radt0.a;tiV''i~*Jappr.~~~.:tt~~s~~J?af.t:; ly:~pi ~.t~hi~ .lin~~~~n~i~::?~:.:4,/ '., .~,:. :~ .~: --.: i

, . '~"/ .:.. .' _N.42°.;Et.,The a;rro1I?-ali~'are elongC:tte~·in:tn~s. ~eG.F~m~;;· .~. >.~. ',,". ';'. ~)., ..... :.:":/'.~~~~ ', .. ",i '. ,-/-' '.
~"~": ,. :'.' :', ~.-. ;....·TIi~ ~a~imlJ.m.:,dim.ensioils!'of,the·south.~este:rn"a;n~orP.aly:a:reJ6P.:X~~o m~tre~;.~"·~·- .:... ":':" '-",- .~

~"" ";. .... <.~./.:. ". "~~~.:.'6~ ,th~ ~o~t~:~~ste.tn :an6~aIY )~O~'X: :~O? ~~~r~~;, .~~~~~:.,(n~ .. t~o: 1~~s-'~~il.1·~ .. ; 0;". :.. "'~-.. ;~: " .

. ~."'"'' .' r; ':'{'J.' . ~tea of l.ow,r~d.r~ayt~vlt¥ sqme}iO:-~9 me1ltes:'~lde.. ':.. -....... , . ,," ;' .'. .-1-' ':••~:;-.' ;'~, • :~.' '.' '. •••• :

'. ,";'c . / ,~•.::.,': • ' •• " Drilli'tig~ 'sljowed thqt t~.~·an9\TIalies corres,B.9~d ~.t?·· :two: ta-b~lar or .l~nijcul?-r: . .... ". J:: :.' ::c· .' ':

': ....<~~~{'~..".... ': ..~b~~:€t~ .'wnich ..maY:Qo.ssibly bel.·up,'·Pd .59. ~etres' tn!ck; a~companjed..by;y~at~lli'te <':' " : :'::.:-< ~.'

':i. "', ~a~~ :\;:,.' ." ,re~se~~w ~~tr:~s~th~~l{ an~\~liich' all ~r~k~ apln:o.xir.nately. N 3f5,~,JV c~iif~r~a~j~_ :~'. ,.,.;.... .~. --'.; :. :_
'. ;. . ~. . ;'. wl:tK'the·,country rocks. ., . ., "...,:. .,.. . . . .' J '.. . .' , ,,' " ~ ,; . 1 ~'. .' " :',,' .' f- .~ •, <',~ <..:'. ~ .. ' 't~: ."T~e ~ips·.fu::~~e.·:·~o~th~a,~·te~r·~n.~.~~Iy ~a~v~i:age.~b~t~een.c;30o·,.:J;~d~ ~O~~~row~~d~. ":. ":,,,;' / ~. <.'?' .' .
.~' .. ,,:'.~',,;\; ·N40C:E,'bu~th:e'range.ofdipi~;'lEo:ril·.1QOt0·BO.~.·:'·,:.'.it' .. ':, .;:'.. ~ 4"':'," '.:.:-;'.: '., ' .": -~'

I <"~>'~,,~,:'.t '; ,: '..:/'tn t~e sptl~4:w~st'erp,' aiio~~ly:.w'~i~· ha~ ·15ee~ ~a~'less ~xpl ()~ed, the dips..a~er~g~· . '." '. ~.: ",~ .. ;';;~ :,. .
: ....:.,> '. '.. ·X;;,~· ".2~o..~ow,r~~ t~e. s~U:~~:~~t, ~s~~~m~~tri~~l. to tP~. :Bbve....~~?~, the.. r~~ul~. ·of 'a~~~r' . ~~: '. :.,: '. ~ .. ~:,~", .
1> I '-'"; " .,' .. drrl!mg,. t4~. ore body. ,WhICh corresponas .to,t.hIS!anomaly IS. apparently 'l:~shaped ~, ,,:.-,; " '. '. .. ~;

':~' ',':.. ',: -: : , 'ly-fng at- the ·Jr.ossin:g~of .tw:o. sll~'ar ..z6nes>ohe p~rallel·tO· the ma-ln'~xis 'of. the':'o'ccux-" '. " '.. :". ,': ',. ,.r'.
, '. . .):" ~'. '.. ,<:.~eric~,.the. Qthef Jlt. dg~t angi~s' to' it~··:The 't~~ an(;I]j.lilie~.thus;·cori~~itut(~;i~ ·anti:.. .." '.:,;::.:. '.: ':.
'.::--.--:.: ':, ..;.:' cHnRJ:,str,~<ttu;~:witl1: the'low~grade~ .. interniedfate zone Ty-i-iig'along,its ·axi§:w"hich..' ~:: ;. ~: ..
. :,' ;"."/,:.': :.. tr~hdf-NW-SE.:.·.. ' _ /,', ' .. :.. '~_' .' .. ::? ; ..-',,, ~ .. ~:<, _-.; ~' \:-. ,:.~-::-.. <,',

:'"- .. "'''. ' ~.,.: This anticlitre :c.onstitutes·...the wes:tetn braii~h dr·a·lbcal.ailticlindrhim wliic.h:.,~.;, .'. ' .. ',,,:.;' ,,::
,'y~ .. ~;~~. :- '. tr~nq~~W:SE;'the twd. bra~ci~e$ jO.JUing. i.i1to·'~sij;gl~·ahti~ltn~ .t·~~a~d~;the,ri0rth:·'::'·" ~ ,:;'"
,.;' •.' '; .' c '~':': ~~'.;' :" ··~hi~ .~trn~~u~~ -t:al1, 'he}~~erpre~ed }Ii~pf~e ae~!~l' ~~QPography ~,)j~t .wa~ not· verit!~d ..: .,'. ' , ~;.t .

" ~ orl the-ground. . ' .~. "X'~ '.: . '.' ,:: .. ' .', ~. ,..: . v;"." ..; ','. '.. ' .. ' .. , '" .'.1: .

'. ,y;>:>~ -;" ,~:~.' ':'.'~:. TIi~.~~~s~e:, .~??e, '1:v~~g:·:~l~ng~~.fo}?~,-~~I(~f ~t~~' ;.a:~i,?~.c~~.~~. B~?i~~~" ~?l1S!~~~ o!,'; .: '. ~}l ~~ .~ .. ~.::..,

... I..\~ ." ",;.?n~-~~all;l~.~.bl.otIte:. and,·amph19oh~e. gll,e.iS~~~, yv.~~1e:.:t:~~hanglllg:~~a.1l. CQ~~Ists;.of:~ ... ".-~ """r ,:.
.'" ,.-:. .': ,., ':, .'. "':'§ehist,'!ilPphi~91,itE!'~3;nq,'gtieis~:?r~e r,~9.i<)a?tiveO'r~b.odieS:l.ieat tp.e·,cqntact·bet~·e(;in; .: :.:'" "i,,',", .

:,;-'-.:. ~..,. '~~J'tlietWo~inc,~n:areaofJntehs~,~aJbitizatiQn~",. . ~'1.,·' ,'::~,' ': . .,. • :., , .._. .

~ "; "." ..;-:.:- c..>:"~e/r~dioa~tiv~(}~ c~n;~i~t; mp~~ly of '~"_al1Sit~'?',in~ .t9 a le~s~i<;d.~gr~e :oC:~, .:-- ~ ,.t·:.
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. ~'. .... ',1. g6verh thE;liipripi.ary aCGurrence~'al1Jieon'pa:ralJel alig~men:ts~··: ..{ .. " ..: .....
. ;t.• :",:.. ,,",~, )~: .~'~. ',~:';.' '" ';':It :wouid>s~~'fu~~t~~ret~re"t~ati~hes~·~hQnialies:.aI:e th~ sut.fa~e<~~~~e~tatjo~·of a f":"" ~.'

.~~:',: . • ~ 1~'" ";~ cQntiimoUB banq of~4dioactive:::rocks .which eitends·'from anomaly'AlIQ' Ghel1e·,:to· .: ..
· -'\" ':";.. ". '. ···cinoinaly.&oa(f~veradi~tan~~.~f'8,OqO'm~Fre~.The W~ivi~u3}9cc~r~~n~s'w0~ld.··_ "'. i;:"

,.~. .' ..:~- . ',', -"lie en ec~~l~n~.~~l~i.I~:t~ij:.band: ·$~c~:,~~i:n:t~~pr~ta~i~n.~a~·a~:.ea~~f.o~~~~if:~,~~,l.lf,e~:. <:,~ .' ,

.. '. ~. . '~:~,. . of .confirmatJop. ·frol,ll·:"tf!e d.~taI1ea ~dl.oin.etrlC· s.urveY,,·;Wli~~h wa~ :b~g,a'll- <?P .t~e • ". '. .
.~_. :;'~ I •. •~.-.aligifmentcleaiedaIQJ;lg:t[e:radi'Oactive;15itnd; .:.'.. -',. ,~!, ?' '-::-':,.'. : ' '.' -'\.,'"

-..;~ __ . ~'•• ;.,.;•.~. .:' ..•• ~¥";. :: •••. ,. ..;CO •• ~ ..• ; ~ .', .'•• ~ .•! . ,..aL.-: ;.."\.. :. ~ ~ : ~. ..10.... ..' ~"'J.t.." . .,
,. .".':. . . .;.... '. ...... ,Attempt~'at 'outlining the ··surfqce~eplog)(·::tir(fat.determining faulfJinesby: an ;" ~'.

, ..' • + .. .,', .' '. • .. • ". ",'. ;l,. ~ •• , • ..-, t:,.. • I -, •• , • • ~ -~

..,.... '.."~ '....., .' .: ;,. ;;.. r·el~ctr9~in:ag~etie·gri.{l anq'byp~tti~g;wereun§ucc~sf~lr'for th6fir~t m,e-thod, be.mi,use " >. ."~'~

. .' . '.: \:. ". '<,~,,;t,~e':c1~y'eyaii4,)atedt~c,mantle':provid~s;an:effective:electi(j:J;l1agrietiC:s~reep';'fOr' .. :'.
·'" ;~;;' .....:.~ ,', ".~::~'th(~eeQ!t~, because:.:t¥e';~nifb~mltY,2f ~~heiniJ~.mati~e?:1gn.eiss~~ an9.;})tt~ear'np!Jk< <l .... ':' .,'

, . ;:.:...~•.~ ".:':', :;~,:,,:,", '£:'" ·l?Qlitg~.:vvkic~c.e~g~.itlit~:th~.·~oF~·iA,theareap'r.ecll1d.~~f~~Y1~t~rpr~taFiov)siegards!,<. ".\: ::.
,?' ;;:,::~;·..;t;·,:r· ·::t~:7::~:;rt~:~~ ': :.:;cC.:\:;;.·r .:; .,: ~:.'~ 1 t":~1~> .~.::: . ;;':;':'1",'::'~ '.' .",:'':
· ,. .'...:'.. ~:\:.. ~.~; ..~~..... '. ~. .T. 0' . ., • ,."... . 1~.. I. - . • .

• • • •° ';'" '. , .; '., ~ .," ....... r :,.; ~:... ~ ~ A': -: ~ ;. ~t~: ;;. '~.' ., _ ... . ' ..." f' . • • " :_~

.; . .,.::- ..:..... , ".l.·,· :'. ~ "rAA .Y~q llifi::va' an~m£!:ly W;~:lo~t~d.· on-:t4~(:ground,: e,tfter"a; reipterpre~atio~ of ., .... : .._~.'
''':. .-. :~ ',-; .. ,~'. "~/:" : ,= .dat~:fr·om the .a.edlll surve¥\vhtch\'covere~' q.p~area of some 1,250'krii2

1 b~ed' on tl1~

~ .: .~.. '- ._. '\ , .... : r~',:,~ fi11;diili~-'at..A:lip Ghene:~a-'he afe'a ~as'~oyered by a r~dio~,etrici:W~d.200~:*.io metres"
~,1,.:'::r',~:-.> ..~.. ,.:t~c?':3ll0·~·2q:m~tr~·~:::.~'~>:_, {~':.. ,;..r,... _~:'<~>:::·,-,.,:iLL;·:·.'<;~:: -?~.!;:' '.. '.i~.~· ,J~., '},:- ..:,,f;'-

i'~;: .' '. ':":;i~, .<. "..i-- '.; ~,. This.:outliite'dtln:e.e,z.q,nes at lnore..:th~n 110~ps'~Wllicp~appearto·}}>e.confined·tcf"a ' } ."
.'. v ..·" '~., •. ': .' '~"'. ..., ..,- •• ,~ " '. ~ •.•..... ~ ". ,),.- oJ ... -.. ::-,. ., '.~

. .ii:;;..·.' <;. ·'\f';~.:fati1t ,cOntact·, between Juiassio rocks a::nd~haseIil.ent ·rocks·artd.:to be::related to ~

": ....:;,. .:: ,t
J

.:.:,r~'. :;chicignetiea~orilai~~·"q.t :3~~6'0(fdanimas~ttribtI€able tQ'ferrrtmn<?QS quartz,ite..; '.' l·-"'.
~i~' "'.,'.. '~~ .,...T~·.L.~·:'. :.Th;priifiad·oie.Jwd.ies WJ~e £6t.Ipcate4·~t>b~~I.~lY ~~.ca~~~'htrg~:~reas ~reoveHqi~··":<~. .\ u.!':";

, ':.... ." ~;fi ·>;'·.'·~.by.:zin~<?nandrfo'n;azit~os4li~S.uP to 19 me~testhick. :,'", ',:, ':.: " "'." (.:." 4

·,',\'Y<1~ ~"; •..... ,.. t .••...,::;, ::>:-'.;:,'~/ ii t:} ': .:¥', "~"/ t7~<; ,..:'r.,; ,<,.: :C\;",j, '~ : ,'. "
. "'-> ..... • C. MI~~O&Y ~. ..' ..:'- :-- .. ;-t;.; ':" "'''':,;,:.'.;

'.. ~~(: "'~f',~: ;~:~"~~:~~:·:··~?~oUt~;s:ol.:i~Jof~~i¥Jii~·j:;:;<: ' \:\... :.:: .~~ :~~ .. ~.~.~~~~\.~\,;. ,.-.~ .. :. ;/~:~-;~.' ;:., :::,i.·,. '"co' -~. ~:~
~" " .•. _.~' f:7.,,:~' ....,:. . . 'r:7=..-; . ~. ~ .~:; y ~~.~~:..t~::-~ '.," ~ -t .~"'!' ~~:._. ~ 0 .. '~".. ;/--._ -:-.' ." \;t.~ ,".' 'J;:,"',,"~ • ':'". -'." ?

.. :,\ ." .' '-"":~ " Minel'al9gi~al inforrnatioiIJ$' de'rived prin~ipanyfr.0m the cores e>f diamopdidrillholes . .. . ~'" ~'.,
• "' .. ~. '. ~ '. -. .. .' . .!' . . 't ~"it .·d .....\, •. . .. \ . . . .,.. ~ • 'li

..,.:' :':.'~;i:: .'\ jDDH) l:and"2 pilt down).m 'tlie\north,.eastern~~o~aly:·of~~AltQ.,-Ghelle·which was ..:.' ~: ..
>.;'- .. ' ..:.. \. ·: ..1~.. ;., l"'l'::"~ov~~ep,~y:~~,~r.tl¥:·(:i>.p:rp~~t~~·~y~te~~~tic··fuil,~i?¥.g~,idl'·r'·'~'},"', >":.:_,; <':"",~' .'.

,:t., •.\:.. ~,.,.~..~ ". ":~._.''''' ....:.... '.,..,._:..·.. ~~htIs}f·'tnfO~mt.~eFi;9~,:e¥;r~i1nlyb ..l·t~:T'.thh:·.~.tOPt·).2~·'f·fut'eh· ~re~'-b~.~t~hde·,-0t.rhe-bholdies·t.·'hw~ere.th~,: ~ t; . " '

;. ".. ,:' '~ .:e1f~C 0 'Xe~ perIng},S .uop~(;ea ...e. e n£l. :l1re:0, ..,. e: ore a ·ep·. ~e oW·· y.~9ne 0.1:"' ;. "!i/' .
.- ,,~ ;;~.,.,) ,: \; '. . '". weathering is not.krtown:<:: ... ':~"'_'"r"'. '. ~:.., ..:~ '. .' '. • '. " .' . . "'? '.:; :~<,.

i,..:.:·; :, »~;,~~:~"'>~The irii~rni;fib~}eg~rJln~th~ .~~uth;";~st'e~ii: ~n~~aiy at Ali,~ 'Gh~llejs:d~~i~ed . . \'>,i. ~
~;~ - ::. ',,", " v:om:al1gel>th:iU~ol~' a'n~:rtr~nGhes !;ut~ tll!j:mghlhe .surfaa;e mantle and tJiy.o~g~.tne~ l:. ~ ~'.:~ .

. '.' .~t.: ..:...." 'I" ;t~'P~ Q~;~tche\ilfcr~~~yi.ng.6r~. O'n~.·.v~l'ti~arrd~i1Hiole,:.p~t!d~wri:i~. th~. ~en~re-<o~ t~~ ., . ~;;'.'.ii. ,...

'., ,~, ";J';:~:~' .~nomaly,·W-as,stoppe9.:::Vc:(d~t"h.of.;4Q·mettes~oE 'techmcal reasor:.s..It.show~d.,a _ .. '\.~ .., ..
~'3\;;.·,· .'., ::u~;"-;P··· " p~..tter.nyf: min~ra~!z~·~.iq~11tpi!~F. to ~~~t;~0und ?n~the ~or~~-easte~rr~a~r:W~r~ i ", ~ '. ~_.

; ~~c;~,..:,.",•."... .... . .... ; .on ~~e·:o~l}.er arfqInah~s~~ t:onfined t.(r't~e,sa),!lphng of the m.antle, ~QcI..:~f.~he lmmedl- ~. . .~:'.,
-!c; • ~. '~.' •.;ratelysuejacent;ib.edrock. .... ". ..' .'. , J:r.;,;_... ,;~t".• : '.' : ;,:. " .

.: ~..:;.,:' •. " ~. I,l'~ '." '-:- '. " ,- .' .:''';'' ,)~..". . , ~ ,.' .. ,t t.,. ,;,,' '.' •..• ~'. , '.; '-'

" ..:. "(- :' ·Miper~~·~~mple~ ..-~v~~~.~pf~Q .tllet/.'Institute· of Pre~Cam1?f;i¥; ~rid,¥~s()l~t~·'Age') .,; .
.~ ~~l.. ,~,>: ~·f,•. · ':-.' ~ (USSE,):lflie.J1umbe4.of~"iup:pleswas insufficieIitto obtain defiriltefimres, but·the '. t -

'; : •.J;.;:?:' ' .~ :":'~ 'mQs·~"prooba:El~ a-bsoltite;~age piiilorwa~c(:f3i.~the:ip~~~r~liiati:on i~ ~~ I!lil1.i.on,,~r~.~. .' . ''--.;.;' -'. ..
' .••~. :-:' .Y, L' '" '.;"""" ...'.;;,z, " .. :. . ~:" "". ,'.. ,::-::" ~ ... \' .••\. . ,~. " " l: >;:' !.

J":;~: ~~,; .', ..;'i~ \IJ~~(';':':' f,...., '~;",:-;.. '. ;": ", <' ~'1'~' ,~,,, ,.. '~'. .~.:'"

':".:~ .;: r.:.~.. ,. :., ", <.; '.~~ .. '!~ ~.~..'.; ....._.'.".~•.~., " .:-t: .~. . .: "._ ...:',.:"~,-'.' :,.~:, ',~.(\','"," t'....~•.• ,'<>.....~.:,.•..:,_...:". ", '. ~~.: : ,,~. ,.' .\ ,_"
.. ":',. ..... :' .', ..... '.:' '"' .... ". ~;.·.·~~.l::.'.~ : .~~ .. ~~,'..~:.,... --.~.,
..... ,., _ ','" .. '.' ~ .~..;.- ;:.-;.. ."~:' ~ .t~ .. ~ ...~_: .~

~ j...

':;, '; f i:-
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.'... ',
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- ., .. • ... v ~ ~',. 1':" u • ~ ••

.... • <- .• . .;;. " /:' /'. '. ,:

.....;:,..., . Pt.i~dpa~ .radioa,cii'p.·~ mf1Yier.als, ".~ . :.~.' : . . .." , , ~t .. ~ .:...., ~:: .:" .. " \"'; '.e!-

... ;' ••' \C : .•~'" -~ ~. .~, • ' .. ~:=';:;'<.. .. =:.. .., ,. " :'. "..' " • '-I. ". ' ~'" ~; ... ';,. . .~. ~.-

"b:.X "~': < ·Q;he AliQ~heIle' oreJjody··,is essentiaHya tporit'e dei}Qsit~;.reJated to'syenitjc' roclffi' " .." .;
'.' .. ..... .' <int~~e(rlntP:the.Pre;pambtiahamp'hibole'-bearing-gneiss~s;.and.~eroselyas.soda:teq.;. ~. . ...

.no· th~·-hYdrothermal \~lpitization"ahd rgi.croclini~ation of .th~ )y',enitic :'di~es ~n(r."'" ' .' .... .' .'
. .~.'. ~~pecia)l:y 9.f. th~ir-. c?nta~t ~reas, wi~h r the su!r.oul!clin~"gnei~ses.:..,As .suc,~ :it~'P~s., a ~: . .
;;·.~:t cQmmon.pattern.whIch can.be consIder~d as one of·tHe .mcun gen~tlC ~u~afltIes .:: ; ..

,1, ...; .. , . F·· of'-kIiownthorite.deposits.. ~. . .'.. ,.. ~" ,~. ..... .' .. " ... ". ." ,' .

~::.:' '. • ,~,..Thorite: (tho~ium silicat~). is·'.th~·rp~in;r~di0a~tiyemjrie~~1if the ~fe, e.Y~~IY: .
/'.~ . scattered"throughout theaIlJitized gneisses iitthdir contace\vi-ththe' dikes.and-bodies·

'. }~. '~;.:. J .0f'sYenlticrock·The .eiistence·(lsniall~amo.ufits.Qf- cQffiJlitecioseIY'interg~oWri w'itb '
.,. ..~' "~1~:,a~d~hol'(tE~/was~re~9~ie~:' ~Y Jhe~.:Inst~tut~~of ·Q~o,lp~ical~c~~n~e~,· (L?,ndon}~ ., ./~~;::;-... I: "

, . '> • • '. . pItchblende arrdurammte were..alsQ:ldenpIfied. .... .... :. "~':;':. .... ..... . .. .", ",': ...
~ • ~". '.. • ...... t' . '. .. ... 1 ....,...... i '. '" • t ~ ....., (" .. '.

'.: . " <: ~;,~\.• "~; -:. It:se~~~>c!~ar!:~:~~~v.~r;that,tlie,s·mal~.qu3:ntiti:~'0fu~n~~nr;_.~c~~~~u~.~a~~rare···. '~'. '. "
....: .\. ~ ~ ~~·.t ~~..~a:r-t1ls. \Vl;l.l~h ~XIst ;111" t:g~~ ,?re 'DC,cur mostly. as thonte ad~lx,\ure~.~ '.. ,;,> ;•... :- . '::~." ".".'}

<':' ," \~~ )ri•.,d,# ':,: ':~:'.- ':«.c;,:- ,,' ,', " ,,',' .~, ,i'::, .'.' c.>: >': .' • ,',.,.,' '.',.~ ,'I'

.: ' ~ ":/ : ..•..~.~.~ "Xhorit'e. Tl\e:primary;.,mineral oldie ore isYthorit~.-I:t isYeH.ow-btbw,n to red-brow..n .' .! ~'1' .~.. ~.-.<' .
:t ':~~:" .~r ~. '-I~ -jnc0Iouf~·rarel¥,bl~ck,a.ftisotropic,.andocclJrs~in spherUlites~of'~onc~ntric'or iadi~ "'.. ,'; ,,".
.' " ~ ..•. " , " " Aoo. .:' ' . '.'. ., i • '. . ':·:r '-oy""' ,-' " '.-10'" ' , -' ;;. • ~ ',. • :~;

.' ..,.':~r, .-;<t~r· :" ate~ ~ fibrous:: sJructure, . f~E;lqlJ.e~t.ly. aro~nd s~ch graJns" of the '1>~im.~ry r6~kS .as
. ..' '. 'inonazite, zircon, and:.,apatite.. .'. .' - './ /'/ ..~' .~ }~. ::,,;' ; .'.,.ij

' •• , .....

',i':, '," .-. '., Most of ~~herulit~~·· a~~ betwe~~ 'b~l ~rrf and"fJ.2 fum~in~'diamet~r, ·out som~ are
... ,; .. , y. ,li .. • •• '. •• • ..¥ ' _ " ~.," ~

.. ';... :.... , aas,mall as O.OQl mm. They'occur inqepe,ndently.or iRaggreg~te~~".·" .:' ','
~.~... ' I'.i:.\:~ ',i:::T~orite·;Te~lgces'alhjte,-.~ntt),~(~s·'!lQti~eable·. tliit albit.e jotril~~t1.~fter mi;rqc1~ .·f

."- . '..' .. ' ..~,; j~;-rnore easiiy r~praced .tpa:n:,;;II]Jite: f ormed· aft'er~pl.agiaclase:]ts::' rel~tion wit;h; th
Y" "'," .', ..,:'" :1( , .•'_ " :,"., "-'.". '~, " .," ',' "'~'i "" , ...- " _"', I . ,. . _.' ,. ,'",11'0 ',', ";'.-',.

';"~:i' ·;~:·.\.·:·.~);ot~1rmi!letals .of the or~'show" g~at.the.se"were J~~.medlater,.!llld there i~j~di\e~t_

.' .' .:. .' /' .~~ eyidetlc~ ~b.:~~?Zest, th~~th;·.thor~~~l mj~e~~lization is PDs~';Jtir~ssic,.{,.: ." .... :.,;.. ' .' '<'.

.,.;.' ": ,.. Other·thoriUmminerfLZs.·The idep.tific'ation of.UieindiviihIal ~m~iIer{lls.i)res~ntin. .
{""'. ·~.[th~ 'botryQ~dal :;rnaSSe$'-bf, thorite~~'by'optieal·methods'is bfiot.p.d:ssi-ble:~o~ii1itothe/' ..
~. . ;~ ~;~ ver.y'· sm3:~! si?i..~:.of the.crystals~· X~.r~y analysis f?uggests,,~the. pr~s.eI!ce :of thoromrm- ". ':'

.:' :.... mit~;. but it has' not 'been i<;lentifted with"certaip.ty. .' ','.' '" . . .. -:
~'" "'.:, <.~ . .....;,,~ :.', ". '~'" . .:' ...... ".....'.. ~ '.-.-. ' ..- .::' ~~.... ~ ;c;;;".' " .

~o .:":.' .••• \'. ". ,Sfmilarly;thespectral analysis.of'the.thorites'how~·theRres~p.ceofsmarl~Inourits ' .. ' .~' .....
. ''n.' " .•.. : "':. "ofuranium} yttrium;' yttE~tbium;gadoliiifuin;: 'scaridil;lIl1, ahd·lfoh,.but in quantities·'::..·· : .... ,'1" .

lIL. ~ : , 1 " , ..' ~ t: .. ,,( ;' , • .' ,.x' " .. '" _, :-. - ,,'-" ' ~ ... _ .,' ID\!'" _'. -.', ".', . ' "". • -.'.""' .' .•

'''1· :.< too'small for the mine-ral to be classUied.as.'ul'anothO,riteorferrothotite~·· .. ~'. . .'~. . ..~ .
: .. ~ ~~ • \:. • • .- to' ~...:. \I -- • • ,', ""h .." .- • • • • .•,.. ..... ..~ ,'"' .-

:',".>. ',' ':,,: 9thef .miner.als~ s~ciLas,.~a.mars\it~;,CI~~kei~~'~nd ~u:.ite m~ydal~~ ?~ p~~,~nt)n' . \ .' ..
.~' . .~. u •. ~?the: thonte sphe!'U11t~~ pu.t, ~n .amounts b~low' the lImIts of. se~s~tIfIty o¥~'X-ray . .....,. . '"

. ': ':~: iqefJ.:ilic~ti~'1:>:;:., >:'..,' ".' !'" ,;:"; >::~:i;"'",>" ""'/!?' ,?' .,

,. . '.. Ur~um . , . ';- ". . ->. • .,;", . .<~. t ...' - ..' ,. . ,! :~'. ,

, .'; .' .' ""', >TI1el;li~anl~rri\~~nt;rit~wM. detertn.iwiJ··both sriedtro?1~t;ic.all.Y~d bY''Ye£as~'ay; ~" , I" .;~. .\,

..~ ::'!.:~. ~.Jt· was~ founa to pe j.ndepende~t of :tJ;Iat .of thoriurri~ suggesting th~' ijresence."of' '
: .. ', .~.'~1 ' ••s'eparate·urafmlIhmllnerals~...' ':,~ ,!' I • ;,,~ .•:.: ,.~, • ': 11 .~. :"'?'~".':" ~',' ~< ._ .~.: Pitchbl~nde, '~sa plack opaq~&~lJ.~raYwith ~ sel}1i:~et~lliG l:ustte'; ~~ iqeritified:: /.' .:: .:< ..- \: ~ :~. ->
.' .'~, .'.'.. ~ .for~fng~ph;eTIili~i(~}~clus;oilSfrom O.OOl,to O.O~ ·mm ip. dia.mete~. 'Yithi1t·.qual'tz .~.

., '.'. . aggEegates- ,m,the cores ,of DDH ,2,. betweeI!'417.2 and 120.8 metres. :~,.' -"" '. ."",
". '. ' .. ' .):'it~hblendet ~ po~sibi.y.'~noth~r: black uraniu~ 'mine~a-l wa&~f~und by analysis:" .-.. . .. ~'t.'

.: . at C~lumbia,UriiveFPtY.JJJnited!States) .for~i~g inc~u~ions ~~~' 'V'einlets in samples ~ '4," .~':. .-
--from around~49 metres.m UDR 2... -' ,. . . , ." ..' " '., .

,;, ,.......~.: . ;:.;.... . • ,- .. .' .• ' .; • .,' . ..,. , .. , . I.•• '~ ..

~ 4' • ~ , ...... ~ •• : ••1 ...~ . fo; f,-iO ~.;".. .' ""\

. ./ I ' .•,. _.. " ~ :;'''7.7
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'~ ., :"., : ',' .... . .'.. ~'" .', . . .. ' .'? . : :. . ..;,;. ..'..• >",.", ..,. ./.~ .
:.... . "~ . :': UranQthorite 'l;"1~dtoffinite;'USi(Q,O h,·'\V;eteidentified ip a;·Coi'e'saini>leanalysed. "~';'

.:;.:'. ~ .. ".'... .... ~F·vy.arren Spd1,1gs~Labo!:p,tOliY {Unltd King<iow.).~~heutap,oth9rite:~form~mdi'nJ.Y~~> ,-..
.,. - . .large are~s which f:tppearo to be ;.pseu· omonphs after arilphibol~.~'T;heyare.mostlY .. '"

" :; ,.,. "'nucleated' on a.'cofflnite gTain;'and, c'allbe cQnsider~'biystain'edbfhematite...> ."-' ..
'\,," "". 't': .. ., ..'\.. ':"/ ,? '.' .. : • -' ~:: .... .' '~, '. • '. '. ':;. '. •.•. ." x. ~., : ,':

. '.A. "., .. 'Yttri~', . '.>~'.' '~ ..' , "'. 't' ~,.', .._'. .•.•.. ,;:" ~'

'(~'~.;'" . ., jndepend~nfYtt~i~in' min~rals 'have~' otbeen- identified ~vith ~~rt~inty:JDOlibtfiil.~:, .. t ~
,'.,. .... xenoEime"was'-xeportedfrofu<a 'sample 7,opt~jniUg '2% Y·.:takell.:~t'a,pepth of~9.2

.; r .\.~, ';: t.·, ' ,metres il};.;DD1t· 2.....Dol\btful thaJenit, as ·br6wRtr.anSluc~n.t~c~'yStaTswas;.al~9

-~:' '.' l"' '~';'; ~ ... ,', ;F~portEid. I ts~ems 'that· the··yttrJu,llt is' .r~se~t n\ostly'as an 'isotfi~l'phic adinixtui:~'
'.' ,;,. . :fri~thorjtearid'_~pJ:v~ne., . . . ; .' . , : ,,:' . ,i, ':.:;' "

.~\ ~ ."- .' . .,. i' ~~,., .." . ..,:'" ~ : - ~. ~ .~. ":..~...... ... .~..t ~

..-- .' .. Jf~r';piillQ-ytterhiubi:;ca~diurtt " ~. '. '.' . ": '.. '. .; ~"." .,. .~-"-,. - . \.'
. '.... ~'" '. . ...,.. . '> . ;; . • ~. ,.... ' .. it :- .

';, _ ~ .. T~e,p~es.en~.e 9fthese~m~talswas ~tecte~: 1:n::':spectrOlnetric .analysi~',. but t4e-i.' j-;

..:. :corre~po;ndirig minerals hfl,ve not. bef!;n "dentified, apd -their' GQntents hav~ n,ot been ~. ' ..
. . '. ',.id@termined·.withcer.tainty;; " . '':.......:,:... i~ .":" '. ."). ,i:' ~~ . ,.:'

.. ... ',; '. '. " :n ~us~' bd~ ~~p~.ated thaC~,o f~(c:i~l t e.s~~pl~~ whiS~ 4~v~ ·.beEm,an~\~' come ::', M •.

'. -. from..the zorie of w:eathering·\.vhere son' e' o{--·the-'nri'mary raaiQactiie'm~ls may ~..
. .'. .'. <'-;; have.been leabllea·out. • ' ,~ , : '. . .'. \..

' .. <.: ' ..•. '. ". ;, t. ;~,:", " . I' .:' ,,' .)/' '.' .."; './"' .:,'. ", .',
"~r}. .. -",".~ "pa~~i;::wfug parageneti~ 'seqti~;'~e'~ai4~i~hed ~'~~ ~ro;~t':i~eraQ~t: .~'.. '.li:';·

~ .. - ... ',;. __ ..... , ._. . • ,: .~. ,'IlI. !"'.• ""'., •• ~ ..• ,';': ,~.' -. ',~.; ......' .. ..... .. ". .':/.,' .•.•. "

• ,";0 ;-. .' J;.arp.~enelicsequence \ , . I·;··,·.' _.. C;OT1~esp01id~ng:minpa~s .;.~.: .' .... " .':,.

::. ".~ ;. :;. 1: ~~?,~i~~ ~~hist, ~n.~ .:~~e~~sr·pre~Qani~~ian pI~goClase, ~!crocl~ne, qtia*~~!~i?ti~e~ ~~~11~<:. . .'. '\'
," \ 2 1..'an.lt~c.'1m. pr.e.gn..:~tIo.n;;·m'-'...•• h.. ~.sE;m~nt. ',~.r ?Ol.~; ..a..paht.~, ~l!C.?~' spIt.. l:ne:•........IP.a.~~~tlte,{ .

.. ,~ ..... ,.( :: ludm,g,lat.e pegma1;ltes] c,<lmpl~x \ .". .l!p:t.e .lte, orthlte.~.,... .~. '. '0:,: '" . '.f '..
~ .'~ '.~ .. "",,-" '. -. '!I "; '" , •• ; .. • .. ~ ,. ~.; ~-q.' 1',' '. ... :1

,.::, , 3.' Alb·tizatii;>n. :ilcconipanie~ 'by' .altern.t~oiI . Albite, calcite,.~r-iCit~,riebecki1ie. ,.
. .' '... pI. the fet~omagnesian ..:rnip.erals· ,an.d, " "::'" '. .'.~' . ~ ". .',,.

. .:;,'. '"rub factiGn :of the feldspars . r " ,,,'....;.. .': J '~:'. '. .,; \~ . .' . ,.?,' "
;-:. :.';. , .. "c ..... '.. . ., ...',...."...~:' ;;.. '.~ .~" ., ..' ". ' .'~,: -t J ~ #- '. .:;.. ...:J. ~::. ·t.... Y.... ," • :.;" , ;

• 4 •...• ' ,j1:f;JF~a..q.t.U~.· g,~~.penet.i~'tl.·.(')n.:O{.hY.dro..~h... ~r.m..\.,.·a..k.-c.,.~~~.it~•.t!lO.~!t~ quatt~;:~ir~QJl~apati~e"h~h1a-" 1;." ~ '.~
.. '.' ' .. '. - solutIO s. post-Jupasslc "'._. "'" . .• tlte \ < i: ,'\' • I, ~ . . _ .. .. •

. iO': :,~~.: ::·c.i:. 'Mi~o~~.!r~et.. ~I:!~g •.~e~.et~a..~.'iRn." ~f's~~~~~d£> .' ..·c~b~~kjt~~ .. Pyr~t.. e.:s... : ;"ll\~r~a~ite;c~~lcoPyri~~" fi.:· ':i ,'~"" ."',
0, ". •• .,.<'.' solutIons ·a:1id:sulph!9-.e~'·\ 1: '""" ',gaf~na~ " :..': ..~~;-.. ...,.. . ~c • "''', .lr< •

'" ~" '. ".: .\~,6·: . C~r-bh~at~· ~~~l~~~in~n~ ~, .'~7. Sphal~rlte:' itra~in{t'e~pitcJiblende'(~1~ ba~Y.te, . . ~ .
. ~" . " ~".~::_. '~,' " .• ". ". ""'. .,.... i •. '.·.,;;·sph:ene:·· ... ...... '.'; . ," . .w' ~'~

..' ".... . ~%:~~Ydationi'~nd.s~c6iidanr:al~afat{~n '...~ .. :.MGribno~ill~ni~e;[~h.r~~ite. ~~~pn·oinela~e,cal,.. ." ': .': ."
, , , " \.(\.,' '.': ~':. '.. ".. : ,.' '0',' cite, l~ucoxene., goethite, )infunite; in,ar~'" ",.. ' .

,y~.~ ';: ". ' :/i"-:;:' ..-::~ \;f;: r ,'" ; :~site:~:..ecOndaTy ur::U~U'in'f~\ "'. ~ ': ; ::~:';'
:. ~". .' ~. ~.':':·.~ES~D~TS~~ ~~~i~IS '. /~:' : : ;.. ' ;. " ':',' ..::'~ '. :.' : : . ~~ . :. ~.; t .JJ;,~.. _.."..< ...' '..' ,,' ."

:'" ~. , ".., ...- ... ~..~. .... ,.,. ., t:'" '. ~\ ~ • "

,c .; .0: ,,'" The.samp~~an"lysedcamllfrom bet~eel) 10.'1JI'lC\~3 nwfres i.~'DDH'lind fro~.· t\' ;.
:~',;/ ..~. '.' ",' .. p>~. T~~. :·~e~?.~d l~~.. co :·~ist~d.· of 79 .~amp~es of.. ~pproXirriat~IY QP~ ~~t:t~~ lenit~, -,,-\(. , .~
.;.':'~ .<: 1': , '., ..... -. ~ and 2 'fif: '1~ me.ire and ~ m~tr~s length respect~v;~y.tOf these, '34.: samples, 'ft'om· .-: -.' ,-
, J,' .... :}:"..- . ~et\y~~:.2~az-tJ!letres;. ,'i'e,~'ilysed in .t!>e P,:@ject's lat,!lrat~tY.: - ,...~ ..•'\ . .. . "•.

.'" .. '. '. ;qS.· ~~\: ":. -.:i~:.> .~: <. .' '.' '.'., :,., I' : r·. :'. '.•. : >' '.~; ~'. ", ;. ';.~ '.
~~ "'".~~"o-~ .•- ~,.:. :.. "'.:1' ..... - ',;. '.':. i;.· ••. '.- ...~.t~ -~

.~.. .: -(),' It~ .~. ....:.. .' •• .'. • • -tJJ .~,:~.. , ~ • ~ .....

• ~, • ~:' ... , ',' ..: .~._ ..:' r!. .;'. t.-
" '", t \ ' Q ~ ~"':,'" ,.\~:_.. .~-"... • ,.
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0.122
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3.49
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;, . 'The figm:esfot the p:r~sumed,.highergraqe·section bet\\~een 65 and ,80 .inetres. " ,'. __
!:wete'as foHows':'-~' :::'. ,. . .~... 4 '

. ~,: . '\. i.~.

" ~

Th02 •

..
'.'

.~..' '-} . '.~ .~

..•.

.' \
.' '\

."~'~')
...:;:: . .' , .:; - -~ '~~:iI'f'" : . - " .

"~ ',.

",. .', ..>;:;:". ,:' ,- ,.

leiS, LQndOl,t , ".'. .' .;:'." ..,..
... ';"':::, Wei~~te.•d a.v~ra~,sa~ples.··:.16-21'
....• .' :·~omposlte samplE\...40·· .:' y •

'-t' ~. ',~" ' .-, '. . oli " ...\,;.--,-....---..:... '. :0';' "", .. • ~'.

'c. ;;. 0:. E.lli.&:;:R,.; Ottawa :.~.

i/ • ~: Samples 16"':'21 ,,'." of
_ .\ C6mposite....sample 40'. . ~;:-.'

~. ~.
IAEA,Yie1l-n~.. ";;...... '~'. . .,~.' " " , ... ,' .

.. ; 'Com~6~~te satnJ?l~ 40 ' .. . ..~' ,.3·.-52' O.lQ7 ~ ,:
, "",' '" . ~ • ..,.. . "i

....~;. ~. . ..':., •• :' 't' : ,.-.;i_'·._ _ __

. :Over-aU.average <.~",' .':,,' . 3:56 0.130-.: 0.093 'ji:;

'~":}'. ,....;;"'..o,,~ ./J .< ..','t•.. ;•• , ,;~' .. " ..•.•.. ;".:" .., '. '. ;~.:"';~'"
.... ,.' ',,( ;>~":.'; " ~he ·compa~:ison.6f ·the-above'li-esults.;\\ith those,obtained in the project'sJabbra-.

'i',. . l,t torJ' cal1p~ma9-eon;the'weight~da-\rel~ages'ofsamples' 16.·tO 3l1r 37 'and 38. It is·
I".> . as ~f611ows: .' .~ . . '.. ':." ",._." ·.,~.' .' ..... . .~

. " .... ,..... .. ~.. '. tr " '~\'fh62 .~~~s· , I Y~03
It
';i.·, ~A6 (

.-:>:..,

t: :'.;

\ ' ..
-! .."'.' 1 ,.
,.

,.

"~
..

~' •• ,. I' • "'~ • ~ ~ • -of ~''' •. '
•,.'; ., .:. f"-

:..\....._~:, \ ..:. <';, At~!iJ:~l.of.P~ 38~.~~n~i>les;w:a: thenpreJ;>at;ed from:the;;C()E~'Or I!DH2'be~ween"/~' ,.
;Oh ,.' '?5 .and·1?1.4iuetreS.~.. ..:,- ~, .... ". Or:·. 'c'" :'. '.': /;. .'))'" ,". ..' '.:' ," .::. " .

'. Saml?le39 "'$ a ,v~ighted cd\nposlteof s'aulples 1 to 38, and 'sanipU:~·4o-\~rasa
. ~,~eighted compo'site .of'sa1l1ples16:~to .21 which ~dvei:ed the. depths b~h,,~en 65'

~~'., ,::':and ~O:~ll1eti-es 'c;Hld'"i~~re believ~d to. h.ave:,a.high~~ U308cont~nt~, ". '..... ,:: .. " .. '
".;.;" '.:', ,: .' Tpis l?edes of,sampl~ w~,seht fOl'~analysiStothelristitute 9f'GeologicaISciei?-~es ..

(IGS)" London, .and to; the EldOl:adolVlini~gand Refining Co.. Limited;' Ottawa~: ..
CO!llposite'sa~ples39al1d40:\Vere 'aisd·~eIi~.to the laporatory of theJnterI~ational,,"
Ato~l1icEtle1"gy Agehcy(JAEA}, Vieruifl. , ,.\ ~ ,t

, , '.: :rhe,results Of; th[& Sfun)llil'g ,(iU I'.~e~·are;;' f01h)\\1;: ,.-'.'

. ,'. .. . .' ,,';-?( " .ThO·, U~O~ .' Yi03
'.IGS,LOinuon '. . .~;": ' . ',--

, .. "-'. ·.;Weighte~'{1Yerag~~amples'F ..3~. '. '. , '.~'
,~.; .' , 90mposlt~ ~;lInp'le;,39.., .r' .•.

.~ ..;.' .-~ E.M. &;(R=, Otlq;;a·~-. . .~:. .~ fl' ./ •

.. Weighted aYedlge;$~mpl~l-38~."
,~.Go~pasit~ sample 39., . ' . ..... / Jo

. ' ~- '$".:,', - ~'- .

.; . IAEA). ,¥·iel1.1ta . ..
Composite'sample39 ::

• ." - .~ t • ,.. .•~;~ ";" .' •

.;(.,.. :" Over-all ayerag~' , "
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-T~e s~tjStica/atl~Of the res~lts;or:~ho.~nd ~6.; obtained ~tIGSILind:~
'·and·E:1Vt. & R;; Ottawa, isas'follows: i":' "'r--\-

... " . . . ~' '. ,t"", ", ~ ,.' -, ~~ f,.., .' .::; '. ,

,';; ,:' " ..:11verage .
.,.' • ' '..;,'. . • ." conteJl.t':%"
," ... .Number.: ", (proba-:

. ~ . "6f', bility
"samples ~ o:~ \ DisperSion

'i,;

.:;

; :.,".

.: .

~. ~11();} ~

/' :~GS,~p~d~n~"\~ •
... E.;M. & R.; Ottawa· .. . >lst analyst' .

',' . . .. 2ndanaJyst ;'
"'<', :U~08··'·:3, ) >~ .'

;', ;(: .IGS·"London. "
· '.. E.M.;t&~., o~tawa .

. . '1st analyst'
':'2nd analYst

. -. ,:=":'- ~~l,,~::,~.,., _.\
~Stlident crit,eriQh.- '

~, .. :

',' ... :... ..

. ...

. ,
,; ~
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•. !"..

'.,.:~ '.

',il,. '

; , ". ~ ~

......

.'

/

.-~. . .
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..........'.A .. \.". :.T
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- '.~',
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·to
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• ' 0 \

".l',. ,

,!,-.:" .

...

.J -,
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..

...~ ~ ..

. l,·

" . ~ .'"

~.f'

.. " .. ' .' \.' ~:'.' '. ", "' •.•.' ' .• "". 0', .• .• I: /"C :"p. c,
'\~ '.' The 'average yttrium. cont(fjlt.is· 0~08per cent, but its 'distrilJution i~rprc>baOly '.... ,
:, . .far·more··~cdmplic,ate~ than th~t' of:.w.ta~ium'beca~seof 'sm~iI7c'amounts 9fm<;n~~ite .. "

.,;... iri'the ore~ " '.' ..... . \.~ . .,'0',' " . .

. . ~ " . -. ' " ~

"1- \. The stati~tical~~~arysls,o~ u:raniunfdistribution in·the·g~ileral sainple:pdpu!atIon ~ .
j ',,{r6tnDD:H2:!ndiGates\wo'sepatat~ p(mulatiiilsoi'ur~tniu.m ,Content.~in: t~e :UPPEU;" ".'., '.. .' r:"

-." ·horizo.~ of the mineralized. z~g~e.:·rhe}·first:p-op?~ation \Yl~ich~a~ 'an'average content,,,;" .'
.~ , of,.UaOs within ·O,13~0.~4' per ·ceift· confotms with th~ normal law Qf distribution.' ..

.-~:.. ': .;~ft:·., "'The secoQd ··po.pulatibn which r€pre~ents abou~25' pe~' cent.,of the' samples;fro~ 1,

'. .~ . . ·:b"D;H~2 l)flS,.an~averag~content"aq~ri.nd ..0~04j)er cenfq.nd proh.~Qly.tepresenb(those
, . parts ~f tb,e minerali~edz.'one>froII1;.wliichuraniuni,'ha.;s,be~n parti3JlYJ'emoved .by '.

: ;>:--.c':-:-:"Weatheiingal6.ugthe. 'fissures'·and'p,tiar th~surface/ .,., .', : ,'.. ...., " ..' '
{,'•• /( lO.~' 'TheTho2UaOs'ratio forth~'NPnt~,explored is~.26.6;i>ut· atthisdepth~ t~~~PbSjt'
~. ~ " ',_ :.·!_s~j~L~thi~ t~~ ~one ·of. weL_,,~ii~~;' ~n<~ g~ve~~t~~ high::mob~li~Y"9~ u~aniujn, it J

_.:f~_, . ' s"~ qUI.te:PDsslble- tha.t a'·higher ura;ntum -content wIll :be foun~ In .the~deeper-parts .!

.' ~ "'.' ~f th~ 'ore·. h(jd~ '--... ";' . I " ,,,~ ... ~ '. ...:';

, ~ / ....' "'':~

- . :,,:- s~-,~ ~·~.i·' ."" '.'. ' .. -;_i ,,'., .-.,.

E:" BENEFICIATiON ANp RECOYF;RY:f ".' "" ~ . "': .~.
"~ :.,..:;: .' '''':, "~-, ..,'~. fJ ~f.'·,.'J ~;.' ,,:.~ ':...~: " '~' <~, . :"'0. :

:~ ..-.<)nthe basis'. of-existii!g j.Iiform~ti6ll:,Alio 'GhelIe'and probapJythe ot4er ·a~omaIies
.1' must he,~onsidered'ClS,cFich' thorium deposits'wjth 'a ref~tiv:ely lo~ uranium cont~Iit·· .. '

preSeift as an admi~tur~!. witli the, thoripm;ihinerals,lnd'wlth coIite,nts· iurare·earth
...; ,'; ' .•'- . <f ~ '. . .. • • . , . , . . '. . "., o' ': " .• -, " •

.~ , ..'. ~~lch·ar€toosmal~t?be.s!gmficantfronlth~,ecop.~lmlc.pQn~O~Ylew•. ::·o::, ; . ;

~. '1.. ,;~conomic~luatiohsnrgst, tnerefor.e,be based for- the f being on.the' recovery'· '. '.~
. .' .:,', of Uraniutil alone,antlt.ake ill:to ~ccountthat,f()rw e¥,el:Yt .. 'uaOs extracted"S'o~e ' : - ..

• ~, '::~." ". .., • • " • r • " ' o#j1, :". ' ~

; ,_,: -:. 30;~:c~~~~~e~;:~~h;:~::\~ -~:.~erit to.I~i London; -were '~!t.J
, mit~e~. to. p!eliniin!tW be~eficiat~on te,sts at"the .WaITe~. ~p1ngs ~aborator~es.... ' ',.

(Umte(l Kingdom).. '. . " .' . .';> .•

-They'con.t~inedrespeeti~E!lY'.(inpe~centage~): ."
. '., •. •.'.' . , : 4l '..-

. . Sa'?fl.ples VaOQ I ~ '.ThQ2

'39 0.105 0.: ,~. ~,,±3 :
.. -. 40~: ':' 0115 ' . ,. ±4~ :.
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F f CONCLUSIONS·,,'·· .

"'Fr;m tpe data' avaiiable~ n:~ reliable estimat~ dan lie m~de ~f, the 'P'otenti::ttreser~es':'
. '_ :at Alio' q.hei:i~, and, therefore,Jh~'Bl1r area as a whole. I~ fact: the informadon
" ',con~cted refers only to the 'weathered .zone of· one 'deposit ,and may not refl~ct.
, 8ccniditions afgreater depth or, possibly, even' elsewhere. . . ~ " .

, ~ . ". • . ',' "It call, h~~:~r;'~e sai~ ·th~t,t~~.~:xploratiop, wh~c~d.part.of one. of .the
,- better a.nomahes but not-:.uecel:?sanly. of the. best, and -wh1ch ,had :been choS'en for

, 6.:. reasons of ?onve~ielJ.ce rath~r.than geQiogic~1 consid~~aFiol1S, provlded cQl1Siste~tIY/
corroboratIVe ~vIdepce whIch ~Qllifdfms to a patfeFu: .already ]mewn on other

.". deposits .ofthis.typ~:: . .' ,.' . '.' _. ;". '. .. '. "~.

, . . Under an eluvial mantle:which .dispersed the'ileroragiometric readings, points~of

. .~igh a~omaJy~ere found to~COIncide with radiOOetitore bow';;' ~i~ated in.hi~hlY

,. ,. l.' .• ·l, 81

·d·>.-·.·

.-- ..

'.

• ''to ;r ..: ': .. _

, ,:~', '...('. . h' ~; . '( '- : "::: . ' .. '. . '.,'" , . ~i', , ." '. ,
t Pi'e.mil1aJ::Y leaching tests ,on the composite sample showe.d that'the ore con-
. tained' an alkali equivaleiit of 8%' CQ3Ca.: T~'eatment ~f the matel'ial as l~ceived,.

, . '.~8 .p~r, ce~t nliilus,.200 ~es.h,':by: 'hoi~i~.g. 50 g .~~ ?re f~~ 6:h?UJ:S ~it? ?? ml'?f 4N. '
". .,; " soluQ..o~ of H2S0'I'f,,~xtracted~1 ·24 'per cent ,df.!th~ uramum. Grmdmg the. OTe

. J '. to-1,~O per ce~t mi~us-~QOme. incl'ease~. t~e l~~ciiing effi~ieilcy to 4~ per ce~t" and .~ '.
'. tQ 81 per cent" wben the sQlu lon-to.-ore i"atJo, was· doubled';. . ~ '. I "

,'J. .'Boiling 50g ofthe, 111ip.ri~~200 mesh;ore foi;6:hours ,with50:1111aliqUdts~m HNQ3
a? ,;~oliltiori ll9rriih'jies o,,~~.6) ~·.~rand:~.~~ g~ve'ex-tracti911Sofurani~.in of',-"respec
tively, 1.4, 29 'and:; 41 per cent.Doubhrt~ the volume of:4N, ;aNO~ ,l11creaseQ.:&he

. e~trC}ction t07~ per. G~nt; -The b~st T~sults cotresnondeit~er to u'l:1sage' oiO.6, ton
> " of~Oo/o-!fNq:3~e~'tonDfoi~e·,prfOl~th~nl~ximt.m ex~raeti9n;effi,~j~l1cy·pf.8t.per cen~ .

" ." whlcWwas achIeved~ 0,_1; tm} Qf R:!$O,l p~r ,ton' of ote. ::, '. . .' ". .
," .". Di~.Gf leachjpg of the~e ores is thus imprac.tiCable because of their :high' -alkali

'.> _ , ;CO~+e~~'!:e~tffitiont$t8 w&e;-~heref6re, c~~ ~~t_~e'~amPJe, ;8 ~eceived;~on-' '
,:' . :f';1jned 43 :Qer ~ent'pl:':l~-72 m~sh· Inate~ial. 'TIhi$ \~as;' ~nely' ~ound to. coniplete:the~ ..

~" . .' ( liberation of _~he thorite ana: recombined wit~ th~ otiginal minus:'-'l2 m'esh fraction.. ,;'-t,
"( .,,: . Th~.final.n1aterlal te&ted"contail1ed 44.p~r'·ce.ntn1j,pu~:200 111esh:' ~1 ..' '~. .: ,'. . 1, .

..;~: ~.. ': "'X s'~mp1fi ()f L61g,qf th1smaterial{'wa?,trJ~tt~d'01'1 la .la,~orat6rY":~iz~.sha~ing
,. '. " taqJe ,:V~ich gave a,;conc~ntrateg. fraction ·of 7 per cent, a tailings fractjon of '71

:, '('~: pefcen(anda.sl~.l1).es 10s8#of 22 per ~e.nt in re!ationto.thef.eed. .{,..... .
Thedistribution>i'esults .(in":percelitages) .'were. as(follow~:~ ,,!, ., .• f- .'

..;~, .~h02 '. "uaos' " Th.02 1 .~:.
• ,": .... 't...

Ta.ble·,feed . ""3.3., '0.11 '.. , ~'. ',100·.·' 100.·'
\:Concentrate' •.• 30.0 .,,', 0.83 ,63.3· ~ 53',2'

. .,';failings- L "1:5 v.... 0.06 .' '. 32~2. ': 39.0.
'. ....... _', . •. .," S~!m,es.,(~3:1ciIlat~d)' ~. , ~ ~ ..·.(0.~4r,::" 4.5:. : , '_. ~·..8 "

:' ;;' ~. ··.Caiefufgrinding- of-the ore irillcertainly reduce.£he·losS 'of .values in the table·;
":. . '. taiisand~lime~,aiia'a c0n~~ntration i;aHo of about 8to FW ilidicated. .;. .~" '

''r(seeip~; ~'tlierefQre, thatal'though.·the· direct leaching of the ore wouldbeimcd-
" . uomi~,' a v~f,YTicb.,.th6riumtconcen6·at~ arou.lld.30~9 percEmt~ThO~ andeoll~ '. jl1g'
~ ,,' ~~8·3}p.~r.eeiiL{J3e~];c.an beo~tained .byasimple .pro~e~s of ~ravity ~epal:at.i?n,nd,·

()nce done, ther..e·JVould he no.technIca'lprobl~m to:-leach:allds~par~te' thormm and
:,ul:~rii'um,s'altiifr()l~ t~~. rich t~orite .concen~r~te. ;~ f.,' '..'

" ... ..:
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• ". , , ••• • ••~ • ~ , .~ \ ". '!" " ~. I ,"' " .. , .~. :-, ".~: ~"' ':," , •

:_~. ;~..., ,...~·...:<.' 'y -f .• '"' :, ' ~ :~,;: '

, '., ';. .~.•• '... '..•. ">~::<.' '. ,.,'.:::' ~,>'~<'·:~:'·i;},·",··.
. . .: sman tabularInass~~:~'The~9m,binatiprtof;paf?alfs'artd' o~ c~rboiIat~se{liments' is . . .• ' . ~~. '. '.. ".

, '.. ~:" ..f(l.vourable for the forrrjatibn'bf 'bauxite~'and'ttllis area- was, therefbre,: e.xamined in ... ~ .,~'.... \_
, . :.: \ .... " deta!l: ~~e basalt out~r~ps'areWell.·e~pose~, coyer~a:at.l{lost1?~15-:-3Q.2.p1qf \o~a~ ',:',; -:.,~ .,: " .
..... c.ontammg. brQwn.f~rr.ugmous concretIOns.' . .... ... '" :. ~. .-.~ ~ :. " .. :. . .'

o' :. \:..... .' •. ·)\[Eist -9f the. BU'f Acaba .<;lccurs. cL b~salt hil1: !=lQme 1tf-l~ metres .high, 3:00'1~tfeS"~ <(~'\ ':' '.:
. .. ·Jong; and'100-150 metres wide. The 'contact 'between the' basalt ·ttp.d .ph~.limestohe~: .:' :'. ~

· : ;.. ' '. .... wa(·~xamin~{;;:Tlie:. t(}!?· '0."{~he.. ?c.cl:tr~e~?e~.is ·~~s~.·ree:Od.;~nd~.·. y.~re~i.b}; a J~rr~g~hou;~' ..: -. ~ <.: :'..
. capplngdro· ..O,570;6~e~r~.t]:nckWJthlll'yy;hlC,h tIre,re are.nQ~lumwous Ja.ydrates. " "".":' ..__ .«~:~: ",,':. :, The.Jur:" sic'limestone-is well exposed, CJ.;ud isn(irmallY altered tbcaJieh.~j with .'.: . ,'..

. ;,; lWi4enc~Q·karst·;fOt-!hatibtf:.Thesele.~tive.dissohition.isv~rYirr~g~lar ~nd. is'"n6t .: '.'.~"~'~:.. ' ~
,:'.... , " :':':""',;-;.:- ...±nf?r~·.~hg, ',one'm~tr.e.deen,<Th~ surface depre~rsi?ps .int~6:··~re~s':llQt.th~-~e~t':of >....• -.... :::

';:' \ . Baidoa nd Manas.:bnap~f);are:filled with·Rferruginous.pisolithi~·soil.. ; .: .~. :~": . :;'
·. \:,~' .' ·_··T£eManas oc~urrerrce,,wa~drilled~.Jur~ssicclaysarid.1imestOl1e~wel;e'penettated •.. ' ' '. ..... ..
: .... , -:":," . : '. . ~~::~t-a.?~PtK?fl~:;Lmetres·~ndthe:h.ole..was:st2Ppedat22 m~tr~s..Tli~'upp~r setruenee :i:-: Q;,~. :~,r·
~>'. :~:<: '. __.. ' ....:COi1~lSt€;~ ~rbro~,ancl ¥,ellow~chr~us ~lays~ ..¥rav~~~.~:and.Wam~;· c?nt~i~ing sever~L. :......... .

,.. ',' ".:'., _.' .. .'~l?-OrIzons of.,ferrugu;lOus caP.cretIon:;;.. : .... . ~" .... . .. ..... ',: . '. .:. .' \.
· . . \' ". ': "J. c" ..The·samples·-fr.oni Manas were teste~mi&os'cop.i ally., thermaliY/.·by X-ray and ' , ;. . .

..~ . ' .~; .:.. '. . '..' .by" 'speetral ;methods, 'Thirr. ·~~tioj1s ~h~~ed ferrug n0us Q~lit~s €lubedded in-.~. '. .'. ", ..
: .. ' ..... ..coll'ofo.r.mt;·emetit; wi.th fihetY'~iysfhItizea' car~onates'and .ra~~ Qq~~rtz graip&,~Tlr~' .. ~>.:. '.
,'.' r " ; ',,:' "", ~: iock:contahiecrcal'b6rrate.VeIlilets·£r6m· one' to three·millim~ttes thick.-.· ,'~' : t • • ~ .'::.'.

" ..~. >"',"., ::".:'::, •...'t.Therma,.r~·anaiysi~' -gave'· erl~othe~mi&:re~ctions .at: .14QP-n!5.oG;;·m>O°-385~c', :
. ..::.. :. . ,- . ;' .. 52.0o-530d G,:8.0P°:-8S0°C,.a:pd·ai·exothe.mic reactfon at 930°":"9.60C!C.. ,." , ..... - ~ ' . .-

..... ":' :.... :.ll " ":.<:' ·.-:.~lie~e~te~p~~ftl;res,~orI:e~p.·Qnd to.p~e··eli~~'tion brth~ h;v<lroscopic m9ist~re-,'" ' .. ~ : .
. :'. :.: : ..:' .. 1; "':I( ': fr.oIl! t?e:.c~llofo.rm, ~~. th~ ..r~ac~i~n ·{)f ~~etli te~ :h}.'~rogoe.thite~ .a~d:, gi~bbs.ite,. to ~.,-".
," .'. ·l.:.· ~.... the,r~act~on of the.f,ol~'t-ed sTlic~tes pf. th~ clay·.. tillS an.d to ,the TeactIOn of calott " :

:'." ' ... ;~". ,.~;~ ''-. :.,'. T~~ X-F~Y a~~lysi~,s~dw~~J~e ~o~io~o~~.~o b~.:g~~t~· .. aol~ni~~,· '. ..'....
- ~ .' ,.', .;, ·~lbbslt.~". he?1,~~lee,:ca:1Glte; atlstqtu;tr~p ..~".· :;.. .... : .:. '. ... ,~"

'., .'';.i ". ..," 'FOl~r. ~a:mple~ analysed' ..' Il~d. :Kingdom.'ana. the' USSR gave (in ;p~r-- .

,.. '. '.' .:< ;',,$;); :~~::,' '~~'.' :.~ L,:;,'·,:·'·t,:· '.; ,: ":, "_·-':f>,~ .' "':,:/. ;;'~~r::' •',' '. '. :",..... ....

;.::f;~;' ." \< <:.:-:. }' ·;'~ :. ';,;' .ii~~l{,:rr::: :I71:;'; Cc N~1f···:n:if ~. .m. '.' ".,
.. ~'..;A,· ;"" -10 :.': ':'.--' ~..~. ,~~.' ,.··~,:,t. ~ "'.' ""~': .. :::. :'it~~""·~;·:~'.1·:·~I:··}~:: '·~.~:~~:~::.'·~i~::~~~· ;,~.~~~}~':~g.:. ~ ~~.·~::~r·:~ '. .,' ,.

_". ,.~. ....~ • .., ••••• ". ; ~ •• '.' '0.' ,~•• " a;.. :':'... I.'•• ~ .. ~ : ......:.. 1"- "~...; :", •.,,......; • '." :'. -. '~:M .11' " •• ' ~~. • ~', •••• -: '. '. • .. ....

,.-:~.;'" ..~ '..:.,t.bese ~~s·~l~r..}Ver~·,confii~~d·by:,~p.e:.spe t~~l:~!1a}y~i~::ot fiv:~ pt~er ~~n:ple.s: ':: ':.' '. i:' ,

, '<,~.,r; .: <'.,;. ~. ;..). ...: '. J~l th~ w~st~rn pa~~:.(. ~he: a(e,~' .on~p e ·:r.:lg:h,t~,~a~~ ·?~:the .Gl~b~~V:~ _:occAIr'. ::, \ ..
, .. ':\ 'numero~.,fl~t-~oppe~.(f~:pl~alit~(.o~. Cret~ce~u~' sed.l:me.J:1;~~;.. jLte~ac·eous.· ~~;t-C'drt_-:.'. :~ .f " .-

· .~' -., . <.:·ta~ni~g: ~~su.m, .Their·.w:eatb~ring·~~o~uaes ?P~Y ~.1!c4~.~: :' "..... : ' ._:__ ... ~ \.x, " -'., : \r
'.' .".' ; ~..> .b;.. i· '1:f:rbe: .easter.n .p~t ·.~f the central ar.ea. eqntallls" th~refor.e, -qnly -p; t~ll,n)atWltr~r "~':" "....

'.. ".' ;':,." ". ....:; ',~'. ". ": .:c.ap wh.ich :covers.ther~ma.iRs uf'ar{pid ~peneplaln:';,Greatet'thicl,{nesses··,otiater.itic .... ~. '.' ., .. :;" ,.
;/,,~: ..: '. .... :"';"',·:.:~ateri~f~~r;espondeo::accumut~tidh~:.~tt~tr.~g~nous.:~~<:li~~.nI~ W4r9~~o~t~il?-:~qnie;': '; -'\.\ '.

:., 'C', ~.,:~_;~~~~~~..: ':~.:~.,
,~ .:. '. ." ,\ .. ·1;t~r:~,s\u:U~i1 aR~''':as,~~;vJ§Pm:te<l' to '~:s p~esept;slte,.l'he ;~~tellCe.Qf~~oJf¥' ;,'.. ':

...... < :HS' r.:,;.:,,~~~~~:(~~,o~ ~f'?t~}~~~;~~~:;,~j~~7"5r~,d~:~~' ~'.'J~' ",~: );~:'~. , ,', ...
. '~."'; ::.....;.' ..... '. :...~.; ~':.'.'.':' : ~.~ ...·:~~jrhe·:l~Jr .. aT~T~. ;t~~;~...semt.~<:~·:x~~h.g.:l::1. e~~.Ul3·cl· '~Url~c~. ·ici~~re.d.·.by:.:a...~.~nt.'le.:',A'Jf 16.~~:::.. V."o£.:.~ ..~·((.:· ••·.-::
· . . . ':'.....~ .. .. .. ..... ,. ¥; .' .. . .' 1'''' - . ,., .' .-, , . ~ .' . '.' ".,.. '. ., "oo .' ..,. .-.... '., .ll!7- .·v. '"
;:< : ~'~' .. :~. : :~\, -.:""<;; .~ i~ye~~.pt~d ..?y.fr~qlie ~,;. ~. ··t,~':·~ s.;.;&;J~~erpent.a1ri~hi1f~!~~~sJ~.:gt~nitoitlSr .sc:~i,~~.~;.,· >':: ..
.:. .,', '.... -,' <.•;.. ':ttf:,::'$4.L;:~ .:,;,'./'. '/:':~":' ,-,' ".}'{, ·., HJ'~'/~"~.•'~.: ,',: " ..'."~ ~\' . .:"

..;/:i \~..r ..,:;~~.. ~.=~:~.~~~ .*~. ::',~ <.:. ~""'~ " ~! .'., •. " ..••: '-. \;~..•.:{, ::.
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... , ".•.• ~. .~.; <1 ':..~':" •._ >~:-,,; -:.. " ~~-. :\'~:~.' ,'('.,:' '. : . ",' \. ~ ,.'
.~ .... ~': \ .• W~:·. " l.j. .. I.' . ,. • •.:. ~ \" .',t> .. ; . .'\ 1 •

..... .•.. -- '·:.~ ;.l\\":·~ .. ,·" :,'." ."' ' ' .~:,.: ..~ ~ .,:.. : ~ ':."'~' .' ,~~": ..~' ,'.~ .~, ...-:.~ .. ".~\ ..
:~ '. ah(l~Qther rocks,:T)w.·surfac.e 'c(j\Teringcorlsi~ts of red·brown quartz..sand,(ionimon1y:;; "'.,:,.o .

~ • c " '.,.." ~ ~ '. - "~'''''' '~'"\. .. ' . ". ' •• " .; . .... • ••

· '. :' ~". ;'; .-::: :' .ac~0II!:Pa;ni~d .bY ·~aliclie,. arid 'v.i~h loam ~rya sand in ·~he river. valleys .. '~ci~xi~e is:'- .:. .:".' ,,' '; ....
.:.:. ... " ~ :,'~ )not. t~·b~ ~~pected il).'thi~}tr~a., __ ~'. . .. ' '.' . ': .' . ..... . ..... " ,~ .' : ; , :' .'._

.?.:.. ~;..::~.:.; ..Ntl.rt~e~~'Pl;aih~ area :i.:··~.· ,~,,' '. , ' .. ' .. 1 ,.: ~/. • •••• >'.,'~ ....", >, ,'"

" . "' .' ." .,: :, The 110tthern, plain~ ateais:l1.16untainolis'·6~· hilly. and eo'ritaips ·nuI11eroJ]:s:li~e~. .... ).i....~> .
. --: '. ., /" stone ~nd' gypsu:ll1 9Jlt~rb.F>s· w.ith··ra:re.,. ·flat:·topP~? pill~, separated by~'sa~~y and' 1. .~ ..

', .. '.:;.\< ,,·:.<c~ay~ytlroll:lviaL~e·cljme!ltS·:·. '{."" ," . . ..': '.' .~" ...., '.,' ':' . ".".,r..·· ,~;'. .... ,'-.:. :/ :r.r.?~.s '?u~el1pe iel~efIs: uns~i~a~fJQr"th~ f9rmMiol)..qf.lateritic o~..~amdti.c d~p'6sits:;~.. :~
..•.. . .... ". gspecIally Inq,n ?ndchmat~~ .: ." '" .' . .' .:.;" '.. . ... '.. \., _,

:,:,;.' ..: 11;;"rita~no~8ar;~ .' ,,:' .... ;.~: :,', . , \,' /.,~.,' .'0 _,", • ,\, . '

.:,,';, -.. •.;:.JY.lpiuita{Ns ··extel1d.thr9Qgh:~he {northern pari pf·othe';C~ul1~t~; ..~lopg~h~ Gglf of" r· .. ~. ~
':;' .Aden, shnd consisf of .a·.complex'of Pre-Cah1brian to Recel:i.t·ToC~S: '..... . '0"

· "'~' . .'-, The' ex:posures .a'T~e geod and the. presence'of j)~U:xi re WQuld h~ easyA;o ree.ag·nize,' . .' . . -. . .
· .. : ...... .' .....:;:hot OPly ir;.the)nantfe' but.alia in th,e ritidirlying Mesozoic, ;Pal~eozoic a~1d.Neogene '. '. " :~' ': ~ '.' ~. '. :.

"'J: '; .r,oi~~{(,? ',': \;i.'):: \"..: . .....'. ::: :~~\.," " '.e. ,:: .
" '.' ..'~: ". .-;. ~~soz~ic a~d.:qe.~~z.?iC .~ed~e1its.. ' .( .. '-., "... ~ '. "..' ...,... ':. :' '.' " Q:' .. '. .. .'. ....' . . ..;

..:- . -. '. '. . .T~e ~uras~ic, ·'8i'etac.eous,.-Paleogene ..and· Neogene' .Tocks,·are~ mostly carbOJ.lates . ';. .:: .'.~
. . . .... ...... .~ .and ..~requeft~[y .corita~in~'gyp~J.:!m. T~~ir ·~e'p6s1.tipn :;ji)~clir.red· in." arid,. marine arid '. '. . ....... '. .
o' ;'.'~'.".: • ~agp'on:~9.ri(iltioPS'whf0:.pre~I~~e.t.~e·:.f9rm~'ti-o~ o~,:b~1ixite. ~""'.~:""<':::''-''~~'''':~:''''.'''''"f'''~'' .: "::''':.'';','' .~.~;".:

"'K.". .' .....,..:~~r~ sapdy,and cla:yey. ,for~1~tr~s rel~t~d t9 con~mentaI·epIso.des. m the.'~~~.o- ..,.... ,- .'.. . r.·

~'; ~'~:"'.' -. ·z~~c.:~enozoic· seqiIenc~. cq~~d. ~~6~~~ti~~!i' .1?~~~~'" .-9ne~~~c~·.-su.cc~s~ion ''Y~ ......•. ".... ".', ".
~ .... <' t seen ~o-qth-east Jf Mula, .n~ ·thr"extreme· nortli-eas,t- oLS011]aha,. -117'- g()ns~sts;",of a~ *: .. : . .. I

F.. , ;.;~:"-' .' ·'-. ...}e~r.ugin?u~· se.qlf~~e ,20q ~eft~~;t~ick cqn~ainin~h:)Qlyrrii.ct, s~l!d~ arta'f~?~~olour~~: ... :.~~
~ ...; '._: ..... , . ~".~,:~~~ WIth..t?~n. mte~~calat.~l1t.~)lmeston~ .arl.d.-s~U:ds~0nes.l.n. h.my.:?ed~.men~s. ;,A~. -:. . ' ... "1

.! • r ....;. '" .'" l~ tmse occur"i!tQ· metre!?1. ~anay an~ claY~YI~?>.cJ{.WIth a ~hm ln~erbed~l.ng of grey··' '.•" '. ,/
':~' :'.'~>, ~,',silt~opg~ >~~~.ar;gil}ites.lcq~taini~g·l~r-~ 'plan~:d~b!is/ a~~ :b:'~~; :b~.F.m~st~n~a~,~:.,: '. . ..... : .:.' ,\

, :"'. ,·,.i .~': dolomlt~::WI.tII: le~l~.~.S fr~l1J~,O.4 ..to-O.~. metr:ethl~kof:b~o~n~coah .. ·.. ; it:.. ;.' >,'>,"'·lt~;~;:::·;··,,:·; ... , .
· '.: '.' :' ~:., ...... ':. )~9~Vl?eB~e bfc4~. ic;.atw~atherll}.KSUggestj:eofJJaU]{lte~Qrwatlorr~~B.Seer:t.~\ :. :r·.. ·. ;:;..~~:'., .~.":"

.~ ... ::.. ,·;·:;.:·,····:.':··:··~.Ne~ieIi~'~itdJlitater\a,rVma~iie"' ...... :.~ , '.... ".'7 .. ;'.• ;." :~'~\"~>~.;.' .... ·:;;;hf·~~~·Jtif"·· ."
;:',:' :;.:' .. ,~." ; ':'<q\ T~e;:~e~~a.in .1&. ~ ··.gi~d,an~·riot:Shi£~4 to the foj.m~;~I~n~6f:~I:dyi{Hn~.Th~·~i.iIf.1at~ ~ .',:"~ .'.: ,~:. ~ . . ',../.:....
·'. ;.~ '. <'. ~'. js,'arid, and/\Vea" ~rJng:ds .;lcconnjarired/,p'y-.disi'ntegratiQil..,.and: ..trans:p.btf. tmv.ards·' '. '. -:'" " ,: ....;

'.. :?'~00.",~';~~1i1uth~ ~~~,l~f~:'~;o1C~d:,.:~::~~t,;~~to;~~~~:~:~~:~~:t~~~t~; ...•. 'I" ' ';:t;~:.
,,' ;., .,. :·:w.ere seen:,u's' I: · :., .. '. '--'~ ..... , '. <..': ::' .. " .' '. '.
·"':i:;',~,~i':'~ .h<;:'~:f,;s~r~~n..:~e JhQ::~ta~ftp, ~,.re; ..;. '.,~ c; . f'. ' .. ,",':" " ':,.".' .,\> "'."
· :;': }, "., ~e,§ ; ;on~"I'~jo~"~J 'vitIjd .n6t 9nIy JSdwalia;. b~t,t'! in' of .trap!c;d E~t: ". ,.' ,

. .':. ,.lfrH~3I. '", ..... '; ... ·f '. .'. ~ .: .' ... ... - . '. ~ :1.,...,-)-., - '!~". t '.....'.:\t :":.. <~.

: ... ~ .'r· \~<.; ~,' C;·.:·.~\Th~ #~ ili~~ .~~ ~~p~:~ in~i?d~..~·.r:.e~~po~!~~? )ater~~i~.crust,wh~.~h ·~~~t;in~a:1 . ~ >~" ,; ."'i
· . '. .: ' " . fre.e· alu.ITJl~Q ~ hydrmqtloo.; .'. :.'" . '. '.' . .... ...' .. . .. .:.. .. '. '. .' '. i . .'

" . " ~.. :.(. .~, (b) ,~~fi, lfteri.ti~· .c~usts .a~<r ~uri~~e·l#.~wN.?r2~ :fq~i?-.d. ~~~irig .~h~.·:~?~esti~a~iqn . '. . : .'
• :.: 0 :!.;':'. ,- shq.~. ~.~at.1the·~.~h~t~· ~~~. ~opm~tl.y }~I~ablr~tor', t~er~~.lC" weathefl~g,~pOSS~?~~. " : . .- ' '. ':.' :

. ~_ .. ' ...•/. 'durIng:~one of,·thepluVlaLperi99s'of tli~E·arJyl Ql".lv,IIddle·Quater.hary whiCh have .' "'.
7:' :(.' .. . .. ::., .. ·?~eii~.r~potte~rf~9~:}p.earea·~rt'he.,Gr~~a~'L~~e~:~~nite.d S~ate~).;.. :. .' ;.:'. ". '. '~':.~:. :. ': .,:." .

" ';.~'oj"" ... ..; .~_!"... . . ,., .. j. ..i>. '-. . .' ".' 1_.·.. .• . . ',"'.
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. "- '; . ~ ''''. '. )-

.. :·.:'/c.. ·:.:" ... ' ." .-'.'~'~'" .::. Y·:~.· :--r '.' ' .. ' '. ..... ".' '~~;"'"'' .;' ":
":. '.': '." '•. ' CC) ,A.. ~()re deta~l'ed geo~hemical .and miner;:tlogical study of the matel~ials :col- ':' .'C,

.... . '-. ". lected'could, .provid~jnfoi'in.ati<;)ll·as·r~gara~ the. Qriginal-forIl}ation whi~h'~i1I?P1ied . ,.
. ..,..~, ..' the free·,alttmirra· which 'co1;lld :then"b~, i~e"ntified byfurtl1er·~exploratiop.;J3t.obably·.:· .'"

outside Somalia; .~. '.. ' .. n ••.•:' • ':. • "; < . ~'.' .:,> ',.' :'. .'.

'. ,:,'~.. " :}.{:~"! '::.(d}!rhere· app.ear: "tq ~~" Pl~~P€etS ~f .finding. ·balix~tes ·in .sOJ:he ar~as .of 'E~sf J '" ,,' .~.
·';~/.:" .. Africa andpai'tlcuiarl}r:h{thEi.areas of:.latefitiiation,:The influencing. fa~tors: woul$! .'
"., ",'" . ~::~~: .~.'; .be: ·a past"' :~~:d prese~t,r.~~~falrof.i~?te:~ijan.l,500 111m!yea,r;' t~e ter~qhi' dlsse;c~e~ . :' ~ ". . .'.

. .. ~ *' ~. -into pehepUdns:anq.:p'lateau~;· th~"pres~nce ·.ofeount};,¥ rocks rich. in ~h03··Q1nd·." :".". .

.' " '. ,poor. in .~i02'~: ..'. ".. .~.~ .. J • ...{,..~ '>~: ':':.: '.~,.,." .. : c.. ._.:. ~ •. e:~ ..'~ ..f.:~..:.. . . '"

.. "~' ,.;~. .... . ~e)'"BU~'~,~e,~ylrC?n~~~~ woulci'~ls~' ~e~r(n~isini. fp~ s~1~6a~.f C?-N'i ~~elil; ~n 6~es'l :~" .;,.. :'. .~
i. . Fe 9~e~ vml ,gold '3:nd;dl~n:o~d and n~sts 9f quartz·yems. Geo~heml.cal explora~
'. .,.. ,tion for th e would be indicated; :-:' .1'.0.: /: ..... : ': . -" ';: 'lI' •

,.... ;~.~ .;-~; .... _.~. .~~.-'~:.~ ~.. ' ... - ~.~. -':~' "'~' . .. ..
•-' .~ • • -. ••. :.... .1

4",,# •• .. ".:." "..':. -~ 4_ 't' 0- : • ';.:~;: ... ~ ... ~..
A:': . -. ~ . • , to .•

.; .'. '~:-B:: .EL:BtJR' SEPIOLITE' '.':' ;::·:(·.cu. .',.~e· '." . ':'."
,. • f.. ..' -' ...... ",'.. .~.: ,'-.' '~',:.• ~-' .••~. '. , ~~ .. ~".• " '~. _.~.~_ ~:,'_~_ ' ,_ '.: .' _ •.• ' ,.... , ~ •.:' ,~ .' .~._ .I..:~::,: ...

..Sep.i9Iit~;.:·o:·weers~llauin1.i:i~·hldrqtecf;mai.m~silf~~i}· ate' 0 .~~e· a~wro~n,n.at~.'·,· ....~... ~ .. " ....
.' ~i~\~1ila:,2.M~ .~.~. Si02~~~!O.:·.«. '.':' >,~"." .'. ::·::.X.~\ ;<J{> .......'.~... ::'f,.... ". ," ~

'. :".~.'. ~.. ....•. . Deposits. of:tpj~ 11;lat~ri~1 a~e relatively f~w~ the.ptinci. aFopes b~i~~Es~i Shebit.· '-
· " .. ': ..... '. ;... ,;: (~urkeY),· Vafcas (Spain), AI'hboseli (Kenya .a.nd Tanz·aniaY ~nd Cl: .n~Il?-ber ·of ..1

f'( .'" . . ." ' :small o~~Ul:re~ces·.in ;Ehgland~.-.F~al1~~,..t~e.:~1?"SS~? all-d ~he Pl1ited Sta~es.. . ~.~ ~ .. ~<,.. . .,~: ' ..
.: ';.,' ~~.:.: ' .. The best .me~rsch~u11':\. h;i~ long .b~en: .u~~Qj.qt~,t.h~ ma:uufaciure of: Jilg;h-qpa!ity . .. . .:
'. .' ~ ''':' :.\~ ":."." ~·_toba-cco pipe~, aJ;ld·inl.·tec~n~:'Years othe~ ~~~~Cl:ve' fo~nd a:nse ii1.th~.eh~ica~l· \. : -.,.~'.

'. : .\':"'.: '.. '.' .~l~~tri~al '~nd .~~rami~s iR~qS.t~i~s beca~s.~, of :tl1ei.r a~~?r1l~~t~ ..~~s.orbanti fil~e-~~ng,., ~ ,.:.. ,...
• . . ... . ..' I .m(.IU{dn~g! .and refract<;>ry ~ruah~l~s.~ . . '.', .' . ':..' . ' ..; '".t:- .- .'. ' • .~ '.

; .' ..:,' .siJua~~d·370km north of Mogad~sc~o ali~km to:lO·km.north':'westU,lhe town of . .:
...... ",~ \,:: : ...... :El B~r i~ ~;h~ north~r~ l>a:r:~ of Mud~,g·P .. .:v~p.ee,;~ ~IB~r.d.ep9S:~t~sJ.orie <if t.~e ..-
~ .. ~lftrg~stkn.q~n., ". '.' . . ...~ ".' >.'y ..I,' . ..,

,,', ::G~OI.;u·," . '., .,'. ~;,,':' , ,';>;~~«:"<
r .' .The': ar~~:"col1sist~' oL·E9Gen~,.·iime~t6~es··whi~h· pri'rictpallY. ~i;1iil~.,:~nterbeddecl :' ~;'" '.' ..' ....

-rgypsli:rrt, ··al).liYdr1t~".an .1ay.To\'1~nls.::the'· soutl1:::west,theseformations,·grade;. :,<,

into Cr.etq.'~eous sal1dSt'o es and .limestones. '. - . . ".",: . -. . . . .' ". '.~. ':" '. ':. '" .... ",
~-.~:' .~:... ': '>;.':.' The sepi~iite dccurs 'a a\slibhorizontaV·bed. within- lin;i.eston~s :w~•.·crop~ht ,,: , .... ',:': ..,:'.

I ," ~:' ·'WeSt~~.,th~.deposit.··~o.~ ~ar:.contCt~t··b~t'Y.e~~th~ii;epiolit~an..~,·.tp~]im.estonew~s .: '", ' '..';:'-
...... ,seen,but tlw-occurrence)s ?o~~eq ~~··a sir1gl~(depo$~t aligned north~s.out~...:·· .' :'"

.: ~he. miner~lt:~d area' 0 \,Wi:.flat-1ylng sepiolite is an .ar,e~ som~·.1.5 X'€) ~m,: .01' . ..' ..:.~' ... ..,

9 knf~.;"· 'rlie deposits are overlain' bi, a thin'· mantl.e ,DC~)'verburde~ 'and ov~rgrowh:. ~'., '.
.b:r 'bllsh,: c('mtaihingoc~.:siohala~~?~(rig:.white··sepioIit:e. 'debris.' o~tcrbps· .. Or;· pit '6'., .;.":.' ,\ ..

. ..... ~. ,; q~n~:p's:.,:~aw~r~~.th~ .~~s ).,~t,~e.s_~Piol~te\a~dt~~.ur:n~s~on.e a:r~, <?y,erlaiJ;l.1;>y;-l~ys.·,..~.:, ..... :...
,. '.' .. ' .... and. sIltstoneswhn~hlUay ll'J.P. a·s1;lrfq;ce depr~sslOn .. '.~~ .-":". . .~:- . .'.
~f .": Tl\e·genesis. of-tlie· de "'osit-:- -not' been "est.ahlish~a.. :tt could;I.b.e·· either a' syn:. :..

, :. ." ',. - .' igeneti'c" sedimentary fQrn 'ati n>'per~;jstent'~longth~ strike;orase.rles 'b(disCQu':"': .;,:.'-: .~.
/,' :. " ;'.•; tiri~oqslilef,a.sbrriamc.l~nssf sili:!ilar·t'pt~~:,depo:;iit~~:otturk~yand;''faIlzdnia·. .

• _.. • :~, .... ' - 4 •.•. ..~.· ..i..l.:: - '.~ .:." ' I'~' -:.;.' ~. . ..... "'::~.":...~....

. .• ." .~ . : .-. ;'- '-t..' '.. ."', -'.;"~
• • .... • • •••• • • ;. ,,"-~.., ' .~. • • .,: .... .'.• , A

(' _; --' t o'__ M- ...: U 1);...., .' 0 :'_ "..-n; ~ ..... ,... ....•.•
',' .,~ ': . .; • ."/.• I .••. ~neralogy. '. ,.' ~"'.; • </.' "'. 1~ . ::: ' .• ' .• ". '. •... . ,"

.,,'~ ~ -.. -0 -..... ..:. '_, -, _ .~".' .. -... ....!." _ ';' _ '1lI_~.•'. -;.:;' :,~. ;,o;"'~, .... _,." -. ' _ _ ': , -'." ·.··l·

'.A.'\;., .. .:." .~' .. "~n .its. ~at~rar§tat.~; ~e., .B~~~e.B~.~l~~ej~s· .• ~ssiy-e.,;t~,~acious, ..s~Q?t~t8.~.~e.totl.ch~~.':. ~ ,; . .-
. . . ..' .yeHcwllsh or grey-wl'ntewhen d~¥;: grey 'hen mQIspt·.Its har.dn.ess::mdex.ls :'2,2,5;~ ..... <!. : ~

: ~'~I":"";'" '" . '~""" ~"': . "~:', ',i' ...• " :--= f' "; • . •••.. -::.: .~, •. '.,;' . ~.','
.~. . . '. BI:! . ". . .'. '..!'., " '. . .; : .'

. " (. " .. ,,'. "'. ' ~ .. -' .' '. :;.' " .(;,,' ..: '..
~~ ::i:,'-· . ~~ .. " t.:. •••.• ~.. ~ " :)."j -" ':,-.., ... x.....> "'.;~', . :.... ~ t.'· ','.' • ". >'" ;'. ....,', : ".\.'
~ . '1\'. i,. ~ .'A..·. .'.' "'. .',', -:''';' -~.. .' ;r. .( I .- ..

..... : ..•• .p~. .. ~ : .r ,.... '. '~.i" .-. ... ~~-~..~- :..... _~. .~ 1',' _. a: ..
".'- ": _ "Oi!' '.•. " ". _ ". ' , .¥~ .,,' l' ... '," -.m.\. '. ,'Il' ,~"'~ .,:.~ :. .- •• '... "••..•

.,.'



'.

.,

:..
. ~ i

.,:.

"

'1

.t,:,'}..

..
'.

: .'.,

... '~

".;

.'

: '

j"..

i.

-~ ,

",.-

.':..

.~

".....-

..../.

," .. ','.

','
~}

• l'~'

..'

. .
.~." .
".'1' ff

'.'"

"

.lit·

"

,'. ... ~

- ..'

7

'.

;.

7... ·'.

" ,,:.r::-

.'

','

< .

"

...

" ,:,.

.•..'g.

. ,

,.

..;

\';.

..:.. '.

• l;",.;, ...~\ ..

. .,'~,.

....

........

"

...

,., •. ) .I,,~ ....

ft.'

'. !<,'

"

.. ,~
";-. \.;. ~ ,

• ~. Q"

.' p •

". 8'f ....
\ .,./.,'.

1,~' ,;' ..;.- <11 ..

....

......."\

"

. ~.

t •

~.

'.

,':'.
.~ .'f> • .",'

. " ~.
• ,>'~

" '.... - "' .....,

'f'

'.>

"

~'.;

, ~A:'
;.J.~~~~.

.'~'. '. ~ ., ... " . ~

o. .; .lP,tOO • 2000 m .' ...
\ 10'.." ...:l.I."'-!.... •..•'

....

, '... ....-

. ., ;.'

. ~:
'.

... ' ..

. '::

'e.. .. ~f:J ~ '. r'

'.. , ..:, ~:\.r .

".¥' . q.

I',;'.'

"

, .....

Geohigicai.sketch;'

'.", .-

" ,-..... 1 " ~

."

':-'. ,~ .

:; "'"',

i

Mi~era! and' 'G~oti~'dvvatet S.urvey·'
'.''''? ... .-".. '. '., :'! ,

e:u=R'dg <5£ PI~QLlt~"E~',
.'. '.':' ",. '; :,., ~ ·t ;. . ." ..

-: .

""'.-

,id·

.......

\ '.

.. '~. .'"

.:~...... "

,~'..

:.1

•
.'-; ..; .........

:(

,," ... -.

Ioii. '•

..

' ..-:."

.:'-,1

.'.' '.~

. ~":' ",- .

••
.~ .1':,.,,,.

, .

.. '~'.

r: ...

..... I

..~.

"

......
'. ,

..

,..

',.:';"

,. I..

~" .

. ....

__ ,'" :;'.' t. ~ '!

'~

;'I r.

'.';

...

''''.'.

.'

i-, ....:.• ',. 'rf

.',"

, .. ~'

,
jot,;

. ..

,...

"".'
...•

;11"-; _~'.',.

'" ·.r-·
, .... ;..' .....

•. 'r ~

.,

...:.

""

~ '.' ' ..

~. -, .

-,..,

.~...
• , .' )~I ~.' .-"';

• " '. . I
.; t ... :

.........,?.

.. .',!'" .....

"- . ~ .
-.'

.. ~." \~.

,~'

"

'.. ~

~r..~.;~; ~
. ., .
.-i- .....

}',:..:.':,.
','

".' ;".

':-',.,

,/ .

'.

,.. :... '... - "
4"_

, .

...-,

:~"'"

... 'ftI

'-:'



·'t.

',,'I,.

-, ",'...
" .

. '

...
.." "!'

" .

,c""

.
fI. .- ."

> ' "~. .... ~....'

• "~_I . .' ~

, \

; .>

.... , .'

et .'

, ,
~ '.

. :' .

~::' ~:

.' .

.,,:
"', ,: ......~

',~

.' "

. ;' .....,'-.... '

. , . ~ '.

.~...:. ··ti~. '.
. ~Al:. '.,'

. ~.-~

-:. "

' .. , .-'j.' ..•.,

'.,.> :-:-

",' ..

......
.' ""! ." '~.'

".

..

.... "."~'." ~ \'
,," _.~ ," :: .:.;,: "'._;' ~ • ~:' ;,J-T:/ _ '.~~.. y ,_:.~ . ~~: :~:.._~~ '.~'; ~ 'lr' .:.. j\.

,,1:.. o'? ,"'\ "'o~. f · .,,:,,'. ~.> 0; : :' ,'! "'",-~
. ':::.' .. , : ':r.: '.. '. ..~. '" " ... :. ;:~; .~: .:~ ".~..:·/;~f· .: .._.f. .. ',. I'

~:- '.~.' ~~";;" n' ~:. .... /. ..
" . . ,~ ... ·~,.:t ;. .,. . .. , .'

:! ....~~. "\"~,'~': ..\'-::.~' {". ',', ...• ';::..',._ .•. ( .... ::-~: o~f:. ·-,.f·l\~r,~;.~:

if "i'~~ 'f { .... ,';;~';- "r ,;' · " ", ' \: ,\
, ' .. r: .. -'. ,' ..\ ;,;~ '.. '; \,~t .:':. ", ';. , .' " :-, 'i

. · ,.: :, ~ '. .:;'P :,i).{' ,,:)'. ,., ." \". ,.",,"
'> ,;' ,'<: ", ,. ".; .. ;., , ";',.;,11.';;, '. '\ .' ' ,... i ,.. : ,'., ·."t·,

·v:/·. . '" ": and' Its. :'~~e~i~ ~gra~~y' .i~""2",,2·~Z· in. its n,~t~l~al' ~taJ~e: 'bU1<&i'?ps to' 0..83 ~he >dtir':" ..,<.._.;' .'
/."," .' ·-<peca:u:se.. oftlle.. higll:Qorosity.. · ,'.:.'.:' / ...<>: '~': ~. -.• :, ,"~-':-

i.;. \ '. 4; ,..... . •.•• '.' • .•..

.. . '.' '. Tliin:sectio· ,andtheel~ctron microscope. shbW Cl; .compact tangled fibrous' m;;tss"
'," , . : . . .·.:.·{:\~hich·~nG1.bs~s. :.·etrJ.falgrai~~~t~f .qU~l'tZ. of f~ldsr~ta.n:~ orgyps~~~~.· '. :'.' ,.-'~. .. ". : ,..... :"

.;.: r,. ":':.'. " _~:"'.' . The :mater.Ial.tQ~~1·B?r·pont,ams79percenu,.sep~QhteJa~~'1~amst.88percent·.' .
" ,.. ".... "' for 'sa~p¥~ fro.ni>T~nza~ia,,·~he pfinCipal·h~pl;!:rity'is. evapor,ites, ·.mainly 4alites, '. ~_.

· ~,.. -'..... :. a.~,~. ~J:l~~' mat.eri~l"'is; c(}mpa~'.a.b~~ to .~M, .'~b.~r~t(' Il;1eer~?haum of. r.r~nza~lJa., ~n.fit ..:' : ..
. :..J!...,':,"; . . '.-'" f6r 'pIp'e' ma:nufactt'n~e 'but ,slptable for carvmg utto ·cunos. and' fOl~' such. mdu~tl'lal .

, "i,':>';.' .. '':: .- -" p~r,po~~s .~~. fire' b>f~f.~~.· _'.. :;':1 ':\, . .' . ,,\., .,' "'>.0 " . . ." :\,','.;(
.',," .. :.J'/. ···~~.d.·:·~(}THER;~hN'E~Ais'c)F'~H~ :B1f~'Ai~k' :"\ .' . ':.:~~. ... I:'
.'. .'... .,... I~:' , .' ,:':~ .', . ·t . .... ".:.. \ ,'r 0,,.,,, .... _: ': \. . "_. ~"" ..

',' ••.. ,. ">. y~' ·GeDchemi,cat:explo.ratio1t, '.,: ".. 1 l ,..' , '. . .' ,". ". .
.,~...... -.. ..;;;,.' .~:., • ";' '. . \ . ":0\ -.. .... _' ~ . ?~. , ~

.' : .... , ".~'.' ,. Tne l~~~ult~ ?f:'tij~-:'$~bche~~~J}iv.d\p1e,t~lldrpef!ic" ~~ carrie.d. olit .~~ ·~tre~m:~~di~
~ ." '.' ;. ,<:0,>.., . 'ments ui the ~ours~:ofthe g~n r ge~l.og.lCal ~x:plora on ~el:~.1PSU~Clen~ to s~ppott '.• /1
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.... . .. .- .:,' ....::. It' isjmport~n~.'fo' n'o~~, 'howev~ , \ha( t~e"'~eavy ~on~i:mirates''fr9,P the .B·ur
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....~,'~.... " ..: ~1)-witht6~;'geblogy:::6fthe 'area,th~y meritflu\ther. inv:estigati<)ll.:·· .. .. ~

:/' ...tij,Marble>.\.' '.' ,,~," ," ' ,,;:, '-'h
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.;.~:;.,;r:,~~~;..~' , ..... ···::·)?i1.d~rig~ana.<?~n~m~nhtlpu:rp.ose$:j weref~und' iIi;~he following ar~as: 3-4'khi sOl;lth . .
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. '. ,- ."in the Bur Galan area.. :.', . '.~ . .': ;.~ I .... • •.... :.:..

>. ;.~:,: ;:: .:.:-' T~~ii' ,a~~criI?#~m.' is' given 'i~ rf~" tech~ic~l.iep~~ts (s:~ ·Refe~~nees;,·seetj9~1~,. .' .i.$'''

" ~", 7;;~:~~ZW'lr~.1~67):~lndi acc!J~~(l~yt~: geOlO~Ca! ~a~.ofthe, Brreao: :'. . ',:..
. .Pegmatites·· -, . ,'.:. . . '." . .,'... :- . :C.' •

4.i'. ~ "~ '~':, ~ .,~_ .$~ ~~ ,_~p". ~.' .>~!..:.•... ':ot,. , ... :,," "",_. ...• ';',': _;' _.'. • 'i"\:..~.' -. .... . ,;--." .,:. "'i" -::" _."\" •
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. ::t. " " ). :. : , .~ .' ;':* ~. ..';
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" .. . ~'.'9 D.' ..., . ~ .' • It•• ' •." . . ..., .• , '. .' : •.•. .:'. . ' ., , : •. ' i . ... . ~ .. . , .

,'" " '. Phosphate"-bearing rocks, "'-. '.',., ... .. '....'
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. , .... &.>- ' '. '.' '.(a), Thatwilld.-lai9:aune·sands, widespread-in the·.eoastal area; ,.c·· Lain' fresh
. ";'~ '~wat~r'le~~s iR';'c~rta~n?la~esi .floaFng· oA~~~a,cltishwa~er.. T~~~fresh wa:ter. :il ~e' ..

. "<Q.seo. for a; l'l~aLwatersupply;bp:t the, maXImum .avaIlable'· IS two' or' three"cl} .i!C..... ..
. . .' "," '1riej:rei:?per"dayper'~el1;:'..:' '.' ..... ,." '. '.' '...' '. .'. '. ,., .", '., :~. C--c.,·
. '. ' -:.~ ~. . "(hX-Tha;t whih~.theloaman~daYiillingslnthelo~er teaches ofth'eGiriba'valiey '. ;I,r '..~ .

.•. 7' <.:"'; . -areimper.meable',.fine-gtained allJ1mafsandsaret<f'befoundlocally and.theYcon- •
.,t.'" \<~:,: y~ ,·~ ..s.tit.ute.; '~~:}hes~J~~r:JQq~!ittes;~:~heo~ly~ fresli. I~sli-water. 'aqu~~~s hydraallcally" , ..

• y. l~nked<}V~tlithe:"r~ver; :t, ~X,~·,; .. . ........ .', '.. ..'; ... ,,;,- ." -'
. - >'. Wells were'drilled iii s-q.ch areas in 1965 .to proVide water· for the" C:hisimaio meat~'..

• • r '. '~~.,~(,;paCItirig:plant>;r:aey Yielded up to,lQ m~~~Jf ·fJ,"esh water per' day~ \\rjth a total.dig-
.(~. '. ·':':.~~;ol:Ved~s·olids;~e(:mtent,'o{le.ss'thfm'I,OOOppin. The feasibility ofusing the wate~ in'" -, .

.~. <'. . :~.'the alluVial sedi~eir~;·o{,:tii~-.-i~\v.~r.~~aches of the Giubci Riv~r for domestic"and -
- . ,,-,-,;.' .' other'putposes: was ·~ete~~win-e(tiri·the·:c~urse: of this iUvestig~tion.~·: . ,

1-.., ...· I' • .• - .' , • -.- / ~.~~' >- '. '~, .' '/.' ,,':-"- .:... . '~ .. '" "" _," ';.: • " ~ ",.' ; .• ""

"; '. . . M'~ ...J 1';"· . . "'. " .:. . .". r . .• .' 'j"~ 0 c'
. "',: :'. . p ·Uf.l,ughpljL~n·", ." .,. ..' < .•' .'. • . . it;; ..'

. .- ., •. ~ -'- ..-~ ': ", .. '. " .''-':':-:.:' ~::-7>" ,a \._:.- __.~)~{. !~;f; '. -....-..:. _ ~ ~;·t'·' "-,:' _,,' '. \' t ..· ., . ," 4.. ,: ..... ': ., ..--" ' '.', :, ." .:.... "'. ",,, ~",.".;" .
.... , .' ,. . '. . ..~The¥udug4plaiithas'~#o s~gnificantd.rainage,,~n~- its gr~un~hya~er.,re?ources ;are';

.. . .. . _.. alm·ost,"~nknown. ,.Lo"Y~r '~ocene ?edim~:t:J:tS'~ mostly ljrnestones t .Go~tainiI1-g··a.rihydrite '.
~'~ .. " . . .' a~d gy.psum; 'co~r large,:ar~as, and their waters .are c<;nnmonly:. highly min~ra1ized.. . '.;

. ",~.~ . . ... .. -"'. . , ,... ;: "*- " ..'
.•.. -. . .' ~:' Shallow depr~si.ons· occur on the· suma.G.e of'-the plain,' and these constit~he .. .

'.' centre of smail endg}'eic basillls.; local water resourc~s"a~~~ilable'at sh~l,lowdepth ..'
... ' er~ ~hese d~~\·e~sions cont~in 'sign~ficant Wa~dy dep'Osits.~~,possibilitYoL~f fiI}ding -'.' .,. ,. '.'

'.' wd~e~) artesiart~:vaters.is ;rlQtexc~ud;ed~ ..•• : ",'~'\' ~ J ' .:. ' .. ,'; . ~
. .' G,'" 3 ·,'·.·~he..: pr~s~ion. called'~h:' .,~~ogalYal~'eY~;'where\'niany:~s~teamster~in~te,~'~.~ ~ .. _

.. ,,~.. ' ......• · ..I()UOw.s;.:th~~~sofan·antlClme.irnd;~ontal~~he ~eatest/deJ;lSIty~ o~ .. wells.whIe~:.:, ... ,," .:
: •. ' ."41' \':" .'i -decreases towards the p:orth~ ." . ~ . ... / . . . ~

. '''v''. ".,'.,', .

• I ,
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'., . .; occuqink' atth~'; level of the'base~~iitJ;tb"~jl eXIJO~Ures .. ~~ver~l hot" and th~~mo-
_.!ll.ineral'sprirtgs 'are fo~nd inthese ar~as.- .b: .' <. . ". ..' ;."

..~ '. Due to the difficulties oLaCl:~ess, 'onlya lirriited nUITlberof holes.hayebeen-:dtiUed' .'
" ../ . . '.. " . .' '. ' '.

. ~.. ~,.... .• :C." in thenorthernprovinces.~,· .' . .", , .
. Th~ .Hawd pegj.onis cOnSid~red waterless,'"rith fhe exceptio~ of a;few temporary :.-~

S~~IOW lakes..It:ca~ be ass~~~~ that below. tJIe Tertia~¥. ~edi~en~~, ~he Nubia~ " "
sa ast~s_m;).y retaI!!' artesIan waters: ... ..... . -' . .' .

.. '..~.:.: J', .. ' :.. , ' ''. 'l" ~ _" ., .<:'... . . ' .
... No~thern:ilopes oJ the El~add ·Massif· . I '" .... , • ._.

'~.".' amd.. tlj-e·coaslulplain, Gv;lfnf-Aden· ,- '" '.. -::' '. '~" '."
. .; • in i!}66ariJ i961-fucreWfrom the Irrigation Rese~rehI~HtUte(UsSk) .~~ied.

out a .hydrogeolQgica} ·surveifo:deterlIline the {ea.sibiiityof .a·watel;.supply ~Ol' t4e..
'Las.}p1QrelrfishcamierY on the: GuIl.ofAden.·. '. .. '~'.~" .. ',.,.. ..
. . .'Fhe:~rea" ~irrv:eyed;.which had'a'radi~ 'of"25 k lIl around, 'Las ;({horeh, -contains
limestone~~ sandstone~,~iritstorl~s"aJ;id e<!bglom~rates of the J.VIiqc~ne Dubarseries. . .~ -"
Quater.nar! formatio~s ~ere r~~]:e~eJ;lte? bYe'Re~ent ,.~,eac? sart~wind-blowii dune '''.
~~cum~latlOns:and .dIlu~al-proluvIa~and· alluV1a~-J?roluV1~1 s~dlm~ on. tne foot- .'
·hIlI. plaIIl and In the.m~Jorvaneys 8f the mOllntamou~'regIOn.; . ' ~ .. ' .. '. .
'. 'This wOl~k' established ·that. th~·.geolcigicalfoi·nj.atipn~:holld 'iarge amounts. of'., , ."t'•.

'. '. .... . .•........ ..:. 'i k ..,.' . ". "..... ..•

gr(:)uI;ld~~aterwhi~h.~re.co~lInonlymin~aliz~juP ..to·4,~O·Pl?mwhile the' ~ers:

confined to. the' 'pro1u-viallans of' t~e major' valley':s' are: .onl)j" :m.inerali~ed. up to' '.
~f. 3,OQO ppm.'Wells.drilIed.in.. theSaba .arid Damalei valleys fdr 'instance,\~ave.0.,

··puIPIjing.t~sts"·up.t.o g~iti:es. peT:;second·of.water:,v.i,th:.l11i.nerallizqtions· of\1,500 to' "
, 2,000 ;ppm. ~'If ,one ~OnS~ders the r~plenishn)ent:.oigl·9uii1dwat~r..storage' bY' the . .

~~~~-
. . ma,s~if mnstbe consitlerable. Such grDund\Yater ho\ve'7J~r, \yhich ,cir~ul.ates within. ....

.- fi'actured r'o~ks, ~s qui~ldy minel:al~z~d, by.'th~ dissohitio~' of salU in,~hese rocks.' .., ,.
•' " .. ;. ••.• .::' ~ . - - . . . "I" "'.~ ...' .-
..... '". -"
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.,0>·HYl)ROGEOLOGICAL SuRiVEYS 'CARRIED bUT-, ,.~ ..' ~

.... .BY THE'PROJECT';':" .\~ , . .... ..... '..
. ~. .,. I .. ,.b.: .. .~.•...-.'~- -:.G": ''.''!If.s • ". a 1-,.•.• " • '

_. The Plan ~rOper~~nst~p~rate'~th~~ ~Ydr~ge~lo~ical.sm·ye~sQ.e ca~i~-~ o~t, t~at
. ground:va~~ ;condltIOllS an~ ~vallablh.tI~s b~~XaJ;plned" and that f~flSlblhtystudle~

'b~.~a:.neS; : ut..~y,drog~olo~al expl,<?~~ on,. th~refore,: sove~ed:' the ar~~ 'qf t~~
.f, D~!mI.r :and 1;11' Galan Il'on -<;>re deposlt.s,. p rt of the rtor.th-lVesteln regIOn <;>f tlfe .
:t : pr.ojec~~ a.~r~!lJ .~he\B.. ut' A...c.a~aa.re~ .and,',·.i..l ..~8e.: .vi~~h~t:V,". ~f~. C.'.his.imaio ·in SQ~.~h~r~\A.•· ".

'. :11, Somalia". .' :. . . . . ." 'f '.' ,o•••• '.;" .'"

'::i(~r '..' .. ., '. '.'~.;',~' ~ ~. .'. J ' ., • " '. ,

", . ~'II !JfJ,irjtir::JJur.· ai~nare(Jj '\:";' ::........ 0: ,: ....: .., .': . .'.: '. q

.. 'n :'~k~~g:J6f;~~:i~U~:~te::1r~~eI{:i~i~:~~:~n~~,o~t~:~::~~~~~~~~'. ·
-wafer"M~nd{tio' '~round the Da'mir' aI!-d :am: Gal~'ferrug,inous quartzites and tq ,

. . !..'.estima~e the gr ungwater reserve. ahd availabiJities for a p'Otential Jl.1-ining opera~ ..
. ,...... , tioIi. Several "sI> .ings provide yie( ,adequate' W,4 present r~quiliime:Q:ts, arid the"· ~ -,

..,.' •..~,area:~uffers .no S ortageof.water,' bd'tlie. Pi·Qolein. of ",vater supply will" aris.e, :if ..... '.~#
.;,: any niiningbt·ot er iJ?dustry ,is 'develop , 'andtliissurvey is;therefbre, relevtllit'

'<.,;:>L . J ,to,thepr~seij.fe, loratio~or.uraniurD:(:'4!' ~,:.:'" I' ..< '. '::'~.' '. (;,';';'.>
". -i - ",'. ',: '\. • : , ! -. - .. ;...: ,.. ~ . ; :! ,"

".. '\ '. i ,. '" ,"k"';,

:'--- .'~_,.",-~\.: "'''~j r t/': <:'~- -4· .-:.. "_:..0.. ".. ~.~':1;"'/0'1- .!; '.. ~
\ • , 1.'~<-~~... _ _i ... :;

'. E.-i • •

t~~._·~, ,;} .'~
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The Daimir hrid Bn~alan ;ferruginousqual~tzites .0<$1r iu the nm'therh'p~ttot.·
--the BUl"r~glonl some 60-;1Q km'so~th-west of th~i~:q;)Vn of Baidba,'neq,r th~:Bfti.do~.; "-. .'

..~ Dinsor' road. This area is b~tween the Scebelrand Giubarivers. . '.. ' .• '\~'''';' ':;. .~ ,
.' '.' ~c~o..rding t.£>. th.e" ~ec_or...d~of th~.,:.mmeteo;t5?~...,o... giC~r.', ~'~ation ·~.f :i3aidoa~ .. t~~ a....,::.:. ~;~~ ..... 'b. ') ,.~

.ramfall fr0!TI '1956 to·196n averaged'5~l-:A.Il?r.n, rangmg from 309:3 mm III 1~55'~o' '... ,.._.
951.7.,mm in 1961.:rvlont\11y precipitatlQ~a!:eeve~ore variable. The:. average' i-'~:.
'annuaL r~inf?ll.' ~t.Bu~·~ca.ba~ 70 km,sOllth!>fB~id()a%eQ!:aed 4Q8.2·plm !orJt~~.. '--" ... ': •.. ': ."'(

" ~. sa~~ ,per~?d;·~U.P:·:CIP~t~tI~~S,?ec~r 1~ AP~ll~May ..and.O~tOb~o~en~~er~ . '.' . '0 ,~
,. ,GeOlogy. '.,' "~' , ~.'. " '. ..... . .~> •• ~;J' ,....

" !. ' In the past, the hydrogeblqgy' of tp"e Bur area I~~ a ~~lw1e,. add e~pec'i~~of the
.' ar~awh~chis upder eonsideration, had JJ.ot:beeri sP":i~•.;stu~i~d.dnd,,!asalri1os'K.

. unl,{nown.Theground\v,ater reginiehad not been stu1lV:at all.... ' ." ". .~':'
.~ I .• ~'The basement -rocks' ~ofthe'areacorisist of ~ss, schi.st; andamphibolite,

- iritrudedoy gr~l}ite~ndbyhalo.esof gr~ito-gn~is~i:Thei~~lie·.tapped'1?:Y a1nantl~ ·.eR •.

of'weathered,rock and of diluvial and alluvialformations 'of..variedthickness;·~' ..
. ..". " Th; baseili..~ntr~c~,al'e()verlpjri..inth~ ,~orth 'by'Jlirassi~ .limesto.nes,marlkarici :; . ".

.. 'i.e. , .(., ...•.... ~·~:sandsb)lie~,: and' in1,~~edia~ely overJain ~y the lirri~st~nes' o!'~he .II~~an\eisep;ies.·,.·"".;,'~"
,:. :" ,Th:se·limest.on~s:f~~m,.an e~c~rp~ent'~hich ~'~ns J:?ugl;1ly alongtheJine.,bf;I?.frriiI .. .' ~~~. i v

-:;';~;~i- .... ~ , . sprmg-"Manas~~Pl'lng-.B~ldoa;/town, and loc,allylt :r.nayb~e.seveeLdozen metres, .'. tt:~., "".

.: , .' :. ". :h~~h~ for' inst~nce,. in' tp .Vici~ity ~ t~e ~~i:r.nir 'spring~ ~~e limestones. di~ ,g~ntly ., ' " ',", .
". towards.th~~:~l'th-we~~an~ m:e qverlm~.bx~",~p.~·ls·whi~h.f?rm ~ flat plq~eau. .

" 'The JuraS$lo' rock&-ll1 thls.. area C()11stItu~e~-southern hmb of a large, gently. :'.
• .'" . Ii ',folded sYJ:lcIine which ~e4tends northw~fdfSihtb'Ethiopia~ .. ,. .. " "" .. "

"\:, . (,'-; " ... Eluvial-di~uvial· andalluvial-prolliVial·f%~~tions:cap 'the,~.basement rock-s 'auq':·.:'
'.' ,:' hasegreat hy rogeologicaJ.: importa'hce'.':l'he':eluyial~diluvialf(}rmations con'sist ~Qf..'.

" .,grey . " .' ·nlo~.m, and of-sa~dy -loam: conht1nipg fragments o:ft:D:e ba$emel1:{ .:,,'
'r f). /~he alluvial-proluviar s~qinients consist-of red-:,brQwil, u.nevenly calibratea..

sand which merges into the generaJs~rface s~qu~nie.. These ·se4iments"ea~.oe·

s T~~~~C~fth~ £~eut ;9cks al~o p:odu~es u,,~nsulidat~d ~atel~a)s .
. :', ;'vhich accUIPtllatelo, ·nto~eIiosits-.ofconsidera:bl(~~hickness~. ' . '
'. '-' .. '~' .' ..... . '•.. ~; .. i· '. . "'<.~' . ': ,~ '':~' "., . :

.~ydroge61ogy .~_~ ';'. ,.' ',~,;<,.' . . , . ,

~ '- : .."" ~ --~~...,. ,',' - '. ,', ~ ." • ' •. ' . .... • ,-' ". .'- - -, • ..... ,..>'. - .'

... The hydrogeologica~d hydl;olog' I survey' c,arried out .in'the nort1wrn part
.~ ,of~h~ Bur ~areftJ ?l;l~V~~.th~Olln?Wate.rp "nt~dt~ehy'di:oge.blog'ic.~~ ch~r~c~
, te:l~tIC? .~f. t~e =tntl.. lYI~Ual.ro. G~'form~tlOns~ .·,T.~~~~ hydro,Og.eolpgrcal' ~n~ts ,

". .'were dIst!?gmshed; basement' rocks, hmestQne~ of~u.ra ~~llJ.vIaI-proluvJal , ,
. : ~;·~~ndYs~di?le,rits,,\,an.d 'unco~~olid~t~d !~t:.natjons, ~,the,~~a-: \ .~,·ZQ;n.B ,o~:,thfl.. .
f.b~semellt.. .. '.. . \' . ..' ..>.. ,:.~ ,'. .: "r' Itl·~the n'Iassiye ~hd .,sQl~d ba&ement,rocksw,~ich themselyes, con~titute' a popr ' .

.. .·aquifer,groundwater availabUity is limited to f~:ult;ahdshear zo~es;Thes.e roo~ "
. ;, -~can becollsidered-as birteu' over most of the area.' ..' ..' ~."'~~ '.. . . .: \ '

. , • :!. ': • Jurass\c,'1imestones coritain:the bestre~ervoirsiI~'~b~ar~a '~llrveyed"'S~veial.:
. \.. , .~.fi·esh-water~rings·o~cur ,at their,'co.ntact with thebasem~nt ~ocks.Thesm'i:rigs."

give.yi~lds-ranging from a 'few.litresperseconq,~up t.oas much. as 25litres/se-c.
: Althoughth~'sllrveY'wasmade inthedlyseason, the Manas ,spring'gave '13.2 to

..~ .. " 13.5 Htres/&ec., the :Daimir'spring 2.5 :1itreslsec~; and' theBaido~ spring~around:
• •.•.• c.' 025 litI'es;!se6.. No Cqata-aie available :regarding. th~ seasonal variations of these"'< 10~':- ;.' · · . ,,;7.:... ' ...., ,: .... ,'. ·

~. ", ",
. ......~•. , .... . : :', '; ~ 0
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. ~', . \ .~ i~hment~ Qf the groftnd\vaters ip.'tneBtir area~The spall()~eI:dsiQnpatte~:n'in th~t .. ~ .
. . n<?rthei'I1':part of the' ,~l:e~l' sug~ests :that: m'ost of.th~ precipitatidns go ··io ·.rechatge· .
, :. the reserve~)}f groundwa,ter, 'and that th~.ia~nfaIl·f.ills nop only the.. dep~'essii>l~s· .., ~',~.' .~

·Whinh.coritaj.~·~~osematerials andth,e dry:stream vaJl~Yfi:but'~~sothesp~ar;zo~es"; : "
.: ',' in theb~eJrient"!9C;kS~ 'Thelepiairiing"surla~ewaters':are :dfa~ned off~lorig.·the .

. . .'o' :." ; :s~aso,nal.~tteams·to\the .heJltra:Ia.nd soutl.1~ef:lSteI:n':Pfn~t8',~~th~ B:ut are~ ..w~~reJ~e
<streani-Qeds.ai'e deep'.and 'Ven~<;ievel.oped. ;.' J.' ..... '., .' .t'.. :, .<. ..,.,., "- .' "e';' ,

• -.' . - ' •.~ . ,; - '. _ • , - . - i • • 'r, -'. :. • . ' . .-' :..' .

.. - . ':. ,:Th~ -alluvial sedimeJ:1ts~;jn the'northern part ofthe .1~~.l(.~~~e.a'co.ntai~Ir<:shgro:Hlld;.' .
'..wat~r wit.h a tofal"of dis~olv.ed solids 9f 480-qp30 ppm', Watei' in the.baJehfi. near Bur. "
. Galan is more..highly n1inerali~ed w\ith tds of 84;0 ppm,.the chlorin~ ion dominating,

'. ':" ~" .. ': ' .. " •....,. '.,: .":: ~." . ,' 1,' ". ..J" .' ;;'. : ,',': . ..\ ~ .. " .'"

.SurveY:.of·e~.stingwate.. supply' . . '.' .~, .., ',' ,.' ". '. .' .~
; -...' -. ' ;,' ,.' . t ,', . •• ",", ", , : ,. • _ . ~,," ,'-. . ~... ", . ", _ . " '., " .' " ~ • ; ~,; • :

. In, ,the.are~· undeI~I~inby iurassic lin'lestpnes; ',gI~oUlidwatel··is ..':recDv:eted .f~m .,
natUl:al ~wells,"djIg w~lls.apd .spi'ings.The wells' equipped Wit~· pump~ .dri'\i~p QY; .'.< ...
i1?-hn~n~rengines Yield .f~"om.o.~5· litre/sec~'t~ (5'nt~~~s!s~~~' A. ten~hoar·pumping :,' -.,,' :",'

; . ' .shift "can~supply from 40' to..120''ni3 of waj;er peI~. Right from one well. .. "':. .". . ,~'.'. 1

. , "0, In .~he·to;\vn' of l?~i\ioa;·four. bo~feh?l~s':and ~~odui \~ell~. tap gI~oundwaterfFQP1>~··· ..~'. ".';~~'" .
·,Jul·a.ssic~limestones~inap1): At the··Manas ispNng:and. in the settlement ofBerdale, .... " ,.' :'-:; .

. '.' ~ 'WQundwRtel: Is 'l·ecov~I~ed~frorh. Juras$ic 'lim~stones inci>ri~~ete~ease(rW~uS '3'met~:es' .. , . ". ~i' ::' .'.

... ,',\'~' in ~iaineter~whiGh deli~e~' theIr oiltpitt to a c'oricI:ete watering ~i·q~gh:.-:-- :~< ..... ,':.;. ,<.~~.<.. : .
1. )... .• ~" . ~... .. • .. _. ._ . to. ~_._ ',~t& .- .... ~_ .• _'-'~" ,', _ ,r~'

• • ~l. • ,-I1?- the area" of 'the IQ'e-C£tinbrian., b~ement,' roe-ks, tlj'~ ~i~tallB:t!g~' fO~\w·~t,~rl~':~:· ~ ':"":~""

. ,: '.'.supply .ai~e· far.sip1Pler~ TJIe·wells: t.a.p:the~groli.lH~*a,t~~·s J>f ~ ~l1e~:Ji:nu:Yial~~p~ttYi~J,~;:,:· ..~::'\ .' .',
.' ,····~:sedi;ments ..a~~. of:.the...~he~'l~z~o.l~~'''1$eYa~;e~~uaUy;-'cirCiil~r a~~"are .:ya~~d·'With··~ ·L.. ~· ,.:: '.,.'

,,wood. The.dally outputs of:tliese wells can be,lO m3." . ._ i I

" 'i~n~ltisi()~s'an~~ec~~mendatioris",', . <' .:\ ,.', {:::. .',::,••:;':,\. " , .'. .:. !'~'. ',';,':,',< '~.:::~~.;'::
~ "" :' .·.Tb~i:>reli~inai1'. hyarogeoiogical'sUr~eys haye·. shi»vn'th~t' ~6h~i~~'*bl~ ::g~o;~d~ ::,'>c::,~;;~~f.:';·~~::;~

..: :'. .watef:is' av~ilal>le: !in·th~;;Daimil·- :Sui area, Its e)(pl.Qit~tiQn.i~~q:u.ires·furi}iet·.siir<:. .;""
''',,; ~ ., \rey;~iig~·a~c9nlR~nie.dbYflrilI~hg..~:. .. '.~ > f .... P··. I:,. -';'<' .' .... :<~,.;.,: ..".«.:..':~ ::;,':'.'.

' •.• ' "f .. ' :The 'r~~erves of water are)..neve:rthele~, not.Yery,gt~at aJ;1d·;d9ii+~stic sup;p1ies..anc;l .'
..: /:. . .i.n~u~tr1$.rsupplies mus.tther~fore be. consi\Ie!ed: 'S~pal'3:t~ly, ...:... /'. .' , . < <; ;,' >."... ' .·<~t·:,·, '.

. .1' .. '. .' DomestJic ~vat~r iupply. D;Oluestic ¥{ater s~ply 'tan be. cov.ered bj(extracting,.tpe· .. : " '.'
_. ~~': ·:f.·, i . ,. grou~dwatEJrf~·.o~·t4~ JUras~iG liin~tones'or.'fi·~~,~h;ealluyi~~-proiuYi'ars~.ditn6nt~.';,' \:'~', ..

.,.,' '. '... ,i'n the ar~a:of the Jeffel wells:;As$:uroing a dailY dbrn~~ic 'coi1Suinptjon: of.,:rOQ Iit~es' :. '. '
'. '.' .i, ,." 'p~r ~.apita; 20~ m~' ~r 2,.3 litre~(~~~:~(w~t~r wo~ip £~ ne~es~a:y to suppl~~ ~.~s.~~tl~~.::.~'...

". ".; - .,'. ment of 2,000 mhabItants..ThIs' quantity of.;watar .c,an be.obtamed fFom .the BalmIr·.·. '.
?i: .,'.~ a~d' Manas' springs:' " ..... ' . .' ,oO... . ,,:'l ," .« ./':'r l'. :." .:),,::::' -:. c' ,':.' .:.... :'

~ ~", '. ,." ..;" The ~atet'p9~~fne~:in,t?e..a~I~YiaJ..p~·?hi'~ia~":~ed~~~tS·:jrtthe ~rea·~f.::t~~~Jeffer:·.::,,<':" "
,:.. . .' .:.:. ,:..... .wells ~o;nStitute.s a promi~ing.. domestie: I~e.s~rv~, '.Fhe' final se~ectlqp. of the~ s~mrc'e:': ~. ..' .

. ", ,; .' I • .... •• " • •• • • • ;

'. ..... . . should be··prece9,ed DY an 'annual cyde. of· observ~tions.,{)n the"Manas and Dalmir. ' .,.' :
..• . ;. .. "(. ·.~prings··and·.bydetaileJdtopoira.pl1ical~m:apping'anqwat~ttesting.~:·'..:.':'! ':-,.. ' ;" .

.
;, ..... '.": ••.::~~: .. ;, ..... ~'.~.;.'.:: .....:~ ..• \; ." ;··~~·.l\hyarpgeo1.ogica\sltl~~tto· a~~caJ~. of ·l::?5',Oo.Of$~o}ild.~~:'.rb.~de· qf:t~e.:ar.ea··(i.·.;,· ".' ..:.,': .

. .' the Jeff~lweJ~ilnd'~~uld ,be'a:cco1?ipanie(pqy dr.illingt~iriIe~sip~~ the.thic;k~~ss; ot ',,'. ~.~

.:-... .the 'aguifei', :tbe'changes in..cnemicat'conrpol:!itiono·of'.the wat~r,:a~r-ciss:·.it:? ~ection.. . . ' .
..d ",,'.. .. • , .' • d ti:- ..... " : b'l' 'f tb·· 'kg:' ·c.. • ..•... ,....... ' . .",:;f-§;>i:-..;: . ; . ,....... '.'.,.r." ~., ,,' ,:...,,~ ',q'; '. al). .: ~~~ :perm~~_ Il~Y 0 . :e'roc "..... ':. ;:." '. - ": - -",'-:,,~ .;' . -:. " ";.:' ~ .....;, .
.. ~'-"'~' {.. ;,'~ :. ~,y ...,'.' ,.'. InduStriai w~t.ef· sUpply.:Th,e. problem of ,supplying' water for :indu~try' is.'far in'o~ : '. ~~:,-:::--

.. ,,'. ,.r Il.. ,'~ ".' ,!, . . \ .~".',.' .. ',' ~ ", ',:." .' '.. ""', ~---.r ..

<;.:.. '."~. ..:. '.' ·i.. ··,~< ;.(@li~~lt··and: pre~el1te.~ti~~~~s ·,~f :pequf~$~~iit§· ~~~..o~Y· .appr()xiII\~3- __~sumtng, ;':, .: .
';i. ;'.. ".~, . ,: .''l:': .•': that·f6ur:.cVDic.;m~tresof w~t~r 'are required'fo tre~f~oJ;letop:. ~f Q~er and ~hat'i'~-use -. ' ~ ..'

',;' .. ; ) ":-",' '..... ",':o( wah~F is ~~p'o~~ble, 'the'. W~~~r :r.equii'~ni.~n~ .fgf· ~ ..2;~QO' ton~~er~~ay. niine' i~f"iz.'. : <.;--;
~i;:; ..' ::.. . ". <. ' '. ,: ""t. . .:,',' • • ".;' ~:'~'~";.i::: . ..... /.. • . :.~.' ./::'" '. -.,.~ .... ")'
~:..- ··:,v;·. '.~ ~ .'. ",:~::104.. ~.~ ~ ..;:. .. :". ~.. . ,. ,_.' ~ >, \... . , '. \

. : "t.· ~f q' ,: '. • • ,. -t ., .. '~ t."I'~: ',0'.' ' ..t'"'· .....-.0.1 ~. ;-, .::.~'-"- ~)-.~ .~
...-- .., ';. ~. 1 . ~~~ ~? /' ..~,:,~", ~ D' ,':f! ,': ". • . '., "', .. ' .,'., , ::..' .

.. ~ .' , • • . .,' .. ·c .• ' .. ~.~ .....: ' ...•".... • -"'. ~.~.. _. ..,::' ~. , ' ___

• '1'. '; .• ~, '.' "J}. 1•.. •• .~,:.. .~.• '. 7" ~ " .,;' ',' .,....~._... ;;"" .',;

,:- /~.,.·r • ..•'., ~,':'..",'~ , ..: '" "',... ".~ ..~. ;-'q.•
f' r ~.'~ tt" ",~;I"~ ',.:." ... .;. t''','' '.'

:S;". ".;." l: . ;~-.'". ~,~~. .' " . I .~ -,~.: ... ~\ .;~ __ -~., .'.'
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· .sl0n of -BurAcabat thepr6j~ct unaertook a limited hydrogeologlcal'sllrvey to uIlder-

'. 'staIi~<t~e gro~n~w~ter ..co~dition~..~:t;ld to .find..'wate:r..~s~~pl~esl'. This stll'vey. ~ls0
. co~ered part. of the .Bur ~caba tuq ~alley, s~vEiral kIl9lhetr~s :e-~~t ~f:.u the town.

. , - .- '..-;'."

~ '1' • ".

Hydt'~geQl~gy .... . . .'. .11 • ~'. _ '. • •

·The town of, Bur Ac~ba 'is situat~d ift the' centl:e< of a~'sn~llo~ surface ~depI;essio~·. .
.. '~pict(is floored withRece.nt.~nc6~dlida~~~;s.tillin:e.n~~ aI~d:'ull~erlain by:ryst~liihe,,', " . .
· bll.sem~nt.Tocks,. mostly. granItes ·and gra.lllto-gl1ep~ses.A 2o.0-metre·~gr~~1~~e hI~l,()l;:·.. ·' "" ",'i~,

bur; rises' sharply ,il1:the iniddle of'this ·depres~ion. A number'''9f sIllall' b.urs~i;lid\,
'. gralliteoutcrops occ:y.r in..the vicinity;pal'ticulai:ly'to 'the'uoI~th-west:9f·the·prin- .' " .'
···~ipal· hill:' ';. ' . .'" ....: .. ' . . . ' . ...; . .-,

. ' ;.. '.,' .The' geolqgical succession within the 'Bur !\.c'aba depr~ssion vai'ies' loeally; ~:>tit.~.. :'. ",'
"1' . c~n .be· su~nmarized as follows: the top .part "of the s·equ~Iice,.·2-q.metr~&· .thicki '<-., ".,.:',. ~.. ~ .' . ....,

<Il • conSISts of. broWJ:!..,clays, 10a~1~, and ,sandy loams which. commonly cpnfitItut~··an'. ". .' .. '
'.' "'imp~r~'l:~b1e'cO~~lf~his c..appj.jg pr.even~S\ ~ll infiltrati.Oll from the' s~rf~ce i~ltO t~e .~'" I

, '. ;underlY1l1g· pe\'me~ble sednuelrs·. The ;,;tquJf.ers ~re7 there.fore, productIve only In. ~. ..' '.' .. , .

. ":,,~uch are~s :as are. underlain by sliall~w basement, rocKs,: ~~ther' outcropping.,. or' d. ; • ','

0: ," •. \ ., c~~~~~by. ath1,~l'~al~tl~ ~~ cea~'se' el~viuil:;' 'r~e.'~~~emeTh~':rQck,S .. ~r~ .mos~Jy,· ..~rac-·. ~ \
. ....),~' ture~'Cl.rtd. fau.l~ed. -:The mal1~le of G'l~yey~edllnents'Isl~,plq.ceB a~ t~lcka~l~R.letres. . '.. .'

.' .' ,,' . >~,. ,< ' ?~ .:~r~~ tc}.f.t!ey; .·~~1~ 1ecuri~ .·a~e1l,.~~lati,@~ ~t1:e 1i~~~~!;Y ,un:del~rai~l.· ,by ,fi~e\grai.n~sl~· ~ . v • ":

. !}", .... :.. \ >" ...~la¥.elY- sct~d~~nt~pl:li1g .~e~l·I$}.!1dJ?loc~ ~1.h~r9~P?C~~~~.dIfr~rent).eY~1s/~he 11ed~.\ \. h ~..'. '::, ..>'> ~~. I, '. ". :.•~: ~~ ~~~flay~~~S~I}.q:al~~r~~~~~W~~?:t~e ~0~!~~~4~~~t~~~i~r~hi:~~'~.~~l~ee~ 9.f C'~y"1'and: of~~he~'~i .:~."~'" \;~~~;"' .:.~.

. . :< ... ~ .,.. .. 1i1J.e~:pali!-cles"..a~dtpp,~V'~de:peI:m~a'bI~,· :if"J:W~ers'tstent/aqulf~r-~..:.. '.' ~. " . t .......:.-~ ",,:,,' ' ~., '( : :,.;", '
, !.'•. ~.:: .':' • ,.r. :;:.1;h&l-e){a:,di~~l:~!ie~;~~i: ~~ter, iv~ilabillt:flli.etween,the iIpper a~ld:IoW~i·;j:>·d:t:~id~s:~~,-:~.~! ;, :..' ~.~.;:, ~ :~. .
.: . ';:/ ...' "", i .'. t·offhi,§._)v9-t~l';':be~ing~$~·~fle§sion7. 'thouglr no, ObVi,oU8' diffier<:plce: in cq.mpositiql} was- .~ .~.. ,- \'. ; '.( :.~.:
.\' '. .: ..'.... , riotic~(f:, )n'·,wells/t2"':'1~··.1netres :deejl-,. :th~:',wate;t17table usually' establis:hed·.itself. ',~. '\'_:.. ' ,

t • ,. i)'",.... '..' ..... , ,,,'lI.,, ~o!(( •

, .".' " ",. ;F:· )~et~~e~:~'6.4'~,.,a~~:._~9··l1}J~t~~·:~e~"0:w !n~,~~liace, .b~t 911 u:epening ~'fie:w~)f·~~~.t.;'·.,.)'~r.--..:,.· .~'<:~.
}- :' ': ';I ·,.r 15 or 1-:7 metres,- It dropped. to. be.tween 7.5 and 9..;metres: ThIS ceuld be due to I the,.... '" ~ '.:' i...·:. "",

;'. ' " ;,:' :'.' ";:.:1?res~p.e·~:.~fqa.se~~i"'I?e~:meabl~ l~;el:wi~hin the.. water;1;Je~ri~ sequeilEe..·· ;::';'.;- t ~ ~:~~'~~'::.:, ~,,;~: '.
. • tt.;~".::\.:;'''$pe·.W~xhtrifl1Lt.hi~kness,of tl}~. u~leoIjs.9li9ated sFdiri1eut~, measureqju·C1·1i~~ehoJ~~:... . ". \·,:i,.

.... .."~: .\Vas..~7}h;t~'~.frrhe·"hole·di~·~ot ~~.aeh. ~Q.e: hat.d XO~k'f.and1;b~,t~e.t~.ic~ne~s:0£ the,,: •. .t..•, 0. '~'" ',. • ••

.' ' t .', :' sequ,ence'ISc:ll0t' known. Th,IS well was~test pumped and'gave adlScharge 'of '6~&m3:!.:.;:.:; ',,. :.. ..,'
\ ~·'h()ur':~'.5' .: '.,.: '.-,~'. '.' ~ .. ;" .' :<." •... , .•...• ,.,.:..~ ~. J ' .. ,

<; .. :. ;~ ...;. 1'~ . rf.~e·:~*!ent·'()£'the w~wr~be"~riJ?iformatioI} is!lot. k~~~h~·an~~he:t~efor(~h~~;, .. 'J'.'~ '- .. '
". '. ..: -.'~·"catchmentarea ~annot be d~fiR.eQ. . ..... ' ..' ". '. ' .'." .\*~ .• .'''' ~ '.t.. Q'" • •."

., •. . #., .,..,::; -.A. ~econd source ofgroundw~t(:;r.~ntbe.Bur ,Acaba'. atea..is.tltetksuf'es ili the: :: . .. .~.:

•• , '. T • : ... base.m~nt.rodci. ThIS .water ~s' tapped by ",:ells ill. th,e ?ortlierIi p·a.rt o~ :§l,lf Acab~'~' '. :,
'.' .': .,"/ s~nk directly into the sHeared grailito~gl1eiss.:between 50 and .100 metre~'liorth .of '. :'."

" .. the JOQf'of:eUi~4AGabahlll~'ThepiQduetiohofthe sheari()p.e''is~appreelable.,..a!1'9-~ .\. '~,
the:wells,give ahigh yield., The'watet-tablewas Iiotdepressed'by a:oa.iling t~st.,Nb--.·,

.' - '-. '.. .' ' '.' -".: '.' "':..... -,,~.' . •. • " .G·_-".. .' -. '/ .• ). .':';/

.detailed·investigation6f thjs·watercould he made bee,ause'of thehtckofequiplnent~ ,;.,\' ..
'. for,·na.1'dfrock.drilling...Water.of this tyPeapi}ears.:t6:provide" a.'mote. d~pendable .. :. ~ .

" ~ ',source.. of supply ~hau.th~water.cont~ined' in~the ·rinco.nsolidat~ds~dh}lents ~f.:t~e ,I ':-:

....,' . .... alte~·atio,~'.:z?Jie·of the'haseme!lt.l'·6ckiv . ' ..... '.~: .' ;'.' . ~. ',.' .'. ,'. " .
· '.' Wat~r~iil the" C1I.lUvial accumulation.s :of the hi~ tug "v~neY$"p~'ov'ides .' anothQt·...
· ,sollI"ceof ~upply in the area.Su~hwater-bearil1gsediments"were griTlE!d in the 'flood.,'. , ~"

,p!ain:9]<,t:11~l3.ur-Ac-abatug;. Theyepnsistqf fine-gra!ued clayey sanqs, fronT ~O tq >. .~ •. '

1·5 roetrestliick; lln.derl~Jl1-.:~bYcTay~(ahd'cappedbybrbwu·loaffi>.Greatvariations
'. ':,c~pbeforeseeh in.thecompbsitiou:ofthis sequence~lol1gthe rnean.geri~g·streams,
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.' ,\. "".": ". '-. :~".'.•. \, .•_; ••.. ; ...... ..' .•. _.!. :.~'. : . ~':' .. '.•.. , :,.:.;;::.~;,'..• '~; . -'.i '

.. ' .. .-::<:::.:,; .~··and·i~is ul1likely t4~~n~ral fldwof-.groundwater along~hewhole t1Hi will be'
'-':'.~ '. :~~; .:. .... ::: .~6U?d: .~E i~. mqr~ :~.le that·~he,lar$e~gratned,. wen..cl.a~ifie~;w~ter:-be~:ing ... ::, \ .,','.
· . ..-. .~'." ,,: sedlmerttS form hm'lted lenses.'whlCh are ~onfiiled :to.: the meanders·· of the rIver ..... ...;,.<~ .... : .~::~. ,\yher~ this:type,of better classlfi~<i:..hI~terialjs'usua:lI;rdep~site&Because 'of t}u~it . . ."
'., ....... ·:.predohlinantly fimi-grain~d"strticfuteand .-then.· conSiderable content,;in clayey

~ "~ '. . .". ~.:...: nl~teri~l~,.only,·~ lbW':yi;~d "qf water c~n thei'ef0t:e be:~xpected '~rom theaHu,:iaL·
. :, .- ..' ',: accuII!uht~i6J;1S. '. :':.':. .'. ;.' '. ',' . . . ". 'I ~ ': '" ".~..'~ .

;:~ - - " . . ", ·.0 f'.'._", • :,>'-.

..

., .

"

't' •

. .' ~~
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" . ,. '\

~:.

..~. ..-; '..

'.'
••;., '"

! ..
.... '.

,; 'd'

.. . .. .~

~ ",." ~: ' ..:. 'x, 7',-'n', ·-.-t··, , ~~"'''''' . t, .
• . .>; , . ..' ,,". ...... .' rl Ing ! ••. ... '. . . . .,. . . . '. " , . ': -'1' ,

i .... .i ." :}.:~,;.. '; ··i;' Nr·.d~il1fng:~aS..~.oh~?y ~tig~r ~ril~:s,:>rhe }ay,out of'the ·holes..is sh~W:n on·t~.
.. ' . . :'<~... ) ·"nyafOgeological.sk~tch 'r~gure 22).,~BQuld.~rs of hard-.rock.(were.ab1,lndantin .the .' . ."
';'.. ; ,:.~ seqqence, and'~0me w~llshadtobe,ab~ndo.nea.and·redtilled,a:few m~t'res 'a\yay~~ .
· L ;:~:. :'~:)'.: .. '. ,.~me.·20.:\ye!!s,. totalling 2!?0'li~e~r ni~t~:es; ~er~ dr~ne9.'..6f tpE~e,.only .~ip~ clJ.t .

.:\. , I,. :.'~,;.' :". the ~water-n.ea'l~~ng for~ation, .s~~~ .?nly~p~rtialiY.~~en..No~::~a~. t,h~ tle~I?est;h·ad.to . :~ I ..

. ':.:,' '.' .:" ':-i.':' • 'b~ aban'don ecaus~ of mechamcal.failure at'ajF~eIl1Jh ·of..2~ .},'petfe$; .~1fd· a~secPJld' ..~"""
0':" '.," .J.: '. :·(-1,."~:- . , No. 3.well .. as'pu~ dGwn near it.. to a.·dept~ :.9.f-?3' ·Iile~es·;:/-.rhe·depth of the.~ther.. ' :::.r..': .~:

:: ' .~". .':;\:' :'. 'w~~lsra~g :ftoJ!i~8tQ 17:metr~s:~Well.:,No., 3"w~~ tes%~..r>ttp.ip:edJ. e(lllippedwi~h a_,:·,.'· .....,
>.-: ...,···r.;< '~. ;filt~i; C\~ ap,ded':overt61oca~a~thoritiesf.q~.Ii~e>;'-:'· '~>. ::.':.....?< .• '.:~...> .:' '". ,.~,; ::~',)
~ . " •• ', .~ •.•. ~.•• 0, .~:,~. '. " " o,n .~~. mical 3;n~IY~ih the' qua:lity. of.. th~';:y~~er .pr-oYe~·~~i~~ple Jpr:: bot~ dqmestic':... : :: "" ..

:::{~.: ~!~i~·;.;.;;e~~~~~;~~l;;~ 2·,:·~i\·~.·.i~,,·· :,.'{ .•~;r~i::~);,~:.?1:/·Y" ··.·,'r.;:.!t:
".. :".;'~..~ :'. ~·.~';'::)''',.c .. :.·~.: ..:.·:,.. ~'.~~.'~.' .... ; ~." h...··i.~l'.·d1..rQa..~.'·.I~i.c..a.'"l~tli.iJj.~... '.· ... -c....arr,.·.·~d.· .0.u.t~.·~.o... u.·n.:·.d..:.B:Ur A.·ei:l:ba..· ··.·~la.·.r...ifi.e.dJ;he.Ao.... o..l.l.ful~/. .....:... ~.. ":.. "'.':,e~.~ ~~' '-~-'\"_- ",.,'/"'" ·~·J:····;~\··::~·_-f··:·_·--"l-','," """ -,~ .. _., " ...• , ,,·It ''-' ... -._ ...•~-.;~~,.~,~..• -.~. , .,,-.~

;.o.....•.....~\ "-';,::'j. :.·.."".i;.;.·:...:..~.'Ii.r co..'ii.'~jt.:tt5.)iS..:....i.'..rt.. '. ·tt..b".~...~.~.·.~.t'~,'I'.p.e. ::a... r.~a... s....".'.·i1!... :·(1i.*.j~tlPJl9.t.,.l~.:.'.:.::'~.·',t}lh!!.. " .~~~tW.'e.",'of gr.'~.o..U!1d~..1..<.<;. '.'-.".:'.":t..
~. ~ .'( ":;]~~~~ );;"/.'. ;.~. '.•w.at~i-w:eM\9utlin.nd t}reij;·~p3:Hiliti.ek·establisne(t S~v;~al·.w~Il8:_h:ta.p~a;i:-<{·~: .. ~!~, : ..... ·'.f:
~~'., .,;:,,"~. -,,:--~;~:'" ·~\·, ..gr9tiiidynlt~r· ~er~:~rilf~d~P'a. ··t)le~·t#~t ~~ce~~f~I '.:0t:j~~es·e ~r~as·. t~t pUmp~dt·~, .~~~~.,>~ ...j: ..'
:.:;... <~ '':::··/l,:,:",.~:.~qliipRed,andfd~lV~l:ea'fot'use~J''> If",.,': ·:.;·:·~·-·<·k:~.;; <. <./ :'.... ..:~·;".:~\·t-\f -/,".:.
..-.... ,.';.' ;'~ir:: ,~,.~~.,~.' ?".~. regar~~.tp.~)e~~;ibfl.ft¥r:of~n,,\adequ,at~':Va~~r'sdppIYt:!¥, ~~~: .ar~~, itc.a~. 'nowbe' .~'~ .... ;. ~;';~':' J

.'.~ ..( tA.. ;:_;~',,"";;/ ~afflf)1ieqthatithe~af~r,'g'~fi~i~?Y: a.sse~s~~:~~145~3/d.air~~ari pe covered;b¥.lIi~king. '." '. ...~~:~ '-' ' '~'>
. .: "ti.'.; . '~;::,' , , :... u~E}:-f!r~e't?ree }{no~:tYPes..qt. ~.~1.ln4water; !:: . -.' ...'. '- '. : '0 • • ...... '..' I .'

~ .' '. ~ .. "'. ';'.'. ..•:. W~tet in the. anuvi~l~acctl.mtilation~ '9£ thf3i Bur Acaqa.,tug:'can -prOVide limited
· ~ '. ~ .. . ,', ~ '~;. suppli~s bu.t'-if larger 'aMounts of ·wat.er ~re 'required, a.:·d~Ip,· would be pref~rable '.. ' '.
'. o(~.( ,t ~ ~ _...,.. ._.. !'t . ... •... il' _. • .. .. '. • • ~. :,' ~ '. • • '" • ; •••t, :$' "~ .•..•.\." ',., to.~,greatnu:mper qf:wells;" ..;. . ..~. -. . e.... ,.. ..

'.',". ..,." C~i~~~~~'d\e~ '::.", \.; .. ~.., .:.~.. . '.
" t.\\~' / ,',.: ... :~ ~ .~. ." ,_ .. ~tl.' : '_":'" :, '.',. " ,". '",' . ', .• .. J . • '. 0./_."'," ", ',",. ,_&",-:':': ' ..':. ?B:t·.·· ··.,Att~e.teqU~$t,·of.S.ay,~rI~~ibAhme4,~~1ie UNDP ,Resident Representative.in t,~e . '.~ ,L

' .., ./(.~:~~.. " F3omaHRepubliG';,?w-.J;~ydroge()togic~l.surv:ey wC1s,car'ried'o~rin' the ChiSiiniio.a~ea~ '. :'. " .
.. t.p h~lp";the ~~jsto'ck DeY~lopment:Agency. of ~AO·de'velop:awater supply for c' .

:.':,;.~: <'~,~, liV:e~t9c~:h61.·~.~o]lnds~"A~recorinaissanc~hYd.rogepI6gi~i:'tIsurveY'Ya~ mad~and·· ".' .....
. .;, ···::\·"·~ubsequentdril1iIigwas·supencised qY,a Ufiite(FNations expert.' . .. . '.'

.'. '':'" ,....>:' .':-,. .:". .'. '..r ",' . , . .~. '.
" .'. ..' .. ",' . ..~ Jly«lrog~ology. .., ...' , . '. . " . :". '. '" ". ". . ',. .. :.

'. ' .;. ..{The' iecontiaissan~e ~o£' thIs~tea re'iealed that' aU' the.w~lls~· dril1~d':ahd'dhg' '.
· .' .,'.'.... 1 ·~i.nly· ~l~ng: the Chish~aio-Mni~du road,' gaVe brackiSh: water whi~ll' is,::never-· ~

\ \. .... .".; , • .. ..., .. • ". • • • ... I ••

· " .: ., ..:.... ", t eless used' for watering livestock; AIL{jf them, except tho$e situatfi'd irl'th.e tug.
'1 .'" " ":'1 . 9::va Ieys,:e~tfact ..the grtmndwater'from Tert~ary sanQ.§-.Glayey'.sedimertts:· ~ . :-

· .' ... -' ~·.,f·· '.. ::.. ,~ .... yell<>;\V~grey fissured and cav.ernous lime~ton~, probablY. of Tertiary· ag~; crops'
~.;.' '. ":" , . ol:tt·t'a.:.distancedf'f:rQmbiOto;12kms·fJiom~the·coas~~ It trendsnorth-easfand dips .

. ",- ~": .,'.:~';...'- .', -, .. ' -'. ." .~. ".. ;. '. '.-" '. .. ..... . . .
'; ;.r.' .' '"': : ..... ~ •. ,.:. '," > ~_. • '.. *... 9 <" . .... 'I;' ,':.'. . . . -IUS".. . ' .. ' . :' . . ..' ~. , ."
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an. angle Qf about 3° toward.s the north:'west. The.width of this''l'imestoiie band'is·.' '
'. a"bout,l.~m 'on,the tnitcrop; but its,.ttuerthickness is UlikIllown~, This limestone 'is; ....

"'. .,oy~rlain ~y.asandy~ s~uence., &sU.fulI-rg ..that, the' iimestone :'Qutcrop .Q~nstitutes. w·
• ." .·.th~ recharge.area of;a related' aq~ifer, and taking into account -its relativ~ri s~aU' '

4 .' ,\,: :" dist;ulce fr.om th.·.e.. sf.f.e~ ·.s.~·eIec.te..•... dfar th~.wa.t.•~.r...w~lJ.~., ;!t.. W:~. as.s"t:6ed t.hat thewa:tw
i

. . ..... : .; ". . .:' .
" .. • . of the a:qUlfer wOlJ'ldh~ fresh or nply shgb,tly; brackIsh. ..cf-" .'...: " • ~ \ . '~" .. '~. ,

.' '.~~', .Drillingshow~(itwo'aqujfers in tp.e ,ar~~~'iTl:1ep'i~zorneFricJeveL~{the .u'pper one .. ~ ,i;.' . . '..•.

. . ~.. '~"is at.depth <>f"50 ·m~b:es.· The 'corresportdingjvater-beaiing succession c'o~sists of, , .' .
't ,'.' .. ;,:.• ,. grey:~'qqartz'sartas some' 94 metres tlii'~k;' u'ride~laiJl at-<t,"'depth of ·~49. metres]>y. a ; .~ . f;

. ..,- t.. . . , It • • .. ..~ •

~'. ? . 'j .l~!~f.;i)~: ?!trk'..i:>l~stic cla;v s~me 7 m~t~es ·~hic~..,Th~ ~a!er o~t~e ~p,pet ~quifel·. i~ : , .
. .. rmnerahzed, up. to 4,000 pprn~~ T~e lower aqU)fer, ·34 metres·thIck, .c;onsIsts of )n~ ;
·~·.~;~~~igraD:ular ·greY~·san~!.wpi~h encloo,es:, clayey i,n~er~edding.~s~me 10' cm .thick, ,'. . I.> ':':

.. <"J~~Tticularly:a:burtQant in tnelower·,par·t~ofthe s~que~e. It isut~derlainata:depth '. '. ..~.

: ~" ·~:.:~tpif85~5 m~tre~by darR.claY'withfhin intercalations b~., qark"fi~-~rajne'dsa~ '"
.; . .' " "". ~. w:h~rl:.~the·l~wer at1\iifer ·waS.)~eached," the 'water ta.bl~ in: the :well roseJrom a, :. ':'

"" ..~, .'!~ . ': .d~pth. of.50.~metre's .:t,~ J4..~. 'i?eir~s, ;Showin~ ..that' 3:.honfiii~d aqu~r' had:b~e~~~n~?. ~'.' ..
X:;; , . .' .countered. 'Wat~r ,ftomthe ~o)\r~r ·aQuifer.J>l'bved/oIJ. cketriical~naJysis., to·:~e. 9~!l:';l~: .
" ." , '•... ":: .. slig~tlymineraliped?'~~onbtining·n8Iilore'~han.200 ;pPrri...The.uppe~ ·bra.cki~h· aq~;i!er: .,.... .
~:~ . ,+' '. \~.. d.~~.cas;ed off,~~sit~~ well'eq:iiipped~ith!~ fi~er.an~ del~veredfor .use, 'a~' w~,.:';Slr '.
. ,'. . .". ,:'::~""3r:~s~eQild, 12-kni :r.ort4~ea~t oftlie finite . :." ..'. . - , ". - ::i.'.

..~ ". . , " ~ ',:, , .~~ .. " ·~I·: . 11 •.~:,":._. . \. ,.. .. ,. ~..;".,;'.:;~~

.:.~u.~~~r! ..an~,C~~CIUSi?~s"., ,'. .,' ..... ..: "', ~. '. ':~'" 7: .. :- . ,;..~.•.~"':' ft-
.." .>~As· ,aresulp', 6f ·thehydrogeological survey" twq·'¥.ater.,wells,· ere .drilledand

.:".: .~~ ... ,'" ~d~iiv;~req. for use, covering the water·requii:ementsQf. the are~ for..9mes"tic.jmrposes ~.

• " " . 4 ~~~i:N" and ~or. ~at,ni?~:live~~o~~. The i~Ormatio~ obt~ined'le~~s to ·to~·.: .:~onll~sio~t?~t .~: .. :, , '. ~ , .
. ': ' .... ,f..~~'~' ,.' ..C(j};ns~4er~ble amoun~ of,~I;esh water can~be·.QbtaIn~d from th~ w~~ aqUIfer Jp: the':., "'I' ."",~/.: ..,<:.~ .:',,1

;,p;~~:~. -J; ~~~ ':,,~?:,~ "area. ..If trio~e':Water iSl~qU:iJ.:ed·, 'ueeper w,.ells vyill have'.to-be drilled t' tap-the 'watet<':', ,.'!~::~,~'::-::'~ :it-~.:).~,

~,,: /::;{.~~;,,\:~.:~i~!i:n.~d~;~h~\tJi~}tr¥sPb~e;(,q-aij,~r..~.¥)iiifu~~r~aJ ;;,,;a~e.r r~~lI#e~e' '" , .rjs~;~~~~\l¥~;~'" '". ~.fn:.: ...: '. ~~
~:~ :1it",~~<~~~ :;~ ~.·.':·::traI~~4 ~.~s,;a~e~p~@,ole,~~~t :~lil;li~;,Jte~~Qbtai-l1~d. by·.drilliri.Kt~ ~~:U~pt!t ' ' ...~etres .. ,... . '.: :

'. , 4' 10,-".',.• ,'I .~. '., ·h· W·"':.' .i ..~ ".~'~' ;..... . 9-" ',-," ..... J. ~. .' ..
~'. "'" ' - "to tap t e U eF aq1Cl1ter" " , ". '. :. ,--'. ., -; ;,. I . . " .'

~~"'tt. ," {i- ., 'q ... ; ", ~ ":c:.. ~6' ~. r'awt~";ii;" b ~'\. , -.:-~ O·'~·l ,.~... '~~'.!~"': ~",- _.$ ". .- ~," .
. :'J. '~.' -- 7~.·c:=:::. .\ .. f1. ~'dQ i ..... ~s·· .. '~ tt l ).:p 1) '.'~ .'u..~'). q,,,:., '. -'. I"

I.. ".j Jf. ,. .. 0 1 ". ~ ',; I • ~ :. '.' •• vi i ;......~ \,. A'" .. '"\ • ' 'I ;. " Q .80-' t.:t.· ." .. '. .. .

.". ..>.:._ u'·.NvrtherJt. p~~vtn?e~ ~.' .... '.':;{~ "~'\.<-- ' >',~ ':;, .~' ~ '. -.~~~:.:.~:.:~::.;'. .. .~ .'. ..'
. . .l1.., . is .,... • "..'. ~ l/ ~. • '

l' , ... ~: .·'0n the co~rse .of 196~," the ,bje<:f:t· 'es" of' ~r(n?-ndwatQJ.: e~or~ti~n":were cl},anged to' . J '

~ .~."',~ j;pe "horth~rit territories to help t' ~ .pupF~·~pi~··DCwa~tment·'sel.ectdrill.~ng's.ites- <f

,r. " ~~ f~Ul:a water s~ctions.' Six gJ:oundwater areas;..we.re'sele~~d: Ham, Ehiyo, Hlib~rui

· ,.:~ .-','. .KadC!fiimo~· 'Youbeh, ~nd Behotleli.· 'These. were"· exa,mined' mst .by pnotogeology,'
- .. ;,' .then .fiygeoelE~ctriealdepthprobfng:f\.t'Beh~thih,~105.nlicromagnetic's~ationswete' ..

. ", ~ ,. fuade;to:frYalid.detect' a·suP'P0sed,:fauit. D~ilii1ig site.S; were selecfed:atfall the
.... '. ~ :... '. locations,. '~nd ~~illi~' comnie~~ed;.. ',' '.. :.' . .. ';"'. or <>"

,-: .... . ·During November ,and December 19(}8, at.~he request -o~ th~ GQvern;:ment, the
.. ' . ',", hydrQgeolpgy 0f the .:8brao area was examined ·~o provide'w~t~r' fot~ local ~se. Two~ :

. . ,.' .' ;1>'Ot'e#ti~l.dfiJIing ar~a~ were s~l~Gtedi. ?h~ to prqvi~ewaterfor .Beir, 20 :k,m east ·~t.
' ....~/ B~nio,·th~ .other to provi~e 'fater for Gao,-').OO km w~t of ,Burao. By the··end:of

, . ,.1968 the.lemal drilling'sjtes had not been 'selected, and' the possibility of drilling
.•,': ;! :',: : within:Butab toWpship 'itseW'w~s b~ing irivestiga:ted. ",_. . ....
, "'~ . ' . ~ . .," .. . l' . .~ .., . .. .-' - ~~
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Tqe.,w6rk., of 'the proj~ct"'has shown. that. Somalia's pote1itial.ininerkand· ground-
water resourceS ,are sl.l~4 th.at they 'may play'an important part·in the econ0uiic,
'eXpailSiQll 'of the country,and,nowj;hat th~ por,f·of Berbera has been deepened ':, .

'.' and,other' ports a~e proje:cted in the southetn part :of :tii~4<country,·the time 'has
c'ome f'orthese resources to·Be'<Cle~eloped.As the econoinY'ex:partds, other. develop""

. ments· will! become possible and other requirements· will arise. ' . ' .' ~

A 'full in~entQry of a country's mineral ;wealth .cannot be :qiade in the sh;ort time
available toa.·United·N~tions· prpjed, and~sllch an inventbry, to' be kept up to '
date iresspecicliz~dtechniques, .a thorough knowledge'oI'past results, 'and, '

. .-.. -.... .' ...... .. '. '" . , -
ill a co where ~xploration is 'difficlllt over large ar~as,.a well organized sup-
• • , . . " " . i&. ;

porting-s .. . :'~ . , '. .' ... . . " •...1
Mining,._ ural, andeivil ~ngineeringenterprises will un'avoidably' bepre- .

'. "ceded' by' .~..n,,'er~~pf ~cade~~~c studies,: re'gion~l irive~tigati~~s~~d·.prelim}nar~" ..''\'
- surveys, ma~1Y of tl1em 'margmal and· even unproductIve, whmh:are beyon9. the~/> .

.s~cip.~ of any'private ~oll).pal1:Y and mus\?,e carried out by thi GovernIbe.nt:.Simi: " )r'

Jarly, the deveJopment of the water resources wilt require the systematic 'investi- '. '.
~1,.

gation, ,of .al~. t~e; cou~try's ge~logisal-oformations, classified' intq4.zdrqlo2;ical; .
, . 'morphol e·, al., a:n.dmeteorological units and examinedin conjunction with regional
". reqwe en . 'rid theproble'ins ofcivileiigine~ring. , .. ':' I.. " ,\. .~. . \"..

. . \ . .pieC~!TIea1 ~pproach tosuch.ai1:inyestig~tiqn canonly.bejustifiedin.theearly·. ,:'
stages of ·g.eveloprne'nt. when majordeficii:m:cj'e.s must he "madoe' good; otherwise, .',
s:~~e requirementS will be~a:tisfi~~' to the 'detrhpent.of"6thers; , ....' ..

. Acompletegroundwatersurvey is tooionlan operation tobe 'complet~'dwithin.
· ,~. th.etinie 'allotted to a United Natiohs' project and it also will demand constant

readjustments'as requirenientsbecome more complex. Atiine.:wilfaJs·o cOme when ..
\ '.. not 'only the search for new waters mu~t be considered but the problemk of their

distribution and of the pollution of existing/waters by 'waste. " . >,.....
'. ;'<,. Y'Tith, tlie 'advent' of' the il?-ineral"and/agricUlturaldevelopmeIlfs' for~~een in
.n:;;Somaiia, 't4e problem 6fwater explorationibas'become urgent.·,' " ..... ~ .. '

; If~ th~country.js to. benefit fully fron¥the, impetusproyided by; the ;United
. ".' .,.. \ ".. . .

,.,Natjong project, it must form an org,ani~ati<)n to takeov-.er- the work of m~neral
• ;". .,,: .-'. ~~., i
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'-'~' . and 'gtoundwater exploratiori~wh.el) the'p~ojectwithataws" roJ;'pis ,n~ed. wo"Uld be . . .

:- .' ".......•.... ~~.. I:l~.~.fJ~:.fin~.h.e.'~~..~.h~~{.;.'~.'nJi~n.~~ ..~~~.~~o.O.'•.: i~.:IeS.x~:.'.~;..~.~w.·•.·~~:t~l~;.· ~~.e. t~:~.:;.t ." ,
~_ .• ;.~me~t. This pepa~tme.nt \You} .al 'pp~v:ide an outlet fbr t,he natioI+'s'Yoij-th tr~ined': ".'

. in ,e~:r:th.sCiences; it wapld st te' I!ation~l:i.tit~re§tj'nmine~alexploratioil..and
' ' ~'OVide- ~n ·organiz.ation tp ..~vhioh. mdividufl,ls ,~n:d. companies alreac;ly: ,wQrking in .;.

, " !palia, or. who~IJl~Y be 'i~t!~d to soma~"a, c~:ri·..t~rnJor'i.nformati0n l;lnd ad,::ice. . :\
, . . '" :'This need 'has n0t escaped'''the' aj;entibn ,of tne Gov~tnment &f Somalia which :' .•

hat) given .tlie project its. f,.uli co.;operatio in long-term· pianning and" has taken .- ,"
f .' -m~asures·toensure that'a nuel~us of youn~.Sqma~iengineers be trained ·i1,l:the earth,
. ·~ciences... Ntne Somal~.··geologists, g~()physicistsa-nd surveyors'were trained. abtoad

U:nd~r·.bilat~ral,aid·agreemen~, and'since their returri,:theYhave.b~enw6I'king.
~ ~. with~ 'th~ ,p~ojec~.A sttt':..ey.or and c(ge"b,logist hav~ b:neHte~ l;J}f'lTni$ed Nations""

. . "schol~rships"while twentyy(j~g Somalis\have been tr~ineq..,by tli~proje"ct as'field . "'~. "/':
.\. ;JJ- ,geo:physicist~, g~ologists and d:d1.I~rs. '. '._ . -;. ..' 'I ','.".. '. .

. . Moteov~r, the .fqrmer headquarters .of the Br:itish .Ge()logical S~rvey at Ffa~geisa·
, has been re-opene<;l and 'is beIng used as' a base for the explgratiorf of Northern
Somalia. WhEm :the pi·ojectCphase., II):oecome{ operational, the:\buildiligwili' .

. :;..~...:.:tnJ.:...·.so~.:... ~.~. a.~h~.a..'.~;Zg.j;;.~tp....~.~••rs.a.~..nd.n.~.~.~drefc.i.:e.·.f.o.S~..:s.~..~~r~~tu~~.~~~~..Yis.·.I~:.:ic6~..~.
. pIeted·'inMoga4j-, to house' the·riation~l ge()logic . ~urvey. It will consist of

.. ,...,.. ., ..·twos,t.ories:·wjtli;a;.eti"r.oR~lr··gtop}id flQor;~mda nin -ro first floor .. The layout
. ·~-of- the ''hq:jlqingjs ~li~\V;11·:.P¥.$gufei~~~~~1;.,,;:~~i.t;'.{-Z<:;~t;:1~'.;~:!: .",. . .. '. '.}'

, ·In 1968, 'a' prop.os~;-;·~U:mmari.z"~(f:;~B~lo~~~·wasiifijth1tted.by the project to the
GO\Ternril~rrt'for~he

1 staffing oFthe; geolpgJc~l.s-q.~vey departme . . ~
/.' '..
p ·r;rO;RYN'OTE·· . . \,~.

N~THE R MMENDED ESTABLISHMENT
.'.6A EOLO' ICALSuRVE~Y; tf •.

J. .,' .' Sornalii i~~ne' f th~·'f~w 'cQuntries.in·.Africa where very Httle ,;work-has heen 'd:onl' .
. jnthe~,p~sttowar.ass tematic geological and rriineralpgical studyof the. country; ~ .
. as,a res-q.lt,therearema y basicdifficulti~s in caITyingbu,texploration for minerals . :~: '.

and grotindwater'which may. have an .importqnteffect on the rapid econ()mic' " -
. \,deveJopmEmt:of the' cou!ltry.. . '. '. , ..: '. .(.~ .'~' . '" . \' l~['

. \'. The' systematic geological mapping: of the- cou~try"s1).9uJdt theref.ore,bestarted· .: ~.~:.

: o,assoon as 'pQssible as; well as:tlie collection andcompl~tioli. of.. all available data,
:pesulting: from the 'work oLprivate :co,~panies in the·tj~ld·otoi1.explot~ti()n an<;l
. other 'geblogical ·and·hydrogeologicalw~rl{" 'The ge.ologjcal! map 'is the basis' for .
,riIip.era]~exPtoration~·Atleast two geologists arerequiredfbrthe'geologicaLmapping .
tnit inth,e e.arly.stages. One .of t~es~ geoiogistSmay specializein,.photo'ieology.·. ."

, . :M;inerctlexi>loration 'calls for the ap,plicationor' mod~n.techn.iques'I,such a~ .'
. ;,.' ',' .' photogeology;. minefaldgy, pe.trography,.· geochernistry, .. geophysi~s: .and"speCial'•

. ~...jliarUonddrilliIlgf.or eor60recovery.For this purpose, the estimated minirnllilj; ntim-' .
. \ '. "'~ber .brposts re:guired~for' the initial. stage .of· the geological.survey' Cc6\rering .a ~

• '". ".~<Ii' pir-~.Q~9~ aho.Jitr,Dve~~)--ha~l;t~~mindicatedjn i:Y.b.e respe~tive:uil'$: Nc;>t ~U these
posts cahb~filled irinnediately,bu~stepsislrould lje.:tak~!1~o f41d' and train"~om3Ji

personlleJ fo1' t1}em. Additlonal studeIlt$.shOJIld".il:ie· e!!cQurage\Ltb uiIde~go the
"'~e9JJir/fd'studie~andprac~icaLtramii1g: ..... .';.. ."~':';~, ::f~:'

:~ I;' . r' ,/ .' .' ··;:'i, '.'~j
.' , .,.' ..•.. . .' '. .li:·· '.• /;,,';'
,. . ,," ... "0' i " r:~,'
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.' .. ·jNeedi~$S tQ,s~ythat"Sb~~lla,as''its~ono~y<ie~eibPs and the p<>pulati<m grows,

;, Will'rieetl more andmor~water. A well-equipped .g;roundw.at,er unit in'the ,geological. .
,. 'slirveYA~partment .i~b.adlyneeded.A" specialjst, 11;1 engin~eril1.g geo}ogy~sliould

be'trained for public 'woHts cop$tructj0rl p.€eds· (roads~ bridges and,dams).',
• ' . ParticuUtr care. should' pe g~'Ven to th~ formation of an adequate drilling .unit ,

needed particuhirly for ch~ckih.g niineral discoveries ',ilid pl'ospectinga,. and also fOf
.' ," reconnaissa:ncea,n4 testdriiling' a,ndpumping for groundwater. Drilling ,of pr6duc"

. :il\g ~l!swiU;-of:cou.rse,.. be the r~spon~ibil;ity.of theM'iiIistry of P\lblicWorks.
· .:',' 'A' map' .prep~ration~ni.t)~·very.ihipotta,nt'for, th~dl'afting" and preparation fo1O'"
,·printing·of. :the .geolog~cril;m:aps.l .diagr.ams· and seCtions, and' the illustration. of
.geologi'cal maps, 'diagr~ms and 'sect10ns~a-rld: tlie illustration:: of geologicaL pUQli~ .
cations..~(Colnplementary suppott and training assIstance from the,'cartogi'aphi~

,and topograpllic ~entre would, of course, .be needed.)' '.' ."., ,':" :',
Ih.view ',of the difficulties bfJa;idtic~l support 'in a colintry'of distances with

limited ,comh;1unication faailiti~s~ field serViclng ~nit is desirable; Sui:v.eyors', are '"
required forfield.top6gr~phicwork;'particqlai'ly fOfSUch work as:gravity'measure: .'
m~nts,.. and also~ for' diming oper~tions.(CbJllplenientarysupport and,' training .
,aSsistance".from the cartographic ,and tOf>ogr~phic centre would, of .'course, ,be,

• •• • • 1t • .. ••

envisaged: .as welL) ,,, . ',','" ,"'. . ' ," .. : ' ". . '. ,-
. The planned administrative and accounts'1i~1t represents ,the minim.~m'ne~ded
f61' the normal housekeepingJunctions ~and ,for typing and se'cretatial ser\rices." Thi

. fled'gling.·survey:will also 'draw upon t.he' ~dviGeand assista~cei cen£raliz~daccou~t- '
,; ini, and pers'onnel m~nagements,~rVices, of the Ministry. " ,

.... , .' . ' 'A'library ahd documentationl;mitis pprticularly important forthe conservation.'" .
of archiv:es arid t~e colr~ction of documentati6n on locaL. and 'r~iionaJgeology·of .
'Somalia and' neighbouring countries. - . . ,; ~ ...
'. .... '10' • I·' .

A 'small' mUSeum forming part of the library 'and documentation unit win play
an:'lrnPortant rol~inthe'col~ectionofcharacteri$ti~sampies. ot cQuntfy roaks and.' ".... '~."

'''min'e.raht.esse.ntial fortheprofessionaL tra~ning of yoinig geologists ',and technical
.aides,.ahd'for public;"informati?n. T]1e'm~seum wi1lals~ 'ensure the preservfltio~of

drilJ.ing ··cqres. and '·geochel'nical anq geological samples collected during the, neld ", " '.
· expeditions. ,; '''. , : ~ . " " " , . ',. _:. ' . .

. ':.":' 'FiriaIl,y, a., ptop~rly .'ful1ctionirig~ wor¥Shop. is, .neededif pr?ject field 'Qperatiqns 'f',

, "':'~nd,especiaUydrillinKare tobe,effieie·ntly.~artied o,ut;\an.qjf.prof~s.onal.staff time' ,')
" 'is not·to p.e wasted and'mobility reduCed for laclf'of 'propei"l¥ ser-viced drills anp.·~

" ',' 'vehic;l.e~:Similarly,pr.oper'mainteri~!1ceor valuable l3iboratory and'technical instru~'
'" . ~., mentation'isjmportant, ahd·aninstruJl1.ents technician should.he.specially trai~ed., ""

::~ .., r\~~~r~PQ~ajs<Qut!in~d;tb:~e andcin the teiitative {)rg"~izat1(m'c~~t'~~d estab-"
.!i~hiil\(m~ .1isti~g&h~'Y~ ln/annexT~.I ',are ?o~idered, opti~~rh~reqgir~ments: having... '< •

r.egardtO'.the m(;tgnltude of the t~sk and ItS.lmpQrtanc~forthe, development· of the
.. ',c,ouhtlj's. rritneral ;:r!esburces' (ineh1ding; groundwater) .. It is •hop'ed that:' this' target
". ,- can 'be achieved over 'thejirst five~year period of the establishment of the :surVey,,\.·

........ . ." a .~

, although at the outset (say the fiist.twoyor,. three years) o.nly a:b'out'60-70 'f}er cent
'.' ,., '.; .. ,()f·theprotes~ionafposts'maYbefilled., It is<understo9dthafsomenineSomali

, " '..geologi$tshav~,:alre~dy r~turned, academically qualified 'afteiYstudies abroad, and···.. ···
,' ... ".' >... " "\, ,th~ at'lem:st four in~re :will return iT\. it~e near !utur~;)tnd 'additional personnel :are ,

" ;, of'~ 'ulrdergoing~trainingabroad in thjs field·. !t.i~ ~por.tant that fulI:'':ls~,be made of .
. '. ~ thi& valuable ·and expEm$iv~ training 'for the betterment of the country. .' .' .

~.""'.' - ..,,"". -..
•.;l • t. ~ \. ~. .. .. '.\' -..

..~'
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..
·A. CONCLUSIONS~ .' .

E1&f area' ....
.. ", .

, ;Geological co'v~rage. " . ... . .

: '.' The 'BU;f ar,e:;r'was,. e~pl~rE;d by.aerial geophysics, by P.hotog~olog~ ~n~~~.~~ide·'~ \.
, ' .: network .ofgeoJogicalr geochelTIical and ·geophysieal. traver~es.·· \ .,"-'., .. ,,_.' "~

" , Lithological sequences wer~sampled' and" Classified,' structures \\!ere analysetl, ,: .~:."
'-'. '., ·:~.geochemicaral1d m~thl1oIl).~tricsamples were t~ste-d'an,d rock type&. were dete1"inin~d .. ·..

. '. chemi~any·and.min.et:alogically.·This< was completed by the detailed su~nd';;~: '.
, ' .... ~. . 'prid~r&1"ound eXpl01"ati'on ()f~ertalnof the:'iroIi-bea,riig and:,r~<:iioa~tive ar~a&. .',:

, . ':, The:workwashindered~by the pr~sence of'athick,in.antle:Qfsoils'which.concel1led ,i

,therockoutcrops, by the .qense veget~tion; by.. the absence of hm.dn1ar~ in' a flat; .. - ;.' ,'~ .
.. , .'. m,oriotonous area;. arid 'by the lack'of good topographical 'control. . ':, . . .' . '. '...

0', 'rIle results, were reported to the Go¥ernme~tembodied in_-a regional geologital "o~' . ..:

.-map, dra~.ri t@.· a scale of. .1,200,000 4in~p 1), and .supplemented '~y reports ~nd ·two.~'.· ~ ',' : ... :: ":". '.
separate Itrlaps showing the hydrology ~~TI;lorphology of. thearea:.. Mu{th of t.he ,: .'-., '., -'. -.,.

• il1,te.rpretation 'was done on geophysical and"'geological evidence oIily: which ,it is .": ,- .. ',.'
Je.c~rhme¥deds~ould.l;le,ve~ifi~d}ater;and the ~bs~n~~.,of a ~roper tri~ngula~i<;ID' 4a~ ".1' >- ';' ,'.

., undoubtedly leato a 'certam amo~l1tdf topographIc dIstortH>n~ In sPlte of thIS,. tl}:e . '-1

6 geological map, is~sufficieJ1t to cQn~ti~1J;tethe;basic'doctllnent£orfuture '~il1,eral'artd ~'
.gro~ndwater.'i'~"Ploration, .Joragficultural devel<?pme~tsand.. for' ~i;yil eng~!leeting..
~. .··.t::~.:,t·, .'; ", ....~'.. . . '1", .". • • ~ : '".\. •

~v.aluation· ~t'iron-bearingforniatiol1s, ~. . , ':, . ~\, , "
•. .'• . ' . .' •. 'tf • .'

:' ',' - 'Among the iI;on:-bearin~ outcrOf)s' already known,. and the anomalies located by' , ,". ::', .. '\
, .' "', .,... ,th-e 'aerial surVey,' those' at Bur"'G~I~nc.:Dai~ir,'ap,dother~..sit~a~ed.in an;Jnna~J" ~ ,~ .. ,'. ~_ .. ':'

. :;:~efl.6.0 ~m to. the sout~, were consl~ered;. to be t.he l?1ost I~ort~nt. . "'~ " . . '. JI

. "<.~l'evious experts. nave r~commended. the exploration of Bur:·Gal~J1.,:,Daimir '. . . .. ' .
.', Heing' the best, and .as ,beipg typical Qf the o,ther ore ;showings; .~hey w"ere :al~o . .." .:. :',~ . ,;

. . easiest or· access; and were ,th~tefor~: chosen for the project's initial- e;x;ploration!.'· .
." The oU:~cr9Ps' :'0# ferf4ginori's:,~uartzites ~ere '}~",=ed,. over ,a aist~pc~ ,of 4? ~in .' r. .... '

·'by geological ~p.g geophysical ~ethods" and th<::y " re found·to c<;>nsist, ofti~con:·. . ., :'~'\
tinuOlis.'beds of banded magnetite and hematite:'qua tzites similar ·to those' which

~ ~ ~ ·oc~~~ in ar~.as oLup~er pi~~c~mbr~n ~o~~ougholit"t~~' f~~~~'" .' '. "..
• ;0, "....., • ", " .' ., •..: ••.•K.".~." ' .. '. ;.'.~ ", ,:~',' ".""'- .
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.Tli~ ~verage wi?th of tli~se .outc~ops is betwee~ 15 a~(l2'0 ~e.tres. :Tf~ for~Cl:tion .
·dips steeply and is compliC!:lted by fau1th~Kand :t1;ldingy J'Yhich in places produce q.

, ~ .10caLwidening'to·50 metresthroug~dupHcatio~.pf th.ebeds. ' ,

'. " . ;,r;'The persistence6f' thes~ 'm,trr9~Qandstq'al!~eonSi4~rabledepth)s doubtfufas,
.. , )n oth~rparts'oft~ewodd,. tlieyare~'09f penda:ntS ofup!>el:, Pre~Cambri~li in the' .

-rocks:'of the lower P:re..cambriaI.1, arid either .p,inch.. out· rapidly 'ai'depth or grade ,.. ~... '
", ". into ·granite. ' " . ',,'

- "-' ~ • Q ( .•

. 'The, deposits at Daimit. 'and Bur' Galan are t~b ,such ··o~curl~ences of 'widening'.··
'by,duplic.ation.-They w~l:'e·.exploredin aetail' by systEmlat!C geophysical 3:~dgeo:'
.logical,1~;urveying, .by· pitting,'. trenchi'ngfand some'shallow;aia,mond,;-driUing.
, ... . .. ' . _' ',.",... __~" . , .~'.: ',_ .. ' . ..:.. ._. - ... .,':. -. r;.- . ~_\t, _•. _ 11'.' .....

Out- of a maximum thickness 'of50 melres,some ~Ometres lying along the fbot.. '.
· ,vall consist of 'ttuartzitei cont~!ning only20~25%'F~,: w4tch/can pe rejected' .
.r immediately as being of too~ low. agfad~ for benefiCiation under local cdnditioIls, "
whilst the remaining 30 metres ,Pon,.tain between."30% Fe· and 40%.Fef withari ~
average content .probably' around 32% Fe. to 33% Fe, possibly ·as high as 86% Fe.. . .r'
.' . '. .• . ~ :. -. ." .• '- ...., ~ , "~ '. \l? _ ,'. _ . tl·

'.' Surface samples of this,<niateri.~Ji enriched by \veathering~to 40.'6% Fe and mor~·

easy·tq.heneficiat~tha;n:,~inb~~he:deeperIYhig'rock; 'wer~sent .toWarren Spl;ings
~ Laboratories (Uhite9 J{iilg~om)~~ora.mim~rAI~gia~le4amin~tion and preliminary ,

penefieiatioh .testing. These ~estS:.showed that .aconc~nb'ate containing. (>0~67%
. '. ",." . .' ..' ' .• • ". I'. . ". . " .tl~· . .

-' Fe could technically be hl:>tained,for'an8£) p.er-'cenflron rec.ovelY. ','."'" '.'"

.' ..•..... ;· '.~, The ove.r-all· geological.,reser*es ~~ th~~~'''~iltcr?~~ ~~~:~ a~sessed at '170 'rri~n~on
/ '.' ..... tons of ore, down to,.a hypothetIcal deptli' of 100'1netres·. Of thIS amount, 112 mIllIon n

tons were at thick~esswl)ich 'could 'P9t~~tialiy be ·mined: ." '.' '.:' ..

. ~ . Taking', ipto acc~uht th~.low:-gra~~·1kateriaiwhich ~u~t be "~xcluded and the' .
'wa~t~ iht~dy"ex~reported-':flsoccurring inthe ~r~, tl1~se~potelltiallY'mi~~~1?lefeserv~S:.. " ":
· must be reduced further to· 72rnillion.t~ms .. ·.·.: .4 '. . > .': ',; ..: ,,<

~.':~~o 'obtaIn,oa6'S%Fe: cOhc~ntrat@an:S'o%Fe;T~cov-~r;'5'tart.~i,'Yith an ore
.... .containing on average: 36% Fe, 2~2?t~h&. ofO,re wi~l have to be, mIned tb produce'
'. ~.,- "." _'.. ' -. .-. '. . ,~.. "'.: , '. ':'" ,. , ", " .f • • " ... , ,-- . ,..... .' '. . ,.. . ' " , . ,.. c:' .. ..',,, .... ~4t.',.t~. on~ ton,:pf eon~el:tratf';,-rh~J minea~le,,~es.eOTe~.:br72 millip~ to~ will' tllu~be:

" ,','" reduced· t'0·.a3n).llhon·tpllS ·of.marketable reseryes. ',' . . ".
... '" " rI', '. ..,j '''' '." "."."~' '. "-. ~ l' 1"": I. '. .".. _ - .. • '

. , . ·A~sumirigtliat/tpe- uI;lexplored~rea·.60 kmto the smitlj .cont~ircl, similm: rese~ve~; . .' r·

the totaljion' ore potenti~l.of the:Bur' regjon.lamoun1;s.. fQ'some65million,tons: .. . ":

:~.' An ~~wJysi~.,of niiriing;h~~d{ti~~~~h~~s,~~~t,' takiIJW into~ ac~?qntthe ~w~te/ore: .. ''-':' ',...
.' " ratio in ,the pits.. and"the ·conc~ntrating.ratio in the'·..plari~/ 7.:tQns of 'matefiaf'will: (.. '. ..

have 'to be ha~dle4 to produci ~ .tpn or' conce~trates ..1\~. operation produ.cing :m'or~ "'~'
".,;' than i'inillion tons per year.'of Inat~ketable product would not b~ techp.ieally fe~ibl.e. ": .. ' , "

. . "" • ; . ' 4." ~ & .' ~. ".... ~ ••4 •

>' :.'. 'qonditio~ of tra:nsBo~t 'and .of s~ipment wer~,/also ,exam~rred, ·.a~d.·.assuming :"
"! .. i,:. ·that a suitable port already..existed. in"·Somalia, 'arid' by comparison 'with ·other··

.'~:. '; .. "~~)nhies; ..the.f~nowitigminiinum· fi~te~ ofinyestm~~tsa~d.c()stS·wer~est~pti~h~·d·;··

" ' ...';:.\ ·<~t. '.~;~st1~e;t·]nmilli.o.~s·~dbn~rs) ,\.<\~\,.;:'.:.'.~" '" ,: ..",.....,..•.. ;;.;<:;" ..'. "
. " ., '., '.' >,'M.i e~al!g b~qeficia.tioniinclU,.dihgp.~lletizing \_. ft." ' '. l 50·

.! '... ~,' • -:' Ra" ·ay ";. ". .:.' l' /'''., ':'~,' ...'. ..',:'"20"

,.' ~~'\ ~~. ;;; -;'·)f~;::t#~-' :>'. >,.- ,.,,:~,:._ '7:,1.:'> ,",";i::
~.: ... " ~"r , "". ".' ..", '.

-..1~..$.>:.. ,'. :~ :' ,'. .'~ '/:.: .{:~. ~ . ;. .',.." .-- .. ~,
• , ,I:."'.' "'~~';;;.:~. :~.:•• ~ .:,.'~ .

"~'j~{ ,,;. :' .~ ".-' .~ 4 ''''. 1\" ':'.l".' ,~~.~. . ,... r . .."'
'.i .; .', :'; '."~ • '-'.:.:~•• ' ~ ':.-, .. ". .,~.':,:' ::,~ ~~~~,
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iG~.St8 pe; ion (tndoll~r~Y·. . '. . /.. . , .. ;zik~~"'·
.',; ,:. .' Pit expenses ":. "':: .o.?l1{) '. .
".C.oifcenttation ~.75

Pelt~tizirig' .. ' . u 1.25
, ,;~Raihransport ; '<~ .~.' . ,,1.75

. , . Fort ~,., ~. >:'''.Al\/'il
lif

':' {, 'J,.',0.50.:
Serv.icing of c~pital,{" .' .. :01" 1, ·'·l~f.;~ 5.75 .

. "'~-.. '-~"-":' .. ,"', ' ..... '/ ~-.

."- 0

, ... latal: f.o.1!>.",IleU€!ts i." 16."(0·
~ . t '

, ,'f.o;b.cqncentrates 14;70'0 .;. '. '
.. ',. ,'~' - ..~,-- - ,.' ~,~.... -,',., ~-;,~.~~. ': ~." .... j

. If'pal:t of ,tne transport investment wer~ 'to be paid out a.r·public 'funds;t~ese

,f.o:b: coses could be reduced to $lq.90 ,and $13.90 respeGtiv:.ely~ ..,-:-' . '.
. As against this; the 'pr;~Ce,. induding :insUrance an9 freight, of simtI4r products ' •

.... 'uow being delivereQ:,at.Rotterdam, "'hidl c~n b:takeit asrepresen,tative ofworfd' .'.'
". .~ar~et .p\ices·, i8'$14,OO fot"pe~ets and $8.50forc{)nc~ntr,ates.·Ft?IU these prices, . .

- ,the cOoItt ·of"freight must pe ~~~cted. -' .' . . .: ,.' .' .: ,
, .: C~~c~l.a~~l}g. o~. dist~~a.lone al1d .o~ .avail~bility 'pf ~~i~p~~~,."~rei~:,!rom·, .

", Mo'g?-~hsClO to' a J0,I-r6pean, North Amencan, 'Or ~ap'a_n~se p~h III a.sh~~f .o,:-er
,:50,000 'tons 'of.dead weight, or in a.ship of .15,o.OO;<2'0~ooo tons dead weight .£OJ; a
'. . .'. .. . ._. ____ '. l .. , - _. - ~..... _ - _ "': __ . _ __ .: _ ,. .. : 1 - . .

'-l500~ile haul tb a neighbouring country, can beasses&edat'a mini:qmm of $3.00·
. • • ..~ q. .. '". 'f

per ton.. ..-: ", ,. ., ..., ...
':'The most thatSom,aIla 'pe~t to 1;eceivefol' its iron~,ol~s., (,o'-b. PQlt, wo~ld

bEftherefore-$11.00for pel.. 5.50.for concentrates. '. '"
. The operatioh 'Y()uI~)~~e .fore r~ri ata Jo~s 0~$4.90to'$8AO p~r to~' produ'ced3 ' •

.' far.t9opig tq be Gomp'ensated 'by any iD)pi'Qveinent in estimating: . . ' ., .
1t isconduded,' tp~i'efore, t~at .the ir6nere depositsdn'S6malia' are not eco~omic'

.: , .. to mine and will n6t be s6 in the ·foreseeable futtlre~' . ' .'-. •... "
. G~ophysi~ai exploration' also olitlineds'e~era~ br5ad, low-gracle·3J.1onlaiies, '''hieb.

wereno~Jnvestiga-ted. It was "suspected,that: they mig~t,q9rrespondtqgI~eenStone'~
~containing ni'agnetit~, such as are su~cessfullY'mined elsewhere.- 'This is not impos":
.sible, btrt 'it 'is mone probable that they cori'espond·only.to· local hut insignificant·

"", ~.-'" "~omplexities:i~thebaseme~t roek,.,· . . k,,~ ,,' .. ~ " '. . .' :.'.:'
", ,No expl()ratlOn of tl;l~m IS rec~mimended 'at pres~nt. They' could bemves.tIgC\,ted
'bY.~fewJdrinholesinJhe future,'after more immedi~te Qbjeetives in the area have.'
'been' achieveo. •. ...... ;'.' .,'; . ,.- ," , ' . _ .. ': . ..;~,"
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. ' :E~aiuation"ofradi~active ~cc,~r.~~es .. '. .,' . ,'. .. ' ..~'
,. " .".. The aerial survey OlJtlined 38:ra<;Iio'active~noma]ies which gave over 1.5 .time~:;",:, '<'~t4epackgrountl readings,Jying inan atea.some'100 km by 10p'km. Th~ relation- '

sh~pbetween ground cle.arance'~m~flight-line distanceswas,~u~~ that thisinventory>' '\~!~'r:&\,;,.'. '.'.';
d :'lllay be iricoll,lplete. TheAliQ Ghelle anomaly was cho~en Ofoi~ initial" exploration,' ",_ ' ' ..

though itwaS';not,thehes4;pecauseit was th~ flrstto be locatedop'theground and ,
• ,'l\ , . '. :;........ .'. . . ~ c .' '.. • ,~.

, ' ", Was the one of ,easlestacc.ess. :'.. . ~."/ . '. ' .',. ,.'
':' Ground eJtploratioI1~howe(fthat:tlie\vid~ano.mali~~' ~~gistered'on the fUght~l.hles

, .' corresponded to a dispersal- oif radioactive minerals throfighout the' surfa:cemanile
... , ". aild:' that sucp..areasco~hle4pea~\of~higJ:ettadioactiyitywhich.corresponded, to ,

.... .: the..hQdies ofprimary ore hiddenb,elowthis mantle.,,'.. ...... ,.",. .' " .... '. . .~

.' .,; .'-.Ii'~us, the AI\o.Ghelle occ~rience c,onsisted."9f, iw~n .a,nomali~s, 'each .gen~rated. b~ '. . ,
.. ,'.. ..'. ' .~ s~parate ~re bQdy,- elongated' along ~:NE-SW ,~~ds. arid lying wit4'..tbeir cel1tres~ ..... , ~. ,.

A' p'sonie i70 fuetres apart, separflted by b:balTen z'one.'· .' . ' :. ':"" _, ,'.:;...::'. ," .~( .,~. : ~>; . .:, . .... '- i':' ',', .~ . .. • .' .'(
,,' ,'... ....< -.' ',';,"" " .";.• ,' ..• ', .• '~'. 119~', -: ....

",-"- '...'._" ~ ',1 ••.• 11'-.... "~<O '~.'"
~<.~.
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, Surf.a:ceandupdergroun<l'exploration, showed that the :;;tctual'oi'e bodies consisted .' '.
;"', ':~ ":. ,pf ~he~ets' ,or: lenses· of highiy a~l?itized ~0ck, containing~a.39% ThQ2; 0.12% ·U30a;· . "',

. ':':~' ~ '~nd 0.080%.Y2Q3:~Then9rth.;ea~te~n.a~omal~ ,whIch, i~ the'mos( extensive,\,:as '.
.. :,~::" ',. ;. <. '.,. '\' " .sUrla~~J~~~ed'.15~pi~tin~; tr~l!?~ng :~n~.~uger'd~; 4ijd was foUowe~ down to ~ . ,

. ....' depth .0f.12~et~es,b¥'l4~lam9nd ¥\lhoIesj'~fii~f:~ld'dow,n a~c9rd1Dg to geo-'
,.;'.',.; . \'. . '~'physicaJand g~ological..c-onsiderations, then 9.~a grid patt'eri;l \'v.hich w~ not com-'

, , ~, " pleted. 'Tl!e sOlJ.th-western anQmaly"was ,extensively' surface tested but only one'
; , ", " " . ,diamond'·4rillliole was put dowJ;l, and this was stopped at 40 met~es for techn~cal
, . .,) ., I ••,.. r~asons'..All 'kID.enings Were continuously,.tested ,by Geiger counter "or scintillometer

pi'obe' ,: " .' , : . " ,"" - "
'. :"(\ -,."" - ~- ;" ," . - - .' . '- ---~.:.. ,", - -' . - ..

:~' Thecores:fro.m DDHl C!.Ud DDH2 wel:e assayed in' the project's: own laboratory'
, and: duplicate'samples of the I)lineralized'~oreSweresent for check assays" to the

Institute of 'Geologic~l ~ciences" London, .and to the·Eldora.do Mining and.Refining .,
',:' ..... ~.:" Company, Ott~wa~ Canada.'.T , .' '~~:.~' p"':'

. " Variop.s sa1llples were sent forrnineralogical deteJ;mination to Columbia Univer-
sitY,l'Iew York,,'and to the. All~UnioJ]. G:eological Institute, Leningrad, USSR~' .' " ,

." Wan'en' Spmngs Laaoriitories, (l)nited Kingdom) carned out preliminary con-
',: centration and 'beneficiatron' tests on ,the salJlple~ sent·to the InstItute of Geolowcal

.,',; 'SCIences) iLo:adon:' They'found that tli~; nin ofinine.Ol~e c·ould·m~tbe treatedeco,.
• '. . • • ',_, " .,l. • • .

, ,.pomicallYby acid le~~hil}gbecause'of its high'contentin a)kalis,Dlltthat a simple..
· "gravity process gave/a 'concentratetc'Ontairiing 30.0%.. ·Th02 and 0.83% U30 S with
'rec6v~riesof 63:3,per cent'and 53.2.per cent respectively,:which \vas amenable tp-'
leaching and sep~ration. The figures would be cer.tainly ill,lprtiyed on an industrial
scale and especially\vith' finer grinding. :.... - I:''.i '. : '" ",

All results of expioration and testil'l;g' have so far be wergent ~~d the min- ""
,eralization. .can now be defined as· c~msisting principa ..~horite, ~oIitaining
admixtures, of ur~niu~, ~trium, "ytterbil~in, a~d I>ossiJW s ilium. apd e~·opiu~.·
Independent ur;:tnium ;'nihierals wer.e ·.also identified~as were doubtful, xeilOtime "
and thalenite. ' ' . " ~",,"

"The pr~sentTh02 U30 ratio is 26.6, 'but all"the:samples ~x:qmineQ. .so far' c(~me
• • . ' . , • ."• .., a .. '<:!. ~ I" • _ ..

· fr{illl:' thez,<>.ne of,w~atheriI1g :rid it is probabl~ th~ many'of ,the,pri:mary~uranium 1': .

.' ·z;ninerals have beenleached OU' tnese 1~'Vels in the ore' body~ '. f "@ ,

, .'~ . l'he s~atisti~al'analysis" bftheas. . resul~;show~. that th~y f~ll.into tW~>,'-nopu: ~"~. .
.• Co,. .JatiQns,(me~with arla\T~~gecontent ofU3 8: " "thin 0.13-o.1~ per centwhi~~, ' .

. '," - .. ' f~rins.1with the l}.ormallaw of ,distrib~tion, th~. ther,..repr~senting 25·per..celi;t oi··· .'
' .. " ·the'l?amples,~ conta~ning'aI:1 'aVerage 0.04 per. :cen and corresponding probably. to "', ~

... ,,~i·~,~!o~,~,h!ch~u'rariiu~l1as,.m:~~l~acho~~ o~t, ·along.~ures.?~,~~arth~·~sUrfa~e::- .... '~:.,"
.' /~~nce'.the'Pnnclp~l.c~aracterIstIcs' of Aho Ghelle .ha<l.been est~bhs~ed{ the sui-vey : '.:: .. ,"'," ..•.
./' /was .. expand~tl ... to.. co,:~r' tlte. neighbou.ril:l~ area. It· rev.ealed two ·m:ore .a~om~li~s~". " . ••

<' ",/, ,Nor.tliern,: lying'~OO J11~ti:esnorthQf the J!1ai~locc4rrence,and"Aj1t;.hiU, lying 400 , .' ..,'
.' .'~ '.// .. metr.es to tl?-esouth"w~st.Allfpur' ano~lies fell 'within a 50 cps: contour: w;hlCh~·.: ' " . ,

, .. . ,tren:de~ south-w~st ... Its extension Wq8 therefore 'exPlored in the dIrection and two " '~

. " .~or~ ;;tnomCliies wer~I7£Qund, airport and·Ro~d, respectively 3 km and,8.km:tot~ '.,;; .
\~., ' -sotieh. AIf these '-atlom.alies were'surface-tested, and..they appear too.comorn{ with'· '" +0' , :

.'.:: .th~ p~t~tern .alreadY established at Mio .Ghell,e·. . '. '. . . ." :', -..: . .,' . . "
," .... . .~ A~oiliali~s Ant:-hill,~i~. Gli~ll~, ,andJioad all,1ie 9n.one atigmri~nt~' a,.hO(J:m~tr~ ~' .'

". ,..':.: ~ ", I;' .'. ',.,.''''':., . '. ":-." "...... C • '. _.', .. '-'. _ .-.'#. , ,., .•. ',.: _ _ '.- .... ~ .. . -'I: .ft \. . • • :' "

'·'.long.·'TbisalignlIlent.waS <;Ieared of bllS4 6v~r 'a distance oflO; km: and 3: detailed .,'~ '!" "

'~ ,~", .radjo~etricsurve~w#,.sta~~. A, conti~uoUs radioact~v~\paI1-d, ~~. Ieast3;OOO::';,·· ' , .._
.,.1/. :: .-.... t, ' .. , ~.; ,'~' .~;;~: ., ~ •. '·'4 • --. ..- ". '~"_."'._/ ....... .,

T" .',', " ", ~ '~
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Other minerals .' '. .' :... . i '."" , ,. , " .. .- " . "

,Tin,silverandcoppel~, ,q.i'e, represented by high values f'bund' dui:ing the geo- ""'-.' /
'chEm~ical'expioration"of the Blir'Acaba"ar~a~"These:indicationswetellOt ibllow~d

,_\·.up~ ~and'thei-rorigiTh:is.no~ knoWn:' Th,ey merit. fur~gerjnvesti,gati<m:.··" .' . '.-: t,'.:'·~.,
~., ,;Pegmatite veins arenarrierQus :l!l the' east.eni/part of. tp~ .Bur area. Some 'are ' ,.

, ". s~vera:l me.~re~ thic~ ~nd~a~p~arto)jersist ~lpli~ th:.strike'.$>:The,micr.ocU:ne'felqspar. , .
. : they·contam IS chenllcal sUItable 101' a cetamIc~ mdustry. . . .>, ',' .

.. ..' • • '.. ..' ·~d • - • • • ..

.. "" Marbles, variooloured and. or: good ,quality, occur in lq,tge outcrops, 3,km south- '. ' "
;. ~ .of ,Modu M·ode vi)lage~ 9 krrfnotth north-west'of .Bur '.A.caba;. in the Dinsor area~

, • . '" ,." ,"e •• :':,. " " • _ .-('" ",' . I' ",':", •

and in. the Bur Galari'-area.· J:hey":Willbecome of jntere# puce the 'area nas been." ';""
opened up' '.. ' ,." "....,):~.~;. , ~'. ',' ' '., .~ ... ': ,'~ .'... ' . ,", '

,~ . " Qn the ~~~a~i\re s{d~~~he,.t~~~lumaIld\ma~~an~s~.&ho~.i~~jp~tlIe'B~r"~~aba,
area and th~.phQsphOl~OUs-be.~jii~Q~ks.ar9und;Mo<;lu' ,Mode.,;.afe 'te>o' insignific~nt"
tQ"warrantfurth~r.'exl>loratiorf~;':;:;';'",~ ~.. " '...., ,";;," ':" .' " " ,',

. -' ,-' "~:'..•-~':. . -; ~ '. "-'.

Bu~ ,sepiolite':, .' ,./,/):" ,'" :~"" .\. ,
.,_'. r.. .'C.,.. ~'.' .'" '~/;'~';':~~.' . -.~ . I . • • • ' ..

,The seniolite being)nined on a. $~all :sc~tle at .Bur, ocqurs in' a· flat:-Iyiilg outcrop , '. oC

wmch'covers an area pfi.5 X~:B~O 'km. It:is thickly overgrown. Th,e' depOSIt was', ..
'\ , ...,:provisiouaHY:1l)appep and..sampt~d~ Thematerjal 'appears to 'con,tajif,oll.:average " .

'of 79~.:pir,centsepiolite as:'a.gain.s.t;8~ p~r: cent :for simiiar'ttlateriat"'from ,Tanzania.,.. ' >~
,:' It ther~orEi ~p'pe~rsJlnsu~tableJ~f?r:~!ghlyrefine~ rnanl!lfactures:.bu~..1i;ndo:Ubtedly

. . .,", ",h~ s~m~'iildust~~:.~" '.t~(~" . ,,',~ ': '" . , . ~ ,'t ,,~,~

.. ' " ,;" ~ . . ". ..,: '", ·::j';i.i::: ","';', ." ( . t ,\ -,,,? . .~' "."
:...~ n' ~~. _, .1 ;..... ~

~:.:"'.. • '. - 4'" - , • tl:

... ' ,,' ': :.,,%t" ,', '. :;. ; . . ~.
/<i •. . ;-t.... ~:~~ ,_ 'u..~ ... /'

. ,~ ..

"., ,]'.. ~- ,.",'
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Bauxite

'':/B~rJ~aJ~n~Daiini.r ..•r~a ..7 . '. .' .~. ". ~.'~',~. '..Q' .'. • ... ;: '.

· .....·,This con.tains 'severaFsprings adequate ~orpresent teqriirements hut irii~uffiGient"

)' .for iD:91Js.triat purposes. :The .b~st p'btentialaqui£~rip..the·area is .theJur;assic "Hme-
,'~t6ne~' 'Y.hoseco.ntactwitli.Jhe-Qasem~1itJorination is~m~r~edby severalfresl}.-water.·.
, . springs. "The~survey ~uggests~ that..this may constitute apersistent.aquifer,· Pll-t

':thisqpiniop. mu~tbe c'onfirm~dby furth~r iri.vestigation and drilling. " :-' .. ,'~ "
.r. ~.: .. '. ...; Lo' -. .' • ._. ~_~ -t:l - l;'

:. .' .'

"

'rrhe wholeci:>lintry was divided intO geological, ;ffio~ph.ol{)gica:l aJi;q. crhnati~lipits,
. "•. ' ' , . • ..•• ••. .,~ ." ,.'.'" <,

'and'each was surveyed and assess~d'onits 'own. merits bya ,spe~iCllist inyhap.Jdte.
No indicationsw'ere. found. in any'of-theareas'of rocks arl<hconditions suitable" for
thef~rmation ofbmiB-te.The surface;acc!l~ulations,whic~ contahl:·"t!e~ alumi~ous.
hydrates, near Manasin the north-west part of the Bur area, consist of b'uxitic~

.lateritic m~terials .which '. obvi6usiy origin~ted,geological1y;elsewher:e" a~~:·~~.ete..
. redeposited.. They'are.too_]ow gra~e·and..irregular to beecbp.orpic..There Jsj}ms:
no expec.tation?- 6f finding bauxite~ in S'omalia,.· bl,lt a search' may be fruitful' ~n
nelghbouri~ouritries; . . .~ '.. - (' , , }~ '- .... • (,>i~' •

.," ;..(~ nu. d. ~

.~~nterritories '.'. '.!-' . .' _. .... . '...:., ..?"; -:; "
Work, sO far, h£(consisted of. a re"appl~ai~~J. of th~ findin~s.' of the former ':p'ritish'l ."
Geological Survey,principaUy in the BerberaandHargeisa areas."'\ :':' .·"o~:'

'Jiil1e Pre,:"Cambrian~formations'contain fields ofpeg$titeYeins and'quartzl;V:~im~ .--
~_'" J. . - .'. • ...' • .. . .' ;'. l;.) " _ .' '. ~.' .•. :." ..' ". • ", .' . "1_ ._ "

'bearing cassiterite~ 'c.o1u:nibo-tantalite" beryl,. piezoelectric. qu~rtz, ,and ih<;lusttial
feldspars.. .someofthese veins are·minedbyhapdmethods·.- ..."':--- -:',: ,:',' . ~ .
. Veiris ef 'galena bCCaur in the Erigavo district, at Fulanflii;l,\Wii~t;and Danaijjieh;.. . ' .

. and may be the htanifestation of ·more exterisi-ife fissure deposits:' " . ,:'., '."
. '. . Associated molybdenite-bis'inuthinite-galena.~i.netalization occu.rs squt4 of the
" I "Bu~l inflssif~ 40 km, north-.st ,.of.I~argeisa; This inttu~fon ~ont!:til1s 'alkalicrocks .

r'WhlCh may'well corresponQ to larger occurrences. ' .." ..'
N~phelilie syenites' occur 80 km nort4..west· of Hargel&a 'anp' kyanite is found

in the Hudiso area.' .,' . " . " ..:. . :
.~ .

. : . QYP~UI11 oecur~'as a large hillside outcrop'~.15 km~9uth of. ~er.beF.l;: It is of e~sy '. "
" ~cess an.d haS'. heen provisionally samph~d by .tJ1e' former British: Geo}ogical,Sufyey ,.0,

.whd estima.ted the· existence o'f5 -mi1lion.tons·ofrock containing over 8.P per cent .
gypsum and .1.8 million tons of'tock~on 'ning over 85 per· cent' an,hyddte.",· . .-

· . ThIS dep.osit could become 'an' ITnporta t sourc~ of ))tii1ding ~ateriat: and. of' .' ,
'\. ,- sulphuric acid "for :the potential Somali ura ium'industry; but it requvef' :'further' .
. . inveS'tigation.' ..", . .." . ,:' ..'. ...",.. . ~: .vp"" ". '-t" .
.•.... :Qoal, ligniteandoi1'shal~ have also-b~en reported from the horthernprovinc~s.

'b'.. ,,' " ',,'.'," _ " , .",." _' _' ~ _ _ . - _" _, ,_ ~ _ _. '.' , ' . _, ,'" ." , __ ': _ ' ,,_' .

: ".As .against this"all the showings of ~h'akoPYrite, ":m'alachitl:{and azurite which .
.ha~ been.p'r~viously reported :and .were v~sited~ '\ver~'fou~d t~ correspond to insig-

·,··nincant· (}ccurrence& orto "'paint' 'along/fissure.walls.'None of them'merifed further
~>"~investi.ga:tipIl. . '". '"\.' '. '" 6. ' ~. ~
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Witliin the, area' 6fbasement rocks; water is confined~'to fault ana shear zones

whkh feed Subsurface depressions, filled with ~onsiderablethic~ness~sof unc6nsoli->" '
dated'formations;;from which'the water can be extrae.ted. These.shouldbe identified.'
_ ..... : .. .-'.' • 's ': • '.~ .... • " • .,.'...:.. ', ..•_ ;-". • '_;. . . -.~ ~ •

' .. ::,: ..~~~

:-.... ".

•.9

. ,....:,.

"

Bur ..;\.cabaarea , " " •

; ,T~r~e wa~~-Jj~ari~gi~~t~r~scan:be ide~tifi~d:, ,. ". ,.: ~", ~
, fa);Fissu,rezbnes ,ilr'the ,basement ro.cks that largelyunderli'e'tli~~r~a.,an4'which:' ,
. are ~overe.d by all ellJvialmantle from which water can he locally ~xtr'acted; " '

~ (b) The. mantle itSelf which, under 2 to 5 metres 'of 'impel;me~ble ciaYbed:; cob.-
ta;ins 'alternat~, beds of c~ayeys~andsand 'of c~arsedetrit~l n:mterials.These :can.:be, '
up to 27.metres thick,~nd t!1.ey.co:nstitute an'impersistent aquifer;'

• l '. . ,''':" "., '.' . ".,' . '.,;.: . . \ _ _. " '. - •

(c) TIle alluvial accumulations in the dry river ·.(tug) vaI1ey,s,arid· in their flood'
p,iains. T?e a~oomulationS;~"9f'Waterarehere' apparently ctmfin~d to lenses ,or f~ns,'
':~f ,coarse-grained; well classified ,sediinents. '. ..... -: . . ", .'
" . '.',' , , ", . , 'c.', .,,,", . '

Th~se firldings. were confirmed hy drilling several wells and laying"out(the ·da.ta .
,. 4 .on 'a 4ydr'og~91ogicitl'1nap:to a scale of ·1:10,000. ·This showed, up'''a' subsurface o.

Il. depressionwhichapp~reritlYGontainsaeonsiderapleyolume of.groumiwater.

. ..'.:' ..... "The tot~l water availabl~atpresent ·in·the area is estiih;ted! 75,OOOm3/year.,as·
'.'. ".against au·.estimatedrequirementof 128,000 ,m3/year~': principally for'agricu1tura~ .

, '.'~'. pu~poses. ,This' cQnsti~utes 3:~deficit\~f145 m3/day.' ,. ...." .:: . . ,.'......:"

r "Th~ surv~y sho~st~at, if the potential water re~o~rces ~f the basem~~trb"eks, . ;"
",,'1£:0£ theeluyial mantleartdtheailnvial fans,wer.e ag'properly ~obilizf\~.the pr~se.nt

: ~deficit co~ldbe mCl!gegood, $uch.work wou1dp~obably~have;toinclud:e the bUi!ding-
• ,", n of~arth dams. . . '. . . . '!.(' " .' ",. ,'" '.

" 4· . ~=:\" l"
~. .

,:C~~simai?area ~:. .., " ' ".: .; o' , q. • ,.' .. • " .~.; .", " ." .", " ~ " "'~&- .
. , ,~ ,AIl the:wellsaJong. the Ghisimaio:-Afniadu' road; 'except .thosedugin ,alluviall:!,' a

... " give 'Yate~ 'con~aining on ~iJ. .ayerage·.40,OOO Dpm"t~tal :dissolv~d-soli<?s: r~is is '. >,._
.. drawn from Te~tiary sands:f:nd clays, probab~yfed by a'bE)9: o~ fisshred and' cavern- -

, . ou~·Hmest6iJ.es Whic~- ~utcrop '10-12 km' f:rom the co~:;;t, trend"'nq,rth-east a~d <;lip
at, about 3,0 .to th~ north-west. i ' " I, .

'. :.. , . . ,,' ~" ',' ," , ,\ :'

DriWng showeq that;· iI!1act, ther~ were. two/aquif~~. The'pie~ometrie'~eve7 of J .. '''.

,t~eupper isat~ depth of 54metres'.and.this relatively:'~h~llqw~aquifer~pili,istsoC. : ~ ·
94 m.etres.of quartz sari~; ll:nderlain.at a,ilepth 'Of 149 'metres,by 7 metres'of :plastic· .

'> ela~../:·y. . ':.' ."';, . ,':' '. " '.' .', . ,~'.! • . .~,: '. . --: , .....•.:,

"". '~:Th~'lo'wer.aquifer~~h'ichis'~6nfi~~.d,'is ·con~titlJ.ted·bY' 34 metr.es 'of' greY,~ands, "": ""'.
,. ~.~derl~in ~t· ~"depthof .1;85.~ ,~etr'es ,by ?ark cla:r.~en the ,l.ow.er ~quifer,.w~s- . '

reache(f, the water level III the wellllose from a deptH of 50, metres to 14.5 metres

·:.The.water·fro~ this aquifercom·a±ns. ~,OOo'ppm .oftota;ly-dissolved~olicis.. ,';i "

.. ' T:WJ;ater-w~l1sw~redriiled1 c~s.~d· oft andd~iiver~d f'or ~u~e~ A~y ,appreciable ,';
increase.in thewatet;supplywi1l'probablyh~vetocotne fr.onithe limest'oneaquifet, ,

- ..;of. wliich:the eX~.l0r~tion.is recbrn.mende? . .... i 0" ': \1,.

. . .

",~" • .: 'Northern'prorinces . '" ...: - .."... ' ':".' .:\" I : .. ; . .;- 't'
• ~ " 0 ,,', • • ..' .' ,,,,,. .,." ' ,,' 11,' "

..".. ,.Water iexploration was recently startedin the northern region. I.

'/ ': ".',. • • I - ~*<; "" .," " .
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.~; . 13....·.·~Ec6$miIDATIONS '. O' _ ...~7J. '.',
". ···BWr·area·· . ,,' . ~ . . . . 'I . .. ..., ..

.>:'\' ...' .... - ~, .' ,. -.' .. .,.'. .•.• :::. / . ..... ::' " '..:~'. '.., .
: _ . "". ." .At1i.~ere<lues't.~fthe.SomaliGQv~rm~ent,and upon tJIe r.~comll1enda.~o~of F.. R. .

. ~'~." "'.:~: .' Jo:UbiIi;c<?~ul~ant~oUNDP.,'~hisare:cthas~eenrelill(ltiishe<lby:the)J~te~Nations' ~. ;.....,.
'>-. : ".:.' p:r:o~ect an~ open~d to mihiIJ-g conce~sic;)hs. . :"" ~." ". -.' ) . .'. \. ,

., l·', . ..,.~ ~ .:.". :United .Na.tions. activi~y a~:,rega~ds thjs arep' is limite~· to ·an .adVisory c~I>C;lc;ity, :.' . ~..,.

\ .aime~' ~t ~sistj-ng the. Government in ifs negQtiatlOns wi1;h, private compa,nies .' ".'
'\.' . and in es~abli'§llj~'a ?uified mining et?,de. for ·~oma1ja. '. I '. • . ''- .r. . .' ' .. ".. '"

:'o1t~' '., a '.. . ... Th~·f~ll<?w~fi.t're~~m~~~datidnsm~y;howev:r8cbe ?f:us~.· .~~ .. '. ": . '~. ..~.' <

;.' .., .' .._ }. ' . (. ~. (1r~1J .ore :o9curr~~es. No fl;l~~her. explor~~I.()~.·for Iron ore. i:' re~or~e~(Jed I~":-:: .
.~. : \ :',' .,;.' ,,: .. th: foresee~.b~~.-f.uture. . ... , .... ' ..., - _", ...:" '. '~" . ,-/ .: ;

.···0 • ...•. ..~. " .•...• : ~,~.: R~di.~ttc~ive occur?n~~s ..~he fo116~ing ROints.re.ga!~i~g.t~e~xPloi-at~~ncame~ .:' "
· '-' • '•. '!'. ,. ,'. ";outby the Un~tea NatIOns·proJect shouldb,e·.borne 1n nund:,:··· . ,.- '" ,

o· ~ ",.' ,or ,•. ', (a):T~~a~riat~n1~~~ry..of·th~· ~~omarjes.n.uij]~~n~?m~~ete ..;.;·... .~.
• .' ',~ '.: (b)' The :intensity' .and area ·(jf the'c'aenal" anomalies·.cannbt be taken as ail, .••. ._". _ .. _".," _". - - ,,_ -I.. . ',' .'~. _, . _ ';' - . ',_

. q. ':. . indicatipn.·of}he value'pr. the uhder!ying, hJdden", -primarY .~I:~bod~i:· .. ' \ ..
, " "",... ~~)..All t.h~;dataso;far·.collect~d..r~f~i"Jojhe ~{)m~.of.\Ve~heting; ..;· ;. '.\ , .:-

• . I:'; ~ Q(d!. T~~. stru~tu~a~ ;co~:t"!:O~s. of ~he ~~t~Jj~t.i.onreiri~irt':to"' be.f?~~d; '. '. \ ....: '.
..' ~ ',~ ", , . _ : (e) R~~~I~ ..so:f~r·ac4Ieye.d~an ..~~eIP..to In,d~cat~ that·t~e conditl9I1S g~ve1;mn~' .. t,.. .:.- I the Alio G4elle' oc~urrenc.e ·niay,."he~icar of the .Bur area as a -whole. : . . .-

·:~. "'~.---.'. '. ..".. "',~:. 'Fin,: silv~r, .~6?P~:. '!~~ irigh ~eo~hemical .Flues eIl;~9u~te~~'d i~. ~he Bur . ......
:: '. ~. . ..' ; .A~a'ba ar~a ..~~d()U'bt~t1~r-· merl~·~~1.12':Vl~~ uP", ~~ soo"a~ .op~?r.tu~,~, poe:mIts~. :'.,.
," .':.. '..~, . ~.~: r·~g~!ftes,·b~ild~r:!! :ma..t~n.als•.T~~s~.w!n, b~,.m~erest prI~~l!~ ~ flitti~~ .~. "S""':" ' .. .-'

". '" '.' '.eeraIl).lCs· Industry and a, future .bu~ldmg lllQustry. ·.They. can~.haye no eGQP.O:ijlI~ .' ,,! · ... '.'i>/ ..
~ . .'.' "~,-r. .; ..·y.al~~'until. ~~~~. a~~~' ~s p:,.()vid.ed >~i~li. adegu3:te. trahspot.t'~n9, lililH~~~al facil~tifi!~. : ..'.q.:j".~ ;.~ '1'

.,; L•. ;.~ .... '. :. No,nrtmedl'ate InvestIgation of tliese.,occurrences lleed. be undertaken:.· .., :'. '. .
/.: ..':',:; ~::~.':" >.' . ..: ,> ~ .»,,~~.. '::<vi·J..j :,.:- .... ..... :-. :<--. ':;, . ,~:.~'~.'!' . '.' ~~. -... .~::.:":>. .'

:~ ..'}~. .:;', .... ic .::hft:~~~~ij,ht: d~Sits'~i~'~: .~,idi~ei~p~d'~::a"kg~'::c;u~; ·e~Iffi;clerabl~'::. ..... .
. " " . • , • ' uq, 'furth~r. knowledge:·jS 'req~ired as..t~gar.~· tlfeiF·.ghl~el· geol~gyJ .thic~ess ;and la:tera:l .-' " . ...
<". . . · ...., e~terit. Inpart-tc~lat, ~y~(e-tiIatfc:~a:mpling ~l?-o~ld:'Q~tl~n~silch: C;lr~as 6t:getter~de ~. J '.'. : ::.:.... ';

: >. :.~-.: . ···tnate-riaLaS· may'exIst' :,; 'f ......: . :~ 'c.' ,-' ;;" -. ';'., '.
· '. '." ..~ ;.':.' :""',,' ·_.·.... f~i~~.fon6witig.~1l~~e~qfac~i~rds.~~e~efor~ r~~~~J.l1e"ndeq,( .' ,., .: l~. \ - -': ..: .., '. ~ , •

.~~"'!" i.' ~~- " ~ ...: ... ' .- ": .... ~~'(a)··Piit down;1.5 qi~inOild drill (lI~~ on.a·systematic.gri<:l·measutjng;2;OOQ :>< 750 .~\ .: ...
'-. '. .... ';' .. <:..' ;'. '::.a;netfes:to :a.pf.es1iine~r average d .': S'O·Jl.letres ;. '.' .:., " .., .•. ". . . ....~ ~.f.~

~: .;";: .~,<~,o,'.' .'.:"""~;' ". '·(b)'Ma..fe·n.iiri~ral~gicftl.anQ.~he:'c~r '~lysis"9f t~e:~ote~'~:~·. :.'~,~ o' '. · ..· ..:·:· .. '.~;:i···
'..~ n ,~. ~.>".-; '.:.:" . .: ... (o)~ 'Catij:.~m:it .s>rsJemati~ "pittirig.ap.,d: te~clJ.in~ ~()1! .a:'. ,wiae .Ni.(l~ac~f~1nf·t9·' ..~~, ..
.:" "(.;, . :." " :.;,<thefindings·of.tlie·drilling~;·, ~ ....;.,.,'.. : ',' ':' ..', ......: ..::~~~\:>! ~'.~?:;.~ ';'; .. ~,,,. ...~""
: ..... ;M<~, .:. I ..~ ,:;;..;. '-;" ~ . '(if;) _T~ke b~lksamRl~S:·Qf.;t~ pi~ a~d ..tre 'ches for·ina~tiia1"testIDg ~ "' ..'. ,.," ..
...~;.! •• ' .• 'If" "'.•••.• ' .. ',.'", '.:.'f;~....•. u : , f ...•~·: ··e: .,.~ ~ .• ~,'~ : ,4' .0" . ' ,. ~...-:.... <:-~. l" ..... ..,' '\ ':'.... ::; .. ". /1'';,'''0 '. . ,s!: '.': \." :.:.' . ',0 .' ...... ' • , .' '.~:" ;

. ,.' ,'._.' . Baux~te.',· '. \ '-.,: ~ 4' '" ." . ",. ~ _" .'"...rl "'. J.. . • ..' _ • I _ - " • ,- p • ~ • • ...6.. . ~ -:. .. ;. • ,-' ..".. ',',' • . _-.: • - _ .It...· ••.

.;~'..;./ ..' . :.~ '" .:.: '~'.:. ': '" 'Nofurther~~1TQr~tion·':fo~hafiXi£e ·is.ret.oPl~en~~

."... ..... "::'{i.~: :''- .t~~ ... ·./ ~<' ,; ::' .:' " '.',~ .;~;.\::: ,....:» :. ~... '
;!. " \":', ~.....J: "'Min~i(jls oftk~norther'(t·ttr.a..~"tt~ces,~~.~..
..1'. . : I, .. '.. .' ;." "... r' .. ~. ~ .::--=' \.' ~ Ill'

.....: .... '. Gr .: ." ·.c· '~',In spit~ of 'aI~ the;.'~or¥"w~icli b;aS..been done~,

· .:" .' ":' .; :.... . .. ,. . r~mc~s~i~·the are~ is insufficien-ft@:warraiit .an~
~~. . ..'.' .'." :;.';',.,~,'. .--. "" ::.. ,-".>~ ·lo.:··· '. .

,::.... ': . . ,'. ,~" ..~~ '~-' '.124 :.; ~ .;. . ..' '''''.' ... ".:... ,:'
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..... ,]\IIi~ing'm~thods.h~y~. ~e~n' .tO~<~lelitEmpary~to ,~ve.·.any\ndiGatlon/-as'~t(; what:,·, .... ' ',' ,: '.
'indUstrial condifiots wouldbeJike.: : .t~:. .' •.... ~ . '.. . ;..... !.: ."'. ~.. . " ::.

. . ~., " ~ •.; . - .' r • .'. ., ~. ., .

,-. :'l?~g in: tWi area.'h.as b~~ te8trl.ct~d~.t9·t~ee holeS' on· the 'Si1ria~ M;alablel1, .':'. . /. ~~
. .-~um deP9Sit and'~ofo~r ~oIes.on t~e·;~.W]~la!1d Danajien g;;tlena oC,currenc€s. ...... .,' . '.~:. ---

. ..Nhne.of ~he .~ther den.9S~ts have' ~ver b~ri.expl()red.~t ,~~pthtantl t~ere is no knowl.- ~. .' ~.' .,,' '•.
. ' edge as -regards metallogenesis~' . ." '.':' . " .. -.. ' .;" .,'. . o::l>:··· ", . ~'., .. ..::. ':

w.~" ,.~. • ,>_~°firs"!~hen the
f
· m:.ea?vas.eXPblo!fdh···~r'~t~e,.Brith·isii: Ge~Ogic~ S~ey:~mhd; dBu~~~~4e. 1'.: ':'..'.':' .:'. ... ,.< t yeaItS: 9..:exp~ora?oll:. J t.' e'proJect~ t g ur3:m~ni .~epos-it.s of t e ur. D::lea '. '.' _ '

'; . '.:~ 'p< ." wer~ still unSUspected'~and no particulal'.attentiop :w~.paid to the. sewch' for iadio- '. ::..'
,,-:·:~rw,/. ····..~:.rj ~).ctive~,prin~rals. in the ;~ortherp·p.rovinces. TheOgeologIcaL.~xploration-·has.s¥\\Tnl'·· , '0

. ".:.,'., '.: : nowever,-that a 'nl,lmber ofpoihts. of similarity"existhe~een·the:rockforma;tions:": .... '-
. ,:. : :..:.~ jn.thesetw:o Pt~C~m ".ap.·: :and t~~searcb.for. JadiQac.tiv~.mater~aii··iirthe> . ':'"

·'·<t.: - '" ':~or~he~rl.te~i.·it()liessho·.· otl,~ gerbe.qeglecte-L '.',,' '. '''.,' . >. :.':: .•
." . ., . '.:'With .th~ develop~ep.t·ofthe..p rto! B~rbera·totakehoats'of9..;metre'draft, with. ;,.

. , ._~ ;':"0. ·the~posSibiJity ot~epeI}il{g·tQ.;i:i'metres:·the Di~nerai:.e~..ploration of the northern· ~.:'. > ,.;,'.
""'., ' . .~~. J?revinces asSlup~ alle"iurg~il~Y;,and·t~ief()I~o,,~ngcoill"Se. of~ctioniSJrec9~nienqed: ..
'.... <, .. , ". '.~ " ".(a) Limit ext?~ora.B?p:.initia~l~t~ the.~~~f.bas~~e,nt,r9cks.~~d 'intrusiv~;' ..' .
:'., ' ... Cb) c-ovet-.th~e ~eas by an ~rrborne'~ophY~)1calsurvey to complete and supple:::.

,:, .'~ni~~~:.~~~;e::~~~i:f;~e~¥m:d~epP~~i.~S~~.s~tt\:g~,ith '.'p

4it .' " . i. the'most promiSing'areas" parficrila:r.IY:'.gi~~fed to\vard$.. tbe.seareh'for radioactive '.. •
'.".. ~.·:,rine~alsandf0l1c~it~ri~e;·. ~':'..:.~;,:' . ··>····:<··~,.i:··:;,.·: ,:.",~, ':! ',".: . ~ .....~

.... r< .,' <: (4).. Expstildtliiss~y.tq covef4;Q.e areasoUegIDatit~ and gn~isSesSUITOlindipg '.. ' •.
v: ..:" . .'~~.he~~h11ntruSi~n,tQ searc4f()r,moiYbd~n~,R(tlB~be~lijJ.iri,coP:Qer;Jead, tanta~~~, . . . "-

, .,' .~$i~·,~t;R,~tfui~~~~~aoeeui.r~ile~,kd~~~t~e;ri;' ::'.." ", i

';,;:; ." .:"~"fqJ:~~::~~~~:ui.:t;e~i:::e~::71)Y,~~Jph~~at.~eih\i~ ~(';::~., ,.' ·
.•" '~.' ~', ",' (gJ...-Ind~pooden.tl.~·.<?fthEfab~ve, re-asSeSs th~. Suriah,·M:ala~I~~ gypsum.,deposiV··,' . . i'· ", "": ':.~~.::: '.':<..';:', and' ~ake~a}~~i.~~~ .' :" ~tud:r: ,..~e7~~ '~4e ?~~UIT~~~es. qf ~l1e~.:.~.~d~·bui~~ing·~ .... . <. '~, :..' .:
. ~.- ", .': '.' .... ~'.: ,:~:a~.e~aJ~/n th~ ~ght ...f tlleG\':~e:~aI" ecQP.o~~~'d~~e~6Pm;e~tof ~~e ~~.;~~\~, ...... ~,';' ~~. c', ~,

. • •• • ".' lS{ \ •. ,. • . . :,' .. ,. fiA+ . .' • \ , • "", ..' .
." ::'.' d:.~ '. 1',&.:' .. ", '. :'. .'., . /': ' .•' .~. . .;.' .,,: :." .. ~ ... ",' '-:-..: .. : ,'. ' ...... ,:-- ", ";" .:. '::: ~.. ,.:.

rOUMwatel\-.. .'. ." .. ' .'. ." . '. '. . '. . ".
.' _t ' ~:T .: ".", "., :: , .:,.,'.;-"~': ).:' '0';" -'. .' .,'~' ; ..•..\.: :~~ • a'

.,:,::~>( ~' .'~: .,':. '..J:: ....T-h~ . ~te.dNatio~·surv....'~y Yi.·aS~ liypited toJ4ree:.~iI~m-lllS.c'ribe~ :~reas.an4 ·.c~rri~d\. /': ". '. .
.~•••: •• : " •.& •... oli(~Y'.iil¥.t\vofipeeiaiists~. 0":,,,.. "~ '.;,.";.,~:.> ".·.f .... ; ',:' :'~"'.~ :'.:':0;", :., .....
..'C •i.t:;- .. ' ,~~ rt.JleleSsAtsboW'ed~t pres~f':'l~ementsand f011'Se~le ~we~~tie " ..' . ,. ....... ::.\S> ..Jeqwre¥Le,!ts.:coulq,·lle met ,y mobil~IDg kn;oWn' ~Qur~~~. ~t :il:Is.o· shriw~:9[tli3:~' . ".;'~. ": .: :/..
. "',.':." :.'. there .wt!r~.onside~ble'potenW~water r~.oUr~~~,~thin the co~n#, tn the ~ure" .' ...' ..

. t "...-;;.... . ...~~t~~rpf.'.t4~.. ~~e~ent; ~:~c~(jn,· t~e Jo/~i~ li~eslt~nes,. j~l.the. ~c~~mlJJat.io~'.. '.
":.... ' ''';. - of smface formations and. ID rIVer underflQws.. . ". ., '~" .. :. '. '. . '; , .
".\> ..:"., ...rI, : It·didnot,~~ve~he ti~~ or the)peanS totfollow:up.~h~e' indicatiQlls:cir to.~tablish. . .
4:·<..',.·,·· ,'; ,(J' ::. ·~~~r~;.r~erv~.:~f 'Yate(~uffi~ie~~,:~q,r,~dJlS~iall?P~~~:weF~ ~~.b~.~~und ..: , - I;~ '.

. . '.: . :...;,. La~k of water, ~n,.be. '~ear!y ~\gl"~~ ~. h~ndlcap. t~. 'mIllIng .dev~Iopment .~ , •
~:,; ..~. ',' :\. .: . :~\. ·:would. be:;an ~nad€qti~cy Qj. th~ ore.; .~d wa~~r,js .~~ntiaffor 'a~icU1tiltaldevel.op':· "
, . . '. ·..::t6 . >' 'meht: With. the PQssibiliti~no~~er'ging,inSomalia,.tl~is Prol)Jem has bec:o:qle ol1e i: ,'" ."'.' .' >: . .' ,"'>:'·~bf;wiericy. :wp.ich.can'rihIy. b~coi:rte:inci\eaSiiigly. 3,cute. ..' .::." " .:.,~ <;; ,,:':".: .':' "," J '.... " • •

'.'.::'~:" ..:~: :~:""~'.;' .:",. ·:~t'ois~lit.l.l~~.'0<.r.~. ~b:ohghi.re'c..·.pmin.e.~~~..d·." ~hat .e:t.. perman.en... tgt?Uilqi:v.t~.~ .... sect..ioti ,. " ':'.; .~'
.~"." ." ~·r-:..·>be·.estit4Jlish~within·the:·gtol~cal·.dep~·trnent.ali<;l.th~t'itbe ..entrusted With· .. <,.-

2, ';:~:",', -,. '~":::';_ -.~",: \' ""~! '...' .'. ~:-:.(;~\( .:.( ......' ,':'., > , , :::" 1~~ .~;'.' . ',c·>"',':
, :'~" '< '~('" f ' '.,. :.; ~ ',. ,<"\t : .;f ,:,". .'~.- ., . <'~':'" ,:., ';.
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