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rr.-. atiption. need~d t o : iarul ce t l'l e d .ev lopment 

1/ 
of Jordan'• alneral ~••ourcea -

by 

Y. I. Melelny 

Alta tract 

Tbe 1-.el of liYin1 that any aociety can attain 11 a dlr ct functlo• 

of the ae it .. ke• of all kinde of raw .. terlal• (aoll, water, .. tala, 

noa.etala, etc.), all kind• of ener17 (both ant.ate and iaaat..te), and 

ali kinde of hu..n ioaeouity; and ia an ia.e~•• function of the ai&• of 

the population that .uat ahare the colleet1Ye product. Tbe relation 

bet .. en rav .. terlala, ener17 and iuaeoulty il aucb that uae of a lara• 

a.oent of oo.o .. , of feet tlae ued for larp UIOUDtl of other•. 'Ita• .oat 

Yltal rav Mteriala are water, aoil, and conetruction Mteriala, for th••• 

are Deeded in lara• quaatltie1 and ue bard to illport~ Natala, clae.icala, 

and iuni.Mte eoer17 ere necea1ary for l~acluatrl.al1&&t1oa. 'ftae .re of 

tlae1e aiaerala a aatloo po•••••e•, tlae better, but DO aatiOD can laope to 

be aelf-.uffkieat ill all of th• aDd therefore ... t trade for· ao.. ••••ntial 

Mteriala. 

Jordan' • natar~l reaoarcea ba•• been littl• explored. 111• aranltic­

.. ta.orphlc terrane !D the aouthuatara part of tbe Unstloa could eontalD 

depoalta of tuDptn, rare earw, falclapar, atca, fluorite ate. and the 

aedt .. ntary terrau onr .ucb of the reat of tbe country 1• fawrable for 

the occurrence of oil. hen if aone of the•• aineral• are found, bovner, 

Jordan'• other aineral reaoureea 1 if fully explored and dayaloped in the 

11pt "f 110dem teclmolop. will •unort a far h~&ber lnal of lt.rinl tbaD 

Mr p!OPle aow nJoy. Very llkelJ aha can tacr .. •• Ia• niafall ., a1HNt 

11 Report prP?ar2d in 1959. 
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10 percent by cloud seeding, and she has undeveloped supplies of both 

aurface and around water that are aufficient to naarly double ber uaable 

wter aupply. ben lf ab• do•• not ~·• oil or ha~ lt in lara• quaotltlu, 

abe can buy it ch .. ply froa nelabborlna coantrlee, and in addltioa bae 

undewloped aO"Urcea of bJdroelectrlc pcnrar, lara• r•••n•• of bituaiaoae 

lt.eetone, lara• r•••n•• of aucl .. r power •• ~rani~ lD pboepbate rock, 

and eao 111 eolar and vlocl ~owr for epecla purpo•••· Her lara• auppllea 

of coutnactlon, fertlll ar, and other ch.t.cal raw •teriala will DOt 

only eatlefy her own neecle, but will yield both raw .. terlala and •or• 
uaufacturecl product• for 41Xp0rt. Alld abe hae .aluabla reaoarcea of 

tourietlc iotereat lo the for. of ineo.parabla ecenery, aoti,altl••• &Dd 

holy placal"' 11b1cb, if properly aclftrtiaed, could .. 11 bacOM bar lar ... t 

ainal• aource of foralp currncy. Rneaae obtained fr• tbt.a aouroe aa4 

fro. the ezport of aartcultural product a, .._tal lie alaerale, aod allaual 

prod1acta aboulcl avpport foralp pvrcbaaa of oil, •chlDerJ, ucl ·other 

product• oot ~oed or produced loteraally. 

Pull deYalos-eot of Jorclall'l eccnuaic poteotial will take year• to 

acbina and 1DY01••• •DY c0111plu actlritiae. ODe of the .oet ••••lltial 

la OM tb&t UD be preaaad iD tba early JUri, DAMly the aatberiq Of 

facta and baalc data cODcernioa tbe character, utaot, aDd clletrlbutin 

of u reaourc••, and tba uaaa that cao be •cl• of tb•. Without nell 

fandeMDtal clata or tba uoclerataocliq of tlaalr MaDlq or tba WJ8 to 

ue aM apply th•, coatly clnel~tal project• aDCI aiailar effOI'tl 

co niae tbe 1 ... 1 of lirii!J ue likely to baft llait .. ftOCUa at ltut. 
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:C~1 r. ent SOVe~C ~t &&encica, for private organizations and indi~duall 

c&;~~ t afford to take the rtcka involved in gathering data that cay aot 

have an ~~~dinte ~con~tc return; aad even if private partleJ do collect 

r.ccb data tL.ey nre not likely to make them &enerally available. 

Of the activitica r.ecdcd in tba field of mineral re1oureea, acme 

ere already u~de~~y ce the established function of governmant agenclea. 

No bureau however, seem. to have responsibility for makins geoloalc map1 

and for gathering data on aucb things •• atream flow, eo~ositi~o ao4 

fr.or~~ti~s of air.cral• and rocka, or for inve•tigatlns the uses to vbiek 

Jordso'a minerals might be put. To aatisfy these needs, a Geological 

5t:~-:3y and a Sureau of Mineral Induotriea aboulc! be formed and plac~4 

in cpcr~tfon ~o quickly aa poaaible. 

The ts&k of collecting and lntcrp~• t 1D 1 be ale data or mineral 

rc~ourecs ~~St be dono largoly by Jordani&DI, for only iD thil Way vill 

Jorden 4cquire the technical cOMpetence needed to use tbe informatioa •• 

rov Jordan13ns have enough traiDiDI or experience to work i~dep~ndeDtlJ 

in these fields new, bovaver, eo help from outaide techniclaDa ~ou1• 
• 

be neceosary over ac initial trainlna period of aeveral yeare. But the 

n~ur of ~~taide tocbniciana should never exceed the uumb6r of Jord&Di&D 

tec!lnici~n•, and for tbia reaaoo. aelther organizatioD could ·baYe a 

r.:;:;.ff of core thaD a few people cfuxtlq the early ,.are of operatloa. 

/ 
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I ntroduction 

Aa a part of the InternP.tional Cooperation Ad:iniotratloa'a 

technical aa1istance to the HaGbr~ite ting~ of Jord4n (HXJ), the 

United Stat•• Operation• Y~eaion in 3ordaa (USOM/J) propoced ln MA1 

1958 to aid tbe development of Jordan'• pboaphate induetry by cxploriDI 

and ~~pping Qo~o of the more pr~aing of the known dopoeite, ·and 

aeurcbioR tor additionAl dcpoaita in the aoutberu part of the llaado. • 
• 

Eetcre e.Tberking ou thie pro~am, the Interuational Coopelra~iou Ac!aia• . . 

tGtrGtion in ~~chin&ton (tCA/W)r.£kc4 the U. s. Ceoloatcal SarTeJ te 

rcvi'~ data already availuble oa the phosphate depoeita of 3or4AD, to 

£:LL1ioe the deposit• in the field, ou4 to cake rec~endctlona •• to 

tho ~ork needed to d4vclop the photpb4te and otbor .tnerala. I waa 

cake~ to r:.:1k• thia e.u.minetlon ecd did 10 cfurina the 1PODtha of Octobe~ 

t!ud Y\·~vc:bor 19SI. 

Altbcu£h tba initial ~haaia waa oD pboapbate, it be~ appar .. c 

c~rly in the aaoign:~nt that attentloa ahould be &lYea alao ~o otb~ 

r:1z:erala •• w.Jll. With the ~pproval ancl encourag~nt of l~. R.alph B. 

\~crk!nger, Dctuty Director, USO!·t/J, au4 Mr. FrankS. Wlleoa. Chief of 

itl Induatr, and C~crce Dl?ialon, the atud7 waa broadened to &D 

arAlyol• of the vork needed to belp ct~late de.elopment of other 

o!nercle •• Y3ll aa phoophate. !he tt. anllabl• Ia tbe f1e14 •• 

not long enou~h to undertake auy orl&lDAl lnveatlsatlou., but it wa1 

eufficient to beco:M famllar with each of the ~rajor kiada of aeoloale 

ttrr~nea, and to ~n~ and dlacua1 la ~. field the problc:a ~olat•• 

t~ tbe da.elo~nt of the ~ortaat ~neral reaoarcoa wttk tboee people 
1 
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IDOit acqualnted with thttm. Thus, I t r .1 v r ll ~ l hy cn r mo r~ lhn n 3 , 000 

allea vitbln the llnadoa; vaa able to examine all the known pho1phate 

depo1lt1, 10.. of the bltu.inoue lt..etonea, and the Wadi Dana .. naane .. 

depoalt; had opportunity to review tbe aeoloalc baek,round of aroundvater 

proble.a at Aaraq, Irbld, the Jordan Valley, d .. ay other area• on 

botb the Weat lank and tbe laat laok, tacludlaa tbe weatern part of the 

eaatera deaert; and waa able to ••• the ~rtaot etractur•• and ao.a 

of the facie• relatione that bear on the eeareh for petroleua in t'e 

northern and weatera parta of the liaadt (fla. 1). 

A draft of tbla report, aa..arlatna the .ala conclualoaa and 

recom.endatlona, ••• prepared aod dletrlbuted to official• of the 

aovern.ent of Jordaa and tbe United State• Operatl~n• Mlaalon at the 

c lo •• of ay etay in Jordan. "1111 te expancled hen to include a re•t• 

of 10.. of tbe prlactplee of eeoaa.ic develop.eat, particularly ae 

a plied to Jordan; a deaerlptlon of the ai .. rale that ftad ... la aa 

lndaatrlal eoeiety; and a faller review of Jordan'• alaeral reaoarce• 

and the poaatbtlltlea they offer for cle•elo,..at. Tbe approaeb taken 

to the•• .. ttere perbape .... rYea ea.. advaDCe explaaatloa. 

Tbe prlaclplee of ecoDOalc deveto,..at are deecrl'-d la .any 
1/ publlcatlone, aDd DO att..,t 11 ... to reiterate th• la full bare- • 

Moat account• of tbe eubject, boweYer, do aot dlacuee ia .aeh detail 

the part ataerale play la an eeoaoay, the '-Portance of developlna 

1/0ne of tbe lteet aulyMI of tlae pro1t1• 11 that of Georp Bakta 
aod-otbere, 1951. 
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mineral resource fo r domestic usc r . h r thnn for ~xp rt , or t he ~ork 

needed to bring thla about. These aubjecta are among the chief onea 

treated in thla report, and ao.e of the princlplea of econoalc develop 

.. nt are outlined to •how how aad vby lt ia ~rtant for a country to 

lncreaae ita conau.ptton of alneral reaourcea. It would be a aiatake, 

however, to create the illpreaaion that reaourc:e clevelo,..nt 11 the only 

.eaaure a nation need take to raiae ita level of llvina. The other 

aec:eaaary aeaaurea are not diacuaaed .ucb la tbla report, hut aa.e of 

thea are .. ntioned to place the aala aubject in proper perapectlve. 

The approach takea to the evaluation of Jordan'• poteatlal reaoa .. ~1 

ia not the one practic:ecl by .oat ,.oloalata aacl enalneera repreaeatlDI 

iaduatrlal fir.., for they are aaialy latereated, and rilbtly ao, ia 

•inerala that caa be exported at a profit, and tbat can be alaed a~4 

proceaaed by the .ethoda ueed to treat hilb·arade orea. Adalttedly 

Jordan'• exportable reaourc:ea are f .. ·-ia fact, tbe Mlaaioa oraani .. d 

by the laternatloaal laak for Recoaatractloa aDd Devel~at probably 

exprea .. cl a widely held vi .. when lt aaicl (1957, p. 69) that "evea vitb 

foreiso aid, Jordan'• reaourcea caanot be developed to tbe poiat where 

they will provide a livlaa evea for all the preaeat po;ulatloa ancl their 

children, .ucb leaa for tbe future populatloa aa lt will arow over tbe 

yeara." Revertheleaa, if Jorclaa la to achieve her eapreaaed allu of 

raiaina her level of liviq aad recluclnl bar fiaaacial clependence 011 

ezteraal aourcea (IIRD, 1957, p. 65), 1he .aat •••tty iacn••• bar 

eoan.ptiOD of raw uterial• aDCI iaaaillate eaer17. ftia nquina, la 

tara, tbat abe develop her - re1011rce1 te tile--~ .. P" .. that 

' 



.odera technolo11 per.ita; the criterion of interest in the deyelopmeat 

of •aJ lliaerala, tlan, la aot .tlt,.tbu tbe aubataDce caa •e p~cecl 

for: profitable aport bJ olcl faa1alotaecl MtlaO .. t Wt wlaetlaer it MD H 

prHuc .. for Jorclaa'a •••• 1t1 ••Jimcnna Mtllod, •• clauplJ •• it ·cu 

lte ol»talucl froa forelp aourcea. Jorclaa'a reaoarce potntlal, tlaRefne, 

ta 91 .... bere la tbe lilbt of tbe ... ~ ... ~lo,..at ,~tta• ., 

_..n tacnolou. 

ftal1 auppoaea, of couee, tbat J.-.. a will ..._lop anaaeecl · 

teclanical akllla aDd acq•ln bowled .. that alae .,.. DOt 1aaft DOW, 

wblcla la tuna -• tbat it will H _, ,..ra before 1lae ruclaaa tlae 

aoala to 11bicla abe aapirea. Sucla aoal• caaot •e attatae• la &IIJ otlau 

WJ, laOWYar, aacl tb••• coaditlou ... c ba accept .. aa ,rfteC11111ltea. 

Acceptlq tb• •• aucla, bow•er, aDd vlwlq :•••'• ntoane potntlal 

la tlae ltlbt of tbe .at.. pendttacl 1»7 ..._. teclaaolou (4M, witla 

the cuneatlJ riatq rate• of cou.~~ttln eftll••ra, it will •t Ita 

••1 ,_.,., ••fora tlaa deftlop•aat of naOUJ:caa ta _.t otlau arua will 

laa•• to be approaCiaa• ta tlala faahloa alao), I ••11 ... J~'• raaourcaa 

will aupport a tiOduatelJ ~~·p lnel of lin .. foe a ,.,.tatioa of tlae , 
praaat alae. De ~uaou for tlaia IHillaf •• •t•ou••• b Clae IHtin 

n Jordaa'a .U.al naovce ·pot•ttal. 

7 
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The relation of natural resourcc5 to lrv 1 of living 

If we think of level of livloa aa the a.ount of aoocla aDd • rvlcea 

.. eonau.e, thla le•el la plainly low if tbe averaae indiYidaal baa to 

e .. rt .uch tt.e and areat phyaical effort to aatiafy hie •lnl ... aeeda 

for food, clothina, va~th, and ahelter; and the level la hllb if he can 

obtain laxuriea aa well aa neceaaitlea at the expenditure of little tt.. 

and effort. Tbla .. ana tbat the .ore raw .. teriala (e.a. food, water, 

fibrea, fuel, aad .. terlala for .. ktna toola and dwelltnaa) eaailJ a•aila,le, 

the bllher the level of li•ina. It take• work, howa•er, to aather and 

aaa the .... teriala effectl•ely, and over the •llleata .aa baa found .. a, 

vaya of aettina thla work done for b~, aad tbua reduelna the effort 

required to aatlafy hta aeeda and wanta. An~te eneriJ••alavea and 

do.eaticated aa~l•··vaa captured flrat for tbla parpoae, bat the areat~lt 

aaina have c~ froa dtaeovery of .. aaa to capture lnaa~te eneraJ--i.e. 

power froa vtncl, va er, ancl eapeclally foaail fuel. Tba 1101t efftcleat 

way foaacl to uae laanillate eaeru to .... lalMtr 11 to •• it to na a 

.achtae that will perfo~ • aaTWice ta • .ore exact ... oftaa faatar 

WaJ thaD a pe~IOD CAD do it. 

• 
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fte •••pru• ue of lua'-t• • ._.., ••• •clatHa la, of courae, 

tlae taqlble baala for tM latp ltlftl of llri .. ••t.e. tbe ......,tloa 

of larp .-atlttea of ..... a .. Mrrieaa wt.CU.t .ell ,.,etcal effort•• 

eajo,.• '-i ••1 w•ten HClett•• &MaJ. fte ••-• of tlat• waltll, 

ko••••r, 1• -Ciatq lua taqt•l•, -111 a • t...-1&7, Mft.M 

la tlae ltroa• •••• of ca.. collectlw atlltJ of a pap te •c.ta, 

•t.•t~liMate, a .. ue nw •t•t•l• _. .._.>., effict..ClJ. lilild• all 

tlat.a ., , w caa NJ tluat a pap' • total eotanllfCl• of ..... 8M 

auric•• la • faetln of tlaa ••• it ..Ue of all klM8 of nw •tertale, 

all kla .. of -ru, ... all kta .. of t ..... ltJ (JicblWJ, lt5t). !tae 

.... c aftllaltle for tM , .. ,., ... ,, of ...ne, Mcr•eu .-...-1, wiD 

tlae '• of ,..,1. tllat ••t ...... tile total. lllfl'•• .. ta tH f .. 

of • •lllfl• .... ,, .. , ca. relattOMiaS, -a daMe IMC.e te ..,~od• 

•telJI 

L • I 1 I a J, 

• 
wlaer• L la tlae 1 ... 1 of ltriaa of Clae awnp ,_ .. , a le tlae total 

uaehl cou-.clOD of all kl ... of nw •tuiala ., tlae aoclety, I Clae . 
total uaehl COUUIIptloa of __..,, I tM c.l ••hl cOUUIIptl• of 

l•l••ltJ, ... P tlae Mal • tw of people 1lllo _., .a.ua tile •ocletJ'• 

pro-ct. ftla 1• a cwKaillpltft .. •tac..at, bat lt eenu to .-. 

tlae ...... 1 nlatioa --a tlaa _.t u~tal factor•, aDd it brt ... 

out uotlaer blportaat ·potata clae •1-te of waltla (t.e. a, I, ad I) 

Mal' a -ltlfllcatlw a-elatl• to - -e~aer, fft tf • ., of til• ta 

•••• tile 1 ... 1 of lin• ta aen alM. ftt• _.. tJa.t tlae ue o'f a 

tua• -c of OM of tMH •1-te will offHt ella ua • awllalttlltJ 
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• 

• 

ttf oalr -11 quaDtlttu of th• other•. ror example, w ueuallJ tbink 

of a waltlaJ attn •• - tlaat ~·u•• ... uu lup -at• of 

•tale Ull .._.,, llrlbe ~-. k••••, ... IUIIt ftiiBie• of •tall 

1 ... 1 of liri .. tlan.lla -tunn.a, ....u ... _. tnMa ... kelaM, 

wlatda alH ... ICMC ~ of -18 a.l heb, ..U .... a nlatiwl7 

lailfl lnel of ltrilta ~ -*1 .. hll - ef ._ Mil la apial~, ... 

.., U.,t .. Ia• ,.,.latlen te a ntMc 1Mr ~~. •la17 *"• dae 

,cacttce of 1ate ~tall• 

. AltM.IIa tM •1-t• ef waltla •• tlaoee -...17 .... ~, ... ta cite 

altoft .... tl•• it il Wlrda --'111111 k-teft7 ca.. -t eff•ct-. _,. 

of J.rlaahl t'- '-tlaft to fn6lce a .,.. lewl of Ita .. fw tlae 

• ....,..,. ••-· 1'e f.Mnue itl total waltla, a Helet7 .. t fta• ... 

••• .-. a-n •t•tal• ..... .,, u w ....... ,.. fte ....... ,__, 

laowwer, ca-.& • tlae •ltlt.le of tlahp MCUIU7 to pori .. a 

c•f~l• llY!aa f• •••lf, _. ..... • •r ef foniDI all tlae 

people ta tlae aoctec, to tile eff.c ftllll~ to bR••• ~Mtl7 tlae 

.... ,~illtr ef ........ Mni- if tile ........ •ttlfi .. wltla , 
wlaat cu, alnMf ...... Ina • ••hce •tacac. i• •--•lr lbdt•• 
la tibat u ca pt otMit ,..,1• te .....,ltela. •• •• tlalea lle cauot 

•deawlr•). _., co ta.. at•t cue .. -uele tlaeia- ~a~Mw• ...... , ... 

J•• ce &'-, ...... 17 tau - '-! ....... t ....... 1•• &Jae 

•-ftc ef tiMI "-~ _. ,._. ... , ld .. t - rn. etlaec• if tMJ 

13 



bd a chance to uee their 0"411\ lnit l:tt lve. for these reason1, maxiaum 

Maefit to the aociet' aa a vhole ancl to lte incllviclual •aber• cOMa 

froa a aocioecoaa.ic ancl political ayat .. that aot oaly pe~ita 

but ·~~late• perlonal aatn of all kincl•--•ocial -~ intellectual, aa 

vall aa ecOftOIIic; and that allowa ancl encourapa &e.._ of tboupt aM 

expreaaioa••aot •nly la tbe political HDM but ia all uttera, for 

tf people are aot free to qaeatioa (aDd ab~n if naceaaary) do ... of 

all typea, proar••• or nea cha- of aay t.tad ia blpoaeible. Saclt 

a ayat .. proclucea a free aociety that arowa econo.lcally ancl tatelleetaall) 

by naaon of Ita own tntenal fer. at,. ben thoup · lt ta Mlf•'att.ulati .. 

and to a lara• exteat aelf-reaulatina, one can ainal• out two extr ... lJ 

iaportaat pheno.eaa that Hne to k•p it poowt•: o.- ia . cltltrthtloa 

of the wealth; aacl tbe other ta creation of nnta. !be cltatrtbutioa of 

wuldl, whether tt ia bnupt about by collecttna tau• for public 'waa, 

raialna vaa••• or any other .. aaa that clo aot ... erely cartall tbe 

lndlvlclual'• clealre to accu.ulate tt ta the ftrat place, belpa rat .. 

the lnel of ll•i"' of the hulk of tbe people, aad, nea .on blportaat 

to the arovth of the eca.my, it proclucea parch aetna poRI'. Thla cnatea 

deuncl, aot juat for thcl few • .,.Dat•• it- that oaty• the waltlay caa 

afford, but for the •Y'·1.acl of thiqa tbat tbe .. 11 coa.-r caa buy if 

he haa a little aarplua; thla la tara at~latea unufacturtaa, aalea, 

create• new job•·-and eo the ecoao.y arowa. The creatloa of •• vaata 

prlea out of the indlYidaal •~ of bla ecoftOIIlc aurplua (or ..Ua 

hia work harder to accu.alate a little aarplua), cnatea d ... ad for ~• 

aoocla or ••nice, aDd beace aiM ltS..latea ••fact•rlDI, ubi .n 

joba, aacl eo fortb. loth the• ,.. • ._. .. coatribute ia a Mjor vaJ to 
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.. ktea t~e aociatJ •• a Whole recover from nature and fro. ita people 

tlae ~•• •t•iala, .. rg, 1 ... 1, aDI ekllle tlaat ·•• tile •1-te of 

wal~ _. • · ~tall lewl of liriDI• 

AMtller r ... lelte ~= tile p-cNtla of a .--,. ta ac~latt. .. 

of waltll •• ••ttu, ca,t.tal <- ldalat •t.att. ... t.ila ••tz••• tlaue tw 

e.-epta oa tlae ... ,. tlaat Wilda ... 11 S..llu aa •-latin of 

pMe, P~'•••tJ, • •DI7• ..... ca,ltal U,ll• tlaat tlaia ae-latiia 

la awtiMle f• tlae coutnctl~ pap••• ef t .... c..t). !tala te 

,.l'tlJ ._ ... tile tDitwt41iaal ..at H ,.ndtt•• to acc-lae• waltla 

or .. ,. t.•ea&t.w town Will .. -- H41Dc... 1101' blpKtaatiJ, 

1aCNner, tM ac .... latlft of capital h MCUMr7 to ftaace ••••we• 
tlaat will •ltlatelJ HMflt a 1ft .. ,...ct• of tlae ~lattea, ht an 

t. .. t.cat .. , til ae-latl• of all _.ltla ta Clae ...._ of a fft H41Dcee 

paftlaaat. .. ~. 10 tla•• ... c .. a ftM INal&Me •tw. Cite ac-.latt• 

of waltla aiMI lte tietl't .. tt.•. 

la epuk!DI of capital, lt •J •• wll to place la ,_.,t~:tt•• ••til• 
. , 

1 ••••ttal •1-t of aa eco_, -... nal etptft-• le wldelJ ••· 

uMeretood·--lJ .....,. lloMJ ta ..nlJ a ...u .. of -•--··• .,...1 

of -ltla tllat ua ....... _. f• _.. ... ...S.cu. Ia 8ptte of tlae 

fact tlaat 101•, wlatcla 11 .... •t•lJ u • ..,, - ..... tiF ... taattatelJ 

clwapcl t.ato •• .,, • ..., ltaelf U. ao ,.._ .. wlM. u alna•J l.ti• 

cat .. , &-Ml waltla .... tate of Jnpel'tJ, pMe, ...S.cu, •• , ..... 

h.cla a ..u .. of ...__ 11 a~lJ ~taat, of ca.H, fOI' lt 

elbd•t• tlae _. f.w a ua .......... ,,, • t1ae 1 0 •••• 1 ,..,.,., 
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••chana• of tanalblee. The importAnt thing to recosntze, howe•er,• ta 

tut aile at •• ,. ., ... ti• there ,. 10M cleflatte -t of .. e,. la 

tlae Wl:lcl • ta a liftD aoolet)' ... - ratlaer t ... flldte -•t ef 

waltla tlaat it repreaeata, - waltla caa M crMte .. ·•t· J••t •7 

•tacnutq ..-e ·aolcl 01' ail•.!! "t •7 recnwt .. fna tM eRda ... 

tt1 people .ore raw •t•lala, nHIJ', ... t ... a. •• ~~~ ........ 

8fte • ..,. ta createcl to .,...liM tt. 

Ia ._Q, waltla coulata eaeatla117 of Mtua1 aM ._. 

ra1ourcea, recowerecl ••• uae• to •• • • .... atap. fte ... e at.ateace 

of tla•e tlalap 11 Mtbtq acept a ,.catta1& to M of HMflt to t1ae 

lnel of liriDI or to lte craulat .. to waltla Cia~ _.t H foacl aD41 

.... • ftia la acc011fllala .. Mit ta a fne MCletJ ia wlatcla ,wao•l 

effOI't la att.alat•• bJ tlut 1aope of ,_ .... 1 pta, ... ta wlatcla people 

are fi'H to ,uutln •- aiMI ..U.f7 o1• .,. of dol .. tlat .. a a.-e 

nc:la will lDCI'Maa tile efflcteMJ' of •tlacHia of •tauw.tq aM atllt•t .. 

raw Mtertala ••• iD&Dlate _r.,. fte ll'ftda of aa ecoWW) 11 ., ... · 

ta •• blportaat wy It)' tile ll'fttla of I"II'Chaltaa ,__ r-ltlq fr. tile 

cltatrlbuttma of waltla, ., tile CI'Mtioa of - wata, aDCI •1 the 

1/Sll••r laaa blportant real ftlue •ecauae of ttl prop.-tiea •• a •tal, 
but-aot _.,. blportaat uaea un ••• foua• for plcl .acept for OI"MMata 
and j..,.li'J. If, tlael'efon, 10M tr-.SOU. •oaaua of 1014 wre die• 
cnerecl, en: if tbe alcb.m.ata • •- of .Utq aolcl c1a-.11 wre to 
aucldaal)' c- tna .. tlaat eol• coal• .......... at ..... ,, ina-
nea 1••• 101• wa14 c•M to line .., wlue •• • ..,, ... dul "•-••" 
wal• H of little • • MMftt te ... 4t•••••· 
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accumulation or concentration of aufficient capitol to finance lara• 

an• c-.la enterprl•••. •• ... ltla la created DOt ' ' •taconrlq 

101• or colataa •• ., .. t ' ' fl.U. ..... •tlllalDI .-e nw •tuleta, 

eeerg, aDd l .. aa. 

A aelf•att.alact..,pWl .. aoctet7 Ia •t oalr ag&-•atw la 

flodlq ad attllat .. rn •teriala ...... ., to aattefr lU wate, 

~ .. 
be repr ... aa ft._. or ...... , .. Ia total -c. 1'01' ....,te, 

waltla •• aclalne" ., tile •l'lt•t •P'•rta eoctett• •lr wlaa Cia., 

ud acceaa to aolla CUt wre coatt.&ll7 nuw4 '' n..ltq of lal'p . . 

rl.ua, aDd to uatl7 _ _.,1• .-cc• of wen. _.,t fft •'­
eaeru, wlalcla e~a., took anucap of .. t c•t• ..c coatnl, tMr 

cl peacled •l•lJ oa aaiMte -..c• fOI' aKIJJ Ia fact, tM welda ef 

••1 l .. tri-.la ... ~· •• acldne• •t•lr dana• tlae •• ef 

•lafta. AI Mtal Cl'aft -..lopecl, tM uct•t• wre netrtet .. to 

tbe uae of atr-17 lat .. an .. aiMI ••tlr workable ..,..Ita of 

Mtalllferou ld.MI'ala. vttll ..._. teclmelog, uaawu, w caa aae 

poor Hila aDII'-.1tl11tate wra •t -; ... w caa .u• -rcu of 

water, enuu, ... o&Mr l'ft •tutela cut .... c..,t.celr ..._or 

uuftllable to Claa aacteata. IIDaena tl'a..,.Uttoa IJ•t-, of courH, 

ofta .Ue it fu· claeapu ... bace ..n ... u .. le r·o illfftt a al•• 
raw •tertal tllaa to b7 to aet it &a. a fti'J low II'• .. HUce, 

nee tla•p tlae latter ~·t •• f•a~l• tecla•l .. toa117• It Ia tne, 

Dftfttlaelea•, tlaat •••r• t..._log ua CI'Mte .... 1• n••••• ..._. 
DOM aiat~ ••f••· 
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Table 1.·-hr capita cOD••tloa of raw -tarial• 

1p the pPittd State• tp l?OQ aDd l?Sp!/ 

12gQ 
Valu.J:.I Parcet of total ValJl 

Aaticultural .. tariala 70.4 

Pooda $59.3 $68.0 

Non food• 13.0 14.6 

Plahery &Dd wildlife 

product• 1.6 1.6 1.9 

Foreat product• 15.7 

Saw loa• 6.4 3.7 

Pulpvoocl 0.2 1.6 

Other foreet proclucta 9.6 2.8 

(Subtotal) (90.1) (87 .7) (92.6) 

Killer ale 12.3 

Iron aad ferro alloya 1.3 2.7 

Other .-tala except aold 1.2 3.9 

Klneral fuala 8.6 25.8 

Conatructin material• .t.l 3.7 

Other no t allica 0.5 2.2 

Total, except aold 102.8 100.0 130.9 

12~0 

rercat of 

63.0 

1.5 

6.2 

(70.7) 

2~.3 

100.0 

!/Pres dent• Material• Policy Ca..ieaion, 1952, vol. 2, p. 184. 

total 

a/In onataat 1935•1939 dollare. lD thie aad aubeequent tables, raw .. teriala 
coneid d to be eaaeatially untreated product• obtained froa the earth, and 

.•. value tated is aaeral ly baaed on tbe price at which they were aold by the 
p ducer. e actual a.ouot of treatMDt they have racei•ed at thie etaae varies 
f produc . to prod~ct. A few are eold ae extracted, but .oet are cleaaed, purified, 
or r aded i 1 vay, ud 10111, euch aa liM and c-.nt, have ben altered ch•i-
cal y or phyeically. 
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tecl State• 

Total precipitati~/ 

Approaillite vol­
(.tlliot~ of cubic 
•tere'/ Ut ,,.., 

(average 30 iDchea per y.-) 6,000,000 
Total nmoff (av. 8.6 iDchee 

per year) 1, 700,000 
Total evapo-trauapiratioa 

(av. 21.4 tachea) 4,300,000 

Mined water~/ 
Total received ad lliDecl 

lvapotraaapiratioa fraa 
noai~iaated cropa!/ 

Bvapotranapiration froa foreatall 

Bvapotranapiration froa arastaa 
land ad paatur.!l 

IrrtaatioJ./ 

Generation of fuel electric power 

Other aelf•aupplied iDduatrial uae 

Generation of water power 

Public auppliaa 

Rural uaa 

total 

7.500 
6,000,000 

1,200,000 

1,700,000 

960,000 

150,000 

100,000 

52,000 

2,100,000 

23,000 

3,400 

Approaiaate ya1u.J.I 
(blllloaa of dollar•) 

1.00 

0.48 

0.78 

0.40 

0.66 

0.34 

0.42 

1.90 

0.22 

6.20 

!I All eatiaatea, iDclucliq tboae fr011 ori&iul aourcea ad to tala, are 
rounded to two aisuificant fiaurea. 
~1 ailliou cubic .. tara ~) • 810.7 acre•feet. 
lfTbe coata of vatera c~nly aolcl are tboH reported by Cillil&Dd 

(1955, p. 2413), aa follova: aver•a• houaebold, $97.77 per acre-foot; averase 
induatrial, $8.13 per acra•foot; averaae irrisation, $3.25 per acre-foot. Vater 
uaed for other purpo1e1 ia ordinarily not aold directly, but ita value ia taken 
into account in the price of the land or the value of the product. The coata 
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aaa.-d here ••: evapotraapiratloa frt'll cropa and paatur~, $1.00 per 
acre foot; evapotraapiratiOil &oia foz-Hta $0.3.5 ,_. acre foot; wter 
uae.t for bJdroelectrf.c power. $0.25 pu acre foot; ater foE' rural uae, 
$8.00 per acre foot. All of tbMe are roup eatiMtea, arriv .. at 1a 
the followtq vq•: tu coat of water for rural uM ia ua~ to be 
tbe ~- co.t of qricaltural water reported b7 Gillil.... TM other 
eatiaatea reflect the value of the product. hr __,te, tile value of 
cropa yroducecl aa irrtaatecl 1_. ia 1954 ... abotat M.2 lailli•; at $3.25 
per acre foot, tbe coet of the water uaect vu therefore about 8 puceat 
of tbe total value of t1aa product~ It vu ........ tbat wac. rep&-ea•t .. 
a aildlar proportioute coat of tba value of DODirriaat .. cropa aaul paature 
lad proclucu. Vat. ... t.U. to be 15 perc•t of tM Y&t. of for•t 
proclucta, ..S ~ 25 puceat of tlaa value of h1clroe1ectrtc ,__. 

~JADabela aDd othera, 1949, p. S 
})Acbnaa ud Llf, 1959, •• 51 
tJCrop laad aaa__. toM 450 aillloa acr .. (lluleraoa, 1951, p. 51). 

Bvapotraapiratloa uaUMd to be 2 ;2 f•'t per acn ,_. ,._., .. ta repOrt .. 
by tbe laau Vat• l.uourcu W.ct PiDclltll ad auurch ColaittM (195S, 
p. 42) to be tM cue n tbe crop 1m. 1a ~-; thta i.e taba to 1te 
repreaeotatlv• of tbe whole couatry bec•a .. t .. ~atafall theca (29.26 
lnchea) la oeuly tt. utioaal averap. 

]J&.aVMII1 to be 2.2 feet ONI' 620 .t.llt• acrea (ADcle&-MD, 1958, p. 58) 
er year. 
!/._~to •••• 1.2 f•t ~ 640 ld.llioD acr• (AiuluHD, 1951, 

p. 58) per 7ur. hapott•api~:atiola fl'• r-f.aitll lad (190 a111iOD acrea, 
uaed for urba u ... , h!ahvqa, or c_,oaecl of vatelad) ta •••~ to 
be 420,000 IDI (1.78 fMt _. 21.4 f.Dcbu per JUI') but to haft ao value. 

1/Irri a ted l&Dd ia about 30 .U1f.OD acrea. Batiutea of vol~ uaed 
for irriaatiOD &Del otber vltbckaval •• •• fr• llacKicbaa (1957). 
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Tbe water coata on vbicb the esti .. tea in table 2 are baaed 11 .. 

IOM todlcatloa •• to the .alue wter ua for cltffereat ~eea, for 

'tbeae coata reflect tile price tlaat tbe ueer ca af'-orfl to ,., .... attll 

-*• a "profit" ia aa •coDOIIJ 1aflance4 •lalJ b7 r ·7 -pl7 ud ... a.. 
Por ..... le, IIOit farMI'I co.ld DOt pa7 U •cia for WtU' 81 don tlae 

~aebolder ucl atlll •1te a profit oa tbeir pr"-ace: aad a laM• c_,a~ 

c.oa14 DOt afforcl to tn:tpte a foreat if it bad to paJ •• -• for •t•r 

•• tbe far.r cloea for irriptioa wter. Vi~ ta tbia .,., tlae "ftl_.. 

of wter for cliff•nt purpoaea iacr .. ••• ia tbe folloviq orclers 

la7droelectric power
1! foreata, pa•tur• laad, rate-fed cropa, lnlpt .. 

cropa, i.-atrial aau, ad -...etc •••· !Ilia 11 ..-e17 -&Ja. W7 

of aaJi,q tlaat, u a ec..., clenla,8, fonat laM la coaNit .. to 

•ltiwt .. laM, ... •ltlwt .. Ia .. te , .... ~tal _. _... ue. 

1/111• .alae of a uait of wter ••" fft tbia ... - otlaer pupoeea 
ia perbapa lliareprea•tH for tlae c..,.rtac.'Sl laere, fft tlae •t•r la aot 
~• 1Nt aa 1te n.aed, p.napa aneral tlMa. 
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Foeualng more closely nov in the mineral raw m~teriale eons\med 

in the United State•, the data oa tahlaa 3 and 4 brlaa oat aav•ral 

blportaat polnt1. Tabla 3 •howe the appanat cneu.r-tiun of the -Jor 

aroup• of •lnerall co.pared to production, ... ta.le 4 lllt.l .. ,ar.tely 

the •alae of r .. -.tartal• or ,roupa of r .... teriale tbat ..._ ap at 

laa•t 0.01 perceDt of the total Yalae of the pi'OCiactloa. !be · fact t•at 

tban are aboat 40 ncb ... tert.la lhowa tbe •t•eralty of •l•rala that 
• 

fiDel ti.,ortant •• ie aa ianatrlal aoclety. !be &11 llat of a•~•le 

aiDarall 1• betwea 150 aDCI 200 <•peacli .. oa baw they an cla11ified), 

ancl it include• a larp .. ber of thiqe tbat baYe ODIJ ca. lato uM ·u 

recut ,.ar•. Table• 3 an4 4 alM ebaw tbat neD a couatry DOted for 

ita clinraity of al•ral neoarcea doe• DOt hne withla ita - coaflMI 

all tbe •loeral r• Mterlale it Mecla, .. t la .. ,.ateat oa tra• wt.tb 

other coaatriaa for _, •••at tal c-.lltlea, ,antcalarly •tala. 
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Table 3.--Production and apparent consumption of •inf~ 

Paela 

Bo..ata11iu 

Ma.allla 

la ~. UDltecl ltatea la 1955 

(b 111111- of lollue)l/ 

.,..c. ....,ntcou 

10,744 

2,959 

2,114 

674 

459 

1,196 

540 

171 

367 

10,911 

3,240 

3,643 

17,173 

tl• 

!/U. s. Iareau of Mlraea 1Uura1a Yuftook. !~~porta ... .porta 
include ... factuncl •• ..-...factwecl pnclllctl. Data • tlae w1• 
of uraai- •• proclac.. ia 1955 ue •t awl~le, .. t aa Mti.Mte ef 
$70 .U.llioa (tlae ••lue of t1ae 1956 pn .. ctioa) te f.Ml• .. • ta ta.a 
fillll'• 1ft .atalllc 111Mn1•. · 'I z ll'tl ... ...-ce ef w•••• lane 
•t .... Mtiat ... 
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Table 4.-·Unitecl Statea apparent consumption of •inera 1 

who•• ••lue •• 0.1 ••rent or .-e of tlae total ta 

1955 <atlllop! of .,llag) 

IUMral fuele 
Coal 
Watwal - aa4 Mtual - 1 ..... 
Petrol- (cnlle) 

*-talllc lliMnla _.,t hela 
Aebeetoa 
loroa 
BrOIIlDe 
c-ent 
Claye 
Diacm .. 
Fluor•par aa• c~llte 
Geu 
Cypau. 
LiM 
Kapeelua ••lt• 
Mltroaa CCJIIPOUDda 
Phoephata rock 
Potaeelu. .. tu 
Salt 
Sand aact ~nel 
St•• ud alac;J,.I 
Sulfur a.l nrlte 

llatallic aiDerale 
Alualnua 
ChrOidua 
Cobalt 
ColUIIbi ..... taata1• 
Copper 
Go lei 
Iron 
Leacl 
Haqane•• 
Mol,t»cta-
•t.cbl 
Platt.. 

26 

1.110 
1,512 
7,494 

6s!' 
19 
31 

892 
132 
217!/ 

2411 
241/ 
40 

126 
23 
30 
58 
80 

121 
.527 
597 
134 



Table 4.-•UDited Statea apparent consumption of •ineral• 

-.,, Dlue •• 0.1 ,.,..., G ..-e of tlae total ia 

111~ 
TiD 
fttald .. 
Yap&• 
01-aahla 
ZlM 

1!55 <•lli!M of .,11'!•>·-Cetlw!f 
1 .. , 
17~/ 
ziV. 

tlil' 

z:U 

!IMor• tbaa ZS pucnt of tlae ca.Hlt7 bat ••• S..,ottt ... 
2/!lae ft l ue of •toae etated ia Tole 2 of tlae IUael'ale Yeu:Hok for 

1955 appuat1J lacl• .. • - ..,lloatl• <•• foot•t• 14, •· 57 of tlaat 
•ol-); t1ae diffcreace Hts•• sM teea1 etat .. ta cu1e 2 of ella Y..nook 
for .,_talllo ,n ... tloa, _. tM &ee81 of tM •1- lle&M fOI' lMIYI._l 
~a :.U.tlu tlaenfon ... .._ ... cnec.l fn. tile •1• ~ fw ,,_ la die ••••n._~-•••k. · 
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It ie t.,ortant to obee~e ia table• 1 ••• 4 t'-t t~• ~1•• of 

coaetnctloa •tarlale--co..oa .. ceriale (ncla u c-t, liM, .,_, 

atoee, a&D41, ... araftl) tlaat •D7 people 41oti't nn tlattalt of aa ldaeral 

raeoarc••-·•r• ..... ~~-·~· cua troa ... tlae fftl'o-allo, •ta. • • • •• 

far •r• .alu•l• tlaaa tlae precioua .. tala. !ble •rt ... 1aa to cnat .. r 

the part tlaat alMrale plaJ ia •• ta ... tzolal aoctety. loll, wt•, ... 
. . 

coaetncttoa .. ceriala, of cOUI'ae, •• tlae -t eaHatial raw •t•tala, 

for ell., an tlae aource of tlae 1taatc ..coaalttee of ·feo4, elotlat .. , _. 

aheltar. Vat•, ooutncti• ·•t•tala, ... otia~ .... calltoa aleo plaJ 

eeaeatlal aM lDCTeaalDI17 blportat nlee ta ta6aeutal actiYltlea; Clala 

ta ia wll alaon •7 tlae .-atiCJ _. ~1•• of wtu- .... for DOD• 

aarlcultaral ,-.poaea (tale 2), aad 1»7 tile II'~ ta ceut~~~pttoa of 

cODatructl01l •terla1a •• other ..._.talllca &.·1900 to 1950 (tale 1). 

!be iacr .. atq uae of coutnctioa •teriall laaa c- aboat u a coue-

quaaca of tlae dnelopMDt of tile traaportattoa qat• •• wll •• tlae 

coaatruction of ._. .... lar~ face-tea aDd ..._.. JIDet of tlae otla• 

ao.-tale ue •ae• aa c1a..S.cala ••• tlae7 Uft -lttc.diaoua uau ta t ' • 

procaeataa of Ol'ee, f0041, ... fth-•; tile ••facture of paiata, uplo-, 
aina, nb••; ... ao oa tJan.p tile fall raaae of at.oat ne . ou, 

of proclucta. OM p:'oap of da..tcal• ... enu .,ectal. aotice·--17 

Ciao•• uaad •• fertilt•••• eoll •• e.-...ata, ... luectici.... fte 

•s.•cnery of tlae wl•• of aalMl fertlllaera ia ralatlftlJ receat. 11aeir 

cleYelop.eat haa •de it poaailtle to relaUllttate won •t Hila, ud tlaalr 

uae--toptlaer wt.tla tuecttcl ... , ..uau .. d ... t,...c, ... U.,rned tratu 

of plaata--baa 1 .. to attat-ta iD ap-taltual ,n ... ttn tlaat fw -1• 

.... tla•pt ,...,.1 ............ - two -· 
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t.portaat aa tbeae tblna• are •••n in an lnduatrlal aociety, there 

la eo Mu•t tlaat tlae ke, rea•rcea la ladutE"laltutl• are •tala aacl 

fuela, .... f• •clatau powr .. '' 1-l•te __..,. !lae aiplflcaace 

of tlae ue of t .. at.ate eMI"IJ •r M llluttat .. •7 c--.ui .. tlae c .. t 

of tlae ,aa,.tcal won tt will .. to tlaat •tela caa M ._. •t .._. effftta. 

Pft ...... le, a plln ef peoliM .. ftH ia a conntlODal paolt.ae ..p .. 

pnclacu noat llaonlfowu tao.a, aiela tau-*.._., •• ua h 

pi:Hac .. '' 25 lUftwa wfti a etpc ..._ aUft • a f ... tatake 

of 3,500 calortu ,_ .. ,. o.ttctaa capital aM otb• eoata, tlae ful 

ooat al~, at a paoltae pE"lee of $0.25 (tO fila) ,_ pll• ta ... l•l•t 

to 1Ma7i .. la._ at U..t 1 c•t (3.6 fila) pee ..... 7 (lltclater, 1959, 

p. 361). DefWq a lalp lnel of ltriq aa tlae c ... ttt• ta •tela ..... 

..... aDI wata for alaelt.-, Wftltll, to.~, clotlalq, tnM.,_taci• ... 

eo oa an falfill•• wltla little •11 _.itv"e of eMI'U • laf.a ,.c, it 

ia uay to aee tlaat tlae •tala lnel of ltriq ef , .... trial MOlettu 

ta foa-.. .-. oa tiM •o of lar .. ..-ctctu of a-•·t• .._., t'­

aa,tlalaa aaw t.._lopcal l._tt7 ttaeltl! 

1/Tbe araa• worka of arcbltectare of .oat aacieat 'ctYiliaattoaa were 
accO.,ltabecl •7 tbe laYiah ue of ala•• pCNR, aa4 auelJ the abundant 
uae of llafta or aenaata will clo WDCiera tO fill the Uecla and WDtl 
of the ·••ter. Ita tlae iacluatrial aoct.etJ data help ta prnidecl ., tnaa••t• 
neru acl •c:latau. A toucla of tlae nitcla ia tlae orcliDHJ laOM •1'•• 
&Yailable about 2 b per la•r aacl ktaaa to amoat &DJOD8 1 a C~Dcl abcNt 
14,000 ka cal per eipt-.._ •7·•CM ... twleat of tlae pla,.ical. __.., 
pz-Otlut of -..c 70 wll• .. E"ialaM aenuata••at a cHt of 65 cata (234 
fila) • lua •• Ja7, aeluiw of u,ttal ... E"elat .. ••ta. 
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Althouah the focu1 here l• on the uae of natural resources, it 

would be aleleadlna to leave the eubjeet of the Unlt•d Statea econoay 

without pointina out tlae eeMatlal nle that inpauity act education 

have played ln ita denlo,..at. Duriaa the pertCHI frO. 1900 to 1950 

t he per capita a o.a la the United Statea increa .. d fraa 325 to 164 

coaetaat dollare--2.61 t~e. Iacrea .. ta the coneu.ptloa of .r .. 

.. tariale, eepeclally fuela, coatri~ted to thle, •• la ahown la table 

1, but the overall per capita lDCnaM ta ~ .. •terlala c---.tloa 

••• only 1.26 tt.aa. The 411ffenace reflect• the coatributioa of wbat 

waa broadly nfernd to ia a pnvlou• eectioa •• tnp•lty. ftil 11 

~oaaible to quantiti .. , bat the tread caa be ~atrated by .... , 

etatletica. Por ex..ple, be~•• 1910 ... 1950 the p~tioa of 

profeaaloaal peraona ia the total labor force lac~• .. • ~ about 

4.4 to 8.8 perceDt, aad tbe aaakille41 worker• dec~• 41 ~ about 

36 to 19 perceat of the total labor force. 

In -.-ry, a vide variety of neotarcea flacla uH ia aa inchaatrlal 

eeoao.y. The ••t eeHntlal onea for a aatloa to bave wtthla ita owa 

coafinea are aaable .olla, water. aDd coaetructioa .. teriala, for aot 

only are their a••• funcl ... atal, bat, a1 low coet it ... deed la lar .. 

vol~, they are expenalva to fllport. Natale, faele, aad cb .. lcala are 

••••atlal to an incluatrlal aatloa, bat ao aatioa ie or co bope to be 

eelf-aufficleat with reepect to all of tlaeae .. teriala. Tbe f-r a 

nation baa to t..port, tbe better, of coar ... kt nea if abe laaa to 

illport ... , of th• abe caa clo 10 with ultt.ate profit. Tlala 11 

becnae rn .. teriala an Hld at prtcea that reflect aapply, .._ ... , 



and ~e effort aad .. teriale required to obtaio the.,rather than the 

fuactiOD they will perfon. Yl-d iD terM ef tile work pi'HuCed bJ 

a MclalM Pftft .. ., i-IMte ...... .,. Mtla •tal• ... hel• are .., 

aol• at bU'pla fdeu, ... tlaelc tacelll-t ... Jl•l .. a .-pa of 

profit tlaat ...... tUa ,.,. ,_ tM eMt ef ~ nw •&•tale tawl..a. 
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Jordan'• current cc,nomi c atatua 

With thia backsround of underetaodina of tbe factor• tbat iaflaeace 
t 

the growth and deYelo~ot of an economy, it ia worth wblle ao. to ...-iae 

Jordan'• current econo.ic and tecbaoloai~ atatua. Show. ia table S are 

aoae atatiatice oo a aroup of couotriea aelect•• to ccwer tlae ••I·· ,. ,. 

economic development o.e~ tbe world today. Ideally lt would be deaira~le 

o 11 t all the thin&• referred to ln tbe leyel of li.tna .. uatloa pre-

vioualy diacuaaed. Tbia ia not p~aJlble, of courae, aiRp~l t auae .. ay 

eeveral atatietica ba•• been aelected that are indicatl?e ef fua .... otal 

relation8 end treode. Tbe ~evel of ··~•loa of eacb country 11 ~•4icated 

by the per capita income, a yalue obtained by diyldl tbe total aatioaal 

i ncome by the 1ize of the population; tbie 11 aot a1 reliable a f~pre a1 

we would like (apart froa tbe difficulty of .... urlq tbe atioaal lac-, 

we have no way of knovina bow fairly tbe per capita •••raae repreaeata 

the level of li.tua of the bulk of tbe population), but it 11 the ••It . 
available measure. The desree to Vbicb tbe population 11 urbaai&ed 

and engaged in epecialized actiYltiaa, lncludiQI .. aufacturiaa, 11 . 
auggeated by data on the proportion of the labor force enaaaed ,. asrl-

cul ur e; thi• may al1o be coueidered a ... eure of the extent to wbicb 

the population ae a whole 11 eaaaa•• directly in obtalnloa baaic neceealti ... 

•• oppoaecl to actiYltlea that MJ prociDce a furtla• eco-'c aarplua, aad 

hence ie alao 1o4icati•• of tbe 1 ... 1 of linq. 1tae populatiOD ._ity wttla 

reepect to aarlcaltural aDd foreat 1aa4 ia a en .. _.. of appntaiq tlae 
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avatlabtlitJ of eoil and the extent to which the country'• population la 
• 

atratDiea it• eapacitJ to eupplJ food aed otber •••••ttal a~tcultural 

prHucte. Data • tlae ,_ caflta 'I'CMIIIctioa ... CODRIIptioa of troD, et .. l, 

aad eaeru ,ron .. cl... to tlae at•t to 111ltc1a a c-t~ te utq clae kt ... 

of raw •t•tale ... f.- of ._..., tlaat t•na•• tlae afftclacJ of la­

oparauoaa ... ...-c tM u-lattoa of .. ec...t.c ...,1... a •••• of 

tqa•ltJ ie tiffialt te J• .... of __.., bat tlaa tadtcaa .._ ia table 

5 pw - t .. icatt• of ·e~ae ateat to 111atcla tlaa ,.,.latiOD laae a claaaca 

to ac,aira- illforMtl• ... ie prepar .. to applJ it. 
·· .. 

Dla •ta te tMla 5 ,ron .. paeral CODfinatioa of .-. Df tile 

priaciplu alrM., •t•ne•... !laeJ 1 , .. alae apia tlaat tlae C_OIIflaioa 

of the eco..S.u of all •••ta-tae, .... Do•• wltll o ... nltle laal of 

liYiaa, la DOt tlaa -· ... alaow tlaat tlaa - ru.lt caa lte aclalnecl 

ia differat .,.. 1lae7 .._, lwuev•, Cllat lea a-r•l •1 tlaa per capita 

iDCOM taD4a to lDCrMH witla 4iecr-i81 ... lOJMDt ia a~iC11ltura aM 

decr••lq popalatin .. aait71 wltla bcnuiq c ..... tiOD of •tale, eaeriJ, 

ucl iat (wlatcla ta a .... ....._. of tlaa atnt to wlaicla kaowledaa 

te dletrt .. tH); ... wltla t...-..el .. ltterac,, ••cactoaal aftaataaee, aacl 

eo fortla. 

It la blpfttaat to aota tbat tlaa c~elatloa 1»atwea per capita incOM 

aacl productioa of troa aDd .._.., ia DOt •• pod •• tbat betwaa tacoma aocl 

couu.pttoa of tlaua tlatap. 'ftata ....... t••• tile fact cut the fuoclaeatal 

wlue of rn •tertala te ta tlaeir ua, DOt tlaetr eala. Couatriu cleftcteat 

ta e•anttal r...-c ..... t Htata tla• tllroup trade wltb tlaoaa that lane 



a blah 1 .. e1 of llvlna, eapeci~lly for the ~ bulk of the population, and 

a couatr, tbat aapiree to • laip lnel of ilYiDI ••t plaa Mt oalJ to 

tacreaae 1tl ability to fl .. aatural ree .. rcae ~t al ..... eepeclallJ 

to !!! tla• for 1 t1 - .-.o•••. 
It will co.e aa DO eurprt•• to flad fr• tule 5 that Jorclae cloe• 

Mt laaft a Yft7 fa~able balaDCe betwea tba etaa of !aer popalatln 

aM ateat of laer aaricultural laacl, tut abe co..-e relatlnly -11 

' a.ouutl of ltaal aDCl ia.iuta aeru, or tbat ...... catlODal ..... t 

11 lov, for tb••• cbtqa are wll kDcND, at 1 .. at ... llt.tlftlJ. fte 

COIIp&rieoa of data oa Jorclaa with other coaatriea, -.--.u, llaow tlaac 

th••• pb•-• are iaterra.latecl, aDd tbat tha7 bur a cauaal relatioa 

to lnel of liriq. 111• .. ta laclicate plataly tbat if Jor .. a 11 to ralee 

1a6.r 1 ... 1 of liYiDI appreciably abe ... t obtaia a...t uae .ore raw •teriall 

ucl 110ra iDADiMte eoero: aha ... t ftltly incruae tlae tllae..taatloa of 

bowlecla• a.ma ur people aDd .... lop aD4I .u:e their aklll• to tlae ut.oata 

aiUI •Ia• ... t 1n:1 .. oout • better balaDCe HtwMD tlae liH of laer fOP'Il•· 

tlOD aDd the UOUI'CU OD wbtc:ll llaa laae te draw for tlaeir ...,...t. 0.17 

tlaa prol»l- of tbe dnel.,...t •• ue of -=!!lRal naourc .. ncel ... , 
futhu attatin la tlaia npKt, INt tlae o~• an ef .... 1 if Mt 

arutu lllportaace. 



Geology of Jordan 

1'be aeneral aeolOIJ Of Jot·claft la cleacrlbecl by alake (la loalclel 1 1 939) 1 

QU~MeU (1951) • aacl lurdoll (la preee) • and tboee latereetecl ul•ly la tlae 

aeolog of Jorclaa abould couul t tbet.r report•. fte rnl- here la t•t• .. • 

••lnly to acqualat tbe reader vt.tb tbe D••• acl atratt.poaphlc poaltloa 

of tbe foraatt.ou 1D Jorclu (table 6) • to vbt.cla frequeat referace wtll 

be aade la tbe follovt.aa aectt.oDa. aad to outllae tM a-ral atructan 

of tbe co.-try (ft. a. 2) • 

lpeoua ad et..orpbic rocke • tbeae are expoaed ODlJ t.a the aouthena 

part of the Kt.nacka, but they uoclerlle the rut of tt at deptt. that 

generally lacreue DOrtlnlutvarcl. 2) llarlae 1-.atoaea, dol•ttea, 

•arla, charta aacl other aecliiiiDtai'J rocka tbat r•p tD aae f..- Caaltrlaa 

to locene. Tbe Upper Cretaceoua aad Joe••• rocka are fo•d ner all ltut 

the aouthena part of tbe Kt.na.SC., but tbe pre-Upper Cretaceo• aartae lOCka 

are laraely reatrlctecl to tbe nortiNutera part of tbe Daa._. A f-

thin tooaue• eateDd eoutbeutvarcl I.Dto t"' lublaa ••u .. toae faclea. 

3) The Nubiu IMclatODea are terreatrlal rocka of tbe •- a-eral ••• 

• 
•• the -rlae rocu juat cleacribed aad they llltertoape vitb t~. TMJ 

overlie the Prec•briu cryat•ll1De rocb ad cnp out .. lal.ir 1D the 

aoutb. 4) Tertiary bualta 1Dtncle all of tbeae older rocU aad are 

fow.cl aa dikea, r.-.ata of .olcaatc aecka, ucl flow, eapect.ally aloaa 

the eda• of tbe plateau ... t of the Dead Sea falleJ, ad la tbe oortb• 

eutera part of the co•ti'J. ADd 5) late !ertlai'J ucl Qv .. temai'J lake 

beda ucl allwlal .. poalt1 are fo•cl la 1101t of tlae -la •all.,. •• 

depreealoae. 
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The olog1c 1t1 c ture of Jord~.n show. the effects of two main per1ocla 

of defo~t1oa. The flrat took place io late Heao&olc and early Tertlar, 

tiae; lt coulated of aeatle varplD& acl folcliDI of tbe rocu, a4 ruult•• 

la t~ fomatl.oa of •~•ral -tle fol .. •• archea, 1101t of whlcb atrlka 

aortbeut and plea• patly aortbvarcl. Tbla a••ral •rtbvar• pl•p, 

lociclentally, acco•t• for tbe expoeure of Prec•brl.aa ncb la tbe 

aoutben part of tbe coWttrJ. S•• of th••• folda MID fomiaa lD !.ate 

Cretaceoua tiM, vbile aucb of JorclaD vu au'-erpcl, ad,u rll-a•~ Oil tlaa 

••• botta., they cauaed local variatloaa la tbe tblcbeaa Md litbolog 

etf aediaeata depoaltecl coat•poraeoualy. 

Superiapoaed oa cl cllaruptiaa t ue aS.ple folcla are tbe fauta 

aaaoclated vltb the JordaD-O.acl Saa•Araba rift valley. Tbeae faulta 

orlalaated in alci•TertlaJ:7 acl Pleiatoc•• tiae, aocl, altbouab tbelr 

orlain and relative dlaplac .. ect are aot fullJ underatood, they coaalat 

eaaantially of 1) tbe areat DOrtb•treadlDI faultl alODI wbicb tbe 'rift 

valley hu developed; 2) related faulta, 1101t of wlllcla atrlke aorthwat; 

ad 3) a harp 110aocllaal lenrea, .oat of vblcb at~lk• DOrtbeut. The 

baaalt intrualvea are cloaelJ .. aociated with all tbree of tbeae atructar .. , 

ud thia account• for tbair frequencJ aloaa tbe aarala of •tba Dead Sea­

Jordan Valley. 

Both the atratiarapby and atructure have atrikina lDflueace on the 

topography. The deep and re atively oarrov rift •alley cllvidea tbe area 

into eaatern ud watem biahlaacla, aa.etiae• called the lut and Veat 

BaDk•, vblcb are locally lociaed by cleep aor .. a tbat exteacl to th~ rift 

-valley. Tbe eutena biplad hu tbree fairly cliatlact partaa 1) tbe 

aortbvaaten bill co•try, •clerlaia laraely by ruutaat lblutOD • ad 
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interbedded ••rla of the Ajlun fo~ation; 2) the ~astern desert, mainly 

a rolllDI aurface •derlalD b7 aoft chalk, ••rl 1 ad ltaeatoae of the lel•• 

foraatloa; ucl 3) c aoutben deaert, a nauect, preclplto• topoarapiiJ 

foaaecl bJ tbe •ublaa •••t•• aad Prec•'rlaa ncb. 11ae V..t 1.-k I.e 

eillllar to tbe bill co•trJ of t1Ma euten platu• •• like .it I.e 

wulerlaia .. 1a11 ~ tbe AJl• fo_.tlola. 1'M 1•• flow • upeciallJ la 

tbe .ortben part of tM -t17, oft• fom a Nu.a, nckJ W8tel••· 
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Jordan'• mineral rcsnurce potential· 

Jordan'• •loeral reaourcea are inadequately known and poorlJ developed. 

At tba pnaeat tiae abe la .Ulna oaly partial ue of ber vat~r aupply; 

la proclv-~lDI for latenaal uae only coaatroctl• .. terlala, aacl a little 

aalt; acl la exponlaa oaly phoapbate rock. At.oat .certalDly ah• do~a 

oot have a areat .. arlety of •lllerala aultable for aport, but • u alrea., 

•phul eel, tbe lllportut queatloa la: ]that ruoursea cloet .Jorclaa U.t 

that abe cu uae beraelf! llo doubt 110n upona •-'• '-•fit tbe 

ecoo•J, ud like •1 other co•ti'J Jor._ will ft.a• it aec•••r, to 

barter for .. terialt abe aeeda but ••••'t U.e. I.e Mr ula aeed 1a 

for resource• auitable for b!r o~ !!'• 

la.iaed 1• tb1a llpt ad alao ~.a· tbe llpt of ., .. na tecblaolo.,, 

ordao appear• •ucb better off tbu la paerally recoplae•. Aa la 

abovn la tbe folloviDa , .... , abe ca iacreue her •able •••~ aapplJ 

aubatantlally, bu aneral aourcea of lualllate •e~u tbat coud M 

exploited e1:cmo.lcally aov, aad hu the 1aared1eata foe illpol'taat 

fartlliaer, cheaical ... couatructloa .. terlala la.._trlu. 

The review tbat follow la •nn, fiO•tlJ bee••• 110re t.afomatloa 

ia available oa aa.e •iaerala tbaa otbet:a, bat partly alao '-ca .. • l 

have atudled ,_, of t.._ (p~Maaplaate la pa~tlcalar) ia ..... •tall tU. 

otbere. 
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Jordan'• •o•t critical aineral reeource la water, lt l• the ooe 

that ba• received the 110at atucly. Tbe .oat c•prebenal•• of tbe factual 

report• are tboee of Ioai .. a (1939), llake aad Coldachaidt (1947), 

laker-Baraa ( 955, 1958), aad lurdoa (la preaa)a althoaah thea• report• 

are bued oa •••a•r data, tbey aerva ¥ a bula for naluatiDI Jordaa '• 

potaatlal water reeourcea. 

Pull appreciatloa of tbe probl ... , l~ltatloaa, .ad poaaibllltlea 

of expandiDI Jorclao '• water auppliea clepeau oa a •deratMdiDI of tbe 

prlaclplea tbat BOYero tbe dlaalpatioa of water wltlaiD a at•ea baaia. 

It la dealrable to beala, therefore, wit~ a brief r .. t. .. o. tbeae 

prlaclplea aa they applJ to the Dead s .. baaia. 

Tbe llrdnloalc cycle ia tbe Dead Sea •ala 

lecau.e tbe Duel Sea baaia baa DO outlet to tba aea, all tbe water lt 

recel•e• aa rat.a la neatuallJ retunaed to tbe ac.oapben bJ .. aporatioa, 

but ia dot.aa ao it .. , follow oae of aneral patba: a) aa.e naporatea 

a~at ~adlately after it falla; b) aaae raaa off tbe aurface, collect• 

lD atre .. ad flow to tlae Dud Sea abortl7 after tbe atoma tbat briDI 

it (tbla ia call•• •tract naoff or atom l''*»ff); ad c). ••• alDka illto 

the aro•ul. 

Of tbe water tbat aiaka iato the INUild, • lara• part .. y be ued 

. abortly by plaata aacl retanaed to tbe ac.oapbere bJ traa.plratioa, and 

••• ••1 naporate alowl7 tlanuab tbe aoil pore•. Depad1Da oa the 

· 1Dteaeit7 aa• duratloa of tbe ralafall d tbe peaaeabllit7 of tbe aoll, 

ao.e vatel' •••P• futber lato tbe an••· Altboup UDJ ~ka are cleDaa 

•• tapenio~, otbera -.... J")I'U or cracka tut will Mld wter •• ••• 
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into permeable ground ia gradu11 11 y c hta nn<' 1 ~\J lnt o pcrv ioua htHIII or und~ r­

ground vater cour•••, alona vhich it flova by aravlty juat a'' lt doea at 

the eurfaee. Becauae aoae of theae pervloua rocka (aqulfera) are aurro n • 

at all lover levels by leaa per.loua or even t.pervioua beda, they act aa 

aaaled reaervoire that accu.ulate or store water until they are aaturated 

to the point at vbicb water enters from the aurface; after tbia condition 

of aaturation ia reached (and in the Dead Sea baain it •ay be aaeu.ed to 

have been reached lona aso), all vater that doea not leak throuah the 

underground dam flova paat the entrance to the aquifer, and draina through 

another, generally aore ahallov, underground channel, until it eventually 

reaches the aurface or flova underaround to the Dead Sea or other 

depression. The part that reachea the aurface coaea out •• aeepa or apria ... 

Moat of t e vater fro. the , .. ller of theae (called effluent aeepaae) 11 

returned to the at.oaphere al.oat ~ediately •la evaporation or tranapiration; 

that ieauing froa the laraer aprinp foma tbe pemanent atre•• (tbia 

discharge ia called the dry weather or baae atte .. flov). It ia ~porr. ant 

to note that, dependina on the local atructure of th- rocka tbrouah which 

the vater flova uoderarouod, aaae of the water derived f~ rain vitbin tbe 

Dead Sea topographic baaio iaauea •• aprioga 14 other vateraheda an~ doea 

not flov to the Dead Sea at all. Por e..-ple, •oa• of tbe water rlaiDI 

in the aprioga at Aaraq aay be der~ved fro. the hllla near AjlUD. 

Converaely, aome aprin&a within tbe b .. la •ay baYe their aource 1a raia 

that fall a lD other vatenh••. 
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Sa.e of the flo~lng around water doesn't reach the land aurface but 

collect• iD tba alluwiu. 1D wadi botta.a and flo~ beneath the aurface. 

When the underflow, a1 it la called, ia vitbia a fev feet of the aurfece, 

il ia tapped by pbreatopll7tu--an•d vater-lo.iDa plDta like oleaa .. r, 

vlllov, aalt buah, t-ri•k, ucl poplar. Deale at•• of aneral of 

theae c~ 1braba couUM Mel cllacharp to tM ac.oa bere clanap 

traupiratloa .ore water tba will .. aporate fn. a water aurfece of 

tb• ••• area; a lara• part of tbe ••rf1cni, tiManfon, ntuu to 

tbe at~~ct . pbere ._, trauplratloa •• oa1J a .all part act•11J ruclau 

tbe Dead Sea. 

Vater DOW recei••• •• ••• 

With tbia kckan•d, w caa ... a•lD• tlaa pot•tlal wter •-.p1J 

in Jordaa. 

lealcctiDI aD uakaowa quaatitJ of water carrie• 1D or out of the 

&:ina&. bJ uacleraro•d atnctaru • tbe -ua1 water aupp1J la nqblJ 

12,000 liCK, aa • .., .. ill ta1»1e 7. 

Much of tbe ra1Dfa11 u retuned to the ac.oapbere bJ traupiratiOD 

and evaporatloa, ad of tbe 12,000 11:11 total eupplJ, oalJ about 1,900 1£11 

per year 11 coaceatrated 1D aurface atra ... or apriD .. (table I; fla. 1). 

Of tbia, a little .are thaD 1,200 MCK ia b .. a flow-•relat1Yely at .. dJ tbe 

year roUDd and therefore relatl•elJ eaallJ ...... d; tbe reat ~· ato~ 

runoff, aot eullJ ...... d or recowen• •lua atora .. facllitiea are .. 
cine loped. 
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Table 7.-•Jordnn's ~nnuAl ~oter supply!/ 

laiefall vltbie tbe Traujor~ part of tM De•• Sea bula (22,000 .. ) 

laiafall oe the V.et laU (5,600 ._2) 

laiDfall la r ... lader of Jor.._ (ca 69,000 •2) 

Surface 1Dflov frc. tba ll•ar Jorclaa 

Total (nuaulecl) 

!!CI! .l!!r tear 

··-' z,sooV 
4,oool/ 

47o!l 

54oV 
12,000 

!/ All eatlaataa, l..!e1u41aa tboee fna otlaer eowcu, n•ded to 
two • iplflcant flpru. 

2/ Ioaldea, 1939, p. 133. -
1.1 latiaated fa. aapa abowt.Da-- -•1 raiDfall <•·•·• DU, 

1957. p. 42). 

~ laker•laraa, 1955, •ol. Y, ·t• 26. 

11 loDlclea, 1939, p. 194. 
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Table &.••Surface discharge within Jordan-/ 

lue flow 

Stora flow 

Jor._ U•er at o.&lec of LMe !'i .. I'....V 
laat leak Wadle 

Ia•• flo.A/ 

StOIII flo.V 

V..t laDk •• ...v 
lue flow 

Stona flow 

Slull aprlap oa tbe lut 1.,W 

Asraq eprtapl/ 

Total (n•••> 

1:.1 Iaker ad Bar .. , 1955, wl. Y, 

l/ loalclea, 1939, P• 194. 

!/ Ict., P• 190. 

11 let., p. 200, 205. 

•• 26; ••••• pt., 2, 

ant teat 

250 

220 

540 

200 

300 

160 

170 

80· 

10 

1,900 

taltle 23. 

!/ Calculated bJ ua•llll tbat tbe bue flow ad atom tuDOff are 6.3 aad 
6. 7 perc:at reapectlvelJ, of tile ralllfall••tM pnportlou Ioaiclea uaed lD 
the Tranajotcla lulD (l.S., P• 200). laket•Baraa (1955, wl. Y, P• 17) 
eatU.ate tbat tbe .. arap f16w of tM W.at lak •dla •• apl'lap eaterlD1 
the Jordaa Valle1 la 5I Mel. 

11 liiD, 1957, •• 77. 
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It 11 difficult to eatlnuH E' how r.t\H'h w .1t r ifl c ur r~ntl y u!l ct in 

Jordan, but the eetLaatel preeented in table 9 are baeed on vhat eeea 

to be reaaonable aeeu.ptlona and are probably of the rlabt order of 

.. anitude. They ausseat tbat about 3,500 MCM per year are beln& ueed 

nov for raln•fed crope, lr~laatlon, and domeatlc uae. we .ay aek now, 

bow .ucb .ore water can be obtained for tbeee .... and related purpoaeat 

Potential water aupply fro. replenlahable eourcea 

A rouah an8Wer 11 aiven to tbla queation via tbe eat~tea of 

table 10. None of tbeae eatl .. tea are fir., except that of Baker•Raraa 

(1955) for the Jordan Valley irrlaation project, but aaaln they are 

baeed on reaeonable aaau.ption and abow what can be expected. Tbe 

total potential recoverable aupply froa repliahable aourcea 11 eeea 

fro. thia table to be of the order of 6,000 MCM per year; aa .oat of 

the eat~atea are aeneroua, thla 11 probably cloee to tbe .ax~ 

expectable fro. econoa1c aoareea. Tbe ba111 for t • eatt.atee la 

ahovn ln tbe footaotea, b.t ea.. of th .. deaer.e fartber axplaaatloD 

and c~nt. 
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. 1/ 
Irrlaaticnr-

Table 9.--Water currently u~ed in Jord~ 
(excludln& rain on foreet and araalna land) 

2/ 
Rain fed crop.-

3/ 
Pablic conea.ptioa-

Total (rouDCiecl) 

*:M per year 

225 

3,200 

15 

3,500 

1/ Aeeuaina that the 322,000 clu~ of land irriaatecl durin& 1952•1954 
(IBiD, 1957, p. 80) receive 790 cubic .. tere of water per year per dunua•• 
the .-ount Ioniclea (1939, p. 191) found r•preeeatatl~e. The chief aoarcea 
of thla water are, lo probable orcler of ~ortance, the lalt aDd Melt laak 
vaclia, hill aprloaa, aad arouacl water ia the Jorclaa Valley. 

A clunwa la 0.001 ka2 or about ~ acre. 

2/ The area of rain-feel field and rait crope, lncl•clias falLow laad, 
in l952-19S4 val about 8,300,000 clu~ (IBID, 1957, p. 80); tbi1 ia aboat 
twice the area Ionicle1 (1939, p. 236) ettiaatecl for the Traaejordan part 
of the Dead Sea baein alone, aacl I aaau.e the larser area recei~e• the 
.... averaae rainfall, or about twice the total precipitatioo lonide1 
eat~tecl ia received by rain-feel crop laocl in the Traaejordan laaio. 

3/ let~tecl oa the a11u.ption that tbe per capita coaeaaptlon 11 
abo;t 28 litera per day; thia 11 probably ~ice the actaal coa1u.ptioa 
for the bulk of the population. ~Ddu1trlal coa~ttoa il aot eet~ted, 
but 11 probably DOt eaoalb to affect tbe total. 
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· Table 10.--Potenti.nl usnble wnt cr 8u pply in J urd on fr<nn l'<'plcnishnhle 
eource1 (excludlna rain on foreet and ara&ina land)l/ 

I 

Rain on arable lan~/ 

Jordan Valley irrlgationl/ 

Ba1e flov froa other v•"i• and 1prlns• ln t be 
Tran1jordan Bali~/ 

Base flow fro. 1ther vadi1 and 1pr i na• on the 
West Bank! 

A&raq •pring• 

Stora runoff, not included above, captured d1recttr
1

oT 
throuah water apreadina or at.ilar tecbulque.Z 

Underflow and around vater dischara.!/ 

Total (rounded) fro. ordiaary eourcee 

rtificially induced ral fa11l/ 

Total (rounded) from all econo.ic, 
replenl•hable •ource• 

l/All eatimatea rounded to ~o aignificant firurea. 

MCM per year 

4,200 

760 

160 

100 

10 

lDCilre~t1y 
70 

250 

5,500 

480 

6,000 

l/Aaaumes that , 500,000 dunums of nev land vill be broulht into 
use for hill fruit (IBRn, 1957, p. 87 , and that it vlll receive the •~ 
annual rainfall aa land naw cultivated (eee table 9). 

3/As proposed in the Jordan Valley master plan. This would uae 467 MCM 
per-year from the Yarmuk, 92 from the Zarqa, 121 froa other !aat Ghor vadia, 
58 from West Ghor vadia and springe, and 155 froa the Jordan--a total of 
893 HCH; of tbie 69 MCH ia ~omaitted to Syria and the Yarmuk triaogle and 
64 MCH 11 expected to be loat in the flow fro. unreaulated wadi• (Baker­
Har%a, 1955, vol. V, p. 27). 

4 /Tota baae flow in the are , leal tbat to be utilized in tbe Jordan 
Valley irr tsation project. 

5/A••ume• that about 25 percent of total atora flow (excluaive of that 
fro; vadla drainina into the Jordan Valley) could be reeovered. 
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6/BAk r-Hnr7.a (19 S, vol. VI\ , p. All-3) :ts~un"'ct thnt of the totAl 
r~lnfall in the wateraheda tributary to the J rdan Valley, 25 perceh~ 
ainka into the ground for rec arge. Of thia, eome ( bout 13.8 percent 
of the total rainfall •n their calculation) reappear• aa ~3ae and ·~~ina 
flow and aeepa e. Of the r~ining ground water . t hey ••ume that only 
20 percent could be found and recovered. Thi~ calculation placea 
effluent aeepase the unt of which ia ar to eat~te anyway) in the 
wrong category, for it ia part of tbe ground water on could hope to 
recover. t the calculation here, it ia aaaumed that 25 percent of the 
total rain falling ln ar•a• receiving more than 200 mm per year 
(3,2 9 KCM in the Trana j ordan baain, according to tonidea, p. 235, plua 
2,500 MCH on the Weat nk) ainka into the ground. The total baae 
an apring flov ia aubtrac ed fro. tbia, and it ia aaau.ed that the 
remnl~ (1,010 CM) dr•lna off in vadl underflow and otbor underground 
dral~cg ebanne a. It i a aaaumed tbat 25 percent of tbia could be 
recovered itber directly Dy pumping, or indirectly by planting uaeful 
phreatophytic vegetation in the water couraea or in aaepaa~ areae. Tbia 
1& prob ly .ax~, but it doea not include atored around water that 
aight be ned faater tha it ia recbarted ~nually. 

l/Aaaumea a 10 perce t 1 ereaae ia water obtained froa all aourcea 
except t he Yar.uk aDd Jordan. 
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The eatimate of ~. e amount of rain that could be us~d in the cultivation 

of c:ropa and fruit aaa\lllel that. about 2,500,000 dunWDa o preeently 

uncultivated land will be brouaht into uae for hill fruit1, a• IllD (1957, 

p. 87) eat~ted could be done. Tbla would aake effective uae of Dearly 

1,000 HCK per year, and it 1• the laraeat ainale •aour e" of additional 

vater in Jordan. It will require tbe leaat c•pital to deYelop, it .. y 

ve be areateat ec:onaaic: yield, it doea not involve the aolutioo of 

cOilplex international proble:ae, and auch of tbe work can be cloae bJ 

individual t .. iliea (aee IIRD dl•cualion, p. 86-90, of tbll proar .. ). 

The uae of water on foreat and araaina land hao not been conaidered 

in table• 9 and 10, but it 11 worth aentionina bare that the total 

rainfall in reaa rer.e1v1na aore than 200 .. a year (the approx~te 

a int.ua required for dry fa~ina) 11 about S _800 MCK per year, 1 0 tbat 

about 1,600 HCK ia aaa\lled to fall on non-cultivatable areal. Tbia 1a 

not to U.ply that JordaD 1bould couvert nery apace into cul tlvated lud. 

but the ..ount of vater falllog on aon•cultlvatable areaa .. pba.l&el 

the need to introduce useful veaetatlon (def ined here •• veaetatlon 

that not only prevent• aoil eroaior" but alao ylelde IOile kind of 

harveat) vberever poaalble. 

The Jordan Valley irrigation proj ect would aake available nearly 

three t~•• cbe vater nov uaed for irrigation, but ita completion require• 

\arge auaa of cap tal •• v~!l •• the aolutloo ~f co.plex international 

probleaa. A amaller project--the laat Cbor Canal--that will uae aa.e of 

the Tarauk flov i e now UDdervay. The actvan t aae• aod probl•• of full 

u.a e of the Yamuk- JordaD vater r• va 1 knovo and requir no elaborati,o 

r • Suffic it to 1ay that the pot e tial exiata , tba it will provide 
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the largeat eouree of irrigation water. And that neither eeono.ie nor 

eaa1aeer1na obetaelea pre•-.~~ ita reallaatlon. 

Not •uch of tbe baae flow llated lD table 10 r•J ~••eata a aew 

aupply--.oat of tbe waclU •cl apl"iDp tbat Jleld it al"e alreadJ tapped 

for irrlptioe or potable water, tboqh DOt alwa71 u efficleatly u 

poaaible. 

Tbe Aaraq area baa receatl7 beee la.eeti .. tad bJ laker•Baraa (1958) 1 

but i t e aax~ua poaaihle 7ield ia DOt J•t kDo.D. Tbe water ie probablJ 

deri•ed fro. eoae diatant eource••perhape tbe AjlUD aaticline or Mt. 

Beraoa 1A Syria; additioaal water baa beea fo\Wld by drilli.D&, but UDtil 

the eource and a.ouat of r ecbarae ie eetabl labe4, the total eu.taiDable 

y l eld eanoot be e t~ated. 

Very little of th direct ruaoff wlthlu the buia ie uaed aow. 

Ionidea cooaidered the capture of floodwater too expeul••• except 

vbere the coaetl'uctloo of a .. 11 U. a J reeervolr could be ald for 

by the la o f the f•ily or •i11aae tbat would beaefit froa it, d 

thie probably ie etlll true t(lclaJ. ADother aae for flood water••water 

epreadioa·-de•er.ea cooaideratiaa, bow.ver. ID thie tecbDlque, already 

t r ied euceeeeful1y i n arta of Jol'dan (e.a., lBU, 1957 ,' ~· 74), flood 

vatera a e di•erted by l uv coat atructur••• either onto tillable around, 

where they ar uaed directly, or onto pervioue aroUDd, where they ai.Dk ia 

and are r .:overed down dip by pwapioa.l/ Rov •ucb of the rouahly 700 11:11 of 

etora ruooff could be cap ured ln thi ca.aaot be eatlaated without .ore 

ll ~Y cao alao be ueed t o fluab out aoluble aalte froa soil or, 
UDder fnorab • cire..-.taacee, fro. •d•ranwad r .. enoir1. 
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knowledge of the intensity and duration of wndi dischnrge and of the 

dietributiun and character of receptive aquifere The eet~te in table 

10, therefore, il ••rely a sue••· but it •cr~e• ,, indicate the order of 

.. aoituda of vater obtaiDable fro. thia aource. 

The concealed around water diacbarae 11 dlff.lcult to eet~te, ADd 

tbe .aunt that 11 reco.erable 11 no harder to ,redlct. ~ prnloualy 

indicated, ~ are concerned vlth eaaeatlally two different typea of 

water here: a) underflow aloaa the water coureea, ~ ~d b) .. ter dralolaa 

tbrouab underarouod aquifere vboae diatrlbutioa .. Y a't be related to the 

preaent topoarapby. The underflow that eaeapea iDto tbe Dead Sea ha. beea 

ea t ~ated by Neuaano (19S8) to be of the order of a ftv tena of MeN aad 

probably not .ore than SO MCM per year.!/ Added to tail ie water 

conau.ed bJ phreatopbytea alona the water coureea. Without aore data 

it ia not poaaible to eet~te the tranepiratioo loa• ~ia tbeae uteleaa 

planta, but the ..ount probably ia lara•· ror eUIIple, pbreatophytea 

of the type that arow profuaely on the Zor (tbe floodplalu of tba 

Jordan River) co euae 1.5-2 ••t•r of water per unit of area per year; 

the tranapiration loaa in that area alone could be 60-80 HCK per year. 

A aignificant pa of thia water could be recover• ln two vaya-·directly 

1:._1 Dead Sea evaporation -rain fall in& on the Dead Sea-total inflov 
of surface water to ad Sea • underflow to the Dead Sea. Neuaann eatimatea 
th t the evaporation from the Dead Sea ia about 155 c. par year and other 
recent eatim&tea place it between 153 and 160 ca. Rainfall on he Dead 
Sea averages 4bout 80 HCH per year; the inflow from the Jordan at the 
Allenby Bridge during years when the Dead Sea level baa been etable averaa•• 
l, 250 ~ p1.r year; and the baae inflow to the Dead Sea from other aource1 
aouth of the bridae baa been eat~ted, from aparae data, •• about 150 HCM 
per year. Beeauae of uneertalntlu u to the exact amount of evaporation 
and atona flow, tha UDclerflow to the Dead Sea caooot be aaaed preclaely; 
but Ne '• eatt.aate 1• laTely of tba rlpt o der of aapituda. 



by drilling and pumping, or indirectl y l1y growing uscf l phre:lt nph yte8 (like 

alfalfa or date pal•a) on the flood plaine. One technique, auggeeted tJ .. 

by T. W. Robloaon, that aay be vot·tb try ins in aa.e of the n..11er vadia 

la to create undsrsround d ... by aroutin& clay into the alluviua; aucb 

aubaurface da.a a.y be juat •• effective in trappins ... 11 or diaperaed 

underflow aa ordi ary d..a are io the conaervatlon of •~rface flow. 

Two other typea of seoloaic envlro..aota wltbin Jordan are 1101t 

pro.iains for Jl"O lLnd water developMnt: 1) the alluvial fane that 

border the Jordan Valley, and Z) drock aquifera--.oatly aynclinea like 

that veat of Suweileh but alao baaalt f l ow• aod fault trapa (fis. 2). 

The alluvial fana are already yleldioa ao.e production and they deaerve 

furth r exploration a1.d atudy (water in their lover part• 11 often aaline 

aa a result of contact vitb old lake beda; ae the .. beda are .ainly 

compo1ed of carbonate• and aulfatea, tbelr aalt content i1 not high, and 

it 1a poaaible that the aalt could be fluehed ovt by water apreadina). 

Although 1ome wildcat drilling hal been atteapted in .. arch of ground 

water, the geologic .appins required to guide aucb exploration effectively 

hal not been done in .oet areaa. Nevertheleaa, enough ia known to lay that 

vater-bearina beda and 1tructurea ezl1t and can be de~eloped through 

appropriate geologic 1tudiea and exploration. Molt of the for.ationa of 

Jordan yield 1ome water locally, but the .a1t L.portant aquifer• ae .. to 

be 1n the ·~4weira, Kurnub, Aj tun, and 3elqa aerie a (table 6) . t Tbe 

Suveileh ayncl i ne and the Azraq area have already been .entioned •• 

important water-bearing atructurea and in addition to tbeae, the 

Rueeifa Valley 1yncltne 11 known to be water-bearina. The Jeoin ayncline, 

t he f lank• of tbe Judea and Hebron anticlinea, and aeveral ..all ayoclinea 
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in aortbern Jordaa (fia. 2) al•o offer opportunity for recoverina around 

water. Althouah the aeoloiJ of the eastern dcaert la poorly known, •uch 

of the area appea .. to be uaderlain bJ a broad IJOCllae, locallJ undulatiDI 

aad poe• iltlJ brokea ~., fau te. ftle etncture 11 f•orable for the 

acc•ulatioa of anuad water, for tt• recMrae area, at leut oa tile wet, 

11 Ia the belt of hllber relafall a1oaa ttie ••rata of the Dead lea ~lft 

-.a11eJ. ltc.et of the bow •••rt ouea or vella clerl•• tlaelr water fn. 

tble etructure ad tbe lpl'lap that are fo•d la Vacll Rue, Vadl ICujl,, 

etc., are alao derl•ed f~ tble e,acllae oa lt1 .. etera flaDk. 

Still aaotber eource of anuad water ••ei'Yea coael .. ratlOD••wter 

trapped Ia rel.atl-.elJ t.penloua beda, or aqulclU41a• u tbeJ are •-tillu 

called. Althouab the •o1•e of thle water 11 larp, lt caaaot be estracte• 

bJ drll1laa, eiaplJ becauee lt doee aot eeep lato a ... 11 bore hole 

rapldlJ anoqh to aake p•plaa wrtiNblle. Soae of it ca be a1ltrute•, 

ho..ver, bJ lnflltratioa .. 11eri .. , or kahre .. l••lars• cuaael1 or 1baft1 

of the tJP• dua la Jordaa t., tbe lauD• •• otlaera ill aDClat tiaa1. 

Sa.e of theae kahreaee lane be• reba,llitat••• otMra coal• be, ud 

new one• could be dua; tbe7 will aot Ji•l• a .olu.e of water coapara•l• 

to that frca the otber 1ourcee dlaca~aed bare, lnat tMJ will pnduce 

auppllee for •illaae uae .ad aardea lrrl .. tloa. 

lecaUie all of the eourcea diac .. led aboYe are depeadeat directlJ 

or lndlr~ctly oa aaaual raiefall, it i1 re&~oaa•l• to u•ua• ~bat tbe 

t tal uaab1e eupplJ wuld be i.Dcreue4 if the ralafal1 wre iacre&~ed. 

Thla appear• to be feaib1e, fol' la receat JUri coulcla_ra•le 1ucceaa 

baa beaa acblCYed iD artiflclallJ laductDa rata b7 cloud eeedlea. 

~Yea tboup thl1 tec'-1•• la Ia it• lafacJ, Acbma •• Llf (1959, 
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p. 356-383) report, from a review o f th~ cxt~n~ive tests made thu~ fAr, 

that in areae of oroaraphlc rainfall the aethod yields an tncreaae of 

about 10 perc•nt (30 perceat la cla~ed for aoae teata la Auatralla) 1D 

the preclpltatlon at a coat of 1 to 5 centa per acre (0.7 to 3.5 flla 

per d••>. PortunatelJ, .,.t of Jord•'• rainfall la of tbe oroarapt.lc 

type·-"that ia to aaJ, tbe rala-bearlaa wind la drl••• upwarda by the 

hille, produeina e drop in t•perature vhicb cauau the rata to fona" 

(Ionldea, 1939, p. 26)·-and lt ..... llkelJ tbat thla techalque could 

be applied eucceaafullJ, eapeclallJ la the northem part of the &lnl*-• 

Althouah tbe coat la low vlaea toae bJ c~rclal flnaa, lt wuld be 
j 

reduced atill further lf tbe cloud aeedlna could be taken ewer u a 

rout lne fWlct l.on of tbe air force. CertalDlJ the tec:maique deaenea 

aeriou. coaalderatloD, for lt wuld be bJ far tbe cheapeat aource of 

additional .olature. 

Except for the poaaible local develo,..at of bedrock aquifere 

already •entiooed, little hope CaD be beld for &r .. tlJ lDCI'eUlDI the 

desert water aupplJ. 1'be rainfall iD aucb of tbe eutem ud aoutben 

deaert ia leaa thaD SO .. per year aad it doea aot aver•1• aucb aore 

than that over the whole area. Becauae the area ia larae, the total 

rainfall la probably 3,000-4,000 MCM per year, but a •uch larser. 

percentaae of thia la loat throusb evaporatioD and direct rUDoff than 

S.t. he other areaa; in fact, in are .. of aucb lov ralllfall (t la aenerallJ 

agreed that, except wader the .oat favorable clrcwutancea (when ao!'t of 

the r ain that doe• fall la aoderatelJ lDteaae but aot torrential), onlJ a 

aaall pereentaae of tbe raiD eacla up aa arowuJ water. Altbouab deaert 

vadia do eoataia ••• UDderflov ad aaJ aleo Jielcl eDOup direct ruDOff 
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to be uaable locally by vater spr~Adlng t. .-chnlques. these aourcefl c•nnot 

. 
vatet apreadtaa at oae 1oca1itJ ia tbe euten .... rc, ..._,. 1~ aupport•• 

the powtlt of 4,000 ••- of wt.eat ia 1955, ia a aota1tle •-;le of •• 

tJP• of .._elo,...t poa•i1tle ia fnora1tle JUn (IIID, 1955, p.· 74). 0.. 

otber c,. of tlnelo..-t t._t .... ". coui•ratloa ia tM powell of 

duart pl•t•. ••ful for tMir cMaicel or tMr.,..Clc pnpertlu 

<•·•·· a.t ... , •• 1953). 

ltored ~-• .. cer 

Tbe wrld'a an•d wter ruene lD tM upper 2,~ feet of tbe cr.t 
• 

la equlYaleDt to a la,.r of .. ter aearlJ ll .. ter• t•t.ck ower all the 

laad areu (lace, 1951). M explaiaed prnlo•lJ, tbie wter i• held t. 

dlffereat vaJ•. Sc.e eaturate• .,. .. eo .. ,. ... io• that it ie YlrtuallJ 

locked vltbia th•; a-. le tiptlJ hel• • ., capi11aQ forcu; e-. baa 

accuaulated aoluhle ealte aad ia aallDe; 1tut ea.. ia atored la per.io .. 

rocka fa-. vhic• it c• be r.-owed bJ p_,iDI or at.ilar ..... 

Siace the total ..o•t of tbia wter ia oalJ oae or tw la•dred 

tbaea the AftDual ralafall iD MDJ araM, w UJ ua-. that ower tbe 

thou.aacla, perbapa alllloaa of J••r• tbat the atoraae bacia la •••tloa 

baY• baea expoaed to recbarp, theJ will ba•• bee-. aaturated. ID ••t 

areu, tbea, tbe curreat ra1afall either bJPu••• tbaae becl8 to flow 

tbrouah ahallowr water cour••• or recbarpa tlMa to u ut•t equal to 

the aanual dralDaa• thnqb t.._. 

Tbe rocka tbat uaderlie JordaD are aa fa.orable for tbe atoraa• of 

water u are the aeaeral nerap • ud wee thouab Jorclua ia an arid 

co•ti'J it ia nuoaable to ••- tbat alae cODtaiu a pnportioute 
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.-ount of thla atored vateT, OT about 3,000,000 MCM. For the re~aona 

aentloned at.ove, 110at of thla water ia not recoveral»le; w cannot e1tillate 

how aucla ta recO¥era_,t~, •ut w •r W · ••r• that it 

.... ral •• perlaape _, tiMa tM -•1 IUfP17.• 

ltond wter occura la tile kt•• of ndce •• at~uctur• ••crt'-• 

hJ explorat loa. ta •••rt ar ... , ._._.. ... , ol'· .._,. t .. eo.ine of tM 
; . 

wter la the aquifer c-t h tl'• .. to cu~t nclaar~. ator•• wter 

auat H cautlo•lJ -.e1ope•, or ••• l8 tlie ltpt of tM eertata&J tMt 

contlaued withdr-1 will •ta• out the • ..,1,. 
Special circ-.tucu, of coune, •r .U. tM WltWr-1 of 

atored water adwlaattle, a~ 1 ... c u a c..,.raq • .,..,.,. IIDncwer, 

lf atorap lteda are c•plete1r aaturated, vttWrawl of wter MJ 

allow c-. to accept u recMrp weer that otllenlae wu1d k 1oat u 

atom r.-off. lvn ia relattwelr di"J anu, tllerefore, - atond wten 

caD be uaed without fear of ahauattaa tM .. .tfar, pnwt .. d wter ta 

DOt withdraw futar thea it ia rep1ac••· Aa alna., ill•tcated, Jor._ '• 

euten •••rt pnbattlr lau C0118lderab1e aro•d weer ta etorap, •• 

careful atucllea .. , ahDw that -uP of it cu M wltlaft.. to a..,.n 

... 11 irrl .. ttoa project• or other aett1 .... ta. 

lxperbleata lnolwiDs the dtnct •• of aa1lae wten la lrrlptloa 

are ia proar••• ta adjacat co•triea •• tbe7 alaow coui .. rab1a pn.ue 

for uae with aalt•toler•t cnpa. Ttae proapacta for iacreulDa Jordaa'e 

wter a-.pllea t., tbia appnacla an •t .. pro.laiaa u a-. of the 

otlaen diac••••• ••t r•earch ia tlata field at.u• M wteMd for 
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p011lble appllcatt.one ln Jordan, nt:'t only ln the Dead Sea rlft valley but 

alao at ~ara•, vhere aaltae aa well •• freeb water occura. · Tbe poaalbtltttea 

of ualna bracklah or aaltae water ta taduatrtal procea .. a t•at do aot 

re .. tre freab water aboal• .. taweattlate• alao. 

a. .. arch oa tbe ~aeraltaattoa of .. a water ta alao ta proar••• 

la ... , part a of the wrl•. lnde .. , HYeral proc•••• are alna•J ta 

co..erctal operatloa ta .... ral areaa where the ... foe the water pe~tl 

a htper coat. Coata lane --.n ..._ n•uce• to the exteat that 

••t•rall•d water caa M .... for trrtptloa, aDd tt MJ .. ,.ara 

Mfort data happeaa. Jodaa ta Mt ,.t la a poattloa to c•trthte 

•cb to tlae anaace of n .. area. oa tlae• pnltl-, llat aM ••1• keep 

abreaet of ... de•elo,..ate. 

s-ry 

Althoulb tbe data oa Which to .... a ft~ eat'--te of Jordan'• 

water auppltea are aot a•atlable, w My ..-rt • eat M• to be tlae 

order•of-..anltude •alaea aa followa: aealectt.na uaderaroand water• 

received fro. or loat to adjacent countrlea, tlae total eupply received 

froa rala aVMI fro. laflowlq rt••r• 11 of the orcler of 12,000 IDI per 
• 

year. Of thla, about 3, 500 11:11 per year are alreadJ Nlq aHcl for 

raln•fed crop1, t.rrt.aatlon, aDd do.eatic purpoeea. PUll cl•••lo,..nt of 

arable land vt.tbt.n tbe area of htlb rainfall ancl ... ~ u .. of potential 

1ourcea of both aurface and ,rouacl water dt.acbar1• .. , yield about 

2,000 MCK .ore, aDd artificially tadaced ralafall probably vlll add 

another 500 MCM. A lara• reaerve of 1rouad water probably i1 atored 

beneath tbe aurface tn Jordan, aDd it .. , .. poaalble to wttbdr.. •~ of 

t.t wttboat aertoa1ly reducta tbe ~•erve. All told, Jordaa'e uaable .. pplJ 

caa probably be tacna•• to aboat 6,000 IICII per ,.ar or eltptly •n• 
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Althouah we cao thua eee ways to aub9tantlnlly lncreaae Jordan'a water 

aupp1J, thla opt~l .. i1 t .. pered bJ vlewlna the facti la relatloa to bot~ 

preeeet and futun aeeda. Ale•l•a tltat the pru•t populatloa 11 about 

1.~ •lllioa, tM pot•tlal ua'-1• IUfp1r 11 .... 4 tllo••• cultic .. cera 

(laO per capita p tr ,.._., •• tM total recel••• la •17 a .. at I tal per 

capita per 7UI'· r-. • _,,.,. of wter ft41ul.--ta Ia otMr ••tlar 

areu, ,lolal .. a (1939, P• 2JS) oouluM• tltat a ablll• of 9 tal ,.1" capita 

per rear wa r-.ulred to • ..,.n a ..,.-lett• •ppd Ia ap_lcaltue, •• 

hi• ua•ptlou auueat tl .. t tllla -t ••1d aot pnd.ce auc~ of a 

1urplua for aa aallllary ,.palatloa. rn. t~la at.a,, I•l•• calcuat•• 

that the buajorcla part of tM Dea• lea Hila wul• aupport oa1J aMut 

280,000 people lD aaricultun-ya ••1ter oaly ali&btlJ aore than wre thea 

enaaa•d la aarlculture in that area. ApplJlnl lata per capita requir-e 

to the potential uaable eupplJ iadicated aM¥e, the u•lll• aaricultual 

populatiOD auetaiuble ia the ..._ •• of Jor._ wul• be aiM)ut 660,000. 

Slace loaldee aade hla _l,.la, t.-ciiDoloalo adYacu -.. aucb 
.. 

1ncreued aaricultural productiYltJ, eo tbat tM ai.Dill\8 wte~ .-ecaul • 

•eat DOw ia coulde.-ablJ leaa. IDv auch 1••• la difficult to ear; tbe 

~ta ehowa la table 2 iacllcate that la the United Stat .. about 1.2 !CK 

pel" capita are ueecl for rata fed ud irripted cropa •• 1.1 1'CII fol" otber 

purpo••• eac1ual•e of water powr •• foreat ancl araalaa laDd. llucb of 

thle ia aot ••• effectlYelr •• ""-t la uaed produce• aa aarlcu1tura1 

" 1urpl ui. ID Yin of tbla, the diaparitJ be twa 4 TCII per capita JordaD 
~ 

c .. bope to h8Ye and the 9 ICM tbe ODited ltatea 11 appareDtlJ ualaa DOW 

l• bJ M ..... ataueriaa•·lD fact, the pp pnbablJ coul• be clo••• bJ 

• tbe full applicatioa of ... n tecllaoloiJ, eapeclallJ if tbe latter 
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contlnuea to develop, •• we can ekpcct it to do. But the comparison 

lndlcatea that Jordan'• probl .. la not an eaay one to aolva, and the 

data ladlcata clearlJ that Jordan will have to •e 110den aarlcul tural 

and conaaJYatlotaal practice• to the ...... if alae ia to aclatne a laiala 

lnel of ll•iaa wltb a populatlOD of tbe preaeat aiM. 

JordaA'• poaalble futur• aeeda are atill .ore ao .. rina, boweYer, 
~ 

for vberau the .uta• potaDtlal aupplJ .. , coacei~a1tlJ ... t tae ..... of 

the preaeat populatloa, w canaot hope tbat theJ will aupport at a laip 
t 

level of llwlna a •aatly laraer population. If Jordan'• populattoa 

coatlnu• to II'OW at the preaeat rate (which will ca~e lt to doable ID 

about 25 yura) • tbe par capita pia will 1te abort ll•• , if t.t 'ia 

realized at all. 

eatt.atea of tbe poteatlal water aupplJ point up a probl• 

coacenin plana for lta uae. ID cont-.latlna the dnelo ... at of • 

Jordan '• water auppliea, oDe la lllcliaeci to tbtak uialJ lD tema of 

irrlptloD, water apreadt.aa, recov•I'J of ••rflov, •• at.ilar teclmiquea 

of value .. lnly for aarlculturat purpoaaa. !at, aa pr .. lou.lJ indicated, 

aubatantlal iftduatrlal deYelo,.atat la ••••n ial to a blab lnel of liYiDI 

even ln a countr, de•oted .. ioly to aarlculture, aad water la a Yital 

rev .. terlal for .oat laduatrlaa. It iaportat, theraf6ra, tbat 

conalclerable thouabt be alven to the beat uaa that cu be .. c1e of Jordan '• 

water •upply before it la fully ca.aittad to ay ai•a purpoaa. Thla 

require• tbat 100d ltafomaatloD oa the dlatrlbutloe of .. atlabla auppllea 

of water •• tba otlaer rn •atarlala of ladaat17 M obtc.la•• la tbe aear 

future. 
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Energy s11pplics 

The per capita coaau.ptlon of lnaa~t• eneray ln Jordan in 1955 

waa about 0.1 ton of coal •.-l•alent, co.pared to about I tone la Canada 

and the United Statea; aearly all of it waa ~rted •• oll. Althoulh the~ 

la a t•ndency in Jordaa aow to awold tbe ... of la~r·aavlna laan~te 

aneray aM .. cbinery in orclel' to al..a ..,l.,..at to the larpat nu.her of 

people, the ae•ral level of ll•ina vlll rt• ••t la the loq run by 

obtainlna ~n11lcal eneriJ froa cheap laaa~ta _..rcea ... •Y ~•erviaa 

bu.aa eftorta for actl•ltiaa tbat reqaire tboulbt and aklll. Clearly it 

11 ~ortant for Jordaa to .uch lacrea .. ita coae~t1~n of iDaD~te 

aneray. 

Th low coat of otl c011pared to lta •alue Mahn4 by the work i.t 

will do ~•k•• it a baraala purcba .. at preaeat prlcee, aDd it would pay 

Jordan to bay far 110re oil fro. neipMriaa coaatriea tba DOW coat..,late•, 

lf thia v.re the oaly .. allable aoarca of aclclltlonal ener.,l1• "ere are, 

however, aevaral probable eoarcea of aaable enariJ ia Jorclaa that ah caa 

bopa to develop 1) oil, 2) oil ahale, 3) water po.er, 4) auclear power, 

5) aolar eneray. aad 6) wind power. 

1/Plana for tbe eonatr ct1on of a petroleu. refinery bMve recently been 
la id and are belna carried forward nov. 11aie will u .. crude oil carried 
throuah Jord•n by tha Trane-Arabiao Pipeliae Co.paay'l line and I believe 
lt vill have a capacity of 1,000 tone of crude oil a clay (• about 0.2 tone 
of coal equivalent per capita). Thia i1 perbapa al1abtly sore than can be 
utlliaed effectively DOV (tiRD, 1957, p. 224), bat •• Jordaa approach•• 
a .ore acl•anced •t•a• of iaduatrlallaatioa ber per capit• requlr ... ota 
for ••ray will lacreaH •••rat tt.aa. 
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That Jordan'• climate favors the recovery of eolar and vlnd power 

requlraa no elaboration and th••• aourcea will DOt be diacu•••• furt•ar. 

Metboda are alTeady a•ailable for uai .. botb ... rcea for .,.et•l ,.rpo .. e, 

aH profitable aH coul• M •de of tla• DOW. 

Oi: 

Tbe oil poaelbilitlea ia Jordaa w.re re•i ... d by Car ... r (1954), Wbo 

conalderad the. favorable becau~•: a) tbe area coatatae a fairly thtck 

aaetion of .. ri• aedt..ntary rocke, f .. orable for the fot:Mttn ... 

accu.ulation of oil; b) eurfaee iadicattoaa of oil iD the f~ of otl eee••• 

aaphalt aprlnaa, and blta..a ••poette are found ta the Dead lea area; aad 

e) aeoloaic atraeturae eultabla •• trapa for otl are preeeat tn HYeral 

parte of Jordan. Aa a reeult of Cardner'• fa•orable report, oil explorett .. 

coneeaatoae .. re taken up by tba Pauley (later tra~•f•rre• to t•• Pbtllt•• 

Petroleua C•paay) and I•tri COIIPaataa. fte !billtpa' C.,aay drilled 

fi•• bolae, all of which .. re dry, aDd relta .. lab•• their coaceeatoa earlJ 

iD 1959. 

tbe experience of tbe Jlbillipa .Ca.paay 1e dlecouraatna, of c·;,uree, 

but fi•e holea ia aa area of tbie ei.e are not eaouab to r.le oat the 

po••ibility tbat Jordaa coatalna oil. In addition to the .. ideaea ~~s8nted 

by Gardner, three pointe favor the ~~curreaca of ~etroleu. lD Jordan. 1) Ae 

Gardner .. ntioaed, th• bitu.inoua rocka of tbe lelqa are favorable eouree 

beda, but we .ay 10 CODiiderably beyoad tbil and lay tbat .. rtae phoapborlte 

for.attoaa ta .. neral are aood indlcatioaa of the ocearreace of petrolea., 

for nearly all of the .. rlee pboepborlta fonutloae of the world bave 

t.portaat otl ftalda •••oclated wltb tb... !be rea••• for thll aeeociatloa 
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11 that tbe phoephate~rlch .arlne water• that produce the phosrhorltel aleo 

prodace the tr ... ndoua arowthl of phytoplankton that eventually yield 

tar .. acc~latlon• of petroleua OKcJalvey, ~959). 2) The ea.lron.entr 

of depo~ltloa of phoa,.orlte• and aaeoclated rocka are typically laterally 

aoned, with the re1ult tbat rock• of oae lltholoay chan .. laterally into 

rock• of anotber lltholoay or faclea. Such faclea fo~ t.portaat atratl• 

araphlc trap• for petrol ... that .. , aot .. ··•••at froa the ltracture• 

obeervable at the •urface, and we .. , be eure tbat 1uch trapa are preeeet 

' ln Jordan. ADd 3) the anticlinal arch that Ilea alona the ~•tern edae 

of the eaetern plateaa (fla. 2) appear• to ha•• fo~d cont..,oraneouely 

with depo1ition of late ~aoaolc aed~at• on and around it. Thl1 la 

auaaeeted by the fact tbat tbe lelqa aerlea OD tbe arch contalna ~Ch .ore 

chert and little or no phoapborlte aDd bl~ualaoua shale tban la the c••• 

to the eaat; beece the arch probably exiated a• a eu'--rl .. rid .. durina 

the depo1ltion ~i the lelqa. A •~llar altuatloe ba1 been fouad la tbe 
• 

Reaev by lentor 1953). AD arch of tbi1 t,. 11 eepeclally f .. orable for 

tbe occurrence of petroleu., becauae lt coablaea ltratl,raphlc trap1 (both 

facie1 chan .. • and plncb•oute with a 1tructaral on.. Mach of thl• 

particular arch 11 not very favorable for tbe oecarreace of petroleua ~. 

for it haa beea breached to tbe eore by later ero1loa in ... eral areae, 

but parte of lt appee~ fa~orable and •~ilar etracturea probably occur la 

tbe relattvely unexplored •••tern deaert. 

Pour of tbe Pbllllpa' bole• were drilled la pre•lel•• rock• on 
1/ 

aatlclinea ln nort~ltern Jordan- ; Whether or not tbey .. r• aufflcieat 

!!Tb• flftb wae a •hallow hole tn tbe Jordan Yalley. 



tn nu.ber to teet these 1truetures may be dcbatnble, hut lt la certain 

tbat .. a, .ore holea would be neceaaary to explore and teat atratlarapblc 

tra~l la the .... aeoeral a•••· leyoad tbll, ••••rat other aa ,.t 

unteatad areal appear btahly proaletaa. lepectally eo are the Dead Sea 

rift valley, particularly the 11 Lleaa r.•laaala (Which .. , be a aalt 

d~). and the Wadi Strbaa .. preaatoa, fo~ ~th tbe .. areae probably 

contaia coaeaaled bitu.iaoue eource .... ta tbe lelqa aa well aa favorable 

atructural aDd atratiarapbtc trape. The probable pra .. ace o tbe .... 

feature• lft part• of tbe eaatera ••••rt .. kel it a aeaerally favorable 

area alao. 

Altboulb it ta reaeoaable to believe that petroleua occur• in Jordaa, 

it .. , aot be foaad for ea.. t~ aDd .. , aever be found in lara• quantitiee. 

If eitbar abould pro.• to be the ca .. , ic i1 worth ..,baetstaa aaala tbat it 

would be deairable for Jordaa to buy .or.e oil fr .... ,lb .. rtaa coaatrlea. 

The profit obtalaed throaah lte u.. ia .. aufacterlaa, a~lcaltare, aad 

traneportatloa will .. ra thaa jaetlfy ite coet. 

Oil 1bale 

The lelqa aartae contaiaa t.portant dapoaite of bltu.inoaa l~atoae 

and abala in the Yar.uk River-Wadi Arab area of oortheru Jordan, and ln 

the Rebi Muaa and other areaa oa tbe eaat flank of the Weat lank. llaka 

(1930, p. 17) briefly iavaetiaated tbeaa depoaita and bad a few a..,laa 

analysed. Tbeae indicated that unweathered rock coatalae about 20 perceat 

total oraaatc .. tter, lacludtaa about 28 aalluaa par toa of oil aDd ao.e 

aaa. Tbe total calorific value of tbe rock il about 6\ ailltoa Ita par ton 

coapare4 to 21 •llltoa It• per toa of aoo4 "~lity ~ltaalaeal coal. 
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Th• amount of bituainoue limestone cannot be estimated from 

•••ilat.la data ucept ia u atr .. ly roup WJ. llake eatiMtecl 

tlaat tlaa aortllena put of tlaa •••t ~t~a area, wll•a tlae •tt-.iDCNa 

11Matoea 11 S te 10 •tera tlaick, Cfttaiu •'-t 25 aillt• c ... 

aiMbla '' atrt.,l•ll ud IMt tlaa aoatlaen ,.rt ••tatu ._.. tlaaa 

100 111111n tou •••1• 1t7 .... ran-.. •tlaeU. Altll•ala lie polat•• 

to oM atrippa•l• clepoalt la tlae Yu..k •• ••tatai.. 1 or 2 81111• 

tOill, Jt.ka did aot .. ct.te ella raaertM ow. tlae real• •• a wllele. 

Aa tlaa bit11aiaoaa 11Mat_. 11 •'-t 100 •tera tlllck t.a tlae Yu..k 

ar .. , ucla •.-r• ktl-tu ••arleta '' tla .. ~ f.,_tt• c•talaa 

rouplJ 225 alllloa tou of •thldaou 11MateM. AltU.p data 

fo~tln at.Dat auralJ •Ddarliee ••1 acoraa, p.U,a .... a fn 

laueclracl ••uare ktlo.at•• ia DOrtlaena Jor ... , tt ta aot 'm rn - ...., 

.ucla ltaa at ..,tlaa lUll .. _.. f• lw c.ac ldataa. •..-tlaalaaa, 

it 11 I'MIODOla to apect tlaat ella -t of ftCia nck le of tlaa 

order of ... , •illiaa. of toaa. 

llaka cODeider .. tlar .. poaat•l• ••aa for tlae lt..taaa. l1Mato .. 1 

1) clil'act fuel; 2) recowu) of oil bJ ti1ttllatloa; aacl 3) .uufactue 

of ••1ckliM wida b,-pro•ct r aOfterJ of oil. ttaa flrat uaa did aot 

app .. r proaiatq to Blake ucl cloea DOt DOW, MrelJ ~ecaua the lcnr 

calorific •1•• of tbe rock • •• it a poor fuel to laaadle, abtp, aDd 

~tuna. At tlae tiM of I lake • • work, the I'ACOWI'J of oil bJ dtattllatloa 

WI 1ta1q practiced lD a f• &I'MI .. t coati Wl'e laip aiMI the .. 1.& 

rock .,._ .. to be ftr1 •1•• .... paMpa Ml .. tla• ... lltJ tlaat c•l• 

H .... pnfltUlJ f« data ,_,.... llace til•, tlae tacla•lou of 
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dlatll.latf.on haa improved aurkedly, and it eeetna likely that oil could 

~· recOftred fna tlae lal,a at a r•·aouble coat if auppllea wre not 

awlla~l• elanllen. l.Jl .. aa clo•• to ricla oil fiela •• Jordu cloea, 

'o••••, it -1• Mt ••• afttHitle to adertae lar1•·aaale ~•m.•t 

of tlaa ltitum.aoua lt.utn• fft ite oil aloae. fte t'ir• poaalltilltJ 

•i•naaed ~1 llae ta of a ftffuat Uuact•, fft it taolfta re­

COfti'J of oll aa a ltJ•pr ... ct of &Mtlaer •••hl opuatioa. Accordtaa 

to llake, 100,000 toM of net wal• Jiel• 40,000 tou of .. icklt.M 

aacl 1,500 toM of en .. oil hJOH tlaat re ... ired to ban tile 11M. 

Data fa-. aida to Mtt.ta law ..ell .. tckllM c•ld •• .rated are 

aot ... ilable to •• but at tlae tiM (1930) Blake wote lata report, 

tbe cou-.tioa ia Paleati• wa 501000 toM. If a at.llu ...at 

c.._l4 be Mrket .. ill Jorua c ... ,, tlae 1»,-p...-ct oil w.ald 1te at.oat 

9,400 tou. !lata ia aa ... twlnt to uCNt 12,000 t- of c•l, aDd 

ita ~ortaace to Jordaa ... la allGWD ~1 tlae fact tbat tbe tocal taaat.ate 

eaeru couUM• ia 1955 _. ... 1 to 145,000 tou of c•l. laca .. a 

••ickl~ baa a wt._ YarietJ of aaaa aacl ~ ...... tbe Bel•• aelf•Daraial 

11Matooa aboul• 71•1• liM at a 1 .. ooat, ua lllportaat ia .. ati'J proba•11 

coul• be clnalopecl bare. It 1.1 poaat•l• alao tbat bittialaoue liMatna 

could be uaad ia tbe .. aufactace of c ... at. C.rtalalJ ~••• poaaibll1tlaa 

•••er.e tboroulb ia.eati .. tloa. 

!ba bin.laou lt..atODe alae c•taiM - nlfv. fte poaaibllltl•• 

of ne.nl'i .. Cilia U a ~,., ...... , an a ...... t• a lat• IHtin. 
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\-.' .1 l f t ' 'll ' . - .. 

Jordan 11 not nov reco•ertna hydro-power, but ehe bee potential 

reeourcea on .... ral riYera ift the northern part of tbe couDtry. The 

eat~tee abOVD la table 11 are the reeult of t~etl .. tlone of tbeee 

eo~rcee by laker•Rar&a (1955, Yol. 91, p. 71). 

Tlae power fro. tile Jordan would aot be auilable tf tbe latter ia 

ueed for irrt .. tloa, •• ..... adwtaable, aad tbe avatlabtllty of the 

tar.uk po .. r la aot oalJ coatiaaent upoa tbe aolutton of difficult 

taterutloul probl_., but would re.utre aa eatr ... lJ btab capital 

coet. Por tbeae l'•aona, laker-Haraa and IIRD (1957, p. 351) both 

recom.end that plana for the devel...-nt oi power fro. tbeae eourcee 

be laid cautloualJ. 

Tbe fir. power available fro. the other 1'1.-ra ta eatl .. tad by 

Baker-Raru to be 6,450 lev, wicla c-.ar .. to aa eatt•tecl 7,000 kw 

available fr• all aourcea la 1955 (IIID, 1957, p. 349). l1le UIOUat 

of power potenttallJ aYatlable fro. tla .. e u~lop~d aourcee 1• 

therefore larae. Althoulh IBRD rec .... aded that conaideratlon be 

al••a to d ... lopiDI power fTo. tba Zarka lt••r ta tbe event that tba 

future need• ln tbe .._.a-Ruael a ar .. pro.e laraer thea expected. 

tbey reco..ended tbat the t ... diate needa ba aupplled bJ expandina 

ther.o-electl'lc faclllttea. The r .. aoa for tbia rec~adatloa 1• 

obecure, for "oa tbe averaae the coat of alactrlctty euppliad today by 

bydroplaatl ta aubataatiallJ below tbe coat of electric eaer11 frda tber.al 

plant•" (Preat•••t'a Mat. PollOJ eo..., 1952, .ol. Ill, p. 36). Tb••• •ourcee 
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· Table 11.--F.st l~1 te o f Cr t · : : t ' . . • ·l J' "' t•'·:: 1\\'1' ll. t '1,. fr l' --:1 .. .. .. - -.. - ... ...~ . -- . 

Hydroelectric Re1ourcea (after Baker-Harfa, 1955, yol. VI, p. 71) 

Str .... 

(kv.) 

1/ Yar.ak- (KiD.) •••• 2,340 
(Maa.) •••• 19,100 

Jordan •••••••••••• 1,000 

Zarka ••••••••••••• 4,350 

Arab •••••••••••••• 1,260 

zta1ab............ 570 

Jul"\a. • • • • • • • • • • • • 270 

Total (Mia.)16,790 
(Mu.)33,550 

Almua 1 f ina 
euriJ 

(IUlltoo kW.) 

20.5 
167.0 

70.0 

38.1 

11 .. 0 

5.0 

2.4 

147.0 
293.5 

A••r•a• annual 
aacoaclai'J ... 1'11 

(IUllioD bla.) 

45.4 
27.0 

--
22.9 

--
--
--

61.3 
49.9 

Anraae annwal 
tota 1 ener u 

(IU111on kwla.) 

65.9 
194.0 

70.0 

61.0 

11.0 

5.0 

2.4 

215.3 
343.4 

!/Miai- ud ..u .. aceor•t.q to 1ocatln aM laetpt of tbe daa, aacl 
operatiQI coadltioll8. 
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waul• DOt 1uppl7 all of Jor .. n' 1 electric enerar needs, which IBP.D (p. 354) 

••tt..atea will H 22,715 kw !a 1160 a .. 29,150 la 1965, but tla•J wal• 

..,,1, a .... caatlal pan. fte poe•t•tlltJ of d ... lopiq la,.RcHlectne 

•••• fn. tlaue l'lftl'l tla••f•• .._1• •• •entiat ... e1Nel7. 

IMleu:p._.. 

Metla ... for ••factwl .. power fn. •cluJ' ftaatn ue attll 

WI'J •cia la tM re1eucla a .. ap•S...tal •taae, INt na eo, tlae co•t 

Of power el»taiDe• fr• tlail e.I'Ce ll ealJ UOUt 1 to 5 tlMI tut fZ'­

COilftDtloaal .._eel aiMI "it will ..... tedlJ baCOM C ... tttift" (ltaft, 

1959, •· ••>. Jft._ laaa ao lallla•ara .. aoun•• of araataa INt elae 

cloea uw a poteattal lt,-,nftct •ourco ta plaoaplafttto. Awllable aul,. .. 

auuoat tlaat tlluo ncke cODtala .._t 0.01 pel'cnt uaat .. , wtcla 11 

roullalJ tlae - •• tlaa& f••• 1• tile rlortda plaHplaftite. Urat• fl'• 

tbe latter ta carnatlJ nconl'•• u a .,_,r.-ct of tlao ••facbee of 

trlple-nper plao.,Ute at a coat u•t tlao - aa tlaat of waata. cla-tw• · 

fr011 latp p:'&cle araat .. •••· A8 11 dt•ca•••• ta a latu aecttoa, tlao 

kDOWD plaoeplaftlte reaanea ta tlae -•tfa uu total aiHNt 30 ldllloa 

tou, aad potntt ~ l ro•ern• • tbe adjacnt aru ue ctf tile order of 

1~ to 175 ldlllOD tou. llot •oa&b a...,l•• of ttat• rock haw •••• 

auln•• fw araat .. to be nr• tlaat all of it coatalu tbe ...,.t ta•t­

cated altow, kt ftr7 ltblJ .ucla of tt dou. !be aip.tftcaace of tbta 

•• a lORee of -ro fol' tlae fatun •J be appreciate• b7 tlata COIIpartaoaa 

oao pouDd of araatua te tlae pot•tlal JHl•• e.pa1wleat of 1,200 tODI of 

coal, 10 tho 0.2 ,_.. of uat• ta a toa of plaoeplaftlto 11 tlae pot•ttal 

pow ... lwlnt of 250 t- of ••1. Uaenf••• tf Clae -•tfa plaoeplaftite 
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reeer.e contain• 0.01 percent u, aa orp~nrs to be the cose, it ia the 

potential powr -.atwaleat of 7. 5 btllloo toaa of coal. Mot all of tlae 

ualli- ta pboapborlte ta ~•ccrnrat.le, ef c•r••• ... •• aMltlODal loea 

of powu tMpaiftleat takea place ta tlae eo•vv•t• ef ••l .. e .._V te 

•aa•l• powa; anertllelua, •• awalliiiiGU potntlal ..,,, ef _.1• ~., 
11 cntaiaed la tla••• uaaifuoaa pla..,..lcu. 

Althoup Jord.a DOW ~•cOftra ao iMrdate ••ru, aile laaa a-..ral 

eourcea tbat would per.it a wat toc~u•• ta laer COUUIIIIftloa of ..-.,. 

She baa aood proepecta of flacllq oil, aad ta UJ caae caa hJ it clluplJ 

fr011 oelpborlDI couatrlea. Aftila•l• teclmolou ... 1• pendt tlae 1-fiata 

recOYUJ of la,Uoelectrlc powr, ad, fo~ .,-ctal purpoeu, "'ad .-r, 

and aolar po.,.. DeftlopMat of ia .. atrlee •tlll•taa ller lua• depoalta 

of bttuaiDOUa lt.utoae W~Nld aot ODlJ ,tald uaf1al clae.ical aad Mlldiq 

Mtertall t bat a CftU oil •J•proct.ct AI Wll•·la~l• aoup pUlaapl te 

aapport otlae~ cla..S.cal tacluatriea. Aad fft tlae futue, Jo&-claa ua la~p 

aapplt•• of urutu. for ••• 111 tbe ••factu'e of •clear pore. 

All of tb••• aourcea will Jield power at preaut coata, INt, "'tla , 
tbe aceptioD of otl ancl sa•, tf tb., aboald be cltaconrecl ta lara• 

~nttttea, aoaa of tb• will yield ft17 chup powr, aucl all of th• 

will reqairo tlae full appltcattoa of ...,._. taclaaoloiJ to .... lop and 

uae efflcleatlJ. !berefOI'e, .JOI'da'a COMUIIpttOD of iDADf.Mte ,..... will 

tncr .. ae alcnrlJ. 'ftae polDt ta. ~-. tlaat llel' ~ l'eiORCea will 

•apport a trt rDdoua taeruae •lt~t•lJ, au_· tbat tbeae ... ~•• ... •• 

.... 1.,•• u•t aa taet •• tlae ta•aaiu tlaat will ua· tc. 
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••aa••t•, lt -'aht be po••tble to aine aome of the ore •• a 1ource of 

• 
wv.l• ~4late1J a14 J~daa'• ecoaa.,, but ~·•• t~•J ... 1. at 1 .. at 

opea ., tlae depoait aDd ,.nit a ~etter app~aiNl of ita h11 tot•tial 

tlaaa c•l• M olttalD .. wltll•t coatl7 pla,.tcal aplftatt•. 

llake (lt30, p. 26) -tlOM .Oiitte ina .._._.ala Ia tile AJl• 

fonatlOD Ia va•t. razola, uat of RH1•, aDd Ptcu• (ltSS) tlli.U tllta 

la tile - laorlan tlaat laaa rec•t1r •- s. ... attpt .. u a HE&e 

of ina ta Iarae1. fte lroa•Mariq .... la Ia~ul an 2•3 •t•• 
thick-·.,.. to ... anat latual at•t, .. t ~--,..,-tala 

oal7 26•21 perc•t l'e, tlae7 ... 1• laaw to M '-fieu~. ~ If 

tlae ..,_it MH .. 1t1ua pNftd to •• aildlu Ia at•t It -1• M ..., 

,._. HfKe It -.1• H a •-1• ..... of tn. f• .,_._. 

c.,.- .......... 

lotla 11au (Ia lou ... , 1939, p. 114) ... QM~~Mll (ltD, •· 114) 

-tloa lMicatioM of c.,.~ ta •• tatnetw ip- nek, .. t .. •& 

lift ita loeattn. ut• fftll ~~~ ._..thl ocnnace, ella •• ua • .,_ 

depo1ite ue Ia tlae net.alt7 of va.u. ..... Ia V.dt DaM, ••t of t1ae 

ooppu eccua ta a ••••••• on tlaat 11 .. Ia l•tlalu, nlatiw1J 

taiNlu 1MHiiu al- • eloae te ca.. eoatact .. twea tlae top of tlae 

c:altdaa ._J .. la.lte _. -. dae .... of eM Gfti'1Ji ...... toM. !tae 

Daa ..... lu Uw .._ ...,1•• ., ..... , _. lcbellliaa Ia alla11w 

2 ..... c.. • ................. " .......... ~ -ti&Mat 
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of .. naan••• ore, and attempt• to reco~er the copper separately have 

DOt beea ncceaaful (ftOIIploa, 19 56 • •· 10) • tbe Ol"e baa aot ben ••••· 

Otlaer, peftape .-. h ...... tal tkawbacb an tlaat tlae •epoatt ta aow 

re1atlW1J iDA•:ua1~1e, a .. eke k- ~enu an tM -11 te J••tlfJ 

tile •4••• of •t1U .. a na• • aftaaa-te f• a .,..tal tnatM•t 

er .-uc. fte .... ,nltl• •tac.-apa wn • tile otlaer, ..... 1.,... 

tlptto• of &lae vati Dua •• 11 at a ataMatill. 

r• rea- tlaat will M ..,lai ... Hlow, tlae ,n.,eeta of fl.U .. 

~at •apaue • copp• ..,_,t8 ta tlae v.•t Dua •• •-

r .. a_..l, aoH. aoM _ .. at 1-t to wunat futla• ..,tenttn 

tf tile en wwe -.re accea•t1»1e ... -1• H ,nc ........ ..Ut•• 

eaal1J. lucia apluatin w.t• H ••a -'"• ....... •• lt w.l• .. 

adri ... 1e to .. laJ tc ntl1 nallaltlllCJ of a •ltalt1e ,nc••• or .net 

11 ....... r• ....,1., heauee of tlae lMnaa ..... of acra, ta at•l 

"•faatue nw tlae ,.ua, tlae eopp• eoetnt of • ., atMb ta lat._ 

tbaa lt .... to 1»e, ... •- ••fact••• ida1at Mt _i._ ..,,_ 
tile •tatut .. COMtic..at tMJ ... tllouaJat it to ••· Ia fact, 

tlut Daea ore atpc Hi .. a tnM• ,rice fft ••• la .Ui .. t1ae c.,,.r. . , 
l»ea;rt .. nat•nelataat at•1 l'eceatlJ 41ne1.,... it ta f011t•1• a11o 

tllat a •••• la _. nallalt1e f• l'ec..-1 .. tlae copJ• u a co~Hiact. 

ta ........ ,_iHic nwt• of tJ.e ....-ct• of ..necul1itJ of 

tlae on wa1• IMk aa afflnatlw .-a- to a .... ctoa _. ut c•14 

tlau on .. ,ncu ...... aol• if ita naenu ..-a, .,, • ldlli• c-t 

If _. u...-e wn neelw.l, aMn1a f.- a61itt-ll'•enu w.l• .. 
. . 

jutifl... .... if ...... lentlft b ••••••• 1, ........ ••tul 
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~nina abould be poatponed until a road ia built up Wadi Araba for 

~tb•r purpo1e1, for tlae upeue of a roa• wul• be pnhiW.ltlw if it 

i.a• to be bone bJ tile lllae alne. 

fte naMa for tlataltiq tlaat a .. ttloul r•••rw• •1 be fouDd la 

the wadi JMu ar.. 11 tlaat tw otlau cloaelJ at.! lar oceunneea ia 

tbe anenl r•at• haw ~taat ruenua u.,. are ••tter "-a t1aaa 

tbe ~•1 DaDa depoalt, aad pro.ide a ••tter ••••• for ap,calaiaa ita 

potntla1 thaD caa H ptaa• at tlata ata .. fna va•t Dana •1-. 

!be beat kDOWD of tlae otlaer ocC111TeDcea ia tlae 011 .._ ••PMH 

nlde dlatrlct n tbe St•l pnianla of l&fttt (Attla, 1956). fte •• 

there coatalu oalJ a f• '-Ddr .. tla8 of a ,_cell& of _,.., ... it 

e•talu ina Ia .._.ta raaalq fa. 1••• tlla• 1 ~cat to 3S .-ceat 

• .-.. ._. •• ta f .... ta faalte • ft•.-••• .. t -.t of lt ec:cwa 

ta lneplBlJ Uaped taiNlu •••• tlaat nqe tra. 1••• tlaaa 1 •t• 
to I •t•• ta tlatcb .. • ... fee. a fw •t•• to anenl lnaiMII-H •t•• 
la d.._t_.. !llue ~to•t•• a•••llr oca. la aaaatoM, .. .., aiiAle, 

or alaale at tlae ••• of a •la.tte of C.Maifenua •••• or wttlata tlae 

lowr put of tlae dcla.tte tt•elf. fte laoat ncltl are a ~ of tlae 
• 

Ra•lala -datOM fact•~· IIDat ef tlae •• boti•• at 011 ..... •• p-oap .. 
• 

aloaa fa•lt 11 ... , tla07 t•• toM eloaaat .. a1- tla•a aiMI Claetr _.. ... 

aDCI tlatcbeaa dildDi•la a•J fa. tlae faalte. Ia 8pite of tlae fact tlaat 

tla•J are pr••••t at a at .. le atrattp-aplatc lafttaoa, ~. •• ltotiu are 

cleal7 Mtal-tlc r.,lac-ta uMCiat .. wt.tla late Tutial7 fultlq 
. 

... Naaltlc lp•- aetlfttJ. Ill••- ~·· _.tlr ta ftlaa Ia tile 

u.._lJiDI ••-t ncb, alao occwa at Hftnl ..._ '-alttt• ta 

tM llaalJ all ef tJa. an ,n ... l, of cu- ...... •tala u CliMe 

atU.Io .... 
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The U. los-& diatrict produced about 3.5 million tona of ore prior 

to 19551 pNYecl reaenea at tbat tiM wue 2 atllloa tou, .... accor•tq 

to Attia, ac••• of alllieu of t- •nN•tr Will N f_. • •••tel-l 

uploratloa. 

fte otlaer ••pae•• aide •t•"lct la tlae a••ral repoa ta at 

T~ la tke lea .. of Iarael (l .. tor, 19S6a Ptcar4, 195Sa ~. 1955). 

!lae -..-•• •• then coatalu aHat 1 .-cnt copp•, ... copper, 

110etl)' u elar7aoco11a, occara la tke - atratlpoaplale tmlt onr a 

wider ••. loth tlae •qaa••• aDI copper ol'e an la latlnlal' ta•l• 

Hdlea la aa .. tooe ... alaale at tile top of a c:.kla 01' ~clu 

doloalte. Acc•dtq to -tOI' (1956, •· 171), tM c.,_ ta ..u .... tnt 

tiber• tlae •aMrl)'laa dol..tte •• _..... pl'lft to ..... ttl• ef "'• 

aa.Utoaa, _. laeace wbel'e tlae ..... toaa la tlllckut; • ...,.. .. 11 

t1dct.ue. 

•••lta an pi'Unt, l.'t .. ,.._ ... nlatln ua .._ .... , .. Htw• 

til• a• tlae 4latrl1t•tl• of De ••· Accoa-tiDI to lntft, • lp._. 

iatnaiou ue kaon la tlae uu, ... lae c_l._a 1Nttla Clae cappu ... 

the ......... to H ... ._tal')' la wlpa. 'IIlla latupl'etatloa will 
' •• •t•ca•••• later' wt tla• illpol'taat tlllap to 1' __ ,.. .... .. . 

that a .-litatlwl)' aildlu •••~Ia .. ef ldMI'ala eccw 1a ", .... .,, 

.... alta AIMCiate• wltla a .. la.ite la tlae ... laa _ .. t_ fact.• lD 

Nell tlae ••I" ... tlae ltul. 

a. Tt.a ..... it. la •tt..t .. te coatala 560,000 t8M of lallla II'• .. . 
coacretl..ar,r ......... ece la a aoae ~all7 1••• ~ 1 .. ter tlllck, 

•• a._t 10 ldlll• .._ ef law pa• aa...t•t.. ... ....1•1• I'MUWa 
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of copper ore are e•t~ted to be 4bout 60 million ~one, the •veraa• 

aracle of wblcb 11 about l.S perceat c., ucl the •••r•a• tblcluae•• 

about 6.25 • (Dor, 1955). fte •-••• •• 11 too tlal• • teo low 

p:~cl• to be of co •rcial wlae ..,.,, a.a nn.-ewat plaM are feeuecl 

n tbe copper aloae. 

AI preri•ely -tt.OM•, t1ae va•t Dna 41epo•1te •~'• al•o taulu 

leattc•l~ ..,oeite t._t oc~ aloQI ~· coatact ••ewe .. a dol..tte 

aDcl eule or 1ncletoaa wtc•ta tlae ............ COM faciM. Baeir 

extnt ... aeoloatc relatl•• are f0ftl7 t.w, fH tlle7 an Mt wll 

•.,o••• utunll7 ud Uft ••• c•t oalJ la •ball .. u..-... ftere 

11 • na••tloa, howter. tlaat tlaelr •t.•trl .. tioa ,. relat.. to fa•lte. 

•• of wlatcla ie foll.._. '' va•t. Dllat tt•elfa tte 4t.,la-t te _. 

t1aat beu OD tile •oucla ., .. of Cia• MDJOD an aHut . 200 •t•• ld ... 

tua tlaeir ..-iwleau oa Clae ._.til .,.. (kaukopf). liNt of tlae 

kMw ..,..lte occur al- t1ae ..nil ...,.. rill ... are f..a ..-••t.ullJ 

Oftl' a •tetaace of a.._t 3 ... OM .... lit MCUI OD tlae -da el .. 

of tlae oaa)'OD about 2 ba -c of tla• oelau pa..p of ..... tu. All 

at tlae Ia•• of vati Dau .._t 10 .. to tlae ••t. 

t1ae -Cia of v.•t Daaa. Alca..rp lllcUJ _. lclulel-. -ola .. tlaat 

tile ore fn tide .,eratloa _. tlae C.,Ufenu •·•••e •• DDW kMw 

ta va41 Daa, enwal ~ eccvnac• of ••••• -'Mnle Ia ..... t_ . 
of .._t die - ap an ._ at eelau loOalltiu wldala a ,_ 

ktl .. c.n ce t1ae Mdla ..... e~a of ••'-· aet .......... ·Ntla 
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by Glueck (1940 and Blake (1930, p. 35) to apocLmena of copper aulfldea 

ia the •lciuity of old ala a pllea, atul thle nue•t• that ucint wrk!ap 

ao.nb-re ia the ar .. MJ ban pnetrated aDOxicliaecl depo1it1. Altla•all 

••t of the copper kDOWD iD the W&di Dau uu 11 ta tlae •DP•I• en, 

OT ~• lutiately •••ociatecl wi~ it, tlae otla~ ellowt- ef c..,• Ia 

V.cli Arak ial\lcate CUt copper aleo OCCUI lepU&t~1J1 AI it .... at 

Tt..u. 

'ftae U. Jo-, Tt..Da, aacl Vacll Dau clepoal ta are Mt l._tlul. 

!b• t1ll Bopa ore cODtaiu .re irn aDd le11 copper tlaaa tlae etlauea 

tbe Wadi DaDa -op••e ore 11 .... npt"ifenu cua tM n- •• ... 
• 

Do utaai..a DOD·•apllifenul •• 11 "-'-' eacl at a. ~epa, tlae •ta .. 

laoriz~D 11 the lowu rather tlaaa tlae upper eoatact of tile .. le.lte. .., 

tlae et.ilar1t1ea •r• n.a ..-. atrtld.q1 acl tbe !t.w ... a. ~epa 

occaneaoe1 nge1t that lua• clepo1ite of ettber _,. or •••MM 

or tb coul• occur ia Wadi Dau 01' lte .tciaitJ. 

&Da1J8l• of aftila1tle .. ca • tlae 2atll Daa ... otlaer ..... lte Sa 

tlae reatoa pun .. • ... tafematiOD tlaat •J ptcle fwtll• ,~:..,eotlq, 

wbeD ••• if other cl8nlop~~nte Wl'l'aat it. bwleqe of tlae ftipa of 
• 

tbe depo1it1 11 eepeeiallJ ~•lfful ia Ml'lJ ataa•• of ap101'atiOD1 ad 

w •:r couider tlaia probl• firet. !'M •tfftcaltJ of •cftlliaiq tlae 

oriata ef ..,_Ita ncla •• tlae1e la 1.._ ~J tlae faet tllat euh of tlae , 
clepoeit' ia .... tin laaw ~·- aaeipM a tiff•nt •ill• ~, tYee Mit 

faat.llar wltll tla... ftae 1111 lo- •• ie ._,._ .. te Uft Hu ._,~ 
. 

fr• laJ*e~l eolatteu artetaa al- late fa•ltel clae T&8a depoatce 

to uw fo1M41 1a IMlJ ral••t• tiM ., ..... ttl• ba a Aall• ••a 
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and the Wadi Dana deposita to have formed from descending eolutiona 

that .. , ba•• concentrated .. aaaaeee prevlouely dlepereed la the over• 

lylna aaadetoaee. Under eac~ of tbeae hypotheaea, it la poaalble for 

ore to fo~ la tabular bodlea that are rou&hly coafor.able with othe~ . 
layer• la a eed~atary ••~ace aacl that occur at oae aecl~ntar, 

bor1&oa. There are, boweYer, cl1ffereacea la the clepoalta for.ad la 

each of the .. vaye that are ecoao.icallJ ~ortaat: ... ~atary orea 

11nerally baYe areater lateral CODtiauitJ thaD the Otberl, aDd their 

dletrlbutlon 11 aot related to later atractur••• ••Cb •• fa•lte, or 

to the pnaeat topoaraphy. tbe cllatrl1latioa of epqeeetlc one la 

eed~atary rocka .. , be controlled ~J ,r~ry .. o~atary faat•re•·­

chealcal co.poeltloa or pe~abllity••that laflaaace tba •llratloa of 

ore foralas aolutloae ancl preclpltatloa of their coaltltaaate, ._t ~J 

are llkal7 to ebow aa.. ralatloa al10 to later atracturaa. !be •t•· 
trllnatloa of ,.,.. •epoalta tla~t an fona• 1»7 •eace.tlq aolatl-, 

particularly thoH vithla the •• of wathl'lq, ta nlat .. to tlae 

topoar•J•hy of tbe laM aurfaca. 

PollCNiDI a IUIPitln offered by D. P. I-tt, I unclel'took, .al 

' one approach to tha probl .. , to co.pile aacl e...tae .. ay cba.ical aaaly .. ~ 

of "t.a ••poalta, of ••aa••• depoalta •••ociatacl witb aoclera bot eprlqa, 

aacl of ••aa••e clepoaltl fondaa on tba praMat ... bott•. TbaM 

aaalyaaa ...... t tllat •n tbaa 1 percent laO, 0.2 ftO, 0.1 AI, and ••J -··t of wo3 iDdleatel a .,.rothezu1 ... rca; wlaena• •n tlaaa 0.2 

percaat RiO, aad o.z TlOz, •• 1••• tlau 1 ~neat ··a.o l .. lcatea a 

•••~•tary eriata. ~· ., til•• criteria, ~ c•~• .. ,..ltl l• 
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que1tion are hydrothermal, for all nrc h l~la in h .1ri• ~ nnd low in ti anium 

and nickel. The lead content of the U. logma ore 11 lov•only 0.07 and 

0.14 percent in the analy••• reported by Attla--and that of the Dana 

ore hae aot \ee• reported; la th• T~a analy1e1, however the PbO contebt 

i1 0.22 and 0.93 perceat. Tbe pre1ence of .. naane1e in tufa depo1lt1 

now belna for..d by the Zar,a Ma'tn bot aprlna add• eo.. eupport to thl1 

conclualoa; •••• tboulh the .. naane1e there 11 of no econoalc •alue and 

occura about 100 ka aorth of the Dana .. poalt, it ·•howl that •-naane .. -
'I 

bearlna h,.rotber.al water• are •••octated with late laneoae activity 

ta tbe reat••· All of t._ ewl .. nce to .. ther au11••t• that the orlala of 

tbe depoatte le •• .. attally tbat deecrtbecl by Attla (1956) for the U. 

~ ..... poeltl••preclpttatloa fro. hydrotbe~l 1oluttone arletna alone 

late Tertlai'J fault•. Aa oa the Slut ,.atanla, we MJ expect to ftft4, 

therefore, .... ••••• ta tbe ol .. r •ae ... at rock• •• well •• tabalar 

'odlee in th• w.•taa fact.a Ia clo .. p~•~tty to faulta. 

In the Vadl Dau ana, tbenfore, further proepecttaa atpt focue 

eapectally oa depollte~thac appear to .. clo1e co .. jor faalce. Ia thl1 

coanectloa, tbe rea1oa .ott of the ore 11 on tbe north elde of tbe canyoa 

.. , be Mcau .. the •laeralt•d horlaoa oa the aouth aida of the uta Wadi 

Dana fault le at auch a bllb elevattoa tn that part of the valley that the 

p rt cloH eaoup to the fault te .. •laerall•cl baa Mea atrtpped away 

by eroetoa. fta oae occ:arnnce of on «»a tba Iouth tide of the fault le 

c lo1er to tbe bea• of tile caaJO•• ware eroeloa bae aot cut ao deeply or 

wl .. ly. If tbe ore la va•l Daaa la related to·t•e .. ta f .. lt, lt would . .. . 
h wl'tla teetlq tbe on·bftl- on both·., ... of tbe fa•lt la tbe upper 

10 



reach•• of the e&nJOn (wbere it hns not been exponcd by ero•ion) by 

cllUIOil• 811ltq. Tble, lacldentally, 1• oae of tbe fft ar .. • 'ritbla 

W.dl Dau where •~• drillia1 .,.1• M f .. a~le, u• nea tlaue it 

wul• •• •lfflcalt ••ca••• of tlae na .. uture of tlae prae. ..,lOI'atl• 

•l••*•n ia tlae u .. pniM,lJ will H cloM beat by drlyiq ••tc• late 

tM ~~ore proaielq clepoelta (J•q•• Htla bJ auface ala..tap •• wll 

•• relatln to atnctve), ••• pubapa apntlq t1aa •r enee•nta 

ud •••t ulll llolu &• tritlala tlae wftf.ap. 

Dlleofti'J of a Tt...-llu ..,.,,t wal• M atr-17 t.portaat te 

Jor.._, fft it WM~l• fon tlae •••'• f• .. t•tenal • .,_ , .... t~ ... 

prori .. ~·•-• fnll ...-c u wll, '-t tlae • .,. .... , .. -p.ua• 
Mpoalta are. tlae btr• ill tlae ..... It - Hat, tlaenf••• te ._. 

ctaatrate oa tlae apwatlft of t1ae ..,....,, ...... tee feet. . ... lwaas. 

for • .,_ 1• tile- -ral •• wel• foll .. Mtua11r, aDI c•l• 

M c&ftt•• •c .-. wteel7 tllaa ... 1• .. ,...1•1• -· 

an• cop,_ 111._.•1• la vati Ill•, to .. dau witla lafonattn oa etlau 

Httu k- ..,_ita t• tM - ...-•1 natoa, _..c t .. t tlae ana 

-cnl• cntaia at ... 1e ..... tee of ._.. •• • ..,_ or MG. llfl•att• 

to tut tlaie poe•t•t1it7 ,._1. H ,..~ .. ttl a •ait.Ule ,roc••• 

aad .-at f• tla• _.. u ........ _. .tataa .._1• •t •• acc_,c .. 

nttl a n•• la Rilt ., 1laa. AnM t. • ._. rat•••• ... , ... .._, 
te tM ldM atrM as... 

.• 
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Other .. talliferoua deposita 

Rl&ta•alu.lu claJI Uft beeD foaDcl 1a the 11mna1» for.tiOD of ~ 

Cretaceou ap ia tlae Raaw, aa•, aceftti .. to Ploa~• (1955, •· 32), 

tla., aleo eccur ia tile - fonatt.n t• J«daa. YG7 lt.blJ tlaatr 

aruteet ue will •• •• a •ewe• of cla,, 1Nt tf .. , ..,oet.ta of tlae 

... lf.ty -ttOD8• ., Pleal'• (60 p.-c•t A~Os) are f .... te H at-lft 

til., •1 al10 uw pr..tee •• a •~•• of ai..t-. 

!lae Dee• - wtu te atnMlJ rtela ta ..... , .. aalte, ta fact 

•r• eo tua .-c etlaar •=••• fn. wlalcla ..... ,_ aalt1 u• Mtal 
1/ . 

al'a c:wratlJ balq p~er. ,....,. t1ae p:Mteet wiM of tkle 11 

aot •• a eoano of •tal (111alela ~ina claMp pc•• te .U.), INt f• 

Otlaft --~~ .. CD41M ... a..-tlleleaa ., --·~ .. •tal 11 cceta1 

late anat• uo, •• lt •1 •• ,net1 1 enataaliJ te pea.... lt fna 

tla• ..... - .. , ... 

.. otla• •talllfenu ..,.alta are kMR Ia ·Jor._, ... iM-cla 

•• tlae ar• 1au .._ oea,t .. f• •--•lllllleaia it ta •f• to ••­

tbat Uportaat auface •tcnpa of alunle wttla a •talllc luet• 01' 

ktpt colft (eacla •• ~ Mtalllf•_. 111.-ale line) Wll14 1aaw '-

• 
f•D4 air•., if tlae, alat... Wnutlael•••, Joriaa laae a ~attic• 

•ca.~,.tc tenae ta t1ae -tlaena ,uc of tla• a..-. tlaat c•1• coatab 

!/''!Ia• neraa• --·~- coataat of - •ter 11 0.13 pucnt. S•· 
wtu •ttterN••tla• 11.-w rut._ fna atnett• of 104tua clal«i .. 
(Alt)••c•tatu 6.0 to 1. 7 .-c•t •pea1u. clalod• (JI&Cl.) a4 4.2 
to 6.1 pvc•t ..... , .. nlfate (llaS04)• lliclatpa wll RiiM c•cata 
u..c 10 ,_..c ..... ,. elll•s•.• (c. 1. Jat. 111au 11111. :156, •· 
414). ~·.,...-an.., .. 1 .. -.cu •f .... ~ JOO·.,•c• ••tatu .._t 
12.1 ....- of IIIClz ... o.s . ....- 111hz• · .. 
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•epo•itl of Mtalllferou• llineral• of two aeneral tJP••• 1) poorlJ 

UlpOI .. - CODOUl .. depHlta tlaat Wl'e Mt ~-· ,, the acl•tl efta 

tiMMI&Ia tu, •1 Uft .._ fatltu witla tlae c,e ef tdaKal illftlft4& 

2) ..,.atte ef ldMnle wltla a •-talllo l•t•, ncla •• ran eutll• 

... tupt•·Ma·i .. alMrale, dlat •• • wl• Ia Dct•t tt.u aH 

Mw ..._. .... ,_..., .. t .. f•• Pw .... 1e, IJ.ake (Ia loat ... , 1931, 

,. 62) _t, .... tatEUl• ef apc.-• .,~u .. .,.att• ta -tMn 
. 

JoHaa. Alkalic ncb of tllia c,e efa. law u1octat ....... it• ef 

ru•·--* .J. .... t., apatite, ilMDite, ...I •pettte8 ... _. nob 

•1 1te tlae ..... ef Cite 'lack ..... nponH ta ~CNtlaen Jon- _. 
larael (Dft, 1955). !Ia• u-iatl• ef tiiMe ld.Mnla widl alkali• 

roc:ka u ..c .. lawuiaat -· ... - p-Mt .... - .... 1. - ,_ 

tlaetr ., • ..,,..,. •••dael••• &M ,...asue, J•ttft• -leal• ..,, .. , 

•• w111 ..... _ ... _.. hllr 1ac.. 
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Pboapbate 

·~ .. ,... l...att .. tiODa 

fte ,aa.a,...te ..... lea of JR._ wee •tacnen• la •t• ... a.- a..eifa 

aD4 11 aa .. ._., .. tlae •-cnctin of Clae ••J•• ~ailna• ta au eulJ pa&-t of 

tlae catuy. c. 1. llake (19211 1t30a ta told••• lt») ........ ct ... ••· 

cenalq tlae •ucrtktloa, tlatcbeaa, •• .-llCJ of ..,. ... ..,._,u. ta tile .._. •• 

of lala -l•aical rocoaMiaauce of raleatlM ... ~a .. jw._, . ... u .... u .. 

-•t of tlae data••etlll -a---aw11Ule • eM ~·at-1 atntliUflaJ of tlae 

1•1•a ••~1•, ia wblcla tlae ,._plaata •epo1lta eccu • . J.llct• C:.,_a (lt3t) 1c.li .. 

tlae c .... itloa, ld.-alog, .... pe&roP'aplaJ of .,.~ of ,...,._lte Ina 

Jor .. a •• ••J•c•t anaa fa-alala .. ~ llake ... otla••· A. •· q. 111 (U51, 

1956) ... a nco .. , ..... polopcal _, (acale 1a250,000) of tlae ••ten ,.c 
. . 

·' of fona' !ftUJ• .. •• *lela •- tile appoat.ate ·~~~O.tl• of tU .. ~. 

eerlea. 11. lf. Jeaoa (lt54), 1: • . 1. ~-U,f (lt55), J_. laft (tiD, U57), 

aa4 D. J. a-doD (1D prue)·-~ltaat• t..1.,.4 " IC&, cu v.1• leak, ... 

tile VDlt .... tiou••RleflJ .-~ ... tile .-a illportaat Mpoalt• ...... nco. 

Madatiou coaceralq cutr U.l•atln ft .... lop•lat. fiR~:e IMlaltn (1956), 

a aeoloat•t attaeke• to tba UDlte• •act ... ~.cbaical Aaaiataaca A~aiatratioa . , 
I 

(tlrrAA), pw aalce to tlaa Jft ... ra...-t• lUau c.. a .. tlae lliala~ of Batt-
. . 

lcODOAJ coacenai .. tlae llial .. op•act .. at -•lfa, ... M ~•f•• to prnt .. 

~eporta, wlaicla 1 •t• DOt ... , ., &nul, Beacock, ..a Deflalke (pre-atlJ all 

•-1ctaa a•l•at•t• • _,.._ • ..,1.,.. ~ cu IRa~ t.ilJ, wlatcla fleet 

.... lOp .. &M -lfa Mpoatta, • tile ,.._,..t• c.....,) ia 1136, U31, ... 1155 . 0. . 
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eaaplee and ... eured eection• in the El Ra•a area. Otto Nott.e,.r, a ~nina 

eaaloeer of VItAl •••laDed •• aD ~dwleor co ~. ~atetr, of Watloaal lca•uaJ, 

laae ualud e-. of tM clepoeite ad ... HM reo~a-tlou to tile Jordaa 

anen.ellt coacentq their dne1opMDt. 

Moet of the ap1orattoa of t1ae pboapMte depoalta laaa lte• ~e bJ MackaJ . . . . . . 
and Scbne1~DD (lrttieb coee•lttaa aeoloatata) uader coatract·wttb the Jor.aa 

pnn.at, aDd ltJ _,.IOMtal, wlcla ta, 1t7 a ~·- ap:e-t, reapoulble to 

Jorda~ ~oa~bat• · lli•• for ~~ella~~~ .~•loa of ~ldq _ad up~~atioa. 

Tbe Mackar a~a4 Scbellau -~k couiated of teat pl~ttaa at taten.la of •c••• 

or baoclreu of •t••, ...,ltq, ablple HDeflolatl• taat1, aM - Mpplq 
: . . I . . . . . . 

!a bot1a the . au~ elf~ aDd 11 ·~.. •s.atrlctl •. ~ a lao ... a ncODDailaaace 
. ' . '' 

eearch for ' phoapbate ia tlae YlcillitJ of Qatnu, laa • ..... aad ,.a.,. tater• 
t . . . . . , . . . I : . 1° . " ·~ • • • • . 

Mcliate area a. fte renlta of Clae•• ineatiptl- ue 1 
. . . . \ . . . !' . ·. 

dated July 1154., ~~Bela 1955, aa4 hlJ lt57. 

!be receat uplOI'aCOI'J wft o Ja.-tal aad Jl'll la aMloaou ta charactu 
, . 

&Del eoope to cut of MaCUJ ... lalaulla•, .. it too Ul ..... c~ceatnted . . . . 

ia tbe ~ctD1t7 ~~ beet fa ·~· I~ Baa~. .~ _n~lta ~~·.., .--rt•~~ ta ••. appli• 

catiOD to tlae Deftlo,..at LoaD had fOI' • loaa to f~auc• a p~• .. upauioa 
. . 

ta Ike .. aeifa area. 

qe aacl wrttcal ncceaatoa 

'file plaoapbate depoaita of JOI'cla ue of llaeatrlctiu (U,pu Cretaceoua) aae. 

'ltae, are a put of tlae le1•• aertea, a .elM f_..ttoa tbat tacl• .. • ro~k• raoataa 

ta •1• fr• u,p. ~etao_. (c.iaolu) te Joe-. !lle ftl'tical ncceeatoa of 



the rock•. compoain& the Belqa 11 aa follows: the l ower part consists of inter­

bedded oonraaiatant lt.eatona and chalk or .. rl beda, locall7 bitu.ioou1, 35·235 

.. cera tb1ck, o.erlaiD b7 relatl .. lJ raaiataat, oftaa contorted cbert ll .. atoae 

beda, 5•300 .. tara ~lck; tbeaa ~eda are o.erlaiD bJ tba pboapborita•b .. rlnl 

alt-·5·35 •tera of interbedded aooraaiataat pboapbortta, Mrl, bltualnoae 

· lt..atooe, and chert. Tba appar put of tlae lelqa coa1i1t1 of aouaeletaat claalk 

(iacludina ao.e cbert7 layera), .. rl, and lt.eetoae beda, locallJ ~ita.iDOUIJ 

ia eo.e arue, aa lD u ezpoaura 7 1d.lo..tua wat of Ma'a, claert and tblD ~••• 

of pt.Aoepborita are praeaat a lao. tlae tlalcbeaa of til• apper lelqa ia poorlJ 

bon, for it la cowered in May arua aad partlJ atrl•,•• awJ bJ eroeioa 1• 

••1 otbera, kt tiM r-.ata -aurad ~J llake are 30-1~0 •tera tlalck. 

l:&teat aad areal wr~.atiou 

Tba lalcta aerie• probablJ oaca atallMd ower all but tile atr- aoutb .. atana 

~rt of Jordaa bat alae• ita depoaltioa it baa •••a atrlpped avaJ b7 eroeioa 

fr• the creete of aaticllMa oa tbe Waat lak, aDCI aloq tlae •rata of tbe plat•• 

... c of tba Duel sea rift ad aur tlae aoatlaen bor4u of Jordan, aacl eo.ered 

~1 JOUDI•r clapoalta la put• of tlaa Duel SM rift wlla, ancl tlae uetern cleaert. 

'ftae lelfl& 11 poorlJ upoaad ia .oat place•, aacl DOt May aectiou han been 

... .urad. Tba ecattered obaarwatioaa oa ita tlaickDaea and litboloiJ, eum.arlaad 

ia tabla 12, are aafflclent, bowavec, to ebow eo.e t.portaat area~ •ariatione. 

. a.. of the•• .arlatloaa ue due to tba effacta Of vutberina or .. ta.orpbin. 

ror ..-.pla, dark blta.iaoue rocke ba•• ~ean o~aar.ed oal7 oear the .. ataru .. rain 

of tlaa ~'eat laDk, lD tba riclDltJ of tile Yu.k Riw.r, aacl Vacll Qatraoa. tb••• 
are deeply cliaa•cted area• aDd tt la probable tbat · relati~lJ aaw.a~.red rocka 

ua u:poaad ta tla_, '"17 likal7 tla• c1aallta, •rle, aad pladapborltee oa the .. a tam 

plat .. • ware alao rlcla 1a caz'MMC_. •ttu at tlae tiM of tlaetr depoetttn. 



table 12.••Litholo1f and thlckneaa of the lelta aeriea 

at ~rioua localltle,ll 

Veat lpk 

Rablual/ JealaJI 
21 Safed, I•J,•l (aortb 

Jtnnl_.., of Jala)- , 

Reel ucl ,.11ow elaalk, 
30•90 •• 

BltuU.uu• liMatODe 
aDd chalk, 115 •·I 
chert becl about 60 •· 

Claert, S •. C2lert •~»••t Claut abcrn •u• 
Bethlu.J.1 

Black pboapkorite 

Ol4er rocu Mt 
.. acrlbed 

J!ul Muaa (12 .. s. of Jerlclao,V 

c, .... liMatne, 65 •· 

Black .,.... abale, 30 •· 

lrova pboaphatlc liMatoae, 6 •· 
11ack bltualDOUI 11M•toM witla 

thlD cbert •!f-• 11 •· ttJala 
out to wutr 

Plaoapbwlte witla tlaill ellen ..... 
15 •• 

LlMatoae, - plao•plaorite, 45 a. 

Duel s .. va11..}
1 

Plaoaphatic llMatcme, 
bl~aou• lt .. atoae, 
fllat7 11Matoae 150 •· 

Chert7 1t.eatoae, 
30-90 •• 

daa1k witla aoae 
.... llllut-. 
90 .. 

1/Tba lafor.&tiOD la iDco.plete at .. ar localltlea ••t wbat .. er it ••al1ab1e ta 
- reported laue for tile llpt it •7 cut • anal YUlatlou i• lltlaolou ud 

thlcbeaa. 
1/llake, 1921, p. 17•11. 
}/Blake, 1930, •· 30. • 

.... 
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Table 12.•-T.ithology and thf ~ · n~ss of the Belga eeriea 

at varioua locallties••Continued 

lrbld•Tar.uk Rive~/· 

led cbalk 

Chert, 75 a. 

lltuaiDOUI 
ltaaatonea, 

90-150 •• 

4/ 
Kerak•Qatran.r 

Pbosphor•te, lt..atone, 
and chalk 

Chert, 150•170 •· 

lltuminoua lbleatoDe, 45 •· 

Baat Bank 

!!.!1 
Met.-orpbo .. d phoaphor­

lte and liMatone 

Pboapborlte and lt..• 
It ODe I 

Cbert 

Lt. atone 

4/ ' 
10 ka 1. of Qatrane-

Phoapborlte 

Anaulsr uncoDfor.ity 
lrecclatecl cbert 

4/ 4/ 
Agabah ••J!b (S. of Petrat- Aln HUaa (aear Petrat-

Chert, 130 •· 

Cherty l~atooe, 15 a. 

Quartzltlc eandatoae, 
chert, alllclfled 
phoapborlte, 180 •· 

Chert, 300 •· 

!/ llak•, iD Iooldea 1939, p. 84, 87•90 • 

•• 

Alllun•Rueelfa 

White .. rl aad chalk, 
15 •• 

R•d and are•~ chalk, 
25-30 •• 

Pboephorlte, chalk, 
aDd aarl, 15·10 a. 

Cbert vitb few 1~­
atone layera, 30-70 a. 

Li .. atone and chalk, 
235 •• 

4/ 
Et a ••• -

Chalk and chert 

Ll.e1tone pboephorit~ 
and chalk 40-50 a. 

Chert and lilae1tone 

Ma'an-Raa en Nag~/ 

Cherty lt.81tone, 
20 •• 

Rummulltic lt.81tone, 
10 •• 

Gyp1eou• marl, 10 •· 

Reel chalk, 15 •· 

Pboaphatic, cherty 
limeatone, 30 •· 

Maaai~e chert, clay 
partlnae, 30 •· 



Tbe pboepboritee and a11octated racks in the vicinity of Salt are meta• 

.orphoeecl aacl ba" a elaty or playllltic texture. 1be oriaia of thia .. ta• 

IIOI'pbin tn't clear; tlae roou ue tialatl7 fol .. cl, 1Nt 1tecau•• tateue pllJ8lca1 
t 

defon.~ln ef ncb E'OOU ~· •Cia• ,_ta of; t1ae WOI'1• "-• DOt ,.-Muce4 eucll 

Mta110t'p1al•, it .... ,..-..le tlaat lt aat _._lt r.n. - lpeoae iatnai•, 
I 

aot apoeecl. 

Daa obaer.ati ... 18 tale 12 iDCU.cate tlaat tba lOWH cballt• .. rl eectiOD . . 
thiaa oat vu~• aloq ~ ... ten ... e of t1ae plateau eoatb of larak, tbat . ,.~.A 
tile chert ia tlaicker iD tlate u .. , a .. tlaat plaoapbOI'itu are tbiD or abeellt 

ill the .... area. q.a .... 11 (1951, p. 101) aleo .ntiou that la tile t1atclt aectiou 

of tbe J•l•a upoae4 ill tM lA llllln .-ocltu wet of Kal-ak, tile V.cli el Jaatu 

001:theaat of ._.ak, ... aloq tlae .... ,a-Giaaraadal road Htweft Petra act Rae 

an Raqb botla the bit1adDOUI cbalk aa• plaoaplaftite ....,era are llieaiaa. Pboephol'ite 

ia pre•eat at a D1111ber of localittee n tU W.et laDk betwa Jetlaleh• ancl tbe 

Dead lea Valley, aad oo tlae laat JaDk 1tetwa ~D aDCI Ma'a (fia. 3 ). Of tbe 

kDovD clepoaita, tboee iD tile Salt·• a.luaetfa ar .. are tlaickeat &Del riclleet; 

otla.a- alnable but ac.nlaat lCNH p-ade clepoetta beND are iD tile ricidty of 11 

llala; all tile other kDoft clepolitl are too tbiD ADd/or low P'&cle to be a1r.able DOW. 

Jat«n (1953) bae abowo tlaat in tbe Rean of aoutllen larael tile phoaphata 

rock• (there of C..,aoiaD aae, auppoaeclly eqai.aleat to tbe Cbert·l~toae unit 

of the Belqa 1eri .. ia Jordaa) are 1teet clnelop cl ia ayocliaea, are thia aDCI of 

poor quality oa ~ flaaka of acljaceet aatic11aee, &Del pa11 iato cberte oa the 

utlclioal cn1t1: Oil aDCI otlaer eri .. ac• k• iatuprete to ... a tbat tile aot1• 

· cliaea bepn to deftlop wile tbe •• eti11 ccwerecl tM u•, aDd tlaat tlae nry 

nallow wtw ~t onat•• aloq tlae crute of tla .. • &-iii .. aat,cliul 

19 



wae unfavorable to the depoeition of pbo•phorite. We have found a eimilar 

deptb-faciee relation in tbe roct. of the Pboephorla for.atioo in weetero United 

State• and find Bentor'• interpretation Wholly credible. 

Tbe atructaral bietory of Jordan ia not -.y to interpret beeauee of the 

complu rift faultina that i1 euperi.llpoeed on earlier atncturea, but it appear• 

fToa QUemlell' • •P• and &c. Burclon' 1 atructure aection1 tl:aat the watara --11• 
of the plat .. u ia the flank of an arch (pubapa a aoathvarcl contiouaticu of the 

jlun anticline) who•• axia , prior to rift faultin1, l&y o .. r the aaatern edae of 

the Dead Sea rift, and pluaaed aently nortb-nortbeaatvard. It ae ... likely, 

therefore, that tbe aba.ace of phoapborite in the araa alona tbe edae of the plateau 

aouth of Ear~~ ia • to aoodapoaition ia an unfavorable eDYironment cr .. ted by 

t•ctonic eleY&tion of the ... bottoa durina the depo1itlon of the Belqa aeriea. 

If tbia 11 true, and if (aa found in the Phoaphoria and other phoaphorite for.ationa) 

the &ODe of phoapborite depoaitioa on the ... botto. corre~ponded to aome fQvorable 

depth aone, it ia poaaible that ao.e pattern .. y be found to what ~sbt otherviee 

ae .. to be an irregular or erratic diltribution of pboaphoritea. Pa.orable enYiron­

menta pre.umably would be the baeina (ayaclinea) between au~ine ridge• (anticlines 

b•t if the ... bottom (both rida•• and baaiu.) had a reaional elope, only aome part 

of the baaina would fall within the fa?Orable aone, and, on tbe other hand, pboe­

pboritea .tabt alao be depoaited on rid&• tope where they paaa into deeper water. 

Bnougb data are not aY&ilable now on the location of fol"- that for.ed rior to 

or durina the depoaitioo of the Belqa or on tbe diatribution of phoaphate depoeita 

•ithar to adequately teat tbia hypotbeaie or to accurately auide further proepectina. 

About all tlaat c&D be Hid now 11 that the cliatri.!iutloa of kDOWD atTUcturee and 

pboaphorite depoaitl .aaaeata tbat tl:ae ~1Cbeat &Dd tbickeat pboapborite• occur on 

90 
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tbe plateau nortb of 11 Ha1a and tost of ~~rnk (fta. 3 ) . . Minnble depo1it1 

•1 '-• found coa.iderablJ •••t aad north of tho•• nov knOVD; and iaanaJcb 

•• local cODcatratlou of plaoaplaate ua •~tiMe fou_. ia friaae ar•• 

(U ia tM IM.,a..ia fnMtlft ia fU'CI of JIDataM) it ll .... t.,le tlaat 

al ... le .... ate. Will M f .... Htwa 11 ....... 1111aa. 

§!olo1f.•·"• ....,._t• ..,..sea ta ~. aaaetfa·..._• area lie ia 

• ln:oa• .,.c11M cut ,1_.• ... tlJ DOrtlauacwr•. ftia .,.all.. ta 

occ:apt.e•" tlae upper ruc:laee of tlae z..-,. at.••• ... , ucept la tlae • .., 

••11eJ ••Jacent to t .. rl.er itaelf ... ia .... of ~e trt••carl .. , tlae 

rocka are COftl' .. by olMr a11U'rial ..,_,ta forM• wba tile riYV •• 

at a ~lpu elnatloa. 1tae clael't •lt ..._.1,tq tlae pla_,ll•lte .... 

erop• •t aloaa tlae •rat• of - of tile ...,_. w11.,., _. apo.-.. 

of all tlae nella He fouiMI 1a U'tiflclal nta ia &H au.- '-•· 09• 

•cia of tbe arM, lao•••r, aponrea of the ,.oaplaate .... are llalt•• 

to teet pita daa 1»1 llacur ad lcluaellMaa or JPII. 

rae plaolpllftitel •• of two •1• tJPU. t1ae c,. aiaecl ia lipt 

P'•J or ,.llwiala ~·'• 1oft, ... coataiu 70.74 pucat tricalcl­

pboeplaate (T.C.P.). fte otlaer t,a ia aot .... at preant; it ia alao 

lipt colft .. .,._t la relatlwlJiau•, ulcatteoal, •• lnft&llJ coataiu 

1••• ~· 61 p•c•t !.c.t. fte eoft plao.,.._ite -· ...._ ~ ..... 

of "eoft plao.,Uce• i.a tlae tr.... IC la ttMOpiHd ~J. a 8p.Cta1 .... 

DOC •17 ltH•Ie lt ll lOft, kt No- lC ~~ IIRitluat tifferat 
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(and better) ac1dulat1on characteriatlc" than h"rd or p~hble phoaphate. 

loth harcl aacl aoft tJPe• aJ:e c-.o•ecl of the .... pboapbate alaeral. 

carboaate fluorapatite. 

J'oar ~ea of plaoaplaftlte ue of aluble tlllcbe•• la tlae baalfa 

area &Del a fiftll l• belined to H pru•t ia tlae aoutlaan put of tlae 

area. A repruntatin aeetin of tile ....,...tie ,.rtiOD of tlae 1•1•• 
111 the nclaitJ of tlae aiM, c-.11 .. f• • •J JN ... loaiat llr. Ali 

aaaud Aaaeu, ia ....,. la tala 13. 
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tabla 13.-·Stratiaraehtc eection of th . ph~nr ~ ' ·.tic eart of 

tlat Balta ISlet i! Qt '!icildtz of Ruaeifa 

rboapllerite (liD IV) 

Soft r~o.pborite 

liard p1ao_,a.or1ce 

8oft plloa..-ite wltla a fw Cilia 

baDda of cla7 at t.uo 

Cber: 

lloaJ 11Matoae 

Soft Mrl 

Cbert 

Pboaplaatic ..rl, cbart, _. lt.MaCOM 

~apborlte (liD III) 

Soft plaoepkorite 

1.4 

0.4 

1.1 

0.1 

0.6 

1.75 

o.os 
1.7 

0.4 

Ma~l witla tb11l ClaJ la,_- ill a•tu 0.15 

loft plaoapbcn:ita 

Cbart 

Soft pboapborite 

0.6 

0.1 

0.2 

RoaJ lliMatooe, tbia la,_ of .ul at ••• 0.1 

Plaoaphorita (BID II) 

Soft pboapborite 

Bar:l pboapbcn:t. ta 

Soft plaoapbecite 

,. 

' . 

1.15 

0.2 

0.3 

tt.C.f. 
(,.n~t) 

71•72 

52• 53 

71•72 

61-69 

, .. ,, 
70 

72 

52·53 
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Table 13.--St~atigraphlc aection of the phoorhatic part of 

the !alga earl•• ia ~· ~ciaitz tf l!••tfa••CoDtl!!!f 

IAnticnalu liMat!De a .. 1oft 

pboe,llftite 

Soft plleept.orlte, ...:17 DMa- top 

Pho1pbatlo ola~ aDd ~1, Cbta la,.c• of 

li.Matoa• a .. r top 

Li.Metooe, Mrl, aDd eoft .. oap1lftlte, 

ftlcbMe 
(&a •C.•) 

o.u 
0.5 

0.75 

1aterbe4ded 0.15 

L1.8eetoae, ._. .-1 ... ClaJ ia lllM1e O.t 

dael"t 

rtaoepborite (liD I) 

Soft pboephort te 

Ral"d pboepborlte 

Soft pboepborlte 

0.35 

0.65 

0.45 

0.9 

Dark cbert, tbia li .. atoae la,.r at top 0.35 

Soft pboephoTite, tbin claJ la,.r at top 0.25 

Bard pbo•pborite aad lt.eetODe 0.3 

Phoaphatic 1Mlrl and olaJ; lt.etooe ...-

cretloa. near ~•• 

Bard pbo1pborite 

L1M1tone and dlert 1nterHdcle4J tlala la,.r 

of aoft o1pkorlte ... r '••• 

'5 

,· 

0.9 

0.35 

1.3 

t.c.r. (,....,, 

72 

73-74 

52·53 
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Table 13.•-Stratiarapbtc 1ectton of the phosphatic part of 

t~• Balsa ••rial ia ~ yt•l!&tr ef lu!•lfa••Co!Silllf 

loft ~~p~lte (liD 0) 

Claert, ...-1, ... ,M.,••tte, 
tat en ..... 

'' 

ftlcbua 
(l• .. , •• , 

0.7 

1.6 

.· 

t.c.r. (,.....,, 
71-77 



Tba •••r•a• tbickD••• aad T.C.P. coataat aaad ~J JPM ia ita calea~ 

latloa of raaerwea 1D it1 •Pfllcatloa to DLr era •• fo11~1 

Table 14. ••An£••• tlaickp••• aed T. C. r. cetnt of tlaolpi!OEttt .... £a t~• Yicialtz of laeetfa 

led Ro. fblckptl! c .. c.re) I.C.P. (I!JCftt) 

~da u .. -tla ar• Jlfttll arM -tla ar• 

n 1.13 1.52 73.73 7t.a; 

III 0.73 0.97 64.t7 "·'' 
Il 1.50 1.00 72.05 71.03 

I 0.94 1.H 72.70 73.tl 

0 •• 0.11 •• 76.5 

,, 



Tbi lndl•ldual la7ere cleecrlbed in tbeee eectiona , •• well •• 

thinner nee oot recoplaecl aeparatelJ, laan ar•t lateral cntlaaltJ, 

altbouJa,.J tbeJ ••rt eo.nbat ia tlaicbeee aad COIIIpe&itioa. Part of tile 

••rlatloa 1D ar•de au tlaickaue _," prlM~. put _, ~ .... to 

foldlna (t~e bade are locallJ tilbtl7 folded), aad part due to t~e 

dtffereattal effect• of ... t eriaa ... re•epoa1t1oa of caleta. car~oaate 

and perbape UP•-· !be lipt oolor, ~eptloaallJ lllp plaoaphate 

content, aacl the prueace of aecOD4IarJ uaal- af.urala are ladt~tlc--w 

of deep ozidatloa, 1ufficleat to r~ ~· car~ce.-a .. tter a~t 

eurely preeeat at tlae t~ of ..,.lltloa. • .. 1'17 all ef tlae 1oft 

phoepborltel beco.e harder •a• lllptlJ 1.-.c ar•da •• tb•J appro&~ 

tbe auface& thla 11 apparntl7 -. to a caliclle•llb aeoo ... ~ 

dapoeltioa of calclaa car~te. 

tile three aoft plaoaplaorltea •cia ooatala a c•tral ~• ... lowr 

P'•d• laJU, *lela, aloq wtdt UH 1 ........ coecntt_., la IOI'HM4 

oat or otlae....t.ee eepuat .. ._taa alalq • cnalalq • 

. · 

91 



Reservei.··The reserve• of phosphorite .ln the area in whlch JPH 

bolda ~r haa applied for a leeee are etated in their DLr applleatloh to 

be •• follow•: 

Table 15.-·leeerv•• of phoepborlte in tbe •icialtz of luaeifa 

B d Mo. 

IV 

III 

I I 

I 

0 

Total (rouatecl) 

Total area 
(eqaare Mtere) 

1,425,000 

2,173,400 

2,592,600 

3,028,000 

3,056,400 

'l'otal ezcladiDI Ill 

99 

Total toaaaa• 
(Mtrie tone~ 

5,108,246 

4, 320,888 

6,397,160 

9,947,872 

5,446,505 

31,200,000 

26,900,000 

Anrap T.C.P~ 
(perceat) 

72.0 

68.5 

71.8 

74.0 

76.') 



Tba area in which the•• raaenee lie ie rnply 4 a 4 kil-t•• 

in ai&e. ~t 11•• witbla a larpr ar .. , a~oat 3 kilo.etara wtu aa• 1J 

kilc.etera lona, ill tba baetfa Valley, Nlllp l ed by Jl&ckay ud Sduaall-.a 

t.y teat pita OD a &rid of .~ .. t 400 .. t.-e. Mackay aDd lclmel~ 

eatiaatecl that tllie J.uaer ar .. ecnataiu 16,410,000 ., .. ra •tue 

vuder.laia ~Y Bacl I, uct that reecrn:rable raeern1 ta tllie becl total 

aboat 29,500,000 .. trtc tou. 11ae, .... DO eeparate calC111atiou of 

the reaerna ia tlae otller ~ecla bec:aoae tlaey felt tlleae were teo 1neplar 

iD aracle and tJaickDe11 1 ht eltt..atecl ~t tlaey cntaiaecl a p-GII t-1e 

ef 9·1/4 a11110D tou co~ata1Diq 65 percent T.c.r. 

By attbar ••tt.ata, tile n•ern• wttlaia the u:plor•d ar .. an lara• 

and repraaent, at ~e aiat.a, a 30-yaar 111ppl7 at the rat• tlaa •011paay 

iaopae to produce iD the t.tvra. 'ftae cliffueDCe between tlaa two eeU..tu, 

bove.er, 11 coaapicuoa.--M&ckay aacl Sebnal~DD'I aett.Ate ef ~e 

toanase in the upper bade in tJae lara•r araa 11 at»o.t tbree-fiftbe tla.at 

of JPM for the -11er araa1 aDCI wberea1 Mackay ucl Sclmelt.aa eets.-te 

that the 16.48 ailltoa aquar• -ter• aDClerlaiD by Becl I 1o tlaa lara• 

aru will yield 29.5 aillin tou, JPM eetta.t•• tbat to tbe alae area 3.03 

aill!on aquare .. tere will yielcl 9.9 aillioo tone fro~~ tlae - bad. 

Vary likely the cltffereoca ba~eu tb••• eatt.ataa reflect• tbe at4ae 

of aploratim1 at wbtda they were •"-· At tile tiM Mackay anc1 

Scbnelt.aon .. de their aatt.at•• DOt .adl •• kAOWD about tae ccm i1111lty 

of indi•idual layer• beJOild the -11 araa thaD apoeed by a11liq, aDCI 

tbe reaulta of widely apacecl teat pite could oaly be interpreted ca•ti~ly • 

.JPM' • preaeut eett.atea are baeed on -DJ .ore teat pita and n 8Dch 110re 

koowlecla• of tlae contiaaity and oharactui atica of 1nd1Tidaal ~a,_., pl ... 

tllroup adclttioul ailliqJ tlaey probably P" a .ore reliOle picta'e, 

t.bereforlll, tbaa tid tlae early, ..re couft"fttiw eatt..ate•. 
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Accordina to Hr. Kh~1ry, JPM now estimate• the re1er.ee in the 

r .... loder of tbe area a.-q»lored by Mackay aDd Sc:lu:lell.Ma at about 50 

ailllon tou rather than tbe approxiaately 20 aillloa ton.e tlaat atpt 

be deduced fT011 Mackay aDd l c:llaellMDD' • fl..-r••. Tbeae fipree 4o 

oot •e-··uoruaonabJa, fcno if Uae 16.41 aillioD eqwn:e Mtere Mackay 

aad Sc!:lnellMDD c:onalcler to be tbe aru of led 1 ill tbe broader aru 

yield• pbo1pborite 1D tbe aaae proportioe aa JPM eatt.tea for tile 3.03 

aillioD equare Mtere lo the aloe ar .. , tile reeern lD tllla be4 alone 

in the r..ainder of tbe araa would be 54 -9.9 • about 44 a1111oo tou.. 

Re..-pllna and ~eloaalaa would be required to eetabliah wbicb eett.ate 

1• the 110re reliable. Becauae JPM doea DOt han adclitiOD&l pita in 

the broader area, ita baaie for r..teiaa the otber eatt.te ia leea 

aound than in tbe aine ar .. , tile .ore intaldi•ely l&llpled aiDe ar .. 

.. , be reprd•d •• a rando. aa.ple of the wbole, b~er, eo tbe JPM 

eat~t• 1• DOt without fOUIMiatin. J.eprclleee of wbicb utt.te 11 

con-ec:t, tbe reaern• 1D tlae r-lDCier of tile es,1or .. ar .. are lar ... 
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In addition to the area explored by Mnckay and Schnell~nn tn :~• 

Ruaeifa Valley, phosphorite of minable th ckneaa and qua lity ia expoeed 

to natural or &4:t1f1cial eat1 iD &Dd near ADman aocl Zarqa, aad t • area 

that could be underlain by ph 1pborite of tbe .... aaoeral thlekDe•• and 

q ltty •• that in the explor ed ar .. 11 .ore baa twice a• lara• ae the 

~lo 
1/ 

d .ac .. -. What p oportlora of tbie rea will be foaDd to eoutaln 

~oable pbo•phor ite on exploration ie unknown, of eouree, bat lt could be 

lara•· Phoephate r•• rc•• iD t • areater n•Raeeifa-Zar•a area, in-

cladlna the explored area, c lei .. 11 be f order of uo-200 aillln tou. 

Mtntn,a and urket in&. --Rearly all of tbe ainiq tbae far laae ben 

undargr nd, aDd eau•• of the dip of th bed• and the atnt of tbe ccrnr, 

thte te the .. thod the ca.puy will co tliWe to aee OD tlae oortb eicle of 

the Rueetfa Valley. Plane for aiD.iq in tbe •o.th area eeuibly call for 

etripptna . 8 d III 18 DOt ~oed at preeent becaaee of lte l~r arade 

and loeal hardneee, and JPM doe• aot plan to aioe it in the ~diate 
2/ 

ture-. 

liTh• ground underlain by phoepbortte i• aradually beina pre-e.pted by 
the growth of the tovne of Aam&n, Rueeifa, and Zarqa and by tbe coo-
etrue ton of vartoua plant• in the Rueeifa Valley. The govera.ent of 
Jordan ahould take etepe to cbaDDel • eh expaneion onto landa underlaiD 
by older rocka. To be done beat, .tbie would require aeoloaic .appina of 
t~e Amman-R• aeifa-Zarqa area, but effective action durin& the near future . 
could be baaed on inforwation already available, aupple.ented locally 
by field reconncieeance. 

2/A• Barr (IBRD, 1957, p. 189) pointe out, bard-rock phoaphate ctrawa a 
pr~um price in Europe becauee of ite auperior value for electric furnace 
uae. It would eeea act.ieable, ere fore, to iDYeatipte tlai• potential 
.. rket, and perhape to etockpile rock fro~~ Bed III u it i• aiu4 iD 
•tr1pp1DJ fer ... ntaal •ale or aae. 
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Mlne production during 1957 totaled 261,000 tons, of which 35,000 

toni va1 •hipped by both rail and truck to Beirut, and 179,000 tool 

wa1 1bipped by rail aud track to Aqaba. Traneportation by eithor rail 

or track to Beirut coati JD 1.990 ($5.57) a tou. Tbe railroad aateud• 

lOUth only to Rae ~ Raqb, nicb il about 280 kil01Mter1 froa ~ aDCI 

82 ka from Aqaba, rail •bi,.ent to Ra1 en Raqb co1t1 JD 1.200 ($3.36) 

a toa and th• truck baul OD to Aqaba coata JD 0 ~ '50 ($1.54), incl•dina 

a coat of JD 0.060 repreentiq a 1011 in weipt in tran•hi,.eut. Direct 

t~!ck tranaport to Aqaba coeta JD 1.500 to 1.7SO ($4.20 t~ $4.90) per 

ton. Con1iderina the aieerable etate of the cteeert track o.er .taicla 

ao•t of the truck haul i• .... , the truck coati ar• iDcredibl1 low, 

but it i1 JPK 1 1 belief tlaat a loua tera track cOD'-r&ct could be -cle 

for about JD 1.500 a too. 

Ju•t before .y departure, Dr. Rueeibeb, UDder•ecretary of tbe 

Hini•try of National lcOGo.y, propo••cl that the railroad f a trackiaa 

company for the RAI eo Raqb-Aqaba baal, or that a truckina c011pany jola 

fore•• with the railroad CQIII)any in ea.e way that would inaure the 

railroad enougb .olume to reduce ita coat• to the comparatiYe low 

that rail tra~portation 1hould yield. Alona tbi• line, it would b 

worth conaiderina the poaeibility of the kind of pi&&J-back coatainera 

that are beina ueed aucce1afnlly now in thie country for co.bined rail 

and truck haul. Propu ~~ ~eeiped boue woald DOt cmly eliaiuta .. cJa 

of the coat of tr~bi,..nt at laa a Kaqb, lnat wou14 alao elt.aiaate 

tbe cluat loa• that occnara tlaere &D4 alna the atire roate. 
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Present sale• pricea FOB vessel nre no~ JD 4.100 ( $11.48) and 

JD 4.4 ($12.32) in Aqaba and Beirut, reepectively--a pr ice aufficieot 

to yield a profit of aboat $0.85 a ton at Aqab~ and $1.27 a toa a t 

leint . JPK hopea to triple tbe proflt at A~aba when isprOY~t• ta 

tranabi,..nt fac111tiea at Aqaba and Rae en laqb are completed. 

Of the 214,000 tona ablpped io 1957, 35,000 went to IDdia, 104,000 

to Tuaoalayia, 62,000 to CaecboalOYakia, 11,000 to Italy, &Dd 2,000 

to Spain. Tbe co.pany ~ecta ita 1a~a••t ..r ta in t • tare t e 

be Yuaoala•ia and Ioclia, ud •ccordiq to ..J-• Jan (URD, 1957) 

Jorct...D pboaphorite eao be eold at u actYataae onr tut of ita c eti tora 

in theae aeneral areaa. 

Salt area 

Tbe .. ta.orpboaed phoaph itea in tbe .tcinity o Salt (about 20 

b Wit of AJ.an) are atr-ly hip ar de. Barr (IBRD, 1957' p. 188) 

report• thAt a bed 1\-2 .. tera thick cootaiaa about 82 percent T.C.P. ; 

tbia approxt.a • quality waa found by JPM iD their 1r-ia of a band 

apeci.Mn collected chl.rina ., Yiait, and baa ~eeu reported aleo by Blake 

(1930, p. 40). Tbe bee U.a not ••o aampled estenaively and th e ie 

no aound baaia for e r t t tna i ta reaer.ea. Tbe bed• dip ateeply aDd 

WOllld have ~o b ned J.y under ound .. thocla. Unlue attracti'ft 

outlet a be found for r ock of 11 bardaeaa an qual ity, the depo it 

coulcl oot b aiaa4 COIIpetitinly widl oee at Ruaei fa. 
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11 Raaa 

Tba pkoepk~ita dapoaita at 11 laaa lie alo•a tka Rajaa ra11r .. 4 

u4 are 4iri .. 4 iato a aortllena ... -tlten •• '7 V&4l ..... &a 

a~ .. af -..c J ...-n lll~t•• la llaa .-eaa _. U.t 4 ..-u• 
kil .. tara ia tile aoutla ua ,_ ... ~~- ~ t~eaclliaa _. t•t plttlq 

oa l~ZOO •tar c•t•• '' llaCUJ ........ 1..._, witla ... cMck 

.... ulll •7 ..Jllao-tal ... .mt. 

Tlaa 1actloa la tlaa uwtla ana _..i1t1 of tile clla~t-lS.ato• uit 

at tlaa Nle, ftftlala nccealiftl7 ~ lD-12 •t•• of .ul a .. plao.,Ute, 

1•5 •t•• of a or•t•·•aarlaa lS.ItoM, ... a f• •t•• of .arl. 

fta apper .ul coatalaa at laaat ..... ,_..,. tw tlala (1•• tlaaa 

1 •t• tklck) plao•pllorlta b••· a. 1..,. .-.l'l•,...plaata ........ 

coatalaa 1...-al pko1plaol'lte1 1 tlta prlaolpal ... of wlalclt la at tile Mia. 

It ftrlaa fn. 1•• tllaa 1 to U.t 3.! •t•• la tlalcluaael1 ... eoatalu 

oal7 60.65 .-•••t 'r .c.r. It caa H upara ... •7 ICI'enla& .. c 1•• ,_., 

alllclfle4 partl, aa4 ... ka7 aD4I 1c11u1-.. calnlate ,..... .... l..U.aat .. 

raaone• to " 1, 715,000 tou tllat neap 63-61 ••••t Y.c.r.a .mt 

eatlMta tlaat tlaa ••• ••t fnonltla fH 1trlp ldaiq coatala ._c 
120,000 t-... , ... , ..................... will awrap .... c " 

.-cnt T.c.r. 
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In the aoutbern part of the area the upper earl aertee contain• 

a phoaphorite bed 1·3 .. tera thick near ita baae and atteation ia 
1/ . 

exploratioa baa focuaed wollJ OD thil ber • llackaJ aDd MM11M•'• 

eatlllate prove• aDd tiMilcate• nHnee ia tlal1 t.e• to M alMNt 3, 710,000 

tone averaaina aboat 65 perceat T.C.P. and J!K coDit .. r t1aat .... t 

2,340,000 tone of thl• caa be alae• bJ etrtppiDI• 

Tbe Bl Raaa ana p1ala1J coatalna ad•ttioul .nHnea •• ,.t 

untaa• ·1 (tbe lower bad la tbe eoathen ana llaa •t ••• e.,lored at 

all). Thera 11 no aouad ba1t1 for eat~tta1 tlaelr exteat, ~a ... .-r, 

and it la riaky to extrapolate aradea a.. thtckaeiHI of bed• far .. cat .. 

tha explored area, for, unlike tbe eltaatioa at laHtfa, tlae Ndl ta 

tba 11 Raea area are plainly leaticalar aDd •arlable tn ara .. a .. tblckaeaa. 

JPM haa propoeed to •1• the 11 Baea .. pealt• at tlae rata of 150,000 

tone a ,.ar, but tbey will probably accept tbe 1004 adytce 11 ... '' UIGI/J 

to wait until tbe ..,aaeioa of aa .. tfa ba1 .... c..,lat ... 

1/The oyeter bad ia .uch thicker la the eoutharn area than ln tba 
northern and there baa been ea.. apaculatloa •• to whether or DOt it 
11 the .... bed and hence •• to vbatbar or not the phoaphorite above 
it i1 the .... or a different bed fro. that explored in the aorthara 
area. Mr. lhairy and I ax .. ined thi1 probl .. critically tn the flald 
and concluded that the oyatar bed il at the .... horlaon la both areal. 
The evidence for thie ia: 1) the oyat~r bed ebove the .... aequence • 
in both areal--&iant oy1tera in the lover part, chart and t.pure 
phoaphorlte in the aiddla, and ... tlar oy1tera la the upper part; 2) 
one teet pit tbat penetrated tbe oyater bed in the aoutbera area ••ow• 
phoaphorite beneath at roalbly tbe , ... horiaon aa tbe phoepborita 
unit in the nortbara area; and 3) a f .. talt pltl in the aorthera 
area ahow pboapborite bade abo•• tbe OJ8ter .. d; evan thoalb tbaae 
are thinner and lower arade tban tba .. ta phoepborite abowe the OJ8tar 
bed ln the eoatben area, ~a7 plai•ly .. lo~ to tbe •- •ortiOD. 
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Other depoaita and p~ospecte 

Pboapborite baa beeD obaer.ed at •eve~al oth•r localitiel (fia •. 

3), •ut aianle ••eta are DOt "- at aay of .tla•. !be repoul faclu 

relatioa.••par~lc•lar17 ~ .... c.ar• ~reae~ ia pk..,..te t..art 
• t 

tlae -rata ef tbe platea• ... lta ••tBH• d.cr .. ae (reflect•• •t 

nlJ la the fewr ..Ur ef lliu•le Hu at 11 RaN, ht aiM la tlaeu 

lowr T.C.P. coat•t)··•-•t cut ~. ana ••t fa9Ka•l• fft ~e 

occurreace of 111••1• depoaita llu ..nil of 11 .... aM ••t ef Ka-ak. 

Mr. l.awr, tlae MD wlao op••• ., tlae auetfa .tepoatte,· ie l'.,act .. 

to bow of a lliub1e depoalt la tlae lla 1a••laa n .... HM, tlae loeatl• 

of Vbtcb be refuaee to dtacloee .. 1••• •• Ia .-araat... .... pereoD&l 

rOJa1tJ. Bla claia cauot •• ftrifled 01' H l'efut .. n Clae Mill ef 

pre1eat kDowleqe. fte depoatta 1 - Ia dale uea wue tee ~Ia ... 

proba1tl7 too leaa to •• ldultle, •c it le ,..ati;.e .cut IHlat .. 

depoatta of lliu•1• .-11t7 .. Metal' Ia tlae ...-•1 ••• J•t u tM, 

do la tlae frtqe ana of tlae wut .. plao.,Ute ft•l• la tlae Odt .. 

Ita tel. 11ae leatlcalar Mtue ef tlae .....,._lte .... at 11 .._ ..... tl 

tbat tlae depoatt la ltaelf •• taolated ocnrnace, ......... aa ....,1. 

of the ktu daat llipt •• ~-• ta tlae -tlaena aru--a leu• a f• 

klla.etere •.-r• ... pnbab17 •• •c 1.-c' la .-lltJ tlaaa Clae 

plaoapllorltu la tlae auaeifa UM. IIDat of tlae aru aclerlda ., tlae . 
1•1•• ia the u• DOrtla of lla'a la an.ed •1 •••t pav rrt • 

JOUDI• eufictal depoalte _. •tcnpe · ue .,uae. •t•l• ..,taa, 
1 ... 1-Dt ... J iDt-.ntatiOD ef Ul'ial ,.. .. , fi'ON•lJ .... ..U 

it poeat•1• te •lock •t fawra•l• anaa, -~ ..., _,lftatl• wal• lane 

te •• ._. ., ..., cut pltttaa • *'llltq. 
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Althouab the known phoaphorltee west and south of Jericho are not 

of ~oa~le tbie~••• or .-alltJ, it 1• poa•lble tbat further axplorattoa 

MJ rnul wrka~l• kU ta tlaia ••1 tlae pn.,ecta 4lo •t .,._ tn.lat .. , 

llo-nr. -.pctnr•• iD tlae 4aep1J ., ~ect .. flaDk of tae ... t a.k an 

aoo4 ...... to allow the poaitt• of tla• p1aoaplaftite .._,_ ....... , •• 

ia MDJ ar .. a ooal4 lte obtai_. lt7 traclatq. 

Coacl.,tou 

!be luaOVD re•enea ucl poteatial ruourcea of plaoaplaorita ta _,_. ... 

are lara• aDCl ricb, aocl tbe, coutituta •• atr-17 wlaaltle naowce .. 

Yer, likel7 •• ·~••1~ .arkettoa ca.pataa woulcl c ... tdera•lJ ealar .. 

tba forelp -rut aDcl aclcl •tptftcatlJ to _,.._. ... ' • foretp exc•••p. 

!bla ta illportaat, bat aa nea .ore illportaat INl ie ~ . ..._l.,...c 
of a farttltaer iaclu•try withta .rorclaa. partl7 to ~t ..,.rt of a 

latpar-prtcacl product, but •talJ to .U. po•alltle tacnaaecl ue of 

fertlltaer oa Jordaa'• ow aotla. 11ae coutnctloa of aulfvtc ••t• 
aacl auperplloapbata plaata •• etroqlJ urpcl b7 luT (JIRD, 1957, p. ItS), 

Wbo "coaaarwatiYelJ aatt.atad" a local aeed for 60,000 toaa a , .. ~ of 

auparphoapbata lD 1960, &Del a prtwt• COIIP&DJ ta .. tel to •• laJiq plaM 

for aucb aD operatiOD DOW. Barr rec:.._de4 tbat a plaat to ..U ta-tple 

•aperphoapbate (tlblcla co•tatu 42•41 perceat r2o5 lutucl of 16•20 perc:•t 

•• doe• aiqle auper) H coutclerecl ill tlae future aiUI tlate ia aiM .... 

here. Rot oalJ ta triple aupu a ~tetter pro&act for aport, but clle procue 

leDa tteelf to the recOYG"J of waDi- aDCI eiatlar ~,-p1'04111cte. Otla.­

po•aibilitt~• tbat iaYite t~ti .. tioa are tbe .. aufactate of el .... tal 

,laoaplaorou, .-nd .. plaoeplaate, •• tlae recnU7 of flWI'tM 01' 
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fluoeilicatee. These proceeaee, aot3<! of \oilich depend on cheap power, 

MJ aot be eco--.ic ~. but it le tbroup proc••••• ncb aa tla••• 
tbat Jorcla will atala •z1- ._fit tn. tlala b'J r••••lJ Yalu•l• 

reaoarce, for it will ~•1• tM P'Uteat nc.ta ta tlae .,. aEt ... lat_..l 

ue of llip•caat futillsfta u• U.S.cala. 
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Saline aineral• 

Dead Sea lUll ts 

The Dead I•• coataiaa abnut 1 billiOft toaa of potaaaiua chloride, 
' 

1 billloa tou of .. peet• lmaicle, aM 22 blllioa toae of .... ••t• · . 
I 

cblorl•• (alate, 1930, p. 7); it ta oae of t~• ~1•'• lac,. ~•••c.e• 
\ 

of theae ••laable .. te~iale. Potaeb aacl ... eral bJ-pr~t• were re• 
. . 

ccwered at , ... aortb eacl of tbe De•• Sea l»etwn 1930 _. 1941, whn 

the plut ~· cleatrC)7ecl. Plau 1a .. e bea tal• to ktl• a pilot pbat 

to plde th• d"elop~~eat of a bettft proceaa, eJMI work ia !tctlq alae .... 

The Ulportaace of attactiq potula &• the Deacl Su la wll rec• . 

oplzed, but two poiata deaene ...,laaale. ODe 11 that la ... ittoa to .. 

aarketioa potaab ahroacl, Jorclaa abo.lcl pla oa pronciaa ..... to 

aatlafy local aeecla for fertiliser. Caaacla ... the ODit .. ltatee ••• 

0.005-0.01 ~-· of ~zo per capita per Jear u fertiliHr, _. u 

JordaD'a need ia aurely ao 1••• abe aboal4 ... aa.etbtaa like lO,OOG-

15,000 toaa a yeu to iacreue tbe prod11Cti•ltJ of her aotla. !lae 

other point ia that full attntioa eb•l• M at••• to the recow_, of 

all poeal ble by·prodacta, aacl, •• Jorcla' • tecbaoloaic aklll t.cre••••• . 

to the aamafacwre of refia .. ch.t.cala for both lotenal ue ucl a• 

port. Prio~ to the Paleatioia vu, tbe potaab work1 aot ODlJ prod•••: 
potaah bat alao bro.!ae, ...... ,.. hloricle for •arioaa ~·· of c .... t, 

dehydrated caraallite, aalt, ..ct briaea for ro .. •apraye aad refrt .. ratacl 

(llodl, 1955). All of tbeae prodacta ... otbera too eho.l• M pro­

duced ia tb• future. Aa Barr, (IIID, p. 182) potate o.t, part of tlae 

potula coul• M preparecl for elai,..at u potuai• ••lfat•··• ._, 
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hiaher priced product than the muriate; caustic soda should be recovered 

at least for local use; and several -.gncsium compounds probably could 

be .. rketed abroa4 ad uaed locally. Ia other vorda, the Dead Sea ia _. 

aa eaor.oua source of valaable che.icala, aad ita f•ll poteatial aho.l~· 

be atilized la botb Jordaa'• forei .. trade ... da.eattc cb..tcal ... 

fertiliaer iad••trr· 

Other aoarcea 

11le Dead Sea ia a re.aat of a -.ch laraer lake that o.ce 

extended .ucla farther aortb UMi ao.tla. Lak• ttiberiaa aad the DeM Sea 

are isolated re.aants of thta lake, aacl the Dead Sea ttaelf 11 aearlJ 

divided iato two separate lakea by the 11 L1aaa Peataaala. M. 1. Vial 

of the o. s. Ceoloatcal Sur9., ba1 .. ll••ted that other r ..... tl of 

the laraer lake a&y hne beea taolated at 1a.e ti• ta the put, aacl 

have beeu evaporated ca.pletely. !be lara• aalt clepo1it at Jebel U1cl .. 

uear the southvesten shore of the Dead Sea -y be aueh a clepo1it, 

althouah it aow appear• to be a fault alice of aa older clepoait of 

Mloceae-Ollaoceae aae (Picard, 1955, p. 28). Tbe atractaral cla.e that 

compo1es the 11 Li1aa peataeula _., be c~aaed bJ a aalt pl•l (Gardaer, 

1954). Pro1pecttua by drllltua there or tu the rift •alley aoath of 

the Dead Sea .. Y di1cloae the preaeace of rock 1alt of oae of tbe1e 

orlaioa aod perbapa other aaltaea that are ca..ouly &IIOClated witla tt •. 

Salt 11 currently reco.erecl ta ... 11 qaaattttea fraa 1eepaaea 

oear Azraq, bat it 11 .. likely that thta aOUI"ce will yield aa che., a 

product u tlaat obtatu1tle aa a 1JJ•JWMact of DaM lea potaa• pi'Oftct• 

ioa. 
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t.rse depoeits of high-srAde gypsum, p'robably of Trtastic age, 

are known in the ae~~ · ~ ~icinity of lerak (Blake, in lonides, 1939, 

p. 118). !beae vou14 ..... to be Ilia" a4erarowact,· but, accorcllaa co 

Blake, the rock could be tr-.4 "J P'aritJ to tlae Dea4 s... c,pna 

aay .. eatua1ly pro.e to be • ecoaoatcal eoarce of ealfu (IIID, p. 

200), bat ita .oat ~taat aeee DOW aTe la the ...ufac~e of plaeter, 

IYPIUII lath aacl vallboud, c-t, ad u a eoll coadltioaer (eapeclally 

OD alkaline aoila). C,aaa cou14 be aeecl DOW for all of tbeee purpoaea 

ia Jordu, and there ••- to H ao aoCMt reaeoa wby a local IJPiaa 

iDuuatry coalcl aot be atarted, uaiaa .,.- clerl•" either froa tlae 

Dead Sea or froa brak. lwnc.ally, it ldpt be .... for tlae -­

factue of -.1aa a«< potaaet .. nlfate (u.D, f• 112, 200). 

:· 
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Sulfur 

Sulfur ia a vital commodity to chemical industries as a source of 

aulfurlc aclcl, aacl it would pay to i~~port it DOV for the ...... f~tare 

of auperphoaphate (IIID, p. 196) if for ~o other purpoae. lhlc:h 8 cle• I 

welo,.eat ehould aot be poetpoaed peadtaa the dewelop.eat of a ~etl\ 

1ource but, ia aclditioa to .,.a., Jordaa haa ... era£ poaaible aoarcea~ 

of aulfu. 1) If the 11 Liaa claM ia a aalt cl-., it .ay CODtaia 

1ulfur •• do .aD7 other a~lar atracturee. !bia poaeibilitJ la ea~ 

haacecl by the occarreace of nlfar •• float ia the Dead Sea, ia the 

Liap IJPaeoaa .. rle, ucl iD aeeociattoa with the aaphalt aloa1 the 

Dead Sea; la other vorcla, · the co.ditioaa aeceeaar, for the for.attoa 

.• 
.. 
• 

of aati•• aalfur froa .,._. appear to han pr .. atlecl ia· title •••• at. 

leaat em a -11 acale. 2) !he bitu.iaoaa lt.Matoae of tla lelqa .. 

coata!u about 2 perceat aulfu (Blake, 1930, p. 19), •d it ta poeet.bla 

that thla ai~l-~ be reccwerecl aa a bJ-procluct of oae of the operatioaa 

already cleacribed. Sweclea reco.era nlfu froa her oil ahale, eaoup, \ 

it ia aaid, to aupp1y aboat Olle qaarter of her re,ulr .. ata. 3) DepeDcl• 

ina oa the proceaa •••d ia the oil refiaery to be coaatructecl ia Jordaa 

and its aize it uy be ecoaa.ical to reco.er aulfuric acid aa a bJ• 

product. ADd 4), the prntoaal7 Matioaed occurnce of a aulflde 

copper -'neral ia the •tcialtJ of rei ... IUII&Itl the poaaibilitJ that 

thia ia the fon of tbe copper lliural at clepth. If .taable clepoaita 

of copper are foad ia tbat area, tlaey idpt yield nl&r u a 1»7-
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Ce~nt and 11m~ 

Jordan baa unl~ited r8W ~terlale for the .anufactura of ce .. nt, 

and a plant baa been erected recently near ~a that produce• blab 

quality e ... t fr the AjlaD for.atioa. At tbe tt.e of .y Ylelt, bow• . 

• ever, deaand had apparently oetatrippad the capacity of tbl• plant, for 

~ported c ... nt vae ... a on .. veral occ•Jloaa. Ine•itably Jordan'• 

de.and for c ... at will increaee la the future, and it 11 dealrable 

that cement-.akla& capacity be proareaalvely eular .. d. The ~ltualaoae 

rock• of the lelqa ahould be laveatlaated carefully for tbla purpo .. , 

for their uee would not only eave fael but •labt yield a petroleua b,­

product •• well. 

The poealblllty of producina 1~ at low coat fro. the bltu.iaoua 

li~etone of the Belqa ••• diacuaeed la the eectloa oa eaeray aourcee. 

Althou&b thla 11 a ~•t appealina • rce, au.eroua other l~atoaea 

alao are available for 1~ if epeclal requtr ... Dtl warrant. Lt.. ~•• 

• .altitude of ueea 1D the ch .. lcal aad baildtna toduatrlee aDd ia 

aarlculture, aad it woald he eurprlalaa if a alceable tateraal .. tket 

for ~arioue. lt.e product• •oe• DOt already estet. 
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Clay 

Jordaa baa abundant depoaita of clay, but they are poorly known 

aod little aa•d at preaeat. Tbe claJ la of a .. eral tJJe•··ball elay, 

fire cla,, fllot eta,, white kaolia, ... lliDI eta,, aad perba,a othere. 

ODe of tbe beat aoarcea of fi~• claJ, fliat claJ, aad other taoliDite 

claya 1a the Kllraab fon~atioa of Juuaic-Creteceoaa ap. !lae Ajlu 

for.atloo alao coataiaa aaable claJI, ... theJ .. , be ..,.ct .. aleo ta, 

__., r.-f the other fonatiou 1a· Jor:claa, iaclu4iq allwial ad 

lacaatrlae depoaitl (Queaaell, 1951, •· 111; rtcard, 1955). 

1be JordaD Clay Worka eo.paa,, a recatlJ for-Mel atupriae ia 

Alaao, -ufactarea hen, clay prodac:ta nch u clay pipe _. tile 

(IBID, p. 225); the faleati .. rott~ eo.,.., la Jer.aal .. ..tea 

om•~tal pottery for the toarlat u .. e; acl aew•ral -11 Ylllaae 

eoterprieea uke pottery for local uea (!h-.aoa, 1956, p. 14). A 

nellioa clay ta the Aftaq area ta ldaed for ue ia well •rtlliDI by 

the Pb1111pa retroleu. Ca.paay, aad a poorlJ·f~ ado .. il aeed ae 

a butldtoa .. terial ta _,. •tllaaea. 'lbeae are relatinly ldaor ..... 

however, acl a .acb lara•r &Del •r• clt•er•• clAJ•proclact iadutrJ 

probablJ coald be d .. eloped ta the Dear future. Aatcle fr• pottery for 

the tourtet trade, lottial apaatoa atpt be aiMcl wholly at pocla 

for iDteroal coaeu.ptioo--dtahea, atooe-vare, &Del a~lar ~·· of 

pottery, •• well •• brick aDd tile. CoDstracttOD .. tertala cleaer.e 

apectal ..,baaia, for better houailll ia oae of Jordaa'a for-.oat Deecla. 

Althoup floe INtlcliDI atou 11 8Yatlable for thta pvpoae, lt ia too 

upeoal•e (ta tenaa of lab«) to ••• for laapa•l•e ha.ea. 11oM, of . 
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' 
courae, ia not available for this purpor.c etther. and the beet and 

leaat expenaive •atertAl• are artificial clay or cement products. 

Barr (IIRD, p. 199) poiata out tbat if a paper clay could be foaad 

lt ldpt be beaeficiated locallJ ad exported •• a preai• proclact. 

laolle ia lae claJ ca..oalJ uae4 u a filler la paper _. lt '"*ld H 

worth ~alaa tlae kaolla claJ• of Jordaa to ••• if .., of th .. ~• 

aaitable for thi1 ,.rpo••· 
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Glasa sand 

Abundant &laea sand 11 3vailable in the Kurnub aandstone near 

~n and eleevhera aad ia tha a .. eaadetone of c .. brtaa aae aaar Aqaba 

(nuennall, 1951, p. 112), ••• fliat for flint ala•• ta abuadaat ta the 

Belqa for.attoa. A ... 11 quaatity of &1&11 11 DOW .... at Rabroa, but 

without doubt Jordan'• reaourcee and neede would eupport a .uch laraer 
i 

alaee induatry. Certataly laterual aeede for bottle alaee aad otber 

co..oaly uaed typea c~'ld ba .. t .ora taexpaaaive1y by da.eetic 

prodacttOD thaD froa ~ortl, aDd it II ... likely that a 1la11 iDdaltrJ 

apacialtataa ta coatataare for local prod.cta, each •• olt•• ~tl, or 

ta o~atal al•••· both eateries to tbe t..riat trade, ... 1. pco.,.r 

aleo. 
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Building atone a 

Jordan has a wealth of fine building atone (Blake , in tonidee, 

p. 123), •• ta ..,1,. atteated to bJ the beautiful aacteat &Dd .odera 

buildiDII ia Jeruaal•, ~ •• JeTaa1t, ad other tCNDa. ODe of the 

' aad it will aooa be produced la quatitJ aa a bJ•product of the atrlpp-

loa operations ia the pboaphate ~ae at •••etfa. Other fl .. • .. alltJ 

l~eatoaea are fouad ia the lower part of the lelqa for.atloa aacl the 

Ajlua forutio • Sudatoaa ••ltable for bulldiaa atODe la foUIMI t.a tlae 

pre-Cretaceou fonaatiODa. llae•qualltJ urble t.a foad witht.a the 

lalqa aerlea at aneral localitt.ea, ad ll'aDitea acl porphfl'lea aeu 

Aqaba are alao of fiae qualitJ (~eaaell, p. 111; 1.1., 1955, p. 18). 

At the preaeat tiM 1101t of the ft.ae lac.ea ad public INilcll ... 

to ~ordaD are built with aati•• atone vor~~d laraelJ bJ b.... !hla 

doubtleaa will coatiaue for aa.a tl•, but latrocluctloa of Mch•lcal 

aethoda ~aht eatead the uae of thla atoae aad facilitate the l'owth 

of the laduatr,. la adclltioa, lt -.lei be well to aplfte tbe 

poaalbllltJ of exportlaa araalte oc otber cr,ratalliae rocka tbat lie 

cloae to t port f Aqaba. 
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RoAd metal and a~r.reRate 

Road aetal and maleriale eultable for concrete aggreRate and fill 

are abuadaat throuahout Jordan, aad require ao apeclal c~at here 

(eee Baker Rar&a, 19SS, Yol. Vl·l, for a deacrlptloa of coaatr.ctloa 

aaterlala ez..t.aed aDd coaaldered for uae la the projeeta that wra 

propoaed 1a the Yar.ak -Jordaa ValleJ Maater Plea). One .. terlal that 

•aJ be ueeful la the coaatructloa of aecoadary roada ia Jordaa la 

calciua chloride, which probably will be oae of the co-producta of the 

Dead Sea Potaeb operatioa. Thta caapouad reduce• da1t aad belpa 

eetabliah a bard ear face oa ap .. ecl roada. It aipt re4ac• the colt 

of road coaatractloa aad .aiateaa.ce, ••peciallJ ia tbe arid pa~t• of 

tbe COUDtry. 
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Other nonmetallic mineral• 

Riah•quallty vhlte barite hal been found aear lethleh .. (IIID, 

p. 198), bat ita ••tent bae not been reported. Peldepar, aica, .. rite, 

quart a, and fluorite are kllOWD to occur t.a ,. ... tf.tea ia ·· • A-a••• · 
aranlte co.plex (Picard, 1955, p. 33; lraanfeld, 1955); th•J ba•e not 

been ezplored, but ve .. Y be coaft.deat t'at alut.le clepoalta of 

feldapar aacl perbape of eo.. of tbe other ,. ... tlte at.aerala too, caa. 

be fouad. Garnet la _t..,rpbt.e rock1 eear Aqaba at.pt be aat.ta•le for 

abraaivea. Quart• aand aad chalk are other abuadant .. tert.ale eut.table 

for varloaa kinde of abraalvea. 

Dlato.aceoue eartb--alao aaeful •• a ft.ae abraat.ve, •• .. 11 aa a 

filler, a flltratloa .. dlu., aD at.eorbent, aad an lnaulatt.oa _.ter1al•• 

occur• in the lelqa for.att.on near lerak aDd ••ry lt.kelJ at ... , other 

localltlea alao. ODyx, alabaater, b ... tt.tea, ... other ... t.•prectoue 

atoaea auitable for coat ... J ... lry ... •~•tal o•Jectl •~ alae 

kDOWD iD Jorclaa. 
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Scenery 

Although it is not found among mineral statistics, ecenery is a 

aatural re1ource of areat ecoao.ic •alue, aad va1 10 recoiDized bJ 10.. 

of the earlJ aeoloatc ..,lorera of veatera Vatted Statea. The deaert• 

cayoa acnery of Jordaa ia iac08parablJ beauttfal, ad added to it •• 

a toari1t attracttOD are the aatiqaltlee aad holJ placea. Althoaah 

Jordan 11 well kaowa a1 the RolJ Lead, ita reputatioa abro .. doea aot 

ao •ch beyond thi1; 1101t fore1pera '1ct11re it aa a cleaolate, rockJ 

vaetel&Dd, aad are oaly •aa-ely .ware of ·tbe ..r.ela of Jera1h aacl fetra 

and the breathtakioa srudeur of Vacli Daaa aad Wadi Yatua. If tbe1e aad 

other feature• of toarl1ttc iatere1t were publicized, ad if ~. botela 

and reet hoaaea were bailt, Jorclaa could expect· to laereaae her toar1at 

trade ee.eral fold , !D fa~t, o all of Jorcla's aataral reaoarcea ... 

potential tnduatr1el, toar1• 1a tbe oa• that coalcl ·be d"eloped ••t 

quickly, and, for a tt .. at leaat, it voulcl probably be tbe laraeat 

aource of foreip uehana•. llaDJ other iacluatrt•• will be IIOI'e 

u.portant eveotually, but their d .. elo,.eot depeoda oa the relat1YelJ 

alov proceaaea of acca.ulattaa facta and tecba1cal kDovledae,. the 

education aod tralaioa of people, the srowtb of trade, and other tbia .. 

that take ti.e. A tralued or eaally ~·ataable laf»or force f~ the 

touriat indaatry already exiata, hove.er, .. ~ .oat of tb• aeceaaary ace••• 

roada are alrf dt built. laaeatiallJ all tbat 11 aeedecl 1• the coa-

121 

I 
. i 

I 

I 



Sunnary 

Jordan'• known or traditionally used reaourcea of many vital 

uteriale are nall. The raiafall ia 1li&ht to •derate; pereuial 

1tre .. are few iD a.ber a4 relatiYelJ ... 11 ia total flow; areaa of' 

eaaily tillable, aa~rally fertile eoll for. oaly a ... 11 perc .. ta .. 

of the kiaacloa; acl lliaable •-.oaita of Mtala acl fuele ue abow. 

ODe voulcl be eafe lD eaylq that lf Jorcla bacl to clepncl oa lte 

traclitloaally aeecl reeoarcee it voul• aot be poeeible to acbi-.. a 

1•••1 ~f li•loa ae hllh &Q that attaiae• by aacieDt IIJPt, ..relJ 

becaaee Jordaa cloee Dot hawe a ri•er like the lila. 

While ve .u1t Dot aaclere•tl .. te the difficulty of the probl .. , lt 

voulcl be a ara•• -'•take to coaclucle fro. thie that Jorclaa'• reeoarcea 

will aot eupport a -ch bipe.- leYel of lf.•iD ta the .oclen world, 

partly becauee her reeoarcee are little ..,tored bat .. iDly bee .. •~ 

.oclera tecbaolo11 pe~t• tb• profitable uee of .. terial• tbat .. r• 

UDknowa to the eacieat e. Viewed ia the liaht of .oclera techaoto.,, 

Jordar.' • reaource potntlal take• oa aa .. tirely cliffernt aepecc. 

Her ueable water auppllea, eYeD her ralafall, caD be .ach tacreaeecl. 

AliDoat certainly ehe hae oil, but .... if ebe doe• DOt ebe ca buy it 

relati•ely cheaply froa aeiahboriDI coaatrlee; ia additloa, ehe can 

develop eo.e hydroel ctt"ic power, bae •aat etorea of euer11 la the for. 

of blt.Uaoua abale ad auclear aer17, ud caa aleo capture eolar acl 

wind power. Li~~ ..., other cOUDtl'iea, •h• probably will h•• to t.pftt 

irOG ud otbe.- •tale, bat ebe bu ._. proepect• of flGcllq aiuble 

clepoelte of troa, copper, ......... ad perbape a fn otber alloy 

U2. 
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•etala; in the mo~e distant futu e ahc cnn probnbly produce alumina fro. 

hish-alumina clay and .agneaium fro. the ~cad Sea brine. And whea it 

ea.ea to .ateTiala eaeeatial to the ch..teal, fertili&er, aad coaitr.ct• 

loa iaduatT1ea, abe 11 better off tha .oat coatrie1 (fia. 4). 

aewniaa to the coaeept, thea, that a hl&h lnel of liYlDI 11 

attaiaed tbroaab the tatelltaeat ~·!!ft1oa of raw .. terlale aa4 

eaer17, it ia plaiD that JoTda hu pot•tlal auppliee adequate to 

aupport a hlp-level of ll•l•a·-pro.l• .. 1he c• 1001a eulka a fftft­

able reao.cce/~latloa .. la.ce. 
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Table 16. Su.marx of Jo~dan'a atneral resource rotnntlal 

Material 

Water 

Source a 
of 

Euru 

I roo 

Copper 
and 

aanaaneae 

Occurrence ot' 

extent 

Curreotly uaable 
aupply ta about 
3, 500 101 per yr. 

Bllliona of tona 
Of bitU.iDOUI liM• 
atone; bllllona of 
ton• of eoal•equlv­
alent fro. uraniua 
in pboaphorite; 6,500 
lew potential hydro• 
elect~le power; lara• 
potential la aolar 
and vlncl power; aoocl 
poaaibllity of find• 
tna oil. 

Re.atlte clepoait ne~r 
Ajlun coatalaa 400,000 
tona of ore, probably 
110re. 

Wadi Dana contalna 
about 200,000 toni 
of cuprl feroua 
.. naa•H ore; •lpt 
contaia -ch 110n. 
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Recommendatioaa and 
poa~lbllitiea for develop• 
•nt 

Uaable aupply could be 
increaaed to about 6,000 
MCH oer yr. by artificially 
induclna .ore rainfall, 
expandlna acrease of 'hlll 
fruit, maklna full uae 
of Yar.ik•Jordan water, 
practlein& water apreacl• 
ina, aDd capturlna .ore 
of tbe around water ella• 
char&•· 

Bltu.inoua limeatone 
probably would aupport a 
lt.e or c ... at laduatry 
vlth oil •• by-product. 
Rydroelectrlc power could 
be developed, aacl aolar 
and vlnd power about- be 
uaecl for apecial purpoaea. 
Oil exploratloa abould '­
rea~d. 

Hlaht be aold to Japan or 
e:ploited on a ..all acale 
for pigment. Bither 
vould be dealrable aa a 
cheap .eana of openlns up 
and explorins the depoalt. 

If a market and proceaa 
are found that per.lt 
aeparate recovery of copper, 
depoait ahould be further 
explored. Minlna aboulcl 
be delayed uotll road ia 
built up Wadi Araba for 
aaotber purpoH. 



Table 16. Summary of Jordan's mineral resource potential (Continued) 

Othft' •ta • 

Phoaphata 

Salta• lliaerale 

Blah alu.!aa cla1 
aay occur ta 111mb 
fonaattoa. 

Dead lea lrtae 

TunaateD, rare 
eutha, aacl atailar 
aetala coalcl occur ia 
,rantttc~t..orphlC 
tenn•. 

30 IIi lltoa · toaa lmow 
at auaetfa, acorea of 
atllioaa of toaa uy 
be tafenecl there _. 
elaevh•~•· 

Dead Sea brine coa­
tatoa one of vorld'a 
laraeet reaervea of 
potaeh, bra.ine, and 
magn.eatu.. Ancient 
Dead Sea aalta aay be 
buried in V.di A raba. 
Trtaaatc r~k• contata 
hi&b quality .,.,. __ 
near lerak. Salt DOW 

reco.erecl oa a ... 11 
eca.l• fr• ~ .. brtaaa. 
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Probably beat ufte ia in 
cer-.ica. rather tbaa a082Ce 
of al•tnu., but ahould 
be ieveetiaate.t. 

One of vorld'a lara• aad 
rich aourcea. Maaufacture 
of .. tal raqatrea cheap 
power, !Mat .. Y be poaatltle 
~a Jordaa ... aataall,. 
llapaat- aalta for other 
aaea a1aoal4 h ~ecoftred 
aow. 

• .. orabla ~•atoa aiHNl• 
M 1Hlopca111 ...... 
~ proapecte4. 

Plante ahould be eoa· 
atructed to aupply 
ferttltzera for Jordan'• 
uae ad for aport. By­
product reco.ery of fluo­
rine chalcala, araaba 
aDd other el .... ta ahould 
be coaatdered. 

Brtae ahould yield Yariety 
of aalta for export aad 
for internal ch..tcal 
iaduatry. G1P•• ahoalcl 
be produced for aoll 
coadltiODer, wall ltOarcl, 
_. other Jl'll70•••· · 



Table 16 . Suaury of J 0rdan' s mb ... r ., 1 rcsourc~ r~_ t: f"n t t a 1 {Cont Lnued) 

Sulfur 

Cemeat 
and 
11• 

Clay 

Gla11 aancl 

lulldlDI 
atone a 

Road metal 
and aaareaate 

Otber 
nonmetallic 
•loerala 

Poaaible aourcea are 
El Liaan aalt do.e(?), 
bituainoua lt.eatone, 
aypaua, by-product 
of oil refinery, aDd 
aulfide •inerala. 

Abundant aource 
.ateriala. Bit• 
u.inoua llmeatone 
eapecially proaiaiaa. 

Kurnub, Ajlun, Belqa, 
and other for.ationa 
cnntain variety of 
aolinite and other 

claya. 

Kurnub and Ram aaod• 
atone• at"e soo.d 
aource11 of alaaa 
aand; chert of lelqa 
and Ajlun available 
for lint alaaa. 

Wiele variety of 
excelleat bullcllaa 
atonea. 

Abundant aourcea. 

Quartz aand, dia­
tomite, barite, ocher, 
feldapar ... t-precioua 
atoaea. Perbapa alao 
fluorapar, aarnet, 2nd 
•lea. 
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All ahould be inveatigated, 
Su furic acid plant ahoul• 
be atarted aoon, even if 
it .uat depend on forelan 
aourcea of aulfur . 

Ce•nt induatry ahoul 
be expanded; lllle abou ld 
be produced for a aoll 
conditioner aad .. ny 
other uaea. 

Clay product• induatry 
ahould be .uch expanded 
and dive alfled. Poaalbll• 
ity of exportlaa paper 
clay ahould be inveattaated. 

Glaaa induatry abould be 
developed. 

Stone cuttin& ahould be 
aradually .echanl&ed. 
Poaaibllity of exportlnc 
arenite and other rock• 
fro. Aqaba area ahould be 
invettiaated. 

More teating and .. ppiDJ 
needed to uae aoat 
efficiently. 

Occurrence• and poaalble 
marketa need to be in­
veatiaated. Diatoaite, 
quart& aand, feldapar, 
aDd sarnet could for. the 
baaia for a do.eatlc 
abraai••• loduatry. 



ordan'e potential ~~eourceo and the poo9ibilit1c s they offer for 

devel~p.ent are eummarized in table 16. Ae indicated there, several 

al~aral ioduetriee could be etarted or ezpaaded, at leaet la a .odeat 

vay , lo the ••ar f•ture. for ex..ple, the c ... ftt aDd clay lDduetriea 

could be ealaraed, aad 1~, ., ... , alaaa, abraeive, fertlll&er, aad 

perbape lapidary, araolte esport, aad ••lf.ric acid tad•atrlea coald 

be etarted eooo. 

By and lara•. bowe.er, the d .. elop.eDt of Jordaa•a reaoarcea .tll 

be alov, and we cuuaot hope that abe trill achlne wealth o.eniaht or 

even ln a fev yeare. Revertheleea, ea.e of the activltlea eaaeatlal to 

dnelo~nt co be atarted aov aad puraued viaoroualy. 'ftloae dealioa 

rather directly with ~oeral reeourcea are dlacaaeed ia the r ... tader 

of thi e report. 

It ie worth emphaalzioa aaaia that vhile technical actlvltlea of 

the kind reca..eoded in eubaequeat paaee are vital to the advaac ... at 

of Jordan's ecooo.y, they are aot the only atepa or even the .oat 

i~ortaot ooee to be takeo. Rothiaa eyea cloeely approach•• the 

fundamental ~ortaoce of advaocioa the aeneral education of the 

Jordan people, of ati.ulatioa their wi h to .prove their ecoooaic 

atatua through their ova efforte, and of eocouragioa thea to take the 

initiative in findioa better vaya to fully uae the reaourcee available 

to thea. But becauee thia iawolvee the population ae a whole, proar••• 

toward thie aoal ia inevitably alow. The accumulation of facta and the 

i ea t aatioo of pr eeaee and oth r work •~1 lar to that de1crlbed to 

eub•equeat p a•• lDYolve a ch er Du.ber of people. Therefore, 
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it la Dot only an essential prerequtaite to reaource d .. eto,..at, bat 

11 oae that caa be pr••••d ta •~ly etaa••· 
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Work required evelop Jordan•e 

aineral reaourcee 

Ot the work that aua\ be done t,o tull7 realise Jordan' e reeou.rce 

potential, 110.-t. prOIIinent in tbe pu.bUc 1e aind ar. larse public aDd pri'Ya\e 

deTelopmental proJecte--the conetraction ot irrigation eret .. a, ~., aod 

· roads; rec~ation ot eoilJ oonetructian ot .anutacturing plan\IJ deYelop­

ment ot ndnee and oil field•J and eo on. But essential ae theee proJect• 

are, they muat be preceded by other ~tore 1\&Dd.arlental actiri.\iea, naaeq 

1) the acquisition ot !acta concerning the character, eise, and diatribu­

tion o! the reeourcee to be deYeloped or exploited; 2) innnisation ot 

proceseee and JUrate for the treatment and eale ot rav .. teriale; aDd 

)) dnelopnaen\ and acbinietratioo of lave \bat encourage pri'Yate 1n1\1a\1Ye 

1n prospecting and mining ( bble 17 ) • 

It 1e not po~eible, or at leae\ in'YolYee sreat riek or uocer\aintr, 

to build a eucceeetul irrigation 111t• w1 thou\ act.quat.e kllowleqe of \tw 

asuppliea ot eur.taoe or undergro\ll'ld water or o! t.be Yolae ot water requiNCI 

per un1 t of land to raiae epeci.tic cropa under local con eli tiona o! ao1l, 

teruperature, and enporaticmJ to lind oil or Yalll&ble aineral depoai\e 

vi thout mapping the distribution and structure ot the rocu and e tw111Dc 

regional nriationa in their ocnpoeit.iooJ or to build a plant vitbout 

knowing the extent and distribution ot tbe rav ut.eriala it will uae. It 

ia, 1n other worde, neoeeaal'7 to acquire taotoal data conceminc ~. nature 

and extant ot a cnuntry' e reeourcee before ,_,.. cnm be adequat.e}7 den loped 

and utillsed. 



By the ver.y nature of the taek, the Jo of fact-fin cling is almost 

a nenr-ending one. The rea em or t.hia ie partl-7 that. the job ie laqe 

--it ail'llply takes time to up large areas adequate 1 t or example--and 

partly that the concept ot the in.f'onution required neceeeariq challgee 

or enlarge a as technology dnelope. 

The nature of the vork to be done also require• that 11ueh o! it be 

done by goTenu'llent. Even in an indu~\rially advanced fraa enterprise 

society, private parties cannot attorcl to make the innetaaent ·or tille 

and money required to accumulat'J basic data that offer no prondee ot 

immed:'ate exploitation; and lfha+.,ever data are acc\lmllated in the eoune 

of private activities are generally ~ot published or aade available to 

others vho may put them to unanticipated usee. For these reaaone, it. 

is essential that fact-finding act1Tities in the t1eld of natural 

resources be eatablil.hed as the 11ain tu.nctione o! pennanent. gonrmaen" 

agencies that will ';>ublieh t.beir t1ndinge and tJlua lUke t.h• &?ailable 

to pri Tate industa• 
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TRble 17.--Puhllc fun · tl o n~ tn_!h! 

field of aineral reeourcea 

1. Collecting and publlehina baeic data. 

A. Aerial and topoaraphlc aurveya 

1. Triangulation and levelllna to eatabliab boriaoatal aDd 
vertical control. 

2. Aeria l photoarapby. 

3. Construction and publicatioa of topoaraphic .. P• aad 
photo moaalea. 

B. Geological survey• 

1. Geologic mappina, petrologic and atratlaraphle atudlea, 
geophysical and aeoche.lcal aurveya, and reconnaieaaace 
aampling leadina to infor.atioa on diatribution aad roulb 
appraisal of reaoureea of arouad water, fuela, .. ta111c, 
and nonmetallic depoaltl. 

2. Appraisal and perhapl l~ited exploration of pro.iliDI 
deposita. 

C. Mineral atatlatica 

1. Collection and publication of ltatiatica on annual pro• 
ductlon of ainerala aDd OD oew develo,.entl ta or affeettac 
the mineral lnduatry. 

D. Hydrologic 1urvey1 

1. Collection of data on quality and quantity of aprlaa and 
atream flow. 

2. Collection of data on rainfall and other cli•atoloaic phena..aa. 

B. Mineralogic and geoche•ical aervtcea and reaearcb 

1. Determination of mineral, and, vbere warranted, cbeaieal 
compoaition of aamplea of ores, rocka, aolla aad water• 
•ubaitted by public aaenciea and private partlea. 

II. Adm1niaterin& min i ng lava and reaulatlona 

A. Actina oa application• for aineral lea•••· 
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Table 17.--Public fur.ct i ( r. s i n t h8 

field of mineral resources--continued 

B. Broad supervision of raining on the publlc landa, panicul'arq 
with re!erence to the en! ore anent or feasible conaerYation 
practices and accepted health and aatety regulations 

C. Research, or at leaat investigation or ~ork done elae~here, 
on ndning methode and equipnent aui table for local uae J and 
advice to pr1Tate parties on m1.n1ng methode and equipaent 

ln. Developing proeessea, markets, and mlneral industries 

.A. Research on methode o! beneficiation and treatment ot nainerala 

B. InTestigation o! ueea and markets tor Jordanian aineral product.• 

c. Contact ~ith and initial aid to priTate parties pot.entialq 
capable of ope~·ating rdneral product oaapaniea, part.icular}T 
in new fields 

IV. !pplying baeic data to the develoiJ1!8nt or natural reeourcee 

1. Irrigatioo and reclamatioo projects 

B. Municipal water auppliea 

c. D8Jil conatruction 

D. HiglNay and airfield conatructioo (including probl•a baYing 
to do with toundatioaa 1 drainage 1 and aourcea of road Mtal) 

E. Conatruction ot publlc bu1ld1D&• and other large public wora 
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One mi ght question the dvi abili t y of includin prono t i onal activi~ee 

as a publ ic function in the field of natural resources, and it ie trua that 

as free enterprise deTelope it probably vill eutfice merely to publish the 

faeta--priYate capital v111 take it trail there. At the present time, hoveTer, 

priTate initiative in the field of mineral 1ndwrtriee is in ita intancy in 

J ordanJ it raay be neceeeal"1 therefore, for the government to etiaulate 

act1vi~ by exploring a mineral deposit, developing a process, or perhape 

finding or f1nm helping praaote a market during cert-l:'in stages ot the 

development of an industry. The gonrnnent ehould do no 11ore of thie, how­

ever, than ie absolutely essential o help the company or 1nduetr.y get 

started; moreover, wherever possible, the aid should be giYen rla advice or 

subsidy rather than aa gove:n:l'nent partioipatioo in the vork itsel!. Thie 

ie nee e sary not onl because the cOMpany will learn bee~ by doing but 

also beoaue\3 1 t would be eat•Y to dieeipat.e all of the gonraaen\ 'a resource a 

1n thia f ashion, learing no oapaoit7 'o at.'-ak probltllll tbat. \be ~CIIP&Di•• 

cannot be expeot.ed to eoln. 
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Statui of vork in the mineral resource field 

S~e of theee actlvltlel are already undervay aa coatlnuou1 public 

function•, 10.. are partly underway, and ao.e have not been 1tarted. MJ 

relatively ahort 1tay ln Jordan did not per.it an accurate apprai1al of 

work aoina on in the•• •arlou• fielde, bat tbe etatue of work aa ... to 

be aa follow•: 

1. Tbe Depar~nt of Lande and Surve71 le re1poneible for aerial 

and topoaraphlc .. pplna and plane to co.plete, by an ICA eapported ~on­

tract, topoaraphlc .. ppina of .oet of the llaado., on acalea of 1:25,000 

and l:SO,OOO in the near future. 

2. A reconn•leaance aeo1oaic .. P (ecale 1:250,000) of the --~ter• 

part of for.er TTanejordan waa prepared durlna thft latter year• of tbe 

Mandate by A. H. Quennel! of tba Depart88at of Landi and Survey• and 

publiahed by the ea.e Depart .. nt in 1956; c•rtain deposits of pbo1pbate, 

aangane•e-copper, and iron have been ... pled rather lnteneively and 

partly •apped by a private fi~ under contract with the Mlni1try of 

National Ecomony; conceaelone have been ieeued to the Pbillipa and t .. iri 

petroleum co.paniee to eearch for oil and the Phillips company bae 

drilled five holea; eome exploratory drlllina hae been done for water by 

the office of Water Reeourcea Develo~nt aod other orgaaizatlone, and 

theae groupe ae well as the rood and Aarlculture Oraanlzatlon of UN 

have prepared nu.eroue report• (for tbe .oat part unpubli1b~d) on the 

ground vater re1ourcea or problea~ of ..all areal. The aeoloaic .. ppina 

(on ecalee of 1:50,000 or laraer) and otber fact•findiaa 1tudle1 required 

for ••arch and appraleal of aioeral reeourcee, iocladina water, have aot 

beea begun at all. 
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In recent months the Section ot Mine& of the ~~ inistry of National 

leonCIIly1 acting in part on the adri.ce or the United Nations Technical 

Assistance AdTiaor oD Nining, baa proposed \bat geologic aapa (1oale 

la2S,ooo) be prepared ot Jordan on a contract calling tor \heir caapl•· 

tion in three years; that areas and deposita deaerri.Dg aore dll\alled 

innatigatioo be selected, upped (la$1000), ud exploredJ aDd ~\ a 

Department ot Mineral Resources and Geological Reeeareb be enabliahed 

1n the Ministr,r ot Nati al EconC1117 to calTJ co or euperri.ee ra1neral 

leasing, mining, geologic and topographic upping, and related nudiee. 

The IBRD ndsaion pnrrioual.7 recoanended that a Bureau ot MiDea and 

Kinerala be established and that a aya\eMatic geological aurYeJ aDd 

lllineral exploration prognn be carried out em a contractual baaia. 

J. Mineral atatiatJ.ca are being c011piled and publ1abed b7 \be 

Depart~ent ot Statietiea in \he Ministr.y ot Icon~. 

4. Meteorological data are curnntq collected at a !n atatiODI.' 

by t .ho Department ot Irrigation and publlabed b7 tbe Department ot 

Statistica. A !ell data on atream and spring flow bant beeD oollectacl 

and aome published, but such obsenation~ are not being ·ucle qatema\­

icallJ' or ca . • 1nuoual7 by anr exiatil'li agency. 

5. The Govennent Laboratorr in the Ministry o! Public Health 

makes chemical analyses and eome types or p~eal anal71ea ot rocka 

and minerals as requested b7 other agencies, and the Di:rleioo ot High­

ways in the Ministrr ot Public Worka uy establish a laborator:r to ten • 

construction uteriale, etc. llo organi,atiCD 1~ equipped 'o pertoa 

ra1neralogic or geochemical Mrrleee or reeea.rch. 
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6. The Section of Mines ie responsible for the review of applica­

tiu.e tor mineral and \)11 leases, enforcement of ad.ning lava, et.o., and 

these actiTities are, in tact, ita rincipal onea now. 

1. No go•ernment agencr baa specific responaibilitr tor de.elopina 

proceesee 1 markets, and ind'o.8tr1.ea in the lllinerale field, al\houcb \be 

broad reeponsibilit.iee of the Dnelopaant Board wco.paae this tuno,ion. 

At the present time, no such work 1e underwq. 

6.. Tbe responsibility tor Yarioua deYelopD81lt.al actiTitiea 1a 

already allocated to eenral goyemr~ent agenoiee and the Developi8Dt. 

Board has been established to plan, eti.Jaulate, and initiate tbe ldnd ot 

projeote that are needed to develop Jordan' e natural reeouroea. None 

ot these organizations, hoveTer1 are c:arry1ng on the geologic JU.ppiDg 

or aiJ'Ili.rar fact-finding act.ivittee neceaaa17 to place eueh dwelopaent. 

projects on a fim footing or to insure their success at tbe lowed ooat. 

From t.hia review af eede Teraua current acti'ritiea we may conclude 

that responsibility for the preparation ot topographic mapa, collection 

of mineral .,tatiatice, and superrleioo ot lli.ning lave ie alread7 aaeignecl. 

But geologic mapping and related studies needed to provide a basis tor 

search and appraisal of ndneral resources, collection of dat.a em etreaa­

ncn~, and the inTeetigation Of zainerala proceaeee and marate are aotiY-

1 tie a that not ml7 are not underway but do not .... to be eatabllahed 

tunctione ot u:1eting agencies at Ule preHDI tiae. 
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ecanmendations for the f orm ti on of t , nnnn nt 

goTernment agencies 1n the field of mineral re ourr 

F r the reasons indicated aboTe, it seems adTiaable !or the OOTernmeot 

o! Jordan to !om certain nev, pemanent agencies to per!oJ"!" cooti.huing 

tunct1one 1n the broad field o! ndneral resources. Neither the aYailabil­

ity of !unde or trained technicians vill pemdt the initiation o! theee 

act1T1t1ee on a large scale, but enn though t.be groupe !omed are 81'1&1.1, 

their contributions will be apparent vi thin a !ev yeare the7 haft oon­

tinuin reeponeibility and urpose. 

The vo k that n"eds to be started 1n the !ield of mineral reeource• 

could be arried on moat effectively by tvo organizations 1) a Oeologioal 

Sun y and 2) a Bureau o! Hiner Induetriee. Be! ore disouasing the 

functions, s ze, an n tial programa of these organiz ti a, let me 

et e &011'\ethin that applies to both. At the present e, only a !sv 

JordanianS have WliY rsity tr ining in geol gy, lllining and related field8f 

none ear t hav had the rience necessary to plan and direct coo-

tin n in eeti atione n these !1 lde, and rev the exporienoe necesear,r 

to work in pendent y. It ie ea8 ntia , therefore, that foreign techni-

1 8 o rticipat.e n and direct t e vork during a train1n period 

pose ly five years or mor }. The number or foreign technicianb should 

n ~ uce d the nonber of ordanians, and 1 t would be preferable t.o h ve 

ev ral tim a as many Jordanians 1n order to eve lop vi thin he country a 

trained group of peop e vho o&n interp. ~ and u.ae the dat~& collected .. 

Al thou_g.h the vork might be done raster at the beginning 1t a l.argt nW'Ilbe ,. 

or foreigners v re empl d or it large ee(1J'I'en ta o! the work ve con~raoted 
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t, r r "" , th ul t. . mate uo fulncs q of th . infonna tion obt. ined 
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tot 

u y 

n th r 
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on th t och.nical knowledge of Jordanians. The developaen~ 

Jordanian technicians should be an objectiYe ot the 

. .,. .... ~1 of Jordan an of the Bureau of Mineral I nduetriee. 

or 

w th 

rt, 

y 

vorl 1 government technical organizations have served 

n 'W hO ter worked in rivate Ltduet:ry. In the United 

1 m&OT geologists ha~e worked !or the u. s. Oeologi al 

f ye rs, and then transferred to induatey or t:> 

r o n t only 1n t he collection o! taote but aleo 

n and application. Such tra_i i1ng ot 1eologiet.a 

o sed as an iJiport.ant. tunot on at the U. s. Oeolo&i-
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Functions and initial probram 

of ~e Geological SurTe7 

The func~iooe o! the Geological SurYey ahould be to make geological 

ma s that ehov the etn1cture and d.ietribu~ion ot rocks and mineral depoei '•• 

differentiated ae to composition and age; to study and interpret regional 

T~riat1~ 1n the campoeit1on, t~~ckneee and other eharacter1at1cs ot 

rocks; ~o tre11roh for ani ap raise, by reconnaissance sampling and other 

te hniques, eouroe a of uaable auppllee of metallic and nornetallio min­

orale an va~erJ and _,o publiah aape and reports that not onl7 preeent 

factual data, but interpret. their a1gn1.!1cance 1n econcn.1e and practical 

r obl ms. 

1! the eological Survey is a distinct organization, ae I recommend 

it be, it may not matter 1n what Ministry it be placed. It seems to me, 

huwever, that 1 t would be more appropriately a part of tbe Department 

of Lands and Surveys than the Ministry or N a~ional lconcny. Thi ie 

part y because an important part. of ita vork has to do vi th the making 

of maps and the Departrnen t of Landa and Surveys is at present the chief 

map-making agency; t is a so because the Suney' a objecti V1)8--fact.­

f1nd1n g of long range importanc --are more sL ilar to those or the Depart­

ment of Landa and Surv ya than to the short-range strictly econondc 

objectives of the Ministry of Economy. 

! loog th same line, it should be cleqr that it is ~ necessary 

that a ological work required by the Jordan Government be done by 

th eolo ir.al Surve~. Developmental or or.gineering agencies almost 

cert inly will require geological information or advice in conjunction 
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wt. t h constructi n of irriga tlo n s ystems, hi h._ . ., ·s .1n . ms, . nJ th e exp lor• 

ation and de velopment of groundwater eyet~a. Thie work generally focueea 

on a tp cif i c problem in a emall area and it i1 thue of a different char­

acter from .oat of the broad ecale, lona ranae work of the deological 

Survey. Moreover, lt i1 uaually urgent that it be done at a certain tt.e, 

ao a not to de ay the conatruction echedule. For thi1 reaaon, the engio• 

eerlng agency involved nee~a to have the kind of direct control over the 

vork t hat 11 po11lble only when the work ia done by ita ovn employee•; 

and on the other hand, if the Geological Survey hae .ajor reeponaibility 

for engine ring geolosical work it ia likely t~ conaume .oet of ita eneray 

and f undi meeti ng tht1e uraent deaande fro. other asenclea and will hav• 

llt t l time to d vote to itl own baeic objectivee. Although the Survey 

1nuat xpect to do eome con1ult ing to ot'ber agenc iee .. and 1ho·.1 ld have at 

leaat one engineering geoloaiet available tor aucb work, any other aaency 

that needa a geologlet full tUDe 1hould have ht. on ita own ataff. 

A vord of elaboration la perhapa deairable on t he eearch and 

a pr t 1a l function ~f the Geological Survey; except during the early 

st ge 1 o t he development of an lnduatry, i t ia generally not appropriate 

f h Geo logical Survey to do detailed aaapling or exploration of 

in al d posit a o the type requi red or their exploitation by a company, 

nor t o eea rcb for water or oil by drilling. Such vork should be done by 

private ompanies or, in the case of v ter y municipalitie•, by the 

Off i c o Water Reaourcea Developmeot or companiea. It ie appropri te 

r the Su ey to acquir b ckground data on be ext ent and charcc. er 

f r .eke an e tructur•• that may contain wa t e r or i nfluence it• quality. 
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to indicat ar as broa ly favor ble for it. s c l rr t , an to help 

estimate th ~at r-producing capacity o! important aquifere; s~larl71 

it is appropriate !or the SurTey to provide enough data on the occurence, 

qual1 ty 1 !Uld extent of unexplored ore depoe! te to encourage priTate organ-

1~at1ons to explore t~ fUrther, and to givt the goTernment an id•a at 

the ~. ent of the ~·· resources. In the initial s~1gea o! the devel­

opm nt of nev i.ndn.etrles thie ma1 require the SUM'ey to do eou prospecUnc 

and hysical loration, but the aim ehould be to interest pri•ate partie• 

in tak.in o er as quickly ae possible. 

BecAuee th ological Su.rYey would be a email organitation at the 

outeet, no special consideration need be given to a table o! organisation 

nov; it hou d hav a chief 1 of course, but hia adnlinlatratin duties 

'Would be relatl v ly an all and should pernd t .. 1m to carry oo a field project 

jU8t like th members of hie staff (this is good practice even 1n a large 

organizat on, for it pemite the chie! to continue hie professional growth, 

and to keep a fresh, constructive rlevpoint). The etaf! should 1nnlud6 . 

men canpetent in the eeveral fields of epecialitation i.mportant in Jordana 

at leeat one ground-vater geologist} a geologist. competent in the field ot 

igneoutJ and metamorphic rocks and associated mineral deposits; o e canpe­

tent in the field of sedimentary roc e and associated deposits; an engi­

neering geolo at; a stratigraphic paleontologist; a mineralogist-

cchamist; a eurface water hydrologist; and a librarian or a c erk 

euffici ntly well trained in library science to organize and maintain a 

library and archives. Becauae it is unlikely that all of theee tspecial­

iet cou·L be 1"9cruited at the au teet and matched by J ordan.!.an trainees, 



the initial profes sional staff likely would be only half ae large. Even­

tually, hO'V'STer, \he starr should be increased beyond the n\ftbere ind.ica~d 

abaTe; the vork 1n sight in ground .. ater geologr, tor exaz.ple, would aake 

it desirable to haTe eeTeral geologiete in that !ield alaoe, 1t \he7 were 

aTailable. 

Except ! r r~ineralog1c.l, geooheaical, and paleontologic etudlee, 

llhich vould be a rgely of a eerrlce or topical character 1 moat o! the 

Survey'• vork would consist or geologic ~Upping. .lreae to be mapped b7 

Tarioue 1nd1 Tiduale llould be aeeigned on the basis of the aoet. iraportant 

ndneral dU?osite 1n the area. For example, mapping 1n the Jordan Valler 

would be &esigned to a ground-water geologist; although hie map and repon 

lloulC.: trea all the Tarious kinde of rocks and minerals 1n the area, the 

chief emphasis would be on ground-water geology-. Si.nlilarly, rupping in 

the Wadi Yutum area would be aaeigned to a geologist t.horoughlJ cONpeieni 

in igneous and metamorphic geology and 1n hydrothermal ore deposita. le 

indicated preno~ly, during the early years of the Survey' a llork, each 

fie ld pa~y should consist of an outside geologist and at least one 

J ordani an traine" wh <.. "lready s had univerai ty training. 

Atte tion is called to the taot that photogeologic mapping per ee 

(i . e . maps prepared in the o!!ice from the interpretation of aerial 

p ot og raphe, with n field work or even with the field checld.ng and 

re onnai esance e0111eti.mes done ae a part of photogeologic mapping) ie spe­

c1I i £_ally not rec ormtended 1n Jordan. Even under the most !aTorable 

ci rc Ul'llet ancee ( 1n areas o! eimple etructurea and little r no cover) eu 

rupe yield incomplete in!onuaUoo at aoet; i.e. they Jield good in!onaation 
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on a t ru c t u r e u t v e r y poor t n form a l on n h <' c 0r:' p o s 1 t 1 n o o k nnd 

foc1ea changes. Added to thia 1a the fact that in Jordan the rocks in 

many &reaa ar poorly expoaed; vide areal are covered by deaert pavement, 

and tb outcropa in aa.any other areae are covered or obacured by eoil, 

rock v lle, • d terracea. Photoaeoloaic .ethode ahould be uaed where 

applicable, of courae, in individual areal in conjunction with field vork; 

that ie, the geoloaiat aappina in a aiven area will uae photoara~~· in 

hie regular work and he aay occaaiona ly fi d it poaaible to .. p ... 11 or 

even large areas from the photoa. 

Many of the eupportina aervicea required by the Geoloaical Survey 

wou ld be the aame as tboae of other oraanizatione and need not be die· 

cussed. 1\lo deserve apecia l mention however: (1) the Survey vill require 

msny chemical analyaes of rocks, ainerale, and vatera, and apecial ana l­

yse• of a variety of typea. The need for tbia work probably would not 

be reat t firat, and it protably would be beat for the Government 

La oratory to continue to be reaponaible for all of it the firat year 

or eo, and for decreas·ng part• of it during the next fev yeara. AI the 

Survey's need for analyaea growa, bowev~~ . it ehould have ita own labor­

atory facilities. (2) necauee the Geological Survey would be mainly a 

mapping agency, it vill need draftsmen , at leaat one editorial clerk, 

and facilities for publiah ng mspe and reporta; for the foreaeaable 

futu it is not necessary that it have ita ovn printin& facilitiea, 

but care ahould be taken to provide the c pacity and fund• i n tbe appro­

priate agency for prompt publication of ita .ape and reporte. 
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~ cv ral project s hat ought t o he nt nck in til nenr futur 

are de1crtbed in the following page•. Although they are liated 

roughly in the order of priority, all of the• are U.portant. and the 

qualifica ion• of available per1onnel and like criteria ebould 

determine vhich project• are 1tat ted firat. In 1pite of the fact 

that the job to be done i1 lara•. the ataff will "-=ce11a lly be 

small a t firet be cauae not .any Jordanian geologi1t1 are available. 

Two to four outeide geologl1t1 and a aimilar number of Jordanian 

counterpart• would be enough to aet the work underway, and durin& the 

early yea~o of the Survey (until Jordanian seolo&iltl acquir~ enouah 

field experience to train additional recruit• the .. elvee) the total 

technical etaff probably abou1d not be laraer than 10 or 12. 
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et B .k e rna ed during th Mandat by Bl an 

&8 p o! geologic maps of P lestin J t hese m e are out at 

ando y one or two opi e of th 8 availabl in Jordan. It 

e highly de e rabl to recOT'I\pile t h e m pe 1 incorporating 1! 

le n e lnfo~ation obtained by th Philllpe PetroleWll Cac any 

1 as th res lte of recexulaieeanc that m1 ht e done in certain 

ae, and to ubli h the reeulte at a s ale o! 1:250,000 in eheetp that 

0\l d jo Q 11' 8 mapa of th western part of former Transjordan. 

The astern d eert has n ver been mapped at all and it would b 

i r ble to map thie area also at a scale of la2So,ooo. This llould be 

ly field reconnaieeance project that would mak the maxlmum poeaible 

uae of aerl 1 pho og raphe. Theee maps probably 111ould require 2- geologist 

m yea~ to com 1 te, dep nding partly on tb~ experience o! the Jordanian 

eeietan anci the v .. lability of helicopter eupport (the desert recon­

nai ssance -wou~d e speeded up trernendowtly if the amy could tu.nU.eh a 

hell co e !or ~e in the more renote areae). The ls250,000 maps wil l 

not uffice all the neodo for geologic infcmuation in these a reae, no 

mo n h ve Qu nnell' s maps ; but they will supply ge e r al informat.t n 

0 1 the trib tion and atru_ctur of t rocks th t wil 1d, 8 h 

enn ll' s ma s, d f 8 f v l e for th occ ce ot oil, 

ro · 1 er, and trer minerals. 

Geologic ma pin o.f the Jordan Valley 

oco <J loc u d- ater geologieta , he gro\ d- at., r reeourc 

·- th J Vall y r only J-5 rcen de,-elo 1n 08 l"'ft ... On 
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th other h a nd , i t ls posai 'b l e th.1 t wl hir t h e nt.'.1r futu r <' , t o man y well• 

v 11 be drilled in local areae; if thi• happens, the water-producing and 

even the va t er-bea r ina cap•city of the aquifere (vbicb are .oetly uncon­

eolidated aande and rravele) in the Jordan Valley m4Y be per.anently 

reduced. Geologic .apping of the Jordan Valley, coupled with obaervatione 

made on ex1eting vella, vould permit viae develo~nt of the Jordan Valley 

ground-wa t er eeourcea, define recharge areal that aigbt be taken advantaae 

of in v• t er epre ading, and indicate the location of clay1 and other non­

metallic minerals that mj&ht be uaed a1 conetruction and ceramic aatertala. 

Th~ area and apeciee of phreatophytee 1hould be •apped aa a part of tbia 

inveetig~tion as a firet 1tep in the ·recovery of underflow for conatruction 

uee. Probably 4-5 aeologiat man ye1r1 vould be required for tbia project. 

Geologic mapping of the A&raq area 

The Azraq area contain• one of Jordan'• largest undeveloped concen­

trated water euppliee--a eupply that could be ueed to irrigate new land 

and furnish a aource of livelihood t o hundrede, perbapa tbouaand1 of now 

unemployed f ami liea. Juet hov ~ny people could he 10 supported, or bov 

beet the suppl y could be used will not be knovn until the vater-producina 

capacity of the Azr1q area ie determined . 

The work recent y completed at Azraq by the Baker-Harza ~ompany 

ahowa that 1 rge area• contain eoila auitable for irrigation, and the 

s pr i ngs alone produce enough water to irrigate about 17 . 000 dunuma*. 

Several exploratory vella eugge at that enough around water iw available 

t o trr i ga t e an additional 10,000 dun •· Geologic .appln& and other 

* 1 dunum • 0.241 acre 
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studies that ~ould determin~ the source of th~ round water t3pped by 

these "ells have not been Wldertaken, h<n~eTer, and until they are done, 

it will not be known whether production from these wells vill reduce the 

epring now. Although available information ia au.!!icien1. on which to 

baee a modest irrigation project, geologic studies and eTentual~ more 

drilling are needed to determine Azraq' t. tull potential. As 1n other 

areae, such otudies will also aid in the location of nonmetallic mineral· 

depoeita. Probably 3-5 geologist man 7eare would be required for the 

geological studies. 

Reconnaissance investigation of nonmetallic minerals 

L1 t tle information is available on most of Jordan' e nometalllc 

1'1linerule, eTen those known to occur in abundance. Some of them -..111 be 

mapped, sampled, and ~ppraieed as a part o! other mapping projects, but 

scrne infonnation is needed eoon on the others to defi . their potential 

and to stimulate the develop1lent o! the most pranising onee. For exAmple, 

reconnaiaeance examination of the bi tuminou.e limestones in the Irbid &1"8& 1 

if supplemented by l&boratory te s, would quickly yield enough ~ .nforru.a­

tion to define several possible sites r~r · cement or lime plant. Similar 

examinations of clay 1 gle.es sand, gyps\11\ 1 building atone, and other non­

metallics might suffice to define sotU"Ces of ra'W materials uitable for 

several indwstries, and they will at least help to riefine t.he location 

of dspoei.ta th£ t deserve !u.rlher study. Probably h-5 geulogiet man yean 

vould euf ice to acquire enough infonn.ation for a prellm:4nary report on 

the nonmetalll mineral• of Jordan, and eucb a project. ia atrongq recaa­

me ed. 
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Stre8l1l gaging 

U aurtace run-ott in Jordan ia to be utiUzed tull.7 and vieeq, 

11UCh more intomation ie needed co atreaw and vadi diechar;e. 1ccorcl­

ingly, I recoanend that an outside bJdrolog1at and Jordanian coUDterpa.-. 

be aeeigned to the job ot setting up gaging atatione OD tbe peraanent 

at ream a, and to acquire Wonution alao on \he YOl\llle and peak d.i•chara• 

ot eph•eral drainage in the major vaclie. 

Reoonnai1eance geologic raapping and 

aaapl.i.ng ot pho•pbate-beaii.Dg areae 

The Belqa eeriee ccmtaine phosphate bede oYer a vide area in Jordan 

but onl.7 the deposita in the Yicinity or Ruaeita and Bl·Haea ~n been 

extenei Ye~ prospected. Becaua'l the known depoai te 1D the Ruse ita area 

are clearl7 eu1'fic1ent to suppor\ production tor JUD7 J'8&r8 1 ad becauae 

the Jordan Phosphate Minee ConapaD7 baa ebown iteelt v1ll1Dc aDd able t.o 

do the teet-pitting and sampling required in adnnoe ot lliDinc mom 
depoei ta, i"t ie not necena17 tor t.be Jordan gonmment to undertake lioN 

exploitatioo eampliDg in tba Bl Baea or Ruaeita areaa. Inuauch a• tbe 

Ruaei!a deposita are alreaCS, being 1l1ned and marketed at a protit,· aore 

exploitation of an7 kind ie not urgent. He.artheleea, diacOYer.y ot a 

minable deposit closer to Aqaba would j{eld eaae 8arlni• ill freight coati 

that might enable Jordan pboepbate to campete lllOre eucoeest\lll7 in tar 

distant raarkete, such ae JapanJ aoreOYer, better knovled€e or the diatri­

buticm and extent ot Jordcm 1 1 phosphate resources would pel.'Bit viaer aDd 

11ore profitable dnelopnent 1D tbe long 1'Wl than would be poaeible other­

viae J ad better knowledl• ot t.he •t.rat1craph7 ancl taoiea Nla\iCDa ot 
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the Belqa ser 1~• vould assist in the search for oil in Jordan. For the1e 

reaaona, I recommend further inveltiaatioa of the Belqa aerioa and ita 

pboaphate rock•, particularly in the area between Za~qa an Ma'an, alona 

the follovina linea: 

1. Teat pittina, tren~hina, or drillina at intervale of ·s-15 kilo• 

aetera (probably 100-150 loealitiea). The purpoae of thia • ..,tina ie 

not to appraiae epeeiflc depoeita••any proaiaina one• diecovered caa be 

further explo~ed by private enterpriee--but rather to di1cloa• areal • 

that contain or could contain •lnable depoaita. Attention 1bould focue 

not .erely on the phoepbate bed1 th ... elve~ but alao on the rocka with 

vhich they are aeaoclated; all of tbe rocka of the lelqa ahould be 

.eaaured and carefully deecribed, and all of the beda in the phoephorlta• 

.. rl unite ehould be ea.pled. Tbia will pamlt analyaia of facial nla• 

tione that will provide cluea to the location of the belt depo1it1. The 

.eana by vhich the aa.plea are to ,. obtaiDed, and the ara.tl apaclaa 

1/ 
of eaaplina location• abould be cletemiMcl experfaental?~r • 

!/Saaplee are nov obtained by ainkiq deep teat pf.ta by bancl . 

Althouah thia technique ytelda tbe beat expoaurea for atratlaraphle 

atudiea, it work• beet where the pita need not be .ora tbaa 15 or ZO 

.. tera in depth. Air drilla are now u .. d aucceaefully for botb 

1.-pllna aDd atratisrapbie purpo••• (particilarly where aood kao-led .. 

of the rock aeee.blaae bae heea aataed froa other expoaurea) ln 

a~ilar areae, and .. , .. 11 pro.• to '- tba cheapaat aDd ... t efflcleat 

•ana of •811Pliaa in Jordaa aa wll. 
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2. Ideally the aampling and stratigraphic work should be _preceded 

by qua~rangle geologic .applna on a eeale of, eay, 1:50,000, to dellae•t• 

the sreaa underlain by favorable borl&ona, to facilitate tbe aelectloa 

of •itea for aa.plina, and to aid in the lnterpret•tioa of the relatloa 

of areal variation• la facial to atructaral featarea, particularly thole 

that .ay have for.ed durina or prior to the depo1itlon of tbe pho•pbortte 

~nd that therefore .. Y have iaflueneed ita dlatributloa. Thla .. pplaa le 

reco.mended aleo for ita aeneral value lb the aearch for water aad otber 

ainerala (aee next project) , ~t ..... probable, bovever, that the 

pho1phate work 1hould be beaun before tbia .. ppias could he co.pleted, 

and I believe that field reconaaiaaaace .. ppiDI would be adequate to 

guide the 1-.plins and atratlaraphic atudlea outlined, at leaat dartaa 

ita initial ataaea. 

Althouah the t~ required for thla work 11 difficult to eat~t• 

it probably would take a two•aeoloalat te .. , aaalated part of t•• t~ 
by laborer• and aa.plera, a.._t atx ,.arl to co.plete. 
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Geologic mapping o f th P. Q:l trana-El 11 n ·;;t- . t."l ' nn area 

The Qatrana-El Raea-Ha'ao area not only cootaiDI pboapHate depoelta, 

but alao important auppliee of aroad water. It 1iee oa tbe weetena 

frtnae of the eaatena deaert, ucl 1101t of it Tec•i••• leaa tha 200-

of rain a year. tbie npporte a fn pe!'Milnt •priaae, wlla, ud 

kahrezea at Ma'an, 11 Baea, Qatraaa, aad at a few other localitlea wat~ 

haa been fouud ia bedrock aa well a• allwlal af~Ufera. u laclicate• 

earlier, v. caaaot hope to sr .. tly l.creaae the ••able, repleaiehable 

eupply of water in the eaatena cleaert, aacl bedrock aquifere -•t be 

de•elopecl caatiou1ly until the aource aacl eateat of their rechar .. ia 

determined. lut the v.ll• already located aad the pbreatophytea ~­

log la vacll bottom. are ladlcatloae that .ore water caa be foua•, 

e•pecially iu the veaten part. Ia fact, the clnelo,..at of p-oa:a4 

water eouplecl vith water epreadlaa aad the replac ... at of aaeleaa 

phreatopbytee with uaefal oaea ~&bt aapport thoaaaacla of aclclttioaal 

faaillea la thi1 area. qata, jaet bow ...., coalcl be IUI'Pft:t .. , en: how 

the water could be a1ecl .oat efflcleatlJ caa aot be dete~a .... ttl 

the aeolo&Y of the area ie better bon. 'rberefore, tae flrat atep f.a 

the further dnelop.eat of thia area 11 seo loatc -ppiq. ftf.e wt 11 

aot oaly aid in the d"elop.eat of ~oua4 water ta the area bDt it will 

yield lafor.atloa helpful la the locatloa of other aoa.etalllc ~Derala~ 

iaclucllaa oil. Iaa..acb aa ..ch of thla area 11 cloee to the rallroa4 

ad the eouthen part of tt la cloae to Aqaba, uable aturala co.a14 k 

lOtta to their aarkete 801"e claeaplJ tlaaa ft"oa •at othU pRtl Of 

Jorcla. The aeoloatc •t.li•• ae ...... , take ...... Jea&"a to ca.plete 
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but good progreRa could be made at the r~t of two geologist man years 

of work par year. 

Geologic -.p~4na ia the Wadi !u~·Vadi Araba a~ea 

~ pre.iouely .entiODed, the araoitic-.. t..orphic terraae iD the 

eouthveetera part of Jord&D could coatata Yeia and replac..eat depoeite 

of rare-eartha, tuugetea, flaorepar, and feldepar, aad they coataia 

granite aod other baildiaa etooee that .tlbt be eaitable . for -.port. 

In addition, W di Araba ad 101M of the tributary vadia probably coa-

tain eigaific&Dt auppliea of around water aa aoderflow in alla.taa. 

Aqaba ie Jordan'• oaly eeaport, and ia d .. elopiaa the •ola.e of JordaD'a 

export aerioua attention aboald be at•en to a) the de•elo,..at of cloaely 

adjacent raw materia • <•·I· fine buildtaa atone) eaitable for export; 

and b) the location of aaoufactarlaa iodaetriea at .Aqaba. Por ...-pte, 

if aulfur ia iaported for the .aoufacture of triple eaper phoepbate or 

potaeeium sulfate for export it would be loatcal that the plaata be at 

Aqaba. Dnelopaente euch ae theae will require both vat~r _. baildiq 

.ateriala. Por tbeae ... eral reaaoae, aeoloaic .. ppiaa aDd related 

atudiee ought to be etarted aOOD. lecaue the area 1 .. lara• ad the 

country eztreael7 raged, thie Job will require ••1 1••• for c-.let• 

ion, but 1 t ehoalcl be attack .. at the rate of at leaat 2 poloatet -

7eara per year. 

StudJ of reaioaal fact•• relatioaehipe of poat•Paleo&olc rock• 

Aa pr .. touelJ .. atioaecl, tbe fall etaff of the Ceoloatc~l ._.., 

ahould lac lue at leaet •• atrattp-aphic paleoatoloatet, who .. 1• 
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identify fossils and make nge d tcrmtn~t t ns f or other fi~ ld parties 

as need~d. Very likely this work would not require more than half hla 

tlme and inasmuch •• there ie eoneiderable need for iofor.atioo oo 

regioaal changes io the thickneaa aad ca.poaitioo of the poat-Paleo&oie 

roeka in Jordan, it vould be ad•ienble to beaia a proar .. of ••••uriaa 

eectlona, eollatlaa the reaalte oa lithofaciee .ape, and aaalyziaa their 

aigoificaace. Tbie lafor.atioa woald be of tT ... adoae •alae ia the 

aeareh for oil, and for other ~aerala, tacludtna phoaphate aad water, 

•• well. Se•eral year• voald be reqat~ed fo1 the co.pletloa of thia 

vork, but SOOd pro,reaa could be .. de OD it by ODe o•taide aeolo111t 

and hia Jordaalu eouaterpart workiaa half tlae ua the probl•. 

Publication of reporta already ca.pleted aad of data already collected 

A lara• nu.ber of reporta h .. • already been c~leted oa ••rlo.a 

aapecte--.oatly local probl .. , coaceraed with water aappllea--of the 

aeolo17 of Jordan. Many of thea• are aultab1e for pab11cattoa, or 

could be .. de 10 with allpt rwtaioa, aad th., •aht to be publlahe~ 

ao that the iafor.atioa they coetata will be .ore widely .. al1able aad 

uaable. It ~&ht be arped that a report oa the aroaacl water poaalbiltt• 

lea lD the YiCiDlty of a ... 11 Yilla&et foT ex..,le, hal DO 1eaeral Iii• 

n1ficaoce and hence doeao't aeed to be pab1lahed. ODe caa .... r pre• 

diet, boveYer, whee and ta wbat way ao.e of the obaenatioaa reported 

ia a ... 11 area or oa a aarrow probt .. ~11 be •tlltzed la a wholly ua­

foraeea vay by a later worker, dealiDI perhapa with a co.pletelJ dtff· 

ereat probl•. It la the acc ... lattOD ad apread of •-=h data bJ pab­

llcatloa that aouTiahea free eaterprlae t• the ataerala l•thaaby, n• 

153 



the Jordan Government can perform i t s grcntcs t s ervice over the long 

run by disseminating such information . Accordingly. I etrongly urs• 

that the geologiete aaaigned to tbe Geological Sur.ey •pend part of 

their time revievina earlle~ report• and prepartaa th .. fDr publicatloa. 

It would alao be hiahly deairable to co.plle iD report f~ .. DJ 

of the ecattered data already la the file• of •arloue aaeaciee oa euch 

thlna• •• the quality of water, well &Dd apriaa flow, etc. Th••• data 

in their preaeat f r3m are of little Yalue nea to tha GoYen.eat; .c .. 

piled and publiehed they would ••rw• .any parpoaea be~d t~oae for 

Which they vera collected. 

ror.atloa of a library 

At the prelent ti .. , pr .. lou• publicatiODI OD the aeolOIJ of 

Jor dan are DOt houeed iD aay library where they are readily available, 

and it i• anlikely that all of tb• are nea preeeat la Jordaa. ID 

addition, aeolo£ieta vorklaa ta Jordaa aeed ace••• to lafor.atloa oa 

the aeoloiJ of other countriea of the Middle laat aad adjaceat areaa 

la order to underetaad aad leara of reatoaal aeoloalc treacle th•t bear 

oa Jordaa'• probl.... ADd they alao aeed ace••• to other literature 

that deale with ecieatiflc prlaclplea, reaardl••• of where th•J .. r• 

fir•t obaerved. ror theae reaaoaa, a aood library la the aeaeral field 

of earth acleacea ahould be eatabliahecl la Jol'daa. beataally it .tpt 

have 25,000 - 50,000 •ol..ea, but ita early aoal coa14 be .acb leaa. 

• coat to Jordan of acqalrlaa thla llbcar.y pr~bably would aot be 

larae, for I balieYe other couatriea voat• cooperate la furaiablaa 

p&-erioua publicatt.oa•. If Joria beat•• a ,.ltlicatloa •arlee of 1aer 



own Geological Survey, she can get publications of other G~ological 

Surveys and scientific eocietiee all over the world by agreeing to ax­

cbaDae her publicatioDa •• they are iaaue4 vitb tbeira. Tbie 11 a .. 11 

eatabliahed procedure, ... there are •t preaeat ... aral baadr•• 

oraaaiaatiODI throalbout the ~1• that faactioa OD thll ba1i1. 
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Bureau of Mineral Industries 

The function• of the Bureau of Mineral Induatriea would be to 

reviev and take action on application• for ~neral and o~l laaaaa; an­

force conservation, bealtb and aafaty raaulatlona; prepare a4¥1ee aa 

needed on ravialon of the alnlna lava; collaborate with other &ovara.ent 

aseneiea in decidina on the uaa to be _.de of public laoda that contaia 

alneral depoaita bu· are auitable for other u•••: iavaatiaa a or keep 

abreaat of •1nin; practieaa aDd aqui,..nt eo aa to~ able to adviaa · 

... 11 companiea or individual• on aueb .attera; aDd lnveattaata u••• 

that can be .. dG Of Jordaa'a •lnerall U Wll aa pOIIi.la UI'Utl for 

•ineral producta. Beeauae ita objactl~•• are eto .. ly tied to iadaatrlal 

develop.ent it la loaleal that the Bureau of Miaeral· Ieduatrlea he ta 

the Mlniatry of Ratloaal lcoaoay, where tha Sectloa of lliMa la ncN 

located. 

Aa vitb the Geoloalcal Sur.ay, tba lu~au of lllaeral Iaduatrlea 

need not be lara•. aapaeially ia tha fora .. eabla future, aor ita 

oraanl&atloa complaz. Ita .... Dtial -..berl ahould be • aeoloateal 

enaineer to take action on 1•••• applicattona aDd inYeeti .. ta laad 

claaaificatioa and related probl ... ; a •1nlaa eactnaar to aapar.t•• 

aintna on tba public land, eaforce healtb and eafety resulatioaa in 

operatln& aina• aad quarrtea, and aive advice to operator• to belp 

develop aafa and efficieat .tataa practtcea; aDd a cb .. tcal or .taeral 

product• anatneer, e.,arienced ia the c~rcial •••• tbat caa be ucle 

of alnaral1, to iaweattaat• the propertlea, ..... aad poaat•l• .. rtet• 

for Jordan'• knowa •iaeral .. polite, a .. in tbta way to 1t~late ~· 
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gTovth of new mineral industries in Jordan. tf petroleum is found in 

Jord~, the ataff should also include a petroleum engineer to aup@r­

~1•• regulation• aoveruina tbe estractloa of oil. The Bur••• ehould 

he~• a eollcitor to aclvtee oa lepl aattera 1 althnp tt pTObablJ clo.a 

not aee4 one •• a fullti .. ~bar of ita 1taff. 

Reyleioa of the ~aiaa leva ta •••••• to ati.ulate ~eat~ actiYltJ 

!a the aiaeral iacluatr,. parttc•larlJ ia proapecti•l• !hie at., baa 

been rec~enclecl b7 ner, oae who 1au atadlecl Jftclaa • • ldaeral rea .. ee 

altuatioo, ud it ... t be takn if Jftdaa ta to ealiat the aid of 

prlYate proapectora la the aearch for ~aeral depoalta. The CoYe1 •at 

could provide additioaal att.ulua for proapecttaa bJ offerlaa abort 

couraea ia acboola or ia adalt eclucatiOD cl•••••· A poaatbl• fr.ttf•l 

aad fairlJ at.ple wa1 to create tatereat ta lookt .. for ldaerala ..... 

be for a Maber of the Iareau of JU.ural !Ddutttea en: the Geolopeal 

Survey to at.•• talka, poaalblJ .ODtlalJ, , ............. -· penapa 

occaai nall7 other placea, to at•• taf--.ttoa oa the ap~•ac• ad 

propertiea of lliaerala of c~rctal tatweat. If ncla talka ~• wll 

illuatratecl with apeci•a• ... plctvea, th., alpt atttact eoaatcler­

able iatereat aacl apuk the iMataattOD aacl -1 of at luat • fw 

people who ro .. the hllla. 

A ch-.lcal or aiaeral proclw.ta •~P•••r la aeeclecl to att.alate 

the II"OWth of an iDcluatrie.J ta Jofta. Be ahoald kaov the •••• for 

-.arioua r• utertala, putieululJ .-ca111ca ltke claJ. ·•••• _. 

ltaeatou, _. 1»e able to ••tenS.•• tlaa ftita'-llttJ of ••tou .. cenale 

for t .. utrtal .-.o•••. lep..t .. wt.tla lllfomatl• alr..., oa 1la4 
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and augmented by the geologic -wo rk to b d ne concurr nt1y, he would 

attempt to find anowcra to questions such as: what ki~ds of product• 

can be made and marketed froa the clays in Jordan, the hiah 1ilica 

eandc, the li .. atoue•? Uhat proc••• 11 be1t 1uited to the .anufaet.r• 

of lt.a or cement froa the bltu.iaoa1 llae1toaeT 11 there a .arket 

for 17PIU. producta that could be .. de lD Jordan? Would the local 

and foreiBD .arket juatify the aaaufactare of phoepbate ferttliaere 

and eheaicala la Jordan? M ... r• to queet!ou 1uch u theee ataht do 

.uch to aid the dewelopaeat of Jordaa'• alaeral iadaatry. 

I reea.aecd that the preant Secttoa of IU.aee ia the IUalatry of 

Rational EcoDOIIY be expaaded to a laren of IUaeral laduetrie1 •• aooa 

as po1elble, and that ita etaff be iacreaaed to ieclude aa o.taide 

aiDiDI eaaiaeer, esperieaced iD lliaeral leaaiDit alaiq law, aad alU 

aafety and to include aleo aa outetde ch .. ical or -'neral product• 

eoaiaeer &Del Jord&lliu COUDterput; both oateide 8DiiDeere ahould be 

on two year aaalpaent1. Plau for fut•er ezpaa1toa of the lareaa 

abould be poatpoaed uatil reca..eadatloaa are recelwed froa ita owa 

1taff; ••rr likely ,rowt• of t•e alae leaalaa ph••• of the work will 

be elov, bat the aiaeral prCM1110ta tneat!pt1ou UJ .. 11 Mar early 

ap~1toa. 
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Conclualon 

The foreaotna analyala of Jordan'• •lneral reaouree potential ahowa 

that ahe caa araatly lacreaae ber conau.ptlon of rev .. terlala aDd eneray 

ln the ,.ara to eo.e by a coablnatloa of do..attc productloa aDd trade. 

A wide variety of actl•lttea aDd cbaea•• are aeceaaary before the aeneral 

level of llvtna can be raiaed alantftcaetly, aDd ao.e of th .. caaaot taka 

place for .. ay yeara. Por esa.ple, Jordaa caa evaatually ••••lop a atrODI 

and proaparoua cbe•lcal laduatry-•ae laduatrJ that woald aot oaly aupplJ 

~ortaat producta for internal uae but that would be ona of ttl .. ta 

baaea for trada••but before thia caa bappaa a akllled labor force .uet 

be trataecl, aourcea of pwer ••t 1»e .. .-loped, urkete ••t 1te •~•loped, 

and eo oa. 

rortuaately two of tbe eeeeatlal prere .. laitea for ecoao.lc de•elop• 

M nt are onea that eaa be preaMd durtna earl7 atapa, for they lnol.e 

a relati•ely -11 maher of people. !baM are l) collectloa of Nate 

data oa tba diatributloa, extent, a .. ,aallty of Jordan'• alnaral reeourcee, 

and 2) inveettaattoa of aaee and .. rkete (leteraal aa .. 11 ae e.ceraal) 

for the alnerala vitb vhtcb Jordaa la .. 11 endowed. To aD '-fortaat exteat, 

botb of tbe•• acti•itiee are appropriate fuactioaa of aove~nt, aDd it 

would be adviaable for tbe toY•ra..at of JordaD to eetablteb two per.aaeat 

aaaactaa, ...ely a Ceoloatcal Sur.a1 and loreaa of Rlaaral IDdaatrtee, , to 

collect aad publllh data la tb••• flelda. 
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Table 5···Ind1e~n cf 1n~~. product1cn, co~nu·~ ion, ~~d cducntion 1n oclccted O)Untries 1n 195'-

{ D.o.:lcl on dllt& rc;e2rted 1.n the United llntiorw stnt1ot1cal Yee.rboo.k tor 12~~ 

Ill c?d'5 ].oz:Le!!tr .C!d J?Cml.\].!tiO!l den.sit:r Production ~run.rmption -
Per upita l:l:zzployment Popul.at'!OD Popul.At101l Iron ore Jnergr Food Steel ~el"87 ~nt 1Cdueat1011 
illc:cme 1n egricultuft 4eu1tJ den.ll1t7 pek' (ks or re per ( equ1 v. tcna (et\.lorles (qper ( equiY. tons (kg per budget 
( d.oll..an per (peree!t' ot (people rr eq. aU.e of ~0. CA)71ta per eoe.l per cap! ta per ea})1ta capit.& coo.l per c:~t3 capita per (dollAn per 
par) l..cbor toree) •s· aile IIZ14 tore st. le.n4. zcar) i$1" yenr) per do,r) per -r-a:r) l)er year} ;rear) en.Ri t4 ~r ;t!&r) 

Un1t.ed ~" 1,963 12.1 '' 60 3Z1 1·9 3,100 620 8.2 35.2 30.67 

~ 1,335 19.0 .. 8 555 5.2 2,885 322 7.G 27-5 

8ve4eD 1,1.3, 20.3 .. 3 68 1, .. 38 1.8 3,030 102 ~.l 22.0!1 28.27 

r.~v Zea.l..rsn4 1,109 18.3 20 26 neg 1.9 3,n# ~ 2.8 w.# 25 ... 7 

Vene:r.ula 51.0 .. 1.3 16 17 933 26.5 2,J 109 2.0 2.8 8 ... 3 

J:1re ~ )9.6 107 1~ nes .14 3,4&:}:1 53 1.4 u.o u.66 
tebanOD 28P}1 356 neg ·09 118 0.5 3.65 

Japen 229 lta.2 636 7'n l.O .02 2,220 82 1.0 5.1 

'1\akq 2rf/ eo 90 23 .:rr 2,670 19 0.3 o • .,Y 6.30 

Ool..CDb1& 175 29 33 neg ·79 2,-nr)l 27 o., 1.7 1.12 

Jord.BD 132 36 306 neg neg 19 0.1 0.70 

Cqloa 126 52·9 339 390 neg ·009 1,~ 6 0.1 1.0 3.50 

!Q'pt 1o6 51.0 59 2,~ 1108 .13 2 .• 450 1~ 0.2 0.9 3. 26 , 
~.;~ 2,34if) 2.J/ BrazU 96 18 26 .14 25 0.4 

Pt\ldstaA 6?' 76·7 229 650 neg .014 2,030 ~ 0.1 ~ 

~a 59 7().6 300 506 7 .ll 1,850 7 0.1 0 .2 

1- - -- ...... _._ 
}/1954 

E/1953 

J/19'}1 

Yl.S49 
~1952 



and C\.ll 

nuteret:¥ 
(perceut or 

• 10 
~t) 

3 

3 -- .... 
3 ~ 13 ~ 

3 3fil 1# # 
n 7 3 2 

C&3 ZT!J 1 .. 
- ... 3 

..... PHI ,.;1 6 

65 6 1 2 

..... # ,;1 2 

25 4 0.2 

~ 
y ..... 

7 2l. 3 

• 12 G 2 

..... 14 

82 lr-1 2 


	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	153
	154
	155
	156
	157
	158
	159
	160
	161
	162
	163
	164
	165
	166
	167
	168
	169
	170
	171
	172
	173

