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Uranium Exploration Expenditures
(Ref: Draft RedBook 2005)
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The Red Book

= [he Red Bookisiatdocumentipublisied
by ther Europeanssunionsancdsiie

Uranium 2007:

International S AteMICRENEIGYANAGENCY '/ Resources, Production
every: tWo yearsyanc Nt gIVESItHE '/ @ Demand |
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However,  scientific- S Sliteratures o
Uranium) Geology  doessnothcoincioes
completelys withEthersiniormation
presented in therRed Booksespecially
in'the:Viidale’East!
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VIAEA orc

L,V International Atomic

Uranium
Production Cycle

Muclear Fuel
Engingering

echnical Meeting on "Uranium Exploration and Mining Methods", 17 - 11 November 2008,
Amman, Jordan

Presentations

Introductory Session:

—p = Introduction to the Technical Meeting by Jan Slezalk, IAEA scientific secretary
= Jordan welcome address - a background situation speech on nuclear issues by HE khaled Toukan,
JAEC

Uranium production:
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Some global examples from the Red Book

Countries with;major Identified uranium resources and countries with major nuclear power

Known ldentified ReSoUrces: m
Undiscovered ConventionallResolrcesN prognosticatet HSPECUEUVE)E 1.97 spillion iogs U
Undiscovered SpeculativeNcostirangeimassigned)s oshmllientonsil
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Uranium Production e .
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USA Other
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1Ihe International Atemic Energy AGency assigns tne uranium deposits
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Potential occurrences of Uranium in the Middle East
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These books have covered global uranium supply, but little to no information on
the Middle East!

Several exploration models are available but not applied or tested in the Middle East.

1-Models of'origin and guides;for explorationiinclude Pena Blanca, Mexico, and Ben Lomond; Australia,
mineral districts.

2- Models' oftoriginfandiguidesiiorexpliorationincluderyeelirrne; WesternpAustralia and Langer Heinrich
in Namibia (e-g. S3fandiS4rare adjacentiandirelated):

3-Model for the sabkhah (playa) calcrete mineralization is the Lake Way U deposit in Western Australia.




Regional geology, southern Kazakhstan
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F. M. Howari, May 2009




Mineralised sequence and underlying hydrocarbon basins
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Sandstone uranium systems
Kazakhstan'model (below):

Large basin rimmed by U-rich felsic rocks

Highly permeable sandstones

\ery low concentration of organic and inorganic reductant

HC as the main reductant: localised and effective reduction

Diagrammatic - not to scale

Oxidised waters
dissclved U

Roll front
bodies CH4& H2S  Tabular
L N bodies

Playa Lake S

U-rich
source ——— 5
rocks ye——

Two fluids model

Aden M., Geosciences Australia 07-1553-4



Uranium in the Middle East

= Geologically speaknartiieniViiddiesEast could have several
distinct; typespoisuramumpdeposits; these could include
unconformtyselatedmsandstoner hosted, paleoplacer;
phosphate calcreterandipegmatite’

However, by far thelmosStmportantitype ol economic
uranium depositinitheliddiesEastisyet to be determined.




Uranium in the Middle East

= The MiddiesEast couldReERConSItEredRtomhousersome 20! billion| tons: of:
phosphaterresourceswWnchatsZ0y/pP2055asrantaverage; would contain 4
billion tonsF PZO5s N ostRorsthesliddiesEastiphosphates: contain’ uranium to
some extent:Theruramimpoeccurspmainlysastarieplacement; element in the

structure of fluerapatitelandMiancolitephosphateiminerals;

Resources of phosphateloiiateiCretaceous i Maes “ - gz Grade pnosphorte

deposits

andl Paleocene’ ageinsthesVicoies=ast;
definedl as Iraq; Iran; JordanSaudisAralbias
and'Syria have been estimated ataboutii o
billion tons; containingjabout's:4uillionitons
of P205;




Uranium in the Middle East, Phosphate

=" Jihe concentrationfoRuramumVanessrom country to; country
and depositito depoSIECISCOPING PUKPOSES, taking an
average UlcontentoibUZ0Rppm; theiViddlie East
phoesphateresourcesswouidicontainidsZ million tons of
uranium:

" Uranium' extractionrequiressiieiconversion of phosphate to
phoesphoric aciditoliowediyisolventextraction. Thus;
recovery offuramumiromiphosphatesys essentially
dependent on instalied phosphoricacid production capacity
and what fractionfor- thaticapacityIs subjectito extraction of
uranium.




Uranium in the Middle East, Pan African granite
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= ife uranium mmerallzatlons zira nosisel in these gramtes withiniseme
faveranle strucitres astiallisrananiacitres;

The presence of intra-cratonic basins within many basement rocks
exposures are another favorable environment. Often these basins are
filled with late Proterozoic molasses type sediments as Hammamat series
in Egypt and can form important uranium fraps according to their
geochemical'andgeologicarenaracteristics.




Selected examples

Jordan

*1980- aerial radiometric survey of
the entire country

*1982, 1989, 1997: phosphate
evaluation, were close to extraction
plant construction

*1700 trenches
*15000 car-borne and foot gamma
measuring points

*11000 emanometry and track-etch
radon gas points

*Hundreds of boreholes

‘Thousands of samples were
collected and analyzed

Central Jordan




New Jordanian DISCoVeries

NRA Estimated Uranium Ore (U308) Deposit

Total Estimated

Estimated i
Central Jordan Average Total Average Average " Uranium Ore
Uranium conc. Conc. Ore Thick. R (O (U;04) (tones)

U,0p) | t
Areas ppm ppm meter (Us f(i,zonr;\gn ory

Attarat and W.
Maghar

Khan Azzabib

Total

Ned Xoubi, JERI 2008 . M. Howari, May 2009
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Tassili; lahaggart; EglabyOugartasamantaiimouzeline;
Timgaouine;yAbankorsE =B EmapA ORI amSADANKONIINES;
fiesnou; Pharusian

Afz existinisouthernHogganorterAZNbEIongsitorUpper
Proterozoicuncontormyisaasalicongiomerates

AZ: existinicontinentalNsandstoneERanciounNnNassili
southrofithelHog g GENErAIIGEDIOYICAIACHArACIE A INIE
Seririnehasiny iassiliansedimentaryAcoVERahOVENHE
Proterozoicunconiormity AT ) RSPECICHOCAIIH/IEPDSIL
names: lahaggartiadepositySOUtHENNESSIIAaISONEGIah)
Ougarta Tamart=N=blis; Iimouzeline}

A3; it canibefoundin veinrand granticishearzonesDeposit
locatediinisouthwesterntHoggarswestermkoggarGeneral
geological character: veinsiinfaultsinigranitehatholithss
specificlocality/depositinamesslimgacuinesAbankor; El:
Bema; Ait-Oklan; occurrencesiat Abanker linef and iesnou:

Adzfoundinswestermib oggarthesspecificiocality/deposit
names siEharusignichain




SAUDIA

SAUDIA: Ar Rawdah, Al Hanakiyah; Hulayfah, Jabal Asfar
Shwelil; Tabuks adiDumathahsurayi:

S, existiin® volcanicitypensnorthicentralisand consist of
PrecambriantfelsicivolcanicspcalderaspUmmpisht
formation| of therShammarRgrou|p;

S2 deposit type: sandstonennmiabukibasinyblackishales
have high U} andiadjacent sanustonesiareiprospective
targets. Specific locality/depositinamesslocations: flabuk
basin| (28 30'N; 36 207E);

S3 deposit type: calcrete; HulayiahShelongicarbonate
evaporite facieshave betweenri0andiss0ppmil;

S4; deposit type: sabka; generaligeographicregion: Sabkhah ad Dumathah;
general geological character-lakeheds;specificilocality/deposit names:ilocations:
Sabkhah ad Dumathah(23135:N;40125°E)

S9; deposititypes phosphategeneraligeographiciregion=generaligeological
character:*PhosphateedsyntheNurayihasinicontain U.




Potential occurrences of Uranium in the Middle East e.g Egypt and Saudi

Arabia
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ndathatictls Authiby, Eoypt, Protassor
Erresfiius Inc dhe Machoor Waserkal
Aginorty.  Prow Professar of
mochionsogy and Geocharmisy
j' in Focuty of Lot Sciencss, King
AbcilAzz Univerciny [KAAL] Jeddah,
S Prmdms Heod of the Besecrch Soctor of fhe N,
Duties Imwctvzd,  He ls o memoer of the Egvplian
Geclogloal Soclety dnes 1957, member of the boord
far sevanl fmes. Memizar of fhe Ab Sockshy o
Bluciear Sclences and Apploations sice 1971, founder
and memoer of the boord severd imes. Merrioor of
the: Egoflon Mnemloglcol Society snce 1968 now
vice-presdent. Memioer of the Bovofion Synddcote of
Scientfic Pofessions since 1957, now Secrsiory Cereml
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Mouty, M

Dispartmeant of Geology ard
Mucleoy Ches, Slomic Ersgy
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Dormeascie, Sy

a responstme for the mineral emorcmon ‘or lare

g Hongren waos transfemed ogain fo the newly
reconsiructed  Minstry of Geolegy and  Minemal
Resources ond wos oppointed  director of the
Deparfment of Hydo-Geology
‘Zeology of the Minisity. In 1984, he wos appointsd the
chief geologist of the minssty ond in 1988, the Vice-
Manister until June of 1998, After the 2%t Intemational
Geological Congress in Kyoto, fhang Hongren was
concurrently the Secrefary General of the 30th 1IGC in
Begng and after the Congress, he was appoinfed to the
editor of Episodes until now.

authored and pubdshed ower 80 scienfific papers. He
co-authored  Sedimentary Baosine and Petroleum
Geology of the Middle Sost (19%97) with A.E. Moim and
Hydregoslogy of an And Region: Arcbion Gulf and

Adjocent Areas (2001) with Z Rizk, AE. Naoim, 0. Bokhit
and 5. Al-Hajan. He co-edited @auotemary Deseris and

o
=ct of the assessment of the Baiyuncoboc Deposit,
s rare earth reserve, the largest in the werld. In 1982,

and Enginesring

Prof. Alsharhan, A.S.

Professor of Geology and Previous
Deaon of the Foculty of Science ot
fhe United Arcb Ernircfes
Universty, ond . He holds a PhD.
degree in pehcieun  geclogy
frorn  the University of South
Carcling @ 1986, He haos

Prof. Goodell,
Deparfrent of Ge
University of Texos of
Goodell graduate
in the early 1970
and  rhinerclogy
and continuing

metal and sulfos
o economic gec

how they
bailing in epnhem systems & an ide
tested. Sulfosalts also sernve oz an en
resecrch.

Urgnium resources in voicanic ond vo
hos alse been on exended researc
Goodell, including the organization o
and nternctional (1984) mestngs on
Paso. His sxperfise has token him 1
Argenting {1995}, and as an invited
fopic ot the Intemnational Geclogicd C
[1994). This ovenue of ressarch has e
emecnmental isswes of nuciear wast
sites are under shudy which senve as on
ond low-level nuclear waste performc
shuches.
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Prof. Alizadeh, B

Appointed as

Chancellcr of

1o

Geclogy Depotment, Dean
Focuty of Cceonogrophy. Vice
Chancellor for Education and Vice

Cevelopmment of Shahid Charmman
University, Achieved owords such
as Active Ressarch Fellow Award
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Precipitation of;
secondary U-minerals
along walls of jeints
and fractures

After Hashad, NMA
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D]]]]] Senonian Phosphoribes

Paleagene Fhisphortes B

o S0

Distribution ofiuraniumin phosphontelyHission
tracksimethod

A- Hard phosphorite: different phosphatic elementsiwithicoated grainihone)
in'natural light.
B- Same sample infA- fission track study:
- Matrix free ofUranium.
- Uranium is;alwaysirelatedito' phesphatic grain:
- The coated grain; uraniumiinithe nucleussis lessithantinithe cortex:
C- Uncoated phosphatic grainzpigmented at the cortexibyorganicimatter
naturalilight-Moroccoiphosphorite
D- The same sample injCfission trackistudys Thepigmented cortexiis more
richerinfuranium (363 ppm)thanenipigmentedintemaliparioithegrainy(2;
82 ppm). - - o

After Othman |, (Syria‘s Atomic Energy Commission ) 2006,

Purification o
‘phosphoric acid

i Syria
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= ConclusionhErexreNotsioipotentialsifor;
developmentioialramumikesourceexploration
programspnstheideesEasts

" HundredsioifAnomaliesiandipoiential haveldentified
across thelVliddiesEastmEXamplesswere: givenifrom
Jordan; Saudiay EgypuEiyarandiSyria, andiAlgeria.

" RecommendationzUtiizationfoiipetroleumidrili*data
foroillexploratoniGammeraysiiogs?)
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F. M. Howari, May 2009




