Ercteleptan — VIII.

Az Uledékes kornyezetben el6forduld urantelepek eredete

< 130 US$/kg U) globalis
leloszldsa: 5.47 Mt (forras:
IOECD NEA & IAEA,

Uranium 2007: Resources, m . :
Production and Demand, ) N
Red Book 2007).

ICameco.com
. 1%
Unltad Slalon

g |
m/ =y

Az ismert urantartalékok m m /

Babes-Bolyai Tudomanyegyetem,

Geoldégia Szak, 3. év, 2011-2012

Az uran mint energiaforras

* Olcsoébb kutatasi koltségek mint a szénhidrogének esetén:
- 3.4 US$/MJ uran esetén
- 1050 US$/MJ az olaj esetén.

+ Kevesebb liveghazhatast erésit6 gaz.

» Atartalékok globalis eloszlasa egyenletesebb, kisebb politikai kockazat az
ellatasban.

» Ateljes energia termelés araban az uran csak 6-9%-kal vesz részt, elenyész6
befolyasa van az energia aranak befolyasolasaban.

Az elmult 25 év uran
arvaltozasanak - M Ux U308 Price
diagramja

® UxC
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Az uran és a torium bomlasi sora
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A legfontosabb uran ércasvanyok

Uraninit Uo, ., ,

Urdnszurokérc | = finom szemcsés, az uraninit colloform
(Pitchblende)  megjelenése

Koffinit usio,

Brannerit (U,Ca,Ce)(Ti,Fe),04

Karnotit K,(UO,),(VO,),-3H,0

Tyujamunit Ca(U0,),(V,04)-8H,0

Uranofan

Ca(U0,),(Si0;0H),-5H,0

Koffinit
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Az uran dusulasat meghataroz6 geokémiai tényezék

Water
U3+, U4+ (low solubility), Us+, U6+ (high solubility)

Igneous rocks
Incompatible element in crustal processes
concentrated in the upper continental crust ~ 2.7 ppm (granite, pegmatite

Eﬁriched in peralkaline magma (10-50 ppm) over peraluminous (5-30 ppm)
and calc-alkaline (3-4 ppm) magmas.

U4t concentrated in zircons, titanites, allanites and uraninites
In igneous rock: U associated with Th, Zr, Ti, Nb, Ta, and REE

Sedimentary rocks
Very enriched in Black Shale (3-1250 ppm) and Marine Phosphate
Rocks (50-300 ppm)
U associated with redox active elements such as Mo, V, Se, As, Cu

Az uran frakcionaciéja magmas folyamatok soran

Ercek: McArthur River, 20 wt%
Saskatchewan, Kanada W
Roéssing alaskitok, Namibia 300 ppm

U ppm

alkali granitok 10-50
peraluminiumos granitok 5-30

Kézetek: atlagos granitok 3-4
alkali olivin bazaltok 0,53
tholeites bazaltok 0,14
peridotitok | — 0,01

\ =

F& uran rezervoarok
Kontinentalis kéreg 1,3
Primitiv kdpeny 0,021
Szenes kondritok — 0,007
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Az uran szallitasa szilikat olvadékokban és magmas fluidumokban

In melts, solubility is favored In magmatic fluids, solubility
by: is favored by:
High (Na+K)/Al ratio Chloride complexes in
(mainly Na) oxidizing conditions
Increasing fO, (+hydroxyl complexes at
F-rich silicate melt neutral pH)

Fluoride complexes in
reducing conditions

+ Lowest fluid-melt partition coefficient for peralkaline melts
(U highly soluble and retained in the silicate melt rather than
CO,-rich fluid)

+ Highest fluid-melt partition coefficient for peraluminous
melts in equilibrium with an acidic Cl-rich fluid

Az uran szallitasa oldatokban
Strong dependence of fO, Low T: fO, and pH are important
on the solubility of U High T: fO, is the major control
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Fig. 5 Stabilité des différentes phases d'uranium dans les systémes U-O-H et U-C-O-H a 1 bar et 25°C
(Brookings, 1988).




Az uran szallitasa oldatokban

In oxidized fluids, solubility is controlled by complexes of UO,2* (uranyl
cation) with strong anions such as F-, Cl-, CO;2-, SO,%- and PO,3-

In reduced ground water only F- complexes of U4+ are significant and only at

very low pH
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Vizes oldatokbdl torténé kicsapodasi folyamatok

Decrease fO,
Decrease pH

Adsorption on organic matter, clay and secondary
oxide particles

Substitution for other elements (eg. Ca in apatite)
(weak T dependence, only if strong contrast)
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Az eltéro tipusu U-telepek foldtani elhelyezkedésének
sematikus abraja

OROGEN/
OCEANI KONTINENS |<— INTRAKRATON| ———mm >
PEREMI
Savanyu vulkanitok
Lignitek .  Kalderak )5.4\ I0CG (U-Cu hematit breccsak)

. Felszini (kalkrét)
Foszfatok Osszeomlott Kalkrét
- ; . breccsa kirté 3

EEE Ercesedés Phanerozoikumi Paleozoikumi és mezozoikumi
granitoidok uledékes kézetek
Proterozoikumi Proterozoikumi
@ Telérek e 3
- granitoidok tledékes medencék
Kainozoikumi Uledékek Archai/proterozoikumi
§ Vetsk = és vulkanitok medence gneisszek/palak
1. tabldzat: Az urdntelepek dltaldnos jellemzdje a gazdasagi fo iguk sorrendjében [7]
——_ Ere. Képzodési i
Telep tipus K cldian foka* hom. T Kor Példa
ornyezet tipus
©U) °0)
Medence Rabbit Lake,
Unkonformi- Intrakratoni/ F ] i hés y 1500 - 1900 Mc Arthur River (Athabasca medence),
" - alaphe
téshoz kapcsoléd6 | medenceperemi 25,0 besgrﬁg daﬁ Mév Narbarlek, Ranger (Ausztrélia),
oldatok Karku (Oroszorszag)
el B 2 Mokum, Inkay (Kazahsztan),
Homokkében Tagulo rift 0,05 - elszinala aleozolzun:. :
jelenlevs aae 05 25-100 vizek eidiar Beverley (Ausztralia),
Akouta (Nigéria)
- - = P = Pribram, Jachymov (Csehorszag),
'oszt-orogén 1 - M fés & s g
Teléres tagul6 medence 20 200 - 500 hidrotermalis A Shinkolobwe (Kongéi DK),
Massif Central (Franciaorszag),
P koye (Ukrajna),
Rift/iv mogotti | 0,05- Metamorf és P i
M 1 e ’0 5 300 - 700 Proterozoikum Lagoa Real (Brazilia),
2 magmas
g Valhalla (Ausztralia)
5 Magmas és
i Szigeti =
IOC;; rQ :sr:aht dzxge v/ . 0[')0;5 200 - 500 kés6 Proterozoikum Olympic Dam (Ausztralia)
medenceperemi ) Eictemiiis
) i Réssing (Namibia),
Magmias intrazié kogl;éel;ek 0'3’ 15_ 300 - 700 h?g:g:::r:xflsis Nem korfligg6 Ilimaussaq (Gronland),
Palabora (Dél-Afrika)
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Medencén Streltsovsk caldera (Oroszorszag),
ift/ iv mogdtt belili Dornot (Mongdlia
Vulkanikus Rift/ tv mdgdtti | 0,03 | 540_500 | bestrtsodstt | Nem korfiiggs (Mongah)
medence 03 Nopal (Mexiké), McDermitt (USA),
€és magmas = )
oldatok Xiangshan (Kina)
Felszin alatti
Kvarc kavics Intrakratoni/ 50 - 300 vizek 2200 - 2700 Witswatersrand (Dél-Afrika),
konglomerdtum | medenceperemi & M év Blind River/Elliot Lake (Kanada)
hidrotermalis
% o _ Felszin alatti Yeerlirrie (Ausztralia),
Felszini (Kalkrét) Vizgy(jts 0,08 25-50 Tercier ( )
medence 01 vizek Langer Heinrich (Namibia)
Uncle Sam (USA),
) Kontinens 0,005 & Sos és félsos K ¢
Foszforit perem/tengeri _0,05 20-50 oldatok Fanerozoikum Gantour (Marokké),
Al-Abiad (Jordania),
Alum shale (Svédorszag, Eszlorszég),
Sekély 0,005 Chatanooga shale (USA),
Fekete pala epikontinentlis _’0 04 2-20 S6s oldatok o }
medence 4 Chanziping (Kina),

Gera-Ronneburg (Németorszag)

Az urantelepek mérete és ércesedési foka
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Az eltér6 arkategoriaju, ismert U tartalékok 2007-ben és 2009-ben
2007 009
<usp <usp <usp <UsD <usp <usp <usp
AU | somgu | 130/gU AU | SoAgU | 130AgU | 260MgU
Unkonformitas | 572400 | 637500 | 649700 Unconformitis | 366800 | 754000 724900 733700
Homokko 722600 | 1003400 | 1523900 Homokké 63100 820200 1369000 1647500
10CG 886200 | 892200 900900 10CG 0 1240200 1255500 1255500
Q-kavics 201800 | 258400 301900 Q-kavics 135006 171000 203300 215900
Metaszomatit 136000 | 580500 | 673700 Metaszomatit 92000 175600 582600 727600
Hidrotermalis 0 198100 324500 Hidrotermalis 0 8100 115300 288700
Magmas 109000 | 210200 | 287900 Magmas 1800 10900 189600 281300
Vulkanikus 51400 | 200300 | 211300 Vulkanikus 0 163700 214800 292000
Egyéb 240100 | 354900 | 438700 Egyéb 53600 256900 453400 479500
Nem 50500 | 118900 | 156400 Nem 82200 194900 205600 384600
azonositott azonositott
Osszesen 2970000 | 4456400 5468900 Osszesen 796500 3741900 5404000 6306300
Homokkdben jelenlevé urantelepek
Host rock OM and/or pyrite bearing fluvial (to marine) arkosic,

medium to coarse-grained (poorly-sorted) sandstone
interbebbed and/or bounded by less permeable
horizons

U sources Granite or uraniferous tuffs

Types of fluid | Groundwater vertically and/or laterally channelled

Precipitation | Reduction by coalified vegetal matter, woody fragments,

processes structureless organic matter (humate), petroleum,
natural gas, pyrite or other sulfides, bacterial activity
Ore Pitchblende, coffinite, (= vanadates, phosphates) (traces

mineralogy of Se, Rh, Mo, Sc, Co and Ni)
Typical grade | 0.05 - 0.5 %
Main Age Palaeozoic to Tertiary
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Homokkdben jelenlevé CONCEPTUAL MODEL OF URANIUM ROLL FRONT DEPOSIT
, (After Devoto, 1978)
urantelepek

Semi-permeable Roc

Hematitic Core

emi-permeable Rocks

Hematitic Core Alteration Envelope Ore-Stage Uranium  Ore-Stage Pyrite Reduced Sandstone

[ ] [ ] [ [ S —
Hematite Siderite Uraninite Molybdenite

Pyrite
Magnetite Sulfur-S* Pyrite Pyrite Tordiite
Ferroselite FeS Jordisite Calcite
Goethite Selenium Caleite
Ilsmannite
Infiltration

Approx. 0.05-0.25%

Bl Volybdenite/PyritelJordisite
Calcitex organic carbon

I Mineralization (Uraninite, Coffinite, Brannerite)

Cuney & Kyser 2009




A mecseki urantelep
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[N Neogene in general j ) fignite seams, ciay, loess) [JJI] Lower Triassic sandstone
- Lower and Middle C: basatt, cong| and E Upper Permian and Lower Triassic sandstone, uranium ore

[9] upper Jurassic mestone

Pc | Upper Permian claystone and sitstone

Middle Jurassic limestone, marl Lower Permian hyolite
Lower Jurassic black coal deposits, overlying sandstone and marl Palaeozoic granite
Upper Triassic sandstone
/ Land Hoking
(IR Midde Triassc imestone, marl, sitsione, anhydrte, dolomite

Homokkdben jelenlevé urantelepek banyaszata

Open Pit - 30% of U (eg. Ranger, Autralia; Rossing, Namibia;
McClean Lake, Canada; Arlit, Niger)

Underground - 50% of U (eg. McArthur River, Canada; Rabbit
Lake, Canada; Akouta, Niger)

In Situ Leaching (ISL) - 20% of U
Sulfuric acid
Phosphate-bearing fluids
Ammonium carbonate solutions

Monitor

From Plant To Plant Well

Monitor Wells
I T

nrc.gov

Uranium Dep
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Kvarc kavics konglomeratum urantelep

Host rock Paleo-placer in cross-bedded, oligomictic quartz-
pebble conglomerate beds with a pyritic matrix
interbedded with quartzite and argillite beds

U sources Archean uranium-rich granitic basement rocks
Types of Meteoric

fluids

Precipitation | Reducing character of the early, oxygen-poor earth
processes atmosphere prior to oxyatmoversion

Ore Uraninnite (= Au, REE)

mineralogy

Typical grade  0.05 - 0.12 %

Main Age Early Proterozoic

.05.22. _
ﬁ\ eptan—3.év

Unkonformitashoz kapcsolédé telepek

Host rock Structurally hosted (reverse fault, shear zones, breccia),
either in Paleoproterozoic sandstone or underlying
metamorphosed basement

U sources Basement Fm. Overlying basin
Types of Basinal brines percolating | Oxydized basinal brines
fluids in the basement
Precipitation | Reduction near the Reduction by basement
processes unconformity favored by lithology (graphitic zones)
clay rich and graphitic of basement fluids
zones (highest grades)
Alteration lllite + kaolinite = chlorite or Chlorite + illite
Ore Pitchblende (+ Ni, Co, As, | Pitchblende

mineralogy Mo, Pb, Cu, Pt, Au)
Typical grade | 1.0 - 25.0 %
Main Age Proterozoic

11
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Unkonformitashoz kapcsolodé telepek
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Some Uranium Occurrences in the Athabasca Basin, Northern Saskatchewan and Alberta.

From the EXTECH IV Athabasca Uranium Multidisciplinary Study D%Cameco Corp.. AREVA, Saskatchewan Industry and Resources,
ological Survey of Canada, the Alberta Geological Survey, and the universities of Saskatchewan, Regina, Alberta and Laurentian.

gsc.nrcan.gc.ca

Unkonformitashoz kapcsolodo telepek
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