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Laser Ablation ICPMS analysis

UO2 minerals were ablated using a 193 nm Geolas Q Plus system with an aperture-imaged Complex 103 ArF excimer laser (Microlas, Göttingen, Germany) equipped with beam homogenisation optics. Ablated particulate material was analysed by an Agilent 7500c Quadrupole ICP-MS equipped with an Octopole Reaction System with enhanced sensitivity Cs optional lens, at the G2R laboratory, Nancy, France. The transport gas was a mixture of He and Ar, at typical flow rates of 0.15 and 0.8 l.min-1 respectively. Stable ablation is achieved by focusing the beam at the sample surface with a constant energy of 10 mJ/cm2 and constant repetition rate of 5Hz. The ablation rate is about 0.1 to 0.2 micrometre per pulse. Ablation begins 20s after the beginning of signal acquisition, in order to register the background signal before ablation (used for data reduction), and is stopped after 150 pulses (30s) to determine if the background signal returns to its initial value.

The diameters of ablation spots depend on mineral characteristics (shape or chemical zonings for example) and ranged for this study between 16µm to 60µm but 24µm was the most used spot size. All data were acquired in raw counts using time resolved mode, and then recorded in an Excel spreadsheet. Data reduction is manually carried out from the Excel spreadsheet. All intensities used in the calculations are analyte signal corrected by background subtraction. Subsequently, absolute concentrations were obtained from the equation developed by Longerich et al. (1996).
The calibration material (external standard) is a NIST 610 glass standard. A standard uraninite from Mistamisk (Bonhoure et al., 2007), developed for REE analysis by Secondary Ion Mass Spectroscopy, is also analysed as an additional control. The internal standard is chosen to be major element of the matrices with minor spatial variation. For REE analysis on a UO2 matrix, the internal standard was 238U and its concentration is obtained by electron microprobe analyzer (EMPA, SCMEM laboratory, Nancy, France). 

A series of 20 elements was analysed for each experiment. 14 Rare Earth Elements, Yttrium, 238U (internal standard), and some other major elements (206Pb, 207Pb, 208Pb and Si for example) obtained by electron microprobe analyser to confirm the accuracy of the calculated value. The standard protocol applied on Mistamisk standard uraninite gives a broadly comparable result with previous study. This suggests that interferences in the REE analysis by LA-ICP-MS are negligible and no correction is therefore needed on these elements (Jackson et al., 1992).

Analytical precision is calculated for all elements analysed using standard deviation of recorded intensity and is better than ±20% for concentrations higher than 10ppm and becomes greater (±50% to ±70%) for concentration lower than 10ppm. Limit of detection varies for each element as a function of signal intensity and was calculated for each ablation from signal intensities using the 3σ criterion (Longerich et al., 1996). The most commonly achieved LODs are between 0.5ppm to 1 ppm for La, Ce, Pr, Eu, Tb, Ho, Tm, Lu, and between 1ppm to 2ppm for Nd, Sm, Gd, Dy, Er, Yb.

	Deposit type (IAEA, 2009)
	Location
	Country
	Host-rock
	Precipitation mechanism
	Age (Ma)
	Reference

	(Cuney, 2009)
	
	
	
	
	
	

	Intrusive

	(Magmatic partial melting)

	Luthi
	Nummi-Pusula peninsula
	Finland
	Pegmatite
	Silicate melt saturation
	-
	Raisanen (1989)

	Kola
	Kola peninsula
	Russia
	Pegmatite
	Silicate melt saturation
	2750±50
	Savitskii et al. (1995)

	Moore lake
	Athabasca basin
	Canada
	Pegmatite
	Silicate melt saturation
	-
	Annesley et al. (2000)

	Rössing
	Damaran belt
	Namibia
	Pegmatite
	Silicate melt saturation
	508±2 (Briqueu et al., 1980)
	Berning et al. (1976)

	Synmetamorphic

	(Hydrothermal-metamorphic)

	Mistamisk
	Labrador trough
	Canada
	Siltites
	Oxidized brines/reduced fluid mixing
	1760
	Kish and Cuney (1981)

	Kawanga
	Katanga system
	Zambia
	Arkoses
	Oxidized brines/reduced fluid mixing
	540±4 (Cathelineau et al., 1990)
	Meneghel (1981)

	Vein-type

	(Hydrothermal-post orogenic)

	Bois Noirs
	Massif Central
	France
	Granite
	Fluid mixing, graphite-fluid interaction, fluid-rock interaction?
	270
	Cuney (1978)

	Commanderie
	Armorican massif
	France
	Granite
	Fluid-rock interaction
	265±10 (Holliger and Cathelineau, 1986)
	Cathelineau et al. (1990)

	Ecarpière
	Armorican massif
	France
	Granite
	Graphite-fluid interaction
	286±7
	Cathelineau et al. (1990)

	Hydrothermal-diagenetic

	(Hydrothermal-diagenetic)

	McArthur River
	Athabasca basin
	Canada
	Sandstone/gneisses
	Fluid mixing, graphite-fluid interaction, fluid-rock interaction?
	1540±19 (Alexandre et al., 2009)
	McGill et al. (1993)

	Cigar Lake
	Athabasca basin
	Canada
	Sandstone
	Fluid mixing, graphite-fluid interaction, fluid-rock interaction?
	1481±47 (Fayek et al., 2002a)
	Bruneton (1993)

	Sue
	Athabasca basin
	Canada
	Sandstone/gneisses
	Fluid mixing, graphite-fluid interaction, fluid-rock interaction?
	1486±9 (Fayek et al., 2002b)
	Baudemont et al. (1993)

	Millennium
	Athabasca basin
	Canada
	Gneisses
	Fluid mixing, graphite-fluid interaction, fluid-rock interaction?
	1344±47
	Cloutier et al. (2009)

	Eagle point
	Athabasca basin
	Canada
	Gneisses
	Fluid mixing, graphite-fluid interaction, fluid-rock interaction?
	1345±20 (Cloutier et al., 2011)
	Andrade (1989)

	Nabarlek
	Kombolgie basin
	Australia
	Schists
	Fluid-rock interaction, dilution?
	1648±120 (Polito et al., 2004)
	Anthony (1975)

	Koongarra
	Kombolgie basin
	Australia
	Pelite
	Fluid-rock interaction, dilution?
	920 (Hills and Richard, 1976)
	Foy and Pederson (1975)

	Volcanic-related

	(Hydrothermal-volcanic)

	Streltsovkoye
	Stretsovska caldeira
	Russia
	Volcanic rocks
	Fluid cooling
	133±4 (Chernyshev and Golubev, 1996)
	Chabiron et al. (2003)

	Roll-front 

	(Meteoric water infiltration)

	Kazakhstan
	Chu-Sarysu basin
	Kazakhstan
	Sandstone
	Reduction with organic matter
	-
	Fyodorov (1999)


Table 1. Description of the uranium occurrences studied for REE chemistry determination. They are classified using the classification of uranium oxides edited by the International Atomic Energy Agency (IAEA). Genetic classification described in Cuney (2009) is also presented for information and comparison. The precipitation mechanisms are proposed in Cuney (2010) for intrusive deposits, in Kish and Cuney (1981) for synmetamorphic deposits, in Derome et al. (2007) for Australian unconformity-related deposits and in Aubakirov (1998) for Kazakhstan deposit. Reference is added in “age (Ma)” column if the formation age of the deposit is not described in the publication used for geological description (“reference” column). -: unknown
	
	
	La
	Ce
	Pr
	Nd
	Sm
	Eu
	Gd
	Tb
	Dy
	Ho
	Er
	Tm
	Yb
	Lu
	ΣREE
	ΣLREE/ΣHREE

	Intrusive
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Rossing
	1
	2.7E+02
	3.9E+03
	4.9E+02
	2.6E+03
	1.5E+03
	8.8E+01
	
	5.5E+02
	4.3E+03
	8.9E+02
	2.9E+03
	4.5E+02
	
	8.1E+01
	18020
	0.7

	
	
	2.7E+02
	3.6E+03
	4.3E+02
	2.7E+03
	1.4E+03
	7.5E+01
	
	3.8E+02
	3.1E+03
	6.9E+02
	1.9E+03
	3.2E+02
	
	5.6E+01
	14894
	1.0

	Luthi
	1
	5.8E+02
	2.6E+03
	1.1E+03
	6.5E+03
	3.0E+03
	3.2E+02
	
	6.6E+02
	4.6E+03
	1.1E+03
	2.1E+03
	2.9E+02
	
	3.2E+01
	22874
	2.0

	
	
	1.6E+03
	4.6E+03
	1.7E+03
	7.8E+03
	3.0E+03
	1.4E+02
	
	8.0E+02
	5.1E+03
	1.2E+03
	2.4E+03
	2.7E+02
	
	2.6E+01
	28653
	2.6

	Moore Lake
	1
	6.0E+02
	2.7E+03
	9.6E+02
	4.9E+03
	1.9E+03
	2.3E+02
	
	6.6E+02
	5.0E+03
	1.1E+03
	3.4E+03
	5.3E+02
	
	1.5E+02
	22205
	0.8

	
	
	6.1E+02
	2.4E+03
	7.8E+02
	3.9E+03
	1.6E+03
	2.1E+02
	
	4.6E+02
	3.7E+03
	8.8E+02
	2.6E+03
	3.8E+02
	
	8.1E+01
	17670
	1.0

	Kola
	1
	9.2E+01
	1.5E+03
	3.5E+02
	3.1E+03
	2.2E+03
	2.2E+02
	
	5.7E+02
	3.6E+03
	6.9E+02
	1.8E+03
	2.0E+02
	
	1.2E+02
	14487
	1.2

	
	
	6.1E+01
	1.1E+03
	2.5E+02
	2.1E+03
	1.8E+03
	1.5E+02
	
	5.9E+02
	4.1E+03
	8.3E+02
	2.3E+03
	2.7E+02
	
	1.6E+02
	13572
	0.7

	Synmetamorphic
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Zambia
	1
	1.6E+02
	3.5E+02
	1.2E+02
	5.4E+02
	2.5E+02
	4.8E+01
	
	6.2E+01
	2.9E+02
	5.5E+01
	1.0E+02
	1.4E+01
	
	3.3E+00
	1994
	4.1

	
	
	1.2E+02
	2.6E+02
	9.3E+01
	4.2E+02
	2.1E+02
	3.8E+01
	
	4.9E+01
	2.3E+02
	4.3E+01
	7.1E+01
	8.2E+00
	
	2.6E+00
	1546
	4.8

	
	
	1.3E+02
	2.7E+02
	9.6E+01
	4.3E+02
	2.0E+02
	4.0E+01
	
	5.0E+01
	2.4E+02
	4.5E+01
	8.4E+01
	1.1E+01
	
	2.6E+00
	1603
	4.0

	
	
	1.4E+02
	3.0E+02
	1.1E+02
	4.7E+02
	2.2E+02
	4.2E+01
	
	5.1E+01
	2.5E+02
	4.6E+01
	8.5E+01
	1.1E+01
	
	2.6E+00
	1712
	4.4

	
	
	1.4E+02
	3.4E+02
	1.1E+02
	5.0E+02
	2.4E+02
	4.5E+01
	
	5.0E+01
	2.7E+02
	5.0E+01
	9.1E+01
	1.1E+01
	
	2.7E+00
	1858
	4.5

	
	
	1.5E+02
	3.1E+02
	1.1E+02
	4.5E+02
	2.3E+02
	4.1E+01
	
	4.9E+01
	2.4E+02
	4.5E+01
	8.6E+01
	1.1E+01
	
	2.6E+00
	1724
	4.5

	Mistamisk
	1
	1.9E+02
	2.4E+03
	4.7E+02
	2.7E+03
	1.3E+03
	2.7E+02
	
	3.4E+02
	1.9E+03
	4.4E+02
	8.6E+02
	1.3E+02
	
	5.0E+01
	11112
	2.0

	
	
	1.9E+02
	2.4E+03
	4.9E+02
	2.8E+03
	1.4E+03
	3.0E+02
	
	3.8E+02
	2.2E+03
	4.9E+02
	1.0E+03
	1.4E+02
	
	5.3E+01
	11991
	1.8

	
	
	2.1E+02
	2.4E+03
	4.9E+02
	2.8E+03
	1.4E+03
	2.9E+02
	
	3.2E+02
	2.0E+03
	3.7E+02
	9.3E+02
	1.2E+02
	
	5.7E+01
	11393
	2.0

	
	
	1.9E+02
	2.1E+03
	4.3E+02
	2.5E+03
	1.2E+03
	2.5E+02
	
	3.2E+02
	1.9E+03
	3.4E+02
	8.5E+02
	1.2E+02
	
	5.7E+01
	10183
	1.8

	
	
	1.7E+02
	2.0E+03
	4.3E+02
	2.5E+03
	1.2E+03
	2.7E+02
	
	3.3E+02
	2.0E+03
	3.7E+02
	9.4E+02
	1.3E+02
	
	6.2E+01
	10515
	1.7

	
	
	2.0E+02
	2.4E+03
	4.9E+02
	2.9E+03
	1.4E+03
	3.1E+02
	
	3.6E+02
	2.2E+03
	4.0E+02
	1.0E+03
	1.4E+02
	
	6.6E+01
	11834
	1.8

	Vein-type
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Bois Noirs
	2
	1.6E+03
	3.2E+03
	3.1E+02
	1.1E+03
	1.7E+02
	2.1E+01
	1.8E+02
	1.7E+01
	8.0E+01
	1.5E+01
	3.7E+01
	4.0E+00
	3.0E+01
	5.0E+00
	6550
	31.6

	
	
	1.4E+03
	3.1E+03
	3.0E+02
	1.1E+03
	1.6E+02
	2.1E+01
	1.8E+02
	1.8E+01
	8.2E+01
	1.5E+01
	3.8E+01
	5.0E+00
	2.9E+01
	5.0E+00
	6245
	26.5

	
	
	1.4E+03
	2.9E+03
	2.9E+02
	1.1E+03
	1.8E+02
	1.4E+01
	2.1E+02
	2.1E+01
	1.1E+02
	1.7E+01
	4.5E+01
	6.0E+00
	3.4E+01
	5.0E+00
	6023
	22.9

	
	
	1.5E+03
	3.0E+03
	3.1E+02
	1.2E+03
	2.0E+02
	1.6E+01
	2.3E+02
	2.3E+01
	1.1E+02
	2.0E+01
	5.5E+01
	6.0E+00
	3.8E+01
	6.0E+00
	6397
	21.5

	Commanderie
	2
	1.7E+03
	2.6E+03
	2.1E+02
	7.2E+02
	6.8E+01
	1.0E+01
	1.2E+02
	6.0E+00
	2.0E+01
	3.0E+00
	9.2E+00
	9.0E-01
	2.9E+00
	<0.7
	5365
	163.8

	
	
	1.3E+03
	1.7E+03
	1.4E+02
	4.6E+02
	4.3E+01
	6.0E+00
	8.0E+01
	5.0E+00
	1.3E+01
	2.0E+00
	5.1E+00
	6.0E-01
	2.8E+00
	5.0E-01
	3707
	141.4

	Ecarpiere
	2
	3.6E+02
	3.9E+02
	2.5E+01
	7.9E+01
	1.0E+01
	4.0E+00
	1.7E+01
	1.3E+00
	7.4E+00
	1.1E+00
	3.8E+00
	<0.6
	3.2E+00
	<0.7
	884
	111.0

	
	
	3.5E+02
	3.2E+02
	1.9E+01
	5.8E+01
	5.6E+00
	3.0E+00
	1.3E+01
	1.2E+00
	4.0E+00
	8.0E-01
	2.1E+00
	2.0E-01
	2.1E+00
	2.0E-01
	768
	79.8

	Unconformity-related
	
	
	
	
	
	
	
	
	
	
	
	
	

	Cigar Lake
	1
	1.1E+01
	1.2E+02
	2.5E+01
	1.3E+02
	9.1E+01
	2.5E+01
	
	6.7E+01
	4.5E+02
	6.2E+01
	1.4E+02
	1.5E+01
	
	1.1E+01
	1142
	0.7

	
	
	6.8E+00
	8.9E+01
	2.1E+01
	1.3E+02
	8.0E+01
	2.6E+01
	
	6.6E+01
	4.8E+02
	7.2E+01
	1.5E+02
	1.6E+01
	
	1.3E+01
	1141
	0.6

	
	
	8.0E+00
	1.0E+02
	2.5E+01
	1.5E+02
	9.1E+01
	3.2E+01
	
	9.0E+01
	6.1E+02
	8.2E+01
	1.8E+02
	2.2E+01
	
	1.4E+01
	1406
	0.5

	
	
	8.6E+00
	1.1E+02
	2.5E+01
	1.5E+02
	8.9E+01
	2.7E+01
	
	8.6E+01
	5.9E+02
	7.9E+01
	1.7E+02
	2.1E+01
	
	1.4E+01
	1369
	0.6

	
	
	1.3E+01
	1.4E+02
	3.2E+01
	1.9E+02
	9.9E+01
	3.1E+01
	
	9.3E+01
	6.4E+02
	8.6E+01
	1.9E+02
	2.3E+01
	
	1.5E+01
	1546
	0.6

	Sue deposit
	1
	3.6E-01
	5.8E+00
	1.7E+00
	1.3E+01
	5.2E+00
	7.7E+00
	
	3.2E+01
	2.6E+02
	4.0E+01
	6.5E+01
	7.9E+00
	
	2.0E+00
	441
	0.1

	
	
	1.8E-01
	2.5E+00
	5.1E+00
	5.6E+00
	1.8E+01
	5.0E+00
	
	2.9E+01
	2.3E+02
	3.5E+01
	5.5E+01
	7.0E+00
	
	1.9E+00
	398
	0.3

	McArthur River
	1
	1.2E+00
	2.6E+00
	1.6E+00
	9.3E+00
	2.3E+01
	2.6E+01
	
	4.7E+01
	3.5E+02
	5.5E+01
	8.9E+01
	1.3E+01
	
	2.8E+00
	615
	0.2

	
	
	2.1E+00
	5.7E+00
	2.4E+00
	1.3E+01
	2.2E+01
	2.8E+01
	
	4.6E+01
	4.2E+02
	5.4E+01
	1.3E+02
	1.1E+01
	
	3.6E+00
	729
	0.2

	
	
	2.2E+00
	7.6E+00
	3.0E+00
	1.5E+01
	2.2E+01
	3.0E+01
	
	4.6E+01
	4.3E+02
	5.3E+01
	1.2E+02
	1.2E+01
	
	3.6E+00
	747
	0.2

	
	
	1.1E+00
	3.9E+00
	1.7E+00
	1.0E+01
	2.3E+01
	3.0E+01
	
	4.5E+01
	4.7E+02
	5.5E+01
	1.4E+02
	1.3E+01
	
	4.1E+00
	791
	0.1

	
	
	1.2E+00
	3.5E+00
	1.5E+00
	8.9E+00
	2.1E+01
	2.6E+01
	
	4.7E+01
	4.4E+02
	5.5E+01
	1.3E+02
	1.2E+01
	
	3.7E+00
	753
	0.1

	
	
	1.5E+00
	3.6E+00
	1.8E+00
	1.1E+01
	2.3E+01
	2.9E+01
	
	4.5E+01
	4.7E+02
	5.4E+01
	1.4E+02
	1.2E+01
	
	3.8E+00
	786
	0.1

	Unconformity-related Basement-hosted
	
	
	
	
	
	
	
	
	
	
	
	
	

	Eagle Point
	1
	4.8E-01
	3.5E+01
	1.1E+01
	7.4E+01
	8.3E+01
	3.7E+01
	
	6.9E+01
	5.0E+02
	7.4E+01
	1.6E+02
	2.2E+01
	
	1.5E+01
	1085
	0.4

	
	
	3.0E+00
	7.4E+01
	2.3E+01
	1.5E+02
	1.4E+02
	5.5E+01
	
	9.6E+01
	6.6E+02
	9.6E+01
	2.1E+02
	2.9E+01
	
	1.9E+01
	1552
	0.5

	
	
	1.4E+00
	5.0E+01
	1.7E+01
	1.1E+02
	1.1E+02
	4.6E+01
	
	8.1E+01
	5.7E+02
	8.3E+01
	1.8E+02
	2.4E+01
	
	1.7E+01
	1288
	0.5

	
	
	1.6E+00
	6.4E+01
	2.1E+01
	1.3E+02
	1.3E+02
	5.1E+01
	
	9.3E+01
	6.5E+02
	9.4E+01
	2.1E+02
	2.9E+01
	
	1.9E+01
	1487
	0.5

	
	
	7.6E-01
	4.6E+01
	1.5E+01
	9.9E+01
	1.1E+02
	4.6E+01
	
	9.2E+01
	6.4E+02
	9.2E+01
	2.0E+02
	2.7E+01
	
	1.7E+01
	1382
	0.4

	Millennium
	1
	2.2E+00
	1.9E+01
	5.3E+00
	3.5E+01
	5.7E+01
	2.3E+01
	
	7.8E+01
	5.1E+02
	5.5E+01
	9.8E+01
	1.8E+01
	
	1.3E+01
	913
	0.3

	
	
	2.1E+00
	1.9E+01
	5.1E+00
	3.4E+01
	5.4E+01
	2.2E+01
	
	7.7E+01
	5.0E+02
	5.5E+01
	1.0E+02
	1.8E+01
	
	1.2E+01
	903
	0.3

	
	
	2.1E+00
	1.9E+01
	5.2E+00
	3.5E+01
	6.1E+01
	2.6E+01
	
	8.9E+01
	5.9E+02
	6.5E+01
	1.2E+02
	2.1E+01
	
	1.5E+01
	1045
	0.3

	
	
	5.1E+00
	2.3E+01
	6.0E+00
	3.2E+01
	1.8E+02
	3.5E+01
	
	7.2E+01
	4.1E+02
	1.8E+01
	1.5E+02
	1.6E+01
	
	1.1E+01
	957
	0.7

	
	
	2.1E+00
	2.1E+01
	5.4E+00
	3.3E+01
	5.2E+01
	2.7E+01
	
	1.1E+02
	7.5E+02
	8.7E+01
	1.7E+02
	2.7E+01
	
	1.8E+01
	1296
	0.2

	Nabarlek
	1
	2.3E+01
	1.3E+02
	2.1E+01
	1.3E+02
	1.2E+02
	3.4E+01
	
	8.3E+01
	5.4E+02
	7.3E+01
	1.1E+02
	5.9E+00
	
	1.6E+01
	1285
	1.0

	
	
	2.5E+01
	1.4E+02
	2.2E+01
	1.3E+02
	1.2E+02
	3.5E+01
	
	8.7E+01
	5.8E+02
	7.4E+01
	1.2E+02
	6.9E+00
	
	1.7E+01
	1364
	1.0

	
	
	2.3E+01
	1.3E+02
	2.1E+01
	1.3E+02
	1.2E+02
	3.3E+01
	
	8.3E+01
	5.5E+02
	7.2E+01
	1.2E+02
	7.3E+00
	
	1.5E+01
	1300
	1.0

	
	
	2.4E+01
	1.3E+02
	2.2E+01
	1.3E+02
	1.2E+02
	3.5E+01
	
	8.5E+01
	5.6E+02
	7.2E+01
	1.2E+02
	7.4E+00
	
	1.6E+01
	1327
	1.0

	
	
	2.2E+01
	1.3E+02
	2.1E+01
	1.3E+02
	1.2E+02
	3.5E+01
	
	8.6E+01
	5.9E+02
	7.2E+01
	1.3E+02
	7.2E+00
	
	1.7E+01
	1351
	0.9

	
	
	2.3E+01
	1.3E+02
	2.0E+01
	1.2E+02
	1.1E+02
	3.3E+01
	
	8.2E+01
	5.6E+02
	7.1E+01
	1.2E+02
	6.7E+00
	
	1.6E+01
	1296
	0.9

	Koongarra
	1
	5.3E+00
	5.1E+01
	1.9E+01
	1.5E+02
	2.1E+02
	9.2E+01
	
	1.4E+02
	1.0E+03
	1.2E+02
	2.3E+02
	1.2E+01
	
	2.7E+01
	2053
	0.7

	
	
	4.9E+00
	3.8E+01
	1.2E+01
	9.8E+01
	1.2E+02
	4.0E+01
	
	6.6E+01
	3.8E+02
	8.4E+01
	7.0E+01
	3.7E+00
	
	9.6E+00
	926
	1.3

	Volcanic-related
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Streltsovkoye
	1
	6.3E-01
	5.6E-01
	1.0E-01
	9.7E-01
	7.4E+01
	9.0E+00
	
	3.1E-01
	1.4E+00
	3.3E-01
	6.2E-01
	1.3E-01
	
	<0.1
	88
	49.5

	
	
	6.9E-01
	5.1E-01
	1.1E-01
	1.0E+00
	9.6E+01
	1.1E+01
	
	3.4E-01
	1.6E+00
	3.8E-01
	6.7E-01
	1.5E-01
	
	<0.1
	113
	56.4

	
	
	6.5E-01
	6.5E-01
	1.5E-01
	1.3E+00
	7.6E+01
	9.3E+00
	
	3.2E-01
	1.6E+00
	3.5E-01
	5.8E-01
	9.3E-02
	
	<0.1
	91
	60.1

	
	
	1.0E+00
	1.3E+00
	1.5E-01
	1.2E+00
	7.8E+01
	9.6E+00
	
	3.0E-01
	1.4E+00
	3.0E-01
	5.6E-01
	1.3E-01
	
	<0.1
	94
	54.7

	Roll-front
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Kazakhstan
	2
	3.2E+02
	3.8E+02
	3.4E+01
	9.0E+01
	1.1E+01
	3.5E+00
	1.5E+01
	1.6E+00
	9.9E+00
	2.8E+00
	8.2E+00
	1.1E+00
	6.2E+00
	<0.7
	858
	27.4

	
	
	9.9E+02
	1.2E+03
	5.2E+01
	1.2E+02
	6.2E+00
	1.2E+00
	1.7E+01
	8.0E-01
	3.6E+00
	<0.4
	<1.2
	<0.4
	<2
	<0.5
	2384
	

	
	
	1.9E+02
	1.6E+02
	1.8E+01
	6.5E+01
	2.5E+01
	6.0E+00
	3.9E+01
	8.3E+00
	7.0E+01
	1.6E+01
	5.0E+01
	7.0E+00
	5.2E+01
	7.6E+00
	625
	1.7


Table 2. SIMS and LA-ICPMS results for the REE chemistry determination of the studied uranium oxides (results in ppm). Numbers 1 or 2 in the second column refer to the technique used to determine the REE content: 1=SIMS, 2=LA-ICPMS. Due to interferences, Gd and Yb contents cannot be measured by SIMS (Bonhoure et al., 2007). Values used to calculated ΣLREE/ΣHLREE are chondrite-normalised. 

ΣREE=La+Ce+Pr+Nd+Sm+Eu+Tb+Dy+Ho+Er+Tm+Lu, (ΣLREE)N=LaN+CeN+PrN+NdN+SmN, (ΣHREE)N=ErN+TmN+LuN.
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Figure 1. Comparison of the chondrite-normalised rare earth element patterns for uranium oxides from unconformity-related deposits obtained by the previous methods (Fryer and Taylor, 1987; Pagel et al., 1987; Mass and McCulloch, 1990) and the punctual secondary ion mass spectrometry (SIMS) and laser ablation inductively coupled plasma mass spectrometry (LA-ICPMS) methods developed for this study. Compared to the previous results, all the REE are measured without interferences with LA-ICPMS (Gd and Yb interferences for SIMS) and the analytical zone is specifically selected at micro-meter scale for SIMS and LA-ICPMS (see Fig.1). SIMS and LA-ICPMS analysis were done in the same selected zone of an Eagle Point deposit sample, Canada (Table DR2). The results for LA-ICPMS and SIMS are within the error margins of both methodologies. The quality of the REE patterns was hampered by i) emission line interferences for neutron activation (Pagel et al., 1987) or ii) technical limitations in inductively coupled plasma-atomic emission spectroscopy (Maas and McCulloch, 1990). Circle: Collins Bay, Canada (Fryer and Taylor, 1987); diamond: Pine Creek Geosyncline, Australia (Fryer and Taylor, 1987); triangle: Nabarlek deposit, Australia (Maas and McCulloch, 1990); cross: Cluff D deposit, Canada (Pagel et al., 1987). 
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