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Introduction

This report provides supplementary data (electron probe
microanalysis and laser ablation-inductively coupled
plasma-mass spectrometry) ofuraninite grains for Potter et
al. (in press). In Potteret al. (in press), uraninite fromIOCG
and affiliated mineral occurrences from the Great Bear
magmatic zone in Canada (Fig. 1) was examined to gain
insights on the metal sourcing and precipitation mechanisims
in the deposits. This settingis an idealnatural laboratory to
study uraniumenrichmentin these metas omatic systemns, as
excellent glaciated exposures of the weakly to non-
deformed and unmetamorphosed occurrences illustrate the
evolution from IOA (Hildebrand, 1986) to magnetite,
magnetite-hematite and hematite group IOCG deposits
(Corriveau et al., 2010, 2016; Mumin et al., 2010; Ootes et
al., 2010; Potteret al., 2013; Richards and Mumin, 2013;
Montreuil et al., 2016a, b). The regional-scale systems also
hostawide spectrumofaffiliated deposits such as albitite-
hosted uranium(Montreuil et al., 2015, 2016b; Potteretal.,
2019), skarn (Gandhi, 2003; Williams, 2010; Corriveau et
al., in press) and epithermal-style veins (Mumin et al., 2010;
Somarin and Mumin, 2012; Gandhi et al, 2018). As
documented by several authors (e.g. Fryerand Taylor, 1987;
Pagel et al., 1987; Maas and McCulloch, 1990; Hidaka et
al., 1992; Fayek and Kyser, 1997; Hidaka and Gauthier-
Lafaye, 2001; Cuney, 2010; Mercadieretal., 201 1; Frimmel
etal., 2014; Spano etal., 2017; Duffet et al., 2020), the trace
element chemistry ofuraninite is uniqueto the deposit type
and provenance associated with its formation, and reflects
the conditions under which the mineral crystallizd
(combination of fluid chemistry, temperature, source
materials, etc.). As such, the chemistry ofuraninite, coupled
with field relationships and petrography, can provide
insights on the sourcing and precipitation of uranium in
these systems.

Methods

Thick (~200 pm) polished thinsections were prepared from
polished sample slabs, using autoradiographs to target
uraninite grains. The target grains were examined using a
Zeiss EVO 50 series Scanning Electron Microscope (SEM)
equipped with a Backscattered Electron Detector at the
Geological Survey of Canada (GSC) in Ottawa. The Oxford
energy dispersive spectrometry (EDS) system includes the
X-MAX 150 Silicon Drift Detector, the INCA Energy 450
software and the latest AZtec microanalysis software. The
SEM was operating at 20kV with a beamcurrent 0f400 pA
to 1 nA. Uraninite grains were analyzed with a Cameca
SX50 electron microprobe at the GSC and a JEOL 8230
electron microprobeat the University of Ottawa. Operating
conditions were 20 kV accelerating voltage and 10 nA
current, with 20s on peakand 10s off-peak counting timres.
A mixture ofnatural and synthetic puremetal, simple oxides
and simple compounds were used as standards. Data
reductionwas accomplished with a ZAF matrix correction
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FIGURE 1. Location ofthe Great Bear magmatic zone and
mineral occurrences examined in this study (bold font).
Geology after Hoffman and Hall (1993) and mineral
occurrences from  the NORMIN  database

(Www.nwtgeoscience.ca/normin).

using Probe For Windows software (Armstrong, 1988) and
Pouchou and Pichoir (1984) using JEOL software. For
elements with concentrations <1 wt.%, typical detection
limits during electron microprobe analysis were: 0.17 wt%
ThO,,0.08 wt% Y203, 0.25 wt% La>03, 0.03 wt% CaO, and
0.04 wt% FeO.

Trace element concentrations were analyzed using in situ
laser  ablation-inductively  coupled  plasma-mass
spectrometry (LA-ICP-MS) onpolished thick sections at the



GSC. The system consists of a Teledyne-Photon Machines
Analyte Gl excimer laser (193 nm) ablation system with a
Helex dual-volume ablation cell and an Agilent 7700x
quadrupole ICP-MS equipped with a second rotary vacuum
pump that improves instrument sensitivity across the mass
range by ~2 times (Jackson and Cabri, 2011). Analyses were
doneusinga 26 pmspot size at repetitionrate of 10 Hz, and
a fluence of 4.53 J/em? for the 200 pm thick polished
sections. Helium gas was used to transport ablated sanple
material from the ablation cell. The sample and He mixture
was mixed with argon (flow rate of 1.05 L/min) before
entering the ICP-MS. Data acquisition time was 100 s in
length, including40s ofbackground signal prior to ablation
and 60 s of sample signal. A USGS doped basaltic ghss
GSE-1G standard (Guillong et al, 2005) was used as
calibration standard, while BCR-2G was used as a quality
control standard, following methods outlined in Jackson
(2008). The data reductionwas performed using GLITTER
(Griffin et al., 2008). The “GeoReM preferred values” (as
of February 2010) from the on-line geological and
environmental reference materials database (GeoReM;
Jochumet al., 2005) were used forthe concentrations of the
elements in GSE-1G and BCR-2G. Most elements were
within 5-10% of the accepted values for GSE-1G, except
for Tb, Tm and Lu which within 15%. Average lower
detection limits for REE during uraninite analyses were (in
ppm): La=0.004, Ce=0.009, Pr=0.004, Nd=0.025,
Sm=0.022, FEu=0.006, Gd=0.032, Tb=0.002, Dy=0.011,
Ho=0.004, Er=0.021, Tm=0.002, Yb=0.012, Lu=0.003. The
uranium content determined by electron probe
microanalysis (EPMA) was used as an internal standard.
The integrated region of sample signal was selected
carefully to exclude regions associated with inclusions
and/or ablation of surrounding minerals. In addition to the
aforementioned standards, trace element concentrations
were verified against a well-characterized uraninite from
Mistamisk, Quebec (Bonhoure et al., 2007; Mercadieret al,
2011; Lach et al., 2013).
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Data Tables (see digital versions)

Appendix A. Electron probe microanalyses (EMPA)of
uraninite.

Appendix B. Laserablation-inductively coupled plasma-
mass spectrometry (LA-ICP-MS) of uraninite



	Introduction
	Methods
	References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



