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Abstract

Throughout the thesis, the genesis of the Domifteefs as Au-U placer deposits with particular
focus of their paragenetic sequences whose detitdlor hydrothermal origin was investigated.
Dominion conglomerate Reefs are composed of quettbles and detrital heavy minerals supported
by an argillaceous matrix of illitic-chloritic coropition. Geochemistry and mineralogy of two distinc
Reefs has been characterized using petrograpligesiuwarious whole rock geochemical analyses,
and electron microprobe analyses.

XRF analyses yield numerous results. Dominion camglrates could be classified as sublitharenite,
litharenite, and Fe-sands by major element geodigmiThe heavy mineral paragenesis (garnet,
pyrite, monazite, zircon, chromite, magnetite, ite, and phases containing uranium and thorium)
suggests that the source of sediments is mosy l#ielilar to Archean granite-greenstone terraims. F
tectonic setting of the sediments a passive maagith continental rift setting can be considered.
Provenance investigation based on REE analysisestgygedimentary recycling of felsic- and upper
continental crust material as source rocks. Funtbeg, the evaluation of geochemical data using the
Pearson correlation coefficient suggests relatigsstof identified minerals. Elements, hosted in
detrital minerals show a good correlation as well elements hosted in hydrothermal- or
hydrothermally altered minerals.

Petrographic and SEM observations provided the ppity to discriminate different generations of
U-bearing minerals present in the Reefs. The chantomposition of U-bearing minerals can be
correlated with their origin. Preserved uraninitd-sounded grains occur associated with the primary
detrital heavy mineral paragenesis. Moderate th Aily content (up to 9.30 wt% ThOof uraninite
grains provided by EMPA support their magmatic ioridhll uraninite identified are of detrital origin
Moreover, the chemical results allow distinguishing individual groups and suggest that uraninite
grains have been extracted from at least two disgmanitic or pegmatitic sources. However, the
majority of U mineralization is represented by rgstallized phases as secondary uranium bearing
phases (pitchblende without Th), coffinite, U-TidatJ-Th phases occurring with the uranium
redistribution by later hydrothermal processes.

LA-ICP-MS analyses revealed a distinct age of 331080 Ma for the primary mineralisation. The
initial stage involved the placer development vdéposition of detrital uraninite and related mitera
The younger age of 2700 £+ 100 Ma as hydrotherméd #vent is recognised in the geochronological
data, which correspond in time to the extrusiorihef Ventersdorp lavas at ~2720 Ma. In this stage
hydrothermally growth of mineral phases includireg@ndary U bearing phases, galena and other

minerals occurred.



Zusammenfassung

In dieser Studie wurde die Genese der DominioneRdfs Au-U Seifenlagerstatten mit dem
Schwerpunkt detritische und/oder hydrothermale tEhtsig der Minerale erforscht. Die
Konglomerate der Dominion Riffe bestehen aus Quesek mit detritischen Schwermineralen in
einer lllit und Chlorit Tonmineral Matrix. Zahlrdie Petrographische  Studien,
Roentgenfluoreszensanalysen, sowie Elektronennukaenanalysen wurden an zahlreichen
Riffproben durchgefiihrt.

Roentgenfluoreszenzanalysen ergaben zahlreichebitisge. Die Sedimente der Dominion Riffe
wurden als Sublitharenite, Litharenite und Fe-Sddassifiziert. Geochemische Daten liefern
Informationen zu moeglichen Herkunftsgebieten fuale eingetragenen Sedimente. Archaische
Granit-Gruenstein Gebiete sind als moegliche Prievendenkbar. Als tektonischer Rahmen wurde
ein passiven Kontinentalrand und ein kontinent&eaben bestimmt. Die SEE Untersuchungen
ergaben, dass recycelte Sedimente von felsischerembKrustenmaterial als Liefergesteine fur
detritische Minerale denkbar sind.

Des weiteren konnte mit Hilfe Geochemischer Dati# Beziehungen der Minerale in den Dominion
Sedimenten mit dem Pearson Korrelationskoeffizientgtersucht und bestimmt werden. Elemente in
detritischen Mineralen zeigten einen hohen Koriateigrad, wie auch Elemente in hydrothermal
gebildeten Mineralen.

Mit Hilfe von petrographischen und REM Analysen dem verschiedene Generationen von
Urantragenden Phasen identifiziert. Die chemischsammensetzung der einzelnen Minerale kann
mit deren Entstehung korreliert werden. Gut gertmdéraninitkoerner bilden mit detritischen
Schwermineralen Paragenesen. Mittlerer bis hoheG@ahalt (bis zu 9.30 wt % Thpder Uraninite
wurden mit Mikrosondenanalysen nachgewiesen uncdegbel eine magmatische Entstehung.
Allen Uraniniten kann eine detritische Enstehungenrdnet werden. Uraninitanalysen ergaben die
Existenz von zwei Generationen, die wahrscheinlioh verschiedenen Muttergesteinen stammen,
von pegmatitischen und granitischen Gesteinen. \Dedirheit der Uran fuehrenden Minerale sind
rekristallisierte sekundaere Urantragende Phasenhfffende ohne Th), Coffinit, U-Ti and U-Th
Phasen.

LA-ICP-MS Untersuchungen ergaben fur die Erstmiligaion ein Alter von 3100 = 90 Millionen
Jahre. Dises Alter entspricht der Seifenentstehmitgler Ablagerung von detritischen Uraninit und
verwandten Mineralen. Das juengere Alter von 270008 Millione Jahren wurde mit Hilfe von
Geochronologischen Daten als hydrothermaler Fluidzéss erfasst und korrespondiert mit der
Extrusion der Ventersdorp Lavas vor ~2720 Milliodatren. In dieser Phase kam es zur Bildung von

sekundaere U haltigen Phasen, Galenit und andekemdaeren Mineralen.



Acknowledgements

I would like to express my appreciation to Prof. Dhristoph Gauert from the Department of
Geology, UFS, Bloemfontein, for initiating the peoj and providing dedicated and
stimulating supervision throughout my work. Prof. W/illem v/d Westhuizen is thanked for

the worthy comments on the research subject. Spd@aks to Rina Immelman for the

organisation and support of my sojourn in Southio&fr | would also like to thank the

laboratory personnel of the Department of Geolagypreparing my polished thin sections
and fusion disks for the geochemical analyses. gérsonnel from centre of microscopy
(UES) will be thanked for the assistance during3E# analyses.

We are grateful to the geology staff of Uranium OXfeca, especially to the Dr. Richard

Stewart and Stephan Stander for initiating thisr+edustry research project and for the
hospitality, support, and provision of logisticsdadata. The management of Uranium One
Africa is acknowledged for allowing access to thegsise areas and for their permission to

carry out this research.

| am grateful to all scientists and departments ¢batributed to my work providing not only
data but also knowledge and inspiration: Prof. ichel Cuney and MSc Isabelle Duhamel
from the Faculté des Sciences, Université Henrn&oe Nancy, France. | would like to
express my special thanks to MSc Isabelle Duhaarehe assistance and support during my
stay in France. Thanks to Dr. Axel Gerdes from Wméversity of Frankfurt in Germany for
the analytic support and providing LA-ICP-MS dasangell as scientific input.

I would especially like to thank my sister Susaforehe critical reading of my work scripts.



List of figures

Fig.1-1

Fig.1-2

Fig.1-3

Fig.1-4

Fig.1-5

Fig.1-6

Fig.1-7

Fig.1-8

Fig.1-9

Fig.1-10

Fig.2-1

Fig.3-1
Fig.3-2
Fig.3-3
Fig.3-4
Fig.3-5
Fig.3-6

Overview map of South Africa with Dominion projéacation 1
(http://www.uraniuml.com)
Distribution of the main Archean stratigraphictsrof the Kaapvaal Craton, 4
modified from Schmitz et al. (2004)
Simplified geological map of the Witwatersrandibasodified from 5
Frimmel and Minter (2002)
Surface geology of the Klerksdorp area with minopgration areas and 6
sampled boreholes (modified from Harley & Dixon B8P0
A: stratigraphic column and ages of the Witwatansrbasin (modified 8
from Robb and Meyer 1995) B: Dominion Group stnapmhy valid for
Dominion and Rietkuil area (modified from sxr Unam One Inc.
exploration geologists 2006)

lllustration of the Unmodified Placer model propdger the origin 10
of gold and uraninite in the Witwatersrand Basin
(modified from Kirk et al. 2001)

lllustration of the Modified Placer nagroposed for the origin of gold 11
and uraninite in the Witwatersrand Basin (modifiexn Kirk et al. 2001)
lllustration of the metamorphic/ hydrothermal mopedposed for the 11
origin of gold and uraninite in the WitwatersraBasin (modified from

Kirk et al. 2001)
Mining areas with underground development anduess estimates 15
(http://www.uraniuml.com)
Diagram of historical uranium production and cangtion 16
(http://www.uraniuml.compresentation U308-Market Fundamentals, 4
Oct07, page 18)
Autoradiography method, A: samples overlaid withia photographic 23
film and covered with lead, B: the produced imafjthe radioactive

minerals on films

Sample DRT 034 BO 8627 32
Sample DRT 079 AO 5268 33
Sample DRT 095 CO 7744 34
Sample DRT 100 CO 7422 35
Sample DDR 007 DO 3337 36
Sample DDR 077 CO 5602 37

Vi



Fig.3-7

Fig.3-8

Fig.3-9

Fig.3-10

Fig.3-11

Image of the radioactive minerals on photografilit with the thin 38
section, autoradiography method (Rogers 1979) mpka

DDR 077 CO 5602

Microscopic pictures under reflected light (rl), &ltered uraninite (ur) 44
B: uraninite (ur) with linear cracks and speckgaliena (gl) between

quartz pepples (qtz pebbles), C: rounded coffifutdf) grain next to

U-Th mineral phases (U-Th) and specks of pyritg (pghin the
chloritic/sericitic/quartz matrix (chl/ser/qtz) Dval uraninite (ur) grain

with cloudy U-Ti mineral phases (U-Ti) and quandgz() as infilling, E:
uraninite (ur) rimed by U-Ti mineral phases andteythe core consists

of quartz, F: U-Ti phases (U-Ti) appears next toan (zr) and pyrite,

the brownish leucoxene overgrowths zircon (zr/l€hg,zircon core is

hardly visible

Microscopic pictures under reflected (rl) and traitged light (tl) within 46
chloritic and sericitic matrix, A: well rounded mexite (mon), fractured (rl),
B: rounded monazite (mon) with fractures (metamiaterial as infilling)

next to altered uraninite (ur) with U-Ti phasesTl-as rim, C: zoned zircon
(zr) (crossed tl) with orange alteration rim, Dned zircon (zr) (tl) with
fractures, E: oval columbite (cb) (rl), F: zonetton (zr) in a close bond

with uraninite (ur) (rl)

Microscopic pictures under reflected light (ndatransmitted light (tl), 48
A: magnetite (mag) with isometric original struasin both grains (rl),

B: elongate rutile (ru) with magnetite (crossed@) anatase (ana) as cloudy
patchy mass (rl) next to leucoxene (leu), D: ceackhromite grain (chr)
accompanied by pyrite and uraninite grains, Eleftu) next to leucoxene
(leu), accompanied with pyrite (py), F: corrodedgmetite (mag)grain (rl)
Microscopic pictures of pyrite (py) under reflettieght (rl), A: allogenic 51
pyrite (py) with sphalerite (sp) inclusions andatied outlines,

B: authigenic reconstituted pyrite (py), C: autlmigereconstituted pyrite

(py) in triangle shape, D: concretionary authiggayate (py) around

quartz (qtz), E: concretionary pyrite (py) grairtiwiypical zoning,

F: concretionary pyrite (py) grain, next to finespkiersed pyrite (py I1)

Vii



Fig.3-12

Fig.3-13

Fig.3-14

Fig.3-15

Fig.3-16

Fig.4-1

Fig.4-2

Fig.4-3

Fig.4-4

Fig.4-5

Microscopic pictures of pyrite under reflectechlidrl), 52
A: arsenopyrite (ars) next to sphalerite (sp) ayite (py),

B: pyrite (py) with sphalerite (sp) and galena (@) pyrite (py)

with chalcopyite (cp), C: galena (gl) as specksreminite (ur)

next to zoned zircon (zr) and pyrite (py)

Microscopic pictures under transmitted light (8),rounded 54
garnet (gn), corroded and fractured (tl), B: mbeeh garnet (gn),

fractured (crossed tl), C: quartz (gtz), fine diseel sericitic and chloritic
matrix (chl/ser) (tl), D: sericitic, chloritic (ckder), quartzitic matrix (qtz)

with sulphides (sulph) (tl)

Texture of minerals in sample DRT 034 DO 8628 fgyarnet, 56
py = pyrite, sulph = sulphides, chl/ser = chloatel sericite, qtz = quartz)
Texture of minerals in sample DDR 077 CO 5512 gk DRT 039 58

DO 6920 (B) (py = pyrite, sulph = sulphides, chifsechlorite and sericite,

gtz = quartz, sulph fillings= sulphide fillings)

Texture of minerals in sample DDR 077 CO 5602%myrite, 59
sulph = sulphides, chl/ser = chlorite and serjgte pebble

= quartz pebble, sulph filled= fractures filled wgulphides

Classification of all analysed Dominion Reefs sasph the Sand 64
Class System from Herron (1988)

Discrimination diagram which evaluates quartzj$elar, pyroxene/ 65
amphibole and clay/mica mineral composition ofsaliment samples

from the Rietkuil, and the Dominion section

Ternary diagram using the proportions of &d-(Na,O+K,0))/2 and 67
NaO+K,0 and (MgO+MnO+Fg3)/3, the general weathering trend

would tend towards the left corner (red arrowsg, studied Dominion

Reef samples display a significant trend towardsamand chlorite

(black arrows)

Discrimination bivariate plot for sandstones fromma#a (1983) 69
of Al,O3/SIO, versusFgO3+MgO, the fields within the diagram

represent different geological settings

Discrimination function plot after Roser and Korg@888) for 70
determination of the possible original source raokghe Dominion Reef

sediments

viii



Fig.4-6

Fig.4-7

Fig.4-8

Fig.4-9

Fig.4-10

Fig.4-11

Fig.4-12

Fig.5-1

Fig.5-2

Fig.5-3

Fig.5-4

Fig.5-5
Fig.5-6

Chondrite normalized REE pattern after Nakamu@a 4). of analysed 72
sediment samples from the Dominion Reefs and theeU@ontinental

Crust (UCC), the Lower Continental Crust (LCC)

Plot after Floyd and Leveridge (1987), modifiedMggender Nath et al. 73
(2000) illustrates Hf versus La/Th (in ppm) ratindicates possible

source materials such as felsic- and Upper Cortth€rust material for

the analysed Dominion Reef samples, (TOIS= Thadeédcean Island

source, AAS= Andesitic Arc source, LCC= Lower Caetital Crust,

UCC = Upper Continental Crust)

Plot after McLennan et al. (1993) illustrates #nésc versus the 74
Th/Sc ratios (in ppm) of the analysed DominioreR&amples, the

samples display a trend which can be atttributaedgcling of older
sedimentary source rocks

Harker diagrams (Harker 1909) for.8k, TiO,, MnO, FeOs, and 78/79
P,0Os, Ca0, kO MgO versus Sig) geochemical relationships displayed

as trend line, (r-pearson coefficient)

Variation diagram of Y versus Zr, the bulk of Damoin Reefs whole 81
rock samples are displayed between Zr/Y ratiedig and 4

Variation diagram of Co versus Ni from DominiongRewhole rock 83
samples, perfect geochemical relationship islaysal as linear trend line
Variation diagram of U versus Th with whole rockrbiaion Reefs 86
samples with mean rock compositions and signifiddmt ratios

Semi-quantitative analyses of sample DRT 039 D069 89
A: tabular values, B: EDX-spectrum displaying eletse

Element mapping of sample DRT 039 DO 6920 91
BSE image of sample DRT 039 DO6920 with all ideedi minerals 92

(ur = uraninite, pitch = pitchblende, U-Th = U-Thgses,

U-Ti = U-Ti phases cr = chromite, C = carbon, zzircon)

Semi-quantitative analyses of sample DRT 079 A6852 92
A: tabular values, B: EDX-spectrum displaying elemse

Element mapping of sample DRT 079 AO 5268 94
BSE image of sample DRT 079 AO 5268 with all idfeed minerals 95

(ur = uraninite, mon = monazite, gn = garnetpbut sulphides,

zr = zircon, gtz pebble = quartz pebble)



Fig.5-7

Fig.5-8

Fig.5-9

Fig.5-10

Fig.5-11

Fig.5-12

Fig.5-13

Fig.5-14

Fig.5-15

Fig.5-16

Fig.5-17

Fig.5-18

Fig.5-19

Fig.5-20

Fig.5-21

BSE images of monazite grains in sample DO 8626A% DO 6920 96
(B), DO 8628-A (C), DO 8628-A (D), mon=monazite /gjarnet,
ur=uraninite, sulph=sulphides, gl=galena

Bivariate plot of the Th@contents of monazite and xenotime 98
versus the U@contents

Bivariate plot of SiQcontentf monazite and xenotime versus the 98
UO, contents

Bivariate plot of the LREE contents of monazite 99

and xenotime versus the WEbntents

BSE images of uraninite grains with their altenations in sample 100
AO 5268-D (A), DO 6920 (B), AO 5268-D (C), DO 69fD)
Bivariate plot of Th@ versus UQ of different U-bearing mineral 101

phases from the Dominion Reefs, the name of mirsgraties and sample
reference are respectively quoted in the legend

Bivariate plot of UQ (wt %) versus Si@(wt %) to evaluate the silica 103
distribution and enrichment in the main uraniumrbepphases

Bivariate plot of UQ (wt %) versus TiQ (wt %) to evaluate the titan 104
distribution and enrichment in the main uraniurarbey phases

Bivariate plot of UQ (wt %) versus PbO (wt %) to evaluate the lead 105
distribution and enrichment in the main uraniumrbepphases

Bivariate plot of the ¥O3 contents versus the Y@ontents to evaluate 106
the Y distribution and enrichment in the main uuamibearing phases

U-Pb data for monazite 1and 2 (data-point erropsdls are &, 107
MSWD = Mean Squared Weigheviates)
U-Pb data for zircon 1, zircon 2 and zircon 3 (¢awant error ellipses 108

are &, MSWD = Mean Squared Weighted Deviates)
U-Pb data for rutiles (data-point error ellipses ar, MSWD = Mean 109
Squared Weighted Deviates)

U-Pb data for U phases (data-point error ellipses2a, 109
MSWD = Mean Squared Weighted Deviates)
Pb-Pb age data summary display two main agedlfanalysed 111

mineral phases



List of tables

Table 1-1
Table 1-2
Table 2-1
Table 2-2
Table 2-3
Table 2-4
Table 3-1

Table 3-2

Table 4-1

Table 4-2

Table 4-3

Table 4-4

Table 6-1

Rietkuil Gold Fields-historical gold production 13
Mineral resource statement dtJdune 2006 for Dominion Uranium Project 14
Standards used for the calibration of the XRF 25
Reference measurements for trace elements and REE 26
Standards and X-ray lines used for monazite aealys 28
Standards and X-ray lines used for uraninite miremalyses 29
Modal proportions (in %) of the main mineral cartte 39

in 32 investigated polished thin sections (py =teyign = garnet,
gl = galena, sp = sphalerite, gtz = quartz, leuwcdxene,
ana = anatase, sec. u = secondary uraniferousgfrasstly ghost

minerals), ur = uraninite, chl/ser = chlorite/sgegczr = zircon)

Optical properties of common minerals in the conggrates as 40/41
observed during petrographic studies
Pearson correlation matrix of the major elemeadts;orrelation 77

coefficients above or below 0.5 are significant agjgresent geochemical
relationships (blue and black marked), <D.L.= valaee below detection

limit

Pearson correlation matrix of the chalcophile @ets, all correlation 83
coefficients above or below 0.5 are significamd aepresent geochemical
relationships (blue marked)

Pearson correlation matrix of elements hostecetritdl minerals, all 84
Correlation coefficients above or below 0.5 agmigsicant and represent
geochemical relationships (blue marked)

Pearson correlation matrix of the elements whainespond with U 85
and Th, all correlation coefficients above or beldow are significant

and represent geochemical relationships (blue rdarke

Mineral appearances within the Dominion Reefsiffecent stages 115

proved by petrographic study

Xi



Abbreviations

Minerals and rocks

ana
ars

c

cp

chl

cb
chr
coff
gl

gn
HREE
kaol
k-fel
kin
leu
LREE
mag
mon
pitch
9%
qtz
REE
ru
sec. u
ser
Sp
sulph
ur
U-Th
U-Ti

zr

anatase

arsenopyrite

carbon

chalcopyrite

chlorite

columbite

chromite

coffinite

galena

garnet

heavy rare earth elements from Gd to Lu
kaolinite

potassium feldspar

kaolinite

leucoxene

light rare earth elements from Lato Gd
magnetite

monazite

pitchblende

pyrite

quartzite

rare earth elements from La to Lu
rutile

secondary uraniferous phases
sericite

sphalerite

sulphides

uraninite

uranium-thorium phases
uranium-titanium phases

zircon

Xii



General abbreviations

AAC Anglo American Corporation

AAS Andesitic Arc Source

CIA Chemical Index of Alteration

CIP Carbon In Pulp gold plant

EDX Energy-Dispersive X-Ray Spectroscopy

EMPA Electron Probe Micoanalyser

ICP-MS Inductively Coupled Plasma Mass Spectrometry
LA-ICP MS Laser Ablation Inductively Coupled PlasiMass Spectrometry
LLC Lower Continental Crust

LLD Lowest limit of detection

LOI Loss on ignition

MSWD Mean Squared Weighted Deviates

r Pearson correlation coefficient

rl reflected light

SAMREC South African Code for Reporting of MineReserves prepared by the South
African Mineral Resource committee under the altespaf the South African
Institute of Mining and Metallurgy, March 2000

SEM Scanning Electron Microscope

SRK Steffen, Ribertsen and Kirsten (South Afriggy) Limited

TOIS Tholeiitic Ocean Island Source

tr transmitted light

UCC Upper Continental Crust

WDXRF Wavelength Dispersive X-Ray Fluorescence

XRF X-Ray Fluorescence

26 corrected for background, common Pb and withinfPbfJ fractionation and

subsequently normalised to GJ-1 (ID-TIMS value/mead value)

Xiii



Contents

Declaration ii
Abstract ii
Zusammenfassung v
Acknowledgements Vi
List of Figures Vil
List of Tables Xii
Abbreviations Xiii
Chapter One: Introduction 1
1.1  General Introduction 1
1.2  Geological setting 2
1.2.1 Geological framework of the Dominion Group 7
1.2.2 Stratigraphy of the Dominion Group
1.2.3 Structural geology of the mining area 9
1.2.4 Theories for the heavy mineral depositiorhimithe Witwatersrand basin 9
1.3  Exploration history 12
1.3.1 Gold recovery 12
1.3.2 Uranium recovery 13
1.3.3 Economic background and market development 15
1.4  Previous work 16
1.5 Objectives of the project 19
Chapter Two: Methodology 21
2.1 Sampling procedure 21
2.2  Criteria of choosing boreholes 21
2.2.1 Boreholes from the Rietkuil area 12
2.2.2 Boreholes from the Dominion area 22
2.3 Petrography 22
2.3.1 Macroscopic description 22
2.3.2 Microscopic description 22
2.3.3 Autoradiography 23

Xiv



2.4  Geochemistry

2.4.1 X-Ray-Fluorescence (XRF)
2.4.2 REE analyses

2.4.3 Carbon analyses (LECO)
2.4.4 EDX/SEM

2.4.5 Electron-Microprobe (EMPA)
2.4.6 LA-ICP-MS

Chapter Three: Petrography

3.1

3.2

3.3

Hand specimen petrographic description

3.1.1 Rietkuil area

3.1.2 Dominion area

Microscopic description

3.2.1 Radioactive minerals

3.2.2 Non-radioactive oxide minerals

3.2.3 Sulphide minerals

3.2.4 Silicate minerals

3.2.5 Gold

3.2.6 Textural descriptions of certain thin et

Summary of the Petrography

Chapter Four: Whole rock geochemistry

4.1

4.2

Whole rock geochemistry — XRF
4.1.1 Major elements
4.1.1.1 Sediment classification
4.1.1.2 Chemical index of alteration
4.1.1.3 Provenance and tectonic setting derivaa fmajor elements
4.1.2 Rare earth elements and trace elements
4.1.2.1 Rare earth geochemistry
4.1.2.2 Provenance derived from trace elements
Geochemical overview of element relationships

4.2.1 Major element chemistry and possible coticaia

23
23
25

26
27
27
30

31
31
31
36
37
41
47
49
53
54
55
60

62
62
63
63
65
68
70
71
72
75
75

XV



4.3

4.2.2 Minor and trace element chemistry and ptssitrrelations
4.2.2.1 Yttrium and Zirconium
4.2.2.2 Sulphide minerals
4.2.2.3 Detrital minerals
4.2.2.4 Uranium and Thorium
Summary of the whole rock geochemistry

Chapter Five: Mineral geochemistry

5.1
5.2

5.3
5.4
5.5

Mineralogy and mineral chemistry — SEM
Mineralogy and mineral chemistry- Electron Migrobe
5.2.1 Primary detrital mineral phases
5.2.1.1 Monazite and xenotime
5.2.1.2 Uraninite
5.2.2 Secondary hydrothermal remobilisated minghalses
5.2.2.1 Pitchblende
5.2.2.2 Coffinite
5.2.2.3 U-Ti phases
5.2.2.4 Th-U phases
Mineral dating with LA-ICP-MS
Carbon analyses

Summary of mineral geochemistry

Chapter Six: Discussion and Conclusion

6.1  Discussion
6.1.1 Petrography study on the Dominion Reef sampl
6.1.2 Whole rock geochemistry study on the DonmriReef samples
6.1.3 Mineral chemistry study on the Dominion Resihples
6.1.4 Genetic model for the Dominion Reef sediment
6.2  Conclusions
6.3 Suggestions for further investigation
References
Sources

80
80
81
83
85
87

89

89
95
96
96
99
102
102
102
103
105
106
111
111

114
114
114
115
117
118
119

120

121

131

XVi



Appendices
Appendix |

+ Sample locations

« Examination methods

Appendix Il

« Autoradiography

+ Carbon analyses

Appendix Il

« XRF data

- Pearson correlation matrix

« Standards for XRF analyses

* REE analyses

Appendix IV -
Appendix V

EMPA analyses

* LA-ICP-MS data

XVii



Chapter One: Introduction

1.1 General Introduction

Strong commodity prices in the last few years hkad to a remarkable renaissance of
uranium exploration in South Africa. In the lasivfgears, the Klerksdorp area, the location of
the Dominion Reefs (reef is a synonym for mineediplacer all through the Witwatersrand),
has become an important region for uranium explmmatUranium in the Dominion Reefs is

not a new discovery, for parts of the territory éavlong history of mostly gold and minor

uranium mining. Nowadays uranium hosted in placepadits has become the focus of
exploration. For economic recovery, two conglomeitarizons are currently considered for
mining and uranium extraction. The ore from undeugd mining will be processed at a
uranium processing plant on the mines property. ftiee property is divided into two

operating areas, - the Rietkuil and Dominion sestidMining is currently undertaken by the

Canadian company SXR Uranium One Inc. The minetspegty is situated about 30
kilometres to the West of Klerksdorp at an latit@®e 47’S and an longitude 26° 29'E in the
North West Province of South Africa, as illustratedigurel-1.
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Fig.1-1: Overview map of South Africa with Dominipnoject location (http://www.uraniuml.com)



1.2 Geological setting

Numerous authors have studied the geological gettinthe Witwatersrand system. The
following description provides a short review oktheological setting with the Dominion
Reefs as the focus of the investigation.

The Witwatersrand basin is located in the Kaap@akon (3.7-2.7 Ga) of Southern Africa
and is known as the largest gold province in theldvdn figure 1-2, the main Archean
stratigraphic units of the Kaapvaal Craton inclgdihe Dominion Group are presented. The
crustal development of the units corresponds wdttonic processes in and around the
Craton. Two main periods are significant for thenfation of the basin (De Wit et al. 1992).
The first period (3.64-3.08 Ga) was dominated kegy/firmation of the continental lithosphere
of the Kaapvaal Craton associated with pulse dépas{3.2 Ga). The second main period
was a major pulse of magmatic intrusives duringirbaevelopment. At the end of the
Archean time, a collision between the Zimbabwe @ravith the Kaapvaal Craton occurred

along the Limpopo Belt (Frimmel 2005).

Pre-Witwater srand basement

Kroner and Tegtmeyer (1994) claimed the oldest kné&lmapvaal Craton fragment from a
Gneiss Complex in Swaziland to be of ~3.64 Ga #¢géhin the Barberton greenstone belt,
residual products of Palaeoarchean crust formatrenwell preserved. Synorogenic deposits
(Moodies Group) are known to be 3.2 Ga old andrzeto the top unit of the greenstone belt
(Frimmel 2005). Tectonic activities occurred 3.1 @Gacompanied by diffused gold
mobilization along shear zones (De Wit et al. 1992fombination of the described events
most likely led to the start of the intra-contir@nbasin formation and to the opening of the
intracratonic Dominion Group with following Witwatgand basin.

The Dominion Group as a nharrow volcano-sedimentary underlies the Witwatersrand
succession (Stanistreet and McCarthy 1991). Armgteet al. (1991) determined the age of
the volcanics (Syferfontein Porphyric Lava) as ehthe Dominion Group sucession at 3074
Ma and the underlying Archaean granite-greenstoasement at 3120 Ma. Dominion
sedimentery and volcanic rocks were deposited @veshort period of geological time,
between 3086 Ma and 3074 Ma proved by zircon U-&ingd techniques, (Armstrong et al.
1991, Barton et al. 1989; Robb et al. 1990a; 1992)continental rift.



Witwatersrand basin development

After the consolidation of the Kaapvaal Craton frearies of greenstone belts and granitic
intrusives, episodic and pulse sediment depositi@curred in the 350 by 200 km
Witwatersrand basin. The sedimentary depositiototysstarted between 2910 and 2714 Ma
(Stanistreet and McCarthy 1991). Hiatuses in sedirdeposition corresponded with episodic
granitoid plutonism, and continued during the etioluof the basin (Robb and Meyer 1995).
In figure 1-3, a simplified geological map (latexver removed) of the Witwatersrand basin is
displayed.

The Witwaterand Supergroup starts of with 5 kmKlacgilleceous sedimentary rocks of the
West Rand Group deposited in a continental passamgin setting, followed by 2.6 km thick
arenaceous and rudaceous sedimentary rocks of éné¢raC Rand Group deposited in a
foreland basin (Liebenberg 1955).

Post-Witwater srand devel opment

Tectono-thermal events influenced the sedimentieiVitwatersrand basin during and after
deposition. The Ventersdorp Supergroup, stratigcatlly above the Witwatersrand
Supergroup achieves a thickness of more than 36@® some regions. U-Pb dating of the
Ventersdorp lava revealed an age of 2714 Ma, acuprid Engelbrecht et al. (1986). The
Klipriviersberg Group overlaying the VenterspostnGlmmerate Formation composes of a
thick flood basalt succession is the product ofpgams of channelized lava flows over
sediment (Hall 1997). Volcanic rocks and siliclestediments of the Platberg Group overlay
the Klipriviersberg Group.

The Transvaal Supergroup was deposited from ard@#@D-2020 Ma (Robb and Meyer
1995). The parts are the Chuniespoort and the yorgrPretoria Group. Important parts for
economic reasons are the basal conglomerate urotyrk as Black Reef followed by the
dolomites of the Malmani Supergroup.

Felsic volcanic rocks of the Rooiberg Group overtag Transvaal Supergroup. As last
disturbance within the Witwatersrand stratigraphyhie 30 km wide Vredefort Dome with an
age of 2023+2 Ma (Kamo et al. 1996, Moser 1997).

Several fluid circulation phases through the Witrstand basin are recognized (Frimmel
2005). The corresponding tectonic events were dhlg @ransvaal thermal subsidence around
2580 Ma, the Pretoria extension around 2200 MathadBushveld event around 2060 Ma

(Kositcin and Krapez 2004). None of the events gaurthan the Ventersdorp extension are



of great significance for the post-depositionalkei@tion history of the Dominion Group

according to Frimmel (2005).
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Fig.1-2: Distribution of the main Archean stratighéc units of the Kaapvaal Craton,
(modified from Schmitz et al. 2004)
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Fig.1-4: Surface geology of the Klerksdorp aredwitining operation areas and sampled boreholes
(modified from Harley and Dixon 2006)



1.2.1 Geological framework of the Dominion Group

The map in figurel-4 illustrates the surface geplojthe Klerksdorp area. The investigation
of the Rietkuil and Dominion Blocks location of th@nesite and the sampled boreholes are
considered in this investigation.

Uranium and Gold mineralization is primary hostedthm two narrow sedimentary
successions located within the lower sedimentarit oh the Dominion Group. The
successions are known as Lower and Upper Reefsriangpof quartz-pebble conglomerate
units that are well preserved with channel featimesing into the underlying granitic rocks
(Button and Tyler 1981). The Upper Reef can be rilesd as more laterally persistent than
the Lower Reef. Between Lower and Upper ReefsadHly poorly developed intermediate
quartz-pebbly Reef can occur.

The Lower and Upper Reef conglomerates are reptasen of high energy sedimentary
accumulations above eroded Archean granitoid roBkséh Reefs typify a braided stream
environment above extensive eroded surfaces. Wighdition of the heavy minerals can be
explained as point bar sediment deposition witmokézation (Harley and Dixon 2006).
Volcanic activity started soon after the depositminthe Dominion Reef sediments. The
Rhenosterspruit Formation consists of mafic lavad felsic volcanics with a greenschist
metamorphic grade overprint. It is assumed thafdlstc volcanics most likely originated by
partial melting of crustal sources (Jackson 199Me Syferfontein porphyry lava was
probably deposited by pyroclastic flows after arsip@riod of time. The upper unit of the
Syferfontein formation consists of tuffaceous rodkgs believed that volcanism started off
slowly, with peak-time in the mafic extrusions betmiddle Rhenosterspruit Formation, and
declined during Syferfontein deposition (Jacksor®1)9 The Dominion volcanics are
representative of extensive magmatic activity witthie northwest flank of the Witwatersrand

basin.

1.2.2 Stratigraphy of the Dominion Group

The Dominion Group as a volcano-sedimentary sequeoansist of the Dominion

conglomerate Reefs, the Rhenostershoek quarthiée Rhenosterspruit formation, and the

Syferfontein lava (Fig. 1-5). The Dominion Reef$)etbasal part, consist of two

terrigenoclastic sedimentary units, locally knovenLawer and Upper Reefs.

The Lower Reef is a thin quartz-pebble conglomebai# with a thickness less than 5 m and

overlies directly the Archean granitoid rocks. Tiheermediate unit is a poor to moderately

mineralised quartz-pebble unit and is termed Midd@minion Quartzite. The Upper Reef

overlies the Middle Dominion Quartzite and can ®frgm a few centimetres to a maximum
7



of three metres thickness. The Upper Reef is hateomajority of uranium minerals and can
contain up to 1 % tDg at the top over 0.05 m of the conglomerate (Liéleeg 1955, Von
Backstrom 1975). The Upper Reef is overlain by Rieenosterhoek quartzite. This unit
comprises circa 10 m of yellow sericitic quartzithe Rhenosterhoek quartzite is overlain by
the Rhenosterspruit sucession without gap.

The Rhenosterspruit formation can be devided in Rienosterspruit Quartzite, and
the Rhenosterspruit Andesitic Lava. The quartziiéhin the Rhenosterspruit Andesitic Lava,
can be described as coarse arkosic grey rocksanttickness of circa 4 m (Watchorn 1980,
1981). The Rhenosterspruit andesitic lava is dg@ezlato a maximum thickness of 550 m.
The succession consists of green and grey and&sras with tuffs in the uppermost 150 m
(Von Backstrom 1975).

The overlying Syferfontein porphyritic lava occas a 200 m thick sequence. This sequence
can be divided into a lower medium grained porphymddle silicified porphyry, and upper
medium grained porphyry rocks (SACS 1980). Figw® illustrates the stratigraphy of the
Dominion Group in detail. The thickness of the ddnents of the Dominion Group are

estimates by exploration geologists from Uraniune Qrc.
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1.2.3 Structural geology of the mining area

The tectonic setting in which the Dominion Groupsvekeposited has a direct bearing on the
depositional environment of the Witwatersrand sesmm. The Dominion Group
supracrustals have been assumed to be an pre-i@palsproduct of the Witwatersrand
Basin (Jackson 1991). The following descriptionviies a short review of the structural
geology. The information about the structural feaguwf the mining area was provided by the
exploration geologists of Uranium One Inc., and 8RK Independent Technical Report
(Harley and Dixon 2006).

The mine's property can be divided in two main apenal sections: the Dominion and the
Rietkuil-Rhenosterhoek Block. The Blocks are spitthe south striking and east dipping
Hartbeesfontain thrust fault and the Rietkuil thriaslt. The easterly vergent Rietkuil thrust
fault borders the east part of the Rietkuil Bloakdacaused an uplift of the Dominion
lithologies over younger Witwatersrand Supergroagks. The separate Rhenosterhoek Block
can be described as an anticlinal structure betvoe#im main Blocks. The Dominion Block
displays as wide syncline over the whole area.mhm faults in the whole area have a north-
south strike orientation and the younger northeasthwest orientation. North-trending
synclines which plunge to the south are the mostngon in the Rietkuil-Rhenosterhoek

Block. Most of the present faults appear with daegment of a maximum of 350 m.

1.2.4 Theories for the heavy mineral deposition whtn the Witwatersrand basin

Since the discovery of gold and uraninite in théwsliersrand basin, the question about their
genesis was present. The placer deposit contamislea variety of ore minerals. The fluid
dynamic processes involved in the placer formatom invariably very complex. Extensive
research on the origin of the mineralization in ¢beglomerates of the Witwatersrand exists.
Since early times two main schools were publishede “placerists” and the
"hydrothermalists” (Ramdohr 1958). Nowadays, thresn theories have been advanced to
explain the presence of gold and uranium placeosiepin the conglomerates within the
sediment sucessions. A short review of the three rifeeories of the mineral deposition
history within the Witwatersrand basin is givendwel The modified model for the heavy

mineral deposition very likely is valid for the neiralization within the Dominion Reefs.



1. The placer model (Fig. 1-6) was originally prepd by Mellor (1916). According to

Pretorius (1974), Hallbauer and Utter (1977), urdeiand gold were formerly mechanically
deposited as detrital particles under oxygen-ptmoapheric conditions before 3074 Ma. It is
assumed that the dense detrital minerals were otnated during sediment deposition and

derived from older Archean granite-greenstone soareas.

R S i A -] Fig.1-6:
3510 2.7 Ga | Model 1-Unmodified Placer lllustration of the
source gold Expected Ty, 0ges Unmodified
3510 2.7 Ga Placer model

Defiital fransport proposed for the

Detrital gold source

origin of gold and

uraninite in the

Witwatersrand

Basin (modified

from Kirk et al.
2001)

2. The model assumes similar that although detntalerals gold, uraninite and related
minerals were detrital in origin. Theses minerakveh been locally remobilized and
recrystalized after burial to account for secondgrgin shape and composition (Fig. 1-7).
Nowadays, most of the geologists support the medlifplacer theory (Liebenberg 1955,
Ramdohr 1958, Schildowski 1981, Minter 1976, Uft880). It is assumed that the sediments
were deposited along borders of a fluvial systeedif@ents and heavy minerals were brought
from an elevated source area to the northwest efbisin (Robb and Meyer 1995). A
lacustrine littoral system distributed fine seditseat the length of the shoreline of an early
inland sea. Heavy mineral concentrated by grawtylisg and pulsating wave and current
action. Liebenberg (1955), Frimmel and Gartz (199and Minter (1999) assumed a
remobilization of uraninite and gold by hydrothetrhaids, followed by local re-precipitation
with various associated phases. Several stagesitaneed fluid circulation through the
Witwatersrand Basin are recognised, ranging framraber of diagenetic basin dewatering to
hydrothermal fluid infiltration events. Most reli@bhydrothermal events cluster around 2720
Ma (Ventersdorp extension), 2580 Ma (early Tranktteermal subsidence), possibly around
2200 Ma (Pretoria extension), 2060 Ma (Bushvelchgvand Vredefort 2020 Ma (Armstrong
et al. 1995, Kositcin and Krapez 2004, Robb e1800, Frimmel 1999).
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ey e e s Fig.1-7:
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3. In the metamorphic/hydrothermal models (Fig.) it8s assumed that gold and uraninite
was transported in solution inside the basin by hydrothermal/metamorphic fluids.
According to Philips and Law (1994) and Barnicotaiak (1997), the deposition occurred
after the basin sedimentation had ceased. Themres® ore minerals in the conglomeratic
host rocks is the consequence of basin fluid flowesponding with structural and chemical
controls (Philips and Law 2000). Different hydratin@al models are present for the origin of
the ore minerals. One indicates a separate orayigdld, uraninite and carbonaceous matter
(Philips and Law 2000), on the contrary another ehaafers a co-genetic origin (Barnicoat et
al. 1997). According to these models, almost altidé minerals are supposed to be absent

within the Witwatersrand Basin.

 Model 3-metamorphicihydothernal] | F19-1-8:

Expected Ty, ages Illustration of
27102 Ga the metamorphic/

hydrothermal

Hydrothermnal gold source only

origin of gold and
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Baserment Witwatersrand
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Hydrothermal fluids + Au | from Kirketal.
Matez (2.7 10 2.0 Gq) 2001)
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1.3 Exploration history
Historical information of uranium and gold recovérgs been extracted from an independent

technical report for the Dominion Uranium Projddafley and Dixon 2006).

1.3.1 Gold recovery

After the first gold discovery, close to Johannegbthe gold rush in the Witwatersrand basin
started. In August 1886, P. Roos discovered golal @aonglomerate outcrop at the top of the
southern hills of Klerksdorp. Fortunately, in Novsen of the same year, J. Moody-Lane
discovered gold 15 km west of Klerksdorp on thetlRi# Block 626. The area was opened
for prospecting in July 1887 and the Rietkuil GBldlds opened in the same year.
Operations in the Wolverand and the Rietkuil Miterted in the year 1888. The Afrikander
Lease Company became the successor of these mirl392. In fact a certain number of
mines were established in 1895. Four companies Rib&uil Gold Mining Company, the
Klerksdorp Main Reef, the Elandslaagte Gold Mineal ahe Afrikander Gold Mining
Company) had a significant interest in the Rietkadld Field. During the last years of the
nineteenth century, various small mines were opdrathese mines belonged to the African
Lease Company, the Rietkuil Kopje Mine, the WolweraGold Mining Company, the
Worcester Hope Block, the East Anglian Block, tleetBs Block, the Huguenot Syndicate,
the Van Der Stel Mining Company, the Ball Buoy Sgate, and the Afrikander Syndicate.
Until the 1930s the small mines continued with ititenventional operations. The mining was
consolidated into only three big mining companigse northeast and the southwest sections
of the Rietkuil Gold Fields belonged to the Afrikban Lease Limited and the Babrosco Mines
Limited. In the year 1957 all three areas had hegted into the Afrikander Lease Limited
which continued with underground mining operatiansl 1964. During the 1970s, the Anglo
American Corporation started test mining for uramian the Dominion Reefs to the north of
the Rietkuil Syncline. Eventually, two subsidiarpngpanies of AAC (the Vaal Reefs
Exploration and the Mining Company Limited) start@aderground mining operations for
gold at the Afrikander Lease Limited, and they uaedonventional CIP gold plant for the
gold recovery. The historical gold production betwd 888 and 1997 is listed in table 1-1.

In late 1998, AAC acquired an interest in the Adinkler Lease Limited. In 1998, exploration
studies determined gold resources near the sunfdgeh could be mined from an open pit
situated within the Inner Basin with further prosieg at the existing CIP (Carbon In Pulp
gold plant) mill. The gold resources turned oub®oxidized so that a less expensive heap

leach extraction could be used. As a result, tHe @&nt was replaced by heap leaching for
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gold in the year of 1999. Between January 2000 Recember 2004, 3,277 kg of gold was

produced.

Table 1-1: Rietkuil Gold Fields-historical gold piuction

Period Tonnage | Au Output Recovered content U Uranium
Mines from to|  (MY) (kg) | orade | Srade
Dominion Group
Reefs
Dominion Reef Mine | 189071936 - i i i i
1936-1955 4 351 920 | 16 199 3.72 - -
1956-1961) 1 029 063 | 9549 9.28 1,823 0.31%
1958-1961) 80 000 - - 108 0.24%
West Rand Group
Reefs
Afrikander Lease 1889-1898| 41 680 544 13.05 -
1903-1921 3 613 37 10.24 - -
1922-1932 5830899 | 3966 0.68 - -
1933-1964 3 164 446 | 15077 4.76 - -
1982-1997| 7086 000 | 8711 1.23 - -
Babrosco 1922-193084 000 662 7.88 - -
1934-1960 3212 316| 16193 5.04 - -
Bonanza 1893-18944 134 49 11.85 - -
West Bonanza 1888-191179 513 952 11.97 - -
Elandslaagte 1894-189649 648 504 10.15 - -
1903-1930] 39 665 257 6.48 - -
1936-1941 35 035 138 3.94 - -
Total Gold 1888-1997| 25 091 932 72 838 | — - -
production

1.3.2 Uranium recovery

Between 1936 and 1961, the Dominion Reefs were drfimegold and uranium. The uranium
operation started in the year 1956. Unfortunatéiyy mine was closed in 1961 due no
uranium contracts being terminated. Based on Iislomining records, the production was
about 1, 900 tonnes uranium concentrate in sixsy&dre ore grades varied between 0.77 kg/t
(in 1960) and 1.17 kg/t (in 1956).

As a result of the recovered market for uraniumgaisting historical uranium resource on
the Dominion sites was re-evaluated. Historicahdaere reviewed and validated. Even the
archived cores were re-sampled for new chemicalyses. In 2005, exploration work and
engineering studies on the Western Mining Asset®wene by Aflease, and its consultants.
A twin-hole program of drill holes, consisting oix sdiamond drill holes confirmed the

presence of mineralization within the Upper and eo®ominion Reefs.
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A Canadian uranium and gold resource company, Unar®ne Inc. (formerly Aflease), has

owned the Dominion Uranium Project since 2005. WnanOne Inc. began processing ore

from underground at the Dominion and Rietkuil satin February 2007.

The reported Mineral Resource Estimate statemetahle 1-2 are based on results from the

Uranium One drilling programme. The reported tonaesl grades show a Life-of-Mine

(LoM) plan of 11 years by accessing Probable Reseonly. The inferred resources and the

indicated resources are displayed for the miniegsvithin the figure 1-9.

Table 1-2: SRK Audited Mineral Resource Estimat@,@) at Dominion (December 31, 2007)

Tonnes| U;0g Grade Contained | Gold Grade Contained

Reef Unit (000’s)|  (kg/tonne) U3Og (g/tonne) Gold
(Ibs 000Q’s) (ozs 000’s)

Rietkuil Upper Reef 38,004 0.59 49,043 0.69 838
Rietkuil Lower Reef 12,372 0.53 14,338 0.97 386
Dominion Upper Reef 18,963 0.62 26,072 0.55 338
Dominion Lower Reef 11,740 0.89 22,963 1.13 427
Total Indicated 81,080 0.63 112,416 0.76 1,989
Rietkuil Upper Reef 37,047 0.50 40,492 0.66 782
Rietkuil Lower Reef 40,896 0.43 39,010 0.70 922
Dominion Upper Reef 59,728 0.31 40,320 0.47 893
Dominion Lower Reef 37,123 0.23 18,529 0.78 937
Total Inferred 174,795 0.36 138,351 0.63 3,534

Additional information:

1. The mineral resources have been reported in acwoedaith the classification criteria of the

South African Code for Reporting of Mineral Res@ag@nd Mineral Reserves (the SAMREC

Code). SRK Consulting considers that the minersdueces estimate would be identical if

reported in accordance with CIM standards.

2. The mineral resource was estimated by Dr. Carimarher of Geological & Geostatistical

Services, an independent consultant, and repastadtit-off of 30 cmkg/t &g for

Dominion and Rietkuil, and 0.00 g/tonne gold.

3. Mineral resources are not mineral reserves andtlbave demonstrated economic viability.

14



Phase 1

964000

RV #1

Dominion section

D3 and D4

969000 N J (‘!'

(i

Rietkuil section

( Mining rights area

| Dominion Reef outerop

Fault
~= Underground development
3 stoping
() Historic borehole (Reaf intersectad)

Historic borehole (Reef not intersectad)

974000

F973000 @ Borehole drilled prior to 15 April 2006

@ Borehole drilled since 15 April 2006

@ Faulled borehole

[ | Inferred resources (Based on Upper Reef)
Indicated resources (Based on Upper Reef)

Excluded (Palasohigh)

Kilometres

0 5

Y-85000 Y-60000 Y-55000 Y-50000

Fig.1-9: Mining areas with underground developnamt resources estimates (http://www.uraniuml.com)

1.3.3 Economic background and market development

All information about the economic background o thominion Reefs operating mines and
the uranium market are from reports displayed an Wmanium One Inc. homepage. The
economics of mining in the Dominion Reefs have bkggely controlled by the uranium
price. Relatively high commodity prices in the l&stv years (since 2004) have lead to a

remarkable renaissance of uranium explorationerbminion Reefs.
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The worldwide uranium price is governed by the $yppd the demand for industrial use. In
figure 1-10, the historical uranium production dhd consumption are displayed. Within the
diagram an increasing trend based on the uraniumsucoption is obvious. The uranium
prices in the 80s and 90s were relatively lows lhi$sumed that the large excess stockpiler and
the government sales depressed the prices.

The growth in demand most likely can be explaingdhe use of uranium for nuclear power.
Nowadays, 16 % of global electricity is generatgchbclear power. More than 350 Reactors
are presently under construction or planned inrs@aintries. The result emerging from the

economic background is that in the future the redadanium will increase.
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Fig.1-10: Diagram of historical uranium productiemd consumptiohttp://www.uraniuml.com, presentation
U308-Market Fundamentals, 4 Oct07, page 18)

1.4 Previous work

The Witwatersrand basin contains the vast majofitynown gold and uranium resources and
has been of interest for economic recovery resgan@jects. There are numerous descriptions
of the minerals in the Witwatersrand Reefs, th&strdbution within the Reefs, the relations
between the various minerals and their formatiea(fer and Koen 1975, Feather 1981). The
majority of scientists compared rock samples frammDominion Reefs with other Reefs from

the Witwatersrand basin. Some main reviews of tisasdies are given below.
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Several scientists have been studying the Domi@ioyup in detail, with particular focus on
the mineralized Reefs. The most detailed studigh@fmineral occurances in the Dominion
Reefs have be done by Liebenberg (1955), Hiem$888), Simpson and Bowles (1977), and
Jackson (1991). A short abstract of some previtugies will be described below. For further
information, more authors are listed in the refeesn Most studies can not be stated in detalil
since they do not play the most important parhis investigation.

Feather and Koen (1975) focussed in their study of the microscogiscription of the

minerals occurring in the economically importanttWtersrand Reefs. It was their aim to
gather information about the origin of the differenineral phases. Geochemical data were
obtained with the help of electron microprobe stsdio prove a different genesis of the

minerals.

Feather (1981) discussed in his work certain aspects ef tineralization within the
Witwatersrand Reefs in detail. Especially uraniumaring minerals and the affecting
temperatures while the main period of metamorpbiwidy was discussed. Feather claimed a
temperature of metamorphic activity between 400-8D0

Samples from economically important Reefs were nreaswith the electron microprobe and
the XRF, to determine their whole rock and minerhémical composition. Microscopic
observations of most samples were carried out.edealed the result of a detrital origin of
uraninite within the Reefs and the re-precipitafimm solution. With the obtained YO hO,
ratios he proposed a multiple granitic or pegn@adetrital source

Hiemstra (1968), in his detailed study, focussed on thdsuhosting the economic U-Au

deposits in the conglomeratic Reefs in the formemihion Mine and the Afrikaaner Leases
Mine. Hiemstra investigated the mineralogy, thergegy and the geochemistry of the

uraniferous conglomerate units of the Dominion Re& detailed study of the various

mineral species and a data set on shape, sizeoandness led to remarkable information
about the origin of gold and uranium ocurring ie tReefs. The geochemical investigation,
with qualitative and quantitative analyses, detagdigeochemical trends which revealed the
same conclusion. The obtained data sets showeermeadfor the occurrence of uranium as
detrital mineral originating from pegmatites andedmined a hydrothermal overprinting in a
later period. This metamorphic event could be ietdifon completely altered ore minerals

within the Dominion Reefs.
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Jackson (1991) discussed in his work the tectonic settrfigthe late Archean volcano-
sedimentary units (Dominion Group) and implicatidos the Witwatersrand Basin's gold
deposition. He described the lithology, the geodkty) the petrography, and the
stratigraphy of the Dominion Group in detail. Jawkscompared the volcanic sequences
within the Dominion Group with other similar volaarsuites in order to obtain geochemical
correlations. As a result, he proved parts of forteetonic setting models and pointed out

new question for further research.

Schildowski (1981) described uraninite, and their alteratioodpcts of the Witwatersrand
conglomerates. He revealed information about tiggroof uraninite and brannerite with the
help of ore microscopic examinations and chemioalyses. This research project was done

for implications for the Witwatersrand metallogeny.

Liebenberg (1955) described in detail the occurrence and tiggnoof gold and radioactive
minerals in the Witwatersrand System, the DomirRaef, the Ventersdorp Contact Reef and
the Black Reef. He undertook a detailed microsceopmck and X-ray studies on specimens
from different locations. Liebenberg discussed ghacipal uraniferous constituent uraninite
as detrital grains in conglomerate beds. He alskrid®ed secondary uraninite within the
Reefs. He assumed that the secondary uraniniten islteration product of the detrital
uraninite by metamorphic and/or chemical actions. fbund evidence for a simultaneous
deposition of gold and uraninite which supportesl thiesis of the modified placer theory for
the origin of gold and uraniferous components.

Minter (1976, 1978, 1986, 1999,) focussed on the Witweded Basin and their

economically important Reefs. With the help of sal/studies, he proposed theories for the
origin of the basin, the different occurrence o thinerals and the effects of metamorphic
activities. Minter compared samples from a numldeReefs to obtain possible theories of

their origin and to obtain information about thegtationships.

Simpson and Bowleg1977) determined the controls of the principaniom mineralization

with different mineralogical methods. The usageooé microscopy, electron microprobe
analyses, radioisotope and stable isotope detetimmsa fission track studies of uranium
distribution, and detailed analyses of fluid inetus, was of utmost importance for their

investigation. Simpson and Bowles developed twooriee of uranium deposition: as
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precipitation of uranyl ions from solutions and @etrital allogenic uraninite grains. They
proposed both theories valid for the Dominion Resid for other uranium bearing Reefs

within the Witwatersrand basin.

1.5 Objectives of the project

The aim of the presented study is to charactere rhineralization of the Dominion
Conglomerate Reefs as gold-uranium placer depaditsparticular focus of the paragenetic
sequence and their genesis. This was achieved umyisg the mineralogical and the
geochemical characteristics of 78 selected boreturke samples from the Dominion Reefs to
distinguish between primary and secondary minehalsps. In order to achieve these aims,

several methods were applied which will be presknte

» Detailed light microscopic investigation and autbography had to be done in order
to identify numerous mineral phases occurring ie tReefs and to document

information about their size and shape

e Determination of the mineral modal proportions fwpoint counting) so as to resolve

their distributions and associations within the lRee

* Geochemical whole rock studies (major, trace an& BRalyses) with the intention of

determining:

Sediment classification

Provenance analysis

Source area

Chemical Index of Alteration (CIA) and weatheringgdee evaluation

Geochemical trends

O O O O o o

Determination of genetic associations
* Quantitative Scanning Electron Microscope (SEM)lgs&s to receive information

about the mineral distribution and to locate themmaanium bearing phases within

the polished thin sections
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* Geochemical Electron Probe Microanalyser (EMPA)d&s on uranium bearing

minerals, monazites and xenotimes with the aimetémnining:

Geochemical signatures of monazites, xenotimesieandferous minerals
The origin of uraninite

The origin of the secondary minerals

O O O o

Distinction of the geochemistry of primary and sedary formed uranium

bearing minerals
» Laser Ablation Inductively Coupled Plasma Mass 8petetry (LA-ICP-MS) dating
of monazites, zircons, rutiles and uranium beammgerals to determine primary

mineralization age and secondary mineralization age

* Relationships between well known events which ¢#ig@the Witwatersrand Basin and

events effecting the Dominion Group

20



Chapter Two: Methodology
In this chapter, the methods used for the geochamind mineralogical investigation of 78
rock samples from the Dominion Reef Group are dlesdr Methods applied on individual
samples are listed in Appendix I.

2.1 Sampling procedure

For sampling, representative boreholes from differ&keef facies were selected in
consultation with the mine and exploration geoltgfsom Uranium One Inc. The geologists
provided data sets with uranium grades and goldyasssults from the mines laboratory for
most of the drill cores. A number of cores withthigranium grade from the Rietkuil and the
Dominion section were selected.

For this investigation, 70 samples from the Ridtlas the main area of this study, and 9 from
the Dominion section were chosen. The locationthef78 samples are listed in Appendix |.
All selected intersections are stored in the cbezls of the company. After the boreholes and
selected sections were cut by company employeesreosamples quarters of 20 centimetres
length. It was only possible to receive quarteresobecause half cores had already been
utilised for uranium and gold analyses. The otle@naining quarter core has to be stored in
the core sheds for possible further investigatiBor the geochemical investigation, an
additional 20 g of crushed core material from eaelected section was provided by the

company.

2.2 Criteria of choosing boreholes
2.2.1 Boreholes from the Rietkuil area
For this study, samples were collected from thekRiksection, representing different Upper

Reef sedimentological facies. They were determinedxploration geologists as:

* Channel Facies
* |Interchannel Facies

* Qverbank Facies

Borehole maps with the location, the distributioh are grades, and the different
sedimentological facies were provided by the comijsageologists. The different samples
were selected from the different Reef facies, tsues the diversity of the borehole locations.
In general, one or two samples from each selectedhble intersection were collected. A

total of 62 core samples were taken from the welletbpedUpper Reef and eight from the
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poorly developed.ower Reef. The main criteria for the borehole stt®, was choosing well

mineralized samples with high uranium grades.

2.2.2 Boreholes from the Dominion area
The samples collected from the Dominion sectiommglto different sediment facies, which
were classified by exploration geologists as:

« Small package conglomerate (Upper Reef)
« Middle package conglomerate (Upper Reef)
e Multiple bands (Upper Reef)

» Terrace facies (Lower Reef)

The company's geologists provided a map with alebole locations and the corresponding
uranium grades. A small number of samples with higdnium contents from this area were
taken to get an overview of the distribution ofniferous minerals in the Dominion section.
Seven samples from the Upper Reef and two fromLthneer Reef were chosen for this

investigation.

2.3 Petrography

2.3.1 Macroscopic description

Before preparing 32 polished thin sections, alesild samples were photographed and a
macroscopic description of the core samples wasptaiad in order to receive information
about the whole variety of samples from the Ridtand the Dominion section.

2.3.2 Microscopic description

Twenty-two polished thin sections were made from Rietkuil and ten from the Dominion
area at the University of the Free State in Bloendm. Two centimetre long pieces of
samples were cut from the quarter core for the gadfpn of polished thin sections. The
mineral petrography was carried out using a Niketmqgraphic microscope.

To obtain the modal mineral proportions, a JamedtSwint counter was used. A total
number of nine hundred points were counted on eskag at an enlargement of 100 times
magnification. Points were counted at an interd&@Gb pum in the length and 1,000 um in the
width of the thin sections. These intervals weresem to ensure representative results of

counting the ore minerals and other associatedraise
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2.3.3 Autoradiography

To locate uraniferous minerals, autoradiographyg@®e 1979) of ten thin sections was
carried out (shown in Appendix Il). The sampleseaveverlaid with a thin photographic film

and covered with lead for at least five days (Fi3R). After this time duration, the film was

covered with photographic emulsion and developednaage on the film. The produced

image is the visualisation of the distribution dietradioactive minerals within the thin
sections (Fig.2-1: B).

Fig.2-1: Autoradiography method, A: samples overlaith a thin photographic film and covered withde
B: the produced image of the radioactive mineral$ilms

2.4 Geochemistry

2.4.1 XRF

For a quantitative determination of the whole-roekement concentrations, X-ray
fluorescence was used. All sample and standard/seslare listed in Appendix IIl. Before
measuring, all samples were prepared as fusiors,disid as pressed powder pellets to ensure
homogeneous element distributions for further asedy For the whole-rock geochemical
analyses with the XRF, 78 samples were prepared.

The company provided additional crushed samplesXRF analyses. All the crushing and
milling was done by the Uranium One Inc. mines fabary. At the Universtity of the Free
State's laboratory, the powder was weighed andvadtels dried at 110 °C for 24 hours. After
that, it was weighed again, in order to determhree dmount of adhesive water. Afterwards,
the powder was roasted in a porcelain pan for @amofhhours at 1,000°C to release the
volatile content. In the final process, the samplegse weighed again to determine the loss on
ignition (LOI).
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The final fusion disks, used for the major elemamalyses, were produced from the roasted
powder. The disks consist of 0.28 g roasted matend 1.52 g of a mixture of Li-meta- and
Li-tetraborate. This mixture was placed in a inl@ipum pan and exposed to 1,200°C for 20
min in a melting furnace. At the time of the maifiprocess, the pan was swayed to ensure the
sample was mixed. For analysing the major elemententrations, the programme major
beads 2, was used. The major elements {SM3O;3, TiO,, F&O3;, MnO, MgO, CaO, N#O,
K20 and BOs) are determined as oxides in wt %.

The pressed powder pellets, for trace element aes)yconsist of a homogenous mixture of 8
g rock material and 3 g Hoechst Wax. The mixture pi@ssed in a hydraulic press with 8 t to
create the pellets. The trace element concentsatisare analysed with the measuring
programmes ‘VMS-traces 3’, ‘Sodium only’ and ‘Uram only’. The values of the trace
elements are stated in ppm. The elements measiuitethe programme are: S, Ca, Sc, Ti, V,
Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb,Y51Zr, Nb, Mo, Ag, Cd, Sn, Sb, Te, I, Ba,
Yb, Hf, Ta, W, Hg, TI, Pb, Bi, Th and U.

Major and trace element analyses were done at gpafment of Geology, UFS, with the
PANanalytical WDXRF Axios spectrometer. The spetteter was used with SuperQ
Version 4 Software with the two analytical optiolid+ for semi quantitative analysis and
Protrace mode for quantitative analysis. The ma&agyrogrammes used for the analyses
were already hardwired-programmes.

The rhodium anode X-ray tube within the operatirigPXs of the end-window type. The tube
consists of a ceramic construction and is sharpdahosorder to get as close as possible to the
sample. The window is made of beryllium and is T thick. The anode operated with the

following working specifications:

e Accelerator voltage : max 60 kV
¢ Current : max 160 mA

* Power level © max 4 kW
All calibrations for the XRF analyses have beemniedrout with the standards listed in table

2-1. The average lowest limit of detection (LLD) fsach element is given in the XRF tables

(Appendix 1l1), and has been calculated from the LLD's of eachyaisal
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Table 2-1: Standards used for the calibration efXRF

Elements | Standard names

Major G-1, W-1, AGV-1, BCR-1, DTS-1, G-2, GSP-1, PCC-H\BO-1, MAG-1, SY-2,
elements | SY-3, MRG-1, ASK-1, ASK-2, GR,GA, GH, BR, MICA-FBYJICA-MG, DR-N,
UB-N, BX-N, DT-N, VS-N, GS-N, FK-N, GL-O, AN-G, BEN, MA-N, AL-l,

IF-G, AC-E, JG-1, JG-1A, JG-2, JG-3, JB-1, JB-1B;2] JB-3,JR-1, JR-2, JA-1,
JA-2, JA-3, JF-1, JF-2, JP-1, JGB-1, JCH-1, JDOLK-1, JLS-1, JSD-1, JSD-2,
JSD-3, JSI-1, JSI-2, JR-3, JGB-2, JH-1, NIM-D, NB/-NIM-L, NIM-N, NIM-P,
NIM-S, SARM-39, SARM-40, SARM-41, SARM-42, SARM-43ARM-44,
SARM-45, SARM-46, SARM-47, SARM-48, SARM-49, SARM, SARM-51,
SARM-52

Elements | Standard names

Trace AC-E, AGV-1, AL-Il, AN-G, ASK-1, ASK-2, BCR-1, BE-NBHVO-1, BR, BX-N,
elements | DR-N, DT-N, DTS-1, FK-N, G1, G2, GA, GH, GL-O, GBS-N, GSP-1,IF-G,
JA-1, JA-2, JA-3, JB-1. JB-1A. JB-2. JB-3, JCHDQ}M, JF-1, JF-2, JG-1, JG-1A,
JG-2, JG-3, JGB-1, JGB-2, JH-1, JLK-1, JLS-1, JBRE]L, JR-2, JR-3, JSD-1,
JSD-2, JSD-3, JSI-1, JSI-2, MAG-1, MA-N, MICA-FE |JGA-MG, MRG-1,
NIM-D, NIM-G, NIM-L, NIM-N, NIM-P, NIM-S, PCC-1, SRM-39, SARM-40,
SARM-41, SARM-42, SARM-43, SARM-44, SARM-45, SARMCASARM-47,
SARM-48, SARM-49, SARM-50, SARM-51, SARM-52, SY-8Y-3, TR-2,
TR-7, TR-9, TR-14, TRMAC-1, TRMAC-2, TRMAC-3, TRMAG, TRMAC-5,
TRMAC-6, UB-N, UREM-1, UREM-2, UREM-4, UREM-8, UREM, UREM-10,
UREM-10/2, UREM-11, VS-N, W-1

2.4.2 REE Analyses

The rare earth element and some trace element minattens were measured by Analytical
Laboratories in Vancouver, Canada (www.acmelab.c&ixteen selected rock pulp samples
from the Dominion Reefs were provided to the ACMEb&. Rare earth and refractory
elements are determined by ICP-MS (Inductively QedipPlasma Mass Spectrometry)
following a Lithium metaborate/tetraborate fusiordanitric acid digestion of a 0.1 g sample.
Multiple standards were analyzed together with shbmitted rock samples. Analyses by
ACT Labs included compositionally different stardkarwith well-defined elemental
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concentrations. The standards used for referen@sumements are listed in table 2-2. The
data sets for all measured samples and the comdsypdetection limits for each element are
displayed in the Appendix .

Table 2-2: Reference measurements for trace elesmadt REE

Ref. Mat. Ba | Be| Co Cs Ga Hf Nb Rb Sn Sr Ta Th

STD SO-18( 514 1 | 26.5( 7.0 17.9 9.8 225 2719 15 40814 9.9
STD SO-18| 504 | <1 | 26.5 6.8 17.7 9.6 2114 27\5 15 40112 9.6
STDSO-18| 518 2 | 27.7f 7.1 179 102 222 291 15 420B4 | 104
STD SO-18| 518 | 1 | 27.6| 7.1 17.7 9.8 225 289 15 41745 | 10.3
BLK <l [ <1]|<0.2[<0.1| <05| <0.1] <0.]] <0.1 <1l <05 <0}]1 <q.2
BLK <l [ <1]|<0.2[<0.1| <05| <0.1] 0.2 <0.1 <l <0/5 <01 <4.2
Ref. Mat. U \ W Zr Y La Ce Pr Nd Sm Eu
STD SO-18| 16.4 203 | 15.0f 291.3 316 12/0 271 336 14.6 2.9687 D
STD SO-18| 15.9 199 | 146 286.9 312 12J0 268 335 14.3 2.9286D
STD SO-18| 16.7 211 | 155 297.6f 32y 126 280 35/51 150 3.03000pD
STD SO-18| 16.7 210 | 15.3| 296.5 326 12/4 278 346 147 3.0089D
BLK <0.1 <8 <0.5 <0.1 <0.1] <0.1 <0.1 <0.p20.3| <0.05<0.02

BLK <0.1 <8 <0.5 <0.1 <0.]] <0.] <0.,1 <0.0Z0.3| <0.05/<0.02

Ref. Mat. Gd Tb Dy Ho Er m Yb Lu La Ce Pr

STD SO-18| 3.01 | 0.49| 3.00 0.60 178 028 184 O0R6 12.0 27.136 B
STD SO-18| 2.94 | 0.50| 3.00 0.60 1.74 028 179 O0pR6 12.0 26.8353B
STD SO-18| 3.01 | 0.52| 3.06 0.62 18 029 184 0p8 126 48.051 B
STD SO-18| 2.97 | 0.52| 3.03 0.63 1.81 029 182 o0p7 124 27.846 B

BLK <0.05 | <0.01| <0.05| <0.02 | <0.03 <0.01|<0.05|<0.01| <0.1| <0.1| <0.0]

BLK <0.05 | <0.01{ <0.05| <0.02 | <0.03 <0.01|<0.05(<0.01| <0.1| <0.1| <0.09

2.4.3 Carbon analyses

For determining the carbon content in 15 selecadpdes the acid method, based on the
Mebius Method (Nelson and Sommers 1982, Prinsl@8,1@/iltshire 1987), was usedl the
Department of Soil Science at the UFS. For thesdyaes, 1 g of crushed rock material was
weighed and put into a glass beaker. Exactly 1®ihf).5NK,Cr,O; solution and 15 ml of
concentrated F50O, was added and stirred in. The beaker was placedsamd bath preheated
to 130C and the solution with the crushed rock mategakted for 10 minutes. Afterwards,
the mixture was removed and 35 ml of cold distieater was added. The excess chromate
was titrated with 0.2 N ferrous ammonium sulphatetsons. The 15 analyses, carried out by

using the acid method, are listed in the Appentdix |
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2.4.4 EDX

A SHIMADZU SEM-SSX50 Scanning Electron Microscop@Xat the centre of microscopy
at the University of the Free State in Bloemfontaias used to determine the mineral
chemistry of ores and host minerals. No furthem g@ction preparation was necessary for this
investigation. Area mapping as method was carrietd to determine the distribution of
elements in the mineral phases and to verify difiemineral assemblages.

At the Université Henri Poincaré in Nancy a secendnning electron microscope (Hitatshi
FEG 4800), was used to produce images of minedgsbeyond the capabilities of ordinary
optical microscopes for further EMPA analyses. Tan target of the SEM analyses was to
determine the quantitative elemental compositionthef uranium bearing mineral phases to
receive an overview about element distribution.

Four polished thin sections (DRT 039 DO 6920, DR3# @O 8628, DRT 079 AO 5268,
DRT 058 AO 3883) were sputtered with carbon befaaadling SEM and EMPA analyses.
Both microscopes were used with the following wogkspecifications:

* Acceleration voltage : 15 kV

e Specimen current :1nA

e Take-off angle :35.0°

« Working distance :17.0 mm

« Stage angle :0.0°
2.4.5 EMPA

A CAMECA SX 100 electron probe microanalyser (EMPA)the Université Henri Poincaré
in Nancy, was used for quantitative determinatiérthe uranium bearing mineral phases
composition. The electron microprobe was used wifthe-wavelength dispersive
spectrometers.

For the analyses, polished thin sections with tighdst uranium grades were chosen. The
polished thin sections were sputtered with carbeiode handling or transferring for EMPA
and SEM. Before the EMPA analyses, the nature di esystal was studied by SEM imaging
to identify the uranium bearing minerals in thetgsc

Monazites in two polished thin sections (DRT 039 B@P20, DRT 034 DO 8628-A) were
analysed in the first stage. One to eight spotevwa@alysed on each mineral (depending on
the mineral size) while one spot took about six utes. A total number of 151 spots in

monazite grains could be measured.

27



The measured elements are: Al, Si, P, Ca, Ti, Mn,Y5 Zr, La, Ce, Pr, Nd, Sm, Th, U, Pb,
Gd, and O in wt %, atomic %, and as oxides in wiA#banalyses, detection limits (in ppm),
and standard deviation (in wt %) are listed in Appendix IV. The following conditions of
the electron microprobe were used for the monaaitalyses, the standards used for the
electron microprobe analyses are listed in tali3e Phe analyses carried out on uraninites and

monazites are listed in the Appendix IV.

* Acceleration voltage: 20 kV
* Current: 10 nA
* Raster Length : 3um
Table 2-3: Standards and X-ray lines used for mbmanalyses
Bg .
Elt. Line | Spec| Xtal | Peak P(kS;-' (;191 Osz Tirrl?(g(S) Calibration I(r(l:ts;?]%
CePO4 —
Celal| Spl| PET 29251 10 450 5 mona_ P_Ce013 374.8
Lalal| Spl| PET| 30451 10 500 5 LaPO4 — mona_La035 360.6
wollastonite-
CaKal| Spl| PET 38384 20 700 10 SX1 Ca017 435.0
170 PbCrO4 —
PbMb1| Spl | PET| 58031 60 0 30 mona_Pb022 51.2
Zrlal| Sp2| TAP| 2365F 20 700 10 ZrO2 — mona_Zr037 617.2
Y Lal| Sp2| TAP| 25112 30 -450 | 625 15 YPO4 — mona_Y036 412.5
AlKal | Sp2 | TAP| 32442 20 800 10 albite-SX1_Na_Al024 202.2
GdTiGe —
GdLb1| Sp3| LIF| 4587f 60 -400| 450 30 mona_Gd027 66.6
FeKal| Sp3 LIF| 48098 20 700| 10 hématite Fel2l 335.9
MnTiO3-
MnKal| Sp3 | LIF | 52197 20 600 10 SX1 Ti_Mn014 141.0
SmPO4 -
SmlLal| Sp3 | LIF | 54630 60 -600 | 600 30 mona_Sm025 87.6
CePO4 —
P Kal| Sp4| TAP| 23974 20 800 10 mona_ P Ce013 247.7
SiKal| Sp4| TAP| 27734 20 800| 10 orthose-SX1_Si001 753.(
NdPO4 —
NdLb 1| Sp5| LPET 24760 20 700 10 mona_Nd045 920.5
PrLb1| Sp5| LPET 25805 20 -370| 750 10 PrPO4 — mona_Pr019 854.1
MnTiO3-
TiKal| Sp5| LPET 31411 10 600 5 SX1_Ti_Mn014 1920.8
U Mb1l| Sp5| LPET 42438 60 | -1447| 793 30 U022 U075 518.7
ThMal| Sp5 | LPET|47268| 30 | -1274| 726 15 ThO2- -SX9 Th044 537.6

Uraniferous minerals in four polished thin sectigpRT 039 DO 6920, DRT 034 DO 8628-
A, DRT 079 AO 5268, DRT 058 AO 3883) were analydgetween two to twelve spots were
observed on each mineral (depending on their griae), one spot took about eight minutes,

and a total of 241 analyses were carried out. Teasured elements awl, Si, S, Ca, V, Fe,
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Pb, U, Ti, La, Th, Mn, Y, Ce, P, Nd, Dy, Nb, Gd, ,Yka, F, and O in wt %, atomic %, and as
oxides in wt %. All analyses, detection limits fpm) and standard deviation (in wt %) are
listed in the Appendix IV. The following conditiord the electron microprobe are valid for

the uraninite and their alteration products mineaablyses. The standards used for the

electron microprobe analyses are listed in tabde 2-

* Acceleration voltage: 15 kV
e Current: 10 nA
» Raster Length : 2 um
Table 2-4: Standards and X-ray lines used for mitsnimineral analyses
Bg | Bg .
Elt. PkT. Bg D Intensity
Line Spec| Xtal | Peak (S) Olff 021‘f Time(S) Calibration (cps/nA)
AlKal| Sp4 | TAP| 32463 20 800 10 albite-SX1_AI005 185.1
SiKal| Sp4| TAP| 2773p 20 800 10 orthose-SX1_Si002 584.2
S Kal| Spl| PET 614Q9 20 600 10 SrS—-SX9 S Sr014 49.1
wollastonite-
CaKall Spl | PET| 3838p 10 700 5 SX1_Ca018 253.7
V Kal| Sp3 LIF | 62176 20 600 10 V — SX9 V031 142.5
FeKal|l Sp3 LIF| 48084 20 600 10 hematite-SX1 Fe013 149.6
170
PbMa1ll Spl | PET| 60430 50 0 25 PbCrO4 — mona_Pb021 47.3
U Mb1l| Spl | PET| 42454 60 500 30 UO2 U076 110.1
MnTiO3-
TiKal| Sp5 | LPET 31418] 20 600 10 SX1 Ti_Mn015 1041.1
LaPO4 -
Lalal| Sp5| LPET30475| 20 500 10 mona_P_La006 696.3
ThMal| Sp5 | LPET| 47271 60 500 30 ThO2- -SX9 Th045 370.0
MnTiO3-
Mn Ka 1| Sp3 LIF | 52196 20 600 10 SX1 Ti_Mn015 68.1
Y Lal| Sp4 | TAP| 25118 20 |450]| 775 10 YPO4 — mona_Y033 340.4
CePO4 —
Celal| Spl| PET 29259 30 500 15 mona_ P Ce014 206.8
CePO4 -
P Kal| Sp4| TAP| 23983 20 600 10 mona P Ce014 203.3
- | 114 NdPO4 —
NdLb1| Sp3 LIF | 5381 30 |991| 3 15 mona_P_Nd020 24.5
DyLb1| Sp3 LIF | 42447 30 |500]| 450 15 DyRu2Ge2 Dy021 17.7
NblLal| Sp5 | LPET| 65391 20 800 10 LiINbO3-sx4 Nb007 202.2
GdLb 1| Sp3 LIF | 458674 30 | 500|500 15 GdTiGe —mona_Gd028 30.0
- Monazite-
YblLal| Sp3 LIF | 41483 30 |943|474 15 YbCo02Si2_Yb025 42.7
TaMal|l Sp4 | TAP| 28224 20 800 10 LiTaO3-sx4 Ta002 456.9
260 | 280
F Kal| Sp2| PC1 30992 40 0 0 20 topaze-SX1_F005 146.(
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2.4.6 LA-ICP-MS

Three monazites, three zircons, two rutiles, and toaniferous minerals from sample DDR
007 DO 3337 and DRT 034 DO 8628 were analysed mvjgthepared polished thin sections. A
total of 56 U-Pb ages were obtained by LA-ICP-M&hteques at Johann Wolfgang Goethe
University Frankfurt (JWG) using a Thermo-SciemwtifiElement 1l sector field ICP-MS
coupled to a New Wave UP213 UV laser system eqdippi¢h a teardrop-shaped, lower-
volume laser cell (Gerdes and Zeh 2006,2008). betAblation Inductively Coupled Plasma
Mass Spectrometry the sample is directly analyaeditating with a pulsed laser beam. The
created aerosols are transported into the corendhictively coupled argon plasma (ICP),
which generates temperatures of approximately 800The plasma in ICP-MS is used to
generate ions that are then introduced to the arzalyzer.

The spot size of the LA-ICP-MS for zircons varierh 8-20 um, for monazites from
20-30 pum, for rutile from 20-40 um and for uranifes mineral phases from 20-40 um. The
raw data were corrected for laser-induced elemefrattionation and mass bias by
normalization to the reference zircon GJ?I°RBF*®U = 0.0986 + 0.0004*°PbF*Pb =
0.06016). Earlier, the drift in interelemental fianation (Pb/U) during sample ablation was
corrected by applying a linear regression throdbgmeasured ratios. Correction for common-
Pb was done whenever the correct8®b/’®Pb was outside the internal errors of the
uncorrected ratio. The reported uncertaintieg (£ere publicized by addition of the external
reproducibility (2SD, standard deviation) obtairfeain the standard zircon GJ-1 during the
analyses. The method was verified with referencasmements after each nine analyses.
Results are presented in table 1 in Appendix V.
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Chapter Three: Petrography

This chapter focuses on the examination of thesifit mineral phases and their occurrence
in the Dominion Reefs. For this purpose, macrosca@scription and identification of the
minerals by reflected light microscopy were of ughimportance.

3.1 Hand specimen petrographic description

In the following passage, the hand specimens ot.dveer and Upper Reef of the Dominion
Group are described in detail. The Dominion Reahmas originate within the same
stratigraphic sequences and do not significantffedin their composition. The described
samples were selected from different sedimentokbgfacies (names were given by
exploration geologists in Juni 2007) to ensure re@esentivity. The facies distribution for
the Lower and Upper Reef has been modelled by Unai®ne Inc. exploration geologists by
extensive core logging. Mapping of these sedimgrgauctures (also done by Uranium One
geologists) was important to facilitate source meations. Only representative samples of
different facies were selected and described acuptd Pettijohn (1987) and Folk and Ward
(1957).

The following general description is valid for tB®minion Reef samples within both the
Rietkuil and Dominion sections. Both Reefs can bscdbed as coarse-grained conglomeratic
sedimentary units with a range in thickness frorfe\a centimetres to a few metres. The

uranium and gold mineralization occurring in theeRas stratabound.

3.1.1 Rietkuil area

The following different sediment facies of the Rigt mining area for the Upper Reef will be
described by means of typical hand specimen (Figi® 3-3). The sediment facies
determination for the Lower Reef is still in progseby the mines exploration geologists. One
sample will be described representing the LowerfRedt (Fig.3-4) within the Rietkuil

section.
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Upper Reef: Channel Facies

Sample: DRT 034 BO 8627 (Fig.3-1)

» Lithology and sedimentological name: quartz-

= gtz pebbles pebble conglomerate (Upper Reef),
‘ Channel Facies
3 *  Number of samples: 24
» Clast packing density: MATRIX
N SUPPORTED conglomerate (modal packing
< density varies between 40 % and 50 % clasts,
chi/ser the majority of clasts will be separated from
8 other clasts by the matrix)
» Sorting (Folk and Ward 1957): well sorted
g * Visible minerals: quartz (qtz), chlorite/sericite
(chi/ser), pyrite (py)
0 * Pebble size: 0.5 cm-2 cm
o » Pebble shape (Pettijohn et al. 1987):
mixture of sub-spherical (big pebbles) to well
8 rounded (small pebbles)
» Pebble colour: whitish to dark grey
3 * Matrix colour: slightly yellowish and greenish

» Estimating percentage in the matrix:
15 %-20 %

Fig.3-1: Sample DRT 034 BO 8627
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Upper Reef: Interchannel Facies

Sample: DRT 079 AO 5268 (Fig.3-2)

chl/ser &

Fig.3-2: Sample DRT 079 AO 5268

Lithology and sedimentological name:
quartz-pebble conglomerate (Upper Reef),
Interchannel Facies

Number of samples: 17

Clast packing density: PEBBLY QUARTZITE
(quartzite with 20 % to 40 % pebbles)
Sorting (Folk and Ward 1957): well sorted
Visible minerals: quartz (qtz), chlorite/sericite
(chl/ser), pyrite (py), chalcopyrite (cp)
Pebble size: 2 cm-2.5 cm

Pebble shape (Pettijohn et al. 1987):
sub-spherical

Pebble colour: slightly whitish to dark grey
Matrix colour: medium to dark grey
Estimating percentage in the matrix:

10 %-15 %
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Upper Reef: Overbank Facies

Sample: DRT 095 CO 7744 (Fig.3-3)

Fig.3-3: Sample DRT 095 CO 7744

Lithology and sedimentological name: quartz-
pebble conglomerate (Upper Reef),
Overbank Facies

Number of samples: 21

Clast packing density: MATRIX
SUPPORTED conglomerate (modal packing
density between 40 % and 50 % clasts,

the majority of clasts separated by matrix)
Sorting (Folk and Ward 1957): well sorted
Visible minerals: quartz (qtz), chlorite/sericite
(chl/ser), pyrite (py)

Pebble size: 1 cm-2 cm

Pebble shape (Pettijohn et al. 1987): angolar t
sub-spherical

Pebble colour: whitish to dark grey

Matrix colour: dark grey to black

Estimating percentage in the matrix:

25 %-30 %
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Lower Reef

Sample: DRT 100 CO 7422 (Fig.3-4)

» Lithology: quartz-pebble conglomerate
(Lower Reef)

* Number of samples: 9

» Clast packing density: PEBBLY QUARTZITE
(quartzite with 20 % to 40 % pebbles)

» Sorting (Folk and Ward 1957): well sorted

* Visible minerals: quartz (qtz), mostly sericite
(ser), less chlorite (chl), pyrite (py)

* Pebble size: 0.5 cm-1 cm

* Pebble shape (Pettijohn et al. 1987): sub-
spherical

* Pebble colour: whitish to grey

» Matrix colour: slightly yellowish and greenish
» Estimating percentage in the matrix:
10 %-15 %

pebbles

Fig.3-4: Sample DRT 100 CO 7422
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3.1.2 Dominion area

Exploration geologists distinguished the congloteaof the Reefs within the Dominion
section by the same criteria. Different sedimentefa will be described by means of typical
hand specimen for the Upper Reef (Fig.3-5), andLieer Reef of the Dominion Group
(Fig.3-7).

Upper Reef: Middle Package Conglomerate (MPC)

Sample: DDR 007 DO 3337 (Fig.3-5)

» Lithology and sedimentological name: quartz-
pebble conglomerate (Upper Reef),
Middle Package Conglomerate

| = Number of samples: 4

chi/ser « Clast packing density: PEBBLY QUARTZITE
(quartzite with 20 % to 40 % pebbles)

» Sorting (Folk and Ward 1957): well sorted

-

* Visible minerals: quartz (qtz), chlorite/sericite
(chl/ser), pyrite (py)

| ° Pebblesize:1cm-2.5cm

o * Pebble shape (Pettijohn et al. 1987):

sub-spherical

gtz pebbles. . | + Pebble colour: whitish to grey

» Matrix colour: dark grey

» Estimating percentage in the matrix:
15 %-20 %

Fig.3-5: Sample DDR 007 DO 3337
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Lower Reef: Thick Reef

Sample: DDR 077 CO 5602 (Fig.3-6)

chl/ser

b4
| dtz pebbles

S

Fig.3-6: Sample DDR 077 CO 5602

3.2 Microscopic Description

Lithology and sedimentological name: quartz-
pebble conglomerate (Lower Reef), Thick Reef
Number of samples: 2

Clast packing density: PEBBLY QUARTZITE
(quartzite with 20 % to 40 % pebbles)

Sorting (Folk and Ward 1957): well sorted
Visible minerals: quartz (qtz), chlorite/sericite
(chl/ser), pyrite (py), chalcopyrite (cp)

Pebble size: maximum of 1 cm

Pebble shape (Pettijohn et al. 1987):
sub-spherical

Pebble colour: light grey

Matrix colour: dark grey

Estimating percentage in the matrix:

10 %-15 %

For the preparation of 32 polished thin sectioeteted samples with high uranium contents

were chosen for this investigation. The microsc@piamination reveals radioactive, and non

radioactive minerals like sulphides, oxides, aritaes. For locating uraniferous minerals

within several thin sections, autoradiography (&ig) was carried out.
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Fig.3-7: Image of the radioactive minerals on pgeaaphic film with the thin section, autoradiograghgthod
(Rogers1979) on sample DDR 077 CO 5602

As a quantitative method, point counting (totaP6D counts), was carried out on 32 polished
thin sections. The modal proportions of the moshiwmn minerals are listed in table 3-1. The
sericite and chlorite modal proportions are givenaatotal because distinction between the
minerals was not possible during the point countifige obtained values vary significantly in
the investigated thin sections because the obsenieedrals are heterogeneously distributed
within the Dominion Reef sediments. This leadshe tesult that the obtained data must be
considered as a rough guide for mineral distrilsutio
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Table 3-1: Modal proportions (in %) of the main emal content in 32 investigated polished thin sexi
(py = pyrite, gn = garnet, gl = galena, sp = spfigle qtz = quartz, leu= leucoxene, ana = anatase,
sec. u = secondary uraniferous phases (mostly ghiostrals), ur = uraninite, chl/ser = chlorite/sé#,

Zr = zircon)

core number|sample namg py | gn al Sp | qtz| leu/anasec.uy ur |chl/ser| zr
DRT 034 DO 8628 | 17,942 | 44| 3,4 29,1 52 9 | 31| 18,1| 5/4
DRT 070 AO 5686 | 16,1 2,1 | 6,8| 10,2 27,7| 5,7 41| 53| 16,2 5,8
DRT 034 DO 8627 8 01 74 34 38 7,9 36 81 23483
DRT 039 DO6920 | 14816 | 58| 1,3| 31,6 11,7 69| 1,7 21 4,2
DRT 076 AO 8521 | 13457 | 90| 33| 31,3 1.3 53| 2,6 27 0,8
DRT 079 AO 5274 | 23696 | 68| 1,0/ 351 31 411 O 16,4| 0,3
DRT 043D1| AO 3735 7 1,2 13/96,8 | 30,2] 6 32| 1,3| 26,2 4]
DRT 094 EO 5633 5,6 of 6 3 45111 33| O 343| 09
DRT 058 AO 3886 12| 39 11 2P 349 3 46| 0,71 26,2 09
DRT 079 AO 5268 | 26,1 33| 88| 8| 278 1.8 82| 09| 124 2,
DRT 106 EO 3270 | 15,80,9 | 13,7 6,9 | 25,3 3,3 59| 0,1| 251| 3,4
DRT 056 AO 1292 | 24813 | 84| 2,7 304 2,7 6,3| 0,7 22,4 0,2
DRT 043 AO 3613 79 08 10/92,8| 36,8/ 4,8 72 O 27,4 14
DRT 050 AO 1638 520 0| 29 OB 468 3,6 27| O 37,2 1,3
DRT 100 CO 7422 48 0,1 11{98,8 | 29,2 9 88| 29| 241| 04
DRT 017 DO 318 14,83 0,9 | 14,6/ 10,2| 27,7| 1,3 6,6 19| 218 0,3
DRT 173 FO5548 | 13,9 2 |14,8| 8,7 | 27,4 7 51| 0,3 20,7 0,
DRT 095 CO7744 | 31,101 12| 6,8 239 23 84| 1,1 13,3| 04
DRT 073 AO 8286 | 26,4 3,7 | 53| 31| 30,6 1,4 6,7 14 21 0,3
DRT 056 AO1320 | 11,6 O | 0,8 1| 458 0,9 2,7 13| 358 0,2
DRT 108 FO 5732 9 2,2 1421.4| 21 10,8 | 11,3 33| 157 | 04
DRT 179 FO 948 6,9 of 1,7 14 48827 22| 09 35 0,4
DDR 007 DO 3337 | 23643 | 64| 58| 25 9,9 51 24 164 10
DDR 007 DO 3342 4,6 o 22 0B 5260,6 36| 08| 348| 0,2
DDR 077 CO5512 | 29478 | 3,7| 31| 30,2 31 38| 63| 11,8 0,8
DDR 077 CO5516 | 11,9 1 |10,3| 6,8 | 33,8 4,4 38| 29| 251 0
DDR 077 CO 5602 11 0,7 10{49,6 | 33,4 3 41| 56| 222 0
DRT 104 CO 8296 83 06 78 64 39151 39| 3,2 26 0
DRT 108 FO 5722 8,4 0 12{37,3| 28,9 7.1 82| 34| 238 0/
DRT 024 DO 1823 | 2570,7| 5 | 29| 28 4,7 51 12 254 1|3
DRT 101 EO 1040 | 224 3 | 51| 18| 33,8 6,2 8 | 36| 171
DRT 058 AO 3883 23] 6,4 51 32 32929 74| 41| 14,2

Within the following optical observation, a brie¢stription of all observed minerals will be
given. Table 3-2 displays the basic optical prapsrand their discriminative features for all
identified minerals. Based on these features,aling minerals could be differentiated and
identified.
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Table 3-2: Optical properties of common mineralthie conglomerates as observed during petrograiniies

. crystal : , internal
Mineral formula colour pleochroism| anisotropy .
system reflections
dark brown
- . brownish . . to
uraninite uQ cubic grey not present isotropic reddish
brown
black (some
. fracture faces
- U(S|O4)1.X . . .
coffinite tetragonal | may apear | not present isotropic brownish
(OH)4X H _
grayish
black)
white to
leucoxene TIQ tetragonal khakl-grey, not present not presernt brownish to
brownish, yellow
nearly black
. brown weak, mostly
anatase Ti® tetragonal yellowish | not present not present yellow
yellow to
monazite (Ce,La,Nd, monoclinic brown or not present| not presert amber
Th,Y)PQ, orange- P P coloured
brown
grey-white : .
columbite | (Fe,Mn)(Ta,| orthorhombig with brown weak anisotrop Fe rich, deey
. distinct, red
Nb)zOﬁ tint
colorless, strong, red,
zircon Zr(SiQ) tetragonal purple, strong present yellow,
yellow greenish
reddish
cassiterite Sno tetragonal brown to plark brown/ present amber
lighter brown coloured
brown/grey
liaht yellowish, to
rutile TiO; tetragonal gnt distinct present |reddish
yellowish b
rown
ilmenite Fé'TiO; trigonal black weak strong, in | grey to light
grey shadeg  brown
dark grey to red brown,
chromite (Fe,Mg) cubic brovg\]/nigh not present usually absent in
(Cr,Al,0,4 e P absent Fe-rich
grey samples
, 3+ , greyish to . . reddish
magnetite | F&Fe,*'0, cubic black not present isotropic brown
pyrite Fe$ cubic yevl\llﬁ\il,;/:h not present isotropic not prese
: white, rarely : .
galena PbSs cubic with pink tint not present isotropic not prese
arsenopyrite  FeAsS monoclinic white weak str%r:g;etr)llue, not present
white,
: . grey, with . . yellow
sphalerite | (Zn,F&)S cubic brown tint not present isotropic reddish
brown
chalcopyriteg CuFe$ tetragonal f/)(;ﬁgi\y weak weak not presen
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. crystal : , internal
Mineral formula colour pleochroism| anisotropy .
system reflections
very distinct,
: creamy creamy to | very strong
pyrrhotite FexS hexagonal %lnklsh reddish yeliow grey not present
rown
brown
general- . ]
XY A(SiONs rhombic | virtually al none/on_ly in
garnet ° dodecahedra certain present not present
X=Ca, Fe,.. . colours L
_ or cubic varieties
Z=Al, Cr,...
quartz SiQ rhomtl)ohedra brg\r'g/ o weak strong not present
(Fe,Mg,Al) : very strong,
chlorite | (Si,Al)4040 | monoclinic ggeemsh to light greentg present not present
rownish
(OH)g dark green
, white to
sericite KAI(SisAl) monoclinic greenish strong present not preseit
O1o(OH,F), ey ’W‘

3.2.1 Radioactive Minerals

The principal radioactive minerals identified withthe thin sections are uraninite, coffinite,

secondary uraniferous mineral phases, uranifereusokene, monazite, columbite and

radioactive zircon. These minerals will be desaibedetail according to their occurrences.
The presence of uraninite, coffinite, secondaryniieaous mineral phases, and leucoxene
within the Dominion Reef samples are displayedigure 3-8. Columbite, monazite, and

zircon grains are displayed in figure 3-9.

Uraninite
Uraninite grains occur more or less altered inodkerved sections. Primary massive dense
cubic completely unaltered uraninite grains arepresent. The bulk of the grains are mostly
heterogeneous in various stages of alteration.appearance can best be described as patchy
and isolated rather than typical clusters, well wnoin other Witwatersrand Reefs
(Liebenberg 1955). The shape of the observed utasinan be described mostly as oval to
rounded, and subhedral (Fig.3-8: A). Rounded teaudular uraninite mineral grains vary in
size between 50-100 um. Uraninite mostly occursiwithe same rounding stage as zircon,
chromite and monazites.

In most of the highly altered grains, dust-likelustons of galena form infillings in veinlets

or form rims. Galena sometimes replaces uranindééng completely. The inner part is often
partially dissolved and

replaced by sulphides (pyripyrrhotite, chalcopyrite) or

phyllosilicates. The replacement material can fanack fillings within the uraninite grains.
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Remarkable is that original outlines can be conapfetiestroyed. More preserved grains
rarely contain inclusions of sulphides and phylloates.

Typical radial textures possibly filled with uraitan or altered uranite could be observed in
two samples (Fig.3-8: B) which are orientated pedieular to the outline of the grain. For
definitive identification, electron microprobe ays¢s are necessary. Petrographic study could
not clearly distinguish between detrital and revearkiraninite.

Coffinite

Coffinite as a black mineral phase is present imes®f the polished thin sections. The
mineral is present as a microcrystalline, relayiveeterogenous phase. The U-silicate is
intimately overgrown with numerous impurities ligalphides and silica (Fig.3-8: C). Notable
is that TiQ (probably anatase) is often associated with ciedfirBBased on the described
observations a distinction between coffinite anldeotassociated mineral phases is difficult.
Coffinite occurs as small grains up to 50 um. rfdlithe interstities between the quartz

pebbles.

U-Th mineral phases

The U-Th mineral phases are rarely distributedgipatn “ghost minerals” in all investigated
thin sections. The appearance can be describetbadycand as replacement or represent
pseudomorphs at uraninite grains (Fig.3-8: C). Bhkk of the uraniferous mineral phases
form encrustations around uraninites. Ramdohr (1988med the material as "ghosts"
because the outlines are not clearly detectabf#dudions of pyrrhotite, anatase and galena
grains are common in the mineral phase. The secpmdmeral phases sometimes replace
detrital matrix constituents like sericite and dmaifhe masses occur mostly in a very small

size between 10 and 20 um.

U-Ti phases

A low proportion of U-Ti mineral phases could besetved in the thin sections. The U-Ti
phases occur in or around "ghost minerals” withm polished thin sections similar to U-Th
mineral phases. Mostly the U-Ti phases form rimsuad highly altered uraninite grains.
Distinguishing between the U-Ti and the U-Th mihgshases is difficult based on their
similar appearance. The bulk of the grains are se#h irregular outlines and appear
interstitial within quartz and/or other mineralsy evith tiny inclusions of galena
(Fig. 3-8: D).
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U-Ti phases vary in size between 20 and 50 um, saamdetimes replace zircon grains as
shown in figure 3-8: F. Remarkable is the main omnce of U-Ti phases with anatase,
uraninite (Fig.3-8:E). Frequently uraninite occmext to zircon grains illustrated in figure
3-8: F.

Leucoxene

A very low proportion of leucoxene could be obserue the thin sections. Most grains are
non-radioactive and can be determined as anatasediérom ilmenite. Leucoxene crystals
can also be termed as "ghosts” and form rims arduigtlly altered uraninite grains.
Leucoxene grains appear with a size up to 20 pszimand occur next to Ti-bearing phases
as displayed in figure 3-8: F.

Zircon

Zircon has been described under the category ebaetive minerals since several authors,
such as Hiemstra (1968), proposed in their stutiigsthe bulk of zircons are radioactive.
Zircon is present in all investigated samples asreor constituent and can reach proportions
of approximately six per cent (table 3-1: modal guions). The bulk of the radioactive
mineral appears as purple euhedral grains withiholusions of galena. Some grains show
bright orange alteration rims as displayed in fgg39:C. The rim of the mineral can be
assumed to be of radiogenic origin (Hiemstra 1968).

Non-radioactive zircons are present as a well zgriekish mineral with rare inclusions of
galena. They are slightly angular to well rounded shape. Different stages of
metamictization were noticed within the Reef samplglost of the zircon occurs highly
corroded and partially replaced by quartz, Ti-begamineral phases and pyrite. Remarkable

is that the zircon grains are often enclosed byiare and secondary U-Ti phases.
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with uranmlte ,
or altered nha‘_

\\
i

gtz pebbles

zr/leu

500 pm

Fig.3-8: Microscopic pictures under reflected ligtf, A: altered uraninite (ur) B: uraninite (usjth linear
cracks and specks of galena (gl) between quartgleeqtz pebbles), C: rounded coffinite (coff)igraext to
U-Th mineral phases (U-Th) and specks of pyritg ¢@ighin the chloritic/sericitic/quartz matrix (dskr/qtz) D:
oval uraninite (ur) grain with cloudy U-Ti minerphases (U-Ti) and quartz (qtz) as infilling, E:nirate (ur)
rimed by U-Ti mineral phases and pyrite, the cameststs of quartz, F: U-Ti phases (U-Ti) appears te

zircon (zr) and pyrite, the brownish leucoxene gvewths zircon (zr/leu), the zircon core is hardisible
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Columbite

Columbite is rarely distributed in most of the istigated thin sections in different stages of
replacement by metamictic material (Fig.3-9: E).s¥of grains are present with a high level
of rounding and sphericity. A large proportion dfserved grains show signs of peripheral
alteration to unknown mineral phases. Hiemstra 819éported the presence of betafite, and
euxenite after heating diffraction patterns. Bdteration products of columbite could not be
identified with the optical observations of the éstigated polished thin sections.

Most grains occur as euhedral crystals and anhedgtegates. Inclusions of cassiterite,
galena, rutile, ilmenite and uraninite could beeslied. Columbite can also form intergrowths

with uraninite.

Monazte

Monazite is a common heavy mineral in the UpperfRaed is mostly associated with
uraninite grains. Within the Lower Reef conglomesatmonazite is rarely distributed.

The bulk of monazites as main rare earth elemeautifge phosphate mineral, appear as small
well-preserved grains with a high degree of rousdr(€ig.3-9: A, B).

Different stages of alteration associated with ienazites could be observed. Some grains
are fractured and show a high degree of alterafitie fractures contain mostly matrix
constituents like quartz, chlorite and sericite. réplacement by phyllosilicates can be

assumed.
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Fig.3-9: Microscopic pictures under reflected éd transmitted light (tl) within chloritic and ggtic matrix,

A: well rounded monazite (mon), fractured (rl),lunded monazite (mon) with fractures (metamictemal as
infilling) next to altered uraninite (ur) with U-fahases (U-Ti) as rim, C: zoned zircon (zr) (crdsbewith
orange alteration rim, D: zoned zircon (zr) (tlXtwfractures, E: oval columbite (cb) (rl), F: zorgrtton (zr) in a

close bond with uraninite (ur) (rl)
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3.2.2 Non-radioactive oxide minerals
The non radioactive oxide minerals identified ie B2 thin sections are cassiterite, anatase,
magnetite, rutile and chromite (Fig.3-10). Radioscbxide minerals like zircon have already

been described above.

Cassiterite

Cassiterite is rarely distributed and could onlyidentified in some thin sections. Under the
microscope, the mineral could be recognized as esctgnhedral masses and as subhedral to
euhedral crystals. Sulphide minerals like pyritphaderite, galena, and pyrrhotite mostly
appear associated with cassiterite grains. Galedaphalerite overgrow cassiterite.

Rutile

A low proportion of rutile could be noticed withthe thin sections. The grains appear to be
recrystallization products. The mineral occurs ryaas pale prismatic to columnar crystals
bedded in chlorite and sericite matrix. Some ofrtleow polysynthetic twin lamellae (Fig.3-
10: B). Remarkable is that the rutile grains arpragpimately the same size as accompanied

zircon grains.

[Imenite
lImenite is rarely distributed in the Dominion Resaimples as detrital grains, only occur next

to rutile. Nearly all grains seem to be alterednatase or leucoxene.

Anatase

Anatase most likely is rarely distributed withiretBominion Reefs. The mineral occurs as
patchy cloudy masses together with leucoxene @0: C). Anatase is present as a "ghost"
like mineral in patchy masses. Clear outlines efitineral could not be identified. It can be
assumed that the non radioactive leucoxene madlyldan be termed anatase derived from

iimenite.
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Fig.3-10: Microscopic pictures under reflected ti¢t) and transmitted light (tl), A: magnetite (gjawith

isometric original structures in both grains (B),elongate rutile (ru) with magnetite (crossed@) anatase
(ana) as cloudy patchy mass (rl) next to leucoXeng, D: cracked chromite grain (chr) accompatiggyrite
and uraninite grains, E: rutile (ru) next to leueng (leu), accompanied with pyrite (py), F: corbde
magnetite (mag)grain (rl)
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Chromite

Chromite is present in small quantities in mosthef thin sections. The minority of the grains
appear as subhedral to euhedral or as coarselbngstggregates. The bulk of the chromite
grains occur as well rounded oval minerals. Theonitgj of the grains appear fractured
(Fig.3-10: D). The fracture infilling is mainly seite, less common chlorite and rarely pyrite.

Even zoning of the oxide mineral is common.

Magnetite

Magnetite grains are rarely distributed within tBeamined polished thin sections. The
mineral occur as well rounded oval grains. Notabléhe appearance of some zoned grains
(Fig.3-10: A) with original isometric crystal stituces. The size of the grains varies between

50 and 70 um and can be compared with the sizesaofnite, zircon and chromite.

3.2.3 Sulphide minerals

The sulphide minerals (pyrite, galena, chalcopyatsenopyrite and sphalerite) that could be
identified within most of the observed thin sectioithey represent, next to the radioactive
minerals, the most common constituents apart fioengangue-minerals in the polished thin

sections. Their typical appearances are displayédure 3-11 and 3-12.

Pyrite

Pyrite is the most abundant opaque mineral of tamiDion Reef conglomerates. According

to Ramdohr (1958), Saager (1970) and Koppel ande34a974), pyrite can be distinguished
in three types as allogenic, concretionary authigeand reconstituted authigenic grains. All

three types could be identified in the investigatanhples (Fig.3-11).

The first type is the dominant occurrence of pyiitehe Dominion Reefs. The grains appear
well rounded, compact, homogeneous, and sometintesalraded outlines. It is generally

believed that this pyrite type has a detrital arigiell known as buckshot pyrite. The first type
is known as oldest pyrite according to SimpsonBowles (1977). The cubic cleavage of the
original crystals is sometimes visible. Most of grains contain inclusions of other sulphide
minerals with galena as most common. Exsolutiorrképs of galena are separated from
intergrowths of pyrite and galena as a result ef ddiogenic lead migration from uraninite

grains, according to Simpson and Bowles (1977).

The second type of pyrite differs from the firsteoby its porous and concretionary

appearance. The heterogeneous grains are coassethé allogenic grains and can show
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zoning. A large amount of pyrite concretions appedimately intergrown with silicate
phases and sulphides. The pores are filled withngalsphalerite, and rare chalcopyrite. These
descriptions lead to the interpretation that coimanary pyrite had been transported to its
present location, and did not originate in situr{Sson and Bowles 1977).

The third pyrite type is present as euhedral grainthe matrix or forms overgrowths on
detrital grains. Ramdohr (1958) reported that thgsains are authigenic (formed by
remobilization and recrystallization during metaptasm) and are the youngest pyrite grains

within the Dominion Reefs.

Galena

Galena grains are widely distributed in small qiteest in all investigated samples. The
mineral phase appears as tiny inclusions in ureniand other secondary uranium bearing
mineral phases, monazite, columbite and zircons llso observed in small veinlets and
porous zones of primary sulphide minerals suchyageptype | and 1l) and arsenopyrite.

Figure 3-12, picture B and D illustrates commonuonces.

Chalcopyrite

Chalcopyrite is not present in all investigatechteections. The microscopic study detected
the rarity of the sulphide mineral within the Domoim Reefs. The homogeneous mineral
phase occurs as xenomorph grains mostly associatiegbyrite or as tiny inclusions in other

sulphides. The typical form is illustrated in figus-12-C.

Arsenopyrite

Arsenopyrite is rarely distributed within the intigated thin sections. The sulphide mineral
is present as euhedral to subhedral, isolated hensmyis patchy mass (Fig.3-12 A). Other
sulphide minerals mainly accompany arsenopyrite.
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Fig.3-11: Microscopic pictures of pyrite (py) undeflected light (rl), A: allogenic pyrite (py) viitsphalerite

(sp) inclusions and abraided outlines, B: authigeaconstituted pyrite (py), C: authigenic recanstid pyrite
(py) in triangle shape, D: concretionary authigepydte (py) around quartz (gtz), E: concretionpyyite (py)

grain with typical zoning, F: concretionary pyr{gy) grain, next to fine dispersed pyrite (py II)
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Sphalerite

Sphalerite is a well distributed ore mineral in maofsthe observed samples. The grains occur
as irregular anhedral masses with asymmetricain@stl Remarkable is the appearance of
xenomorphic sphalerite in figure 3-12-B with sigeéint corroded outlines. Other sulphide

minerals like pyrite, galena, chalcopyrite and pgtite are mainly associated with sphalerite.
In some grains, tiny inclusions of pyrite coulddizserved.

Pyrrhotite
Pyrrhotite is rarely distributed in the observedntisections. The grains are present as
anhedral granular homogeneous masses, associdtegyite and other sulphide minerals.

Sometimes pyrrhotite appears within quartz grains.

’\ & P g oD f \ 100 pm
Fig.3-12: Microscopic pictures of pyrite under egfied light (rl), A: arsenopyrite (ars) next to afgnite (sp) and
pyrite (py), B: pyrite (py) with sphalerite (sp)dagalena (gl), C: pyrite (py) with chalcopyite (¢ galena (gl)

as specks in uraninite (ur) next to zoned zircahdrd pyrite (py)
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3.2.4 Silicate minerals

Quartz and the phyllosilicates as constituentshefrhatrix, and garnet are recognised as the
most abundant accessorial minerals. The appearnttee minerals is displayed in figure
3-13.

Garnet

Garnet is the main accessory mineral in the DomirReefs. Two types of garnet could be
differentiated - bright yellow and rose colouredrgd. Some of the grains show a rose colour
and some are bright yellow. Hiemstra (1968) deteeahithe composition of the bright yellow
as 60% almandine and 40% andradite and the roeareal garnet with a composition of 76%
almandine, 20% pyrope, and 4% grossularite.

Garnet grains are extensively replaced by chlalib@g their peripheries or even completely.
Most of the grains are present as well roundedhgraith fractures and inclusions of sulphide
minerals. Garnet is the most abundant heavy desiiteate mineral in the conglomerate of

the Dominion Reefs.

Quartz

Quartz is present in all observed thin sectionsaasstituents of the matrix. The grains occur
in a close association with chlorite and serigit¢hie matrix. The bulk of the quartz is present
as pebbles as illustrated in the hand specimeraritbe assumed that quartz occurs in two
generations. The first group (pebbles) from primdeyrital origin comparable with heavy
minerals genesis, whereas the second group (matix)pe claimed from secondary origin.

Quarz intergrowths with detrital minerals and poaesecondary origin.

Chlorite

Chlorite is a secondary alteration product, anprésent as a major constituent of the matrix
in all observed sections. The greenish mineralnofieplaces garnet, chromite and other
detrital minerals. The mineral most likely deriviedm detrital biotite. Biotite primary grains

could not be identified within the sections.
Sericite

Sericite, as a matrix component, is well distrilbute all sections. The mineral mostly appears

in association with quartz and chlorite as a conepof the matrix. As the alteration product
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of muscovite, the mineral is interstitially presemteven replaces garnet and other detrital

minerals.

Fig.3-13: Microscopic pictures under transmitteghti(tl), A: rounded garnet (gn), corroded andtineed (i),

B: rounded garnet (gn), fractured (crossed tl)q@@artz (qtz), fine dispersed sericitic and chlontiatrix

(chl/ser) (tl), D: sericitic, chloritic (chl/serjuartzitic matrix (qtz) with sulphides (sulph) (tl)

3.2.5 Gold

Gold was proposed to occur as extremely irregutalisgrains. Most of the gold is supposed
to be present in clusters, which are distributecbuph two ore more mineral phases
(Hiemstra 1968). Gold could not be identified witlihis microscopic investigation of the 32
polished thin sections. Laboratory results fromdxainium One Inc. suggested the definitely

presence of a small amount of gold within the DaanrReefs (typically 1 g/t).
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3.2.6 Textural descriptions of certain thin sectios

Typical mineral textures of representative polisti@d sections from the Upper and Lower
Dominion Reef are shown in figure 3-14, -15 and. -IBe selected polished thin sections
give a mineralogical overview and simultaneouslypresent the texture of the bulk
mineralized quartz pebble conglomerates. Theirclpimineral appearances, illustrated
within the section scans, are described briefly.

Sample DRT 034 DO 8628

The scan of sample DRT 034 DO 8628 from the UppeefRvithin the Rietkuil section
illustrates the presence of the major mineralsridisted in the conglomerates (Fig.3-14).
Most of the ore minerals appear with a high degfeghericity. The most common accesory
minerals are chlorite, sericite and quartz as mawnstituents. The grains occur as very small
flakes and can not be distinguished. Within this thection, the greenish chlorite is more
common than the yellowish sericite. Notable is tttdorite often partially replaces garnet to
an extend stage. Garnet grains are clearly visblé occur with a high rounding degree.
Another main conglomerates component is quartzagpars as matrix constituent and as
large pebbles. The euhedral quartz pebbles witlzeaugp to 2 cm are traversed by 1-3 cm
long fractures. Most of the fractures are filledthapyrite and other non-distinguishable
sulphide minerals.

Pyrite, is the most abundant opaque mineral, astdipposed to be present in all three types.
Within the investigated sample DRT 0BO 8628, pyrite occurs in veinlets and cracks. Othe
small pyrite grains show typical crystal structuagesl tend to occur in groups. Other sulphide
minerals, like galena and sphalerite are preseost tikely as very small grains disseminated
throughout the rock. They are also present assiahs in altered detrital minerals.

Large garnet crystals with a size up to 0.2 cm appeoken and replacement by the matrix
components is visible. The well rounded mineralirggacontain inclusions of galena and
pyrite. Remarkable is the constant orientationhaf fractures within the section caused by
stress which affected the conglomerates.

The petrographic study emphasizes that the mainiwrabearing minerals appear as very
small grains with varying size between 10-100 pnddeel within the matrix (revealed

optically).
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Fig.3-14: Texture of minerals in sample DRT 034 B&28
(gn = garnet, py = pyrite, sulph = sulphides, @hlfs chlorite and sericite, qtz = quartz)
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Sample DDR 077 CO 5512

The scan of sample DDR 077 CO 5512 represents iaatypexture of the well sorted
Dominion Reefs conglomerates of the Dominion a@ampared to the samples from the
Rietkuil area, no significant difference of the ®malization could be revealed.

Quartz pebbles occur next to chlorite and probabgmall amount of sericite (fig.3-15: A)
with numerous fractures and the sizes varies betWe2 and 1 cm. Notable are the cracks
with two different orientations with angles of 90@°each other.

The whole section is dominated by the well disti@ouchlorite. The small flakes surround
most of the accompanied minerals. Garnet is welhded within the section and appears
mostly replaced and corroded. Sulphide mineralsiwhban be determined as pyrite (type IlI
and minor type Il) do not occur as single graihgytare mainly related to the quartz fractures
as infillings.

As comparison to the above mentioned sample thetuites within sample DDR 077 CO
5512 also show a distinct orientation. The minassemblages show no orientation within the

thin section. The well sorted grains do not vagnsicantly in their grain size and shape.

Sample DRT 039 DO 6920

The scanned sample was selected from the Upper Ridleih the Rietkuil section and
represents a well-sorted polymictic conglomeratg.8-15: B). The section mostly comprises
sericite and minor proportions of chlorite. The igee flakes appear interstitially
between quartz grains. The quartz pebbles areyrdigfibuted and their size varies between
0.2-0.4 cm.

A weak orientation of the sericite flakes and acpanied minerals can be noticed. Notable is
the big 0.5 cm long fracture in the left cornertioé section, filled with the most abundant
sulphide mineral pyrite. The pyrite (type Ill) oecsun patchy masses with an angular shape.
Apart from this mineral phase, all other very sngalins appear with a similar grain size and
shape.
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Fig.3-15: Texture of minerals in sample DDR 077 8§12 (A), and DRT 039 DO 6920 (B) (py = pyrite,

sulph = sulphides, chl/ser = chlorite and serigjte,= quartz, sulph fillings= sulphide fillings)

DDR 077 CO 5602

The scanned sample DDR 077 CO 5602 was selected thhe same borehole within the
Dominion mining area like DO 5512. The thin sectwas prepared from a Lower Dominion
Reef sample and represents a typical texture.gurdi 3-16 a small part of the section is
illustrated to identify the textural features intale The Lower Reef is well known less
mineralized than the Upper Reef (Liebenberg 1955).

The main mineral phases observed within the seai@enchlorite accompanied by minor
sericite. Both minerals occur as cloudy patchy m&ssound the main ore minerals. Pyrite
(type | and 1ll) as the most abundant sulphide maihes the main component within the
section next to chlorite.

Quartz grains appear as 1 cm to 2 cm large pebbtasfew fractures. The infilling mineral
most probably might be, as mentioned above, pyAtether occurrence of pyrite can be
described as mostly angular in mineral assembla@#gr sulphides like galena, sphalerite
and chalcopyrite are possibly abundant but theydcoot be identified.

Compared to the Upper Reef sample CO 5512, motteominerals in CO 5602 occur in a
lower stage of rounding but do not differ in theizes. Notable is that garnet which is
common in the Upper Reef sample is not presentinvitie Lower Reef. Apart from garnet,

the mineral assemblages can be determined as calbhpar
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Fig.3-16: Texture of minerals in sample DDR 077 88D2 (py = pyrite, sulph = sulphides,
chl/ser = chlorite and sericite, gtz pebble = quagdbble, sulph filled= fractures filled with sulgas




3.3 Summary of the petrography

In this chapter, the petrography of the selectedifspecimen and polished thin sections was
described in detail with the help of autoradiogrma@nd light microscopy. The modal
proportions of the main distributed minerals wesarded for all 32 investigated thin sections.
The quartz pebble conglomerates from the Dominieaf®do not vary significantly in their
appearance in each hand specimen. The Upper Reéefcdboured pebble conglomerate
samples contain small vein quartz pebbles in arfia&rix of sericite, chlorite, and quartz. The
main distributed sulphide mineral is pyrite witlath samples, whereas other sulphides are not
visible by macroscopic observations. The Lower Regfglomerate samples consist of white
vein quartz pebbles in a yellowish-greenish matfxmostly sericite and less common
chlorite. The pebbles within the conglomerate sampre well-sorted.

To determine the modal proportions of the mainrifisted minerals, point counting on 32
thin sections was carried out. This method was Veny in precision because only the ten
main minerals present in the conglomerates couldebermined. Information about the minor
constitutions in the rocks could not be revealedhiy quantitative method.

Microscopic observations revealed different genenat of the minerals within the
conglomerate samples. Some mineral species appédfarent degrees of roundness, shape
and size.

Uraninite grains appear as well rounded grains @ard be considered to be from primary
detrital origin. The degree of rounding of the unaes is in accord with the rounding of other
primary minerals like monazite, zircon and colurablVithin the samples, the heavy mineral
assemblages are in accord with regards to sizeslampe and a common sorting mechanism
attributed.

Some mineral phases appear based on the petrogmstphies in different generations (e.g.
pyrite, uranium bearing phases). Several authasneld the origin for the U-Ti mineral
phases as a reaction product of detrital Ti-phdikesilmenite and rutile with uraninite
(Hiemstra 1968) during post depositional alteratjgmocesses. Leucoxene as secondary
uranium bearing phase were derived from the U-Theral phases during weathering
(Davidson 1957). Other authors suggested the omgia from the reaction of detrital Ti-
phases and uraninites (Hiemstra 1968) during peysbsitional alteration.

The proved appearance of secondary uranium beauimegyals like coffinite, U-Ti-, and U-Th
mineral phases suggests the assumption that mgithimar hydrothermal activities resulted
in mineral modification in agreement with Mintel9{6). Petrographic studies suggested that

chromite, garnet and zircon were partial replacgdphyllosilicates. As result, the three
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mineral phases must be older than the phyllosdgatInfluencing hydrothermal solutions
caused obviously corrosion of uraninite, chromm@nazite, zircon, garnet and other detrital
minerals. The degree of the corrosion differs emaly and most likely is based on the
resistance of each mineral against hydrothermhlentes.

Sulphide mobilisation of some iron bearing minerédsg. pyrite) probably formed the
secondary pyrite. Galena inclusions within primaryeral like uraninite most likely were
formed by radiogenic lead and mobilized sulphur irdyurhydrothermal action. The
microscopic study confirms that the bulk of thephidle minerals are formed in a secondary

stage.
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Chapter Four: Whole rock geochemistry

This chapter focuses on the major and trace elegemthemistry to evaluate geochemical
trends, relationships, element/mineral provenasoeyce rock chemistry and the tectonic
setting of sediments. For this purpose XRF- and-M3analyses of the whole rock samples

were carried out.

4.1 Whole rock geochemistry — XRF

The geochemical data sets, listed in Appendix iHtlude the major and trace element
chemistry of 78 whole rock samples. It is the psgto show how the obtained geochemical
data can be used to gain information about theogeml setting, the degree of alteration,
possible source areas, geochemical relationshig@sieat associations and trends within the
mineralization.

Weathering trends in the whole rock geochemistrly ag explained with the help of the
chemical index of alteration. For determinatiortted tectonic setting and the possible source
areas of the Dominion sediments, major elementd ba& displayed in provenance
discrimination diagrams. The geochemical relatigmsiof major and trace elements get
described with the Pearson correlation coefficightas a statistical parameter. The main
possible mineral relations will be shown in harkigrams and adequate bivariate plots.
Geochemical trends within the plots will be expéalnn detail.

Contralling factors on the whole-rock geochemistry

The geochemical character of sediments is signifigdhe detrital and authigenic mineral
content. Various factors might control the geoclstmiof the siliclastic sediments. These
factors can include (a) composition of the soureaa(b) chemical weathering, (c) hydraulic
sorting, (d) diagenesis, (e) metamorphism, andhyfrothermal alteration (McLennan 1989,
Fralick and Kronberg 1997). There is a strong pmktsi that all these factors most likely

change the initial geochemistry of the sedimenta tertain extent. A combination of these
factors can affect the sediment geochemistry.

For the study of the Dominion Reefs sediments,cthr@rol of most factors on the bulk rock
geochemistry is summarized in the following parabsa To minimize recent weathering

effects, special care was taken to select onlyfres-weathered core material.
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4.1.1 Major elements

The results of the major element analyses with #@verage detection limits for all
measurements are presented in table 1 in the Appdhdrhe major element calculations are
made for cations accompanied by an amount of oxy@ea sum of major element oxides
will have a total of about 100 %. The iron conteate expressed as f& in total. NaQ
content was measured for all whole rock samplesabh@analyses were set under the lowest

detection limit and did not play a significant réée the calculations.

4.1.1.1 Sediment classification

Similar to petrographic descriptions, bulk rock geemistry data can be used to classify
sedimentary deposits. The Sand class system fromoi€1988) was chosen to classify the
sediment samples in well logs [x-axis: log 8/,0s; y-axis: log FeO3s/K,0] based on the
numerous classification details (Fig. 4-1). The mased parameter Sil,0O3 ratio (Potter
1978), reflecting the abundance of quartz as veetlay and feldspar and the,Bg/K,0 ratio
(Herron 1988) is a measure of mineral stability.

The quartz rich sediments of the Dominion Reefsdisplayed within the diagram in figure
4-1. Two samples represent arkose, three sampbasksise, and one sample can be classified
as quartzarenite. The bulk of the samples can tega@azed as sublitharenite, litharenite, and
Fe-sand. The represented classification of the DmmiReef sediments verifies the obtained
results from the petrography study. The sedimeasgsification after Herron (1988) is adquate
for all samples from the Dominion- and the Rietlanéa. As a result it can be proposed that
the Dominion Reef samples are quartz rich sedimeitts rare feldspar contents. The fact
that the majority of the samples plot in the Fedséield a high mineral stability can be

considered.
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Fig.4-1: Classification of all analysed DominiongResamples in the Sand Class System framdr (1988)

The discrimination diagram in figure 4-2 displayse tabsolute proportions of quartz,
clay/mica, feldspar and pyroxene/amphibole basedwandiscrimination functions [x-axis:
Al-(Na+K+2Ca), y-axis: Si/3-(K+Na+2Ca/3)].

The diagram confirms that the conglomerate samptassist of a mixture of variable
proportions of quartz and clay/mica minerals. Quags the highest modal proportion within
the samples and can be determined as the main wiakecomponent. The displayed trend
within the diagram tends towards the clay/mica donaéong the quartz-muscovite line. The
presented geochemical composition shown in theraimagonfirms the presence of mica as
the main matrix constituent. Feldspar and pyrox@anehibole proportions could not be
verified for all samples. Additionally it can beatdd that all samples from the Rietkuil and

Dominion section have similar whole rock geochenast
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Fig.4-2: Discrimination diagram which evaluates iafeldspar, pyroxene/amphibole and clay/micaarah

composition of all sediment samples from the Rigtlamd the Dominion section

4.1.1.2 Chemical index of alteration

The chemical index of alteration (CIA) was introddcby Nesbitt and Young (1982). The
index has been established as a general measuhe afegree of weathering (McLennan
et al. 1993). The CIA and the trends in triangulaathering plots are used to describe
chemical history of rocks after deposition.

The oxides are expressed as molar proportions alig silicates as opposed to carbonates
and phosphates. Based on this assumption, the Gl ealculated using the absolute
proportions with:

CIA = Al,04/(Al,03+Ca0*+Na0+K ,0) x 100

The measured concentration of Rain all studied samples was under the lowest lohit
detection and could not be used for the calculafitre CIA was determined for all samples
and is listed in the Appendix Ill. CaO* represetits CaO associated with the silica fraction
of the sample.

Size sorting during transportation and depositibrihe sediments can have influenced the
CIA. Therefore the CIA must be considered as agtod the degree of alteration.

The average CIA of the studied samples is 77.65chvisuggest a moderate to high
weathering degree. Typical CIA values for clay ahdle vary between 70 and 75 (Nesbitt

65



and Young, 1982). The calculated CIA for the DomimReefs sediments ranges from 73 up
to a maximum of 83 and can be considered as swalk-svariations. The lowest CIA
indicates a moderate weathering degree and thenmiaxiof 83 suggests a higher weathering
degree (Nesbitt and Young 1996).

Small-scale variations in the CIA most likely refi@lispersive metasomatism caused by fluid
flow (Frimmel 2005). It can also be assumed thairbthermal activities are responsible for
the small-scale variations of the calculated ClAe hydrothermal fluids most likely affected
the Dominion Reefs sediments in different staged emused a moderate weathering. In
contrast, a high-scale variation (e.g. from 50 e®0) points to a systematic change in the

environmental conditions like increase in tempatawards the sediments with a high CIA.

Weathering trends

According to the calculated CIA, a moderate weatigeidegree for the Dominion Reef
sediments can be proposed. The weathering trengdsdinents can be illustrated in ternary
diagrams using the proportions of §{8k-(NaO+K,0))/2 and NgO+K,O and
(MgO+MnO+FeQ03)/3. The studied Dominion Reefs sample element giams are
displayed within the diagram (Fig.4-3). The tremafsthe triangular plot has been used to
determine chemical changes in a recent weatherwfgg Deviations from recent weathering
profiles can be used to gather chemical changestires from diagenesis or metasomatism
(Nesbitt and Young 1984, 1989).

As a general assumption, it can be proposed thditnsats are enriched in ADs; during
weathering of the source rock while alkali and lliea earths are depleted (Nesbitt and
Young, 1982). This leads to the result that generdthering trends will point towards the
Al,O3 rich corner in the ternary diagram. This wouldresgnt the conversion of unstable
minerals (e.g. feldspars and mica to clay) afteL&fman et al. (1993) in weathered minerals.
A good example for mineral transformation is thewrsion of potassium feldspar [k-fel] to

kaolinite [kaol] during weathering (Bjarlykke 1989)

reaction formula:
2KALSIi30g [k-fel] + 2H+ + 9H,0 N~ AL 28i205(0H)4 + 4H,Si0O, + 2K* [kaol]

During this reaction, potassium is released andovenh from the sediment. The potassium
feldspar is transformed to kaolinite which is lazhin the left corner of the ternary diagram.
The corresponding calculated CIA would change, aliog to Nesbitt and Young (1982),
from 100 to 50.
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The studied samples do not clearly follow the geherathering trend towards the 8k

corner. In the diagram, one main weathering tresnd lme determined. The studied samples
follow a significant trend parallel to the &; corner. The trend displays a clear influence of
(MgO+MnO+FeQ03)/3 indicating that post-depositional mineral trfansations might

occurred. As an example, the transformation of iptdgse to chlorite and quartz plays a
significant role for the sediment alteration. Thieqess of chloritization indicates depletion in
K and enrichment in Fe as shown in the diagramy(@reows). Chemical changes in the

sediments took place after its formation, usuddhptigh interaction with a fluid.

chloritization reaction:
2NaAlISiOg + 4(Mg, Fef* + 2(Fe,Alk+ + 10H,0[plag]—
(Mg,Fe)(Fe,Al),SiO,010(0H)s [chi]+ 4SiO; [gtz]+ 2Na’ + 12H"

Na + K

m samples Rietkuil
section

@ samples Dominion
section

kaolinite
1 1 1 1

0 20 40 60 80 100
Al-(Na+K)/2 (Mg+Mn+Fe)/3

Fig.4-3: Ternary diagram using the proportionsAitQs-(Na,O+K,0))/2 and NgO+K,0 and
(MgO+MnO+Fe05)/3, the general weathering trend would tend towahe left corner (red arrows),

the studied Dominion Reef samples display a sigguifi trend towards mica and chlorite (black arrows)
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The alteration process should be regarded as ardgreystem which evolves with time. It
can be assumed that certain mineral assemblagdse ddominion Reefs sediments were
formed as a result of hydrothermal alteration dyrim period of time. For a further

classification of the fluid character, fluid inclos studies would be from utmost importance.

4.1.1.3 Provenance and tectonic setting from majaiements

Determination of the tectonic setting of siliclastiocks has numerous difficulties. The
Dominion Group (including the lava’s) was depositer a long period of time with a
gapless sedimentation followed by the sediment esezps of the West Rand Group and
Central Rand Group.

The bivariate XY-plot (Bhatia 1983) is considergugblécable for the study of Dominion Reefs
samples. The plot implies information of the geheemtonic setting of the investigated
samples. No other plot for the tectonic settingssification found was applicable for the
studied samples.

The displayed results show that not all samplesdcbe distinctly classified (Fig.4-4). Some
of the samples suggest a passive margin as teaetting. The bulk of the studied samples
could not be confidently classified. Remarkablénet the original sediment deposition of the
Dominion Group took place in a continental rift i(Bmel 2005). The displayed samples
indicate a passive margin which most probably bgdoto the deposition of the West Rand
Group (Kositcin and Krapez 2004). The West Randu@neas deposited after the Dominion
Group and is the interstitial lower part of the Watersrand Supergroup. It is proposed that
the samples which do not belong to the passive imargst have been deposited in a
continental rift. Other displayed tectonic settimgs be proposed as not being significant.
Tectonic events most likely caused changes in e¢btomic setting and can be described as
continuing process over a period of time. This rigkplain the passive margin as revealed
tectonic setting for sediments deposited in theusege boundary between the Dominion
Group and the West Rand Group.
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Fig.4-4: Discrimination bivariate plot for sandsésrnfrom Bhatia (1983) of AD4/SiO, versusFg€)3+MgO,
the fields within the diagram represent differeablggical settings

Provenance diagrams based on discrimination fumsti@hatia 1983, Roser and Korsch
1988) combine several of the major elements. Theridnination functions can be calculated

using the absolute proportions with:

Discriminant function 1=-1.773TiO, + 0.607Al ,03 + 0.760Fe,0O3 — 1.500MgO
+ 0.616a0 + 0.509Na,0 — 1.224K ,0
Discriminant function 2= 0.445TiO, + 0.070Al,03 — 0.250Fe,03 - 1.142MgO
+ 0.438a0 + 1.479Nay0 + 1.426K 0

The plot after Roser and Korsch (1988) containsrimftion about the source rocks (Fig.4-5).
The clustering of the samples points to intermediaicks as the main sources for the
Dominion Reef sediments. Samples with lowes@zeand ALO3; content (less clay and Fe-

hydroxides) plot more in the middle of the diagrahhis leads to the result that possible
source areas should mostly contain mafic and febsiterial.

Vennemann et al. (1992, 1995) revealed the rebalt the Witwatersrand quartz pebbles
mainly derived from Archean granite and pegmatieks. The granitic and/or pegmatitic

source was also determined by Feather and KoerbY1@1l three scientists proved their

assumptions through the rare occurrence of detidtsditerite, uraninite and columbite. Gartz

69



(1996) agreed with this thesis based on brightathdluminescence of detrital quartz grains.
According to the occurrence of detrital chromitee tonclusion can be drawn that mafic to
ultramafic components can be expected in the sareze

The Archean greenstone terrains within the Kapwaaton contain mafic and ultramafic
rocks as well as siliceous chemical sedimentaryksoand felsic volcanic rocks. A
comparable terrain will be assumed to be the scamee of the quartz pebbles and the heavy
detrital minerals. It can be concluded, that Archemeenstone terrains, surrounding the
Witwatersrand basin, were possible the source ai@ashe heavy minerals within the

Dominion quartz pebble conglomerates.
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Fig.4-5: Discrimination function plot after RoserdaKorsch (1988) for determination of the

possible original source rocks of the Dominion Resfiments

4.1.2 Rare earth elements and trace elements

The rare earth element analyses are presentethlen 3aand the trace elements in table 2 in
the Appendix Ill. Most of the measured trace eletmahow values above the detection limit
and will not be used for further interpretations.

Generally, it can be proposed that many trace el&srend rare earth elements are immobile
during sedimentary processes (Cullers et al. 1988hsequently, they are transported and
guantitatively deposited into sedimentary rocksdiith and Crook 1986, Roser and Nathan
1997, Toulkeridis et al. 1999). The element enriehtrand dilution of the trace elements is

generally dependant on the original source mataridlcan be used as provenance classifier.
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4.1.2.1 Rare earth element geochemistry

The REE (rare earth elements) comprise the elenfiemtsLa to Lu. The rare earth elements
can be separated in the LREE (La to Sm) and the EHREd to Lu). Lithophile REE are
generally considered to be chemically immobilecdh be assumed that average REE pattern
of source rocks are nearly quantitively transferrea siliclastic sediments during
sedimentation (McLennan 1989). Diagenetic procedsesot affect bulk-rock REE patterns
significantly (Fleet 1984, McLennan et al. 1993).

The REE fill lattice sites in eight-fold coordinati in most rock forming minerals. The rare
earth elements mostly replace available elementgeathemically analogons minerals. The
most familiar elements are €aand N&* which hold a similar size and charge. REE mainly
substitute Ca within rock forming minerals. Onetlé main substitution is Elfor C&* in
place for ST* within plagioclase (McLennan 1989) with a positie anomaly of plagioclase
as result.

Chondrite normalisation is a widely used and a@usphethod for the comparison of REE
values of various whole rock samples. In figure 6 REE pattern of sediments from the
Dominion Reefs were normalized relative to the chride values after Nakamura (1974). In
addition to the pattern of the Reef samples, tlo¢ ipcludes the REE pattern of the Upper-,
and the Lower Continental Crust as presented by dnoDgh and Sun (1995).

Comparing the REE values with the Continental Ceustear result is obvious. The Lower
Continental Crust pattern shows a slightly posittteanomaly and can not be compared. In
contrast the Upper Continental Crust shows a distiegative Eu anomaly and a similar
geochemical trend to the analysed Reef samplesnmiBgnitude of the Eu anomaly, Eu/Eu*,
is calculated as: Ew/(Smcn*Gdcen)0.5 with chondrite normalization of Eu, Sm, and &xi
given by McDonough and Sun (1995). The calculat@des for the Dominion Reef samples
vary from 0.01 to 0.06 and reflect a strong negaiw anomaly as displayed in figure 4-6.
There is a strong enrichment in REE contents of Dlmeninion samples compared to
chondrite. The ratio Eu/Eu* is a measure of thechnnent or depletion of Eu relative to the
rare eart elements Sm and Gd. Calculated valuesrithan 0.95 indicate definitely depletion
and values above 1.05 enrichment relative to SmGehdTaylor and McLennan 1985).The

REE pattern are distinct from all of the analysaohgles.
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Fig.4-6: Chondrite normalized REE pattern after &lakira (1974) of analysed sediment samples from the
Dominion Reefs and the Upper Continental Crust (Y@@ Lower Continental Crust (LCC)

Enrichment in LREE from La to Eu and a depletionHREE from Gd to Lu of the Reef
samples is present and comparable to the patteiredfpper Continental Crust. Generally it
can be proposed that LREE are more enriched ipasiich rocks than in alkaline rocks
(Taylor and McLennan 1985, Wronckiewicz and Contl&7). This is in accordance with
bulk rock geochemical analyses of the Dominion Resfiments which indicate silica as
main component within the sediments.

Rare earth elements are present in heavy mineilgds dircon, monazite and garnet
(McLennan 1989, Taylor and McLennan 1985). Previstuglies of the Dominion Reef
sediments revealed that monazite and zircon areelyvidistributed within the analysed
samples.Taylor and McLennan (1985) noticed clayenals as important carrier of REE. The
petrographic study confirms presence of clay misesgthin the Dominion Reef sediments.

4.1.2.2 Provenance derived from trace elements

For provenance studies immobile elements such asntdaTh and mobile elements like Sc
and Co are of utmost importance. Cullers et al88)2laimed that the immobile elements are
more abundant in felsic rocks and that mobile elgmere more often in basic rocks.

Different element ratios as displayed in figure§ @nd 4-8 will be used to distinguish
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between mafic and felsic source material.

The plot in figure 4-7 after Nagender Nath et 2000) and Floyd and Leveridge (1987)
emphasizes different source components for theysedl samples. The La/Th ratio and
the Hf content give information about the possibteirce material (Nagender Nath et al.
2000). La/Th ratios do not differ significantly giesting that the source material was not
derived from Tholeiitic Ocean Islands, Andesiticcéyrand Lower Continental Crust.

The displayed samples in figure 4-7 contain vaeabiif contents. According to
their Hf contents some samples may not plot inrd@teed fields probably due to having
a mixed sedimentary source.. The trend emergingn fithe plot can be interpreted
as source material derived from felsic- and Uppeontdental Crust material.
High Hf values indicate increasing composition afsgibly pre-Dominion sediments as

source material.
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Fig.4-7: Plot after Floyd and Leveridge (1987), iified by Nagender Nath et al. (2000) illustratesvdfsus

La/Th (in ppm) ratios indicates possible sourcéemals such as felsic- and Upper Continental Cmesterial

for the analysed Dominion Reef samples, (TOIS=ldilix Ocean Island source, AAS= Andesitic Arc Bmrj
LCC= Lower Continental Crust, UCC= Upper Contirarust)
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The plot after McLennan et al. (1993) in figure 4i8plays the Th/Sc- and the Zr/Sc ratios of
the analysed Dominion Reef sediment samples. Th&cThs used as indicator for
differentiation processes of the main source materiWithin igneous systems Th as
incompatible element and Sc as compatible elemant lold provenance information
(McLennan et al. 1993). The high Zr/Sc ratios iatkca clear sediment recycling which is
equivalent to a zircon increase similar to the Malge Nath plot in figure 4-7. Especially
elements like Zr and Hf are directly related wigmatty minerals. Therefore their occurrence
within the sedimentary rocks is controlled by heaviperal concentrations (McLennan 1989,
McLennan et al. 1993). The plot in figure 4-8 afidcLennan et al. (1993) shows that all
samples contain high Zr/Sc ratios above 10 to r@ppm. This leads to the conclusion that
zircon was added as well as that source rocks e@gled through sedimentary processes.
The plot in figure 4-8 point to a clear sedimentyaing component of the analysed

Dominion Reef samples.
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Fig.4-8: Plot after McLennan et al. (1993) illusésithe Zr/Sc versus the Th/Sc ratios (in ppmpefanalysed
Dominion Reef samples, the samples display a tvetidh can be atttributed to recycling of

older sedimentary source rocks
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4.2 Geochemical overview of element relationships

Correlation coefficient

To answer the main question about possible coiweldietween oxides and elements, the
Pearson correlation coefficient was calculatedd®ioxides and elements with the help of the
statistic program SPSS (Statistical Package for $ueial Sciences). The correlation
coefficient measures the strength of the assocdidtietween two measured variables on a
number of individuals (Cox and Clifford 1982) andncbe seen as an initial step for the
interpretation of geochemical relationships. Thignestion of each pair was calculated on the
base of the measured XRF data and is listed iAgpendix Il as correlation matrix.

The calculated values vary from -1 to +1, valuest0f5 (or -0.5) can be determined as
confidence limit, values higher than +0.5 (or belef5) indicate linear relationships.
Negative correlations below -0.5 indicate perfetipathy relationships. Values between 0.5
and -0.5 indicate the absence of any significantetation between two sets of used data.

It will be assumed that elements with sympatheticedation have a common origin. As a
second assumption, it is considered that the elmare hosted in the microscopically
identified minerals. According to these two hypaiis the whole rock geochemical data will

be interpreted with the help of the correlationnmadnd displayed in variation diagrams.

4.2.1 Major element chemistry and possible correlains

In terms of major element composition, the studieEminion Reef sediments are generally
characterized by an Sj@ontent between 60-95 wt % that dominates all magments. The
major elements which also occur in the rock analyselecreasing concentrations are Al, Fe,
Mn, Ti, Ca, K, P, Mg, and Na.

In the following paragraph, the possible correlagitoetween pairs of major elements will be
explained in detail. To display geochemical datamfrsedimentary successions in Harker
variation diagrams (Harker 1909), major elementsu® SiQ (on the x-axis) were plotted to
identify relationships and trends (Fig.4-9). $MZas chosen as the plotting parameter for the
suite of sedimentary Reef samples, because ieisnidgor constituent of the rock and shows
greater variability than any of the other oxide#i.rAajor elements are displayed as oxides in
wt %.

Si0,, as main constituent within the conglomerates andnain matrix component has an
average content of 88.97 wt %. It is proposed &flahajor elements exhibit a negative trend
towards SiQ according to the variable negative Pearson cdioel@oefficient shown in table

4-1. The sediment matrix also consists of seriaitd chlorite whith an average content of
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4.87 wt % AbOswithin the analyse®©ne sample from the Rietkuil area achieved a maximu
concentration of 10.94 wt % ADs;. Sericite and chlorite appear to be the main coestts
next to quartz in this sample. Garnet is the maigeassory mineral within the Reef
conglomerates, may also be abundant. The strorgfidedrend is obvious within the Harker
diagram, confirmed by the significant Pearson dati@n coefficient of A}O; against SiQ
of r=-0.74.

The average of 3.99 wt % K& (total Fe content) with a maximum of 10.22 wt %ghtibe
caused by the incidence of sulphides (pyrite, ayggrite, pyrrhotite, and chalcopyrite) in the
Dominion Reef conglomerates. A certain Dominion fReample DDR 077 CO 5516,
containing the highest F@; concentration, consists of 29 % pyrite (accordmghe obtained
modal proportions in chapter three, table 3-1). Taleulated correlation coefficient of -0.67
of FeOs; versus SiQ verifies the strong negative trend within the Harkliagram (Harker
1909).

K2O occurs as a minor constituent within the conglates with an average value of
1.16 wt %, confirmed by the occurrence of sericKalifeldspar and biotite which also
contains KO might be additional host minerals within the seeltary sequences. The
correlation coefficient of -0.46 between,®& and SiQ indicates a weak relationship, as
confirmed by a more scattered trend within the idiag

Titanium oxide is well distributed in the whole kosamples (average of 0.53 wt %). Within
the Harker diagram, a strong negative trend (peaxswmrelation coefficient = -0.79) is
observed. The main Ti-bearing mineral phases dike,rimenite and secondary alteration
minerals such as anatase and U-Ti phases.

The average MgO content of 0.51 wt % can be exgthioy the occurrence of chromite,
chlorite, and garnet within the samples. The Rigékample with the highest MgO content of
1.09 wt % contains a high proportion of garnet gpg) as revealed by microscopic studies.
The strong negative trend within the diagram isl@ghed by the correlation coefficient of
MgO versus SiQof -0.62.

The CaO (average of 0.31 wt %)(3 (average of 0.19 wt %) and the MnO (average of 0.1
wt %) values are fairly low. The low manganese eoti@tion might be the result of Mn-rich
sphalerite within the samples. The scattered nematiend within the Harker diagram
confirms the low correlation coefficient of -0.46ther identified minerals do not contain
large proportions of manganese which would be mBaant.

Calcium is most likely hosted in grossularite (gajnwhich is rarely distributed within the

conglomerates. Calcite also might be a possibleg huseral for Ca which could not
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determined microscopically. Hiemstra (1968) repoiigat only 4 % of the present garnets
can be determined as grossularite. A weak negatweslation of -0.67 of CaO with SO
confirms the assumption. The samples with a highsphor content may contain the majority
of monazites as well distributed main phosphateenaiin

In general it can be considered that the Harkegrdias contain a large volume of
information and show qualitatively that there is excellent negative correlation between
most of the major elements displayed versus,Sithe strong geochemical coherence
between the major elements most likely results ftbenmixing of the different components
of the sediment constitutes.

Table 4-1: Pearson correlation matrix of the magtaments, all correlation coefficients above orobeD.5
are significant and represent geochemical relatipss (blue and black marked), <D.L.= values areovel
detection limit

element SiO, | AlLO; | FeO; | MnO MgO CaO NgO K,O TiO, P,Os
SiO, 1 -0.74 | -0.67| -046 | -062 | -0.67| <D.L. | -0.46 | -0.79 | -0.79
Al,O; | -0.74 1 0.16 0.12 0.24 0.32| <D.U. 0.90 052 | 041
FeOs; | -0.67 | 0.16 1 0.73 056 | 034 | <D.L.| -0.19 | 0.54 0.45
MnO | -0.46 0.12 0.73 1 0.46 0.21 <D.L.-0.26 0.47 0.32
MgO | -0.62 | 0.24 0.56 0.46 1 0.50 | <D.L. | -0.01 | 0.69 0.51
CaO | -0.67 | 0.32 0.34 0,21| 0.50 1 <D.L. | 0.18 0.68 0.87
Na,O | -0.13 0.01 0.06 0,03 0.11 0.1p 0| -0.04 0.04 0.13
K,0 -0.46 | 0.90 | -0.189| -0.26| -0.01 0.18) <D.LU 1 0.27 0.21
TiO, | -0.78 | 0.52 0.54 | 0.47 0.69 0.68 | <D.L. | 0.27 1 0.71
P,O5 -0.78 | 0.41 0.45 0.32| 0.51 0.87 | <D.L. | 0.21 0.71 1
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4.2.2 Minor and trace element chemistry and possiblcorrelations

Trace element concentrations are mostly presemt lass than 0.1 % level, and will be

expressed in parts per million (listed in Appendi). In some cases trace elements form
mineral species in their own right but mostly thaybstitute major elements in the rock
forming minerals. Selected trace minerals will Isedito explain geochemical processes, in
particular, the alteration process.

In the following paragraph, trace elements will &teidied in groups according to their

chemical affinity to minerals in the Dominion Resédiments. Deviations from group

behaviour or systematic changes in behaviour withm group are used as indicator for
different provenance, sedimentary sorting, andatiten processes.

4.2.2.1 Yttrium and Zirconium

Yttrium (Y) measured within the samples had an agercontent of 253 ppm and maximum
values up to 1170 ppm, whereas Zirconium (Zr) hasaserage content of 363 ppm
(maximum of 2640 ppm). A significant relation beemeY and Zr is displayed in figure 4-10.
Most of the samples show values at a low ratio betw2 and 4 which according to Cuney
and Friedrich (1987) suggests that the bulk of ghesent monazites and zircons are well
preserved. Microscopic studies revealed that sowmamites occur in a more altered stage but
the majority appear as well rounded unaltered gradmother possible explanation for a low
ratio could be that Y would also be present in pttmneral phases maybe as a common
impurity. A high correlation of s versus Y of 0.81 indicates that there is xenotime
additionally present to monazite.

The geochemical relationship between Y and Zr imphat the corresponding minerals
monazite, xenotime, and zircon most likely havanailar origin. Feather and Koen (1975)
claimed that both minerals are definitely from datrorigin. The high correlation coefficient
of 0.88 between Zr and Y confirms the assumptiopp@ndix Il1).

Further studies on monazite grains were carried waith the electron microprobe. The

obtained results and the interpretation will belaix@d in chapter five.
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Fig.4-10: Variation diagram of Y versus Zr, thelbaf Dominion Reefs whole rock samples are

displayed between Zr/Y ratio lines 2 and 4

4.2.2.2 Sulphide minerals

The elements which most likely occur within thentiged sulphide minerals are Fe, Pb, Cu,
As, Zn, and Ni. The corresponding host mineralshinitthe Dominion Reefs are pyrite,
galena, chalcopyrite, arsenopyrite, sphalerite, pydhotite. Pentlandite and nickelin as
possible host minerals might also be abundant (Blieen1968) but could not determined
microscopically.

The Pearson correlation matrix shows the significarresponding elements in table 4-2.
Noteworthy is the correlation coefficient of 0.8étlween Co and Ni which predicts the
occurrence of cobaltite. Further, a low Co conteitlh an average of 47 ppm and an average
content of 103 ppm Ni could be measured. The dragrafigure 4-11 shows a linear trend
which indicates a perfect geochemical relationskgather (1981) considered that cobaltite
grains most likely occur as very small, less distied minerals within the Witwatersrand
basin. Within the thin sections the cobaltite aistcould not be identified microscopically.
The significant correlation can be explained by ¢hese position within the periodic table
which implies a similar chemical behaviour. Botleraents show relations to the same
elements as confirmation of the assumption.

Arsenic displays a remarkable correlation with @d &li which leads to the conclusion that
the host mineral arsenopyrite, pentlandite, nickaind cobaltite very likely have the same
origin. Feather and Koen (1975) claimed that bothemals are from detrital origin within the

81



Reefs of the Witwatersrand basin. Feather (198dpgsed a similar crystallization trend of
cobaltite and arsenopyrite as detrital minerals.

The Cu content (average of 143 ppm) within the damjis significantly higher than Ni, Co,
and As values. This reveals that the Cu host mlimbacopyrite is well distributed within the
samples. Notable is that there is no correlatiaih wiher chalcophile elements present, apart
from Fe (Pearson correlation coefficient of 0.MisTmay imply that different hydrothermal
processes happened during or after depositionnDuhie weathering process, Cu could have
been transported in solution and might have beeeaeipitated. According to Feather and
Koen (1975), Cu was incorperated into minerals eatalilt by hydrothermal action after
deposition. Davidson (1965) proposed the eviderdg/drothermal metallization on a group
of heavy minerals within the Dominion Reefs. Th&swamption is in accordance with the
studied correlation coefficient.

The high Fe content (average of 40271 ppm) carxplai@ed with the occurrence of pyrite as
the main sulphide mineral within the Reef conglaabes. Iron is furthermore a constituent of
arsenopyrite, pyrrhotite, and chalcopyrite. Notabl¢hat the correlation coefficient between
Co-Ni and Fe is lower than the coefficient betwegn and Fe. This can lead to the
assumption that the bulk of the pyrite might be hydrothermal origin. According to
mineralogical studies by Ramdohr (1958) both aitdétand hydrothermal origin of pyrite
within the Reefs of the Witwatersrand are most phid.

Pyrrhotite might have its origin during secondamnyipkide mineralization caused be
metamorphism as said by Feather and Koen (19753t Mbtwatersrand basin investigators
believe that pyrrhotite grains derived from pyrhinétion of primary pyrite (Feather 1981).
Microscopic observation, in chapter three, confirims secondary origin of pyrrhotite. The
Pearson correlation matrix reveals no evidenceoniterevidence for this assumption.

The average measured Pb content of 772 ppm indithst galena as host mineral is well
distributed within the samples. One sample fromRletkuil section reveals a maximum lead
content of 6150 ppm. The high correlation with Wilcblead to the assumption that both
elements have a similar geochemical behaviour gpmea in the main uranium-bearing
minerals and their alteration products. Uranium d&ia both show evidence of similar
significant correlations to other elements. A clatien coefficient of Pb to Co and Ni above
0.5 indicates a relation to Co and Ni. As resudetrital origin as mentioned above for Co and
Ni bearing minerals can be assumed for Galena asoBting mineral phase. Simpson and
Bowles (1977) assumed that the bulk of galenaasfradiogenic origin and formed by
hydrothermal sulphide mobilisation while hydrothafiem. This lead to the result that galena
originated both as detrital and as redistributedrbthermal mineral. The microscopic study
of the minerals confirms the results.

The measured Zn content, (average of 493 ppm) eaatiibuted to sphalerite with no
significant correlation to other elements. Feathed Koen (1975) claimed that sphalerite
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originated as a secondary sulphide mineral withen Dominion Reefs which could not be

proved wrong during this investigation.

Table 4-2: Pearson correlation matrix of the chalile elements, all correlation coefficients abovdoelow 0.5

are significant and represent geochemical relatigpssblue marked)

element Fe Co Ni Cu Zn As Pb S
Fe 1 0.49 0.44 0.70 0.12 0.24 0.12 0.62
Co 0.49 1 0.86 0.29 0.35 0.65 0.65 0.66
Ni 0.44 0.86 1 0.36 0.15 0.64 0.60 0.33
Cu 0.70 0.29 0.36 1 -0.03 0.12 -0.06 0.32
Zn 0,12 0.35 0.2 -0.03 1 0.18 0.48 0.30
As 0.24 0.65 0.64 0.12 0.18 1 0.53 0.28
Pb 0.1 0.65 0.60 -0.06 0.48 0.53 1 0.22
S 0.62 0.66 0.33 0.32 0.30 0.28 0.22 1
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Fig.4-11: Variation diagram of Co versus Ni frommioion Reefs whole rock samples,

perfect geochemical relationship is displayed @edi trend line

4.2.2.3 Detrital minerals

With the help of the correlation matrix, it will @@gued that the described minerals are from
detrital origin. Elements like Ti, Zr, Sn, Cr anta are the main constituents of the detrital
minerals. The Pearson correlation matrix of thenelets which are hosted in detrital minerals
is shown in table 4-3. Significant correlations viletn element pairs show evidence of

geochemical relationships between the displayedai¢s.
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The measured element concentrations within the evliotk samples vary significantly.
Chromium with an average content of 580 ppm, maaggears as chromite, and Zr with an
average of 363 ppm, as zircon. Both minerals atespeead through out the samples.
Tantalum (average of 109 ppm) and Nb (average & @im), as main constituents of
columbite, appear with a significant lower valuenstime and monazite which host the bulk
of the Y and BOs content, was already described in the paragrapteab

Tin (average of 29 ppm) very likely is the main gmnent of cassiterite grains which are
rarely distributed. The Ti content (average of 52ddm) is bonded in rare distributed
ilmenite, and secondary alteration mineral phaseh s rutile, anatase and U-Ti phases.
Remarkable is that Ti only correlates with Cr. Thlaads to the conclusion that titanium is
hosted in detrital minerals like ilmenite. Neveltdss, petrographic evidence (chapter three)
suggests that the bulk of Ti occurs in the secondéteration mineral phases anatase and
U-Ti phases.

A low correlation coefficient between Sn and Cri%$i obvious. Compared to the other
minerals, cassiterite occurs within the sedimentacks as much smaller grains (revealed by
petrographic studies) and will be considered ahary formation.

The obvious correlative relationship between Tab- &hd Sn suggest that columbite and
cassiterite might have a similar deposition historidiemstra (1968) assumed
a different source area ftine cassiterite origin and the origin of the otHetrital minerals
like chromite, monazite, zircon and columbite beeawf their deviation from different
host rocks.

The correlation coefficients between most of thevabmentioned elements are high. As
shown in the correlation matrix most pairs haveoafficient above 0.5. This leads to the
result that many detrital minerals have a similapakition history. Petrographic studies
suggested that detrital minerals (cassiterite apt@n) occur with similar grain size and
shape. These common features can be explainecelsethmentological process of hydraulic
sorting (Tucker 2001).

Table 4-3: Pearson correlation matrix of elemepotstdd in detrital minerals, all correlation codfints above or

below 0.5 are significant and represent geocheméationships (blue marked)

element Ti Cr Zr Nb Sn Ta
Ti 1 0.51 0.49 0.32 0.24 0.25
Cr 0.51 1 0.58 0.49 0.41 0.40
Zr 0.49 0.58 1 0.76 0.65 0.74
Nb 0.32 0.49 0.76 1 0.85 0.98
Sn 0.24 0.41 0.65 0.85 1 0.89
Ta 0.25 0.47 0.74 0.98 0.89 1
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4.2.2.4 Uranium and Thorium

The average whole rock U content measured in 7&lesms 898 ppm with a maximum of
7524 ppm. The average Th content is 495 ppm wittaaimum of 3210 ppm. U and Th tend
to be linked due to the same formation processigh torrelation coefficient confirms this
result. Both elements seam to have the same ciooredato other elements and appear
repeatedly together in different mineral phase® bk of U and Th are present as uraninite
grains. A low proportion of U and Th probably aregent in the alteration products U-Th and
U-Ti phases. The origin of the secondary mineralsh& explained later in chapter five with
the help of electron microprobe studies.

Within the Pearson correlation matrix, given inléald-4, the elements which show a
significant geochemical relationship with U and dre displayed. Elements which are hosted
predominantly in detrital minerals (as describedtin.2.3) like Cr, Ti (only Th), Co, Ni, Y,
Zr, Sn, Pb, Nb, and Ta, show a remarkable coroglati Elements within hydrothermal
originated minerals like Cr in chromite show noretation with uranium and thorium.

The significant correlations between the elemerntspkead to the result that their host
minerals have the same depositional history. Theeefit can be assumed that uraninite
grains most likely are from detrital origin. SeMesaientists revealed the same genesis of the
Dominion Reefs uraninite grains (Davidson 1965).

Table 4-4: Pearson correlation matrix of the elememhich correspond with U and Th, all correlation

coefficients above or below 0.5 are significant eggresent geochemical relationships (blue marked)

element Ti Cr Co Ni Y Zr Nb Sn Ta Pb Th U
Ti 1 0.51] 0.33| 0.52| .42 | 0.49| 0.32] 0.24 0.25 0.100.52]| 0.22
Cr 0.51 1 0.59| 0.61| 052 0.54 0.49| 0.41| 0.47| 0.37 0.54 | 0.30
Co 0.33 | 0.59 1 0.86| 0.64| 058 071 078 074 0.65 O0J[]/7 065
Ni 0.52| 0.61| 0.86 1 0.80| 0.81| 0.80, 0.79 0.8 0.0 091 0J/6
Y 0.42 | 0.52| 0.64| 0.80 1 0.88| 092 0.75 0.89 0.64 0.2 0.70
Zr 0.49 | 0.58 | .58 | 0.81] 0.88 1 0.76 | 0.65| 0.74) 0.49 | 0.79| 0.61
Nb 0.32| 0.49| 0.71| 0.80| 0.92| 0.76 1 0.85| 0.98| 0.72] 0.80 0.6p
Sn 0.24 | 0.41| 0.73| 0.79]| 0.75/ 0.6 0.8p 1 0.89 | 0.71] 0.73] 0.68
Ta 0.25| 047| 0.74| 0.82| 0.89] 0.74 0.9 0.99 1 0.78 | 0.80| 0.72
Pb 0.10 | 0.37| 0.65| 0.60| 0.64 0.49| 0.72| 0.71| 0.78 1 0.61| 0.57
Th 0.52| 054 0.777 091 0.8 079 080 0Jf3 080 Q.61 0.89
U 0.22 | 0.31| 0.65| 0.76| 0.70f 0.61 0.6p 0.8 0.2 0p7 0}891

The bivariate plot in figure 4-12 displays all skdisamples and the typical U and Th content
of shale, granite, granitoides, diorite, and gabbvathin the variation diagram, all samples
show a strong enrichment in U and Th in relatiomterage shale or granite. They show
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lower Th/U ratios than the average crustal ratigl afxcept a few samples. Two groups of
samples can be distinguished based on their Thibl v first group with the lowest Th and

U contents has the highest Th/U ratio, mainly highan one, whereas the second group with
the highest U and Th contents has the lowest Tatids between 1 and 0.5. Such a variation
of Th/U ratios reflects the higher proportion ofea¢d uraninite (personal remark by Prof. M.
Cuney). The first group of samples with high Th/atios indicate more altered or even
secondary uranium bearing minerals, whereas trandegroup with low Th/U ratios reveal a

higher proportion of detrital more preserved uréas
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Fig.4-12: Variation diagram of U versus Th with idoock Dominion Reefs samples with mean rock

compositions and significant Th/U ratios
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4.3 Summary of the whole rock geochemistry

The whole rock samples of the Dominion Reefs wer@ysed with XRF and ICP MS. The
Dominion Reef samples could be classified, basedhendetailed diagram from Herron
(1988) as mainly sublitharenite, litharenite aneskad.

Since trace elements are principally resistant lteraion, the alteration history is based
on the major element geochemistry. The DominionfReeliments underwent moderate
alteration during and after deposition of differetegrees. For a better understanding,
the chemical index of alteration was calculated dtirsamples. The average CIA of 78
iIs compatible to a moderate alteration degree whiglects dispersive metasomatism
probably caused by fluid flow.

To evaluate the tectonic setting, the discrimirmattbagram after Bhatia (1983) for major
elements was used. For the accumulation of theiBlom Group a continental rift can be
proposed as tectonic setting. The displayed chemata revealed for a part of the Dominion
Reef sediments a passive margin as tectonic seffing deposition of sediments in the
sequence boundary between the Dominion Group aadWest Rand Group probably
explains the tectonic setting of a passive margive work with trace elements revealed that
not all geochemical provenance diagrams are seitadpecially for extremely quartz-rich
sediments. The dilution of all elements by fKi@gether with zircon enrichment and
sedimentary recycling makes many classic provenalmgrams (Bathia 1983, Roser and
Korsch 1986) ineffective. To evaluate the provemaacsuitable provenance diagram after
Floyd and Leveridge (1987), Nagender Nath et @002 was used. The La/Th versus Hf
diagram revealed a felsic source from various tectsettings for the Dominion Reef
sediments.

For determination of possible source areas, md@ment discrimination diagrams were
considered. The discrimination diagram after R@set Korsch (1988) revealed intermediate
rock material as possible source rocks. Most ingagirs of the Witwatersrand Reefs
suggested Archean granitic or pegmatitic rocks@asce rocks. The trace- and rare earth
elements proved to be of more importance as a pemee indicator. In general the source
rocks of the Dominion Reef conglomerates can bemasd to be from Upper Continental
Crust origin with mainly felsic source material -6 and 4-7). The very low Eu/Eu* ratios
and the high Th/Sc ratios fit well these provenatypes. From the results of the major and
trace element analyses it can be proposed thatlnegyf older sediments occurred.
Furthermore, the geochemical data were used torndiete the relationships and the

association of minerals contained in the Domini@efR. The mineral genesis was explained
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with the help of a statistical parameter — the @acorrelation coefficient. It is proposed that
the geochemical relationships between pairs of ehdsnin the Dominion Reefs are controlled
by the major influence of sedimentary and hydratta@rprocesses during and after sediment
deposition. Elements, which are hosted within twtminerals such as uraninite or garnet,
possess a high degree of correlation. Elementsethast hydrothermal- or hydrothermal
reworked minerals such as galena, pyrite or chglti@palso reveal significant correlations.
The correlation between elements hosted in detritaterals and elements hosted in

hydrothermal -or hydrothermal redistributed mingrabs not significant.
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Chapter Five: Mineral geochemistry

This chapter focuses on the chemical identificatbthe different uranium bearing mineral
phases occurring in the Dominion Reefs and theacigemical relationships. For this purpose
SEM- EMPA- and LA-ICP MS analyses on mineral phagese carried out.

5.1 Mineralogy and mineral chemistry — SEM

SEM analyses were performed on well mineralizedgtmmerate samples to determine the
guantitative elemental composition of the minerasl to obtain an overview about the
element distribution within the polished thin seo8. For electron microprobe analyses back-
scattered electron images (BSE) were done to lagateium bearing minerals within the
polished thin sections.

A few samples contain important mineral phasesvesi@ analysed with element mapping to
identify the mineral distribution which appear @bsrelated to uranium bearing minerals.
Two areas of sample DRT 03 DO 6920 and DRT 079 R&685will briefly be described as
examples for the importance of Energy-DispersivRa§ Spectroscopy (EDX) measurements
with element mapping and BSE images.

For the quantitative analysis of different minepdlases, thirteen selected elements were
analysed. The reached counts of sample DRT 039 @re presented within the graph

together with the corresponding quantitative elei@esompositions as table (Fig.5-1).

Element| wt% at % o | i . . . (DD 6920_11
C 13.298 | 21.622 E Sl R A AR bommomoochoooooooodo o TRRRRL
o 45.752 | 55.845 =
Mg 0.379 0.304 E
Si 28.591 | 19.879 el
S 0.474 0.289
Ti 1.017 0.415 ]

Cr 0.000 0.000

Fe 1.274 0.445 4000
Zn 0.588 0.176

Y 1.092 0.240

Ta 0.421 0.693

Th 0.328 0.028 z000
U 0.786 0.064
total 100.00 | 100.00

Fig.5-1: Semi-quantitative analyses of sample DRY DO 6920, A: tabular values,

B: EDX-spectrum displaying elements
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Element mapping of the same selected area withmpeaDRT 039 DO 6920 demonstrates
the element distribution (Fig.5-2). Silica is weistributed within the selected area, which can
be explained by quartzite as the main constituetitinvthe conglomerate. Magnesium and
yttrium are distributed to a lesser extend whioreeds no identification of a specific mineral.
It can be assumed that both elements are presargrynsmall amounts. Sulphur is rarely
distributed and the appearance of sulphide minevathin this analysed area can be
eliminated.

Tantalum is well dispersed over the whole area wisen be explained by it’s occurrence in
different minerals as an impurity. Zirconium andbmm are present in a close bond. It is
assumed that a zircon grain is rimed by carbon ma&t&Vell known is the rare occurrence of
carbon within the Dominion Reefs (Ramdohr 1958).

Chromium and iron appear together within this del@carea, probably as chromite. Other
minerals, not clearly distinguishable might alsarieon in small amounts.

Titanium corresponds with uranium and mostly witnef dispersed thorium. All
three elements occur round uraninite as alterafioducts. The main uranium hosting
mineral with low Ti can be determined as uraniniéhe titanium enriched mineral
phases with lower uranium content around uranioiteas ghost mineral are known as
secondary U-Ti phases. The thorium-rich secondaneral phases around uraninite can be
identified as U-Th phases.

The BSE image of sample DRT 039 DO 6920 with athtified mineral phases as listed in
figure 5.1 and mapped in figure 5.2 is presentefigure 5-3. The uraninite grains appear to
be heterogeneous within the image. The U-Ti andJid mineral phases appear patchy and
cloudy around uraninite and as ghost minerals. Gaisbe based on the assumption that these
are secondary mineral phases derived from primaayinite grains. Remarkable are the
radial fractures between the uraninites and theratlon products. This amplified the
relationship between the mineral phases.

The appearance of carbon around zircon led suggfestauraninite is not the main carbon
associated mineral. Several authors claimed thrhbogpartly or totally replaces the uraninite
(Liebenberg 1955). Within this investigation of tl®@minion Reefs, the distribution of
carbon is rare. The SEM studies revealed arguneggamst the submitted theories for an

association of carbon and uraninites.

90



—— 200 um —— 200um

Fig.5-2: Element mapping of sample DRT 039 DO 6920




Fig.5-3: BSE image of sample DRT 039 DO6920 withdantified minerals (ur = uraninite, pitch =
pitchblende, U-Th = U-Th phases, U-Ti = U-Ti phases chromite,

C = carbon, zr = zircon)

The element distribution and the received countaaiple AO 5268 is shown in figure 5-4.

E{ FIAD 5268 2]

5 [?eak]
Element wt% | at% L
C 5.443 10.435 :
0 43.492 62.602 o
Si 23.496 19.265 - g
S 2.375 1.706 i i
Ca 1.404 0.807 ] §
Ti 0.999 0.480 ] |
Fe 5.389 2.222 i
Y 1.135 0.294
zr 0.869 0.219 i
Sn 0.688 0.133 g
Ta 13.516 1.720 i
Th 0.489 0.049 i
U 0.705 0.068 ;

T é.! T

A [Kev]

Fig.5-4: Semi-quantitative analyses of sample DRY BO 5268, A: tabular values,

B: EDX-spectrum displaying elements
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Element mapping of the same selected area witl@rséimple DRT 079 DO 5268 illustrates
the element distribution (Fig.5-5). Silica is welistributed over the whole selected area
explained by quartz as main matrix and pebble doesit within the sample. Oxygen and
thorium are scarcely distributed associated witlspecific mineral phase. It can be assumed
that both elements are present in rarely distrdbuteneral phases. Sulphur and iron are
clearly present and very likely tend to be hostedssthy in pyrite or other iron bearing
sulphides.

Tantalum is finely dispersed over the whole are&ciwban be explained by the occurrence in
different elements as an impurity. Zirconium anttican are present in a close relationship. It
Is assumed that zircon grains can contain calcisi@mnaimpurity. Carbon is dispersed and not
significant in a special mineral phase.

Titanium does not correspond with the uranium dhigtron within this sample. This led to the
result that the Ti bearing phases are not secoridarymineral phases. The main Ti bearing
phases within this sample most likely are rutilmjenite and anatase. The main uranium
hosting minerals can be assumed to be primary nitarbecause no other element is present
in the detected phases.

The BSE image of sample DRT 079 AO 5268 includifigidentified mineral phases is
presented in figure 5-6. The image represents ge larea within the sample, so a distinct
determination of all identified mineral phases if§icult. Notable are the numerous fractures

filled with the main secondary uranium bearing mah@hases traversing the quartz pebbles.
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—— 200 um

Fig.5-5: Element mapping of sample DRT 079 AO 5268




Fig.5-6: BSE image of sample DRT 079 AO 5268 withdentified minerals (ur = uraninite,

mon = monazite, gn = garnet, sulph = sulphides; zircon, qtz pebble = quartz pebble)

5.2 Mineralogy and mineral chemistry — Electron Micoprobe

For a better understanding of uranium bearing raisegeochemical behaviour, electron
microprobe studies were carried out on monazitaniaite, secondary uranium bearing
mineral phases such as U-Ti phases, U-Th phastefblende and coffinite. Four well

mineralized samples (DRT 039 DO 6920, DRT 034 D@8®RT 079 AO 5268, DRT 058

AO 3883) underwent electron microprobe studies.kBscattered electron images of all
observed mineral phases were done as shown irefljdrand 5-11.

Wavelength-dispersive EMPA analyses of the U-bgarimineral phases are very
heterogeneous because of their variable degredesftion and their impregnation by tiny

secondary quartz, sericite and sulphide crystalseasaled by optical observations. The
results of an extensive EMPA examination are prieseto complete the results of previous
investigators and to reveal new information abbetgeochemnical behaviour of the uranium
bearing mineral phases hosted in the Dominion Ré&efamined monazite, uraninite, U-Ti

phases, U-Th phases, pitchblende and coffiniteuaesl for interpretation of the alteration

process. All wavelength-dispersive analyses arenzaned in the Appendix IV.
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5.2.1 Primary detrital mineral phases

5.2.1.1 Monazite and xenotime

Xenotime-(Y) and monazite, ideally CeP@re rare earth phosphate minerals. Monazite is
well and xenotime rarely distributed within the Doron Reef samples. In figure 5-7,
backscattered electron images of some analysed zitesiaare displayed. A total of 143
EMPA analyses were used to characterize monazitexanotime.

100um

20.0kV 10.1mm x400 YAGBSE
20.0kV 11.8mm x120 YAGBSE

Fig.5-7: BSE images of monazite grains in sample@8@8-A (A), DO6920 (B), DO 8628-A (C), DO 8628-B), mon = monazite,
gn = garnet, ur = uraninite, sulph = sulphides; ghlena
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The size of the analysed monazite grains vary beEiwe0 and 100 um. Well preserved
monazites with grain sizes of 50-100 um, have maidedQ (average of 0.22 wt %), ThO
(average of 4.91 wt %), LREE (k@3 average 16.54 wt %, g@; average 30.03 wt %, #;
average 2.42 wt %, N@3 average 8.56 wt %, SmO average 1.53 wt %), aitd; Yaverage

of 1.27 wt %) contents. The HREE analyses are béfmvdetection limit and could not be
considered.

Xenotime forms rims around monazite grains and wargize (20-30 um) and shape. Most
analyses of xenotime are characterized by low &icalytotals (average of 82.68 wt %). The
xenotime analyses are presented in the AppendixXThé xenotime grains present highly
variable SiQ, P.Os, TiO,, ThO,, and UQ contents. The actinide elements, Th and U, are high
in concentration, with U always enriched relatieeTth. The grains are particularly rich in
UO, (up to 40.61 wt %) and ThQup to 14.3 wt %).

The ThQ/UOQO; ratios for the monazite crystals vary betweenrid 20, (Fig. 5-8) whereas the
xenotimes mirror ratios below 1. The uranium angrithm values of the monazites do not
vary significantly within the diagram for sample C8828. This means that the grains have
not been affected by hydrothermal fluid flow. Imé@st, sample DO 6920 shows enrichment
in U and decreasing in Th. Based on their appearanithin the diagram in figure 5-8,
monazites can be distinguished in two groups cpamrding to different samples. As a result
the monazite crystals within sample DO 6920 md=lyi were affected by the hydrothermal
fluid flow and appear more altered. The uraniumteonts might have been derived from
substitution processes during hydrothermal fluaail

The xenotime grains are slightly enriched in uranhut can be considered as one group. The
grains appear to be relatively stable during hydronhal alteration. Very little information is
available on the stability of xenotime (Wolf andridmn 1995).
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Fig.5-8: Bivariate plot of the Th{rontents of monazite and xenotime versus the té@tents

The average content of 1 wt % $i€f the monazites do not vary significantly as tigpd in
figure 5-9. None of the anlysed samples show lemchr accumulation of silica as result of
interaction with hydrothermal fluids. The averageas content of 15 wt % of the xenotime

grains show no scattering.
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Within figure 5-10 the LREE contents of monazitesni two sediment samples and

xenotimes from one sample are displayed. The aedr®EE contents of monazite grains do

not show any significant scattering. Sample DO 68@ftains more U than sample DO 8628

which might correspond with the decreasing TltOntents displayed in figure 5-8. Xenotime

grains contain a lower LREE content, the Ce comtesthes values up to 2 wt %.

UO, vs LREE
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B Ce in monazite DO 6920 B Pr in monazite DO 6920
O Nd in monazite DO 6920 @ Smin monazite DO 6920
10 A La in xenotime DO 6920 A Ce in xenotime DO 6920
A Pr in xenotime DO 6920 A Nd in xenotime DO 6920
X A Smin xenotime DO 6920
Z
L
L
nd
- A
1 A
A
A A\
A Ap
A A
A
0.1 ‘ T
0.1 1 10 100

Uo, (wt %)

Fig.5-10: Bivariate plot of the LREE contents of magite and xenotime

versus the U@contents

5.2.1.2 Uraninite

Uraninite as the main uranium bearing mineral plesebeen analysed using EMPA. A total
number of 164 analyses were done on the uraninygats. The size of the analysed uraninite
grains vary between 50 and 100 um. In figure 5B3E images of some analysed altered
uraninite grains are illustrated. Most of the gsamppear heterogeneous because of their

different alteration degree.
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Uraninite, is always more or less altered and hesrage JQ (66.33 wt %) ThQ@
(5.26 wt %), %03 (2.61 wt %), LREE (0.78 wt %), TiK§0.33 wt %), and PbO (10.54 wt %)
contents respectively.

The UQ values of the grains are plotted against the ;Th@ntent in figure 5-12. The
analysed uraninites indicate a significant trendctvimplicates a loss in uranium with an
increase in thorium during alteration processe® d$sumption can be made that the grains
with high uranium content are more preserved tharohes with a lower uranium value. This
leads to the result, that some uraninite grainsrame altered than others. Notable is the silica
increase in altered uraninite analyses (average &1 wt %) as a result of a coffinitization

process during alteration.

50
& uraninite DO8628
45 | % B uraninite AO5268
& @ uraninite AO3883
40 o Q)@ L
(@) Th A altered uraninite DO8628
o ¢ . o altered uraninite AO5268
35 1 Increase
<
¢ o altered uraninite AO3883
30 1 < altered uraninite DO6920
X
2 0 U % pitchblende DO6920
~25
Q o decrease A coffinite DOB920
'_
20 - o) R B coffinite AO5268
@)
% o coffinite AO3883
15 1 A _
o A U-Ti phases DO8628
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Fig.5-12: Bivariate plot of Thoversus UQ of different U-bearing mineral phases from the don Reefs, the

name of mineral species and sample reference specatvely quoted in the legend

The more altered uraninites (Fig. 5-15) show emnieht in the PbO (sample AO 5268 up to
29.37 wt %) contents. Pb is generally leached duthe detrital uraninite structure or
recrystallised as galena during hydrothermal eveBtsed on the assumption from the
microscopic studies, galena often appears as spatks in more altered uraninites. Electron
microprobe studies of detrital uraninites from otNéitwatersrand Reefs revealed average
lead contents between circa 19-25 wt % (Feathe1)198
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The average Ti@and the YOz concentrations can be seen as typical uraniniteesa
according to Simpson and Bowles (1977). The Ti #ncontents do not vary significantly
between detrital uraninites and altered uraninites.

One of the most important conclusions to be drawomfthe results of the electron
microprobe analyses is a primary detrital origintteé uraninite grains from the Dominion
Reefs which show a significant silica enrichmenthvélteration. Coffinitization is confirmed

with the application of EMPA analyses.

5.2.2 Secondary hydrothermal remobilisated mineraphases

5.2.2.1 Pitchblende

Only four analyses could be determined as pitcld#eRitchblende grains were to small to be
studied optically. The rare distributed mineral egms around uraninite grains or along
fractures. The EMPA analyses confirm the clasdificaas pitchblende with a UQontent
above 80 wt %, Si@(average of 1.8 wt %), PbO (average of 1.5 wt @) mo ThQ content.
The extremely high uranium concentration and thek lthorium implies the secondary
formation of the mineral pitchblende after urarenithe U might have been available within
the hydrothermal fluids whereas Th was not.

The low PbO contents as displayed in figure 5-Hl$eto a young age of pitchblende when
the radioactive decay did not started yet. Compéoeother distributed secondary uranium
mineral phases, pitchblende shows no enrichmebREBE, SiQ and TiQ which implies the
origin after detrital preserved uraninite. Alteredaninites in contrast contain higher silica,

lead and thorium values.

5.2.2.2 Coffinite

The coffinites appear around uraninite grains aadehaverage U£©(40.26 wt %), Th@
(10.29 wt %), Y03 (6.63 wt %), SiQ (18.43 wt %), TiQ(0.82 wt %), and PbO (3.20 wt %)
concentrations respectively. The crystals were dowll to be studied optically. A few
coffinite The high silica contents (up to 25 wt @gmpared with relative low uranium and
increasing thorium values (Fig. 5-12 and 5-13)cdatkd the presence of coffinite. A negative
correlation of UQ@ and SiQ can be observed in these grains (Fig. 5-13). Tinginoof
coffinite can be attributed to a different stagdghsf same hydrothermal process as mentioned
under paragraph 5.2.2.1.

The low PbO contents (average 3.2 wt %), as showiigure 5-15, in contrast to uraninite

analyses suggest that uraninite lost Pb duringagit®. The coffinite may lose radiogenic Pb
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because of migration of Pb from the coffinite staue (Ramdohr 1980) to form radiogenic
galena.

The high Y content (up to 8.76 wt %) as displayedigure 5-16 may be the result of a
possible Y enrichment during hydrothermal fluidwloThe coffinite most likely was formed

by absorption of silica associated with low tempae hydro-thermalism. Hydrothermal
alteration might have contributed to high concerdrs of silica. Possibly silica was derived

from authigenic silica and became later a constitoé coffinite.
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Fig.5-13: Bivariate plot of UQ(wt %) versus Si@(wt %) to evaluate the silica distribution

and enrichment in the main uranium bearing phases

5.2.2.3 U-Ti phases

Most of the Ti phases within the Dominion Reefsiseshts could be determined as anatase
originating from the alteration of ilmenite. Only small part of Ti is used to form Ti-U
phases. The U-Ti phases are rarely distributedred| grains around uraninite or in “ghost”
minerals. U-Ti phases could be identified and asedyusing EMPA.

The U-Ti phases have on average U@21.69 wt %), Th@ (4.53 wt %), %03 (5.72 wt %),
SIO, (8.77 wt %), TiQ(22.58 wt %), and PbO (9.46 wt %) concentrations.

The secondary mineral might be formed accordingp¢oPRONTO reaction (Ramdohr, 1957:
PRONTO reaction: UO, + 2TiO; — UTi,Og) between ilmenite and uraninite. limenite

grains underwent pyritization and the fiBecame available for the Pronto reaction with the
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primary uraninite associated with hydrothermal @ttiThe increase in the TiOand the
decrease in the UCrontents (Fig.5- 14) most likely confirm the onigdsf U-Ti phases from
the detrital ilmenite and uraninite. Within figusel5, a slight lead loss from detrital uraninite
to the U-Ti phases is obvious. The lower conceioinat can be explained by possible Pb
migration during or after alteration.

High concentrations of silica (Fig.5-13) were foumdU-Ti phases. The silica most likely
derived from authigenic silica and became a caretit of the U-Ti phases during
hydrothermal events. Some samples show increa¥e@y (Fig.5-16) and can be explained
by the availability of Y within the hydrotheral flis. It seams that during hydrothermal
alteration, the Y content of xenotime grains cdudde been released by hydrothermal fluids
and be bonded in some U-Ti phases. In general ofote U-Ti bearing phases contain
similar Y concentrations as the uraninites.

Most analyses of the altered U-Ti phases are ctearaed by low analytical totals (average

of 90.15 wt %), resulting from a loss of U and/dr &d from the hydration of the minerals

caused by metamictization and alteration.
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Fig.5-14: Bivariate plot of UQ(wt %) versus TiQ(wt %) to evaluate the titan distribution

and enrichment in the main uranium bearing phases
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Fig.5-15: Bivariate plot of U®(wt %) versus PbO (wt %) to evaluate the leaditlistion and enrichment

in the main uranium bearing phases

5.2.2.4 U-Th phases

The U-Th phases of the Dominion Reefs have remérikabh thorium contents. Responsible
for this, according to Hiemstra (1968), is the thor rich mineral uranothorite. The phase
appears similar to the uraninite and could optycalbt be distinguished. For this reason,
electron microprobe analyses were carried outedatity rarely distributed U-Th phases.

The rare distributed U-Th phases of the DominiorefReappear as patchy intergrowths
(“ghosts”). The analysed grains have on average QD91 wt %), Th@(29.89 wt %), ¥O3
(7.05 wt %), SiQ(12.88 wt %), TiQ(0.15 wt %), and PbO (5.30 wt %) concentrations.

The loss of U and the increase in Th (Fig.5-12) banexplained with the alteration of
primary uraninite associated with hydrothermal éseffh as less mobile element within
solutions originated from primary uraninite, whexé as more mobile element was leached
out during hydrothermal action.

The increase in yttrium as displayed in figure 5¢Hh be explained by the possibly high
accessibility of yttrium depending on its contamthe hydrothermal fluids. Before or during
sedimentation, the Y concentration most likely dedi from detrital monazites, xenotime, or

apatite.
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The increase of silica as shown in figure 5-13 niidstly originated authigenically during
hydrothermal events similar to the U-Ti phaseserprteting the data proposes that the U-Th
phases are from secondary origin similar to theilphlases caused by depletion in U during

alteration.
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Fig.5-16: Bivariate plot of the )D; contents versus the Y@ontents to evaluate the Y distribution and

enrichment in the main uranium bearing phases

5.3 Mineral dating with LA-ICP-MS

Several studies have shown that the U-Pb isotogstesy using the LA-ICP-MS
gives reliable ages for zircons (Gerdes & Zeh 2@MR)8). For this study different mineral
phases such as monazites, rutiles, zircons and aseghwithin two selected samples
DO 8628 and DO 337 from the Dominion Reef sedimewsre chosen for age
determination.

All analyses are listed in table 1 in the Appendik The isochron diagrams
(Fig. 5-17 to 5-20) display the measured U-Pb igetoatios for the suite of sampled
minerals. Analyses show different MSWD (Mean Sqdaleighted Deviates) which
means different scatter of the data points. The NISW 1 means that the scatter is
lower than the analytical errors. MSWD > 1 is ipteted as excess scatter of data points and

will be considered as not strictly an isochron. é&hon the low number of analyses
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Brooks et al. (1972) considered that a cut of 2.8WD is acceptable. The data can be
interpreted as isochron diagrams.

Monazites were used for age determination becausehearr detrital origin within
the Dominion Reefs. Representative U-Pb LA-ICP-M%&lgses of monazites illustrated
in figure 5-17. Concordia ages of 3072 + 11 Ma &@65 + 13 Ma are interpreted
as main mineralization age. The upper interceptth w@n age of 2983 + 180 Ma for
monazite 2 and 3127 + 92 Ma as maximum ages fit iwelhe interpreted mineralization
age. The lower intercepts at 2600 + 770 (monazifeMh and 2567 + 340 Ma as
minimum ages may point to a later remobilisatioergvmost likely related to the formation

of the Ventersdorp Supergroup.
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Fig.5-17: U-Pb data for monazite 1land 2 (data-peintr ellipses ares
MSWD = Mean Squared Weighted Deviates)

The analysed zircons generate one significant agdisplayed in the isochron diagram in
figure 5-18. The intercept points yield isochronesgof 2728 + 18/-19 Ma for zircon
1, 2735 = 23 Ma for zircon 2 and 2750 + 26/-23 Nlhe detected main zircon age can be
attributed to the remobilization age similar to yleeinger monazite age. Zircon is supposed to
be from detrital primary origin. The revealed ageunger than the monazites, suggest a

resetting of the isotopic system by thermal fluids.
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The ?°Pb/®U ages of rutile grains range from 2797 +78/-73 @400 +270/-290 Ma as
displayed in figure 5-19. The different isotopieageveal that two rutile populations appear
within the Dominion Reef sediments.

The older age might be more exact and therefores pobable than the younger. The older
age includes an error of approximately +78/-73 Meeras the younger contains a large error
+270/-290 Ma.
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Fig.5-19: U-Pb data for rutiles (data-point errthipses are @ MSWD = Mean Squared Weighted Deviates)

The uranium bearing phases are secondary formeeraténaccording to the geochemical and
optical study. The host mineral is supposed to faminite. The analyses of the uraniferous
mineral phases within the samples revealed sigmfienaximum ages 2704 = 26 Ma and
2704 = 26 Ma as displayed in figure 5-20. Only om&n event is considered likely for the

origin of the U bearing phases.
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Fig.5-20: U-Pb data for U phases (data-point egtijpses are @ MSWD = Mean Squared Weighted Deviates)
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The Pb-Pb whole rock isochron diagram in figurel52used to identify the main geological
processes involved in the Dominion Reef mineramfation. The diagram demonstrates the
existence of two prominent age populations for Bleninion Reef sediments. A maximum
age of circa 3100 £ 90 Ma and a minimum second agaround 2700 + 100 Ma can be
concluded. Optical and geochemical studies of tbenibion Reef sediments revealed that
different generations of minerals are present (gygte, uraninite with alteration products).
The older age of circa 3100 Ma is interpreted asenailization age of detrital minerals such
as uraninite, pyrite (type 1), zircon, chromite damagnetite. The younger age of 2700 Ma
point to a later remobilisation by hydrothermaliactaffecting the detrital minerals. The
analyses confirm the assumption that monaziteslafi@itely from detrital primary origin.
Zircon is supposed to be from primary origin asIlw&he age detreminatation revealed a
younger age which is interpreted as re-crystaibsahge. The former isotopic system might
be completely reseted by the hydrothermal actianil&kand the uraniferous phases could be
confirmed from secondary origin with an age of &&700 Ma.

The MSWD (illustrated in Fig. 5-17 to 5-20) abowedabelow one of the analysed mineral
phases is proposed to be relate to the isotopieqdibrium during recrystallization.
Coecherie and Albarede (2001) proposed that, iE@ogical system has remained closed
from the early crystallisation of the mineral phasdil the present, the MSWD of one or less
will be obtained. If a geological system was afbelcby a geological event like fluid-mineral
interaction with the result of mineral re-crystsdliion, the MSWD would significantly

increase.
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Fig.5-21: Pb-Pb age data summary display two mgés &or all analysed mineral phases

5.4 Carbon analyses

Fifteen selected samples were analysed for thelooacontent with the Acid method by the
Department of Soil, Crop & Climate Sciences at thaversity of the Free State. The
obtained data set is listed in the Appendix Il. &rerage carbon content of 5957 ppm could
be determined. The carbon concentration is lowiwithe Dominion Reefs (Hallbauer 1975)
compared to other Reefs within the WitwatersransirbaJranium and gold in association
with carbonaceous matter is one of the most importeodes of occurrence of these minerals
in other well-studied Reefs like the Carbon Leg@avidson and Bowie 1951).

Within the Dominion samples, carbon could be natiegth SEM quantitative studies as rim
around zircon grains and finely dispersed. No singdrbonaceous mineral phase could be
identified within the samples. Moreover, the watlokvn occurrence of carbonaceous matter

with uraninite does not exist within the Dominiord®s, as concluded from this study.

5.5 Summary of the mineral geochemistry
The SEM/EDX analyses were carried out to deterntime semi-quantitative elemental

composition of the minerals to obtain an overvidwhe element distribution within the thin
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sections. An additional purpose of the semi-quatiNg analyses was to identify and locate
the main uranium bearing phases for the electranapiobe studies.

EMPA analyses were used to determine differentiurarbearing mineral phases within the
Dominion Reefs. Detrital monazite analyses possassmlerate U®(average of 0.22 wt %),
ThO, (average of 4.91 wt %), LREE (}@3 average 16.54 wt %, g@; average 30.03 wt %,
Pr,O; average 2.42 wt %, N@; average 8.56 wt %, SmO average 1.53 wt %), as@ Y
(average of 1.27 wt %) contents. Analyses of mdeazievealed that two generations are
present. The first group, occurred with moderate,UMO, and LREE contents comparable
to literature data (Mathieu et al. 2001). The secgnoup of monazites schowed slight
increasing U and Th values. Both groups are ofitdetorigin while the second group is
affected by hydrothermal action.

Xenotime of detrital, diagenetic and hydrothermagio are known from placer deposits in
Western Australia (van Emden et al. 1997). Detoahotime (as main Y bearing mineral
phase) within the Dominion Reefs has been identified characterized. The mineral phase
contains variable contents of Si®.0s, TiO,, LREE, ThQ and UQ. The Th and U contents
vary in concentration, with U always enriched rigkatto Th. The main mechanism for the Y
and REE replacement by U and Th are charge-balgn@abstitutions with Si
(Substitution: (REE, Y) + P" « (Th, U)** + Si** ,van Emden et al. 1997). In contrast
hydrothermal xenotime have lower U and Th valuestbetrital xenotime (Kositcin et al.
2003). For distinctive geochemical signatures afotene and monazite within the Dominion
Reefs further research should extend this study.

The analysed uraninite grains showed medium uramndcthorium concentrations. Several
variation diagrams (Fig.5-12 to 5-16) display twoups of uraninites within the Dominion
Reefs. It can be assumed that the first group higgh UG, contents are well preserved. The
second group with lower UQOcontents appear in a more altered stage. The highea
concentrations in altered uraninites confirm sligbffinization. The extensive research of the
uraninites led to the result that the grains, domg the bulk of uranium, are from detrital
origin whereas one group was affected by alteratiomalyses of more altered uraninites
revealed that mineral phases with a significanhéigsilica content can be determined as
coffinite.

A few analyses of mineral phases with the highesinium and no thorium contents
emphasized the occurrence of pitchblende withinReefs. The analyses revealed that the
origin as secondary uranium bearing mineral phaseiroed from uraninite alteration. The

hydrothermal fluids affecting detrital uraniniteddiot introduce any new uranium.
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Analysed U-Ti phases show enrichment in ilhe phasesnost likely originated from a
reaction of detrital uraninite with primary Ti-b@&ag mineral phases such as ilmenite during
hydrothermal events. Lower Y@ontents in contrast to the uraninite analyseshasiped a
uranium loss. High silica concentrations most lkelerived from authigenic silica and
became a constituent of the U-Ti phases duringdtigdrmal events. Some samples show an
increase of YOs which can be explained by Y availability withinetlihydrothermal fluids
affecting the Dominion Reefs. During hydrothermbération, Y of detrital minerals (e.g.
monazite) could have been released by hydrotheitmds and bonded in some U-Ti phases.
In general most of the U-Ti bearing phases contamparable Y concentrations similar to
uraninites.

Most analyses of the altered U-Ti phases are ctaraed by low analytical totals (average of
90.15 wt %), resulting from a loss of U and/or Rial drom the hydration of the minerals
caused by metamictization and alteration.

The U-Th phases within the Dominion Reefs have higbhrium concentrations. The
significant loss of U and the increase in Th canekplained by the alteration process of
primary uraninite associated with hydro-thermalisBecondary uranium bearing mineral
phases suggest that different hydrothermal fluidsnd one event affected the Reefs. The
different element compositions within the phasexbably originated from different solutions
or from different stages of the same process.

The LA-ICP-MS analyses revealed two ages for thaeemail formation. The older age of
3100 + 90 Ma is interpreted as main sedimentaryenalization age. Before 2700 + 100 Ma
the Dominion Reefs very likely became affected pgrbthermal fluids, which yields to the
formation of the secondary mineral phases. The geurage corresponds with Ventersdorp
Supergroup deposition (determined by U-Pb zircag) dgtween 2850 - 26500 Ma (Crow and
Condie 1988).
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Chapter Six: Discussion and Conclusion

The presented study dealt with the Dominion Groeglimentary successions of Archean age
which is underlying the Witwatersrand Supergroupnévialogical and geochemical studies
on 78 conglomerate samples were carried out to actemize metallogenesis, and
hydrothermal alteration. In this chapter the resoftthe extensive research are summarized,

discussed and compared.

6.1 Discussion

6.1.1 Petrography study on the Dominion Reef same

The petrography studies revealed that Lower andeUpgpeef samples are similar. The
investigation emphasized small scale variationsize and shape of the quartz pebbles. The
pebble sizes range between 0.5-2.5 cm with shames &ngular to well rounded. The
majority of the quartz pebbles can be describerbasded to well rounded pebbles with an
average size of 1.5 cm. The main conglomerate caerde are quartz, sericite and chlorite as
matrix. The ore minerals are finely disseminatethinithe matrix and are mostly not visible
to the naked eye.

The main minerals were determined by point counting32 selected thin sections. This
method was very low in precision because only e main minerals present in the
conglomerates could be determined. Information &kl minor constitutions in the rocks
could not be revealed by this method. Pyrite foBowy galena and sphalerite as the main
sulphide minerals could be detected with certainty.

Petrographic studies revealed different generatandentified mineral phases as displayed
in table 6-1. Pyrite of detrital and hydrothermabm could be optically identified. Monazite,
columbite, cassiterite, chromite, magnetite an@rawpyrite are of detrital origin. Zircon and
garnet (detrital origin) are noticed as main acogssinerals. Both minerals were partially
replaced by phyllosilicates at a later stage. Gassecondary formed mineral was observed
as small specks within other sulphide minerals eD#econdary formed sulphide minerals are
sphalerite, chalcopyrite and pyrrhotite.

Microscopic observations revealed different genenat of uranium bearing mineral phases
within the conglomerate samples. Uraninite gramtsich are well distributed, appear as well
rounded grains and more or less altered. The mmeften are traversed by cracks and other
mineral phases such as galena and patchy “ghostérais. Based on petrographic studies

uraninite can be considered to be exclusively fppimary origin.
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Some mineral phases occur around uraninite crystals “ghost” minerals in cloudy patchy
masses. Different generations of uranium bearingerai phases can be considered because
they traverse and form rims around the uraninigééng: In proximaty to uraninite crystals and
based on optical appearance secondary uraniutmearnerals such as coffinite, U-Ti-, and
U-Th mineral phases were identified.

The proved appearance of primary and secondaryefrmineral phases suggested a
multistage for the mineralisation of the Dominioad®s. The primary stage involved with the
deposition of detrital uraninite, pyrite (type IdaH), monazite, columbite, zircon, cassiterite,
chromite, magnetite and arsenopyrite. The DomirR@efs mineral assemblage have been
affected by hydrothermal alteration (as secondarynemlisation) that implicated
hydrothermally induced authigenic growth of numerguinerals e.g. secondary uranium
bearing minerals (U-Ti phase, U-Th phase, coffiniericoxene), pyrite (type lll), galena,
sphalerite, chalcopyrite and pyrrhotite.

Table 6-1: Mineral appearances within the DomiriRaefs in different stages proved by petrographidyst

Mineral primary mineralization secondary mineralization

Uraninite X

U-Ti phase

U-Th phase

Coffinite

S| | x| >

Rutile

IImenite X

Anatase X

Leucoxene X

Monazite

Columbite

Zircon

Cassiterite

Chromite

X[ X || X[ | >

Magnetite

Pyrite X (type | and II) X

Galena X

Arsenopyrite X

Sphalerite

Chalcopyrite

X|X|x

Pyrrhotite

Garnet X

Quartz X X

Gold (Feather and Koen 1975 X X

The relatively rare occurrence of gold within therbinion Reefs compared to other

Witwatersrand Reefs was observed during this stumlyis supported by the Dominion Reefs

115



Mine. Gold mineralisation has not been a primanyidowithin this research project. The
geochemical behaviour of other Au-bearing Reefshiwitthe Witwatersrand Basin is

discussed by numerous authors such as Minter (1889)rimmel (2005).

6.1.2 Whole rock geochemistry study on the Domion Reef samples

Major element data provide information about change the Dominion Reef sediments
caused by sedimentation processes and weathefggmBbjor element geochemistry within
the diagram of Herron (1988) suggests that the DmmiReef samples have to be classified,
as sublitharenite, litharenite and Fe-sand. Thers&ds contain quartz as a main component,
reflected by the high SiAl, O3 ratios, and numerous relatively chemically stablaerals
mirrored by the high FR©4/K,0 ratios.

These facts confirm the assumption of a moderaiaheeing degree after deposition. The
chemical index of alteration was calculated for sdimples. The average CIA of 78 is
compatible to a moderate weathering degree. Mdgments plotted in a adequated ternary
plot (Fig.4-3) revealed that a “normal” weatheritngnd towards Al-(Na+K) could not be
detected. A obvious influence of Mg and Fe indiogti post-depositional mineral
transformation of plagioclase to chlorite and quanfays a significant role in the sediment
alteration. Chloritization reflects depletion ina@d enrichment in Fe. As a result, the post-
deposition mineral transformations can be deterchia® most important processes for the
small-scale variation in the CIA.

To evaluate the tectonic setting, a discriminatisegram after Bhatia (1983) for the major
elements was used. For accumulation of the Domir@woup a continental rift can be
proposed as tectonic setting. The chemical datgesig a passive margin as tectonic setting
most probably belonging to the deposition of thestMeand Group (Kositcin and Krapez
2004). The dilution of all elements by Sj@ogether with zircon enrichment and sedimentary
recycling makes many classic provenance diagrarhsat{® 1983, Roser and Korsch 1986)
ineffective.

Major and trace element data provide informatioaustine source area composition. Major
elements revealed intermediate rock material asilplessource rocks. Trace and rare earth
elements proved to be of higher importance as pravee indicator based on the assumption
that many trace elements are immobile during sedkiang processes (Cullers et al. 1988).
The Nakamura (1974) chondrite normalized REEs wemparable to the normalized values
of the Upper Continental Crust. As result the seurocks of the Dominion Reef

conglomerates can be assumed to be of Upper Catdin@rust origin. The very low Eu/Eu*
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ratios and the high Th/Sc ratios indicated fels@temial as source rocks. The hafnium and
zirconium enrichment as displayed in plot 4-8 iatkcthat sedimentary recycling was a main
controlling factor. Most of the Witwatersrand Regfgestigators claimed Archean granitic or
pegmatitic rocks as source rocks (Frimmel 2005).

Major and trace elements were also used to determetationships and association of
distributed minerals within the Dominion Reefs. TPearson correlation coefficient was used
as a statitical parameter. The statistical invasibg indicated geochemical relationships
between pairs of elements in the Dominion Reefse H™ontrolling factors in these
relationships are sedimentary and post-burial hyeronal processes. Elements hosted in
detrital minerals showed a high degree of corr@hatElements hosted in hydrothermal- or
hydrothermally reworked minerals also reveal sigaiit correlations. The correlation
between elements of detrital minerals and elememisted in  hydrothermal -or
hydrothermally redistributed minerals was not cdesible. As result, two distinct
generations of mineral phases could be proved.

As the main target of this investigation the Th &hd/hole rock analyses were considered in
detail. Whole rock analyses indicate varying ThaAtias, the existence of detrital primary
uraninite and secondary uranium bearing minerals@hawithin the Dominion Reef
sediments. The increase of the Th/U ratio charaetera decrease in U. The uraniferous
minerals which contain most of the U and Th, cqoesl with the lowest Th/U ratio. The
decrease in U and Th in sedimentary rocks might&xpained by the separation of U from

repeated cycles of weathering and re-sedimentétlehennan and Taylor 1979).

6.1.3 Mineral chemistry study on the Dominion Ree$amples

SEM analyses on the Dominion Reef samples wergéedaout to determine the quantitative
elemental composition of the minerals contained iaf@mation of the element distribution.
The main uranium bearing mineral phases were the tagget of EMPA analyses.

EMPA analyses of monazites indicated distinct gsouphe first well preserved group,
showed moderate UODThO, and LREE contents comparable to literature datatlidu et al.
2001). The other group could be considered asealtdomains containing variable contents
of ThO, and UQ contents. The enrichment in U and the decreasénimight be related to
hydrothermal action affecting the Dominion ReefdsWnore mobile than Th and might have
been in solution during fluid flow. Uranium probghderived from detrital uraninite while

hydrothermal alteration.
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Another REE phosphate mineral named xenotime cbeldlentified and characterized. The
mineral phase shows similar geochemical behavisunanazite. Both detrital minerals did
not break down during hydrothermal action. A certdegree of leaching or enrichment in
LREE, SiQ, P,Os and TiQ could not be detected with the help of the wavelemispersive
EMPA.

EMPA studies support the existence of at leastgererations of uraniferous phases. Primary
more or less altered detrital uraninites could éteanined according to their variable U/Th
ratios. All identified uraninite is of detrital @in. The study shows that uraninite alteration
did occur, evidenced by the U and Th leaching icosdary uranium-bearing phases (e.g.
coffinite, U-Ti phases). Increasing Si-content bé tsecondary uraniferous mineral phases
during alteration, characterize coffinitization aétrital uraninite. Coffinite, U-Ti and U-Th
phases were formed in which U seemed to have leaehéd out. Hydrothermal fluids can be
assumed as main cause for leaching processes. tHgdral fluids probably contained a
notable amount of U, Ti and Si (leaching produdtdedrital minerals) which were trapped in
secondary uraniferous mineral phases (coffinitd,i [ghases, U-Th phases).

The fact that no Th is present in the pitchblendehe result of no Th availability within
solution during formation. Strong enrichment inrplies a possibly high oxidation potential
and therefore availability of U (leaching of urate) in the hydrothermal fluids.

The LA-ICP-MS analyses revealed a distinct age #8008+ 90 Ma for the primary
mineralisation. The initial stage involved the @adevelopment with deposition of uraninite
and other detrital minerals. Whereas the younger @g2700 + 100 Ma point to a later
remobilisation by hydrothermal action. In this gdydrothermally growth of mineral phases
including secondary U bearing phases, galena dret atinerals occurred. It is suggested that

the younger event occurred during the Ventersdeignsion.

6.1.4 Genetic model for the Dominion Reef sediments

The modified placer model explains most obtaineda dand observations. Within the
following paragraph the model for the depositiorstiny of the mineralized Dominion
sediments is explained according to the resultsthef geochemical and mineralogical
investigation.

The deposition of the Dominion Reefs clastic seditmatarted off in the Dominion rift basin
before 3074 Ma (Armstrong et al. 1991). Detritalnerals were derived from remote
provenance areas (greenstones and granites; Raib1&90a). According to the major and

trace element analyses felsic source rock matesialbe expected. The surrounding Archean
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greenstone terrains within the Kapvaal Craton dontth mafic and ultramafic rocks,
siliceous chemical sedimentary rocks and felsiccammic rocks. A comparable terrain is
assumed to be source area.

The heavy detrital minerals from the greenstoneaites were mechanically carried into the
basin by fluvial transport and concentrated acemydop their transport velocities. The low
gold content within the Dominion Reefs could baadoict of sorting mechanisms.

After deposition, multiple tectono-thermal eventieeted the Kaapvaal Craton (Frimmel and
Minter 2002). The Dominion sediments are markeddayystallisation and the formation of
metamorphic mineral assemblages. Mineralogicalgeathemical studies have been carried
out to distinguish between several stages of pegositional alteration. The fluid flows
which interacted with the rocks were partially aogpanied by leaching after the sediment
deposition. Similar processes occurred in the RaBasin of Brazil (Franca et al. 2003). The
fluid flow happened at a time when tectonic eveitscted the Witwatersrand basin. During
the Kliprivierberg Group (2714 Ma) deposition, teting along the basin margins caused
uplift and a steep hydraulic gradient causing ardyabrmal fluid flow towards the basin. For
the main fluid flow within the Dominion Reefs, théentersdorp extension definitely
corresponds with the dating of the hydrothermaistetiuted Reef minerals (Armstrong et al.
1995, Robb et al. 1990a).

None of the younger hydrothermal actions, whicle@#d several Witwatersrand Reefs,
(Frimmel and Minter 2002) are of importance for thest depositional alteration of the

Dominion Reefs.

6.2 Conclusions

The Dominion Reefs in South Africa, an importardnium province, hold information for
the understanding of the genesis of the mineraligadrtz pebble conglomerates. The
geochemical and mineralogical characteristics @& tonglomerates and the U-bearing

minerals revealed the following conclusions:

I Distributed well rounded minerals/rock fragmentsiah aggregates within the

Dominion Reefs are definitely of primary detritaigin.

I Some minerals appear in different generationsuémited by hydrothermal events.
Pyrite appears in three generations. Primary uit@niaccompanied by secondary

formed minerals such as coffinite, U-Ti phases, lUphases could be determined.
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Vi

VIl

VIl

Xl

Xl

Xl

Elements hosted in detrital minerals show highrée@f correlation.

Co and Ni, present in cobaltite, show high cotretawith elements present in detrital
minerals and can be assumed to be of similar rorigihe abundant authigenic
gersdorfite within other Witwatersrand Reefs doetsatcur.

Elements present in hydrothermal or hydrotherm@tistributed minerals show high

degree of correlation.

Tectonic setting for the Dominion Reef sedimemisai continental rift and passive

margin setting is proposed.

It is considered that surrounding Archean greerestterrains most likely provided

felsic source rocks.

Whole rock geochemistry indicates mineral transfatfons as main weathering

process with a moderate chemical alteration index.

Monazites (detrital origin) could be detected wotgroups. The second group is

enriched in U and depleted in Th.

Xenotime (detrital origin) as main Y bearing mide@uld be identified and

characterized.

Uraninite could be detected as main uranium bganimeral and appear more or less

altered with differences in the U and Si contebtsninite is of detrital origin.

Less abundant secondary mineral phases such ds WHTh phases, coffinite and

pitchblende were formed by U redistribution asseclavith hydrothermal processes.

LA-ICP-MS analyses revealed a age of 3100 + 90fddahe primary mineralisation
and a younger age of 2700 £ 100 Ma (Ventersdotpnsion) for the remobilisation

by hydrothermal action.
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XIV  The hypothesis of the modified placer theory carsimpported as genesis model.

6.3 Suggestions for further investigation
1. Fluid-inclusions studies would reveal informatioboat the composition of the
infiltrating solutions. Minerals with a hydrotherimarigin could be determined. The
corresponding ph and Eh would reflect the cond#ionder which the minerals within
the Reefs were influenced. Even temperature estmér the fluids which affected

the minerals can be determined.

2. For a better understanding of the gold distributithin the Dominion Reefs, several
analyses should be done. The correlation of Auathdr elements hosted in the Reefs

minerals would reveal distinct information of thengsis.
3. More monazite and xenotime EMPA analyses wouldlakgcmore information about

possible hydrothermal influence. The geochemicahnge during alteration could be

better understood.
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Table 1: Sample descriptions with reef type,da@nd location
Table 2: Applied examination methods anghmples



Table 1: Sample description with Reef type, facied location

borhole ID sample ID reef type reef facies depth in m X collar Y collar Z collar
DDR 007 DO 3337 UDOM Middle Package Conglomerate | 176.80-177.08 60205,851 2974392,956 1434,22
DDR 007 DO 3342 UDOM Middle Package Conglomerate | 177.98-178.18 60205,851 2974392,956 1434,22
DDR 007 DO 3391 LDOM Terrace Facies 188.43-188.60 60205,851 2974392,956 1434,22
DDR 077 CO 5512 UDOM Small P.C.-Middle P.C. 371.57-371.78 61261,628 2970283,168 1475,96
DDR 077 CO 5516 UDOM Thick Reef 372.36-372.56 61261,628 2970283,168 1475,96
DDR 077 CO 5602 LDOM Thick Reef 392.92-393.13 61261,628 2970283,168 1475,96
DDR 023 DO 1524 UDOM Middle Package Conglomerate 38.91-39.14 59902,471 2973209,198 1444,98
DDR 023 DO 1525 UDOM Middle Package Conglomerate | 39.14-39.38 59902,471 2973209,198 1444,98
DRT 070 AO 5686 UDOM Channel Facies 608.12-608.34 53180,03 2965734,29 1388,19
DRT 070 AO 5688 UDOM Channel Facies 608.55-608.76 53180,03 2965734,29 1388,19
DRT 070 AO 8041 LDOM - 621.69-621.88 53180,03 2965734,29 1388,19
DRT 070 AO 8042 LDOM - 621.88-622.06 53180,03 2965734,29 1388,19
DRT 073 AO 8286 UDOM Channel Facies 815.66-815.85 54019,62 2966594,24 1392,23
DRT 073 AO 8290 UDOM Channel Facies 816.52-816.73 54019,62 2966594,24 1392,23
DRT 164 EO 4923 UDOM Channel Facies 794.16-794.44 54156,69 2966787,76 1395,64
DRT 164 EO 4924 UDOM Channel Facies 794.44-794.67 54156,69 2966787,76 1395,64
DRT 113 CO 6833 UDOM Channel Facies 824.00-824.26 53724,11 2966200,89 1388,75
DRT 113 CO 7678 UDOM Channel Facies 807.73-807.93 53724,11 2966200,89 1388,75
DRT 113 CO 6789 UDOM Channel Facies 809.92-810.12 53724,11 2966200,89 1388,75
DRT 034 DO 8629 UDOM Channel Facies 342.05-342.28 52511,35 2965128,51 1405,97
DRT 034 DO 8631 UDOM Channel Facies 342.55-342.82 52511,35 2965128,51 1405,97
DRT 017 DO 318 UDOM Channel Facies 224.07-224.32 51972,92 2965763,98 1399,31
DRT 017 DO 322 UDOM Channel Facies 225.06-225.26 51972,92 2965763,98 1399,31
DRT 017 DO 324 UDOM Channel Facies 225.42-225.68 51972,92 2965763,98 1399,31
DRT 050 AO 1618 UDOM Channel Facies 185.45-185.63 51042,71 2965984,27 1396,80
DRT 050 AO 1620 UDOM Channel Facies 185.82-186.01 51042,71 2965984,27 1396,80
DRT 050 AO 1638 UDOM Channel Facies 189.68-189.95 51042,71 2965984,27 1396,80
DRT 024 DO 1823 UDOM Channel Facies 206.67-206.89 52380,97 2964637,25 1415,00
DRT 039 DO 6920 UDOM Channel Facies 337.51-337.68 52704,22 2964680,06 1411,03
DRT 034 DO 8627 UDOM Channel Facies 341.63-341.83 52511,35 2965128,51 1405,97




borhole ID sample ID reef type reef facies depth in m X collar Y collar Z collar
DRT 034 DO 8628 UDOM Channel Facies 341.83-342.05 52511,35 2965128,51 1405,97
DRT 043 D1 AO 3735 UDOM Channel Facies 128.69-128.86 52456,46 2963996,23 1422,24
DRT 115 CO 3621 UuDOM Channel Facies no information 54596,40 2966981,62 1403,97
DRT 115 CO 3623 UDOM Channel Facies no information 54596,40 2966981,62 1403,97
DRT 115 CO 3637 UDOM Channel Facies no information 54596,40 2966981,62 1403,97
DRT 131 EO 3027 UDOM Interchannel Facies no information 53500,82 2966804,54 1388,46
DRT 131 EO 3058 LDOM - 906.43-906.64 53500,82 2966804,54 1388,46
DRT 094 EO 5605 UDOM Interchannel Facies 836.66-838.90 53490,76 2967422,06 1392,17
DRT 094 EO 5611 UDOM Interchannel Facies 839.89-840.11 53490,76 2967422,06 1392,17
DRT 094 EO 5633 LDOM - 852.66-852.86 53490,76 2967422,06 1392,17
DRT 096 BO 0439 UubDOM Interchannel Facies 546.27-546.47 52177,94 2967036,67 1378,51
DRT 096 BO 0445 UDOM Interchannel Facies 547.51-547.72 52177,94 2967036,67 1378,51
DRT 098 CO 6608 UDOM Interchannel Facies 488.54-488.75 51572,38 2967533,49 1376,01
DRT 098 CO 6613 UDOM Interchannel Facies 489.56-489.80 51572,38 2967533,49 1376,01
DRT 056 AO 1292 UDOM Interchannel Facies 228.76-228.97 50856,07 2966611,75 1388,20
DRT 056 AO 1320 LDOM - 235.43-235.65 50856,07 2966611,75 1388,20
DRT 058 AO 3883 UDOM Interchannel Facies 182.49-182.68 50420,25 2966432,81 1386,00
DRT 058 AO 3886 UDOM Interchannel Facies 183.06-183.25 50420,25 2966432,81 1386,00
DRT 076 AO 8518 UDOM Interchannel Facies 422.52-422.70 51676,95 2966704,03 1386,35
DRT 076 AO 8521 UDOM Interchannel Facies 423.06-423.26 51676,95 2966704,03 1386,35
DRT 079 AO 5268 UDOM Interchannel Facies 327.86-328.07 51259,67 2966564,91 1389,12
DRT 079 AO 5274 UDOM Interchannel Facies 329.15-329.38 51259,67 2966564,91 1389,12
DRT 090 BO 8981 UDOM Interchannel Facies 823.13-823.34 54104,55 2967070,81 1397,12
DRT 090 BO 8976 UDOM Interchannel Facies 822.32-822.52 54104,55 2967070,81 1397,12
DRT 131 EO 3030 LDOM - no information 53500,82 2966804,54 1388,46
DRT 131 EO 3054 UDOM Interchannel Facies no information 53500,82 2966804,54 1388,46
DRT 100 CO 7375 UDOM Overbank Facies 668.64-668.81 52045,46 2968199,38 1386,10
DRT 100 CO 7387 UDOM Overbank Facies 670.76-671.01 52045,46 2968199,38 1386,10
DRT 100 CO 7422 LDOM - 680.68-680.93 52045,46 2968199,38 1386,10
DRT 095 CO 7744 UDOM Overbank Facies 790.67-790.67 53382,04 2968125,58 1399,13
DRT 095 CO 7753 UDOM Overbank Facies 792.45-792.73 53382,04 2968125,58 1399,13
DRT 106 EO 3270 UDOM Overbank Facies 775.47-775.67 52134,89 2968787,48 1401,90




borhole ID sample ID reef type reef facies depth in m X collar Y collar Z collar
DRT 104 CO 8294 UDOM Overbank Facies 625.06-625.26 51314,69 2968784,88 1392,42
DRT 104 CO 8296 UDOM Overbank Facies 625.46-625.70 51314,69 2968784,88 1392,42
DRT 179 FO 0921 UDOM Overbank Facies 699.74-699.94 52180,00 2968539,00 /
DRT 179 FO 0948 LDOM - 710.18-710.38 52180,00 2968539,00 /
DRT 173 FO 5548 UDOM Overbank Facies 456.88-457.08 51107,97 2967982,15 1373,40
DRT 099 CO 4575 UDOM Overbank Facies 664.46-664.66 52608,72 2968235,91 1391,61
DRT 099 CO 4585 UDOM Overbank Facies 666.26-666.45 52608,72 2968235,91 1391,61
DRT 101 EO 1035 UDOM Overbank Facies 484.73-484.92 51240,51 2968294,65 1376,51
DRT 101 EO 1040 UDOM Overbank Facies 485.70-485.96 51240,51 2968294,65 1376,51
DRT 108 FO 05722 UDOM Overbank Facies 724.74-724.94 52335,57 2969800,64 1424,13
DRT 108 FO 05732 UDOM Overbank Facies 726.54-726.74 52335,57 2969800,64 1424,13
DRT 108 FO 05737 UDOM Overbank Facies 727.54-727.74 52335,57 2969800,64 1424,13
DRT 186 FO 9117 UDOM Overbank Facies no information 51668,00 2969064,00 /
DRT 186 FO 9112 UDOM Overbank Facies no information 51668,00 2969064,00 /
DRT 103 BO 517 UDOM Overbank Facies no information 50287,39 2966943,47 1382,24
DRT 103 BO 518 UDOM Overbank Facies no information 50287,39 2966943,47 1382,24
DRT 134 EO 6064 UDOM Overbank Facies no information 50202,83 2967452,91 1378,06




Table 2: Ap

plied examination methods on the samples

borhole ID | sample ID th_in point autoradio- SEM carbon XRF REE LA-ICP-MS EMPA
sections counting graphy analyses analyses analyses analyses analyses

DDR 007 DO 3337 X X X X X

DDR 007 DO 3342 X X X X

DDR 007 DO 3391 X

DDR 077 CO 5512 X X X X

DDR 077 CO 5516 X X X X

DDR 077 CO 5602 X X X X X

DDR 023 DO 1524 X

DDR 023 DO 1525 X

DRT 070 AO 5686 X X X X X X X

DRT 070 AO 5688 X

DRT 070 AO 8041 X

DRT 070 AO 8042 X

DRT 073 AO 8286 X X X X X X

DRT 073 AO 8290 X

DRT 164 EO 4923 X

DRT 164 EO 4924 X

DRT 113 CO 6833 X X

DRT 113 CO 7678 X

DRT 113 CO 6789 X

DRT 034 DO 8629 X

DRT 034 DO 8631 X

DRT 017 DO 318 X X X X X X

DRT 017 DO 322 X

DRT 017 DO 324 X

DRT 050 AO 1618 X

DRT 050 AO 1620 X

DRT 050 AO 1638 X X X X

DRT 024 DO 1823 X X X X

DRT 039 DO 6920 X X X X X X X

DRT 034 DO 8627 X X X X X

DRT 034 DO 8628 X X X X X X X
DRT 043 D1 | AO 3735 X X X

DRT 115 CO 3621 X X

DRT 115 CO 3623 X




borhole ID | sample ID th_in poin_t autoradio- SEM carbon XRF REE L A-ICP-MS EMPA
sections counting graphy analyses analyses analyses analyses analyses

DRT 115 CO 3637 X

DRT 131 EO 3027 X

DRT 131 EO 3058 X

DRT 094 EO 5605 X

DRT 094 EO 5611 X

DRT 094 EO 5633 X X X X

DRT 096 BO 0439 X X
DRT 096 BO 0445 X

DRT 098 CO 6608 X

DRT 098 CO 6613 X

DRT 056 AO 1292 X X X X

DRT 056 AO 1320 X X X X

DRT 058 AO 3883 X X X X X

DRT 058 AO 3886 X X X X X

DRT 076 AO 8518 X

DRT 076 AO 8521 X X X X X

DRT 079 AO 5268 X X X X X X
DRT 079 AO 5274 X X X X X X

DRT 090 BO 8981 X X X
DRT 090 BO 8976 X

DRT 131 EO 3030 X

DRT 131 EO 3054 X

DRT 100 CO 7375 X

DRT 100 CO 7387 X

DRT 100 CO 7422 X X X X
DRT 095 CO 7744 X X X X
DRT 095 CO 7753 X X
DRT 106 EO 3270 X X X X

DRT 104 CO 8294 X

DRT 104 CO 8296 X X X X
DRT 179 FO 0921 X

DRT 179 FO 0948 X X X X

DRT 173 FO 5548 X X X




borhole ID | sample ID th_in poin_t autoradio- SEM carbon XRF REE L A-ICP-MS EMPA
sections counting graphy analyses analyses analyses analyses analyses
DRT 099 CO 4575 X
DRT 099 CO 4585 X
DRT 101 EO 1035 X
DRT 101 EO 1040 X X X X
DRT 108 FO 05722 X X X X
DRT 108 FO 05732 X X X
DRT 108 FO 05737 X
DRT 186 FO 9117 X X
DRT 186 FO 9112 X
DRT 103 BO 517 X X
DRT 103 BO 518 X
DRT 134 EO 6064 X X




APPENDIX 11

A: Autoradiography of 10 polished thircgens
Tablel: Carbon analyses with acid method (Mebiuthath



A: Autoradiography of 10 polished thin sections

DRT 024 DO 1823 DRT 070 AO 5686

DRT 108 FO 5722 DDR 077 CO 5516

DDR 077 CO 5602 DRT 058 AO 3883




DRT 073 AO 8286

DRT 076 AO 8521

DRT 079 AO 5274

DRT 017 DO 318




Tablel: Carbon analyses with acid method (Mebiughot)

borehole ID sample ID org. C (ppm)
DRT 056 AO 1292 6417
DRT 056 AO 1320 3213
DRT 050 AO 1638 1925
DRT 058 AO 3886 1948
DRT 079 AO 5268 7796
DRT 079 AQO 5274 7404
DRT 073 AO 5686 11698
DRT 073 AO 8286 8863
DRT 076 AO 8561 7274
DRT 017 DO 318 2728
DRT 039 DO 6920 5667
DRT 034 DO 8627 7374
DRT 034 DO 8628 7690
DRT 094 EO 5633 1662
DRT 179 EO 0948 7704




APPENDIX 111

Table 1: Major with calculated CIA on 78 whole ramples
Table 2: Trace element XRF data
Table 3: REE and some trace element aasly
Table 4: Pearson correlation matrix calculatetth siatistic program SPSS,
blue marked display significant correlatioabd@ve 0.5 level)
Table 5: Standards for program sodiuny onl
Table 6: Standards for program uraniuty on
Table 7: Standards for program major bead
Table 8: Standards for program vms tface

Table 1: Major element XRF data with calculated @i#d LLD on 78 whole rock samples



section |boreholeID| sample SiO; Al;O3 Fe,03 MnO MgO CaO Na,O K20 TiO2 P,0s total CIA
Rietkuil DRT 056 | AO 1292 91,33 3,92 3,58 0,03 0,29 0,21 <D.L. 1,04 0,32 0,12 100,83 76
Rietkuil DRT 056 | AO 1320 90,13 5,39 1,95 0,03 0,22 0,20 <D.L. 1,53 0,15 0,15 99,74 76,5
Rietkuil DRT 050 | AO 1618 78,11 7,56 5,21 0,12 0,84 2,26 <D.L. 1,72 1,27 1,12 98,20 72,9
Rietkuil DRT 050 | AO 1620 91,02 4,37 3,19 0,04 0,36 0,13 <D.L. 1,30 0,17 0,06 100,62 65,5
Rietkuil DRT 050 | AO 1638 90,31 513 1,87 0,03 0,41 0,26 <D.L. 1,70 0,47 0,10 100,27 74,1
Rietkuil DRT 058 | AO 3883 89,38 4,60 4,00 0,26 0,45 0,23 <D.L. 0,94 0,30 0,15 100,31 79,3
Rietkuil DRT 058 | AO 3886 91,91 4,75 1,32 0,07 0,25 0,09 <D.L. 1,33 0,35 0,07 100,16 77
Rietkuil DRT 079 | AO 5268 85,74 3,93 5,74 0,18 0,51 0,99 <D.L. 0,71 0,60 0,48 98,87 69,6
Rietkuil DRT 079 | AO 5274 87,79 3,22 6,02 0,27 0,42 0,39 <D.L. 0,56 0,56 0,17 99,39 71,4
Rietkuil DRT 070 | AO 5686 76,60 8,37 7,25 0,33 0,61 1,45 <D.L. 1,94 1,45 0,89 98,88 70,3
Rietkuil DRT 070 | AO 5688 91,73 2,67 4,29 0,20 0,40 0,13 <D.L. 0,50 0,28 0,10 100,29 74,4
Rietkuil DRT 70 AO 8041 94,93 3,26 1,52 0,03 0,23 0,05 <D.L. 0,90 0,05 0,02 100,97 75
Rietkuil DRT 70 AO 8042 93,65 4,18 1,42 0,02 0,19 0,09 <D.L. 1,30 0,07 0,02 100,94 81,8
Rietkuil DRT 073 | AO 8286 82,78 5,69 5,07 0,15 0,62 0,95 <D.L. 1,29 0,88 0,50 97,92 72,2
Rietkuil DRT 073 | AO 8290 92,20 2,84 4,06 0,08 0,44 0,11 <D.L. 0,63 0,27 0,09 100,71 80,6
Rietkuil DRT 076 | AO 8518 89,51 3,98 4,28 0,10 0,66 0,41 <D.L. 0,88 0,62 0,18 100,63 74,8
Rietkuil DRT 076 | AO 8521 90,44 3,61 4,44 0,05 0,36 0,13 <D.L. 1,00 0,14 0,06 100,24 76,5
Rietkuil DRT 096 BO 439 88,51 5,18 3,95 0,19 0,75 0,12 <D.L. 1,13 0,55 0,05 100,42 81,2
Rietkuil DRT 096 BO 445 89,20 4,60 4,26 0,20 0,57 0,09 <D.L. 1,03 0,43 0,08 100,46 80,7
Rietkuil DRT 103 BO 517 88,48 4,73 3,27 0,04 0,53 0,54 <D.L. 1,17 0,56 0,33 99,66 74,4
Rietkuil DRT 103 BO 518 88,76 4,65 3,52 0,03 0,52 0,39 <D.L. 1,27 0,44 0,25 99,83 73
Rietkuil DRT 090 | BO 8976 89,33 4,92 2,34 0,11 0,52 0,49 <D.L. 1,23 0,95 0,32 100,20 74,2
Rietkuil DRT 090 | BO 8981 91,83 3,62 2,56 0,16 0,66 0,14 <D.L. 0,71 0,36 0,11 100,16 80
Rietkuil DRT 115 | CO 3621 90,67 3,34 3,96 0,21 0,52 0,30 <D.L. 0,64 0,47 0,13 100,24 76,7
Rietkuil DRT 115 | CO 3623 89,51 3,72 3,59 0,26 0,60 0,26 <D.L. 0,75 0,52 0,12 99,33 78,7
Rietkuil DRT 115 | CO 3637 83,55 10,94 1,78 0,02 0,31 0,22 <D.L. 3,41 0,37 0,10 100,70 75,3
Rietkuil DRT 099 | CO 4575 83,66 7,25 4,69 0,32 0,71 0,42 <D.L. 1,74 1,06 0,17 100,00 76,6
Rietkuil DRT 099 | CO 4585 88,49 4,69 4,17 0,21 0,37 0,10 <D.L. 1,07 0,35 0,10 100,00 79,7
Rietkuil DRT 098 | CO 6608 87,87 3,90 6,04 0,32 0,60 0,24 <D.L. 0,62 0,35 0,09 100,00 81,3
Rietkuil DRT 098 | CO 6613 87,94 5,09 3,55 0,19 0,44 0,22 <D.L. 1,17 0,27 0,05 98,91 78,1
Rietkuil DRT 113 | CO 6778 85,08 5,57 4,78 0,37 0,91 0,75 <D.L. 1,02 1,19 0,31 99,97 75,9
section |boreholeID| sample SiO; Al,O3 Fe,03 MnO MgO CaO Na,O K20 TiO» P,0s total CIA
Rietkuil DRT 113 | CO 6789 85,74 4,82 4,89 0,17 0,79 0,47 <D.L. 0,93 0,58 0,32 98,80 76,7
Rietkuil DRT 113 | CO 6833 94,37 4,06 1,57 0,02 0,28 0,12 <D.L. 1,22 0,69 0,07 100,39 77,4




Rietkuil DRT 100 | CO 7375 84,68 5,83 6,51 0,48 0,66 0,22 <D.L. 0,82 1,03 0,19 100,43 75,6
Rietkuil DRT 100 | CO 7387 93,32 4,04 3,67 0,08 0,16 0,06 <D.L. 1,03 0,24 0,08 100,67 84,1
Rietkuil DRT 100 | CO 7422 90,41 6,55 0,77 0,02 0,14 0,13 <D.L. 1,92 0,41 0,10 100,43 78,4
Rietkuil DRT 095 | CO 7744 77,90 7,42 8,16 0,32 0,76 0,91 <D.L. 1,57 1,15 0,60 98,76 80
Rietkuil DRTO095 | CO7753 | 101,14 0,41 0,46 0,01 0,11 0,03 <D.L. 0,09 0,03 0,01 102,27 74,7
Rietkuil DRT 104 | CO 8294 91,89 4,02 3,60 0,04 0,81 0,43 <D.L. 1,09 0,39 0,10 100,36 75
Rietkuil DRT 104 | CO 8296 91,87 5,10 3,19 0,03 0,36 0,36 <D.L. 141 0,44 0,08 100,84 72,7
Rietkuil DRT 024 | DO 1823 91,74 3,74 2,92 0,15 0,34 0,13 <D.L. 0,88 0,29 0,21 100,41 77,7
Rietkuil DRT 017 DO 318 93,92 2,92 2,08 0,12 0,43 0,24 <D.L. 0,59 0,21 0,11 100,61 78,1
Rietkuil DRT 017 DO 322 95,87 3,75 1,58 0,05 0,34 0,06 <D.L. 0,99 0,18 0,03 100,85 78,4
Rietkuil DRT 017 DO 324 92,54 6,45 1,11 0,02 0,21 0,11 <D.L. 1,86 0,28 0,09 100,65 76,8
Rietkuil DRT 039 | DO 6920 90,69 3,89 4,26 0,02 0,32 0,12 <D.L. 1,09 0,24 0,11 100,74 77,8
Rietkuil DRT 034 | DO 8627 83,57 6,05 4,34 0,19 0,88 0,15 <D.L. 1,34 0,68 0,43 97,62 79,6
Rietkuil DRT 034 | DO 8628 81,77 6,54 6,34 0,30 0,89 0,28 <D.L. 1,38 0,72 0,67 98,90 79,2
Rietkuil DRT 034 | DO 8629 94,10 4,09 4,32 0,25 0,48 0,15 <D.L. 0,92 0,27 0,19 100,77 79,2
Rietkuil DRT 034 | DO 8631 96,79 4,76 2,41 0,12 0,40 0,12 <D.L. 1,28 0,40 0,17 100,45 77,2
Rietkuil DRT 101 | EO 1040 89,46 4,09 4,32 0,05 0,56 0,13 <D.L. 0,96 0,39 0,09 100,04 78,8
Rietkuil DRT 131 | EO 3027 91,14 3,70 4,01 0,23 0,39 0,15 <D.L. 0,68 0,40 0,14 100,84 76,3
Rietkuil DRT 131 | EO 3030 92,11 5,86 2,04 0,08 0,34 0,16 <D.L. 1,55 0,45 0,05 100,64 82,3
Rietkuil DRT 131 | EO 3054 98,49 3,08 0,95 0,02 0,21 0,13 <D.L. 0,90 0,53 0,07 100,38 76,3
Rietkuil DRT 131 | EO 3058 96,73 3,80 0,77 0,02 0,23 0,09 <D.L. 1,14 0,13 0,04 100,94 73,1
Rietkuil DRT 106 | EO 3270 85,86 4,12 6,07 0,12 0,52 0,14 <D.L. 0,73 0,77 0,34 98,68 82,3
Rietkuil DRT 164 | EO 4923 86,59 5,32 4,45 0,22 0,77 0,68 <D.L. 1,04 0,83 0,34 100,24 75,7
Rietkuil DRT 164 | EO 4924 90,60 4,57 3,30 0,21 0,72 0,17 <D.L. 0,98 0,31 0,07 100,94 80,7
Rietkuil DRT 094 | EO 5605 86,93 5,22 5,47 0,26 0,61 0,27 <D.L. 1,02 0,53 0,14 100,43 81,1
Rietkuil DRT 094 | EO 5611 89,49 4,26 6,84 0,16 0,45 0,12 <D.L. 0,90 0,47 0,14 100,83 81,1
Rietkuil DRT 094 | EO 5633 89,31 4,25 6,83 0,15 0,44 0,12 <D.L. 0,90 0,48 0,14 100,61 80
Rietkuil DRT 134 | EO 6084 84,42 6,04 4,42 0,05 0,79 0,68 <D.L. 1,53 0,86 0,45 99,23 73,1
Rietkuil DRT 101 EO1035 85,72 5,51 5,67 0,13 0,86 0,14 <D.L. 0,96 0,78 0,15 99,93 83,3
Rietkuil DRT 173 FO 5548 87,44 3,93 5,15 0,04 0,70 0,44 <D.L. 1,01 0,53 0,11 99,33 74,1
Rietkuil DRT 108 FO 5722 85,58 5,34 4,56 0,18 1,09 0,70 <D.L. 1,44 1,20 0,31 100,39 71,6
section |boreholeID| sample SiO; Al;O3 Fe,03 MnO MgO CaO Na,O K20 TiO, P,0s total CIA
Rietkuil DRT 108 FO 5732 84,82 5,46 4,42 0,08 1,08 0,81 <D.L. 1,51 1,17 0,33 99,67 71,2
Rietkuil DRT 108 FO 5737 90,78 4,71 3,54 0,05 0,75 0,29 <D.L. 1,64 0,47 0,09 100,31 70,5
Rietkuil DRT 186 FO 9112 83,73 8,20 5,19 0,07 0,69 0,13 <D.L. 1,98 0,53 0,08 100,60 79,6




Rietkuil DRT 186 FO 9117 91,56 4,42 2,45 0,04 0,38 0,21 <D.L. 1,12 0,33 0,10 100,62 76,5
Rietkuil DRT 179 FO 921 79,60 9,35 6,29 0,22 0,48 0,11 <D.L. 2,27 0,99 0,30 99,62 80,3
Rietkuil DRT 179 FO 948 89,09 5,03 3,72 0,03 0,46 0,33 <D.L. 1,40 0,62 0,22 100,90 74,4
Dominion | DDR 007 DO 3337 91,21 4,26 8,06 0,33 0,38 0,10 <D.L. 0,82 0,76 0,12 100,03 82,4
Dominion | DDR 007 DO 3342 93,38 3,24 4,37 0,11 0,31 0,04 <D.L. 0,60 0,32 0,03 100,40 83,4
Dominion | DDR 007 DO 3391 84,09 10,39 1,29 0,01 0,17 0,06 <D.L. 3,08 0,51 0,05 99,66 76,7
Dominion | DDR 077 | CO 5512 82,01 4,98 10,22 0,48 0,72 0,44 <D.L. 0,58 0,63 0,22 100,28 76,1
Dominion | DDR 077 CO 5516 91,06 3,50 5,76 0,20 0,54 0,20 <D.L. 0,55 0,38 0,11 100,31 81,4
Dominion | DDR 077 CO 5602 94,21 2,64 2,10 0,02 0,21 0,10 <D.L. 0,73 0,19 0,04 100,23 83
Dominion | DDR 023 DO 1524 91,11 4,76 3,99 0,18 0,62 0,19 <D.L. 0,94 0,78 0,10 100,67 80,8
Dominion | DDR 023 DO 1525 86,08 5,85 5,22 0,17 0,81 0,23 <D.L. 1,15 1,04 0,14 100,69 80,9
LLD wt % / 0,0014 | 0,0023 | 0,0059 | 0,0016 | 0,0012 | 0,0015 | 0,0194 | 0,0063 | 0,0049 | 0,0213 / /
Abbreviations : LLD = Lowest limit of detection imt %, CIA = calculation index of alteration, <D.£.beyond Detection Limit
Table 2: Trace element XRF data
section borehole ID sample S Ca Sc Ti \% Cr Fe Co
Rietkuil DRT 056 AO 1292 2531 1908 15 3062 13 260 33747 49
Rietkuil DRT 056 AO 1320 79 1822 1 1409 8 33 18711 27
Rietkuil DRT 050 AO 1618 1135 20677 21 10620 25 1407 47246 187




Rietkuil DRT 050 AO 1620 1155 1416 8 1979 6 101 33677 36
Rietkuil DRT 050 AO 1638 56 2754 7 5809 13 51 20048 16
Rietkuil DRT 058 AO 3883 2358 1863 15 2650 36 421 37876 56
Rietkuil DRT 058 AO 3886 514 723 5 2708 18 285 12484 13
Rietkuil DRT 079 AO 5268 3085 8885 9 4417 10 611 51808 102
Rietkuil DRT 079 AO 5274 3240 3652 10 5109 7 418 61972 69
Rietkuil DRT 070 AO 5686 4065 13534 19 11999 24 1468 59223 150
Rietkuil DRT 070 AO 5688 1904 993 7 2763 8 141 43436 21
Rietkuil DRT 70 AO 8041 47 328 0 517 2 14 14746 3

Rietkuil DRT 70 AO 8042 40 959 0 823 4 14 14327 6

Rietkuil DRT 073 AO 8286 2837 9099 10 7985 19 715 49610 81
Rietkuil DRT 073 AO 8290 2764 938 8 2143 7 152 39927 41
Rietkuil DRT 076 AO 8518 1887 3809 6 5731 14 374 44104 38
Rietkuil DRT 076 AO 8521 3894 1254 5 1368 6 110 41062 40
Rietkuil DRT 96 BO 439 310 1004 9 5720 12 207 47263 9

Rietkuil DRT 096 BO 445 2189 627 7 3524 14 195 44235 26
Rietkuil DRT 103 BO 517 2439 4318 18 4561 11 375 34624 64
Rietkuil DRT 103 BO 518 990 4584 10 7343 33 868 24240 56
Rietkuil DRT 090 BO 8976 729 1595 11 2753 27 405 28892 37
Rietkuil DRT 090 BO 8981 1298 5904 11 6081 14 442 35521 51
Rietkuil DRT 115 CO 3621 2223 2768 6 4819 29 1001 44318 34
Rietkuil DRT 115 CO 3623 1596 2305 7 5036 29 906 38882 32
Rietkuil DRT 115 CO 3637 1377 2068 4 3961 22 551 17934 20
Rietkuil DRT 099 CO 4575 870 3709 10 11506 28 990 53140 26
Rietkuil DRT 099 CO 4585 3355 657 9 3246 32 955 44452 33
Rietkuil DRT 098 CO 6608 9568 4163 19 6141 32 1229 102782 143
Rietkuil DRT 098 CO 6613 4905 1847 4 3819 37 1063 61881 86
Rietkuil DRT 113 CO 6778 3475 766 6 1923 49 1094 21650 59
section borehole ID sample S Ca Sc Ti \% Cr Fe Co
Rietkuil DRT 113 CO 6789 5578 4461 16 5995 31 1223 53018 117
Rietkuil DRT 113 CO 6833 1121 1067 6 7965 30 731 17004 19
Rietkuil DRT 100 CO 7375 1343 1629 11 10397 13 551 74036 22
Rietkuil DRT 100 CO 7387 4232 389 7 2121 32 808 40467 34
Rietkuil DRT 100 CO 7422 139 1052 4 3759 24 562 7768 15
Rietkuil DRT 095 CO 7744 4914 8811 16 12183 21 1053 79855 105




Rietkuil DRT 095 CO 7753 0 89 0 237 33 396 4999 0
Rietkuil DRT 104 CO 8294 522 4194 5 4103 13 253 38863 30
Rietkuil DRT 104 CO 8296 575 3318 12 4477 17 242 33467 57
Rietkuil DRT 024 DO 1823 0 2002 7 7756 44 428 51227 32
Rietkuil DRT 017 DO 318 620 2605 8 10367 30 467 65184 36
Rietkuil DRT 017 DO 322 2465 1045 12 2500 24 458 30417 91
Rietkuil DRT 017 DO 324 662 2414 8 2138 17 335 24341 37
Rietkuil DRT 039 DO 6920 574 486 4 1881 24 311 18687 6
Rietkuil DRT 034 DO 8627 734 1109 5 2702 21 319 11737 23
Rietkuil DRT 034 DO 8628 5737 690 17 6044 35 402 55531 93
Rietkuil DRT 034 DO 8629 3673 285 11 3002 25 250 46539 43
Rietkuil DRT 034 DO 8631 1013 567 7 5327 48 172 13080 17
Rietkuil DRT 101 EO 1040 5488 3305 8 2909 21 365 31522 75
Rietkuil DRT 131 EO 3027 2747 1315 19 5622 139 881 41532 94
Rietkuil DRT 131 EO 3030 5109 2332 31 5784 54 1047 52679 175
Rietkuil DRT 131 EO 3054 1856 1025 12 2436 22 380 25520 31
Rietkuil DRT 131 EO 3058 1730 820 8 3213 39 480 21194 32
Rietkuil DRT 106 EQO 3270 1845 1329 12 7195 36 652 70687 22
Rietkuil DRT 164 EO 4923 4710 1231 12 3797 33 467 45647 64
Rietkuil DRT 164 EO 4924 2461 1080 10 3285 24 629 41820 38
Rietkuil DRT 094 EO 5605 941 1581 6 3972 21 475 22610 12
Rietkuil DRT 094 EO 5611 160 1287 1 5135 19 397 10148 10
Rietkuil DRT 094 EO 5633 49 648 0 1279 16 325 8313 2
Rietkuil DRT 134 EO 6084 1327 1370 11 8876 10 619 67358 46
Rietkuil DRT 101 EO01035 1729 5841 9 7440 25 638 46087 48
Rietkuil DRT 173 FO 5548 1749 5930 7 7395 24 633 46284 52
Rietkuil DRT 108 FO 5722 3514 2529 10 5639 27 735 61936 41
section borehole ID sample S Ca Sc Ti \ Cr Fe Co
Rietkuil DRT 108 FO 5732 655 7723 14 13038 10 674 47894 31
Rietkuil DRT 108 FO 5737 408 2833 9 5106 9 260 40059 10
Rietkuil DRT 186 FO 9112 418 1163 5 6023 15 264 60596 16
Rietkuil DRT 186 FO 9117 797 1853 13 3437 16 958 28233 36
Rietkuil DRT 179 FO 921 3906 723 12 10057 20 629 66799 50
Rietkuil DRT 179 FO 948 2838 2991 7 6609 4 83 38536 70
Dominion DDR 007 DO 3337 655 7723 14 13038 10 674 47894 31




Dominion DDR 007 DO 3342 408 2833 9 5106 9 260 40059 10
Dominion DDR 007 DO 3391 418 1163 5 6023 15 264 60596 16
Dominion DDR 077 CO 5512 797 1853 13 3437 16 958 28233 36
Dominion DDR 077 CO 5516 3906 723 12 10057 20 629 66799 50
Dominion DDR 077 CO 5602 2838 2991 7 6609 4 83 38536 70
Dominion DDR 023 DO 1524 655 7723 14 13038 10 674 47894 31
Dominion DDR 023 DO 1525 408 2833 9 5106 9 260 40059 10
LLD ppm / 2 13 4 12 5 4 15 /
section borehole ID sample Ni Cu Zn Ga Ge As Se Br
Rietkuil DRT 056 AO 1292 83 171 1324 9 <D.L. 37 <D.L. <D.L.
Rietkuil DRT 056 AO 1320 36 53 1 9 <D.L. 51 <D.L. <D.L.
Rietkuil DRT 050 AO 1618 643 123 39 26 <D.L. 223 8 <D.L.
Rietkuil DRT 050 AO 1620 55 59 7 6 <D.L. 23 1 <D.L.
Rietkuil DRT 050 AO 1638 20 61 0 10 <D.L. 10 <D.L. <D.L.
Rietkuil DRT 058 AO 3883 92 76 99 7 2 203 1 <D.L.
Rietkuil DRT 058 AO 3886 39 87 164 6 1 11 <D.L. <D.L.
Rietkuil DRT 079 AO 5268 288 129 228 12 <D.L. 629 <D.L. <D.L.




Rietkuil DRT 079 AO 5274 114 170 480 7 <D.L. 235 <D.L. <D.L.
Rietkuil DRT 070 AO 5686 450 291 29 18 <D.L. 880 2 <D.L.
Rietkuil DRT 070 AO 5688 50 58 10 3 1 92 <D.L. <D.L.
Rietkuil DRT 70 AO 8041 5 25 11 3 <D.L. <D.L. <D.L. <D.L.
Rietkuil DRT 70 AO 8042 12 26 2 4 <D.L. <D.L. <D.L. <D.L.
Rietkuil DRT 073 AO 8286 291 157 29 11 <D.L. 475 1 <D.L.
Rietkuil DRT 073 AO 8290 76 96 260 5 <D.L. 178 <D.L. <D.L.
Rietkuil DRT 076 AO 8518 109 165 25 4 <D.L. 55 <D.L. <D.L.
Rietkuil DRT 076 AO 8521 54 111 257 6 <D.L. 75 <D.L. <D.L.
Rietkuil DRT 96 BO 439 48 182 61 4 <D.L. <D.L. <D.L. <D.L.
Rietkuil DRT 096 BO 445 56 123 133 7 <D.L. 16 <D.L. <D.L.
Rietkuil DRT 103 BO 517 174 92 0 0 <D.L. 50 2 <D.L.
Rietkuil DRT 103 BO 518 115 213 190 7 <D.L. <D.L. <D.L. <D.L.
Rietkuil DRT 090 BO 8976 41 62 122 9 <D.L. 113 1 <D.L.
Rietkuil DRT 090 BO 8981 212 222 74 9 <D.L. 163 <D.L. <D.L.
Rietkuil DRT 115 CO 3621 78 104 400 5 0,98 110 <D.L. <D.L.
Rietkuil DRT 115 CO 3623 68 118 6 15 <D.L. 11 <D.L. <D.L.
Rietkuil DRT 115 CO 3637 24 29 525 10 0,92 48 <D.L. <D.L.
Rietkuil DRT 099 CO 4575 93 428 15 6 1,61 72 <D.L. <D.L.
Rietkuil DRT 099 CO 4585 60 155 75 10 1,45 92 <D.L. <D.L.
Rietkuil DRT 098 CO 6608 191 412 34 5 0,97 30 <D.L. <D.L.
Rietkuil DRT 098 CO 6613 107 97 6202 7 1,23 101 1 <D.L.
section borehole ID sample Ni Cu Zn Ga Ge As Se Br

Rietkuil DRT 113 CO 6778 64 101 88 5 1,24 111 2 <D.L.
Rietkuil DRT 113 CO 6789 79 141 8 8 <D.L. 309 <D.L. <D.L.
Rietkuil DRT 113 CO 6833 45 77 62 6 <D.L. 20 <D.L. <D.L.
Rietkuil DRT 100 CO 7375 104 405 61 10 <D.L. 92 <D.L. <D.L.
Rietkuil DRT 100 CO 7387 160 145 12975 22 0,78 44 <D.L. <D.L.
Rietkuil DRT 100 CO 7422 37 62 5 5 <D.L. 28 <D.L. <D.L.
Rietkuil DRT 095 CO 7744 80 356 8 6 1,45 212 2 <D.L.
Rietkuil DRT 095 CO 7753 58 95 14 7 <D.L. 127 2 <D.L.
Rietkuil DRT 104 CO 8294 26 31 0 8 <D.L. 118 <D.L. <D.L.




Rietkuil DRT 104 CO 8296 283 295 169 15 <D.L. 305 1 <D.L.
Rietkuil DRT 024 DO 1823 6 19 199 13 <D.L. 543 <D.L. <D.L.
Rietkuil DRT 017 DO 318 64 152 8 9 <D.L. 126 <D.L. <D.L.
Rietkuil DRT 017 DO 322 99 192 440 7 <D.L. 3 <D.L. <D.L.
Rietkuil DRT 017 DO 324 37 32 10 8 <D.L. 56 <D.L. <D.L.
Rietkuil DRT 039 DO 6920 67 54 20 8 <D.L. 117 <D.L. <D.L.
Rietkuil DRT 034 DO 8627 198 142 5732 21 <D.L. 198 <D.L. <D.L.
Rietkuil DRT 034 DO 8628 346 137 3633 26 <D.L. 447 <D.L. <D.L.
Rietkuil DRT 034 DO 8629 55 44 1039 7 <D.L. 81 <D.L. <D.L.
Rietkuil DRT 034 DO 8631 47 58 138 6 <D.L. 65 <D.L. <D.L.
Rietkuil DRT 101 EO 1040 96 197 53 7 <D.L. 274 <D.L. <D.L.
Rietkuil DRT 131 EO 3027 72 151 26 5 <D.L. 52 1,70 <D.L.
Rietkuil DRT 131 EO 3030 33 147 63 4 <D.L. <D.L. <D.L. <D.L.
Rietkuil DRT 131 EO 3054 12 62 9 7 <D.L. 14 <D.L. <D.L.
Rietkuil DRT 131 EO 3058 6 25 467 11 <D.L. 33 1 <D.L.
Rietkuil DRT 106 EO 3270 149 172 82 11 1 104 <D.L. <D.L.
Rietkuil DRT 164 EO 4923 125 143 39 7 1 233 1,17 <D.L.
Rietkuil DRT 164 EO 4924 125 144 41 7 1 227 <D.L. <D.L.
Rietkuil DRT 094 EO 5605 75 177 51 6 1 16 <D.L. <D.L.
Rietkuil DRT 094 EO 5611 83 164 29 6 1 57 <D.L. <D.L.
Rietkuil DRT 094 EO 5633 30 59 2 10 <D.L. 38 <D.L. <D.L.
section borehole ID sample Ni Cu Zn Ga Ge As Se Br

Rietkuil DRT 134 EO 6084 187 244 27 15 <D.L. 19 2 <D.L.
Rietkuil DRT 101 EO01035 91 272 876 13 <D.L. 57 1 <D.L.
Rietkuil DRT 173 FO 5548 92 243 25 7 <D.L. 108 3 <D.L.
Rietkuil DRT 108 FO 5722 121 380 22 10 <D.L. <D.L. <D.L <D.L.
Rietkuil DRT 108 FO 5732 131 303 38 14 <D.L. 23 2 <D.L.
Rietkuil DRT 108 FO 5737 58 100 31 10 1 26 3 <D.L.
Rietkuil DRT 186 FO 9112 80 189 7 9 <D.L. 32 <D.L <D.L.
Rietkuil DRT 186 FO 9117 100 164 278 10 <D.L. 32 2 <D.L.
Rietkuil DRT 179 FO 921 128 312 30 12 <D.L. <D.L. <D.L <D.L.
Rietkuil DRT 179 FO 948 82 85 44 10 <D.L. 272 <D.L <D.L.




Dominion DDR 007 DO 3337 95 160 15 4 <D.L. 145 <D.L. <D.L.
Dominion DDR 007 DO 3342 46 80 8 13 <D.L. 17 <D.L. <D.L.
Dominion DDR 007 DO 3391 17 71 8 13 <D.L. 17 <D.L. <D.L.
Dominion DDR 077 CO 5512 191 411 34 5 1 58 <D.L. <D.L.
Dominion DDR 077 CO 5516 107 97 6202 7 <D.L. 76 <D.L. <D.L.
Dominion DDR 077 CO 5602 64 101 88 5 <D.L. 25 <D.L. <D.L.
Dominion DDR 023 DO 1524 61 91 200 7 <D.L. 51 2 <D.L.
Dominion DDR 023 DO 1525 107 206 21 6 <D.L. 230 <D.L. <D.L.
LLD ppm / 1 1 1 1 1 7 1 1
Abbreviations : LLD = Lowest limit of detection imt %, <D.L. = beyond Detection Limit
section borehole ID sample Rb Sr Y Zr Nb Mo Ag Cd
Rietkuil DRT 056 AO 1292 53 26 205 168 182 11 7 14
Rietkuil DRT 056 AO 1320 80 0 407 126 210 15 <D.L. <D.L.
Rietkuil DRT 050 AO 1618 124 392 1171 2640 1012 <D.L. 19 7
Rietkuil DRT 050 AO 1620 72 13 75 106 93 5 <D.L. <D.L.
Rietkuil DRT 050 AO 1638 110 20 153 284 189 <D.L. <D.L. <D.L.
Rietkuil DRT 058 AO 3883 30 17 182 137 232 16 <D.L. 10
Rietkuil DRT 058 AO 3886 62 7 94 117 77 8 <D.L. <D.L.
Rietkuil DRT 079 AO 5268 39 76 483 489 533 <D.L. <D.L. <D.L.
Rietkuil DRT 079 AO 5274 31 27 266 239 253 2 7 8
Rietkuil DRT 070 AO 5686 103 250 864 2142 726 <D.L. <D.L. <D.L.
Rietkuil DRT 070 AO 5688 23 8 121 144 140 <D.L. <D.L. <D.L.
Rietkuil DRT 70 AO 8041 41 4 11 45 10 <D.L. <D.L. <D.L.




Rietkuil DRT 70 AO 8042 61 5 27 46 23 2 <D.L. <D.L.
Rietkuil DRT 073 AO 8286 69 165 533 1173 401 <D.L. <D.L. <D.L.
Rietkuil DRT 073 AO 8290 32 13 142 122 170 1 <D.L. <D.L.
Rietkuil DRT 076 AO 8518 35 14 178 134 141 34 <D.L. <D.L.
Rietkuil DRT 076 AO 8521 52 9 155 88 156 <D.L. 6 6

Rietkuil DRT 96 BO 439 41 8 136 425 55 19 <D.L. <D.L.
Rietkuil DRT 096 BO 445 62 11 102 250 50 2 <D.L. <D.L.
Rietkuil DRT 103 BO 517 2 2 1 17 0 <D.L. <D.L. <D.L.
Rietkuil DRT 103 BO 518 40 12 179 188 190 20 <D.L. <D.L.
Rietkuil DRT 090 BO 8976 61 89 435 633 274 6 <D.L. <D.L.
Rietkuil DRT 090 BO 8981 53 26 205 168 182 11 13 <D.L.
Rietkuil DRT 115 CO 3621 80 52 373 277 375 20 <D.L. <D.L.
Rietkuil DRT 115 CO 3623 36 22 176 222 135 19 <D.L. <D.L.
Rietkuil DRT 115 CO 3637 157 29 187 149 220 38 7 6

Rietkuil DRT 099 CO 4575 51 12 264 164 294 28 <D.L. <D.L.
Rietkuil DRT 099 CO 4585 45 5 166 196 120 6 <D.L. <D.L.
Rietkuil DRT 098 CO 6608 37 7 278 565 147 24 <D.L. <D.L.
Rietkuil DRT 098 C0O 6613 34 12 190 227 167 1 7 <D.L.
Rietkuil DRT 113 CO 6778 49 6 136 74 89 15 <D.L. <D.L.
Rietkuil DRT 113 CO 6789 59 11 146 312 85 17 <D.L. 9

section borehole ID sample Rb Sr Y Zr Nb Mo Ag Cd

Rietkuil DRT 113 CO 6833 48 10 88 125 60 41 <D.L. <D.L.
Rietkuil DRT 100 CO 7375 49 32 294 392 191 23 <D.L. <D.L.
Rietkuil DRT 100 CO 7387 56 59 383 732 212 4 8 9

Rietkuil DRT 100 CO 7422 48 39 368 405 528 23 <D.L. <D.L.
Rietkuil DRT 095 CO 7744 62 9 188 550 173 18 <D.L. 7

Rietkuil DRT 095 CO 7753 40 5 140 141 136 1 11 8

Rietkuil DRT 104 CO 8294 56 19 161 156 114 <D.L. <D.L. 6

Rietkuil DRT 104 CO 8296 75 11 155 170 118 15 <D.L. <D.L.
Rietkuil DRT 024 DO 1823 82 72 610 1131 524 12 <D.L. <D.L.
Rietkuil DRT 017 DO 318 82 104 443 604 439 15 <D.L. <D.L.
Rietkuil DRT 017 DO 322 71 31 352 191 230 17 <D.L. <D.L.
Rietkuil DRT 017 DO 324 47 14 217 131 230 15 <D.L. <D.L.
Rietkuil DRT 039 DO 6920 74 19 214 409 135 26 9 <D.L.




Rietkuil DRT 034 DO 8627 46 2 249 362 198 16 11 47
Rietkuil DRT 034 DO 8628 50 3 293 267 413 5 27 33
Rietkuil DRT 034 DO 8629 31 26 167 156 169 3 <D.L. 7
Rietkuil DRT 034 DO 8631 48 5 41 97 26 10 <D.L. <D.L.
Rietkuil DRT 101 EO 1040 80 12 135 166 110 14 <D.L. <D.L.
Rietkuil DRT 131 EO 3027 31 3 100 126 83 13 <D.L. <D.L.
Rietkuil DRT 131 EO 3030 159 16 66 182 51 11 <D.L. <D.L.
Rietkuil DRT 131 EO 3054 159 16 66 182 51 12 <D.L. <D.L.
Rietkuil DRT 131 EO 3058 80 52 373 277 375 31 <D.L. 6
Rietkuil DRT 106 EO 3270 36 22 176 222 135 <D.L. <D.L. <D.L.
Rietkuil DRT 164 EO 4923 64 21 285 229 146 19 <D.L. <D.L.
Rietkuil DRT 164 EO 4924 93 11 403 730 400 19 <D.L. 7
Rietkuil DRT 094 EO 5605 91 15 678 727 882 16 <D.L. <D.L.
Rietkuil DRT 094 EO 5611 52 5 163 200 212 4 <D.L. <D.L.
Rietkuil DRT 094 EO 5633 69 7 158 289 154 10 <D.L. <D.L.
Rietkuil DRT 134 EO 6084 93 10 365 529 272 41 <D.L. <D.L.
Rietkuil DRT 101 EO1035 44 16 231 354 177 <D.L. <D.L. <D.L.
Rietkuil DRT 173 FO 5548 30 8 177 185 195 8 <D.L. <D.L.
Rietkuil DRT 108 FO 5722 52 7 43 163 16 18 <D.L. <D.L.
section borehole ID sample Rb Sr Y Zr Nb Mo Ag Cd
Rietkuil DRT 108 FO 5732 62 8 76 187 56 71 <D.L. <D.L.
Rietkuil DRT 108 FO 5737 98 36 284 646 136 20 <D.L. <D.L.
Rietkuil DRT 186 FO 9112 43 15 389 458 311 6 <D.L. <D.L.
Rietkuil DRT 186 FO 9117 41 53 280 457 235 <D.L. 6 <D.L.
Rietkuil DRT 179 FO 921 41 54 282 460 235 2 <D.L. <D.L.
Rietkuil DRT 179 FO 948 48 31 196 248 139 3 <D.L. <D.L.
Dominion DDR 007 DO 3337 55 6 127 128 119 8 <D.L. <D.L.
Dominion DDR 007 DO 3342 103 24 172 188 111 4 <D.L. <D.L.
Dominion DDR 007 DO 3391 107 108 513 814 251 4 <D.L. <D.L.
Dominion DDR 077 CO 5512 61 28 180 207 181 26 <D.L. <D.L.
Dominion DDR 077 CO 5516 102 32 113 222 73 31 <D.L. 20
Dominion DDR 077 CO 5602 109 82 435 685 246 7 <D.L. <D.L.
Dominion DDR 023 DO 1524 35 22 385 350 439 4 8 <D.L.
Dominion DDR 023 DO 1525 55 18 215 177 178 7 <D.L. <D.L.




| LD ppm | / | 1 | 1 | 1 1 1 1 6 6

Abbreviations : LLD = Lowest limit of detection imt %, <D.L. = beyond Detection Limit
section borehole ID sample Sn Sh Te I Ba Yb Hf Ta
Rietkuil DRT 056 AO 1292 25 <D.L. <D.L. 8 87 <D.L. 8 95
Rietkuil DRT 056 AO 1320 <D.L. <D.L. <D.L. 15 140 15 6 128
Rietkuil DRT 050 AO 1618 181 <D.L. <D.L. <D.L. 1372 21 84 667
Rietkuil DRT 050 AO 1620 18 <D.L. <D.L. 11 131 <D.L. <D.L. 40
Rietkuil DRT 050 AO 1638 46 <D.L. <D.L. 12 160 <D.L. 8 79
Rietkuil DRT 058 AO 3883 35 <D.L. <D.L. <D.L. 39 <D.L. 8 110
Rietkuil DRT 058 AO 3886 33 <D.L. <D.L. <D.L. 171 <D.L. <D.L. 424
Rietkuil DRT 079 AO 5268 103 <D.L. <D.L. <D.L. 87 <D.L. 19 54
Rietkuil DRT 079 AO 5274 18 <D.L. <D.L. <D.L. 256 <D.L. 8 1
Rietkuil DRT 070 AO 5686 1 <D.L. <D.L. <D.L. 68 <D.L. 66 5
Rietkuil DRT 070 AO 5688 0 <D.L. <D.L. 9 41 <D.L. <D.L. 242
Rietkuil DRT 70 AO 8041 94 <D.L. <D.L. 11 63 <D.L. <D.L. 82
Rietkuil DRT 70 AO 8042 30 <D.L. <D.L. 16 396 <D.L. <D.L. 59
Rietkuil DRT 073 AO 8286 9 <D.L. <D.L. <D.L. 65 <D.L. 37 89
Rietkuil DRT 073 AO 8290 26 <D.L. <D.L. 14 29 <D.L. <D.L. 8




Rietkuil DRT 076 AO 8518 0 <D.L. <D.L. <D.L. 71 <D.L. <D.L. 10
Rietkuil DRT 076 AO 8521 0 <D.L. <D.L. <D.L. 34 <D.L. <D.L. 0

Rietkuil DRT 96 BO 439 0 <D.L. <D.L. 11 64 8 9 86
Rietkuil DRT 096 BO 445 5 <D.L. <D.L. 14 1 <D.L. 9 139
Rietkuil DRT 103 BO 517 42 <D.L. <D.L. <D.L. 43 <D.L. 9 200
Rietkuil DRT 103 BO 518 54 <D.L. <D.L. 10 220 <D.L. <D.L. 52
Rietkuil DRT 090 BO 8976 6 <D.L. <D.L. 9 166 <D.L. 6 62
Rietkuil DRT 090 BO 8981 16 <D.L. <D.L. 10 43 10 21 147
Rietkuil DRT 115 CO 3621 72 <D.L. <D.L. 12 198 <D.L. 8 45
Rietkuil DRT 115 CO 3623 14 <D.L. <D.L. 13 130 <D.L. <D.L. 37
Rietkuil DRT 115 CO 3637 0 <D.L. <D.L. 12 28 <D.L. 6 81
Rietkuil DRT 099 CO 4575 44 <D.L. <D.L. <D.L. 21 <D.L. 8 92
Rietkuil DRT 099 CO 4585 68 <D.L. <D.L. 11 29 <D.L. 17 29
Rietkuil DRT 098 CO 6608 8 <D.L. <D.L. <D.L. 117 <D.L. <D.L. 16
Rietkuil DRT 098 CO 6613 6 <D.L. <D.L. <D.L. 97 <D.L. 11 83
Rietkuil DRT 113 CO 6778 14 <D.L. <D.L. 15 35 <D.L. 21 70
Rietkuil DRT 113 CO 6789 3 <D.L. <D.L. 10 154 <D.L. <D.L. 298
Rietkuil DRT 113 CO 6833 40 <D.L. <D.L. 10 145 9 14 48
section borehole ID sample Sn Sh Te I Ba Yb Hf Ta
Rietkuil DRT 100 CO 7375 10 <D.L. <D.L. <D.L. 68 <D.L. 6 57
Rietkuil DRT 100 CO 7387 15 <D.L. <D.L. 13 53 <D.L. 6 43
Rietkuil DRT 100 CO 7422 11 <D.L. <D.L. <D.L. 18 5 <D.L. 35
Rietkuil DRT 095 CO 7744 4 <D.L. <D.L. <D.L. 77 <D.L. 31 243
Rietkuil DRT 095 CO 7753 54 <D.L. <D.L. <D.L. 74 <D.L. 19 424
Rietkuil DRT 104 CO 8294 40 <D.L. <D.L. <D.L. 156 <D.L. 8 54
Rietkuil DRT 104 CO 8296 18 <D.L. <D.L. <D.L. 78 <D.L. <D.L. 254
Rietkuil DRT 024 DO 1823 35 <D.L. <D.L. <D.L. 105 <D.L. 7 116
Rietkuil DRT 017 DO 318 20 <D.L. <D.L. <D.L. 43 <D.L. 8 108
Rietkuil DRT 017 DO 322 72 <D.L. <D.L. 9 83 <D.L. <D.L. 58
Rietkuil DRT 017 DO 324 60 <D.L. <D.L. 9 21 <D.L. 5 89
Rietkuil DRT 039 DO 6920 18 <D.L. <D.L. <D.L. 133 <D.L. 11 254
Rietkuil DRT 034 DO 8627 2 <D.L. <D.L. <D.L. 133 <D.L. 19 88
Rietkuil DRT 034 DO 8628 2 <D.L. <D.L. <D.L. 130 <D.L. 2 7

Rietkuil DRT 034 DO 8629 48 <D.L. <D.L. 15 224 <D.L. 5 53
Rietkuil DRT 034 DO 8631 23 <D.L. <D.L. 15 385 <D.L. 10 32




Rietkuil DRT 101 EO 1040 23 <D.L. <D.L. 13 82 <D.L. 13 20
Rietkuil DRT 131 EO 3027 14 <D.L. <D.L. 17 78 <D.L. <D.L. 20
Rietkuil DRT 131 EO 3030 49 <D.L. <D.L. 13 68 <D.L. <D.L. 93
Rietkuil DRT 131 EO 3054 140 <D.L. <D.L. 13 46 <D.L. <D.L. 260
Rietkuil DRT 131 EO 3058 29 <D.L. <D.L. 12 27 <D.L. 15 600
Rietkuil DRT 106 EO 3270 12 <D.L. <D.L. <D.L. 56 <D.L. 16 105
Rietkuil DRT 164 EO 4923 9 <D.L. <D.L. <D.L. 44 <D.L. 14 59
Rietkuil DRT 164 EO 4924 26 <D.L. <D.L. 18 103 <D.L. 11 106
Rietkuil DRT 094 EO 5605 21 <D.L. <D.L. 11 42 <D.L. 9 73
Rietkuil DRT 094 EO 5611 0 <D.L. <D.L. <D.L. 98 <D.L. <D.L. 79
Rietkuil DRT 094 EO 5633 4 <D.L. <D.L. 9 124 8 5 1
Rietkuil DRT 134 EO 6084 2 <D.L. <D.L. <D.L. 54 <D.L. 22 15
Rietkuil DRT 101 EO01035 34 <D.L. <D.L. 18 32 <D.L. 12 40
Rietkuil DRT 173 FO 5548 18 <D.L. <D.L. <D.L. 109 <D.L. 7 188
Rietkuil DRT 108 FO 5722 23 <D.L. <D.L. 10 130 <D.L. 8 103
Rietkuil DRT 108 FO 5732 9 <D.L. <D.L. <D.L. 88 <D.L. 19 103
Rietkuil DRT 108 FO 5737 23 <D.L. <D.L. <D.L. 114 <D.L. 15 49
section borehole ID sample Sn Sh Te I Ba Yb Hf Ta
Rietkuil DRT 186 FO 9112 15 <D.L. <D.L. <D.L. 127 <D.L. 6 39
Rietkuil DRT 186 FO 9117 8 <D.L. <D.L. 8 55 <D.L. 14 45
Rietkuil DRT 179 FO 921 9 <D.L. <D.L. 12 78 <D.L. 94
Dominion DRT 179 FO 948 9 <D.L. <D.L. 11 105 11 10 67
Dominion DDR 007 DO 3337 15 <D.L. <D.L. <D.L. 43 <D.L. 6 22
Dominion DDR 007 DO 3342 41 <D.L. <D.L. <D.L. 83 <D.L. 6 99
Dominion DDR 007 DO 3391 18 <D.L. <D.L. <D.L. 133 <D.L. 6 67
Dominion DDR 077 CO 5512 35 <D.L. <D.L. 12 29 <D.L. 9 22
Dominion DDR 077 CO 5516 20 <D.L. <D.L. <D.L. 117 <D.L. <D.L 99
Dominion DDR 077 CO 5602 72 <D.L. <D.L. <D.L. 97 <D.L. 9 218
Dominion DDR 023 DO 1524 60 <D.L. <D.L. <D.L. 513 <D.L. 14 84
Dominion DDR 023 DO 1525 18 <D.L. <D.L. <D.L. 44 <D.L. 11 222
LLD ppm / 5 7 0 8 N.D. 4 5 3

Abbreviations : LLD = Lowest limit of detection imt %, <D.L. = beyond Detection Limit




section borehole ID sample W Hg Tl Pb Bi Th U

Rietkuil DRT 056 AO 1292 7 <D.L. 4 846 5 321 888
Rietkuil DRT 056 AO 1320 24 <D.L. 7 2426 0 995 4268
Rietkuil DRT 050 AO 1618 59 <D.L. 18 3588 133 3210 7524
Rietkuil DRT 050 AO 1620 3 <D.L. 4 146 5 134 304
Rietkuil DRT 050 AO 1638 11 <D.L. 4 165 0 294 464
Rietkuil DRT 058 AO 3883 12 <D.L. <D.L. 401 6 444 1303
Rietkuil DRT 058 AO 3886 5 <D.L. 4 161 4 121 183
Rietkuil DRT 079 AO 5268 20 <D.L. 10 2584 53 1230 2883
Rietkuil DRT 079 AO 5274 11 <D.L. <D.L 650 10 433 824
Rietkuil DRT 070 AO 5686 47 <D.L. 9 2396 83 2092 3410
Rietkuil DRT 070 AO 5688 8 <D.L. 4 226 4 189 223
Rietkuil DRT 70 AO 8041 <D.L. <D.L. <D.L 22 0 10 27

Rietkuil DRT 70 AO 8042 <D.L. <D.L. <D.L. 130 0 29 99

Rietkuil DRT 073 AO 8286 28 <D.L. 10 1897 43 1357 3056
Rietkuil DRT 073 AO 8290 5 <D.L. 3 614 5 219 566
Rietkuil DRT 076 AO 8518 13 <D.L. 3 473 9 463 971
Rietkuil DRT 076 AO 8521 7 <D.L. <D.L. 453 7 186 715
Rietkuil DRT 96 BO 439 10 <D.L. <D.L. 58 1 79 30




Rietkuil DRT 096 BO 445 6 <D.L. <D.L. 49 1 149 139
Rietkuil DRT 103 BO 517 2 <D.L. <D.L. 6 0 934 2196
Rietkuil DRT 103 BO 518 8 <D.L. <D.L. 326 4 709 1627
Rietkuil DRT 090 BO 8976 21 <D.L. 5 2070 20 736 1408
Rietkuil DRT 090 BO 8981 18 <D.L. 8 690 21 236 449
Rietkuil DRT 115 CO 3621 <D.L. <D.L. <D.L. 515 9 287 232
Rietkuil DRT 115 CO 3623 9 <D.L. <D.L. 2859 1 254 184
Rietkuil DRT 115 CO 3637 6 <D.L. 7 219 5 520 704
Rietkuil DRT 099 CO 4575 14 <D.L. <D.L. 38 3 357 173
Rietkuil DRT 099 CO 4585 21 <D.L. <D.L. 486 15 209 151
Rietkuil DRT 098 CO 6608 <D.L. <D.L. <D.L. 312 9 246 492
Rietkuil DRT 098 CO 6613 12 <D.L. 4 1685 0 79 58

Rietkuil DRT 113 CO 6778 9 <D.L. 5 305 4 666 362
Rietkuil DRT 113 CO 6789 9 0,09 9 125 2 790 461
section borehole ID sample W Hg Tl Pb Bi Th U

Rietkuil DRT 113 CO 6833 9 <D.L. <D.L. 113 5 302 637
Rietkuil DRT 100 CO 7375 30 <D.L. <D.L. 230 0 371 134
Rietkuil DRT 100 CO 7387 23 <D.L. <D.L. 1438 36 190 241
Rietkuil DRT 100 CO 7422 16 <D.L. <D.L. 768 21 359 710
Rietkuil DRT 095 CO 7744 13 <D.L. 8 266 11 1437 1596
Rietkuil DRT 095 CO 7753 13 <D.L. 5 565 6 <D.L. <D.L.
Rietkuil DRT 104 CO 8294 18 <D.L. 4 459 9 224 194
Rietkuil DRT 104 CO 8296 16 <D.L. <D.L 850 19 229 607
Rietkuil DRT 024 DO 1823 8 <D.L. 7 1439 22 6384 2043
Rietkuil DRT 017 DO 318 <D.L. <D.L. 4 504 5 335 835
Rietkuil DRT 017 DO 322 8 <D.L. <D.L 261 0 39 31

Rietkuil DRT 017 DO 324 10 <D.L. <D.L. 223 1 236 278
Rietkuil DRT 039 DO 6920 4 <D.L. 10 170 3 406 1684
Rietkuil DRT 034 DO 8627 4 <D.L. 33 95 4 880 1154
Rietkuil DRT 034 DO 8628 17 <D.L. 26 95 4 1661 2943
Rietkuil DRT 034 DO 8629 <D.L. <D.L. 5 1473 8 320 335
Rietkuil DRT 034 DO 8631 15 <D.L. 8 6150 0 319 166
Rietkuil DRT 101 EO 1040 <D.L. <D.L. <D.L. 5838 27 273 601
Rietkuil DRT 131 EO 3027 9 <D.L. 4 679 4 1168 3237




Rietkuil DRT 131 EO 3030 16 <D.L. <D.L. 1314 0 85 41
Rietkuil DRT 131 EO 3054 15 <D.L. <D.L. 637 16 124 74
Rietkuil DRT 131 EO 3058 12 <D.L. 5 216 7 75 83
Rietkuil DRT 106 EO 3270 <D.L. <D.L. 4 515 9 872 1811
Rietkuil DRT 164 EO 4923 7 <D.L. 6 218 9 781 643
Rietkuil DRT 164 EO 4924 9 <D.L. 4 69 0 605 498
Rietkuil DRT 094 EO 5605 28 <D.L. <D.L. 26 2 267 170
Rietkuil DRT 094 EO 5611 10 <D.L. <D.L. 382 6 338 232
Rietkuil DRT 094 EO 5633 7 <D.L. 4 1182 34 387 1302
Rietkuil DRT 134 EO 6084 22 <D.L. 4 402 9 1105 537
Rietkuil DRT 101 EO1035 24 <D.L. 5 402 8 327 423
Rietkuil DRT 173 FO 5548 12 <D.L. <D.L. 163 6 244 140
Rietkuil DRT 108 FO 5722 19 <D.L. <D.L. 164 2 732 838
section borehole ID sample W Hg TI Pb Bi Th U
Rietkuil DRT 108 FO 5732 6 <D.L. <D.L. 525 2 718 742
Rietkuil DRT 108 FO 5737 32 <D.L. <D.L. 346 10 190 149
Rietkuil DRT 186 FO 9112 7 <D.L. <D.L. 110 8 119 52
Rietkuil DRT 186 FO 9117 9 <D.L. 7 58 2 285 607
Rietkuil DRT 179 FO 921 6 <D.L. <D.L. 223 13 630 427
Rietkuil DRT 179 FO 948 31 <D.L. 9 599 4 1164 3234
Dominion DDR 007 DO 3337 10 <D.L. <D.L. 223 6 325 998
Dominion DDR 007 DO 3342 4 <D.L. <D.L. 1065 26 65 230
Dominion DDR 007 DO 3391 4 <D.L. <D.L. 27 1 97 178
Dominion DDR 077 CO 5512 11 <D.L. <D.L. 1573 3 572 831
Dominion DDR 077 CO 5516 <D.L. <D.L. 14 218 9 302 676
Dominion DDR 077 CO 5602 9 <D.L. <D.L. 69 0 191 1155
Dominion DDR 023 DO 1524 13 <D.L. 5 26 2 199 36
Dominion DDR 023 DO 1525 18 <D.L. 5 382 6 342 81
LLD ppm / 3 0 3 2 3 3 2

Abbreviations: LLD = Lowest limit of detection, <D.= beyond Detection Limit




Table 3: REE and some trace element analyses

Sample Ba Be Co Cs Ga Hf Nb Rb Sn Sr Ta Th U V W Zr Y La
DRTO070 7 59 <1 30 1 3 7 194 24 24 13 55 265 315 10 2 223 138
DRTO073 8 57 <1 64 2 3 5 319 32 34 20 100 329 816 <8 2 144 195
DRT096 9 61 1 13 2 7 12 54 64 5 11 9 90 32 21 1 302 120
DRT103 11 118 2 65 10 6 20 546 72 66 104 201 909 2385 25 2 638 455
DRT090 10 33 1 42 2 4 7 203 35 13 20 71 272 523 30 2 233 210
DRT113 13 59 3 19 2 6 18 200 59 12 12 37 253 531 37 1 582 176
DRT115 7 52 1 31 1 5 11 179 37 10 27 48 245 193 34 2 286 187
DRT100 7 79 <1 16 4 8 7 151 75 4 15 37 340 725 28 2 205 162
DRT095 0 11 <1 1 <D.L. 1 1 1 2 <1 2 0 1 1 33 2 18 2
DRT095A 0 141 3 111 3 8 <D.L. 677 74 57 87 210 1394 1753 30 4 1194 548
DRT104 12 71 <1 30 3 7 7 136 57 14 22 39 219 187 15 1 187 166
DRT034 12 63 1 45 2 5 11 201 64 18 10 54 332 158 29 2 359 160
DRT017 8 58 1 23 4 7 6 137 72 6 13 48 219 254 19 1 196 129
DRT101 12 56 <1 27 2 7 15 225 43 27 20 65 306 406 34 2 410 232
DRT134DI 16 52 2 42 3 8 8 219 57 17 23 76 266 541 14 1 194 217
DRT186 13 90 4 85 4 7 23 538 73 43 113 194 926 460 21 2 661 395
MDL 4 1 1 0 0 1 0 0 0 1 1 0 0 0 8 1 0 0
Ref. Mat.
STD SO-18 | 514 1 27 7 18 10 23 28 15 408 7 10 16 203 15 291 32 12
STD SO-18 | 504 <1 27 7 17 10 21 28 15 401 7 10 16 199 15 287 31 12
STD SO-18 | 518 2 28 7 18 10 22 29 15 421 7 10 17 211 16 298 33 13




STD SO-18 | 518 1 28 7 18 10 23 29 15 417 8 10 17 210 15 297 33 12
BLK <1 <1l <0.2 <0.1 <0.5 <0.1 <0.1 <0.1 <1l <0.5 <0.1 <0.2 <0.1 <8 <0.5 <0.1 <0.1 <0.1
BLK <1 <1 <0.2 <0.1 <0.5 <0.1 0 <0.1 <1 <0.5 <0.1 <0.2 <0.1 <8 <0.5 <0.1 <0.1 <0.1
Sample Ce Pr Nd Sm Eu Gd Th Dy Ho Er m Yb Lu
DRTO070 750 74 268 42 2 33 5 27 5 13 2 13 2
DRT073 683 69 253 45 3 40 7 38 7 19 3 18 3
DRT096 337 34 117 19 1 17 3 18 3 10 2 12 2
DRT103 3074 278 1060 168 8 141 17 103 15 37 5 38 5
DRT090 798 81 305 53 3 50 8 47 8 21 3 22 3
DRT113 249 28 108 26 5 29 5 33 6 17 3 20 3
DRT115 884 89 333 54 2 43 6 36 6 16 3 18 2
DRT100 570 60 232 43 3 40 6 37 6 15 2 14 2
DRT095 8 1 3 0 0 0 0 0 0 0 0 0 0
DRT095A 5041 457 1721 268 8 210 24 134 19 47 7 49 6
DRT104 724 74 281 45 2 41 6 32 5 14 2 15 2
DRT034 1302 122 459 70 3 56 7 37 5 14 2 14 2
DRTO017 583 59 220 36 2 30 5 27 5 12 2 12 2
DRT101 1070 111 411 65 3 55 8 45 8 21 3 24 3

DRT134DI 743 76 299 53 3 49 7 43 7 19 3 21 3
DRT186 3503 322 1231 189 9 148 17 96 14 34 5 36 4
MDL 0 0 0 0 0 0 0 0 0 0 0 0 0
Ref. Mat.
STD SO-18 27 4 15 3 1 3 0 3 1 2 0 2 0
STD SO-18 27 3 14 3 1 3 1 3 1 2 0 2 0
STD SO-18 28 4 15 3 1 3 1 3 1 2 0 2 0
STD SO-18 28 3 15 3 0.89 3 1 3 1 2 0 2 0
BLK <0.1 <0.02 <0.3 <0.05 <0.02 <0.05 <0.01 <0.05 <0.02 <0.03 <0.01 <0.05 <0.01
BLK <0.1 <0.02 <0.3 <0.05 <0.02 <0.05 <0.01 <0.05 <0.02 <0.03 <0.01 <0.05 <0.01




Abbreviations: all elements measured in ppm, MDMinimum detection limit, Ref. Mat. = Reference Madé, <D.L. = beyond Detection Limit,

Table 4: Pearson correlation matrix calculated wi#tistic program SPSS, blue marked display sgamt correlations (above 0.5 level)



Si0, | AlLO; | Fe:0s | MnO MgO Ca0 Na.O K,O TiO, P2Os S Ca Sc Ti v Cr Fe Co
SiO, 1 7410 | -.670() | -.462(*) | -.618(™) | -.674(*) | -0,131 | -.464(>) | -.789(*) | -.786() | -.348() | -.662(**) | -.658(*) | -.748¢*) | -0,179 | -566(*) | -.625(**) | -.655(**)
Al,O; | -.741(*) 1 0,162 | 0,121 | .244(* | .322¢*) | 0,014 | .899¢*) | .518¢*) | .400() | -0,021 | .312¢) | .278¢") | 516¢*) | 0,152 | 251 | 0,275 | 0,192
Fe.Os | -.670(*%) | 0,162 1 7260 | .559¢*) | .344(*) | 0,061 | -0,189 | .535(*) | .453(*) | .678(**) | .334(**) | .585¢*) | .500(**) | 0,068 | .406(*) | .884(*) | .594(**
MnO [ -462(*) | 0,121 [ .726(*) 1 463(*) | 0,214 | 0,031 | -.255(% | .472¢*) | .315(*) | .458(*) | 0,186 | .474(*) | .418¢*) | 0,220 | .500¢*) | .692(**) | .377(*
MgO | -.618(**) | .244(*) | .559(*) | .463(*) 1 502(*) | 0,154 | -0,006 | .689(**) | .508(*) | 0,127 | .515(*) | .549(*) | .709¢*) | 0,158 | .420() | .626(*) | .375(*)
CaO | -674() | .322(*) | .344(*) | 0,214 | .502(*) 1 0,115 | 0,181 | .676(**) | .866(**) | 0,080 | .982(**) | .443¢*) | .508(**) | -0,085 | .539¢*) | .299(*) | .622(**)
Na;O | -0,131 | 0,014 | 0061 | 0,031 | 0,154 | 0,115 1 0,040 | 0044 | 0130 | 0211 | 01114 | 0173 | 0048 | 0,054 | .256(*) | 0,079 | .248(%
KO |-.464(*) | .899(**) | -0,189 | -.255(*) | -0,006 | 0,181 | -0,040 1 267(*) | 0,207 | -0,222 | 0,180 | 0,039 | .291¢*) | 0,033 | 0,009 | -0,182 | -0,025
TiO, | -.789(**) | .518(*) | .535(**) | .472(*) | .689(**) | .676(**) | 0,044 | .267(% 1 709(%) | 0,082 | .651(**) | .523(*) | .961(*) | 0,112 | .565(*) | .536(**) | .423(*
P.Os | -.786(**) | .400(*) | .453(**) | .315¢(*) | .508(*) | .866(**) | 0,130 | 0,207 | .709(**) 1 224(%) | .844() | .668(*) | .607(*) | 0,155 | .610(*) | .358(*) | .778(*)
S | -3480) | -0,021 | .678(*) | 458(**) | 0,127 | 0080 | 0211 | -0,222 | 0,082 [ .224( 1 0,086 | .510(*) | 0,037 | 0,215 | .394(*) | .617(*) | .659(**)
Ca |-662(*) | .312(**) | .334(*) | 0,186 | .515(**) | .982(*) | 0,114 | 0,180 | .651(*) | .844(**) | 0,086 1 431(%) | .608(*) | -0,008 | .521(*) | .295(*) | .623(*)
Sc | -658(*) | .278( | .585(*) | .474(*) | 5a9(*) | .443¢*) | 0173 | 0,039 | .523¢*) | .668(**) | .510(*) | .431() 1 451(%) | .32090™ | 521(*) | .533¢™) | .768(*)
Ti | -.7480) | 516(*) | .5000*) | .418(*) | .709¢*) | .598¢) | 0,048 | .2901¢) | 9610+ | .607¢**) | 0,037 | .608¢*) | .451(*) 1 0,043 | .509(*) | .540(*) | .326(**)
v | 0179 | 0152 | 0068 | 0220 | 0,158 | -0,085 | 0,054 | 0,033 | 0112 | 0,155 | 0,215 | -0,098 | .329¢*) | 0,043 1 417¢%) | 0,049 | .266(*)
Cr | -566(*) | .251(*) | .406(*) | .500(*) | .420¢*) | .539(*) | .256(*) | 0,000 | .565(**) | .610¢*) | .304¢*) | .521(*) | .521¢*) | .509¢*) | .417(*) 1 416(%) | .591()
Fe |-.625(**)| 0,175 | .884(*) | .692(**) | .626(*) | .299(*) | 0,079 | -0,182 | .536(**) | .358(**) | .617¢*) | .295(**) | .533(*) | 5400 | 0,049 | .416(*) 1 489(*)
Co |-655(*) | 0,192 | .594(*) | .377(*) | .375(*) | .622¢**) | .248(*) | -0,025 | .423¢*) | .778¢*) | .650(*) | .623(*) | .7680*) | .326(**) | .266(*) | .591(*) | .489(**) 1
Ni | -7520%) | .324(%) | .497¢ | 313 | .481¢%) | .855¢) | 0,122 | 0,209 [ .6110*) | .946(*) | .325¢*) | .8500*) | .695(**) | .519¢*) | 0,140 | .610(**) | .436(™) | .859()
Cu | -613(*) | .320*) | .620¢*) | .561(*) | .658(**) | .393(**) | 0,001 | 0,059 [ .743¢*) | .369¢*) | .275(* | .381(*) | .478¢) | .761(*) | 0,008 | .484¢*) | 699¢*) | .286(*
zn | -0152 | 0005 | 0120 | 0,097 | 0218 | -0,001 | .807¢*) | -0,077 | 0,009 | 0,157 | .301(**) | -0,009 | .270(*) | -0,000 | .400(*) | .331(*) | 0,124 | .350(**
Ga |-575(*) | .374(*) | 0,194 | 0,088 | .386(*) | .508(**) | .356(*) | .266(*) | .412¢) | .698¢*) | 0,125 | .491¢) | 5200+ | .385() | .381(*) | .487¢*) | 0,134 | .568(**)
Ge | -0,163 | 0149 | .302(*% | .492¢*y | 0,129 | -0,016 | -0,2112 | 0,005 | 0097 | -0,051 | 0,163 | -0,017 | 0,090 | 0147 | -0,027 | 0179 | .392¢* | -0,085
As |-414)| 0208 | .315¢*) | .278*) | 0,297 | .489¢*) | 0,149 | -0,033 | .316(*) | .589(*) | .284(%) | .488() | .413¢*) | 0,214 | 0,111 | .338() | .236(%) | .648(*)
Se |[-382¢") | 0,164 | 0120 | 0010 | 262 | .722¢) | 0,041 | 0,208 | .381(*) | .547(**) | -0,091 [ .702¢*) | .283¢% [ .334¢*) | -0,075 | .325¢*) | 0,141 | .362(*
Br 0,042 | 0,041 | 0030 | -0005 | 0013 [ -0,038 | -0,018 | -0,067 | -0,082 | -0,022 | 0,061 | -0,035 | 0,062 | -0,000 | -0,097 | -0,074 | 0,044 | -0,007
Rb | -.238(*) | .322¢*) | -0,002 | -0,171 | 0,068 | 0209 | -0,035 [ .355(%) | .224¢*) | .256(*) | -0,153 | 0,203 | 0,067 | .223¢*) | 0,292 | 0,201 | -0,160 | 0,065
Sr | -493(*) | 224() | 0161 | 0,058 | .281(*) | .860¢*) | 0,081 | 0,134 [ .458¢*%) [ .760¢*) | -0,011 | .858(*) | .334¢*) | .383(**) | -0,033 | .465¢*) | 0,203 [ .524¢**)
Y [-594¢% | 267 | 264 | 0117 | .416¢%) | .753¢*) | 0,119 | 0,243 | .482¢% | 815¢*) | 0,082 | .7510*) | 494¢*) | .417¢*) | 0,114 | 521() | 0,220 | .638(*
zr | -.602¢*) | 3220 | 243 | 0,270 | .372¢%) | .805¢%) | 0,072 | 0,182 [ 573¢*%) [ .827¢) | 0,054 | .796(¢*) | .457¢* | 493¢+) | 0,166 | .580¢(*) | 0,197 [ .581(*)
Nb |[-551() | 225¢% | .257¢) | 0,146 | .367() | .665(*) | .239() | 0,111 | .393¢*) | .792¢*) | 0,148 | .652¢* | .567(**) | .315¢*) | 0,160 | .488(*) | 0,201 | .705(*
Mo | -0072 | 0129 | -0,023 | 0041 | .249¢* | 0,044 | 0030 | 0153 | 0,176 | -0,042 | 0026 | 0071 | 0024 | .271(* | 0044 | 0184 | 0020 | -0,058
Ag | -287(* | 0120 | 0,079 | 0,071 | 0203 | .245¢) | 0,103 | 0,048 | 0079 | .450¢% | 0,005 | .246( | .462¢*) | 0,020 | .282¢ | .251(*) | 0,055 | .467(*)
cd | -0197 | 0039 | 0110 | 0097 | .239¢ | 0,037 | .803¢) | -0,041 | 0,012 | .226(* [ .305¢*) [ 0,035 | .363¢*) | -0,007 | .447¢*) | .330¢*) | 0,207 | .398(**
sn | -536() | .247(*) | .324¢%) | 0,176 | .252() | .620¢*) | 0,000 | 0,124 | .340¢%) | 7240 | 230" | .603(¢*) | .518¢*) | .244( | 0,156 | .406¢*) | .236(*) | .731()

Si0, | AlLO; | Fe:0s | MnO MgO CaO Na.O K.0 TiO, P20s S Ca Sc Ti v Cr Fe Co
Sb | -0214 | 0054 | 247 | 234 | 0020 | .248*) | -0,035 | -0,045 | .231(*) | .257(*) | 0,057 | 0218 | 0,199 | 0,163 | -0,081 | 0,074 | .225¢ | 0,183




Te | .408(**) | -0,189 | -.252(*) | -0,182 | -.273(*) | -.376(**) | -0,132 | -0,077 | -.317(**) | -.459(**) [ -0,142 | -.398(**) | -.231(*) | -.299(**) | -0,142 | -.426(**) | -.226(*) | -.382(**)
| .315(**) | -0,128 | -0,073 | 0,049 | -0,210 [-.367(**)| 0,083 | -0,077 |-.293(**) | -.451(**) | 0,024 [-.383(**)| -0,177 | -.292(*) | -0,210 | -.372(**) | -0,130 | -.330(**)
Ba | -.435(**) | .241(*) | 0,086 0,011 | .251(*) | .693(**) | 0,046 0,165 | .336(**) | .666(**) | -0,070 | .684(**) | .324(**) | .258(*) | 0,155 | .348(**) | 0,042 | .513(**)

Yb -0,168 0,126 -0,076 -0,149 0,045 .343(**) 0,017 0,136 0,107 .327(**) -0,207 .330(**) 0,038 0,077 -0,074 0,021 -0,171 0,203
Hf | -.594(**) | .305(**) | .259(*) | 0,175 | .351(**) | .810(**) | -0,040 | 0,174 | .552(**) | .829(**) | 0,057 | .798(**) | .457(**) | .462(**) | 0,131 | .530(**) | 0,201 | .589(**)
Ta |-538(**)| 0,211 .248(%) 0,131 .329(*%) | .646(**) | .230(*) 0,098 344(%%) | .797(**) | 0,162 .632(**) | .572(**) | .253(*) 0,197 AT4(%*) | 0,177 | .737(*%)
w -504(**) | .255(*) 0,213 0,072 .303(**) | .739(**) | -0,101 0,172 A92(*%) | .679(**) | -0,018 | .746(**) | .293(**) | .455(**) | -0,128 | .381(**) | 0,192 | .455(*%)
Hg .356(**) | -0,154 | -.239(*) | -0,145 -0,133 | -.417(**) | .302(**) | -0,097 | -.358(**) | -.455(**) | -0,058 | -.430(**) | -0,178 | -.334(**) | 0,190 -0,106 -0,127 | -.286(*)
Tl -.383(**) | 0,169 0,160 0,127 294(*%%) | .314(**) | 0,119 0,059 0,188 .580(**) | 0,181 .307(**) | .463(**) | 0,091 .605(**) | .377(**) | 0,081 | .606(**)
Pb | -417(*)| 0,175 0,202 0,132 279(%) | .334(**) | 0,119 0,065 0,194 .612(**) | 0,215 .322(**) | .488(**) | 0,096 539(**) | .370(**) | 0,116 | .649(*)
Bi -559(*%) | .242(*) | .271(%) 0,119 .250(*) | .824(**) | 0,005 0,108 A57(*%) | .804(**) | 0,064 .809(**) | .402(**) | .359(**) | -0,020 | .466(**) | 0,217 | .620(**)
Th - 722(*%) | .375(*%) | .377(**) | .232(*) | .409(**) | .837(**) | 0,123 0,208 .605(**) | .946(**) | 0,210 .830(**) | .590(**) | .523(**) | 0,082 539(**) | .289(*) | .769(**)
U -478(**) | 0,191 0,210 0,040 0,126 .671(**) | 0,018 0,114 316(*%) | .742(**) | 0,139 .661(**) | .388(**) | 0,221 -0,002 | .305(**) | 0,087 | .654(*%)

Ni Cu Zn Ga Ge As Se Br Rb Sr Y Zr Nb Mo Ag Cd Sn Sb
SiO, | -.752(**) | -.613(**) | -0,152 | -.575(**) | -0,163 | -.414(**) | -.382(**) | 0,042 | -.238(*) | -.493(**) | -.594(**) | -.602(**) | -.551(**) | -0,072 | -.287(*) | -0,197 | -.536(**) | -0,214
AlLO3 | .324(**) | .329(**) | 0,005 .374(*%) | 0,149 0,108 0,164 -0,041 | .322(*%) | .224(*) | .267(%) | .322(*%) | .225(*) 0,129 0,120 0,039 247(%) 0,054




Fe,O3 | .497(*%) | .620(**) | 0,120 0,194 .302(**) | .315(**) | 0,120 0,030 -0,092 0,161 264(*) | .243(*) | .257(*) | -0,023 0,079 0,110 | .324(*) | .247(*%)
MnO | .313(**) | .561(**) | 0,097 0,088 A92(**) | .278(*) 0,010 -0,005 -0,171 0,058 0,117 0,170 0,146 0,041 0,071 0,097 0,176 .234(*)
MgO | .481(**) | .658(**) | 0,218 .386(**) | 0,129 0,197 .262(*) 0,013 0,068 281(%) | .416(**) | .371(*%) | .367(*%) | .249(%) 0,203 .239(%) | .252(%) 0,029
CaO | .855(*%) | .393(**) | -0,001 | .508(**) | -0,016 | .489(**) | .712(**) | -0,038 0,209 .860(**) | .753(**) | .805(**) | .665(**) | 0,044 .245(*) 0,037 .620(**) | .248(*)
Na,O | 0,122 0,001 .807(**) | .356(**) | -0,112 0,149 -0,041 -0,018 -0,035 0,081 0,119 0,072 .239(%) 0,030 0,103 .803(**) | 0,091 -0,035
K20 0,109 0,059 -0,077 .266(*) 0,005 -0,033 0,108 -0,067 | .355(**) | 0,134 0,143 0,182 0,111 0,153 0,048 -0,041 0,124 -0,045
TiO, | .611(*) | .743(**) | 0,009 A412(**) | 0,097 .316(**) | .381(*) | -0,082 224(*) | .458(*) | .482(*%) | .573(*%) | .393(**) | 0,176 0,079 0,012 | .340(*) | .231(*%
P20s | .946(**) | .369(**) | 0,157 .698(**) | -0,051 | .589(**) | .547(**) | -0,022 .256(*%) | .760(**) | .815(**) | .827(**) | .792(**) | -0,042 | .450(**) | .226(*) | .714(**) | .257(*)
S .325(*%*) | .275(*) | .301(**) | 0,125 0,163 .284(*) | -0,091 0,061 -0,153 -0,011 0,082 0,054 0,148 0,026 0,095 .305(**) | .230(*) 0,057
Ca .850(**) | .381(**) | -0,009 | .491(**) | -0,017 | .488(**) | .702(**) | -0,035 0,203 .858(**) | .751(**) | .796(**) | .652(**) | 0,071 .246(*) 0,035 .603(**) | 0,218
Sc .695(**) | .478(**) | .270(*) | .520(**) | 0,090 A13(*%*) | .283(*) 0,062 0,067 .334(**) | .494(*) | .457(**) | .567(**) | 0,024 A62(**) | .363(**) | .518(**) | 0,199
Ti B19(**) | .761(**) | -0,009 | .355(**) | 0,147 0,214 .334(**) | -0,090 223(%) | .383(*) | .417(**) | .493(**) | .315(*%) | .271(*) 0,020 -0,007 .244(%) 0,163
\ 0,140 0,008 A400(**) | .381(*) | -0,027 0,111 -0,075 -0,097 0,192 -0,033 0,114 0,166 0,160 0,044 .282(*) | .447(**) | 0,156 -0,081
Cr .610(**) | .484(*) | .331(*) | .487(**) | 0,179 .338(**) | .325(**) | -0,074 0,101 A65(**) | .521(**) | .580(**) | .488(**) | 0,184 .251(*) | .330(**) | .406(**) | 0,074
Fe A36(**) | .699(**) | 0,124 0,134 .392(**) | .236(*) 0,141 0,044 -0,160 0,103 0,220 0,197 0,201 0,020 0,055 0,107 .236(*%) | .225(*)
Co .859(**) | .286(*) | .350(**) | .568(**) | -0,085 | .648(**) | .362(**) | -0,007 0,065 524(**) | .638(**) | .581(**) | .705(**) | -0,058 | .467(**) | .398(**) | .731(**) | 0,183
Ni 1 .355(**) | 0,149 .629(**) | -0,046 | .643(**) | .590(**) | 0,029 0,166 TT3(%%) | J796(*%) | .809(*%) | .799(**) | -0,095 | .470(**) | 0,217 792(*%%) | .266(*)
Cu .355(**) 1 -0,028 0,131 .296(**) | 0,117 0,184 -0,022 0,001 0,137 0,192 0,217 0,105 0,189 -0,109 -0,026 0,035 0,159
Zn 0,149 -0,028 1 A45(*%) | -0,182 0,184 -0,185 -0,041 -0,017 -0,043 0,121 0,033 .272(%) 0,085 .238(*) | .949(**) | 0,206 -0,036
Ga .629(**) | 0,131 A45(*%) 1 -0,214 | .406(**) | .398(**) | -.243(*) | .630(**) | .570(**) | .756(**) | .673(**) | .784(**) | -0,034 | .575(**) | .534(**) | .615(**) | 0,114
Ge -0,046 | .296(**) | -0,182 -0,214 1 -0,100 0,043 0,000 | -.391(**) | -0,145 -0,089 -0,096 -0,102 0,021 -0,090 -0,142 -0,146 0,066
As .643(**) | 0,117 0,184 .406(**) | -0,100 1 0,157 -0,111 -0,056 | .454(**) | .591(**) | .520(**) | .675(**) | -0,221 | .314(**) | .242(*) | .662(**) | .285(*)
Se .590(**) | 0,184 -0,185 | .398(**) | 0,043 0,157 1 -0,111 247(%) | 784(%%) | .647(**) | .719(**) | .547(**) | -0,097 .279(*) | -0,140 | .462(**) | 0,167
Br 0,029 -0,022 -0,041 | -.243(%) 0,000 -0,111 -0,111 1 -.288(*) | -0,085 -0,190 -0,107 -0,202 0,080 -0,026 -0,046 -0,189 0,004
Rb 0,166 0,001 -0,017 | .630(**) | -.391(**) | -0,056 247(%) | -.288(*) 1 .342(*%*) | .291(**) | .356(**) | 0,213 -0,010 0,128 -0,005 0,169 -0,075
Sr T73(%%) | 0,137 -0,043 | .570(**) | -0,145 | .454(*%) | .784(**) | -0,085 | .342(**) 1 .819(**) | .913(**) | .695(**) | -0,093 | .392(**) | 0,014 .648(**) | .225(*)
Y 796(*%) | 0,192 0,121 756(**) | -0,089 | .591(**) | .647(**) | -0,190 | .291(**) | .819(*%) 1 .878(**) | .922(**) | -0,059 | .564(**) | 0,211 J47(*%) | 0,208
Zr .809(**) | 0,217 0,033 .673(**) | -0,096 | .520(**) | .719(**) | -0,107 | .356(**) | .913(**) | .878(**) 1 .755(**) | -0,056 | .432(**) | 0,105 .649(**) | 0,214
Nb 799(**) | 0,105 272(%) | .784(**) | -0,102 | .675(*%) | .547(**) | -0,202 0,213 .B95(**) | .922(**) | .755(**) 1 -0,151 | .642(**) | .375(*%) | .847(**) | .230(*)
Mo -0,095 0,189 0,085 -0,034 0,021 -0,221 -0,097 0,080 -0,010 -0,093 -0,059 -0,056 -0,151 1 -0,195 0,035 -0,217 -0,126
Ag A70(**) | -0,109 .238(*) | .575(**) | -0,090 | .314(**) | .279(*) | -0,026 0,128 .392(**) | .564(*) | .432(*%) | .642(**) | -0,195 1 A12(**) | .574(**) | 0,054
Cd 0,217 -0,026 | .949(**) | .534(**) | -0,142 .242(*) | -0,140 -0,046 -0,005 0,014 0,211 0,105 .375(**) | 0,035 A12(*%) 1 .252(*) -0,038
Sn 792(**) | 0,035 0,206 .615(**) | -0,146 | .662(**) | .462(**) | -0,189 0,169 BA8(**) | TAT(**) | .649(*%) | .847(*%) | -0,217 | .574(**) | .252(*) 1 .267(%)
Sb .266(*) 0,159 -0,036 0,114 0,066 .285(*) 0,167 0,004 -0,075 .225(*) 0,208 0,214 .230(*) | -0,126 0,054 -0,038 .267(%) 1
Te |-.421(**) | -0,148 -0,196 | -.383(**) | 0,026 | -.392(**) | -0,212 0,185 -0,079 | -.372(*) | -.545(**) | -.504(**) | -.481(**) | -0,017 | -.339(**) | -0,217 | -.410(**) | 0,038
Ni Cu Zn Ga Ge As Se Br Rb Sr Y zr Nb Mo Ag Cd Sn Sb
| -452(**) | -0,094 -0,064 | -.428(**) | 0,050 | -.438(**) | -.371(**) | 0,144 -0,102 | -.401(*) | -.613(**) | -.522(**) | -.569(**) | 0,046 | -.319(**) | -0,111 | -.435(**) | -0,099
Ba .696(**) | -0,050 0,034 .601(**) | -0,197 255(*%) | .738(**) | -0,122 | .412(*%) | .796(*%) | .695(**) | .752(**) | .639(**) | -0,174 | .585(**) | 0,095 677(**) | 0,162
Yb .295(**) | -0,177 -0,066 | .293(**) | -.278(*) 0,022 .334(**) | -0,007 243(*%) | .435(**) | .466(**) | .402(**) | .375(**) | -0,024 | .295(**) | -0,034 | .312(**) | -0,018




Hf | .817¢) | 0,200 | -0,074 | .636(*) | -0,062 | .532¢*) [ .732(*) | -0,110 | .327(*) | .916(**) | .885(**) | .979(*) | .765(**) | -0,103 | .466(*) | 0,008 | .687(*) | .272(%)
Ta | .822(**) | 0,055 | .309(*) | .781(**) | -0,153 | .672(*) | 521(*) | -0,159 | 0,201 | .689(**) | .889(*) | .736(**) | .980(**) | -0,185 | .696(**) | .405(*) | .887(*) | .244(*)
W | 668(*) | 0217 | -.245() | .491¢) | 0,017 | .489() | .696(*) | -0,178 | .242(*) | .809¢*) | .890(**) | .820(**) | .735(*) | -0,014 | .329¢*) | -0,171 | .589(%) | 0,215
Hg |-390¢* | -0,195 | .317¢*) | -0,185 | 0,013 |-565(*) | -0,172 | 0,136 | -0,096 |-.353(**) | -.446(**) | -.415(*) | -.374(**) | 0,064 | -0,077 | .250(*) | -.283(*) | -0,198
TI | 558(**) | -0,081 | .489(**) | .647(**) | -247(*) | .470(*) | 0,155 | -0,114 | 0,161 | .339(**) | .596(**) | .483(**) | .665(**) | -0,067 | .635(**) | .545(*%) | .651(*) | 0,072
Pb | .598(**) | -0,059 | .480(**) | .683(**) | -.273(*) | .530(*) | 0,124 | -0,105 | 0,183 | .355(**) | .643(**) | .489(**) | .716(**) | -0,082 | .650(**) | .530(**) | .707(*) | 0,128
Bi | .858(*) | 0,134 | -0,076 | .559(**) | -0,098 | .581(**) | .735(**) | -0,076 | .230(*) | .899(**) | .838(**) | .878(**) | .780(**) | -.229¢*) | .467¢*) | -0,014 | .796(*) | .317(*)
Th | .914¢*) | 270" | 0,115 | .645(**) | -0,068 | .571(*) | .562(*) | -0,027 | 0,213 | .750(**) | .824(**) | .785(**) | .801(**) | -0,034 | .450(*) | 0,188 | .727(*) | 0,210
U | .757¢*) | 0,019 | 0,000 | .469(*) | -0,185 | .487(**) | .488(**) | -0,005 | 0,145 | .641(**) | .704(*) | .614(**) | .687(**) | -0,141 | .415(*) | 0,064 | .679(**) | 0,192
Te | Ba Yb Hf Ta w Hg Tl Pb Bi Th U
SiO, 408(*) 315(*) -.435(*) -0,168 -.594(*) -.538(**) -.504(*) .356(**) -.383(*) - 417(*) -.559(*) -722(") - 4A78(*)
Al,O5 -0,189 -0,128 241(%) 0,126 .305(**) 0,211 .255(*) -0,154 0,169 0,175 242(%) 375(*) 0,191
Fe,Os -.252() -0,073 0,086 -0,076 .259(*) .248(*) 0,213 -.239(%) 0,160 0,202 271(%) 377() 0,210
MnO -0,182 0,049 0,011 -0,149 0,175 0,131 0,072 -0,145 0,127 0,132 0,119 .232() 0,040




MgO -.273(%) -0,210 .251(%) 0,045 .351(*) .329(*) .303(*) -0,133 .294(**) 279(%) .250(*) 409(*) 0,126
ca0O -.376(*) -.367(*) .693(*) .343(") .810(*) .646(*) 739(*) -417() 314(*) .334(*) .824() .837(") B671(*)
Na.0 -0,132 0,083 0,046 0,017 -0,040 .230() -0,101 .302(**) 0,119 0,119 0,005 0,123 0,018
K.0 -0,077 -0,077 0,165 0,136 0,174 0,098 0,172 -0,097 0,059 0,065 0,108 0,208 0,114
TiO, -317(") -.293(*) .336(*) 0,107 552(*) 344(") 492(*) -.358(*) 0,188 0,194 A57(*) .605(**) 316(*)
P.Os -459(**) - 451(*) .666(*) 327(") .829(*) 797(") 679(*) -.455(*) .580(**) 6120 .804(*) .946(*) 742(%)
s -0,142 0,024 -0,070 -0,207 0,057 0,162 -0,018 -0,058 0,181 0,215 0,064 0,210 0,139
Ca -.398(**) -.383(*) .684(*) .330(*) .798(*) .632(*) 746(") -.430(*) .307(*) .322(*) .809(**) .830(*) .661(*)
Sc -.231(%) -0,177 .324(*) 0,038 A57(") 572(*) .293(*) -0,178 463(*) .488(*) 402(*) .590(**) .388(*)
Ti -.299(**) -.292(*%) .258(*) 0,077 462(") 253(*) 455(*) -.334(*) 0,091 0,096 .359(**) 523(*) 0,221
v -0,142 -0,210 0,155 -0,074 0,131 0,197 -0,128 0,190 .605(*) 539(**) -0,020 0,082 -0,002
Cr -426(*%) -.372(*) .348(*%) 0,021 530(**) ATA() 381(*) -0,106 377(*) 370(*) 466(*) 539(*) .305(**)
Fe -.226(%) -0,130 0,042 0,171 0,201 0,177 0,192 -0,127 0,081 0,116 0,217 .289(*) 0,087
Co -.382(*) -.330(**) 513(*) 0,203 589(**) 737(*) 455(*) -.286(*) .606(**) .649(**) .620(*) 769(*) 654(*)
Ni - 421(*) - 452(*) .696(**) 295(**) 817(*) 822(*) .668(**) -.390(**) 558(**) .598(**) .858(**) L914(*) 757(*)
Cu -0,148 -0,094 -0,050 -0,177 0,200 0,055 0,217 -0,195 -0,081 -0,059 0,134 270(%) 0,019
Zn -0,196 -0,064 0,034 -0,066 -0,074 .309(*) -.245() 317(*) 489(*) 480(*) -0,076 0,115 0,000
Ga -.383(*) -.428(*) .601(*) .293(*) .636(*) 781(*) 491(*) -0,185 .647() .683(*) 559(**) .645(*) 469(*)
Ge 0,026 0,050 -0,197 -.278() -0,062 -0,153 0,017 0,013 -.247(*) -.273(%) -0,098 -0,068 -0,185
As -.392(*) -.438(*) .255(*) 0,022 532(*) 672(*) 489(*) -.565(**) AT0(*) .530(**) 581(*) 571(*) A487(")
Se -0,212 -371(*) 738(*) .334(") 732(") 521(*) .696(**) -0,172 0,155 0,124 7350 562(*) 488(*)
Br 0,185 0,144 -0,122 -0,007 -0,110 -0,159 -0,178 0,136 -0,114 -0,105 -0,076 -0,027 -0,005
Rb -0,079 -0,102 412(*) 243(*) 327(") 0,201 242(*) -0,096 0,161 0,183 .230() 0,213 0,145
Sr -.372(*) -401(*) 796(*) 435() .916(*) .689(*) .809(*) -.353(*) .339(*) .355(**) .899(**) 750(*) 641(*)
Y -.545(**) -.613(") .695(*) 466(*) .885(**) .889(*) .890(**) -.446(*) 596(**) .643(*) .838(**) 824(*) 704(*)
Zr -.504(*) -.522(*) 7520 402(*) .979(*) 736(*) .820(*) -415(*) 483(*) 489(*) .878() 785(*) 614(*)
Nb - 481(*) -.569(*) .639(*) 375(*) 765(*) .980(**) 735(*) -.374(*) .665(*) 7160 .780(**) .801(**) 687(*)
Mo -0,017 0,046 -0,174 -0,024 -0,103 -0,185 -0,014 0,064 -0,067 -0,082 -.229(%) -0,034 -0,141
Ag -.339(*%) -.319(*%) 585(**) 295(*) 466(") .696(*) 329(*) -0,077 .635(*) .650(*) A67(*) 450(*) 415(%%)
cd -0,217 -0,111 0,095 -0,034 0,008 405(*) 0,171 .250(*) 545(+*) .530(**) -0,014 0,188 0,064
Te [ Ba Yb Hf Ta w Hg Tl Pb Bi Th U
Sn -410(*) -.435(*) 6770 312(*) 687(*) .887(*) 589(**) -.283(*) .651(%*) 7070 796(*) 727(*%) 679(*)
Sh 0,038 -0,099 0,162 -0,018 272(%) 244(%) 0,215 -0,198 0,072 0,128 317(*) 0,210 0,192
Te 1 517(*) -.299(**) -0,208 - AT5(*) -.455(*) - A64(*) 0,212 -.441(") - A71() -.399(*) - 441 (") -327(*)
| 517(*) 1 -.330(*) -0,201 -513(*) -.539(*) -.543(*) 377(*) -A71(*) -476(*) -.462(*) - AT9(*%) -.403(**)
Ba -.299(*) -.330(*) 1 574(*) 776(*) 681(*) .609(**) -0,124 .509(**) .503(**) 7840 .686(*) .666(*)
Yb -0,208 -0,201 574(*) 1 421(*) 378(") 494(*) -0,049 .269(*) 337(") 402(*) 463(") .620(*)
Hf ) -513(*) 7760 421(*) 1 7540 .854(*) -.462(") AT9(*) .500(**) .905(*) .793(*) B657(*)




Ta - 455(*) -.539(*) .B81(*¥) .378(**) T54(*) 1 .669(**) -.329(*%) T24(*%) .780(**) T797(*%) .800(**) TL7(*)
w - 4B4(*) -.543(*) .609(**) 494(*) .854(**) .669(**) 1 -.528(**) .275(%) .328(*) .805(**) .735(**) B72(*)
Hg 0,212 377(*) -0,124 -0,049 -.462(*) -.329(*) -.528(*) 1 -0,165 -0,210 -.408(**) -.466(*) - 413(*)
Tl - 441(%) - AT1(%) .509(*) .269(%) AT9(*) T24(*) .275(%) -0,165 1 .961(**) A18(*) .568(**) .508(**)
Pb - A71(%) - A76(*) .503(*) .337(*) .500(**) .780(**) .328(**) -0,210 .961(*¥) 1 AB2(*) .605(**) 572(*)
Bi -.399(*) -.462(*) 784(*¥) 402(*) .905(**) T97(*) .805(**) -.408(**) A18(*) AB2(*) 1 .800(**) .736(**)
Th - 441(%) - A79(*) .686(**) A4B3(*) .793(**) .800(**) .735(**) -.466(**) .568(*) .605(*) .800(**) 1 .887(**)
u -.327(*) -.403(*) .666(**) .620(**) .B657(**) TL7(*) B72(*) -.413(*%) .508(*) 572(*) 736(**) .887(**) 1
Table 5 : Standards for program sodium only

Standard DT-N G2 GA GH GS-N GSP-1 JG-1 SY-2
Total (%) 100,061 99,694 99,999 100,027 100,069 100,111 100,005 100,01
Na20 (%) 0,04 4,06 3,58 3,87 3,81 2,81 3,4 4,32
AI203 (%) 60,29 15,39 14,64 12,55 14,83 15,14 14,26 12,08
As (ppm) 0,2 0,25 1,7 0,4 1,6 0,1 0,36 17,3

Ba (ppm) 130 1882 840 20 1400 1310 462 460

CaO (%) 0,04 2 2,47 0,69 2,53 2,08 2,19 7,99

Ce (ppm) 134 160 76 60 135 399 45,9 175
CeO2 (ppm) 134 160 / 60 / 399 / /




Co (ppm) 15 4.6 5 0,3 65 6,6 4 8,6
Cr (%) 260 8 12 3 55 13 64,6 9,5
Cr203 (%) 0,0379 0,0008 0,0017 0,0004 0,008 0,0018 0,009 0,0013
Cu (ppm) 7 11 16 3 20 33 15 5,2
F (ppm) 40 1260 500 3500 1050 3630 496 5030

Fe203 (%) 1 3 3 1 4 4 2 6
Hf (ppm) 10 7.9 4 6,6 6,2 15,5 3,79 7,7
HfO2 (ppm) 10 7,9 / 6,6 / 15,5 / /
K20 (%) 0,12 4,48 4,07 4,78 4,68 5,52 3,99 4,47
La (ppm) 215 89 89 40 75 75 22,4 75
La203 (ppm) 90 89 / 25 / 184 / /
MgO (%) 0,04 0,75 0,96 0,03 2,33 0,96 0,74 2,7
MnO (%) 0,01 0,034 0,09 0,05 0,06 0,04 0,06 0,32
Sc (ppm) 2,10 3,50 7,00 0,80 7,30 6,20 6,54 7,00
Ti (ppm) / 0,91 / 1,80 / / 1,00 1,50
SO3 (ppm) / 100 / 70 / 320 / /
Cd (ppm) / 0,01 / / / 0,06 / /
Ge (ppm) 4,90 1,14 1,70 2,00 1,30 1,36 1,70 /
Ad (ppm) / 40,00 / / / / / /
Bi (ppm) / 43,00 / / 0,18 / / /
Cs (ppm) / 1,40 / / / / / /
Sm (ppm) / 7,20 / / / / / /
Ta (ppm) / 0,80 / 4,80 2,60 / / 2,00
Te (ppm) / / / / / / 0,02 /
W (ppm) 120,00 0,10 1,50 1,60 450,00 0,30 / /
Standard DT-N G2 GA GH GS-N GSP-1 JG-1 SY-2
Yb (ppm) / 0,86 / / / / / /
Mo (ppm) 0,50 1,10 0,50 2,00 1,20 0,80 1,46 1,80
Nb (ppm) 34,00 12,00 12,00 85,00 21,00 27,90 12,60 29,00
Nd (ppm) 52,00 58,00 27,00 29,00 49,00 196,00 19,50 73,00
Ni (ppm) 14,00 5,00 7,00 3,00 34,00 8,80 6,00 9,90
P205 (%) 0,09 0,13 0,12 0,01 0,28 0,28 0,10 0,43
Pb (ppm) 25 30 30 45 53 55 26,2 85
Rb (ppm) 6 170 175 390 185 254 181 217
Sb (ppm) 0,25 0,06 0,2 / 0,7 3,2 0,35 /
SiO2 (%) 37,1 69,22 70,56 76,12 66,53 67,4 72,6 60,32
Sn (ppm) 2,2 1,4 2,7 10 3 6,6 4,1 5,7
Sr (ppm) 30 478 310 10 570 234 184 271
Th (ppm) 2 24,7 17 87 41 106 13,5 379




TiO2 (%) 1,43 0 0,38 0,08 0,69 0,65 0,26 0,15
U (ppm) 2,3 2,07 5 18 75 2,54 3.3 284
V (ppm) 150 36 38 5 65 53 25 50

Y (ppm) 6,6 11 21 75 16 26 28,5 128
Zn (ppm) 28 86 80 55 48 104 41,5 248
Zr (ppm) 370 309 150 150 235 530 114 280
Cl (ppm) / 66 250 100 450 330 60 140
S (ppm) / 100 80 70 140 320 11,3 160
Ga (ppm) 30 23 16 23 22 23 17 29

Table 6: Standards for program uranium only

Stan TRM| TRM | TRM | TRM [TRM [ TRM | UR | UR UR UR | UR | UR | UR | UR

dard SY-2 | SY-3 | TR-14 | TR-2 | TR-7 | TR-9 |AC-1| AC-2 | AC-3|AC-4 |AC-5|AC-6| EM-1 | EM-10 | EM-10/2 | EM-11 | EM-2 | EM-4 | EM-8 | EM-9 | VS-N
Total (%) | 100,0 | 100,05 | 100,82 | 100,3 | 100,37 | 100,77 | 100 | 100 | 100 | 100 | 100 | 100 |0,003| 0,105 | 0,053 | 0,006 | 0,043 | 0,009 | 0,011 0,022 | 99,04
Rb (ppm) | 217 | 206 / / / / / / / / / / / / / / / / / /| 800
sr (ppm) | 271 | 302 / / / / / / / / / / / / / / / / / /[ 700
Y (ppm) | 128 | 718 / / / / / / / / / / / / / / / / / / /
Zr (ppm) | 280 | 320 / / / / / / / / / / / / / / / / / /| 700
Nb (ppm) | 29 [ 148 / / / / / / / / / / / / / / / / / / /
Mo (ppm) | 18 1 / 844 / 1360 | / / / / / / / / / / / / / /| 700
Pb (oppm) | 85 | 133 / 400 / 671 | | / / / / / / / / / / / / /[ 1000
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Cr,03 (0/0)
Cs (ppm)
Cu (ppm)
Fe,O 3 (0/0)
Ga (ppm)
K20 (%)

MgO (%)

MnO (%)
Na,O (%)
Ni (ppm)

Sb (ppm)
Sc (ppm)
SiO; (%)
Sn (ppm)
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Yb (ppm)
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As (ppm)
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Tl (ppm)

15

15

, / / / / / / / / / / / / / / / / /
Ge (ppm) |/ 1,4 / / / / / / / / / / / / / / / / / / /
W (ppm) / 1,1 | 1023 | 523 / / / / / / / / / / / / / / / /

C (%) / / / / / / 50 / / / / / / / / / / / / / /
ZnO (%) / / / / / / / / / / /100 | I / / / / / / / /
Ag (ppm) | / / 1015 | / 503 / / / / / / / / / / / / / / / /
Se (ppm) |/ / 1003 | / 406 / / / / / / / / / / / / / / / /

Table 7: Standards program major elements

BHVO-

Standard | AC-E |AGV-1| AL-1 | AN-G | ASK-1 | ASK-2 | BCR-1| BE-N 1 BR | BX-N | DR-N | DT-N [DTS-1| FK-N | G-1 | G2 | GA GH
Total (%) | 100 | 100 | 100 | 100 | 106,9 | 110,3 | 100 | 100,1 | 100 [ 100,1 | 99,95 | 100 | 100,1 | 100,6 | 100 | 100 | 100,01 | 100 | 100,03
SiOz (%) | 70,65 | 59,83 | 69,86 | 46,6 | 68,83 | 66,5 | 54,3 | 39,33 | 495 [ 39,29 | 84 | 53,91 | 37,12 | 40,43 | 654 | 72,52 | 69,4 | 70,56 | 76,12

Al;03(%) | 14,76 | 17,44 | 18,73 | 30 | 21,52 | 23,07 | 13,69 | 10,37 | 13,7 [ 10,49 | 61,52 | 17,87 | 60,29 | 0,19 | 18,72 | 14,23 | 1545 | 14,64 | 12,55

Fex03(%) | 3 6,86 | 008 | 338 | 5 7 13511321 12,3 13 [ 26,29 | 99 1 8,78 0 1,94 | 2,7 3 1
MnO (%) | 0,06 | 0,09 0 | 004016 | 005 [ 018 | 021 | 017 [ 0,21 | 0,06 | 0,22 | 0,01 | 0,12 | 0,01 | 0,03 | 0,03 | 0,09 | 0,05
MgO (%) | 0,03 | 156 | 0,04 | 1,81 | 1,27 | 2,45 | 3,49 | 13,54 | 7,17 [ 13,66 | 0,12 | 4,49 | 0,04 | 49,62 | 001 | 0,36 | 0,75 | 096 | 0,03
CaO (%) | 034 | 502 | 039 | 16 | 32 | 0,75 | 6,97 | 1428 | 11,3 | 142 | 019 | 7,19 | 004 | 017 | 041 | 1,37 | 197 | 2,47 | 0,69
Na,O (%) | 6,57 | 4,33 | 10,67 | 1,64 | 093 | 002 | 3,28 | 327 | 2,24 | 314 | 0,05 | 305 | 0,04 | 002 | 26 | 333 | 41 | 358 | 3,87
K20 (%) | 451 | 2,97 | 0,14 | 013 | 486 | 6,5 1,7 | 1,43 | 052 | 1,44 | 0,06 | 1,73 | 0,12 0 [1288] 551 | 45 | 407 | 4,78
TiO2(%) | 0,11 | 1,07 | 0,01 [ 0,22 | 1,06 | 092 | 225 | 2,69 | 269 | 2,67 | 2,69 | 1,11 | 1,43 | 0,01 | 0,02 | 027 | 048 | 0,38 | 0,08
P2Os(%) | 001 | 05 | 004 [ 001 | © 0 0,36 | 1,08 | 027 | 1,07 | 0,15 | 0,26 | 0,09 0 0,02 | 008 | 014 | 0,12 | 0,01

Ag (ppm) | 0 0 0 / / / / / / / / / / / / / / / /

As (ppm) | 23 [ 088 | 08 | 02 1 25 | 065 | 18 0,4 2 115 3 02 [003 [ 03 [ 07 | 025 | 1,7 0,4




Ba (ppm) 55 1226 85 34 1100 | 8000 681 1025 139 1050 30 385 130 1,7 200 1080 | 1882 840 20
Bi (ppm) | 04 0 / / / / / / / / / / / / / / / / /
Cd (ppm) 0 0 / / / / / / / / / / / / / / / / /
Ce (ppm) 154 67 21 4.7 260 90 53,7 152 39 151 520 46 134 0,072 1 173 160 76 60
Cl (ppm) 180 119 110 300 100 15 59 200 92 350 30 400 / 10,5 20 40 70 250 100
Co (ppm) | 0,2 15,3 0,2 25 6 27 37 60 45 52 30 35 15 137 14 2,3 4,6 5 0,3
Cr(ppm) | 34 10,1 2 50 50 90 16 360 289 380 280 40 260 | 3990 5 20 8,7 12 3
Cs (ppm) 0 / / / / / / / / / / / / / / / / / /
Cu (ppm) 4 60 3 19 7 124 19 72 136 72 18 50 7 7,1 2 12 11 16 3
F (ppm) | 2100 | 425 45 120 | 1050 | 1300 | 490 1000 385 1000 | 900 500 40 13 30 680 1280 500 3500
Ga (ppm) | 39 / / 18 30 24 / 17 21 20 / / 30 / 23 / / 16 23
Ge (ppm) | 2,3 / / / 2 1 / 1,2 1,2 / / 4,9 / 2,5 / / 1,7 2
Hg (ppm) 0 / / / / / / / / / / / / / / / / / /
La (ppm) 59 38 9,7 2,2 125 46 24,9 82 15,8 82 35 21,5 90 0,029 | 0,95 105 89 40
Mo (ppm) | 2,5 2,7 0,1 0,2 5 60 1,6 2,8 1,02 2,4 8,3 0,9 0,5 0,14 | 0,25 6,8 1,1 0,5 2
Nb (ppm) | 110 15 1,6 0,7 60 30 14 105 19 98 52 7 34 2,2 0,3 22,6 12 12 85
Nd (ppm) | 92 33 10,4 2,4 95 30 28,8 67 25,2 65 163 23,5 52 0,029 | 0,3 57 55 27 29
Ni (ppm) 15 16 2 5 120 150 13 267 121 260 180 15 14 2360 1,5 3,4 5 7 3
Pb (ppm) 39 36 4.5 2 6 40 13,6 4 2,6 5 135 55 25 12 240 46 30 30 45
Rb (ppm) | 152 67,3 5,8 1 85 160 47,2 47 11 47 3,6 73 6 0,058 | 860 214 170 175 390
S (ppm) 70 26 85 140 400 | 20000 | 410 300 102 390 / 350 / 12 60 130 100 80 70
Sb (ppm) | 0,4 4,3 0,2 0,1 0,03 5 0,62 | 0,26 0,16 0,2 8 0,4 0,25 | 0,05 | 0,45 0,3 0,07 0,2 /
Sc (ppm) | 0,11 12,2 1,75 10 7 17,5 32,6 22 31,8 25 / / 2,1 35 0,05 2,8 3,5 7 0,8
Sn (ppm) 13 4,2 0,4 1,4 3 3 2,7 2 2,1 2 13,4 2 2,2 0,55 0,3 3,2 1,8 2,7 10
Sr (ppm) 3 662 80 76 680 100 330 1370 403 1320 110 400 30 0,32 39 248 478 310 10
Standard | GL-O GR GS-N | GSP-1| IF-G JA-1 JA-2 JA-3 JB-1 JB-1A | JB-2 |(JB-3|JCH-1|JDO-1| JF-1 JF-2 JG-1 |JG-1A | JG-2
Total (%) | 100 100 100 100 [100,07| 100 100 100 100 100 100 100 | 100 | 99,98 | 100 100 100 100 100
SiO, (%) | 55,33 | 66,45 67 67 40,86 65 57 62 52,7 53 53 50,7 | 98,5 0,38 67 65,6 73 73 77
Al,O3 (%) | 8,21 | 14,87 15 15 0,15 15 16 16 14,7 15 15 16,8 | 0,72 0,02 18,1 18,5 14 14 12
Fe,03 (%) | 21,31 | 4,08 4 4 55,39 7 6,3 6,6 9 9,2 14 12 0,38 0,04 0,08 0,06 2 2,1 1
MnO (%) | 0,01 | 0,06 0,1 0 0,04 0,2 0,1 0,1 0,16 0,2 0,2 |0,16 | 0,02 0,01 0 0 0,1 0,1 0
MgO (%) | 4,85 | 2,42 2,3 1 1,87 1,6 7,9 3,7 7,81 7,8 4,6 5,17 | 0,08 | 34,83 | 0,01 0 0,7 0,7 0
CaO (%) 1,04 2,52 2,5 2,1 1,54 5,7 6,6 6,3 9,29 9,3 9,9 9,9 0,04 | 64,59 0,92 0,09 2,2 2,2 0,8
Na,O(%) 0,04 3,83 3,8 2,8 0,03 3,9 3,2 3,2 2,82 2,8 2 2,8 0,03 0,02 3,56 2,47 3,4 3,4 3,6
K20 (%) 8,64 4,54 4.7 5,5 0,01 0,8 1,8 1,4 1,45 1,4 0,4 0,78 | 0,22 0 10,1 13,2 4 4 4,7
TiO2(%) 0,08 | 0,66 0,7 0,7 0,01 0,9 0,7 0,7 1,35 1,3 1,2 1,44 | 0,03 0 0,01 0 0,3 0,3 0
P20s (%) 0,4 0,28 0,3 0,3 0,06 0,2 0,2 0,1 0,26 0,3 0,1 0,29 [ 0,01 0,06 0,01 0 0,1 0,1 0
Ag (ppm) / / / / / / / / / / / / / / / / / / /
As (ppm) | 10,5 1,6 0,1 15 2,9 0,8 4,5 2,48 2,3 3 166 | 04 0,11 0,96 0,28 0,4 0,4 0,8
Ba (ppm) 6 1050 [ 1400 | 1310 15 307 317 318 490 497 208 | 251 / / 1680 320 462 458 67
Bi (ppm) / / 0,2 / / / / / / / / / / / / / / / /




Cd (ppm) / / / 0,1 / / / / / / / / / / / / / / /
Ce (ppm) | 54 / 135 399 4 14 33 23 66,7 66 6,8 [215]| 472 | 254 | 411 1,2 46 45 50
Cl (ppm) / / 450 330 25 35 / / 172 170 240 | 260 / / / / 60 / /
Co (ppm) [ 14 10 65 6,6 29 12 30 21 38,7 40 40 [363]| 15 / 0,2 0,4 4 5,7 4,3
Cr (ppm) | 140 | 110 55 13 4 7,3 465 68 469 415 27 [604 9 7 5,8 4 65 19 7,6
Cs (ppm) / / / / / / / / / / / / / / / / / / /
Cu (ppm) | 35 345 20 33 13 42 29 45 56,3 56 227 | 198 | 155 1,4 0,2 0,3 1,5 1,3 0,4
F (ppm) / / 1050 | 3630 50 180 485 280 393 385 101 | 295 / / / 4 496 450 960
Ga (ppm) / / 22 23 / 17 16 / 18,1 18 / 20,7 / / / / 17 / 19
Ge (ppm) / / 1,3 1,4 / / / / 1,2 / / / / / / 1,7 / /
Hg (ppm) / / / / / / / / / / / / / / / / / / /
La(ppm) | 25 20 75 75 184 2,8 0,5 0,3 0,32 38 03 |039] 15 7,87 | 0,05 | 0,01 22 22 20
Mo (ppm) | 0,03 18 1,2 0,8 0,7 2 0,5 1,6 34 1,4 1,1 1,1 / / 0,04 0,3 1,5 0,7 0,2
Nb (ppm) | 3,7 / 21 28 0,1 1,7 9,8 3 34,5 27 0,8 2,3 / / 0,5 13 2 15
Nd (ppm) | 27 / 49 196 0,8 11 14 12 29,7 5,5 6,7 |154 / / 1,44 0,3 20 21 26
Ni (ppm) | 36 55 34 8,8 225 1,8 142 36 139 140 14 [388] 75 2,9 0,4 0,4 6 6,4 2,1
Pb (ppm) 3 32 53 55 4 5,8 19 6,7 7,1 7,2 54 | 55 2 1 33,4 | 479 26 27 33
Rb (ppm) | 238 | 175 185 254 0,4 12 68 36 41,2 41 6,2 13 8,5 / 264 222 181 180 297
S (ppm) / / 140 320 700 23 8 228 17,9 9 19 8 4 86 / / 11 10 9
Sb (ppm) | 0,3 / 0,7 3,2 0,63 0,3 0,1 0,3 0,08 0,3 03 |05 / / 0,06 | 0,04 0,4 / /
Sc (ppm) 8 / 7,3 6,2 0,3 28 20 22 27,5 28 54 333|085 | 0,14 | 0,22 | 0,09 6,5 6,3 2,5
Sn (ppm) 2 10 3 6,6 0,3 0,8 1,5 0,9 1,8 2 06 |0,86 / / 0,3 0,1 4,1 4,2 2,5
Sr (ppm) | 19,3 [ 550 570 234 3 266 252 294 435 443 178 | 395 | 46 119 163 193 184 185 16
Standard [ GL-O| GR [ GS-N [GSP-1| IF-G | JA-1 | JA-2 | JA-3 | JB-1 [JB-1A| JB-2 [JB-3[JCH-1|JDO-1| JF-1 | JF-2 | JG-1 [JG-1A | JG-2
Ta (ppm) / / 2,6 / / / / / 2,7 / / / / / / / / / /
Th (ppm) | 34 / 41 106 0,1 0,8 4,7 3,4 9,2 8,8 0,3 1,3 / / 1,3 1 14 12 30
Tl (ppm) / / / / / / / / 0,11 0,1 / / / / / / 1 / /
Uppm) | 08 / 75 25 0,02 0,3 2.4 1,4 1,7 1,6 02 |06 / / 0,33 0,2 3,3 4,7 13
V (ppm) 5 65 65 53 2 105 130 172 212 220 578 | 383 6 / 3 0,7 25 23 3
W (ppm) / / 450 0,3 / 3,9 / / 20 / / / / / / / / / /
Y (ppm) 65 19 16 26 2 31 18 21 24,4 24 25 27 | 1,84 | 11,2 | 2,99 29 32 88
Zn (ppm) | 38 60 48 104 20 91 63 68 83 82 110 | 106 | 9.1 34,4 3,2 0,8 42 39 13
Zr (ppm) [ 36 180 235 530 1 88 119 119 143 146 51 [98,3| 11,7 / 39,1 6,6 114 121 101
Hf (ppm) | 11 / 6,2 16 0,04 2,4 2,9 3,4 3,4 3,5 1,4 [268] 0,2 0,1 1,22 | 0,19 3,8 3,8 5,4
Li (ppm) / / / / / / / / / / / / / / / / / / /
CeOz(ppm)| / / / 399 / / / / / / / / / / / / / / /
HfO2 (ppm)|  / / / 16 / / / / / / / / / / / / / / /
La,Os(ppm)| / / / 184 / / / / / / / / / / / / / / /
SOs (ppm) / / / 320 / / / / / / / / / / / / / / /
Cr03 (%) | 0,02 [ 0,016 0 0 |0,0006] O 0,1 0 0,07 0,1 0 0,01 0 0,001 0 0 0 0 0
Se (ppm) / / / / / / / / 0,03 / / 0,08 / / / / / / /
Te (ppm) / / / 0 / / / / / / / / / / / / / / /




Yb (ppm) |

/

/

Standard | JG-3 | JGB-1|JGB-2 | JH-1 |JLK-1 [JLS-1 | JP-1 | JR-1 | JR-2 | JR-3 |JSD-1|JSD-2 | JSI-1 | JSI-2 | Kim? | MA-N |MAG-1 M'FCEA' MI:ACGA'
Total (%) [99,998] 100,2 | 100,1 | 100,2 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 101 | 100 | 100 0 995 | 103 | 99,95 | 99,98
SiO; (%) | 67,5 | 43,64 | 47,12 | 49,05 | 64,7 | 02 | 436 | 76 77 | 733 | 685 | 63,1 | 632 | 63 / 67,6 | 58,07 | 34,65 | 38,68
Al,Os (%) | 15,61 | 17,74 | 23,54 | 5,63 | 19,1 0 064 | 13 13 | 12,2 | 151 | 131 | 188 | 19 / 17,9 | 18,88 | 19,64 | 15,35
Fe,Os (%) | 3,76 | 1523 | 6,91 | 10,46 | 7,75 0 9 1 1 481 | 527 | 121 | 7,28 | 7.1 / 0 795 | 26 | 955
MnO (%) | 007 | 017 | 013 | 0,19 | 031 0 012 | 01 | 01 [ 009 | 01 | 013 | 007 | 01 / 004 | 011 | 035 [ 026
MgO (%) | 1.8 | 7,87 | 63 |17,32 | 1,99 | 11 | 459 | 01 | 01 | 005 | 101 | 294 | 264 | 26 / 0,04 | 346 | 458 | 206
CaO (%) | 3,78 | 12,04 | 1433 | 152 | 0,77 | 99 | 058 | 06 | 05 | 009 | 317 | 38 | 1,52 | 21 / 06 | 158 | 043 | 0,08
Na;O(%) | 4,05 | 1,24 | 0,93 | 0,73 | 1,19 0 002 | 41 | 41 | 473 | 282 | 259 | 234 | 15 / 593 | 442 | 03 | 012
K;O (%) | 2,65 | 0,24 | 0,06 | 053 | 3,14 0 0 45 | 45 | 438 | 226 | 12 | 303 | 31 / 323 | 409 | 881 | 101
TiOx(%) | 0,48 | 163 | 059 | 0,68 | 0,76 0 0 01 | o1 [ o021 | 067 | 066 | 078 | 08 / 0,01 | 087 | 252 | 1,65
P,Os (%) | 0,12 | 0,05 | 001 | 011 | 024 | 041 0 0 0 0,01 | 0,12 | 0,08 | 02 0,2 / 141 | 0,19 | 045 | 0,01
Ag (ppm) |/ / / / / / / / / / / / / / / / / / /
As (ppm) | 037 | 111 | 106 | 112 | 277 | 02 | 034 | 16 20 | 072 | 236 | 394 | 156 | 12 / 13 9,2 3 /
Ba (ppm) | 453 | 63 / / / / 17 40 39 / / / / / / 42 479 | 150 | 4000
Bi (ppm) | / / / / / / / / / / / / / / / / / 1,9 /
Standard | JG-3 | JGB-1|JGB-2 | JH-1 |JLK-1 [JLS-1 | JP-1 | JR-1 | JR-2 | JR-3 |JSD-1|JSD-2 | JSI-1 | JSI-2 | Kim? | MA-N |MAG-1 M'FCEA' MI:ACGA'
Cd (ppm) |/ / / / / / / / / / / / / / / / / / /
Ce (ppm) | 40,1 | 7,86 / / 89,1 | 09 | 072 47 39 / 354 | 20,7 | 605 | 71 / 0,9 88 | 420 | 0,35
Cl(ppm) | / / / / / / 50 | 920 | 730 / / / / / / 140 | 31000 | 500 | 800
Co (ppm) | 114 | 61,6 | 28 53 | 181 / 116 | 07 0 1 109 | 48 | 147 | 15 / 05 | 204 [ 23 24
Cr(ppm) | 23,6 | 59,3 | 130 | 630 | 69 3 | 2970 | 23 26 | 25 22 104 | 58 64 / 3 97 90 100
Cs (ppm) |/ / / / / / / / / / / / / / / / / / /
Cu(pm) | 6 | 86,8 | 11 9 59,8 / 5,7 14 | 04 | 21 | 222 | 1114 | 40 41 / 140 30 5 5

F (ppm) | 335 | 150 / / / / 10 | 942 | 1087 / / / / / /__[17000 | 770 | 16000 | 28500
Ga(ppm) | 17 / / / / / 05 18 18 / / / / / / 59 / 95 21
Ge (ppm) |/ / / / / / / / 2,4 / / / / / / 35 / 32 | 155
Hg (ppm) |/ / / / / / / / / / / / / / / / / / /
La (ppm) | 20,7 | 3,74 / / 413 | 02 | 04 | 07 | 09 / 186 | 12,3 | 299 | 33 / 05 43 200 | 0,32
Mo (ppm) | 0,44 | 0,45 / / / / / 3.2 2,9 / / / / / / 0,3 1,6 1,2 | 025
Nb (ppm) | 56 | 28 / / / / 1,2 16 19 / / / / / / 173 12 270 | 116
Nd (ppm) | 16,8 | 5,65 / / / / 0,07 | 24 21 / / / / / / 0.4 38 180 | 0,08
Ni (ppm) | 13 | 254 | 138 | 56 | 36,9 | 03 | 2460 | 0,7 | 08 1,1 6,9 94 | 385 | 39 / 53 3 35 110
Pb (ppm) | 123 | 19 / / 45 / 011 | 19 22 | 345 | 14 151 18 21 / 29 24 13 9
Rb (ppm) | 66 4 / 12 144 / / 257 | 297 | 458 65 27 | 285 | 116 / 3600 | 149 | 2200 | 1300




S (ppm) 45 1950 707 650 1130 135 30 9 6

3 39 68 | 13300 | 1633 | 588 / 100 | 100 | 70 | 125
Sb (ppm) |/ | 011 / / / / / 14 | 18 / / / / / / 1,7 | 096 / /
Sc (ppm) | 8,93 | 36,6 / / 16 0 707 | 52 | 56 / 114 | 168 | 166 | 17 / 02 | 172 | 148 | 12
Sn(ppm) | 1 | 0,36 / / / / 0,05 | 27 | 32 / / / / / / 900 | 36 70 5
Sr(ppm) | 372 | 321 | 435 | 155 | 69 | 296 30 8 9 323 | 202 | 192 | 231 / 84 | 146 5 27
Ta (ppm) |/ / / / / / / / / / / / / / / 290 / 35 44
Th (oppm) | 8 | 0,53 / / / / 018 | 27 32 / / / / / / 14 | 119 | 150 | o1
T (ppm) |/ / / / / / 1,6 / / / / / / / 15 / 16 /
Uppm) | 2 | 015 / / / / 0,05 9 11 / / / / / / 125 | 2.7 80 | 0,15
Vpm) | 73 | 640 | 175 | 231 | 16 / 29 / / 81 | 124 | 135 | 127 / 02 | 140 | 135 | 90
W (ppm) |/ / / / / / / 1,9 / / / / / / / 70 / / 90
Y (ppm) | 17,2 | 10,75 | 1 / 40,8 / / 45 51 / 157 | 17 | 30,3 | 31 / 0,2 28 48 | 0,04
Zn (ppm) | 448 | 111 | 48 62 | 151 | 29 | 295 | 30 27 | 204 | 99 | 2070 | 112 | 107 / 220 | 130 | 1300 | 290
Zr (ppm) | 143 | 335 / / 146 / 63 | 101 | o7 / 134 | 108 | 167 | 194 / 25 126 | 800 16
Hf (ppm) | 4,29 | 0,88 / / 393 | 01 | 021 | 47 | 52 / 34 | 28 | 32 5 / 58 | 3.7 | 45 26
Li (ppm) |/ / / / / / / / / / / / / / / / / / /

CeOx(ppm)| / / / / / / / / / / / / / / / / / 420 /

HfO, (ppm) |/ / / / / / / / / / / / / / / / / 26 /

Laz0s(ppm)| / / / / / / / / / / / / / / / / / 200 /

SOs (ppm) |/ / / / / / / / / / / / / / / / / 70 /
Standard | JG-3 | JGB-1 |JGB-2 | JH-1 | JLK-1 |JLS-1| JP-1 | JR1 | JR-2 | JR-3 |JSD-1|JSD-2 | JSI-1 | JSI-2 | Kim? | MA-N |MAG-1 'V”FCEA' MI:ACGA'
Cr,03 (%) |0,0038] 0,009 | 0,019 | 0,092 | 0,01 0 0,43 0 0 0 0 0,02 | 0,01 0 / 0 | 0014 | 0,013 | 0,015
Se (ppm) |/ / / / / / / / / / / / / / / / / / /
Te (ppm) |/ / / / / / / / / / / / / / / / / / /
Yb (ppm) |/ / / / / / / / / / / / / / / / / / /

NIM- SARM:- [ SARM-[SARM- | SARM- [ SARM- | SARM- [ SARM- | SARM- | SARM- | SARM- | SARM- | SARM-

Standard | 0" [NIM-G| NIM-L | NIM-N | NIM-P | NIM-S | PCC-1 | >0 20 a1 17 43 a4 - 25 47 18 29 50
Total (%) | 100 | 100 | 99,927 | 100,01 [ 103,49 | 99,997 [ 100,39 | 100,26 [ 99,895 | 100,14 | 100,61 | 100,03 | 100,08 | 100,09 | 99,902 | 100,21 | 99,979 | 100 | 100,08
SiO; (%) | 38,6 | 759 | 53,94 | 52,5 | 51,37 | 63,76 | 43,73 | 37,86 | 5,08 | 65,02 | 79,47 | 11,66 | 3543 | 50,18 | 44,97 | 43,04 | 69,92 | 99,81 | 51,33
Al,Os (%) | 0,3 | 12,1 | 14,04 | 16,45 | 4,2 | 17,37 | 0,71 | 4,86 | 0,68 | 15,49 | 10,76 | 0,12 | 59,8 | 26,52 | 8,41 | 1,29 | 11,71 | 0,05 | 1521
Fe,Os (%) | 16,8 | 2 | 10,29 | 8,89 | 12,86 | 1,41 9 [ 1051 | 455 | 486 | 502 | 051 | 21 | 12,75 | 3528 | 4,01 1 0 |1095
MnO (%) [022] 002 ] 079 | 048 | 022 | 001 | 013 | 049 | 03 | 007 | 011 | 002 | 003 | 01 | 1,43 | 007 | 002 | 001 | 017
MgO (%) |43,1] 0,06 | 0,29 | 7,48 | 2546 | 0,46 | 4553 | 29,71 | 325 | 9,29 | 2,06 | 859 | 01 | 343 | 3,96 | 4901 | 0,19 | 0,05 | 7,54
CaO (%) |0,28] 0,78 | 331 | 11,47 | 2,67 | 0,68 | 055 | 10,97 | 82,15 | 1,72 | 0,95 | 1,46 | 0,14 | 0,79 | 1,65 | 0,12 | 927 | 0,01 | 10,75
Na;O(%) | 0,04 | 337 | 862 | 245 | 037 | 043 | 003 | 057 | 0,08 | 1,07 | 016 | 01 | 005 | 085 | 035 | 006 | 3,35 | 005 | 2,29
K:O0(%) |001] 5 | 567 | 025 | 009 | 1538 | 001 | 1,18 | 005 | 1,59 | 048 | 008 | 018 | 3,22 | 044 | 002 | 444 | 001 | 061
TiOx(%) |0,02] 009 049 | 02 | 02 | 004 | 001 | 1,79 | 0,08 | 063 | 039 | 002 | 1,86 | 1,84 | 0,75 | 001 | 01 | 001 | 0,86
P,Os (%) |0,01] 0,01 | 0,06 | 0,03 | 0,02 | 012 0 1,65 | 3,38 | 0,06 | 0,04 | 004 | 01 | 008 | 0,14 | 0,02 | 0,09 0 0,15
Ag (ppm) | / / / / / / / / / / / / / / / / / / /
As (ppm) | 1 | 15 / / / /0056 | 1/ / / / / / / / / / / /




Ba(ppm) | 10 | 120 | 450 100 46 2400 | 1,2 [ 1700 | 310 820 250 25 50 900 180 75 290 / 220
Bi (ppm) / / / / / / / / / / / / / / / / / / /
Cd (ppm) / / / / / / / / / / / / / / / / / / /
Ce (ppm) / 195 | 240 6 / 12 0,1 85 160 60 30 20 210 100 110 20 860 / 30
Cl (ppm) | 400 | 170 | 1200 | 100 100 80 71 / / / / / / / / / / / /
Co (ppm) [ 210 [ 4 8 58 110 3 112 77 20 15 35 4 8 41 56 79 0,7 / 40
Cr (ppm) [2900[ 12 0 30 [24000 | 12 2730 | 1300 35 123 | 4310 | 195 384 256 559 | 1984 23 / 357
Cs (ppm) / / / / / / / / / / / / / / / / / / /
Cu(ppm) | 10 [ 12 13 14 18 19 10 58 10 53 17 5 0 1 566 5 10 / 84
F (ppm) /| 4200 | 4400 / / 120 12 / / / / / / / / / / / /
Ga (ppm) / 27 54 16 8 11 / / / / 10 / 50 / / / / / /
Ge (ppm) / / / / / / / / / / / / / / / / / / /
Hg (ppm) / / / / / / / / / / / / / / / / / / /
La(ppm) | 0,2 | 109 | 250 3 2 5 0,052 / / / / / / / / / / / /
Mo (ppm) | 4 3 4 / / / 2 5 10 5 5 / 15 / 10 / 5 / /
Nb (ppm) / 53 960 / / 4 / 110 10 / 8 / 96 27 / / 202 / 10
Nd (ppm) / 72 48 3 / 6 0,042 / / / / / / / / / / / /
Ni (ppm) [2050| 8 1 120 560 7 2380 | 994 25 122 125 252 15 80 125 | 2221 / / 85
NIM- SARM- | SARM- | SARM- [ SARM- | SARM- [ SARM- | SARM- | SARM- | SARM- | SARM- | SARM- | SARM-
Standard D |NIM-G| NIM-L | NIM-N | NIM-P | NIM-S | PCC-1 | ™" o0 40 41 42 43 44 45 46 47 48 49 50
Pb (ppm) / 40 43 7 6 5 10 25 20 30 10 / 30 20 | 13000 | 60 135 / 25
Rb (ppm) | 8,5 | 320 | 190 6 5 530 | 0,066 | 52 10 59 22 / 13 142 20 291 / 14
S (ppm) / / / / / / 20 1500 [ 500 | 1500 | 200 400 300 500 | 1700 | 200 / / 300
Sb (ppm) / 0,6 / / / 0,6 1,28 / / / / / / / / / / / /
Sc (ppm) 7 1 0,3 38 29 4 8,4 / / / / / / / / / / / /
Sn (ppm) 2 4 / / 2 / 1,6 / / / / / / / / / / / /
Sr (ppm) 3 10 | 4600 | 260 2 62 0,04 | 1400 [ 1600 4 37 8 5 92 25 3 29 5 95
Ta (ppm) / 45 22 / / / / / / / / / / / / / / / /
Th (ppm) | 0,8 | 51 66 0,6 1 1 0,013 | 10 12 12 5 / 50 21 / / 113 / 6
Tl (ppm) / / / / / / / / / / / / / / / / / / /
U (ppm) / 15 14 0,6 0,4 0,6 | 0,005 / / / / / / / / / / / /
V (ppm) 40 2 81 220 230 10 31 109 27 139 94 / 395 266 225 16 8 / 216
W (ppm) / / / / / / / / / / / / / / / / / / /
Y (ppm) / 143 22 7 5 20 0,1 17 33 17 11 / 84 63 20 5 436 / 23
Zn (ppm) | 90 | 50 400 68 100 10 42 70 25 76 44 10 271 74 5900 45 53 5 81
Zr (ppm) [ 20 | 300 [ 11000 | 23 30 33 10 239 87 146 192 / 406 322 101 / 300 / 86
Hf (ppm) [3,76 | 12 190 / / / 0,04 / / / / / / / / / / / /
Li (ppm) / / / / / / / / / / / / / / / / / / /
CeOx(ppm) | / / / / / / / / / / / / / / 110 / / / /
HfO2 (ppm) |/ / / / / / / / / / / / / / / / / / /
La2Os(ppm) | / / / / / / / / / / / / / / / / / / /
SOs (ppm) | / / / / / / / / / / / / / / 1700 / / / /




Cr203 (%) | 0,42 0 |0,0015 | 0,0044 | 3,5078 | 0,0018 | 0,3959 | 0,1898 | 0,0051 0,625 | 0,0283 ) 0,0557 [ 0,0371 | 0,0811 | 0,2897 | 0,0033 / 0,0518
Se (ppm) / / / / / / / / / / / / / / / /
Te (ppm) / / / / / / / / / / / / / / / /
Yb (ppm) / 4 / / / / / / / / / / / / / /

Standard SARM-51 SARM-52 SY-2 SY-3 UB-N

Total (%) 99,901 100,165 100,01 100,045 100,069

SiO2 (%) 49,44 64 60,32 59,77 44,79

Al>03 (%) 17,36 10,38 12,08 11,78 3,29

Fe203 (%) 26,85 21,82 6 7 9,47

MnO (%) 0,31 0,3 0,32 0,32 0,14

MgO (%) 1,35 0,66 2,7 2,67 40

CaO (%) 1,26 0,41 7,99 8,26 1,36

NaO(%) 0,1 0,11 4,32 4,13 0,11

K20 (%) 0,48 0,28 4,47 4,24 0,02

TiO2(%) 1,2 1,44 0,15 0,15 0,12

P20s (%) 0,31 0,1 0,43 0,54 0,05

Ag (ppm) / / / / /

As (ppm) / / 17,3 18,8 10

Ba (ppm) 410 460 450 27

Bi (ppm) / / / /

Cd (ppm) / / / /

Ce (ppm) 210 175 2230 0,8

Cl (ppm) / 140 150 800




Co (ppm) 81 8,6 8,8 100
Cr (ppm) 1300 9,5 11 2300
Cs (ppm) / / / /
Cu (ppm) 219 5,2 17 28
F (ppm) / 5030 6960 95
Ga (ppm) / 15 29 27 /
Ge (ppm) / / / 1,4 /
Hg (ppm) / / / / /
La (ppm) / / 75 1340 0,35
Mo (ppm) / / 1,8 1 0,55
Nb (ppm) 11 29 148 0,05
Nd (ppm) / / 73 670 0,6
Standard SARM-51 SARM-52 SY-2 SY-3 UB-N
Ni (ppm) 178 182 9,9 11 75
Pb (ppm) 5200 1200 85 133 13
Rb (ppm) 37 20 217 206 4
S (ppm) 2400 200 160 510 200
Sb (ppm) / / / / 0,3
Sc (ppm) / / 7 6,8 /
Sn (ppm) / / 57 6,5 /
Sr (ppm) 44 25 271 302 9
Ta (ppm) / / 2 30 /
Th (ppm) 10 11 379 1003 0,07
Tl (ppm) / / 15 15 /
U (ppm) / / 284 650 0,07
V (ppm) 181 346 50 50 75
W (ppm) / / / 11 /
Y (ppm) 21 20 128 718 2,5
Zn (ppm) 2200 264 248 244 85
Zr (ppm) 121 250 280 320 4
Hf (ppm) / / 7,7 9,7 0,1
Li (ppm) / / / / /
CeOz(ppm) / / / / /
HfO2 (ppm) / / / / /




La,Os(ppm) / / / / /
SOz (ppm) / / / / /
Cr203 (%) 0,0738 0,1885 0,0013 0,0016 0,3358
Se (ppm) / / / / /
Te (ppm) / / / / /
Yb (ppm) / / / / /

Table 8 Standards for program vms trace 3

Standard | AC-E | AN-G | ASK-1 | ASK-2 | ASK-3 [ BE-N | BHVO-1 BR DT-N | FK-N GA GH GS-N | GsP1 | JA-1
Total (%) 100 | 100,02 | 106,915 | 110,262 | 3504 | 100,102 | 100,084 | 100,084 | 100,06 | 100,02 | 99,999 | 100,027 | 100,069 | 100,111 | 100,011
S (ppm) 70 140 400 20000 / 300 102 390 / 60 80 70 140 320 23

CaO (ppm) | 3400 | 160200 | 32000 7500 / 142800 | 113000 | 142000 | 400 1100 | 24700 | 6900 25300 | 20800 | 57200
Sc (ppm) | 0,11 10 7 17,5 / 22 31,8 25 2,1 0,05 7 0,8 7.3 6,2 28,4

TiO>(ppm) | 1100 | 2200 | 10600 9180 60 26900 | 26900 | 26700 | 14300 | 200 3800 800 6900 6500 8800
V (ppm) 3 70 45 200 / 235 317 235 150 0,5 38 5 65 53 105
Cr (ppm) 3.4 50 50 90 / 360 289 380 260 5 12 3 55 13 7.3

Fe,Os (ppm) | 25400 | 33800 | 46000 | 69000 | 350000 | 132100 | 122500 | 132500 | 6700 900 | 28500 | 13500 | 38000 | 43600 | 70100
Co (ppm) 0,2 25 6 27 / 60 45 52 15 14 5 0,3 65 6,6 11,8
Ni (ppm) 15 5 120 150 / 267 121 260 14 1,5 7 3 34 8,8 1,8
Cu (ppm) 4 19 7 124 / 72 136 72 7 2 16 3 20 33 42,2
Zn (ppm) | 224 20 96 160 / 120 105 160 28 10 80 55 48 104 90,6
Ga (ppm) 39 18 30 24 6 17 21 20 30 23 16 23 22 23 17,3
Ge (ppm) 2,3 / 2 1 / 1,2 1,2 4,9 2,5 1,7 2 1,3 1,36 /
As (ppm) 2,3 0,2 1 25 / 1,8 0,4 2 0,2 0,3 1,7 0,4 1,6 0,1 2,92
Se (ppm) / 0,06 0,07 3 17 / / / / / / / / / /
Br (ppm) / / / / / / / / / / / / / / /
Rb (ppm) | 152 1 85 160 / 47 11 47 6 860 175 390 185 254 11,8
Sr(ppm) 3 76 680 100 / 1370 403 1320 30 39 310 10 570 234 266
Y (ppm) 184 7,5 / / / 30 27,6 30 6,6 0,5 21 75 16 26 30,6
Zr (ppm) 780 11 400 170 / 260 179 260 370 0,7 150 150 235 530 88,3




Nb (ppm) | 110 0,7 60 30 / 105 19 98 34 0,3 12 85 21 27,9 1,7
Mo (ppm) | 2,5 0,2 5 60 / 2,8 1,02 2,4 0,5 0,25 0,5 2 1,2 0,8 2
Ag (ppm) 0 / / / / / / / / / / / / / /
Cd (ppm) 0 / / / 310 / / / / / / / / 0,058 /
Sn (ppm) 13 1,4 3 3 / 2 2,1 2 2,2 0,3 2,7 10 3 6,6 0,78
Sb (ppm) 0,4 0,1 0,03 5 / 0,26 0,16 0,2 0,25 0,45 0,2 / 0,7 3,2 0,26
Te (ppm) / / / / / / / / / / / / / 0,023 /

I (ppm) / / / / / / / / / / / / / / /
Ba (ppm) 55 34 1100 8000 / 1025 139 1050 130 200 840 20 1400 1310 307
Yb (ppm) / / / / / / / / / / / / / /
Standard | AC-E | AN-G | ASK-1 | ASK-2 | ASK-3 | BE-N | BHVO-1 BR DT-N | FK-N GA GH GS-N | Gsp1 | Ja1
Hf (ppm) | 27,9 | 0,38 10 / / 5,6 4,38 5,6 10 0,04 4 6,6 6,2 15,5 2,41
Ta ppm) 6,4 / 8 7 / 5,7 / 6,2 / / / 438 2,6 / /
W ppm) 0 105 / / / 29 / 1,3 120 120 1,5 1,6 450 0,3 3,9
Hg ppm) 0 / / / 8 / / / / / / / / / /
Tl ppm) 0,9 / / / / 0,04 / / / / / 1,8 / / /
Pb ppm) 39 2 6 40 / 4 2,6 5 25 240 30 45 53 55 5,8
Bi ppm) 0,4 / / / 32 / / / / / / / 0,18 / /
Thppm) | 185 | 0,04 16 13 / 10,4 1,08 11 2 0,15 17 87 41 106 0,82

U ppm) 4,6 0,12 5 22 / 2,4 0,42 2,5 2,3 0,15 5 18 7,5 2,54 0,34

Al,Osppm) | 1E+05 | 300200 | 215200 | 230700 / 103700 | 136800 | 104900 | 602900 | 187200 | 146400 | 125500 | 148300 | 151400 | 151000
SiO;ppm) | 7E+05 | 466400 | 688300 | 665000 / 393300 | 495000 | 392900 | 371200 | 654000 | 705600 | 761200 | 665300 | 674000 | 645600
Sm ppm) / / / / / / / / / / / / / / /
Ce ppm) 154 4,7 260 90 / 152 39 151 134 1 76 60 135 399 13,5

La ppm) 59 2,2 125 46 / 82 15,8 82 215 | 0,029 89 40 75 75 2,8
MnO (%) | 0,06 | 0,04 0,16 0,05 / 0,21 0,17 0,21 0,01 0,01 0,09 0,05 0,06 0,04 0,15
Nd ppm) 92 2,4 95 30 / 67 25,2 65 52 0,3 27 29 49 196 11
Cs ppm) 0 / / / / / / / / / / / / / /

C (%) / / / / / / / / / / / / / / /

Zno (% / / / / / / / / / / / / / / /
Cl ppm) 180 300 100 15 / 200 92 350 / 20 250 100 450 330 35
Cr,0s(%) | 5E-04 | 0,0073 | 0,0073 | 0,0131 / 0,0526 | 0,0422 | 0,0555 | 0,0379 | 0,0007 | 0,0017 | 0,0004 | 0,008 | 0,0018 | 0,0011

F ppm) 2100 | 120 1050 1300 / 1000 385 1000 40 30 500 3500 1050 3630 180

K20(%) 451 | 013 4,86 6,5 / 1,43 0,52 1,44 012 | 12,88 | 4,07 4,78 4,68 5,52 0,79
MgO (%) | 003 | 1,81 1,27 2,45 / 13,54 7,17 13,66 0,04 0,01 0,96 0,03 2,33 0,96 1,62




Na;O (%) | 6,57 | 1,64 0,9 0,0 / 3,27 2,24 3,14 0,04 2,6 3,58 3,87 3,81 2,81 3,89
P,Os(%) | 001 | 0,01 0 0 / 1,08 0,27 1,07 0,09 0,02 0,12 0,01 0,28 0,28 0,16
CeO, ppm) / / / / / 152 / / 134 / / 60 / 399 /
HfO, ppm) / / / / / 5,6 / / 10 / / 6,6 / 15,5 /
La,03 ppm) / / / / / 82 / / 90 / / 25 / 184 /
SOsppm) / / / / / 300 / / / / 70 / 320 /
Li ppm) 93 / / / / / / / / / / / / / /
Standard JA-2 JB-1 JB-1A JB-3 JG-1 JG-2 JG-3 JP-1 JR-2 MA-N | MICA-FE [ MICA-MG | NIM-G
Total 100,053 | 99,966 | 100,058 | 100,077 | 100,005 | 99,99 99,998 | 100,427 | 100,005 | 99,529 99,947 99,981 99,999
S (ppm) 8 17,9 9 8 11,3 9 45 30 6 100 70 125 /
CaO (ppm) | 66199,99 | 92900 93300 98600 21900 8000 37800 5800 4600 6000 4300 800 7800
Sc (ppm) 19,6 27,5 27,9 33,3 6,54 2,47 8,93 7,07 5,57 0,2 14,8 1,2 1
TiO, (ppm) 6800 13500 13100 14400 2600 400 4800 0 900 100 25200 16500 900
V (ppm) 130 212 220 383 25 3 73 29 / 0,2 135 90 2
Cr (ppm) 465 469 415 60,4 64,6 7,6 23,6 2970 2,6 3 90 100 12
Fe,0s(ppm) | 62700 90400 92000 | 118100 | 22100 9400 37600 85700 8700 4800 258400 95500 20300
Co (ppm) 30 38,7 39,5 36,3 4 43 11,4 116 0,04 0,5 23 24 4
Ni (ppm) 142 139 140 38,8 6 2,1 13 2460 0,84 53 35 110 8
Cu (ppm) 28,6 56,3 55,5 198 1,5 0,4 6 5,7 0,4 140 5 5 12
Zn (ppm) 62,7 83 82 106 415 12,7 44,8 29,5 27,2 220 1300 290 50
Ga (ppm) 16,4 18,1 18 20,7 17 19 17 0,5 18,2 59 95 21 27
Ge (ppm) / 1,2 / / 1,7 / / / 2,4 3,5 3,2 1,55 /
As (ppm) 0,77 2,48 2,34 1,66 0,36 0,8 0,37 0,34 19,5 13 3 / 15
Se (ppm) / 0,026 0,08 / / / / / / / / /
Br (ppm) / / / / / / / / / / / / /
Rb (ppm) 68 41,2 41 13 181 297 66 / 297 3600 2200 1300 320
Sr(ppm) 252 435 443 395 184 16 372 / 8 84 5 27 10
Y (ppm) 18,1 24,4 24 27 28,5 88,2 17,2 / 51,3 0,2 48 0,04 143
Zr (ppm) 119 143 146 98,3 114 101 143 6,3 97,2 25 800 16 300
Nb (ppm) 9,8 34,5 27 2,3 12,6 15 5,6 1,2 19,2 173 270 116 53
Mo (ppm) 0,54 34 1,4 1,1 1,46 0,23 0,44 2,9 0,3 1,2 0,25 3
Ag (ppm) / / / / / / / / / / / / /
Cd (ppm) / / / / / / / / / / / / /




Sn (ppm) 15 1,8 2 0,86 4,1 2,5 1 0,05 3,2 900 70 5 4
Sh (ppm) 0,13 0,08 0,28 0,15 0,35 / / / 1,83 1,7 / / 0,6
Te (ppm) / / / / / / / / / / / / /

I (ppm) / / / / / / / / / / / / /
Ba (ppm) 317 490 497 251 462 67 453 17 39 42 150 4000 120
Yb (ppm) / / / / / / / / / / / / 14,2
Hf (ppm) 2,89 3,4 3,48 2,68 3,79 5,36 4,29 0,21 5,23 5,8 4,5 26 12
Ta ppm) / 2,7 / / / / / / / 290 35 4.4 45
Standard JA-2 JB-1 JB-1A JB-3 JG-1 JG-2 JG-3 JP-1 JR-2 MA-N MICA-FE | MICA-MG | NIM-G
W (ppm) / 20 / / / / / / / 70 / 90 /
Hg (ppm) / / / / / / / / / / / / /

Tl ppm) / 0,11 0,11 / 1 / / / / 15 16 / /
Pb ppm) 19,3 7,1 7,2 5,5 26,2 32,8 12,3 0,114 21,9 29 13 9 40
Bi (ppm) / / / / / / / / / / 1,9 / /
Th (ppm) 4,7 9,2 8,8 1,3 13,5 29,7 8 0,18 32,2 1,4 150 0,1 51
U (ppm) 2,4 1,7 1,6 0,46 3,3 12,5 2 0,05 10,5 12,5 80 0,15 15

Al,O3 (ppm) | 156600 146900 146700 167900 142600 124500 156100 6400 129800 178900 196400 153500 121200
SiO, (ppm) | 574300 527300 527400 507400 726000 772200 675000 435500 | 765899,9 | 676000 346500 386800 759200
Sm (ppm) / / / / / / / / / / / / /
Ce (ppm) 32,7 66,7 66,1 21,5 459 49,5 40,1 0,2 38,8 0,9 420 0,35 195

La (ppm) 0,47 0,32 37,9 0,39 22,4 20,1 20,7 0,1 0,9 0,5 200 0,32 109
MnO (%) 0,11 0,16 0,15 0,16 0,06 0,02 0,07 0,12 0,11 0,04 0,35 0,26 0,02
Nd (ppm) 13,8 29,7 5,5 15,4 19,5 25,8 16,8 0,07 21,1 0,4 180 0,08 72
Cs (ppm) / / / / / / / / / / / / /

C (%) / / / / / / / / / / / / /
ZnO (%) / / / / / / / / / / / / /
Cl (ppm) / 172 170 260 60 / / 50 730 140 500 800 170
Cr203 (%) 0,0679 0,068 0,0602 0,0088 0,009 0,0011 0,0038 0,434 0,0003 0,0004 0,0131 0,0145 0,0018

F (ppm) 485 393 385 295 496 960 335 10 1087 17000 16000 28500 4200
K20 (%) 1,84 1,45 1,44 0,78 3,99 4,74 2,65 0 4,51 3,23 8,81 10,1 5
MgO (%) 7,85 7,81 7,84 5,17 0,74 0,04 1,8 45,94 0,05 0,04 4,58 20,6 0,06
NaxO (%) 3,15 2,82 2,77 2,8 3,4 3,56 4,05 0,02 4,08 5,93 0,3 0,12 3,37
P,0s (%) 0,15 0,26 0,26 0,29 0,1 0 0,12 0 0,01 1,41 0,45 0,01 0,01

CeO; (ppm) / / / / / / / / / / 420 / /
HfO, (ppm) / / / / / / / / / / 26 / /




La>03 (ppm) / / / / / / / / / / 200 / /
SOz (ppm) / / / / / / / / / / 70 / /
Standard NIM-L NIM-N NIM-P NIM-S SARM39 | SARM46 | SARM48 | SARM51 SY-2 SY-3 TR-1 TR-10 TR-11

Total 99,927 100,012 103,493 99,997 87,08 77,13 95,6 67,46 100,01 100,045 100,206 100,533 100,658
S (ppm) / / / / / / / / 160 510 / / /

CaO (ppm) 33100 114700 26700 6800 96900 13200 89000 8600 79900 82600 / / /
Sc (ppm) 0,3 38 29 4 / / / / 7 6,8 746 / /
TiO2 (ppm) 4900 2000 2000 400 / / / 8200 1500 1500 / / /

V (ppm) 81 220 230 10 / / / / 50 50 / / /
Cr (ppm) 0 30 24000 12 / / / / 9,5 11 / / 1460
Fe203 (ppm) 102900 88900 128600 14100 92900 281600 5800 183600 64100 65600 100000 100000 100000

Co (ppm) 8 58 110 3 / / / / 8,6 8,8 / / /
Ni (ppm) 1 120 560 7 / / / / 9,9 11 / / /
Cu (ppm) 13 14 18 19 / / / / 5,2 17 / 1119 /
Zn (ppm) 400 68 100 10 / / / / 248 244 498 / /
Ga (ppm) 54 16 8 11 / / / / 29 27 / / /
Ge (ppm) / / / / / / / / / 1,4 / / 1013
As (ppm) / / / / / / / / 17,3 18,8 / 1028 /
Se (ppm) / / / / / / / / / / / / /
Br (ppm) / / / / / / / / / / / / 841
Rb (ppm) 190 6 5 530 / / / / 217 206 / 980 /
Sr (ppm) 4600 260 2 62 / / / / 271 302 / / /
Y (ppm) 22 7 5 20 / / / / 128 718 / / /
Zr (ppm) 11000 23 30 33 / / / / 280 320 / / 1064
Nb (ppm) 960 / / 4 / / / / 29 148 / 134 /
Mo (ppm) 4 / / / / / / / 1,8 1 / / /
Ag (ppm) / / / / / / / / / / / / /
Cd (ppm) / / / / / / / / / / 318 / /
Sn (ppm) / / 2 / / / / / 5,7 6,5 / / 1200
Sb (ppm) / / / 0,6 / / / / / / / / /




Te (ppm) / / / / / / / / / / / / /

I (ppm) / / / / / / / / / / / / /
Ba (ppm) 450 100 46 2400 / / / / 460 450 / / /
Yb (ppm) / / / / / / / / / / / / /
Hf (ppm) 190 / / / / / / / 7,7 9,7 / / /
Standard NIM-L NIM-N NIM-P NIM-S | SARM39 | SARM46 | SARM48 | SARM51 SY-2 SY-3 TR-1 TR-10 TR-11
Ta (ppm) 22 / / / / / / / 2 30 / / /
W (ppm) / / / / / / / / / 11 / / /
Hg (ppm) / / / / / / / / / / / / /
Tl (ppm) / / / / / / / / 15 15 / / /
Pb (ppm) 43 7 6 5 / / / / 85 133 / / /
Bi (ppm) / / / / / / / / / / / 2072 /
Th (ppm) 66 0,6 1 1 / / / / 379 1003 / / /
U (ppm) 14 0,6 0,4 0,6 / / / / 284 650 / / /

Al,Os (ppm) | 140400 164500 42000 173700 42900 67100 112400 118700 120800 117800 200000 200000 200000
SiO; (ppm) | 539400 525000 513700 637600 344000 359000 671100 338100 603200 597700 700000 700000 700000
Sm (ppm) / / / / / / / / / / 497 / /
Ce (ppm) 240 6 / 12 / / / / 175 2230 / / /

La (ppm) 250 3 2 5 / / / / 75 1340 / / 1006
MnO (%) 0,79 0,18 0,22 0,01 0,17 1,14 0,02 0,21 0,32 0,32 / / /
Nd (ppm) 48 3 / 6 / / / / 73 670 / / /
Cs (ppm) / / / / / / / / / / / / /
C (%) / / / / / / / / / / / / /

ZnO (%) / / / / / / / / / / / / /
Cl (ppm) 1200 100 100 80 / / / / 140 150 / / /

Cr,0; 0,0015 0,0044 3,5078 0,0018 / / / / 0,0013 0,0016 / / /

F (ppm) 4400 / / 120 / / / / 5030 6960 / / /
K20 5,67 0,25 0,09 15,38 1,04 0,35 4,26 0,33 4,47 4,24 / / /
MgO 0,29 7,48 25,46 0,46 26,24 3,16 0,18 0,92 2,7 2,67 / / /
Na,O 8,62 2,45 0,37 0,43 0,5 0,28 3,22 0,07 4,32 4,13 / / /
P20s 0,06 0,03 0,02 0,12 1,46 0,11 0,09 0,21 0,43 0,54 / / /

CeO: (ppm) / / / / / / / / / / / / /
HfO2 (ppm) / / / / / / / / / / / / /

La>03 (ppm) / / / / / / / / / / / / /
SOs (ppm) / / / / / / / / / / / / /




| Li (ppm) | / / / / / / / / / / / / /
Standard TR-12 TR-13 TR-14 TR-2 TR-3 TR-4 TR-5 TR-6 TR-7 TR-8 TR-9 TRMAC-1 | TRMAC-2
Total 100,433 100,965 100,819 100,287 100,231 100,355 100,234 100,623 100,368 100,528 100,77 100 100
S (ppm) / / / / / / / / / / / / /
CaO (ppm) / / / / / / / / / / / / /
Sc (ppm) / / / / / / / / / 1624 / / /
TiO2 (ppm) / / / / / / / / / / 2523 / /
V (ppm) / / / / / / / / / / / / /
Cr (ppm) / / / / / / / / / / / / /
Fe2O0s3 (ppm) | 100000 100000 100000 100000 100000 100000 100000 100000 100000 100000 100000 / /
Co (ppm) / 850 / / / / / 933 / / / / /
Ni (ppm) / / / / / / / / / / 991 / /
Cu (ppm) / / / / / / / / / / / / /
Zn (ppm) / / / / / / / / / 1050 / / /
Ga (ppm) / 895 / / / / / 439 / / / / /
Ge (ppm) / / / / / 569 / / / / / / /
As (ppm) / / / / 493 / / / / / / / /
Se (ppm) / / 1003 / / / / / 406 / / / /
Br (ppm) / / / / / 746 / / / / / / /
Rb (ppm) / / / / 700 / / / / / / / /
Sr (ppm) 2248 / / / / / 838 / / / / / /
Y (ppm) / / / / / / / / / / / / /
Zr (ppm) / / / / / 671 / / / / / / /
Nb (ppm) / / / / 600 / / / / / / / /
Mo (ppm) / / / 844 / / / / / / 1360 / /
Ad (ppm) / / 1015 / / / / 503 / / / /
Cd (ppm) / / / / / / / / / 419 / / /
Sn (ppm) / / / / / 980 / / / / / / /
Sb (ppm) / / / 680 / / / / / / 1119 / /
Te (ppm) / / / / / / / / / / / / /
I (ppm) / 1181 / / / / / 933 / / / / /
Ba (ppm) 2085 / / / / / 1499 / / / / / /
Yb (ppm) / / 1133 / / / / / 536 / / / /




Hf (ppm) / / 1704 / / / / / 534 / / / /
Ta / 1114 / / / / 590 / / / / /
Standard TR-12 TR-13 TR-14 TR-2 TR-3 TR-4 TR-5 TR-6 TR-7 TR-8 TR-9 TRMAC-1 | TRMAC-2
W (ppm) / / 1023 / / / / 523 / / / /
Hg (ppm) / / / / / / / / / / / / /
Tl (ppm) / 1421 / / / / / 1003 / / / / /
Pb (ppm) / / / 400 / / / / / / 671 / /
Bi (ppm) / / / / 520 / / / / / / / /
Th (ppm) / / 1050 / / / / / 660 / / / /
U (ppm) / / / 450 / / / / / / 1040 / /
Al,03 (ppm) | 200000 | 200000 | 200000 | 200000 | 200000 | 200000 | 200000 200000 200000 200000 200000 / /
SiO2 (ppm) | 700000 | 700000 | 700000 | 700000 | 700000 | 700000 | 700000 700000 700000 700000 700000 500000 | 1000000
Sm (ppm) / / / / / / / / / 1094 / / /
Ce (ppm) / / / 497 / / / / / 1094 / / /
La (ppm) / / / / / 588 / / / / / / /
MnO (%) / 0,259 / / / / / 0,146 / / / / /
Nd (ppm) / 1595 / / / / / 874 / / / / /
Cs (ppm) / / 1263 / / / / / 521 / / / /
C (%) / / / / / / / / / / / 50 /
Zn0 (%) / / / / / / / / / / / / /
Cl (ppm) / / / / / / / / / / / / /
Cr203 / / / / / / / / / / / / /
F (ppm) / / / / / / / / / / / / /
K20 / / / / / / / / / / / / /
MgO / / / / / / / / / / / / /
Na.0 / / / / / / / / / / / / /
P20s / / / / / / / / / / / / /
CeO: (ppm) / / / / / / / / / / / / /
HfO2 (ppm) / / / / / / / / / / / / /
La20s3 (ppm) / / / / / / / / / / / / /
SOz (ppm) / / / / / / / / / / / / /
Li (ppm) / / / / / / / / / / / / /




Standard TRMAC-3 TRMAC-4 TRMAC-5 TRMAC-6 UREM10 UREM11 UREM4 UREM9 VS-N
Total 100 100 100 100 0,124 0,007 0,01 0,026 99,04
S (ppm) / / / / / / / / /
CaO (ppm) / / / / / / / / 45300
Sc (ppm) / / / / / / / / 300
TiO2 (ppm) / 1000000 / / / / / / 10800

V (ppm) / / / / / / / / 600

Cr (ppm) / / / / / / / / 700
Fe203 (ppm) 250000 / 1000000 / / / / / 41400
Co (ppm) / / / / / / / / 700
Ni (ppm) / / / / / / / / 800
Cu (ppm) / / / / / / / / 800
Zn (ppm) / / / / / / / / 800
Ga (ppm) / / / / / / / / 400
Ge (ppm) / / / / / / / / /
As (ppm) / / / / / / / / /
Se (ppm) / / / / / / / / /
Br (ppm) / / / / / / / / /
Rb (ppm) / / / / / / / / 800
Sr (ppm) / / / / / / / / 700

Y (ppm) / / / / / / / / /
Zr (ppm) / / / / / / / / 700
Nb (ppm) / / / / / / / / /
Mo (ppm) / / / / / / / / 700
Ag (ppm) / / / / / / / / /
Cd (ppm) / / / / / / / / 900
Sn (ppm) / / / / / / / / 800
Sb (ppm) / / / / / / / / 800
Te (ppm) / / / / / / / / /

I (ppm) / / / / / / / / /
Ba (ppm) / / / / / / / / 1000
Yb (ppm) / / / / / / / / 900
Hf (ppm) / / / / / / / / /
Ta (ppm / / / / / / / / /




Standard TRMAC-3 TRMAC-4 TRMAC-5 TRMAC-6 UREM10 UREM11 UREM4 UREM9 VS-N
W (ppm) / / / / / / / / /
Hg (ppm) / / / / / / / / /
Tl (ppm) / / / / / / / / /
Pb (ppm) / / / / / / / / 1000
Bi (ppm) / / / / / / / / 1000
Th (ppm) / / / / / / / / /
U (ppm) / / / / 1241 69,5 100,8 258 /
Al2O3 (ppm) / / / / / / / / 134400
SiO2 (ppm) 750000 / / / / / / / 555700
Sm (ppm) / / / / / / / / /
Ce (ppm) / / / / / / / / /
La (ppm) / / / / / / / / /
MnO (%) / / / / / / / / 0,1
Nd (ppm) / / / / / / / / /
Cs (ppm) / / / / / / / / 900
C (%) / / / / / / / / /
Zn0 (%) / / / 100 / / / / /
Cl (ppm) / / / / / / / / /
Cr,03 / / / / / / / / 0,07
F (ppm) / / / / / / / / /
K20 / / / / / / / / 8,12
MgO / / / / / / / / 4,51
Na,O / / / / / / / / 5,95
P05 / / / / / / / / /
CeO2 (ppm) / / / / / / / / /
HfO2 (ppm) / / / / / / / / /
La>03 (ppm) / / / / / / / / /
SO;3 (ppm) / / / / / / / / /
Li (ppm) / / / / / / / / /




APPENDIX IV

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:

Electron microprobe analyses of uraniuaring mineral phases in weight %

Electron microprobe analyses of uraniuaring mineral phases as oxides in weight %
Electron microprobe analyses of uraniuaring mineral phases in atomic %

Electron microprobe analyses of monanit@eight %

Electron microprobe analyses of monaatexades in weight %

Electron microprobe analyses of monani@omic %



Tablel: Electron microprobe analyses of uraniunribganineral phases in weight %

sample Al Si S Ca| V Fe Pb U Ti La Th Mn Y Ce P Nd | Dy [ Nb | Gd | Yb | Ta F (0] Total
D08628 |0,03| 0,39 0 150 O 0,38 13 60 0 0 4 1 2 0 0 0 1 0 1 0 0 0 12 95,79
D08628 |0,02| 0,77 1 2451 0 0,38 6 64 0 0 4 1 2 0 0 0 1 0 0 0 0 0 13 94,55
DO8628 | 0,00| 0,12 0O [106] O | 0,76 | 10 62 0 0 5 0 2 0 0 0 1 0 1 0 0 0 11 94,66
D0O8628 | 0,05] 1,07 1 ]151] 0 | 039 ]| 13 49 2 0 6 1 2 0 0 0 0 1 0 0 0 0 13 91,72
D0O8628 |0,01| 0,15 0 041] O 0,57 15 58 0 0 6 0 2 0 0 0 0 0 1 0 0 0 11 93,48
D08628 |0,02| 0,36 0 0,80] O 0,56 12 60 0 0 6 0 2 0 0 0 0 0 1 0 0 0 12 95,49
DO8628 | 0,00| 0,32 0O |0,76] O | 050 | 12 58 0 0 5 0 2 0 0 0 1 0 1 0 0 0 12 94,29
D0O8628 | 0,00| 0,14 0O |089] 0 | 068 ]| 12 61 0 0 5 1 3 0 0 0 1 0 1 0 0 0 12 96,39
D0O8628 | 0,00 | 0,22 0 1,03 O 0,39 11 60 0 0 5 0 2 0 0 0 1 0 1 0 0 0 11 93,64
D08628 | 0,00 0,04 0 056 O 0,55 11 61 0 0 5 1 2 0 0 0 1 0 1 0 0 0 11 94,35
DO8628 |0,14| 3,87 2 |030] 0O |O,71 | 18 18 6 0 7 0 8 0 2 0 1 3 1 1 0 1 21 93,26
D0O8628 | 0,18 | 5,29 0 [035] 0 |0,21 8 22 2 0 9 0 12 0 3 0 2 3 2 1 0 1 21 91,64
D0O8628 |0,01| 0,27 1 1,70 O 0,41 14 61 0 0 2 1 2 0 0 0 0 0 0 0 0 0 12 96,31
D08628 | 0,00 0,12 2 0,75] 0 0,42 27 52 0 0 2 1 1 0 0 0 1 0 0 0 0 0 12 99,65
DO8628 | 0,06 | 0,79 1 193] 0 | 037 8 64 0 0 2 1 2 0 0 0 0 0 0 0 0 0 13 95,75
D0O8628 | 0,00| 0,14 0 [1,71] 0 |Oo71 | 11 66 0 0 2 1 1 0 0 0 0 0 0 0 0 0 12 96,49
D0O8628 |0,05| 0,77 1 1,85 O 0,41 9 64 0 0 2 1 1 0 0 0 0 0 0 0 0 0 12 94,54
D08628 |0,02| 0,38 1 1,07 O 0,37 20 56 0 0 2 0 1 0 0 0 0 0 0 0 0 0 12 96,73
DO8628 | 0,00| 0,22 0 [145] 0 | 057 | 11 64 0 0 2 1 2 0 0 0 0 0 0 0 0 0 11 94,29
D0O8628 | 0,00| 0,10 0O |053] 0 |039 ]| 18 60 0 0 4 0 1 0 0 0 0 0 0 0 0 0 11 96,38
D08628 |0,03| 0,53 0 2211 0 0,49 7 63 0 0 3 1 2 0 0 0 0 0 0 0 0 0 12 94,04
D08628 | 0,05 0,52 2 2,02] 0 0,56 19 57 0 0 4 1 1 0 0 0 0 0 0 0 0 0 14 ] 102,40
DO8628 | 0,05| 0,71 0 [324| 0 | 0,46 3 69 0 0 4 1 1 0 0 0 0 0 0 0 0 1 13 96,06
D0O8628 | 0,00| 0,68 0 [298| 0 | 0,55 3 68 0 0 5 1 1 0 0 0 0 0 0 0 0 0 13 95,40
D0O8628 |0,03| 0,73 1 259 0 0,45 7 63 0 0 5 1 1 0 0 0 0 0 0 0 0 1 13 96,20
D08628 | 0,00 | 0,24 0 1,96 O 0,63 7 65 0 0 6 1 1 0 0 0 0 0 0 0 0 0 12 94,33
DO8628 |0,10| 1,43 1 ]086] 0 | 071 | 11 55 1 0 3 0 1 1 0 1 1 2 1 0 0 0 13 92,47
D0O8628 | 0,00| 0,17 0 [099] 0 | 0091 ]| 14 62 0 0 4 1 1 0 0 0 0 0 0 0 0 0 11 95,59
D0O8628 | 0,00 | 0,41 0 225 0 0,70 11 61 0 0 4 1 1 0 0 0 0 1 0 0 0 0 12 94,36
D08628 | 0,00 | 0,38 0 0941 0 0,70 14 60 0 0 4 0 1 0 0 0 0 0 0 0 0 0 12 94,61
DO8628 | 0,00 | 0,52 0 (280 0 | 0,55 5 66 0 0 4 1 1 0 0 0 1 0 0 0 0 1 13 96,22
DO8628 |0,01| 0,14 0O |047] O | 0,88 | 12 64 0 0 3 0 2 0 0 0 0 0 0 0 0 0 11 94,80




sample Al Si S Ca| V Fe Pb U Ti La Th Mn Y Ce P Nd | Dy [ Nb | Gd | Yb [ Ta F 0 Total
D0O8628 | 0,00| 0,06 0 |091] 0 | 052 ]| 17 60 0 0 3 0 2 0 0 0 0 0 1 0 0 0 11 97,58
D08628 |0,03| 0,70 0 1,76 O 0,57 10 61 0 0 4 1 2 0 0 1 0 0 0 0 0 0 13 96,13
D08628 | 0,01 | 0,21 0 0,88] O 0,51 13 62 0 0 4 0 2 0 0 0 0 0 0 0 0 0 11 94,46
DO8628 | 0,02 | 0,59 0 [191| 0 | 0,37 8 61 0 0 4 1 2 0 0 0 0 0 1 0 0 0 12 94,50
D0O8628 | 0,00| 0,20 1 ]145] 0 | 060 | 11 63 0 0 3 1 2 0 0 0 0 0 0 0 0 0 11 94,40
D08628 |0,03| 0,36 0 2,121 0 0,29 13 60 0 0 4 0 2 0 0 1 1 0 0 0 0 0 12 96,73
D08628 |0,02| 0,36 1 1,08 O 0,51 14 59 0 0 4 0 2 0 0 1 0 0 0 0 0 0 12 95,20
DO8628 | 0,66 | 4,19 0O |(040] O | 21,78 | 15 18 8 0 5 0 5 0 1 0 1 5 1 0 1 0 22 92,53
D0O8628 |1,08| 5,85 0 |066] O | 240 | 15 16 8 0 5 0 1 0 1 0 0 6 0 0 3 0 22 87,65
D06920 | 0,07 | 4,34 0 0,711 O 0,00 6 29 0 0 7 0 9 0 4 1 1 0 2 1 0 1 19 86,01
D06920 | 0,09 4,78 0 0,81] O 0,14 2 30 1 0 7 0 10 1 4 1 2 0 2 1 0 1 21 88,33
DO6920 | 0,10 4,37 1 ]0,70] 0 | 0,18 9 30 0 0 6 0 8 0 4 1 1 0 1 1 0 1 19 88,24
D0O6920 | 0,09 4,72 3 [0,73] 0 | 462 4 18 0 0 21 0 4 1 2 0 1 0 1 0 0 1 20 86,82
D0O6920 |0,07 | 5,27 1 055] 0 0,00 5 33 0 0 16 0 6 0 3 1 1 0 2 1 0 1 19 93,99
D06920 |0,11| 5,31 1 098] 0 0,00 4 20 0 0 29 0 5 1 3 1 1 0 1 0 0 1 20 93,45
D0O6920 | 0,02 | 0,20 0 (093] 0 | 0,09 0 0 0 15 2 0 0 30 0 6 0 0 0 0 0 7 10 72,84
D0O6920 | 0,07 ] 0,05 0 |(061] 0 | 097 0 0 0 14 1 0 0 30 0 8 0 0 0 0 0 7 10 73,34
D06920 | 0,00 | 0,03 0 0,43] O 0,29 0 0 0 15 0 0 0 31 0 8 0 0 1 0 0 7 10 72,44
D06920 | 0,00 | 0,05 0 0,52] 0 0,21 0 0 0 15 1 0 1 30 0 8 0 0 0 0 0 7 10 72,31
DO6920 |0,16| 0,19 0 [133] 0 | 044 0 0 0 15 5 0 0 29 0 6 0 0 0 0 0 7 11 75,10
D0O6920 |0,65]| 0,67 0 [169| 0 | 0,66 1 73 0 0 0 0 0 1 0 1 0 0 0 0 0 0 13 93,64
D06920 | 0,05 0,48 0 1,66 O 0,72 1 73 0 0 0 0 0 1 0 1 0 0 0 0 0 0 12 93,38
D06920 | 0,09 0,79 0 1,34 O 0,41 1 71 0 0 0 0 0 2 0 1 0 0 0 0 0 0 12 91,43
DO6920 |0,25] 1,42 0 [1,06| O | 0,65 2 70 0 0 0 0 0 2 0 1 0 0 0 0 0 0 13 92,42
D0O6920 |0,11] 0,73 0 [128| 0 | 0,81 0 1 0 14 0 0 0 28 0 7 0 0 0 0 0 8 10 72,38
D06920 |0,07 | 4,79 1 091] O 0,68 1 17 0 0 31 0 7 0 4 1 1 0 1 1 0 1 21 94,04
D06920 | 0,07 | 4,98 1 0,92] 0 1,64 1 16 0 0 30 0 8 1 4 1 1 0 2 1 0 1 22 95,88
DO6920 | 0,00| 0,02 0 (042| 0 | 0,28 0 0 0 14 0 0 1 29 0 9 0 0 1 0 0 7 10 72,16
D0O6920 | 0,02 | 0,02 0 |[037| 0 | 0,09 0 0 0 16 0 0 0 31 0 8 0 0 0 0 0 8 10 73,29
D0O6920 |0,17 | 6,03 1 0,40] O 0,31 1 44 0 0 5 0 7 0 2 1 1 0 1 1 0 1 20 92,33
D06920 |0,15| 6,38 0 0,39|] 0O 0,28 2 42 0 0 7 0 7 0 2 0 1 0 2 1 0 1 20 91,62
DO6920 | 0,26 | 6,52 0 (0,33] 0 | 0,00 2 42 0 0 7 0 7 0 2 1 1 0 1 1 0 1 20 91,96
DO6920 |0,08| 1,34 0 |068] 0 |044 3 65 0 0 3 0 1 1 0 1 0 0 0 0 0 0 12 89,29




sample Al Si S Ca| V Fe Pb U Ti La Th Mn Y Ce P Nd | Dy [ Nb | Gd | Yb [ Ta F 0 Total
D0O8628 | 0,07 | 0,64 0 [169] O | 050 ]| 10 57 0 0 4 0 0 0 0 0 0 0 0 0 0 0 11 87,23
D08628 | 0,00 | 0,62 1 1,71 O 0,33 13 59 1 0 5 0 1 0 0 0 0 1 0 0 0 0 13 98,11
D08628 | 0,01 | 0,27 10 |0,00f O 0,05 70 7 0 0 1 0 0 0 0 1 0 2 0 0 0 0 17 ] 109,79
DO8628 | 0,00| 0,37 0O |(049] O | 054 | 13 55 1 0 6 1 3 0 0 0 1 0 1 0 0 0 13 97,89
D0O8628 | 0,00| 0,34 0 |[114]) 0 | 068 | 11 58 0 0 6 0 3 0 0 0 1 0 1 0 0 0 12 96,17
D0O8628 | 0,00 | 0,00 0 0,32] O 0,41 15 55 0 0 6 0 3 0 0 0 1 0 1 1 0 0 11 94,38
D08628 | 0,00 | 0,92 0 0,34] 0O 0,59 12 48 1 0 8 0 3 0 0 0 1 1 1 0 0 0 13 90,61
DO8628 | 0,01 | 0,67 0 [152| 0 | 0,53 8 54 1 0 6 1 4 0 0 1 1 1 1 0 0 1 13 93,98
D0O8628 | 0,00| 0,48 0O |067] O | 081 ] 12 53 1 0 7 0 3 0 0 0 1 1 1 0 0 0 12 93,97
D0O8628 | 0,00 | 0,07 0 1,26 O 0,54 11 56 0 0 7 1 3 0 0 1 1 0 1 0 0 1 12 94,82
D08628 | 0,00 0,19 0 1,17 O 0,45 9 56 0 0 7 1 3 0 0 1 1 0 1 0 0 0 12 94,16
DO8628 | 0,00 | 0,06 0O |(060] O | 056 | 12 56 0 0 7 0 3 0 0 1 1 0 1 0 0 0 11 94,39
D0O8628 | 0,06 | 1,69 0 [1,71] 0 | 043 8 49 2 0 5 1 2 0 0 0 1 2 0 0 0 0 14 | 89,60
D0O8628 | 0,01 | 0,08 0 0,26 O 0,52 16 58 0 0 7 0 2 0 0 1 1 0 0 0 0 0 11 96,03
D08628 | 0,00 0,16 0 0,77] O 0,96 12 59 0 0 7 1 2 0 0 0 0 0 1 0 0 0 11 95,10
D0O8628 | 0,00| 0,07 0O |036] 0 | 060 15 58 0 0 7 0 1 0 0 0 0 0 0 0 0 0 11 95,46
D0O8628 | 0,00| 0,23 1 |061] 0 | 043 | 14 56 0 0 7 0 2 0 0 0 0 0 1 0 0 0 11 95,20
D0O8628 |0,13| 1,77 0 0,82] 0O 0,40 10 50 0 0 5 0 3 1 0 1 1 0 1 0 0 0 14 91,38
D08628 | 0,00 0,16 0 1,08 O 0,39 12 57 0 0 7 0 2 0 0 0 0 0 1 0 0 0 11 93,94
DO8628 | 0,07 | 1,25 0O [116] O | 0,73 | 13 59 1 0 5 0 1 0 0 0 0 1 0 0 0 0 13 93,31
AO5268 (0,48 | 3,78 0 [069| 0 | 0,36 6 61 0 0 5 1 1 0 0 0 0 0 1 0 0 0 13 96,35
AO5268 |0,01| 0,71 1 0,60] O 0,44 12 55 0 0 3 1 1 0 0 0 0 0 0 0 0 0 16 99,62
AO5268 0,41 | 2,74 2 0,141 O 1,11 16 57 1 0 4 1 2 0 0 0 1 0 0 0 0 0 14 90,49
AO5268 [1,25| 3,67 0 [0,21| 0 | 2,26 3 19 22 1 2 0 3 3 0 2 1 3 1 0 1 0 25 91,32
A05268 (0,03 1,00 0 (068| 0 | 0,48 4 20 18 1 1 0 3 3 0 2 1 2 1 0 1 0 25 95,58
AO5268 |0,05| 0,87 1 1,03 O 0,62 6 61 0 0 5 1 2 0 0 1 1 0 1 0 0 0 13 95,83
AO5268 |0,04| 0,72 0 1,13 O 0,75 5 64 0 0 6 1 2 0 0 0 1 0 0 0 0 0 13 94,77
AO5268 (0,05 0,79 0 |(061] 0 | 0,34 3 67 0 0 4 2 2 0 0 0 1 0 0 0 0 0 12 105,14
AO5268 (0,02 0,72 3 [101] 0 | 059 | 24 53 0 0 5 1 2 0 0 0 0 0 0 0 0 0 15 95,98
AO5268 |0,10| 1,24 1 0,86]| O 0,50 6 64 0 0 6 1 2 0 0 0 1 0 0 0 0 0 13 96,90
AO5268 |0,00| 0,42 1 1,12 O 1,11 10 60 0 0 5 1 2 0 0 0 1 0 0 0 0 0 13 97,49
AO5268 (0,12 1,21 1 ]089| 0 | 0,93 8 62 0 0 6 1 2 0 0 0 1 0 1 0 0 0 13 94,26
AO5268 [1,46(1168| 1 |0,11| O | 0,16 7 58 0 0 6 1 2 0 0 0 1 0 1 0 0 0 13 90,17




Comment | Al Si S Ca| V Fe Pb U Ti La Th Mn Y Ce P Nd | Dy [ Nb | Gd | Yb [ Ta F 0 Total
AO5268 (0,14 1,32 0 |(067] 0 | 0,61 4 66 0 0 5 1 1 0 0 0 0 0 1 0 0 0 13 95,08
AO5268 |0,14 | 1,02 1 0,38] O 0,26 7 61 0 0 6 1 1 0 0 0 0 0 0 0 0 0 13 97,17
AO5268 |0,08| 1,21 0 0,89] O 0,67 3 31 0 0 11 0 4 2 0 1 1 0 0 0 0 0 23 96,35
AO5268 (0,02 0,33 2 |090]| 0 | 0,86 | 22 48 0 0 5 0 2 0 0 0 0 1 1 0 0 0 13 93,00
AO5268 (0,15 1,14 0 (080| 0 | 0,62 9 60 0 0 4 1 2 0 0 0 1 0 0 0 0 0 12 95,79
AO5268 |0,11 | 0,97 1 0,63] O 0,53 8 63 0 0 4 1 2 0 0 0 0 0 0 0 0 0 13 96,81
AO5268 0,18 | 1,44 1 0,73] O 0,60 12 61 0 0 3 1 1 0 0 0 0 0 0 0 0 0 13 | 100,19
AO5268 (0,19 1,68 2 |054] 0 | 051 | 12 62 0 0 2 1 1 0 0 0 0 0 0 0 0 0 15 96,84
AO5268 (1,24 9,69 1 ]0,07] 0 |013 7 64 1 0 3 1 1 1 0 1 0 1 1 0 0 0 14 ] 90,89
AO5268 |0,31| 1,75 1 0,29 O 0,36 6 39 0 0 5 0 4 1 0 1 1 0 1 0 0 0 21 |104,20
AO5268 |0,15| 1,12 4 0,87] 0 0,64 27 45 1 0 4 0 1 1 0 0 0 1 0 0 0 0 16 95,50
AO5268 (0,02 0,42 0 (062| 0 | 0,48 5 64 0 0 7 1 1 0 0 0 0 0 0 0 0 0 13 96,72
AO5268 (0,17 1,37 1 ]064] 0 | 072 | 19 52 0 0 6 1 2 0 0 0 1 0 0 0 0 0 12 95,09
AO5268 |0,24| 1,37 1 0,45] O 0,45 6 60 0 0 6 1 2 0 0 1 1 0 1 0 0 0 13 95,23
AO5268 |0,07| 0,87 1 095] 0 0,49 15 51 0 0 6 1 2 0 0 1 0 0 1 0 0 0 13 94,20
AO5268 (0,08 0,91 0 [122]| 0 | 0,64 5 61 0 0 6 1 3 0 0 0 1 0 1 0 0 0 13 94,67
AO5268 (0,33 1,89 0 [(043| 0 | 0,51 4 68 0 0 3 2 1 0 0 0 1 0 0 0 0 0 13 95,08
AO5268 |0,14 | 0,63 1 0,741 0O 0,53 10 58 1 0 4 1 1 1 0 0 0 1 0 0 0 0 14 95,55
AO05268 |0,00| 0,22 0 056 0 0,76 9 61 0 0 6 1 2 0 0 0 1 0 1 0 0 0 12 96,52
AO5268 (0,03 1,07 0 [122] 0O | 061 | 13 60 0 0 5 0 2 0 0 0 1 0 0 0 0 0 12 95,87
A05268 (0,07 1,02 0 [122| 0 | 048 3 67 0 0 6 2 1 0 0 0 0 0 0 0 0 0 13 96,53
AO5268 |0,11| 1,31 1 0,80] O 0,70 8 63 0 0 5 1 1 0 0 0 0 0 0 0 0 0 13 94,90
AO05268 |0,00| 0,28 1 1,10 O 0,32 6 63 0 0 4 1 2 0 0 0 0 0 1 0 0 0 13 96,41
AO5268 (0,06 | 0,44 0O [(098] 0 | 047 | 12 64 0 0 3 1 2 0 0 0 0 0 1 0 0 0 12 97,15
AO5268 (0,16 1,32 1 |067] 0 | 062 18 58 0 0 3 1 1 0 0 0 0 0 0 0 0 0 12 97,57
AO5268 |0,16| 1,83 2 0,49] O 0,48 6 64 0 0 3 1 1 1 0 0 0 0 0 0 0 0 15 95,91
AO5268 |0,06| 0,87 1 1,00 O 0,59 6 61 0 0 5 1 1 1 0 1 0 1 1 0 0 0 14 94,87
AO5268 (0,01 0,21 0 [0,05|] O |10,29| 6 64 0 0 7 1 1 0 0 0 0 0 0 0 0 0 12 | 43,26
AO5268 [0,02| 0,03 | 14 |0,00] 0O | 7,00 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 | 37,24
AO5268 |0,11| 1,06 14 10,99( O 0,78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 96,77
AO05268 |0,13| 1,30 1 0,77] O 0,64 7 67 0 0 1 1 1 0 0 0 1 0 0 0 0 0 13 96,80
AO5268 (0,12 1,14 1 ]1,02| 0 | 0,64 8 66 0 0 1 1 1 0 0 1 0 0 0 0 0 0 13 95,45
AO5268 [0,01| 0,37 0 [1,04| 0O | 0,66 3 70 0 0 2 2 1 0 0 0 0 0 0 0 0 0 13 96,85




AO5268 (0,13 | 0,98 1 |]107] 0 | 072 | 13 65 0 0 2 1 1 0 0 0 0 0 0 0 0 0 12 97,44
AO5268 (0,40 | 4,13 1 ]043| 0 | 041 9 66 0 0 1 2 1 0 0 1 0 0 0 0 0 0 13 97,57
AO5268 (0,12 | 1,66 1 |083] 0O | 056 | 12 51 0 0 7 1 2 0 0 0 0 0 0 1 0 0 16 94,80
AO5268 (0,18 2,21 0O |(062| 0 | 047 5 62 0 0 7 1 2 0 0 0 1 0 1 0 0 0 13 94,62
sample | Al Si S K |Ca|V |Fe | Zr | Pb U Na | Mg Ti Mo [ La | Th | Mn Y Ce P Nd | Dy | Ta (0] Total
A03883|0.02| 035 | 0 |0.15|167| O |0.57| O 9 68 0 0 0 0 0 3 1 1 0 0 0 0 0 12 | 97.289
AO3883|0.04| 054 | 1 ]0.13|135[ 0 |0.76] O 14 63 0 0 0 0 0 3 1 1 0 0 0 0 0 14 [100.426
A03883|0.00| 0.33 | 0 |0.23|159| 0 |043| O 6 69 0 0 0 0 0 2 1 2 0 0 0 1 0 12 | 96.072
A0O3883|0.03| 051 | 1 |0.22|145[ 0 |0.64| O 5 71 0 0 0 0 0 2 1 1 0 0 0 0 0 13 [ 96.463
A03883|0.05| 1.06 | 1 |0.18|/0.95[ 0 |0.75] O 3 69 0 0 0 0 0 2 1 2 0 0 0 0 0 13 [ 94.429
A0O3883|0.22| 184 | 2 (021|068 O |0.77] O 3 62 0 0 0 0 0 7 1 1 0 0 0 1 0 13 [ 92.766
A0O3883|0.50| 346 | 3 |0.14|0.54| 0 |0.75] O 2 57 0 0 0 0 0 6 1 1 1 0 1 0 0 14 | 88.613
A03883|0.17| 1.10 | 1 |0.18|/1.03| O |0.69| O 3 66 0 0 0 0 0 7 1 1 0 0 1 0 0 13 [ 95.831
A0O3883|0.91)| 649 | 6 |0.38|/0.64( O |0.30| O 3 47 0 0 3 0 0 6 0 1 0 0 0 0 0 18 | 87.375
AO3883|1.17| 6.32 | 6 |0.28|/0.75] O |045] O 1 54 0 0 0 0 0 6 0 2 1 0 0 0 0 18 [ 91.613
A03883]0.99| 9.85 | 10 |0.05/0.43| O |0.07|] O 2 26 0 0 0 0 0 18 0 8 0 0 1 1 0 21 | 89.207
A03883[1.18|10.29| 10 |0.10|/0.51| O |[0.04| O 2 30 0 0 0 0 0 16 0 7 0 0 0 1 0 22 | 90.617
A03883|0.00| 0.57 | 1 |0.21|0.70f O |0.67| O 22 57 0 0 0 0 0 4 1 3 0 0 0 1 0 15 [108.649
A0O3883|0.01| 070 | 1 |0.10/1.02| O |054| O 3 65 0 0 0 0 0 5 1 3 0 0 1 1 0 12 [ 93.792
AO3883|1.09| 665 | 7 |0.26/0.78] O |0.35] O 1 53 0 0 1 0 0 4 0 1 1 0 0 0 0 18 | 88.391
A03883|0.00| 0.67 | 1 |0.19/0.70( O |0.62| O 10 59 0 0 0 0 0 6 1 3 0 0 1 1 0 13 | 95.046
A03883[0.00| 0.21 | O |0.16[/0.80] 0 [0.56] © 10 60 0 0 0 0 0 6 1 3 0 0 0 0 0 12 | 95.226
A03883[0.00({ 0.20 | O |0.10|0.87| 0 [0.62]| O 9 59 0 0 0 0 0 6 1 3 0 0 0 1 0 12 [ 94.276
A03883[0.01| 051 | 1 |0.17[0.86| 0 [0.72] O 9 59 0 0 0 0 0 6 1 3 0 0 0 1 0 12 [ 94.228
A03883|0.00| 0.22 | 0 |0.12|0.85[ O |0.58| O 5 63 0 0 0 0 0 6 1 3 0 0 1 1 0 12 | 95.218
A03883|0.00| 046 | 0 |0.16/0.87| O |0.71| O 5 64 0 0 0 0 0 6 1 3 0 0 0 1 0 12 | 95.086
A0O3883|0.00| 040 | O |0.18/0.94( O |0.65] O 8 60 0 0 0 0 0 6 1 3 0 0 1 1 0 13 [ 95.513
A03883|0.00| 0.33 | 0 |0.22|0.90( O |0.69| O 5 63 0 0 0 0 0 6 1 3 0 0 0 0 0 12 [ 93.821
A0O3883|0.74| 394 | 4 |0.19|051( 0 |0.31| O 9 45 0 0 0 0 0 4 0 1 1 0 1 0 0 15 | 83.752
A03883|0.86| 532 | 5 |0.09/054[ 0 |0.38] O 14 45 0 0 0 0 0 4 0 2 0 0 1 0 0 17 | 93.389
AO3883|1.01| 575 | 6 |0.23|/0.65( O |0.40| O 13 43 0 0 0 0 0 5 0 1 1 0 0 0 0 18 [ 92.158
AO3883|1.01| 510 | 5 |0.14|/044| 0 |0.32] O 18 42 0 0 0 0 0 6 0 1 1 0 1 1 0 18 95.89
A0O3883|0.74| 418 | 4 |0.15|/0.69( O [1.00|] O 6 23 0 0 18 0 1 2 0 2 2 0 1 0 1 24 | 88.639
AO3883|1.09| 552 | 6 |0.12|081| 0 |1.27] O 3 25 0 0 17 0 1 2 0 1 2 0 1 0 1 25 | 87.271




sample | Al Si S K |Ca|V | Fe | Zr | Pb U Na | Mg Ti Mo [ La | Th | Mn Y Ce P Nd | Dy | Ta 0 Total
A03883|0.05| 0.74 ] 1 ]0.16/0.94| 0 |0.52] O 7 62 0 0 0 0 0 5 1 3 0 0 0 1 0 13 | 94.683
AO388310.02| 0.54 1 [(0.15/0.80| 0 [0.62| O 18 55 0 0 0 0 0 5 1 2 0 0 0 1 0 13 98.466
AO3883]0.03| 0.85 1 (0.15/0.98| 0 (0.70 O 5 64 0 0 0 0 0 5 1 3 0 0 0 0 0 13 95.13
A03883|0.00| 0.65 | 1 |0.17|/0.92|[ 0 |051| O 8 61 0 0 0 0 0 5 1 3 0 0 0 1 0 12 | 93.843
A03883]1.49| 870 | 9 ]0.26/0.95] 0 |0.54| O 5 36 0 0 2 0 0 9 0 2 1 0 0 0 1 22 | 89.937
AO3883]0.00| 0.65 1 [(0.18]0.97| 0 [0.58| O 7 62 0 0 0 0 0 5 1 2 0 0 0 0 0 12 93.04
AO3883]0.05| 1.13 1 (0.15/0.69| 0O (0.87| O 11 59 0 0 0 0 0 4 1 3 0 0 0 0 0 13 95.746
A03883|0.94| 6.72 | 7 |0.16/0.69( O |0.39| O 12 39 0 0 0 0 0 10 0 4 0 0 0 0 0 19 95.46
A03883|0.56| 421 | 4 |0.08/0.18| 0 [1.11] © 1 21 0 0 21 0 1 2 0 3 3 0 2 0 1 25 | 86.175
AO3883]0.01| 0.73 1 |p21|1.00| 0 |068]| O 4 67 0 0 0 0 0 3 1 3 0 0 1 0 0 13 93.692
AO3883]0.03| 0.89 1 10.16|093| 0 |0.74| O 5 64 0 0 0 0 0 3 1 3 0 0 0 1 0 13 93.38
A03883|0.05| 0.87 | 1 |0.16/0.89] 0 [0.73] © 6 65 0 0 0 0 0 4 1 3 0 0 0 1 0 13 96.21
A03883[0.17| 1.56 | 2 |0.19]0.77] 0 |0.58] 0 6 63 0 0 0 0 0 3 1 3 0 0 0 1 0 14 | 95.387
AO3883]0.01| 0.68 1 [(0.20/0.97| 0 [0.69| O 6 64 0 0 0 0 0 3 1 3 0 0 0 1 0 13 93.683
AO3883|0.55| 3.24 3 [0.10/0.33| O [0.41| O 23 44 0 0 0 0 0 5 0 2 1 0 0 0 0 16 98.733
A03883|0.00| 091 | 1 |0.22|0.94[ 0 |0.76] O 3 67 0 0 0 0 0 3 1 3 0 0 1 1 0 13 95.29
A03883|0.04| 0.88 | 1 ]0.26/0.94| 0 |0.75] O 3 68 0 0 0 0 0 4 1 3 0 0 0 1 0 13 | 95.043
AO3883]0.06 | 0.95 1 [(0.19/0.93| 0 [0.77| O 3 66 0 0 0 0 0 4 1 3 0 0 0 1 0 13 94.398
AO3883|0.79| 4.71 5 [0.13{0.36f 0 [0.21| O 22 41 0 0 0 0 0 3 0 1 1 0 1 0 0 18 95.994
A03883|0.93| 496 | 5 |0.21|/0.34( 0 |0.20| O 12 44 0 0 0 0 0 4 0 2 1 0 1 0 0 17 | 90.013
A03883|0.96| 548 | 5 |0.21|/0.29| 0 |0.34|] O 11 46 0 0 0 0 0 4 0 2 1 0 0 0 0 17 | 90.866
AO3883]0.96 | 5.57 6 [0.14[(0.83[ 0 [1.29| O 3 22 0 0 18 0 1 3 0 1 2 0 1 0 3 25 87.218
AO3883|0.75| 4.36 4 10111056 0 |1.26] O 24 16 0 0 14 0 0 3 0 1 2 0 1 0 2 24 96.78
A03883|1.50|10.39| 10 |0.22|0.45[ 0 |0.04| O 13 24 0 0 0 0 0 13 0 6 0 0 0 1 0 22 | 92.665
A03883[1.42[10.46| 10 [0.09]0.46| 0 |[0.06] 0 9 32 0 0 0 0 0 8 0 6 0 0 0 1 0 22 | 92.367
A03883[1.27]| 9.69 | 10 |0.06|0.49| 0 |0.03| 0 10 21 0 0 0 0 0 14 0 6 0 0 0 1 0 21 87.559
A03883]0.02| 0.60 1 (0.20]/059| 0 (0.64| O 8 57 0 0 0 0 0 7 1 4 0 0 0 1 0 12 91.767
A03883|0.00| 041 | 0 |0.15|/059( 0 |0.49| O 14 55 0 0 0 0 0 6 1 4 0 0 0 1 0 13 | 96.882
A03883|0.02| 0.64 | 1 ]0.14|0.68| 0 |0.65|] O 6 59 0 0 0 0 0 7 1 5 0 0 1 0 0 12 [ 92.391
AO388310.02| 0.84 1 (/0.18]0.73| 0 [0.77| O 3 60 0 0 0 0 0 6 1 5 0 0 0 1 0 12 91.887
AO3883|0.74| 6.98 7 [0.08({0.46( 0O [0.09| O 21 26 0 0 2 0 0 7 0 3 0 0 0 0 0 19 88.757
A03883|0.65| 5.65 | 6 |0.17|051( 0 |0.14| O 18 32 0 0 2 0 0 6 0 3 0 0 0 0 1 18 | 89.587
A03883|0.95| 543 | 5 |0.10/0.85[ 0 |1.49] O 1 19 0 0 16 0 1 5 0 1 3 0 1 0 3 24 | 82.809




sample | Al Si S K |Ca|V | Fe | Zr | Pb U Na | Mg Ti Mo [ La | Th | Mn Y Ce P Nd | Dy | Ta 0 Total
A03883|0.77] 9.37 | 9 ]0.09/0.21| 0 |0.03] O 9 13 0 0 0 0 0 34 0 3 0 0 0 1 0 21 | 95.016
AO3883|0.75| 9.36 9 [0.05({0.28( O [0.10[ O 8 12 0 0 0 0 0 36 0 3 0 0 0 0 0 21 93.404
A0388310.90|10.01| 10 [0.12(0.17( O [0.10| O 6 14 0 0 0 0 0 35 0 3 1 0 1 0 0 21 92.761
A03883|0.79| 9.56 | 10 |0.08|0.29( 0 |0.05| O 5 11 0 0 0 0 0 41 0 2 0 0 0 0 0 21 | 93.323
A03883|0.60| 7.77 | 8 |0.07|/0.23] 0 |0.09] O 22 13 0 0 0 0 0 31 0 2 0 0 0 0 0 21 101.03
AO3883]0.63| 3.55 4 10.121060| O |1.40]| O 7 9 0 0 18 0 0 4 0 4 2 0 1 0 4 23 80.903
AO3883|0.10| 1.65 2 [0.19(0.79 0 [0.57| O 6 61 0 0 0 0 0 7 1 2 0 0 0 1 0 13 94.693
A03883|0.01| 081 | 1 |0.12|/0.93[ 0 |0.51| O 9 61 0 0 0 0 0 5 1 2 0 0 0 0 0 13 [ 95.786
A03883|0.07] 092 | 1 ]0.21|/0.93| 0 |0.58] O 4 65 0 0 0 0 0 5 1 3 0 0 0 1 0 13 [ 94.244
AO3883]0.03| 1.10 1 [(0.19/0.84| 0 [0.65| O 4 65 0 0 0 0 0 5 1 3 0 0 0 0 0 13 94.868
AO3883]0.07| 1.23 1 (019|071 0 [0.73| O 11 58 0 0 0 0 0 5 1 2 0 0 0 1 0 14 96.354
A03883|0.22| 153 | 2 |0.17|0.77[ 0 |0.78] O 2 64 0 0 0 0 0 5 1 3 0 0 0 0 0 13 [ 92.986
A03883|0.08| 1.03 | 1 ]0.18|1.04| 0 |0.69] O 4 65 0 0 0 0 0 5 1 3 0 0 0 0 0 13 [ 94.319
AO3883]0.06| 1.24 1 [(0.20]0.77] O [0.61| O 3 64 0 0 0 0 0 5 1 3 0 0 0 0 0 13 92.906
AO3883|0.07| 1.21 1 (0.20/0.81| 0O [0.65| O 4 63 0 0 0 0 0 6 1 3 0 0 0 1 0 13 93.601
A03883|0.13| 148 | 1 |0.21|/0.82( 0 |0.76] O 4 63 0 0 0 0 0 6 1 2 0 0 0 0 0 13 | 93.862
A03883|1.05| 523 | 5 |0.15|/0.32] 0 |0.32] O 11 44 0 0 0 0 0 3 0 2 1 0 1 0 0 16 | 88.006
AO3883|1.05| 5.92 6 [0.12{0.34( 0 [0.37] O 8 48 0 0 0 0 0 6 0 2 1 0 1 0 0 18 91.706
AO3883|0.54| 3.58 4 10.171048| 0 |]0.73] O 2 59 0 0 0 0 0 5 1 3 1 0 1 1 0 15 91.523
A03883[1.04| 6.26 | 6 [0.23]/0.31] 0 [053] 0 5 52 0 0 0 0 0 2 0 2 1 0 1 0 0 18 [ 91.927
A03883|0.52| 359 | 4 |0.04/0.74| 0 [1.30] © 6 23 0 0 20 0 0 2 0 2 2 0 1 0 1 25 | 89.071
AO3883|0.75| 4.80 5 [0.11{0.71| 0 [1.43] O 4 26 0 0 19 0 1 1 0 1 2 0 1 0 1 25 88.462
AO3883|0.00| 0.86 1 (0.13]0.74| 0 (057 O 4 60 0 0 0 0 0 7 1 4 0 0 1 1 0 13 92.821
A03883|0.01| 085 | 1 |0.18|/0.73[ O |0.66| O 2 60 0 0 0 0 0 7 1 4 0 0 1 0 0 12 90.57
A03883|0.02| 087 | 1 |0.17|0.61] 0 |058] 0 8 56 0 0 0 0 0 7 1 3 0 0 0 1 0 13 | 92.637
AO3883]0.05| 1.07 1 |0.24|057| 0 |068| 0 7 56 0 0 0 0 0 7 1 4 0 0 1 1 0 13 93.321
AO3883|0.00| 0.85 1 (0.16|/0.67| O [0.58| O 5 59 0 0 0 0 0 7 1 4 0 0 0 1 0 12 92.088
A03883|0.04| 0.87 | 1 |0.15|/0.61| O |0.59| O 7 58 0 0 0 0 0 7 1 4 0 0 1 1 0 13 [ 93.459
A03883|0.00| 0.84 | 1 ]0.14|0.70] 0 |0.61] O 3 60 0 0 0 0 0 7 1 4 0 0 1 1 0 12 91.64
AO3883|0.75| 4.34 4 |0.15|0.30[ 0 |052| O 10 45 0 0 0 0 0 7 0 2 1 0 0 1 0 16 90.127
AO3883|1.05| 5.72 6 |0.16/0.25| 0 |0.28| O 10 43 0 0 0 0 0 6 0 2 1 0 1 0 0 17 90.68
A03883|1.28| 6,51 | 7 |0.12|0.28( 0 |0.20| O 4 44 0 0 0 0 0 9 0 1 1 0 1 0 0 17 | 86.678
A03883|1.19| 9.77 | 10 |0.06/0.37| 0 |0.21| O 4 19 0 0 2 0 0 23 0 7 0 1 1 1 0 23 | 91.597




sample | Al Si S K |Ca|V | Fe | Zr | Pb U Na | Mg Ti Mo [ La | Th | Mn Y Ce P Nd | Dy | Ta 0 Total
A03883[0.86| 9.03 | 9 [0.03]/0.18| 0 |0.08] 0 10 7 0 0 0 0 0 38 0 3 1 0 0 0 0 21 | 92.629
AO388310.84| 8.59 9 |0.11|0.20| 0 |0.02] O 14 7 0 0 0 0 0 36 0 3 1 0 1 0 0 20 93.725
AO0388310.93| 9.99 | 10 [0.09(0.18f O [0.09| O 3 11 0 0 0 0 0 36 0 4 1 0 0 0 0 21 89.503
A03883|0.98| 9.57 | 10 |0.06/0.11( O |0.00| O 10 10 0 0 0 0 0 34 0 3 1 0 1 0 0 21 | 92.725
A03883]0.99| 564 | 6 |0.07|/0.25] 0 |0.29] O 5 48 0 0 0 0 0 7 0 2 1 0 1 0 0 17 | 88.457
AO3883|1.03| 5.36 5 [0.10{0.25[ 0 [0.26] O 9 40 0 0 0 0 0 6 0 2 1 0 1 0 0 16 82.823
AO3883|0.56| 3.17 3 [0.10{0.43| 0 [1.17| O 2 27 0 0 23 0 0 1 0 1 2 0 1 1 1 25 90.13
A03883|0.92| 492 | 5 |0.21|/0.32( 0 |0.32| O 4 48 0 0 0 0 0 9 0 2 1 0 0 0 0 16 | 87.904
A03883|0.82| 7.47 | 7 |0.11|0.77| 0 |0.99|0.0 2 22 0 0 11 0 1 8 0 3 3 1 1 0 1 25 | 88.932
AO3883|1.04| 5.28 5 [0.10{0.73| O [1.83] O 5 19 0 0 19 0 0 3 0 1 2 0 1 0 1 26 87.298
AO3883]1.03| 6.62 7 10.16[{0.84 0 [1.07] O 1 24 0 0 14 0 1 5 0 1 2 0 1 0 2 24 84.961




Table 2: Electron microprobe analyses of uraniuaring mineral phases as oxides in weight %

sample | Al,O3 | SiO, SO, | CaO | V203 FeO PbO Uo, TiO; [ La;Os | ThO, [ MnO | Y2053 [ CexO3 | P2Os | Nd2O3 | Dy203 | Nb2Os [ Gd205 | YboOs [ Ta,0s | F Total
DO8628 | 0,06 0,84 1 2,10 0 0,48 14 68 0 0 4 1 2 0 0 0 1 0 1 0 0 0 96,04
DO8628 | 0,04 1,64 1 3,42 0 0,49 6 72 0 0 4 1 2 0 0 0 1 0 0 0 0 0 94,77
D0O8628 [ 0,00 0,25 0 1,49 0 0,98 11 70 0 0 6 1 2 0 0 0 1 0 1 0 0 0 94,93
D0O8628 [ 0,09 2,28 2 2,11 0 0,50 14 55 3 0 6 1 2 0 0 0 0 2 0 0 0 0 91,83
D08628 | 0,02 0,31 0 0,58 0 0,74 16 66 0 0 6 0 2 0 0 0 0 0 1 0 0 0 93,66
DO8628 | 0,03 0,76 0 1,12 0 0,72 13 68 1 0 7 1 2 0 0 0 0 0 1 0 0 0 95,72
D0O8628 [ 0,00 0,69 0 1,07 0 0,64 13 66 1 0 6 1 3 0 0 0 1 0 1 0 0 0 94,47
D0O8628 [ 0,00 0,30 0 1,24 0 0,88 13 69 0 0 6 1 3 0 0 0 1 0 1 1 0 0 96,58
DO8628 | 0,00 0,47 0 1,44 0 0,51 12 68 0 0 6 1 3 0 0 0 1 0 1 0 0 0 93,88
DO8628 [ 0,00 0,09 0 0,78 0 0,71 12 69 0 0 6 1 3 0 0 0 1 0 1 0 0 0 94,60
D08628 [ 0,27 8,28 3 0,42 0 0,91 19 21 9 0 8 0 10 0 4 0 2 4 1 1 1 1 93,29
DO8628 | 0,33 | 11,31 1 0,49 0 0,27 8 25 4 0 10 0 15 0 6 1 2 3 2 1 0 1 91,64
D08628 | 0,03 0,57 2 2,38 0 0,53 15 69 0 0 3 1 2 0 0 0 0 0 0 0 0 0 96,53
DO8628 [ 0,00 0,27 3 1,05 0 0,55 29 59 0 0 2 1 1 0 0 0 1 0 1 0 0 0 99,92
D08628 | 0,11 1,69 1 2,70 0 0,47 9 72 0 0 3 1 2 0 0 0 0 0 0 0 0 0 96,02
D08628 [ 0,01 0,29 0 2,39 0 0,91 12 75 0 0 3 1 2 0 0 0 0 0 0 0 0 0 96,81
D0O8628 | 0,09 1,66 1 2,59 0 0,53 10 72 0 0 3 1 2 0 0 0 0 0 0 0 0 0 94,77
DO8628 | 0,03 0,81 3 1,49 0 0,48 22 63 0 0 2 1 2 0 0 0 0 0 0 0 0 0 96,98
D0O8628 [ 0,00 0,47 0 2,03 0 0,74 12 73 0 0 3 1 2 0 0 0 1 0 0 0 0 0 94,53
D0O8628 [ 0,00 0,22 1 0,74 0 0,50 19 68 0 0 4 0 2 0 0 0 0 0 0 0 0 0 96,70
DO8628 | 0,06 1,14 1 3,10 0 0,63 8 71 0 0 3 1 2 0 0 0 1 0 0 0 0 0 94,30
DO8628 [ 0,09 1,11 4 2,83 0 0,72 20 65 0 0 5 1 1 0 0 0 0 0 0 0 0 0 [102,56
D08628 [ 0,10 1,52 0 4,53 0 0,59 3 78 0 0 5 1 1 0 0 0 0 0 0 0 0 1 96,45
D08628 [ 0,01 1,45 0 4,17 0 0,71 3 77 0 0 5 2 1 0 0 0 0 0 0 0 0 0 95,67
D0O8628 | 0,05 1,57 1 3,62 0 0,58 8 72 0 0 6 1 1 0 0 0 0 0 0 0 0 1 96,43
DO8628 [ 0,00 0,52 0 2,74 0 0,81 7 74 0 0 6 1 1 0 0 0 0 0 0 0 0 0 94,65
D08628 [ 0,20 3,07 2 1,20 0 0,91 11 62 1 0 4 0 2 1 0 1 1 2 1 0 0 0 92,65
D0O8628 [ 0,00 0,35 0 1,38 0 1,17 15 70 0 0 4 1 1 0 0 1 0 0 0 0 0 0 95,84
DO8628 [ 0,00 0,88 1 3,15 0 0,91 12 69 1 0 4 1 1 0 0 0 0 1 0 0 0 0 94,62
DO8628 | 0,01 0,82 1 1,32 0 0,90 15 69 0 0 4 1 1 0 0 0 0 0 0 0 0 0 94,87
D0O8628 [ 0,00 1,12 1 3,91 0 0,71 6 75 0 0 4 1 2 0 0 0 1 0 0 0 0 1 96,45
D0O8628 | 0,02 0,30 0 0,66 0 1,14 13 73 0 0 3 0 2 0 0 0 0 0 0 0 0 0 95,09




sample | Al,O3 | SiO, SO, | CaO | V.03 FeO PbO Uo, TiOz; [ La;Os | ThO, [ MnO | Y205 [ CesO3 | P2Os | Nd2O3 | Dy203 | Nb2Os [ Gd203 | YboOs [ Ta,0s | F Total
D0O8628 [ 0,00 0,13 1 1,27 0 0,67 18 68 0 0 4 0 2 0 0 0 0 0 1 0 0 0 97,82
D08628 | 0,07 1,50 1 2,46 0 0,73 11 69 0 0 4 1 3 0 0 1 0 0 0 0 0 0 96,35
D08628 | 0,01 0,45 0 1,23 0 0,66 14 70 0 0 4 1 2 0 0 0 0 0 0 0 0 0 94,72
D0O8628 [ 0,04 1,27 0 2,67 0 0,48 9 70 0 0 5 1 3 0 0 1 0 0 1 0 0 0 94,69
D0O8628 [ 0,00 0,43 0 2,03 0 0,77 12 71 0 0 4 1 2 0 0 0 0 0 0 0 0 0 94,64
DO8628 | 0,06 0,77 1 2,97 0 0,37 14 68 0 0 4 1 2 0 0 1 1 0 1 0 0 0 96,94
DO8628 | 0,04 0,78 1 1,51 0 0,65 15 67 0 0 4 0 3 0 0 1 0 0 0 1 0 0 95,46
D08628 | 1,24 8,96 3 0,55 0 2,28 17 20 14 0 6 0 7 0 3 0 1 6 1 1 1 0 92,54
DO8628 | 2,04 | 12,51 1 0,92 0 3,08 16 18 14 0 6 0 1 1 1 0 0 7 0 0 3 0 87,65
D06920 [ 0,12 9,29 1 0,99 0 0,00 7 33 0 0 8 0 11 0 9 1 2 0 2 1 0 1 86,07
D06920 [ 0,16 | 10,22 0 1,14 0 0,18 3 34 1 0 8 0 13 1 10 1 2 0 2 1 0 1 88,36
D06920 [ 0,19 9,35 1 0,98 0 0,24 10 34 0 0 7 0 11 0 8 1 1 0 2 1 0 1 88,31
DO6920 [ 0,17 | 10,09 6 1,01 0 5,94 5 21 0 0 23 0 6 1 5 0 1 0 1 0 0 1 86,89
D06920 | 0,13 | 11,27 1 0,77 0 0,00 5 37 0 0 18 0 8 0 6 1 1 0 2 1 0 1 94,08
D06920 [ 0,21 | 11,36 1 1,37 0 0,00 5 23 0 0 34 0 7 1 6 1 1 0 1 1 0 1 93,55
D0O6920 [ 0,04 0,43 0 1,31 0 0,11 0 1 0 18 2 0 0 35 0 8 0 0 0 0 0 7 73,07
D0O6920 [ 0,12 0,12 0 0,85 0 1,25 0 0 0 17 1 0 0 36 0 9 0 0 0 0 0 7 73,45
D0O6920 [ 0,00 0,05 0 0,61 0 0,37 0 0 0 17 0 0 0 36 0 10 0 0 1 0 0 7 72,62
D06920 [ 0,01 0,10 0 0,73 0 0,27 0 0 0 17 1 0 1 35 0 9 1 0 0 0 0 7 72,50
D06920 [ 0,31 0,41 0 1,87 0 0,56 0 0 0 17 6 0 0 33 1 7 0 0 0 0 0 7 75,22
D06920 [ 1,23 1,43 0 2,36 0 0,85 1 83 0 0 0 0 0 1 0 1 0 0 0 0 0 0 93,88
D0O6920 [ 0,09 1,03 0 2,32 0 0,93 1 83 0 0 0 0 0 1 0 1 1 0 0 0 0 0 93,62
D06920 | 0,17 1,69 0 1,87 0 0,52 1 81 0 0 0 0 1 2 0 1 1 0 1 0 0 0 91,70
D0O6920 [ 0,46 3,04 0 1,49 0 0,84 2 80 0 0 0 0 0 2 0 1 0 0 0 0 0 0 92,75
D0O6920 [ 0,22 1,56 0 1,79 0 1,05 0 1 0 16 0 0 0 33 0 8 0 0 0 0 0 8 72,72
D06920 [ 0,13 | 10,25 2 1,28 0 0,88 1 20 0 0 36 0 9 1 8 1 1 0 1 1 0 1 94,14
D06920 [ 0,14 | 10,65 2 1,28 0 2,11 1 19 0 0 34 0 10 1 9 2 2 0 2 1 0 1 95,94
D0O6920 [ 0,00 0,05 0 0,59 0 0,36 0 0 0 17 0 0 1 34 0 11 0 0 1 0 0 7 72,34
D0O6920 [ 0,04 0,05 0 0,52 0 0,12 0 0 0 18 0 0 0 36 0 10 0 0 0 0 0 8 73,50
D06920 [ 0,32 | 12,89 1 0,56 0 0,40 1 50 0 0 6 0 9 0 5 1 1 0 1 1 0 1 92,46
D06920 [ 0,29 | 13,64 1 0,55 0 0,36 2 48 0 0 8 0 9 0 5 0 1 0 2 1 0 1 91,74
DO6920 [ 0,49 | 13,94 0 0,46 0 0,00 2 48 0 0 8 0 8 0 5 1 1 0 1 1 0 1 92,05
D06920 [ 0,16 2,86 0 0,95 0 0,57 3 73 0 0 3 0 1 1 0 1 0 1 0 0 0 0 89,50




sample | Al,O3 | SiO, SO, | CaO | V.03 FeO PbO Uo, TiOz; [ La;Os | ThO, [ MnO | Y205 [ CesO3 | P2Os | Nd2O3 | Dy203 | Nb2Os [ Gd203 | YboOs [ Ta,0s | F Total
D0O8628 [ 0,14 1,36 0 2,36 0 0,64 11 65 0 0 5 0 0 0 0 0 0 1 0 0 0 0 87,50
DO8628 [ 0,00 1,32 2 2,39 0 0,42 15 67 2 0 6 0 1 0 0 0 0 1 0 0 0 0 98,27
D08628 | 0,01 0,57 19 0,00 0 0,06 76 8 1 0 1 0 0 0 0 1 0 2 0 0 0 0 [109,80
D0O8628 [ 0,00 0,78 3 0,69 0 0,70 14 63 1 0 7 1 4 0 0 1 1 1 1 1 0 0 98,08
D0O8628 [ 0,00 0,72 0 1,59 0 0,88 12 66 1 0 7 1 3 0 0 1 1 0 1 0 0 0 96,35
DO8628 [ 0,00 0,00 0 0,45 0 0,53 16 62 0 0 7 0 4 0 0 0 1 0 1 1 0 0 94,58
DO8628 | 0,00 1,97 0 0,47 0 0,76 13 54 2 0 9 0 4 0 1 0 1 1 1 0 0 0 90,72
D08628 [ 0,01 1,43 0 2,13 0 0,68 8 61 1 0 7 1 6 0 0 1 1 1 1 0 0 1 94,12
D0O8628 [ 0,00 1,03 0 0,94 0 1,04 13 61 1 0 8 0 4 0 0 0 1 1 1 0 0 0 94,07
DO8628 | 0,00 0,15 0 1,77 0 0,70 11 63 0 0 8 1 4 0 0 1 1 0 1 0 0 1 95,03
DO8628 | 0,00 0,40 0 1,64 0 0,58 10 63 0 0 8 1 4 0 0 1 1 0 1 0 0 0 94,39
D0O8628 [ 0,00 0,13 0 0,83 0 0,71 13 63 0 0 8 0 4 0 0 1 1 0 1 0 0 0 94,65
D08628 [ 0,11 3,62 1 2,39 0 0,56 9 56 3 0 5 1 3 0 1 0 1 3 0 0 0 0 89,62
DO8628 | 0,03 0,17 0 0,36 0 0,67 17 65 0 0 8 0 2 0 0 1 1 0 0 0 0 0 96,31
DO8628 [ 0,00 0,34 0 1,07 0 1,24 13 67 0 0 8 1 2 0 0 0 1 0 1 0 0 0 95,34
D0O8628 [ 0,00 0,15 0 0,51 0 0,78 16 66 0 0 8 1 2 0 0 0 0 0 0 0 0 0 95,65
D0O8628 [ 0,00 0,49 0 0,85 0 0,55 15 64 0 0 8 0 3 0 0 1 0 0 1 0 0 0 95,43
DO8628 | 0,24 3,80 2 1,15 0 0,51 11 57 0 0 6 0 4 1 0 1 1 0 1 1 0 0 91,58
DO8628 [ 0,00 0,35 0 1,51 0 0,50 13 64 0 0 8 1 3 0 0 0 0 0 1 0 0 0 94,21
AO5268 | 0,13 2,68 0 1,62 0 0,94 6 70 0 0 6 2 1 0 0 0 0 0 1 0 0 0 93,56
AO5268 | 0,90 8,08 3 0,96 0 0,46 13 63 0 0 3 1 1 0 0 0 0 0 0 0 0 0 96,53
AO5268 | 0,02 1,51 3 0,84 0 0,56 17 65 1 0 5 1 2 0 0 0 1 1 0 0 0 0 99,80
AO5268 | 0,78 5,87 1 0,19 0 1,43 3 21 36 1 2 1 4 4 0 2 1 4 1 0 1 0 90,49
AO5268 | 2,36 7,85 1 0,30 0 2,91 4 22 31 1 2 0 4 4 0 2 1 3 1 0 1 0 91,32
AO5268 | 0,05 2,15 2 0,95 0 0,62 7 69 1 0 6 2 2 0 0 1 1 0 1 0 0 0 95,79
AO5268 | 0,09 1,87 1 1,44 0 0,80 5 73 0 0 7 2 2 0 0 0 1 0 1 0 0 0 96,08
AO5268 | 0,08 1,55 0 1,58 0 0,97 3 76 0 0 5 2 3 0 0 0 1 0 0 0 0 0 95,13
AO5268 | 0,09 1,69 6 0,86 0 0,44 26 60 0 0 5 1 2 0 0 0 0 0 0 0 0 0 105,30
AO5268 | 0,03 1,53 1 141 0 0,76 6 73 0 0 6 2 3 0 0 0 1 0 0 0 0 0 96,24
AO5268 | 0,19 2,64 1 1,21 0 0,65 10 68 0 0 6 2 2 0 0 0 1 0 0 0 0 0 97,08
AO5268 | 0,00 0,90 1 1,57 0 1,42 9 70 0 0 6 1 3 0 0 0 1 0 1 0 0 0 97,73
AO5268 | 0,22 2,59 1 1,24 0 1,20 8 66 0 0 6 2 3 0 0 0 1 0 1 0 0 0 94,50
AO5268 | 2,77 | 25,00 0 0,15 0 0,21 3 36 0 0 13 0 5 2 0 1 1 0 0 0 0 0 90,25




sample | Al,O3 | SiO, SO, | CaO | V.03 FeO PbO Uo, TiOz; [ La;Os | ThO, [ MnO | Y205 [ CesO3 | P2Os | Nd2O3 | Dy203 | Nb2Os [ Gd203 | YboOs [ Ta,0s | F Total
AO5268 | 0,27 2,82 2 0,94 0 0,78 8 69 1 0 7 1 1 0 0 0 0 0 0 0 0 0 95,31
AO5268 | 0,27 2,18 4 0,54 0 0,34 23 55 1 0 6 1 2 0 0 0 0 1 1 0 0 0 97,35
AO5268 | 0,16 2,60 1 1,25 0 0,86 4 75 0 0 6 2 2 0 0 0 0 0 1 0 0 0 96,62
AO5268 | 0,04 0,70 1 1,27 0 1,10 10 68 0 0 5 1 3 0 0 0 1 0 0 0 0 0 93,20
AO5268 | 0,27 2,44 1 1,12 0 0,79 8 71 0 0 5 1 3 0 0 0 0 0 0 0 0 0 95,97
AO5268 | 0,21 2,08 1 0,88 0 0,68 13 70 0 0 3 1 2 0 0 0 0 0 0 0 0 0 96,96
AO5268 | 0,35 3,08 3 1,01 0 0,77 13 70 1 0 3 2 1 1 0 0 1 1 0 0 0 0 [100,34
AO5268 | 0,36 3,60 1 0,76 0 0,66 8 72 1 0 3 1 2 1 0 1 0 1 1 0 0 0 96,99
AO5268 | 2,33 | 20,74 1 0,10 0 0,17 6 44 0 0 6 0 5 1 0 1 1 0 1 0 0 0 91,01
AO5268 | 0,59 3,75 8 0,40 0 0,47 29 51 1 0 5 1 2 1 0 1 0 1 0 0 0 0 [104,38
AO5268 | 0,27 2,40 1 1,21 0 0,83 6 72 0 0 8 2 1 0 0 0 0 0 0 0 0 0 95,76
AO5268 | 0,03 0,91 3 0,86 0 0,62 20 59 0 0 7 1 2 0 0 0 1 0 0 0 0 0 96,88
AO5268 | 0,32 2,93 1 0,89 0 0,91 6 68 1 0 7 1 3 1 0 1 1 0 1 0 0 0 95,35
AO5268 | 0,46 2,92 2 0,63 0 0,58 17 58 1 0 7 1 2 1 0 1 0 0 1 0 0 0 95,39
AO5268 | 0,13 1,86 0 1,34 0 0,63 5 69 0 0 7 2 4 1 0 0 1 0 1 0 0 0 94,39
AO5268 | 0,16 1,94 0 1,70 0 0,82 4 77 0 0 4 2 2 0 0 0 1 0 0 0 0 0 95,01
AO5268 | 0,62 4,05 2 0,61 0 0,65 10 66 1 0 4 1 1 1 0 0 0 1 0 0 0 0 95,27
AO5268 | 0,26 1,34 0 1,03 0 0,68 10 69 0 0 6 1 3 0 0 0 1 0 1 0 0 0 95,72
AO5268 | 0,00 0,48 1 0,79 0 0,97 14 68 0 0 6 0 3 0 0 0 1 0 1 0 0 0 96,76
AO5268 | 0,06 2,30 0 1,70 0 0,78 3 76 0 0 6 2 1 0 0 0 0 0 0 0 0 0 96,13
AO5268 | 0,14 2,18 1 1,70 0 0,62 9 72 0 0 6 2 1 0 0 0 0 0 0 0 0 0 96,82
AO5268 | 0,21 2,81 1 1,12 0 0,90 7 71 0 0 5 2 3 0 0 0 0 0 1 0 0 0 95,14
AO5268 | 0,01 0,61 1 1,54 0 0,41 13 72 0 0 4 1 2 0 0 0 1 0 1 0 0 0 96,66
AO5268 | 0,12 0,93 3 1,37 0 0,61 19 66 0 0 3 1 1 0 0 0 0 0 0 0 0 0 97,38
AO5268 | 0,30 2,82 4 0,93 0 0,79 6 73 1 0 4 1 2 1 0 0 0 0 1 0 0 0 97,81
AO5268 | 0,31 3,92 1 0,69 0 0,62 7 70 1 0 6 1 1 1 0 1 1 1 1 0 0 0 96,04
AO5268 | 0,11 1,86 0 1,41 0 0,76 6 72 0 0 8 2 1 0 0 0 0 0 0 0 0 0 95,25
A0O5268 | 0,02 0,46 28 0,07 0 13,24 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 43,38
AO5268 | 0,04 0,07 28 0,00 0 9,01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 37,43
AO5268 | 0,20 2,27 1 1,38 0 1,01 7 76 0 0 1 2 2 0 0 1 1 0 0 0 0 0 97,09
AO5268 | 0,25 2,79 1 1,08 0 0,83 9 75 0 0 1 2 2 1 0 1 0 0 0 0 0 0 97,03
AO5268 | 0,22 2,44 0 1,43 0 0,82 3 79 0 0 3 2 1 1 0 0 0 0 0 0 0 0 95,68
AO5268 | 0,02 0,79 1 1,46 0 0,85 15 74 0 0 2 1 1 0 0 0 0 0 0 0 0 0 97,19




AO5268 | 0,25 2,10 2 1,50 0 0,92 10 75 0 0 1 2 1 0 0 1 0 0 0 0 0 0 97,71
AO5268 | 0,75 8,84 3 0,60 0 0,53 13 57 0 0 8 1 2 0 0 0 0 0 0 1 0 0 97,77
AO5268 | 0,24 3,56 1 1,16 0 0,72 5 70 0 0 7 2 2 0 0 0 1 0 1 0 0 0 95,02
AO5268 | 0,34 4,72 1 0,86 0 0,61 5 68 0 0 7 1 2 0 0 0 1 0 0 0 0 0 94,82
StanDev | 0.0471 [ 0.0744 ] 0.1199 | 0.144 | 0.1806 | 0.2021 | 0.7146 | 2.8834 | 0.0536 | 0.1256 | 0.1903 | 0.2019 | 0.1641 | 0.2391 [ 0.058 | 0.5718 | 0.6023 | 0.1289 | 0.5781 | 0.3662 0 0

Abbreviations: StanDev = standard deviation in %0x




sample | Al,O; | SiO, | SO, | KO | CaO | V,0; | FeO | ZrO, | PbO | UO; | Na;O [ MgO | TiO, | MoOs | La,0s [ ThO; | MnO | Y,03 [ Ce;Os | Po:Os | Nd,Oz | Dy,0Os | Ta,0s | Total

AO3883 | 0.03 | 0.75 0O ]018(234| 0 |073| O 10 77 0 0 0 0 0 3 1 1 0 0 0 0 0 97.38
AO3883 | 0.08 | 1.15 3 ]1015(189] 0 ]1098| O 15 71 0 0 0 0 0 4 1 1 0 0 0 0 0 100.54
AO3883 | 0.00 | 0.71 0 ]027(223] 0 |05 O 7 78 0 0 0 0 0 3 1 2 0 0 0 1 0 96.23
AO3883 | 0.05 | 1.08 1 [026]|203| 0 [082] O 5 81 0 0 0 0 0 2 1 1 0 0 0 0 0 96.62
AO3883 | 0.09 | 2.27 0O |022(133] 0 |097| O 3 78 0 0 0 0 0 3 1 2 0 0 1 0 0 94.56
AO3883 | 0.41 | 3.93 0 ]025[/095] 0 1099 O 3 71 0 0 0 0 0 8 1 1 0 0 0 1 0 92.87
A0O3883 | 0.95 | 7.40 0O |]017(076] 0 1096 O 2 64 0 0 0 0 0 7 1 2 1 0 1 0 0 88.74
AO3883 | 0.31 | 2.34 0O |]022(145] 0 (089 O 4 74 0 0 0 0 0 8 1 1 0 0 1 0 0 96.02
AO3883 | 1.71 |13.88| O |[046|089| O [038]| O 3 53 0 0 5 0 0 7 0 1 1 0 0 0 0 87.47
AO3883 | 2.22 11352 O [0.34]105| 0 [058]| O 1 62 0 0 0 0 0 7 0 2 1 0 0 0 0 91.68
AO3883 | 1.87 | 21.07| O |[0.07]060| O [010] O 3 29 0 0 0 0 0 20 0 10 0 1 1 1 0 89.47
AO3883 | 2.23 |22.01| O [0.13]0.72| 0O [005] O 2 34 0 0 0 0 0 18 0 8 0 1 1 1 0 90.86
AO3883 | 0.00 | 1.21 6 |]025[(097| 0 |086| O 23 64 0 0 0 0 0 5 1 3 0 0 0 1 0 108.79
A03883 | 0.01 | 1.50 0O ]012(142] 0 (070 O 3 74 0 0 0 0 0 6 2 4 0 0 1 1 0 94.05
AO3883 | 2.05 11424 O [032]110| O [045] O 1 60 0 0 2 0 0 4 0 1 1 0 0 0 0 88.47
AO3883 | 0.01 | 1.44 2 ]1023[(098| 0 (080 O 10 66 0 0 0 0 0 7 1 4 0 0 1 1 0 95.25
AO3883 | 0.00 | 0.44 2 1019111 0 |071| O 11 68 0 0 0 0 0 7 1 4 0 0 0 0 0 95.46
A03883 | 0.00 | 0.43 2 1012121 0 1079 O 10 67 0 0 0 0 0 7 1 4 0 0 0 1 0 94.57
AO3883 | 0.03 | 1.08 2 1020121 0 |1093| O 9 67 0 0 0 0 0 7 2 4 0 0 0 1 0 94.46
AO3883 | 0.00 | 0.47 1 [015]119| O [075] O 6 72 0 0 0 0 0 7 1 4 0 0 1 1 0 95.48
AO3883 | 0.00 | 0.99 1 019122 0 [091] O 6 72 0 0 0 0 0 7 1 4 0 0 0 1 0 95.36
A0O3883 | 0.00 | 0.86 2 ]1021(131] 0 ]1083| O 9 68 0 0 0 0 0 7 1 4 0 0 1 1 0 95.68
A0O3883 | 0.00 | 0.72 0O |027(126| 0 (1089 O 6 71 0 0 0 0 0 7 1 4 0 0 1 0 0 94.08
AO3883 | 1.39 | 8.42 2 1023[(072] 0 040 O 10 51 0 0 0 0 0 5 0 2 1 0 1 0 0 83.83
AO3883 | 1.62 |11.38| 3 [0.11]0.75| O [049]| O 15 51 0 0 0 0 0 5 0 3 1 0 1 0 0 93.47
AO3883 | 191 |1229| 4 |028|091| 0O [052] O 14 49 0 0 0 0 0 6 0 1 1 0 1 0 0 92.22
AO3883 | 190 |1091| 4 |0.17]|061| O [041] O 19 47 0 0 0 0 0 7 0 1 1 0 1 1 0 95.96
AO3883 | 1.39 | 8.94 1 (018|096 O 1291 O 7 26 0 0 31 0 1 2 0 3 3 0 1 0 1 88.74
AO3883 | 2.05 11181 1 |0.15|1.14| O 164| O 3 28 0 0 28 0 1 3 0 1 3 0 1 0 1 87.35
AO3883 | 2.81 |1862| 1 |032]134| 0 [069] O 5 40 0 0 4 0 0 10 0 3 1 1 0 1 1 89.95
AO3883 | 0.09 | 1.57 1 |019]131| O |067] O 8 70 0 0 0 0 0 6 2 3 0 0 0 1 0 94.87
AO3883 | 0.04 | 1.16 4 |017(112| 0 [079] O 19 62 0 0 0 0 0 5 1 3 0 0 0 1 0 98.70
AO3883 | 0.05 | 1.83 1 [019]138] 0 [091] O 6 73 0 0 0 0 0 6 2 3 0 0 1 0 0 95.38




sample | Al,O; | SiO, | SO, | KO | CaO | V,0; | FeO | ZrO, | PbO | UO; | Na;O [ MgO | TiO, | MoOs | La,0s [ ThO; | MnO | Y,03 [ Ce;Os | Po:Os | Nd,Oz | Dy,0Os | Ta,0s | Total
AO3883 | 0.00 | 1.38 1 [021)129| 0 |065] O 9 69 0 0 0 0 0 5 1 4 0 0 1 1 0 94.03
A03883 | 0.00 | 1.40 1 022135 0 [075] O 7 70 0 0 0 0 0 6 1 3 0 0 0 0 0 93.20
AO3883 | 0.10 | 2.42 2 1018(097] O 1121 O 12 67 0 0 0 0 0 5 1 4 0 0 0 0 0 96.03
AO3883 | 1.78 |1438| 3 [0.19]097| O [050] O 13 44 0 0 0 0 0 11 0 5 0 1 1 0 0 95.60
AO3883 | 1.05 | 9.02 0 ]010(025] O 143 O 1 24 0 0 35 0 1 3 0 3 4 0 3 0 1 86.37
AO3883 | 0.01 | 1.56 0 ]025(139| 0 |088| O 4 76 0 0 0 0 0 4 1 3 0 0 1 0 0 93.81
AO3883 | 0.07 | 1.91 1 [019]130f 0 [09] O 5 73 0 0 0 0 0 4 2 3 0 0 1 1 0 93.56
AO3883 | 0.08 | 1.86 1 [020])125( 0 [094] O 6 74 0 0 0 0 0 4 2 3 0 0 1 1 0 96.38
AO3883 | 0.32 | 3.34 1 [023|]108| 0 [075] O 7 72 0 0 0 0 0 4 1 3 0 0 0 1 0 95.56
AO3883 | 0.01 | 1.45 1 0241136 0 [088] O 7 73 0 0 0 0 0 3 2 4 0 0 0 1 0 93.84
AO3883 | 1.04 | 6.93 6 1011(/046] 0 (1053| O 24 50 0 0 0 0 0 5 0 2 1 0 0 0 0 98.81
AO3883 | 0.00 | 1.94 0O |027(131] 0 |098| O 3 76 0 0 0 0 0 4 2 4 0 0 1 1 0 95.44
AO3883 | 0.08 | 1.89 0O |031(131] 0 |097| O 3 77 0 0 0 0 0 4 2 4 0 0 0 1 0 95.19
A0O3883 | 0.12 | 2.04 1 023|130 0 [099] O 4 75 0 0 0 0 0 4 2 3 0 0 0 1 0 94.54
AO3883 | 1.50 |1008| 6 [016]051| O [027] O 23 47 0 0 0 0 0 3 0 2 1 0 1 0 0 96.09
AO3883 | 1.76 |1061| 3 [025]|047| O [026] O 13 50 0 0 0 0 0 4 0 2 1 0 1 1 0 90.10
AO3883 | 181 |11.72| 2 |025]|041| O [(044]| O 12 53 0 0 0 0 0 5 0 2 1 0 1 0 0 90.93
AO3883 | 181 11192 1 |0.17]1.16| O 166 O 3 25 0 0 29 0 1 3 0 1 3 0 1 0 4 87.33
AO3883 | 1.42 | 9.34 6 1014(078] O 162 O 26 18 0 0 24 0 0 3 0 1 2 0 1 0 2 96.89
AO3883 | 2.84 |2223| 2 |027]064| O [005] O 14 27 0 0 0 0 0 14 0 7 0 1 0 1 0 92.81
AO3883 | 2.68 | 2238 2 |0.11]|064| O [007] O 9 36 0 0 0 0 0 9 0 8 0 1 0 1 0 92.57
AO3883 | 240 | 20.72| 3 |0.07]069| O [003] O 11 24 0 0 0 0 0 16 0 8 0 1 0 1 0 87.67
AO3883 | 0.03 | 1.28 1 (024|083 0 (083] O 8 65 0 0 0 0 0 8 1 5 0 0 0 1 0 91.98
AO3883 | 0.00 | 0.87 3 ]1018(083| 0 ]063| O 15 62 0 0 0 0 0 7 1 5 0 0 1 1 0 97.12
AO3883 | 0.04 | 1.36 0O |017(095| 0 |083| O 6 67 0 0 0 0 0 8 1 6 0 0 1 1 0 92.59
A0O3883 | 0.04 | 1.79 0 ]022(1.03] 0 1099 O 3 68 0 0 0 0 0 7 1 6 0 0 0 1 0 92.16
AO3883 | 139 |1494| 3 |010]064| O (011] O 22 30 0 0 3 0 0 8 0 4 0 1 0 0 1 88.92
AO3883 | 1.24 |12.08| 3 |[020]0.72| O [0.18] O 19 36 0 0 4 0 0 7 0 3 0 0 1 1 1 89.73
AO3883 | 180 |1162| O [0.12]1.19| O 192 O 1 21 0 0 27 0 1 6 0 1 4 0 1 0 4 82.94
AO3883 | 1.19 | 7.59 2 1014(084] 0 181 O 8 10 0 0 29 0 1 5 0 5 3 0 2 0 4 81.09
AO3883 | 1.46 | 2005 2 [0.11]029| O [0.03] O 9 15 0 0 0 0 0 39 0 4 0 1 0 1 0 95.15
AO3883 | 1.42 | 20.02| 2 |0.06|040| O [013] O 9 14 0 0 0 0 0 41 0 3 0 1 0 0 0 93.58
AO3883 | 1.70 |2142] 1 |015]024| 0 |013] O 6 16 0 0 0 0 0 40 0 4 1 1 1 0 0 92.89




sample | Al,O; | SiO, | SO, | KO | CaO | V,0; | FeO | ZrO, | PbO | UO; | Na;O [ MgO | TiO, | MoOs | La,0s [ ThO; | MnO | Y,03 [ Ce;Os | Po:Os | Nd,Oz | Dy,0Os | Ta,0s | Total

AO3883 | 1.13 |1662| 5 [0.08]033| 0 [012] O 24 14 0 0 0 0 0 36 0 2 0 1 0 0 0 101.13
AO3883 | 1.49 12045] 1 |0.10]040| O [006] O 6 12 0 0 0 0 0 46 0 2 0 1 1 0 0 93.46
AO3883 | 0.19 | 3.53 1 023|110 O (073] O 6 69 0 0 0 0 0 8 1 2 0 0 0 1 0 94.82
AO3883 | 0.02 | 1.74 2 1014(131] 0 |065| O 10 69 0 0 0 0 0 6 2 3 0 0 0 0 0 95.95
AO3883 | 0.13 | 1.96 1 |025]130( 0 [074] O 4 73 0 0 0 0 0 6 2 4 0 0 0 1 0 94.40
A0O3883 | 0.06 | 2.36 1 |022)117| 0 (083] O 4 73 0 0 0 0 0 6 1 4 0 0 0 0 0 95.02
AO3883 | 0.13 | 2.63 2 1023[(099| 0 (1094 O 12 66 0 0 0 0 0 5 1 3 0 0 0 1 0 96.48
AO3883 | 0.41 | 3.28 0O |020(108] O 1.00] O 2 73 0 0 0 0 0 5 1 4 1 0 1 0 0 93.14
AO3883 | 0.15 | 2.19 1 [022)145| 0 |[089] O 4 74 0 0 0 0 0 5 2 3 0 0 0 0 0 94.47
A0O3883 | 0.12 | 2.65 0O ]024(107] 0 (1078| O 3 73 0 0 0 0 0 5 1 4 0 0 1 0 0 93.11
AO3883 | 0.13 | 2.59 1 (0241113 O (083] O 4 71 0 0 0 0 0 7 1 3 0 0 0 1 0 93.75
AO3883 | 0.24 | 3.17 1 [025]114| 0 [097] O 4 71 0 0 0 0 0 7 1 3 0 0 0 1 0 94.01
AO3883 | 1.98 |11.20| 2 |0.18|045| O [042] O 12 50 0 0 0 0 0 4 0 2 1 0 1 1 0 88.14
AO3883 | 1.99 11266 | 2 [015]048| 0 [048] O 9 54 0 0 0 0 0 6 0 2 1 0 1 0 0 91.78
AO3883 | 1.03 | 7.66 0O ]021(067] 0 1094 O 2 67 0 0 0 0 0 5 1 3 1 0 1 1 0 91.67
AO3883 | 196 |1339| 1 [028|043| O [(068]| O 6 59 0 0 0 0 0 3 0 3 1 0 1 1 0 92.02
AO3883 | 0.98 | 7.67 1 [005]103| O 168| O 6 26 0 0 34 0 0 2 0 3 2 0 1 0 1 89.16
AO3883 | 1.41 11028 1 [0.14]099| O 184| O 4 29 0 0 31 0 1 2 0 1 3 0 1 0 1 88.55
AO3883 | 0.00 | 1.84 0O ]015(103] 0 |073| O 4 68 0 0 0 0 0 8 1 5 0 0 1 1 0 93.02
AO3883 | 0.02 | 1.82 0O |022(103| 0 |085| O 2 68 0 0 0 0 0 8 1 5 0 0 1 0 0 90.78
AO3883 | 0.04 | 1.85 2 ]1021(08)| 0 |075| O 9 64 0 0 0 0 0 8 1 4 0 0 0 1 0 92.81
A0O3883 | 0.10 | 2.29 1 029|080 0 (087] O 8 64 0 0 0 0 0 7 1 5 0 0 1 1 0 93.50
AO3883 | 0.00 | 1.81 1 [019]093| 0 (074] O 5 67 0 0 0 0 0 8 2 5 0 0 1 1 0 92.34
AO3883 | 0.07 | 1.86 1 [0.18|086| O [076] O 7 65 0 0 0 0 0 8 1 5 0 0 1 1 0 93.63
AO3883 | 0.00 | 1.80 0O |017(097| 0 |079| O 3 68 0 0 0 0 0 8 1 5 0 0 1 1 0 91.89
AO3883 | 1.42 | 9.28 2 1018|042 0 |066| O 11 52 0 0 0 0 0 8 0 3 1 0 1 1 0 90.19
AO3883 | 198 |1224| 2 |019]035| 0 [036] O 11 49 0 0 0 0 0 7 0 2 1 0 1 0 0 90.80
AO3883 | 241 11392 1 |0.14]039| 0 [026] O 5 50 0 0 0 0 0 10 0 2 1 0 1 0 0 86.79
AO3883 | 2.25 12089 | 1 |[0.07]|052| O [028]| O 4 22 0 0 3 0 0 27 0 9 0 1 1 1 0 91.75
AO3883 | 1.06 | 6.78 0 ]012(060] O 151 O 2 31 0 0 38 0 1 1 0 2 3 0 1 1 1 90.28
AO3883 | 1.63 |1932| 2 |0.04]025| 0 [(010] O 11 8 0 0 0 0 0 43 0 4 1 1 0 0 0 92.75
AO3883 | 159 11837 3 [0.13]0.28| 0 [0.02] O 15 8 0 0 0 0 1 41 0 3 1 1 1 0 0 93.87
AO3883 | 1.76 12136 1 |011]026| O |011] O 3 13 0 0 0 0 0 41 0 5 1 1 1 0 0 89.64




sample | Al,O; | SiO, | SO, | KO | CaO | V,0; | FeO | ZrO, | PbO | UO; | Na;O [ MgO | TiO, | MoOs | La,0s [ ThO; | MnO | Y,03 [ Ce;Os | Po:Os | Nd,Oz | Dy,0Os | Ta,0s | Total
AO3883 | 1.86 |12.07| 1 |0.08|035| O [038]| O 5 55 0 0 0 0 0 8 0 2 1 0 1 1 0 88.54
AO3883 | 195 11147 1 |013]035| 0 [033] O 10 46 0 0 0 0 0 7 0 2 1 0 1 0 0 82.89
AO3883 | 1.86 | 2047 2 |0.07]015| O [0.00] O 11 12 0 0 0 0 0 39 0 4 1 1 1 0 0 92.91
AO3883 | 1.73 |1052| 1 |025]|044| 0 [042] O 4 55 0 0 0 0 0 10 0 2 1 0 1 0 0 87.98
AO3883 | 1.54 11535 1 [0.14]1.08| O 128 O 2 25 0 0 19 0 1 9 0 3 3 2 1 0 1 88.96
AO3883 | 197 11130 1 [0.12]103| 0 [235] O 5 21 0 0 32 0 0 4 0 1 2 0 1 1 2 87.37
AO3883 | 195 |11415| O [0.19]1.18| O 138 O 1 27 0 0 24 0 1 5 0 1 3 0 1 0 2 85.08
StanDev | 0.06 | 0.13 | 0.16 (0.10{0.10{0.13|0.20{0.16| 0.31 | 2.56 | 0.0910.03| 0.14 [ 0.10) 0.06 | 0.27 |0.21| 0.22 | 0.26 |0.05| 0.47 | 0.55 | 0.16

Abbreviations: StanDev = standard deviation in %0x




Table 3: Electron microprobe data of uraninite gs@d in atomic %

sample| Al Si S Ca \ Fe Pb U Ti La Th Mn Y Ce P Nd Dy Nb Gd Yb Ta F @) Total
DO8628| 0.09 | 1.18 1 3.15 0 0.57 5 21 0 0 1 1 2 0 0 0 0 0 0 0 0 1 62 | 100.60
D08628| 0.07 | 2.13 1 4.77 0 0.53 2 21 0 0 1 1 2 0 0 0 0 0 0 0 0 1 62 | 100.45
D0O8628| 0.01 | 0.37 | O 235]| O 121 | 4 23 0 0 2 1 2 0 0 0 0 0 0 0 0 1 62 |100.71
D0O8628| 0.14 | 2.82 2 280| 0 [0.52 5 15 3 0 2 1 1 0 0 0 0 1 0 0 0 1 62 |100.23
D0O8628| 0.03 | 048 | O 096 | 0 |0.95 7 23 0 0 2 1 2 0 0 0 0 0 0 0 0 0 63 | 100.45
DO08628| 0.05 | 1.09 1 1.72 0 0.86 5 22 1 0 2 1 2 0 0 0 0 0 0 0 0 0 63 | 100.52
DO08628| 0.00 | 0.99 1 1.64 0 0.77 5 21 1 0 2 1 2 0 0 0 0 0 0 0 0 1 63 | 100.41
D0O8628| 0.00 [ 044 | O 191 O 1.06 5 22 0 0 2 1 2 0 0 0 0 0 0 0 0 1 62 |100.43
D0O8628| 0.00 | 0.69 | O 227 0 [0.62 5 22 0 0 2 1 2 0 0 0 0 0 0 0 0 1 63 | 100.55
D0O8628| 0.00 | 0.14 | O 126 | 0 |0.90 5 23 0 0 2 1 2 0 0 0 0 0 0 0 0 1 63 | 100.64
D08628| 0.25 | 6.70 2 0.37 0 0.62 4 4 6 0 1 0 4 0 3 0 0 2 0 0 0 2 63 | 100.10
D08628| 0.31 | 8.99 1 0.42 0 0.18 2 4 2 0 2 0 6 0 4 0 1 1 0 0 0 2 63 | 100.00
DO8628| 0.04 | 0.77 2 343 | 0 |0.59 5 21 0 0 1 1 1 0 0 0 0 0 0 0 0 2 62 |100.44
D0O8628| 0.00 | 0.36 | 4 153 0 |062] 11 18 0 0 1 1 1 0 0 0 0 0 0 0 0 0 62 | 100.64
DO8628| 0.17 | 2.19 2 3.76 0 0.51 3 21 0 0 1 1 1 0 0 0 0 0 0 0 0 1 63 | 100.52
D08628| 0.01 | 0.42 0 3.67 0 1.09 4 24 0 0 1 1 1 0 0 0 0 0 0 0 0 1 62 | 100.80
D08628| 0.14 | 2.20 1 3.69 0 0.59 3 21 0 0 1 1 1 0 0 0 0 0 0 0 0 2 62 | 100.47
DO8628| 0.05 | 1.10 | 3 217 0 [0.54 8 19 0 0 1 1 1 0 0 0 0 0 0 0 0 0 62 | 100.59
D0O8628| 0.00 | 0.69 | O 3.18| 0 ]0.90 5 24 0 0 1 1 1 0 0 0 0 0 0 0 0 1 62 | 100.56
DO08628| 0.01 | 0.33 1 1.20 0 0.63 8 23 0 0 1 1 1 0 0 0 0 0 0 0 0 0 63 | 100.83
D08628| 0.10 | 1.52 1 4.44 0 0.71 3 21 0 0 1 2 1 0 0 0 0 0 0 0 0 2 62 | 100.58
DO08628| 0.13 | 1.30 5 3.56 0 0.71 6 17 0 0 1 1 0 0 0 0 0 0 0 0 0 1 62 | 100.32
D0O8628| 0.15 [ 1.96 | O 627 0 [0.64 1 23 0 0 1 2 0 0 0 0 0 0 0 0 0 3 61 | 100.96
D0O8628| 0.01 | 1.90| O 584| 0 [0.78 1 22 0 0 2 2 1 0 0 0 0 0 0 0 0 2 62 | 100.56
DO08628| 0.08 | 2.00 2 4.95 0 0.62 3 20 0 0 2 1 1 0 0 0 0 0 0 0 0 2 62 | 100.48
D08628| 0.00 | 0.74 0 4.21 0 0.97 3 24 0 0 2 1 1 0 0 0 0 0 0 0 0 2 62 | 100.77
D08628| 0.29 | 3.90 2 163 0 |097| 4 18 1 0 1 0 1 0 0 0 0 1 0 0 0 0 64 | 100.35
D08628| 0.00 | 0.52 1 218 O 1.44 6 23 0 0 1 1 1 0 0 0 0 0 0 0 0 0 63 | 100.56
D08628| 0.00 | 1.20 1 460| O 1.03| 4 21 1 0 1 1 1 0 0 0 0 1 0 0 0 1 62 | 100.56
DO8628| 0.01 | 1.19 1 2.05 0 1.09 6 22 1 0 1 1 1 0 0 0 0 0 0 0 0 0 63 | 100.65
DO08628| 0.00 | 1.43 1 5.36 0 0.76 2 21 0 0 1 1 1 0 0 0 0 0 0 0 0 3 61 | 100.48
D0O8628| 0.04 | 046 | O 1.08| O 1.45 5 25 0 0 1 0 2 0 0 0 0 0 0 0 0 0 63 |100.73




sample| Al Si S Ca \ Fe Pb U Ti La Th Mn Y Ce P Nd Dy Nb Gd Yb Ta F 6] Total
D08628| 0.00 | 0.18 1 198 0 |0.82 7 22 0 0 1 0 2 0 0 0 0 0 0 0 0 1 62 | 100.53
D08628| 0.10 | 1.96 1 3.43 0 0.79 4 20 0 0 1 1 2 0 0 0 0 0 0 0 0 1 62 | 100.43
D08628| 0.02 | 0.68 0 1.99 0 0.84 6 24 0 0 1 1 2 0 0 0 0 0 0 0 0 0 63 | 100.64
DO08628| 0.06 | 1.72 0 3.87 0 0.54 3 21 0 0 1 1 2 0 0 0 0 0 0 0 0 2 62 | 100.39
D0O8628| 0.00 | 0.62 | O 314| 0 (093] 4 23 0 0 1 1 2 0 0 0 0 0 0 0 0 1 62 | 100.57
D08628| 0.10 | 1.04 1 427 0 041 5 20 0 0 1 1 1 0 0 0 0 0 0 0 0 2 61 |100.45
DO8628| 0.06 | 1.12 1 2.32 0 0.78 6 21 0 0 1 0 2 0 0 0 0 0 0 0 0 1 63 | 100.63
DO8628| 1.11 | 6.81 2 0.45 0 1.45 3 3 8 0 1 0 3 0 2 0 0 2 0 0 0 0 64 | 100.01
DO8628| 1.90 | 9.86 1 078 O 203 | 3 3 8 0 1 0 0 0 1 0 0 3 0 0 1 0 64 |100.34
D0O6920| 0.13 | 8.26 1 094 | 0 [0.00 2 7 0 0 2 0 5 0 7 0 0 0 1 0 0 2 64 |100.12
D0O6920| 0.16 [ 8.43 | O 101] 0 |0.12 1 6 1 0 2 0 6 0 7 0 1 0 1 0 0 2 64 | 100.03
D06920| 0.19 | 8.21 1 0.92 0 0.17 2 7 0 0 1 0 5 0 6 0 0 0 0 0 0 2 64 | 100.11
D06920| 0.17 | 8.45 5 0.91 0 4.17 1 4 0 0 4 0 2 0 3 0 0 0 0 0 0 3 63 | 100.13
D0O6920| 0.14 | 9.87 1 0.72| 0 [0.00 1 7 0 0 4 0 4 0 4 0 0 0 1 0 0 3 64 |100.18
D0O6920| 0.21 | 9.82 1 127 0 |0.00 1 4 0 0 7 0 3 0 4 0 0 0 0 0 0 4 63 |100.21
D0O6920| 0.06 | 0.52 | O 169 0 |011| O 0 0 8 1 0 0 15 0 3 0 0 0 0 0 25 45 |100.79
D06920| 0.17 | 0.14 0 1.06 0 1.22 0 0 0 7 0 0 0 15 0 4 0 0 0 0 0 27 44 | 100.45
D06920| 0.00 | 0.06 0 0.78 0 0.38 0 0 0 8 0 0 0 16 0 4 0 0 0 0 0 28 43 | 100.63
D0O6920| 0.01 [ 0.12 | O 095| 0 |027] O 0 0 8 0 0 0 16 0 4 0 0 0 0 0 27 44 | 100.67
D0O6920| 0.42 | 047 | O 230 0 [054] O 0 0 7 1 0 0 14 1 3 0 0 0 0 0 24 46 | 100.43
DO06920| 1.97 | 1.95 0 3.45 0 0.97 1 25 0 0 0 0 0 1 0 0 0 0 0 0 0 0 64 | 100.50
D06920| 0.15 | 1.47 0 3.54 0 1.11 1 26 0 0 0 0 0 1 0 0 0 0 0 0 0 0 64 | 100.53
D06920| 0.29 | 2.44 0 2.89 0 0.63 0 26 0 0 0 0 0 1 0 0 0 0 0 0 0 0 65 | 100.68
D0O6920| 0.74 | 415| O 218 | 0 [0.96 1 24 0 0 0 0 0 1 0 1 0 0 0 0 0 0 65 |100.78
D0O6920| 0.29 | 1.76 | O 216 0 [099] O 0 0 7 0 0 0 14 0 3 0 0 0 0 0 28 43 |101.08
D06920| 0.13 | 8.40 1 1.12 0 0.60 0 4 0 0 7 0 4 0 6 0 0 0 0 0 0 3 64 | 100.18
D06920| 0.12 | 8.29 2 1.07 0 1.37 0 3 0 0 6 0 4 0 6 0 0 0 0 0 0 3 64 | 100.09
D06920| 0.00 | 0.06 0 0.77 0 0.36 0 0 0 7 0 0 1 15 0 5 0 0 0 0 0 28 43 | 100.61
D0O6920| 0.06 | 0.06 | O 066| 0 [012] O 0 0 8 0 0 0 15 0 4 0 0 0 0 0 30 42 | 100.74
D0O6920| 0.32 |11.19] 1 052 0 |029] O 10 0 0 1 0 4 0 4 0 0 0 0 0 0 2 65 |100.24
D06920| 0.29 |11.86( 1 0.51 0 0.26 0 9 0 0 2 0 4 0 4 0 0 0 1 0 0 2 65 | 100.23
D06920| 0.50 |12.15( O 0.43 0 0.00 1 9 0 0 2 0 4 0 3 0 0 0 0 0 0 2 65 | 100.12
D08628| 0.26 | 4.02 1 143 0 |0.67 1 23 0 0 1 0 1 1 0 0 0 0 0 0 0 0 65 |100.47
D08628| 0.00 | 1.69 2 328| 0 |045 5 19 1 0 2 0 0 0 0 0 0 1 0 0 0 1 63 |100.33




sample| Al Si S Ca \ Fe Pb U Ti La Th Mn Y Ce P Nd Dy Nb Gd Yb Ta F 6] Total
D08628| 0.24 | 2.06 1 382| 0 |080] 4 22 1 0 2 1 0 0 0 0 0 0 0 0 0 1 63 |100.73
DO8628| 0.02 | 0.53 | 16 | 0.00 0 0.05] 19 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 60 | 100.37
DO08628| 0.00 | 1.00 3 0.94 0 0.75 5 18 1 0 2 1 2 0 0 0 0 0 0 0 0 0 63 | 100.44
DO08628| 0.00 | 0.99 0 2.35 0 1.01 5 20 1 0 2 1 3 0 0 0 0 0 0 0 0 1 62 | 100.40
DO8628| 0.00 | 0.00| O 0.73| 0 |0.66 6 21 0 0 3 0 3 0 0 0 0 0 0 0 0 2 62 | 100.50
D08628| 0.00 | 2.66 1 068| 0 |0.86 5 16 2 0 3 0 3 0 1 0 0 1 0 0 0 1 63 | 100.25
DO8628| 0.01 | 1.84 0 2.92 0 0.73 3 17 1 0 2 1 4 0 0 0 1 1 0 0 0 3 61 | 100.33
DO08628| 0.01 | 1.42 0 1.38 0 1.19 5 18 1 0 3 1 3 0 0 0 0 1 0 0 0 1 63 | 100.21
DO8628| 0.00 | 0.21 | O 265| 0 (082 4 20 0 0 3 1 3 0 0 0 1 0 0 0 0 3 61 |100.43
D0O8628| 0.00 | 0.57 | O 247 0 [068| 4 20 0 0 3 1 3 0 0 1 0 0 1 0 0 2 62 | 100.54
D0O8628| 0.00 | 0.19 ] O 132 0 |0.88 5 21 0 0 3 0 3 0 0 0 0 0 0 0 0 2 62 |100.71
DO08628| 0.15 | 4.26 1 3.01 0 0.55 3 15 3 0 1 1 2 0 1 0 0 2 0 0 0 1 63 | 100.07
D08628| 0.05 | 0.27 0 0.60 0 0.87 7 23 0 0 3 0 2 0 0 0 0 0 0 0 0 0 63 | 101.08
DO8628| 0.00 [ 0.51 | O 170 O 1.53 5 22 0 0 3 1 2 0 0 0 0 0 0 0 0 1 63 | 100.59
D0O8628| 0.00 | 0.23 | O 0.83| 0 [0.99 7 23 0 0 3 1 1 0 0 0 0 0 0 0 0 0 63 | 100.45
D0O8628| 0.00 | 0.71 ] O 134] 0 |0.68 6 21 1 0 3 0 2 0 0 0 0 0 1 0 0 1 63 | 100.59
DO08628| 0.35 | 4.74 2 1.53 0 0.53 4 16 0 0 2 0 3 0 1 0 1 0 0 0 0 0 63 | 100.41
A05268| 0.20 | 3.57 1 2.32 0 1.04 2 21 0 0 2 2 1 0 0 0 0 0 0 0 0 0 64 | 100.68
AO5268| 1.14 | 871 | 3 111 | 0 |042| 4 15 0 0 1 1 1 0 0 0 0 0 0 0 0 0 64 | 100.57
AO5268| 0.03 [ 1.86 | 4 1.10] 0 |0.58 6 18 1 0 1 1 1 0 0 0 0 0 0 0 0 0 64 |100.71
A05268| 0.64 | 4.08 0 0.14 0 0.83 1 3 19 0 0 0 2 1 0 1 0 1 0 0 0 0 65 | 100.08
A05268| 1.91 | 5.39 1 0.22 0 1.67 1 3 16 0 0 0 1 1 0 1 0 1 0 0 0 0 65 | 100.09
A05268| 0.08 | 2.76 2 1.31 0 0.67 2 20 1 0 2 2 2 0 0 0 0 0 0 0 0 0 64 | 100.43
A05268| 0.15 | 2.49 1 205| 0 [0.89 2 22 0 0 2 2 2 0 0 0 1 0 0 0 0 0 64 | 100.67
AO5268| 0.12 [ 212 | O 231] O 1.11 1 23 0 0 2 2 2 0 0 0 0 0 0 0 0 0 64 |100.84
A05268| 0.12 | 1.91 6 1.04 0 0.41 8 15 0 0 1 1 1 0 0 0 0 0 0 0 0 0 63 | 100.40
A05268| 0.05 | 2.05 1 2.02 0 0.86 2 22 0 0 2 2 2 0 0 0 0 0 0 0 0 0 64 | 100.59
A05268| 0.29 | 3.37 2 1.65 0 0.69 4 19 0 0 2 2 2 0 0 0 0 0 0 0 0 0 64 | 100.58
A05268| 0.00 | 1.19 2 221 O 156 | 3 21 0 0 2 2 2 0 0 0 0 0 0 0 0 1 63 | 100.51
A05268| 0.33 | 3.32 2 170 O 129 | 3 19 0 0 2 2 2 0 0 0 0 0 0 0 0 0 63 | 100.52
A05268| 2.48 [19.02| O 0.13 0 0.13 1 6 0 0 2 0 2 0 0 0 0 0 0 0 0 0 65 | 100.11
A05268| 0.24 | 3.38 1 1.75 0 0.93 2 22 0 0 2 2 1 0 0 0 0 0 0 0 0 0 64 | 100.62
A05268| 0.41 | 3.64 2 130 0 |08 3 20 1 0 2 2 1 0 0 0 0 0 0 0 0 0 64 | 100.83
A05268| 0.40 | 273 | 4 (072 0 ]0.36 8 15 1 0 2 1 1 0 0 0 0 1 0 0 0 0 63 | 100.36




sample| Al Si S Ca \ Fe Pb U Ti La Th Mn Y Ce P Nd Dy Nb Gd Yb Ta F 6] Total
A05268| 0.42 | 3.13 2 154 0 |08 3 20 0 0 1 2 2 0 0 0 0 0 0 0 0 0 64 | 100.49
A05268| 0.07 | 1.01 1 1.94 0 1.32 4 22 0 0 2 2 2 0 0 0 0 0 0 0 0 1 63 | 100.44
A05268| 0.32 | 2.73 2 1.24 0 0.74 5 20 0 0 1 1 1 0 0 0 0 0 0 0 0 0 64 | 100.39
A05268| 0.48 | 3.58 4 1.26 0 0.75 4 18 1 0 1 2 1 0 0 0 0 0 0 0 0 0 64 | 100.45
A05268| 0.52 | 4.40 2 099 | 0 |067] 3 20 1 0 1 1 1 0 0 0 0 0 0 0 0 0 64 | 100.45
AO05268| 2.29 [17.27] 1 0.09| 0 |0.12 1 8 0 0 1 0 2 0 0 0 0 0 0 0 0 0 65 | 100.46
A05268| 0.72 | 3.87 8 0.44 0 0.40 8 12 1 0 1 1 1 0 0 0 0 0 0 0 0 0 63 | 100.69
A05268| 0.43 | 3.19 1 1.73 0 0.92 2 21 0 0 2 2 0 0 0 0 0 0 0 0 0 0 64 | 100.92
AO5268| 0.05 | 1.22 | 3 1241 0 |0.70 7 18 0 0 2 1 2 0 0 0 0 0 0 0 0 0 63 |100.31
A05268| 0.47 | 3.75 1 122 0 |0.98 2 19 1 0 2 1 2 0 0 0 0 0 0 0 0 0 64 | 100.79
A05268| 0.68 | 3.67 | 3 084 | 0 |0.61 6 16 1 0 2 1 1 0 0 0 0 0 0 0 0 0 63 | 100.30
A05268| 0.21 | 2.49 0 1.92 0 0.70 2 21 0 0 2 2 3 0 0 0 0 0 0 0 0 0 64 | 100.40
A05268| 0.25 | 2.63 1 2.47 0 0.93 2 23 0 0 1 2 1 0 0 0 0 0 0 0 0 0 64 | 100.83
A05268| 0.88 | 4.93 2 079| 0O |066] 3 18 1 0 1 1 1 0 0 0 0 1 0 0 0 0 64 |100.84
A05268| 0.42 | 1.85| O 153 0 |079| 4 21 0 0 2 1 2 0 0 0 0 0 0 0 0 0 64 | 100.35
A05268| 0.00 | 0.69 1 123] 0 1.19 6 22 0 0 2 0 2 0 0 0 1 0 0 0 0 0 63 | 100.59
A05268| 0.09 | 3.03 1 2.41 0 0.87 1 22 0 0 2 2 1 0 0 0 0 0 0 0 0 0 64 | 100.72
A05268| 0.22 | 2.85 2 2.38 0 0.68 3 21 0 0 2 2 1 0 0 0 0 0 0 0 0 0 64 | 100.97
A05268| 0.32 | 3.64 1 155| 0 |[0.98 2 20 0 0 1 2 2 0 0 0 0 0 0 0 0 0 64 | 100.76
A05268| 0.01 | 0.87 1 238 0 [0.50 5 23 0 0 1 1 1 0 0 0 0 0 0 0 0 0 63 | 100.60
A05268| 0.19 | 1.25 3 1.96 0 0.68 7 20 0 0 1 1 1 0 0 0 0 0 0 0 0 0 63 | 100.50
A05268| 0.42 | 3.34 4 1.18 0 0.79 2 19 1 0 1 1 1 0 0 0 0 0 0 0 0 0 65 | 100.92
A05268| 0.44 | 4.81 1 0.91 0 0.63 2 19 1 0 2 1 1 0 0 0 0 0 0 0 0 0 65 | 100.50
A0O5268| 0.18 | 2.58 1 209| 0 [0.88 2 22 0 0 2 2 1 0 0 0 0 0 0 0 0 0 64 |101.00
A05268| 0.02 | 045 | 25 | 0.08| 0 ]10.85| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 63 | 100.26
A05268| 0.05 | 0.08 | 29 | 0.00 0 8.58 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 67 | 105.58
A05268| 0.30 | 2.92 2 1.91 0 1.09 3 22 0 0 0 2 1 0 0 0 0 0 0 0 0 0 64 | 100.93
A05268| 0.38 | 3.54 2 1.47 0 0.88 3 21 0 0 0 2 1 0 0 0 0 0 0 0 0 0 64 | 100.97
A05268| 0.34 [ 3.23| O 203| 0 [0.91 1 23 0 0 1 2 1 0 0 0 0 0 0 0 0 0 65 |101.00
A05268| 0.03 | 1.12 2 220 O 1.01 6 23 0 0 1 2 1 0 0 0 0 0 0 0 0 0 63 |101.15
A05268| 0.38 | 2.69 2 2.06 0 0.99 3 21 0 0 0 2 1 0 0 0 0 0 0 0 0 0 64 | 101.09
A05268| 0.93 | 9.28 3 0.68 0 0.47 4 13 0 0 2 1 1 0 0 0 0 0 0 0 0 0 64 | 100.72
A05268| 0.35 | 4.51 1 157 0 |0.77 2 20 0 0 2 2 2 0 0 0 0 0 0 0 0 0 64 |100.44
A05268| 0.49 | 5.84 1 1.14] 0 |0.63 2 19 0 0 2 2 1 0 0 0 0 0 0 0 0 0 64 |100.42




sample| Al Si S Ca Vv Fe Pb U Ti La Th Mn Y Ce P Nd Dy | Nb | Gd Yb Ta F o] Total
A05268( 0.20 | 3.57 1 2.32 0 1.04 2 21 0 0 2 2 1 0 0 0 0 0 0 0 0 0 64 | 100.68
LLD 0.05 | 0.05 | 0.08 [ 0.11 | 0.21 | 0.20 | 0.23 | 0.33 | 0.05 | 0.13 | 0.11 | 0.20 | 0.12 | 0.24 | 0.06 | 0.62 | 0.70 | 0.13 | 0.07 | 0.43 | 0.26 | 0.12
sample Al Si S K Ca \ Fe Zr Pb U Na Mg Ti Mo La Th Mn Y Ce P Nd Dy Ta O total

A03883 | 0.04 | 1.02 1 1]031(342| 0 [(083] O 4 23 0 0 0 0 0 1 1 1 0 0 0 0 0 63 |100.23
A03883 | 0.11 | 1.42 3 [024]251] 0 [101f O 5 20 0 0 0 0 0 1 1 1 0 0 0 0 0 63 |100.25
A03883 | 0.00 | 0.98 0O 1]048(3.28| 0 [(063] O 2 24 0 0 0 0 0 1 1 2 0 0 0 0 0 63 |100.39
A03883 | 0.08 | 1.45 1 [045]291| 0 092 O 2 24 0 0 0 0 0 1 2 1 0 0 0 0 0 64 |100.38
A03883 | 0.14 | 3.01 0O [037[/190| O |1.08]| O 1 23 0 0 0 0 0 1 2 1 0 0 0 0 0 64 |100.35
A03883 | 0.62 | 5.07 0 [041(131] 0 |1.07| O 1 20 0 0 0 0 0 2 1 1 0 0 0 0 0 64 |100.24
A03883 | 1.35 | 8.90 0 ]1]025({097] 0 [097] O 1 17 0 0 0 0 0 2 1 1 0 0 0 0 0 65 |100.27
A03883 | 0.49 | 3.09 0 ]037(204] 0 (098] O 1 22 0 0 0 0 0 3 1 1 0 0 0 0 0 64 |100.49
AO3883 [1.90|13.06| O [055|/090| O |030]| O 1 11 0 0 3 0 0 1 0 1 0 0 0 0 0 65 |100.19
AO3883 | 255]13.20| O [042|110| O (048] O 0 13 0 0 0 0 0 2 0 1 0 0 0 0 0 65 |100.13
AO3883 | 1.79(17.13| O [0.07]053| 0 |0.07| O 1 5 0 0 0 0 0 4 0 4 0 1 0 0 0 65 |100.47
AO3883 | 2.09|1751| 0 |0.13|]0.61| O |0.03|] O 0 6 0 0 0 0 0 3 0 4 0 0 0 0 0 65 |100.39
A03883 | 0.00 | 1.32 6 [035]1.14] 0 [079( O 7 16 0 0 0 0 0 1 1 2 0 0 0 0 0 63 |100.30
A03883 | 0.02 | 2.05 1 1021|208 0 (080] O 1 22 0 0 0 0 0 2 2 3 0 0 0 0 0 64 |100.67
A03883 | 2.32 (1366 O [039]113| 0O |036| O 0 13 0 0 2 0 0 1 0 1 0 0 0 0 0 65 |100.14
A03883 | 0.01 | 1.92 2 1040140 O |0.89] O 4 20 0 0 0 0 0 2 1 3 0 0 0 0 0 63 |100.49
A03883 | 0.00 | 0.61 2 (034164 0 [082| O 4 21 0 0 0 0 0 2 1 3 0 0 0 0 0 63 |100.64
A03883 | 0.00 | 0.60 2 [021])179] 0 [092| O 4 21 0 0 0 0 0 2 2 3 0 0 0 0 0 63 |100.77
A03883 | 0.04 | 1.46 2 |035]|175| 0 |105| O 3 20 0 0 0 0 0 2 2 3 0 0 0 0 0 63 |100.66
A03883 | 0.00 | 0.65 1 [026]1.78] O |088| O 2 22 0 0 0 0 0 2 2 3 0 0 1 0 0 64 |100.73
A03883 | 0.00 | 1.37 1 1034[180| 0 [105] O 2 22 0 0 0 0 0 2 2 3 0 0 0 0 0 64 |100.67
A03883 | 0.00 | 1.15 2 |[036]188] 0 [093| O 3 20 0 0 0 0 0 2 2 3 0 0 0 0 0 63 |100.40
A03883 | 0.00 | 1.01 1 (048190 0 |1.05( O 2 22 0 0 0 0 0 2 1 3 0 0 0 0 0 64 |100.73
A03883 | 1.91 | 9.80 2 034|090 0 |039] O 3 13 0 0 0 0 0 1 0 1 0 0 0 0 0 64 |100.15
AO3883 |1.86|11.13| 3 [0.14|0.79| O |040]| O 4 11 0 0 0 0 0 1 0 1 0 0 0 0 0 64 |100.15
AO3883 | 2.16 |11.75| 3 [0.34|093| 0 |041]| O 4 10 0 0 0 0 0 1 0 1 0 0 0 0 0 64 |100.11
A0O3883 | 2.16 {1054 | 4 [0.21)10.63| O |033| O 5 10 0 0 0 0 0 2 0 1 0 0 0 0 0 64 |100.13
A03883 | 1.17 | 6.36 1 [0.16]073| 0 |0.77| O 1 4 0 0 16 0 0 0 0 1 1 0 0 0 0 65 |100.14
A0O3883 | 1.70 | 8.28 0 [0.13|085] O |]096]| O 1 4 0 0 15 0 0 0 0 1 1 0 0 0 0 65 |100.10




sample Al Si S K Ca \ Fe Zr Pb U Na Mg Ti Mo La Th Mn Y Ce P Nd Dy Ta O total

A03883 | 0.14 | 2.11 2 1032|188 0 |075] O 3 21 0 0 0 0 0 2 2 2 0 0 0 0 0 64 |100.46
A03883 | 0.06 | 1.47 4 [0.28[151] 0 (1084 O 7 17 0 0 0 0 0 2 1 2 0 0 0 0 0 63 |100.55
A03883 | 0.08 | 2.42 1 ]031)19( 0 |1.00] O 2 21 0 0 0 0 0 2 2 2 0 0 0 0 0 64 |100.62
A03883 | 0.00 | 1.88 2 1036|187 0 |074| O 3 21 0 0 0 0 0 2 2 3 0 0 0 0 0 63 |100.48
AO3883 | 2.65[1490| 1 |032]114| 0 |046]| O 1 7 0 0 2 0 0 2 0 1 0 0 0 0 0 65 |100.02
A03883 | 0.00 [ 1.93 1 1038201 0 |086] O 3 22 0 0 0 0 0 2 2 2 0 0 0 0 0 64 |100.40
A03883 | 0.15 [ 3.09 3 1029|132 0 |1.20] O 4 19 0 0 0 0 0 1 1 2 0 0 0 0 0 63 |100.65
AO3883 | 1.86 [12.74| 2 [0.22|1092| 0 |037| O 3 9 0 0 0 0 0 2 0 2 0 0 0 0 0 64 |100.23
A03883 | 0.87 | 6.34 0O ]0.09(0.19] 0 [(084] O 0 4 0 0 18 0 0 0 0 1 1 0 1 0 0 65 |100.24
A03883 | 0.02 | 2.12 1 10431203 0 |1.00] O 1 23 0 0 0 0 0 1 2 2 0 0 0 0 0 64 |100.35
A03883 | 0.10 [ 2.56 1 1032187 0 |1.07] O 2 22 0 0 0 0 0 1 2 2 0 0 0 0 0 64 |100.45
A03883 | 0.13 | 2.42 1 (033|174 0 |102| O 2 21 0 0 0 0 0 1 2 2 0 0 0 0 0 64 |100.41
A03883 | 0.47 | 4.17 1 [036]144| 0 |0.78| O 2 20 0 0 0 0 0 1 2 2 0 0 0 0 0 64 |100.41
A03883 | 0.02 | 1.96 1 ]041)197|( O |1.00] O 2 22 0 0 0 0 0 1 2 3 0 0 0 0 0 63 |100.37
AO3883 | 1.27 | 7.14 5 |0.15|/050f O |0.46] O 7 11 0 0 0 0 0 1 0 1 0 0 0 0 0 63 |100.18
A03883 | 0.01 | 2.57 0O ]|]045(186| O [(1.08] O 1 22 0 0 0 0 0 1 2 3 0 0 0 0 0 64 |100.38
A03883 | 0.12 | 2.50 0O ]053(186] 0 [1.07] O 1 23 0 0 0 0 0 1 2 3 0 0 0 0 0 64 |100.35
A03883 | 0.19 | 2.70 1 1039185 0 |110] O 1 22 0 0 0 0 0 1 2 2 0 0 0 0 0 64 |100.36
AO3883 | 1.71 | 9.76 5 1019|053 0 |0.22] O 6 10 0 0 0 0 0 1 0 1 0 0 0 0 0 64 |100.17
A03883 | 2.13[1090| 3 [033]|052| 0 |022| O 4 12 0 0 0 0 0 1 0 1 1 0 0 0 0 64 |100.16
A03883 | 2.15[11.80| 2 [032]|044| 0 |037] O 3 12 0 0 0 0 0 1 0 1 0 0 0 0 0 64 |100.13
AO3883 | 1.48 | 8.27 0O [0.15[{086] 0 (096| O 1 4 0 0 15 0 0 0 0 0 1 0 0 0 1 65 |100.14
A0O3883 | 1.19 | 6.61 4 [0.12{059] 0 (096 | O 5 3 0 0 13 0 0 1 0 0 0 0 0 0 0 64 |100.14
A03883 | 255[16.98| 1 [0.26|052| 0 |0.03| O 3 5 1 0 0 0 0 2 0 3 0 0 0 0 0 64 |100.22
AO3883 | 2.43[17.19| 1 |0.11)053] 0 |0.05|] O 2 6 0 0 0 0 0 2 0 3 0 0 0 0 0 65 |100.28
AO3883 | 2.27 [16.62| 2 |0.07]059( 0 |0.02] O 2 4 0 0 0 0 0 3 0 3 0 0 0 0 0 65 |100.24
A03883 | 0.05 | 1.80 1 1043124 0 |097] O 3 20 0 0 0 0 0 2 1 4 0 0 0 0 0 64 |100.57
A03883 | 0.00 | 1.14 3 ]030(116) O [(069] O 5 18 0 0 0 0 0 2 1 3 0 0 0 0 0 63 |100.62
A03883 | 0.07 | 1.89 1 [030]141| 0 |097| O 2 21 0 0 0 0 0 2 1 4 0 0 0 0 0 64 |100.60
A03883 | 0.06 | 2.43 0O [(038[149] 0 |112]| O 1 20 0 0 0 0 0 2 2 5 0 0 0 1 0 64 |100.70
AO3883 | 1.50 (13.62| 2 |0.12|1063|( O |0.09] O 6 6 0 0 2 0 0 2 0 2 0 0 0 0 0 64 |100.32
AO03883 | 1.39(1154| 2 [0.24)|0.73| 0 |0124| O 5 8 0 0 3 0 0 1 0 2 0 0 0 0 0 64 |100.26
A03883 | 1.56 | 8.53 0O ]011({094] 0 [118] O 0 3 0 0 15 0 0 1 0 0 1 0 0 0 1 65 |100.16




sample Al Si S K Ca \ Fe Zr Pb U Na Mg Ti Mo La Th Mn Y Ce P Nd Dy Ta O total

AO3883 | 1.40[16.29| 2 |0.12]0.26| 0 |0.02|] O 2 3 0 0 0 0 0 7 0 2 0 1 0 0 0 65 |100.25
AO3883 | 1.39(16.62| 2 |0.06|/0.35( 0O |0.09] O 2 3 0 0 0 0 0 8 0 1 0 1 0 0 0 65 |100.34
AO3883 | 1.63 (1743 1 |0.15)0.21( O |0.09] O 1 3 0 0 0 0 0 7 0 2 0 1 0 0 0 65 |100.21
AO3883 | 1.45(16.94| 1 [0.11)036| O |0.04| O 1 2 0 0 0 0 0 9 0 1 0 1 0 0 0 66 |100.24
AO3883 | 1.11|1381| 4 |0.09]0.29| 0 |0.08] O 5 3 0 0 0 0 0 7 0 1 0 0 0 0 0 64 |100.17
A03883 | 1.05 | 5.68 1 1013|068 0 [1.13] O 2 2 0 0 17 0 0 1 0 2 1 0 0 0 1 65 |100.25
A03883 | 0.28 | 4.46 1 ]037)149( 0 |0.77] O 2 19 0 0 0 0 0 2 1 2 0 0 0 0 0 64 |100.29
A03883 | 0.04 | 2.26 2 (022|182 0 |071| O 3 20 0 0 0 0 0 2 2 2 0 0 0 0 0 63 |100.41
A03883 | 0.20 | 2.60 1 [042]185| 0 |082| O 1 22 0 0 0 0 0 2 2 3 0 0 0 0 0 64 |100.38
A03883 | 0.09 [ 3.08 1 |]037)164| 0 |091] O 1 21 0 0 0 0 0 2 2 3 0 0 0 0 0 64 |100.35
A0O3883 | 0.18 | 3.27 3 1037|132 0 |097] O 4 18 0 0 0 0 0 2 1 2 0 0 0 0 0 64 |100.34
A03883 | 0.62 | 4.22 0O ]033(149] 0 [(1.08] O 1 21 0 0 0 0 0 2 1 3 0 0 0 0 0 64 |100.38
A03883 | 0.24 | 2.89 1 [0.37]205( 0 |098| O 1 22 0 0 0 0 0 2 2 2 0 0 0 0 0 64 |100.36
A03883 | 0.19 [ 3.53 0O [041(153] 0 |0.87| O 1 21 0 0 0 0 0 2 2 3 0 0 0 0 0 64 |100.49
A03883 | 0.20 | 3.41 1 ]040)159( 0 |]092] O 1 21 0 0 0 0 0 2 1 2 0 0 0 0 0 64 |100.38
A03883 | 0.36 | 4.09 1 [042]158| 0 |1.05( O 1 20 0 0 0 0 0 2 1 2 0 0 0 0 0 64 |100.35
AO3883 | 2.43|1167| 2 |0.24]051| 0 |036| O 3 12 0 0 0 0 0 1 0 1 0 0 0 0 0 64 |100.26
AO3883 | 2.30 (1242| 2 ]10.18)050( O |039] O 2 12 0 0 0 0 0 1 0 1 0 0 0 0 0 65 |100.13
A0O3883 | 1.39 | 8.79 0O [030({082] 0 |]0.90| O 1 17 0 0 0 0 0 1 1 2 0 0 0 0 0 65 |100.38
A0O3883 | 2.22(1291| 1 [034)|044| 0 |055| O 2 13 0 0 0 0 0 1 0 1 0 0 0 0 0 65 |100.17
A03883 | 0.81 | 5.38 1 [0.04]078| 0 |098| O 1 4 0 0 18 0 0 0 0 1 0 0 0 0 0 65 |100.12
AO3883 | 1.16 | 7.19 0 [0.12({0.74] O |108| O 1 5 0 0 17 0 0 0 0 0 1 0 0 0 0 65 |100.11
A03883 | 0.00 [ 2.50 1 |]026)150( O |0.83] O 1 21 0 0 0 0 0 3 2 3 0 0 0 0 0 64 |100.51
A03883 | 0.02 | 2.55 0O ]039(153] 0 (099] O 1 21 0 0 0 0 0 3 2 4 0 0 0 0 0 64 |100.57
A03883 | 0.06 | 2.47 2 1036|122 0 |084]| O 3 19 0 0 0 0 0 2 1 3 0 0 0 0 0 64 |100.47
A03883 | 0.16 [ 2.99 2 1048|112 0 |0.95] O 3 19 0 0 0 0 0 2 1 3 0 0 0 0 0 64 |100.47
A03883 | 0.00 [ 2.48 1 ]033)137( 0 |085] O 2 20 0 0 0 0 0 3 2 4 0 0 0 0 0 64 |100.72
A03883 | 0.11 | 2.46 2 030|121 O |084| O 3 19 0 0 0 0 0 2 2 3 0 0 0 0 0 64 |100.47
A03883 | 0.00 | 2.50 0O ]030(145] 0 [092] O 1 21 0 0 0 0 0 3 2 4 0 0 0 0 0 64 |100.66
A0O3883 | 1.80 | 9.97 2 1025|049 0 |0.60] O 3 12 0 0 0 0 0 2 0 2 0 0 0 0 0 64 |100.13
AO3883 | 2.31 (1211 2 0241037 O |0.29] O 3 11 0 0 0 0 0 2 0 1 0 0 0 0 0 65 |100.23
AO3883 | 2.85(1395| 1 [0.18|042| 0 |021| O 1 11 0 0 0 0 0 2 0 1 0 0 0 0 0 65 |100.22
A0O3883 | 2.04|16.08| O |0.07)043| 0 |0.18]| O 1 4 0 0 1 0 0 5 0 4 0 1 0 0 0 65 |100.23




sample Al Si S K Ca \Y Fe Zr Pb Na Mg Mo La Th Mn Y Ce P Nd Dy Ta (@) total

AO3883 | 1.59[16.05| 2 [0.04]022| 0 |0.07|] O 2 0 0 0 0 8 0 2 0 1 0 0 0 65 |100.19
AO3883 | 1.57 (1544 | 2 10141025 0 |0.01] O 3 0 0 0 0 8 0 1 0 1 0 0 0 65 |100.24
AO3883 | 1.71(1759] 1 ]0.11)10.23( O |0.08] O 1 0 0 0 0 8 0 2 0 1 0 0 0 66 |100.22
AO3883 | 1.7816.68| 2 [0.07)0.13| O |0.00| O 2 0 0 0 0 7 0 2 0 1 0 0 0 65 |100.33
A03883 | 2.29[1255| 1 |0.11)0.39| 0 |033] O 1 0 0 0 0 2 0 1 1 0 0 0 0 65 |100.17
AO3883 | 2.51 (1251 2 ]0.17)040( O |030] O 3 0 0 0 0 2 0 1 0 0 0 0 0 65 |100.13
A03883 | 0.87 | 4.71 0O [(0.10{045] O |0.88| O 0 0 0 0 0 0 0 1 1 0 0 0 0 65 |100.18
AO3883 | 2.21{11.39| 1 |035|051| O |038| O 1 0 0 0 0 2 0 1 0 0 0 0 0 65 |100.19
AO3883 |1.29]1088| O |0.13|]0.82| 0 |0.76] O 0 0 0 0 0 1 0 1 1 1 0 0 0 65 |100.05
AO3883 | 1.56 | 7.61 1 10111074 O |1.33] O 1 0 0 0 0 1 0 0 1 0 0 0 0 65 |100.11
AO3883 | 1.66 [10.23| O |0.17)091( O |0.83] O 0 0 0 0 0 1 0 1 1 0 0 0 0 65 |100.15

LLD 0.05 | 0.06 0.10 | 0.08 0.20 0.1 0.0 0.1 0.0 0.11 | 0.2 0.1 0.2 0.0 0.53 | 0.6 0.1

Abbreviations: LLD = lowest limit of detection irpm




Table 4: Electron microprobe analyses of monanitgeight %

sample Al Si P Ca Ti Mn Fe Y Zr La Ce Pr Nd Sm Th U Pb Gd @) Total
D06920 0.19 0.59 | 12.24 | 0.47 0 0 0.32 0 0 20 26 1 5 1 1 1 0 0 26 94.97
D06920 0.08 4.66 3.59 1.03 0 0 0.16 8 1 0 1 0 1 1 7 36 2 1 20 87.42
D0O6920 | 0.02 | 0.81 | 11.49 | 0.63 0 0 0.12 1 0 15 24 2 6 1 2 5 1 0 25 95.13
D0O6920 | 0.00 | 0.19 | 12.64 | 0.06 0 0 0.00 0 0 16 29 2 8 1 1 0 0 0 26 97.21
D06920 0.16 0.30 | 12.82 | 0.43 0 0 0.06 0 0 19 29 2 6 1 0 0 0 0 27 96.88
D06920 1.42 5.56 1.07 0.43 21 0 5.76 2 1 0 1 0 0 0 5 6 1 0 28 79.87
D0O6920 | 2.39 | 6.23 | 1.58 | 0.46 10 0 2.56 4 2 0 0 0 0 0 12 15 1 1 25 83.17
D0O6920 | 0.18 | 11.77 | 2.40 | 0.70 3 0 0.57 2 1 0 1 0 1 0 13 17 2 1 24 80.24
D0O8628 0.00 0.31 | 12.49 | 0.32 0 0 0.00 1 0 16 26 2 7 1 3 0 1 1 26 97.10
D0O8628 0.00 0.30 | 1255 | 0.29 0 0 0.00 1 0 16 27 2 7 1 3 0 1 0 26 97.45
D0O8628 | 0.00 | 0.34 | 12.51 | 0.30 0 0 0.00 1 0 16 26 2 7 1 3 0 1 1 26 96.14
DO8628 | 0.01 | 0.32 | 12.44 | 0.35 0 0 0.00 1 0 16 26 2 7 1 3 0 1 1 26 96.39
D0O8628 0.00 0.25 | 12.52 | 0.30 0 0 0.00 1 0 15 26 2 7 1 3 0 1 1 26 96.52
D0O8628 0.00 0.24 | 12.62 | 0.30 0 0 0.00 1 0 15 27 2 7 1 3 0 1 1 26 97.52
D0O8628 | 0.00 | 0.24 | 12.64 | 0.34 0 0 0.00 1 0 15 27 2 7 1 3 0 1 1 26 97.40
D0O8628 | 0.00 | 0.22 | 12.63 | 0.27 0 0 0.00 1 0 15 27 2 7 1 2 0 0 1 26 96.23
D0O8628 0.00 0.18 | 12.66 | 0.24 0 0 0.00 1 0 15 27 2 7 1 2 0 0 1 26 96.25
D0O8628 0.00 0.19 | 1257 | 0.28 0 0 0.00 1 0 15 27 2 7 1 2 0 1 1 26 95.88
D0O8628 | 0.01 | 0.22 | 12.49 | 0.23 0 0 0.00 1 0 16 27 2 7 1 2 0 1 1 26 96.90
D0O8628 | 0.00 | 0.34 | 1259 | 0.23 0 0 0.00 1 0 15 26 2 7 1 3 0 1 1 26 96.73
D0O8628 0.01 0.22 | 12.47 | 0.20 0 0 0.00 1 0 15 27 2 7 1 2 0 0 0 26 95.78
D0O8628 0.00 0.35 | 12.33 | 0.23 0 0 0.00 1 0 15 26 2 7 1 4 0 0 1 26 96.22
D0O8628 | 0.00 | 0.26 | 12.33 | 0.27 0 0 0.00 1 0 15 27 2 7 1 3 0 1 1 26 96.58
D0O8628 | 0.00 | 0.24 | 12.40 | 0.22 0 0 0.00 1 0 14 26 2 7 1 3 0 1 1 26 95.90
D0O8628 0.00 0.20 | 1255 | 0.92 0 0 0.00 2 0 11 23 2 9 2 5 0 1 1 26 96.13
D0O8628 0.02 0.19 | 12.92 | 0.83 0 0 0.00 2 0 11 23 2 9 2 5 0 1 1 26 96.57
D0O8628 | 0.00 [ 0.42 | 12.05| 0.38 0 0 0.01 0 0 19 27 2 4 1 3 0 0 0 26 95.13
DO8628 | 0.00 | 0.11 | 12.84 | 0.16 0 0 0.00 0 0 18 30 2 5 1 1 0 0 0 26 97.00
D0O8628 0.00 0.11 | 12.88 | 0.67 0 0 0.00 2 0 12 23 2 8 2 4 0 1 1 26 96.02
D0O8628 0.00 0.16 | 13.04 | 0.75 0 0 0.00 2 0 12 24 2 8 2 4 0 1 1 27 96.76
D0O8628 | 0.00 [ 0.42 | 12.50 | 0.19 0 0 0.00 1 0 14 27 2 8 1 3 0 1 1 26 97.49
D0O8628 | 0.00 | 0.42 | 12.40 | 0.18 0 0 0.00 1 0 14 27 2 8 1 3 0 1 1 26 96.71




sample Al Si P Ca Ti Mn Fe Y Zr La Ce Pr Nd Sm Th U Pb Gd 6] Total
DO8628 | 0.00 | 0.28 | 12.64 | 0.18 0 0 0.00 1 0 14 27 2 8 1 2 0 1 1 26 96.97
D0O8628 0.01 0.31 | 12.66 | 0.16 0 0 0.00 1 0 15 27 2 8 1 2 0 0 0 26 96.74
D0O8628 0.00 0.36 | 12.63 | 0.21 0 0 0.00 1 0 15 28 2 8 1 2 0 0 0 26 97.19
DO8628 | 0.00 [ 0.39 | 12.51 | 0.15 0 0 0.00 1 0 14 27 2 8 2 3 0 1 1 26 97.28
DO8628 | 0.00 | 0.38 | 12.34 | 0.17 0 0 0.00 1 0 14 27 2 8 1 3 0 1 1 26 96.47
D0O8628 0.00 0.22 | 12.62 | 0.15 0 0 0.00 1 0 17 29 2 7 1 2 0 0 0 26 98.27
D0O8628 0.03 0.32 | 12.49 | 0.13 0 0 0.00 1 0 15 27 2 8 2 2 0 0 1 26 97.24
D0O8628 | 0.00 | 0.34 | 12.36 | 0.28 0 0 0.00 1 0 15 27 2 7 1 4 0 1 0 26 96.75
D0O8628 | 0.00 | 0.43 | 12.22 | 0.41 0 0 0.00 1 0 15 25 2 7 1 5 0 1 1 26 96.11
D0O8628 0.00 0.29 | 1250 | 0.24 0 0 0.00 0 0 16 28 2 7 1 3 0 0 0 26 97.56
D0O8628 0.00 0.62 | 11.90 | 0.40 0 0 0.00 1 0 15 25 2 7 1 6 0 1 1 26 96.38
DO8628 | 0.00 [ 0.31 | 12.53 | 0.19 0 0 0.00 1 0 14 27 2 8 1 3 0 1 1 26 97.50
DO8628 | 0.00 | 0.58 | 12.03 | 0.16 0 0 0.00 1 0 14 26 2 7 1 4 0 1 1 26 96.83
D0O8628 0.15 0.34 | 1257 | 0.16 0 0 0.00 1 0 16 27 2 7 1 2 0 1 0 26 97.39
D0O8628 0.00 0.26 | 12.56 | 0.20 0 0 0.00 1 0 16 28 2 7 1 3 0 1 1 26 98.34
D0O8628 | 0.00 [ 0.24 | 12.61 | 0.25 0 0 0.00 1 0 15 26 2 7 1 3 0 1 1 26 96.71
D0O8628 | 0.00 | 0.28 | 1251 | 0.24 0 0 0.00 1 0 15 26 2 7 1 3 0 0 1 26 95.86
D0O8628 0.00 0.71 | 11.60 | 0.38 0 0 0.00 0 0 15 25 2 7 1 6 0 1 1 25 95.93
D0O8628 0.00 0.59 | 11.73 | 0.43 0 0 0.00 1 0 13 24 2 7 1 6 0 1 1 25 94.94
D0O8628 | 0.00 | 0.67 | 11.79 | 0.47 0 0 0.00 1 0 13 24 2 7 1 6 0 1 1 26 96.03
D0O8628 | 0.00 | 1.05 | 11.21 | 0.47 0 0 0.00 1 0 12 22 2 7 2 9 0 1 1 25 95.70
D0O8628 0.00 0.57 | 12.32 | 0.32 0.00 0.00 0.00 1 0 13 26 2 8 1 5 0 1 1 26 97.23
D0O8628 0.00 0.61 | 12.12 | 0.29 0.01 0.00 0.00 1 0 13 25 2 8 1 5 0 1 1 26 96.25
DO8628 | 0.00 | 0.59 [ 12.22 | 0.33 | 0.00 | 0.00 [ 0.00 1 0 13 25 2 8 2 5 0 1 1 26 96.35
DO8628 | 0.00 | 0.41 [12.29 | 0.27 | 0.01 | 0.00 [ 0.00 2 0 13 26 2 8 2 3 0 1 1 26 96.36
D0O8628 0.00 0.39 | 12.36 | 0.30 0.02 0.00 0.00 2 0 13 26 2 8 1 4 0 1 1 26 96.34
D08628 0.00 0.29 | 12.48 | 0.20 0.02 0.00 0.00 1 0 16 27 2 7 1 3 0 0 1 26 97.30
DO8628 | 0.00 | 0.34 [ 12.37 | 0.22 | 0.01 | 0.00 [ 0.00 1 0 16 27 2 7 1 3 0 1 1 26 97.39
DO8628 | 0.00 | 0.29 [12.39 | 0.24 | 0.03 | 0.00 [ 0.00 0 0 15 27 2 7 1 3 0 0 1 26 96.23
D0O8628 0.00 0.66 | 12.03 | 0.47 0.00 0.00 0.01 2 0 11 23 2 8 2 6 0 1 1 26 95.99
D08628 0.00 0.67 | 12.23 | 0.51 0.01 0.00 0.00 2 0 11 23 2 8 2 6 0 1 1 26 96.76
DO8628 | 0.00 | 0.63 [ 12.10 | 0.33 | 0.01 | 0.00 [ 0.00 2 0 11 23 2 8 2 6 0 1 1 26 96.21
DO8628 | 0.00 | 0.66 [ 12.05| 0.51 | 0.01 | 0.00 [ 0.00 2 0 11 22 2 8 2 7 0 1 1 26 96.45




sample Al Si P Ca Ti Mn Fe Y Zr La Ce Pr Nd Sm Th U Pb Gd 6] Total
DO8628 | 0.00 | 091 [11.68 | 0.38 | 0.00 | 0.00 [ 0.00 1 0 15 24 2 7 1 7 0 1 1 26 97.05
D0O8628 0.00 0.32 | 1251 | 0.05 0.02 0.00 0.00 0 0 19 29 2 5 1 2 0 0 0 26 97.67
D08628 0.00 1.15 | 11.22 | 0.45 0.01 0.00 0.00 1 0 13 22 2 7 1 10 0 1 1 25 96.34
DO8628 | 0.00 | 0.58 [ 12.09 | 0.37 | 0.00 | 0.00 [ 0.00 1 0 14 25 2 7 1 5 0 1 1 26 96.13
DO8628 | 0.00 | 1.12 [11.38| 0.56 | 0.00 | 0.00 [ 0.00 1 0 12 22 2 8 2 9 0 2 1 25 95.95
D0O8628 0.00 0.98 | 11.48 | 0.36 0.00 0.00 0.00 1 0 14 24 2 7 1 7 0 1 1 26 96.77
D08628 0.00 0.63 | 11.52 | 0.70 0.02 0.00 0.03 0 0 13 24 2 7 1 6 0 1 0 25 95.08
DO8628 | 0.00 | 0.75 [ 11.84 | 0.50 | 0.02 | 0.00 [ 0.00 1 0 14 24 2 7 1 7 0 1 1 26 97.50
DO8628 | 0.00 | 0.34 [ 1254 | 0.30 | 0.01 | 0.00 [ 0.00 2 0 14 26 2 7 1 3 0 1 1 26 96.96
DO8628 0.02 0.23 | 12.54 | 0.22 0.01 0.00 0.00 0 0 16 29 2 7 1 2 0 0 0 26 97.11
D08628 0.00 0.35 | 12.47 | 0.32 0.00 0.00 0.00 2 0 14 26 2 7 1 3 0 1 1 26 96.56
DO8628 | 0.07 | 0.35 [ 12.39 | 0.32 | 0.02 | 0.00 [ 0.00 2 0 14 26 2 7 1 3 0 1 1 26 96.70
DO8628 | 0.00 | 0.47 [12.27 | 0.28 | 0.00 | 0.00 [ 0.00 1 0 14 27 2 8 1 4 0 1 0 26 97.40
D0O8628 0.01 0.47 | 12.26 | 0.30 0.01 0.00 0.00 1 0 14 27 2 8 1 4 0 1 1 26 96.79
D08628 0.00 0.16 | 12.91 | 0.30 0.01 0.00 0.00 1 0 15 28 2 7 1 2 0 0 1 26 97.36
DO8628 | 0.00 | 0.18 [ 12.86 | 0.28 | 0.03 | 0.00 [ 0.00 1 0 16 28 2 7 1 2 0 0 0 27 97.58
DO8628 | 0.00 | 0.32 [12.74 ] 0.36 | 0.03 | 0.00 [ 0.00 1 0 17 27 2 6 1 3 0 1 0 27 98.33
D0O8628 0.00 0.22 | 12.64 | 0.29 0.01 0.00 0.00 1 0 16 28 2 7 1 3 0 0 1 26 97.41
D0O8628 0.00 0.45 | 12.35 | 0.22 0.02 0.00 0.00 1 0 15 27 2 7 1 2 0 1 1 26 96.50
DO8628 | 0.00 | 0.34 [ 12,52 | 0.17 | 0.00 | 0.00 [ 0.00 1 0 14 27 2 8 1 2 0 0 0 26 96.61
DO8628 | 0.00 | 0.35 [12.76 | 0.18 | 0.01 | 0.00 [ 0.00 1 0 15 27 2 8 1 2 0 0 1 27 98.00
D0O8628 0.00 0.35 | 12.67 | 0.16 0.02 0.00 0.00 1 0 15 28 2 7 1 2 0 0 1 26 97.37
D0O8628 0.00 0.36 | 12.50 | 0.18 0.05 0.00 0.00 1 0 14 27 2 8 1 3 0 0 1 26 96.69
DO8628 | 0.00 | 0.49 [ 1245 | 0.60 | 0.02 | 0.00 [ 0.00 1 0 14 24 2 7 1 6 0 1 1 26 97.02
DO8628 | 0.00 | 0.50 [ 12.38 | 0.58 | 0.00 | 0.00 [ 0.00 0 0 14 25 2 7 1 6 0 1 1 26 97.84
D0O8628 0.00 0.38 | 12.47 | 0.81 0.01 0.00 0.00 1 0 14 24 2 7 1 5 1 1 1 26 97.16
D08628 0.00 0.36 | 12.70 | 0.81 0.01 0.00 0.00 1 0 14 24 2 7 1 5 1 1 1 26 97.35
DO8628 | 0.00 | 0.29 [ 1251 | 0.54 | 0.01 | 0.00 [ 0.00 1 0 14 25 2 7 1 4 0 1 1 26 96.50
DO8628 | 0.02 | 1.47 [10.63 | 0.40 | 0.00 | 0.00 [ 0.00 0 0 12 22 2 7 1 11 0 2 0 25 96.06
D0O8628 0.00 1.22 | 11.11 | 0.43 0.01 0.00 0.00 0 0 12 23 2 7 1 10 0 1 0 25 96.26
D08628 0.00 1.26 | 10.99 | 0.42 0.00 0.00 0.00 0 0 13 23 2 7 1 10 0 2 1 25 95.93
DO8628 | 0.01 | 0.42 [12.43 | 0.31 | 0.02 | 0.00 [ 0.00 2 0 12 24 2 8 2 4 0 1 1 26 96.15
DO8628 | 0.00 | 0.66 [ 11.89 | 0.31 | 0.01 | 0.00 [ 0.00 2 0 12 23 2 8 2 6 0 1 1 26 96.11




sample Al Si P Ca Ti Mn Fe Y Zr La Ce Pr Nd Sm Th U Pb Gd 6] total
DO8628 | 0.01 | 0.40 [ 12.33 | 0.30 | 0.00 | 0.00 [ 0.00 2 0 13 24 2 8 2 4 0 1 1 26 95.54
D0O8628 0.00 0.56 | 12.20 | 0.31 0.01 0.00 0.00 1 0 13 25 2 8 1 5 0 1 1 26 96.52
D08628 0.00 0.47 |12.33 | 0.31 0.01 0.00 0.00 2 0 12 24 2 8 2 4 0 1 1 26 95.90
DO8628 | 0.00 | 0.50 [ 12.10 | 0.30 | 0.01 | 0.00 [ 0.00 1 0 13 25 2 8 1 4 0 1 1 26 96.04
DO8628 | 0.03 | 0.37 [12.30 | 0.24 | 0.00 | 0.00 [ 0.00 1 0 14 27 2 7 1 4 0 1 1 26 96.45
D0O8628 0.00 0.56 | 11.90 | 0.29 0.04 0.00 0.00 1 0 13 26 2 7 1 5 0 1 1 26 95.95
D08628 0.00 0.42 | 12.24 | 0.35 0.02 0.00 0.00 1 0 13 26 2 8 1 4 0 1 1 26 96.44
DO8628 | 0.00 | 0.42 [12.39 | 0.20 | 0.01 | 0.00 [ 0.00 1 0 15 27 2 7 1 4 0 1 1 26 97.37
DO8628 | 0.00 | 0.31 [12.38 | 0.25 | 0.01 | 0.00 [ 0.00 1 0 16 27 2 7 1 3 0 1 1 26 97.61
DO8628 0.00 0.12 | 12.83 | 0.22 0.01 0.00 0.00 1 0 15 28 2 7 1 2 0 0 0 26 96.71
D08628 0.00 0.18 | 12.76 | 0.25 0.01 0.00 0.00 2 0 14 26 2 8 1 2 0 1 1 26 96.24
DO8628 | 0.00 | 0.21 [ 1255 | 0.24 | 0.00 | 0.00 [ 0.00 2 0 14 26 2 8 1 2 0 1 1 26 96.22
DO8628 | 0.00 | 0.85 [ 1149 | 0.39 | 0.02 | 0.00 [ 0.00 1 0 12 23 2 8 2 7 0 1 1 25 95.41
D0O8628 0.00 0.37 | 12.10 | 0.61 0.03 0.00 0.10 1 0 12 23 2 8 2 5 0 1 1 26 94.80
D08628 0.00 1.10 | 11.18 | 0.59 0.00 0.00 0.00 1 0 11 22 2 7 2 10 0 2 1 25 95.28
DO8628 | 0.00 | 1.53 [ 10.52 | 0.59 | 0.02 | 0.00 [ 0.00 1 0 10 20 2 7 2 13 0 2 1 25 96.47
DO8628 | 0.00 | 1.07 [11.31] 0.62 | 0.00 | 0.00 [ 0.00 2 0 10 20 2 8 2 10 0 2 1 25 95.71
D0O8628 0.00 0.98 | 11.33 | 0.54 0.02 0.00 0.00 1 0 13 24 2 7 1 8 0 1 1 25 95.43
D0O8628 0.00 0.84 | 11.44 | 0.44 0.00 0.00 0.00 1 0 14 24 2 7 1 7 0 1 1 25 96.07
DO8628 | 0.00 | 0.42 [12.45| 0.22 | 0.02 | 0.00 [ 0.00 1 0 13 27 2 8 2 3 0 1 1 26 97.24
DO8628 | 0.00 | 0.36 [ 12.25| 0.26 | 0.00 | 0.00 [ 0.00 1 0 13 27 2 8 2 3 0 1 1 26 96.52
D0O8628 0.00 0.38 | 12.40 | 0.24 0.03 0.00 0.00 1 0 13 27 2 8 2 3 0 1 1 26 96.82
D0O8628 0.00 0.28 | 1252 | 0.22 0.01 0.00 0.00 1 0 14 27 2 8 2 2 0 0 1 26 96.66
DO8628 | 0.00 | 0.15 [ 12.47 | 0.12 | 0.02 | 0.00 [ 0.00 0 0 16 28 2 8 1 1 0 0 0 26 95.99
DO8628 | 0.00 | 0.17 [12.81 ]| 0.25 | 0.00 | 0.00 [ 0.00 2 0 14 27 2 8 1 2 0 0 1 26 96.88
D0O8628 0.00 0.22 | 12.66 | 0.21 0.02 0.00 0.00 1 0 16 29 2 7 1 2 0 0 0 26 96.92
D08628 0.01 0.79 | 11.88 | 0.52 0.00 0.00 0.00 1 0 14 24 2 6 1 8 0 1 1 26 97.90
DO8628 | 0.03 | 0.27 [ 12.73 | 0.41 | 0.01 | 0.00 [ 0.00 0 0 12 25 2 8 3 4 0 1 1 26 96.83
DO8628 | 0.00 | 0.53 [ 12.17 | 0.27 | 0.00 | 0.00 [ 0.00 1 0 15 26 2 7 1 5 0 1 1 26 97.04
D0O8628 0.00 0.35 | 12.40 | 0.06 0.01 0.00 0.00 0 0 16 27 2 7 1 3 0 0 1 26 97.23
D08628 0.00 0.37 | 12.78 | 0.23 0.00 0.00 0.00 1 0 14 26 2 8 1 3 0 1 1 27 97.31
DO8628 | 0.00 | 0.35 [ 12.61 | 0.47 | 0.00 | 0.00 [ 0.00 1 0 15 26 2 7 1 4 0 1 1 26 97.73
DO8628 | 0.02 | 0.31 [12.69 | 0.15 | 0.02 | 0.00 [ 0.00 1 0 14 26 2 8 1 3 0 1 1 26 97.62




sample Al Si P Ca Ti Mn Fe Y Zr La Ce Pr Nd Sm Th U Pb Gd o] Total
DO8628 | 0.00 | 0.21 | 12.79 | 0.22 | 0.01 | 0.00 | 0.00 1 0 16 27 2 7 1 3 0 0 1 27 97.94
D0O8628 0.00 0.49 | 1240 | 0.28 0.01 0.00 0.00 2 0 13 26 2 7 1 4 0 1 1 26 96.71
D0O8628 0.00 0.47 | 12.60 | 0.25 0.03 0.00 0.00 1 0 14 26 2 7 1 4 0 1 1 26 97.24
DO8628 | 0.00 | 0.33 | 12.61 | 0.28 | 0.00 | 0.00 | 0.00 1 0 16 26 2 7 1 3 0 1 1 26 97.73
DO8628 | 0.00 | 0.46 | 1245 | 0.43 | 0.02 | 0.00 | 0.00 1 0 14 26 2 7 1 4 0 1 1 26 95.88
D0O8628 0.00 1.25 | 11.37 | 0.72 0.00 0.00 0.00 1 0 11 21 2 8 2 11 0 2 1 26 97.65
D0O8628 0.01 1.23 | 11.27 | 0.70 0.00 0.00 0.00 0 0 11 21 2 8 2 11 0 1 1 25 97.08
DO8628 | 0.00 | 0.38 | 12.62 | 0.60 | 0.00 | 0.00 | 0.00 1 0 13 24 2 8 2 5 0 1 1 26 96.98
DO8628 | 0.00 | 0.69 | 12.15| 0.71 | 0.00 | 0.00 | 0.00 1 0 11 22 2 9 2 8 0 1 1 26 96.91
D0O8628 0.00 0.85 | 11.54 | 0.49 0.01 0.00 0.01 1 0 13 25 2 7 1 7 0 1 1 26 95.42
D0O8628 0.00 1.08 | 11.22 | 0.26 0.01 0.00 0.00 2 0 12 24 2 7 1 8 0 1 1 25 95.60
DO8628 | 0.00 | 0.60 | 12.07 | 0.23 | 0.01 | 0.00 | 0.00 2 0 13 25 2 8 1 5 0 1 1 26 96.34
DO8628 | 0.00 | 0.88 | 11.82 | 0.23 | 0.00 | 0.00 | 0.00 1 0 13 25 2 7 1 7 0 1 1 26 97.25
D0O8628 0.00 0.35 | 12.15 | 0.28 0.03 0.00 0.03 1 0 13 26 2 8 1 4 0 1 1 26 95.80
D0O8628 0.00 0.28 | 12.36 | 0.21 0.01 0.00 0.00 1 0 14 26 2 8 2 3 0 1 1 26 95.91
DO8628 | 0.00 | 0.33 | 12.08 | 0.22 | 0.02 | 0.00 | 0.00 1 0 13 26 2 8 1 3 0 1 1 26 95.48
DO8628 | 0.00 | 0.26 | 12.10 | 0.26 | 0.01 | 0.00 | 0.00 1 0 15 27 2 7 1 3 0 1 0 26 96.47
D0O8628 0.00 0.28 | 1253 | 0.31 0.01 0.00 0.00 1 0 15 27 2 7 1 3 0 1 1 26 96.38
D0O8628 0.00 0.48 | 1245 | 0.24 0.01 0.00 0.00 1 0 14 26 2 7 1 4 0 1 0 26 97.13
DO8628 | 0.02 | 0.53 | 12.22 | 0.20 | 0.01 | 0.00 | 0.00 1 0 14 26 2 7 1 4 0 1 1 26 97.12
DO8628 | 0.00 | 0.57 | 12.32 | 0.32 | 0.00 | 0.00 | 0.00 1 0 13 26 2 8 1 5 0 1 1 26 97.23
D0O8628 0.00 0.61 | 12.12 | 0.29 0.01 0.00 0.00 1 0 13 25 2 8 1 5 0 1 1 26 96.25
D0O8628 0.00 0.59 | 12.22 | 0.33 0.00 0.00 0.00 1 0 13 25 2 8 2 5 0 1 1 26 96.35
DO8628 | 0.00 | 0.41 | 12.29 | 0.27 | 0.01 | 0.00 | 0.00 2 0 13 26 2 8 2 3 0 1 1 26 96.36
DO8628 | 0.00 | 0.39 | 12.36 | 0.30 | 0.02 | 0.00 | 0.00 2 0 13 26 2 8 1 4 0 1 1 26 96.34
D0O8628 0.00 0.29 | 1248 | 0.20 0.02 0.00 0.00 1 0 16 27 2 7 1 3 0 0 1 26 97.30
D0O8628 0.00 0.34 | 12.37 | 0.22 0.01 0.00 0.00 1 0 16 27 2 7 1 3 0 1 1 26 97.39




Table 5: Electron microprobe analyses of monaatexades in weight %

sample | Al,Os SiO; P20s CaO TiO2 MnO FeO Y203 ZrO; La,O3 | Cez03 | ProOsz | Nd2O3z | SmO ThO; uo, PbO Gd,O3 | Total
D06920 | 0.35 1.26 28.05 0.66 0 0 0.41 0 0 23 30 2 5 1 2 1 0 0 95.03
D06920 | 0.15 9.97 8.22 1.44 0 0 0.21 10 2 0 1 0 1 1 8 41 2 2 87.43
D0O6920 | 0.05 1.73 26.32 0.88 0 0 0.15 1 0 18 28 2 7 1 2 5 1 0 95.18
D06920 | 0.00 0.40 28.96 0.09 0 0 0.00 0 0 19 34 3 9 1 1 0 0 0 97.32
D06920 | 0.30 0.65 29.37 0.60 0 0 0.08 0 0 22 34 2 7 1 0 0 0 0 96.96
DO6920 | 2.69 | 11.90 2.44 0.60 35 0 7.40 2 1 0 2 0 1 0 5 7 1 0 79.88
D0O6920 | 4.52 | 13.33 3.63 0.64 17 0 3.30 5 3 0 1 0 0 0 13 17 1 1 83.18
D0O6920 | 0.35 | 25.19 5.50 0.97 4 0 0.73 3 2 0 1 0 1 0 14 20 2 1 80.25
D08628 | 0.00 0.66 28.63 0.45 0 0 0.00 1 0 19 31 2 8 1 4 0 1 1 97.22
D08628 | 0.00 0.64 28.76 0.41 0 0 0.00 1 0 19 32 2 8 1 4 0 1 0 97.59
DO8628 | 0.00 0.72 28.67 0.42 0 0 0.00 1 0 18 31 2 8 1 4 0 1 1 96.27
DO8628 | 0.02 0.69 28.50 0.48 0 0 0.00 1 0 19 30 2 8 1 4 0 1 1 96.50
D08628 | 0.00 0.54 28.68 0.42 0 0 0.00 2 0 17 31 2 8 1 3 0 1 1 96.63
D08628 | 0.00 0.51 28.91 0.42 0 0 0.00 2 0 18 31 2 8 1 3 0 1 1 97.67
DO8628 | 0.00 0.51 28.95 0.47 0 0 0.00 2 0 18 31 2 8 1 4 0 1 1 97.54
DO8628 | 0.00 0.47 28.93 0.38 0 0 0.00 1 0 18 31 2 8 1 3 0 0 1 96.38
D08628 | 0.00 0.38 29.00 0.34 0 0 0.00 1 0 18 31 2 8 1 3 0 0 1 96.38
D08628 | 0.00 0.41 28.80 0.39 0 0 0.00 1 0 18 31 2 8 1 3 0 1 1 96.07
DO8628 | 0.01 0.46 28.62 0.32 0 0 0.00 1 0 19 32 2 8 1 3 0 1 1 97.04
DO8628 | 0.00 0.72 28.84 0.33 0 0 0.00 2 0 17 30 2 9 2 4 0 1 1 96.94
D08628 | 0.03 0.48 28.57 0.29 0 0 0.00 1 0 18 31 2 8 1 3 0 1 1 95.87
D08628 | 0.00 0.74 28.26 0.32 0 0 0.00 2 0 17 30 2 9 2 4 0 0 1 96.39
DO8628 | 0.00 0.55 28.25 0.38 0 0 0.00 2 0 17 31 2 9 2 4 0 1 1 96.73
DO8628 | 0.00 0.51 28.42 0.31 0 0 0.00 2 0 16 31 2 9 2 4 0 1 1 96.04
D08628 | 0.00 0.42 28.76 1.28 0 0 0.00 2 0 13 27 3 10 3 6 0 1 2 96.34
D08628 | 0.03 0.42 29.61 1.16 0 0 0.00 2 0 13 27 2 10 3 6 0 1 2 96.69
DO8628 | 0.00 0.89 27.62 0.53 0 0 0.01 0 0 22 32 2 5 1 4 0 0 0 95.20
DO8628 | 0.00 0.23 29.42 0.22 0 0 0.00 0 0 22 35 2 6 1 1 0 0 0 97.12
D08628 | 0.00 0.23 29.52 0.94 0 0 0.00 2 0 14 27 3 10 2 4 0 1 1 96.16
D08628 | 0.00 0.34 29.88 1.05 0 0 0.00 2 0 14 28 2 10 3 5 0 1 2 96.93
DO8628 | 0.00 0.89 28.63 0.27 0 0 0.00 1 0 16 32 3 9 2 4 0 1 1 97.61
DO8628 | 0.00 0.90 28.41 0.26 0 0 0.00 1 0 17 31 3 9 2 3 0 1 1 96.87




sample | Al,Os SiO; P20s CaO TiO2 MnO FeO Y203 ZrO; La,O3 | Cez03 | ProOsz | Nd2,O3z | SmO ThO; Uo, PbO Gd,03 sample
DO8628 | 0.00 0.60 28.97 0.26 0 0 0.00 1 0 17 32 3 9 2 2 0 1 1 97.08
D08628 | 0.01 0.67 29.01 0.22 0 0 0.00 1 0 18 32 3 9 1 2 0 0 1 96.89
D08628 | 0.00 0.76 28.95 0.29 0 0 0.00 1 0 17 32 3 9 2 3 0 1 1 97.35
DO8628 | 0.00 0.84 28.67 0.20 0 0 0.00 1 0 17 31 3 9 2 3 0 1 1 97.42
DO8628 | 0.00 0.81 28.27 0.24 0 0 0.00 1 0 16 31 3 9 2 4 0 1 1 96.64
D08628 | 0.00 0.47 28.91 0.21 0 0 0.00 1 0 20 33 2 8 1 2 0 0 1 98.46
D08628 | 0.05 0.69 28.62 0.18 0 0 0.00 1 0 17 32 3 9 2 3 0 0 1 97.34
DO8628 | 0.00 0.73 28.32 0.39 0 0 0.00 1 0 18 31 2 8 1 4 0 1 1 96.90
DO8628 | 0.00 0.92 27.99 0.57 0 0 0.00 2 0 17 29 2 8 1 5 0 1 1 96.25
D08628 | 0.00 0.63 28.65 0.34 0 0 0.00 1 0 19 33 2 8 1 3 0 1 1 97.68
D08628 | 0.00 1.32 27.26 0.56 0 0 0.00 1 0 17 29 2 8 1 7 0 1 1 96.49
DO8628 | 0.00 0.67 28.72 0.27 0 0 0.00 2 0 16 32 3 9 2 3 0 1 1 97.68
DO8628 | 0.00 1.25 27.57 0.22 0 0 0.00 2 0 16 31 3 9 1 5 0 1 1 97.02
D08628 | 0.29 0.74 28.80 0.23 0 0 0.00 1 0 19 32 2 8 1 3 0 1 0 97.53
D08628 | 0.00 0.57 28.77 0.28 0 0 0.00 1 0 19 33 3 8 1 3 0 1 1 98.44
DO8628 | 0.00 0.51 28.89 0.34 0 0 0.00 2 0 18 31 2 8 1 3 0 1 1 96.84
DO8628 | 0.00 0.60 28.67 0.33 0 0 0.00 2 0 17 30 2 8 1 3 0 0 1 95.98
D08628 | 0.00 1.21 28.22 0.44 0 0 0.00 2 0 15 30 3 9 2 6 0 1 1 97.36
D08628 | 0.00 1.30 27.77 0.41 0 0 0.00 2 0 15 29 3 9 2 6 0 1 1 96.42
DO8628 | 0.00 1.26 28.01 0.46 0 0 0.00 2 0 15 29 3 9 2 6 0 1 1 96.47
DO8628 | 0.00 0.87 28.15 0.37 0 0 0.00 2 0 15 31 3 9 2 4 0 1 1 96.54
D08628 | 0.00 0.83 28.31 0.42 0 0 0.00 2 0 15 30 3 9 2 4 0 1 1 96.50
D08628 | 0.00 0.62 28.59 0.27 0 0 0.00 1 0 18 32 2 8 1 3 0 1 1 97.40
DO8628 | 0.00 0.72 28.35 0.30 0 0 0.00 1 0 18 31 3 8 1 4 0 1 1 97.56
DO8628 | 0.00 0.62 28.38 0.33 0 0 0.00 1 0 18 32 2 9 1 3 0 0 1 96.37
D08628 | 0.00 1.42 27.56 0.65 0 0 0.01 2 0 13 27 2 9 2 7 0 1 2 96.12
D08628 | 0.00 1.43 28.03 0.72 0 0 0.00 2 0 13 27 3 9 3 7 0 1 2 96.91
DO8628 | 0.00 1.35 27.73 0.46 0 0 0.00 2 0 13 27 3 10 2 6 0 1 2 96.38
DO8628 | 0.00 1.41 27.61 0.72 0 0 0.00 2 0 13 26 3 10 3 8 0 1 2 96.62
D08628 | 0.00 0.68 28.66 0.07 0 0 0.00 0 0 22 34 2 6 1 2 0 0 0 97.80
D08628 | 0.00 1.95 26.77 0.54 0 0 0.00 1 0 17 29 2 8 2 8 0 1 1 97.17
DO8628 | 0.00 2.47 25.72 0.63 0 0 0.00 1 0 15 26 2 8 2 11 0 1 1 96.47
DO8628 | 0.00 1.24 27.70 0.52 0 0 0.00 1 0 17 29 2 8 2 6 0 1 1 96.35




sample | Al,Os SiO; P20s CaO TiO2 MnO FeO Y203 ZrO; La,O3 | Cez03 | ProOsz | Nd2,O3z | SmO ThO; Uo, PbO Gd,03 sample
DO8628 | 0.00 2.09 26.30 0.50 0 0 0.00 1 0 16 28 2 8 2 8 0 1 1 96.91
D08628 | 0.00 2.40 26.08 0.78 0 0 0.00 2 0 14 25 2 9 2 10 0 2 1 96.08
D08628 | 0.00 1.36 26.39 0.98 0 0 0.04 1 0 16 28 2 9 1 7 0 1 1 95.16
DO8628 | 0.00 1.61 27.13 0.70 0 0 0.00 1 0 17 28 2 8 1 8 0 1 1 97.65
DO8628 | 0.00 0.72 28.72 0.42 0 0 0.00 2 0 17 30 2 9 2 4 0 1 1 97.13
D08628 | 0.04 0.50 28.74 0.30 0 0 0.00 0 0 19 34 3 8 1 2 0 0 0 97.33
D08628 | 0.00 0.74 28.57 0.45 0 0 0.00 2 0 17 30 2 9 2 4 0 1 1 96.72
DO8628 | 0.13 0.74 28.38 0.44 0 0 0.00 2 0 17 30 2 8 1 4 0 1 1 96.80
DO8628 | 0.00 1.00 28.11 0.39 0 0 0.00 1 0 17 31 3 9 1 5 0 1 0 97.52
D08628 | 0.02 1.01 28.08 0.42 0 0 0.00 1 0 16 31 3 9 1 5 0 1 1 96.92
D08628 | 0.00 0.34 29.58 0.42 0 0 0.00 1 0 18 32 2 8 1 3 0 0 1 97.53
DO8628 | 0.00 0.39 29.47 0.40 0 0 0.00 1 0 19 32 3 8 1 3 0 0 1 97.75
DO8628 | 0.00 0.67 29.20 0.51 0 0 0.00 1 0 20 32 2 7 1 3 0 1 1 98.44
D08628 | 0.00 0.47 28.96 0.41 0 0 0.00 1 0 18 33 2 8 1 3 0 0 1 97.53
D08628 | 0.00 0.96 28.31 0.31 0 0 0.00 1 0 17 32 2 8 1 3 0 1 1 96.62
DO8628 | 0.00 0.72 28.69 0.23 0 0 0.00 1 0 17 32 3 9 2 3 0 0 1 96.79
DO8628 | 0.00 0.74 29.23 0.25 0 0 0.00 1 0 17 32 3 9 1 3 0 0 1 98.15
D08628 | 0.00 0.74 29.03 0.22 0 0 0.00 1 0 18 32 3 9 1 2 0 0 1 97.52
D08628 | 0.00 0.77 28.63 0.25 0 0 0.00 2 0 16 32 3 9 1 3 0 1 1 96.85
DO8628 | 0.00 1.06 28.54 0.84 0 0 0.00 1 0 17 29 2 8 1 7 0 1 1 97.16
DO8628 | 0.00 1.06 28.37 0.82 0 0 0.00 1 0 17 30 2 8 1 7 0 1 1 97.96
D08628 | 0.00 0.81 28.58 1.13 0 0 0.00 1 0 16 29 2 8 2 6 1 1 1 97.30
D08628 | 0.00 0.76 29.11 1.13 0 0 0.00 1 0 17 29 2 8 1 5 1 1 1 97.47
DO8628 | 0.00 0.62 28.66 0.75 0 0 0.00 1 0 17 30 2 8 1 5 0 1 1 96.62
DO8628 | 0.04 3.14 24.36 0.56 0 0 0.00 1 0 14 26 2 8 1 13 0 2 1 96.18
D08628 | 0.00 2.61 25.45 0.60 0 0 0.00 1 0 15 27 2 8 1 12 0 2 1 96.40
D08628 | 0.00 2.69 25.19 0.59 0 0 0.00 0 0 15 27 2 8 1 12 0 2 1 96.08
DO8628 | 0.02 0.89 28.48 0.43 0 0 0.00 3 0 15 28 2 10 2 4 0 1 1 96.28
DO8628 | 0.00 1.41 27.24 0.43 0 0 0.00 2 0 15 27 2 9 2 7 0 1 1 96.25
D08628 | 0.00 1.01 28.26 0.43 0 0 0.00 3 0 14 28 2 10 2 5 0 1 1 96.11
D08628 | 0.01 0.86 28.26 0.42 0 0 0.00 2 0 15 28 3 10 2 4 0 1 1 95.65
DO8628 | 0.00 1.20 27.95 0.44 0 0 0.00 1 0 16 30 2 9 2 6 0 1 1 96.67
DO8628 | 0.00 1.07 27.73 0.41 0 0 0.00 1 0 16 30 3 9 2 5 0 1 1 96.20




sample | Al,Os SiO; P20s CaO TiO2 MnO FeO Y203 ZrO; La,O3 | Cez03 | ProOsz | Nd2,O3z | SmO ThO; Uo, PbO Gd,03 sample
DO8628 | 0.00 1.20 27.26 0.41 0 0 0.00 1 0 16 30 2 9 1 6 0 1 1 96.11
D08628 | 0.00 0.90 28.05 0.49 0 0 0.00 1 0 16 30 3 9 2 4 0 1 1 96.53
D08628 | 0.06 0.79 28.19 0.34 0 0 0.00 1 0 16 31 3 9 1 4 0 1 1 96.55
DO8628 | 0.00 0.91 28.38 0.28 0 0 0.00 1 0 18 32 2 8 1 4 0 1 1 97.50
DO8628 | 0.00 0.66 28.37 0.35 0 0 0.00 1 0 18 32 2 8 1 4 0 1 1 97.71
D08628 | 0.00 0.26 29.40 0.31 0 0 0.00 2 0 17 32 2 9 1 2 0 0 1 96.85
D08628 | 0.01 0.38 29.23 0.35 0 0 0.00 2 0 17 31 2 9 2 2 0 1 1 96.41
DO8628 | 0.00 0.45 28.75 0.33 0 0 0.00 2 0 16 30 3 9 2 3 0 1 1 96.36
DO8628 | 0.00 1.82 26.32 0.55 0 0 0.00 2 0 14 27 2 9 2 9 0 1 1 95.61
D08628 | 0.00 0.80 27.71 0.85 0 0 0.12 2 0 15 27 2 10 2 5 0 1 1 94.94
D08628 | 0.00 2.35 25.62 0.82 0 0 0.00 1 0 13 26 2 8 2 11 0 2 1 95.41
DO8628 | 0.00 3.27 24.10 0.82 0 0 0.00 1 0 12 24 2 9 2 15 1 2 1 96.59
DO8628 | 0.00 2.28 25.90 0.87 0 0 0.00 2 0 12 24 2 10 2 11 0 2 2 95.89
D08628 | 0.00 2.10 25.96 0.75 0 0 0.00 1 0 15 28 2 8 2 9 0 1 1 95.55
D08628 | 0.00 1.79 26.20 0.62 0 0 0.00 1 0 16 28 2 8 2 8 0 1 1 96.20
DO8628 | 0.00 0.89 28.52 0.31 0 0 0.00 1 0 15 31 3 9 2 4 0 1 1 97.39
DO8628 | 0.00 0.78 28.06 0.37 0 0 0.00 1 0 16 31 3 9 2 4 0 1 1 96.68
D08628 | 0.00 0.80 28.42 0.34 0 0 0.00 1 0 15 31 3 9 2 4 0 1 1 96.99
D08628 | 0.00 0.60 28.69 0.31 0 0 0.00 1 0 16 32 3 10 2 3 0 0 1 96.82
DO8628 | 0.00 0.32 28.58 0.17 0 0 0.00 1 0 18 33 3 9 1 1 0 0 0 96.11
DO8628 | 0.00 0.35 29.35 0.35 0 0 0.00 2 0 17 32 3 9 2 2 0 0 1 97.03
D08628 | 0.00 0.48 29.02 0.29 0 0 0.00 1 0 18 33 2 8 1 2 0 0 0 97.05
D08628 | 0.02 1.70 27.22 0.73 0 0 0.00 1 0 16 28 2 7 1 9 0 1 1 97.99
DO8628 | 0.06 0.59 29.17 0.58 0 0 0.00 0 0 14 30 3 10 3 4 0 1 2 96.96
DO8628 | 0.00 1.14 27.89 0.37 0 0 0.00 1 0 18 30 2 8 1 6 0 1 1 97.17
D08628 | 0.00 0.74 28.41 0.08 0 0 0.00 0 0 19 32 2 8 1 3 0 0 1 97.37
D08628 | 0.00 0.79 29.29 0.32 0 0 0.00 2 0 17 30 3 9 2 4 0 1 1 97.42
DO8628 | 0.00 0.74 28.89 0.66 0 0 0.00 1 0 17 31 2 9 1 4 0 1 1 97.90
DO8628 | 0.03 0.66 29.08 0.20 0 0 0.00 1 0 17 31 3 9 2 4 0 1 1 97.73
D08628 | 0.00 0.71 28.90 0.40 0 0 0.00 1 0 18 31 2 8 1 4 0 1 1 97.88
D08628 | 0.00 0.45 29.31 0.31 0 0 0.00 1 0 19 32 2 8 1 3 0 0 1 98.08
DO8628 | 0.00 1.05 28.40 0.39 0 0 0.00 2 0 16 30 2 9 1 5 0 1 1 96.82
DO8628 | 0.00 1.00 28.86 0.36 0 0 0.00 2 0 16 31 2 8 1 5 0 1 1 97.39




sample | Al,Os SiO; P20s CaO TiO2 MnO FeO Y203 ZrO; La,O3 | Cez03 | ProOsz | Nd2,O3z | SmO ThO; Uo, PbO Gd,03 sample
DO8628 | 0.00 2.67 26.06 1.01 0 0 0.00 1 0 13 24 2 9 2 13 0 2 1 97.83
D08628 | 0.01 2.64 25.81 0.97 0 0 0.00 1 0 13 25 2 10 2 12 0 2 1 97.23
D08628 | 0.00 0.80 28.92 0.84 0 0 0.00 2 0 15 28 3 9 2 5 0 1 1 97.11
DO8628 | 0.00 0.98 28.54 0.60 0 0 0.00 2 0 16 30 2 8 1 5 0 1 1 95.99
DO8628 | 0.00 1.48 27.83 1.00 0 0 0.00 1 0 13 26 2 10 2 9 0 1 1 97.09
D08628 | 0.01 1.83 26.45 0.68 0 0 0.01 1 0 15 29 2 8 1 8 0 1 1 95.49
D08628 | 0.00 2.32 25.72 0.36 0 0 0.00 2 0 14 28 2 8 1 9 0 1 1 95.74
DO8628 | 0.00 1.28 27.65 0.33 0 0 0.00 2 0 15 30 3 9 2 6 0 1 1 96.50
DO8628 | 0.00 1.89 27.09 0.32 0 0 0.00 2 0 15 29 3 9 2 7 0 1 1 97.39
D08628 | 0.00 0.75 27.85 0.39 0 0 0.04 2 0 16 30 3 9 2 4 0 1 1 95.93
D08628 | 0.00 0.59 28.31 0.29 0 0 0.00 2 0 16 30 3 10 2 3 0 1 1 96.06
DO8628 | 0.00 0.71 27.68 0.31 0 0 0.00 2 0 16 30 3 10 2 4 0 1 1 95.61
DO8628 | 0.00 0.56 27.73 0.36 0 0 0.00 1 0 18 32 2 8 1 3 0 1 1 96.62
D08628 | 0.00 0.61 28.70 0.44 0 0 0.00 1 0 17 31 2 8 1 3 0 1 1 96.52
D08628 | 0.00 1.02 28.53 0.33 0 0 0.00 1 0 17 31 3 9 1 4 0 1 1 97.29
DO8628 | 0.04 1.13 28.00 0.28 0 0 0.00 1 0 17 31 3 9 1 5 0 1 1 97.27
StanDev | 0.04 0.06 0.59 0.05 0.03 0.12 0.11 0.12 0.17 0.59 0.92 0.15 0.26 0.17 0.18 0.08 0.29 0.23

Abbreviations: StanDev = standard deviation in %0x




Table 6: Electron microprobe data of monazite asedyn atomic %

sample Al Si P Ca Ti Mn Fe Y Zr La Ce Pr Nd Sm Th U Pb Gd @) Total

D06920 | 0.28 0.86 | 16.07 | 0.48 0 0 0.23 0 0 6 8 0 1 0 0 0 0 0 67 100.15
D06920 | 0.16 8.88 6.20 1.38 0 0 0.16 5 1 0 0 0 0 0 2 8 1 0 66 100.02
DO6920 | 0.04 | 1.20 | 1550 | 0.65 0 0 0.09 0 0 5 7 0 2 0 0 1 0 0 67 100.15
DO6920 | 0.00 | 0.27 | 16.57 | 0.06 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.27
D0O6920 | 0.23 | 0.43 | 16.48 | 0.42 0 0 0.04 0 0 5 8 1 2 0 0 0 0 0 67 100.17
D0O6920 | 1.99 7.45 1.29 0.40 17 0 3.88 1 0 0 0 0 0 0 1 1 0 0 65 100.02
D06920 | 3.74 9.37 2.16 0.48 9 0 1.94 2 1 0 0 0 0 0 2 3 0 0 65 100.01
D0O6920 | 0.29 | 18.21 | 3.37 | 0.76 2 0 0.44 1 1 0 0 0 0 0 2 3 0 0 66 100.02
DO8628 | 0.00 | 0.45 | 16.42 | 0.33 0 0 0.00 0 0 5 8 1 2 0 1 0 0 0 67 100.31
DO8628 | 0.00 | 0.43 | 16.43 | 0.30 0 0 0.00 0 0 5 8 1 2 0 1 0 0 0 67 100.33
D08628 | 0.00 0.49 | 16.53 | 0.30 0 0 0.00 0 0 5 8 1 2 0 1 0 0 0 67 100.33
D08628 | 0.02 0.47 | 16.42 | 0.35 0 0 0.00 0 0 5 8 1 2 0 1 0 0 0 67 100.27
DO8628 | 0.00 | 0.37 | 16.51 | 0.30 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.28
DO8628 | 0.00 | 0.34 | 16.51 | 0.30 0 0 0.00 1 0 5 8 1 2 0 1 0 0 0 67 100.36
D08628 | 0.00 0.34 | 16.52 | 0.34 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.32
D08628 | 0.00 0.32 | 16.63 | 0.28 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.37
D08628 | 0.00 0.26 | 16.67 | 0.25 0 0 0.00 1 0 5 8 1 2 0 0 0 0 0 67 100.32
DO8628 | 0.00 | 0.28 | 16.67 | 0.29 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.39
DO8628 | 0.01 | 0.32 | 16.47 | 0.23 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.37
D08628 | 0.00 0.49 | 16.57 | 0.24 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.46
D08628 | 0.02 0.33 | 16.52 | 0.21 0 0 0.00 1 0 4 8 1 2 0 0 0 0 0 67 100.24
DO08628 | 0.00 0.51 | 16.41 | 0.24 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.38
DO8628 | 0.00 | 0.38 | 16.37 | 0.28 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.34
DO8628 | 0.00 | 0.35 | 16.52 | 0.22 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.35
D08628 | 0.00 0.29 | 16.64 | 0.94 0 0 0.00 1 0 3 7 1 2 1 1 0 0 0 67 100.42
D08628 | 0.03 0.28 | 16.86 | 0.84 0 0 0.00 1 0 3 7 1 2 1 1 0 0 0 67 100.31
DO8628 | 0.00 | 0.62 | 16.15 | 0.40 0 0 0.00 0 0 6 8 0 1 0 1 0 0 0 67 100.17
DO8628 | 0.00 | 0.15 | 16.75 | 0.16 0 0 0.00 0 0 5 9 1 1 0 0 0 0 0 67 100.30
D0O8628 | 0.00 | 0.15 | 16.90 | 0.68 0 0 0.00 1 0 3 7 1 2 1 1 0 0 0 67 100.32
D08628 | 0.00 0.23 | 16.96 | 0.75 0 0 0.00 1 0 3 7 1 2 1 1 0 0 0 67 100.39
D08628 | 0.00 0.60 | 16.36 | 0.19 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.30
DO8628 | 0.00 | 0.61 | 16.38 | 0.19 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.37




sample Al Si P Ca Ti Mn Fe Y Zr La Ce Pr Nd Sm Th U Pb Gd ©) Total

DO8628 | 0.00 | 0.41 | 16.54 | 0.19 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.25
D08628 | 0.01 0.45 | 16.61 | 0.16 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.35
D08628 | 0.00 0.52 | 16.53 | 0.21 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.37
D08628 | 0.00 0.57 | 16.42 | 0.15 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.32
DO8628 | 0.00 | 0.56 | 16.39 | 0.18 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.43
DO8628 | 0.00 | 0.32 | 16.47 | 0.15 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.44
D08628 | 0.04 0.47 | 16.38 | 0.13 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.27
D08628 | 0.00 0.50 | 16.38 | 0.28 0 0 0.00 0 0 5 8 1 2 0 1 0 0 0 67 100.38
DO8628 | 0.00 | 0.63 | 16.27 | 0.42 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.34
DO8628 | 0.00 | 0.42 | 16.39 | 0.25 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.31
DO8628 | 0.00 | 0.91 | 15.96 | 0.41 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.29
D08628 | 0.00 0.45 | 16.45 | 0.20 0 0 0.00 1 0 4 8 1 2 0 0 0 0 0 67 100.42
D08628 | 0.00 0.86 | 16.04 | 0.16 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.44
DO8628 | 0.23 | 0.49 | 16.39 | 0.16 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.34
DO8628 | 0.00 | 0.38 | 16.36 | 0.20 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.24
DO8628 | 0.00 | 0.34 | 16.56 | 0.25 0 0 0.00 1 0 4 8 1 2 0 0 0 0 0 67 100.30
D08628 | 0.00 0.41 | 16.55 | 0.24 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.31
D08628 | 0.00 1.06 | 15.74 | 0.40 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.38
DO8628 | 0.00 | 0.88 | 15.94 | 0.45 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.31
DO8628 | 0.00 | 1.00 | 15.82 | 0.49 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.23
D08628 | 0.00 1.59 | 15.36 | 0.49 0 0 0.00 1 0 4 7 1 2 0 2 0 0 0 67 100.38
D08628 | 0.00 0.82 | 16.18 | 0.32 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.31
D08628 | 0.00 0.89 | 16.15 | 0.30 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.42
DO8628 | 0.00 | 0.86 | 16.18 | 0.34 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.28
DO8628 | 0.00 | 0.59 | 16.31 | 0.27 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.39
D08628 | 0.00 0.57 |16.34 | 0.30 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.38
D08628 | 0.00 0.42 | 16.38 | 0.20 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.23
D08628 | 0.00 0.49 | 16.35 | 0.22 0 0 0.00 0 0 5 8 1 2 0 1 0 0 0 67 100.42
DO8628 | 0.00 | 0.43 | 16.46 | 0.24 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.36
DO8628 | 0.00 | 0.98 | 16.04 | 0.48 0 0 0.00 1 0 3 7 1 2 1 1 0 0 0 67 100.28
D08628 | 0.00 0.97 | 16.14 | 0.52 0 0 0.00 1 0 3 7 1 2 1 1 0 0 0 67 100.36
D08628 | 0.00 0.93 | 16.14 | 0.34 0 0 0.00 1 0 3 7 1 2 1 1 0 0 0 67 100.38
DO8628 | 0.00 | 0.97 | 16.07 | 0.53 0 0 0.00 1 0 3 7 1 2 1 1 0 0 0 67 100.42
DO8628 | 0.00 | 0.46 | 16.38 | 0.05 0 0 0.00 0 0 6 9 1 1 0 0 0 0 0 67 100.29




sample Al Si P Ca Ti Mn Fe Y Zr La Ce Pr Nd Sm Th U Pb Gd ©) Total

D0O8628 | 0.00 | 1.73 | 15.25 | 0.47 0 0 0.00 0 0 4 7 1 2 0 2 0 0 0 67 100.32
D08628 | 0.00 1.34 | 15,59 | 0.40 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.29
D08628 | 0.00 0.86 | 16.19 | 0.39 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.49
D08628 | 0.00 1.68 | 15.40 | 0.58 0 0 0.00 1 0 3 7 1 2 0 2 0 0 0 67 100.35
DO8628 | 0.00 | 1.45 | 1546 | 0.37 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.34
DO8628 | 0.00 | 0.95 | 15.70 | 0.74 0 0 0.03 0 0 4 7 1 2 0 1 0 0 0 66 100.20
D08628 | 0.00 1.11 | 15.76 | 0.51 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.36
D08628 | 0.00 0.48 | 16.46 | 0.31 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.38
DO8628 | 0.03 | 0.34 | 16.53 | 0.22 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.58
DO8628 | 0.00 | 0.50 | 16.44 | 0.33 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.39
DO8628 | 0.11 | 0.50 | 16.28 | 0.32 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.25
D08628 | 0.00 0.68 | 16.20 | 0.28 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.32
D08628 | 0.01 0.69 | 16.23 | 0.31 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.33
DO8628 | 0.00 | 0.23 | 16.81 | 0.30 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.40
DO8628 | 0.00 | 0.26 | 16.73 | 0.28 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.40
D0O8628 | 0.00 | 0.45 | 16.47 | 0.36 0 0 0.00 0 0 5 8 1 2 0 1 0 0 0 67 100.28
D08628 | 0.00 0.32 | 16.54 | 0.29 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.30
D08628 | 0.00 0.65 | 16.29 | 0.23 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.29
DO8628 | 0.00 | 0.49 | 16.51 | 0.17 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.45
D0O8628 | 0.00 | 0.50 | 16.53 | 0.18 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.34
D08628 | 0.00 0.50 | 16.51 | 0.16 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.35
D08628 | 0.00 0.52 | 16.44 | 0.18 0 0 0.00 1 0 4 8 1 2 0 0 0 0 0 67 100.37
D08628 | 0.00 0.72 | 16.38 | 0.61 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.35
DO8628 | 0.00 | 0.72 | 16.24 | 0.59 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.29
DO8628 | 0.00 | 0.55 | 16.38 | 0.82 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.36
D08628 | 0.00 0.51 | 16.51 | 0.81 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.31
D08628 | 0.00 0.42 | 16.53 | 0.55 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.28
D08628 | 0.03 2.23 | 14.68 | 0.43 0 0 0.00 0 0 4 7 1 2 0 2 0 0 0 67 100.30
DO8628 | 0.00 | 1.84 | 15.18 | 0.45 0 0 0.00 0 0 4 7 1 2 0 2 0 0 0 67 100.33
DO8628 | 0.00 | 1.91 | 15.11 | 0.45 0 0 0.00 0 0 4 7 1 2 0 2 0 0 0 67 100.36
D08628 | 0.02 0.61 | 16.40 | 0.32 0 0 0.00 1 0 4 7 1 2 1 1 0 0 0 67 100.34
D08628 | 0.00 0.97 | 1594 | 0.32 0 0 0.00 1 0 4 7 1 2 1 1 0 0 0 67 100.32
DO8628 | 0.00 | 0.69 | 16.40 | 0.32 0 0 0.00 1 0 4 7 1 2 1 1 0 0 0 67 100.49
DO8628 | 0.01 | 0.59 | 16.39 | 0.31 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.28




sample Al Si P Ca Ti Mn Fe Y Zr La Ce Pr Nd Sm Th U Pb Gd ©) Total

DO8628 | 0.00 | 0.74 | 16.18 | 0.30 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.40
D08628 | 0.05 0.54 | 16.30 | 0.25 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.24
D08628 | 0.00 0.82 | 16.21 | 0.32 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.37
D08628 | 0.00 0.83 | 16.02 | 0.31 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.39
DO8628 | 0.00 | 0.62 | 16.23 | 0.36 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.23
DO8628 | 0.00 | 0.62 | 16.30 | 0.20 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.31
D08628 | 0.00 0.45 | 16.27 | 0.26 0 0 0.00 0 0 5 8 1 2 0 1 0 0 0 67 100.25
D08628 | 0.00 0.18 | 16.77 | 0.22 0 0 0.00 1 0 4 8 1 2 0 0 0 0 0 67 100.32
DO8628 | 0.00 | 0.26 | 16.76 | 0.25 0 0 0.00 1 0 4 8 1 2 0 0 0 0 0 67 100.43
DO8628 | 0.00 | 0.30 | 16.57 | 0.24 0 0 0.00 1 0 4 8 1 2 0 0 0 0 0 67 100.33
DO8628 | 0.00 | 1.28 | 15.67 | 0.41 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.47
D08628 | 0.00 0.55 | 16.30 | 0.63 0 0 0.07 1 0 4 7 1 2 1 1 0 0 0 67 100.31
D08628 | 0.00 1.66 | 15.34 | 0.62 0 0 0.00 0 0 3 7 1 2 0 2 0 0 0 67 100.35
D0O8628 | 0.00 | 2.33 | 14.56 | 0.63 0 0 0.00 0 0 3 6 1 2 1 2 0 0 0 67 100.31
DO8628 | 0.00 | 1.60 | 1543 | 0.66 0 0 0.00 1 0 3 6 1 2 1 2 0 0 0 67 100.40
DO8628 | 0.00 | 1.48 | 1543 | 0.56 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.29
D08628 | 0.00 1.25 | 15,52 | 0.46 0 0 0.00 0 0 4 7 1 2 0 1 0 0 0 67 100.32
D08628 | 0.00 0.61 | 16.37 | 0.23 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.37
DO8628 | 0.00 | 0.53 | 16.32 | 0.27 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.36
DO8628 | 0.00 | 0.55 | 16.41 | 0.25 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.43
D08628 | 0.00 0.41 | 16.52 | 0.23 0 0 0.00 0 0 4 8 1 2 0 0 0 0 0 67 100.40
D08628 | 0.00 0.22 | 16.58 | 0.12 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.32
D08628 | 0.00 0.24 | 16.71 | 0.25 0 0 0.00 1 0 4 8 1 2 0 0 0 0 0 67 100.34
DO8628 | 0.00 | 0.32 | 16.58 | 0.21 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.32
DO8628 | 0.02 | 1.16 | 15.70 | 0.53 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.25
D08628 | 0.05 0.40 | 16.73 | 0.42 0 0 0.00 0 0 3 7 1 2 1 1 0 0 0 67 100.32
D08628 | 0.00 0.78 | 16.13 | 0.27 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.32
D08628 | 0.00 0.50 | 16.36 | 0.06 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.33
DO8628 | 0.00 | 0.53 | 16.60 | 0.23 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.27
DO8628 | 0.00 | 0.50 | 16.48 | 0.48 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.38
D08628 | 0.03 0.44 | 16.55 | 0.15 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.29
D08628 | 0.00 0.48 | 16.46 | 0.29 0 0 0.00 0 0 5 8 1 2 0 1 0 0 0 67 100.35
DO8628 | 0.00 | 0.30 | 16.60 | 0.22 0 0 0.00 0 0 5 8 1 2 0 0 0 0 0 67 100.34
DO8628 | 0.00 | 0.71 | 16.27 | 0.29 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.27




sample Al Si P Ca Ti Mn Fe Y Zr La Ce Pr Nd Sm Th U Pb Gd ©) Total

DO8628 | 0.00 | 0.66 | 16.41 | 0.44 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.26
D08628 | 0.00 1.85 | 15.29 | 0.75 0 0 0.00 0 0 3 6 1 2 0 2 0 0 0 67 100.43
D08628 | 0.01 1.84 | 15.22 | 0.73 0 0 0.00 0 0 3 6 1 2 0 2 0 0 0 67 100.39
D08628 | 0.00 0.67 | 16.44 | 0.26 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.36
DO8628 | 0.00 | 0.54 | 16.49 | 0.61 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.30
DO8628 | 0.00 | 1.01 | 16.15 | 0.73 0 0 0.00 0 0 3 6 1 2 0 1 0 0 0 67 100.44
D08628 | 0.01 1.27 | 1556 | 0.51 0 0 0.01 1 0 4 7 1 2 0 1 0 0 0 67 100.15
D08628 | 0.00 1.63 | 15.32 | 0.27 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.37
DO8628 | 0.00 | 0.88 | 16.08 | 0.24 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.36
DO8628 | 0.00 | 1.29 | 15.71 | 0.24 0 0 0.00 1 0 4 7 1 2 0 1 0 0 0 67 100.34
DO8628 | 0.00 | 0.52 | 16.26 | 0.29 0 0 0.02 1 0 4 8 1 2 0 1 0 0 0 67 100.29
D08628 | 0.00 0.40 | 16.46 | 0.22 0 0 0.00 1 0 4 8 1 2 0 0 0 0 0 67 100.36
D08628 | 0.00 0.49 | 16.26 | 0.23 0 0 0.00 1 0 4 8 1 2 0 1 0 0 0 67 100.31
DO8628 | 0.00 | 0.39 | 16.19 | 0.27 0 0 0.00 0 0 5 8 1 2 0 1 0 0 0 67 100.39
DO8628 | 0.00 | 0.41 | 16.53 | 0.32 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.34
D0O8628 | 0.00 | 0.69 | 16.35 | 0.24 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.38
D08628 | 0.03 0.77 | 16.17 | 0.21 0 0 0.00 0 0 4 8 1 2 0 1 0 0 0 67 100.36

LLD 0.05 0.05 0.06 0.05 0 0.16 0.14 0.11 0.2 0.2 0.2 0.14 0.1 0.1 0.0 0.09 0.3 0.2

Abbreviations: LLD = lowest limit of detection irpm




APPENDIX V

Table 1: Results of U-Th-Pb LA-ICP-MS analyses afious minerals from sample DO 8628 and DO 3337



Table 1: Results of U-Th-Pb LA-ICP-MS analysevafious minerals from sample DO 8628 and DO 3337

Age
(Ma)
spot +2 +2 | Rho conc.
X 27ppr | Yy | Pb° | Th® | ®Pb | 2Pb° | o |2Pb°| 20 | ®Pb° | o | ¢ | ®Pb | 20 | “Pb | 20 |PPp°| 20 | ¢
L- wt

grain | No. | (um) | (cps) S%) Wt%o) | U | ®Pb | U |@)]| **U | ) | *Pb |(%) 8y 5y *®pp (%)
zrl-1 | al 20 | 763386 /0,88 0,37 |0,15| 768 | 0,2289 |6,1(5,891| 6,9 | 0,1866 |3,1|0,90| 1329 | 74 |1960| 61 |2713| 50 49
zrl-2 | a2 20 | 770726 |1,01| 0,49 |0,14| 777 | 0,2950 |6,0|7,633| 6,4 | 0,1876 |2,3|0,93| 1667 | 88 | 2189 | 59 |2722| 37 61
zr1-3 | a3 | 20 | 554000 |1,07| 0,29 |0,09| 781 | 0,1483 |3,7/3,831| 46 | 0,4873 |2,7|0,81| 892 | 31 | 1599 | 37 |2719| 44 33
zrl-4 | a4 | 20 | 368536 | 0,74 | 0,18 | 0,07 | 262 | 0,1226 |3,8|3,181 | 4,6 | 0,882 |2,5|0,83| 745 | 27 | 1452 | 36 |2727| 42 27
zrl-5 | a5 | 20 | 311912 |0,54| 0,19 |0,05| 271 | 0,2078 |5,5|5,486 | 6,1 | 0,915 |2,5|0,91| 1217 | 62 | 1898 | 54 |2755| 42 44
zrl-6 | a6 | 20 | 323386 |0,43| 0,16 |0,18 | 1338 | 0,1915 |5,1|5,011 | 6,6 | 0,898 |4,2|0,77| 1130 | 53 | 1821 | 57 |2740| 69 41
zr2-1 | a7 | 20 | 739312 | 0,48 | 0,42 | 0,33 | 2466 | 0,5149 |4,3|13,49 | 49 | 0,4901 |2,5]|0,86| 2678 | 94 |2715| 48 |2743| 41 98
zr2-2 | a8 | 20 | 423585 | 0,50 | 0,24 | 0,16 | 2555 | 0,2759 |3,7| 7,099 | 4,2 | 0,1866 |2,0/0,87| 1570 | 51 | 2124 | 38 |2713| 34 58
zr2-3 | a9 20 13197 |0,13]0,010|0,06| 532 | 0,0521 |8,0]|1,361| 9,2 | 0,1897 |4,5/0,87| 327 25 872 55 | 2739 | 75 12
zr2-4 | al0 | 20 | 293651 | 0,67 | 0,15 | 0,08 | 1183 | 0,1156 | 4,6 3,055 | 6,4 | 0,1916 |4,4|0,72| 705 | 31 | 1422 | 50 |2756| 73 26
zr2-5 | all | 20 | 111181 | 0,030,040 | 0,29 | 933 | 0,4676 |7,6|12,67 | 8,9 | 0,1965 |4,5|0,86| 2473 | 159 | 2655 | 87 |2797 | 74 88
mz1-1 | al2 | 20 | 330920 | 0,23 | 0,43 |3,93| 2833 | 0,5939 |3,3|/19,19 | 3,6 | 0,2344 [1,4/0,92| 3005 | 81 |3052| 36 |3082| 23 97
mz1-2 | al3 | 20 | 231316 |0,19| 2,60 |97,7| 8846 | 0,5955 |2,7] 19,23 | 3,0 | 0,2341 |1,3|/0,90|3012| 65 |3053| 29 |3081| 21 98
mz1-3 | al4 | 20 | 226153 | 0,19 | 2,68 | 102 | 5579 | 0,6199 |2,7| 19,75 | 3,0 | 0,2310 |1,3|0,90| 3110 | 67 |3079| 29 |3059| 21 102
mzl-4 | al5 | 20 | 217537 | 0,18 | 2,77 | 116 | 3151 | 0,6103 |2,6|19,64 | 3,0 | 0,2335 [1,4/0,88| 3071 | 64 |3074| 29 |3076| 22 | 100
mz1-5 | al6 | 20 | 226829 | 0,18 | 2,80 | 110 | 2539 | 0,6092 |2,7|19,60 | 3,0 | 0,2333 [1,3/0,90| 3067 | 66 | 3072 | 29 |3075| 21 | 100
mz1-6 | al7 | 20 | 755421 |0,33| 2,70 | 62,2 | 6012 | 0,5526 |7,3| 16,00 | 7,7 | 0,2100 |2,5|0,95| 2836 | 169 | 2877 | 76 |2905| 40 98
mz1-7 | al8 | 20 |1068121|8,00| 13,4 |5,20|38289| 0,6082 |3,6| 1955 | 4,1 | 0,2331 |2,0/0,87| 3063 | 88 |3069| 41 |3074| 32 100
mz1-8 | al9 | 20 | 585973 |0,22| 2,35 |77,1| 735 | 05352 |5,6|15,68 | 6,0 | 0,2125 [2,2|0,93| 2764 | 126 | 2858 | 59 |2925| 35 94
mz1-9 | a20 | 20 |1182383/0,37 | 1,17 |11,2| 1152 | 0,5266 |4,0| 13,72 | 5,3 | 0,1889 [3,60,74| 2727 | 89 | 2730 | 52 |2733| 59 | 100
mz2-1 | a2l | 20 | 231835 |0,25| 0,75 | 18,9 | 2567 | 0,6220 |2,7|1989| 3,1 | 0,2320 |1,5/0,87|3118| 68 |3086| 30 | 3066 | 24 102
mz2-2 | a22 | 20 | 241699 | 0,22 | 0,88 | 26,3 |10916| 0,6198 |3,0| 19,80 | 3,4 | 0,2317 |1,7|0,87| 3109 | 74 |3082| 34 | 3064 | 27 101
mz2-3 | a25 | 20 | 201625 | 0,31 | 0,98 |22,4|34222| 0,6191 |3,8]/19,73 | 4,1 | 0,2312 |16/0,92| 3106 | 94 |3078| 41 |3060| 26 | 102
mz2-4 | a26 | 20 | 321943 | 0,28 | 1,08 | 28,0 | 9659 | 0,6215 |3,4|19,85| 3,9 | 0,2316 (190,87 | 3116 | 84 |3084| 38 |3063| 31 | 102
mz2-5 | a27 | 20 | 31058 |0,02| 0,02 |594| 115 | 0,5088 |7,7|12,46 | 9,9 | 0,1776 |6,1|0,78| 2652 | 171 | 2640 | 97 |2631 | 102 | 101




mz2-6 | a28 | 20 | 142343 |0,11| 0,36 | 22,4 | 1227 | 0,5972 |29 1893 | 3,3 | 0,2299 |16|0,88| 3019 | 71 |3038| 33 |3051| 26 99

zr3-1 | a30 | 20 |1455275|8,92| 1,94 |0,25| 1833 | 0,1099 |3,3|2,883 | 4,2 | 0,1902 | 2,7|0,77| 672 21 | 1377 | 33 | 2744 | 45 25

zr3-2 | a3l 8 359207 |5,28| 166 |0,33| 297 | 0,1958 |6,6|5,118| 7,3 | 0,1896 |3,1|/0,91| 1153 | 70 |1839| 64 |2739| 51 42

zr3-3 | a32 | 16 | 862280 |9,50| 2,00 | 0,13 | 1791 | 0,1666 |3,2| 4,340 | 7,6 | 0,1890 |6,9]|0,42| 993 30 [ 1701 | 65 |2733| 114 36

zr3-4 | a33 8 344569 |11,3| 1,7 |0,20| 1745 | 0,1001 |2,9]| 2,638 | 45 | 0,1912 |3,5/0,64| 615 17 1311 | 34 | 2752 | 57 22

zr3-5 | a34 | 12 |1474158|14,4| 3,6 |0,30| 2200 | 0,1246 |4,4|3,291 | 6,1 | 0,1916 |4,2|0,73| 757 32 | 1479 | 48 | 2756 | 69 27

zr3-6 | a35 8 74096 /0,89 0,22 |0,15| 2023 | 0,1127 | 13| 3,078 | 13,8 | 0,1980 |5,2|0,93| 689 84 |1427 | 112 | 2810 | 85 25
U

phase | a37 | 16 | 483376 |1,53| 0,60 | 0,36 | 3834 | 0,2649 |9,0| 6,750 | 9,7 | 0,1848 |3,5/0,93| 1515 | 123 | 2079 | 89 | 2696 | 58 56
U

phase | a38 | 20 | 229726 |0,05| 0,08 |0,20| 418 | 0,3865 |9,0| 10,44 | 11,6 | 0,1960 |7,3|0,78| 2106 | 163 | 2475 | 113 | 2793 | 119 75
U

phase | a39 | 20 |1601975|2,73| 1,01 | 0,30 | 2049 | 0,2110 |55|5,282 | 5,9 | 0,1816 |2,1|0,94| 1234 | 62 | 1866 | 52 | 2667 | 35 46
U

phase | a40 | 30 |1613240|0,40| 0,39 |0,07| 476 | 0,2554 |7,8|6,696 | 11,7 | 0,1901 | 8,7 |0,66 | 1467 | 103 | 2072 | 109 | 2743 | 144 53
U

phase | a43 8 768757 | 0,96 | 2,52 [3,04| 752 | 0,3502 |3,4|8,692| 53 | 0,1800 |4,0/0,65| 1936 | 58 | 2306 | 50 | 2653 | 67 73
u

phase | a45 | 12 | 174822 |341| 0,38 |0,45| 51 | 0,0718 |6,5]1,885| 7,6 | 0,1903 |4,1/0,85| 447 28 |1076 | 52 |2745| 67 16
u

phase | a46 | 12 |1247976|2,69| 505 |0,99| 651 | 0,4873 |6,5]|12,50 | 8,3 | 0,1860 |5,2|0,78| 2559 | 139 | 2643 | 82 | 2707 | 86 95
u

phase | a47 8 783749 |19,6 | 26,4 |1,04 | 2862 | 0,5206 |5,1]|12,86 | 7,6 | 0,792 |56|0,67| 2702 | 114 | 2670 | 74 |2645| 93 102
u

phase | a48 8 275647 |1,32| 0,88 |0,42| 443 | 0,4030 |6,2| 10,16 | 9,1 | 0,1829 | 6,6 |0,68| 2183 | 115 | 2449 | 87 | 2679 | 110 81
u

phase | a49 8 423470 | 0,38 | 0,72 |1,11| 394 | 0,3669 [4,9|9,794 | 8,1 | 0,1936 [6,5]0,60| 2015 | 86 |2416| 78 |2773 | 106 73
u

phase | a50 8 336152 |2,27| 2,25 |099| 79 |0,5263 |5,1]|1350| 80 | 0,1860 |6,2|0,63| 2726 | 114 | 2715| 78 |2707 | 102 | 101
U

phase | a51 8 555526 | 0,30 | 4,14 [11,0] 299 | 0,1996 |14 |5,021 |156|0,1825 | 6 |0,91| 1173 | 154 | 1823 | 141 | 2676 | 104 44
U

phase | a53 8 643310 |130| 44 |014| 68 | 0,1656 |6,8]|4,265| 9,5 | 0,1868 |6,6|0,71 | 988 62 |1687 | 81 |2714 | 110 36
U

phase | ab5 | 12 | 430539 |9,16| 1,20 |0,11| 64 | 0,0625 |4,0]/1,586 | 7,1 | 0,1842 |5,9|0,55| 390 15 965 45 12691 | 98 15
U

phase |2-al| 16 | 330686 |4,32| 0,54 |0,14| 57 | 0,0646 [35]1,691| 4,9 | 0,1899 |3,4|0,72| 404 14 11005| 32 | 2741 | 57 15




U

phase |2-a2 | 16 | 133036 |2,04| 0,20 | 0,18 | 60 | 0,0496 [4,9|1,296 | 5,8 | 0,1896 |3,2/0,83| 312 15 844 34 | 2739 | 53 11
phgse 2-a3| 16 | 154771 |180| 0,15 |0,15| 147 | 0,0497 |[3,3]1,264| 55 | 0,1846 |4,4|0,61| 312 10 830 32 | 2695 | 72 12
phLGJtse 2-a7| 16 | 676337 |2,20| 055 |006| 54 |0,1199 |17 3,166 |17,6 | 0,1914 |[3,6|0,98| 730 | 120 | 1449 | 146 | 2754 | 59 27
phLGJtse 2-a8| 16 |1065606 3,87 095 |005| 52 |0,1218 |50]3,271| 54 | 0,1887 |2,0]/0,93| 741 35 | 1450 | 42 | 2731 | 33 27
phLGJtse 2-a9| 16 |1021593|2,556| 2,21 |0,80| 133 | 0,5136 |3,9|13,30| 48 | 0,1878 |2,7|0,83| 2672 | 87 | 2701 | 46 |2723 | 44 98
rutile a21_0 16 | 746197 |096| 1,37 |0,13| 1065 | 0,5212 |4,2| 17,19 | 5,7 | 0,2392 |3,9|0,73| 2704 | 93 |2945| 57 |3114| 63 87
rutile azil._l 20 57573 ]0,12| 0,06 |0,01| 414 | 0,4758 |[4,7|12,79| 58 | 0,1949 |[3,3|0,82| 2509 | 98 | 2664 | 56 | 2784 | 55 90
phlaJlse a21_2 40 | 710179 |0,20| 0,21 |0,17| 258 | 0,3142 |9,8|8,165|10,1| 0,1885 |2,1|0,98 | 1761 | 153 | 2250 | 95 | 2729 | 34 65
mon a21-3 20 |1040150|0,44| 054 | 0,29 | 571 | 0,5854 [4,2|19,29 | 4,8 | 0,2390 |2,4|0,87| 2971 | 100 | 3056 | 47 |3113| 38 95
mon a21-8 30 11682449129 | 2,33 |9,08| 1283 | 0,5823 |54|17,83 | 6,7 | 0,2221 14,0]/0,80| 2958 | 129 | 2981 | 67 | 2996 | 65 99

* Diameter of laser spot; depth of crater 8-15 um.

2Within run background-corrected me&fPb signal in counts per second.

® U and Pb content and Th/U ratio were calculatéative to GJ-1 reference.

¢ corrected for background, common Pb and withinfPbAJ fractionation and subsequently normalise@del (ID-TIMS
value/measured value).

2"pp* calculated using”’Pb%Pb/E*%U/°%Pbx1/137.88). Uncertainties propagated followingdas & Zeh (2006, 2008)

9Rho is the error correlation defined ag®rb U/er*PbU

dPercent concordance’®Pb?*®U age FO'Pb/*Pb age x 100
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