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Mineralogical Reconciliation

«  Multiple insights into the same sample

Chemical Assays
(ICP, XRF, ...,
Induction Furnace)

X-ray Diffraction

Microscopy & Micro-analysis
Optical, SEM-based (EDS-EPMA),

u LIEGE LA-ICP-MS

université

Automated Mineralogy
(SEM-based, uXRF-based,...)




Revealing the problem
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Revealing the problem

« X Ray Diffraction

o Provides a list of minerals (> 1% W,,) w/o quantification
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Rutile (rio,)

Anatase (mo,)

Albite (NaAlsi,0)

MuscovVite (KAL(SiAO,,(OH.F),)

Quartz sio,)

Greenalite (e Fe),-35,0,(OH),

Garnet (X5Y,(SiO4) 5, X:Mg, Fe, Mn, Ca, Y:Al, Fe, Cr)
Dickite (ALSi,04(0H),)




Revealing the problem

« XRF Bulk Chemistry

o Provides a complete list of elements with accurate quantification and low detection limits

Sample1 Sample2 Sample3 Sample 4

Si 39.8 45.7 42.9 38.2
Al 3.65 0.41 1.61 4.47
Fe 0.72 0.16 0.27 1.6 Usually in silicates
K 0.29 0.04 0.12 0.09
Mg 0.1 0.1 0.1 0.1 Possibly in Albite, Muscovite, Quartz, Greenalite, Garnet, Dickite,...
Na 0.1 0.1 0.1 0.16
Mn 0.07 0.07 0.07 0.11
Ca 0.03 0.03 0.03 0.19 Ti-bearing minerals
Ti 1.43 0.32 0.79 2.16 Possibly in Anatase, Rutile,...
Ir 0.08 0.05 0.05 0.06 : , .
Zircon (was not identified by XRD)
S 0.011 0.08 0.033 0.059
P 0.01 0.01 0.01 0.01
None
\ 0.01 0..01 0.01 0.01 No mineral containing these elements has been identified by XRD

u LIEGE  np 0.1 0.1 01 01




Revealing the problem

« Automated Mineralogy
o Provides a modal analysis of user-identified minerals (SIP)

Samplel Sample2 Sample3 Sample 4

Quartz 79.7 95.46 88.07 63.89

Phyllosilicates 8.83 1.4 7.06 10.68

Tourmaline 1.19 0.29 0.71 0.78

Staurolite 0.06 0.04 0.06 0.64

Epidote 0.25 0.03 0.11 0.07 Mineralsrelated to Si, Al, Fe, K, Mg, Na, Mn and Ca

Garnet 0.09 0.01 0.02 9.97

Autres porteurs Al 1.33 0.84 0.38

Other silicates 0.48 0.08 0.21 1.78

Others 0.72 0.13 0.54 0.46

Hydroxides Fe-Al 0.02 0.01 0.02 0.06 No mineral to

fone 42 139 108 484 ecsraeaon  SXPdinthe
uTlle . . . . Inerails reldare O I

Pseudorutile 0.19 0.07 0.06 0.2 presence of S¢

Anatase 0.12 0.04 0.04 0.08

lImenite 0.04 0.02 0.01 0.18 Mineral related fo 7

Zircon 5.29 0.51 0.92 0.52

uLI_I‘EG,E, Phosphates 0.13 0.05 0.04 0.15  Mineralrelated o P
université




Cross-validation
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Automated Mineralogy vs. XRD

v

o Detected by both

o Only QEMscan

o Only XRD

LIEGE
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Quartz
Rutile
Garnet
Anatase

Phyllosilicates
Tourmaline
Zircon
llmenite
Staurolite
Phosphates
Pseudorutile
Epidote

Hydroxides Fe-Al

Magnetite
other silicates
Others

Autres porteurs Al

Albite
Muscovite
Greendalite
Dickite

QEMscan
X

X X X

X X X X X X X X X X X X X

XRD

X X X X

XX X X

Sample 1
79.7
1.42
0.09
0.12

8.83
1.19
5.29
0.04
0.06
0.13
@1
0.25
0.02
0
0.48
0.72
1.33

QEMscan Modal Mineralogy

Sample 2
$5.46
1.39
0.01
0.04

1.4
0.29
0.51
0.02
0.04
0.05
0.07
0.03
0.01

0
0.08
0.13

Sample 3
88.07
1.18
0.02
0.04

7.06
0.71
0.92
0.01
0.06
0.04
0.06
0.11
0.02
0
0.21
0.54
0.84

Sample 4
63.89
4,84
9.97
0.08

10.68
0.78
0.52
0.18
0.64
0.15
0.2
0.07
0.06
0.71
1.78
0.46
0.38




Automated Mineralogy vs. XRF
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Quartz

Sarnet
Phyllosilicates
other silicartas
Others

Autres porteurs
Al

Dickite
Tourmaline
Staurclite
Pseudorutile
Epidote
Hydroxides Fe-Al
Magnetite
Grzenalite

Rutile

Anafgse
menite

Zircon

Phosphates

Albite
Muscovite

Qemscan
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s

XRD
X
X

QEMscan XRF

31 Ry 53 54 51 52 53 54

9.7 ¢5.464 88.07 63.8% Si 3¢.8 45.7 429 38.7

0.0% 0.01 ¢.0z 287 Al 3.65 0.4° 1.47 4. 47

8.83 1.4 7.0é 10.68 Fe 0.72 0.16 0.27 1.6

0.48 0.08 021 78 ([¥le] 0.” 0.1 0.1 0.1

0.72 0.13 0.54 0.44 Mn 0.07 0.07 0.07 0.1

1.33 C.84 0.38 Ca 0.03 0.03 0.03 "¢
v .01 C..01 0.01 .01

1.19 0.29 0.71 0.78

0.04 0.04 C.0& 0.44

0.1% 0.07 0.0& c.2

0.25 0.03 C. 1 0.07

D.02 0.01 c.0z 0.04

0 0 C 0.71

1.42 1.3% 1.8 4.84 Ti 1.43 0.32 0.7% 2.6

0.12 0.04 C.04 0.08

0.04 0.02 001 0.18

529 0.51 2z 0.52 r Q.08 0.05 0.05 C.0&

0.13 0.05 C.04 0.15 P 0.01 0.0 0.01 C.01
Na Q.1 0.1 0.1 C.1é
K 0.29 0.04 0.12 0.0%
S 0.011 0.08 0.033 0.059 9




Exploration & Reconciliation
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Exploration & Reconciliation

«  Making use of microscopy (OM — BSE — EDX Maps)

Chalcopyrite

ch1 fofcuflallsi s |8
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Exploration & Reconciliation

«  Making use of microscopy (OM — BSE — EDX Maps)

Ti content in ilmenite is reduced by 10%
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Exploration & Reconciliation

« Comparing QEMScan / Zeiss Mineralogic

« 5000 to 15000 particles with Zeiss Mineralogic! Mineralogic
$1 $2 $3 $4
Quartz 78.54 95.71 87,83 63.32
Qemscan Rulile 2.26 2.40 4.22 11.91
s1 52 s3 54 Zircon 0.14 0.02 0.22 0.37
Quartz 79.7 9546 8807  63.89 Fe-Kaolinite [Staurclite) 12.05 0.59 3.5 203
Rtile 1.42 1.39 1,18 484 Epidota 0.001 0.004 0.0<
Zircon 5.2% 0.51 0.92 0.52 lImenite 0.09 0.03 0.07 0.69
Steurolife 0.0 0.02 0.06 0.64 Pyrops / Alimardine 0,37 0.003 0.02 3,53
Epidote 0.25 0.03 0.11 0.07 Aulres silicales 1.95 0.22 0.58 0.60
Imenite 0.04 0.02 0.01 0,18
Garnet 0.03 0.01 0.02 $.97
Other silizates 0.48 0.05 0.21 1.78
Payllosilicates 8.83 1.4 7.06 10.68 Kaclivile / Dickile 297 0.43 1.77 439
Tourmalire 1.15 0.29 0.71 0.78 Kyanitc 0.35 0.24 0.62 10.02
Others 0.72 0.13 0.54 0.16 Fe-RLlile 0.18 0.06 0.18 0.12
Pse.idorutile .15 0.0/ 0.06 0. Alt-limenite 0,24 0.07 0.19 0.36
PAasphates 0.13 0.05 0.04 0.15 Sphere 0.0004  0.00C3 0.0007
Anatase (.17 0.02 0.04 (.08 Albitc 0.01 0.00 0.05 1.80
Hydroxides Fe-Al 0.02 0.01 0.02 0.06 MLiscovite / Ortraclose 0.78 0.22 0.74 0.67
Magetite 0 0 0 0.1 Al-Oxyde 0.005 00008 0002  0.0003
Others with Al 1.33 0.84 0.38 Fe-Cxyde 0.01 00007  0.0036
Pyrite 0.001 0.07
Chalcopyrite 0.01C
= Chalcocite 0.0004
¥ LIEGE Moncizite 0.002 0.03
a' université




Exploration & Reconciliation

« Comparing Sample Preparation for Automated Mineralogy

o Transversal section vs. carbon black randomized suspension
+ Same scalel

Randomized sections (no very large),
more abundant fine rutile in sections
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Exploration & Reconciliation

Comparing XRF/ Mineralogic
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uatz

Pyeepe { Almandine

<yanite
Other silicates
<aolnite [ Dickite

~o-Kaalinite (Stauroltz)

_ziclote
Sphene
Al-Owyde
—e-Uryde

Rutile
“e-Rulilz
Imicnite
Alt-l menite

Zirc o

Albite

Muscovite [ Qrihoclase

Pyrite
Chalcopyrile
Chalcaocite

nin Cpy

Maonazite

v

51
806
n.37
0.35
1.725
237

12.08
0031
0.0004
0,035
.

226

0.01
0.78

0.002

Mineralogic
52 53
WA u/s83
G003 n.oz
02z 0.62
022 0.58
(1.43 177
0Ly 3.5

0,004
C.Coo3
C.ooos 0032
[SNRNISF
2.40 4.22
1014 ':'. ]8
003 n.o7
s o.1%
0.03 022
000 0.05
0.22 0.74
0.001

54
63,20
3.563
oz
0.6C
4.39

202
0.04
D.00CY
20003
20038
191
0.12
0.69
0.3&

0.37

1.80
0.67

009
0010

0.00C4

0.02

S
Al
Fe
Mg
pAR

< 0
D

XRF
51 5Z 53 54
3.1 153 AL 3.6
501 1.14 241 74
3299 0062 CZ65 1.28
D744 00204 0C794  0.0692
000483 0.0C377 00831
03794 0075 0OCE3T 0121
201 . . 201
ST 0,336 L5445 1.4%
007 0o .oz DD
0199 00314 00592 0137
0.617 00762 0238 0141

0.0241 0014 00842 00706

0.00235 0.00232 0.00376 0.00648

0.0033 0.00183 0.00331 0.0104

00116



Exploration & Reconciliation

e Using XLS Solver
o lterative fitting of Modal Mineralogy to XRF

Zn As Pb Ba

[o01 [ 06s [ 851 | om | 047 [ om0 | om0 | s |

=it MOYene ICP et XRF —&— Moyenne ICP et XRF
== Chimie calculée par la minéralogie = # = Chimie calculée par la minéralogie

Lancer la réconciliation

40
»
Transférer la minéralogie réconciliée vers la feuille 2 w2
3 "Compilation-Minéralogie” g
20 R 2
41 10
a2
43 0 !
a4
5
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Exploration & Reconciliation
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Corrected Modal Mineralogy
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Quartz

Pvrope / Almandine
Kyanite

Other silicatas
Kaolinite / Dickite
Fe-Kaclinite (Staurolite)
Epidote

Sphene

Al-Oxyde

Fe-Cxyde

Rutile
Fa-Rutile

lImenite
Alt-llmrenite

Zircon

Albite
Muscovite / Orthoclase

Pyrite

Chalcopyrite
Chalcocite

Monazite

S1
61.25
0.37
0.35
1.95
10.86
14.09
0.00""

0.0004 0.0003

s2
94.31
0.003
0.24
0.2%2
2.34
0.98

33
84.41
.02
C.é2
Q.28
9.27
Q.41

$4
65.60
3.58
15.94
0.60
7.33
1.10

0.0007

0.005 0.000& 0.002 0.0003

0.0°

1.56
0.18
0.0%
0.24
0.17

2.40
6.3

0.04

0.0

0.13

0.37
0.0¢6
0.03
0.07
0.03

0.38
0.98

0.02

0.01

0.02

0.0007 0.004
C.19 1.25
0.18 0.12
Q.07 0.70
C.18 0.36
0.05 0.11
Q.77 1.65
2.63 1.44
Q.16 0.12
Q.07 0.02

0.00
C.07 0.12




Exploration & Reconciliation

« Corrected Modal Mineralogy

o Impact on Ti Deportment

BEFORE RECONCILIATION

100%

- I I ]
P
5%
A
uJE
2%
PR
1%
1%
Sarrpl] Sarrpl.? Sarmes .3 Sarrresls
H Rutile Quartz B Fseudorutile
m Anatase m Imenite m Other Ti Oxides
Titanite / Sphene  ®Zircon m Other Silicates
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AFTER RECONCILIATION

-
amgl.” IariplZ
m Rufile
B |[Imenite
ESphene

Fe-Kaolinite (Staurclitz)
m Autres Silicates

Smipl.3 Sarr 2l

B Fe-Ruftile
Alf-llmznite

B Kaolinite / Dickite
Kyanitz




Conclusions
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Conclusions

« Sample Preparation

« Reconciliation

« Do more without AM

« Closely supervise your Automated Mineralogy

17 LiEGE
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Thank Youl
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