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Purpose of Research

Na v? Al/Si
o Examine-samplepreparationparicle-size—analysis

time, and morphological effects on mineral

|8°e tification and classification |
075 SHow large | is the effect Of these factors?

— Do these factors hlnder our abﬁj:cy to G|aSSIfy closely

040 felated materials? * . 7+=* v

= Refine analytlcaLp'r ceédures 4

classify mate,r'fa.lésafp
range °  atec e L

— Sample prepara‘t‘on an‘aly3|s setup, data’ réduction, and
0.25 fnaterial classmcatlon

. ONo trying to determine absolute particle chemistries

20
—oeleale ’usetul material ClasSITiICallonsS basSed on Stangdara 44
comparlsons Na
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Mineral Identification
PLM vs. ASPEX

PLM

 |dentify biological
materials

« Can differentiate
polymorphs

* Need a skilled optical
mineralogist

* Time consuming
« Subjective

 Harder to find ‘needle in
haystack’

ASPEX

Overcome possible
analysis biases

Analyze all particles on
stub within set thresholds

Outputs all chemical and
morphological parameters

Not as labor intensive as
a manual analysis

Good at recognizing
opaque heavy minerals

SPEED!
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Samples Analyzed

* Analyzed five silicate minerals

— Thre
o Al
o Ar
e Le

— Two
. Bi
Al
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Sample Preparation

* Need to avoid touching
and overlapping particles

* Preferable to have small,
uniform, size range

— Can do several analyses at
different size ranges to see
variability of materials

* Reverse sieving

technique
— Back sieve samples onto a
GSR stub
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Size Effect — Labradorite

(Ca,Na)(Al,Si),Oq

Al/Sivs Al <5 pm Al/Si vs Al 5-10 pm
(1532 Particles) (2760 Particles)
40 40
Al - 28.52 £ 1.36 Al-28.5¢£1.39
35 o - 35 -
Y T
= o8 N0 ceh
< 25 - R SRS SR : T 25 -
20 A . pe 20 -
15 4 15 -
10 AlSi - 0.583 £ 0.042 " ASI - 0.593 £ 0.040
T T T T 10 T T T T
035 045 055 065 075 0.85 0.35 0.45 0.55 0.65 0.75 0.85
AUSI AUSI
Al/Si vs Al 10-20 pm Al/Sivs Al > 20 pm
(1936 Particles) (185 Particles)
o 40
Al — 28.08 + 1.44 - Al-27.74%1.51
35 -
30 - 30 -
I 25- D Z 25 -
20 - 20 -
15 - ’ 15 -
10 Al/Si - 0.599 + 0.036 Al/Si — 0.600 % 0.036
T T T T 10 T T T T
0.35 0.45 0.55 0.65 0.75 0.85 0.35 0.45 0.55 0.65 0.75 0.85
AUSI AUSi
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Size Effect — Labradorite

(Ca,Na)(Al,Si),04

Al/Sivs Ca <5 uym
(1532 Particles)

Al/Sivs Ca 5-10 ym
(2760 Particles)

Al/Si

0.55 0.65 0.75
Al/Si

:g |ca-18.07 + 3.09 22 [ca-19.12+3.15
35 1 : 35 A
30 1 . 30
o 25 1 - o 25 -
© 20 © 20
15 - 15 -
10 - N ¢ 10
5 : 5
0 . : : : 0 ; - - ;
0.35 0.45 0.55 0.65 0.75 0.85 0.35 0.45 0.55 0.65 0.75 0.85
AlISi AlSi
Al/Sivs Ca 10-20 pm Al/Si vs Ca > 20 pm
45 (1936 Particles) (185 Particles)
40 |Ca—20.75+3.59 1o [ca-21482338
35 4 35 A
30 - 30 -
o 24 < 25
& 20 A o 20 -
15 15
10 1 10 1
5 - - : 5 -
0 . . . . 0 . . . .
0.35 0.45 0.55 0.65 0.75 0.85 0.35 0.45 0.85

%
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Size Effect — Labradorite

(Ca,Na)(Al,Si),04

Al/Si vs Ca - All Size Fractions Size Effect on Ca
45 26
35 % ( O Tot:: :o":lm 24 1
N ! g [ ]
S 20 - 8 20 1 1
15 18 - ps
5: % 16 -
0 ' ; ; ; 14 ; . .
o 08 00 e o o8 o8 <5um 5t0 10 ym 10 to 20 ym >20 um
« Ca content increases with size
— Artifact of Size???
— Due to normalization???
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Size Effects — Na Migration??
Albite (NaAlSi,;Oy)

AlISi

0.40

Na vs Al/Si

0.38 -
0.36 -
0.34 -
0.32 -
0.30 -
0.28 -
0.26 -
0.24

0 <5um

© 5-10 um
© 10-20 um
© >20 um

15

Na

W £ n (<)} ~ [0} ©
L L L L L L

12

11
10 -

Size Effect on Na

<5 um

5to 10 ym

10 to 20 ym

>20 um

« Na content decreases with size
— |Is this due to sodium migration??

— How does this effect other elemental data due to
normalization??

%

McCRONE’

ASSOCIATES, INC.

www.mccrone.com
WESTMONT, IL



Time Effects on Particle Analysis
Albite (NaAlSi,Og)

Al/Si vs Al Al/Sivs Si
30 90
80 S
25
70
o 3sec ACQ a o 3sec ACQ
< 59 o 6sec ACQ © 60 o 6sec ACQ
° 12 sec ACQ o 12 sec ACQ
50 O
15
of 40 0|
10 30
0.20 0.25 0.30 0.35 0.40 0.45 0.20 0.25 0.30 0.35 0.40 0.45
AlfSi AlfSi
Al/Sivs Na
AllSi 18
Na Al Si 14
3 Sec Analysis " %8
*Average 0.329 7.086 22.629 68.896
*S.D. 0.018 1.208 1.095 2.447 10 °3secACQ
*6 Sec Analysis Z s °6secACQ
*Average 0.321 7.398 22.349 69.693 . 12 sec ACQ
*S.D. 0.012 1.325 0.842 2.095 o
12 Sec Analysis N
*Average 0.326 7.379 22.218 68.095 2
*S.D. 0.009 1.546 0.870 2.661 . |
0.20 0.25 0.30 0.35 0.40 0.45
Al/si
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Time Effects on Particle Analysis
Anorthite (CaAl,Si,0g)

Al/Si vs Al

45

35

o 3 sec ACQ
40 Lo 12sec ACQ

50

45

40

Al/Si vs Si

o 3sec ACQ
© 12 sec ACQ| |

< 30 @ 35
25 30
20 25
15 20

07 08 0.9 1.0 11 1.2 07 0.8 09 1.0 11 1.2

AlSi AlS
Al/Si vs Ca
60 T
o 3sec ACQ
A|ISi 50 1 ° 12 sec ACQ u\b
Ca Al Si o
*3 Sec Analysis

<Average 0.954 32.02 32.50 34.58 S
S.D. 0.054 4.18 1.88 2.36 i
*12 Sec Analysis 10
*Average 0.962 31.90 32.32 33.64 0

*S.D. 0.039 3.33 1.40 1.93 0s 08 07 08 09 10 1 12

AISi
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Morphology Effects

* Analyzed two minerals with similar
elemental compositions but different
morphologies

 Monoclinic mica
» Phyllosilicate (sheet silicate)

— results in infinitely extending flat sheets

— Almandine - Fe;Al,Si;0,,
 [sometric garnet (Cubic)
* Nesosilicate (single silicate)

— Independent tetrahedral SiO, groups (cleavage absent)
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Morphology Effects

AlISi vs Fe - 90% Error Ellipse AlISi vs Fe - 90% Error Ellipse
(Biotite) (Almandine)
50 80
Fe - 32.37/+2.25 Fe - 40.31+5.19 .
45 4 - 70 .
40
60
oo®
35 «
e £ 504
30 < s °
° 40
25 4 [ ] ®
[ ] [}
-~ o 30 <
Al/Si—0.291 £ 0.019
15 LJ LJ LJ LJ 20 L] L] LJ
015 0.20 025 030 035 040 040 050 060 070 0.80
Al/Si Al/Si
Less than 5 ym — 123 Particles Less than 5 ym — 2,089 Particles
5to 10 ym - 1,650 Particles 5to 10 ym - 534 Particles
10 to 20 ym - 1,614 Particles 10 to 20 ym — 147 Particles
Greater than 20 ym — 1039 Particles Greater than 20 pm - 9 Particles
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Raster Effects

* Investigated effects of three different beam
raster modes

— Chord Raster

« Beam is rastered over the particle along the 16 chords used
to measure particle dimensions

— Point Raster
» Beam sits on the centroid of the particle

— Interior Raster
 Beam rastered over entire particle
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Raster Effects — Almandine (>50um)

Al/Si vs Mg/Fe

0.40

0.35

0.30

0.25

0.20

o Chord

Mg/Fe

0.15

0.10

0.05

0.00

o Interior
o Point

0.2

0.4

1.2

%
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Raster Effects — Garnet (>50um)

o Statistics

— Point Raster (678 particles)
« Al/Si—0.626 £ 0.098 (3 sigma RSD —47.2%)

— Chord Raster (697 particles)
« Al/Si—0.600 + 0.042 (3 sigma RSD — 21.2%)

— Interior Raster (695 particles)
« Al/Si—-0.602 + 0.024 (3 sigma RSD - 11.8%)
 |Interior and chord raster provide similar average,
interior has smaller S.D.

* Point raster provides worst data for this sample

— Affected most by elemental heterogeneity and particle
morphology

— May result in overlapping rule files
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Albite Sample Showing Three
Groupings of Particles

« Cargille ‘albite’ reference standard
analyzed

* Results show three separate groupings
present in the plots

« Can these three phases be distinguished
regardless of:

— Particle size
— Particle analysis time
— Raster type
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Size Effects — "Albite’
(6 Sec. Chord Raster)

Al/Sivs Al < 5 ym Al/Si vs Al 5-10 ym
2? 1609 Particles 2? 11260 Particles
29 4 29 4
27 4 27 4
— 25 - — 254
< < 231
21 21
19 4 19 4
17 - 17 4
15 T T T 15 ' T T
02 03 04 05 06 0.2 03 04 05 06
Al/Si Al/Si
Al/Si vs Al 10-20 pm Al/Si vs Al > 20 ym
33 33
31 | 681 Particles 51 ]142 Particles
29 4 29 4
27 | : 27 1
— 254 a 254
< 231 < 234
21 21 4
19 19 4
— 17 4
1 | | | 15 T T T
02 03 04 05 06 0.2 0.3 04 0.5 0.6
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Time Effect — "Albite’
(Chord Raster)

Al/Si vs Al - 3 Sec. Acquisition Al/Si vs Al - 6 Sec. Acquisition
2? 3692 Particles . g? 3642 Particles 0
29 29 2 . -
27 27 . P N
_25 _25 —— -
S < 23 . e et ] —
21 21 USTA - L ann
19 19 e 3%?9‘9
17 17
15 15
0.25 0.30 0.35 040 045 0.50 0.55 0.60 0.25 0.30 0.35 040 045 0.50 0.55 0.60
AlSi AlSi
Al/Si vs Al - 12 Sec. Acquisition
2? 2436 Particles
29 S o
o
_25
<23
21
19
17
15
0.25 0.30 0.35 040 045 0.50 0.55 0.60
AlSi
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Raster Effects — ‘Albite’ Sample
(<20um)

Al/Si vs Al - Chord Raster Al/Si vs Al - Interior Raster
31 - 31
. |3503 Rarticles 0 ,, , | 3632 Rarticles
27 27 >
25 ’ 25
< 23 < 23
21 21
19 19
17 17
15 15
0.25 0.30 0.35 040 0.45 0.50 0.55 0.60 0.25 0.30 0.35 040 045 0.50 0.55 0.60
AUSI AlSi
Al/Si vs Al - Point Raster Al/Si vs Al - All Rasters
31 31
3632 Particles 3
29 o 29 ° o
27 - 27
25 25
< 23 < 23
21 21
19 1 - Point
17 17 o Chord |
o Interior
15 15 }
0.25 0.30 0.35 040 045 0.50 0.55 0.60 0.25 0.30 0.35 040 045 0.50 0.55 0.60
AlSi AlSi
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Unknown Plagioclase Feldspar

Al/Si vs Na
14 :
o 3 second ACQ
12 o 6 second ACQ |
10 %n 1 o o 12 second ACQ
o _ & o
& O P
= 5 _
4 =7 B(b?: OOUZ
& o o ©
2
0 - -
0.25 0.30 0.35 040 045 0.50 055 0.60
Al/Si
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Particle Classification
Plagioclase Feldspars

— (3 Sec. < 5um

%

Al/Sivs Al Al/Sivs Si
85
o Albite o Albite
o Unknown o Unknown
o Labradorite o Labradorite
o Anorthite o Anorthite
15 15
0.2 0.4 0.6 0.8 1.0 1.2 0.2 0.4 0.6 0.8 1.0 1.2
Al/Si Al/Si
Al/Sivs Na Al/Sivs Ca
14 60
50
8 40 o Albite
° ﬁlbklte © o Unknown
o Unknown Labradorit
o Labradorite o z A?wr:hic:: ¢
o Anorthite
20
10
. 0 :
1.2 0.2 0.4 0.6 0.8 1.0 1.2
Al/Si
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Unknown Feldspar Phase
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90% Error Ellipse — Albite
(NaAISi;O,)

Al/Si vs Al 90% Error Ellipse
(3 sec)
31
29 «
27 «
25 o
< 23+
21 o
%9
X J
19 <
17 4
15 v v Y
0.25 0.30 0.35 040 045
Al/Si
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Size Effects — Plagioclase Feldspars 90% Error Ellipses

%

Al/Si vs Al - 90% Error Ellipses Al/Si vs Al - 90% Error Ellipses
(3Sec, <5 um) (3Sec, 5-10 ym)
< 40
35 .
30 %
< E
25 25
& —— Albite ﬁ —— Albite
20 ——Unknown 20 ——Unknown
——Labradorite —— Labradorite
—— Anorthite —— Anorthite
15 15
025 035 045 055 065 075 08 095 105 115 025 035 045 055 065 075 085 095 105 115
Al/Si Al/Si
Al/Si vs Al - 90% Error Ellipses Al/Si vs Al - 90% Error Ellipses
(3Sec, 10-20 um) (3Sec, >20 um)
40 40
35 35
30 30
= <
ﬂ —— Albite y —— Albite
20 ——Unknown 20 ~—Unknown
~— Labradorite —— Labradorite
—— Anorthite —— Anorthite
15 15
025 035 045 055 065 075 08 095 105 115 025 035 045 055 065 075 08 095 105 115
AlSi Al/Si
McCRONE www.mccrone.com

ASSOCIATES, INC.

WESTMONT, IL



90% Error Ellipses — 3 Sec. Analysis
Plagioclase Feldspars

Al/Si vs Al - 90% Error Ellipse Al/Si vs Si - 90% Error Ellipse
(3 sec) (3 sec)
42
: 90
— Albit
ne 30 4 — Albite
37 | — Unknown Unk
— Labradorite 704 —— Jnknown
1> | — Anorthite ° 60 - e Labrad_orlte
= \ é‘é — 50 — Anorthite
< ps’ [7)
27 | 40 1
30 1 5
22 A 20 %P
10 -
17 . . . . 0 . . . .
02 04 06 08 1.0 1.2 02 04 06 08 10 12
AlSi AlISi
Al/Si vs Na - 90% Error Ellipse Al/Si vs Ca - 90% Error Ellipse
(3 sec) (3 sec)
14 60
— Albite —— Albite
50
—__Unknown — Unknown_
— Labradorite 40 1 —I;\ab:::_(glte
— Anorthite ap J T OMOTEME ooy
S
20
10 1
04 -
2 ’ . . . -10 T T r '
02 04 06 apsi 08 10 12 02 04 06 apsi 08 1.0 1.2
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90% Error Ellipses — 12 Sec. Analysis

Plagioclase Feldspars

Al/Si vs Al - 90% Error Ellipse Al/Si vs Si - 90% Error Ellipse
(12 sec) (12 sec)
40 80
—— Albite . —— Albite
— Unknown 70 —Unknown
%5 | — Labradorite . — Labradorite
—— Anorthite ° 60 | —— Anorthite
30 ] Q. '»;
< & 501
25 1
40 1
20 20 |
15 — - - 20 . . . .
02 04 06 0.8 1.0 1.2
A 02 04 06 aysi °8 10 12
Al/Si vs Na - 90% Error Ellipse Al/Si vs Ca - 90% Error Ellipse
(12 sec) (12 sec)
16 50
14 4 —— Albite
—Unknown 40 1
2 —— Labradorite
10 A —— Anorthite 30 4
o 8
z .| S 20 -
o 101 — Albite
2 1 —Unknown
0 01 —— Labradorite
— Anorthite
-2 ; ; ; -10 . . :
0.2 04 0.6 1.0 12 02 04 08 1.0 1.2
AlSi AlSi
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Comparison — 3 Sec. vs. 12 Sec.

Plagioclase Feldspar

Al/Si vs Al - 90% Error Ellipse Al/Si vs Al - 90% Error Ellipse
(3 sec) (12 sec)

42 40

—— Albite —— Albite
47 | — Unknown L el e, a5 | — Unknown

— Labradorite 2 N — Labradorite

) ’ o — Anorthite
3, | — Anorthite o
< %o =
27 1 ©o®0 25 |
P
22 A 20
17 . : - - 15 . . . -
02 04 06 08 10 12 02 04 06 6 . 1o
Al/Si Al/Si

Albite (3236 particles)
— 10 particles fall within another ellipse
(< 0.33%)
Unknown (3077 particles)
— 10 particles fall within another ellipse
(< 0.33%)
Labradorite (2872 particles)
— 13 particles fall within another ellipse

(<0.5%)
Anorthite (3599 particles)
— 0 particles fall within another ellipse

No particles from any of the
mineral groups fall within
another mineral’s error
ellipse.
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Comparison — 3 Sec. vs. 12 Sec.

Al/Si vs Na - 90% Error Ellipse

(3 sec)
14
1 —— Albite
——Unknown
e — Labradorite
8 1 — Anorthite
6
4
2 .
0 .
) r r " "
0.2 04 0.6 0.8 1.0 12

Al/Si

Na

L o v AN O ®
n_n_n_n__n

16

Al/Si vs Na - 90% Error Ellipse
(12 sec)

14
12
10

—— Albite

—— Unknown
—— Labradorite
—— Anorthite

0.2

04 0.6 0.8 1.0 12

Albite (3236 particles)
— 14 particles fall within another ellipse
(< 0.45%)
Unknown (3077 particles)
— 14 particles fall within another ellipse
(< 0.50%)
Labradorite (2872 particles)
— 35 particles fall within another ellipse

(1.2%)
Anorthite (3599 particles)
— 0 particles fall within another ellipse

Albite (2069 particles)
— 0 particles fall within another ellipse

Unknown (2040 particles)
— 0 particles fall within another ellipse

Labradorite (1850 particles)
— 3 particles fall within another ellipse
(<0.2%)
Anorthite (2211 particles)
— 0 particles fall within another ellipse

“ McCRONE’

ASSOCIATES, INC.

www.mccrone.com
WESTMONT, IL



Current Material Classification

Method

 Rule File Editor

= Cuntzingaretvwiuser-defined classifications

as Jogiealiriflesh list from top to bottom
. CanRARNIHS IR AVANBIS M R BB B or
clasNrdditianal4ules will be evaluated
? baa@l@d @%Wmﬁiﬁﬁﬁ‘alleédjlaﬁa‘ti@ t/éllhé% any group

Ll Class: 87 Max: 2 Zero: 13
Rule Definition

[AI/S] >=0.75 al d[AIJ‘S] =1.14 and Na<=0.63 and Al>=25.06 and Al=33.35
>=26.7 and Si<=41.8 and K< 057 hd Ca>=20.0 and Ca<=43.4

— Particle Save Options

_J [~ Halt analysis at particle #: |1 3.
Save: |84x84 Image v I

|~ Collect EDS for maximum duration

Savethefils!:|1 3
= Density
v (1 & th | | & Estimatef position
" Specify: I‘_ 0o g/

add | ow | pee

ENe H .
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Conclusions

« Size, analysis time, raster type, morphology

— Small effects relative to the overall scatter of the data
» May lead to a small percentage of mineral misclassification

— Makes rule file setup complex and time consuming

» Updating of elemental ranges in specific rule files due to
particle effects, not necessarily new materials

« Sample Prep - Overlapping/touching particles

— Can never fully solve this problem
* Reverse sieving technique helps to alleviate it
« Other complementary techniques will still be
needed for soil/mineral classification
— Polarized Light Microscopy, X-Ray Diffraction, Raman
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Future Research Plans

* Analyze additional mineral standards
— Further develop rule classifications
« Continue to improve sample preparations
techniques
— Reverse sieving
— Vacuum impaction

« Start analyzing mixtures of materials

— Mixed mineral standards
 Test for reproducibility and reliability
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Future Research Plans

 Investigate other material classification
techniques

— Is the Rule File method the best way to
classify data

 Clustering techniques (diluvian, density,
hierarchical)
— Still need to provide useful names to these clusters

 Distance function (delta value determination) to
previously determined mineral groups

 Test usefulness in other industries
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