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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Aim: transform one element X-ray map into a map of oxide weight-% concentration
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- Already quantified maps (e.g. provided by new CAMECA Microprobes based on ZAF correction)
- Quantification with internal standards (spot analyses, e.g. with XMAPTOOLS)



ANALYTICAL STANDARDIZATION IN XMAPTOOLS

X-ray map calibrated with XMapTools (internal standards) - CHLORITE
Quantified map with ZAF correction
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Quantification with internal standards can be applied in theory to all kind of maps (uUXRF, MEB) if the position of
the spot analyses is exactly constrained.



Concept and Tools

ANALYTICAL STANDARDIZATION IN XMAPTOOLS
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The important steps for a good

ANALYTICAL STANDARDIZATION IN XMAPTOOLS

standardization ...

@ Generate and import the file containing the internal standards

@ Check the quality and position of the internal standards

@ Choose the standardization tool available in XMAPTOOLS

@ Check the quality of the map standardization
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To make profiles of internal standards...

e 10-20 pts each phase of interest

e  One horizontal and one vertical
profile as position check

* Step size of the profile should be a
multiple factor of the size of the map




ANALYTICAL STANDARDIZATION IN XMAPTooLS: PRACTICAL EXERCISE

Sample MA9330

Metapelite from the Central Alps (Switzerland)
Todd & Engi, (1997) JMG; Boston et al. (2017), Lithos

Prograde garnet, muscovite, quartz, + plagioclase, + biotite

Peak biotite, muscovite, quartz, kyanite, cordierite, plagioclase
Retrograde biotite, chlorite

Map 1 — Mineral matrix — 1000 x 750 pixels, 6 um step size

100 ms dwell time —42 h

Map 2 — Retrogression — 1000 x 750 pixels, 6 um step size
100 ms dwell time —42 h

Map3 — Garnet porphyroblast — 1000 x 1000 pixels, 10 um step size
60 ms dwell time—33 h




ANALYTICAL STANDARDIZATION IN XMAPTooLS: PRACTICAL EXERCISE

1. Generate and import the file containing the internal standards

<& P g _,TJ P ¢ Users » Laura » Documents » MATLAB » DATA XMapTools » Data_Temp4laura »
Command Window

Name New to MATLAB? See resources for Getting Started.
Data_Temp4laura EE Fl . 5 d d
F— lle: Stanaaras.txt
M N
Waskfiles _| Sans titre - Bloc-notes -
_Cetxt
R ) R Fichier Edition Format Affichage ?
_Latxt Diary ... not activated (see user's setting 51
-Nibet 61.89 66.39 12.7245 6.7245
P Starting (Check XMapTools paths) ... Done
St . .
’Z it Starting (Check user files path) ... Done 52
. . .
HH aaa.mat Starting (Load XMapTools Element list) ..[na20  mMgo cao K20 Al203  Tio2 Feo 5102 Mno X Y
Alixt Starting (Load XMapTools Standardization
Catxt Starting (Load ¥MapTools variables for Re '3
Classification.txt Starting ... (Load variables for the Generatolp.ioss 3.67 0.0072 7.79 16.21 ©.9622 12.86 52.14 @.0567 63.655 11.871
Fetxt starting (Load data for the Spider module[@.2032 10.45 ©.0142 9,53 20,27 1.4168 15.37 36.3  ©,0473 63.655 11.846
Import bt Starting (Load color data for the Spider {9+1%4 10.7 @ 9.54  20.08 1.5747 15.58 36.44 ©.0591 63.655 11.821
' . . o ) 9.1599 10.73 ©.0026 9.5 19.65 1.5635 15.45 36.72 ©.0475 63.655 11.796
Koo Starting (Setting additional GUI parametelq 1ggs 16.4  6.055 9.13  10.03  1.4632 14.93  34.82  0.0347 63.655 11.771
Mg.ud starting (setting Help texts) ... Done 0.2237 10.82 @ 9.39  19.62 1.6305 15.67 36.62 ©.0339 63.655 11.746
Mn.txt Starting (External functions: ListFunctio]®-2015 16.88 @ 9.51  19.69 1.6131 15.88 36.45 0.0677 63.655 11.721
Na.tet 0.2566 10.76 @ 9.3 19.23  1.6515 15.97 36.25 0.0523 63.655 11.696
Sl 0.1579 10.69 @ 9.41  19.61 1.6496 15.52 36.28 0.0602 63.655 11.671
= Add-ons ... (Check for XMapTools add-ons) ...|e.137 18.77 @ 9.32  19.47 1.6536 15.89 36.52 ©.0844 63.655 11.646
= Bdd-ons ... *** No add-on packages in the add|e.2269 18.34 o 9.58  19.54 1.7 15.57  36.7  0.0661 63.655 11.621
Standards.txt [ G Add (Check for XMapTools add ) 9.2296 16.36 0.8116 9.31 19.72  1.6369 15.63 36.91 0.8775 63.655 11.596
T Titxt ons ... cCk Lor aMaplools add-ons) -.-lg 5348 10.79 0.0465 9.25  19.57 1.73  15.65 36.29 0.0694 63.655 11.571
TOPO.txt 0.1863 10.57 ©.0426 9.37  20.03 1.69  15.56 36.57 ©.0743 63.655 11.547
KMapTools is ready to work; thanks for using {0.2305 9.32  ©0.0449 8.20  17.52 1.4483 13.8  32.12  0.0445 63.655 11.521
Details N 0.2301 10.84 ©.0316 9.23  19.83 1.5733 15.45 36.36 ©.0603 63.655 11.497
. ) 0.1818 10.71 ©.0423 9.07  19.65 1.5351 15.56 37 0.0577 63.655 11.472
Waorkspace ® loading a project ... (aaa.mat) 0.2453 10.41 ©.0045 9.45 21 1.4196 14.63 36.72 ©0.0481 63.655 11.446
N Val 0.0508 17.17 ©.0206 0.0782 22.58 ©.1146 19.75 25.72 ©.1142 63.884 11.482
ame alue loading a project (aga.mat) ok 0 17.03  0.0209 0.0206 22.67 0.1025 19.87 25.51 0.0749 63.91 11.543
9.44 @ 3.2  0.0957 22 0.0095 ©.0446 64.05 0 63.92  11.053
$#####4### The active project is : aaa.mat #####f#ess
Jx >>




ANALYTICAL STANDARDIZATION IN XMAPTooOLS: PRACTICAL EXERCISE

1. Generate and import the file containing the internal standards

X-ray map coordinates (Xmin, Xmax, YMIin, YMaX) m—

List of analyzed elements + X, Y >

Quantitative compositional analyses for
each point + X, Y coordinates

v

| sans titre - Bloc-notes

Fichier Edition Format Affichage ?

>1

61.89 66.39 12.7245 6.7245

>2

Na20 Mg0o cao K20 Al203 Tio2 FeO sio2 MnO X Y

>3

©.1989 8.67 0.0072 7.79 16.21 ©.9622 12.86 52.14 ©.0567 ©63.655 11.871
9.2032 10.45 9.0142 9,53 20.27 1.4168 15.37 36.3 ©.0473 63.655 11.846
9.144 10.7 Q@ 9.54 20.08 1.5747 15.58 36.44 90,0591 63.655 11.821
9.1599 10.73 9.0026 9.5 19.65 1.5635 15.45 36.72 ©.0475 63.655 11.796
0.1886 10.4 0.0055 9.13 19.03 1.4632 14.93 34.82 0.0347 63.655 11.771
0.2237 16.82 [} 9.39 19.62 1.6305 15.67 36.62 ©.0339 63.655 11.746
0.2015 16.88 [} 9.51 19.69 1.6131 15.88 36.45 0.0677 63.655 11.721
0.2566 10.76 [} 9.3 19.23 1.6515 15.97 36.25 9.8523 63.655 11.696
0.1579 10.69 [} 9.41 19.61 1.6496 15.52 36.28 0.0602 63.655 11.671
0.137 10.77 [} 9.32 19.47 1.6536 15.89 36.52 0.0844 63.655 11.646
0.2269 10.84 [} 9.58 19.54 1.7 15.57 36.7 0.0661 63.655 11.621
9.2296 10.36 0.0116 9.31 19.72 1.6369 15.63 36.91 0.0775 63.655 11.596
9.2248 10.79 0.0465 9.25 19.57 1.73 15.65 36.29 0.0694 63.655 11.571
0.1863 10.57 0.0426 9.37 20.03 1.69 15.56 36.57 0.0743 63.655 11.547
9.2305 9.32 0.0449 8.29 17.52 1.4483 13.8 32.12 9.0445 63.655 11.521
9.2301 10.84 9.0316 9.23 19.83 1.5733 15.45 36.36 9.0603 63.655 11.497
9.1818 10.71 0.0423 9.07 19.65 1.5351 15.56 37 9.@577 63.655 11.472
9.2453 10.41 0.0045 9.45 21 1.419 14.63 36.72 9.0481 63.655 11.446
0.0508 17.17 0.0206 0.0782 22.58 0.1146 19.75 25.72 9.1142 63.884 11.482
Q 17.03 0.0209 0.0206 22.67 9.1025 19.87 25.51 0.0749 63.91 11.543
9.44 Q 3.02 0.@957 22 0.0095 0.0446 64.05 Q 63.92 11.053




ANALYTICAL STANDARDIZATION IN XMAPTooLS: PRACTICAL EXERCISE

Load the file Standards.txt using the function import standard file
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

2. Check the quality and position of the internal standards on the map

XMAPTOOLS
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

2. Check the quality and position of point analyses on the map
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ANALYTICAL STANDARDIZATION IN XMAPTooLS: PRACTICAL EXERCISE

Check the quality of the position of the internal standards
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

2. Check the quality and position of the internal standards on the map (X; — AX,Y; — AY) «l - X
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10

Use the function check quality of std/maps positions (size 10*10 pixels?)
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- Nommalized intensities ~ Merged Maskfile v [MPC] Map position comecti... v s -\ Qa-K-ALTiFe-Si-Mn) Advanced Standardization

B | % & || B Selection = CLASSIFY & ACTIVATE El EDIT @ STANDARDIZE

5500

ssssss

5000

sum(corrcoef?) <EW

= 4000

3500

Modules
0.8 085 09 095 06 08 05 08 07 0.8 09

Si
0 (1] 10

El
EE EE— ) EE

Binary <3000
TriPlot
RGB <2500

Generator 5

Addons

1500
RUN -10 -5 0 5 10

1000

500

£ M =Y El =1n(%)?

X-ray Raw data (Intensity) - Al

04 06 08 02 04 06 08 0 02 04 06 08 02 04 06 08




ANALYTICAL STANDARDIZATION IN XMAPTooOLS: PRACTICAL EXERCISE

4 XMapTools 2.5.1

@ XMarTooLs = = == o
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T = Select Comection
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

& Figure 1 - [u] X
File Edit View Insert Tools Desktop Window Help

DEHS M ALODLL-E0E aD
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positions (size 10*10 pixels?) New funct|on. 'check 'qua//ty*of
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

3. Choose the standardization tool in XMAPTOOLS

Using point analyses

J

Advanced Standardization

Other methods

J

Manual (homogeneous phase)

Auto (median approach)

Transfer to Quanti

Manual (user’s selection)

|

e.g. for already quantified maps
(import files in XMapTools as
Si02, Al203 and not as Si, Al)



ANALYTICAL STANDARDIZATION IN XMAPTOOLS

3. Choose the standardization tool in XMAPTOOLS

Using point analyses

J

Advanced Standardization

Other methods

|

Manual (homogeneous phase)

Auto (median approach)

Transfer to Quanti

Manual (user’s selection)

|

e.g. for already quantified maps
(import files in XMapTools as
Si02, Al203 and not as Si, Al)



ANALYTICAL STANDARDIZATION IN XMAPTooOLS: PRACTICAL EXERCISE

Quartz: homogeneous phase = Manual standardization

. XMapTooLs 8| (=] [B] [B][ K] = 5 % @ Quint Results “
® 8 v Quartz ~ Notmalized intensities v Merged-Maslfile v Select Comrection v Standards.tit (Na-Mg-Ca-K-Al-Ti-Fe-Si-Mn) Advanced Standardization
y
EXEIEARK & o B Selection e CLASSIFY = = e 2
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woms | Tosm
bk [ 7000 0
=
FeO
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7P| 2
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TriPlot 0
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2
— 2000 0
Xpad
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1 1000
= = 100
4
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Correction:
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

3. Choose the standardization tools in XMAPTOOLS

Using point analyses Other methods
Advanced Standardization Manual (homogeneous phase)
Auto (median approach) Transfer to Quanti
Manual (user’s selection) l

e.g. for already quantified maps

Uses the medial postition C (X, Y.) of the calibration (import files in XMapTools as

points. The calibration curve is defined as: Si02, Al203 and not as Si, Al)
Y-
Y =_-£X
Xe

Any calibration curve intersects the X- and Y-axis origin. But.. this is
not necessarly verified for low-concentrated elements (background)



ANALYTICAL STANDARDIZATION IN XMAPTOOLS

3. Choose the standardization tools in XMAPTOOLS

Using point analyses Other methods
Advanced Standardization Manual (homogeneous phase)
Auto (median approach) Transfer to Quanti
Manual (user’s selection) l
e.g. for already quantified maps
v (import files in XMapTools as
Takes into account a ‘pseudo’ background correction. Si02, AI203 and not as Si, Al)

The calibration curve is defined by the centrer of the cluster of
standard points (X, Y.) and the background point B (O, Yj).

Y — u}(+ Y
Xc




ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Standardize the phase garnet (method advanced): Al

. . . 4. VER_XMTStandardizationTool_804 -
For high intensity/background - i D T
anaaraization 100 -
. . . Apply Standardizatic
ratios the correction is not XMarTooLs
applied e |
1500 T T T T
Al "ot checked” *=27%= v A
[ 1Mo Background Correction [] Automated Background [] Manual Background
Calibration Point (method): median: 0 outlier(s) rejected i 1000 F
Background determination: no background correction ;
R2 (polyfit): not available £
:
=>> Automated background correction g
5 s00
:
01 T T T T T T
0095 ) ‘ ‘ )
i) s 10 15 20
009 Standard composition (wt%)
5 0.085
% g8
35
0075
30
Authomated background detection ”
X_Y Coo rd INa te S Of 008y 200 400 600 800 1000 1200 1400 2
) . ) - Background value (Intensity)
calibration points ] °
== Manual background correction
10
Back valus X ¥ Slope
< 5
|nte rce pt Value - 1 21333 13156726 616203
0




ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Standardize the phase garnet (method advanced): Fe

4. VER_XMTStandardizationTool_804 -

_X 0 0
. XMAPTOOLS Standardlzatlon TOO] Apply Standardization
Export Figures Load e STANDARDIZATION

2500 T T T T T T

Fe "Notchecked" *#77%% ~ Apply Auto

No Background Correction [[] Automated Background [] Manusl Background 2000 -

Calibration Point (method): median: 0 outlier(s) rejected
Background determination: no background correction
R2 (polyfit): not available

>> Automated background correction

0.108 500 i
0.106 |- .
0 I L I I L L
0.104 - 1 0 5 10 15 20 2 30
Standard composition (wt%a)
o102 | .
£ o} 4
=
= 000 | 5 60
0.09 7
50
0094 |- 4
0.092 | 4 40
009 I I L L I I I L L
0 200 400 600 00 1000 1200 1400 1600 1800 2000 30
Background value (Intensity)
g 20
== Manual background correction
Back value X ¥ Slope
10
1 33285 19038117 57.1672




ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Standardize the phase garnet (method advanced): Si

[®) X MarTooLs

Standardization Tool

Apply Standardization

Export Figures Load . STANDARDIZATION

3000 T T T T T T T
G ot checkedn A¥09ET o Ayl WARNING: 18 pixels with Si02>110 wt%

2500 - .|
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Calibration Point (method): median: 1 outlier(s) rejected
Background determination: no background correction
R2 (polyfit): not available

>> Automated background correction
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Standardize the phase garnet (method advanced): Ti

4 VER_XMTStandardizationTool_804

XMarTooLs

Export Figures Lo

Ti "Not checked" *£77%*

[[] No Backzround Correction [] Automated Background

Calibration Point (method): median: 1 outlier(s) rejected

Background determination: auto (polyf
R2 (polyfit): -0.057172

>> Automated background correction

1t); 1 outlier(s) rejected

Standardization Tool

Apply Standardization

m}

Apply Auto

[[] Manual Background 80 -

Pixel composition (Intensity)
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T T T T T T T T

30 |
02 0- ‘ ‘
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024 0 I L . . L . . .
0 001 002 003 004 0.05 0.06 007 008 0
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02
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35
018
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Background value (Intensity)
15
>> Manual background correction
10
Back vaiue x ¥ Siop:
5
16 0.06245 175009 4.03:
0

0.09

X

For low
intensity/background
ratios the correction has
to be applied

Correction can be applied
only if the same
spectrometer
configuration has been
used for internal
standards and X-ray maps



ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Standardize the phase garnet (method advanced): Ti

X-ray intensity
(pixels of the map)

b Case 1 1 -
7
homogeneous phase /// . ‘ ' ‘ ' ‘ ' ' ' ]
— ~ B0 =
vy 2 10 1
7
// £ 60 4
// Zé 50 -
e E _
s g
pid 2 of -
// 20 r | ‘ i
e Case 2 ol | | i
Al —’/O/ below detection , ‘ . ‘ . ‘ . . .
/f hm"ts (map) 0 0.01 0.02 0.03 5[H"d;{:rf:lum‘p““[::}{f[“[,L_“j 0.06 0.07 0D.08 0.09
LY L = > S U
AC . . . K
> AC =captured compositional variability of the
Oxide mass concentration standards used to fit the slope of the calibration curve
(internal standards) and to approximate the corresponding background




ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Standardize the phase garnet (method advanced): K

y VER_XMTStandardizationTool_804 -

— . .
XMAPTOOLS Standard]zatlon TOOl Apply Standardization

50 T T T T T
K "Not checked” *+77++ v Agphir L 1
[]Ne Background Correction Automated Background [] Manuat Background 40 - .

Calibration Point (method): p
Background determination:
R2 (polyfit):

>> Automated background correction

0 0.01 002 003 0.04 005
Standard composition (wt'%)

Residual

o 5 10 15 20 25 30 35

Background value (Intensity)

=>> Manual background correction

Back. vaiue X r Slope

28 0.03439 332464 96.458
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Standardize the phase garnet (method advanced): Na

il . .
XMAPTOOLS Standard]zatlon TOO] Apply Standardization
Export Figures Load - STANDARDIZATICJN

14 T T T T T T T T T
Na “Not checked® + 77+ ~ Apply Auto
12 b
[] ™o Background Correction Automated Background [] Manual Background
~ 10 1
Calibration Point (method): y | Z
5
Background determination: auto (poly 1o outlier rejection R T
R2 (polyfit): -0.057172 g
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Standardize the phase garnet (method advanced): Mn
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Standardize the phase garnet (method advanced): Ca
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Standardize the phase garnet (method advanced): Mg
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ANALYTICAL STANDARDIZATION IN XMAPTooOLS: PRACTICAL EXERCISE
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ANALYTICAL STANDARDIZATION IN XMAPTooOLS: PRACTICAL EXERCISE
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ANALYTICAL STANDARDIZATION IN XMAPTooLS: PRACTICAL EXERCISE
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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

4. Check the quality of the map standardization (in ‘Quanti’)
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