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ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Aim: transform one element X-ray map into a map of oxide weight-% concentration

FeO [Chl]X-ray Fe [Chl]

- 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

Quantification with internal standards can be applied in theory to all kind of maps (µXRF, MEB) if the position of 
the spot analyses is exactly constrained.

X-ray map calibrated with XMapTools (internal standards) - CHLORITE
Quantified map with ZAF correction



ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Concept and Tools

A

B

C

X-Ray intensity of Si, Al, Fe… of A, B, C on the map
=

SiO2, Al2O3, FeO wt%... of corresponding point 
analysis A, B, C

A
B

C

Castaing’s relation without any significant
matrix difference between the standards
and the unknown

(for net intensity corrected from background)



ANALYTICAL STANDARDIZATION IN XMAPTOOLS

① Generate and import the file containing the internal standards

② Check the quality and position of the internal standards

③ Choose the standardization tool available in XMAPTOOLS

④ Check the quality of the map standardization

To make profiles of internal standards…

• 10-20 pts each phase of interest

• 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

The important steps for a good 
standardization …



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 µm step size 
100 ms dwell time – 42 h

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

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

ANALYTICAL STANDARDIZATION IN XMAPTOOLS: PRACTICAL EXERCISE



ANALYTICAL STANDARDIZATION IN XMAPTOOLS: PRACTICAL EXERCISE

1. Generate and import the file containing the internal standards

File: Standards.txt



ANALYTICAL STANDARDIZATION IN XMAPTOOLS: PRACTICAL EXERCISE

X-ray map coordinates (Xmin, Xmax, Ymin, Ymax)

List of analyzed elements + X, Y

Quantitative compositional analyses for 
each point + X, Y coordinates

1. Generate and import the file containing the internal standards



Load the file Standards.txt using the function import standard file

ANALYTICAL STANDARDIZATION IN XMAPTOOLS: PRACTICAL EXERCISE



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

ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Select the element of interest 
and adjust the color contrast

Display the spot analyses using the 
function display standards

Zoom on an area of interest (suggested) 



ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Select the element of interest 
and adjust the color contrast

Display the spot analyses using the 
function display standards

Zoom on an area of interest (suggested) 

Press EDIT and select/unselect spot 
analyses

Right clicking to validate and save the 
changes madeGarnet

2. Check the quality and position of point analyses on the map



Check the quality of the position of the internal standards

ANALYTICAL STANDARDIZATION IN XMAPTOOLS: PRACTICAL EXERCISE



Use the function check quality of std/maps positions (size 10*10 pixels2)

ANALYTICAL STANDARDIZATION IN XMAPTOOLS

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



ANALYTICAL STANDARDIZATION IN XMAPTOOLS: PRACTICAL EXERCISE

1

2



Function check quality of std/maps
positions (size 10*10 pixels2)

Use the Standard correction tool (SPC)
(e.g. shift the x,y position of the standards)

New function check quality of
std/maps positions (size 10*10
pixels2)

ANALYTICAL STANDARDIZATION IN XMAPTOOLS



3. Choose the standardization tool in XMAPTOOLS

Auto (median approach)

Manual (user’s selection)

Manual (homogeneous phase)

Transfer to Quanti

Using point analyses Other methods

Advanced Standardization

e.g. for already quantified maps
(import files in XMapTools as 
SiO2, Al2O3 and not as Si, Al)

ANALYTICAL STANDARDIZATION IN XMAPTOOLS



3. Choose the standardization tool in XMAPTOOLS

Auto (median approach)

Manual (user’s selection)

Manual (homogeneous phase)

Transfer to Quanti

Using point analyses Other methods

Advanced Standardization

e.g. for already quantified maps
(import files in XMapTools as 
SiO2, Al2O3 and not as Si, Al)

ANALYTICAL STANDARDIZATION IN XMAPTOOLS



ANALYTICAL STANDARDIZATION IN XMAPTOOLS: PRACTICAL EXERCISE

Quartz: homogeneous phase Manual standardization



Auto (median approach)

Manual (user’s selection)

Manual (homogeneous phase)

Transfer to Quanti

Using point analyses Other methods

Advanced Standardization

e.g. for already quantified maps
(import files in XMapTools as 
SiO2, Al2O3 and not as Si, Al)

ANALYTICAL STANDARDIZATION IN XMAPTOOLS

3. Choose the standardization tools in XMAPTOOLS

Uses the medial postition C (Xc, YC) of the calibration 
points. The calibration curve is defined as:

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



Auto (median approach)

Manual (user’s selection)

Manual (homogeneous phase)

Transfer to Quanti

Using point analyses Other methods

Advanced Standardization

e.g. for already quantified maps
(import files in XMapTools as 
SiO2, Al2O3 and not as Si, Al)

ANALYTICAL STANDARDIZATION IN XMAPTOOLS

Takes into account a ‘pseudo’ background correction.
The calibration curve is defined by the centrer of the cluster of 
standard points (Xc, YC) and the background point B (0, YB).

3. Choose the standardization tools in XMAPTOOLS



Standardize the phase garnet (method advanced): Al

ANALYTICAL STANDARDIZATION IN XMAPTOOLS

For high intensity/background 
ratios the correction is not 
applied

Intercept value

X-Y coordinates of 
calibration points

Authomated background detection



Standardize the phase garnet (method advanced): Fe

ANALYTICAL STANDARDIZATION IN XMAPTOOLS



Standardize the phase garnet (method advanced): Si

ANALYTICAL STANDARDIZATION IN XMAPTOOLS



Standardize the phase garnet (method advanced): Ti

ANALYTICAL STANDARDIZATION IN XMAPTOOLS

• 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

ΔC =captured compositional variability of the 
standards used to fit the slope of the calibration curve 
and to approximate the corresponding background



Standardize the phase garnet (method advanced): K

ANALYTICAL STANDARDIZATION IN XMAPTOOLS



Standardize the phase garnet (method advanced): Na

ANALYTICAL STANDARDIZATION IN XMAPTOOLS



Standardize the phase garnet (method advanced): Mn

ANALYTICAL STANDARDIZATION IN XMAPTOOLS



Standardize the phase garnet (method advanced): Ca

ANALYTICAL STANDARDIZATION IN XMAPTOOLS



Standardize the phase garnet (method advanced): Mg

ANALYTICAL STANDARDIZATION IN XMAPTOOLS



Si (biotite)

Some outliers may come from the interference/pixels 
with close mineral phases (here chlorite and biotite)

ANALYTICAL STANDARDIZATION IN XMAPTOOLS: PRACTICAL EXERCISE

X-ray Si (Biotite)



ANALYTICAL STANDARDIZATION IN XMAPTOOLS: PRACTICAL EXERCISE

Check by appliying the 
‘border’ correction (BRC) 
that remove the boundray
pixels of a selected phase



Si (without BCR) Si (with BCR)

ANALYTICAL STANDARDIZATION IN XMAPTOOLS: PRACTICAL EXERCISE

Advance standardization (Chlorite)



Standardized maps vs spot analyses

ANALYTICAL STANDARDIZATION IN XMAPTOOLS

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



QUESTIONS / DISCUSSION


