
PETROCHRO-2019	–	QUANTITATIVE	COMPOSITIONAL	MAPPING	OF	GEOLOGICAL	MATERIALS	USING	XMAPTOOLS		

Lecture	3	

X-ray	map	correc,ons	and	mul,-channel	classifica,on	

Dr.	Pierre	Lanari	
	

University	of	Bern	-	pierre.lanari@geo.unibe.ch	

•  MoQvaQon	and	applicaQon	examples	
•  X-ray	maps:	loading	and	automated	indexaQon	
•  Displaying	X-ray	maps,	adjusQng	color	contrast	and	mineral	idenQficaQon	
•  Automated	classificaQon	(normalized	and	classic	methods)	for	manipulaQng	single-phase	data	
•  Manual	adjustment	of	maskfile	using	the	Binary	module	
•  Manual	classificaQon	
•  CorrecQons	(BRC;	IDC;	TRC)	
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MOTIVATION	AND	APPLICATION	EXAMPLES	

MoQvaQons:		
1.  Quickly	retrieve	modal	abundances	from	semi-quanQtaQve	maps	
2.  Prepare	the	X-ray	maps	(classify	and	correct)	for	the	analyQcal	standardizaQon	



MOTIVATION	AND	APPLICATION	EXAMPLES	



MOTIVATION	AND	APPLICATION	EXAMPLES	

Mineral	modes	from	X-ray	maps		

LA-ICP-M
S	spot	analyses	

Mar+n	et	al.	(2013),	GCA	



MOTIVATION	AND	APPLICATION	EXAMPLES	
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MOTIVATION	AND	APPLICATION	EXAMPLES	

MoQvaQons:		
1.  Quickly	retrieve	modal	abundances	from	semi-quanQtaQve	maps	
2.  Prepare	the	X-ray	maps	(classify	and	correct)	for	the	analyQcal	standardizaQon	

X-ray	maps	(mul,-channel)	
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MOTIVATION	AND	APPLICATION	EXAMPLES	

Automated	classificaQon	in	XMAPTOOLS:	K-means	clustering	

k-means	 clustering	 aims	 to	 parQQon	 n	 observaQons	 into	 k	
clusters	in	which	each	observaQon	belongs	to	the	cluster	with	the	
nearest	mean,	serving	as	a	prototype	of	the	cluster	

k	ini,al	phases	composi,ons	
•  Number	of	clusters	
•  IniQal	centers	of	the	clusters	

Allocate	all	the	pixel	
composiQons	to	the	k	
clusters	(nearest	mean)	

Recalculate	the	centroids	
posiQons	
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MOTIVATION	AND	APPLICATION	EXAMPLES	

chlorite	

phengite	

albite	
quartz	

Manual	classificaQon	in	
XMAPTOOLS:	chemical	
modules	

Fe-Mg	subs,tu,on	

TS	



MOTIVATION	AND	APPLICATION	EXAMPLES	

MoQvaQons:		
1.  Quickly	retrieve	modal	abundances	from	semi-quanQtaQve	maps	
2.  Prepare	the	X-ray	maps	(classify	and	correct)	for	the	analyQcal	standardizaQon	

DriF	 Secondary	fluorescence	effects	

Lanari	et	al.	(2018),	GSL	



Key	steps	
	

•  Import	the	maps	into	XMAPTOOLS	
•  IdenQfy	the	mineral	phases	
•  Automated	classificaQon	
•  Manual	classificaQon	using	the	Binary	module	
•  CorrecQons	



MOTIVATION	AND	APPLICATION	EXAMPLES	

Sample	MA9330	
Metapelite	from	the	Central	Alps	(Switzerland)	
Todd	&	Engi,	(1997)	JMG;	Boston	et	al.	(2017),	Lithos	
	
	
Prograde	 	 	garnet,	muscovite,	quartz,	±	plagioclase,	±	bioQte	
Peak	 	 	 	bioQte,	muscovite,	quartz,	kyanite,	cordierite,	plagioclase	
Retrograde	 	 	bioQte,	chlorite	
	
Map	1	–	Mineral	matrix	–			 	 	1000	x	750	pixels,	6	µm	step	size		

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

	 	 	 	 	 	100	ms	dwell	Qme	–	42	h	
	
Map3	–	Garnet	porphyroblast	–	 	1000	x	1000	pixels,	10	µm	step	size		

	 	 	 	 	 	60	ms	dwell	Qme–	33	h 	 	 		



MOTIVATION	AND	APPLICATION	EXAMPLES	

Si	(X-ray	counts)	



Key	steps	
	

•  Import	the	maps	into	XMAPTOOLS	
•  IdenQfy	the	mineral	phases	
•  Automated	classificaQon	
•  Manual	classificaQon	using	the	Binary	module	
•  CorrecQons	



HOW	TO	LAUNCH	XMAPTOOLS?	

①  In	MATLAB©,	go	to	the	directory	Documents/MATLAB/Mapping_Data/Part1_EPMA/Example-1-CAlps/		



HOW	TO	LAUNCH	XMAPTOOLS?	

①  In	MATLAB©,	go	to	the	directory	Documents/MATLAB/Mapping_Data/Part1_EPMA/Example-1-CAlps/		



X-RAY	MAPS:	LOADING	AND	AUTOMATED	INDEXATION	

①  Launch	XMAPTOOLS	using	the	command:	>>	XMapTools	

②  Import	the	following	X-ray	maps	using	the	funcQon	 Import	map(s):	_Ce.txt,	_La.txt,	_Ni.txt,	_P.txt,	_S.txt,	_Zr.txt	
Al.txt	Ca.txt,	Fe.txt,	K.txt,	Mg.txt,	Mn.txt,	Na.txt,	SEI.txt,	Si.txt,	Ti.txt,	TOPO.txt	(select	automated	indexaQon)	

③  AcQvate	the	dead	Qme	correcQon	(Check	0.cnd	for	dwell	Qme;	dead	Qme:	300	ns)	and	press	Apply	Correc+ons		



X-RAY	MAPS:	LOADING	AND	AUTOMATED	INDEXATION	

Ø  The	list	of	elements	and	corresponding	oxide	is	defined	in	/XMapTools/Program/Dev/Xmap_Default.txt	



X-RAY	MAPS:	LOADING	AND	AUTOMATED	INDEXATION	



BSE,	SEI	AND	TOPO	MAPS	

Everhart-Thornley	(E-T)	detector	for	topographic	contrast:	This	detector	analyze	
the	 BSE	 (negaQvely	 biased	 E-T	 detector)	 or	 both	 BSE	 +	 SE	 (posiQvely	 biased	 E-T	
detector).	 The	 E-T	 detector	 is	 mounted	 on	 one	 side	 of	 the	 sample	 chamber	
receiving	 a	highly	direcQonal	 view	of	 the	 specimen.	As	 a	 result,	when	 imaging	a	
fractured	 surface,	 the	 faces	 directly	 in	 the	 line-of-sight	 of	 the	 detector	 appear	
brighter	than	the	other	faces	

Secondary	 electrons	 (SE)	 are	 sample	 electrons	 mobilized	 through	 inelasQc	
scatering	(i.e.,	involving	transfer	of	energy	from	the	beam	electrons	to	the	atoms	
of	 the	 specimen)	 by	 beam	 electrons	 overcome	 the	 surface	 energy	 barrier	 and	
escape	 from	 the	 sample.	 They	 have	 lower	 energies	 (<50	 eV;	 majority	 <10	 eV)	
compared	to	back-scatered	electrons.	The	escape	depth	of	secondary	electrons	is	
only	about	1/100	of	that	for	backscatered	electrons	for	incident	beam	energies	in	
the	 range	10-30	 keV.	 SE	 are	useful	 in	 studying	 the	 surface	 characterisQcs	of	 the	
sample.	

BackscaRered	 electrons	 (BSE)	 high	 energy	 primary	 electrons	 scatered	 from	 the	
entry	 surface.	 Most	 BSE	 have	 energies	 slightly	 lower	 than	 that	 of	 the	 primary	
electron	 beam	 E0	 (mostly	 elasQc	 +	 inelasQc	 scatering).	 The	 fracQon	 of	 beam	
electrons	backscatered	from	a	sample,	depends	strongly	on	the	sample's	average	
atomic	number,	Z,	reflecQng	the	increasing	charge	of	the	atomic	nuclei.	



X-RAY	MAPS:	LOADING	AND	AUTOMATED	INDEXATION	

Menu	to	select	the	X-ray	map	 Workspace:	X-ray	

Ø  Display	the	X-ray	map	Si:	



Key	steps	
	

•  Import	the	maps	into	XMAPTOOLS	
•  IdenQfy	the	mineral	phases	
•  Automated	classificaQon	
•  Manual	classificaQon	using	the	Binary	module	
•  CorrecQons	





IDENTIFICATION	OF	MINERAL	PHASES	

①  Use	the	rotate	funcQon	to	rotate	the	image	by	90°		

②  Quickly	go	through	all	the	maps	using	the	auto-contrast	funcQon	to	automaQcally	adjust	the	limits	of	the	
colorbar.	 Every	 Qme	 you	 recognize	 a	 new	phase,	 report	 the	 coordinates	 of	 a	 reference	 pixel	 in	 the	 file	
Classifica+on.txt		

③  Delete	the	maps	that	are	not	needed	



IDENTIFICATION	OF	MINERAL	PHASES	



IDENTIFICATION	OF	MINERAL	PHASES	

Ce	
La	



IDENTIFICATION	OF	MINERAL	PHASES	



IDENTIFICATION	OF	MINERAL	PHASES	

Ni	
P	
S	



IDENTIFICATION	OF	MINERAL	PHASES	

Zr	

ApaQte	



IDENTIFICATION	OF	MINERAL	PHASES	



IDENTIFICATION	OF	MINERAL	PHASES	

Al	

Kyanite	

Cordierite	



IDENTIFICATION	OF	MINERAL	PHASES	



IDENTIFICATION	OF	MINERAL	PHASES	

Ca	

garnet	

plagioclase	

calcite	



IDENTIFICATION	OF	MINERAL	PHASES	



IDENTIFICATION	OF	MINERAL	PHASES	

Fe	

garnet	 bioQte	

chlorite	



IDENTIFICATION	OF	MINERAL	PHASES	



IDENTIFICATION	OF	MINERAL	PHASES	

K	

muscovite	



IDENTIFICATION	OF	MINERAL	PHASES	



IDENTIFICATION	OF	MINERAL	PHASES	

Mg	



IDENTIFICATION	OF	MINERAL	PHASES	

Mn	



IDENTIFICATION	OF	MINERAL	PHASES	

Na	



IDENTIFICATION	OF	MINERAL	PHASES	

SEI	



IDENTIFICATION	OF	MINERAL	PHASES	

Si	

quartz	



IDENTIFICATION	OF	MINERAL	PHASES	



IDENTIFICATION	OF	MINERAL	PHASES	

Ti	



IDENTIFICATION	OF	MINERAL	PHASES	

TOPO	



IDENTIFICATION	OF	MINERAL	PHASES	

①  Save	the	project	(aaa.mat)	

②  Close	XMAPTOOLS		

③  Launch	XMAPTOOLS	and	load	your	project	using	the	command:	>>	XMapTools	open	aaa	



Key	steps	
	

•  Import	the	maps	into	XMAPTOOLS	
•  IdenQfy	the	mineral	phases	
•  Automated	classificaQon	
•  Manual	classificaQon	using	the	Binary	module	
•  CorrecQons	



AUTOMATED	CLASSIFICATION	(NORMALIZED	AND	CLASSIC	METHODS)	

①  Select	the	method	“Normalized	intensiQes”	and	the	mode	“file”	
in	the	classificaQon	menus		

②  Press	CLASSIFY		
③  Follow	 the	 instrucQons	 given	 by	 the	 program.	 In	 this	 example,	

Mn	is	excluded	from	the	classificaQon;	system:	Ce,	La,	Zr,	Al,	Ca,	
Fe,	K,	Mg,	Na,	Si,	Ti	

If	you	want	to	use	the	mode	“selecQon”,	you	need	to	find	a	map	on	
which	 all	 the	 phases	 are	 visible	 in	 order	 to	 define	 the	 reference	
pixels	of	each	phase.		

Ø  The	classificaQon	funcQon	generates	a	maskfile	



AUTOMATED	CLASSIFICATION	(NORMALIZED	AND	CLASSIC	METHODS)	

Note:		
	

It	is	possible	to	select	and	manipulate	maskfiles	using	
the	maskfile	menu	and	the	corresponding	butons	

1 	1 	1 	2 	2 	3 	3 	1 	1 	1	
1 	1 	2 	2 	3 	3 	4 	1 	1 	1	
1 	2 	2 	3 	3 	4 	4 	4 	1 	1	
2 	2 	3 	3 	4 	4 	4 	4 	4 	1	
2 	2 	2 	3 	3 	4 	4 	4 	2 	2	
2 	2 	2 	3 	3 	1 	4 	2 	2 	2	
3 	3 	3 	3 	1 	1 	1 	1 	2 	2	
3 	3 	3 	1 	1 	1 	1 	1 	1 	3

	 	 	 		

4 	Garnet	
3 	Chlorite	
2 	Plagioclase	
1 	Quartz 		



AUTOMATED	CLASSIFICATION	(NORMALIZED	AND	CLASSIC	METHODS)	

④  Check	the	classificaQon	by	displaying	each	phase		



AUTOMATED	CLASSIFICATION	(NORMALIZED	AND	CLASSIC	METHODS)	

④  Check	the	classificaQon	by	displaying	each	phase		



AUTOMATED	CLASSIFICATION	(NORMALIZED	AND	CLASSIC	METHODS)	

①  Select	 the	method	“Classical	 computaQon”	and	 the	mode	“file”	
in	the	classificaQon	menus		

②  Press	CLASSIFY		
③  Follow	 the	 instrucQons	 given	 by	 the	 program.	 In	 this	 example,	

Mn	is	excluded	from	the	classificaQon;	system:	Ce,	La,	Zr,	Al,	Ca,	
Fe,	K,	Mg,	Na,	Si,	Ti	



AUTOMATED	CLASSIFICATION	(NORMALIZED	AND	CLASSIC	METHODS)	

④  Check	the	classificaQon	by	displaying	each	phase		



AUTOMATED	CLASSIFICATION	(NORMALIZED	AND	CLASSIC	METHODS)	

①  Delete	the	second	maskfile	(Meth1-MaskfFile2,	classic	computaQon)		

②  Remove	Cordierite	from	the	list	in	ClassificaQon.txt		



AUTOMATED	CLASSIFICATION	(NORMALIZED	AND	CLASSIC	METHODS)	

①  Delete	the	second	maskfile	(Meth1-MaskfFile2,	classic	computaQon)		

②  Remove	Cordierite	from	the	list	in	ClassificaQon.txt		

③  Select	 the	method	“Normalized	 intensiQes”	and	the	mode	“file”	 in	the	
classificaQon	menus		

④  Press	CLASSIFY		
⑤  Follow	 the	 instrucQons	 given	 by	 the	 program.	 In	 this	 example,	Mn	 is	

excluded	from	the	classificaQon;	system:	Ce,	La,	Zr,	Al,	Ca,	Fe,	K,	Mg,	Na,	
Si,	Ti	

⑥  Export	the	maskfile	(all	masks)	as	“AutoClassificaQonNoCrd.txt”	

•  All	the	pixels	are	classified	(no	zero)	
•  The	pixels	of	kyanite	and	cordierite	are	in	mask	number	5,	

kyanite	

Save	the	project	



Key	steps	
	

•  Import	the	maps	into	XMAPTOOLS	
•  IdenQfy	the	mineral	phases	
•  Automated	classificaQon	
•  Manual	classificaQon	using	the	Binary	module	
•  CorrecQons	



MANUAL	ADJUSTMENT	OF	MASKFILE	

kyanite			+			cordierite	

Create	a	new	mask	

Automated	classifica,on	(normalized)	

Binary	module	



MANUAL	ADJUSTMENT	OF	MASKFILE	

①  Select	the	phase	kyanite	
②  Open	the	chemical	module	“Binary”	



MANUAL	ADJUSTMENT	OF	MASKFILE	

③  Plot	the	pixel	composiQons	in	a	diagram	Si	vs	Al	

④  Use	the	idenQfy	pixel	tool	“single	group:	quick	(rectangle)”	to	select	the	pixels	of	cordierite	

1	

2	



MANUAL	ADJUSTMENT	OF	MASKFILE	

⑤  Press	“build	a	maskfile”	and	generate	a	new	maskfile	“Cordierite.txt”;	
Note:	it	is	important	to	only	export	the	selected	pixels.	Edit	the	name	
of	the	mask	“Selec+on_1”	to	“Cordierite”	

⑥  Close	the	Binary	module	

⑦  In	XMAPTOOLS,	import	and	merge	the	two	maskfiles	

kyanite			+			cordierite	



MANUAL	ADJUSTMENT	OF	MASKFILE	

⑧  Check	the	classificaQon	by	displaying	each	phase		
⑨  Delete	the	other	maskfiles	

⑩  Update	the	file	classifica+on.txt	

Save	the	project	



MANUAL	CLASSIFICATION	WITH	THE	BINARY	MODULE	

①  Select	“none”	in	the	phase	menu		

②  Open	the	chemical	module	“Binary”	

In	this	case	the	composiQons	
of	all	the	pixels	have	been	sent	
to	the	Binary	module	



MANUAL	CLASSIFICATION	WITH	THE	BINARY	MODULE	

①  Plot	again	Si	vs	Al	and	press	“auto”	to	adjust	the	axis	limits		

②  Compute	a	density	map	of	this	diagram	with	a	resoluQon	of	40	px	



MANUAL	CLASSIFICATION	WITH	THE	BINARY	MODULE	

③  Close	the	density	map	

④  IdenQfy	the	mineral(s)	corresponding	to	each	group	of	pixel		

cordierite	

kyanite	

bioQte	

Plagioclase	

Quartz	

Chlorite	

Garnet	+	bioQte	



MANUAL	CLASSIFICATION	WITH	THE	BINARY	MODULE	

③  Use	 the	 tool	 idenQfy	 pixels	 (mulQ-groups	 free	 shapes	 to	 select	 the	 pixels	 of	 the	 phases:	 (1)	 cordierite,	 (2)	
kyanite,	(3)	muscovite,	(4)	plagioclase,	(5)	quartz	and	(6)	chlorite	and	save	the	corresponding	maskfile	(name:	
Manual_Crd-Ky-Ms-Pl-Qz-Chl.txt)	



MANUAL	CLASSIFICATION	WITH	THE	BINARY	MODULE	

④  Plot	a	diagram	Fe	vs	K	and	export	a	maskfile	containing	(1)	bioQte,	(2)	garnet	and	(3)	ilmenite	(Manual_Bi-Grt-
Ilm.txt)		



MANUAL	CLASSIFICATION	WITH	THE	BINARY	MODULE	

⑤  Plot	a	diagram	Zr	vs	Ca	and	export	a	maskfile	containing	(1)	calcite	and	(2)	apaQte	(Manual_Clc-Ap-Ilm.txt)		

⑥  Plot	a	diagram	Ti	vs	Ca	and	export	a	maskfile	containing	the	pixels	of	ruQle	(Manual_Rt.txt)	

⑦  Go	 back	 to	 XMAPTOOLS	 and	 import	 the	 maskfiles	 Manual_Crd-Ky-Ms-Pl-Qz-Chl.tx,	 Manual_Bi-Grt-Ilm.txt,	
Manual_Clc-Ap-Ilm.txt	and	Manual_Rt.txt	



MANUAL	CLASSIFICATION	WITH	THE	BINARY	MODULE	

⑧  Export	the	phase	proporQons	of	the	semi-automated	and	manual	maskfiles	



MANUAL	CLASSIFICATION	WITH	THE	BINARY	MODULE	

Semi-auto Manual
Biotite:	 9.21 7.87
Garnet:	 11.12 12.29
Ilmenite:	 0.21 0.14
Calcite:	 0.4 0.15
Apatite:	 0.13 0.09
Cordierite:	 0.16 0.17
Kyanite:	 6.06 5.96
Muscovite:	 14.99 14.23
Plagioclase:	 20.79 22.25
Quartz:	 31.82 32.68
Chlorite:	 5.02 4.08
Rutile:	 0.1 0.09



MANUAL	CLASSIFICATION	WITH	THE	BINARY	MODULE	

Quartz	

Plagioclase	

Garnet	

kyanite	

muscovite	

bioQte	

chlorite	



MANUAL	CLASSIFICATION	WITH	THE	BINARY	MODULE	

⑨  Keep	 the	maskfile	 from	 the	 semi-automated	 classificaQon	
and	delete	the	other	maskfiles	



Key	steps	
	

•  Import	the	maps	into	XMAPTOOLS	
•  IdenQfy	the	mineral	phases	
•  Automated	classificaQon	
•  Manual	classificaQon	using	the	Binary	module	
•  CorrecQons	



CORRECTIONS	(X-RAY	WORKSPACE)	

•  BRC	 	filters	mixing	pixels	out		
•  IDC		 	corrects	Qme-related	intensity	dri�	
•  TRC 	corrects	TOPO-related	intensity	variaQons	



CORRECTIONS	(X-RAY	WORKSPACE):	BRC	

①  Select	 “BRC”	 in	 the	 correcQon	 menu	 and	 press	
“APPLY”		

100	%	 88	%	 66	%	



CORRECTIONS	(X-RAY	WORKSPACE):	BRC	

You	can	acQvate	or	deacQvate	the	BRC	correcQon	using	the	buton	BRC	on	the	le�	hand-side.	Once	BRC	is	
acQvated,	the	correcQon	is	applied	for	most	of	the	operaQons	and	plots	performed	in	the	workspace	X-ray	



CORRECTIONS	(X-RAY	WORKSPACE):	BRC	

②  Compare	the	map	of	silicon	with	the	BRC	acQve	and	without	

You	can	acQvate	or	deacQvate	the	BRC	correcQon	using	the	buton	BRC	on	the	le�	hand-side.	Once	BRC	is	
acQvated,	the	correcQon	is	applied	for	most	of	the	operaQons	and	plots	performed	in	the	workspace	X-ray	



CORRECTIONS	(X-RAY	WORKSPACE):	BRC	

③  Plot	a	binary	diagram	Si	vs	Al	containing	all	the	pixels		

You	can	acQvate	or	deacQvate	the	BRC	correcQon	using	the	buton	BRC	on	the	le�	hand-side.	Once	BRC	is	
acQvated,	the	correcQon	is	applied	for	most	of	the	operaQons	and	plots	performed	in	the	workspace	X-ray	



CORRECTIONS	(X-RAY	WORKSPACE)	

•  BRC	 	filters	mixing	pixels	out		
•  IDC		 	corrects	,me-related	intensity	driF	
•  TRC 	corrects	TOPO-related	intensity	variaQons	



CORRECTIONS	(X-RAY	WORKSPACE):	IDC	

Lanari	et	al.	(2018),	GSL	



CORRECTIONS	(X-RAY	WORKSPACE):	IDC	

①  Select	“IDC”	in	the	correcQon	menu	and	press	“RUN”		

②  Display	the	map	“Si”	and	the	phase	“Quartz”.	Check	for	verQcal	and	horizontal	dri�	

③  Close	the	IDC	module	



CORRECTIONS	(X-RAY	WORKSPACE)	

•  BRC	 	filters	mixing	pixels	out		
•  IDC		 	corrects	Qme-related	intensity	dri�	
•  TRC 	corrects	TOPO-related	intensity	varia,ons	



CORRECTIONS	(X-RAY	WORKSPACE):	IDC	

①  Load	the	TOPO	map	

②  AcQvate	the	BRC	
③  Select	 “TRC”	 in	 the	correcQon	menu	and	

press	“RUN”		

④  Select	the	element	“Si”	and	“none”	in	the	
phase	menu	

Quartz	

Albite	

Muscovite	

Garnet	+	bioQte	

Chlorite	



CORRECTIONS	(X-RAY	WORKSPACE):	IDC	



CORRECTIONS	(X-RAY	WORKSPACE):	IDC	



CORRECTIONS	(X-RAY	WORKSPACE):	IDC	

①  Load	the	TOPO	map	

②  AcQvate	the	BRC	
③  Select	“TRC”	in	the	correcQon	menu	and	press	“RUN”		

④  Select	the	element	“Si”	and	“none”	in	the	phase	menu	

⑤  Check	the	other	elements	

⑥  Close	the	TRC	module	



QUESTIONS	/	DISCUSSION	


