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MOTIVATION	AND	APPLICATION	EXAMPLES	

Ø  Understand	the	Pressure	and	Temperature	record	in	metamorphic	rocks	(e.g.	eclogite	from	Syros	Island,	Greece)		

Jd	+	Qz	à	Ab	
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Thermometry		
Cpx	+	Grt		
Ravna	(2000)	
	
	
Barometry	
Grt	+	Cpx	+	Ph	
Waters	&	Mar5n	(1996)	
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Density	of	pixels	



MOTIVATION	AND	APPLICATION	EXAMPLES	

Ø  External	func=ons	and	modules		
	

	-	Structural	formulas	
	-	P-T	/	map	mode	
	-	P-T	/	spot	mode	
	-	General	funcQons	
	-	Density	funcQons	
	-	Transfer	to	results	



MOTIVATION	AND	APPLICATION	EXAMPLES	



EXAMPLE	FOR	THE	TUTORIAL:	ECLOGITE	FROM	THE	STAK	MASSIF	(PAKISTAN;	NW-HIMALAYA)	

~350’000	quanQtaQve	analyses	and	~200’000	P-T	esQmates		



EXAMPLE	FOR	THE	TUTORIAL:	ECLOGITE	FROM	THE	STAK	MASSIF	(PAKISTAN;	NW-HIMALAYA)	

①  In	MATLAB©,	go	to	the	directory	Documents/MATLAB/Mapping_Data/Example-3-STAK/	

②  Launch	XMAPTOOLS	and	open	the	project	aaa.mat	using	the	command:	>>	XMapTools	open	aaa	

③  Take	a	quick	look	at	the	maps	in	the	workspace	X-ray	and	idenQfy	the	main	mineral	phases		

The	phases	Cpx,	Pl,	Amp	and	Grt	
were	standardized	(BRC	and	no	
BRC)	
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③  Take	a	quick	look	at	the	maps	in	the	workspace	X-ray	and	idenQfy	the	main	mineral	phases		

Na	in	plagioclase	



Key	steps	
	
•  Export	composiQons	from	maps	
•  Calculate	structural	formulas	of	minerals	
•  Chemical	modules	
•  Thermobarometry	Part	1	–	spot	mode	
•  Thermobarometry	Part	2	–	map	mode	



HOW	TO	EXPORT	COMPOSITIONS	FROM	THE	MAPS?	

①  Go	to	the	workspace	QUANTI	and	select	the	phase	Garnet-advanced-BRC	
②  Export	200	analyses	of	garnet	(random	selecQon)	and	save	the	corresponding	figure	
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HOW	TO	EXPORT	COMPOSITIONS	FROM	THE	MAPS?	

③  Select	the	phase	Plagioclase-advanced-BRC	and	export	the	pixel	composiQons	of	this	area:		

N
a
2 O
	in	plagioclase	(w

t%
)	



Key	steps	
	
•  Export	composiQons	from	maps	
•  Calculate	structural	formulas	of	minerals	
•  Chemical	modules	
•  Thermobarometry	Part	1	–	spot	mode	
•  Thermobarometry	Part	2	–	map	mode	



MAPS	OF	STRUCTURAL	FORMULAS	

①  Select	 the	 phase	 Garnet-advanced-BRC	 and	 use	 the	 external	 funcQon	 Grt-StructForm-Fe3	 to	 compute	 the	
structural	formula	and	export	the	maps	of	Xalm,	Xprp	and	Xgrs	(applying	a	median	filter)	

Lanari	et	al.	(2013),	Geology	



MEDIAN	FILTER	

MF	=	0	 MF	=	2	 MF	=	4	

MF	=	0	 MF	=	2	 MF	=	4	



MAPS	OF	STRUCTURAL	FORMULAS	

①  Select	the	phase	Clinopyroxene-advanced-BRC	and	use	the	external	funcQon	Cpx-StructForm-Cats-Fe3	to	compute	
the	structural	formula	

②  Display	the	map	of	Xjd	and	sample	a	profile	going	from	the	omphacite	to	the	clinopyroxene	in	the	symplecQte	



MAPS	OF	STRUCTURAL	FORMULAS	

①  Select	the	phase	Clinopyroxene-advanced-BRC	and	use	the	external	funcQon	Cpx-StructForm-Cats-Fe3	to	compute	
the	structural	formula	

②  Display	the	map	of	Xjd	and	sample	a	profile	going	from	the	omphacite	to	the	clinopyroxene	in	the	symplecQte	

Unit?	



Key	steps	
	
•  Export	composiQons	from	maps	
•  Calculate	structural	formulas	of	minerals	
•  Chemical	modules	
•  Thermobarometry	Part	1	–	spot	mode	
•  Thermobarometry	Part	2	–	map	mode	



CHEMICAL	MODULES	



CHEMICAL	MODULES:	BINARY	

①  Select	the	result	Cpx-StructForm-Cats-Fe3	and	launch	the	module	Binary	

②  Plot	XJd	vs	XMg	and	adjust	the	limits	of	X	and	Y	axes	



CHEMICAL	MODULES:	BINARY	

③  How	many	chemical	groups	can	you	idenQfy	using	the	Iden5fy	pixels	tool?		



CHEMICAL	MODULES:	TRIPLOT3D	

Note:	you	can	do	the	same	in	the	module	TriPlot3D	(e.g.	Jd	vs	Di	vs	Hd)		

To	be	updated	in	XMapTools	2.6	



CHEMICAL	MODULES:	GENERATOR	

①  Select	the	result	Cpx-StructForm-Cats-Fe3	and	launch	the	module	Generator	



CHEMICAL	MODULES:	GENERATOR	

①  Select	the	result	Cpx-StructForm-Cats-Fe3	and	launch	the	module	Generator	

Xjd_Na	=	Na_M2	-	Fe3;		
Xjd_Al	=	Al_M1	-	Al_T1;		

②  Generate	two	new	variables:		

③  Press	the	buuon	Exit	and	save	2	maps	in	XMapTools	



CHEMICAL	MODULES:	GENERATOR	

④  Compare	the	two	maps	using	the	same	color	scale	

Xjd_Na	=	Na_M2	-	Fe3;		 Xjd_Al	=	Al_M1	-	Al_T1;		



Key	steps	
	
•  Export	composiQons	from	maps	
•  Calculate	structural	formulas	of	minerals	
•  Chemical	modules	
•  Thermobarometry	Part	1	–	spot	mode	
•  Thermobarometry	Part	2	–	map	mode	



HOW	TO	EXPORT	COMPOSITIONS	FROM	THE	MAPS?	

①  Go	back	to	the	workspace	QUANTI	and	select	the	phase	Clinopyroxene-advanced-BRC		
②  Select	the	external	funcQon	Cpx-StructForm-Cats-Fe3				(IMPORTANT!)	

	

③  Export	the	average	composi5on	+	std	of	selected	pixels	(area)	of	omphacite	(DO	NOT	CHANGE	ELEMENT	ORDER);	
Apply	the	external	func5on:	YES	

Cpx-Grp1	



HOW	TO	EXPORT	COMPOSITIONS	FROM	THE	MAPS?	

X J
d	

Table	for	publicaQon!	



Key	steps	
	
•  Export	composiQons	from	maps	
•  Calculate	structural	formulas	of	minerals	
•  Chemical	modules	
•  Thermobarometry	Part	1	–	spot	mode	
•  Thermobarometry	Part	2	–	map	mode	



THERMOBAROMETRY	PART	1	–	SPOT	MODE	

①  Go	to	the	workspace	Quan5	and	select	the	phase	Garnet-advanced-BRC	
②  In	the	external	funcQon	menu,	select	P-T	/	spot	mode,	Garnet+Clinopyroxene	and	T-	Ravna	2000,		

③  Press	the	buuon	COMPUTE	and	select	Spot	(single	es5mate)	the	map	MgO	and	the	corresponding	QuanQ	files	for	
garnet	and	then	clinopyroxene		



THERMOBAROMETRY	PART	1	–	SPOT	MODE	

④  Increase	the	size	of	the	map	and	calculate	the	temperature	of	>	10	garnet	(core)	and	omphacite	pixels	at	25	kbar		

⑤  Save	the	data	(T-spots_Grt-Omph.txt)	



THERMOBAROMETRY	PART	1	–	SPOT	MODE	

①  In	 XMAPTOOLS,	 press	 again	 the	 buuon	 COMPUTE	 and	 select	 Area	 (average	 es5mate)	 the	 map	 FeO	 and	 the	
corresponding	QuanQ	files	for	garnet	and	then	clinopyroxene;	select	a	pressure	of	25	kbar	

②  Select	two	small	areas	in	garnet	and	omphacite	(all	the	permutaQons	are	tested!)	and	save	the	data	(T-area_Grt-
Omph.txt)	



THERMOBAROMETRY	PART	1	–	SPOT	MODE	

①  Calculate	the	temperature	of	the	small	garnet	rim	showing	a	textural	equilibrium	relaQonship	with	amphibole	



Key	steps	
	
•  Export	composiQons	from	maps	
•  Calculate	structural	formulas	of	minerals	
•  Chemical	modules	
•  Thermobarometry	Part	1	–	spot	mode	
•  Thermobarometry	Part	2	–	map	mode	



THERMOBAROMETRY	PART	2	–	MAP	MODE	

①  Select	the	phase	Clinopyroxene-advanced-BRC	In	the	workspace	Quan5	
②  Set	the	min	and	max	values	of	the	color	bar	to	5	and	8	(acQvate	both	black	layers)	

③  Apply	a	filter	 to	generate	a	Quan5	file	containing	only	 the	pixels	 in	 this	composiQonal	
range	

④  Rename	this	quanQ	file:	Omphacite		



THERMOBAROMETRY	PART	2	–	MAP	MODE	

①  Select	the	phase	Clinopyroxene-advanced-BRC	In	the	workspace	Quan5	
②  Set	the	min	and	max	values	of	the	color	bar	to	0	and	5	(acQvate	both	black	layers)	

③  Apply	a	filter	 to	generate	a	Quan5	file	containing	only	 the	pixels	 in	 this	composiQonal	
range	

④  Rename	this	quanQ	file:	Cpx	



THERMOBAROMETRY	PART	2	–	MAP	MODE	

①  Calculate	P-T	maps	of	omphacite	using	 the	 funcQon	Cpx-P-T	Rav	 (Cpx+Grt+Phg)	with	fixed	garnet	and	phengite	
composiQons		

②  Plot	the	results	in	a	binary	P-T	diagram	(x-axis:	450-900°C;	y-axis:	5-30	kbar).		

Garnet:		 	 	 	Xalm(0.48),	Xpyr(0.34),	Xgro(0.18)		

Phengite:	 	 	 	Si(3.28),	Al(2.22),	Ti(0.065),	Cr(0.055),	Fe(0.065),	Mn(0)	
	 	 	 	 	Mg(0.34),	Ca(0.005),	Na(0.02),	K(0.975)	



THERMOBAROMETRY	PART	2	–	MAP	MODE	

①  Calculate	P-T	maps	of	omphacite	using	 the	 funcQon	Cpx-P-T	Rav	 (Cpx+Grt+Phg)	with	fixed	garnet	and	phengite	
composiQons		

②  Plot	the	results	in	a	binary	P-T	diagram	(x-axis:	450-900°C;	y-axis:	5-30	kbar).		



THERMOBAROMETRY	PART	2	–	MAP	MODE	

①  Calculate	P-T	maps	of	omphacite	using	 the	 funcQon	Cpx-P-T	Rav	 (Cpx+Grt+Phg)	with	fixed	garnet	and	phengite	
composiQons		

②  Plot	the	results	in	a	binary	P-T	diagram	(x-axis:	450-900°C;	y-axis:	5-30	kbar).		



THERMOBAROMETRY	PART	2	–	MAP	MODE	

①  Calculate	P-T	maps	of	omphacite	using	 the	 funcQon	Cpx-P-T	Rav	 (Cpx+Grt+Phg)	with	fixed	garnet	and	phengite	
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THERMOBAROMETRY	PART	2	–	MAP	MODE	

①  Calculate	 P-T	 maps	 of	 omphacite	 using	 the	 funcQon	 Cpx-P-fT	 (Cpx+Amph+Pla)	 with	 fixed	 amphibole	 and	
plagioclase	composiQons	as	well	as	a	fixed	relaQonship	between	Na-content	in	Cpx	and	temperature	

②  Plot	the	results	in	a	binary	P-T	diagram	(x-axis:	450-900°C;	y-axis:	5-30	kbar).		

Plagioclase:	 	 	 	Xalb(0.87)			

Amphibole:	 	 	 	Si(6.40),		Al(2.35),	Fe(1.23),	Mg(3.01),	Na(0.78),	Ca(1.72)		

Clinopyroxene:	 	 	Na-cpx:		 	 	0.1	0.3	0.4	
	 	 	 	 	Interp.	Limits		 	0	0.001	0.6	
	 	 	 	 	Temp 	 	 	640	680	700			
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QUESTIONS	/	DISCUSSION	


