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MINERALOGICAL	CHARACTERISATION	OF	TITANITE	FROM	ALINCI,		
REPUBLIC	OF	MACEDONIA	

1Tena	Sijakova-Ivanova,	1Kristina	Atanasovska,	1Sara	Nedanovska,	1	

Angela	Velinovska,	1Aleksandra	Maksimova	
	1Faculty	of	Natural	and	Technical	Sciences,	“Goce	Delčev”	University,	P.O.	Box	201,	MK	2001	Štip,	Republic	of	Macedonia			tena.ivanova@ugd.edu.mk	
	

	 Abstract		 In	 this	 paper	 is	 presented	 the	 mineralogical	 characterization	 of	 titanite	 from	 Alinci,	 Republic	 of	Macedonia.	Two	samples	of	titanite	were	analysed	by	scanning	electron	microscope	(SEM)	and	XRD	method.	Titanite	grows	within	arfvedsonite	nests.	Their	growth	 started	after	the	arfvedsonite	had	been	 crystallised.	Мost	commonly	appear	as	(100)			twins	with	a	typical	shape	of	steep	roof.	Titanite	has	honey	yellow	colour	because	has	low	concentration	of	Fe.	The	concentration	of	elements	in	titanite	crystals	is:	Si	(11.21-11.90);	Ca	(9.93-11.64);	Ti	(11.49-13.53),	Fe	(0.26-0.41).	Arfvedsonite	has	black	colour.	The	concentration	of	elements	in	arfvedsonite	 crystals	 is:	 Si	 (22,37-23,84);	Fe	 (8.27-10.48);	Ca	(1,45-2,66);	Mg	 (7.64-7.98);	K(0.53-0.64);	Na	(3.73-4.34). 	 The	most	intense	registered	maxima	in	the	studied	powder	pattern	[d	values	(in	Å,	I	and	hkl)]	are:	3.24	(100);	3.00(87);	2.61(57);	2.59(41);	2.06(21);	2.29(19);	1.64(45);	1.55	(13);	1.50(15);	1.42(16).	The	most	intense	registered	maxima	in	the	studied	powder	diagram	were	compared	with	the	corresponding	maxima	in	the	diagram	of	titanite		sample	ICDD	card	00	050	1614	for	titanite	and	ICDD	01	089	7346	for	arfvedsonite.				 The	results	of	the	SEM	analysis	and	X-ray	powder	pattern	enable	straightforward	identification	of	the	studied	mineral	samples	as	titanite	in	which	small	crystals	of	arfvedsonite	were	incorporated.			
	 Key	words:	titanite,	arfvedsonite,		(SEM)	-	scaning	electron	microscope,	(X-ray)	-	powder	diffraction.				

МИНЕРАЛОШКИ	КАРАКТЕРИСТИКИ	НА	 
ТИТАНИТ	ОД	АЛИНЦИ,	РЕПУБЛИКА	МАКЕДОНИЈА		

1Тена	Шијакова-Иванова,	1Кристина	Атанасовска,	1Сара	Недановска,	
	1Ангела	Велинoвска,	1Александра	Максимова		

	 Факултет	за	природни	и	технички	науки,	Универзитет	„Гоце	Делчев“,	Штип	tena.ivanova@ugd.edu.mk	 
 		  
	 Апстракт  
 Во	 овој	 труд	 се	 претставени	 минералошките	 карактеристики	 на	 титанит	 од	 Алинци,		Република	 Македонија.	 Два	 примероци	 на	 титанит	 беа	 анализирани	 со	 сканинг	 електронски	микроскоп	 (SEM)	 и	 рендген	 дифрактометар.	 Титанитот	 од	 Алинци	 расте	 во	 рамките	 на	арфведонитските	 гнезда.	 Нивниот	 раст	 започнал	 откако	 арфведсонитот	 бил	 искристализиран.	Најчесто	 се	 појавуваат	како	 (100)	близнаци.	 	Титанитот	има	медово	жолта	 боја	 и	 смолеста	 сјајност.	Кристализира	во	моноклинична	система.	Концентрацијата	на	елементите	во	кристалите	на	титанит	е:	Si	(11.21-11.90);	Ca	(9.93-11.64);	Ti	(11.49-13.53),	Fe	(0.26-0.41).	Во	кристалите	на	титанит	се	вклопени	кристали	од	арфедсонит.	Арфедсонитот	е	одреден		исто	така	со	сканинг	електронски	микроскоп	(SEM)	и	рендген	дифрактометар.	Концентрацијата	на	елементите	во	кристалите	на	арфедсонит	е:	Si	(22,37-23,84);	Fe	(8.27-10.48);	Ca	(1,45-2,66);	Mg	(7.64-7.98);	K(0.53-0.64);	Na	(3.73-4.34). 	 Најинтензивните	 регистрирани	 пикови	 во	 дифрактограмот	 	 [d	 вредности	 (во	 Å),	 I,]	 се:	 3.24	(100);	3,00	 (87);	2,61	 (57);	2,49	 (41);	2,59	 (41);	2.06	 (21);	2.29	 (19);	1.55	 (13);	1.50(15);	1.42(16).	Овие	пикови	 беа	 споредувани	 со	 соодветните	 пикови	 од	 дијаграмот	 на	 ICDD	 00	 050	 1614	 картичката	 на		титанит	и	ICDD	01	089	7346	картичката	за	арфедсонит.	 	 Резултатите	 од	 SEM	 анализата	 и	 	 Рендгенско-дифракционата	 анализа	 утврдија	 дека	испитуваните	примероци	се	титанит	во	кои	е	се	вклопени	кристали	на		арфедсонит.				
	 Клучни	 зборови:	 титанит,	 арфедсонит,	 сканинг	 електронски	 микроскоп,	 рендгенска	дифракција.	

UDC: 549.655.086(497.775)
Оригинален научен труд
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1.	Introduction	
		 The	Alinci	locality	is	situated	11	km	southwest	of	Prilep.	It	covers	an	area	of	4	km2	and	is	built	up	of	syenites,	gneisses,		marbles	and	schists.	Syenite	is	present	as	a	magmatic	body	length	3	km	and	 width	 2	 km.	 Syenite	 body	 has	 a	 fine-grained	 structure	 and	 a	 massive	 texture.	 Fine	 grained	syenites	 are	 grayish	white.	 They	 are	 composed	 of	 	 quartz,	 albite,	microcline,	 arfvedsonite,	 augite,	aegirine,	biotite,	titanite,	apatite	and	zircon.	Also	are	found	corse	grain	syenite.	Coarsely	grain	syenite	are	also	compact,	hard	with	green	white	colour.	Texture	is	massive.	They	are	composed	of	feldspar,	quartz,	amphibole,	pyroxene,	titanite	and	apatite.	The	first	data	on	geological	research	at	the	locality	Alinci	are	given	by	Kossmat	 (1924),	 	Protić	 (1959),	 	Baric	 (1965)	and	 	Bermanec	&	Zebec	 (1988).	Bermanec	(1992)	examines	the	mineral	monazite	and	sennait	from	this	locality.		 	 Investigation	samples	of	 titanite	are	 found	 in	pegmatite	hydrothermal	veins	 inside	alkali	syenite.		The	size	of	the	crystals	is	different.	Crystals	of	size	up	to	4-5	cm	can	be	found.	Their	colour	is	honey	yellow	(fig.	1	and	2).	The	lustre	is	resinous.	Small	crystals	of	arfvedsonite	are	incorporated	in	titanite		crystals.		
2.	Experimental	methods			 	 Investigation	 samples	 were	 identified	 by	 Scanning	 electron	 microscopy	 (SEM),	 coupled	with	an	energy	dispersive	X-ray	spectrometer	(EDS)	and	X-ray	diffraction	(XRD).			 	 SEM	 is	model	VEGA3	LMU,	 increasing	 	2x1000	000,	W-wire,	voltage	up	200	V	 to	20	KV,	infrared	 camera,	maximum	sample	 size	 	 81	mm	height,	 	 30	mm	width.	 The	 standards	 used	are	as	follows:O:SiO2;		Na:	albite;		Mg:	MgO;	Al:	Al2O3;	Si:	SiO2;		P:	GaP;		Ca:	wollastonite;	Ti:Ti;	Fe:	Fe;	Br:	KBr.			 	 X-ray	 powder	 diffraction	 (XRD)	 is	 a	 rapid	 analytical	 technique	 primarily	 used	 for	 phase	identification	 of	 a	 crystalline	material.	 The	 analyzed	 material	 is	 finely	 ground,	 homogenized,	 and	average	 bulk	 composition	 is	 determined.	 X-ray	 researches	 were	 performed	 using	 an	 XRD-6100	Diffractometer	(Shimadzu)	with	X-ray	Cu	(1.54060	Ǻ)	radiation	operating	at	40	kV	and	30	mA.	The	powdered	samples	were	scanned	over	the	5–80°	range	with	step	size	of	0.02°	and	scanning	speed	of	1.2°/min.	The	most	intense	registered	maxima	in	the	studied	powder	diagrams	were	compared	with	the	corresponding	diagrams	from	PDF-2	software.		

3.	Results	and	discussion	
		 	 We	took	two	representative	titanite	crystals		from	Alinci	for	examination		(fig.1	and	2).			

	 	
Figure	1.:	Titanite	from	Alinci,	R.	Macedonia	

Слика	1.:	Титанит	од	Алинци,	Р.	
Македонија	

Figure	2.:	Titanite	from	Alinci,	R.	Macedonia	
Слика	2.:	Титанит	од	Алинци,	Р.	

Македонија	
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		 Тhe	results	for	the	chemical	composition	of	the	titanite	from	the	Alinci	obtained	by	SEM-EDS	are	given	in	fig	3-10	and	Тable	1.			

		 	
Figure	3.:	SEM	images	of	titanite,	

	sample	1	(spectrum	1)	
Слика	3.:	СЕМ	слика	на	титанит,	

	примерок	1	(спектар	1)	

Figure	4.:	SEM	images	of	titanite,	
	sample	1	(spectrum	3)	

Слика	4.:	СЕМ	слика	на	титанит,		
примерок	1	(спектар	3)	

	 	
Figure	5.:	EDX	spectrum	of	titanite,	

sample	1	(spectrum	3)	
Слика	5.:	ЕДХ	спектар	на	титанит,	

	примерок	1	(спектар	3)	

Figure	6.:		EDX	spectrum	of	titanite,		
sample	1	(spectrum	4)	

Слика	6.:	ЕДХ	спектар	на	титанит,		
примерок	1	(спектар	4)		

	 		
Figure	7.:	SEM	images	of	titanite,		

sample	2	(spectrum	4)	
Слика	7.:	СЕМ	слика	на	титанит,	

	примерок	2	(спектар	4)	

Figure	9.:	SEM	images	of	titanite,		
sample	2	(spectrum	5)	

Слика	9.:	СЕМ	слика	на	титанит,	
	примерок	2	(спектар	5)	

MINERALOGICAL CHARACTERISATION OF TITANITE FROM ALINCI, REPUBLIC OF MACEDONIA
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Figure	8.:	EDX	spectrum	of	titanite,		

sample	2	(spectrum	4)	
Слика	8.:	ЕДХ	спектар	на	титанит,		

примерок	2	(спектар	4)	

Figure	10.:	EDX	spectrum	of	titanite,		
sample	2	(spectrum	1)	

Слика	10.:	ЕДХ	спектар	на	титанит,		
примерок	2	(спектар	5)			

Table	1.	Chemistry	of	titanite		from	Alinci		
Табела	1.	Хемизам	на	титанит	од	Алинци	Element	 Weight	%		 Spectrum	3	(sample	1)	 Spectrum	4		(sample	1)	 Spectrum	4		(sample	2)	 Spectrum	5		(sample	2)	O	 64.21	 63.27	 62.39	 62.98	Si	 11.21	 11.54	 11.90	 11.75	Al	 0.25	 0.17	 -	 -	Ca	 9.93	 10.86	 11.43	 11.64	Ti	 11.49	 12.90	 13.53	 12.85	Fe	 0.26	 -	 0.41	 0.40	Na	 0.32	 0.33	 0.34	 0.38	F	 2.33	 0.93	 -	 -	Total	 100.00	 100.00	 100.00	 100.00			 The	chemical	composition	of	titanite	can	be	represented	by	the	general	formula	CaTi(SiO4	)	(O,OH,F),	but	 it	may	deviate	from	its	ideal	composition	through	the	substitution	of	Ti	and	O	by	Al	and	F	(Frank	&	Spear	1985,	Tropper	et	al.	2002).		 It	can	contain	other	elements	such	as	iron,	magnesium,	manganese,	sodium,	chromium		and	zirconium.	Sometimes	 titanite	contains	rare	earth	elements	such	as	cerium,	niobium,	and	yttrium	(Oberti,1991).	Iron	 has	 a	 strong	 influence	 on	 the	 colour	 of	 titanite.	 Small	 amounts	 of	 iron	 darken	 the	 colour.	Yellow	 and	 green	 specimens	 have	 a	 low	 iron	 content,	while	 brown	 and	 black	 specimens	 have	 a	higher	 iron	 content.	 Studied	 titanite	 is	 honey	 yellow	 because	 has	 low	 concentration	 of	 Fe	(0.26.0.41).	 The	 concentration	 of	 another	 elements	 in	 investigated	 titanite	 crystals	 is:	 Si	 (11.21-11.90);	Ca	(9.93-11.64);	Ti	(11.49-13.53).				 Тhe	results	for	the	chemical	composition	of	the	arfvedsonite	from	Alinci	obtained	by	SEM-EDS	are	given	in	fig	11-18	and	Тable	2.						
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Figure	11.:	SEM	images	of	arfvedsonite,		

	sample	1	(spectrum	1)	
Слика	11.:	СЕМ	слика	на	арфедсонит,	

примерок	1	(спектар	1)	

	Figure	12.:	SEM	images	of	arfvedsonite,		
sample	1	(spectrum	2)	

Слика	12.:	СЕМ	слика	на	арфедсонит,	
примерок	1	(спектар	2)	

	 	
Figure	13.:	EDX		spectrum	of	arfvedsonite,		

sample	1		(spectrum	1)	
Слика	13.:	ЕДХ	спектар	на	титанит,		

примерок	1	(спектар	1)	

Figure	14.:	EDX	spectrum	of	arfvedsonite	,	
sample	1	(spectrum	2)	

Слика	14.:	ЕДХ	спектар	на	титанит,		
примерок	1(спектар	2)	

	 	
Figure	15.:	SEM	images	of	arfvedsonite	,		

sample	2	(spectrum	1)	
Слика	15.:	СЕМ	слика	на	арфедсонит,	

примерок	2	(спектар	1)	

Figure	16.:	SEM	images	of	arfvedsonite,	
sample	2		(spectrum	3)	

Слика	16.:	СЕМ	слика	на	арфедсонит,	
	примерок	2	(спектар	2)	
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Figure	17.:	EDX		spectrum	of	arfvedsonite,		

sample	2		(spectrum	1)	
Слика	17.:	ЕДХ	спектар	на	арфедсонит,	

	примерок	2	(спектар	1)	

Figure	18.:	EDX		spectrum	of	arfvedsonite,	
	sample	2	(spectrum	3)	

Слика	18.:	ЕДХ	спектар	на	арфедсонит,		
примерок	2	(спектар	3)		

Table	2.:	Chemistry	of	arfvedsonite		from	Alinci		
Табела	2.:	Хемизам	на	арфедсонит	од	Алинци	
	Element	 Weight%		 Spectrum	1		(sample	1)	 Spectrum	2		(sample	1)	 Spectrum	1		(sample	2)	 Spectrum	3		(sample	2)	O	 53.99	 52.22	 52.16	 51.76	Si	 22.37	 23.80	 23.69	 23.84	K	 0.64	 0.55	 0.63	 0.53	Ca	 2.66	 1.45	 1.47	 1.53	Mg	 7.72	 7.64	 7.98	 7.66	Na	 3.73	 4.34	 4.28	 4.19	Fe	 8.27	 9.99	 9.80	 10.48	Al	 0.63	 -	 -	 -	Total	 100.00	 1000	 100.00	 100.00			 With	 X-ray	 the	 five	 alues–d	 and	 intensitites	 I:	 3.24	 (100);	 3.00(87);	2.61(57);	 2.59(41);	 2.06(21);	 2.29(19);	 1.64(45);	 1.55(13);	 1.50(15);	 1.42(16).		The	most	intense	registered	maxima	in	the	studied	powder	diagram	(Fig.19)	were	compared	with	the	corresponding	maxima	in	the	diagram	of	titanite		sample	ICDD	cards	 	 01	 075	 8331	 The	 comparison	 has	 shown	 that	 the	 X-ray	 powder	 pattern	taken	 from	 the	 ICDD	 card	 for	 titanite	 and	 arfvedsonite	 are	 practically	 identical	with	the	studied	diagram.		

	
Figure	19.:	X-ray	difractogram		of	titanite	and	arfvedsonite	

Слика	19.:	Рендгенски	дифрактограм	на	титанит	и	арфедсонит	
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4.	Conclusion	
		 After	summarizing	the	data	collected	in	this	research,	we	can	confirm	that		the	 studied	 mineral	 samples	 are	 titanite	 and	 arfvedsonite.	 Titanite	 is	 found	 in	pegmatite	 hydrothermal	 veins	 inside	 alkali	 syenite.	 In	 this	 locality	 can	 be	 found		extremely	large	and	well-developed	titanite	crystals.			 Their	 growth	 started	 after	 the	 arfvedsonite	 had	 been	 crystallised.	 Some	crystals	up	to	5	cm	in	length	survived.	Мost	commonly	appear	as	(100)	twins	with	a	 typical	shape	of	steep	roof.	The	colour	 is	honey	yellow	because	studied	titanite	has	low	concentration	of	Fe.	Lustre	is	resinous.	 	The	concentration	of	elements	in	titanite	 crystals	 is:	 Si	 (11.21-11.90);	 Ca	 (9.93-11.64);	 Ti	 (11.49-13.53);	 Fe	 (0.26-0.41).	Small	crystals	of	arfvedsonite	were	incorporated	in	titanite	crystals.			 The	concentration	of	elements	in	arfvedsonite	crystals	is:	Si	(22,37-23,84);	Fe	(8.27-10.48);	Ca	(1,45-2,66);	Mg	(7.64-7.98);	K(0.53-0.64);	Na	(3.73-4.34). 	 The	 most	 intense	 registered	 maxima	 in	 the	 studied	 powder	 pattern	 [d	values	 (in	 Å	 and,	 I)]	 are:	 3.24	 (100);	 3.00(87);	 2.61(57);	 2.59(41);	 2.06(21);	2.29(19);	 1.64(45);	 1.55(13);	 1.50(15);	 1.42(16).	 The	 most	 intense	 registered	maxima	 in	 the	 studied	 powder	 diagram	were	 compared	with	 the	 corresponding	maxima	in	the	diagram	of	titanite		sample	ICDD	card	00	050	1614	for	titanite	and	ICDD	01	089	7346	for	arfvedsonite.				 The	 results	 of	 the	 SEM	 analysis	 and	 X-ray	 powder	 pattern	 enable	straightforward	 identification	of	 the	studied	mineral	samples	as	 titanite	 in	which	small	crystals	of	arfvedsonite	were	incorporated.		
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