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MINERALOGICAL CHARACTERISATION OF TITANITE FROM ALINCI,
REPUBLIC OF MACEDONIA

1Tena Sijakova-lvanova, 1Kristina Atanasovska, 1Sara Nedanovska, 1
Angela Velinovska, 1:Aleksandra Maksimova

1Faculty of Natural and Technical Sciences, “Goce Del¢ev” University, P.0. Box 201, MK 2001 Stip, Republic of
Macedonia tena.ivanova@ugd.edu.mk

UDC: 549.655.086(497.775)

Abstract OpuruHaleHn HayyeH Tpyn

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.
Most 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 A, 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.

MUWHEPAJIOIIKHA KAPAKTEPUCTHUKH HA
TUTAHUT 04 AJIMHIY, PEITYBJ/IUKA MAKEJOHHJA
1Tena llujakoBa-UBaHOBa, IKpuctuHa ATaHacoBcka, 1Capa HegaHoBcKa,
1AHresia BeiuHOBCKa, 1AekcaHapa MakcuMoBa

dakynTeT 3a NPUPOJHU U TEXHUUYKHU HaykH, YHUBep3uTeT ,['one Jemryes”, llTun
tena.ivanova@ugd.edu.mk

Ancrpakr

Bo 0BOj TpyA ce mpeTCTaBeHM MHHEPAJIOIIKUTE KAapaKTEPUCTHKHM Ha THUTAHUT of AJIMHLMY,
Peny6sivka MakesoHuja. /lBa npuMepond Ha THUTAHUT 6ea aHAIM3HMPAHU CO CKAHHUHI eJIEKTPOHCKHU
mukpockon (SEM) u pengreH pudpaxtometrap. TUTaHUTOT of, ANMHIM pacTe BO paMKHATe Ha
apdBeJOHUTCKUTE THe3Ja. HHUBHMOT pacT 3amoyHal OTKaKo apdBeJICOHUTOT OWJ HCKPUCTAJIU3HpPaH.
HajgyecTo ce mojaByBaaT kako (100) 6in3Hauu. TUTAaHUTOT MMa MeJIOBO >KOJITa 60ja M CMOJIECTa CjajHOCT.
Kpucraimsupa Bo MOHOKJIMHHUYHA cucTeMa. KoHLleHTpalMjaTa Ha eJleMeHTUTe BO KPUCTAIUTE HA TUTAHUT €:
Si (11.21-11.90); Ca (9.93-11.64); Ti (11.49-13.53), Fe (0.26-0.41). Bo kpucTa/jnuTe Ha TUTAHUT Ce BKJIONEHU
KpucTaiu o apbescoHUT. ApdeICOHUTOT e oJjpe/ileH MCTO TaKa CO CKAHUHT eJIEKTPOHCKHU MUKpockon (SEM)
Y peHAareH audpakroMmeTtap. KoHlleHTpalyjaTa Ha eJleMEHTHUTE BO KpUCTaauTe Ha apdencoHut e: 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).

HajuHTeH3UBHUTe PeruCTPUPAHU MUKOBU Bo audpakTorpamoT [d Bpesuoctu (Bo A), 1] ce: 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). OBue
NMUKOBU 6ea CropeAyBaHU CO COOABETHUTE NMUKOBU of Aujarpamot Ha ICDD 00 050 1614 kapTrhykaTa Ha
tutaHuT 1 ICDD 01 089 7346 kapTuukaTa 3a apdeJCOHUT.

Pesysntatute on SEM ananusata v PeHjareHcko-audpakLpoHaTa aHalM3a YTBPAHWjA JeKa
WCIUTYBAaHUTE IPUMEPOLU ce TUTAaHUT BO KO € ce BKJIONIeHH KPUCTAJIM Ha apde/ICOHHUT.

KinyyHn 360poBH: TUTAaHUT, apdesCOHUT, CKAaHUHT €JIEKTPOHCKM MHKPOCKOI, DeHJreHcKa
audpaxuuja.
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1. Introduction

The Alinci locality is situated 11 km southwest of Prilep. It covers an area of 4 km? 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), Proti¢ (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:0:Si02; Na: albite; Mg: MgO; Al: Al20s; 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 f\) 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).

i

Figure 1.: Titanite from Alinci, R. Macedonia Figure 2.: Titanite from Alinci, R. Macedonia
Cauka 1.: TutanuT oa AnvHIY, P. Cnauka 2.: Tutanut oa AnvHiIy, P.
MakegoHuja MakegoHuja



MINERALOGICAL CHARACTERISATION OF TITANITE FROM ALINCI, REPUBLIC OF MACEDONIA

The results for the chemical composition of the titanite from the Alinci obtained by SEM-

EDS are given in fig 3-10 and Table 1.

LS
Spectrum 3

mm Electron Image 1

Figure 3.: SEM images of titanite,
sample 1 (spectrum 1)
Cauka 3.: CEM c/iMKa Ha TUTAHMUT,
npuMepok 1 (cnekrtap 1)

T T T T T T T
1 15 2 25 3 35 4 45 5 5.5
Full Scale 766 cts Cursor: 0.000 ke’

Figure 5.: EDX spectrum of titanite,
sample 1 (spectrum 3)
Ciauka 5.: EIX cneKTap Ha TUTAHUT,
npuMepok 1 (cnekrtap 3)

R
Electron Image 1

Figure 7.: SEM images of titanite,
sample 2 (spectrum 4)
Cauka 7.: CEM c/iMKa Ha TUTAHMUT,
npuMepok 2 (cnekrtap 4)

Amm Electron Image 1

Figure 4.: SEM images of titanite,
sample 1 (spectrum 3)
Cauka 4.: CEM cuKa Ha TUTAHHUT,
npumepok 1 (cnekrtap 3)

05 1 15 2 25 5
[Full Scale 766 cts Cursor: 0.000 ke

Figure 6.: EDX spectrum of titanite,
sample 1 (spectrum 4)
Cnuka 6.: EIX cnekTap Ha TUTAHMT,
npumepok 1 (cnekrtap 4)

R
Electron Image 1

Figure 9.: SEM images of titanite,
sample 2 (spectrum 5)
Cauka 9.: CEM c/iMKa Ha TUTAHMUT,
npuMepoK 2 (cnekrtap 5)
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Figure 8.: EDX spectrum of titanite,
sample 2 (spectrum 4)
Cauka 8.: EIX cneKTap Ha TUTAHMUT,
npumepok 2 (cnekrtap 4)

T T T T T T T T T T
05 1 1.5 2 25 3 35 4 45 5 55

[Full Scale 766 cts Cursor: 0.000

Figure 10.: EDX spectrum of titanite,
sample 2 (spectrum 1)
Cauka 10.: EX cnekTap Ha TUTaHUT,
npuMepok 2 (cnekrap 5)

Table 1. Chemistry of titanite from Alinci
Ta6esa 1. XeMH3aM Ha THTAHHUT 0J, AJTMHIIU

Element Weight %
Spectrum 3 Spectrum 4 Spectrum 4 Spectrum 5
(sample 1) (sample 1) (sample 2) (sample 2)

0 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,0H,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).

The results for the chemical composition of the arfvedsonite from Alinci obtained by SEM-
EDS are given in fig 11-18 and Table 2.
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1mm Electron Image 1

Figure 11.: SEM images of arfvedsonite,
sample 1 (spectrum 1)

Cauka 11.: CEM ciuka Ha apdeacoHMUT,

npumepok 1 (cnekrap 1)

T T T T T T T T T T
0s 1 15 2 25 3 35 4 45 &) 5.5
[Full Scale 766 cts Cursor: 0.000

ke

Figure 13.: EDX spectrum of arfvedsonite,
sample 1 (spectrum 1)
Cnuka 13.: EAX cneKkTap Ha TUTAHUT,
NpUMepPOoK

1 (cnexkTap 1)

»

+’Spectrum 1

\.
800p 3

Figure 15.: SEM images of arfvedsonite ,
sample 2 (spectrum 1)
Cauka 15.: CEM ciuka Ha apdecoHMUT,
npumepok 2 (cnekrap 1)

)
Electron Image 1

imm Electron Image 1

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

Cauka 12.: CEM ciuka Ha apdecoHMT,

npumepok 1 (cnekrap 2)

T T T T T T T T T
0s 1 18 2 25 3 35 4 45 5 55
[Full Scale 766 cts Cursor: 0.000 ke

Figure 14.: EDX spectrum of arfvedsonite,
sample 1 (spectrum 2)
Cnuka 14.: EAX cneKkTap Ha TUTAHUT,

npumepok 1(cnekrap 2)

s
Spectrum 3

oy B
800um Electron Image 1

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

Cauka 16.: CEM ciuka Ha apdeacoHMT,
npumMepok 2 (cnekrap 2)
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Figure 17.: EDX spectrum of arfvedsonite, Figure 18.: EDX spectrum of arfvedsonite,
sample 2 (spectrum 1) sample 2 (spectrum 3)

Ciauka 17.: EAX cnektap Ha apde/ i COHUT, Ciauka 18.: EJX cnektap Ha apde/COHUT,
npuMepox 2 (cnexkrap 1) npuMepok 2 (cnekrtap 3)

Table 2.: Chemistry of arfvedsonite from Alinci

Ta6ena 2.: Xemu3am Ha apPpeACOHUT 0 AJITMHIA

Element Weight%
Spectrum 1 Spectrum 2 Spectrum 1 Spectrum 3
(sample 1) (sample 1) (sample 2) (sample 2)

0 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.

1503

I e

5003

-FRanite A

-,

B

i Titanite Arfvadsonite Arfy

A

F-Arfvedsonite Arfvedsonif
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Figure 19.: X-ray difractogram of titanite and arfvedsonite
Ciuka 19.: PeHgreHcku gudpakrorpaM Ha TUTAaHUT U apdeACOHUT
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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. Most 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 A 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.

References:

[1] Baric, Lj. (1965), Mineralgainge von Crni iKamen bei dem Dome Alinci in Mazedonien. -
Tscermak's mineral.-petrol. Mitt. 1011-4, 368-378. Wien;

[2] Bermanec, V., Zebec V. (1988), Izmjena titanita i orljentirano srastanje rutila i titanlta od
Alinaca kraj Prilepa u Makedoniji, Geol. vjesnik I. Vol. 41 str. 81-.5S6 Zagreb;

[3] Bermanec, V., at al: (1992), Monazite in Hydrothermal Veins from Alinci, Yugoslavia,
Mineralogy and petrology, Volume 38, Issue 2, pp 139-150;

[4] Bermanec, V., at al: (1992), Uranium-rich metamict senaite from Alinci, Yugoslavia. European
Journal of Mineralogy 4 (2): 331-335;

[5] Deer, W.A,, Howie, R. A., Zussman, ]. (1992), An Introduction to the rock-forming minerals. 2 ed.
Longman House, England, 696 p.;

[6] Frank, G., & Spear, F. S. (1985), Aluminous titanite (sphene) from the eclogite zonte, south-
central Tauern Window, Austria. Chemical Geology, 50: 33-46;

[7] Kossmat, F. (1924), Geologie der zentralen balkanhalbinsel. Mit einer ueber-sicht des
dinarischen gebirgsbaus. Die Kriegsschauplatze 1914-1918 geologisch dargestellt, H, 12
Berlin;

[8] Oberti, R, D. C. Smith, G. Rossi, and F. Caucia (1991), The crystal-chemistry of high-aluminum
titanites. Eur. ]. Mineral,, 3, 777-792;

[9] Proti¢, M. (1959), Alkaline syenite and related rock of Crn kamen south of Prilep. Ibid. XXVI.
Beograd;

[10] Tropper, P., Manning, C.E., Essene, E. J. (2002), The Substitution of Al and F in Titanite at High
Pressure and Temperature: Experimental Constraints on Phase Relations and Solid
Solution Properties. Journal of Petrology, Vol. 43, N.10: 1787-1814.

51



