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CRYSTALLOCHEMICAL CHARACTERISTICS OF COLUSITE
FROM THE BOR COPPER DEPOSIT (EASTERN SERBIA)
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Results of quantitative optical measurements and investigations of colusite chemical composition by
electron microanalysis (EPMA-EDS), carried out on minerals from the colusite group as arsenosulvanite,
colusite with low and high tin—eontent and tungsten-germanite, that appear as ore constituents in the Bor
copper deposit are presented. The general formula of colusite

Cu24#xV2(As.Sb)6 x(Sn,Ge)xS, 2
is applicable with acceptable variations. The optical properties are concordant with the same characteristics
of corresponding minerals, except in the case of tungsten-germanite.
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npnKa3ami cy pe3ynxaxn KBaHxiixaxiiBHiix oiitmtkhx mcpeita m ncnHTHBaita xeMHjcKor cacraBa Mexo-
Mom ejieKxpoHCKe MHKpoaHajiH3e (EPMA-EDS), H3BpmeHHx Ha MHHepajiHMa H3 rpyne KOJiyctrra Kao Urro cy
apceHocynBaHHT, KOJiycHX ca hhckhm h ca bhcokhm caj(p>KajeM Kanaja h BOH})paMCKH repMamrr, Kojn ce
nojaBjtyjy Kao KOHCTHTyeHTH pyjte H3 jiexm uxa SaKpa Bop. Onurra (JiopMyjia KOJiycirra,

Mou24+x"2(As 'Sh)6 x(Sn,Ge)xS22
npHMettHBa je y3 npiixBaxjMBa oflcxynaH.a. OnTH'iKc ocoSiiHe cy camacHe ca ocoSHHaMa onroBapajyhnx mh-
Hepajia, ochm y cjiynajy B0Ji(j3paMCKOr repMaHHxa.

K.i.yiiie pt-m: EPMA-EDS, apceHocyjiBaHHT, KOJiycax, BQUic})paMCKH repMaimx, Bop, HCTO'ina Cpfmja.
INTRODUCTION
Colusite is an isometric mineral which belongs to the vanadium copper sulphosalts
group. It appears in porphyric copper deposits (Springer, 1969), copper with molyb-

denum (Straschimirov, 1982), vein-type copper and gold deposits, in volcanogenic mas-
sive-sulphide deposits (Spry et al., 1994), as well as in limestones (Orlandi et al,
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1981). It can usually be found in minor quantities or in traces, in association with many
sulphide minerals (pyrite, bomite, chalcopyrite, galena), sulphosalts (enargite, luzonite, stib-
ioluzonite, sulvanite, mawsonite, tetrahedrite, tennantite) and tellurides (hessite). In such
types of sulphide deposits it originated at a hightened oxidation potential, which is apparent
from the presence of As5t, Sb5+ Te4 and Cu2+ in the mentioned minerals, alongside with
the appearence of baryte and anhydrite as secondary minerals (Spiridonov et al.,, 1992a).

The chemical composition of colusite is complex. Regularly present components are
Cu, V, As and Sn, with the possible presence of small quantities of Zn and Fe, and
variable quantities of Sb and Ge. EPMA analyses (Springer, 1969) have shown that the
unit cell is made up of 64 atoms whose structure gives a cell with a=1.063 nm and a
P4 3m space group, on which the superstructure, similar to the superstructure of spha-
lerite (Dangel & Wuensch, 1970), is based. The crystallochemical characteristics of
colusite, determined by chemical and X-ray diffraction investigations have definitely de-
termined this mineral type and eliminated the confusion that existed in the results of
structural investigations.

Dimensions of the unit cell of a=1.0538 nm and a=1.0621 nm for members with a
high or low tin-content, the P4 3n space group and the colusite structure described as a
derivate of the structure of sphalerite (Orlandi et al., 1981) were determined by standard
crystallographic X-ray diffraction methods. In that manner, CuS4 and (As,Sn)S4 tetra-
hedra are mutually three-dimensionally bonded through corner sharing in a structure si-
milar to that of sphalerite. Two atoms of vanadium take up interstitial sites in a sulva-
nice-like arrangement. Tetrahedron VS4 shares six edges with tetrahedra CuS4, as in the
structure of sulvanite (Pauling, 1965).

In spite of the general assumption that the unit cell of colusite is composed of 64
atoms with M/S=l (Springer, 1969), it has been concluded on the basis of structural
investigations that it contains 66 atoms, of which 26 are atoms of Cu, while the total
number of metal atoms is 34. Based on this fact, the ideal crystallochemical formula of
colusite is CuBV2(As,Sn)6SR. It has also been stated (Orlandi et al., 1981) that Fe can
take place instead of vanadium or (As,Sn), while Ge and Sb can appear as substituents in
(As,Sn). The classification of colusite into arsenocolusite, stanocolusite, germanocolusite
and stibiocolusite - depending on which of the mentioned elements dominates in the cor-
responding (third) crystallochemical position (Spiridonov et al., 1992b) - is based on
this assumption.

The X-ray structural analysis of members with a high or low tin-content (Spry et
al., 1994) confirms the former results, but it has also established a new general formula
of colusite - Cu24+xV2(As,Sb)6 x(Sn,Ge)xS3R, X=0-2 by showing that CuZV2As4Sn2S2 is
the valid formula for the Sn-member and Cu2V2As652 for the As-member with a low
tin-content. This difference can be explained by the occurence of two vacancies in one
of the positions of the Cu atoms which occurs as a consequence of the replacement of
two Sn atoms with the equal number of As atoms, with a constant number (64) of
valence electrons for both members.

Results of investigations of colusite with a low tin-content from Gies deposit in
Montana, USA (Spry et al., 1994) by methods of selected-area electron diffraction



(SAED) and high-resolution transmission electron microscopy (HRTEM) have shown that
the examined samples were made up of domains with ordered and disordered positions of
cations. The domain with ordered positions has the composition of As-colusite, with
a=1.068 nm and P4 3n space group, while the domain with disordered positions has a
similar composition, but with a=0.534 nm and F4 3m space group. The presence of one-
-dimensional structural modulations with 3.57 nm wavelengths has also been determined, and
this is considered to be a possible cause of appearance of the optical anisotropy in the
examined colusite.

The results of crytallochemical investigations of colusite have shown that the esta-
blished structural model of metal atoms in interstitial tetrahedral positions is not limited
only to this and similar mineral types (germanite, renierite, mawsonite), because it has
been ascertained that atoms of different metals take up the same positions in the structure
of different sulphides (Table 7, Spry et al.,, 1994), thereby classifying them as isostruc-
tural with colusite. In this sense, these investigations showed that colusite and the very
similar mineral, arsenosulvanite, Cu3(As,V,Sh,Fe,Ge)S4 probably represent the same mi-
neral species.

Bearing in mind the fact that the minerals of colusite group are the frequent ore
constituents in the Bor copper deposit, an attempt has been made to correlate results of
the usual and the most accessible investigations: optical in reflected light and chemical
compositions obtained by electron microanalysis (EPMA).

RESULTS AND DISCUSSION

It has, by microscopic analysis of ore samples from the Bor copper deposits - in
this case from the Tilva Ros ore body - been concluded that there is a very small
content of colusite, arsenosulvanite, tungsten-germanite, mawsonite, sulvanite and others
besides pyrite, enargite and covellite as the main constituents.

These minerals appear in euhedral, hipidiomorfic or irregular grains, commonly 0.05 mm
- very rarely up to 1 mm - in size, which usually lie in quartz, rarely in pyrite and other
sulphides, or grow onto coarse-grained aggregates of enargite and covellite. In some cases,
colusite, arsenosulvanite and tungsten-germanite show a needly-like growths which are
deposited along the discovered cleavage of covellite. The colour of the reflected light of
colusite is yellowish-grey or grey-brown, of arsenosulvanite light yellow, of tungsten-
-germanite grey. Many representatives of the arsenosulvanite group show a distinct anoma-
lous weak to clear anisotropy with grey-green and grey-brown-purple colour effects. This
phenomenon reveals very fine mimetic twinning, or a microcrystallic texture.

Quantitative optical measurements have been performed on arsenosulvanite, colusite
and tungsten-germanite grains that possessed an adequate surface quality and in the case
of arsenosulvanite, optical homogeneity. A polarising reflected-light microscope Vickers
M-74 was used, equipped with the interference filter (Schott, 200 mm) as a monochro-
mator. The measurements were performed in air, with a Microplan 40/0.65 objective and
Leitz Nr. 514 SiC as a referent standard. The colour specification of the examined mine-
rals was determined according to Gerlitz et al. (1989). The results are shown in Table
1, where the first two columns, marked by R1 and RI\ represent the results of measur-



ing the quantity of reflected light of anisotropic arsenosulvanite, R2 represents colusite
with low, and R3 with a high tin-content, while the last column denotes the optical
characteristics of tungsten-germanite.

Table 1. Optical characteristics of colusite
Tafiejia 1. Oirrii'iKe KapaKTcpHCTHKe Konycnrra.

X (nm) RL RI* R2 R3 R4
400 27.40 25.90 25.40 25.70 24.40
420 27.60 26.30 25.80 26.10 24.70
440 27.90 26.80 26.40 26.40 24.80
460 28.20 27:20 27.00 27.30 25.00
480 28.60 27.80 27.70 27.90 25.10
500 29.20 28.50 28.50 28.60 25.10
520 30.00 29.40 29.50 29.30 25.20
540 31.40 30.80 30.40 30.00 25.20
560 32.30 32.10 31.00 30.70 25.30
580 32.80 32.50 31.40 31.20 25.00
600 33.10 32.60 31.80 31.70 24.70
620 33.20 32.30 31.60 32.00 24.30
640 33.10 32.10 31.40 32.20 23.80
660 33.10 32.00 31.10 32.30 23.20
680 33.10 32.00 30.60 32.20 22.60
700 33.20 32.10 29.90 31.80 22.00

Specification of colour, Illuminant (C) - Cnenn4>nKaitnja 6oje, HnyMHHaHT (C)

X 0.325 0.326 0.324 0.324 0.308
y 0.329 0.332 0.331 0.329 0.318
Y (%) 31.68 31.16 30.50 30.40 24.99
K (nm) 579 577 576 579 501

p«(%) 7.42 8.50 7.70 7.10 0.66

The presented results match corresponding values found in literature for minerals of
the arsenosulvanite and colusite group (Orlandi et al., 1981; Chvileva, 1988), but they
differ drastically from the values obtained for tungsten-germanite, as well as from the
values for different types of germanite.

The chemical composition of arsenosulvanite, colusite and tungsten-germanite is de-
termined by the electron microanalysis (EPMA), using an ARL electron microprobe, type
SEMQ with an energy dispersive spectrometer (EDS) which is now located in the Center
for Microanalysis and Surface Investigations at the Vinca Institute for Nuclear Sciences.
The experimental conditions were 20 kV excitation voltage, 5 nA sample current with an
accumulation period of 100 sec.



Results of these measurements are presented in Table 2 and they refer to the same
mineral grains which were exposed to the optical measurements. The analyses show an
average values, which numbers applied to the single grains can be found in the marking
index. The contents of analysed constituents in arsenosulvanite and colusites, e.g. Cu, V,
Fe, As and Ge have a decreasing tendency, Sn an increasing trend, while the analysis of
tungsten-germanite again vastly differs from the others. However, a similarity of the

Table 2. Chemical composition of colusite.
Tabejia 2. Xcmhjckh cacrai! KOlJiycm a.

Weight (tokhhckh) % Analyse (anajnm) 1Q Analyse (aHajnaa) 2 Analyse (aHajmja) 3§ Analyse (ana/lnna) 4~

Cu 50.45 50.00 48.58 48.50

Y, 3.35 2.97 2.66 0.70

Fe - 0.73 0.20

As 13.15 11.21 9.41

Ge 0.75 0.43 7.70

Sn - 2.05 6.81

w - - - 13.63

S 32.30 32.61 32.34 29.47
Total (yKyiiHo) 100.00 100.00 100.00 100.(X)
Distribution of atoms on 32 S (pacno/ie.na aTomMa Ha 32 S)

Cu 25.27 24.76 24.25 26.11

\% 2.09 1.89 1.65 0.40

Fe - 0.44 1.17

As 5.57 471 3.98

Ge 0.33 0.18 - 3.59

Sn - 0.54 1.82

w - - - 2.52

S 32.00 32.00 32.00 32.00

examined minerals (established earlier, Spry et al., 1994) can be noticed if the crystallo-
chemical characteristics of colusite group minerals - to which arsenosulvanite and ger-
manite group minerals belong as well - are taken into the consideration. The general for-
mula for colusite is applicable with acceptable variations, because the analysed consti-
tuents - on the basis of 32 S atoms - fulfill the established relations, with the exception
of the increased content of Cu in arsenosulvanite. In that case, the relation is clearly
expressed in tungsten-germanite, because it is obvious that Cu appears in interstitial po-
sitions (where V or V+Fe are found in colusite) what is a characteristic of the germanite
group minerals (Tettenhorst & Corbato, 1984; Spry et al., 1994). In an attempt to
correlate investigation results of colusites, arsenosulvanite and tungsten-germanite from
the Bor copper deposit, it should also be added that the only important difference can be
noticed in the optical constants of the last mentioned mineral, which can only be expla-
ined by the high content of germanium which is responsible for the decreasing of reflec-
tivity (Spiridonov et al.,, 1992b).
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PESUME

KPUCTANOXEMWICKE KAPAKTEPNCTUKE KONYCUTA
N3 NEXXNLWITA BAKPA BOP (MCTOUHA CPBIJA)

YBO/[,

KonycuTt je MnHepanHa BpCTa TecepasHe cUMeTpuje, Koja npunaja rpynu BaHagu-
jymoBux cyndgoconun 6akpa. Mojasrbyje ce y nophupckum nexnwtuma bakpa (5pnnsger,
1969), 6akpa ca monubgeHom (6”rasclUrwroy, 1982), XMYHUM fexuUwTMMa 6akpa u
MCTUM TaKBUM 31aTa, Y BY/IKAHOTEHUM MacVUBHUM CYNMAHUM nexuwtuma (6pry e! al
1994), Kao n y kpeuwaumma (OrlancH el al, 1981). O6MYHO Ce Hanasn y MUHOPHUM
KONMMYMHaMa uUnun y TparosrMa, y acoumnjaumju ca MHOrMM MUHepanvumMa u3 rpyne cynguga
(NMUpUT, BOPHUT, XaNKOMUPUT, raneHunT), cyndoconun (eHapruT, 1y30HUT, CTUONOY30HWT,
CY/IBaHUT, MOYCOHWT, TETPAeAPUT, TEHAHTUT) W Tenypuaa (XecuT), OGHOCHO Y OHWUM Cy/l-
(OMOHUM NEeXUWITMMa, KOja cy mocTana npy MOBULLIEHOM OKCUAALMOHOM MOTEHUMjany,
LITO je n3paxeHo npucyctsom A$sH 6h5+ Tedtn Cn2-y MOMEHYTMM MUHEpanuma, y3 noja-
By bapuTa 1 aHxugputa Kao npatehnx muHepana (5prclonoy e! al, 1992a).



XeMujcKmn cacTaB Ko/lycuTa je cioXeH. PeJlOBHO NpUCYyTHE KOMNOHeHTe cy Cu, V, AX
1 6n, y3 Moryhe npucycTBo Manmx KonumuuHa 2n v Pe, a npoMeHbusmux 6h n Ce. EPMA
aHanmse (8pnn§er, 1969) cy nokasane, Aa jeAMHUYHY hennjy YnHe 64 atoma, unje CTpykK-
TypHoO ypehewe faje henunjy ca a=1,063 nT 1 npoctopHom rpynom P4 3T, Ha Kojoj 6a3u-
pa cynepcTpyKTypa, CMyHa cynepctpyktypu cgpaneputa (Oan8el & \\'menxch, 1970).
Kpuctanoxemmnjcke KapakTepucTUKe KONycuTa, YTBpPHEHE XeMWjCKUM W PEeHAreHCKUM
CTPYKrypHuM npoyuasawem (Orlancl]) €); a 1 1981; 6pry el al, 1994), neUHUTUBHO cy
[eTepMuHKCane OBY MWHepasiHy BPCTY W OTKAOHWUMAE KOH(Y3ujy, Koja je nocTojana y
pe3ynratMma peHAreHCKUX ANPaKLUOHUX UCNNTUBaAHA.

CTaHfapaHuM KpucTanorpa)CKum peHAreHCKUM AudpakuMoHUM MeTogama, YTBp-
heHn cy aumeHsuja jeauHnyHe henumje og a=1,0538 nT 1 a=1,0621 nT 3a YnaHoOBe CUPO-
MallHe, OfHOCHO 6oraTe Kanajem, npocTopHa rpyna P4 3nm u ogpeheHa je CTpykTypa
KONyCcuTa, Koja ce onucyje Kao fepusat CTpykType ctaneputa (OHancll ec al, 1981)
Tako, WTo cy Cn64 n (A3,5n)54 TeTpaespn Melyco6HO TPOAMMEH3NOHANHO MOBE3aHU
NpeKo 3ajefJHNYKNX POr/beBa, y CTPYKTYpU CANYHOj chanepuTckoj. [Ba atoma BaHagu-
jyma 3ay3umajy MHTepcTUUMjanHe NnosioXxaje UCTO Kao Yy CTPYKTYypwu cynsaHuTa. TeTpa-
efap Y54 penm wect usuua ca tetpaegpuma Cud4, kao WITO je TO cnyyaj Koh NMoMeHyTor
MuHepana (Paulng, 1965).

Ha OCHOBY CTPYKTYPHMUX UCMWTMBAKA je 3aK/by4eHO, YNPKOC OMLITOj MOCTaBUu da
OCHOBHY hefninjy konycuTa unHu 64 atoma y3 M/5=1 (5pnn8er, 1969), ga y weH cacTas
ynasu 66 aToma, o Koju cy 26 atomu Cw, [OK je yKynaH 6poj atoma metana 34. Ha ocHoBy
OBaKBOI CTaBa, MAeanHa Kpuctanoxemmjcka opmyna konycuta je CnxyAA8,5n)b32 Ta-
Kohe ce hasoam (OrlancH el al, 1981), ga Pe MOXe fa 3ay3Me WK NoJoXaje BaHaaujyMa,
unn (A6,5m), gok Ce n 5h, Mory fa ce nojase Kao cy6cTuTyeHTU y (Ax,5M). Ha oBoj no-
cTaBuu ce 6asupa kiacudgurkalmja Konycmuta Ha apCeHOKONYyCUT, CTaHOKONYCUT, repma-
HOKOMYCUT U CTUOMOKONYCWUT, Yy 3aBMCHOCTU 0f TOra, KOju Of HaBefeHWX efemeHata
JomuHupa y ogrosapajyhoj (Tpehoj) kpucTtanoxemujckoj nosmumjn (5pj nclonoV eC al,
1992n).

PeHAreHcKa CTPYKTYpHa aHanM3a 4n1aHoBa ca BUCOKMM U HUCKMM CagpXKajeM Kanaja
(5pry el al, 1994), noTBpAuna je NPeTxofHe pe3ynTarte, ajau je ycTaHOBUIA U HOBY OM-
Wty opmyny konycuta Koja rnacu Cu2dxy2(A8,5h)6 x(5n,Ce)x53, X=0-2, 360r Tora
WITO je NoKasana, Aa 3a 5n-yunaH Baxu opmyna CuAY2A645n83, a 3a A3 unaH (ca HUC-
KUM cagpkajem kanaja) Cndy2A6663. OBa pa3nnka ce Tymauyu NnojaBoM fiBe BakaHuUuje y
jenHom of nonoxkaja atoma Cu, Kao nocneguue 3ameHe fBa atoma 8m ucTuM 6pojem
atoma A3, y3 KoHCTaHTaH 6poj (64) BaNeHTHMX eNleKTpoHa 3a 06a YnaHa.

Pe3yntatv ncnutmBara KONycuMTa CUpPOMALLHUX Kanajem u3 nexuwTa Fuc, MoHTa-
Ha, CALl (5pry el al, 1994) meToAama eneKTPOHCKe ANGpPaKLUnje CeneKToBaHUX [AenoBa
(5AEB) 1 BMCOKOpe30/yLMOHe TPAHCMUCUOHE eNleKTPOHCKe MuKpockonuje (HKTEM) cy
OTKpWAW, Ja Cy UCNUTMBAHW MpUMepLn nsrpafeHn of fomeHa ca ypeheHuMm u Heypehe-
HUM pacnopefom KaTjoHa. [omeH ca ypeheHUM cTakbem Mma cactaB AK-KONycuTa, ca
a=1,068 nT u npocTopHOM rpynom P4 3m, 4OK AOMeH ca HeypeheHUM CTaweM Uma cnu-
YyaH cactas, anu ca a=0,534 nT1 u npoctopHom rpynom P4 3T1. Takohe je yTBpheHo
NPUCYCTBO jeAHOAVMEH3NOHANMHNX CTPYKTYPHUX MOAynaumja ca TaflaCHOM AY>XWHOM 0f
3,57 nT, Koje ce cMaTpajy Moryhum y3pouyHMKOM rMojaBe OnTUYKe aHU30TPOMnuje UCNNTK-
BaHOT KonycuTa.



Pe3yntat KpUCTanoxXemMuUjCKMX MCNUTKWBamwa KOycuTa Cy MokKasanu, ga ycTaHOB-
JbEHW CTPYKTYPHU MOfJen ca aToMUMa MeTana y MHTepcTUUMjanHum TeTpaefapckuM ro-
NoXajuma, Huje OrpaHnYeH caMo Ha OBY U HOj CPOLHe MUHepanHe BPCTe (repMaHuT, pe-
HWjepuT, MOYCOHUT), jep je YyTBPHEHO, Aa aTOMU pa3nMuMTUX MeTana 3ays3umajy ucrte no-
NnoXxaje y CTPYKTypu pasnnumtux cynduga (tabena 7, 8pry el al, 1994), knacugukyjyhu
MX Kao U3OCTPYKTYpHe ca KOMyCUTOM. Y TOM CMUC/Y, OBakKBa UCTpaxuBamwa yKasyjy, ga
KONYCUT U kbeMy BP/IO cnYaH MUHepan apceHocyneaHut, CuyA6,Y,5h,Pe,0e)84, Hajsepo-
BaTHWje NpefCcTaB/bajy UCTY MUHEPaHY BPCTY.

Mmajyhu y BUugy unkeHuLy, fa cy MUHEepanu U3 rpyne Konycuta KOHCTUTYeHTU pyfe
13 nexkmwTa 6akpa bBop, NOKyLwwano ce, ga ce KOpenuwy pesyntaTu yobuuyajeHux v Haj-
yewhe AOCTYNMHWUX WUCMUTMBAHKA: ONTUUKWUX Y pPeleKTOBaHOj CBETNOCTU U XeMUjcKOr
cacTasa f0o6ujeHOr MeTOA0M efIeKTPOHCKe MUKpoaHanuse (EPMA).

PESYNTATUN NCTTNTUNBAKBLA N ANCKYCUJIA

MWKPOCKOMCKMM MUCNUTUBAbUMA Y30paKa pyfe u3 nexuwTa 6akpa bop, y oBom
cnydvajy u3 pygHor Tena Tunsa Poll, KOHCTATOBAHO je, Aa ce nopes nupuTa, eHapruta u
KOBE/IMHA Kao rNaBHUX KOHCTUTYyeHaTa, Hanase y BeoMa MaiuM KonvMHama MUHepanu
M3 rpyna KonycuTta, apceHocynBaHNTa, BONMPAMCKUX repMaHnTa, MOYCOHUT, CY/IBaHUT U
apyrun. TlojaB/byjy ce y eyxefpaiHUM, XUNUANOMOP(HO pa3BUjeHUM WX HenpasuUIHUM
3pHMMa BennumnHe Hajuewhe fo oko 0,05 Trn, BpAo peTKo A0 1 W T, KOja nexe y KBapuy,
PeTKO y NUPUTY 1 ApYrum cynpuanmMa, Unm HapacTtajy Ha KpyrnHO3pHe arperaTe eHaprura
M KOBENNHA. Y HEKUM CnyyajeBMMa, MUHepanu U3 rpyna Kojiycuta, apceHocy/BaHuTa u
BO/NIppaMCKMX repMaHuTa nokasyjy urnmyacto passuhe, a JeNOHOBAHW Cy AY>X OTKpUBe-
He LEen/bMBOCTU KOBeNMHA. boja pe(hneKToBaHe CBETNOCTM KONYCUTA je CMBO XyTa UK
CMBO MPKa, apCeHOoCyNBaHWUTa CBET/IO XYTO CMBa, a BON(paMCKMX repmaHumTa cusa. Kog
MHOTMX NPefCcTaBHMKA U3 rpyne apceHocynBaHUTa je n3paxeHa aHoManHa cnaba fo jacHa
aHM30Tponuja, ca eeKTMa CMBO 3€/1eHE 1 CMBO MPKO sbybuyacte 6oje. OBaj (heHOMEH
OTKpUBa BP0 (hUHO MUMETUYKO BAVXKHEHE, U MUKPOKPUCTaNacTy CTPYKTYPY 3pHa.

KBaHTMTaTMBHA ONTMYKA MEpEHa Cy U3BPLLEHA HA 3PHMMA apCeHOCYNBaHUTa, KONy-
cuTa 1 BONppaMCKOr repmaHuTa Koja cy nocejosana 3af0Bos/baBajyhu KBanuTeT nosp-
LIMHE, Kao M ONTUYKY XOMOFeHOCT, Kafla je apCeHoCcynBaHuT y nuTawy. KopuwheH je
nosiapu3aLoHM MUKPOCKOM 3a pei/ieKTOBaHYy CBETNOCT YJckerk T 74, onpem/beH WH-
TepepeHunoHuUM puntepom (6choll, 200 TT), Ka0 MOHOXpOMaTopoM. Meperwa Konu-
YMHe ofbujeHe CBET/IOCTM Cy BPLUEHA Y BasfLyxy, ca KopakoMm of 20 NT Yy peruoHy Bug-
/euBor fena cnektpa (400-700 nT), ynoTpe6om objekTusa MukponnaH 40/0,65 n 51C Ne.
514 dmpme Bekr, Kao petepeHTHUM cTaHgapgom. Cneuudukaumja 60je UCMUTUBAHUX
MuHepana je ogpeheHa npema Cerllr el al (1989). PesynTtatu cy npukasaHu Ha Tabenu
1, Ha Kojoj npBe fBe KO/OHe, o3HauveHe ca K1 u KIT npeacTaB/bajy pesyntaTe Mepewa
KONu4umHe ofbujeHe CBETNOCTM aHWM30TPOMHOTr apceHocynBaHuTa, K2 konycuTa ca Huc-
KuM, a K3 ca BMCOKMM cafpkajeM Kanaja, 40K nocnefrwa KONoHa npeactaB/ba ONTUYKe
KapakTepucTuke BONPPAMCKOr repmaHuTa.

MpuKasaHu pesynTaTu Cy carnacHu ca ogrosapajyhum spegHocTuma Koje ce Hanase
y nutepatypu (OrlancH el al, 1981; ChyHeya, 1988) 3a MuHepane u3 rpyna apceHo-
CyNBaHWTa W KOMyCUTa, anu ce ApPacTUYHO Pas3fiMKyjy Of BPeAHOCTU fo6UjeHMX 3a BOA-
(hpaMCKN repMaHuT, KOje Cy UCTO TOJIMKO PasnnuuTe W Of NNTepaTypHUX BPeLHOCTM 3a
pa3He TUMNOBe repMaHuTa.



XeMnjcky cactaB apCeHOCY/IBAHUTA, KONycuTa U BON(paMCcKOr repmaHnuTa je oape-
heH MeTo0M efleKTPOHCKe MUKpoaHanuse (EPMA), Ha eNeKTPOHCKOj MUKPOCOHAM (hump-
mMe AKL. Tun 8EM<3 ca eHepreTcko agucnep3nsHum criektpomeTpom (E08), Koja ce caga
Hanasn y LleHTpy 3a MUKpoOaHann3y u UCNMTUBakbe MOBPLUMHA Y VIHCTUTYTY 3a HyKneap-
He Hayke BuHua, npu ekcuuTaLMOHOM HanoHy of 20 KY, cTpyju npobe of 5 nA u ca ne-
progom akymynaumje og 100 Kec.

Pesyntat mepewa Hanase ce Ha Tabenn 2 n 04HOCE Ce Ha MCTa 3pHa MUHepana, Ha
Kojuma cy BplUeHa ONMTUYKa Meperwa. [pukasaHe aHanu3e nNpefcTaB/bajy CPeawe Bpen-
HOCTM MOjeAnHaYHKX, Ynju ce 6poj Hanasm y UHAEKCY o3Haka. Cafpxkaju aHanmanpaHmux
KOHCTUTYeHaTa Yy apCeHOCY/IBaHUTY U KONycuTuma, Kao wto cy Cu, V, Pe, Ax n Ce umajy
onagajyhu TpeHa, 6n pactyhu, oOK ce aHanv3a BONGPaMCKOr repmMaHuTa NOHOBO Apac-
TUYHO pas3nukyje of octanux. MefyTum, ako ce y3me y 063mMp pasmarpame KpucTanoxe-
MWNjCKUX KapaKTepucTnka MUHepana u3 rpyne KofycuTa, a Kojoj npunagajy apceHocynsa-
HWUT U MUHEPaNW 13 rpyne repmaHnTa, yoyasa ce CPOAHOCT UCMNUTUBAHWUX MUHepana, Koja
je yctaHoBs/beHa paHuje (5pry el ak, 1994). OnwTa hopMyna KonycuTa je npuMernBea y3
npuxBaT/biMBa OACTYMNawa, jep aHain3MpaHu KOHCTUTYEHTM, a Ha 6a3n of 32 atoma 5,
3a/10B0/baBajy YyCTaHOB/bEHE OfHOCe, Of KOjUX jeAMHO OACTYna NoBuLUEHM cafpxaj Cu y
apCeHOCYNBAHUTY. Y TOM Ciyyajy, CPOLHOCT je M3padKeHa W Yy cnyyajy Bondpamckor
repMaHuTa, jep je ounrnegHo, ga ce y UHTepcTuumnjanHum nonoxajuma (y Kojuma ce Koj
Konycuta Hanase V unn Y+Pe) nojaB/byje Cu, WITO je KapakTepmcTuka MuHepana u3
rpyne repmaHuta (Tellenhorx! & CorhaCo, 1984; 6pry el al, 1994). Tpe6a jow jga ce
foga, fay cMuciy nokyllaja Kopenucawa npukasaHux pesynrara MCNUTMBaba MUHepana
N3 rpyne Ko/lycuTa, apCEHOCYNBaHWUTA U BONMPaMCKOr repMaHuta U3 nexuwra 6akpa
Bop, jeanHa 3HauajHa pasnuka ce 3anaxa Kof nocnegwe NOMeHYTOr MUHepana y onTuy-
KUM KOHCTaHTama Yy OfIHOCY Ha OcCTase, WITO MOXe Ja Ce Tymauu camMO BMCOKUM cafp-
XajeM repmaHujyma, Koju yTuue Ha cMakberwe KonnuuHe oabujeHe ceetnoctu (5pt<lo-
noy €l al,1992h).



