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[TOPEBEILE KPVICTAJIOTPAOCKO-XEMUJCKMNX KAPAKTEPMICTUKA
COAJIEPUTA N3 PYJHOT JIEJKMIITA KVJKEBAK CA HEKVIM IPYTUIM
PYOTHUM JIEXKXUIITUMA, JEO I: ITIPETVIMMHAPHO PASMATPAIBLE
YCJIOBA IbVIXOBOT IIOCTAHKA

COMPARISON OF THE CRYSTALLOGRAPHIC-CHEMICAL
CHARACTERISTICS OF SPHALERITES FROM THE KIZEVAK ORE
DEPOSIT WITH SOME OTHER DEPOSITS, PART I: PRELIMINARY
RECONSIDERATION ABOUT THEIR FORMATION CONDITIONS

DOI: 10.25075/BM.2017.11

ITaBne Tanunh Pavle Tanci¢
Teonowku 3a600 Cpbuje Geological Survey of Serbia
pavletan@gmail.com pavletan@gmail.com

Caxerak: Kpucmanozpagcko-xemujcke kapakmepucmuxe canepuma uz pyonoz nexmcuwma Kuxesak cy
kopuwhene 3a nopeherwe ca odzosapajyhium kapakmepucmuxama Hekux Opyeux pyouux nexcuwima: Ilynma
Cmujena-bpcxoso, Jleue, Cenanau, Tpenua, Jarweso, Ilpeuuna, Ijpsenu bpez u L]pray, kao u 3a npeaumuxap-
HO pasmamparve ycrosa rwuxose eeHese. Céu 0o0ujeHu pe3ynmamu cy ynopehusamu ca pe3ynmamuma Koju cy
dobujenu nomohy opyeux pasnuumux memoda. OuueneOHu cy Marbe WU 8UUle PA3TULUMU YCI06U NOCAHKA
3a uchumusaue canepume U3 paTUMUMUX PYOHUX TIEHUWMA, KOJU CY y 060M pady noodemweHu y mpu epyne:
HUCKO, cpedtbe U BUCOKO memnepamypHu peeuon. Jlobujene memnepamype u npumucyu nomohy Kullerud-ose
(1953) kpuse u jeOHauune u oujazpama koju cy npuxasanu Lusk u Ford (1978) eeoma 3nauajHo odcmynajy 00
pesynmarma 0o0ujerux nomohy opyzux u pasautUmux memood, mako 0a ce Moy CMAMPAMU Ye/la8HOM Henpu-
xeammusum 3a oopehusarve 2erese canepuma. Mehymum, canepumu us pasnuuumux pyoHux aexuuima ca
cnuuHum cadpxajuma FeS komnonenme ce kapakmepuuty 6eoma pasaudumum oumensujama jeduruqne henuje
(a0) koje 6u, cxo0HO mome, mozne 0a ykaxcy Ha pasnuqume P u/unu t ycnose nocmanka. O63upom Ha my uurve-
HUYY, cmampamo da 6u mpebano ucnumamu Heke Hose mozyhrnocmu 3a oopehusarbe wux06802 nocmankad, jep
1o Hawem Muuibervy 0se OumMeH3uje jeduruume henuje moey 6umu eeoma saxcve, a 0a canepum mosxe Oumu
UCTNOBPEMEHO KOPUCIAH U KAO 2e0mepMOMemap U Kao eeobapomemap.

Kibyune peun: Kusesak, Opyza nexcuwima, cpanepumu, kKpucmanozpagcko-xemujcke Kapakmepucmuke, yno-

peherva, npenumMuHapHU YCr06U NOCMAHKA.

Abstract: Crystallographic-chemical characteristics for sphalerites from the ore deposit Kizevak were used for the
comparison with the corresponding characteristics of some other ore deposits: Suplja Stijena-Brskovo, Lece, Se-
lanac, Trepca, Janjevo, Precica, Crveni Breg and Crnac, and also for the preliminary reconsideration about the
conditions of their genesis. All of the obtained results were compared with the results which were obtained by other
various methods. There are obvious more or less different formation conditions for the studied sphalerites from the
various ore deposits, which are in this paper separated into three groups: low, middle and high temperature region.
Obtained temperatures and pressures by Kullerud's (1953) curve and equation and diagram which were presented
by Lusk and Ford (1978) very significantly deviated from the results which were obtained by other and different
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methods, and therefore they could be consider as mostly unacceptable for determination of the sphalerite genesis.
However, sphalerites from the different ore deposits with similar contents of the FeS component are characterized
with different unit cell dimensions (a0) which could, accordingly, indicate to the different P and/or t formation
conditions. Regard to that fact, we consider that it should be studied some new possibilities for the determination
of their formation, because by our opinion these unit cell dimensions could be very important, and that sphalerite
could be useful simultaneously as a geothermometer and as a geobarometer.

Keywords: KiZevak, other deposits, sphalerites, crystallographic-chemical characteristics, comparisons, prelimi-

nary formation conditions.

YBO/]

3Hauaj cyndUIHMX MUHeEpaja y pyfaMa je Hyro
610, 1 HacTaB/ba 1 Jla/be fia Oyze, IIABHM PA3JIOT
MHTEpecoBama MIHepaora I reoxeMmnyapa 3a oBe
marepujane. OnpebuBame pyHIaMeHTanHEe XeMuje
cynduna npencTapba K/byd 3a pasyMeBarbe HhIXO0-
BJIX yC/IOBA IIOCTAHKA 1, CXOZHO TOMeE, T€O/IOIIKIX
Ipoleca Iof KOjuM Cy ofpeheHa pymHa JexumTa
HacTana. OBO HAM MOXKe, 3a y3BpaT, IPY>XUTY VH-
¢dbopmanuje y Be3u cTparernuja Koje ce MOry KOpu-
CTUTN IPU VICTPAXKNBAIby TAKBUX JIEXXNIITA U b~
XOBY HaKHa/IHy eKCIIJIoaTanujy. Y TOM KOHTEKCTY,
BeOMa je BaKHO [I03HABabe CTPYKTYPa, CTaOMIHO-
cTy, (asHUX ofgHOCa U TpaHCopMauyja, 3ajeqHoO
Ca pE€I€EBAHTHUM TEPMOAVHAMMYKUM U KNHETNYI-
kuM nopanyma (Vaughan, 2006).

Mpxu 1 XyTH BapujeTeTi canepura ca pasin-
YUTUX XOpu3oHaTa of 670, 690 u 710 m nmonume-
tamuyHor Pb-Zn pymnor nexunmra Kimkesak, cy
IIPETXOJHO IPOyYaBaHy PeH/ITeHCKOM, XeMIjCKOM
u cnekrpoxemujckom MetopoMm (Tamumh, 2004;
Tanunh u Cypmap, 2004 u 2005). VispauyHnate cy
IuMeHsMuje jenyHIYHMX henuja 3a Koje je moTBphe-
HO Jia pacty ca nopactoM Fe, FeS u X(Fe,Mn,Cd)S
cajp)Kaja, Kao U Ja omnazajy ca mopacrom Cu caap-
xaja. CactaBu cdanepuTa 1 HUXOBUX AMMEH3NjA
jemHnyHMX henmuja cy Bulle WM Mambe pasindy-
TY Ha PasIMINTUM JyOuHaMa, a Takobe ce pasnu-
KYyjy 3a MpKe 1 >XyTe Bapujetete. OBe pasinke ce
takohe Mmanudecryjy y mehycobHo pasmmuntum
Harnbyma JIMHHUja Koje MpPefCTaB/bajy 3aBUCHOCT
IMMeH3Mja jenMHMYHUX henuja y omHocy Ha cac-
TaBe cdanepuTa U3 PasTUIUTUX XOPU3OHATA, a
takobe u kopn cdaneputa pasmmuntux 6oja. Tom
HIPWINKOM je MpPEeTIOCTaB/beHO Aa oBU Mehycob-
HO pas/IMYMTY Harubu yKasyjy Ha pasnaumduTe Xe-
MIjcKe cacTaBe (Off KOjUX je HajsHauajHUjU cajp-
xaj Fe), amu taxkobhe BepoBaTHO M Ha pasnmuuuTe
yCIOBe IOCTaHKa cajepura, U CXOFHO TOMe Ha
pasnMyuTe ycIoBe MOCTaHKA MHAMBUIYATHUX XO-
pU3OHaTa U BapujeTeTa OBOT PYAHOI JIEKMIITA.
Cagpxaju  X(Fe,Mn,Cd)S HajBepoBaTHMje HMCY
Off KOPUCTH 32 00jeKTUBHE 3aK/bYUKe Y KPUCTATIO-
rpad)CKOM CMICIY, 360T TOra LITO [TOKA3Yjy 3HaYaj-
HO HIDKe ,Kpajibe” AruMeH3nje jenHndHux hemmja
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INTRODUCTION

The importance of sulfide minerals in ores has long
been, and continues to be, a major reason for the
interest of mineralogists and geochemists in these
materials. Determining the fundamental chemistry
of sulfides is a key for understanding their forma-
tion conditions and, hence, the geological processes
by which certain ore deposits have formed. This, in
turn, may inform the strategies used in exploration
for such deposits and their subsequent exploitation.
In this context, knowledge of structures, stabilities,
phase relations and transformations, together with
the relevant thermodynamic and kinetic data, is
critical (Vaughan, 2006).

Brown and yellow varieties of sphalerites from the
different horizons at 670, 690 and 710 m of the
poly-metallic Pb-Zn ore deposit Kizevak, were
previously studied with the X-ray, chemical and
spectral-chemical method (Tanci¢, 2004; Tancié
and Sudar, 2004 and 2005). There were calculated
unit cell dimensions for which it was confirmed
that increase with the increasing of the Fe, FeS and
>(Fe,Mn,Cd)S contents, and that they decrease
with the increasing of the Cu content, as well.
Sphalerite compositions and their unit cell dimen-
sions are more or less different at different depths,
and they are also different for the brown and yel-
low varieties. These differences are also manifested
at mutually different slopes of the lines which are
representing the dependence of the unit cell dimen-
sions by sphalerite compositions from the different
horizons, and also for sphalerites of the different
color. At that occasion it was presumed that these
mutually different slopes indicate to the different
chemical compositions (from which is of the most
significance the Fe content), but also probably to
the different formation conditions of sphalerites,
and accordingly to the different formation condi-
tions of the individual horizons and varieties of this
ore deposit. Contents of the X(Fe,Mn,Cd)S most
probably are not useful for the objective conclu-
sions at the crystallographic sense, because they
show considerable lower “ending” unit cell dimen-
sions than Fe and FeS contents, which are showing
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y opHocy Ha Fe u FeS cagpixkaje, a xoju moxasyjy
ucre. VspauyHate fuMeHsuje jenuHu4HuX hemmja
U3 PEeH/ITeHCKMX NpOoy4yaBama Cy 3Ha4yajHo Behe y
OJIHOCY Ha OHe Koje Cy uspadyHare momohy jemHa-
YJHA U3 TMTEPATyPHNUX IIOfIaTaKa, IOK Ce Ta Pa3/IN-
Ka cMamyje ca moBehamwem Fe, FeS n X(Fe,Mn,Cd)
S cagpxaja.

OBU IIpeTXOfHO J0OMjeHu KpucTranorpadcko-xe-
MUjCKU pe3ylITaTy pymHOr jexuimra KuxeBak
(Tanumh, 2004; Tanunh u Cygmap, 2004 u 2005) cy
xopunrheHn y oBoM IpoydaBamy pajgyu nopebema
ca KpUCTaJIOrpaCKO-XeMUjCKUM  pesyaTaTiMa
HEKMX JPYTUX PYSHMX JIeXMINTa U3 cregehux jo-
kammrera: lllympa Crujena-bpckoso (JankoBuh u
Jaukosuh-MwunocasmpeBuh, 1955); Jlene, Cenanair,
Tperua, JameBo, IIpeunna u IlpBennm DBper
(Kpcranosuh u Kpcranosuh, 1962); u IlpHar
(Huxonuh un ap., 1978).

Jobujenn pesynraru cy takohe xopumtheHu 3sa
[PENTMMIHAPHO pasMaTparbe y Besy IeHe3e OBUX
caneprta U PyEHUX JIEKUINTA, YIPKOC OPOjHUM
U 3HAYajHO BEMMKMM HeC/TaramiMa, I1a Yak 1 He-
KUM KOHTPA/JIKTOPHMM pe3y/ITaTiMa KOju ce Ma-
Hudectyjy y morneny mehycoOHux omHoca Kpuc-
TasorpadCKuUX IMOJaTaKa M XEMMUjCKMX CACTaBa; Y
HOITIEAY MUTaa 0 POopMIpay charepuTa; 3aTUM
ma mu 6u caneput Morao fa 6yme KOPUCTAH Kao
reotepMoMeTap, Kao reobapomerap, UTH.; a IITO
CBe TIpefCTaB/ba CTBAp HeKUX fAebara 1O JaHac
(Toulmin u gp., 1991; Vaughan, 2006).

[maBHM pasjor 3a oBakKBa IIPOydYaBama je fia I10-
CTOju 030M/baH HEOCTAaTaK TEPMOAVHAMUYKIX
THoflaTaKa 3a MIHepaJie ¥ pyfHa nexuira y Cpouju
(Bumetu Ha mpumep: Jankosuh (1990) u umrupa-
He pedepente yHyTap). 360r Tora, y oBe CBpxe Cy
kopuinheHe cBe OCTYIHE jeHAYNHE U AMjarpaMu
op xaza je Kullerud (1953) yrBpauo fa uBpctu pac-
tBOp FeS y ZnS pacte ca temmeparypom u mcro-
BPEMEHO 13a31(Ba MOPACT AMMEH3Mja jefMHNIHIX
henuja a, u To 6e3 063Mpa f1a 1 Cy OHe N0 laHAC
KBa/IM(UKOBaHEe Kao ,3aHeMapeHe, HelpUKIafHe,
HepeasHe, UTH., VIV HUCY.

Hajsan, moHOBO cy pasMaTpaHa 3anakama goouje-
Ha op crpaHe Tamumh u Cygap (2005) o yrumajy
>(Fe,Mn,Cd)S cappxaja y cmucity fobujama 06jex-
TUBHMjUX 3aK/by4aKa (ca eBeHTYa/IHUM peBU3uja-
Ma 1 KOpeKIijaMa) y KpUCTanorpadcKoM CMUCITY,
Kao U BJXOB YTHUIAj Ha ofpehuBame TeMmeparypa
u mpuTHcaxa y nopebemy ca Fe u FeS cagpxajuma.

the same. Calculated unit cell dimensions from the
X-ray studies are considerable bigger related to that
which are calculated from the equations from the
literature data, while that difference decrease with
increasing of the Fe, FeS and X(Fe,Mn,Cd)S con-
tents.

These previously obtained crystallographic-chemi-
cal results of the ore deposit Kizevak (Tanci¢, 2004;
Tanci¢ and Sudar, 2004 and 2005) were used in this
part of the study for comparison with the crystallo-
graphic-chemical results of some other ore deposits
from following localities: Suplja Stijena-Brskovo
(Jankovi¢ and Jankovi¢-Milosavljevi¢, 1955); Lece,
Selanac, Trepca, Janjevo, Precica and Crveni Breg
(Krstanovi¢ and Krstanovi¢, 1962); and Crnac
(Nikoli¢ et al., 1978).

Obtained results were also used for the preliminary
reconsideration about genesis of these sphalerites
and ore deposits, despite to the numerous and con-
siderable large disagreements, and even to the some
contradictory results which are manifested in the
view of the mutually relations of the crystallograph-
ic data and chemical compositions; in the view of
the questions about sphalerite formation; then if
sphalerite could be useful as geothermometer, as
geobarometer, etc.; and which is the matter of some
debate up to date (Toulmin et al., 1991; Vaughan,
2006).

The main reason for this explorations is that there
is a serious lack of the thermodynamic data about
minerals and ore deposits in Serbia (see for ex-
ample: Jankovi¢ (1990) and references within).
Because of that, for this purpose there were used
all of the available equations and diagrams since
Kullerud (1953) established that solid solution of
FeS in ZnS increases with temperature and simul-
taneously causes increasing of the unit cell dimen-
sions a, regardless if they are up to date qualified as
“disregarded, unsuitable, unreal, etc, or not.

Finally, it was again reconsidered the observations
by Tanci¢ and Sudar (2005) of the influence of the
>(Fe,Mn,Cd)S contents for the more objective con-
clusions (with eventually revision and corrections)
at the crystallographic sense, and to its influence to
the determination of temperatures and pressures in
comparison with the Fe and FeS contents.
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PE3VIITATU N JICKYCHUJA

1. Ilopebemwe kpucramorpadcko-xeMmujcKux pe-
synrara u3 KiokeBaka ca HeKuM JpyruM pygHUM
JIeKNIITAMA Y IpeTMMIHapHO oxpebuBame TeM-
neparypa i IpUTICaKa IOCTaHKa

Y opmHOoCcy Ha Kpucranorpadcko-xeMujcka Ipo-
yuaBama coamepura y Cpbuju n Lpuoj Topwu,
npoHabeHO je caMO HEKONMKO IOfaTaka Koju Cy
YITIaBHOM CTapujer garyma: Jankosuh u Jankosuh-
Mmunocasmesuh (1955) koju cy mpoy4yasanu cda-
nepute 13 pypHor nexumta Ilymwpa Crujena-
Bpckoso; Kpcranosuh 1 Kpcranosnh (1962) xoju
cy mpoydaBamu camepure U3 pasIMUIUTUX PYA-
Hux nexniTa: Jlene, Cenanan, Tpemda, Jameso,
[Tpeuntia u Lpsenn bper; u Hukonuh u mp. (1978)
KOjy Cy Ipoy4YaBaan jefaH Qpakimonncann coa-
neput us pypHor nexuinta Lipuar. OBu pesynraru
cy kopuihenn 3a nopebeme ca pygHUM JIeXXNIITEM
Kwkepak (Tanunh, 2004; Tanunh u Cygap, 2004 un
2005).

3a npenMMIHApHO ofipehuBame TeMIepaType
nocTaHka kopuuthenn cy:

1. FeS cappsxaju (y mol. %) 3a gujarpam Kxoju je
npencrasuo Kullerud (1953)-t,,

2. Z(Fe,Mn,Cd)S capgpxaju (y mol. %) 3a gujarpam
xoju je npencrasuo Kullerud (1953)-t,,

3. Cu cagpxaju (y wt. %) 3a jefHa4MHY U AMjarpam
xoju cy npencrasumu Wiggins n Craig (1980)-t,,

4. Cd cagpsxaju (y ppm) usmeby canepnra u ra-
JIEH)TA 3a jefHa4MHY U I1jarpaM Koju Cy TIpefi-
craBunu Bethke n Barton (1971)-t,, u

5. Mn cagpsxaju (y ppm) usmeby cdanepura u ra-
JIEHWTA 3a je[lHa4YVMHY U JyjarpaM Koju Cy Ipej-
craBumu Bethke n Barton (1971)-t..

3a oppebuBamwe mpurucka nocranka xopuirhexu
Cy jemHadMHa ¥ JyjarpaM KoOju Cy IPeNCTaBUIN
Lusk u Ford (1978)-P.

Kapakrepucruxe chanepura u3 pygHOT JTeXUIITA
Mynspa Crujena-bpckoso (Jaukosuh u Jankosuh-
Munocasmwesnh, 1955) cy npukasane y Tabemn
1; us pypuux nexuurra Jlene, Cenanarn, Tperua,
Jaweso, Ilpeunna n Lpsenn Bper (Kpcranosmh
u Kpcranosuh, 1962) y Tabenn 2; u3 pygHor je-
xxumrta puan (Hukonnh u gp., 1978) y Tabenn
3; n u3 pygHor nexuinta Kikesak (Tanunh, 2004;
Tanunh n Cygap, 2004 u 2005) y Tabenn 4.
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RESULTS AND DISCUSSION

1. Comparison of the crystallographic-chemical
results from Kizevak with some other ore depos-
its and preliminary determinations of the tem-
peratures and pressures of formation

Relative to the crystallographic-chemical researches
of the sphalerites in Serbia and Montenegro, there
were found only a few data which are mostly of the
older date: Jankovi¢ and Jankovi¢-Milosavljevié
(1955) who studied sphalerites from the Suplja
Stijena-Brskovo ore deposit; Krstanovi¢ and
Krstanovi¢ (1962) who studied sphalerites from the
various ore deposits: Lece, Selanac, Trep¢a, Janjevo,
Precica and Crveni Breg; and Nikoli¢ et al. (1978)
who studied one fractioned sphalerite from the
Crnac ore deposit. These results were used for com-
parison with the ore deposit Kizevak (Tanci¢, 2004;
Tancié and Sudar, 2004 and 2005).

For the preliminary determination of the tempera-
ture of formation there were used:

1. FeS contents (in mol. %) for the diagram which
was presented by Kullerud (1953)-t ,

2. 2(Fe,Mn,Cd)S contents (in mol. %) for the dia-
gram which was presented by Kullerud (1953)-t,,

3. Cu contents (in wt. %) for the equation and dia-
gram which was presented by Wiggins and Craig
(1980)-t,,

4. Cd contents (in ppm) between sphalerite and
galena for the equation and diagram which was
presented by Bethke and Barton (1971)-t » and

5.Mn contents (in ppm) between sphalerite and
galena for the equation and diagram which was
presented by Bethke and Barton (1971)-t..

For the determination of the pressure of formation
there were used the equation and diagram which
were presented by Lusk and Ford (1978)-P.

Characteristics of the sphalerites from the Suplja
Stijena-Brskovo ore deposit (Jankovi¢ and
Jankovi¢-Milosavljevi¢, 1955) are presented at
Table 1; from the Lece, Selanac, Trepca, Janjevo,
Precica and Crveni Breg ore deposits (Krstanovié
and Krstanovié, 1962) at table 2; from the Crnac
ore deposit (Nikoli¢ et al., 1978) at Table 3; and
from Kizevak ore deposit (Tanci¢, 2004; Tanci¢ and
Sudar, 2004 and 2005) at table 4.
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Characteristics of the sphalerites from Suplja Stijena-Brskovo

Tabena / Table 1, Kapaxmepucmuxke cpanepuma u3 Lllynwe Cmujene-bpckosa /

3enenkacrn / greenish Kyru / yellow Mpxku / brown Tamnuu / dark

a, 5,408(1)" 5,409(1)" 5,409(1)° 5,414(1)°
Fe (wt. %) 1,85 3,26 3,45 6,20

FeS (mol. %) 3,40 5,09 5,38 11,93

t (°C)' 110,00 160 170 330

P (kbar)! 20,07 17,29 16,84 7,88

FeS (mol. %)! 2,91 513 543 9,76

t, (°O)! 100,00 160 170 280

P _(kbar)' 20,90 17,23 16,76 10,55

Tymau / Legend: ' - oBaj pap/this paper, '- mpeTmocTas/beHa MpoljerbeHa CTaHAapAHa AeBujaliuja
y oBoM papy/presumed estimated standard deviation in this paper

JankoBuh u Jankosumh-Mwusocasmesuh (1955) cy
3aK/by4nu jia je FeS canpykaj y pysHOM IeXUIITY
[Iymea Crujena y omcery of 2,2 to 6,8 mol. %, a
Ia cy ofroBapajyhe Temneparype Ipy HOpMaTHOM
nputucky oz 100 go 220 °C. OBe TemnepaType Cy
TOJIaTHO KOPUTOBAHE yC/Ief, yTHIaja IPUTICKA Off
1000 mo 2000 atm (mro je = 1-2 kbar-a, mpumen6a
I1.T.) na oy 130 po 250 °C. Cagpxaj FeS y pynHom
nexuiry bpckoso je 3,9 mol. %, mro opgrosapa
temueparypu on 130 °C. Takobe, oHu cy 3akmy-
4y Jia je mopact Fe capprkaja yruijao Ha mopact
fUMeHsuje jenuHudHe hemuje a, u ma moctoju
KBA/IMTATUBHA CAIJIACHOCT, a/Ii Ca HEeKVM KBaHTM-
TatuBHUM HecnarambeMm ca Kullerud-osom (1953)
KPUBOM.

Y oBoM pany momaTHO cy KopurosaHm FeS cap-
xkaju (JankoBuh u JankoBuh-Munocasmesuh,
1955) y FeS' canpxaje Ha ocHOBy Fe capmpxaja.
Temmneparype (t,) u nputucuu (P) cy uspauyna-
T Ha ocHOBY FeS canpikaja, mok cy tremmepaType
(t,) m mpuruciu (P, ) uspauynatu Ha ocHosy FeS'
cagpskaja. Takobe, 3aTo ITO poLeeHe CTAHAAPA-
He JeBUjaluje 3a jeqMHUYIHY hemnjy Hucy my6mm-
KOBaHe, OHe Cy IPeTIIOCTaB/beHe Ha IbIXOBe IIpH-
OmbKHe peasiHe BpefHoCcTH Tabenma 1, per 2.

Jankovi¢ and Jankovi¢-Milosavljevi¢ (1955) con-
cluded that the FeS content at the Suplja Stijena
ore deposit is in the range from 2.2 to 6.8 mol. %,
and corresponding temperature for the normal
pressure is from 100 to 220 °C. Those temperatures
were additionally corrected for the pressure influ-
ence of 1000 to 2000 atm (which is = to 1-2 kbar,
remark by PT.) from 130 to 250 °C. The FeS con-
tent at the Brskovo ore deposit is 3.9 mol. %, which
corresponds to temperature of 130 °C. Also, they
concluded that increasing of the Fe content influ-
enced to the increase of the unit cell parameter a,
and that there is qualitative agreement, but with
some quantitative disagreement with the Kullerud’s
(1953) curve.

In this paper there were additionally corrected the
FeS contents (Jankovi¢ and Jankovi¢-Milosavljevi¢,
1955) into the FeS' contents according to the Fe
contents. Temperature (t,) and pressure (P,) were
calculated at basis of the FeS contents, while the
temperature (t, ) and pressure (P ) were calculat-
ed at basis of the FeS! contents. Also, because the
estimated standard deviations for the unit cell were
not published, they were presumed to their approx-
imate real values” table 1, row 2.

Tabena / Table 2, Kapaxmepucmuxe cpanepuma us J/leya, Cenanya, Tpenue, Jaresa, Ipeuuye u L]pseros
Bpeza / Characteristics of the sphalerites from Lece, Selanac, Trepca, Janjevo, Precica and Crveni Breg

JTene I JTene 11 Cemanarg Tpemua JameBo IIpeunna I psenu Bper
Lecel Lece II Selanac Trepca Janjevo Precica Crveni Breg
a 5,4050(1) 5,4099(1) 5,4182(1) 5,4214(1) 5,4223(1) 5,4225(1) 5,4239(1)
Fe (wt. %) 0,56 3,51 9,86 11,90 11,96 12,61 14,35
FeS (mol. %)" 0,88 5,53 15,52 18,73 18,83 19,85 22,59
t,(°C) <100,00 140,00 460,00 550,00 560,00 590,00 620,00
t, (°C)! 29,00 170,00 410,00 485,00 485,00 510,00 560,00
P (kbar)! 24,53 16,60 4,09 1,38 1,30 0,58 -1,04

Tymau / Legend: ' - oBaj pan/this paper
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Kpcranosuh u Kpcranosuh (1962) ykasyjy Ha crna-
rame Ca PesylTaTuMa 3a a; U3 PYHOT JMEKUIITA
Mynspa Crujena-bpckoso (Jankosuh u Jankosuh-
Munocasmesuh, 1955) 1 3a Iofatke fare of cTpa-
He Swanson u Fuyat (1953) u Kopp u Kerr (1958),
a/IV 11 Ha Hec/arame ca pesyntaTuma Skinner u ap.
(1959) n Skinner (1961). o6ujene Temmeparype
HJICY KOPUTOBaHe Ha YTHUIAj IPUTUCKA, U YCTIeH
TOTa IIPETIOCTAB/beHe Cy Ka0 MUHMMAIIHE.

Y oBOM paply momaTHO cy m3pauyHaTtu FeS' canp-
XKaju y cKkmany ca Fe cappxajuma, ¥ KOpUroBaHe
cy temneparype-t, (Kpcranosuh n Kpcranosuh,
1962) na temmeparype-t y cxmagy ca Kullerud-
oBoM (1953) kpmsom. IlpuTnciu cy mspadyyHaTn
Ha ocHOBY FeS' campikaja.

Krstanovi¢ and Krstanovi¢ (1962) indicate to
an a agreement with the results of a  from the
Suplja Stijena-Brskovo ore deposit (Jankovi¢ and
Jankovi¢-Milosavljevi¢, 1955) and data by Swanson
and Fuyat (1953) and Kopp and Kerr (1958), but to
the disagreement with the results by Skinner et al.
(1959) and Skinner (1961). Obtained temperatures
were not corrected for the pressure influence, and
therefore they were assumed as minimal.

In present paper there were additionally calculat-
ed the FeS' contents according to the Fe contents,
and corrected the temperature-t, (Krstanovi¢ and
Krstanovi¢, 1962) to the temperature-t, according
to the Kullerud’s (1953) curve. Pressure was calcu-
lated at basis of the FeS' contents.

Tabena / Table 3, Kapakmepucmuke gpakyuorucaroe canepuma us Lipnuya /
Characteristics of the fractioned sphalerite from Crnac

Kytn/ Kyrn/ Kyrn/ Kyrn/ Kyrn/ Kyrn/ Kyrn

yellow yellow yellow yellow yellow yellow yellow
a, 54119(5) | 54123(5) | 54124(5) | 54133(5) | 54126(5) | 5415(1) | 5,418(1)
Fe (wt. %) 0,79 1,38 1,36 1,67 2,15 3,67 5,89
FeS (mol. %) 1,24 2,17 2,14 2,63 3,38 5,78 9,27
t,(°C)! 41,00 71,00 71,00 85,00 110,00 180,00 270,00
P (kbar)' 23,87 22,20 22,25 21,39 20,10 16,21 11,19
X (Fe,Mn,Cd)S (mol. %)’ 6,62 8,49 9,86 10,04 10,40 12,53 17,67
t,(°C) 220,00 280,00 310,00 330,00 330,00 400,00 500,00
t, (°C)! 205,00 250,00 285,00 290,00 300,00 345,00 460,00
P (kbar)' 14,94 12,25 10,42 10,19 9,73 7,19 2,20
Cu (wt. %) 0,0045 / 0,0040 0,0038 0,0035 0,0200 0,0200
t,(°C)! 113,00 / 108,00 106,00 103,00 186,00 186,00

Tymau / Legend: ' - oBaj pap / this paper, -npopauyHaBame Monekynckux (FeS, MnS u CdS) cagpkaja je U3BpILEHO IOCTYII-
KoM Koju cy cyrepucanu Kopp 1 Kerr (1958), ogrocHo ma 1 mol. % CdS = 3,6 mol. % MnS = 11,5 mol. % FeS / calculation
of the molecule (FeS, MnS and CdS) contents was done by the procedure which was suggested by Kopp and Kerr (1958),

respectively that 1 mol. % CdS = 3.6 mol. % MnS = 11.5 mol. % FeS

Huxonuh u gp. (1978) cy saxpy4nnn aa je coare-
PUT KpuUCTanucao y iBe ¢ase: BUCOKO-TEMIIEPATyp-
Ha ¢asa ca 27% ydenrha ca TeMIiepaTypoM HaCTaHKa
o 500 o 330 °C, 1 HucKo-TeMIeparypHa asa ca
73% ydemha ca TeMmepaTrypoM HacTaHKa of 330 1o
220 °C. Oppebene cy aBe moMuHaHTHe (pakiyje:
npsa ca X(Fe,Mn,Cd)S cagpxajem og 6,62 mol. %
(ca 64,5% yuemha) u ca TemIepaTypoM HacTaHKa
or; 220 °C, u mpyra ca X(Fe,Mn,Cd)S capgpskajem ox
10,04 mol. % (ca 16,5% yuenrha) u ca Temmeparypom
HacTaHka of 330 °C. Taxobe, oHu cy ykasamm Ha pe-
IATMBHO JI06PO Crarame IPOMeHe A Ca XeMUjCKIM
cacraBoM ca pesynratuma Skinner u zip. (1959).

Y oBoM papy fopaTHO Cy uspadyHatu FeS' canp-
Kaju y cknapy ca Fe campykajuma, 1 Ha OCHOBY Tora
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Nikoli¢ et al. (1978) concluded that sphalerite crystal-
lized into two phases: high-temperature phase of 27%
content with formation temperature from 500 to 330
°C, and low-temperature phase of 73% content with
formation temperature from 330 to 220 °C. There
were obtained two dominant fractions: one with the
¥(Fe,Mn,Cd)S content of 6.62 mol. % (with 64.5% con-
tent) and with formation temperature of 220 °C, and
second with the X(Fe,Mn,Cd)S content of 10.04 mol. %
(with 16.5% content) and with formation temperature
of 330 °C. Also, they indicate to a relatively good agree-
ment of the variation of a with the chemical composi-
tion with the results by Skinner et al. (1959).

In present paper there were additionally calculated
the FeS' contents according to the Fe contents, and
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Cy uspadyHare Temreparype-t, u nputuctu-P . Ha
ocHoBy X(Fe,Mn,Cd)S cagpsxaja (Huxonuh u znp.,
1978) kopuroBaHe Cy TemrepaType-t, Ha TemIepa-
Type-t, y cknany ca Kullerud-osom (1953) xpusom
u uspadyHaru cy nputucuu-P,. Takobe, canpxaju
Cu (Hukonuh u mp., 1978) cy xopuuthenn sa uspa-
JyHaBatbe TeMIeparype-t,.

Y tabenu 4 temmeparype t, M t, Cy KOpUrOBaHe
ycen U3padyHaTor IIPUTICKA U3 jefHAYMHE KOje Cy
npesenroBam Lusk u Ford (1978) Ha Temmeparype
t, Mt ,ay CKlamy ca jefHaYMHAMA KOje Cy Hajm
Bethke u Barton (1971). OBpe 6u Tpebano Hamome-
HyTH fia je Takobe 6mmo moryhe kopumhese jenHa-
yyHa gatux of crpane Hall m mp. (1971), xoje cy y
CYLITMHN VCTe U Koje O ce MOITe KOPUCTUTH 3a

at that basis there were calculated the temperature-t,
and pressure-P . At basis of the Z(Fe,Mn,Cd)S con-
tents (Nikoli¢ et al.,, 1978) there were corrected the
temperature-t, to the temperature-t, according to
the Kullerud’s (1953) curve and calculated the pres-
sure-P,. Also, the contents of Cu (Nikoli¢ et al., 1978)
were used for the calculation of the temperature-t,.

At table 4 temperatures t, and t, were corrected for
the calculated pressures from the equation present-
ed by Lusk and Ford (1978) to the temperatures t,
and t,, according to the equations presented by
Bethke and Barton (1971). Here should be men-
tioned that it could be also used the equations given
by Hall et al. (1971), which are essentially the same
and which could be used for the lower tempera-

HIKE TeMIIEpaType. tures.

Tabena / Table 4, Kapakmepucmuxe cpanepuma us Kuscesaxa / Characteristics of the sphalerites from Kizevak

15.611 15.611 15.640

15.635 15.633 15.623 MPKO- 15.634 15.629 15.604 MPKO- MPKO-

KyTn/ KyTn/ KyTn/ KyTn/ MpKu/ MpKu/ MpKku/ | upBenn/ | upHu'

yellow yellow yellow | brownish | brown brown brown | brownish | brownish

-yellow -red -black’

EZEEZTE;) 710 710 690 670 710 710 690 670 690
a 5,4184(6) | 5,4185(5) | 5,4186(4) | 5,4186(6) | 5,4187(5) | 5,4190(5) | 5,4189(4) | 5,4195(6) /
Fe (wt. %) 0,82 1,06 1,35 1,41 2,88 4,06 5,19 7,80 10,96
FeS (mol. %) 1,29 1,67 2,12 2,22 4,53 6,39 8,17 12,28 17,25
tl("C)l 41,00 53,00 68,00 71,00 145,00 195,00 240,00 340,00 450,00
Pl(kbar)1 23,78 23,09 22,28 22,11 18,19 15,28 12,70 7,47 2,55
frflf)elfﬁz‘)l’Cd)s 4,77 5,03 6,06 6,10 8,17 9,75 11,16 16,05 21,42
tz("C)l 150,00 160,00 185,00 190,00 240,00 280,00 315,00 425,00 540,00
Pz(kbar)l 17,81 17,39 15,78 15,72 12,70 10,56 8,79 3,60 -0,42
Cu (wt. %) 0,0070 0,0316 0,0170 0,0300 0,1200 0,0320 0,2000 0,0316 0,3160
t,(°C)! 132,00 214,00 176,00 210,00 320,00 215,00 374,00 214,00 432,00
g;‘:;frhl-/lc‘igﬂm 2200/40 | 2100/18 2500/47 / 2100/72 2100/48 / 2100/48 /
I(\g;;g')»/angalm 500/30 500/6 500/36 / 1100/18 500/35 / 1300/30 /
chl 55,00 116,67 53,19 / 29,17 43,75 / 43,75 /
t4(°C)l 464,00 388,00 468,00 / 544,00 491,00 / 491,00 /
t,.(°O)"? 242,00 194,00 259,00 / 355,00 343,00 / 419,00 /
K,' 16,67 83,33 13,89 / 61,11 14,29 / 43,33 /
ts("C)1 871,00 457,00 950,00 / 512,00 937,00 / 583,00 /
tSa("C)l’2 368,00 145,00 446,00 / 248,00 595,00 / 465,00 /

Tymau / Legend: ' - oBaj pag / this paper,-npopadynasame monexynckux (FeS, MnS u CdS) cagpskaja je M3BpIIeHO IIOCTYII-
KoM Koju cy cyrepucamu Kopp u Kerr (1958), ogrocto fa 1 mol. % CdS = 3,6 mol. % MnS = 11,5 mol. % FeS/calculation
of the molecule (FeS, MnS and CdS) contents was done by the procedure which was suggested by Kopp and Kerr (1958),
respectively that 1 mol. % CdS = 3.6 mol. % MnS = 11.5 mol. % FeS, *-temneparype t, u t, Cy KOpuroase yc/iesn mpUTHCKa
Ha Temmeparype t, u t, /temperatures t, and t, were corrected by the pressure to the temperatures t, and t_,
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Haxanocr, ycnen HefocTaTka ofrosapajyhux Heo-
IIXOJHUX IOflaTaKa Huje 6o Moryhe nspauyHaTn
cnenehe TeMneparype:

-on t, o t, 3a camepute U3 PYAHMUX NEKUIITA
Mymmpa Crujena-bpckoso, Jleme, Cemanan,
Tpemua, Jamweso, [Ipeuna u [Jpsenu bper,

-3a t, 3a jenny dpakumjy ysopka cdanmepura us
pyaHor nexxumra IpHan, n

-3at, ut, 3a cBe y30pKe chajseputa U3 pyiHOT Jie-
xumra IpHan u 3a Tpu ysopka cdanepura us
pynHor nexumTa Kmkesak.

Y oBoM papy Takobe je mpoydaBaH MPKO-IL[pHU
y3opak cdanepnra (15.640, ca xopusonra ox 690
m) Koju uMa Hajsehn Fe cappxaj on cBux cdare-
puTa Koju cy nmpoHabheHm ¥ Ipoy4aBaHU U3 PYLHOT
nexumra Kiokesak (Cygap, 2001 1 2003).

Kao mrro ce moxe Bupietn us Tabema 1-4, pesynraru
onpebuBaHIX TemIlepaTypa 1 IPUTKCAKA 32 CBa IIPO-
y4aBaHa PyIHA JISKNIITA JOOMjEHNX M3 Pas/MUUTIX
jemHaYMHA 1 Iyjarpama, Cy BULIe W Matbe PasdiTI.

Osnie 61 Takohe Tpebao HaIIOMEHYTH fia Cy Pe3yi-
TaTy TeMIleparypa JOOMjeHNUX Y OBOM pajy y HeKoj
HeCaIJTaCHOCTM Ca pe3ynTaTMMa Koju Cy JoOummm
Ipyru aytopu Tabene 1-3, a Koje O6u ce JeMMUYHO
Morie objacayty i norpemHyM FeS nspadyHa-
BamuMa 13 Fe cagpkaja (oBaj pan vs. Jankosuh u
JaukoBuh-MwunocasbeBuh, 1955), win geTMMIIHO
M3MeLITEeHOM IIpolieHoM TeMieparype u3 Kullerud-
oBe (1953) xpuse (oBaj pap vs. Kpcranosuh u
Kpcranosnh, 1962; u Hukomuh u up., 1978).

Pesynraru mpomeHe myMeHsuje jemyHuuHe henmuje
(a,) ca Fe u FeS capip>xajuma 3a pyjiHa exuiiTa Koja
MMajy BUIIe Off jemHor y3opka canepura (T.. 3a
pynna nexumra Ilymma Crujena-bpckoso, Liphary
u KiokeBak) cy xopuuthena sa uspany cimke 1.

Ca cmuke 1 MOXKe ce BUJIETH JIa @ pacTe ca mopac-
toM Fe u FeS cappikaja, u a omaga ca nopactom Cu
cazpxaja. CactaBu canepnra 1 HUXOBUX AVMEH-
31ja jeBMHNYHYX hennja ¢y O4uIZIefHO pasIMIuTI
3a pasnuuuTa pygHa nexumTa. OBe pasiuke ce Ta-
xobe maHudectyjy mehycobno pasnmuantum Haru-
OuMa NMHUja Koje IpeNcTaB/bajy IPOMeHe IVIMeH-
3uja jemuHMYHMX henmja ca cactaBuMa cdanepu-
ta. OBU Mehyco6HO pasmmumTy Harubu yxasyjy
Ha pasnIuMunTe XeMUjcKe cactaBe (OF KOjUX je of
HajBeher sHauaja Fe cappxaj), amu takobe HajBe-
poBaTHMje M Ha pasmuunrte P-t ycrmose Hacral-
ka pygHux nexumrTa Hlynpa Crujena-bpckoso,
IpranuKipkeBax, a IITO je y CaI/TaCHOCTY Ca ITPeT-
xonHuM npoyyasamwyuma (Tanunh n Cygap, 2005).
Taxobe, oBe pasnuke omapajy ca mopactom Fe n FeS
cafipKaja.
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Unfortunately, because of the lack of the corre-
sponding necessary data there was impossible to
calculate following temperatures:

- from t, to t_ for the sphalerites from the ore depos-
its Suplja Stijena-Brskovo, Lece, Selanac, Trepca,
Janjevo, Precica and Crveni Breg,

- for t, for one fraction of the sphalerite specimen
from the ore deposit Crnac, and

- for t, and t, for all of the sphalerite specimens from
the ore deposit Crnac and for three sphalerite
specimens for the ore deposit Kizevak.

In this paper it was also studied the brownish-black
sphalerite specimen (15.640, from the horizon at
690 m) which has the biggest Fe content of all of
the sphalerites which were found and studied at the
Kizevak ore deposit (Sudar, 2001 and 2003).

As it could be seen from the tables 1-4, the results of
the determined temperatures and pressures for all of the
studied ore deposits which were obtained with various
equations and diagrams, are more or less different.

Here it should be also mentioned that results of
temperatures obtained in this paper are in some
disagreement with the results obtained by other au-
thors tables 1-3, which could be partially explained
either by wrong FeS calculation from the Fe content
(this paper vs. Jankovi¢ and Jankovi¢-Milosavljevi¢,
1955), or either by something shifted temperature
estimation from the Kullerud’s (1953) curve (this
paper vs. Krstanovi¢ and Krstanovi¢, 1962; and
Nikoli¢ et al., 1978).

Results of the variations of the unit cell dimension
(a,) by the Fe and FeS contents for the ore deposits
which has more than one sphalerite specimens (i.e.
for ore deposits Suplja Stijena-Brskovo, Crnac and
Kizevak) were used for the construction of figure 1.

From figure 1 it can be seen that a  increases with
increasing of the Fe and FeS contents, and that de-
creases with increasing of the Cu content. Sphalerite
compositions and their unit cell dimensions are ob-
viously different for the various ore deposits. These
differences are also manifested with mutually dif-
ferent slopes of the lines which are representing the
variation of the unit cell dimensions by sphalerite
compositions. These mutually different slopes indi-
cate to the different chemical compositions (from
which is of the most significance the Fe content),
but also most probably to the different P-t for-
mation conditions of the Suplja Stijena-Brskovo,
Crnac and Kizevak ore deposits, which is in agree-
ment with the previously studies (Tan¢i¢ and Sudar,
2005). Also, these differences decrease with increas-
ing of the Fe and FeS contents.
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Cnuxa / Figure 1, IIpomera dumensuje jedunuune henuje (a,) ca Fe u FeS cadpxcajuma 3a nexcuwma
Illynwa Cmujena-bpcxoso, Lipnay uKusxcesax / Variation of the unit cell dimension (a )
by the Fe and FeS contents for the ore deposits Suplja Stijena-Brskovo, Crnac and KiZevak.

Mebyrtum, u mro je jour ox Behe BaxxHocTy, pas-
MYNTe AUMeHsuje jemyHMYHMX henmmja xop yso-
paka ca npubmpkHO canaHnM Fe u FeS cappikaju-
Ma apryMeHTOBAHO YKasyjy Ha pasiuduTe yCIOBe
Hactanka (P u/wmm t). CxogHo ToMe, Hallle MUII-
Jbelbe je a AUMeHsMje jenMHUYHuX hemmja mory
6utu Beoma BaxkHe u sia Kullerud-osa (1953) kpu-
Ba U jeJHAYMHA U IMjarpaM Koje Cy IIPE3eHTOBaIN
Lusk n Ford (1978) He Mory OuTy IpuxXBaT/bMBI 32
oppebnBame TeMIeparypa 11 IpUTICaKa y OBAKBUM
CTy4ajeB1Ma,3060r TOora IITO [jajy CIMYHe U HeTadHe
BPENHOCTH, U fa 61 ycren tora Tpebano npoHahu
HeKo HOBO pelrerse(a). Hajame, oBae He mocroju
Hecjarame ca 3anaxatmeMm Barton-a m Toulmin-a
(1966) na cy numMensuje jemuundHe henuje op mane
KOpUCTHU 32 ofpehuBame cacTaBa npupopHux cda-
jepuTa, U 300r TOra, Hallle MUIUbEHE je Ja OHe
MOTy OUTI Bp/IO KOpUCHe 3a P-t onpen6y.

2. Youene pasnuke usmelhy npupognux ysopaxa
¥ 1a60PaTOPUjCKO-TEOPUjCKUX UCTPAKMBAba

[Tpomene aumensuje jenuumdne henmje (a ) ca Fe u
FeS cagprkajuma koje cy mpefcTaB/beHe Ha iy 1
ce mpeceljajy Ha /1eBoj cTpaHu gujarpama. Kako 6u
Ce YCTAaHOBMIIO TJie OU ce OBe POMeHe MOTJIe Impe-

But, and what is more important, different unit
cell dimensions of specimens which have approxi-
mate similar Fe and FeS contents strongly indicate
to the different formation conditions (P and/or t).
Accordingly, our opinion is that the unit cell dimen-
sions could be very important and that Kullerud’s
(1953) curve and equation and diagram which were
presented by Lusk and Ford (1978) couldn’t be ac-
cepted for the temperature and pressure determina-
tion in such cases, because they gave similar and in-
correct values, and therefore there should be found
some new solution(s). Furthermore, there is no
disagreement with Barton and Toulmin’s (1966) ob-
servation that the unit cell dimensions are of little
benefit for determination of the natural sphalerite
composition, and because of that, our opinion is
that they could be very useful for the P-t determi-
nation.

2. Observed differences between the natural sam-
ples and the laboratory-theoretical studies

Variations of the unit cell dimension (a ) by the Fe
and FeS contents which were presented at the figure
1 have intersections at the left side of the diagram.
In purpose to establish where those variations could
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cellaTy Ha JIeCHOj U TOPHOj CTPaHM OBOT Jujarpa-
Ma, ClMKa 1 je JonymeHa ca:

a. pesynraruma npomene Fe ca a  (Kpcranosuhu
Kpcranosnh, 1962);

6. mpomenoM FeS ca a, (oBaj paj) Kop IpUpOTHMX
y3opaka 13 pygHux nexxuinra Jlene, Cenanarr,
Tpemnua, Jaweso, [Ipeuntta u Ilpsenu bper; n

B. ca TabOPaTOPUjCKO-TEOPUjCKOM MPOMEHOM a,ca
FeS cagpsxajuma (Barton u Toulmin, 1966).

Ha TaxkaB Ha4MH, KOHCTpPyMCaHa je CIMKa 2 Koja
MHOTO jacHIje IIpuKasyje ogHoce nsmehy chanepn-
Ta U3 PA3INMINTIX PYAHUX JIEKUIITA, KaO U pa3in-
Ke 13Mehy BIXOBUX ycoBa HaCTaHKa.

a9 [A]
A

5.424

intersect at the right and upper side of this diagram,
figure 1 is supplemented with:

a. the results of the Fe variation by a  (Krstanovi¢
and Krstanovi¢, 1962);

b. the FeS variation by a, (this paper) for the natu-
ral samples from the ore deposits Lece, Selanac,
Trepca, Janjevo, Precica and Crveni Breg; and

c. with the laboratory-theoreticalvariation of a by
the FeS contents (Barton and Toulmin, 1966).

At such manner, it was constructed figure 2 which
more clearly represents the relations between the
sphalerites from the various ore deposits, and differ-
ences between their formation conditions, as well.
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Cnuxa / Figure 2, IIpomere dumensuje jedunuure henuje (a,) ca Fe u FeS cadpxicajuma 3a nexcuwima
Illynmwa Cmujena-bpckoso, /leye, Cenanay, Tpenua, Jarweso, Ilpeuuya, Lpeernu bpee, Llpnay, u Kusxesax.
Jlunugje: 1. ca Fe cadpacajuma (Barton u Toulmin, 1966); 2. ca Fe cadpxajuma (Kpcmanosuhu Kpcmarosuh
(1962); u 3. ca FeS cadpaajuma (osaj pad) / Variations of the unit cell dimension (a ) by the Fe and FeS
contents for the ore deposits Suplja Stijena-Brskovo, Lece, Selanac, Trepca, Janjevo, Precica, Crveni Breg,
Crnac and KiZevak. Lines: 1. by the FeS contents (Barton and Toulmin, 1966); 2. by the Fe contents
(Krstanovié¢ and Krstanovié (1962); and 3. by the FeS contents (this paper)

[TpetxogHO CIIOMEHYTH y30pak 15.640 Tabema 4
je Takohe mpmkasaH Ha cIMIM 2 Ca O3HAKOM ,X .
HaxkamocT, Huje mocTojanma J[OBO/bHA KOIMYM-
Ha OBOT Y30pKa 3a pEeHJFeHCKa IIpoyyaBama, U
ycrie Tora, MMeHsuja jenuHudHe henuje a Huje
Mor7a 6MTH TpepadyHaTa M ymopeheHa ca ocra-
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The previously mentioned specimen 15.640 table
4 is also presented at figure 2 with the “x” mark.
Unfortunately, there was not enough content of this
specimen for the X-ray studies, and because of that,
the unit cell dimension a, couldn’t be calculated and

compared with the other results. With approxima-
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muM pesynratuma. IlyreM ampokcumanuje, mper-
IIOCTaB/beHO je fa 61 oBa jemuuuyHa hemja Morma
6uTn oxo 5,42A.

Kao mrto ce Moxe BupieTH1, [YIMEH3Mj€ jeNVHNIHIX
hemja yrmaBHom pacty mo cneneheM pemocneny:
Jlene, Illympa CrujeHa-bpckoso, Lpran, Cenmanar,
KikeBak, Tperua, JameBo, [Ipeuntia u Llpsern bper.

Y oBoM crryuajy, Hallle MuLbembe je fia 6u Kullerud-
oBa (1953) xpuBa Moria OUTM AETMMUYHO HPH-
XBaT/pMBa 3a opnpebuBame TeMmeparype camo
KOJ, IIPUPOIHMX y30paKa Koji Cy BpJIO 01113y Win
npecenajy nuuuje 1 u/uam 3 Koje IpefcTaBbajy
TpoMeHe AuMeH3Nja jenunudHe henmje (a ) ca FeS
cagpkajuma. Ca cimke 2 MoOxXe ce BUJIeTU fAa IIo-
CToje BU/bUBe pasyrke usMely nobmjennx Harnba
nuHMja 1 u 3, yonen HajMame HeKoanko crefehmx
pasyora, Kao IITo Cy:

1. JTabopatopujcku P-t-X ycmoBu Hukaja He MOTy
OUTM Ta4HO TOfjjefHAKM Ca YCIOBUMA Y IPUPO-
Iu, 360r TOra IITO je jeflaH CUCTEM 3aTBOPEH,
IOK je npyru otBopeH. Takobe, cdaneput moce-
Iyje BaTpocTaaHe KapaKTepUCTUKe ¥ CyNUan y
IPUPONY MMajy BpeMeHa U TeKyhux areHaca mro
uM omoryhaBa Jja ce IIOHOBO pe-ypaBHOTeXe Ha
HIICKUM TeMIeparypama (Vaughan, 2006);

2. TloueTHa a, BPETHOCT 3a YUCT ZnS Of CTpaHe
Barton-a n Toulmin-a (1966), a Takobe u ocra-
mux uctpaxusada (Skinner n fip., 1959; Skinner,
1961; u Wiggins u Craig, 1980) je 5,4093A, mrro
je 3Ha4ajHO Behe off BpefHOCTM OFf 5,406A KOjy cy
mamm Swanson 1 Fuyat (1953). Jeman op moryhnx
pasiora 3a OBaKBO CMameme jefuHn4yHe hennje
6y Mor/Ia 6MTI 3aMeHa CyMIIOpa Ca KICEOHIKOM
KaJia IIpeTajioxeHu caneputu Koju cagpxe 0,7
wt.% ZnO nmajy jenuanany hemnjy ox 5,4065(3)
A, mox caneputn Hactamm peakumjom YBpCTOT
pacTBopa Zn u S mMMajy jeuHuIHy hemmjy of
5,4093(3)A (Skinner u Barton, 1960); 1

3. Ha pasnuumuTuM feIoBMMa Jujarpama IIOCTOje
pasmmunre P-t mpomene. [lakie, yTuuaj npu-
Tucka Ha FeS cagpikaj je pasnmuuT Ha BUCOKUM
U HUCKVM TeMIIepaTypaMma, 10K je yTHIaj TeMIle-
parype Ha FeS cazipxaj pasnuumut Ha BUCOKUM 1
HICKMM TIPUTHCIVIMA.

Jok cy pasnosu 1 1 2 HEITO OYUITIENHNjU U OBJie
Beh o6jaimimeHy, pasnor 3 3axTeBa MCTOPUjCKU
Iperes, faba IpOydaBama 1 objalllberba U3 He-
KUX IPETXOHNX PajioBa.

ITpBo, Kullerud (1953) je Ha OCHOBY eKcIIepuMeH-
Ta/IHNX IIOfIaTaKa yCTaHOBMO fia pacTBop FeS y Zn$
pacte ca temmneparypoM. Takobe, mopact FeS capp-
Kaja MicToBpeMeHo nosehapa AyMeHsMje jeHuYHe
henmje a . Ha ocHOBy Tora, Kao 1 Ha OCHOBY Ja7bMX

tion, it was presumed that this unit cell could be of
about 5.42A.

As it could be seen, the unit cell dimensions mostly
increase in following order: Lece, Suplja Stijena-
Brskovo, Crnac, Selanac, Kizevak, Trepca, Janjevo,
Precica and Crveni Breg.

In this case, our opinion is that the Kullerud’s (1953)
curve could be partially accepted for the tempera-
ture determination only for the natural specimens
which are very near or intersect lines 1 and/or 3
which represents the variations of the unit cell di-
mension (a ) by the FeS contents. From the figure
2 it can be seen that there are visible differences
between the obtained slopes of the lines 1 and 3,
because of minimum of several following reasons,
such as:

1. Laboratory P-t-X conditions couldn’t never be
exactly the same as the conditions in nature, be-
cause one system is closed, and another is open.
Also, sphalerite has refractory character and
sulfides in nature have time and fluxing agents
which cause them to re-equilibrate to low tem-
peratures (Vaughan, 2006);

2. Starting a, value for pure ZnS by Barton and
Toulmin (1966), and also by other research-
ers (Skinner et al., 1959; Skinner, 1961; and
Wiggins and Craig, 1980) is 5.4093A, which is
considerable bigger than the value of 5.406A
presented by Swanson and Fuyat (1953). One
of the possible causes for that unit cell decrease
could be the substitution of sulfur with oxygen
when precipitated sphalerites which have 0.7
wt.% ZnO has unit cell of 5.4065(3)A, while
sphalerites formed by solid state reaction of Zn
and S has unit cell of 5.4093(3)A (Skinner and
Barton, 1960); and

3. At the different parts of the diagram there are
different P-t variations. Therefore, the pressure
influence on the FeS content is different at high
and low temperatures, whereas the temperature
influence on the FeS content is different at high
and low pressures.

While the reasons 1 and 2 are something obvious
and here already explained, the reason 3 requires
history review, further studies and explanations
from some previous papers.

First, Kullerud (1953) at basis of the experimen-
tal data established that solution of FeS in ZnS
increases with temperature. Also, increasing of
the FeS content simultaneously increases the unit
cell dimensions a,. At that basis, and with some
further significantly corrections (see for example:
Skinner et al., 1959; Skinner, 1961; and Barton
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3HaYajHMX KOpeKLyja (BuaeTn Ha mpumep: Skinner u
ap., 1959; Skinner, 1961; n Barton u Toulmin, 1966),
canepur je y Tom meprogy 6o mpoko kopuinhen
Kao reorepmometap. Mehytum, dasun gujarpam je
U lajbe 6110 OTPpaHMYeH Ha PETVOH Ca IIPUCY THUM ra-
COBMMSA, JIOK je fieo ucron oko 580 °C 6mo 3acHOBaH
Ha eKCTpAIIoNaLyjy IIoflaTaKa JoOMjeHNX Ha BUIINM
temreparypama (Toulmin u mp., 1991).

Hewro kacHwmje, 11 ca ga/buM IPOyYaBambyUMa Ipy-
POJHIX Y30paKa U eKCIIepUMEHTATHIM UCTPAKN-
BambIMa KOja Cy Ce OfiBUjajia Ha CHVDKEHUM TeM-
neparypama jo oxo 300 °C 1 HyDKe off TOTa, y/Iora
cameprta Kao reoTepMOMETpA IIOCTAje KPUTUKO-
BaHa I 3Ha4YajHO Beha makmba My ce Ipujaje Kao re-
obapoMeTpy y 6pojHUM pajjoBUMa (BUIETY Ha IIpU-
Mep: Boorman, 1967; Einaudi, 1968; Chernyshev
u Anfilogov, 1968; Boorman n gp., 1971; Scott u
Barnes, 1971; Scott, 1973; Scott m Kissin, 1973;
Scott u gmp., 1977; Hutcheon, 1978; Lusk n Ford,
1978; Ringler, 1979; Bristol, 1979; Boctor, 1980; u
Bryndzia u mp., 1988 u 1990). Heku ox ucrpaknu-
Bava (Schwarcz u gp., 1975; u Hutchinson u Scott,
1983) npuMemyjy cdaneput kao reobapomerap 4ak
" Kof; MeTeoputa (T3B. ,,chanepuTckn KocMobapo-
mertap“). Y Tom mepuopy, Hajuenthe npuxsahenu
obnuk cdanepura Kao reobapomeTpa ce 3aCHMBAO
Ha IIPETIIOCTABLM Jia je cacTaB cdanepura Hesa-
BJICTaH Of] TeMIlepaTypa ucnop oko 550 °C Ha cBuM
IpUTHCIMMa HaBuIne 1o HajMame 10 kbar-a.

MebyTtum, 4nHu ce fa HI 0Baj IpUCTYII Takobe Huje
Y CarIACHOCTH ca [ja/buM 3amaxamwyumMa Toulmin-a u
mp. (1991) xoju cy TBpAWIN [ja jaKy TePMOJIHAMIY-
KI apTyMEHTM 3axTeBajy 3Ha4ajHy TeMIepaTypHY
3aBJCHOCT y 0BOM pernony. OHu cy HaBenu jja cda-
JlepuTCKa reobapoMeTpuja 3axTeBa CaMo IAXIbU-
BUjy IPMMEHY I pelllaBatbe MIPeoCcTanor KOH(IMKTa
usMeby Teopuje 1 ekcriepuMeHTa Kako 61 ce 06e3be-
IMO M3y3eTHO KOPUCTAH aJ1aT ¥ TyMadery reoIoL-
KX IIpOLleCa TOKOM BpeMeHa. Y TUIIaj IPUTUCKA Ha
FeS canpxaj y chanepury je ehu Ha HUCKUM TeM-
meparypaMa Hero Ha BUCOKUM TeMIlepaTypama, y
CaIJIaCHOCTM Ca IIPETXOHO HOOMjeHNM pe3ynTaTi-
Ma Barton-a u Toulmin-a (1966) ox: ~12 mol.% FeS/
kbar nHa co6Hoj TeMmeparypy; ~7 mol.% FeS/kbar na
250 °C; n ~5 mol.% FeS/kbar ra 450 °C. IToctoju cBe
jade M3pa>keHUju TeMIIEpATyPHI YTUIIAj HA CafIpKaj
Fe y chaneputy koju je y paBHOTeXM ca MUPUTOM 1
IMPOTHHOM KaKO ce IPUTHCAK Hosehasa, mTo je y
Cyko0y ca eKCIlepMMeHTaTHIM JOKa3uMa. Pesynrar
IIIXOBIX [IPepadyHa je 3afp>KaBarbe U3PasUTUX 3a-
KPUB/bEHOCTH 1300apHIUX ,solvus® mmuumja. Takobe,
maru FeS canpikaj kop cdanepura y Cu-nexxnirnma
noxpasyMmesa Behu npurmcak Hero 1to 6u 610 Kox
maparetesa 6e3 Cu, a Husak Cu cazipxaj y canepu-
TY He yKa3yje Ha BICOK IIPUTHCAK.
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and Toulmin, 1966), sphalerite was at that period
widely used as a geothermometer. But, the phase
diagram was still limited to the vapor-present
region, and the portion below about 580 °C was
based on extrapolation of data obtained at higher
temperatures (Toulmin et al., 1991).

Something later, and with further studies of nat-
ural specimens and experimental researching
down to about 300 °C and lower, sphalerite role
as a geothermometer become criticized and con-
siderable more attention it received as a geoba-
rometer in numerous papers (see for examples:
Boorman, 1967; Einaudi, 1968; Chernyshev and
Anfilogov, 1968; Boorman et al., 1971; Scott and
Barnes, 1971; Scott, 1973; Scott and Kissin, 1973;
Scott et al., 1977; Hutcheon, 1978; Lusk and Ford,
1978; Ringler, 1979; Bristol, 1979; Boctor, 1980;
and Bryndzia et al., 1988 and 1990). Some of the
researchers (Schwarcz et al., 1975; and Hutchinson
and Scott, 1983) applied sphalerite geobarometer
even to a meteorites (so called “sphalerite cosmo-
barometer”). At that period, commonly accepted
form of the sphalerite geobarometer is based on
the supposition that the composition of sphalerite
being independent of temperature below about
550 °C at all pressures up to at least 10 kbar.

However, this approach also seems to be in dis-
agreement with further observations by Toulmin
et al. (1991) who argued that strong thermody-
namic arguments requires a significant tempera-
ture dependence in this region. They stated that
the sphalerite geobarometer requires only careful
application and resolution of the remaining con-
flict between theory and experiment to provide
an extraordinary useful tool in the interpreta-
tion of geologic processes over time. Pressure ef-
fect on the FeS content of sphalerite is greater at
low temperature than at high temperature, in an
a agreement with the previously obtained results
by Barton and Toulmin (1966) of: ~12 mol.% FeS/
kbar at room temperature; ~7 mol.% FeS/kbar at
250 °C; and ~5 mol.% FeS/kbar at 450 °C. There
is an increasingly strong temperature effect on the
Fe content of sphalerite in equilibrium with pyrite
and pyrrhotite as pressure increases, in conflict
with the experimental evidence. The result of their
recalculations retains the strong curvature of the
isobaric solvus lines. Also, a given FeS content in
a Cu-bearing sphalerite implies a higher pressure
than it would be in Cu-free assemblage, and a low
Cu content of sphalerite is not a guide to high
pressure.

Furthermore, this situation could be more com-
plex because there are indications that sphalerites
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Hapasbe, oBa cutyaryja Mo>ke 6MTH jOII KOMIUIEKC-
HUja 300r Tora IITO IIOCTOje MHAMKauuje ga cda-
JIEPUT IPOJIa3K Kpo3 T3B. ,,long-range ordering“ xa
CTPyKTypama HIDKe CHMeTpHje Ha TeMIlepaTypama
KOje Cy caMO MaJjIo HIKe Off OHUX KOje Cy eKCIepy-
MEHTAJIHO IIPOyYaBaHe, WIU YaK M Ha BUILINMM TeM-
neparypama (Balabin u Sack, 2000).

Jaxie, ersakTHa (YHKIMOHaMHA 3aBUCHOCT FeS
cafipxxaja y caeputy off IPUTICKa U TeMIIepaType
je u masbe cTBap febare Koja Tpaje KO JaHALIBYX JaHa
(Buperu Ha npumep: Toulmin u ap., 1991; Vaughan,
2006; u pedepeHlie yHyTap), U yTHULaIA je Ha edu-
KacHOCT cacTaBa c(ajiepura Kao reobapoMerpa.

3. Heka 3amakama 13 1o01jeHnx pesyirara

V3 npeTxofHuX Hornas/ba 1 M 2 MOTy ce U3BeCTH
HeKa 3anakama. Haume, xao mTo ce Moxxe BupeTH,
OUMITIEIHM CY Marbe VM BUIIe PasININTH YCTIOBU
HacTaHKa IPOy4YaBaHMX caaepuTa U3 pasindu-
TUX PYJHUX JIOXKMIITA, a KOju Cy y OBOM pajy Io-
Te/beHN Y TPU IpyIIe:

1. Hucko TemmneparypHu peruos (<200 °C) 3a cda-
nepuTe U3 pypHuUx nexuirra Jleme (t ox 29 o 170
°C; Pop 16,6 mo 24,5 kbara); Illympa Crujena-
Bpckoso (tox 100 mo 170 °C; Pox 16,8 mo 20,9
kbara); Ipnary (tog 41 mo 180 °C; Pop 16,2 no
23,9 kbara) n Kmxkesax (tog 41 mo 195 °C; Pop
15,3 mo 23,8 kbara);

2. Cpepnme TemnepaTypau pernot (og 200 go 450
°C) 3a canepute us pyguux nexumra llympa
Crujena-Bpckoso (t=280 °C; P=10,6 kbara);
LpHan (t=270 °C; P=11,2 kbara); KmkeBax (t o
240 mo 450 °C; Pog 2,6 mo 12,7 kbara) n Cenanar
(t=410 °C; P=4,1 kbara); u

3. Bucoko Temmeparypum peruon (>450 °C) sa
cdanepute n3 pygumx nexninra Tpemya (t=485
°C; P=1,4 kbar); Jameso (t=485 °C; P=1,3 kbar);
[Tpeuna (t=510 °C; P=0,6 kbar) u Llpenu bper
(t=560 °C; P=-1 kbar).

VspauyHaTe IpoceyHe BPENHOCTU TeMIIEpaTypa

u nputncaka n3 FeS n X(Fe,Mn,Cd)S cagpsxaja (y

3arpajgama) cy:

a. 3a 11en1o pypHo nexuTe Jlene: 100 °C n>20 kbara;

6.3a ueno pyguo nmexminre Illymma Crujena-
bpckoso: 178 °C n>16 kbara;

B. 32 Leno pyaHo nexumre Ipram: 118 °C n>19
kbara (305 °C u>9 kbara);

I. 3a 1jefo pyAHo nexxumte Kiwkesak: 178 °C n>16
kbara (276 °C n>11 kbara);

- 3a Xopu3oHT 670 m: 206 °C n>14 kbara (308 °C
n>9 kbara);

undergoes so called “long-range ordering” to
lower symmetry structures at temperatures only
slightly bellow those studied experimentally, or
at even higher temperatures (Balabin and Sack,
2000).

Therefore, the exact functional dependence of the
FeS content of sphalerite on pressure and temper-
ature is still a matter of debate which is up to date
(see for examples: Toulmin et al., 1991; Vaughan,
2006; and references within), and has impacted the
efficacy of the use of sphalerite composition as a ge-
obarometer.

3. Some observations from the obtained results

From the previous Chapters 1 and 2 some observa-
tions could be derived. Namely, as it could be seen,
there are obvious more or less different formation
conditions for the studied sphalerites from the var-
ious ore deposits, which are in this paper separated
into three groups:

1. Low temperature region (<200 °C) for sphalerites
from the ore deposits Lece (t from 29 to 170 °C; P
from 16.6 to 24.5 kbars), Suplja Stijena-Brskovo
(t from 100 to 170 °C; P from 16.8 to 20.9 kbars);
Crnac (t from 41 to 180 °C; P from 16.2 to 23.9
kbars); and Kizevak (t from 41 to 195 °C; P from
15.3 to 23.8 kbars)

2.Middle temperature region (from 200 to 450
°C) for sphalerites from the ore deposits Suplja
Stijena-Brskovo (t=280 °C; P=10.6 kbars); Crnac
(t=270 °C; P=11.2 kbars); Kizevak (t from 240
to 450 °C; P from 2.6 to 12.7 kbars) and Selanac
(t=410 °C; P=4.1 kbars); and

3. High temperature region (>450 °C) for sphalerites
from the ore deposits Trepca (t=485 °C; P=1.4
kbar), Janjevo (t=485 °C; P=1.3 kbar), Precica
(t=510 °C; P=0.6 kbar) and Crveni Breg (t=560
°C; P=-1 kbar).

The calculated average temperature and pressure
values from the FeS and X(Fe,Mn,Cd)S (in paren-
theses) contents are:

a. for the whole studied Lece ore deposit: 100°C and
>20 kbars;

b. for the whole studied Suplja Stijena-Brskovo ore
deposit: 178 °C and >16 kbars;

c. for the whole studied Crnac ore deposit: 118 °C
and >19 kbars (305 °C and >9 kbars);

d. for the whole studied KiZevak ore deposit: 178 °C
and >16 kbars (276°C and >11 kbars);

- for the horizon at 670 m: 206 °C and >14 kbars
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- 3a Xopu3oHT 690 m: 253 °C n>12 kbara (317 °C
n>8 kbara);

- 3a xopusoHt 710 m: 108 °C u>20 kbara (208 °C
n>14 kbara);

- 3a xyTe Bapujerere: 54 °C n>23 kbara (165°C u
17 kbara); n

- 3a MpKe Bapujerere: 240 °C n>13 kbara (332 °C
n>8 kbara).

V3 no6bujeHnx pesynrara 1 3alia)KeHNX pasiInKa 13-
meby nprpogHux ysopaka u 1abopatopujcko-Teo-
PUjCKUX IIPOyYaBamba, MOXKE Ce BUNETH Jia Cy Hajus-
paxeHMju KOHMIUKTA 1 OfCTYIamba Kof chanepu-
Ta KOjy MMajy Mame of oko 12 mol. % FeS,mo je
oxrosapajyhe 3a reMmreparype Koje cy HIDKe Off OKO
350 °C npema Kullerud-osoj (1953) xpuBu cnuka
2. Taxobe, npema jegHauMHN U fUjarpaMy Koje Cy
npencrasuan Lusk u Ford (1978), TakBu cdanepu-
TU Cy HacTaIM u3Haf oko 7 kbara, mTo cy f0BOB-
HJ1 Pas3/iosy 3a OCHOBaHY CyMIby 300T Tora IITO Cy
TaKBY €HOPMHY IPUTKUCLIY BP/IO PETKU Y IPUPOJM.

Ca mpyre cTpaHe, canepuTy Koju cafipyke BIIIIE OFf
oko 21 mol. % FeS, mTo je ogrosapajyhe 3a temre-
parype koje cy nsHag oko 530 °C npema Kullerud-
0B0j (1953) KpMBM HacTajy Ha HeTaTMBHMM IIpU-
TUCUMMA IIpeMa jefHaYMHU U JMjarpaMmy Koje Cy
npepcraswm Lusk u Ford (1978), mto je Takobe
HeMmoryhe.

Hapasbe, 0Bu jo6ujeHn pesynraru 3a TeMIepaType
u nputncke nomohy Kullerud-ose (1953) xpuBe u
jemHAYMHE ¥ AUjarpaMa Koje cy mpepcraBymm Lusk
u Ford (1978) Bpo 3HauajHO OACTYIIAjy Of, pe3yl-
Tara KOju Cy ZOOMjeHNU APYIVM I PAsTUIUTUM Me-
ToflaMa ¥ MyHepamMa (T.j.onpebene temmeparype
t,, t,ut yTabemama 1-4), u ycrey Tora ce MOTy CMat-
paTy Kao yIZIaBHOM HENIPUK/ITaATHE VI HEIPUXBAT/bI-
Be 3a ofpehuBame renese canepura. Hamme, ose
IBe MeTofe Cy 3acHOBaHe Ha oxpebusamy P-t yc-
JIOBa HaCTaHKa c(pasepuTa MCK/bY4NBO Ha OCHOBY
cagpxaja npucyTHe FeS kommoHeHTe.

MebyTum, chaneputu us pasInIUTUX PYSHUX JIe-
XKMINTA Ca CIMYHUM cafpkajuMa FeS kommoneHTe
ce KapaKTepyIly pasINIUTUM AMMeHsMjaMa jefy-
HiyHe henje (a)) koje 61, cXofHO TOMe, MoTIe fia
YKa)Xy Ha pasmuuute P u/umm t ycrose mocTaHKa.
O631poM Ha Ty UMIEHUITY, CMaTpaMo #a Ou Tpe-
6aso ucmuTaTy Heke HoBe MoryhHocTH 3a ofjpehu-
Babe IBIXOBOT IOCTAHKA, jep 10 HallleM MUII/bEebY
oBe uMeHsje jenuHmnuHe hennje Mory 6uty Beoma
BaXKHe, a Jla cajepuT MoXKe OUTH UCTOBPEMEHO
KOPUCTaH I Kao re0TepMOMeTap 1 Kao reobapome-
Tap. Y Te CBpXe, KOHCTPYKLMja PasAUYNTUX OIILIMja
4eTBOPO-KOMNOHEHTHNX 2 -FeS-P-t  nmjarpama
je Beh y Toky, n 6nhe nybnukoBana y Hamum 6y-
nyhum pagoBnma.
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(308°C and >9 kbars);

- for the horizon at 690 m: 253 °C and >12 kbars
(317°C and >8 kbars);

- for the horizon at 710 m: 108 °C and >20 kbars
(208°C and >14 kbars);

- for the yellow varieties: 54 °C and >23 kbars (165
°C and 17 kbars); and

- for the brown varieties: 240 °C and >13 kbars (332
°C and >8 kbars).

From the obtained results and the observed differences
between the natural samples and the laboratory-theo-
retical studiesit could be seen that the most expressive
conflicts and deviations are for the sphalerites which
have less than about 12 mol. % FeS what corresponds
to the temperatures bellow of about 350 °C according
to the Kullerud’s (1953) curve figure 2. Also, accord-
ing to the equation and diagram which were presented
by Lusk and Ford (1978), such sphalerites formatted
above of about 7 kbars which are enough reasons for
reasonable suspicion because such enormous pres-
sures are very rare in nature.

On the other hand, sphalerites which have more
than about 21 mol. % FeS what corresponds to
the temperatures above of about 530 °C accord-
ing to the Kullerud’s (1953) curve formatted at the
negative pressures according to the equation and
diagram which were presented by Lusk and Ford
(1978), which is also impossible.

Furthermore, these obtained temperatures and pres-
sures by Kulleruds (1953) curve and equation and
diagram which were presented by Lusk and Ford
(1978) very significantly deviated from the results
which were obtained by other and different methods
and minerals (i.e. determined temperatures t, t, and
t, at tables 1-4), and therefore they could be consider
as mostly inappropriate and unacceptable for deter-
mination of the sphalerite genesis. Namely, these two
methods are based at determination of the P-t for-
mation conditions of sphalerite exclusively from the
content of the present FeS component.

However, sphalerites from the different ore depos-
its with similar contents of the FeS component are
characterized with different unit cell dimensions
(a,) which could, accordingly, indicate to the differ-
ent P and/or t formation conditions. Regard to that
fact, we consider that it should be studied some new
possibilities for the determination of their forma-
tion, because by our opinion the unit cell dimen-
sions could be very important, and that sphalerite
could be useful simultaneously as a geothermom-
eter and as a geobarometer. For that purpose, con-
structions of the various options of the four-com-
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Taxobe, Hu X(Fe,Mn,Cd)S canpskaju HajBepoBar-
HYje HICY IOTOOHM 3a OOjeKTMBHUje 3aK/byuKe,
3aTO IITO [IOKAa3yjy 3Ha4YajHO BuIle JOOUjeHe TeM-
neparype (A=187 °C 3a Lpnan n A=92-111 °C
3a KmxkeBak), n Hmwke nputncke (A>10 kbarasa-
Llpuan u A>4-6 kbara sa KmkeBax) y ogHOCY Ha
oHe fobmjeHe us FeS campxaja, 1 y caracHOCTI
ca mperxogHuM pesynratuma (Tanumh u Cygap,
2005). Hanarme, Scott (1973) je uutmpao mopatke
ma ce canepurcku $HasHM OTHOCH HUCY IPOMEHN-
M 4YaK U y IPUCYCTBY Hekommko wt. % CdS, mox
cy Toulmin u gp. (1991) 3ak/by4nnu ga IPUCYCTBO
TeOJIOIIKM HOPMATHUX KOHII@HTpPalija KOMIIOHEH-
T Kao wro cy CdS, MnS, ZnSe, CoS n cnnynmx
BJMa, He YTUYY Ha IaplyjaTHy MOJIApHY 3alipe-
muHy FeS y chaneputy. Bepyjemo fa he Heka mama
IpoyyaBama Ca BUIIe y30paKka IOTBPAUTU WM
OIIOBPTHYTHU OBa 3aIlakarba.

3AK/bYYAK

Y oBoM pajy aHanusupaHo je 27 yzopaxa care-
puTa ca pasIMYUTUM JMMEH3MjaMa jeIMHUYHUX
hemuja u FeS cagpxajuma. Kpucranorpadeko-
XEMUjCKM Pe3yNTaTH PyHBHOTr NexuiTa Kukesak
cy ymopebusanm ca oprosapajyhum pesynra-
TMMa HEeKUX JApyrMX pygHux nexumTa: Ilymnpa
Crujena-bpckoBo, Jlene, Cemanan, Tpemua,
Jameso, [Ipeunna, Llpsenu Bper n LpHan, kao u
3a IIPeNMMUHAPHO Pa3MaTpaibe y Be3N HbUXOBeE Te-
Hese. Pasmunty npoy4aBany cdaneputy 1 pysHa
JIOKMIITA Ce MOTY IOAENUTU Y TPU TpyIe: HUCKO,
cpefbe 1 BUCOKO TeMIIEPATyPHM PErMOH.

Csu pgobujenn pesynraru cy ynopehusanm ca pe-
3ynTaTMMa KOji Cy HOOMjeHU APYIMM U pasnudnu-
TUM MeTofiama. Ycies, yTBpheHux koH@nmkara u
OfCTyIama, Haile Muuvbewe je ga ce Kullerud-
oBa (1953) kpuBa U jeHauYMHA U [uUjarpaM Koje cy
npesenrosamyu Lusk u Ford (1978) mory cmarparu
Kao YIJIABHOM HENPMKIAIHU Y HEIPUXBAT/bUBL
3a oppehuBame renese cdanepura. Kullerud-osa
(1953) xpuBa 6u MOIZa OUTM CaMO JHEIUMUIHO
npuxsarmbuBa. Takobe, Hu cagpxaju X(Fe,Mn,Cd)
S HajBepoBaTHIje HICY KOPUCHU 3a 00jeKTUBHIje
3aK/bydKe, 3aTO IITO IOKAa3yjy 3HAYajHO BMILE JO-
OujeHe TeMIlepaType ¥ HVDKe IIPUTHUCKE Y OLHOCY
Ha oHe nobujeHe u3 FeS canpikaja.

Ca gpyre cTpaHe, camepuTyt U3 pasIMuUTUX PYA-
HUX JIOXNIITA Ca CIMYHUM cafjpKajuma FeS xom-
IIOHEHTE C€ KapaKTEepUINy PA3IUYUTUM JUMEH-
3ujama jeguHnaHUX henuja Koje 6u Morte, y CKIagy
ca TuM, Jia yKasyjy Ha pasmuuure P u/umm t ycmose
HacTtanka. O63MpPOM Ha Ty UMibeHNIy, Tpebano 6u
npoy4nTi Heke HOBe MoryhHocTu 3a ogpehuBame
BJIXOBOT HacTaHKa, 300T Tora IITO O6M JUMeH3Uje

ponent a -FeS-P-t diagrams are already in progress,
and they will be published in our further papers.

Also, neither the X(Fe,Mn,Cd)S contents are most
probably not useful for the objective conclusions,
because they show considerable higher obtained
temperatures (A=187 °C for Crnac and A=92-111
°C for Kizevak), and lower pressures (A>10 kbars
for Crnac and >4-6 kbars for Kizevak), regard to
those obtained from the FeS contents,and in agree-
ment with previous results (Tan¢i¢ and Sudar, 2005).
Furthermore, Scott (1973) cited the data that the
sphalerite phase relations are not changed even at
the presence of several wt. % of CdS, while Toulmin
et al. (1991) conclude that the presence of geologi-
cally normal concentrations of components such as
CdS, MnS, ZnSe, CoS and like does, do not affect
to the partial molar volume of FeS in sphalerite. We
believe that some further studies with more samples
will approve or disapprove this observation.

CONCLUSION

In this paper 27 sphalerite samples with various
unit cell dimensions and FeS contents were analyz-
ed. Crystallographic-chemical results of the ore de-
posit Kizevak are compared with the corresponding
results of some other ore deposits: Suplja Stijena-
Brskovo, Lece, Selanac, Trep¢a, Janjevo, Predica,
Crveni Breg and Crnac, and for the preliminary re-
consideration about their genesis. Various studied
sphalerites and ore deposits could be separated into
three groups: low, middle and high temperature re-
gion.

All of the obtained results were compared with the
results which were obtained by other and various
methods. Because of the observed conflicts and de-
viations, our opinion is that the Kullerud’s (1953)
curve and equation and diagram which were pre-
sented by Lusk and Ford (1978) could be consid-
er as mostly inappropriate and unacceptable for
determination of the sphalerite genesis. Kullerud’s
(1953) curve could be only partially accepted.Also,
neither the contents of X(Fe,Mn,Cd)S most prob-
ably are not useful for the objective conclusions
because they show considerable higher obtained
temperatures and lower pressures regard to those
obtained from the FeS contents.

On the other hand, sphalerites from the different
ore deposits with similar contents of the FeS com-
ponent are characterized with different unit cell di-
mensions which could, accordingly, indicate to the
different P and/or t formation conditions. Regard to
that fact, it should be studied some new possibilities
for the determination of their formation, because
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jemHnyHMX henumja Morme 6UTH o KOPUCTH 3a Te-
oTepMOMeTpHjy U reobapometpujy. JumeHsuje je-
IMHMYHUX henmja yrmaBHOM pacTy IO pefociefny:
Jlene, Hlynpa Ctujena-bpckoso, pHar, Cenanarii,
Kmxesak, Tpemnua, Jameso, IIpeunna n IlpBenn
Bper. Bepyjemo pa he Heka 6ynyha npoyuaBama ca
BIIIIE Y30paKa MOTBPAUTH MY OIOBPTHYTH OBaK-
Ba 3allaXama.
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