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[TIOPEBEKBE KPUCTAJIOTPAO@CKO-XEMUNICKUX KAPAKTEPUCTUKA
COAJIEPUTA U3 PYIHOI JIEXKMIITA KM)KEBAK CA HEKUM JIPYT'UM
PYIHUM JIEXXUIHTUMA, AEO II: KOHCTPYUCAKE YETBOPO-
KOMIIOHEHTHOT" A -FES-P-T IUJATPAMA (OITHUJA I) U OAPEBUBAILE
YCIJIOBA ITOCTAHKA

COMPARISON OF THE CRYSTALLOGRAPHIC-CHEMICAL
CHARACTERISTICS OF SPHALERITES FROM THE KIZEVAK ORE
DEPOSIT WITH SOME OTHER DEPOSITS, PART II: CONSTRUCTION OF
THE FOUR-COMPONENT A -FES-P-T DIAGRAM (OPTION I)

AND DETERMINATION OF THE FORMATION CONDITIONS

DOI: 10.25075/BM.2018.04

[TaBne Tanuuh Pavle Tanci¢
Teonowxu 3a600 Cpouje Geological Survey of Serbia
pavletan@gmail.com pavletan@gmail.com

Caxkerak: Vcmo kao u y I deny osux npoyuasara (Tanuuh, 2018), kpucmanozpagcko-xemujcke kapaxmepuc-
muxke cpanepuma u3 pyoroe nexcumima Kuxcesax cy xopuwhene 3a nopeherve ca odeosapajyhum xapaxmepuc-
mukama Hekux opyzux pyonux nexcuwma: llynwa Cmujena-Bpckoso, /leue, Cenanau, Tpenua, Jareso, Ipe-
uuya, L]pseenu Bpee u Ilpnay. Osu nodauu cy xopuuihienu 3a oopehusatve ycnoea nocmanka u ynopehusanu cy
ca pesynmamuma 0o6ujenum nomohy opyaux u pasnuuumux memooa u munepana. Koncmpyucana je I onyuja
uemeopo-Komnorenmnoz a,-FeS-P-t dujazpama. 3a ynompeby o6axeoz oujazpama 00607pHO je camo uspawyHamu
Oumensujy jedunuure henuje (a,) u 0dpedumu cadpsaj FeS komnonenme ucnumuearoz chanepuma, a 3amum Ha
0CHO8Y MUX 8pedHOCY 00peOUMU memMnepamypy u npumucax weeo6oz nocmarra. Osaj oujazpam o6u ce mozao
npuspemero Kopucmumu 00K ce He caKyne NpeuusHuji U KOMHAEMHUJU nodayu Koju 6u yHANpeousnu rwezosy
PYHKUUOHATHOCI U 00KA3ATIU UTIU eBEHIMYANIHO ONOBPNIU He208y 8pedHoc. Mehymum, npenumunapHo 00-
Oujenu pesynmamu memnepamypHux 6peoHOCU y 060M pady cy NO3UMUSHU U 0xpadpyjyhu 3amo wmo eenuxa
sehuna ysopaxa noxasyje noxknanarse ca pesynmarmuma koju cy 006ujenu nomohy opyaux memooda/munepana
U MHO20 ¢y 6o y 00HOCY Ha oHe 0obujere nomohy Kullerud-ose (1953) kpuse. Jobujernu npumucyu 3a Huice
memnepamype cy Hajéeposammilje HeUmMo UL 00 PeanHux, Wmo je maxohe 006po NOZHAMO U3 NPeMXOOHUX
Jumepamyprux nooamaxa, anu cy maxohe muozo 6omu 00 oHux 000ujerux nomohy jeonauune u oujazpama
koju cy npukasanu Lusk u Ford (1978). Ouuenednu cy marve unu euuie pasaudumu ycnosu nocmanka 3a ucnu-
musaue cpanepume u3 pasIUHUMUX pyoOHUX JIEHUUIMA, KAO U 3a NPOYHABAHA PYOHA Tlexuma maxohe, a Koju
Cy y 080M pady nodemweHu y mpu spyne: HUCKO, cpedrbe U BUCOKO MemMneparnypHu peeuoH.

Kibyune peun: Kusxesax, cpanepumu, kpucmanozpacko-xemujcke kapakmepucmuxe, 2eomepmomempuja, ze-
obapomempuja

Summary: Same as in the I part of these investigations (lancic, 2018), 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, Selanac, Trepéa, Janjevo, Precica, Crveni Breg and Crnac.
These data were used for the determination of the formation conditions and they were compared with the results
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obtained by other and various methods and minerals. It was constructed I option of the four-component a -FeS-P-t
diagram. For use of such diagram it is only enough to calculate the unit cell dimension (a ) and obtain the content
of the FeS component of the studied sphalerite, and then at basis of that values to determine the temperature and
pressure of its origin. This diagram could be temporary used until more precise and complete data will be collected
to advance its functionality and to approve or eventually disapprove its validity. However, preliminary obtained re-
sults of the temperature values in this paper are positive and encouraging because the great majority of the samples
show an agreement with the results which were obtained by other methods/minerals and they are much better than
that obtained by Kullerud’s (1953) curve. Obtained pressures for lower temperatures are most probably something
higher than real, which is also well known from the previous literature, but also much better than that obtained
by equation and diagram which were presented by Lusk and Ford (1978). There are obvious more or less different
formation conditions for the studied sphalerites from the various ore deposits, and for the studied ore deposits, as
well, which are in this paper separated into three groups: low, middle and high temperature region.

Key words: KiZevak, sphalerites, crystallographic-chemical characteristics, comparisons, geothermometry, geo-

barometry

YBOJI

Y 1 geny oBux npoy4asama (Tamnh, 2018), 27 yso-
paka cdanepura ca pasIUMUTUM [VMEHsMjaMa je-
muHmaHux henmja n FeS cappikajuma je aHammsupa-
Ho. Kprncranorpagcko-xemMujcke KapaKTepUCTHKe
ctareputa 13 pygHor nexuita Kivkesak (Tarunh,
2004; Tanunh n Cygap, 2004 u 2005) cy ymopebu-
BaHe ca OArosapajyhum ms Hekux APyrux pymHUX
nexuurra: lymwea Crujena-Bpckoso (Jamkosuh u
Jankosuh-Munocasmesuh, 1955); Jlene, Cemanar,
Tpenua, Jaweso, [Ipeuniia u Lpsenu bper (Kpcra-
HoBuh u Kpcranosuh, 1962); u Upnar (Hukomih
u 1p.,1978). OBu mogauy cy takobhe kopumthenn 3a
NpeIMMIHAPHO Pa3MaTparbe y Be3! yCIoBa HaCTaHKa
¥ yKa3yjy fia 11 ce pa3Iy4uTyi IpoydaBaHu cajepu-
TV ¥ PY[HA JISKUIITA MOI/IU [OAEUTH Y TPU TPyIIe:
HIICKO, CPefiibe VI BUCOKO TeMIIEPATyPHY PETUOH.

Hapasme, cBu mobujenu pesynraru cy ynopebusa-
HM ca pesylATaTuMa Kojyu Cy HOOMjeHU JPyruM 1
PasIMYUTMM METOfaMa M MUHepanuMma. Ycrep, 3a-
Ha)XeHNX KOHQIMKATa M OfICTYIIamba, 3aK/by4eHO
je ma ce Kullerud-osa (1953) kxpuBa u jenHaunHa 1
Iujarpam Koju cy npuxasamu Lusk u Ford (1978)
MOTY CMaTpaTy YIJIABHOM HEIPUKIAJHUM U He-
IPUXBAT/bUBMM 3a ofipehrBame reHese chanepura.
Kullerud-osa (1953) xpusa 6u morna 6utn genu-
MIYHO ITPUXBAT/b/Ba 32 ofipehuBame TeMIepaType
caMo KOJI TIPMPOJHMX y30paKa Koju Cy Bp/Io 61y
wy npecenajy muayje 1 u/vmu 3 vHa Criy 2 (Tan-
unh, 2018). Haume, oBe Be MeToze ce 3aCHUBAjy
Ha opipebuBamy P-t (P-mpurucax, t-TemmneparyTa)
yCIoBa HacTaHKa caepuTa UCK/bYINBO U3 Cafp-
’Kaja mpucyTHe FeS xoMmmonenTe.

Ca gpyre cTpane, chaZiepuTH U3 Pa3IMIUTUX PY/-
HUX JIOXNIITA Ca CIMYHUM cafjpKajuma FeS xom-
IIOHEHTN C€ KapaKTEpUIIy Ppas3sanInTuM OVIMEH-
3MjaMa jeVIHMYHUX hemyuja koje 6u Morie nma, y
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INTRODUCTION

In the I part of these studies (Tanci¢, 2018), 27
sphalerite samples with various unit cell dimensions
and FeS contents were analyzed. Crystallograph-
ic-chemical characteristics of sphalerites from the
ore deposit Kizevak (Tanci¢, 2004; Tanci¢ and Su-
dar, 2004 and 2005) were compared with the cor-
responding from some other ore deposits: Suplja
Stijena-Brskovo (Jankovi¢ and Jankovi¢-Milosavl-
jevi¢, 1955); Lece, Selanac, Trepca, Janjevo, Precica
and Crveni Breg (Krstanovi¢ and Krstanovi¢, 1962);
and Crnac (Nikoli¢ et al., 1978). These data were also
used for the preliminary reconsideration about the
formation conditions and indicate that various stud-
ied sphalerites and ore deposits could be separated
into three groups: low, middle and high temperature
region.

Furthermore, all of the obtained results were com-
pared with the results which were obtained by
other and various methods and minerals. Because
of the observed conflicts and deviations, it was
concluded that the Kullerud’s (1953) curve and
equation and diagram which were presented by
Lusk and Ford (1978) could be consider as mostly
inappropriate and unacceptable for determination
of the sphalerite genesis. Kullerud’s (1953) curve
could be partially accepted for the temperature de-
termination only for the natural specimens which
are very near or intersect lines 1 and/or 3 at fig-
ure 2 (Tanci¢, 2018). Namely, these two methods
are based at determination of the P-t (P-pressure,
t-temperature) formation conditions of sphalerite
exclusively from the content of the present FeS
component.

On the other hand, sphalerites from the differ-
ent ore deposits with similar contents of the FeS
component are characterized with different unit
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CK/Iafly ca TUMe, YKaXXy Ha pasmmuure P m/mmm t
ycnoBe HacTaHKa. O63MpoOM Ha Ty UMHbEHUIY, Y
OBOM pajiy je IpoydaBaHa HOBa MOTyhHOCT, T.j.
oruuja I yeTBopo-kommoHeHTHOT a -FeS-P-t nuja-
rpama 3a ofpehuBame HBUXOBOT IIOCTaHKA, 3aTO
To je y I geny oBux npoydaBama (Tanunh, 2018)
IIPETIIOCTAB/bEHO Ja AUMeH3Nje jemuHndHe henuje
caneprta MOry 6MTH Off KOPUCTM 33 TeOTepMO-
MeTpujy u reobapomerpujy. OBaj gujarpam 6m ce
MOTao IpMBPEMEHO KOPUCTUTH JOK Ceé He CaKyIle
IpeLV3HMjU ¥ KOMIUIETHUjI TIOALM Koju O yHa-
HpeMIN HeroBy (YHKLUMOHATHOCT M JOKasasn
VIV €BEHTYAIHO OIOBPI/IM HETOBY BPEJHOCT.

3atuM, cBU HoOujeHu pesynratu cy ymnopebusa-
HU M, 3ajefHO ca pe3y/lTaTMMa Koju Cy HBoOujeHu
npyrum Meropama u MuHepamMa (Kullerud, 1953;
Bethke n Barton, 1971; Rye m Czamanske y Field
u Moore, 1971; Lusk n Ford, 1978; Ohmoto u Rye,
1979; Wiggins u Craig, 1980; Tanunh u gp., 2001;
Janexxnh u gp., 2003 u 2004), 3atum Kopuithenn
Ia 61 ce JOCTUINIM NPUOIVDKHY YCIOBU IOCTAHKA
OBUX chazepnTa 1 PyJHUX JTEKUIITA.

KonayHo, MOHOBO Cy pasMaTpaH; 3aK/bydLM
Tanunh-a u Cygmap-a (2005) u Tanunh-a (2018) o
yrunajy X(Fe,Mn,Cd)S cagpxaja Ha onpebusame
TeMIleparype 1 mputucka y nopehemy ca Fe u FeS
cafipKajuma.

PE3YJITATH U JUCKYCHUJA

1. M3paga 4eTBOPO-KOMIIOHEHTHOT
a,-FeS-P-t ntujarpama (omuuja I)

ITpeTx0nHO VM3HETV KOHTPAaJVIKTOPHY pe3yITaTy
(Bumeru Ha mpuMep: Toulmin u fp., 1991; Vaughan,
2006; Tanunh, 2018; u mureparypa yHyTap) Hare-
pajia Hac je 5a pa3MOTPMMO Heke HoBe MoryhHocTu
3a ofgpehuBame ycmoBa HacTaHKa canepura, Tj. Ha
u3pajy 4eTBOPO-KOMIOHEHTHOT a -FeS-P-t nuja-
rpama. OBakaB JyjarpaM je KOHCTPYMCaH KOMOU-
HOBakbeM pe3y/TaTa 00MjeHX BPeHOCTH 32 a, U
FeS canprkaja n3 Tabena 1-4 v mpoMeHa n3 Barton-a
u Toulmin-a (1966), koje cy IpencTaB/beHe Kao -
Hyje 1 u 3 Ha Cmunym 2 (Tanunh, 2018), ca excrpa-
HOMUPaHVM IIPOMEHaMa IIPUTHCKA M TeMIlepary-
pe vy ogHocy Ha FeS cappyaje us Toulmin-a u pip.
(1991, cnuka 2, c. 1040) u Balabin-a u Sack-a (2000,
cnmka 5, c. 937).

[Tpumersena cy nBa IPUCTYIIA 3a U3PAAY AMjarpa-
Ma:

1. IlpBa mpeTHOCTaBKa je la Cy TeMIepaTypHe IIpo-
MeHe IIpaBe JIMHIje KOje ce CeKy IOfL IPaBUM YITIOM

cell dimensions which could, according to that,
indicate to the different P and/or t formation
conditions. Regard to that fact, in this paper it
was studied a new possibility, i.e. option I of the
four-component a -FeS-P-t diagram for the deter-
mination of their formation, because in the I part
of these studies (Tanci¢, 2018) it was presumed
that the sphalerite unit cell dimensions could be
useful for the geothermometry and geobarometry.
This diagram could be temporary used until more
precise and complete data will be collected to ad-
vance its functionality and to prove or eventually
disapprove its validity.

Then, all of the obtained results were compared
and, together with the results which were ob-
tained by other methods and minerals (Kullerud,
1953; Bethke and Barton, 1971; Rye and Czam-
anske at Field and Moore, 1971; Lusk and Ford,
1978; Ohmoto and Rye, 1979; Wiggins and Craig,
1980; Tanci¢ et al., 2001; Janezié et al., 2003 and
2004), were then used to achieve the approximate
formation conditions of these sphalerites and ore
deposits.

Finally, it was again reconsidered the conclusions
by Tanci¢ and Sudar (2005) and Tanci¢ (2018) of
the influence of the X(Fe,Mn,Cd)S contents to the
determination of temperature and pressure in com-
parison with the Fe and FeS contents.

RESULTS AND DISCUSSION

1. Construction of the four-component
a,-FeS-P-t diagram (option I)

Previously exposed contradictory results (see for
examples: Toulmin et al., 1991; Vaughan, 2006;
Tancié, 2018; and references within) forced us to
considerate about some new possibilities for the de-
termination of the sphalerite formation conditions,
i.e. by construction of the four-component a -FeS-
P-t diagram. Such diagram was constructed by
combining the results of the obtained values for a,
and the FeS contents from tables 1-4 and variations
from Barton and Toulmin (1966), presented as lines
1 and 3 at figure 2 (Tanci¢, 2018), with the extrap-
olated pressure and temperature variations by the
FeS contents from Toulmin et al. (1991, Figure 2, p.
1040) and Balabin and Sack (2000, Figure 5, p. 937).

There were used two approaches for constructing
the diagram:

1. First supposition is that the temperature varia-
tions are straight lines normal at the intersections to
the lines 1 (marked as interrupted lines for temper-

61



I1. Tanuuh - Ilopeherve kpucmanozpagcxko-xemujckux kapakmepucmuka chanepuma u3 pyonoe nexcuwima Kuxcesax... 59-73
P. Tanc¢i¢ - Comparison of the Crystallographic-Chemical Characteristics of Sphalerites from the KiZevak... 59-73

y OfHOCY Ha /HMje 1 (0O3HadeHe Kao UCIpeKuaHe
JIHUje 3a TeMIlepaTypHe BPeZHOCTY Ca HOpMasl-
HJIM CJIOBMMA Y enurcama) 1 3 (03HadeHe Kao Tay-
KacTe JIMHIje 3a TeMIIepaTypHe BPeSHOCTH ca HOp-
MaJIHVIM C/IOBMMa y IPABOYTAOHNUIIMMA) Ca CTIVKe 2
(Tanunh, 2018), koja je mpukasaHa Ha cnuiy 1; u

2. Jlpyra mpeTnocTaBKa je fa Cy Te TeMIepaTypHe
NpOMeHe KpMBe JIMHMje KOje Ce CEKy IOJ IIPaBUM
YIJZIOM Yy OBHOCY Ha IMHU]Y 1, a7y ca MCKPUB/bEHNM
MIPAaBIMIMA M Ca HEKMM CPENIbMM BPEJHOCTUMA I10-
MepeHNUM Ka oxiroBapajyhoj muamju 3 ca cnmke 1, a
Koja je mpukasana Ha Crumm 2.

Excrpanonucanu nputrciu of 10, 8, 6, 4, 2 n 1 kbar
u3 Toulmin-a et al. (1991) cy nmpukasaHu ca HOpMas-
HJM CTIOBMMA Y e/IUIICaMa Ca VICIPEKUIaHM JIVHIja-
Ma 3a IMHKjy 1; U ca HOPMAJTHUM C/IOBMMA Y IIPaBOy-
TaOHMIVIMA Ca TAYKACTVM JIMHYIjaMa 3a IMHIJY 3.

Excrpanonycany mputuciy og 10, 7.5, 5 1 2.5 kbar-a
u 1 bar n3 Balabin-a u Sack-a (2000) cy npuxaszanu
Ca UTa/IMK CJIOBMMA Yy €MIICaMa Ca MCIPEKUIaHNM
JIMHUjaMa 323 JIMHU)Y 1; ¥ ca UTanuK C/I0BUMA Y TIpa-
BOYI'QOHMIMIMA Ca TAYKaCTUM JIVMHMjaMa 3a JINHU)y 3.

Ciuxke 1 n 2 cy Takobe fonymene canepuruma ca
a,-FeS-t kapakTepucTnKama Koju Tpecelajy, Wiu
cy Bpio 6musy, mauje 3 (Tanci¢, 2018), u ogHOCe
ce Ha IIpenM3Hje ofpehuBame TemmepaType.

Ca crmike 1 MO)Ke ce BUZIETH [ia je Ha BUIUVM TeMIIe-
paTypaMa yTHI[aj IPUTUCKA Matbi HEro Ha HUCKMM
TeMIlepaTypaMa Ha KOj/Ma je ca 3HayajHUM U pac-
tyhum edpexrom. ITpema ToMe, UMHY ce f1a CY IPUTUC-
1y vcton, oko 4 kbar-a ogrosapajyhu sa cdanepute
Koju cy Hactanmu usHap oxo 400 °C. Ca gpyre cTpaHe,
ucropi, oko 300 °C 1 ca mopacToM HPUTKUCKA U3HAJ
0KO 6.5-7 kbar-a jacHo je ma ce pasnuka usmeby mpu-
POZIHIX y30paKa 1 Tab0paTOPUjCKIX eKCIIepUMeHaTa
nosehasa. Hanwme, HajBehe Hecnaramwe nsmeby mpu-
POIHIX y30paKa, Teoplje U eKCIepyMeHaTa ce Hasla-
31 y 00/1aCTI HUCKMX TeMIepaTypa ¥ BUCOKUX IpH-
Trcaka. [lakiie, 0BO Cy ITIABHM PAsJIos Ca 3HaYajHNUM
yTHULIAjeM Ha IPeTXORHO HaBemeHy nebary (Toulmin
u fip., 1991; Vaughan, 2006; u Tanunh, 2018).

Cnuka 2 Bullle 3a/j0BO/baBa KOMIIpOMIUCe u3Mehy
IPUPOSHMX U JTaOOpaTOPUjCKUX y30paka U 3a-
KPUB/BEHOCTH M3OTEPMHMX ¥ M300apHMX MHIjA
pacTBOpa Koje Cy HeOIXOfHe U3 TepMOAMHAMUY-
kux npopadyHa (Toulmin u gp., 1991). Tpebano
6u Takohe HaIOMEHYTM Ha je HPWINYHO TEIIKO
KOHCTPYMCAT! TaKaB AujarpaM 6e3 KOMITIeTHUjUX
nopataka 1 6e3 Buile canmepuTCKUX y3opaka Kop
kojux cy Beh oppebhenn a,, FeS, P u t; u ca TakBum
HopjanyMa Koju 61 iajbe IOTBPAIU HBeroBy Bpef-
HocT. IIpema ToMe, 0Baj ujarpam Ou ce mpuBpeMe-
HO KOPYICTVO CBe JIOK Ce He IIPYKYIIe IPeLV3HIjY U
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ature values with normal letters in ellipses) and 3
(marked as dotted lines for temperature values with
normal letters in rectangles) from Figure 2 (Tan¢i¢,
2018), which is presented at figure 1; and

2. Second supposition is that those temperature
variations are curved lines normal at the inter-
sections to the line 1, but with curve directions
and with some average values shifted to the line
3 corresponding from figure 1, which is presented
at figure 2.

Extrapolated pressures of 10, 8, 6, 4, 2 and 1 kbar
from Toulmin et al. (1991) are presented with nor-
mal letters in ellipses with interrupted lines for the
line 1; and with normal letters in rectangles with
dotted lines for the line 3.

Extrapolated pressures of 10, 7.5, 5 and 2.5 kbar and
1 bar from Balabin and Sack (2000) are presented
with italic letters in ellipses with interrupted lines
for the line 1; and with italic letters in rectangles
with dotted lines for the line 3.

Figures 1 and 2 are also supplemented with
sphalerites of the a -FeS-t characteristics which
intersects, or are very near, to the line 3 (Tanci¢,
2018), relatively to the more precise temperature
determination.

From figure 1 it can be seen that at higher tem-
peratures pressure effect is smaller than at low
temperatures where it is with the considerable
and increasing effect. Accordingly, it seems that
the pressures bellows of about 4 kbars are ad-
equate for the sphalerites formatted above of
about 400 °C. On the other hand, under about
300 °C with increasing pressure over about 6.5-7
kbars it is clearly that the difference between the
natural specimens and laboratory experiments is
increasing. Namely, the greatest conflict between
the natural specimens, theory and experiment is
in the region of low temperatures and high pres-
sures. Therefore, those are the main reasons with
considerable influence to the previously men-
tioned debate (Toulmin et al., 1991; Vaughan,
2006; and Tancié, 2018).

Figure 2 more satisfied compromises between the
natural and laboratory specimens and curvatures
of the isothermal and isobaric solvus lines which
are necessary from the thermodynamic calcu-
lations (Toulmin et al., 1991). It should be also
mentioned that it is quite difficult to construct
such diagram without more complete data and
without more sphalerite specimens with already
determined a, FeS, P and t; and with that data to
further verify the validity of it. Therefore, this dia-
gram could be temporary used until more precise
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Cnuka / Figure 1, Excmpanonayuja npu-
MUCAKA Ca MeMnepamypHum npomena-
ma u3 Toulmin-a u 0p. (1991) u Balabin-a
u Sack-a (2000) ca dumeH3zujom jedu-
Huune henuje (a,) ca FeS cadpmajuma.
Jlunuje: 1. Barton u Toulmin (1966); u
3. Tanuuh (2018). IIpomene memnepa-
mype cy npasonunujcke / Extrapolated
pressures by temperature variations from
Toulmin et al. (1991) and Balabin and
Sack (2000) with the unit cell dimension
(a,) by the FeS contents. Lines: 1. Barton
and Toulmin (1966); and 3. Tanci¢ (2018).
Variations of temperature are linear

Cnuka 2, Excmpanonayuja npumuca-
KA ca memnepamypHum NpoMeHama u3
Balabin-a u Sack-a (2000) ca oumen-
3ujom jedunuune henuje (a,) ca FeS cadp-
scajuma. JTunuje: 1. Barton u Toulmin
(1966); u 3. Tanuuh (2018). IIpomene
memnepamype cy KpUsoAUHUjcKe

Figure 2, Extrapolated pressures by
temperature variations from Balabin and
Sack (2000) with the unit cell dimension
(a,) by the FeS contents. Lines: 1. Barton
and Toulmin (1966); and 3. Tanci¢ (2018).
Variations of temperatures are curved
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KOMIUIETHUjU HOJAIY KOjU OU YHAIIPENUIN Hero-
BY (DYHKIMOHATTHOCT U JOKA3a/Il VIU eBEeHTYaTHO
OIIOBPIJIN HeTOBY BPEIHOCT.

Takobe, TemmeparypHe kpmBe (usorepme) Ou
MOIVIe OUTH HELITO pasan4nTujer 06/1mKa u nosuo-
XKaja, ITo OV TaK/Ie YTUIAIo U Ha 06/muK nsobapa.
Y ckmagy ca M, onnuja I 4eTBOPO-KOMIIOHEHT-
Hor a -FeS-P-t mujarpama nacranma us cnmke 2 (vc-
[IpeKujaHe IMHUje Ca TayKaMa) je IpeyIoKeHa I
npukaszaHa Ha Cnuny 3, fok he o Hekum gpyrum
omnyjamMa 6UTy JUCKyTOBaHO y 6ynyhum npoydva-
BambIMa Koja Cy U ja/be Y TOKY. a Koja he 6mty Hak-
HaJHO 00jaB/beHa.
a, [A]

A
5.424

and complete data will be collected to advance its
functionality and to prove or eventually disap-
prove its validity.

Also, temperature curves (isotherms) could be of
something different shape and positions, which
would therefore affected to the shape of isobars.
According to that, the Option I of the four-com-
ponent a -FeS-P-t diagram derived from figure 2
(interrupted lines with dotts) is proposed and pre-
sented at figure 3, while some other options will be
discussed with further studies which are still in pro-
gress and published afterwards.
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2. OppehuBama TeMneparypa U NpUTHCAKA Ha-
CTaHKa, Mopehemse ca APyruM nojanumMa u pas-
marpame yrunaja X(Fe,Mn,Cd)S canpxkaja Ha
JOOMjeHE TIOIaTKe

OBowM npummkoM KopuinheHa je cvka 3 3a mpolte-
HY TeMIlepaType U IPUTHUCKA 32 Y30pKe KOjit Majy
nopiaTke 3a a, FeS n X(Fe,Mn,Cd)S (r.j. Tabene 1-4
of Tanunh-a, 2018) KOHCTPYKIMjOM CITUKe 4.

Ca cnuke 4 mory ce ofpenuMTu Temreparype-t,
(y °C) n mpurucka-P, (y kbar) nacranka csaxor
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2. Determinations of the temperatures and
pressures of formation, comparison with other
data and reconsideration about influence of the
Y(Fe,Mn,Cd)S contents to the obtained data

For this occasion it was used figure 3 for the tempera-
ture and pressure estimations for the specimens with
the data of a , FeS and X(Fe,Mn,Cd)S (i. e. Tables 1-4
by Tanc¢i¢, 2018) by construction of figure 4.

From figure 4 it could be determined temperature-t,
(in °C) and pressure-P, (in kbars) of formation for
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y3opka. IIpolemeHa cTaHfapiHa feBujaluja je-
nuHnvHe hemje je kopuinhena 3a mporeHy omcera
TemIlepaType U NPUTHUCKA, T.j. 1beTOBY JeBUjaLiljy.
OsBu mopany cy npukasann y tabemama 1 (ca FeS
cappxajuma) 1 2 (ca X(Fe,Mn,Cd)S campxajuma)
3ajefHO Ca MOfallMMa KOji Cy HOOMjeHM APYruM
MeToflaMa/MIHepannma, T.j. t-t, u P -P, (Tanuwuh,
2018). Ha TakaB Ha4lH ce MOYXe IPOBEPUTH Bajba-
HOCT J0OMjeHNX MOfaTaKa, YaK MaKo OBe TeMIlepa-
Type He MOpajy 06aBe3HO OUTU UCTe Kao OHe Koje
Cy IpolieleHe U3 IapareHe3a CUNIMKATHUX MIUHe-
paja, MOfiela M3OTOICKUX dpaKinja, WK FPYTUX
He3aBICHIUX BUJI0BAa TEPMOMETPHje 3aCHOBAHMX Ha
morabajuMa Umju ce OHOC Ha PaBHOTEXY care-
puta He Moxke gokasaru (Toulmin u mp., 1991).

every one specimen. The estimated standard devia-
tion of the unit cell is used for the estimation of the
temperature and pressure range, i.e. its deviation.
These data are presented at tables 1 (with the FeS
contents) and 2 (with the X(Fe,Mn,Cd)S contents)
together with data which were obtained by other
methods/minerals, i.e. t,-t and P -P, (Tanci¢, 2018).
At such manner it could be checked the validity of
the obtained data, even that these temperatures
may not necessarily be the same as that estimat-
ed from the silicate mineral assemblages, isotopic
fractionation patterns, or other independent means
of thermometry based on events whose relation to
sphalerite equilibration cannot be demonstrated (T
oulminetal, 1991).
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Tabena 1, Odpehere memnepamype u npumuciyu 3a pyoHa nexcuwima Jleve, Illynmwa Cmujena-bpcxoso,

P Tancic - Comparison of the Crystallographic-Chemical Characteristics of Sphalerites from the Kizevak... 59-73

Lpnay, Cenanau, Kuxesax, Tpenua, Jareso, IIpeuuna u LJpsenu bpee. Kopuwhenu cy FeS cadpxcaju
Table 1, Determined temperatures and pressures for the ore deposits Lece, Suplja Stijena-Brskovo,
Crnac, Selanac, Kizevak, Trepca, Janjevo, Precica and Crveni Breg. The FeS contents were used

Pynno nexumre

VY3opax

Crveni Breg

Ore deposit Sample % FeS 14, |t K E P, tu Py
Jlene I 5,4050(1) | 0,88 | 29 24,53 2543 2,5
Lece
- 5,4099(1) 5,53 170 16,60 | 135+3 6

llymsa Crujena- | senenkactu

 Bpexoso greenish 5408(1) | 2,91 | 100 20,90 80420 5,5+1,5

Suplja Stijena

“Brskovo 5,409(1) 5,13 160 17,23 | 115420 6%1,5
KYTH 5,409(1) 543 170 16,76 | 120+20 6+1
yellow
MPKI
brown 5,414(1) 9,76 280 10,55 |285+20 7+0,5
TaMHU
dark
Hpnan, Ky 54119(5) | 1,24 | 41 | 113 23,87 105+10 80,5
Crnac yellow
XIYIT” 5,4123(5) 2,17 71 2220 |130+10| 8,5+0,5
yellow
Syt 5,4124(5) 2,14 71 | 108 22,25 [130+10|  8,5+0,5
yellow 5,4133(5) 2,63 85 | 106 21,39 | 160+10 9+0,5
XIYIT” 5,4126(5) 3,38 110 | 103 20,10 [160+10| 8,5+0,5
yellow
- 5,415(1) 5,78 180 | 186 16,21 | 250420 101
yellow
KYTU
yellow 5,418(1) 9,27 270 | 186 11,19 |350+15 10+1
KYTU
yellow
Cenanany 5,4182(1) | 15,52 | 410 4,09 41543 4
Selanac

0 15.611b-y | 54186(6) | 2,22 | 71 | 210 22,11 250+10 1240.5
m

15.611b-r | 5,4195(6) | 12,28 | 340 | 214 | 491/419" | 583/465 | 7,47 40549 6.5

15.623y | 54186(4) | 2,12 | 68 | 176 | 468/259 | 950/446° | 22,28 245+8 12+0.5

% . | 690m | 15604b | 54189(4) | 8,17 | 240 | 374 12,70 35047 10

m

g5 15.640b-b 17,25 | 450 | 432 2,55 465 2.5

g

2 M 15.635y | 54184(6) | 1,29 | 41 | 132 | 464/242° | 871/368" | 23,78 225+10 12+0.5

10 15.633y | 54185(5) | 1,67 | 53 | 214 |388/194 |457/145 | 23,09 2409 1240.5
m
15.634b | 54187(5) | 4,53 | 145 | 320 | 544/355" | 512/248 | 18,19 29549 1240.5
15.629b | 5,4190(5) | 6,39 | 195 | 215 | 491/343" | 937/595 | 15,28 33048 11.5+0.5
Tperra 54214(1) | 18,73 | 485 1,38 505+3 1,5
Trepca
Jareso 5,4223(1) | 18,83 | 485 1,30 525+3 1,5
Janjevo

Tpewua 5,4225(1) | 19,85 | 510 0,58 545+3 0,5
Precica

Lpsenn bper . .

5,4239(1) | 22,59 | 560 -1,04 | 600+3/550+3 | -1,5/0,5

" - kopurosaHo 3a npurucax/corrected for the pressure

66




I1. Tanuuh - Ilopeherve kpucmanozpagcxko-xemujckux kapaxkmepucmuxa chanepuma u3 pyonoe nexcuwima Kuxesax... 59-73
P. Tanc¢i¢ - Comparison of the Crystallographic-Chemical Characteristics of Sphalerites from the KiZevak... 59-73

VI3 Taberne 1 MOXe ce BUETH fa CY OYUITICTHY BUIIIE
VIV Malbe Pas/IMyiTy YCTIOBM HAaCTaHKa Cdaepura
U3 PA3IMYUTUX INPOYYABAHMX PYSHUX JIEKMNIITA.
OHM ce MOTY OJIeNINTY Y TPU TpyTIe-pernoHa:

1. Hucko rtemneparypHu perumoH (<200 °C) 3a
canepure us pygHux nexumra Jleue (t o 25+3
mo 135£3 °C; P ox 2,5 o 6 kbar-a); Illymsa Cruje-
Ha-Bpckoso (t ox 80+20 mo 12020 °C; P op 5,5+1,5
mo 61 kbar-a); u Lpnar (t og 10510 o 160+10
°C; P op 8+0,5 7o 9+0,5 kbar-a);

2. Cpenme TemnepaTypHu peruoH (on 200 go 450
°C) sa canepure us pyguux nexumra [lymba
Crujena-Bpckoso (t=285%20 °C; P=7+0,5 kbar-a);
IpHar (t ox 250+20 mo 350115 °C; P=10+1 kbar-a);
Kwmxkesak (t og 22510 mo 40549 °C; P on 6,5 1o
12+0,5 kbar-a); u Cenanan (t=415+3 °C; P=4
kbar-a); u

3. Bucoko temneparypHum pernon (>450 °C) sa
canepure n3 pygHux nexuimra Kikepak (t=465
°C; P=2,5 kbar-a); Tpemua (t=505+3 °C; P=1,5
kbar-a); JameBo (t=525%3 °C; P=1,5 kbar-a); IIpe-
uynna (t=545+3 °C; P=0,5 kbar-a); u I]psenu bper
(t=600+3 °C; P=-1,5 kbar-a). OBpe 6u Tpebaso Ha-
TIOMEHYTH Jja 611 ce IPUTICAK 3a chanepuT U3 pyp-
Hor nexxuirra [Ipsenu Bper Mopao kopurosaTu 3a
HajMame 1,5-2 kbar-a y TOSUTHBHY BpeJHOCT, LITO
CHIDKaBa TeMIlepatypy 3a oko 40-50 °C. [Jakre, fo-
6ujeHo je oko 550 °C 3a P=0,5 kbar-a.

[Topebhemem Temmeparypumx pesynrara (t,) sa
pynHa nexumTa Jlene, Ilymma Crujena-bBpcko-
Bo, Cenanan, Tpemua, Jameso, [Ipeunta u Ilpse-
H1 Bper ca pesyrratnma Koju cy go6ujeHN IpeKo
Kullerud-ose xpuse (t,), jo6ujeHo je 5 pasmuanTux
1 6 CIMYHUX BPEJHOCTMU.

[Topehewem TemmepaTypunx pesyntara (t,) 3a
pynsHo nexumTe LlpHal ca pesynaTaTuMa Koju cy
no6ujenu npeko Kullerud-ose xpuse (t,), mobuje-
He Cy CBe paslIM4uTe BPEJHOCTHM Ca 3HAYajHO Be-
JMKUM Hecnmaramuma 3a FeS cagpikaje, kao mro je
npukasaso y tabenu 1. Huxonuh u mp. (1978) cy
To6WUIM IBe JOMMHAHTHE (paKiyje: IpBy ca 64,5%
cajip>kaja 1 ca TeMIlepaTypoM HacTaHka of 220 °C,
u pyry ca 16,5% cappikaja u ca TeMIlepaTypoMm
Hactanka off 330 °C. [lobujene Temneparype t,, of
105+10 1 160+10 °C cy y MHOrO 60750j carmacHoc-
T ca t, temmeparypama on 113 u 106 °C koje cy
nobujene n3 Cu cappxaja (Wiggins u Craig, 1980),
a caMuM TUM U 00jeKTUBHIje Hero OHe Koje Cy Jo-
6mmn Hukomh u ap. (1978). Ca mpyre cTpaHe, mo-
pebermem TemmepaTypHux pesynrtara (t,,) 3a pyaHo
nexniure LIpHai ca pesyrratuma Koju cy gobuje-
uu ipexo Kullerud-ose kpuse (t,), no6ujene cy cse
cmrune BpepHocTr 3a X(Fe,Mn,Cd)S canpxaje,
IpUKa3aHo y Tabemn 2.

From table 1 it can be seen that there are obvious
more or less different formation conditions for the
sphalerites from various studied ore deposits. They
could be separated into three groups-regions:

1. Low temperature region (<200 °C) for sphalerites
from the ore deposits Lece (t from 25+3 to 135+3
°C; P from 2.5 to 6 kbar); Suplja Stijena-Brskovo (t
from 80+20 to 120420 °C; P from 5.5+1.5 to 6+1
kbar); and Crnac (t from 105+10 to 160£10 °C; P
from 8+0.5 to 9+0.5 kbar);

2. Middle temperature region (from 200 to 450
°C) for sphalerites from the ore deposits Suplja
Stijena-Brskovo (t=285+20 °C; P=7+0.5 kbar);
Crnac (t from 250+20 to 350%15 °C; P=10=+1
kbar); Kizevak (t from 225+10 to 405+9 °C; P
from 6.5 to 12+0.5 kbar); and Selanac (t=415+3
°C; P=4 kbar); and

3. High temperature region (>450 °C) for sphalerites
from the ore deposits Kizevak (t=465 °C; P=2.5
kbar); Trepc¢a (t=505+3 °C; P=1.5 kbar); Janjevo
(t=525+3 °C; P=1.5 kbar); Prelica (t=545+3 °C;
P=0.5 kbar); and Crveni Breg (t=600+3 °C; P=-1.5
kbar). Here it should be mentioned that the pres-
sure for sphalerite from the Crveni Breg ore deposit
must be corrected for at least 1.5-2 kbar to the pos-
itive value, which decrease temperature for about
40-50 °C. Therefore, it is obtained about 550 °C for
P=0.5 kbar.

By comparison of the temperature results (t, )
for the Lece, Suplja Stijena-Brskovo, Selanac,
Trepca, Janjevo, Precica and Crveni Breg ore
deposits with the results obtained by Kullerud’s
curve (t ), there were obtained 5 different and 6
similar values.

By comparison of the temperature results (t,) for
the Crnac ore deposit with the results obtained by
Kullerud’s curve (t), there were obtained all dif-
ferent values with considerable large disagreement
for the FeS contents, table 1. Nikoli¢ et al. (1978)
obtained two dominant fractions: one with 64.5%
content and with formation temperature of 220 °C,
and second with 16.5% content and with formation
temperature of 330 °C. The obtained temperatures
t,, of 10510 and 160+10 °C are in much better
agreement with the t, temperatures of 113 and 106
°C obtained from the Cu contents (Wiggins and
Craig, 1980), and accordingly more objective than
that obtained by Nikoli¢ et al. (1978). On the other
hand, by comparison of the temperature results (t,,)
for the Crnac ore deposit with the results obtained
by Kullerud’s curve (t,), there were obtained all sim-
ilar values for the X(Fe,Mn,Cd)S contents, shown in
table 2.
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Tabena 2, Odpehere memnepamype u npumucyu 3a pyoHa nexcuwima Lpnay, u Kuscesax.

Kopuwhenu cy Z(Fe,Mn,Cd)S cadpxcaju

Table 2, Determined temperatures and pressures for the ore deposits Crnac and Kizevak.

The % (Fe,Mn,Cd)S contents were used

Pynno nexumire VY3op ak
Ore deposit Sample % %(Fe,Mn,Cd)$ t P, to P,
Lpran Ky 5,4119(5) 6,62 205 14,94 195£10 | 7,540,5
Crnac yellow
”‘1Y1T“ 5,4123(5) 8,49 250 12,25 230+10 740,5
yellow
Ky 5,4124(5) 9,86 285 10,42 250+10 60,5
yellow 5,4133(5) 10,04 290 10,19 275+10 60,5
”‘1Y1T“ 5,4126(5) 10,40 300 9,73 265+10 60,5
yellow
—— 5,415(1) 12,53 345 7,19 335+20 5,5
yellow
KYTU
yellow 5,418(1) 17,67 460 2,20 440420 2,5
KYTU
yellow
670 15.611b-y | 54186(6) 6,10 190 15,72 340+8 11£0,5
m
15.611b-r 5,4195(6) 16,05 425 3,60 44549 3,5
15.623y 5,4186(4) 6,06 185 15,78 340+7 11+0,5
¥ 690m 15.604b 5,4189(4) 11,16 315 8,79 390+7 7
/M
g5 15.640b-b / 21,42 540 -0,42 525 1bar
g s
2 15.635y 5,4184(6) 4,77 150 17,81 295+10 | 11,5+0,5
10 15.633y 5,4185(5) 5,03 160 17,39 30549 11,5+0,5
m
15.634b 5,4187(5) 8,17 240 12,70 350+8 10
15.629b 5,4190(5) 9,75 280 10,56 375+8 8,5

Coaneputu u3 pygHor nexumra KipkeBak mo-
UMby Ca KPUCTAIM3aljoM Ha oko 465 °C u 2,5
kbar-a (ysopak 15.640 mpxo-1ipH1). OBa Temuepa-
TypHa BPEJHOCT Ce M3BAHPENHO CIIaXxe ca gobuje-
HoM BpepHomhy op 475 °C 3a apCeHOIMPUTCKY
TeOTePMOMETPI)Y U3 CYCEJHOI PYAHOT JIEKMIITA
CacraBun (Tanumh u gp., 2001; Janexwh u ap.,
2003 n 2004), a Taxobe u ca t, (450 °C) u t, (432
°C). ToxoM pasper mpoljeca KpucTaausanyje TeM-
neparypa OIajia, JOK IIPUTUCAK pacTe, il CKOPO
CUTYPHO He 10 BpegHOCTH Of 12+0,5 kbar-a, xoja je
JICYBMIIIe BYCOKa. Pa3nosu 3a cyMmy Kop BpefHO-
CTH Koje Cy Buie of 6,5-7 kbar-a 3a remneparype
uctoy oko 300 °C cy IpeTX0nHO 0fjallbeny, a IITo
je Takobe off 3Hauaja 3a pygHa nexxuTa Jlene, Ily-
wba CrujeHa-bpckoso n IlpHam.

Cnepehn ysopum us pymHor nexminra Kimpkesak
uMajy takohe Bpso 1obpo crarame usmeby:

-t,, m t, (Wiggins n Craig, 1980): 15.633 xyTtn
(td1:24Oi9 °C; t,=214 °C); 15.611 Mpko- XyTH
(t, =250+10 °C; t,=210 °C); 15.634 mpiu (t, =295+9
°C; t,=320 °C); 1 15.604 mpxu (t, =350+7 °C; t =374

°C);
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Sphalerites from the Kizevak ore deposit begin with
crystallization at about 465 °C and 2.5 kbar (speci-
men 15.640 brownish-black). That temperature val-
ue is in excellent agreement with the obtained val-
ue of 475 °C for the arsenopyrite geothermometer
from the neighboring ore deposit Sastavci (Tanci¢
et al., 2001; Janezi¢ et al., 2003 and 2004), and also
with t, (450 °C) and t, (432 °C). During the further
crystallization process temperature decreases, while
the pressure increases, but almost certainly not to
the value of 12+0.5 kbar, which is too high. Rea-
sons for suspicion at the values higher than 6.5-7
kbar for the temperatures bellow about 300 °C are
previously explained, and what is also considerable
for the Lece, Suplja Stijena-Brskovo and Crnac ore
deposits.

Following specimens from the Kizevak ore deposit
has also very good correlation between:

-t,, and t, (Wiggins and Craig, 1980): 15.633 yel-
low (t,=240+9 °C; t,=214 °C); 15.611 brown-
ish-yellow (tdIZZSOiIO °G; t,=210 °C); 15.634
brown (t, =295+9 °C; t,=320 °C); and 15.604 brown
(t, =350+7 °C; t,=374 °C);
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-t,, n t, (Bethke u Barton, 1971): 15.635 xyTtn
(t, =225+10°C; t,=242 °C); 15.623 xcyn (t, =245+8
°C; £,=259 °C); 1 15.629 mpKku (t, =330+8 °C; t =343

°C); n

-t, u t,, (Bethke u Barton, 1971): 15.634 mpxu
(t,,=2959 °C; t, ,=302+53 °C); n 15.611 mpxo-up-
Benn (t,,=405%9 °C; t, =442+23 °C).

4,5
IIpema ToMe, cBu y3opum cdaneputa U3 pygHOT
nexumra KipkeBak nmajy Beoma Ho6po crarame
usmeby t, ¥ Temmeparypa Koje Cy mobujene apy-
ruM MeTofilaMa/MuHepanuma. Ca apyre cTpase,
nopehermem TeMIepaTypHux pesynrara (t, ) ca pe-
3ynTatuMa Koju cy pobujenn mpeko Kullerud-ose
kpuse (t), mobujeHe Cy caMo fJBe CIMYHE Bpef-
Hoctu 3a %(Fe,Mn,Cd)S cagpxaje (ysopuu 15.611
MpKO-LpBeHN 1 15.640 MpKo-LpHU Yy Tabemu 2).
Takobe, mojegyHM y30pIy OKA3yjy 3HaYajHe pas-
nuke usMebhy t , U T, IIITO MOXe yKasyuBaTy MM Ha
nomry ofpen6y Mn cafpskaja, Wiy Ha HEPaBHOTEXY
usmeby coanepura u raneHuTa.

Jo6ujene TemmepaTypHe BPeHOCTH 3a PyIHA Je-
sxumrta Tpermya u ITpeunia-Ilpsenn Bper (Asa-
J1a) Cy y Bp/IO BOOPOj caracHOCTY ca KoOVjeHUM
BPEIHOCTMMA 13 Te0TepMOMeTpHje apCeHONMPUTA
(Tanuwh u gp., 2001; Janexxuh u mp., 2003 u 2004)
ox oxo 485 °C 3a pynHo nexuurte Tperya u 510 °C
3a pygHo nexxumte Llpsenn bper.

Ounrnenno je pacy t, ut, (artakobemt, ut,) cko-
PO MCTOBETHM KOJ y30paKa Koju IpeceLajy Uiu cy
Bp/o 013y OCHOBHe JIMHMje, Kao LITO je IpHKa-
3aHO Ha CluLM 4, JOK Ce KOJ OCTaIMX Hec/larama
ysehasajy ca ymamenomhy o ocHOBHe nMHMje.

Kopn Behune mobujennx nputucaka (P, and P,)
IIOCTOje Be/IMKa Heclarama ca OHMMa KOju Cy Jio-
OujeHN U3 jefHAYMHA 1 AMjarpama Koje Cy mpencTa-
sumu Lusk n Ford (1978)-P, u P, (tabene 1 un 2).
llobujene P, BpemHOCTN Cy MHOTO O0jeKTMBHHUje
Hero P, kop nBazmecer ysopaka. P, u P, BpenHocTn
CY CKOpO IofijefHaKe 3a pyfHa nexxnumrTa CenaHan,
Tpemnya, Jameso, Ilpeunna u Lpsenn bper (mer
y30paka) 1 3a iBa y30pKa U3 pygHux nexuinra [p-
Han 1 KiokeBak (ca HajBehmm capprkajuma FeS), a
IITO je HajBepOBaTHIje YC/Ie], IbIX0Be TeMIlepaType
noctanka nsHap 350 °C. Hagame, P 1, BDEHOCTH Cy
MHOTO 06jekTuBHMje o7 P, 32 4eTpHAECT y3opaka, a
P, u P, cy ckopo nogjefiHaky camo 3a 1iBa y30pKa.

Coanepur us pyguor nexuiura LlpHar je jeman
y3opak koju je ¢pakuyonncan (Hukonuh u mp.,
1978), n crora je nputucak (P, ) ca manom Bapuja-
myjoM (T.j. of 8+0,5 go 10+1 kbar-a).

I[Ipoceune onpehene Temmeparype (t, nt,,) u mpu-
tuctm (P, u P ) U3 cBUX mpoyyaBaHux y3opaka 3a
pynHa nexumra Jlene, llympa Crujena-bpckoso,

-t,, and t, (Bethke and Barton, 1971): 15.635 yel-
low (t,=225+10 °C; t,=242 °C); 15.623 yellow
(t,=245%8 °C; t,=259 °C); and 15.629 brown
(t, =330+8 °C; t,=343 °C); and

-t, and t,, (Bethke and Barton, 1971): 15.634
brown (t,=295+9 °C; t,=302+53 °C); and 15.611
brownish-red (t, =405+9 °C; t,=442423 °C).

Therefore, all of the sphalerite specimens from the
Kizevak ore deposit have very good correlation
between t, and temperatures obtained with other
methods/minerals. On the other hand, by compar-
ison of the temperature results (t, ) with the results
obtained by Kullerud’s curve (t,), there were ob-
tained only two similar values for the X(Fe,Mn,Cd)
S contents (specimens 15.611 brownish-red and
15.640 brownish-black at table 2). Also, some spec-
imens have the considerable difference between t,
and t,, which could indicate either to a bad determi-
nation of the Mn contents, or either to disequilibri-
um between sphalerite and galena.

Obtained temperature values for the Trep¢a and
Precica-Crveni Breg (Avala) ore deposits are in very
good agreement with the obtained values from the
arsenopyrite geothermometry (Tanci¢ et al., 2001;
Janezi¢ et al., 2003 and 2004) of about 485 °C for the
Trepca ore deposit and 510 °C for the Crveni Breg
ore deposit.

It is obvious that t, and t, (and also t, and t) are
almost the same for the samples which intersects or
are very near to the base line, shown on figure 4,
while for the others disagreements are increasing
towards the farness from the base line.

For the mostly obtained pressures (P, and P,)
there are large disagreements with that which was
obtained from equations and diagrams presented
by Lusk and Ford (1978)-P and P, (tables 1 and 2).
The obtained P,, values are more objective than P,
for twenty samples. The P, and P, values are almost
the same for the Selanac, Trepca, Janjevo, Predica
and Crveni Breg ore deposits (five samples) and for
two samples from Crnac and Kizevak ore deposits
(with highest FeS content), which is most probably
due to their formation temperature over 350 °C.
Furthermore, P,, values are more objective than P,
for fourteen samples, and P,, and P, are almost the
same only for two samples.

Sphalerite from the Crnac ore deposit is one sample
which is fractioned (Nikoli¢ et al., 1978), and con-
sequently pressure (P, ) is with little variation (i.e.
from 8+0.5 to 10+1 kbar).

The average determined temperatures (t, and t,)
and pressures (P, and P) from all of the studied
samples for the ore deposits Lece, Suplja Stije-
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Ilpuan u KiokeBak cy npukasase y tabenu 3. Pagu
nopebetba, oBu mopany fobujern npexo Kullerud-
oBe (1953) kpuBe 1 jefHauNHe U Aujarpama Koju cy
npesenroBamu Lusk u Ford (1978) xop Tanumh-a
(2018) cy Taxkobe momatu y Tabenut 3 u 03HaYeHN ca
t, > t, P, and P "

d1’ d1

na-Brskovo, Crnac and Kizevak are presented at ta-
ble 3. For the comparison, these data obtained with
Kullerud’s (1953) curve and equation and diagram
which were presented by Lusk and Ford (1978) at
Tancié (2018) were also added at table 3 and marked

witht, 't P,"and P "

Ta6ena 3, Ipoceure odpehere memnepamype (t, ut, ) u npumucyu (P, uP,)
3a pyona nexcuwma Jleue, Ilynma Cmujena-bpckoso, Lpnay, u Kuxesax

Table 3, Average determined temperatures (t, and t,,) and pressures (P, and P )
for the ore deposits Lece, Suplja Stijena-Brskovo, Crnac and Kizevak

Pynmno nexwumre . . . .
Ore deposit tdl Pdl sz tdl Pdl tdz sz
Tlene 8043 4.0 / 100 20 / /
Lece
lynwa Crujena-bpekoso. | 5050 | 6041 1 / 178 516 / /
Suplja Stijena-Brskovo
Hpran 184+12 | 89+0.6 | 284+13 | 58404 | 118 >19 305 9
Crnac
1O JIGKITHITE 31249 | 10.0+0.3 | 37448 | 82402 | 178 >16 276 >11
whole deposit
670m 328+10 | 9.2+0.2 | 39248 | 7.2+02 | 206 >14 308 >9
g E 690m 35348 | 8.2+0.2 | 418+7 | 6.0+0.2 | 253 >12 317 8
%.9 710m 27249 | 11.9+0.5 | 33149 | 10.4+02 | 108 >20 208 >14
g s
Z
> Ky 23749 | 120405 | 31349 | 113405 | 54 >23 165 17
yellow
MPHH 34949 | 9.1+0.3 | 404+8 | 6.7+0.1 | 240 >13 332 8
brown

CxopHO mpoceyHuM ofipebeHym rtemmeparypama,
IIpMKa3aHNX y Tabem 3, Kao U APyruM HOjefHay-
HVIM BPeJHOCTUMa, IIpUKasaHo y Tabemu 1, mpoy-
JaBaHa Py/jHa JIeKWIITA Cy ITOfle/beHa Y TPU IpyIIe:

1. Hucko TemnepatypHu pernos (<200 °C) 3a pygHa
nexxuira Jlene, lllynba Ctujena-bpckoso u LpHary

2. Cpepnme Temneparypuu peruoH (on 200 go 450
°C) 3a pynHa nexuniura Kivkepak u Cenanai; u

3. Bucoko temueparypHu peruos (>450 °C) 3a pygHa
nexxuTa Tperrda, Jamweso, [Ipeunma u Lipsenn bper.

Haurrh u 1p.,1998) cy mpoydaBanu M30TOICKK
cacTaB CyMmmopa y cyadupuMa pygHOT JIeXMINTa
KmxeBak. FbuxoBuM mpoyuaBamyma yTBpheH je
yckn S BapujalMoOHM MHTEpBaa KOJ TaJleHuTa
(2,19 %o), camepura (1,70 %o) u muputa (1,36 %o)
KOjU yKasyje Ha CTaOUIIHe yCIOBe y XUAPOTEpMa-
HOM cucreMy (y3aK TeMIIepaTypHM OIICeT), a ILITO
je y BpIo f06poj carnacHOCTY ca pe3ynTaTuma y
oBoMe papy (T.j. o 225 go 465, mpoceuro 312 °C).
Hobujene npoceune 8*S BpenHocru us paga JaH-
ruh-a u gp., 1998, tabene 1 u 2, cy uckopuuthene
3a IIPOLIeHy TeMIlepaType OBOT PY/HOT JIEKMUIITA y
OBOM pajy (T.j. yIJIaBHOM ca XOpM30OHTa Ha 690m,
360r Tora mTO je Beh1Ha HBUXOBUX IPOYYaBAHUX
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According to table 3, the average determined tem-
peratures, as well as to the other individual values,
table 1, the studied ore deposits are separated into
three groups:

1. Low temperature region (<200 °C) for the ore de-
posits Lece, Suplja Stijena-Brskovo and Crnac;

2. Middle temperature region (from 200 to 450 °C)
for the ore deposits Kizevak and Selanac; and

3. High temperature region (>450 °C) for the ore
deposits Trepca, Janjevo, Prec¢ica and Crveni Breg.

Dangi¢ et al. (1998) studied isotopic sulfur com-
position of sulfides from the Kizevak ore deposit.
With their studies it was determined narrow &*S
variation interval at galena (2.19 %o), sphalerite
(1.70 %o) and pyrite (1.36 %o) which indicate to
the stable conditions in the hydrothermal system
(narrow temperature range), and in a very good
agreement with the results in this paper (i.e. from
225 to 465, average 312°C). Obtained average §*S
values from paper by Dangi¢ et al. (1998, Tables
1 and 2) were used for estimating the tempera-
ture of this ore deposit in this paper (i.e. mainly
for the horizon at 690m, because the majority of
their studied samples (6) is from that horizon, one
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y3opaka (6) ca TOT XOPM30HTA, jefiaH je ca XOPU30H-
Ta Ha 670m 1 ABa ca XOpu3oHTa Ha 710m, 1. a.).

IIpBo, 3a mpoueHy TeMmueparype KopuiheHa
je xammOpaloHa KpuBa JaTa of cTpaHe Rye u
Czamanske (1969) xop Field u Moore (1971, Cnu-
ka 6). IIpepauynare cy pasmuke usmeby onrosa-
pajyhux MuHepamuyux mapoBa: c¢anepuT-rae-
HuT  (A=4,910-2,975=1,935), nwmpwur-chanepur
(A=6,700-4,910=1,790) u tupur-ranenut (A=6,700-
2,975=3,725). OBu noganyu cy gabe KopuiheHu 3a
Zobujame TeMIepaType IOCTaHKa of oko 350 °C,
IITO je y M3BaHPENHO] CAIIACHOCTY ca HOOMjeHOM
BpepgHourhy 3a XOpu3oHT Ha 690m ox 353+8°C, npu-
KasaHo y Tabenn 3.

Ipyro, xopuutheH je perpecuoHu nspas AaT of
crpae Ohmoto u Rye (1979) sa ompebusame
TeMIleparype IyTeM CanepuT-raleHuT pasinKe
(A=1,935). Ha oBakaB HauuH, HoOMjeHa je TeMIle-
parypa o 341 °C, mTo je Takobe y usBaHpenHoj
CaIJIaCHOCTM Ca NPEeTXONHUM IIpoydyaBamMMa 3a
XOpU30HT Ha 690m.

JobujeHe pasnuke y TeMIeparypaMa 13 pPyRHOT
nexumra Kimkesak o 272+9 pgo 353+8 °C Hucy
MHOTO M3pa)keHe, IITO je Takobhe y caracHocTy ca
mobujeHUM pesynaTaTiMa of, cTpaHe [lanruh u fp.
(1998) 1 Cymap (2001 u 2003).

Kao mTo ce Moxe BUIeTH, OOMjeHN Pe3ynTaTH n3
IPeJIOKEHOT YeTBOPO-KOMIOHEHTHOT JMjarpama
Cy IO3UTVBHY ¥ 0Xpabpyjyhu 36or Tora mro Bemn-
ka BehnHa y3opaka mokasyje MHOTO 06jeKTVBHIje
noypatke off oHUX fobujennx momohy Kullerud-ose
(1953) xpuBe M jemHauMHe M AUjarpaMa Koju Cy
npepcraswmm Lusk u Ford (1978). OBo je mposepe-
HO mopebemeM ca pesynrarima Koji ¢y goOujeHm
MHOI'IM APYIrM Me€TOJaMa ! MMHEpaanMa.

Ca crmuxe 4 1 u3 Tabena 2 11 3 MOXKe ce 3aK/bYIUTH ia
2(Fe,Mn,Cd)S cagpskaju HICY Off KOPUCTH 3a 06jeK-
THMBHE 3aK/byuKe, 300T TOra LITO ITOKA3yjy 3HAYajHO
Bulie fobujere TeMueparype (A=100 °C 3a LlpHar n
A=55-76 °C 3a KmxeBak) u Hipke mputucke (A=3,1
kbar-a 3a Lpuar n A=0,7-2,4 kbar-a 3a KiokeBax),
Hero OHM Koju ¢y gobujenn n3 FeS campixaja, a mto
je y Bp7o 06poj CarIaCHOCTH Ca MPETXOAHUM IIPO-
y4aBamuma (Scott, 1973; Toulmin u mp., 1991; Tan-
urth u Cygap, 2005; u Tanunh, 2018).

3AKJbYYAK

spabena je um mpemnoxena I ommmja deTBO-
po-kommoHeHTHOT 2 -FeS-P-t mujarpama. 3a ko-
puinheme OBaKBOT [yjarpaMa JOBOBHO je CaMo
fla ce U3pavyHa AMMeHsMja jenuHudHe hemuje (a))
u fa ce gobuje cappxaj FeS kommoHeHTe mpoy4a-

is from horizon at 670m and two from horizon at
710m, a. r.).

First, for the estimation of temperature it was used
calibration curve by Rye and Czamanske (1969) at
Field and Moore (1971, Figure 6). There were recalcu-
lated the differences between the corresponding min-
eral pairs: sphalerite-galena (A=4.910-2.975=1.935),
pyrite-sphalerite (A=6.700-4.910=1.790) and py-
rite-galena (A=6.700-2.975=3.725). These data were
further used for obtaining formation temperature
of about 350 °C, what is in excellent agreement with
the obtained value for the 690m horizon of 353+8°C
(Table 3).

Second, it was used the regression expression
by Ohmoto and Rye (1979) for the temperature
determination by the sphalerite-galena differ-
ence (A=1.935). At such manner, it was obtained
temperature of 341 °C, which is also in excellent
agreement with previous studies for the 690m
horizon.

Obtained differences of temperatures from the
Kizevak ore deposit from 272+9 to 353+8 °C are
not much pronounced, what is also in agreement
with the obtained results by Dangi¢ et al. (1998) and
Sudar (2001 and 2003).

As it could be seen, the obtained results from pro-
posed four-component diagram are positive and
encouraging because the great majority of samples
show more objective data than that obtained by
Kullerud’s (1953) curve and equation and diagram
which were presented by Lusk and Ford (1978).
This is checked with comparison with the results
which were obtained by many other methods and
minerals.

From figure 4 and tables 2 and 3 it can be con-
cluded that the X(Fe,Mn,Cd)S contents are not
useful for the objective conclusions, because they
show considerable higher obtained temperatures
(A=100 °C for Crnac and A=55-76 °C for Kize-
vak) and lower pressures (A=3.1 kbar for Crnac
and A=0.7-2.4 kbar for Kizevak), than that ob-
tained from the FeS contents, and in very good
agreement with the previous studies (Scott, 1973;
Toulmin et al., 1991; Tan¢i¢ and Sudar, 2005; and
Tancié, 2018).

CONCLUSION

It was constructed and proposed I option of the
four-component a -FeS-P-t diagram. For use of
such diagram it is only enough to calculate the unit
cell dimension (a)) and obtain the content of the
FeS component of the studied sphalerite, and then
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BaHOT cdajepuTa, a fla ce 3aTMM Ha OCHOBY THUX
BPEHOCTY OffpefiyI TeMIlepaTypa U MPUTHUCAK Ibe-
rOBOI HacTaHKa. [loOMjeHM pesynTaTu Cy IO3M-
TUBHU M oxpabpyjyhu ycnen Tora mito je Benmka
BehVHa TeMIlepaTypHUX BPEIHOCTH 3a PyHHA Jle-
xknmrta Jlene, Hlynma Crujena-bpckoso, 1pHarii,
Kmxesak, Cenanan, Tpemnya, Jameso, [Ipeunna n
Lipsenn bper y carmacHOCTH ca pe3y/nTaTMMa Koju
Cy BobujeHu [pyTUM MeTofiaMa/MUHepaIiMa, a Ta-
xobe cy 1 60/bM Of OHUX KOjy Cy HOOMjeHM IPEKO
Kullerud-ose (1953) xpuBe. JobujeHn mpuTUCIu
3a HIDKe TeMIlepaType Cy HajBepoBaTHUje HEIITO
BUIIM HETO IITO je TO y CTBAPHOCTHM, alu Takobe
MHOTO 0O0/bM HEro OHM KOju Cy JOOMjeHM IIpeKo
jemHauMHe ¥ Ayjarpama Koje cy mpepcraBmiu Lusk
u Ford (1978).

OunrnenHy Cy Marbe VM BUIIE PasINndNTU yC/IOBA
IIOCTAaHKa 3a UCIUTHBaHe cajepuTe M pasImunTa
PYyZiHA JIEKMINTA, KOjU Cy MOJE/hEeHN Y TPU TpyIe:
HIICKO, CPeJithe ¥ BICOKO TeMIIEPAaTypPHU PETMOH.

ITorspheno je ma X(Fe,Mn,Cd)S cappxaju Hucy og
KOPUCTH 3a 00jeKTMBHe 3aK/byduKe 300r TOra ILITO
I0Ka3yjy 3Ha4ajHO BUIlle JOOUjeHe TeMIlepaType 1
HIDKe TIPUTHUCKE Off OHUX KOji Cy KOOUjeHM IpeKo
FeS cappikaja.

Iobujenn nomauy MOTBphyjy mpermocraBke gare
op crpane Tanumh-a (2018), T.j. ma cy muMeHsuje
jemuunune henmje (a ) Beoma BaxkHe, a ia chaneput
MOXKe OVTH Off KOPMCTHU 3ajeJHO U Kao Te0TepMo-
MeTap 1 Kao reobapomerap.
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