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JUBILARNA ,40.KNJIGA RADOVA GEONSTITUTA

Kao §to je poznato, naucni ¢asopis RADOVI Geoinstituta, pokrenut je januara
meseca 1961. god. Relativno kasno pojavijivanje ovog glasila je posledica zabrane
objavljivanja bilo kakvih rezultata istrazivanja nuklernih sirovina na teritoriji SFRJ. U to
vreme ceo svet je imao istovetan stav. Posledica ovakvog stanja bila je veoma niska
afirmisanost istrazivaca Geoinstituta, $to se manifestovalo izuzetno malim broju uradjenih
doktorskih disertacija i magistarskih teza. Tek kada je odrzana Prva medjunarodna
konferencija o primeni atomske energije u mirnodopske svrhe, 1955. u Zenevi, a ubrzo i
Druge (odrzane 1958. god), stvoreni su svi preduslovi za otvaranje i na tom planu.
Veoma brzo dolazi do izlaska u javnost sve veceg broja saradnika Geoinstituta sa svojim
rezultatima ispitivanja i istrazivanja. To je izazvalo veliku paznju kod rukovodeceg kadra
ne samo u Geoinstitutu vec¢ i u odgovaraju¢im drzavnim organima (Direkcija za nuklearnu
energiju i Komisija za nuklearnu energiju), te je na osnovu njihove saglasnosti doslo do
pokretanja nau¢nog glasila RADOVI Geoinstituta.

Od prvog broja ovaj Casopis je bio otvoren za sve istrazivace, iz zemlje i
inostranstva, koji su Zeleli da u njemu saopstavaju svoje rezultate istrazivanja, o ¢emu je
u prethodnim brojevima casopisa vise pisano.

Na organizaciji i pripremi ¢asopisa za Stampu, tokom prethodnih 58 godina, veliki
broj istrazivaca je ucestvovao u radu redakcionog odbora. Na c¢elu redakcinih odbora
promenilo se devet (9) glavnih i odgovornih urednika. Prvi je bio Radosav Panti¢, redovni
profesor Univerziteta, a najduZe na ¢elu redakcionog odbora bio je Dr. Veljko Omaljev,
naucni savetnik. On je priredio sve brojeve pocev od broja 16, zakljuéno sa brojem 35.
Ujedno on je i najzasluzniji $to je ¢asopis RADOVI bio od strane Ministarstva za nauku
Srbije kategorisan kao vodeci nacionalni €asopis. Ostali glavni i odgovorni urednici su bili:
Dr. Boris Siko$ek, nauéni savetnik, Dr. Milorad Teofilovié, nauéni savetnik, Mr. Mom¢&ilo
Vukasovi¢, istrazivac saradnik, Slavomir Milovanovic, istrazivac¢, Dr. NadeZda Krsti¢, na-
ucni savetnik, Dr. Vlado Milicevi¢, naucni saradnik i Dr. Radule Popovi¢, nauéni savetnik.

Kako su se tokom 2005. god. stekli svi uslovi za reorganizaciju geoloske delatnosti u
Srbiji, usledilo je ujedinjavanje Geoinstituta sa svih pet organizacija koje su se nalazile u
sastavu Geozavoda (Geozavo — Gemini, Geozavod — HIG, Geozavod — IMS, Geozavod
— Nemetali i Geozavod — InZenjering). Nova organizacija za sada nosi ime Geoinstitut (jer
su se organizacije Geozavoda pripojile Geoinstitutu, kao veé postojecoj drzavnoj nauénoj
instituciji), koja ¢e nakon odgovarajuée odluke Vliade Repubhlike Srbije promeniti ime u
GEOLOSKI INSTITUT SRBIJE. Imajuéi sve to u vidu, ovaj, tj. broj 40, istovremeno je i
jubilarni, a po svemu sudeél bice i poslednii broj, posto ¢e verovatno novi Geoloski institut
Srbije, pokrenuti i novi naucni ¢asopis, ¢ije ima jo$ nije utvrdjeno.

Inace, ovaj broj RADOVA, odnosi se na 2005. god. i sva saopstenja u njemu, tokom
2005. god. su recenzirana, a Redakcioni odbor je usvojio recenzije i doneo odluku o
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njihovom Stampanju. U vezi sa tim, potetkom decembra meseca 2005. god, predat je
zahtev Ministarstvu nauke i zastite Zivotne sredine za finansijsku pomo¢ namenjenu
Stampanju ovog broja Radova. Trazena novCana sredstva su odobrene tako da ce
jubilaran broj Easopisa izaéi iz Stampe na vreme.

S druge strane o¢ekuje se da ée i VESNIK Geozavoda, takodie, biti ugaden, &ime ¢e
se stvoriti svi potrebni preduslovi za pokretanje novog nauénog casopisa Geoloskog
instituta Srbije. Taj novi &asopis ¢e u svakom slu€aju biti sledbenik i korisnik bogatih
tradicija RADOVA Geoinstituta i VESNIKA Geozavoda. Novo naucno glasilo bi trebalo da
ima medjunarodni Redakcioni odbor sastavljen od eminentnih struénjaka. U njemu bi
trebalo da svi nauéni radovi budu publikovani na engleskom jeziku, i ako finansijske
mogucnosti budu dozvoljavale, paralelno da se Stampa i na srpskom jeziku. Treba
upotrebiti sve neophodne napore kako bi to nauéno glasilo bilo kategorisano kao
MEDJUNARODNI CASOPIS, da bude otvoreno istrazivatima ne samo iz Srbije vec i iz
drugih krajeva sveta, kako bi na najbolji mogu¢i nacin reprezentovao svoj nivo i nivo
srpske geoloske nauke.

Glavni i odgovorni urednik
vodeceg nacionalnog nauc¢nog

casopisa RADOVI Geoinstituta

Dr. Radule Popovi¢, dipl. inZ.

geologije, naucni savetnik
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Pavle TANCIC* i Slobodanka SUDAR*

KRISTALOHEMIJSKA ISPITIVANJA SFALERITA 1Z
POLIMETALICNOG Pb - Zn RUDNOG LEZISTA KIZEVAK

(sa 4 slike i 10 tabela)

Kljucne reci: Kizevak, horizonti, sfaleriti, rendgenska ispitivanja, dimenzije jedini¢nih
celija, hemijski sastavi, uticaj Fe, Mn, Cd i Cu.

lzvod: Rendgenskom, hemijskom i spekitrohemijskom metodom ispitani su monomineralni
koncentrati mrkih i Zutih varijeteta sfalerita iz polimetalicnog Pb-Zn rudnog lezZista Kizevak sa
razlicitih horizonata od 670, 6901 710m.

Izracunate su dimenzije jedini¢nih celija sfalerita za koje je potvrdeno da rastu sa porastom sadrzaja
Fe, FeS i X(Fe,Mn,Cd)S i da opadaju sa porastom sadrzaja Cu.

Sastavi sfalerita i njihove dimenzije jediniénih ¢elija su u vecoj ili manjoj meri razli¢iti na razli¢itim
dubinama, a takode se razlikuju kod mrkih i Zutih varijeteta.

Ove razlike se manifestuju takode i u medusobno razli¢itim nagibima linija koja predstavijaju
zavisnost dimenzija jedinicnih celija od sastava sfalerita na razlié¢itim horizontima, kao i kod sfalerita
razlicitih boja.

Ovi medusobno razli€iti nagibi ukazuju na razliCite hemijske sastave (od kojih je najznaéajniji sadrzaj

Fe), ali verovatno i na razlicite uslove postanka sfalerita, a samim tim i na razliite uslove postanka
pojedinih horizonata i varijeteta ovog lezista.

Sadrzaji Z(Fe,Mn,Cd)S najverovatnije nisu pogodni za objektivnije zakljucke u kristalografskom
smislu, jer pokazuju znagajno nize “krajnje” dimenzije jedini€nih celija nego sadrZaji Fe i FeS, koji
pokazuju iste.

Izracunate dimenzije jedini¢nih celija iz rendgenskih ispitivanja su znacajno veée u odnosu na one

koje su izracunate iz jednacina iz literaturnih podataka, pri ¢emu se ta razlika smanjuje sa porastom
Fe i FeS sadrzaja.

UvoD

Sfalerit je cink-sulfid sa 67,06% Zni32,94% S (Janji¢ i Risti¢, 1989). MozZe da
sadrZi Fe (do 20%), Mn (do 8,4%), Ca (do 2,5%), Cd, In, Ga, Cu, Co, Ge, Se, Sn, Ni, TI,
Hg, Ag, itd.

" Geoinstitut, Beograd, Rovinjska 12, e-mail: geoins@beotel.yu.
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Usled razliitog sadrzaja Fe, najceS¢e su Zute, medno-zute, svetlo-mrke, mrke do
cme boje (marmatit), a ponekad zbog sadrzaja Co, Cu 1 As, mogu biti | zelenkasti, Zuti i
narandzasti.

Sfaleriti koji su nastali na viSim temperaturama hidrotermalne faze su obogaéeni sa
Fe, Cu, In, Se i Sn, dok sfaleriti nastali na nizim temperaturama hidrotermalne faze
sadrZze Cd, Ga, Ge, Ni, Hg i Tl. Takode je utvrdeno da su sfaleriti iz karbonatnih stena
obogaceni sa Ge, dok su iz silikatnih stena obogaceni In.

Interesovanje za sfalerite je posebno pocelo da raste pre oko 50 godina kadaje Ku |
l e rud (1953) na osnovu eksperimentalnih podataka utvrdio da rastvorljivost FeS u ZnS
raste sa temperaturom i da sa sadrzajem FeS rastu i dimenzije jedinicnih celija ao.

Medutim, kasnija ispitivanja sintetickih i prirodnih sfalerita su dovela do prilicno
velikih neslaganja, pa ¢ak i do nekih kontradiktornih rezultata.

Ova neslaganja se manifestuju kako u pogledu medusobnog odnosa kristalografskih
podataka i hemijskog sastava, tako i u pogledu pitanja postanka sfalerita, zatim da i
sfalerit mozZe biti koristan kao geotermometar, kao geobarometar, itd.

Posto se do danas i dalje vode polemike oko vecine ovih pitanja, mi cemo se u ovom
delu ispitivanja zadrzati samo na odnosima izmedu kristalografskih parametara i

hemijskog sastava i uporediti literaturne podatke sa podacima koji su dobijeni za sfalerite
iz KiZzevaka.

S tim u vezi, naveSéemo neke od najznacajnijih radova koji razmatraju ovu
problematiku.

Skinneretal (1959) su modifikovali podatke i dijagrame K u | | e r u d-a (1953),
pri Gemu su dobijene vece dimenzije jediniCnih ¢elija ao za iste sadrzaje FeS.

Za razlku od S kinneraetal (1959) koji su utvrdili pravolinijsku zavisnost
dimenzija jedini¢nih Celija ap od sadrzaja FeS,Barton i Toulmin (1966) su utvrdili
krivolinijsku zavisnost i joS vece vrednosti za ap. Oni smatraju da su dimenzije jedinicnih
celija od male koristi za odredivanje sastava prirodnih sfalerita.

S kinner (1961) je ispitivao prirodne i sinteticke sfalerite i ustanovio porast
dimenzija jedinicnih celija ap sa sadrzajem FeS, MnS i CdS. Ova zavisnost je
pravolinijska.

Skinneretal (1959), Skinner(1961)iBarton i Toulmin (1966) su
svoja istrazivanja predstavili takode i matematickim jednaCinama koje prikazuju odnos
izmedu dimenzije jedinicne celije ap i hemijskog sastava.

Sa druge strane, neki drugi autori (npr. S c o tt, 1973) navode podatke da sfaleritski
fazni odnosi ostaju nepromenjeni ¢ak i sa nekoliko wt.% CdS.

Toulminetal (1991) su zakljucili da prisustvo geolo$ki normalnih koncentracija
komponenata kao Sto su CdS, MnS, ZnSe, CoS i sli¢nih ne utiéu na molarnu zapreminu
FeS u sfaleritu.

Od drugih elemenata koji mogu da udju u strukturu sfalerita i da uti¢u na promenu
kristalografskih parametara, izgleda da je najznacajniji Cu.

IstraZivanja koje je sproveo T o u | m i n (1960) ukazuju da zamena Cu u Fe-
sfaleritima smanjuje dimenzije jedini¢nih celija.

Kasnije suWiggins i Craig(1980) potvrdili ovo zapazanje i predstavili

empirijsku jednaginu koja opisuje promenu ose ap sa sastavom sfalerita u sistemu ZnS-
FeS-Cus.

Da CuS ima mnogo znacajniji efekat na molarnu zapreminu FeS u sfaleritu
potvrdeno je i u radu T o u | m i n-a et al. (1991), tako da bi trebalo prisustvo ove
komponente uzeti u obzir.
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U vezi sa kristalografsko-mineralodkim proucavanjima sfalerita u naSoj zemlji,
pronasli smo samo nekoliko podataka koji su uglavnom starijeg datuma: Jankovic¢i
Jankoviéc-Milosavljevic¢(1955),Krstanovié¢ i Krstanovi¢ (1962)i
Nikolié etal (1978).

U ovom radu su prikazani rezultati prvog dela ispitivanja koji su dobijeni
rendgenskom, hemijskom i spektrohemijskom metodom.

Detaljna hemijsko-spektrohemijska ispitivanja sfalerita iz Kizevaka sa dubine od 650
do 830m uradila je S u d a r (2001 i 2003), tako da ¢emo ovom prilikom ispitivati uticaj
samo nekih elemenata (Fe, Mn, Cd i Cu i delimiéno In i Ga).

Na ovaj nacin su detaljno proucene i ispitane kristalografske karakteristike, promene
hemijskog sastava i njihovi medusobni odnosi kod sfalerita razliCitih boja i sa razli€itih
horizonata iz rudnog lezista KiZzevak.

Ovi rezultati ¢e u drugom delu ispitivanja biti upotrebljeni za uporedenje sa
rezultatima nekih drugih lezista, a takode ¢e se razmatrati i pitanje njihove geneze.

PRIPREMA MATERIJALA | PRIMENJENE METODE ISPITIVANJA

Sfaleriti su prvo ru¢no izdvajani pod mikroskopom.

Da bi se dobili monomineralni koncentrati, ovi ru¢no izdvajani sfaleriti su
proci§cavani elektromagnetnom separacijom i teSkim teénostima.

Kontrola svih izdvojenih frakcija je uradena pod mikroskopom, pri ¢emu su
odstranjivane sve necistoce.

Rendgenska ispitivanja uzoraka su izvrSena na rendgenskom difraktometru za prah
“PHILIPS", tip PW 1009 i PW 1051.

Upotreblieno je kobaltno zracenje talasnih duzina ACoKoi=1,78897A i
ACoKa,=1,79284A, koje je filtrirano B-filtrom od gvoZda.

Anodno opterecenje je iznosilo: U=38 kV i |=8 mA. Brzina kretanja goniometra je
iznosila V4=1/8° 26/min, a brzina kretanja papira 400 mm/h. Kori§éen je GM broja¢ sa
sredinom platoa na 1550V. Osetljivost je bila 640 imp/s puna skala, a RC konstanta 4s.

Uzorci su spraseni, a preparati napravljeni u standardnom aluminijumskom ramu
dimenzija 20 x 10 x 1,5mm, a zatim su snimljena slede¢a ugaona podrugja 28: 32,5°-34°;
38°-39° 55°-56,5°; 65,5°-67° 69°-70°% 81,5°-83°% 91°-92,5° 94°-96° 107°-108,5% i 117°-
119°,

Obavljeno je merenje Bragg-ovih uglova (28), i na osnovu tih vrednosti izradunata su
medupljosna rastojanja (d).

Preciznost difraktometra je kontrolisana pre i posle eksperimenata pomoéu metalnog
Si standarda.

Racunanje dimenzija jedini¢nih celija izvrSeno je pomocéu programa LSUCRI
adaptiranog za personalni racéunar.

Sadrzaji Fe, Mn i Cd odredjeni su atomsko-absorpcionom metodom pomoéu
instrumenta PERKIN-ELMER, model 306.

Sadrzaji Cu, In i Ga odredjeni su spektrografom visoke disperzije “LITROU-HILGER”,
model E-478, sa kvarcnom i staklenom prizmom.

Izmereni spektralni opseg je od 2700 do 5000A. Sagorevanje uzorka se obavlja u
jednosmernom luku, pri jacini struje od 8A, uz potpuno sagorevanje mesavine spektralno
Cistog ugljenikovog praha i uzorka u odnosu 1:1.

Snimanje spektra je vrSeno uz kori¢enje desetostepenog rotirajuéeg sektora.
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Kao unutrasnji standardi koriste se germanijum i paladijum. Kontrola radnih grafika
dobijenih na osnovu vestatkih standarda izvodi se pomocu medunarodnih standarda
(USGS, 2Gl).

REZULTATI | DISKUSIJA

| Kristalografsko-hemijske karakteristike

U ovom delu ispitivanja predstavijene su kristalografsko-hemijske karakteristike
ispitivanih monomineralnih koncentrata sfalerita sa razliCitih horizonata, t). sa dubine od
670, 690 710m.

Kao najvaZniji polazni parametri za ovakvu vrstu ispitivanja, predstavljeni su
difraktogrami praha, hemijski sastavi (Fe, Mn, Cd, Cu, In i Ga), izracunate dimenzije
jediniénih éelija i sadrzaji Fe, FeS i Z(Fe,Mn,Cd)S.

Na ovakav naéin mogu se pregledno, ali detaljno, videti sve karakteristike,
medusobne sli¢nosti i razlike izmedu ovih sfalerita.

Prera&unavanje atomskih (Fe, Mn, Cd i Cu) u molekulske (FeS', MnS', CdS' i CuS')
sadrzaje uradeno je po standardnoj analitickoj proceduri za sulfide.

Preragunavanje molekulskih (FeS', MnS' i CdS') u molekulske (FeS?, MnS? i CdS?)
sadrzaje uradeno je po proceduri koju su predloZiliKopp i Kerr (1958), odnosno da 1
mol% CdS = 3,6 mol.% MnS = 11,5 mol.% FeS, kao $to su primenili Nikolic¢ etal
(1978) u svom radu na primeru sfalerita iz lezista Crnac.

1. Horizont 670m

Difraktogrami praha uzoraka 15.611 mrko-Zutog i 15.611 mrko-crvenog sfalerita, sa
odgovarajuéim iz literature (Swanson iFuyat, 1953), prikazani su zajedno u Tabeli 1.

Tabela 1: Difraktogrami praha uzoraka 15.611 mrko-Zutog i 15.611 mrko-crvenog

sfalerita.

JCPDS 05-0566 15.611 mrko-zut 15.611 mrko-crven
hk | d dob_s_ dcalc dobs dcalc
11104 3,1230 3,1335 3,1284 3,1369 3,1290
2 0 0ay 2,7050 2,7140 2,7093 2,7165 2,7098
2 0 0oz 2,7050 27155 2,7093 2,7155 2,7098
2 2 0ay 1,9120 1,9168 1,9158 1,9184 1,9161
2 2 0oz 1,9120 1,9174 1,9158 1,9186 1,9161
31104 1,6330 1,6344 1,6338 1,6352 1,6340
3112 1,6330 1,6355 1,6338 1,6348 1,6340
22204 1,5610 1,5648 1,5642 1,5655 1,5645
22202 1,5610 1,5652 1,5642 1,5656 1,5645
40 0oy 1,3510 1,3550 1,3547 1,3552 1,3549
4 0 Ocz 1,3510 1,3552 1,3547 1,3553 1,3549
33104 1,2400 1,2434 1,2431 1,2435 1,2433
33102 1,2400 1,2433 1,2431 1,2435 1,2433
4 2 004 1,2090 1,2114 1,2116 1,2117 1,2118
4 2 002 1,2090 1,2115 1,2116 1,2116 1,2118
42204 1,1034 1,1058 1,1061 1,1059 1,1063
42202 1,1034 1,1060 1,1061 1,1060 1,1063
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i JCPDS 05-0566 15.611 mrko-Zut 15.611 mrko-crven
hkl d dobs dealc dobs deale

51 1014 1,0403 1,0423 1,0428 1,0426 1,0430

51 102 1,0403 1,0425 1,0428 1,0426 1,0430

Hemijski sastavi uzoraka 15.611 mrko-Zutog i 15.611 mrko-crvenog sfalerita,
zajedno sa vrednostima za Fe, FeS i Z(Fe,Mn,Cd)S, prikazani su u Tabeli 2.

Tabela 2: Hemijski sastavi uzoraka 15.611 mrko-zutog i 15.611 mrko-crvenog sfalerita.
Hemijski 15.611 mrko-zut l 15.611 mrko-crven
sastav % :
Fe 1,41 7,80
Mn 0.06 0,13
Cd 0,24 0,21
Cu 0,0300 0,0316
In 0,0018 0,0450
Ga 0,0008 0,0050
FeS' 2,22 12,28
i MnS’ 0,10 0,21
[ Cds’ 0.31 0,27
CuS' 0,0451 0,0475
| FeS* 2,22 12,28
MnS* 0,32 6,10 0,67 16,05
[ s 3,56 3,10

2. Horizont 690m

Difraktogrami praha uzoraka 15.623 Zutog i 15.604 mrkog sfalerita, sa odgovarajucim iz

literature (SwansoniF uyat, 1953), prikazani su zajedno u Tabeli 3.

Tabela 3: Difraktogrami praha uzoraka 15.623 Zutog i 15.604 mrkog sfalerita.

JCPDS 05-0566

15.623 Zut 15.604 mrk

et hkl d dobs dcalc dobs dcalc
11104 3,1230 3,1332 3,1284 3,1322 3,1286

| 20004 2,7050 2,7124 2,7093 2,7128 2,7095
2 0 Ocez 2,7050 2,7133 2,7093 2,7104 2,7095
2 2 0oy 1,9120 1,9168 1,9158 1,9156 1,9159
2 2 0oz 1,9120 1,9177 1,9158 1,9168 1,9159
31104 1,6330 1,6342 1,6338 1,6341 1,6339
31102 1,6330 1,6349 1,6338 1,6354 1,6339
2 2 204 1,5610 1,5646 1,5642 1,5644 1,5643
2220 1,5610 1,5644 1,5642 1,5644 1,5643
4 0 0oy 1,3510 1,3548 1,3546 1,3550 1,3547
40 Oz 1,3510 1,3547 1,3546 1,3550 1,3547
33 104 1,2400 1,2429 1,2431 1,2428 1,2432
33102 1,2400 1,2430 1,2431 1,2433 1,2432
4 2 0y 1,2090 1,2113 1,2116 1,2113 1,2117
4 2 0oz 1,2090 1,2122 1,2116 1,2119 1,2117
4 2 204 1,1034 1,1058 1,1061 1,1058 1,1061
42 20 1,1034 1,1059 1,1061 1,1059 1,1061
51 104 1,0403 1,0426 1,0428 1,0427 1,04259;
5110z 1,0403 1,0427 10428 | 1.0430 1,042
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Hemijski sastavi uzoraka 15.623 Zutog i 15.604 mrkog sfalerita, zajedno sa vrednostima

Tabela 4: Hemijski sastavi uzoraka 15.623 2ut_c_)_?_\i 15.604 mrkog sfalerita,

za Fe, FeS i X(Fe,Mn,Cd)S, prikazani su u Tabeli 4.

Hemijski 15.623 zut e 15.604 mrk
sastav %
Fe 1,35 _ 519 ]
Mn 0,05 007
Cd 0,25 018
Cu 0.0170 _& 0,2000
In 0,0006 | S 0.0130
Ga 0,0032 ~0,0025 ol
FeS' 2,12 847 ]
MnS’ 0,08 __ oM
Cds'’ 0,32 ) 0,23
CuS’ 0,0256 ~__0,3009
FeS® 2,12 8.17 |
MnS® 0,26 6,06 035 | 11,16
Cds* 3,68 2,64 (

3. Horizont 710m

Difraktogrami praha uzoraka 15.635 Zutog, 15.633 Zutog, 15.634 mrkog i 15.629
mrkog sfalerita, sa odgovarajucim iz literature (Swanson i Fuyat, 1953), prikazani
su zajedno u Tabeli 5.

Tabela 5: Difraktogrami praha uzoraka 15.635 Zutog, 15.633 Zutog, 15.634 mrkog i

15.629 mrkog sfalerita.

JCPDS 05-0566 15.635 zut 15.633 zut 15.634 mrk ~15.629 mrk
hkl d Qons | dewc | dons | deae | dons deatc obs Oeac
111ay 3.1230 | 3,1352 | 3,1283 | 3,1356 | 3,1284 | 3,1351 | 3,1285 | 3,1356 | 3,1287

111, 3,1230 | 3,1356 | 3,1283 3,1354 | 3,1285

2 0 Oa4 2,7050 | 2,7140 | 2,7092 | 2,7140 | 2,7092 | 2,7145 | 2,7093 | 2,7153 | 2,7095
2 0 Oc 2,7050 | 2,7145 | 2,7092 | 2,7127 | 2,7092 | 2,7121 | 2,7093 | 2,7136 | 2,7095
2 2 0oy 1,9120 | 1,9166 | 1,9157 | 1,9167 | 1,9157 | 1,9173 | 1,9158 | 1,9174 | 1,9159
2200, 1,9120 | 1,9169 | 1,9157 | 19177 | 1,9157 | 1,9168 | 1,9158 | 1,9174 | 1,9159
311a4 1,6330 | 16345 | 1,6337 | 1,6347 | 1,6337 | 1,6344 | 16338 | 1,6346 | 1,6339
311, 1,6330 | 1,6352 | 1,6337 | 16353 | 16337 | 1,6351 | 1,6338 | 1,6348 | 1,6339
222a 1,5610 | 1,5650 | 1,5642 | 1,5646 | 1,5642 | 1,5649 | 1,5642 | 1,5648 | 1,5643
2220, 1,5610 | 1,5649 | 1,5642 | 1,5651 | 1,5642 | 1,5654 | 1,5642 | 1,5656 | 1,5643
4 0 0oy 1,3510 | 1,3545 | 1,3546 | 1,3547 | 1,3546 | 1,3548 | 1,3547 | 1,3548 | 1,3548
4 0 Oc, 1,3510 | 1,3551 | 1,3546 | 1,3547 | 1,3546 | 1,3545 | 1,3547 | 1,3542 | 1,3548
33 1a4 1,2400 | 1,2431 | 1,2431 | 1,2430 | 1,2431 | 1,2429 | 1,2431 | 1,2431 | 1,2432
331a; 1.2400 | 1,2434 | 1,2431 | 1,2428 | 1,2431 | 1,2429 | 1,2431 | 1,2434 | 1,2432
4 2 0oy 1,2090 | 1.2112 | 1,2116 | 1,2115 | 1,2116 | 1,2119 | 1,2117 | 1,2115 | 1,2117
4 2 Oatp 1,2080 | 1,2116 | 1,2116 | 1,2120 | 1,2116 | 1,2118 | 1,2117 | 1,2114 | 1,2117
42 204 1,1034 | 1,1059 | 1,1060 | 1,1057 | 1,1060 | 1,1056 | 1,1061 | 1,1058 | 1,1062
4220 1,1034 | 1,1060 | 1,1060 | 1,1059 | 1,1060 | 1,1056 | 1,1061 | 1,1064 | 1,1062
511a4 1,0403 | 1,0423 | 1,0428 | 1,0425 | 1,0428 | 1,0425 | 1,0428 | 1,0426 | 1,0429
5110, 1,0403 | 1,.0424 | 1,0428 | 1,0426 | 1,0428 | 1,0430 | 1,0428 | 1,0429 | 1,0429

Hemijski sastavi uzoraka 15.635 Zutog, 15.633 Zutog, 15.634 mrkog i 15.629 mrkog
sfalerita, zajedno sa vrednostima za Fe, FeS i £(Fe,Mn,Cd)S, prikazani su u Tabeli 6.
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Tabela 6: Hemijski sastavi uzoraka 15.635 Zutog, 15.633 Zutog, 15.634 mrkog i 15.629
mrkog sfalerita.

[ Hemijski 156352zut | 156332ut | 15.634mrk | 15.629 mrk
sastav %
[ Fe 0,82 1,06 2,88 4,06
Mn 0,05 0,05 0,11 0,05
Cd = | 0,22 0,21 0,21 0,21
Cu 0,0070 0,0316 0,1200 0,0320
In 0,0300 0,0100 0,0060 0,0600
Ga 0,0004 0,0005 0,0008 0,0090
FeS' 1,29 1,67 4,53 6,39
MnS' 0,08 0,08 0,17 0,08
CdS' 0,28 0,27 0,27 0,27
CuS' 0,0105 0,0475 0,1805 0,0481
FeS* 1,29 1,67 4,53 6,39
MnS® 026 | 477 | 0,26 5,03 0,54 8,17 0,26 9,75
CdS® 3,22 3,10 3,10 3,10

4. lzra¢unate dimenzije jedini¢nih celija i sadrzaji Fe, FeS i
Y(Fe,Mn,Cd)S

Dimenzije jedinicnih ¢elija su izraCunate u prostornoj grupi F 43m uglavnom pomoéu
19 i nesto rede pomocu 20 refleksija koje su prikazane u Tabelama 1, 3 i 5. Ose ap su
prikazane u A, dok su zapremine V, prikazane u A,

Radi poredenja, zajedno sa kristalografskim parametrima prikazane su i vrednosti
sadrzaja Fe, FeS i Z(Fe,Mn,Cd)S (u %) iz Tabela 2, 4 i 6. Ovi rezultati su prikazani u

Tabeli 7.

Tabela 7: Izratunate dimenzije jedini€nih ¢elija i sadrzaji Fe, FeS i £(Fe,Mn,Cd)S.
JcPDS | 15635 | 15633 | 15623 | 19611 | 15634 | 15629 | 15.604 | 13511
05-0566 | zut sut sut | RO ok mrk mrk | TUKO

-zut -crven
do 5406 |5,4184(6)|5,4185(5)|5,4186(4)(5,4186(6)|5,4187(5)|5,4190(5)|5,4189(4)|5,4195(6)
Vo | 157,99 |159,08(5)[159,09(4)[159,10(4)]159,10(5)]159,10(5){159,14(5)[159,13(3)|159,18(6)

Fe 0,82 1,06 1,35 1,41 2,88 4,06 5,19 7,80
FeS 1,29 1,67 2,12 2,22 4,53 6,39 8,17 12,28
Y(FeMn,Cd)S| 4,77 5,03 6,06 6,10 8,17 9,75 11,16 16,05

Iz Tabela 1-7 mozZe se videti da d-vrednosti i izracunate dimenzije jedininih celija
sfalerita rastu sa sadrzajem Fe, FeS i Z(Fe,Mn,Cd)S.

Jedino se izmedu uzoraka 15.629 i 15.604 mrkih sfalerita moze videti manja

nepravilnost porasta kristalografskin parametara u odnosu na sastav, ali koja je u
okvirima standardne greske.

lako su u okvirima standardne greske, ove nize dimenzije jedini¢ne celije kod uzorka
15.604 mrkog sfalerita su verovatno prouzrokovane znacéajno veéim sadrzajem Cu

(0,2000 %) u odnosu na druge ispitivane sfalerite, ali ¢e to biti detaljnije razmatrano u
Poglaviju II-2.

Takode, na ovaj nadin je utvrdeno da su sastavi sfalerita i njihove dimenzije
jediniénih celija u vecoj ili manjoj meri razliCiti na razli€itim dubinama, a takode se
razlikuju za mrke i Zute varijetete™.

* Kao §to se ranije moglo primetiti, iako boja ispitivanih sfalerita varira od Zute, mrko-
Zute, mrko do mrko-crvene, izabrani su termini “mrki” i “Zuti” po preoviadujuéoj boji.
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U odnosu na literaturne podatke (JCPDS 05-0566), svi ispitivani sfaleriti imaju
zna&ajno vece dimenzije jedini¢nih celija od Cistog ZnS.

Il Zavisnost kristalografskog parametra a, i hemijskog sastava

1. Zavisnost kristalografskog parametra ap i hemijskog sastava kod sfalerita iz
Kizevaka

Zavisnost kristalografskog parametra a0 u odnosu na hemijski sastav kod sfalerita iz
KiZzevaka je predstavljena u ovom poglavlju na Slikama 1-3.

Ova zavisnost je predstavijena posebno za celo leziste (Slika 1), za razlicite
horizonte (Slika 2) i za razliCite varijetete po njihovoj boji (Slika 3).

Kori§¢eni podaci za konstrukciju ovih dvo-komponentnih dijagrama su prikazani u
Tabeli 8, pri ¢emu su na abscisu nanosene vrednosti hemijskog sastava, a na ordinatu
vrednosti kristalografskog parametra a0.

Tabela 8: KoriS¢eni podaci za konstrukciju dvo-komponentnih dijagrama.

horizont 670m horizont 690m horizont 710m
15.611 15‘:” 15.623 15.604 15.635 15.633 15.634 15.629
< mrko- o E G
mrko-zut R zut mrk zut Zut mrk mrk

abscisa: hemijski sastav (%)

Fe 1,41 7,80 1,35 519 0,82 1,06 2,88 4,06
FeS 2,22 12,28 2,12 8,17 1,29 1,67 4,53 6,39
¥(Fe,Mn,Cd)S| 6,10 16,05 6,06 11,16 4,77 5,03 8.17 9,75
ordinata: kristalografski parametar a, (A)
ao |5,41aa(6)|5.4195{6)\5.4186{4)|5,4139(4)|5,4134(6)|5,4185(5)]3,4187(5}| 5,4190(5)

Sa Slika 1-3 moze se uociti da se linije za X(Fe,Mn,Cd)S pri ekstrapolaciji seku sa
ordinatom na znacajno nizim “krajnjim” vrednostima dimenzije jedinicnih celija ag nego za
Fe i FeS, koji pokazuju iste.

Zbog toga, sadrzaji Z(Fe,Mn,Cd)S najverovatnije nisu pogodni za objektivnije
zakljucke u kristalografskom smislu od sadrzaja Fe i FeS.

Vrednosti preseka ordinate sa linjama zavisnosti i njihove razlike (u A) su
predstavljene u Tabeli 9.

Tabela 9: Vrednosti preseka ordinate sa linijama zavisnosti i njihove razlike (u A).

r4
Slika ac' (Fe) ao' (FeS) (z(Fe,raOn.c gs) | A% 8! =@y

1 | celo leziste 5,41835 541835 5,41802 0,00033
670m 5,41840 5,41840 5,41805 0,00035

2 690m 5,41850 5,41850 5,41824 0,00026
710m 5,41825 5,41825 541782 0,00043

2 mrki 5,41840 5,41840 5,41808 0,00032
Zuti 5,41810 5,41810 5,41761 0,00049

Iz Tabele 9 moZe se videti da su vrednosti Aap = ap' — ao” za razli¢ite horizonte

najve¢e za 710m i da opadaju ka 670m i 690m, dok su kod razliéitih varijeteta vece za
Zute nego za mrke sfalerite.

Sa Slika 2 i 3 moze se videti da se razlike medu sfaleritima manifestuju takode i u
medusobno razliéitim nagibima linija koja predstavijaju zavisnost dimenzije jedini¢ne
celije ap od sastava sfalerita na razliitim horizontima, kao i kod sfalerita razligitih boja.
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ispitivane oblasti
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Sl. 3: Zavisnost kristalografskog parametra ap u odnosu na hemijski sastav mrkih i Zutih
sfalerita.

Najveci nagib u odnosu na abscisu imaju sfaleriti sa horizonta 710m, zatim sa 670m i
na kraju sa 690m (Slika 2).

Takode, veéi nagib u odnosu na abscisu imaju Zuti u odnosu na mrke sfalerite (Slika
3).
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Pretpostavljamo da ovi medusobno razli€iti nagibi verovatno ukazuju na razligite
hemijske sastave i uslove postanka sfalerita, a samim tim i na razlicite uslove postanka
pojedinih horizonata i varijeteta ovog lezista.

Obzirom na d&injenicu da ove razlke u nagibima nisu mnogo izrazene,
pretpostavljamo da nisu bile ni neke velike razlike u uslovima postanka.

Rezultati koje je predstavila S u d a r (2001 i 2003) ukazuju na izvesna poklapanja sa
ovim pretpostavkama. Po tim podacima, u ovom leziStu su viadali relativho stabilni
fiziCko-hemijski uslovi. Najnize temperaturne promene i najstabilniji uslovi su bili na nivou
od 690m, dok je obnavljanje magmatske aktivnosti bilo prisutno na nivoima od 670 i
710m. Takode, Zuti sfaleriti || generacije su nastali na viSim temperaturama od mnogih
mrkih sfalerita bogatijih gvozdem.

2. Zavisnost kristalografskog parametra a, i hemijskog sastava
sfalerita iz Kizevaka u odnosu na literaturne podatke

Pojedini autori su predstavili zavisnost kristalografskog parametra a; u odnosu na
hemijski sastav sfalerita pomocu matematickih jednacina.

TakosuSkinneretal (1959) korigovali prethodne vrednosti koje je dobioK u |l e
rud (1953) i predstavili zavisnost sledecom jednacinom:

ag = 5,4093 + 0,000456 x (mol.% FeS) (1),
koja je predstavljena pravom linijjom, odnosno, linearna je.

Barton i Toulmin (1966) su utvrdili krivolinijsku zavisnost i jos vece vrednosti
Za ap za iste sadrzaje FeS. Ova zavisnost je izrazena sledecom jednacinom:

ao = 5,4093 + 0,0005637 x (mol.% FeS) — 0,000004107 x (mol.% FeS)’ (2).

S kinner (1961) je ustanovio porast dimenzija jedinicnih celija ap sa sadrzajem
FeS, MnS i CdS. Ova zavisnost je pravolinijska i predstavljena je sledecom jednacinom:

ap = 5,4093 + 0,000456 x (mol.% FeS) + 0,00424 x (mol.% CdS) +
+ 0,00202 x (mol.% MnS) (3).

Iz jednadine (3) preracunom smo dobili slede¢e odnose: 1 mol% CdS = 9,30 mol.%
FeS: 1 mol% MnS = 4,43 mol.% FeS; i 1 mol% CdS = 2,10 mol.% MnS.

Ovi odnosi se razlikuju u odnosu na one kojesudaliKoppiKerr (1958), odnosno
da 1 mol% CdS = 3,6 mol.% MnS = 11,5 mol.% FeS.

Wiggins i Craig (1980) su predstavili empirijsku jednacinu koja opisuje
promenu ose ap sa sastavom sfalerita u sistemu ZnS-FeS-CusS:

ap = 5,4093 + 0,05640 x (Nres) — 0,04110 x (Nres)z +0,02713 x (Ncus) —
—0,7005 x ((Ncus) X (Nres)) + 1,3504 x (CuS)? 4),

gde su Nres i Ncus molske frakcije.

Za "CuS” u ovoj jednacini nije dovoljno jasno o cemu se radi, ali pretpostavijamo da
je Stamparska greska i da je to takode molska frakcija “Ncus”. Da nije tako, dimenzije ap bi
imale suviSe visoke i neuobi¢ajene vrednosti, a koje smo dobili prilikom matematickog
proveravanja.

U sva ova cetiri rada je ista po€etna vrednost za ag (t.j. za Cist ZnS bez FeS) koja
iznosi 5,4093A. Ova vrednost je priliéno veéa od vrednosti koju sudaliSwanson i
Fuyat (1953), a koja iznosi 5,406A.

Da bi se videlo koje su razlike izmedu vrednosti izracunatih dimenzija jedini¢nih ¢elija
ao sfalerita iz Kizevaka (koje su dobijene metodom najmanjih kvadrata preko programa
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LSUCRI) sa vrednostima koje su dobijene iz njihovog hemijskog sastava preko jednacina
(1), (2), (3) i (4), napravijena je Tabela 10.

Tabela 10: Izracunate dimenzije jedininih ¢elija ag i njihove razlike.

15635 | 15633 | 15.623 | 19611 | 45634 | 15620 | 15.604 | 12611

zut zut zut mzrt?_ mrk mrk mrk ?rl\.a?r;

FeS 1,29 1.67 212 2,22 4,53 6.39 8,17 12,28

[ MnS 0,08 0,08 0,08 0,10 0,17 0,08 0,11 0,21
CdS 028 | 027 0,32 0,31 0,27 0,27 0,23 0,27
CuS 0,01 0,05 0,03 0,04 0,18 0,05 0,30 0,05

a, (LSUCRI) | 54184 | 54185 | 54186 | 54186 | 54187 | 54190 | 54189 | 54195

a,’ (jedn. (1)) | 5.4099 | 54101 | 54103 | 54103 | 54114 | 54122 | 54130 | 54149

a.’ (jedn. (2)) | 54100 | 54102 | 54105 | 54105 | 54118 | 54127 | 54136 | 54156

ao (jedn. (3)) | 54112 | 54114 | 54118 | 54118 | 54128 | 54135 | 54142 54165

[a0" (jedn. (4)) 54100 | 54102 | 54105 | 54105 | 54118 | 54127 | 54136 | 54156

Aap =ag—ap 0,0085 | 0,0084 | 0,0083 | 0,0083 | 0,0073 | 0,0068 | 0,0059 | 0,0046

Adc=a,-a,, | 00084 | 0,0083 | 0,0081 | 0,0081 | 0,0069 | 0,0063 | 0,0053 | 0,0039

Aac=a,—a,’ | 0,0072 | 0,0071 | 0,0068 | 0,0068 | 0,005 | 0,0055 | 0,0047 | 0,0030

4 5

Aag=a,-a, | 0,0084 | 0,0083 | 0,0081 | 0,0081 | 0,0069 | 0,0063 | 0,0053 | 0,0039

Iz Tabele 10 moZe se videti da su izratunate vrednosti a;° mnogo vece od
izradunatih vrednosti a;' > *'*. Samim tim, razlike izmedu ovih vrednosti Aag" * 314 sy
znacajne | smanjuju se sa porastom sadrzaja FeS, a u jednacini (3) takode i sa

sadrzajem MnS i CdS.

Vrednosti za a,° i a;' su podjednake, a samim tim i za Aac” i Aao’, $to nije
iznenadujuce, zbog toga Sto su Wiggins i Craig(1980) kao osnovu za svoju
jednacinu (4) koristili vrednostiB arton-a i Toulmin-a(1966) i zato $to su u
ispitivanim uzorcima sfalerita vrednosti za CusS relativno niske.

Zavisnost kristalografskog parametra ap sfalerita iz Kizevaka u odnosu na jednacine
(1) i (2), prikazana je na slici 4.

Sa Slike 4 moze se takode videti da je zavisnost kristalografskog parametra a0
sfalerita iz Kizevaka priliéno razli¢ita u odnosu na ove literaturne podatke.

Ove razlike nisu nepoznate jer na njih ukazuju i neki drugi autori (npr.
Krstanovi¢ i Krstanovic 1962) i bice detaljnije razmatrane u drugom delu
nasih ispitivanja.

Te razlike takode mogu da ukazu na razli€iti postanak, a takode i na uticaj pojedinih
mikro elemenata na dimenzije jedinicnih celija.

U vezi sa tim, na Slici 4 jasno se moze videti smanjenje vrednosti dimenzija
jediniénih ¢elija kod uzoraka 15.634 mrkog i 15.604 mrkog sfalerita koji imaju najveée
vrednosti sadrzaja CuS (0,18 i 0,30 mol. %) u odnosu na druge uzorke.

Na ovaj nacin se potvrduju zakljuéci Toulmin-a (1960), Wiggins-a i Craiga
(1980) i T o u | m i n-a et al. (1991) da zamena Cu u Fe-sfaleritima smanjuje dimenzije
jediniénih celija.

Sto se tiGe uticaja ostalih komponenti, S ¢ o t t (1973) navodi podatke da sfaleritski
fazni odnosi ostaju nepromenjeni ¢ak i sa nekoliko wt.% CdS.

Toulminetal (1991) su dosli do zaklju¢ka da prisustvo geolodki normalnih
koncentracija komponenata kao §to su CdS, MnS, ZnSe, CoS i sli¢nih, ne utiCu na
molarnu zapreminu FeS u sfaleritu.
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Sl. 4: Zavisnost kristalografskog parametra a, sfalerita iz Kizevaka u odnosu na jednacine
(1)i(2). Linije: 1-Skinneretal (1959);2-Barton i Toulmin (1966).

Zbog toga, mislimo da sadrzaji £(Fe,Mn,Cd)S ako se radunaju po formulama koje su
prikazaliKopp i Kerr(1958)iSkinner (1961), najverovatnije nisu pogodni ni za
objektivnije zakljuc¢ke u kristalografskom smislu, a ni za objektivnije zakljuéke u smislu
geneze, ve¢ samo sadrZaji Fe i FeS.

_Nisu pronadeni nikakvi literaturni podaci koji ukazuju da In i Ga imaju nekog bitnijeg
uticaja na dimenzije jedini¢nih celija, a pogotovo $to se javljaju u mikro sadrzajima (u
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ppm). Takode, ni u ovom radu nisu primeceni neki bitniji uticaji ova dva elementa na
kristalografske parametre.

Medutim, obzirom da odnos Ga/ln moze da ukaze na temperaturne promene
stvaranja sfalerita (Arsenijevic¢, 1986), viSe éemo tome posvetiti paZznju u drugom
delu nasih ispitivanja koja ce biti u vezi sa genezom.

ZAKLJUCAK

U ovom delu ispitivanja rendgenskom, hemijskom i spektrohemijskom metodom
ispitani su monomineralni koncentrati mrkih i Zutih varijeteta sfalerita iz polimetali€nog
Pb-Zn rudnog lezista Kizevak sa razlicitin horizonata od 670, 690 i 710m.

Rezultati rendgenskih ispitivanja su prikazani u Tabelama 1, 3 i 5, a rezultati
hemijskih i spektrohemijskih sastava u Tabelama 2, 4i 6.

lzracunate su dimenzije jedinicnih celija sfalerita za koje je potvrdeno da rastu sa
porastom sadrzaja Fe, FeS i £(Fe,Mn,Cd)S (Tabela 7 i Slike 1-3), a koje opadaju sa
porastom sadrzaja Cu (Tabela 10 i Slika 4).

Sastavi sfalerita i njihove dimenzije jediniCnih celija su u vecoj ili manjoj meri razliciti
na razli¢itim dubinama, a takode se razlikuju kod mrkih i Zutih varijeteta.

Ove razlike se takode manifestuju i u medusobno razliCitim nagibima linija koja

predstavljaju zavisnost dimenzija jediniCnih celija od sastava sfalerita na razliCitim
horizontima, kao i kod sfalerita razliCitih boja, a $to moze da se vidi na Slikama 2 3.

Ovi medusobno razli€iti nagibi pre svega ukazuju na razliCite hemijske sastave (od
kojih je najznacajniji sadrzaj Fe), ali najverovatnije i na razliCite uslove postanka sfalerita,
a samim tim i na razliCite uslove postanka pojedinih horizonata i varijeteta ovog leZista.

Obzirom da ove razlike u nagibima nisu mnogo izrazene, pretpostavijamo da nisu
bile ni velike razlike u uslovima postanka, a $to je u saglasnosti sa prethodnim
rezultatima (Sud ar, 2001 i 2003).

Sadrzaji ¥(Fe,Mn,Cd)S najverovatnije nisu pogodni za objektivnije zakljucke u
kristalografskom smislu, jer pokazuju znacajno nize “krajnje” dimenzije jedini¢nih celija
nego sadrzaji Fe i FeS koji pokazuju iste, a Sto je prikazano u Tabeli 9.

IzraGunate dimenzije jedinicnih celija iz rendgenskih ispitivanja su znagajno veée u
odnosu na one koje su izracunate iz jednacina iz literaturnin podataka, pri ¢emu se ta
razlika smanjuje sa porastom Fe i FeS (Tabela 10 i Slika 4).

Na ovakav nacin su predstavijene kristalografske karakteristike, hemijski sastavi i
njihovi medusobni odnosi na primerima sfalerita iz Kizevaka, Sto predstavija prvi deo
ispitivanja.

Trebalo bi napomenuti da, iako su neke ¢injenice u vezi sa kristalografsko-hemijskim

karakteristikama sfalerita ovde potvrdene, mnoga pitanja u vezi sa ovom problematikom
ostaju i dalje otvorena.

U drugom delu ispitivanja ovi rezultati ée biti uporedeni sa rezultatima za sfalerite iz
drugih lezista, a takode ¢e biti razmatrana i pitanja u vezi njihovog nastanka.

Recenzent: Prof. Dr Ljubomir Cvetkovié
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Abstract

CRYSTALLOCHEMICALY INVESTIGATIONS OF THE
SPHALERITES FROM THE POLYMETALLIC Pb - Zn ORE
DEPOSIT KIZEVAK

by
Pavle Tanci¢* and Slobodanka Sudar*

Key words: Kizevak, horizons, sphalerites, X-ray investigations, unit cell dimensions,
chemical compositions, influence of the Fe, Mn, Cd and Cu.

Abstract With the X-ray, chemical and spectrochemical method there were
investigated monomineral concentrations of the brown and yellow sphalerite varietys from

the polymetallic Pb-Zn ore deposit Kizevak from the different horizons at 670, 690 and
710m.

There were calculated sphalerite unit cell dimensions for which it was confirmed that

increase with the increasing of the Fe, FeS and Z(Fe,Mn,Cd)S contents and that
decrease with the increasing of the Cu content.

Sphalerite compositions and their unit cell dimensions are more or less different at
different depths, and also they are different for the brown and yellow varietys.

These differences are also manifested at mutually different slopes of the lines which
are representing the dependence of the unit cell dimensions by sphalerite compositions
from the different horizons, and also for sphalerites of the different color.

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 the sphalerite, and according to that to the different formation
conditions of the individual horizons and varietys of this ore deposit.

Contents of the Z(Fe,Mn,Cd)S most probably are not useful for the objective
conclusions at the crystallographical sense, because they show considerable lower
“ending” unit cell dimensions than Fe and FeS contents, which are showing the same.

Calculated unit cell dimensions from the X-ray investigations are considerable bigger
related to that which are calculated from the equations from the literature datas, while that
difference decrease with the increasing of the Fe and FeS contents.

INTRODUCTION

Sphalerite is zinc-sulphide with 67,06% Zn and 32,94% S (Janjiéand Risti ¢,

1989). It can contain Fe (up to 20%), Mn (up to 8,4%), Ca (up to 2,5%), Cd, In, Ga, Cu,
Co, Ge, Se, Sn, Ni, Tl, Hg, Ag, etc.

" Geoinstitute, Belgrade, Rovinjska 12, e-mail: geoins@beotel.yu
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According to the different Fe content, they are most often yellow, honey-yellow, light-
brown, brown to black color (marmatite), and sometimes because of the Co, Cu and As
content, they could be greenish, yellow and orange.

Sphalerites which were formed at higher temperatures of the hydrothermal phase are
enriched with Fe, Cu, In, Se and Sn, while sphalerites which were formed at lower
temperatures of the hydrothermal phase contain Cd, Ga, Ge, Ni, Hg and TI. It is also
established that sphalerites from the carbonate rocks are enriched with Ge, while from
the silicate rocks are enriched with In.

Interest for sphalerites specialy begin to rise before about 50 years when Kulleru
d (1953) at basis of the experimental data established that solution of FeS in ZnS
increase with the temperature and that with the FeS content increase the unit cell
dimensions ao.

However, later investigations of the synthetic and natural sphalerites arised to the
considerable large disagreements, and even to the some contradictory results.

These disagreements manifested as in the view of the mutually relations of the
crystallographic datas and chemical compositions, and also in the view of the questions
about sphalerite formation, then if sphalerite can be useful as geothermometer, as
geobarometer, etc.

Since up to date there are further polemics about the most of these questions, we
shall in this part of the investigations retain only at the relations between the
crystallographical parameters and chemical compositions and compare the literature
datas with the datas which are obtained for sphalerites from Kizevak.

According to that, we shall mention some of the most important papers which
considerate this problematic.

Skinneretal (1959) modified the datas and diagrams of Ku | |l e r u d (1953),
while there were obtained bigger unit cell dimensions ao for the same FeS contents.

At contrast of S kin n e ret al. (1959) which established linear dependence of the
unit cell dimensions ap by FeS contents, Bartonand Toulmin (1966) established
nonlinear curve dependence and even bigger values for the ao. They believe that unit cell
dimensions are of little benefit for determination of the natural sphalerite composition.

Skinner(1961) investigated natural and synthetic sphalerites and established the
increase of the unit cell dimensions ap with the FeS, MnS and CdS contents. This
dependence is linear.

Skinneretal (1959), Skinner(1961)andBartonand Toulmin (1966)
were their investigations represented also with the mathematical equations which
represented the relation between the unit cell dimension ag and the chemical
compositions.

On the other hand, some other authors (e.g. S c o t t, 1973) cited datas that the
sphalerite phase relations are not changed even at the presence of several wt.% CdS.

Toulmin etal (1991) conclude that the presence of geologically normal
concentrations of such components as CdS, MnS, ZnSe, CoS and like does do not affect
to the partial molar volume of FeS in sphalerite.

From other elements that can enter into the sphalerite structure and to influence to
the variation of the crystallographic parameters, it seems that the most significant is Cu.

Investigations which were performed by T o u | m i n (1960) indicate that substitution
of Cu in Fe-bearing sphalerites reduces the unit cell dimensions.

].aterW igginsandCraig (1980) confirmed this observation and represented an
empirical equation describing the variation of a, axis with composition of sphalerite in the
system ZnS-FeS-CusS.
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That CuS has much significant effect to the molar volume of the FeS in sphalerite

was also confirmed in paper by T o ulmin et al. (1991), so it should be regard to the
presence of this component.

Relative to the crystallographicaly-mineralogical researches of the sphalerites in our
Country, we found a few datas which are mostly of the older date: Jankovi¢andJan

kovic-Milosavljevic(1955), KrstanovicandKrstanovic¢ (1962)and N i
kolicetal (1978).

In this paper there were represented the results of the first part of the investigations
which were obtained with the X-ray, chemical and spectrochemical method.

Detail chemicaly-spectrochemical investigations of the sphalerites from Kizevak from
the depth from 650 to 830m was done by S ud a r (2001 and 2003), so we shall in this
ocassion investigate the influence of only some elements (Fe, Mn, Cd and Cu, and
partialy In and Ga).

At such manner there were in detail researched and investigated the
crystallographical characteristics, variations of the chemical compositions and their
mutually relations at sphalerites with different colors and from different horizons from the
Kizevak ore deposit.

These results will be used in the second part of the investigations for comparison

with the results of some other ore deposits, and also it will be consider the question about
their genesis

MATERIAL PREPARATION AND APPLIED INVESTIGATION
METHODS

Sphalerites were first hand picked under the microscope.

In order to get monomineral concentrations, these hand picked sphalerites were
purified with the electromagnetic separation and with the heavy liquids.

Control of all of the fractions was carried out under the microscope, nevertheless
there were eliminated all the impurities.

The X-ray investigations of the samples were performed by the X-ray diffractometer
for powder "PHILIPS", type PW 1009 and PW 1051.

There was used cobalt radiation with the wave-lengths ACoKa1=1,78897A and
ACoKap=1,79284A, which was filtered by iron B-filter.

Anode load was: U=38 kV and |=8 mA. Goniometer speed was Vg=‘|f8° 26/min, and
running paper speed was 400 mm/h. It was used GM counter with mean plateau at
1550V. Sensitivity was 640 imp/s full scale, and RC constant was 4s.

Samples were powdered, and preparations were made in the standard aluminium
frame with dimensions 20 x 10 x 1,5mm, and then they were recorded in the following 26
angle ranges: 32,5°-34°; 38°-39°; 55°-56,5% 65,5°-67° 69°-70° 81,5°-83°%; 91°-92,5°; 94°-
96° 107°-108,5°% and 117°-119°.

There were accomplished measurements of the Bragg angles (26), and at basis of
that values there were calculated interplanar spacings (d).

Precision of the diffractometer was controlled before and after the experiments with
the metallic Si standard.

Calculation of the unit cell dimensions was accomplished with the programme
LSUCRI for the personal computer.

Contents of the Fe, Mn and Cd were determined with the atomic absorption method
with PERKIN-ELMER, model 306.
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Contents of the Cu, In and Ga were determined with the spectrograph of high
dispersion “LITROU-HILGER", model E-478, with the quartz and glass prism.

The measured spectral range was from 2700 to 5000A. Fusion of a mixture of
spectrally pure carbon powder and sample, in a ratio of 1:1, was carried out in a DC arc
with a current of 8 A.

The registration of the spectrum is carried out with a ten step rotating sector.
Germanium and palladium were used as the internal standards. Control of the
working graphs obtained at the basis of the synthetic standards, representing a basic

intermediate acid rock was carried out with the international geochemical standards
(USGS, ZGl).

RESULTS AND DISCUSSION

| Crystallographically-chemical characteristics

In this part of the investigations there are represented crystallographically-chemical
characteristics of the investigated monomineral concentrations of sphalerites from the
different horizons, i.e. from depth at 670, 690 and 710m.

As the most important starting parameters for this kind of investigations, there are
represented powder diffraction patterns, chemical compositions (Fe, Mn, Cd, Cu, In and
Ga), calculated unit cell dimensions and Fe, FeS and £(Fe,Mn,Cd)S contents.

At such manner it could be seen reviewly, but in detail, all the characteristics,
mutually similarities and differences between these sphalerites.

Calculation of the atomic (Fe, Mn, Cd and Cu) to the molecule (FeS', MnS', CdS'
and CuS') contents was done by the standard analytical procedure for sulphides.

Calculation of the molecule (FeS', MnS' and CdS') to the molecule (FeS?, MnS? and
CdSz) contents was done by the procedure which was suggested by KoppandKerr
(1958), respectively that 1 mol% CdS = 3,6 mol.% MnS = 11,5 mol.% FeS, and which

was applied by Nik o li ¢ et al. (1978) in their paper of sphalerite example from the
Crmac ore deposit.

1. Horizon 670m

Powder diffraction patterns for the 15.611 brownish-yellow and 15.611 brownish-red
sphalerite samples, with responsable from the literature (Swansonand Fuyat,
1953), are represented together at Table 1.

Table 1: Powder diffraction patterns for the 15.611 brownish-yellow and 15.611 brownish-
red sphalerite samples.

JCPDS 05-0566 15.611 brownish-yellow 15.611 brownish-red
hkl d Dobs deate dobs dealc
11104 3.1230 3.1335 3.1284 3.1369 3.1290 |
2 0 0oy 2.7050 2.7140 2.7093 2.7165 2.7098
2 0 0az 2.7050 2.7155 2.7093 2.7155 2.7098
22 0oy 1.9120 1.9168 1.9158 1.9184 1.9161
22 0o 1.9120 1.9174 1.9158 1.9186 1.9161
3110, 1.6330 1.6344 1.6338 1.6352 1.6340
3110, 1.6330 1.6355 1.6338 1.6348 1.6340
2220 1.5610 1.5648 1.5642 1.5655 1.5645
222, 1.5610 1.5652 1.5642 1.5656 1.5645
4 0 0oy 1.3510 1.3550 1.3547 1.3552 1.3549
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 JCPDS 05-0566 15.611 brownish-yellow 15.611 brownish-red
hkl d dobs dealc dobs deae
2000, 1.3510 1.3552 1.3547 1.3553 1.3549
33 10 1.2400 1.2434 1.2431 1.2435 1.2433
33 10 1.2400 1.2433 1.2431 1.2435 1.2433
42 0y 1.2090 1.2114 1.2116 1.2117 1.2118
42 0ct; 1.2090 1.2115 1.2116 1.2116 1.2118
4220 1.1034 1.1058 1.1061 1.1059 1.1063
422 1.1034 1.1060 1.1061 1.1060 1.1063
51 10, 1.0403 10423 |  1.0428 1.0426 1.0430
[ 511w 1.0403 1.0425 1.0428 1.0426 1.0430

Chemical compositions for the 15.611 brownish-yellow and 15.611 brownish-red

sphalerite samples, together with the values for Fe, FeS and X(Fe,Mn,Cd)S, are
represented at Table 2.

Table 2: Chemical compositions for the 15.611 brownish-yellow and 15.611 brownish-red

sphalerite samples.

~ Chemical | 15.611 brownish-yellow | 15.611 brownish-red
composition %
Fe 1.41 7.80
Mn 0.06 0.13
Cd 0.24 0.21
[ Cu 0.0300 0.0316
In 0.0018 0.0450
Ga 0.0008 0.0050
FeS' 2.22 12.28
MnS' 0.10 0.21
Cds’ 0.31 0.27
CuS' 0.0451 0.0475
FeS* 2.22 12.28
 MnS° 0.32 6.10 0.67 16.05
Cds’ 3.56 3.10

2. Horizon 690m

Powder diffraction patterns for the 15.623 yellow and 15.604 brown sphalerite
samples, with responsable from the literature (Swa nson and Fuyat, 1953), are
represented together at Table 3.

Table 3: Powder diffraction patterns for the 15.623 yellow and 15.604 brown sphalerite

samples.
JCPDS 05-0566 15.623 yellow 15.604 brown
hkl d dobs deaic dobs Qesic
11104 3.1230 3.1332 3.1284 3.1322 3.1286
20 00y 2.7050 2.7124 2.7093 2.7128 2.7095
2 0 Octp 2.7050 27138 2.7093 2.7104 2.7095
22 0oy 1.9120 1.9168 1.9158 1.9156 1.9159
2 2 00z 1.9120 1.9177 1.9158 1.9168 1.9159
31104 1.6330 1.6342 1.6338 1.6341 1.6339
3110, 1.6330 1.6349 1.6338 1.6354 1.6339
22204 1.5610 1.5646 1.5642 1.5644 1.5643
2220, 1.5610 1.5644 1.5642 1.5644 1.5643
4 0 0oty 1.3510 1.3548 1.3546 1.3550 1.3547
40 0oz 1.3510 1.3547 1.3546 1.3550 1.3547
3310y 1.2400 1.2429 1.2431 1.2428 1.2432
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JCPDS 05-0566 15.623 yellow
hkl d R 1 dows

331 1.2400 1.2430 1.2431
4200y 1.2090 f211y | 12116
420 1.2090 1.2122 12116
42 2q 1.1034 1.1058 ~ 1.1061
4220 1.1034 1.1059 ~1.1061
51 1ay 1.0403 1.0426 1.0428
511 1.0403 1.0427 | 1.0428

L

15.604 brown _

avs
1.2433
1.2113
12119
1.1058
1.1059
1.0427

1.0430

e
1.2432

_temz |
1.2117

~1.1061
~1.1061

Chemical compositions for the 15.623 yellow and 15.604 brown sphalerite samples,
together with the values for Fe, FeS and X(Fe,Mn,Cd)S, are represented at Table 4.

Table 4: Chemical compositions for the 15.623 yellow and 15.604 brown sphalerite

3. Horizon 710m

samples. -
Chemical | 15.623 yellow | 15.604 brown
composition %
Fe 1.35 519
Mn 0.05 0.07 |
Cd 0.25 0.18
Cu 0.0170 0.2000
In 0.0006 0.0130
Ga 0.0032 0.0025
FeS' 212 8.17
MnS' 0.08 0.11
Cds’ 0.32 0.23
CuS' 0.0256 0.3009
FeS* 2312 8.17
MnS* 0.26 | 6.06 | 0.35 | 11.16
Cds* 3.68 2684 ] |

Powder diffraction patterns for the 15.635 yellow, 15.633 yellow, 15.634 brown and
15.629 brown sphalerite samples, with responsable from the literature (S w a n s o n and
F uyat, 1953), are represented together at Table 5.

Table 5: Powder diffraction patterns for the 15.635 yellow, 15.633 yellow, 15.634 brown
and 15.629 brown sphalerite samples.

JCPDS 05-0566 15.635 yellow 15.633 yellow 15.634 brown 15.629 brown
hkl d dubs dulc gg_b_s dmlc dob: dca!c dobs dc-alc
1110y | 3.1230 | 3.1352 | 3.1283 | 3.1356 | 3.1284 | 3.1351 | 3.1285 | 3.1356 | 3.1287

111a, | 3.1230 | 3.1356 | 3.1283 3.1354 | 3.1285

200a, | 27050 | 2.7140 | 2.7092 | 2.7140 | 2.7092 | 2.7145 | 2.7093 | 2.7153 | 2.7095
200a, | 27050 | 2.7145 | 2.7092 | 2.7127 | 2.7092 | 2.7121 | 2.7093 | 2.7136 | 2.7095
2200 | 1.9120 | 19166 | 1.9157 | 1.9167 | 19157 | 1.9173 | 1.9158 | 1.9174 | 1.9159
2200, | 1.9120 | 1.9169 | 1.9157 | 1.9177 | 1.9157 | 1.9168 | 1.9158 | 1.9174 | 1.9159
311a, | 16330 | 1.6345 | 1.6337 | 1.6347 | 1.6337 | 1.6344 | 1.6338 | 1.6346 | 1.6339
311a, | 16330 | 1.6352 | 1.6337 | 1.6353 | 1.6337 | 1.6351 | 1.6338 | 1.6348 | 1.6339
2220, | 1.5610 | 1.5650 | 1.5642 | 1.5646 | 1.5642 | 1.5649 | 1.5642 | 1.5648 | 1.5643
2220, | 1.5610 | 1.5649 | 1.5642 | 1.5651 | 1.5642 | 1.5654 | 1.5642 | 1.5656 | 1.5643
4000, | 1.3510 | 1.3545 | 1.3546 | 1.3547 | 1.3546 | 1.3548 | 1.3547 | 1.3548 | 1.3548
4000, | 1.3510 | 1.3551 | 1.3546 | 1.3547 | 1.3546 | 1.3545 | 1.3547 | 1.3542 | 1.3548
3310 | 1.2400 | 1.2431 | 1.2431 | 1.2430 | 1.2431 | 1.2429 | 1.2431 | 1.2431 | 1.2432
3310, | 1.2400 | 1.2434 | 1.2431 | 1.2428 | 1.2431 | 1.2429 | 1.2431 | 1.2434 | 1.2432
42004 | 12090 | 1.2112 | 1.2116 | 1.2115 | 1.2116 | 1.2119 | 1.2117 | 1.2115 | 1.2117
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[ JCPDS 05-0566 15.635 yellow 15.633 yellow 15.634 brown 15.629 brown

hkl d B doba dc:.llc dobs dmlc dohs dmlc dobs dc-lk:
4200, | 12090 | 1.2116 | 1.2116 | 1.2120 | 1.2116 | 1.2118 | 1.2117 | 1.2114 | 1.2117
4220, | 11034 | 1.1059 | 1.1060 | 1.1057 | 1.1060 | 1.1056 | 1.1061 | 1.1058 | 1.1062
4220, | 1.1034 | 1.1060 | 1.1060 | 1.1059 | 1.1060 | 1.1056 | 1.1061 | 1.1064 | 1.1062
5110, | 1.0403 | 1.0423 | 1.0428 | 1.0425 | 1.0428 | 1.0425 | 1.0428 | 1.0426 | 1.0429
5110, | 1.0403 T 1.0424 | 1.0428 | 1.0426 | 1.0428 | 1.0430 | 1.0428 | 1.0429 | 1.0429

Chemical compositions for the 15.635 yellow, 15.633 yellow, 15.634 brown and

15.629

brown sphalerite samples,

x(Fe,Mn,Cd)S, are represented at Table 6.

together with the values for Fe, FeS and

Table 6:. Chemical compositions for the 15.635 yellow, 15.633 yellow, 15.634 brown and
15.629 brown sphalerite samples

" Chemical | 15635 yellow | 15.633 yellow | 15.634 brown | 15.629 brown
composition %
' Fe 0.82 1.06 2.88 4.06
Mn 0.05 0.05 0.11 0.05
Cd 022 0.21 0.21 0.21
~ Cu 0.0070 0.0316 0.1200 0.0320
In ~0.0300 0.0100 0.0060 0.0600
Ga 0.0004 0.0005 0.0008 0.0090
FeS' 1.29 1.67 453 6.39
MnS'  0.08 0.08 0.17 0.08
CdsS’ 028 0.27 0.27 0.27
~_Eus’ 0.0105 0.0475 0.1805 0.0481
FeS’ | 1.28: | 1.67 4.53 6.39
MnS? | 026 | 477 [ 026 | 503 | 054 | 817 | 0.26 | 9.75
[ Cds? 3.22 3.10 3.10 3.10

4. Calculated unit cell dimensions and Fe, FeS and Z(Fe,Mn,Cd)S contents

Unit cell dimensions were calculated in the space group F 43m mostly with the 19
and something rarely with the 20 reflections which are represented at Tables 1,3 and 5.
Axis ag are represented in A, while the volumes V, are represented in A%,

Because of the comparison, together with the crystallographical parameters there
are also represented values of the Fe, FeS and X(Fe,Mn,Cd)S contents (in %) from
Tables 2, 4 and 6. These results are represented at Table 7.

Table 7: Calculated unit cell dimensions and Fe, FeS and X(Fe,Mn,Cd)S contents.

15.611 15.611
JCPDS 156.635 15.633 15.623 i 15.634 15.629 15.604
brownish brownish
05-0566 yellow yellow yellow brown brown brown
-yellow -red
a, | 5.406 |[5.4184(6)|5.4185(5)[5.4186(4)[5.4186(6)|5.4187(5)|5.4190(5) [ 5.4189(4) | 5.4195(6)
Vo | 157.99 |159.08(5)|159.09(4) | 159.10(4) [ 159.10(5) | 159.10(5) | 159.14(5) | 159.13(3) | 159.18(6)
Fe 0.82 1.06 1:35 1.41 2.88 4.06 5149 7.80
FeS 1.29 1.67 212 2.22 4.53 6.39 8.17 12.28
Z(Fe,Mn,Cd)S 4.77 5.03 6.06 6.10 8.17 9.75 11.16 16.05

From Tables 1-7 it can be seen that the d-values and calculated unit cell dimensions
of sphalerite increase with the Fe, FeS and Z(Fe,Mn,Cd)S contents.
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Only between the 15.629 brown and 15.604 brown sphalerite samples it can be seen
a small irregularity of increasing of the crystallographic parameters regard to the
composition, but it is in the range of the standard error.

Although it is in the range of the standard error, this lower unit cell dimensions for the
15.604 brown sphalerite are probably caused by the considerable bigger Cu content
(0,2000 %) regard to the other investigated sphalerites, but it will be in detail reconsider in
the Chapter I1-2.

Also, at such manner it was established that sphalerite compositions and their unit
cell dimensions are more or less different at different depths, and also they are different
for the brown and yellow varietys .

"As it could be previously noticed, although the color of the investigated sphalerites
vary from yellow, brownish-yellow, brown to brownish-red, there were chosen “brown”
and “yellow” terms by their predominated color.

Regard to the literature datas (JCPDS 05-0566), all investigated sphalerites has
considerable bigger unit cell dimensions than pure ZnS.

Il DEPENDENCE OF THE CRYSTALLOGRAPHICAL
PARAMETER a, AND CHEMICAL COMPOSITION

1. Dependence of the crystallographical parameter a, and chemical
composition for sphalerites from Kizevak

Dependence of the crystallographical parameter a; regard to the chemical
composition for sphalerites from Kizevak is represented in this Chapter at Figures 1-3.

This dependence is represented individualy for the whole ore deposit (Figure 1), for
the different horizons (Figure 2) and for the different varietys by their color (Figure 3).

Used datas for the construction of these two-component diagrams are represented at
Table 8, while at abscissa there were applied values of the chemical composition, and at
ordinate values of the crystallographical parameter ag.

Table 8: Used datas for the construction of the two-component diagrams.

horizon 670m horizon 690m horizon 710m

15.611 15.611
brownish | brownish
-yellow -red

15.623 15.604 15.635 15.633 15.634 15.629
yellow brown yellow yellow brown brown

abscissa: chemical composition (%)

Fe 1.41 7.80 1.35 5.19 0.82 1.06 2.88 4.06
FeS 222 12.28 212 8.17 1.29 1.67 4.53 6.39
Z(Fe,Mn,Cd)S 6.10 16.05 6.06 11.186 477 5.03 8.17 9.75

ordinate: crystallographical parameter ag (A)

a 5.4186(6) | 5.4195(6) | 5.4186(4) | 5.4189(4) | 5.4184(6) | 5.4185(5) | 5.4187(5) | 5.4190(5)
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Fig. 1: Dependence of the crystallographical parameter a, regard to the chemical

composition for the whole ore deposit.
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From the Figures 1-3 it could be noticed that the lines for Z(FeMn,Cd)S by
extrapolation are intersect the ordinate at considerable lower “ending” values of the unit
cell dimensions ap than for Fe and FeS, which are showing the same.

Because of that, contents of the Z(Fe,Mn,Cd)S most probably are not useful for the
objective conclusions at the crystallographical sense than Fe and FeS contents.
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Values of the intersections of the ordinate with the dependence lines and their
differences (in A) are represented at Table 9.

Table 9: Values of the intersections of the ordinate with the dependence lines and their
differences (in A).

Figure 2 (Fe) | ay' (FeS) | ay’ (S(Fe,Mn,Cd)S) | Aao=ay' - ag” |
1 | whole deposit | 541835 | 5.41835 5.41802 10.00033
670m 541840 [ 541840 5.41805 0.00035
2 690m 5.41850 | 5.41850 541824 |  0.00026 |
710m 541825 | 541825 541782 0.00043 |
3 brown 541840 | 541840 5.41808 0.00032
yellow 541810 | 541810 541761 0.00049

From Table 9 it can be seen that the values Aap = ap' — ao” for different horizons are
largest for 710m and that they decrease to 670m and 690m, while for the different
varietys they are bigger for the yellow than for the brown sphalerites.

From Figures 2 and 3 it can be seen that the differences between the sphalerites
manifested also at mutually different slopes of the lines which are representing the
dependence of the unit cell dimension ap by sphalerite composition at different horizons,
and also at sphalerites of the different color.

The largest slope regard to the abscissa has sphalerites from the horizon at 710m,
than from 670m and finally from 690m (Figure 2).

Also, the bigger slope regard to the abscissa has the yellow regard to the brown
sphalerites (Figure 3).

We suppose that this mutually different slopes most probably indicate to the different
chemical compositions and the conditions of the sphalerite formation, and according to
that to the different conditions of the formation of the individual horizons and varietys of
this deposit.

Regard to the fact that these differences in slopes are not much pronounced, we
suppose that there were not some major differences in the formation conditions.

Results which were represented by S u d a r (2001 and 2003) indicate to the certain
agreements with these preferences. According to that datas, in this ore deposit there
were relatively stable physicaly-chemical conditions. The lowest temperature changes
and the most stable conditions were at the level at 690m, while the revitalization of the
magmatic activity was at levels at 670 and 710m. Also, yellow sphalerites of the Il
generation are formed at higher temperatures than many of the brown sphalerites which
are richer with iron.

2. Dependence of the crystallographical parameter a, and chemical
composition for sphalerites from Kizevak regard to the literature
datas

Some of the authors were represented dependence of the crystallographical

parameter ap regard to the chemical composition of sphalerite with the mathematical
equations.

Thus, Skinneretal (1959) modified previous values which were obtained by K u
Il'erud (1953) and represented the dependence with the following equation:

ao = 5,4093 + 0,000456 x (mol.% FeS) (1),
which was represented with the straight line, respectively, it is linear.
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Bartonand Toulmin (1966) established nonlinear curve dependence and even

more bigger values for the a, for the same FeS contents. This dependence is expressed
with the following equation:

a0 = 5,4093 + 0,0005637 x (mol.% FeS) - 0,000004107 x (mol.% FeS)? ).

Skinner(1961) established increase of the unit cell dimensions a, with the FeS,
MnS and CdS contents. This dependence is linear and it is represented with the following
equation:

ao = 5,4093 + 0,000456 x (mol.% FeS) + 0,00424 x (mol.% CdS) +
+0,00202 x (mol.% MnS) (3).

Wigginsand Craig(1980) represented the empirical equation which describe the
variation of the ap axis with the sphalerite composition in the ZnS-FeS-CusS system:

ap = 5,4093 + 0,05640 x (Nres) — 0,04110 x (NFeS)2 +0,02713 x (Ncus) —
- 0,7005 x ((Ncus) X (Nees)) + 1,3504 x (CuS)? (4),
where Nres and Nc.s are the molar fractions.

For the "CuS" in this equation it is not enough clear what is it about, but we suppose
that it is a printing error and that it is also molar fraction “Ncys”. If that isn't so, the unit cell

dimensions ap should have overmuch and unusual values, and which we were obtained
under the mathematical checking.

In all of these four papers there is the same starting value for the ap (i.e. for the pure
ZnS without FeS) which is 5,4093A. This value is considerable bigger than the value
which was represented by Swansonand F uyat(1953), and which is 5,406A.

In order to see what are the differences between the values of the calculated unit cell
dimensions ao for the sphalerites from Kizevak (which were obtained with the least
square method through the LSUCRI programme) with the values which were obtained
through their chemical compositions through the equations (1), (2), (3) and (4), there was

made Table 10.

Table 10: Calculated unit cell dimensions ag and their differences.

15635 | 15.633 | 15623 | 120611 | 45634 | 15629 | 15604 | 15611
yellow | yellow | yellow browish brown | brown | brown Qapiish
-yellow -red
FeS 1.29 1.67 212 2.22 4.53 6.39 8.17 12.28
MnS 0.08 0.08 0.08 0.10 0.17 0.08 0.11 0.21
CdS 0.28 0.27 0.32 0.31 0.27 0.27 0.23 0.27
CuS 0.01 0.05 0.03 0.04 0.18 0.05 0.30 0.05
a, (LSUCRI) | 54184 | 54185 | 54186 | 54186 | 54187 | 54190 | 54189 | 54195
a, (eq.(1)) | 5.4099 | 54101 | 54103 | 54103 | 5.4114 | 54122 | 54130 | 5.4149
a’(eq.(2)) | 5.4100 | 54102 | 54105 | 54105 | 5.4118 | 5.4127 | 5.4136 | 5.4156
ao” (eq. (3)) 54112 | 54114 | 54118 | 54118 | 54128 | 54135 | 54142 | 54165
a, (equat. (4)) | 5.4100 | 54102 | 5.4105 | 54105 | 54118 | 5.4127 | 54136 | 54156
Ao =ag —ao' 0.0085 | 0.0084 | 0.0083 0.0083 0.0073 | 0.0068 | 0.0059 0.0046
Aay’=ao —ao’ 0.0084 | 0.0083 | 0.0081 0.0081 0.0069 | 0.0063 | 0.0053 0.0039
Aag’=as—-a,’ | 0.0072 | 0.0071 [ 0.0068 | 0.0068 | 0.0059 | 0.0055 | 0.0047 | 0.0030
Aag' =80 —ao 0.0084 | 0.0083 | 0.0081 0.0081 0.0069 | 0.0063 | 0.0053 0.0039

From Table 10 it can be seen that the calculated values ao’ are much bigger than the
calculated values a0 # %24 According to that, differences between these values Aa," 2

24 are considerable and they decrease with the increasing of the FeS content. and in
the equation (3) also with the MnS and CdS contents.

135



(%]
g
18

16

— Brown
—- Yellow
15

Legend:
@ FeS

14

# Y (Fe Mn,Cd)S

10

09

08

07

06

05

03

|
T
|
i
1
|
I
1
|

i
|
g~
=
02

01

|

8% [A]

5,4210
5,4200
5,4190
5,4180

5,4170
5,4160
5,4150
5,4140
5,4130
54120
5,4100
5,4090
5,4080
5,4070

5,4110

Fig. 4: Dependence of the crystallographical parameter a, of the sphalerites from Kizevak
regard to the equations (1) and (2). Lines: 1-Skinneretal. (1959), 2-Barton and
Toulmin (1966).

Values for the ao” and ao* are equal, and according to that also for the Aao? and Aaq’,
which isn't surprise, because Wigginsand Craig (1980) as basis for their equation
(4) used the values of Bartonand T oul min (1966) and because that in the
investigated sphalerite samples the values for the CuS are relatively low.
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Dependence of the crystallographical parameter ap of the sphalerites from Kizevak
regard to the equations (1) and (2), are represented at Figure 4.

From Figure 4 it can be also seen that the dependence of the crystallographical
parameter ap of the sphalerites from Kizevak is considerable different regard to these
literature datas.

These differences are not unknown because to them indicate some other authors

(eg.KrstanovicandKrstanovic, 1962) and they will be reconsiderate in the
second part of our investigations.

These differences can also indicate to the different genesis, and also to the influence
of some micro elements to the unit cell dimensions.

According to that, at Figure 4 it can be clearly seen the reducing of the unit cell
dimensions at the 15.634 brown and 15.604 brown sphalerite samples which have the
biggest values of the CuS contents (0,18 and 0,30 mol. %) regard to the other samples.

At such manner there were confirmed the conclusions of Toulmin (1960), Wig g

insandCraig(1980)and Toulmin etal (1991) that substitution of the Cu in Fe-
sphalerites decrease the unit cell dimensions.

Considering the influence of the other components, S ¢ o t t (1973) cited the datas

that the sphalerite phase relations are not changed even at the presence of several wt.%
CdS.

Toulminetal (1991) conclude that the presence of geologically 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.

Because of that, we suppose that the Z(Fe,Mn,Cd)S contents if calculated with the
equation which were represented by Koppand Kerr(1958) and Skinner (1961),
most probably are not suitable neither for the objective conclusions at the

crystallographical sense, neither for the objective conclusions at the genesis sense, but
only the Fe and FeS contents.

There are not found any of the literature datas which indicate that In and Ga have
some significant influence to the unit cell dimensions, and especially because they

appears in the micro contents (in ppm). Likewise, neither in this paper there are not
noticed some significant influences to the crystallographical parameters.

However, regard that the ratio Ga/In could indicate to the temperature variations of

the sphalerite formation (Arsenijevic, 1986), we will pay more attention to that in the
second part of our investigation which will be related to the genesis.

CONCLUSION

In this part of the investigations with the X-ray, chemical and spectrochemical
method there were investigated monomineral concentrations of the brown and yellow

sphalerite varietys from the polymetallic Pb-Zn ore deposit Kizevak from the different
horizons at 670, 680 and 710m.

Results of the X-ray investigations are represented at Tables 1, 3 and 5, and the
results of the chemical and spectrochemical compositions at Tables 2, 4 and 6.

There were calculated sphalerite unit cell dimensions for which it was confirmed that
increase with the increasing of the Fe, FeS and Z(Fe,Mn,Cd)S contents (Table 7 and
Figures 1-3), and which decrease with the increasing of the Cu content (Table 10 and
Figure 4).

Sphalerite compositions and their unit cell dimensions are more or less different at
different depths, and also they are different for the brown and yellow varietys.
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These differences are also manifested at mutually different slopes of the lines which
are representing the dependence of the unit cell dimensions by sphalerite compositions
from the different horizons, and also for sphalerites of the different color, and it can be
seen at figures 2 and 3.

These mutually different slopes before all indicate to the different chemical
compositions (from which is of the most significance the Fe content), but also most
probably to the different formation conditions of the sphalerite, and according to that to
the different formation conditions of the individual horizons and varietys of this ore
deposit.

Regard that these differences in slopes are not much pronounced, we suppose that
there were not major differences in the formation conditions, and what is in agreement
with the previous results (Sud ar, 2001 and 2003).

Contents of the X(Fe,Mn,Cd)S most probably are not useful for the objective
conclusions at the crystallographical sense, because they show considerable lower
*ending” unit cell dimensions than Fe and FeS contents which are showing the same, and
what is represented at Table 9.

Calculated unit cell dimensions from the X-ray investigations are considerable bigger
related to that which are calculated from the equations from the literature datas, while that
difference decrease with the increasing of the Fe and FeS contents (Table 10 and Figure
4).

At such manner there were represented the crystallographical characteristics,
chemical compositions and their mutually relations at the sphalerite examples from
Kizevak, which represented the first part of the investigations.

It should be mentioned that, although that some facts related to the
crystallographicaly-chemical characteristics of the sphalerites are here confirmed, many
questions about this problematic are still remain open.

In the second part of the investigations these results will be compared with the
results for sphalerites of the other ore deposits, and also it will be consider the questions
about their genesis.

Reviewer: Prof. Dr Ljubomir Cvetkovic¢
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