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AJITEPAIIUJE HEPUJJOTUTA KOHTPOJIUCAHE KAPAKTEPOM ®JIYUIA
HA ITIPUMEPY XAPIIBYPI'UTA PYJJHUKA — CEPIIEHTUHU3AIIUJA NJIN
TAJIKU3ALIUJA?

THE ALTERATION STYLE IN PERIDOTITES CONTROLLED BY FLUID
CHARACTER USING HARZBURGITES FROM RUDNIK AS THE EXAMPLE —
SERPENTINIZATION OR TALCIZATION?

(3BOP-SESSION, 12.12.2019.)
OPUTMHAJTHU HAYYHM PAJT — TRAVAIL SCIENTIFIQUE — RESEARCH PAPER

AncTtpakT. Y pany cy NpHKa3aHH pe3yldTaTH WCIHMTHBama CepIEHTHHHCAHUX XapuOyprura bphana
(43°58'45,1" CI'l, 20°25'12,6" UI'J]) u Tanku3upaHux xapuOypruta OTKpUBeHUX y uHTepBany 429-559,8 m
y wuctpaxnoj Oymotunu 330A/18 (44°07'33,2" CI'l, 20°30'28,5" WUI'A) na Pynmuuxy. Y3opum oba
JIOKaNUTeTa II0Ka3yjy KapaKTepUCTHKE PEe3UAyalHMX XapuOyprura M3 OMOTaya, OJHOCHO TEKTOHHUTA;
nenuaoOIacTHyHe, ONacTo3pHACTEe, WM TOP(YUPOKIACTHYHE CTPYKTYpe M  MAacHBHE TEKCType.
CepnieHTHHHCAHU XapUOypruTH W ceprneHTHHNTH bphana cy msrpahieHun on ceprieHTHHA, PETKUX penuKara
OJIMBHUHA M OPTOIHMPOKCEHA, aKIIECOPHOI CIIMHENa, ¥ BeOMa PETKOr CEKyHJapHOI MarHe3nTa W MarHeTUTa.
HajnomuHaHTHUjH cacTojak (MecTUMMYHO rpaaud u mpeko 80 % BOJN. CTeHe) je BHUCOKOMAarHe3WjCKH
CEpIICHTHH, CPEIhEr CacTaBa [(MgloqééFezﬂ,m)l1,70(Fe3+0,06A10,03Si7,94)3,0305(OH)4]. IIpucyctBo penukara
OJIUBHMHA U OPTOMHPOKCEHA yKa3yje Ja ce CepIICHTHHM3AIlMja OJIBUjaia Ha HIDKKM Temreparypama (<400°C)
JIENIOBalbeéM BOJZCHUX pacTBopa. Humzak cazapkaj amymuamjyma (0,00-0,03 a.p.fu.) moreplhyje oBakBo
rnenumuTe. Y xapuOyprutuma PynHuka, 3a pasnuky oa xapuOypruta bphana, mpeosnalyje cexyHmapHH
TajK, CKOpO MJeaqHor cacraBa: [Mg, osFeq3S1305010(OH),]. Xapubyprutu Pynuuka cy usrpahenn on
onuBHHA (popcTepuT cpemer cacTaBa Fogy4oFag sg) 1 poMOMYHMX MMPOKCEHA KOjU Cy MOTIYHO 3aMEHEHH
TajnkoM. MOHOKIMHUYHY THPOKCEH, ayruT-JMONCHJ, Cpeimer cactaBa En; 4WoyesFs,3 je mpucyran y
HHUCKUM cajpkajuMa y (GopMH EKCOIyIHOHHMX Jlamella y POMOWYHHM IHpOKCeHMMa. Permak cepreHTHH,
cpemmer  cactaBa  [(Mgo46Fe” 0.49)9.05(Cr 0 51Al 51S1606)5.1505(0H)s] Hactao je Ha padyH OJHMBHHA.
JIoOMHHaHTaH TaJIK ce M0jaBJbyje y BIAKHACTUM U PaJMjaJHUM arperatuma win rpajau tpake. Kpucramumre y
IOIMPOKOM OTICEry TeMIlepaTypa, ajH je HeroBo oOpa3oBame caMO Ha padyH POMOMYHUX MUPOKCEHa IO
peakuuju: 3MgSiO; + H,O + SiO, = Mg;Si40,9(OH),, 3axreBano cumumujom Oorate ¢urynae KakBe Cy
HajBepOBaTHHjE JIOHENH JajKOBU U IUITMTKE MHTPY3HWje KBapIulaTuta. Temrepatypa ¢uyuna je, 003upoM Ha
aconujanujy MuHepana: ¢opcreput + Ttank, Owra usHan 490°C. [loBumieH caapkaj amymuHHjymMa (>3
ap.fu) y cepneHtuHy notBphyje oo riemumte. OcTaje OTBOPEHO MUTAKE Ja JH CY TaJIKH3UPAHU
HNEePUIOTHTH MHANKATOPH OJM3MHE KHUCEIMX MarMarckux creHa? CeprneHTHHUCAHM MEPUIOTHTH TO CBAKaKO
HHCY.
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Abstract. This paper presents results obtained by studying of serpentinized harzburgites from Brdjani
(43°58'45.1" N 20°25'12.6" E) and the core samples of talcized harzburgites in the 429-559.8 m interval in
the exploration borehole 330A/18 (44°07'33.2" N, 20°30'28.5" E) on the Rudnik Mts. Samples from the both
localities display features of residual mantle harzburgites, i.e. tectonites and lepidoblastic, blastogranular or
porphyroclastic texture and massive structure. Serpentinized harzburgites and serpentinites from Brdjani
consist of serpentine, scarce relics from olivine and orthopyroxene, accessory spinel and very seldom
secondary magnesite and magnetite. The prevailing constituent (sporadically makes over 80 % rock volume)
is magnesium-rich serpentine of the avg. composition [(Mg10_66Fe2+1_04)11_70(Fe3+0_06A10_03Si7_94)g_0305(0H)4].
The remained relics of olivine and orthopyroxene suggest on serpentinization process under the action of
aqueous solutions whose temperature was below 400°C. The low alumina content (0.00-0.03 a.p.fu.)
supports such statement. In harzburgites from Rudnik, in respect to those from Brdjani, prevails secondary
talc of almost ideal composition: [Mg;esFeg03Si305019(OH),]. These harzburgites are made of olivine
(forsterite of average composition Fog4,Fagsg) and orthopyroxene, which are almost entirely replaced by
talc. Clinopyroxene, augite—diopside (En;; 4, Wo0y43,Fs, 24 in average) are low abundant and commonly occurs
as exsolution lamellas in orthopyroxene. Scarce serpentine derived after olivine. The most abundant
constituent, talc, appears either in fibrous and radiating clusters or forms bands. Talc crystallizes in a wide
temperature range but its formation only on account orthopyroxene following reaction: 3MgSiO; + H,O +
Si0, = Mg;Si,0,¢(OH),, requires silica-rich fluids that were brought most probably by quartzlatite dykes and
shallow intrusions. According to coexisting forsterite and talc, the temperature of fluids had to be at least
490°C. The elevated alumina content (>3 a.p.fu.) in serpentine supports such statement. Are such talcized
peridotites indicative for the vicinity of acid igneous bodies remained an open question? Nevertheless, the
serpentinized peridotites are certainly not.

Key words: Rudnik, Brdjani, harzburgite, serpentinite, talc
YBOJI

Toxom 2018. ronuHe, HCTPAKHUM OYIIEHEM Y eKCTUIOATAIIMOHOM TI0JbY PYIHHUKA
"Pymauk" KoHcTaTOBaHe cy ynrpabaszuune creHe. Kaprupamem Oymorune 330A/18 (Ca.
1), U3 Koje cy y3eTH Y30pIH 3a UCIUTHBAA, U3/IBOjCHE CY TPH JHMTOJOLIKE jeTUHHUIIE:
rpybokacTuyHe cabo MeraMopdrcaHe ceTMMEHTHE CTeHE, KOHTAKTHO N3MEHheHEe CTeHE
(KOpHUTH M CKapHOBH), M KHCele W yATpaba3nudHe Marmarcke ctene. | pyOoxmactuyne
CTCHE TPENICTABIbEHE Cy JACTMMUYHO METaMOp(UCAHUM TenrdyapumMa U KOHTJIOMepaTHMa
y KOjuMa je odyBaHa MpUMapHa CTPyKTypa mporoiuTta. CMeHa KOpPHUTA M CKapHOBA je
Haj3aCTyIJbeHWja JMTOJOIIKA jeAWHMIA, TIpecedeHa je amodm3ama U JIajKOM
kBapiyiatuta. Mcnon ose jenununie, Ha 429. MeTpy Cy KOHCTAaTOBaHH NEPHIOTHTU Y
OKBHPY KOjHX j€ U 3aBpllIeHa HCTpakHa OymoTHHA Ha ;yOuHu o 560 MeTtapa.

[lepumoTuTi Cy WHTEH3UBHO MeTaMOpP(HCAaHU-TATKU3UPAHH Y TIe710j] OYIIOTHHH.
WHTeH3uTeT Talku3aluje pacte ca JyOMHOM, Na ce ASTUMUYHO CBEXKH MEPUOTUTH MOTY
npoHahu jeauHO Ha MamuM jayOuHama. Y nuiby mopehema cactaBa W IOpEKia
(TEeKTOHUTH WJIN CTEHE OKEAaHCKE KOpe), ca IMOCEOHMM aKLEHTOM Ha BPCTY ajTepauuja y
NEPUAOTUTUMA, Y3€TU CY U Y30PLH CEPHEHTUHHCAHUX NEPHIOTUTAa HEIAJIEKO O]l MecTa
Bbphanu, Ha oko 15 kuomerapa jyro3amajHo o Pynnuka (Co. 2).

bphauu cy cmemrenu y ximcypu peke JlecnoroBuie nsmely nBa TepuujapHa
cenuMeHTHa OaceHa: ['opmeMuinaHoBadkor Ha ceBepy M Yauanckor Ha jyry. Ca o0e
cTpaHe peke JlecroToBuIle ce youaBajy BEJTMKE Mace CEpIICHTUHHUTA U CEPIICHTUHUCAHUX
MEePUIOTHTA, KOje Cy TPaHCTPECHBHO MPEKPUBEHE CPEAHOMHOIICHCKOM CEINMEHTHO-
BYJIKAHOI'€HOM cepujoM. VcnuTuBaHe cTeHe Jeo Cy NepUI0TUTCKIX KoMIiekca MasbeHa
u CyBoOopa, Koju cy u3rpal)eHu npeTe:KHo oJ] xapLOyprura.
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Legenda

E Tehnogeni materijal

- Dajkovi kvarclatita i latita
- Klastiéni fii§

ﬁ& Nasip

P Klizite

o—— Projekcija bulotine 3304/18

Cmmxa 1. IIpojexnuja Oymotune 330A/18. Jlerass ca reonomke kapte nexuimra Pynaux (DIOKOVIC ef al.,
2014).
Figure 1. Projection of the borehole 330A/18. Detail from the geological map of the Rudnik deposit
(DJOKOVIC et al., 2014).
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Cruxka 2. [eonomika kapra mmper noxapydvja bphana. [lerass ca OI'K 1:100.000, muct "Yagak''- K 34-5
(BRKOVIC et al., 1970).
Figure 2. Geological map of the broader area of the locality Brdjani. Detail from the Basic Geological
Map 11:100.000, sheet "Cagak"- K 34-5 (BRKOVIC et al., 1970).

[Moapehenu cy nep3oautH, BepiuTH, IyHUTH U denacnar-nepuaotuti (BRKOVIC
et al., 1978). Crene cy y noapyyjy MajbeHa CepIeHTHHUCAHE Yy MameM Wid BeheM
crerneny, a y oonactu CyBobopa Hajsehinm nenom npenase y ceprnentunute (FILIPOVIC et
al., 1978).

VY pany je u3BplIeHa yHopeqHa aHaiM3a y3opaka ca Pynnuka u u3 bphana,
neUHUCAaH je MHMHEPaJHM CcacTaB CTeHa M YTBpheHO Nopekio nepunotura. Haxon
pasMarpama MoTPeOHUX YCJIOBa 3a IMPOLECe TaJIKW3allUje, OJHOCHO CEPIICHTHHU3AIIN]C
U3BEJICHU CYy IIPEIUMHUHAPHU 3aKJbYYIIH.
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MATEPUJAJ U METOJE

3a moTpede OBOT paza MpUMEHEHA Cy TepeHCKa U JabopaTopHjcKa UCITUTUBAA.
Y TOKy TEpeHCKMX WCIMTUBaWma y3eTa Cy UYeTHPH pEIpe3eHTaTHBHA Y30pKa U3
Oymorune ca Pyanuka y wunrtepBamy 480-498 m u gBa y30pKa ca MOBpPLIMHE Ha
nokanuteTy bphanu.

JlaGopaTopujcka HCIIUTUBAKA YKIbYUWIIA CY:

- oapen0y MHUHEpaTHOI cacTaBa M CKJIONA OAa0paHHX Y30paka ONTHYKHM
WCIUTUBAakbUMa Ha Tojapu3aunoHoM Mukpockomny Leica DMLSP, koju je mosesan ca
kamepoM Leica DFC290 HD mpexo nporpama LAS V4.1;

- y IWJbY JAETAJbHUjHX ITOJaTaka O IPUCYTHUM MHUHEpPAIHUM (hazama IpUMEHCHE
cy SEM-EDS (Scanning Electron Microscopy with Energy Dispersive Spectroscopy)
aHalM3e y J1abopaTopuju 3a CKEHUPajylly €JIEKTPOHCKY MHMKPOCKOIH]Y KopHIhemeM
enexTporckor mukpockoma tuma JEOL JSM—6610LV xoju je moBe3aH ca eHEpro-
JTUCTIEP3UOHUM crieKTpoMeTpoM THna X — Max Large Area Analytical Silicon Drift
(Oxford) y ycnoBuMa BHCOKOT Bakyyma. [loBpuIMHE TONMpaHuUX TMpenapara cy
MIPETXOTHO HaNlapeHe MPOBOAHUYKHM CIIOjeM YTJbeHrKa Ha HamapuBady Tuna BALTEC —
SCD - 005, n

- HCTpa)kKMBama peHAreHcKoM audpakuujom Ha mnpaxy (XRPD) cnposenena cy
MOMONy ayTOMaTCKOT BHIIIEHAMEHCKOT peHAreHckor audpakromerpa Rigaku Smartlab y
0-0 (y30pak y XOpH30HTAITHOM IT0JI0Ka]y) mapadokycHoj bpar-bpentanoBoj reomerpuju,
kopuctehn D/teX Ultra 250 ctpun nperekrop y 1D cranmapmHom mony ca CuKy,,
nu3Bopom 3pauema (U =40 kV u I = 30 mA). Y3opak je npurpeMibeH y Hocady y30pKa
0/ MOHOKpHCTaJa CHINIHjyMa Ja OW ce CHH3WO IIyM. PeHnrenckum mudpakrorpam je
NPUKYIUBEH y yraoHom ormcery 5-75° 20, ca xkopakom 0,01°, u Op3WHOM MPHUKYIJbamka
nojaraka ox 5 °/min. Kpucranne dase cy naentuduroBane nomohy Hamenckor Rigaku
PDXL 2.0 mporpamckor naketa (ca uactamupadoM [CCD PDF-2 2016 6a3om nogaraka).

CBa nabGoparopwjcka WUCIHTHBama o0aBjbeHa Ccy Ha Jlemaprmany 3a
MUHEPAJIOTH]y, KpucTaiorpadujy, NETPOJIOTHjy M Teoxemujy Pymapcko-reosnomnikor
¢dakynrera, YauBep3urera y beorpany.

PE3VJIITATHN

XapuOyprutu PynmHuka cy CTeHe TamMHOCHBE, CKOpO IpHe 00je, MacuBHE
tekctype. Crpykrypa je Ornacro3pHacta ca €JIEMEHTHMAa JICHIO0JIACTUYHE U
nopdupokiacTuuHe. Haj3acTynsbeHHju MHUHEpPaJd Cy OJIMBUH U CEKYHJApHHU TaJIK.
IMoapelheHo je mPUCYCTBO MOHOKIMHWYHOT TMHPOKCEHA, CEKYHJAPHOT MAarHe3uTa,
MarHeTHTa W peJrKaTa pOMOMYHUX MHUpOKceHa. Tallk y Moje/IMHUM y30pIlMa Tpau U 10
50% Boin. creHe. BnakHacte m senesacte ¢opme OBOI MUHeEpala rpaje Tpake, HeKaj
MOBHjEHe, IIUPUHE 70 8 mm, Koje Ce CMEHY]y ca Tpakama I'yCTO MaKOBaHUX KpHCTaia
omuBuHaA (Cn. 3). Tank je ckopo umeanHor cactaBa: [Mg osFeo 03S13.98010(OH),] (Deer et
al., 1971, 1972; Ta6. 1). Y nojeauHuM y30pIHMa MOKE CE YOUUTH U WHHUIMjaaHA (a3za
TpaHchopMalrje OpTOIMMPOKCEHA Y TaJIK.

OnuBUH ce ToOjaB/byje Y  HM3OMETPUYHUM,  XHITUUIAOMOPGHHUM  JI0
ATOTPUOMOPPHUM KPHCTATUMA, HEYjeJHAUCHUX AUMEH3HMja, MakcuMaiHo oko 0,8 x 1,5
mm. 3pHa OJIMBHHA CY MCITYIAJIa, POXKETA TAHKOM MPEXOM CEepPIIeHTHHA U MarHeTura. ¥
MOjE/IMHAM y30pIIMMa Ce MOTY 3ala3uTH POTHpaHa 3pHAa Koja TOKa3yjy Tanacacto
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IIOMpPAYCHE, Kao U HC@y,}lOGHI/DKH)eH)e. OnuBHUH oarosapa (1)0pCTepI/ITy Cpeamer cacTtaBa
En7|,4W026,3Fsz,3 (C.TI 4)

0.5 mm

Cnuka 3. JlemesacTo pacrnopeleH BiakHacTu Tank u3Mel)y rycto makoBaHHX KpUCTana OJIMBHUHA
Figure 3. Fan-shaped distributed fibrous talc between the closely mingled olivine crystals

Tabena 1. Xemujcku cacras Tajka ¥ CTpYKTypHa Gpopmyrna Ha 6a3u 11(0)
Tabela 1. Composition of talc and structural formulae based at 11(O)

1 2
Si0, 62.23 59.71
FeO 0.55 0.79
MgO 31.13 29.93
X 93.91 90.43
Si 3.995 3.986
Fe 0.030 0.044
Mg 2.980 2.983

Penarenckom audpaximjom mpaxa je morsphena nqomuHarmja tanka (ICCD PDF
kaptura Op. 82-8124) u 3HATHO Mame 3acTyIUbCHE KpucTtaiHe (aze u3 rpyre
CEpIIEHTUHCKUX MUHepana, HajBepoBatHHje XpuzoTuina (PDF 52-1563). 3amaxen je
METAIMYHI MUHEpaJ TecepajHe CHUMETpHje KOjH 3axTeBa Jajba HCIHTHBAKbA Y IHIbY
tagre oxpenode (Ci. 5).

Penuktu oprommpokceHa cy BeoMa PETKH, Ka0 M OdyBaHE KpucTajorpadcke
KOHTYpe IHMPOKCEHa KOju Cy NOTIyHO 3amemeHn TankoMm (Cn. 6). Ilupokcenu cy
LIIOBHJEHH TITO YKa3yje Ha TekToHuTe. KWHK HaOopH, OJHOCHO jaedopmainuje ce
Haj0OJbe yOuaBajy y OPTOIHMPOKCEHMMA y KOjUMa Ce Yy HUCKUM caapxkajuma (<5%) y
(GopMH  EKCOJIYIIMOHUX JIaMelia T[10jaBJ/byjeé MOHOKJIMHWUYHK mnupokceH (Ci. 7) koju
OJIroBapa JUOICHI/ayTHTy. AKIECOPHH MAarHeTUT je MPUCYTaH y XUIHIHOMOPGHHM,
UCIyLAIUM 3pHHMa JuMeH3uja 0 1 X 2 mm. MUKpPONyKOTHHE y HMa, Takohe cy
3alyHkeHe TAITKOM.
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Forsterite Fayalite
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Cnuka 4. CactaB ONMBUHA U3 Cnuka 5. JIudpakrorpam HCIUTHBAHOT y30pKa TAIKU3UPAHOT
UCHHUTHBAHUX Xapuoypruta PynHuka Xapuyprura ca PyaHuka
Figure 4. Composition of olivine from Figure 5. Diffractogram of the analyzed sample of talcized
the studied harzburgites from Rudnik Mts harzburgite from Rudnik Mts

Ly s 2 % 2 R
Crnuka 6. OpTONHUPOKCEH 3aMemhEeH TAIKOM ca Cnuka 7. [ToBHjeHEe €KCOMYIIOHE JTaMelie ayruTa 1o
CayyBaHOM KPHCTATHOM (popMOM. CHCTATHTY.
Figure 6. Orthopyroxene replaced by talc with Figure 7. Bended exsolution lamellas from augite
preserved crystal form. within the orthopyroxene.

CepnientunuTH bphana nmajy MacuBHY TEKCTYpY, JIOK je CTPYKTypa 3aBHCHO O]
WHTEH3UTETa CEPIICHTUHH3AIIH]E OnacTo3pHacTa, nenuno0IacTUIHa WIH
nopdupoknacTuyHa. Haj3acTymibeHnju MUHepa je CeKyHJIapHHU, MPEXACcTH CEPIICHTHH,
koju rpaau u 10 80% Boji. crene (Ci. 8). [lojaBibyje ce y ¢opmu JHMCTACTHX arperara
Koje Tmpecenajy TaHke >kwimie (mupuHe g0 (0,2 mm) BIAKHACTOT CEPIICHTHHA,
pasnmuuTux reHepanuja. CeprneHTHH je BUCOKOMarHeswjcku. IIpopadyHom Ha Oasm 28
(O) nobujen je cpemmwu cacraB [(Mg10,66Fez+1,04)11,70(Fe3+O,O6A10,03Si7,94)8,0305(OH)4]-
PoMOWUYHM MHpOKCEH je Ipyrd MUHEpall Mo 3acTYIJbEHOCTH, ca ydeuthem g0 oko 30%
BOJI. cTeHe. XHIUANOMOp(Ha 3pHa OBOI' MUHEpaja, HeKaJl AMMEH3Hja M H3Haa 4 mm
(mopdupokiacti), mMOKazyjy  KapakTepHUCTHKE TEKTOHMTAa W  HH3aK  CTeleH
Tpancpopmanmje y 6actut (Ci. 9). MecTUMUYHO MX Npecelajy TaHKe )KHIIe MarHe3nTa,
mmpune of 0,1 no 0,5 mm. Penuktu oimMBHHA, y 3aHEMapJbUBOM CAAPKajy, Cy BEIMUHHE
ucnox 0,1 mm. AKLIECOPHM CIHUHEN ce I0jaBJbyje Yy CyOXeapalHuM, HCIyLaIUM
KpHCTalInMa IpBeHKacTo-cMele 00je, MakcuMatHuX aumensuja 1 x 1,2 mm.
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Cruka 8. MpexacTH CepIeHTUH y CepIEHTHHUTY Cnuxka 9. TTopdupoxact eHcratura y

Bphana ceprieHTUHUTY bphana
Figure 8. Typical mesh-structure in the serpentinite Figure 9. Porphyroclast of enstatite in serpentinite
sample from Brdjani from Brdjani

JTUCKYCHJA

CepneHTrHHCAaHN XapuOypruT bphana cy mgoMuHaHTHO w3rpalleHu of
BI/ICOKOMaFHCSI/IjCKOF CCPIICHTHHA, [(Mg10,6(,Fez+1,04)11,70(Fe3+0,06A10,03Si7,94)8,0305(OH)4]
KOju MecTUMHUYHO Tpagu u oko 80% Boi. creHe. [IpeoBnalyje MpexacTu CEepreHTHH y
OIHOCY Ha OacTHT, a PEIMKTH OJHMBHHA, (OPCTEPUTCKOr cacTaBa W POMOWYHOT
NUPOKCEHA, EHCTAaTHUTA Cy PETKH, Kao M aKleCcOpHH crimHen. Husak campixaj ceKyHIapHOT
MarHeTuTa u mMarsesura (~ 5%) ynyhyje Ha Manu mporeHaT (ajanuTcke KOMIOHEHTE Y
ONMBMHY, Kao M Ha HHCKy MojiapHy kKoHueHtpauujy CO, (<0,2) y pacTBOpY
(TROMMSDORF & EVANS, 1977).

CepneHTHHHU3aIMja je ayToMeTaMOp(hHU WIH XUIPOTEPMAaJHH TPOIEC KOjU Cce
onBuja y omcery oji <l100°C (oOpa3oBame HHUCKOTEMIIEPATYPHOT JIM3apuTa) JIO0 OKO
500°C, xkomuko je moTpebHO 3a anturoput (MARTIN & FYFE, 1970; MooDY, 1976).
Hajuemnrhe ce nmpencrassba cnegehom peaxiiijom:

Mg,Si04 + MgSiO; + 2H,0 = Mg;Si,Os(OH),

[lpema ekcrnepuMeHTATHUM MojaanuMa (OpcTepuT je crabuinan 1o oko 350-
400°C u 3amemyje ce ceprienTHHOM Beh Ha Temmeparypama 250-300°C, mox mpomeHa
poMOuuHUX nHpokceHa nounte Ha 400°C (EVANS et al.,, 1976; O'HANLEY, 1996).
OuyBaHM KpHUCTaIM EHCTATHTA, Y3 PETKE pEIMKTe OJMBHHA YKa3zyjy Ha HIDKe
TeMIlepaType BOJICHHX PacTBOpa KOjH Cy JIOBEJIM JIO CepleHTHHH3auuje. PactBopu cy
MCTOBPEMEHO OWIIM Ca HUCKHUM Ca/IpKajeM CUJIUIHje, jep OU ce y CYyIPOTHOM 00pa30oBaiu
TaJIK U TPEMOJIUT YMECTO CEPIICHTUHA.

XapuOyprutn Pynnuka cy BehuHckm wu3rpaherm on Tamka W OJHMBHHA.
MOHOKJIMHUYHU MTUPOKCEH, ayTHTCKOT cacTaBa I10jaBJbyje ce Y (HOpMH E€KCOIYILIMOHUX
JaMera 1Mo poMOMYHOM TIMPOKCEHY. Penak ceprieHTHH, BEpOBaTHO HACTA0 Ha padyH
OJIMBHHA, je CpeamEer cacraBa [(Mg9’46Fez+0’49)9,95(cr3+0’31A11’31Si6,06)8,1305(OH)4]. Yy
nopehemy ca ceprieHTHHOM y XapuOyprutuMa bphana nma Hmke caapkaje Mg u Si, a
nosuiieHe BpeqHoctu Al. [Ipema audpakunonnm mojanMma HajBepoOBaTHHjE OJroBapa
xpu3oTuily. Tajk je ckopo uiaeaiHOT cacTtaBa: [MgsosFeo 03-0.04513.08 3.09010(OH),] (DEER
et al., 1971, 1972). Tanx ce najuernthe u o0pasyje Ha padyH POMOMYHUX ITMPOKCEHA, a HEe
onuBHHA. [Iporec 3aMeHe MOYHBbE AyK MyKOTHHCKUX CHCTEMa U MOCTEIIEHO 3aXBaTta 1eo
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Kpuctan. Kpucranumie y IIUPOKOM OIICEry TeMmIeparypa, ajld o0pa3oBame Tallka
KOHTPOJIMIITY JIpyrd (pakTOpH, MPBEHCTBEHO aKTHBHOCT cwiunuje y ¢uyuny (MEVEL,
2003). JlenoBameM Kucenux ¢paynma odorahenux ca SiO, m H' Tank mMoxe Hactaty Beh
Ha Ttemmepatrypama on 300°C (TROMMSDORF & EVANS,1977; VELDE, 1988)). 3a
MHUHEpalHy acolMjanujy, Talk + ¢GopcTepuT (KOjH je OCTa0 HENPOMEHCH), CYy HCTH
ayTopH YTBpIWIH Aa je cradbuina 1o 490°C. lenoBameM pacTBOpa HWXKUX TeMIepaTypa
(ucrmox 470°C) mouuto Ou M 10 NMPOMEHE OJIMBHMHA, Ia OW ce y3 Tajlk o0pa3oBao U
CEpIICHTHUH T10 PEaKLUju:

6MgSiO; + 3H,0 = Mg;Si,05(OH), + Mg;Si40,4(OH),
3a 00pa3zoBame TPEMOJIMTA YMECTO TaJsKa, [0 PCaKI[H]ju:
6MgSiO;+2CaMgSi,06+3H,0(5)=CaMgsSisO,(OH),+Mg;Si,05(OH)4
notpebnu cy ¢ayuau ca Ca u Fe, unu cumnujom 6oraté QuIynay 4vja TeMneparypa je
ucrox 470°C (VELDE, 1988; O'HANLEY, 1996).

Hagegnena acommjanmja y xapuOyprutuma PymHuka moTBphyje aa je Tank HacTao
JIENIOBAabEM KHCEIHMX M 3arpejannx (ayuaa UCKIJbYYUBO HA pauyH POMOWYHUX MTUPOKCEHA
M0 PeaKLnju:

3MgSiO; + H,0O + SiO, = Mg;Si40,o(OH),

3AK/bYYAK

Cepnentunncanu xaproyprutu bphana n tankusupann xapuOyprutu Pymanka
(y3opuu u3 uctpaxue OymoruHe 330A/18) cy nenmmobnacTuyHe, OJACTO3PHACTE WIIH
nopdupoknactuune  cTpykrype. llokasyjy nedopmanmje KapakTepHUCTHUHE 32
pedpakTopHEe XapuOYpruTe W3 OMOTaya: IOBHjalbe MHUPOKCeHa (KUHK HaOopw)
nceyo0mmKmebe ofuBuHA. [loueTHH cactaB creHa ca 00a JoKanuTeTa OMO je HCTH:
OJIUBHH + eHCTaTUT. [lenoBame pacTBopa pa3InyuTor XeMU3Ma U TeMIiepaTypa J0BeJo je
JI0 cacBUM Jpyraymjux TpaHcopmanmja. XapuOyprutu bphaHa cy HWHTEH3MBHO
CEpPIIEHTHHHCAHH JICJIOBAbeM BOJICHHX, HHCKO3arpejaHuX pacTBOpa, JOK Cy TOIUIH H
cumiujoM Ooratu Gayuam y xapuOyprutuMa PynHuka 1oBenM 10 HMHTEH3MBHE
tankuzanyje. OcTaje OTBOPEHO TMHTamke, Ja JU Cy TaIKH3UPaHW XapluOypruTH
MOKa3aTeshb OJNIM3MHE MarMaTCKOT Tella 3a KOj€ TaKBU jYBEHWIHH (IYWUAM jeIHHO MOTY
TEHETCKH OMTH Be3aHU?

3axBaaHocT. Pad je noopocan cpeocmeuma Munucmapcmea nayke u mexuonocuje penyonuxe Cpouje,
Ilpojexmu 176019 u 176016.

THE ALTERATION STYLES IN PERIDOTITES CONTROLLED BY FLUID
CHARACTER USING HARZBURGITES FROM RUDNIK AS THE EXAMPLE —
SERPENTINIZATION OR TALCIZATION?

INTRODUCTION
Ultrabasic rocks in the exploited field of the mine Rudnik were accessed by

exploration boreholes in 2018. Samples for further studies were taken from the borehole
330A/18 (Fig. 1) where three lithological units were distinguished: coarse-grained
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weakly metamorphosed sedimentary rocks, contact-metamorphic rocks (hornfels and
skarn), and acid and ultrabasic igneous rocks.

Low-grade metamorphosed coarse-grained rocks include sandstones and
conglomerates of preserved primary protolith textures. The alternation of skarn and
hornfelses represents the most abundant lithology. It is cut by apophyses and a
quartzlatite dike. Below this unit, at depth of 429 m appear ultrabasic rocks. The borehole
terminated in these rocks at 560 m. Ultrabasic rocks are intensively metamorphosed-
talcized displaying the downward increase in metamorphic degree. Thus, the partly
preserved rocks may be found only in shallower levels.

In aim to determine their composition and origin (mantle or ocean crust), and
particularly the type of alteration, the samples from serpentinized peridotites near the
Brdjani locality were taken, too (Fig. 2).

Brdjani is placed approximately 15 km southwestern from Rudnik, between two
Tertiary sedimentary basins: Gornji Milanovac at north, and Ca¢ak basin at south. Huge
masses of serpentinites and serpentinized peridotites occur on both sides of the river
Despotovica, being transgressively overlying by Middle Miocene sedimentary-
volcanogenic series. The studied rocks are parts of the Maljen and Suvobor massifs,
which are dominantly built by harzburgites. Lherzolite, verlite and dunite are
subordinated, whereas feldspar-peridotites are extremely limited. All rocks are more or
less serpentinized in the Maljen massif and almost completely transformed into
serpentinites in the Mts. Suvobor.

Mineral composition and the source of samples from Brdjani and Rudnik were
determined, along with their comparison. The required conditions and factors for
intensive talcization or serpentinization were discussed and postulated.

MATERIALS AND METHODS

This paper discusses results from both the field and the laboratory investigations.
During field work representative samples were taken. Four samples were taken from the
drilled borehole from Rudnik (interval 480-498 m) and two samples were taken from the
surface in the locality Brdani.

The laboratory examinations included:

- Determination of mineral composition and fabric in selected samples by the
optical investigations under the Leica DMLSP petrographic microscope, which is
connected with the digital camera Leica DC 300 over the program LAS V4.1;

- The chemical compositions of mineral phases were identified using a JEOL
JSM-6610LV Scanning Electron Microscope that is connected to an X-Max Energy
Dispersive Spectrometer. The samples were covered with carbon using a BALTEC-SCD-
005 Sputter coating device. The results were recorded under high vacuum conditions
with an accelerating voltage of 20 kV and a beam current of 0.5-1.8 nA, and

- The X-ray powder diffraction (XRPD) investigation was conducted on
automated multipurpose Rigaku Smartlab X-ray Diffractometer in 0-0 (the sample in
horizontal position) parafocusing Bragg-Brentano geometry using D/teX Ultra 250 strip
detector in 1D standard mode with CuK,, , radiation source (U = 40 kV and I = 30 mA).
The low background silicon sample holder was used. The XRPD pattern was collected in
5-75 © 20, with step of 0.01 °, and data collection speed of 5 °/min. The crystal phases
were identified in dedicated Rigaku PDXL 2.0 software (with implemented ICCD PDF-2
2016 database).
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All investigations were performed at the Department of Mineralogy,
Crystallography, Petrology and Geochemistry at the Faculty of Mining and Geology,
University of Belgrade.

RESULTS

Harzburgites from the Rudnik Mts. display dark grey, i.e. almost black color and
massive structure. Texture is blastogranular with elements of lepidoblastic and
porphyroclastic. The most abundant minerals are talc and olivine. Relics of
orthopyroxene, clinopyroxene and secondary magnesite and magnetite, as well as the
opaque accessories are subordinated. Talc is occasionally making up to 50 vol. % of
rocks. Fibrous and fan-shaped talc are distributed in bands up to 8 mm thick, which
alternate with bands of closely mingled olivine crystals (Fig. 3). Talc is almost of ideal
composition (DEER et al., 1971, 1972; Tab. 1). In some samples could be recognized the
initial phase of orthopyroxene replacement by talc.

Olivine appears in isometric, subhedral to anhedral crystals of different size,
maximally about 0.8 x 1.5 mm. Olivine crystals are cracked, penetrated by thin
serpentine and magnetite mesh. Rotated grains displaying undulatory extinction, as well
as pseudo twins are also recognized. Olivine is forsterite of average composition:
Eny; sWoy63Fs, 5 (Fig. 4).

The XRPD analyses confirmed the domination of talc (ICCD PDF card no. 82-
8124) and the presence of significantly less abundant crystal phase from serpentine group
of minerals (probably chrysotile, PDF 52-1563). Cubic opaque mineral was also
observed. Further investigations are necessary for precise determination of mineral specie
(Fig. 5).

Relic orthopyroxene grains are very scarce, along with completely replaced
pyroxene of preserved crystal forms (Fig. 6). Bent pyroxene suggests on tectonites. Kink
banding is best recognized in orthopyroxene with exsolution lamellas of clinopyroxene,
diopside/augite (Fig. 7). The latter is low abundant (<5%). Accessory opaque minerals
occur in subhedral grains up to 1 x 2 mm in size. Precise determination of identified
opaque mineral of cubic symmetry requires further investigations.

Serpentinites from Brdjani display massive structure. Their texture depends from
the intensity of serpentinization and varies from blastogranular, to lepidoblastic or
porphyroclastic. The most abundant mineral is secondary mesh serpentine, frequently
about 80 vol. % abundant (Fig. 8). Serpentine occurs in lathy aggregates, which are cut
by thin veinlets (up to 0.2 mm thick) of fibrous serpentine of different generations.
Serpentine is magnesium-rich variety of average composition
[(Mg10_66Fez+1_04)11_70(FC3+0‘06A10'03Si7‘94)8'0305(OH)4]. Orthopyroxene is the second mineral
in abundance making up to 30 vol. % of rocks. Subhedral grains of it, sporadically
exceeding 4 mm (porphyroclast) display bending characteristic for tectonites and weak
transformation into bastite (Fig. 9). Thin veinlets of magnesite, from 0.1 to 0.5 mm thick
over orthopyroxene are occasional. Relic olivine crystals, in negligible amounts, are
beneath 0.1 mm in size. Accessory spinel appears in subhedral, cracked grains of reddish-
brown color, up to 1 x 1.2 mm in size.
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DISCUSSION

Serpentinized harzburgites from Brdjani are dominantly built by magnesium-rich
serpentine of average composition: [(MgioesFe” 104)11.70(Fe’ 0.06A1003Si794)5 0305(OH)4].
Serpentine occasionally makes about 80 vol. % of rock. Mesh serpentine, derived after
olivine is prevailing over bastite. Relics from olivine (forsterite) and relics from
orthopyroxene (enstatite) are as well as the accessory spinel very rare. According to
literature data the mesh-structured serpentine commonly considers to low-temperature
lizardite (FAUST & FAHEY, 1962; MOODY, 1976). Low contents of secondary magnetite
and magnesite (~ 5%) suggests on small percentage of fayalite component in primary
olivine and on low CO, mole fraction (<0.2) of the fluid (TROMMSDORF & EVANS,
1977). Serpentinization process is autometamorphic or hydrothermally process that takes
part within the range from <100°C (formation of low-temperature lizardite) to about
500°C, when antigorite forms (MARTIN & FYFE, 1970; MOODY, 1976). It is commonly
presented by the following reaction:

Mg28104 + MgSIO3 + 2H20 = Mg3SIZO5(OH)4

According to experimental data is forsterite stable up to 350-400°C and begins to
convert into serpentine yet at 250-300°C, whereas the replacement of orthopyroxene
takes place at 400°C (EVANS et al., 1976; O'HANLEY, 1996). A preserved enstatite, along
with rare remains of olivine, indicates on low-temperature aqueous solutions that led to
serpentinization. Solutions had to be also silica-poor, otherwise talc and tremolite would
form instead serpentine.

Harzburgites from Rudnik are dominantly built by talc and olivine.
Clinopyroxene, of augite/diopside composition, occurs in a form of exsolution lamellas
after orthopyroxene. Rare serpentine, probably derived on account olivine has average
composition: [(Mg9‘46F62+0.49)9_95(Cr3+0.31A11.31Si6.05)g_1805(OH)4]. In cornparison with
serpentine from Brdjani have lower contents of Mg and Si, and higher alumina. Talc is
almost of ideal CompOSitiOIl: [Mg2A98F60A03_0'04Si3A9873.9901o(OH)z] (DEER et al., 1971,
1972). It commonly forms after pyroxene, in respect to olivine. Talc is replacing
pyroxene over fissure systems in the beginning and encounters the whole crystal
afterwards. Although talc crystallizes in a wide range of temperature, it is helpful in
constraints as its formation is controlled by other factors, particularly silica activity in the
fluid phase (MEVEL, 2003). Acid fluids enriched by SiO, and H" led to talc formation yet
on temperatures of about 300°C (TROMMSDORF & EVANS, 1977; VELDE, 1988). The
same authors determined that the mineral assemblage: talc + forsterite (which remained
unaltered) is stable at least at 490 °C. The action of lower-temperature fluids (below
470 °C) would cause the alteration of olivine, too. Thus the serpentine would form along
with the talc following reaction:

6MgSiO; + 3H,0 = Mg;Si,05(OH), + Mg;Si4044(OH),.
The formation of tremolite at the expense of talc by reaction:
6MgSiO;+2CaMgSi,O¢t3H,0(5)=CaMgsSisO2,(OH),+Mg;Si1,05(OH)4
requires fluids either enriched by Ca and Fe, or silica-rich fluids whose temperature is
below 470°C (VELDE, 1988; O'HANLEY, 1996).
The observed assemblage in harzburgites from Rudnik reflects on talc formation

exclusively on account orthopyroxene under the action of acid and hot fluids throughout
reaction: 3MgSiO; + H,O + SiO, = Mg;Si,0,4(OH),.
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CONCLUSION

Serpentinized harzburgites from Brdjani and talcized harzburgites from the
Rudnik Mt. (core samples from the borehole 330A/18) are of lepidoblastic,
blastogranular or porphyroclastic texture. They display deformations characteristic for
residual mantle harzburgites: bent pyroxene (kink bands) and pseudo twins of olivine.
Primary rocks from both localities were of same mineral composition: olivine + enstatite.
The action of solutions of different chemistry and temperature resulted in their quite
different transformations. Harzburgites from Brdjani are intensively serpentinized by
low-temperature aqueous solutions, whereas hot and silica-rich fluids led to intensive
talcization of harzburgites on the mountain Rudnik. The question, could talcized
harzburgites suggest to vicinity of igneous bodies as the only possible carriers of such
solutions, remained opened.
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