Meon. aH. Bank. nonyoc. 62 413-419 Beorpag, geuembap 1998
Ann. Ceol Pewns. Balk. i Bel8racle, beceThre 1998

Y OK 54:027:546.22:553.635(497.11) OpurnHanHu Hay4Hu pag

MEEONOLWUKA MHTEPIMPETALUWNJIA PE3YJITATA NCTTNT UBAHKA
CTABUNHNX N3OTOMA CYMITOPA N3 AHXNAPUTCKO-IM'MMCHOI
NEXVWTA NTUNMHNUA Y TPYXXW KO KPAIYJEBUA (CPBNJA)

OA
Munoja Nnnuha* n AHTOHUja Panuka**

Y pafy cy npukasal pe3ynTaTtv UCNUTUBakwa CTabunHux nsotona 3o n Y MUHEpasnHOj CyncraHuyn ropwo-
jypcKor aHXMAPUTCKO-TUMCHOT Nexunrra JIMnHuua v faTa je huxoBa reosolwka UHTepnpetaymja. Jo6ujeHn pesyn-
TaTn (apUTMEeTUYKN NpoceK je 12[1%o0, a HTepBan Bapujaumje 11,4-132%c) ngy y npunor Mnmnhese (1993,
1995) xunoTese 0 Cy6MapMHCKOM X1APOTEPMaNHO-CeJMMEHTHOM NOCraHKy OBOT fiexuLTa. Mpema Toj XxunoTesu, oc-
HOBHE KOMMOHeHTe nexuita (cyndarHa rpyna u Kanuujym) He noTMYy M3 ropkwojypckor Mmopa (Koje je npeacrae/ba-
N10 CamMO CPeAMHY Y KOjoj je nexuLiTe N0KanM30BaHO) HEro u3 Hekux gybmenexehnx (BepoBaTHO MNEPMCKMUX) eBano-
puTa NpeTeXHO FMNCHO-aHXUAPUTCKOT cacrasa, U3 Kojux cy 6une mobunncaHe of crpaHe XxuapoTepmanHux pacreopa
Be3aHMX 3a ropk0jypckn 6asmuHm marmatusam. OBu pacTBopu cy, kpehyhu ce Kpo3 nogmopcke Ay6oKe pasoMe Kao
1 npatehy Mpexy pacefia u NyKoTuHa, nanyxusanu 304~ n Ca++ 13 TUX eBanoputa, TPaHCNOPTOBaAN UX HaBULLE W
obapann 1x Ha MOpPCKOM JHy, rfie cy ce 06pa3oBanyv TONAU U3BOPK, Y BUAY aHXuapuTa (KOju je KacHuje AennMUYHO
runcuguuympan). M3 Tx pasnora aHXWApUT U TUNC U3 NexuliTa JINNHALA He NoKasyjy BpeAHOCTM KapakTepuc-
TWUYHe 3a jypy (0KO 17%o0) Hero 3a nepm n fown Tpujac (12,2%0).

Krbyune |H UM crabunHu n3oTonu cymnopa, ropka jypa, aHXuapuT, runc, XnapoTepManHu pacTBopu, nepm, eBanopu-

T, lnnHuua, Kparyjesau, Cpbuja.

YBO/,

MpoyuaBajyhu reonorujy v reHesy ropw0ojypcKkor aHXuApUTCKO-TUMNCHOT NIeXnLLTa
NunHuua y o6nactu Ipyxe kog Kparyjeeua (cn. 1) npBONOMEHYTU ayTop je yCTaHOBMO
[la OHO npefcTaB/ba FEHETCKU CNeunduYHy TBOPeBUHY: AY6OKOBOAHY MapUHCKY Hacnary
Kanuujym cyngata (NpUMapHoOr aHXuUApuTa Koju je KacHuje LeNMMUYHO runcuduumpan
noA yTuuajem nof3emMHux Boga). MowTo TakBa fiexuwTa f0 Tajga HUcy 6una nosHarta y
reosfioLKOj NMTepaTypu, OH je N3HEO XUNoTe3y 0 CyOMapMHCKOM XUAPOTEPMASTHO-CeAU-
MEHTHOM MOCTaHKy nexuwra JIMnHuLa, U3fBojuBLIN ra Kao HOBW TEHETCKU TWUM aHXug-
putckux nexuHrra (Mnwuh; 1993,1995).

CarnacHo NOMeHyYTOj XUMNOTe3n, OCHOBHE KOMMOHeHTe fiexunrra finnHuua (cyndar-
Ha rpyna u Kanuujym) He noTu4yy K3 ropwojypckor mopa (Koje je npefacras/bano camo
CPEeAMHY Yy KOjOj je neXxuLTe I0KaIM30BaH0) Hero 13 Heknx gybsrbenexehnx (BepoBaTHO

*Pypapcko-reonowkun hakyntet YHusep3uteTay beorpagy, hywwuHa 7,11 000 Beorpag.
“ JlabopaTopuja 3a M30TPONCKa UCNUTUBaMbA, VICTpaXMBaUYKN U peakTOPCKW LeHTap LLKOTCKOr yHuBep-
3uTeTa, Mnasros, YjeanweHo KpameBcTso.



MuoueHCKN cefMeHTH
(Muweene »ecLLinen!”)

[0HOKPCAHN CCAUMCHTH
(1x)\yer Crelaceon$ Geclren!«)

Crene ropwe jype
(TJpper Jura$51c rock6)

[eononTka rpaHuua
(Ocologlc hownclary)
Paccg,

(Praclure)

MojaBe aHxuapnTa 1 runca
(Anhyclnlc an<l A>'p6uT occurrencc)

Nexxunrre aHXUApuUTa u runca - Jinnuuua
(Anhyrin{e atk! “ypkntn (lepou ol 1npnlca)

Cn. 1. Teonowka ckuua ropwojypcke cyngatoHocHe 30He y o6nactu Fpyxe (no Mnunhy, 1993).
K§. 1. A 8lUdLUes Seolo{5LU wap ol 1he TJpper Jw'a68lc 8nlphade-healt{5 Tone T 1he OruTa area (afer LU c, 1993).

HuBO mMopa (kea leyel)

KpeytbaLy Hecak
(NTe6”one) (Gark!)
aHXUAPUT 1 TUNC rnnHa
(anhy<M1e arcl MypuT) (clay)

[ONOMUTUYHU KpeykbaLn
(clololivllc MTe51one)

E3 cUnuLMjcke cTene - poxnawmn
(chef1)

ny6oku pacep CnuANTY 1 anjabasun

(clcep l'racharc) (>plLile anc! cKaha’e)
aHXUAPUT
(auhy/blc)

xugpotepmantm pacteopu (hy(lro/bertal 5o0lnvon8)

Cn. 2. WemaTckn npukas obpasoBaka KanuujymcyndartHux nexunwta y obnactu Ipyxe (no Wnuhy, 1993,
o6jallitberbe y TEKCTY).
2. A hypolhelical (Lla“rattalic presen”allon o! /be lNoxtallon ol calcwT .aglphale /bpo3/b o! lhe Crura
area (aller 1Hc, 1993, explanalon T Jbe lexl).



NepMCcKMX) eBanopuTa NPeTeXxXHo rMNCHO-aHXMAPUTCKOr cacTasa, U3 Kojux cy bune Mo-
6unncaHe of cTpaHe XMAPOTEPMAaSIHUX PAcTBOpa BE3aHWX 3a rOPHOjypCKy 6a3rrwm mar-
matusam. OBu pacTBopw cy, kpehyhu ce Kpo3 nogmopcke fy60Ke pasnome, Kao u npare-
hy Mpexy pacefa v nykotTuHa, usnyxmeanm 504~ n Ca+ u3 Tux esanopuTta, TpaHcnop-
TOBa/NW X HaBuLIe 1 obapann UX Ha MOPCKOM [Hy, rfe Cy ce o6pasosanu TOMIn U3BoOpH,
Y BUAY aHXUAPUTCKUX Tefla HenpasuiHe COYMBACTE UK nnacTacte opme (cn. 2).

Mnnh nap. (1996) obaBnnn cy u getasbHa nabopatopujcka (Munepasnolika n Xemujcka)
NCNWUTMBaA MUHEPA/THE CYNCTaHLe 13 nexxuwTa SiunHuua. Pesyntatu oBuX UCMUTKUBaKA MOT-
KPenuan cy XunoTesy 0 XMAPOTePMa/HO-Ce4UMEHTHOM NOCTAHKY MOMEHYTOT NIEXULTA.

PESYNTATUN NCMTNTUBAHKBA CTABNJTHUX N3O TOMA I8 1

MpeonomenyTun aytop (Unuh) je of Beher 6poja npumMepaka aHXuapuTa 1 rumca, npu-
KYMN/bEHMX U3 pasHMX HMBOA NiexkuwTa JInnHuya, ogabpao 12 penpeseHTaTUBHMX 3a M30TOM-
CKa ucnutueawa. [pyronomeHyTtu aytop (Panuk) je ogpeano cagpxaje cTabunHUX U30To-
na j26 n 36 13 oBMx nNpumepaka (J/laboparopuja 3a M30TOMCKa MCMNTMBakbA, VICTpaXKMBavKy 1
peakTopcku ueHTap LLUIkoTckor YHusep3nuteTa y Mnasrosy). Kao nrro je yobuyajeHo, OH je

npuKasao 0fHOC OBMX CTabUTHMX n3oTona cymnopa (63%6) 1 To no obpacuy:
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Yy KOjeM Ce 03HaKa pr Of4HOCU Ha UCMUTWBaHe MPUMepPKe a O3HaKa  Ha cTaHfjapg - Tpowu-
NINT U3 MeTeopuTa KawoHa Luabno (CTYT).
[ob6unjeHe BpegHoCcTM 636 npukasaHe cy y Tabenm 1.

10-

Tabena 1 BpegHocTu 6348 npumepaka u3 nexuwta JiunHuua
Tahle 1. 6”8 Yalues ol »pecten6 1rot lhe 1Jpraca <leposlC

™p. OyHaka npumepkn MuHepanku cacras
Xo  Oe7jJnaHon ol apecjten cor MTera! coTpomjon
1 I - 1l- KA 114 anxugput (kpuctan) - anhy/bUe (cly8Cal)
2 1. —v —1 118 anxupput caruncom - anhy/ble \yLih §yp8ut
3 I —IV —4 126 anxuppuT ca runcom - anhy<Mile wlih AypuwT
4 1.- V-5 122 auxugpwT ca runcom - anhy/bUe \yLih 3yp3uT
5 Nov- 10 125 aHxuapuT ca runcom - anhychWe \yLlh S§ypkunt
6 AL VI- 6 118 aHxmapuT ca runcom - anhy<inle \yWh 8yp6iumn
7 .- VI- 8 120 auxugput ca runcom - anhycln(e \yLh Sypunt
8 .- VIl - 4 123 awxugput ca runcom - anhy/bke wih uypxut
9 .- VIl - 7 122 auxupput caruncom - anhy/ble \yMh ~ypswn
10 -~ v o 125 runc (kpucTan) - uyp.unt (cry8(:al)
u 1-A-1 1832 runc (macuBHu arperart) - j*YP8uT (nraberye a§8reSa(e)
2 N 120 runc (macuBHu arperat) - §ypkuT (Ta8lYe a§{>re{iale)
MHTepBan Bapulauule apUTMETUYKM MPOCeK
(tleryal ol yanallon) (anCtefluc Tean)

(XU kxT,,)=11n-132%0 X=12 2%c



FEO/TIOWKA MHTEPMPETAUNMIA OOBNIENNX PE3YNTATA

JobujeHn pesyntatm mcuntmBara cTabmammx n3otona cymnopa u3s nexuwta Jmn-
MmUa 3Ha4vajHu Cy ca reHeTCKOr U PErMoHaNHO-reo0 IO KOr acrneKTa.

Kaga ce BpegHocTM 635>MCNUTMBAHUX MpUMepaKa (HhUXO0B apuUTMETUYKN NPOCeK U3-
HOCK 12,2%0) YNOPEeAW ca gujarpaMom Bapujaumje 636 y TOKy reosiowke uctopuje (cn. 3),
OHfa ce jacHO BMAM Ja WUCTe OAroBapajy mepMmy W MoyeTky Tpujaca, WTO uge y npuaor
Mnuhese (1993, 1995) npeTnocTaBKe fa Cy UCMOL roOpHOjypCcKOr Mmopa nocrtojane 3Ha-
YyajHe Hacnare esanoputa (M3rpaheHe nornasMTo Of runca WwunaM aHxmapuTa) Kpos Koje
Cy UMpKynucanu XuapoTepManHu pacTBopu (Kpo3 Mpexy pacefa uU MyKOTUHA), U3NYXK-
Ba/IN CyN(haTHe M KanuujCKe jOHE WU, HAKOW M3BECHOT TPAHCNOpPTa, AeMOHOBAAN UX Ha OHY
Mopa, OKO [OBOAHMX KaHana. M30Toncky cactaB aHXMAPUTCKO-TUMNCHE CYNCTaHue u3 fe-
XuwTa JIunHnua, fakne, He ogrosapa ropwoj jypu (kaga je npumapHu aHXuapuT nctano-
XKEH, 32 KOjy Cy KapakTepucTuyHe BpefHOCTU 636 OKO 17%0) HEro BPEMEHCKOM UHTEpBa-
Ny NepMm - AowU Tpujac (Kaga cy MCTanoXeHN XUNOTETUYHU Jybrbenexehn esanoputn).

(80, %o) (rs,

Cn. 3. Bapujayuje BpegHocTH 1 61600 y MapuHCKUM cynaTHUM MUHepanuma y TOKY reonoLKor BpemMeHa
(noClaypool e( al., 1980).

Kj. 3. YanaYon6 of 6 3 ang 6 O yalvne6 ol Tanne 8ulphale TTeralk lhrou8honl §eolo”c 1wne (aller
Claypool el al, 1980).

[obunjeHe BpegHoCTN 636 M3 nexunrra JInnHMLa ykasyjy Ha TO Aa je y OBOM feny
Cpbuvje nocTojao naryHCKM MapuHCKM pa3Boj nepma U, eBeHTYyanHo, Jower Tpujaca (Koju
[0 cajja HUje KOHCTATOBaH) Y KOjeM cy ce Morie obpasoBaTh eKOHOMCKW 3HavajHe Hac-
nare esanopuTa (runca u/unm aHxXugputa u conm).
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GEOLOGICAL INTERPRETATION OF THE RESULTS OF SULPHUR
STABLE ISOTOPE STUDY OF THE ANHYDRITE-GYPSUM DEPOSIT OF
LIPNICA (SERBIA, YUGOSLAVIA)

by
Miloje 1lic* and Anthony Fallick"*

The results of a study of stable isotopes 35 and in the mineral substance of the Upper Jurassic
anhydrite - gypsum deposit of Lipnica (Serbia, Yugoslavia) are presented and their geological interpretation is
offered. The results (arithmetic mean of 8°S is 12.2%c and its interval of variation is 11.4—13.2%0) support
Ilic’s (1993, 1995) hypothesis of submarine hydrothermal-sedimentary (SEDEX) origin of the deposit.
According to the hypothesis principal components of the deposit (sulphate group and calcium) do not
originate from the Upper Jurassic sea (it was only an environment in which the deposit was set) but from
some deeper-lying (probably Permian) evaporites of predominantly gypsum—anhydrite composition, from
which they were mobilized by hydrothermal solutions, associated with the Upper Jurassic basic magmatism.
These solutions, circulating through deep submarine faults as well as the accompanying net of fractures,
leached S04~ and Ca++ from the evaporites, transported them upwards and precipitated them on the sea
bottom, where hot springs developed, as anhydrite (which was partly gypsified later on). Therefore anhydrite
and gypsum from the Lipnica deposit do not exhibit values 63IS characteristic for the Jurassic (about 17%c)
but for the Permian and Lower Triassic (12.2%0).

Key words: sulphur stable isotopes, Upper Jurassic, anhydrite, gypsum, hydrothermal solutions, Permian,
evaporites, lipnica, Kragujevac, Serbia.

INTRODUCTION

While studying the geology and genesis of the Upper Jurassic anhydrite-gypsum
deposit of Lipnica. Gruza area near Kragujevac. Serbia. Yugoslavia (Fig. 1). the first
author found that it represents genetically specific formation: a deep-water marine depo-
sit of calcium sulphate (primary anhydrite which was, later on, partly gypsified under the
influence of underground water). Since such deposit have not been known up-to-then he
put forward a hypothesis on submarine hydrothermal-sedimentary (SEDEX) origin of the

*University of Belgrade, Faculty of Mining and Geology, Djusina 7, 11000 Belgrade.
Isotope Geology Unit, Scottish Universities Research and Reactor Centre, East Kilbride, Glasgow
G75 OQU, UK.



Lipnica and distinguished it as a new genetic type of anhydrite deposits (llic, 1993,
1995).

According to the hypothesis, principal components of the Lipnica deposit (sulphate
group and calcium) do not originate from the Upper Jurassic sea (it was only an envi-
ronment in which the deposit was set) but from some deeper-lying (probably Permian)
evaporites of predominantly gypsum-anhydrite composition, from which they were mobi-
lized by hydrothermal solutions, associated with the Upper Jurassic basic magmatism.
These solutions, circulating through deep submarine faults as well as the accompanying
net of fractures, leached SO/ and Ca+ from the evaporites, transported them upwards
and precipitated them as anhydrite bodies of irregular lenticular or haystack-like form
(Fig. 2).

Ilic et al. (1996) carried out detailed laboratory (mineralogical and chemical) study
of the mineral substance from the Lipnica deposit. Results of the study corroborated the
hypothesis of submarine hydrothermal-sedimentary origin of the deposit.

RESULTS OF SULPHUR STABLE ISOTOPE STUDY

The first author (llic) selected 12 representative specimens for the stable isotope
study from a large number of specimens collected from different levels of the Lipnica
deposit. The second author (Fallick) determined contents of stable isotopes 3S and 3#S
from the specimens. As it is customary, he presented ratio of the stable isotopes (§34S)
using the formula:

in which symbol pr designates the specimens analyzed and symbol st designates the
standard: troilite from the Canyon Diablo meteorite (CDT).

GEOLOGICAL INTERPRETATION OF THE RESULTS

The obtained results of the study of stable isotopes 35S and 34S from the Lipnica de-
posit are significant both from genetic and regional-geologic aspects.

When 83S values of the specimens analyzed (their arithmetic mean is 12.2%0) are
compared with the diagram of 83S variation throughout the geologic history (Fig. 3) then
it is obvious that they fit the time-interval: Permian-Lower Triassic, which corroborates
flic's (1993. 1995) supposition that under the Upper Jurassic sea there were large depo-
sits of evaporites (built predominantly of gypsum and/or anhydrite) through which circu-
lated hydrothermal solutions (through a net of fractures), leached sulphate and calcium
ions and. after some transport, deposited them on the sea bottom around conduit chan-
nels. The isotopic composition of the anhydrite-gypsum substance from the Lipnica de-
posit therefore does not fit the Upper Jurassic (when the primary anhydrite was deposited



and characteristic values 834S of which are about \I% o) but the time-interval Permian-
-Lower Triassic (when hypothetical deeper-lying evaporites were deposited).

The obtained 834S values from the Lipnica deposit indicate a lagoon marine devel-
opment of Permian and. possibly, Lower Triassic (neither of which has been found
up-to-now) which could produce economically significant deposits of evaporites (gypsum
and/or anhydrite and salts).

Translated by M. llic
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