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Y £K 549.673.1:551.78:551.312.4(497.11) OpnrHHajiHH HayiiHH pa/f

MHHEPAJIOrHIJA, nETPOJIOrHJA, 'TEOXEMHJA
MINEERALOGIE, PETROLOGIE, GEOCHIMIE

AHAIMHM H3 TEPHHJAPHHX JESEPCKHX
BACEHA CPBHJE

ofl

Jejiene OSpa”oBHh*, Pa®oBaHa J*HMHTpnjeBHha*,
He6ojme Bacnha h MHJiHH,e KamaHHH

TepLyijapHH je3epcKH cHcreMH y CpSnjn, Kojn cy jtocra pacnpocrpafteHH, caapsce Behe hjih Maite kohh-
gHHe B*jiKaHOKJiacTmmK CTeHa 3a Koje cy Be3ane Haj3HaHajHHje nojaBe aHajigHMa. Ilopeji nojaBe aHajiiiHMa y
acoi*njaijHjH ca B"iiKaHOKJiacTHHHHM CTeHaMa KOHCTaTOBaHe cy h nojaBe aHajmHMa Kojn acoiflipajy ca KJiacTm-
hhm pei)e KapSoHaTHHM CTeHaMa. y obom pany AaTa je, nopeji ffeTaloHe aHaliH3e aHajmHMa H3 je3epcKHX 6ace-
na, KopejiaijHja hcthx H3 pa3JimHTHX creHa-HOMahHHa h pa3JimHTHx SaceHa, acoi(Hjai(Hje y KojHMa ce jaBJbajy
Kao h HHXOBareHe3a.

Kjby«ine pcin: aHaliL(HM,je3epcKH 6aceHH, hojiomhkphth, ByjikaHCKO craKJio, npeioinH TauH ja.

YBO3

AHajmHM (xHflpaTHcaHH 3JiyMocHJIHKaT HaipjijyMa) Kao necT cacTojaK cejiiiMeHaTa
je3epcKHX 6aceHa, cnennjajnio repnHjapHe cTapocra, KOHCTaTOBaH je Hajnemhe y acoip-
jau,HjH ca ByjiKaHOKJiacTHHHHM cTeHaMa. nojaBe aHajmHMa Kojn He acon,Hpajy ca ByjiKa-
HOKJiacTHTHMa y HenHTHBaHHM 6aceHHMa cy pejiaTHBHO peTKe h Be3aHe cy 3a rjiHHeHe-,
pe~e Kap6oHaTHe cTeHe hjih naK 3a KpynHO3pHe miacTHTe rfle ce oh jaBJta y u;eMeiiTy.

Y TepmijapnHM, mhohchckhm, je3epcKHM 6aceHHMa Cp6nje KOHCTaTOBaHe cy 30 ca-
;ia nojaBe aHajiu;HMa y cjianaHKOM, ja/japcKOM, BajbeBCKO—mhohhhkom, npaHbaHCKOM, ja-
paiifl0JicKOM h BpaHbCKOM 6aceHy.

nojaBe aHajm;HMa y cjiananKOM 6aceHy Be3aHe cy 3a iy(}ioBe h TycJ)03He jjojiomht-
cKe jianopije (06pa#OBHh h "HMHTpnjeBHh, 1978) H3 cpeflHum.er p(ejia JiHTocTpa-
TiirpacjjCKor cTy6a, Kojn o”roBapa je3epcKoj f*anHjn, ajiKajiHO-3acojbeHoj cy6cjiannjH
6e3 f{)ocHJiHiix ocTaTaKa. Hope/i ailannHMa KOHCTaTOBaHe cy nojaBe 6eHTOHHTa h kjih-
HONTHJIOJIHTa.

PynapcKO0-re0JiOuiKH (JiaKyjiTeT y HHBep3HTeTay BeorpaHy, 'ByuiHHa 7, Beorpan.
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y jaj;iapcKOM 6aceHy anajmnM ce jaBlJta y jroJioMHKpHTHMa ca jiaMHHaMa KeporeHa
(yjpHHM niKpHJbijiiMa) h y Tyc}x)3iiiiM uojiomhtckiim Jianopu,HMa je3epcKe cfjaHiije. Ka-
paKTepHCTHHiio je na ce 3ajepio ca aHajmHMOM jaBJba h 6opHH aHajior aHajiHHMa - cnp-
jieBHT (O bradovi¢ et al., 1992,1994).

Y ce"HMeHTHMa BaiteBCKO—mhohhhkot 6acena, y floJoMHKpHTHMa ca JiaMH
Keporena (yjtHHM iiiKpiui.iilHMa) h Tyc[)03HHM nanopoBHTHM CTeHaMa TaKo”e je KOHCTa-
TOBan aHajm;HM vy acoii;HjaiiHjH ca cnpjie3BHTOM (06paflOBHh h JoBaHOBHhI, 1978; Ob-
radovi¢ et al., 1989), rne je KOHCTaTOBaHa oiej*eha CMeHa: JiaMHHe ca CHpJie3BHTOM,
jiaMHHe ca cnpjiesn roM h aHaliiibHMOM (y jesrpy cc})epo;iHTiior cHpjie3HTa) h Bpjio TaHKe
jiaMHHe ca anajinnMOM h K~cJ)ejincnaTOM.

AHajmHM H3 npaibancKor 6aceHa ce jaBJta y Tycj)y pHOflaHHTCKor cacTaBa h ryc})03-
hhm CTenaMa ca HeuiTO noBHmeiiHM ca”pacajeM 6opa (710 ppm). Cnpjie3HT h Apyrn mh-
HepajiH ca 6opoM HHcy KOHCTaTOBaim. Bop je Be3aH 3a MHHepajie rjirnia, o/i Kojnx cy
KOHCTaTOBaHH CMeKTHT, HIIHT H XJIOpHT.

y Jie>KHiiny ceflHMeHTHor 3e0JiHTa-KJiHHO0iiTHJi0OJiHTa 3jiaTOKon, BpaitcKH 6aceH,
yTBp~eHO je npHcycTBO penaTHBHo peTKor aHajin;HMa KOHCTaTO0B3HOr caMO y jejjHOM
cjiojy CHJincjjiiKoiianor mycl)a, Kojn o/iisaja CjiojeBe KJIHHOnTHJi0JIHTH30BaHOr Tycl)a o/i
noBlJiaTHHX JiaMHHHpaiiHx Jianopaii,a. KapaK'rcpncTH'IHO je ua ce nopc;j peTKor anajinn-
May noce6iiHM JiaMHHaMa CHJinc})HKO0BaHOr Tycj)a, jaBJba 3e0jiHT Kojn BepoBaTHO ojiroBa-
pa rMejiHHHTyY? (xHHpaTHcaiiH Na Ca aliyMOCHJiHKaT).

llojaBa aHajiHHMa Yy japaHnojickOM 6aceHy (CTojaHOBHh, 1972), jejpioM ojj Bpjio
HiiTepecaHTHHX 6aceHa y KOMe ce jaBJbajy yrajfc (y 6a3H cepnje), cenHMeiiTHH Manie3HTH
h 6opaTH (Obradovic et al., 1989, 1992), je orpaHHieHa caMO na njiHTKOBOfIHy Map-
rHHajiHy <J)aii,Hjy ca c})HH03pHHM ByjikaHOKJiacTHTHMa h KliacTHTHMa. J2ok je 3acTyn-
jtenocT aHaliiiHMa Y BynKaHOKJiacTHTHMa 3HaTHa y cJrniio”pnnM kjiacTHTHMa inije koh-
CTaTOBaH. y Tyc}joiiHMa, 'iyc})HniMa h Tyc})03iiHM ce/iiiMeiiTHMa ca aiiajniHMOM jaiiJLajv ce
6opiiH MHHepajiH y TejiHMa coHHBacTor 06jniKa.

METO”MOJIOrHJA

AnajiniiM h CTena-iiOMahHH jie'rajbiio cy aHaliH3HpaHii jia 6h ce ojipejiiuia cTeHa,
ihen MHHepajiHH cacTaB h BpcTa aHajiii;HMa Kao h H,eroBa reHe3a.

llopejj oirni'iKor iicnHTHBaina cTeHe h aHajmHMa y n0JiapH3an;HOHOM MHKpocKony
ypal>eHe cy xeMHjcKe aHajiH3e rpaBiiMCTpHjcKHM Me'i'ojjaMa Kao h eneKTponcKOM mhk-
Pocohjiom (Ha OaKyjiTeTy 3a Mnnepajiornjv h neTpojiorHjy, yHHBep3HTeTa y Mojiciih h
y jiaGopaTopnjn 3a ejieKk TpoHCKy MHKpocoiijvy HFEM, AH PycHje y Mockbh). Cajip>Kaj
ejieMeHaTay TparoBHMa ojipel)en je cneKTpoxeMHjcKHM nyTeM y Jia6opaTopnjH 3a cneK-
TpoxeMHjcKy aHaliiidy HFEM AH Pvcnje (cneKTpoMerap MapKe FRE-30, Karl Zeis
Jena).

IMeiijirciicKa KapaKTepH3an,Hja aHajiiiHMa mctojiom npaxa ypal)eHa je npe csera y
HHJby KBanHTaTHBHe 1ljielithc})hkaniije MHHepajia h KopejiaHiije ca MHKpocKoncKHM a xe-
MHjcKHM oiicepiiaiinjaM a. Ka.ria roji; je to 6hjio Moryhe, pa'iyiiare cy jiHMeH3Hje jejiH-
ithhhhx hejinja HCTpa2CHBaHHX anajiniiMa aa uiTa je KopHinhen nporpaM LSUCRIPS
(Garvey, 1986). 0>Ba Mepen>a cy BprneHa y iiHJty KOHTpojie h Kopejian;Hje xeMH3Ma

HaMa
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o/jhocho cacTaBa aHajm;HMa y iioiliic,ny ca”pacaja Si/Aly KpHCTaJiHoj pcmcihn, a cxo/iho
MeTojjn H npoireirypH Kijje npBH irpc;iJi0o>KHO Saha (1959, 1961), a paspaiiium h mo/jh-
CHHKOBgjiH Coombs & W hetten (1967). BehHHa peHflreHCKHX HcnHTHBaiia 06aBJBeHa
je na ayTOMaTCKOM ;mcf)paK TOMeTpy 3a npax PW-1710 cfmpMe Philips y3 ynoTpe6y CU
aHTHKaTo”e (X =154178 A) h npiiMeHy TexHHKe CKanoBaiLa (KopaK 0.02°, ‘'ia,np>KailaH,e
6pojanay BpeMeHy on2.5"). HeKH o;i y3opaKa CHHMJBeHH cy na pen/ueiicKoj anapaTypn
PW-1050 y3 iipiiOjiHKHo HCTe eKcnepHMeHTaJiHe ycjioBe.

KAPAKTEPHCTHKE CTEHE - TOMAIIHII V

llojaBe aHajmHMa Be3aHe 3a ByjiKaHOKJiacTHTe, KOHCTaTOBaHe y BeheM 6pojy 6ace-
Ha, jaBJBajy ce npcTOKHO y BHTpoKlJiac'rH'iiiHM h BirrpoKpHCTajioKJiacTH4imM TycJ)OBHMa
pHO”aitHTCKOr H JiaHIITCKOI' caCTaBa, 3aTHM Yy Ty()HTHMa, Tycl)03HHM 1JOJIOMHTHHHHM
jlauopnHM a h rJiHHii;HMa. XeMHjcKe aHaliH3e CTeHa-j/OMahHiia npHKa3aHe cy Ha Ta6ejm
1. XeMHjcKe aHajiH3e yKa3ajie cy Ha cpe/iihe KHcelie ByjiKaHCKe CTeHe, pno/janirre h

Ta6ejia 1. XeMHjcxe aHaliH3e ci-eHe aoMahHHa.

Table 1. Chemical analysis of the hosted-rocks.

1 2 3 4 5
SioO, 59.28 65.70 61.40 65.21 63.44
TiO, 0.15 0.25 0.28 0.25 0.00
A1,0, 12.66 13.02 8.40 11.48 10.67
Fe,0, 1.73 1.38 2.07 0.88 1.28
FeO 0.54 0.13 0.20 0.13 0.35
MnO 0.08 0.00 0.00 0.00 0.03
MgO 2.30 181 2.21 1.45 1.83
Cao 4.05 2.50 431 4.55 4.65
Na,0 3.46 0.70 1.22 0.71 3.30
K,0 141 117 1.27 1.29 1.19
p,o, 0.04 0.00 0.00 0.00 0.00
co, 0.00 0.00 0.00 0.00 5.75
H20+ 9.04 10.37 13.87 8.93 4.53
H20 5.76 2.89 4.92 5.07 3.43
36np (Total) 100.50 99.92 100.15 99.95 100.45

1. BHTpoKpHCTalioKliacTH'iaH Tyc}), cjiaHa"KH 6aceH. Ah. C. lllanoH>a; 2. BHTpoKJiacrmaH Tyc{), cjia-
Hamai 6aceH. An. C. IUanoita; 3. Tyc{) ca kjihhoiithjiojihtom, OKOJiHHa BHUiH.HLie, CjiaHanKH 6aceH,
H3 pana HhkojihK h KoayTopn (1975). Ah, B. lloxapii; 4. 3eojmm3HpaH (kjihho-
NTHJI0OJIHTH3HpaH) Tycfi, 3jiaTOKOn, Bpa&CKH 6aceH. Ah. C. UlJanoH>a; 5. BHTpoKlJiacTH>IHH Tyc}),
npaitaHCKH SaceH. Ah. J. Tiypf)eBHh.

1. Vitrocrystaloclastic tuff, Slanci basin. An. S. Saponja.; 2. Vitroclastic tuff, Slanci basin. An.
S. Saponja; 3. Tuff with cliptilolites, near Visnjica, Slanci basen. From the paper by Nikoli¢
et al. (1975). An. V. Poharc; 4. Clinoptilolitized tuff, Zlatokop, Slanci basen. An. S. Saponja;
5. Vitroclastic tuff, Pranjani basin. An. J. Burdevi¢.

/lai/HTe. llope/i anajiHsa HeajiTepHcaimx hjih ejia6o ajiTepHcaHHX ‘iycljoBa npHKa3aHe cy
H aHaJIH3e 3eOJIHTH3HpaHHX, KIIHHONTHIIOJIHTH3HpaHHX Ty(J)OBa H3 CliaiiaHKOIl Gacena.
llocjie/iiBa aHajiH3a je /ia'ra noniTO ce CMaTpa rja 06pa30Ban>e aHajm;HMa o/i ByjiKaHCKor
CTakJia n//e npeKO 6eHTOHHTa h KJiHHONTHJI0JiHTa.
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Tycj30BH H3 cjiaHaHKor uaccna cy 6ejiiiacTe ,no 6cjni'iacTO-->KyTe 60je. BiiTpo-
KliacTHMHH cy 30 BHTpoKpncTajioKJiacTHHHH, ncaMHTGKe j*o nejiHTCKe crpyKType. Mv
rpaeHH cy ojt ojpoMaKa ByjiKaHCKor CTaKlia flejiHMHHHO alJiTepHcaiiHX y 6eHTOHHT,
kjihhohthjiojiht (Nikoli¢ et al., 1975) h aHajiu;iiM. llopeji; ByjiKaHCKor CTaKlia y h.h-
xob cacTaB yjia3e cjjparMeiiTHpana 3pHa miarHOKJiaca, KBapi®a, xopH6jieHjje h jihckc
6noTHTa.
peMHiie CTene, Kojii nope/i cjinnospnor ByjiKancKor CTaKlia ca/p>KC peTKe cj)parMeHTe
KBapn,a, nJiarnoKJiaca (30-50% aH) h JincKe MpKor 6noTHTa.

BHTpoKJiacTHHHH Tycj) pHO/UIHHTCKOI cacTaBa H3 iipan>aiicKor 6aceHa je 6cjni'iacTO
cHBe 60je a H3rpal)eii je flejiOM hjih y n0TnyHOCTH o/t ajiTepncaHor ByjiKaHCKor cTaKlia y
KOMe Jieace KpncTajiii hjiii cjjparMeiiTH KBapija, cj)eji/jcnaTa (nJiarnoKlJiac h ajiKajiHH
cjtejiflcnaT) h jihckc MpKor 6noTHTa.

Y japaH/tojicKOM 6aceHy Tycj)OBH, Tycj)HTii h Tycj)03He CTeHe nope/j ByjiKaHCKor
cTaKlJia, npOMen.eHOi’ y CMeKTHTe h aHajm,HM, ca/tpace cj)pameHTe njiarnoicjiaca h ca-
HH/"HHa, JIHCKe MpKor 6noTHTa h cjiparMeHTe TpaxHTa. Tycj)HTH cy npeTe>KHO MpKe 60je,
cac'raBa Kao h Tycj>OBH caMO ca BehoM kojihhhiiom TepnreHe KOMnoHeHTe.

Tycj)03HH /iojiomh'ih'iiih jianopii;H (cjiaHa'iKii h iipan,aiicKH 6aceH) h Tycj>03HH uihh-
ii,h (japarr/ioJicKH 6aceH) cy necTO cjjniio JiaMHimpaHH. 1IpBH ce KapaKTepHiny JiaMHiiaMa
HHCTor Kap6oHaTa (npeTe>KHO /I0JioMHTa) y CMeHH ca rJiHHeHHM JiaMHHaMa ca Tycj)03HHM
MaTepHjajioM. | jiHHa je cmcktht (MoiiTMopiijoHiri") ca MaiuiM npHMecaMa HJiHTa. y H>gj
ce jaiuhajv peTKa cHTiia 3pHa Knapi/a, njiarnoKJiaca, xopii6jicii//le h chthc JiHCKe 6ho-
THTa. 1"yxe/lpajnia 3pHa aHajm;HMa KOHCTaTOBaHa cy h y je/iiioj h ;ipyroj BpcTH JiaMHiia.

CneKTpoxeMHjcKa HcnHTHBaiba Tycj)OBa h Tycj)03HHX CTeHa (Kap6oHaTa, Jianopaija h
uiHHau;a) noKa3yjy iiobhhich ca/ip>i<aj Mn (BehH o// 2000 ppm), Sr (y Tycj)o3HHM Kap6o-
iiaTHMa 800 h BHtae ppm), h 6opa (2000 h Bnme ppm), cnen;HjaJiHO y japaHjjojicKOM 6a-
ceHy r/je ce y obhm CTeHaMa nopejj CMeKTHTa h aHajmHMa jaBJbajy 6opHH MHHepaliH rpy-
nncaHH y coHHBacTa Tejia. rioBHmen ca/tpacaj 6opa KOHCTaTOBaH je h y Tycj)03HHM CTe-
naMa BajbeBCKO—MHOHHHKor h ja/iapcKor 6aceHa, r;/e je Be3an 3a npncv'rnH cHpjiesiri'.

KAPAKTEPHCTHKE AHAJIHHMA

AHajm;HM ce y cc/jhmchthhm cTeHaMa HcnHTHBaHHX jesepckHX 6aceHa jaBJlba y
eyxelipajiHHM ;/o cy6xe/ipajiiniM irkocnmretpaejiapckhm Kpnc'rajiiiMa, cy 6 MHJiHMeTapcKHX
/lo MiiJiHMeTapcKHX BejiHHHHa. Y japaHjjO-iicKOM 6aceHy HecT je y 06jiHKy flejiTOHfIHHX
KpncTajia. Be36ojaH je, H30Tponan ;/o cjia6o aHH30Tponan. CacTaB anajiniiMa o/ipeljeii
eneKTpoiicKOM MHKpocoHjioM npHKa3aH je Ha Ta6ejiH 2.

llopeji onHcaHHX nojaBa aHajimiMa y Be3H ca ByjiKaHOKJiacTHTHMa y japaHj"ojicKOM
6aceHy KOHCTaTOBaHa je nojaBa aHajin;HMay H,eMeHTy cj)aHrjioMepara, nojaBe Koje je jom
3ana3Ho Cto]JaHOBHh (1968), y KOMe ce nopej* ojpoMaKa cejiHMeHTHHX cTeHa jaBJbajy
h c}jparMCH'iH ByjiKaHCKHX CTeHa. 1lomTO je nojaBa anajiniiMa Be3aHa 3a neMeirr npeT-
nocTaBJbeHO je jia je aHajm;HM HacTao Kao xeMHjcKH iipcniiiiHTaT (Obradovié, 1988).
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TaSelia 2. XeMHjcKe aHajnree aHajmHMa
Table 2. Chemical analysis of analcimes (E. MHKpocoHjia / E. microprobe)

1 2 3 4

Sio, 55.72 58.24 54.47 56.83

TiO,

A1,0, 20.07 20.62 23.18 21.07

FeO 0.28 0.01

MnO

MgO 0.08 0.37

CaO 0.14 0.20 0.74 0.01

Na,0 12.21 11.93 13.27 12.94

K,0 0.23 0.24 0.09 0.05
36hp (Total) 88.06 91.70 91.75 90.91

1. AnajmHM H3 BHTpoKpHCTajioRjiacTHHHor Tyt})a, cjiaHa”"KH 6aceH. CpeniiH caflpacaj H3 10 aHajiH3a. Ah. F. Ba-
3ajiHHH, MojieHa; 2. AHajmHM H3 Tyc})03Hor HOJioMHTHiHor jianopua, cjiaHaMKH SaceH. CpejiH>H canpscaj H3 11
aHajiH3a. Ah. T. Ba33aJiHHH; 3. AHajmHM H3 BajteBCKo-MHOHHHKor daceHa. Cpe*H>a BpejtHocr H3 9 aHajiH3a. Ah.
y Jla6opaTopHjH 3a elieKTpoHCKy MHKpocoHffy HIME, AH Pycnje, MocKBa; 4. AHaji-tiHM H3 jiatiHTa lJena,
XHjipoTepMajiHH. Ah. C. IHanoita.

1. Analcime frorn vitrocrystaloclastic tuff, Slanci basen. Average from 10 analysis. Am G. Vazzalini, Mo-
dena; 2. Analcime from tuffaceous doloimitic marls, Slanci basen. Average from 11. analysis. An. G. Vaz-
zalini, Modena; 3. Analcime from Valjevo-Mionica basen, average from 9 analysis. An. in Laboratory for
electronic microprobe, IGEM, AN Russia, Moskow; 4. Analcime from dacite, DZep. Hydrothermal. An. S.
Saponja.

Ta6ejia 3. Cpej(H>a BpejiHocr aTOMcmx ojjHoca.
Table 3. Average Atomic ratios.

1 2 3 4

Si 2.10 211 2.00 2.09
Al 0.89 0.88 1.00 0.91
Mg 0.01 0.02

Ca 0.01 0.01 0.03

Na 0.89 0.84 0.95 0.93
K 0.01 0.01

Si/Al 2.36 2.40 2.00 2.29

1.Ca0QLM g OCLN a 08K OCL(A 10g9S i2100 6)n H 20
2.Ca00lM g O@N a084K 00L(A 10885i2n0 6)nH 20
3.Ca0@N a 0%B(A1~0S 2000 6)nH 20

4. NaOB(A1091Si2090 6)nH 20

1. AHajn"iM H3 BHTpoKpHCTajioKJiacrMHor Tytj)a, cjiaHa"KH 6aceH. Cpej(H>H cajipscaj H3 10 aHaJiH3a. Ah. T.
Ba33aJiHHH, MojfeHa; 2. AHajmHM H3 Ty4>03Hor jnojiOMHTHTOor Jianopifa, cjiaHanKH 6aceH. CpejiftH cajipxaj H3
11 aHajiH3a. Ah. F. Ba33aliHHH; 3. AHajmHM H3 BajbeBCKO-MHOHHHKOr 6aceHa. Cpejjj«>a BpejiHOCT H3 9 aHajiH3a.
Ah. y Jla6opaTopHjH 3a ejieKTpoHCKy MHKpocoHjiy HFME, AH Pycnje, MocKBa; 4. AHajigHM H3 jjaijHTa IJena,
XHijtpoTepMajiHH. Ah. C, IllanoH>a.

1. Analcime from vitrocrystaloclastic tuff, Slanci basen. Average from 10 analysis. Am G. Vazzalini, Mo-
dena; 2. Analcime from tuffaceous doloimitie marls, Slanci basen. Average from 11. analysis. An. G. Vaz-
zalini, Modena; 3. Analcime from Valjevo-Mionica basen, average from 9 analysis. An. in Laboratory for
electronic microprobe, IGEM, AN Russia, Moskow; 4. Analcime from dacite, DZep. Hydrothermal. An. S.

Saponja.
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XeMHjcKH cacraB HenHTHBaHHX aHajiu,HMa h inpa”mia‘re crpyKTypHe (jjopMVJie
Bpno cy Gjincke Nrieajinoj (tjopMVIm anaJiHHMa Na(AlSi20 6 xnH20 (‘raf). 3). 3anaaca ce h
VTiinaj CTene ifOMahiiua Ha cacTaB aHaliipMa, cajjpacaj Mg h Ca KOHCTaTOBaH je y aHaji-
n;HMy H3 Tyc|)03HOr ji;ojioMHTHHHor Jianopi®a (aHajiH3a 2) h Ca y aHalin,HMy H3 1iy4J03HHX
JianopoBHTHX cTeHa BajfceBCKO—mhohhhkot 6aceHa (aHajiH3a 3). Pa3JiHKa y cacTaBy
aHalJiHHMa je3epcKHX 6aceHa h anajimiMa H3 jjaiuria, rjje je XHjjpoTepMajnior nopeKJia,
HHje KOHCTaTOBaHa, otjhocho HCTa je Kao h kojj aHajmHMa H3 pa3JiH'iirrnx je3epcKirx
6aceHa.

O jihoc Si/Al Bapnpa oji 2.00 (npo6a 3, BajoeBCKO—mhohhmkh 6acen) j(o 2.40 (npo6a
2, cnaHaHKH 6aceii). llpeMa lijimi & Hay (1968) anajin;HMH ca hhckhm cajjpacajeM ch-
jiHii;Hje HMajy Taj ojpioc ofl 2.10 jjo 2.20, ca cpejptHM cajip>KajeM 2.20-2.70, a ca bhcokhm
2.70-2.80. HajHH>KH ojihoc HMa aHajin;HM H3 BaibeBCKO—mhohhhkof 6aceHa (HH3aK
cajip>Kaj CHJini(nje), a aiiajiHHMH H3 cjiana'iKor je3epa cy ca cpejiuaiM ojjhocom (2.36 h
2.40). XHjiporepMajiHH arrajmHM je ria rpaHHHH hhckoi' h cpejni.er ca;jp>Kaja CHJiHmije
(2.20).

Acon,Hjaii;Hje ayTHreHHX MHHepalJia ca KojHMa ce HcniiTHBaHH aHajiuHMH jaBibajy,
jioHeK 'ie ce pa3JiHKyjy y 3aBHCHOCTH ojj 6aceHa. Y cjianaHKOM 6aceHy aHajmHM ce jaBJba
y acoiinjaniijn ca 6eHTOHHTOM h kjihhohthjiojihtom ca H3pa3HTOM 30HaJiHOHihy - Byji-
KHHCKO CTaKJIO-6eHTOHHT-KIIHHONTHIIQJIHT-aHaJIHHM. ¥ BalbeBCKO—MHOHHHKOM h ja-
CMeKTHTOM h 60pHHM MHHepanHMa. HHTepecaHTHa je acoiinjannja y Kojoj ce jaBJba
aHajmHMy jiokihhtv ryc}ja 3jiaTOKon (KJiHHonTHJioJiHTH3HpaHor), rjje ce nopeji; KJiHHon-
THIIAJIHTa, KojH JCKH HAHAJI CHIIHCH)HKOBaHOr Tycl)a Ca peTKHM aHaJIHHMVOM (y JiIdiUIM UG
JiOBHMa CHJincjiHKOBaiior 'ryc})a), y noce6iiH M JiaMHHaMa jaB Jba rMejiHHHT, Kojn je jio cajia
KOHCTaTOBaH jejrniio y BparbCKOM 6aceHy.

PeiijircHCKa ncnHTHBaiba npaxa npBeHCTBeHO CYy KopHHiheHa Yy mubv pyTHHCKe
Hj(eHTH(})HKaH;Hje MHHepajrHor cacTaBa BejiHKor 6poja y3opaKa Kao h 3a npaheibe npo-
MeHa cejjHMeHTaHHje y pa3JiHHHTHM 6aceHHMa.

nopej® Tora OBa HCTpaacHBaiia ¢y Kopnmhena h 3a ceMHKBaHTHTaTHBHy npon,eHy
MHHepajiHor cacTaBa HcnHTHB3HHXx cejiiiMenaTa mTO je 33thm KopejiHcaHO ca pe3yjiTa-
THMa MHKpOCKONCKHX H XeMHICKHX [ICnHTHBaiba. V'iOpilH y KojHMa je analimim HjjeiiTH-
ch)HKOBaH Y 3iia‘iajHoj kojihhhhh CHHVEHH cy noHOBO ca BehoM oceTJbHBomhy, a jjo6h-
jeHH jnic}jpaKii;ilOHH iiojiann cy KopHinhehh 3a paHViiaibe jiHMeH'nija h>hxobhx jejniiiHH-
hhx hejinja (Ta6. 4). /l,06njciiH pe3yjiTaTH h Mepeiba ynoTpe6jbeHH cy 3a npen;H3HO oji;pe-
)HBaibe YyraoHor nojioacaja (29) pecf)jicKcnje ca MnJiep-OBHM HiijieKciiMa (936), Ta6. 4.
OBa Mepeiba iianomeHa cy na jjHjaj paMe 3aBHCHOCTH cacTaBa anajm;iiMay norjiejjy cajip-
acaja Si h Aly ejieMeHTpaHoj hejinjn (Saha, 1959,1961; Coombs & W hetten, 1967), a
jio6iijeiui ojjhoch Si/Al npHKa33HH cy TaKolje y Tas. 4. OBaKO ojjpel)enii Si/Al ojhiocii
KopejiaTHBHH cy ca ojiroBapajvhiiM pe3yjiTaTHMa xeMHjcKHX HcnHTHBaiba npHKa3aHHX y
Ta6. 2 h 3, h jacHO yKa3yjy Ha cejjHMeHTHO nopeKJio HcnHTHBaiiHX anajiu;HMa 063HpoM jja
je ojjhoc Si/Al Behu ofl 2.2 (lijima & Hay, 1968). He3HaTHe pa3JiHKe H3Meljy npHMe-
ibciiHx MCTojja KojHMa je ojipel)iiBaii ojnioc Si/Al, iiocjiejjnna cy KaKO iiejioc'ra'iKa caMHX
MeToa TaKO h BepoBaTHe HexOMOreHOCTH HenHTHBaiiHX aiiadiii;HMa. npoMeHa ojinoca
Si/Al Moace hmhth 3a nocjiejjHHV npoMeHy CHMeTpHje aiiajiniiMa (Mazzi & Galli,
1978), mTO ce mojkc ojjpasHTii h Ha yraOHOM noJiox»cajy pecfjjieKcnje (936). Obh ccJjckth
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KojH ce MaHH(|)ecTyjy npouiHpeH,eM hjih yflBajan>eM pecjidiek CHje d 936 y HaiHHM HCTpa-
»CHBaibHMa HHcy sanajKenn h MO>Ke ce ibpjihtii jia cy HcnHTHBaHH anaJiuHMH Tecepajrae
ciiMe'rpiije.

TaCejia 4. JeflHHHIiHe hejinje aHajniHMa

Table 4. Cell unit of analcimes

aj (nm) VOA)3 20 £» Si/Al
1. Valjevo-Mionica 1.3693(8) 2567(4) -
2. Valjevo-Mionica 1.3706(11) 3574(7) 78.290 2.24
3. Valjevo-Mionica 1.3684(3) 2563(2) 78.366 2.55
4. Jadar 1.3659(10) 2569(6) - -
5. Jarandol 1.3663(3) 2550(2) 78.463 2.75
6. Slanci 1.3707(4) 2575(3) 78.290 2.24
7. Slanci 1.3707(3) 2571(3) 78.290 2.24
8. Slanci 1.3699(4) 2571(3) 78.344 2.46

3HCKyCHJA H 3AKJI>yilAK

CTeHe y KojHMa ce jaB Jta anajinHM y HcnHTHBaHHM 6aceHH M a ojiroiiapajy npeie>KHO

TycJ)OBHMa h TycjjHTHMa hjih nak Tycj)o3HHM cejiHMeirrHMa, uito yKa3yje Ha H>eroBy Be3y
ca ByjiKaHOKJiacTHHHHM CTeHaMa h  Moryhn nocTaHaK npeKo ByjikaHCKor CTaKlia. PeTKe
nojaBe aHajin;HMay u,eMeHTY cj)aiirjiOMepa‘ra y japanj/oJicKOM 6aceHy, rjje ce nopejj oj/jio-
MaKa cej(HMeHTHHX CTeHa jaBJbajy h (J)parMeHTH ByjiKaHCKHX CTeHa, npejiC TaBJhajv xe-
MHjcKH npeHHiiHTaT (O bradovi¢, 1988).
HHiia H>nxoBor 06pa30BaH>a: 1. jinpeKTna npenmiHTaHHja H3 bojjc je3epa hjih nopHHXx
cjiiyH:ja; 2. 06pa30BaH>eM H3 rejia; 3. H3 paiinje 06pa30BaHHX 3eojiHTa (nopeKJioM H3
ByJiKaHCKor CTaKJia); 4. MHHepajia rjiHHa; 5. 06pa30BaH>eM H3 njiarHOKJiaca (Hay, 1966;
Van Houten, 1962; Eugster & Jones, 1968; Hay & Picard, 1965; Gottardi & Ob-
radovié¢, 1978; Smith, 1982; Utada, 1970; Surdam & Shepard, 1978; Gall & Hyde,
1989; Remy & Ferrell, 1989).

llpe nero hito jincKy'ryjeMo reHe3y HcnHTHBaHHX anajiniiMa HOTpe6HO je jiarn
KapaKTepncTHKe cTeHa h 6aceHa y KojHMa ce jaBJi>ajy. 143 nanpej™ H3JioaceHor Moace ce
3aKJtyHHTH cjiejjehe:

I 1. AngjiHHM ce jaBJba y cepnjn yjbHHX HiKpHJbaija y jjoJioMHKpHTHMa h JianopoBH-
thm cTeHaMa y KojHMa Kap6oHaT ojjroBapa jjojioMH'ry. Kajm;HT Kojn ce TaKaoije jaB-

Jba ripeTe>Kiio HenyH>aBa mynjbHHe h nyKOTHHe. IloMeHyTe cTeHe cy necTO TycJ)03-

Hor KapaKTepa h jaBJbajy ce nopejr Tycj)OBa. Y yjbHHM mKpHJbHHMa anajiHHM acon;H-

pa ca cnpjie3HTOM (BajbeBCKO—mhohhhkh h jajjapcKii 6aceH), h peTKHM K-cj)ejijj-

cnaTOM (BajbeBCKO—mhohhhkh 6aceH).

2. AnaJiHHM ce jaBJba y Tycj)OBHMa h Tycj)HTHMa ca npeJia3HMa oji ByjiKancK jr CTaK-

Jia npeKO 6eHTOHHTa h KJiHHONTHJi0JiHTa (cjiaHaiKH 6aceH). llpHMeTHa 30HajiHOCT,

Koja je inia'ie KapaKTepncTHHHa 3a jjHjarene3y TOHeH>a, y obom cjrv’iajv .e MO*e

ce y3eTH y 063Hp, Beh ce Moace o6jacHHTH 30HajiHOmhy Koja je kohtpojihc tin 3aco-

jbeHomhy.

3. AHajiu;HM ce jaBJba y H3pa3HTO CHJiHcj)HKOBaiiOM Tycj)\, Kojri w iriaja K ihiiduth-

JIOJIHTH3HpaH CT3KJiaCTH Tycj) QU JIQIOVHTHHHHX JianOpaHa (3jiaTOKOII, I'|'HbCK



262 J. Q6paflOBHh, P. AHMHTnpjeBnh, H, Bacnh h M. KamaHHH

6acen). CHJiH(j3HKOBaHH tvcJj noKa3yje JiaMHnapHV rpai)y ca jiaMHHBMa ojj 'ihctc ch-
jinii;Hje (onajia CT h KBapn;a) h JiaMHiiaMa y KojHMa je KOHCTaTOBaH h jjpyi’H 3e0jiHT
(rMeJIHHHT?).

4. AHajiii;HM ce jaBJta y Ty<J)03HHM JianopoBHTHM cTeHaMa y KojHMa Kap6oHaT ojiro-
Bapa jjojioMHrry (npaHbaHCKH h cjiaiiaTKH 6aceH).

5. AHajm;HM ce jaBJba y iiy({)OBHMa, Ty(J)HTHMa h Ty4)03HHM rjiHHijHMa ca nojaBOM
coHHBacTHX Tejia 6opaTa (japanjjojicKH 6aceH).

I 1. AHajiu,HM H3 BajbeBCKO—MHOHHHKor 6aceHa HMa HH3aK ojjhoc Si/Al (cHpoMaiiiHH
CYy chjiihjhjom) a H3 cjiana'iKor 6aceHa HirrepMejiHjapiiii ofliioc (2.36-2.40). AHaji-
h;hm ca hhckhm cajip>KajeM CHJiHHHje ce cJjopMHpa H3 KHcejiHX Ty(])OBa a iioji yTHH,a-
jeM cnaHe, ajikaliHe Bojje (Coombs & W hetten, 1967) hjih nak npejjcTaBJba npe-
jia3HH HJian peaKifnje chjihh;ho3hh aHajiHHM - K-"ejijjcnaT (lijima & Hay, 1968).

Il 1. Je3epcKH 6aceHH cy HecTO MepoMHKTiior THna ca nojaBoM CTpaTHCpHKaiiHje - aji-
KajiHa, sacojbena iipn jjny h cnaTKa Bojia npn Bpxy - hjih ce y H>HWVa BpuiH CMeHa

IV Hntbemme Koje yKa3yjy Ha aliKajiHy, 3acojbeny cpejjHiiy cy:

1. CHHcejHMeHTau,HOHH jiojiomht ((popMHpa ce y aJiKajiHHM je3epHMa, Kelts &
Hsu, 1978; yraaBHOM Ce He ncTajioacaBa Y cjiaTKOBOJjjiiHM jesepiiM a, Jons & Bow-
ser, 1978).

2. 06pa30BaH>e cejjHMenTiior MarHe3H Ta.

3. TpaHC(f)opMaHHja ByjiKaHCKor cTaKJia y kjihhohthjiojiht hjih Yy 6eHTOHHT h kjih-
HonTHJiojiHT h anajmiiM.

4. TpaiiccjjopM aijH ja aHajra;HMa y K -(f)ejijjcnaT (caMo y cjiaHHM h ajiKajiHHM cpejin-
HaMa, Surdam & Shepard, 1978).

5. 30oHajiHocT KOHCTaTOBaHa 3acojbeHorahy (ByjikaHCKO CTaKlJio-6eHTOHHT-KJiH-
HonTHJiojiHT-aHajra;HM).

6. nojaBa cnpjie3HTa h TpanccjlopMau;Hja aHajmHMa Y CHpjie3HT (aHaliujHM y je3rpy
c(j)epojiHTiior cnpjie3HTa).

7. nojaBa Kajiyna TpoHe, raopTHTa h/hjih iHiica.

HaBejjene 'iHH>eHHije yKa3yjy jja cy BOjje HcnHTHBaHHX je3epa, y jejmoM CTajjnjyMy
pa3BHTKa, iipeTOKHO y BpeMe cHHcejjHMeirranHje h paHe jjnjareHese, 6hjic aliKajiHe h
cjiaHe. CTeneH sacojbenocTH iiHje 6ho hcth y cbhm je3epHMa, xajiHT HHje KOHCTaTOBaH
(ceM y Ty3liaHCKO-TeraaibCKOM 6aceHy BocHe) Te HajBHiiiH cTeneH 3acojbeHocTH HHje

npo(j)HJia Ha noBpraHHH KOHCTaTOBaHO je npncycTBO Kajiyna TpoHe, raopTHTa h rmica.
Bojje ocTajiHX HcnHTHBaHHX 6aceHa noKa3yjy MaH>y 3ac0lJi>eHOCT ajiH je OHa eBHjjeirnia.

y TaKBHM aliKajiHHM h 3acojbeHHM cpejjmiaMa 06pa30BaH je aHajra,HM. IfceroBO
ckhm CTaKJioM npeKO 6eHTOHHTa h KJiIHHOnTHJi0JiHTa je jacHa Yy cjiana'ikOM 6aceHy rjje ce
jaBlJta y TycJ)OBHMa. Y japanjjoJicKOM 6aceHy rjje je KOHCTaTOBaH y Ty(f)JOBHMa h iiy(jjo3-
hhm rJiHHipiMa y KojHMa ce jaBli>ajy h co'iHBacTa Tejia 6opaTa aHajra;HM je cpopMiipan
peakD HjoM ByjiKaHCKor CTaKlia h pacTBopeHHx cojih nopHe hjih je3epcKe bojjc (6e3
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npena3He cj)ade H3 3eojiHTa Xejjiaii;jHI'CKC rpyne). Y 3aBHCHOCTH oji ajiKajiHOCTH Bone
o6pasoBaH je CMeKTirr h/hjih aHaJinHM A kthbhoct Na+y npBHM nopHHM cfliyHjTHMa 6a-
Jia je BHCOKa Te je jiojia'iiuio /(o rjiopM Hpaita Na h Ca-Na 6opaTa (yjieKCHTa h/hjih nn.o-
HTa). 110TporaH>0M Na HOBehaH je cajipacaj Ca ho6pa3yje ce KOJieMaHHT a o6orahen>eM
nopHHX Rojia cHJiHn;HjoM cj)opMHpa ce xobjiht, Kojn jjcjiom h 3aMeH>yje paHO cJjopMHpan
KoJieMaHHT (Obradovi¢ et al., 1992).

llojaBa peTKor anajrn;HMa Yy jie>KHiiny 3jraTOKOH, BpartcKH 6 aceH, TaKo”e ce mojkc
06jacHHTH npoMeHOM H3 ByjiKaHCKor cTaKjra npeKO KJTHHonTHJroJiHTa. 0 6 oraherr>eM
nopHHX Bojja Ca h npncycTBOM jora y HOTnyHOCTH HeyTporaeHor Na o06pa30BaH je
3e0JTHT—rMeJIHHHT?.

.lojaBe aHalirijnMa cy6 MHKpocKoncKHX BejiniHHa y BajbeBCKO—m hohhhkom h jajjap-
ckom 6aceHy, y CTeHaMa 'iyc|)03HOi' KapaKTepa, paHHje cy TpeTHpaHe Kao iipoj/yKTH H3-
MeHe ByjiKaHCKor CTaKlia, hhko HHje KOHCTaTOBaH mijejiaH 3eojtHT Kao Me”ynjraH (0 6 -
pajjobhh h JoBaHOBHhK, 1987), a rarje KOHCTaTOBaHO hh ByjtkaHCKO cTaicjro, Koje je
6hjto cy6 MHKpocKoncKHX BejrHHHHa hjth Koje je Y n0TtryHOCTH ajTTepncano. CjriiHaH je
cjiv'raj h ca anajiriHMOM H3 nparr>aHCKor 6aceHa rne ceM anajitiHMa HHje KOHCTaTOBan
jipyrn 3eojtHT, ca tom pa3JtHKOM hito cy y Tycl)y npHMeheHe nojaBe KapaKTepHCTH'iiinx
06jrHKa ByjtKkaHCKor CTaKjra.

llocTaBJBa ce NHTarr>e jia jth je anajrrjHM Be3aH 3a H3MeHy ByjrkaHCKor CTaKlia, @
yKOJTHKO jecre, ithto cmo ckjtohh na BepyjeMO0, HacTao je jinpeKTHOM ajrTepariHjoM Byjr-
KaHCKor crakJia (Holler & wirschine, 1978) noji yTHnajcM ajiKajiHHX, 3acojr>eHHX
nopHHX Bo.tt hjth je3epcKe Bojie HCTor KapaKTepa (aHajrn;HM npan>aHCKor 6aceHa,
iiyp})eBHh, 1989). 06pa30BaH>e analiHHMay BaiteBck o—mhohhhkom h jajiapckom 6a-
ceHy je jiHcKy'r;iéujiHO, hjihje 06pa3oBaH Kao h aHaliiiHM nparr>aHCKor 6aceHa hjih je naK
HacTao jiHpcK'inoM ripenHriHTHsanHjoM H3 nopHH X Bojia hjih je3epcKe Bojie 6aceHa.
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ANALCIME FROM TERTIARY LACUSTRINE
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Tertiary lacustrine systems in Serbia, which are widely spread, contain larger or smaller quantities of
pyroclastic rocks to which the most important appearances of analcime are connected. Except in associa-
tion with pyroclastic rocks, analcime appears with clastic and rarely with carbonate rocks. In this paper,
apart from the detailed analysis of analcime from the lacustrine basin, their correlation to different hosted-
-rocks in different basins, association with which they appear and their genesis is also presented.

Key words: analcime, lacustrine basin, dolomicrites, volcanic glass, precipitation.
INTRODUCTION

Analcime (hydrate Na alumosilicate) as a frequent component of sedimentary lacus-
trine basins, especially of Tertiary age, is found most often in association with pyroclastic
rocks. Appearance of analcime that is not associated with pyroclastic rocks in the exam-
ined basins is rather rare, and it is connected more often to clayey then to carbonate
rocks, or to coarse grain clastics where it appears in cement.

In Tertiary, Miocen lacustrine basins in Serbia analcime is found in Slanci, Jadar,
Valjevo—Mionica, Pranjani, Jarandol and Vranje basin.

Analcime in the Slanci basin is connected to tuffs and tuffaceous dolomitic rocks
(Obradovi¢ and Dimitrijevi¢, 1978), from the middle part of the geological column,
which corresponds to lacustrine facies, alcaline-salted subfacies without fossil remains.
Bentonite and clinoptylolite were found too.

*
University of Belgrade, Faculty of Mining and Geology, DjuSina 7, Belgrade.
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In the Jadar basin analcime appears in dolomicrites with cerogen laminas (oil shists)
and in tuffaceous dolomitic marls. It is characteristic that boron analogous of analcime—
-searlesite is found together with analcime (Obradovi¢ et al., 1992, 1994).

In dolomicrites with cerogen laminae (oii shists) and tuffaceous marly rocks from the
Valjevo—Mionica basin analcime is also found in association with searlesite (Obradovi¢
and Jovanovié, 1978; Obradovi¢ et al., 1989) where the following changes are
found: laminae with searlesite, laminae with searlesite and analcime (in the nucleus of
spherolitic searlesite) and very thin laminae with analcime and K-feldspar.

In the Pranjani basin analcime appears with rhyodacite tuff and tuffaceous rocks with
a higher concentration of boron (710 ppm). Searlesite and other boron minerals are not
found. Boron is connected to clay minerals - smectite, illite and chlorite.

In sedimentary zeolite —clinoptylolite deposit Zlatokop, Vranje basin, an appearance
of rather rare analcime is observed just in one layer of silicified tuff, which distinguishes
layers of clinoptylolized tuff from overlying laminated marls. It is characteristic that be-
sides rare analcime in special laminas of silicified tuff, a zeolite appears which probably
corresponds to gmelinite (hydrated Na Ca alumosilicat).

In the very interesting Jarandol basin (Stojanovi¢, 1972) where coal (in the basis
of the series), sedimentary magnesites and borates (Obradovi¢ et al., 1988, 1992) ap-
pear, analcime appears only in shallow marginal facies with finegrained pyroclastic and
clastic rocks. While presence of analcime is considerable in pyroclastic rocks, in fine-
grained clastics it is not found. Boron minerals in tuffs, tuffits and tuffaceous rocks with
analcime appear in lence bodies.

METHODOLOGY

To determine the hosted—rock, its mineral composition, type of analcime and its
genesis, both the analcime and the hosted-rock were detailly examined.

Besides an optical investigation of rocks and analcime, chemical analyses using gra-
vimetrical methods as well as electronic microprobe analyses (at the Faculty of Mineral-
ogy and Petrology, University of Modena, and in the Laboratory for electronic microsonde
IGEM, AS of Russia in Moscow) were done. Content of trace elements was determined
spectrochemically in the laboratory for spectrochemical analysis IGEM AS of Russia
(spectrometer FRE-30, Karl Zeis Jena).

The method of powder difractometry was used in aim of quantitative identification
of minerals and in correlation with microscopical and chemical analysis. Whenever it was
possible, dimensions of unit cells of the investigated analcimes were calculated. Software
LSUCRIPS (Gervey, 1986) was used for that purpose. These measurements were done
in aim of control and chemical correlation, i.e. composition of different analcimes, con-
sidering the content of Si/Al ratio in crystal lattices by methods and procedures first
given by Saha (1959, 1961), and modified by Coombs & W hetten (1967). The ma-
jority of X—ay investigations were done on the automatic powder diffractogram
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PW—1710, Philips, with Cu anticatode (A-=1.54178 A) and using scanning technic (step
0.02°, counting stop 2.5"). Some of the samples were filmed on X-—ray apparatus
PW-1050 under almost the same experimental conditions.

CHARACTERISTICS OF THE HOSTED-ROCK

Analcime, connected to pyroclastics which are observed in most basins, appears in
vitroclastic and vitrocrystaloclastic rhyodacite and dacite tuffs, then in tuffits, tuffaceous
dolomitic marls and clays. Chemical analyses of hosted-rocks which are presented on
Tab. 1 indicate intermediate composition of these rocks - rhyodacite and dacite. Besides
the analyses of nonaltered or weakly altered tuffs, analyses of zeolitised and clinopti-
lolised tuffs from the Slanci basin are also presented. Last analysis is given because it is
considered that the forming of analcime from volcanic glass originates from bentonite and
clinoptilolite.

Tuffs from the Slanci basin are of a whitish to whitish-yellow colour. They are vi-
troclastic to vitrocrystaloclastic, with psamitic to pelitic structure. Particles of volcanic
glass, partly altered to bentonite, clinoptilolite (Nikoli¢ et al., 1975) and analcime, are
the main components of these rocks. Besides volcanic glass, in its composition appear
fragmented grains of plagioclase, quartz, homblende and biotite sheets.

Very similar are the tuffs of Zlatokop, which are clinoptilolized up to 80% vol. of
the rock. Besides fmegrained volcanic glass it contains rare fragments of quartz, plagio-
clase (30-50% An), and sheets of dark biotite.

Vitroclastic rhyodacite tuff from the Pranjani basin is whitish-gray in colour and is
built-up partly or completely from altered volcanic glass in which crystals or fragments
of quartz, feldspar (plagioclase, alcaline feldspar) and sheets of dark biotite lie.

In Jarandol basin tuffs, tuffits and tuffaceous rocks besides volcanic glass, which is
changed to smectites and analcime, contain plagioclase and sanidine fragments, sheets of
dark biotites and trachite fragments.

Tuffits are mainly dark with the same composition as tuffs, only with a larger
quantity of terrigenous components.

Tuffaceous dolomitic marls (Slanci and Pranjani basins) and tuffaceous clays (Ja-
randol basin) are often finely laminated. Laminae of pure carbonate (mainly dolomite) in
changements with clayey laminae with tuffaceous material are characteristic for the for-
mer. Clay is smectite (montmorillonite) with smaller ingredient of illite in which rare,
small grains of quartz, plagioclase, homblende and small sheets of biotite appear. Euhe-
dral grains of analcime are found in both types of laminae. Tuffaceous clays, besides
fmegrained feldspar contain smectite and analcime.

Spectrochemical investigations of tuffs and tuffaceous rocks (carbonates, marls and
clays) show higher content of Mn (higher then 2000 ppm), Sr (in tuffaceous carbonates
800 and more ppm), and B (2000 and more ppm), especially in the Jarandol basin where
besides smectites and analcime boron minerals appear gathered in lense bodies. In the
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Valjevo—Mionica and Jarandol basin tuffaceous rocks with a higher content of boron
which is connected to searlesite are found.

CHAJRACTERISTICS OF ANALCEVIE

Analcime in sedimentary rocks of the examined lacustrine basins appears in euhedral
to subhedral icositetrahedron crystals of submilimetar to milimetar dimensions. In the
Jarandol basin it is often in the shape of deltoid crystall. It is colourless, isotropic to
weakly anisotropic. On Tab. 2 the composition of analcime determined by electronic mi-
crosonde is presented.

The chemical composition of examined analcime and calculated structural formulas
are very close to the ideal analcime formula Na(AISi20 @xnH2 (Tab. 3). It is noticed
that the composition of hosted—ock can influence the composition of analcime, for ex-
ample: Ca and Mg contents are found in analcime from tuffaceous dolomitic marls
(analysis 2) and content of Ca in analcime from tuffaceous marly rocks in the Valjevo-
—Mionica basin (analysis 3). The difference in analcime from lacustrine basins and anal-
cime from dacite, where it has a hydrothermal origin, is as small as is the difference
between analcimes from different lacustrine basins.

Si/Al ratio varies from 2.00 (sample 3, Valjevo-Mionica basin) to 2.40 (sample 2,
Slanci basin). According to lijima and Hay (1968) analcimas with low content of sil-
ica have Si/Al ratio from 2.10 to 2.20, with medium content from 2.20 to 2.70 and with
high content from 2.70 to 2.80. Analcime from the Valjevo—Mionica basin (low content
of silica) has the lowest ratio. Analcimes from the Slanci basin have medium ratio
(2.36-2.40). Hydrothermal analcime is on the boundary of low and medium silica con-
tent.

Apart from the described analcime in connection with volcanoclastics in the Jarandol
basin, appearance of analcime in the cement of fanglomerates was established and de-
scribed by Stojanovi¢ (1968). In this cement besides sedimentary fragments occur frag-
ments of volcanic rocks. Because analcime is connected to cement, it is supposed that it
originates as a chemical precipitate (Obradovic¢, 1988).

Authigenic mineral association with which the examined analcime appears differs to
a certain degree in different basins. In the Slanci basin analcime occurs in association
with bentonite and clinoptilolite with obvious zonality - volcanic glass-bentonite-cli-
noptilolite-analcime. In the Valjevo-Mionica and in Jadar basins analcime is found with
searlesite, and in the Jarandol basin with smectite and boron minerals. The association in
which analcime appears in clinoptilolised tuff deposit Zlatokop is interesting, where
besides clinoptilolite, which lies beneath silicified tuff with rare analeime (in the lower
part of silicified tuff), gmelinite, which has so far been found only in Vranje basin
appears in separated laminae.

Powder difractogram investigations were mainly used aiming to identify mineral
composition of a large number of samples as well as to follow the changes of sedimenta-
tion in different basins.
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Beside that, these investigations have been used also for semiquantitative estimation
of mineral composition of examined sediments, which has been correlated with the results
of microscopic and chemical research. The samples with identified significant analcime
were filmed again, on a higher measurement sensitivity, and the obtained diffraction data
used for unit cell calculation of analcime (Tab. 4). The obtained results and measurments
were used for precise determination of angle position (20) reflections by Miller indexes
(936), Tab. 4. These measurments and results were plotted on the dependance diagram for
analcime and Si and Al content in the elementary cell (Saha 1959, 1961; Coombs &
W hetten, 1967); the obtained Si/Al ratio is also shown in Tab. 4. They are correlative
with the corresponding chemical research resultats, shown in Tab. 2 and Tab. 3, and they
clearly indicate the sedimentary origin of the investigated analcimes considering the Si/Al
ratio which is higher than 2.2 (lijima & Hay, 1968). Slight differeces in results be-
tween the methods used for determination of Si/Al ratio are a consequence of defects of
methods themselves and probable inhomogenity of the investigated analcimes. The
changes of Si/Al ratio can cause the change of analcimes symmetry (Mazzi & Galli,
1978) and reflection angle position (936). These effects which are demonstrated by wide-
ness and even creation of double refleetions d 936, were not observed in our research and
therefore it can be claimed that the examined analcime has cubic symmetry.

DISCUSSION AND CONCLUSION

The hosted—ocks in which analcime appears from different basins are mostly tuffs
and tuffits, or tuffaceous sediments, which indicate its connection to volcanoclastic rocks
and possible origin through volcanic glass. The rare occurrences of analcime in fanglom-
erates cement in the Jarandol basin, together with sedimentary and volcanic rock frag-
ments, are chemical precipitation products (Obradovi¢, 1988).

The genesis of analcime is a subject of discussion and several ways of its origin
were proposed: 1. by direct precipitation from lake waters or pore fluids; 2. by forming
from gel; 3. from pre-formed zeolites (originating from volcanic glass); 4. from clay
minerals, and 5. from plagioclase (Hay, 1966; Van Houten, 1962; Eugster & Jones,
1968; Hay & Picard, 1965; Gottardi & Obradovié, 1978; Smith, 1982; Utada,
1970; Surdam & Shepard, 1978; Gall & Hyde, 1989; Remy & Ferrell, 1989).

Before discussing the investigated analcimes origin, it is necessary to give the char-
acteristics of rocks and basins in which they appear. From the above mentioned the fol-
lowing can be concluded:
| 1. Analcime appears in oil shales series within dolomicrites and (dolomitic) marly

rocks. Calcite appears also, mainly filling the cavities and cracks. Mentioned rocks

have mainly tuffaceous character and appear next to tuffs. In oil shales analcime is
associated with searlesite (Valjevo-Mionica and Jadar basins) and rare potassium
feldspar (Valjevo—Mionica basin).

2. Analcime appears in many kinds of tuffs and tuffits, with volcanic glass and even

bentonite and clinoptilolites (Slanci basin). Noticable zonallity, characteristic for
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burial diagenesis, in this case is, however, controlled by the saltation.

3. Analcime appears in highly silificated tuff, on the boundary between clinopti-
lolized glassy tuff and dolomitic marls (Zlatokop, Vranje basin). The silificated tuff
is laminated, with pure silica (opal CT and quartz) laminaes and those with other
zeolite (gmelinite).

4. Analcime appears in tuffitic marly (dolomitic) rocks (Pranjani and Slanci basin).

5. Analcime appears in tuffs, tuffites and tuffaceous shales with borate lenses occur-
rences (Jarandol basin).

6. Analcime appears in cement of fanglomerates (Jarandol basin).

1. Analcime from the Valjevo—Mionica basin has low Si/Al ratio (small silica con-
tent) and intermediate (2.36 —2.41) from Slanci basin. Analcime with small silica
content originates from acid tuffs under the influence of salted, alcaline water
(Coombs & W hetten, 1967) or it is a transitional member of reaction: rich-silica
analcime - potassium feldspar (lijima & Hay, 1968).

1. Lake basins are often meromictic in type, with stratified waters - alcaline, salted
on the bottom and fresh water on the top - or, the water regimes change in them
from one regime (with salted and chlorine water) to another (freshwater).

IV Facts indicating alcaline, salted environment are:

1. Synsedimentary dolomite (origins in alcaline lakes, Kelts & Hsu, 1978; very
rarely in freshwater lakes, Jones & Bowser, 1978).

2. The forming of sedimentary magnesite.

3. Transformation of volcanic glass into clinoptilolite or into bentonite, clinoptilolite
and analcime.

4. Transformation of analcime into potassium feldspar (only in salted and alcali envi-
ronments, Surdam & Shepard, 1978).

5. Zonallity observed by the saltiness (volcanic glass-bentonite-clinoptilolite-anal-
cime).

6. Appearance of searlesite and transformation of analcime into searlesite (analcime
in nucleus of spherolitic searlesite).

7. Appearance of trona, shortite and/or gypsum frames.

These facts indicate that waters of the examined lakes, at one stage of development,

mainly at the time of synsedimentation and early diagenesis, were alcaline and salted.
The degree of saltiness was not the same in all lakes, hallite was not observed (except in
Tuzla—TeSanj basin, in Bosnia) and therefore the highest degree of saltiness was not
reached. Only in one borehole sample from the Valjevo-Mionica basin transformation of
analcime into potassium feldspar was observed, and in samples of dolomicrites from sur-
face profile the presence of trona, shortite and gypsum frames was found. The waters
from other investigated basins show less, but evident saltiness.

In such alcaline and salted waters analcime was formed. Its way of forming differs

from basin to basin. The connection of analcime and volcanic glass through bentonite and
clinoptylolite is clear in the Slanci basin, where analcime appears in tuffs. In the Jarandol
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basin analcime was observed in tuffs and tuffaceous shales with borate lenses where it
was formed in a reaction of volcanic glass and soluted salts of pore and lake waters
(with no transition through phase of heulandite zeolite group). Depending on water alcal-
ity, smectite and/or analcime was formed. Na+ activity in first pore waters was high,
which resulted in the forming of Na and Ca-Na borates (ulexite and/or ionite). Con-
sumption of Na+ increased the Ca content, forming colemanite, while the enrichment of
pore waters with silica formed hovalite, which partly replaced early formed colemanite
(Obradovi¢ et al., 1992).

Appearance of rare analcime in Zlatokop deposit, Vranje basin, can also be ex-
plained by alteration of volcanic glass through clinoptilolite. By enrichment of pore wa-
ters with Ca, and in the presence of still not completely consumed Na, zeolite - gme-
linite was formed.

Appearanees of analcime of submicroscopic dimensions found in tuffaceous rocks in
the Valjevo-Mionica and Jadar basin, were considered earlier as an alteration product of
volcanic glass, although no zeolite was found as a middle member (Obradovi¢ &
Jovanovié, 1987); neither was volcanic glass found, with submicroscopic dimensions or
completely altered. A similar case occurred with analcime from Pranjani where, except
for analcime no other zeolite was found, with that difference the appearances of volcanic
glass of a characteristic shape were observed in the tuff.

The question is whether the analcime is connected to alteraticn of volcanic glass or
not. If it is, which we believe, it was formed by direct alteraiion of volcanic glass
(Holler & W:irsehine, 1978) under the influence of analcime, salted pore waters or
lake waters with the same characteristics (analcime from Pranjani basin, 1989). The
forming of analcime in the Valjevo-Mionica and Jadar basin is for discussion. It is either
formed in the same way as analcime I'rom the Pranjani basin or by direct precipitation
from pore waters or basin lake waters.

Trmslated by the authors
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