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Abstract: In the Risovaa cave are found, for yspoy: v Iehnnn Pucosaua mabene cy 3a
the karst, atypical alteration in the limestoneg,pcr pernmmune mpomene y crpyk Typu
structure. Also, morphogenesis of the objeheumaxa. Taxohe, mopdorenesa objexra ne
can not be logically interpret. Thosejousprapa ce mormumom Tymauemwy. Ta
differences are result of hydrothermal procesgicrynama cy mnocieauna xuaporepmantor
in initial phase of karstic cycle. And thenypoyeca y ununmjantoj dasu kpacupuxanmje.
activity of hot water and hot emanationgiejcreo Tomre Boge u Tomwmx emananmja je
brought up to the metasomatism angaya nopeno g0 Meracomarose u mectpykumje
destruction of rock, enormous excrete Ofrene, o6ummor nyuema HakuTa a KacHHmje 10

ornaments and later, ceiling collapse and fill Upyiier,a TaBannue n sanymasama npocropa.
of cave room.
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Andrzej Manecki and within Vencac masiff Shumadies, Serbia
Scope and field of studies O0uM H 00J1aCT MPOYYaBaKHA
Intensive exploration works in the  MuTen3uBan UCTPaKUBAYKH

Risovaa cave have been carried out ipagosu mehune PucoBaya obaBibeHH
the years 1995-1997. Several strwy 1995-1997roaune. IIponahene cy
ctural changes in limestone rocks wernekoirke IpoMeHe y CTPYKTYpU Kpe-
found which are not typical forumaka HernmHuHe 3a KiIacH4YHE Ka-
classical karst objects. Moreovercrae ob6jekre. IllTaBuine, Heke MoO-
some morphological irregularities ar@dosomke HempaBUITHOCTH HHUCY J0-
inconsistent with evolution schemes afiienne obpacuuma eBonymmje Kiacu-
classical karst caves. YHMX KapCTHUX mehuHa.

For many years the attempts of Togmnama cy HacTojama na ce
finding logical continuation of exca-nmponahe oruyaH HacTaBaKk HCKO-
vated galleries and caverns were nahuux ranepuja u rnehuna 6miu 6e3y-
successful. In order to explain thenemrsu. Jla 6u ce 00jacHIIN y3pOIH
cause of these non typical phenomepanx HeTunuyHUX MojaBa, OWIO je
additional data had to be obtained. moTpe6HO prOaBUTH JoJaTHe

HOJIaTKe.
These phenomena can be cha- Ose ce mnojaBe ™ory okapa-
racterized as follows: KTepucaTu Ha cieaeh HauuH:

1. Morphology of walls and galleriesl. Mopdomoruja 3ugoBa U Tajnepuja
(conduits) : limestone rock unaltere@sonosa): kpeumauka CTeHa HEH-
by karst processes (observed iMemena kpacudukammjoMm (youeHOM
outcrop) is compact, finecrystallinexon wusmamka) je xommakTHa, (GHHO
and showing slightly marked jointingxpucranza u mokasyje 61aro yousnse
The rock observed on the walls ofmojese. Crena youeHa Ha 3u7OBHMA
galleries of this cave, particularly in itsanepuja oBe mnehune, a moceOHO Ha

parts close to the opening, iSseHMM JIeJIOBHMA OJIM3y OTBOpa, je
conglomerate-like but, in fact, it is nolanuk Ha KOHIJIOMEpaT aju, y CTBapH,
such rock in character. 10 IPUPOJIN HHjE€ TaKBa CTEHA.

2. Traces of erosion by water ar@. BumbuBu cy TparoBu epo3mje camo
visible only in initial part of the cave,y npenmum nenosuma nehune, rae je
where rock is hard and displaystena uBpcta M mokasyje NpUMapHY
primary structure. CTPYKTYDY.

3. In deeper parts of the cave no trac8s V ny6suM aenoBuma mehnbe He
of erosion by water are obserwed. Theuagajy ce Tparosu BojieHe eposmje.
rock is softened, delaminated, porouStena je oMeKmiaHa, MOPO3HA HIIH
or cemented with calcite, cavernousemMenTrpana KaJIHUTOM, IIyIUBHKaBa
and locally filled with moon milk (in u nokanHo mnonymeHa mnehuHCKUM
caverns), decolourized or coloured bynexkom, HeoOojeHa wiau o0ojeHa XH-
iron and manganese hydrated oxidegartauMm okcuarMma 0J0Ba M MaHTaHa
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to yellow, red brown and rusty tintSy Hujance »xyre, IpBEeHKAacTo OpaoH U
Primary rock shows dark gray colourboje phe. IlpumapHa creHa wuMa
being bleached only on the surfacegarose TamHO cuBe Koja je m3bebeHa
subjected to karst processes. caMO Ha TMOBpIIMHAMA H3JI0KECHUM
4. Walls and roof in deeper parts ofpacudpukarmjm.

the cave (where no traces of erosich 3umoBn u TaBanuna 1y0/BUX AETOBA
by water are observed) show tendeneyhune(rne ce He yodaBajy TparoBu
to fissility, concordant with parallelBogene eposuje) Harumby MKpH-
surfaces e.g. of bedding or slidingsaBoctH, kKoja je y ckiamy ca mapa-
planes. This fissility is marked bynennum moBpmmnama, HIp. paBHUMa
calcitic sinters, precipitated on thesgcnojaBama WM  KIM3HEM  TO-
surfaces. BpmmHaMa. OBa IIKPUJbABOCT je obe-
5. There is lack of continuity of themexena kpeumauknm Hacarama cure,
oldest morphologic formation,koja ce TanoXKM Ha OBHUM IOBPIIH-
represented by caverns filled withiama.

sinters. Between them there appe&t Kox Hajctapuje MOp(OIIOIIKe
zones of cauliflower-like sinters,popmanmje, kojy  mpencrtaBibajy
filling fissures joining them. nehuHe ncnymeHe curom, He TOCTOjU
6. In the roof of potholes, above th&ourunyurer. U3melyy mux ce jaBibajy
traces of water (river) erosionjiojaceBu cura HaJIUMK Ha KapQuou,
limestone is intensely disintegrate@oju wucmymaBa NyKOTHHE KOje HX
and brown coloured, soft ancmajajy.

scattering.  Similar  phenomenon. Ha TaBanuim j0HIa, H3HAT TParosa
accompanied by structures of boxworkonene eposmje (peune), kpeumak je
type was observed in a chimney callapasuro u3npodsser u 06ojeH Opaox
Cascade Gallery, being the upper flo@ojom, mexk u pacuma ce. Cowmuna
of the cave. nojaBa mpaheHa CTpykTypama THIIa
7. The basement of potholes is6oxwopk” youeHa je y AUMEbaKy
represented by usually 2-10 cm thickassanom Kackagna ramepuja Koja
coarse-crystalline calcitic cover. npecTaBba TOPHY HUBO IehuHe.

8. Worth emphasizing is high content. OcnoBy nonua ynHu o6myno 2-10
of clays and secondary substancesn neb6eo cmoj rpybo KpHCTaIHOT
The former are filling fractures in thiskamamura.

part of the cave where there are & Bpenun wucrahm Bucok caapxaj
traces of erosion by water. These ar@una u CeKyHIapHHX CYICTaHIIH.
plastic finegrained substances showid@pse momnymaBajy mpenroMe y OBOM
green, yellow and red-brown coloseny mnehmne rne Hema TparoBa
uration and containing Fe and Mmoaene epos3uje. OBO Cy IUIacTUYHE
hydrated oxides. Cauliflower sinter i€utHO3pHacTe cymcranme ca Tpa-
underlain by red, hard substance, foosuma 3esene, KyTe U IPBEHKACTO-
rming a layer 3-5 cm thick. OpaoH 000jeHOCTH U  caapKajeM
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XUAPATHUX OKCHIa rBoxha "
MaHTraHa. Y OCHOBH Kap(bnonaCTe cure
Hana3u ce 3-5 cm.xebeo cioj 1pBeHe
TBPJE CYIICTAHLE.

During successive exploration 3a Bpeme HeNpeKHAHHX HCTpa-
systematic measurments, sampling améBama nehune u mWeHe OKOJIMHE
studies in the cave and its envirom$asibeHa Cy cHCTEMaTCKa Mepemba,
were carried out to explain the aboweopkosama u npoydyaBama Kako Ou ce
mentioned irregularities. Is was foundbojacauie rope TOMeHyTe Hempa-
that these specific phenomena wesannoctu. Y1BpheHo je ma cy xuapo-
caused by hydrothermal processaspmannu mporecH IIPOY3POKOBAIH
They resulted in the formation of aBe koHkpeTHe mojaBe. OHe cy Mmae
pra-cave, metasomatic alterations agwl pesynarat ¢opmupame ,mnpare-
origin of non-typical sinters: cauhmne”, MeracomMarcke H3MeEHE H
liflower-shaped, coarse-crystalline floropexio HeTHIHUHKX cura: y OOIHKY
wstones and rock falls from the roof. kapduona, rpy6o kpucramHuX TEYHUX

CTeHa M o0pymmaBajyhux cTeHa.

Topographic and tectonic mea- Tomorpagcka ¥  TEKTOHCKa
surments in the cave and quarry, agpexa rnehuHe U KaMeHOJIOMa, Kao U
well as elaboration of their result®0pama muxoBux pesynarata o0a-
were performed in cooperation withssbenun cy y capaamu ca Cprckom
the Serbian Academy of Sciences angtagemujom Hayka W  yYMETHOCTH
Arts  (SANU). Very detailed (CAHY). UsBpmeHne cy Beoma
morphologic analysis of galleries inierassne MopdosIomke aHanu3e raje-
the cave was carried out. Samples efija y nehuuu. IIpukyIbenu cy y3o-
unaltered rocks and those subjected pou HeumsmMewmeHHX CTEHA H OHHUX
all the recorded alteration processesnoxeHux  CBUM  3a0ClICKESHUM
were collected, as well as of claysponecnma npomena, Kao ¥ TJIHHE KO-
filling tectonic fissures, sinters,ja wucnymaBa TEKTOHCKE MYKOTHHE,
flowstones and dropstones, includingura, Teunux creHa u oOpymaBajyhux
so called ,onyx” and alluvial deposits.ctena, ykpyayjyhu u T3B. ,0oHHKCA” U

aJyBHjaTHUX HacJara.

Rock samples were analyzed in the VY3opim creHa aHanu3upanu cy Ha
Department of Mineralogy, PetroXarenpu 3a Munepamormjy, meTpo-
graphy and Geochemistry of thepadujy u reoxemujy Texuuukor yHu-
Technical University of Mining andBep3urera pynapcTBa U METaIypruje y
Metallurgy in Cracow as plannedKpakoBy (kao TIaHUpaHu HCTpa-
research work no.10.140.348. OpticakuBauxu pan 0p.10.140.348).
and electron (SEM) microscopy wa$lpumemena je omnTu4ka H  ee-
applied. The changes in chemicalrporcka (CEM) mukpockomnuja. ITpo-
composition in alteration zone wereiene y XeMHjCKOM cacTaBy 30HE
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studied using LINK EDS- antepanmje  mpoy4yaBaHe Cy KO-
spectrometer. Quantitative analysgsihemem JIMHK EJIC-cme-
and distribution map of Fe wererpomerpa. Us3Bpinena je KBaHTH-
carried out. Moreover, comparativeatuBHa aHamu3a ¥ Mama JUCTPHU-
analyses of megascopically similabyumje rsoskha. IltaBumre, kommapa-
alteration types observed in carorBHa aHanM3a METacKOICKHM CIMYHUX
bonate rocks of closest environs (legsinoBa npomeHe youeHHUX KoJ KapOo-
than 20-30 km around the cavepaTHux cTeHa y HEMOCPEIHO] OIN3UHU
related with local mining of iron ores(mame ox 20-30 km oxo mnehune),
(Vencac massif). MOBE3aHEe Cy ca JIOKaTHUM BahemeM
pyne reoxha (MacuB Benuarr).

The analysis of clays filling AHanmuza TIHHE KOja IONMyHaBa
fractures, finegrained fraction ofaykotune, ¢uuo 3pHacTa ¢pakumja
fluvial sediments and of mineralizedpnyBuanaux cemuMeHarta u MuHepa-
limestones from the cave and quarriesizopannx kpeumaka u3 TmehuHe H
in the Vencac massif was carried owamenomoma Ha MacuBy Benwan
using XRD method. Coarsegrainedsspiiena je npumeHom merona XP/I.
fraction of cave deposits and insolublEpy6o 3pnacte ¢pakumje nehuackux
residue contained, sinters andamoca W HepacTBOPUBHMX OCTaTaKa
flowstones were examined usin@aapxaBanu Cy CUT€ M TEYHE CTCHE
stereomicroscopy, powder prepakoje Cy aHaIu3UpaHe KOpHUIIhemeM
rations for transmittant light and SEMcrepeomMukpockonuje,  mpariKacTUX

method. mpemapara 3a IPEHOCHO CBETIO U
meroa CEM.
Morphology of cave, its deposits Mopdgonoruja nehune, leHuX
and mode of filling its space HAHOCA U 00JIMK MOMYyHhaBakba
npocropa

1. Risovd&a is a small horizontal 1. PucoBaua je Majia XOpH30HTaIHA
cave, originally completely filled with nehuna xoja je mpBoOuTHO OwMita
river muds. In the parts near therornmyHo UCHymeHa PEYHHM MYJHEM.
opening till a calcitic sinter barrier ¥ npemoBuma 0nm3y oTBopa 10
(75 m from the opening), closing thekamurae cura mpemnpexke (75 m ox
gallery, actually removed river mud iSoTBopa), Hajla3u ce TUITMYHO JICKHIITE
a typical bedded fluvial deposit. It dayBujanHOr HaHOCA KOjU je ycTBapu
contained Miocene fauna, diversifiedpeunu myss u 3aTBapa ranzepujy. OH je
mineral assemblage and animal boeagpxaao MuoreHCKy (hayHy pasiu-
nes. No quartz gravel was found, ty<mTux MuHEpalHHX IEIHMHA ¥ KOCTH
pical for sediments of post-Miocenexusoruma. Huje OTKpHBEH HHKAKaB
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streams. KBapIiHM [NUbYHAK  THIIMYaH  3a
2. Behind the sinter barrier thecenumenTe mocT-MHOLIEHCKHUX TOKOBA.
deposits are different in character. 2. W3a cura npenpeke HaHOCH Cy
The space is filled with loose debrispasmuunrte mpupoze. Ilpocrop je mo-
composed of fragments of differentnymen pacytum ocrampMa Koje uduHe
size or massive rocks cemented witlkomanu paznMUMTHX BENMYMHA WIN
calcite. MaCHBHHX CT€HA OYBPCIINX KAIIHUTOM.
3. About 25 m behind the barrier 3. Oko 25 wMerapa wu3a oBe
a large hollow was found, mpenpeke mpoHagjeHa je  BenuKa
approximately 20x15 m in size. ItSmymbsuna, BenmuunHe npuommkHo 20-
floor is covered by loose rock debris, 15 m. [Txo joj je mokpuBeHO pacyTuM
originally deposited up to about 0.5 mcenumenTma,  koju  cy  OwiH
below the roof of the chamber. Itsmpro6utHo Hanetn mo Bucuue 0,5 m
actual thickness (after removing 2-3ucnon TaBanuile mpocropuje. thuxosa
m thick rock debris) amounts to atcrBapua nebspunHa (IOIITO Cy YKITO-
least 5-6 m since excavations did notbenu ocraiu creHa AeObUHE 2-3 M)
reach the lithic rock of the floor. Theusnocu okxo 6Gapem 5-6 m momro
roof is tattered, showing no traces ofickomaBama HHCy jgocmena [0
erosional activity of water what is matnunHux crena Ha qHy. TaBaHuIa je
typical for the parts situated close taickp3ana, He mHoOKa3yje TparoBe BO-
the opening of the cave. JICHE epo3Mje Koja je THIUYHA 3a JIe-
4. Exploration of the cave wasmoBe xoju ce Hanmase y OJHU3HHH OTBO-
stopped after numerous attempts ofa nehune.
excavations in all the possible 4. Hcrpaxusame mnehune 3ay-
directions due to lack of morphologicCTaB/beHO je HAKOH OpOjHHX MOKy-

indicators of continuation of this [ldja MCKOMaBama y CcBAM Moryhim
cave mpaBlnKMMa, 300r HemocTatka Mopdo-

5. The floor of the gallery, 60-85 JIOMIKHX HIIKATOPA ¥ KOM CC TIpasily
. ; ' rehrHa HacTaBiba.
m fr'o'm the opening, is coyere_d by 5 Jlno ranepuje, 60-85 m ox
calcitic flowstone, 40 cm thick, inte- grpopa, moxpuseno je kamuuTHEM
nsely recrystallized and showing ba-reuynum crenama, nedmune 40 cm
nded colouration by Fe compoundsinTe3uBHO pPEKPHCTAIM30BAHUM U Ca
what is characteristic feature of onyx.rparosuma Tpakacte 000jeHOCTH je/iu-
In  Proti-Nikoli¢’s  (2) opinion, ®emuMa rBoxha mwrTo je  Kapa-
,,onyx" Of thiS type iS precipitated KTCpUCTUYHA OJIMKa OHHUKCA. Ilo
from thermal waters flowing into MAHUBRCERY lporuh-Hukxonmha  (2),
earlier formed hollows in the caves of? > k¢ OBOT THIA TANOAM Ce U3 Te-

. . pMaJHUX BOJa KOje TeKy y paHuje
karst- spring type. High content ofoq)opl\meHe myrbHEe y nehnnama

silica (up to 28 wt. %) may indicate xapcrio m3sopckor THma. Brcok ca-
thermal origin of calcium flowstone. npxaj xsapua (10 28 wr. %) mosxe
6. Characteristic is the occurrenceykazaty Ha  TepMaaHO  I[OPEKIIO
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of potholes in the roof of the galleryxanujyMcKkux TeYHHX CTeHA. .

between the opening and the sinter 6. Kapakrepucrtiuna je u mojasa

barrier. MUMbaKka y KpoBY Tajepuje m3mely
OTBOpAa U CUra npenpeke.

Localization and geological setting Jlokanmu3anmja u reoJI0MIKO
OKpYKeHe
The hill is built entirely Bpmo je caunmeHo 0 MCKIbYYHUBO

Cretaceous limestones of thepeumaka w3 mepmoma Kpene
Shumadide unit, being a tectonic horstymagujcke  jemunuie koja  je
margined by a complicated fault syfekronckn rpebeH oMeIjeH KOMILIM-
stem. Limestones display tectonic cacoBarmnm cucremom pacena. Kpeumak
ntact with Paleozoic Ve@ac massif, nmokasyje TeKTOHCKH TOAUp ca Macu-
consisting of crystalline schists, serpesom Benuana u3 Ilaneo3ouka xoju ce
ntinites and marbles, mineralized witlactoju o KpucTamacTux MIKpUIbANa,
Fe compounds. This massif is embeepnenTuna u Mepmepa, MHHEpaH-
dding Bukulji granitic laccolith  of 3oBanux jenumemuma reoxmja. OBaj
unknown age (ranging from Palemacus wuma ycamjeH OyKYJbCKH
0zoic to Miocene in local authors opirpanuTCKH JTaKOIUT HEMO3HATE CTa-
nions). The intrusion is accompaniefoctu (mpemMa MHIUBEHY JOKa-THUAX
by penetration of thermal minerahyropa xpehe ce on mame-o3omka 10
waters of Mg-Na-Ca type. MuoIreHa). MHTpy3ujy mpa-TH mpo-
JMpakbe TePMATHUX MHHEPATHUX BO-
na tura Mg-Na-Ca.

As followed from the results of Kako cimemm u3 pesyiarata OBHX
these investigations, the cave iactpaxkuBamwa, mgara nehuna ¢o-
question was formed within a tectonipmupana je y OKBUPY TEKTOHCKOT
node related with an intense strike-slipyroka koju je moBe3an ca 30HOM
zone of Dinaride strike (5)) being unTeH3sMBHMX pacema M HojBIAYEHA
simultaneously of overthrust characteflunapuackor mnpasua (50°), xoju
what is marked by two directions oficroBpemeno uMa KapakTep pace-
slickoliths. Strike-slip - overthrust mo-nure kojy o3HauaBajy IBa IIpaBIia
vement took place also along the Denukonura. [Tomepame pacena u mo-
naride plane (320 and 290 The napnauema - pacenuMHe OIBHjaIO Ce
inversion of these two functions resuay:x Junapuncke pauu (320 u
Ited from the change of direction of te290). NuBep3uja oBe nBe (PyHKIHUje
ctonic movements whereby thatiporcTekna je U3 nmpaBla TEKTOHCKHUX
compre-ssional remained constantiomepama 360r 4yera je To HabHMpame
This change was probably caused l¢rano xoncranTHo. OBy mpoMeHy je
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rigid Paleozoic Vetac massif, BepoBatHO m3a3Ba0  KpyTH MacuB
situated just at the course of motion ddenuary wu3 Ilameo3omka koju ce
Dinaride units. On its eastern marginanasuo ynpaBo Ha NpaBIly KpeTarmba
calcareous plates were moving at thumapunckux jemuamma. Ha mero-
angle of 90 relative to original Bum wmcrounmm oOpoHIMMa KpeuHe
direction of motion and also at 90pasuu kperane cy ce moja yriom on
relative to primary direction 0f90° y ogHocy Ha mpBoOGHTaH IpaBail

compression. Kperama, kao u nog yriom ox 90° y
OIHOCY Ha TpPUMapHU  TpaBail
HaOupama.

The concordance of the strike of Takohe je mpomemena carna-
discontinuity was also estimated relaesoct auCKOHTHHYUTETa mpaBla Y
ted to steep and vertical tectoniogHocy Ha cTpMe U BEpTHKAIHE
planes, recorded within the cave angtkroncke paBHu 3abeeKeHe YHyTap
on the overlying surface - in theiehune u Ha TOPEHUM TOBPIIHHCKHM
quarry. Moreover, a slightly slopectnojeBuma — y kamenomomy. IllTa
overthrust zone was found, appearingime, nponalhena je 6naro Haruyra
on the walls of galleries and detesona pacennua koja ce jaB/ba Ha
rmining an initial plane for primary,3ugoBuMa ranepuja u Koja oxpexjyje
actually completely remo-delled eromouyerny paBan 3a mpumapHy, ycTBa-
sional phase. pH TIOTIYHY TpeobInKoBaHy (asy

eposmje.

Tectonics and morphology of cave Tekronnka n mopgosioruja nehune

The fragment situated close to the ®parmenT koju ce Hamasu Yy
opening reflects the main Dinaride6iu3uan oTBOpa onpaxkaBa TIJIaBHH
direction of poorly marked compre- Iunapuncku paBaif cimabo
ssion (50 and 32 Central part of uspaxenor mabupama (50 u 320).
the cave was developed along colHenrpannu nenoBu nehuHe pa3BUIIU
mpressional overthrusting planesy ce nyx HabpaHHX paBHU paceInHe
(290). In the vertical strike-slip zone (290°). V BeprukanHoj 30HM IpaBLa
(35C°) the development of vertical pacenune (350" jasuma ce BepTH-
phenomena was initiated, observed iRanna mojaBa, youeHa Ha TaBaHWIIN
the roof (chimney-shaped CascadéKackamma ramepuja y oONHKY [IH-
Gallery i.e. a chimney in the roof of mmaka, Tj. QUMIBaK Ha TaBaHHUIIU
the main course of the cave), beingnaBHor mnpaBma mnehuHe), kKoja ce
concordant with this azimuth. On thecnaxe ca oBum asumyrom. Ha mpyroj
other side, the main hall of the cavectpann  ¢opmupana je rinaBHa
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triangular in shape, was formed alongipocropuja nehune, Tpoyrmacror
two strike-slip directions (50 and 0 o6nmka y 1aBa npaBHa MOABIAYCHA
and the overthrust plane 290 (50 u 7C°) u Ha paBHHM pacegama Of

Fragments of the cave showin@90C.
traces of erosion by water display ®parmentn nehute ca TparoBuma
strike concordant with dominant te-Bomene eposuje TOKasyjy Ipasail
ctonic predisposition. However, theykoju je y ckiagy ca TNpeTe:KHOM
were developed due to fine fracturegekronckom mnpeaucnosunyjom. Me-
oriented diagonally relative to thehyrum, om je macrao 300r (uHUX
elongation of conduits. This fact evi-mykotuna  koje cy  ycMmepeHe
dences considerable progress in erQuijaroHanHo y OIHOCY Ha TpYXKambe
sional averaging of azimuth and so, irBomoBa. OBa YHEEHHUIIA CBEIOYH O
this concrete case, in the intensity ofmatHoM  ogmumamy  mpocedHe
erosional phase. epo3dje a3uMyTa, Ma y OBOM KO-

HKPETHOM CIIy4ajy M O MHTCH3HTETY
eposuone (pasze.

The series of caverns was Huz nehuna pasBuo ce carjiacHo
developed concordantly with the strik@pasiy mnpenpeka Ha paBHEUMa
of barrier overthrust planes, showingacenama,  3Hauajumx  pasmepa
considerable horizontal and smad-v xopu3oHTanHO, @ MambUX BEPTHKAIHO
rtical size, lenticular in cross-sectionca mpecekom y o0nuky counBa. Cu-
The system of roof and floor (wher@rem TaBanuie u aua (Tamo rme je
accessible) corresponds to the slope g@dcrynno) omrosapa Haruby HHHIH-
initial tectonic plane. Linear ori-jamne TtekToHcke paBHHU. JlmHeapHa
entation of some caverns results fromwpujenrannja Hekux mnehuna pe-
the increase of susceptibility to karstynrar je mosehama n3noxeHnoctu pa-
processes of smoothly sloped compresomepHo paceqHyTe HarHyTe paBHH
ssional plane at the crossing with thosg@acugukauuju Ha npenacuuma mpe-
of vertical tectonic zones. Ma OBHM BEPTHKAIHHM TEKTOHCKUM

In the roof of this cave the zonessonama.
of maximal concentration of vertical = Ha TaBanunu oBe nehune jaBibajy
fractures occur. There appear numese [eloBM MaKCHMajHE KOHIIE-
rous forms showing morphology ofurpamnuje BepTHKaTHHX HampCIUHA.
potholes or of oval chimneysTy wuma Opojaux ¢opMu Koje
originated from fissures. As alreadymnokasyjy Mopdosorujy JOHIA WIH
mentioned, these are not typical preesannnx auMBaka KOjH IOTHYY O
ssure-conditioned forms. Water erosanpcnuna. [la je camo Ta Boma Mo-
sion precludes simultaneous precipirna ¢popmupaT T€ JOHILE MO YCIIO-
tation of calcite and the presence ofuma moBuIIEHOr TPUTHCKA, BOAEHA
non-consolidated rock if just this wa-epo3uja Moria je COpeduTH HCTO-
ter would form these potholes undempemeno Tanoxkeme KaauTa U MpHU-
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increased pressure conditions. On theyctBo HekoHconumoBauux creHa. C
other side, the lowest fragmentsipyre crpaHe, HajHWXKH (parMeHTH
(destructed by later erosion oOf(yaumreHn — KacHHjOM — €pO3HjOM
flowing stream) of inclined walls of BomenuM TOKOBHMMAa) HATHYTHX 3H-
the mentioned formatiorere covered mosa momeHnyTux QopmMaija no-
by thick layer of intensely kpusenu cy odebenum crojem unme-
recrystallized calcitic flowstone () ususno pexpucmanuzosanux ranyu-
resembling ,onyx” in structureThe muux meunux cmena (1) xoju no
dissolution of rock was accompaniedcmpyxmypu noocehajy na ., oHuxc”.
by simultaneous precipitation of PactBapake  ctena  Omino  je
calcite in the form of flowstones from npomnpaherHo wucroBpemeHuM Tano-
gravitationally flowing down solu- xemem kamura y 0ONHKY TEYHHX
tions saturated with CaGQ@t the bo- crena u3 pactBopa 3acuhennx CaCO;
ttom of generating erosional forms. koju cy ce ciuBanu Ha JHO TpaBHTa-
The rock in top parts of highly- mu-om, crBapajyhu eposuone dpopme.
situated potholes is completely CreHa Ha HajBUILUM JETOBHMA
disintegrated, soft and resemblingsucoko mocTaB/bEHMX JIOHAIA IIO-
clay. This unstable substance couldnyso je 3apo6isena, Meka u mozaceha
not be preserved during the flow ofsa ramny. OBa ce HecrabwiHa cy-
water - not only under increased pressacraniia HHje MOIJIa O4yBaTH TOKOM
sure conditions but also of weak stresiporoka Boze — He caMo IOJ TIOBeE-
ams. It is observed in lover parts ofhanum npurrckom, Beh u kox caadux
potholes which look like washedTokoBa. OBo ce oyo4aBa y HIKUM
whereby the rock preserves yellowishienosuma JoHIIa Koju  u3rIeaajy
colour of originally altered disinte- ucnpanm, 360or wera je creHa caduy-
grated zone. Only erosional formspama xyhkacty ©00jy mpBOOHUTHO
closest to the opening of the cave roofismemene 30He pacTBapama. JenuHo
show no symptoms of disintegration. epusnone ¢dopme koje cy HajbmmKe
The Cascade Gallery representschunckoj TaBaHHIM HE TOKa3yjy

identical formation. Its considerably 3nake npo6bema.
larger dimensions result from vertical Kackanna rajepuja mpeacTaBiba
erosion along tectonic zone, conti-uxenTnuny dopmarujy. bere 3HaTHO
nuing up to the surface. The morphosehe numensuje cy pesyarar BepTu-
logy of walls resembles that typicalkanmne eposuje my’k TEKTOHCKE 30HE
for waters flowing under increasedkoja ce HacTaB/ba CBe 10 MOBPIIHHE.
pressure conditions but the structurdopdonoruja 3umoBa monceha Ha
of rock walls excludes such pos-ony TtunmuHy 3a BOJOTOKOBE MO
sibility. moBehaHUM TIPUTHUCKOM, allkl CTpPY-
KTypa CTEHOBHTHX 3UJIOBa WCKJbY-

4yje TakBy MOTyhHOCT.

Similarly as in potholes, this rock Cnuyno xao y JjoHIHMMa, OBa

36



Xuaporepmainse nojase y nehunau PucoBaua
v okBHpy MacuBa Benuarr [llymanuja

displays granular disintegration. Bettettena moka3yje TparoBe 3pHacTOr
preserved fragments form typicalipo6mema. boibe ouyBaHH HeI0OBH
.pboxwork”, originated from the dopmupajy TummurM ,60XWOpK”,
erosion of calcite veinlets. Undexkoju motude oj epo3uje KaTIMTHHUX
formed crystals formed in frampoxwumaka. Tokom kpacudukaimje
ctures are not so easily dissaemehopmucany KpuUCTaad KOjH CY
Ived during karsts processes. In theg®pmupann y mykoTHHama He pa-
places where water is flowing dowrcTBapajy ce Tako mako. Ha mectuma
on the walls (contemporaneous infieme ce Boma cimBa Ha 3umoBe (MCTO-
[tration of meteoric waters) disi-BpeMeHO TpoaMpaEme METEOPCKUX
ntegrated rock is removed. The roof afona) pacnamHyre cTeHe cy ckio-
gallery is closed by rich recrystallizedsene. TaBanuiy ranepuje 3aTBapajy
sinters and fragments of recrystallize@orare pekpucranuzoBane cure wu
calcitic flowstones, up to 1 m thick.pparmenTn pexkpucranuzoBaHuX Ka-
This is one more case of crystallianuTarx Teunnx crena nebibune 10 1
zation of ,onyx”. m. OBo je jomr jemaH ciy4aj KpH-
cTanu3anyje ,,OHuKca'.

Both Cascade Gallery and U xkackagHa raiepuja M JIOHIH
potholes (including chimney forms (ykspydyjyhn obmuke nuMmaka Koju
formed in transversal fractures abovey dopmupann y TpaHCBep3aTHUM
the main gallery which initiated the mykoTuHama w3Han rinaBHE ranepuje
origin of the barrier)are ending opakne motuue mpenpeka) 3zagpuia-
without any continuation upwards.esajy ce 6e3 HacraBka ka rope. Cxo-
Consequently , they cannot representio Tome, OHM He MOTy IIpejcCTa-
neither tributaries nor any forms ofspatn HuTH npUTOKE HUTH OWUIIO
flow under increased pressure cokxakBe 00JMKe TOKa TOA TOBehaHUM
nditions. Fine contemporaneous outapurrckom. @OHHH  HCTOBPEMEHU
flows appearing in them result fromusnuBu koju ce Ha WHHUMa jaBibajy Cy
their drainage function relative to thepesynrar apenaxHe QyHKUHje KOjy
surrounding rocks. Cy UMaJIH IIpeMa OKOJIHIM CTeHaMa.

Lateral walls of caverns are Bounwm 3umoBu nehuHa IOKPUBEHH
covered by rich, very old and partlycy Oorarum, Beoma crapum H
destroyed sinters. Classical stalactitegsenmumuuyno  o0pyIIeHHM — cHrama.
and stalagmites of karst caverns arEmacuuHu CTaJaKTUTH M CTaJarMHTH
passing into cauliflower-like sinters, kapctaux nehuna npenase y cure
filling the space between the planegkapduonnor® o6nuka, nomymaBa-
of roof and floor of initial overthrust jyhu mpoctop m3menjy paBHu TaBa-
surface in the places were caverngsuie u aHa OPBOOMTHO HaBYYCHE
were not formed. NOBPIIMHE HAa MECTHMa TAe mNehuHe

The above mentioned morpho-aucy 6ue popmupane.

37



Janina Wrzak-Tondi Hydrothermal phenomena in Risovaca cave
Andrzej Manecki and within Vencac masiff Shumadies, Serbia

ligical symptoms are typical for Tope moMenyTs MopdOIOMKH
hydrothermal karst characterized bywumnTomu TUnmu4HE Cy 3a XHAPO-
significant role of active warm water repmMaiHi  KapcT KOjU KapaKTepHIIe
vapour. Standard hydrothermal karst3magajua yiaora akTHBHHX HCIapema
comparable with the phenomena retomne Bome. Omucano je ma ce cra-
ported in the case of Risovaca, wasnapHu XuApO-TEpMalHU KapcT, KOjH
described to occur in the caves ofte wmoxe mopeautn ca moOjaBOM
Hungary (5), Caucasus (3) and US/Aabenexxenom y cioydajy Pucosaue,
4). jaBba y mnehmnama Mabjapcke (5),
Kagkaza (3) u CAJI (4).

Destruction of rock structure Oo0pymaBame CTPYKType cTeHa
and formation of rock falls 1 popmupame oopymanajyhnx
cTeHa

In the final chamber till the sinter Y 3aBpmHOj mpocTopHju CBE 10
barrier (actually removed) the follo-cura mpenpeke (koja je ycTBapn
wing phenomena have been estaTkIOBmEHa) yTBpheHe cy cuenehe
blished: nojase:

1. Infiltration of waters through 1. Ilpooupawe  6o0e  Kkpo3
strike-slip tectonic zone@zimuth 50 mexkmoncky 30my npaeya pacenune
and 70) from the rock mass building (a3sumyr 50 u 70°) u3 mMace creHa Hu3
the hill down to the cave (chamber)0opzo y mnehuny (momsemna mpo-
These waters have corroded the oldestopuja). OBe Boxe cy kopoaupane
sinters and caused mechanical detajcrapuje cure u wn3a3zBajle Mexa-
struction of the rock covered by themHauuko yHHINTEEmE CT€Ha KOjUMa Cy
The intensity of these phe-nomena i$une nokpusene. O HMHTEH3HUTETY
evidenced by fracturing and de-0oBHX moOjaBa CBEIOYM JIOMJbEEHE U
lamination of large fragments of nenamunamuja Benukux (parmenara
rocks fixed and protected by sinters¢rena ¢uxcupanux u 3amruheHHx
being hardly susceptible to karstcurama, koje cy cnabo NOMIOKHE
processes. These fractured rock partspacupukauuju. OBu Hampcau Je-
devoid of primary sinters, subjectednosu crena, 6€3 MKaKBUX IIPUMapHHUX
to infiltration, considerably change cura,3satHo Cy NpOMEHMIM CBOjy
their structure. Megascopically theyctpykrypy mox yTumajem u3io-
are softened, cavernous, brecciatedsenoct npoaupama Boje. OHu cy
covered by flowstones and smallMerackoncku OMEKIIaHH, MIYIJbU-
(centimetric) sinters. The fractures inkaBu, OpeyacTH, NOKPMBEHH TEYHHM
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breccia are filled with hairlike crenama u wmamum (caHTUMeTpUMa
crystallites of secondary calcite ofuspaxenn) curama. IIykotnHe ¥y
moon milk type. Most probably they 6peun ucrumene cy kpucranuhnma
are the products of resublimation ofomyt anake cexyHmapHOr KaiuTa
water vapour due to the contact withruma mnehurckor wmieka. To cy
cold surface of the rock. The latter isaajsepoBatHauje mpousBoau pecyOiu-
bleached and soloured by mobilizedvanuje Bonennx ucnapema 300r Ko-
and oxidized Mn and Fe compoundsiTakra ca XJaIHUM IIOBpIIMHAMA
and, thus, showing green, brown andrene. OBu MoTOKBM Cy U30EIbEHH U
black tints. 000jeHH aKTUBHUM W OKCHIUCAHUM

The above described destructiofeaumemsriva Mu u ®de, ma crora
pheonomena were never observed inokasyjy 3emene, OpaoH # IpHE
typical (meteoric) karst processes.  ToHose.

2. Water flow on the overthurst Tope ornucaHa nojasa
plane. The main zone  of obpymaBama HuKamga HHje yodeHa
geochemical-structural alterationskon TunuuHEX (METEOPCKHMX) Ka-

was localized behind the final pctaux nporneca.
chamber (and in its roof) during 2. Booomok y paceouma. I'naBHa
excavations in soft brecciatedsona reoxeMujCKUX-CTPYKTYPaTHHX
material. Infiltration through fra- usmena  nokamm3zoBana je  m3a
ctures (corresponding to overthrustaBpmae mnpocropuje (M y HCHO]
plane and accompanying tensionataBanuim) TOKOM MCKOIIaBakba MEKOT
fissures) is evidenced by the occuépeuacror matepujaia. O mpoaupamy
rence of a series of apparent roofs ankboz mykoruHe (To oaroeapa
walls. They are, in fact, the surfacegpacenunu u npatu myKOTHHE ycieq
of washed out fissures covered byicrezama) cBemoum TmojaBa HH3a
recrystallized sinter. These serie®untux TaBaHuua W 3upoBa. To cy
show spatial density corresponding tQ/cTBapu MOBpIIMHE HCIPAHUX ITyKO-
network of cracks whilst the rock tuma  mokpuBene — pexpucramuzo-
between them preserves original joinbanom curom. OB HHU30BH IIOKa3yjy
system. NPOCTOPHY TYCTHHY KOja OAroBapa
MpPEXHU  HampcivHa  JOK  CTEHE
U3MENjy BHX 3aapKaBajy IpBOOHUTaH
CHCTEM CII0jeBa.

Limestone rock of this zone is  Kpeumauka cTeHa U3 oBe 30HE je
cavernous, displaying erosionallymymenkaBa, u TIOKasyje epo3ujoM
widened joint fracturing, enriched innpommpeny nykoTuHy croja, Koja je
megascopically visible incrustationsoborahena Merackocrcku BHIJBUBUM
of Mn-Fe compounds. Originally uakpycrammjama jenumema Mu-De.
dark-gray in colour, it is gradually IIpso6utHO TamMHO-cHBE 00je WY je
replaced by soft green-pinkish rocknocreneno 3amenuna 61e10 3e1eHKa-
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showing clayey consistence andTo-po3ukacta cTeHa Koja IIOKasyje
distincly laminar fissility. Never- rimHacTy KOH3MCTEHTHOCT W U3pa-
theless, it is preserving primary jointsuty namMmuHapHy aejbuBoCT. [la umnak,
system. This fissility is marked byon 3ampxaBa mnpuMapaH CHCTEM
laminary iron hydroxides of goethite ciojesa. OBy mesbuBOCT 06O€sIekKaBajy
type, metasomatically replacingnamuHapar XHIPOKCHUIM  TBOXKJja
calcite and crystallized betweentuma reruta, MeTacOMaTCKH 3aMe-
intercalations of softer, yellowish myjyhu kamure n kpucranusy-jyhu
clay. In the roof of this alteration ce u3smehy ymeraka mekiie, xyhe
zone there occurs distinct, sharplynune. Ha TtaBanmmama oBuMX 30Ha
marked boundary between parent andsmere japa ce jacHa, OmTPO O3HA-
metasomatically changed rock. YeHa TpaHHWLA HU3Meljy MaTHYHE H

3. Gravitational falls of roof rock MmeTtacomarcko uzmemeHe cTeHE.
are leading to the formation of 3.  Ipasumayuono naoarve
equilibrium vault. They result from niagonckux  cmena  BOogM 10
the above mentioned changes in rochopmupama paBHOTEXKHOT CBOAA.
structure. Falling down of OBo mamame wHacraje 300r TOpE
rockfragments observed in the mainiomenytux mnpomeHa y CTPYKTypH
chamber proceeded concordantly witlerena. OOpymaBambe ¢parmeHara
the surfaces of apparent roofsgcrena yodeHo y riiaBHOj MPOCTOPHjU
separating beds of disintegrated, sofiasujamo ce wuCTOBpeMeHO Kama |
and ascattering rock. Simultaneously6pymaBame TOBPIIMHA YOUBHBUX
the underlying cavern was filled with raBanuna koje pasnBajajy nexwumira
this material. In these places, wherempobibene, Mexe u pasbarate cTeHe.
there was no empty space (e.gdcToBpeMeHO je OCHOBHA IIyIJbHHA
under the wall or in a fissure), thebuna ucnymeHa oBuUM MarepujajoMm.
softened rock, cut by washed oulla mectuma rae Huje OWiO MpasHOT
fissures, was gravitationally subs-mpocropa (HIp. UCIOR 3WI0Ba WK Y
iding. Cosequently, the primary sy-nmykortuHm), rpaBUTALINjOM ce
stem of joints was changed and a@anoxxuna oMmeKIIaHa CTEHa HCEYCHA
sinter breccia was formed. In generalgcipannm  mykotuHama.  CXOmHO
metasomatic decrease of mass wa®me, TmpoMemeH je NPHUMapHH
compensated by mechanical increasaicrem cnojea u Gpopmupaia ce cura
of volume. These falls have detache@peua. Vormmrreno roBopehun
considerable part of primary sintersmeracomaTcko cMmameme Mace Hauo-
related with original roof of the kmammno je mexanmuko moe-hame
chamber. obuma. OBuM oOpymIaBambHMa OJBa-

In classical meteoric karst thessenu cy 3HaTHH H€I0BH MPUMapHUX
presence of sinters leads taura koje cy Omie mnoBe3aHe ca
inforcement and consolidation. In thenpeoOuTHOM TaBaHUIIOM IPOCTOpH]E.
described case the roof of the Kox kmacuunor mereopckor kKa-
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chamber was too soft to sustain th@cra, npucycTtBo cura noBoau 10

wieght of growing sinter forms. KOHCOJIHaIMje. Y OIMHCaHOM CIIydajy
TaBaHWIIA TPOCTOPHjE j& WCYBHIIE
MeKaHa aa OW wu3ApKama TEKHHY
pactyhux ¢opmu cura.

The effect of erosion by hot  Ilocnemumy eposuje mapom Bpyhe
water vapour (liberated from freesoge (ocmobohene w3  BomeHe
water mirror, penetrating to themnospmmHe, koja mpoaupe y mpocrto-
chamber along strike-slip planes) angujy nyx mpasua pacenawHa) U meHa
its condensation after saturation withkonnensanuja Hakon 3acuhema Ka-
calcium carbonate are the roof formsmujym kapOonaToM TnpencTaBibajy
of pothole type in the main chamberrapannune Gopme THIa JIOHIA ¥ TiIa-
Another evidences are: disintegratiomsnoj npoctopuju. OcTanu K0Kasu Cy:
and metasomatic alteration of rock, agpo6ssee U MeTacoMaTcka H3MeHa
well as chaotic precipitation of Cacrena, ka0 ¥ XaOTHYHO TaJOXKEMHE
CGO; as moon milk and flowstones atCaCO; kao mnehuHckor wileka u
the bottom of potholes. TEYHUX CTE€HA Ha JIHY JIOHALA.

Mechanical river erosion, MexaHnuka  peyHa  epo3uja,
recorded in the sector between sintefabenexena y ngemoBuMMa H3MELNjY
barrier and the opening of thiscura npenpeke u oTBopa oBe mnehuHe
cave, caused the removal rockosena je mo oTKIamama pPacyTHX
debris and washing out thecrena u ucrmpama 3apo0IBEHOT ClIoja
disintegrated layer from the walls.ca sumosa. OBaj dakrop je Takomje
This factor has also contributed to théuo Baxkan y mopexity MOBPIIUHCKOT
origin of surficial layer resembling cnoja xoju monceha Ha KOHTIOMEpAT.
conglomerate. It was formed due tdOu je dopmupan yKemeM oOMe-
leaching of softened rock from jointkmane creHe W3 CIOJBHUX MYKOTHHA
fractures since agressive solvent igama je arpecuBaH pacTBOp IIPBO
attacking first of all edges and cornersiamao wuBHIle ¥ yIJIOBE MHOTO-
of polygons, leaving their roundedyraonmka, ocraBpajyhin mHXOBE 330-
remnants. OJbeHE OCTaTKE.

Apart from sinter barrier, another  OcuMm cura mpemnpeke, jomr jeman
trace of hydrothermal alteration istpar xumpo-TepmaiHe U3MeHe je KyTa
yelow colouration of rocks of lithic o6ojenocT cTeHe MaTH4yHE TaBaHUIIE
roof, succesively disappearing to-koja mnomako Hecraje Ka OTBOpY
wards the opening of cave. In themehune. V memoBmma Gin3y mera Ta-
parts close to it the dark limestone isiau kpedmak je NMPEKPUBCH TaHKUM
covered by thin bleached layer ofuzbesbeHMM cnojeM KalIMTHHX 3pHA
calcite grains devoid of cement due t®e3 1ementa 360r KpacuUKaIHje
karst processes what is typicaltunuubne 3a HacTaHaK METEOPCKOT
meteoric karsting. Kapcra.
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Microscopic study of changes of MuKpOCKONCKa CTyAHja MpoOMeHa
structure of limestones CTPYKTYpe KpedmaKa
Limestones of infiltration zones Kpeumanu 30He nHpuiITpanmje

This rock type is represented by Osaj Tum Teme mpeacraBsbajy
bleached or secondarily colouredus6emmenn 150071 CEKYHAapHO
greenish to brownish, fractured ando6ojenn 3enenkacTo-OpaoHKacTH,
brecciated, porous and cavernousanpciu u OpadacTH, MIYIUBUKABH
limestones. In this sections them moposun kpeumarm. Y OBOM
following phenomena were observed irogessky ko ®BHX Cy  yodyeHe
them: crenehe mojase:

- disappearing of primary orga- - HecraHak HpHMapHHX OPTaHO-
nogenic structures. Their transforenckux crpykrypa. HbuxoBa Tpa-
rmation begins from the surfaces ofichopmanuja MOYNEE ca
fractures and develops into the rockiopimHa mykoTHHA M pa3BHja ce 'y
mass. Rock fragments are dissolvecttenoButy macy. ®parmMenTu creHa
Simultaneously  precipitation  form ce pasnaxy. VcroBpemeHo monasu
solutions in windening fractures takesto Ttamoxkema wu3 pactBopa Yy
place and partial recrystallization ofupomu-pernm mykoTHMHaMa, Kao u
dimi-nishing rock fragments till their no nenumuuHe pe-kpucramuzanuje
complete disappearing. The mostmamyjyhux ¢pparmenara crena cse
advanced stage of these alterations j® mBHXOBOI MO-TIYHOT HECTaHKa.
characterized by complete recry-Hajonmaknujy ¢asy oBux u3meHa
stallization, resulting in the formation kapakrepuiie MnoTmyHa peKpHUCTa-
of marble-like texture, au3andja kKoja moBomd 1m0  (o-

- removal of pigments (Fe compo-pmanuje TeKCType HAIUK MEPMEPY,
unds) - oxidation and migration of these - wHecranak mnurmenTa (jenu-
compounds into the rock, mema Fe) — okcumanmja u nmpenasax

- precipitation chalcedonic rims onosux jenumema y CTEHE,
the surfaces of detrital quartz grains -  Tamokeme KalleIOHCKHX
dissolvedn situ. WBUIIA HA  MOBpIIMHAMA  pa-

3pYIICHOT 3PHACTOT KBapIia KOju ce
pasnaxy uu cumy.

The application o0s scanning IIpumena ckenupajyhe MwuKpo-
microscopy in the study of theseckomnumje y mpoyuaBamy OBHX CTpY-
structures allowed to record morekrypa omoryhuma je Genexeme
phenomena related with dissolution i.eeuie mojaBa koje cy moBe3zaHe ca
superficial ~ corrosion  of  quartz pasmaramem, Tj. MOBPIIMHCKOM KO-
fragments. Chalcedonic rims observegosujom ¢parmenara ksapma. Ka-
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in thin sections are the effect ofnuenoncke uBuMIEe yoUueHe Y TAHKUM
crystallization of silica in the place of nemoBuma cy mocnemuma Kpucra-
its dissolution i.e. directly at the surfacemsaruje cumnumujym muokcuza Ha
of quartz grains. The grains visible inmecty m®WuxoBor pasnarama, Tj.
SEM photographs, resembling aggreaupexkTHO Ha TOBPIIMHHM 3PHACTOT
gates covered by silica (estimated usingsapma. 3paa BumsnBa CEM ¢oto-
microprobe analysis) represent a negapadujom, koja moacehajy Ha macy
tive relating to recrystallizing calcite nokpuBeHy CHIMIMjyM JHOKCHIOM
grains, surrounding them. (mponemeno kopuiihemeM aHanm3e

MHKPOCOH/IOM) TPEACTaBIbajy Hera-

TUB KOjU C€ OJHOCH Ha pEKpU-

CTATM30BaHU 3pHACT KAJIUT KOjU UX

OKpYXKYje.

Rocks of metasomatic alteration CTeHe 30HE METACOMATCKHX
zone aJTepanuja

In vertical profile of alteration Ha BeprukamnoM mpoduiy 30HE
zone in limestones of the overthrustirepanuje kox kpedmaka y 30HH
zone the following phenomena havepacena youene cy cienehe mojase:
been distinguished: - Ipo0bJherbe 3pHa KaJIuTa,

- disintegration of calcite grains, - 3aMeHa JHCKyHa M QemnjacnaTa

- replacement of micas andxmopuToM © MEracKONCKHX Hepa-
feldspars by chlorite and mega-sayuyjyhux riMHEHUX CYIICTaHIIH,
scopically indistinguishable clay - weracomarcka 3ameHa KanmuTa
substance Iy’ JaMHHaTHe paBHHU reruta, CEM

- metasomatic replacement ofamanmmsza y3opaka ycmpaBHO Ipece-
calcite along lamination planes bydenux mo mamwHATHE paBHH OTKpHIIa
goethite; SEM analysis of specimenge kpucranuzanujy chepuuHux maca
cut perpendicularly to lamination retuta Ha NOBPUIMHH JHCTOBA YHME
planes have revealed crystallizatiorty ouyBauHu HeW3MEHmEHH KAIIUTHH
of spherical goethite aggregates at theentpanxHu nenoBu JHCTOBA,

surfaces of lamines, whereby una- - oGorahuBame creHa y kopo-
Itered calcitic central parts of laminesaupanom kBapily HaKOH AETUMUYHOT
are preserved, pasmarama CaCOs.

- enrichment of rock in corroded
guartz after partial dissolution of Ca
CG..
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Rocks showing ,boxwork* Crene ,boxwork “ crpykrype
structure
Examination of structure of  Hcnurusame CTPyKTypa

boxwork type in thin section using,6oxwopk® Tuma y TaHKOM ey
optical microscopy reveals but veryxopumhemem  onTHuke — MHKpO-
advanced granular disintegration Otkommje oTkpuBa Bpmo oxMaKiO
rock. Much more informations is spuacto npob6meme crene. Muoro
obtained by means of scanningume unpopmanuja npudapmeHo je
microscopy. Worth emphasizing isckenupajyhom mukpockomujom. Bpe-
the intensity of corrosion of grains, gy manomenyTr nHTEH3HUTET KOpO3Hje
comparable with the action ofspua koja ce moxe ymopenutu ca
concentrated solvent in modal studiegenosamem  KOHLIEHTpPOBaHMX  pa-
carried out by the present authorsersopa y momamHuM mpoydaBamHUMa
Destruction process is spreading aloxoja cy cmnpoBemu o0BH ayTOpH.
ng the discontinuity planes within IIpouec o6pymasama ce mmpuo pagu
grains, leading to the origin of ruckonrunynTera ynyrap 3pHa, mTo
rhombohedral hollows and, in effect,je ynyruno na nopexno pom6ouguux
of skeletal structure (this process iSmymmuna, u ycTBapu, CKeIeTHHX
opposite to crystallization). CTpyKTypa (OBaj Impolec je CynpoTa
MPOIIECyY KPHCTAIN3AIIH]E).

All these changes in the structure  Cgpe oBe mpomene y cTpykTypu
of limestones can be explained bypeumaka wmory ce o6jacHuTH
hydrothermal processes. Both mexupporepmansum  mpomecuma. U
chanical destruction as well as intemexannuko o6pymasame, kao U
nsive dissolution, precipitation, Mi- yutensuBHO pasnarame, TaNTOXKEHE,
gration of pigments, recrystallizationnpenaszax nurmenara, pekpucranusa-
and metasomatic alterations fully coquja n wmeracomaTcke wu3MeHe Yy
nfirm such interpretation of thesenormymocru mnotsphyjy oBakpa Ty-

phenomena. Mauema OBHX T10jaBa.
Red substance underlying IpBena cyncTaHia y 0CHOBH
cauliflower sinter ~kap¢puoane” cure

Both fresh fracture of this Kopumhewem  Texumke CEM
lithified substance and its hardlynpoyuene cy u HOBe MyKOTHHE OBE
soluble in water residue were studie®kamemeHe cyncTaHie, Kao U HEHH
using SEM technique. It was foundocranm Ttemko pacTBOpDHBH y BOJIH.
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that the substance in questior¥TBpmjeHo je nga jgata cymncraHna
represents cemented primary clayipencraBiba IIEMEHTOBaHH OCTaTaK
residue related (as follows from itsmpumapne ramMHE Ko0ja je mmOBe3aHa
position in erosional profile) with the (kako ciean u3 WeHOr monoxkaja y
oldest phase of formation of this caveeposnonom tpoduiay)ca HajcTapujom
It is composed predominantly ofdasom popmupama ose mehune. Ona
detrital quartz grains showing tracese npeTexHO cacToju 0J pa3pyLICHOT
of superficial corrosion and of 3pHactor  kBapua,Koju  TOKa3syje
aggregates of clay minerals. Therparoee moBpIIMHCKE KOpO3Hje, H
latter aggregates, cemented withvace rimunacTux munepansa. OBe apy-
calcite with iron oxide admixture, arere mace, I[EeMEHTHPAHU KaJI[UTOM Ca
rounded what indicates their redesromatkom okcmaa rBoXKija, 3a00JbeHE
position and repeated cementation ofy, mTo ykasyje Ha BHXOBO IIOHOBHO
this sediment. TAJ0XKEHE U IIOHOBJLEHO ILIEMEHTH-
paBkE€ OBOT' CEAMMEHTA.

Microscope studies of MuKpocKoncKa npoy4aBamba
water-insoluble fraction of sinters BO/I0-HEPACTBOPHUX /1€JI0BA CHI'e

All the insoluble fractions show Csu HEPACTBOPUBHU JIETTOBH
identical mineral composition andiokaszyjy HICHTHYaH  MHHEpPAIHH
morphological features of observedacrae u Mopdomomke — omIHKe
grains. Dominant detrital quartz istocmarpanux 3pHa. JIOMHHaHTaH
a primary component of limestonepaspyiiesn KkBapu je  TIpHMapHa
typical for arenaceous CretaceousOMIOHEHTa Kpeumaka THIHYHOT 32
deposits of the Shumadide unit. ImperexxHo  meckacre  CTEHOBHUTE
sinters and flowstones it is a residualacnare = w3  nepuoma  Kpene
insoluble component left after karstuymammjcke jemmnune. Kox cura u
processes. The surfaces of quartzunux crena TO je pe3mmayanHa
grains in all the samples examined argpacrBoprBa  KOMITOHEHTa  KOja
intensely corroded by secondarilpcraje nakon kpacudukammje. Kox
crystallized silican situin the form of cBux wucmuranux ysopaka HoBpIIHHA
chalcedony aggregates. The admixtuspnacTor KkBapua je HHTEH3UBHO
of heavy mineral and feldspar grains isopoaupana ceKyHIapHO KpHCTaIU30-
negligible. BaHUM CHWIMLHUjyM JTUOKCHAOM UH

cumy y OOJHMKY KaJIEeJOHCKEe Mace.
[Mpumeca TemKuX MUHEpaida W 3pHa-
cTor (henjcnara je 3aHeMapJbuB.

It is, thus, concluded that the Tako ce 3akpydyje na BeaMdYHHA
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grain size distribution and morpho-auctpubynmje u Mopdosoruje 3pHa
logy of quartz grains both in 3pHacTor kBapma Kako KOJ METaco-
metasomatically altered rocks as inMarcku W3MEHCHHX CTEHA, TaKO H
precipitates, indicate the same sourceon rajoxkema yKkasyje Ha HCTH H3BOP
of material (primary limestone) asmarepujana (mpuMapHO Kpeumbak),
well as clearly determining the xao mto u jacHo yTBpIjyje penocien
sequence of phenomena in whichiojaBa y koje cy oBa 3pHa Omia
these grains were involved. Warmykpyuena. Tormia arpecnBHa MHHE-
aggresive mineral water and warnpansa Boga W mapa TOIUIE BOJC
water vapour have dissolved the rockpasnoxumu cy crene, xopoaupajyhu
corroding quartz grains contained impracTi KBapir caap:kaH y MaTpPHIH
carbonate matrix. Soon they werecapoonara. One cy yop3o Owia 3acu-
saturated with the dissolved substahena pacTBopeHuM cyricTaHIama u 3
nces and from these solutions fairlyoBux pactBopa cy ce Tamoxumm
thick layers of flowstones were penaruBao ne6emu CIOjeBH TEYHUX
precipitated, containing insoluble re-ctena, koju cy caap)kanu HEpacTBO-
sidue from parent limestones. pHBE OCTaTKE MATHYHOT KPEUrhaKa.

Localization of flowstones and the Jlokanu3anuja TEYHHX CTEHA U
identity of their composition with uzenturer muXOBOr cacraBa ca
"onyx" suggest identical origin of this,onukcomM”, ykasyjy Ha HCTO TIOPEKITO
formation too, negating the thesis on ose ¢opmanuje, unme ce Hermpa
precipitation of "onyx" in questionTe3a o TaloXeHy OJHOCHOT ,, OHUKCA"
directly from warm mineral waters.  aMpeKTHO M3 TOIUIE MHHEPAIHE BOJIE

X-ray studies Penarencka npoyyaBama
- clay minerals in metasoma- - rimHOBHTE MHHEpane (XUIPATCKH
tically altered rocks and in tectonicarymunmjymMcke CHJIMIKATE) y

fissures (situated close to the maiMeTacOMaTCKu M3MEHLCHUM CTEHAMa U
final chamber) are represented byfeKTOHCKM myKoTHHaMa (koje ce
montmorillonite of saponite type andHalase Omusy  I1aBHE  3aBpLIHE
chlorites, MPOCTOPHjE) TMPEACTaB/bajy MOHTMO-

- clay minerals formed in the rock PWIOHUT CAllOHUTCKOT THMA M XJIO-
subjected to the action of water vapoP"™
ur (boxwork structures, roof potholes
and redeposited reside underlyin
cauliflower sinter, being subordinate
admixture in the rock) represent kao-omlIlPI OCHOBHE ,Kap(HOMHE"  cure

linite group. They can be the product§<oja je cropemHa mpHMeca y CTeHw)
of alteration of detrital feldspars of ypencrapmajy  kaommmmreky rpymy.

[JIMHOBHUTH MHHEPAIH  (hOpMH-
AQHU y CTEHH W3JIOKCHH JICJIOBambY
onennx mapa (,00XWOopK" CTpyKType,
TABAHCKHM JIOHIIM W TIOHOBHO HAHETH
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parent rock, OHn Mory OWTH TpPOW3BOA H3MEHE
- tectonic fissures and primarypasoujenux (enacnaTa MaTHIHE CTEHE,
caverns in the region of Cascade - TCKTOHCKE ITyKOTHHE W MPUMapHE
Gallery are filled with nearly pure mymwsune y peruony Kackamme rane-
kaolinite, pYje HUCIOYEBEHE CYy CKOpO YHUCTUM
- aquaous and residual depositia0MHATOM,
contaminated by water sediment - BOACHH M DESHIyaIHH HAHOCH,
(originated outside the cave) containg® #/4CHH BOACHIM CCMMCHTOM (koju
mainly illite or its admixture as it is jn IS MOPEKIOM H3BaH 1chuHe) yriaBHOM
the case of clays from the roof of XWPXH HIHT HIH IHCTOBY TPHUMECY,
chamber, containing montmorillonite oo MO J¢ CIyuy ca riuHava ca
but contaminated by contempo-;?}??ﬁgemgﬁgg()pmzHHKOJe 3;?:9): ;
raneous infiltration waters, transpo-HCTOBpeieHHM I:IpOZ[OPOM BOJE, fc%jn

rting illite from the surface, HOCH WIHT €A [IOBPIIIHHE
- metasomatic intergrowths in the . yeracomarcke cpaciume  y
cave contain goethite. nehuHu cajpike FeTHT.

Mineral CompOSition of the Clay MI/IHepa.J'IHI/I cacTaB JeloBa IJIMHE,
fraction, apart from purely fluvial ocum umcro duysnjanuux macnara,
deposite, indicates their differentykasyje Ha  BHXOBO  Pa3IMYUTO
origin. The presence of montmo-nopexno. IlpucycrBo MOHTMOPHIIO-
rillonite of saponite group suggestHHWTa CanOHMTCKOT THIA, yKasyje H
and seem to confirm hydrothermasriena noTphyje Xuapo TepMAaiHO

origin of clays folling tectonic MOPEKIO TIiMHA KOje HCIYHaBajy
fissures. TEKTOHCKE ITYKOTHUHE.
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