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S.Ya. Kril,
S.I. Tsikhon, Cand. Sci. (Geol.), Assoc. Prof.

PHISICAL-CHEMICAL CONDITIONS OF GENERATION OF ARAGONITE
IN CRETACEOUS DEPOSITS
IN THE SOUTHEAST UKRAINIAN CARPATHIANS

Meta. BcraHoBuTH (Pi3MKO-XIMiYHI TapaMEeTPH MiHEPaJIOyTBOPIOBAIBHOIO CEPEJOBHIIA B SKOMY BifOyBajoch (o-
pMyBaHHS pinkicHoro misi YkpaiHcbkux Kapnar >KMJIBHOTO MiHepady — aparoHity. 3’sCyBaTH T€HE3HC 1 TeOXIMIivHi
ocoOnmBocCTi KapOoHaTHOT MiHepanizawii B Mexxax KBaciBcbkoro pynomnposiBy muii’siky (PaxiBchkuii paiioH, 3akaprat-
Ts1) Ta 3B'A30K i3 TiAPOTEpPMAIBEHIMU IIPOIIECAMH B PETIOHI.

Metoauka. /Iy Bu3HaueHHS (Di3UKO-XIMIYHHUX YMOB MiHEPaJIOYTBOPIOBAIBHOIO CEPETOBHIIA BUKOPHUCTAHO KOM-
IUIeKC TepMobaporeoximMiuHnX MeToiB. Temmeparypy ¢uioiny BU3HaYaIM METOAOM TOMOTEHI3alll{, arperaTHIH cTaH —
MeToAoM (hazoMeTpii, CKIIaa Ta KOHIEHTpalito — MeTogoM Kpiometpii. Metox ICP-MS 3acTocoByBaBcs It BU3HAYCH-
Hs BMicTy Sb, S, As, Fe, Mn, Sr, Ba Ta iH. y kapOOHaTHHX MiHEpaiax.

Pe3yabTaTn. JocmimkeHHs QIOiqHIX BKIIOYCHDb CBITYATh PO Te, IO KPHUCTaTi3allis aparoHiTy Big0OyBajach 3a
y4acTi claboMiHepali30BaHUX HU3bKOTEMIIEPATYPHHUX TiaporepMaiibHuX po3uuHiB (90—130°C), 36arauenux Fe, Mn,
Sr, Ba, S, As. HasiBHICTb YHCICHHUX TBEPIUX MPOTOTCHETHYHUX BKIIOYEHb peajbrapy y KpUcCTajax aparoHiTy 3 pa-
JiadbHO-IIPOMEHHCTHX arperariB BKa3zye Ha ogHodyacHe (GOpMyBaHHS IUX MiHepaiiB. IMOBipHO, aparoHiT copmyBa-
BCS 3 BYTJICKHCIIMX TipokapOoHaTHUX a0 TigpoKapOOHATHO-XJIOPUAHUX PO3YHMHIB Ha MIiCIspyAHOMY eTami (popmy-
BaHHs TPOSIBY MUII SIKOBHCTOI MiHepauizauii. @opMyBaHHS aparoHiTy B XHJaxX y HICKOBHKax KpEeHIOBOTO BiKy
MIOB’s13aHE 3 PYJHOIO MHII SKOBHCTOIO MiHepasizaliero KBaciBCbKOro pynomnposiBy Ta IHMPKYJIIEI0 BYTIEKHCINX
MUII IKOBUCTHX CHJIBHO MiHEepalli3oBaHUX MiHEpaJIbHHUX BOJ pojoBuma ,I'ipcbka Tuca™.

HaykoBa HOBH3HA. YTiepIe ONMCaHO W JOCTIHKCHO TEOXIMIYHI OCOOIMBOCTI Ta YMOBH YTBOPCHHS aparoHITy i3
KW y KpeiinoBux Bigkmanax Ilopkynenbkoro ta JyKISHCEKOTO TOKPHBIB Y MiBASHHO-CXiTHIN YacTUHI YKpaiHCHKUX
Kapmar.

[pakTnyna 3nayumictb. PopMyBaHHS KW aparoHITy y 3B’A3KYy 3 PyIHOIO MiHEPAJi3aIli€l0 TO3BOJSE PEKOHCT-
PYIOBAaTH YMOBU HHM3bKOTEMIEPAaTYPHOTO TiJpOTEPMAILHOTO MIHEpaJOyTBOPEHHS Y KpeHIoBHX Binknazax YKpaiHCh-
kux Kapmar, iMOBIpHO, 3yMOBJICHOI'O aKTHBHOIO MarMaTHYHOIO TISUTBHICTIO B 3aKapHaTChbKOMY MPOTHHI B MI3HBOILTIIIE-
HOBMH-PaHHbOYETBEPTUHHUH Yac, Ta 0COONIMUBOCTI (POPMYBaHHS YHIKaJBHOTO POJOBHINA MUII IKOBUCTHX MiHEPaIbHUX
BoJ ,,I'ipcbka Tuca®.

Knro4osi cnoBa: apaconim, peanveap, muui’sikoge 3pyoeHinus, Quioiouni exnouenns, meepoi eKIOUeHHs, memne-
pamypa 2omozeHizayii

IMocTtanoBka mpodaemu. [lns QuimoBux Kpehmo- CYpPMSIHUM 3pYyJAEHIHHSAM IIPOCTOPOBO CHiBIANAIOTh

BO-TTAJICOTEHOBUX BifkmaniB Ykpaincekux Kapmat mpu-
TaMaHHa XIIbHA, TOJOBHO KapOOHATHa, MiHepai3allis
pizHOTO reHe3ucy. YmcienHi mocnigaukun KapmaTceko-
TO PEerioHy IOB’A3YIOTH ii YTBOPEHHS 3 Pi3HOMaHITHIMH
rigpoTepMaJbHUMH IIPOLIECAMH, 30KpeMa, 3 HHM3bKOTe-
MIIEPATYPHOIO PTYTHO, MHIII IKOBO-CYpM’STHOKO MiHe-
pamizauismu [1]. Llel Tun 3pyneHiHHS NOLIMPEHHUH Y
HeHTpanbHil cMy3i Ykpaincekux Kapnar i dopmye He-
Benuki pyponposisu (Yopnoronosa, Mixrip’s, ['oms-
tuH, Coitmu, Topyns, Ilerpoc, KBaciBcbkmii, buctpu-
UKW Ta iH.), IO KOHTPOIIOIOTHECS CYOJOBTOTHUMH
nonepeyHuMu  posnomamu  [2,3]. I3 mwumr’skoBo-

© Kpins C.41., Lixons C.I., 2014
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JoKepea MiHepaTbHHUX BOJ, IO 30aradeHi 3aii3oM, ap-
CeHIKyMOM Ta iHmMMH KommnoHeHTamu [4]. Tak mposB
MUII’ IKOBHUCTO1 MiHepaumi3alii KBaciBcbkwii, mo 3Haxo-
IUTBCS y KPEHIOBUX BIIKIaIaX, IPOCTOPOBO CIIBIIATAE
3 POMOBHIIEM JIIKyBaJIbHUX BYIJIEKUCINX MiHEPaIbHUX
Box ,,I'ipceka Tuca“ (c. KBacu, PaxiBcbkuitl paiion, 3a-
kanatTs). ['eosoro-cTpyKTypHa MO3UIlis Ta MiHepaib-
HU CKJIaJl IIbOTO HPOSIBY BaroMo BiIpi3HSAETHCS BiJ MO-
JIOHMX PYAONPOSBIB, 30KpeMa BEJIMKOIO KUIBKICTIO pi3-
HOMaHITHUX KapOOHATHUX MiHEpaNliB y CKJIa/l KUIbHUX
YTBOPEHb, HANPUKJIaJl, aparoHiTy, OCOOIMUBOCTI TeHE3H-
Cy SIKOTO JToci He 3’sicoBaHi [5].
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AHaJTi3 0CcTaHHIX T0CTiMKeHb. 3arajJoM, aparoHiTo-
Ba MiHepami3amlis pixkicHa mus Yipaincekux Kapmar i
npaib, MPUCBSIYCHUX BHBYCHHIO I[LOI'O MiHEpaiy, AyXKe
Mmaio. [TooarHOKI 3HAXiAKK aparoHiTy OMUCaHI y mparsx
Kopxuncbkoro A.®., Kanuwa B.I1., Macnskesuua 5.B.,
Jlesumpkoro B.I1., 3aitneBoi B.H. moao iHTpy3uBHHX
yTBOpeHb y paiioHi c. Bumkoso; Tanis C.A., Kypu-
10 M.B., mpucBsueHHx ymoBaM (OpMyBaHHS KBapIl-
KapOoHAaT-0apUTOBUX KW TiIpoTepMaibHOTrO TpycKaBe-
IBKOTO CBUHIIEBO-IIMHKOBOTO pOJOBHUINA; bBoOpoBHH-
ka JI.II. Ta Kapnenuyka FO.P. mpo xonkpemwii y creGHH-
kit cBiti IlepemkapmaTcekoro mporuHy; boOpoBHE-
ka JI.I1., FOpkosa B.I". Ta XmemniBcekoro B.A. mozo kap-
OOHAaTHMX pyA MaHraHy bBypumITHHCEKOrO pOIOBHINA;
Martxkoscrkoro O.1. moao moping MapMapocbKoro KpHc-
TaJIIYHOTO MacHBY y CKJIaJl TiIpOTepMalIbHUX yTBOPEHb
3onoTopyaHoro nposBy bimwii [Torik [1]. Onucanuii Ta-
KOXK aparoHiT, mo 3Haigennii y 3axiqanx Kapmarax, Ha-
OpuKiIan y Binkimamax cmaneorepMm (meudepa OIrTina,
CrnoBayunna) [6] Ta y cKiami TiAPOTEPMAIBHHUX PYA —
Sb-As-Au-W y [y6pasi (Huzbki Tatpm) [7].

®opmyaroBanHs niji crarri. ['onoBHa 11i1b poboTH
— jocnianTt (i3uKo-XiMidHI apamMeTpu MiHEpaloyTBO-
PIOBAJIbHOTO CEpeOBHINA, IO JACTh 3MOTY 3’ICyBaTH
TeHEe3HC 1 Te0XiMidHI 0COOIMBOCTI aparoHiTOBOT KMIIBHOT
MiHepati3allii, 38 30K 3 IUPKYJIIOYAMH, Y MEXKaxX po-
JIOBUIIA, CyYaCHUMH MiHEpaJIbHUMH BOAAMH Ta TiApOTe-
PMaJIbHUMH TIPOIIECAMH B PETIOHI 3arajoM.

Pi3HOMaHITHI MiHEpaJlOyTBOPIOBAJIbHI MPOLIECH Bill-
OyBarOThCSI B YMOBaxX PO3BHUTKY CKJIAJHHX CHUCTEM, LIO
PO3PI3HAIOTECS 32 OCOONMBOCTSIMH arperaTHOrO CTaHy,
ryctuHoro (uroinHux (a3, ra30HACHUYCHHSM, CKIAJOM 1
KOHILICHTPAIII€I0 PO3YMHEHUX KOMITOHEHTIB. Jlocmimken-
Hs QIFOITHIX BKJIIOYEHBb Y MPO30PHX Ta HAIiBIIPO3OPUX
MiHepasax, 30kpemMa (azoBoro ckmamay, mopdosorii Ba-
KyOJlb BKJIIOYEHb, MIKPOTEPMOMETPHYHI JIOCHIIPKCHHS
(BU3HAUCHHS TEMIIEpaTypH TOMOTCHI3allii IIpH HarpiBaH-
Hi BKIIIOYEHb, TEMIIEPATypH TUIABICHHs TBEPAOi da3u Ta
€BTEKTHKH IPU 3aMOPOXKyBaHHI BKJIIOYEHB) J03BOJISIOTH
BUSIBUTH KOHIICHTPAIil0, CKIIaM, TEMIIEpaTypy MiHepalo-
YTBOPIOBAJIbHUX PO3UYHHIB.

Buknan ocHOBHOro MaTepianay Ta pe3yJbTaTH J10-
caimkenns. JKvuiy BUITOBHEHI aparoHiTOM OyJi BHEpIIe
BUSBJICHI HaMH Y (IIIIOBHAX TOBIIAX KPEHIOBOTO BIKY
6ypxyrcbkoi (ITopkynenpkuii TOKPHUB) Ta sSLIOBUYOPCHKOT
(yKJITHCBKUI TIOKPHUB) CBIT y MeKaX POJOBHINA MiHE-
pamsHEX Box ,,l'ipceka Tuca®“. TyT y MacHBHHX Tpilu-
HYBaTHX IMICKOBHKax OYpKYyTCHKOI CBITH, 3IM’SITHX B aH-
TUKJIIHAJIBHY CKJIQJIKy HiBHIYHO-3aXiZJHOTO MPOCTSATaHHS,
1110 HAaCyHYTa Ha BIIKJIAIM IIUITITCHKOI Ta SLIOBUIOPCHKOT
cBiT JlyKISIHCBKOTO MOKPHBY, KapOOHATHI MiHepaH (Ka-
JIBIUT, OHIKCOIIO/MIOHMY KaJIBIUT, aparoHiT Ta iH.) Ta pe-
anprap yTBOPIOIOTH OKpeMi MOTyHi Xwid (mo 15 cm),
YHCJICHH] IPiOHI MPOXHJIIKH, KIPKU Ta HAIBOTH.

CKIIaIHICTh TE€OJIOTIYHOT OYI0BH POJOBHUINA Ta OKO-
JWIb 3yMOBJICHA HASBHICTIO HACYBY, IO PO3MEKOBYE
ITopkynenpkuii Ta JyKIsSHCHKUN NOKPUBU Y KpPaiHCBKUX
Kapmart. 30Ha HacyBy NMPOCTEKYEThCS HA 2 KM Bijl BUXO-
Iy Ha HOBepxHIO (y JONMHAaX MOTOKiB TpocTsHenp Ta
Backyn) B HanpsiMky 1o c¢. KBacu, a moTiM pi3ko 3aHy-
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proetbes. [loBepxHs HacyBy HaxuiieHa Ha MiBJICHb, IiB-
neHani-3axig mig kyrom 0-30°. T'eomoriuaa Gynosa mi-
JISIHKY YCKJIaJIHEHa MOMePeYHUMH CKHI0-3CyBaMHU I10 JI0-
nuHi p. Yopna Tuca (3oHa PaxiBcbko-TuceHChKOIO po3-
JIOMY), JIe TipChKi TOPOIH 3a3HaIH IHTCHCUBHOTO 3IMATTA
Ta neperupanss. [lickoBuku OypKyTChKOi CBITH Cipi ce-
penHbo-, TpyOoIapyBati, iHOAI MacHBHI, Pi3HO3EPHUCTI
JI0 TpaBifHUX, YTBOPIOIOTH MAYKH MOTYXKHICTIO 10 10—
12 M i3 mpomapKaMy CipuXx i 3eJIeHyBaTHX aJIeBPOJIITIB Ta
apriiiTiB.

3a CK/IaOM TEpUTeHHOrO MaTepially HOJIMIKTOBI:
MepeBakaloTh KBApI] i MONBOBI ImMaTH (mepeBakHo Na-
Ca ruiariokinasu), 6arato cimox (610TuT, MyckoBir). Sio-
BHYOPCHKa CBiTa, CKJaJeHa TEMHO-CIpUM, ITiIIaHO-
TJIIMHUCTAM TOHKO PUTMIYHHM, i3 TPOIIAPKAMH ITiCKOBH-
KiB, BaITHSKIB, MeprefiB, QuinioM. [TickOBHKH sSUTOBHYOP-
CBKOi CBITH HECOPTOBaHi, IPiOHO3EHHUCTI (10 aeBPHUTY)
cipi, MacuBHI, QyXe MIilHI. 32 MiHEpaJbHUM CKJIaJOM
MOJIMIKTOBI (Cepe/l TEPUreHHHX YJIaMKiB BUSBICHO 3€p-
Ha KBaplly, KaJi€BOIO MOJILOBOIO WINATy, IUIAriokiasy,
HE3MIHCHUH Ta 3aMIIICHUN XJIOPUTOM OIOTUT, MYCKOBIT)
[8].

AparoHit y ckiaji >KWIbHOI MiHepamizaiii BHsBIe-
HHUH y IBOX BHXO/aX KOpiHHUX mopix. OauH 3 HUX 3Ha-
XOANUTHCS Oe3MOCepeHb0 B 30HI HACYBY, Y MiCKOBHKaX
SUTOBUYOPCHKOI CBITM Ha MiBHIYHINA okojwmii ¢. KBacu, y
npaBoMy OopTi notoky TpoctsiHens y 100 m Bix ioro
rupia. Crocrepiraemo 30Hy OpeKUitOBaHHS MOPia po3Mi-
pom 1o 40 M, B sIKiif TPILIMHU BUITOBHEHI KapOOHATHUMU
MiHepajgaMu (KaublUT, aparoHit, Fe-Mn kapOoHartu, na-
BCOHIT). AparoHir, IiarHOCTOBaHWI PEHTTEHOCTPYKTYp-
HUM METOJOM, IMPEICTAaBJICHUI BUIOBKECHUMH, NPU3Ma-
THYHUMH Kpuctanamu (puc. 1, A), 1iHKOIH cIIo-
cTepiraeTbcs NBIMHUKYBaHHSA. Po3Mmip KpucTamiB 3Mi-
Hroetbes Bifg 0,5 mo 3 cM.

YV mexax ITopKyJienskoro MOKpHUBY aparoHiT BHSIB-
JeHHH y TMICKOBHKAaX OYpPKYTCBHKOi CBITH B YpOUHIIi
,,Ckammm™ (c. KBacu) y mpaBomy 6opTi Ta pycii p. HopHa
Tuca B 30HI PO3PUBHOTO MOPYIIEHHSA. Y MeXKax BHXOMY
KOpPiHHUX Mopia po3Mipom 15%30 M gwcieHH] pi3HOOpiE-
HTOBaHi TPIIIMHU B MiCKOBHUKaX BUIIOBHEHI KapOOHATHU-
MU MiHepanaMu (KaJbI[UT, OHIKCOMOMIOHMIA KaJIbIUT,
CHJICPHT, aparoHiT, JTaBCOHIT), a TakoXkK peanbrapom. [o-
TYXXHICTB XWJ Ta MPOXHIIKIB — Big 1-2 MM mo 10 cwm,
3pinka 12-15 cm [5]. Aparonir, 3a3Buuaii, yTBOpIOE
pamiabHO-TIPOMEHUCTI THYKYBAaTi, KPYHTHOKPHCTAIIYHI
arperatd, CKJIaAeHI 3 KPUCTAIIB HPHU3MaTHYHOTIO,
mipamiJJaIbHOTO Ta rOJYacTOro radiTycy, po3MipoM Bifj
1 no 15 cm (puc. 1, F). Binbmicte KpucTaiB aparoHity
NPO30pi, X04a U1 NeIKUX XapaKTepHa 30HaIbHA Oya0Ba,
1110 MpOsIBJICHa Y 3MiHi 3a0apBieHHs (OpaH)XeBi, )KOBTI Ta
0e30apBHi 30HM) (puc. 1, B) B3IOBXK 30H pOCTy. 30HAIb-
Ha OyZoBa 3yMOBJICHA HAsBHICTIO TBEPIUX BKIIIOYCHD
KPHCTaJIB peajbrapy Ta OKCHIIB 3alli3a, TPILMHYBaTIC-
TIO, BEJIMKOIO KUTBKICTIO APIOHMX (IIIOINHUX BKJIIOYEHb.
Tak, 11 IPUKOPEHEBUX NUITHOK KPHUCTAJIB XapaKTepHE
opaHXeBe 3a0apBIICHHS, 110 3yMOBJICHO BEJIHMKOIO KiJb-
KICTIO TBEPAMX BKIIFOYCHb — KPHUCTANIB peajbrapy, s
LEHTPAIEHHUX YaCTHH — J)KOBTHH KOJIIP, 3yMOBJICHUH Hasl-
BHICTIO TBEPIUX BKJIFOYEHB CipkH (puc. 1, B).
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Puc. 1. Minepanvni acpecamu apazonimy: A) opy3u npusmamuyHux KpUCmanis iz Jdcui y nicKoBUKax An08U40pCbLKoi
ceimu; B) padianvHo-npomenucmi azpecamu 8UO08HCEHO-NPUSMAMUYHUX KPUCMALIE i3 HCUNl Y NICKOBUKAX OYp-
Kymcwkoi ceimu; B) 30Hanvui padianvHo-npomenucmi azpecamu apazonimy: I — npuxopenegi opandicesi Oinanku
kpucmanis, Il — scoemi yenmpanoni oinsauku, 111 — nposopi nepugpepitini

Bu3HaueHHST BMICTY €IEMEHTIB-IOMIIIOK POBOIUIIO-
cs1 3a rormoMororo metoay /CP-MS y naboparopii Bimaity
reoximii 13otomiB i Mac-cektpomerpii I'MP im. MLIT. Ce-
menenka HAH VYkpainu (M. KuiB) 3a noromororo ICP-MS
“Element-2” — Mac-cHeKTpOMeTpa 3 IOHI3ali€l0 B IHIY-
KTUBHO 3B’S3aHid IDTa3Mi HIMEIBKOTO BHPOOHUIITBA.
BcranoBiieHo BMICT CTHOIIO, CIpKH, apceHIKyMy, 3aiisa,
MaHraHy, CTPOHIIi0, 6apito Ta IHIIUX elneMeHTiB (Tadu. 1).

Tabauys 1
BMicT enleMeHTIB JOMIIIOK y KpHCTalax aparoHiry i3
JKHJI Y TIICKOBUKAaX OypKyTCBHKOi cBiTH (ppb)

- Aparonir Aparonir Aparonir Aparonir
(I 30na) (11 30n2) (111 30H2) (6e30apBHUii)
I3omopdHi nomimku
Sr (88) 2351,954 | 2647429 2742,347 2574,292
Ba (138) 355,984 146,4495 129,366 169,051
Mn (55) 6,83 3,7855 1,7695 332
Fe (56) 104,3245 64,3925 8,9725 29,031
Heizomopdui qomimkn

S (32) 20,021 <15,109 <15,109 7,2665
Co (59) 0,009 0,003 <0,012 0
Cu (63) 0,327 0,048 <0,1145 0,0185
Zn (66) <5,9125 <5,9125 <5,9125 <5,9125
As (75) 2,7556 <0,77 0,0917 0,6444
Se (77) <1,428 0,0107 <1,428 <1,428
Co (59) 0,009 0,003 <0,012 0
Cd (113) 0,055 0,0115 <0,0155 0,0055
Sb (121) <0,099 <0,099 <0,099 0,3765
Hg (202) <0,051 0,0085 <0,051 <0,051
Pb (208) 0,043 0,135 0,1285 0,483
Bi (209) <0,0045 <0,0045 <0,0045 <0,0045

Busiseno 3minm Bmicty Fe, Ba, Sr y 3oHampHMX
Kpuctaiax aparositry. Bmict Ba Ta Fe Bim KopiHHHX
JUISIHOK KpUCTANiB 10 nepudepii 3MEHIYEThCs, a BMICT St
301bLIyeThCs (Ta0M. 1). AparoHir, 3a3Bu4aii, Mae XiMIUHUI
ckian Omm3bkuit 10 maibke urctoro CaCOs, poTe MoXKe
yTBOpIOBaTH OOMexeHi TBepmi posumuu i3 SrCO;. Bwmict
SrCO; mocsirae 14 MOJNSPHHX BIJICOTKIB B aparoHirax i3
rapstaux pkepern. OIHUM 13 HAWMONIMPEHINNX KATIOHIB,
O BXOISTH N0 CTPYKTYpH aparoHity, € Mn'” mpore B
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JOCIIKYBaHUX TPO0axX i3 PI3HOTHITHUX AparoHiTiB BMICT
MaHTaHy € Iyxe He3HauHuM (2—8 ppm) (tabn. 1). Bxo-
JoKeHHs Ba 70 CTpyKTypH aparoHiTy TeX OOMEKEHO.
Cucrema CaCO; — BaCO; BuBuanacs 3a temnepatypu 400—
800°C. BcranoBieHO OOMEXEHY 3MIIIyBaHICT 3 YTBO-
pernsim CaCOs; (aparosity) 3 gominkoro Minary BaCO; mo
5 MOISIpHHX BiNCOTKIB [9].

Cepen  HeizoMOphHHX  JOMILNIOK  IEPEBAKAIOThH
apceHiKyM Ta CipKa, BIAMOBIIHO, y 3a0apBICHUX 30HAX
BMICT IMX MEXaHIYHUX JOMILIOK OUIBIIMN, HIK Yy
mpo3opux (tadi. 1).

Dazosuil ckiad, azpeeamuuli CMAH PEYOSUHU MA
memnepamypa 2oMo2eHizayii PuoiOHUX 6KIIOYEHDb 8 apa-
2onimi. CKIaIHICTh NOCTIKEHHS (IIIOITHUX BKIIOUCHb
y KapOOHATHHX MiHepanax 3yMOBIICHA HU3bKOKO TBEP/iC-
TIO, XapPaKTEPHOIO CIAHHICTIO Ta MBO3aJIOMICHHAM. [1if-
Ouparouyy BKIIIOUCHHS JJISI TIPOBEICHHS MIKPOTEPMOMET-
PHYHHX 3aMipiB, HEOOXiTHO 3BEPTaTH OCOOIMBY yBary Ha
TepMETHYHICTh BaKyoJli BKIIIOUEHHS, PO3MIp, PO3Tally-
BaHHSI, OPIEHTAII0 MO0 MJIOIIMH CHAWHOCTI KPHCTAIB
Ta IHIIUX TPy BKIOYEHb, O3HAKH PO3LIHYPYBaHHS TO-
mio. Hanpukian, i3 10 BUSBICHUX BKIIIOUEHb Y KapOOHa-
THUX MiHepanax Juire 1—2 miaXomaTh IJIsl MiKpOTepPMO-
METPUYHUX JOCIiKEeHb. MeToll ToMOoreHisaiii 3acToco-
ByBaBCS Ul BU3HAYCHHS TEMIIEpaTypud TOMOTCHi3alii
nBo(a30BHX BKIKOYCHb. BBaxkaeThcs, IO TeMIEpatypa
TOMOTCHI3alii BKITOUSHHS] TOMOTeHHOTO 3aXOIUICHHS Bi-
JIIOBiIa€ MiHIMaNbHIM TeMIepaTypi HOro yTBOpPEHHS Ta,
BIZIMOBITHO, BKa3y€e HA MapaMETPH CEPEOBUINA, 3 SIKOTO
KpHCTalIi3yBaBcs JocmipKyBanuid minepan [10]. Hactuna
TEpMOOAPOreoXiMIYHUX JIOCHI/PKEHb IPOBOAMIACS Ha
6a3i JlabopaTtopii paMMaHIBCbKOI CIIEKTPOCKOIi Ta MiK-
potepmomerpii [HetutyTy Hayk mpo 3emitto yHiBepcuTe-
Ty Kapna ®panna m. I'parr, ABcTpis.

VY KpucTanax aparoHity i3 KW y MICKOBHKAX SJIOBH-
YOPCHKOI CBITH BHUABJICHO IMEPBUHHI 1BOGa30Bi (ra3oBo-
pinunHI), oqHO(Aa30Bi (IMOBIpPHO, PIIWHHI) Ta BTOPUHHI
¢uroinHi BKTFOUeHHS. [IepBHHHI BKIFOUYCHHS 3HAXOATH-
Csl IEPEBAXKHO B 30HAX POCTY KPHUCTATY, Y BHIJISIII MOO-
TUHOKMX KpymHux BkimroueHb (0,1-0,2 mm) Ta rpyn
(puc. 2, 4, b, B).
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Puc. 2. Ilepsunni ¢hmioioni d0gogasmi 2azo0-piounni (A-B) ma oonogasni (I'-E) piounni xniouents y Kpucmanax
apazoHimy i3 dCun y nicKogukax sn0eudopcvkoi ceimu,; G — eazoea gaza; L — pioka ¢pasza

dopma BKIIOYEHb, 3a3BHYali, HEMPAaBUIIbHA, BHIOB-
JKeHa, TPAIUIAIOThCS SIK TUIOCKi (Tabm. 2; BKIL. /, 5, 6) Tak
i 00’emHi (Tabm. 2; BKi. 2, 3, 4, 7, §) Bakyomni. CriBBin-
HOLICHHS (a3 y BaKyoJIi BKIIOYECHb 3MIHIOEThCSA B MEXaxX
5-25% ra3oBoi ¢aszu, 75-95% piakoi ¢asu. I'omo-
reHizarlist GparoiIHIX BKIIOYECHB BiIOyBalach y piaky ¢a-
3y 3a Temrepatypu 90-126°C (tabm. 2).

Takox BusiBJIeHI onHOGbA3HI PIAMHHI BKIIOYCHHS, Ba-
Kyouli SIKMX II0cKi, po3mipoMm 1o 0,005-0,01mMm (puc. 2,
B, I, /). KpiomeTpuuHi JOCTIHKEHHS TaKUX OXHO(Aa3HHX
BKJTIOYEHD [10KA3aJIH, 1110 MiHEpaTIOyTBOPIOBATIbHI PO3YHHH, 3
SAKHX BigOyBanoch GopMyBaHHS BKJIIOYEHB, OynH ciabo-
MiHEpaTi30BaHUMH, BMICT COJICH HE MEPEBUIIYBAB KilTb-
KOX BifiIcOTKiB — 1-2% (TN sony) — -0,5 — -1°C). Ilpu 3a-
MOpOXKYBaHHI BMICTY BKJIIOYEHHS yTBOPIOBAIHCH KpPHC-
TaJIU T1APOTANITY XapaKTepHOTO radiTycy.

Bbararo BKIIOYEHb B aparoHiTi 3a3HAIN PO3LIHYPY-
BaHHS BHACHIJOK MOAAJBIIMX 3MiH Yy BKJIIOYEHHI MiCIs
ioro repmeru3arii. [Ipo 1e cBIAYNTH HASIBHICTH Xapak-
TepHUX 3a (OPMOIO Ta PI3HHUX 32 PO3MIPOM BaKyOJb
BKJIFOUECHb, ICHYBaHHSI B Mexax OnHiei rpymnu nBodazo-
BUX BKJIIOYCHD 13 PI3HMM CIIBBIIHOIICHHSIM ra30BOi Ta
piakoi ¢asm Ta omHODA30BHX PIOUHHHUX BKIIOYEHD
(puc. 3). Taxi BKJIIOUCHHSI HE HECYTh TeHETHYHOI iH(Op-
Manii # TOMy He NMpUAaTHI A TepMoOaporeoXiMiuHMX
JIOCITIKCHb.

BropunHi BKIIOYEeHHS IpiOHI, IPENCTABIEH] JIAHIIO-
JKKaM¥ BHIOBKCHUX OJHO()A30BUX BKIIOYEHB, IO BUIIO-
BHIOIOTh, IEPEBAYKHO, MIONIEPEYHi 10 30H POCTY KpUCTATy
TPILMHKH.

VY  pagianbHO-TIPOMEHUCTHUX —arperarax aparoHity
TaKo)XK  BHSBJICHO 1BO(A30BI  Ta30BO-PIIUHHI  Ta
omHo(a3oBi — pimUHHI BKITFOUCHHs. [IepBUHHI (CHHICHETHYHI)
BIUIFOUEHHS, 3a3BUYal, a30HAJIBHI, CIIOPaUYHO IOIIMPEHi Y
KpUCTAJIaX y BUIJIAI OKPEMHX BKJIIOYECHb Y CIMEUCTB.
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BropunHi (HakmaneHi) — y BHUIVISL JAHIIOKKIB Y3/I0BXK
3apOIIEHHX TPIIINHOK.

Tabruys 2
[lepBuHHI Ta30BO-piAMHHI QIIIOIAHI BKIIOYEHHS B
aparoHiti Ta TEMIIEpPaTypH X rOMOTreHi3aril

. TeMHepinypil. CniBginno-
®opma Bakyoui romoresizauii
Ne . LIeHHs
(UIIOIIHUX BKIIOYEHD (retepo- o
L a3, %
reHizanii)
pap. 4 a—125°C (120) | a—15:85
1 > al 0—105°C 0—20:80
-~ | 6-120°C (115) | ¢—10:90
« 0 r a-5:95
2 b [ ¢—90°C 6-10:90
6¢—5:95
P = a—116°C (109) | a—20:80
3 — 6—98°C (75) 6-10:90
v AT ¢—105°C (97) 6—15:85
4 | NPT 126°C (120) 20:80
5 e 0 a—-595
<3 - 0—25:75
. a—5:95
6 . 0—15:85
7 | =) 20:80
8 —_— T 107°C (100) 15:85

ISSN 2071-2227, HaykoBun BicHuK HI'Y, 2014, N2 2



TEQNOriA

Ha xanb, roMoreHi3yBaTi onvcaHi BKIIOYCHHS HE BIa-
nocst yepes ix Mauni posmipu (Big 0,0001 mo 0,0005 mm), ox-
HaK CHiBBITHOIIEHHs (a3 y LUX BKIIOYEHHSX CBIIYHUTH
npo Te, o (GIrinyM Manyu NpUOIN3HO OJJHAKOBY TEMIIe-
patypy, OCKLIbKH PO3MIpH Ta30BOTO IyXHUPLS 3MiHIO-
10Thes Big 5 1o 15%.

Teepoi sxniouenns y kpucmanax apazovimy. Bussie-
HO TaKOX TBEpAi MPOTO- il CHHIeHETHYHI BKIHOYCHHS
(puc. 4).

V ’xunax aparoHIiT 3HaXOJIUTHCS B TICHIM acomiamii 3
peanbrapoM. Yacto BHIOBKEHO-IPH3MATHYHI KPUCTAIH
peasbrapy BUIOBHIOIOTH MDXK3€PHOBHH HPOCTIP pajiaiib-
HO-TIPOMEHUCTUX arperariB aparoHity ta y ¢opmi TBep-
IHX BKJIIOYEHb TPAILUIAIOTHCS B OKPEMHUX KpHCTajax.

Puc. 3. @omo (A) ma cxema (B) poswHypysanus
2PYN NEPBUHHUX BKIIOYeHb Mma (OopMyeanus pi-
OUHHUX, 2043080-PIOUHHUX GKIIOYEHb 3 DIZHUMU
Gazosumu cnieBiOHOWEHHAMU Y KPUCANAX apa-
eonimy: 1 — epyna énacrne nep8uHHUX 8KIIOUEHD,
OesKi 3 AKUX 3a3Hanu poswHypysanus,; Il — emo-
DUHHI BKIIOUEHHS, WO ,,3a1IiK08YIomb * mpiwunu
y Kpucmanax; 11l — epyna pozwnyposanux 6xiuto-
ueHb

®dopMyBaHHS peanbrapy nepemyBajio KpucTami3amii
aparoHirTy, IO 3axOILTioBaB Horo. ImiomopdHi, BUAO-
BXKEHO MpHU3MaTH4HI, 100pe orpaHeHi KpHCTalu pea-
Jprapy XaoTHYHO 3aXOIUIEHI aparoHiTOM 1 He OB’ si-
3aHi i3 30Hamu pocty. JoOpa orpaHeHIiCTh KpUCTamiy-
HUX IHIMBIAIB peanbrapy CBIJYHUTH IPO T€, 110 BOHU
Oynu copMoOBaHi y BIIbHOMY MPOCTOPI TPILIMH, SIKUH
OyB 3alTOBHEHMI Mi3HININM aparoHiToM. TBepai BKIIO-
YeHHsl peanbrapy MOIIMPEHi, NepeBaxKHO, ¥ MPHKOpPe-
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HEBHX MJUISTHKAaX pajiallbHO-IPOMEHUCTHX arperaris
aparoHity, iX KiUIBKICTh 3MEHINYEThCS 0 Nepudepii-
HUX AUIsHOK. Po3Mip Ta imiomop¢i3m KpucTaliB apa-
TOHITY, MOP(OJIOTisi MiHEpaJIbHUX arperatiB BKa3zymTh
Ha (opMyBaHHS KapOOHATIB MPOTATOM TPHUBAJIOTO Ya-
cy y crabinpbHHX yMoBax. Ha modaTkoBHX cTamisix
KpHUCTalli3alii paaialbHO-IPOMEHUCTHX arperariB apa-
TOHITY BinOyBaloCh 3aXOIUIEHHS BXKE ICHYIOUHMX Ha
CTiHKaX TPIMIMH Ta B MiHEPaJTOYTBOPIOBAILHOMY Ce-
pemoBumii KpucrtaiiB peansrapy. OTxe, Ha 3aBepiua-
JBHUAX CTaNigX BiOKIAJAaHHSA pealbrapy po3modaioch
(hopMyBaHHS aparoHITy, IO TPHUBAJIO i Jali IIiCHs 3a-
BEPILICHHS YTBOPEHHS peajbrapy.

Puc. 4. Domo meepoux exnrouens y Kpucmanax apa-
2oHimy: A — cuneeHemuuHi 6KNIOUEHHS 2eMUIMY;
b — npomozenemuuni exnrouenns peanveapy

TakoX BHSBICHI CHHTCHETHYHI TBEpIl BKIFOYCHHS
TeTuTy. BumoBkeHi, romyacti BKIFOUEHHS 3 1HIYKIiHHU-
MU TIOBEPXHSIMH Ha MEXi 3 MiHEpaJIoM-TocroaapeM (apa-
TOHITOM) TIOIIMPEHI B 30HAX pPOCTy KpucrarmiB. Po3Mip
TakuX yTBOpeHb 3MiHIoeTbes Bimg 0,0025 mo 0,01 mxwm.
Jlyist TakuX BKIIIOUEHb XapaKTEePHI CXIALEnoniOHI rpai,
10 BUHHMKAIOTh YHACIIIOK CyMicHOTO pocty. O4eBuIHO,
IO Taki arperatd (OPMYBaIUCh OJHOYACHO 3 aparoHi-
TOM.

BHCHOBKHM Ta MNepCHeKTHBH MOJAJIBIIOIO PO-
3BHTKY J0cCJHiTxkeHb. Kpucranizais aparoHity y Kpew-
JIOBHX BIZIKJIaJax MOB’s3aHa 3 MUII SIKOBUCTOIO MiHepa-
J3aI[€I0 B MEXaxX POJOBHUINA BYTJIEKUCIUX MiHEPab-

27




reonoriAa

HUX BOA ,,l'ipcbka Tuca“. doMyBaHHS MHII IKOBUCTOT
Ta CypM’siHOi MiHepamizamii, SK i pTyTHOI B Mexax
Vkpaincekux Kapmar, BigOyBanock y Mi3HBOIUTIIIEHO-
BUH-PaHHbOYETBEPTUHHUN TepiogM Ta TOB’s3aHE 3
e(hy3MBHAM MarMaTU3MOM Yy 3aKapmaTChKOMY HpPOTHHI
[2]. 3MiHa reoTeMIepaTypHOTO PEKUMY Ta ITiIBUIICHHS
MPOTPITOCTI HAAP CHPUYMHIIN NMPOHUKHEHHS 32 30HA-
MU TOINEPEYHUX PO3PUBHUX IMOPYIIEHb Yy MPHUIIOBEPX-
HeBi ToBuIi (iloBUX yTBOpeHb YKpaiHchkux Kapmat
HU3bKOTEMIIEPATYPHUX TiJPOTEPMaIbHUX BYTJIEKHCIHX
rizpokapOoHaTHUX ab0 TiApoKapOOHATHO-XJIOPHIHUX
pPO3uUMHIB, 3 SKHX YTBOPWIHCS PTYyTHI, CyJIb]inHO-
TiapoKapOOHATHO-XJIOPUAHI PO3YUHH, IO CHOpMyBaTH
CYpPMSHO-PTYTHI Ta MHII SKOBUCTO-CYpMSHO-PTYTHI
pynonposisu [2].

Ha ocHoBi pe3ynprariB mociimxeHHS (II0iTHUX
BKJIIOYCHb y KpHCTajax aparoHiTy, MOKHa 3poOuTH
BHCHOBKH, III0 YTBOPEHHS MiHEpaJIbHUX arperaTiB Bil-
OyBaJsiocs 3a y4yacTi c1a0OMiHEepai30BaHUX HHU3bKOTE-
mneparypaux (90-130°C) rigpoTepMalbHHX pPO3UH-
HiB. HasBHICTh TBEpJUX NMPOTOr€HETUYHHUX BKIIIOYEHBb
peasibrapy y KpucTajlax aparoHiTy CBiIYMTH Ipo OJyn-
3bKO OJIHOYacHE (hOpMyBaHHS IIMX MiHepaiiB. IMoBip-
HO, pajiaJbHO-IPOMEHUCTI arperatu aparositry cgop-
MYBAJINCH 13 3aJUIIKOBUX PYJHHUX BYTJIEKHCIUX TiIpo-
KapOOHATHHX a00 TiAPOKapOOHATHO-XJIOPUIHHUX Til-
porepm.

HagxomkenHs momiOHUX PO3YMHIB 3a PO3PUBHUMHU
MOPYLICHHAMH B MeXax pomoBuina ,,I'ipceka Tuca® mpo-
JIOBXKYETBCSL 1 Yy Halll 4yac Ha 1110 BKa3ye€ KOMIIOHEHTHUM
CKJIaJl Cy4acHHX MiHEepaJbHUX BOJI.
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Heaw. Onpenenuth GU3UKO-XUMUYECKHE MapaMeTphl
MUHEpalIoo0pa3ymolel cpebl, B KOTOPOM MPOUCXOIUIO
¢dopmupoBanue penkoro Juisi  YkpauHckux Kapmat
JKIJIBHOTO MHMHEpaJla — aparoHnTa. BBISICHUTH TeHe3nc n
TreOXMMHUYECKHUE OCOOEHHOCTH KapOOHATHOM MUHEpasH-
3aIMK B Ipeaenax KBacoBckoro pyaonposiBIEHHS MbI-
mibsika (PaxoBckuit pafioH, 3akapmarbe) U CBS3b C THIPO-
TepMaJbHBIMU MTPOLIECCAMU B PETHOHE.
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rreonoriAa

Metoauka. {ns onpeneneHus (GU3NKO-XHMHUIECKIX
YCIIOBHI MHHEPaI000pas3yIoled cpeabl HCIOIb30BaH
KOMIUIEKC TepMO0aporeoXuMHYECKuX MeTonoB. Temre-
parypy ¢ironaa omnpenessii METOJIOM TOMOI'€HH3aLUH,
arperatHoe COCTOsIHHE — (Da30MEeTPHH, COCTaB U KOHIICH-
Tpauuto — kpuomerpun. Meron ICP-MS npumensics
IUTS onpeziencHus conepxkanus Sb, S, As, Fe, Mn, Sr, Ba
U JIp. B KapOOHATHBIX MUHEpAJIaX.

PesyabTaThl. MccienoBanne QuiongHBIX BKIIOYE-
HUI CBHUAETENBCTBYET O TOM, YTO KPHCTAJIH3AIUSL
aparoHWTa MPOMCXOAWIA MPH y4acTUH ciraboMuHepa-
JTU30BaHHBIX (COAEpKAHME COJIEH HE IMPEBBINIACT HE-
CKOJIBKO TIPOIIEHTOB) HHU3KOTEMIEPATYPHBIX THIPO-
TepManbHBIX pacTBopoB (90-130°C), oboramieHHBIX
Fe, Mn, Sr, Ba, S, As. Hanuune MHOrOYMCIEHHBIX
TBEPJbIX MPOTOT€HETUYECKUX BKIIOUCHUN peanbrapa B
KpUCTaJUlaX aparoHUTa U3 paguanbHO-TYyUYHUCTHIX arpe-
raToB yKa3blBaeT Ha OJHOBpPEMEHHOE (OpMHUpPOBaHUE
3TUX MUHepanoB. BeposTHO, aparoHuT copmuposai-
Csl M3 YIIICKHCIBIX THIPOKapOOHATHBIX MM THIPOKap-
OOHATHO-XJIOPUIHBIX PACTBOPOB Ha MOCICPYAHOM
sTane (OPMUPOBAHUS MBIIBIKOBUCTON MUHEpaIH3a-
nuu. OO0pa3oBaHHEe aparoHWTa B JKUJIAX B MECYaHUKAX
MEJIOBOTO BO3pAacTa CBS3aHO C PYAHOH MBINIBIKOBU-
croit MmuHepanuzanueit KBacoBckoro pyaonposiBaeHus
U IUPKYJISALUEN YIJIEKUCIBIX MBIIIBbSIKOBUCTBIX CHIIBHO
MHUHEPaTN30BaHHBIX MHUHEPAIBHBIX BOJ MECTOPOXKJe-
Hus ,,['opHas Tuca®.

Hayynasi HoBu3Ha. BriepBbie MccneqoBaHBl T'€OXHU-
MHUYECKHE OCOOCHHOCTH M YCIJIOBUSI 00pa3oBaHuUs aparo-
HHUTA B COCTaBE JKWJI B MEJIOBBIX OTIOXeHMUsX [lopkyien-
Koro u JlyKJITHCKOTO TIOKPOBOB B I0T0-BOCTOYHOW 4acTH
Yxkpannckux Kapnar.

IIpakTHyeckasi 3HAYMMOCTB. VccnenoBanus ycio-
BUH (pOPMHUPOBAHUS KU aparOHUTa U CBSI3b C PYTHOU
MUHepaTu3alueil Mo3BOJIAI0T PeKOHCTPYHUPOBAThH yCIIO-
BHUS HHU3KOTEMIIEPaTYpPHOI'O THAPOTEPMAIBHOTO MUHE-
panooOpa3oBaHHsI B MEJOBBIX OTJIOXKEHHUIX YKpauH-
ckux Kapmar, BeposTHO, OOYCIIOBJIEHHOTO aKTHBHOMH
MarmMaTH4ecKoil JesTeNbHOCThIO B 3aKapmaTcKOM Ipo-
rube B IO3JHOIUINOLIEHOBOE-PAaHHEYETBEPTUYHOE Bpe-
M U 0COOEHHOCTH ()OPMHPOBAHUSI YHHKAJIBHOTO Me-
CTOPOXICHHUS MBIIIBIKOBICTEHIX MHHEPAIBHBIX BOJ
,l opHasa Tuca®.

KnroueBble cnoBa: apazonum, peanveap, MblulbaKo-
sucmoe opyoeHenue, QrrOUOHble BKIIOUEHUs, meepObie
BKNIOYEHUs, MEeMNepamypa 20MO2eHU3AYUU

Purpose. To find out physical and chemical parame-

ters of the mineral forming fluids which formed arago-
nite, a very rare veins mineral for the Ukrainian Carpa-
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thians. To determine the origin and geochemical proper-
ties of the carbonate mineralization in the Kvasy arsenic
ore occurrence (Rakhiv region, Transcarpathian) and its
relation to the hydrothermal processes taking place in the
region.

Methodology. We used the thermobarogeochemical
methods to determine physical-chemical conditions of
the formation of aragonite. Fluids temperature was de-
termined by the homogenization method (fluid inclusions
heating), aggregate state by the phase investigation,
composition and concentration by the cryometry (fluid
inclusions cooling). The ICP-MS method was used for
the determination of Sb, S, As, Fe, Mn, Sr, Ba et al. in
the carbonate minerals.

Findings. The results of the fluid inclusions inves-
tigation indicated that the aragonite crystallization was
affected by the low mineralized (salt content does not
exceed a few percent), low-temperature hydrothermal
solutions (90-130°C), enriched with Fe, Mn, Sr, Ba, S,
As. Presence of the numerous realgar crystals proto-
genetic solid inclusions in the aragonite radiate-
fibrous aggregates indicates simultaneous formation of
these minerals. Probably aragonite was formed from
bicarbonate or bicarbonate-chloride solutions on post-
ore formation stage of the arsenic mineralization. The
formation of aragonite in the veins in Cretaceous
sandstones was associated with the arsenic mineraliza-
tion of the Kvasy ore occurrence and the bicarbonate
arsenic mineral water circulation at “Hirska Tysa” de-
posit.

Originality. The geochemical properties and for-
mation conditions of the aragonite veins in Cretaceous
sediments (Porkulets and Dukla nappes, southeastern part
of the Ukrainian Carpathians) were described and inves-
tigated for the first time.

Practical value. Formation of aragonite veins and
its connection with ore mineralization can help us to
understand and reconstruct the conditions of the low-
temperature hydrothermal process in the Cretaceous
deposits of the Ukrainian Carpathians, probably
caused by magmatic activity in the Transcarpathian
deep in early Pliocene late Quarterly time and, fea-
tures of formation of the arsenic mineral water of
“Hirska Tysa” deposit.

Keywords: aragonite, realgar, arsenic mineraliza-
tion, fluid inclusions, solid inclusion, homogenization
temperature

Pexomenoosano 0o nybnikayii 0okm. eeon.-minep.

nayk O.1. Mamkoscvxum. Jlama Ha0xo0diceHHs pyKonu-
cy 05.06.13.
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