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MOAEMHPOBAHHE ®OPMHPOBAHHA KOIEKTOPOB
B KPEMHHCTbIX M3BECTHAKAX MOA BO3AEVCTBHEM
TMAPOTEPMA/IbHbBIX ®1HOHNAOB (CEPHHN C H,O0,, HCL N CO(1AMH)

M. 10. 3y6xoB

3anagHo-CUBUPCKNiA reonoryeckuii ueHTp, Tiomers, Poccun

PacCMOTPeHbI pe3ynsTaTbl MOAEANPOBaHWA GOPMUPOBAHUA BTOPUUHBIX KONNEKTOPOB (rMapoTepmarb-
HbIX CUAMLMTOB) B KPEMHUCTbIX U3BECTHAKAX, LUMPOKO PacnpocTpaHeHHbIX B AOIPCKOM KOMM/ieKce 3anaaHom
C16MpPK 1 NOABEPTLUMXCA BO3AEICTBUIO TMAPOTEPManbHbIX dnonaos B cuctemax H,0-H,0, (npu Temnepatypax
295 1 390 °C v KoHueHTpauuax H,0, ot 29 ao 43 %), H,0-HCI (410 °C 1 0,05-1,0N cooTsetcTeHHO) 1 H,0-
conu (400 °C, CO, 0,48 r/n; NaCl 36,8 r/n, CaCl,3,1 r/n). YctaHoBneHo, uTo B cucteme H,0-H,0, B peakuuax
rMAPOTEPMasIbHOTO CMHTE3a aKTMBHOE y4acTMe NPUHUMAIOT MeTaNbl, BXOAALLME B COCTaB aBTOK/NaBa, YTO
B M3BECTHOM CTEMEHM 3aTPyAHAET U3ydeHne Pe3yNbTUPYIOLUX MUHEPA/IbHBIX accouMaLmin. [NasHbIMM HOBO-
06pa3oBaHHbIMU (TMAPOTEPMANbHBIMU) MUHEPanbHbIMM GasaMu ABNIAKOTCA FeMaTUT, aHMMAPUT, CAMOPOAHasA
cepa v cynbdaTbl, @ TaKKe OKUC/Ibl XPOMa M HUKENA; HEeYCTOWYMNBLIMU UCXOAHBIMU MUHEPaNamMM — AOIOMUT,
NUPUT 1 KanbuuT. B cucteme H,0-HCI HeycToMumBbie MUHEpanbl Te e, a opmMmMpoBaHHe HOBbIX (rnapoTep-
Ma/bHbIX) aCCOLMALMIA 3aBUCUT OT KUCAOTHOCTH /IOMAA: B YILTPAKUCAbIX YCNOBMAX CTabuabHaA accoumaums
KaoNMHUT-CUAEepUTOBas, B 6onee LwenouHbix obpasyetca x1opuT. B cucteme H,0—conu obpasytoTca Kucable
noneBble WNaThl, LLEONUTbI, BONNACTOHUT M HaTPMEBO-KabLueBble KapboHaTbl, pasnaratoTca NMpPUT, AONOMMUT,
KaNbLUT, UAUT M YacTUUHO BMoreHHbIN KBapL,. Bo BCex aKkcnepumeHTax Habnloaanock obpa3oBaHue BTOpUY-
HOM NOPUCTOCTM 3a CYET PACTBOPEHUA HEYCTOMUMBLIX MMHePasoB. PoOPMMPYIOLLMECA BTOPUUHBIE NOPbI UMEIOT
O4YeHb Me/KUe pasmepsl, YTO 06yC/IOBAMBAET BbICOKOE COAEP)KAHWE OCTaTOYHOW BOAb! B 3TUX BTOPUYHBIX
Konnektopax. OnpeaeneHbl OCHOBHbIE 3aKOHOMEPHOCTU GOPMUPOBAHMA NO NaNEO30MCKUM KPEMHUCTLIM U3~
BECTHAKaM BTOPUYHBIX KONIEKTOPOB — NMAPOTEPMasIbHbIX CU/TMLUTOB.

Knroueable c108a: KpeMHUCMbie U36ECMHAKU, 2udpomepmasbHele gatoudsl, cucmemol H,0-H,0, H,0—
HCI, H,0—-conu, 8mopuyHbie Konnekmopbl, 2udpomepmMarbHbie CuAUYUMbl.

MODELING OF RESERVOIR FORMATION IN SILICEOUS LIMESTONES
UNDER THE INFLUENCE OF HYDROTHERMAL FLUIDS
(SERIES WITH H,O,, HCL AND SALTS)

M. Yu.Zubkov

West-Siberian Geological Center, Tyumen, Russia

The results of modeling the formation of secondary reservoirs (hydrothermal silicites) in siliceous lime-
stones with a wide areal distribution in the pre-Jurassic complex of Western Siberia, exposed to hydrothermal
fluids in the H,0-H,0,, H,0-HCl and H,0-salt systems are considered. Experiments with the hydrogen peroxide
were carried out at temperatures of 295 and 390°C and H,0, concentrations from 29 to 43%. Experiments
with hydrochloric acid were carried out at a temperature of 410°C, and its concentration varied from 0.05 to
1.0N. Experiments with salts were carried out at a temperature of 400°C, CO, concentration of 0.48 g / | and
a salt content of 36.8 g /| NaCl and 3.1 g / | CaCl,. It was found that in the ﬁrst system (H,0-H,0,), metals that
compose the autoclave take an active part in reactions of hydrothermal synthesis, that, to a certain extent,
complicates the study of resulting mineral associations. Hematite, anhydrite, native sulfur and sulphates, as
well as chromium and nickel oxides are the newly formed (hydrothermal) mineral phases in this system. Do-
lomite, pyrite and calcite are unstable initial minerals. Dolomite, calcite, and pyrite are also unstable minerals
in the water-hydrochloric acid system, and the formation of new (hydrothermal) associations depends on the

acidity of the fluid: the stable association is the kaolinite-siderite one under ultra-acidic conditions, and chlorite

is formed in more alkaline conditions. Acid feldspar, zeolite, wollastonite and sodium-calcium carbonates are
formed in the water-salt system. Pyrite, dolomite, calcite, illite and partially biogenic quartz are decomposed. In
all experiments, the formation of secondary porosity was observed due to the dissolution of unstable minerals.
It is determined that forming secondary pores are very small in size, which leads to a high content of residual
water in these secondary reservoirs. The main regularities of the secondary reservoirs formation - hydrothermal
silicites - are revealed by Paleozoic siliceous limestones.

Keywords: siliceous limestones, hydrothermal fluids, systems, H,0~-H,0,, H,0-HCl, H,0-salts, secondary
reservoirs, hydrothermal silicites.
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B npegplaywmx ny6aukauusx astopom 6bina  auuutamu (IC), KoTopble 06pasyloTca B KPEMHUCTbIX
060CHOBaHa MEPCNEeKTUBHOCTb MOWCKOB BTOPUYHBbIX  M3BecCTHAKaX (KW), LUMpOKo pacnpocTpaHeHHbIX B KPO-
KONNEKTOPOB, Ha3BaHHbIX UM FMAPOTEPMaNbHBIMU CU-  BENbHOM YaCTW AOKPCKOrO Komnnekca 3anaaxo-Cu-
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Swpckoro 6acceliHa [4-6]. B aTux nybaunkaumax 6110
20Ka3aHo, 4Tto C 0bpasytoTca B pe3ynbraTe TEKTOHO-
TwApOTepPManbHOI NpopaboTKu UcxogHbIx KU [2, 4-6].
JaHaKo Nony4YeHHble pe3ynbTaTbl AAKOT NULb Camble
26uiMe nNpeacTaBAEHUA O POAU TMAPOTEPMAsbHbIX
aaounaos (M) B opmupoBaHum BTOPUYHOK NOPUCTO-
v B KU. Ona 6onee 060CHOBAHHOW PEKOHCTPYKLMMU
TpoLiecca 06pa3oBaHNA KONNEKTOPOB B 3TUX NopoAaax
=206X0AMMO KaK MOXHO 60onee TOYHO BOCCTaHOBUTH
Z0CTaB U TemnepaTtypy P, BO3aeMCTBOBABLUMX HA YKa-
324Hble nopoabl. C 3TON LEeNblo aBTOPOM BbINOAHEH
S0NbLIOKA KOMNNEKC 3KCNepuUMeHTanbHbIx paboT no
WOoAEeNUMPOBaHUIO 06pa3oBaHMA BTOPUYHbLIX KONNEK-
=opoB B KM ¢ ncnonbsosaHnem MNP, umesLumx B ceoem
macrase CO,, HCI, H,0,, a Takxe coneit (NaCl n CaCl,).

Pesynbtatbl B3aumogenctana KU ¢ F'd, umesLummu
223/MYHYIO0 TEMNEPATYPY U KoHUeHTpauuio CO,, 6binu
g2ccMoTpeHbl B pabote [3]. OgHaKo ocTanca OTKpbI-
T=iM BOMPOC O NPUYMHAX OCBETNIEHWUA UCXOAHbIX MOYTH
“=pHbiX KM po ceetno-ceporo LBeTa, KOTopbii UMetoT
26pa3oBaBLlneca no Hum 'C. bonee Toro, 30Ha OCBET-
JEHUA NPOHUKAET U B NnepekpsbiBatoume I'C 6azanbHble
©OCKMe OTNoXKEeHUA (puc. 1).

OuyeBuAHO, 4YTO B cocTaBe P NpUCyTCTBYET OKUC-
JMTENb, KOTOPbIA OKUCNAET OpraHUYecKoe BeLLecTBO
10B) B coctase KW, obycnosauBalolee Mx TeMHo-ce-
2=l uBeT. Hanbonee oyeBUAHLIA OKUCAUTENDL — KUC-
70po4, NO3TOMY B HaLLMX IKCNEPUMEHTAX B Ka4yecTse
270 UCTOYHMKA UCNONb30BaNaCh NEePeKnChb BoAopoaa.

[eiAcTBUTENbHO, HanMuMe KUCNopoja B COCTa-
22 GNIoMa0B, OTAENAIOWMXCA OT MarmaTUYecKux Ten,
ywSegutenbHo obocHosaHo B. U. BraToBbim B ero He-
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Puc. 1. /lutonornyeckuii paspes no cks. 10N Cesepo-Bapbe-
raHCKOro MECTOPOXAEHUA C 30HOW OCBETIEHWSA, OXBaTUBLUIEN
HUKHEKAPBOOHOBbIE OT/IOKEHUA, NpeacTaBieHHble rMapo-
TepManbHbIMU cunuuutamu (IC) M NnpoHuKLel B 6asanbHble
HUXHeIopPCKKe ocagku (no [4] ¢ usmeHeHUaMM)

1 — paHrnomepaThbi C YIUCTO-TNIUHUCTBIM LIEMEHTOM B pas-
JINYHOW CTENEHU OCBETNIEHHbIe; 2 — aNeBPOAUTbI 3 — YroNb;
4 —IC; 5 — NOBEPXHOCTU CKO/bXKEHUA; 6 — BpekuneBmaHan
TEKCTypa; 7 — KBapy,; 8 — cuaepmt; 9 — kaonnuuT; 10 — xno-
puT; 11 — uAnuT; 12 — MycKoBUT; 13 — UAIUT C MYCKOBUTOM;
14 — cmelwaHoC/NoMHble o6pa3oBanud; 15 — 0B; 16 — ruapo-
TEepMasibHble CUNULUTBI

60AbLW0M No 06bemMy, HO 6oraToit pakTUYeCKUM maTe-
puanom moHorpadum [1].

Mo 3TO NpUYKUHe B HacToALLe nybankauum pac-
CMaTpuMBaloTCA pe3ynbTaThl Bo3aencTauna Ha KU P, co-
nepxauwmx H,0,, nommumo HCl u conen.

SKCnepuMeHTbl NpoBoAUAnUCb B MHCTUTYTe reo-
nornn u muHepanorun CO PAH um. B. C. Cobonesa
noa, pykoBoACTBOM 4. r.-m. H., npod. I. 10. LseaeH-
Kosa [6, 11].

Bapuauun TemnepaTyp M KoHueHTpauun H,O,
1 HCl 66111 BbIGpPaHbl N0 AaHHBIM, NPUBEAEHHbBIM B Ny-
6auKaumax BynkaHonoros [7-9].

B HacToAwel nybanKaumm Ucnonb3oBaHbl cneay-
roume abbpesnatypbl: AM.Kp — amopdHbI KpemHe-
3em, AHI — aHrugpPuT, AHK — aHKepuT, [em — remaTur,
IC — ruapoTtepmasibHble cuanuutel, NP — ruapoTtep-
ManbHbid daouna, 4n — paonomut, Un — nnnut, Ka —
Kanbumt, KB — KBapL, KU — KPeMHUCTbIN U3BECTHAK,
KT — kaonuHut, OB — opraHuyeckoe BelyecTso, Mn —
nupuT, Cug — cnaeput, PCA — peHTreHOCTPYKTYPHbIN
aHanus, PAM — pacTpoBbIi 3NEKTPOHHbI MUKPOCKON,
Xn — xnopwut, S° — camopoaHas cepa.

AnnapaTtypa 1 MeToAMUKH

JKcnepuMMeHTbI NPOBOAUANCH B peakTopax (asTo-
knasax) o6bemom okono 10 cm? U3 HeprKaBetoLLew CTa-
W, AaBNEHME B KOTOPbIX 3343aBaN0Ch N0 KOIGOULMEHTY
3aN0NHEHUA UCXOAA U3 COOTHOLLEHUA MeXAY AaBNEHU-
em, 06bemMoM 1 TemnepaTypou B atoit cucteme [10].

O6pasubl KM gna akcnepumeHToB oTobpaHbl U3
KPOBE/IbHOM YacTh Aokopckoro komnaekca (C,,) Cese-
pO-BapberaHCcKoro MecTopoXaeHus ¢ ry6uHsl 3480 m.
MoarotosaeHbl oHu 6blan cnegytowmnm obpasom. C no-
MOLLbHO a/IMa3HOM NKAbI BbIpe3annchb NPAMOYrofibHble
cTONBUKMN cedeHnem oKono 1 cm? U AZIMHOM NPUMEPHO
2-3 cm. U3roToBNeHHble 06pasLbl NOMeLLaNnCh B pe-
aKTop, 3a/MBaNUCb AUCTUNIUPOBAHHOW BOAOW; B 3a-
BMCMMOCTY OT LLIENIN 3KCepUMeHTa A06aBaanocb Heob-
xoaumoe Konuyectso H,0,, HCI, conei, a B nocnegHei
cepum onbiToB (c conamu) Takke CO,; 3aTem obpasubl
BbIAEPXMBAIUCL NPU ONpeaeneHHbIX TemnepaTtypax
W faBneHuun.
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Mocne NnpoBeAeHUA IKCNepPUMEHTOB 06pasLbl 13-
y4yanucb nog, GUHOKYNAPOM U OMUCbIBaNUCh, a 3aTemM
nccnenoBanuchb € ucnonblosaHnem PCA 1 cbeMKM Ha
P3M. Llenbto nocneaHeit npoueaypbl 66110 onpeaene-
HUe U3MEeHEeHWA CTPYKTYpPbl MOPOBOro MPOCTPAHCTBA
nocne ruvapotepmansHoit obpaboTku. M3meHeHua
MUHEPanbHOro coctaBa GUKCUMPOBANUCh MNaBHbIM 06-
pasom Ha nosepxHocTu obpasua. Kpome Toro, uccne-
[l0Banacb TakXe 4acTb 0b6pa3oBaBLUMXCA B npolecce
3KCNepuMeHTa 0CafKOoB.

B coctase KM nOoMMMO OCHOBHbIX NOpoA006pasy-
IOLLIMX KOMMOHEHTOB (5—45 % 61MoreHHoro KpemMHesema
1 45-90 % KapbOHATOB) TaK}Ke MPUCYTCTBYIOT INUHW-
CTble MUHepanbl, NPeACTaBAEHHbIE NPEUMYLLECTBEHHO
N ¢ HebonbLLoN Npumeckio KT 1 Xn, cymmapHoe co-
Oep)KaHue KoTopbix BapbupyeT oT 5 go 16 %. Kpome
Ku, B HUx npucyTcTeytoT A (80 12 %) v Mu (a0 6,3 %).
B KayecTBe He3Ha4YUTENbHOW NPUMECH OTMEeYeHbl 06-
NIOMKM nonesbIX WNaTos (B cpeaHem okono 1,5 %), Cua,
(no 1,6 %) 1 OB (8B cpeaHem npumepHo 1,4 %) [4].

OnbITbl 06bEAUHANUCE B CEPUM, KOTOpbIE, KakK
npasuao0, NPOBOAWUAUCHL NPU OAHOW U TOM Xe Temne-
paType, HO C pasNnNyHOM KoHueHTpaumen H,0,, HCl,
a TaK»Xe ¢ conamu B cocTtase D, npuyem npu ogHOM
1 Tom e paeneHun (70 MMa). B akcnepumeHTax,
nposoauswwmxca ¢ H,0, B kauecTse 6ydepa ana npu-
BeAeHuA 3HadYeHui Eh B rugpotepmanbHoli cucteme
K HelTpasbHOMI BenuuuHe, sobasnanace NMpUTOBana
LIMXTa.

OueHKa pOPMUPOBAHNUA BTOPUYHOM NOPUCTOCTU
OCYLLECTBAANACh /IULLIb HA Ka4eCTBEHHOM YPOBHE, Mo-
CKO/MIbKY OHa BO3HWKa/sa B OCHOBHOM B MpUMNOBepX-
HOCTHOM YacTu 06pasLa, Tak Kak cuctema obpasel, —
[® 6blna 3aKpbITOM M NpoLecc pacTBopeHua obpasua
bnonMaom NpeKpaLLanca No Mepe ero HacblleHnA pac-
TBOPAEMbIMM MUHEPANbHBIMU KOMMNOHeHTamu. Kpome
TOro, Ha NoBepxHOCTU 06pasLoB nocne 3asepLleHNUa
3KCMNEePUMEHTOB YacTo HabaoAaNoCh OTNOKEHME nae-
HOUYEK U KOPOYEK, CNOXMKEHHbIX HOBOO6Pa3oBaHHbIMU
rMapoTepmanbHbIMU MUHEPanamu, Kotopble npenar-
CTBOBa/NM aHa/nM3y NPOUCXOAMBLUMX HA NOBEPXHOCTU
CTPYKTYPHbIX M3MEHEHWUI, B YAaCTHOCTU OLEHKE BTO-
PUYHOM NOPUCTOCTH.

MosTomMy ANA aHa/nM3a xapakTepa pacTBOpeHMA
WU BbilLlena4nBaHuA NoBepxHocTu obpasuos KU nog
nenctevem P BbIGMPANUCh y4acTKM, Ha KOTOPbIX OT-
CYTCTBOBANWU OTIONKEHWUA BTOPUYHBIX MUHEPANoB M-
APOTEPManbHOrO NPOUCXOKAEHUA.

PesynbTaTbl SKCNEPUMEHTOB NPUBEAEHDI B Tabauue.

Pe3ynbTaThl UCCNEA0BaHMMA

Cepus c H,0,

HauyHem paccMOTpeHWE NONYYEeHHbIX Pe3ybTaToB
C 9KCMNEPUMEHTOB, B KOTOPbIX [P UMen pasnnyHyHo KoH-
ueHTpaumio H,0,.

MepBbili 3KCMEPUMEHT MPOAOIKUTENBHOCTLIO
10 cyt nposogunca ¢ P, umeswMM TemnepaTypy
390 °C, B coctaBe Kotoporo npucytctsosano 37,5 %
H,0, (cm. Tabauuy).
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Mocne 3aBeplUeHWUA 3KCMepuMeHTa Habnio,
/INCb UHTEHCMBHbIE U3MEHEHWUA MCXoAHOro obpas
M MHOro4YMCcNeHHble HOBOO6Pa3oBaHHble $asbl Ha e
noBepxHocTH (puc. 2, a). U3-3a aToro oH npuobp
MHOrOCNOMHOE CTpoeHue. HnxKHAA o6onouka ceetn
Ceporo LiBeTa TO/LLMHON 0KoM0 1 MM NpeaCTaBAAET ¢
6011 30Hy BbllLEeNaYMBaHMA U3 06pasLa HeYCTONYUB
MUHepanos u okucneHua OB. Mocneayrowime 30HbI
3To HOBOO6Pa30BaHHbIE MUHEpPA/IbHbIE accouMaLy
MUMEIoLLME PA3NINYHBIA LIBET U CTPYKTYpHble ocobe
HOCTM B 3aBUCMMOCTM OT COCTaBa caaratoLmx ux eas.

OcBeT/IeHHan NOBEepPXHOCTb obpasua NoKpbIia
MEeNKUMU NOPaMu U NPOTAXKEHHLIMU MUKPOKaBEPH
mu. Cyasa no nosy4eHHOMY C ero MoBepXHOCTH 3
MEHTHOMY CMeKTpy, OHa cnoxeHa KB u Un ¢ Hebon
WO Npumechkto AHT U MmarHesuanbHoro Ku.

OTMeualoTc TakKe MeIKUe MaccuBHble Tabn
yaTble U poMBOBUAHbIE KPUCTANbI XPOMaTa Kanbly
(xpomaTuT) ApKO-KenToro Lgeta (cM. puc. 2, a, 6). MH
rOYMCAEHHbIE MEIKUE KPUCTaNNbl AHT UMEeIOT UK Np
3MaTUYECKMI, UAK UroNbYaTbli rabutyc (cm. puc. 2, 8
BcTpeueH TaKKe antoMOCUMKAT KaibLua B popme To
KWX NAacTUHYaTbIX arperaTtos (cm. puc. 2, r).

30/10TUCTO-BONIOKHUCTAA B1eCTALLAA KOPOUKa Pac
MONOMKEHHAA Ha ero NOBEPXHOCTH, OKa3anach CNOXe
HOM NPEUMYLLECTBEHHO TOHKUMM NAACTUHYATBIMU Kp
CTannamu xpomaTa HUKena ¢ HebonbloW NpUMech
AHr 1 AM.Kp (puc. 3, a).

B cocTaBe HOBOODGPAa30BaHHbIX KOPOYEK BCTP!
YaloTCA OKPYI/Able arperatbl, COCTOALLME W3 MHOT
YUCNEHHbIX OYEHb ME/IKUX YellyeBUAHbIX KPUCTaNNo
CUAMKaTa HUKeNA, Ha NOBEPXHOCTU KOTOPbIX MPUCYT
cTBYIOT Xxn10MbA AM.Kp (cM. puc. 3, 6). Pasmepsbl otaen
HbIX YeLllyeK CMAMKaTa HUKeNA BapbupyloT B npeaena
0,5-1,5 mKkm. Cyasn no pesynbratam PCA, 3Tn cunmnkats:
HUKeNAa Mo napameTpam KPUCTANIUYECKOW pPeLueTKM
61U3KM K BUANIEMCEUTY, MOITOMY YC/IOBHO UX bopmyn
MOXHO npeacTaBuTb Kak Ni;[Si,0,,](OH),. ToT e MuHe-
pan BCTPEYAEeTCAa M B BUAE OTAE/IbHbIX MHOTOYUCEH-
HbIX MEJIKUX YELLYEK, Ha NOBEPXHOCTU KOTOPbIX pacmno-
naratotca X10nba AM.Kp, BblAeNUBLLMECA NOCNEAHUMMK
B BUAeE 3aKanouHow dasbl (cm. puc. 3, B).

PAAOM C KPYyMHbIMU KPUCTANNAMU KanbLiUesoro
antoMoCUIMKaTa NPUCYTCTBYIOT MeJIKMe arperaTbl Mar-
He3uanbHOro anlMoCUNMKaTa, 6113Koro No cBoemy
3N1eMeHTHOMY COCTaBy K ManbifOPCKUTY, Ha MNOBEpX-
HOCTM KOTOPOTO TaKXe MPUCYTCTBYIOT X/10NbA AM.Kp
(cm. puc. 3,1).

B cocTaBe ocagKa, MOAHATOrO CO AHA aBTOKNaBa,
BCTpeyatoTca 06NOMKM 3TOro e obpasua, Ha ocseT-
NEeHHOM U BbILWENOYEHHOW NOBEPXHOCTHA KOTOPbIX Ha-
psaay ¢ 6ypbiMu arperaTamu lem BCTPEYAIOTCA MeSKME
KpucTannbl S° (cm. puc. 3, a) v AHr (cm. puc. 3, e).

ConocrasnieHne pesynbtatoB PCA noBepxHOCTH
o6pasua 4o v nocne rMAPOTEPMaNbHOrO BO3AEUCTBUA
Ha Hee NoKasano, YTo C ero NPUNOBEPXHOCTHOM YacTy
ucuesnu Un, Kt, 4n u MNun. MNoasnuAUCL HOBblE MUHEpPansbl
rMAPOTEPMANbHOTO NPOUCXOXKAEHUA: AHT, fem, coeau-
HeHua xpoma u Hukena (NiCrO,), xpomatut (CaCrO,), |
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Ne 1(45) ¢ 2021

Hegmezazoeasn 2eonozus:

Puc. 2. dotorpadua obpasua KU (a) u cHumkm P3M ero nosepxHocTu (6-T) nocne BosaeiicTenA Ha Hero [P (TemnepaTypz

390 °C, H,0, 37,5 %)

a - BHeWHUi1 BuA 06pasLia nocne 3aBepLueHns 3KCNepuMeHTa; 6 — KpUcTann HoBoo6Pa3oBaHHOTO XPOMATHUTa M €50 I/1IEMEHT-
HbI CNEKTP; B — MHOFOYUCNEHHbIE ME/TKUE KPUCTaNNbI TMAPOTEPMAbHOTO AHT U UX 3N1EMEHTHbIN CNEKTP; I — YellyeBUAHbIE
«PO30YKM» aNIOMOCUAMKATA KANIbLIUA W MX SNEMEHTHDIN CNEKTP; 34eCb U Ha NOCNeAYIOLMUX PUCYHKAX S/1IEMEHTHbIE CNEKTPBL
PacnoNOXEeHHbIE PALOM CO CHUMKaMU, MONYYEHbI C UX NNOLWAAM, ECM HET UHBIX YKa3aHWi

a/IIOMOCUANKATbI KaNbLMa U MmarHua (BEpoATHO, B BUAE
NanbIropCKKTa), CUAMKAT HUKena (Tuna BuanemcenTa),
a Takxe S° (cm. Tabnuuy).

BcneacTsme pacTBOPEHUA HEYCTOMYMBBLIX B pac-
CMaTpMBaEMbIX F’MAPOTEPMANbHbBIX YC0BUAX MUHEpPa-
nos, npeacrasneHHbix A, Mu, KT, Un, a Takxe Yactuny-
Ho Ku, 1 KB, B 06pasue dopmupyeTca AoNONHUTENbHAA
(BTOPMUYHAnA) eMKOCTb.

Cneaylolwme 3KCNepMMEHTbI NPOBOAUANCHL MPU
OflHOW W TOW ke Temnepatype (295 °C) u umenu ogu-
HaKOBYIO NPOAO/MKUTENBHOCTb (6 CYT), HO pasHyto
KoHueHTpauuio H,0, B coctase D ¢ Lenblo aHanusa
BAMAHUA Ha UCXOAHbIM 0bpaseL, rMapoTepm, XapaKTe-
pU3yIOLWMXCA PasMyHbiMK napameTpamu Eh (cm. ta-
6auuy).

B nepBOM 3KCNEPUMEHTE U3 3TOI CEPUUN KOHLIEH-
Tpauwmsa H,0, B cocTase P pasHa 43 % (cm. Tabauuy).

06 M3MeHEeHUAX CTPYKTYpbl MOPOBOro NpPOCTpaH-
CTBa NOBEPXHOCTU 06pasLa nocne aKCNepumMeHTa Ccy-

AWTb TPYAHO, TaK KaK OH CBEPXY NOYTU NOSHOCTHIO No-
KPbINCA KOPOUYKOM HOBOOBPa30BaHHbIX MUHEPANbHbIX
da3 (puc. 4, a). Cyaa No HAMUMNIO AMHENHOW rpaHMLIbL
ONOACHIBaOLEN BeCb 06paseLl, MOXKHO 3aKNH04UTD, YTe
B Npouecce NPOBEAEHWUA IKCMEPUMEHTa B PeaKTope
npucyTcTBoBanM ABe ¢asbl — XKuUAKaA U rasoobpasHas
(cm. puc. 4, a). Ceepxy BHM3 HabnopaeTca nocrenek-
HOe M3MEeHEeHMUe LiBeTa NOoKpbIBatoLel obpaseL, KOpKK
oT 6ypOBaTO-}KeNToM K Bypoi, NoYTHU KpacHo 1 3aTem
TemHO-cepoit. Camasn HUKHAA YacTb 0bpasLa NOKpbIT:
CONOMEHHO-KeNTOoM nyapoi pasapobneHHoro Mu (6y-
oep) (cm. puc. 4, a).

HenocpeacTBEHHO Ha rpaHULEe Mexay ra3oBo
n *Xuakon dasamu fem otnaranca B BUAE MHOTOYUC-
NeHHbIXx Mukpocdep (cm. puc. 4, 6). CBoeobpasHas
chepuyeckan popma remaTuToBbIX 06pasoBaHnit 06
yCNoBAEHa, BEPOATHO, TEM, YTO €ro MUKPOKPUCTaNNE
oT/Naranncb Ha NOBEPXHOCTM ra30BbIX Ny3blPbKOB, BO3-
HUKaBLUMX Ha rpaHuLLe }KMUAKOM U rasosown ¢as.

36 leonoaus U MuHepansHo-cbipbeable pecypcsl Cubupu — 2021, Ne 1 - Geology and mineral resources of Siberis



M. 10. 3y6Kos

Puc. 3. CHumkn P3M nosepxHocTu Toro e obpasua KU (cm. puc. 1) (a—T) n dpotorpadum ero 0610mMKoB, NOAHATBIX CO AHA
28TOKNaea (4, e)

2 — TOHKME NNaCcTMHYaTble KPUCTaN bl XpOMaTa HUKENA C NPUCYTCTBYIOLMMM Ha X NOBEPXHOCTU MENKUMM arperatamm AM.Kp
# AHr; 6 — nylwKCTble WapoobpasHble arperaTbl MeNKOKPUCTAANMYECKOTO CUIMKATa HUKENA C NAeHKamu AM.KP Ha UX NOBEpPX-
HOCTU; B — KPUCTaNAbl AHr (cneBa BBEPXY), MEIKME NNACTUHYaTbIe KPUCTaNIbl [emM U MHOTOUYUCNEHHbIE MEeNKKE YellyeBua-
=ble KPUCTaN/bl CUIMKATa HUKENS, Ha KOTOPbIX MPUCYTCTBYHOT X10NbA AM.KP (3/1EMEHTHbIM CNEKTP NOYYEH C LLeHTPaibHOM
4aCTU CHUMKA); I — KPUCTaN/Ibl aFOMOCHAMKaTA Kanblima (BBepXy) 1 BaToo6pa3Han Macca, NpeacTaBieHHas MarHesnanbHbim
2/IOMOCU/IMKATOM TUNA NaNbIFOPCKUTA, HA MOBEPXHOCTU KOTOPOrO NPUCYTCTBYHOT X10MbA AM.KP (3/1@MeHTHbINM cneKTp nony-
4€H C LLleHTPaNbHOM YacTu CHUMKa); A — 06710MOK 06pasuia, Ha NOBEPXHOCTU KOTOPOTO NPUCYTCTBYIOT XeNTble KpUcTanibl S°;
2 — apyroit 0610MOK Toro e o6pasLa, NOBEPXHOCTb KOTOPOTrO MOKPbITAa MHOTOYMCIEHHBIMU KpUcTananamm AH

"20M102UA U MUHEPaAnbHO-cbipbesble pecypcbl Cubupu — 2021, no. 1 - Geology and mineral resources of Siberia 37
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Ne 1(45) ¢ 2021

Hedpmezaszosas zeonozus

Puc. 4. ®otorpadus obpasua KM (a) u cHumkm PIM ero nosepxHoctu (6-T) Nnocne BosaeicTeus Ha Hero D (temnepatypz

295 °C, H,0, 43 %)

a — BHeWHWI BuA 0bpasua nocne 3asepiueHms onbita; 6 — arperar wapoo6pasHoro fem; B — KOPOYKa NAacTUHYaTbIX KpK-
CTannos [em; r — MHOrOYMUCNEHHbIE MeNKUE KPUCTanNbI cynbdata Hukens

Huke asyxdasHoit rpanuupl (B mugkoii ¢dasze)
OTMeYaeTca NPUCYTCTBUE MHOFOYUCNEHHbIX NAACTUH-
4aTbiX KPUCTaNoB [em, pasmepbl KOTOPbIX W3MeHS-
IOTCA B WUIMPOKUX Npeaenax — ot 3-5 Ao 20-25 mKkm
(cm. puc. 4, ). Hanbonee MHoroumceHHbIE CKOAEHUA
MENKNX KPUCTANNO0B CynbdaTa HUKens U S°oTmeyaeTcs
Ha noBepxHocTh 06pasuia YyTh Bbilwe ABYXDas3HON rpa-
HULbI. Kpuctabl S° 06b14HO 06napatoT KOpOTKONpu3-
MaTdeckum rabutycom (cm. puc. 4, r).

B camoii BepxHeii yacTu obpasua Ha ero nosepx-
HOCT¥ OTMeYaeTcA TOHKas KOPOYKa KeNToro LiBeTa, C/Io-
MESHIR MHOMO4YMCNEHHBIMU MENKUMM KpUcTannamum S°.

A=zanmu3 $233080ro cocTaBa OcajgKa Ha AHe aBTo-
%222 Mos=32n, 4T0 OH npeacTaBieH 6ydepHoi Wix-
Tou T, S Tem, cynsdaTOM HUKend ¢ npumecbto AHr.

30 =TO0OM ONSTE KOHUEeHTPaUUA H,0, B I'® 6bina
Hioxe — 29 % (ow. Tabmey).

ToonE NpOSSaS—wsE 3HCNSDUMENHT] Habnwoaanocs
OCBETAS=me NOoS=ow=0c# 05023U2 M OTNOXEHMe Ha
HEM KODOwS® CIOW=OrD CTDOS=MS, NDEACTaBAeHHbIX
MUKDPOrNoSynam Mem Tews=o-C=00r 20 NoSTH YepHoro

38 E s oD

LUBETa U XeNTbIMU KpucTannamm S°. OTMeYeHb! TaKe
TOHKUE Npo3padHble KPUCTaNAbl AHT U MenKue Yelly-
€BuAHbIe KPUCTaNNUKKM cynbdaTa xpoma (puc. 5, a, 6).
Ha yBenuueHHOM dparmeHTe npeapiayluero cHUMK:
BUAHbLI YAIMHEHHbIE NPU3MATUYECKMUE KPUCTaNNbl AKT
(BBepxy cnpaBa), nnacTMHYaTble — feM U BONOKHM-
CTble — cynibdaTa xpoma (cm. puc. 5, ). Cyaa no pac-
NONOXEHWNIO KPUCTaNNOB AHT Ha MOBEPXHOCTU METKO-
YelyryaTbIX arperaTos cynbdaTa Xxpoma, nepsbIA Kpu-
CTannusosanca us Fd nosaxee (cm. puc. 5, 6, B).

MpUCYTCTBYIOT TaKkKe MHOTOYMCAEHHbIE MenKue
KPUCTanNbl U UX arperatbl }eNToro LiBeTa, COCTOALLME U3
S°c HebonbLwoit npumeckto fem (4epHoe), cynbdata Hu-
Kena rony6oBaTto-3e1€HOBATOrO LBETA U MENKUX MHOFO-
HMCNEHHbIX KpUCTanNoB AHr 6enoro Lgeta (cm. puc. 5, r).

B cnegytowem akcnepumenTe B coctase [® npu-
CYTCTBOBaN BOAHbLINA PacTBOP CheayloLero cocrasa:
36,8 r/n NaCl, 3,1 r/n CaCl, n 29 % H,0, (cm. Tabauuy),
COOTBETCTBYIOWMM COCTaBY NNACTOBOM BOAbI, KOTOPas
6bina nonyyeHa ms 6asanbHbix HWKHEIOPCKUX necya-
HUWKOB, a He u3 C.

pecypcel Cubupu — 2021, Ne 1 - Geology and mineral resources of Siberie
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M. 0. 3ybKose

uc. 5. Potorpadum obpasua KU (a), ysenudyeHHoro dparmeHTa ero o61omka (r) v cHumku PAM ero nosepxHocTy (6, 8) no-

e BO3AeNCTBUA Ha Hero P (TemnepaTtypa 295 °C, H,0, 29 %)

2-061mii BUA 06pasiLia noc/e 3aBepLleHUa IKCNepPUMeEHTa; 6 — ero MOBEPXHOCTb, MOKpbITas HOBOOGPa3oBaHHLIMM dazamu,
TpeACTaBNeHHbIMU KpUCTannamm AHI, MESKMMM YellyeobpasHbiMK arperatamu cy/ibgaTta Xpoma 1 HeMHOTOUYUCEHHbIMU
27aCTUHUATLIMU KPUCTaNnamm fem; B — yBENMUYEHHbIV GparmeHT NpeAblAyLLEro CHUMKa C KPUCTaNIOM AHT (BBEPXY), peaKknumm
TOHKUMM NNACTUHKaMU [eM U MHOTOUUCNEHHBIMU YellyeBUAHBIMU KPUCTaNNamMM CynbdaTa XpoMa; r — NoBepxXHOCTb 0610M-
42, NOKPbITAA MHOTOYUCIIEHHBIMM BECLBETHBIMU MENKUMM KpUcTannamu AHr 1 cynbdata xpoma, rony6osato-3eneHbimu

:4nbcba1'a HUKENA N MHOTOUYUCIEHHBIMM XKeNTbimu — S

Job6asneHune xnopmMaoB HAaTPUA U KanbLmA NpakK-
TMYECKM He NOBANANO Ha $Ha30BbIi cOcTaB HOBOObpa-
30BaHHbIX MMHEpanoBs. Kak 1 B npeablayLuux onbiTax,
303HWUKAM HOBble ¢asbi: fem, S°, MenKne TOHKKUe Npo-
3DauYHble KPUCTaNNbI AHT, a TakXKe Hebonblioe Konn-
“2CTBO MENKMUX YellyeBUAHbIX arperatos cynbdatos
=MKeNA n Xxpoma XentopaTo-3esIeHOBATOro LBETa.

Mo paHHbIM PCA B pe3ynbTaTe ruapoTepmanbHoOM
25paboTku 06pasua NnpousoLwno cnaboe okpemMHeHne
270 NOBEPXHOCTYU, U3 ero coctasa ucyesnun n, MNu, no-
#BUNUCb TOHKME NONYNPO3payHble NAEHOYKU AM.KD,
2 TaKKe HOBOO6pa3oBaHHbIe MUHepanbHble dasbl (S°,
M U AHr) (cm. Tabauuy).

B cneaytowem akcnepumeHTe KoHueHTpauma H,0,
2 coctase P TaKkKe cocTtaBnana 29 %, Ho He pobaBnAn-
23 NUpUTOBbLIN Bydep.

#2102UA U MUHEpPanbHo-cbipbeable pecypcol Cubupu — 2021, no. 1 - Geology and mineral resources of Siberia

Mocne 3KCMEepUMEHTa W3BNEYEHHbIA M3 aBTO-
Knasa obpasewl, HOCUA NPU3HAKU 3HAYUTENbHBIX U3-
MEHEHMI, KOTOpble BbipasuanUCb B WMHTEHCMBHOM
OCBET/IEHUU U BbILLENAYMBAHMM ErO NOBEPXHOCTU, UTO
npvseno K 06pa3oBaHMIo Ha HeN BTOPUUHbIX MUKPOMNY-
CTOT, @ TaKXe OT/I0XeHUI0 HOBOOHPa30BaHHbIX MUHE-
panbHbIX accoumaL il rMapoTEPManbHOrO NPOUCXOXK-
[eHus, NPeACTaBeHHbIX CBETI0-XKENTOW 30N10TUCTON
6necTaleit 1 XenToi matosoi co cnabbim ceposato-
3eNeHoBaTbIM OTTEHKOM KOpO4YKamu (puc. 6, a).

Ha BbllenoyeHHoM noBepxHOCTM obpasua KN ns
[® OTNOXUAUCE MEsIKue OTAeNbHble KpUcTannbl AHF
U MHOFOYMUCAEHHbIE KPUCTaNNbl cnabo marHesnanbHo-
ro Ku (cm. puc. 6, 6).

AHanu3 HoBoo6pa30BaHNI, BO3HUKLIUX Ha MO-
BepXHOCTM obpasiia, Mokasan ux Becbma cneundu-

39
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Hegmezazoeas 2eonozus

Puc. 6. PoTorpadmm obpasua KM (a) u ero o610omka (r), cHumku POM ero nosepxHoct (6, B) nocne Bo3aeNCTBMA Ha Hero
r®d (temnepatypa 295 °C, NaCl 36,8 r/n, CaCl, 3,1 r/n, H,0, 29 %)

a — BHeLHMM BMA 0bpasua noce 3aBepLueHMs SKCNEPUMEHTA; 6 — ero BbiLLe0YeHHasA OKPeMHEHHasA NOBEPXHOCTb, Ha KO-
TOPOI OTIOXMUANC HOBOOBPA30BaHHbIE MUHEPAJIbI: CNPaBa A/IMHHbIN TOHKWIA KPUCTana AHF 1 MHOTOYMC/IEHHbIE KPUCTaNNb!
cnabo marHesnanbHOro rMAPOTEPManbHOroO Ku; B — MHOrOYMCAEHHbIe arperaTbl KpUCTANNIOB XPOMATUTa; I — 0610MOK 06-
pasLa C KOPOUKOM 30/10TUCTO-}KENTOTO LiBETa Ha NOBEPXHOCTH, NPeACTaBNeHHOM XPOMATOM HUKENs

YecKUi coctas, 0OYCNOBNAEHHbIN TEM, YTO U3-3a OT-
cytcTBua nuputoBoro bydpepa, ucnonblyemoro anA
nogaepxaHua 3HaveHuit Eh B6Au3KM HeWTpanbHbIX,
TaKoBbIM BbICTYMUAM 3NEMEHTbI, CAaratolime Kopnyc
aBTOKNaBa. M103TOMy BO3HUKAN cBoeobpasHbie dasbl,
B COCTaB KOTOPbIX BOLUIN XPOM U HUKENb, BbILLENOYEH-
Hble D 13 Tena aBTOKNaBa.

TOBasA KOPOYKa OKasanacb CNOXEHHOW KpucTaninamu
XpomaTtuTta (CM. puc. 6, B), BONOKHWUCTble arperatbl
30/10TUCTO-}KENTOrO LiBeTa — YellyeBUAHbIMU HOBOOG-
pa3oBaHUAMM XPOMaATa HUKeNA, MectaMu MoKpbITble
MENKUMM KPUCTannamu AHT, a TaKXKe TOHKUMU nne-
HOUYKaMu AM.Kp, Bblaenuslueroca us Id npu ero ox-
NaXaeHun B NOCAeAHIO ovepeapb (Cm. puc. 6, r).

Mo pe3ynbTaTam aHanu3a NOBEPXHOCTHOM 4acTu
obpasua metogom PCA, nposBeaeHHOro nocne sKcne-
pUMEHTa, MOXHO 3aK/04YKUTb, YTO NpousoLwno cnaboe
ee OKpemMHeHMWe 33 CYeT NPEeUMyLLLECTBEHHOTO PacTBo-
peHua Ku, cepHOIt KMcnoToi, o6pasoBaBLLeica BChea-
cTBue okucnerua Mu. U3 coctasa obpasua KU nonHo-

40

CTbto Mcye3 [n, noytn nonHoctbto Mn, noasuaca Axr
(cm. Tabnunuy).

Takum 06pasom, B rMApOTepPMasbHbIX YCAOBUAX
C BbiCOKOWM BennunHon Eh HabatoaaeTca MHTEHCUBHOE
OKUCAEHUE 31eMEHTOB (MeTaNNoB), BXOAALLMX B COCTag
camoro aBToKnaBa. NpucytcrsosasLmii B KU M okuc-
nnunca Ao fem v CepHOM KUCNOTbI, KOTOpas HeUTpanu-
yero 6b110 06pasoBaHue AHr.

B paccmaTpuBaeMbIX rMaApoTepManbHbIX YCIOBUAX
OCYLLLECTB/IANINCL BbIHOC U NepeoTnoxKeHne buoreHHo-
ro KpemHesema u Ku, 4To npuseno K GopMmmnpoBaHuto
[OMONHUTE/IbHOM BTOPUYHOW EMKOCTU B UCXOAHOM 06-
paste.

Cepus c HCI

CnepytoLan cepua 3KCnepMmeHTos (Temnepa-
Typa 410 °C, npogomxkutenbHocTb 30 cyT) npoBo-
annunce ¢ Fd, B coctaBe KOTOPOro, MOMMMO BOApbI,
npucyTtcteoBana kKucnota (HCl) KoHueHTpauumeit
oT 0,05 go 1,0 N. LuxTa nuputa He aobasnanacs
(cm. Tabnunuy).

leonoaus u MuHepaneHo-coipbessie pecypcel Cubupu — 2021, Ne 1 - Geology and mineral resources of Siberia




M. 0. 3ybKos

B nepBoM 3KCMEPUMEHTE 3TOI CEPUM OMbITOB KOH-
ueHTpauma HCl B coctase P coctasnana 1,0 N. Mocne
3KCNepumeHTa nosepxHocTb obpasua Hocuna cneapl
MHTEHCUBHOTO BbILLENaYMBaAHUA U OCBETIEHUA, KPOME
TOro, Ha Hell MecTaMu OTIOXKKUNACh TOHKaA NaeHKa by-
pOro LBETA, CNOXKEHHAA OYEHb PbIX/IbIMU arperatamu
xnopuaa »kenesa (puc. 7, a).

MMUKPOCKOMUYECKMI1 aHaNU3 NoKasa, 4To OT Bbl-
LleNIOYEeHHbIX C NOBEPXHOCTHU 0bpasua Kpuctannos n
OCTaZNCb NULb UX OTpULaTenbHble dopmbl B BUAE
MefIKUX POMBMKOB, a Cama NOBEPXHOCTb OKa3anacb
CNOXEHHOM NpeumyLLecTBeHHO KB, T. €. NpoM30LWno
£e UHTEHCUBHOE OKpemHeHue (cm. puc. 7, 6). Otme-
4alOTCA XOPOLIO OrpaHeHHble MHOrOYMCNEHHblE Men-
kue 6nectawme KpucTanankm HoBoobpa3osaHHOro
rupapoTepmansHoro Cua, KpUCTanabl KOTOPOro UMEKDT
XapaKTepHblii pombo3apuyeckuii rabutyc u pasmepbl
25-100 mKM (cMm. puc. 7, B).

ConocTaBneHue MrHepanbHoro coctasa obpasua
00 U Nocne 3KCNepUMeHTa C UCMOb30BaHMEM METO-
na PCA nokasano, 4yto BCneacTsue Bo3genctsva P
€ ero NOBePXHOCTU NOMHOCTbO Ucyesnn MNu, On n Ky
1 06pasosanucb HoBble dasbl — Cua, Kt, AM.Kp, B He-
HONbLIOM KONMYecTBe — cyNbdua HUKensa (munnepur).
Kpome TOro, yCTaHOB/IEHO, YTO B COCTaBe OcajKa Ha
OHe peakTopa OCHOBHbIMW KOMMOHEHTamKn ABNAIOTCA
Am.kp, xnopuga xenesa (FeCl,nH,0), xnopup Kanb-

9 lem

uma (CaCl,4H,0) n Hebonblwaa NpUMecb MuanepuTa
(cm. Tabnnuy).

B cnepytolem akcnepumeHTe KoHueHTpauua HCl
B coctase D 6bina 0,8 N.

Mocne 3KcnepumeHTa NOBEpXHOCTb obpasLia Ho-
cuna cneapl ABHOrO BbileNa4ynMBaHUA, KpOMe TOro, Ha
Hel OTNOMKMAUCL TOHKaA KOpOoUKa cBeTNo-6yporo uge-
Ta, COCTOALLAA U3 ME/IKO3EPHUCTbIX arperaTos, a TaKke
HebonbLUKMe NO NJIOWaamM PbiX/ible arperatbl TEMHO-Ce-
poro LBeTa, NpeAcTaBAeHHble TMApoTepMasbHbiM Mg-
Fe Xn 1 xn0pnuAaoOM Kanbuua.

Ha yuyacTtkax, cBo60AHbIX OT BTOPUYHbIX (r1Aapo-
TepmasnbHbIX) HOBOO6Pa30BaHM1, XOPOLLO BUAHA MOp-
$onorna BO3HUKLLIMUX BTOPUYHBIX MYCTOT Ha MHTEHCUB-
HO OKpPeMHeHHOW nosepxHocTH obpasua KU, pasmeps!
KOTOPbIX BapbyUpYHOT B LUMPOKMX Npeaenax — ot 1,2-3,8
8o 12,5-80 MKkm (puc. 8, a). Ha apyrux yvactkax oT-
MEYaeTCA OTNOXEHWe AM.Kp unm xanueaoHa(?) B dop-
Me MenKuUx cheponnToB, OTaeNbHble chepbl KOTOPOTro
“MeloT pasmepbl 5-35 MKM (cm. puc. 8, 6).

Ha OKpeMHeHHOM MNOBEpPXHOCTU OTMevaloTCA
TOHKME MNIEHOYKM, CNOXKEHHbIE odeHb menkumu (0,5—
1,5 MKM) YellyeBMAHbIMKA KpUCTannamu ruaportep-
manbHoro Mg-Fe Xn (cm. puc. 8, B).

Mo paaHHbIM PCA B cocTaBe ocajKka Ha AHe aBTo-
KNaBa BCTPeYEHb! UL ABE dasbl — X10pUAbI Kenesa

1 Kanbuums.

Puc. 7. doTorpadua obpasua KU (a) u cHumkn PIM ero nosepxHocT (6, B) nocne BosgeicTsnsA Ha Hero [P (Temnepatypa

410°C, HCI 1,0 N)

2- 06Wmit BUA 06pasLa Noc/e 3aBepLIEHNA IKCNepUMEHTa; 6 — ero OKPEMHEHHan NOBEPXHOCTb C «OTpULaTeAbHbIMUY GOp-
MaMU OT KPUCTANNOB BbILLENOYEHHOTO [1; B — MENKOKPUCTaNIMYECKMIA arperaT rmapoTepmMasbHoro Cua v ero s1eMeHTHbIN

CNeKkTp

Puc. 8. CHuMKM POM nosepxHocTu obpasua KM nocne Bosaeictua Ha Hero Id (temnepaTtypa 410 °C, HCI 0,8 N)

32— MIHTEHCMBHO BbILLLENOYEHHbI OKPEMHEHHBbIN y4acToK; 6 — KOpoUKa MUKPOOONUTOBOTO AM.KP (3akanouHas dasa); B — Bbl-
\ WeN0YEHHbIM, OKPEMHEHHbII Y4acTOK NOBEPXHOCTM 06pasLia, MOKPbITHIA MUKPOYeLLYityaTbIM rnapoTepmanbHbim Mg-Fe Xn
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B cneaytouiem onbiTe KoHUeHTpauuma HCl coctase
['® coctasnana 0,4 N (cm. Tabauuy).

Bcneacrsue BO3AENCTBMA Ha NOBEPXHOCTb 06-
pasua P, copepawero HCl, oHa noaseprnach Bbi-
LenaymBaHmio, rMasHbIM 06pas3om 3a cyeT yaaneHus
KapboHaTHoro martepuana, CAeACTBUEM 4ero 6bino
ee okpemHeHue. Mukponopsl, obpasoBaBwmecs 3a
CYeT pacTBOpeHWA KapboHaTOB, 4acTo UMET pom-
Buueckylo GopMy, COXPaHMBLLYIOCA OT KPWUCTasnoB
Ln, npucytcTBOBaBLIMX 3A4€Ch 40 FMAPOTEPMANbHOIO
BO3aeiicTBuA. OAHAKO B OTAUYME OT NPeAbIAYLLUX SKC-
nepMMeHTOB NOBEPXHOCTb 0bpasLia coxpaHMUaa TEMHO-
cepbi UBerT.

B 06pa3oBaBLUMXCA NOPax U MUKPOKaBepHaX pas-
mepamu ot 1-2 Ao 130—150 MKM U Ha noBepxHOCTH 06-
pasua oTMeyaloTCA arperatbl HOBOO6Pa30BaHHbIX Pas,
NPeACTaBNeHHbIX MUKPOrN06YNApHbIM AM.KP UM Xan-
LeaoHoM(?), x10PUAAMM KanbLMs 1 xenesa, a TakxKe,
BEPOATHO, S°. :

ConocrasneHue pesynstatos PCA noBepxHOCTU
obpasia A0 1 nocse rMAPOTEPMaNbHOMO BO3AENCTBUA
NoKasano, YTo Nocne 3KCNepuMeHTa Ha Helt 06paso-
Ba/IUCb BTOPUYHbIE MUHEPa/bHble accoluaLmu, npea-
CTaB/ieHHble B OCHOBHOM AM.KpP U Kenesuctbim Xn,
a B OCaZiKe NPUCYTCTBYET NPaKTUYECKU OAUH NULLb XN0-
pua Kanbuma ¢ HebonbLIoh Npumeckbio Am.Kp (cm. Ta-
6aumuy).

B cnepyrolem onbite KoHueHTpauma HCl B cocTa-
Be [® 6bina 0,2 N (cm. Tabaumuy).

Mocne sKkcnepumeHTa OTMEYANOCh MHTEHCUBHOE
BblliesaynmBaHne NoBepxHocTu obpasua u o6pasosa-
HUe Ha Heil MMKPOMNYCTOT. BbiwenoyeHHaa nosepx-
HOCTb 06pasLa, CyAA NO pesynbTaTam ee 3/1eMeHTHO-
ro aHanusa, cnoxeHa KB ¢ Hebonbluoit npumecsio Un
W XKenesucroro XN, a Take, BepoaTHo, AHr. Hanbonee
BbILLENOYEHHbIE YYaCTKU COCTOAT TOMbKO M3 KBapLia,
npuYem pbix/ble arperatbl B HOBOO6Pa30BaHHbIX Nopax
1 KaBepHax UMEIOT TOT XKe KPeMHUCTbI cocTas (cKopee
Bcero, AM.Kp).

B nopax 0TMeYatoTCa TOHKUE NNEHKMU, CNOXKEHHble
OTAENbHbIMU MENKUMM YeLYKaMK, a TaKKe Ux arpe-
ratamu, UMerLLMMM YacTo chepuyeckyro Gopmy, KOTo-
pble NpeacTaBAAOT cObOM TMAPOTEPManbHbIN Kenesu-
CTbIli Xn. Kpome Toro (cyas no pesynstaTam anemeHT-
HOro aHa/n3a), NPUCYTCTBYIOT CBOGOAHBIN KpeMHesem
(BepoATHO, B aMopdHOI Ppopme), a TakKe cynbduap
HUKeNA U meay (MUNNEPUT U XaNbKO3MH).

Mo paHHbiM PCA nocne nposeaeHusa 3Kcne-
puMeHTa ¢ noBepxHocTn obpasua ucyes [, pesko
YMEHbLUNNOCL coaepsKaHne KL, HO BbIpOCaa KOHLEeH-
Tpauua K 1 AM.Kp, NOABUAUCH XKeNe3nCTbl XA 1 xno-
pua Kanbums.

B cneaytoliem akcnepumeHTe KoHueHTpauma HCI
B coctase [® 6bina 0,1 N.

Mocne npoBeaeHUA aKCNEpPUMEHTa, TaK e KaK
1 B Npeablaylwmx onbitax, HaboAaN0Ch BbiLEeNaYMBa-
HWe NoBepXHOCTH 0bpasLia, a Takxke obpasoBaHMue Ha
HeM TEMHO-CepbIX 1 CBETNO0-OypbiX KOPOUEK, KOTOpble
4acTo 3anonHAT 06pasoBaBLUMeCs NyCTOThI (puc. 9, a).

Mo AaHHbIM MUKPOCKOMUYECKMX MCCea0BaHMUME
Ha nosepxHOCTH 0bpasua nocne Bo3aeiictauna NP obpa-
30Ba/IUCb BTOPUYHbIE MOPbI U MUKPOKABEPHbI Pa3HbIx
pasmepos - oT 50 a0 70 mKkm (cm. puc. 9, 6). Benep-
CTBUE MHTEHCUBHOrO BblllenaynBaHmA KapboHaTHOrG
MaTepuana c nosepxHocTu obpasua oHa npuobpena
NPaKTUYECKU YNCTO KPEMHUCTbIN COCTaB ¢ HE6ONbLLOHK
npumecbto Un, a Ha Hell OTNOXKUAUCL BTOPUUHbIE (k-
ApOTepMasibHble) NAOCKUE KPUCTanbl AHF U NNEHOY-
HbI Mg-Fe Xn, otaenbHble Yewyiiku KOoToporo Mme-
0T pasmepbl 1-3 MKMm (cm. puc. 9, B). Mpu GonbLuom
YBE/IMYEHUN XOPOLWO BUAHLI MUKponops! (oT 1-2 Ao
10-15 mKm), 06pa3oBaBLUMECH 3a CYeT BbileNa4MnBa-
HWA KapboHaTos.

Mo aaHHbIM PCA nocne Bo3aeincTeua Ha obpasel
l® NpoM3oWNO WHTEHCUBHOE OKPEMHEHWE €ero no-
BEPXHOCTU 33 CYET PACTBOPEHMUA KUCAbIM GAOMAOM
kap6oHaTos. OTMeYaeTcA NoHoe BbilienaunsaHue n
M AOCTAaTOYHO UHTEeHCUBHOe — KU, a Takxe Mu. Ha no-
BepPXHOCTH 06pa3oBannChb HOBbIE MUHEpPanbHble hasbl
rTMAPOTEPMaNbHOTO NPOUCXOXKAEHUA — NAEHKU U MU-
KpocheponnTbl AM.KpP, KPUCTanbl AHT U XKeNe3nucTbli
n/vnu Mg-Fe Xn.

B ocaake no gaHHbIM PCA npucyTCTBYET raBHbIM
o6pazom xnopug, Kanbums (cm. Tabauuy).

B nocneaHem skcnepumeHTe KoHueHTpauma HCl
B cocTtase [P 6bina Bcero 0,05 N.

BepoATHO, 0bpaseL, Haxoaunca B Asyxda3Hoii 06-
nactu. HWXHAR ero YacTb MmeeT cnabbiit GyposaTbiil
OTTEHOK, a BEPXHAA — TeMHO-cepblit. O6e YacTy Bbilue-
NI0MeHb! A0BO/bHO €1abo. OTMEYaoTCA TOHKMUE NNEHKK
CBET/NI0-3€/1EHOTO LjBeTa (OKUCb XpPOMa) U 04eHb MENKUe
YAZMHEHHbIE NNOCKMEe NPOo3payHble KpUcTanbl (AHr).

AHanu3 cHumKos POM nokasan, yTo Ha nosepx-
HOCTW 0bpa3Lia OTCYTCTBYIOT KPYMHbIE NOPbI, OCHOBHaRA
Macca nycroT, BO3HUKLLUMX BCAeACTBUE BbllLeNayuBa-
HUA KapboHaTHOro matepuana ®, umeer pasmeps
B cpeaHem 2—6 MKM. Cyaa No anemeHTHOMY CnekTpy
C noBepxHOCTU obpasua, OHa C/lOXKeHa npeumylie-
CTBEHHO KB € HebonbLoi Nnpumeckio AHr u Mg-Fe Xa.

Mpu 60/bLWIOM yBENNYEHUN XOPOLIO BUAHBI KPU-
CTannbl AHT 1 Boinokonoo6Hble arperathl Mg-Fe Xa
(cm. puc. 9, r). Cyas No BbICOKOMY NUKY KPEMHUA Ha
3NIEMEHTHOM CMEKTPE, MOXHO NpPeanonoKUTb, YTO
BOIN0KONOA06HaA Macca XN NeXUT Ha OKPEMHEHHOM
nosepxHOCT obpasua U BblAesnNach NosaHee, Yem
NPOU30LLIO ee OKPeMHEHMe.

Mo paHHbim PCA nocne peakuuu KU c T ¢ ero
NMOBEPXHOCTU MOAHOCTbIO Mcye3 [, NoYTWM NOAHO-
CTblo — 11, Pe3Ko ymeHbLUMNOCh cogepxkaHue Ku, Ho
yBen4Ynnoch coaepxaHune Ks u AM.Kp, noasunca AHr,
Mg-Fe Xn, B cneaoBoii KOHLEHTpaLum dukcupyetca Un
(cm. Tabnunuy).

Mo pesynbraTam usyyeHus metogom PCA ocagok
Ha AHe aBTOKNaBa NpeAcTaBNeH B OCHOBHOM XN0pU-
AOM Kanbuma u He6oNbLWIMM KONUYECTBOM AM.Kp.

Cepus ¢ conamu u CO,

B oTanume oT paccMOTpeHHbIX paHee 3Kcnepu-
MEHTOB B NOCNeAHel cepumn onbIToB B cocTase I'd npu-
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Puc. 9. Potorpadmsa obpasua KU (a) v cHumkn PIM (6, B) ero nosepxHocTu nocne Bosaeiictauna [P (temnepatypa 410 °C, HCI
2.1 N), r— cHumok P3M nosepxHocTu apyroro obpasua KU nocne sosaenictemna Ha Hero [ (temnepatypa 410 °C, HCI 0,05 N)

2 - 06LWmii BUA 06pasua nocne 3aBepLIeHMs IKCNEePUMEHTA; 6 — UHTEHCMBHO BbILLENIOYEHHbIV 1 OKPEMHEHHBbIN Y4acTOK ero
T0BEPXHOCTY; B — KPUCTaN/bl AHT U NEHOUHBIM MUKpoUeLlyiiyaTbii Mg-Fe XA ruapoTepmanbHOro NpoUcxXoXaeHua (ero
3IEMEHTHbIW CNEKTP CaeBa, CNEKTP C KpUCTasaa AHr cnpasa); r — y4acToK NOBEPXHOCTW ApYyroro obpasua ¢ KpucTannamu
441 (cneBsa v BBEPXY) M MMKpOYeLyityaTbiM Mg-Fe X/, C KOTOPOro Nony4YeH 31eMEHTHbIM CNeKTP

IYTCTBOBANO 60NbLUOE KONMYECTBO CONei (xnopuaos
=3TPUA U KanbLusa). 3HaueHne MuHepanmsauum M, kak
#%e YNOMMHaNoCh (U3-3a OTCYTCTBUA AAHHbIX O MUHE-
22/13aLMK NNACTOBbIX BOA, B r’MAPOTEPMANbHBIX CUAU-
w4Tax), 6bina BbiBpaHa No aHaNorMM C TaKOBOW NAACTO-
25iX BoA B 6a3anbHbIX necyaHuKax Cesepo-Bapberan-
IXOro MecTopoXkaeHusa — 36,8 r/n NaClu 3,1 r/n CaCl,.
<pome TOro, B cocrase ® npucytcteosano 0,48 r/n
£0,. DKcnepumeHTbl NPOBOAWUAUCHL MPU TemnepaType
200 °C B TeyeHue 10 cyt (cm. Tabauuy). Wuxra nupwm-
T2 He pobasnanacb. Bo Bcex onbiTax Noc/ne BCKPbITUA
28TOKNaBa HabnAaN0Ch BCKMNAHMe pacTBopa U Bbl-
ZeneHue rasa.

AHanus pesynbTaToB NEpPBOro 3KCNEPUMEHTa
70Kasan, YTo MOCNE ONbiTa OTMEYANUCh OCBETNEeHUe
# Cneabl BbllWEeNaYnBaHMA NoBepPXHOCTN obpasua KU.
<pome TOro, Ha €ro NoBepXHOCTU 06pas3oBanUChL MU-
“DOKPUCTANINHECKME arperatbl HOBbIX MUHEPA/IbHbIX
233 rMApPOTEePMaNbHOTO NPOUCXOMKAEHMUA.

CpaBHeHue pesynbTatoB aHanusa PCA obpasua
| 30 U nocne 3KCNepuMMeHTa MOKasano, YTo € ero no-
32pPXHOCTM ucyesnn Ks n Un, 3aTo noaBuACA KUCAbIN

nnarMoknas, BeposaTHO, AHK. M3 HOBooBpa3oBaHHbIX
MMWHEPANoB MOXHO OTMETUTb TaK¥Ke KanbLWeBbliA
CMAMKAT TUMa BonnacToHuTa (puc. 10, a) u HaTpueso-
KanbLmesbli KapboHat (Na,Ca(CO,),).

Mo aaHHbIM PCA B cocTaBe ocaaka npeobnagatot
OKMCAbI Mefi U HUKena (KyNpuT, TEHOPUT U BYH3EHWUT).

B cnepytouem sKkcnepmMmeHTe nocse ero 3asep-
WweHua Habnrdanucs cnaboe ocBeTNeHME U Bbillena-
ymeaHMe NOBEPXHOCTM obpasua. Kpome Toro, Ha ero
NOBEPXHOCTU, TAK e Kak U B npeaplayuiem onbite,
06pa3oBanncb MUKPOKPUCTaNNUYECKUE arperarbl
HOBbIX MUHEpanbHbIX $a3 rMApPOTepManbHOro Npo-
NCXOXKAEHUA.

CpaBHeHue pe3ynbTtaToB aHanm3a PCA obpasua ao
M NoCne 3KCNepMmeHTa Nokasano, 4To AonA KB Ha ero
NoBEPXHOCTU HEMHOTO yBeanymnaco, a Ku, HanpoTus,
yMmeHbLinaack. C noBepxHocTu obpasua ucuesnun n,
Mn n Mn. U3 HoBOO6Pa3OBaHHbBIX MUHEPANIOB MOXHO
OTMETUTb LLe0/IUTbI U HaTPUEBO-KasbLMeBbI KapboHaT
(cm. puc. 10, 6, B).

Mo paHHbim PCA a cocTaBe ocagKa oTmeyaeTca
60NbLIOE KONUYECTBO HOBLIX MUHEpanbHbIX $as, u3
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Puc. 10. CHumkmn PIM nosepxHocTn 06pasLos KU nocae so3

3,1r/n, C0,0,48 r/n)

2600°
P Oy

AeiicTeuA Ha HUX [P (Temnepatypa 400 °C, NaCl 36,8 r/n, CaCl.

a — KpUCTannbl ruapotepmanbHoOro BO/NINACTOHUTA; 6 — NneHKu Ka/bUuMeBO-HATPOBbLIX Kap60HaTOB,' B — MHOIO4YUCNEHHbIE
arperaTbl KPUCTaN/I0B LLEO/IUTOB; I — KpUCTa bl r'MApPOTePManbHbIX MUHEPasioB, NPeACTaBAEHHbIX KUCAbIMMU nnarnoknasamu

(MW) v ueonutamm

KoTopbix 6onee-meHee yBePEHHO yAaN0Ch AUArHOCTU-
poBaTb ABYOKUCH MeAM (KyNpUT), LLEOAUTbI M yNOMAHY-
Tble Ka/bLiMeBo-HaTpoBble KapboHaTbl (cm. TabauLy).
Mocne 3aBeplieHMA cneaylolLero onbita Takke
HabaloaaNUCh OCBET/IEHME U BbiLLENaYMBaHNE nosepx-
HOCTK 06pasua, a Ha ero NoBEPXHOCTU 06Pa30BaNUCh
MWKPOKpUCTasIM4eCKUe arperatbl HOBbIX MUHEpanb-
HbIX Ga3 rmapoTePManbHOTO NPOUCXOKAEHUS.
CpaBHeHMe pesynbTatos aHanusa PCA obpasua
A0 1 nocne aKCNEPUMEHTa NOKa3ano, 4to Aons Ke Ha
€ro NOBEepPXHOCTU YMEHbLLIMNACL, NOYTU NONHOCTBIO UC-
4ye3nu Mu u Un, nonHocTbro — 171, 3aTO NOABUAMUCH KUC-
NbIA NNArMoKNas u, BEPOoATHO, AHK. Takum obpasom,
13 HoBOOOpPa3oBaHHbIX MUHEPANOB Ha NOBEPXHOCTU
06pasLia MOXKHO HafieHO BblAENUTb LEOUTbI U NNa-

rMoknassl (cm. puc. 10, r). B coctae ocasgka, MOMUMO
HeNAEHTUPULMPOBAHHBIX aNOMOCUANKATOB, NPUCYT-
CTBYIOT OKMC/Ibl Meau (npeobnaaatot) u HuKena.

MocneHUI IKCNEPUMEHT 3TOM cepum NPOBOANA-
ca c 06pasuom KU, KoTopbii YacTUYHO 6bin noABeprHyT
rMApPOTEPMANbHOM NPOPaboTKe B NPUPOAHbIX YCA0BM-
AX. Mocne onbita Habnaanocs cnaboe ocseTneHUe
1 Bbllliena4ynBaHne ero nosepxHocTU. Kpome Toro, Ha
He, KaK 1 B NpeAblAyLMX ONbITaX, 06Pa30BaNUCh MU-
KPOKpUCTaN/IMYecKWe arperaTbl HOBbIX MUHEpPaNbHbIX
a3 ruapoTepManbHOro NPOMCXOKAEHMUA.

CpaBHeHuWe pesynbTaToB aHanusa obpasua me-
Topom PCA f0 1 nocne aKcnepuMeHTa NoKasano, yto
Aona KB Ha ero NoBepxHOCTU 3aMeTHO yBEAWUYUNACH,
a Ku- ymeHbwunace. MMUHUCTbIE MUHEpPasbi OTCYT-
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cTBYIOT. M3 HOBOODOPa30BaHHbIX MUHEPANOB MOXHO
OTMETUTb, BONNACTOHMUT, LLeonnTbl U, BepoatHo, Na-Ca
CUAMKaTbl U KapboHaTbl.

Mo paaHHbIM PCA B cocTaBe 0cajika OTMeYyatoTcs
KYNPUT U XOPOLIO OKPUCTA/NZIN30BaHHbIE MUHEpPaib-
#ble ¢asbl, NPeANONOXKUTENbHO NPEACTaBAEHHbIE Lie-
O/IUTaMMU, a TaKKe CUMKaTammn U KapboHaTamu HaTpua
# Kanbuma (cm. Tabauuy).

06cyxaeHue pe3ynbratos

| JKCnepuMeHTbI, NpoBeaeHHble ¢ yyactvem H,0,,
. NPOAEMOHCTPUPOBANM, YTO KUCNOPOA, BblAeNAoWmMncs
| NPy ee pasNoKEHMM, O4eHb aKTUBHO pearvpyeT He To/b-
 xoc 06pasuamu KU, Ho 1 ¢ NMPUTOBOI LLINXTOM, A06aBANA-
SMOM B aBTOKNaBbl B KayecTse bydepa, v c meTannamuy,
3XOAALMMU B COCTaB peakTopoB. HecmoTps Ha To 4TO
obpazoBaHue 3TUX a3 BPAL M BOSMOXKHO B NPUPOAHbIX
¥CnoBusax (B ruapoTepmManibHoM cucteme ¢ ydactuem KU),
XpaTKO PaCCMOTPUM YCNoBUA UX 06pa3oBaHmUA, KOTopble
MOTYT 3aMHTEPEeCcoBaTb re0N0roB-PYAHUKOB.

Tak, B BbICOKOTEMMEPATYPHOM 3KCNEpUMEHTE
(390 °C) oTmeuvaetca obpasoBaHWe XpomaTa HUKeNs,
XpOMaTUTa U BUANEMcenTa. Te e MUHepanbHble dasbl
(Kpome BunnemcenTa) obpasosanucb M B bonee HU3-
<oTemnepaTypHOMm (295 °C) akcnepMmeHTe, NPOBOAMB-
wemcn 6e3 gobaBneHUA NMPUTOBOM LUKXTLI. MHTepecHo,
<TO B 3TMX ONbITax cpean HOBOOBPA30BaHHbIX COEANHE-
HUIA OTCYTCTBYIOT CyNbdaTbl HUKENA U XPOMa, KOTopble
OTMEYAIOTCA B APYIMX HU3KOTEMNEepaTypHbIX IKcnepu-
MeHTax ¢ gobaBneHvem NUpUTOBOW WKXTbl. ChepoBa-
TE/IbHO, BbICOKaA TemnepaTtypa UAu OTCYTCTBME LINXTbI
v BbI3bIBalOT 06pa3oBaHMe NPUMEPHO OAHUX M TEX e
MWHEPaNbHbIX acCOLMALMM, XapaKTepU3yoLWmxca oT-
oyTCcTBMEM CyNbdaToB XpOMa M HUKeNA 1 obpasoBaHnem
3MECTO HUX XPOMATOB HUKENA U KanbLMa (xpomaTtuTa).

B oTaMumMe OT BCex 0CTasibHbIX OMNbITOB, B KOTOPbIX
SUKCMPOBANCA POCT KOHLIEHTPaL MK KBapLua B npuno-
3epXHOCTHOM YacTu 06pa3LoB, B BbICOKOTEMNEPATYP-
=OM 3KCNepuMeHTEe OTMEYaNoCb YMEHbLUEHUE coaep-
®aHMWA KBapLia Ha ero NoBepPxXHOCTU. 3To obbACHAETCA
303HWMKHOBEHWEM C €50 y4acTMem BUAemceunTa 1 anto-
MOCUIMKATOB KanbLua U MarHua, us-3a obpasoBaHua
“0TOPbIX OTMEYAETCA YMeHbLUeHUe cogepaHua Un
3 coctaBe 06pasua nocie 3aBepleHUs IKCNepumeH-
T3, NOCKONbKY aNItOMUHUIA B UCXOAHOM 06pasLie BXxoaun
TpeumyLLLecTBEHHO B cocTaB Un.

B aKCnepuMMeHTe ¢ OTCYTCTBUEM MUPUTOBOM LINX-
™ol He 06HapyeHa S°. BeposaTHO, B 3TOM cayyae BcA
tepa, KoTopas BbICBOOGOMKAAnacb Npu okucneHuu MMu,
3X0AMBLLEro B COCTaB ncxoaHoro obpasua KU, pacxo-
20Banacb Ha 06pa3oBaHue AHr.

Cneayet 06paT1TL BHUMaHUe Ha cheaytoluee. Mo-
CKONbKY AHI BO3HUKAET B pe3ynbTaTe B3aMMOAEeNCTBUA
dU c cepHOM KUCNOTOM, obpasyloweinca BcreacTene
okucneHnAa M nepekucbio BoAOPOAa, pesy/ibTaTom
3TON peakuumn ABnAeTcs 0b6pa3oBaHUE YronbHOMN Kuc-
70Tbl, KOTOPaA YacTUYHO AnccoummpyeT Ha soay 1 CO,,
no3aTomy B cocTaBe M 06s3aTeNbHO NoABAsETCA yrne-
«1cnorta, xota CO, B Hero He aobasnanace.

———

MHTepecHo, 4To B cocTaBe Ocajka, obpa3oBbl-
BaBLIeroca B akcnepumeHTax ¢ H,0,, otcyTcTayeT K.
Takoit deHOMeH 06bACHAETCA O4YeHb cnabow pacTeo-
pumocTbio KB B Kucabix [P (3a cyeT obpasoBaHuA cep-
HOWM KUCNOTbl BCAEACTBUE OKUCNeHUA M nepekucbio
BOZOPOAA), NO3TOMY M3-3a NPEUMYLLECTBEHHOTO pac-
TBOpeHUA Ku, HabntogaeTca oKpeMHeHue NOBEPXHOCTU
obpasuos.

O6Wwum ana BCex BbINONHEHHbIX SKCMEPUMEHTOB
c yyactrem H,0, aBnseTca noasneHue B KayecTse Ho-
BO0O6pa3oBaHHbIX (rMapoTepMancHbix) das AHr, fem,
AM.Kp 1 S° (S°He Bblna BCTpeYeHa NULLb B ONbITe NPU
OTCYTCTBUM WKXTbI n).

B pesynbrate B3aumogeiicteua D, B cocTase
Kotoporo 6bina H,0,, c obpasuamn KU, yyactsoBas-
LIMMM B IKCMEPUMEHTAX, GOpPMMPOBanacb BTOPUYHan
NOPUCTOCTb 3a cyeT pacteopeHna A, Mun, Ku, 1 B MeHb-
wen mepe BUOreHHOro KpemHesema, 4To 1 NPUBENo
K $OPMMPOBAHMIO B HUX JOMONHUTENBHOI BTOPUYHON
€MKOCTH.

Tak Kak B coctase [C He BcTpeueHbl lem u S°,
MOHO 3aK/4YUTb, YTO B COCTaBe NPUPOAHLIX [P He
CoAepXKanocb TakMX BbICOKMX KOHUEHTpauuit O,, Kak
B IKCMEPUMEHTaX, XOTA AHT B HE6ONbLUUX KONUYECTBaX
Bce e B ['C npucyrcrayert [4, 6].

Kak 1 cnepoBano oXuaatb, Haubonee MHTEHCUB-
Hoe popMMpOBaHUE BTOPUYHOM NOPUCTOCTH Habnatoaa-
NI0Cb B BbICOKOTEMNEPATYPHbIX 3KCNEPUMEHTaXx C pas-
IMYHOM KOHUeHTpauueln B coctase [P HCl, koTtopas
aKTMBHO pearvposana ¢ KU c o6pasoBaHMem yronbHom
KMC/I0TbI, YaCTUYHO pa3narasLieiica Ha soay 1 CO,. Mo-
3TOMy, HECMOTPA Ha TO YTO B cocTase ucxogHoro P
CO, otcyTtcTBOBana, oHa obasatenbHO nosABaAnachb
B pe3y/bTaTe Peakumm KUCNOTbl ¢ KapboHaTamm.

Cnenyet 06paTUTb BHUMAHUE, YTO B IKCNEPUMEH-
Te € caMoll BbICOKOI KoHUeHTpaumel HCl (1 N) otmeva-
nacb HOBOO6pa3oBaHHAA MUHepanbHaa accoumaums,
OT/IMYHAA OT APYrUX SKCNEepUMEHTOB ¢ 6onee HU3KOM
KoHUeHTpaumei HCl, npeacrasneHHas Cua u Kr.

B ocTasnbHbIX 3KCMepUMeHTax ¢ bonee HWU3KOW
KOHLEHTPAaLMeN KMCNOTbl BO3HWKana CoBepLIEHHO
Apyras ruapotepmasibHas accoumauma MUHepanos
(*kene3uncTbiit  Mg-Fe Xn). B onbiTax, NpoBoAMBLLIMXCA
B cucteme H,0—-CO,, rpaHuua nepexoaa Xn €> Cua+Kr
oTmeyvaetca npu 6onee HU3KOM Temnepatype (315-
360 °C) [3]. ChepoBaTenbHoO, B y/bTPAKUCABIX TMAPO-
TepManbHbIX YCA0BUAX accoumaumua Cua+KT coxpaHa-
€T YCTOMYMBOCTb, NO KpaliHel mepe Ao TemnepaTypbl
410 °C (cm. Tabnuuy).

MockonbKy B ['C BTOPUYHbIN (rMApOTEPManbHbIN)
Xn otcyTeTByeT, a Cua u KT, HanpoTuBs, BCTPEYAOTCA, TO
MOHO 3aK/04UTb, YTO NPUPOAHLINA [P, cKopee Bcero,
obnagan ynbTPakMCAbIMU CBOMCTBaAMM.

Ecnu B onbiTax ¢ KoHUeHTpauuein HCl B coctase P
oT 1 N a0 0,4 N B cocTaBe ocagKa OTMeYeHbl Xxnopnabl
W KanbuuA, U Kenesa, To Npu 6onee HU3KUX KOHLIEH-
TpauuMAX BCTPEYAETCA TONbKO XNopua Kanbuma. Kpome
TOrO, NPY CaMbiX HU3KUX cogepskaHuax HCl (0,05-0,1 N)
cpeay HOBOOBPAa3oBaHHbIX MUHEpPanbHbIX ¢a3 noas-
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nanca AHr. CnepoBaTenbHO, MOMHO npeanonoXuThb,
4To AHr B coctase 'C BO3HMKAN Ha 3aKNHOYUTENbHOM
sTane ruapotepmasnbHoii Npopabotkm KU kucnbim o,
Koraa ero pH NoBbILWAACA C YNbTPAKUCABIX A0 KUC/BIX,
BO3MOXHO, U HOPMa/NbHbIX 3HaYeHUN. UMeHHO AHr
BK/IlOYaN B CBOW COCTaB cepy, BbicBOGOXAaOLLYIOCA
Npu pasnoXKeHnn NupuTa.

MockonbKy npu peakuumn HCl ¢ kap6oHaTamu 06s-
3aTenibHo obpasyetca CO,, KOTOpan, Kak 6bIN10 NOKasa-
Ho B [3], npu TemnepaTtypax npumepHo 295 °C u Bbiwwe
Ha4YMHaeT NPoAB/ATbL CBOICTBA OKUCAUTENA, TO CNeao-
Bas10 6bl OXMAATb NOABNEHUA B PacCMaTpUBaeMoii ce-
PUM ONbITOB OKUCNI0B MeAM, HAKENA U Xpoma. OfHaKo
BMECTO HWX B COCTaBe OCafKa OTMEeYaloTca Cynbduapl
Meay 1 HuKena (cMm. Tabauuy). /inwe B sKCnepumeHTe
C CaMoi1 HU3KoIA KOHLEeHTpaumel HC (0,05 N) nossna-
€TCA OKUCb XPOMa U OTCYTCTBYIOT CyNbGuabl Meau U HU-
Kensa. U3 storo cneayer, YTo B CUALHO KUCNOI cpeae
oKucauTenbHble ceoiictea CO, NoaaBnAloTCA.

Bo Bcex NpoBeAeHHbIX 3KCNEPUMEHTaX C KUCAOTOM
Habnoaanock NoNHOe pacTBopeHue 1, B 3HaYUTENbHOI
cTeneHun — Ku, a Takxe pasnoxeHue Mu. B pesynbrate
3TWX NPOLLECCOB Ha NOBEPXHOCTU 06pa3LoB OTMEYaNoCh
06pasoBaHue BTOPUYHOM NOPUCTOCTM M ee NPaKTUYECKM
NONHOe OKpeMHeHe. Pasmep Nop UMen oueHb LMPOKMIA
AManasoH — OT NepBbIX MKM [10 AECATbIX AO/IEH MM, NpU-
Yem nepeble 3HaYUTENbHO Npeobnagany Hag nocneaHU-
MU. 113 3TOro MOXKHO 3aK/NI0UYMTb, YTO B GOPMUPYIOLLMXCH
BTOPUYHbIX Konnektopax (FC) 6yaet coaepxatbca 60b-
LUOe KONIMYECTBO OCTaTOYHOM BOAbI, @ 3HAUMT, COAEpPKa-
Hue YB B HUX ByAeT He o4eHb BbICOKMM. MHaye rosops,
dopmupyiowmecs B KU ruapoTepmanbHbie CUNULUTDI
ByayT XapaKTepu30BaTbCA HEBbLICOKOM HedTe- M raszo-
HaCbILLEHHOCTbIO, YTO NoATBEPKAAETCA GaKTUYECKUMU
AaHHbIMK ONpeAeneHns NX KONNEKTOPCKUX CBOMCTB [4].

AHanus pesynbTaToB 3KCNEPUMEHTOB, NPOBEAEH-
HbIX C BbICOKOTEMNEPaTYpHbIM (400 °C) P, conepsas-
wum B cBoem coctase conun (NaCl u CaCl,) n He6onb-
woe Konuyectso CO,, NO3BONNUN YCTaHOBUTL Cnesayto-
Wwue camble obLMe 3aKOHOMEPHOCTHU.

B pesynbrate B3aumopeiicTeua conecopepia-
Lwero D, B cocTaBe KOTOPOro Tak»Ke NpUCyTCTBOBana
CO,, ¢ obpasuamu KU npounsoLno nonHoe pactsope-
Hue [n, yactnyHoe — K., Ku, Mu u Un, u 8 pesynbrate
chopmupoBanack HeGONbLIAA N0 BEAMYUHE BTOPUYHAS
NOPUCTOCTb.

Bo3HukAM cneayiowe ruapotepmanbHble MUHe-
Panbl: KUCAbIV NNArMOKNas, CUAUKAT KanbLuma, BOANa-
CTOHMT, LLEeoNUTbI, HaTPUEBO-KaNbLiMeBble KapboHaTbl,
AHK, a TaKe OKUC/Ibl Meaun U HUKeNs (KynpuT, TeHOpUT
1 6yH3eHuUT).

MossneHne nocneaHux B coctase 06pasoBaBLLMX-
ca a3 npegnonaraet Hanuuune y CO, B BbICOKOTEMME-
PaTypHbIX YCNOBUAX OKUCAUTENbHbBIX CBOMCTB:

Ni° + 2Cu° + 2CO, = NiO + Cu,0 + 2CO,
Cu,0 +CO, =2Cu0 + CO.

CneposatenbHO, B pesynbTate NpoTeKaHWA 3TUX pe-
aKumi npoucxoamuT obpasosaHue 601bLIOTO KOAUYECTBa

CO, 4To NoATBEPKAAETCA XPOMATOrPaPUUECKUM aHaNK-
30M ra3oBoii $pasbl, 06pa30BaBLLEICA B ITUX ONbITaX [31

B I'C He BcTpeyeHbl HOBOO6Pa30BaHHbLIE MUHE-
panbHble ¢asbl (LEeoNUTbI, NAarMoknasbl, BOANACTO-
HUT, Na-Ca KapboHaTbl), M3 YEro MOXKHO 3aK/IOYUTs,
4TO cocTaB NpUPOAHbIX D xapaKTepusyeTca oyeHs
HU3KOI KOHLeHTpaLueil coneit. MosTomy npuUpasHK-
BaTb MWHEPasn3aLmMI0 COBPEMEHHbIX NNACTOBbIX BOZ
B 6a3anbHbIX OPCKUX NECYAHUKAX K TaKOBOI [P, BHe-
apsaslinxca B KU c dopmuposaHumem I'C, KaTeropuyecks
Henb3a. 3T [P, ckopee Bcero, 061aaanu oueHb HU3KOH
MuHepanusaumen [7-9].

Cneayet oTMeTuTb, 4To B G0Nee HU3KOTEMNEpa-
TYpHbIX ycnosuax (295 °C) B npucyTcTeum B coctase ¢
Tex xe coseit u otcyTcTumn CO,, OnMcaHHOW MUHepans-
HO accounaLmMmn He BO3HUKO, KaK, BNIPOYeM, He Bbine
W ApYrux 3HaYUMbIX U3MEHEHMWI1 UCXoAHOro obpasuz
KWU. HeoxunaaHHO Takke 1 To, 4To LLle0NnTbI, KOTOpPbIE
CYMTAIOTCA A0BO/IbHO HU3KOTEMNEPATYPHbLIMU MUHEpa-
/1aMu, B HalLUX 3KCNepUMeHTax popmMmUpoBasmch Np
BbICOKMX TemnepaTypax (410 °C).

Bo Bcex npoBeAeHHbIX aKcnepumeHTax Mu oka-
3a/CA HEYCTOWYMBLIM U pasnarancs, NpespalLascs
(8 3aBMCMMOCTM OT TemnepaTypbl U cocTasa [®) nnm
B [em, unu B xenesocoaepaiime KapboHaTbi, UK,
HakoHel, B Xn. Cepa, ocBo60xAaBLIasnca npy ero pas-
NOKEHUU (He CYUTan peakumil C MeTannamm B CoCTaBe
aBTOK/aBa), WAa Ha 06pasoBaHue AHr, (MBO Bbiaens-
nacb B Gopme S° UNK B BUAE PasIMUHbIX COEAUHEHNI,
Hanpumep H,S u/unu COS, Bxoguna B coctas P,

B COOTBETCTBMM C NONYYEHHBIMM pe3ynbTaTamu
MOAenMpoBaHUsA, MOXKHO ¢ 6onbluoit fonelt yBepek-
HOCTU yTBepXKAaTb, 4TO NpUpoaHbie D, Bo3aelcTBO-
BasLlKe Ha KU c obpa3oBaHMem no Hum 'C, xapaKTe-
pU30BanuChb cneayoWwMMmN CBOMCTBaAMU:

— OHU COAePKaNU B COCTaBe HU3KNE KOHLEHTPa-
LMK KUCnopoaa;

— B C/ly4ae OTCyTCTBMA B cocTase ' KucabIX Kom-
NOHEHTOB UX TemnepaTypa He npesbiwana 360 °C;

— B CNy4ae NpUCYTCTBUA BONbLIOrO KOAUYecTBz
Kucnbix KomnoHeHtos (HCI, HF u 1. n.), T. e. [ 6binw
ynbTpakucabiMu (4To 6oee BEpOATHO), UX Temnepa-
Typa morna gocturatb 400 °C U Bblwwe;

—OHW ABAANUCL CNabOMUHEPann30BaHHbIMK
C HU3KMM coAepXaHUeM CoNen, TaK Kak B I'C He BcTpe-
YeHbl HOBOOBpasoBaHHble (rUApOTepManbHble) Lieo-
2Tbl, NNArMoKNasbl, CMAUKATbI U aNOMOCUAMKATBI,
a Takxe kapboHaTbl Ca 1 Na;

— MaKCUMa/sbHOe 3HayeHWe BTOPUYHOM MopU-
CTOCTU 1 CTeneHb okpeMHeHua KU Habntopatotea npu
BO3/EMCTBMM Ha HUX KUCAbIX TD; Hanbonee BepoATHO,
4TO NpUPOAHblE D MMEeNU KUCAbIN MAKn aake oveHb
KUCAbI COCTaB; {

—Ha KUCAbIA cocTaB NpUpoaHbix M yKasbisaer
TaKKe cnabas pacTBOPUMOCTb KBapLa B TaKUX KUCAbIX
$ntonaax U, HaNpoOTUB, BLICOKAA PaCcTBOPUMOCTb Ku
1 [1n, KOTOpble NONHOCTbIO OTCYTCTBYIOT B ['C;

— CaMbIMM1 YCTOMYMBBIMU MUHEpPanaMm No OTHO-
WweHuto K kneabim I'd B coctase KU asnatotea Ke v Un,
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3Ce ocTanbHble MuHepans! (Ku, A, Mu, Xn, nonesble
wnaTbl) UMK PaCTBOPAIOTCA, B pesynbTate yero ¢op-
Mupyetca BTOpUYHan nopucrtocTb (25-30 % u aaxe
Sonee) [4];

—HOBOO6Pa30BaHHLIMU MUHEpPanamu B cocTase
C, umeloWMMK rMapPOTepManbHOe NPOUCXOXAEHME,
RBAAOTCA MUKPOKpPUCTananueckuit Ke, Cug, KT u AHr.

Cnepyetr 06paTutb BHUMaHWe Ha cneayowmi
DaKT, NOATBEPMHAEHHbIV SKCNEPUMEHTAIBHO: npv Bbi-
COKUX TemnepaTtypax (400 °C) CO, npossAAeT CBOMCTBa
OKMC/UTENA NO OTHOLIEHWIO K MeTaNNaMm, NpeBpalla-
2cb B CO, ogHaKo B Kucnbix [P ee OKUCAUTENbHbIE
CBOICTBa NOAABNAIOTCA.

Cnaboe ocsetneHune nosepxHocT KM oTmeuaetcs
3 noaasnAoLem 601bLIMHCTBE NPOBEAEHHbIX SKCNEpH-
MeHToB. OAHaKo Auwwb B onbiTax ¢ H,0, HabnwaaeTca
#anbonee WHTEHCHMBHOE obeneHue NOBEPXHOCTU 06-
pasuoB KW, N03aToMy MOXHO AONYCTUTb, YTO B cocTaBe
TPMPOAHbIX D BCe e NpuUcyTCTBYeT HebOoNbLLIOE KO-
<ect80 O, n/unm no mepe HeWTpanusaumm (ysenmyeHus
oH) I'd CO, BHOBb Npro6peTaeT CBOMCTBA OKUCAUTENS.

Mpwn Bo3aeiicTBun Ha KU Kucabix uam YAbTpaKuc-
Abix T®, KoTOpble OTAENAIOTCA OT MarmaTMyeckux Ten
SPUCTAN/IU3YIOLLMXCA AONEPUTOB, BHEAPMBLLMUXCA B HUX
xaK Ha CeBepo-BapberaHckom v XaHTbi-MaHCUIiCKOM
MeCTOpPOXKAeHMAX), obpasyetca 60/bLWOE KOAMYECTBO
¥TNeKUcnoTbl M KatnoHos Ca?* u Mg?, akTMBHO B3auMo-
2e/CTBYIOIOLMX € STUMM TeNamm [A0NepUTOB, Bbi3blBas
#X UIHTEHCUBHYIO KapboHaTusauuio [4]. [pyras yacTb 06-
9a30BaBLUMXCA NPU pa3noxkeHnn KU neTyumnx no 3oHam
2pobneHna noaHUMaeTcs BBepX, obpasys apeonbi BTO-
2MYHOM KapBHOHATU3ALMM B HUKHEIOPCKUX OTAOMKEHMNSAX.
7103TOMY OBLIMPHbIE 30HbI BTOPUYHOM Ka pboHaTusaumm
3 6a3a/1bHbIX OPCKMUX OTNOMEHUAX, noA, KOTopbiMMK 3a-
7eralot naneosoickue KM, ocobeHHO LMPOKO paseuThie
3 npeaenax NoAHATUN, MOryT CBUAETENLCTBOBATb O TOM,
<T0 oA HUMK HaxopaTea 'C, coaepxKalume YB 3anesku.

Mo pe3ynbTatam onbITOB, MOXHO Ha3BaTh U BTOpOM
33)KHbI NPU3HAK BO3MOXKHOMO NPUCYTCTBMA B Kposne
ZK BTOpWYHbIX KOANeKTopoB Tuna 'C (v He TonbKO Mx),
#MEIOLMX TEKTOHO-TMAPOTEPMANbHOE MPOUCXOXKAe-
=¥e€, — 3TO HaNMumne rmapoXMMMUYECcKOM aHOMaUM.

Ho Hanbonee BaHbIM ABNAETCA TpeTuHit npu3HakK
“C, nosBonAoWMit AMarHoCTMPOBaTh UX B pa3pese no-
OPCKOro KOMNeKca, — MX BbICOKaA NOPUCTOCTb U, CO-
STBETCTBEHHO, O4eHb HU3Kaa NAOTHOCTb. Bnarosapa
3TOMY OHU NerKo BblAENAKOTCA NPU CeilcMopa3Beaoy-
=bIX paboTax Mo MOBbIWEHHOW «BPEMEHHON» Mo~
=0CTU, KOTOpas o6ycnoBneHa pesKUM CHUMKEeHuem
£XOpPOCTH pacnpocTpaHeHUA CEMCMMUYECKMX BOH B [C
70 CPAaBHEHMIO C OKPY3KaOLLMMM UX O4EHb NAOTHLIMM,
2 3HAYMUT W «BbICOKOCKOPOCTHbIMUY, KU [2, 3].
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