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Ponb nycTtoT B 06pa3oBaHUM KpUCTasrsioB HaA MeCcTopoXaeHuu bnaro-
poaHou wnuHenu Kyxu-flan, Oro-3anagHbin NMNamup

A KJIMNTBUHEHKO, E.M.POMAHOBA (dPepepanbHoe rocyaapctBeHHoe 6roaskeTHoe obpasoBsa-
Te/IbHOe yypexaeHune Bbicluero 06pa3oBaHMA «POCCUMICKUI rOCYAapCTBEHHbIM reonoropasBesoy-
HbI yHUBepcuTeT umeHn Cepro OparkoHukmaze» (MIPU—PITPY); 117997, r. Mocksa, yn. MuKayxo-
Maknas, 23)

MecTopoxaeHue bnaropogHoi wnuHenn Kyxu-Slan obpasoBanock B NpoLecce permoHanbHOro me-
Tamopdusma rpaHynnToBor u amombonntoBon daumin B 4OKEMOBPUM U 3aNNAOT-amMbUb0oIMTOBOM
1 3eNeHOCNaHLEBOM B KallHO30€e. Bo Bcex coCTaBAAIOWMX €r0 MUHEpPasbHbIX acCOLMALIMAX YCTAaHOB-
JIeHO pa3BUTME MYCTOT, KOTopble No ¢popme noapasaensaoTcsa Ha Ase rpynnbl: 1) wenesmaHolh dop-
Mbl, O/IMHON 4,0 AECATKOB CAHTUMETPOB U CTEMNEHbI0 PackpbITUA 40 10 cm; 2) MsomeTpuyHom Gopmbl,
C BbINosHeHMEM, 06BEMOM 0 8 cm?, C HOBOOHPA30BAHHBIMU MUHEPANAaMU (XJIOPUTOM, AOSIOMUTOM,
apParoHWTOM), PacTyWwmMmmM OT cTeHoK. ObpasoBaHMe MYCTOT CBA3AHO C PErpeccMBHON CTaguelt BTO-
poro uukna metamopdusma (npm T ot 700° ao 660°C n P ot 800 go 350 MIa). O6pasoBaHue nycToT
paccMaTpmBaeTCA Kak O4Ha M3 CTagui pa3BuTUA MecTopoxaeHua Kyxu-Jlan.

Kntouessie cnosa: Ryxu-lan, Hypuctan-Mamupckunii cpeauHHbIA MaccuB, MyCcTOTbl, MarHe3nasibHo-
cKapHoBaa dopmaums, bnaropogHasn WnuHeNb, opPCTepUT, KAMHOTYMUT, GAOrONUT, TaNbK, MarHe-
3UT, O/IOMMT, aParoHUT, BPYCUT, X10PUT, TEPMOANHAMUYECKME YCI0BUSA.
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The role of cavities in crystal formation at Kukhi-Lal noble spinel
deposit, southwestern Pamir

A.K.LITVINENKO, E.I.ROMANOVA (Federal State Budgetary Higher Education Institution S.Ordzhon-
ikidze Russian State Geological Prospecting University (MGRI-RGGRU))

Kukhi-Lal noble spinel deposit formed during regional metamorphism of granulite and amphibolite
facies in the Precambrian and epidote-amphibolite in the Cenozoic. In all of its constituent mineral
associations, cavities are developed, which are divided into two groups: the 1% group has slit-like
shape, its length is tens cm and the degree of disclosure is up to 10 cm; 2™ group has isometric
shapes, its performance is up to 8 cm?, and newly formed minerals (chlorite, dolomite, aragonite),
growing from the walls. The cavities formation is related to the regressive stage of the 2" metamor-

phism cycle (temperature ranges are 700° to 660°C, and pressure ranges are 800 to 350 MPa). The
cavities formation is regarded as the Kukhi-Lal deposit development stage.

Key words: Kukhi-Lal, Nuristan-Pamir median massif, the cavities, magnesian-skarn formation, no-
ble spinel, forsterite, clinohumite, phlogopite, talc, magnesite, dolomite, aragonite, brucite, chlo-
rite, thermodynamic conditions.

OO0uue cBeJIeHUS 0 MECTOPOKIEHHH M MOCTAHOBKA HC-
cJieioBaTebeKoil 3amaun. Mectopoxaenue Kyxwu-Jlan
JIOKAJIM30BaHO B BEPXHEM YacTH pa3pe3a rOpaHCKOH Me-
Tamopduueckol cepun (AR,), pacronoXeHHOH B 10ro-
3anajHoit yactu lOro-3amagnoro I[lamupa — GparmenTe
Hypucran-ITamupcekoro cpenunnoro maccuba (AR, ~PR)
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B cocraBe AdraHo-lOxHOaMHUPCKON KUMMEPHUHCKOM
TOPHO-CKJIA4aToi obnactu [8].

Mectopoxaenne Kyxu-Jlan cnenuanu3upoBaHo Ha Jpa-
TOLICHHBIE KAMHU: 0JIATOPOHYIO IIITHHEb, KINHOT'YMUT,
(hopcTepUT M BBICOKOMAarHe3MallbHOE HEPYIHOE ChIPHE.
OHo c(hopMUPOBAJIOCH B TeUEHUE TPEX MeTaMOp(PUUECKUX
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LMKJIOB: JIByX — B YCJOBHSX T'PaHYJIMTOBOH U ampuodo-
JUTOBOM (haluii permoHajIbHOr0 Meramopdusma, cocTo-
SIBILUXCSL B JIOKEMOPHH, ¥ TPETHEro — B YCJIOBHUSX JIIH-
N0T-aM(UOOJINTOBOM U 3eJeHOCIaHIIeBON (annuu, B Ka-
Ho30¢ [9]. B pe3ynbrare 00pa30Baiuch MaJOKEIC3UCThIC
MHUHEpajbl MarHe3uajbHbIX CKapHOB: LINMHHENb, (GopcTe-
pUT, S3HCTATUT, ¢uioronuT u np. [7]. BemecTBeHHY0 OC-
HOBY MECTOPOXIECHMS COCTaBISIOT MarHe3HaJlbHO-CKap-
HoBas Qopmarus [5], a TakXe TalbKOBbIEC, I'PAaHUTHbIE
U OKeJPUT-KBAPI-KHAHUT-IPaUTOBBIE TIOPOJBI C KOp-
auepuToM U carndupuHoM. OHHM PaCIOJIOKEHbI BHYTPH
MAarHe3uTOBBIX MPaMOPOB MOIIHOCTHIO 0,5 M MPOTSKEH-
HOCTBIO 1,2 kM [3, 5], KOHTAaKTHPYIOIIUX C CUITUMAHUTO-
BbIMM T'Helicamu. I'eosoramu skcnenuuuu «llamupksapii-
CaMOLIBETb» OKOHTYPEHO T€JIO, Ha3BaHHOE [J1aBHOU 30-
HOM MarHe3uajbHbIX CKapHOB, JJIMHON OKOJIO OJTHOTO KHU-
JIOMETpa U MOLTHOCTHIO 10 85 M [3] u paznenéHHoe Ha TpU
yuactka (Ne 2, 3, 5, puc. 1). HeGosbiiue 3anexu Marte-
3MaJIbHBIX CKAPHOB C IOBEJIHPHOM HIMUHENbIO CKOHICH-
TPUPOBAHBI BOJIU3U CEBEPO-3aI1aHOI0 KOHTAKTa C I'HEH-
CaMM M KpHUCTAJUTMYeCKUMU ciaHnamu (ydactku 1 u 7),
B IICHTPAJIbHON YaCTH MAarHe3UTOBBIX MPaMOpoOB (ydac-
TOK 0) U Ha I0Te, B MarHe3uToBoi n1un3e, 280x50 M, BHY-
TPH THEHCOB (yuacTok 4).

JlokeMOpuiickie MeTaMOP(PUUIECKUE TPOLIECCHI C TEPMO-
nuHamudeckumu yciosusimu 70 700°-900 °C u P 800—
1100 MIla [1, 2] co3manu NIOTHBIE TOPHBIE MOPOJBI Oe3
MTYCTBIX MPOCTPAHCTB.

HccnenoBaHusiMU aBTOPOB CTAaTby OBIIO YCTAaHOB-
JICHO IIHMPOKOE Pa3BUTHUE IIYCTOT U 00pa3oBaHUE B HHUX
U MO0 UX CTEHKaM KPHUCTAJJIOB Pa3IUYHBIX MUHEPAJOB.
BrisiBiieHHEe 3aKOHOMEPHOCTEI 00pa3oBaHMsI KpHCTall-
JIOB C Y€TKO BBIPAXKCHHBIMH 3JIeMEHTaMHu (TpaHu, péopa,
BEPILUUHBI, CPEJIM BEICOKOOAPUYECKUX MHUHEPAIbHBIX ac-
connanuit Mmectopoxxaenus Kyxu-Jlam) sBnsercs rias-
HBIM 00bEKTOM IIPEACTABJICHHOI'0 UCCIIC/IOBAHUSI.

MatepuaJjibl M1 MeTOAbI McciaeroBanust. OOpasiisl
JUISL iCCIIeIOBaHUs OBbIJIM OTOOpaHBI U3 LITOJBHU U OT-
BaJIOB Ha ydacTke Ne 5 (cMm. puc. 1) Bo Bpems MOJIEBBIX
pador B 2012-2015 rr. llltydsl ¢ mycTroTamMu npocmo-
TPEeHBI 1101 OMHOKYJISIPOM, 3aMEPEHBI pa3Mephl IMYCTOT
U KPHUCTAJJIOB. J[MarHocTHMKa MHHEPajoOB BBIMOJIHEHA
ABTOPAMHM C ITOMOIIBIO METPOrpaduueckoro MUKPOCKO-
na B nuindax, peHrrenoa3zoBeiM aHajin3zom Bo MI'PH-
PITPY wum.C. Opaxonukunse (aHaautuk A.B. Dé-
nopoB) u Ha mukposonjae B [EOXM AH (ananutuk
H. H. Kononkoga).

XapakTepHCTHKA MYCTOT M HX pacnoJjoxkenue. [1y-
CTOTBI HAOJIIOAAIUCH BO BCEX MUHEPAIbHBIX acCOLHAIH-
SIX MarHe3uajbHbIX CKapHOB: B LINHMHENEBBIX, (POPCTEPH-
TOBBIX, KJIMHOTYMHTOBBIX, (DJIOTONUTOBBIX, MHPHUTOBBIX
U TQJIBKOBBIX arperartax. IlyCTOTBI mpencTaBiIeHbI IByMs
rpyINIaMH.

[TycToTBI NEPBOU epynnbl UMEIOT 1IENEBUAHYI0 hOopMy
CO CTEINEHBIO 3USHUA (PACKPBITUS) 10 OJHOIO CaHTHMe-
Tpa (00bI4HO 1-2 MM), JUIMHOM JI0 IECATKOB CAHTHMETPOB.

Puc. 1. CxemaTtuuyeckana reonoruyeckas Kapra (A) u paspes (B)
mecropoxaeHua Kyxu-Nan. Cocmasumens A.A.[ypesuy, ¢ do-
MOIHEHUAMU U U3MeHeHUAMU a8mopos:

1 — pentoBuanbHblie OTIOXKEHUA; 2 — THEWCbl U MUTMaTUTbI; 3, 4 —
Mpamopbl: 3 — KanbLUUTOBbIe, 4 — MarHe3nToBble; 5 — rpaHuTbI,
NAarMorpaHunTbl, NermaTuTbl, anauTbl; 6 — U3MEHEHHbIe THeW-
Cbl; 7, 8 — CKapHbI: 7 — 9HCTATUTOBbIE C 3a/1EXKAaMM Ta/lbKa U XKe-
LPUT-KMAHUTOBbLIX Nopoa; 8 — wnuHenb-GopcTepuTosble; 9 —
Haasurun; 10 — pasnombl

IIycTOTHI pacnonokeHsl B CHIIBHO TPEIIMHOBATBIX y4acT-
kax. CTeHKH NyCcTOT CHOPMHUPOBAHBI HAPACTAIOUIMMH
Ha pa3apoOJICHHYIO MAacCy KPUCTAJIaMH TOTO YK€ MHHE-
pana. [TycToTsl epBoil rpynnsl HAOIIOAATNCH B CIEAYIO-
LIMX ACCOLMALUAX MAarHE3UAJIbHBIX CKAPHOB:

1. B mmuHenaeBbIX CHUIBHO TPEIIMHOBATHIX arpera-
TaxX, ¢ MOJIOCTSIMH, UMCIOIIUMHU IIEIEBUIHYIO (OpPMY.
B HHMX OT CTEHOK BHYTpPb pacTyT IIpaBUJIbHbIC KPUCTAJLIbI
C TVIAJKUMH, POBHBIMH, OJECTALIIUMHU I'PAHSIMH OKTa3pa,
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Puc. 2. MNepsas rpynna nycroT:

A — KpUCTaNAbl LWNUHENN CO CTEHKM NOAOCTU (CTPE/IKM Ha OA4HOM U3 pereHepupOoBaHHbIX rpaHeit); b — cxemaTnyeckan peKoHCTPYKLMA
puc. A: LN 1 — cunbHO TpelwmHoBaTas WnuHenb (paHHAn), LN 2 — pereHepupoBaHHblie rpaHu (No34HAA WNNHENb); B — CpOCTOK Kpu-
CTaNNOB WNWHENMU C NYCTOTKOM; [ — pereHepmnpoBaHHbIA KPUCTANN KAMHOTYMUTA (MOKa3aH CTPEeKOW) Ha TPeLwMHOBATOM KAMHOTYMU-
TOBOW OCHOBe; [, — arperaT Ta/ibKa C LWeneBnaHOM NycTOTKOM (NoKasaHa cTpenkoit); E — rpynna nyctoTtok o 0,5 cm B nonepeyHunke
(cTpenku) B popcTtepmuToBOM arperate
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XHuMHYeCKHUI COCTAB MHHEPAJIOB, COCTABJISIOIIMX CTEHKHU MYCTOT U BbINoJHeHus (B Mac.%)
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Ipumeuanue. H.0. — 37I€MEHT HE ONPEEIUICS; «—» — HyJICBbIE 3HAUCHHS.

poMOoioieKasipa U Ipyrux Oosee CIOKHBIX KpUCTAII-
nundeckux Gopm, pazmepom 10 10 u Gosee caHTUMETPOB
o pedpy (puc. 2, A, B). CriibHO pa3npoOICHHBIN IIMH-
HeJIeBBIN arperar (C pa3HOHANPABICHHBIMU TPELIUHAMHM)
CO CTOPOHBI IYCTOI'O0 MPOCTPAHCTBA IMOKPHIT I'PAHIMH
MOYTH HE 3aTPOHYTHIMH TpelnHamMu. OHU HMEIOT POB-
HBIE TMIaJKHE TOBEPXHOCTH. OT HUX BHYTPb KPUCTAJLJIOB
Ha riyOuny 10 0,5 cM HIIMHENb MOYTH HE 3aTPOHYTa Tpe-
IIMHAMHU. DTH MOHOOOJIACTH SIBJISAIOTCS Oojiee mpo3pad-
HBIMH M PE3KO KOHTPACTUPYIOT C pa3po0JIeHHOH Maccoii
BHYTPEHHHUX 30H KpUCTAJJIOB (cM. puc. 2, b).

InuHenb penko COAEPIKUT MeJIKUe TBEP/bIE (araTur,
LUPKOH, KOPYHJ, rpadUT U MUPHUT) M T'a30BO-KHJIKHUE
BKytoueHusl. Cpenu MOCIeHUX BBIJCISIOTCS HMPEeUMYy-
IIECTBEHHO XJOpHUAHBIE pa3HoCTH [12]. XuMuueckuii co-
CTaB IIMUHENH B Pa3JIMYHBIX KPUCTAJIIAX [TOYTH [IOCTOSI-
uen. Munepan conepxut (B mac.%): FeO 0,18; Cr,0, 0,12;
V,0,0,09; CoO u NiO no 0,02 (cm. Tabnuuty).

C 9Toil TpynIoi mycToT aBTOPhI CTaThU CBSA3BIBAIOT
o0Opa3oBaHUE CaMOI'0 KPyITHOTI'O KPHUCTAJLIa IITUHENH Be-
com 5880 rpamm u pazmepom 15x17x20 cM, oOHApYKEH-
HOTO Ha MECTOPOXKJaeHuHU B 1985 .

2.Cpenqu MOHOMHMHEpaJIbHBIX KaTaKJIa3MPOBAHHBIX
y4acTKOB 0eJoro (hOpcTepUTOBOrO arperara BCTPEYaroT-
Cs IIE€JIeBHUIHBIE TIOJIOCTH CO CTENEHBIO PACKPBITHS 2—3 MM
U TPOTSHKEHHOCTBIO NECATKH CaHTUMETpoB. CHIIBHO Iie-
penpobaennas (no 0,1-0,3 cM Mexay TpelmrHaMu) mMac-
ca 3€peH QopcTepuTa Ha CTEHKaxX IYCTOT MOKPHITA POB-
HBIMH 3€pKaJIbHBIMU I'paHsIMu (5—7) IIUHON U IHUPUHON
710 3 cM. I'paHM KPYTHBIX KPUCTAJJIOB HAPACTAIOT HA MeJl-
KM€ yTJIOBaThIe 30HbI, COCTABIISIOLINE sJIepHbIE (BHYTPEH-
HUE) y4aCTKHU MUHepaJbHOr0 HHANBUAA. B 3—5 MM oT no-
BEPXHOCTH TpaHed K LEHTPY KpUCTaJlJa OHH MOYTH JIU-
LIEHBI TPEUIMH, TAK)KE KaK B IITTHUHEIHN, ONMCAHHOM BbIIIE
(cm. puc. 2, B). B dhopcrepute ycTaHOBICHO HU3KOE COJIEP-
s)kanue FeO, a Takxke Xpom, BaHAUH, KOOAJIBT U HUKEIb
(cm. Tabmuiy). s Hero XapakTepHbI PEIKHUE, MEIKHE
TBEP/BIC U (IIIONTHBIE BKIIFOYCHU .

3. B kpynubix ckomieHusix nupura no 40 u Oonee
CAaHTUMETPOB B IONEPEUHMKE HAOIIONAIOTCS ILEIEBU /-
HBIE MYCTOTHI CO CTENEHBI0 PACKPBITHS 10 HECKOJIBKUX
caHTUMeTpoB. Kpucramisl nupura pazmepom 0 5 cMm
00pa3yloTcs Ha CTEHKax IYCTOT, YacTO CPacTasich B JIpy-
3bl. OHU 00JIaJJAIOT CUJIBHBIM METAJINYECKUM OJECKOM
U SIPKUM JIaTYHHO-KENThIM LBeTOM. DOpMbI KpHCTa-
JIOB — Ky0 M NeHTaroH-aoxekasap. x BHyTpeHHUe ua-
CTH TaK)Xe MPEJCTAaBJISIOT CO00I CHIIBHO TpEIIMHOBA-
THIN arperar.

4.B KJIMHOTYMHTOBOM, CHJIBHO TepeApOOICHHOM
arperaTe, B ILEJEBUJHBIX IOJOCTIX HEOOJBIIOrO pac-
KpbiTHs (3—5 MM) HaOIIOAAI0TCS HOBOOOpPA30BaHUs rpa-
Hell KpYIHBIX KPUCTAJJIOB MU MEJIKUE MPO3padyHble KpH-
cTaJulbl Oosiee TEMHOTO, YeM pa3poOiieHHas OJIOKKa,
KJInHOryMuTa (cM. puc. 2, I'). Jluist XuMH4ecKoro cocraBa
KJIMHOTYMHUTa XapakTepHo (B Mac.%): MOBBIIIEHHOE CO-
nepxanue TiO, no 2,81 u F 1o 3,97 u nuskoe FeO 0,05,
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a Tak)ke HaJMuuMe XpoMma W BaHaaMs, COOTBETCTBEHHO,
10 0,05 u 0,03 (cm. TabauIy).

5. B nuH3ax Tanbka MOIIHOCTBIO Oonee 10 1 mpoTsKEH-
HOCTbIO Oosiee 180 M, pa3BUTBHIX BOCTOYHEE y4yacTKOB No 3
u 5, BO parMeHTax MUKpPOCKJIAA4aTOCTH, B MECTax Iepe-
ru0oB (3aMKOB) HAOJIIOAAIOTCSI BBITSIHYTBIE MYCTOTHI
3x1x1,5 cM ¢ rIagKUMU U pOBHBIMH CTEHKaMH (cM. puc. 2, JI).
Tanbk KpynHOUENTyHUYaThId, MaIOXKEIEe3UCTHINA, MaKCH-
mansHoe 3HadeHue FeO cocrabmser 0,73 mac%. B Hém
YCTaHOBJICHO MOBBIILIEHHOE COJIEPIKAaHHE aTFOMUHUS U (PTO-
pa, cooTBeTCTBeHHO, 1,57 1 0,41 Mac.% (cM. TabIuILy).

6. Cepun MeJKHUX IYCTOT 10 1 CM B IONepeyHuKe Ha-
OJofaNINCh B KPYIHOUYCHIyHYaThIX CKOIUICHUSIX Oec-
IBETHOrO (HJIOTONMUTA CPenrd KPYIHBIX mHopdupoodiac-
TOB OBaJIbHOI (POPMBI CHIIBHO TPEIMHOBATOW PO30BOM
LITTMHETU ¥ 0eoro GpopcTepuTa 10 5 ¢M B NONEPEYHHKE
(cm. puc. 2, E). @noronuT B 3TUX y4yacTKax o0yajaeT oT-
YETIUBBIMHU KPUCTAINIOMOP(POJIOrHUECKUMHU OYepTaHUSI-
MU B OTJIMYHUE OT WITKHEIN U popcTeputa. OH TakxKe Xa-
pakTepusyercs Hu3kuM coaepxkanuem FeO no 0,01 mac.%
u Beicokumu F 1o 1,41 mac.% (cm. Tabmuiy).

Bmopas epynna nycror siBisiercst 0oiiee BhIpa3nuTeIIb-
HOI ¢ pa3HOOOpa3HBIMHU (pOpMaMHU: OT OJIM3KOU K H30MET-
pUYHON 110 1ieneBuaHON. Ha uX moBepxHOCTIX CPopMHu-
POBaHbl KPUCTAJLIbl PA3JIMYHBIX MHHEPAJIbHBIX BH/IOB,
pazHooOpa3re KOTOPBIX MPEICTABICHO HUXKE.

1. B arperatax nupuTa 4€pHOrO IBETAa Pa3zMEPOM
JI0 HECKOJIbKHX JECSITKOB CAHTHMMETPOB B IOIEPEYHU-
Ke, pacIoJIOKEHHBIX cpeau (OPCTEPUTOBOrO arperara,
BCTPEUAIOTCS MYCTOTHI pazMepoM 5x4x3,5 cm (puc. 3, A).
YEpHBIii IBET MUpHUTa 00YCIIOBIICH TOHYANIIICH CEThIO JKHU-
70K cynbara xenesa (FeO 40,5 u SO, 54,6 mac.%). Moui-
HOCTh KHJIOK COCTaBIISIET COTBHIE JOJIM, & PAaCCTOSHUE
MeXy HUMH — 1-2 MM. OHU niepeceKaroTcsi, 00pasys Mu-
KPOILITOKBEPK, U PUJAIOT YEPHBIH LBET KPYIHBIM arpe-
raram IHpUTa.

[ToBepxHOCTH IycTOT 00JIafaeT M3BHINCTOM (hOpMOii
U CIUIOHIb MOKPBITA OENBIMU KpUCTAJIJIAMH MarHe3uTa
u KanpnuTa cepuueckoil GopMel 10 3 MM B JuUameTpe
(cm. puc. 3, A).

2. Cpeau KpyHHOKPHUCTAJITMUECKHX 000CcOo0IeHuil no-
JIOMHUTa JI0 5 CM B INONEPEYHUKE BHYTPU KaTaKJIa3Upo-
BaHHOro arperara ¢opcrepura HaONIOAAIOTCS PEIKUe
MyCTOTHI 10 2 cM B monepednuke. OqHU U3 HUX COAEp-
Kar Mpo3payHble OECIBETHBIE 4YellyWdyaTble KpUCTall-

A

Puc. 3. Bropas rpynna nycror:

A —NycTOTKa B arperate NnMpuTa, co cheponnuTamm Kanbumta
M marHesuta (ctpenka); b — ynnoweéHHble 6ecuBeTHble Kpu-
CTanNbl XI0pWUTa 5 MM (CTpenka) B NONOCTM AAMHON OKONO
1,5 cm B KPyNMHOKPUCTANNYECKOM fonoMUTe; B — npusma-
TUYECKMEe KPUCTaNbl AONOMUTA gANHOM o 1,5 mm (cTpen-
Ka) B NycToTKe 60s1ee 1 cM B MonepeyHnKe MexKay KAMHory-
MWUTOM M MarHesuTom; I — paamanbHO-1yuncTblin cheponut
aparoHUTa AMameTpom 5 mMm (CTpenka) B MycToTKe cpeau
KPYNHOKPUCTaNIMYECKOro J0/10MUTa

84



OTteuyectBeHHas reonorua, Ne 1 /2020

JIbI MarHe3naibHOro xjuopura (cM. puc. 3, b), a apyrue —
pasuaIbHO-IyYUCThIE, HTOJIbYaThle OECLBETHBIE KPUCTAII-
JIbl aparoHuTa (cM. puc. 3, B). [1aBHbIe JTMHUM HA PEHT-
reHorpaMMme XJopurta mnpeacraBieHsl: 14,196 (60); 7,117
(100); 4,744 (60); 3,550 (80); 2,843 (55); 2,029 (16). Lud-
pBl Mepes CKOOKaMHM — MEXIUIOCKOCTHBIE PACCTOSHUS
B aHICTpeMax, a IUQPbI B CKOOKaX — MHTCHCUBHOCTH. XH-
MHYECKHU COCTAaB MUHEpaja XapakTepusyetcs (B Mac.%):
Hu3kuMU coaepxanusimu FeO no 0,13, mOBBIIIIEHHBIMU
P,O, 10 0,5 u F 1o 0,26, a Takxe HamuuueM Xpoma, Ba-
Hajaus, KkobansTa U HUKEd, coorBeTcTBenHo, 0,03, 0,04,
0,02 u 0,05 (cm. Tabnuiy).

3. B KIMHOTYMHUTOBBIX O00OCOOJEHHUSX BCTPEYAIOT-
Ccsl MyCcTOTHI 10 1,5 cM B TONEpeyHuKe, CTEHKH KOTOPBIX
MOKPBITHI MPO3PAYHBIMU  KPUCTAJIJIAMH  KJIMHOTYMHUTA
10 1 cM 1 GecrBeTHOro, IPO3PAYHOro JOJIOMHUTA JITUHOM
10 3 MM, npusmarudeckor gopmsl (cMm. puc. 3, I'). ['nas-
HbIC JINHUW Ha PEHTI'€HOTrpPaMMe JIOJIOMHUTA IMpeJCTaBlie-
HBI cienyromumu 3HadeHusmu: 2,879 (100); 2,662 (20);
2,532 (20); 2,188 (40); 2,012 (20); 1,801 (50). B psine my-
CTOT OBLIM YCTAHOBJICHBI YETKO 0Opa30BaHHBIC KPUCTAJI-
JIbl OpycHTa, aparoHuTa 1 jojaomMuTa [6].

4.B KaJbUUT-IOJIOMHUTOBBIX arperarax BCTPEYEHBI
IyCTOTBI, BBITIOJIHEHHBIE PAJIMATIBbHO-IYYUCTBIMU CPOCT-
KaMHM KPHUCTAJUUIOB aparoHUTa pa3MepoM OKOJIo 6 MM
(cm. puc. 3, I, JI). AparoHuT OblI onpenenéH MEeTOA0M
peHTreHogazoBoro aHanusa. [1aBHbIe JUHUU Ha PEHT-
reHorpaMMe aparoHMTa HPEJCTAaBJICHbI CIENYOUIMMH
snagenusmu: 3,398 (100); 3,275 (30); 2,702 (45); 2,484
(55); 2,372 (50); 1,977 (70).

I'ene3uc mycror. Ilpomeccam o0Opa3oBaHus IycTOT
MPEIIECTBOBAJM ABa IIUKJA JOKEMOPHUIICKOro MeTaMop-
($u3Ma, COnpoOBOXKABIINECS BHICOKUM JIUTOCTATHYECKUM
nasiaeHueM 1100-800 MIla. OHo mpuBeNno K CHIBHOMY
YIUIOTHEHUIO MUHEPAJIOB MarHe3UaIbHbIX CKAPHOB: IIITH-
Hend, opcrepurta, dHCTaTuTa. JlaHHBIE MUHEpalbl OT-
HOCSTCSL K caMOH paHHel rexHepauuu. TepmonuHamuuec-
KM€ TPOLIECCHI TUX [[UKJIIOB JISKAT B MOJIE MEXIY JIMHUSI-
mu -1 (puc. 4).

[TonoOHOE YIMJIOTHEHHE NPOSIBUIIOCH B CHJIbHEHIEM
JOpOOJICHUH MHUHEPAIIOB M CO3JaHHH Pa3HOOOPa3HOIrO
KaTakKJaCTHYECKOr0 PHUCYHKA: NapajlielIbHbIX, HepIeH-
JUKYJISPHBIX, TUAarOHAJIBHBIX TPEIINH, a TaKXKe MEJIKOM
ckianyarocty. [locie CHATHSI MaKCUMalIbHOTO JIaBJICHHS,
Ha PErpecCHBHOM CTaguu MeTaMop(pu3Ma, OHH SIBHIIUCH
KaHajJaMH Ui JABHXKEHHSI MeTaMop(OreHHO-TUAPOTEp-
MaJIbHBIX PACTBOPOB, KOTOPBIE YaCTHYHO PACTBOPHIIH Iie-
pudeprueckue yyacTKu KprcTajuioB. MuHepasibl moreps-
JIM TIEPBOHAYAJIbHBIE KPUCTANIOMOP(OIOrHYecKre oyep-
TaHUSI.

Tpemunbl OTphIBa CHOCOOCTBOBAIU €UIé OOJIbIIEMY,
HO JIOKQJIbHOMY MaJCHHUIO JABJICHHS 110 MEXaHH3MYy Jie-
komnpeccur. OHM MOCITY)KUJIM TJIABHOW MPUYMHOM 00pa-
30BaHUS MYCTHIX IPOCTPAHCTB. B HUX co3naBanuck Oiaro-
MIPUSITHBIE YCIIOBHS JUISl pEereHepalui KPUCTAIITHYECKUX
(dbopM MUHEpaJIOB MEPBOM I'eHepalK, KOTOPbIE aBTOPBI
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Puc. 4. O6pasoBaHue NyCcTOT B 3BONOLUU TEPMOLUHAMUYECKUX
ycnosuii metamopdusma mecropoxkaeHus Kyxu-/lan:

| — BepxHAs rpaHMua 1-ro umkna metamopdusma; Il — sepxHan
rpaHunua 2-ro umkna no [1]; lll — moHoBapmMaHTHaA peakuma: aH-
CTaTUT+HOPCTEPUTHWNMHENb=MArHe3nanbHbli XN0puT, nNpu P
Boabl 1 MMa, no [10]; IV — mOoHOBapuaHTHas peakuus: ¢opcre-
puT=cepneHTUH+6pycut, npun P Boapl 0,3 MMMa no [10]; 3awTpu-
X0BaHO none P-T-ycnosuit 06pasoBaHuna NycToT; IH — aHCTaTHT,
®OP — ¢dopctepur, WM — wnuHenb, Mg-X/1 — marHesunasnbHblit
xnoput, CEP — cepneHTuH, 6P — 6pycut

HaOIIOMaN Ha MHOTOYHCICHHBIX 00pa3max (cM. puc. 2).
B Tpemunax pazapoOiaeHHbBIE M YaCTHYHO PACTBOPEHHBIC
KPHUCTAJUTBI SIBUJIMCH OCHOBOM ISl HApacTAIONINX HA HUX
HOBBIX TC€HEpaIii TpaHeH U BEPIINH (CM. puC. 2).

Perenepanusi ocyIiecTBIsIaCh B MIMPOKOM TIOJIC TEM-
nepaTyp ¥ JaBICHUN MEXAY JINHUSIMH MOHOBAapUAHTHBIX
peaknwmii I1I u IV (cm. puc. 4). Pereneparnmto aBTopsI pac-
CMaTpHUBAIOT KaK M30XUMHYECKYIO CTaanio MeTamopgo-
TEHHOTO MUHEPaI000pa3oBaHMsL.

Ha 3T0ii cTainy mporcXouIo MeTacoMaTHYECKOE Ipe-
oOpa3oBaHHe MMUHETN, GOPCTEPUTA U IHCTATUTA, KOTO-
PO€ MOKHO OITHCATh ¢ ToMoIIbI0 peaknnii (1-3). Hampumep,
obpazoBanue ¢uoronuta (On) mo mmuaenu (LIm) u dop-
creputy (Dop). lannast peakuusi, MPOTEKaBIIasi C OTPH-
HaTeJbHbIM OO0BEMHBIM 3(deKToM, Moriaa MPOXOTUTbH
C MIPUBHOCOM KaJIMsl U BOJIOPO/ia U BHIHOCOM MarHusi ¥ BO-
JIbI TIPU JIeTHpaTaiy (rrona.

Mg, ,Al1O0,(Iln)+3Mg,SiO, (Pop)+K*'+6H*—
—>KMg381 AlO OHZ((DJI)+3,5Mg2*+2HZO )

AV=-21,4 CM3/M0JIL

BeposiTHO, UMEHHO 3Ta peakius MOIJa CIIOCOOCTBO-
BaTh 00pa3oBaHHi0 MycTOT. OHA KOppETUPYEeTCs: C 00-
pa3oBaHMEM JIPYTUX BOAO- M KapOOKCHIICOAEPIKAIINX
MHUHEpAJIOB: MarHe3WajbHOIO XJOPHTAa M T'HAPOTAIb-
kuTa. Hampumep, peakumst sHCTaTUT (DH) +]opcTeput
(Dop)+mmurens (m)=marae3nansHblil XaopuT (Mg-xi),
HaOnrogaeMass Ha MECTOPOXKAECHUH, SKCIEPHMEHTAIbHO
paccuutana [10, 11]. E€ mapaMeTpsl COOTBETCTBYIOT JH-
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Jlutonorua, neTponornua, MMHepanorua, reoxmmma

Huu III (cMm. puc. 4). Pacu€Tsl 3TOl peaknuu, IpoTeKaB-
el ¢ MOJIOKUTENBHBIM 00BEMHBIM 3 dekTom, crenan-
HBIEC aBTOPAMU JIAHHOH CTaThU, UMEIOT CIIEAYIOUINH BU:

MgSiO,(Or)+Mg,SiO,(Pop)+2MgAl O (Im)+3H,0+
+2H'*=Mg,Al,Si,OH (Mg-xm)+Mg** 2

AV=+44.5 cm*/Monb

B P-T-ycnosusix Huxe jiuHuu IV, B mycrorax Hayanu
OTKJIJBIBATHCSI KAPOOHATHI: JIOJIOMUT, KaJbIUT U BOJIO-
cozieprKalue MUHepaJIbl (CepreHTHH, OpycuT u ap.). [Ipn
JlaJIbHEHIIIEM MMOHMKEHNN TEMIIepaTyphbl U AaBICHUS BbI-
MOJTHEHUE ITYCTOT OCYIIECTBIISUIOCH MHHEpajaMH CBO-
6oaHOTO pocTa (cM. puc. 3). X 3HaueHUsI COOTBETCTBY-
10T noutto Huke MuHuU [V (eMm. puc. 4) ¢ P-T mapameTpaMu
410°-330 °C u 48020 MIla. J/lanHasg morpaHu4Has JH-
HHUS COOTBETCTBYET MOHOBapHMaHTHOW peakuuu: Qopcre-
put (®op)+Boma=cepnerntun (Cep)+opycur (bp) [10, 11].
MuHepanbHas accolMalus, MPEICTABISIONAs JaHHYIO
peaxIuio, NIMPOKO Pa3BUTa HA MECTOPOIK/ICHUH.

0,66Mg_SiO (®op)+H,0=0,3Mg_Si O H, (Cep)+
+0,33Mg (OH),(bp) 3

AV=+15 cm*/monb

CeprieHTHH 1 OpyCUT — OHH U3 CaMbIX ITIO3THUX MUHE-
panoB MecTopoxaeHus. OHM HAOMIOAATOTCS KaK B ITYCTO-
Tax, TaK U B MEK3EPHOBOM IIPOCTPAHCTBE, B MHTEPCTUIIU-
SIX IIUHENIH, (POpCTepUTa U SHCTATUTA.

OO0pa3oBaHue MyCTOT, PEreHepaluio MUHEPAJIOB Iep-
BOM CcTaguy, a 3aTeM IIOSIBIICHHE BOJO- M KapOOKCHIICO-
Jep KalluX acCOIMalui MOXKHO paccMaTpuBaTh Kak Iie-
PEXOAHBIHN ATAI B IBOJTIONMHA MHUHEPAJIBHBIX KOMILJIEKCOB
MmecTopoxaeHus Kyxu-Jlam.

[lo mpencraBieHHBIM MaTepuasaM MOXHO CJelaTh
cneayromue BbIBoAbL. Ha mectropoxnenun Kyxu-Jlan
0OHapy >XeHBI JABE I'PYTIBI MyCTOT: C pereHepamnuei mnep-
BHYHBIX U 00pa30BaHWEM HOBBIX (BTOPHYHBIX) MUHEpPa-
JIOB, MIPEJCTABISAIOMINX ONPENEIEHHYIO CTAIUIO B Pa3BH-
THU MHHEPAJILHON acCOlMAI[MU MarHe3ualbHbIX CKAPHOB
(cM. puc. 4).

C mepBo# TPyNION MYCTOT CBSI3aHO 00pa30BaHUE HO-
BOM reHepanyy rpaneii KpUCTauIoB MIMTHHETH, popcTepu-
Ta, KIMHOTYMHUTA, ioronuta u ap. OOpacTanue rpaHIMA
MUHEPAJIOB MarHe3UaJIbHBIX CKAPHOB aBTOPBI pacCMaTpu-
BAIOT KaK PEreHepaluio NEepBHYHBIX HeperpoOIeHHbBIX
kpuctaioB. OHa POUCXOAMIIA B OCBOOOAMBILIEMCS TIPO-
CTpaHCTBe TpemuH. Perenepamnus npusena kK oOpa3oBa-
HUIO HOBBIX I'PaHEH M BOCCTAHOBIICHHUIO O0JIHMKa KPUCTAI-
JIOB, NIEPBUYHBIE (POPMBI KOTOPBIX OBLIN pa3pylLICHBI Jae-
(dhopManusIMH U pacTBOPEHUEM.

Perenepanusi Obuia 00ycioBiIeHa ABYMs IPUYMHAMHU.
[epBasi: oOpa3zoBaHKe TpEUIMH OTPbIBA NPUBEIO K BO3-
HUKHOBEHHIO ITyCTOTO MpOCTpaHcTBa. Bropas: oxHOBpe-
MEHHO C HEeW MPOHMCXOIMIH JIOKaJIbHbIE METacOMaTH4eC-
KM€ PEaKIMH, IMPOTEKABIINE C OTPHULATEIBHBIM 00BEM-
HBIM 3¢ dexTom. DopmMupOBaHHE TMYCTOT MPOUCXOIUIIO
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Ha PErpecCUBHOI CTaJAMM BTOPOr0 TEKTOHO-MeTamMop(hu-
YeCKOro IUKia (CM. puc. 4).

Co BTOpOIi T'PyNIION MyCTOT CBSI3aHO BBITIOJHEHUE UX
KpHUCTAJUIaMH MHHEPAJIOB, KOTOPBIX HET B COCTaBE CTe-
HOK. O0Gpa3oBaHNe MHHEPAJIOB TPOHCXOIUIIO ITpH T HUXKE
410°-330°C u P 48020 MIla n ocymecTBIsJIOCH Ha 3a-
KJIHOYHUTCIBHOM OTPE3KE 3H}IOFCHHOI>’I AKTUBHOCTU PErHOHA
B TPETHEM IMKJIE PETHOHAJIBHOTO MeTaMmopdu3ma. OH ObLI
00yCJIOBIICH aJIBITUHACKOM STIOXOH OporeHesa.

PaccmoTpenHslit mporece crocobcTBoBas 00pa3oBa-
HUIO KOJUIEKIINOHHOT'O KPHUCTAJJIOCHIPHSI: IIMTMHENH, (Op-
CTepUTa, KIMHOTYMHUTA U JIP., 9aCTh KOTOPBIX SIBISETCS
pereHepupoBaHHON (B MEPBOM TpyIIe MycTOT), a Apyras
oOpa3oBajach U3 pacTBOPOB (BTOpas IPyIINa).
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TpeGoBaHus K 0(pOPMIICHIIO PUCYHKOB

Pucynku u npyrue rpaduueckne marepuansl (He Oosee 8) MpencTaBisiOTCs B IBETHOM WIIM YEPHO-OEJIOM BapH-
aHTe B 3JIEKTPOHHOM BHJe. Pazmep OpUrHHaIOB PHCYHKOB HE JJOJDKEH NPEBHIIATh (JopMara CTPaHUIbI KypHaa
(170x237 mm). Kaxkaplii puCyHOK IOMEIIAeTCsl B OTJACIBHBIN (ailyl B OJHOM M3 CIIeAyIOmuX (opMaroB: rpadu-
yeckuii penakrop Corel Draw, JPEG, TIFF (tonbko ms ¢oto), nuarpamma Microsoft Exsel. I'paduka nomxna
OBITB MPSIMO CBsI3aHa C TEKCTOM U CIIOCOOCTBOBATH €ro cokparieHno. OpopMiIeHHe U coliepKaHie HILTIOCTPATHB-
HOTO Marepuaa JOJKHBI 00ecIIeyrBaTh €ro YNTaEMOCTh [10CIIE BO3MOKHOTO yMeHbIeHus. Kcepokonu
Y CKaHMPOBAHHBIEC KCEPOKOIIMHU HE MIPUHUMAIOTCS. [10prcyHOYHBIE TIOIHMCH [1eYaTaroTCsl Ha OTAeIbHOM
cTpaHuIe. PHCyHKH, HE yIOBIETBOPSIONINE TPEOOBAHHSIM PElaKIMY, BO3BPAILAIOTCS aBTOPY.
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