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[lepBbie AeTtanbHBIE PabOTHI MO UCCIENO-
BaHMIO OCOOEHHOCTEH COCTaBa, CBOWCTB U
3aKOHOMEPHOCTEW paclpe/ielieHUus: U3MEHEH-
HBIX TOPOJ] B 00JACTSIX COBPEMEHHOTO TH-
poTepMalbHOTO MeTamopduzMa ObLTH TPO-
BEJICHBI B CEpPeIMHE ABAIIATOTO Beka. OCHO-
BOMoJararomeil paboTroil B HM3y4eHHH BTO-
PUYHBIX MHHEPAJIOB B ATO BPEMS SIBUIOCH
UCCJIEI0BAHUE TUIPOTEPMAIbHO HM3MEHEH-
HBIX TOpOJ MECTOpOXJIeHMs Balipakeil B
Hogoit 3enanaun. B Poccun numonepckumu
paboTamMu MO M3YYEHHIO THIPOTEPMATIbHBIX
nopon cranmu uccienosanus C. M. Haboko
(1954), mo3auee C. 1. Haboko ¢ coaBTOpamu
(Hab6oxko, ITuiim, 1961; Haboko u ap., 1965).
Ha Ilayxerckom mectopoxxaenun (Kamuar-
Ka) YCTAHOBWJIM TISATh METACOMATHYECKHUX
30H, Pa3BUBAIONIUXCSA MO TydaM JTalluTOBOTO,
JlallMaH]Ie3UTOBOIO, aH/1e31u0a3aIbTOBOTO
COCTaBa M CMEHSIONIUX OFHA JIPYTYIO IO Me-
pe norpyxenus (I[Terpora, 2005).

MeracomaTnyeckasi 30HATBHOCTh MOPOJ
BBISIBJIEHA Takke B MYTHOBCKOH THApPOTEp-

ManbpHOU cucreme (Kamuarka). TepmoBme-
IIAONUMH ~ 37€Ch  SIBJSIFOTCS ~ MHUOIICH-
YeTBEPTUYHBIE TMOPOJbI, TMPEJCTaBICHHBIC
nepeciauBaHieM 0a3albTOBBIX, AaHJE3UTO-
BBIX M PHOIUTOBBIX IJUTOKPUCTAILIIOBUTPO-
KJIacTU4YecKux TyhoB u naB. ['maporepmaib-
HbIE€ PAacTBOPHI BapbHPYIOT OT XJOPUAHBIX
HaTpPHUEBBIX B BBICOKOTeMIiepaTypHoM (T =
230-320 °C) pe3epByape Ha ri1yOMHE CBHIIIE
800-1000 M mo cynb(aTHBIX HATPHUEBBIX
KOHJICHCATHBIX PAacTBOPOB OJIM3MOBEPXHOCT-
Horo ¢opmupoBanus (T = 50-95 °C) obna-
CTH €CTECTBEHHOW pasrpy3KH THAPOTEPM Ha
noBepxHocth (ITerpoBa, 2005; CroBuoB,
1994). TTo U.B. CnoBuoBy (1994), pasrpyska
TEPMAJIBHBIX BOJ| CONPOBOXKIAETCS TIPOIIEC-
caMH TUAPOTEpPMAIbHOTO MeTamopdusma,
(bopMUpYsT IPOTTHITUT-aPTHILTH3UTOBYIO (op-
MaIMIO C MUHEPATbHBIMU (aIUsIMU.

ABTOpaMH M3Y4E€HO OJJHO U3 T€PMaIbHBIX
nojed MyTHOBCKOW THAPOTEPMAIBLHON CH-
CTEMBI B pailoHE CEeBEPO-BOCTOYHOTO CKJIOHA
r. JIByrop6oii. Paifon uccienoBanuii pacmo-
noxeH B 70 kM roxHee T. [lerpomnaBnoBcka-
Kamuatckoro (puc. 1, a, 6).
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Puc. 1. Kapma pacnonoscenus gynkanos Mymnoegckuii u I openvlil, pation uccie0o8aHuli omme-
YeH NPSAMOY2OJIbHUKOM (a); 2eono2udeckas Kkapma-cxema pationa 2. /leyeopooil (Jleonos, 1989) (6): 1
— 066anbHO-0CkinHble omaodcenus (Qs); 2 — nemzosvie mygul nepesanos (Qa); 3 — basanemor Haiiko-
6ot cepuu u gynkana ITnockozo (Q%); 4 — 6asanemui, andesubazanvmol, andesumot 6yakana MymHoe-
ckozo (Q%); 5 — uenumbpumor mpewunnvix apearshvix ussepycenuti gyrkana I'openozo (émopoii ¢a-
361) (a) u nemsosvie myduor paiiona Jaunvix mepm (6) (Q%);6 — andesumol, oayumu, puorumu (a),
bazanemul (6), ux myghui u mypobpexuuu (8) eyakana Jgyzopbozo (Q%); 7 — baszanemol, andesuba-
sanbmul, ux mygui u mygobpexuuu eynkana Cxanucmozo (Q%); 8 — 6azanomot, ux mygut u mygoo-
pexuuu gynkana Tanvuux (Q%); 9 — npomescymounsiii komniexc myghokonznomepamos, mygoe u
mygobpexuuii (Q%); 10 — uenumbpumur eynkana Iopenoeo (nepsas ¢aza) (Q%); 11 — paspuisnvie
HapyuweHusi ¢ YCMaHOBNIeHHbIM BePMUKAIbHBIM cMeujeHuem (a), mpewunsl (6); 12 —pazeedounvlie
CK8AdMCUHbL (8), mepmonposenerus (6); 13 — sanemenmul 3an1e2anus nopoo (a), MapKupyroujue epaHuybl
8HYmMpu cmpamuepagpuueckux noopazoeneruti (6)

W3ydaemble METaCOMATHTBI MPUYPOUEHBI
K IpeBHEMY JIaBOBOMY ITOTOKY T. /[Byrop0oii,
KOTOPBII ObUT MOABEPKEH TUAPOTEPMATbHOM
nepepabotke. ['maporepmanbHast ak THBHOCTb
(B BUJE TOpSYMX M XOJOAHBIX MCTOYHHKOB,
¢bymapos) B HacToslliee BpeMsi OTCYTCTBYET.
[IpunoBepXHOCTHbIE METAacCOMAaTHUThI Tpej-
CTaBJICHBl OMAJUTaMH, KBapIeM, XaJleIo0-
HOM M Pa3JIMYHbIMM BHJaMM ITUH. Bmema-
fonre (HEM3MEHEHHBIE) MTOPOJIBI — AIIUTaAMHU
U aHJIe3UTaMU.

LEeHTHBI aHanu3. KonmnuecTBo nmpoaHanusu-
poBaHHBIX 00pa3ioB — 15.

MeToauka uccjie10BaHud

Puc.2. Cxema onpobosanus ucciedyemuvlx nopoo

I'eonorudeckoe onpoOoOBaHUE BBHITTOIHEHO N -
(cesepo-gocmounvlil  CKIOH eopul  Jleyeopboii).

B xoJie moJieBbIx pador 2010 — 2012, 2014
IT., cxema oOmnpoOOBaHUs TMpPUBEJCHA Ha
puc. 2.

s u3ydeHus mopoJi MpUMEHEHbI METO-
JIbI MUHEPAJIOTHH, IETporpaduu; MpOBEICHbI
peHTreHo(ha30BBIi W peHTreHodIIyopec-

Kpynnoim nynkmupom nokasana niowaos onpo-
bos8aHUsL, MEAKUM — MAPWPym omobopa npoo

@®a3o0BbIil COCTAaB MOPOJ MU3ydAJCAd C IO-
MOIIIbIO KaueCTBEHHOTO PEHTTeHO(a30BOro
aHanu3a. [[ns uzydeHus: o0pas3oB ObUTH HC-
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MOJIb30BAHbl  (PU3UKO-XUMUYECKUE METOIBI
UCCIIeIOBaHHus — TU(PPAKTOMETPHS U UHPpa-
KpacHasi CIIEKTPOCKOIHS, a Takke 000py[o-
BaHue AHanutuueckoro nentpa MBuC JIBO
PAH.

JudpakTorpaMMbl TIOTyYeHBI HA PEHTTE-
HOoBckoM nudpakromerpe XRD-7000 MAX-
ima (Shimadzu, Snonwus). Pexxum chemMku
HenpepbiBHBIN, n3nydeHue CuK,, Hampspke-
aue 30 kB, Tok 30 MA, uaTepBan yrios 20 6-
70°. CkopocTh CKaHUpOBaHHS 1°/MuH, IIar
ckanupoBanus 0,05°, sxcno3uniust B Touke 3
cek. [Ipu cremke HCONIb3yeTcs cUCTeMa Io-
JUKANWIIAPHOU ONTHUKH.

XUMUYECKUN COCTaB MOPOJ H3Yydalcs C
MOMOIIBIO0 PEHTTCHODITYOPECIIEHTHOTO CIICK-
tpometpa (Pioneer, Bruckner).

CocTtaB MUHEpPAJIOB OIpPEAEISICS B aHa-
JUTHYECKUX IIEHTPaX HHCTUTYTa TEOJIOTUU
Komu HI YpO PAH u MIBuC JIBO PAH na
CKaHUPYIOIUX 3JIEKTPOHHBIX MHKPOCKOIMAaX
VEGA 3 TESCAN. PexuM ChbeMKH — YCKO-
pAroniee HanpspkeHue katoaa 20 kB.

Pe3yabTaThl HCC/IE10BAHUM

[To pe3ynbraram peHTreHO(}a30BOro aHa-
au3a 00pasipl MPEACTABIAIOT COOOH CMech
omana, KBapliia, aTyHuTa, KaoauHuTa (puc. 3).

Op

10 20 30 40 50 60 *'“ka

Puc. 3. Jughpaxmozpammul npedcmagumenvuwix
obpaszyos: Ka — kaonunum (anoxcum); Alu —
anyuum,; Q — xeapy, Op — onan

Taxxke oOHapyxeH MuHepan rpedrur (?)
(Fe*'Fe?*2S4), KOTOpBIHi OTHOCHTCS K THO-
IIMUHETW W3 TPYNIbl JIMHHEUTA. XapakTep-
ueie mpumecu — Ni (10 20 %), Cr, Mn u ap.
MHUKpPOCKOIIMYECKH OH IPEICTaBJICH B BUJE
MEIIKHX 3€PEH, OKTadAPHUUECKUX KPUCTAIIIOB,
3ePHUCTBIX arperaTtoB, CKOIUICHUS KPHUCTAal-

noB. 1llupoko pacmpocTpaHeH B 0CaJI0YHBIX
Opo/ax, HO BCTPEYAETCS W B HHU3KOTEMITE-
paTypHBIX THAPOTEPMATBHBIX MECTOPOXKIC-
HUSIX, U B OTJIOXEHHUSAX COBPEMEHHBIX TOpSsi-
yux rcrounukoB (Skinner et al., 1964).

ITo pe3yabraTtaM peHTTEHO(IYOPECIICHT-
HOTI'O aHaJM3a METaCOMATHThI oboramieHbl V
(mo 398 r/1), Cr (mo 814 r/t), Sr (mo 630 r/T),
Ba (m0 1799 r/1) (Tabmn. 1).

Taoauna 1. Cooeporcarie MUKPOKOMNOHEHINOG
8 2UOPOMEPMATILHBIX MEMACOMAMUMAX, 2/m

Ne mpo- V Cr Sr Ba
ObI
1 — — 454 —
2 — — 421 —
3 — — 528 —
4 — — 273 —
5 — — 313 —
6 — — 630 —
7 0 0 71 83
8 398 48 228 769
9 368 48 90 656
10 390 35 217 1799
11 364 213 220 53
12 164 52 62 319
13 129 36 329 442
14 165 29 253 570
15 13 814 3 84

[To wuccrenoBaHUSIM THIPOTEPMATHLHBIX
METaCOMAaTUTOB Ha CKAHHUPYIOMEM MHKPO-
ckorrie (VEGA TES SCAN) BeieneHbl aBa
THUTIA TIOPO/T.

IlepBbIii THI — BMEIIAIOUIME TOPHBIC
IIOPOJbl, B 3HAYMTEIBHOM CTENEHU THIPO-
TEpPMaJIbHO TepepadOTaHHbIE, B HUX OOHa-
PYKEHBI CIENYIOIIHE MHHEPAIBHBIE BKIIIO-
YEHUS.

Kaonunum npencraBieH B BUAE CIUIOII-
HOI Macchl. OTMEYEHO TOBBIIIEHHOE COZIEp-
xanue SiOz, Takas pa3HOCTh MHHEpaia
Ha3bIBACTCS aHOKCUTOM (puc. 4,a).

Anynum c npumecsio Na (HaTpOalyHUT).
Nmeer cBoeoOpaszHyro TabIUTUATYIO WIH JIU-
cToByIO (opMmy, pazmepom Oosee 100 Mrm
(puc. 4,a).

IInazuoknazel 00pa3ylOT MeENKHE 3epHa
pazmMepoM 10 100 MKM BBITAHYTOH HpSMO-
YrOJApHOM Wi TabnutyaToil (popmel. 3ame-
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IICHBI aTyHUTOM, OTMEYAETCS IMOBBIIICHHOE
conepxkanue Ba u V. KomumuectBo Ba mpe-
BBIIIIACT (MHOTZIAa B HECKOJIBKO pa3) KOJIU4e-
ctBo V. [Ipumecu — Ce u Sc (puc. 4,a).

Kesapy (xanyeoon) — conepxxanue SiO2
nocturaer 95,8 Bec. %. Berpeden B Buue
KOHIICHTPUYECKUX  30HAIBHBIX  CEKpPEIUi
(puc. 4,0).

Onan BcTpeyaeTcs B BUJAC CIUHHYHOTO
BKJIHOYUCHHUA B acCOollUMallMU HECKOJIBKUX MHU-
HEpaJIOB, BEPOSITHO, aJyHUTa W AHOKCHTA.
Komuuectso SiO2 — 68,8 Bec. %, H20 — oxo-
10 15 Bec. %, B KauecTBe MPUMECU MPUCYT-
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crByior Al,O3 — 13,7, SO3 — 9,4, K20 — 2,5,
TiO2— 1,0 Bec. % (puc. 4,B).

I'pynna mumnepanos sicenesa npencraBie-
Ha MarHeTUTOM, TUTAHOMAarHeTUTOM U I'peil-
TUTOM.

Mazcnemum OOHApYXEH B BHJIE MEJIKHUX
3epeH HemnpaBUIILHOU (OPMBI, pa3MepoM J0
20 MkMm. J1y1s1 HEKOTOPBIX MarHeTUTOB Xapak-
TEPHO HAJIM4YUE CTPYKTYp pacmaja TBEPAbIX
pacTBOpPOB, (PUKCHUPYEMBIX BPOCTKAMH HIIb-

MEHHUTa («HJIIBMEHHTOBAs peIeTkay) (puc.
4,a).

Cnexktp 105

CnekTp 96
L) Cnektp 93
()

Puc. 4. Hampoanynum, anokcum, niazuoxnasvl (a);, cekpeyus xaiyedoua (6); mumaHomazHemum

sude cheporuma (8); epetieum (?) (2)

Tumanomaenemum BBISIBICH B BHIC 3€-
peH cdeponToBOi GopMbI pazmMepom Ooiee
300 mMxm. Snpo kpucramra (temHas (dasza)
NPE/ICTaBICHO HATPOATYHUTOM (mpumech Fe
u V), onain (?); mo kpasm (cBetnas ¢aza) ot1-
MEUYeH COOCTBEHHO TUTAHOMArHETHT C IIPH-
mecsmu Al,O3, SO3, K20, TiO2 (puc. 4,8).

I'peticum (?) — OOHapyXeH €IMHUYHBIN
MHHEpaJI YIioBaToil (JOPMBI pa3MEpOM OKO-

110 40 Mxm (puc. 4,r). MOXXHO BBIJICTTUTH JIBE
¢da3pl — cBeTiIylo U TeMHyw. Cperinas asa
OoJjiee OJHOPOJHAS TIO COCTaBY, COACPKUT
FeO no 91 Bec.%, NiO — no 10, 2 ,SOs — 1o
0,5. Temuas (aza oriaugaercss OOJIBIIAM KO-
auyectBoM mpumeceir — Cr, Ti, W, Mn u
JIPYTUX 3JIEMEHTOB (Tabi. 3).

XUMHUYECKUH  COCTaB  MHUHEPAJIbHBIX
BKJIFOUEHUH TIPE/ICTaBIICH B Ta0d. 2 U 3.
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BTopoii TN — MOJHOCTBIO THAPOTEP-
MaJIbHO MepepadoTaHHbIe MOPOAbI. B HuX
OTMEUEHBI CJICTYIOIIHE MUHEPAIIBI.

Kesapy (xanyeoon) — conepxanue SiO»
nocturaer 100 Bec. %. IIpeacrasinen B Buue
CIUIOIIHOW aMOp(HOM Macchl, HMHOTAA C
npumechio TiO2 (puc. 5,a, 0).

Anynum BCTpeYaeTcs B HECKOJIBKHX MHU-
HEPAJIbHBIX  aCCOIMAIMAX: HATPOATYHHUT;

HATPOATYHUT C KAOJMHHUTOM; HATPOATYHHT C
KaoJIMHUTOM ¢ npumechio Ba u P (puc. 5,a).

Kaonunum (amoxcum) npencTaBieH B BU-
JIe OKPYIJBIX 3€pPEeH pa3MepoM A0 25 MKM
(puc. 5,a).

Onan — copepxxanue SiO2 Bapbupyercs
ot 70,6 mo 79,8 Bec. %, H.O — okomo 15 Bec.
%, B KadecTBE NPUMECH THPUCYTCTBYIOT
Al;03 - 9,1, TiO2— 0,44 Bec. % (puc. 5,a).

Tabauna 2. Xumuueckuti cocmas npoanaiu3upo8aniblx MUHEPanos (oxkcuowl), eec. %

Ne | Na2O [AlO3 | SiO2 | P20s | SOz | K2O | CaO | TiO2 | V20s | BaO | FeO | Cymma | Munepan

CIIeK-

Tpa

45 - 1309 - | 68 |274] 56| - - | 33| 100 - 84,2 | Inarnoxnas

46 0,3 | 331 - 31 [ 333 ] 69 - - 2,2 4,8 - 83,7 Hnarnoxnias

56 | - [342| - | 13 |366| 87 | - - - 25 - | 833 | Mnarnomas

60 | - 163|702 - - - - o4 | - - - | 869 | Anokcnt

63 - 3,1 1,2 - 2,1 - 0,25 - - - 64,0 70,9 Marnxerur
Harpoany-

68 0,2 | 345 - - 37,0 | 10,6 - - - - 0,2 82,6 HUT

93 - - 1933 ]| - - - - - - - - 93,3 Kaapn

9% | - - | 958 - - - - - - - - | 958 Ksapu

105 | - 197|707 | - - - - - - - - 90,4 AHOKCHT
Harpoainy-

108 | 0,3 | 36,9 - - 38,7 | 94 - - 0,3 - 0,6 86,2 HHUT

109 - 13,7 | 68,8 - 9,4 2,5 - 1,0 - - 0,7 96,1 Oman
Turanomar-

110 - 2,6 8,3 0,4 2,6 - - 3,0 - - 60,9 77,9 HETHUT

111 - 2,4 2,4 0,4 2,5 - - 7,4 - - 62,7 77,8 «

112 - 2,6 2,1 0,3 2,6 - - 2,1 - - 66,1 75,8 «

113 - 2,6 1,9 - 2,8 - - 3,1 - - 66,4 76,7 «

114 - 3,8 4,8 0,5 2,7 - - 2,6 - - 65,9 80,1 «

116 - 2,6 52 0,5 2,5 - - 3,1 - - 64,9 78,9 «

117 - 2,3 6,7 0,5 2,4 - - 1,1 - - 62,7 75,7 «

Tadauua 3. Xumuuecxuti cocmas epetieuma (?) (okcuowt), eec.%

Ne cnekrpa | MgO | Al20s | SiO2 | SOz | K20 | CaO | TiO2 | Cr203 | MnO | FeO | NiO | MoO2 | WO3 | Cymma
83 0,8 6,7 136 | 09 | 06 | 1,7 | 0,5 | 250 1,2 44,4 1,6 - - 96,9
84 - - 3,9 - - 0,3 - 6,3 - 88,1 | 10,8 1,0 - 110,3
85 0,9 8,2 164 | 06 | 0,7 | 22 | 0,6 | 27,3 14 | 37,7 1,0 - 1,3 | 983
86 0,8 7,9 153 |1 08 | 06 | 1,7 | 0,6 | 238 1,1 | 387 1,2 - - 91,9
87 - 1,1 2,0 0,5 - 0,4 - 8,3 - 91,0 | 104 - - 113,7

I'pynna munepanos sicenesa mpeacTaBieHa
TUTAHOMAarHETUTOM CO CTPYKTypaMmH pacria-
Jla TBEPJIBIX PacTBOPOB («UJIbBMEHHUTOBas pe-
nietka») (puc. 5,0). B kauectBe npumecu co-
JICPKUT HEOOJBIIOS KOJUYECTBO BaHAIUSL
(mo 0,9 Bec.%). XUMUYECKHUH COCTaB MUHE-
paJIbHBIX BKJIFOUCHHI TIPE/ICTABIICH B Ta0I. 4.

O0cy:xneHne pe3y1bTaToOB

WccnenoBanbsl MUHEpaibHbIE BKIOYCHUS
B THJIPOTEPMAIBHBIX METACOMAaTUTAX, IpH-
ypoueHHble K MyTHOBCKON THUAPOTEPMAIIb-
HOW cucteme. UTOOBI yTOUHUTH YCIOBUS HUX
o0Opa3oBaHMs, CJeIyeT BBIIBUTH MHUHEPAJIO-
TMYECKHE M XUMHUYECKHE XapaKTEPUCTUKH
cucremsl. [To W.B. CnosroBy (1994), ona
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OTHOCHUTCS K BBICOKOTEMITEPATYPHOMY THITY
(150 °C) ¢ nByxdazoBoil UpKyIsIUei (ma-
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POBO-KHJIKOW) TUAPOTEPMANBbHBIX PACTBO-
pOB.

Puc. 5. Onan, kaonunum, anynum, Keapy (a); MumaHoMazsHemMum ¢ UlbMeHUMOBOU peulemxotl,

xeapy (6)

Tabuauna 4. Xumuueckuii cocmag npoaHarusupoSaHHblx MUHepanog (no snemenmam,), eec. %

Ne Na,O A|203 SiOz ons 803 K,O CaO Ti02 Vzos BaO FeO Cymma Mmlepa.n
cIeKTpa
17 - 9,1 70,6 - - - 0,2 - 0,5 - 80,4 Omnan
Cn.18 - 10,1 79,8 - 0,8 0,2 0,4 - 0,3 - 91,4 Onan
20 1,0 36,5 6,0 0,9 37,4 8,2 - - - - 90,1 Harpoanynut
Hatpoanynur
22 0,6 29,5 22,8 - 31,4 6,8 - - - - 90,9 + KaoJIMHUAT
Kaomuuut +
24 0,4 249 | 4256 | 45 16,2 | 29 - - - 1,0 93,6 HATPOAITYHUT
Harpoamysut
25 0,4 24,9 31,9 10 | 252 | 52 - - - 0,4 89,0 + KaOJMHHUT
26 0,6 32,5 50 3,2 32,8 6,8 - - 0,4 1,2 83,1 Harpoanyrut
34 0,3 1,0 100,3 - - - - - - - 101,5 Kaapig
56 - 2,3 18,7 0,3 0,8 - 21,4 0,9 - 39,0 83,3 TUTAaHOMAarHETUT
Cn.57 - 1,1 98,0 - - - - - - - 99,1 Ksapng
Cn.58 - - 99,4 - - - - - - - 99,4 Kaapig
59 - 2,2 93,4 - - - - - - - 95,6 Ksapng
B PE3YIbTATC B33PIMO)I€I710TBH$I «pac- BbIXOJAa THAPOTEPM Ha IMOBECPXHOCTH B BHJC
TBOp-TIopoaa» Q)OpMpreTCSI IIPOIUIINT- ropauynx HCTOYHHUKOB H TPA3EBBIX KOTJIOB

aprIJUTH3UTOBAs (OpMaIvsi ¢ MHHEPAIbHBI-
Mu  ¢amusmMu. B MyTHOBCKOI ruapoTep-
MaJbHOUN CHCTEME BBIICIICHBI 06e hauuais-
Hble  NPUNOGEPXHOCMHbIE  0OCMAHOBKU
(CroBrios, 1994):

Moummopunionumosas-nupumoeas c
onanom TPUYpOUYE€HA K MecTaM BBIXOJIOB
THJIPOTEPM Ha MOBEPXHOCTh B BHJE Mapora-
30BBIX cTpyH ¢ T=98-110 °C;

Kaonunum — anynum — onanosas c 2uo-
PpOooKuciamu dcenesa IpUypodeHa K MecTam

cynbdaTrHo-HATPUEBBIX KUCIbIX (pH = 2,6 —
3) nera3upoBaHHBIX PaCTBOPOB.

Hccnenyemble mopoabl  OTHOCATCS KO
BTOpO# (haranbHONH 0OCTaHOBKE.

N3ydaemble MeTacOMaTUTBl DPa3/IEIEHBI
Ha JIBe TPYIIIBl — YACTHYHO TUAPOTEPMATIBHO
U3MEHEHHBIE U MOJHOCTBIO THAPOTEPMATIBHO
W3MEHEHHBIE ITOPO/IBL.

Jnst kakoi M3 Tpynm XapakTepHBI 00-
e MUHepasibl — KAOJMHUT (aHOKCHT), ajy-
HUT, HaTpOAJIyHUT, KBapl, oman. CooTBeT-
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CTBEHHO ATH MUHEPAJIbl MOTYT XapaKTepH30-
BaTh OOILIyI0 OOCTaHOBKY (HOpPMHUPOBAHHS
JAHHBIX TOPO/I.

[To pe3ynpraram ucciaeqOBaHHWI B pai-
oHe ropel J[Byrop0oil mpoucxojuia WHTEH-
CHBHasi pasrpy3ka TepMallbHBIX KHCIO-
HEUTpaJIbHBIX HU3KOTEMIIEPATYPHBIX  BOJ
(pH 2-7, t= 80-100°C). Anynut, Na-anyHur
0o0pa3yroTcsi B KHUCIBIX HHU3KOTEMIIEparyp-
HBIX TUApOTepMalibHBIX Bojax (pH <3, t=
100-150°C); aHOKCHT, KBapll, Orajg — B KHC-
JIO-HEUTPATBHBIX THUAPOTEPMAIBHBIX Cpeax
(pH 3-7, t= 50-100°C) (I'nmaBHBIC THIPOTEP-
MaJibHbIe MHHEpaibl ¥ ux 3Hadenue, 2009).
Ha »rtor dakr yka3eBaloT  (usuko-
XUMHUYECKHE IMapaMeTphbl ONMKAWIIUX Tep-
MaJbHBIX HCTOYHUKOB — CeBepo-MyTHOB-
CKUX (3amajHasi ¥ BOCTOYHas rpymisbl). Tem-
neparypa u pH BapbupytoT ot 90 10 96 °C,
2,5 — 7,8 coorBerctBenHo (Bakun, Kupca-
HOB, 1976). D10 MpennoaokeHne o HU3NKO-
XUMHUYECKHX YCJIOBHSIX IMOATBEPIKIAIOT BbI-
SBIICHHBIE MHHEpabl, KOTOpPbIE OTHOCSTCS
UMEHHO K KaOJMHHT-aTyHUT-OIMAJIOBON MPH-
MOBEPXHOCTHOU Qaruu, T.e. MPUypOUYCHHBIE
K pasrpy3ke CepHO-KUCIOTHBIX TEPMaJbHBIX
Bo (CroBiioB, 1994).

COOTBETCTBEHHO ISl KaXJIOW W3 Ipynn
MOPOJI XapaKTepHbl CBOM MUHEPAIBbHBIE 0CO-
OEHHOCTH U NpeoOpa3oBaHMUsL.

B mepBoii rpynne (4acTMYHO H3MEHEH-
HBIE TIOPOJIbI) BBISABIICHBI IJIATMOKIIA3bI, 3a-
MeIlIeHHbIe anyHUTOM. [lnarmoxmnasel, Bepo-
aTtHO, npencraBienbl K-Na moseBsiMu 1ima-
TaMu (OpTOKJa3, CAHUANH), KOTOpbIE BCTpe-
YarOTCsl BO BMEIIAIOMINX CPEIHUX U KHUCIBIX
BYJKaHHYECKUX TOpOJax JAaHHOTO paioHa
(Yarmuu, Mapteiaos, 2011).

['pynmna mMuHEpasioB kene3a (MarHeTUT U
TUTAHOMArHETUT) — BO3MOXHO, OOJBIINH-
CTBO OOHapy»XEHHBIX BKJIIOUYEHUN — 00pa3o-
BaJIMCh BO BMEIIAIOMIINX MOPOIAX, MOCKOJIBKY
B JIaBaX CPEJAHEr0 W KHUCJIOro COCTaBa OHU
SIBIISIFOTCS TJIABHBIMU PYAHBIMH MUHEpAIaMH.
Ho uHorna (kxak, Hanpumep, oOHapyXEeHHBIN
«IIApPUK» TUTAHOMArHeTUTa) OHU MOTYT 00-
Pa30BBIBATBECSA B PE3yNbTaTe THIPOTEPMAIIb-
HOT'O BO3/ICUCTBHS Ha BMELIAIOIIUE TOPOJIBI
(TCnaBubIE ..., 2009; Poraaros u ap., 1996).

ITo muenuto yuenbix (bosbmakos, Jloo-
TOB, 2012), TpeUTUT SBJISCTCS MPOMEKYTOU-
HbIM TPOAYKTOM IIpolLecca MUPUTH3ALNH
0cajJika, MPOHMCXOJAIIETO TIPU HEJOCTaTKe
KHCIIOpO/Ia B BOCCTAHOBUTEIIBHBIX YCIIOBUSX,
B KOTOpBIX HambOojee CTaOMIbHBIM MHHEpa-
nom keneza sBisercs nupuT (FeSz). On
(dopmupyeTcss B MPUIIOBEPXHOCTHBIX YCIO-
BUSIX 3aXOPOHEHUS Ocajka (BOJIM3U TPaHULIBI
0CaJIOK—BO/Ia) KaK Pe3ysIbTaT PeaKlMi HOHOB
xKelesa ¢ cepoBogoporoM. ObpazoBaHue Ko-
HEYHOT'O MPOJIYKTa MUPUTHU3AINH — TTHPUTA —
MPOUCXOJUT MpH 3TOM Mo uemnouke: FeS
(MakkuHaBHUT, TpowsuT) — FeSi1 (muppo-
TiH) — FesSs (rpeiirut) — FeS; (mupwur).
CrnenoBaTenbHO, ISl (PUKCAIUU B OCAJKe
IpedruTa WM MHPPOTHHA JaHHAs IENnoyKa
Ha OJHOM M3 STAloB JOJDKHA OBITH pa3opBa-
Ha. Haunbonee yacto monararT, 4To 3TO MO-
KET TPOU30HTH TPH HEITOCTATOYHOM KOJIH-
YecTBE B OCaJKE PACTBOPEHHOrO cyibdaTa
WIH OPraHMYECKUX BEUIECTB, HApUMep, U3-
3a TOro, 4TO BCS OpraHuka OyJeT morjioiieHa
Cynb(haTpeIyIUPYIOIIUMHA OAKTEPUIMUA. ITO
MIpepBET Mpolecc 00pa3oBaHUs CEPOBOIOPO-
1a, TUareHeTW4YecKas MUPHTU3ALUS OCTAaHO-
BUTCS Ha MIPOMEKYTOUHOM CTaJuU, U BMECTO
UpHUTa 00pa3yercs, HapUMep, TPCUTHUT.

B Hamewm cnyuae rpedrutr obpasyercs B
HU3KOTEMITCPATYPHBIX  THAPOTEPMATBHBIX
HUCTOYHUKAX, T. €. MMEET YK€ H3yueHHBIE
cxoxue ycnoBus (opmupoBanus (bosbiia-
koB, J{omoros, 2012).

Bo BTOpo# Tpyniie mopona BKIIOUYECHUS
(MOJTHOCTBIO THUIPOTEPMATLHO-U3MEHEHHBIE)
MIpPe/ICTaBJICHBl JHUIIb OJHUM HaOOpOM py-
HBIX MHUHEpAJIOB — OKCHJIaMH Xele3a (THTa-
HOMArHeTuT). YciaoBus uUX (HOPMUPOBAHUS
CXOXH C yCIOBHSIMH (DOPMHUPOBAHHUS MHUHE-
paJioB keje3a U3 MepBOod IpyMIbl HOPoJ, HO,
BO3MOJKHO, YTO BTOPWUYHBIE THIPOTEPMAllb-
HbI€ TPOIIECCH HIPAOT TEPBOCTEIICHHYIO
pOJIb.

BrIsiBIIeHBI TEOXUMHUYECKHE OCOOCHHOCTH
Ka)XJI0M U3 ITPYIIT METACOMATUTOB. B mepBoit
rpymnme oOHapyxeHbl K-Na nosesble mmnaTsl,
conepxammue Ba u V. Ho Gapuii u Banaguit
KpaifHe peiko o0pa3yloT MHUHEpaJbHBIE CO-
enuHeHusT (3TH MHHEpaTbl UMEIT COBeEp-
IIICHHO WHBIE yCJOBHs (POpPMHUpPOBAHUS), TO-
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TOMY YTO UX ATOMHBIA U MOHHBIA PaIUyChl
CWIBHO pasnuyatroTcs. B Hamem ciydae,
BO3MOXKHO, Ipou30I1LIa ux auddepeHnnanms
— Oapuil BbIABIICH B aJyHUTEC M KAOJHMHUTE
(aHOKCHUT), KOTOpPHIE, B CBOIO OYEpE/ib, 3aMe-
CTWIM IUIarMOKJIa3bl, a BaHAJWM Iepelen B
KPUCTAIJIMYECKHE  PEIIETKH  MHUHEpajioB
Ipynnsl kene3a (TUTaHOMAarHeTUTa, MarHe-
TUTA). JTa CUTyalMsl BbISIBIEHAa BO BTOPOU
rpynie ruipoTepMaIbHbIX METACOMATUTOB.

OpTokia3pl, KaKk M3BECTHO, OTIUYAIOTCS
NOBBILIEHHBIM cOZiepkaHueM Ba, oHM BbISB-
JIeHbl B KOPEHHOW Mopoje (aHAe3WT, JaluT)
(berextun, 1950; Yammu, Maptsitos, 2011).
Bananuii, BeposiTHO, U3BJI€UEH M3 KOPEHHBIX
TOPHBIX TMOPOJ B pe3ysbTare BO3ACUCTBUS
CEPHO-KHUCIIBIX PACTBOPOB U MEpelen B IIH-
HHUCThIe MuHepanbl u cwimkatel (Haboko,
1959). KopeHHbIe MOPOABI CPETHETO U KHUC-
JOro cocraBa OOOTaIIeHbl BaHAIHEM, CpEll-
Hee cojiepKaHue BapbupyeT B npeaenax 100-
500 r/T (Yauwn, MapteiHos, 2011).

Oxcuapl keneza 00pa3ylOT €aMOCTOSI-
TeJIbHbIE MUHEPAJIbl — THTAHOMArHeTUT, Mar-
HeTUT. B Buae mnpumecu HaOmIOJAIOTCS B
onaie u anyaute (10 0,7 Bec.%). OObIUHO
U3BJIEKAIOTCSI M3 KOPEHHBIX MOPOJ KUCIBIMU
rHapoTepMalibHbIME BoJaMu (I J1aBHBIC THI-
poTepMalibHble MUHEpaibl M UX 3HAYCHHE,
2009).

Taxue >1€MeHThI, KaK XpoM, HUKEIb, MO-
anbsieH, BoiabGpaM, BXOISIT B COCTaB MUHE-
pana rpeiirura B BuJe npumeceil. B ucxon-
HBIX Mopojax (aHAe3uTax M JalMTax) AaH-
HbI€ 3JIEMEHTBl OOHAPYKEHbI B OYE€Hb MaJbIX
KOJINYECTBaX (CpeaHee coaep)kaHue He Ipe-
Bblmaer 13 r/t). Bo3MoXHO, MNpOHU30ILIO0
IIPUBHECEHHUE JAHHBIX JJIEMEHTOB C PacTBO-
POM U3 IITyOUHBI.

CrpoHLMH TPUCYTCTBYET B MNPOAYKTaX
peakuuii CepHO-KHUCIBIX pPacTBOPOB (aHOK-
CHT, aJIyHUT) U KOPEHHBIX TOpHBIX nopo OH
He 00pa3yeT Kakux-1u0O OTAEIbHBIX MHHE-
paJioB, HAXOJIUTCS B PACCEIHHOM BHJE B IO-
ponax (mo nanusiM PDA), nerko copbupyer-
cs npoayktamu ruaponusa (Haboko, 1959).

BriBoabI

OU3NKO-XUMUYECKUE YCTIOBHS (POPMUPO-
BaHUA U3y4aeMbIX rpynn nopog — pH 2-7; t =
80-100C° (am3KoTEMIEpATypHBIE KHCJIO-
HEUTPAJIbHBIE TUAPOTEPMAIIBHBIE HCTOYHU-
k). [Topoibl OTHOCATCS K KAOJTMHUT-ATYHHUT-
OTAJIOBOM TIPHUIIOBEPXHOCTHOHN armu pas-
HOI cTeneHu TruipoTepMaibHON mepepadoT-
KHU.

OO6HapyKeHHble MUHEpPaJbHBIE BKIIOYE-
HHS B MOPOJAX, @ TAKKE UX N€OXUMUUYECKUE
O0COOCHHOCTH CBUJETEIBCTBYIOT O IMpeolia-
JaHWW CEPHO-KUCIIOTHOTO BHILIEIIAYNBAHUA,
KOTOPO€ BO3JIEUCTBYET KaK Ha KOPEHHbBIE
MOpOJbl, TaK U HA NEPBUYHO THAPOTEPMAIIb-
HO nepepadoTaHHBbIe.

N3ydaemble ruapoTepManbHbIE IPHUITIO-
BEPXHOCTHBIE METaCOMaTUTHI CeBepo-
BOCTOYHOTO CKJIOHA T. J[Byrop6oii oborarie-
Hbl Pa3JIMYHBIMU 3JIEMEHTAMU, B TOM YHCIIE
METaJLIaMU.

3a nomowp 6 nposedenuu uccre008aHuUll as-
mopyul 8vipaxcarom 01a200apHOCHb COMPYOHU-
Kam Hncmumyma 6yIKAHONO02UU U CelCMOn02Ul
/IBO PAH |P.JI. ﬂyHuH-BapKOGCKOMyL BM. Yy-
baposy, M.A. Hazaposou. Onu maxoice 6aazo-
Odapuvt T.B. Mocmosoii 3a npedocmasienHvle
mamepuansi.

Hccneoosanus  Ovinu nposedenvt no npo-
2pamme HayUHO-UCCAe008aMeNbCKUX pabom, 6bi-
nonusiemvlx 6 Kamuamckom eocyoapcmeeHnom
yHusepcumeme umenu Bumyca Bepunea é pam-

Kax eocyoapcmeennoco saxaza 2012 2. (peeu-
cmpayuonnwviil Homep HUP: 5.3799.2011).
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Mineralogical and geochemical features of hydrothermal metasomatites of the Southern
Kamchatka were studied. The probable physico-chemical conditions of formation of the
studied mineral inclusions in hydrothermally altered rocks are considered.
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