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B meramopduzoBanubix rabopougax CesepHoro [Ipmianoxbs u3ydeHbl Mopdoyorus u
COCTaB OPO1000Pa3yIOIINX MUHEPATIOB C LIENbIO BBIIBICHHS KPUTEPUEB UX MarMaTHYECKOTrO
WM METaMOP(UUYECKOro Mponucxoskaenus. s perenus 3ajauu, HapsiLy O CPaBHUTEIbHBIM
AQHAIM30M C MHUHEpalaMu U3 HeMeTramop(hu3oBaHHBIX opoa [lotymganckoit unTpysuu (Bomro-
JIOHCKOH OpOreH), MPHUBJICYCHBI JAaHHbIC METPOrpadUueCKUX HCCIECIOBAHHH B COYETAHUHU
C JaHHBIMH XHMHYECKOTO COCTaBa MHHEpAlOB M PEe3ylbTaTaMH TEPMOAMHAMUYECKOTO
MoaenupoBanus. CrenaH BBIBOJ O TOM, YTO A BBIACICHUS TPYNI MarMaTHYECKHX H
MEeTaMOp(QHUIECKNX MHHEPATIOB B METaMHTPY3MBHBIX IMOPOAAX IMEPCHEKTUBHBIMH MOTYT
OBITh MOP(OTCHETHYECKHH, TEOXUMHUIECKUH, TepMOOApPOMETPUIECKHI KPUTEPHH, a TaKxkKe
KPUTCpUHU, OCHOBAHHBIC HA BBISBICHUM COOTBETCTBHUS pEAJbHBIX COCTAaBOB MHUHEPAIIOB
MozenbHbIM. COBMECTHOE NPUMEHEHHE 3TUX KPHUTEPUEB II03BOJIWIO YCTaHOBUTH, 4YTO B
NOpoJIax KaaJaMCKOTI0 KOMIUIEKCA €CTh OJIMBUH, KIIMHOITMPOKCEHBI, aM(pUOOIIBI 1 IIITar HOKIIa3kl
MarmMaTH4eCcKOro reHe3nca, a TakXkKe HX MeTaMOp(pHUIECKHe aHaJIOT .

Knioueevie cnosa: rabopounsr, CesepHoe IIpuimanoxkbe, T'€HE3UC, OJMBHUH, MHPOKCEHBI,
amduOoJIbl, IIArKoKIIa3, MarMaTuuecKasi KpUCTAIM3ALHsI, MeTaMOp(hH3M
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BBEAEHHWE

B GoJibIIMHCTBE OPOre HUYECKUX KOMILIEKCOB CYIIPAKPYCTalbHble U MHTPY3UBHBIE I1O-
POIIbI TOABEPIaloTCss METAMOP(U3MY 1101 BO3IeHCTBUEM IOBBIILIEHHOTO TEIIOBOIO IOTOKA
u B pesynsrate aecdopmaiuii (Condie et al., 2001; Meert, 2012). B marmMaTuyeckux mopo-
Jlax, MOABEPKEHHBIX MeTaMOP(hU3My, BOZHUKAET HEOOXOMUMOCTD pa3ieeHrs] MUHEPaIoB
10 YCJIOBUSIM Y BpeMEHH 00pa30BaHUs Ha MarMaTudecKue u Mmetamopduueckue. Takas 3a-
JTaya CTAHOBUTCSI OCOOCHHO aKTyaJIbHOM, KOTJa 3T MUHEPaJIbl NCITOIb3YIOTCS B KAYECTBE
M30TOITHBIX reoxpoHoMeTpoB (Faure, 1977; Goldstein, Jacobsen, 1988).

Hamu 6b111 n3ydyeHsl rabopouasl CeBepHoro Ipuianoxbs — TeppUTOPUHM, TAE B 30HE
cousieHeHUsT okpauHbl Kapeiabckoro kpatoHa u 10ro-Boctoka CBeKO(GEHHCKOro oporeHa
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O00HAaXXaIOTCSI pPaHHEIIPOTEPO30MCKIe MarMaTUUeCKe U MeTaMOpP(PUIeCcKIe KOMIUIEKCHI.
[ns cpaBHeHUsI TPUBJIEKAINCh HeMeTaMOP(pH30BaHHBIC ITOPOIBI PAHHEIIPOTEPO30MCKOTO
maccuBa [loTynanb u3 3anagHoit yactu Bonro-JloHckoro oporeHa Ha rpaHulie ¢ Kypckum
on1okoM. HecMoTpst Ha OTCyTCTBME OJIMBMHA B moponax maccuBa IloTygaHb, 3TOT BbIOOD
onpeaessiyics TeM, YTo 00a MaccuBa OTHOCSITCS K OAHO (hauuu riyOMHHOCTU U (hOPMUPO-
BaJIMCh B pe3yJibTaTe (PpakKILIMOHHON KpucTaaau3aluu.

TEOJIOTMYECKAA XAPAKTEPUCTHUKA

Maccus Kaanamo B cocraBe OIHOMMEHHOI'O KOMILIEKCA PACIIONIOXEH Ha TEPPUTOPUU
CesepHoro [Ipunagoxnssa u nMeeT opMy oBajla CEBEPO-BOCTOYHOIO MPOCTUPAHUS pa3-
MepoM 12 X 6 kM (puc. 1). OH TIpophIBaeT PaHHEMPOTEPO30ICKIE IpaHaT-OMOTUTOBEIE
THEMCHI U CITIOAMCTBIE CIIAHIIBI JIATOKCKOM Cepru, a Takke aM(PUOOIUTBI COPTaBaTIbCKOI
cepun. KoHTaKTEI MaccuBa ¢ BMEHIAIOIIMMHU ITOPOJAMU CEKYIINe, MHOTIA CyOCOIIacHbIe.
B 00pa3oBaHuu MaccuBa y4acTBYIOT IOpOIbI Tpex a3 BHeApeHus: 1) MepumaoTUThI, OJIK-
BMHOBBIE KJIIMHOMUPOKCEHUTHI, TUIATMOIUPOKCEHUThI, MeJIaHOrabopo; 2) rabopOHOPUTHI,
radboponMOpUTHI; 3) IMOPUTHI, KBAPLIEBbIE TUOPUTHI, TOHAIWTHI, IJIaruorpaHuThl (CapaH-
ypHa, 1949; boraues u np., 1999; JlaBpos, Kynemesuu, 2016; Jlagoxkckas..., 2020). I[Tomu-

Kapenvckuii
Kpamon

Puc. 1. Cxema reosornyeckoro ctpoeHust Maccuba Kaanamo o ony611mKoBaHHbIM 1aHHBIM (JlaBpoB, Kyneniesuy,
2016) ¢ UIBMEHEHUSIMH.

1 — mepBas dasa BHempeHusi, 2 — Bropas ¢asza, 3 — TpeTbsd (aza, 4 — IpaHUTBI, 5 — TPAHUTO-THEUCHI
KupbsiBaaXTMHCKOTO KyroJja, 6 — MOpPOIAbl COPTaBaIbCKOM Cepuu, 7 — TMOPOIbl JAIOXCKON cepuu, & —
IIM3BIOHKTUBHbIE HApYIIEHHUs: a — JOCTOBepHble, 6 — mpennonaraeMble. Ha Bpe3ke (cieBa) — cxeMa OCHOBHBIX
TEKTOHMYECKUX OJIOKOB perroHa U MoJIokeHne MaccuBa Kaamamo.

Fig. 1. Geological scheme of the Kaalamo massif (after Lavrov, Kuleshevich, 2016 with modifications).

1 — first phase of intrusion, 2 — second phase of intrusion, 3 — third phase of intrusion, 4 — granites, 5 — granite-
gneisses of the Kiryavalakhta dome, 6 — rocks of the Sortavala series, 7 — rocks of the Ladoga series, § — disjunctive
violations: a — reliable, b — alleged. Inset (left): scheme of the main tectonic blocks of the region and position of the
Kaalamo massif.
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Mo MaccuBa Kaamamo, B cOcTaB KaaJaMCKOTO KOMITJIEKCA BXOIUT PSII METKHUX TeJI-CaTeIUTH -
toB (Apamunnamnu, Cypu-Cyo, Uxanansaapa, Kekkocenbka u ap.) (Jlamoxckas..., 2020).
U-Pb uzotonHblil Bo3pacT TpeTbeil (ha3bl BHeApeHUst MmaccuBa Kaanamo, onpeneeHHbI
1o LHUPKOHY, cocTapiseT 1883 + 5 muH et (boraueB u ap., 1999).

MaccuB MeTaMop(hU30BaH B YCJIOBUSIX HE BbIlIE YPOBHS aMpuboanuToBoi ¢amuu (Jla-
noxckas..., 2020), omHaKo IJsI KpaTKOCTU M3JIOXKEHMsI TPUCTaBKa «MeTa-» K Mopoaam
37iech U ganee onyckaetcs. P—T ycioBusi Metamop@u3Ma KOMIUIEKCa paHee He OlieHUBa-
JIUCh, XOTSI METaMOp(dU13M B paiiloHe pa3BUTHS 3TOrO KOMILIEKCa U3ydalicsl Ha MPOTSKEHUM
mHorux jiet (Kuiyn, 1963; I'eonornueckoe..., 1970; Benukocnasunckuii, 1972; Haraiines,
1974; T'eonorus..., 2000, u ap.).

B.W. Kuityn (1963), usyuast KapboHaTHbIE TOPOJIbI, BHIASIWI B paiioHe MaccuBa Kaana-
MO TMOTICUIOBYIO 30HY, B KOTOPOI TUOTICH CMEHSIET O0JIee HU3KOTeMIIepaTypHbBI TPEMO-
quT. KOxHas yacTh MaccuBa coBMamaeT ¢ 00jee BHICOKOTeMIIepaTypHOil (popcTepuTOBOIA
30HO. [I.A. BenukocnaBunckuii (1972) u FO.B. Haraiiues (1974) npennoyaratot aJjisi 3T0ro
paiioHa cpegHeTeMIlepaTypHBIii MeTaMOp(hU3M ¢ OMOTUT-MYCKOBUTOBBIMU MUHEPAIbHBI-
MM accollMaliisiMy B MeTanenuTtax. [1o TaHHBIM MUHEpPaJbHONW TepMOOAPOMETPUU TEM-
nepatypa ux obpasobanus coctasistia 600—650 °C, nasiaenune — 4—5 kbap (I'eosorus...,
2000).

Maccus IToryzanb BXOIMT B COCTaB IajeOIPOTEPO30MCKOro XoxojabcKo-PemnbeBcKoro
6atonuta [JloHckoro TeppeiiHa. DTOT 6aTOJIUT C(POPMUPOBAJICS B MOCTKOJUIM3MOHHBIN 2TATl
pa3sutust Bonro-oHckoro oporeHa (Terentiev et al., 2020; IeTtpakoBa u ap., 2022) u cio-
JKEH MarMaTU4YeCKUMU IIOPOJAMM JABYX TUIIOB — IABJIOBCKOIO U IOTYIaHCKOIO, KOTOPHIE
o6pazoBaiuch 2050—2080 muH net Hazan (Terentiev et al., 2020; IletpakoBa u ap., 2020;
2022).

HemeraMopdu3oBaHHbIe KBaplieBble MOHIIOrabOpo-rpaHoAMOpuThl MaccuBa [loTy-
JIaHb IPEICTaBISAIOT COOOIl cepble, pO30BAaTO-CEPhble MACCUBHbIC, MEJIKO- U CPeIHEe3ep-
HucTble ntopoabl. Comepxkat ruiarnokias (32—54%), xanueBblii moseBoii miar (6—22%),
ouotur (9—22%), amdutdon (0.5—12%), kBapi (5—12%), knuHonupokceH (5—10%). Ak-
LIECCOPHbIE MUHEPAJIbI IIPEACTABIEHbl MATHETUTOM, WJIBMEHUTOM, allaTUTOM, TUTAHUTOM,
LIMPKOHOM, IUPPOTUHOM, peXe TUTAHOMATHETUTOM, TMPUTOM U XajnbkonuputoM (Ilerpa-
KoBa, TepeHTtohes, 2018).

METOIBI UCCIIEHOBAHUA

CuMKaTHbBIM aHaIu3 MOPOJ BBIMOJHEH B jlaboparopuu MHctutyta KapnuHckoro Ha
peHTreHOBCKOM criekTpomeTpe ARL 9800 mo metomuke «OrmpeneneHne ConepXaHUi oc-
HOBHBIX ...» (https://vsegei.ru/ru/activity/labanalytics/lab/lab-operations/rentgenspektr).

HccnemoBanust MUHEPAJIOB ITPOU3BEACHBI Ha CKAHUPYIOIIEM 3JIEKTPOHHOM MUKPOCKO-
e JSM-6510LA ¢ DAC JEOL JED-2200 (MI'TA PAH, ananutuxk O.J1. l'anankuHa) npu
yckopsroneM Hanpspkenuu 20 kB, Toxke 1 HA, ¢ ZAF-MeTOOoM KOPPEKIIMU MaTPUYHBIX
addexTos. [Ipenen ooHapyxeHus ameMeHToB coctasui 0.1 mac.%. @ororpaduu MuHepa-
JIOB TIOJIyYCHBI B peXKMaX KOMITO3UIIMOHHOTO KoHTpacTa (BSE) 1 BTOpMIHEIX 3JIEKTPOHOB
(SEI).

PesymsraThl MUKPO30HIOBOTO aHaiIM3a oOpabaTeiBaIuMCch B Iporpamme MINAL?2
(1.B. domuBo-Hoo6poBoasckuii, UT'TI PAH). O6pabdoTka aHaamn30B aM(pPUOO0IOB IIpOU3-
BOIMJIACH C TTOMOIIBIO ITporpaMMbl A. JIxk. JIokoka (Locock, 2014) B cOOTBETCTBUHU C HO-
MEHKJIATYpOii, peKOMEeHI0BaHHOW MexXayHapogHON MUWHepaJorMyeckoil accouurauueit
(Hawthorne et al., 2012).

7151 0MMBUH-TIMPOKCEHOBOI T€0TePMOMETPUH MCITOIb30BAJIOCh YpaBHEHNE, OCHOBAH-
Hoe Ha Fe-Mg oOmene mexay aBrurom u onuBuHOM (Loucks, 1996). st OLeHKU TeM-
nepaTyphl IPUMEHSUIICH TaKKe OBYIMMPOKCeHOBHINM reoTepmometp (Wells, 1977; Putirka,
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Taomua 1. Xumuueckuie coctaBbl (Mac. %) MOpoi KaaJaMCKOIro KOMILIeKca

Table 1. Chemical compositions (wt %) of rocks of the Kaalamo complex

daza [lepBas aza
Oo6pasen | K079-307 K079-58 Bb-22-555 Bb-22-556 Bb-22-557 Aver
OnuBuHOBBIN | ONMBUHOBBII .. | OnNMBUHOBBIN .
Mopona | Ilepunotur KJIMHO- KJIMHO- OnmBrHOBLIi KJIMHO- Cpennuii
MMUPOKCEHUT | TMHMPOKCEHUT Beocreput MTUPOKCEHUT cocrap
Sio, 46.17 50.03 47.04 50.92 46.46 49.14
TiO, 0.14 0.32 0.31 0.29 0.26 0.62
AL O, 4.02 4.70 4.05 3.45 3.18 7.58
Fe,0,t 10.45 9.94 11.48 11.30 10.43 11.45
MnO 0.15 0.16 0.17 0.19 0.17 0.18
MgO 33.18 19.57 20.94 19.47 21.94 16.05
CaO 4.87 14.17 12.76 12.97 12.88 12.36
Na,O 0.55 0.63 0.16 0.11 <0.1 0.97
K,0 0.16 0.24 0.16 0.11 0.08 0.48
P,0, 0.01 0.05 <0.05 <0.05 <0.05 0.07
TITII — — 2.61 0.74 4.44 1.92
Cymma 100.00 100.00 99.68 99.53 99.86 100.81
Cr, ppm | 2084.00 1273.00 1408.00 1255.00 1501.00 —

IMpumeyaHue. Aver — yCpemHEHHBII cocTaB Mopoj rnepBoit ¢dasel (23 aHasM3a) MO paHee ONMyOJIMKOBAHHBIM
nanHbM (Boraues u ap., 1999; UBauienko, lony6es, 2011; JlaBpos, Kynemesuu, 2016). Fe,O,t = Fe,0, + FeO

2008), reoTepMOMETPHI, OCHOBAHHbIE HA pAaBHOBECUM OPTOMUPOKCEHOM UJIU KJIIMHOUPO-
KceHoM ¢ paciiaBoM (Putirka, 2008), amduobon-marnokira3zoBsiii reorepmomeTp (Holland,
Blundy, 1994). TepmobapomeTpuuyeckue pacuyeThbl BHIMOJHSUIUCH C TOMOILbIO TPOrpaMMbl
PTQuick (http://dimadd.ru/ru/Programs/ptquick).

g MonenpoBaHMsI KpUCTA/UIM3AallMM MUHEPAJIOB U3 paciljlaBa UCIIOJIb30Balach MPo-
rpamma COMAGMAT v.3.75 (Ariskin, Barmina, 2004, ¢ ooHoBnenuem 2021 1.). st pac-
yeTa CKOpOoCTU ocThiBaHUs a3 uHTpy3un Kaamamo npumensiiace nporpamma HEAT3D
(Wohletz, Heiken, 1991). O6beMbl Kaxknoii ha3bl BHEIPEHUS PACCUMTHIBAIMCH MO TLIOIIAIN
BBIXO/Ia MHTPY3UBHBIX TTOPO]I.

g MomenupoBaHMSI TIPOIIECCOB MUHEPAIO00pa30BaHUsI ObUIO MCIOIB30BaHO 11 X1-
MUYECKUX aHAJTM30B Nopof (6 U3 HUX IPUBEAEeHO B Tab. 1, 5 — B cTaThe: AHUCUMOB U JIp.,
2022) u 6onee 220 MUKPO30HIOBBIX aHAJTU30B MUHEPAJIOB.

OCOBEHHOCTU XUMHN3MA MUHEPAJIOB

Maccus Kaanamo. Oausun TIpUCYTCTBYeT B TIEPUOOTHTAX U OJUBUHOBBIX KIIMHOITH-
POKCEHMTaX TepBOM (ba3bl, B KOTOPEIX 00pa3yeT OKPYIIbIe MM KCEHOMOPQHBIC 3epHa
B MaTpUKCe TTOPOIBI WM BCTpedyaeTcsl B BUIE BKIIOUCHUI B OpTONMMPOKCEeHe (00p. 556)
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(puc. 2, a, 6). Bapbupyert no cocraBy (Fog, s, Tabs. 2, puc. 3), 4To KOppesupyeTcs ¢ co-
CTaBOM ITOPOJ;: B 00jiee MarHe3ualbHbIX IIOPOIAX MarHe3UalbHOCTh OJIMBMHA Bbiie'. J{js
OJIMBMHA XapaKTepHa cjiabasi 30HaJIbHOCTh: OT LIEHTpa K Kpalo 3epHa comepxxanue MgO
yMeHblIaeTcs mpuMepHo Ha 1 Mac.%. OnuBuH conepxut npumecu Mn (0.002—0.02 k. ¢.),
Al (0.003—0.006 k. ¢.), Ca (0.12—0.13 k. ¢.), Ni (70 0.01 k. ¢.). HaubGobliiee KOJIUIECTBO
HUKeJIsI COAEPXKUTCS B HAaMMeHee KUCbIX TTopoaax (Hanmpumep, oop. 079-307, nepuaoTur).
OnUBYH 3aMelaeTcs WITUHTCUTOM, OOYJITMHTUTOM, a TAaKXKe aKTUHOJIUTOM.

Ilupokcenst BcTpevaroTcs B moponax 1-it u 2-it (pas BHenpeHus1. B mopomax nepsoii hasbl
KJIMHOMUPOKCEH Tpeobiiagaer Haa opTonupokceHoM. KnuHomupokceH oOpasyeT cinabo
VIJIMHEHHBIE TUITUANOMOpP(HBIC WX UIHOMOpP(GHEIE KpUCTalIEl (puc. 2, a). B mopomax
careJutiTa ApaMUHIIAMITA TTMPOKCEHBI TIPEACTaBIeHBI 00JIee KPYITHBIMU KCEHOMOP(HBIMUI
3epHaMU C HEPOBHBIMU Pe30pOMPOBAHHBIMU TpaHULIAMU (puC. 2, 6). [TMpoKceHbI OeclBeT-
HBIC WJIN ¢J1abo 3e1eHoBaThe. B opTonmmpokceHax HaOIIOMAIOTCS TOHKYE JJaMeI paciiaia,
MpencTaBIeHHbIE XeJe3UCTO-TUTAHUCTOM (Pa30ii, COOTBETCTBYIOIIEH O COCTaBY MJIbMeE-
HUTY. B KTMHOMMpOKCEeHaX yacTo HAaOII0AaeTCsl TOHKAs «Chllb», MpUAalolasi KpuctajiaiaM
OypyIo OKpacKy, MHOTIA IToTYepKUBalonasi B HUX TOHKYIO OCHMIISITOPHYIO 30HAJIBHOCTb.
KinunHonupoxkceH npencrasiieH AMONICUIOM, OPTONIUPOKCEH — 3HCTaTUTOM (Fs,, 5, Ta0. 3,
puc. 4). B kpucramurax opTonupoKCceHa 30HATbHOCTh OTCYTCTBYET.

Puc. 2. MukpodoTorpaduu mopox KaaaMcKoro KOMIUIekca (IpoXoIsIiinii CBeT, 6e3 aHaM3aTopa).

a — OJIUBUHOBHIN KiIMHOMUPOKCeHUT (00p. 079-58), 6 — onmBuHOBBIN BeGeTeput (00p. 556), 6 — rabbpo
(00p. 488), ¢ — raboponuoput (06p. 472-1), d — ToHauT (00p. 318).

Fig. 2. Microphotographs of Kaalamo complex rocks (transmitted light, without an analyzer).

a — olivine clinopyroxenite (sample 079-58), 6 — olivine websterite (sample 556), ¢ — gabbro (sample 488),
2 — gabbrodiorite (sample 472-1), 0 — tonalite (sample 318).

! 3meck u nanee ab6peBHaTyphl MUHEpaJIoB NpuBeaeHsl o (Whitney, Evans, 2010).
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Puc. 3. Xumuueckuii coctaB oJMBMHA ITOPOJ KaaJaMCKOrO KOMIUIEKca.

1 — nepunotut (o6p. 079-307), 2 — OJMBUHOBBIM KIMHONMUPOKCEHUT (00p. 079-58), 3 — ONMBUHOBBIMI
KJIMHOMUPOKCEHUT (00p. 555), 4 — OJIMBUHOBBIN KIMHOMUPOKCEHUT (00p. 557), 5 — OJMBUHOBBINM BEOCTEPUT
(06p. 556).

Fig. 3. Chemical composition of olivine from rocks of the Kaalamo complex.

1 — peridotite (sample 079-307), 2 — olivine clinopyroxenite (sample 079-58), 3 — olivine clinopyroxenite (sample
555), 4 — olivine clinopyroxenite (sample 557), 5 — olivine websterite (sample 556).
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Puc. 4. XumMuyeckuii coctaB MMPOKCEHOB KaaaaMCcKOro KomIuiekca Ha nuarpaMmme En—Wo—Fs o (Poldervaart,
Hess, 1951; Morimoto et al., 1988).

1l — ONWBWHOBBIN KIMHOMUPOKCEHUT (00p. 079-58), 2 — OJNMBUHOBBIN KIMHOMHUPOKCEHUT (00p. 555),
3 — OIMBUHOBBIN BeOCTEpUT (00p. 556), rabObpoaropuTsl 2-0it dassl: 4 — 06p. 325, 5 — 06p. 470, 6 — o6p. 472-1.
Fig. 4. Chemical composition of pyroxenes in the Kaalamo complex on the En—Wo—Fs (after Poldervaart, Hess,
1951; Morimoto et al., 1988).

1 — olivine clinopyroxenite (sample 079-58), 2 — olivine clinopyroxenite (sample 555), 3 — olivine websterite
(sample 556), gabbrodiorites of the 2nd phase: 4 — sample 325, 5 — sample 470, 6 — sample 472-1.
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B mopomax Bropoii ¢ha3el MMpoKCceHbI 00pa3yoT YIJTMHEHHbIE TUTTUIUOMOPMOHBIE KPU-
crajuibl (puc. 2, ¢). B numdax opTonrupokceH MmieoXpoupyeT OT pO30BATOrO A0 3€JIEHO-
BaTOTO IIBETa, KJIMHOIMMWPOKCEH OKpAIIEH B 3€JCHOBATBHIM LIBET, IJIEOXPOUPYET Ciado.
ITo cocraBy orBeuaer runepcreny Fs,, g, 30HaJIbHOCTU B HeM He HaOmonaerca (Tadi. 3,
puc. 4). B GonblIMHCTBE KPUCTAIOB MPUCYTCTBYIOT JaMeJIM pacnajaa, COXEeHHbIe KJv-
HomMpokceHoM. KimmHonmMpoKkceH mopo BTOpoil a3kl MpeacTaBieH TUOIICUIOM U aBIH-
ToM. B HeKOTOpPBIX KpUCTaJIIaX KIIMHOMUPOKCEHa HabonaeTcst ABoiiHNKoBaHue. Hepen-
KO MOXHO BCTPETHUTD JIaMEJIU, CIOXKEHHbIE OPTONMMPOKCEHOM. Takue CTpYKTyphl pacrana
HE XapaKTepHBI UIs1 KIIMHOMUPOKCEHOB MepBOil (ha3bl. Takke MUPOKCEHBI BTOPOl (ha3bl
OTJIMYAIOTCS OOJIBLIEH 3KEJIE3UCTOCThIO MO CPABHEHUIO C MUPOKCEHAMU TMepBOi (ha3bl
(puc. 4).

Amchuboab: B mopoaax nepBoii pasbl OTVIMYAIOTCS COCTABOM M BHEITHUM 00JuKOM. JLJist
rabopo xapakTepHbl KpyMHbIe (pa3MepPOM A0 HECKOJIBKUX CM) TUITUANOMOP(MHbIC, UINO-
MopdHbIe KPUCTALIBI (PUC. 2, 8), a B OJJMBMHOBOM KJIMHOINUpoKceHuTe (06p. K079-58)
HabJI0Ha0TCsl KPYIHbIE MOMKUI00JacThl, BKIOYAIOIINE B Ce0s1 KPUCTALIbl OJMBUHA U
KJIMHOMUpOKCceHa (puc. 2, a). B mopomax MmaccuBa ApamuHiaMiu aMbuod0s1 oopasyeT Kce-
HoMopdHBIe 3epHa (puc. 2, 6). s am@puod0JI0B XapakTepeH IIEOXpPOU3M OT OYpO-3eJIeHO-
ro, MHOT/A XeJITOo-0yporo, 10 CUHEBaTO-3eJieHoro. BeTpeyatores 6ecliBeTHBIE aM(UOOIIbI.
B noponax nepBoii ¢a3bl HabMomaeTcsl ABe TeHepaluu aMmduo00B. AMGUOOIBI IEPBOIi
reHepaly IpeaCcTaBIeHBl TTapracuToM, MarHe3M0-TaCTUHTCUTOM, MarHe3MaIbHOM U 3Ke-
JIE3UCTOM POroBOii 0OMaHKOI, aM(UOOJIBI BTOPOIT TeHepallu — aKTUHOJUTOM (Tabi. 4,
puc. 5). [panuIsl Mexmy KprcTaiaMu aMm(prO0IIOB IBYyX TeHepallnii ITocTeeHHbIC. B Ham-
0oJiee MarHe3MaIBHBIX ITOPOIax 0e3aTIOMUHIEBBIN aM(pUOOII TIpeacTaBlIeH He aKTHHOJIM -
TOM, a TPEMOJINTOM.

B mopomax BTOpoii ¢a3pl TakKe BBIACISIOTCS IBe reHepamuu aMmduoonos. Ilepsas
reHepalusl IpeacTaBieHa KCEHOMOP(MHBIMUA 3epHaMU, KOTOpPBIE 00pacTaloT KpHCTal-
JIBI OPTOITUPOKCEHA W KJIMHOIMMPOKCeHa (puc. 2, ). DT aM(puOOIIbI IUIEOXPOUPYIOT OT
OypO-3€JIeHOro A0 OYPOro M YacTO acCOIUMPYIOT ¢ OMOTUTOM M MarHeTUTOM. Mx co-
CTaB MEHsSIETCSI OT MarHe3MO-TaCTUHICHUTA OO XeJIe3UCTOil poroBoil ooMaHku (puc. 5).
AM®bUO0IBI BTOPOI TeHepalli BCTPEUAIOTCS B BUOC YIJIMHEHHBIX KPUCTAJIJIOB CHHE-
3€JICHOTO IIBETa, a TAKXKE B BUIE OCCIIBETHBIX BOJIOKHUCTBIX arperaTtoB, YacTO acCOIIM-
upyot ¢ xjaoputoMm. OOpasyioT rnceBaoMopdo3bl MO KpUCTaUIaM OPTOTUPOKCEHA U
KJIMHOIIMPOKCEHA, MHOTIA pa3BUBaloTcs 1o amdubdosam nepBoii reHepanuu. I1o cocra-
BY OTBEYalOT XeJIe3UCTOI pOroBoii 0OMaHKe, aKTUHOJUTY U KYMMUHITOHUTY (TabJ. 4,
puc. 5).

B noponax tpetbeit dhasbl amdpuboasl 06pa3yoT TMIUAUOMOPGhHBIE KPUCTAIUIbI, TLIe-
OXPOMPYIOT OT XeJITO-3eJIEHOTO JI0 CUHEe-3eJIeHOTo 11BeTa (puc. 2, d). MIx coctaB mpencraB-
JIeH psiioM ¢eppo-napracut — xKejae3ucrast poropasi oomaHka (taos. 4, puc. 5).

ITo Mepe Bo3pacTtaHus coaepkaHusl KpeMHe3eMa B TTopojIax o0IIast KeJae3uCTOCTb aM-
¢ubon0B Bo3pacTaer.

st amdubonoB xapaktepusl ipumecu Cr, Ti, K, Mn. B 3amMeTHBIX KOTMYeCTBaX XpoM
MPUCYTCTBYET TOJBKO B aM(uboIax mopoi MepBoit ¢asbl, ero conepaHue YMEHbIIAETCS
10 Mepe pocTa cofepxaHus KpemHeszema (puc. 6, a). Conepxanue Ti Bo3pacTaer oT ampu-
00J10B mopo IepBoii (pa3bl KO BTOPOIi, a 3aTeM CHOBA YMEHbIIIaeTcsl B aM(puboiax TpeTheit
daszwbl (puc. 6, 6). Conepxkanue K yBennuuBaeTcst o Mepe pocTa comepKaHust KpeMHe3eMa
B nopoaax (puc. 6, 6).

ITraeuoknaz B moponax mepBoil ¢a3bl BHEAPEHUS] MMEET IIUPOKUI CIEKTp cocTa-
BOB, TIPENCTaBUTEIbHBIE COCTABHI MPUBEIEHBI B O0Jee paHHei padoTe (AHUCUMOB U Jp.,
2022). B a”HoptuTOoBOM Tad6po (006p. 324) HaGMOHAIOTCS [BE TeHEpaluu IUIariokiasa
(puc. 7, a). BoAbLIMHCTBO 3epeH 30HaIbHbIE, TPUCYTCTBYIOT SApa, MO COCTaBy OTBEYalo-
e OUTOBHUTY Ang, o5, U KaiiMbl, NPENCTaBICHHbIE JIA0OPaJOPOM-aHAE3UHOM ANy ,s.
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Taommua 4. Beibopounbie coctaBbl (Mac. %) aMmd1r00I0B MOPo KaalaMCKOro KOMILIEKCa
Table 4. Selected compositions (wt %) of amphiboles from rocks of the Kaalamo complex

da3za IlepBas daza Bropas daza Tg)zzzﬂ
O6paszer; |079-307(079-307 | 079-58 | k337|k337 | k337 |k324|472-1|472-1{472-1| 343 | 343 | 343 | k318 | k318
aﬂ;’;‘ga 1 2 3 456|789 w0 |12]1B]|14]15
Sio, 48.14 | 58.83 | 57.08 |45.39|45.35(57.25(52.41|44.15|43.61|43.97|54.31|52.34|55.57 | 45.35 | 44.79
TioO, 0.05 - 0.28 [1.02]0.84|0.12 [0.39| 2.41 | 2.12 { 2.03|0.00 {0.09] 0.01 | 0.79 | 0.50
ALO, 10.10 | 1.12 1.85 [12.77]12.16] 1.70 | 4.76 | 10.62{10.97| 11.13 | 0.53 | 6.03 | 1.15 | 10.08 | 10.14
Cr,0, 0.66 | 0.51 | 0.43 |0.00]/0.25/0.00(0.00 — | — | — [0.00(0.000.000.00 |0.00
MnO 0.02 | 0.07 | 0.03 |0.12]0.14 0.07|0.29|0.05| 0.14 | 0.18 | 1.06 | 0.40 | 0.51 | 0.65 | 0.69
FeO 5.35 | 2.63 | 5.46 |11.61|11.67|8.62|13.77|17.70|17.64(16.90|26.20 (16.89|14.94 | 19.80| 19.21
MgO 18.87 | 22.31 | 20.79 [13.28(12.61|18.27|14.26]9.63 | 9.88 | 9.70 | 14.92|12.65|14.45| 8.85 | 8.65
CaO 12.57 | 13.74 | 13.04 [12.24|12.63[13.04|12.39{11.70{12.03|12.43| 1.68 | 11.08|12.02| 12.34 | 12.44
Na,O 215 | 0.29 | 0.38 [1.65|1.50]0.00(0.72|1.39 | 1.43 | 1.15 | 0.00 | 0.35|0.00 | 0.66 | 0.88
K,0 0.60 - 0.06 |0.85|1.10 [0.09|0.15 | 1.28 | 1.46 | 1.25|0.00 | 0.18 | 0.00 | 0.90 | 0.99
Cymma | 98.5 | 99.5 | 99.4 |98.9(98.3199.2199.1|99.199.4|98.8|98.7(100.0|98.7 {99.4 | 98.3
Koadduuuentsl B hopmynax

Si 7 8 8 6 7 8 7 7 6 7 8 7 8 7 7
Al 1.29 | 0.08 | 0.22 |1.50|1.39|0.07|0.54| 1.46 | 1.54 | 1.46 | 0.01 | 0.67 | 0.10 | 1.31 | 1.28
T 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
Ti 0.01 - 0.03 |0.11{0.09]|0.01|0.04|0.27|0.24{0.23| — |0.01[0.00(0.090.06
Al 0.37 | 0.10 | 0.08 |0.65]|0.70(0.20 |0.26 | 0.40 | 0.38 | 0.49 [ 0.08 [ 0.32 | 0.10 | 0.44 | 0.51
Cr 007 | 005 | 005 | — (003 — | — | = | = | = | —=|—=1]—-1-1-
Fe3* 0.40 - 0.18 |0.49|0.10 | — [0.28(0.71|0.67|0.44| — [0.90(0.34|0.62{0.33
Mn?* 0.00 | 0.01 | 0.00 |0.02]0.02|0.01|0.04|0.01|0.02{0.02( — [0.05[0.06|0.08|0.09
Fe?* 0.23 | 0.30 | 0.44 |0.90| 1.33|1.00 | 1.36 | 1.49 | 1.52 | 1.66 | 1.65 | 1.08 | 1.44 | 1.83 | 2.08
Mg 392 | 448 | 422 |2.83]|2.74(3.77(3.03|2.13 | 2.18 | 2.15 [3.27 [2.64|3.06 | 1.95 | 1.93
JC 5.00 | 494 | 5.00 |5.00|5.00]|4.99|5.00|5.00|5.00|5.00|5.00|5.00|5.00|5.00|5.00
Ca 1.88 1.98 | 190 |1.88|1.97[1.93|1.89|1.86|1.91|1.98(0.27|1.66|1.83|1.95|2.00
Na 0.12 | 0.02 | 0.10 [0.12({0.03| — |0.11]0.14{0.09|0.02| — |0.10| — ]0.05|0.00
JB 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Na 0.46 | 0.06 | 0.00 |0.34|0.40| — |0.09/0.260.32]0.31 | — — 10.14]0.26
K 0.11 — 0.01 |0.16]0.21]0.02/0.03|0.24|0.28 (0.24| — |0.03| — |0.17]0.19
JA 1 0 0 0 1 0 0 0 1 1 0 0 0 0 0
(KpogeW) 22 22 22 2212222222222 |22|22|22]22]22]|22
OH- 1.99 | 2.00 | 1.94 |1.78|1.82|1.98|1.92|1.42|1.48 | 1.51 [2.00|1.98|2.00|1.82 | 1.89
(0) 0.01 - 0.06 |0.22]0.18 [0.03(0.08 [ 0.54|0.47 |0.46 | — [0.02]0.000.18 | 0.11
2w 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
I;i; 15.57 | 15.00 | 15.01 |15.49|15.60(14.94|15.12|15.50|15.59|15.55]14.97|14.79|14.83| 15.31 | 15.44

Ipumeuanue. @opMysibl paccYMTaHbl Ha 13 KATUOHOB.
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Puc. 5. Xumnueckuit cocraB ambub0I0B KaajgaMckoro komruiekca. [1oist coctaBoB DaHbl comlacHO pabore
(Hawthorne et al., 2012).
Fig. 5. Chemical composition of amphiboles in the Kaalamo complex. Composition fields are given after
(Hawthorne et al., 2012).

I'paHuLbl MexXay ssnpamMu U KalimaMmu pe3kue. B radbopo (o0p. 337) Takke Habmoaa0TCs 1B
reHepaluy IJIarMokiasza. 3epHa He30HalbHble, OTBevaroliue Jadpanopy An,, . Bonusu
KOHTaKTOB IUIarMokia3a ¢ aMm¢GuO0JI0M MOTYT HabMIOOATbCs 30HBI C OJIMTOKIA30M Al
B ra66po (06p. 491) rmarnokias npeacTaBIeH aHAe3MHOM-OJIUTOKIA30M Any, ;.

B mroponax Bropoii (pa3sl BHEAPEHUS BBIIEISTIOTCS IBE TeHepallny IJIarnokiia3a. boib-
LIMHCTBO 3€PEH IUIArMOK/1a3a HE 30HAIbHBI, UX COCTaB B LieJIoM oTBeuaeT An,,. M3penka
BCTPEYAIOTCSI 30HAJIbHBIE 3€PHA, sIIpa MpeacTaBIeHbl OUTOBHUTOM ANy, a KaiiMbl J1abpa-
IopoM Ang, s, (puc. 7, 6). [paHuLel Mexay sapamu U Kaitmamu peskue. s KaiiM xapak-
TepHa rpy0bast OCHWJIISITOpHAsT 30HaTbHOCTD. [Ipeanonaraercs mo nerporpaduieckum B3a-
MMOOTHOIIICHMSIM, YTO 00€ TeHepalluyd UMEIOT MarMaTUIeCKOe IIPOUCXOXKIACHHE, TIPU 3TOM
siIpa Ang, OTHOCSITCS K MEPBOIt TeHepaliu, a KaliMbl Ang, , 1 HE30HAIbHbIE KPUCTAILIBI —
KO BTOpPOI r'eHEepalu.

B mmopomax tpetbeit (pa3nl TakKe BBIIEISIOTCS ABE TeHepaluy Tuiarnokiasa. K mepBoit
OTHOCSITCSI KPUCTAILIBI Ay, 0. DTU KPUCTAILIBI OOBIYHO HE30HAJIbHBIC, HO MHOTA UMEIOT
OCHUWJUTSITOPHYIO 30HAJIbHOCTD, 00Jiee TOHKYIO U SICHYIO 10 CPAaBHEHUIO C TUIarMoKJIa3aMu
BTOPOI1 (ha3wl BHenpeHus (puc. 7, ¢). [1lmarnoxias BTopoii reHepaiuu (opMUpyeT KpaeBbie
30HBI KPUCTAJUIOB NEPBOil TeHepaluu U MPEACTaBIEH OJIUIoKJIa3oM-aubbutoM An,,  OH
acCOLMUPYET C AMUAOTOM, KIMHOLIOM3UTOM, MHOTIA KBapleM (puc. 7, e).

Maccus Ilorygans. [lupokcerns: TI0 COCTAaBy OTBEYAIOT TUOTICHIY U aBTUTY (puc. 8, a,
Tabj. 5), UX MarHe3WaJlbHOCTh BapbupyeT ciiabo (Mg# 0.65—0.75), 30HAIBHBIX KpHU-
CTaJUIOB He 0OHapyxeHo. KIIMHOMMPOKCEH 4acTo 3aMelleH POroBoil 0OMaHKOM MU Ke
CpacTaHUsSIMU POTroBoii 0OMaHKU ¢ 6uoTuTOM. CONEepXKUT BKJIIOUEHUST MarHeTUTa, ara-
tiTa, aMm¢uodona. HabaogaloTcss CUTOBUAHBIC KPUCTAIIBI ¢ BKIIOUCHUSIMU MarHeTHTa
(puc. 8§, 6, 0, e).
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Puc. 6. Conepxanus Cr, Ti, K B ambuboax mopos KaaraMcKOro KoMIuiekca.

1—5 — mopons! nepBoii daswl (/ — nepuaotut, oop. 079-307; 2 — oMTUBUHOBBIN KJIMHOMMUPOKCEHUT, 00p. 079-58;
3 — OJIMBUHOBBINA KJIMHOIMUPOKCEHUT, 00p. 555; 4 — oJMBUHOBBII BeOCTepuUT, 00p. 556; 5 — ra66po, obp. 337);
6— 7 — rabOopOIMOPUTHI BTOPOIi (hasbl (6 — 00p. 325; 7— o0p. 472-1); & — TOHAIUT TpeThbeii a3bl, 00p. 318.

Fig. 6. Contents of Cr, Ti, K in amphiboles of rocks the Kaalamo complex.

1-5 — rocks of the first phase (I — peridotite, sample 079-307; 2 — olivine clinopyroxenite, sample 079-58;
3 — olivine clinopyroxenite, sample 555, 4 — olivine websterite, sample 556; 5 — gabbro, sample 337); 6—7 —
gabbrodiorites of the second phase (6 — sample 325, 7 — sample 472-1); third phase: & — tonalite of the third phase
(sample 318).
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Kanvyuesvie amghubons IpencTaBaeHbl KaK MINOMOPMOHBIMH, THITUINOMOP(GHBIMU BBI-
TSHYTBIMH TIPU3MATUICCKUMM KPHUCTAJUIAMHU, TaK M KCeHOMOpGhHBIMU 3epHamu. Yarie
aMdMO0I6I 00pa3yIoT KaliMbl BOKPYT KJIMHOIMPOKCEHA WM B CpacTaHUU C OMOTUTOM 3a-
MemaoT ero (puc. 8, 6). Bcerna comepxaT BKIIOUEHMS anaTUTa, UJIbMEHUTA, MarHeTUTa,
ouotuTa, cynbduaon. bonee menkue 3epHa (no 0.2 MM) BCTpedaroTcsl BMeCTe C OMOTUTOM
B MHTEPCTULINSX. BOTBIIMHCTBO aM(bUO0JIOB OTHOCATCS K MarHe3MaIbHBIM U JKeJIE3UCTHIM
pOroBbIM OOMaHKaM, mapracury (puc. 9, Tabia. 5). EnMHUYHBIE COCTaBbl COOTBETCTBYIOT
SICHUTY M MarHe3WO-TaCTHMHTCUTY. AMMUOOIIBI XapaKTepU3yloTcss YMEpeHHON MarHe3n-
anbHOCTBIO (X, 0.56—0.68) n conepxanuem rmnHoszema (Al O, 7.0-8.9 mac.%). Bropuu-
Hble aM(bUOOJIbI IO COCTABYy COOTBETCTBYIOT aKTUHOJIUTY.

I1raeuokaa3ser TIipencTaBiIeHbl TpeMsT TeHEpalUsIMU, K KOTOPBIM OTHECEHBI: 1) OTHOCH-
TeJbHO BbICOKOKaNbLUEBBIE (AN, s,) sApa Kpuctauios (puc. 8, a, puc. 10); 2) curosua-
HBIe 30HAJIBHBIC KPUCTAILIHI (puc. 8, 6, ¢, puc. 10); 3) KaitMBl cpemHETO 1 KUCIOTO COCTaBa
(An,;_,) (puc. 10, Tabu. 5). 30HAIBHOCTD IJIATMOKJIA3a MPOSIBJIEHA B KPYIHBIX U CpPel-
HUX KpUCTaJJIax B BUJE PE3KOTO YMEHBIIEHUSI aHOPTUTOBOIO MUHAaIa OT LIEHTpa K Kpalo
(o1 52 no 24%). B cutoBUIHBIX I1arKMoKIa3ax (puc. 8, 6, ) BKIIIOYSHUsI BHITTOJIHEHBI ITpeu -
MYILLIECTBEHHO MAarHETUTOM, OMOTUTOM, pOTroBoit oOMaHKoi1. [1arnoxiias Takxe conep>KuT
BKJTIOUCHMST OMOTUTA, KAJIMEBOTO MOJICBOTO IITIaTa, almaTuTa, pyaHbiXx MuHepanos (Iletpa-
KkoBa, TepeHTtheB, 2018).

Puc. 7. 3oHaJIbHbIE MJIATMOKJIA3bl KaaaaMCKOTO KoMILIeKca. M300paxkeHus1 B OTPpakKeHHBIX 3JIeKTPOHAX.

a — JIBe IeHepalMM IJIarMoKJa3a B aHOPTUTOBOM rabopo (o6p. 324), 6 — aBe reHepauuu IJIarkokijiasa B
rabopomuopute (06p. 325), 6 — OCHWIISTOPHO-30HAIBHBIN Tularnokiaa3 (o6p. 318), ¢ — aBe reHepauuu
MJarokJiaza B ToHaiaute (oop. 318).

Fig. 7. Zonal plagioclases in the Kaalamo complex. BSE images.

a — two generations of plagioclase in anorthite gabbro (sample 324), 6 — two generations of plagioclase in
gabbrodiorite (sample 325), ¢ — oscillatory-zonal plagioclase (sample 318), ¢ — two generations of plagioclase in
tonalite (sample 318).
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Puc. 8. MukpodoTorpaduu npo3payHo-roarMpoBaHHbIX HUTHGOB MOPOI MOTYAAHCKOTO KOMILIEKCA.

a — 30HAJIBHBIIA JIATMOKJIA3 C BBICOKOKAIbLMEBBIM siipoM (Pl), KIMHOMMPOKCEH C BKJIIOYEHUSIMU POTOBOIA
00MaHKU ¥ MarHeTuTa, IJ1aruokias TpeTbeii renepauuu (Ply); 6 — KIMHOMUPOKCEH C BKJIIOYEHUSMU MarHeTUTa
1 KceHoMopdHOM KaiiMoit ampubdona; 8, ¢ — CUTOBMAHBIM TUIArMOKIJIa3 C BKIIOYCHUSIMU B TTPOXO/ISIILIEM CBETE U
B PEXMME OTPAKEHHBIX JIEKTPOHOB; 0, € — CUTOBUIHBINM KIMHOMUPOKCEH C MHOTOUMCIIEHHBIMY BKITIOUCHUSIMU
3epeH MarHeTuTa (M300paxkeHUs B OTPAXXEHHBIX 3JIEKTPOHAX).

Fig. 8. Microphotographs of transparent polished thin sections of rocks in the Potudan complex.

a — zoned plagioclase with a Ca-rich core (P1,), clinopyroxene with inclusions of hornblende and magnetite, third
generation plagioclase (Pl;); 6 — clinopyroxene with magnetite inclusions and with a xenomorphic amphibole rim;
8, 2 — sieve-like plagioclase with inclusions, image in transmitted light and BSE image; o, e — sieve-like clinopyroxene
with numerous inclusions of magnetite grains, BSE images.

KPUTEPUU PASAEIIEHUA MATMATUYECKHX
N METAMOP®UYECKHUX MUHEPAJIOB

MopdoreneTnyeckue KpuTepuu. BOJIBIIMHCTBO TEMHOILBETHBIX MHUHEPAJOB MacCHBa
Kaayamo He3oHabHBIEC WK 1200 30HaTbHBIE. OTHAKO B HEKOTOPBIX 3epHAX KIIMHOTTMPOK-
ceHa (06p. 556) HabOmaeTCst OCHMIUIITOPHASI 30HATbHOCTD, BBI3BAHHASI CYOMUKPOHHBIMU
BKITtoUeHUSIMU (puc. 11, a). OCUMIIATOPHYIO 30HAJIBHOCTh UMEIOT TAKKe ILIArMOKIAa3bl
(puc. 7, 6, ¢; puc. 11, 6). CyiiecTByeT psiI TUIIOTE3 00pa30BaHUsI OCHWIISTOPHOM 30HAb-
HOCTHM, HO Yallle MCCIeaoBaTe/d CKIOHSIOTCA K ee Marmatudeckoit mpupone (L’Heureux,
Fowler, 1994; Shcherbakov et al., 2010; Tepley et al., 2020). MbI Takxke Npeanojaraem
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Puc. 10. Inarpamma Ab—Or—An (Deer et al., 1992) ¢ ¢urypaTUBHBIMU TOYKAMHM COCTABOB TOJIEBBIX IITIATOB

TIOpOoa MOTYAaHCKOIo KOMILJIEKCaA.

Fig. 10. Ab—Or—An diagram (Deer et al., 1992) with compositions of feldspar in the Potudan complex rocks.
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Tabauna 5. XuMuyeckue cocTaBbl INIAarMOKJIa30B, KIIMHOIMMPOKCEHOB U aM(puO0JI0B U3 KBapLEBOIO
MOHILIOTab0Opo-rpaHoAMOpUTOBOTO MaccuBa [loTynaHb

Table 5. Chemical compositions of plagioclase, clinopyroxene and amphibole from the quartz monzo-
gabbro-granodiorite massive Potudan

Otoasen | 6418/ |6418/|6416/|6416/| 6416/ | 6418/ | 6418/ | 6418/ (8003/| 6418/ | 6418/| 6418/ | 6418/
PAaCLLl 675 1625] 62 | 62 | 62 |625] 66 | 66 | 400 | 62.5 | 62.5 | 62.5 | 62.5

Munepan| Pl Pl Pl Pl Pl | Cpx | Cpx | Cpx | Cpx | Hbl | Hbl | Hbl | Hbl

Howmep | 2 | 3 | 4 5 6 7 8 | 9 10| 11| 12|13
aHaJau3a

SiO, | 58.50 [56.92(60.2255.17 | 61.59 |52.69| 52.91 | 52.26| 51.51 |44.80(45.57 |48.77|45.43

Tio, | — | = | = | = | = |038] — [0.10[0.37]2.05]| 1.8 |0.25] 1.83
ALO, | 26.54|27.55|24.52|28.06| 24.14 | 0.82 | 1.00 | 0.94 | 2.10 | 8.02 | 7.89 | 6.15 | 8.15
cro, | — | = | = | = | = |ooe|oo6|o0| — | = | = | = | -
FeO | 023 [0.02| — | — | 0.38 [10.91] 9.74 | 10.21]10.60 | 17.03| 16.61 | 17.22 | 17.08
MnO | — | — | = | = | = |050] 044 |043[042]032]025]0.30] 0.41
MgO | — | = | = | = | = |12.08] 1261 [13.45(13.25|11.77 | 11.56 | 12.37| 1115

CaO 7.93 19.09 | 6.57 | 9.73 | 5.28 |22.17|22.64 |21.43|19.89|10.96 | 11.43 | 11.76 | 11.53
Na,O 6.67 | 6.20 | 7.79 | 5.88 | 8.45 | 0.26 | 0.77 | 0.71 | 0.55 | 1.93 | 1.71 | 0.71 | 1.22
K,0 0.23 10.05| — — 046 | — — 1003 — | LIl | 1.L15]0.47 | 1.20
Cymma [100.10]99.83(99.10 |98.84|100.30{99.87| 100.17 | 99.66 | 98.69 | 97.99 | 97.99 | 98.00 | 98.00
Koaddurmentsr B hopmymax
Si#* 262 |2.56 271|251 273 | 1.99 | 197 | 1.96 | 1.95 | 6.63 | 6.77 | 7.10 | 6.74

Ti** — - - — — 00| — ]0.00(0.010.23]0.20|0.03]0.20
AP* 1.40 | 1.46 | 1.30 | 1.50 | 1.26 | 0.04 | 0.04 | 0.04 | 0.09 | 1.40 | 1.38 | 1.06 | 1.42
Cr¥ — — — — — 10.00 0.00 | 0.00 | — — — — —

Fe* 0.01 [ 0.00 | — — 1 0.00 | 035 0.24 | 0.23 | 0.31 | 1.46 | 1.72 | 1.36 | 1.67
Fe* 0.00 | 0.00 | — — | 0.01 | 0.00 | 0.06 | 0.09|0.02|0.65|0.34 |0.74 | 0.45
Mn?* — — — — — 10.02| 0.01 | 0.01 | 0.01 |0.04]0.03]0.04]0.05
Mg** — - — — — 10.68 | 0.70 | 0.75 | 0.75 | 2.60 | 2.56 | 2.68 | 2.47

Ca* 0.38 | 0.44]0.32 047 | 025|090 | 091 | 0.86 | 0.81 | 1.74 | 1.82 | 1.83 | 1.83
Na* 0.58 | 0.54 | 0.68 | 0.52| 0.73 | 0.02 | 0.06 | 0.05 | 0.04 | 0.55| 0.49 | 0.20 | 0.35
K* 0.01 [ 0.00 | — - 1003 | — — 1000} — |0.21]0.22]0.09]|0.23
Cymma | 5.00 | 5.00 | 5.00 | 5.00 | 5.00 | 4.00 | 4.00 | 4.00 | 4.00 | 15.50 | 15.53| 15.12 | 15.41
An 0.40 | 0.45]0.32 | 0.48 | 0.26

En 0.35] 0.38 | 0.41 | 0.40
Fs 0.18 | 0.13 | 0.12 | 0.17
Wo 0.47 | 0.49 | 0.47 | 0.43

Tpumevanue. @opMyiIbl pacCUMTaHbl Ha 5 KaTMOHOB (IJIarMokjas), 4 KaThMoHa (MUPOKCEH), 13 KaTMOHOB
(ampuoon).
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MAarMaTu4eCKoeC IMpPOUCXOXKIACHUEC TEX MUPOKCCHOB U IJIAarMOKJIa30B, KOTOPbIC HC MMCIOT
OCHH)’IJ’[HTOpHOﬁ 30HAJIbHOCTH, HO I10 CBOEMY XMMHNYECKOMY COCTaBy CXOAHbI C OCLHMJIJIA-
TOPHO-30HAJIbBHBIMU KpUCTA/LJIaM1 1 OTHOCATCSA C HUMU K OIHOM T€HEpalunHu.

OpTONMPOKCEHBI MTOPOJ MEPBOil U BTOPOil (ha3bl BHEAPEHUSI OMHO3HAYHO SIBIISIOT-
¢ MarMaTMYeCKMMM MMHepaJlaMM, MOCKOJIbKYy P—T mapameTpbl MeTamopdhu3Ma opoj
KaaJlaMCKOro KOMILIeKca ObUIM CIIMIITKOM HU3KUMU IS 0O0pa3oBaHUsI 3TOr0 MUHEpasia
metamopdudeckuM mytem (Capanuuna, 1949; Teonorus..., 2000; Jlamoxckas..., 2020).
MarmaTu4eCKMMU TAKKE MOXKHO CUMTATh U KIIMHOIIMPOKCEHbI rab0POHOPUTOBBTOPOIA (ha3bl
BHEIPEHUS, T. K. OHM HAXOMISITCS B OMHOM ITapareHe3nce ¢ opTonupokceHamu (puc. 11, B).
Takoii BBIBOI HEJIb3sl CHENIaTh JJIsi KJIMHOIMPOKCEHOB IepBOil (a3bl BHEAPECHUST M3-3a
CUJIBHOM M3MEHEHHOCTH ITOPOJI, KOTOpasl 3aTyIIeBbhIBaeT MEPBUYHbIC B3aMMOOTHOILIEHUS
MUWHEPAJIOB.

Puc. 11. OcobeHHOCTH B3aUMOOTHOIIIEHUIT MUHEPAJIOB KaaJIaMCKOTO KOMILIeKCa.

a — OCHWIISITOPHO-30HAIbHBIN KIMHOMMPOKCEH (OJMBUHOBBIN BeOCTEpUT, repBas daza); 6 — OCLWILISITOPHO-
30HAJIbHBIN TJIarMoKJya3 (TOHAIUT, TPeThs (aza); ¢ — MapareHHble OPTO- U KJIMHOIMPOKCEHbI (rabopoaropuT,
Bropas (asza); ¢ — BKIIOUYEHUS] OJIMBUHA B OPTOMUPOKCEHE (OJIMBUHOBBIN BeOCTepuUT, TiepBast ¢asza); 0 — aBe
reHepanuu ambuboaa (OJIMBUHOBBII BeOCTepUT, nepBas (asa); e — aBe rpynmbl ampudona (rabopoaropur,
Bropas ¢aza). M3006paxkeHus B IpoxosiieM cBeTe 0e3 aHaiiM3aTopa (a, 6—e), ¢ aHaJu3aTopom (6).

Fig. 11. Character of relationships between minerals of the Kaalamo complex.

a — oscillatory-zonal clinopyroxene (olivine websterite, first phase); 6 — oscillatory-zonal plagioclase (tonalite,
third phase); 6 — paragenic ortho- and clinopyroxenes (gabbrodiorite, second phase); ¢ — olivine inclusions in
orthopyroxene (olivine websterite, first phase); 0 — two generations of amphibole (olivine websterite, first phase);
e — two groups of amphibole (gabbrodiorite, second phase). Trasmitted light without analyzer (a, é—e), with
analyzer (0).
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Tab6muma 6. TemmiepaTypbl KpUCTALIM3allMM MMHEpaioB MaccuBa Kaanamo

Table 6. Crystallization temperatures of minerals from the Kaalamo massif

MunepanbHeie OI-Cpx Cpx-Opx Hbl-PI
TepMOOGAPOMETPhI
Putirka, 2008 Holland, Blundy, Holland, Blundy,
1994 1994
Kann6nopkit Loucks, | Wells,
Amuop 1996 | 1977 éngi éngi (6e3 kBapLa) (c KBapLeM)
px px
0.75) | 0.75) | Any, | An,, |An50 Any, | Any, | Any,
Maemamuueckuii sman
OJVBUHOBBIN
QSEIS) kmHonu- |870-990| — — — — — — — — —
POKCEHUT
OO0p. |OAMBUHOBBII 840— | 810—
{ 556 Be6GCTEPUT 900930 860 840 - - N N - N N
ONMBUHOBBII
basa 2—25 KmHomu- [840—-960| — — — — - — — - —
POKCEHUT
Op. |OMIPHOBNI g0 | 785 | 70— | | | _ | _ | _ | _ | _
079-5 POKCEHMUT 1110 975 1000
O6p. | l66Gpoamo- _ 800— _ 800— _ . _ _ | 820—
325 put 930 870 825
O6p. | '6Opommo- _ 790— _ 800— _ _ _ _ _ _
2 470 put 920 880
dasa| O6p. | [a66poamo- _ 810— B 800— _ _ _ _ | 835—
472-1 put 920 880 855
O6p. | 'aGopommo- _ _ _ _ _ _ _ _ ] 820—
343 puT 825
Tlocmmaemamuueckuii sman
O6p. |ONMBUHOBBIA _ 750— | 660— _ _ _ _ _ _ _
| 556 BeOCTEPUT 785 760
(asa| Opp. |QOMMHOBMI - legs N goo— ||| | | | _ |
079-58 POKCEHIT 770 750
O6p. | 'a6Opommo- _ 770— -~ 740— -~ B _ _ | 730—
325 put 800 800 805
O6p. | 'a6o6pommo- _ 720— _ 710— _ _ _ _ _
2 470 puT 800 800
dasa| O6p. | [a66poauo- B B B 780— B _ _ | 71—
472-1 puT 800 795
O6p. | 'aGobpomno- _ _ _ _ _ _ _ _ | 670—
343 put 780
3 535— | 550— | 565—
asa |O0P- 318|  Tonamur - - - = = =] ~ |60 | 710 | 740
Memamopghuueckuii sman
OG6p. |OnuBMHOBBLIA| 620— | 600— _ _ _ . _ _ .
556 BeOCTEPUT 690 620
Opp. |Ommmmmonbrit| - isq0g0o— || | _ | _ | _ | _ | _
(1);33 079-58 POKCEHUT 635 670
O0p. Fa6600 B B B B 550— | 580— [610—| _ _
337 P 625 | 660 | 690
O6p. | AHnopruro- _ _ _ | 555—|585—|610—| B B
324 BOe rabopo 610 | 645 | 680
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Tabauma 6. OkoHYaHUe

MuHepaibHble 0l-Cpx Cpx-Opx Hbl-P1
TEPMOOAPOMETPHI
Putirka, 2008 Holland, Blundy, Holland, Blundy,
1994 1994
Loucks, | Wells,
Kanmn6posku 1996 | 1977 | (Mg# | (Mg# (6e3 kBapua) (c xBapuem)
Cpx> | Cpx<
0.75) | 0.75) | Any, | An, | Any | Any, | Any, | Ang,
O6p. | ['a66poamo- _ 690— _ 645— _ _ _ _ _ _
325 puT 710 665
2 O6p. | N66poamo- _ 590— _ 610— _ _ _ _ _ _
daza| 470 puT 600 630
O6p. | 'a6Opommo- _ _ _ _ _ _ _ _ | 470—
343 put 640

B mroponax nepBoii ¢a3bl BHEAPEHNUS HAOTIOOACTCS OJTMBUH, 0OPa3yIOIINit BKITIOUCHMST
B opTornupokceHe (006p. 556) (puc. 11, ¢). ITocKoIbKY OPTONMPOKCEH I10 IIPOMCXOXKICHUIO
MOKET OBITh TOJJbKO MarMaTUYeCKUM, TO U TTIONOOHbIE BKITIOYEHUSI B HEM MOXHO ObLIO ObI
cyuTaTh MarmMaTudeckumu. OJHaKO TaKOMY BbIBOLY MPOTUBOpEYAT SMITMPUIECKUE U pac-
YeTHBIC JaHHBIE: CYIIIECTBEHHO KeJIe3UCThIC OJIMBUHEI HEJTb3SI IIOJTYIUTh B X0 KPUCTAJITH -
3alliM U3 PacIlJIaBOB, U3 KOTOPbIX BO3HUKJIM MOPO/Ibl KaalaMCKOro KOMILIeKca (CM. HUXe
pasmen «Kpurepunm cooTBETCTBUS pealbHBIX COCTABOB MIHEPAJIOB MOICIBHEIM» ). Kpome
TOTO, OJIMBUH TAKOT'O COCTaBa HE PaBHOBECEH C KIMHOIMPOKCEHAMU, YTO CIICAyeT U3 3a-
HIMKEHHBIX OLIEHOK TeMIIepaTyphbl €T0 KprcTauiu3aunu (cM. Huke pasnen « Tepmobdbapome-
TPUUYECKUE KPUTEPUU»).

HexkoTopble MuHEpasbl Mopoa KaaJaMCKOro KOMITJIEKCa MOXXKHO YBEPEHHO CUUTATh Me-
tamopduuyeckumu. K HUM OTHOCSITCS TTO3AHKE TeHepaliy aM(pUO0JIOB B OPOaaX MEPBOM 1
BTOPOI1 (ha3bl BHenpeHus (puc. 11, d, e). AMUO0IIBI BTOPOI TeHepalluy IepBoii (pa3bl BHE-
IPEHUS IPEACTABICHBI aKTUHOJINTOM. AKTUHOJIUT HEYCTOMYHNB ITPU BBICOKOM TeMIIepaType,
TMO3TOMY He MOXeT ObITh MarmMatnueckuM MuHepaiaoM (Jenkins, Bozhilov, 2003). Amdu6o-
JIbI BTOPOI TPYMIIbI BTOPOI (ha3bl BHEAPEHMUS MPENCTABICHbI XKeJIe3UCTO POroBoit 0OMaH-
KO, aKTUHOJIUTOM ¥ KYMMHWHTTOHUTOM. OHM 00pa3yloT BOJIOKHHCTBIC arperaThl, pa3BH-
BalolIMecs TI0 KpUcTaylaM OpTOIMPOKCeHa U KiIMHonupokceHa. [TogooHast Mmopdosorus
yKa3bIBaeT Ha KpUCTAUIM3aINI0 aM(p1O0JIOB Ha ITOCTMAarMaTHIeCKoM cragun. Metamopdu-
YeCKOEe IPOMCXOXKICHNE NMEET U TUTATMOKIIa3 BTOPOil TeHepalliy TpeThei (ha3bl BHEAPECHUS,
MpeCTaBIEHHbI OJIMIOKJIA30M-albOUTOM Any,, . (puc. 7, 2). O0 3TOM CBUIETENBbCTBYET €r0
MPUHAIIEKHOCTb K €IMHOMY MapareHe3ucy ¢ HaJIOXKEeHHBIM 3MUA0TOM U KJIMHOLIOM3UTOM.

[MopdupoBumHasi, HepaBHOMEPHO 3€pHUCTasE CTPYKTypa ropon [loTynaHckoit MHTpY-
3UU TIpeIoaraeT KpUCTaIM3alrio pacijlaBa B MaJIOTJTyOMHHBIX YCIOBUSX, YTO CTIOCO0-
CTBYET OTHOCUTEJIBHO OBICTPOMY OCThIBaHUIO MarMbl. [lociienHee orpenensieT mosiBjieHre
BBILIEOTIMCAHHBIX CTPYKTYPHO-TEKCTYPHBIX OCOOEHHOCTEN TTopos (puc. §).

TepmobGapomeTpryecKkne KpuTepun. PacueT TemmeparypHoro npoduiss octeiBaHus (a3
BHEIPEHUsI TTOPOJ KaaJlaMCKOTO KOMILIEKCa MoKa3ai, YTO CKOPOCTU OCThIBAHUSI 3aMET-
HO pasnnyarotTcs. Y NepBoi U TpeTbell (ha3bl CHUXKEHUE TEMIEePATyphbl OT JUKBUIYCHBIX
3HAYEHUIA N0 3HAUYEHUU, XapaKTepHbIX Il MeTamopdu3Ma, MPOUCXOAWIO MPUMEPHO 3a
100—200 ThIcsy JieT, Torna Kak y BTopoit ¢azel — 3a 400—500 TeicsAY JieT. DTU OLIEHKU COOT-
BETCTBYIOT 00beMaM, 3aHMMAEMbIM TTOPOAAMU Pa3HBIX (pa3: ueM OoJibille 0O0bEeM TTOPOJIBI,
TEeM MeJIEHHee CKOPOCTh oxJiaxaeHus. He nckioueHo, 4To OTCyTCTBUE CTPYKTYp pacmana
B KJIMHOTMIUPOKCEHaX MepBoii (ha3bl U UX HAIMYME B KIMHOMTMPOKCEHAX BTOPOii (ha3bl CBsI-
3aHO C Pa3HOU CKOPOCTBIO OCTHIBAHMUSI.
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OJIMBUH-KJIMHOIIUPOKCEHOBbIM reorepmomeTp (Loucks, 1996) BbIsIBIII camble BLICOKUE
temiiepatypsl (1o 1100 °C) (taba. 6, puc. 12). BoabLIMHCTBO TeMIlepaTyp IOIMAal0 B MH-
tepBast 900—950 °C, 4TO MO3BOJISET CAENATh BHIBOM JIMOO O KPUCTAIM3ALIMY OJIMBMHA Ha
MO3IHUX CTAIMSIX MarMaTHYECKOro 3Tamna, JM060 00 OTCYTCTBUU PABHOBECHSI MEXIY OJIMBU -
HOM U KJIMHOITUPOKCEHOM.

BonpmmHCTBO TeMIepaTyp, paCCUNTaAHHBIX C IIOMOIIIBIO IBYITMPOKCEHOBOTO T€0TEPMO-
MeTpa JIJI TTIopoz, TiepBoii ¢a3bl, moranu B nHTepBai 750—850 °C. MakcuManbHast TeMITe-
patypa coctaBwmia 1000 °C. g mopox BTOpoii ¢ha3bl pacCUMTaHHBIE TeMIIEPATyphl COCTA-
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Puc. 12. Pe3yabraTbl TepMOMETPUHM ITOPOJT KAaJIlaMCKOTO KOMILIEKCa.

TepmoGapomerpbr: OI-Cpx (Loucks, 1996), Opx-Cpx (Putirka, 2008), Amp-Pl (Holland, Blundy, 1994).
CIJIOIIHBIMU TMHUSIMU TTOKA3aHbI TEMIIEPATY DI, OTyYEHHbIE [JIsI TOPOJI ePBOH (ha3bl, KOPOTKUM MTYHKTUPOM —
UL TIOpPOA BTOPOil hasbl, UIMHHBIM IMYHKTUPOM — TpeThbeil. KpacHoe rmose cOOTBETCTBYeT TemIepaType
MarMaTuyeckoro srana (HOpMUPOBAHMS MUHEPATbHBIX MMAparcHe3MCOB, OPAHXKEBOE — IMOCTMArMaTHYecKoro,
xenroe — Mmeramopduveckoro. Homepa COOTBETCTBYIOT HOMepY IJIarMOKIIa3a, MCIOJIb3yeMOTo B pacyeTax
(0OBSICHEHUSI B TEKCTE).

Fig. 12. Results of mineral thermometry for the rocks of the Kaalamo complex.

Geothermometers: Ol-Cpx (Loucks, 1996), Opx-Cpx (Putirka, 2008), Amp-PI (Holland, Blundy, 1994). Solid lines
show temperatures obtained for rocks of the first phase, short dotted lines show temperatures obtained for rocks of the
second phase, long dotted lines show temperatures obtained for rocks of the third phase. Red field, temperatures of the
magmatic stage, orange field, temperatures of the post-magmatic stage, yellow field, temperatures of the metamorphic
stage. Numbers correspond to the compositions of plagioclase used in calculations (see text for explanation).
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B 770—870 °C. DTu TemMIiepaTypbl UHTEPIIPETUPYIOTCS KaK MarmMaTuyeckue. s mopon
o0eux (a3 ObLIM MMOTydeHbl U Gosiee HU3Kue TemiepaTypbl (600—650 °C), COOTBETCTBYIO-
mye MetTaMmopguyeckomMy mpoiieccy.

Pacuer Temmnepatyp ¢ MOMOILbIO TEOTEPMOMETPOB «OJIMBUH-PACIITIaB» U «OPTOMUPOK-
ceH-pacmuiaB» (Putirka, 2008) moka3saj, 4To paBHOBeCHME MEXAY MUHEpajiaMUd U TUMOTe-
TUYECKUM PaCIJIaBOM (COCTaB KOTOPOTO OIpENesics MO BaJOBOMY COCTaBYy TOPOIIbI)
OTCYTCTBYET, UTO MOXHO OOBSICHUTH O0Opa3oBaHUEM MOPON B xone (PaKIMOHHON, a He
PaBHOBECHOM KPpUCTAJIM3ALIMHU.

JI71s1 OLIeHKU TeMIlepaTypbl ¢ MOMOILbI0 aM(pUOOI-IIarMoKJIa30BOro reoTepMoMeTpa
(Taby. 6) It KBaplCoIepXKalluX M I OeCKBapLEBbIX MTOPOI ObLTM MCITOJB30BaHbI TPHU
BO3MOXHBIX COCTaBa IUIarnokiasa: Ans, An,, 1 An,,. Ha ocHoBe pacueToB 6buIM NOCTpOE-
HBI TEMITepaTypHbie KpuBbIe (puc. 12). B moponax nepBoii a3bl BHEAPEHUS 3aTPYIHUTEIb-
HO OTPENeNuTh, C KAKUM MMEHHO TUIaTMOKJIa30M cocyiecTByeT ampuoomn. B oopasie 324
OH, BEpOsITHEEe BCEro, HaxXOMWJICSl B IMapareHe3uce ¢ KaliMaMu 30HaJbHBIX KPUCTAJIOB
(ampa — Any, g, KaiiMbl — An,, ). B oOpasue 337 oH MoOr cocyllecTBOBaTh KakK ¢ Any, ,,
Tak U ¢ An,, [loayyeHHble Temmneparypbl, 3a PEIKWUM WCKJIIOYEHUEM, HE MPEBBIIIAIOT
670 °C, 4TO B LIEJIOM COOTBETCTBYET TeMIIepaType PerMOHaIbHOrO MeTaMopdu3ma ambu-
00MTOBOM (paruu.

B noponax Bropoii pazsl am¢pud01, oOpasyrolinii oopacTaHusI BOKPYT KPUCTAJIJIOB Op-
TOMUPOKCEHA U KIIMHOMMPOKCEHA, COCYLLECTBYET C IJIarMoK1a30M Any,. Mbl MOXeM Ipes-
rnoJjiaraTb 3TO JOCTATOYHO YBEPEHHO, IMOCKOJIbKY B HaMMEHEee U3MEHEHHBIX MOpoIax, He
cozrepxalux am(GuOOI0B BTOPOI reHepaluy, Iaruokiasa Kuciee Any, He BCTPEUEHO.
TlonyuenHslii auanazon temmeparyp (720—850 °C) mo3BosisieT MPennojoXuTh MO3aHEe-
MarmMaTMyecKylo npupomny 3Tux am¢uoosoB. AMGUO0JIbI BTOpOIi reHepaluu, oopasylolye
BOJIOKHHCTBIC arperaTthl, pa3BUBAIOIIMECS 10 KPUCTAJUIAM IMMPOKCEHOB, MCXONS 13 TIETPO-
rpadudyecKux HaOIIOACHUI, UMEIOT SIBHO BTOPMYHYIO, TIOCTMAarMaTUYECKYI0 WM MeTa-
MOpGhUUECKYIO TPUPOLIY.

B noponax tpetbeii a3l BHeaApeHUsT aM(prO0IIbI, €CM MpeanojaraTb X MarmaTuye-
CKYIO IIPUPOLY, TOJDKHBI COCYLIECTBOBATD C IUIArMOKJIAa30M Ang, ,, (MarMaTMYECKUii IL1a-
TMOKJIa3 ¢ OCUMIISITOPHOM 30HAJIBLHOCTBHIO). B TakoM ciydyae TemmepaTypbl KpUCTALIM-
3aunuu 3tux ampuoonos (640—720 °C) oka3bIBaIOTCI JOCTATOYHO HU3KUMU, YTOOBI ObITh
MarMatndeckKumu. Ecim mpenronarat MeTaMopUIecKyio IIPUPOLy STUX aM(puOoIIoB, TO
OHU JOJDKHBI COCYILECTBOBATD C IJ1arMoK1a3oM An,, M HKe. Torna paccurtaHHas TeMIie-
parypa ux Kpucraummzaunu coctaBut 620—650 °C, 94To OTBEYAET YCIOBUSIM PErMOHAIBHO-
ro MmetaMmopusma.

Temmepatypbl TUKBUIYycCa Il TTOpoa MaccuBa [loTymaHb OIlEHEHBI O Te0TepMOMe-
Tpy kimHomnupokceH-pacruia (Putirka, 2008) B amamazone ~ 1050—1150 °C. CoctaBbl
LIEHTPAJIbHBIX YacTel KPUCTAJUIOB KJIMHOMMPOKCEHA ITOKA3bIBAIOT TEMITEpaTypy KpHu-
craumsanuu 1047—1154 °C, a kpaesbie yactu — 1076—1114 °C. OueHku TemmnepaTyp 1o
amMdUOOJ-MIaTMOKIa30BOMY Fe€OTEPMOMETPY MOKA3bIBAIOT CYOJMKBUIYCHbIC 3HAUECHUS B
npenenax 700—850 °C. ITpu aToM UKCUpyeTCsl CHUXKEHME TeMIIepaTyphl IO COCTaBaM aM-
(ubona ot LeHTpa K kpato kpucraion oT 850 °C no 715 °C.

Tl'eoxumuyeckne Kpurepun. [10 XMMIYECKOMY COCTaBY OJTMBHHA MOXKHO OIPENETUTH €T0
MarMaTU4ecKylo Wwin Meramopduueckyio npupoay. CocraB MarMaTU4eckoro OJIMBHHA,
KakK MpaBWJIO, TOCTATOYHO MarHe3naabHbIM. MeTaMopGhUUecKuii ke OJTMBUH MOXKET OBITH
KaK MarHe3MaJbHbIM, TaK U XeJIe3UCThIM. 2Ke1e31CThIil cocTaB ojiMBUMHA MaccuBa Kaazamo
(Tabun. 2, puc. 3) oTpaxaeT ero MeTaMop(OUUIECKYIO TPUPOLIY.

C. bxarrauapbsa (Bhattacharyya, 1971) npemnnoxun nuarpammy MgO + FeO + Fe,O,
(Opx) — AL, O, (Opx) ma pasneneHus: OPTONUPOKCEHOB HAa MarMaTU4ecKue U MeTaMop-
¢uueckue. IMo3gHee sta mmarpamma Obiia mepecmorpeHa ®@. Purmaitepom (Rietmeijer,
1983), BbImENIMBIIMM Ha HEW TepexomHyio 30HY. OH TakkKe MPEIIOXIII IUarpaMMmy
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(Fe, + /(Mg + Fe?*) — 100Ca/(Ca + Mg + Fe?"), 6omnee TOUHO pa3/iessIolLyIo COCTaBbI Op-
TOMUPOKCEHOB, COCYIIECTBYIOIIMX ¢ 6oratbiM Ca KIIMHOMUPOKCEHOM.

Hamu cocTaBBI OpTONMMPOKCEHOB KaaJlaMCKOT'O KOMILIEKCa ObLIM HaHECEHBI Ha 00¢ I1-
arpammbl (puc. 13). [IpuMepHO MOTOBMHA TOYEK COCTABOB OPTOMHUPOKCEHOB Jieria B 00-
JJaCTh MarMaTU4YeCcKuX, MOJOBMHA — B MepexonHyto 30Hy. Ha nuarpamwme, npenyoxxeHHON
®. PurmaiiepoM, COCTaBBI TMPOKCEHOB TAKXKE Pa3IeIMINCh IIPUMEPHO MTOMOJIaM 10 IBYM
nosisiMm (puc. 13). DToT pakT uaeT Bpa3pes ¢ HAIIMMMU MPEICTaBIEHUSIMU O TOM, YTO BCE Op-
TOIMMPOKCEHBI KaaJaMCKOT0 KOMILUTeKca MarMaTudeckue. OmHako cam @. Purmaiiep otme-
YaeT, YTO CYyOCOMUIYCHBIC peaKIIMU B MAaTMaTHIECKUX OPTOMTMPOKCEHAX MOTYT CABUTATh MX
cocTaBbl B 001acTh MeTaMopduueckux (Rietmeijer, 1983). O ToMm, 4To Takoe mepeypaBHO-
BelllMBaHKME UMEJIO0 MECTO, MOTYT CBUAETEIbCTBOBATh OTHOCUTEILHO HU3KUE TEMIIEpaTyphl
(850—650 °C), rmostydyeHHbBIE C TOMOLIBIO IBYITMPOKCEHOBOIO r€0TEPMOMETPA.

Metamopduueckuii Opx
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Puc. 13. JIuarpammbl U1l pasfefieHUs] MarMaTMyeckoro M MeTaMopdHMUYEcKOro opronupokceHa (a —
o Bhattacharyya, 1971; 6 — o Rietmeijer, 1983).

Fig. 13. Discrimination plot of magmatic and metamorphic orthopyroxene (a, after Bhattacharyya, 1971;
0, after Rietmeijer, 1983).
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Kputepun cooTBeTCTBHS PeajbHBIX COCTABOB MHHEPAJIOB MOAEIbHbIM. C TTOMOIIIBIO YHC-
JICHHOTO MOIEIMPOBAHUS TIPOIIECCOB MarMaTUYeCKOTO MUHEParIoo0pa3oBaHUS MOXHO
OIPEeNeINTDb, KAKME COCTaBbl MUHEPAJIOB MOXKHO OXHUAATh B TTOPOIE TIPY KPUCTATUTU3AlIUT
M3 paciiaBa ¢ M3BECTHBIM (MJIM TIpearnosiaraeMbiM) cocTaBoM. CoBnageHUe MOIETbHBIX
COCTaBOB C COCTaBaMM peabHO HAOJI01aeMbIX MUHEPAJIOB B TIOPOJIE OYIET NOTIOJTHUTEb-
HBIM KPUTEPUEM B MOJIb3y MarMaTUYECKOI TTPUPOIBI TAKUX MUHEPAJIOB.

Onugun. J171s1 MOIETMPOBAHUST KPUCTAIIM3ALMKM 3TOTO MUHEpasa ObUIA B3SIThl YEThI-
pe cocTaBa OJIMBUHCOAEPXKAIIUX MOpod nepBoit ¢a3bl MaccuBa Kaamamo (MepugoTUT —
06p. 079-307, oMUBUHOBBIE KIMHOMUPOKCEHUTHI — 00p. 079-58 u 555, oNMMBUHOBBIN BeO-
CcTepUT — 00p. 556), a TakKe yCpemHEeHHBII cocTaB IMopo[ repBoii da3bl (23 aHanu3a) 1o
paHee OImyOJIMKOBAaHHBIM TaHHBIM (TaoI. 1).

ITpu monenupoBaHuu coctaBa oauBuHa (Foys ,;) OH cOBMagaeT ¢ peajbHbIM COCTABOM
(Foy, 4,) nnsa nepunotuta (00p. 079-307). Ho s opyrux coctaBoB pacilaBOB peajlbHble
COCTaBbl OJIMBMHA OKa3bIBAlOTCSI 0o0Jjiee XKEIE3UCThIMU IO CPaBHEHUIO C TeMHU, KOTOpbIE
MOJTyYaloTCsl B MOJEJbHBIX pacyeTax. Tak, Mpu MOAETMPOBAHUYM KPUCTAJUTM3ALIMU OJIUBU -
HOBOI0 KJIMHONUpokceHuTa (06p. 079-58) MoznenbHbIA cOCTaB OMBUHA OTBeYaeT Fogy, 4,
TOLJA KaK peajibHblil OIMBUH UMeeT cocTas Fo,, (,. M3 pacriaBa ¢ cOCTaBOM OJIMBUHOBOTO
KJIIMHOMUPOKCcEHUTA (00p. 555) Kpucramusyercst ouBuH ¢ Foy, ,, IpU peasbHOM coCTaBe
Fog;_¢;, a n3 onuBrHOBOrO BebeTeputa (06p. 556) — Foy, 4, TOINA Kak peasbHbIi OMTMBUH
conepXuT Fos, .. AHaJOrMuHbIM 00pa3oM NPU MOIEIMPOBAHUU YCPEAHEHHOIO COCTaBa
MTOpOJL TIepBOIi (ha3bl MOIETBHBIN COCTAaB OJIMBUHA OTBeuaeT Fo,, 1 O1M30K K pealbHbIM
cocTaBaM oJiMBUHA U3 nepuaoTuta (06p. 079-307), XoTss 0OBIYHO COCTaB OJIMBUHA U3 MU-
POKCEHHMTOB KaaJlaMCKOT'O KOMILIeKca 0oJree XKeJIe3UCThIA.

VBeuueHne B MOIEIbHBIX CUCTEMAaX COIepKaHusl Boobl B paciuiaBe (10 4%), a Takxke
nasneHus (mo 8—10 k6ap) u dpyrutuBHOCTH KMcmoponaa (1o oydhepa NNO) He TPpUBOIUT K
TOSIBJICHUIO XKeJIe3UCTOT0 oJuBMHA. [10IydeHHBIN pe3yIsTaT CBUIACTEIbCTBYET O METaMOP-
(prueckoit mprpozae oJIMBUHA B MUpoKceHUTax MaccuBa Kaamamo. MoXXHO PENNONIOXNUTD,
YTO MarMaTUYECKWi OJIMBUH COXPAHUJICS TOJbKO B HauboJjiee MarHe3uaJlbHbIX MOPOIaX
MaccuBa (MepUIoTUTAX).

ConepxaHUs OCHOBHBIX KOMIIOHEHTOB OJIMBMHA — (pasianuTa u (popcTeputa — BapbUpy-
10T B OYeHb MPOKUX npenenax. B padore (IineyoB u ap., 2018) aHanU3UPyIOTCS YCIOBUS
nosBIeHns onuBuHa ¢ Xy, > 0.96. [TosABreHre Takoro oJMBUHA B MarMaTUYECKUX MOPO-
IaX 0OBSICHSICTCS OKHCIICHUEM TTOPO WJIM HU3KOTEMIICPaTyPHBIM IIepeypaBHOBCIITBAHM -
eM MUuHepalbHBIX (pa3. [1o maHHBIM pa3HBIX aBTOPOB, OKUCJICHUE OJMBUHA ITPOMCXOIUT
npu temneparypax 400—500 °C (Del Moro et al., 2013) wiu 650 °C (Blondes et al., 2012).
DKCTpeMalbHO MarHe3uajbHbli OJMBUH U3 XPOMUTUTOB OOpasyeTcs Mpu TeMIiepaType
625—650 °C (ITneyoB u ap., 2018). Takue gaHHBIE HA NEPBBIA B3IVISAA MPOTUBOPEYAT CY-
MIECTBYIONIUM TIPEACTABICHUSIM 00 YBEJTMUSHUY MarHe3UaJbHOCTHY OJINBMHA B MarMaTuye-
CKHUX MOpoaax ¢ pOCTOM TemIepaTypbl. OMHAKO clienyeT UMETh B BUIY, UTO IIJIST OOJIBIITNH-
CTBa IPOSIBJICHUI 3KCTpEeMaJIbHO MarHe3MaJbHOIO OJIMBMHA B MarMaTHMYECKUX IOpPOAaxX
XapakTepHa ero rnepekpucTaiu3aius Win repeypaBHOBEIIMBAHUE MTPU HU3KOM TeMrle-
parype (ITnedoB u ap., 2018). ITpu aTOM, UeM HIUKe TeMIepaTypa NnepeKpucTain3aliu,
TeM OoJiee MarHe3UaJbHBIN OJIMBUH 00pa3yercs. BaxkHO TO, UTO BBICOKOMAarHe3uaJbHbIN
OJIUBUH TIOSIBJISIETCS B pe3yJIbTaTe JeceprieHTUHU3AIY TTopobl. [TockonbKy B pe3ynbrare
CepITCHTUHU3AIINH MIEPBUYHOTO OJIMBIHA YACTO 00pa3yeTcsl MarHETUT, MeTaMOp(pUIeCKUit
OJIMBMH, BO3HUKIINI B MPOIIECCe NeCepICHTUHNU3AINN, CTAHOBUTCSI 00Jiee MarHe3Walb-
HbIM. TakuM oOpa3oMm, Kelne3ucThlii oMMBUH MaccuBa Kaamamo oOpa3oBajics, BEpPOSITHO,
B pe3yJibTaTe MepeKpucTauiu3alii BbBICOKOMarHe3uaaibHOro MarMaTH4eCcKoro OJIMBMHA Ha
MeTaMOpP(hUUECKOM 3Tarle, IIPU 3TOM CEpIIeHTUHU3ALIMKY OJIMBUHA HE TTPOUCXOIUIIO.

BosHukaer Bompoc: moyeMy OJIMBUMH, OOpa3ylolMii BKJIIOYEHMUSI B OPTONMMPOKCEHE
(00p. 556), Toxxe ToaBEPrCsT TIEPEKPUCTAIUIM3ALINY (TaK KaK MMEET KeJIe3UCTHIIA COCTaB),
B TO BpeMsI KaK OPTOITMPOKCEH COXPaHWJI CBOIO MarMaTniecKyto npupoay? Bo3aMoxxHo 310
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CBSI3aHO C T€M, YTO OPTOIMMPOKCEH SIBJIIETCS TOCTATOUHO MHEPTHBIM MIUHEPAJIOM 1 COXpa-
HSIET COCTaB, OTBEYAIOLINI BHICOKOI TeMIepaType, B TO BpeMsl KaK OJIMBUH YacTO ObIBaeT
noasepxkeH nepekpucrainsauun (Dohmen et al., 2016). Mbl ipearonaraeM, 4To OJIMBUH
13 BKJIIOUEHU I B OPTONUPOKCEHE U3MEHIJI CBOI COCTaB B pe3yJibTaTe ooMeHa (heMUUecKu-
MU KOMITIOHEHTaMU C OPTOMUPOKCEHOM, TOLAAa KakK IMOCIEIHUNM COXPAaHWJI CBOM MepBUY-
HO-MarMaTU4ecKuit COCTaB.

Iupokcen. 1ns TepMOAMHAMUYECKOTO MOJECIUPOBAHUS ObLIU B3STHl TPU COCTaBa IMU-
poKceHcoaepxKaliux rmopo rnepsoii ¢assl Kaanamo (0JMBUHOBBIE KJIMHOIMUPOKCEHUTHI —
06p. 079-58 1 555, OJTMBUHOBBKIN BeOCTEPUT — OOp. 556) 1 OOWH COCTAaB MOPOILI BTOPOit
¢asbl (raddopoaroput — o6p. 325).

ITo pacueram, B OJMBMHOBOM KJIMHOMUPOKceHUTEe (00p. 079-58) MarHe3manabHOCTH
KJIMHONMPOKceHa Xy, BapbupyeT B mpenenax 0.95—0.66. HaGmomaemble 3HaueHus X,
3akiodeHbl B uHTepBasie 0.92—0.82. B onuBrMHOBOM KIMHOMUpOKCeHUTE (00p. 555) Mo-
NebHBbIE W HaOMIOIaeMble 3HAUYEHUS XMg paBHbI 0.94—0.73 u 0.88—0.83 cOOTBETCTBEHHO.
B onmBuHOoBOM BeGcTepute (00p. 556) — 0.94—0.75 1 0.83—0.78 coorBeTcTBeHHO. MOIEb-
HbIl COCTAaB OPTOMMPOKCEHA B 3TOM 00pasiie 6oJiee MarHe3uaibHbii (X, 0.90—0.71), yvem
peanbHblii (X, 0.67—-0.64).

IIpu pacuere KpucTaIM3alMu rabopomropuTa BTOpOit da3bl BHeaApeHUs (00p. 325)
MOJIEIMPYETCST TOJBKO TOSIBIIEHUE KJIMHOIMMPOKCEHA, XOTS B MOPOIE TaKXke IMPUCYTCTBY-
eT opronupokceH. Hambosiee mpuOIMXKEHHBI K peaJbHOMY COCTaBy KJIMHOMMPOKCEH
(Xy 0.74—0.63) nonyyaercsa npu hpakumMoHHoit Kpuctaamsauuu 50% pacrnasa. B atom
CJIydae paccuMTaHHOe 3HauYeHue Xy, coctapiser 0.80—0.62.

Taxkum 06pa3oM, MOIEITbHBIC COCTaBbI MMPOKCEHOB B 1I€JIOM COBIIAIAIOT C COCTaBaMU,
HaOJTI0HaeMBIMM B IOpoAax. DTO MO3BOJISIET MPEAMOIOXUTh, YTO OOJIBITMHCTBO ITUPOKCE-
HOB B ITOPOIAX KaaJaMCKOTI0 KOMIUIEKCA MMEET MarMaTUIeCKyIO TIPUPOLIY.

Inaeuoknas. At MOTeTUPOBaHMST KPUCTAJUTM3ALIMM TIJIaTMOKIIa3a OB B3SITHI BA CO-
cTaBa IMopoj, nepBoit ha3sl BHeApeHUs MHTpYy3unu Kaanamo (rabdopo — oop. 337, aHOpTUTO-
Boe rabopo — 06p. 324) 1 ooguH U3 BTOPOit (ha3kl (rabopoanoput — oop. 325).

B ra66po (06p. 337) HabmonaeTcs nBe reHepaluy Iularnoxiasa (An,, , 1 An,,). Mo-
JEJbHBII cocTaB TUIarMoKiia3a u3 3Toro oopasua (Ang, ;) 6JIM30K K COCTaBy IUIarMoKJia3a
repBoii reHepanu. MOXHO MPEeANnooXUTh, YTO TepBasi TeHepals TIaruokiasa B 9Toi
IOPOJIe UMEET MarMaTU4YEeCKYIO IIPUPOLLY, a BTopas — MeTaMOP(hUUECKYIO.

B aHOpTHTOBOM Ta06pO (00p. 324) Takke HAOMIOOAIOTCS IBE TeHEPAILIMU IUIarMOKIa3a:
A1pa 30HAJIbHBIX KPUCTAILIOB (Any,_gs) U KaiiMbl (Angs_,s). MOIEIbHBIN COCTAB IIarMoKiasa
COOTBETCTBYET ANy, s,. TakuM 00pa3om, neppasi reHepaLus MJIarnokjia3a MMeeT MarMaTy-
YeCKYI0 ITPUPOJLY, O IIPOUCXOXKAECHUN BTOPOI reHepaluu 110 pe3y/ibTataM MOAEINPOBAHKA
CYIMTb 3aTPyOHMUTENBbHO. BO3MOXHO, KpuCTalau3alus NEpBOii reHepauuu (OCHOBHO-
ro IUIarMoKJjasa) IMpoMCXoaunia B HEKO MPOMEXYTOUHOI KaMmepe, 3aTeM 3TU KPUCTaJUIbl
ObLIM NEpPEMELIEHBI B OCHOBHYIO KaMepy, [ B PE3YJILTaTe B3aUMOIEICTBUA ¢ DoJiee KUC-
JIBIM PacIulaBoM 00pa30BaiCh KaiiMbl, OTHOCSIINECS KO BTOPOIi TeHEpaLIUH.

B ra66ponuopute BTopoii a3bl BHenpeHus (00p. 325) Takke HabI0OAETCs 1B TeHe-
pauuu rarvoksiasa. K nepBoii reHepalMy OTHOCSTCS SiApa 30HAIbHBIX KPUCTAJUIOB Anyg,
KO BTOPOil — KaiiMbl Ang, 5, ¢ OCLMJIISITOPHON 30HATBHOCTBIO M HE30HAIbHbIE KPUCTAJLIbI
An,,. B xone MoznennpoBaHus Py JMKBULYCHBIX TEMIIEpaTypax ObLIM MMOJIyYeHbl KPUCTAT-
JIbl cocTaBa Ang, 4TO OTBEYAET IIArMOKJIA3y NepBoil reHepauuu. [lpu ycioBuu kpucrai-
muzauuu 50% pacriiaBa Haubosee MO3AHUI TIArMoKiIa3 OTBeYaeT cocTaBy Ang;, YTO CO-
OTBETCTBYET IJIATMOKJIa3y BTOPOi reHepaiu. Takum o00pa3oM, MOXHO CUMTATh, YTO 00e
reHepaluy Mjiarnokjiaza MMeloT MarMaTnieckoe npoucxoxaeHue. MoxHo Takxke Mpeano-
JIOXKUTh, 4TO 0Opa3oBaHNE 30HATBHBIX KPUCTAJIJIOB B 3TOM IMTOPOJIE MPOUCXOIUIIO TTO TOM e
cXeMe, YTO U B aHOPTUTOBOM rabopo (oop. 324).
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Ta6muma 7. CBonHasg TabyiMia KpUTEPUEB BbIICICHUSI MArMAaTUYECKUX U MeTaMOP(hUIECKUX MUHEPAJIOB
Table 7. Table with list of criteria for discrimination metamorphic and magmatic minerals

Marmaru- | Metamop- OneHka
MuHepan Kpurepun YecKuit buueckuii | 3¢ HEKTUBHOCTH ITpumeuanue
TeHe3MC TeHe3McC KPUTEPUEB
MopdoreHeTH- I 9 OmmbovHbIC OmmboveH 6e3 yueTa cocTaBa
yecKue ) pe3yJIbTaThl MUHepaia
Kene3ucTelil OIMBUH —
TeOXMMUYECKUE + + BddexTuBeH MpU3HAK MeTaMOp(PUIECKOTO
reHesnca
OJINBUH
TepMobapome- OmmboyHbIE
+ - Marmartuyeckue TeMreparyphbl
TpUYECKue pe3yJIbTaThl
CocTaBbl OJTMBUHA OTBEYAIOT
TEPMOAVUHAMU-
qecKIIe + + BDddexTuBeH MarMaTUyeCKUM TOJIbKO
B IIEPUIOTUTAX
MeTtamopdusm Huke P—T
MopdOreHeTr- i "
qecKie - BddexkTuBeH YCJIOBUIF 00pa30BaHMS 3TOTO
MUHepaJia
TpynHo uHTEpIIpe- CocraBbl B OJISIX KaK
TeOXUMUYECKUE ? ? THUPYEMbIE Pe3yib- MarMaTHyeckKux, Tak u
OpTONU- TaThl MeTaMOp(UIECKIX MUHEPATIOB
POKCEH Mertamopduue- . "
TepMobapoMe- pd Iupoxuit pazdpoc 3HaYeHU it
+ + CKME TEMIIEPATypbl
TpUYecKue TemIepaTyp oOpa3oBaHUs
ONTMOOYHBI
TpynHo nHTeprnpe- Monenupytorcst 6osee
TEPMOIUHAMU- N 9 pya prip ACTAPYIO
qeCKIe ? ? TUPYEMBbIE PE3YJIb- MarHe3uajabHble
TaThl OPTOIUPOKCEHbI
OcuwisiTopHast
M TeHETH- Paboraet mist He-
opdorene + ? aboTaer 11 He 30HaJIbHOCTb — MPU3HAK
4yecKue KOTOPBIX 3epeH
MarMaTUYecKoro reHe3uca
reOXUMUYECKUE He ucnonb3oBacs
Ko epMobapome [Iupokwuii pazdpoc 3HaYeHU
TepM Me- HUPOKUit HavYeHMUI
POKCEeH p p + + DddexkTuBeH P pasop
TpUYECKUe TeMIepaTyp oOpa3oBaHuUst
Pa6oraer misa CoOTBETCTBUE PACYETHBIM
TepMOIVHAMU- 9
qecKIe + ? MarMaTU4ecKux TeMIepaTypaM, peabHbIM
COCTaBOB cocraBam
OcuwuisitopHast
MopdOoreHeTr- 9 PabGoraer 1151 He- 1 P
+ ? 30HAJIbHOCTh — TIPU3HAK
yeckue KOTOPBIX 3epeH
MarMaTHYecKoro reHe3uca
He
reOXNUMUYEeCKUe
HCTIOJIb30BAJICS
TU1aruo- | tepmobapome- LIwupoxuii pazdpoc 3HaUeHU I
p P + + BDddexTuBeH P pasop
Kia3 TPpUYECKNE TemnepaTtyp o0pa3oBaHus
COOTBETCTBHE PEATbHBIX CO-
TepMOIMHAMI- CTaBOB MOJICTTLHBIM.
p qocKIe + + DddexTuBeH ITnarnoxnaset An < 30 He
MOJIEUPYIOTCS — MeTaMopdu-
yeckasi mpuposa
MopboreHeTu- 0 4 Pabotaer st He- AKTUHOJIUT —
yeckue ) KOTOPBIX 3¢peH | MeTaMOp(UUecKUii MUHEpa
TpynHo uHTEpIIpe- CocraBbl B TIOJISIX KaK
TeOXUMUYECKUE ? ? THUPYEMbIE Pe3yJib- MarMaTyeckKux, Tak u
ampu6on TaThl MeTaMOp(UIECKIX MUHEPATIOB
TepMobapome- LIupoxuii pazdbpoc 3HaUeHU I
p P + + BDddexTuBeH P pasop
TpUUYeCcKue TeMIepaTyp oOpa3oBaHuUs
TepMOAUHAMU- He
yeckKue HCTIOJIb30BAJICS

Tpumeyanue. 3HakoM "+" MOKa3aHO HaJMuMe MUHEPAJIOB MarmMaTU4eckoro/mMeramMopuyecKoro reHesuca,

"o

3HaKOM

KJIETKA — OTCYTCTBUE JaHHBIX 110 TaHHOMY KPUTECPUIO.

— UX OTCYTCTBUE. 3HAKOM "?" MoKa3aH HeOJIHO3HAUHbBINM pe3yJbTaT IPUMEHEHUsI KPUTEPUSI, MycTast
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ITockonbKy MeTaMOp(prUIecKre TTpeoOdpa3oBaHMsI MarMaTUYECKHX ITOPOI IITUPOKO TIPO-
SIBJICHBI, OCOOCHHO B JOKEMOPHMIICKMX KOMITJIEKCaX, BOIIPOCY pa3iejiecHUsT MIUHEpPaJioB Ha
TPYIITBI MAaTMAaTUYECKUX U METaMOP(UUECKUX YACISICTCS TOCTaTOYHO MHOTO BHUMAaHUS
(Bard 1986; Chen et al., 1988; Keeditse et al., 2016; Fan et al., 2021). OT™MeTnM, 4TO aM-
(ubonsl u3 maccuba Kaanamo Ha guarpamme Si—Ti (Fan et al., 2021) vanie nomnagatot Ha
TPAHUIIBI TTOJIE MarMaTUIeCKUX U MeTaMOp(MUIeCcKUX IMopo. DTo ellle pa3 yKa3blBaeT Ha
TO, YTO JIJIs TTOMOOHOTO pa3aeIeHUsI OMHUX TOJIbKO TeOXUMMNIECKIX JAHHBIX O COCTaBaX MU-
HepaJIoB HEAOCTAaTOYHO, HO TpeOyeTcsl Habop KpuTepues (Tadir. 7).

BbBIBO/IbI

151 BoLAEICHUSI TPYIII MAarMaTUYECKUX KU METaMOP(PUUECKUX MUHEPAJIOB B METAUHTPY-
3UBHBIX OPOJAX MEPCIIEKTUBHBIMU KPUTEPUSMHU ISl OTIPEACICHUS TIPUPOIbI MUHEPAJIOB
MOT'YT ObITh MOP(OreHeTUYECKIE, TEOXMMUYECKIEe, TePMOOapOMETPUIECKIE U KPUTEPUU
COOTBETCTBHSI PeaIbHBIX COCTABOB MIHEPAJIOB MOICIBHBIM. B mopomax KaajaMcKOTro KOM-
TJIEKCa COBMECTHOE TIPUMEHEHNE BBIIIEHAa3BAHHBIX KPUTEPHUEB TTO3BOJIMIIO BEISIBUTH TPYII-
bl KAK MarMaTHUYECKUX, TaK U MeTaMOPGUUECKIUX MUHEPAJIOB, B YMCJIE KOTOPBIX OJIUBUH,
MMUPOKCEHBI, aM(DUOO0JIbI U MIArMOKIIA3kI.

CornacHO pacueTaMm, B MarmMaTM4YeCcKUX IMOpojax MepBoil ¢da3bl BHENPEHUs] U3 pac-
[J1aBOB C NOHWXEHHBbIM conepxXaHueM SiO, KpUCTalJIM30BajIcd BbICOKOMarHe3uajlbHblil
onuBUH (Fo,s_,,), KINHOMUPOKCEH U B MOTYMHEHHOM KOJMYECTBE OpTOnupoKceH. M3 6o-
Jiee KMCJIBIX pacTuUIaBOB, HAPSIY ¢ KIIMHOTTMPOKCEHOM, 00pa30BaiCsl BHICOKOKAIBIIMEBBII
IUIarnokias (1o An,y). JlanbHeiilas sBomoLusl cocTaBa MarMbl MpUBeIa K MOSIBIEHUIO
Kaiim GoJiee KMCIOro rutarnokiasa (Ang_,). Ha moctmMarmaTryeckom atame mpu ocThIBa-
HMU MacCUBa MMEJIO MECTO IepeypaBHOBEIIMBAHKE COCTABOB MAarMaTUYECKUX MUHEPAJIOB
(onuBuHa, nupokceHoB). [Ipyu MeTaMopdu3Me oJUBUHCOAEPXKAIIMX MTOPOA 0Opa3oBajcs
CYLLIECTBEHHO XeJIe3UCThI 011BuUH (10 Fos,), a ampudon kak MeTamopduyecKkuii MUHepas
3aMelajl MarMaTnIecKre TEMHOILIBETHbIE MUHEPAJIbI.

B moponax Bropoii a3bl BHeApeHUsT Ha MarMaTudeckKoM 3Tare KpUCTauTU30BaTuCh
KJIMHOTMIUPOKCEH, OPTOMMMPOKCEH, Tuiarnokias. [1pu aTom Ha paHHUX cTaausx opMUpo-
BaJICSl BBICOKOKAJIbLIMEBBII IJIarMoKJIa3 Ang,, a Ha MO3IHUX — O0JIee HaTPOBbIH MJ1arMokKia3
An,,. Ha nmo3aHeil cranuyu MarMaTMyeckoro atana oopasoBajiachk Oypas poropasi oOMaHKa,
KOTOpast o0pacTaeT KpUCTaIbl OPTO- U KIMHOMMpOKceHa. Ha mocTtMarmaTryeckom atarie
MPOUCXOAWJIO MepeypaBHOBEIIMBAHUE COCTaBAa MarMaTUYeCKUX MUHEpaJIoB. B pesynbraTe
MeTamopdu3Ma BOZHUKIN BTOPUYHBIE aM(pUOO0IIbI (CUHE-3€eIeHasi poroBasi 0OMaHKa, KyM-
MWHTTOHUT, aKTMHOJIUT), a TAaKXKe XJIOPUT, 00pasyroliue nceBroMopdo3bl 10 KpUCTaiaM
OpPTO- ¥ KJIMHOMUPOKCEHA U MHOTAA 3aMelIalole MarMaTnieckKuii ambuoot.

B noponax TpeTheii paspl BHEAPEHUS HA MATMAaTUYECKOM 3Tarle IPOUCXOA1Ia KPUCTal-
J3auy Iarnoxnasa (Any, ), KBapLa 1 He COXpaHMBIIETOCA TEMHOLBETHOIO MUHEPAa,
BEPOATHO, aM(pubdona. Ha mocTMarmMaTuyeckoM — METaMOp(GUUYECKOM 3Tarle MPOU30ILI0
3aMelIeHNEe MarMaTMYecKOro TEMHOLIBETHOTO MMHepaJla CHHe-3eJeHbIM aMduboaoM u
(opmupoBaHue OoJiee KUCIOro TIarnokiasa (An,, ;).

Marmatuyeckue mopofbl, MOABEPTIIMecs] MeTaMop(UUecKM TTpeoOpa3oBaHUSIM, CO-
JiepKaT MUHEpaibl pa3HOrO reHe3nca, KOTOPble BO3HUKIIM Ha Pa3IUYHbIX cTaausix (op-
MUPOBaHUS MOPOJ. 3HAHUE MPUPOJbI STUX MUHEPAIOB BaXKHO HE TOJIBKO ISl TOHUMAaHUSI
WCTOPUU SBOJIOLIMY U3y4aeMbIX TTOPO, HO U HEOOXONMMO MPU UCTIOIb30BAHUU MOPOI0-
00pa3yroux MUHEPAIoB 711 U30TOMHOTO AaTUPOBAHUS.

Astophl cepneuHo Onaromapsat A.b. Bpesckoro (MITJI PAH, Cankr-IletepOypr) n
AHOHMMHOTO DEIEH3eHTa 332 WMCKIIOUUTETbHO MOOpOXKeNIaTeNbHble U KOHCTPYKTHUBHbBIC
TPENJIOKEHUS T10 YAYYIIEHUIO TIepBOHAYAIbHOI BEPCUU CTAThU.

Pa6ota BeimonHeHa B pamkax tembl HUP UT'TI PAH (Ne FMUW-2022-0002) MuH-
obpHayku Poccuu.
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Igneous and Metamorphic Rock-Forming Minerals in Metagabbro
of the Norther Ladoga Area and Criteria for Their Discrimination

R. L. Anisimov* *, M. E. Petrakova“, S. K. Baltybaev**, O. L. Galankina“

[nstitute of Precambrian geology and geochronology RAS, Saint Petersburg, Russia
®Saint Petersburg State University, Saint Petersburg, Russia
*e—mail: romjulleoanis@mail.ru

Morphology and compositions of minerals in metamorphized Early Proterozoic gabbroids of
the Northern Ladoga area were studied with the purpose to identify criteria of their magmatic
or metamorphic origin. These rock-forming minerals of the Kaalamsky complex are stable in
the wide range of temperatures and pressure. To solve the problem, together with comparison
with minerals from non-metamorphized rocks of the Potudan intrusion (Volga-Don orogen),
there were used the data of petrographic study in as well as the data of mineral compositions
and thermodynamic modeling. It was concluded that it is possible to distinguish groups of
magmatic and metamorphic rock-forming minerals with help of morphogenetic, geochemical,
and thermobarometric criteria, as well as criteria based on revealing the concordance between
observed and modeled mineral compositions. Combined application of these criteria has allowed
determining that rocks of Kaalamsky complex contain olivine, clinopyroxenes, amphiboles,
plagioclases of magmatic origin, and also their metamorphic analogues.

Keywords: gabbroids, Northern Ladoga, genesis, olivine, pyroxenes, amphiboles, plagioclase,
magmatic crystallization, metamorphism
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