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MocTtynuna B pegakumio 25 nioHa 2024 r.
BBEOEHUE

B cooTtBeTcTBUM cOo «CTpaTermen passmtna MMHepanbHO-CbipbeBon 6a3bl Ao 2035
roga» Ha YykoTke Npon3BoaMTCA OCBOEHME HOBbIX NEPCNEKTUBHLIX TEPPUTOPUIA, TaKNX
kak banmckasa pygHas 3oHa, Kavempasenckum pyaHsin ysen, NynsTMHCKUA pyaHbIn
y3en v ap. bonbwon nHtepec npeacrasnseT Kynsneeem-Ibipkakancknm pyaHbin
panoH, BKIOYaoLWmin mectopoxaeHuss CeBepHOro rpaHUTHOrO MaccmBa U YHUKarbHYHO
rpynny MecTopoxaeHuin orioea [Nbipkakanckue LITOKBEPKK ¢ 3anacamu 231.6 ToiC. T .
OfHon M3 OCHOB METanoreHMYeCcKom OLEHKN TEPPUTOPUIN ABMASETCA U3yYyeHne
cocTaBa, UCTOpUN POPMUPOBAHUA U PYJOHOCHOCTU rMApPOTEPMAasbHO-
MeTacomaTnyeckmx obpasoBaHun . NMprn3Hakom KpyrnHbIX peaKoMeTanibHO-ONOBAHHbIX
MEeCTOPOXAEHUN ABMSETCHA codeTaHne pyJOHOCHbIX UBUTTEPOB U TYPMannHUTOB .

Llenb ctaTtbn — npeactaBuTb pesynbTaThl UCCNegoBaHNs cocTasa U
nocnegosatenbHocTn popmmnpoBaHna PYOOHOCHbBIE METACOMATUTDI,
CONPAXEHHbIE C NIUTUN-®TOPUCTbIMUA FPAHUTAMU CEBEPHOIO
MACCUBA (YAYH-YYKOTKA) B.N. AnekceeB koMnnekca pygoHOCHbIX
mMeTacoMaTuToB B accoumauum ¢ Li F rpaHutamm (JI®IN), kotopble moryT 6bITb
NCronb30BaHbI MPY NoMcKax ONMOBAHHOIO 1 peKoMeTarbHOro opyaeHeHns
KyiBuneeeMm-lbipkakanckoro pyaHoro panoHa. PesynbTaTbl paboTbl MOryT ObiTb
NCronb30BaHbl Mpu akTyanuaaumm YykoTckon cepunHon nereHabl focreon kapThbl-
1000/3 .

®AKTUYECKUA MATEPUAI U METObl UCCNEOOBAHUSA

WccnepoBaHus OCHOBaHbI Ha MaTepuanax akcneamuun Ha YayH-Yykotky CaHkT-
MeTepbyprckoro ropHoro yHnsepcuteTa (JleHMHrpagckoro ropHoro nHetutyTa) B 1990—
2011 rr. Npwu nopgaepxke YayHCKOro ropHO-reoniorM4eckoro npeanpuaTna npoeBegeHo
KpynHomacLTabHoe reonornyeckoe KaptmposaHue metacomaTntoB CeBepHOro
MaccuBa no metoguke MHctutyTa KapnmHckoro . Ha nonckoBbix yyacTkax JleBbin
Epryseem, KekypHbii, HxHUI, BanyHHbIn, CTpeMuTenbHbIn, BOCTOUHBIN, YTUHBIA K
"ny6okunin npoBeaeHbl MUHEpPanoro-ne.

Ha ocHoBe kpynHomacLiTabHOro reosiorM4yeckoro KapTMpoBaHus, neTporpadnyecknx m
MUHEpPAaroro-reOXMMNUYeCcKnX gaHHbIX nccnefoBaHbl paumanbHblii COCTaB U CTagun
dopMmnpoBaHus rmapoTepmanbHO-MeTacoMaTn4ecknx obpasoBaHunin, NPOCTPAHCTBEHHO
COMPSKEHHbIX C NIUTUA-PTOPUCTbIMK rpaHMTammn CeBepHoro maccmea Ha YayH YykoTke.
BobigeneHbl usuttepbl CeBepHOro Maccuea — KBapu-Tonas-LMHHBaNbANTOBbIE



rpemnseHbl, conposoxgatowme Li-F rpaHntel n Hecywme peagkomeTtannbHyto (Nb, REE,
Y, Li, Bi, Sn, W) muHepanunsauyuto. OCHOBHOM 06bEM LBUTTEPOBOM MUHEPANM3aLnm
pacnpegeneH no nnowagn Mmaccuea B COCTaBe YMEPEHHO N3MEHEHHbBIX OMOTUTOBBIX
NenKorpaHnToB. YCTaHOBMEHO (haumnanbHoe pasHoobpasne TypManmHUTOBbLIX
MEeTacomMaTUTOB.

BblaeneHbl MyCKOBUT-KBapL-TypManMHoBas, ansouT-TypManuH-kBapLeBas, XrnopuT-
MYCKOBUT-TypMarnMHoBas u agynsip-TypmanmHoBasi MetacomaTtmyeckme auum c
TypmanuHom Tpex Tunos. Pa3paboTtaHa cxema caumanbHOro pacyneHeHns
PYAOHOCHbIX METAaCOMaTUTOB M NOCneaoBaTeNlbHOCTb CTagumn nx obpasosaxus: 1)
anbbuTuTbl, 2) UBUTTEPLI, 3) TYPManNuUHUTLI, 4) XNOpUTUTLI, 5) aprunnuaunTsl. LiButTep-
TYPManMHUTOBbLIM METacoMaTUYECKUIA KOMMNITEKC MacCcuBa XapakTepusyeTca TECHON
NPOCTPaHCTBEHHOWN CBA3bIO C NMIUTUN-PTOPUCTBIMU rPaHUTaMK, 3aKOHOMEPHOW
nocrnenoBaTenbHOCTbIO 06pa3oBaHUSA U FEOXMMUYECKOW 3BOSHOLMEN, OOLLHOCTbIO
aKLLeCCOPHOM N pyaHON MUHepanu3aunm metacomaTuToB. [epcnekTnBbl pyaoHOCHOCTU
CeBepHoOro maccmBa cBsi3aHbl C OFIOBOHOCHLIMU TypMasiMHUTamu, ypaHOHOCHbIMMN
aprunnuaMtaMmn u peakoMeTansbHbIMU LBUTTEPaMU.

KntodeBble cnosa: usuTTEP, TYPMaNnUHUT, XNOPUTUT, NIUTUN-PTOPUCTbINA FPAHUT,
MeTacoMaTU4eCKnin KOMMIeKC, OiI0BO, peakne metannsl, YayH-YykoTka.

19 RUDONOSNYE METASOMATITES, ASSOCIATED WITH LITHIUM-FLUORIDE
GRANITES

Tectonic and geochemical studies of ore-bearing metasomatites. The methodological
basis of the research was the pulsation concept of the formation of hydrothermal rocks,
developed by Academician S.S. Smirnov (1937) and outlined in work . Great attention
was paid to the composition, anatomy, and interrelationship of minerals (tourmaline,
micas, topaz, cassiterite, wolframite, allanite) — indicators of the conditions of
metasomatite formation . The principles of ontogenetic analysis of mineral individuals
and aggregates were used.

The study of metasomatites was conducted with the help of Polam R211, Polam R312,
Leica DM 2500 M, Olympus BX 51 microscopes. When studying minerals, electronic
microscopes JEOL JSM-6460 LV, JSM-7001 F, JIB-4500, Cameca MS-46 (Mining
University of Empress Catherine Il and Karpinsky Institute, St. Petersburg) were used.
The chemical composition of rocks and minerals was determined by methods of wet
chemistry, emission spectral and X-ray spectral fluorescent analysis (ED 2000, XRF-
1800), mass spectrometry with inductively coupled plasma (ICPE-9000), and atomic
absorption spectrometry (AA6300, AA35EA) in the Central Laboratories of PGO
"Buryatgeologia", Karpinsky Institute, and the Central Laboratory of St. Petersburg
Mining University. The composition of tourmaline was determined by microprobe
analysis (Jeol JSM IT 500, M.V. Lomonosov Moscow State University). The diagnostics
of micas and tourmaline were performed taking into account classifications . A database
of geochemical data (3255 samples) was organized, including information on types,
facies varieties, and chemical composition of metasomatites and host rocks of the



Northern Massif, as well as the intensity of hydrothermal changes. Statistical
parameters of the distribution of chemical element contents in samples of host granites
and ore-bearing metasomatites were established. Geochemical associations of rare
elements in metasomatites and host rocks were identified.

GEOLOGICAL CHARACTERISTICS OF THE RESEARCH AREA

The Northern Massif is located on the coast of the East Siberian Sea, east of the Chaun
Bay (Fig. 1, a). In 1937, the second Chaun expedition of the Arctic Institute of
Glavsevmorput discovered lead ore manifestations in the western contact of the massif.
Since the establishment of the Chaun-Chukotka Geological Exploration Administration
in 1939, state geological surveys have been conducted at a scale of 1:1,000,000 (sheet
R-59, new series), a scale of 1:200,000 (sheets R-59XXII, XXIll, first generation), and
large-scale geological surveys with general searches. The granitoids of the Northern
Massif intrude into the Upper Triassic aleurolitic and Upper Jurassic tuffaceous sandy
layers of the Palyavaam synclinorium of the Chukotka fold system, and the massif itself
is part of the eponymous batholithic belt . The research area is located on the northern
continuation of the Albian-Cenomanian marginal-continental magmatic province of the
Pacific Asia .

The Northern Massif represents a weakly eroded batholith with a gently domed roof,
composed mainly of leucogranites. Four plutonic complexes are distinguished in the
area: 1) domes of biotite-hornblende granites of the Purgin complex; 2) dikes of
porphyritic monzogranites, granodiorites of the Chuveem complex; 3) the main phase of
coarse-grained leucogranites and an additional phase of porphyritic and aplite-like
leucogranites of the Chaun complex (89.4 + 0.7 million years); 4) small intrusions of
LFH of the Pyrkakay complex (88.0 £ 0.7 million years) .

The LFH intrusions are represented by stocks of medium-grained microcline-albite
granites of the first phase and sills of fine-grained microcline-albite granites of the
second phase, lying in the apical part of the main dome of leucogranites. In the LFH
area in the central part of the massif, various metasomatites containing rare metal, tin,
and uranium mineralization are widespread. The main fault-displacements (Perevaliny,
Kulyveem faults, etc.) have a northwest extension, while associated faults (Dike,
Eastern faults, etc.) have a submeridional extension. Sublatitudinal strike-slip and gently
dipping normal faults are also developed. The ore-controlling structures are
submeridional and gently dipping structures, representing a system of strike-slip
displacements and determining the characteristic curtain-like structure of the distribution
of mineralized zones (Fig. 1, b).

METASOMATITES OF THE NORTHERN MASSIF

Study of metasomatites. As a result of exploration work conducted from 1946 to 1967 in
several areas of the Northern Massif, primary and placer manifestations of tin were
established, and tantalum-bearing and uranium-bearing metasomatites were identified.
An assessment of reserves was conducted at several ore manifestations of tin and



uranium, and a large Pyrkakay tin deposit was discovered in the southern exocontact of
the massif.
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Fig. 1. Geographic location (a) and geological map (b) of the Northern massif,
Chukotka.

1 — terrigenous alluvial deposits (aQ Il 1V);2 — tuff sandstones, tuff aleurolites (J 3);3 —
polymictic aleurolites, sandstones (T 3);4 — adamellites of the Purga complex, y J 3 K
1;5 — dikes of porphyritic monzogranites, granosienites of the Ichuveem complex, yeK
1;6 — leucogranites of the Chaun complex, IyK 1;7—8 — microcline-albite Li F granites of
the Pyrkakay complex:7 — first phase, €ly 1 K 2,8 — second phase, ely 2 K 2;9 — dikes of
undifferentiated granite-porphyries, ymmK 1-2;10 — geological boundaries;11 — fault
disturbances: regional (a), local (b);12 — zones of greisens, tourmalinites,
undifferentiated chloritites (a) and deposits (b):1 — Yerguveem,2 — Kekurnoe,3 —
Stremitelnoe,4 — Terrasovoe,5 — Utiinoe,6 — Glubokoe,7 — Pyrkakay.

Researchers agree on the prospectivity of searching in the studied area for weakly
eroded deposits of tin, tantalum, and uranium, but express contradictory views on the
classification of ore-bearing metasomatites. According to I.V. Tibilov , hydrothermal
formations and mineralization of Central Chukotka form four mineral complexes:1)
Yerguveem (quartz metasomatites);2) Pyrkakay (greisens, tourmalinites, propylites,
etc.);3) Valkumei (oxides and tungstates);4) Kytéprynnat (sulfides and sulfosalts).

The views of other researchers are presented in the archival materials of JSC "Chaun
GGP." E.S. Kotlyarova (Taiga Geology, 1988) identified 4 stages of metasomatism:1)
high-temperature (silicate-alkaline metasomatism and greisenization);2) medium-.

21 RudoHOCHbIe MeTacoMaTUTbl, CONPSAXEHHbIe C NIUTUN-(PTOPUCTbLIMMU
rpaHuTamm

TemnepaTypHbI (NponunuTusauusa n 6epesntunsaums); 3) HU3KoTEMNEPaTypPHbIN
(aprunnusauus); 4) runeprerHHoin atan. WU.C. MNMenbuman (ABUMC, 1988) npegnoxun
Tpex aTanHyt cxeMy metacomaTtuama: 1) bnotntnsaums, ansbutnsauyus; 2) ksapu-
TypMarnuHoBble, NMNTUA-PTOPUCTbIE N CUAEPODUNITUTOBBIE FPE3eHbI; 3) anbbuT-
xnoput-cepuumntoBble nponunutel. J1.I1. LiBeTkoB (HYayH-YykoTckasa NP3, 1989)
Bblgenun 13 ctagnn MmHepanuaauuu: 1) KBapu-kanunaToByto, 2) (KaCCUTepuT)-KBapLi-
anbbuTtoByto, 3) BUoTMTOBYIO, 4) TONA3-MYyCKOBUT-KBapLeEBYtO, 5) anbbutosyto, 8)
KBapu-CepuumMTOBYIO, 7) KBapL-TypManuHoByto, 8) kaccutepuT-KkBapuesyto, 9) remaTtut-
kBapuesyto, 10) xnoput-anbbutosyto, 11) kBapu-cynbduaHo-kapboHaTHyto, 12)
KaonuHut-kBapuesyto, 13) ueonutosyto. [pobriema novckos opyaeHeHns CeBepHOro
mMaccua TpebyeT pa3paboTkm eaAMHON CXeMbl pacyfieHeHNA PyOOHOCHbIX
MEeTacoMaTUTOB.

MNocnepoBaTtenbHOCTL 06pa3oBaHUsA U neTporpadmusi MeTacoMaTUTOB



Pa3meLleHne rugpotepmanbHo-MeTacomaTnieckmx obpasosaHumn B CeBepHOM
MaccuBe KOHTPONMPYETCA pa3HoHanpaBieHHbIMU Pa3pbiBHbIMW HAPYLUEHUAMM, YTO
No3BOSISieT UCMNONb30BaTh B3aMMOOTHOLLEHNE MeTacoMaTUYECKUX Ten Ans
PEKOHCTPYKLUUKM NocneoBaTenbHOCTU UX 0bpasoBaHus. Ha ocHoBe NPUMHLUMNOB,
N3IOXEHHBbIX B , BblAerneHbl NATb rpynn MeTacoMaTUTOB, PasfnnyaroLLnXCs Mo YyCNoBUAM
rfiokanuaaumm, CoctaBy U pygoHOCHOCTU, 06pasyloLmxcs nocreaoBaTenbHO B TeYeHNE
naTv ctaguin: 1) anbObuTuTbl, 2) UBUTTEPDI, 3) TYPMaNuUHNUTLI, 4) XNOPUTUTLI, 5)
aprmnnuauntel (Tabn. 1). AnbGUTnTLI NEPBON CTaann NpeacTaBfieHbl NO BCEW NnoLwiaam
MaccuBa yMEpPEHHO U3MEHEHHbIMU rpaHnTamn. CoaepkaHne HoBOOGPa3oBaHHOIO
anbbuta 5-25 %. Anbbut obpasyeT nceBooMopdo3bl MO NEPBUYHOMY ONUroknasy. B
opTOKNnase HabngalTcs NepTUTbI 3aMELLIEHUS, pexe arperaTbl «LLaxMaTHOro»
anbbuta. o rpaHMuam KpucTannos NMofeBoro wnata pasBuT «NEePUCTbIN» NENCTOBLIN
anbbut. Ha anbbnTn3MpoBaHHbIE rPaHUTBI HANOXEH LBUTTEPOBbLIN NapareHe3uc:
anbbuT NepBon CTagun 3ameLLaeTcs Tona3oM, LMHHBANbLAUTOM U oritoopuToM (puc. 2,
0).

LiBuTTepbl BTOpon cTagnmn npeacTtaBnatoT BbICOKOPTOPUCTbIE FPEN3EHbI, COCTOSALLNE U3
TpUoKTasgpuyecknx cnog (LmHHBanbantTalluHHBanNbauT — TEMHas TpMOKTasgpuyeckas
Li-copgepxawas cnoga psiga cugepodunnut KFe 2+ 2 Al 2 — nonunutmnonnt KLi 2 Al F
2.

MpumeyaHme k Tabnuue 1. YkasaHbl rnaBHble nopoaoobpasyoLlme MuHepans! B
nopsiike YMeHbLUeHUs coaepxaHus, B CKobkax — pyaHble MuHeparbl. AGBpeBunaTypbl
MUHepanos no .

Ta6nuua 1. Ctagumu ob6pasoBaHusa u ¢paumm ruapoTepmMmanbHO-MeTacoMaTuyecKux
obpasoBaHun CeBepHOro maccuBa.
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Fig. 2. Tin-bearing and rare metal metasomatites of the Northern massif (photographs
of thin sections without analyzer).

a — fluorite-topaz-cinnwalditization in leucogranite of the Chaun complex (ore
manifestation Daikovo);

b — quartz-topaz-cinnwalditic zwitter with monazite-(Ce), Nb-containing rutile, Hf-
containing zircon (Valunnoe);

¢ — topaz-quartz tourmaline metasomatite with inclusions of cassiterite (Stremlitelnoye);

d — rare metal-tin ore quartz-tourmaline metasomatite with cassiterite and monazite-
(Ce) (Kekurnoye);

e — rare metal quartz-chlorite metasomatite with allanite-(Ce), fluocerite (Ce) (Utinoye).



Abbreviations of minerals according to .

In the mineralization zone, it is widespread over the area of the Northern massif in the
form of weak and moderate alterations (2-15%). The content of newly formed quartz in
biotite leucogranites of the Chaun complex is 1-10%; the content of cinnwaldit,
replacing primary biotite, is 1-5%; the content of topaz and fluorite, replacing albite, is
0.1-3% and 0-0.6% respectively . Topaz-cinnwaldit-quartz alterations of granites are
widespread to a depth of up to 400 m and are reflected in the appearance and
composition of leucogranites of the Chaun complex .

In the Northern massif, lensoid and plate-like bodies, steeply dipping zones of zwitters
with a thickness of 0.1—4.5 m and a length of 1-70 m have been established. Zwitters at
the Kekurnoye and Glubokoye deposits lie in the apical parts of the LFG intrusions,
forming mantle-like areas with an area of up to 1-2 km?. The protolith of zwitters is
mainly leucogranites of Chaun.

23Pyn0HOCHBIE METACOMATHUTBI, COMPSKEHHBIE C TUTUIH-PTOPUCTHIMU IPAHUTAMH
ckoro komiekca 1 JIOI" neipkakaiickoro kommiekca. B
TeJax IBUTTEPOB MEpeIoBast 30Ha [IMHHBAJIBANT-KBap-
1IeBas, a ThUJIOBAs — Tona3-kBapiesas (Ta0:. 1). LuaH-
BaJIbIUT-KBapLIEBbIC METACOMATHTHI — TEMHOOKPALICH-
HBIE TTOpokl ¢ mpuMeckio (10-20 %) uuHHBaIbAUTA

i Li-cunepodnmmuta, Tonasa (1-10 %) u dmoopura.
Tomaz-kBapiieBble METaCOMATHTHI — CBETJIOOKPAIIICHHBIE
nopobl, conepxkarme 20-30 % (pexe mo 50 %) Tonaza
Y He3HAYUTENbHYIO IPUMECh IMHHBAIBANTA. CTPYKTYypa
[BUTTEPOB MEIIKO- U CPETHE3EPHUCTAS, JIETTHIOTpaHoba-
CTOBasi, TEKCTypa MaCCUBHAs, MATHUCTAS, IPOKUIKOBASL.
TemHas cimioga U Tomnas o0pa3yroT THe3a U IMH30BHIHbIE
000c00JIeHHUs B reTepo01acTOBOM KBapIIEBOM arperare.
KopoTtkocTon6uaTslii WM IeCTOBATHIM TOMAa3 BXOAUT B
cocTaB (DIIOOPHUT-TOMA30BBIX U [IMHHBAJIBIUT-TOMA30BbIX
arperaToB ¢ aKIIeCCOPHBIMH MHHEpaiamu (puc. 2, a; 3, a,
0). L{BuTTEpHI IEpeceKaroTcs KBapI-TyPMATHHOBBIMHU
OJIOBOPYTHBIMH KHJIAMH.

TypMaTuHUTBI TPEThEN CTAJUU CIaraloT KpyTo-
3aJieTalone JKUIbHBIE Tela, Pa3/IeJIeHHbIe 110 XapaKTe-
Py MeTacoMaTHYeCKOH 30HAILHOCTH Ha YeThIpe (haruu
(tabmn. 1). K Hanbonee pacnpocTpaHeHHBIM (QanusM OT-
HOCSITCA MyCKOBHT-KBapIl-TypMaJIMHOBAs U aIbOUT-Typ-
MaJIMH-KBapIeBas Qamuu.
MyCKOBHUT-KBapL-TypMaJIMHOBas (TJIaBHAs 0JIOBO-
pyaHas) damust pa3BUTa B IEHTPAILHOW YaCTH MacCHBa
B BHJIE 30HAJBHBIX INTUTOOOPA3HBIX TEN TYPMAINHUTOB
MOIIHOCTEIO 1.5-2.5 M (puc. 1). TypManuHUTH niepe-
CEKalOT TPAaHUTOMIbI BCEX HHTPY3UBHBIX KOMILIEKCOB,
WHOT/a JIOKAJTU3YIOTCS B 3aJIb0aH/IaX JJaeK TPaHUT-TIOP-
¢upoB 1 MoHIOrpaHUT-op¢pupoB. B coctase damn
BBIJICJIAIOTCS KBapL-TypMaJIMHOBBIE JKUIIbI, OKPYKEHHBIC
opeoJlaMi MyCKOBHUTOBBIX METACOMATHUTOB C MIPUMECHIO



KBapIia, TypMainHa, QIIIoopuTa, Kaccurepura. Mexty
TypMaJTUHOBOW KON U OKOJIOKUJIBHBIM CITIOAMTOM Ha-
OmogaeTcst TypMaJMH-KBapLeBas 30Ha ¢ OJ1acTOrpaHUTO-
BOM CTPYKTYpOH.

BrigeneHs! Tpu CTPYKTYPHBIX THIIA MYCKOBHUTOBBIX
MeTacomatuToB. Hanbomnee pacmpocTpaHneHbl METIKO3€ep-
aHucteie (0.02—0.15 MM) KBapI-MyCKOBHUTOBBIC METacoMa-
TUTHI C PEITUKTOBOM CTPYKTYpPOIl: 3epHa MarMaTU4eCKOro
KBaplIla 3aKJII0UYEHBI B TPAHOJIETNA001aCTOBBIM KBapIl-My-
CKOBHTOBBII arperaT ¢ mapajulelbHO-IIECTOBATHIME U pa-
JIMalIbHO-TYYHUCThIMU cpocTKamu Typmanusa I, onucan-
HOTO HIDKE. XapaKkTepHa BKPAIrJICHHOCTh KCEHOMOP(HBIX
OECLBETHBIX HJIM MAIIMHOBHIX 3epeH (Ir0opuTa, UTTPO-
tdbmoopura pasmepom 0.1-0.5 mm (puc. 3, B). K rHe3mam
MYCKOBHUTA MPUYPOUEH KacCUTepuT. BTopoii Tum okono-
KHUIBHBIX TOpoa — MuKpo3epHucTtoie (0.001-0.02 mm)
(ITI0OPUT-MYCKOBUTOBBIE METACOMATUTHI C TYPMAaJIHOM
(«cepHuIUTOBBIE METACOMATUTHI» ). MYCKOBUT OTHOCHTCS
K xene3uctomy penruty. Omroopur pazmepom n-1.0 Mm
o0pasyeT THe3/Ia U IPOXKHIKOBBIE 000c00IeHUS; coep-
xanue 2—5 %. Tperuil TUIT MyCKOBUTOBBIX METacoMa-
THUTOB BO3HUKAET B pe3yJIbTaTe 3aMEIICHHUS [IBUTTEPOB C
HaCJIeIOBAaHUEM HX CTPYKTYPBI.
ATBOUT-TypMaIMH-KBapIIeBas (BTOPOCTETICHHAS
OJIOBOpYTHAs) (arys IpeICTaBleHa TypMaIHH-KBapIie-
BBIMH METACOMATHYECKHMHU JKHUIIAMH C OKOJIOKUIIBHON
anpOUTH3aIel, KOTOPBIE PaclipoCTpaHeHbl Ha epude-
pun CeBepHOTO MaccuBa. 30HBI METaCOMAaT03a HEOOIhb-
moit MmomHocTH (1-15 cM) croxeHbl OeTBIMU U CBETIIO-
CephIMHU KBap-aJb0UTOBBIMHU MTOPOJAMH C HEOOIbLINM
(mo 5-8 %, pexe no 15-30 %) conepxaHreM CHHETO
wu 3eieHoro typMmaimaa 111, Typmanua o6pa3yer kce-
HOOJIACTBI M UTOJIbYAThIE KPUCTAIIIBI ONIEPEYHUKOM
0.01-0.1 MM B kBapm-ans0MTOBOM MaTpwuie. B cocras
ANBOUTUTOB BXOST TAKXKE CKEJIETHBIE M KOPOTKOCTOI -
OuaTtble KpUCTaIIIBI Oypo-roiyboro Typmanuna I u npu-
3MaTHUYECKUe KpUCcTaJUIbl TypManuHa Il monepeanukom
0.3-3.0 MM, kKceHOMOP(QHBIE 3epHA PO30BOro (QIOpUTA
pasmepom 0.5—1.5 MM, MUKPOBKIIIOUEHHUST KACCUTEPUTA U
pyTuna. Y cTaHOBJIEHO 00pa30BaHNE TYPMAaJIHHOBBIX aJlb-
OWTHTOB IO TPAHUTAM BCEX BHOB U 10 IIBUTTEPAM.
XJIOPHUT-MYCKOBHUT-TYPMAJITMHOBAs (haItus OTIH-

4aeTcsi OT MyCKOBUT-KBapI-TYPMAIHHOBOM HATUYHEM B
METaCOMAaTHUTaX XJIOpHTa (JieuiecuTa), 0ypo-roayooro
TypMainHa |, onrcaHHOT0 HUXe, U PacIpoCTpaHEeHHEM
Ha riry0okux ropuzontax (150-250 m). B cocra paunu
BxosT ToHKHUE (0.1-3.0 MM) TypMaIMHOBBIE TPOXKUIIKH,
coJiepkariye QIOPHUT, KACCUTEPUT U OTOPOUCHHBIE Ma-
JIOMOIIHBIMH 30HamMu cnaboit (3—20 %) MycKoBUTH3AIMN
U XJIOPUTH3AIHMY BMEUIAIONINX TPaHuTOB. TypManuH-
XJIOPUT-MYCKOBHUTOBBIE METACOMATHUTHI, COIEPIKAIINE



MHUKPO3EPHUCTBIN KACCUTEPHUT, OMMMCAHBI B CKBAKMHAX HA
MecTopokaeHnr KekypHoM.

ARynsp-TypManHOBAs (arys BKIIFOYACT PEIKHEC
MajioMotHeIe (10 10 ¢M) KHITBI, CITIOKEHHBIC MUKPO-
3epHUCTHIMHU TYPMAJIHHOBBIMHA METACOMATHUTAaMU C BKpa-
TUICHUSIMU aayJisipa. XapaKTepHbIC YePTHI 3TUX ITOPOJI:
MIOYTH TOJTHOE OTCYTCTBHUE KBaplia, BeIyIas posib Typ-
manusa I n ntumonuTuzanus. B anynsp-TypMalnHOBOM
MaTpHIle HaOII0IaI0TCsI THE3]a OTHOCUTENIFHO KPYITHOTO
TypManusa II. C )xunamu acconuupyroT aayisp-TypMa-
JTUH-KBapIeBble MeTacoMaTUTHI. CEeKyInX B3aMOOTHO-
IICHUH ayJsIp-TYPMATUHOBBIX XK C pAHHUMHU THIPO-
TepMaluTaM¥ He 3a()UKCUPOBAHO, HO TYPMAJIMHCOIEP-
JKallle METaCOMATHUTHI 3aMEIIAl0T aTbOUTH3NPOBAHHBIC
TPaHUTHI U [IBUTTEPHI BTOPOH CTaINH.

B cooTBeTcTBHY C MOCIEI0BATENFHOCTHIO 0Opa3o0-
BaHUs, PyIOHOCHOCTBIO U THIIOM TYpMaJlHA TypMaJlu-
HOBBIE 00pa3oBanust CeBepHOTO MacCUBa pa3ciICHbI Ha
4eThIpe KaTeropuu: 1) J0pyaHbIe MUTHPHI TypMasivHa |

B METMAaTOUIHBIX THE3/aX, 2) MPEAPYIHBIC KIIBI C TYP-
ManuHOM 1, 3) paHHEepyAHBIE )KIIIBI ¢ TypMaJIHHOM 11,

4) pyaHbIE XKIWIBI ¢ TypMaimuHoM 11,

23 Ore-bearing Metasomatites Associated with Lithium-Fluoride Granites of the
Skoy Complex and LFG of the Pyrkakay Complex.

In the bodies of zwitters, the frontal zone is cinnwaldit-quartz, while the rear zone is
topaz-quartz (Table 1). Cinnwaldit-quartz metasomatites are dark-colored rocks with an
admixture (10-20%) of cinnwaldit or Li-siderophyllite, topaz (1-10%), and fluorite.
Topaz-quartz metasomatites are light-colored rocks containing 20—-30% (rarely up to
50%) topaz and a small admixture of cinnwaldit. The structure of zwitters is fine to
medium-grained, lepidogranoblastic, with a massive, spotted, and vein-like texture. Dark
mica and topaz form nests and lens-like separations in the heteroblast quartz
aggregate. Short-columnar or six-sided topaz is part of fluorite-topaz and cinnwaldit-
topaz aggregates with accessory minerals (Figures 2, a; 3, a, b). Zwitters are
intersected by quartz-tourmaline tin ore veins.

Third-stage tourmalinites compose steeply dipping vein bodies, divided by the nature of
metasomatic zonality into four facies (Table 1). The most common facies are muscovite-
quartz-tourmaline and albite-tourmaline-quartz facies. The muscovite-quartz-tourmaline
(main tin ore) facies is developed in the central part of the massif in the form of zonal
plate-like bodies of tourmalinites with a thickness of 1.5-2.5 m (Figure 1). Tourmalinites
intersect granites of all intrusive complexes and are sometimes localized in the
surrounding dikes of granite-porphyries and monzogranite-porphyries. Within the facies,
quartz-tourmaline veins are distinguished, surrounded by halos of muscovite
metasomatites with an admixture of quartz, tourmaline, fluorite, and cassiterite.
Between the tourmaline vein and the surrounding mica, a tourmaline-quartz zone with a
blastogranitoid structure is observed.



Three structural types of muscovite metasomatites have been identified. The most
common are fine-grained (0.02—-0.15 mm) quartz-muscovite metasomatites with a relic
structure: grains of magmatic quartz are enclosed in a granolepidoblastic quartz-
muscovite aggregate with parallel-six-sided and radially-radiating intergrowths of
tourmaline Ill, described below. Characteristic is the inclusion of xenomorphic colorless
or pink grains of fluorite, yttrium fluorite sized 0.1-0.5 mm (Figure 3, c). Cassiterite is
associated with muscovite nests. The second type of surrounding rocks is micro-grained
(0.001-0.02 mm) fluorite-muscovite metasomatites with tourmaline ("sericite
metasomatites"). Muscovite belongs to iron-bearing phengite. Fluorite sized n - 1.0 mm
forms nests and vein-like separations; content 2-5%. The third type of muscovite
metasomatites arises from the replacement of zwitters while inheriting their structure.

The albite-tourmaline-quartz (secondary tin ore) facies is represented by tourmaline-
quartz metasomatic veins with surrounding albitization, which are widespread on the
periphery of the Northern massif. Zones of metasomatism of small thickness (1—-15 cm)
are composed of white and light gray quartz-albite rocks with a small (up to 5-8%,
rarely up to 15-30%) content of blue or green tourmaline Ill. Tourmaline forms
xenoblasts and needle-like crystals with a diameter of 0.01-0.1 mm in the quartz-albite
matrix. The composition of albite rocks also includes skeletal and short-columnar
crystals of brown-blue tourmaline | and prismatic crystals of tourmaline Il with a
diameter of 0.3-3.0 mm, xenomorphic grains of pink fluorite sized 0.5-1.5 mm, micro-
inclusions of cassiterite and rutile. The formation of tourmaline albite rocks has been
established on granites of all types and on zwitters.

The chlorite-muscovite-tourmaline facies differs from the muscovite-quartz-tourmaline
by the presence of chlorite (dellessite) in the metasomatites, brown-blue tourmaline I,
described below, and its distribution at deep horizons (150-250 m). The facies includes
thin (0.1-3.0 mm) tourmaline veins containing fluorite, cassiterite, and bordered by
weak (3—20%) muscovitization and chloritization zones in the enclosing granites.
Tourmaline chlorite-muscovite metasomatites containing micro-grained cassiterite have
been described in wells at the Kekurnoye deposit.

The adular-tourmaline facies includes rare low-power (up to 10 cm) veins composed of
micro-grained tourmaline metasomatites with inclusions of adularia. Characteristic
features of these rocks include almost complete absence of quartz, the leading role of
tourmaline lll, and limonitization. In the adular-tourmaline matrix, nests of relatively large
tourmaline Il are observed. Adular-tourmaline-quartz metasomatites are associated with
the veins. No intersecting relationships of adular-tourmaline veins with early
hydrothermalites have been recorded, but tourmaline-bearing metasomatites replace
albitized granites and zwitters of the second stage.

In accordance with the sequence of formation, ore-bearing capacity, and type of
tourmaline, tourmaline formations of the Northern massif are divided into four
categories: 1) pre-ore shales of tourmaline | in pegmatitic nests, 2) pre-ore veins with
tourmaline |, 3) early ore veins with tourmaline II, 4) ore veins with tourmaline Ill.



Aunexcees24

Puc. 3. OnoBsiHHO-peIKOMETaUIbHAS MUHEpaIH3aIus MmeracomaTuToB CeBepHOro MaccuBa (M300pakeHusl B
o0OpartHo-pac-

CeSTHHBIX AJIEKTPOHAX).

a — KBapl-TONa3-UMHHBAIBIUTOBBIN 1IBUTTEP ¢ Nb-W-Sn-coaeprkaiiuM pyTHUIIoM, BOJIbGPaMOUKCHOINTOM, Gepbepurom,
monarrom-(Ce),

kceHOoTUMOM-(Y ), Hf-coeprkaium nupKoHOM, TOpUTOM, 4epHOBUTOM-(Y ) (MecTopoxaeHne KexkypHoe); 6 — BKIIOYESHUS
B [IMHHBAJILANTE

LBUTTEPA UILIMKABaUTa, BUCMYTOIUPOXJIOPa, Bojb(pamonkcuonuta, Nb-conepskaiiero pyruia, Toputa U uepHoButa-(Y)
(T'my6okoe); B —

MYCKOBUT-KBapII-TYpPMAaJIMHOBBII MeTacoMaTut ¢ MmoHauuToM-(Ce), Hf- coneprxamum nupkoHOM, HTTPO(IIOOPUTOM U
ApCEHUOCHIECPUTOM

(CtpemurenbHOE); I — KACCUTEPUT B KBapL-TypMalInHOBOM MeTacomatute (CTpeMHUTeNnbHOE); 1 — KBapL-XJIOPUTOBBIN
METaCcOMATHT C aJla-

HuroM-(Ce), monauurom-(Ce), 6puromurom-(Ce), Gpmoouepurom (YTusoe); e — rue3no autanura-(Ce) u duroouepura-
(Ce), 3amertieHHBIX

cunxusurom-(Ce), 6actaesurom-(Ce), reMaTuTOM B KBapll- XJOPUTOBOM MeTacomarute (YTuHoe). AGOpeBHaTypsbl
MHuHepasos 1o [43].

JlopytHbIe ILTHUPEI TypMainHa | B MerMaTouIHbIX
rHe3max pasmepoM 1—-10 cM BCcTpedaroTcs B JIGHKOTPaHH-
TaxX 4YayHCKOTO KOMIUIEKCa Mo BCEH MIIOIaAn MacCuBa.
I'eHe3uc IUIMPOB METACOMATHUECKHUIL: IETMATOUIBI BO-
KPYT IUTUPOB aTbOUTH3UPOBAHBI K MYCKOBHUTHU3UPOBAHEI,
KCEHOMOPQHBIN TypMalliH Pa3MepoM JI0 HECKOIBKHX

MM 00pa3yeT ¢ KBapleM rerepo0IacToBBIH, pexe Mou -
Ki10071acTOBBIN arperat. ILITupel cogepkaT BKIIIOUCHHS
(dmroopura, Tonaza, Mmonanura-(Ce), Toputa u pytuna [1].
Typwmanun I B mmudax GreaHo-0ypblii ¢ romyOBIMU U CH-
He-3eJIeHbIMH 30HaMu. [To XxuMuueckoMy coctaBy OTHO-
cutcs K prop-tuepiny [34, 35]. OtHomienne Fes+/Feoou B
TypMaJuHe cocTaBiseT 6.7-9.6 %.

[IpenpyaHble )KUIBI C TYpMaIHHOM | — pekue Tena
MOTITHOCTEIO 110 0.8 M M MPOTSHKEHHOCTRIO JI0 8 M, CJI0-
JKeHHBIe pa3Ho3epHUCTHIM (0.1-2 cM) KBapIeBBIM arpe-
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Fig. 3. Tin-rare metal mineralization of metasomatites of the Northern massif (images in
backscattered electrons).

a — quartz-topaz-cinnwalditic switter with Nb W Sn-containing rutile, wolframite,
ferberite, monazite-(Ce), xenotime-(Y), Hf-containing zircon, thorite, black tourmaline-
(Y) (Kekurnoye deposit);

b — inclusions in the cinnwalditic switter of Ishikawaite, bismuth pyrochlore, wolframite,
Nb-containing rutile, thorite, and black tourmaline-(Y) (Glubokoye);

¢ — muscovite-quartz-tourmaline metasomatite with monazite-(Ce), Hf-containing zircon,
yttrium-fluorite, and arseniosiderite (Stremlitelnoye);

d — cassiterite in quartz-tourmaline metasomatite (Stremlitelnoye);



e — nest of allanite-(Ce) and fluorite-(Ce), replaced by synchizite-(Ce), bastnasite-(Ce),
hematite in quartz-chlorite metasomatite (Utinoye). Abbreviations of minerals according
to .

Tourmaline | shliers in pegmatitic nests measuring 1-10 cm are found in the
leucogranite of the Chaun complex throughout the massif area. The genesis of the
shliers is metasomatic: pegmatites around the shliers are albitized and muscovitized,
xenomorphic tourmaline up to several mm forms a heteroblast, less often a poikilitic
aggregate with quartz. The shliers contain inclusions of fluorite, topaz, monazite-(Ce),
thorite, and rutile .

Tourmaline | in thin sections is pale-brown with blue and greenish zones. By chemical
composition, it belongs to fluor-schorl . The ratio of Fe3+/Fe total in tourmaline is 6.7—
9.6%.

Pre-ore veins with tourmaline | are rare bodies with a thickness of up to 0.8 m and a
length of up to 8 m, composed of coarse-grained (0.1-2 cm) quartz aggregate.

25Pyn0HOCHBIE METACOMATHUTBI, COMPSKEHHBIE C TUTUIH-PTOPUCTHIMU IPAHUTAMH
raToM ¢ BKParuIeHHOCTBIO KCEHOMOP(HOTO TypMaliHa
ronepedarkoM 0.5—5.0 MM u THE3IaMH IIECTOBATOTO
TypMayimHa JTHHON 10 2—3 cM. Typmanus I ciokHo 30-
HAJTBHBIN KENTO-0yPHIiA U CBETIIO-TOIYOOH, TIICOXPOUPY-
FOIIHIA 10 Oyporo U CHHe-3eJIeHoT0. JKMITBI coeprkar 1mo-
JIMXPOMHBIH (DIIFOOPHUT, TOMAa3, HEHIUT, HHOTIa MEJIbYaii-
Ml TeMHO-OypbIid Kaccuteput (puc. 2, B). Typmanun |
OTHECEH K Qrop-mepiay u mepiny [34, 35]. OtHoeHnue
Fes+/Feosm B TypMmanune 7.8—10.6 %.

Pannepyansie xunsl ¢ TypmannHoM I MoImHOCTEIO

10 0.1 M pacipocTpaHEHBI [0 BCEMY palOHY M CIOXKE -
HBI MeJKo-cpeaae3epHucThIM (0.1—-1 MM) KBapHI-Typma-
JIMTHOBBIM arperaToM ¢ MaCCHBHOM MJIH OpEKYNEBUTHOM
TekcTypoi. Obnomku Typmanuna Il pacnpoctpaneHb

B PYIHBIX Xuiax ¢ TypmanuaoM Il (puc. 2, m; 3, T).
Ksapi kcenomopdHsIit pazmepom 0.1-0.3 MM, B 1py30-
BBIX ITOJIOCTSIX — UTOJIBYATHIA. AKLIECCOPHBIC MHHEPAJIBI
KU HTTPOQIIOOPHT, TOMA3, KACCUTEPUT, MOHAIIHT-
(Ce), Nb-conepkarumii pytui, autanut-(Ce), ajllaHuT-
(Y) (puc. 2, n; 3, B). Typmanus Il npeacrasnen ¢grop-
LIepJIOM, IIEPIIOM, OKcH-1IepioM [34, 35]. OTHoueHne
Fes+/ FeosmB TypManune 2.5-8.8 %.

Pynusie xunel ¢ TypmanmaoMm 111 cyObmepuamo-
HaJbHBIE, KpyTO3aJIeTaIoUe, MOITHOCTHIO 10 0.5-1.5 M;
00pa3yIoT KHIbHBIE CUCTEMBI IPOTSKEHHOCTHIO B TEp-
BBIE KIJTIOMETpHI (30HBI OcTantmoBast, [latikoBas, Bamryn-
Has Ha Mectopoxaennu Kexypnoe) (puc. 1). @opma sxun
IUTATO- U KyJIUCOOOpa3Hasi, BCTPEUaloTCs pa3BETBISIOIIHN-
ecsl ¥ IECTHUYHBIE JKMIBI. OKOJIOKUIIbHBIE N3MEHEHUS
MpeICTaBICHbl METACOMAaTUTAMH MYyCKOBHT-KBapII-Typ-



MaJTHHOBOM (hartiu, peske HaOII0JaI0TCs OPEOITHl AThOUT-
TypMaJIMH-KBapILEBOH U aayJsip-TypMaTuHOBON (aiui.
YKuipl CII0KEHBI MUKPO3EPHUCTBIM KBaPI[-TyPMATHHO-
BBIM arperaToM C MATHUCTON W OPEKIHEeBHUTHON TEKC-
typoil. Typmanun III npencraBieH cuHEeBaTO-3€JI€HBIMU U
3€JIEHBIMU UTOJIbYATHIMU KPUCTAIIAMHE JUTUHOM 70 1 MM,
IMTUPUHON OT HecKoJMbKuX MKM 110 0.1-0.3 MmM. Ilo cocra-
By TypMaiuH Il otHOCHTCS heppo-003unTy, mepiry u
okcu-mepay [34, 35]. Ornomenue Fes+/Feosm 10 13.6 %.
BropocTenenHble u akiieccOpHble MUHEPANbI XKHT: (IIto-
opuT, penuKTH TypManuaa II, kaccutepur, moranut-(Ce)
u anatut (puc. 2, T; 3, B, T). Pexe BcTpevaroTcst 0J10BO-
BOJIb(PpaM-HHOOHMEBEIN PYTHII, XalIbKOITUPUT, IUPHT, all-
nauut-(Ce), pmroonieput-(Ce), ammanut-(Y), THPOIUT,
KOHUXaJIBIUT, cakypauuT. JKumsl ¢ Typmanuaom Il He-
PEIKO UMEIOT CYIIECTBEHHO KBapLEBBIH COCTaB, CI0XKe-
HBI arperaToM KBapiia ¢ peAKUMH PaJnaabHO-ITyYUCTBIMU
cpoctkamu TypManiuna III. Takue kumbl conepxar 10
5-15 % xaccurepura.

XJIOpUTOBEIC METACOMATHUTHI (XJIOPUTUTHI) YET-

BEPTOM CTaJIMM PACTIPOCTPAHEHBI IO BCEH IIJIOIAIN
CeBepHOTro MaccHBa M OTHECEHBI K IByM MeTacoMaTH4e-
CKUM (haIusIM: CEPUIMT-XJIOPUT-KBAPIIEBON U XJIOPUT-
HOHTPOHUT-KBapIIEBOH (Tad. 1).
Cepurt-xjaopur-KBapiieBas ($hamys BKIIOYaeT
ManomoInHsie (1-10 cM) XJIOpUT-KBapLEBhIE YKHUJIIBI C
OpeoJIaMH XJIOPUTHU3ALUHU. XJTOPUTHTHI IPEACTABISIFOT
c000¥ MUKPO-MEITKO3EpHUCTHIC JICTTUA0TPAHO0IaCTOBEIE
MOPOJIBI C MACCUBHOM, MATHUCTON MIJIM OPEKYNECBUTHOM
TEKCTYpoi. MUKpOrpaHOOJIacTOBBIN KBapLEBBIN arperat
BKJTIOUYAET THE3/Ia XJIOpUTA U BKparuieHnus cepuiuta. Ko-
JIMYECTBO CEPHIINTA BO3pACTaET K (HPOHTAIBHBIM YaCTsIM
Ten. BeTpeuaroTes CyecTBEHHO XJIOPUTOBBIE MUKPOJIE-
MUA00JIaCTOBBIE, PaHATBHO-TyYHUCTHIE arperaThl C IICeB-
noMopdo3aMu XJIOpUTA IO OMOTUTY, THE3IaMH KBapIia 1
anpouTa.

XJI0pUT-KBapLEBBIE KUIIBI UMEIOT APY30BUIHOEC
CTPOCHHE U TPYIITUPYIOTCS B CEPUH LIUPUHON 10 HE -
CKOJIBKHX MeTpoB. KBapIl mpu3MaTH4eCKuii MOTepeyHu-
koM 0.5-5 MM, copepKaHue XJIOpUTa COCTABIAET n-%; B
MPHU3TB0aHIOBBIX YacTsX kui — 10 10-15 %. Xmoput
obpasyeT rae3ma, 4epBeoOpa3Hbie U MUKPOCHEPOITUTO-
BBI€ arperatsl (puc. 2, €; 3, 1, €). XJIOpUTOBBIE ITOPOJIbI
CMEHSIOT BO BpEMEHH 00pa30BaHUs TYPMaIMHUTOBOM
cTanuu: HaOJIrogaeTcs 3aMeIIeHNe TypPMaIiHa XJIOPUTOM
U CEPULINTOM, OpEKYMPOBaHHE TYPMaIHMHUTOB C LIEMEH-
Tarueil 00JIOMKOB XJIOPUT-KBAPIIEBBIM arperaTtoM. XJIo-
pututThl 30HbI BanyHHoii Ha KekypHOM MeCTOpOXIEHUN
00OTaIIeHbI PETUKTOBBIM KaCCUTEPUTOM, BXOAMBIINM B
COCTaB TYPMaJIMHUTOB TPEThEH CTAAHU.
XJIOpUT-HOHTPOHUT-KBapIieBast (aryst BKIFOYACT



METaCOMaTUYECKUE 30HbI MOIIHOCTHO N-10 cM ¢ HOHTpO-
HUT-KBapLEBbIMU NPOKUIKaMi. HOHTpOHHUTOBEIE MeTa-
COMaTHTHI 00Pa3yIOTCs MO THAPOTEPMAIUTaM OoJiee paH-
HuX craauid. Hanbomnee pacnpoctpaneHHas GopMa Ipo-
SIBJICHUS. — YEPHBIC IISITHA U [IPOXKUIIKH € OypPBIM OTTEHKOM
B TypMaJHHUTax. MUKpPOJIEMHI001aCTOBBIA HOHTPOHHUT
3aMellaeT TYPMAaJIHH, a [0JIEBbIE LIMAThl 3aMELAt0TCs
MyckoBUTOM. [ToIHONPOSIBIIEHHBIE HOHTPOHUTOBBIE ME-
TACOMAaTHUTBI — TEMHO-CEpBIE C OYPBIM MM OOJIOTHO-3e-
JICHBIM OTTEHKOM TIOPOJIBI C IATHUCTOMN, MPOKHUIIKOBOA,
peke OpeKuneBUAHON TeKCTypoil. [ TaBHbIC MUHEDA -

JIBI — 3€JIEHBIN WIIH KeNTO-0ypBlii MUKpOYeLTy HuaThIi
(0.01-0.1 MM) HOHTPOHUT, XJOPHT U KBapL. K BHemIHEH
30HE METACOMAaTHUECKON KOJIOHKU NPUYPOUYEH MYCKOBUT.
HoHTpOoHUT 1 MyCKOBUT 00pa3yloT NapaiebHble CPOCT-
KH C XJIOPUTOM.

HoHTpoHHT-KBapLeBbIE KUl — OTHOCUTEIBHO pea-

Kre 00pa3oBaHMs MOIIHOCTHIO 1-20 cM ¢ mapauieabHo-
IIECTOBATON M KOKKapI0BOH TEKCTYpOi. JKUJIIbI CII0KEHBI
MPU3MAaTHYECKUM KBapIIeM ITONEepeuHUKOM 1—3 MM ¢ OTO-
pOYKaMHU HOHTPOHHTA; HHOTAA 00OTAIIEHBI (PHOIETOBBIM
¢dmroopuToM. XJI0pUT-KBapLEBble U HOHTPOHUT-KBaplie-
BbI€ KHJIbI IIOBCEMECTHO MEPECEKAIOT TypMaTHHOBBIC

25 RudoHOCHbIe MeTacoMaTUTbl, CONPSAXEHHbIe C NIUTUN-(PTOPUCTbLIMMU
rpaHuTamm

raToM C BKpanfeHHOCTb KCeHOMOP(HOro TypmanuHa nonepeyvyHmnkom 0.5-5.0 Mm v
rHesgamMmu LLecToBaToro TypmanuHa asmHon o 2—-3 cM. TypmanuH | CrioXkHo
30HarnbHbIV XenTo-0ypbIvi 1 cBeTno-ronybown, nneoxpoupytowmn 4o 6yporo n cuHe-
3eneHoro. Xunbl cogepxaTt nosIMXpoMHbIN ntoopuT, Tonas, pheHrnT, nHoraa
MenbYanLnMm TeMHO-6ypbIn KaccuTepuT (puc. 2, B). TypmanuH | oTHeceH K dpTop-Luepny
n wepny . OTHoweHne Fe 3+ /Fe obw B TypmanuHe 7.8—-10.6 %.

PaHHepyaHble xunbl ¢ TypmanuHom || mowHocTeio o 0.1 M pacnpocTpaHeHbl Mo BCeMy
panoHy 1 CroXeHbl Menko-cpeHesepHncTbIM (0.1—1 MM) KBapL-TypMasnMHOBbLIM
arperaTtom C MacCMBHOWN unun 6pexkvneBngHomn Tekctypor. O6nomku TypmanmHa
pacnpocTpaHeHbl B pyAHbIX xunax ¢ TypmanuHom Il (puc. 2, g; 3, r). Keapu
KceHoMOpdHbIM pasmepoM 0.1-0.3 MM, B ApY3€0BbIX NOSIOCTAX — UrofnbYaTbIi.
AKLECCOpPHbIE MUHEpPAarnbl XUi: NTTPodItoopuT, Tonas, kaccnteput, MoHauuT (Ce), Nb-
cogepxawmin pytun, annannt-(Ce), annanut (Y) (puc. 2, g; 3, B). TypmanuH
npeactaeBneH oTop wepnom, wepnom, okcu-wepnom . OTHoweHne Fe 3+ /Fe obw. B
TypmanuHe 2.5-8.8 %.

PyaHble »xunbl ¢ TypmanuHom |l cybmepnano HanbHble, KpyTo3aneratoLime,
MOLLHOCTbIO 0 0.5-1.5 M; 06pasytoT XusbHble CUCTEMbI MPOTSXKEHHOCTHLIO B NEpPBbIe
KunomeTpsbl (30HbI OcTaHuoBas, [lankoBas, BanyHHaa Ha mecTtopoxaeHun KekypHoe)
(puc. 1). dopma xmn NNuTomn KynucoobpasHas, BCTpeyaoTCcsa pa3BeTBNSAoLLMNECs U



NeCTHUYHbIE XuUnbl. OKONMOXWUITbHbIE U3MEHEHNS NpeacTaBreHbl MeTacoMaTuTamu
MYCKOBUT-KBapL-TypMannHoOBOWN haumm, pexe HabnogarTca opeosbl ansont
TypManunH-kBapLeBon 1 agynap-TypManuHoBon doaumi. XKusibl CNoXeHb!
MUKPO3EPHUCTLIM KBapL-TYPManuHO BbIM arperatom ¢ NATHUCTON unu 6pekuneBnaHoON
TekcTypoun. TypmanuH Il npeactaBneH cMHeBaTo-3eN1EHbIMU N 3€MEHBIMU UrofbYaTbIMuU
KpucTtannamu anamHon o 1 Mm, WMpUHOW oT Heckonbknx MkM o 0.1-0.3 mm. lo
coctaBy TypmanuvH lll oTHocuTcs eppo-603unTy, Wwepny n okeu-wepny . OTHoWeHne
Fe 3+ /Fe obuw go 13.6 %.

BTopocTeneHHble 1 akLeCcCOopHble MUHepPansb! XUl onoopuT, penukTbl TypmanuHa ll,
kaccutepuT, MmoHauunT-(Ce) n anatut (puc. 2, T; 3, B, r). Pexe BCcTpeyatoTcs 05I0BO
BOSIb(ppamM-HMOOMEBBIN PYyTUN, XanbKonNupuT, NUpuT, annaHut-(Ce), dnooueput-(Ce),
annaHuT-(Y), TUpONuT, KOHMXanbuuT, cakypauut. XXunel ¢ TypmanuHom Il He pegko
MMEIOT CYLLIECTBEHHO KBapLEBbLIN COCTaB, COXEHbI arperatom KBapua ¢ peakumm
pagvanbHO-NyYncTbiMn cpocTkamu TypmanuHa lll. Takne xunel cogepxat oo 5-15 %
Kaccutepuga.

XnopuTtoBble MeTacoMaTuTbl (XSTOPUTUTBLI) YHETBEPTON CTaaun pacnpoCTpaHeHbl Mo BCeW
nnowaan CeBepHOro Maccusa M OTHECEHbI K ABYM MeTacoMaTuyecknm dpaumnsim:
CEepULNT-XIOPUT-KBApPLIEBON N XIMOPUT HOHTPOHUT-KBapLeBon (Tabn. 1). Cepuumrt-
XnopuT-KBapueBas dauus BknoyaeT manomMoLuHble (1—10 cm) xnopuT-kBapueBsble
XWUnbl C opeonamMmu Xnoputmnsaumm. Xnoputntel NpeacTaBnstoT cobom MUKPO-
MenKo3epHUCTbIe NnennaorpaHobnacTtoBble NOPOAbl C MACCUBHOMW, NATHUCTON NN
OGpekuneBmagHoOM TekcTypor. MukporpaHobnacToBbIvi KBapLUEBbIM arperaT BKAOYaeT
rHesga xnopuvra u BkpanneHus cepuumta. KonnyecTBo cepuumta Bo3pacTtaeT K
dopoHTanbHbIM YacTaMm Ten. BeTpevarTcs cywecTBEHHO XITOPUTOBbIE
MUKporienngobnacToBble, pagnarnbHO-NyYuUCTble arperaTbl ¢ nceBgoMopdo3amm
xnoputa no 6uotuTy, rHesgamu Kkeapua m anbbuTta.

XnopuT-KBapLueBbI€ XUIbl UMEKT APY30BUAHOE CTPOEHME U FPYNNUPYIOTCA B CEpUN
LUMPUHOW 0 HECKONbLKUX MeTpoB. KBapu npuamaTtmyecknin nonepevHnkom 0.5-5 mm,
cogepxaHue xnoputa cocTtaensieT n - %; B npusanbbaHaoBbixX YacTax xun — go 10-15
%. Xnoput obpasyeT rHesaa, YepBeobpasHble 1 MUKPOCKEPONUTOBbLIE arperaThbl (puc.
2,e; 3, A, e). XnopuToBbIE NOPOAbI CMEHSAOT BO BpeMEHM 0bpa3oBaHus
TYPManuHUTOBOW cTaguun: HabngaeTcs 3aMeLLeHne TypMmanmHa XIopuTom 1
cepuumTom, BpekunpoBaHmne TYpManmHUTOB C LeMEHTaLMeEN 065TOMKOB XITOpUT-
KBapLeBbIM arperatoM. Xnoputntel 3oHbl BanyHHoOM Ha KekypHOM MeCTopOXaeHUN
oboralleHbl PENUKTOBLIM KACCUTEPUTOM, BXOAMBLUMM B COCTaB TYPMarnMHUTOB TPETLEWN
ctaguuw.

XnNopuUT-HOHTPOHUT-KBapLeBas haLns BKIOYaeT MeTacoMaTUyYeckmne 30Hbl MOLLIHOCTbHO
n - 10 cM C HOHTPOHUT-KBaAPLIEBLIMU NPOXMIKaMU. HOHTPOHUTOBbLIE MeTacoMaTUThI
obpasyroTca no rmgpotepmanutam bonee paHHux ctagun. Hanbonee
pacnpocTpaHeHHas hopMa NPOSIBIIEHNSI — YePHbIE MATHA U NPOXUIKN C BypbIM
OTTEHKOM B TypmanuHuTax. MukponenngobnacToBbiii HOHTPOHUT 3aMeLLaeT TypMarnuH,
a rnoresble WNaTbl 3aMeLalTCcs MyCcKOBUTOM. MoMHONPOSIBNEHHbIE HOHTPOHUTOBbLIE



MeTacoMaTuTbl — TEMHO-Cepble C BypbIM NN 6O0NOTHBIM-3€MEHBbIM OTTEHKOM NOPOAbI C
NATHUCTOWN, NPOXUITKOBON, pexe BpekuneBnaHon TeKCTypon. [[NaBHble MUHepanbl —
3eneHbIn unu xento-6ypbin Mukpodewwynyatbin (0.01—0.1 MM) HOHTPOHUT, XIOPUT U
kBapu. K BHeLLHeN 30He MeTacoMaTMYeCKON KOSTOHKM NMPUYpPOYEH MYyCKOBUT. HOHTPOHUT
N MyCKOBMUT 00pasytoT napannenbHble CPOCTKM C XSTIOPUTOM. HOHTPOHUT-KBapLEBbIE
XWUnbl — OTHOCUTESNBHO peakme obpasoBaHust MoWHOCTLIO 1-20 cM ¢ napannenbHo
LLeCTOBATOM M KOKKapA4OBOMW TEKCTYpPOour. Knnbl COXeHbl Npu3MaTn4ecknm KeapLem
nonepeyHnkom 1—-3 MM ¢ OTPOCTKaMN HOHTPOHUTA; NHoraa oboralleHbl (OMONEeTOBLIM
GrIroopuTOM. XnopuT-KBapuesBble 1 HOHTPOHUT-KBapLEBbIE XWUITbl MOBCEMECTHO
nepecekaroT TypMasniMHOBbIE.
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KHJIBI ¥ 3aJI€5KU LIBUTTEPOB MM Pa3BUBAIOTCS B OCEBBIX
W 3JIb0AHIOBBIX YaCTSAX dTHX TEJ ¢ 00pa3oBaHUEM Telie-
CKOTIMPOBAHHBIX TYPMATHH-XJIOPUTOBBIX JKUJI.
ApPruIM3HUTHL ISATON CTauK PaclpoCTPaHEHBI

1o Bcel miommaay CeBepHOro MacCuBa, HHTEHCUBHOCTh
apruJuUIM3aliy HapacTaeT K nepudepun Maccusa. Bkpa-
IUIEHHOCTb, THE3/1a U cPepoInThl KAOJIHMHUTA U THAPOCE-
pHULKTA Pa3BUBAIOTCS IO OPTOKIIA3y B IPAaHHUTAX, 110 Typ-
MaJIMHY B TYPMaJHHHUTAX, T0 HOHTPOHUTY B HOHTPOHUT-
XJIOPUTOBBIX MeTacoMmaTuTax. ConepkaHne KaoJIMHUTA U
THIPOCEPHULIUTA cocTaBisieT He Oonee 1-3 % u yBennuu-
Baetcs 10 15-20 % Bo3iie KBapIeBBIX KWL BbineiaeHst
JIBA THIIAa apTHIITU3UTOB: KBl TpeOeHIaTOro KBapIa ¢
OKOJIOKWJIBHOM aprijuIn3anuell 1 30Hbl KpeMHeno100-
HBIX apTHJUTH3UTOB C KBAPIEBBIMH MPOKUIKAMH U THE-
3mamu. KBapreBsie )Kuiabl MOITHOCTRIO 0 10—20 cM 3a-
JeraioT cyOBepTuKanbHo. KprcTamisl KBapia ATHHOHN 10
5-8 cM 00pa3yIoT mapasieNbHO-IIECTOBAThIC arperaThl.
B oceBBIX gacTsIX Xui1 HAOMIOAAI0TCS APY3BI PACIICTUICH-
HOTO KBapua ¢ ¢moopurom. KBaprieBsie )XHUIbI pacceka-
10T TeJla TYPMAJIMHUTOBOM U XJIOPUTUTOBOM CTaAMM.
MeTtacomaTruecKre 30HbI apTUIUTU3UTOB MOIITHO-

ctio 0.5-10 cM TpencTaBistoT COO0H CBETIBIC MUKPO-
3epHHUCTHIE KBapILIEBHIE MOPOABI C MACCUBHOM, TOJI0CYA-
TOH WM MPOKUIKOBO-KOKKAp0BOH TekcTypor. Kpemue-
MOT0OHBII KBapLIEBBIH arperat CoAepKUT BKPAIJICHHOCTb
KaOJIMHUTA U THAPOCEPHLIUTA.

MuHnepasnoruueckie 0COOEHHOCTH METaCOMAaTUTOB
OBoMIOIMS THAPOTEPMATIBHO-pYAHON cucTemsl Ce-
BEPHOT'0 MaCcCHBA OTYETIIMBO BRIPAKEHA B NI3MEHEHHUU

OT CTa/INY K CTaJINU COCTaBa aKI[ECCOPHBIX MUHEPAIb -
HBIX KOMIUIEKCOB METacOMaTHTOB. L[BUTTEpHI BTOpOH
CTaJlH UMEIOT BOJIb(PpaM-peIKOMETAIUIbHYIO CIelra-
JIN3AIHIO M cofeprkat: urrpodmooput, MoHaIuT-(Ce),
apceHonupuT, Sn-Nb-W-conepkamuii pyTui, BoJdb(pa-
MOUKCHONUT, W-COepKaIUil NIbMEHHT, XaJIbKOIIHPHT,
némmHruT, As-toput, Hf- comeprkanuii upKoH, KCEHO-
aM~(Y), gepHOoBuUT-(Y), Oepmm, W-comepkamuii Ko-



mymouTt-(Mn), HITMKAaBaUT, TOPYTHT, BUCMYTOIIHPOXJIOP,
YPaHOMOJIUKPA3, PY3BEILTUT, BUCMYTHH, CAMOPOIHBIN
BHUCMYT, MOJUOJICHUT, TAJICHUT, TUPPOTHUH, IIEHHEPUT
(puc. 2, a, 6; 3, a, 0). B nBuTTEpax BCTpEeUaeTCs KaCCHUTE-
pHUT B cpocTkax ¢ Sn-Nb-comepkamuM pyTHIIOM.
TypManuHUTBI TPEThel CTAANK XapaKTEPU3YIOTCS
pelIKO3eMeNIbHO-0JIOBSIHHOM criennanu3anueil. B coctas
METacOMaTUTOB BXOAT: MOHAUT-(Ce), BUCMYTOITHPO-
XJI0p, Tpoxyiop, kceHotuM-(Y), anmatut-(CaF), duroore-
put-(Ce), UTTPOIIOOPHT, HILTUKABAUT, TOJTUKPA3, YPaHO-
TTOJTMKpa3, As-TOpUT U psn apcenaroB Y, Cu, Fe: gepHo-
BuT-(Y), arapaut-(Y), USHHEPUT, TUPOIUT, KOHUXAJIBLIUT,
apCEHUOCHIEPUT, CKOPOAMT, CADMUEHTHUT U Ap. B sxumax
¢ typmanuHoMm | Habmomatorest Mmonanut-(Ce), TOpHT,
PYTHI B KACCUTEPUT. AKIIECCOPHBIE MUHEPAIIBI KHJI C
typmanutoM II u III: kaccurepur, monaut-(Ce), anaTut-
(CaF), Sn-W-Nb-coaepxamuii pytui, dpaoomnepur-(Ce),
amraant-(Ce), amnaauT-(Y ), XadIbKOITUPHT, THPUT, THPO-
JIUT, KOHUXAJIBIINT, CaKypauuT (puc. 2, B, T; 3, B, ).
Kaccurepur o06pa3yer npoMBIIIIICHHbIE KOHLIEHT-

paruu B accormaruu ¢ Typmanuaom III (puc. 2, r; 3, ).
XapakTepHble IPUMECH B KACCHUTEPHUTE TYPMATNHOBBIX
XU (CpeaHUi cocTaB Ha MecTopoxaeHun KekypHoe,
ydactok Banynnsrit): FeO 0.97; W03 0.12; TiO20.06;
Nb 0.05; In 0.02; Ce 0.02; Sc 0.01 %. Conepxanue Fe

B kaccurepute cocrasisget 0.02—0.06 a.¢. B onoBoHoc-
HBIX KWJIaX coaep:KaHue KaccuTepura gocturaet 5—15 %
(puc. 2, r). Kaccuteput npeacraBicH aByMs popMamu:
MEJIKO3EPHUCTBIH OypbIif KaccuTepuT | 1 MUKpo3epHu-
ctolit (n1°0.001 mm) sxentsoiii kaccureput I1. 1ist kaccu-
teputa Il XapakTepHbI mapareHe3nc ¢ MoHanmuToM-(Ce) u
HanOoJiee BEICOKUE KOoHIeHTpanuu Nb, Sc, Ce.

B kaccurepute TypMaqTuHHTOBOH CTaul OTMEYACT-

cst BIcoKoe coneprkanue In 0.002—-0.017 %; oTHOMIEHNE
Nb/In cocraBnser 1.2-27.5. Ha auckpuMuHAIIMOHHOK
nuarpamme H.H. Hukynuna [17] kaccutreput CeBepHOro
MaccuBa OJHM30K K KACCHUTEPUTY TPEH3eHOBBIX MECTOPO-
KaeHuH, cBsi3aHHbIX ¢ JIDI: AnpTenbepr, DpeHdpuaep-
cnopo, I'eitep (I'epmanns); Lllepnosas 'opa, OpnoBckoe
(3abaiikanbe); Kectep (SAxyrtus). Habmronaercs Takxke
CXOZCTBO C KACCUTEPUTOM BYJIKAHOT€HHBIX T'PEH3EHOBBIX
MectopoxacHui JJansaero Boctoka: Kapaay6 (ITpuamy-
pre), Momnay (Ilpuamypse) (puc. 4).

Ha Kexypaom mectoposxxaenun (ydactok HukHuit)
BCTpEUEHBI TYPMAINHOBBIE JKMJIBI, HACHIIIEHHBIE PEIKO-
3eMeNbHBIMU MUHepanaMu: ajmanutoM-(Ce) u diaroore-
purom-(Ce). Annanut-(Ce) o0pa3zyeT CpOCTKH C aJlJIaHu-
ToM-(Y), oborammeHHbIM HeoquMoM (puc. 2, a) [2]. Tumo-
MOP(HON 0COOCHHOCTHIO TypMaIiHA PAa3IMIHBIX THIIOB
SIBIIICTCS] BBICOKAsl KOHIICHTpanus iutusl. B rypmanune I
U3 JOPYIHBIX HUTHPOB conxepkanue Li 42—-109 1/, B Typ-



Manune 1 u3 npeapyaasix sxui Li 110-161 r/1, B TypMa-
mae I u3 pannepyansix xun Li 130-710 r/T, B TypManu-
He I pynubix xun Li go 573 r/T.

XJIOPUTHUTHI YETBEPTOM CTAIUM CIIOKEHBI XJI0-

PUTOM, THAaTHOCTHPOBAHHBIM KaK BHICOKOXKEIIE3UCTHII
TIOPHHTHT (Feoom/(Feosm+ Mg) = 88.81-92.46) ¢ BrIco-
kuM conepxkaaneM Na, Ca u K: coorBeTcTBeHHO, 10 0.26,
0.09 1 0.06 a.¢. B rmudax XIopuT TpaBaHO-3€ICHBIH,
BBICOKOTIPETIOMIISIOLIHH, C HE3HAYUTEIBHON JUCTICPCH-
elt, (Ng-Np) = 0.015-0.017. X10pUTOBBIC METACOMATHTHI
XapaKTepU3yloTCs pelIKO3eMEeNIbHON CTielnainu3aiuei: B
nx coctas BxonuT ayutanut-(Ce). Ha pynonposiBieHun
YTHHOE cofiepKaHNe AJIAHUTA B XJIOPUTHTAX JIOCTUTACT
MEePBBIX MPOLIEHTOB. B accormarym ¢ alIaHuToM BCTpe-
gatorcs drroorieput-(Ce), morammt-(Ce). Ilo amuranauty

Alekseev 26

Veins and deposits of zwitters or develop in the axial and zalband parts of these bodies
with the formation of telecopied tourmaline-chlorite veins. Argillites of the fifth stage are
widespread across the entire area of the Northern massif, with the intensity of
argillization increasing towards the periphery of the massif. Inclusions, nests, and
spherolites of kaolinite and hydrosilicate develop on orthoclase in granites, on
tourmaline in tourmalinites, and on nontronite in nontronite chlorite metasomatites. The
content of kaolinite and hydrosilicate is no more than 1-3% and increases to 15-20%
near quartz veins. Two types of argillites have been identified: veins of comb quartz with
surrounding argillization and zones of siliceous argillites with quartz veins and nests.
Quartz veins with a thickness of up to 10—-20 cm lie subvertically. Quartz crystals up to
5-8 cm long form parallel-prismatic aggregates. In the axial parts of the veins, druses of
split quartz with fluorite are observed. Quartz veins cut through bodies of tourmalinite
and chloritite stages. The metasomatic zones of argillites with a thickness of 0.5-10 cm
represent light micro-granular quartz rocks with massive, banded, or veinlet-cockard
texture. The siliceous quartz aggregate contains inclusions of kaolinite and
hydrosilicate.

Mineralogical Features of Metasomatites

The evolution of the hydrothermal-ore system of the Northern massif is clearly
expressed in the change from stage to stage of the composition of accessory mineral
complexes of metasomatites. Zwitters of the second stage have tungsten-rare metal
specialization and contain: yttrium-fluorite, monazite-(Ce), arsenopyrite, Sn Nb W-
containing rutile, wolframite, W-containing ilmenite, chalcopyrite, lepidolite, As-torite, Hf-
containing zircon, xenotime-(Y), black tin-(Y), beryl, W-containing columbite-(Mn),
ishikawaite, torutite, bismuth-pyrochlore, uranopolycrase, rooseveltite, bismuthinite,
native bismuth, molybdenite, galena, pyrrhotite, ceinerite (fig. 2, a, b; 3, a, b). Cassiterite
is found in zwitters in aggregates with Sn Nb-containing rutile. Tourmalinites of the third
stage are characterized by rare earth-tin specialization. The composition of
metasomatites includes: monazite-(Ce), bismuth-pyrochlore, pyrochlore, xenotime-(Y),



apatite-(CaF), fluorite-(Ce), yttrium-fluorite, ishikawaite, polycrase, uranopolycrase, As-
torite, and a number of arsenates Y, Cu, Fe: black tin-(Y), agardite-(Y), ceinerite,
tyrolite, conichalcite, arseniosiderite, scorodite, sarmientite, and others. In veins with
tourmaline |, monazite-(Ce), torite, rutile, and cassiterite are observed. Accessory
minerals of veins with tourmaline Il and lll: cassiterite, monazite-(Ce), apatite (CaF), Sn
W Nb-containing rutile, fluorite-(Ce), allanite-(Ce), allanite-(Y), chalcopyrite, pyrite,
tyrolite, conichalcite, sakuraiite (fig. 2, c, d; 3, ¢, d). Cassiterite forms industrial
concentrations in association with tourmaline Il (fig. 2, d; 3, d). Characteristic impurities
in cassiterite from tourmaline veins (average composition at the Kekurnoye deposit,
Valunny section): FeO 0.97; WO3 0.12; TiO2 0.06; Nb 0.05; In 0.02; Ce 0.02; Sc 0.01%.
The content of Fe in cassiterite is 0.02-0.06 a.f. In tin-bearing veins, the content of
cassiterite reaches 5-15% (fig. 2, d). Cassiterite is represented by two forms: fine-
grained brown cassiterite | and micro-grained (n - 0.001 mm) yellow cassiterite Il. For
cassiterite Il, paragenesis with monazite-(Ce) and the highest concentrations of Nb, Sc,
Ce are characteristic. In cassiterite of the tourmalinite stage, a high content of In 0.002—
0.017% is noted; the ratio Nb/In is 1.2-27.5. On the discrimination diagram of N.N.
Nikulin , cassiterite of the Northern massif is close to cassiterite of greisen deposits
associated with LFG: Altenberg, Ehrenfriedersdorf, Geier (Germany); Sherlovaya Gora,
Orlovskoye (Transbaikal); Kester (Yakutia). There is also a similarity with cassiterite
from volcanic greisen deposits of the Far East: Karadub (Priamurye), Mopau
(Priamurye) (fig. 4).

At the Kekurnoye deposit (Lower section), tourmaline veins saturated with rare earth
minerals are found: allanite-(Ce) and fluorite-(Ce). Allanite-(Ce) forms aggregates with
allanite-(Y), enriched with neodymium (fig. 2, d) . A typomorphic feature of tourmaline of
various types is the high concentration of lithium. In tourmaline | from pre-ore shales,
the content of Li is 42-109 g/t, in tourmaline | from pre-ore veins Liis 110-161 g/t, in
tourmaline Il from early ore veins Liis 130-710 g/t, in tourmaline Il from ore veins Li is
up to 573 g/t. Chloritites of the fourth stage are composed of chlorite, diagnosed as
high-iron turingite (Fe total/(Fe total + Mg) = 88.81-92.46) with a high content of Na, Ca,
and K: respectively, up to 0.26, 0.09, and 0.06 a.f. In thin sections, chlorite is grass-
green, highly refractive, with slight dispersion, (Ng Np) = 0.015-0.017. Chlorite
metasomatites are characterized by rare earth specialization: they include allanite-(Ce).
At the Utiyno ore manifestation, the content of allanite in chloritites reaches several
percent. In association with allanite, fluorite-(Ce) and monazite-(Ce) are found.

27PyI0HOCHBIE METACOMATHUTBI, COTMPSKEHHBIE C TUTHH-()TOPUCTBIME TPAHUTAMHU
Puc. 4. Kaccureput metacomatutoB CeBepHOro MaccuBa Ha
OounapHo# nuarpamme Nb/In—In asist 0J0BOpYIHBIX MECTOPO-
JKACHUH Pa3IUYHBIX (hopmarwid, mo [17].

1 — xaccuteput CeBEepHOTO MaccuBa, 2 — KACCUTEPHUT OJIOBOPYAHBIX
MECTOPOXKACHHUN TPYTHX PerHoHOB. [0 pUTypaTUBHBIX TOYECK
MECTOPOXKICHUIT: | — KBapIEBBIN THIT KACCUTEPUT-KBapLIEBO (Hop-
Mal11, aCCOLUUPYIOLIHIA C IITyOUHHBIMU (2—4 KM) TPaHUTHBIMHU
uHTpy3usMu; I1 — onoBoHoCHBIE Li-F rpaHuThI U Ipeii3eHOBBI,
KBapLEBbIi ¥ KBapL-TOMA30BbIi TUIIBI KACCUTEPHUT-KBAPLIEBOM
(dopmanmy, accorupytomre ¢ runaduccanbibvu (1-1.5 km) rpa-
HUTHBIMU UHTpY3usiMy; 111 — rpeif3eHOBbIN, KBapLEBbI U KBapL-TO-
MIa30BBIH THITBI KACCUTEPUT-KBAPLEBOH (hopMaIiy, aCCOLMUUPYIOIIUE



C BYJIKAQHO-IUTyTOHHYECKUMH 00pa3oBaHusAMU; IV — TypMannHOBBIH
THI KACCUTEPUT-CHIIMKATHOM (hOopMaIiuu.

u (IrooriepuTy pa3BuBaroTcs 6actae3uT-(Ce), mapu3uT-
(Ce), cunxusur-(Ce), opurtonut- (Ce) (puc. 2, €; 3, 1, ).
B xy10puTOBBIX THE3aX HAOIIOAACTCS MEITKO3CPHHUCTRIH
MPU3MATHYECKUH FITM UTOJIFYATHIN KACCUTEPHUT C TIOTIe-
peurnkoM 0.005—0.3 MM, KOTOPBIH aCCOIMMUPYET C CyITb-
dbugamu — cpanepuTom, TUPUTOM, TAJTICHUTOM, XaJILKO-
3uHOM. BeTpedaroTcss MUKpOTHE3/1a aHaTasa ¢ pyTHIOM,
amraanToM-(Ce), MoHaruToM-(Ce). THOTIa XTTOPUTUTHI
coJiepKaT MPEHUT WK (IFOPUT. B HOHTPOHUTOBBIX Me-
TacOMaTHUTaX BCTPEUAIOTCS aHATa3, IPEHUT U TeMaTuT. B
XJIOPUT-KBAPIIEBBIX KHUIIAX OTMEUCHBI (DIIFOOPHT U MTUPUT.
Ha pynonposBienun YTUHOE 3TH KUl COAEPKAT raje-
HUT, chanepuT, agymsp.

APTHITN3ATHL Y€TBEPTON CTaIUU NMEIOT MUHE-
paJIbHBINA COCTaB, OTPAXKAIOIINN HU3KOTEMIIEpATypPHBIE
YCJIOBHUS 00pa30BaHUs U YPAHOBYIO CIleIUan3anuio. B
arperarax KBaplia HaOIrOal0TCs IPOKIIIKA [ICOTUTOB,
XanmenoHa u kapooHaToB MOITHOCTEIO n°0.01—1.0 MM,
THe3/1a KAOJIMHNUTA, MOHTMOPWJIOHUTA U THAPOCEPHUIINTA
(unnura), paccessHHas BKPAruIeHHOCTD TICOJIUTOB, Kallb-
[IUTa, IIAMO3WTA, TUAPOCIIOABL. LleonnThI pencTaBieHsI
CTHJILOMTOM, a TaK)Ke JOMOHTUTOM, CTEIIIEPUTOM, Ha -
TPOJIUTOM, CKOJICIIUTOM H Ap. [[pOMBITIIIECHHOE 3HAYCHUE
UMEIOT ypaHo(aH, ypaHohaH-0eTa, Ka30JIuT, TOPOSPHUT,
IIEWHEPUT, OTCHUT, YPAHOCITMHUT U 1p. [12].
['eoxuMuueckre 0COOEHHOCTH METAaCOMAaTHUTOB
I'eoxumMuyeckuii aHanu3 pacupeaeIeHIs PEIKIX
3JIEMEHTOB B rpaHnTax CeBepHOro MacCHBa IMOKa3bIBa-
€T, YTO OHHU CHeIHaIN3UPOBaHbI Ha TPH dJIeMeHTa — Li,

F u Sn (xnmapxu xoHmnerTparuu 6omee 5.0). XapakTepHbl
MOBBIIIICHHBIE KOHIIeHTparu Mo, Pb, Sc, Yb, Y, B (2.0-
5.0). BoTbITHHCTBO JIEMEHTOB UMEIOT OJIM3KIAPKOBBIC
conepxanus. Hanmmensmmvu koHeHTpausamu (< 0.5)
otnuyatorcs Ti, Mn, Ba, P (Ta6u. 2).

CpaBHEeHHE KIIAPKOB KOHIICHTPAIIMA METAaCOMaTUTOB

¥ BMEMIAIONINX TPAaHUTOB MTOKa3a10 000Cc00IeHIE YEeThI-
peX TPy PeKUX 3JIEMEHTOB: 1) BBIHOCSTCA U3 TPAHUTOB
MpY IPEeU3CHU3ANNN U KOHIIEHTPUPYIOTCS B AIbOUTHTAX U
usurrepax — F, Li, Be, P, Y, Ti, Zr, Pb, TI (ko3 dunment
koHmentparuu Kp < 0.70); 2) MakcuManbHO KOHIICHTPH-
PYIOTCS B OJIOBOPYAHBIX TypManuauTax — Sn, B (Kp =
242 n 27, COOTBETCTBEHHO); 3) COKOHIIEHTPUPYIOTCS B
OJIOBOPYIHBIX TYpPMAJIMHUTAX U XJOpPUTHTAX — Ag, Zn,
Ge, Cu, As, W, In (Kp = 4.0-1.5); 4) unauddepenTtHbIe
AJIEMEHTBI, TIPOSBIISFOIINE HEOTUYCTIIMBBIC TCHICHIINU K
koHIieHTpaiuu — Bi, Sb, Ce, Sc, Cr, Mn (Kp = 1.0-1.41)
win aexonnentpanuu — Ga, La, Yb (Kp = 0.76-1.0).
TunomopdHbIe penkue IeMEHTHI IIBUTTEPOB U TYP-
MaJMHATOB — COOTBETCTBEHHO, ()TOP ¥ 0JIOBO. AHAIIN3



MapHBIX KOAPGHUIIMEHTOB KOPpesiue (Topa U 0JI0Ba C
JPYTUMH DJIEMEHTaMHM TIOKa3bIBAET, YTO JUIst (PTOpA U OJI0-
Ba €CTh YCTONYMBBIC 3JICMEHTBI-KOPPENSHTHI (1) U dJie-
MEHTBI-aHTarOHUCTHI (—).DOPMYJIbI KOHIICHTPAIIUH PEJI-
kux amemMeHToB (1), (2)

+Mo, W, Cu, Zn, Ag, Sb, Ge, Ga, In, Nb, Sc, Yb, Y, La, Ce, B (1)
-Cr, T, P

+W, Bi, As, Nb, Yb, Y, La, Li (2)

-Ni, P

ITO3BOJISIIOT CAENATh BBIBOABI O T€OXUMHUYECKOM CIICIH-
(uKe MeTacoMaTUTOB. Y TOYHEHUE FCOXUMHUYUECKUX acCo-
[UAINH 3JIEMEHTOB MPOBEJICHO C TIOMOIIIBIO CPABHUTEIIb-
HOTO aHaJIM3a KOPPEISILMOHHBIX MATPHII PYAOHOCHBIX U
HEPYJOHOCHBIX TIOPO/ TI0 METOAY BETBSIIIMXCS CBSI3CH.

Y CTaHOBICHO, YTO [T HEPYOHOCHBIX MOPO/I, PECTaB-
JICHHBIX TPaHUTaMH, AIbOUTH3UPOBAHHBIMH, IPEH3CHU3H-
POBAHHBIMH U XJIOPUTU3UPOBAHHBIMU ITPAHUTAMH, XapaK-
TEpHA U30TPOIMHASA CTPYKTYPa TCOXUMHUCCKUX CBSI3CH, B
KOTOPOI HaMEUaroTCs KJIaCTePhI C MOBBIIICHHON KOppe-
JsUe. BoiaeastoTes rpy sl TUTOPUIBHBIX 3JICMEHTOB
TPAHWUTOB, TPEH3CHU3NPOBAHHBIX TPAHUTOB U IBUTTCPOB
(Li, Ga, Nb, Ta, Be, Yb, Y, La, Ce, Zr, Sc, Ti) u xamb-
KOMUIBHBIX 3JIEMEHTOB XJIOPUTU3UPOBAHHBIX TPAHUTOB
(Zn, Cu, Ag, Pb, Mn, Co). Ocobusikom pacroaraiores P,
W, Sb, As, Bi, In, Mo, Cr, Ni, V. OTMeTHM, 4TO B HEOJIO-
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Fig. 4. Cassiterite of the metasomatites of the Northern massif on the binary diagram
Nb/In—In for tin ore deposits of various formations, according to .

1 — cassiterite of the Northern massif,2 — cassiterite of tin ore deposits from other
regions.

Fields of figurative points of deposits:| — quartz type cassiterite-quartz formation,
associated with deep (2—4 km) granite intrusions;ll — tin-bearing Li F granites and
greisen, quartz, and quartz-topaz types of cassiterite-quartz formation, associated with
hypabyssal (1-1.5 km) granite intrusions;lll — greisen, quartz, and quartz-topaz types of
cassiterite-quartz formation, associated with volcanic-plutonic formations;|V —
tourmaline type cassiterite-silicate formation.

And fluocerite develop bastnasite-(Ce), parisite (Ce), synchizite-(Ce), britholite (Ce) (fig.
2,e;3,d,e).

In chlorite nests, fine-grained prismatic or acicular cassiterite with a size range of
0.005-0.3 mm is observed, which associates with sulfides — sphalerite, pyrite, galena,
chalcopyrite. Micro-nests of anatase with rutile, allanite-(Ce), monazite-(Ce) are found.



Sometimes chloritites contain prehnite or fluorite. In nontronite metasomatites, anatase,
prehnite, and hematite are found. In chlorite-quartz veins, fluorite and pyrite are noted.

At the Utiino ore manifestation, these veins contain galena, sphalerite, adularia.

Argillites of the fourth stage have a mineral composition reflecting low-temperature
formation conditions and uranium specialization. In quartz aggregates, veins of zeolites,
chalcedony, and carbonates with a thickness of n - 0.01-1.0 mm, nests of kaolinite,
montmorillonite, and hydrosmectite (illite), and scattered inclusions of zeolites, calcite,
shamosite, hydromica are observed. Zeolites are represented by stilbite, as well as
lamontite, stellerite, natrolite, scolecite, and others.

Industrial significance is attributed to uranophane, uranophane-beta, kazolite, torbernite,
zeunerite, otenite, uranospinite, and others .

Geochemical Features of Metasomatites

Geochemical analysis of the distribution of rare elements in the granites of the Northern
massif shows that they are specialized in three elements — Li, F, and Sn (clarks of
concentration over 5.0). Characteristic are elevated concentrations of Mo, Pb, Sc, Yb,
Y, B (2.0-5.0). Most elements have close to clark contents. The lowest concentrations
(< 0.5) are noted for Ti, Mn, Ba, P (table 2).

Comparison of clarks of concentrations of metasomatites and host granites showed the
separation of three groups of rare elements:

1) extracted from granites during greisenization and concentrated in albitites and
zwitters — F, Li, Be, P, Y, Ti, Zr, Pb, Tl (concentration coefficient Kr < 0.70);2) maximally
concentrated in tin-bearing tourmalinites — Sn, B (Kr = 242 and 27, respectively);3)
concentrated in tin-bearing tourmalinites and chloritites — Ag, Zn, Ge, Cu, As, W, In (Kr
= 4.0-1.5);4) indifferent elements, showing indistinct tendencies to concentration — Bi,
Sb, Ce, Sc, Cr, Mn (Kr = 1.0-1.41) or deconcentration — Ga, La, Yb (Kr = 0.76-1.0).

The typomorphic rare elements of zwitters and tourmalinites are, respectively, fluorine
and tin. Analysis of paired correlation coefficients of fluorine and tin with other elements
shows that for fluorine and tin there are stable correlating elements (+) and antagonistic
elements (-).

Formulas for the concentration of rare elements (1), (2)+Mo, W, Cu, Zn, Ag, Sb, Ge, Ga,
In, Nb, Sc, Yb, Y, La, Ce, B (1)-Cr, Tl, P +W, Bi, As, Nb, Yb, Y, La, Li (2)-Ni, P

allow conclusions about the geochemical specifics of metasomatites. Clarification of
geochemical associations of elements was carried out using comparative analysis of
correlation matrices of ore-bearing and non-ore-bearing rocks by the method of
branching connections.



It was established that for non-ore-bearing rocks, represented by granites, albitized,
greisenized, and chloritized granites, an isotropic structure of geochemical connections
is characteristic, in which clusters with increased correlation are outlined. Groups of
lithophile elements of granites, greisenized granites, and zwitters (Li, Ga, Nb, Ta, Be,
Yb, Y, La, Ce, Zr, Sc, Ti) and chalcophile elements of chloritized granites (Zn, Cu, Ag,
Pb, Mn, Co) are distinguished.

Separately, P, W, Sb, As, Bi, In, Mo, Cr, Ni, V are noted. It should be noted that in the
neolo-.
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Tabmuua 2. PenkosIeMeHTHBIH COCTaB METAaCOMATHTOB LIBUTTEP-TYPMAIHHATOBOIO KOMIUICKCA M BMEIIAOLIIX
IPAaHUTOB

CeBepHOTO TUTyTOHA.

XuMu4eckun

JIIEMEHT

Conepxanue, /T Kitapk kornenrpanuu Kp
123123

Ti426 816 390 0.18 0.350.17 0.48
Mn 219 247 302 0.36 0.41 0.50 1.22
Cr5925322.361.001.281.28
Ni9.4929.81.171.151.22 1.06

Mo 2.83.12.92.803.102.90 0.94
W161930---1.58
Cu1815320.900.751.60 2.13

Pb 29 61 36 1.45 3.05 1.80 0.59

Zn 6531105 1.08 0.52 1.75 3.39
Ag0.11 0.050.20 - - - 4.00
Sb434054---1.35
Bi3.52.73.8---1.41

As 68 5085---1.70

Sn 104 18 4360 34.70 6.00 1453 242.2
Ge3.01.94.32.141.363.072.26
Ga2127221.051.351.100.81
In57507.8---1.56
T16.08.455---0.65

Zr 68 117 54 0.34 0.59 0.27 0.46

Nb 303837 1.50 1.90 1.85 0.97

Be 1119 13 2.00 3.45 2.36 0.68
Sc7.87.69.82.602.533.271.29
Yb7911.7891.972922.220.76

Y 62 106 68 1.82 3.11 2.00 0.64
La4583640.751.38 1.07 0.77
Cel173162214---1.32
Ba8391830.100.11 0.10 0.91

P 223302 204 0.46 0.43 0.29 0.67
Li218 501 170 5.45 12.52 425 0.34

F 1700 4170 2460 2.12 5.21 3.07 0.59
B 65044 1170 43.32.93 78.0 26.7
[pumeuanwue. [IpuBeaeHsI TapaMeTPh TEOXUMUIECKUX BBIOOPOK (MeToabl ADKCA, miaMeHHOMH (OTOMETPHH,
HNucturyt

Kapnuackoro, ananutuku U.10. Bynakosa, A.J. ManbieB): 1 — reHepaibHas COBOKYITHOCTb, 3255 npo0; 2 —



BMEIIAIOLINE TPAHUTBL; 3 — MeTacoMaTHThl. Kitapku KOHIEHTPALMK — OTHOLICHUE COJCPIKAHMS DIEMEHTA K
KJIapKy rpaHuTa, 1o [4]. IIpobGen — anemMeHTsl, A5 KoTopsix Oonee 50 % mpod UMEIOT coepIKaHusl HUKE
nopora

4yyBcTBUTENbHOCTH. Kp — K03 hunmeHT MeTacoMaTiyeckoi KOHIIEHTPAIMK — OTHOIIICHHE KJIapKa
KOHIICHTPAIUH

METAaCOMAaTHTOB K KJIAPKy KOHLIEHTPAIIMH [PAaHUTOB.

BOHOCHBIX TIOPOJ[aX OTCYTCTBYIOT CHIIBHBIE CBSI3U OJIOBA C

JOpyTUMH dJIeMeHTamH (puc. 5, a).

CoBeplLIeHHO MHAas KJIaCTepHAsl CTPYKTypa reoXu-

MHYECKHUX CBs3eH HaOII0aeTcs B pyIOHOCHBIX MeETa -

coMaTHTax. BelaemnsroTes cneayromue reOXuMUIecKie

acconuanuu: 1) peakomeramnpHoO-peakosemensHast (F,

Be, Y, REE, P) u penxometammsHo-mutreBas (Li, Zr, Ga)

ACCOLIMAIMH IBUTTEPOB, COACPIKALTUX [TMHHBAIBINT,

UTTpO(IIOOPHT, OepUILI, HIIMKaBauT, Guoouneput-(Ce),

monaruT-(Ce), kceHotuM-(Y), Hf-comeprxamntuii mup-

KOH, TOPYTHT U APYTHE PeIKOMETAILILHBIE MHHEPAITBL;

2) onoBopyaHas (Sn, W, Sb, Nb, In, Sc, Ge) u penkoze-

menbHas (REE, Y) acconnanuu TypManuHUTOB, coep-

)Karumx kaccuteput, Nb-W-Sn-pyTtmn, moraruT-(Ce),

urtpoduroopurt, quiroonieput-(Ce), amnanut-(Ce), ana-

HUT-(Y), BUCMYTONIUPOXJIIOP, TUPOXIIOP, KceHOTUM-(Y),

WITUKABAUT, TTOHKpPa3, caMmapckuT-(Y), TYHTCTHT, TUPUT

u ap.; 3) meano-monumetamnaeckas (Cu, Ag, Pb, Zn,

Bi, As, Mn) u peaxo3zemensHas (REE, Y) accounarym

XJIOPUTOBBIX METACOMATUTOB, COAEPKAIINX XaTbKO3HH,

canepuT, apCeHOMPUT, CAMOPOIHBII BUCMYT, TaJICHHUT,

XanpKonuput, amnanuT-(Ce), pmoonepur-(Ce), MoHa-

ut-(Ce), 6actHe3uT-(Ce), napm3ut-(Ce), CHHXU3HUT-

(Ce), 6puTonut- (Ce) u ap. (puc. 5, 6). YcTaHOBICHHBIC

Alekseev 28

Table 2. Rare Element Composition of Metasomatites of the Zwitter-Tourmalinite
Complex and Host Granites of the Northern Pluton.

Chemical Element Content, g/t

Clark Concentrations

Kr

123123

Ti 426 816 390 0.18 0.350.17 0.48
Mn 219 247 302 0.36 0.41 0.50 1.22

Cr 592532 2.36 1.00 1.28 1.28



Ni 9.49.29.8 1.17 1.15 1.22 1.06
Mo 2.8 3.1 2.9 2.80 3.10 2.90 0.94
W 16 19 30 1.58

Cu 18 1532 0.90 0.75 1.60 2.13
Pb 29 61 36 1.45 3.05 1.80 0.59
Zn 65 31 105 1.08 0.52 1.75 3.39
Ag 0.11 0.05 0.20 4.00

Sb 43 40 54 1.35

Bi 3.52.7 3.8 1.41

As 68 50 85 1.70

Sn 104 18 4360 34.70 6.00 1453 242.2
Ge 3.0 1.9 4.3 2.14 1.36 3.07 2.26
Ga 2127 22 1.05 1.35 1.10 0.81
In5.75.0 7.8 1.56

T16.0 8.4 5.50.65

Zr 68 117 54 0.34 0.59 0.27 0.46
Nb 30 38 37 1.50 1.90 1.85 0.97
Be 11 19 13 2.00 3.45 2.36 0.68
Sc7.87.69.82.60 2.53 3.27 1.29
Yb 7.9 11.7 8.9 1.97 2.92 2.22 0.76
Y 62 106 68 1.82 3.11 2.00 0.64

La 45 83 64 0.75 1.38 1.07 0.77

Ce 173162 214 1.32



Ba 83 91 83 0.10 0.11 0.10 0.91

P 223 302 204 0.46 0.43 0.29 0.67

Li 218 501 170 5.45 12.52 4.25 0.34

F 1700 4170 2460 2.12 5.21 3.07 0.59
B 650 44 1170 43.3 2.93 78.0 26.7

Note. The parameters of geochemical samples are provided (methods of AEXSA, flame
photometry, Karpinsky Institute, analytics by I.Yu. Bunakov, A.l. Maltsev): 1 — general
population, 3255 samples; 2 — host granites; 3 — metasomatites. Clark concentrations —
the ratio of the element content to the granite clark, according to . Blank — elements for
which more than 50% of samples have contents below the sensitivity threshold. K r —
coefficient of metasomatic concentration — the ratio of the metasomatites' concentration
clark to the granites' concentration clark.

In the host rocks, there are no strong associations of tin with other elements (Fig. 5, a).
A completely different cluster structure of geochemical associations is observed in ore-
bearing metasomatites. The following geochemical associations are distinguished: 1)
rare metal-rare earth (F, Be, Y, REE, P) and rare metal-lithium (Li, Zr, Ga) associations
of zwitters containing zinnwaldite, ytterbium-fluorite, beryl, ishikawaite, fluocerite-(Ce),
monazite-(Ce), xenotime-(Y), Hf-containing zircon, thorutite, and other rare metal
minerals; 2) tin ore (Sn, W, Sb, Nb, In, Sc, Ge) and rare earth (REE, Y) associations of
tourmalinites containing cassiterite, Nb W Sn-rutile, monazite-(Ce), ytterbium-fluorite,
fluocerite-(Ce), allanite-(Ce), allanite-(Y), bismuth-pyrochlore, pyrochlore, xenotime-(Y),
ishikawaite, polycrase, samarskite-(Y), tungsten, pyrite, and others; 3) copper-
polymetallic (Cu, Ag, Pb, Zn, Bi, As, Mn) and rare earth (REE, Y) associations of
chlorite metasomatites containing chalcocite, sphalerite, arsenopyrite, native bismuth,
galena, chalcopyrite, allanite-(Ce), fluocerite-(Ce), monazite-(Ce), bastnasite-(Ce),
parisite-(Ce), synchizite-(Ce), britholite-(Ce), and others (Fig. 5, b). Established.

29Py0HOCHBIC METACOMATHTHI, CONPSKCHHBIC C IUTHH-()TOPUCTHIMU FPAHUTAMU
FeOXMMHUYECKUE 3aKOHOMEPHOCTH COOTBETCTBYIOT MPH-
BEJICHHBIM BBIIIE MUHEPAJIOTrO-11eTPOrpahuuecKuM JaH-
HBIM, TIOATBEPXKAAIOT U MPEATIOKECHHYIO CXEMY pacuJie-
HEHHS PYyAOHOCHBIX MeTacoMaTuToB CeBEepHOTO MaccuBa,
U UX NPUHAIJISKHOCTD K €JMHOMY METaCOMAaTH4YECKOMY
nporeccy (tabm. 1).

OBCYXJIEHUE PE3VJIbTATOB

[TocnenoBarenbHOCTH OOpa30BaHUS

MeTacoMaTuToB CEeBEPHOr0 MaccuBa

OnHa U3 XapaKkTepHBIX 0COOEHHOCTEH ruApoTep -
MaJIBHBIX [T0OPOJ] — 00pa30BaHUE MHOI'OCTAJUMHBIX KOM-
miekcoB [ 18]. [Ipobnema cranuitHOoCTH THAPOTEPMAITB-
HBIX MECTOPOXKACHUHN TUCKYTHPYETCs Oojee cTa JIeT

[10]. B ocHOBY nccienoBanus MmeracomatutoB Cesep -



HOTO MacCHBa TOJOXKEHBI IPEICTABIICHHUS aKaJeMHUKa
C.C. CMupHOBa 0 MyJBCAIIMOHHOM XapaKTepe THAPO -
TEPMaIBHOTO Ipolecca. BrigeneHHbIe METaCOMATHTHI
IIATH TUTIOB (Ta01. 1) mpeacTaBisaioT co0oi MpOayKTHI
MOCIIEI0BATENbHBIX CTaNui THAPOTEPMAITEHOTO MPOIIEC-
ca. Ha 5T0 yka3pIBaroT ciieyromue reoiornieckue ak-
Tb1. I3y4eHHbIE THAPOTEPMaTbHO-METACOMATUIECKIE
00pa30BaHUs IPUYPOUEHBI K SK30KOHTAKTOBBIM 30HAM
unTpy3uit JIOI" neipkakaiickoro komiuiekca (puc. 1). Me-
TaCOMATHUTHI MTOCIIEOBATEILHBIX CTAIUI CMEHSIOT JAPYT
IpyTra, 3aHUMasi Bce 0oJiee MIMPOKHUE 0 IUTOMAAH apea-
761 1 GOpMUPYSI HEHTPOOEKHYIO MHOTOCTaIUHHYIO 30-
HaJIBHOCTh. MHOTOKpATHO 3aMKCUPOBAHO IepecedeHue
METaCOMAaTHYECKHX TeJ KaKJOW U3 MATH TPYI KUIaMHU
Y TIPOXKUIIKAMU TTOCIIEAYIONIEH CTaan MUHEPATH3aIiH,
OpeKYMpOBaHHE METACOMATUTOB C LIEMEHTALIUEH 00JIOM-
KOB MUHEpaJIbHBIMH arperaraMu 0oJiee MO3IHUX CTaIHH.
HabmomaeTcs 3akoHOMepHas 3BOJIOIHS COCTaBa aKIleC-
COPHBIX KOMIUIEKCOB U PyIHOTO MPO(UIIS pa3sHOCTAANN-
HBIX METACOMATHUTOB: peAKOMETaILTbHBIC IIBUTTEPHI (N,
W, Y, REE, Li, Th, As) — omoBopyaHO-peIKO3eMEIILHEIE
typmasmHaATH (Sn, REE, Y, W) — penkozemensHO-TI0TH-
MeTayumueckue xaopututsl (Cu, Pb, Zn, Bi, LREE) —
ypaHOHOCHBIC apriiTu3uThI (U, As).

YcTaHoBIEHHAS MTOCIEA0BATENIFHOCT 00pa3oBa-

HUS METacoMaTuTOB (Tabi. 1) COOTBETCTBYET KUCIOTHO-
OCHOBHOM 3BOJIIOIIMYA MHHEPATO00Ppa3yOIuX QIIIOUA0B.
@roH I, TOPOXKACHHBIE PYAOHOCHBIMHU IPAHUTAMH,
BBI3BIBAIOT HA MTUKE BOJHBI KUCIOTHBIX KOMITOHCHTOB
HBUTTEPU3ALUIO0 MATEPUHCKUX U BMEIIAIONIUX TTOPO/I.
Hapacranue pH u cMeHa pexuMa JeTydrux KOMIIOHEH-
TOB COIPOBOXKIAIOTCS TYPMaIMHA3ANNEH, a TO3HEE —
xyoputuzanueii. [IpoyKThl HECKOIBKUX CcTaauii 00pa-
3YIOT METACOMATUYECKUM KOMIUIEKC, KOTOPBIH «COCTOUT
13 3aKOHOMEPHOM 30HAIIBHON KOMITO3ULIUY LIEJIOYHBIX,
KHCJIOTHBIX ¥ OCHOBHBIX TIOPOJI Pa3HBIX CEMEUCTB OHO-
ro LIUKJIa PA3BUTHSI METACOMATUYECKOM cucTeMbl» |18,
c. 72].

B xonme XX Beka B MpaKkTUKE T€0IOr0-pa3Be -

JIOYHBIX pabOT HaKOMWIACH OOIIMPHAs HH(YOPMAITUS O
LBUTTEP-TYPMATUHUTOBBIX KOMITIEKCAX KPYIHBIX Pel-
KOMETaJUIbHO-0JIOBOPYJHBIX MecTopoxAeHUM: Kyrapok
u Jloct-Pusep (Amscka) [31, 41], Boyap u ITrou-Jle-
Bunb (®panmus) [29, 33], Cenr-Octemn u Tperos -
HuHr-I'ogonedun (Auraus) [30, 32], AHOSHIITOK H
Opendpunencaopd (I'epmanns) [28, 40], Bukmanos
(Yexwus) [42], [anackeiipa (Iloptyranus) [37] u ap. Ha
HanbHem BocToke BUTTEP-TYPMaTMHUTOBBIE KOMILIEK-
CBI YCTAHOBIICHBI HA OJIOBOPYAHBIX MECTOPOKICHUSIX:
[IpaBoypmuiickoe (Ilpuamypse) [1, 4, 6], SpocnaBckoe
(ITpumopre) [6], Hdenmyrarckoe, [Tomsiproe (AxyTus) [1,



3, 5]. Pa3BuBaeTcs KOHLEIIHUS «0a30BOM (hopMaliiu
OJIOBOPYJHBIX LIBUTTEPOB» B IHAOKOHTAKTE I'PAHUTOB,
KOTOPBIE CMEHSIOTCA Ha BEPXHUX Apycax KBapl-TypMa-
Puc. 5. KoppensunoHHble CBSI3U PEAKUX 3JIEMEHTOB BMELIal0-
LIMX IOpoj (a) U PYAOHOCHBIX MeTacoMaTUTOB (0) CeBepHOTO
MaccuBa.

a — BBIOOPKA IPAHHUTOB, ATbONTH3MPOBAHHBIX, MPEH3CHU3NPOBAHHbIX
Y XJIOPUTU3UPOBAHHBIX TPAHUTOB, 1655 1pob; 6 — BEIOOpKA IIBUTTE-
POB, TYPMaJIMHUTOB U XJIOPUTUTOB, 399 mpoo.

29 RudoHOCHbIe MeTacoMaTUTbIl, CONPSXKEHHbIe C NUTUN-PTOPUCTLIMU
rpaHuTamm

"eoxXnmmyeckmne 3akOHOMEPHOCTM COOTBETCTBYIOT NPUBELEHHBIM Bbille MUHEPAroro-
neTporpadunyeckMm AaHHbIM, MOATBEPXKAAIOT U NPEANOXKEHHYO CXEMY pacyfieHeHUs

PYLAOHOCHbIX MeTacoMaTuToB CeBepHOro Maccuea, 1 Nx NPUHaANEXHOCTb K eAUHOMY
mMeTacomMaTudeckomy npoueccy (tabn. 1).

OBCYXOEHUE PE3YJIbTATOB
MocnenoBaTenbHOCTL 0GpasoBaHMA MeTacoMaTuToB CeBepHOro Maccuea

OpaHa 13 xapaKTepHbIX 0COBEHHOCTEN rMapoTEPMarnbHbLIX Nopoa — o6pa3oBaHme
MHOroCTaguMnHbIX KOMMnekcos . Npobnema ctaguinHOCTV rMapoTEPMArbHbIX
MECTOPOXAEHUN ANCKyTMpyeTcs 6onee cTa net . B ocHOBY nccnegoBaHus
MeTacomaTntoB CeBepHOro MaccmBa NooXeHbl npeacTtaeneHns akagemmka C.C.
CMupHoBa 0 nynbCcaunoHHOM XapakTepe rmgpoTtepMarbHoro npouecca. BolgeneHHole
MeTacoMaTuTbl NATK TUNOB (Tabn. 1) npeacrtaBnalT cobon NPoaYKThI
nocnegoBaTenbHbIX CTaann rmapoTepManbHOro npouecca. Ha a1o ykasbiBaloT
cnegyoLimne reonorndeckne daktbl. MI3ydeHHble rmgpoTepmarnbHO-MeTacomaTmyeckme
o6pa3oBaHns NPUYPOYEHbI K 9K3OKOHTAKTOBbIM 30HaM UHTPY3un JIPI™ nbipkakanckoro
Komnnekca (puc. 1). MetacomaTtuTbl NocneaoBaTenbHbIX CTaAUN CMEHSAIOT APYr Apyra,
3aHMmas Bce 6onee Wwmnpokme no nnowaan apeansl n PopMmpys LEHTPOBEXHYHO
MHOroCTaguUnHY 30HanNbHOCTb. MHOrokpaTHO 3apnKCMpoBaHO NepeceveHne
MeTacoMaTUYECKUX TEM KaXaon N3 NATU FPYnn Xunamu 1 NPOoXUIkaMmn nocrenyoLen
cTagun MnHepanmsaunmn, bpekinpoBaHmMe MeTacoMaTUTOB C LieMeHTaumen obromMKoB
MUHeparnbHbIMK arperatamm 6onee No3gHMX CTagumn.

HabntogaeTca 3akoHOMepHas 3BOMOLUSA COCTaBa aKLLEeCCOPHbIX KOMMNIIEKCOB U PYAHOIO
npoduns pasHocTaannHbiX MeTacoMaTuToB: pegkomeTannbHble usutTepbl (Nb, W, 'Y,
REE, Li, Th, As) — onoBopyaHo-peako3eMesbHble TypMmanuHutel (Sn, REE, Y, W) —
penkosemernbHo-nonumeTannmuyeckne xnopututel (Cu, Pb, Zn, Bi, LREE) —
ypaHOHoOCHble aprunnmantbl (U, As). YcTaHOBEHHas nocrnegoBaTefibHOCTb
obpasoBaHnsa meTtacomaTmToB (Tabn. 1) COOTBETCTBYET KUCITIOTHO-OCHOBHOW 3BOOLNK
MuHepanoobpasyrwmx dpnomaos. Gnonasl, NOPOXKAEHHbIE PYAOHOCHLIMWU rPaHUTaMK,
BbI3bIBAOT HA MMKE BOSIHbI KUCITOTHbLIX KOMMNOHEHTOB LBUTTEPM3ALINIO MATEPUHCKUX U
BMeLLarowmx nopon. HapacrtanHue pH n cmeHa pexmnma netyydnx KOMMOHEHTOB
CONpOBOXAAaKTCA TypManuHusauunen, a no3gHee — xnoputusaumen. lNpoaykrobl



HECKOIbKUX cTaauii 0bpasyoT MeTacoMaTUYECKUIA KOMIMIEKC, KOTOPbIA «COCTOUT 13
3aKOHOMEPHOW 30HaNbHON KOMMO3ULIMK LLLESNOYHbBIX, KUCIIOTHBIX M OCHOBHbIX NMOPOA,
pasHbIX CEMENCTB OAHOro LMKINa pasBUTUS METACOMaTUYECKON CUCTEMbI» .

B koHue XX Beka B NpakTUKe reonoro-pa3sefoyHbix paboTt Hakonunacb obmpHas
NHopMauusa 0 UBUTTEP-TYPMANTMHUTOBLIX KOMMNIIEKCAaX KPYMHbIX peaKoMeTanbHo-
onoBopyaHbIX MecTopoxaeHun: Kyrapok u Jloct-Pusep (Ansacka) , bosyap u Mon-Jle
BuHb (PpaHums) , Cent-Octenn un TperoHHuHr-lrogonsduH (AHrmMnsa) , ANGEHLLTOK U
OpeHdpuaeHcaopd (Fepmanus) , Bukmaros (Mexuns) , MNaHackenpa (Moptyranus) v gp.
Ha JanbHem BocToke UBUTTEP-TYPManMHUTOBbLIE KOMMSIEKCHI YCTAaHOBMNEHbI Ha
0onoBOpyAHbIX MecTopoxaeHuax: Npasoypmurickoe ([Mpuamypbe) , Apocnasckoe
(Mpumopbe) , OenytaTtckoe, MNonspHoe (AkyTus) . PassmBaeTca koHuenuus «6as3oBon
dhopmaLmm 0NOBOPYAHbIX LIBUTTEPOBY» B 3HOOKOHTAKTE rPAHUTOB, KOTOPbIE CMEHAIOTCS
Ha BEPXHUX Aipycax KBapL-TypManvHUTaMu.

Puc. 5. KoppensiumoHHble CBA3M peaKMX 3fieMeHTOB BMeLlalowWwmx nopoa (a) u
PYyAOHOCHbLIX MeTacomaTuToB (6) CeBepHOro maccumsa.

a — BblboOpKa rpaHNTOB, anbOUTU3NPOBAHHbLIX, FPEN3EHN3NPOBAHHbIX U
XINTOPUTU3NPOBAHHBIX rPaHnTOB, 1655 Npo6; 6 — BbIGOpKa LBUTTEPOB, TYPMANMHNTOB U
xnopututos, 399 npob.
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JIUH-KAaCCUTEPUTOBBIMU U XJIOPUT-KACCUTEPUT-CYIb(OUI-
HBIMU Xwtamu [23].

[IpuBeneHHbIE B CTaThe JaHHBIE TOKA3BIBAIOT HAJIH-

yie B CeBepHOM I'paHUTHOM MaccuBe Ha YayH-UykoTke
[BUTTEP-TYPMATMHUTOBOTO KOMITIEKCa, KOTOPBIN Xapak-
TEepPHU3yeTCsl 3aKOHOMEPHOH TOCIIEeI0OBATETFHOCTHIO 00pa-
30BaHUs U TCOXUMHUYECKOM IBOITIONMEH IIBUTTEPOB, TYP-
MaJMHUTOB M XJIOPUTUTOB, OOIITHOCTBIO UX aKIIECCOPHOM
U pyaHOUM MuHepanu3anuu [1, 24, 29].

Cas13p MeTacomMaTUTOB CeBEpHOr0 MaccuBa

¢ Li-F rpanutamu

HabmomaeTcst mpocTpaHCTBEHHOE COBMEIICHHE
IBUTTEPOB, TYPMAIMHUTOB U XJIOPUTUTOB C HHTPY3HUIMHU
JI®T" 1 X KOHTPOJIb CTPYKTYPaMHU PACTSHKCHUS, OTIEPSIO-
IIMMH [TPAaBOCTOPOHHKE CIBUTH CEBEPO-3aIaHOTO TIPO-
ctupanusi. Takas CTPYKTypHasl MMO3UIUS MOXKET OBITh CBSI-
3aHa C COBMEUICHUEM U3YYEHHBIX METaCOMATUTOB U JIOT
B CTPYKTYpax Tiy0okoro 3ainoxenus. [IpocTpaHcTBeHHAs
CBSI3b PYJOHOCHBIX UBUTTEPOB ¢ JIDI" nokazaHa BO MHO-
T'UX PEeIKOMETAUTBHBIX POoBUHIIHAX Poccuu (3abatikanbe,
Janpauit Boctok, SxyTus, Uykotka), EBpornsl (Pyaabie
T'opsl, LHentpanbubiit @panity3ckuid MaccuB U LleHTpanb-
Ho-U0bepuiickas 30Ha), CeBepHON AMepuKkHu (AJsicKa),
Adpuxu (Bocrounslit Eruner, Marpubckuii nosic), Kuras
(Hamsmuackuit u [pumopckuii mosica) [1,11]. [Ipumepa-
MU KPYITHBIX MECTOPOXKJICHHI BOJIb(PaM-0I0BOPY THBIX



1 PEIKOMETAIUTHLHBIX IIBUTTEPOB CIyKaT A0y J1ab66abd u
Hysgeitou (Eruner) [38]; Muynp u Cynuryran (Kuraii)
[36, 44]; ITanackeiipa (IToptyranus) [37] u ap. Ha Boc-
Toke Poccun K TaKUM MECTOPOKACHUSIM OTHOCSTCS: Onu-
HOKoe, /lerryTaTtckoe, [Tomsproe, Dkyr, Kectep, IIpaBoyp-
muiickoe, Turpunoe, Boznecenckoe u np. [1, 3, 4, 21].
YacTb THAPOTEPMATBHBIX CUCTEM C IIBUTTEPAMHU
BKJTIOYAET KUIbHO-METaCOMAaTHIECKHE TYPMAINHUTHI.
LBUTTEPHI pa3BUBAKOTCS MO MUKPOKJIMHUTAM, alb0H -
TUTaM U CJararoT OJIOBIHHO-PEAKOMETAIIILHBIE PYIHbIC
3aJIeXH 1 )KUJIbHBIE 30HBI B MPUKOHTAKTOBBIX YaCTAX WH-
Tpy3uit JIOI'. Benen 3a uurrepamu GopMHUpYIOTCS TEna
TYPMaJUHOBBIX, XJIOPUTOBBIX, KBAPLIEBHIX, (PIIFOOPHUTO-
BBIX U MHBIX OJIOBO-TTOJMMETAJUIMYECKUX THIPOTEPMA-
mutoB [1, 11].

B CeBepHoM MaccrBe IBUTTEPHI pa3BUBAIOTCS O
ATBOUTUTAM U TPAHUTOMIAM BCEX TUTYTOHUYECKHX KOM-
mekcoB, Bkitoyas JIOI npipkakaliCKoro KOMILIEKCa.
[Ipru3HakoM mapareHeTHYECKOH CBA3M U3YUEHHOI'O MeTa-
coMaTHyeckoro kommuiekca u JIOI™ cinyxut ux npoctpan-
CTBEHHOE COHAXO0)K/IEHUE, HACIEJOBAHNE BCEMH METAco-
MaTHTaMH OJIOBSIHHO-BOJIHL(PPaMOBO-PEIKOMETAITHHOM
akuneccopHoit Mmunepanuzanyuu Li-F rpannTtoB. Ha cBsi3p
TypMaluHuTOB ¢ JI®T" u nBUTTEpaMu yKa3blBalOT BHICO-
KHe cojiepkanus (Topa U JIUTUS B TypMalluHE.
Pynonocnocts MetacomatutoB CeBEpHOTO

MaccuBa

OCHOBHBIC TTEPCIIEKTUBHI PYIOHOCHOCTH CEeBEpHOTO
MacCHUBa CBSI3aHBI C TYPMAJIMHUTAMU, APTUJUIU3UTAMU H
uBUTTEpaMu. TypMaIHHATHI COMPOBOXKAAIOTCS OJIOBSH-
HO¥ (KacCUTEPUT, 0JIOBO-BOJIb(hpaM-HUOOUEBBIN PYTHIT) U
UTTpUi-pearo3emensHoi (MoHanuT-(Ce), ammaaut-(Ce),
uttpodoopur, parooueput-(Ce), ypaHOIOIUKpa3, BUC-
MyTOIHPOXJI0p, 4epHOBUT-(Y), aymanuT-(Y)) MUHEpaIH-
3anuei. B paiioHe BbIIeNeHBI Majble U CPEAHUE MECTO-
poxnenust onosa Epryseem, Kexypnoe, ['my6okoe, Ctpe-
MuTeNnbHOe, TeppacoBoe, YTUHOE, JECATKH KOPEHHBIX U
POCCBHITIHBIX NPOSABJICHUHN 0JI0Ba. B 10)KHOM 3K30KOHTAKTE
MaccHBa PacTIONOKEHBI KPYITHbIE MECTOPOXKIECHHS 0JI0-
Ba — [IpIpkakaiickue mTOKBEpKH [7].

HawnbGoiee 6oraTel KacCUTEpUTOM OpEKUNEBUTHBIC

YKHUITBI MyCKOBUT-KBapI-TypMaanHOBOH anuu (Kekyp-
Hoe). MaccuBHBIE TYPMATUHOBBIE JKUJIBI C OKOJIOKUIIb-
HOW MYCKOBUTH3AIIMEH TaKKe PYJIOHOCHBI, HO B HUX
MpOsIBJIEHAa TEHACHIIMS K OOHAHIIEBOMY paclpeesieHHI0
pyaHoit MuHepanu3anuu (CtpemutensHoe, TeppacoBoe).
[IpombInIeHHbIe KOHIIEHTPAINH 0JIOBA CBSI3aHBI C KBap-
HEBBIMU JKUJIAMH ATbOUT-TYPMAITHH-KBApIEeBOH (aruu
(Kexypnoe, Ytunoe, ['my06okoe). IlepcriekTuBbI UTTpHIA-
penKo3eMenbHON MUHEpAIM3aIlK TYPMaIHHOBBIX METa-
COMAaTHTOB HE M3y4YeHBI U TPEOYIOT MPOBENEHUS TOTION-



HUTEJBbHBIX I€0JIOr0-Pa3BEeI0UHbIX PadoT.

VYpaHoBas crienuanu3anys apruyuIn3uTOB BEIpaxKe-

Ha BO BTopu4HO# Us+-MUHEpanu3anuu: ypanodas, ypa-
HO(aH-0eTa, Ka30JIMT, TOPOCPHHUT, LIEUHEPHUT, OTCHHUT,
YPaHOCHHHUT. Y PaHOHOCHOCTh apriJIIIM3UTOB OIpeielie-
Ha pa3Benkoi CeBepHOTro MecTopoxkaeHus [12].
IIButTepsl CeBepHOTro MaccuBa T€OXUMHUYECKH CIIe-
Hnyanu3upoBansl Ha penkue metamisl (Nb, REE, Y, Li,
Bi), W u Sn. W, Nb BxozasT B coctaB Nb-cozmepkariero
pyTuia, Boib(paMoOUKCcHoNnTa, camapckuTa. Bi, Y, REE
YCTaHOBJICHBI B COCTaBe UTTPODIFOOPUTA, BUCMYTOIIH-
poxiiopa, camapckura, kceHotuma-(Y), yepHoButa-(Y),
BUCMYTHHA U Jp. Ha 1HEBHOH MOBEPXHOCTH PyIOHOCHBIE
[IBUTTEPHI HE YCTAaHOBIICHEI. B CcBs3M co ciraboit sponu-
poBaHHOCTHIO CeBEpPHOTO MacCHBa BO3MOXHO OOHApy-
KEHHUE 3aTIeKEH PeIKOMETAIBHBIX M BOJIB(PaMOHOCHBIX
LUBUTTEPOB Ha TyOuHe. [IpuBecHHBIC B cTaThe JaHHBIE
0 MUHEPAJILHOM U XMMHUYECKOM COCTAaBE PYAOHOCHBIX
METaCOMAaTUTOB MOTYT OBITh UCIIOJIb30BaHbI IPH TIOMCKaX
OJIOBSIHHOTO M PEJKOMETAJUILHOTO opyAeHeHus CeBepHo-
ro MaccuBa.

BBIBO/IbI

Brinenens! nsutTepsl CeBepHOTO MaccuBa — KBapll-
TOMAa3-1IUHHBAJIBUTOBBIE IPEH3EHbI, CONPOBOKIAIOLINE
Li-F rpanuts! u Hecymme peakomerambayto (Nb, REE,
Y, Li, Bi, Sn, W) munepanuzanuto.
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lin-cassiterite and chlorite-cassiterite-sulfide veins . The data presented in the article
show the presence in the Northern granite massif in Chaun-Chukotka of the zwitter-
tourmalinite complex, which is characterized by a regular sequence of formation and
geochemical evolution of zwitters, tourmalinites, and chloritites, as well as the
commonality of their accessory and ore mineralization .

The connection of metasomatites of the Northern massif with Li-F granites is observed
through the spatial coincidence of zwitters, tourmalinites, and chloritites with LFG
intrusions and their controlling structures of extension, featuring right-lateral shifts of the
northwest shear. This structural position may be associated with the combination of the
studied metasomatites and LFG in deep-seated structures.

The spatial connection of ore-bearing zwitters with LFG is proven in many rare metal
provinces of Russia (Transbaikalia, the Far East, Yakutia, Chukotka), Europe (Ore
Mountains, Central French Massif, and Central-Iberian Zone), North America (Alaska),
Africa (Eastern Egypt, Maghreb Belt), and China (Nanling and Primorsky Belts) .
Examples of large deposits of tungsten-tin ores and rare metal zwitters include Abu
Dabbab and Nuweibi (Egypt) ; Yichun and Sunshugan (China) ; Panasqueira
(Portugal) , and others. In the East of Russia, such deposits include: Odinokoe,



Deputatskoe, Polyarnoye, Ekug, Kester, Pravourmiyskoe, Tigrinoe, Voznesenskoe, and
others .

Some hydrothermal systems with zwitters include vein-metasomatic tourmalinites.
Zwitterites develop on microcline, albitites, and form tin-rare metal ore deposits and vein
zones in the contact parts of LFG intrusions. Following zwitters, bodies of tourmaline,
chlorite, quartz, fluorite, and other tin-polymetallic hydrothermalites are formed .

In the Northern massif, zwitters develop on albitites and granitoids of all plutonic
complexes, including the LFG of the Pyrkakay complex. The sign of the paragenetic
connection of the studied metasomatic complex and LFG is their spatial co-occurrence,
inherited by all metasomatites of tin-tungsten-rare metal accessory mineralization of Li-
F granites. The connection of tourmalinites with LFG and zwitters is indicated by high
contents of fluorine and lithium in tourmaline.

Ore Potential of Metasomatites of the Northern Massif

The main prospects for ore potential of the Northern massif are associated with
tourmalinites, argillites, and zwitters. Tourmalinites are accompanied by tin (cassiterite,
tin-tungsten-niobium rutile) and yttrium-rare earth (monazite-(Ce), allanite-(Ce), yttrium-
fluorite, fluocerite-(Ce), uranopolycras, bismuth-pyrochlore, black tin-(Y), allanite-(Y))
mineralization. In the area, small and medium tin deposits are highlighted: Yerguveem,
Kekurnoe, Glubokoe, Stremitelnoe, Terrasovoe, Utiinoe, and dozens of primary and
placer occurrences of tin. In the southern exocontact of the massif, large tin deposits
are located — Pyrkakay stockworks .

The breccia-like veins of muscovite-quartz-tourmaline facies (Kekurnoe) are richest in
cassiterite. Massive tourmaline veins with surrounding muscovitization are also ore-
bearing, but they show a tendency towards a bonanza distribution of ore mineralization
(Stremitelnoe, Terrasovoe). Industrial concentrations of tin are associated with quartz
veins of albit-tourmaline-quartz facies (Kekurnoe, Utiinoe, Glubokoe). The prospects of
yttrium-rare earth mineralization of tourmaline metasomatites are not studied and
require additional geological exploration work.

Uranium specialization of argillites is expressed in secondary U6+-mineralization:
uranophane, uranophane-beta, kazolite, torbernite, zeunerite, otenite, uranospinite.
Uranium potential of argillites is determined by exploration of the Northern deposit .

Zwitters of the Northern massif are geochemically specialized in rare metals (Nb, REE,
Y, Li, Bi), W, and Sn. W, Nb are part of Nb-containing rutile, wolframite, samarskite. Bi,
Y, REE are found in yttrium-fluorite, bismuth-pyrochlore, samarskite, xenotime-(Y),
black tin-(Y), bismuth, and others. Ore-bearing zwitters are not established at the
surface. Due to the weak erosion of the Northern massif, it is possible to discover
deposits of rare metal and tungsten-bearing zwitters at depth. The data presented in the
article on the mineral and chemical composition of ore-bearing metasomatites can be
used in the search for tin and rare metal mineralization of the Northern massif.



CONCLUSIONS

Zwitters of the Northern massif are highlighted — quartz topaz-cinnwaldite greisens,
accompanying Li-F granites and bearing rare metal (Nb, REE, Y, Li, Bi, Sn, W)
mineralization.

31PymoHOCHBIE METACOMATHUTBI, COMIPSIXKEHHBIE C JINTUH-DTOPUCTHIMU TPAHUTAMHU
YcTaHoBICHO darnuansHOe pa3HooOpasue TypMa-
JIMHUTOBBIX MeTacOMaTUTOB CEeBEpHOIr0 MacCuBa U TPU
THUIIA CJIArarollero ux TypManHa.

Pa3paboransl cxeMa ¢arnuaasHOro pacuIeHEeHUs
PYAOHOCHBIX METACOMATUTOB U IIOCJIE0BATEILHOCTD
CTaguii ux o0pazoBaHus: 1) aTbOUTHUTEL, 2) LBUTTEPHI,

3) TypMaTuHUTEI, 4) XJIOPUTHTEHI, 5) apTUIUTH3UTHL
LBuTTEP-TYpMATHHUTOBBIN METACOMAaTUYECKUH
KOMILIIEKC MacCHUBa XapaKTEPU3yeTCsl MPOCTPAHCTBECHHOMN
COTIPSDKEHHOCTRIO ¢ MHTPY3usiMu Li-F rpaHuTOB 1 KOHT-
poiupyerca CTpYKTypaMy PacTsHKEHUS, ONEPSIOLINMU
MIPaBOCTOPOHHUE CIBUTH MIEPBOIO MOPsAKA. Y CTaHOBJIE-
HBI 3aKOHOMEPHAasI DBOJIIOINS COCTaBa U €AMHCTBO aKIEC-
COPHOM U pyJIHOM MUHEpaIU3alMi METaCOMATUTOB.
Pabora BeIMONTHEHA TPU PUHAHCOBOU TOJIACPIKKE
YayHCKOTO TOPHO-TEOJIOTHYSCKOTO MPEIIPHUITHS (X03.
noroBop1990-1991 rr.), PODOU (npoektsr 11-05-00868-
a, 14-05-00364, 20- 15-50064), MunoOpHayku (roc. KOH-
TpakT Ne 14.740.11.0192, roc. 3amanune Ne 5.2115.2014/K;
roc. 3amaane FSRW-2023-0002).
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The facies composition and stages of formation of hydrothermal-metasomatic units spatially associated with
lithium-fluoric granites of the Severny massif in Chaun-Chukotka were studied based on large-scale geological
mapping, as well as petrographic, mineralogical and geochemical data. The identification of zwitters of the
Severny massif - quartz-topaz-zinnwaldite greisens accompanying Li-F granites and bearing rare-metal (Nb,
REE,

Y, Li, Bi, Sn, W) mineralization is justified. The bulk of zwitter mineralization is distributed within the massif
in the form of moderate alterations in biotite leucogranites. Facies diversity of tourmalinite metasomatites was
established. Muscovite-quartz-tourmaline, albite-tourmaline-quartz, chlorite-muscovite-tourmaline, and
adularia-

tourmaline metasomatic facies with tourmaline of three types were identified. A scheme of facies division of
ore-bearing metasomatites was developed and a sequence of stages of their formation was proposed: 1)
albitites,

2) zwitters, 3) tourmalinites, 4) chloritites, and 5) argillizites. The zwitter-tourmalinite metasomatic complex
of the massif is characterized by spatial conjugation with and zonal arrangement relative to intrusions of Li-F
granites, orderly nature of formation and geochemical evolution, common accessory and ore mineralization of
metasomatites and veins. Ore mineralization potential of the Severny massif is associated with tourmalinite,
argillizites, and zwitters. Tourmalinite make up tin deposits. Industrial uranium mineralization is associated
with

argillizites. A predictive assessment of bodies of zwitters, tourmalinite, and chloritites for yttrium-rare-earth
and

complex rare-metal mineralization is required.

Key words: zwitter, tourmalinite, chloritite, lithium-fluoric granite, metasomatic complex, tin, rare metals,
Chaun-Chukotka.
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The facies composition and stages of formation of hydrothermal-metasomatic units
spatially associated with lithium-fluoric granites of the Severny massif in Chaun-
Chukotka were studied based on large-scale geological mapping, as well as
petrographic, mineralogical and geochemical data. The identification of zwitters of the
Severny massif quartz-topaz-zinnwaldite greisens accompanying Li-F granites and
bearing rare-metal (Nb, REE, Y, Li, Bi, Sn, W) mineralization is justified. The bulk of
zwitter mineralization is distributed within the massif in the form of moderate alterations
in biotite leucogranites. Facies diversity of tourmalinite metasomatites was established.
Muscovite-quartz-tourmaline, albite-tourmaline-quartz, chlorite-muscovite-tourmaline,
and adularia tourmaline metasomatic facies with tourmaline of three types were
identified. A scheme of facies division of ore-bearing metasomatites was developed and
a sequence of stages of their formation was proposed: 1) albitites, 2) zwitters, 3)
tourmalinites, 4) chloritites, and 5) arqillizites. The zwitter-tourmalinite metasomatic
complex of the massif is characterized by spatial conjugation with and zonal
arrangement relative to intrusions of Li-F granites, orderly nature of formation and
geochemical evolution, common accessory and ore mineralization of metasomatites
and veins. Ore mineralization potential of the Severny massif is associated with
tourmalinite, argillizites, and zwitters. Tourmalinite make up tin deposits. Industrial
uranium mineralization is associated with argillizites. A predictive assessment of bodies
of zwitters, tourmalinite, and chloritites for yttrium-rare-earth and complex rare-metal
mineralization is required.
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