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CTpykTtypa muHepanbHoO-CcbipbeBou 6a3nl MEOAU n 30JIOTA
Poccunckon ®epepaumm
(pacripederieHue o 2eos1020-NPoMbIWIIEHHbIM murnam o cocmosHuro Ha 01.01.2021 a.)
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Ni-Cu-PGE pchup Mo cocTonHuIo Ha 01.01.2020 r. MocyAapcTBe HHBIM BanaHcoM 3anacos PO
Mo cocronnmio Ha 01.01.2020 r. FocyaapcraeHHbiM Ganancom 3anacos P® yureno 177 Au-Cu-Mo y4TeHo okono 6000 pocchinHbixX U 595 KOPeHHBLIX MECTOPOXAEHUNA
wmectopoxaenni MELM ¢ obLyumm passeaaHHbIMK 3anacamu 99.1 MiH. T MeTanna, Yto 30I0TA ¢ obWwKMK pasBeAaHHLIMKU 3anacamu 14744 T MeTanna, Yto
cocTasnet 13% ot obuyemupoBbix 3anacos meaw (761 mnk. 1) cocTaensAer 28% oT obLyeMUpOBLIX 3aNacos 3onoTa (51488 1)

Poccunckasa cblpbeBass 6asza mMegu oOTnuM4yaeTcas OT MUPOBOM, OCHOBY KOTOPOW COCTaBnAOT
MecTopoXaeHusa mepgHo-nopduposoro Tuna. B Poccum Ha pono nophumpoBbIX MECTOPOXAEHUMU
npuxoautcs Tonbko 20.5% pa3BeaaHHbIX 3anacoB meau, a B Mupe - 50-60%.

B ctpyktype MCB pyaHoro 3onotra Poccuu npeobnapalor MectopoxpeHuss 6 rnaBHbIX reosnoro-
NpPOMbIWEHHbIX TUNoB: Au-cynb¢puaHo-kBapueBoro, Au-kBapueBoro, Au-As-cynbdwmaHoro, Au-Ag
anutepmanbHoro, Au-Cu-konyepgaHHoro, Au-ckapHoBoro. Ha pono nop¢gpupoBbiXx 00BLEKTOB
npuxoauTcs ToNnbko 6% pa3BeAaHHbIX 3anacoB 30510Ta, Toraa Kak B Mupe — 35-40%. 2



3aKOHOMEepHOCTMU pacnpeaeneHms MeCcTopoXaeHUMN U
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Kapra 3aKkoHOMepHOCTeM pa3MelleHUs 30510TO-MeaHOo-Nop¢PUpPoBbLIX

mecTtopoxaeHmn Poccum macwtaba 1:2 500 000

(MoagrotoBneHa no poccMmMCcKom YacTn TEPPUTOPUN MEXOYHAPOAHOro NpoekTa «/11y6uHHbIe cmpyKkmypbl U
memarinozeHusi CegepHod, LleHmparnbHou u BocmoyHou A3uuy)
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PacnpeneneHue no cpepgepanbHbIM okpyram Poccunckon Pepepaumnm
Hanboree NepcrneKkTUBHbLIX AN OOHapyXeHusa nopcpnpoBou pyaHou
MUHepanusaumm HOMeHKnaTypHbIX nMcToB macwTtaba 1:200 000

C Luenbi NOCTaHOBKKU B UX npeaenax pabot no NAM-200/2

MepcnekTuBHbLIE
be3 yyeTa P

C yyetom y4yacTKu
PenepanbHbIN OKPYr M;;S::ch_ OOonNT un y
™ U3Yy4YEeHHOCTU oqey;z,u,m 2-i1 ouepean
JanbHeBOCTOUYHbIN heaepanbHbIN 279 179 50 129
okpyr (6e3 Caxa AkyTum)
JanbHeBOCTOUYHbIN heaepanbHbIN 46 32 9 23
okpyr (Caxa AkyTtus)
MNMpuBomxckumn deaepanbHbIU OKPYr 7 0 0 0
CeBepo-3anagHbin heaeparnbHbIn 1 0 0 0
OKpyr
Cunbupckun dbeagepanbHbIA OKPYr 102 44 23 0
Ypanbckumn chepepanbHbIN OKpYr 28 1 1 21
B uenom no Bcem denepanbHbIM 463 256 83 173

okpyram Poccuun



LimpkoH Onaropapss CBOUM YHUKanbHbIM (U3NYECKMM CBOMUCTBaAM U
KOHCEepBaTUBHbLIM  U30TOMHO-TeOXMMMYECKMM  XapaKTepUCTUKaM  MOXeT
paccmaTpuBaTbCs B KavyecTBe OAOHOro M3 caMbIiX HaAeXHbIX MUHepanoB-
WHOAUKATOPOB MPOAYKTUBHbLIX Ha 30510TO-MeAHo-nopcdpupoBoe opyaeHeHue
WHTPY3UBHbIX MAacCCUBOB.

JKCnepuMeHTarnbHbIM NyTeM ObIZIO  YCTAaHOBMEHO, YTO  Takue
reoXxMMuyecKme XxapakTepucTUKU LUPKOHA, Kak coaepxaHue B Hem Y, Hf, Ti, U,
Th n Pb, a Takkxe BenunimHa oTHoweHun Ce/Ce* un Eu/Eu*, saBnsioTcsi
WHAUKaTOpaMu:

* CTeneHu OKMCIIEHU MaTepUHCKOro rpaHMTOMagHOro pacnnasa,

* YPOBHSA €ro sogoHachIleHHOCTU (chnonaoHachILEeHHOCTH),

* TeMneparypbl KpUucTtannumsauumm,

* CTeneHu mMarmatrumvyeckoro d¢pakumMoHMpoBaHUA B pacnnase
PYAOreHHbIX U NieTy4YMX KOMNOHEHTOB,

TO eCTb (PU3NKO-XUMUYECKUX U TepMoaAMHaAMUYECKUX MapamMeTpoB, BO

MHOroM, npegonpenensrWmUX BO3MOXHOCTb MNPOSIBIIEHUA B CBSA3U C

rPaHUTOUAHLIMA UHTPY3UBaAMUN NMPOAYKTUBHbLIX NOPPNPOBLIX CUCTEM.




3Ha4YeHUA NHAUKATUBHbIX FreOXMMUYECKMX NapaMeTpPoB LLUPKOHA
Porphyry Indicator Zircons (P12),
yKasblBawLwMe Ha TO - ObIn SI MaTePUHCKUN FPAHUTOUOHbIN
pacnnaB B 4OCTaTOYHOU CTeneHU e000OHachIWEeH, OKUCJ1IeH, obo2auweH
cepou u pyoOo2eHHbIMU 3/IeMeHmamMu ansa Toro, YTobbl 3anycTuTb

NPOAYKTUBHYIO pyaodopmMupyoLlyo nopdnpoBylo cuctemy

. Ce/Nd > 1

: (Ce/Nd)/Y > 0.01
: Dy/Yb <0.3

: (10000xEu/Eu*)/Y > 1
: Th/U 0.1+1.0

T° C (Ti-in-zircon thermometer) 637 = 738
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Porphyry indicator zircons (PIZ) and geochronology of magmatic rocks
from the Malmyzh and Pony Cu-Au porphyry ore fields (Russian Far East)

0.V. Petrov’, AL Khanchuk”, V.V. Ivanov", V.V. Shatov ", R. Seltmann ", A.V. Dolgopolova®,
A.A. Alenicheva”, A.V. Molchanov", A.V. Terekhov", V.I. Leontev®, B.V. Belyatsky",

N.V. Rodionov, S.A. Sergeev
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ABSTRACT

ARTICLE INFO

Keywords: New data obtained by p hical, geochemical and U-Pb geochronological studies of magmatic whole rock
tintaplc U-Ph SIMS grochimaciogy and zircon samples from the Malmyzh and Pony gold-copper porphyry ore fields are discussed. The trace ele-
Porphyry. indicator tircons ments distribution patters (REE + Y, HI, Ti, U, Th, Pb) in zircons have been measured by SIMS SHRIMP-Ile

:;:mw::ﬁ,?: yz,e Fields instrument in the same spots as for local U-Pb age dating. Geochronological data show a matching Cen-
Trans. Amur Ta'ri!zry omanian erystallization age of the Malmyzh and Pony magmalic rocks: 99-97 and 93 Ma, respectively. 5"REE in

zircons from the Malmyzh granitoids varies from 217 (o 1,158 ppm, Y - from 718 1o 732 ppm, Hf - from 4,524 to
4,928 ppm, Ti - from 4.1 to 16.6 ppm, Pb - from 1.2 to 1.6 ppm, U - from 89 to 112 ppm, Th - from 58 to 76
ppm. Geochemical characteristics of zireons from the Pony diorite-porphyry differ signi ly from the
Malmyzh graniteid zircens. Concentrations of most trace elements in the Pony zircons, especially LREE and
MREE, as well as Y, Pb, U, Th, and Ti are two-three times higher than in zircons from the Malmyzh granitoids.
Temperature of zircon crystallization of the Malmyzh granitoids revealed by «Ti in zircon» thermometer is
estimated at 680-700 °C, whereas of zircan crystallization of the Pony diorite-porphyry is
approximately 784 + 15 °C. Fertility assessment of magmatic rocks from the Malmyzh and Pony ore fields is
based on geochemical characteristics of zircons like Eu/Eu® vs. Dy/Nd and Eu/Eu* vs. (Ce/Nd)/Y plots. These
characteristics show that zircons from the Malmyzh granitoids fall into the field of fertile porphyry systems,
whereas zircons from the Pony monzodiorite-porphyry plot within the field of barren suites. Comparative
analysis of studied samples from the Malmyzh and Pony ore fields with magmatic rocks from porphyry deposits

aids our ing of the geod ic fi tk of their f ion and links 1o
adakitic graniloids generated under similar conditions. This result can be utilized during prognostic and met-
allogenic considerations not only within the limits of Sikhote-Alin territory but also within the whole Russian Far
East region.

Russian Far East

1. Introduction 2015, 2019; Khanchuk et al, 2019a,b; Soloviev etal., 2019 and others).
The relation of magmatism and metallogeny acquired a special sig-
Occurrences of the Late Albian-Cenomanian granitoid and mon- nificance due to discovery of the world-class Malmyzh large gold-
zonitoid magmatism play an important role in the metallogeny of the copper-porphyry deposit in 2000 (ittps:/-amurmineralsin) and the
southern Russian Far East, since they are associated with emplacement adjacent Pony ore field, indicating the gold and copper potential in the
of large rare, non-ferrous and precious metal deposits of various Zhuravlev-Amur terrane of the Sikhote-Alin orogenic belt (Fig. 1). Both
geological and commercial types of ore deposits: porphyry, skarn, gold-  ore fields are highly important for the development of the mineral
quartz, ete. (Khanchuk, 2000; Krivtsov et al,, 2001; Malyshev et al., resource base in the Russian Far East.
2005; Migachev et'al., 1935; Chitalin et al,, 2013, 2016; Petiov et al., Numerous papers by Khanchuk (2006), Khanchuk et al. (2019,
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Pacnpejeienue oiemenrros-npuveceii (P32 + Y, HI, U, Th, Pb) B unpkone
KAK HILIHKATOP PYAOHOCHOCTH MAITMATHUCCKHX 110POJL

Au-Cu-nopguponbix nposisaeinii Maambukcekoro v ITonuiickoro py/uibix no:ei

(Huxnee Mpuavypbe, Jaabhnii Bocrok)

OBy AINUOTCH PEIVABTATH HIVUCHHH HA BTOPHIHO-HONHOM Macc-cliekTpoMerpe (SIMS) zakonomep-
HOCTCHl PACTIPEICACHNS JICMEHTOB-IPUMECCH B AKIECCOPHOM MPKONE HI MAIMATHUECKHX N0POL Maa-
miikckoro i [onuniickoro pyansix noaeii. Coaepx 27eMEH il B LHPKOHE ONPEICTLINCH TAM
e, L1e panee Gua HIMCPEH BOIPACT Aokatbnem U-Ph veroaom. Ilm(:u:um. HTO CYMMAPHOE COACpAANNE
P3 B UHPKOHAX M3 MILIMBUKCKHX TPAHNTOILIOB H3mensieTest — 217—1158, Y 718732, HI 4524—-4928,
Pb 1,2—1,6, U89—112 u Th 38=76 /7. [lupkonm n3 monuoanopur-nopgupos [lonniickoro pyanoro noas
1 IpanNTOR10B MLIMBIACKOIO PAROHA IO CBOH M TCONHMHNCCKIM XAPAKTEPHCTHEAM JAMCTHO PALIHIAIOTEA.
Konenrpaini 8 nux npakTHYCC KN BCEX 0 LREEu MR aTakxe Y, Pb, U
nTh s 2—3 pasa u Soace npepbiatoT cpeanne mmlclrrpalmu ITHX 21EMCHTOB B 1L PK: 13 ML IMBUKCKHY
IpAKTOILI0B, OUENKA IOTEHIHAILHOI PYAOHOCHOCT I MATMATIHCCKHX Topol Maivbiackoro u [Tonniickoro
PYAHBIX noaeii no KTCp THEaM aKieccop: OCYHIECTBEICH Ha OCHOBE
HCTIOLIOBANNHS BAPHAIHOHHBLIX -nmrpn\m Eu/Fu* — Dy/Nd u Fu/}u = (Ce/Nd)/Y. Hx anaani nokasmi-
BACT, YTO WHPKONBE W3 MATMBUKCKHX IPANHTORIOB NONLIANT B 0012CTEH PYIOHOCHBIX NOPHHPOBRIX CHETEM,
a4 M3 NOHMICKHX MOHILOAMOPHT-NOPGHHPOB — B 30HY GCIPYAHBIX OOBLCKTOB. “JTH AANNBIC MOINT OBITH HCIOTb-
JOBAHB NPH NPOBCICHIH NPOTHOTHO=METLULIOTCHHYECKHNY HCC.‘IL‘JD’B“II“E HE TOIBKO B NPEICIAX TCPPHTOPHN
Cuxora-Aanns, no u seero /laasnesocrounoro pernona Pocenn.

Kuouesvie caosa: P39 + Y, HI, U, Th i Pb B mupkonax, pyIonocHocTs MarMaTideckin Mopot,
010TO-MeHO-TIopdipopoe opyacHenite, Maasuiackoe n Tounitckoe pyanwe nona, Hicknee Ipn-
asypee, Jaasnnii Boctok.

0. V. PETROV (VSEGED), E. A. KISELEY (Rosnedra),

A. L. KHANCHUK, V. V. IVANOV (FEGI FEB RAS), V. V. SHATOY,

A. A ALENICHEVA, A, V. MOLCHANOY, A. V. TEREKHOY, V. [. LEONT'EY,
N. V. RODIONOY, B. V. BELYATSKIY, S. A. SERGEEV (VSEGED

REE + Y, HI, U, Th, and Pb distribution in zircon
as an indicator for fertility of magmatic rocks
of the Malmyzh and Pony Cu-Au-porphyry ore ficlds
(Trans-Amur Region, Russian Far East)

The results of studying distribution patterns of trace elements (REE + Y, Hf, U, Th, Ph) in zircons
from magmatic rocks of the Malmyzh and Pony Cu-Au porphyry ore ficlds based on geochemical SIMS
measurements of zircons are discussed in the paper. Trace elements contents in zircons were determined at
the same spots in which isotopic age of erystallization was measured by SIMS U-Pb method (SHRIMP ID.
YREE content in zircons from the Malmyzh granitoids varies from 217 to 1158 ppm, Y — from 718 to
732 ppm, Hf — from 4524 to 4928 ppm, Ph — from 1.2 to 1.6 ppm, U — from 89 to 112 ppm, Th — from
58 to 76 ppm. Geochemical characteristics of zircons from the Pony monzodiorite-porphyry are strongly
differing from the Malmyzh granitoid zircons. Concentrations of most trace elements in the Pony zircons,
especially LREE and MREE, as well as Y, Ph, U and Th are of two-three times higher than in zircons from
the Malmyzh itoids. A ic rocks fertility from the Malmyzh and Pony ore fields
based on geochemical characteristics of zircons was carried out using Fu/Fu* vs. Dy/Nd and Eu/Eu* »s.
(Ce/Nd)/Y plots. Analysis of these plots shows that zircons from the Malmyzh granitoids fall into the field
of fertile porphyry systems whereas zircons from the Pony nlom(ullnrlle~porph)rv fall into the field of barren
suites. This result can he utilized during prognostic and not only within the limits
of Sikhote-Alin territory but also within the whole Russian Fll’ East region.

Keywords: REE + Y, Hf, U, Th and Pb in zircons, ore potential of magmatic rocks, gold-copper-
porphyry ore mineralization, Malmyzh and Pony ore fields, the Trans-Amur Territory, Russian Far East,
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NMonoxeHne reoXMmMmM4yeckoro
cocTaBa U3y4YeHHbIX 3epeH LUPKOHOB
U3 obpasuoB MarmMaTU4eCKMx nopopn,
Manmbixckoro u NoHunuckoro
PYAHbLIX NOSIeW HAa BapMaLMUOHHbIX

AnarpamMmmax:
Eu/Eu* - (Ce/Nd)/Y
n
Eu/Eu* - Dy/Nd
Ha AnarpamMmmax ansa cpaBHeHUA
BblHECEeHbI d)VlrypaTVIBHble TOYKMU

reOXMMmM4YecKnx CoCTaBOB LIMPKOHOB WU3
pyAOBMeELLaoLWNX UHTPY3UBHbLIX Mopoa
BeAyLUUX Au-Cu- n Au-Cu-Mo-
nopcdupoBbIXx MectopoxaeHun Kutasa B
CpaBHEHMM C 3aBeAoOMO Oe3pyAHbIMU
MarmMatm4yeckKumm ooOpasoBaHMSAMU U3
pa3nnyHbIX permoHos Mupa

(after Lu et al., 2016; modified)

Be3pyaubie KOMILIEKCH

@ Yellowstone rhyolite
Bandelier rhyolite

= Hawkins S-type dacite

< Kadoona I-type dacite

A Bishop Tuff

A Lucerne reduced granite

Pyz[onocm.]e KOMILIEKCHI

Batu Hijau porphyry Cu-Au Nannihu porphyry Mo-W

© Tampakan porphyry Cu-Au Yuchiling porphyry Mo

Dexing porphyry Cu-Mo-Au @ Sungun porphyry Cu-Mo

@ Jiama porphyry-skarn Cu-Mo-Au 7 Qulong porphyry Cu-Mo
1 Sar Cheshmeh porphyry Cu-Mo-Au
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JTOoT 6aHK HacuuTbiBaeT 6onee 8000
onpeageneHnM Bo3pacTta nokKanbHbIM U-
Pb metogoM M copepXuUT KOnmnekuuto
roToBbIX K UCCNefoBaHUIO rpernapamos
(3nokcudHbIx waub) ¢ MoHO(paKLNAMHU
LUPKOHOB, paHee npoaaTUpoBaHHbIX Ha
BTOPUYHO-MOHHOM MuKpo3oHae SHRIMP-
lle

LLMN BCEINEN: BTOpUYHO-NOHHbIN
mukpo3oHa SHRIMP-lle 11



OnpepeneHue KpuTepueB PpyAOHOCHOCTM rPaHUTOUAOB B
OTHOLUEHUM 30J51I0TO-MeaHOo-NopcPMPOBOro opyaeHeHus no
pe3ynbTaraM U30TOMHO-reOXUMMMUUECKOro u3yueHus

aKL,eCCOPHbIX LLUPKOHOB

(e npedenax Ypanbckou, Taumbipo-Ceseposemeribckol, Animae-CasHckou, AHabapo-
Bunrouckou, AndaHo-3abalikanbckou, JanbHeeocmo4vHou, BepxosiHo-KonbiMmckou, Yykomckol
u Kopsikcko-Kypurnbckou ceput nnucmos ['K-1000/3)

3agaum Ha 2022 .

1. DopMmMpoBaHUue NepeyvyHsa NepcrnekKTUBHbLIX Ha nopdupoBoe opyAeHeHue nnowjagemn,
JNIOKariu3oBaHHbIX B XO4e pernoHasibHbIX reosioro-CbeéMoYHbIX pabot macwtaboB 1:1
000 000 » 1:200 000, reonoropa3BeaoYHbIX PaboOT NMOUCKOBOM CTaguU N CTOALUMX Ha
ydyete KM B HepacnpepneneHHoM choHae Heap;

2. PeBu3na cyuwecTtBylowero 6aHka 3anoKCUAOHbIX wWanmbd ¢ umpkoHamu Ha 6ase LIUU
BCEIMEU 13 noTeHuManbHO PyAOHOCHbIX NOPNPOBLIX MHTPY3NBOB;

3. Coop u chopmmpoBaHUue KOMNEKUUA KaMEHHOro martepuaria U 3noKCUAHbIX LwWand c
LMPKOHAMM ANSs reoXpOHOSNIOrMYEeCKUX U U3OTOMHO-reOXMMUYECKUX UccnegoBaHUU U3
konnekuun BCEINEWN, akagemMuyecknx u otpacrneBbIX MHCTUTYTOB, NPOU3BOACTBEHHbIX
opraHu3auuu.

4. YcTaHOBIIeHe 3aKOHOMEepPHOCTEeU pacnpepneneHus anemeHtoB-npumecen (REE+Y, Ti,
Hf, U, Th, Pb) B akKueccopHbIXx LMpPKOHaX C onpegeneHWeM WHANKATUBHbIX
reoXuMM4yecKkmnx napameTpoB (KputepueB) PYAOHOCHOCTU FpPaHUTOMAHLIX KOMMJIEKCOB
no pesynbTataM U30TOMHO-FEOXMMUYECKOro U3YyYEeHUS aKLeCCOPHbIX LLUPKOHOB;

5. PaspaboTka TexHONormm noAroToBKW CTPYKTYPUPOBAHHOIO MacCuBa JAaHHbIX
N30TONHO-reOXMMUYECKOr0 U FreOXPOHOSIOrMYECKOro M3y4YeHUs1 ONOPHbIX 06bLEKTOB (Ha
OCHOBe yaarieHHOro pacnpezeneHHOro gocrtyna u Be6-TexHonorum).

12



PACNPEOENEHUE
MarMaTM4eCcKux KOMMJIeKCoOB NOpos, U3Y4YEeHHbIX Ha NpeaMeT YCTaHOBIEHUA 3aKOHOMEPHOCTEN
pacnpeaeneHusn anemeHtToB-npumecen (REE+Y, Ti, Hf, U, Th, Pb) B akueccopHbIX LupKoHax
C uenbio onpeaeneHns UHANKaTUBHbIX FeOXMMMUYECKNX NapaMmeTpoB LUpPKoHa - PIZ

&

BCEIO no cocmosiHuro
Ha 22.11.2022 2.
nsydyeHo 100 o6p.
MarmMmaTu4yecKkux nopoa,
npuHaanexawmx

70 obbexkTam
MmccnepoBaHmA -
UHTPY3UBHbIM
KOMMJIeKcaM un
oTAesibHbIM MaccuBamMm.

HauBbicwasn 11%

YpoBeHb

Bbicokas 7%
npoayk-
TUBHOC-
™ YMepeHHas 9 13%
Huskasn 48 69%
70

KonnuyectBo 061HeKTOB 100%



NeNe
n/n

10

11
12

13

14

15

NMEPEYEHb marmaTtuyeckmnx komnnekcon, nokasaswmnx HAUBbICLUYHO nepcnekTMBHOCTb Ha
nopcpupoBoe opyaeHeHUe Ha OCHOBE aHann3a 3Ha4eHUN MHAUKATUBHbIX FreOXUMUYECKUX
napameTpoB uupkoHa PIZ (Porphyry Indicator Zircons)

(after Lu et al, 2016 and Pizarro et al., 2020)

UHavkaTuBHbIE reOXMMMUYecKue napamMeTpbl LupkoHa — PIZ
NeNe MecTopoxaeHue, HomeH-

Bo3spacr, T°C
o6pas- pynonpoanneHMe, Mopopa MIH. neT kna- Ce/Nd Eu/Eu* (Ce/Nd)/ Dy/Yb (1000,?)( Th/U  (Ti-e-yupkone
Ua  MHTPY3UBHbLIN KOMNEKC a Y Eu/Eur)lY mepmomemp)

>1 >04 >0.01 <0.3 >1 0.1+1.0637 +738

M-53-
1M-288 HVKHEaMypCKMil KoMNAEKC, Ouoput 97.2+1.1 )ég(l;ixll\cl 10.0 0.60 0.019 0.16 111 0.59 680 £20
mMecTopoxaeHue Manmbixk, M-53-
20‘1"2"6 BOKKMHCKMit Maccus Keapuesbit avoput  99.4+¢1.3 XXl M- 101 0.60  0.016  0.16 9.1 0.62 680 +20
el
53-XXIV
2-2 IF'paHoaunoput-nopcmp 76.7£0.7  M-53-94 40.7 0.61 0.078 0.19 11.6 0.87 651
3-9A HwxHeamypckui KOMnnekc, [uoput-nopcdup 78.6+0.9  M-53-94 37.8 0.51 0.043 0.18 71 0.82 671
MaHomuHckum MPY , xpebeTt
34 TI'moH F'paHoanopuT 81.0+0.6  M-53-94 29.3 0.54 0.063 0.17 1.7 0.59 643
3-11 HESHeRUCSRHE . 79.8407 M-5394  33.4 059 0.043 0.20 5.7 0.40 672
MWHepann3oBaHHbIN
. Q-57-
1064-1a PRI 143822  XXVII, 14.8 0.55 0.027 0.18 9.1 0.65 730
MOHUOAUOPUT XXVIII
HamaHabikaHCcKkuin |<omnne|(c,K . Q-57-
1070-1 mecTopoxaeHue Megbropa, . ooP-eBsbn 143.041.9  XXVII, 14.7 0.52 0.027 0.18 8.0 0.73 718
MOHUOAUOPUT
OMKyyaHcKasa nnowaab XXVIII
Q-57-
5301-4 FpaHoguoput-nopcoup 1379+ 1.1  XXVII, 17.9 0.62 0.017 0.20 6.5 0.27 679
XXV
Mec4aHka, MpoBanbHUHCKUIA
12406 maccwuB, Ergarbivuckumn Fa66po 14011 Q-58-1X, X 15.2 0.78 0.016 0.23 9.9 0.63 718
KOMMMeKc
5408 Psi3aHOBCKMI KOMMIEKC, F'paHoauopuT 260.1 +4.9 L-52-XXX 15.2 0.54 0.031 0.21 141 0.66 643
MNepBomarckum PY,
16475 [popekoBckuh 6aTonuT FpaHuT 260.0 £7.5 L-52-XXX 141 0.59 0.024 0.22 9.9 0.88 654
O e e Fpaunr-rparocuennt  233.0:1.0 S40XVo 910 053 0011  0.23 3.7 0.56 688
10  komnnekc, TauMbIp XVI
B0l oIS EAICKC Y o, 166.8 2.1 . X% 9.9 044 0010 017 43 0.98 708
PaccowuHckuit maccus XXIX, XXX
1190981 Ynb6aHcKuit KoMnnekc,

XaBMHCKMIA MACCHB KeapueBblit guoput 80.8 £0.52 N-54-XXV 28.0 0.57 0.039 0.18 9.9 0.68 65 1 4
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OMONOHCKUn

| & Maccus.
; OMKy4aHcKas
o eﬂ‘bro ckui | |
*«* \\ﬁ' p/ 13 E{M ”L\y nnowaae.
MHeHSchaﬂ‘*E ‘ i ;'L ' -
| ‘?}A oo 06p. 1070, /? | HaMbIHAbIKaH
. i 1064-1 b€ CKNN KOMIMIEKC
| O6p. 5301-4 (K1)

1. Megbropckas
rpynna
MacCUBOB,
Q-57-XXVII, XXVIII

2 06p.

2. ANHeH3HCcKas
rpynna
MacCUBOB,
Q-57-XXVII, XXVIII

MenoBble UHTPY3UU 1 06p

FEEEEEEE YeTBepTUYHBIE OTNOXKEHUS - HaMbIHABIKaHCKWIl KoMMNeKe

- BUKTOPWUHCKWI KOMMNNEKe 16



3anagHo-llpumopckasn
MUHepareHn4eckas
30Ha.
NepBomanckum
PyAHbIN y3en.
Psa3aHOBCKUM
komnriekc (P3):

1. NepBOManckumn
GaTtonuTt
L-52-XXX

1 00Op.

2. (poaekoBCKUmn
GaTtonuTt
L-52-XXX

1 00Op.
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NMEPEYEHDb HekoTOpbIX MarMaTu4yeckux KoMnsiekcoB nopopa, nokasaswmnx HU3KYHO nepcnekTMBHOCTb
Ha nopcdunpoBoe opyaAeHeHNEe Ha OCHOBEe aHarm3a 3Ha4eHUM UHANKATUBHbIX FeOXUMUNYECKUX
napameTpoB uupkoHa PIZ (Porphyry Indicator Zircons)

MecTopoxaeHue, UHaukaTUBHbIE reOXMMMUYecKue napameTpbl LupkoHa — PIZ

NeNe HomeH-
NoNe pyaonposiBrneHue, Bospacr, o
| obpas- 3 N Mopoaa e Kna- (10000x T°C
bl ua UHTPY3UBHLIN MIH. TIeT  typa  Ce/Nd Eu/Eu* (Ce/Nd))Y Dy/Yb EwEgyy THU  (Ti-s-uupkowe
KOMMJieKCc wEu ) mepmomemp)
>1 >04 >0.01 <0.3 >1 0.1 +1.0 637 = 738
J[lopoHUHCKOEe
1 KA 45-09 pynonposiBneHue, panuT 93+0.7 P-56-XXII 4.7 0.15 0.003 0.21 0.75 0.29
CBeTNUHCKUI KOMNJEKC
M-53-
2 Wn-34-1 YAonposenenme Mok, Mokuoamopw- 933+1.2 Xl 7.6 040  0.004 0.35 3.5 0.80 785 +15
HuxHeamMypckui komnnekc nopdup M-53-
XXIV
3 KA-01-09 paHoanopuT 93.1+0.8 O-56-I 4.6 0.17 0.007 0.29 1.9 0.74 758
Cu-Mo-nopcmpoBoe
4 KA-02-09 pyaonposiBneHue Ynrap , paHoguoput 158.5+1.1 0O-56-I 1.5 0.05 0.001 0.3 0.3 0.36 701
MaragaHcKui KoMnnekc
5 KA-04-09 paHoanopuT 955+1.4  O-56-I 41 0.35 0.001 0.26 14 0.87 749
Cu-Mo-nopcumpoBoe
6 s [PECCIHTEERTE O Keapuesbii avoput ~ 103.2 +2.0  O-56-Ii 4.6 028  0.004 033 2.4 0.76 751
CpeAHUHCKNIA MaccuB,
MaragaHcKuii KoMnnekc
LLTok pyaonposABneHus L-53-
7 JIA3-10 IlasypHoe, TUBUHCKMI panHuT 103.5+1.4 XXII| 5.1 0.3 0.001 0.32 0.4 1.6 682
KOMMMeKc
MeKMHCKMI KOMMEeKC KpynHO3epHUCTbI U= kr
8  2024-1 P Py P 2373£26 XXXIV- 3.5 0.35 0002  0.21 2.1 0.57 721
Meka rpaHuT-nopup XXXV
BecnamMATHUHCKUMA
9  203045-4 komnnekc, neBo6epexbe p. [paHocMeHnUT 233.0£1.0 S-47-1l1 15.1 0.39 0.012 0.37 2.6 1.6 830
BecnamaTHOM
KbIngnHCKMI maccus, S-46-
10 BT-34 [Oukapaburanckuin kKomnnekc CueHut 237.0+1.0 XX, 22.7 0.38 0.044 0.28 7.2 1.1 821
(B. Tanmblip) XXIV
PsizaHOBCKMI KoMnnekc, 1-a
11 121  cpasa, 3anagHoe MNpumopbe, [A6G6pO 255 +2 K-52-VI 13.5 0.17 0.005 0.22 0.6 1.1 8 "

Hukono-JlbBoBCKUM MaccuB 1 8
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