AN INTERREG-TACIS PROJECT:
STRATEGIC MINERAL RESOURCES OF LAPLAND
- BASE FOR THE SUSTAINABLE DEVELOPMENT
OF THE NORTH

Project publication, volume |

MPOEKT WMHTEPPEI-TACUC:
CTPATET'MYECKUE MWUHEPAJIBHbLIE
PECYPCbHl JIATUNIAHOAUUW — OCHOBA
YCTOMYMBOIO PA3BUTUSA CEBEPA

C6opHMK MaTepuanoB NPOEKTa, BbINYCK |

Edited by Felix Mitrofanov, Markku lljina & Dmitry Zhirov

Pepaktopbl c6opHuka: Penukc . MutpodaHoB, Mapkky VnbnHa
n Omutpun B. XKnpos

Apatity, 2008
AnaTtuTbl, 2008



UDC 553.491.8(470.21)

An Interreg-Tacis Project: Strategic Mineral Resources of Lapland - Base for the
Sustainable Development of the North. / Project publication, volume I. — Apatity: KSC RAS.
2008. - 105 p.

The volume presents records of the International conference "International cooperation and experience exchange in the
field of geological research and PGE deposit exploration in the north Fennoscandia" organized within the framework of the
International Collaboration Project of KOLARCTIC INTERREG Il A North - TACIS N KA-0197 entitled as “Strategic mineral
resources as a basis of sustainable development of the North” (Russia — Finland — Sweden). The issues of geological exploration,
prospecting and development of PGE deposits in trans-border regions of the northern Fennoscandian Shield are discussed. First
geological and economical records of new resource areas discovered on the Kola Peninsula are published in the volume. A special
emphasis has been put on the aspects of merging resources, experience, knowledge and technological (laboratory) capabilities of
leading research, academic and industrial institutions of Lapland (Finland, Sweden, and Russia), as well as on the training of
highly qualified staff through attracting young researchers and students to the investigation within the framework of the
international project.

The proceedings of the volume are of interest for geologists of different expertise, mining engineers, economists and
students of earth sciences.

The volume is prepared and published under the support of KOLARCTIC INTERREG Il A North — TACIS N KA-0197
grant «Strategic mineral resources as a basis of sustainable development of the North» (EU), grant N 04-11/78-2 of by-financing of
international cooperation provided by the Government of Murmansk region, and scientific school headed by the academician RAS
Felix Mitrofanov, SC N 1413.2006.5.

Edited by Felix Mitrofanov®, Markku Iljina® & Dmitry Zhirov'.

Papers and graphics are translated from English into Russian and vice versa by Alexandra Rybnikoval.
1 Geological Institute of KSC RAS, Apatity
2 Geological Survey of Finland (GTK), North Office, Rovaniemi

VYK 553.491.8(470.21)

HNurepper-Tacuc npoekt: CTparernyeckue MHUHepajibHble pecypchl JANJAHINH — OCHOBA
ycroiiuuBoro pasutusi Ceepa. / COOpHHK MaTepHanoB mpoekra, Beimyck 1. / Kommexktus
aBTOpOB. — AmatuTtel: M3n-so KHI[ PAH. 2008. — 105 p.

B cOopauke mpexacraBieHsl Matepuansl MexxyHapoaHoi koHpepeHnun "MexIyHapoaHOe COTPYJHHYECTBO U OOMEH
OIIBITOM B T€0JIOTHYECKOM M3Y4YE€HHH M Pa3Be/IKe IITATHHOHOMETAUTBHEIX MECTOPOXKACHHH ceBepHOH dacTn DeHHOCKaHANHABUH",
OpraHM30BaHHOTO B paMKaXx mpoekTta MexxayHapoauoro corpyaandectsa KOLARCTIC MHTPPET Il A North - TACUC Ne KA-
0197 «Crpaternueckne MUHEpAJIbHBIE PECYpCHl — OCHOBa ycToiumBoro passutusi Ceepa» (Poccus — Ounmsaans — Ilsenus).
Ob6cyxmatoTcsi IPoOIEeMBbl T€O0JOTHYECKNX ITOMCKOB, Pa3BEAKH M OCBOCHMS MECTOPOXICHHH METaNIOB IIIATHHOBOW TPYIIIIBI
(MIIT) B TpaHCrpaHMYHBIX paiioHax ceBepHON yacTH DEHHOCKaHIMHABCKOTO IHTa. BriepBble OmyOIMKOBaHBI F€0JOTHYECKUE U
JSKOHOMHMYECKHE MaTepHaybl II0 HOBBIM ChIpheBBIM 0OBbekTaM Koibkoro permona. Ocoboe BHMMaHHE YJIEJIEHO acHeKTam
UHTETpallud  PECypCcoOB, OMNbITA, 3HAHUA M TEXHOJOIMYECKUX (Ja0OpaTOpHBIX) BO3MOXHOCTEHl BeAylIMX Hay4HBIX,
00pa3oBaTeNbHbIX U NMPOU3BOJCTBEHHBIX reosioruueckux opranusauuil Jlammannuu (Ounnsaauu, Isennu u Poccun), a Taxke
TIOJITOTOBKE BBICOKOKBAMM()UIMPOBAHHBIX KaJPOB 32 CUET NPHBIICUYCHMS MOJIOJBIX CIEIHAINCTOB M CTYISHTOB K BEIITOJTHEHUIO
paboT B paMKax MEXAYHAPOJHOTO IIPOEKTA.

Marepuansl cOopHuKa OymyT MONE3HBI UL MIMPOKOTO Kpyra T'€OJIOTOB, TOPHSKOB, SKOHOMHCTOB M CTYJICHTOB
TEOJIOTHIECKHX CTICIIHATbHOCTEH.

C6opHuK moaroToBieH U u3naH npu nopuepxkke rpanta KOLARCTIC UHTPPET 1l A North - TACUC Ne KA-0197
«CTpaTternueckie MHHEpalbHBIE pPECYpchl — OCHOBa ycroitumBoro passutus Cesepa» (EDC), rpanta Ne 04-11/78-2
co(MHAHCHPOBAHUS MEXIYHapOIHOTO COTPYIHUUYECTBA, penocTaBieHHoro [IpaButenscTBoM MypMaHCKON 00JacTH, U HAy4HOI
kol akagemuka PAH @.I1.Mutpodanosa Ne HIII-1413.2006.5.

Penaktopnl coopuuka: ®enukc I1. MnTpoq)al-mBl, Mapkky Unbuna u Imurtpuii B. )Knpona1

[lepeBon crateil W rpauiku ¢ aHTIMKUCKOTO HAa PYCCKUH W/WIHM C PYCCKOTO HA AHTIIMICKHN OCYIIECTBICH
Anexcannpoit C. PeiOHIKOBOI

1 I'eonoruueckuit uactutyt KHL] PAH, Anatuts

2 I'eonornueckas Ciyx6a Ounnsaaun, CeBepHslil oduc, PoBannemu

© Authors, 2008
© Astopsr, 2008



i

INTERREG I1IR NORTH

INTERNATIONAL PROJECT
KOLARCTIC INTERREG Il A NORTH - TACIS ENTITLED AS

THE STRATEGIC MINERAL RESOURCES OF LAPLAND

BASE FOR THE SUSTAINABLE DEVELOPMENT
OF THE NORTH

The project belongs to the Interreg Kolarctic Neighbourhood and Tacis Programmes.

Mexnaynapoansiii mpoekt KOLARCTIC INTERREG 111 A North - TACIS

"CTPATEMMYECKUE MUHEPAJIbHbBIE PECYPCbI
— OCHOBA YCTOMUYMBOIO PA3BUTUA CEBEPA"

[IpoexT ocymecTBisieTcst B paMKax nporpamm nodpococenctsa Muarepper Konapktux u Tacuc.

The project partners include:

e Geological Survey of Finland, the lead
partner,;

e Geological Institute of Kola Science Centre

of Russian Academy of Science, Russia;

University of Oulu, Finland;

Lulea Technical University, Sweden.

Joint Stock Company “PANA”, Russia;

Geovista AB, Sweden;

Murmansk State Technical

Apatity Branch, Russia.

University,

Key persons of project:

e  Markku lljina Ph.D., project leader;

e Prof. Felix Mitrofanov, academician,
Scientific adviser, Russian leader;

e  Dmitry Zhirov, Russian coordinator;

e Tamara Bayanova DSc., chief isotope
geologist;

e Alexei Korchagin Ph.D., mineral resources
geologist;

e Profs Tuomo Alapieti + /Eero Hanski,
University of Oulu representatives;

e Prof. Lennart  Widenfalk, Swedish
coordinator;
e Alexandra Rybnikova, translator &

interpreter.

+ Tuomo Alapieti passed away on August 6", 2007

Ilapmnepamu npoekma agnaw0mMca:

I'eonoruueckast Cmyx0a
TOJIOBHOW/BEAYIINI TAPTHEP MPOCKTA;
I'eonormueckuit uHcTUTYT KOJBCKOrO HaydHOTO
nentpa PAH, Poccus, ocHOBHOW poccuiickuit
HapTHep;

VYuausepcuret Oyiy, QUHISHIUS;

Texunueckuit yuusepcurtet Jlynuo, lIBeuns.

OAO "Ilana", Poccus;

AO "T'eosucta", IlIBenus.

Amnaturckuit prmuman MI'TY, Poccus.

DuHIIHINH,

Knrwuesoie nepconsl npoekma:

Mapxkky MibuHa, 1.H., pyKOBOJUTEIb IIPOEKTA;
[Ipod. Denuxkc Murpodanos, akxagemuk PAH,
Hay4YHbIH PYKOBOAUTEIb POCCUICKUX TAPTHEPOB;
Jmurtpuii XXupos, poccuiickuii KOOpIHMHATOP;
Tamapa basHOoBa, na.r.-M.H., 3aB. JabopaTopuu
HM30TOIHOM F€0XpPOHOJIOTUH;
Anekceit Kopuarus, K.r.-M.H.,
IUIATUHOMETAJUIBHOTO PYAOTEHE3a;
IMpod. Tyomo Amnanumetru T / Eypo Xanckwy,
npeacraButenu YHusepcutera r. Oyiny;
ITpod. Jlennapt Bunendonx,
KOOpAHWHATOD;

Anekcanzapa PeiOHIKOBa, IEPEBOTINK

3aB.J1abopaTtopun

IIBECKUI

+ Tyomo Ananueru ckonvaics 6 ° asrycra 2007 r.



CONTENTS / OTJIABJIEHUE:

NAME / HASBAHUE

Mr. Markku lljina, Ph.D., Senior geologist, Dsc., GTK (Geological Survey of Finland), Project
Manager

Mapkky inbrHa, OKTOp Hayk, cTapwumi reonor, Neonornyeckasa Cnyx6a GuHnaHauu,
MeHexep MNpoekta

"The Project of the neighbourhood Programm Kolarctic/Interreg Il A
"Strategic mineral resources of Lapland - base for the sustainable
development of the North". The PGE prospecting and survey in Lapland
(Northern Finland)"

"Mpoekm mMexdyHapodHo20 compydHu4dyecmea "Cmpameauyeckue
MUHepasibHble pecypcbl — OCHO8a ycmoliyueo2o pazsumus Ceeepa”. Ponb
nJgamuHoMemasnsbHO20 HanpaesieHUss & 2eoJio2u4YecKux uccrnedoeaHUusix
JlannaHduu (CeeepHass ®uHnsAHAus)"

Mr. Felix Mitrofanov, academician of RAS, Dsc., professor, Scientific adviser of Project
(Russian team)

®enukc . MutpodaHoB, akagemuk PAH, pa.r.-m.H., npod., CoBeTHuk PAH, Hay4Hbin
PYKOBOAUTENb POCCUCKON rpynnbl MNMpoekTa

"The correlation of the composition and ore-forming stages in the Early
Proterozoic mafic-ultramafic layered intrusions of Finland and Kola
Peninsula (Russia)"

"Koppensuyus cocmaea u pydoobpa3syrouux amanoe e
PaHHenpomepo3olickux 6azum-a2unepb6a3umoebix pacCcllOeHHbIX UHMpy3ul
®uHnsaHluu u Konbckozo Monyocmpoea (Poccus)”

Mr. Dmitry Zhirov, Chief of innovation department of GI KSC RAS, Coordinator of Russian team
of Project

Omutpuin B. XKnpos, HavanbHWK oTaena nHHoeaumm Meonornyeckoro nHetntyta KHL, PAH,
poccunckmin koopanHatop lNpoekta

"Production & market of PGE: status and trends"
"llpou3zeodcmeo u pbiHOKk MII: cocmosiHue u nepcnekmuebl”
Mrs. Tamara Bayanova, Dsc., Branch manager of GI KSC RAS,

Mr. Felix Mitrofanov academician of RAS, Dsc., professor

Tamapa B. basiHoBa, A.r.-m.H., 3aB. nab. Meonornyeckoro nHctutyta KHL PAH
denukce M. MutpodaHos, akagemuk PAH, a.r.-m.H., npod., CoBeTHuk PAH

"Geochronology of the PGE-bearing intrusions located in the N-E part of
the Baltic Shield"

"eoxpoHoso2uss nAamuHoMemasn/ibHbiX UHMPYy3uli cegsepo-80CMOYHOLU
qyacmu Banmuilickozo wuma”

Mr. Alexey Korchagin, Dsc., Executive Director of JSC "Pana”,
Mr. Felix Mitrofanov, academician of RAS, Dsc., professor, Scientific adviser of Project
(Russian team)

Anekcen Y. KopyaruH, K.r.-m.H., gupektop OAO "lMana",
®denukce M. MutpodaHos, akagemuk PAH, a.r.-M.H., npod., koHcynbTaHT PAH, Hay4uHbI
pyKoBOAUTENb poccuiickor rpynnel MNpoekta

"Deposites of PGE of the Western part of Fodorovo-Pana Tundra
(Fedorovo and Malaya Pana): status and development prospects”

Page
Crp.

13

13

18

18

31

31

43



NAME / HASBAHUE

"MecmopoxdeHuss MIIIT 3anadHol 4yacmu ®edopoeo-lTaHckux myHOpP
(®edopoeo u Manas laHa): cocmosiHue u nepcneKkmuebl oceoeHus"

Mr. Mark Ward, Executive Director,

Mr. Arkady Kalinin, Dsc., Chief geology department,

Mr. Douglas McLaughlin, Project manager

Mr. Oleg V. Kazanov, MSc., Project geologist

Mr. Vladimir Voytekhovich, Senior geologist, - " Kola mining-geological company Ltd."

Mapk Yopga, reHepanbHbIN OUPEKTOP,

Apkagun A. KanuHuH, K.r.-M.H., rnaBHbIA reonor,

[arnac MaknyxnvH, MeHeaxep npoekTa

Oner B. KasaHos, reonor,

Bnagumup BonTtexosuy, Begywuin reonor, - O0OO "Konbckas ropHo-reonornyeckas komnaHms"

"Kola Mining Geological Company LTD (KMGC) - Prospecting for PGE in
the East Pansky Layered Massif "

" 000 «Konbckasi FlopHo-leonozuyeckass KomnaHusi» - noucku MIIT e
Bocmo4Hol yacmu llaHckux myHOp"

Mr. Oleg V. Kazanov, MSc., Project geologist
Mr. Arkady Kalinin, Dsc., Chief geology department

Oner B. KasaHos, reonor,
Apkagun A. KanuHuH, K.r.-M.H., rnaBHbIA reonor

"The structure and Structure and PGE Mineralization of the East Pansky
Layered Massif"

"[eono2u4yeckKkoe cmpoeHuUe U nJamuHoMemasbHass MuHepanusayus
Bocmo4yHo-llaHcko20 Maccuea”

Pavel. V. Pripachkin, PhD, Expert of Project
Tat'yana V. Rundkvist, PhD, laboratory of PGE-forming processes
(Geological Institute, Kola Science Centre RAS, Apatity)

"PGE-bearing objects in a W-E trending branch of the Monchegorsk Mafic
Layered Complex (MMLC): geology and levels of PGE-mineralization”

"MnamuHomMemannbHblie 06 bekmbl cy6b6wupomHoli eemeu MoH4YensaymoHa"”

Mr. Vladimir N. Ivanchenko, Senior geologist of LLC "Pechengageologiya”

Mr. Pavel S. Davydov, Chief geology department of LLC "Pechengageologiya"
Mr. Vladimir A. Dedeev, Researcher of LTIS JSC "Institut Gipronickel"

Mr. Vladimir V.Knauf, General Director of CC "Nati"

Masen. C. [aBbigos, rnaBHbiri reonor OOO"TeyeHrareonorns”

Bnagumup H. MBanuyeHko, Begywmi reonor OO0 «[leyeHrareonormsa»
Bnagnmwnp A. Oegees, HayyHbin coTpyaHuk JITUC AO "UHcTuTyT MNnpoHukens"
Bnagumup B. KHayd, reHepanbHbii gupektop 3A0 "Hatun"

Major features of the Vuruchuaivench (Vurechuaivench) deposit
geological structure

OCHO8HblIe Yepmbl 2eoJsjio2uyYecKkoa2o CmMpoeHUssT MecmopoxdeHus
Bypy4dyalieeH4

Vladimir V.Knauf, General Director of CC "Nati"
Pavel S. Davydov, Chief geology department of LLC "Pechengageologiya”
Vladimir N. Ilvanchenko, Senior geologist of LLC "Pechengageologiya”

Bnagumunp B. KHayd, reHepanbHbii gupektop 3A0 "Hatun"
Masen. C. [aBbigoBs, rnaBHbiri reonor OOO"TleyeHrareonornsa”

Page
Crp.

43

53

53

57

57

69

69

83

83



NAME / HASBBAHUE
Bnagumup H. MBanueHko, BegyLumii reonor OO0 «[NeyeHrareonorusa»

The platinum group elements (PGE) and gold mineralization on
Vuruchuaivench prospecting area

BbnazopodHomemanbHass (BM) muHepanusauyus Ha nouckoeol naouw,adu
Bypy4yalieeH4

Yuriy N. Neradovskyi,

leading researcher, Geological Institute KSC RAS

HKOpwuir H.HepagoBsckun,
BeOyLUMN HayYHbIN COTPYAHUK, 'eonormyeckmin nHCTUTYT KHL, PAH

Platinum minerals in the chromite ores of the sopcheozero deposit (Kola
Peninsula)

lMnamuHoeble MuHepanbl & XxpoMumoebix pydax Con4yeo3epckozo
mMecmopoxdeHus (Konbckui n-e)

Page
Crp.

89

89

99

99



New joint project funded by the EU and Russia,
January 2007 — January 2009:
Hoesili coemecmHebili npoekm, ¢huHaHcupyemeoili Espocorozom u Poccuel,
AHsapsb 2007 — AHeapb 2009:

THE STRATEGIC MINERAL RESOURCES OF LAPLAND - A BASE FOR THE
SUSTAINABLE DEVELOPMENT OF THE NORTH

CTPATETNYECKUE MWHEPAJIbHbIE PECYPCbI NAMNNAHAUN — OCHOBA
YCTOMNYNBOIO PA3BBUTUA CEBEPA

Markku Iljina
Project Manager

Geological Survey of Finland
P.O. Box 77

96101 Rovaniemi
markku.iljina@gtk.fi

1. Background

The mining industry has been chosen as one of the
key pillars for social and economic development by
the regional development authorities of northern
Finland, Sweden and NW Russia. This prioritization
led to the establishment of the project described
here. The project partners include:

. Geological Survey of Finland, the lead
partner;

. Geological Institute of Kola Science
Centre of Russian Academy of Science, Russia;

. University of Oulu, Finland;

. Lulea Technical University, Sweden.

The private sector and other contributors are:

. Joint Stock Company “PANA”, Russia;

. Geovista AB, Sweden;

. Murmansk State Technical University,

Apatity Branch, Russia.

The project belongs to the Interreg Kolarctic
Neighbourhood and Tacis Programmes. The project
budget is approximately EUR 490,000, and the
principal financiers are:

. EU through the Regional Council of
Lapland (Finland);

. EU through the Delegation of the European
Commission to Russia;

. State  Provincial Office of Lapland
(Finland),

. Norrbotten County (regional authority,
Sweden);

. Russian government;

. Murmansk Oblast.

This publication summarizes the first seminar of the
project, held in Apatity, Russia in August 2007.

1.1.  Geological background

The majority of the world’s identified resources of

Mapkky UnbunHa,
PykosoauTtenb mexayHapoaHOro npoekTa

Feonornyeckan Cnykba dPuHAAHAMM
MN.0. bokc 77

96101 PoBaHnemm
markku.iljina@gtk.fi

1. O6masa nHpopmanmsa

B MOHUMAHUH  PYKOBOJICTBA  PETHOHOB  CEBEPHOU
Ounnanauu, IIBenun m Cesepo-zanaga Poccum rophHas
oTpaciub  SBIACTCS  ONpPEACIIOMmeH Ui COIMalbHO-
SKOHOMHYECKOTO  Pa3BUTHA OTHX TEPPUTOPHHA.  DTOT
NPUOPUTET ObLT  KIIOYEBBIM MPHU  IUIAHUPOBAHUH U
OopraHu3aliy OMHUCAHHOTO HIDKE IMpoekta. I[lapTHepamu
MIPOEKTa SBISIOTCS:

. I'eonoruueckas Ciyxb6a OUHIHIU,
TOJIOBHOW/BEAYIINI TAPTHEP MPOCKTA,

. I'eonoruueckuit unHcTHTYyT KoONbckoro HayuHOro
ueHtpa PAH, Poccus, 0cHOBHOH poccuiickuii mapTHED;

. VYuusepcuret Oyiny, OUHISHANS;

. Texuuueckuil yausepcutet Jlynuo, [llBeuns.
YacTHble KOMIAHUY U JPYTUE YYaCTHUKH MIPOEKTA:

. OAO "Ilana", Poccus;

. AO "T'eoucta", llIBenms.

. Anarurckuit puman MI'TY, Poccust.

[Mpoekr OCYLIECTBIISETCS B pamkax nporpamm
nobpococenctea Mutepper Komapktuk u Tacuc. bromxer
npoekra  cocrasiusier  npumepno 490000 EBpo u
¢dopmupyercsi 32 c4YeT  CIEAYIOUIMX  HMCTOYHUKOB
(hMHAHCUPOBAHUS:

. cyocumus  EC Pernonaneueiii Coro3
Jlarman g (OuHITHIUN);

. cyocumus EC gepes [IpencraButeabcTBO
EBpomneiickoit Komuccuu B Poccuu;

. [IpaBurenscTBO npoBUHIMK Jlanmangus,
(OunnaHONA);

. [IpasurensctBo I'padcrBa HopOotren, HIBemms;

. IIpaButenscTBo PO;

. [IpaBurenscTBO MypMaHCKO# 06macTy.

qyepes

Ota TyOnuKamps TOATOTOBJIEHA 10  pe3yJbTaTaM  TepBOro
CeMMHapa MPOEKTa, COCTOSBILETOCA B T. AnatuTsl B aBrycte 2007T.

1.1. l'eos02uuecKue npednocsviiKu

Baxneiimmue JAOKa3aHHbIC MUPOBBIC PECYPChbl HUKEIIA, MCIU,
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nickel, copper, platinum, chrome, vanadium and
titanium are hosted by mafic and ultramafic rocks
(MUR). They occur as basal accumulations or
stratiform horizons of chromite, platinum and Fe-
Ti-V oxides in layered intrusions; as stratiform
layers and strata-bound disseminations of Fe-Ni-
Cu-Pt sulphides in lava channels and in magma
conduits and feeder sills; and as podiform
accumulations of chromite in ophiolitic settings.

[UTATHHOMIOB, XpOMa, BaHAAWs W THTaHAa CBS3aHBI C
MaccuBaMu ~ MauT-yibTpaMaduToB. OHHU 3alleraloT Kak
0a3aibHBIC WM CTPAaTU(POPMHBIC TOPU3OHTHI XPOMHTOB,
mwiaTHHOUA0B U Fe-Ti-V OKCHAHBIX Py B PacCIOEHHBIX
UHTPY3HIX; Kak CTpaTU(OPMHEIC ciaou u
cTpaTuuIUpoBaHHble BKpamuieHHble pynsl  Fe-Ni-Cu-Pt
CyAb(GUIOB B JABOBBIX W MArMOMOABOSIIUX KaHAIAX U
GbunepHpIX CWIIaX; W KaK JIMH30BUIHBIC CKOIUICHHS
XPOMUTOB B O(DHOIUTOBBIX KOMILJIEKCAX.

Platinum-Group Element exploration projects in the Fennoscandian Shield
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Fig. 1. Location of some recent and still active Platinum-
Group Element exploration projects.

Mafic and ultramafic rocks (MUR) are common in
northern Finland, Sweden and NW Russia. The
northern European (including NW Russia) MUR
province has proven to have great potential for Ni-
Cu-PGE sulphide (Fig.1) and Cr- and Fe-Ti-V oxide
mineral deposits. Examples of well-known
economically viable deposits of these types are
Pechenga and Monchegorsk in Russia, and the
MUR occurrences in Kemi, Suhanko and
Mustavaara, Finland. Pechenga, Monchegorsk,
Fedorova-Pana, Penikat, Koillismaa, Kevitsa, and
Suhanko represent renowned primary sources or
reserves for nickel, copper and platinum, while
Kemi and Mustavaara contain huge chrome,
vanadium and titanium resources. The recently
documented discovery of the Vurechuaivench
platinum reef in a small satellite body of the
Monchegorsk Pluton is also clear evidence that new
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Puc. 1. MecmonosioxceHue HeKOmMopbIX NAAMUHOMEMAN/IbHbIX
npoeKkmos, 8bINOJHEHHbIX HeOa8HO UAU HAXOOAWUXCA 8
akmusHoil cmaduu.

MaduTt-ynbrpamadpursl (MYM) mupoko pacnpocTpaHeHbl B
ceBepHbIX paiionax @uunsHauu, [lIBermmum u C3 Poccum.
Cesepoeponeiickas (Bkiatoyas C3 Poccun) mpoBUHITHS
MYVYM cuuraercst BecbMa NEPCIEKTUBHOW Ha MECTOPOXKICHUS
Cr, Ni-Cu-Pt cymspumos (Puc 1) u Fe-Ti-V oxcuansix pya.
[Ipumepamu XOpOLIO H3BECTHBIX SKOHOMUYECKU
(G (QEKTUBHBIX MECTOPOXKICHUH TaKUX THIIOB SIBISIOTCS
IMewenra m Monueropck (Poccmst), Kemm, Cyxanko u
MycraBaapa  (Ounnsamus).  [ledenra,  Monueropck,
®enoposo-Ilanckue  Tynnapsl, Ilenukat, Koiinmucmaa,
KeiiBuna 1 CyXaHKO NpeACTaBISIIOT CO00i HM3BECTHBIE BO
BCEM MHpE NEePBUYHBIC UCTOUHUKU HUKENS, MEIU U IUTaTHHBI,
B To Bpems kak Kemu u MycraBaapa conepxar OrpOMHBIE
3amacbl XpoMa, BaHaaus W TUTaHa. HelaBHO OTKpBITHIA B
HEOOJIBIIIOM BTOPOCTENICHHOM Tejie MOHYEeropcKoro IiIyToHa
IUTATHHOMETAJUTBHBINA pru¢ — MecTopoxkaeHue BypeuyaiiBeHu
- TaKK€  HAIISJHO  JEMOHCTPUPYET, 4TO  HOBBIE
MECTOPOX/ICHUS €IIe MOTyT ObITh OOHapy>KeHbl B JaBHO



deposits can still be found in these ‘old fellows’.
Research and exploration into other MUR
occurrences has, however, been insufficient, and
this provides scant background data for the
discovery of further exploitable resources. The
research and exploration of a few major mining
companies has focused on a restricted number of
MUR occurrences, and little is known about MUR
occurrences elsewhere.

1.2.  Current exploitation of mineral
resources

The northwestern part of the Russia is a major metal
producing area, with both metal producing mines
and metal factories. However, many of these metal
resources are close to exhausted, and new resources
are needed to maintain local industry. Further
exploration for mineral resources is in the hands of
large, national companies, and local small to
medium size exploration and mining organizations
lack financing and geological background
information. The Exploration Toolkit described here
would lower the threshold for starting new
businesses in mining and exploration.

1.3.

Geological education and MUR research has been
concentrated at the Geological Survey of Finland
(GTK), the Kola Science Centre in Apatity, Russia,
the Technical University of Luled, Sweden, and the
University of Oulu, Finland. Much of the research
has been performed in joint projects between the
mining companies and research institutions
mentioned here. This cooperative work has also
produced a number of academic dissertations. In the
past, scientific collaboration between Finland and
the Soviet Union was facilitated by a framework
programme, which enabled frequent cross-border
visits for both Finnish and Russian geologists. This
framework programme ended with the dissolution
of the USSR. There was a particular need for a
more established form of geological collaboration
between the three applicant countries.

Geological research

2. Project Objectives - Exploration
Toolkit
2.1. Geological

The aim is an Exploration Toolkit that would
provide integrated collection of the geological
attributes of MUR

As mentioned above, the metal potential of the
mafic-ultramafic rocks (MUR) is sufficiently
known, but little is known about why one MUR
occurrence has more potential to contain mineral

OCBOCGHHBIX pallOHaXx.

IToucku u pasBeaka B APYrux padoHax paclpoCTpaHEHHs
MVM  4acTUYHO BBIIIOJHEHBI, HO HEIOCTATOYHO, U 3TO
00yCIaBIMBACT CKYTHOCTh HCXOMHOW HH(pOpMAaIu s
OTKPBITHSl HOBBIX aKTHUBHBIX  3amacoB. I[IpoBoaumelie
KPYIHBIMU TOPHBIMH KOMITAHHUSMU TIOMCKA M pa3BejaKa
CKOHIICHTPUPOBAHBI HA Y3KOM KPyre M3BECTHBIX OOBCKTOB, B
TO k€ BpeMst MYM apyrux palloHOB U3y4€HbI HELOCTATOUHO.

1.2. CoepemeHHOe cocmosiHue paspa6omku
MUHEPAAbHO20 CbIPbS

C3 Poccum sBhsieTcss BaKHEHIIUM MPOAYLUEHTOM MHOTHX
METaJUIOB, BKJIOYAsl PYTHUKU ¥ METAJUTypriudeckue Gpadpuku.
OfHAaKO MHOTHE CBIPbEBBIC HCTOYHUKH  OJIM3KH K
WCUEPIIaHUIO, W U1 (YHKIMOHHPOBAHUS PETHOHAIBHOU
TOPHOH MPOMBIIIJICHHOCTH HEOOXOAWMBI HOBBIE PECYPCHI.
PazBenxa HOBBIX 00BEKTOB OCYLIECTBIIAETCA
[IPEUMYILIECTBEHHO KpYIHBIMU HallMOHAJILHBIMHU
KOMIIAaHUSIMH, B TO BpEeMs KaK pErHOHaJbHbIE Majble U
CpelHUE pa3BElOYHbIE M TOPHOPYIHBIE OpraHU3aLUU
HCTBITHIBAIOT ~ HEJAOCTaTOK  (UHAHCOB WM HUCXOTHOU
reoyiornueckoit umHpopmanuu. [IOMCKOBBIE T'€0JIOTHYECKUE
METOJIBl U MHCTPYMCHTApHUi, ONMHCAHHBIC 37€Ch, MOTJIH ObI
CHH3UTH TOPOT U Oapbephl I BXOXKICHHS HOBBIX KOMIIAHUN
B TOPHBII OM3HEC U Fe0JIOrOPa3BeA0YHOE JIENO.

1.3.  Geological research

leomormueckoe oOpa3zoBaHme W ucciepoBaHums MYM
CKOHIIEHTpUpoBaHO B ['eonormyeckoit Cimyx0Oe DOUHIIHINN
(I'C®), Konbckom Hayunom [lentpe (Brirouas A MI'TY) B
Amnatutax (Poccust), Texandueckom VYHuBepcurere Jlymeo
(IIBenus) u B YHuepcutere Oyny (Punnsuaus). bonpmas
9acTh MCCIEOBAHUN BBIMOJHIETCA B PaMKaX COBMECTHBIX
MIPOEKTOB MEXAY TOPHBIMH KOMIIAHHUSMH M YKa3aHHBIMU
BBIIIIE HCCIEIOBATENbCKUMHU IEHTpaMH. Takas coOBMeCTHas
paboTra Takke OTpakeHa B MHOTOYHUCIICHHBIX HAy4YHBIX
JUccepTalusaX. B mponuioM HaydHOE COTPYAHUIECTBO MEXKITY
Ounnanaueit u  CoserckuM  Cor030M  NMOAAEPKUBAIOCH
0coboi mporpamMmoii, KoTopas TO3BONMIA (UHCKUM U
PYCCKHM TE€OJIOTaM OCYIIECTBIIATh YacThle TPAaHCTPAHUYHEIC
BU3UTHL. DJTa mporpaMMma Obla TpeKpaiieHa Mmocjie pachaaa
CCCP. C Tex mop cylecTBOBajga HACTOSTEIbHAs
MOTPEOHOCTh  YKPENHUTh TE0JIOTMYECKOE COTPYIHHYECTBO
MEXIy TpeMs YKa3aHHBIMHU CTpaHaMHU.

2. Ilein mpoekTa - reoJioropaspeJo4YHbIN
UHCTPYMeEHTapuii
2.1. I'eosozuveckue

Lenbto sBisieTcs IeoJOropa3BelOYHbIM HMHCTPYMEHTapui,
KOTOpBIA OBl TIO3BOJIMJI  TOJYYHTh HWHTETPUPOBAHHYIO
COBOKYITHOCTb F€0JIOTHYECKUX MPU3HAKOB MY M.

Kak yxe ormewanoch BbIlIE, PYJHBIH MOTEHIWAN MadwuT-
yaprpamadutoB (MYM) XOpowIo H3BECTEH, OJHAKO MAllo
U3y4YeHBbl aCMeKThl TOTO, IOYEMY HEKOTOpbIE U3 MPOSBICHUN
MVM Goitee HEPCIEKTUBHBI Ha oOHapyxeHHe
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deposits than others. Collation of geological
features related to various MUR types is not
available. It is known from other parts of the world,
such as Canada and Australia, that certain features
indicate that a given MUR occurrence may have
higher potential for certain metals. The geological
attributes in concern include chemical main and
trace element composition, mineral composition,
age, isotope ratios/composition, geotectonic
location, petrophysical properties, surrounding rock
types, size, and 3D shape.

2.2,

The aim is to tailor the Exploration Toolkit to the
resources and needs of small and medium sized
exploration and mining companies and other
interested parties in the target area.

Exploration

Metal exploration in Russia is typically engaged in
by major nation-wide players. Small and medium
size players lack the money, geological background
information and affordable means to start
exploration. The Exploration Toolkit will help build
effective exploration programmes and thus gain
investors' attention. Tested exploration guidelines,
leading to better target selections, reduce the need
for heavy exploration methods such as excavation
and drilling, thus protecting the environment from
unnecessary disturbances.

2.3.  Geological research and education

The aim is to exchange know-how and to establish a
network of EU and Russian players within the
exploration and mining industry.

The geological collaboration between Finland,
Sweden and Russia lacks an established umbrella-
type framework programme. The collaboration
between academia and the industry also needs
enhancing. For small and medium size industry,
networking between the companies, research
organizations and academia is of the utmost
importance. Seminars and joint fieldwork would
gather all the stakeholders at a common table and
thus direct the networking automatically. This
would also provide educational possibilities for the
universities.

3. Operations for attaining the
targets
3.1.  Geological

In order to reach the goal, a great deal of time
would have to be devoted to collecting the available
geological attribute data from the Murmansk area.
The data collection area will also include northern
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MECTOPOXKICHHH, qeM JIpyTrue. ComnocTaBiieHHE
TCOJIOTUYECKUX OCOOCHHOCTEH, CBS3aHHBIX C Pa3IUYHBIMU
tunamMu MYM, eme He npoBoauiock. st psiga cTpad, TaKuX
kak Kanama u ABcTpanusi, U3BECTHBI HEKOTOpbIE MPU3HAKH,
KOTOpBIE  YKa3bIBalOT, 4YTO OTAeNbHblE MVYM wMoryt
MPEACTaBIATh MHTEpPEC Ha OIMpelelICHHbIE MeTajulbl. Takue
TeO0JIOTUYECKHE MPU3HAKK BKIIOYAIOT XUMHUYECKUH COCTaB
IJIaBHBIX U PEAKUX OJJIEMEHTOB, MHHEpAJbHBIA COCTaB,
BO3pacT, W30TONHBIC  OTHOUICHHSI/M30TOMHBI  COCTaB,
TEOTEKTOHIMYECKOE TOJI0XKEHUE, MeTPOPH3NISCKHE CBOICTBA,
THUIIBI OKPY’KAIOIIKX MTOPOI, pasMep U TpexMepHas (opma.

2.2. Tleosno0zopa3zeedoyHble

Lenpto sBIsIETCS MPUCIIOCOOJIEHHE T'eO0JI0rOpa3BelOYHOTO
WHCTpYMEHTapusi A HYXA  MalblX M CPEAHHUX
TEOJIOTHYECKUX M TOPHBIX KOMIIAaHHMH, a TakKkKe JApYyrux
3aMHTEPECOBAaHHBIX CTOPOH B IIPOrPaMMHBIX PETHOHAX.

PasBenaka na Mertamnel B Poccuu mpoBOAMTCS B OCHOBHOM
WTPOKAMH HAIMOHANBGHOTO YpOBHA. Maikle W CpeaHue
TIPEIIPUATHS HE AMEIOT  JOCTAaTOYHO (uHAHCOB,
TeOJIOTHIECKON HMCXOMHOH WHMOpMAIMi W OJIarONMPHUSTHBIX
BO3MOKHOCTEH IS Hadalla pa3BeIKU. | eooropa3BeIOuHBIN
WHCTPYMEHTapUil IO3BOJIUT CO3/aTh IIPUBJIEKATEIbHBIC
T'C€OJIOTUYCCKUC HpOFpaMMI)I, H, TaKUM o6pa30M, l'[pI/IBJ'Ie’-II)
BHMMAHUE  HHBECTOPOB. O6oCHOBaHHbIE  ITOHMCKOBO-
pa3BelOYHbIC  PEKOMCHIANWH, T.c. BBIOOp  HamboJjee
MOIXOAANINX  OOBEKTOB,  COKpAIlaeT  KCIIOJh30BaHUE
PECypCOEMKHX METOZOB pa3BeIKH, TaKHMX KaK TOpHbIE
BEIpAaOOTKH W OypeHHWe, 3alluiias TeM CaMBIM IIPHPOIY OT
HEXKEJIaTeIFHOTO OTPHUIIATEIEHOTO BO3ACHCTBHSL.

2.3. I'eonoz2uueckue uccs1edosaHus u
o6pa3zoeaHue
Lens - oOMeH TEXHOJIOTUSIMH u IMOCTPOCHUE

B3aumojeicTBus Mexay kommanuamMu EC u Poccum B
Pa3BeOYHON U TOPHOPYAHOM OTpaciu.

Jnst pa3BuTUs TeoNOruueckux cBsized Mexay DunnsHauei.
IIBeuueir n Poccuelt He XxBaTaeT ycTOSBLIECICS MPOrpaMMbl
«30HTUYHOTO THMa». Kpome TOro, cOTpyAHHYECTBO MEXIY
Hay4YHBIM COOOIIECTBOM M HPOMBIINIEHHOCTBIO Tpedyer
COBEPLICHCTBOBAHUS. Hnst MaJjou u cpenHen
HPOMBIIIJIEHHOCTH COBMECTHAs paboTa MeXIy KOMIaHHUAMU,
UCCIIEIOBATEIbCKIMHU HHCTUTYTAaMH U 00pa30BaTeIbHBIMU
YUPESKACHUSAMH TIPEACTaBIIeT MaKCUMaJlbHOE 3HAuYCHHE.
CemMuHapsl U COBMECTHBIE IIOJIEBBIE PAOOTBI MOTJH OBl
O0BEIMHUTH O3TH OpraHU3allMd 33 KPYIJIBIM CTOIOM U
AaBTOMAaTHYECKH TIIPUBECTH K COTpyAHHYecTBY. Takoe
COTPYJHHYECTBO TaKKe MPEAOCTaBISET YHHBEPCHUTETaM
BO3MOXKHOCTH B c(hepe oOpa3oBaHusI.

3. Mepsl A/151 JOCTUKEHUS 1elei

3.1

Hnst Toro, 4roOBl JOCTUTHYTH 3TOW II€iH, OOJbIIas 4YacTh
pabodero BpeMEHHM JOJDKHA YIENAThCS cOOpY JOCTYITHBIX
reoJIOTHYECKUX JIaHHBIX B MypMaHckoil obnactu. Pernon
cOopa MHpOpMAIMK BKIIOYAET Takxke ceBepHyro LlIBenuio n

Teosnozuueckux



Sweden and Finland. Collection of data will focus
on the selected geological rock type (MUR), with
emphasis on the selected metals.

Test areas selected include both recognized
occurrences and new targets, where new samples
will be collected. These test areas in NW Russia are
tentatively the following: the Monchegorsk layered
intrusion, the Fedorova-Pana Tundra layered
intrusions, and the Pados Tundra layered intrusion.

3.2.  Exploration, research, education

and networking

In order to compile the geological attribute
databank — the Exploration Toolkit — there must be
cohesive collaboration between researchers. The
production of new data requires common office
meetings and fieldwork periods in the chosen test
areas. The study and analyses of the collected raw
material can be conducted in the form of academic
dissertations at the universities and as research work
in the research institutes. Seminar meetings are
planned to bring together a wider audience,
including industry representatives. Seminars are to
be held immediately before or after the fieldwork
sessions.

Researchers’ meetings (office meetings)

Rovaniemi, Finland, project kick off meeting, May
2007

Rovaniemi, Finland,
November 2007
Seminars and fieldwork

Russia, 2007, seminar and fieldwork,

Sweden, 2007, seminar and fieldwork,

Russia, 2008, seminar and fieldwork,

Finland, 2008, fieldwork and

Finland, January 2009, final seminar and project
wrap up

review of interim results,

4. Expected results

4.1.

The principal geological results will be geological
attribute data compilations of the selected type
areas. The project will also provide extensive new
analytical data.

Geological results

4.2. Results in and

economic development

exploration

The data compilations and grade-tonnage databases
of the selected commodity (mainly platinum) will
provide an affordable, easily accessible tool for
small and medium size mining and exploration
companies to start business or enhance their present
performance. Diversified (by size and ownership)
mining and exploration players will also have a

Oumnsaauio. COoop maHHBIX OymeT CPOKycHpoBaH Ha
BBIOpaHHOM reosiormdeckoM Ture mopon (MYM) ¢ akiieHTOM
Ha 3aJIaHHBIC METAJLIBL.

ITonuronsl uccienoBaHMN BKIIOYAIOT KaK YK€ H3BECTHBIE
NPOSIBJICHUS, TaK M HOBBIE OOBEKTHl, B KOTOPBHIX OyayT
oTOMparthcs HOBBIE MpoObl. Ha ceBepo-3amane poccuiickoit
TEPPUTOPUU BBHIOPAHBI CIEYIOIINE OOBEKTHI HCCIICAOBAHUIL:
pacciioOeHHbIE HWHTPY3HH ¥ KOMIUIEKCHI MOHYEropcKOTo
paiiona, ®enoposo-Ilanckux Tynap u Ilanoc Tynapa.

3.2. Pa3eedouHublIX, uccs1edosamenbCKux,
06pa3zoeamesibHbIX U OP2aHU3AYUOHHBIX

Yr1o0bl cocTaBUTh 0a3y TIEOJIOTHYECKUX  JIAHHBIX — —
"Pa3BemoYHbIil HHCTPYMEHTapHil" — JOIDKHO OCYIIECTBISATHCS
TECHOE COTPYNHHYECTBO MEXAY HcciaemoBaTeasMu. s
MOJYYCHUSI HOBBIX JAHHBIX MOTPeOyroTCs oOmme opuCHBIE
COBEUIAHWSA W  TOJEBble paboTel Ha  BBEIOPaHHBIX
HCCIIeIOBATENILCKHUX IOJHMIoHaX. MccienoBaHue W aHaIH3bI
COOpaHHOTO MaTepuaia MOT'YT OBITh OOpPMIICHBI B HAyYHBIC
JIACCEpPTAllMU B YHUBEPCHUTETAX U B BUJIE HCCIIEI0BATEIbCKON
paboThl B Hay4yHbIX LeHTpax. CeMUHaphl IUIaHUPYIOTCS IS
o0BeTMHEeHUs 6oee MUPOKOTo Kpyra JIUII, PEACTABISIOIINX
TaKXKe U TNPOMBIIUICHHBIN CEKTOp, U OYyAyT IPOBOIUTHCA
HEMOCPECTBEHHO JJ0 WU [IOCJIE MONEBBIX PadoT.

HccnenoBatenbckue coBemanns (0(UCHEIC)

PoBanuemu, Dunmaaans, 2007, OpraHU3alMOHHOE
cosemanune, mait 2007,

PoBanmemu, ®unnsaausa, 2008, 0030p MTPOMEKYTOUHBIX
pe3ynbratoB, HOI0ps 2008.

CeMUHApHI U MOJIEBBIC PA0OTHI

Poccust, 2007, cemuHap 1 noseBbie paboThI;

[IBerust, 2007, ceMuHap ¥ MOJCBBIC PaOOTHI;

Poccus, 2008, ceMuHap u moJieBbIe pabOTHI;

Ounnaaaus, 2008, monessle pabOTH U

Ounnsnaus, SuBapp 2008, ¢uHanbHBI ceMuHap WU
3aBepIIeHre padoT MO MPOEKTY

4, O:xupaembie pe3y/bTaThbl

4.1. T'eos02uueckue pe3y1bmambul

OCHOBHBIMU I'€OJIOT'H4€CKUMH pe3yjibTaTaMu CTaHyT
KOMITMJIAIIUMKM  I'€OJIOTMYCCKUX  JaHHBIX IIO BLI6paHHLIM
paﬁOHaM HCCHC,Z[OB&HHﬁ. HpOGKT TaKKE€ IMPEAOCTABUT

BO3MOXXHOCTb HOJYUYCHHA OOJIBIIION0 KOJIMYECTBA HOBBIX
AHAJIUTHYCCKUX TaHHBIX.

4.2,  Pezyibmamul 8
3KOHOMUYeCKOM pazseumuu

pa3sedke u

Pesynbrarel cOopa u 0000OLIEHUs] JaHHBIX, a TaKke Oaza

JaHHBIX  "pasMep —  comepkaHHA"' ~ MECTOPOXKIAECHHUH
BBIOpaHHBIX BUJIOB MHHEPAILHOTO CHIPbs (IJIaBHBIM 00pa3oM
TUTATHHOUJIOB) MIPEJOCTaBAT JIETKOAOCTYTIHBIH

I/IHCprMeHTapI/Iﬁ A MaJlbIX U CpCAHUX TOPHBIX U
Pa3BEAOYHBIX KOMH&HI/IFI, HOBBOJ’IS{IOLHPIFI HayaTh OM3HEC WU
YBEJIUYNUThE COBPEMCHHBIE BO3MOKHOCTH. Paznuunsie (HO
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positive impact on the economic and social
development of the target areas.

4.3.  Results in geological research and
education

The project will be based on joint fieldwork and
seminars. It will provide university teachers with an
umbrella framework for the education of students.
The project will also restore the formal relationship
between the economic geologists active in the target
area.

Rovaniemi, March 25th, 2008

12

pasMepy u COOCTBEHHOCTH) TOPHOPYIHbIE u
re0JIOTOPa3BEA0YHbIE KOMIIAHHUM CMOTYT HOJIOKHTEIBHO
BJIMATh HAa COLMAIILHO-DKOHOMUYECKOE PAa3BUTHE YKa3aHHBIX
palioHOB.

4.3.  Pe3zysaesmambl 2€e0/102U4ecK020
ucc/i1edoeaHus u o6pa303ameﬂbuozo npoyecca

IIpoexT mmaHMpyeTCd BBINOJHUTH Ha OCHOBE IPOBEACHUS
COBMECTHBIX IOJIEBBIX paboT u cemuHapoB. [IpenoxaBaTemnsim
YHUBEPCUTETOB OyAET NPEJOCTaBICHO B3aUMOJCHCTBUE
30HTUYHOTO THIA JUIS 00ydeHHs CTyJaeHTOB. [Ipoekt Takxke
HaleJeH Ha BOCCTaHOBJICHUE oduIMaIbHOTO
COTPYIHUYECTBA MEXIYy OKOHOMHYECKUMHU TIe€O0JIorTaMu B
IIPOrPAMMHOM 30HE.

PoBanmemu, 25 mapta 2008 .



THE CORRELATION OF THE COMPOSITION AND ORE-FORMING STAGES
IN THE EARLY PROTEROZOIC MAFIC-ULTRAMAFIC LAYERED INTRUSIONS
OF FINLAND AND KOLA PENINSULA (RUSSIA)

KOPPENAUNA COCTABOB U PYOOOBPA3YIOLWNX 3TAMNOB
B PACCJNIOEHHbIX MA®PUT-YIIbTPAMA®PUTOBbLIX MHTPY3UBHbIX
CEPUAX PAHHEIO NMPOTEPO30A ®UHNAHOAUUN U KOJNIBCKOTO
NnoJIYOCTPOBA POCCUU

Felix P. Mitrofanov
Scientific adviser

Geological Institute,

Kola Science Centre, RAS
Apatity,184209, Fersman str. 14
E-mail: felix@geoksc.apatity.ru

The Early Proterozoic ore-bearing mafic-ultramafic
layered intrusions and volcanic rocks form the East-
Scandinavian  Paleoproterozoic  Large Igneous
Province (EScLIP) with a total area of more than
200000 km?. The province is now known for its
large-scale deposits of Cr, Cu, Ni, Co, Ti, V and Pd,
Pt, which are referred to as products of plume
magmatism.

The intrusions make up two extensive belts: the
Fenno-Karelian belt (FKB) and Kola belt (KB)
(Fig. 1).

The industrial mineralization of the both belts is
similar, but the interesting point here is to correlate
the composition of the ore-bearing layered series and
ore-forming stages in these two belts.

M.lljina and E.Hanski [lljina, Hanski, 2005]
demonstrated that the Finnish layered rock series had
been derived from at least three parental magmas
(Fig. 2). The Kemi and Tornio intrusions formed
from higher-Cr magma, the Suhanko and Konttijarvi
intrusions - from lower-Cr magma, and the Penikat
and Narkaus intrusions — from the both magma types,
correspondingly from their lower and upper parts.
The third magma type with low Cr and high TiO, is
established in the magnetite gabbro of the Koillismaa
Complex.

| have correlated different characteristics and metal
potential of the layered series in Finland and on the
Kola Peninsula. Cr-bearing Kemi intrusion is similar
to the Sopcheozero Cr-deposit. The rocks of the
Fedorov block of early magmatic pulse are similar to
the lower higher-Cr part of the Penikat intrusion. The
industrial PGE-Cu-Ni ore of the Taxitic Zone (TZ) of
the basal Fedorov deposit (Fig. 3) is associated with
next lower-Cr magmatic pulse, which was the main to
form major parts of the Pana and Monchegorsk
massifs and the upper part of the Penikat intrusion.
Mafic units of the layered series enriched in titanium
and iron, or so called magnetite gabbro, are
interpreted in different ways. In the Kaoillismaa
Complex, this rock is considered to be resulted from

®enukc M. MutpodaHos,
HayuHbIli pykoBoguTEND

leonornyecknit UHCTUTYT

KHU, PAH

AnaTtutbl, 184209, yn. PepcmaHa 14
E-mail: felix@geoksc.apatity.ru

Pannenporepo3oiickue PYAOHOCHBIE paccioeHHbIe
UHTPY3UBBl Ma(UT-yIbTpaMauTOBOTO COCTaBa BMECTE C
KOT€HeTHYECKUMH BYJIKaHUTaMU COCTaBIAIOT BocrtouHo-
CKaHIMHABCKYIO MAJICOTIPOTEPO3ONUCKYIO OOIIUPHYIO
u3BepkeHHyto npoBuHuuio (ESCLIP) obmel miomanbio
Gonee 200000 kM. Ceifuac B >Toii MIPOBHHLIUU IIJIFOMOBOTO
MarmaTH3Ma HaiaeHbl KpynHble Mmecropoxxaerus Cr, Cu, Ni,
Co, Ti, Vu Pd, Pt, Rh (+Au) [Mutpodanos, 2005].
WHTpy3uBsl (QOPMHUPYIOT Ba MPOTSDKHBIX mosica - deHHO-
Kapemsckuit  (FKB) wu  Komeckmit  (KB), pynHas
MIPOMBIIIUICHHAs] MUHEpaIu3alusi B KOTOPHIX OJMHAKOBAas
(Puc. 1). KakoBa xe B 9THX MOSICaX KOPPENAIHUS: COCTABOB
PYIOHOCHBIX PACCIOCHHBIX CEPUN U 00Pa3yIOIIUX STANOB?
M.Unbuna u 3. Xaucku [lljina, Hanski, 2005] mokazanu, uto
B (UHCKMX WHTPY3UBaX pAacCIOCHHBIE CEpPHU IOPOJ
00pa3oBanCh HE MEHEE YeM M3 TPEX POJAOHAYAIbHBIX Marm
(Puc. 2). Unrpysun Kemu u Topuuo dopmupoBanuch u3
BBICOKO XpomucToil Marmbl, CyxaHko U KoHTTusIpBH - H3
HHU3KO XpoMucToi marmbl, [lenukar u Hapkayc - n3 obemnx
9THX MarMm, o0pa3ys, COOTBETCTBEHHO, HIDKHHE M BEPXHHE
YacTH MHTPY3UBOB. TpeTHi TUI MarMbl - HU3KO XPOMHUCTHIN
W BBICOKO THTaHHCTHIH - YCTaHOBJICH B  MarHeTHTOBOM
rab6po unTpy3usa Koitmmcmaa.

MO>HO CpaBHHUTH (110 pPa3HBIM XapaKTEPUCTHKAM) COCTaBBI
HOPOJ] PACCIOCHHBIX CEPHA M WX METAJUIOHOCHOCTH B
OunnsHaun 1 Ha KonbekoM nmomyoctpose. Kemu HHTPY3HB ¢
KPYITHBIM XPOMHTOBBIM MECTOPOXKICHUEM KOPPENIHpyeTcs ¢
Comueo3epckum MacCHBOM u XPOMHTOBBIM
MmectopoxaeHueM. Ilopoasr denoposa maccuBa denoposo-
[NaHCKOTO MHTpY3MBA - paHHUNA MarMaTHdecKuil mynbe (Puc.
3) - CXOmHBI C HIDKHEH BBICOKOXPOMHCTOH YacThiO
untpysuBa [lenukar. [pomsinuienssie Pd- Pt-Cu-Ni pyas
TaKCUTOBOM 30HBI (TZ) o©0a3anpHOTO MECTOPOXKICHHS
demopoBo cBsi3aHbI co cneayroumM [Schissel et al., 2002],
HU3KOXPOMHUCTBIM MarMaTHYeCKUM ITyJBCOM. OTOT MYJIBC
ObUT THAaBHBIM, W OH C(GOPMHpPOBAT OCHOBHBIE YAaCTH
ITaHckoro u MOHUYErOopcKOro MacCHUBOB M BEPXHIOIO 4acTb
nHTpYy3uH [lenukat. ba3suToBBIE WICHBI PACCIOCHHBIX CEpui,
oboramenaple Ti u Fe, Tak Ha3pIBaeMble "MAarHETHTOBBIE
rab0po", MMEIT pa3Hyl HHTEpHIpeTanuio. B uHTpy3uBe
Koiinmmcmaa oHM CcuUWTAOTCS NPOJYKTAMHU TPETHETO THIIA
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the third magma type, while in the Pana massif
magnetite gabbro is referred to as syngenetic to the
mafic rocks of the second magma type [Jlatsinos,
Yucrskosa, 2000].

In the end, the most complicated challenge is
connected to the origin of the low-sulphide PGE
reefs. | suppose that in the Pana and Vurechuaivench
massifs, the reefs were produced from an injection of
late anorthositic melts enriched in fluid components.

marMm [lljina&Hanski, 2005]. B IlanckoM MaccuBe uX
OOBIYHO PACCMaTPUBAIOT KaK CHHICHETHYECKHE 00pa3oBaHus
¢ OGasutammu BTOporo Tuma MarM [JlateimoB, UucCTsAKOBa,
2000].

CaMbIM  CIIOXKHBIM  SIBJISCTCS
manocyibhuansix PGE-pugos. Ceiiyac MOXHO TOJNBKO
cKa3arb, 4To (QopmHpoBaHHE MaccHBOB [laHckoro u
BypydeaiiBeHu, BeposSTHO, OBUIO CBS3aHO C WHBEKIUEH
Han0oJee MO3HUX aHOPTO3UTOBBIX PACIIABOB,

BOIIpoC o TCHE3UCC
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Fig.1. Generalized geological map of the north-eastern Puc. 1. Cxemamu4Has 2eo/102u4eckas Kapma ceeepo-80CmMo4HOl

part of the Baltic Shield and the location of Early uacmu

Proterozoic mafic layered intrusions.

The geological investigations both in Finland and in
Russia show that the ore-bearing layered intrusions
formed at the very beginning of the Early Proterozoic
time, that is referred to as Sumian according to the
Russian stratigraphy. However, there is a notable
difference in more detailed U-Pb and Sm-Nd isotope
dating of the layered series in the Fenno-Karelian and
Kola Belts.

Over a dozen of isotope ages for the Finnish and
Karelian complexes have favoured the researches to
infer that "the thick layered series of the FKB
intrusions even derived from different magma types
had formed in a short period of time over which the
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Baamutickozo — wuma U MecmopacnosoxceHue
ParHenpomepo30ticKuX 0CHOBHbIX PACCAOEHHBIX UHMPY3ULL

oOorameHHbIX (IFOUTHBIMH KOMIOHCHTaMHU (TPETHH WiH
YETBEPTHII? THUII MarMel).

I'eomornueckue uccinenoBanus B dunnsHanu u B Poccuu
MOKAa3bIBAIOT, YTO PYIOHOCHBIE PACCIOECHHBIE HHTPY3UBBI
o0pa3oBanKch B caMOM Hadajie paHHETO MpoTepo3os. Tem He
MeHee, IMEETCsl 3HaYuTeNIbHAsI Pa3HUIla B 0oJiee JAeTaTbHOM
nparuposannu U/Pb 1 Sm/Nd u3oTOnHBIMU METOAaMU TIOPOT
paccnoeHHbix cepuit B @enHo-Kapensckom u B Kosbckom
rosicax.

Bonee necsitka nzoronueix nat B OGuuisHauu u B Kapenun
MO3BOJIMIN HCCJICAOBATENIIM CHIEeJIaTh BBIBOJ, YTO MOIIHEIC
paccloeHHBIE CepUU MOPOJa B 3TOM TMOsice, 00pa30BaHHEBIC
pa3IMYHBIMH THIIAMH MarM, OBUIH C(QOPMHPOBaHBI B



2.44-2.43 Ga
Hanski, 2005].

intrusions were emplaced" [lljina, KopoTKkuii meproa HHTPY3UK U KpucTauH3anun 2440 - 2430

mutH siet Hasax [lljina and Hanski, 2005].
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Fig.2. Simplified stratigraphic columns of layered Puc. 2. YnpoweHHble  cmpamuzpaguyeckue  KOJAOHKU

intrusions in the Tornio-Narankavaara belt and their
correlation based on magma types (modified after
Lahtinen et. al, 1989). Also shown are occurrences of the
principal PGE reefs (S-Sompujarvi, AP-Ala-Penikka, PV-
Paasivaara, SK-Siika-Kama, RK-Rytikangas), marginal
series PGM-sulfide mineral deposits (K-Konttijarvi, AV-
Ahmavaara), chromitite layers (Cr), and vanadium ore.
MCU-megacyclic unit. MS-marginal series.

The same of even greater amount of isotope ages
obtained for the different rocks of the KB layered
intrusions [BbasioBa, 2004; u ap.] and reiterated at the
isotope laboratories of the world [e.g. Amelin et al.,
1995] demonstrates an older age of these layered
series including those ore-bearing. The rocks of the
first magma type have the age of 2526-2516+6 Ma,

paccaoeHHblx uHmpysuii nosica TopHuo-HapaHmkasaapa u ux
Koppeasiyusi o munam Mazmbvl (¢ usmeHeHusimu no Lahtinen et.
al, 1989). Takice nokazaHo pacnoJioxceHue O0CHO8Hblx MIIT
pugpoe (S-Comnysipeu, AP-Anaa-llenukka, PV-Ilaacueaapa, SK-
Cuuka-Kama, RK-PumukaHeac), mapzuHaibHbvle cepuu MIIT-
cyab@PudHbix mecmoposcdenull (K-Konmusipsu, AV-Axmaeaapa)
,XpomMumogbix eopuzoHmos (Cr), u eaHaduesbix pyd. MCU-
Mez2ayuka. MS-mapauHanbHas cepusi.

CpaBHEMOE W Jjaxe OoJiplllee KOJMYECTBO HM30TOIMHBIX
natupoBok Ha Kosbckom momyoctpoBe [BasHoBa, 2004 u
Ip.], CHENaHHBIX JUIA Pa3HBIX [OPOA HWHTPY3UBOB H
HEOJHOKPATHO TOBTOPEHHBIX B  PAa3HBIX  HM30TOITHBIX
naboparopusx Mupa [Amelin et al., 1995 u apl],
ompenensoT Oomee IpeBHHH BO3PAaCT CPAaBHHUBAEMBIX
pPAcCIOEHHBIX CEepHil WHTPY3WBHBIX IIOPOJ, BKIIOYAs
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those of the second magma type (main magmatic
pulse) — 2497-2485+9 Ma, and anorthositic injections
with PGE - reefs took place 2460+20 Ma.

The magma of the first type was chromite-bearing
(Sopcheozero deposit) or barren, that of the second
type contained Co-Cu-Ni-PGE (basal Fedorov deposit
main Monchegorsk deposits), and that of the third
type produced Pt-Pd mineralization (low-sulphide

pynoHOCHBIC. bespymHele minm  XpoMHT)OPMHpYIOIIHE
MOPOJBI IEPBOTO THUIA MarM MMEIOT Bo3pacT 2526 - 251646
MJIH JIET, TIOPOJbI BTOPOTO THIIA (TJIABHBI MarMaTHYeCKHUH
nynsc-¢asza ¢ PGE- Cu-Ni opyaeHeHHEM B MECTOPOXKICHHUSX
®denopoBoit TyHapsl 1 MoHueropcka) - 2497 - 2485+9 munH
JIET, aHOPTO3UTOBBIE UHBEKIIMU ¢ ManocyibduansiMu PGE-
pubamu - 2460 =+ 20 muH ser (ManocyabdUIHBIE PUPBI
MecTopoxaenuii [lansl, Bypeuyaiisenda u r. ['eHepaibekast).

PGE IN FEDOROV PANSKY LAYERED INTRUSION, KOLA PENINSULA

3 U-Pb ages in Ma
compae | B |5E|8 Eg ANORTHITE %
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Fig. 3. Composite stratigraphic section of the Fedorov
Pansky intrusion with Cu-Ni-PGE mineralization, major
rock types, cumulate mineral terminology, cumulus
plagioclase mineral analyses after Dokuchaeva (1994)
and U-Pb ages in Ma. The cumulate mineral
terminology used in this paper is that of cumulate
phase minerals in small letters, in order of volume
percent, preceding the capital C for cumulate, with
postcumulate mineral phases following. Major mineral
abbreviations are: a - augite, b - bronzite, ¢ -
chromite, o - olivine, p - plagioclase. Modified after
Schissel et al., 2002.

reefs of the Pana deposit and Vurechuaivench and
Mt. General’skaya deposits).
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Puc. 3. Ceodnwiii cmpamuepaguueckuti pazpe3 Pedoposo-Ilanckoil
UHmMpy3suu c Cu-Ni-PGE ~ muHepasusayueti, 2/108HbIMU
PA3HOBUOHOCMAMU NOPOO, MEePMUHO102Uell MUHEPAI08 KyMy/aamda
U MUHepas02u4eckuMu aHaAu3amMu KyMyayCHO20 N/aa2uokaasda no
Jlokyuaesoti (1994), a makxce U-Pb eo3pacmamu a3 8 MJH. .
TepmuHosO2Usl ~ MUHEpa/08  Kymy/samd  UCNO/b3yemcsi 8
Hacmosawell duazpamme 8 caedyrwemM 3HAYeHUU: MUuHepassl @as
Kymy/aama 0603HAYeHbl MAAblMU 6YK8aMu U pacnoJiodceHbl 8
nopsidke, coomeemcmeyuwem NPOYeHMHOMY  COOepHCaHUIo
MuHepasa, neped 3azaasHoll 6ykeoll C. A MuHepaavl a3
nocmKymy/1ama  pacnoJioxceHbl hocjae. [1asHble MuHepaJibl
0603HA4eHbl: a — agaum, b — 6poH3UM, € —XpoMum, 0 — OAUBUH, P —
naazuokaas. C usmerHenusimu no Schissel et al., 2002.

Brytpn Kousbckoro mnosica CMHXpPOHHBIMM C HHTPY3USIMHU
®enno-Kapensckoro  mosica  MOryT  OBITB  TOJIBKO



Within the Kola Belt, synchronous to the FKB
intrusions are only the Imandra massif and small-
scale intrusive bodies of the Ostrovsky massif type.
Their age is determined to be 243747 and 2445+11
Ma. The Imandra massif bears the prospects of
chromite and V-Ti ores.

To conclude:

The layered intrusions and their parental magmas,
including those ore-bearing, of the both belts are
similar. It is notable that the melts of the all magmatic
pulses show isotope and geochemical affinity that
consists in uniform negative values of eNd from -1 to
-2.5 indicating that the rocks of the all series formed
from a mantle magma enriched with lithophile
elements.

The metallogeny of the industrial deposits is also
alike in the both belts.

According to the available isotope-geochronological
data, the emplacement of the similar rocks and ores in
the Kola and Fenno-Karelian belts of layered mafic-
ultramafic intrusions was evidently asynchronous, i.e.
it initiated with a difference of about 80-60 million
years. The both belts may be derived from a single
extensive long-acting mantle plume.

Work was supported by the Program Interreg -
TACIS, by the priority program of basic researches of
RAS and by the grant of the RFBR Ne 07-05-00956a.
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HMMaHIpOBCKHIA JIOTIOIUT W MaJlble MHTPY3UBHBIC TeJla TUIA
OctpoBckoro MaccuBoB. BospacT crmararomux HX HOpPOJI
onpeaeneH B 2437+7 u 2445+11 muu ner. C mopoxamu
MMaHapOBCKOTO  JIOMOJHUTAa  CBSA3aHBI  PYAONPOSBICHUS
xpomuToB u V-Ti pya.

3akK/loueHue

PaccnoeHHble WHTPY3UBHBIE CEPHH M HX POAOHAYAIBHBIC
MarMbl, B TOM 4YHCJ€ IPOMBIIUIEHHO PYAOHOCHBIE, 000MX
MOSICOB  O4eHb cxoaHble. Oco00 OTMETUM HM30TOIHO-
TeOXUMHUUYECKOE CPOJCTBO PACIUIaBOB BCEX MarMaTHYECKHX
ITyJIbCOB, MPOSIBIEHHOE B OJMHAKOBBIX  MaJbIX
OTPHUIATEITHHBIX BEJIMYUHAX eNd =~ 1-2,5,
CBHUJETEJILCTBYIOIIEE O (POPMUPOBAHMM BCEX CEPUH MOPOI
13 00OTaIeHHOW JTUTOGWIHLHBIMU 3JIEMEHTAaMH MaHTHHHOU
Marmel.

I[lo wmerommMcs B HAcTOSIIEE BpPEMSA  HM30TOIHO-
TCOXPOHOJOTHIECKUM JITaHHBIM (OPMHUPOBAHUE CXOTHBIX
nopoa u pyn B Koasckom u ®denno-Kapenbckom mnoscax
paccioeHHbIX MaduT-yapTpaMadUTOBEIX HHTPY3UBOB OBLIO,
M0-BUIMMOMY, ACHHXPOHHBIM, OTIMYAIOIIUMCS IO Hadaly
¢dbopmupoBanus npubnusutenpHo Ha 80 - 60 muH ger. Oba
nosica SIBJISIOTCSA, BO3MOXKHO, JTy4aMH €IMHOr0 OOIIMPHOTO
JUINTENIFHO Pa3BUBAOLIETOCS MaHTHUIHOTO IUIIOMA.

PaGora  moaroToBieHa  mpM  OpPraHM3alIOHHOW U
(¢uHAHCOBOM moanepkke MeXAyHapoJAHOH MpPOrpaMMbl
Interreg - TASIS, MIPUOPUTETHOU IIPOTpaMMBbI
¢yHmamenTaneHBIX  uccienoBanuii  OH3 PAH, rpanta
PODU 07-05-00956 a.
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PRODUCTION & MARKET OF PGE: STATUS AND TRENDS
nPOUN3BOACTBO U PbIHOK MIMNI: COCTOAHWUE U NEPCNEKTUBDI
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department of Gl KSC RAS,
Coordinator of Russian team of Project

Geological Institute,

Kola Science Centre, RAS
Apatity,184209, Fersman str. 14
E-mail: zhirov@geoksc.apatity.ru

Searching for platinum-group elements has been the
foreground in the geological and prospecting area.
Since the close of the XXth century, however, the
interest and activity in this area has been greatly
increasing also in the Murmansk region, Karelia and
adjacent territory of Finland. The interest reflects
fair trends of the PGM market growth, that are, in
turn, promoted by the key role of platinum-group
metals in environmental studies, power engineering,
synthesis of simple and complex organic
compounds. Modern life together with technological
advance seems impossible without such substances.
If it is remembered that palladium and platinum are
considered to be essential and irreplaceable
engineering materials for the new hydrogen-based
power engineering, their role becomes invaluable.
Due to the unique physicochemical properties, in the
beginning of the XXst century, platinum-group
metals came into increasing use as HI-TECH
materials in diversified areas of application that
cover a wide range of industries, including car-
making, chemical, pharmaceutical, glass-making,
and information technologies (Fig. 1-3).

Each sector valuable in terms of demand has been
studied and analyzed in respect of such specific
features as metal capacity, factor of demand
coverage at the expense of secondary resources,
demand growth rates, possible replacement by
alternative materials and technologies etc. (Fig. 4-
12). Based on the obtained results, a general forecast
of the consumption market growth has been drawn
up for the medium-term planning time-frame. The
main conclusions made are as follows:

- the majority of the PGM-oriented branches of
industry show favorable prospects for evolution and
sustainable trends of consumption to further
increase;

- several areas of PGM application, e.g. glass-
making industry, autocatalysts, hydrogen power
engineering etc., can be regarded as having no
substitutes for PGMs in the medium-term prospect /
of forecasting time-frame;

- metal capacity of most of PGM-consuming
industries has not yet been filled up and shows
considerable provision to grow;

- recycling (recurrent metal conversion) tends to
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[InatuHOMETAUIBHOE  HANpaBICHHE BO BCE BpPEMEHa
SIBIISVIOCh MIPHOPUTETOM AJISL TE0JNOrOpa3BeJOYHON OTpaci,
onHako B KoHIe XX Beka - B Hauane XXI Beka MHTEpeC U
aKTUBHOCTb B JaHHOM CEKTOPE MHOTOKPATHO BO3pOCIH, B
TOoM unciie B Mypmanckoii obiactu u Pecry6nuke Kapenus,
a TaKKe Ha TEPPUTOPUU  CONpEACTbHBIX  PailOHOB
OunnsHaMu.  DTOT HMHTEpeC OTpaxkaeT OOBEKTHBHBIC
TEHJICHIIUM Pa3BUTHUS PBIHKA METAJJIOB IUIATHHOBOW TPYIIIBI
(MIII'), xoTopeile B CBOK oOYepeab OOYCIOBICHBI
MEPBOCTENIEHHON  POJbI0  IUIATUHOMAOB B DKOJOTHH,
SHepreTuke, 3GQPEKTUBHOM CHHTE3€ IPOCTBHIX M CIOXKHBIX
OpPraHHYECKUX U KOMIUIEKCHBIX CcoeJuHeHHH. be3 »THx
BEHIECTB COBPEMEHHAs JKU3Hb HEMBICIMMA, a TEXHUYECKUU
Iporpecc HeBO3MOXeH. Eciu ke ydecTs, 4TO Maaafiuid U
IUIaTUHA PAcCMAaTPUBAIOTCS B KAyeCTBE KIIOUEBBIX U
MPaKTHYECKH  Oe3aJbTePHATHBHBIX  KOHCTPYKIIMOHHBIX
MaTepualoB NI HOBOM BOJOPOIHOM 3HEPIeTUKH, TO HX
pOAb CTAHOBUTCS HEOLIEHUMOM.

bnarogaps yHuKanbHBIM (PU3NKO-XMMHYECKUM CBOICTBAM
MIII' k Hawany XXI Beke cTaaud OJHUMHU U3 CaMbIX
BoctpeboBanHelx ~ HI-TECH  marepuarnos, obnactu
NIPUMEHEHNSI KOTOPBIX BEChMa IMBEPCU(MHUIUPOBAHBI U
OXBaTBIBAIOT OYEHb IIMPOKUN CIEKTP OTpacieH, BKIIoYas
aBTOMOOWIBHYIO, XHUMHYECKYIO, MEIHLUHCKYIO u
CTEKOJIbHYIO IPOMBIIIIEHHOCTb, a TaKXke pazHooOpasHbie IT
texunonoruu (Puc. 1-3).

Kaxxnpiii 13 BeCOMBIX B 0OIIEH CTPYKTYype CIpoca CEKTOPOB
ObUI M3y4eH W TMPOAHAIM3UPOBAH WHIWBHIyaJbHO B
OTHOIIEHUU TaKUX CleNU(UUHBIX YEPT U MapaMeTpoB, Kak
METaJUI0EMKOCTbh, K03()(UITMEHT MOKPBITHS CIpoca 3a CYeT
BTOPHYHBIX PECYPCOB, TEMIIBI pPOCTa CIPOCA, BO3ZMOKHOCTh
BBITECHEHHUS aNbTEePHATHBHBIMH MaTepHaJaMu u
texHONOTHsIMA | T.11. (Puc. 4-12). Ha ocHOBe moirydeHHBIX
pe3yinbTaToB OBUI COCTaBJIE€H OOMIMH IIPOTHO3 Pa3BHUTHS
pBIHKa TOTpeOJIeHns Ha  CPEAHECPOUYHBIH  TOPHU3OHT
m1aHupoBaHusa. OCHOBHBIE BBIBOJIbI CIIEAYIOIIHE:

- OONBIIMHCTBO  OTpacied, OpWUEHTHPOBAHHBIX  HA
WCIIONIb30BAaHNE  IUIATWHOMJIOB, HMEIOT  OJIaronpusiTHBIE
MIEPCIIEKTHBBl Pa3BUTHS M YCTOMYMBBIE TEHACHIMHM pPOCTa
moTpeOIeHus;

- psan obmacteit mpumenenuss MIII, HanmpuMep: cTeKoJIbHAs
MIPOMBIIIJICHHOCTb, aBTOKATaJIM3aTOPHI, BOJIOPOTHAS
SHEpPreTHka | JAp., - MOTYT CUUTAThCS Oe3albTepHATHBHBIMU
B CPEIHECPOYHON NIEPCIIEKTUBE;

- METaJJIOEMKOCTh OOJBIIMHCTBA OTpacieidl - OCHOBHBIX
noTpeduTenell emle He HACHIEHA M MMEET CYIIECTBEHHBIE



increasingly develop, but it supplies covers, for the
time being, only up to 15% of the market needs, and
in the near future cannot compete in the volume of
supply with the producers of primary metals;

- some new and non-traditional areas of PGM
application, such as hydrogen power engineering,

pe3epBEI pOCTa;
- peuMKIMHr  (BTOpHYHas  IepepaboTka  OTXOOB)
pa3BHBaeTCsl YCKOPEHHBIMH TEMIIaMM, HO BOCIIOJIHSET IOKa
He Oonee 15% morpeOHOCTEH phIHKA W Ha CPEeIHECPOUHYIO
MEepPCIEKTHBY HE CMOXET KOHKYpUpOBaThb IO o0beMaM
MOCTABOK C MPOAYIIEHTAMH IIEPBUYHBIX METAJLIOB,;

Viedicine THE BASIC APPLICATIONS of PGE

OCHOBHbIE HANPABNEHUA NPUMEHEHUA MOl }

and
stomatology

Other
~ 80 th.oz

Fig. 1. General applications (with rounded
consumption) of Platinum Group Elements at beginning
of XXI century.
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Puc. 1. OcHogHble o6aacmu npumeHeHusl (C OKpya/AeHHbIM
005eMOM nompebseHuss 8 mpOoUCKUX YHYUSIX) 3/1eMeHmos8
naamuHoeol epynnul 8 Hayase XXI geka.

CTPYKTYPA NOTPEBJIEHHUA NMNATUHBI, 2004

B recovery autocatalysts
] jewellery

B investment / accumulation
B electronics

@ other

electrochemical

Fig. 2. Structure of Pt consumption over 2004 (using
data of Johnson Matthey company)

[

certain information technologies etc., most likely

primary autocatalysts

o

[0 petroleum
B glass

[0 chemical
B dental

Puc. 2. Cmpykmypa nompebaeHus naamunbsie 2004 2. (Ha ocHoge
daHHbIX KoMnaHuu [xcoHcon Mammu)

- psAA HOBBIX W HETPAAWIHMOHHBIX HpHMCHGHHI;‘I, TaKUX KakK
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will essentially force the growth of PGM
consumption in the medium-term prospect.

BOJIOpOJHAsl SHEpreTHka, Hekotopeie [T TexHosoruu u ap.,
BEpOsATHEE  BCErO, B  CPEAHECPOUHOH  TEPCIEKTUBE
CYIIECTBEHHO YCKOPAT pocT norpednenust MIIT.

CTPYKTYPA NOTPEBJIEHUA NANNALUA,

47
B recovery [ primary
[l electronic B chemica
[] denta

Fig. 3. Structure of Pd consumption over 2004 (using
data of Johnson Matthey company)

The scenario of the PGM market development is
thus rather favourable in the medium-term prospect.
The general demand will annually increase by 5-10
%, gradually accelerating up to 10-15% in
proportion to the strength of changing into
hydrogen energy (Fig. 13-15). Against a
background of this process, individual industries
will develop fast (up to 20% per year),
redistributing the total consumption pattern in their
own favour. Most probable annual demand by the
year 2015 will have slightly exceeded 700 tons, and
by 2020 will have approached a value of 900 tons
(Fig. 16). The scenario is based on the key forecast
provision on the significant consumption growth,
starting from 2010-2012, with arriving at peak
values towards 2030-2035, related to the
automobile industry and sector of compact energy
sources switched to PGM-based fuel cells. As the
amount of cars using new kinds of fuel increases,
there will be no need to produce filter-neutralizers.
This will cause gradual redistribution of demand
and cumulative metal in auto industry in favour of
hydrogen power technology. Keen demand of the
new sector may be reflected on other PGM-
consuming industries. The market regulation is
expected to take place when hydrogen-based
economics has matured, i.e. towards 2030-2035
(Fig. 17). By that time the cumulative metal
capacity in this sector will have optimized, and the
industrial turnover will significantly be dominated
by secondary metals (at the level of at least 50 %).

It is important to equilibrate demand and supply.
The cumulative world’s PGM resources are
reported by the U.S. Geological Survey at over
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Puc. 3. Cmpykmypa nompe6aenus naanadusi 8 2004 2. (Ha ocHoge
daHHbIX KomnaHuu [xcoHcon Mammu)

TaxuMm 00pa3om, crieHapuil pa3BUTHS PHIHKA IUIATHHOWAOB Ha
CPEAHE-ZI0NTOCPOYHBI TOPU30HT BEChbMa OJIarONPHSATHBIN.
OO0mmuii cripoc OyAET BO3pACTATh C €XKETOAHBIMH MPUPOCTAMU
B 5-10 %, mocremeHHO YObBICTpsAsAch BIIOTH 10 10-15%
COpa3MEpHO  aKTUBHOCTHM  Ilepexoja K  BOJOPOJHOM
sHepretuke (Pmc. 13-15). Ha d¢ore »storo mpomecca
OTAEJbHBIE OTpacid OyayT pa3BUBAaThCS YCKOPEHHBIMU
temnamu  (mo 20% B rOm), mepepacmpeneisis OOIIyIO
CTPYKTYpY TMOTpeOJeHHUs B CBOKO moik3y. Hauboinee
BEPOSITHBIN ekeronHelii o0vem cmpoca k 2015 1. Oymer
He3HaunTensHo mpeBbimaTh 700 T, a k 2020 r npubau3uTes K
900 (Puc. 16). B ocHOBy »5TOro creHapus MOJOXKEHO
KJIFOYEBOE TPOTHO3HOE MOJIOKEHHE O CYIIECTBEHHOM POCTE
norpebHOcTel, HaumHas ¢ 2010-2012 rr., ¢ BEIXOJOM Ha
nukoBble 3HaueHust K 2030-2035 rr. B cBsI3U C MEPEXOAOM
ABTOMOOWJIBHOHM TPOMBIIIIIEHHOCTH M CEKTOPa KOMIIAKTHBIX
WCTOYHHMKOB SHEPI'HH Ha TOIUTMBHBIE neMeHTHl (TD) Ha Oaze
matuHOuIOB. Ilo Mepe yBenmudeHUs NOiIM aBTOMOOMIEH Ha
HOBBIX BHJAX TOIUIMBA OTIAJET HEOOXOJUMOCTh B (DHIIBTPAX-
HEeHTpamu3aTopax, 4TO 00ycI0BUT MOCTETIEHHOE
nepepacrpeiesieHle crpoca 1 3a)MKCUPOBaHHOTO B OTPACIIH
MeTajllla B CTOPOHY TEXHOJIOTMHA BOJOPOJHOW 3HEPIeTHKU.
[ToBbILIIEHHBIM CHPOC HOBOTO CEKTOpPa MOKET OTPa3UThCS U
Ha JIPYruX MOTPEOIITIONITIX MIIT UHIYCTPHSIX.
Crabumsanus pelHKa 0)KHUAAETCs TIPH MIepexo/ie BOJIOPOAHON
9KOHOMUKH K 3penoil ¢asze He panee yem B 2030-2035 rr.
(Puc. 17). K aToMy BpeMeHN KyMyJISTUBHAS METAIIIOEMKOCTh
9TOr0 CEKTOpa JOCTUTHET ONTHUMAaIbHOIO YpPOBHA, a B
oTpaciieBOM 000pOTe 3HAYMTENBHYIO pONb OyJeT Wrpartb
BTOpUYHBIN MeTal (He MmeHee 50 %).

Baxxno#t nmpobnemoli sBIseTCS cOATaHCHPOBAHHOCTH CIPOCA
n mnpennoxeHus. COBOKymHas mM(pa MHPOBBIX 3allacoB
IUTATHHOMIOB, 0 MHeHHIo ['eomormueckoit cmyx06b1 CILIA,
cocrasisier 6osee 100 ThIC. T, YTO MO3BOJISIET OOECIICYUTH



100.000 tons that allows providing sustainable
development of all PGM-consuming industries for
several tens of years onward. The great part of the
resources and mines is concentrated in 3-4 regions:
in South Africa (the Bushveld and the great Dike
Complexes), in the north of Eastern Siberia (Norilsk
Cu-Ni deposits) and within the Stillwater Layered

YCTOWYHMBOE pa3BUTHE BCEX 3aBHCHUMBIX OT 3TOrO BHJIA
MHUHEPAIBLHOTO CHIPbSl PHIHKOB Ha HECKOJIBKO JIECSATKOB JIET
Briepen. [Ipu aToM JIbBHHAS 107151 CHIPbEBOH 0a3bl, pECypCcoOB U
PYIHHKOB CKOHIIEHTPUpPOBaHBl Bcero B 3-4 pailoHax: B
HOxHoit Adpuke (komruiekc bymBensn n Benukas [laiika),
Ha ceBepe Bocrounoii Cubupu (rpynmna Hopunbckux meaHo-
HHUKEJIEBBIX MECTOPOXKICHUI) W B PacCIOCHHOM MacCHBE

Complex (USA). Crumnyotep (CIIA).
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Fig. 4. Status and trends of ecological legislations with
respect to emission of internal-combustion engine, after
Johnson Matthey annual report - 2006.

In general, geological resources of the above-
mentioned metallogenic provinces are abundant to

Puc. 4. CocmosiHue u meHOeHYUU U3MEHEHUSl 3K0./102U4ecKo20
30KOHOOAme/1bCmea AMUCCUU adgmoMobuabHbIiX deuzamedeti, o
Mamepuaaam 200oeozo omvema Johnson Matthey, 2006.

B LEJIOM TICOJIOTMYECKUC PEeCYypChbl  BbIIICTIPUBEICHHBIX
METAJTIOTCHUYCCKHUX l'IpOBI/IHLlI/Iﬁ OIrpOMHBI u MOTyT
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support global needs for tens of years onward.
However, the extension of industrial output of the
PGM supplying regions has come up to the limit of
their technological capabilities and ecological and
economic capacity. There are besides some global
and local reasons that complicate the development
of the mineral resources and hamper sustainable
evolution of the PGM market. The major reasons
are the following:

1) The production of primary metal is owned by a
number of companies (Anglo American Platinum,
Norilsk Nickel together with Stillwater Mining
Company, Implats and Lonmin PLC) that provide
about 95 % of the world’s platinum output and 87
% palladium. The PGM market strongly depends on
the mode of behaviour of any above-mentioned
company, and even a rumour circulating around
these companies can shatter the market’s strength.

obecreunTh OOIEMUPOBBIE TIOTPEOHOCTH HAa JECATKH JIET
BIIEpE, OAHAKO HapallMBaHHE MPOMBIIUICHHBIX MOUIHOCTEH
BIUIOTHYIO TNPHUOJIM3WIOCH K TOTOJNKY TEXHOJIOTHYCCKHUX
BO3MOXKHOCTEH M 93KOJIOTO-XO3SMCTBEHHONH EMKOCTH JTHX
teppuropuii. Kpome Toro, ects psin GakTopoB U MPUUUH, KaK
OOILIIECUCTEMHOTO, Tak M JIOKAJBHOTO  XapakTepa,
OCIIOKHAIOIIMX OCBOCHHE MHUHEPaIbHO-CHIPhEBOI 0a3bl U

YCTOWYMBOE  pa3BUTHE  IJIATHHOMETAJUILHOTO  pBIHKA.
OCHOBHBIMU W3 HUX SBJISIIOTCS CIIEAYIOIIHUE:
1) TIIpowW3BoACTBO  TEPBUYHOTO  MeTajUla  H3IUIITHE

CKOHLICHTPUPOBAHO, KaK IeorpadMyecky, Tak II0 NPU3HAKY
COOCTBEHHOCTH, T.€. HECET BCE YEPTHI OJIMTOIOJIHCTHICCKOTO
poiHka. Heckombko kpymHeimmx nponyneHtoB  (Anglo
American Platinum, Hopunsckuii Hukens BMecte ¢ Stillwater
Mining Company, Implats 1 Lonmin PLC) o6ecneuusaror
okono 95 % wmupoBoro mpousBoAcTBa IIaTHHBI U 87 %
namtaaus. JedcrBust / Oe3meicTBus 000r0 M3 TaKHMX
UTPOKOB WJIH JIAXKE CIIYXU O HHUX CIUIIKOM CHJIBHO BIIMSIOT Ha
PBIHOK, HHOTJIa YpE3MEpHO Ieperpenas ero.

Auto catalysts / dunbTpbl-HeinTpannsaTopsl

Annual world capacity of vehicle production is about 63-64 million.
It needs 250-260 t of PGE, including Pt ~ 120 t, Pd ~ 115 t and Rh
~20t. Unit consumption is 1,5-8 g per new automobile and 5-30 g per

new truck.

E)xerogHbi MUPOBOU 06bem BbinycKa - 63-64 MNH. aBTOMALLUH B
roa, pacxoa naatmHoupos 250-260 1, 8 T.u.: Pt~ 1201+ Pd~ 1157+
Rh ~ 20 T1; yaenovHbIM pacxoa Npy U3rotoBneHuu 1 nerkosoro
asTomobuna 1,5-8 r, rpy3oBuKka - 5-30 r

Recycling: 64 000 000 units/year x 6 g/unitx K (= 0,5)
About 160-200 t of PGE annually is available for recycling but actually uses

only ~50t.

Peuukaunr: 64 000 000 ea./rop x 6r/ea. x K (= 0,5)
ExxerogHo goctynHo = 160-200 T, nepepabartbiBaeTcs ToAbKO ~50 T.

Cumulative metal capacity of market have to amount not less 3300-3700 t.
KymynatusHasa metannoemkoctb He meHee 3300-3700 T

Fig. 5. General indices and trends of market sector
"auto catalysts".

2) The PGM production is not elasticity in the
short-time prospect. Firstly, average content of
valuable elements in the active mines is about 3-4
ppm. This implies that, in order to produce four tons
of platinum-group metals at through extraction of
0.85 at best, it is necessary to mine out and process
about 1200 -1300 thousand tons of ore that together
with overburden means handling of about 4-6
million tons of rock. To provide current world’s
consumption (400 tons), it is necessary to handle
and eliminate at least 2000 million tons of rock. The
major portion of palladium is produced as a by-
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Puc. 5. OcHosHble nokasameau u mpeHObl pasgumusi cekmopa
paHka "dusbmpul-Helimpaauzamopu!”,

2) IlpomsBoacteo MIII" He sBIAETCS 3TACTUYHBIM B KPaTKO-
CpeIHECPOYHOH  mepcrmekTuBe.  Bo-TiepBBIX,  cpeaHee
coJiepKaHue MTOJIE3HBIX KOMITIOHEHTOB B
IKCIUTYATUPYIOLMXCS MECTOPOXKICHUAX COCTABISIET OKOJIO 3-
4 1. COOTBETCTBEHHO I A00BMM 4 T NJIATHHOWIOB MpHU
K03(h(HUIMEHTEe CKBO3HOIO M3BJICUCHHSI B JIy4IleM Cllydae
0,85 HeoOxoaumo u3BNIeYb M Tepepaborarth okono 1200 -
1300 TBIC. T PYyABL, YTO C YYETOM BCKPBILIU NPEAyCMaTPUBAET
nepemenieHue 4-6 MIH. T. TOpHOM Maccel B roi. Jus
obecrieueHns] TEKYIIEro CpPeIHEr0 MHPOBOTO IOTPEOJICHHS
(400 T) HEOOXOMMO BOBIICYb B 00OPOT U ANUMHUHHPOBAThH HE
meree 2000 mMiH. T ckanpHBIX mopod. Kpome Toro, Gombmras



product when mining out Cu-Ni deposits. It
impedes the extension of palladium output.

3) Financial and other resource demand, long-time
development of new industrial capacities. Typical
geological and mining conditions of PGM deposits
allow building a mine with a maximum planned
production level. For example, a small-scale mine
(not more than 1 million tons of ore per year) is to
be erected within 3-5 years at the investment into
mining and capital construction of 50 million USD
and more; a medium mine (1-10 million tons of ore)
is to be erected within 4-5 years at the level of
investment of more than 200 million USD; and a
large-scale mine (up to 20-25 million tons of ore) is
to be build within 5-7 years and more at the level of
investment of more than 500 million USD. The
construction of underground mines is more
expensive both in terms of time and investments.

4) The factors of unstable economic and political
systems of the republic of South Africa, a world’s
largest PGM supplier, emerged in consequence of
the politics of historically disadvantaged South
Africans (HDSASs) applied since 2002.

4acTh MAJUTAAHWS TPOW3BOIUTCA KaK MOIYTHBIH KOMIIOHEHT
(OMmpoayKT) M3 MEIHO-HHUKEIEBBIX MECTOPOXKICHUH, 4TO
JeNaeT  3aTPyJHMUTEIbHBIM HapalluBaHWE IPOM3BOJICTBA
3TOrO MeTaja.

3) KanuranoemMkocTb, pecypcoeMKOCTh U MHEPTHOCTh BBOJA
MourHocTel. THIIMYHBIE Te0JIOTHYeCKUE U TOPHOTEXHUIECKHE
ycinoBusi MectopoxaeHuit MIIIT 1no3BOiSOT NOCTPOUTH
PYIHHK C BBIXOJOM Ha MaKCHUMAaJbHBIN MPOEKTHHIH YPOBEHb
noOBYM U oOoTameHus: Majblii Kapbep (MOIIHOCTH 1O pyne
He Gonee | muH. T. /rox) 3-5 jer mpu oObeMe MHBECTHUIMNA B
TOpPHOKaNHUTalIbHOEe cTpouTenbcTBo or 50 wmmH. USD;
cpemanii kapeep (1-10 muH. T.) — He MeHee 4-5 7er,
unBectuiun - ot 200 mua. USD; kpynHerit kapeep (mo 20-25
MIJH. T.) 5-7 u Oonee ner, naBectuuu — oT 500 mutH. USD.
Jnst NOA3EMHBIX PYJHUKOB CPOKH U KaIUTaJIbHBIE BIOXKEHHS
CYIIECTBEHHO BO3pacTaloT.

4)  ®@akTopbl  HECTAOWJIBHOCTH  JKOHOMHYECKOH U
nonutuueckoir cucremMbl FOAP — rnaBHOW  MupoBOH
celppeBoii  6a3pr  MIII, mposBHBIIHECS  BCIIEACTBHE

peanuzanuu, HayuHasg ¢ 2002 r., HOJIUTHKH "KOMIIEHCALUU
HACTOPHYECKH ITOHECEHHOTO yInep0a KOPEHHOTO HACEeICHHUS
HOxnoit Appuxu - historically disadvantaged South Africans
(HDSAS).

Catalysts for oil refinery and petrochemistry
KaTtanusatopbl gna HedprenepepaboTku U HedTeXUMmUm

* Total annual consumption of oil refinery and petrochemistry is
estimated above 25 t (Pd ~ 10t, Pt -10,4t, Rh — 1,4t, Ru -2,9t, Ir -0,9t).

XMmunuecKkaa NpPOMbILINEHHOCTD U HePTEeXMMMUA B COBOKYMHOCTU
notpebnaior 6onee 25 1T PGE (Pd ~ 10T, Pt-10,4T,Rh-1,4 T, Ru-2,9

T, Ir-0,9 7).

* Recycling is insignificant: n x 100 kg + 1.5 t.

Ob6vem npou3BoACTBa BTOPUYHbIX METAN/TIOB HE3HAYUTENEH U
COCTaBAAET OT HECKO/IbKUX COTEeH Kunorpamm — a0 1,5 1 B roa,.

» Cumulative metal capacity of market makes up 220-250 t of PGE with
providing the saturation rate of this market sector approximately 100%.

KymynatTuBHaa eMKOCTb pbiHKa oueHuBaeTtca B 220-250 T nnatuHoMAo8B,
Npu 3TOM ero cTeneHb HacbiweHua 6amn3ka K 100 %.

Fig. 6. General indices and trends of market sector
"catalysts for oil refinery and petrochemistry”.

Together these reasons may initiate growing PGM
shortage (up to several tons per year) and
consequently inflate prices for platinum-group
metals. This should be regarded as an unsettling
factor for the market. Steep prices will stimulate
overheat and, possibly, even collapse of the market
and crisis of the PGM-consuming industries. We
think that the sustainable development of the
mining industry requires, in the medium-term
prospect, an acceptable price corridor of 300-550

Puc. 6. OcHosHble nokasameau u mpeHObl pazgumusi cekmopa
"kamasauzamopul 04151 Hepmenepepabomku u Hegpmexumuu'".

B COBOKYIHOCTH BCE TEHAEHIIMU MOT'YT MHHIIMHPOBATH POCT
nedunmra (0 HECKONBKHUX JECSITKOB TOHH B TOM) H
COOTBETCTBEHHO  IIeH  IUIATHHOMJOB, YTO  JOJKHO
paccMaTpuBaThCs  KaK  JIECTAOMIM3UPYIONIMUA  PHIHOYHBIMA
¢axtop. Upe3mMepHO BBICOKHE IEHBI OyayT CIIOCOOCTBOBATH
neperpeBy, Naxe, BO3MOXHO, 00Baly pBbIHKA U KPU3UCY
notpebssiionux — otpaciei. [lo HamieMy MHEHHIO, Ha
CPEHECPOUHYIO TEPCIEKTUBY JUIS YCTOMYMBOTO pa3BUTHS
JNOOBIBAIONIEH OTpaciii HEOOXOAMM TPHEMIIEMBIA KOPUIOP
ued i namtagusg 300-550 USD/oz u mua miatuasr 1000-
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USD/oz and 1000-1800 USD/oz for palladium and
platinum, respectively. In this relation, development
of new stock regions becomes particularly relevant.
One of the most promising regions is the eastern
Fennoscandian Shield, including Murmansk region,
Finland and Karelia, where several large-scale
deposits and a number of minor prospects have
already been discovered. These are the Fedorovo,
Malaya and Eastern Pana, Vurechuaivench deposits
etc. in Murmansk region, Penikat, Keuvitsa,
Portimo deposits etc. in Finland, and the
Burakovsky-Aganozero massif in Karelia.

In Murmansk region, the Fedorovo deposit is
planned to be mined out, where one of the projects
provides for the construction of metallurgical plant
in addition to the mining works. The operations are
to be started in 2009-2010. This may promote the
development of the other deposits in the region and
stimulate searching for new prospects. According to
our predictive estimate, Murmansk region has all
necessary background to produce 20-25 tons of
platinum-group metals per year and more. On the
scale of adjacent regions, the estimate may be
increased two to three times. This is rather
convincing to stabilize the whole PGM market.

1800 USD/oz. B »23Toif CBS3M OCOOCHHO aKTYyaJIbHBIM
CTaHOBUTCSA BOIPOC OCBOECHUSI HOBBIX CHIPHEBBIX PETMOHOB.
OnnuM 13 Haubojiee MEPCIEKTUBHBIX TAaKHX PETHOHOB
SBIIICTCA BOCTOYHas 4acTb (DEeHHOCKaHAMHABCKOTO IUTA,
BKJIroyass MypmaHckyto obnacts, @unsnanio u Kapenuto,
Ie yXe OOHapyXeHbl U pa3BelaHbl HECKOJIBKO KPYIHBIX
00BEKTOB M MHOXECTBO MeNkuX. B MypmaHckoi obnactw,
IOpeXae BCEro, CIEOyeT OTMETUTh MECTOPOXKICHHA U
nposiBieHust @®enopoBo, Manas u Bocrounas Ilana,
BypeuyaiiBenu u ap., B Ounmsaauun — Penikat, Keuvitsa,
Portimo w gap., a min Kapemun MOXHO yIOMSHYTH
BypakoBcko-AraHo3epckuil Maccus.

IlepenoMHBIM MOMEHTOM Il PETMOHA MOKET CTaTh Haudallo
0CBOEHMS MecTopoxkaeHus: PenopoBo (IIaHUPYyEMbIE CPOKHU
Havyanma peamusammu mpoekra 2009-2010 rr.), oamH wu3
BapUaHTOB IPOEKTa KOTOPOTO IpeaycMaTpHBaeT MOMHMO
TOPHOTO TPOU3BOACTBA CTPOUTEIBCTBO METAJLTyprUYeCcKOMH
(abpukn. Takoil MOAXOX MOXKET JaTh MOIIHBIA HMITYJIbC
Pa3sBUTHIO BCEX MECTOPOXKIEHHH PETHMOHAa M CTUMYJIHPOBATH
MIOMCK HOBBIX CBHIPHEBBIX 00BEKTOB. [l0 Hamel mporHo3HOH
OLIEHKE, TOJNbKO B MypMaHCKOH oOsacTh ecThb Bce
HE0OX0MMBbIC HPEANOCHIIKI IS OpraHu3alHH
npomsBoacTBa 20-25 T u 6omee MIIIT B roxg. B macmrabe
COIIPEACNIBHBIX PETHOHOB IU(PHI MOTYT BO3pacTu B 2-3 pasa.

OTo  BechMa  BECOMBIM  YpPOBEHb,  4TOOBI  CTaTh
cTabwim3upyrommM  (GakTopoM i1 BCEro  phIHKA
TUIATHHOUJIOB.

Catalysts for conversion of nitric oxides
KaTanusaTopbl 415 a30THOW NPOMBILNEHHOCTH

* The irretrievable loss of precious metals under conversion of nitric
oxides is evaluated at 90-100 mg per 1 t obtained nitric acid,
including Pt+Rh 30-50 mg in typical constructions and 50-60 mg/t
and 20-25mg/t correspondingly for best design.

YaenoHble HEBO3BPATHble NOTEPU AParmeTannoB COCTaBAAIOT B
cpeaHem 90-100 mr Ha 1 T a30THOM KUcnoTbl, BKAOYaa 30-50 mr Pt +
Rh, a B8 Haubonee nepepoBbix cuctemax - 50-60 mr/T u 20-25 mr/T
COOTBETCTBEHHO [lywWwuH v ap., 2006].

» Cumulative metal capacity of market makes up 75-80 t of PGE, the
saturation rate of this market sector comes near 95-100%. Annual
consumption is evaluated 6-7,5 t mainly expending them for compensation

of irretrievable losses.

O6wan meTannoemKoCTb OTpac/au oueHuBaeTca 8 75-80 T npu
HacbiweHun 6an3kom K 95-100%; exxerogHoe noTpebneHune — 6-7,5T,
60/blWaA YacTb U3 KOTOPbIX KOMNEHCUPYET NoTepu.

Fig. 7. General indices and trends of market sector
"catalysts for conversion of nitric oxides".
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Puc. 7. OcHosHble nokasameau U mpeHObl paseumusi cekmopa
"kamasiuzamopbl 0451 A30MHOU npoMbluLIeHHOCMU ",



Jeweller's art&industry

OBennpHan NPoOMbIWNEHHOCTb
* Owing to accumulative motivation of consumers the jeweller business became
one of the most metal-consuming branches. Only for last 20 years (1987-2006) in
this sector were involved about 1500 t of PGE, including Pt - more than 1220 t and
Pd - 230 t [Market ..., 2006; Platinum ..., 2006], and for the period, beginning from
the middle of XX century - not less than 2500 t from which could be accumulated
up to 1800-1900 t.

Bnarogapa HaKoONUTeNbHOM MOTMBaLMM noTpebuTenen BeAUMpPHOEe Aeno
ABAAeTCA OAHOM U3 Haubonee merannoemkmux oTpacneid. TonobKo 3a 20 nochegHuUx
net (1987-2006 rr.) B ceKTop npusBaeyYeHo oKono 1500 T PGE, 8 Tom uucne Pt —
6onee 1220 T u Pd — 230 T [Market ..., 2006; NnatuHa ..., 2006], a 3a nepwuog,
HauuHana, ¢ cepeauHbl XX BeKa - He meHee 2500 T, M3 KOTOpbiX Morno 6biTb
aKKkymynuposaHo ao 1800-1900 .

* Branch forecasts are very favorable for short- & long-run: annual consumption
will be within 85-100 t.

MporHo3bl ANa 0TPac/Au Ha CpeAHECPOYHYIO NepCcneKTMBY 6aaronpusTHbie:
exerogHoe cymmapHoe notpebneHve nepBUYHbIX METaNN0B byaeT HAX0AUTHCA B
npeaenax 85-110 1.

Fig. 8. General indices and trends of market sector = Puc. 8. OcHogHble nokazameau u mpeHdbl pazgumusli cekmopa
"jeweller's art&industry". "logeUpHAsI NPOMbBIUAEHHOCMD ",

Glass industry / CtekonbHasa npomMbILNEHHOCTb

*About 12500 bushings operates now. This amount will be increased up to 15000
at 2010 year. Discharge intensity fluctuates within 4-5 kg/unit on average and up
to 11-13 kg/unit for most efficient plants.

* B HacTosee BpemA 3Kcnayatupyetca okono 12500 6ywwmnros, K 2010 r. mx
YuMcno coctaBuT He meHee 15000. CpegHuid yaenbHbi pacxog PGE Ha 1 6ywuHr
COCTaBAAET CEerogHA OKono 4 Kr, a y Haubonee NpousBOAUTENbHBIX CUCTEM — A0
11-13 kr [MxkKopmuk, 2005].

* Discharge intensity of PGE for producing 1 t of glass makes up 5-10 g or 3-4% of
total weight during operation life (10-12 months on average).

YaenoHbii pacxog PGE coctasasert 5-10 r/T ctekna unm ao 3-4 % ot maccoi CMNA 8
Te4yeHue cpeaHero cpoka cay»6bi B 10-12 mecaues [CusKkos, 2005; MkKopmuk,
2005; Ma dykaH , 2005].

» Cumulative metal capacity of market is estimated about 50-55 t of PGE. About
60% from them covers irretrievable losses of industry. Annual consumption is 11-
12 t.

* KymynatusHaa MeTann0eMKOCTb Ha CTEKO/IbHOM NPOMbILLAEHHOCTH
oueHusaerca B 50-55 1., npumepHO 60% KOTOPbIX KOMNEHCUPYET HeBO3BPaTHbIE
notepu. ExxerogHoe notpebneHmne -11-12 1.

Fig. 9. General indices and trends of market sector = Puc. 9. OcHogHble nokasamesau u mpeHdvl pazgumusl cekmopa
"glass industry". "tmeKo/1bHast NPOMbIWAEHHOCMD "
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Electronics & electrical engineering
DNEeKTPOHMKA U INIeKTPOTEXHUKA

* Total annual consumption fluctuates within 55-80 t. Forecast for medium-term
planning time-frame is 55-65 t/year.

* BExeropHasa notpebHOCTb Konebnerca B npegenax 55-80 T1. MMporHo3 Ha
CpeAHeCPOUHbIA rOPU3OHT NNaHUpoBaHuA — 55-65 T/roa.

* Recycling is insignificant, share of recycled metal covers only 5-7% from total
industry consumption but will quickly rise. Legislation of EU imputes for all
producers of electronics the liability to take into account the costs of recycling in
the price of production.

[ona BTOPUYHbIX METaNN0B cocTaBasAeT He 6onee 5-7 % ot 06wero o6bema
notpebneHua. IToT 06vem A0MKEH 3HAYUTENbHO BO3PACTHU, TaK KaK
3aKoHopgatenbcreo EU BMmeHseT npou3ssoautensam 3IeKTPOHHOMU TEXHUKM ,
HaumHas ¢ 2005-2006 rr., 06a3aTeNbCTBA yHUTHIBATb PAcXodbl Ha YTUAU3ALMIO UX

NPOAYKLUMIO.
* Cumulative metal capacity of market makes up 280-350 t of PGE
O6wan meTannoemKocTb OTpacau oueHusaerca 8 280-350 T.

Fig. 10. General indices and trends of market sector =~ Puc. 10. OcHogHble nokazameau u mpeHdbl pasgumusi cekmopda
"electronics & electrical engineering ". "3/1eKmpPOHUKA U 3/1eKmpomexHuka".

Medicine and stomatology / MeauuuHa n ctomaTtonorus

* It is considered, that most of stomatological manufactures are preserved for
ever. Therefore irretrievable loss of PGE is about 80-90%.

* Cumraetcs, 4to 3ybonpoTtesHble U3feNUA KOHCEPBUPYIOTCA HAaBCEraa, nos3tomy
HeBO3BpaTHble NOTEPU MOXKHO NPUHATb 6AKM3KMMMU K 90-100%.

* It has been fixed not less than 700 t of Pd and 30-40 t of Pt only for last 20 years.
* B otpacau TonbKo 3a nocnegHue 20 net 66110 3aPUKCMPOBAHO He meHee 700 T
Pd v 30-40 1. Pt.

* The demand for medium-term planning time-frame will around 25-30 t/year
with short-timerises up to 35-40t/year.
* Ha cpegHecpoUYHYI0 NepcneKkTUBY OXKUAAETCA CPeAHMUIA — BICOKMIA CNPOC C
Koneb6aHuamm 25-30 T/r ¢ HeNPOAONKUTENbHBIMU BCNNECKamu o 35-40 1/r.
Laboratory & technical products

NabopaTopHasa nocyaa u TexHuYeckue U3aenusn
» Total annual consumption fluctuates within from 1-2 up to 8-10 t/year.
* NoTtpebnenune sapbupyetor 1-2 t/rog, ao 8-10 t/roga.

* Cumulative metal capacity of market is estimated about 150-200 t.
* O6Lan MeTanNnoeMKOCTb CEeKTopa ucumucaseTca He meHee 150-200 TOHH.

Fig. 11. General indices and trends of market sectors  Puc. 11. OcHO8Hble nokazameau U mpeHdbl passumusi CeKmopos
"medicine and dental” & "laboratory & technical "MeduyuHa u cmomamosozus” u "sab6opamopHas nocyoa u
products”. mexHu4eckue uzdeaus”.
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Hydrogen energy
BoaopoaHaa saHepreTuka

» The forecast for the period of transformation of economy allows to
estimate the annual consumptions from 20-30 T at the initial stages, up to
300-350 T and more in an active phase of reorganization (not less than 50
% from the common demand).

* MporHo3 Ha nepuoa TpaHCPOPMUPOBAHUA IKOHOMMKM NO3BONAET AaTb
NPUOBAMIKEHHYIO OLUEHKY eXeroaHbix notpebHocTed (AONONHUTENbHO K
cywectsytouiemy yposHio) ot 20-30 T Ha Ha4anbHbIX 3Tanax, Ao 300-350 T
n 6onee B aKTMBHOW ¢ase nepecTpoiiku (He meHee 50% ot obwero
cnpoca).

» Cumulative metal capacity of market will reach about 8000-9000 t at
2030-2040 years (saturation level).

* KymynsatusHas meTannioemKoCcTb BOAOPOAHOU SHEPTreTUKM B Lie/IOM
oueHusaetca npumepHo B 8000-9000 T Ha ypoBeHb HacbiweHus B 2030-
2040 rr.

Fig. 12. General indices and trends of market sector =~ Puc. 12. OcHogHble nokazameau u mpeHdbl pa3gumusi cekmopa
"hydrogen energy". "godopodHas sHepeemuka".

OIEeKTpUIECKUH TOK

Tonnuso Hy(Boaopon) Oz (Kuciopon) us Bo3ayxa

+ =+

Tenuo (850C)
(BoasiHo# MJIH BO3YIIHBIH
paauarop)

o

+

‘\H,O —pp Bo31yx + Boasinoii nap

t Kamepa

Penupkyasiuusi TOIJIHBA

Kamepa
lazonuddy3nonnbiii 2I1eKTPOa Iazonugy3noHHbIN IEKTPOI
;Anon (Karon)
Karaiinsato Karaau3zatop

ITporonoodmennasi memépana

Cxema TBEpIOMOIMMEPHOTO (MMPOTOHOOOMEHHOT0) TOIJIMBHOTO JIEMEHTA
Fig. 13. The schematic diagram of fuel cell [Mecsay, Puc. 13. [punyunuaavHass cxema  @PYHKYUOHUPOBAHUS
IIpoxopos, 2004]. monsugHozo snemenma [Mecay, [Ipoxopos, 2004].
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Hydrogen energy
BopopoaHana sHepreTuka

Otxopbl OT Otxofbl OT
aHoaa kaToaa
AFC T=80°C
T=80°C
PEFC (RERE)
PAFC T=200°C
(PAFC)
MCFC T=650°C
SOFC T=1000°C
DMFC T=170-230°C
Tonnueo aHoga AHon SnekTponuT Katon Oxucnu;ﬁgz EElaoaptyx)

Fig. 14. Electrochemical reactions in various types of  Puc. 14. 3snekmpoxumuveckue peaxkyuu 8 pasAuYHbIX munax
fuel cells. MoNJIUBHbIX 3/1eMeHMAx .

Tonnueo

[MpunoxeHus

Bo3ayLiHbii

PEM — TonnMBHbIH 3/1EMEHT C NPOTOHOOOMEHHON membpaHoii (Proton Exchange Membrane Fuel Cell);
AFC — LllenouHoi TonamneHbii anemenT {Alkaline Fuel Cells);

DMFC — TonnMBHbIH 3/1EMEHT NPAMOTro OKMC/IeHnA meTanona (Direct Methanol Fuel Cell);

PAFC — TonnmBsHblii anemeHT Ha $ocdopHoit kncnore (Direct Methanol Fuel Cell);

MCFC — TonamBHbIH 3n1emeHT Ha pacnnaee kapbonara (Molten Carbonate Fuel Cell);

SOFC — ToniMBHbIH 3nemeHT Ha TBepaom okucae (Solid Oxide Fuel Cell).

Fig. 15. General types of fuel cells and their practical ~ Puc. 15. OcHo8Hble munbl MON/AUBHbIX 31eMeHMO8 U 061acmu ux
applications [BodopodHas ..., 2003]. npakmuyeckozo npumeHeHusi [Bodopoouas ..., 2003].
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GEOCHRONOLOGY OF THE PGE-BEARING INTRUSIONS LOCATED
IN THE N-E PART OF THE BALTIC SHIELD

FEOXPOHONOIMNA NIATUHOMETAJJIbHbIX UHTPY3UN CEBEPO-
BOCTOYHOWU YACTU BANTUUCKOTO LLUNTA

Mrs. Tamara Bayanova,
Dsc., Branch manager
(geochronology and isotope
geochemistry laboratory)

Felix P. Mitrofanov
Scientific adviser

Geological Institute,

Kola Science Centre, RAS

Apatity,184209, Fersman str. 14

E-mail: tamara@geoksc.apatity.ru
felix@geoksc.apatity.ru

There are two 300-500-km long belts of
Palaeoproterozoic layered intrusions: the
Northern (Kola) Belt and the Southern
(Fenno-Karelian) Belt on the Baltic
(Fennoscandian) Shield. New U-Pb (TIMS)
ages and radiogenic isotopic (Nd-Sr-He) data
have been determined for mafic-ultramafic
Cu-Ni-Ti-Cr and PGE-bearing layered
intrusions of the Kola Belt. U-Pb ages on
zircon and baddeleyite for gabbronorite and
anorthosite  from the Fedorovo-Pansky,
Monchepluton and Main Ridge
(Monchetundra and  Chunatundra), Mt.
Generalskaya intrusions and gabbronorite and
dykes from the Imandra lopolith of the Kola
Belt define a time interval of more than 130
million years, from ca. 2.52 Ga to 2.39 Ga.
There have been defined at least four intrusive
phases: three PGE-bearing, and one barren.
This spread of ages is wider than that for
intrusions of the Fenno-Karelian Belt which
clusters at 2.44 Ga. Nd isotopic values for the
Northern Belt range from -1.1 to -2.4,
implying an enriched mantle “EM-1 type”
reservoir for these layered intrusions. Initial Sr
isotopic data for the intrusions are radiogenic
relative to bulk mantle, with 1Sr values from
0.703 to 0.704. Geochemical data and 4He
/3He isotopic ratios of the minerals reflect the
predominant contribution from a mantle
source and influence of crustal processes
during emplacement. The geological and
geochronological data indicate that in the
eastern part of the Baltic Shield, mafic
intrusive magmatism was active over a
protracted  period, related to plume
magmatism  associated with  continental
breakup that included the Superior and
Wyoming provinces.

Tamapa b. basHoBa,
A.r.-M.H., 3aB nabopatopum
reoxXpoHOJIOrMn N30TOMHOM
reoxmmum

denunkc M. MutpodaHos,
HayuHbIli pykoBOAMUTENb

Fe0N0rMYecKknii UHCTUTYT

KHL, PAH

AnaTtutbl, 184209, yn. PepcmaHa 14

E-mail: tamara@geoksc.apatity.ru
felix@geoksc.apatity.ru

B mpenenax bantuiickoro (PeHHOCKaHIMHABCKOTO) IIHUTa
pacnoJyiararorcs J1Ba nosica [Taneonporepo30icKux
pacciloeHHBIX HHTPY3ui mOpoTsbkeHHOCThI0  300-500  kwm:
Cesepublil (Konbckuit) mosic u FOxubi (Penno-Kapensckuii)
nosic. Hosele Bospactueie U-Pb  (TIMS) u  wu3oTomnHble
XapaKTepUCTUKH (Nd-Sr-He) ObUTM  MOJy4YeHBl  JJIs
YJIBTPAOCHOBHBIX-OCHOBHBIX pacCIOCHHBIX  HMHTPY3HWH
Konbckoro peruona nepcrektuBHbiX, Ha Cu-Ni-Ti-Cr u PGE
opyaeHenue. U-Pb Bo3pacTbl mo LUPKOHY M Oamieneury us3
rabOpOHOPUTOB M aHOPTO3UTOB HHTPY3ui Penoposo-IlaHckoro
MaccuBa, MoHUeITyToHa, T. ['eHepanbckoit 1 ['maBHOTO Xpedra
(Monuerynapa u UyHaryHzpa), a Takke u3 TaOOpOHOPHTOB U
naek VIMaHZPOBCKOTO  JIOMOJIHTA OTIpeNIeNIAI0T MHTEpBal
¢dbopmupoBanus 0azuToBOro MarmMaTm3ma KoJbCKOro Tosica
6onee 130 muH. jger, ot 2,52 mupa. net no 2,39 mapa.uier. Ha
OCHOBAHMH BO3PACTHOTO MHTEPBaa JAHHBIX BBIACISAECTCSA YETHIPE
UHTPY3UBHBIE (ha3pl OCHOBHOro MarmaTtm3ma Koibsckoro mosca:
TPU PYIOTEHHBIC B OTHOLICHWH METAJUIOB IUIATHHOBOW TPYIIIBI
(MIII') w omma Oe3pymHas. UWHTepBanm QopMupOBaHUS
paccinoennsix MIIIT conepxkamux uHTpy3uil Konbckoro mosica
mupe, 4eM U3BEeCTHBIM uia MaccuBoB (Penno-Kapenbckoro
mosica, KOTOpBII B IEJIOM COOTBETCTBYeT Bo3pacty 2,44

mipa.yer. 3uauenns ENd o nopoaam mns untpysuii CeepHOTro
Ilosica HaxopsiTcst B uHTepBasie oT -1,1 no -2,4, a nepBUYHBIE
ortHomienus crponius (1Sr) coorBercTByroT BenmmunHam ot 0,703
mo 0,704, Ha OCHOBaHMH KOTOPOTO  HPEAIONAraercs
HPOHMCXOXKIEHHE PAcCIOCHHBIX MHTpY3ui Kombckoro mosca wu3
o0orameHHOro MaHTHHHOTO pe3epByapa Tuma “EM-1".
W30TOMHO-TeOXUMHUECKHE XapaKTepucTHKH BenuuuH Heg/He;
JUIA TIOPOJ I MUHEPAJIOB, BBIJICNEHHBIX U3 HHTPY3uil CeBepHOro
Konbckoro nosica, oTpaxaroT IpoLecchl KOPOBOH KOHTAMUHALIUU
IIPY BHEAPEHUH 0a3MTOBOW MarMbl U3 MIyOMHHBIX PE3EpBYapoB.
I'eonoro-reoxuMuueckue U TIEOXPOHOJOTHUYECKUE JAHHBIEC JUIS
uHTpy3ui bantuiickoro (PeHHOCKaHIMHABCKOTO IUTA) OTPaXKaroT
JUTMTENNBHBI Ma(UUecKuil TUTIOMOBBI MarMarti3M, KOTOPBIH ObLI
IIMPOKO MpOsIBJIEH HAa MHOTMX KOHTHHeHTax mupa (Kananckwii
nwT-npoBUHIMK Chomeprop u BaloMUHT) W TpHUBEN K pacramy
JPEBHETO CyIlepKoHTHHEHTA B [laneonpoTeposoe.
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Fig. 1. Generalized geological map of the north-eastern
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Fig. 4. Geological map of the Proterozoic Federovo  Puc. 4. Teonozuveckas cxema ®edoposo-IlaHckoll
Pansky layered intrusion after Schissel et al, 2002. IIpomepo3olickoil paccaoenHoli uHmpy3suu no Schissel et al, 2002.
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Fig. 5. Isotope U-Pb diagrams with concordia for  Puc. 5. H3omonubie U-Pb duazpammoel 0451 YyupkoHo8 u3 nopod

zircons from barren phase rocks of Fodorovo block. 6e3pydHoli ghazwvl Pedoposckozo 6.10Ka.
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Fig. 6. Mineral Sm-Nd isochrones for rocks and rocks-  Puc. 6. H3omonHble Sm-Nd u30XpoHul 0451 nopod u
forming minerals from barren phase of Fodorovo blok. nopodoobpasyouwux MuHepanos 0415 Pedoposo b.10ka.
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Geological map of the Imandra lopolith compiled on the basis of the 1:50000 geological map by Sholokhnev (1992) using data from (Imandra-
Varzuga..., 1982; Galimzyanova, 2002). 1 nepheline syenite. Early Proterozoic volcanic and terrigenous rocks: 2 Varzuga Series; 3 Strel'nya Series; 4
Archean rocks including non-differentiated varieties; 5 - anorthosite, ferrogabbro of the near-roof zone; 6 near-bottom and main gabbronorite zones; 7
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Fig. 13. Isotope U-Pb diagram for baddeleyits from  Puc. 13. U-Pb duazpamma c koHukopdueli dsia 6addeseuma u3
anortosite of Imandra lopolith. aHopmo3umos UmaHdposckozo sonoauma.
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Fig.
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Varzuga..., 1982; Galimzyanova, 2002). 1 nepheline syenite. Early Proterozoic volcanic and terrigenous rocks: 2 Varzuga Series; 3 Strel'nya Series; 4
Archean rocks including non-differentiated varieties; 5 - anorthosite, ferrogabbro of the near-roof zone; 6 near-bottom and main gabbronorite zones; 7
- granophyre; 8 boundaries: established (a), assumed (b); 9 layering; 10 tectonic dislocations; 11 - massifs: Monchepoluostrov (1), Prikhibinie (2),
Mt. Yagel'naya (3), Devich'ya-Mayavr (4), Umbarechka (5), Bol'shaya Varaka (6); 12 pegmatitic rocks: olivine gabbronorite (a), gabbro-diorite-
pegmatite (b), 13 samplings sites.

14. Isotope U-Pb diagram for zircons from monzo-
duopumosoli datiku UmMaHApoeckozo .ionoauma.
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Varzuga..., 1982; Galimzyanova, 2002). 1 nepheline syenite. Early Proterozoic volcanic and terrigenous rocks: 2 Varzuga Series; 3 Strel'nya Series; 4
Archean rocks including non-differentiated varieties; 5 - anorthosite, ferrogabbro of the near-roof zone; 6 near-bottom and main gabbronorite zones; 7
- granophyre; 8 boundaries: established (a), assumed (b): 9 layering: 10 tectonic dislocations; 11 - massifs: Monchepoluostrov (1), Prikhibinie (2),
Mt. Yagel'naya (3), Devich'ya-Mayavr (4), Umbarechka (5), Bol'shaya Varaka (6); 12 pegmatitic rocks: olivine gabbronorite (a), gabbro-diorite-
pegmatite (b), 13 samplings sites.

Puc. 14. U-Pb duazpamma ¢ koHkopduell 0151 YUpKOHA U3 MOHYO-

Fig. 15. Isotope U-Pb diagram with concordia for
baddeleyite (2) and zircons (1,3-4) from gabbronorite

dyke, Imandra lopolith.
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{a) 80-120 pm

{b) 150 pm

Fig. 16. Morphology of baddeleyite (a) and zircon (b) Puc. 16. Mopgosozus 3epen 6addeseuma (a) u yupkoHa (b) us

grains from rocks of the Imandra lopolith. nopod Hmandpoackozo sionoauma.
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Fig. 17. Variations ENd-Isr values for rocks of the
North - Kola belt layered intrusions.
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:E:;'(l!:" “fTelTe mantle %
N hole/depth Rock, mineral mnmmz %106 contril;uti
n on
Fedorovo-Pansky massifl
hole, Kn-16/6 Amphibole b3 | 21 0.11
hole, Ma-14/1 Orthopyroxene 2.9 12.8 0.08
outcrop, Ne 9 Timenite 439 16.5 0.06
Monchepluton (Mt. Sopcha)
hole, 995/315 Olivinite, rock 17 6.25 0.16
hole, 995/313 Olivine 23 5.88 0.17
hole, 995/315 Orthopyroxene 31 6.25 0.16
hole, 995/3135 Plagioclase 47 3.56 0.18
hole, 995/315 Magnetite 132 4.35 0.23
Main Range (Monchetundra)
hole, 765/905,9 Clinopyroxene 163 4.76 0.21
hole, 765/905,9 Orthopyroxene 21 4.76 0.21
hole, 765/985,3 Amphibole 97 4.76 0.21
hole, 765/985,3 Clinopyroxene 115 5 0.20
Dunite block of Monchepluton
hole, 904/102 Dunite, rock 218 147 0.68
hole, 904/102 Olivine 115 135 0.74
hole, 1651/244,9 Chrontitite, ore 56 143 0.70
hole, C-1651/373,5* Dunite-Bronzitite 28 0.83 1.20
hole, C-1622/7* Chroniitite, ore 28 0.69 1.44
Fig. 18. Isotope 4He/3He ratios for rocks, rock-forming ~ Puc. 18. OmnoweHusi eeauuuHvl 4He/3He
and accessory mineral from Proterozoic Pt-bearing nopodoobpasyruux u aKYeccopHblX  MUHepanos

layered intrusions (crushing, melting and step wise

heating methods).
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Fig. 19. Isotope U-Pb diagrams with concordia for rocks
(orthoclase gabbro - left, gabbro-pegmatite - right) of  KdaHosckozo mecmopodcdeHus [leyeHzu
Zhdanovskoe deposit, Pechenga.
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Fig. 20. Variations ENd values for rocks of the Kola region (from left to  Puc. 20. Bapuayuu ENd 045 nopod Koabckozo
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Pegenga rocks; layered intrusions; anortosites (Tsaga, Acha); alkaline

granites; komatiites of Polmos-Poros, anortosite of Potchemvarak

CONCLUSIONS / BbiBOObI
< The large layered intrusions of the Baltic Shield were derived from intraplate enriched
mantle reservoir EM-1, eNd from -0.6 to -2.5 and Isr from -0.703-0.704

NCTOUMHUKOM KPYMHBIX PACCNOoeHHBIX VWHTPY3WMA BanTuiuckoro Wwura ABNAeTCA

BHYTPUNNUTHBIM 0DoraleHHbIn MaHTUAHBIN pesepByap EM-1 co sHadeHuamu eNd or -

0,6 po-2,5ulsror -0,703 go -0,704.

« Total duration of the multiphase magmatic processes is within the interval of 2526-
2395 Ma, i.e., about 130 Ma.

< ObLWana NPoSoMKMUTENLHOCTL MYNBTUdA3HbIX MarmaT4eckux npoyeccos gocTurana
okono 130 MnH. neT, T.e. B UHTepBane 2526-2395 mnH. net. Hasap,.

+ The earliest barren phase in Fedorova-Pansky massif orthopyroxenite and olivine

gabbros formed in 2526 Ma

- main basal PGE gabbronorite phase crystallized between 2501-2485 Ma ago;

- second phase with PGE reef formed in 2470+9 Ma ago and related with gabbro-

pegmatite;
- the final PGE reef belongs to anorthosite in the Fedorova-Pansky massif with age

2447+12 Ma.

% Camad paHHAA Oe3pygHas pasa depgoposo-llaHCKoro MaccuBa: OpTONUPOKCEHUT W
onueuHooe rabdpo obpaszoBanuck 2526 MnH. net

- OcHoBHafA BasanbHada nnatuHomeTtanbHas rabopoHoputoBan ¢hasa
KpucTtannusoeanack B nepuod 2501-2485 MnH. neT Hasaf,

- BTOpas dasa ¢ nnaruHoMeTanbHblM pUgoM, CBA3aHHaA ¢ rabdpo-nermarmramum,

oBpaszoBanack 247019 MnH. net Hasag,
- MOoCregHu nnatuHOMeTanbHeln pUud accouunpyeT ¢ aHopTo3uTom PefopoBo-
[MaHcKoro Mmaccuea ¢ Bo3pacToM 2447+12 MNH. NeT.
Fig. 21. Conclusions. Puc. 21. OcHogHble 8b1800bl.

.
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% In the Monchepluton and Imandra lopolith the geochronological results have revealed
a complex formation sequence of the igneous rocks of Monchegorsk Co-Cu-Ni layered
complex. Earliest rock types formed in the Monchepluton are mafic rocks of Mt.
Travyanaya with U-Pb ages of 2507+9 Ma, for Nyud terrace 250015 Ma.

- Isotope U-Pb age on baddeleyite and zircon from the gabbro-pegmatite of the
Ostrovskaya intrusion of 2445111 Ma is quite similar to the age of 2.45-2.40 Ga (Vogel
et al., 1998) for the Southern belt intrusions (Kovdozero, Olanga and Finnish grops).

s B MonyennyTtoHe n iMaHgpoBCKOM NononuTe pesynsrarbl reoOXPOHONornyecknx
nuccrnefgoBaHnii yKasblBaroT Ha CMIOXHY0 NocnefoBaTensHOCTh (hOPMUPOBaHUSA
marmartuyeckmx nopog Monyeropckoro Co-Cu-Ni paccnoeHHoro komnnekca. Camble
paHHune Tunsl nopon MoH4YennyToHa — OCHOBHLIE nopofdbl I TpaesiHaa ¢ U-Pb
BoapacTtamu: 250719 mnH. net 1 250015 mnH. neT gna Teppacsl . Hiog,.

- U-Pb nsotonHbiin Bo3pacT no 6agaenenty U LMPKOHy M3 rabbpo-nermatutos
OcTpoBcKOW MHTPY3uKn: 2445+11 mnH. net bnuaok nepuogy 2,45-2,40 mnpa. net (Vogel
et al., 1998) dbopmupoBaHusa nHTpyanin KOxHoro nosica (Kosgoaepo, OnaHra n ®uHckas
rpynna).
+» Dike series of the Imandra lopolith with a crystallization age of 2398-2395 Ma.

< [aiikoBble cepun VimaHapOoBCKOro riononnta UMeT BO3pacT Kpuctannuaaumm 2398-
2395 mnH. net.

+» Older phase in the northern Baltic Shield which for the Monchepluton (2507-2495 Ma)
contain Co-Cu-Ni, Pd-Pt and Cr mineralization of economic importance.

+» bonee AgpeBHAA hasza ceBepHO YacTu banTuinckoro wuTa, oTHOCALLasCca K
MoHyennyToHy (2507-2495 mnH. net), cogepXnT npombliuneHHyto Co-Cu-Ni,
NNaTMHOMETAmNLHY U XPOMOBYIO MUHEPanunaaLuio.

*» The Fedorovo-Pansky massif with intermediate age (2501-2447 Ma) has commercial
PGE Pt-Pd and poor Cu-Ni mineralization, and the youngest intrusion Imandra lopolith
(2445-2395 Ma) — Cr and V-Ti mineralization.

% ®egopoBo-laHCKMii MaccuB Co cpefHUM Bo3pacTom (2501-2447 MnH. NeT) COAepXuT
3KOHOMMWYECKYIO Manocyrnb@uUAHY0 NnaTtMHOMETaNbHYI0 MUHepanuaauuio, a camas
mMorogasi MHTpyausa MmaHgpoBckuid nononut (2445-2395 mnH. net) — Cr n V-Ti
MUHepanuaayuio.

Fig. 21. Conclusions (continuation). Puc. 21. OcHogHble 8b1800bl (NpodossceHue).
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PGE DEPOSITS OF WESTERN PART OF FODOROVO-PANA TUNDRA
(FEDOROVO AND MALAYA PANA): STATUS AND DEVELOPMENT

PROSPECTS

MECTOPOXOEHMNA MNTI 3ANAOHOWU YACTU ®EAQOPOBO-NMAHCKUX TYHOP
(PEAOPOBO U MAJTAA NMAHA): COCTOAHWUE U NEPCNEKTUBbI OCBOEHUA

Alexey U. Korchagin,
PhD, director of JSC "PANA"?
Branch manager (PGE laboratory)

Felix P. Mitrofanov
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Geological Institute,

Kola Science Centre, RAS

Apatity,184209, Fersman str. 14

E-mail: bayanova@geoksc.apatity.ru
felix@geoksc.apatity.ru

Fedorova-Pana intrusion is located in a renowned
mining-district of the Central Kola Peninsula of
NW-Russia. Fedorova — Pana belongs to group
of Early Proterozoic layered intrusions which
occur over a wide area within the northeastern
Fenno-Scandian Shield. The intrusions were
emplaced during a period of global rifting and
intense igneous activity and underwent regional
metamorphism and deformation during multi-
stage Proterozoic orogeneses.

Nearly all of these layered intrusion are
mineralized and host Cr, Fe-Ti-V, Cu-Ni and
PGE mineral deposits which originate both from
magmatic and hydrothermal processes (e.g.
Penikat, Monchegorsk, Koillismaa).

The Fedorova — Pana intrusion has a surface
exposure of ca. 250 km? with a strike extent of
80 km (SE-NW) subparallel to the regional
structure, and a horizontal width ranging from
0.5 -6 km.

Magmatic layering dips southwesterly with 30-
50° which has been explored to a depth of 600 m
but the extent to the south is unknown. The
northern boundary forms a tectonic contact to the
Archean country gneisses of the Central Kola
Block whereas to the south the massif is
overthrust by  volcanogenic  sedimentary
sequences of the Imandra-Varzuga rift.

The Fedorova Pana intrusion is subdivided into
three blocks: Fedorova, Mala Pana and Eastern
Pana. Blocks differ in lithology, structural style,
localization of mineralization, and geophysical
expression suggesting they originated from three
different magma chambers.

Like in other layered intrusions the magmatic
stratigraphy of the Fedorova-Pana intrusion is
based on analysis of cumulate assemblages
which define the several principal zones with
PGE-mineralization.

Anekcen Y. KopyaruH,
K.r.-M.H., ampekTtop AO "MaHa",
3aB slabopatopumn MNT

denunkc N. MutpodaHos,
HayuHbii pykoBoauTens MpoekTta

FeonorMyecknin MHCTUTYT

KHL, PAH

Anatutbl, 184209, yn. PepcmaHa 14

E-mail: bayanova@geoksc.apatity.ru
felix@geoksc.apatity.ru

®enopoo-IlaHckas MHTPY3Us pacnoioKeHa B 3HAMEHUTOM
ropHopynHoM paiione IlentpansHoit uactm Kombckoro
nonyoctpoBa, C3PO P®. Ona oOTHOCHTCS K TIpymne
PaHHENpOTEpO30MCKUX PACCIOCHHBIX MHTPY3UH, KOTOpBIE
pacnpoCTpaHEHbI Ha 3HAYUTENBHON IMJIOMIaJH CEBEPO-BOCTOKA
deHHOCKaHIMHABCKOTO ImuTa. MHTpY3us chopmupoBaHa B
Meproi  TI00ambHOTO  PUPTOreHe3a W MarMaTHYEcKOH
AaKTUBU3allMM W  MOABEPrIach M3MEHEHMIO 33  CYeT
peTHOHANBHOTO  MeTamopdu3Ma W MHOTOCTaJHUHHBIX
nedpopmanuii [IpoTepo3oiickoro oporeHesa.

[MouTtH BCe 3TH paccioeHHbIe HHTPY3uHU cojaepxat Cr, Fe-Ti-
V, Cu-Ni u MIII" mecTopoxeHus, 0Opa3oBaHHE KOTOPBIX
oylo ¢ ydJacTHeM, KaK  MarMaTHYecKuX, TaKk H
THAPOTEPMANbHBIX  MporeccoB  (Hampumep,  l[leHukar,
Momnueropck, Komrcmaa).

Brixoast Ha mnoBepxHocTh DenopoBo-Ilanckoit MHTpY3UU
3aHUMArOT ILIOMIAAL OKOJIO 250 KMZ ¢ mpoTsbkeHHOCThIO (FOB-
C3) 80 kM cyOmapamiensHO PETHOHANBHON CTPYKType, a
TOpU30HTANIbHASL MOIIHOCTh BapbpyeT oT 0,5 10 6 kM.
MarmaTrdeckasi paccioeHHOCTs umeer maaeHue 30-50 © Ha
foro-3anmajx. [nmyOmHa pasBenodHoro OypeHHS JOCTHIIIA
riryounsl 600 M, OJJHaKO gajee MO MaJCHUIO K 0Ty OOBEKTHI
He wm3y4deHbl. CeBepHas TpaHUIA HMEET TEKTOHWYECKHH
KOHTaKkT ¢ Apxelickumu THeiicamu llentpansHOo-Komsckoro
6J10Ka ¥ IMETOYHBIMU T'PAaHUTONIAMH, TOTIa KaK C Fora MacCUB

HEPEKPBIT € HAJABUIOM BYJIKAHOT'€HHO-0CaJOUYHBbIMU
00pa3oBaHUSIMHU WNmannpa-Bap3syrckoii pudroreHHOH
CTPYKTYPBIL.

®denoposo-Tlanckass uHTpY3us moxpasiensercss Ha 3 Oioka:
®enmoposa, Manas (3amagHast) [lama m Bocrounas IlaHa.
brnokn paznuuarorcss  meTporpaduyeckd, O0COOEHHOCTSIM
CTPOEHHMST M pYIOHBIX Tell, a TaKke TeoU3HIECKUM
rapaMeTpam, 4YTO IT03BOJIAET IpeArojiarate Ux oOpa3oBaHUe
13 TpeX Pa3IHMIHBIX MarMaTHdeckux xamep. [logobHo npyrum
PaccIOeHHBIM HHTPY3HAM MarmMaTH9IecKas
CTPaTH(UIMPOBAHHOCTD ®enoposo-Tlanckoii HAHTPY3UHU
OCHOBBIBACTCS Ha aHAIM3E ACCONMAIMA KyMyJaToB, KOTOpBIE
ONPENEISIOT  HECKOJAbKO INPUHUMIUANBHBIX 30H ¢ MIID
MUHEpAIU3aLUEH.
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78 v SN B S
Fig. 1. Generalized geological map of principal PGE  Puc. 1. CxemamuuHas eeoso02uveckass Kapma ocHos8Hbuix MIIT
projects localized within Early Proterozoic mafic  npoekmoe & npedenax PaHHenpomepo3olUcKuX OCHOBHbIX

layered intrusionsof Kola region. paccaoeHHblx uHmpysull Konsckozo pecuoHa.
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Fig. 2. Aeromagnetic map of Fodorovo-Pana intrusion . Puc. 2. AspomacHumnass  kapma  Pedoposo-Illarckozo
UHMpy3uea.
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MpanuTo-rHeficsl apxeickore yHaaMeHTa

[: :Jum Mnanzpa-Bapsyra
]

I Aana naGibporopuTon Genopoeo-TaHckoll UHTRYaUM TOPKA0HTIN TOHKOPACCNIOBHHIX NOPAT

| E=—
: LSNoUHIS MPaHUT Onuaucesill rOpUacHT

i

Fig. 3. Licensed areas of the PGE projects within  Puc. 3. /luyexnsuu MIII" npoekmos 8 npedenax Pedoposo-IlaHckoil
Fodorovo-Pana intrusion. UHMpy3uu.
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Fig. 4. Location and geological structure of Malaya  Puc. 4. [los03ceHue u 0CO6EHHOCMU CMPOEHUST MeCMOPO*COeHUS
Pana deposit. Manas Ilana
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The Northern PGE Reef of the Pana massif
CeBepHbiil ILIATUHOHOCHBIN pud IManckoro maccusa

% The Northern Reef is an extensive body of ordinary PGE-bearing ore with Cu-Ni
sulphides. It is similar to such world-known complexes as the Merensky Reef (Bushveld),
J-M Reef (Stillwater), Main sulphide zone (Great Dike), and SK Reef (Narkaus).

% CeBepHbIn pUP OTHOCUTCA K TUMy MPOTSKEHHbLIX 3anexen psgoBbiX pyad
NnaTMHOBLIX MeTarioB ¢ cynbdugHon Cu-Ni MuHepanusauuen. Ero muposbiMu
aHanoramu sinsawTca: pud MepeHckoro (bywsenba); J-M pud (Ctunnyotep); MaBHas
cynbduaHas 3oHa (Benukasa Javika); SK pud (Hapkyc).

% The estimation of ore and metals resources and reserves in the Northern Reef was
made for the date of January 1%, 2003. The ore reserves equal 40 min. tons @ average
Pt+Pd+Au = 4 ppm.

% OueHka 3anacoB 1 pecypcoB pyabl n MmeTannoB no CeBepHoMy pudy BbINOSTHEHA NO
coctosHuto Ha 1.01.2003 r. 3anackl pyabl coctaBnsaoT 40 MNH.T, cpeaHee coaepkaHue
Pt+Pd+Au 4 r/T.

% The exploration carried out in 2005-2006 extended the ore reserves of the eastern
part of the Reef. The reserves of platinum-group metals in terms of C;+C, industrial
category were expanded 2.7 times @ average Pt+Pd+Au = 4.2 ppm.

% B pesynbTtaTe passegoyHbix pabot 2005-2006 rr. B BOCTOYHON YacTn CeBepHOro
puca 3anacbl pyabl Bo3pocnu. [lpu 3TOM  3anacbl MMAaTMHOBLIX  MeTasnnoB
NpoMbILLNEeHHbIX kaTeropun C1+C, yBenuumnucob B 2,7 pasa npu cpeaHem coaepkaHum
Pt+Pd+Au B pyage 4,2 r/T.

% The costs of the prospecting and exploration works in 2005-2006 were $2,800,000.
< 3aTpaTbl Ha reonoropassegoydHble paboTbl B 2005-2006 rogax coctaBunn 2,8 MIH.
ponnapos CLUA.

Fig. 7. Exploration results. Puc. 7. Pesyabmambl pa3eedku MecmopoxcoeHusl.
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Northern contact is structural with Archaean gneisses

Southern contact is overthrusted by volcano- sedimentary sequence of Imandra-Varzuga rift
S-shaped flexural bend interpreted as a transfer fault related to rifting

Three lithostructural units differ in composition, cumulate assemblages and mineralization style-
interpreted as three different magma chambers

Fig. 8. Main features of geological structure of the  Puc. 8. OcobeHHocmu eeos02u4ecko2o cmpoeHus Pedoposo-
Fodorovo-Pana intrusion. IlaHckoll uHmpy3uu.
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Period 2001 to 2006
> During 2001-2006 38,000m drilled (167 holes) and outlined a
resource of ~5 Moz of Pd (plus significant Pt, Au, Ni, Cu) in the Fedorova
West and East deposits.
> B Teyenne 2001-2006 rr. 6bino npobypeHO 167 CKBaXXMH OKOSI0
38 000 nMOroHHbLIX METPOB, a Takxke BbISiBMIEHbl pecypcbl ~5 MIH. TPOMUCKUX
yHUMn Pd (nntoc 3HaumTenbHble konudectsa Pt, Au, Ni, Cu) B 3anagHon u
BocTo4yHon yactn mectopoxaeHust degoposa
> Bulk sample flotation test and comminution test work (Apatity, GOI)—
Fedorova West.
> [MpoBeaeHbl ncnbiTaHns gpobneHns n dprnoTaumoHHoro oboralleHus
TexHosornyeckom npobsbl (Anatutsl, Mo KHL, PAH) — ®egoposa 3anagHoe
> Submission to GKZ (State Reserve Committee) Fedorova West
»  Martepmanbl nogcyeta 3anacoB  no  depoposa  3anagHoe
npeacrtasnexbl B K3
> Project presentation to the Regional Government
> [MpoeKT npeacTaBneH permoHansHoMmy NpaBUTENLCTBY.

Fig. 9. Exploration results of Fedorova deposit for period  Puc. 9. Pesyabmambi pazgedku mecmoposcderusi Pedoposa s
2001-2006. 3a nepuod 2001-2006 ze.
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Fig. 10. Drilling programme of 2007, Fedorova deposite. Puc. 10. Ilpozpamma 6ypeHusi 2007 e, MecmopoxcdeHue
®edoposa.
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Fig. 11. Fedorova West infill drilling progress on IlI-th
quarter of 2007.

Puc. 11. @akmuueckoe gbinosHeHUe 6Yypo8bIX pabom Ha yyacmke
®edoposa 3anaduas no cocmosivuio Il keapman 2007 a.

gabbro-norite

gneisses

Fig. 12. Example of geological cross section of Fedorova
West deporsit.

Puc. 12. Ilpumep zeosozuyeckozo paspesa yyacmka Pedoposa
3anadHas.
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MINERALIZATION FACTORS

« « Disseminated PGE sulphides occur mainly in the lower section of the Fedorova
block and predominate in the taxitic-gabbronorite and norite zones.

< PaccesHHble MIII-cogepxawme cynbguabl MpUypoudeHbl, rraBHbIM 06pasoMm, K
HWKHen Yactn depopoBa 6noka M npeobnagatoT B TakCUTOBbIX rabOpOHOPUTOBBLIX U
HOPUTOBbIX 30HAX.

%+ Sulphides also occur at the base of the gabbronorite zone and in the marginal zone
at the base of the intrusion; relative proportions of precious metals are Pd > Pt > Au > Rh

% Cynbthuabl Takke pacrnonaralTcd B OCHOBaHMM rabObpOHOPMTOBOM 30HbI M B
MapruHanbHOM 30HE B OCHOBAHWW WHTPY3MU; OTHOCUTENbHAA nNpeacTaBUTENbHOCTb
BGnaropogHbIX MeTanmoB paHXxupyeTcsa B cnegyowem suae Pd > Pt > Au > Rh

% + PGE sulphide mineralization is not confined to discrete reefs but rather occurs as
wide zones of disseminated sulphides of variable concentrations

< MwuHepanusaumsa MMl B cynbdumaax He orpaHuyeHa rpaHvuamum pudoB a ckopee
npeacraBneHa Kak LUMpOKasi 30Ha pacCesiHHbIX B OpPasfiMYHbIX  KOHLEHTpaumsx
cynbpnaos.

Fig. 13. Mineralization features of Fedorova deposit. Puc. 13. OcobeHHocmu MmuHepaau3ayuu MecmopoxcoeHus
Pedoposa.

COMPLETED / BBIITIOJIHEHO ( konen 2007 r.):

INFILL DRILLING - 168 holes, 41,184m.
PA3BEOOYHOE BYPEHUE — 168 ckBaxuH, 41 184 nOroHHbIX METPOB.

METALLURGY - 13 holes, 2,613m.
TEXHOJIO'MYECKOE OINMPOBOBAHWE — 13 ckBaxuH, 2 613 nor.m.

» GEOTECHNICAL - 12 holes, 2,855m.
<  WHXEHEPHO-T'EOJIOTMYECKUE (TEOMEXAHUYECKUE) U3bICKAHUA - 12
CKBaXXMH, 2 855 NOroHHbLIX METPOB.
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IN PROGRESS / B CTAJIUU BBIITIOJTHEHUS (konen 2007 r.):

% STEPOUT AND DRILL TESTING (19 holes,4,868m completed to date, ~1,600m to

go).
< 3AKOHTYPHOE NONCKOBOE BYPEHWE (19 ckBaxuH, 4 868 nor. M. npobypeHbl
n~ 1600 M 3annaHnpoBaHbl, B CTaguu BbINOSTHEHWUS).

» HYDROGEOLOGY (4 holes, 987m completed to date, ~1,000m to go).
> TMAPOIEOJIOINMA (4 ckBaxuHbl, 987 nor. M. npobypeHsbl, ~1 000 BbINONHAKTCS).

FOUNDATION DRILLING (20 holes, 210m completed to date, 400m to go).
% BYPEHME MPUKOHTYPHbLIX YETBEPTUYHbLIX OTNOXEHW/A W TMOPO[L (20
CkBaxuH, 210 nor. M. npongeHo, 400 M. B cTaagnn BbINOSTHEHUS).

DS

o

K/
0’0

Fig. 14. Main geological results for Fedorova deposit at  Puc. 14. OcHOoBHble 2eos02udecKue pe3yibmamsl No
the end of 2007. MecmopocdeHuto Pedoposa Ha koHey 2007 e.
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Fig. 15. Geographic location and logistic conditions of  Puc. 15. ['eozpagho-skoHOMUYECKOE NO/I0XHCeHUe MecCmOopo*COeHUs
the Fedorova deposit. Dedoposa.

> Two open pits (Fedorovo West & East):

— 154,000 tpd, 5 phase mine plan.

— Mine life 18 years with one year pre-production.
> [Ba kapbepa (Pegoposa 3anagHasa n BoctoyHas):

- 192 000 TOHH/CYTKM, 5-T1 ha3HbIN NNaH pasBUTUS.

- Cpok akcnnyataumm 18 net ¢ 1 roaom NoaroToBUTENbHbIX paborT.
> 28,500 tpd flotation plant:

— Ni/Cu Pd/Pt/Au concentrate with 6.7% Cu/Ni, 98 ppm PGE concentrate grade

> 28 500 TOHH/CYTKM — NPON3BOANTENBHOCTL (prnoTaumMoHHON habpurkm

- MpounseoacTteo Ni/Cu Pd/Pt/Au ¢ 6.7% Cu/Ni, 98 ppm MITT.
> 230M m3 tailing storage facilities.
»  XBocToxpaHunuiie Ha 230 MrH. M>,
> 839M tonnes waste rock storage facilities.
> OTBanbl eMKOCTbI0 839 MITH. TOHH.
> 90M tonnes low grade ore storage facilities
> Cknap, HEKOHOMLUMOHHBIX N HU3KOCOPTHbIX pyA Ha 90 MIH. TOHH.
> Pre-feasibility Study: two open pits (300m and 150 m) with about 10 min
ones of ore annual production.
> BbinonHeHo npeaBaputensHoe TAO: aBa kapbepa (300 n 150 m rnybuHomn)
C npousBoauTenbHOCTLIO 10 MITH. TOHH B rof no pyae.
> Feasibility Study (by Barrick Gold): to be completed in October 2008.
> T30 npoekta 6ygeT BbinonHeHo koMmnaHuen bappuk Mong k oktabpto 2008 .
>
>

—

Mining start up in early 2012.

[MnaHupyembli CPOK Havana akcnnyaTaumm — Hadvano 2012 r.
Fig. 16. Project Fedorova deposit - plan for development . Puc. 16. I1nau pazsumusi mecmopodicderust Pedoposa.
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Fig. 17. Possible variant of Fedorova mine  Puc. 17. OduH u3 eapuaHmog pasmeujeHusi UHPpacmpykmypbl

infrastructure. pYyOHUKa.
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KOLA MINING GEOLOGICAL COMPANY LTD (KMGC) - PROSPECTING FOR
PGE IN THE EASTERN PART OF PANSKY TUNDRA AREA

000 «KOJIbCKAA FOPHO-TEOJIOTMYECKAA KOMINAHUA» -
MOUCKU MNIr B BOCTOYHOW YACTU NAHCKUX TYHAOP

Mark Ward, Executive Director, Mapk Yopa, reHepasbHblit AUPEKTOP,

Douglas MclLaughlin, Project manager, [arnac MaknyxnuH, meHegKep NPoeKTa,

Arkady Kalinin, Chief geology department ApKaguii KanvHWH, rnasHbI reonor,

Oleg V. Kazanov, MSc., Project geologist Oner B. KasaHos, reonor,

Vladimir Voitekhovich, Senior geologist, Bnagmumup BoliTexoBud, BeAyLLMiA reonor,

Kola mining-geological company Ltd. 00O "KonbcKas ropHo-reosiornyeckas kKomnaHma"

184209 Apatity, Dzerzhinskogo, 35, office 428 184209, AnatuTbl, yn.[3epxuHckoro, 35, opuc 428

Phone/Fax: (+781555)67848 Ten./®akc: (+781555)67848

E-mail: arkbema@com.mels.ru E-mail: arkbema@com.mels.ru
geogilc@com.mels.ru geogilc@com.mels.ru

" KOLA MINING-GEOLOGICAL
b 4 f‘% COMPANY — GENERAL
INFORMATION

» CONSOLIDATED Puma MiNERAL S CoRP. (PUMA) IS THE CONTROLLENG
SHAREHOLDER OF THE KoLA MINING-GHOLOGICAL COMPANY

* B2Go1p (CANADA, VANCOUVER) CARREES OUT GENERAL MANAGEMENT OF WORKS
OF THE COMPANY, AND IS THE PRINCIPAL INVESTOR

= KoLA MINING-GHOLOGICAL COMPANY OWNS 'TWO LICENSES IN 'THE MIEMANSK
REGION, AND EXECUINES GHOLOGICAL INVESTIGATIONS IN THE LICENSED AREAS: FILD
WORKS, MAFFING, LOGGING OF DRILL, CORE, SAMPLING, OFFICE WORK

s KMGC CONTRACTORS:

“CENTRAL KOLA EXPEDIMION JSC - DRELLING, GROPHYSICAL AND GEOCHEMICAIL,
SURVEY, SAMPLE PREPARATION

MEKHANOBR ENGINEERING ANALYT JSC - AGSAYING OF SAMPLES
IrenrEDasET JSC

Fig.1. General information about Kola mining-geological  Puc. 1.06was ungopmayus o komnanuu 000 "Kosnbckas 20pHo-
company Ltd. 2eo/102uvecKasi KomnaHus'",
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Fig. 2. KMGC license areas are situated in the central
part of the Kola Peninsula 100 km east from Apatity and
Kirovsk, 160 km away from Severonickel smelter, and
40 km from the nearest power line and raiway station. 2
KMGC licenses cover the eastern part of the Fedorova-
Pansky mafic - utramafic layered intrusion and its
extension to the east up to the head of Varzuga river.

Puc. 2. JluyensuouHvle yuacmku KITK pacnosazaromca 8
yeHmpasavHoli vacmu Koabckozo nosyocmposa e 100 km
socmoyHee 2. Anamumbul u 2.Kuposck, Ha ydaseHuu 160 km om
memasnaypau4eckozo koméuHama CegepoHukeav u 8 40 kM om
6auxcatiwell AUHUU 3/1ekmponepeday u xcenesHoll dopozu. [lee
auyeHsuu KITK 3aHumarom eocmouHyro uacms Pedoposo-
IlaHckoll paccaoeHHoU uHmMpysuu magdum-yabmpamagumos u
npomsi2ausaromcs kK 60Cmoky énjioms do Ucmokoe peku Bap3yaa.
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Fig. 3. KMGC started geological study of the area in 2002.
There was built a grid with 200 m spacing, in the detailed
areas with 100 and 50 m spacing. The grid was used to
carry out geophysical (magnetic survey and IP) and
geochemical survey (till sampling). Geological mapping
was executed using the same grid, but with study of areas
100 m wide left and right from the profile lines.
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Puc. 3. KITK Hauana ezeonozuveckoe usyweHue e 2002 2 c
pas6uekoll ocHogHoli cemu ¢ wazom 200 M u demaabHbIMU
yuacmkamu ¢ cemoto 100 u 50 m. [lo amoti cemu 8bIno/HEHO
eeogpusuyeckoe (mazHumHas ceemka u BIl) u eeoxumuyeckoe
usyyeHue niowjadu (0o onpobosarusi). I'eoso2uveckas coemka
6a3uposasacs Ha Mol e cemu, HO C pacuWUpeHuem 30Hbl
usyyeHust Ha 100 m es1e80 - 8npago om AUHUU NPOPUASL.
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Fig. 4. Magnetic survey appeared the most useful auxiliary
method of exploration. It helped to define some of
geological boundaries, to trace fault zones and dyke
bodies. IP method was proved to be non-effective under
conditions of the East Pansky massif. Geochemical survey
- till sampling - produced hard-to-interpret data and
showed numerous false anomalies connected with sulfide
pyrite-pirrhotite (without PGM) mineralization.

Fig.5. License area is poorly outcropped. Auxiliary
methods and geological mapping were not very
informative under these conditions, and the main
information about PGE mineralization was received with
drilling. More than 200 diamond drill holes (DDH) were
drilled in the area, average depth of DDH was 150 meters,

the deepest - more than 500 m.

Puc. 4. MazHumHas ceemKa 0Kasaadacb Haubosiee NOJAe3HbIM
8CNOMO2aMeNbHbIM pa38e00YHbIM MemodoM. OHa nomozaa
onpedesumso HeKkomopble 2eos102u4ecKue 2paHuybl,
J10KA/1U308ams 30Hbl pad3/aiomo8 u daliku. Memod BII nokazan
cebss HeagppekmusHbiM 8 ycaosusx BocmouHo-IlaHckozo
Mmaccusa. leoxumuveckass ceemka (00 onpobosaHus) daaa
mpy0HO  uHmepnpemupyemvle ~ OQHHble U  8blABUAA
MHO204UCAEHHbIE J0NHCHbIE AHOMAAUU, 06YCA08/1E€HHblE NUPUM-
nuppomuHosoli muHepaausayueii (6e3 MIIT).

r —

w3

Puc. 5. JluyeH3uoHHble 06HAdCEeHbI

yyacmku
BcnomozamenvHble Memodsl U 2eouzuka okazaaucs Majao
UHPOPMAMUBHBIMU 8 IMUX YCAOBUSX, U OCHOBHblE OAHHbIE O
MIIT" muHepaauszayuu 6blau nojy4eHsl 3a cuem 6ypeHus. bosee
200 cksaxcuH aamasHozo GypeHus co cpedHeli 2ay6uHoll 150 m
u MakcumanabHoll — 500 m 6bL1u npo6ypeHbl Ha AUYEH3UOHHBIX
yyacmekax.

n/0xo.
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Chuarvi (DDH : P-350)
22.1m @ 1.60 g/t PGM
Incl. 1.5m @ 8.33 g/t PGM

Kola Project
Compilation Map

East Chuarvi

P-413: 5.0m @ 12.2 g/t PGM
P-430: 16.7m @ 2.55 g/t PGM
P-441: 7.5m @ 7.57 g/t PGM

Predgorny (DDH : P-336)
16.4m @ 2.61 g/t PGM
Incl: 3.7m @ 4.74 g/t PGM

4.0m @ 10.86 g/t PGM

Churozersky (DDH : P-253A) ]
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Fig.6. Three levels with PGE mineralization were defined in
the area, which were called A, B, and C horizons. All these
mineralized horizons coincide with boundaries between
units of magmatic layering of the massif. The lowermost
horizon A is connected with the boundary between Lower
Marginal Zone and Gabbronorite Zone (GNZ). Horizon B
follows the boundary between two sub-units (GNZ1 and
GNZ2) of the Gabbronorite zone, this boundary got name
FWC (Footwall Contact). Horizon C traces the boundary
between Gabbronorite and Gabbro zones. Three levels of
PGE mineralization differ in Pt/Pd ratio.

A number of PGE occurrences (Sungiok, West Chuarvy,
Chuarvy, Bezymianny, Churozersky, Predgorny) and one
PGE deposit East Chuarvy were found in the East Pansky
massif, these occurences are connected mainly with
horizons A and B.

Puc. 6. B paspe3e 6blau 8bisisneHbl mpu yposHs MIIT
MUHepa/auzayuu, komopwvle noayvyuau Hazeauvue A, B, and C
2opu3oHmol. Bce asmu e2opusonmel coenadarom c epaxHuyamu
Mazmamuyvecku  cmpamu@uyupoeaHHblx  nodpaszdeseHutl.
HuocHutl eopuzoHm A cesi3aH ¢ epanuyetl mexcdy HuocHell
MapeunaavHotll (kpaesolii) 3oHoli u 3oHoli 'ab6bpoHOpumos
(GNZ). T'opuzonm B coomeemcmagyem zpaHuye 08yx nod3oH
(GNZ1 u GNZ2) I'a66poHopumosoli 30Hbl U NOAYYUA HA38AHUE
FWC (Footwall Contact). I'opuszonm C mpaccupyem epaHuyy
Medcdy 'a66poHopumosoli u I'a66posoli 30Hamu. Imu caou
MIIT munepaauzayuu pazauvaromesi no Pt/Pd coomHoweHuro.
B BocmouHo-IlaHckom — maccuge  6bl10  0GHAPYIHCEHO
3HayumesbHoe Ko/uyecmaeo nposigaeHuli (Cauetiok, 3anadHoe
Yyapewl, Yyapawl, besvimsiHublll, Yyposepckutl, [IpedzopHblii) u
00Ho MII' mecmoposxcdeHue - BocmouHoe Uyapswl Bce
nposie/eHusl C8sA3aHbl ¢ 20puzoHmamu A u B.

Fig. 7. East Chuarvy Pt-Pd deposit was found and
estimated by KMGC in 2004-2006. The main ore body of
the deposit is controlled by FWC (horizon B).
Mineralization was traced down to 350 m depth and 900
m along the strike, in the east the deposit is restricted by
fault zone. Thickness of the mineralized body is
changeable, the thickest intersection is 16 m. In the
central part the deposit is cut by gabbrodolerite dyke,
which significantly complicates its geological structure.
Reserves of the East Chuarvy deposit were estimated
according to C1+C2 category, and resources of its flanks
and deep horizons - according to P1 category. Ore
reserves (C1+C2) are 1 102 800 tons with average content
PGE+Au 7.89 g/t, including Pt 2.43 g/t, Pd 5.17 g/t, Au
0.29 g/t for cut-off grade Pt-equivalent 0.8 g/t.
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Puc. 7. Pt-Pd mecmoposcderHue Bocmounoe Yyapgbl 6bl10
omkpwuimo u oyeHeHo KITK e nepuod 2004-2006 2. OcHosHoe
pydHoe mesao cesizaHo ¢ FWC  (eopusonmom  B).
Munepanuzayus npocaexceHa Ha 350 M e eay6uHy u 900 m no
npocmMupaxuilo; Ha 60CMOKe MecmopoxcieHue O02paHUYeHo
30HOU paszaoma. MowHocmb pyodHO20 meaa U3MEHHUBA;
Makcuma/abHoe 3HayeHue cocmasasem 16 M. B yenmpanvHol
yacmu MecmopodcoeHue nepeceveHo datikoli
2abbpodosiepumos, 4mMo CYujeCmeeHHO OC/A0}CHSem e20
2eosi02u4eckoe cmpoeHue. 3anacsl BocmouHoe Yyapewl 6biiu
oyeHeHbl no kamezopuu C1+C2, a pecypcvl Ha paaHzax u Ha
2nyb6uHy - no kamezopuu P1. 3anacet pyder (C1+C2)
cocmasasrom 1102 800 m co cpedHUM cOO0epHCaHUEeM CYyMMbl
PGE+Au 7,89 2/m, ekawuas Pt 2,43 ppm, Pd 5,17 ppm, Au 0,29
ppm npu 6opmogoM codepicaruu 8 Pt- skeusasenme 0,8 2/m.
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Fig. 1. PGM-bearing Early Proterozoic layered intrusions
are the subject of intensive exploration works. At least 12
PGM projects are being performed at the moment in
Fennoscandia. The East Pansky area is located in the
central part of the Kola Peninsula and confined to the
northern edge of the Imandra - Varzuga rifting zone. The
geological background of the slide was taken from the
web-site of the Geological Survey of Finland.

Puc. 1. [lepcnekmusenvle Ha MIII' paxnHenpomepo3oiickue
paccaoeHHble UHMPY3uu A6A110mcsi 066eKmoM UHMEHCUBHbBIX
T'PP. Munumym 12 MIII' npoekmos ocywecmeasomcs 8
Hacmosiwee epems 8 PenHockanduHasuu. B.-Ilanckull maccue
pacnoJioxceH 8 yeHmpaavHoll yacmu Kossckozo nosyocmpoga
u  oepaHu4usaem ¢ cesepa  Hmandpa-Bapsyackuil
pugmozenHwblil nosic. 'eosnozuveckass cumyayusi Ha caaiide
npusedeHa €  UCNO/b308AHUEM  Mamepuaaos  cailma
T'eosno02uyeckoli cayxnc6vl PuHASTHOUU.
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- Bysikanorenno-ocaounpie odpasosaius Mmanapa-Bapsyrckoii crpykrypuoit 3oubt > 2424 + 5 mu. jer

20246 8 Km
i A (B

deoposo-Tlanckuii unrpysusubiii komiieke 2487 + 10 mun. ner
Maccuger: 1) ®enopora Tyuapa, 2) Jlactearp, 3) 3anaano-ITanckuii 4) Bocrouno-IlTanckuii

- Iosaueapxeiickue wenoynple rpauutel 2654 + 5 v, jer
I'pauntel 1 rpannto-ruciicsl Kosibekoro meramopguucckoro komiuiekea 2724 + 49 mu. sier

~

S PaspubiBrbie napyuenms

— NMuueHsnoHHble nnowaan Konbckon MK
Fig. 2. The East Pansky massif is the easternmost one of 4
mafic massifs of Fedorova - Pansky intrusive complex. (1-
Fedorova Tundra massif; 2 - Last'yavr massif; 3 - West
Pansky massif: 4 - East Pansky massif). The complex cuts
Archean gneisses and alkaline granites (pink and red
correspondingly) and in turn is overlain by mafic
volcanites of the Imandra - Varzuga zone (dark green).

Puc. 2. BocmoyHo-IlaHcKkuli Maccus - camblli B0CMO4HbIU U3 4-x
6azumossix Maccusoe DPedopoego-Ilanckoll uumpysuu (1-
®edoposa  Tyndpa, 2 Jlacmwessp, 3anaduo-IlaHckuliu
Bocmouto-Ilauckutli  maccuesl). Komnsekc  npopvleaem
apxelickue zHelicbl U uje104Hble 2paHumul (po308bill U KpacHbILl
ysem coomeemcmeeHHO) U 8 800 o4epedb Nepekpvleaemcs
OCHOBHbIMU 8YAKAHUMAaMu 30Hbl UmaHOpa-Bap3yza (memHo-
3e/1eHblll).

Fig. 3. The East Pansky massif (the right part of th
picture) is subdivided into 4 principal units listed from the
footwall (north) to the top (south): Marginal Zone (MZ),
Gabbronorite Zone 1 (GNZ1) and Gabbronorite Zone 2
(GNZ2) (gradations of blue) and Gabbro Zone (GZ)
(subzones of the Gabbro Zone are shown by gradations of
green). Three stratigraphically controlled PGM-bearing
levels were identified at the boundaries of units.
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Puc. 3. BocmouHo-Ilaxckuii maccus (npasasi yacmes pucyHka)
cocmoum u3 4-x 2n1a8HbIX nodpasdeseHull, nepevucaeHHbIX om
ocHosaHusl (cesep) k eepxHell wacmu (we2): MapeuHaavbHas
(kpaesasi) 3oma (MZ), TI'ab6poHopumosass 3ona 1 (GNZ1),
T'a66ponopumosas 3oHa 2 (GNZ2) (ommenku cuHezo) u 30Ha
T'a66po (GZ) (2 nod3oHbl nokasaHsl 8 2padayusix 3e,eH020).
Tpu "cmpamuepaguuecku” kKonmpoaupyemwvix caos ¢ MIIT
MuHepaausayuell  6blL1U  NPOCAEHCEHbI N0  2PAHUYAM
nodpasdeseHull.
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Fig. 4. Magmatic stratigraphy of the East Pansky
massif shows a cyclic structure. The subdivision is
based on cumulus associations. Pyroxenites and
olivine-bearing cumulates are typical for the footwall
parts of the cyclic units (zones). Each unit shows
specific cumulus associations, rock textures and
chemistry. GNZ2 and GZ cyclic units are considered to
be formed as a result of magmatic chamber
replenishment by new portions of fractionated
magma. PGM Zones are confined to the boundaries of
cyclic units:- PGM Zone A; GNZ1 - GNZ2 boundary -
PGM Zone B; GNZ2 - GZ boundary - PGM Zone C.

Puc. 4. Mazmamuueckass cmpamuepagusi BocmouHo-IlaHckoz2o
Mmaccusa nokasvleaem yukaudeckoe cmpoeHue. [lodpasdesneHus
6asupyromcsi Ha KyMy/AycHulx accoyuayusix. [lupokceHumvl u
0/1UBUH-cOdepacawue KyMy/1ambl munuyHbl das
NpuKOHMaAkmMoeblx  yacmell  yukauveckux  30H.  Kaoswdoe
nodpazdeseHue umeem cneyu@duuHbvle KyMYAHCHble accoyuayuu,
cmpykmypy nopod u xumuveckuii cocmas. Cuumaemcs, ymo GNZ2
u GZ yukaudeckue nodpaszdesneHusi chopMupos8aHsl 8 pesyabmame
Nn0BMOPHO20 HANOJHEHUS Ma2Mamu4eckoll Kamepbl HOBbIMU
nopyusmu  @pakyuoHuposaHHozo  pacniasa. MIII  meaa
npuypo4eHsl K 2paHuyam yukaudeckux nodpasdeseHutl: nodowsa
GNZ1 - MIIT 30Ha A, epanuya GNZ1 - GNZ2 - 30Ha B u epaHuya
GNZ2 - GZ - 30Ha C.

1. Pyroxenites and olivine — bearing cumulates in the ba

of an overlying unit

2. Abrupt changes of cumulus associations, textures and

rock geochemistry
3. Magmatic erosion

1. NMUPOKCEHUTBI U ONTMBUH-COAEPIKALLUNE KYMYNaTbl B
OCHOBaHWM Bbillenexawmx nogpasaeneHunii

2. Pe3kne naMeHeHns KyMynyCHbIX acCounauun, TEKCTYE

reoxmMmmnm nopon

Fig. 5. Indications of East Pana cyclic units (zones)
boundaries.

Puc. 5. HHOukamopbvl zpaHuy yukauveckux nodpasdesneHuli
BocmouHo-IlaHckozo maccusa.
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Fig. 6. Olivine-bearing cumulates (purple colors) mark the ~ Puc. 6. OausuH-codepicawjue Kymysaamel (Au108slli ysem)
base of GNZ1 unit. Red colored lenses - low sulfile PGM  mapxkupyiom  ocHosaHue GNZ1. KpacHvle uH3bl -
mineralization, identified as PGM Zone A. Discontinuous  masocyab@udHas muHepaauzayus, udeHmugduyupyemas Kak
mineralization is confined to the top and footwall of the =~ MII' 30oHa A. Ilpepbvieucmas MuHepaausayusi 02paHu4eHda
olivine-bearing package. nodoweoli u Kpos./eli 01usuH-codepicaujeli moauu.
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Fig. 7. East Chuarvi section. Abrupt change of cumulus
associations and whole rock geochemistry at GNZ1 -
GNZ2 boundary (also named FWC - “footwall contact”).
GNZ2 rocks are much richer in incompatible components
and seem to originated from more fractioned magma
than magma which formed underlying GNZ1 unit.

CROSS-SECTION
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E
Fig. 8. Western flank of East Chuarvi deposit. A pothole-

like depression structure in the footwall of GNZ2 unit. The
boundary of cyclic units cuts the hanging wall of GNZ1
unit, including low-sulfidle PGM mineralization of PGM
Zone B.

Puc. 7. Koaouka M. BocmouHoe Yyapebwl. Pe3koe usmeHeHue
KYMYJIYCHbIX accoyuayutl u 2e0XuMuu émewaroujux nopod Ha
epanuye GNZ1 - GNZ2 (makace umenyemoti FWC - “footwall
contact”). llopodvl GNZ2 HamMHO20 6ozaye HeCoHeMarWUMUCS
KOMNOHEHMamu U 6bleA1s105Im B03HUKWUMU 3a cvem 6o0/ee
PpakyuoHUpOBAHHOU Ma2Mbl, YeM pacn.aas, 3a cuem Komopozo
cgpopmuposaro nodcmuaaroujee nodpaszdeserue GNZ1.
v g

Puc. 8. 3anaduvliii ¢paavz mecmoposcdeHus BocmouHas
Yyapsewsl. Cmpykmypa kom.1006pa3Hotl denpeccuu 8 Jexcayem
60Ky 30Hbl GNZ2. Tpanuya yukauveckux nodpasdesneHull
cpezaem eucsiyuli 6ok 30Hbl GNZ1, 8 mom uyucae
manocyavgudHyto MIII" muHepaauzayuro 30Hb! B.
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GNZ 2

GNZ 1

LMz

PGM minerakzation Zone B

——

" = PGM mineralzation Zone A
Fig. 9. A schematic long section of the central part of
East Pansky massive, Chuarvi - East Chuarvi -

Churozerski area. GNZ1 - GNZ2 boundary (FWC)
penetrates into different levels of underlying
stratigraphy. It is important that areas where the
contact reaches the level of poikilitic rocks of GNZ1 are
much more favorable for PGM mineralization than
other ones.

- The base of GNZ1

Fig 1. A scheme showing penetration of FWC to different levels of GNZ1 stratigraphy. Please note that neither vertical nor horizontal scales are maintained

Puc. 9. CxemamuyHbwlli npodoabHbLll paspe3 ceHmpaabHol yacmu
BocmouHo-Ilanckozo maccusa, Yyapeel — BocmouHoe Yyapsul —
Yypo3sepckutl yuacmok. I'panuya GNZ1 - GNZ2(FWC) nponukaem
8 pas/UYHble YPOSHU NOJCMUAAIOWUX CMpamu@uyupo8aHHbIX

nodpasdenenull. BajxcHo, uymo yuacmku, 2de KOHMAKmM
docmueaem ypoeHs noUKuaumosvlx hnopod 3o0Hbl GNZ1,
s845110Mcsl Haubosee  6/1a20NPUSIMHBIMU das MIr

MUHepaausayuu cpeau 8Cex 0CMAaAJibHbIX.

- MNopowBa 30HbI GNZ1

- High grade mineralization with Pd/Pt =4.5 - 6
- Bbicokne KoHUEeHTpaumm ¢ COOTHOLLEHUEM

Pd/Pt=4,5-6

- Traced over 12 km along striking
- [NpocnexeHa 6ornee 12 KM BAOMNb NPOCTUPaHUSA

- Discontinuous ore bodies
- lNpepbiBUCTLIE PYAHbIE TENA

Fig. 10. Main features of PGM zones of the East Pansky
massif: PGM ZONE A.

Puc. 10. OcHosHble nokazameau MIIT" 30161 A BocmoyHo-
IlaHckozo maccuea.

DDH | Location | Target From To Int. Au Pt Pd PGE+Au Pd/Pt
(m) (m | (m | (@) | (@ | (g (9/9 Ratio

P467  Chuarvi Zone A 236.4  239.6 3.2 0.09 0.73 3.62 4.44 5.0
Incl 236.4 2379 15 0.16 1.15 6.00 7.31 5.2

Incl 2379 2396 1.7 0.03 0.35 1.45 1.83 4.1

P469  Chuarvi Zone A 3915 3858 4.3 0.11 0.58 3.45 4.14 5.9
Incl 3839 3842 0.3 0.36 1.66 8.54 10.56 5.1

Incl 3855 3858 0.3 0.17 1.8 12.50 14.47 6.9

P473  Chuarvi Zone A 2242  226.8 2.6 0.14 0.60 3.51 4.25 5.9
Incl 2254 2258 0.4 0.57 229 1330 16.16 5.8

2615 263.6 21 0.06 0.45 1.46 1.97 3.2

Incl 2619 2622 0.3 0.18 1.22 4.17 5.57 3.4

Fig. 11. Selected assays for Zone A mineralization.
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Puc. 11. Bvibopka no aHaauzam 0151 30Hbl MUuHepaauzayuu A.



- GNZ1 - GNZ2 boundary
- 'paHnua GNZ1 - GNZ2

- High grade low-sullfide mineralization with
Pd/Pt =1.5 - 2.2

- boratasa MMHepanusaymna B Mano-cynb@uaHbIX
pyaax c cooTHoweHunem Pd/Pt =1.5 - 2.2

- Traced over 18 km along striking

- MpocnexeHa 6onee 18 KM BAO/Ib NPOCTUPAHUS

- E. Chuarvi PGM deposit and minor occurences

- MecTtopoxaeHue B. HyapBbl U BTOPOCTEMNEHHbIE

nposaBsieHUN4A
Fig. 12. Main features of PGM zones of the East Pansky =~ Puc. 12. OcHosHble nokazamesau MIII' 3onbl B BocmouHo-
massif- PGM Zone B. Ilaxckozo maccusa.

- GNZ2 - GZ boundary
- 'paHnua GNZ2 - GZ

- High grade low-sullfide mineralization with
Pd/Pt =1

- borataa MnHepanusauusa B Mano-cynb@uaHbIX
pyAax c cooTHolweHnem Pd/Pt =1

- Unknown potential
- Hensy4deHHbIW noTeHumnarn

Fig. 13. Main features of PGM zones of the East Pansky = Puc. 13. OcHosHble nokaszamesau MII 3oHbt C BocmouHo-
massif: PGM Zone C. IlaHckozo maccusa.

i “.‘.‘ Bl e \ 1- Sl /,,“‘

Fig. 14. Geological map of East Chuarvi PGM deposit . Puc. 14. eosnozuueckasi kapma mecmopodxcdeHusi BocmouHoe
Yyapebi.
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P-386—58.8M

Fig. 15. Footwall Contact (Drill Hole P-386).

OPX — PLAG CUMULATE
s il
GNZ2

PLAG — CPX CUMULATE
Bl
GNZ1

Puc. 15. "Footwall "(eparuya nodsoH) konmaxkm (ckeaxcuHa P-386).

FaccToaHne 40 KpOBMW roOpHU30HTa NOMKMNMTOBbLIX rabbpoHopuToB: 4ucno Habmoaenwin 276, cpegHee -6.9, cTaHgapTHoe oTKNoHeHne 15.1, makcumansHoe 56 .4,

MUHMManeHoe -64.9
55
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Fig. 16. Stratigraphy factor. GNZ1 - GNZ2 boundary
(FWC) is a level attracting PGE mineralization. The
histogram shows distribution of PGM-bearing samples
(Pt eq* 20.5 g/t) around FWC (thickness in drill holes).
Most of PGE-bearing samples are well below the FWC
(mean value 9.5m beneath the FWC marker). 95% of
mineralized samples are inside 2sigma interval, i.e. (-
10) +22m (+12 ... -32 m from the FWC).

*- Platinum equivalent grade: Pt eq = Pt +0.285 Pd.
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Puc. 16. ®akmop cmpamuguyuposanHocmu. I'paHuya GNZ1 -
GNZ2 (FWC) - yposeHb o6ozaweHuss MIII muHepaausayueti.
T'ucmozpamma nokasvigaem pacnpedenenue MIIT-codepycaujux
o6pasyos (Pt eq* 20.5 g/t) 8 3agucumocmu om ydasenuss om FWC
(mowHOocmb onpedesena 6 ckeascuHax). Boavwas wacme MIIT
CKOHYeHmpupogaHa HenocpedcmeeHHo nod FWC(s unmepsase
9,5 m Husce mapkepa FWC). B npedesvl cpedHeksadpamu4Hozo
omk/a0oHeHus1 nonadaem 95% MuHepau308aHHbIX 06paA3yo8, m.e.
(-10) # 22m (om -32 do +12 m om FWC).

IlnamuHosbiii skeusasenm: Pt eq = Pt +0.285 Pd.
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Distribution of PGE-bearing sapmles at different selection criteria among petrographic species
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G mot - mottled gabbro and leucogabbro, mainly coarse grained (Plagioclase cumulates)

GN fg poi - fine to medium grained poikilitic ites (P - Augite

GN cg-pg - coarse grained to usually quartz-bearing (F - Opx - Augite I

Px cg-pg - Px norites,

Other - completely altered, mainly tectonized rocks of indefinite initial composition

Fig. 17. Lithology factor. Low grade PGM mineralization is
evenly distributed among all lithological varieties of rocks
that occur near FWC. High grade mineralization is
selectively confined to coarse grained and pegmatoidal
rocks of contrast composition - quartz-bearing
gabbronorites and, especially, melanocratic
gabbronorites and pyroxenites (oPx - Cpx cumulates).

(Opx or Opx-Augite cumulates)

Puc. 17. Ilempozpagpuueckuii ¢pakmop. Huskue koHyeHmpayuu
MIII' muHepaausayuu pasHOMepHO pacnpedesieHbl cpedu Bcex
JIUMO/I02UMECKUX ~ pasHosudHocmell nopod,  pacnoNoNCeHHbIX
ebausu FWC. Bbvicokue KoHyeHmpayuu codepxcamcs 8 2py6o-
3epHUCMbIX U Ne2MaAMOoUdHbIX NOPOOax KOHMPACMHO20 CMPOEHUST —
Keapycooepxcaujux 2a66poOHOPUMAx U, 0CO6eHHO, MeAaHOKPAMO8bIX
2abbpoHopumax u nupokceHumax (oPx — Cpx kymy/amot).

Pt eq - S correlation diagram for PGE mineralized samples of E. Chuarvi (Pt eq > 0.5 ppm)

40 T T T T T T
"= mottled gabbro G mot
“» poikilitic fine-medium grained gabbronorites  GN fg poi
35 » coarse grained and pegmatoidal gabbronorites  GN cg-pg
" norites N cg-pg ©
o other
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25 | - ]
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o
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5 .
0 .

0.0 0.2
Factors controlling PGM
mineralization: Sulfide mineralization

Fig. 18. Sulfide mineralization factor. Strong positive
correlation between sulfides and PGM grades is obvious.
But it is important to note that 1% sulfides in rocks is
enough to contain any PGM grades.
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Puc. 18. Cyavgpudnviii pakmop. OuesudHa xopowasi npsamas
Koppesasayusi 8 KoHyeHmpayusix cyavgudos u MIII. Oduako
8axcHo ommemums, Ymo 1% cyavgpudos docmamouHo 045
HaAu4us 006bix codepcanuti MIIT.
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Sperrylite

PtAs2
24,1%

MINERAL BALANCE OF PT MINERAL BALANCE OF PD

Kotulskite Braggite
Moncheite (Pd,Pt)Te Solid solution in (Pt,Pd)S
(Pd,Pt)Te2 0,1% Pt5Te7 Pentlandite 7.1% Vysotskite
5,9% 1,7% 45,9% 18740 (Pd,Pt)S

21,4%

3,2%
Stillwaterite
Braggite Pd8As3
Pt,Pd)S

( 57,2°)/a 0,7% 18,8%
11,0% Palladoarsenide o Kotulskite
Srln Pd2As 1,9% 0,9% Pd.PT
g PdsxTe | (PdAuexas FOPUT

Fig. 19. Mineral balance of Pt and Pd. Puc. 19. PacnpocmpaneHnue munepasiog Pt u Pd.

PGM minerals intergrowth with sulfides or dissolved in them — good
floatation results

MwuHepanbl MINIT npopacTtatoT ¢ cynbduaammn nnm pacTBOpPsOTCA B
HUX — XOpOLUMIA pe3yrnbTaTt driotaumm

No Pt-Pd alloys — good floatation results
HeT Pt-Pd cnnaBoB - xopowun pesynbTaT dnotayum

Large (up to700mkm) grains PGM minerals — possibility of efficient
gravity concentration

Bonbwue (o 700 mkm) 3epHa MnHepanoB Ml — BO3MOXXHOCTb
058 9 ekTUBHOro rpaBuTauMoHHOro oboraweHns

High results of “metallurgy” test - recovery to concentrate: Pt -86%,
Pd - 85.5%

XopoLune pesyrnbTaTbl NPOMbILLIIEHHbIX UCNbITAHUA — U3BEYEHNE B
KoHueHTpaT: Pt -86%, Pd — 85.5%

Cheaper gravitational — floatation processing technique

[elweBoe TexHonormyeckoe obopygoBaHue rpaBUTaLMOHHO-
dnoTaunoHHoOro oborawleHus

Fig. 20. PGM mineralogy - technological properties Puc. 20. TexHono2uueckue ceoticmea muHepanos MIIT.
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Pt+Pd, ght

OAHMAVAARA

O FEDOROVA

B KONTIJARVI

BESK REEF

BW. PANA, LLH

B LUKKULAISVAARA
BE. CHUARVI

Puc. 21. ConocmasseHue codepacaruii MIIT.
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Fig. 21. Comparison of PGM grades.
Pd/Pt
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Fig. 22. Comparison of Pd/Pt ratio.
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Puc. 22. Conocmassenue koaggduyuenma Pd/Pt.
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Fig. 23. Comparison of PGM recovery, %.

Puc. 23. ConocmassieHue no cmenenu usesieverus MIIT, %.
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% Megacyclic structure of the intrusion has been identified,
stratigraphy is being used as an exploration tool

< YcTaHoB/eHa Meraymknmyeckas CTpyKTypa UHTPY3uu,
cTpaTudUKaLmMsa UCNosb30BaHa B Ka4yecTBe pa3BeoYHOro
MHCTPYMEHTA.

<+ 3 zones of low-sulfide PGM mineralization were discovered at
the footwall packages of megacyclic units GNZ1, GNZ2 and GZ

% bBblnn obHapyxeHbl 3 30HbI ManocynbdpuaHon ¢ MIMr
MUHepanu3aumm B ocHoBaHuu Merauuknos GNZ1, GNZ2 n GZ

% Factors controlling mineralization:
- Stratigraphy factor
- Low sulfide mineralization factor
- Indistinct lithological control

% ®aKTopbl KOHTPO/IS MUHEpPANN3aLnN:

- CTpaturpadunyeckmm

- Hannumne manocynb®dunaHom MMHepanm3auum
- HeoTueTnnebIn NUTONOrMYECKN KOHTPOJIb

Fig. 24. Main geological results. Puc. 24. OcHogHble 2eo/102utecKue pe3y1bmameol.

% A low tonnage but high grade PGM deposit has been
explored, resource calculation according to Russian
regulation has been done

< Pa3BenaHo MecTopoXaeHue Cc HeboiblUMMKM 3arnacamm, HO C
BbICOKMMM COAEPXKAHMUSAMU; BbINOAHEH NOACYET 3anacoB B
cooTBeTcTBMM ¢ Poccmmckmumm tpeboBaHnsamMm

% Positive metallurgy test
% [lonoxuTtenbHble MeTannypruieckme UCrnbiTaHus
% Positive prefeasibility study

< MonoxwutenbHble pe3ynbTaTbl NpeaBapuUTE/IbHON CTaaumn
OLIEHKN MEeCTOpPOXAEHUS

% Results submitted to government and approved

% Pe3ynbTaTbl NpeacTaB/ieHbl HA PaCCMOTPEHUE U
yTBEPXKAEHbLI OpraHaMum BJ1aCTU

% The company is expecting a production license

%  KoMnaHusa odpopMngaeT A40ObIYHYIO NNLEH3UIO

Fig. 25. Exploration results. Puc. 25. Pesysbmameot pazgedku MecmoposicoeHust.
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PGE-BEARING OBJECTS IN A W—E TRENDING BRANCH OF THE
MONCHEGORSK MAFIC LAYERED COMPLEX (MMLC): GEOLOGY AND
LEVELS OF PGE-MINERALIZATION

NNATUHOMETANNbHbLIE OB BEKTbl CYELWWUPOTHON BETBU
MOHYEMNNYTOHA: TEOJIOTUA W OCOBEHHOCTU NOKAJIU3ALWUN 31T -
OPYOEHEHUA

Pavel. V. Pripachkin, PhD,
Expert of Project

Tat'yana V. Rundkvist, PhD,
laboratory of PGE-forming processes

Geological Institute,

Kola Science Centre, RAS

Apatity,184209, Fersman str. 14

E-mail: pripaul@rambler.ru
rund@geoksc.apatity.ru

The given contribution is based on results of a PGE
exploration in the Monchegorsk area (the
Monchegorsk Mafic Layered Complex: the Monche
Pluton, and the Monche-Tundra Massif) carried out
in 1999-2001. The Central Kola Expedition (CKE,
Monchegorsk) and the Joint Stock Company
“Pana” (Apatity) took part in the project. The final
CKE's report was presented in 2002 (chief author
V. S. Voitekhovich). Co-authors representing the
JSC “Pana” were geologists P. V. Pripachkin and
A. A. Efimov who had done the greater part of
mapping and sampling in the following areas:

“Monchetundrovsky”, “Sopchinsky (the eastern
part of the massif)”, “Nud-Critical Horizon”,
“Vurechuaivench”, “Gabbro-10” and
“Moroshkovoye  Lake” and  T.V.Rundkvist

(cumulus stratigraphy of the Vurechuaivench
massif). In the beginning of the project
S. M. Karpov, V. V. Subbotin and K. O. Dudkin
(the JSC "Pana™) participated in field works, in

particular, in the “Nud”, “Poaz” and “Pentlanditovy
Brook™ areas

As a result, the Vurechuaivench Massif, the eastern
margin of the Sopcha Massif and the
“Moroshkovoye Lake” area were distinguished as
the most promising PGE-bearing objects. The
subsequent prospecting works carried out by
geologists from the Kola Mining-Metallurgical

Company provided insights into the geological

structure and PGE potential of all these objects

All the refered reports are stowed in CKEs archives

The authors thank Dr.V.V.Balagansky (Geological
Institute KSC RAS) for his help in creating this
contribution.

Brief information about the MMLC
v" The MMLC is situated in the central part of the

N asen B. MpunayvkumH, K.r.-m.H.,
akcnept MNpoekTa

TaTbAHa B. PYHAKBUCT, K.r.-M.H.,
nabopaTopua NAATUHOMETAI/IbHOTFO pyAoreHesa

FeoN0rMyecknii MHCTUTYT

KHL, PAH

AnaTtutbl, 184209, yn. PepcmaHa 14

E-mail: pripaul@rambler.ru
rund@geoksc.apatity.ru

JanHas mnyOnukanus Obula clellaHa 10 pe3ysbTaTram
MOUCKOBBIX pabOT Ha MeTaulbl IUIATUHOBOM TpYyMNBEI B
Mounueropckom parione (Monueropckuit u
MoHueTyHOpoBCKHi MaccuBel) B 1999-2001 romax. B
npoekre yuyactBoBann OAO  «llenrpanbHo-Konbckas
Oxkcrreaunus (HUKD)» (r. Morueropck) u OAO «[lanay (T.
Amnaruter). OT4eT 1o pe3ynpTaTaT™ padoT ObLI 3aIIUIICH B
2002 rony (OTBETCTBEHHBIH HUCIIOTHUTEND
B.C.BoiirexoBuu, OAO IIKD). CoaBTOpaMu co CTOPOHBI
OAO «llana» sBmsuuce reonoru ILB.[lpunmaukun u
A.A.EdumoB, BBINOJIHUBIINE OCHOBHOH 00beM paboT Mo

y4acTKaM «MOHYETYHIPOBCKUIY, «ComyuHCKHH
(BoctouHas uacTh MaccuBa)y, «Hrox-Kpurnueckuit
l'opuzonTy, «BypauyaiiBeHu», «I"a66po-10» u

«MopomkoBoe o03epo» u T.B.PyHmkeuct (kymymycHas
crparurpagusi mMaccuBa BypauyaiiBenu). Ha nawampHOM
starie (B ToM umcine mo ydactkam «Hiom», «Iloaz» wu
«[leHTIaHAUTOBEIN pydYeil») B TOJEeBBIX paboTax co
croponsl OAO «Ilana» npunumanu yyactue C.M.Kaprmos,
B.B.Cy66otus u K.O.dyaxus

B pesymbrate 3THX paboT ObUIM BBLAETICHBI Hauboiee

nepcnektuBHble  Ha Ol  00BEKTHI —  MaccuB
BypouyaiiBenu, BocrouHblii ¢uanr MaccuBa Cormya,
yyacTok  «MopomkoBoe  o3zepo». B pesynbrarte

MOCTEIYIONINX Pa3BEeAOYHBIX paboT, MPOBEACHHBIX CHIIAMHU
«Konbckoit  T'opHo-Meramnyprudeckot — Kommanumy,
Jetayn reojormdeckoro crpoenus u OlIl-morenmman
HCCIEYyeMbIX YYacTKOB OBIIM CYIIECTBEHHO YTOYHEHBI.
Bce nmpuBoauMBIE B CCBUTKaX OTYETHI HAXOIATCS B (OHIAX
KDS.

ABTOpBI BBIPAXKAOT GnarogapHOCTh JI.T.-M.H.
B.B.banaranckomy (I'eomornueckuii nactutyt KHI[ PAH)
3a MMOMOIIF B IIOATOTOBKE 3TOH pabOTHI.

KpaTKne CBE/ICHUHA O MOH‘[eFOpCKOM IJIyTOHE

v' MOHYEIUTYTOH DACIIOJIOKEH B
Konsckoro nonyocrposa

LIEHTPaJIbHON  YacTu
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Kola Peninsula

The MMLC (ca. 60 square km) consists of two
branches: N-E trending (the Nittis, Kumuzh'ya
and Travyanaya (NKT) massifs) and W-E
trending (the Sopcha, Nud and Poaz massifs)

The MMLC is a typical layered mafic-ultramafic
complex. The MMLC belongs to the peridotite-
pyroxenite-gabbronorite formation of the Kola
Belt along with the Generalskaya Mountain and
Fedorova-Pana massifs. Tectonically, all these
massifs are located between volcano-sedimentary
Paleoproterozoic rocks of the Pechenga-Imandra-
Varzuga palaeorift and the Archaean basement

The industrial complex "Severonickel"
established in 1939, February 23

was

v MonuemiyToH (miomanas okoyio 60 KB.KM.) COCTOUT W3

JIBYX BETBeH — cyOMepHuIuoHanbHOW (MaccuBbl Hutrnc-
Kymyxbs-Tpassnas ( HKT)) n cyOmmporHo#l (MaccuBbl
Comua — Hron — IMoa3)

MOHUEMIYyTOH — TUWYHBINA PacCIOCHHBIN yIbTpaMaduT-
MauTOBBIH MaccuB. [IpHHAAIEXKHUT K TNEPUAOTHUT-
MTUPOKCEHUT-TaO0POHOPUTOBOH  (opMaruy, OOBEKTHI
KOoTOpoil coBmecTHO ¢ r.'eHepanbckoii u denoposo-
ITarckum mMaccuBoMm (PIIM) Bxomst B Kombckuii mosic ¢
OHOTHITHBIM T€OTEKTOHUYECKIM MIOJI0KEHIEM
WHTPY3UBOB: Ha TPAHHUIE BYJIKAaHOT€HHO-OCAJOYHBIX
mopon  Ileuenro-Mmannpa-Bap3yrckoit  mameopudTo-
TEHHOH  CTPYKTYphl M  JIPEBHEUIIMMH  MOPOAAMH
OCHOBaHMS

23 cespans 1939 roma - meHb poxIeHHs KOMOMHATA

«CeBepOHI/IKeJIL »

Fig. 1. A view on the industrial complex "Severonickel”
from the eastern slope of the Sopcha Mountain.

v

v

v
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Criteria for prospecting noble metals in the
Monchegorsk area

Investment into the regional economics by
prospecting of new types of minerals (PGE, Au,
diamonds, chromites etc.) are needed

Local mineral resources for the industrial
complex “Severonickel” were depleted and since
1971 when the last mine was closed nickel-
bearing ores have been brought only from the
Pechenga and Norilsk areas

Investigations of the Fedorova-Pana massif

v" Heo6Xx01uMOCTh

Puc. 1. KombuHam «CegepoHukeab» (8Ud C 80CMOYHO20 CKAOHA
2. Conua).

IIpeanochlIKHM MOUCKOB 0.1arOPOAHBIX MeTALVIOB B
MoHueropckom parione

TIPHUBIICUCHUS WHBECTHUIUI B
00JaCTHYI0 SKOHOMUKY 32 CYET IOHCKOB HOBBIX BHJOB
mone3Hplx  mckomaemerx (DI, 3omorta, anMasos,
XPOMHTOB U T.1.).

Hcromenne MuHEpaIbHO-CHIPhEBON 0a3bl KOMOHMHATa
«CeBeponukenb», rae eme B 1971 romy 3akpbuiach
MOCNEAHsASl  IIaXxTa M ChIpbe  CTal0  IOJIHOCTBHIO
npuBo3HBIM («[leueHrannkensy», Hopuinbck).

v" Otkpeitre B 90-x Togax KonbCkoil MmIaTHHOMETAILHOMI
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carried out by the geological Institute of the Kola
Science Centre RAS led to the discovery of the
Kola PGE-bearing Province in the 1990s

NMPOBHHIMK B pe3yinpTare pabor ['eomormueckoro
HHCTUTYTA B npenenax denoposo-Ilanckoro maccusa.

Fig. 2. Chief geologist of the JSC “Pana” A. U. Korchagin,
academician of the RAS F. P. Mitrofanov (third from
right), JSC “Pana” employees and research scientists from
the Geological Institute of the Kola Science Centre RAS
investigate the position of a PGE-bearing reef in details.

An actual quotation

“After the Fedorova-Pana massif a second important
object is the Monchegorsk intrusion... The
Monchegorsk intrusion displays the both background
elevated and local high concentration of PGE the areal
distribution of which is extremely irregular, and a
quantitative estimation of the PGE mineralization in
this object needs purposeful prospecting works
throughout the Monchegorsk and Moncha-Tundra
massifs”

Mitrofanov F. P., Balabonin N. L. et al. 1999. The Kola
PGE-bearing province: new data. In: Russian
Platinum. V. P. Orlov (chief editor). Issue 3, p. 43.

The main stages of investigations of PGE
mineralization in the Monchegorsk area

« The general high content of PGE in Cu-Ni ores in

Puc. 2. [Jupekmop u [Inasnulii zeonoz OAO "llana” -
AY. KopuazuH, akademuk PAH @.I1. MumpogaHos (mpemuti
cnpasa), compydHuku Ilanel u uccaedosameau 'l KHI] PAH
demasbHo usy4arom u ymouHsiom nosaoxceHue MIIT-
codepacaujezo puga.

AK’I‘yaJ’leaﬂ nurarTra

«Btopoit mo 3Haummoctu nocie Penoposo-Ilanckoro
MaccuBa  sBIAeTcs ~ MOHYEropckas — HHTPY3HSA...
MOBBIIIEHHbIE  ()OHOBBIE W aHOMAaJbHO  BBICOKHE
koHueHTpauun MIIIT pacnpenenensl B Hell KpaiiHe
HEpaBHOMEpPHO, 0e3 SBHBIX 3aKOHOMEPHOCTEH, TaK 4TO
Juist 0OOCHOBAHUsI MacIITa0OB IIATHHOHOCHOCTH 00beKTa
TpeOyIOTCsl  LieJieHaNpaBJIeHHbIe ITOMCKOBO-OIICHOYHbIE
pabotsl BO BceM o0beMe  MOHYEropckoro u
MoOHUYETYHIPOBCKOTO MacCUBOBY»

Mumpodghanoe .11, Banabonun HJL u 0p., «Konvckas
NAAMUHOMEMAIIbHASL  NPOGUHYUSL,  HOBble  OAHHbIEY,
Inamuna Poccuu, 1999, m.3, cmp.43.

OcHoBHbIe 3Tanbl H3ydyenus JIII'-mMunepanuzanun B
MoHueropckom paiione

% OOwas noblieHHas mwiaTiHOHOCHOCTh Cu-Ni pya
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Fig. 3. A composite scheme of layering and localization
of ore mineralization in the MMLC (Voitekhovich et al,

the Monchegorsk area has been known since 1930

The first fragmentary reports about Pt and Pd were
published only in 1960-1970 years (Rutshtain,
1964, Yushko-Zakharova et al., 1975, Sokolova,
1976). In particular, attention was drawn to the
elevated PGE content in sulphide-bearing veins in
the Nud, Kumuzhya, Travianaya and Sopcha
massifs

After prospecting works carried out by the
Central-Kola expedition in 1979-1982 (Sotnikova
et al., 1983), the MMLC was classified as a PGE-
bearing but non-industrial object

In 1998 exploration works for PGE were carried
out in the vicinity of the Vurechuaivench
Mountain (VM) and promising ore zones were
distinguished within the Vurechuaivench and
Gabbro-10 massifs (Shelepina et al., 1998)

In 1999 and 2000 a purposeful exploration for
PGE vyears started in the Monchegorsk area. This
was being carried out by the Central Kola
Expedition, Kola Mining-Metallurgical Company,
Joint Stock Company “Pana” and Geological
Institute KSC RAS in a close cooperation with
each other

Maccus Conya
Sopcha Massif

" 100

*,
*

Maccus Hioa-lMoas
Nud&Poaz massifs

rOpPU30HT

Monueropckoro paiioHa HM3BECTHA C MOMEHTa X
oOHapyxeHust B 30-¢ rojpl

[epBric pparMeHTapHbIC CBEeACHUS O Hanu4yuu Pt u
Pd otHocutcs aumb k 60-70 r.r. (Pyrmreiin, 1964,
IOmko-3axapoBa u np., 1975, Cokonosa, 1976). B
YaCTHOCTH, oOparaercss BHUMaHKUE Ha MOBBIIICHHOE
conepxanue OIII" B xxunbHbIX pyaax HKT u Comun

B pesymnprate pabot reoxummdeckort maptun LK
B 1979-82 r.or. (CorHmkoBa u 1p., 1983)
MoHuemTyToH OXapaKTEepHU30BaH Kak
TUTATHHOHOCHBIN, HO 0€3 MepCIeKTHB OOHApYKEHUS
MIPOMBIIIICHHBIX KOoHIeHTparmid 11T

B 1998 r. 3aBeplieHbl MOMCKOBO-KapTUPOBOUHBIE
paborst wHa OIII' B  paifoHe npenropui
r.Bypauyaiienu (Lllenenmna wu nap., 1988), B
pe3yJbTaTe Yero BhIJEICHBI IEPCIIEKTUBHBIE PYTHBIE
nosst MmaccuBoB ['a60po-10 u BypauyaiiBeHu

Korenr  90-x 2000 r.r. - Hauajuo
LeeHalpaBieHHbIX MouckoB OlIl-opyneHenus B
MoHueropckom  paiiloHe B paMKax  TECHOTO
COTPYJHHYECTBA MPOU3BOJICTBEHHBIX M HAy4YHBIX
opranmzaiuit: OAO «UKD», Ileuenrckas I'PD
Konsckoit TMK, OAO «Ilana», '1 KHL] PAH u np.

Maccus
BypauyariBeHy

Maccus HKT
NKT Massif 3anapgHas BocrouHas rHion r.Moa3 Vurechuaivench
YacTb YacTb Nud Poaz Massif
Western part Eastern part —
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Lake

'03epo MepecnanBaHue nepuaoTUTOB U
Moroshkovoe nupokceHuToB. Pyroxenites and peridotites

Hoputbl onusuHosble. Olivine norites

HopuTtbl me3okpatoBble. Mesocratic norites

HopuTbl (onuBuHOBbIE, ME30KpaTOBbIE),
rab6poHopuThl, nnaruonupokceHuTsl. Norites (olivine,
mesocratic), gabbronorites, plagiopyroxenites

Hewcbl n anopuTo-rHencel. Gneisses and diorites

a - IoHHbIe 3anexw, bottom ores, b - XunbHeie
pyabl, sulfide veins, ¢ - nnactosble Tena
BKpanneHHbix pya, layers of disseminated ores

[

.a'b-c

Puc. 3. Cxema paccioeHHOCMu U pasmeujeHust OpyOdeHeHusi
Monuensaymona (Boiimexosu4 u dp.,2002)



Cxematnueckuii reosoruueckuii paspes yepes maccus Conua (BoiitexoBuu u ap., 2002)

Sketch cross section across the Sopcha Massif (Voitekhovich et al., 2002)

Mogeia [ueiicel

Moraine Gneisses

TTupokceHnTs ) .
: i Pyausrit “mact 330

Pyroxenites

Layer 330
[TepemexaeMOCTb TUPOKCCHUTOB, OIMBHHOBBIX
IHUPOKCCHUTOB C ICPHAOTHTaAMH

Pyroxenites, olivine pyroxenites, peridotites

Cynb(uHbIe Kbl
Sulfide veins

[Mepugorutst

PUAO PaspbIBHBIC HAPYILICHHS
Peridotites

Faulting

CkBakuHa u ee riryduna (M)

Merarab6po
I Drill hole with depth (m)

Metagabbro

19

Fig. 4. Sketch cross section across the Sopcha Massif  Puc. 4. Cxemamuueckuili eceosnozuyeckuli paspes e. Conua
(Voitekhovich et al,, 2002). (Boiimexosuy u dp.,2002).

Fig. 5. Pegmatoid pyroxenites of the eastern part of the =~ Puc. 5. I[leemamoudHble nupokKceHumvl 80CMOYHOU vacmu
Sopcha Massif. 2. Conua.
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| - IMPOKCEHHUTBI, pyroxenites; 2 - TPAXHTOM/IHbIE MHPOKCEHHTEL, trachytoid pyroxenites;

3 - TOPH30HTBI PACCIIOCHHOCTH OJIMBUHCOJAEPIKALIMX U OE30IMBUHOBBIX THPOKCEHHTOB,
interbedding of the pyroxenites and olivine-bearing pyroxenites; 4 - cynbuauas u DI1I'- mune-
panu3anus, sulfide and PGE mineralization

Fig. 6. Geological map of the detailed area “Sopchinsky”.  Puc. 6. ['eosn02u4eckas cxema demaabHo2o yuacmka Con4uHcKuiL

4 [

= TR T T

v .&', Pl .. 2 e
) B B oz iV »
Fig. 7. Layered rocks in the Layer-330 of the Sopcha Massif. Puc. 7. PaccaoenHble nopodut «[lnacma-330» 2.Conua.
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Thickness of

Object and
structure Of. Host rocks Sulfude mineralization PGE+Au mineralized . Length of
hosting formation content zone mineralized zone
Obwext u ero IMopoabt XapakTepucTuka
CTPYKTYPHO- i . SMI'+Au Momnocts | IIpoTrskeHHOCTH
BMeLIaomue cyabpUIHOII . N
reHeTnyeckas pyaHoit PYAHOI 30HBI
OpyJeHeHHne MHUHEPAJIU3ANNH
XapaKTEePUCTHKA 30HBI
“Eastern Sopcha“| Pyroxenites (+ |Penlandite-chalcopyrite-| 0.2-1.5 ppm 1.5-2m 700 m
layered horizon | olivine), norites pyrrhotite dessi- with breaks
remote from the mination from 0.5-1to | 0,2-1,5 ppm 152m
bottom IIupoxceHNTHI 3-5% (r/T) 700 m
(ronmmBHH), ¢ mepepbIBaMu
«BocTouHast HOPHUTHI IMenTaanaur-
Comuay - XaJIbKOIIUPHT-
YAAJeHHbIN 0T NMUPPOTHHOBASA
TOJOIBBI BkpamjieHnocts 0,5-1 —
pacciioeHHBIH 3-5%
TOPU30HT Pegmatoid Rich chalcopyrite-
pyroxenites | pyrrhotite dessimination 25 - Distributed as
up to 5-10% separate "'spots”
IMermaTouaHble 2,5 ppm (r/T) -
nupoxkcenuTsl | I'ycras xaabkonmupur- Pacnpenenena
NMUPPOTHHOBANA JUCKPETHO
BKPAILUIEHHOCTH /10 5-
10%

Fig. 8. Main features of mineralization of structure of

“Eastern Sopcha”.

Puc.

«Bocmounasi Conua».

8. OcobeHHocmu pydHOl MuHepaauzayuu y4acmka

Hopurts! onuBunoBsle. Olivine norites

[Topoxs! 30HbI 5K30K0HTaKTa. Exocontact rocks

Hoputs! neiikokparoBele 1 Me30kparoBsle. Leucocratic and mesocratic norites

Hoputs! MmenanokparoBsie novikunurossie. Poikilitic melanocratic norites

I'He310BO-BKpaIIeHHOE U IPOXKUIIKOBOE opyaeHeHue yyactko “Hron-1I"" u
“Kpuruueckuit [opuzont”.

Cu-Ni mineralization of the “Nud-II"" and “Critical Horizon” areas

CkBakuHa U ee rryouna (m). Drill hole with depth (m)

Fig. 9. Sketch geological cross section across the Nud

Massif (Voitekhovich

etal, 2002).

Puc.

9. Cxemamuueckuii

(Botimexosuy u dp.,2002).

2eos02udeckull  paspes

2.Hrwoo
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‘Il o]
4- 8 e0e®

= 2
S VAL
£ |-

1 - ”HTEHCHBHO aM(pUOOITH3NPOBAHHBIE

M OTajbKOBaHHbIE HOPUTHI, talc-amphibole
rocks after norites; 2 - MeraHOKpaTOBbIE

1 OJIMBHHOBBIC HOPHUTBI, OPTONUPOKCEHUTBI,
melanocratic and olivine norites, orthopyro-
xenites; 3 - rabOPOHOPUTHI ME30KPATOBBIE,
mesocratic gabbronorites ; 4 - oMBHHOBBIE

W ME30KpaToBbie HOPHTHI, olivine and
mesocratic norites; 5 - LITHHEIb-KOPAHE-
puToBbie poroBuky, spinel-cordierite hornfels;
6 - TOHKOPACCIIOCHHbIE MOPO/IBI (TOHKO3ep-
HHCTBIE MUKPOHOPHTBI H MUKPOTaOOPOHOPHUTHI),
thinly layred rocks (fine grained micronorites
and microgabbronorites); 7 - KOHTYpbI KOpEH-
HBIX OOHAKEHMIT M TIOBHATBHBIX Pa3BaJIOB,
outcrops; 8 - cynspuanoe u DI -opyanenne,
sulfide and PGE mineralization; 9 - snemeHTsI
3aneranus ciouctoctH, dip and strike;

10 - pa3peiBHbIE HapymeHus, faulting

Fig. 10. Geological sketch of the detailed area “Critical ~ Puc. 10. Teosozuveckasi cxema 0ema/sbHO20
Horizon”. Kpumuvueckuil 2opu3onm.

Fig. 11. Sketch geological cross section across the Nud ~ Puc. 11. Paccaoento

-

Massif (Voitekhovich et al., 2002). 2. Hrod (025 macwumaéa - I1.B.IIpunayvkuH).
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Fig. 12. Thin layering in the Critical Horizon of the Nud ~ Puc. 12. ToHkopaccaoeHHas cepusi «Kpumuueckozo 2opuzonma»
2.Hwoo.

Fig. 13. Flow textures in thinly layered rocks of the  Puc. 13. IlpusHaku 8s53K020 meyeHuss 8 MOKOPACCAOEHHbIX
Critical Horizon. nopodax «Kpumuueckozo 2opusoHman.
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Hocthb 1-2 1o 3-5%

Object and . Length of
structure of H K lfude mi lizati PGE+Au Th'lckn?_ss %f mineralized
hosting formation ost rocks Sulfude mineralization content mmzegzelze Zone
Obwext u ero MopoabL XapakTepucTuka
CTPYKTYPHO- i . SIII+Au IporsixeH-
BMeLIAoIue cyabUIHOII MouHocTh .
renermuecikas opyAeHeHue MHHepaJIU3anuu PYAHO 30HBI HOCTE pyAHou
XapaKTEePUCTHKA 30HBI
Gabbronorites, Irregular chalcopyrite-

"Critical norites, micro- pentlandite-pyrrhotite <1 ppm First meters About
Horizon* result off norites, spinel- dessimination, nests — tens meters 1000 m
additional portion| cordierite hornfels from 3-5t0 15-20% | Menee 1 r/T

of magma with | T'a66po-HopuThI, HepaBHomepHas IlepBbIe OxoJ10
brecciation HOPHUTbI, MUKPO- XaJIbLKOMUPHUT- MeTPbI — 1000 m
HOPUTDBI, LINTHHEJIb- NEeHTJIAHIUT- JECATKH
«Kputnueckuii KOpPAHEPHUTOBLIE NUPPOTHHOBAS METPOB
TOPU30HT HlO)Ia» POroOBUKH BKPAaIJICHHOCTb U
— IPOOYKT rue3na 3-5 no 15-20%
BHE/PEHUS Olivine norites, Chalcopyrite-pyrrhotite
JAONOJHHTENLHOI | olivine pyroxenites | dessimination from 1-2 | 1.5-3 ppm | First meters Not
nopuuu pacmiapa]  OJIMBHHOBBIE to 3-5% determined
¢ JIeMeHTaMHu HOPHUTHI U XaabpKONMMPUT-IIHPPO- 1,5-3r/t IlepBbIe
6pe1ctmponamm NMUPOKCEHUTBI THHOBasl BKpaIJieH- MeETPbI He H3yYIC€HO

Fig. 14. Main features of mineralization of structure of

“"Critical Horizon",

Fig. 15. Sketch geological map of the detailed area

“Vurechuaivench”.
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[0 s[5
K

1 - Me30KpaToBbIE

1 RIS 7|,_—‘

MmeTarabopoHOpHTHI, mesocratic
metagabbronorites ; 2 - neiikokpa-
TOBBIE MeTarabopo H MeTaaHOPTO-
3uThl, leucocratic metagabbro and

metaanorthosites; 3 - xaiika merara6-
Opononepuros, metagabbrodolerites
14 - cynbduanoe n DII-opyaenenne,
sulfide and PGE mineralization; 5 -
IEMEHTbI 32JIEraHHsA PACCIOCHHOCTH,
dip and strike; 6 - reosoruuecKHe rpaHUILbI,
geological boundaries; 7 - pa3pbiBHbie
Hapymenns, faulting; 8 - rpaHHLbI KOPEHHBIX
OOHAKEHHIT M AOBHAIBLHBIX PA3BAJIOB, OULCTOPS.

Puc.

15.
Bypauyatigenu.

Teosnozuveckas cxema

demasbHO20

Puc. 14. OcobenHocmu pydHOU MuHepaausayuu y4acmka
«Kpumuueckuii zopuzoum Hrwoda».

yuacmka
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SE NW

1802

1813 1804
3

Mopena

! I'ab6ponopuTsl Maccusa Hioz
Moraine

Gabbronorites (Nud massif)

- Bynxanutst Huaipa-Bapsyru Hopurst Maccusa Hion
Imandra-Varzuga volcanic rocks Norites (Nud massif)

Merarab6ponopuTs

- Metagabbronorites ITpokcennTsl

Pyroxenites

[Noiikuantosbie MeTarabGpOHOPHTHI

- Poikilitic metagabbronorites - f)lr::;:u

A MeraieiixoraGopo, PTOIHTEI T'a66po-onepuTs

Metal bb hosi - Gabbro-dolerites

- Tonko3epHHCTbIC MeTarabopo W PaZPlleHHe HapyeHHs
Fine-grained metagabbro '~... Faulting
Meranoputst visi2 Cksaxuna u ee rybuna (m)
Metanorites ‘120 | Drill hole with depth (m)

Fig. 16. Sketch geological cross section across the  Puc. 16. Cxemamuueckull zeosi02uyecKulli paspe3 maccugda

Vurechuaivench Massif. BypauyatigeHu.
hosti . . - PGE+Au mineralized Length of
osting formation Host rocks Sulfude mineralization . >
content zone mineralized zone
ObnexT u ero Hoponet, Xapamepncnlma SII'+Au Momnocts | [IpoTsizkeHHOCTb
CTPYKTYPHO- BMelnaume cyabduaHoi o o
pyaHOH PYAHOH 30HBI
TeHEeTH4YeCKas OpyaeHeHue MHUHEpaau3anuu 30HLI
XapaKTepPUCTHKA
"Vurechuaivench®| Metagabbrono- | Irregular chalcopyrite- 3-5ppm First meters | About 1000 m
layered horizon | rites, metaanor- | pentlandite-pyrrhotite
remote from the thosites, dessimination, up to 3- 3-5ppm IepBbIe OkoJ10
bottom metaleucogab- 5% (r/1) MeTPbI 1000 m
bro
«BypauyaiiBeHu» HepaBHomepHast
— yAAJIeHHBIH OT T'a66po- XAJIbKOMUPUT-
MmoaAOIIBBI HOPHUTHI, JeiKo- NECHTJIAHAUT-TTUPPO-
PACCI0CHHBIN radopo, THHOBAs
TOPU30HT AHOPTO3UTHI BKPAIJICHHOCTD 10 3-
5%

Fig. 17. Main features of mineralization of structure of =~ Puc. 17. OcobeHHocmu pydHOU MuHepaau3ayuu y4acmka
“Vurechuaivench”. «Bypauyaiieenu».
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Fig. 18. Sketch geological map of the Gabbro-10-

| Faulting

Meranoputst

Metanorites

MeTaHOPHTBI NOHKIIHTOBbIE
Poikilitic metanorites

Kpuruecknii ropusont Hiona
Critical Horizon (Nud Massif)

P ra66po u r
Gabbro and gabbronorites

Ksapuessie iuoputst
Quartz diorites

JIHOPHTEI H rHEHCO-HOPHTEI
Diorites and dioritic gneisses

Cynbguanas BKparsicHHOCTh
Sulfide dessimination

Tab6ponoputs Maccusa Bypouyaiisenu
Gabbronorites (Vurechuaivench massif)

Cnanupt
Schists

T'a66po-noneputst
Gabbro-dolerites

Pa3spriBHbIe HapyLICHHS

Moroshkovoe Lake area (Voitekhovich et al., 2002).

Fig. 19. Sketch geological cross section along profile 19
(the Moroshkovoe Lake area (Voitekhovich et al, 2002).
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C-334 5:437

Mopena
Moraine

Metanopiria
Metanorites

Poikilitic metanorites

Knapensie Anopiut
Quartz diorites

Puc,

18. Tl'eonozuueckas

cxema yvacmka

Mopowkosoe o03epo (Boiimexosuu u dp., 2002).

C-632 C-805

Meranopima nofiKimossic
Tepecnanmanme ra6opo it rabGponopiTon

Gabbro and gabbronorites

JWHOpITL It Fiefico-THOpITI
Diorites and dioritic gneisses

C-794

A &

Us2as

]
O F
=]

C-434

Cynran mrparn
Sulfide dessimination

Ta66poropirma maccina Bypauyaiinci
Gabbronorites (Vurechuaivench massif)

T'a66po-aoncpiTLt
Gabbro-dolerites

Paspusinae napymenix
Faulting

Creaxnna i ce ryonua (m)
Drill hole with depth (m)

C-1814

T'a66po-10

Puc. 19. Cxemamuueckuli zeos02uveckuli paspes no npoguaro 19
(Mopouwkogoe o3epo) (Boiimexosuy u dp., 2002).



Object and
structure of

Thickness of

hosting formation Host rocks Sulfude mineralization PGE+Au mineralized . Length of
content zone mineralized zone
OO0BekT 1 ero IHoponas, XapaKTepI/ICTIEKa SMI+AU Moumocts | TIpoTsizkennocTH
CTPYKTYPHO- BMeIIalomme cyab(HUIHOI o .
pyaHoit PYAHOI 30HBI
TeHETH4YeCKad opyacHeHHue MHUHEpATU3aAINN 30HEI
XApaAKTEPUCTUKA
""Gabbro-10 — Metagabbro Irregular pentlandite- | from 0.5-1.5 | First meters | Not determined
Moroshkovoe chalcopyrite-pyrrhotite | to 3 ppm
Lake* separate Merara66po | dessimination, from 1-2 IepBbie He uzyueno
intrusive phase to 5-10% 0,5-1,510 3 | merpsI — 10
r/t 10 metpos
«I'a66po-10 — HepaBHomepHas
Mopomxkosoe NeHTJIaHJIUT-
o3€epo» — XaJbKONIUPHUT-
CaMoOCTOA- MUPPOTHHOBAA
TeJbHas BKpaIieHHocTh 1-2 10
HHTPY3UBHAasI 5-10 %
(daza

Fig. 20. Main features of mineralization of structure of
“"Gabbro-10 - Moroshkovoe Lake"”.

Conclusions

In 1999-2001 the PGE mineralization was
studied practically in the whole section of the
W-E trending branch of the MMLC apart from
its lower, mainly peridotitic-pyroxenitic part
with which veins that bear ore mineralization
are principally linked

The most promising mineralization is related to
the Layered Horizon of the Vurechuaivench
Massif and namely to leucogabbro, anorthosites
and gabbronorites in which the PGE content is
3-4 ppm; the length of this zone of
mineralization is about 1 km

A PGE mineralization in the PGE-mineralized
zones in the Layered Horizon (norites and
pyroxenites locally bearing olivine) of the
Sopcha Massif is suggested to be also promising
because mineralized zones show the constant
PGE concentration (up to 1.5 ppm) along the
whole lateral extent of the horizon

In the “Moroshkovoe Lake” metagabbro the ore
horizon shows the PGE content up to 3 ppm but
its length is probably insignificant

It can be stated that layered horizons of the
Vurechuaivench and Sopcha Massifs are most
promising for PGE mineralization. In contrast,
intrusive rocks that build up layers formed by
injection of additional batches of magma (such
as the Critical Horizon of the Nud Massif ) or
make up separate intrusions (Gabbro-10,
Moroshkovoe  Lake) hardly bear this
mineralization

Puc.

20. OcobeHHocmu pyoHOU MuHepa/au3ayuu y4yacmka

««['a6bpo-10 - Mopowkosoe 03epor».

BriBoaBI

3oupr  OII-MuHepanm3amuu CyOUTMPOTHOW BETBU
MoHUeIIyTOHa HCCIEI0BaHbl MPAKTHYECKH BO BCEM
paspese, HCKIIOYas €ro HIKHIOI (CYyIIECTBEHHO
MEPUAOTUT-TUPOKCEHUTOBYIO) 9acTh, K KOTOPOH
NPUYPOUYEHO B OCHOBHOM OKHJIBbHAas Cyib(uaHas
MUHepaJIn3aIus

Camas TmepClieKTUBHAs pyJHas 30HAa CBs3aHa C
pacccioeHHbIM TOPU30HTOM MaccuBa BypauyaiiBeHu u
MPUYpOUEHa K TOSBICHHUIO B pa3pe3e JIEHKOKPATOBBIX
mopon  (comepxkanmme OII+tAu - 3-4 1/1,
OPHEHTUPOBOYHASI IPOTSKEHHOCTh TOPU30HTA - 1 KM)

IlepcnexTuBHpiM npeactasiserca DI -opyaenenue B
PaccIOEHHOM HOPUT-MMPOKCEHUTOBOM (£ OJIMBUH)
ropusonte r.Comya, rjae ypoBHu cyiabpuanoit u 11T -
MHUHEpaTNU3aIiu XOPOIIo BBIJICPKAHBI o
HOPOCTUPAHUIO W  XapaKTepPHU3YIOTCS CTaOMIBHBIMHU
copexanusiMu DIII'+Au — nopsiaka 1 r/t

B meTtara66po MopoIikoBoro o3epa pyaHbIil TOPU30HT
xapaktepusyercs 3HaueHusimu OIIT+Au no 3 r/t, HO
MIPOTSHKEHHOCTB €T0, CKOpee BCero, He3HaUYUTeNbHA

MosxHO KOHCTAaTUPOBATh, 4TO HanOoee
nepcnekTUBHbIMU B oTHolIeHuu OlII-opynenenus B
MoOHUEIITYTOHE SIBIISIFOTCSI PACCIOCHHBIE TOPU3OHTHI.

[epcnexTuss 00pa3oBaHNH, CBSI3aHHBIX c
JIOTIOJTHUTENbHBIMU MOPLUSIMU pacruiaBa
(Kputnueckuit TOPU30HT Hrona) W

CaMOCTOSTENTFHBIMU MHTPY3UBHBIMHU (a3amu ('ab0po-
10 aHomaimn w MopOmKOBOTO 03epa) — JIMOO
OTpHLATEIbHBIE, THOO HESICHBI

B ciyqae paccioeHHBIX TOPHU30OHTOB MOHYEILTYTOHA
IIPOCIIEKHUBAIOTCS OUEBH/THBIC AHOJIOTHH c
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The MMLC is very similar to the well-known
PGE-bearing massifs (Bushveld, Stillwater, etc.)

The PGE-bearing mineralization occurs within
short layers and lenses that form thin but
extensive zones within the most layered parts of
massifs

Zones of mineralization with the high PGE
content near olivine-bearing rocks

In ore-bearing zones the high PGE concentration
is displayed by sulphide phases but the total
content of sulphides is low

The PGE mineralization in the Vurechuaivench
Massif is strongly to be pointed out because this
proved to be practically identical to that in the
Lower Layered Horizon of the Fedorova-Pana
Massif as had been predicted

°,
*

°,
0.0

M3BECTHBIMHU TUTATHHOHOCHBIMHU MacCHBaMHU
(bymBensa, Ctuiutyotep u Ip.):
Jlokanuzauuss OpyAe€HEHUs B BHUJAE  COTJIACHBIX

MPEPLIBUCTBIX CJIOEB, IMPUYPOUYCHHBIX K Hanboiee
PpacCIOCHHBIM YacCTAM pa3pe30B

Pacnpoctpanenue mnoBbIIeHHBIX coaepxkanuid O
BOJIM3M OJIMBHHCOJIEPKAIIUX TOPOJT

Bricoxue ypoan koHueHtparuu O B cymasdumHON
(ase mpu HU3KHX COINECPKAHUSX CYIb()HUIOB B PYIHBIX
30HaX

B mocmemHem cimydae cnemyer 0co0O OTMETHTh
PYZIHYI0 MUHEpANIU3aLU0 MaccuBa BypauyaliBeny, 1uis
KOTOPOH MNpakTUYECKH TOJHOCThIO TOATBEPXKICHO
OKUaeMOe CXOJCTBO C opyleHeHueM Hipkaero
paccI0eHHOTo TOpU30HTA ®Denoposo-Ilanckoro
MaccuBa
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Geological structure of the Monchegorsk region

The Vurechuaivench PGE-bearing deposit is
located within the Monchegorsk ore region.

The ore region is confined to the triple junction of
large-scale Precambrian units of the Kola
Peninsula: the Belomorian and Central-Kola
megablocks and the Imandra-Varzuga belt. East of
the Monchegorsk ore region there is a large-scale
multi-phase nepheline syenite intrusion emplaced
366-371 million years ago as a result of the
Palaeozoic tectono-magmatic activation.

The geological structure of the ore region involves
two large-scale mafic-ultramafic intrusions: the
Monchepluton with an area of ca. 55 km2, and the
Monchetundra, part of the Main Ridge intrusion
with a total area of over 500 km2 The
Monchepluton, in terms of metallogeny and
absolute age (2493 + 7 Ma), is referred to as a
layered unit of the Kola PGE-bearing province
(Mitrofanov et al., 1994) emplaced 2504-2493
million years ago and considered to be part of the
peridotite-pyroxenite-gabbronorite formation
common on all Precambrian shields, including the
Baltic Shield.

The intrusions composed the formation show
similar features of rock composition and structure,
being nevertheless characterized by an individual
rock sequences, different degree of rock
differentiation and different associations of
industrial ore components.

The Monchepluton underwent three phases of
emplacement. The first one resulted in the intrusion
of dunites and peridotites with chromite
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00O «[leuyeHrareonorna»

MNasen. C. AaBblgos,
rNaBHbIN reonor
000"NeueHrareonorna"

Bnagnmup A. legees,
HaYyYHbIM coTpyaHUK JITUC
AO "MHcTuTyT TMnpoHukens"

Bnagumup B. KHayo,
reHepasbHbiii gupekTop 3A0 "Hatun"
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I'eonnornuyeckoe crpoenne MoHYeropckoro paiona

MecTopoxaenue MJIATUHOUIOB BypyuyaiiBenu
PacIoNoXeHO B Ipeaenax MoHYeropckoro pyiHOTo paioHa.
Paiion mpuypodeH kK 00nacT COYJICHEHHS TpeX KPYIHBIX
JokemOpuiickux  cTpyktyp  Kombckoro  permona  —
benomopckoro u llentpanbHo-KoabCkoro MeradjgoKoOB

Wmannpa-Bap3yrckoi 30HBI Kapeum. Bocrounee
Monyeropckoro paiioHa pacmnonaraercs KpyIHast
MHorodasHast HHTPY3Hs HeQeTNHOBBIX CUCHUTOB,

BHe/IpeHHe KOoTopoit 366-371 MmiH.JIeT Ha3aa oOyCIOBICHO
[aJIE030MCKOM TEKTOHO-MarMaTUYECKON aKTUBU3aLUEH.
Onpenensitoniel 4epToil reoa0rHueckoro CTpoeHus paiioHa
ABISIETCS HalMYUe JBYX KpPYIHBIX HHTPY3uil Oa3ut-
yIbTpaba3suTOBOTO cocraBa: MOHYEIUTYTOHA, IUIOMIAIbI0
0KO0JIO 55 KM?, 1 MOHUYETYHIPOBCKOM, SIBJISIIOIIEHCS 4acTbiO
uHTpYy3uH [maBHOTO Xpedra, obmiell miomansio 6omee 500
KM?. MoHueropckui  pacciOeHHBIN IJIyTOH o
METAJJIOTEHUN B abCOMIOTHOMY Bo3pacTy (2493 + 7 muH.
JIeT) paccMaTpHBaeTcsi KakK MHTPY3UBHOE OOpa3oBaHHE
Koubckoit maruHoHOCHO# TipoBuHItud (MuTpodaHos u ap.,
1994), chopmuposanuoit 2504 - 2493 muH. jger Hazam, u
BXOJsIIIee B cocTaB HNepUAOTUT-TUPOKCEHUT-
rabOpOHOPHUTOBOM (hopMallMH, IUPOKO Pa3BUTON Ha BCEX
IIHUTaX, BKJIFoYass banTuiickui.

Bce wmaccuBel 3TOH  (opmManmy HMMeEOT OOIIME YEpTHI
CTPOEHMSI M COCTaBa IOPOJ, HO KKIBIA M3 HHUX oOyanaeT
WHIMBUIYAJIbHBIMH ~ pa3pe3aMH, pasiIMYHOH  CTENeHbIO
muddepennmanyn opoJ u pa3HbIM Habopom
MPOMBIIICHHO 3HAYMMBIX PYAHBIX KOHIIEHTPALUA.
MonueruryToH chopMmupoBayics B TpH (a3el BHeApeHHs. B
nepyto  ¢azy (I-stam) ¢opmupoBamuch AYHUTHI U
MEPUAOTHTHI C XPOMOBBIM OpyAeHeHHeM (/[yHUTOBBIH OJI0K).
B cpemnroro  dazy (I - ¢da3a) oOpasoBanmch
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mineralization (Dunite Block). The second one
yielded the rocks of the layered series: peridotite,
pyroxenite, leuco-meso-melanonorite, including
reefs with low-sulphide PGE ores. And the third
one is represented by veined gabbro-pegmatite,
metagabbro, and metadiorite with a Ti-magnetite
horizon at the base of the sequence.

In the ore horizons of the Monchegorsk platinum-
group elements tend to sulphides, causing the
sulphide type of the mineralization. Disseminated
ores with Ni and Cu concentrations varying within
fractions of a percent contain 0.1-0.6 ppm PGEs,
whose concentration increases along with the
growth of ore element content (Horizon-330
deposit). The only exception is the marginal part of
the pluton, where platinum-group elements
accumulated due to the fluid-hydrothermal
processes, producing reefs of low-sulphide PGE
ores  (Vurechuaivench deposit). Thus, the
Vurechuaivench anorthosite with anomalous PGE
concentrations compared to the sulphides contains
2-10 ppm PGEs at 0.1-0.3% of Ni and Cu.

The geological structure of the Vurechuaivench
deposit

The Vurechuaivench deposit occurs at the marginal
part of the Nyud-Poaz intrusion that belongs to the
large layered Monchepluton complex of the
peridotite-pyroxenite-gabbronorite formation
(attached Fig. 1). The intrusion is composed of
olivine norite and meso-melanocratic norite that are
replaced by meso-leucocratic gabbronorite and
anorthosite at the top of the rock sequence. From
north to south and south-east, the abundance of
clinopyroxene gradually increases, resulting in the
predominance of gabbronorite in the rock sequence.
The grade of metamorphic transformation increases
in the same direction.

The Vurechuaivench intrusion entirely consists of
gabbronorite that exposes at the day surface
northeastwards for a distance of 7-8 km, and
disappears in the Lake Imandra. The width of the
exposure is 1.5-2 km.

The rocks dip south-eastward at angles varying
from 5-10° to 20-30° beneath the effusive rocks of
the Imandra-Varzuga Belt. The vertical thickness of
the gabbronorite sequence is 600-700 m. A few
deep boreholes have penetrated the gabbronorite
down to a depth of 3 km.

The gabbronorite overlay metamorphosed diorite of
the basement with the contact between them having
tectonic genesis. Up-section a horizon of
mesocratic gabbronorite with a thickness of 300-
500 m in the central part and of up to 200 m in the
east occurs (Borehole 1883). The upper part of the
section is represented by a «banded zone» with a
thickness of 200-240 m that is top-down composed
of leucocratic quartz gabbronorite with a thickness
of up to 40 m, a 5-50 m thick “alternation zone”

84

nmuddepeHIaTh paccioeHHOU cepun IIJTyTOHA:
MEPUIOTUTEI, THPOKCEHUTHI, JICHKO-ME30-MEIaHOHOPHTHI,
BKITIOYAFOIIIUE pudb c ManoCyIb(pUIHBIMU

IUIATHHOMETAIBHBIME pyAaMu. TpeTbs (aza mpencraBieHa
KWJIBHBIMM  raGOponermaruramu , wmerarabopo u
MEeTaJUOpUTaMH, TJ€ B OCHOBAaHMM paspe3a 3ajeraer
TUTAaHOMArHETUTOBBIM TOPU30HT.

XapaKkTepHO  OCOOCHHOCTBIO  PYIOHBIX  TOPH30HTOB
MoOHUETOpPCKOTO IUTyTOHA SABIISIETCSI TECHast
napareHeTH4YecKas CBA3b IUIATHHOWAOB C CyJIbGHIAMH |
«cynpuaHBI» XapakTep opyIdeHEHHsA. Bo BKpamIeHHBIX
pyznax c cogepxkanueM Ni u Cu, He MPEBHIIAIOIIIMHI JOJCH
nporeHra, coaepxkanue MIIT™ cocrapnset 0,1-0,6 r/T 1 UmIb
C YBEIMYECHUEM DYIHBIX DJIEMEHTOB JI0 NPOIEHTa W Oojee
cogepxanue MIII' mosslmaercs (MectopoxaeHue Ilmact-
330).. HckmoueHue cocTaBiseT KpaeBasi 30Ha IUTyTOHA, I1e
MIPOUCXOUT (mouHO-THAPOTEPMATBHOE
KOHLIEHTPUPOBAHUE TIATHHOBBIX METAJUIOB C 00pa3oBaHUEM
pudoB  Mmamocynb(PpUAHBIX  IUIATHHOMETANBHBIX Py
(MecTopoxknenne BypydyaiiBenu). Tak B Imarnoxmasurax
BypyuyaiiBeny, rie oTMedaeTcs aHOMAJIBHOE
KOHILICHTPHPOBAHHUE TUTATHHOU/IOB OTHOCHUTEJBEHO
cynppUIHON cocTaBIstomel, pu coxepxkaHmsx Ni u Cu
0,1-0,3% comepxxarust MIII" nocturarot 2-10 1/T.

I'eosiornueckoe cTpoeHne MeCTOPOAKICHHS
BypyuyaiiBeH4

Mecrtopoxenue BypyuyaiiBeHu JIOKAJIM30BaHO B
rabOpoHopuTax kpaeBoi yactu maccuBa Hrox-Iloas (Maccus
BypyuyaiiBeH4), IpUHAUIeKAIIET0 KPYIHOM pacciloeHHON
HUHTPY3UH MEePUIOTHT-ITUPOKCEHUT-TaO0OPOHOPUTOBOI
¢opmarmun  MoHueropckoro IurytoHa (rpag. mpmi ).
IMopompl  MaccuBa  CHM3Y ~ BBEpPX  IPEICTaBIICHBI
OJIMBUHOBBIMH HOPHTaMH, Me30-MEJTaHOHOPUTAMH,
MepeXOSIIIMMH B BEPXHEH 4YacTH B ME30-JICHKOKPAaTOBBIC
rabOpoHOpUTEI M aHOpPTO3UTHL. C ceBepa Ha IOT U IOTO-
BOCTOK B IMOpOJax MOCTCIICHHO YBCINYUBACTCA KOJIUYECTBO
MOHOKJIMHHOTO MHPOKCEHa, 00YyCJIaBIMBAOLIETO
npeobnajaroniee pasBuTHe B paspese radOpoHoputoB. B
OTOM K€ HalpPaBJICHUU OTMEYACTCA YBCIMYCHUC CTCIICHU
Metamopdu3ma nopo.

Maccus BypyuyaiiBenu MIOJIHOCTBIO CIIOXKEH
raOOpOHOPUTAMH,  BBIXONBI  KOTOPHIX Ha  JTHEBHYIO
TIOBEPXHOCTh MPOCIESKHUBAIOTCS B CEBEPO-BOCTOYHOM

HanpaBJIEeHUH Ha 7-8 KM, a 3aTeM yXOJAAT B aKBaTOPHIO 03.
Wmanppa. IllupnHa BbIXOJAa Ha TOBEPXHOCTH COCTAaBIISET
1,5-2 km.

[Manenne mopon MaccuBa Ha IOr0-BOCTOK, YIJIBI HMAaJAeHUS 5-
10° mo 20-30° mox »ddys3uBHBIe TOpoabl MmaHmpa-
Bapsyrckoit 3ouer  (MB3). BeprukambHas MOIIHOCTH
raboponoputoB BypyuyaiiBenu 600-700 M. EaumHudHbBIMU
IyOOKUMH CKBOKHHAMH TaOOpOHOPUTHI  MPOCIIEKEHBI 10
MaJECHUIO HA 3 KM.

['aGOpoHOPHUTHI 3ajJeraloT Ha METaJMOPHUTaX OCHOBAHMS,
KOHTAaKT ¢ KOTOPBIMU MOJICOpBaH. Bele 3ameraer mnauka
ME30KpaToBbIX rabOpoHopuToB MomHOcThI0O 300-500 M B
neHTpansHOW yact u 10 200 M Ha Boctoke (ckB.1883). B
BEpPXHEH wYacTU pa3pe3a BBIIEISETCA «II0JIocuaTas 30Ha»
MoIHocThI0 200-240 M, KOTOpas CBEpXY BHU3 IIPEJCTAaBIECHA
JIEHKOKPATOBBIMHU KBapLIEBBIMU rabbpoHOpUTaMU
MOIIHOCTRIO 0 40 M, «30HOH TepeciamBaHUs» - C



with mesocratic gabbronorite interchanging with
anorthosite. The basement of the “alternation zone”
is marked by a horizon of medium-to-coarse-
grained and pegmatoid taxitic gabbronorite with
nests of blue quartz. The thickness of the
“alternation zone” varies from 120 to 180 m.

The bottom of the “banded zone” is made up of a
monotonous horizon of mesocratic gabbronorite
with rare barren anorthositic layers.

The rocks of the area are broken down by a series
of north-west-striking faults into separate blocks
with assumed amplitude of vertical displacements
varying from 15-20 m to 150 m.

The deposit consists from west to east of the
following blocks:

- the Western block located between the
Western and Axial faults;

- the Central block located between the
Axial and Eastern faults;

- and the Eastern block located between
the Eastern fault and the eastern boundary of the
detailed area (PRF-60).

In the south of the Western and Central blocks one
can finds outcrops of metamorphosed effusive
rocks that dip at angles of 0-5° in the west and of
up to 22° in the center (PRF-35). The Eastern block
is completely hidden beneath the metamorphosed
effusive rocks with some outcrops of gabbronorites
north of the contact with the effusive rocks.
In the upper part of the taxitic horizon (Western
block) or in the bottom of the «alternation zone»
(Central block) an anorthositic layer of Reef V-I
with ore body 1 occurs. The thickness of the
anorthosite layer is not persistent and varies from
40-50 m in the north-western part of the deposit
down to 25-30 m in the center, pinching out to 10-
15 m. The anorthositic layers are prominent due to
the light colour and spotted texture that results from
the plagioclase replaced by the secondary minerals,
such as chlorite, epidote-clinozoisite  and
amphiboles. The vurechuaivench ore reef V-1 is
marked by a layer enriched with sulphides with
associated ore body 1. The handing and footwalls
of the reef there are anorthositic interlayers with
associated ore bodies 2 and 3.

Morphology and strike and dip of the ore bodies

The ore bodies of the Vurechuaivench deposit are
represented by sheet-like and complanate lenses
without clear contours that have only been traced
by sampling and on the basis of approved standard
limits. Ore reef V-1 embodies main ore body 1 of
the Vurechuaivench deposit that can be traced in all
blocks of the deposit. Locally, it is split into
parallel bodies in the hanging and footwalls moved
from the main ore body for the distance of 5-10 m
and considered to be separate ore bodies. Here, the
thickness of the mineralized zone increases up to
20-27 m. The bodies are not clearly isolated and
can appear both in synclinal and anticlinal folds of
the ore-bearing horizon.

gepenoBaHUEM ME30KPAaTOBBIX raOOpPOHOPUTOB C IJIACTAMH
IUTArHOKJIa3UTOB MOIIHOCTBEIO 10 5-50 M. B ocHoBanum
«30HBI TEPECIaNBaHU 3aJICTacT MAPKUPYIOIIUNA TOPU30HT,
TAKCUTOBbIC TaOOpPOHOPUTHI OT CPEAHE3CPHUCTHIX O
KPYITHO3EPHHUCTHIX M METMATOUAHBIX C THE3/IaMHU roiy0oro

KBapla. MOIIHOCTh «30HBI MEPECIauBaHUI» COCTaBISIET
120-180 m.
Husel  paspeza  «mosmocyaTod  30HBI» — IPEICTaBICHbI

MOHOTOHHOH ITa4koll ME30KpaTOBHIX TabOpPOHOPHTOB C
penKkuMy O0e3pyIHBIMH TOPU30HTAMH IIATHOKIIA3UTOB.
IMopomsr ywacTka pa30WTBI cepueil pa3lIoMOB CEBEpO-
3aMafHOTO  NPOCTHUPAHHWS HAa  OTACIbHBIE ONOKH C
IpernonaraeMou aMIUTUTY JOH BEPTHKAIBHBIX
nepemereHui ot15-20 M 1o 150 m.

Ha mecropoxneHuu c 3amaja Ha BOCTOK
cienyronue 6JIoKu:

- 3anaHbIi OJIOK — pacIiooKeH MeXIy 3arnaHbIM U
OceBbIM cOpocamy;

- lenrpanmprblii Omox — wMexay OceBeIM U
Bocrounsm cOpocamuy;

- BocTouHBIH 0JIOK, BKIIOYAIOMIMHA B ceOsl IIOMIAab,
PAacIONI0KEeHHYIO MEeXTy BoCcTOUHBIM cOPOCOM M BOCTOYHOH
rpanuiei geraapHoro yuyactka (I1P-60).

B roxwOll wactm 3amagHoro u lleHTpampHOrO OIOKOB
OTMEYaroTCsl BBIXOJBl MeTad(Py3uBOB. YTIbl MNaACHUS
mopon kojebmorcss ot 0-5° - Ha 3amage g0 22° - B
ueHTpansHoi yactu (ITP-35). BocTouHbIi 00K MOJHOCTBIO
MEPEKPHIT MeTad(py3uBaMu. 37eCh BBIXOIbI FAOOPOHOPUTOB
OTMEUaroTCs K CEeBEPY OT KOHTaKTa 3 Qy3uBOB.

B BepxHell 4acTH TaKCMTOBOTO TOpU30HTA (3amaHbli OJIOK)
WIN HU3aX «30HBI nepecnamBanus» (LleHTpanbHBIN OII0K)
3ajeraroT Iarnoknasutel puda V-I ¢ Pymaemm temom 1.
MoOIIHOCTD MIArHOKIA3UTOB HEBBIIEPKAaHHAS U COCTABIIIET
ot 40-50 M B ceBepo-3amaHON YacTH MECTOPOXKIEHHS 10
25-30 M B HEHTpaNLHOW YaCTH, YMEHBIIASACH B IEPESIKUMAX
J0 10-15 m. Cnon miarnokiasura OTYETJIMBO BBLACIIIOTCS
MaKpOCKONINYECKH, MPEACTaBIIIOT cO00M CBETIYI0 HOPOIY
KPYITHOIIATHUCTOM  TEKCTYypHl, KOTOpas  0OOyCJIOBJIEHa
0o0pa3oBaHMEM IO IUIATMOKIAa3y BTOPHYHBIX MUHEPAIOB —
XJIOpUTa, SMHUI0Ta-KJIMHOLUMO3UTa U aM(puoOonoB. PymnHblii
pup V-1 BypyuyaiiBeHU  MapKupyeTcsi  CIIOEM,
o0orameHHbIM CyJIb(GHUIHON BKPAIUIEHHOCTBIO, K KOTOPOMY
puypoueHo pynaHoe Teno 1. B Bucsuem m nexxadem OGokax
storo  puda  cpean MPOCIIOEB TUTATMOKIIa3UTOB
JIOKAJIU30BaHbI py/AHbIE Tena 2, 3.

Mopdoaorus u ycaoBMs 3ajieraHus PyAHbIX TeJ

BBIACTIAIOTCA

Pynusie Tena MECTOPOXKIIEHUS BypyuyaiiBenu
Mpe/ICTABIICHBI I1acTO0Opa3HBIMHU 3aJexaMu u
YIUTOIEHHBIMU JINH3aMH, HE MMEIOT YETKUX T€0JIOTHUECKUX
OTPaHMYEHUH, WX TPaHUIBI ONPEICNAIOTCS MO JaHHBIM
ONpoOOBaHUS HAa OCHOBAHWUM MPUHATHIX KOHIUIIMOHHBIX
muMmuToB. B mpenenax pyaHoro puda V-1 nokamam3oBaHO
OCHOBHOE PYJHOE TEJIO MECTOPOXKIAeHHA BypyuyaliBeHu —
pyaHoe Teno 1, KOTOpoe HPOCIEXHUBAETCS BO BCEX OJIOKAax
MecTopoxkieHus. Ha ~ oTaenbHBIX — ydacTkaXx — OHO
paclieruIsieTcst ¢ MOsIBJICHUEM B BUCSYEM U Jie)kaueM OoKax
oT 1 10 2 mnapannenpHBIX TeJ, yJAJIEHHBIX OT OCHOBHOIO
pyaHoro tena Ha 5-10 M U OTBEYAIOMIUX CaMOCTOSTEIbHBIM
PYOHBIM  TelaM. B »Tmx ywacTkax  MOIIHOCTH
MHUHEpAIN30BaHHON 30HBI yBenmuuBaercs g0 20-27 M.
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From west to east, the main ore body (ore body 1)
of the deposit arcuately changes the azimuth of
strike (according to the strike of the ore-bearing
anorthosite) from 100-60-800 in the Western block
through 90-60-400 in the Central block to 40-300
in the Eastern block at monotonous dip in the
southern and south-eastern limbs. The occurrence
of the ore body is complicated with small anticlinal
and synclinal folds with a wing span of 90-120 and
150-200 m. The folds strike rather persistently
through the whole area of the deposit at an angle of
330-3400. The elevation of the anticline joints over
the syncline keel is about 30 m.

Ore body 1 is separated into parts according to the
host geological blocks.

Western block. Ore body 1 is stripped by 80
boreholes. It has been studied in squares of 50x50,
50x100 and 100x100 m. The ore body has a sheet-
like shape and dips in the southern and south-
eastern limbs. Its northern part gently dips at an
angle of 2-5°, plunging beneath the moraine for a
distance of 600 m at the absolute elevation of about
150 m. The plane of the ore body is complicated by
a series of transversal anticlinal (2) and synclinal
(3) folds with the axes oriented northwestwards.
The wing span of the folds varies from 60 to 200 m
or more. The folds are not persistent in strike with
the undulated axes. In the cross-sections, the folds
are not prominent, being implied by flattening, and
synclinal and anticlinal bending of the ore body
plane.

With depth, the ore body tends to flatten. The
length traced along the dip is 1200 m at PR-37,
where it has been penetrated at the absolute
elevation of -60 m. The proved vertical thickness of
the ore body is 210 m.

The thickness of the ore body is not persistent with
bulges of 5.7-9 m and up to 24.5 m (at the cutoff of
1 ppm) in the outlined synclinal flexures in the flat
near-surface part and in the areas of gentle
occurrence at the depth.

In the Central block ore body 1 is stripped by 38
boreholes spaced in squares of 100x50-100 and
200x100 m, and occurs evenly and persistently for
distances of 600-800 m. The ore body dips at
prospecting cross-sections at angles of 10-20° in the
west, and of 25-30° in the east.

The traced length of the ore body is 1200 m along
the strike and up to 720 m along the dip
(prospecting line 44). The ore body has not been
contoured along the dip. The ore body crops out in
the north of the block (beneath the loose moraine)
for 720 m at the absolute elevation of 190-260 m
(prospecting lines 43-48). It has been traced down
to an absolute elevation of 0-+30 m in the east, and
of -150 m in the west. The vertical thickness of the
ore body locally reaches 190-200 m at the total
thickness of 400 m.

The Eastern block has been poorly studied, and
ore body 1 here has been stripped by 14 boreholes
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YeTkoil CTPYKTYpHOH 000COOJEHHOCTH TaKMX y4acTKOB HE
OTMEYaeTCsl, OHM TOSIBIISIIOTCS. KAK B CUHKIIMHAIBHBIX, TaK U
AQHTUKJIMHAJBHBIX NIeperndax py10BMEIAIONIEro TOPHU30HTa.
Y  ocHOBHOro pyaHoro Tena (pyaHoe Teno 1)
MECTOPOXICHUSI B HANpaBJICHWH C 3amafa Ha BOCTOK
OTMeYaeTcsl IUIaBHOE JyrooOpa3Hoe HW3MEHEHHE a3uMyTa
MIPOCTHPaHUs (COTJIACHO IPOCTUPAHMIO PYIOBMEIIAIOIIETO
mIacta miarnoknasuros) oT 100-60-800 B 3anamgHom Gioke,
gepe3 90-60-400 B llentpampHoM Omoke, no 40-30o B
Boctounom Onoke mnpu OmHOOOpa3sHOM TAAeHWH €ro B
IOKHBIX ¥ IOrO-BOCTOYHBIX pymOax. Ha »3tom ¢one
3ajeraHie  pyAHOTO  Telda  OCIOXKHEHO  MENKHMH
AQHTUKJIMHAJIBHBIMH M CHHKJIMHQJIBHBIMH  W3THOaMH ¢
pasmaxoMm KpeuibeB OT 90-120m g0 150-200m. Ux
MIPOCTHUPAHNE OTHOCHTENHHO BBIACPIKAHO HA BCEW ILIOMIATU
MecTopoxaeHus u cocraBiaser 330-3400. IlpeBbimenus
3aMKOB aHTUKJIMHAJIEW HaJl KMJIEM CHHKJINHAIeH okoso 30M.
PynHoe teno 1 pazgeneHo Ha 4acTH MO MPHUHAUICKHOCTH UX
BBIJICJICHHBIM T'€0JIOTHIECKUM OJTOKaM.

3anaanblii 010K, PynHoe Teno 1 BckpbiTo 80 CKBaXKMHAMM.
Cetb nzyuenHoctu cocrapisier 50x50, 50x100 u 100x100 m.
@dopma pymHOro Tenma IUTacTOOOpasHas C IaJeHWEM B
I0XKHBIX, IOTO-BOCTOYHBIX pymbax. Tenmo B ceBepHON 4acTh
HUMEET I0JIOTOe MaJeHue 2-5° ¢ HMIMPOKUM BBIXOAOM MO
MOpEHY NPOTSKEHHOCThI0 MO mpoctupanuto 600 M Ha
abcoMmoTHBIX 0TMeTKax okojo 150 m. ITnockocTs pymHOrO
TeJla OCJIO)KHEHAa CepHed IONEepedyHbIX K MPOCTUPAHUIO
AHTUKJIMHAJBHBIX (2) ¥ CHHKJIMHAIBHEIX (3) mepern0oB, ocu
KOTOPBIX OPUEHTHUPOBAHEI B CEBEPO-3allaIHOM HAIPaBJICHUH.
Pasmax kpbuibeB ckiagok oT 60 mo 200M u 6onee. Ckuaaku
HE BBIACPXKAHBI 10 MPOCTHUPAHMIO, OTMEYACTCS YHIYJSAIM
nx oced. Ha paspe3ax 3TH ckimagku ci1abo0 BBIPasKCHEI
BBINOJIAKMBAHNEM, CHHKIMHAIBHBIMH ¥ (ICKCYPHBIMH
neperudamMu INIOCKOCTH PYAHOTO Tena.

C rnyOuHON pygHOE TENO HMMEET TEHACHIHIO K
BBINOJIAXKUBaHUIO. [IpocnexeHHas UIMHA €ro IO MaJeHUI0
cocraBiser Ha [IP-37 — 1200 M, rae OHO BCKpBHITO Ha
abcomoTHON oTMeTKe -60 M. BBISBICHHBIN BepTHKAIbHBIN
pa3Max pyaHoro Tena B 610ke coctaBiseT 210 m.

MOUTHOCTh PYAHOTO Tella HeBBIJIEpKaHHAs, C pa3yBaMH 0
5.7-9Mu pmaxe no 24.5 M (6opt 1 1/T) B HAMEYAIOUUXCS
CHHKJIMHAJIBHBIX MPOru0ax B IIOJIOTOH HPHITIOBEPXHOCTHON
YacTH M Ha Y4YacTKax OoJyiee IIOJIOTOTO 3ajJeraHust Ha
riryOuHe.

B HenrpanbHom 6s0ke pyaHoe Tteno 1 Bekpeito 38
CKkBakmHamMu 1o cetm ot 100x50-100, 200x100,
XapakTepu3yeTcs 0oJiee BhICP)KaHHBIM M CIIOKOWHBIM
3aJieraHleM, COXPaHSoNeMcs Ha oTpe3kax inHoi 600-800
M. YToji MajieHusi pyAHOTO Tela B T€OJIOTHYECKHUX pa3pes3ax
(pa3BelOYHBIX JIMHUAX) IUTAaBHO MeHsercs oT 10-20° Ha
3amaze, 10 25-30° Ha BOCTOKe.

[IpocnexxeHHas AMMHA PYAHOTO TeJa 1o mpoctupanuto 1200
M IpU YCTAHOBJIEHHOM [UiMHE Mo maaeHuto 1o 720 M (p.i.
44). Tlo majenuio pyzxHOe TeJlo He OKOHTypeHo. Ha cesepe
6noka pyaHoe Teno | BBIXOAWT Ha MOBEPXHOCTH (IO
PBIXJIbIE MOPEHHBIE OTJIOKEHHS), HMPOTSHKEHHOCTh BBIXOJA
720 M Ha abcomoTHBIX oTMeTKax 190-260 M (pa3B. JMHHH
43-48) Ilo maseHHIO OHO MPOCIEKEHO O abCONOTHOM
ormetkn 0-+30M Ha BocToke WM g0 -150 M Ha 3amage.
BeprukanbHblii  pa3Max BBIBICHHOI'O pYAHOTO Tena B
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spaced in squares of 200x100-200 m and 400x100
m.

The ore body is blind and traced for 900 m along
the strike and for 420 m along the dip. It occurs at a
depth of 120-260 m, or within the range of absolute
elevation of +150++30 m. The vertical thickness of
the ore body is 120 m. It dips at an angle of 5° in
the northeastern part (PR-58) and of 10° in the
western part.

Ore body 1 in all blocks is accompanied by
apophyses both from the side of the handing (ore
body 1.1) and footwalls (ore bodies 1.2 and 1.3).
They are removed from ore body 1 for a distance of
4-10 m, and locally of up to 20 m. The thickness of
the apophyses within the bounds of the open pits
varies from 1-1.7 m to 5.6 m, and the PGE
concentration varies from 1.67-1.9 ppm to 5.65-
7.89 ppm at the cutoff of relative palladium of 1
ppm.

Ore bodies developed in ore-bearing anorthositic
layers parallel to ore body 1 locate 30 — 50 m (ore
body 2 in the hanging wall, and ore body 3 in the
footwall) away from it, and have a thickness of
about 1 m at the Pd cutoff of 1 ppm, being
characterized by non-persistent strike and dip. The
ore bodies have been stripped by 1-2 boreholes in
one profile, and only in the Central block ore body
2 has been traced in four prospecting profiles. The
PGE concentrations vary from 1.31 ppm to 8.12-
19.24 ppm at the cutoff of relative palladium of 1

ppm.

Fig. 1. Scematic geological map of the Monchegorsk

pluton (MMLC) and Monchetundra massif; red dotted
line- ore layers.

OTHeNBHBIX pa3pesax gocturaet 190-200 M, obmuit — 400 M.
BocTouHblii 00K m3yueH ciabo, pyaHoe Temo 1 B ero
npezienax BCKPHITO YETHIPHAIATHIO CKBOXKHHAMH I10 CETH
200x100-200 m n 400x100 M.

PynHoe Teno ciemnoe, mpociexeHo 1o npoctupanuto Ha 900
M, maaeHuro Ha 420 M, 3aneraer Ha riayoune 120-260 m B
UHTEpBaJe  aOCOMIOTHBIX ~ OTMETOK  +150++30 M.
BeprukansHbIif pa3Max BBIABICHHOTO pyxHOTO Tena 120 M.
Yron mageHus pygHOTO Tenna KojeOieTcst oT 5° B ceBepo-
BocTouHoi gactu (ITP-58) mo 10° - B 3amamHOM.

ITo cI0XHOCTH TEOIIOTHIECKOTO CTPOCHHS PyAHOE Teyo 1 u
MECTOpOXKJaeHe BypyuyaliBEeHU B LE€JIOM OTHOCHUTCS KO
BTOpOH rpymre.

PynHoe Teno 1 Bo Bcex OJI0KaX CONPOBOXKAACTCS anoduzaMu
CO CTOpOHBI ~Kak Bucsiyero (pyaHoe Ttesno 1.1), Tak u
nexadero (pymuoe teno 1.2 u 1.3) 6okoB. OHU OTCTOAT OT
pyasnoro tena 1 Ha paccrosnuu 4-10 M, penko mo 20 wm.
MormHocTb anou3 B KOHTypax KapbepoB ot 1-1,7M 1o 5,6m
CollepKaHNWEe B HHUX IPU OOPTOBOM COZAEP)KaHHH YCIOBHOTO
namtaaus 1 v/t ot 1,67-1,9r/T no 5,65-7,89 r/t.

Pynupie Tema, pa3BUTHIC B MapaUICIbHBIX PYyIHOMY Tenmy 1
PYAOBMEIIAIONINX TOPH30HTAX IUIATHOKIIA3UTOB, YOAICHBI OT
Hero Ha 30 — 50 M (pymHoe Temo 2 — BHCSYHI OOK, pyaHOE
Teno 3 — nekadnii 60K), IO MOITHOCTH YCTYHAaI0T OCHOBHOMY
PYZHOMY Tely — CpeAHsisi MOILIHOCTh Ipu OOpPTOBOM
coziepKaHuM mayuiaaus 1r/T okomo 1M,  XapakTepu3yroTcs
HEBBIJICPKAHHOCTRIO MO MNpPOCTHpaHuio M majaeHuto. OHU
BCKPBIBAIOTCS 1-2 CKBa)KMHAMU B OJTHOM NPO(HIIE U TOJIBKO B
LentpanbHoM OOKEe pynHOE Telo 2 MPOCIexeHO B 4-x
pa3BeiouHbIX npoduisix. ConepkaHust Ipyu OOPTE YCIOBHOIO
nautagus 1 v/t koaeomores ot 1,31r/T no 8,12-19,24 r/T.

.
~o
5

N
N,

\
L o B
Puc. 1. Cxemamuueckas 2eon02uyeckas Kapma MOH'-len./lymOHa u

MonuemyHdposckozo maccusa(FOB uacmu); kpacHwlii nyHKmup -
pyOHble meaa u 20pu3oHmel.
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4

Fig. 2. The drilling project of Vuruchuaivench  Puc. 2. I[IpoekmHas cxema CK8AaMCUH HA NOUCKO8OU nsiowadu
(Vurechuaivench) prospecting area, 2007. Bypyuyatiseny (Bypauyaiieenu), 2007 e.

Fig. 3. Geological cross section of Vuruchuaivench  Puc. 3. T'eosozuueckuil paspe3 mecmoposcoeHus: Bypyuyaiieenu
(Vurechuaivench) deposit, profile 47. (Bypauyaiisenu), npogusv 47.
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THE PLATINUM GROUP ELEMENTS (PGE) AND GOLD MINERALIZATION
ON VURUCHUAIVENCH PROSPECTING AREA

BNNATOPOAHOMETANbHAA (BM) MUHEPANTU3ALIUA HA NMOUCKOBOMW
nnowAOoun BYPYYYAUBEHY
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Abstract

The Vuruchuaivench prospecting area
located on upper part of layered section
of Monchegorsk massif (~2.45 GA)
which comprise the gabbronorites,
leucogabbronorites and plagioclasites
(fig. 1). The PGE and gold content in
ore horizon (n*0.1 — up to 17m) ranged
in2—6ppm, Pd: Pt=~8: 1, Cu-Ni
sulfides — up to n*1%. The host rocks,
in relation to ore horizon, are taxitic
and  pegmatiodic  varieties  of
gabbronorites and leucogabbronorites,
which are strongly altered and the
primary rock-forming minerals are
replaced by secondary hydroxyl-
bearing minerals.

The "ppm-mineralogy"” technique was
used for samples study of each
borehole and issued the reliable data
about PGE and PGMs distribution
inside the ore horizon on prospecting
area.

The analysis of all obtained data
shows, that the distribution structure of
PGE-gold minerals and the structure of
PGE mass-distribution are different on
prospecting area. These data in
combination with petrographic and
mineralogical data allow to conclude,
that PGE ore horizon was formed
under  control of  (late-post)-
crystallization thermal process.

From this point of view, not the only
Vuruchuaivench prospecting area, but
all of peripheral or apical parts of

Bnagumup B. KHayd,
reHepasnbHblii gupekTop 3A0 "HaTtn"

MNasen. C. JaBblaos,
rNaBHbIN reosior
000"MNeyveHrareonorna"
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BeAyLni reonor
0O0O0 «[leyeHrareonorma»

E-mail: ivanchenkovn @kolagmk.ru
natires@natires.com
http://www.natires.com

AHHOTaN NS

B BepxHedl uyacTtu paspe3a MOHYEropckoro paccilOCHHOIO IUTYTOHA
(~2.45GA), B TONIIE TAOOPOHOPHUTOB, JICHKOraOOPOHOPUTOB M YACTUYHO
IUIATMOKJIA3UTOB MPOBOJASATCS IOUCKOBbIE PAaOOTHI Ha IUIATHHOMIBI U
30J10TO Ha y4acTke Bypyuyaiisenu (puc. 1).

CymmapHoe cozepKaHie IUIATHHOUAOB U 30J10Ta B PYAHBIX TOPH30HTaX
OOBIYHO HAXOAMTCS B Ipeaenax 2 — 6 I/T mpuyueM, A IUIaTHHOWTHON
MHUHEPAIN3aINN XapaKTepHO NpeodIaganue naaausd Hall INaTHHOH (~
8 : 1), mratuHa mpeobiamaer Ha 3070TOM. MuHepansl BM TecHO
acconMMupyeT ¢ CyiIbUAaMH MEIW W HHUKENIS, CyMMapHOEe KOJIHMYECTBO
KOTOPBIX OOBIYHO HE MPEBBIIACT IEPBHIX MPOIEHTOB.

B HEKOTOPBIX CKBaXXMHAX BBIIBICHO HECKOJIBKO PYIHBIX TOPHU30HTOB,
HO OCHOBHOW DPYAHBIM TOPH30HT, MMeS MEPEMEHHYI0 MOIIHOCTH (OT
n*10cm mo 17M), YBEpEeHHO MpPOCIEKUBAETCS HA BCEH IOUCKOBOM
IUTOMIAIH.

BwmemnraronumMu  mopojamMM 10 OTHOWICHHWIO K PYIHOMY TOPH30HTY
SABJISIOTCS TaKCHUTOBBIC u MerMaTOUHbIE Pa3sHOBUAHOCTHU
rabOpOHOPUTOB W JICHKOTaOOPOHOPHUTOB, KOTOpHIC, B IMOJABIIIONICM
OOJIBIIMHCTBE CIIyyaeB CHJIBHO H3MEHEHbl M BCE IIEPBUYHBIC
OpPO000pa3yroie MHUHEPAIbl MPAKTHYECKH IOJHOCTBIO 3aMEICHBI
KOMIUIEKCOM BTOPHUYHBIX HU3KOTEMIIEpaTypHBIX
THJPOKCWICOJECPXKAINX ~ MHHEpaJioB (am¢puboONBI  AKTHHOJIMT-
TPEMOJINTOBOTO PsiJia, SMUIOT-KINHOIOU3HT, XJIOPUT, KapOOHATHI, pexe
CIIOABI, a TaKKe KHUCIbIM Tmarnokia3). VIMEHHO B TaKCHTOBBIX
Pa3HOBHIHOCTSIX  IOpOJ  MposiBIgeTcs  OenHas — CynbQuIHAS
MHUHEpaTU3aIys U TECHO CBSA3aHHAas ¢ Hel GaropoHOMeTalbHasl.
IIpo06bI U3 MHTEPBAJIOB CKBAXKHH, BCKPBIBAIOIIMX PYyIHBIE TOPHU30HTEHI,
U3y4aINCh IO TEXHOJOTMH "ppm-MHHeEpajorui' W B pe3yibTare
MOJTydasach JOCTOBEpHAs W TOJHAs HMHGOPMAIMS 110 MHUHEPAIOTHH
6J1aropoIHBIX METAJUIOB Ha MOMCKOBOH Iuiomaau. B pesynprare pabor
BBIABIISUTMCH NPUPOJHBIE pasHOBHIHOCTH BM pyn M cTpoMiNch KapThl
pacnpeneneHus pa3IMYHbIX CBOMCTB Py Ha MOUCKOBOH ILIOIIAAH.
AHanu3 BceX MOJIyYEHHBIX JaHHBIX MOKA3bIBAET, YTO pacIpejiesIeHUe
MUHEpAaJIOB, KOHIEHTpanuil 1 Macc BM B npeznenax pyaHOro ropuzoHTa
HEOJHOPOJHO, 3aBepmieHHe (opmupoBanuss bBM  maparene3mcos
MPOMCXOIMIO HA TIO3JHEE- MOCTKPHCTAIM3AIMOHHOM JTare, 4To
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layered mafic-ultramafic massifs are OTJIMYAET JAHHBIA THI BM MuHepaau3alid OT KPHUCTaIM3aldOHHO-

suitable for detection of economically KyMYJIOCHOTO oOpyneHeHust "pugosoro" tuma. B 3TOM KOHTEKcTe,

valued ore mineralization. As an MEpCIEKTUBHBIMU IUIOIAJSIME I  OOHapykeHuss BM opyneHenus

examples, the South Sopcha and S-W MOTYT OKa3aThCsl Bce mepudepuueckne W anuKagbHbIC YacTH

Nittis areas have good ore paccinoeHHbIX MadHUT-yIbTpaMadUTOBBIX MAcCHBOB M, B YaCTHOCTH, -

perspectives. yuacTku Ha }O.Comue u B 1O-3 oOpamiieHuM AyHUTOBOrO OJOKa T.
Hurruc.

White Sea

Geological Survey of Finland, Bulletin 333 83

105 4 311 L. E R 5
FHHR o EEE 7EEER 8 19 Eitho
1 delEE s chaEeths
el w7 vhsl==holE—=l20
12302124

Kola
peninsula

Expedition and the Kola Branch of the USSR Ac. of Sci. 1 — sulphide Ni-Cu veins; 2 — dykes of diabase and lamprophyre;
3 — rocks of the »critical» horizon, 4 — Sopcha ore beds; 5 — leucomesocratic norite; 6 — melanocratic norite; 7 — olivine
norite; 8 — plagioclase pyroxenite; 9 — pyroxenite (bronzitite); 10 — an alternation zone of pyroxenite, olivine pyroxenite
and peridotite; 11 — peridotite (harzburgite); 12 — an alternation zone of pyroxenite, peridotite and norite, penetrated
by numerous veins of mafic and felsic rocks; 13 — olivinite; 14 — metamorphosed norite and gabbro-norite in foothills of
the Byruchuaiven; 15 — quartz gabbro and diorite; 16 — andesite, dacite and their tuffs; 17 — metadiabase and metaamyg-
daloid of the Imandra-Varzuga group; 18 — massive gabbronorite and gabbro of the Main ridge of the Moncha; 19 —
the same rocks but metamorphosed and schistose; 20 — gneisses of the Kola-Belomorean complex; 21 — diorite; granodio-
rite; 22 — dislocations; 23 — intrusive contacts (a — established, b — inferred); 24 — the boundaries of the rocks.

Fig. 1. Fig. 1. The geological map of Monchegorsk  Puc. 1. Cxema 2eono2uyecko2o cmpoeHuss MoH4e2opckoz2o maccusa
massif after H. Papunen & G.1.Gorbunov, 1985 no H. Papunen & G.1.Gorbunov, 1985
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2.1 2.2

Fig. 2. The taxitic and pegmatoid textures of ore hosted =~ Puc. 2. Takcumosvle u neamamoudHble MAKpOCMPYKMypbul
gabbronorites. The contact of coarse-grained  pydosmewarowux 2ab66poHopumos. Ha ¢gomo 2.1 omuem.ugo
gabbronorite and taxitic leucogabbronorite is  eudeH koHmakm medxcdy 2a66poHopuMAMU U NE2MaAMOUOHbIMU-

distinctly seen on picture fig. 2.1). MakcumogbIMu A1elikoeabbpoHopumamu.
e = T T
Now = PR

Fig. 3. The ore-bearing reef-type "horizon 330" of  Puc. 3. Pyduuiil "zopuzonm 330" pugoeozo muna 2. Conuu. (Cp. ¢
Sopcha mt. (Compare with pictures on fig. 2) ¢omo Ha puc. 2)
e & PEC 4

Ly - A
Fig. 4. The thin section of gabbronorite (left part) and  Puc. 4. Koumakm 2za6bpoHopuma (snesasi yacmv waugpa) u
contacting taxitic leucogabbronorite (central and  makcumosozo sellkoeabbpoHopuma (YyeHmpaabHass U npasas
right parts). Rock-forming minerals of taxitic — uacmv wauga). Ilopodoobpasyroujue MuHepasbl MAKCUMOBBIX
gabbronorite are replaced (completely or partly) by = 2a66poHopumos 4YAacCMu4yHO UAU  NOJAHOCMbI  3AMEUeHbl
secondary hydroxyl-bearing minerals and base metals =~ emopuuHbiMu  2udpokuicodepicaujumMu  MUuHepaaamu u
sulfides. accoyuupyrowumu cyabgudamu medu U HUKesL.
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Fig. 5. pictures 5.1 and 5.2 - gabbronorite (left part of
the thin section), 5.3 and 5.4 - relics of primary
pyroxenes and plagioclase, replaced by secondary
minerals in taxitic gabbronorite (central and right
parts of the thin section), 5.5 and 5.6 - Cu-Ni sulfides
with PGMs in matrix of secondary silicates of taxitic
gabbronorite. Act - actinolite, Chl - chlorite.
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500 ym

5.6

Puc. 5. pomo 5.1 u 5.2 - cnabousmeHeHHblll 2a66poHOpUM U3 1€801
yacmu wauga, omo 5.3 u 5.4 - meHegvle cmpyKMypbl 3aMeuieHust
NnepeuYHbIX NUPOKCEHO8 U N/IA2UO0KAA3d KOMNJAEKCOM 8MOPUYHbIX
MUHEpA/08 8 MakcumosoM 2a66poHopume (pasAuyHvle nNoOAs
3peHusl yeHmpaabHol u npasotl yacmel wauga, gomo 5.5 u 5.6 -
cyabdudsl ¢ MUHEPAAAMU NAAMUHOUO08 8 MAMPUYeE 8MOPUUHbBIX
CUAUKAamMo8 makcumosozo 2abbpoHopuma.
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Fig. 6. In some boreholes of the prospecting area the
recrystallization of primary PGMs is distinctly seen and
secondary submicroscopic aggregates of PGE minerals
were crystallized. The last one form the porous
microstructures (6.3, 6.6, 6.7, 6.8) or located inside the
late sulfides as a small individual grains (6.9), or
included in sulfide lattices as an isomorphic impurities.
This recrystallization process leads to redistribution of
PGE from "mineral” to "disseminated” form, but don't
change the total content of PGE in ore horizon. Gold
(in difference to PGMs) doesn't affected by
recrystallization so much and doesn't redistributed
significantly to fine grained aggregates.

Shortly about samples processing technique "'ppm-
mineralogy''. To know what we got we should know

how we did that.

1555098

1-BI-CTL
2-~PA
3-3e-GN

1888007 4

6.9

Puc. 6. B HekomopbiX CK8Aax}CUHAX nouckosol njaowadu
omyem.usbl c/a1e0bl peKpucmaIu3ayuu nepeuvHbvlXx MUHepanoe
BM c¢ o6paszosaHuem G6Gosee nosdHux ¢as BM, ob6pasyroujux
cybMUKpOHHble azpezambl.  [locnedHue uvacmo dopmupyrom
puixable uau dasxce nopucmoele cmpykmypeul (6.3, 6.6, 6.7, 6.8) uau
06pasyrom moHKue 8KAHUYeHUs 8 NO030HUX cyabgudax (6.9), uiu
EM ex00am & kpucmaaau4eckyrw cmpykmypy cyab@pudog 8
Kayecmee u3omMop@dHol npumecu. Imom peKpucmaiusayuoHHbsIU
npoyecc npusodum K nepepacnpedeseruro BM u3 "munepaavHoii”
8 "paccesiHHy" popMy, HO He conposoxcdaemcs yMeHbUeHUeM
cymmapHoti koHyenmpayuu BM e pydHom 2opusonme. 3010mo, 8
omauyue om nAAMuUHOUOO8, He NOOBEPHCEHO CYUWeCm8eHHOMY
nepepacnpede/ieHut0 8 MOHKO3epHUCMble azpe2ambl.

KpaTko o0 Meroauke "ppm-munepasorus'. J{ns Toro,
4YTOOBI OLIEHWBATH JIOCTOBEPHOCTH PE3YJILTATOB BaXKHO
TIOHUMATh KaK 3TH Pe3yJIbTaThl MOJTy4aoTCs.
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rPaBUTaLMOHHbIX KOHLEHTPATOB Npo 6

u3

PGMs
Gold

] ;

Fig. 7. Picture 71 - SEM specimens after Puc. 7. ®omo 7.1 - msicenvle 2pagukoHyeHmpamvl 0/
gravitational concentration of initial samples  mukpo3oHOo8blX pabom (ko3gduyuenm koHyeHmpuposarus 10000

(concentration factor

10000-100000); 7.2 - - 100000 pa3); 7.2 - oyugposanHoe SEM-BSE u3obpasceHue c

digitized BSE image; 7.3 - one of detected PGMs. gvldeneHHbiMu azamu BM; 7.3 - ¢pomo 00HO20 u3 8bisiBAEHHbBIX

[Fimsomspemus — WEE]
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Fig. 8. The program interface ImSca 14 for detection, Puc. 8. Humepdgelic ImSca 14 015 gbisigneHus, duazHOCMuUKU U
diagnostics and area calculation of PGM grains in SEM  nodcuema nsaowadeii 3epen BM 8 Mukpo3oHdoebix
specimens, prepared after gravitational concentration of  npenapamax u3 2pasumayuoOHHbIX KOHYEeHMpamos npoo.

initial samples.

94



Pd- (As,Sb) 1885
Range (um) N grains | Vinrange (um3) % Ngr. %V a (um) Pd Pt Au
Total = 469 16 221 431 a(avr)=| 32.6 0.710 0.000 0.000|<=El.conc. in mineral D(g/lcm3)=  11.0
0-10 6 4752 13 0.0 9.3 0.037  0.000  0.000
10-20 168 781564 358 48 16.7 6.104 0000  0.000 30.00
20 - 30 152 2441876 324 15.1 25.2 19.071  0.000  0.000 25.00
30 - 40 79 3333277] 16.8 20.5 34.8 26.033 0000  0.000 20,00
40 - 50 38 3337135] 8.1 20.6 44.4 26.063 0.000  0.000
50 - 60 16 2502620 34 15.4 53.9 19.545 0000  0.000| | 2 15.00 1
60 - 70 5 1384143 1.1 8.5 65.2 10.810  0.000  0.000 10.00 4
70 - 80 2 699 255| 0.4 43 70.4 5461 0000  0.000 500 ]
80 - 90 3 1736808] 06 10.7 83.3 13564  0.000  0.000
90 - 100 0 of o0 0.0 0.0 0.000  0.000 0.000 0.00 ~
100 - 110 0 of 00 0.0 0.0 0.000 0.000  0.000 12 3 4 5 6 7 8 9 1011 12 13
110 - 120 0 of 00 0.0 0.0 0.000 0.000  0.000 n*10pm
120 - 130 0 of 00 0.0 0.0 0.000  0.000 _ 0.000
126.689 0.000 0.000 <=Mass of el. (ug) in: Pd- (As,Sb)
Pt-(S) 1885
Range (um) N grains V in range (um3) % Ngr. %V a (um) Pd Pt Au
Total = 172 4798 774 a(av)=| 303 0012 0.850 _ 0.000|<=El.conc. in mineral D(g/cm3)=  10.0
0-10 0 o[ o0 0.0 0.0 0.000 0.000  0.000
10 - 20 63 208536]  36.6 6.2 16.8 0036 2538  0.000 9.00
20-30 59 912203] 343 19.0 24.9 0109 7754  0.000 8.00
30 - 40 31 1287761] 18.0 26.8 34.6 0.155 10.946  0.000 g:gg
40 - 50 15 1325793 8.7 27.6 445 0.159 11.269  0.000 5.00
50 - 60 3 554902 1.7 11.6 57.0 0067 4717 0.000 | 2,0
60 - 70 0 of 00 0.0 0.0 0.000 0.000  0.000 3.00 1
70 - 80 1 419580 0.6 8.7 74.9 0.050 3.566  0.000 2.00 4
80 - 90 0 of 00 0.0 0.0 0.000 0.000  0.000 1.00
90 - 100 0 o[ 00 0.0 0.0 0.000 0.000  0.000 0.00 - A+
100 - 110 0 of o0 0.0 0.0 0.000  0.000 0.000 12 3 4 5 6 7 8 9 10 11 12 13
110 - 120 0 0| 00 0.0 0.0 0.000  0.000 0.000 n*10um
120 - 130 0 ol o0 0.0 0.0 0.000  0.000 _ 0.000
0.576 40.790  0.000 <=Mass of el. (ug) in: Pt- (S)
Pt- (As) 1885
Range (um) N grains V in range (um3) % Ngr. %V a (um) Pd Pt Au
Total = 239 6 442 894 a(av)=| 30.0 0.000  0.560  0.000|<=El.conc. in mineral D(g/cm3)=_ 10.5
0-10 0 o[ 0.0 0.0 0.0 0.000  0.000  0.000
10- 20 73 319223 305 5.0 16.4 0000 1877  0.000 14.00
20 - 30 90 1483547] 37.7 23.0 25.4 0.000 8723  0.000 12.00
30 - 40 51 2196266] 21.3 34.1 35.1 0.000 12.914  0.000 10.00
40 - 50 20 1649738] 84 25.6 435 0.000 9700  0.000 8.00 |
50 - 60 5 794120[ 21 123 54.2 0000 4669  0000| | 2
60 - 70 0 o[ o0 0.0 0.0 0000 0.000  0.000 6.00 1
70 - 80 0 o[ 00 0.0 0.0 0.000 0.000  0.000 4.00
80 - 90 0 o[ 00 0.0 0.0 0.000 0.000  0.000 2.00 4
90 - 100 0 o[ o0 0.0 0.0 0.000 0.000  0.000 000 | R
100 - 110 0 o[ 00 0.0 0.0 0.000 0.000  0.000 12 3 456 7 8 9 10 11 12 13
110 - 120 0 o[l 00 0.0 0.0 0.000 0.000  0.000 10um
120 - 130 0 o[ 00 0.0 0.0 0.000  0.000 _ 0.000
0.000 37.884  0.000 <=Mass of el. (ug) in: Pt- (As)
Pd- (Te) 1885
Range (um) N grains | Vinrange (um3) % Ngr. %V a (um) Pd Pt Au
Total = 405 9289717 a(avr)=| 284 0.582  0.000 0.000|<=El.conc. in mineral D(g/cm3)=_11.0
0-10 3 2376 07 0.0 9.3 0.015  0.000  0.000
10 - 20 131 532215] 323 5.7 16.0 3407  0.000  0.000 25.00
20 - 30 168 2838853 415 30.6 25.7 18174  0.000  0.000 20,00
30 - 40 79 3220632] 19.5 34.7 34.4 20.618  0.000  0.000
40 - 50 18 1536246] 4.4 16.5 44.0 9.835 0.000  0.000 15.00
50 - 60 5 862590 1.2 9.3 55.7 5522 0000  0.000| | @
60 - 70 1 206806] 0.2 3.2 66.7 1900 0.000  0.000 10.00
70 - 80 0 o[l 00 0.0 0.0 0.000 0.000  0.000
80 - 90 0 o oo 0.0 0.0 0.000 0.000  0.000 5001
90 - 100 0 o[ 0.0 0.0 0.0 0.000 0.000  0.000 0.00 |
100 - 110 0 of 00 0.0 0.0 0.000 0.000  0.000 1 2 3 45 6 7 8 9 10 11 12 13
110 - 120 0 of 00 0.0 0.0 0.000 0.000  0.000 n*10um
120 - 130 0 o[ 00 0.0 0.0 0.000  0.000 _ 0.000
59.473 0.000 0.000 <=Mass of el. (ug) in: Pd- (Te)

Fig. 9. Co-mineral, co-element PGE and gold masses
distribution to granulometric rank. The data obtained under
ImSca 14 procedure were utilized for mapping on
Vuruchuaivench prospecting area (fig.12) and for definition
of the ore types for subsequent industrial beneficiation
procedures.

Puc. 9. [lomuHepa/sbHble, nos/semeHMHble pacnpedeneHust
macc BM no epaHysnomempuyeckum kKaaccam. JlaHHble,
noJiy4eHHovle nocsae ImSca 14 npoyedypbl, ucnov3yromcesi
0a51  nocmpoeHus kapm (puc. 12) u eblsigaeHus
mexHo/I02U4eckux munoe pyd Ha nouckogol  n/aowadu
BypyuyatiseHu.
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Fig. 10. Besides the prospecting goals, the data
about PGMs may be utilized for academic tasks:
for adding the systematics of PGMs, for example.

Puc. 10. Kpome nouckogbix npusoxceHull, noJiyvyeHHvle O0aHHble No
MUuHepanam
akademuyeckozo npodusi: doNosHeHuUsl cucmemamuku MuHepa.ni08 bM.

BEM  Moeym 6bimb  ucnosnv3osaHul 0ad  3aday

C macc B p: C macc nna B P CooTHOLLEHNE MacC NNaTMHOWAOB B PA3MNYHbIX
MuHepanbHbIx dopmax (Macc.% anemeHTos) MWHeparnbHbIX GopMax (Macc.% 3neMeHToB) MuHeparbHbIX dopmax (Macc.% 3nemMeHToB)
MpoGa MP1949 CkeaxuHa 1891 Mpoba MP1953 Bepx
B Pd - As(Sb) B Pd-As,Sb B R-S O Pd - As(Sb)
o Pd -_,:osh(sm [n3nux 7% 8 (Pd,Ni)- O Pd-Te,Bi ©33.0% B6.8% O Pd-TeBi I 3% o Ausg o Ri-Top
BPd-S B Pd-S 18% 56% BPRd-S
B A-As | R-As o R-As
o R-Te @ R-Te o R-Te
BR-s B R-S ®R-S
@ Pd-Te. ® Pi-camop @318% B P-camop o4 Tom ® Pt- camop.
9, o Pd - Te,Bi
o Auag B PtoAS 9% B AuAg 0203% mas% O AuAg o o Pd -:;(Sh) O AuAg
6% 03.5%
11.1 11.2 11.3
Fig. 11. The main mineralogical types of PGE  Puc. 11. OcHogHble MuHepanozuveckue munsvl BM opydeHeHusi Ha
mineralization on prospecting area: arsenidic (ca  nouckoeoii nsaowadu: apceHudHwlli (~80%, puc. 11.1),

80%, fig. 11.1), telluridic (ca 20%, fig. 11.2) and
"disseminated” in which "disseminated" PGE
predominant over "mineral” forms (see details on fig.
6). The percentage of gold grains in "disseminated"
type increased usually due to redistribution of PGE to
the fine grained aggregates or to the lattices of Cu-Ni
sulfides.
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mesaaypuoHulii (~20%, puc. 11.2) u "paccesHHblll", 8 KOMoOpoM
"paccesinHas” ¢opma BM npeobsaadaem Had "MuHepaavbHOU"
(nodpobHee cm. Ha puc. 6). B msaxcenvix koHYyeHmpamax npo6 c
paccesiHHblM munom BM muHepasauszayuu 0o/s 3epeH 3040ma
pesko so3pacmaem 3a cyem nepepacnpedesieHuss U pAcCCesHUs
naamuHouoos.
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o3

12.3

Fig. 12. The distribution maps of PGE and gold in
mineral form inside the ore horizon on prospecting
area Vuruchuaivench:  palladium arsenides-
antimonides (12.1), palladium tellurides (12.2),
platinum arsenides (12.3) and native gold (12.4). (The
isolines are given in wt.% of chemical elements. The
location of the maps is shown on fig.12).

Remarkably, the contours on shown maps are not
coincide, despite the total PGE and gold contents
in ore horizon are approximately permanent.
(Only the palladium arsenides and tellurides
show the negative correlation). This fact allow to
suggest the unhomogeneous conditions of the ore
forming process, what differ the last one from
cumulus-type formation of ore horizons.
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Puc. 12. Kapmbwl pacnpedeseHusi naamuHoudos u 30/0ma 8
MuHepanvHol ¢@opme 6 npedesax pyoHO20 20puU3OHMA HA
nouckoeoii nsaowjadu Bypyuyaiigeny: apceHudbl-AHMUMOHUObL
naanadus (12.1), meaaypudst naanadus (12.2), apceHudwt
naamunsl (12.3) u camopodHoe 30s0mo (12.4). (H3oauHuu
npueedeHbl 8 .MACCOBbIX NPOYEHMAx COOMEEmcmeyrujux
asnemenmos. [lon10%ceHue yyacmka nokasaHo Ha puc. 1).

Crenyer OTMETUTD, YTO CTPYKTYpBl U30JIMHHUN Ha KapTax He
COBIIANAIOT (32 HCKIIOYEHHEM apCeHUIOB M TeJUIypUIOB
Haulafnsi, UMEIUX OTPULATENbHYI0 KOPPEIALHIO), XOTs,
CyMMapHoe cojepkanue bM B pyJHOM IrOpHU30HTE OCTaeTCs
MPUOIU3UTENBHO OIMHAKOBEIM. JTO NMPUBOAUT K BEIBOAY O
HEOJHOPOIHOCTH pactpeneneHus rnapamMeTpoB
pyzodopMupyrolero npouecca, YTo OTINYaeT HOCISTHUN OT
KyMYJISITUBHOW CXeMbl ()OPMUPOBAHUSI PYAHOTO TOPU30HTA.
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13.1

Fig. 13. The distribution of PGE and gold (mg) in ore
horizon on the part of prospecting area
Vuruchuaivench: 13.1 - palladium, 13.2 - platinum,
13.3 - gold.

Concluding remarks

In difference to structures of distribution of the
PGE minerals and gold (fig. 12), the structures of
mass-distribution of these elements in ore horizon
are quite similar (fig. 13). The PGMs diversity
and the stability of PGE content in ore horizon
show so as ore mineralization of this type to be
forming it is not enough the presence of
appropriate chemical elements the only, but it is
necessary to have appropriate thermodynamic
conditions with possibility of intensive pervasive
circulation of (late-post)-crystallization fluids in
porous environment. Such conclusions based on

all  petrographical and mineralogical data
described above.
From this point of view, not the only

Vuruchuaivench prospecting area, but all of
peripheral or apical parts of layered mafic-
ultramafic massifs are suitable for detection of
economically valued ore mineralization. As an
examples, the South Sopcha and S-W Nittis areas
have good ore perspectives.
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13.2 13.3
Puc. 13. Kapmul pacnpedeneHusi macc naamuHoudog u 3o0.10ma
(m2) e pydHom 2copusoHme HA uvacmu nouckogol naowadu
Bypyuyatigenu: 13.1 - naaaadutl, 13.2 - nnamuna, 13.3 - 3010mo.

KpaTKOG 3aAKJII0YCHHUC

B omimume OT CTPYKTyp pacmpelesieHduss MHHEpalioB
IUTATHHOUOB U 30J0Ta (puc. 12), CTpyKTYpHI pacnpeieeHus
Macc 3THX XUMHYECKHUX 3JIEMEHTOB B DPYIHOM TOPH30HTE
cxonusl (puc. 13). Pa3zHooOpasne MHHEpaIbHBIX (OPM IPH
OTHOCHTEIIbHOM  TIOCTOSHCTBE  XHMHYECKOTO  COCTaBa
MIOKA3bIBAaeT, YTO U1 (pOpMHUPOBAHMSA PYIOHBIX T'OPH30HTOB
9TOTO THIA, KpPOME HAIMYMSA CAMHUX D3JEMEHTOB B Cpene
KpHUCTaJUTU3aNN HeoOxoanuM cenuduIecKknit
TEPMOJMHAMUYECKHH PpEXUM, IIPH KOTOPOM BO3MOXKHA
aKTHBHAsl TUHAMHKA ITOCTKPHCTAUTM3ALNOHHBIX (DIIOMIOB B
o0JlacTsIX pa3yIUIOTHEHHSI C OTJOXKEHHEM BCeX PYIHBIX
KOMIIOHEHTOB B OTHOCHUTEIBHO  HHU3KOTEMIICpaTYpHBIX
ycaoBusix. O0 3TOM CBHAETENBCTBYIOT U MeTporpaduieckue,
U MUHEPaJIOTMYeCKUE JaHHbIE, IPHUBEICHHbIC BhILIE.

C »95Tux mNO3ULMH, BBIBICHUE pPYAOH MUHEpAIU3aLUY,
UMEIOUIeH MPOMBIIUICHHOE 3HAYCHNE, MMEET IIepPCIECKTHBEI
HE TOJBKO Ha Iulomaau BypydyaiiBeHd, HO W B JApyrux
nepudepudecknx M amUKaJbHBIX  4acTaXx  Mmadur-
yIbTaMa(UTOBBIX PAcCIOCHHBIX KOMIUIEKCOB: HalpuMep, Ha
IOxHOCOMIMHCKOM ydYacTKe M B IOXKHOM OOpamMiIeHHH
JIYHUTOBOTO OJIOKa.



PLATINUM MINERALS IN THE CHROMITE ORES OF THE SOPCHEOZERO
DEPOSIT (KOLA PENINSULA)

NNATUHOBBIE MUHEPAIJIbI B XPOMUTOBbLIX PYJAX COMYEO3EPCKOIO
MECTOPOXAOEHUA (KOJIBCKWUWN N-B)

Yuriy N. Neradovskyi,
leading researcher
Geological Institute KSC RAS

Apatity,184209, Fersman str. 14
E-mail: ivanchenkovn@kolagmk.ru

The Sopcheozero chromite deposit belongs to the
Monchegorsk layered complex. It represents a
sheet-like body of disseminated chromite-bearing
dunites (Chaschin et al., 1999). The concentration
of chromite in the ore varies from 20 to 60%. The
ore reserves are estimated at 10 min. t. at the
average Cr203 content of 25.8% (Korovkin et al.,
2003). Total content of platinum-group elements
is about 0.5-0.8 ppm.

The composition of the country rocks varies from
plagioperidotite to dunites with the structure
changing from poikilitic to sideronitic. It is in the
peridotite that the chromite dissemination tends to
concentrate in pyroxene, being confined to the
interstices between olivine grains in the dunite.
This has induced the regular pattern of PGE
minerals distribution. Platinum-group minerals
have been found only in the ore associated with
the dunite. The PGM segregations occur in
olivine, chromite, and in interstices between them.
The composition of PGE mineral phases and the
chromite ore structure rend to be related. The
earliest in time of formation are inclusions of
intermetallic Ir, Os and Ru in olivine. Ruthenium
contains impurity of molybdenum. Intermetallic
compounds associate with the chromite inclusions.
Chromite inclusions have a round shape in olivine,
while PGE minerals being oval or lenticular. PGE
minerals are 1-5 pm in size. Chromite inclusions
may even occupy the central part of the olivine
grain, while PGMs locate at a distance of
maximum 50 pm from the grain edge. The main
chromite generation in the ore crystallized after
the olivine and PGM inclusions in chromite
formed later. PGM grains in chromite are
represented by intermetallic Ir and Os, but with
admixture of S, Ru and Rh. The inclusions, like in
the olivine, tend to the edge of the chromite grain.
The PGM grains predominantly are round and 1-5
um in size. The latest are PGM inclusions
segregated between olivine grains, i.e. after the
olivine crystallization. These are purely
represented by laurite, the ruthenium sulphide,
associated with pentlandite and heazlewoodite.
Late crystallization of laurite is indicated by the
fact that it grows on the edge of the chromite grain

Opwit H.Hepagosckui,

BeAyLMIA HAaYYHbIA COTPYOHUK
Fe0N0rMYecKknii UHCTUTYT

KHL, PAH

Anatutbl, 184209, yn. PepcmaHa 14
E-mail: nerad@geoksc.apatity.ru

Conueo3epckoe MECTOPOXKICHHE XPOMHUTOB HaXOJUTCA B
MoOHUYETOPCKOM pacclOeHHOM IuTyToHe. OHO MpEeACTaBICHO
IUIACTOOOPAa3HON 3aJIeKpI0 BKPAIUICHHBIX PYZX XpPOMHTa B
nyantax  (Comgeosepckoe — MecTOpokaeHHe...,  1999).
Conepxxanne xpomura B pyne koiebsercs ot 20 mo 60%.
3anacel pyasl ouleHuBaroTcs B 10 MIH. T. IpHU cpeaHEM
conepkaanu Cr203 25.8% (Hexnpa cesepo-3amana...,2003).
CymMMapHOe cojiepXaHHe IUIaTHHOBBIX METa/UIOB B pylax
cocrasisteT okouo 0.5-0.8 r/T.

CocTaB BMEHIAIONIUX XPOMHUTOBBIC PYABI IOPOJ MEHAETCS OT
IUTaTHONEPUIOTUTOB 0 AyHHUTOB. llpum 3TOM MeHsercd
CTPYKTypa pPyIbl OT HOWKUIMTOBOM K CHUJIEPOHUTOBOWU. B
MEPUIOTUTAX BKPAIUIEHHOCTh XPOMHTAa KOHLEHTPUPYETCS B
MIIPOKCEHE, a B IYHUTAaX — B HHTEPCTHLHUAX MEXIY 3epHAMH
ONMBHMHA. B CBSI3M C 3THM HaMETWICS 3aKOHOMEPHBIH
XapakTep  pacupeneNeHus  IUIATHHOBBIX ~ MHHEPAJIOB.
MuHepansl METaIOB IUIATHHOBOW TPYIIBI yCTAHOBIICHBI
TOIBKO B pylIe M3 [AyHWUTOB. BblueneHus IUIaTHHOUZOB
BCTPEYAIOTCS B OJIUBUHE, XPOMUTE U B UHTEPCTHUIHSX MEXKTY
TUMH MuHepainamu. Habmiomaercsi B3aUMOCBS3b cocTaBa
MHUHEpaIbHBIX (a3  IUIATHHOWAOB  CO  CTPYKTYpOM
XxpoMuToBON pyapl. K Hambonee paHHUM 10 BpPEMEHHU
00pa30BaHUsI OTHOCSATCS BKIIOUCHHS HHTepMeTauinaoB Ir,
Os u Ru B onuBuHe. B pyTeHHMH NPHUCYTCTBYET NPHUMECH
MoJH0IeHa. WHTepMeTamist ACCOIMUPYIOT c
BKJIIOUCHUSIMH XpoMmuTa. PopMa BKIIOUECHHH XpOMHUTA B
ONIMBHMHE IIpeo0JIalaeT OKpyIJas, a 3€peH IUIAaTHHOWJIOB
OBaJbHAasT WJIM JIMH30BUAHAs. Pa3Mepbl  BbIIeNeHHUH
mw1aTuHOUA0B 1-5 MKM. BriroueHust XpoMmura B OJIMBHHE
pacmoyiaraloTcsi Jaxe B LIEHTpe 3€pHa, a I[UIaTHHOBBIC
MuHepansl He Oosee 50 MkM OT Kpas. ['maBHas renepanus
XpOMHTa B pyJe KPHUCTAJUIM30BaNach IIO3HEEC OJIMBUHA,
MO3TOMY Jajieeé IO BO3PacTy BBIICNIAIOTCS BKIIOYCHUS
IUTATHHOM/IOB B XpOMHTE. 3epHa IUIATHHOUAOB B XPOMHTE
NpeJ/IcTaBIIeHbl Takxke uHTepMeraumaamu Ir u OS, HO yxe ¢
npumecsio S, Ru u Rh. BrittoueHus pacnosiaraircs, Kak 1 B
ONIMBHHE, BOIM3M OT Kpas 3epeH Xxpomura. DopMbl 3epeH
TUITATHHOW/IOB TIPEMMYIIECTBEHHO OKpYTJIbe, pa3sMmepsl 1-5
MkM. K Hambonee TO3MHMM OTHOCSTCS  BKIIIOYEHUS
TUITATHHOW/IOB, BBIACSIBIIMXCS MEXIy 3€pHAMH XPOMMTA,
T.. 1Iocne ero pucramzanud. OHHM  TIpeaCTaBIICHbBI

UCKITIOYUTETFHO  CyAb(GUAOM  PYTEHHS —  JIAypUTOM,
HaXoaamuMcCs B acconuanuu C NCHTJIAHAUTOM u
xm3neByauToM. O TO3MHEH KpUCTAJUIM3AaLMM  JIaypUTa

CBHUJIETENLCTBYET TOT (hakT, 4TO OH HapacTaeT Ha TpaHu
3epeH XpOMHTa WJIHM pAacIojlaraeTcs B CHJIHKaTe MEXIy
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or locates in silicate locked between the chromite
daces. There are signs of chromite replaced by
laurite and pentlandite at the contact. Laurite is the
largest phase of platinum-group metals in the
chromite ore. The laurite grains vary from about
10 to up to 70 um in size.

The chemical composition of laurite, pentlandite,
heazlewoodite and coexisting chromite and
olivine (Tables 1 and 2).

The distribution of elements in chromite has been
studied to show no sings of zoning.

(o)
B\

rpadsMu xpoMura. Ha KOHTaKTe 3epeH XpPOMHUTA C ITHMH
MHUHEpaJaMH BHAHBl TNPH3HAKK 3aMELICHHs  XPOMHTA
JIAyPUTOM M TMEHTIaHAUTOM. Jlaypur — Hamboyiee KpyrHas
(aza MIATHHOMAOB B XPOMHUTOBBIX pydax. Pasmepnl 3epeH
Jayputa JOCTUTAroT 70 MKM MPEMMYIIECTBEHHO OKOJo 10
MKM.

OmpesieieH XUMHYECKHI COCTaB JIaypuTa, MEHTIAHINUTA,
XU3JIEBYIMTA M COCYLIECTBYIOUIMX C HUMHM XPOMHTa U
onuBuHa (Tadi.1, 2).

HW3yueHo pacrpeeeHre SJIEMEHTOB B XPOMHTE, IOKA3aBIlee
OTCYTCTBHE NPU3HAKOB 30HAIBHOCTH.

2.1

Fig. 1. Schematic geological map of the Dunite Block

2.2

Puc. 1. CxemamuuHasi 2eo/02uvecKass Kapma ¢ pa3pe3om

and section. /JlyHumoegozo 6s10ka.
Tabnuua 1.
XMUYECKMIN COCTaB NEHTMNAHANTA, Xa3nesyanTa u naypura
MwuHepanbl CopepXaHne XMMUYECKUX 3NIEMEHTOB, Macc. % Cymma
S Fe Co Cu Ni Pt Rh Pd Ir Ru Os
Mentnangnt | 32,73 | 31,86 | 1,31 | - 34,49 | - - - - - - 100.39
Xuanesygut | 26,77 | 0,57 | 0,05|0,04 | 72,53 | 0,07 | 0,06 | - - - - 100.09
Jlayput 37,30 | 0,31 | - 0,05 | 0,40 | - - 0,37 | 3,08 | 48,86 | 10,22 | 100.59
Table 1.
Chemical composition of pentlandite, heazlewoodite and laurite
Minerals Concentration of chemical elements, wt. % Total
S Fe Co Cu Ni Pt Rh Pd Ir Ru Os
Pentlandite 3273 131.86 | 1.31 | - 34.49 | - - - - - - 100.39
Heazlewoodite 26.77 | 0.57 | 0.05| 0.04 | 72.53 | 0.07 | 0.06 | - - - - 100.09
Laurite 37.30 | 0.31 | - 0.05 | 0.40 | - - 0.37 | 3.08 | 48.86 | 10.22 | 100.59
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Tabnuua 2.
XUMUYECKMI COCTaB XpOMUTaA M ONMBUHA
MuHepanbl | CogepxaHme XMMUYecKux anemMeHToB, macc. % Cymma
MgO Al,O4 Cr,03 FeO SiO, NiO
XpoMnt 12,41 | 12,18 | 55,77 | 18,06 | 0,08 0,10 | 98.60
OnuBuH 51,73 | - - 6,35 40,37 | 0,80 |99.25
Table 2.
Chemical composition of chromite and olivine
Minerals | Concentration of chemical elements, wt. % Total

MgO AlLO; | Cr,03 | FeO SiO, NiO
Chromite | 12.41 | 12.18 | 55.77 | 18.06 | 0.08 | 0.10 | 98.60

Olivine 51.73 | - - 6.35 |40.37 | 0.80 | 99.25

Fig. 2. Texture of chromite ores, Sopcha deposit. Puc. 2. Tekcmypa xpomumoswvix pyd, Conueosepckoe

MecmopocoeHue.

Puc. 3. Y6ozue (pedkass ekpansieHHocms) pyd, Conueo3epckozo

Fig. 3. Poor impregnation ore, Sopcha deposit.
MeCcmopoxcoeHUs1.
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MecTopoXKieHHs
Konbckuii nonycTpoB Toaspasii ¥Vpan
Comua Tamoc Mmanapo- JlekXOHIIMHCKOE MECTOPOXKICHHE Baiixapo-
BCKHH CBHIHHHH-
Meramns TIOTONHT CKHii
) MaccHB
1 2 3 4 Konnen- | Koumen- | JyHHT Tapubyp- | IMupokce- | Xpomosas | XpoMosas
Konuen- | xpomutur | Bennas IYHHT TpaT Tpar THT HHUT pyaa pyna
Tpar pyna
Os 56 - - - 33 39 25-40 25-40 13-40 25-67 10-56
Ir 39 3 2 5 42 55 4.7-12.3 4.1-13.6 0.4-0.8 32-94 12-99
Ru 120 82 44 47 110 400 20-30 20-50 20-50 20 14-94
Rh 4 77 10 18 21 37 0.5-3.0 1-2 1.0 2-3 2-10
Pt 12 198 112 201 42 220 5-17 7-10 59 5-23 5-15
Pd 36 412 226 318 96 56 4.3-6.2 5.6-7.5 4.8-9.0 6-10 2-11
Au 14 44 34 47 22 13
Ag 540 1328 724 860 400 200
Cymma 267 772 394 589 344 807 60-96 68-118 45-100 102-188 76-306
21T
Pt:Pd 0.3 0.51 0.42 0.65 0.4 3.9 1-2.7 0.1-1.3 1.0-1.25 0.8-2.5 1.0-3.0
Ir:Pd 1.0 0.0 0.0 0.0 0.4 1.0 0.9-3.0 0.5-2.2 0.08-0.15 6.0-9.3 1.6-40.0

Ipumedanne: npuBenens! ganuete (30)- kon.1, IMagoc uw MMarnpoeckwnii nononut; (15) — kon. 2-4; (31)- IMonapHsii Ypan.

Fig. 4. PGE content in the ore of the Sopcha and other ~ Puc. 4.CpasHeHue codepicanuii MIIT' & pydax "Conuu" u dpyaux
deposits. MecmopodicdeHull.

Fig. 5. Rich impregnation ores of Sopcha deposit. Puc. 5. T'ycmoekpansieHHble py0dbl Conueosepckozo
MeCcmopoxcoeHUsl.

Discussion OO6cy:knenne pe3yabTaToOB

The available data indicate a regular variation of [TonyueHHbIe NaHHBIE CBHIETEIBCTBYIOT O 3aKOHOMEPHOM
the composition of the crystallized PGE minerals, HU3MEHEHWH COCTaBa KPUCTAIUTH30BABIINXCS (a3 MIATHHOBBIX
and consider the process to be resulted from the MHHEPAJOB, W TMO3BOJSIOT PacCMAaTpuBaTh TMPOIECC Kak
magma melt differentiation. It seems that, at the pesynbTar aupGepeHnHani MarMaTHYecKOro paciuiaBa.
final stage of olivine crystallization, first particles MO3KHO MmoJjiaraTh, YTO B KOHIIE KPUCTA/UTU3AIMK OJIUBHHA B
of most high-temperature platinum-group metals paciulaBe MOSBJISIOTCS IEPBBIE  YAaCTHMIBI  IUIATHHOBBIX
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(Ir, Os) appear in the melt. It corresponds to the
heavy platinum-group metals (Pt, Os, Ir) tending
to early segregation during the endogenous
process (Yushko-Zakharova, 1975). After the
bulk of chromite that escapes from the melt after
olivine, has crystallized, the concentration of
sulphur in the residual melt increases, and
chromite entraps particles of platinum-group
metals (Ir, Os), but with the admixture of sulphur
and low-melting elements (Ru, Rh) at the final
stage of crystallization. At the final crystallization
stage of chromite residual melt, the concentration
of sulphur suffices to produce sulphides, and
laurite (Ru,Os,1r)S2 and pentlandite (Fe,Ni)9S8
emerge. Zonal PGE distribution in chromite has
also been established for the other similar
chromite ores (Anikina, 1995).

There are signs of pentlandite grains and laurite
crystals growing in the interstices of chromite
grains and replacing them. This process could
have taken place only at the expense of post-
magmatic pore solution, e.g. derived from
hydrothermal metamorphism of the dunite and
chromite ore. This is based on the chemical
compositions of primary minerals, olivine and
chromite, that contain elements, particularly high
content of nickel and above-mentioned inclusions
of PGE-bearing phases required for the growth of
pentlandite. When olivine and chromite dissolve,
all components, including intermetallic PGM
inclusions, could migrate into solutions. PGE
minerals occur not far from the grain surfaces and
can easily be leached through diffusion, but
without employing dilution. The evidence of
PGM migration during metamorphism is related
to their presence in the late mineral,
heazlewoodite, where the concentrations of
rhodium and platinum have been found to be
0.06% and 0.07% respectively.

Conclusions

The chromite ores of the Sopcheozero deposit
contain Ru, Ir and Os, platinum-group elements
typical of this ore kind. These elements enter into
the major part of the found mineral compounds.
Early PGM segregations are largely tightly related
to olivine and chromite entrapped during the
crystallization and occur in the form of 1-5 pm
inclusions. Some PGMs segregated in the form of
sulphide compounds after chromite and occurs
freely in grains of up to 70 um in size.

MeTajioB, HambOojee BbicokoTemmeparypueie (Ir,0s). Oto
COOTBETCTBYET TOMY, YTO TSDKENbIE IIATHHOBBIC METAJlIbI
(Pt, Os, Ir) xapakTepu3yloTCsi CKJIOHHOCTBIO K CamMoOMy
paHHeMy o06ocoOieHH0 B SHIoreHHoM mnpornecce (HOmko-
3axapoBa, 1975). Ilocne kpucTamiu3alud OCHOBHOH 4YacTH
XpOMHTa, KOTOPBI BBIAENAETCd U3 pacijaBa MO3/Hee
OJIMBMHA, B  OCTaTOYHOM  pacllylaBe  yBEIUYHUBACTCS
KOHLICHTPAIMsI CEPbl M XPOMHUT B KOHIIE KPHCTAJUIN3AIHU
3aXBaTHIBAECT YACTHIB! IUITATHHOBBIX MeTauIoB Takxke Ir, Os,
HO YK€ C IPUMECHIO CEPBI U OoJIee JIETKOMIABKUX IEMEHTOB
(Ru, Rh). Ha 3akimrounTensHOM »3Tame KpPUCTATUIH3AIIUH
OCTaTOYHOTO pAaCIIaBa XPOMHTOBBIX pPYA, KOHICHTpPAaIUU
Ceppl yXKe JIOCTaTOYHO JJisi 00pa3oBaHMs CyIb(pUIOB,
no3toMy BbaesoTca JaypuT (Ru,Os,Ir)S2 u nmentnanaut
(Fe,Ni)9S8. 3omnanmbHOE pacmpeseneHne IUIATHHOWIOB B
XpOMHUTE YCTaHOBIEHO M Ui JAPYTUX aHAJOTHUYHBIX
MECTOPOXKICHUN XPOMHUTOBBIX pya (AHUKHUHA, 1995).

BmecTte ¢ TeM ecTh HpU3HAKU pOCTa 3€peH NEHTIaHAUTa U
KPHCTAJUIOB JIAypUTa B HMHTEPCTUIMAX 3E€PEH XPOMHUTA C
3aMEIEHNEM XPOMHUTA. JTOT MPOLECC MOT MPOMCXOAUTH
TOJBKO 3a CYET IOPOBBIX PACTBOPOB MOCTMAarMaTH4YeCKOTO
MIPOUCXOKACHHS, HalpuMep, IPpH  THUAPOTEPMATBHOM
MeTamopdu3Me ITyHHTOB M XPOMHUTOBBIX pyA. OcHOBaHMEM
IUIL 9TOTO SIBISAIOTCS XHMHYECKHE COCTaBbl MEPBHUYHBIX
MUHEpaJIOB - OJIMBUHA M XPOMHTa, KOTOpBIE COZAEp)KaT
HEOOXOAMMBIE IUIi pOCTa IEHTIAHAWTA JJIEMEHTHl, B
YaCTHOCTH, BBICOKYIO NPUMECh HUKENS, a TAK)Ke ITOKa3aHHbIE
BBILIIE BKJIIOYEHHs TIATHHOBBIX ¢(a3. [lpu pacTBopeHHn
OJIMBMHA U XPOMHTA BCE 3T KOMIIOHEHTHI MOTJIN TIEPEXOIUTh
B PACTBOPHI, KaK ¥ NEePBUYHBIC BKIIOUCHU HHTEPMETAIINIOB
MIII. Munepansr OIII' pacmomararorcss HEriyOOKO OT
TIOBEPXHOCTH 3€PEH ITHX MUHEPAJOB U JIETKO MOTYT OBITh
BBIIIETOYEHBI Jake Oe3 pacTBopeHus, myteMm Iuddysum.
[Ipn3HakoM MUTpalMM IUIATHHOBBIX METAJUIOB B IpoLecce
Meramopdui3Ma SBISIETCS HMX IPHUCYTCTBHE B IO3JHEM
MHHepaJle — XH3JIeByAHUTe, B KOTOpOM OOHapyxeHsl Rh
0,06% u Pt 0,07%.

BriBoabI

B xpomutoBbix pyaax Comueo3epckoro MeCTOPOXKICHH
MPUCYTCTBYET XapakTepHas M MJAaHHOTO THIA TpyIma
s1eMeHTOB IaTUHBL: Ru, Ir, Os. OTH »1eMEHTHI BXOIAT B
coctaB Oompimedi YacTH OOHApPYKEHHBIX MHUHEPATBHBIX
COEIMHEHUI.

Pannue Boaenenust uatepmeramuaos MIIT' B 3HaunTensHOM
CTCTICHM TECHO CBS3aHBI C OJIMBHHOM U XPOMHUTOM,
3aXBayeHbl UMHU B MPOIECCE KPUCTAIM3AIUU M HAXOJSITCS B
BU/Ie BKJIIOUCHHH pasmepoM 1-5 mxMm. Hexotopas gacte OIIT°
B ¢opMme Cyrb()UIHBIX COEAMHEHWH BBIJEIANACH II03XKeE
XpOMUTA, HAXOJUTCS B CBOOOJHON (opMe U 00pazyeT 3epHa
10 70 MKM.
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Fig. 6. PGE content in the chromite ore concentrate  Puc. 6. Codepocarue MIII" 8 xpomumax u ux omHocumenbHast 00sl.
and volume ratio in 100%.

. A, 02062-0179

7.1 7.2

Fig. 7. Ore structure:7.1- in the dunite; 7.2 - in the  Puc. 7. Cmpykmypa py0: 7.1- 6 dyHumax; 7.2 — 8 nhepudomumax
peridotite.

Os (Ir,S,Ru,Rh)

8.1 8.2

Fig. 8. Character of PGM inclusion: 8.1 - in olivine; 8.2- in ~ Puc. 8. Xapakmep MIII" ekarouenuii: 8.1 - 8 oaugume; 8.2 - 8
chromite. Xpomume.
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Fig. 9. Character of PGM inclusion in chromite.

Fig. 10. PGM inclusion among chromite grains.
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Fig. 11. PGM inclusion among chromite grains  Puc. 11. Bkaouenus MIIT" mexcdy 3epHaMu Xxpomuma 6 Cpocmkax ¢
intergrown with pentlandite. neHmaaHoumomM.
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Strategic mineral resources of Lapland — base for the sustainable development of the North

Crt

100 mkm

12.1
Fig. 12. Laurite: 12.1 - laurite crystal among chromite
grains; 12.2 - chemical composition of laurite.

Fig. 13. Elements distribution in chromite along the a-
6 profile
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RuRrhs) \ &

o (Fe,Ni)gSg

[}

(Ir,0s) 0 (Ni,PtRh),S,

Crt

Fig. 14. PGE minerals crystallization scheme.
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