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Fny6oKoyBakaemble Konsieru,

Mo3apasnsato Bac ¢ [JHEM POCCUINCKOWM HayKM M 06DBABAAID Hay4HYO ceccuto [eonornyeckoro MHCTUTyTa
KHL, PAH, nocBalWEHHYO 3TOMY 3ameyaTesbHOMY COObITUIO, OTKpPbITOM! [M03BONbTE HAMOMHWUTb, YTO HEKoraa
[eHb HayKn npa3gHoBancA B TPETbe BOCKPECeHbe anpensa B 3HaK Toro, 4to B nepuog 18-25 anpens 1918 r.
COCTaBNEH NEHUHCKMIA «HabpOCOK MnaHa Hay4YHO-TEXHUYECKUX paboT». YKaszom lMpesmpeHTta PO ot 7 uioHA
1999 r. npasgHUK nepemelléH Ha 8 ¢deBpans — B 3TOT AeHb B 1724 1. no pacnopsxkeHuto MeTpa | YKasom
npasuTenbcTBytolero CeHaTa ocHoBaHa Poccuiickan akagemua Hayk. [lo cux Nop MHOrMe OTMEYatoT ero «no
cTapomy ctunto». Ho mbl NpuBbIKAM npa3gHoBaTb B anpene [leHb reonora. [Moatomy npegnarato U Bnpeab
oTmeyvaTb [leHb POCCUMIACKON HayKM MMeHHO 8 deBpans, OTKPbIBAA UM EXerogHyt Mnporpammy Hay4HbIX
meponpuaTnii MHcTUTyTa.

B atom roay Konbckomy HayuyHomy LeHTpy PAH ncnonHsaetca 80 net, 4To A06aBAAET TOPKECTBEHHOCTU U
OTBETCTBEHHOCTM HaWWMM Meponpuatuam. Paspenas co Bcert Poccuitckon AKagemuelr HayK npobnembl
3aTAHYBLUErocA NepecTpoevyHOro Nepuosa, Mbl BCTpedaem tobunei Ha maplie v 3anjaaHMpoBanu Lenbli pas,
Bcepoccuickux (C MexAyHapogHbIM ydyacTmem) KoHdepeHumin: «leoTypusm: ycToMuMBOE pasBUTUE W
NepcneKkTMBbl NPUTPaHUYHOrO coTpyaHuyecTBa» (4-5 anpens), «VII depcmaHoBCKas HaydHaa ceccusa» (2-5
mas), «YHUWKaNnbHble reonornyeckne o6bEKTbl KosbCKoro n-osa: XubuHbl» (20-23 UIOHA), «YHUKaNbHble
reonormyeckne o6bvEKTbl KonbcKoro n-oBa: MOHYEropckuii pygHbii paitoH» (10-14 asrycta), «30/10TO
Konbckoro n-oBa W conpefenbHblX perMoHoB» (26-29 ceHTabpsa) u «MaTemaTuyeckMe wuccnegoBaHuA B
€CTeCTBEHHbIX HayKax» (24-27 oktabps).

B nporpaMme cerogHALIHelt Hay4HoW ceccum — 12 A0KNaaoB”, 0XBaTbiBAIOLWMX OCHOBHbIE HanpaBAeHNA
nccnegoBaHnin  UMHcTMTYTa B pamkax nnaHoBbix HWUP, nporpamm ¢dyHOAMEHTaNbHbIX UCCAe0BaHUM
Mpesngnyma PAH n OTtaeneHua Hayk o 3emne PAH. B HMX paccmaTpuBaloTCA: reosiorMyecKkoe pasButue
Konbckoro pervoHa OT AOKemMbpua [0 HOBEWWEro BpeMeHW, 3BOMOUMA PACCNOEHHbIX WMHTPY3UBOB MO
N30TOMHO-TEOXMMUYECKMM W TFEOXPOHONOTMYECKUM [aHHbIM, MNepcrnekTnsbl HedTerasoHocHocTM bHacceliHa
BapeHLeBa MopsA, MMHEPaNorna 3010Ta B By/IKAHOFeHHbIX Komniekcax Kosnbckoro n-osa u CesepHoit Kapenum,
TeOpeTUYECKMEe Npobaembl MUHEPANOruK... B uncne AoKNafAuMKOB — HayuHble nnaepbl MHCTUTYTa M monoable
COTPYAHWUKM, YTO OYEHb paayeT, AaBas HAAEXKAY Ha NPeeMCTBEHHOCTb MOKOJIEHUI U YCTOMYMBOE pa3BUTUE
MHcTuTyTa. Bece poknagbl 6yayt onybankoBaHbl B Tpyaax Hay4yHoM ceccuu.

B Haw aapec npuwan nosapasneHUa ot AKageMnKa-ceKpeTapa U AUPEKTOPOB MHOTUX MHCTUTyTOB OH3
PAH, MpepacepaTtens u aupektopoB uHcTUTyTOoB KHL, PAH, Mpe3snaeHTa PoccuiicKoro mMuHepanornyeckoro
obuwecTtsa, Konbckoro otaeneHna Poccuiickoro 60TaHNMYecKoro obLLecTsa, a TakKe MHOFOUYUCNEHHDBIX KOAEr U3
nHctuTyToB PAH M oTaeneHnin PMO. Hac nosgpasnsoT Konnern us Feonornyeckoi cnykbol @uHASHANK
(oducbl B Icnoo, PosaHMemu, Kyonuo), YHMBepPCUTETOB XeNbCUHKM M [enu, a Takxe WMHCTMTYyTa reonorum
AKaZeMnn reonormyeckmx Hayk Kutas. BbICOKO OLEHMBAOT Hall BKAAL B pa3BUTUE FOPHOPYAHOM OTpacau
pervoHa rybepHatop MypmaHckoit obnactm u map r. Anatutbl. C yA0BONLCTBMEM Mepesatd BamM MOXKenaHuA
KPEenKoro 3,0p0BbA, SKOHOMUYECKOr0 61aronoyyma 1 BblAAOLWMXCA HAYYHbIX AOCTUNEHWN!

OupekTtop Meonormyeckoro nHctntyta KHL, PAH
MNpeacepatens Konbckoro otaeneHmna PMO
Mpod., A.r.-M.H. > HO./1. BoliTexoBCKui

8 ¢peBpans 2010.

* .
Hoknag AY. KopuarnHa v ap. «lpoekT ®énopoBa TyHApa: BTOpas oyepenb pa3BefoyHbix paboT» He nybavKyeTcs no
CO0b6parKeHNAM KOMMEPYECKOM TalHbI.



Dear colleagues,

| congratulate you with the Day of Russian Science and declare the Geological Institute KSC RAS
Scientific Session dedicated to this remarkable event open! Let me remind you that the Day of Science used to
be on the third Sunday of April in memory of Lenin’s “Sketch of the scientific-technical works plan” made on
April 18-25, 1918. By Decrée of President of Russian Federation of June 7, 1999, the holiday was shifted on
February 8. On this day of 1724 the Russian Academy of Sciences was established by Order of Peter the Great
and Decrée of Senate. Up to now many people celebrate the holiday in “Old Style”. However, we are used to
celebrating the Geologist’s Day in April, that’s why | propose celebrating the Day of Russian Science on
February 8, thus opening the annual programme of scientific events of the Institute.

This year the Kola Science Centre RAS celebrates its 80" anniversary, which provides our happenings
with extra solemnity and responsibility. Sharing problems of the dragging on perestroika with the Russian
Academy of Sciences, we are marching the jubilee with a set of All-Russian (with international participation)
conferences to follow: “Geotourism: Sustainable Development and Perspectives of Cross-Border Cooperation”
(April 4-5), VII Fersman Scientific Session (May 2-5), “Unique Geological Objects of the Kola Peninsula: Khibiny”
(June 20-23), “Unique Geological Objects of the Kola Peninsula: Monchegorsk Ore Area” (August 10-14), “Gold
of the Kola Peninsula and Adjacent Regions” (September 26-29) and “Mathematical Research in Natural
Sciences” (October 24-27).

The programme of the current Scientific Session includes 12 reports™ embracing major fields of the
Institute research in the framework of the planned scientific-research works, programmes of basic research of
the Presidium RAS and Department of Earth Sciences RAS. The reports highlight geological genesis of the Kola
region from the Precambrian to our days, evolution of layered intrusions according to the isotope-geochemical
and geochronological data, perspectivity of the Barents Sea basin for oil and gas, gold mineralogy in
volcanogenic complexes of the Kola Peninsula and Northern Karelia, theoretical issues of mineralogy... The
Session reporters are scientific leaders and young researchers of the Institute. The latter is particularly
rejoicing, giving hope on continuity of research and sustainable development of the Institute. All reports shall
be published in the Papers of the Scientific Session.

Our Institute received congratulations from Secretary Academician and directors of most institutes of
Department of Earth Sciences, Chairman and directors of KSC RAS institutes, President of Russian Mineralogical
Society, Kola Branch of the Russian Botanical Society and numerous colleagues from institutions of the Russian
Academy of Sciences and departments of Russian Mineralogical Society. Our colleagues from the Geological
Survey of Finland (offices in the Espoo, Rovaniemi, Kuopio cities), Universities of Helsinki and Delhi and
Institute of Geology of the Academy of Geological Sciences of China also sent us their congratulations.
Governor of the Murmansk region and Mayor of Apatity highly appreciate our contribution to the development
of the regional mining industry. | have a pleasure to wish you strong health, economical stability and prominent
scientific achievements!

Director of Institution of Russian Academy of Sciences
Geological Institute of Kola Science Centre, RAS
Chairman of Kola Branch of Russian Mineralogical Society

Dr., Prof. J— Yury L. Voytekhovsky
February 8, 2010 / ' >

\Vall

* Report of A.U. Korchagin “The Fedorova Tundra project: the second line of prospecting works” is out of the press due to
the commercial interest.
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KOHTPACTHOCTb FEOXMMWU MATMATUYECKUX U BTOPUYHbIX LUPKOHOB
B rPAHUTOUOAX ®AHEPO30A-XAAEA

10.A. banawos 1, C.T. Cky6nos 2

1 -
Feonornyecknint UHCTUTYT KonbcKoro Hay4dHoro ueHTpa PAH
2
UHCTUTYT reonorum n reoxpoHonoruu gokembépua PAH

Ycnosus reHepaumm u npeobpasoBaHuA APEBHEWWWUX [ETPUTOBbIX LUPKOHOB CaMOro pPaHHero
(xamelckoro) reonorMyeckoro aTana CTaHOBAEHWUA U PAa3BUTUA MAHTUM M KOpbl 3eman (cnaingbl 1, 2) Ao cux nop
OAHO3HaYHO He pacwndpoBaHbl, €AMHCTBEHHbIV NYTb PeLleHna Npobaembl — CONOCTaBAEHNE TEOXMMUYECKMX
XapaKTEPUCTUK COOTBETCTBYHOLWMX LMPKOHOB C LIMPKOHAMMU FPaHUTONAO0B apxesa-paHepo30s C Le/bio BblABUTbL
reoxummyeckme aHanoruu. MNpexae Bcero, 3To Kacaetca P32 u pada pefkuX M PacCeAaHHbIX 3/1eMEeHTOB,
KOTOopble OOHapyuBalTcA NpM UCNoAb30BaHUM MeTogoB SIMS u nasepHoi abnauum ICP-MS. [Ons
OPEeBHENLINX AeTPUTOBbIX LUMPKOHOB ABcTpanun (3) asTopamm (Wilde et al., 2001) oTmeuyeHa BepOATHOCTb
NPUCYTCTBUA ABYX BO3PACTHbIX nonynaumi. MNoaobHas pa3gBOEHHOCTb YCTaHOB/JEHA HAaMW AA LMPKOHOB
MOHOMCKMX LWeNnoYHbIX rpaHuToB Keins (4), cpeau KOTOPbIX BbIAENSAIOTCA MarmaTuyeckue (2666 maH net) u
nosgHve metamopoéuuyeckne nonynaumm (1802 maH net). AHanorMyHoe pasfefieHne YCTaHOBAEHO Mexay
MarMmaTUYeCcKMMM U «ITMAPOTEPMA/IbHBIMUY PA3HOCTAMMU A8 MHOTOCTaAMMHOIO rPaHUTHOro maccusa borru
Mneiin (Asctpanua, 410 mnH net; Hoskin, 2005) (5). OTmeyeHHOe pasgeneHue NONyAAUMUA LUPKOHOB
COOTBETCTBYET [AAaBHO YCTAaHOBJEHHOM cuUCTemMaTWKe ¢auManbHOro pasHoobpasua  pernoHasbHOro
meTamopdusma (6).

JeTtanusaums pacnpegenernma P33 B UMpKOHax perynupyetca Asymsa ¢dakTopamu: nM3omopdHbIMM
OrpaHUYEeHUAMM Pa3MEPHOCTU MOHHOIO paauyca Zr U NPUCYTCTBMEM ABYX BaNeHTHbIX cocToAaHuM Ce u Eu B
MCXOAHbIX pacnnaBax (pacTtBopax), COOTHoWeHWe ce*/ce®® n Eu/Eu”, KOHTpO/IMpyemMoe NeTpoXMMUYECKUMMU
napametpamu P-T-fO, (7-9). AHomanun Ce n Eu B 3emHbix umpkoHax (10-13) urHopupoBanncb BO BCEX
ony6nKoBaHHbIX 33 nocnegHue 20-40 net paboTtax. Ho nccnepgosaHve AMHamMuKM ¢dpakunmoHnposaHua P33 B
uMpKoHax MNoHos (14) nokasano, 4uto umeHHO Ce — Hanbosee cTabUNbHbINA 31eMeHT 3Toro MnHepana. C gpyroi
CTOPOHbI, NOCTOAHHBIN AeduunT Eu ABHO yKa3biBaeT Ha ero u3bupatesbHOe U3BEYEHUE, HE COrnacyoLeecs ¢
Ce, T.K. HakonaeHne Eu conpsaeHo ¢ n3omopdHbIM 3aXBaTOM B CTPYKTYPbI Narnoknasos, KLU, a B WenoYHbIX
nopofax — B MWHepanbl C OONbWIMMU MOHHbIMK paguycamu (Ba, Sr) Kak cneactsue 3axsaTa Eu. B
60/bWNHCTBE CNydYaeB nofobHaa aHomanua Eu OTHOCKUTCA K pPaHHMM Mpoueccam reHepaumu KUCbIX
pacnnaBoB, CBOMCTBEHHbIM AndbdepeHunauun maduyecknx cuctem B Kope. Bosspaltasck K Ce B LMPKOHaX,
cnefyeT oXuaaTb NpucyTcTemMe obenx ero opm B OTMEYEHHbIX aHOMAUAX, YTO HETPYAHO NpoBepuTb (15, 16).
Ba)KHenwmnn pesynbtaT — peskoe npeobiagaHue Ce™ B marmatuueckux LMPKOHAX W CTOJIb Ke pesKoe
cHuKeHne oTHoweHus Ce**/Ce® Bo Bcex TMMax BTOPUUHBIX LIUPKOHOB. ITO OKa3anoChb CrPaBe/MBLIM U 4R
XaAeMCKUX LMPKOHOB.

AHann3 pacnpocTpPaHEHHOCTM APYrUX PEAKUX U BTOPOCTEMEHHbIX 3/1IEMEHTOB B MONOAbIX U XaAeNUCKMUX
UMpKoHax (17) No3BONUA YCTAHOBUTbL CXOACTBO OTHOWeHUA Th/U pgna marmaTuyeckux pasHoCTer U — B NepBYHo
ouyepesb — pasinune Mexay BTOPUUHBIMU LLUPKOHAMM, KOHTPACTHOE OTHOCUTE/IbHO rpaHuTonaos borrv MaeiH.
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CONTRAST GEOCHEMISTRY OF IGNEOUS AND SECONDARY ZIRCONS
IN THE PHANEROZOIC-HADEAN GRANITES

Yu.A. Balashov ', S.G. Skublov’

! Geological Institute of Kola Science Centre RAS
? Institute of Precambrian Geology and Geochronology RAS

Since formation and transformation settings for the oldest detrital zircons of the earliest (Hadean)
geological stage of the Earth’s mantle and crust formation and evolution (Slides 1, 2) have not yet been
unambiguously interpreted, it is only useful to compare geochemical features of the zircons with those of the
Archaean-Phanerozoic granitoids to reveal geochemical similarities. This mainly concerns REE and some trace
and microelements that can be detected by SIMS and ICP-MS laser ablation methods. Wilde et al. (2001)
suggest presence of two generations for the oldest detrital zircons from Australia (3). Such dualism is
established for the zircons of the Ponoy alkaline granites that occur in the Keivy structure (4), among which
igneous (2666 Ma) and later metamorphic (1802 Ma) populations can be distinguished. The same is known for
the igneous and hydrothermal zircons of the Boggy Plain polystage granite complex (Australia, 410 Ma - Hoskin,
2005) (5). The distinction between zircon populations corresponds with the approved classification of regional
metamorphic facies diversity (6).

The explicit REE distribution in zircons is regulated by two factors, i.e. isomorphic constraints of
zirconium ionic radius and two possible valences of Ce and Eu in the parental melts (liquids), where the
ce™/ce™ and Eu™/Eu™ ratios are controlled by such petrochemical parameters as pressure, temperature and
oxygen fugacity (7-9). However, the Ce and Eu anomalies typical of the terrestrial zircons (10-13) have been
completely ignored in the researches published during the last 20-40 years. Nevertheless, the examination of
the REE fractionation dynamics in the Ponoy zircons (14) has testified to cerium being the more stable element
in the mineral. In contrast, certain deficiency of Eu clearly indicates its preferential extraction inconsistent with
Ce, since Eu accumulation associates with isomorphic entrapment into the structures of plagioclases, K-
feldspars, and, in alkaline rocks, into the minerals with lager ionic radii (Ba, Sr) as a result of Eu® entrapment. A
similar Eu anomaly in most cases refers to the early processes of felsic melt generation that are intrinsic to the
differentiation from mafic systems in the crust. Back to Ce in zircons, we should probably find its two forms in
the above anomalies (15, 16). The fact that ce™ sharply predominates in igneous zircons and the Ce""/Ce+3 ratio
equally drops in all types of secondary zircons is the essential result of the present investigation that can also
be applicable to the Hadean zircons.



The analysis of abundance of other rare and minor elements in young and Hadean zircons (17) has
enabled to establish similar Th/U ratios in the igneous popularities that, however, vary in the secondary
zircons, particularly in those of the Boggy Plain granitoids.
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Yto Takoe Hadean ?
leoxpoHosiornyekasn Wwrana xages (banawos, 2009)
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Haunbonee apeBHMe 4aTMPOBKK: MO 4Sm/4’Sm xpoHomeTpy = 4460+115 mnH
net ana nopog NpeHnananm (Caro et al., 2003) 1 no Pb-Pb metoay = 4445-4469
MJ/IH NeT ANA NepLoanUTOBbIX KceHonntos Cnbupun (Mhebosuukuiin gp., 2007).
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Fig. 1. Location of the main granite and greenstone components of the Archean Yilgarn Cration. Faults mark major terrane boundaries. EG = Eastern Goldfields

superterrane; SC = Southern Cross superterrane; and N = Narryer terrane, M = Murchison terrane, and SW = southwest composite terrane that together
comprise the West Yilgarn superterrane.

Fault

Cnang 2.



dpeBHeNLN AeTPUTOBbLIN LIMPKOH Xaaesn:
4404+8 — 4350 +8 — 4283+8 mnH net
(Wilde et al., 2001)
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Cnang 3.
[Be nonynauum Zc B WwenoYHbix rpaHuTax MNoHolckoro maccmsa (Kesckan
CTPYKTYpa): 2666+10 1 1802+22 maH net
(BetpuH, PagmoHos, 2009)
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[lBe nonynaumm UMPKOHOB rpaHMTONAHOro Maccusa borru MneiH, ABcTpanua
(41045 mnH net) (Hoskin, Black, 2000; Hoskin, 2005)
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Cnang 5.
12 daumit permnoHanbHoro metamopodusma (benses u ap., 1977)
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Puc.2. Cxema daumuit u dbanmanbHBIX Cepri meTamopbuanva (Ha ocHobe
cxembl B. A. DneGobpauxoro, 19736).
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MNoHHble paanycbl P33 B 8- KoopanHaumm (Shannon, 1976) 1 BaneHTHble popMbl

1) ONTMManbHa BO3MOMKHOCTb M30MOPGHHOTO 3aMellleHNs B LMPKOHaX ToNbKo ans Ce™
N camblx TAKENbIX P33 (MOHHble paanycbl Zr+4-0.84 n Ce+4- 0.97) cpaBHUTENBHO C
Ce*® n ap. naHtaHomaamm n Y (La*3= 1.16, Ce*3=1.143, Pr*3 =1.26, Nd*3=1.109, Sm*3=
1.079, Eu*® =1.004, Eu*?= 1.25, Gd*=1.053, Th** = 1.04, Dy*3=1.027, Y= 1.019
Ho*3=1.015, Ert3=1.004, Tm*3= 0.994 Yb*3=0.985, Lu*3=0.977).

2) HanpoTtus, pasmepHocTb KaTnoHoB (K*1=1.51; Na*'= 1.18; Ca*?= 1.12; Ba*? =1.38;
Srt2 = 1.26) B nnarnoknasax, KM u akueccopHbix MuHepanax Ba u Sr cornacyetca c
ycnoBuamMM m3omopdHoro Hakonnewua ana Eu*?(1.25 A) u La*3(1.16 A) (banawos,
1964; Ap3amacuesa, 2003).

3) Nosy3abbiTasd 3aKOHOMEPHOCTb: B pacniaBax M pacTBOpax BCeraa NpuCcyTCTBYIOT Mo
[Be Ba/sieHTHble GOPMbI, COOTHOLIEHMA KoTopbix Ce™ /Ce*3 u Eu*3 /Eu*? onpeaenstorca
neTpoxmmuyeckumu napameTtpamu P-T-fO, (Banawos, 1976 v ap.)

Cnang 7.

OpesHenwmne (> 4 Ga) ympkoHsbl JlyHbl (Whitehouse, Kamber, 2002)
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Fig. 8. (A) Chondrite-normalised REE patterns of Hadean
terrestrial zircons [10,38,39] compared with (B) zircons from
>4 Ga lunar highland fragments [39-41]. Aberrant Lu data
of [41] omitted.

Cnainpg 8.

11



AHomanua Ce OTCYTCTBYET B COOTHOLWEHMN P33 ncxoaHo nopoabl B oTaMume oT Eu.
ITo yKasblBaeT Ha pa3anune GakTopos UX GpaKkuMoHUpoBaHUuA: ana Cet —
Kpuctannoxmmus Zc, ana Eu - nssneyeHune us pacnnasos Eu*? nnarmoknasamm n KML*
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Cnang 9.

N3bupaTtenbHasa skcTpakuma Eut2 aHopTo3nTaMu, NpeALlecTBYOLNUMM LLENOUYHbIM
rpaHutam MNoHosn (banawos, MNasHes, 2006)
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Puc. 4. Komiuiemenrapnoe pasnenenue P33 mexny pan-
HUMH 1raGOpo-aHOPTO3UTAMH U ITO3HUMNA IIETOYHBIMH
FPaAHHUTAMH OTHOCHTEJIBHO CPEMHETrOD cojlepxkanusi P35 B
raGoponopure. Ananus P33 ans IMoHos u rabopoHopu-
Ta no [37], pna Keuns [39], nnsa rabopoaHOPTO3UTOB —
MACC-CNIEKTPAJbHbIN aHAJIN3 C U30TONHBLIM pa3GaBIeHU-
em (I'M KHII PAH,. anaiurTuk HTapkor NU.B.).

Cnaiip, 10.
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Pasznnuune Eu/Eu* B rpaHnTomaax (Balashov, Tugarinov, 1976)

- &

Fig. 1. Europium division in granites and gneisses.

L. Basic varieties of granitoids (fonalites, dio-
rites, granodiorites, adamelites);

2. Granites;

3. Alkaline granites;

4. Basic varieties of gneisses (composition of
diorites and granodiorites

3. Acid varieties of gneisses (composition of
granites;

6. Mantle and crustal level of relative europium
content;

7. The same for recent (Pz-N) sediments,
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CooTHowWweHMA P33 B Marmatmyeckmx LMpKoHax MoHOMCKOro maccmea He
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OnHamuKa ¢pakumoHnpoBaHua P33 B marmaTnyeckux (Ign) u metamopoduyeckmx

(Met) umpkoHax NMoHos - MaKcMmanbHasa cTabunbHocTb Ce
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OnpegeneHue KoHueHTpauum Ce** n Ce*3 B UMPKOHAX
Ce*3 = HopmuposaHHomy (no C1) Ce*= 0.5 x (La+Pr);
Ce**=Ce (ppm) - Ce* (ppm)
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Cnaiip, 15.
CooTtHoweHue Ce**/ Ce*3 BO BTOPMUHBIX LIMPKOHAX
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Ce**/Ce*3 aBnaeTca YETKMUM MHAMKATOPOM
P-T-fO, ycnosui KpUCTanansaumm LMPKOHOB, YTO GUKCUpyeTca
TaKXKe 1 B XaZeNCKUX AeTPUTOBbIX LiMPKOHAX
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lpynna peakux anemeHTos u nsotonos (Th, U, 6180, Pb, Hf, Sr, Ba, Nb, P n ap.)
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HEOAPXEMCKUA AHOPOTEHHbIA MATMATU3M KEMBCKOW CTPYKTYPbI:
BO3PACT, TEOXUMMUSA, NETPOTEHE3NC

B.P. BeTpuH
Feonornyecknuint UHCTUTYT KonbCKoro HayyHoro ueHTpa PAH

Ko/bCKMI M-0B — YHUKANbHAA NPOBUHUMA: LLENOYHON MarmMaTtu3am NpoABAAACA 34eCb HEOAHOKPATHO OT
no3aHero apxea A0 Naneo301 C raBHbIMU BO3PACTHbIMM 3Tanamu B8 2.7-2.6; 1.9-1.7 n 0.4-0.36 mnpa net Hasaga.
Hanbonee ppesHMe noposbl CybLLEN0YHOMO U LLENOYHOrOo COCTaBa, GOPMUPOBABLLMECA B FeOAUHAMUYECKOM
pexnme Heoapxerckoin npoTtonnatdopmbl, 06pasyloT psag MaccMBoB B npegenax KenmBCKOM CTPYKTypbl, rae
naowaab apeana aHOPOTreHHbIX MarmaTU4YecKux NpousBoAHbIX — 6onee 6000 km>. B BOCTOYHOMN, Hanbonee
COXpaHMBLUENCA 4YaCTW apeana UeHTpasibHoe MNOoJoXeHMe 3aHMMaloT rabbpo-nabpagopuTbl, C KOTOPbIMU
NPOCTPAHCTBEHHO ACCOUMMUPYIOT CybLLeNoYHble MOopPoAbl BY/KAHO-MAYTOHMYECKOW accoumauuu NaTuTos-
MOHLOHUTOB-TPAHUTOB. MPOMEKYTOYHbIE YaCTU apeana C/0XKEeHbl MUKPOKAWH-NAArMOKAA30BbIMM FPAaHUTAMK,
CNaraoLWmMmmn 3A1MNCOBUAHBIN MaccMB CEBEPO-3anNafHOro NPoCcTUpaHus, ¢ nepndepun oKaMMNEHHbIV Tenamm
CyOLLENOYHBIX U LWENOYHbIX FPAHMUTOB. B 3TOM e nocneaoBaTeNbHOCTU YMEHbLUAETCA OTHOCUTE/IbHbIM BO3pacT
dopmupoBaHua nopog (cnaiiabl 1, 2). OnpepeneHve Bo3pacTa LMPKOHOB U3 FPaHUTOUA0B NPOU3BEAEHO Ha
MOHHOM MUKpo3oHae SHRIMP-II B CaHkT-lMeTepbypre. Bce ToYKM cocTaBa LUMPKOHOB M3 rPaHUTOUAOB W
meTasddysmBHbIX nopog, BY/IKAHO-N/IYTOHNYECKOM accoumaumm NATUTOB-MOHLLOHUTOB-TPAHUTOB
annpPOKCUMUPYIOTCA AUCKOPAMEN C BEpPXHUM nepeceveHnem B 267416 mMAH net (3), oTBevalowem BpemeHu
MarmaTU4eckol KpuCTanamMsauuu rpaHuTonaos. Bavskmit BospacT (2659-2663 mnH net; basHoBa, 2004)
onpefenéH MeToAOM M30TOMHOro pasbasieHUs MO LMPKOHAm M3 rabbpo-nabpafopuToB, MO BpPEMEHMU
dbopmUpoBaHMA nNpeaLwecTsyoWmMX BHegpeHuto 3ddy3nsBHbIX Nopos U rpaHuToMaos. Bpemsa 3aseplueHus
aHoporeHHOro marmaTvama KeliB onpegenserca BO3PacTOM LWWENOYHbIX TPaHUTOB 267414 mnH net (4). 1o
CBUAETENLCTBYET 06 OTHOCUTENBHO KPAaTKOBPEMEHHOM BHEAPEHUM aHOPOrEHHbIX MarMaTUYEeCKUX KOMMJIEKCOB
Keiis, He npesblwaswem 10 mnH net. OnpegeneHWe WUCTUHHOW ANUTENbHOCTU Nepuofa NMMUTUPYeETCA,
rnaBHbIM 06pPa3oMm, NOrPEHOCTAMM YacCTHbIX onpeaeseHnn Bo3pacta UMPKOHOB. Ha 60nblIMHCTBE NeTpo- 1
reoOXMMMYECKMX AMarpamm TOYKM COCTaBOB MOPOJ, BY/IKAHO-MAYTOHWYECKOM accouuaumuM  NaTUTOB-
MOHLLOHUTOB-TPAHNTOB, CYOLLENOYHbIX W LWENOYHbIX TPAaHUTOB 06pasytoT HenpepbiBHbIM TpeHA (5-10), yto
MOMET CBMAETENbCTBOBATL 06 X NPOUCXOXKAEHUN Npu anddepeHLMaLnmn eAUHOro UCTOYHUKA. U3yyeHne Sm-
Nd n U-Pb M30TONHbIX CUCTEM A/19 BCEX KOMIMIEKCOB aHOPOreHHbIX rpaHuTongos (11-14) sbiABMAo ABa 3Tana
nepecTpoirikn cuctembl: B naneonpoteposoe (1.8-1.7 mapg net) u naneosoe (0.5-0.35 mapg net). Mo
«KaHOHMYECKMM» COOTHOLWEHUAM peakux snemeHTtos (Zr/Nb, La/Yb, Nb/U), Touku coctaBoB BCex rpaHMTONA0B
KelBCKOW CTPYKTypbl pacnosaratoTcs B 06/1acTM «KOpoBbIX» nopos (15). 3To no3sonseT nNpeanooXuTb, YTo
OHW 0b6pa3oBanucb B pesynbTaTe MAABAEHUS PA3/INYHbLIX YacTell 3eMHON KOpbl NPU BHEAPEHUU OCHOBHbIX
nopos, chopmuposaBwmxca npu gubdepeHUMaummn BewwecTBa MaHTUMHOIO acTEHOAWUTA, MOAHABLUErocA K
OCHOBaHMUIO 3eMHOM Kopbl (16). NaBHble BbIBOAbI:

1. AANTEeNbHOCTb aHOPOreHHOro Heoapxenckoro marmatmama Keis He npesbiwana 10 MAH neT;

2. obpasoBaHMe CyOLLENOYHbIX W LLENOYHbIX KOMMJIEKCOB MPOUCXOAMIO B pe3y/abTaTe NapumanbHoOro
NaaB/feHUA NOPOA, HUXKHEN KOpbl U Nocneayowen anddepeHumaLMm pacnnaBos B BEPXHEN KOPE;

3. B naneonpoTtepo3oe Nopoabl PErMOHA MCNbITaau metamopdMsm M YacTUYHOoe naaBneHue, obycnosusLume
OTKpbITUe SM-Nd un3oTOMHOM cUcTEMbl M 06pa3oBaHME 3MUrEHETUYECKUX NErmaTuToB B nepudepuyeckmx
YaCTAX MaCCMBOB LLE/I0YHbIX FPAHUTOB.
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NEOARCHAEAN ANOROGENIC MAGMATISM OF THE KEIVY STRUCTURE:
AGE, GEOCHEMISTRY AND PETROGENESIS

V.R. Vetrin
Geological Institute of Kola Science Centre RAS

The Kola Peninsula is a unique province, where alkaline magmatism took place many times from the
Late Archaean till Palaeozoic with the main episodes of 2.7-2.6; 1.9-1.7 and 0.4-0.36 Ga. The oldest alkaline and
subalkaline rocks, which accumulated under the geodynamic conditions of the Neoarchaean protoplatform,
form a series of intrusions within the Keivy structure. The area of anorogenic igneous products distribution is
6000 km’. In the eastern better preserved part of the area, the centre is occupied with gabbro-labradorite
bodies spatially associating with subalkaline rocks of the latite-monzonite-granite volcano-plutonic assemblage.
The interstitial parts of the area are composed of microcline-plagioclase granites to form an ellipsoid
northwest-striking intrusion fringed by subalkaline and alkaline granite bodies. The relative age of the rock
formation decreases in the same order (Slides 1, 2). The zircon age of the granitoid rocks was determined on
ion microprobe SHRIMP-II in Saint-Petersburg. All the compositional points of the zircons from the granitoids
and metaeffusive rocks of the latite-monzonite-granite volcano-plutonic assemblage are approximated by a
discordia to the upper intersection at 2674+6 Ma (3) and correspond with the time of the igneous
crystallization of granitoids. The similar age (2659-2663 Ma - Bayanova, 2004) is determined by the isotope
dilution method on zircons from the gabbro-labradorites, which preceded the emplacement of the effusive
rocks and granitoids in terms of formational sequence. The completion time of the anorogenic magmatism in
the Keivy structure is defined by the age of the alkaline granites - 2674+4 Ma (4). The given data indicate a
relatively short emplacement period for the anorogenic igneous complexes of the Keivy structure that did not
evidently exceed 10 Ma and the determination of its actual duration is mainly limited by the errors of particular
zircon age measurements. In most petro- and geochemical diagrams the compositional points of the latite-
monzonite-granite volcano-plutonic assemblage, subalkaline and alkaline granites form a continuous trend (5-
10) that may possibly imply their origin at the differentiation of a single source. The Sm-Nd and U-Pb isotope
study of the anorogenic granitoid complexes under discussion (11-14) revealed 2 stages of the system
resetting, i.e. in the Palaeoproterozoic (1.8-1.7 Ma) and in the Palaeozoic (0.5-0.35 Ma). In terms of “canonic”
rare element ratios (Zr/Nb, La/Yb, Nb/U), the compositional points of the Keivy granitoids lie in the field of the
crustal rocks (15) to suggest their origin as a result of melting of the different Earth crust parts at the
emplacement of the major rocks arisen from the differentiation of the mantle asthenolite ascended to the
basement of the Earth crust (16). Main conclusions are to follow:

1. Neoarchaean anorogenic magmatism in the Keivy structure lasted less than 10 Ma;

2. subalkaline and alkaline complexes apparently formed as a result of partial melting of the lower crust rocks
and subsequent melt differentiation in the upper crust;

3. in the Palaeoproterozoic, regional rocks underwent metamorphism and partial melting that caused opening
of the Sm-Nd isotope system and formation of epigenetic pegmatites in the peripheric parts of the alkaline
granite intrusions.
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nPUHUMN ¢I'IYKTVMPYIOLIJ,EI7I ANCCUMMETPUN
10./1. BoTexoBcKkuii

Feonornueckunit MHCTUTYT KonbCcKoro HayuHoro ueHtpa PAH
KonbcKoe otgeneHune Poccuiickoro MmHepanormyeckoro obuiectsa

JoKnag nocBAWEH NpUHLMNY AnccummeTtpumn, chopmyamposaHHomy M. Kiopu 6onee 100 net Hasaa, HO
[0 CUX MOP KPUTUYECKM OCMbICIMBAEMOMY B €CTECTBEHHbIX HayKax (cnaiig 1). K HecomHeHHbIm 3acayram 1.
Kiopy nNpuHagnexuT nepeuyncneHve BCeX MNpefesibHbIX TOYEeYHbIX TFPynn CUMMETPUM, Cpeau Mnpoyero
XapaKTepM3yoLWMX BCe cpeabl NPUPOAHOIro MnHepanoobpasosaHua (2). OcobeHHOCTb NPUMEHEHUS NPUHUMNA
ANCCUMMETPUM B MMUHEPAsorMmM COCTOMT B 06A3aTeNbHOM Y4YéTe B3aMMHOW OPUEHTUPOBKU 3/EMEHTOB
CUMMETPUN Ccpeabl U pacTyLLero Kpuctanna. B TepmmHax abCcTpaKTHbIX rpynn NPUHUMN BEPEH TO/bKO B ABYX
npegenbHbIX CAy4Yasnx: Korga TouyeyHasa rpynna pacTywero Kpuctaana NnpuMMUTUBHA WMAW NpeaenbHasa rpynna
cpeabl MakcumasnbHa (3). C 3Toli OroBOPKOM, NPUHLMN AUCCUMMETPUM COCTOUT B HAaXOXKAEHUN MAKCUMAIbHOM
NOArPYyNnbl TOYEYHbIX FPYNN KpUcTanna u cpeasl (4).

OnccummeTtpuuHble dopmbl KpucTanios (6e3 ynoTpebseHns 3Toro TepMMHA) MOXKHO HAaWTU B BecbMa
CTapbIX Hay4HbIX Tpyaax (5). Hanbonee akTMBHO MPUHLMN ANCCUMMETPUN UCNOIb30BaA B MUHepanorun U.U.
LWadpaHoBckuii (6). B nocnegHee Bpemsa K Hemy BHOBb obpatunca B.C. Ypycos, chopmynnpoBasLunit
KMNPUHLMN MUHUMAIbHOM AMCCUMMETPU3ALUNY U NPOUNNIOCTPUPOBABLLUUIA €ro Ha Kybuyeckom Kpuctanie B
no/ie o4HOPOAHOrO PACTAXKEHUA C NPEAENbHON TOYEYHOM rPynnoit CUMMETPUKN NOKOALLEroca LManHapa (7).

PaHee aBTOpOM npeasIoXKeHO onpefeseHue peanbHON Kpuctannorpaduyeckoit npoctoii Gopmbl Kak
noanaapa, OrpaHMYEHHOro XOTA Obl HEKOTOPbIMW FPaHAMM WAEaNIbHOW KpucTannorpadpuyeckon npoctomn
bopMbl,  HaxoAAWMMWUCA  Ha  NPOM3BOJIBHOM  PACcCTOAHMM  OT  Hayana  KoopAauHaTt.  PeanbHble
Kpuctannorpadumyeckne npoctole Gopmbl M UX KOMOMHAUMKM MO3BONAIOT MOAENNPOBATb MPUPOAHbIE
NAOCKOrpaHHble GOpPMbl KpUCTannos, ob6pa3oBaBlIMXCA B 6Osee CHOMHbIX CUTyaUMAX, Yem Te, KoTopble
XapaKTepu3yoTca NpeaenbHbIMU rpynnamm cUMMeTpun Klopu, Hanpumep, B YCNOBUAX Pas3/IMYHbIX CKOPOCTEMN
pocTa rpaHei Npu TOPMOXKEHUWU HEKOTOPLIX M3 HUX. MeToAaMn KOMNbIOTEPHOIO reHepMPOBaHNA Ha CEeroaHA
nepeyncneHbl KOMBMHATOPHbIE MHOrOO6pPasnA Lenoro paaa Kpucraanorpadpuyeckmx npoctoix dopm. Tak, ana
pombopoaekasgpa WX cywecTByeT 625, M3 KoTopbiX 34 nosHorpaHHbiX (T.e. 12-rpaHHbix) (8). OHuM
XapaKTepU3YIOT KpUCTaNbl, 06pasoBaBLIMECA B C1aD0 aHU3OTPOMHbIX NoasAX. Mo-BUAMMOMY, TaKUE KPUCTaAbl
OZHOBPEMEHHO [0/1KHbl XapaKTePMU30BaTLCA U MUHUMANIbHOM AUCCUMMETPU3ALMEN.

Mo pesynbTaTam uM3yyeHUs MOPGONOrMYECKOro pasHoobpasmsas KpPWUCTanNoB a/fbMaHAMHA Ha
MecCTopoXKaeHuaAx 3anagHbix KeliB, Kosnbckuit n-oB (rr. Kpyrnas, Maksanaxk, TaxanHTyals) (9), ycTaHOBAEHbI
cneunduryeckme ocobeHHoCcTM pacnpocTpaHeHua ¢opm (10). ChopmynupoBaH CredyoWUA  «NPUHLMN
GAYKTYUPYIOWER ANCCUMMETPUMY, WHTErPUPYIOWMIA «MPUHLMN MWUHUMAaAbHOW auccummeTpusaumumn» B.C.
YpycoBa Ha KpynHble 610KM 3eMHOI KOpbl (MECTOPOXKAEHUSA). B MpUpOOHbIX NPoueccax Karoblli MuHepanbHebil
UHOUBUO cmpemumca rnpuobpecmu opmy, 0mMeevarWy MAKCUMAAbHO 803MoMCHOU nodepynne npucyueli
emy moyveyHol epynnel cummempuu (m.a.c.), 8Kknadbisaemol npu 3Mom 8 Xapakmepucmu4ecKyro npedesnsHyro
(no Kropu) m.e.c. cpedol. Bapuayuu A0KanbHLIX ycaosuli MuHepanoobpaszosaHus obycnoeausarom
cummempuliHoe (a 8 npedenax 0aHHOU M.2.c. — KOMOBUHaMOPHO-2eOMempuYecKoe) pasHoobpasue uHOUBUA08
0aHHO20 MUHepasnbHO20 8UOA, XapakKmepusyouwjee mecmopoxdeHue 8 yesaom. [lonoxeHue 4acmomHoz0
MOKCUMyMa 8 YyrnopA00YEeHHOM Mo m.e.C. PAOYy (HopmM, meopemuyecKu pa3pewéHHbix 078 OaHHO20
MUHepanbHo20 8udd, MOXem haAyKmyuposams, CMaMUCMUYecKU Xapakmepusya npeobaadarowyro
UHMeHcusHoCMb u/uau OaumesnsbHoCMbs Auccummempusyrouje2o npouecca. Haubonee AuccummempuyHsie
hopmbl 00X HbI bbImb pedKu (eOUHUYHbIE KPUCMAAAbl) KOK X80CMbI cmamucmuyeckux pacnpedeneHuli. Ho
OHU OMPpaXarm 3KCmpemasbHble MPoAasaeHUs Mpoyecca U mem UHMepecHsl 048 PEKOHCMPYKyuu ycaosuli
MpuUpPoOHO20 MUHepan00b6pa308aHUS.
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PRINCIPLE OF FLUCTUATING DISSYMMETRY
Yu.L. Voytekhovsky

Geological Institute of Kola Science Centre RAS
Kola Branch of Russian Mineralogical Society

The presentation is devoted to the dissymmetry principle formulated by P. Curie over 100 years ago that
has still been critically interpreted in natural sciences (Slide 1). It is obviously valuable that the principle lists all
the limiting point symmetry groups to among other things typify all the settings of natural mineral formation
process (2). When applied in mineralogy, the Curie dissymmetry principle certainly allows for the mutual
symmetry element orientation of a setting and growing crystal. In terms of abstract groups, the principle is
correct only in two extreme cases, i.e. when the point group of a growing crystal is primitive, or the limiting
group of a setting is maximal (3). With this reservation, the dissymmetry principle consists in finding a maximal
subgroup of point groups of a crystal and a setting (4).

The dissymmetric crystal form (with no using this term) can be found in quite old scientific works (5).
The dissymmetry principle was most actively applied in mineralogy by I.I. Shafranovsky (6). Recently, it was
again referred to by V.S. Urusov to formulate the minimal dissymmetrization principle and illustrate this by the
example of a cubic crystal in the field of uniform extension with a limiting point symmetry group of a cylinder at
rest (7).

Earlier, the author suggested a definition of a real crystallographic simple form as a polyhedron limited
by at least some faces with an ideal crystallographic simple form that may locate at any distance from the
origin of coordinates. Real crystallographic simple forms and combinations allow modeling natural table-cut
crystal forms appeared in more complicated settings than those that are characterized by the Curie limiting
symmetry groups, for example, under the conditions of different face growth rates at slowing-down some of
them. The computer generating methods have listed combinatorial manifolds of a whole range of
crystallographic simple forms. Thus, there are 625 such forms for a rhombic dodecahedron, 34 of which are
holohedral (i.e. dodecahedral forms) (8). These typify the crystals formed in weakly anisotropic fields.
Apparently, such crystals should also simultaneously be characterized by minimal dissymetrization.

Studying morphological almandine crystal manifold at the Western Keivy deposit, Kola Peninsula (Mts.
Kruglaya, Makzapahk, Takhlintuaiv) (9) resulted in establishing specific features of the form distribution (10).
The following fluctuating dissymmetry principle that integrates the V.S. Urusov minimal dissymmetrization
principle into large blocks of the Earth crust (deposits) is elaborated. In natural processes every mineral
individual tends to take a form that corresponds to a maximum possible subgroup of the intrinsic point
symmetry group (PSG) embedded in the characteristic limiting (after Curie) PSG of the setting. The variations of
the local mineral formation settings cause a symmetry (or, within this PSG, combinatorial geometrical)
individual manifold of this mineral species that characterizes the deposit in whole. The position of the frequency
peak in the PSG-ordered series of forms that are theoretically authorized for this mineral species may fluctuate
to statistically typify the predominant intensity and/or duration of the dissymmetrizing process. The most
dissymmetric forms should be rare (single crystals) as tails of statistical distributions. But these reflect extreme
manifestations of the process, being thus valuable for the reconstruction of the natural mineral formation
settings.
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MpuHuun Kiopu

“Xapaktepuctmyeckaas CUMMMETPUA HEKOTOPOro fAB/AeHuUsA
eCTb MaKCMMasibHaA  CUMMMETpUA, COBMEeCTMMAaa C
CyL,ecTBOBaHMEM fiIBNeHUA. fiBeHNne MOXKeT CyL,ecTBoBaTb
B cpepe, obnapaioweil CcBOed XapaKTepUCTUYECKOM
CMMMeTpUen MAM CMMMeTpueid ogHOM M3 nopgrpynn eé
XapaKrepuctuyeckoim cummetpun. WUHbiIMM  cnoBamuy,
HeKoTopble 3/1eMeHTbl CUMMETPUU MOryT CyLLecTBOBaTb C
HEeKOTOPbIMU  ABNEHUAMMU, HO 3TO He o0b6s3arenbHo.
Heobxoamumo, utobbl HeKoTOopble 31eMeHTbl CUMMEeTPUMU
OTCYTCTBOBa/ZM. 3TO M e€CTb Ta AUCCUMMETPUA, KOoTopas
CO34aET ABNIeHME...

Korga HekoTOpble NpUUYMHbI NMPOU3BOAAT HEKOTOpble AEWCTBUA, 31EeMEHTDI
CUMMETPUU NPUYUH  AO/MKHbI OBHAPYXKMBATLCA B 3TUX NPOU3BEAEHHbIX
Aencteuax. Korga  HeKoTopble  AeiCTBUA  NPOABAAIOT  HEKOTOpYHO
AUCCUMMETPUIO, TO 3Ta AUCCUMMETPUA [OMKHA O6HApyXMBaTbCcA U B
npuumnHax, ux nopoxgatowmnx” [U36p. Tpyabl. M.-/1.: Hayka, 1966, c. 101-102].

Cnang 1.

feomeTpuueckas MHTepnpeTauma npeaenbHbix T.r.c. Kiopu

ol I

ol i &2 m

Cnang 2.
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duKcauma gUCCMMMETPUYHbDIX
Kpuctannorpadpuueckux popm

MpupoaHbie anmasbl (BBepxy) u rpaHaTtbl (cnpasa)
V. Goldschmidt. Atlas der Krystallformen, 1918

Cnanpg 5.

AHanns gUCCUMMETPUYHbDIX
Kpuctannorpadpuueckux ¢opm no Kiopu

N.U. WadpaHoBCKuMii
NeKuuu no Kpuctannomopgonorum
1968. C. 147-148

“Ecnu rpaHu ¢popmbl NPUCYTCTBYIOT JILLb YAaCTUYHO U Pa3BUTbl HEOAUHAKOBO,
NPUXOAUTCA OTMEYATb I0XKHOEe Pa3BUTUE NPOCTOI peanbHo popmbl... Moutn
BCe KOM6MHauum rpaHeit Ha NPUPOAHbLIX HEeUaeannsnpoBaHHbIX
KPUCTaNNIMUECKUX MHOTFOrpaHHMKAX MOFyT 6biTb pacuyseHeHbl Ha J/I0XKHble
dopmbl”.

Cnang 6.
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MpuHUMN MUMHMManbHOU guccummeTpusaumm B.C. Ypycosa

“Korpa HeCKONbKO pas/IM4HbIX ABAEHUA NPUPOAbI HAaKNaAbIBAlOTCA APYr Ha
apyra, obpa3ya OAHy CUCTEMY, AUCCUMMMETPUM UX CKNAAbIBAIOTCA TaKUM
o6pa3om, 4TOObl COXPaHUTb MAKCMMA/NIbHOE KOJIMYECTBO TEX 3/1IeMEHTOB
CMMMeTPUU U/1UNKn Tex yacTeh NPOCTPAHCTBA, KOTOpble ABAAIOTCA o6wumu ana
Ka)X[oro AB/eHus, B3ATOro oTAeNbHO”.

Mpumep - ogHOPOAHOE pacTAXKeHUe Kybuueckoro Kpucranna:

m3m N eo/mm = {4/mmm, -3m, mmm, 2/m, 1}

[CMupHOBCKMIA c60pHUK — 2007. M.: ®oHA um. aKaa. B.U. CmupHoBa, 2007. C.
18.]

MonHorpaHHble
peanbHble
pomboaoaeKasgpbl

(34 u3 625)

KombuHaTtopHble T.T.C.

. m3m (1 popma), 4/mmm
-1 (2),-42m (3), mmm (1), 32
7 (1), mm2 (11), m (10), 2 (2),
" 1(3)

Cnang 8.
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TECQIIOTMHMECKAN KAPTA KOMBCKOTO PETHOHA

Ha rr. Kpyrnasa (127), TaxauHTtyaiiB (91) n Maksanaxk (52) ot 85 ao
95 % KpUCTaNN0B UMEOT KOMOMHATOpPHbIE T.I.C.:

m3m, 4/mmm (2 popmbl), mmm n mm2 (NeNe 20, 26, 30, 31, 33).

®dopmbl -42m, 32, m, 2, 1 AOCTOBEPHO HEe YCTAaHOB/IEHbI.

Ha rr. Kpyrnas m TaxaunrtyaiiB npeo6aagaor ¢opmbl 4/mmm,
mmm 1 mm2. Ha r. Mak3anaxk npeo0,1agaloT KpucTaaibl M3m.
Ha r. Kpymiiasa onu peaku, Ha . TaxiiMHTyallB NpakTHYeCKH
OTCYTCTBYIOT.

Cnaiip 10.
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PACC/IOEHHAA U KPAEBAA CEPUU NNATUHOHOCHOTO MACCUBA ®EAOPOBOWM TYHAPDI
(KONbCKWIA N-0B): NPUHLUNMbI BbIAE/IEHUA, TEONOrO-NETPO/IONMYECKAA XAPAKTEPUCTUKA
1 anr-MmMHEPAZIN3ALUA

Fpowes H.10., KopuaruH A.Y., MutpodaHos &.., Cy660o1uH B.B.
Feonornyeckuii MHCTUTYT KoNbCKoro HayuyHoro ueHtpa PAH

MHTPY3MBHbLIN MaccuB PEégopoBoit TyHApbl (cnaiig 1) xapaKTepusyeTcAa ANUTENbHOW W CHOMKHOWM
TEKTOHO-MarmaTM4eckon UCTOPUEN Pa3BUTUA B MHTepBane 2526-2485 mnH net (2-6), B pe3ysibTaTe KOTOPOW B
HEm cdopmupoBanuce paccnoeHHaa (PC) u Kpaesasa cepum nopog (KC), pasnuuatowmecs no crnocoby
anddepeHumaymm pacniaBoB 1 XxapakTepy NaaTMHOMETa/IbHON MUHEepPan3aLmn.

PC o6pasoBaHa KyMyAATMBHbIMM MOPOAAMM W MO TUMAM KYMYyNaToB MOMeT ObiTb pasfesneHa Ha
BepxHtoto 6asntosyio (BB3), HMKHIOK 6a3uTosyto (HB3) (1) n yabTpamadutosyto (Y3) 30HbI. Y3 npucyTcTeyeT B
maccuBe B BuAe penuktos. [ocnegHue npeactaBasloT  coboi, rnaBHbIM  ob6pasom, 06/0MKM
OPTONUPOKCEHOBbIX, OJIMBUH-OPTONMPOKCEHOBBIX U O/IMBUHOBbLIX KyMynaToB B nopoaax KC (7). Kpome atoro, Ha
yyacTke bB. WxTerMnaxk ycTaHOBAEH «cTpaTUrpaduyeckminy KoHTakT mexay Y3 wu HB3 (7-9). B HB3
npenmyLL,ecTBEHHO Pa3BUTbl MN1AarMOKAa30Bble U MNArMOKAa3-KANHOMMPOKCEH-OPTOMMPOKCEHOBbIE KyMyaTbl B
rpybom uepesnosaHuu (8); B BE3 — nnarnoknasosble Kymynatbl. B HB3 1 BB3 npucyTcTByeT He3HauMTelbHOE Mo
06BEMY KOIMYECTBO O/IMBUHOBBIX KymynaTtos (1). K ABym 13 HUX npuypoudeHa manocynbduaHas (0.02-0.3 mac.
% S) nnaTMHOMeTa/lbHasA MUHepannsaumsa Tuna puda (H- u C-pudbl) c apceHMAHOW MUHEPaANbHOW accoumalmen
MMM (10, 11, 2).

KC cnoxeHa «HeKyMynATUBHbIMW» MOPOAAaMWN M NOAPA3LENAETCA HA PAHHIOW M NO034HIOKW. PaHHAAa KC
CNIOXEHa NUPOKCEHOBbIMU AMOPUTAMWU U NPeACTaBAseT cObON 30HY M'MOPUAHOrO B3aUMOAENCTBUA MEXAY
nopogamu pambl U marmon (7, 12). MosaHsaa KC cnoxeHa NpemmMyLecTBEHHO CTPYKTYPHbIMW TaKCUTamK C
BapMauMaMM MMHEpPasbHOro COCTaBa OT MeNIaHOPUTOB A0 fieiKkorabbpoHopuTos (13, 14), coaepKUT 0610MKM
KYMy/1aTOB y/1bTPaMapuUTOBOI Cepmr U 3aHUMAET CEKyLLEee NMOJIONKEHME Mo OTHOLWEHMIO K PC 1 paHHei KC (9). C
nopogamu KC cBsAsaHa manocynbbugHas (1-2 mac. % S) nnaTMHoMeTanbHas MWHepanusauma ¢ cynbouaHo-
BUCTMYTO-TENTYPUAHOW MUHepanbHoM accoumaumein MMM KoHTaKToBOro TMna (3, 4).

LAYERED AND MARGINAL SERIES OF THE FEDOROVA TUNDRA PGE-BEARING INTRUSION
(KOLA PENINSULA): PRINCIPLES OF IDENTIFICATION, GEOLOGICAL AND PETROLOGICAL DESCRIPTION
AND PGE-MINERALIZATION

N.Yu. Groshev, A.U. Korchagin, F.P. Mitrofanov, V.V.Subbotin
Geological Institute of Kola Science Centre RAS

The Fedorova Tundra intrusion (Slide 1) has a long and complicated tectonomagmatic history of 2.526-
2.485 Ma (2-6), when the Layered (LS) and Marginal Series (MS) occurred, differing in a style of melt
differentiation and specificity of PGE mineralization.

LS is composed of cumulative rocks and, in terms of cumulate types, can be divided into the Upper Mafic
Zone (UMZ), the Lower Mafic Zone (LMZ) (1) and the Ultramafic Zone (UZ). The latter is present in the intrusion
as relics, which are mainly fragments of orthopyroxene, olivine-orthopyroxene, and olivine cumulates in the
rocks of the MS (7). Besides, a stratigraphic contact is established between UZ and LMZ at the Bolshoy
Ikhtegipakh sector (7-9). Dominant in LMZ are plagioclase and plagioclase-clinopyroxene-orthopyroxene
roughly alternating cumulates (8). Dominant in UMZ are plagioclase cumulates. Both LMZ and UMZ contain
insignificant amounts of olivine cumulates (1). Two of these olivine cumulate units associate with extremely
low-sulphide (0.02 — 0.3 wt. % S) PGE-bearing reef-type mineralization (N and S Reefs) with arsenide PGM
assemblage (10, 11, 2).

MS is made up of non-cumulative rocks and divided into the Early (ES) and Late Series (LS). ES consists of
pyroxene diorites and represents a zone of hybrid interaction between the country rocks and magma (7, 12). LS
is mainly composed of structural taxites varying in composition from melanocratic norite to leucocratic
gabbronorite (13, 14), contains fragments of UZ cumulates and takes a cross-cutting position regarding LS and
ES (9). The MS associates with low-sulphide (1 — 2 wt. % S) PGE-bearing contact-type mineralization with
sulphide-Bi-telluride PGM assemblage (3, 4).
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I Manest Waxrananaxs

Cpeapmin Mxreninms

O3 /

CTPYKTYPHBIIL APYC

. onsuwon MxTenmase" s

Feonornyeckasn KapTta-cxema
MmaccuBa PEROPOBOIM  TYHAPDI
(coctraBneHa B OAO «MaHa» ¢
M3MEHEHUAMU U AOMNOJIHEHUAMMU
H.}0. powesa).

YcnosHble 0603HayeHus: 1 —

TEKTOHU3NPOBaHHbIE MeTabasuTbl;
2 — no34HAA Kpaesasa cepws;
paccnoeHHasa cepuA: 3 — BepxXHAA
6asuToBas  30H3, 4 — HWKHAA
6asuToBasn 30Ha; 5 -
MeTaBY/IKaHUTbl  30Hbl  UmaHapa-
Bap3yra; 6 — apxelickue rHeicol; 7 —
O/MBMHOBbIE  KyMynatbl: a —
MWHepanu3oBaHHble I, 6 -
nycrble; 8 —  KOHTaKTOBaAd
MUHepanu3aumsa; 9a —  KOHTyp
maccumBa, 96 — rpaHuLpl nopoa, 98 —
pa3nombl; 10 -  3aneraHue
paccnoeHHocty; 11 — Haubonee
M3y4eHHble y4acTKM maccuBa: a —
OeTanbHO pa3bypeHHble noLaam,

—  XOpowo  Ob6HaXKEHHble
naowagum.

Cnaing 1.

MuHepanbHblii cocTaB opyaeHeHua C-puda

peakue; 1.00%

CneppunuT, 7.00%\

Pd5As2; 92.00%

OTHocUTeNbHas pacnpocTpaHéHHocTe MMM B 06. %. inarHoctnposaHo 770 3épeH.

Cnaig 2.
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MuHepanbHbIi COCTaB OpyAeHeHUn
KOHTAKTOBOro TMNa

OTHocuTenbHasa pacnpocTpaHéHHocTe MMM, N=925

5% 1% 10% O Pegkue
B MepeHckunT

O Cobonesckut
6% O Kotynbckut
B MoHyeut

1% O Ctunnyoteput

5% B Cneppunut

O BbicoukuT

W Bparrut
B Au

Cnang 5.

Bo3spact nopog ®TM, kKnaccuueckun U-Pb meTtoa no umpkoHam

ADCOIKTHBII

BN Hlowep I1 3Ka K paspe: [Topona 3PACT. Hce <
I a—— pHBS3KA K paspesy opof, BO3PACT, MJIH. CTOYHHK
JIeT
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+ r
I'TIH-3a neiikorabopoHOpHT = T pomes 1 Ap:; 2008
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C-pug
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5 F—2 To- Py o X At i
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6 F-3  ¥Ynerpamaduropas 3oHa TIarHOKIa30BbIH
(KCeHOIHUT K3 BepXHeit OPTOMHPOKCEHHT 2526 £ 6 HuTtkuna, 2006
gacth [TKC)
7 48-2G Tlosauss kpaeBas cepud, TaKCHTOBhI}E 2493 + 8 Tpowes 1 1p., 2008
HIKHSAS 4acTh MenaHorabopoHopuT
3 - P — m n
8 F-6  Panuss kpaesas cepus ITHPOKCEHOBBIH 2820 + 20, Hirmxma H p., 2005
JIHOPHT 2773+ 8
Cnaig 6.
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Cnaig 9.

Feonornuyeckas KapTa-cxema AeTaNbHOro y4acTka

4 Ha Cp. UxTernnaxke, no3aHAA KpaeBaa cepua.

€ Cocrt. l'powes H.HO. no matepnanam Parkesa C.A.

1 — rHelcbl,

2 —rapubyprutbl boCa,

3 — nnupokceHuTbl bCpa,

4 — MmenaHOKpaToBble HOPWUTbI, rABBPOHOPUTBI,
5—HopuThl,

6 — rabbpoHopuThI,

7 — meTamopdun3oBaHHble MapUTbI.

Cnaiig 10.
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MuHepanbHbI COCTaB NNAaTUHOMETANbHOIO opyaeHeHua C-puda

MuHepanbHbIi COCTAB IIaTHHOMETANIbHOTO opyAeHeHHs C-puda

MuHepanbl H MHHeEpanbHbIE (a3sl I'naBHBIE Penkue
3onoto (AuAg,Pd) x
zodepponnaruna (Pt.Pd);Fe ®
Bparrur (Pt,Pd.Ni)S x
Beicouknt (Pd,Pt.Ni)S X
XommuryopTtur (Rh,Pt.Pd)AsS x
Crneppunur PtAs, X
Mownuent (Pt.Pd)(Te,Bi); x
Kefitrkoruur Pds Te %
Kotynbckur Pd(Te,Bi) x
Comuent AgsPd;Tey %
Fes nazpanns Pd;As, *

Cnang, 11.
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Cnanpg 12.
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Paspes no MP104, b. UxTernnaxk

u 103-210° CB-3(r

Cnanpg 13.

20 MM BG-F-848, 48.6-49.0 m

20 MM BG-F-848, 48.6-49.0 m

P — nupokcennt bCpa, GN — rabbpoHoput, MGN — MenaHOKpaToBbIA rabbpoHopUT,
LGN — neikokpatoBbiii rabbpoHoput, GNO — 01MBUHOBbIN rabbpoHOpPUT

Cnainip 14.
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AN TNALUNOIBCTATUMECKMX TPAHCTPECCUIA KONIbCKOTO PETMOHA
B.A. EB3epos

Feonornyecknut UHCTUTYT KonbCKoro HayyHoro ueHTtpa PAH

B Ko/sbCKOM pervoHe, BKAOYatowem Tepputoputo MypmaHckon 06Aa. v npunerawowme wenbdbl
BapeHueBa u benoro mopei, 06HapyKeHbl OTIOKEHUA TPEX MNALMOIBCTATUYECKMX TPaAHCrpeccuii. OHU umenm
MECTO B Nepuoabl MUKYIMHCKOTO MexKieaHNKoBbA (MoHoWCKKe cnoun), paHHero Bangas (CTpenbHUHCKKUE caoun)
M KOHLA No3AHero naencroueHa — ronoueHa (changbi 1-8).

B ocHOBaHMM paspes3a MUKYMHCKON (6opeanbHOM, 3eMCKOM) TPAHCTPECCUMM 3a/1eratoT eiHUKOBO-MOPCKME
0CafiKM: MOPCKOW AMAaMMUKTOH, NPeACTaBNEHHbIN HECOPTUPOBAHHbLIM MblJIEBATbIM MECKOM C rasibkon 1 BafyHamu, 1
C/IOUCTbIE WM OOHOPOAHbIE TNINHDBI, COAEpPrKalLMe B HEOONBLIOM KONMYECTBE XON0AHOBOAHbIE dopammHudepbl.
OTHOCUTENbHO ly6OKOBOAHbIE OTNIOMKEHUA — [INHBI U CYT/IMHKN. B HUX cofepuTca 6oraTtaa avatomoBas ¢iopa ¢
npeobsafaHMeM MNAHKTOHHBIX BUAOB, XapPaKTEPHbIX A1 MOPe C HOPMasibHOM CONEHOCTbIO, C OKEaHUYECKMMM
dopmamu; B HEGONbLIOM KomyecTBe BCTpedatoTca dopamMnHUbEpPbl M PaKoBMHBI MOPCKMUX MOIOCKOB. OCHOBHanA
yacTb paspe3oB MOHOMCKUX CNOEB MpeAcTaBieHa NecyaHo-raseYHbIMKM, NMEeCYaHbIMU U CynecyaHbIMU OCaAKaMM,
AETPUTOBLIMM MECKaMM, CKOMIEHUAMM PaKyLUHAKA, 06pa3oBaBLUMX MTOPAAN U cybauTopanu. B HMUX ycTaHOBAEH
6opeanbHbIi, 6onee 6oratbiii, YeM COBPEMEHHbIM, KOMMIEKC MOJIIOCKOB M dopammHudep (9-11).

CTpenbHUHCKME cnon 0b6bpa3oBaHbl NeCYaHO-TaNeYHbIMU, MecYaHbIMU WM CyrnecyaHbIMM OCagKaMM,
HaKOMUBLUMMWUCA B Mpeaenax AMTopanu u cybautopann. OHM He NOBCEMECTHO U B HeHO/bLIOM Koanuyectse
copepKaT PaKoBMHbI MOPCKMX MOAIOCKOB. CocTaB CTpesbHUMHCKOro Komnsekca ¢dopamuHudep yctynaet
MoHocKkoMmy Mo pa3Hoobpasnio BUAOB U KoinyecTBy ocobeit. B ocHoBaHMM Bcex pa3pes3oB 3TOM TpaHcrpeccum
OTCYTCTBYIOT IeIHNKOBO-MOPCKME ocaaku (12-15).

B ocHoBaHMM pa3pe3oB NIeNCTOUEH-TON0LEHOBOM TPAHCIPECCUM WNPOKO PAcnpoCcTpaHeHbl 1eAHUKOBO-
MOPCKME T[/MHbl. Ha HWUX C pa3smbiBOM /0XKaTCA MecYyaHo-rafievyHble M MecyaHble OCaAKM AUTopann U
cyb6aMTOopanu, B KOTOPbIX OBHapy!KeHbl PaKOBWHbI MPEMMYLLECTBEHHO OOpPeasibHbIX MOPCKUX MONHOCKOB,
MHoraa obpasyrLLmxX KpynHble ckonseHus (6aHku) (13, 14).

daumancHbIl aHaNM3 OTNOMKEHWUW TNALMOIBCTATUUECKMX TPAHCIPECCU MO3BOAAET 3aKNOUUTb, YTO B
Haya/ibHble 3Tanbl MUKYJIMHCKOM U NAENCTOLEH-TO/IOLEHOBOM TPaHCrpeccuii MOpCcKMe BoAbl MPOHUKAAM B 061acTb
pacnpocTpaHeHun [erpagupoBaBLUMX IeAHMKOBbLIX MOKPOBOB, WX K/AMMATMYECKME ONTUMYMbl OTBEYa/u
MeXNegHNKoBbAM. CTPesbHMHCKas TPaHCrpeccuMs pasBMBanacb B MeHee 61aronpuaTHOM MeXcTaauanbHOM
KAMMaTMYECKol 06CTaHOBKE, HO, TEM HE MEeHee, OKKYNnpoBasa cBoboaHoe OT iegHnKa nobepexkbe (15).
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GLACIOEUSTATIC TRANSGRESSION FACIES OF THE KOLA REGION
V.Ya. Yevzerov
Geological Institute of Kola Science Centre RAS

The Kola region comprises the territory of the Murmansk region and adjacent shelf of the Barents and
White Seas, where the sediments of three glacioeustatic transgressions have been found. They took place in
the Mikulian (the Ponoy layers), the Early Valdai (the Strel’'nya layers), and the Late Pleistocene-Holocene
interglacial periods (Slides 1-8).

The bottom of the Mikulian (Boreal, Eemian) transgression sequence is composed of glacial-marine
sediments, the marine diamicton represented by a) non-graded dust sand with pebbles and boulders and b)
laminated or homogenous clays containing some cold-water foraminifers. Clays and clay loams are relatively abyssal
deposits. These include rich diatomaceous flora dominated by plankton species typical of the ocean-like seas with
normal salinity. Minor are foraminifers and seashells. The Ponoy layers are mainly composed of pebbled sands,
sands, sandy loams, detrital sands and shell deposits accumulated in the littoral and sublittoral zones. These
sediments are found to contain the Boreal better enriched range of shells and foraminifers (9-11).

The Strel’nya layers are made up of pebbled sands, sands and sandy loams accumulated in the littoral
and sublittoral zones. These sediments locally contain some seashells. The Strel’'nya complex of foraminifers is
not so diversified and includes not so many species, as the Ponoy. The bottom of this transgression sequence
lacks any glacial-marine sediments (12-15).

Glacial-marine clays are quite common in the bottom of the Pleistocene-Holocene transgression
sequence. These erosively overlay the littoral and sublittoral pebbled sands and sands with Boreal seashells
dominating, being sometimes accumulated in banks (13, 14).

The facial analysis of the glacioeustatic transgression sediments allows to conclude that at early stages of the
Mikulian and Pleistocene-Holocene transgressions the sea waters penetrated into the degraded ice sheet area with
their climatic optima corresponding to interglacial periods. The Strel’nya transgression evolved under less favorable
interstadial climatic conditions, but still occupied the ice-free seashore (15).

References

Korsakova O.P., Kolka V.V. Pleistocene sediments on the North-West Kola Peninsula (correlation of geological
and geochronological data by section of the top Svyatonossky Gulf of the Barents Sea) // Thes. Sci. Conf.
“Russia in International Polar Year — new results”. Sochi, Oct. 3-9, 2007, Sochi, 2007. P 94.

Bard E., Hamelin B., Arnold M., Montaggioni L., Cabioch G., Faure G., Rougerie F. Deglacial sea level record from
Tahiti corals and the timing of global meltwater discharge // Nature. 1996. N 382. P 241-244.

Grgsfjeld K., Funder S., Seidenkratz M.-S., Glaister C. Last Interglacial marine environments in the White Sea
region, northwestern Russia // Boreas. 2006. V 35. P 493-520.

Shackleton N.J. Oxygen isotopes, ice volume and sea level // Quat. Sci. Rev. 1997. N 6. P 183-190.

43



M3meHeHue ypoBHA MupoBoro oKkeaHa (Bard et al., 1996; Shackleton,1987)

Bo3spacrT, TbiC. NET A0 H.B.
100

oLt

o

YpoBEHb MOpS, M

Cnang 1.

MuKynuHcKan (3emckan) TpaHcrpeccus (Grgsfjeld et al., 2006)

TpaHcrpeccus 133 -129.8 ka
Perpeccus 129.8 —119.5 ka

Cnang 2.
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PacnonoykeHmne y4acTKoB AeTa/ibHbIX PaboT U oTAeNbHbIX reoMmopdonorMyeckux npopuneii

Cnaig 3.

Pe3ynbTaTbl U3yUEHUA OT/IOXKEHUIA U30/IMPOBABLLMXCA OT MOPA O03EPHbIX KOTI0BUH
B p-He noc. Ymba

ot 1)

AN ARAN

Thitetn i it s,
Y # & § #

JUiidiin iy (en)
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PapuoyrnepogHbie U KaneHgapHble AAaTUPOBKU Npob U3 AOHHbIX

0CaAKOB 03EPHbIX KOTIOBUH B p-He noc. Ym6a
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Cnang, 5.

Pe3ynbraTbl U3y4eHUA OTIOKEHUI U30/IMPOBABLUMXCA OT MOPA 03EPHbIX KOTIOBUH
B p-He noc. Yyna

AT (b4 GRN iRk R

1
r [ERE T

46




PaguoyrniepogHbiii U KaieHAAPHbIA BO3PacT Npob U3 AOHHbIX 0CaAKOB O3EPHbIX
KOT/IOBMH B p-He noc. Yyna
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Cnang 7.

PacnionokeHue uccnepoBaHHbIX pa3pe3os MoHOMCKMX (umudpbl NOAYEPKHYTLI)
1 CTPeNbHUHCKMUX C/I0EB
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ConocraeneHue paspe3oB [MOHOMCKMX CNoés

g

-5~
5~

Cnang 9.

OO6mit Buz paspesa B BepumHe CBaToHOCCKOTO 3a/m1Ba (¢poto B.B.
Konbkn)

Cnang, 10.
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Cnanp 11.

CTpenbHUHCKUe cnoum
JlegHNKOBO-MOPCKME I/IMHbI HAYa/IbHOTO 3Tana ro/IOLEHOBOM TPaHCrpeccum
U NepekKkpbisaloe Ux anﬁpE)KHO—MOpCKMe OT/1I0XKeHuUA
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Ilecku perpeccMBHOTIO 3Tana pasBUTUA BOAOEMA

Cnaiig 13.

BeposirHpie 0GCTAaHOBKHM HAYa/IbHOTO JTala PasBUTHS TPAHCTPECCHIL:

IToHo¥icKoi1 U ronoL,eHOBOM CTpepHUHCKONU
(¢poto I'A. Tapacosa) (¢poto B.1O. Kanauéna)

Cnang, 14.
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ComocraBnenue
pa3pes3oB
CrpesHIHCKIX
CJIOEB

Cnaipg, 15.
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U3MEPEHUE ASUMYTAJIbHbIX XAPAKTEPUCTUK
B HEAHOPOAHOM MATHUTHOM NOJIE

A.B. Xupos 1, C.A. Khmmos 1, B.O. PymaHueB 2

1 ~
Feonornyecknini HCTUTYT Konbckoro HayyHoro ueHTpa PAH
2
MyHuumunanbHoe obpasoBaTenbHoe yupexaeHue [lom geTckoro TBopyecTsa um. akaa. A.E. depcmana

OAHUM U3 TNaBHbIX UHCTPYMEHTOB B M0/1IEBOI re010rMN ABAAETCA rOPHbIA Komnac (cnaig, 1), KoTopblit B
06bIYHbIX ycnoBuax obecrneymMBaeT TOYHOCTb 3aMepa asMMyTa/ibHbIX XapaKTepuctuk o 1-2°. Ho Hepeaxu
CUTyauuu, 3aTpyaHAOWMe ero npumeHeHne Mu3-3a HOMaaMi U HEeoA4HOPOAHOCTEM MarHuTHoro nona (2-3)
passIMYHOM MaclITabHOCTU U yPOBHA (4). ITM aHOMANMKM, KaK NPaBUIO, MPUYPOUEHBI K MacCOBbIM CKOMAEHUAM
M 3anexam beppoMarHeTMKOB: MarHeTuTa, remaTuTa, WibMeHUTa TUTAaHOMArHeTMTa, NMPPOTUHA U Ap. Takum
obpasom, ANA  TOPHOPYAHbIX PAWOHOB W  MPOBMHLUMKA C COOTBETCTBYHOLLEN  METaN0reHNYeCcKoM
crneumanusalmen, K KOTOpbiIM OTHOCUTCS U KONbCKUIM pernoH, akTyanbHa npobaema nonyveHusa LOCTOBEPHbIX
a3MMYTaNIbHbIX XapPaKTePUCTUK B noneBbix ycnosuax (5). MpMMepomM MOXKET CAyXWUTb Kapbep pyaHMKa
enesHbli, aKkcnayatTupyowmii KoBaopckoe anaTUT-marHeTUTOBOE MECTOpOKaeHue (6). 3aecb oTmevaetcs
BECbMA KOHTPACTHO-HEOAHOPOAHOEe MarHuTHoe none (7), obycnosnusalowee gesuaLuvio B nNpegenax BCEro
CNEeKTpa BO3MOMHbIX Bapuauuii (£180°). CyuwecTBylowMe anbTepHaTMBHble crnocobbl u3amepeHus (8)
CYLLEeCTBEHHO TMPOUrPbIBAlOT TFOPHOMY KOMMacy Mo yAobCcTBY WCMONb30BaHWA, 3PrOHOMMKM, CKOPOCTU
M3MEPEHUA 1 Yncna onepaymii, HeobXoANMbIX A1 U3MEPUTENIbHOTO UuKAa (9).

CTPYKTYpHble WCCNeLOBaHUA B YCNOBMAX KOHTPACTHO-HEOAHOPOAHOIO MAarHWTHOrO NoAa pygHWKA
enesHbit 06ycnoBnao HeoHXOAMMOCTb MOWMCKA WM NPAKTUYECKOW MNpopaboTKM MEeTOLOB M TEeXHOJ/I0rUin
MU3MEPEHUS a3MMyTa/IbHbIX XapaKTePUCTUK C MOMOLLbIO NOAPYYHbIX CPEACTB, B TOM YMUCAE C UCMOJIb30BAaHUEM
ropHOro Komnaca. B 0CHOBY BCEX TECTUPOBAHHbIX CNOCOBOB U3MEPEHUS a3MMyTa/bHbIX XapakTepucTuk (10)
6bln NONOXKEH MPUHLMN ONpeaeneHns B TOYKE 3aMepa MArHUMTHOro (pesynbTUPYIOWEro 3a CYET MArHUTHOTO
CKNOHEHUA U AeBMaLUM) U UCTUHHOTO a3MMYTOB HA XOPOLLO 3aMETHbI OPUEHTUP C 3apaHee U3MEPEHHbIMU
GPS KoopamMHaTamu, YyAanéHHbld Ha pacctosHue 6Gonee 1 Km, B pesynbTaTe Yero AnA AAHHOW TOYKM
BblYMCNANACb CYMMAapPHas MOMpaBKa — pasHMUA C YYETOM 3HaKa. Jlyywue pesynbTaTbl (TOYHOCTb LMKAA
nsmepeHuna 4o * 3-4° npu ero npogokutenbHoctu ot 30-50 cek. Ao 1.5-2.0 MuH.) 6bIn obecneyeHbl nNpu
MCMNONb30BaHUM CeAyYIOWEro KOMMAEKTa M3meputenbHbix npubopos: bycconb + GPS NPMEMHMK + TOpHbIN
komnac. Mpy 3TOM MarHWTHbIA a3MMyT Ha OPUEHTUP CHMMA/CA OTCYETOM MO BYyCCONM, @ UCTUHHBIA a3uMyT
paccuntbiBancAa GPS-NpuEMHWMKOM, MO3BONAIOLWMM OMNPeaesUTb TAaKOBOM MeXAy ABYMA MPOU3BOAbHbLIMM
TOYKamu. OTMETUM, YTO B coBpemMeHHbIX GPS-npuémHMKax ObITOBOro Kjiacca NpesycmoTpeHbl Tpu cnocoba
onpeaeneHns UCTUHHOrO asMmyTa: B ABUXKEHUM, C NMPUMEHEHMEM npoLeaypbl KaiMOPOBKU SNEKTPOHHOIO
KOMnaca B CTAaLMOHAPHOM COCTOAHUM U MeXAY ToYKamu. MepBble ABa cnocoba OKasannUCb HeNnpUemaeMbiMu
Nno YC/0BUAM NPUMeEHeHUs (HeobXOAMMOCTb ABWMMKEHUS BO BPEMsA 3amepa) WM Mo ToyHocTu (bonee 5°).
TpeTuii cnocob npu goctatoyHo BonbwoOM pasHoce Toyek obecrneymBaeT TOYHOCTb OnpeneneHna UCTUHHOTO
asumyTa 80 1° n meHee.

B pesynbtaTe AeTanbHOM NPOPaboOTKM AUTEPATYPHbIX WU MHTEPHET-UCTOYHMKOB NO COBPEMEHHBLIM
TEXHWUYECKMM CPeacTBaM U METOAaM U3MeEpPEHUI pa3paboTaHa KoHuenuua bonee yaoH6HOro U coBepLIEHHOTO
nsmepuTensHoro npubopa (11). C npmeHeHMem AOCTYNHbIX B CBOOOAHOM Npoaake AaTYMKOB U YCTPOMCTB Ha
OCHOBE KapMaHHOIO0 MepCcoHANbHOr0 KOMMNbIOTEPA MOMHO C€O6paTb FOPHO-TEONOTMYECKMI NpoLeccop,
obecneunBalolWMin  PaCLUMPEHHbIA CNEKTP W3MepUTENbHbIX BO3MOMKHOCTeW (12-14), B T.4. B YCNOBMSAX
KOHTPACTHO-HEO4HOPOAHOrO MarHUTHOrO nons. PacyéTHaa CTOMMOCTb NpoToTMna npubopa B 3aBUCMMOCTU OT
NOJIHOTbI KOMMJIEKTALIMM U NONb30BaTENIbCKUX BO3MOXKHOCTelM — oT 30-35 go 120-130 Tbic. pyb.

UccnepoBaHua noaaepaHbol rpaHtamum HLW-1413.2006.5 n POOU 09-05-12064_odpu_m.
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MEASUREMENT OF AZIMUTH CHARACTERISTICS
IN A HETEROGENOUS MAGNETIC FIELD

D.V. Zhirov 1, S.A. Klimov 1, V.0. Rumyantsev 2

1Geological Institute of Kola Science Centre RAS
z Municipal educational institution Acad. A.E. Fersman’s Palace of Children Activities

One of the main tools in field geology is a surveyor’s compass (Slide 1), which ensures a precision of 1-2°
when measuring azimuth characteristics. But there are situations when it is difficult to use it due to anomalies
and heterogeneities of a magnetic field (2-3) of different size and level (4). As a rule, these anomalies are
confined to mass accumulations and occurrences of ferromagnetic: magnetite, hematite, ilmenite,
titanomagnetite, pyrrhotite, etc. Thus, for mining regions and provinces with metallogenic specialization, to
which Kola region undoubtedly belongs, the problem of obtaining reliable azimuth characteristics in field
conditions is vital (5). The Zhelezny mine exploiting the apatite-magnetite deposit can serve as an example (6).
Rather a contrast-heterogeneous magnetic field is within the mine (7). It causes deviation within the entire
spectrum of possible variations (£180°). The current alternative methods of measurements (8) are worse than a
surveyor’s compass from the viewpoint of the use convenience, ergonomics, measurement rate and number of
operations required for the measurement cycle (9).

Conducting structural investigations in the contrast-heterogeneous magnetic field of the Zhelezny mine
motivated the search and practical test of methods and technologies for measurement of azimuthal
characteristics with improvised means including a surveyor’'s compass. The principle of determining of
magnetic (resulting at the cost of magnetic declination and deviation) and true azimuths at a measuring point
was used as the basis for all tested measurement methods (10). We used a well-visible reference point with
premeasured GPS coordinates removed at a distance exceeding 1 km. As a result, we calculated a total
correction — a difference with regard to the sign. The best results (precision of the measurement cycle to + 3-4°
with its duration from 30-50 s. to 1.5-2.0 min.) were obtained with the following set of measuring instruments:
a box compass, GPS receiver and a surveyor’s compass. A magnetic azimuth was taken with the box compass
and a true azimuth was derived with the GPS receiver option that allowed taking it between two arbitrary
measuring points. It should be noted that modern GPS receivers of domestic class provide for three methods of
taking a true azimuth: in motion, with calibration of an electron compass in the stationary state and between
two measuring points. But the first two methods appeared to be unacceptable due to the use conditions (a
necessity to move during measuring) or measurement precision (more than 5°). The latter method with rather
a great spacing of measuring points provides for the precision of taking a true azimuth to 1° and less.

A detailed study of literary and Internet sources on modern technical facilities and measurement
methods resulted in developing a concept of a more convenient and sophisticated measuring device (11). Using
transducers available on sale and a device on the basis of a pocket PC, one can design a mining-geological
processor providing for an expanded spectrum of measuring possibilities (12-14), including those in conditions
of contrast-heterogeneous magnetic field. An estimated cost of a device prototype is 120-130 ths rbl.
depending on packaging completeness and user’s possibilities.

The work was supported financially by grants HLLI-1413.2006.5 and RFBR 09-05-12064_odu_m.

53



FOpHBIA KOMNAC W NoNpaBkK (CKIOHEHUE) K MarHUTHOMY asuMyTy

Cknouenne wa 1985r. soctoyroe 12°15°(2-04) . Cpeanee conumenne
mepuauanos Boctoyxoe 0°28'(0-08) . Mpu npuknansiearwk Bycconu
[KoMnaca) K BepTHKaNbHLIM NHHHAM KOODAMHATHOH CETKW CPEAHee oT-
| KNOHEHHE MarHuTHOA cTpenku socroskoe 11°47°(1-96) .logosoe u3-
‘mexenne cunowenua  soctoynoe 0°05'(0-01).Monpaska B AHPEKUHOH -
'WblA YrON NPW NEPEXOAE K MarHHTHOMY a3umyTy MuHyc  (1-86).
MNpumevanue. B crobrax nokasaws Aenewna yrnomepa (0AHO Aenenne

yraomepa=3,6') .

HCT.MEPHA.

Cnang 1.

YNpoLLEHHasa cxema U3mepeHusi ropHbIM KOMMNacoM MarHuUTHoro asumyTa M',
SBMSALLEroCcs NPOEKLMEN Ha rOPU3OHTANbHYIO MNOCKOCTh
pesynsTUPYIOLLLErO (CKNOHEeHWe U AeBuauuvs) Bektopa M

M = cknoHeHne + aeBnaums

\M,

Cnainpg 2.
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dakTopbl BIUAHUA HA U3MepPeHUe MarHMTHOro asumMyTa

> cobcTBEHHOE MArHUTHoe noJsie 3emnu;
> reomarHuMTHble bypu (B3anmopencreme moHocdepbl U CONHEYHOTO BETPaA);
> NnosA ecTecTBEHHbIX MarHUTHbIX aHOMa/ni;
> TEXHOTEHHblE 3/IEKTPOMArHUTHbIE MOASA U UX UCTOYHUKM.
Cnaig 3.
Ocob6eHHOCTM MArHUTHOTO NOANA:
> HEO4HOPOAHOE B MPOCTPAHCTBE
> HENOCTOAHHOE BO BPEMEHMU
9 YpoBHU HeoaHopoaHoctu DMIN B NpocTpaHCTBE:

- permoHanbHbI (CKNOHEeHue);

- NOKaNbHbIN (3aneXun NpupoaHbIX GeppoMarHeTMKOB: MarHeTuTa,
rematuTa, UibMeHUTa, TUTAaHOMAarHeTUTa, NMPPOTUHA U Ap.);

- HENOCpPeACTBEHHDbI KOHTAKT C 06 bEKTOM M3MepeHUa (CKoneHnsa m
NOBbILIEHHbIE KOHLEHTPaLMN 3épeH GpeppoMarHeTMKoB).

Cnaig 4.
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PaioHbI ¢ BEPOATHLIM NPOABMEHUEM HEOOHOPOAHOIO MAarHMTHOrO NONsA (OpPaHXEBLIM LUBET) U MecTa
nposiBnNeHun cylwecTBeHHON AeBUaLMKU (KPacHbIe KPYXKK)
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1 —rHeiicbl, aMpnBONUTLI U MUTMATUTBI
apxeiickoro 6eN1oMopCKOro KoMmnnekca;

2 — heHnTHI;

3: a— mMeTaonMBUHUTLI; 6 — ocnioaeHensle
METaoNMBUHNTDI;

4:a — ONUBUHUTLI; 6 — pyaHbIE ONUBUHUTLI; B —
ocniofeHernble pyAHble ONMBUHUTLI; 5: @ —
MMPOKCEHUTbI U PyHbIE MMPOKCEHUTbI; 6 —
nermMaTonaHble pyaHble MMPOKCEHUTLI; B —
ocnitofeHernble PyAHble MMPOKCEHNTBI; I
HehenMHM3NPOBaHHbIE PYAHblE MMPOKCEHUTLI; [
- HedernMH-MMPOKCEHOBbIE Nopo/p! Mo
runepbasutam;

6:a — MenbTenrnTbl; 6 — UAONUTLI;
7:a—TypbsuTbl; 6 — OCIIOAEHENbIE TYPbAUTLI;
8: @ — MMPOKCEH-MENUNNTOBbIE NOpo/sl; 6 —
CKapHUPOBaHHbIE MMPOKCEH-MENUMMTOBLIE
nopogel;

9: @ — MOHTWUYENNNTOBLIE Nopofbl; 6 —
CKapHUPOBaHHbIE MOHTVUYENIIMTOBbIE NOPOALI; B
— rpaHaT-ammbon-ano6euaoBbie
cKkapHoMoAo6GHbIe NOpPo/bl C MOHTUHENNUTOM 1
BE3yBNaHOM,;

10: a — amdnbor-crioronnT-hopcTepuToBbIE
ropogel; 6 — dhroronmToBble pyabl;

11: a—anaTut-cbnoronnT-dopcTepuToBLIE
rnopoAp! (ManoXeneancTble anaTuToBble pyapl);
6 — 6apaenenT-anaTUT-MarHETUTOBbIE PY/bl;
12 — HehenMHOBbIE CUEHNTHI;

13 - kanbLUMT-anaTUT-NoronAToBLIE MOPOAb;
14 — 3arMpuH-6MOTUT-KaNbLMTOBbIE
kap6oHaTUThI;

15 — chopcTepuT-KanbLMToBbIE KapGoHaTUTBI;
16 — anaTuT-wraddenmTosble pyabl;

17 — 4yeTBEPTUYHbIE OTIIOKEHMS.

Lincbpbl B kpyxKKax: 1 — anaTUT-MarHeTUTOBOE
MeCTOpOXAEHNE; 2 — BEPMUKYNNT-
chrioronMToBoE MeCTopoXaeHWe; 3 —anaTuT-
wracddenuToBoe MECTOPOXAEHNE; 5 —
MeCTOPOXAEHNE PYAHbIX ONNBUHATOB

Cnaiig 6.
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MonpaBKK K MarHUTHOMY a3MmyTy (pe3ynbTMpylowemy 3a cHéT AeBUaL MK U CKNOHEHWS) B
npegenax pyaHuKa ¥enesHblid No pe3yabTatam M3mepeHuid nonesoro cesona 2009 r.

A\

MyTu pelweHuna — UCTOpUA Bonpoca

®ryn sMmOrem:
BCEPOCCUUCKUN HAYYHO-UCCNELOBATENBCKUM UHCTUTYT
NO OCYWEHWIO MECTOPOXAEHUW NONE3HbIX
MWCKOMAEMBIX, 3SALLMTE UHKEHEPHbBIX COOPYXEHWUN OT
OBBOAHEHWA, CNEUUWANBHBIM TOPHbBIM PABOTAM,
FTEOMEXAHWUKE, TEO®PU3UKE,
FTEONOMMN N MAPKWENAEPCKOMY AENY

1970-2010 rr.

3BONKOLMA METOOB:

MapKLLEeNaepCcKMn (reoae3nyecknii) — TPUaHTysLUA OT ONOPHbIX MYHKTOB;
«TpelmHomep» — Ha OCHOBE TMPOKOMMAca;

umdposas TaxeomeTpua («Tpumba» 1 T.M.).

Cnaig 8.
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NpepenbHble Tpe6bOBaHUA K USMEpPEHUAM:

» OANTENbHOCTb LUMKAa namepeHua — 1-2 mun (Makcumym), 30 cek. (onTumym);

> Bec eanHuLbl o6opyaosaHua: He 6onee 1 Kr. Bec komniekta o6opyaosaHus: He 6onee 1 Kr;
» TOYHOCTb U3MEPEHMA a3MMYTasIbHbIX XapaKTEPUCTUK: + 5° (MaKkcumym), U + 3° (onTumym);
» pasmep / 3proHOMUYHOCTb 060pPYA0BaHNA — UCNONb30BAHWE Ha NAL0HUN PYKU;

> LieHa KomnsiekTa obopyaosaHua: He bonee 30-35 Tbic. pyb.

Cnang 9.

MpoTecTupoBaHHble cnocobbl onpeaeneHNs UCTUHHOTO a3UMyTa Ha OPUEHTUP: a) No
OpPUEHTUPOBaAHHOM NO CTPaHaM cBeTa KapTe; 6) no popmysam Ha OCHOBE MECTHbIX KOOpAUHAT
OpUEeHTUPa U TOUKM 3amepa; B) C MCNoIb3oBaHMeM KoopauHat GPS u onuun GPS npuémHuka
«onpepgeneHne UCTUHHOTO asuMyTa MeXAy ABYMA NPOU3BO/IbHbIMU TOYKaMMU 3aMepPOBY,
PUCYHOK TOT XKe, YTO 1 B BapuaHTe (6).
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Cnaiip 10.
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KoHuentyanbHoe pewieHune

1) GPS KMK ¢ naketom
ATYUK opuruHanbHoro Mo 5) paTumMk—yrna
A noBopoTa «7» OT
«6»
. 6) CoOCHbIN C
2) 3-x oceBoW KOpMYCOM
MarHuTomeTp /133 HbliA
ueneykasartenb
3) AaTyuK - =
; pllto:v\eT 7) nasepHbIn
ik i cBeToAalbHOMep
4) paTyuK -
akcuomeTp 8) rupokomnac

fTopHO-reonoruyecKui npouyeccop

Cnaip 11.

I'opuo-reonoruuecxuﬁ npoueccop — notTeHUuanbHbleé BO3IMOXHOCTHU:

- BbINONHEHWE (Ha MOBEPXHOCTM) KOMMJEKCA WM OTAENbHbIX HAabopoB u3mepeHui (3-x
KOMMNoHeHTOB MM, paanaums, MarHUTHbIN, UCTUHHBIN a3UMyT, Yro/l HaK/OHA, PaccTosaHue A0
06beKTa, NIMHEMHblE NapameTpbl 06beKTa M Ap.) B aBTOMATUYECKOM WU PYYHOM pPeEXRUME C
3anucbto napametpos B TMC B/, (peXnmbl «TOUKa» U KTPEK»);

- BblNO/IHEHNE (Ha NOBEPXHOCTHN, B NOA3EMHbIX Bblpa60TKaX, B 3aKpPbITbIX I'IOMELIJ,eHMHX)
MBMEPEHMI‘;I A3MMYTA/IbHbIX XapPaKTEPUCTUK B YCNIOBUAX Ntobbix HEO,D,HOpO,CI,HOCTeVI n Bapwau,wﬁ
MarHnMTHOro nonA;

- AMCTAHUMOHHOE M3MepeHMe PacCTOAHMIN A0 06bEeKTa M ero NMHeNHbIX NapameTpos (41vHa,
BbICOTA U AP. CEYEHUS B T.Y. B 11060 HAKNOHHOM NJIOCKOCTM MO OTHOLLIEHMUIO K OnepaTopy);

- MarHUTHas W  pagMOMETPMYEcKas CbEMKA B YCAOBHbIX W  CTaHAAPTU3MPOBAHHbIX
(oTKanMbpoBaHHbIX) NapameTpax;

- UamepeHune NobbIX YrNoBbIX WU a3UMYTa/IbHbIX XapPaKTEPUCTUK B noboli naockocTn U
npoexkuuun, B 17.4. ANCTAHUNOHHO;

- MocTpoeHue nokasnbHbix 3D mogeneit 06beKTOB HabatogeHUI — BbINYKAbIX / BOTHYTbIX
NOBEPXHOCTEN, FOPHbIX BblPabOTOK;

- KOHTPONb HEOAHOPOAHOCTEW U BapuaLMii MarHUTHOrO Nons;

- nonyyeHue ynopag04YeHHbIX U COraCoBaHHbIX MO HECKO/IbKUM U3MeEPAEMbIM MapamMeTpam
TNC coBmeCcTMMbIX AaHHbIX U CNOEB (MaFHVITHOI'O nona u ero KOMNOHEHTOB, PagnuoMeTpuAa,
A3UMYTAJIbHbIX U NINHEWHBbIX I'IapaMETPOB).

Cnaip 12.
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fOpHO-TEeoNOrnyYecKMii npoueccop — U3amepeHuUe pacCcToaHUK A0
obbeKTa U AMCTAaHLUUOHHOE U3MepeHUe NUHEeEWUHbIX napameTpos
obbekTa:

YAANEHHbIN
reoNormyecKkmi
0b6beKT

7) nasepHbIn

- cBeToAanbHoOMep Ha
6) COOCHbIN C WwapHmpe
Kopnycom
NnasepHblii g 2
aTUMK -
Leneykasartenb A
akcmomeTp

Cnaiip 13.

fopHO-reonornyecKkuii NpoLeccop — NOCTpoeHue NoKanbHbiXx 3D moaeneii:

py4yHOe «CKaHMpoOBaHME» NOBepXHOCTU/BbIpaboTKK no
NPOWU3BONbHOW TPAEKTOPUMU NAa3EPHLIM CBETOAANbHOMEDPOM

7) nasepHbIn
cBeToganbHoMep

+

1) GPS— pgaTtumK

Cnaiig 14.
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MATHE3WA/IbHbIE TPAHUTOUAbI (CAHYKUTOUADbI) KO/IbCKOrO M-OBA:
COCTAB, BO3PACT, U3SOTOMHO-TEOXMMUYHECKME XAPAKTEPUCTUKHN

H.M. Kyapsawos
Feonornyecknuit UHCTUTYT KonbCKOro HayyHoro ueHTtpa PAH

BbicOKOMarHesunasnbHble rpaHMTONAbI (caHykuTOMADbI) HeoapxemcKoro BO3pacTa LIMPOKO
pacnpocTpaHeHbl B 3e/leHOKaMEHHbIX MOACAX Ha BCEX AOKEMOPUMCKUX KpaTOHaxX. TEPMUH «CaHyKMUTOMA» bl
Bnepsble BBEAEH B re0/I0rMYeCcKyo amtepatypy KaHaackumm reonoramm C.-b. Wupu m .-H. XeHcoHom B 1984 T.
HasBaHue rpaHuTOMAbl NoOAyYuauM Hnarofapsa WX TEOXMMUYECKOMY CXOACTBY C  CaHyKuTamun —
BbICOKOMarHe3naabHbIMW aHAe3nTamu ANOHWUM, KOTOPbIe CYMTAIOTCA MPAMbIMU BbiNJaBKaMWU U3 MaHTUMAHbBIX
nepugoTMToB. CaHYKUTOMAbI COYETAOT XapaKTEPUCTUKM MAHTUIMHbLIX M KOPOBbIX Nopog, (cnaiig 1). Cneumduka
MX MPOUCXOXKAEHMA BbI3bIBAET 0COOLIM MHTEpec, 0OYCNOBNAEHHbIA B MEpBYHD o4yepedb BO3MOMKHOCTbIO
nccnenoBaHMA KOPOBO-MAHTMIMHBIX MPOLLECCOB Ha pPaHHMX 3Tanax 3sosouun 3emau. Kpome Toro, ¢
APXENCKMMM CaHYKMTOMAAMM NapareHeTUYeCcKn CBA3aHa 30/10TOpyAHaA MUHepannsaumus. B seneHokameHHOM
nosace Kosnmosepo-BopoHba oHM cnaraoT [opocosépckuit (MM) u  Konmosépckuin (KM) maccuBsl,
PacrnoNOXKeHHble B HOro-BOCTOMHOM 4acTM MosAca Ha rpaHuuax ¢ LeHTpanbHO-KoabckUM U MypMaHCKUM
AOMeHamm (2).

MM asnaeTca nonndasHbiMm nNayToHOM — nepsBan ¢as3a npeactaBneHa auddepeHLMPOBaAHHON cepueir:
rabbpo-gnMopuT, KBapLUEBbIM  MOHLUOAMOPUT, T[PAHOAMOPUT, NaarMorpaHut. Brtopasa ¢asa cnoxkeHa
NENKOrpaHUTaMM U UX KUIbHbIMU AEpUBATAMM, TPETbA — XWIbHbIMM famnpodupamu, 4YeTséptaa —
nermatutamu (3). Mopogbl rnaBHoW $Gasbl UMEIOT TUNWYHbIE MarmaTUYecKne CTPYKTYPbI C LUMPOKMM Pa3BUTUEM
amdunbona (4). Ona XMMUYECKOro cocTaBa TUNUYHbI BbicokMe mg# = 0.5-0.6 1 wénoyHoctb Na,0+K,0=5-8 %,
namnpo¢urpoBble Nopoabl cogepat Si0,=52-62 %, Na,0+K,0=5.1-7.7 %, mg#=0.56-0.58. (5, 6).

Ona reoxpoHonornyeckoro wusydyeHus U-Pb meTtogom no UMpKOHY Oblan oTo6paHbl MNpobbl M3
KBapuesoro moHuoaunoputa (KV-47 NMM) u rpaHoamnoputos (KV-37 MM, KV-62 KM). AKLECCOPHbIN LMPKOH B
npobax KBapLEBOro MOHUOAMOPUTA U rpaHoanoputa MM npeactasaeH NPoO3pPavyHbIMKU U NOAYNPO3PaAYHbIMU
3épHaMKM KOPUYHEBOro LBEeTa, ANNMPaMUAANbHO-MPU3MATUYECKOTO Frabutyca. B UMMEPCUOHHOM XUAKOCTU
BHYTPEHHEee CTpOeHWe MNPOABJAEHO OTYETAMBOIN TOHKOM POCTOBOM 30HaNbHOCTbIO (7). BospacT uupKoHa gns
KBapLEBOro MOHLOAMOPUTA MO BEPXHEMY NEPECceYeHUo C KOHKopauen 273414 MnH NeT, aaa rpaHoanopuTa
2733+6 MnH neT. Bo3pacT unpKoHa 13 rpaHoanoputa KM - 273618 mnH net (8-10).

AKLECCOPHbIE LUMPKOHbLI U3 1aMnpodUpOoBOI AaiKKM, NO COCTaBY OTBEYAIOLWEN OONHUTY, BKAOYAIOT ABe
nonynauuu. MepBas npeacTaBfeHa MPO3pPayYHbIMM KOPOTKOMPU3IMATUYECKUMW KPUCTANNaMW TMaLMHTOBOrO
TUNA C TOHKOM OCLUMNNALMOHHON 30HaNbHOCTBIO M OTBEYAET KPUCTANIM3aLMM LIMPKOHA M3 pacnsiasa. Bropas
npeactaBieHa  METaMMKTHbIMU — TEMHO-KOPUYHEBBIMW  NPU3MATUYECKMMM  3EPHAMM  C  BbICOKMMMU
copepxaHmamn ypaHa (11, 12). EEé obpa3oBaHMe, BEPOATHO, CBA3aHO C METaCoOMaTUYECKUM U3MeHeHMeM
nopog. Mpu3Haku npolecca BblpaXKeHbl B CTPYKTypax BpekYMpoBaHmNA JaeK C pa3sBUTUEM B HUX KapbOOHaTHbIX
NPOXKUIKOB C Habt0AaEMbIMM 34eCh KPUCTaNNamMK LMpPKoHa (13).

Bo3pacT uMpKoHa NepBoM MOMNyAAUMM MO BEPXHEMY MEpPecevyeHuto C KoHKopaueln coctasun 268010
MJ/IH /IeT U OTBeYaeT BPEMEHMU KpucTannusauum namnpodupos. [aa BTOPOM MNONYyAALUMM LUPKOHA CUSBHO
OMCKOPAAHTHbIM BO3pacT paBeH 262918 MAH /€T M pacCcMaTpMBaEeTCA KaK BPems MeTacoMaTU4YecKoM
npopaboTkn namnpodupos (14, 15).

Canykutonapl MM mn KM xapaktepusytotca oboraweHnem LREE (La=30-35 ppm, Ce=53-60 ppm,
La,/Yb,=16-32) # wumeloT xopowo BbipaxeHHble Nb-Ta u Ti oTpuuaTenbHble aHomanuu. CrnekTpbl
pacnpeaenenua REE B caHykutomnaax Konbckoro n-osa nogobHbl cnekTpam B caHykutonpax Kanagbl, Kapenunn
n dGuHnaHamm (16, 17). Sm-Nd nsoTtonHble xapaktepuctukun ana MM n KM xapaKkTepusyoTca NosIoKMUTEIbHbIMM
3HaYeHUAMMN €pg=+0.30+0.98, oOTpaKkalOWMMM MAHTUMHBIK WUCTOYHMK UX GopmMupoBaHuA. [ns  paek
namnpodunpos ¢ gyg = -0.27 npegnonaraeTca BOBAeYEHNE KOPOBOro matepuana (18).

BbiBoAabl

. CaHYKUTOMAHbIN Marmatnam Ha Konbckom n-oBe cBA3aH ¢ dopmuposBaHvem anddepeHLMpPoBaHHbIX
Mopoco3épckoro 1 Ko/AMO3EPCKOro MaccMBoB, MOPOAbl  KOTOPbIX XapaKTEPU3YHOTCA  MOBbILEHHOWN
MarHe3nanbHOCTbH, WENOYHOCTBIO, UMEIOT LUMPOKUI CMEKTP COCTaBOB OT rabbpoanMopuToB A0 rPaHUTOB U NO
reoOXMMMYECKMM XapaKTEPUCTUKAM OTBEYAIOT HEOAPXENCKUM FPaHUTONAAM CaHYKUTOUAHON cepuu;

° U-Pb Bo3pacT umMpKoHa u3 rpaHoamoputos Mopoco3épckoro maccusa coctasnset 2733+/-6 maH ner,
KBapLEBbIX MOHLOAMOPUTOB 2734+/-4 MNH neT, Bo3pacT rpaHoanopuToB Konmosépckoro maccumea 2736+/-8
M/IH N1eT. BO3pacT marmaTM4eckoro LMpKoHa 13 namnpoduposoit gankmn 2680+/-10 mnH net, 6bonee nosgHero
LMPKOHa, CBA3aHHOr0, BEPOATHO, C MeTacoMaTHyeckon npopaboTkoi nopog 2629+/-8 MAH neT;
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. bopmmrpoBaHME apxencKom accoumaumm caHykutToamos Mopoco3épckoro u Konmos&pckoro maccMBoB
NpoucXoanao Ha npoTaxeHun 50-60 MAH NeT, HaYaNoCb C KPUCTaNAU3aLMM FTNaBHbIX $a3 MAcCcMBOB Ha pyberke
2735 M/IH NIeT ¢ nocneayowWwmum BHegpeHemM 1aMnpodupoBbIX AaeK ¢ Bo3pacTom 2680+/-10 MAH neT;

. pacnpeaeneHme peaKkoleMenbHbIX 3N1EMEHTOB B caHyKutTomaax Mopocoséepckoro n Konmosépckoro
MacCcMBOB XapaKTepusyetcsa oboraweHnem AMTOOUAbHBIMU U NEFKUMU pPefKo3eMENbHbIMU 31eMeHTamm, Sm-
Nd un30TOMHblE XapPaKTEPUCTUKM A1A CAHYKMTOMAOB 3TUX MACCUBOB MMEIOT TMOJIOXUTENbHbIE 3HAYeHMUA
eNd=+0.30+0.98 1 cBMAETENbCTBYIOT 06 X MAaHTUIMHOM MPOUCXOXKAEHUM;

. MNopoco3épcknit 1 KoNMO3EPCKUIA CaHYKUTOMAHbIE MAacCcuBbl B/IM3KM MO BO3PACTHbIM U M3OTOMHO-
FEOXMMMUYECKMM  XapaKTEpPUCTUKAM HEOAPXEMCKMM CaHYKMTOMAHbIM Komnaekcam KaHagbl (NpoBuHLMA
Cbtonepuop), 3anagHoit Kapennn n BoctouHoit GuHAsHANUMN.
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MAGNESIAN GRANITOIDS (SANUKITOIDS) OF THE KOLA PENINSULA: COMPOSITION, AGE, ISOTOPIC-
GEOCHEMICAL CHARACTERISTICS

N.M. Kudryashov
Geological Institute of Kola Science Centre RAS

Neoarchaean high-Mg granitoids (sanukitoids) are widespread within the greenstone belts at all
Precambrian cratons. The term “sanukitoid” was coined by Canadian geologists S.B. Shirey and G.N. Hanson in
1984. These granitoids got their name due to the geochemical similarity to sanukites — high-Mg andesites from
Japan that are considered to be direct melts from mantle peridotites. Sanukitoids combine features of both
mantle and crustal rocks (Slides 1). The specificity of their origin is of particular interest which is primarily
caused by a possibility to study crustal-mantle processes at the early stages of the Earth’s evolution. On the
other hand, gold mineralization is paragenetically related to the Archaean sanukitoids. Within the Kolmozero-
Voron’ya greenstone belt these formations constitute two big massifs — Porosozero and Kolmozero that are
located in the SE belt at the boundaries with Central-Kola and Murmansk domains (2).

The Porosozero massif is a polyphase pluton. The first phase is represented by a differentiated series:
gabbro-diorite, quartz monzodiorite, granodiorite and plagiogranite. The second phase is composed of
leucogranite and its veined derivatives, the third one — veined lamprophyre and the fourth one — pegmatite (3).
Rocks of the massif main phase have typical magmatic textures with a wide distribution of amphibole (4). The
chemical composition is characterized by high values of mg#=(0.5-0.6) and high alkalinity (Na,0+K,0=5-8 %).
The lamprophyre rocks contain Si0,=52-62 %, Na,0+K,0=5.1-7.7 %, mg#=0.56-0.58 (5, 6).

For geochronological studies by the zircon U-Pb method, we used samples of quartz monzodiorite (KV-
47) and granodiorite (KV-37) from the Porosozero massif and granodiorite (KV-62) from the Kolmozero massif.
Accessory zircon in the samples of quartz monzodiorite and granodiorite from the Porosozero massif is
represented by transparent and semitransparent brown grains of dipyramidal-prismatic habitus. In the
immersion liquid the internal structure is exhibited by thin zonality of the crystal growth (7). The zircon age of
quartz monzodiorite by the upper intersection with the concordia is 2734+4 Ma, of granodiorite — 273316 Ma.
The zircon age of granodiorite from the Kolmozero massif is 27368 Ma (8-10).

Accessory zircon from the lamprophyre dyke that is compositionally similar to odinite includes two
different populations. The first one is represented by transparent short-prismatic crystals of the hyacinth type
with thin oscillation zonality that agrees with zircon crystallization from the melt. The second population is
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represented by metamict dark-brown prismatic grains with the uranium high content (11, 12). The generation
of this zircon population is probably related to metasomatic alteration of rocks. The signs of such alteration are
expressed in the structures of dyke brecciation with development of carbonate veinlets with zircon crystals in
them (13).

According to the upper intersection with the concordia, zircon of the first population yielded an age of
2680+10 Ma that agrees with the lamprophyre crystallization time. Zircon of the second population yielded a
highly discordant age of 262918 Ma, which is interpreted as the time of metasomatic alteration of lamprophyre
(14, 15).

Sanukitoids from the Porosozero and Kolmozero massifs are rich in LREE (La= 30-35 ppm, Ce=53-60
ppm, La,/Yb,=16-32) and have conspicuous negative anomalies of Nb-Ta and Ti. The REE spectra in sanukitoids
from the Kola Peninsula are similar to those in the sanukitoid intrusions in Canada, Karelia and Finland (16, 17).
Sm-Nd isotope characteristics for the rocks from the Porosozero and Kolmozero massifs show positive values of
eng= +0.30+0.98, which reflect the mantle source of their formation. For the lamprophyre dykes €yq with the
value equal to -0.27 suggests the involvement of some crustal material (18).

Conclusions

. sanukitoid magmatism on the Kola Peninsula is related to generation of the differentiated Porosozero
and Kolmozero massifs, which rocks are characterized by high values of mg# and high alkalinity, range in
composition from gabbrodiorite to granite and geochemically correspond to Neoarchaean granitoids of the
sanukitoid series;

. the U-Pb zircon age of granodiorite from the Porosozero massif is 2733+/-6 Ma, quartz monzodiorite -
2734+/-4 Ma, granodiorite from the Kolmozero massif - 2736+/-8 Ma. The age of magmatic zircon from the
lamprophyre dyke is 2680+/-10 Ma, younger zircon that is related to the rock metasomatic alteration yielded
an age of 2629+/-8 Ma;

. generation of the Archaean sanukitoid association from the Porosozero and Kolmozero massifs lasted
over 50-60 Ma. It began with crystallization of the massif main phases 2735 Ma ago with the subsequent
intrusion of the lamprophyre dykes dated at 2680+/-10 Ma;

. REE distribution in sanukitoid from the Porosozero and Kolmozero massifs is characterized by
enrichment in lithophyle and LREE. Sm-Nd isotope characteristics for sanukitoid from these massifs show
positive values of eNd= +0.30+0.98 and point to their mantle origin;

. the Porosozero and Kolmozero sanukitoid massifs are similar in their age and isotope-geochemical
characteristics to the Neoarchaean sanukitoid complexes in Canada (Superior province), Western Karelia and
eastern Finland.
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Feoxnmmnyeckune XapPaKTEPUCTUKU

Mpu3HaKuU MaHmMuliHo20 NPOUCXOHOeHUs
m Bbicokas marHesmanbHocTb mgH>0.5
® Bbicokue KoHueHTpaumm Cr, Ni, Co

[MpU3HAK KOPOBO20 MPOUCXOHOEHUS
m OborauwgéHHocTb Rb, Sr, Ba, P, LREE

Cnang 1.
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Feonornyeckas cxema Mopocosépckoro maccusa (coct. M.H. NeTpoBckum ¢
ucnonb3oBaHuem matepuanos O.4. flapKwesuya u ap., 1982)
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1 - yeTBEPTUYHbIE OTNOXKEHUSA;

2 - WeNoYHble rPaHuTbl 3anagHo-
KelBcKkoro maccmBa; 3 - aaliku
Namnpodurpos;

4 - rpaHnTbl 2-1 $asbl; 5 - rpaHUTbI 1-1
dasbl; 6 - rpaHOANOPUTDI; 7 - KBapLLEBblE
MOHLLOANOPUTLI; 8 - rabbpo-aAnopuUTLI;
9 - MIMHO3EMUCTbIE THENCbI U CNaHLbI;
10 - 6UOTUT-MYCKOBUTOBBIE C/IAHLLbI;

11 - pUTMUYHO C/IOUCTbIE CNIAHLbI;

12 - KOHIOMepaTo-HpekUnn
«ONUCTOCTPOMbI»; 13 - amdpnbonutbl;
14 - MUrMaTU3NPOBaHHbIE TOHANUTO-
rHelcbl LIKB; 15 - anemeHTbl 3a1eraHus;
16 - MWHepasnbHaA AMHENHOCTb; 17
pa3pbiBHble HapyLLueHKns; 18 — mecTa
oTbopa reoxpoHonornyeckmx npob.

Cnang 3.

CTpyKTypbl MOHLOAUOPUTA, AMOPUTa M namnpodupa B Nopoco3épckom maccuse
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MonoxeHue d)”rypaTMBHblx TOYEeK nopoa I'IOpOCOBépCKorO MacCuBa Ha
KﬂaCCMd)MKaU,MOHHOﬁ Auarpamme ana KBapuyHOpPMaTUBHbIX NMoOpoA
(Ay6posckui, 2002)
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Cnang 5.

caHykutouaos Mopoco3épckoro maccuea
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Cnang, 6.
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Mopdonoruyeckue TMnbl LUPKOHA U3 rPAHOAUOPUTOB U KBapLLEBbIX
MOHL,0410PUTOB

Cnang 7.

Avarpamma c KOHKopAueii ANA KBapL,EeBoro MOHL0AUOPUTA
Mopoco3épckoro maccusa

2734+/-4 MNH. neT

CKBO=1,9

/ KV-47/3-1
/

206Pb/238U

Keapuyesnii
MOHyoduopum

v
/ KV-47/4

S kvt

/
/ Kvaip
2+/-12 M. neT KV-47/3
/

3 5 7 9 11 13 15

207Pb/235U

Cnainpg 8.
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Ovnarpamma c KOHKopauei ana rpaHoguopuTos MNopoco3épckoro maccmuea
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Cnang, 9.

Ovnarpamma c KoHKopaueit ana rpaHogmoputos KoaMo3épckoro maccusa
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68




Mopdonoruueckue TMNbI MarmaTMYECKOro LMpKoOHa U3 namnpo¢pupos
Mopoco3épckoro maccusa

Pb: 100-145 ppm

U: 170-225 ppm =

Th/U*=0.61-0.65

Cnanp 11.

Mopdonoruyeckue TMNbI METACOMATUYECKOrO LIMPKOHA U3 1amnpo¢durpos
NMopoco3épckoro maccusa

Pb: 115-200 ppm

U: 220-360 ppm

Th/U*=0.39-0.40

Cnaiig 12.
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CTpyKTypbl BpeKkumpoBaHua B namnpodupoBoii aaike

Cnaiip 13.

Ovnarpamma c KoHKopaueit ana namnpodupos Mopocosépckoro maccusa
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Cnawng, 14.
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Ounarpamma c KoHKopauei ana namnpodupos Mopocosépckoro maccusa
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Cnangep-auarpamma nopog NMopocosépckoro u Koamo3épckoro maccusos
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PacnpepeneHune xoHapuTHOpMmanunsoBaHHbIX REE B caHyKMTOMAAX 3e/1eHOKaMeHHbIX
nosacos Kapennun, KaHaabl u Konbckoro n-osa

Cnaiipg 17.

Sm-Nd nsotonHble gaHHble ANA CaHyKUTOMA0B Mopoco3épcKoro u
Konmosépckoro maccusos

m Sm(ppm) Nd (ppm) End T(DM)

2paHOOUOPUMBI, K8ApUesblie MOHUOOUOPUMbI

m 4.195 22.794 +0.56 2996
m 4972 29.662 +0.30 2990
m 5101 28.964 +0.45 2993
duopumel
m 3.234 17.250 +0.98 3180
m 6.097 32.352 +0.81 3177
aamnpogupsi
m 3.320 18.263 -0.27 3007

Cnaiip, 18.
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FEO/IOr0-rEOXPOHOIONMYECKOE (U-Pb, Sm-Nd) OBOCHOBAHUE 3TANOB »OPMWPOBAHUA
®ENOPOBO-MAHCKOIO MHTPY3UBA

E.A. HutkuHa, ®.M. MutpodpaHos
Feonornyeckuint UHCTUTYT KonbcKoro HayyHoro ueHTpa PAH

dénopoBo-MaHCKM NnaTMHOMETaNbHbIM 6a3uT-rMNep6asnToBbIN UHTPY3MB U3YYEH ABYMA M30TOMHbIMU
meTogamu: U-Pb — no unpkoHam u 6agaenemtam, Sm-Nd — no nopozoobpasyowmm muHepanam. OH aBnseTca
OZHUM W3 PaHHENpPOTEPO30MCKMX PacCNOeHHbIX UHTPY3nBoB Konbckoro (CeBepHOro) nosca, 3aneratowmx Ha
MeXAY HUXHENPOTEPO3OMCKMMM  BY/IKAHOFEHHO-0CaA04YHbIMM  Mopofamu  30Hbl  MmaHppa-Bapsyra wu
apXencKnmK rHelicamm dyHaameHTa. UHTpy3unB coctomnT us PénoposcKkoro, SlactbaBpcKoro, 3anaaHo-MaHcKoro
M BoctouHo-MaHckoro 6/0KoB (c 3anaga Ha BOCTOK). Hambonee BbiCOKME KOHUEHTpauuu 6naropoaHbix
MEeTaNN0oB ycTaHoBAeHbl B ®énopoBckom M 3anagHo-MNaHckom 6aokax (cnangbi 1, 2). Lenb nccneposanmin: 1)
onpeaenntb  3Tanbl popmupoBaHMa accoumaumii (cepuit) nopog Péaoposo-NaHCKOro MWHTpysuBea, 2)
YCTaHOBWUTb BO3PAcT PyAHbIX $a3 (MecTopoXKAeHUN U pysonpoABaAEHNA).

O606LWEHHbIN reosiorMyecknin paspes 3anagHo-NaHcKoro 6710Ka, U3yYeHHbIM MO NPU3HaKY NPUCYTCTBUA
TEX UJIM MHbIX MMHEPA/IOB B Ka4ecTBe KYMy/yCHbIX da3, npeAcTaBieH cneayoWwmmmn 30HaMU U cepuamm nopos,
(cHm3y BBepx, KopuaruH u ap., 2009): HUKHAA KpaeBasa 30Ha (HK3); HopuToBasa 30Ha (H3); rabbpoHopuTOBan
30Ha (MH3); BepxHAA noa3oHa MH3; HUMKHUIA paccNoeHHbi ropmn3oHT (HPT); BEpXHWI1 pacCNOEHHbIN FOPU3OHT
(BPT). B coctaBe ®énopoBckoro 6710Ka, NpeacTaBAAoLWEro coboi camocToATeNbHYI0 MarmaTMUecKylo Kamepy
(Schissel et al., 2002; KopuaruH v gp., 2009), rae yctaHoBNeHO PELOPOBCKOE MECTOPOXKAEHUE, HabaoaaeTca
cTpatTndmKauma (CHM3Y BBEPX): KpaeBan 30Ha; TakcuToBan 30Ha (T3) opyaeHenbix cynbduaHbIX rabbpoHopuToB
C 60/bWKMM KOAMYECTBOM KCEHOAUTOB MOPoA paHHel ¢asbl — OPTOMUPOKCEHUTOB W HOPUTOB,
CLUEMEHTUPOBaHHbIX Nopoaamu BTOpoi ¢asbl — rabbpoHOPUTaMM, A1 KOTOPbIX XapaKTePHO NMPOMbILWIEHHOE
cynbduaHoe pacceaHHoe opyaeHeHue (HecTpaTUdOPMHbIN 6asanbHbIM TUN MWUHepanusauuun); H3; TH3 u
lab6posas 30Ha (3) (3).

M3oTtonHoe U-Pb n Sm-Nd patuposaHue PEpoposBcKoro 6710Ka BbINOSHEHO gaa nopog T3 u I3,
CTPaTUPOPMHOTO U HecTpaTudopmHOro pyaHbix Ten (4-12). Ona 3anagHo-lMaHckoro 610Ka AaTMpoBaHue
BbiNoNHeHO Ansa nopog H3 u I3, HPT n BPI (13-27). [aHHble NoATBEpP:KAAOT reosoro-neTposiornieckme
BblBOAbI O ANUTENbHOCTM M MHorodasHoctu dopmupoBaHua Pégoposo-MNaHckoro uHTpysuea (28-30).
YcTaHOB/IEHbI 3Tanbl opMUpPOBaHUA maccuBa: 2526-2516 mnH net (HUTKMHa, 2006) — NMPOKCEHUTLI U rabbpo
dénopoBCKoO marmaTuyeckol Kamepsbl; 2515-2518-2507 maH net (HUTKMHa 1 gp., 2007; Mpowes 1 gp., 2009) —
naaTMHOHOCHbIe rabbpo pudosoro pyagHoro Tena PEAo0POBCKOro mectopokaeHus; 2505-2498-2496-2485 miH
net (basHoBa, 2004; HuTKuHa, 2006) — rabbpoHopwuTbl M rabbpo rnaBHOW ¢asbl MarmaTUYECcKOM Kamepbl
3anagHo-MaHckoro 6710Ka, paccesHHoe NAaTMHOMETaslbHOE OpyAeHeHWe U oTHocuTenbHo 6oratoe Cu-Ni
cynbduaHoe opyaeHeHWe B 6HasasbHbIX  YacTAX MecTopoxKaeHua Manas [MaHa wu  PEpopoBcKoro
mecTopoxaeHusn; 2470 mnH net (basaHosa, 2004) — nermatongHble rabbpo-aHOPTO3UTLI U CBA3AHHbIE C WX
dnomaammn boratble naatMHomeTanbHble pyabl HPT mecTopoxkaeHua Manaa MNaHa; 2447 mnH net (basHosBa,
2004) — aHOPTO3UTOBbIE MHBEKLMW U NIOKANIbHbIE NIMH30BUAHbIE cCKoneHua 6oraTbix Pt-Pd npossnexuit BPT.

MpoBeaeHO cpaBHEHNE MHOFOUYUCAEHHDBIX AaHHbIX, MOAYYEHHbIX ABYMA M30TOMHbIMU MeTogamu (U-Pb u
Sm-Nd) pna oAHOTUMHBLIX PYAOHOCHBIX M 6e3pyAHbIX MOPOAHbLIX accoumauuii gna NAaTMHOMETANbHbIX
MecTopoXaeHnn. Ocoboe 3HayeHMe MMeeT TO, 4YTO U30XPOHHble Sm-Nd BO3pacTHble W reonoro-
NeTPosIOrMYECKME XaPAKTEPUCTUKM MOJIyY4eHbl MO NOPOLaM W  CAaralvowum  ux nopogoobpasyowmm
MWHepanam. B cnabometamopdm3oBaHHbIX 6a3MTax WM30XPOHbI, MNOCTPOEHHbIE NO  MarMaTUY4ECKUM
nopofoobpasywwmm muHepanam (Sm-Nd metoa), a TakKe NO MArmaTUYECKMM aKLECCOPHbIM LMPKOHAM U
6agaenentam (U-Pb metoa), B npepenax owmnboK cornacytotca. U 6onee npoctort Sm-Nd meton, Kpome
NeTposIorMYecknx BbIBOAOB, MOXET WCMONb30BaTbCA /19 OPUEHTUPOBOYHOrO OMnpeaeneHns Bo3pacTa
Kpuctannmsaumm nopod. Kpome toro, Bnepsble BbINOAHEHA MOMbITKA AaTUPOBAHMA PYyAHOro npouecca nyTém
nsotonHoro Sm-Nd aHanusa cynbdpuaHbix muHepanos (Cepos, Ekumosa, 2009). Bce nonyyeHHble M3OTOMHbIE
BO3pacTHble u3mepeHus (6onee 40) onpenensioT BPEMEHHON WHTEpBan GOPMUPOBAHWUA PYLOHOCHOTO
dépoposo-NaHckoro maccuBa B 80-50 MAH €T M MHOropasHOCTb €ro CTPOEHWA. ITU  BaKHelwwue
XapPaKTEPUCTUKN ABAAIOTCA HOBbIMM B MOHMMaHUM TMAOMOBbIX YNbTPabasnT-6a3MTOBLIX MarmaTUYecKmx
NpoLeccoB Havyasa paHHero npotepo3on KaHaackoro u bantuiickoro WnTos.

B coBpemMeHHOW reosiorMyeckon nutepaType HbITYeT MHEHME, YTO MJIIOMOBbLIA MarmMaTusm — KOPOTKMUIA
(nepsble mnH neT) reonornyeckuii npouecc. OHo 6asuMpyeTcs Ha eAUHWUYHBIX ONpeaeIeHUAX BO3PACTa PasHbIMU
M30TOMHbIMM METOZaMM KPYMHbIX MarmaTuyeckux Komnnekcos (bywsenba, Ctunnyotep, NeHuKaT, Tpannos
Cubupu 1 ap.), YTo NPOTUBOPEUNUT U3BECTHLIM F€010r0-NEeTPOOrMYECKMM AaHHbIM O MHOrodasHoOM npoLecce
GOpPMUPOBaAHUA 3TUX TeN HEpPenKO PasHbIMU TEOXMMUYECKMMM TUMAMM MAHTUKHBIX Marm. MccneposaHua
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aBTOPOB MOATBEPKAAOT HENPaBOMEPHOCTb TAaKOro Moaxoda M HeobXoAMMOCTb MHOrOPa3’oBOro M30TOMHOrO
[aTUPOBaHMA PasHbIX MOPOAHBIX U PYAHBIX CEPUIA CNOMKHBIX FE0NOTMYECKUX 0BHEKTOB.
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GEOLOGICAL AND GEOCHRONOLOGICAL (U-Pb, Sm-Nd) SUBSTANTIATION OF FORMATION STAGES
OF THE FEDOROVO-PANSKY INTRUSION

E.A. Nitkina, F.P. Mitrofanov,
Geological Institute of Kola Science Centre RAS

The Fedorovo-Pansky PGE-bearing mafic layered complex (intrusion) has been studied by the two
separate isotope methods of U-Pb analysis on zircons and baddeleyites and Sm-Nd one on rock-forming
minerals. The Fedorovo-Pansky complex is one of the Early Proterozoic mafic-ultramafic layered intrusions of
the Kola (Northern) Belt that occurs at the boundary between the Lower Proterozoic volcano-sedimentary
rocks of the Imandra-Varzuga zone and the gneisses of the Archaean basement. The intrusion includes the
Fedorov, the Last’'yavr, the West-Pana, and the East-Pana Blocks (from west to east). The maximum
concentration of precious metals is established for the Fedorov and the West-Pana Blocks (Slides 1, 2). The
investigation is aimed at 1) revealing formation stages for the rock assemblages (series) of the Fedorovo-Pansky
intrusion and 2) defining the age of different ore phases (deposits and prospects).

The general geological cross-section of the West-Pana intrusion in terms of cumulus phase present can
be represented from bottom up as follows (Korchagin et al., 2009): the Lower Marginal Zone (LMZ); Norite
Zone (NZ); Gabbronorite Zone (GNZ); Upper Subzone of GNZ; Lower Layered Horizon (LLZ); and Upper Layered
Horizon (ULH). The Fedorov Block, which is considered to have formed as an individual magma chamber
(Schissel et al., 2002; Korchagin et al., 2009), contains the Fedorov deposit. It includes from bottom up the
Marginal Zone, Taxitic Zone (TZ) of gabbronorites with sulphide mineralization and abundant xenoliths of the
older orthopyroxenite and norite cemented (earlier phase) by the younger gabbronorite (later phase) with
economic disseminated sulphide mineralization (non-stratiform basal type); NZ; GNZ and Gabbro Zone (GZ) (3).

The isotope U-Pb and Sm-Nd dating of the Fedorov Block was carried out on the rocks of the TZ and GZ,
stratiform and non-stratiform ore bodied (4-12). The isotope U-Pb and Sm-Nd dating of the West-Pana Block
was performed on the rocks of the NZ and GZ, and the LLH and ULH (13-27). The data confirm geological and
petrological implications for the duration and polyphase formational history of the Fedorovo-Pansky intrusion
(28-30). The stages to follow have been established for the generation of the intrusion: 2526-2516 Ma (Nitkina,
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2006) — pyroxenite and gabbro of the Fedorov magma chamber; 2515-2518-2507 Ma (Nitkina et al., 2007;
Groshev et al., 2009) — PGE-bearing gabbro of the Reef (Fedorov deposit); 2505- 2498- 2496-2485 Ma
(Bayanova, 2004; Nitkina, 2006) — gabbronorite and gabbro of the West-Pana magma chamber, and
disseminated Pt mineralization and rich Cu-Ni sulphide ore in the basal part of the Malaya Pana and Fedorov
deposit; 2470 Ma (Bayanova, 2004) — pegmatoid gabbro-anorthosite and probably fluid-related rich Pt ore of
the LLH of the Malaya Pana deposit; 2447 Ma (Bayanova, 2004) — anorthositic injections and probably local
lens-like accumulations of rich Pt-Pd prospects of the ULH.

The correlation of a huge body of data have been obtained by different isotope systematics (isotope U-
Pb and Sm-Nd methods) for the ore-bearing and barren rock assemblages of the PGE deposits. Significantly,
Sm-Nd age isochrons and geological and petrological features have been received both for WR and associated
rock-forming minerals. It is shown that the isochrons plotted for the slightly metamorphosed mafic rocks on
igneous rock-forming minerals (Sm-Nd method) and igneous accessory zircons and baddeleyites (U-Pb method)
are consistent within error, and that the easier Sm-Nd method, except for petrological implications, can be
used to roughly define the age of the rock crystallization. Besides, Serov, Yekimova (2009) first attempted at
dating the ore-forming process with isotope Sm-Nd method on sulphide minerals. All isotope age
measurements (over 40 in total) suggest a vast time interval for the formation of the ore-bearing Fedorov-
Pansky intrusion (80-50 Ma) and polyphase style of its structure. These important findings provide a key to
interpreting plume-related mafic-ultramafic igneous processes typical of the beginning of the Early Proterozoic
activity on the Canadian and Baltic Shields.

It is common with the modern geological publications to state that the plume-related magmatism is a
short-term (a few Ma) geological process. The statement is based on single age determinations obtained by
different isotope methods available for the large igneous complexes (Bushveld, Stillwater, Penikat, Siberian
traps, etc.) that contradict with the published geological and petrological data on the polyphase generation of
these bodies often from geochemically different types of mantle magma. The investigation corroborates the
inefficiency of this approach. It is necessary to carry out numerous isotope measurements of different rock and
ore series in such complicated geological complexes.
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Feonornyeckasa cxema ®égoposo-laHckoro maccuBa
(Schissel et al., 2002)

Apxenckne
rpaHUTO-THEVChI
Konbckon cepum

Apxenckie LenoyHble
rpaHuTbl Kens

Bnok
JlactesBp

3anapHo-MNaHcknn

— 6ok
N KM
(B3] 1 [BPr] 2 313 [HPp] 4[H3] 5 3] 6 [(3] 7 [®]8 ]9 ] 10 11

1. BepxHsaa rabbpoHopuToBas 30Ha. 2. BepxHuiA paccnoeHHbI ropn3oHT. 3. 30Ha rabbpo.
4. HMXKHWI paccNoeHHbI TOpu3oHT. 5. TnaBHaa rabbpoHopuToBas 30Ha. 6. 30Ha HOPUTOB.
7. TakcuToBan rabbpoHopuMToBas 30Ha. 8. Kpaesas 30Ha. 9. JlegHNKOBbIE OTIOXKEHMUS.
10. BynkaHUuecKkue nopoabl CTpyKTypbl MmaHapa-Bap3yra. 11. Apxeiickue rpaHuTbl/rHelcbI.

Cnaig 3.

Feonoruuyeckasn cxema ®PégopoBcKkoro 6a10Ka
(Schissel et al., 2002)
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TTopORE MIManapa-BapayT
2500 M aiom.
Cxematuyeckas
reonornyeckKana KOJ10HKa 1000
v - rab6po ra66posan
dépoposcKoro 610Ka P
(Shissel et al., 2002)
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o= Cﬂauuu N0 OCHOB Kpaesan
Om MpaHuTo-rHeics! GyHAaMeHTa 1 paccna
WAk AMOPUTO

+ MecTa ot6opa npo€

30Ha PYAOHOCHBIX TAKCUTOBBIX
rabBpomop , COAef
KCEHOMUTEI OPTONWPOKCEHWTOB
W HOPMTOB, B TOM YMcne
OINMBUHCOABPHAWNX.

Cnaig, 5.
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OpTonupokcernT
®epopoeoit TyHaps!
141500/ Nd
0.5105 . . . .
0.06 0.10 0.14 0.18 0.22

M3otonHaa U-Pb guarpamma ¢ KOHKopAaueii No LMPKOHY U MUHepanbHaa Sm-Nd
M30XPOHA ANA OPTONUPOKCEHUTOB PEAOPOBCKOro mecropoxxaeHus (F-3)
(Cepos, 2008; Cepos, EkumoBa, 2009)

Cnaipg 6.
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05130
ra66po, Cpx
®enoposa TyHapa
Opx
05120
£
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&
05110
2516 + 35 mnH. net
CKBO=1.4
Eu(T)=-1.4£0.3
147sm,|“Nd
05100 : ‘ ‘ ‘
0.04 0.08 0.12 0.16 0.20 0.24

U3otonHasa U-Pb guarpamma c KOHKopguen no LUPKOHY U MUHepanbHaa Sm-Nd
M30XpOHa ana rabbpo PéaoposBckoro mectopoxkaeHus (F-4).

(Cepos, 2008; Cepos, EkumoBsa, 2009)
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UsotonHasa U-Pb guarpamma c
KOHKOpAUeu ana uMpPKOHa us
pyaHoro ra66po (F10-B)

PEAO0POBCKOro MECTOPOXKAECHUA.

U3otonHas U-Pb anarpamma c
KOHKOpAUei ANs LMPKOHA U3
pyaHoro ra66po c onMsuHoOMm

(F10-D) ®épopoBcKoro
MeCTOPOXAEHUA.
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0.5140,
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051200 %
£
2482 + 36 MNH. net
o CKBO=0.99
£..(T)=-2.410.4
M?srnrﬂlud
0.5100
0.04 0.12 0.20 0.2¢

M3otonHaa U-Pb guarpamma c KoHKopAaueii No LUPKOHY U MUHepanbHaa Sm-Nd
M30XpOHa ANA pyaHbIX rabbpoHoputoB PénopoBcKoro mecropoxkaeHus (F-2)
(Cepos, 2008; Cepos, Ekumosa, 2009)
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M3otonHas U-Pb anarpamma c KOHKopauei gna LMPKOHa OpyAeHenoro
TaKCUTOBOro MeNaHOKpaToBoro rab6poHopura (48-2G)

Koan. H.|O. Tpowesa
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Feonornueckas cxema PéaopoBcKkoro 6,10Ka
(Schissel et al., 2002)
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FeonornuecKkas cxema 3anagHo-MaHcKoro 6/10Ka
(Schissel et al., 2002)
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0.5124

HopuT, 3anagHo-MaHckuid Bnok
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0.5116
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CKBO=1.5

05108
£,(T)=-0.2+0.2
147 144,
o ) ~'Sm/™"Nd
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U3otonHasa U-Pb guarpamma c KOHKopauein No LUPKOHY U MUHEpanbHan
Sm-Nd n3oxpoHa gna pyaoHOCHbIX HOPUTOB MmecTopoXKaeHua Manas MaHa
(SN-6) (Cepos, 2008)
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M3otonHas U-Pb auarpamma c KOHKopAauei No LMPKOHY U MMHepaabHasa Sm-Nd
M30XPOHa aNna pyaHoro rab6poHoputa HPI (H-08-01) 3anagHo-MaHcKoro 610Ka
(Cepos, 2008; Cepos, EkumoBa, 2009; HOBble AaHHbIe)
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M3oTtonHas U-Pb guarpamma c KoHKopAuMeit No LUPKOHY U MUHEpaibHaA Sm-
Nd usoxpoHa gna opyaeHenoro «neonapgosoro» rab6po (H-08-02/1)
3anagHo-MaHckoro 6s10Ka
(Cepos, 2008; Cepos, EkumoBa, 2009; HOBble AaHHbIE)
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M3oTtonHaa U-Pb gauarpamma c KOHKopAauei no LUPKOHY U MuHepasbHaa Sm-Nd
M30XpOHa ana «neonapgosoro» rabbpo (H-08-02/2) 3anagHo-MaHcKoro 6n0Ka
(Cepos, 2008; CepoB, EkumoBa, 2009; HoBble AaHHbIe)
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UsotonHasa U-Pb guarpamma gna uMpKoHa us pygHoro neimko-
ra66poHopurta (H-08-08) 3anagHo-MaHcKoro 610Ka
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UsotonHasa U-Pb gnarpamma gna uMpKoHa u3 TpaxmtongHoro
rab6poHoputa (H-08-06) 3anagHo-MaHcKoro 610Ka
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1 — KopUYHEeBble NPU3MATUUYECKNE KPYNHbIe
2 — KOpUYHEBbIE NPU3MATUYECKNE
3 — 06/IOMKM KOPUYHEBBIX MPU3MATUYECKUX KPUCTAI0B

U3otonHasa U-Pb auarpamma c KOHKopauei ana uMpKoHa u3 rabbpo-
HopwuTa (SN-8) 3anagHo-MaHCcKux TyHAP
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U3otonHaa Sm-Nd guarpamma gns mmHepanos n nopopabl U3 TpokTonuta BPI
(H-08-03) 3anagHo-MaHcKoro 6s10Ka
(Cepos, EkumoBa, 2009; HoBble AiaHHbIE)
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MuHepanbHaa Sm-Nd usoxpoHa gna rab6poHoputos 3anagHo-MaHcKoro 610Ka
(SN-1) (Cepos, 2008)
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UsoTtonHaa Sm-Nd anarpamma gna muHepanos v nopoabl U3 rabbpoHoputa
BPI (H-08-04) 3anagHo-MNaHcKoro 610Ka
(Cepos, EKumoBa, 2009; HOoBble AaHHbIe)
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M3oTtonHas Sm-Nd anarpamma gna mmHepanos M NOpPoAbl U3 aHOpTo3uTa BPI
(H-08-05) 3anagHo-MaHcKkoro 6n0Ka
(Cepos, EkumoBa, 2009; HoBble AaHHbIe)
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Feonornueckas cxema 3anagHo-MNaHcKoro 6a10Ka
(Schissel et al; 2002)
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Feonornuyeckas cxema ®Pépoposo-MaHckoro maccuea
(Schissel et al., 2002)

Apxenckne
rpaHUTO-rHewChI
Konbckoi cepun

ApXencK1e LWenovHble
rpaHuTbl Keins
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1. BepxHAas rabbpoHopuTOBas 30Ha. 2. BepxHuii paccnoeHHbIV ropm3oHT. 3. 3oHa rabbpo. 4.
HUXHUI paccnoeHHbI ropu3oHT. 5. TnaBHas rabbpoHopuToBas 30Ha. 6. 30Ha HOpUTOB. 7.
TakcuToBan rabbpoHopuTOBadA 30Ha. 8. Kpaesas 30Ha. 9. /legHWKOBbIE OT/I0XKeHMA. 10
By/nKaHWYecKue nopoabl CTPYKTYpbl MMaHAapa-Bapsyra. 11. Apxeiickue rpaHunTbl/rHemchbl.
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NPOrHO3 NOTEHUMA/IbHON HE®TErTA3OHOCHOCTU BAPEHLLEBOMOPCKOIO EACCEMHA
W PA3BUTUE PECYPCHOM BA3bl MPUBPEXHOM 30HbI KOJIbCKOrO PETMOHA

H.O. CopoxTuH 1, B.H. NhasHes 2, H.E. Kosnos '

1 -
Feonornyecknint UHCTUTYT KonbcKoro Hay4dHoro ueHTpa PAH
2 -~ -
BopoHeKCKuUii rogapcTBeHHbIA YHUBEPCUTET

leogMHamuyeckas 3BoaouMa U GopmMuMpoBaHWe HedTerasoBoro MOTEHLMANa €BPONEMCKOM 4acTu
apKTUUYeckoro wenbda Poccun nponcxoamam B Te4eHMe NPOSOIKUTENIbHOFO BpemeHu (OT pudena o mena). 3to
NPUBENO K M3bUPaTeNIbHOMY HAaKOMAEHWUIO KPYMHbIX, MECTAMMN — TMIAHTCKUX MECTOPONKAEHUIM Pa3NYHbIX TUMOB
YB cbipbA B NMPUMNOBEPXHOCTHbIX 06NACTAX 3eMHOMN Kopbl. M3yyeHMe U aHanu3 oBLWMPHOro reosorMyeckoro
maTtepuana [1-3 u ap.] nossonseT BblgeAUTb B npeaenax bapeHueBo-Kapckoro pernoHa 4 BpeMeHHbIX
WHTepBana HedTerazoobpasoBaHUs, KOTOpPble 3aKOHOMEPHO pacnpeaeneHbl B NPOCTPAHCTBE W OTpaKatoT
cneumMduKy pasBUTUA KOHTUHEHTANIbHOM KOpbl M OKeaHMYeckux bacceliHoB B ero npegenax. K Hanbonee
pPaHHUM MOTEHLMANbHO HedTerasoHOCHbIM 06pPa3oBaHMAM CnefyeT OTHOCUTb Pa3BUTbIE B 30HE COY/IEHEHMA
Pycckoit ¢ TumaHo-Meyopckon U bapeHUEeBOMOPCKOM NUTOCHEPHBIMU NANTAMMU CTPYKTYPHO-BELLECTBEHHbIE
Komnaekcbl pudena (BapaHrep-TMmaHCKaa 30HA), NpeAcTaBNeHHble MOHOK/AMHANBHO  3aneratowumm
0CaZo4YHbIMK TONWamm [1].

B nosgHem BeHae — paHHeM Kembpun, 620-540 mnH neT Hasag, NPOM3OLWWI0 COY/IEHEHNE CEBEPHOMN U
CeBepo-BOCTOYHOM OKOHeudHocTU BEI ¢ bapeHueso-Meyopckoi nautoi (BIMM), KoTopasa Bnocneactsumn 6bina
pa3aeneHa Ha Ceanbbapackyto (bapeHueBomopcKyto), CeBepoKapckyto u Mevopckyto [3] (cnaiig 1). K cesepo-
3anagy oT Heé ewwé cywecTBoBan okeaH Anetyc, chopMMPOBAHHbBIM NOC/Ee pacnaga CynepKoHTUHeHTA Mesores
[4]. NpupaweHne BEM npoTekano 6e3 WMHTEHCMBHOM CKNAZYaTOCTM M MarmaTM3ama, UYTO YKasblBaeT Ha
KacaTe/lbHOE CABWIOBOE MPUYNEHEHME eaWHOW NUTOChEepHOM NAWUTbI UMAM  CEPUM  SLLENOHMPOBAHHbIX
OCTPOBHbIX AYr AOKEMBPUICKOro Bo3pacTta. 06 3Tom CBMAETENbCTBYET HEOAHOPOAHbIN XapaKTep CTpoeHuA eé
dyHOaMeHTa, BbIPAXKEHHOTO B COMPAMEHUM  YYaCTKOB KOPbl  KOHTMHEHTANIbHOrO  (FPaHUTHOro) U
cybokeaHunyeckoro TMnoB [5]. 3To nossondeT NpeanonoXuTb, YTo GopmupoBaHue bapeHueBo-lNeyopckoi
nmMTochepHOM NANTbI NPOUCXOAMNO 33 CYET NOC/Nef0BATENbHOIO NPUYIEHEHUA NO KpailHelk mepe ABYX WAU
TPEX KPYMHbIX OCTPOBHbIX AYr, pa3genéHHbix dparmeHTOM OKeaHWyeckoin nutocdepbl. MoaobHaa KapTuHa
Habntogaetca n B CeBepo-Kapckom cermeHTe nautbl. Mo reodusnMyeckMm AaHHbIM, B €€ LeHTPasbHOM YacTu
HabnogaeTcsa KpynHas 061acTb ¢ KOPOI OKeaHM4Yeckoro Tmna [5].

YcTtaHoBneHo [6], uto dopmuposaHme TumaHO-BapaHrepckol LUOBHON 30HbI COMPANKEHO C PE3KUM
YMeHbLIEHMEM MOLLHOCTU pas3pesa B ceBepo-3anagHom (Konbcko-KaHWHCKOM) cermeHTe, Toraa Kak B toro-
BOCTOYHOM (TMMaHCKoM) HabntopatoTcs eé ysennyeHne. CoKpallleHe MOLLHOCTU paspesa AOCTUraeT TPEX pas,
B HEM OTCYTCTBYIOT 06pa3oBaHUA paHHero pudes, M1b B CAaMOM Oro-BOCTOMHOM YacT TuMaHo-BapaHrepckoi
LUOBHOW 30HbI €CTb OCafAKkM 3Toro Bo3pacta [3]. Hamu 37O cBA3bIBAaeTCA C MNPaBOCTOPOHHE-CABUIOBbIM
COYNIEHEHWEM ABYX NUTOCPEPHbBIX NAUT, MPU KOTOPOM PasaensAtowmii X oKeaHNYecknn bacceliH Hbin 3aKpbIT
6e3 cybayKLUMOHHOro nornoweHna Ha bonbweit eé yactn. Hanbonee monogble dparmeHTbl WenbdoBbIX U
KOHTMHEHTa/IbHO-CKNOHOBbLIX 06pa3oBaHuUit BocTouHo-EBponeickoin nnatdopmbl 6blaM B3GPOLWEHbI HA Kpait
NAWUTBI, @ YacCTblO Cpe3aHbl, NepemelleHbl U Crpy)KeHbl B HOro-BOCTOMHOM HanpasieHuU. bonee ppesHue,
paHHepudenckne KOMMNEKCb, CRaraBWMe HWXHUE YPOBHW CKAOHA WM MNOAHOXbA MNACCMBHOW OKpawHbI
KOHTUHEHTA, CKopee BCero, 6blnn 3aXOpOHEHbl B noAowse chOPMUPOBAHHON LLIOBHOM 30HbI. ITO NPUBENO K
YBE/IMYEHNIO WMHTEHCMBHOCTU CKAag4aTocTM M meTamopédumsma, BMAOTb A0 3e/eHOCnaHueson dauum B
KaHWMHCKOM M TWMAHCKOM YacTax paspesa, a TaKkKe K MPOSABNEHUIO KOHTPACTHOrO Marmatusma oT
rPaHUTOMAHOIO WM rPaHOAMOPUTOBOrO A0 rabbpo-grmabasoBoro Ha toro-socTtoke. Ewé toxkHee (B Mpeaypanse)
3Ta 30Ha MEPEXOAUT B KOHBEPreHTHYIO CTPYKTYPY, O YEM CBUAETENbCTBYET BCKPbLITbIM BypeHnem Komnaekc
MarmaTyeckmnx Nnopos ocTpoBoAyKHoro Tuna [3].

B pesynbTaTe 3aKpbiTUA OKeaHa AneTyc B paHHEM OpAOBMKe - no3gHem AeBoHe (505-362 maH neT) u
bGOpPMMPOBAHNA CKNAAYATON CUCTEMbBI KanefoHWUA BO3HWKAW MOTEHUMaNbHO HedTerasoHOoCHble niowaau B
3anafHoi YacTM bapeHUEeBOMOPCKOM NAuTbl U K ceBepy OT bantuiickoro wwmta. EWwé noske, npu 3aKkpbITuK
ManeoypanbCKOro OKeaHa B paHHenepmcKoe-paHHeTpuacoBoe Bpema (290-241 mnH net) chopmmupoBaHbl
HedTerasoHocHble 061aCTH K 3anagy M BOCTOKY OT YPasibCKOM CKAaA4aTOM cUCTeMbI Mo ANHWUK MonspHbii Ypan
— Maii-Xoit — Hosaa 3emna — Talimblp. 3aBepliatowmii 4eTBépTbii 3Tan GopmMMpoBaHUA HedTerasoBoro
noTeHUMana pernoHa CBA3AH C 30HOM HAKOM/IEHWUA YrNeBoAopPoAOB OWOreHHoro M abuoreHHoro
(rasorvapaTHOro) TMNOB B OCHOBAHWWM MAaTEPMKOBOTO CK/IOHA HA MACCUMBHBIX OKpauHax CeBepHOro J/lefoBUTOro
OKeaHa B KaliHo30e (55-0 mAH neT) (2-4).

Bce nepeuyncieHHble 3Tanbl reHepaumMmM U HakonaeHnsa YB B 0CaflO4HOM Yexsie KOHTUHEHTAIbHOW KOopbl
€BPOMNEenCcCKOM 4YacTu apKTuyeckoro wenbda Poccum npuBenn K BO3HMKHOBEHMUIO pPAfda  KPYMHbIX
HedTerasoHOCHbIX MNPOBMHLMIA C TUTFAHTCKMM noTeHuManom. Hapagy ¢ yxe BbIABAEHHbIMWM M YaCTUYHO
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pa3BefaHHbIMM  MeCcTopoXKAeHUAMW HedTM U rasa B bapeHLEBOMOPCKOM MNPOBUMHLMKW  BblaenseTca
noTeHUManbHo boratas yrnesoAopoLHbIM CbIpbEM U HEJ0CTaTOMHO UCCNefoBaHHAA 061acTb, KOTOpPaa MOXKeT
CYyLLEeCTBEHHO MpPMpacTUTb HedTerasosbl NoOTeHUMan Bcero pervoHa. OHa pacnosioXeHa B CEBEPHOM
OKOHeYHocT MypmaHckol 06s1. B npegenax n-oBos CpegHnit u Pbibaunit M npuypoveHa K 0OCafouHbIM
obpasoBaHuam pudelckoro Bo3pacTa, OTHOCAWMMCA K TumaHo-BapaHrepckolh 30He CoYNeHeHus
pa3HOBO3PaCTHbIX ANTOChEPHbIX NAnT (5-7).

B pesynbTaTte AeTaNbHOrO KOMMNAEKCHOTO aHanAu3a reosioro-reodmsmnyecknx AaHHbIX Ha n-ose Pbibaunit
BblAefieHbl ABe MepCneKkTUBHble Ha mecTtopoxaeHus YB nnowaan (8). MoaenuposaHMe CBOAMNOCH K
KnaccuduKaumm o6beKTOB MO pAAY NPU3HAKOB: aHOMAIMAM FPAaBUTALMOHHOIO U MArHUTHOIO NoJei, AaHHbIM
rasoBo CbEMKM MO METaHy, aHOMAaNUAM CYMMapHOM MHTEHCMBHOCTM ramma-¢ooHa W TeoNormyeckomy
CTPOEHUIO TEPPUTOPUU, B TOM YUCAE CYMMAPHOM MOLLHOCTM pUPENCKOro 0cagovHoro yexna.
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PREDICTION OF POTENTIAL OIL AND GAS CONTENT IN THE BARENTS SEA BASIN AND DEVELOPMENT
OF THE NATURAL RESOURCES IN THE LITTORAL ZONE OF THE KOLA PENINSULA

N.O. Sorokhtin 1, V.N. Glaznev 2, N.E. Kozlov *

! Geological Institute of Kola Science Centre RAS
2Voronezh State University

The geodynamic evolution and oil and gas accumulation in the European part of the Russia’s Arctic shelf
took place within a long-term time span (from the Riphean till the Cretaceous), resulted in selective formation
of large and locally giant hydrocarbon deposits in the subsurface areas of the Earth crust. The study and
analysis of the vast body of geological data [1-3, etc.] allow distinguishing 4 intervals of oil and gas
accumulation in the Barents-Kara region that are regularly distributed in space and reflect a specific character
of the regional continental crust and oceanic basin evolution. The oldest promissing oil and gas bearing rocks in
the region should occur in the junction zone of the Russian Plate with the Timan-Pechora and Barents Sea
lithospheric plates. These are the Riphean complexes of the Varanger-Timan zone that are represented by the
monoclinal sedimentary strata [1].

The northern and northeastern ends of the East European Platform (EEP) joined the Barents-Pechora
Plate (BPP) in the Late Vendian-Early Cambrian, ca. 620-540 Ma ago, to subsequently split into the Svaldbard
(Barents Sea), North Karelian and Pechora slabs [3] (Slide 1). At that time span the Japetus Ocean existed to its
north-west, having formed after the break-up of the Mesogea supercontinent [4]. The process of the EEP
accretion was not accompanied by intense folding and magmatism. It indicates a tangential shear junction of
either a single lithospheric plate, or a series of Precambrian echelon island arcs. It is accounted for by a
heterogeneous style of its basement structure expressed in blending segments of the continental (granitic) and
suboceanic crust [5]. We can suggest that the Barents-Pechora lithospheric plate formed in response to the
sequential accretion of at least two-three large island arcs separated by a fragment of the oceanic lithosphere.
The same is observed in the North Kara segment of the plate. The geophysical data identify a large area with an
oceanic-type crust in its central part [5].
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It is established [6] that the formation of the Timan-Varanger suture zone is coupled with an abrupt
thinning of the lithology in the northwestern (Kola-Kanin) segment, whereas the southeastern (Timan) one
thickens. The lithological thinning is manifested in the lack if the Early Riphean rocks that present only in the
very southeastern part of the Timan-Varanger suture zone [3]. We associate this with the right-hand shear-
related junction of the two lithospheric plates, when the separating oceanic basin was closed without the
subductional assimilation on its major territory. The youngest fragments of the shelf and continental-slide
sequences of the East European platform were upthrusted over a plate edge and locally cut-off, dislocated and
piled up towards the southeast. The oldest Early Riphean rock complexes making-up the lower levels of the
passive continental margin slope and foothill were most likely buried in the basement of the suture zone. These
processes caused an increasing degree of folding and metamorphism up to the green-schist facies within the
Kanin and Timan sequences, as well as contrast magmatism from granitoids and granodiorite to gabbro-
diabase towards the southeast. Further to the south (in the Near-Urals zone), this zone converts to the
convergent structure that is confirmed by a borehole-penetrated complex of island arc-type igneous rocks [3].

The closing of the Japetus Ocean in the Early Ordovocian-Late Devonian (505-362 Ma) and the formation
of the Caledonides fold system resulted in origin of potentially oil and gas bearing areas located in the western
part of the Barents Sea plate and north of the Baltic Shield. Later, the closing of the Palaeoural Ocean in the
Early Permian — Early Triassic (290-241 Ma) was followed by the formation of oil and gas bearing areas west
and east of the Ural fold system along the Polar Urals — Pai-Hoi — Novaya Zemlya — Taimyr Peninsula line. The
final fourth stage of the regional oil and gas accumulation associates with both biogenic and abiogenic (gas
hydrate) hydrocarbon accumulation zone in the base of the continental slope at the passive margins of the
Arctic Ocean in the Cenozoic (55-0 Ma) (2-4).

The above stages of hydrocarbon generation and accumulation in the sedimentary cover of the Russia’s
European part of the Arctic shelf have favored the origin of a series of large oil and gas fields with a giant total potential.

Together with the revealed and partially explored oil and gas fields within the Barents Sea province,
there is a potentially rich in hydrocarbon area that lacks study. If it proves to contain economic hydrocarbon
concentrations, it may considerably increase the total regional potential. The area locates in the northern part
of the Murmansk region within the Sredny and Rybachy Peninsulas and is confined to the Riphean sedimentary
rocks referred to the Timan-Varanger junction zone of different in age lithospheric plates (5-7).

The detailed and comprehensive analysis of the geological and geophysical data available for the north
of the Kola region (the Rybachy Peninsula) resulted in distinguishing two potentially oil and gas bearing areas
for exploration (8). The modeling procedure involved classification of certain features in some weight space.
The features are mainly represented by gravitational and magnetic field anomalies, methane survey data,
gamma background cumulative intensity anomalies, subsurface geological structure of the region, its tectonics
and structural peculiarities and total thickness of the Riphean sedimentary cover.
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ManeoreogUHammnyeckas PEKOHCTPYKLUA
ceBepHOii yactTM  BoctouHo-EBponeiickoi
nnatpopmbl U NPUNErAIOLLErO aPKTUYECKOTO
6acceiiHa B cpegHem pudee - BeHge (1350-
540 m/IH net Ha3apg).

1 - cKiapyatble 06Pa3oBaHMA CpeaHEero-no3aHero
puden ganseiaHackoi obnacm (1200-900 miH fieT),
2 - cpepHenosgHepudelickne U BeHAckue
CaI04HbIE KOMIIEKChI Lebda Y KOHTUHEHTA/IBHOTO
CK/IOHA MacCMBHOWM  OKpaumHbl  CEBEPO-BOCTOMHOM
Yact Banmuiickoro wuTa u Pycckoit namtol (1350~
620 MAH neT), 3 - OCHOBHble /IMHEAMEHTbI Ha
Basmuiickom e, 4 - pudToreHHble 06pasoBaHUA
nosgHero puden, 5 - KOHTMHeHTa/lbHble
TeppureHHble ocagku BeHaa (650-570 MiH fieT), 6 -
KOHTYp COBpemMeHHOW 6eperosoii /ivHun, 7 -
BEKTOPbI MOMEN HAMPANKEHWNA B KOHTUHEHTA/IbHON
nvTocdepe, 8 — reHepan30BaHHOE HanpasieHne
nepemeLLieHNA MTOCHEPHBIX MUINT.

BapeHueromopcko-Mevopckan
nnura

MNaneocypanbckmi
oKeaH

S

wuT

Cnaing 1.

ManeoreogMHamuyeckas PEKOHCTPYKLUA
ceBepHoil yactu BocTtouHo-EBponelickoit
um 3anagHo-Cubupckoit nnatpopm u
npuneratoLLero apkTuyeckoro 6acceiiHa B
naneo3oe M paHHem me3osoe (650-241
M/H ner).

1 - KOHTMHEHTa NbHblE TepPUreHHble 0CAAKN BEHAA
(650-570 mnH ner), 2 - cpeaHe-no3aHepudeiickue
BEHACKME OCaAouHble KOMMMEKchl Wwenbda U
KOHTUHEHTaNIbHOMO  CK/IOHA MacCMBHOWM  OKpauHbI
CeBepOo-BOCTOYHOW 4YacTM  Banmuiickoro Wwuma u
Pycckoit nautbl, 3 - ckiagdatble 06pasoBaHuA
CEBEPOAT/IAHTUYECKWUX  KaNefoHUA, B paHHEM
OpAoBUKe - N03aHeM aeBoHe (505-362 MiH neT), 4 -
CKnaavaTble 06pasoBaHMA nonspHoro Ypana, Hoeoit
3emm 1 N-0Ba TaliMbIp B paHHEW NEPMU - PaHHEM
Tpuace (290-241 mnH net), 5 - naccvBHan OKpauHa
KOHTUHEHTa, 6 - reHepasM30BaHHOe HanpasieHre
nepemMeLLEeHNA NMTOCHEPHBIX NUT, 7 - BEKTOPbI
nosiei HanpsXKeHWA B KOHTUHEHTA/IbHOM inTocdepe,
8 - TpaHchOpMHbIM pasnom, 9 - KOHTYp
coBpemeHHoI 6eperosoi IMHUN.
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PeKOHCTPYKLMA paspbiBHbIX HapyleHuid B BoctouHo-EBponeiickoit M 3anagHo-Cubupckoit M Cubupckoi nnatpopmax B
naneosoe paHHem me3o30e (650-241 mnH net). 1 - rpaHuLbl NUTOCHEPHBIX MAWT, BAOAb KOTOPbIX MPOUCXOAMIO 3aKpbiTe
Nasie00KeaHOoB 1 KONNN3US, 2 - OCHOBHbIE IMHUAMEHTbI, GOPMUPYIOLLMECA B KOHTUHEHTANbHOM NUTOChEpHOI nauTe, 3 - pudTsl, 4
- reHepasM30BaHHOE HamnpaBs/leHWe NepemelLeHns AMTOCHEPHBIX MAWT, 5 - BEKTOPbI MOMeN HaNpsKeHUs B KOHTMHEHTasbHOM

nutocdepe, 6 - TpaHCHOPMHBIN pasnom.

CesepHein
NenosuTeIR
aKeaH

Hopeexckoe
mope

s

e [@ J1ofodn ES 122141~ T1e

[0 [i7[2 [15P1d] -~ TJool - - s

Cxema noTeHunanbHomn HedTerasoHoCHOCTU
BbapeHueBomopcko-Kapckoro wenbda Poccum.

1- dyHAaMeHT BanTUICKOTO WMTa apXxeiickoro Bo3pacra;

2 - ocapouHble KOMMAEKebl pudes u BeHAaa; 3 - dyHAameHT
Ceanbbapgackoit u cesepo-Kapckoit naut; 4 - Cknapyatble
06pasoBaHus Ypana u Hosoi 3emin Ypano-MoOHIoibcKoro
nosca; 5 - cknagyatble o6pasoBaHMA N-oBa TalimbIp; 6 -
YexosibHble KOMMEKCbI BocToyHo-EBponerickoi
nnaTGopmbl; 7 - YEXO/IbHbIE KOMMAEKChI MEeYopcKoi NAnTbI;
8- uexosibHble  KOMMJeKcbl  3amafgHo-Cubupckon 1
Cubupckoit nnatdopm; 9 - cknaguaTble obpasosaHus
kanegonns  Cesepo-AtnaHTuyeckoro  nosaca; 10 -

NOTEHUMANBHO HedTerasoHocHble no reonoro-
reodusNYeCKMM  [JaHHBIM  CTPYKTYpbl W BbIABNEHHbIE
MeCTOpOXAeHUA yrnesoopoAos; 11 - 30Ha

NnoTeHUManbHOW  HedTerasoHoCHOCTM  pudeit-BeHACKOro
BO3pacTa; 12 - NoTeHUMaAbHO HedTerasoHOCHbIE NAOLWRAAM,
CBA3aHHble C 3aKpbiTUeM oOKeaHa fAneTyc B paHHem
opaoBuKe - nosgHem gesoHe (505-362 maH net); 13 -
NOTEHUMaNbHO HedTerasoHOCHble MOWAAM, CBA3aHHbIE C
3aKpbiTMEM [laneoypanbckoro okeaHa B paHHenepmckoe -
paHHeTpuacosoe Bpemsa (290-241 maH net); 14 - 30Ha
dopmuposaHua yrnesofoposos 6u1oreHHoro "
rasorngpatHoro (abuoreHHoro) TUMOB Ha NACCUMBHOW
OKpauvHe KOHTMHEHTa B KaiHo3oe (55-0 maH net); 15 -
JIMHUA OrPaHUYeHNa CKNaayaTbix 0bpasoBaHUii KanesoHns,
CeBepo-ATnaHTUYecKoro nosaca Ha Lwenbde BapeHuesa
mops; 16 - kpaesoi Wwos TumaHo-BapaHrepckoi cuctembl
OKPaWHO-KOHTUHEHTasbHOrO Tuna; 17 - HanpasneHue
MUrpauun yrneeofoposos, CHOPMUPOBaHHbIX B puden-
BeHACKore Bpems; 18 - HanpaBneHue — murpauuu
yrnesofoposos, ChOPMUPOBaHHbIX B PaHHEM OPAOBUKE -
nosgHem fAesoHe; 19 - HanpasneHue  murpauuu
yrnesoAopoaos, CHOPMMPOBAHHBIX B PAHHEMNEPMCKOe -
paHHeTpuacosoe Bpems; 20 - rpaHWL@ OTBETCTBEHHOCTU
apKTuyeckoro cektopa Poccun; 21 - cpeauHHaa AvMHUA
mexay Tepputopuamm Poccun n Hopseruu.

Cnaig 4.
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BapeHueso mope

Cnaing 7.
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MWHEPA/1bl 30/10TA B BYJIKAHOTEHHbIX KOMMNNEKCAX JOKEMBPUA
(KONbCKWUIA N-OB U CEBEPHASA KAPE/INA)

A.B. YepHsasckuii, H0./1. BoiiTexoBcKkuii, A.B. BonowwuH, E.3. CaBueHKo

Feonoruyeckuii MHCTUTYT KonbCcKoro HayuHoro ueHtpa PAH
Konbckoe otgeneHune PMO

Ha TeppuTopum Konbckoro n-osa u CeepHoit Kapennn pyfonposasaeHna 30710Ta NpUypoUeHbl K TpEm
CTPYKTYPHbIM BY/JIKAHOTEHHbIM KOMMNAEKCam AoKembpus (cnaiig 1): apxelcKoin 3eNeHOKaMEeHHOMN CTPYKType
Konmosepo — BopoHbs — BopoHbu TyHApPLI (pygonpossneHua Mennanaxk, OneHeHckoe, Hanbm 1, Hanbm 2);
npotepo3ockomy MeveHra — MmaHapa — Bap3yrckomy noscy [HOxKHo-IeyeHrckas cTpykTypHas 3oHa (HOMNC3),
obbveauHaowaa 9 pygonpossneHuid, lNaHapeyeHcKana BY/KaHO-TEKTOHMYecKasa cTpyKtypa (MP BTC)] u
NPOTEePO30MCKON  By/NKaHOreHHoi [aHa-KyonaApBUHCKOW CTPyKType (MecTopoxaeHue Malickoe U
pygonpossneHue Kaitpansi). PyaHble paioHbl NPOCTPAHCTBEHHO CBA3AHbI C BY/JIKAHOTEHHbIMU 06pPa30BaHMAMM
M OTHOCATCA K 3NUTEPMANbHOMY TURY PYAHOW  MWHEpanusauuu, TeHeTUYECKM CBA3AHHOMY C
rMapoTEPManbHbIMU UCTOYHUKAaMW. OCHOBHOE OT/IMYME MUHEPANM3ALMM B TOM, YTO PYAHbIN paioH BopoHbM
TYHOPbI APXEWCKOro 3e/1eHOKAMEHHOTO MOosica WMEEeT MbIWbAKOBYID W  CYpbMSAHYIO Cheuuannsaumio,
NpoTEPO30MCKME pyAHble palioHbl - TeanypuaHyl. B o63ope He paccmaTpuBaloTcA pyLHble pPanoHbl,
CBA3aHHble C NYTOHOreHHbIMW 06Pa30BaAHNAMM U CKAPHOUAAMMU.

Ha ocHoBe AaHHbIX No ABYyM u3yyaembim o6bekTam (MP BTC v Kaipanbl) U nUTEpaTypHbIX UCTOYHUKOB
no Apyrum obbvektam (BopoHbu TyHApbl, FOMC3 u Malickoe) coctaBieHa Tabanua M3y4EHHOCTU, B KOTOPOM
BblAeNeHbl NATb M3BECTHbIX MWHEPaNnoB 30/10Ta (30/10T0 Au, aypocTubuT AuSb,, Kanaseput AuTe,, neTuut
Ag;AuTe,, Harnarut PbsAu(Te,Sb),Ss.g) (2). Hanbonblwee KonmMyecTBo MuUHepanos 30/10Ta u3BecTHo B MNP BTC.
OcTanbHble pyAHble 30Hbl NPeACcTaBAeHbl ABYMA MUHEPANamMM 30/10Ta, KPOMe MecTopoxaeHua Malickoe — B
HEM M3BECTHO COBCTBEHHO 30/10TO. XMMWYECKUIA COCTaB MWMHEpPanoB 30n0Ta Kosnebnetca (3). B KonoHKax
MoKasaHbl Npeaesbl COAePKaHUN 3010Ta B MUHepanax. Camoe BbICOKONPOOHOE 30/10TO — B MECTOPOXKAEHUN
Mavickoe (90.6-99.8 %) 1 BopoHbux TyHApax (74.9-98.8 %). B pynonpossneHun Kapanbl cogepaHue 3010Ta
BapbMpYyeT OT HM3KonpobHoro (65,6 %) ¢ BbICOKMM coaepKaHuem cepebpa (26.5 %) 1o BbicokonpobHoro (100
%). B MNP BTC (Au — 67.5-87.3 %; Ag — 11.2-28.7 %) n tONC3 (Au — 71,0-83.2 %; Ag — 16.8-29.0 %) 301070 MeHee
BbICOKONPOBHOE C BbICOKMM CoAeprKaHem cepebpa. Kpome Hero B MMHepanax 30/10Ta NPUCYTCTBYHOT Meb U Keneso.

CpaBHeHMe MuHepanoB B cucteme Ag-Au NOKasano, Yto Hambonee LWMPOKO MpPeACTaBAEHO Mone
cobcTBEHHO MUHEpanoB 3010Ta (4). BbicokonpobHyto YacTb MOAA 3aHMMAET pyAHas 30Ha BopoHbu TyHApPSI.
Hu3KkonpobHyto YacTb 3aHMMaOT pyaHble 30HbI [P BTC 1 FOMNC3. Becb AMana3oH Noss 3aHMMaloT pyAHble 30HbI
MaHa-KyonasapBUHCKOM CTPYKTypbl, MPUYEM 30/10TO MECTOPOXKAEeHMA MalcKoe 3aHMMAEeT BbICOKOMPOOHYHO
yactb. OTAenbHyo 06s1acTb 3aHMMaeT neTumt, m3secTHbi B P BTC u HOMC3. KanaBeput un aypoctmbut
(Karpanbl 1 BopoHbM TyHAPbI) 3aHUMAIOT 6M3KME NO3ULUMK, T.K. aypOCTUBUT ABNAETCA CYPbMAHbBIM aHAN0roM
KanasepwuTa (Tennypuaa).

CpaBHeHWe MUHepanos B cucteme Ag-Au-Te NOKas3ano, YTo Nosie 30/10Ta Haubosee 3aMofHEHO, Kak U B
cucteme Ag-Au (5). Aypoctmbut (BopoHbM TyHApPbI) MonagaeT B Noae BbICOKONPOOHOM 4YacT COBCTBEHHO
MWHepanoB 30n0Ta. Hanbonee 6113Ko 3aneratoT HarmaruT u Kanaeput (MP BTC u Kaipanbl). OTaenbHyto
obnactb 3aHMMaeT neTumut. MuHepanbl 3o0n0Ta mM3 MNP BTC (6-8) u Kaipanbl (9-11) npeactaBaeHbl TOHKOM
BKPaniaeHHOCTbO BO Gp/Il0OPUTE, MYCKOBUTE U B BUAE OTAE/bHbIX BKAOYEHWUI M CPOCTKOB C APYIMMU PYAHbIMU
MWHepanamum B nupute. 30/10TO NPEACTaB/IEHO TOHKMMM BbITAHYTbIMU WAN OKPYIbIMU BKAIOYEHUAMMU HA
rpaHuuax 3épeH nMpuTa, 06pasyeT cpacTaHUA C rAIEHUTOM, FECCUTOM U XaNbKONUPUTOM.

B pamkax npeseHTaLMM aBTOPbl NOCTapainCb MNOKa3aTb CTEMEeHb MWHEPAsorMYyeckom M3yYeHHOCTU
paccmaTpuBaemblX PYAHbIX paioHoB. O4eBMAHO, YTO PYAHOE BELLECTBO WM3YYEHO He MOJIHO, Heobxoaum
AeTaNbHbI MUHEPaNornyeckmii aHaan3 o6veKToB. bosee TaTebHOe U3yYeHMe PYLAHOMO BELLECTBA NO3BOAUT
YCTaHOBWUTb HOBbIE PyAHblE MUHEPanbl U caenatb BbiBog 06 nx reHesuce.
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GOLD MINERALS IN PRECAMBRIAN VOLCANOGENIC COMPLEXES
(KOLA PENINSULA AND NORTHERN KARELIA)

A.V. Tchernyavsky, Yu.L. Voytekhovsky, A.V. Voloshin, E.Eh. Savchenko

Geological Institute of Kola Science Centre RAS
Kola Branch of Russian Mineralogical Society

On the territory of the Kola Peninsula and Northern Karelia gold prospects are confined to the three
Precambrian volcanogenic structural complexes (Slide 1). These are as follows: in the Kolmozero-Voron’ya
Archaean greenstone belt — Voron’y Tundras (ore prospects Pellapakhk, Olenenskoye, Nyalm 1, and Nyalm 2);
in the Pechenga — Imandra — Varzuga Proterozoic belt (South Pechenga structural zone (SPSZ) including 9 ore
prospects and Panarechka volcano-tectonic structure (PR VTS)); in the Pana-Kuolayarvi Proterozoic
volcanogenic structure (Majskoye deposit and Kairaly prospect). The ore regions are spatially (not genetically)
related to volcanogenic formations and refer to the epithermal type of ore mineralization that associates with
hydrothermal vents. The Voron’y Tundras ore region of the Archaean greenstone belt has As and Sb mineral
association, while the Proterozoic ore regions tend to contain tellurides. This overview does not concern
pluton-related (calc-silicate hornfels) ore regions.

The data obtained in the present investigation on PR VTS and Kairaly prospects and findings published
on the other deposits and prospects (Voron’y Tundras, SPSZ, and Maiskoye) are summarized in the table
showing 5 presently known gold minerals (gold - Au, aurostibite - AuSb,, calaverite - AuTe,, petzite - AgsAuTe,,
and nagyagite - PbsAu(Te,Sb),S5.g) (2). Gold minerals are mostly represented in PR VTS. The other ore regions
contain two gold minerals with the exception of the Majskoye deposit, the latter being notable for native gold
occurrences. The chemical composition of the gold minerals is variable (3). The columns show extreme
concentration of gold in the minerals, i.e. maximum and minimum contents. The purest gold is found in the
Majskoye deposit (90.6-99.8 %). The Voron’y Tundras ore region has 74.9-98.8 % pure gold. The Kairaly
prospect yields gold varying in purity from 65.6 % (but with high silver content of 26.5 %) to 100%. In PR VTS
and SPSZ gold shows high content of silver as an admixture, e.g. 67.5-87.3 % Au; 11.2-28.7 % Ag in PR VTS, and
71.0-83.2 % Au; 16.8-29.0 % Ag in SPSZ. In addition to silver as a main admixture, the gold minerals contain
some copper and iron.

The correlation of the minerals in terms of Ag-Au content demonstrates that proper gold minerals are
more common (4). The Voron’y Tundras ore region tends to the field of high-quality gold, while the PR VTS and
SPSZ ore regions lie in the field of low-quality gold. The whole range of gold composition is occupied by the ore
regions of the Pana-Kuolayarvi structure with the Majskoye deposit being in the high-quality gold field. Petzite,
a mineral known in PR VTS and SPSZ, occures individually. The calaverite and aurostibite (Kairaly and Voron'y
Tundras) are close to each other since aurostibite is a Sb analog of calaverite (telluride).

The correlation of the minerals in Ag-Au-Te system displays the gold field being also completely covered,
like that of the Ag-Au system (5). There, the aurostibite from the Voron’y Tundras ore region falls in the field of
high-quality proper gold minerals. Closer are the nagyagite and calaverite from PR VTS and the Kairaly. Petzite,
a mineral known in PR VTS and SPSZ, also occures individually. The gold minerals from PR VTS (6-8) and Kairaly
(9-11) are thinly disseminated in fluorite, muscovite, and as inclusions and intergrows with other minerals in
pyrite. Gold forms thin elongated or rounded inclusions and rims around pyrite grains. It may also intergrow
with galena, hessite and chalcopyrite.

This overview is aimed to show the degree of mineralogical exploration of the discussed ore regions. It
becomes apparent that the ore matter has not been completely studied, and thus requires further
mineralogical analysis. New data on genetic mineralogy may help in finding new ore minerals and spread light
on the origin of these ore regions.
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PyaHble panoHbl : 1 — BopoHbM TyHApPbI; 2 — NaHapeyeHCKas BY/IKAHO-TEKTOHMYECKAsA CTPYKTypa
(MP BTC); 3 — HOxkHO-MeueHrckasa cTpyKTypHas 30Ha (KOMC3); 4 — Kanpansl; 5 — Maickoe

Cnang 1.

MNP BTC n KO»HaA MeueHra

MeTuurt

MuHepanbl 30n10Ta U3 pygonpossaeHuin Katpanbl, Maiickoe, BopoHbu TyHApPbI,

Harunarur

UcTouHuMK

PyponpossneHus

3onoT0
Au

Kanasepur
AuTe,

AypocTubur

AuSb, Ag;AuTe,

Pb;Au(Te,Sb),Ss_g

Mepsblii aBTOp

Yucno aHanmM3oB MMHepanos 3010Ta

BonowwH u gp.,

BopoHbuM TyHAPbBI

32

1982
Benonuneukni
v ap., 1987
fopwkos 1 gp.,
2005
FfankuH u gp.,
2005-2006

YepHABCKUI 1

MNP BTC

Ap., 2009

Axmenos 1 gp.,
2004

toncs

BoWiTexoBcKuit

Kavipanbl

19

v ap., 2009
laBpuneHko n

Maiickoe

ap., 1987
CacoHoB 1 ap.,

2003

Cnaing 2.
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Xumunueckuii coctaB MMHEpPanos 30/10Ta, macc. %

Muwepan | Au | Ag Cu Fe | Pb | s [ As [ sb | i Te
BOpOHbU TYHAPDbI
3on0T10 98,82 1,07 0,11
74,99 24,75 0,08 0,16
Aypoctubur 44,13 1,04 0,25 54,58
nP-BTC
3onoto 87,30 11,22 1,48
67,46 28,72 3,82
NeTuur 24,14 46,09 29,76
19,23 50,52 30,25
Haruvarur 9,49 2,63 57,85 6,46 9,07 14,50
toncs
3on010 83,20 16,80
71,04 28,96
NeTumr 24,29 42,24 33,47
22,29 43,67 34,04
Kaiipanbi
3onoto 100
65,60 26,49 7,91
Kanasepur 52,52 47,48
47,15 52,85
Maiickoe
3on010 99,77 0,23
90,62 9,05 0,10 0,11 0,13
Cnang 3.

MuHepantl sonota
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Cnaing 4.
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MuHepansl 3onoTta

Te
0,00, 1,00 A BopoHbM TyHapE!
® npP-BTC
\ O tOxHo-MeveHrckasn
CTPyKTYpa
< Kaitpansl
0.25 0,75 9 Marickoe
Harnarut
i
\
KanaBsepwuT\,

1 © \
\ SO ) Metunt
~ ’

~ -

AypocTunouT
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Ag Au
Cnang 5.
MuHepansi 30n0ta NP BTC
3onoTo (Au) u raneHut (Gn) B NupuTe 30/10T0 B NnpuTe

.\

50 um

CpOCTOK 30/10Ta C raleHNUTOM B NupuTte

Cnaipg 6.
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MuHepanbi 3onota NP BTC

3on0T0 B NUpuTe

3os10710 (Au) ¢ xanbkonupuTtom (Ccp) 1 chaneputom (Sp) B nupute

Cnang 7.

MwuHepansbl 3onota NP BTC

CpocTok netuumTa (Ptz) u reccuta (Hes)  Imnpecut (Ag-Te) B cpactaHuu ¢ netumtom (Ptz),
BO dptoopuTe TeTpasgputom (Tet) M raneHUTOM B NUpUTE

Harunarut (Nag) B nupute

Cnainpg 8.
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MuHepanbi 3on0T1a Kaiipanbl
CpocTok 30n10Ta (6enoe), KanasepuTa (cepoe) CpocTokK 30n10Ta (6enoe)
W MenoHUTa (TEMHO-cepoe) B NupuTe 1 MeNoHUTa (cepoe) B Nupute

CpocTok (6enaa «rybka») 3010Ta U Me/IOHUTa CpocTku 30/10Ta (6enoe) n menoHuTa (ceetno-
B rematute (cepoe) cepoe) B nupute (cepoe) u rematute (TEMHO- cepoe)

MuHepanbl 3on0t1a Kaitpanbi

CpocTKkuM menoHuTa (cepoe) 1 KanasepuTa CpocTok 30n0Ta (benoe) c menoHUTOM (cepoe)
(6enoe) B nupwute (TéMHO-cepoe) B MMPUTE U Me/IKanA CbiMNb 30/10Ta B NUpUTE

Cnang, 10.
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Yewyiikmn 3010Ta U3 Npob KopeHHbIX 06HaXkeHui, Kapanbi

Cnang 11.
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OLIEHKA PEOJIOTMYECKUX MAPAMETPOB 3EMHOI KOPbI MO PE3Y/IbTATAM FEO3NEKTPUYECKUX
U3MEPEHUI

A.H. WesBuos
Feonornyeckuint UHCTUTYT KonbCKoro HayyHoro ueHTpa PAH

[oknaz nocBALWEH NepBbIM pe3ynbTaTaM MHTEPrNpPeTaLMn re03NeKTPUYECKUX AAHHbIX, NOMYYEHHbIX HA
Konbckom n-ose u Kapenuu, ¢ TOYKM 3peHUs UX WMCNO/b30BaHWUA O1A PeosiorMyeckux mogenei. Lenb
nccnefioBaHUA — NONYUYUTb OLEHKU PEONIOTMYECKMX MapaMeTPOB 3eMHOM KOpbl NO pe3yabTaTam yOUHHbIX
reoasieKTPUYEeCcKUX nccnefoBaHnin. OCHOBHbIE 33Jayu: OLEHUTb TyBMHHOE pacnpeaeneHue 3eKTpUYecKon
NPOBOAMMOCTM 3eMHOW  KOpbl; PaccMOTPeTb TEOpPeTUYECKME OLEHKM U pe3ynbTaTbl  U3MEpPEeHWUi
3NEKTPONPOBOAHOCTM FOPHbIX NOPOA NPU BbICOKUX TEMMEPATYPAX U AABAEHUAX; NONYUUTb OLEHKY FNyBUHHOrO
pacnpefeneHna TeMnepaTtypbl N0 re03NEKTPUYECKUM U3MEPEHUAM; NPUMEHUTbL M3BECTHbIE 3aKOHOMEPHOCTH
ONA CBA3W PEOSIOrMYECKUX MapamMeTpPoB C TEMMNEPATYPON U NONYYUTb OLEHKU PEOIOFMYECKUX XapaKTEPUCTUK
KOpbl MO re03/eKTPUYECKMM U3MepeHusam. [lepBoouyepesHas 3ajadya — NOCTPOeHWe 0b606WEHHbIX
reosNekKTpPMYeCcKUx paspes3os — pellanack ana Kapenbckoro 6/10ka no AaHHbIM 3KcnepumeHTa FENICS-2007,
2009 C KOHTPO/MPYEMbIMM MWCTOMHMKAMKM M MO pe3yabTaTaM HabnwogeHuit ectectBeHHbix AMT u MT
3/1eKTPOMArHUTHbIX nonewn (cnaig, 1).

B Xxo4e reosneKkTpuyecKUXx U3MEPEHWUI BblAeNIeHbl «HOPMasbHAA» U «aHOManbHas» obnactn, anA
KOTOPbIX NoAydYeHbl 0606WEHHbIE KpuMBble Kaxylweroca conpotusaeHva (2). Mo onyb6/iMKoBaHHbIM
3KCMepUMEHTaNIbHbIM AaHHbIM U3MEPEHUIN YAENbHOW 3N1EeKTPONPOBOAHOCTU CyXMX 06pasL0B rOpHbIX MOPOA
(rpaHuTbI, 6a3anbTbl) 414 3aKOHa AppeHunyca, ONMMUCLIBAIOLLETO 3/1EKTPONPOBOAHOCTL NONYNPOBOAHUKOB, NYTEM
MHTEPMONALMM OLLEHNBANUCD SHEPTUA aKTUBALMMN U NPEAIKCNOHEHLMANbHBIN MHOXKUTEND (3, 4).

Mo KpMBbIM KaKyLLErocs CONpoOTUBAEHUA ANA «HOPMA/IbHOM» M «aHOMANbHOM» obnacTeit cTpouauch
reosnekTpuyeckme paspesbl (Meton noabopa, meton 3ddeKTUBHOW NnHeapm3aLmm). MonydyeHHble 3HaYeHUA
YOENbHON 3/1eKTPONPOBOAHOCTM NEPECYUTLIBAIMUCL B TemnepaTtypy. leoTepmuyeckme npoduaum gna AByx
obnacteit MmeroT KOHPOPMHBIM XapaKTep, oTimMyaacb Ha 50-100°C, u oTpakaloT peasibHOEe pacnpegeneHune
TemnepaTyp B UHTepBane rnybuH 40-150 km. bonee «xonogHaA» reoTepmuyeckas KpuBaa cooTBeTcTByeT bosee
BbICOKOOMHOMY «HOPMasibHOMY» pa3pesy, «ropaYas» — aHOMa/IbHOMY YBEe/IMYEHUIO 3N1eKTPonpoBogHOCTH (5).
[na cpaBHeHWA Ha cnage 6 NokasaHbl aHAaNOMMYHbIE OLLEHKM, NOyYEHHbIe MO CEMCMUYECKMM AaHHbIM BAO/b
npodpuns FENNOLORA (V. Pasquale, M. Verdoya, P. Chiozzi, 2001).

[na oueHKM napameTpoB peonornyeckoro npoduns ¢ rybuHol Ucnonb3oBanach TPEXCNAOMHAA Moaenb
— BEPXHAA KOopa cpefHero coctaBa (MOLWHOCTb 15 KM), HUXKHASA KOpa OCHOBHOrO COCTaBa (MOLWHOCTb 25 Km),
HUXe 3aneraet BEPXHAA MaHTMA Y/NbTPAOCHOBHOrO COCTaBa. B Kaxgom cnoe oueHWBanacb PasHOCTb Mexay
MAKCMMANbHBIM U MUHMMAbHbBIM CHUMAIOLWMMU HANPANKEHUAMU — KMPOYHOCTb» NOPOAbI B 3aBUCMMOCTU OT
TemnepaTypbl U AaBAeHUA Ha AaHHOW rnybuHe. [1nAa 3TOro MCNonb3oBanucb 3akoHbl KynoHa, AppeHuyca u
[opHa BmecTe ¢ gaHHbiMK (Moisio, Kaikkonen, 2000) (7, 8).

[NaBHas 0COBGEHHOCTb MONYYEHHbIX peosioryecknx npodwuneit — 30Ha 80-110 Km, KoTopasn
XapaKtepusyeTca cnagom anddepeHumanbHoOro HanpaxKeHus, YTo CBUAETENbCTBYET O NAACTUYHOM COCTOAHUM
BelLecTBa B 3TOM MHTepBase (9). 3Ta 30Ha pacnosoxeHa 6auxe K NOBEPXHOCTU U UMeEeT 60/IbLIYI0 MOLLHOCTb
ANA aHOMa/IbHOTO Y4acTKa, YXO4A Ha rNybuHY 1 CTaHOBACH TOHbLUE A/18 KHOPMA/IbHOrO» pa3pesa.
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ASSESSMENT OF THE CRUST RHEOLOGICAL PARAMETERS FROM GEOELECTRIC MEASUREMENTS
A.N. Shevtsov
Geological Institute of Kola Science Centre RAS

The paper is dedicated to the first results of the geoelectric data interpretation obtained on the Kola
Peninsula and in Karelia from the viewpoint of their use for rheological models. The research is aimed at
obtaining assessments of the crust rheological parameters from deep geoelectric investigations. Major tasks
are to follow: estimation of deep distribution of the Earth crust electrical conductivity; examination of the
theoretical evaluations and measurement results for rock electrical conductivity at high temperature and
pressure; evaluation of temperature distribution with depth in geoelectric measurements; application of
known laws of nature to relate rheological parameters with temperature and to obtain estimation of
rheological features of the Earth crust on the basis of geoelectric measurements. The immediate task of
compiling generalized geoelectric sections was solved by the FENICS-2007, 2009 experiment data with
controlled sources and by observation results for natural AMT and MT of electromagnetic fields (Slide 1).

In the course of geoelectric measurements “normal” and “abnormal” regions were distinguished for
which generalized curves of apparent resistance were obtained (2). We assessed the energy of activation and
preexponential multiplier on evidence derived from the published experimental data for specific
electroconductivity of dry rock samples (granite, basalt) for the Arrhenius equation describing
electroconductivity of semiconductors, by interpolation (3, 4).

By the curves of apparent resistance for the “normal” and “abnormal” regions, geoelectric sections were
compiled (the cut-and-try and effective linearization methods). Then the obtained values of specific
electroconductivity were converted to temperature. The geothermal profiles obtained for the two regions are
of conformal nature and differ by 50-100°C. Most likely, they reflect real distribution of temperatures in the
40-150 km depth interval. The “colder” geothermal curve corresponds to the “normal” section and the “hot”
one to the anomalous increase in electroconductivity (5). Similar assessments obtained from the seismic data
along the FENNOLORA profile are given on slide 6 for comparison (V. Pasquale, M. Verdoya, P. Chiozzi, 2001).

To assess the parameters of the rheological profile with depth a three-layered model was used — the
upper crust of intermediate composition (15 km thick), the lower crust of basic composition (25 km thick) and
below the upper mantle of ultrabasic composition occurs. The difference between the maximum and minimum
compression stresses — the rock “strength” in relation to the temperature and pressure at the given depth was
assessed in every layer. To this effect the Coulomb, Arrhenius and Dorn’s laws alongside with the data from
(Moisio, Kaikkonen, 2000) were used (7, 8).

The main peculiarity of the rheological profiles obtained is the 80-110 km zone characterized by a fall in
the differential stress, which is likely to be evidence of the plastic state of the substance in the given depth
interval (9). This zone is closer to the surface and is rather thick for an anomalous area. It goes to a depth and
becomes thinner for a “normal” section.
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FeosaneKTpuueckue nccneaoBaHUA ¢ NPUMEHEHUEM eCTECTBEHHbIX U KOHTPOAUPYEMbIX
UCKYCCTBEHHbIX NCTOYHUKOB 3/1IEKTPOMArHUTHOro nonsA

11

Cnang 1.

AHOMaNMA MOHWKEHHOTO MONEPeYHOro
CONpPOTUBNEHUA nurocdepbl (a)
(Zhamaletdinov et al, 2008), eé
|« conocraBneHue ¢ KopoBoii NPoAONbHOM
nposoaumoctbio (b) (Korja et al., 2002), c
reoniorveir (c) (MnasHes, 2003) u c
M30MHMAMM  paHuubl  Moxo  (d)
" (MaBneHKoBa, 2006).
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TemnepaTypHasA 3aBUCMMOCTb MPOBOAMMOCTU FOPHbIX NOPOA,

MpoBOAMMOCTb FOPHOW MOPOAblI KaK  C/AOMKHOMO  MWHEpPasnbHOro
obpa3oBaHuUA oNpeaenseTcs NPoBOAMMOCTAMMU KaXKA0M U3 KOMMNOHEHT.
Mpy 3TOM B 3aBMCMMOCTU OT AAHHOrO TeMMepaTypHOro MHTepBana
HanbonbWwWn BKNad, [AaéT Kakas-TO oOgHa rpynna MWMHEpPanoB C
6AM3KMMM  IHEPrUAMM aKTUBaUMKM, B [PYrom TemnepaTypHOM
WHTEpBasie MaKCMMa/lbHbIA BKAAZ B MNPOBOAMMOCTb OKaXeT Apyras
rpynna.

C poctom TemnepaTypbl aKTUBM3UPYIOTCA MUHEPabl CO BCE Bonblueit
sHepruen aktMsauuu. Mo3Tomy TemnepaTypHas KpuBaa yAeNbHOro
CONPOTUBNIEHUA TOPHOI Nopoabl B nonynorapupmmuueckom macwitabe
npeacTaBAseT IOMaHYl0 JIMHUIO, YroNl HaKN0HA OTPE3KOB KOTOPOW
yBe/InuMBaeTCcA C POCTOM TeMNepaTypbl.

Takmm  06pa3soM, 3NeKTpUUYecKoe yaenbHoe  COMpOTUBAEHUE
(aneKTponpoBOAHOCTb) ABNAAETCA UHAUKATOPOM TeMNepaTypbl FOPHOM
nopoAbl AaHHOrO COCTaBa.

Cnang 3.

TeopeTuueckue oLeHKU U pe3ynbTaTbl U3SMEPEHUN 31EKTPONPOBOAHOCTH
FOpPHbIX NOPOA, NPU BbICOKUX TeMmnepaTypax

cs,(Omm)_1 1

AN
p=1/c o4 \\

p=po exp(Eg/KT) e \Q\\i\

In(p)=In(p) + Eq/KT NN
SO SN

In(c)=In(op) - Eg/KT a6 NN

1-10 N
10 °
o 9 \
TemnepaTypHble KpMBble AN YAeNbHOM 110 \
3NEKTPONPOBOAHOCTM: KpacHble — AsA 110 20 -
rpPaHWUTOB, CUHME — ana 6a3anbToB. -1
110
0.6 1 14 1.8
1000 -
— K 1
T

Cnaig 4.
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OueHKa ry6MHHOro pacnpegeneHusa TeMnepaTypbl N0 re03N1eKTPUYECKUM
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Cnang 5.
CeiicmunuecKkue gaHHble 1 reotepmbl FENNOLORA
(Pasquale et al., 2001)
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Cnang 6.

Lithosphere thermal structure along the FENNOLORA profile. Above: observed (solid line) and
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Ceasu peonornyeCcKux napameTpos C Temnepatypou
3a OCHOBY NPU MOAEMPOBAHUM FTEOTEPMUYECKOTO PEXMMA MPUHATA MOAENb, COCTOALLAA U3 TPEX CNOEeB:
BEPXHAA KOpa cpefHero coctaBa ( MOWHOCTb 15 KM), HUMKHAA KOpa OCHOBHOTO COCTaBa (MOLWHOCTb 25 Km)

W HWKE 3aN1eraeTt BepxHAA MaHTMA Y1bTPAOCHOBHOIO COCTaBa.

Gl - 63 — Pa3HOCTb MeXXAy MaKCUMMa/ibHbIM U MUHUMA/IbHbIM CKMUMAOWNMN HANPAXKEHUAMU - «MPOYHOCTb» NOPOAbI

PacyeTbl BbIMOAHANUCH MO KYNOHOBCKOMY 61 — (53 Z B (1— e) P(Z)
3aKOHY NPU OTHOCUTENBHO HU3KUX
TemnepaTypax—T<0.5 Ts, P(Z) — /MTOCTaTUYeCcKoe AaBnieHue,
rAe TS —Temneparypa nasnexms. B — KO3 ULMEHT CTaTUYECKOrO TPEHUS,
e — OTHOLUEeHUEe NOPOBOro AaBNEHNA K IMTOCTaTUHECKOMY.
1/n
[na sbicoknx TemnepaTyp T>0.5 T,
B 06/1aCcTM NNacTuyeckoit gedopmaunm Gl - 63 = — eXp ——
MCNO/b30BaNOCh YPaBHEHWE YCTaHOBUBLLEHCA A nRT(Z)
noA3y4ecTn (AMCNOKaLMOHHOIO Kpuna).
é — cKopocTb gedpopmauuu,

R — rasoBas nocrosHHas,

E — aHeprusa aktMBauum,

T(z) — Temnepatypa oT mybuHbI Z;

AW N — KOHCTaHTbl ONpeaeNeHHoro Tuna reomatepuana.

1/2
B HUKHEI! YacTv paspesa 418 ONMBUHOB RT é
npu 6onblwom agasneHuu (cebiwe 200 MMMa) Gl — 03 = GD 1— - In e
MUCNO/Ib30Ba/IOCb Bblpa*XeHue 4217 3aKOHa Ll,opHa ED AD

(Moisio, Kaikkonen, 2000).

Cnang 7.

NapameTpbl moaenupoBaHua peonorudeckoro npopuna (Moisio, Kaikkonen, 2000)

Table 1
Material parameters. which were used in our geotherms and strength calculations (taken from Goetze and Evans, 1979; Carter and Tsenn,
1987: Wilks and Carter, 1990: Ranalli, 1995: Kukkonen and Jeleht. 1996)

Petrology Density, Power-law Activation Inirial Thermal Heart

Ji] exponent, energy, constant, conductivity, production,

(kgm™?) n E, 4, k _ A

(kI mol™%) (MPa~"s™1) (Wm™'K™h (LW m™?)

Granite (wet) 2500-2800 1.9 140 2.0E-04 25-35 0.7-32
Granite (dry) 2500-2800 33 186.5 2.0E - 06 2.5-35 0.7-32
Diorite (wet) 2800-2900 24 212 32E-02 25-30 0-0.5
Diabase (dryv) 2800-2900 34 260 20E —04 25-30 0-05
Anorthosite 2800 32 238 32E-04 25 0.2
(dry)
Felsic granulite (dry) 2800 31 243 8 0E — 03 30 04
Olivine (dry) 3300 30 510 4 x10% 34-42 0-0.002

Flow parameters for the Dorn law

Petrology Density, Activation energy Initial constant Dorn law stress
p (kgm™) Ep (k7 mol 1) Ap ™) op (GPa)
olivine 3300 535 5.7 10" 8.5
Cnang 8.
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OUuEeHKU PEoIorMyecKMUX XapaKTepUCTUK 3eMHOM KOPbl MO re03/1IeKTPUYECKUM
namepeHuam B Kapenmu n Ha Konbckom nonyocrpose

1]

0
MaBHasA 0COBEHHOCTL MOYYEHHbIX PEOOMUECKUX

npopuneii - obnac 8010 Km, Kotopas

an
XapaKrepusyercd  cnagom  auddepeHumanbHoro
HaNpPAXXeHUA, YTO CBUAETE/ILCTBYET O MVIaCTMYHOM
COCTOIHUM BELLLECTBa B JAHHOM UHTEpBaNe My6UH. T 60

25

Cnang 9.
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