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OT PEAAKTOPA: AEHb I'EO/10TA - 2010

ITpodeccronaapHbIi Tpa3aHKK JeHb reoaora yupexaéH Ykasom Ilpesuanmyma BepxosHoro Coseta
CCCP ot 31 mapra 1966 r., onty0AnKoBaHHBIM B «J3BecTusx» ot 1 anpeas 1966 r. MHumaropom obpariie-
Hus B [Tpesuauym Oblaa rpyIia reoA0ros Bo raase ¢ akad,. A./l. SIHIIMHBIM, IIOBOAOM — OTKpBITHE 3aralHo-
Cubupckoit Hedrerazosoit nposyHIym. Obpamienns B [IpasuTeabcTBO MMEAN MeCTO U paHee, OTKPHITHS
B 3anaanoit CuOupy AUIIL IIOCTaBUAN TOUKY B 9TOM ucropun. Koabckue reoa0ru BHeCAN 3HAYUTeABHBIN
BKJ4aJ B MMHepPaAbHO-CBIPLEBYIO
KOIIMAKY CTPaHBl U C IIOAHBIM
IIpaBOM BKAIOUMAMCE B IIpa3/HOBa-
Hye /lHs reoaora, BHeCs B HEro ce-
BepHbIT KoAopuT. 'eoaormuecknii
mnacrutyT KHI PAH 13 roga B rog,
OoTMeyaeT IIpa3JHUK 3a TOPOAOM,
CpeAM CHeroB, KOrda BecHa AuIlb  ~(yBETOR ,II,EI[YTATOB prmm“xcﬂ cccep
HauMHaeT BCTyHaTb B CBOU IIpaBa. ¢ L R
MHoraa ¢ 1moroaoin Be3éT, MHOIAa S l [arwwua, 1 anpeas 1966 r. l U 2. v
— He oueHb. Ho mpasanuk Bcerga
IIPOXOANT C AYIIEBHBIM HOABEMOM (POTOIpPUAOKEHNe), BeAb C HETO HaulMHAeTCsl HOBBIM Ie0AOTMIecKuil
roa! Cpasy mocae Hero Ha y4€HbIX copeTax VIHcTUTyTa 00CYy>KA4aI0TCs IPOrpaMMBI IT0A€BLIX padoT 1 cTap-
TyeT IIOATOTOBKA K DKCIIeAMITIM.

B 2009 r. Hamm 3ado>keHa HOBasl TpaguULUs — COIIPOBO-
YKA3 NPE3NAUYMA  caars npasamosanme Ams reoaora koHepeHImeil 1o mpodae-
BEPXOBHOrO COBETA CCCP  vam mpurpaHmMyHOTO COTPyAHMYeCTBA. AKTUBHOE ydacTye B Hell

O?‘ Y."'::::O";:.WOWO NPUHAANM Hau Koadern us leoaormdeckoit cay>k0pl PUHAIHAUMI
. reoneor .
PeA " % (P. Ilnetnas, M. Masuna, V. Iluxaaia) u YHusepcutera XeAbCUH-
ITpesrnuym Bepxosmoro Cosera .
CCCP nocranosaser: ku (mpod. T. Pamé). Kondepenms 5 anpeas 2010 r. mpoiriaa mog,

Ycragosurs npasgunk eJlens réo-  103yHIoM «YCTONYNMBOE PasBUTHE U MEXAYHAPOAHOE COTPYAHIYe-
aoras.

«Jlens reosoras mpasamosars ewe- CTBO». IIporpamma Bkaioyasa 12 A0KAaA0B O pesyabTaTax M Iiep-
FONHD B MEPBOE BOCKPECeHbe anpead. CIeKTUBaX COTPyAHMYECTBAa C TeOAOTMYeCKMMMU OpTaHM3alMsIMU
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Mpeaceparens (Mpesnauyma boarapun (k.r.-m.H. A.M. Asanna), Viuaun (k.r.-m.H. T.B. Kayanna),
Bepeoensey c“lel':) COUE_ S0 - Kuras (x.r.-m.u FO.H. Hepagoscknit), Hopsernu (pod. K. Kyaze-
G H. RO pya, kr.-m.H. A.P. 303yas), Gunasuaun (4.1.H. ©.D. TopbOanesny,
Bepxosuoro cceep Ar.-Mm.H. A.A. XKamazsetaunos, A.T.H. B.Il. Konyxun), Hlserinapun

M. FEOPIA/ASE.

(a.x.n. VI.H. Toactuxun) (poronpuioxeHue).
MOCKBA, Kpewrs. 31 mapra 1966

Hosslit akiieHT 3TOTO roga — reorypusm (mpod. 10./1. Borire-
xoBckuit, K.I.-M.H. B.B. Koaska, B.H. I'lerpos, I1./1. Boakosa), B pas-
BUTUH KOTOporo Ha KoabckoM II-oBe HaIllM CKaHAMHABCKME COCeAM 3alfHTepecOoBaHBI CTOAb CUABHO, YTO
EBpoco103 roToB — pasymeeTcs, Ha KOHKYPCHOI OCHOBe — BLIAEAUTD Ha 9TO AeHbIu. [eoaornmueckas cay>x0a
Punaaaaum u I'eoaornmuecknit uHCTUTYT KHLI PAH He MOTyT ITpOoiiTi MMMO BO3MOXKHOCTY BHECTM COLIN-
aAbHO 3HAYMMBIN BKAaJ B pa3BUTIeE COCEACTBYIOIINX PETMOHOB.

K cosxazennto, copnagenue /Hs reoaora c npasgHukom Ilacxu He MO3BOANAO PsiAy POCCUIICKUX
U 3apyOe>KHBIX KOAJeT MPpUOBITh K HaM B rocTu. IlpucaanHble My g40KAaAbl TakKe MyOAMKYIOTCA B Ha-
crostirieM Tome (A.r.-m.H. B.J. Borosisaenckuis, I1. Moxauccon, P. TTueruas, M. TTuxaaiis, npod. T. Psamé,
A. Xertaonen, D. Xeitanmo, 4. Xaaaa, M. Kypxnaa, I1. Vitkonen). KondepeHnms akTuBHO ocselialach B
TZ1aBHBIX PETMOHAABHBIX TaseTax «MypMaHCKUIT BeCTHUK» U «XMOMHCKUIT BECTHUK» (POTOIIPUAOIKEHNE).
Tpaaniiysam — ObITH!

C Auém reoaora, ysaxkaemole koaaern! JKeaaio BaM yCIEITHBIX MeXAyHapOAHBIX TpoekTos! I1aane-
Ta 3emMAs1 — OOBeKT U3yYeHMs KakA0ro reoaora!

Aupexrop I'eoaornmueckoro nncruryra KHI] PAH
IIpeaceaateasr Koanckoro otaeaenus PMO
IIpod., A.r.--M.H. 10./1. BoiTexoBcKmix

5 anpeas 2010 r.



EDITOR’S ADDRESS: GEOLOGIST’S DAY - 2010

The professional holiday of the Geologist's Day was established with the assignment of the
Presidium of USSR Supreme Soviet of March 31, 1966. The assignment was published in the “Izvestya”
newspaper of April 1, 1966. The idea to appeal to the Presidium belongs to a group of geologists headed
by Academician A.L. Yanshin. The appeal was motivated by the discovery of the West Siberian oil-and-
gas province. Appeals to the Supremes used to occur earlier, but the discoveries in the West Siberia
dotted all i’s and crossed all t's with the matter. Kola geologists greatly contributed to the mineralogical
treasury of the country and joined the Geologist’s Day celebrations with all their right, endowing it with
the Northern flavour. The Geological Institute KSC RAS annually celebrates the holiday in the country
amidst lots of snow, when the spring is only about to come. Sometimes we are lucky with the weather,
sometimes we are not, but the celebrations are always held in high spirits (photo appendix), for it opens
a new geological year. Right after it the Scientific Board of the Institute starts discussing field works
programs and preparing for expeditions.

In 2009 we set a new tradition of providing the Geologist’s Day with a conference on cross-border
cooperation. Our colleagues from the Geological Survey of Finland (R. Pietild, M. Iljina, J. Pihlaja) and
University of Helsinki (Prof. T. Rimo) took an active part in it. The conference of April 5, 2010 was
under the banner of sustainable development and international cooperation. The program included 12
reports on results and perspectives of collaboration with geological organizations of Bulgaria (Cand.
Sci. (Geol.-mineral.) L.M. Lyalina), India (Cand. Sci. (Geol.-mineral.) T.V. Kaulina), China (Cand. Sci.
(Geol.-mineral.) Yu.N. Neradovsky), Norway (Prof. K. Kullerud, Cand. Sci. (Geol.-mineral.) D.M.
Zozulya), Finland (Dr. (Tech.) E.F. Gorbatsevich, Dr. (Geol.-mineral.) A.A. Zhamaletdinov, Dr. (Tech.)
V.P. Konukhin), Switzerland Dr. (Chem.) L.N. Tolstikhin) (photo appendix).

A novel focus of the current year is the geotourism (Prof. Yu.L. Voytekhovsky, Cand. Sci. (Geol.-
mineral.)V.V. Kol'ka, V.N. Petrov, L.L. Volkova). So much does its development on the Kola Peninsula
arrest the interest of our Scandinavian neighbors, that the European Union can provide its financial basis
- on a competitive basis, of course. Obviously, the Geological Survey of Finland and Geological Institute
KSC RAS cannot miss the opportunity of making a sound social contribution to the adjacent regions
development.

Unfortunately, overlapping of the Geologist’s Day and Easter prevented a number of Russian and
foreign colleagues from coming to our place. The reports they sent us are also presented in the volume
(Dr. (Geol.-mineral.) V.I. Bogoyavlensky, P. Johansson, R. Pietild, J. Pihlaja, Prof. T. Ramo, A. Heinonen,
E. Heilimo, J. Halla, M. Kurhila, P. Itkonen). The conference was widely highlighted by the regional
press of the “Murmansky Vestnik” and “Khibinsky Vestnik” newspapers (photo appendix). Long live
traditions!

Happy Geologist’s Day, dear colleagues! I wish you successful international projects! The Earth is
but subject to every geologist’s study!

Director of Geological Institute KSC RAS
Chairman of Kola Branch of Russian Mineralogical Society
Prof., Dr. (Geol.-mineral.) Yu.L. Voytekhovsky

April 5, 2010
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TEPMOBAPUYECKUE YCAOBMS 1 HEOTETASOHOCHOCTD
I'1YBOKOIIOI'PY KEHHbBIX OTAOKEHUN 3AITAAHOU APKTUKN

B.J. borosiBaenckmii
Uncturyt npo6aem nedptu u rasa PAH, Mocksa, vib@pgc.su

3a pybesxoMm Ha OOABIINMX IAyOMHAX U B «HETPaAMIIMOHHBIX» KOMILAE€KCaX IIOPOJ OTKPBITHL U pas-
pabaTBIBaIOTCSI COTHM ITPOMBIIILIEHHBIX MECTOPOXKAEHIII He(PTH U Ta3a, BKAIOYas KPYITHbIE VI YHMKaABHEIE.
K HUM OTHOCHTCS U IpyIIIIa Ta30KOHAEHCAaTHBIX MeCTOpoXXAeHnit LlenTpaasHoro rpadena CeBepHOTO MOpPsI
(Shearwater, Elgin, Franklin n gp.) 8 Beicokonopuctsix (40 20-35 %) mecyaHmkax 10psl Ha TAyOMHAX 40
6100 M B ycAOBMAX aHOMAaAbHO BLICOKUX I11acTOBLIX AaBaeHui (ABIIA) n temnepatyp 197-202 °C 3a nipee-
AaM1 «He(PTSIHOTO OKHa». B 3armaagHor ApKTHKe Ha aKBaTOPMU U CYIIle OTKPBITHI IMTAaHTCKIIE MECTOPOIKAe-
HIs yraeBogopoaos: IlITokmanosckoe, /lennHrpagckoe, PycaHnosckoe, Xapacassiickoe, KpysenmrepHckoe,
bosanenkosckoe (puc. 1) n ap. 10.-Kapckuit pernosn, skarodaiommnii mn-osa SImaa u I'sigan ¢ pasaeasionieit
nx O6cko71 ryOoit, sIBAAETCS YHUKAaABHBIM He(pTera30HOCHBIM DacceifHOM B I1aHeTapHOM MacIITaoe.

Puc. 1. bosanenkoBckoe, Xapacasaiickoe 1 KpyseHrrrepHckoe MectoposkAeHnst. KpoBast poAyKTUBHBIX OTAOXKEeHII ceHOMaHa.

Fig. 1. The Bovanenko, Kharasavey and Kruzenshtern deposits. The top of the Cenomanian productive sediments.

B I0.-KapckoM pernoHe ocHOBHEIMM He(TEra3o0HOCHBIMI KOMILA€KCaMMU SIBASIOTCSI OTA0XKEHISI MeJa
n 10ps1. Ha Hosormoprosckoit 11 boBaHeHKOBCKOI I110IaAsIX II0Ay4YeHs! 3HaunTeAbHsIe (20 500-600 TIC. M%/CYT.)
IIPUTOKM Ta3a ¢ KOHAEHCATOM 13 KapOOHATHBIX II0POJ, 11a1€03051, 40Ka3aBIlIie BO3MOXKHOCTh OOHAPY KEHILT
IIPOMBIIILAEHHBIX CKOIIAEHUI YTA€BOAOPOAHOTO CBIPhs B OTAOXKEHIAX HIYKHEMe3030MICKOTO 1 BepXHellaleo-
30I1CKOTO KOMILAeKCOB. I1opoabl ®THX KOMILAEKCOB 3a4€eraioT B IIIMPOKOM AMaria3oHe ITAyOMH C pa3AMdHbIMU
TepMOOapMIECKMMU YCAOBUAMY, UMEIOT pa3Hble YPOBHM MeTaMOp(u3Ma I IIepCIeKTUBB He(pTera3oHOCHO-
ctu. PernmonaasHoe pacripocrpanenue nmeet ABIT/.

Aast ocHoBHBIX MecTOopokaeHuit 10.-Kapckoro pernona nsydeH xapakTep M3MeHeHIs KOAAeKTOPCKIX
CBOJICTB TEpPPUTE€HHBIX pe3epByapoB C IAyOMHOI, IIOBCEMECTHO A0KazaHa Ooabimas poab ABIIA aas coxpa-
HeHIsI IIPOMBIIILAeHHBIX éMKOCTel yraeBoAopoaos (borossaenckuii u ap., 2009). Hiusxe mpusoaaTcs pesyanb-
TaThl A4 p-Ha Xapacassiickoro, KpysenimrepHckoro n bosanenkosckoro mecroposxaennii (puc. 1), k koro-
poMy mpuypoueHa caMasi aHOMaabHasl 30Ha Kapckoro permoHa 1o mmaacTospIM TeMIlepaTypaMm (cpegHue
rpaauentsl 3.6-4.4 ©C/100 m) u 3Hauenusam ABIIA. 3aeck naacToBble AaBAeHNsT HAUMHAIOT CyIIeCTBEHHO
IIpeBbIIaTh IMAPOCTaTUYeCKe B HIKHEeMeAOBBIX (a9MMOBCKIX) OTAOXKeHMAX HaunHasi ¢ rayons 1800-2000
M. Ha puc. 2 xpacHBIM LIBETOM IOKa3aHBI 3Ha4eHUs KODPPUILINEHTOB aHOMaAbHOCTU I11aCTOBBIX JaB/le-
Huit Ka B 30Hax nospimenHsix (Ka > 1.1) n aHoMaabHO BRICOKUX AaBAeHMIt. B psge cksakun Ka gocturaer
1.8-2.05 na rayomnax 2200-3500 m. Kpome sonnr ABIIJ B cBogax cenomaH-anTckux 3aaexert (600-1300 m)
BosaHeHKOBCKOTO MecTOpoXKaeHus HabAr0AaeTcs: 3aKkoHOMepHoe nosbiieHne Ka g0 1.12-1.15, cesasanHoe
€O cTabMABHOCTBIO I11aCTOBOTO AaBJEHNsI BHYTPM MacCHBHBIX Ta3OBBIX 3adeKell amriantygoir 120-260 m.
CuHyM 1IBETOM ITOKa3aHBI 3HaueHs1 Ka B 30HaX I11aCTOBBIX AaBAeHNI, OAMBKIX K IgpoctarydeckuM (Ka <1.1).

Ha puc. 2 npuseseHs! gaHHble 0 KodPuimenTax OTKpbITON mopucroctu K (KpacHBIM IIBETOM
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Aanpl 3HaueHns K aas son ABIIA). Bugno, uto 3a cuét ABII/ mpoucxoaut xapauHaabHOe M3MeHeHIe
TpeHaa cHrKeHus Kir ¢ raybuHoit — ero cpegHue 3HaueHNs CTabUAN3UPYIOTC OKOA0 15 % M mpakTiaecKn
He MEeHSIOTCS C TIOTpy>KeHeM B IOPCKOM KOMILAeKce. AHaA0TMIHBIe 3aBUCUMOCTH co ctabuansanueit K
0K040 15 % BBIABAEHBI U Ha APYIuX naommaasax ¢ ABIIA.

0.75 1.00 1.25 1.50 175 200 Ka O 5 10 15 20 25 30 Kn,%

0.0 h i . - 0.0 h L n
0.5 = 0.5
I’
1.0 & 1.0
o e
[ X ]
1.5 r. 1.5
@
g*.. [ ]
2.0 e 2.0
[ % o®
> .... ~
2.5 T 2.5
ke, ®® .!
o * H
3.0 - 5 3.0 -
[ ]
" e %
[ ]
35 3.5 >
4.0 4.0
H, HI
KM KM

Puc. 2. bosanenkosckoe, Xapacapaiickoe u Kpysenmrepackoe mecropoxaenus. ABIT/ (Ka) n nmopucrocts (Kir).

Fig. 2. The Bovanenko, Kharasavey and Kruzenshtern deposits. AHFP (Ka) and porosity (K).

Aas 3an.-ApKTIYeckoro pernoHa HaMmu rposogurcsa 3D MogeanpoBaHye TepMODapUyecKuX ycao-
BI1J1 Ha 10KaAbHBIX I PeTMOHAaABHBIX YPOBHAX B IIporpaMMHOM KoM1iaekce Tigress (komnanus «Geotrace»).
OcHoBHBIe ITeAn MOAeAMPOBaHNS: TIOBBIIIIEeHIe 40CTOBEPHOCTH IIPOTHO3MPOBaHNs HepTera3oHOCHBIX 30H;
BBIABAEHME HeOOHapYy>KeHHBIX 3adeXKell 13-3a MPUMeHeHNs TSKEABIX OypOBBIX PacTBOPOB; IIPOTHO3MPO-
BaHIE KOAJAeKTOPCKUX CBOVICTB pe3epByapoB U 3alesKell HIKe 3a00s1 CKBa>KMH; OITUMM3alysl IIpoliecca
OypeHus 11 yMeHbIIIeHle YlicAa aBapUITHbIX CKBasKIH.

B pesyabpTate MogeAnpoBaHus BhISIBAEH P/ PETMOHAABHBIX U A0KaAbHBIX OCOOEHHOCTe, MMEeIOIIUX
0o4bIIIOe 3HaUeHNe A4s IOHMMaHNUA XapaKTepa He(pTera3oHOCHOCTH Bcero permoHa. Jas MypmaHckoro
ra3oBOIO MeCTOpPOXKAeHMsI 0DOCHOBAaHO BO3MOJKHOE CyIecTBOBaHNe 3aleKeil YraeBOoAOpOAOB HIKe 3a-
0oeB CKBa>kKIH B OTA0XKEHIAX BepXHero madeo3os. V3 aokaapupix ocodennocreii B 10.-Kapckom pernone
B IIEpBYIO O4epeAb Bbl4eAeHbl TPU IO3UTUBHEIE aHOMAaAWI TeMIlepaTyp B CeHOMaH-alTCKMX OTAOKEHMIX
B p-Hax Xapacasaii-Heitnrackoe, Hosomoprosckoe-KamenHoMmbicckoe u Ypenroii-Megsexxbe. Hanboaee
BBICOKMe TemItepaTypnl Ha Helituncko-Heperunckoit naomaau oOycA0BAeHbI BO3MOXKHONM MUTpalyeit
IIPOTPEeTHIX IAyOMHHBIX PAIONAOB IO BePTUKAABHBIM pa3aoMaM, AOXOAAIINM B psle MeCT IpaKTIIecKu
A0 IOBePXHOCTI.

bypenne OI'VIT HIIL «Heapa» rayookmx cksakuH En-fIxmHckas-7 n TromeHckast-6 (8250 n 7502 M) B
ycaosusx ABIT/] He mpuBeao K OTKPBITUIO IIPOMBIIILAEHHBIX 3a4eeit. HecMoTps Ha MeTamMopdusm rmopog
Tpuaca A0 yposHst AK,, 6p140 g0Ka3aHO coxpaHeHue xopommx pesepsyapos (K 40 14-20 %) u sHaunTean-
HOe HacblIlleHye yI1eBoJ0POAHBIMHU (B OCHOBHOM MeTaHOM) TazaMm IIpakTudecku 4o 3aboes (IopOaués,
Ecurniko u ap., 2000, 2007). OcobeHHo BaskeH pakT oOHapy>KeHus Ha 60ab1mmx rayounax (5500-8000 m) aHo-
MaABHBIX I'a30B C A€TKUM M3OTOIIHBIM cOcTaBoM yraepoga metaHa dC £ -47 %o Ha ¢oHe 3aKOHOMEpPHOII
TeHAEHIINM eTo yTsiKeAeHus ¢ rayonnon 4o dPC =-20.5 %o (Kapacésa u ap., 2009). Hauboaee BeposaTHBIM
oOBbsicHeHNneM 9TOro 53¢ deKra ABAsIeTCs TepMUIecKas cTabMABHOCTD YI1€B0A0POA0B B 3aKPBITHIX BOJOHA-
chimeHHbIX cucteMax ¢ ABIIJ, mpuBsoasinas K TOpMO>KeHHIO Ipoliecca IX AeCTPYKIIUM C POCTOM TeMIlepa-
Typ. IIpn 9TOM 0O4HOBpEeMeHHOe IIPUCYTCTBIE MeTaHa C AETKUM U TSKEABIM M30TOIIHBIM COCTaBOM yIAepo-
Aa MOXXeT OOBbACHATHCS BePTUKAABHOV MUTpaliyeil Tocae Hero us 0oaee MeTaMOpP(U30BaHHBIX I1yOOKIX
OTAO>KEHMUIA.

Haanune B rayboxonorpyskeHHbIX oTaoxkeHnsax FO.-Kapckoro permona «yraeBogopoAHOTO AbIXa-
HIsI», Pe3epByapoB U IIOKPBIIIEK CBIAeTeAbCTBYeT O IIepCIeKTUMBHOCTY BCero 0Caj0yHOro KOMILAeKca 3arl.
ApxTrxu. /as pa3suTis MUHepaaAbHO-CBIpLeBOli 6aspl Poccym rpeACTaBAsIOTCs KpaliHe BaKHBIMU HedpTe-
ra3oIlOMCKOBbIe 1ICCAeJ0BaHIs Ha BCeX AOCTYIIHBIX COBpeMeHHOMY OypeHMIO rAyOuHax B IIOpogax pa3sHoro
YPOBHA MeTaMOopu3sma.



THERMOBARIC SETTINGS AND OIL-AND-GAS CONTENT
OF THE WEST ARCTIC DEEP-SEATED SEDIMENTS

V.I. Bogoyavlensky
Institute for Oil and Gas Problems RAS, Moscow, vib@pgc.su

Abroad, hundreds of industrial oil and gas deposits, including large and unique ones, were discovered
at great depths and in “non-traditional” sources of rocks and exploited. These include the gas condensate
deposits of the Northern Sea Central graben (Shearwater, Elgin, Franklin, etc.) occurring in the highly porous
(up to 20-35 %) Jurassic sands down to 6100 m under the anomalously high formation pressure (AHFP) and
temperatures of 197-202° C beyond the oil window. In West Arctic, giant offshore and onshore hydrocarbon
deposits, such as Shtokman, Leningrad, Rusanov, Kharasavey, Kruzenshtern, and Bovanenko (Fig. 1), etc.
were discovered. The South Kara region, including the Yamal and Gydan Peninsulas with the Ob Bay, which
separates them, is a world-unique oil-and-gas basin.

The major South Kara oil-and-gas-bearing complexes are the Cretaceous and Jurassic sediments. At
Novoport and Bovanenko significant (up to 500-600 ths. m*/day) gas inflows with condensate have been
registered to come from the Palaeozoic carbonate rocks. It supports the possibility of discovering commercial
hydrocarbon accumulations in the Lower Cretaceous and Upper Palaeozoic sediments. These rocks occur
at a wide range of depths and different PT settings, underwent different stages of metamorphism and are
differently prospective for oil and gas. AHFP is regionally distributed.

For major South Kara deposits the variation of reservoir properties of the terrigenous pools with depth
was studied. A great role of AHFP is generally confirmed for preservation of economic hydrocarbon capacity
(Bogoyavlensky et al., 2009). Shown below are results for the Kharasavey, Kruzenshtern and Bovanenko fields
(Fig. 1), where the most anomalous formation temperature and AHFP zone of the Kara region (mean gradients
of 3.6-4.4 °C/100 m) has been observed. The formation pressure starts to significantly exceed hydrostatic
values of the Lower Cretaceous (Achimov) sediments at 1800 - 2000 m. Red color at Fig. 2 indicates values 2 of
formation pressure anomaly ratios Ka) in the zones of increased (Ka > 1.1) and an anomalously high pressure.
In some wells Ka is 1.8-2.05 at 2200-3500 m. In addition to the AHFP zone, in the domes of the Cenomanian-
Aptian pools (600-1300 m) of the Bovanenko field Ka regularly rises up to 1.12-1.15, that is related to the stable
formation pressure within the massive gas pools with an amplitude of 120-260 m. Blue color indicates Ka
values in the zones of near-hydrostatic formation pressure (Ka <1.1).

Fig. 2 displays data on the open porosity coefficients (Ki1/Kp). Red color implies Kp for the AHFP zones.
It is apparent that AHFP favored fundamental variation of Kp reduction trend with depth. The Kp values
stabilize at about 15 % and stay almost stable with depth in the Jurassic rock complex. Similar trends with 15 %
Kp stabilization was also observed in the areas with AHFDP.

We are implementing the 3D modeling of the PT settings for the West Arctic at local and regional levels
using Tigress software (Geotrace Co.). The modeling is mainly aimed at enhancing the reliability of oil-and-
gas-bearing zone prediction, searching for non-discovered pools due to the use of heavy mud flash, predicting
reservoir properties of the rocks and pools below the well bottom, drilling process optimization and reducing
the number of killed wells.

The modeling revealed a few regional and local peculiarities that help to gain an overall understanding
of the oil-and-gas potential of the region. For the Murmansk gas field, possible existence of hydrocarbon pools
below the well bottoms was proved for the Upper Palaeozoic sediments. Local peculiarities of the South Kara are
primarily expressed in three temperature anomalies in the Cenomanian-Aptian sediments of the Kharasavey-
Neitin, Novoport-Kamenny Mys and Urengoy-Medvezhy areas. The highest temperatures in Neitin-Nerstin are
caused by possible migration of the heated deep-seated fluids along vertical faults that locally reach the surface.

Drilling deep wells (Yen-Yakhtinskaya-7, 8250 m, and Tyumenskaya-6, 7502 m) in the AHFP areas by
FSUE RDC “Nedra” didn’t result in discovering economic pools. Regardless of the Triassic rock metamorphism
up to the AHFP level, the intactness of good reservoirs (Kp up to 14-20 %) and the significant hydrocarbon gas
(mainly methane) saturation almost till the well bottom was proved (Gorbachev, Esipko et al., 2000, 2007). It is
particularly important that anomalous gases with the methane carbon light isotope composition, d"*C £ -47 %o,
were found at great depths (5500-8000 m) with the gas gradually becoming heavier with depth (d"*C =-20.5 %)
(Karaseva et al., 2009). The most probable explanation of it lies in thermal hydrocarbon stability in closed water-
saturated AHFP systems that slows down the process of their destruction with increasing temperatures. At the
same time, the simultaneous presence of methane with light and heavy carbon isotope compositions may be
accounted for by a vertical migration of carbon from the higher metamorphosed deep-seated sediments.

The presence of hydrocarbon breathing, reservoirs and cap rocks in the deep-seated sediments of the
South Kara region indicates potential of the whole West Arctic sedimentary complex. Oil-and-gas explorations
and related investigations at the available drilling depths and in variously metamorphosed rocks seem to be
crucial for the development of the Russia’s mineral resources base.



FENGOT M FODD - IIEPCIIEKTUBHBIE ITPOEKTBI MEXXKAYHAPOAHOT O
COTPYAHMNYECTBA

10.A. Bonrexosckuii!, B.B. Ilumnios?
'Teoaornmueckmii mactutyT KHII PAH, Anmatntsl, woyt@geoksc.apatity.ru
*Nucturyt reoaorvm KapHII PAH, IlerposaBoack, shchipts@kre.karelia.ru

23-25 mapta 2010 1. B 1. Dcrioo, PUHASIHAMNS, TPOILIAN
paboune cosemanus mo npoektaM FENGOT (Fennoscan-
dian Gold Transsect) u FODD (Fennoscandian Ore Deposit
Database and Metallogenic Map), B KOTOpBIX IIPUHAU y4a-
crue geaerauyu ns Ounasnaun, HIsennn, Hopserun n
Poccun. Ilpunmnmaromias cropona — leoaornyueckas cay>xoa
Puuasaann (GTK). BaskHocTs MeponpusaTus Oblaa OTMe-
JeHa IIpMBETCTBIEM reHepaabHOTo Anpekropa GTK mpod.
9. Dxgaas. Poccuiickas geaeranys B cocTaBe AMPeKTOPOB
UITA, I KapHL, I'M KHILI PAH n xoMnanumu «MmnHe-
paa» Obplaa nipuHATa 0TAeAbHO. CoBelans IIPOILIAN I10/
IpejceAaTeAbCTBOM U ¢ yuactueM aupekropos GTK 1o na-
yanbM 11poektaM 1pod. I1. Hypmu (FENGOT) 1 npod. K.
Henonena (FODD).

ITo mpoexty FENGOT 3acaymiansl OT4€THI CTpaH-
yJacTHNII, OOCY>KAeHbI OOIue IoaXoAsl K (popMuposa-
HIUIO TeKTOHIYIECKOI! (TeppeifHOBO) OCHOBBI 0a3hl JaHHBIX,
KAaccuguKaly MIHepa1000pa3yonuxX Iporieccos 1 ¢a-
113t MeTaMopdusMa. JAUCKyCcCHIo BBI3BAAN CAeAYIOIIIe BO-
IIPOCHL: YTO CYUTATh CTPYKTypaMU KOPOBOIO MacmiTada, o
KaKMM IpM3HaKaM paH>XIpPOBaTh MeCTOPOKAeHNs, KaKiue
IPUYMHBI IPUBOAAT K KPYIIHBIM MeCTOPOXKAEHIAM, KaKie
py4Hble OOBeKThl CdUTaTh AOCTOMHBIMY BKAIOUeHNs B Oasy
AAHHBIX, KaK KOppeAupoBaTh I1abHbIe shear-30HbI, KaK Ja-
TUpPOBaTh HTAIbl aKTUBU3a-
UMM 9TUX 30H, CAeayeT AU
OTAeASTh 30HBI MeTacoMa-
TO3a OT 30H MeTaMopdus-
Ma, Kakue IIpM3HAKM MaH-
TUMHBIX MPOLIECCOB MOTYT
yKasblBaTh Ha OpyJeHeHue
u MH. Ap. [loapobHO Oblaa
paccMoOTpeHa reHeTrude-
ckasg Kaaccmukanus  30-
AOTOPYAHBIX MECTOPOXK-
Aennit. OTMeYeHo, 4YTO
B I[IadeolpoTepo3oe ce-
sepuoit PeHHOCKaHAMUU
npeob4ajaioT TUIBL «orogenic» (12 aoctosepHBIX + 13 mpeanoaarae-
MBIX) U «iron oxide — copper — gold» (31 + 11). Oaunum u3 asropos (}0.B.) caesan goxaag o HOBBIX pyso0-
IIposiBAeHMsIX 3010Ta Ha KoabckoM 11-ose.

ITo mpoexty FODD o0Gcyxaena ¢axroaormyeckas ocHOBa 0a3bl JaHHBIX B YaCTU MHAYCTPYAABHBIX
MuHepaaoB. CoraacHo MeXXKAyHapOAHON KAaccuUKaIy K TAKOBBIM OTHOCATCS: OapuT, GOKCUTEI, GOpaThl,
TUIIC, TAVHBI BCeX BUAOB, TpaHaTHl abpa3nBHbIe, IpadpuT, AMaTOMUTHI, U3BECTHAKU, KUAHUT U AP. MUHEPAAbI
TPYIIB! CUAAMMAaHUTA, MarHe3!UT, I10AeBOIIIIaTOBOe KepaMIyecKoe ChIPhE, CAIOAbl pa3AMYHOTO COCTaBa,
CTEKOABHBIE TIeCKM Pa3dAMYHOTO Ha3HaueHM:, TaAbK, (PAIOOPUT U AP. BUABI CHIPbs, OTHOCKMOIO B HaIlleil
cucTeMaTHKe He TOABKO K HepyAHOMY, HO U K pyAHOMY, HallpuMep, AAMHHBIN CIIMICOK MIHePaA0B PeAKIX 1
peAKo3eMeAbHBIX DAeMeHTOB. [eoaornyeckne opranmaanny, sedyine uccaejosanns 8 Kapeao-Koabckom
pernone, 40AXHBI OBITh 3alHTepecoBaHbl B IpoekTe. CBegeHIsI 110 30A0TOPYAHBIM OOBeKTaM, cojepKa-
minecs s 0asze gaHHbIX FENGOT, 6yayT BkatoueHs! B 6a3y ganHbIx FODD. @opmuposanme 0a3sl 4aHHBIX 1O
MHAYCTpUaAbHBIM MIHepadaM OyJeT BHIIIOAHEHO raaBHBIM oOpasoM leoaormueckum uncruryrom KHIL n
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Delivered

* C- and O-isoto

« Isotopic age determinations

« First version lithologic layer

+ Preliminary metamorphic layer




Mucrturyrom reoaorun KapHIL PAH. Asropamn (B.I1,, IO.B.) caeaan gokaag 00 MHAYCTpUaAbHBIX MIHe-
paaax Kapeao-Koanckoro pernona. OcoOblif MHTEpec CKaHAMHABCKIX KOAAET BhI3bada MHPOpMaIus O Me-
CTOPOXKAEHIUAX BRICOKOTAMHO3EMUCTOrO chipbsa Koabnckoro m-osa, Kapeaun u Ypaaa, usyyaeMbIX B paMKax
crietimaapHOM riporpaMmel Ilpesuauyma PAH nacturyramu KHL, KapHLI 1 YpO PAH.

Ha ¢oro: paboune momenTtsr 3aceganuii 11o mpoekram FENGOT u FODD; 30410T1011 caMOpoA0OK p-Ha
Mnapn, xuannt b. Keiis n3 Munepaaorndeckoro mysest GTK.

FENGOT 1 FODD - PROMISSING PROJECTS OF INTERNATIONAL
COLLABORATION

Yu.L. Voytekhovsky !, V.V. Shchiptsov >
! Geological Institute KSC RAS, Apatity, woyt@geoksc.apatity.ru
? Institute of Geology KarSC RAS, Petrozavodsk, shchipts@krc.karelia.ru

On March 23-25, 2010 the Espoo city, Finland, hosted workshops on FENGOT (Fennoscandian
Gold Transsect) and FODD (Fennoscandian Ore Deposit Database and Metallogenic Map) projects, where
delegations of Finland, Sweden, Norway and Russia partook in. The host party was the Geological Survey
of Finland (GTK). The importance of the meeting was marked with greeting by Director of GTK Prof.
E. Ekdahl. The Russian delegation in the person of directors of the Institute of Precambrian Geology
and Geochronology, Institute of Geology of Karelian Science Centre, Geological Institute of Kola Science
Centre RAS and “Mineral” company enjoyed the private meeting. Workshops were headed and carried
out by GTK directors on scientific projects Prof. P. Nurmi (FENGOT) and Prof. K. Nenonen (FODD).

Four partner countries presented reports on FENGOT project. General approaches to elaborating the
tectonic (terrain) basics for the data base and taxonomy of mineral-forming processes and metamorphism
facies were discussed. The questions to follow raised a debate: what should be considered structures of the
crust scale, what are the principles to range deposits according to and reasons for great deposits to form,
what ore objects are worth of including in the data base, how to correlate major shear-zones, how to date
stages of these zones’ activity, whether we should differentiate metasomatism zone and metamorphism
zone or not, what feature of the mantle processes may indicate mineralization, etc. Thoroughly studied
was the genetic taxonomy of ore deposits. It was noted, that “orogenic” (12 actual + 13 prospective) and
“iron oxide — copper — gold” (31 + 11) types dominate in the Palaeoproterozoic Northern Fennoscandia.
One of the authors (Yu.V.) made a report on new gold occurrences on the Kola Peninsula.

So far FODD project was concerned, fact basis for the data base on industrial minerals was discussed.
According to the international classification, these are barite, bauxites, borates, gypsum, clays of all types,
abrasive garnets, graphite, diatomites, limestones, kyanite and other minerals of the sillimanite group,
magnesite, feldspar ceramic raw materials, micas of various composition, glass sands of different purposes,
talk, fluorite and other types of raw materials that are not only ore, but non-ore ones as well in the current
taxonomy, i.e. a long list of minerals of rare and rare Earth elements. Geological organizations carrying
out research in the Karelian-Kola region must be interested in the project. The data on gold-bearing objects
from the FENGOT data base shall be included in the FODD data base. Compiling the data base on industrial
minerals will be majorly executed by the Geological Institute KSC and Institute of Geology of KarSC
RAS. The authors (V. Shch., Yu.V.) presented a report on industrial minerals of the Karelian-Kola region.
The Scandinavian colleagues were particularly interested in the data on high-alumina raw materials of
the Kola Peninsula, Karelia and Ural that are being studied in the framework of the special program of
the Presidium of RAS and institutes of KSC, KarSC and Ural Department of RAS.

Photo: some glimpses at the working process of the meetings on FENGOT and FODD projects; gold
nugget from the Inari area, the Bol’shiye Keyvy kyanite from the mineralogical museum of GTK.
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VIIPYTO-AHM3OTPOITHBIE CBOVICTBA IIOPO/ B PA3PE3E ®VIHCKOM
CKBAJKIHBI OYTOKYMIIY (OKU)

®©.D. I'opoanesny, M.B. Kosaaesckuir, O.M Tpummna
I'eoaormueckmit mactutyt KHIT PAH, Anaturel, gorich@geoksc.apatity.ru

B stBape 2005 r. B OB @uuAsSHANM PsI40M C OTpabOTaHHBIM IIOAMMETaAANIEeCKIM MeCTOPOKAeHVeM
OyTokymIty 3akoHUeHO OypeHne 1ccAeA0BaTeAbCKON CKBasKIMHBI, AOCTUTIIIEN rAyouHbI 2516 M (puc. 1). I'eo-
Aormyeckas cay>koa PrunasHAMM 0obpartnaachk K Ieoaormueckomy nacturyty KHLI PAH ¢ npeaaoskennem
IIPUHATD y4acTye B U3y4eHny 0Opa3IioB KepHa.
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Puc. 1. Pacrioao>keHne nuccae 40BaTeAbCKOM ckBaskiHE OyToKymITy B PrHAAHAVM (CAeBa) 11 OYPOBOT CTAHOK, ITOCAE AHA
rayomna — 2516 m (OyToxymiry, mioan 2004).

Fig. 1. Location of the Outokumpu research borehole in Finland (left) and the drilling rig, final depth is 2516 m (Outo-
kumpu, July 2004).

Bepxm:is1 gacTs paspesa, IpuMepHO A0 rayomnsl 1310 M, ca0KeHa CAIOAUCTHIMU CAQHLIAMIY C PeAKUMHI
pocAosIMY OMOTUTOBLIX THelicoB [4]. ViaTepBaa 1310-1515 M cA05KeH yepeAoBaHMEM YEPHBIX CAaHIIEB, OM1O-
TUTOBBIX THEVICOB, CEPIIEHTMHUTOB U AVIOTICUA-TPEMOANUTOBBIX cKapHOB. Hirxe 1515 M 3azeraior cA104uCTbIE
CAaHIIBI C peAKMMU ITOCAOSIMU YEPHBIX CAaHIIeB, IlepecedéHHbIe XXK1aaMu Keapiia. Hroke 1655 M caroaucroie
C/aHIIBI IIepeMe>KalOTCA C MHTepBalaMy TPAaHUTHBIX IIETMaTUTOB ¥ OMOTUTOBBIX THEVICOB. I'paHuTHEIE I1er-
MaTUTBI, TpaHaT-OMOTUTOBBIE THEVICH 11 OMOTUT-CUMAVMAHNTOBBIE CAAHLIBI CAaraloT HYDKHIOIO Y4acTh pas-
pesa. Ha mepBoM »rarre nccaeaosanmit n3roropaeHsl mAngsr 43 00pas3os. CTPyKTypBl TUIIIYHBIX TIOPOJ,
IIOKa3aHbl Ha puc. 2. 45 Bcex 00pa3LoB oIlpeAeAeHbl BIJ TOPHOI IIOPOABI, CTPYKTypa, TEKCTypa, MIHe-
PaAbHBIN COCTaB U IIAOTHOCTD Q (MeTo40M ApXuMeaa).

BrimoaneHa akycromoAspuckonys oOpas3noB. MeToa aKyCTONOASPVCKONNMM IIpeAHasHadeH A
M3YJ9eHMs] YIIPYTUX U HEYIIPYTUX CBOVICTB IIPEMMYIIIECTBEHHO aHM3OTPOIIHEIX TBEPABIX cpeg, [2]. OH mo-
3BOAsIeT OIPeAeAUTh Haaudye yIIPyrol aHu30TPOIINH, YMCAO U MPOCTPaHCTBEHHYIO HallpaB/AeHHOCTD DAe-
MEHTOB CIMMETPIM, TUII CUMMETPUY 1 BeAMYMHBI KOHCTAHT yIIpyrocTi. MeTo armpoOupoBaH Ha cpejax
IIOIIEpeYHO-U30TPOITHON, pOMONYECKON U APYIUX BUAOB cuMMeTpun. IlpuHnmmnmaspHas cxeMa HabA10-
AEHUI 110 DTOMY METOAY He OTAMYAETCS OT CXEMBI, IIPUMEHIEeMOI TPV MOASAPU3aLIIOHHBIX HaOAIOASHIIIX
B onrtuke [1]. Akycronoaspurpammer obpasuos ODB-153_20, 599_00, 1101_30, 1414_75, 1488_65, 1893_80,
2155_15 n 2297_25 aansl Ha puc. 3. Ha odpasmax OKU uvacro perucrpupyercs pPpeKT AMHEITHON aKyCTH-
gyeckoll annzoTpormu noraomenns (AAAIT). Cpeau ob6pa3Lios 13 HYDKHEN 9acTu paspesa HaOAI0AaeTcst
addexr genoaspusanun casurossix BoaH (ACB). Panee sTu s Pexrs oOHapy>KeHLI Ha 0OpasLiax Iopos,
n3 Koabckoit ceepxraybokoit cksaxkmasl CI'-3 [3].
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Puc. 2. CTpykTyps! THIIMYHBEIX TTOpo, 13 ckB. OyTokymiry (OKU). Pasmep xaxkaoro manda 15 x 25 mM. Bepxumit psa:
00p. ODB-153_20, 599_00, 1101_30, 1414_75, nyxuuii psaj: oop. ODB -1488_65, 1893_80, 2155_15, 2297_25.

Fig. 2. Textures of typical rocks from the Outokumpu (OKU) borehole. The size of each section is 15 x 25 mm. The upper
row: samples ODB-153_20, 599_00, 1101_30, 1414_75; bottom: ODB-1488_65, 1893_80, 2155_15, 2297_25.

Ha nocaeanem sTare usMepeHnii onpejeaeHsl CKOPOCTH PacIIpOCTpaHeHNs IIPOJOABHEIX 1 ITOIIe-
peuHBIX KoAeOaHuii, crerieHs npossaennst D sdpdexra AAALL mpoekinm 51eMeHTOB CUMMeTPUN 1O OT-
HOIIEHUIO K TpaHsAM oOpaslia, pacCuMTaHbl [IOKa3aTeAN YIPYToil aHU30TPOIIM 1T0poa A, B.

Ilo saHHBIM M3MepeHMII pacCdMTaHBI 3aBMCHMMOCTI CKOPOCTell paclpoCTpaHeHMs ITPOJAOABHBIX
V.(e), V,(p) n nonepeunsix V (e), V,(p) Boan ot rayounst H (puc. 4). Beanunnnt V (e), V(e) usmepens Ha
obpasnax, V,(p), V4(p) — paccunTansl 1o MuHepaabHOMY cocTaBy niopoa. Ecan V(p), V (p) He nokassisaiot
KaKoi1-A100 3aBUCMMOCTHI OT IayOuHbl 0TOOpa obpasiia, 1o V (e), V (e) AeMOHCTpUPYIOT OOIIYIO TeHAEH-
LIMIO YMEHBIIeHsI ¢ TAyOnHOI. TpeHABl 0AM3KM K AVHENHBIM, 4TO ToBOpUT 00 3¢ deKTe pasyrA0THEHNS
00pas11oB IIpY OCBOOOXKAEHNUM OT AUTOCTaTIYeCKNX HallpsKeHuil. Panee oH Ob1a 3aperncTpupoBaH Ha 00-
pasiax n3 cksakuuer CI'-3 [3].

CBoAHbIE 3aBMCUMOCTH ITOKazaTeaent anusorponun A, B, n maornoctu @ ot rayounst H aanser Ha
puc. 4. Tam >xe nokaszaH rpaduK M3MeHeHM1 yraa A OTKAOHEHUs CKBaXKUHBI OT BepTUKaAu. Pe3yabTaThl
ITO3BOASIOT 3aKAIOYUTD, YTO ILAOTHOCTH ITIOPOJ, IIOYTH He M3MeHseTCs ¢ rAyouHoit. Anms Ha rayounax 1310
n 1480 M HabAIOAAIOTCS pe3Kye yBeAYeH s Q U3-3a IIPUCYTCTBI B ITIOPOAaxX PyAHBIX ¥ TEMHOLIBETHBIX M-
Hepaaos. CyAs 110 BeAndrHaM AP, B, Hanbo.1ee aHU30TPOITHEIE IIOPOADI 3a4eTaloT Ha rayouHnax 900, 1460 u
B uHTepBae 1650-2300 M. [TockoabKy B MeTaMOpdUIeCKIX ITOPOAaX yIpyras aHU30TPOIIN:], KaK IIpaBIAio,
OTpa’kaeT XapakTep IlaleOHallps>KeHNIi, MOXKHO CYMTaTh, YTO HamboOee 3HAYMMBIe I1aleoreoAHaMmde-
cxue coOpITus B paspese ckpakmapl OKU mponcxoanan MMeHHO Ha yKa3aHHBIX IAyOuHaXx.

Cpasnenne tengenuit usmenenust A, B, u A obHapy>xusaer cBsa3b Mexay Humn. /o rayounst 1100
M, KOTJa aHM3OTPOIINs BBICOKa, yroa A 3aMmeTHO pactéT. Ha raydmuax 1100-1300 m AI, B, u A CHIKAIOTCSI.
Ot 1550 M 1 HIKe 9TH ITOKazaTean pacTyT. [logoOHOe BaMsAHME aHM3O0TPOIINY IOPOJ Ha OTKAOHEHM S CKBa-
>KMHBI OTMedeHO B Iporiecce Oypenns CI-3 [3]. Takum >xe 0OpasoM yIipyras aHU3OTPOIINS ITOPO/, OKa3hbl-
BaeT BAMSHIE Ha TeXHOOT4ecKie IapaMeTpsl Oypennst ckpakmapl OKU.

B 2010-2012 rr. corpyanmnyectso I'eosornmueckoro nncruryra KHL PAH n I'eoaormueckoit cayx0bt
OunasaAnm OyAeT pasBUBaTLCA B paMKaX HOBOTO IIpoeKkTa «bypeHne BOAM3M OCTTAAIIMOHHBIX Pa3A0MOB
DeHHOCKAHANI».

Pabota BrInoaHeHa 1pu GpuHaHCOBOI Toaaepskke PODL, rpant Ne 10-05-00082-a.
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Puc. 3. AkycTomoaspurpaMMbI 00pasIioB 13 cks. OyTOKyMITy.
Fig. 3. Acoustopolarigrams of samples from the Outokumpu borehole.
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Puc. 4. 3aBUCUMOCTHU CKOPOCTEVI pacIipOCTPaHeHMsI TPOAOABHBIX V (), V, (p) u monepeunsix V (e), V(p) Boan OT ray-
6unbl H. Kpacnas annust agas V(e), seaénas — aas Vy(e) (caesa); 3aBUCMMOCTH ITOKa3aTeAelt anuzorporuu A, B, u

A0THOCTHU Q OT rayounsl H (cripasa).
Fig. 4. Depth dependences of longitudinal V (e), V. (p) and transverse V(e), V(p) waves of depth H. Red line - V (e),
green line - V(e) (left); dependences of anisotropy A,, B; and density o values of depth H (right).
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ELASTIC AND ANISOTROPIC PROPERTIES OF ROCKS IN THE SECTION
OF THE FINNISH OUTOKUMPU (OKU) BOREHOLE

EF. Gorbatsevich, M.V. Kovalevsky, O.M. Trishina
Geological Institute KSC RAS, Apatity, gorich@geoksc.apatity.ru

January 2005 saw the research borehole drilling finished in South-West Finland near the worked
out complex ore deposit. The borehole reached the depth of 2516 m (Fig. 1). The Geological Survey of
Finland suggested the Geological Institute KSC RAS taking part in studying the core samples.

The upper part of the section, which depth is about 1310 m, is composed of mica schists with rare
interlayers of biotite gneisses [4]. The 1310-1515 m interval is composed of interchanging black schists,
biotite gneisses, serpentinites and diopside-tremolite skarns. Mica schists with rare interlayers of black
schists intersected by veins of quartz are below 1515 m. Mica schists interchange with intervals of granite
pegmatites and biotite gneisses below 1655 m. Granite pegmatites, garnet-biotite gneisses and biotite-
silimanite schists compose the lower part of the section. On the first research stage sections of 43 samples
were made. Structures of typical rocks are shown on Fig. 2. The type of the rock, its texture, structure,
mineralogical composition and density g (using the Archimedean method) were defined for all rocks.

The acoustopolariscopy of all the samples was done. This method is applied to study elastic and
non-elastic properties of anisotropic solid media mostly [2]. It allows defining the presence of the elastic
anisotropy, number and space orientation of the symmetry elements, symmetry type and elasticity
constants. The method was tested on media of cross-isotropic, rhombic and other types of symmetry. The
principle scheme of observations according to this method is similar to the sceme applied in polarization
observations in optics [1]. Acoustopolarigrams of the samples ODB-153_20, 599_00, 1101_30, 1414_75,
1488_65, 1893_80, 2155_15 and 2297_25 are shown on Fig. 3. The OKU samples often reveal the linear
acoustic anisotropy absorption effect (LAAA). Some samples of the lower part reveal the depolarization
of shear-waves effect. These effects were earlier defined for the Kola Superdeep Borehole SD-3 [3].

On the final research stage velocities of longitudinal and transverse waves, value D of LAAA effect,
projection of the symmetry elements regarding facets of a sample are defined and values of the elastic
rocks anisotropy A , B wew calculated.

Relying on the the measurements data, dependencies of distribution velocities of longitudinal V (e),
V.(p) and transverse V(e), V(p) waves of depth H were calculated (Fig. 4). V(e), V(e) are measured on the
samples, V (p), V4(p) are calculated considering the mineral composition of the rocks. If V_(p), V(p) do not
reveal any dependence of the depth, where the samples were taken from, V (e), V(e) manifest the general
tendency of decreasing with depth. The trends are close to linear ones, which testifies to the effect of the
samples decompressing when out of the litostatic tension. It was earlier registered for the SD-3 samples [3].

Fig. 4 shows combined anisotropy A, B and density o dependences of depth H. There one can
see the scheme of the angle (A) of inclination from the vertical. The results allow concluding that the
density of the rocks almost does not change with depth. It is only at the depths of 1310 and 1480 m that we
observe a dramatical increase of ¢ due to the rocks having no ore and dark colour minerals. Judging by
the values of A, B,, the most anisotropic rocks are at the depths of 900, 1460 m and at the interval of 1650-
2300 m. Since the elastic anisotropy in the metamorphosed rocks commonly reflects the characteristic
features of tensions, we may believe that major palaeodynamical events in the OKU borehole section
occurred at those very depths.

The analysis of the tendences for changes in A, B, and A reveals their interrelation. Up to the depth
of 1100 m, when the anisotropy is high, the angle A grows significantly. At the depths of 1100-1300 m
A, B; and A decrease. At the depth of 1550 m and lower these values grow. Such influence of the rocks
anisotropy on the borehole deviation took place in the process of the SD-3 drilling [3]. Similarly, the
elastic rocks anisotropy influences technological parameters of the OKU borehole drilling.

In 2010-2012 the Geological Institute KSC RAS and Geological Survey of Finland will proceed with
their collaboration in the framework of the new project “Drilling near postglacial faults of Fennoscandia”.

The research was carried out under the financial maintenance of RFBR, grant Ne 10-05-00082-a.
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N3YUYEHUE DAEKTPOITPOBOAHOCTN N1 PEOAOI'MIN
OEHHOCKAHANMHABCKON ANTOCDEPHI C UCITIOA1b30OBAHVEM
KOHTPOANPYEMbBIX NCTOYHUKOB ITMTAHUS

A.A. Xamaaeraunos ', A.H. lllesnos ', b.B. Epumos ?, I1. Kavikkonen 3, T. Kopbst 3
'Teoaormueckmii macTuTyT KHII PAH, Attatnter, Poccnst, abd.zham@mail.ru
2 IlenTp Ppusuko-rexumuecknx mpodaem snepretuku Cesepa KHII PAH, Anratntel, Poccnsa
3 Vansepcutet Oyay, OUHASTHAVS

SIpKMM IpUMepOM YCIIeIIHOTO POCCUIICKO-(PMHCKOTO COTPYAHMYECTBa B 004aCTH DAeKTPOMarHmT-
HBIX 1CCAEAOBaHMI C MCIIOAb30BaHUEM KOHTPOAMPYEMBIX MCTOYHMKOB IIUTAHMS CTaad DKCIIEPUMEHT II0
rAyOMHHOMY 30HAMPOBAHMIO C TIOMOIILIO MarHUTO-TUAPOANHAMIIECKOTO reHepaTopa «XMOUHBI» MOIII-
Hoctpio 80 MBt. On nposoanacs 30 aet Hazag B pamKax npoekra No 13 coTpyaHmyectsa pOCCUIICKONM U
¢Junckoit akagemuit Hayk [3]. B HacTosIIIee BpeM:I 1Te1ecO00pa3HO OCYIIECTBASITh COTPYAHNIECTBO 10 TPEM
HOBBIM HaIlPaBAEHIAM:

1. sxcnepument «FENICS-2012» aas m3ydeHMs ®AeKTPOIIPOBOAUMOCTI AUTOCPEPEl Ha rayOnHe
20 50-70 xM B cepepHOI 1 LleHTpaabHON PuHAAHANY 1 Koabcko-KapeabckoMm pernoHe ¢ ucroAb3oBaHueM
IIPOMBIIIA€HHBIX AMHUI IIepejad I reHepaTopa «OHeprus-2» MomHocThio 200 kBT B ananasone 0.1-200 I'o;

2. DKCIEPUMEHT I10 YaCTOTHOMY 30HAUPOBAaHUIO MarHUTOTEAAYPUUECKIMM METOAOM Ha 3BYKOBBIX
JacTOTaX C yIpaBAsSeMbIM ICTOYHUKOM BepXHell KOpbI Ha rayouHe 40 10 KM ¢ 1CII0Ab30BaHMEM MaIlHHO-
ro reHeparopa MomHocTsIO 30 kBT B ananasone 1-2000 I'y;

3. usayuenue peoaorun autoceps PeHHOCKAaHAUN Ha OCHOBE Pe3yAbTaTOB IAyOMHHOIO DAeKTPO-
MarHuUTHOTO 30HAMPOBAHISI C IIPUMeHeHNeM Teopun, pa3paboTaHHO B [4].

Plasma Generator -

Current

Magnets

Puc. 1. MaruuTto-ruAposuHaMuIecKknii reHepatop «XubUHbD» (CAeBa), 3aIlyCK reHepaTopa (CIpasa).
Fig. 1. MHD-generator «Khibiny» (left) and its starting (right).

Ocranosumcs 11oapoOHee Ha IIpe10KeHHBIX HallpaBAeHIX.

1. Tlpeaaaraercst IPOAOAKNUTD 9A€KTPOMAarHUTHEIE MCCAeAOBAHNS 110 MEKAYHAPOAHOMY IIPOEKTY
«FENICS» («Fennoscandian electrical conductivity from soundings with natural and controlled sources»,
«and» MPOM3HOCUTCA IMO-PYCCKM Kak «i» — A.A.) [1]. B pamkax sKcriepumeHTa IIPOBOAUTCA T AyOMHHOE
TeH30pHOe DAeKTPOMAarHUTHOE 30HAMpoBaHMe Autocdepn PennockaHAuHaBCcKOro (baaruitckoro) muTa ¢
JICII0Ab30BaHMEM ABYX B3aMIMHO OPTOTOHA/ABHBIX IlepeAaTdMKOB — AMHUIN DaeKkTporepesad L1 n L2, ycra-
HOBAEHHBIX C BOCTOKA Ha 3alla U ¢ ceBepa Ha Ior Ha paccrosuun 109 u 120 km cooTBercTBeHHO (puc. 2). I'e-
HepaTop MomjHOCTEIO 200 KBT moaaét cuHyconaaAbHbIN TOK Ha IIPOMBIIITAE€HHbIe AMHIM, YaCTOTHBIN AMa-
1a30H reHeparopa «DHeprusd-2» — 0.1+200 I'm.

/o HacTosIIIero BpeMeHn mposedeHo ABa skcrepumenTa «FENICS» (2007, 2009). VMccaeaopatean-
ckast KoMaHga YHusepcutera Oyay npuHumaada ydactue B okcriepumente «FENICS-2007». Mismepureapnas
crannus Oyay pacrioaoskeHa Ha paccrosiHum 450 kM oT nepegarduka. IloaoskeHune riepegaTunKkos U Ipu-
éMHUKOB B 9Kcriepumente «FENICS-2007» nokasano Ha puc. 2. JaHHbIe 10 30HAMPOBAHNIO C CIIOAb30Ba-
HIIeM KOHTPOAMPYEMbBIX MCTOUHIKOB YKa3hIBAIOT Ha TO, YTO TAyOMHHBIN DAEKTPUIECKUIT pa3pe3 AUToche-
pot Ha CB @enHoCKaHAMM XapaKTepu3yeTcs MeHee 1AM 00/ee TOPU30OHTaAbHO OAHOPOAHOM CTPYKTYPOIL I
BBICOKMMIU 3HAYEHUSMM YAE€AbHOTO COIIPOTUBACHIS B AnartazoHe rayounsl ot 10-15 40 50-70 k. [Tonepeu-
Hasl COIPOTUBAAEMOCTh <HOPMaAbHOTO» DA€KTPUIECKOTO pa3pesa cocTapaseT npumMepHo 100 om-m2.
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Puc. 2. Caepa: TBOpUecKnit KOAAeKTUB Y MakeTa reHepaTopa «DHeprus-1» (caesa Harrpaso): B. Koaobos, IT. ITpokomuyk,
A. KXamazerannos u M. bapannuk. Lludppamn obosnavensr: 1 — mHBepTOp, 2 — BRIIPAMUTEAD, 3 — OAOK yIIpaBAeHN
CYP3A. CrrpaBa: pe3yabTaThl 30HAMPOBAHMS C ITOMOIIBIO MarHUTO-TUAPOANHAMITIECKOTo reHepaTopa Ha Koanckom
II-0Be: a — CXeMa M30AVMHNI DAEKTPUIECKOIO 1015, TeHepaTop «XMOUHE»; O — 9AeKTPOIPOBOAHOCTD 3€MHOI KOPEI 11O
AaHHBIM 30HAMpOBaHM:. CIipaBa: MOAOXKeHNe Tepejaloniux Anaui (mupotHas L1 1 mepuanonaasHas L2; kpacHbie
CTIAONTHbIE AMHUN) ¥ TPUEMHMKOB (KpacHbIe KPY>KKM 1 o0o3HaueHneM «Pnn» u ap.). Ha Bpeske — moaoxxenne bapenri-
Oypra Ha HInunbeprene.

Fig. 2. Left: the research team near the “Energy-1” generator model (from left to right): V. Kolobov, P. Prokopchuk, A.
Zhamaletdinov, M. Barannik. Figures indicate: 1 — invertor, 2 — rectifier, 3 — controller. Right: location of transmitting
power lines (latitudinal L1 and meridional L2; red solid lines) and receivers (red circles signed “Pnn”, etc.). Small map
shows the location of Barentsburg in Spitsbergen.

OannM 13 BaskHeNIINX pe3yabTaTos oKcrepumenTa «FENICS-2007» craao obHapy>kenue B C3 ga-
ctu Kapeanckoro Tepperina s Poccun u ceepHoit @UHASHANY aHOMaAbHOIO YMeHbIIIeHNsI IIOTIepeUHO CO-
IIPOTUBAAEMOCTHU CcpeAHeit Kopsl 40 107 om-M? (puc. 3a). Ha puc. 3b moaoxxenne T-anomaanu cornocrasaeHoO
C KapTO¥ DAEKTPOIIPOBOAVMOCTY KOPHI Ha Auariazone rayous ot 0 4o 60 kum [2], Ha puc. 3¢ — c 00001EéHHOTT
re0/0rn9ecKol KapToil obaactu uccaegosanus (Iaasnes, 2003). Ho Her coraacus xaptsl T-aHomMaauu ¢
KapTOI IIPOBOAVMMOCTY KOPBI M ITIOBepXHOCTHOI Teoaorneri. C gpyroit croponsl, popma T-anomMaanu co-
oTBeTCTByeT popMe aHOMaANM Moxo (puc. 3d) 1o celicMMIeCcKUM AaHHBIM A4S IIeHTpaAbHOV PUHASHANI
(ITaBaenxosa, 2006). Kourypsr T-anomaaun orpanmuusaiorcst CB yacTpio ceiicMuyeckoir aHoMaAaAnu, B KO-
TOpoIt rpanua Moxo morpyskaercst Ha rayouny 60 KM OT «HOpMaAbHOI» rayomHsl B 37-40 xm. Aas ae-
TaAbHOM MHTepIpeTalNi CeliCMUYeCKUX U Te0DAeKTPUUECKMX AaHHbBIX HYy>KHO ITPOBeCTU AOIOAHNUTEAbHbIE
nsMepenus ¢ nepegarankom FENICS.

Ilo »ToMy HaIpaBAeHHUIO I1eAecO00pPasHO IPOBECTH POCCUIICKO-PUHCKUIT 9KcrepumenTt «FEN-
ICS-2012» 110 TEeH30pHOMY YaCTOTHOMY 30HAMPOBAaHUIO AAs U3YIE€HUsI TAYOMHHO DAeKTPOIPOBOANMOCTI
anrtocdepsl BocTouHOI yacTu Pennockanauu Ha paccrosann 40 700-800 KM OT MCTOYHMKA U Ha TAyOMHe
20 50-70 xm. OCHOBHOI1 yTIIOp A04A>K€H OBITH Ha CCAeA0BAHNY KOPPeASLNI DAeKTPOMarHUTHBIX U CeIICMI-
YecKux aHoMaAauii (puc. 3).

2. Ilo Bropomy HaIrpasAeHUIO IIpeAJaraeTcs BBHIIIOAHUTD POCCUIICKO-PUHCKIUI DKCIIEPUMEHT 110
TEeH30PHOMY Y4aCTOTHOMY 30HAMPOBAHMIO C MCIIOAb30BaHIEM MAaIIMHHOTO TeHepaTopa «DHeprus-3» Tpe-
THETO ITOKOAEHMS A5 U3YIEHUsI IIPOMEXXYTOUHOIO CAO0S IIPOBOANMOCTU AUAATaHTHO-AUPPY3UHHOM ITpU-
poapt («caort DD») Ha npumepe rpanutHoro maccusa Posanmemu B ceseprort Ounasaaun. Iloao6nbix
DKCIIEPMMEHT YCIeIIHO NpoBeAéH B 1997 r. B IpaHUTOMAHOM MaccuBe LeHTpaabHONU PuHasHAUN [2]. 3a
npomeamye 13 2eT TeXHOAOIMS YaCTOTHOIO 30HAMPOBAHI: CYIIeCTBeHHO YCOBEepIIeHCTBOBaaackh. [enepa-
TOp TPeThero MOKOAEHUs IIpecTaBAseT coDOI MAaIlMHHEBINA TeHepaTop C ABOMHBIM MCTOYHMKOM MOITHO-
crpio 30 kBT, criocoOHbIiT cO34aTh DA€KTPOMAarHUTHEIE 104 IOASPU3AIMN BPAIeHUs C MCII0Ab30BaHIeM
ABYX B3a/IMHO NePIIeHAVNKYASPHBIX 3a3€MAEHHBIX AMHUIT 9AeKTponepedad. [Ipegaaraercs nsyauTs vaek-
TPOIPOBOAMMOCTD BepXHel KOPBI Ha paccTOSHUAX 40 70-80 KM MexXAy nepe4aTiMKOM U IPUEMHUKOM U
Ha rayoune 40 10 km. OCHOBHOII aKkIIeHT CAeAyeT cAeAaTh Ha MCCAeAOBAaHUM CTPYKTYPBI IIPOMEKYTOYHOIO
IIPOBOAMMOIO CA0SI B BepXHell KOpe € ICII0Ab30BaHMeM KOMILAeKCHBIX MeToauK 3oHauposannuss CSAMT n
AMT (MarHuTOTEAAyPUYECKMI METOJ Ha 3BYKOBBIX JACTOTAX C yIIpaBAseMbIM MCTOUYHUKOM M Oe3 Hero).
IIpeaaaraemoe Hayaa0 sKcriepumenTa — aet1o 2013 r.
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Puc. 3. KomnaekcHas mHTepripeTanms gaH-

HpIx 9KcrtepuMenTa «FENICS-2007».

a — KapTa M30AMHMUIA (KpacHble AMHUU) ce-
KyIIero 9AeKTPUYeCKOro CONpOTUBAe-
Hus B kKope T B omM?% b — mposoaumocts S

(Cumenc) xopsr, 0-60 xm [2]; ¢ — ynpomién-

ara sy Hasi reoaoruueckas kapra (Iaasmes, 2003).

RS Y M4 L 1+3 — xommaekcsl AR (1 — Koabcknii, 2 — Be-
B ¥ ity S SR N N

e '},s-’ | gs;&vﬁf\(rqs " Saint Peterstaxg aomopcekuit, 3 — Kapeasckmii), 4 — Cseko-

JeHHCKII PR kommaekc, 5 — araana-

CKIJ TPaHy AUTOBBIN O5IC, 6 — By AKAHOTEHHO-

0CaZOuHBIl KOMILAEKC, 7 — I'PaHUTOUABI, 8
— KaaeJOHMABI, 9 — 10kHas rpanuia Ceko-

Jennckoro muTa; d — M3OAMHNMN TPaHUITHI

Moxo Ha rayOmHe (KM) ITO CeMICMITIeCKIM
AaunpM (ITaBaenkosa, 2006).

Fig. 3. Complex data interpretation of the
FENICS-2007 experiment.

a - the map of isolines (red lines) of the crustal
transversal electrical resistance T in W-m? b -
condactivity S (Siemens) of the crust (0-60 km)
[2]; ¢ — simplified geological map (Glaznev,
2003). 1+3 — Archaean complexes (1 — Kola, 2 — White Sea, 3 - Karelian), 4 - Svecofennian Proterozoic complex, 5 — Lapland
Granulite Belt, 6 — volcanogenic-sedimentary complex, 7 — granitoids, 8 — caledonides, 9 — southern border of the Svecofen-
nian Shield; d - isolines of the Moho depth (km) according to seismic data (Pavlenkova, 2006).

3. Tpetrbe HampaBAeHMe MCCA€40BaHN OCHOBAaHO Ha BO3MOJKHOCTU M3y4YeHUs peoAOTun TAyOuH-
HOJl ANTOCEPEI IO €€ DAEKTPUIECKOMY paspe3y B KOMILIEKCe C APYTUMU reopU3NIecKMU AaHHBIMIU.
Teopns paspaborana B [4]. 3HaueHMe nccaeA0BaHII 3aBYICUT OT CTAOMABHOCTY MHBEPTUPOBAHHBIX PE3yAb-
TaTOB IAyOMHHOIO DAEKTPOMAarHUTHOTO 30HAMpoBaHl. DKcriepumeHTH «FENICS-2007» 1 «FENICS-2009»,
B X0/ KOTOPBIX Obl1a AOCTUTHYTa perucTpanisl CTabMABHBIX CUTHAA0B Ha paccrostauu A0 1300 kv (Immi-
Oepren) u 2150 kM (YKpanHa), OTKPBLAY HOBBIE IIEPCIIEKTUBBI ICCA€A0BaHIII B 9TOM HallpasAeHun [1].

1. JKamazaeraunos A.A., llesnios A.H., Koporkosa T.I. n ap. Mesxxaynapoansiit sxcriepumenT «FENICS» o ten-
30PHOMY YaCTOTHOMY 9/1€KTPOMarHUTHOMY 30HAUPOBaHUIO AUTOChEpHl BOCTOYHOM Yactu baatuiickoro (PeHHOCKaH-
AnHaBckoro) tmuta // Aoxka. AH. 2009. T. 427. No 3. C. 388-393.

2. JKamazeraunos A.A., llesnios A.H., Tokapes A./. 1 Ap. DAeKTpOMarHuTHOe 4aCTOTHOe 30HAMPOBaHIe 3eMHOII
KOPHI I[eHTPaAbHO-PUHCKOTO KOMITLAeKca TpaHuTonAoB // Pusnka 3eman. 2002. No 11. C. 54-68.

3. Hjelt S.-E., Vanyan L.L. (Eds). Geoelectrical models of the Baltic Shield. Rep. N 16. Oulu: University of Oulu, Dep.
Geophys. 1989. 249 p.

4. Kaikkonen P, Moisio K., Heeremans M. Thermomechanical lithospheric structure of the central Fennoscandian
Shield // Phys. Earth and Planet. Int. 2000. N 119. P 209-235.

THE STUDY OF ELECTRICAL CONDUCTIVITY AND RHEOLOGY OF THE
FENNOSCANDIAN LITHOSPHERE WITH CONTROLLED POWER SOURCES

A.A. Zhamaletdinov’, A.N. Shevtsov’, B.V. Efimov?, P. Kaikkonen?®, T. Korja®
! Geological Institute KSC RAS, Apatity, Russia, abd.zham@mail.ru
2 Centre for Physical and Technological Problems of Energy in Northern Areas KSC RAS,
Apatity, Russia
® Oulu University, Finland

A bright example of the Russian-Finnish successful cooperation in the electromagnetic research with
controlled power sources proved the experiment on the deep sounding with of the 80 MW power magneto-
hydrodynamic generator “Khibiny”. The experiment was carried out 30 years ago in the framework of
Project 13 of Russian and Finnish Academies of Sciences cooperation [3]. Currently the three new lines of
collaboration as follows seem worthy promoting:
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1. experiment “FENICS-2012” aimed at studying the lithosphere electrical conductivity at the depth
of 50-70 km in Northern and Central Finland and Kola-Karelian region using industrial power lines and the
“Energy-2" generator of 200 kW power in 0.1-200 Hz frequency range;

2. experiment on CSAMT frequency sounding of the upper crust at the depth up to 10 km using a
car generator of 30 kW power in 1-2000 Hz frequency range;

3. studying the Fennoscandian lithosphere rheology on the basis of deep electromagnetic sounding
results in complex with the theory developed in [4].
Below is a detail review of the suggested ways of cooperation.

1. We suggest proceeding with the EM research in the framework of the “FENICS” international
project (“Fennoscandian electrical conductivity from soundings with natural i (and) controlled sources”,
word “and” is spelled in Russian like “i” — A.A.) [1] The experiment provided the deep tensor electromag-
netic sounding of the Fennoscandian (Baltic) lithosphere with two mutually orthogonal transmitters. These
were the L1 and L2 industrial power lines installed in the east to west and north to south directions on the
distance of 109 and 120 km respectively (Fig. 2). The location of the L1 and L2 transmitting lines is shown
on Fig. 2. The “Energy-2” generator of 200 kW power supplies sinusoidal current into industrial lines in
0.1+200 Hz frequency range.

There were two “FENICS” experiments in 2007 and 2009. The Oulu University research team took
part in “FENICS-2007”. The Oulu Measuring Station was located at the distance of 450 km from the trans-
mitter. Fig. 2 shows location of transmitters and receivers in the “FENICS-2007" experiment. Data on con-
trolled source soundings indicate the deep electrical section of lithosphere in the northeastern Fennoscandia
having a more or less horizontally homogeneous structure and high specific resistance at the depth of 10-15
to 50-70 km. The transversal resistance of an “average” electrical section is about 10" Q-m?

One of the main results of the “FENICS-2007” experiment is the anomalous decrease of the middle
crustal transversal resistance up to 10° Q-m?* discovered in the North-Western Karelian terrain in Russia
and in Northern Finland. The location of the T-anomaly is shown on Fig. 3a. Fig. 3 shows the location of
T-anomaly in comparison with the crustal electrical conductivity map at the depth of 0 to 60 km [2] (Fig.
3b) and with the generalized geological map of the study area (Glaznev, 2003) (Fig. 3c). However, there is
no conformity between the T-anomaly map and crustal conductance map. Nor between the former and
surface geology. On the other hand, the shape of the T-anomaly is conformable with the shape of the Moho
anomaly (Fig. 3d) detected from seismic data in Central Finland (Pavlenkova, 2006). Contours of T-anomaly
frame from the East-North of the seismic anomaly area, where the Moho boundary submerges to the depth
of 60 km from the “average” depth of 37-40 km. Some extra measurements with the FENICS transmitter are
required for the detail interpretation of the seismic and geoelectrical data.

In this field of cooperation we suggest organizing the joint Russian-Finnish experiment
“FENICS-2012” on the tensor frequency sounding to study the deep electrical conductivity of the Eastern
Fennoscandia lithosphere at the distance up to 700-800 km from the source and at the depth up to 50-70 km.
The study is to focus on the electromagnetic and seismic anomalies correlation (Fig. 3).

2. So far the second cooperation line is concerned, we suggest organizing the joint Finnish-Russian
experiment on tensor frequency sounding using the car “Energy-3" generator of the third generation to
study the intermediate conductive layer of the dilatant diffusive nature (“DD-layer”) on the example of the
Rovaniemi granite massive in Northern Finland. The similar experiment was carried out in Central Finland
granitoid massive in 1997 [2]. The technique of frequency sounding has been significantly improving
during the last 13 years. The third generation generator is a 30 kW power double source car one, capable
of producing electromagnetic field of rotating polarization with two mutually perpendicular grounded
electric lines (electric dipoles). There we suggest studying the upper crust electrical conductivity at the
distances up to 70-80 km between the transmitter and the receiver and at the depth up to 10 km. The major
study focus should be the structure of the intermediate conductive layer in the upper crust using complex
CSAMT and AMT sounding techniques. The planned time of the experiment launch is summer 2013.

3. The third line of cooperation is connected with a possibility to study the deep lithosphere rheology
on the basis of its electrical section in synthesis with other geophysical data. The theory is developed in [4]. The
value of this study depends on how regular the inverted results of the deep electromagnetic sounding appear
to be. In the “FENICS-2007” and “FENICS-2009”experiments regular signals were registered at the distance
up to 1300 km (Spitsbergen) and 2150 km (Ukraine), which opens new horizons of research in this field [1].
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PE3YAbLTATEI POCCUICKO-HOPBEXKCKOI'O ITPOEKTA «IITEZIOYHEIE
IIOPOABI BAPEHIITEBOMOPCKOI'O PETMMOHA» ITPU TTOA AEPKKE
BAPEHII-CEKPETAPUATA 1 UCCAEAOBATE/BbCKOI'O COBETA HOPBEI'MIN

A.P.303yasn’, K-B. Kyaaepya ? E.-K. Pasna ?, X. Xancen *
'Teoaormaeckuit mactutyt KHII PAH, Antatntsl, Poccns, zozylya@geoksc.apatity.ru
*Vausepcuret Tpomcé, Hopserus
3 Store Norske Gull AS, Tpomcé, Hopserus

Kowmmnaekc ocHosanus 3am. Tpomcé (WTBC), Ces. Hopserns1, caoskeH apxeiiCKMMM U ITPOTEPO30Ii-
ckumu nopodamu. OH 3azeraeT B KpyImHOM okHe 120x20 KM TeKTOHO-cTpaTurpaddecky nepeKphBaromX
Kazaegonckux aaaoxtoHos (puc. 1). OcrosHble mopoansie cepun WIBC skatogator TTT-rrericsr (2.9-2.6
MAPJ A€T), CyIIpaKpycTalbHbIe IIOPOAbI 3e1eHOKaMeHHOTO Tosica (2.84-2.6 Mapa aet), MadudecKue Aaiku
(2.4 Mmapga aet) u uHTpY3UM rabOpo-anopuTta u rpanuTta (1.8-1.7 mapg aer).

I Archean

[ Proterozoic
[ Caledonian
[ Phanerozoic

[ Archean alkaline and
carbonatitic intrusions

[=] Archean Keivy peralkaline
granite province

[_7] Boundaries of major
crustal segments

Legend
] Caledonian allochthons
Bl Granitic rocks
P Gaboro / diorite
B supracrustal rocks

Ersfjord Granite
Tonalite and tonalitic gneiss l\
Undifferentiated gneisses

e Thrust fault

== Shear zone

West Troms
Basement Complex

Puc. 1. a - reoaorudeckas cxema CTpOeHIS 40KeM-
Map i 6purickoro pyHaamenTa 3anagHoro Tpomcé (Ce-

r ..
sepHas Hopserus). 35€3g0ukaMm OKa3aHbl Me-

CTOIIOAOKEHNT YABTPaKaAMeBbIX Aa€K KBazoiis

% RGBS = Ringvassoy greenstone belt u He(l)e/lI/IH'CI/IeHI/ITOBOrO INTOKa MI/IKKe/H)BI/IK.
s St = Steinskardtind supracrustal zone .
= 2 MS = Mjelde-Skorelvvatn supracrustal zone 0 - prOH.[eHHa?I reoa0rm4yeckKkasr cxema CTpoe—
5 j > T = Torsnes supracrustal zone B N
e / A = Astridal supracrustal zone HIISI BOCTOYHOM YacCcTy WeHHOCKaHANI. eATbIMU
0 10  20km o D X
s V4 Sv = Svanfjellet supracrustal zone

poMOaMI1 TTOKa3aHbI ITPOIBAEHIS apXeTICKIIX IIle-
A09HEBIX TopoJ;: Sakh - maccus HedpeanHosbIx cneanToB Caxapsiiok; Siil - maccus xapoonatutos Cunanaapsu; Mikk
- HepeAMH-CeHNUTOBBIN ITOK MIMKKeALBIK.

Fig. 1. a — geological structural scheme of the Precambrian West Troms Basement Complex (North-Norway). Asterisks
indicate deposits of the Kvaldya ultrapotassic dykes and Mikkelvik nepheline syenite stock. b — simplified geological
structural scheme of the Western Fennoscandia. Yellow rhombs indicate occurrences of the Archaean alkaline rocks: Sakh —
Sakharjok nepheline syenite massif; Siil - Siilinnyarvi carbonatite massif; Mikk - Mikkelvik nepheline syenite stock.

He(eann-cnenurossle nopoasl MUKKeABNK Ha 0. PuHIBaccoir o0pasyioT He0oab1molt mTok 30x50 M,
npopsiBast TTI-rueticer. OH cA05KeH, r1aBHBIM 00pa3oM, KPYITHO3epHUCTEIMY Hede ATHOBBIMY CHEeHNTaMI
U CpeJHe3epHUCTBIMIY KaHKPYHNT-CUEeHNTOBBIMU Aavikamu (puc. 2). U-Pb aatnposanme tTutannta ns Hede-

Puc. 2. a - Aaiika cpeAHE3ePHUCTHIX KAHKPUHU-
TOBBIX CHEHNTOB, 3ajeraiomias B KPYITHO3ep-
HIUCTBIX He(peAMHOBBIX CMeHuTax; 6 - ImocrMar-
MaTudeckne oOpas3oBaHIs, IpeACTaBAeHHBIe
KaAbIIMTOBBLIMU >KMAAMU U OMOTUTOBBIMU 30-
HaMU CKaAbIBaHMSL.

Fig. 2. a — medium-grained cancrinite syenite
dyke in coarse-grained nepheline syenites;
b — post-magmatic formations represented by
calcite veins and biotite shear-zones.
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Puc. 3. U-Pb agnarpamma ¢ KOHKOpAUeT AAs TUTAHNTa 13
HeeAMHOBOTO cCreHNTa MIKKeAbBUK.

Fig. 3. U-Pb diagram with a concordia for titanite from
the Mikkelvik nepheline syenite.

AVIHOBOTI'O CMEeHMTa AaA0 Bo3pacT 2695+15 Man aer
[7] (puc. 3). Hedpeann (30-40 06 %) obpasyeT rumm-
Anomopgusle Kpucraaasl pasmepom 0.5-0.8 M.
KankpuanT (20-30 06. %), aapbut (15-20) 1 Mukpo-
kanH (15-20) aaaorpmomopdusl. EauHCTBeHHBIM
MaduiecKuM MHUHepaaoM sBasgercst 6motut (20-
30). boaee 1o3aHsAsA BTOpOCTEIIEHHAs MarMaTude-
ckas (pasza, oOpasyiomas HellpaBUAbHbIE IIATHA U
>KUABL, Ipe/ACTaB/AeHa IeA0IHBIM CUEHUTOM, CAO-
>keHHBIM aapbuTOoM (50-60 00. %), MUKPOKAMHOM
(15-20), srupun-auoncugom (10-15) n nepsmuaHbIM
kapoonaroM (40 10). TutaHuT 1 SNNAOT BCTpeda-
IOTCSI KaK aKIIeCCOPHbIE MIHEPAAbl BO BCEX THITAX Fig. 4. Mineral composition and structural peculiarities of
I0pPOJ, HO KAHKPWMHUTOBHIE CUEHUTHI TaKXKe CO- the nepheline syenites (a, b), alkaline syenites (¢, d) and
Aepxar cTpoHaabcut (puc. 4). VspectHrle panee cancrinite syenites (e, f) of the Mikkelvik stock. Morphology
Ha GeHHOCKAHAMHABCKOM IiuTe mosaxeapxerickue  Of the stronalsite extractions (g, h).

He(peAMHOBLIe CHEHUTLI C BO3pacToM 2.61 mapa

Puc. 4. MuHepaabpHBIil COCTaB U CTPYKTYpPHBIE OCODEHHO-
cty Hepe AMHOBBIX CUE€HIUTOB (a, b), 111eA0YHBIX CIEHNTOB (C,
d) u xaHKpUHNUTOBEIX cueHNTOoB (e, f) mToKa MUKKeABBUK.
Mopddoaorust BeigeaeHnii crporaascuta (g, h).

1000

1000

Rock/chondrite
Rock/Primordial mantle

0 - a— T T a— T T L T T L

Rb Ba Th U K Nb La Ce Sr Nd Sm Zr Hf Ti Tb Y

1 T T T T T T T T T T T T

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Puc. 5. Pactipeaeaenue HOpMaAn30BaHHBIX PeAKO3eMeABbHBIX 1€MeHTOB (BBePXY) I HECOBMECTUMBIX DA1€MeHTOB (BHI-
3y) A4 e A0UHBIX IOPOA IITOKa MuKkeabBuK. /45 cpaBHeHIs IIOKa3aHbl paclpeeeHs] HECOBMECTUMBIX 91€MeHTOB
B 6asaanTax OIB- 1 MORB-THmos (pomM05I).

Fig. 5. Distribution of normalized REE (top) and non-conforming elements (bottom) for the alkaline rocks of the
Mikkelvik stock. Shown to be compared with is the distribution of non-conforming elements in OIB and MORB basalts.
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et (Caxappitokckuit Mmaccus B KoabckoMm kpato-
He) [6] OTHOCATCA K MMAaCKUTOBOMY TUITY U IMEIOT
0o4ee pasBUTYIO IPUPOAY (IIOBLIIIIEHHOE COAep-
>kanue FeO n HFSE, nonmxennoe MgO). Muk-
KeABMKCKIEe IIOPOABI XapaKTepU3yIoTcsl obejHe-
HueM HekotopsiMyu HFS »aementammu (Zr, Nb,
Y), oboramennem HekotopsiMu LIL »aemenTamn
(Sr, Ba) n cuapHeIM (PpakunoHuposanuem TR.
TeoxnMmugeckue comocTaBAeHuUs TOBOPAT O TOM,
4YTO IOPOABI pa3BUBaAuCh n3 1mogooHoi OIB mar-
Mbl (puc. 5). AudpdepeHnmanst u3 Ie109HOTO
0azaapTa IIepBOHAYaAbHO KOHTPOAMPOBalach
¢paxnuoHnposaHnemM HupokceHa u am¢uooaa.
Mzoronnpie gannbie 1o Nd aator snavenus €,,(T)
= 3.0-3.6, xapakTepHble A4 AeNAeTHPOBAHHOI
manTuy, ¢ & (T) =5-19, uTo yKaspiBaeT Ha HEKOTO-
poe oboraireHre MaHTUITHOTO ncTouHMKa. Cpean
VI3BECTHBIX ApXEJICKMX IEAOUHBIX KOMILAEKCOB Fig. 6. The ultrapotassic dyke of the Kvaldya island.
nposuHins CKboAAyHIeH (BOCTOYHAs YacTh Kpa-

toHa Hamnn, I'penaanaus) [3] Hanboee cxogHa ¢ M3ydeHHBIMM HaMIU IIOPOJaMIU I10 BO3PacCTy, M30TOITHBIM
U TeOXMMMYECKMM XapaKTepUCTUKaM, YKa3bIBalOIIMM Ha CXOAHYIO TeoAMHaMMYecKylo 9Boaounio I'pen-
aasavm 1 WTBC B mosaHem apxee.

Ilepxaanitasle gaviku o. Ksaaest HegasHO ycraHOBAeHH B mpegeaax WTBC. Hlupuna aaexk Ksaaes
0.1-1.0 M. OH1 ceKyT rpaHUTEI C Bo3pacToM 1.8 mapga aet (puc. 6, 7). Jaiiku mMpocAeKuBaloTcsl BAOAb AN-
HeaMeHTa AAMHOM 5-6 kM, Tipoctupasch Ha 3C3 (puc. 8). Bmeraronine rpaHUTEI COPBaHBI U pa3pyIIeHb
40 rayduns! 0.6-1.0 M OT KOHTaKTa, YTO yKa3blBaeT Ha BHeApeHMe JaiKi IIPU BHICOKOAMHAMMYHBIX YCAO-
susix. [lopoaa mopdupurosast u caoxena ¢peHokpucrasaamu ¢paorommra (40 5 00. %) ¢ KarimaMu 13 Te-
tpadeppudaoronura (puc. 9). TorkozepHMCTHII MaTpUKC caoxxeH K-marnesmoapdsegconurom (30 06.
%), oprokaazom (40-50); BTOpoCTelleHHBIe U aKIleCCOpHbIe MIHepaabl IIpejcTaBAeHbl anatutom (5-7),
ouorutom Ba,(Ti,Nb).Si,O,.Cl (a0 3), pyrnaom (1-3), Gapurom, upkoHom u HeussectHbiMu Na-Mg-Ba-
P-O munepaasupiMu Bugamu (puc. 10). Bropuunsiit Munepaa — xaopur (5-7 00. %), BO3MOXHO, 110 0AU-
BUHY. /lOKaapHO BCTpedaroTcsi caednl Ti-srupuna
(1-5 Bec. % TiO,) n Geaoit obeanénnoi Al (1-2
i Bec. % AlLO,) n oboraménnon Mg caoap (TeHno-
] ant?). Tlo ®K30TMUIeCcKOl MMHepaAOTUU U COCTa-
By HOpOABI Jalika Kpases mpmHagaeXuT K Aam-
IpouTOBOM cepum [4], HO OoJee TOYHO TTOPOAY
MO>KHO OIpejeAnuTb KaK IIepeXOAHBIN THUIl AaM-
npoura [5] 1AM MPOMeKyTOUHBIN TUII AaMIIPOMTa
(puc. 11). Marsesnoap¢BeACOHUT XapaKTepU3yeT-
cs BpicoKuM cogepkannem KO (4.5-6.0 sec. %) n
TiO, (0.7-3.5), oprokaas cogepxur 1.6-3.6 ec. %
FeO, ¢paoronur nmeer Huskoe cogepkanue Al,O,
(9.2-10.7), no oborameén TiO, (2.1-2.6). OcHosHbIE

. 4 reoXyMMJecKre XapakTepHUCTUKU IIopoAsr: K/
22 Tpavu (ox. 1.8 wnpa ner) Na=23-2.9, K/Al=1.0-1.2, K =1.4-1.7, Mg#=76-84,

Puc. 6. daiika yabTpakaaneBoro cocrasa Ha 0. Ksaaest.

PaiioH Ha
TEepPUTOPUK
Hopeeru

I Keapuessii avopuT (AR) La/Yb _=100-140; SiO,=54.8-56.8 (Bec. %), TiO,=3.2-
[ Mmcvnpa{g;r:';wuﬁ 4.0, Ba0O=0.55-147, P,0,=2.5-3.0, Zr=2650-3000
KOMnnexkc PRy,
. . (r/t), REE=900-1260, Sr=2300-2500. Pactipeaeaenue
l:' PaHUTO-THENCH! U THeHCH!
oCHOBHOTO ocTasa (AR) HOPMaAM30BaHHBIX HECOBMECTUMBIX D1€MEHTOB B
S TR NN Aavike KBaaest B 60AbIIIeit cTerieH! COrAacyeTcst co
0 5 kM (nocT-KanenoHckue) . .
— AN S— cpeAHell AaMIIPOUTOBOI MOAEADBIO, YeM C AaMIIpO-

¢upom (puc. 12). [Topoasl, cXoaHbIE IO COCTABY C
BBICOKOKpPEMHEe3EMIUCTBIM AamiipontoM Ksaaes,
JacTO COMNPOBOXKAAIOT «UIMCTO» AaMIIPOUTOBBIE
CBUTBI C OAVIBUHOBBLIMU U AEVLIVITOBBLIM yALTPAO-
CHOBHBIMI U OCHOBHBIMM IIOPOJaMi, HaIlpumep,
Leucite Hills (Baitomuur), Smoky Butte (Monra-
Fig. 7. Schematic geologic map of the Kvaldya island area, Ha), Mount Bayliss 1 Priestly Peak (Aurapxruaa),
North-Norway, and occurrences of the ultrapotassic dykes.  pendennis (Be AI/IKO6pI/ITaHI/I 1), Murchia-Almeria
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Puc. 7. Cxema reoa0rn4eckoro crpoenns paiiona o. Ksaaes
(ceBepnast Hopserus1) n MectonoaokeHus Jaek yAbTpaka-
AMEeBOTO COCTaBa.



Previously known outcrops
of lamproite dyke

Previously known: outcrops
_—_of lamproite dyke

£

~——

Puc. 8. Hosble mposiBaeHNs Aaek Ha 0. Kpazes (A11HeaMeHT 4AMHOI 5-6 KM).

Fig. 8. New dyke occurrences on the Kvaldya island (5-6 km long lineament).

Puc. 9. Texctypnbie ocobennoctu gariku Ksaaes (caesa) Ha KOHTaKTe ¢ BMEIIAIONTUM IPaHUTOM (CIIpaBa).

Fig. 9. Structural peculiarities of the Kvaldya dyke (left) on the contact with the country rock (right).

Puc. 10. Mopdoaorus sbigeaennii 6aorura (caMblil CBeT-
ADlit) U pyTuAda (cAeBa), arnatuTa ¥ HeAuarHOCTUPOBaHHON
MuHepaAbHOI ¢assr coctaBa Na-Mg-Ba-P-O (cmpasa).

Fig. 10. Morphology of extractions of baotite (the lightest)
and rutile (left), apatite and and unknown Na-Mg-Ba-P-O
mineral species (right).
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HIGH MAGNESIUM Puec. 11. SiO2-Mg# kaaccudukalioHHas Au-

SERIES arpaMma A4s Kaamesbx nopog [2]. Kpysx-
' KaMU ITOKa3aHbl yAbTpaKaaAleBble ITOPOALI

Kpazes. IToas aammponros: WK — Vacr
Kumbepan; LH — Aeitniutr Xmaac; MA —
----- Mypcusa-Aameitpa. ITpuxoBaHHO! AMHU-

kimberlites

80

olivine "

€1 IT0Ka3aHo I10A4e AaMHpOCl)I/IpOB.

melaleygttite
3 70 1 Fig. 11. SiO2-Mg# classifying diagram for
%0 Ibasic potassium rocks [2]. Circles indicate the
Kvaldya ultrapotassic rocks. Lamproite
60 1 . fields: WK - West Kymbely; LH -
i Leucite Hills;, MA - Mursia-Almeyra.
Dotted line indicates the lamprophyre field.
50 A
1 NORMAL Intermediate L?:riltoelite
40 MAGNE ISIUM SERIIES : . :
30 35 40 45 50 55 60

Si0, (Wt %)

province (1oro-zanaanas Vcranns) [1, 4]. Tursl mopoa, MMeHyeMble KaHKaAUTOM ¥ KaHKapUKCUTOM, CAO-
>KE€HHbIe OOABIINM KOAMIEeCTBOM caHMAMHa 1 K-puxTrepuTa 11 He3HaYUTEeABHBIM MOAAAbHBIM/HOPMaAbHBIM
OAVMBUHOM U AMOIICMAOM, OMNCaHbI A5 IocleaHero Mecra. OHn Hamboaee CXOAHBI C KaAUEBBIMI ITOPO-
damn Kpazes: 1o MyHepaaornm u XuMun. AHaAM3 TEOXMMIYECKOTO COCTaBa YCTaHOBMA TUIIMYHYIO AAS
aammnponrta Ti-Ba-P akiieccopHyio MuHepaan3anmio, T.e. OMOTUT, pyTuA, Sr-anlaTuT, OapuUT 1 HeM3BECTHDIN
Na-Mg-Ba-pochaTnriit munepaa [2]. buotut oOpasyer KceHOMOpQHBIEe YAAMHEHHbIE U M30METPIIHBIE
3épHa pasmepom 10-500 p u npunagaexxut x obeanénnon Nb (0.03-0.05 apfu) nsomop¢HO pasHOBNA-
HOCTHU. ATIaTUT, KaK IIpaBNnAa0, oOpa3yeT nAMoMopQpHbIe YAAMHEHHbIe 3€PHA C SIBHOM 30HaABHOCTBIO — MX
BHEIIIHIe YacTy ypesBbrdaino odorammenst StO (8-12 sec. %) n REE,O,+Y,0, (6-9). Heuspectnsiit Na-Mg-Ba
Pocdar obpasyer mpusmaTudeckue 3épHa pasmepom 10-100 p. CoraacHO OTHOIIEHMIO aTOMHBIX KOAMYECTB
ero raaBHbIX KOMIIOHeHTOB — Na:Mg:Ba:P = 2:1:1:2 — coctas MuHepada MO>KeT COOTBeTCTBOBaTh TpaAUIVIOH-
Hoit gopmyae Na MgBa(PO,),. ITopoasr Ksazes rmpossasioT MuHepaaormyeckue 1 reOXMmMmdeckue rmpu-
3HaKM AaMIIPOUTOB, BHEAPEHHBIX B pa3pyIlIeHHbIe OKPauHLI IIAUTEI, B 00AbIIIelI CTeIIeHN, YeM AaMIIPONTOB
BHYTPUIIAUTHBIX TEKTOHMYIECKUX OOCTaHOBOK. Bospact sHegpenms orjenusaercst Ha yposHe 300-320 man
A€T TI0 IpeaBapuTeabHOMY Ar-Ar gaTuposannio ¢paoronuta (amgHoe coodmenne Kopun Assuac). [Tosto-
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La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Rb Ba Th U K Nb La Ce Sr Nd Sm Zr Hf Ti Tb Y

Puc. 12. Pactipeseaenne HOpMaAM30BaHHBIX PeAKO3eMeAbHBIX DAeMEeHTOB (BBepXy) 11 HeCOBMEeCTUMBIX DAeMeHTOB (BHI-
3y) AAs yabTpaKaaueBsbix mopog Ksaaes. Jas cpaBHeHMs TToKasaHbI CpegHIe pacipejeAeHs HeCOBMeCTUMBIX DAeMeH-
TOB B AaMIIpouTax (KPy>KKHU 1 poMOBI) 1 B AaMIpodupax (KBaapaTel).

Fig. 12. Distribution of normalized REE (top) and non-conforming elements (bottom) for the Kvaldya ultrapotassic rocks.
Shown to be compared with is an average distribution of non-conforming elements in lamproites (circles and rhombs) and
lamprophyres (cubes).
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Puc. 13. &Sr-eNd auarpamMMa A4 IIEAOYHBIX IIOPOJ
DM mToka MUKKeABBUK (IIpo3padyHble pOMOBI) U yAbTpa-
54 Skjold kaanesoit Aariku Ksazest (38e3aa). [Tapamerpsr paccun-
MV TaHbI Ha Bo3pacTsl 2695 Ma 1 300 Ma cooTseTcTBeHHO.
EM-2 Fig. 13. eSr-eNd diagram for alkaline rocks of the
P T T . .
= | 200 Mikkelvik stock (transparent rhombs) and the
\é 100 4 100 ’____————‘—"' ultrapotassic Kvaldya dyke (asterisk). Parameters
2 5 Sakh are worked out for the 2695 Ma and 300 Ma ages
respectively.
104 Lot Siil
l AR crust
8Sr(']‘-‘)

My Aamuipout Ksaaes Mor oOpasoBaThCsl B IIOCTOPOTeHHOI 0OCTaHOBKe 3a cuéT oOpymieHus Bapuciing n
ocaeAyioriero pudTuHra s ceepHoit Esporre. ITopoaa Ksaaes aemoncTpupyet nepsuansie Sr u Nd nso-
TOITHBIE XapaKTePUCTUKM, CXOAHbBIEe C MaHTUIHBIM McTouHukoM EM1 (puc. 13).
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RESULTS OF THE RUSSIAN-NORWEGIAN PROJECT
“ALKALINE ROCKS WITHIN THE BARENTS REGION” SUPPORTED BY
BARENTS SECRETARIAT AND RESEARCH COUNCIL OF NORWAY
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!Geological Institute, Kola Science Centre, Apatity, Russia, e-mail zozylya@geoksc.apatity.ru
2University of Tromse, Tromse, Norway
3Store Norske Gull AS, Tromsa, Norway

The West Troms Basement Complex (WTBC), North-Norway, is composed of the Archaean and
Paleoproterozoic rocks. The complex occurs within a 120x20 km large window of the tectonostratigraphically
overlying the Caledonian allochthons (Fig. 1). The main rock series of the WTBC are TTG-gneisses of 2.9-
2.6 Ga, greenstone belt supracrustals of 2.84-2.6 Ga, mafic dykes of 2.4 Ga and gabbro-diorite and granite
intrusions of 1.8-1.7 Ga age.

The Mikkelvik nepheline syenitic rocks on the Ringvassoy island form a small 30x50 m stock and
cut the TTG gneisses. The stock is mainly composed of coarse-grained nepheline syenite and medium-
grained cancrinite syenite dykes (Fig. 2). U-Pb dating of titanite from nepheline syenite yields the age
of 269515 Ma [7] (Fig. 3). Nepheline (30-40 vol %) forms sub-idiomorphic crystals of 0.5-0.8 mm size.
Cancrinite (20-30 vol %), albite (15-20 vol %) and microcline (15-20 vol %) are xenomorphic. The only mafic
mineral is biotite (20-30 vol %). The later minor magmatic phase forming the irregular patches and veins is
represented by alkaline syenite composed of albite (50-60 vol %), microcline (15-20 vol %), aegirine-diopside
(10-15 vol %) and primary carbonate (up to 10 vol %). Titanite and epidote occur as accessory minerals in all
rock types, but the cancrinite syenite also contains stronalsite (Fig. 4). The previously reported as from the
Fennoscandian Shield Late Archaean nepheline syenites of 2.61 Ga age (Sakharjok massif in the Kola Craton
[6]) are of miaskitic type and have a more evolved character (higher FeO and HFSE, lower MgO contents).
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The Mikkelvik rocks are characterized by depletion in some HFS elements (Zr, Nb, Y), enrichment in
some LIL elements (Sr, Ba) and strong REE fractionation. Geochemical comparisons suggest the rocks
having developed from an OIB-like magma (Fig. 5). Differentiation from alkali basalt was principally
controlled by fractionation of pyroxene and amphibole. Isotopic data for Nd yield ¢ (T) = 3.0 - 3.6,
which is characteristic of depleted mantle, but with ¢, (T) =5 - 19 indicating some enrichment of mantle
source. Among all known Archaean alkaline complexes, the Skjoldungen province (eastern Nain craton,
Greenland [3]) is similar to the rocks studied here in terms of age, isotopic and geochemical signatures,
indicating a similar geodynamic evolution of Greenland and WTBC in the Late Archaean.

The Kvaldya island perpotassic dykes have been recently found within the WTBC. The Kvaldya
dykes are 0.1-1.0 m in width and cross-cut granite of 1.8 Ga age (Fig. 6, 7). The dykes are traced along the
lineament of 5-6 km long and NWW strike (Fig. 8). The host granite is fractured and disintegrated up to
0.6-1.0 m from the contact, indicating that the dyke intruded under high dynamic conditions. The rock is
porphyritic and composed of phenocrystic phlogopite (up to 5 vol %) with rims of the tetraferriphlogopite
(Fig. 9). The fine-grained groundmass consists of K-magnesioarfvedsonite (30 vol %), orthoclase (40-50
vol %); minor and accessory minerals are apatite (5-7 vol %), baotite Ba,(Ti,Nb),Si,O,Cl (up to 3 vol
%), rutile (1-3 vol %), barite, zircon and unknown Na-Mg-Ba-P-O mineral species (Fig. 10). Secondary
mineral is chlorite (5-7 vol %, possibly after olivine). Locally, trace amounts of Ti-aegirine (1-5 wt% of
TiO,) and white Al-poor (1-2 wt% of Al,O,) and Mg-rich mica (taeniolite?) are also found. From exotic
mineralogy and whole-rock composition the Kvaldya dyke belongs to the lamproite clan [4] and more
accurately the rock can be defined as a transitional type lamproite [5] or an intermediate type lamproite
(Fig. 11). Magnesioarfvedsonite is characterized by high contents of K,O (4.5-6.0 wt%) and TiO, (0.7-3.5
wt%), orthoclase contains 1.6-3.6 wt% of FeO, phlogopite has low content of AL,O, (9.2-10.7 wt%), but it is
enriched in TiO, (2.1-2.6 wt%). Principal characteristics of the whole-rock geochemistry are K/Na=2.3-2.9,
K/Al=1.0-1.2, K =1.4-1.7, Mg#=76-84, La/Yb =100-140; 5i0,=54.8-56.8 wt%, TiO,=3.2-4.0 wt%, BaO=0.55-
1.47 wt%, P,0,=2.5-3.0 wt%, Zr=2650-3000 ppm, REE=900-1260 ppm, Sr=2300-2500 ppm. The distribution
of normalized incompatible elements in the Kvaloya dyke is mostly similar to average lamproite pattern
rather than to lamprophyre (Fig. 12). Rocks compositionally identical to the high-Si Kvaldya lamproite
often accompany “pure” lamproitic suites with olivine- and leucite-bearing ultrabasic and basic rocks,
e.g. in Leucite Hills (Wyoming), Smoky Butte (Montana), Mount Bayliss and Priestly Peak (Antarctica),
Pendennis (UK), Murchia-Almeria province (SE Spain) [1, 4]. The rock types named as cancalite and
cancarixite composed of abundant sanidine and K-richterite and minor modal/normal olivine and
diopside were described from the last locality, and they are most similar to the Kvaldya potassic rock in
mineralogy and chemistry. The distinguished geochemical composition of the rock resulted in typical
for lamproite Ti-Ba-P accessory mineralization, e.g. baotite, rutile, Sr-apatite, barite and an unknown
Na-Mg-Ba-phosphate mineral [2]. Baotite forms xenomorphic elongated and isometric grains of 10-
500u in size and belongs to the Nb-poor (0.03-0.05 apfu) isomorphic variety. Apatite forms mainly
idiomorphic elongated grains with clear zoning — their outer parts are extremely rich in SrO (8-12 wt%)
and REE,O,+Y,0, (6-9 wt%). The unknown Na-Mg-Ba phosphate forms prismatic grains of 10-100u in
size. According to the ratio of atomic quantities of its main components Na, Mg:Ba:P~2:1:1:2, composition
of the mineral may correspond with the conventional formula Na,MgBa(PO,),. The Kval6ya rocks display
mineralogical and geochemical features of lamproites emplaced at destructive plate margins rather than
lamproites of the intraplate tectonic settings. The emplacement age estimated is 300-320 Ma, according
to the preliminary Ar-Ar dating of phlogopite (pers. comm. of Corine Davids). Thus, it is suggested that
the Kvaldya lamproite might be originated in post-orogenic setting due to the collapse of the Variscides
and the following rifting in the Northern Europe. The Kvaldya rock has the initial Sr and Nd isotopic
signatures similar to EM1 mantle source (Fig. 13).
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POCCUVICKO-UHANUVCKU ITPOEKT:
PE3Y/bTATEI U ITIEPCITEKTUBBI COTPYAHUYECTBA
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! Teoaormueckuii mactutyt KHIT PAH, Artatnrel, Pocens, kaulina@geoksc.apatity.ru
2 Vausepcuret Jean, Miaans, tahmad001@yahoo.co.in

B 2009 r. 3aBeprrmacs KpyHHsIi poccuiicko-uaAniicknit mpoekt B-2.58 (ILTP) «Geochemical, isotopic
and geochronological characterization of granitoids from the Central Indian Tectonic Zones (CITZ) and
Central Indian Shear (CIS) Zones: constraints on Precambrian crustal evolution» I'eoaornmaeckoro nucrury-
ta KHILI PAH u YHusepcurera Jdean, Vuans (2006-2009).

Ilpn HaAWMMM XOpOIIEN IEeTPOAOTMYECKON ¥ Te0JAO0TO-TeOXMMMYeckoil ©Oasbl B VHaum omry-
IJaeTcsd HexBaTKa IeOXPOHOAOTMYECKUX JAHHEIX, UTO CBA3aHO C HEeAOCTATOYHBIM YNCAOM M3OTOITHO-
reoXpOHOA0TM4ecKnx daboparopuii B crpae. Crienimaanctel JabopaTopny reoOXpOHOAOTUN 1 T€OXUMII
nsotomos eoaornyeckoro nuctutyta KHLI PAH 1 xadgeapsr reosorun Yausepcnurera Jdean o6besHN-
AU YCUANSL C TIeABIO IIPOBeCTM TeOXMMMYecKMil aHaAu3 1 JaTUpoBaTh apxelickue rpaHuTonasl LlenrpaasHo-
VHAMIICKOTO KpaTOHA: YCTaHOBUTH BO3PACTHBIE I'PaHMIIBI DBOAIOLIMM KOPHI B A0KeMOpym B LlenTpaspHO-
Muamitckoit Tektonnyeckon soHe (LIMT3) m IenrpaabsHo-MIHAMIICKONM CABUIOBOM 30He AAs IOHMMAaHUS
IIPOIIeCCOB OOPa30BaHIL IIOBHOM CTPYKTYPEI MEXKAY CEeBepHBIM I I0XKHBIM IIPOTOKOHTHHEHTaMH, IIpeACTaBAeH-
HBIMI ceroaHs bynaeapkxanackum n bacrap-Cumnrxoxan-Axapsapckum kpartonamm. LIVT3 mpeacrasasieT co-
0011 T0AMCKAAAIATEIN ¥ IOAMeTaMOoppIIecKuii osc, BHITAHYTHIN B BCB-3103 Hanpasaennu (puc. 1).

Puc. 1. CxemaTtnueckas kaprta LlenTpaabsHo-JIHANIICKOTO IIUTa.
Apxerickue xpatonsl: BKK — Bynaeankxanackmii, bK — bacrap,
CK - Cunbxan, AK - AxapBapcKuii.

Fig. 1. Sketch map of the Central Indian Shield. Archaean cra-
tons: BKK - Bundelkhand, BK - Bastar, CK - Singbhan, AK -
Dharwar.

Eé oOpasoBaHue sIBASETCS KAIYEBBIM MOMEHTOM B
AokeMOpuiickoit »oatonun LlenTpaasHo-VIHAUIICKOTO
) IIMTa, TIOCKOABKY OHa IMPeACTaBAsSeT CODOI 30HYy COU-
5t o e s AEHEHMsI CEeBEPHOTO U IOXKHOIO IPOTOKOHTUHEHTOB.

} IIpasuapHoe moHuManume spoaonun LT3 pakHO A5
ﬂoanHeapxewcme o
KpaTOHbI IOCTPOEHMsI TeKTOHMYEeCKuX mogeaeit. Ha ceroans cy-
€CTBYIOT /Be I11e/T-TeKTOHIYeCKIe MoAeAu 00pa3oBa-
- Anpa kpaTtoHoB m Yy A A p

uusa LT3 [1, 2], oranyaromninecs HampapaeHneM (I0K-
HBIM MAM CeBePHBIM) 1 BpeMeHeM (2.4 namu 2.2 MAp4, AeT)
Havaza cyoaykunm. CoraacHo obemM, KyabMMHAaIMen
CcyOAYKIIMOHHOI CHCTeMBI Obl1a KOHTMHEHTaAbHas KOAAM3Ms 1.5 MApA AeT Hazad, MapKUpPYIOIIasics 00-
pasoBaHMeM KOAAM3MOHHOTO nosica Pamakona-KaTtanry, ormedarorero mos Mexxay byHaeabkxanackum u
bacrap xparonamu.

3aKAIOUNTeABHBIN OTYET IO pe3yAbTaTaM IpOeKTa IPMHAT Ha YYEHOM coseTe ['eoa10rmyeckoro mH-
crutyta KHLI PAH (mpoTtokoa Ne 21 ot 04.12.2008). B 2009 r. B paMKax mpoeKTa IPOBOAMANUCH ITOA€BbIe
padoTs! B p-He rT. Harmyp u betya (1o>xHas u nenrpaasHas yactu LIVIT3), rae BoIAeASIOTCS KPYIIHBIE THE-
coBble KoMriaeKkcsl AMroH u Tupoan (puc. 2). Hanboaee apesunm cunraercsa komnaexkc Tupoau, conocras-
ASIIOIMINIICS TI0 TEOXMMMYECKUM JaHHBIM C THelicaMu KpaToHa bacrap Bospacra 3.5-2.6 Map4, aeT. Boitoa-
HeHBHI 4 1101eBBIX MapIIpyTa, OTOOPaHk 5 reoXuMmdeckux u 5 reoxponoaorudecknx mpod ns TTT rueiicos
¢ynaamenra LlenTpaasHo-VHAMIICKOTO KpaTOHa A4S A€TaAbHBIX T€OXPOHOAOTMYECKUX MCCAeAOBaHUIL C
OAHOBPEMEHHOTI ITPUBSI3KOI K ITeTPOorpadpUIecKM ¥ rFeOXUMUIECKIM JaHHBIM.

B xoae orsetHOTO B1duta B l'eoaornaecknit muctutytT KHIT PAH 25 nrons — 8 mioas 2009 1. mHAMIICKME
KO/A/AeTU U3Y9MAY METOAVKIU XMMIUeCKOTO U IMAPOTepMaAbHOTO Pa3A0>KeH!sI TOPHBIX TOPO/, I MUHEpaaoB
¢ oigeaenueM Pb, U, Sm u Nd metogamu nonoobmennoit xpomarorpadpun; U-Pb 1 Sm-Nd nzoromntsix aHa-
AM30B Ha Macc-criekrpoMerpe Finnigan MAT-262 (RPQ). MHauiickue KoAAery IPUHIAY ydacTue B I0AeBOM
DKCKypPCry 110 MOHYIErOpCcKOMY p-HY M Hay4IHBIX CeMIHapax (2 1 7 MI0AsI) C yCTHBIMU AOKAaJaMI O pe3yAbTa-
Tax pabor 1o mpoekty. Ha poccuiicko-kuTaricko-mHANIICKoM ceMmHape 5 nioas npod. T. Axmaa mpeacTasua
AOKAa/, TI0 TeOXMMUIECKIM 1 M30TOITHBIM XapaKTepucTukaM Kkomiriekca Huaap, Vinaums.

BrirmoaneHo reoxmMumyeckoe 1 reOXpOHOAOTHYeCKOe 1cCAeA0BaHle THeliCOB 1 TPaHUTOB I0JKHO Ja-
cru HUT3. I'paHUTOMABI OTAMYAIOTCS CTEIIEHBIO MeTaMOopQu3Ma U paccAaHIleBaHNs I OTOOpaHBI U3 pas-
HBIX KOMILAeKcoB. [TeTpoxnmmyeckue nccaesoBanms (aHaAM3 COACPIKaHMs 1 pacIpeAeAeHNs ITeTPOreHHBIX
1 MaAbIX ®AeMeHTOB, P3D) 1okaspIBaloT, 4YTO IHEVIChl M3YYeHHBIX KOMIIA€KCOB OTHOCATCS K TPaHUTOMAAM
I Tumna. ITo HaAMYUIO AU OTCYTCTBUIO TTOAOXKUTEABHON MAY OTpuUIlaTeAbHON Eu aHOMaAnm rHevics pas-
AeAsI0TCs Ha Tpu Ipymnsl. IloBeseHne MeTpOTeHHBIX 51€MeHTOB TakKe IT03BOASIeT BLIAEAUTD STY TPYIIIILI
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Puc. 2. IToaessie paboter B p-He 1T. Harnyp u Berya, Vaaus, 2007, 2009 rr.
Fig. 2. Field works in the Nagpur and Betul cities area, India, 2007, 2009.

co 3naunteapHpiMu Ba, Nb, Sr, P, Eu u Ti anomaanssmMu. 3HauuTeAbHbIE TOAOXKUTEABHbIE aHOMAANI CO-
crapasa10T Th, U n Pb, BeposiTHO, yKa3biBast Ha KOPOBYIO IIPUPOAY.

I'eoxponoaornueckue gaHHble O3BOASAIOT IIpeanoaarats, uto LIVT3 caokena mpenmMyIecTBeHHO
IIPOTEePO30IICKUMI TOpOJaMl, 0Opa30OBaBIINMIICS B pe3yaAbTaTe AByX STaIlOB I'PAaHMTHOTO MarmaTu3Ma:
2.42-2.45 1 2.29-2.31 mapa aet. Komrnaexkc AMIOH gpeBHee KOMILAeKca THpoAr, TpaHUTONABI KOTOPOTO 00-
pasosaaucs 1.5-1.1 mapg aet Hazas. KoaausnonHble IIpoiieccel, ¢ KOTOPIMU CB3aHO 0Opa3oBaHie OCHOB-
HBIX TPaHyAUTOB, ITpoucxoauau 1.56 Mapa aet Hazad. 3akaounTeabHble MeTaMopduuecke nmpeodpasosa-
Hust, oTpakénnsle B Sm-Nd u Rb-Sr cucremax mopoa u munepaaos, npoucxoguau 1.37-1.1 mapa aet Hazag,
4TO I103BOAseT COIOCTaBAsAThL IIPOIlecchl, mpoucxogsamue B LenrpaapHo-VIHANIICKOI CABUTOBOI 30He, C
I'penB1ABCKOIT OpOTEeHMeN! U ICII0Ab30BaTh 445 peKOHCTpyKIuM Pogunmm. Iloaydennsle reoXxummdecke 1
TeOXPOHO0THYECKIe JaHHBIe XOPOIIIO COIOCTaBASAIOTCA C CyOAyKI[MOHHO-KOAAM3MOHHON MOAeAabio gop-
muposanys LIVIT3. Hosrle reoxpoHoaormdeckre 4aHHbIe MOTYT CYIeCTBeHHO AOMOAHUTDL PEIMOHAABHYIO
IIIKaAy 110CAeA0BaTeAbHOCTY DHAOTeHHBIX IIPOIIeCCOB M OBITH MCII0AB30BaHbI IIPU COCTAaBAEHNN HOBBIX I'€0-
aorndeckux Kapt HenrpaapHo-Vuaniickoro muTa. Ilo pesyabTataM cOBMeCTHBIX MICCA€AOBaHNI CAeAaHbI
10 a0Kkaa40B Ha MeEXAYHaPOAHBIX, MHAMICKUX U POCCUIICKMX KOH(pEPEHIINAX, IIOATOTOBAEHH 4 cTaTbl B
>Kypnaasl «Gondwana Research», «Chemical Geology» u «Journal of the Geological Society of India».

ITockoabKy 0Oe CTOPOHBI 4OBOALHEBI IIOAYYeHHBIMI pe3yabTaTaMy, IIAaHUPYeTCsl HallcaHye HOBO-
IO COBMECTHOTO mpoekTa Ha KOHKypc POOU-AHT. IlpoekT OyaeT HalleleH Ha M3ydeHNe CPaBHUTEABLHON
spoatonuy baaturickoro u ViHAniickoro muToB B apxee-mpoTeposoe. [ToM1Mo reoXxMimdeckoro 1 reoxpo-
HO/I0TMYeCKOTO JCCAeJ0BaHI, ITAaHNPYeTCs BKAIOUNTh MUHepareH4eckKmii acliekT — M3ydeHe PyAHbIX
Mecropoxenuit. [IpeanoaoxnurearHo, B Oyayiem npoekTe IpuMeT yyactue Becepoccuiickuii reoaormye-
cknit vHCTUTYT (CaHkT-IleTepOypr), 4TO MO3BOANT paciIMpUTh 001acTh UcCAeA0BaHMI, BKAIOUNB Kapeas-
CKUI1 PeTMOH, I UCII0AB30BaTh IpUOOpPHEIe Bo3MOXXHOCTU LlenTpa nsoronHeix nccaegosanuii BCETENL.

1. Roy A., Prasad M.H. Tectonothermal events in Central Indian Tectonic Zone (CITZ) and its implications in
Rodinian crustal assembly // J. Asian Earth Sci. 2003. N 22. P 115-129.

2. Yedekar D.B., Jain S.C., Nair K.K.K., Dutta K.K. The Central Indian collision suture. Precambrian of Central
India // Geol. Surv. India. Spec. Publ. N 28. 1990. P 1-37.
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2 University of Delhi, India, tahmad001@yahoo.co.in

In 2009 the major Russian-Indian project B-2.58 (ILTP) “Geochemical, isotopic and geochronological
characterization of granitoids from the Central Indian Tectonic Zones (CITZ) and Central Indian Shear (CIS)
Zones: constraints on Precambrian crustal evolution” of the Geological Institute KSC RAS and University of
Delhi, India, (2006-2009) finished.

With a fairly good petrological, geological-geochemical base, India lacks geochronological data due to
isotope-geochronological laboratories being very few in the country. The experts of Laboratory for Geochronology
and Isotope Geochemistry of the Geological Institute KSC RAS and Geological Department (University of Delhi)
joined their efforts in order to carry out geochemical analysis and establish the age of the Archaean granitoids
of the Central-Indian craton. Specifically, the research aimed at establishing time boundaries of the Precambrian
crust evolution in the Central-Indian tectonic zone (CITZ) and Central Indian shear zone to interpret the
processes of suture formation between the northern and southern protocontinents. These are now represented
by the Bundelkhand and Bastar-Singbhan-Dharwar cratons. CITZ is a polyfolded and polymetamorphic ENE-
WSW-elongated belt (Fig. 1).

It was a key event in the Precambrian evolution of the Central Indian Shield evolution, since it is a junction
zone of the northern and southern protocontinents. The correct interpretation of the CITZ evolution is crucial
for the tectonic modeling. Nowadays there are two plate tectonic models of the CITZ origination [1, 2] that differ
in orientation (southern or northern) and initiation time (2.4 or 2.2 Ga) of subduction. According to the models,
the culmination of the subduction system was the continental collision of 1.5 billion years ago that resulted in
formation of the Ramakona-Katangi collision belt. The latter marks the suture between the Bundelkhand and
Bastar cratons.

The final report on the project results was approved at the Scientific Board of the Geological Institute KSC
RAS (Proc. N 21 of 04.12.2008). In 2009, field works were carried out in Nagpur and Betul area (southern and
central CITZ) in the framework of the project. The area is remarkable for the large Amgon and Tirodi gneiss
complexes (Fig. 2). The oldest one is the Tirodi comparable in terms of geochemistry with the gneiss of the
3.5-2.6 Ga Bastar craton. During four field routes, 5 geochemical and 5 geochronoligical samples from TTG of
the Central-Indian craton were selected for a detailed geochronological research and simultaneously tied to
petrographic and geochemical data.

During the visit to the Geological Institute KSC RAS on June 25 - July 8, 2009, the Indian colleagues studied
techniques for chemical and hydrothermal decomposition of rocks and minerals and separation of Pb, U, Sm
and Nd by ion-exchange chromatography; U-Pb and Sm-Nd isotope mass-spectrometric analyses at Finnigan
MAT-262 (RPQ). The Indian researchers took part in a field excursion to the Monchegorsk area and scientific
workshops (on July 2 and 7), where reported on the project results. On July 5, at the Russian-Chinese-Indian
workshop Prof. T. Ahmad made a presentation on the geochemistry and isotopy of the Nidar complex, India.

The geochemical and geochronological investigation of the southern CITZ gneisses and granites was
carried out. The granitoid samples from the different complexes differ in their degree of metamorphic alteration
and schistosity. Petrochemical research (analysis of major and minor element (REE) content and distribution)
shows that the gneiss of the studied complexes can be referred to as the I type granitoids. In terms of presence
or absence of positive or negative Eu anomaly, the gneisses can be divided into three groups. Behavior of major
(or rock-forming) elements also allows distinguishing groups with significant Ba, Nb, Sr, P, Eu snd Ti anomalies.
The significant positive Th, U, and Pb anomalies apparently indicate crustal nature of the rocks.

The geochronological data imply that CITZ is mainly composed of the Proterozoic rocks formed as a
result of two stages of the granite magmatism, i.e. 2.42-2.45 and 2.29-2.31 Ga ago. The Amgon complex is older
than the Tirodi one with the granites formed 1.5-1.1 Ga ago. The collision-related processes resulted in the
formation of mafic granulites 1.56 Ga ago. The ultimate metamorphic transformations reflected in Sm-Nd and
Rb-Sr systems of the rocks and minerals took place 1.37-1.1 Ga ago. It allows comparing the processes of the
Central-Indian shear zone with the Greenville orogeny and using to reconstruct the Rodinia supercontinent. The
geochemical and geochrnological data correlate with the subduction-collisional model of CITZ origination. New
geochronological data may substantially expand regional scale of endogenous events and be used for compiling
new geological maps of the Central-Indian Shield. According to the results of the joint investigations, 10 reports
at International, Indian, and Russian conferences have been given, and 4 papers for “Gondwana Research”,
“Chemical Geology” and “Journal of the Geological Society of India” have been prepared.

Since both parties of the project are satisfied with its results, a draft of a new joint project is planned to be
applied to REBR-DNT. The project is to be aimed at comparing the evolution of the Baltic and Indian Shields in
the Archaean-Proterozoic. In addition to the geochemical and geochronological investigation, it is planned to
include studies of ore deposits (mineragenic aspect). It is discussed to possibly attract the All-Russian Geological
Institute (VSEGEI, Saint-Petersburg) to the prospective project to expand the scope of investigation, thus covering
also the Karelian region, and to use the hardware facilities of the Isotope Investigation Centre at VSEGEL
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B OBAACTN YETBEPTNTYHOM I'EOAO0I'IN

B.B. Koabka
I'eoaormueckmit mactntyt KHII PAH, Anatutsl, kolka@geoksc.apatity.ru

/labopaTopmsl re0A0THM M MUHepareHnM KalfHO30JICKMX OTAOXKeHMI I'e040rnmyeckoro MHCTUTYTa
KHII PAH nmeet mupoxue MeXXAyHapOAHble CBA3M C OpTaHM3alAMY, CIIeINaAN3UPYyIOIIMIICA Ha U3Y-
YeHMM Pa3ANYHbIX aclIeKToB yeTBepTuyHoI reoaorun. C 1993 r. ero mpoBoAMANCh COBMeCTHbIE 1ccAe]0Ba-
Hust ¢ YHuBepcutetoM Tpomcé, Myseem Tpomcé (Hopserust), CtokroasMmckuM yHusepcutetoM (Ilseret),
TasaannckuM TexHudeckuM yHusepcurteToM (Dcronms), I'eoaormueckoit cay>k06oit PuHASIHANY, T€0AOTH-
gyeckont pupmoit SURGEO (Yexms). Corpyanuku 2abopaTopuy NpUHMMaAN aKTUBHOE yJacTie B paboTte
CAeAYIOIIUX MeXXAYHaPOAHBIX OpraHM3aIIil 11 IIPOEKTOB:

1. Ob6meespomnerickas nporpamma «Quaternary Environment of the Eurasian North» (QUEEN). B
paMKax mporpaMMsl Ha KoAbCKOM ITI-OBe IIpOBeAeHEI 1101eBble PabOTHI, pe3yAbTaThl KOTOPBIX IIpeAcTaBae-
HBI Ha TPEX MEKAYHaPOAHBIX KOH(PEPEHIIVAX U OIyOANKOBaHBI B MEXKAYHaPOAHBIX Ky pHalax.

2.  Mexaynapognas nporpamma «PAGES» (Past Global Changes). Corpyauukn AabopaTopum pu-
HAAM yJacTue B TpéX (13 ueThpéx) KoHrpeccax «PAGES» B Mockse, ITekune (Kurait) u Kopsaaauce (Ope-
roH, CIITA) ¢ mpuraaméHHbpIMY [1AeHapHBIMU U CEKITMOHHBIMU JOKAajaMMU.

3. IIporpamma MexayHapoAHOIo HoAsSpHOTO roga (puc. 1).

4. /abopatopusi — akTusHBIN yuactHUK Peribaltic Group of INQUA. B pamxax sToro npoexra 5 2005
r. 2ab6opaTtopus riposeaa B Poccum moaeBoit cnMIioanyMm ¢ yaactueM 0oee 50 MHOCTpaHHBIX YYEHBIX (PIIC.
1) u npunsAaa ydactue B Meponipusatusx B beaapycn, Autse, Aatsun, PUHAIHANN U AP. CTPaHax.

Corpyanuku aabopaTopum craau o0Aajareasmu AByX crurieHAni Hayunoro cosera bapenii-pernona
AAsL CTaXKMPOBKM 1 pabOThI B 3apyOesKHBIX yHUBepcuTeTaXx. COBMeCTHEIE pabOThI C MHOCTPAHHBIMU TTapTHE-
paMi IIPOBOAMANCH Ha YCAOBUAX 40TOBOPOB O coTpyAHudectse ¢ [eoaormaeckum nncruryrom KHI] PAH.

Puc. 1. VsyueHne JOHHBIX OTAOKeHUI 03€p Ha modepesxbe Kanjaaaxiickoro saansa beaoro mopsi (caesa). Y9acTHUKI
IToaesoro cummosuyma Peribaltic Group of INQUA, o3. M. Byabasp, Xubmmsr, 2005 1. (cipasa).

Fig. 1. Studying benthic sedimentations of lakes on the coast of the Kandalaksha Gulf of the White Sea (left). Participants
of the field symposium of the Peribaltic Group of INQUA, Maly Vudjavr lake, Khibiny, 2005 (right).

IlepciekTHBBI MEKAYHAPOAHOTO COTPYAHIMYecTBa /labopaTopun re010TMn ¥ MUHepareHnn KaifHo-
30JICKMX OTAOXKeHUII CBA3aHbI C paboTaMM B 001aCTsX TASAIIMON30CTaTIeCKOTO ITOAHATIS TEPPUTOPUN B
p-He beaoro Mops1, Me>XXaeHMKOBBIX MOPCKMX TpaHcrpeccuit n oaeaernennit Ha Cesepo-3amnage Poccun,
I1a1€0KAMMaTUIEeCKIX 1 ITadeoreorpadpiaecKux 1ccaejoBaHNI 1103aHeAeJHUKOBb B KoabckoM pernone
(pmc. 2). Takne pabOTBHI MOIYT OBITH BBLIIIOAHEHB! TOABKO B TECHOM COTPYAHMYECTBE C MHOCTPaHHBIMU MH-
CTUTyTaMM, C KOTOPLIMU Y HaC MeIOTCSI A0TOBOPHI O cOTpyAHudecTse. Ilommumo 9Toro, 6yAyT IprUAOKeHbI
YCUAUSL 4451 KOOIIepaLMy C APYIMMIU OpTaHM3alVsIMI, 3alHTEPECOBAaHHBIMI B COBMECTHBIX paboTax.
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(drumlins/flutes)

End moraines
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Eskers

Meltwater channels

Puc. 2. Pabora /labopaTopun reoA0run M MUHepareHny KaifHO30VICKUX OTAOXKEeHMUIT: M3yJdeHue MT03AHeBaaAaiiCKoro
CKaHAMHaBCKOTO O/eJeHeHNs (cAeBa); cxeMa AeAHMKOBHIX A€HIMaMeHTOB, COTaBAeHHas COTPYAHMKaMU AabopaTopum
(cipasa).

Fig. 2. Work of the Laboratory for Geology and Minerageny of the Cenozoic Sedimentations: studying the Late Valdai
Scandinavian Glaciation (left); map of the glacial lineaments (right) elaborated by the Laboratory researchers

RESULTS AND PERSPECTIVES OF INTERNATIONAL COOPERATION OF THE
GEOLOGICAL INSTITUTE KSC RAS IN THE FIELD OF QUATERNARY GEOLOGY

V.V. Kol'’ka
Geological Institute KSC RAS, Apatity, kolka@geoksc.apatity.ru

Laboratory for Geology and Minerageny of the Cenozoic Sedimentations of the Geological Institute
KSC RAS has numerous international partners specializing at the study of different aspects of the Quaternary
geology. Since 1993 it has been carrying out joint research works with the University of Tromso, Museum
of Tromso, (Norway), Stockholm University (Sweden), Tallinn Technical University (Estonia), Geological
Survey of Finland, geological company SURGEO (Czech Republic). Researchers of the Laboratory took an
active part in the work of the organizations and projects to follow:

1. All-European program “Quaternary Environment of the Eurasian North” (QUEEN). In the
framework of the program field works were carried out on the Kola Peninsula. Their results were reported
on three international conferences and published in international magazines.

2. International program “PAGES” (Past Global Changes). Researchers of the Laboratory took part
in three (of four) congresses of “PAGES” in Moscow, Beijing (China) and Corvallis (Oregon State, USA) as
invited speakers with plenary and section reports.

3. The program of the International Polar Year (Fig. 1).

4. The Laboratory is an active participant of the Peribaltic Group of INQUA. In the framework of this
project in 2005 it carried out a field symposium with more than 50 international attendees in Russia (Fig. 1).
It also participated in meetings in Belorussia, Lithuania, Latvia, Finland and other countries.

Employees of the Laboratory were awarded with two grants of the Barents region Scientific Board to
upgrade and work in foreign universities. Joint works with international partners were carried out in the
framework of agreements of cooperation with the Geological Institute KSC RAS.

Perspectives of international cooperation of Laboratory for Geology and Minerageny of the Cenozoic
Sedimentations lie in the field of glacioisostatic uplifting of the White Sea area, interglacial sea transgres-
sions and glaciations on the Russian North-West, palaeoclimatic and palaeogeographical investigations of
the Late Glaciation of the Kola region (Fig. 2). Such works may only be carried out in tight collaboration
with international institutions that we have agreements of cooperation with. Besides, we shall look for ways
to cooperate with other organizations interested in joint works.
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VNCCAEAOBAHME ITIOA3EMHEIX ICTOUYHIMKOB UMICTOV BOABI
AASI TOPOAA AITATUTDI: ITPYUIMEP YCITEIIIHOI'O ®VTHCKO-
POCCUMCKOI'O COTPYAHNYECTBA

B.I1. Konyxmun, A.A. Kossipes, A.O. Opaos, 10.I'. CmupHoB
T'opswui macTHTYT KHII PAH, AntaTnTs, vladimir@goi.kolasc.net.ru

B mporiecce passuTis TOpHOIIPOMBIIIAEHHBIX KOMILAeKCOB Poccun 1 X HeTaTMBHOTO BO3AEMCTBIASA
Ha Omocdepy (BOAHBIN 1 BO3AYIIHBIN OacceliHbl, ITOYBY, PACTUTEABHBIN M >KMBOTHBII MIP) IIpeoA0AeHne
HKOAOTMYECKOTO HeDAaroroAyunsi HEeKOTOPhIX TePPUTOPUI CTaA0 ITPOOAEMOI UCKAIOUUTEABHON BasKHOCTIA.
ITpumep —r. ATaTnThI U €10 OKpecTHOCTU. CeroAHs e AMHCTBeHHBIM CTOYHMKOM BOABI A5 XO35/ICTBEHHOTO 1
IIMTHEBOTO CHAO>KEeHIIsI TOpoJa sABAseTCs 03. VIMaHApa, HeCMOTp:I Ha TO, YTO B HETO ITOCTYTIAIOT CTOYHBIE BOABI
MHOITX ITpeAntpysiTnii. TopHopyansie komOnHaTe! OAO «Anatnt» 1 OAO «CeBepOHMKeAb», ITPeATIPUATI
SKVMANIITHO-KOMMYHaABHOTO Xo3:iicTsa OAO «AnaTuThBoA0KaHaA» 1 «MOHIETOpCKuii BOJOKaHaA» MCII0ADb-
3yIOT 03epO B KauecTBe IIPMEMHIKA CTOUYHEBIX BOJ,

ITpn cymectsyIorern cxeMe BOAOCHaOXKeHNs Boga 03. VIManapa 1mojaércst o MeTaAAudecKnM Tpy-
0aM Ha paccTostHMe 9 KM Ha HacocHyIO cTaHITnio OAQO «ANaTUTHBOAOKAHAA», TA€ TTPOXOAUT 00pabOTKy Ha
BOJOOUYMCTHBIX COOpPY>KeHIsIX. PacripejeanTeapHas BOAOIPOBOAHAs CeTh HacuuThiBaeT 6oaee 90 kM TpyO
BHyTpeHHNM auameTpom 50-1000 mm. ITo saHHBIM «AIaTUTHIBOAOKAaHAaAa», B TPyOOIIPOBOABI IIPYBHOCKUTCS
BTOpUYHOe 3arpssHeHne (Tada. 1).

TaGanna 1/ Table 1

IToxazaTeau KauecTBa Os. Vimanapa [HacocHas cranmms Boaosog, Topoackas cetn
Quality factors Imandra lake | Pumping station | Water pipe-line Urban network
B

3BeIlIeHHbIe BeIeCTBa, MI/A 0.4 06 49 145
Suspended substances, mg/l
LIseTrocTs, rpagycs 8.8 4.8 17.6 14.2
Water color, degree

3

MyrHocTs, MI/am 0.26 0.26 0.92 0.58
Turbidity, mg/dm?
peaeso, ur/a 0.035 0.035 1.08 0.43
Iron content, mg/1

ITpu nsyyennu cutyalum ¢ BOAOCHaO>KeHMeM I. AIaTUTLI ObLA PacCMOTPeH BapMaHT MCII0Ab30BaHIA
BOABI 13 ITOA3€MHOIO CTOUHIUKA. B pesyabraTe passe0dHBIX pabOT, BBIITOAHEHHEBIX B 1980-e IT. B 0AMHE P.
M. Beaas, BbIsIBAEH HAIIOPHEIN BOAOHOCHBIN TOPU30HT C BBICOKMMU (PUABTPAIIMOHHEIMI cBolicTBamu. Crie-
umaaucramu Topaoro mucruryra KHLL PAH cobpanbl n mpoaHaau3npoBaHbl Te0A0TIIecKIe, reopusmde-
CKMe U THAPOreo0rnyeckre JaHHble 110 9ToMy Mectopoxaenuio. CosmectHo ¢ Ieoaormdeckoit cay»k0oix
OUHASHAMY U3YYeH XMMUWIECKUI COCTaB BOABI U BLIITOAHEHDb Teo(pU3NIecKie 1UCcCAeA0BaHIs IIA0IAAKY B
paiione p. M. beaas1, moarsepaupiiie Haauuye 34eCh BOJOHOCHBIX TOPU30HTOB.

Ta0Oaua 2 / Table 2
LIBeTHOCTD, PKECTKOCTH, Xaopuapl, MHeaou-
Ca HOCTD,
OO beKT pH rpaAycsl | MMOAB/A MMOAB/A Alwmr/a | Fewmr/a B mr/a Mr/a MO/
Object 200 C Colour, | Hardness Almg/l | Femg/l Bmg/l |Chlorides, ..
d N Ca mM/1 1 Alaklinity,
egree m mg M
CxBak1Ha 8.77 0.0 0.02 0.02 0.05 <0.05 <0.05 0.80 0.50
Pexa 7.43 1.8 0.05 0.05 0.02 <0.05 <0.05 0.80 0.30

Bepxunit HartopHBIiT CA071 BOAHO-A€/HIMKOBOTO TOPM30HTa HAXOANUTCS Ha rAyOuHe oT 9.4 M Ha AeBo-
Oepesxbe pexn 40 14.5 M Ha TTpaBoOepesxbe. Ero MOITHOCTD He TTIOCTOSIHHA U cOCTaBAsieT oT 1.25 M 40 7.4 M.
Bogosmernaromnie mopoas! mpeAcTaBAeHbl IpaBUifHO-TaAeYHMKOBLIMY Pa3HOCTAMM Pa3ANYHON 3epHIICTO-
cTi. B ckaabpHBIX TOpOJax nog3eMHble BOABI IPUYPOUeHE! K TpelHaM. Beanynna narnopa uaMeHseTcs: ot
47.4 20 62.45 m. IIpoayKTUBHEIV TOPM3OHT Ha yJacTKe BOA03abopa 004ajaeT HamAydImMuy GpuAbTpaIiioH-
HBIMM CBOVICTBAMIA.

I'eopusmaeckue mccaesoBaHNs IA0IIAAKN OCYIIECTBASLANICE C TIOMOIIBIO reopagapa. ITocrpoena 3D
MOJeAb AOAVHBI peKI C pa3jeAeHrieM Ha KOPeHHEIe IIOPOABI I TOPM3OHT IPYHTOBEIX BOA. Mogear ocHoBaHa
Ha KOMIIMASTUBHBIX U HOBBIX T€0J0TMYEeCKMX AAHHBIX, COOpaHHBIX BO BpeMs IOAEeBhIX MccAeJoBaHMIL. Bee
AAHHBIE IIpeACTaBAeHbl B IM(PPOBOM BHAe U HOATBEPXKAEHbI Te0A0TMYeCKIMMI M3BICKAaHISIMI C TIOMOIIILIO
GIS-mporpammHoro odecriedennsA. MeToauka 10A€BOTO M3YIeHIsT MECTOPOKAEHIIST ITIOA3EMHBIX BO/, TTOKa3a-
Ha Ha puc. 1. 445 OIleHKM XMMIYecKOIo cocTaBa IIPOU3BOANACA OTOOp MPOO BOABI U3 Pa3ANIHBIX MCTOYHM-
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Drill 35, “Malay Belay”

Puc. 1. IToaeBble mccae AOBaHUS MECTOPOKAEHMS TIOA3E€MHBIX BOA B p-He p. M. Beaast.
Fig. 1. Field investigation of ground water deposit in the Malaya Belaya river area.

koB. KOHIIeHTpaI111 OCHOBHBIX 91€MEeHTOB ObLAM HYDKe ITpeAeAbHO AOITYCTVMBIX 3HaUeHNI (TadA. 2).

Aas obecriedeHsI INTHEBOI BOAOM I. ATIATUTHI peKOMEHAYETCS MCII0Ab30BaTh II0A3€MHbIE ICTOYHUKIA
BOAOCHAOKEeHIsI, KOTOPBIE OTAMYAIOTCST BBICOKMM KaueCTBOM 1 Har0o1ee 3allMIIeHbl OT TEXHOTeHHBIX 3arpsI3-
HeHMIL. 3ariacel II0A3eMHO BOABI A0CTaTOYHBI 4451 KPYTAOTOANYIHOTO O0ecriedeHNs I'. ATIaTUTEI U IIPUTOPOAOB.

STUDY OF UNDEGROUND SOURCES OF PURE WATER FOR THE TOWN
OF APATITY: SUCCESSFUL EXAMPLE OF FINNISH-RUSSIAN COOPERATION

V.P. Konukhin, A.A. Kozyrev, A.O. Orlov, Yu.G. Smirnov
Mining Institute KSC RAS, Apatity, vladimir@goi.kolasc.net.ru

In the process of Russian mining industry development and its negative impact on all components of
the biosphere (water and air resources, soil, plant and animal life) overcoming environmental challenges of
some territories became vital. Apatity town and its surroundings is an example. Nowadays the only source
of the drinking and domestic water supply for Apatity is the Imandra lake, despite its being polluted by the
waste water from numerous enterprises. Ore mining enterprises “Apatit” JSC, “Severonickel” JSC, housing
and communal services “Apatityvodokanal” JSC, “Monchegorsk vodokanal” also use the lake as a waste
water entity.

In the current system of water supply the Imandra lake water comes through metal pipes on 9 km
distance to the pumping station of “Apatityvodokanal” JSC, where it is processed in water treatment facilities
of Apatity. The water distributing net consists of more than 90 km of pipes with the inner diameter of 50-1000
mm. According to the data of “Apatityvodokanal”, there is the secondary pollution in the water pipes (Table 1).

When studying the water supply of Apatity, the option of using underground water sources was
considered. As a result of exploration works carried out in the 1980s in the Malaya Belaya river valley, the
confined aquifer with high filtration properties was discovered. Specialists of the Mining Institute KSC
RAS collected and analyzed geological, geophysical and hydrogeological data on this deposit. Jointly with
the Geological Survey of Finland the chemical composition of the water was studied and field geophysical
investigations of the Malaya Belaya river area were carried out, confirming the presence of water-bearing layers.

The upper water pressure layer of the glaciofluvial horizon is at the depth from 9.4 m on the left bank
of the river up to 14.5 m of the right bank. Its thickness is not uniform and equals to 1.25 m and 7.4 m. Water
hosting rocks are of gravel types with different grain size. Underground waters of rocks are connected with
fractures. The pressure value varies from 47.4 m to 62.45m. The productive horizon of the water intake has the
best filtration properties.

The geophysical research of the site was carried out using a georadar. A 3D model of the river valley
was worked out, dividing the country rock and ground water horizon. The model is based on compiling and
new geological data, gathered in field works. All data are in digital format and confirmed by the geological
survey with GIS software applied. Fig. 1 shows field investigations of a ground water deposit near of Apatity.
For the chemical composition to be evaluated, the water samples were taken from different sources. The
concentration of the basic elements was lower than the maximum permissible values (Table 2).

To solve the problem of drinking water quality for the population of Apatity city it is recommended
to use underground sources for water supply as the most secured from technogenic pollution impact and of
high quality.

The underground water resource is sufficient to provide the all-year round water supply for the
population of Apatity and its suburbs.
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ITPOEKT MEXAYHAPOAHOI'O COTPYAHUYECTBA
POCCUMNCKON N1 BOATAPCKON AKAAEMIN HAYK

AM. Asanna
I'eoaormaeckmit mactutyt KHII PAH, Anatuts, lialina@geoksc.apatity.ru

B pamkax MeXayHapOAHOTO HayJHOIO COTPYAHMYECTBA MeXJAy POCCUIICKON M 00oATapCKol aka-
demysamu Hayk B 2009 r. crapToBaa mpoekT Ne 66 «PeakoMeTaapHas MMHepaaAu3alus B TpaHUTaX S- U
A-TUIOB Ha NMpuUMepe MePraMHO3EMUCTEIX TpaHuTOB boarapun n meaounsix rpanutos Koasckoro m-osa,
Poccust; m3aMenenus MuHepaA0B peAKIX 9AeMeHTOB B KOpaX BhIBeTpMBaHIsI TPaHNUTOB I0ro-3anaaHoi boa-
rapun» (2009-2010) (puc. 1) mo uayyeHMIO akIlecCOpHOI peJKOMeTaAbHOM MUHepaAMu3aliuy B TpaHUTax
pasHbIX POpMaMOHHBIX TUIIOB. B mrpoekre yuactsyior [eoaornueckuit macturyt KHL PAH (Anatnrsr)
u Llentpaanrnas aaboparopusi Mmunepaaorun u kpucraaaorpadpuu BAH (Codus). Pykosoaurean mpoek-
ta: 4-p M. Tapacos, 3as. ZlabopaTopun 91eKTPOHHOI MUKpOcKormy, yuénsiii cekperaps LIZAMK, k.r-m.H.
AM. /Asaanna, H.c. labopaTtopum reoxpoHoaoruu u nsoronHoi reoxumun I'1 KHL PAH.

; CaTtenurHa CHMMKa
C KOHTYDW- Ha HINanuiUeHCKNS. NNyTo

Puc. 1. O6bexTr! nccaesosannst Ha Koasckom m-ose (caesa) u B boarapum (cripasa).

Fig. 1. Objects to study on the Kola Peninsula (left) and in Bulgaria (right).

C rpaHMTOMAHBIM MarMaTH3MOM CBsI3aHBI Han0O1ee MHOTOUYIICAEHHEIE I Pa3HOOOPa3HbIe THUIILI Me-
CTOPOXXAEHUI peAKNX ANTOPpuAbHBIX MeTaa10B. Peaxne saements! (REE, Nb, Ta, Zr, Th, U) B aTux obpaso-
BaHILIX HE TOABKO M30MOP(PHO paccesiHEI B IIOPOA000pasyomX MIUHepadax, HO 1 00pa3yIOT COOCTBEHHBIE
MIHepaAbHble BUABIL, AOCTUTasl COAep>KaHMII, MMEIOMINX IIpaKTuJecKoe 3HadeHne. Peakue mMeTaaabl 06-
AajaioT YHUKAaABHBIMU (PU3MYECKUMU U XMMUYECKUMM CBOViCTBaMl, 61arodapsi KOTOPBIM OHI HaXOAST
IIpUMeHeHNe KaK B TPaAUIIMOHHBIX (MeTaAAyprius, MallHO- ¥ IPUOOPOCTpOeHNe, paAIOTeXHIKa, MeAN-
IIMHa, A€KTPOHMKA U Ap.), TaK I B COBpeMeHHBIX (Aa3epHas 1 aTOMHasl TeXHIKa, CBepXITPOBOAHMKM, CIlAa-
BbI, TEXHMUYECKas KepaMMKa U MH. Ap.), OTpacAsX IIpoMbllleHHOCTH. He MeHee BakHa poAb aKI[eCCOPHBIX
MUHEPaAOB B Ie0AOTMYECKMX, FeOXMMIIECKNX, eTPOAOTMIeCcKIX, TeOXPOHOAOTUYECKIX MCCAeAOBaHUAX.
CoBpeMeHHOe pa3BUTIE aTOMHOIN IIPOMBIIILAEHHOCTI OCTPO 0003HAYMAO IPoOAeMY YTUAN3ALNI Pajyio-
aKTUBHBIX OTXOA0B. B CBA3M ¢ 9TM aKTUBHO BeAyTCs MCCAeAOBaHS pa3AMIHBIX MIHEpPaA0B, B TOM 4lcAe U
aKIIeCCOPHBIX, KaK BO3MO>KHBIX MaTep1al0oB 4451 MMMOOMAM3aI DKOAOTIMIECKN OTIaCHBIX OTpabOTaHHBIX
SAAEePHBIX MaTepual0B.

PeaxomeraapHOE MIHepaa000pa3oBaHIe, CBA3aHHOE C TPAaHUTONAHBIM MarMaTi3MOM, BecbMa pas-
HOOOpPa3HO 110 TUIIaM U MeXaHI3MaM PY400TAeAeHII I OTAOXKEHN:, a Tak’Ke 110 Habopy MeTaAl0B, Aal0-
LIMX IIPOMBIII/AEHHBIE CKOILAeHUA. IToMrMO MecToposkAeHnii coOOCTBeHHO pelKOMeTaAbHBIX IPaHUTOB B
CBSI3M C HUMU HaXOAATCS IIlerMaTUTOBbIe, CKapHOBbIE, I'Peii3eHOBbIe, TUAPOTepMaAbHble ¥ MeTacoMaTuJe-
CKIe TPYHIIbl MecTopoKAeHnii. CpaBHUTeAbHas MUHepaAoTrdecKas 1 M30TOITHO-TeOXMMIJecKas XapaKkTe-
pucrtuka (REE, Th, U, Nb, Zr)-cozep>kamux akIleCCOPHBIX MUHEPaAOB I UX BTOPUYHBIX IIPOAYKTOB OyAeT
IPOBOAUTLCS Ha IIpUMepe NeprAMHO3EMUCTEIX rpaHuTOB S-Tuma O3 Boarapum u 1mjeA04HBIX I'paHUTOB
A-tyma Koanckoro n-osa, Poccns. I'paHnTh IepranHo3éMIUCTOTO U I1eA0YHOTO TUIIOB SIBASIOTCS KpaliHu-
MM 4J€HaM! B CyIIeCTBYIOIINX CYICTeMaTMKaX TPaHNTOB, YTO II03BOASET IIPOBOAUTL OOOCHOBAHHLIE ITapaa-
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AeAu, HAXOAMTDb CXOACTBA U pa3ANdus B MUHepa1000pasylomux nponeccax, skaioudaomnx REE, Nb, Ta, Zr,
Th, U saementsl. Llean nHacrosimero nmpoexra:

®  KOppeAsLys IPOIecCOB MarMaTNIecKoil KpucTaaansanuy akieccopasix Muaepaaos REE, Nb, Ta,
Zr, Th, U (xpucraaaoxumus, ¢paszosast 1 BHyTpu¢aszosas HEOAHOPOAHOCTH, M30TOITHAA XapaKTePUCTH-
Ka) B I'paHNTax pa3ANJHON (POPMaIIOHHON ITPUHAAAEKHOCTI;

* IIpuBAeYeHME HeTPaAMIIMOHHBIX aKIIeCCOPHBIX MIIHEPaAOB B KauecTBe TeOXPOHOMETPOB (TUTaHUT,
aazaamaut u Ap.) B U-Pb 1 Sm-Nd cucremarnkax;

®  yCTaHOBJEHMe MeXaHU3MOB M BTOPUMYHBIX TPOAYKTOB ITOCTMarMaTU4eCcKOTo M3MeHeHMs aKIleccop-
HBIX MMHEPaA0B B I'paHUTaXxX ABYX TUIIOB;

®  pasBuUTIE MeTO/a DAeKTPOHHO-30HA0BOTO Aatuposanys (Th, U)-cogepskaryx MuHepal0B B IpaHNUTaX;
®  OlleHKa 9KOA0THMYEeCKOI0 PHUCKa, CBsA3aHHOTO C paspyllleHreM aKIleCCOPHBIX MIHEpaA0B B DHAOTEeH-
HBIX U DK30T€HHBIX YCAOBUAX.

Hanboaee akTyaabHBI CAeAyloliyie HapaBAeHNs M3y4eHUs aKIIeCCOPHBIX MUHEPaAOB I'PaHUTHBIX
MaccMBOB (IIMPKOH, MOHAIIUT, aAAaHUT, KCEHOTUM, TOPUT, YPAaHNHUT, TUTAHNUT, TPYIIIILI OpUTOANTA U IINU-
poxaopa u ap.):

®  yccAeAOBaHUS BHICOKO/AOKAaABHBIMIU MeTOAaMM BHYTp1(a30BOI (30HaABHOCTh, CEKTOPUAAbLHOCTD,
HaAu41e yHacAeAOBaHHEIX sizep) U (pa30Boil (MUKPOBKAIOUEHT) HEOAHOPOAHOCTEN MIHepaAbHBIX MH-
AVIBU/OB; PEKOHCTPYKIINS TeHe3lca MIHepaAoB 110 pe3yAbTaTaM UCCAeA0BaHNsI aHaTOMUY MHAUBUAOB,
BBIABAEHINE CTaAUil MIHEpal000pa3OBaHIIsl U IIOAUTEHHBIX MUHEPaABbHBIX BUAOB;

*  y3ydyeHMe XuMmyeckoro u udoronHoro (U-Sm-Sr) cocrasa MuHepaA0B C MHTepIIpeTalel KOHKpeT-
HBIX yCAOBMII (COCTaB U T€HE3VIC MarMaTmudeckoro pacriaasa 1o U-Pb 1 Sm-Nd gannsim) n spemenn (U-
Pb 1 Sm-Nd gaTupoBkm) Kpucraaansamnmm;

*  y3ydyeHMe IIPOAYKTOB M3MeHeHI s IIepBIYHBIX aKIIeCCOPHBIX MIHEpaA0B B X0/e I03AHe- I IoCTMar-
MaTUYeCKMX DTaIlOB CTaHOBAEHUs TPaHUTHBIX MaCCHBOB I OITpeJeAeHle MeXaHM3MOB DTUX U3MeHeHMIA;
e nosedenne MuHepaabHbIx Hocuteaeit REE, Nb, Ta, Zr, Th, U B Kopax BeIBeTpMBaHUs IPaHUTONAOB
U I[10YBax;

®  pa3zpaboTKa HOBBIX IIOAXOJ0B K U3YUEHNIO MIHEPa10B, BKAIOUasl A0KaAbHbIE 1CCAeAOBaHS VX BO3-
pacTa c HOMOILIO DA€KTPOHHO-30HAOBOTO MUKpPOaHaAM3a.

B 2009 r. mpoBeeHbI MccAeAOBaHUA MUHEPaAOTUH IIMPKOHa B TopoJax Maccupa CaxapbliOK, OTHO-
csmerocss K popMaruy ImeA0dHBIX TPaHUTOB — cueHnToB Koanckoil yacty baarmiickoro mmra. Maccus
SIBASIETCSI OAHUM U3 HanOO/ee IepCIIeKTUBHBIX KO-
PEHHBIX MCTOUHMKOB IIMpKoHus B Poccun. I'lo mo-
AYYEHHBIM JaHHBIM IIpeJcTaBAeHa cxeMa IOAMCTa-
AVVIHOV KPUCTAaAAM3al/ IUMPKOHA Ha BCeX dTartax
¢popmupoBaHmsa MaccuBa: MarMaTM4eckoM, ITOCT-
MarMaTu4eckoM/TuApoTepMalbHOM, MeTaMOpPu-
geckoM. PesyabTaTsl nccaesoBaHmii OIryOAMKOBaHBI
B IIeHTpaAbHOM 1 MecTHON Tledatn (Joka. AH, Tp.
VI Beepoc. ®epcmanosckoit HaydH. ceccuu 2009).

Puc. 2. Tagoanaut n3 A-rpanurtos Koabckoro 1m-osa,
POM-doro, LEO EVO LS-25, 1I/IMK BAH.

Fig. 2. Gadolinite from A-granites of the Kola Peninsula,
REM-photo, LEO EVO LS-25, CLMC BAS.

Hagarer nccaegoBanmst OMpKOHa B IIOCTMarMaTHMYeCKMX IErMaTUTOBBIX TedaX IeAOYHBIX I'PaHUTOB
maccusa bearbie TyHApEI. Y cTanosaeHO pasHoobpasue MOP(OTUIIOB TUPKOHA, X PU3IIECKIX CBOVICTB 1 aHa-
ToMUN. MUKPO30HAOBBIE 11 DAEKTPOHHO-MUKPOCKOIIMYIECKIe 1CCAeA0BAHNS AOTIOAHSAT ITOAYIeHHYIO UHPOP-
MaI[UIO U IIO3BOASAT IIPeAA0KUTh CXeMy 0Opa3oBaHIs MIHepala Ha ITIOCTMarMaTIecKIX dTarax popMupo-
BaHU: I1IeA0YHO-TPAaHUTHON popmariuu. B 0ogHOM 13 11erMaTUTOBBIX TeA IeAO0YHBIX TPAHUTOB yCTaHOBAEH
ragoAnHUT-(Y), HEOOBIYHBIN CBOMM IIPUPOAHBIM KPUCTAAANIeCKIM cocTostHMeM (puc. 2). OH «0ObIden» B Iie-
AOYHBIX TPaHUTAaX, HO BO BCeX MECTOPOXKAEHISIX MIPa €r0 HaXOAAT B MeTaMMKTHOM cocTosanm. Hamra naxoa-
Ka KpaliHe pegka. OOpasIisl ¢ rai0AMHUTOM IlepesaHsl A4 nccaeaosannii B LI/IMK. Hagater nccaeaosanms
MIHepaA0B IPYIIIb OPUTOANTA B TPaHUTaX U UX IO3JHMX TedaxX (cuaekcnurax). [Ipesxxae Bcero, mccaeaosanust
OputoanTOB OyAyT HaIpaBAeHbl Ha U3ydeHNe IOCTKPUCTaAAN3alIOHHBIX ITporieccos uameneHns. ITpu pe-
BU3UU KOAAEKLIUM CUAEKCUTOB ¢ OOraTol OpUTOAMTOBOM MMHEpaAu3alyell yCTaHOBACHBI yJaCTKI ITOPOJ, C
SIBHBIMM ITPOAYKTaMU BBIBETPUBAHIS. DTO ITO3BOAUT COIIOCTABUTD ITPOLIECCEI U ITPOAYKTEI pa3ANMIHbBIX TUIIOB
BTOPUYHOTO M3MeHEeHNs «OpUTOAUTOB» - ITMAPOTEPMaAbHOTO 1 DK30T€HHOTO.
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Puc. 3. Caesa: Busnut a-pa M. Tapacosa B r. Amatutsl, asryct 2009 r. B 1ieHTpe: cKaHMPYIOIINI DAeKTPOHHBIN MUKPO-
ckorr — Mmukpoanaausarop Philips SEM515 - WEDAX-3A, LI/IMK BAH. Cnpasa: rpaauts! VrpaauIneHcKoOro 1AyToHa
B 103 Boarapuu, centsa6ps 2009 .

Fig. 3. Left: visit of Dr. M. Tarasov to Apatity, August, 2009. Centre: scanning electron miscroscope — microanalyzer Philips
SEM515 - WEDAX-3A, CLMC BAS. Right: granites of the Igralishchensky pluton in SW Bulgaria, September, 2009.

B npomrearieM rogy nponsoréa oOMeH BUSUTaMU yYacTHUKOB IIpoekTa (puc. 3). B asrycre I'1 KHIL]
PAH mnocetna pykoBoguteab IIpoeKkTa ¢ 0oarapckoii croponsl M. Tapacos. OH HO3HaKOMIACS C aHaAUTH-
yeckol1 Oa3oit VIHCTUTyTa 11 KOAAeKIIMOHHBIM MaTepuaaoM (00pasIibl IOPOJ, Py4, MUHepaAoB, IIperapaTh
pasaranoro tuma). Cocrosauch reoAornmdeckyie 9KCKypcuy Ha rmoaurod Boue-/lam6una u sxaoruter [n-
poxoii Caamel. B ceHTs10pe cocTos1ACs OTBETHBIN BU3UT YYaCTHMKOB IIPOEKTa C POCCUIICKON cTOpoHs! E.D.
Capuenko u A.P. 3ozyan B LI/IMK. brrant ocMOTpeHBI cOBpeMeHHbIe aHaANTUIecKe IpuOopsl, ITPOAEMOH-
CTpupoOBaHa TeXHIKa IIpoBejeHNs aHaAn30B. Poccuiickie yyacTHIKM IIpoeKTa IToObIBaAu Ha Virpaanien-
cKkoM nayToHe rpaHuTos Cepbo-MaxkeaoHckoro maccrsa B fO3 boarapun. Cocrosiacs oOMeH MaTepualaMu
A4S ICCAeA0BaHUIl B 1a00paTOPMsAX YUaCTHMKOB IIPOeKTa.

PROJECT ON INTERNATIONAL COOPERATION OF THE RUSSIAN
AND BULGARIAN ACADEMIES OF SCIENCES

L.M. Lialina
Geological Institute KSC RAS, Apatity, lialina@geoksc.apatity.ru

The year 2009 saw the launch of the new Project 66 “Rare metal mineralization in granites of S- and
A-types on the example of high-alumina granites of Bulgaria and alkaline rocks of the Kola Peninsula,
Russia; changes of rare element minerals in the weathering crusts of granites of SW Bulgaria” (2009-2010)
in the framework of international cooperation between the Russian and Bulgarian Academies of Sciences
(Fig. 1). The partners are the Geological Institute KSC RAS (Apatity) and Central Laboratory for Mineralogy
and Crystallography BAS (Sofia). Leaders of the projects: Dr. M. Tarasov, Head of Laboratory for Electron
Microscopy, Scientific Secretary of CLMC, Cand. Sci. (Geol.-mineral.) L.M. Lialina, Scientific Researcher of
Laboratory for Geochronology and Isotope Geochemistry GI KSC RAS.

Numerous and various types of rare lithophile metals deposits are connected with the granitoid
magmatism. Rare elements (REE, Nb, Ta, Zr, Th, U) are not only isomorphically disseminated in rock-forming
minerals, but also form their own mineral species, their content thus becoming practically valuable. Rare
metals have unique physical and chemical properties that provide their use both in traditional (metallurgy,
mechanical engineering, instrument-making, radiotechnics, medicine, electronics) and modern (laser and
atomic engineering, superconductors, alloys, technical ceramics, etc.) industries. The role of accessory
minerals is no less important in the geological, geochemical, petrological, geochronological research.
The utilization of radioactive wastes is vital for the contemporary development of the atomic industry.
In this connection the research of various minerals, accessory ones inclusive, as prospective materials for
immobilizing dangerous atomic wastes is being actively carried out.

The rare metal mineral-forming connected with the granitoid magmatism fairly varies in its types,
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processes of the ore separation and sedimentation and the set of metals providing industrial accumulations.
Along with deposits of rare metal granites themselves, these are connected with pegmatite, skarn, greisen,
hydrothermal and metasomatic deposit groups. The comparative mineralogical and isotope-geochemical
characteristics of (REE, Th, U, Nb, Zr)-bearing accessory minerals and their secondary products will be
carried out on the example of high-alumina S-type granites of SW Bulgaria and A-type alkaline rocks of
the Kola Peninsula, Russia. High-alumina and alkaline granites are the extreme members of the existing
granites systematics, which grounds our comparing them with each other and finding similar and different
features in mineralogical processes with REE, Nb, Ta, Zr, Th, U elements. Major aims of the current project
are to follow:

e correlation of processes of the magmatic crystallization of REE, Nb, Ta, Zr, Th, U accessory minerals
(crystallochemistry, phase and interphase heterogeneity, isotope characteristics) in granites of various
formation history;
* using non-traditional accessory minerals as geochronometers (titanite, allanite, etc.) in U-Pb and
Sm-Nd systematics;
* determining mechanisms and secondary products of accessory minerals postmagmatic changes in
granites of two types;
* upgrading the method of electron-probing dating of (Th, U)-bearing minerals in granites;
e estimating the ecological risk of accessory minerals destroying in endogenic and e exogenetic
conditions.

Coming below are the most topical areas of studying accessory minerals of granite massifs (zircon,

monazite, allanite, xenotime, torite, uranitite, titanite, britolite and pyrochlore groups, etc.):

e studying with high autochthonous methods of interphase (zoning, dividing into sectors, presence of
inherited cores) and phase (microinclusions) heterogeneities of mineral individuals; reconstructing the
genesis of minerals according to results of studying the anatomy of individuals; defining the formation
stages of minerals and polygenic mineral species;
e studying the chemical and isotopic (U-Sm-Sr) composition of minerals, interpreting certain
conditions (composition and genesis of a magmatic melt using U-Pb and Sm-Nd data) and time (U-Pb
and Sm-Nd dating) of crystallization;
e studying products of changes of primary accessory minerals in late and postmagmatic formation
stages of granite massifs and defining mechanisms of their interrelation;
® behavior of mineral tracers of REE, Nb, Ta, Zr, Th, U in weathering crusts of granitoids and soils;
* elaborating new approaches to study minerals, including local analysis of their age with an electron-
probing microanalysis.

In 2009 the mineralogy of zircon in the Sakharjok massif, the latter belonging to the alkaline granites
— syenites of the Kola Baltic Shield, was studied. The massif is one of the most promising native sources for
zircon in Russia. Presented on the basis of the gathered data was the scheme of the zircon polystage crystal-
lization on all stages of the massif forming: magmatic, postmagmatic/ hydrothermal, metamorphic ones.
Results of the research were published in the central and local press (Reports of Academy of Sciences, Proc.
VI All-Russ. Fersman Sci. Session 2009).

The analysis of the zircon in postmagmatic pegmatite bodies of alkaline granites of the Belye tun-
dras massif started. It was defined that the zircon has various morphotypes, their physical properties and
anatomy. Microprobe and electronic-microscope analyses will contribute to the gathered data and help to
elaborate the scheme of a mineral forming on the postmagmatic stages of an alkaline-granite formation. In
one of the pegmatite bodies of the alkaline granites a gadolinite-(Y) was found. The latter is remarkable for
its natural crystalline condition (Fig. 2). It is common for alkaline granites, but in all deposits in the world
it occurs in the metamict condition. Our find is very rare. Samples with gadolinite were passed to CLMC
to be studied there. Studying the britolite group minerals in granites and their later occurred bodies (silex-
ites) began. First of all, the analysis of britolites will aim at studying postcristallization changes processes.
When the collection of silexites with a rich britolite mineralization was studied, sections of rocks with actual
weathering products were found. This will provide a comparative analysis of processes and products of
various types of the “britolites” secondary changes — hydrothermal and exogenetic ones.

Last year there was an interchange of the partners’ visits (Fig. 3). In August Bulgarian project lead-
er Dr. M. Tarasov visited GI KSC RAS. He got acquainted with the analytical base of the Institute and
the material collection (samples of rocks, ores, minerals, various slides, etc.). Geological excursions to the
Voche-Lambina range and the Shirokaya Salma eclogites were carried out. In September Russian partici-
pants of the project E.Eh. Savchenko and D.R. Zozulya paid CLMC a return visit. They studied the modern
analytical equipment, appreciated the analysis technique and its results. The Russian partners visited the
Igralishchensky plunon of the Serbian-Macedonian massif granites in SW Bulgaria. The parties exchanged
materials to study in their laboratories.
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ITEPCIIEKTVIBBI COTPYAHUYECTBA I'EO/IOITMTYECKOI'O MHCTUTYTA KHII PAH
N MNHCTUTYTA I'EOAOI'MTN KNTANCKON AKAAEMNUN TTEOAOTMYECKNX HAYK

I0.H. Hepaaosckuii
I'eoaormueckmit uactntyt KHII PAH, Anatutsl, nerad@geoksc.apatity.ru

B nacrosimee spemst Poccis sisasieTcst AmAepoM B TIO3HAHUU TAYOMHHBIX YacTell 38 MHOI KOPBI B KOH-
TUHEeHTaAbHOM YacT! Ha OCHOBe cBepXrayookoro Oypenmns. [lo pesyabratam Oypenns CI'-3 moaydens! yHu-
KaAbHbBIe MaTepHUaAbl O CTPOEHUM U CBOICTBAX IIOPOJ U MeTaAAOTeH’N Ha rayomnax o 12261 m (puc.1).
OcobeHHO cA0XeH pa3pe3 apXelicKuX opog Ha rayonHax 6842-12261 m (puc. 2). DTu JaHHbIe TPUBAEKAIOT
IIPUCTaAbHOE BHMMaHNe MUPOBOI HayKl, OCODEHHO B CBSA3M C peaan3aliyell HOBBIX IIPOEKTOB I10 Te0.A0r -
JeCKOMY M3Y4eHMIO 36MHOM KOPBI TAyOOKMMM CKBaKMHaMM. TaKoil IIPOeKT, B 4aCTHOCTH, OCYIIeCTBASIeTCs
B KHP. I'lo ganupiM Begymero crnermaancra npod. J. flura, 8 KHP 3akonden mepssiit 9Tan OypeHus 40
rayounsr 5 kM (puc. 3) U pelraeTcs: BOIIPOC O MecTe 3a10KeHMsI CBePXTAyOOKOIl CKBasKMHEI, CIIOCOOHOII 110~
OUTH POCCUIICKUIT PEKOPA.

Puc. 1. O6mmit sua CI'-3 (BBepXy) ¥ KOAOHKa IIOPOA, TTepecedéHHBIX CKBaXKMHOI (CAeBa), ITO MaTe-
puaaam B.®. CmoabkuHa.

7622

Fig. 1. General view at SD-3 (top) and the column of the rocks cross-cut by the borehole (left), by
V.E. Smol’kin.

B cBs3u ¢ oTum KHP niposisasier 604b111011 MHTEpeEC K nccaesosannam kepHa CI-3
11 0COOEHHO TayDoKoMeTaMOpPPM30BaHHEIX 1T0pod. B 2008-2009 1T. B [eoaormaeckom mH-
cruryte KHL PAH no6sisaan ase geaeranyu KHP ¢ 11e4510 03HaKOMA€HIS C TeOAOTHET]
u Metaaaorenueit Koasckoro pernona n kepuom CI-3. B xoae BU3UTOB cOCTOAANCE Ha-
y4JHBIE CEMMHApPEHI 110 OOMeHY OITBITOM MCCAeA0BaHMI, 00CY>KAaAVCh BOIIPOCEH TeOAOTUN
u MeTaaaorenun baatuiickoro mura u Knras. OcoOblif MHTepec IposIBAeH K 1ccaeJ0Ba-
HISIM TAYOMHHOTO CTPOEHM I BepXHell 9acTy 3e€MHOI KOPBI 110 AaHHBIM CBepPXT1yOOKOTO
Oypenns. Knrarickas cTopoHa IpO4eMOHCTPHUpPOBala BBICOKNE TeXHIIECKIe BO3MOXK-
HOCTU MCCAeA0BaHUs MUHEPaAbHOTO COCTaBa ¥ M30TOINM DAEMEHTOB Ha MaAbIX KOAN-
JecTBax BelecTsa. PaccMoTpeHHbIe B X04e ceMMHapOB MaTepuaasl IIoKazaan OOAbIIe
BO3MO>KHOCTI 00X CTOPOH M BBLIABNMAM B3aMIMHBIE MHTEPECH], YTO OBIAO ITOAO0KEHO B
ocHoBy CoraalieHus 0 COBMeCTHOM M3y4eHUM Te0AOTUM U MeTaAAOTeHUI 3€MHO KOPbI
Ha 0OABIINX TAyOMHaXx. /s IMOMCKOBLIX MCCAe40BaHUII KUTalICKOI CTOpOHEe IepeJaHbl
Ay0AMKaThl 9TaA0HHBIX 00Pa3Il0B KepHa OCHOBHBIX TUIIOB IIOPOA C Pa3ANIHBIX TAYOMH.

38

9456
9562

10144
10278
10448 "
10601

11411

11708

12262




Hamnboaee repcrieKTMBHBIMU ITPeACTaBASIOTCS MICCAeAO0BAHUA CTPYKTYPBI I MUHEPaALHOTO COCTaBa
IIOPOA M Py4 B CBA3U C IIpoIjeccaMy MeTamopdusMa B IA1yOOKMX 30HaX 3€MHOI KOPHI, BBIBEAEHHBIX Ha
IIOBEPXHOCTH IIOCAeAYIONMMY TeKTOHMYECKMMU ITpoIieccaMit. DTH CCAeA0BaHMs IT03BOASAT COTIOCTaBUTh
II0BeAeHIe MIHepaloB B YCAOBMAX MeaaeHHOro (baatmiickmx mut) u 6sictporo (Knrait) mognéma mopog,
¢ rAyOVH Ha ITOBepXHOCTh. B HacTosIIIee Bpems1 Bea€Tcs paboTa 110 COCTaBA€HUIO IIPOeKTa COBMECTHBIX VIC-

Puc. 2. Apxerickuit komriaekc pyHgamenTa [ledeHrckoi cTpyKTy-
poI o pesyasratam Oypenns CI'-3, mo marepmnasam B.P. Berpuua

1 — kococaoucTple IleCYaHUKM C IIPOCAOSIMM KOHIAOMepaTOB
(mpoteposoit), 2 — MeTamMOpduU30OBaHHAs KOpa BHIBETPMBaHILI,
3 — OMOTUT-I1AaTMOKAa30BbIe THENCHI C BBICOKOTAMHO3EMUCTBIMIL
MuHepadamy, 4 — 6uotut — (ampub041) — MaarnoK1a3opble THel-
CBI, 5 — >Keae3ucThle KBapIUTH 1 aMpub0-MarHeTUT-KBapIleBhle
CAaHITHI, 6 — TTapa- ¥ OpTOaMPUOOANTHI, 7 — TOPOABI aMPpudOANT-
TOHAAUT-TLAaTMOTPAHUTHOIO KOMILAeKca, 8 — CMH- U O3 JHeCKAa -
yaThle I11aTIOMUTMaTUThI, TPAHUTHI U1 IIeTMaTOUALL, 9 — MyCKOBUT-
MUKPOKAMHOBBIE MeTacoMaTuThl, 10 — IIOCTCKAaguaThle TPaHUThHI
u rerMatuthl, 11 — xaopurtusanus, 12 — KOHTakThl CA0€B, Tea, 13
— TpaHMITHI TOAIN, 14 — MMAOHMTHU3AINA, KaTaKAa3, OpeKdnpoBa-
Hue, 15 — TeKTOHMYecKe pa3A0MBbl U 1B, 16 — HOMepa CTBOAOB B

Fig. 2. Archaean complex of the Pechenga structure basement ac-
cording to the SD-3 drilling results, by V.R. Vetrin and F.F. Gorvat-

1 - cross-bedded sandstones with parting conglomerates (Protero-
zoic), 2 — metamorphosed weathering crust, 3 — biotite-plagioclase
gneisses with high-alumina minerals, 4 — biotite — (amphibole)
- plagioclase gneisses, 5 — ferriferous quartzites and amphibole-
magnetite-quartz schists, 6 — para- and ortho-amphibolites, 7 —
rocks of the amphibolite-tonalite-plagiogranite complex, 8 — syn-
and lately folded plagiomigmatites, granites and pegmatoids, 9
— muscovite-microcline metasomatites, 10 — post-folded granites
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and pegmatites, 11 — chloritization, 12 — contacts of layers, bodies,
13 — borders of the sequences, 14 — mylonitization, cataclasm, brec-
ciation, 15 — tectonic faults and junctions, 16 — numbers of the bore
holes chronologically ordered.

Or peaakTopa. ByAeT YMEeCTHBIM HaAlIOMHNTDb, 9YTO B Te-

KyIem roay ucroassercs 40 aet co Ans 3aaoxxenHns Koabckoir
CBEpPXTAyOOKOJ CKBa>KMHBI, M3BECTHON BCeMy MUPY 110/, AaKo-
HuuHeIM uMeHeM CI-3 (SD-3). besycaoBHO, STOT 40porocTosi-
it (IIOTOBapMBalOT, YTO IT0AET aMepuKaHIeB Ha /lyHy cTona
IIPUMEPHO CTOABKO >Ke) IIpoeKT cocrosacst. CKkBakKmMHa Jaja
OTPOMHYIO MH(POPMaINIO O CTPOEHMI 3€MHOVI KOPBI M MeTaa-
aorenun IleyeHrckoit cTpykTypsl Ha Ooapmmx rayomuax. Ha-
IIICAaHO HECKOALKO MOHOrpaduif, B TOM 4YlCAe Ha aHTAUICKOM
s3pike. KepH B 3HauMTeAbHOI Mepe COXpaHEH U KAET HOBOTO
BUTKa U3y4eHUs — I104 HOBBIE M€V U Ha KaueCTBEHHO HOBOM
00opyAOBaHUI.

Coxxaaenne srizpiBaet gpyroe. Kak soaurcs B Pocenn, 1o
OKOHUYaHIN ITpOeKTa Ha MecTo paboT npuinaa paspyxa. Ecan e
IIPUHATH CPOYHBIX Mep, MHPPaACTPyKTypa OyAeT OKOHJaTeABHO
yHmaToxeHa. CopceM HegaBHO B Hegpax Pocciiickol akageMmm
HayK BO3HIKAA J/esl PeaHMMMpPOBaTh CKBaXKMHY, CO34aB Ha eé
OCHOBe Hay4HO-0Dpa3oBaTeAbHBIN IIeHTP C ITMPOKIM CIIEKTPOM
3agad: reopuU3MIECKye MCCAeJ0BaHNMs OKOAOCKBaKITHHOTO IIPO-
CTpaHCTBa, OOyJeHne cpejHero npodeccrioHaabHOTOo HypoBOro
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Puc. 3. ITamsTHAs Meaab B 4€CTh OKOHUIAHIAST
repBoro srarna Oypennst B KHP.
Fig. 3. Memorable medal in honor of finishing
the first stage of the deep drilling in China.



IlepcoHaza, IIpOBeAeHIe HayYHBIX U IIPOCBETUTEALCKMX KOH(pEPEHINI, B TOM 4UCle MeXAYHapOAHOIO
yposrsi. HakoHel, 11eaecoo0pa3HO BKAIOUNUTH HTOT OOBEKT B IeOTypUCTUIECKIEe MapIIpyTh 110 Koabckomy
11-oBy. OueBNAHO, BCEé HTO BO3MOXKHO AUIIIb Ha OCHOBE CTaOMABHOIO TOCOIOAKeTHOTO (PMHAHCHPOBAHIL, T10-
CKOABKY POCCHUIICKIIT OMI3HEC CeroAHs OPMEeHTHPOBaH MCKAIOYNTEAbHO Ha OTPOMHEIE IPUOBIAN. A Kaab. ..

COOPERATION PERSPECTIVES OF THE GEOLOGICAL INSTITUTE
KSC RAS AND THE INSTITUTE OF GEOLOGY OF CHINESE ACADEMY OF
GEOLOGICAL SCIENCES

Yu.N. Neradovsky
Geological Institute KSC RAS, Apatity, nerad@geoksc.apatity.ru

Russiais a current leader in investigating deep parts of the Earth’s continental crust using superdeep
drilling. Drilling of SD-3 provided unique materials on rocks composition, properties and metallogeny
on depths up to 12261 m (Fig. 1). The section of the Achaean rocks at the depths of 6842-12261 m is a
particular challenge for analysis (Fig. 2). These data are of rapt attention of the world science, especially
due to newly launched projects on geological study of the Earth’s crust with deep boreholes. In particular,
such a project is being carried out in Chinese People’s Republic. According to the data of leading expert
Prof. J. Yang, the first stage of drilling is finished at the depth of 5 km (Fig. 3). Now the location of the
superdeep borehole to beat the Russian record is being discussed.

Therefrom, China reveals immediate interest in studying the SD-3 drill core and, particularly, deep-
metamorphosed rocks. In 2008-2009 the Geological Institute KSC RAS hosted two Chinese delegations
that aimed at knowing on the Kola region geology and metallogeny and studying the SD-3 drill core.
During the visits scientific seminars on data and experience exchange were carried out, issues of geology
and metallogeny of the Baltic Shield and China were discussed. The study of deep structure of the Earth’s
upper crust using superdeep drilling was of particular interest to the Chinese colleagues. They displayed
hi-tech aids of studying mineral composition and isotopy of elements using small amount of the material.
The workshops revealed both parties having great possibilities and mutual interest in the matter. The
latter grounded the agreement on mutual study of geology and metallogeny of the earth’s crust on great
depths. The Russian party granted its Chinese colleagues with duplicates of the SD-3 drill core etalon
samples of basic rocks from different depths.

Most promissing is the study of the ores and rocks structure and mineral composition in connection
with metamorphism processes in deep zones of the Earth’s crust that were uplifted on the surface by
succeeding tectonic processes. The research will provide comparing of behavior of minerals in slow (Baltic
Shield) and fast (China) rocks uplifting. Currently, a new project of joint research is being worked out.

Editor’s note. It is up to the point to remind you, that the current year sees the 40" anniversary of
laying down the Kola Superdeep Borehole, world-known as SD-3. Certainly, this expensive (they say, the
Americans’ flight to the Moon cost approximately the same) project was worthy the penny. The Borehole
provided lots of information on the Earth’s crust composition and metallogeny of the Pechenga structure
of great depths. Several monographs were written, in English as well. Major part of the core is preserved
and waiting for some new study to be subjected to — with new ideas as a basis and hi-tech equipment.

The pity is, that as common with Russia, the disruption comes to the place of research when a
project is over. If we fail to take urgent measures, the infrastructure will be totally destroyed. Recently,
the Russian Academy of Sciences announced the idea to reanimate the Borehole and create there a multi-
functional scientific-educational centre, carrying out geophysical research of the adjacent area, educating
the drilling staff, organizing scientific and educational conferences, international ones inclusive. Finally,
this object is worth of including in geotourist routes on the Kola Peninsula. It is obvious that all this
is only possible with some constant state financial maintenance, for the Russian business is now great
profit-oriented only. But I wish it weren't...
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PAANOAKTVBHBIE TPACCEPBI CKOPOCTU MUT'PALIIVN ITPUPOAHBIX BOA;:
’H - *He CUCTEMATHUKA

N.H. Toactnxua
leoaormueckmit mactutyt KHII PAH, AnmatnTsl, igor.tolstikhin@gmail.com

Asroxenne — GpyHAaMeHTaAbHBIN IMPU3HAK IPUPOAHEIX BOJ M OCHOBHOI (PaKTOp, peryAnpyIOninii
DBOAIONMIO BOABL. ITOCKOABKY ITpM ABMKEHNMY MeHseTCs e€ II0A0XKeHNe B IIPOCTPaHCTBe 1 BpeMeH!, 9T
ITapaMeTphl CTAaHOBATCSI KAIOYEBBLIMM B IIOHMMaHMM U MOJEAMpPOBaHUM ABIDKeHus. Yacto HaOAIOAeHII
YKa3bIBalOT Ha CMeIlleHre MacChl BOABI B IpocTpaHcTse. Ho BpeMeHHas I1KaJa TedeHUI PUIIOBePXHOCT-
HBIX BOJ, He Ha0AI0AaeMbIX HalIpAMYIO, IIo44Jac He 3aMeTHa. 451 eé 0OHapy>KeHI UCIIOAB3YIOTCS BpeMeH-
HbIE Tpaccephl.

Bpemennyio nHpopMannio MOXKHO M3BAe€db 13 TOYHO yCTAaHOBAEHHON CKOPOCTM paclada COOTBeT-
CTBYIOIIIETO pajyoaKTUBHOIO M30TOIIa B JaHHOI IOpLNM BOABL. Ho 4TOOBI M3MepnTh BO3pacT BOABI, T.€.
BPEeMEeHHOII MHTepBa, IPOIIeAIINil MeXAy e€ OTjeleHreM OT PaBHOBeCHs C aTMOC(epoil U BpeMeHeM
B3ATIVS IIPOOBI, HEOOXOAVIMO MMETDh IIepBUYHEIE (IO BO3MOXKHOCTY BOCCTaHOBAEHHEIE) 1 OKOHYaTeAbHbIe
(n3mepsiemble) KoHIeHTpanuu Tpaccepos. *H — *He crucreMaruka — eAuHCTBeHHAs1, He TpeOyoImas 1 AaKe
CcriocoOHasl OTPaHNYUTD MCII0AB30BaHMe TIePBIYHON KOHIIEHTPAluM MCXOAHOTO M30TOIa. DTOT YHUKAAD-
HBIN Tpaccep CeroAHs sABASETCs OAHUM U3 CaMBIX IIPeAIIOYTUTEABHBIX MHCTPYMEHTOB 36 MHOM IMAPOAOTUMN.

Naes ncnoapsosath godepHnmit usoron tputusa *He . aas *H - He gatuposanms BosHuKAa mpu
OTKPBITUM aHOMAABHO BBICOKUX KOHLIeHTpaumii *He B By AKaHIeCKOM IreAny, BbIAeAsIeMOM TOPSIMMU YIC-
touyHnkaMmu Ha Kypuascknx o-sax. Cpeay ocTaAbHBIX IPUIMH AAHHOTO SIBAE€HI: IIPUBOASIT 0Opa3oBaHIe
*He u3 *H [1]. BcaeacrBue KpaiiHe BBICOKUX KOHLIeHTpauwnii *H B MeTeoputHOII Boge B cepeaune 1960-x IT.
HaKOILAeHUe 3HeTRI npu pacriage *H B 11043eMHBIX BOAaX MOIA0 IIPUBECTY CUABHOMY 3HeTRI curHaAay. Xors
9TOT ncToyHMK *He GbLA OomrpoBeprayT, B cBoer pabote [2] MbI cMoran mokasats, uTo *H n *He Bmecre 8-
ASIIOTCSL AOCTATOYHO II€PCIIeKTUBHBIM TUAPOAOIMYECKUM TPaccepoM, U IIPea0KUAN UCIIOAb30BaTh €To B
ruapoaorvin. Baxxasivu npusnakamu °H — *He Tpaccepa sBasIoTCs caeayiomme.

(1) *H - paaMOaKTUBHBI HYKANA, BXOASIIIIUIL B MOAEKYAbI BOABL, T.€. HAMAYYIINIL 13 €€ BO3MOXKHBIX
Tpaccepos. [lepnoga noaypacraga *H (A, = 12.26 aeT) 4aéT BO3MOXKHOCTD OIPeAEAUTD BPeMsT HaXOXKAEHIS
He B mopuimm BoABI, M30AMPOBaHHOI OT aTMOC]epsl, Ha BpeMeHHOI I1Kale 40 50 aeT, uTo Hanbo.ee BasKHO
AAs TIPOTHO3MPOBaHNsl, IIAaHUPOBAHMS U IIPUHATIS PeIleHNIA.

(2) Kax mpasuao, ceroans *H reHepupyercs siepHBIMYU TeXHOAOTVAMMY (aTOMHBIE PeaKTOPEI I Ap.).
CaegoBaTeabHO, €TO MCTOUHMKM paclipejeleHbl KpaliHe HeOAHOPOAHO. DTO NPUBOAUT K He ITOCTOSHHBIM
B IIPOCTPAHCTBE U BpeMeHU KOHIleHTpauusaM “H B MeTeopuTHbIX Bogax. Ecan nMeercs: 404epHuUiT U30TOII
3Hem' TO 3HaHNe ero KOHIIEHTpallNIi — BXOAHas (PYHKIIVLI SH(t) — Goaee He nmMmeeT 3HaueHms. Icroap3osa-
une cymmsr °H +°He , B kagecTse Tpaccepa «CTaOMABHOTO M30TOIA» MPU3HAHO D(PPEKTUBHIM.

(3) He HenpepnIBHO BBIAEASIETCS M3 3@MHOM aTMOC(EepPEI. Y CTaHOBAEHO, YTO BPeMsl €r0 HaXOXKAeHIS
B gaHHOM pesepsyape ~ 1 man aet [5]. CaegosareanHo, poHoBOe KoAMdecTBO aTMocdepnoro He 5 Hacwr-
II[eHHOII BO34yXOM BOJe U IIOA3€MHBIX BOAaX HeBeAVKO. JaHHBINI apIyMeHT IoATBepKJaercs], ecau “He
paccmatpuBaetcst Kak orHouteHre “He / “He B semuom He, siBAstioneecst 40BOABHO HUBKMM, KaK IIPaBIAO,
< 107° [4]. ITo »tum npuunnam *He — HanMeHee pacripocTpaHEHHEBIN n30TON Ha 3emae. T.0., mpucyTcTBue
*He,, B HEKOTOPBIX CAyJasX MOKeT XapaKTepH130BaTh O4eHb MOAOAbIe BOABI C BO3PACcTOM B HECKOALKO AHell
[6]. He — HanOo.aee MHEPTHLIN DA€MEHT B IPUpPOAe 1, 3HAUNT, HarOo.1ee YCTOMYMBEIN Tpaccep BOABLL

(4) B ocnosHOM *He npuBHOCKTCS B IIOA3€MHBIEe BOABI 113 TPEX MCTOYHMKOB: aTMOC(EPHOTO (IIepBId-
HBle KOHIIeHTparnuy 01aropo4HEIX Ta3oB B IIpo0e ycTaHOBAEHHI Ha «recharge», obosnauenue ATM), Teppu-
reHHoro (13 ropusIX 1opod, TER) u tpurtnsa (TRI). B mocaeanem caydae He06X0AMMO OIIpeAeANTD ITepBble
ABa MCTOYHMKA. /A5 DTOTO HY>KHBI AOIIOAHUTEAbHBIE JaHHbIE LAY MOAEAUPOBaHMe.

(5) Bospacr Boas! 110 *H — *He cucremaTnke 404>KeH CIUTATBCS IIPeAIIOAaraeMbIM 13-3a ITOBEAEeHIs
HIPUPOAHBIX BOA KaK OTKPBITOM CUCTEMBI:

(5.1) 3HeTRI MOXKET BBIARAATHCS IO TPaHMUIIaM BOAHO MaccChl;

(5.2) cmernreHne BOAHBIX Mace ¢ pa3andubMu oTHomenvsMu *H /°He,  BausieT Ha BO3pacT M30A4111L;

(5.3) mepepacripegeaenne *H u *He , Mexxay cocyIecTByIOIuMm IOpoJaMi ¢ Pa3ANIHOl TTOPUCTO-
CTBIO MOJKET ITPUBECTM K HepeaabHbIM BO3pacTaM, OTANYAIOIIMMC OT ACVICTBUTEABHBIX 3HaUeHUI 40 ABYX pa3.

CyLIecTByIOT TPU OCHOBHBIX OOCTaHOBKI, B KOTOPBIX M30AsLs *H-HOCHBIX METEOPUTHBIX BOA U3 aT-
Mocdepsl criocoOcTByeT Hakoraennio *He, - 03épa, MOpcKme 1 OKeaHIdecKie BOABI U TI0A3€MHBIe BOADL.
B Hacrosmee Bpems ombiTHOe obopydosanme Aas *H — He aatuposanns rorosutcs kK paborte B [eoaorn-
geckoMm mHcTuTyTe KHLI PAH. Hanboaee BaskHBII BOIIPOC — TOYHOCTh MacC-CIIEKTPOMETPIIECKIX M3Me-
pennii otHomrennit “He / “He n *Ne / “He B rasax, n3BAe4€HHBIX 13 BOABL 10 IIpesBapuTe AbHBIM OLIEHKaM,
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OIINOKNU S BapbUPYIOT B Iipeseaax + 2 %. B moazemHbIx Bodax AnatuTcko-K1mpoBcKOro pernoHa sTu oT-
HOIIIEHMSI HAXOAATCs B Anaria3oHe» 40 % m ¢ ymHOXeHmeM Ha 2 [3]. TouHOCTD M3MepeHnIT II03BOASET UC-
rtoan3oBats *H - *He crucremaTuky 44s1 Aatuposanius 11oA3eMHbIX Bo4 Koabckoro 1m-oBa (pyic.) 1 coce AHMX
p-HoB OuHAsHANY 1 HopBernmu.

4.5 Puc. Koppeasuym ortHomennii *He/*He n
“Ne/*He B moa3eMHBIX BOJaX M3 apTe3uaH-
ckmx ckBaxuH, Knposckumit p-H.

40 |-

% ObosHaueHus1: KpecT — M3MepPeHHbIe OTHO-
O e’V B CKBaXKIHe, Iudpa psAi0M — HoMep
CKBaXKUHBI, criaomHas anaus I-I - perpec-
cus Oes yuéra cxs. 7 u 10, cepble myHKTHp-
Hple aAuHUU — 95 % AOBEpUTEALHEBIN WH-
Tepsaa; ASW — pacTBOpEHHBII BO34yX, T.e.
(*Ne/*He),, = 4.03 aas cpeameii Temriepa-

*He / ‘He

Typnl Xubuuckux ocagkos 3.5 °© C, Taxke

TIOKa3aHbI ABa IIpeAeAbHBIX 3HAYeHMST A451 0

6t n 6 ° C; uépHBIl KBagpaT — KOHEUHBII YAeH
35C .

o ApeBHUX BOg, (Bospact 0.1 MAH 4eT); KPYy>KOK

- — KOHEUHBII 4A€H MOAOABLIX BOJ (CpeaHMIt

ASW sBospact 15.8 + 1.5 zer, 3alITpMXOBaHHBIN

poMb — BeposATHas 004acTh BOJ C MOAOABIM
BozpacTom), mUps psajom ¢ anuuen I-I —
KPaTHOCTb MacChl APEBHNMX BOJ OT 0OIIero
Oazamca BOABI; cepble TPeyTOABHUKI — KOOp-

AVIHATBI CKB. 7, IOAy4YeHHbIe MHTePIIOASLIeN

4.0 45 KoopauHaT cocesHux cks. 2, 8 m 9. Avnms I1-
II - ymeHbpIIeHMe HAKOTLACHIS HeTER B ApEB-

“Ne / He

HIX BOJax ¢ TedeHneM spemenu (x 1000 aer).
Auyuns HI-IT - cmerienne coBpeMeHHBIX (I10-
BEPXHOCTHBIX) U ITOA3EMHBIX BOA,.

Fig. Correlations between the *He/*He and “Ne/*He ratios in ground waters from the water-supplying wells (Kirovsk region).
Symbols: cross — measured ratios in a well, number nearby — well number, solid line I-I - regression (without wells 7 and
10), dashed grey lines — 95 % confidence interval; ASW — dissolved air, i.e., (*Ne/*He), . = 4.03 for the mean tempera-
ture of the Khibiny precipitations 3.5 © C two other (extreme) values for 0 and 6 ° C are also shown; black square — the
old water end-member (age 0.1 Myr); open circle — young water end-member (the mean age is 15.8 + 1.5 yr, shadowed
rhomb show a probable domain of young water age), numbers near line I-I — mass-ratios of the old water over the total
water-budget; grey triangle — coordinates for well 7, inferred from interpolation of coordinates for neighbour wells 2, 8
and 9. Line II-II - decrease of the ratios He,,, accumulation in the old waters in the course of time (numbers are times
of accumulation, x1000 years). Line III-IIl — mixing of present-day water and ground water.
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RADIOACTIVE TRACERS OF MIGRATION RATES OF NATURAL WATER:
*H - *He SYSTEMATICS

L.N. Tolstikhin
Geological Institute KSC RAS, Apatity, igor.tolstikhin@gmail.com

The movement is a fundamental feature of natural waters and the major factor governing the water
evolution. Since movement changes the position of a water parcel in space and time, these two parameters
are principal to understand and model the movement. The displacement of the parcel in space can often be
derived directly from observations. In contrast, the time scales of subsurface (not directly observable) water
flows are generally hidden. Time-bearing tracers are used to reveal them.

The time information is generally extracted from the precisely known decay rate of a suitable radio-
active isotope available in the parcel. However, to measure the water age, i.e. the time interval between the
water parcel separation from equilibrium with the atmosphere and time of sampling, the initial (restored
when possible) and final (measurable) tracer concentrations are required. *H - *He systematics is the one that
does not need (but even able to constrain) the initial concentration of the parent isotope. This unique tracer is
currently one of the most favorite tools of terrestrial hydrology.

The idea of using *He ., tritium daughter isotope, for °H — *He dating was inspired by the discovery
of anomalously high *He abundances in volcanic helium emanated by hot springs (Kuril islands). Among
other reasons of this phenomenon, there is the *He production from *H [1]. Because of the extremely high
*H concentrations in meteoric waters in mid-sixties, *He ., accumulation from *H decay in the ground water
could result in a substantial *He ,, signal. Even though this source of *He was disproved, we managed to
show in our work [2], that the *H —*He duo is quite a perspective hydrological tracer and proposed its using
in hydrology. Important features of °H - *He tracer are as follows.

(1) °H is a radioactive nuclide available in water molecules and is therefore the best possible water
tracer. Half-life of °H, A, =12.26 years gives an opportunity to determine He residence times in water parcels
(isolated from the atmosphere) on the time scale of up to 50 years, which is the most important for predicting,
planning and making decisions (Jenkins, 2003).

(2) At present °H is mainly generated by nuclear technologies (e.g., atomic power stations, reactors,
etc.); therefore its sources are distributed highly heterogeneously; this results in variable (in space and time)
concentrations of *H in meteoric waters. With the daughter isotope *He ., knowledge of these concentra-
tions, the input function *H(t), is no longer necessary. Using the *H + *He , sum as a “stable isotope” tracer
was proved to be useful.

(3) He is continuously escaping from the Earth’s atmosphere; its residence time in this reservoir was
inferred to be as short as ~ 1 Ma [5]. Therefore the background of atmospheric He in air saturated water (and
ground water) is small. This argument is amplified if *He is considered as *He / “He ratios in terrestrial helium
are rather low, generally below 107 [4]. Because of these two reasons *He is far the least abundant isotope on
the Earth. Therefore input of *He ,, can be indicated in some cases in very young waters, giving as short ages
as a few days [6]. He is the most inert element in nature and therefore the most conservative water tracer.

(4) Generally, three different sources contribute *He to a ground water sample: atmospheric (initial air
noble gas concentrations in the sample are set at “recharge”, subscript ATM), terrigenic (released from rocks,
TER), and tritigenic (TRI). To derive the latter, the other two must be determined. To overcome this compli-
cation additional data / modeling are required.

(5) Age of a water sample derived from *H - *He systematic should be considered as apparent because
open system behavior of natural waters:

(5.1) *He_,, can escape through parcel boundaries;

(5.2) mixing water parcels with different °H / *He_,, ratios affects the isolation ages;

(5.3) redistribution of °H and *He , between coexisting rock with different porosity could result in
unrealistic ages, differing up to a factor of 2 from the true values.

There are three major environments, where isolation of *H-bearing meteoric water from the atmosphe-
re allows *He ., to be accumulated: lakes (limnology), sea and oceanic waters (oceanography) and ground
waters (hydrology). Currently, the experimental equipment for °H —*He dating is being prepared to work on
in the Geological Institute KSC RAS. The most important issue is the accuracy of mass-spectrometric measu-
rements of *He / ‘He and *Ne / *He ratios in gases extracted from a water sample. According to preliminary
estimates, the respective errors (1 s ) are within + 2 %. In the ground waters of the Apatity and Kirovsk re-
gions these ratios vary within » 40 % and by the factor of 2 respectively [3]. The accuracy of measurements
allows the *H - *He systematics to be applied for dating of ground waters of the Kola Peninsula and neighbor
regions of Finland and Norwegian.
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I'EOTYPU3M - IIEPCITEKTMMBHOE HAIIPABJAEHUE
ITPUTPAHNYHOTI'O COTPYAHNYECTBA

1O./1. Boirrexosckmii!, P. IIuernas 2, I1. Moxauccon 2, V1. Tnxaaiist
'Teoaornmueckmii mactutyT KHII PAH, Antatntel, woyt@geoksc.apatity.ru
2T'eoaormdeckast cayxx0a @unassaanm, Cesepubii odpuc, Popaumemn, risto.pietila@gtk.fi

Naes passutus reorypusama Ha KoabckoM 1-ose Ha MeXAyHapO4HOM YPOBHE BO3HMKAA IPUMEPHO
B O4HO BpeM:i 110 00e CTOPOHBI TOCYAapCTBEHHOI TPaHMUIIBI, YTO TOBOPUT 00 aKTyaabHOCTM IIpoOAeMsl. Eii
Oblaa MOCBsAIIeHa BCTpeda ¢ (PUHCKOI Jeaeranueil Ha MeXXAyHapo4HOM ceMMHape B AmaTuTax 6 ampeas
2009 r. (dens reoaora 2009 // Tuetra. 2009. Ne 2(8). C. 29-32), na MexxayHapoanom cemuHape «Barents Tour-
ism Today and Tomorrow» B Poparmemu 6-7 mas 2009 r. (Ieorypmsm Ha KoabckoM moayocTpose — rmopa
o0peanHNTS yemans // Tuerra. 2009. Ne 3(9). C. 36-38), Bo BpeMs1 Bu3uTa (PUHCKOI AedeTaliuy B ATiaTu-
Tl 20 siHBaps 2010 1., BO Bpems BM3MUTa pOCCUIICKON Aeaeranuu B Dcroo 25 mapra 2010 r., HakoHel, BO
BpeMs MexXAyHapoAHOTO KPYIA0IO CTOAa «YCTOMYMBOE pas3BUTHE M MeXAYHapOAHOe COTPYAHUYECTBO»,
rocssAmEnHoro Juio reoaora, 5 anpeas 2010 1. Berpeun 9Toro roga 0b141 CTUMYANPOBAHBL TeM BasKHBIM
00CTOATEABCTBOM, UTO CpeAy KOHKYPCHBIX IIPOEKTOB MPUTPaHMYHOIO COTPYAHIMIECTBA COOTBETCTBYIOIA
koMmmccnst EBpocoioza 00bsB114Aa IIPOEKTHI, IIOCBAIIEHHbIe Pa3BUTUIO TeOTypHU3Ma I COXpaHeHNIO reoHacae-
AUS — TaMATHUKOB T€0A0TMYECKOM IIPUPOABI U ApeBHell MaTepraAbHO KyAbTyPBl UeA0BeKa.

Ton B agmazore 3aaaioT PUHCKIE KOAJETH, Y’Ke pazpaboTasIine NHPPacTPYKTypy Ha MHTepecHEIe
C TYPUCTUYECKO TOUKU 3peHus yroaku OuHaaHaum. B kagecTse mpMMepOB pOCCUIICKON CTOPOHEe OBLAN
IIPOAEMOHCTPUPOBAHEI aJallTUPOBAaHHEIE re0A0TIYecKre 1 Tororpaduaecknue kaptel M-6a 1:50000 n xap-
MaHHOTO (popMara IIyTeBOAUTeAN Ha IAOIaAy HaIlMOHAABHBIX ITapkos Koam n JemMMeHIiToKy, a Takke
paiion VMBaaoiioku — Caapuceanka, Bcerda IpUBAeKaBIINIA A100UTeAe11 HaMBITh aAAI0BMAaABHOIO 3040Ta
cTapareabcKuM MeToaoM. OAHMM CA0BOM, Oepi — M 1AM, He 3a0BIB 3aXBaTUTh TYPUCTCKOE CHapsDKeHMe 1
HIpeAyIIpeAuTh CAy>KOy HaIlMOHAABHOTO IIapKa O MapIIpyTe ABVDKEHMS ¥ KOHTPOABHBIX cpoKaxX. Poccmii-
CKasl CTOpOHa IIPOAeMOHCTpIpoBasla PUHCKIM KoaaeraM OoraTele MaTtepraasl 1o XubnuHaM 1 MoHuerop-
CKOMY pP-Hy (Tomorpaddaeckne 1 reoA0rdeckrie KapThl, CXeMbl, (pOTo, OYKAeTEI), paHee MCII0Ab30BaHHbIE
IIpY IPOBeA€HNN MeXXAYHapOAHBIX U BCePOCCUIICKIX HaydHBIX KoHpepennuit. [Tocae aganranum oan A1-
IYT B OCHOBY IeOTypUCTUIECKNX KapT 1 OykaeTos. CpeacTba IO IIpoeKTy EBpocoiosa Hy>KHBI, T1aBHBIM 00-
pasoM, A4 U3AaHNA ITe9aTHBIX MaTepyaloB B KaueCTBeHHOM IT0ANTpaprIecKoM MCIIOAHEHUTL.

Ha ¢oro: o6cyxaenne Oyayiero rmpoekra 5o speMs meporpusituir 20 ssusaps u 5 anpeas 2010 r.

-y

45



GEOTOURISM - PROMISSING TREND OF CROSS-BORDER COOPERATION

Yu.L. Voytekhovsky?, R. Pietild 2, P. Johansson ?, J. Pihlaja*
! Geological Institute KSC RAS, Apatity, woyt@geoksc.apatity.ru
2Geological Survey of Finland, Northern Office, Rovaniemi, risto.pietila@gtk.fi

The idea of promoting the geotourism on the Kola Peninsula at the international scope occurred
behind both sides of the state border almost simultaneously. This testifies to the issue being topical. It was
the key topic of the meeting with the Finnish delegation on the International Workshop on April 6, 2009,
in Apatity (The Geologist's Day 2009 // Tietta. 2009. N 2(8). P 29-32), International Workshop “Barents
Tourism Today and Tomorrow” on May 6-7, 2009, in Rovaniemi (Geotourism on the Kola Peninsula — it’s
high time to unite our forces // Tietta. 2009. N 3(9). P. 36-38), during the visit of the Finnish delegation to
Apatity on January 20, 2010 and the visit of the Russian delegation to Espoo on March 25, 2010, finally, on
the International Round Table “Sustainable development and international cooperation” dedicated to the
Geologist’s Day on April 5, 2010. The meetings of this year were motivated by the important fact to follow.
The European Union Commission announced the competition on cross-border cooperation projects dealing
with the geotourism promotion and preservation of the geological heritage, i.e. unique objects of geology
and man’s ancient material culture.

The Finnish colleagues are the pace-setters, for they have the infrastructure elaborated in the
touristically interesting objects of Finland. As an example, they demonstrated the Russian party some
adapted geological and topographical maps (1:50000 scale) and pocket-size guidebooks on the Koli and
Lemmenjoki National Parks areas and also the Ivalojoki region of Saariselskd. The latter always attracts
gold-digger amateurs to pan out the alluvial gold. In other words, start and go, but don’t forget to take
the tourist equipment and register the route and hike terms in the National Park Survey. The Russian
party demonstrated its Finnish colleagues lots of data on the Khibiny and Monchegorsk area (topographical
and geological maps, schemes, photos, booklets) that were earlier used for international and All-Russian
conferences. Apdated, these will be the basis of geotourist maps and guidebooks. The European Union
financial maintenance is required first of all for high-printing out the material.

Photo: discussing the new project at the meetings of January 20 and April 5, 2010.
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MEX AYHAPOAHBIVI CEMUHAP «<EUROGRANITES ARCTIC 2009»:
ITPYIMEP YCITEITIHOI'O POCCUNCKO-®MHCKOI'O COTPYAHNYECTBA
B OBAACTU TEOTYPU3IMA

FO.A. BomtrexoBckmii !, O.-T. Psimé 2
!Teoaornmueckmit actutytr KHII PAH, Anatutsl, Poccusi, woyt@geoksc.apatity.ru
2Vuusepcuret XeabcHaky, Xeabcaky, Punastaams, tapani.ramo@helsinki.fi

«Burogranites Arctic 2009» poA04AXXnan cepuio eXerogHbIX OAHOMMEHHBIX MEepONPUATUIL, TIepBoe
113 KOTOPBIX IIPOXOAMAO B (paHEPO30ICKUX IPAaHUTHBIX TeppeiiHaX eHTPaAbHOM 1 105kHO0M Espornsr 5 1971 1.
B 1996 1. k 0OBeKTaM nccaeA0BaHIIs IPYICOe AVHIAVICH A0KeMOPUIICKIIe TpaHnTONAbI PeHHOCKaHANHABCKOTO
ITuTa: Briepsble — Ha KoHpepeniuu «Eurogranites» 8 Hopsernm, satem Ha «Eurogranites 2005» 8 @unastaAUNM.
«Eurogranites 2009» emé 6oaee pacmmpuan 001acTb UCCAeAOBaHIs, BKAIOUUB B Heé KJacCcuJecKre Iea04-
Hple MaccuBbl KoabCKOTO IT-0Ba. DKCKYPCIsl IPOBOANAACH crielinaanuctamy OTaeAeHrst re0A0TUN Y HUBEPCH-
teta Xeabcunky, PunHckoro mysest ecrectsosHanusA (Punasuans) u leoaormaeckoro nHerutyra KHI] PAH
(Poccust). Pocemiickast 9acTh 9KCKypcum puHaHCHpoBadach Poccuiickoit akagemuert HaykK, (puHCKas — YHU-
BepcuteToM XeabcHky 1 CoseToM HayuHBIX 00mects PuHAsHAMN. OOIee KOAMIECTBO YJaCTHMUKOB - 21,
OOABIIIHCTBO - MpeACTaBUTeAN 3alladHol 1 reHTpaabHoi Esporsl (MTaams, Iepmanns, Beankobpuranns,
Upaanans, beasrus, Ioptyraams), a taxoxke CHIA, Dcronnn, Caosakum, Puaasaann n Hopsern.

Puc. 1. IloctoporenHble rpaHUTHBIE MAaCCHUBBI CEBEPHON YacTu
DeHHOCKaHAVMHABCKOTO IITNUTA.

1 — pudeis; 2 — mocroporennsie rpanuTs (LAC, Auria-Aparydckmi
komriaekc; N, Harranen; Va, Baitnocrisist; Yu, FOosoarisur; 1.76-1.80
MApJ 4eT); 3 — IaAeonpoTepo3orickue MadudecKie WHTPY3UN;
4 — maseonpoTepO30ICKIe CyIIpaKpyCTaabHble U IIAyTOHUIECKIe
IIOPOA4BI; 5 — apXelicKue CylpaKkpycTaAbHble U ILAYTOHIMYeCKIe M0~
poapr; 6 — pazaomsl; 7 — Yaamosepo-Kangasakickas 30Ha MeAKIUX
VMHTPY3WI U JaeK IIOCTOPOTeHHBIX TpaHuToB. SG-3, Koanckas ceepx-
rayOoKas CKBaKIHa.

Fig. 1. Postorogenic granite massifs in the northern Fennos-
candian Shield.

1 — Riphean; 2 — postorogenic granites (LAC, Litsa-Ara-Guba
complex; N, Nattanen; Va, Vainosprdd; Yu, Juovoaivi; 1.76-1.80
Ga); 3 — Palaeoproterozoic mafic intrusions; 4 — Palaeoproterozoic
supracrustal and plutonic rocks; 5 — Archaean supracrustal and
plutonic rocks; 6 — faults; 7 — Chalmozero-Kandalaksha zone of
small intrusions and dykes of postorogenic granites. SG-3, Kola
Superdeep Well.

ITporpamma koHpepeHIIIN BKAIOYala 5 AHel 1104eBbIX paboT (4Ba B PuHAIHAUM, TpU B Poccum), oANH
AeHb 3aHMMaA ceMMHap U aBa — nepeesanl Mexay Ounasnanent u Poccneiit. ITpoekt «Eurogranites 2009»
mposoauacs copmectHo ¢ mpoektoM IGCP 510 «['pannter A-Tuma 1 cBsI3aHHBIE C HUMY ITOpoasl» (2005-2010).
I'raBaBIMY OOBeKTaMM u3ydeHnst Op1au (1) rpaanTs Tnna Harranen gpuuckoit Aanaananm m 613 Ae>Karmmx
TepPPUTOPMUIL, KOTOPEhIe He4aBHO OBLAY IPU3HAHBI IOCTKOAAN3VOHHBIMI OKIICAEHHBIMI I'paHuTaM A-TrIia
[2] 1 (2) XuOumHCKMIT 11Ie A09HOI KOMILAEKC 4eBOHCKOII ITle109HO ITpoBrHIMM Koabckoro m-osa.

«Burogranites 2009» craprosaau 15 asrycra c sBuanra Ha pydeli [Taxaoiia (Pahaoja Brook) u mepsuu-
HBIX IIPOSIBAEHNII POCCHIITHOTO 30410Ta B CEBEPHOI M IIeHTpaAbHON JacTu PpuHCcKoi Janaanaun. Ilepssie
passeJo4HbIe pabOTEI Ha 3040TO Ha4aAuUCh 34ech 140 eT Haza/. YUacTHUKIM HKCKYPCHUY ITO3HAKOMUANCD Ha
HIPUBETCTBEHHOM Beuepe U Ioe3aKe IO UCTOpUYecKM oKpecTHOCTsM. Ha caeayrommit aenn (16 asrycra)
OHM TOoCeTNAM IpaHnTh Tua Harranen s6ansnu /larnaanackoro rpaHyAUTOBOTO Iosca. Ilepsast octaHoBKa
Op11a Ha xoaMe Precrosaapa. baroant Puecrosaapa npeacrasaser coboit MHTPY3UIO IMMPUHOI ~ 14 KM,
3a4eralonlyio B apXeiiCKuX IopoJax Ha cepepe I 11a1e0IIpoTepOo30IcKIX KpapiiuTax Ha iore [1, 2]. Caoxen
Tpems gazaMu TpaHUTa, POPMUPYIOIINMI YaCTIIHO KOABIIEBYIO CTPYKTYpPY. KpyrHosepHuctsii mopdu-
PUTOBBII IPaHUT - ApeBHelimas gasa, 00pasyIolas HeIIOAHYIO BHEIITHIOIO YacTh OaToAnTa. boabImas yactn
HaToanta Puecrosaapa cocront s nopdupurosoro rpanuta. [locae PuectoBaaprr 9KCKypcaHTH M3yINAN
rpanut Hatranen, sozpact kKotoporo ~ 1768+6 man aet [2]. Auamerp untpysun ~ 8 km [1]. Ona sazeraer B
IICAaMMUTOBBIX, IIEANTOBBIX MUTMATHUTaX 1 001ee M0A0abIX (~ 1.92-1.91 Map4, AeT) HOpuUTax U dPHAEpOUTaX
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/lariAaHACKOTO IpaHyAUTOBOrO nosica [6, 7]. Ha pepmmue HaTraHeHCKOro XxoaMa MOXKHO YBUAETh HECKOAB-
KO VIHTE€PECHBIX TOPOB — CTPYKTYP BHIMOPa>kKMBaHNs, TUIIMYHBIX A5 CyOapKTiaeckoit PUHAIHANUN.

Puc. 2. Cuexxnnii nupk raato Taxrapsymuopp, Xubnnsr, Poccns, 21 asrycra 2009 .

Fig. 2. The Snow Circus of the Takhtarvumchorr plateau, Khibiny, Russia, August 21, 2009.

IlepsoIil ®KCKYpPCHOHHEIN AeHb B Poccunm (18 aBrycra) craa A0TmMyeckuM IIpoJoAKeHNeM (PUHCKOIL
JacTy HKCKYPCHMM. YJaCTHNMKM IIPOCAeA0BaAll OT IIOCTOPOTeHHBIX TpaHnuTonAos Harranen B OunasHANM
K Aparyockomy komriaekcy B Poccun. I'pannronast Anra-Aparyockoro Komiraekca 06pasyioT MHOTOUYNC-
AeHHBIe MaccMBBI Ha 1ao1maau ~ 900 kM2 3a IIpedeAaMy BOCTOYHOI OKpanHbl [ledeHrckori crpykrypsl. OHM
CYNTAIOTCS OAHVMMM M3 CaMBIX MOAOABIX MarMaTu4eckmnx opog s gokemopun Koasckoro m-osa. Cesepo-
BOCTOUHBIe TPaHCPOPMHBIE pa3A0MBI KOHTPOANMpOBaau BHeApeHne Auria-Aparydckoro n JOosoaiiBuHcko-
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TO KOMILA€KCOB (C BO3pacTOM COOTBeTCTBeHHO 1.77-1.76 mapa aet n 1.79-1.77 mapa aer) [1, 8]; maccus BartHocrisist
11, BeposTHO, MaccuBbl Turia Hatranen (Hatranen, Tenacto, ITomosaapa, Puecrosaapa) (1.8 — 1.77 mapga aer)
[3, 5] pacrnioaararorcst Ha 10>kHOM (aaHTe /laIAaHACKOTO TpaHyAMTOBOTIO Mosica. PacrioaoeHne MeAKIX II0-
CTOPOTeHHBIX MaCCHBOB 1 JaeK YaaM03épckoro KOMILAeKca KOHTPOAMPOBaA0Ch cepepo-3anagHolt Yaamosepo-
Kangaaakirickoit TeKTOHMYecKoi 30HoI1 (puc. 1).

Bce 9111 MHTpYy3uu - MHOTO(a3HbIe TeAa, CA0KeHHbBIe ABYMS AVICKPETHBIMM (AVIOPUTOBBIMY Y TPaHNUTHEI-
MH) accoumanyaMy 0e3 IepexoAHbIX pasHocTell. JuopuToBas accoumanis IIpejcTaBieHa MOHIIOAVIOPUTOM,
AVIOPUTOM, KBapIeBBbIM AMOPUTOM U rpaHocrennToM (¢assl 1 u 5). ['parnTHas acconmanyss BKAIOYaeT Iop-
¢puposble 11 paBHO3EPHICTHIE TPaHOAMOPUTEI, KBapLIeBbIil MOHIIOHUT, TPAHIT, AeVIKOTPaHNUT 1 aAsCKNT ((ashl
2-4). Bce mopopI KOMILA€KCa XapaKTepU3yIOTCs BRICOKIM COAep>KaHueM IjeA04eri, ITpeo0.ajaHieM Kaavs Haj
Ka/bIlVeM B TIOPOJaX IPaHUTHON accoraryy 1 KoreHTpamyeam Zr, Nb, Mo, Ba, St, peakux semeas, ypaHa u
TOpUSL.

Bropoit aens nipeOsiBanms B Poccun (19 asrycra) Obla sasT koH(pepeHIyeir B [eo0rmueckoM MHCTH-
tyre KHLI PAH. E€ oTkphlaa IpuBeTcTBeHHas peub AnpeKkropa Vucturyra ripod. 10./1. Borirexosckoro u raa-
BBl OpraHnsaliioHHOTO KoMuTeTa Ipoekra «Eurogranites Arctic 2009» npod. Tanarn Psmé. ITpod. JKaxkann
Bangep Aysepa (YansepcureT /lbeska) BRICTYIINAA C 40KA240M O CBeKOHOPBEKCKMX MacCHBaX aHOPTO3UTOB 1
CBsI3aHHBIX C HYMM IPaHUTOMAOB, KOTOPBIE CAMTAIOTCSI Pe3yAbTaTOM IIOCTKOAAVM3MOHHOTO IIepelllaBAeHIs Be-
II1ecTBa KOHTMHeHTaAbHOM Ayrn. ITpod. bparian Anron (DAMHOYpIrcKmii yHUBEpCHUTET) pacckasad O MaHTHIA-
HBIX ITpOLIeccax 1 BhI3bIBaeMyIO HIMI BEIPaOOTKY paciiaasos B rposuniuny lapaap, I'penaanans. Ilocae storo
pod. Tomm Angepcen (Otaeaenne Hayk o 3emae, YHusepcnurer Oc10) IpeACTaBIA HOBYIO MOAeAb MUACKUT-
armanToBOIO Ilepexoaa B He)e AMHOBBIX CeHUTaX VM pOAY arllaTOBOCTH M A€Ty4MX KOMIIOHEHTOB (Ha ITpuMepe
pudra Ocao, ceseprast Hopservest). Kir.-m.u. B.P. Berpun (I'1 KHLI, PAH) mpeacrasua AoKAak O TeOXPOHO-
AOTUM U COCTaBe MarMaTUMYeCKUX BKAIOYEHNI, SBASIOIIMXC MHAMKATOpaMy IIPOMCXOKAEHIS IIMPKOHOB 13
TOHAAUT-TPOHABEMUTOBLIX I'HelicoB Koabckoii ceepxraybokoit cksaskmubl (PennockanayHaBckmii ). Kr.-
M.H. A.P. 3osyasa (I KHLI PAH) caeaaa mpeseHTaIMIo 1o Ire0A0TUM, TEOXUMUH, TEKTOHNMIECKOM OAO0KEeHUN
1 TUIIAX OPYAEHeHIs apXeliCKOro I11eA04HOTO KICAOTO MarMaTuaMa.

Ha Tpernii aeHp poccniickort yactu KoHpepennyu (20 asrycra) corpyaHuku I'eoaormueckoro MHCTUTYTa
KHII PAH miposean sKcKypcuio B A0AuHy Pamsas B XubnHax. JoAnHa Ha3baHa B 4ecTh (PMHCKOIO TeoAora
Buarsreanma Pamsast (ripodeccop reoaorun u MyHepaaorvvt OTaeAeHns TeoA0ruy YHuBepcuTeTa XeALCUHKIA),
«OTKpbIBIIEro XuOMHELL 445 HayKM B pesyabTarte 9Kkcrieauumii 90-x roaos XIX Beka», Kak r4acUT HaAINMCh Ha
MeMOPMaAbHOI JOCKe, YCTaHOBAEHHOI B AoAMHe. /loArHa IpeAcTaBAseT coOOi pasAoM B KPYITHO3€ PHUCTHIX
HepeAVHOBBIX CMeHNTAaX (TaK Ha3bIBaeMBIX XMOMHNUTaxX) aanHoi 500 M, MaKcMMaabHas OTMeTKa Ha/, YPOBHEM
Mops - 743 M.

Ha ueTséprsIit genb BusuTa (21 aBrycra) y9aCTHUKI 9KCKYPCUM COBePIINAY IIeCTUTUKILA0OMETPOBLII I10-
xo4 k CrexxHoMy UMpKy Ha 14aro Taxtapsymuopp B Xubnnax (puc. 2). MapuipyT HoBTopsa IIyTh IIIOHEPOB
nccaeaosanuit Xubus: B. Pamszas, A.E. ®epcmana, A.H. AabyHiiosa u T.4. OCHOBHOI 11€4bI0 AHS CTaAU TUH-
ryauToBble Jariku CHesKHOTo IupKa. B TperbeM, BocTouHOM, IMpKe 114ato TaxtapsyMuopp OHM cAaraioT Cepuio
AaeK, KyA1CoOOpa3HO paclOAO0XKeHHBIX B MaCCHUBHBIX KPYITHO3EPHMCTBIX XUOMHMUTAX. YHUKaAbHAs SIEelCTO-
30HaJbHAas TEKCTypa TMHIYalTOBBIX JaeK IIpeACTaBAseT OCOObI MHTepecC 45 IIeTPOAOroB Beero Mupa (puc. 3).

Puc. 3. flyencro-3oHaAbHbIe TEKCTYPhI TUHIYaUTOBBIX AaeK B ITapaalleabHOM (cAeBa) U TepIeHAUKYASPHOM (cIipaBa)
paspesax K KOHTaKTy C XMOMHUTaMI.

Fig. 3. The cell-zonal textures of the tinguaite dykes in the parallel (left) and perpendicular (right) sections to the contact
with khibinites.
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B xonne Busura B Poccuio yuactuuku «Eurogranites Arctic 2009» nocetnan Myseii reoaornu u Mu-
Hepaaorun I'V1 KHII PAH u1 ocmoTpean yHuxkaapHble 00pasiibl kKepHa Koabckoli ceepXrayOoKoit cKBaK1-
Hbl, XpaHsmuecs B leoaornmaeckom nactutyTe KHI PAH.

O06e cropons! «Eurogranites Arctic 2009» BbICOKO OLIeHNAU 3HAYMMOCTh MEPOIIPUATHSA, B YaCTHOCTH,
KaK BO3MOXKHOCTb cOOpaTh 00AbIIOe KOANYECTBO KPYIIHBIX CIIeIMaAMCTOB U3 PasHBIX CTpaH. YJacTHUKMA
IIpoeKTa IOAY4YMAM BO3MOXKHOCTh OOMEHATHCS HOBEMIIMMM AOCTVKeHUsIMM CBOUX MCCAeJ0BaHMI, ycTa-
HOBUTH HOBBIE APy KeCTBeHHbIe CBA3M U ITpo¢ecCcrOoHaAbHble KOHTaKTHhI, KpaliHe BaXKHbIe 4451 AaAbHellIIIero
PasBUTIS MeXXAYHAPOAHOIO COTPYyAHMYECTBa He TOABKO B M3y4eHMUI I'PaHUTOB, HO M MHBIX MHTEPeCHbIX
00erM CTOpoHaM 004acTsaX HaydHOI 11 0Opa3oBaTeAbHOM AesATeAbHOCTI.
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«EUROGRANITES ARCTIC 2009» INTERNATIONAL WORKSHOP:
AN EXAMPLE OF SUCCESSFUL RUSSIAN-FINNISH COOPERATION IN
GEOTOURISM

Yu.L. Voytekhovsky !, O.T. Rimo 2
! Geological Institute of KSC RAS, Apatity, Russia, woyt@geoksc.apatity.ru
2University of Helsinki, Helsinki, Finland, tapani.ramo@helsinki.fi

“Eurogranites Arctic 2009” followed up a series of “Eurogranites” annual meetings, au debut
carried out in the Phanerozoic granite terrains of central and southern Europe since 1971. Since 1996, the
study has included Precambrian granitoid rocks of the Fennoscandian shield, first at the “Eurogranites”
conference in Norway and then at the “Eurogranites 2005” in Finland. “Eurogranites 2009” extended the
area of investigation even further, including the classic alkaline massifs of the Russian Kola Peninsula. The
excursion was convened by specialists of the Department of Geology, University of Helsinki, the Finnish
Museum of Natural History (Finland) and the Geological Institute KSC RAS (Russia). The Russian part
of the excursion was funded by the Russian Academy of Sciences, the Finnish one by the University of
Helsinki and the Council of the Scientific Societies in Finland. Participants, 21 in total, were predominantly
from west-central Europe (Italy, Germany, Great Britain, Ireland, Belgium, Portugal), but there were also
attendees from USA, Estonia, Slovakia, Finland and Norway.

The conference comprised five days in the field (two in Finland, three in Russia), a seminar day and
two days in transit between Finland and Russia. “Eurogranites 2009” were a joint venture with IGCP Project
510 “A-type Granites and Related Rocks” (2005-2010). The conference focused on (1) the Nattanen-type
granites of the Finnish Lapland and vicinity, recently identified as post-collisional, oxidized A-type granites
[2] and (2) the Khibiny alkaline complex of the Devonian Kola alkaline province.

“Eurogranites 2009” started on August 15 with a visit to the Pahaoja Brook and its prime placer gold
prospects in north-central Finnish Lapland. The pioneering Finnish gold-prospecting activities initiated in
this area 140 years before. The participants of the excursion shared an Ice-Breaker party and tour round the
historical places of the site. On the following day (August 16) the participants proceeded to the Nattanen-type
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granites near the Lapland granulite belt. The first stop was the Riestovaara fell. The Riestovaara batholith
is a ~ 14-km wide intrusion hosted by the Archaean rocks in the north and the Palaeoproterozoic quartzites
in the south [1, 2] and comprises three granite phases forming a partial ring structure. Coarse-porphyritic
granite is the oldest phase and forms an incomplete outer part of the batholiths. Most of the Riestovaara
batholith consists of a porphyritic granite. After Riestovaara, the excursion examined the ~ 17686 Ma
Nattanen granite [2].This intrusion is ~ 8 km in diameter [1] and it was intruded into psammitic to pelitic
migmatites and younger, ~ 1.92-1.91 Ga norites and enderbites of the Lapland granulite belt [6, 7]. Atop the
Nattanen fell there are several interesting tors, frost weather structures, common with subarctic Finland.

The first excursion day in Russia (August 18) was a logical continuation of the excursion in Finland.
The participants proceeded from the postorogenic Nattanen granitoids in Finland to those of the Ara-Guba
complex in Russia. Granitoids of the Litsa-Ara-Guba complex form numerous massifs over an area of
about 900 km? outside the eastern margins of the Pechenga structure. They are assigned to one of the latest
magmatic rocks in Precambrian of the Kola Peninsula. Northeast-trending transform faults controlled the
emplacement of the Litsa-Ara-Guba and Yuovoaivi complexes (1.77-1.76 Ga and 1.79-1.77 Ga respectively)
[1, 8]; the Vainosp&a massif, and, probably, the “Nattanen type” massifs (Nattanen, Tepasto, Pomovaara,
Riestovaara) (1.8 Ga to 1.77 Ga) [3, 5] located on the southern flank of the Lapland granulite belt. Localization
of small postorogenic massifs and dykes of the Chalmozero complex was governed by the NW-trending
Chalmozero-Kandalaksha tectonic zone (Fig. 1).

All these intrusions are multiphase bodies that consist of two discrete (diorite and granite) associations
without transitional varieties. The diorite association is represented by monzodiorite, diorite, quartz
diorite, and granosyenite (phases 1 and 5). The granite association includes porphyric and equigranular
granodiorites, quartz monzonite, granite, leucogranite, and alaskite (phases 2-4). All rocks of the complex
are characterized by high alkali contents, prevalence of potassium over sodium in rocks of the granite
association, and a concentration of Zr, Nb, Mo, Ba, Sr, REE, U, and Th.

The second day of stay in Russia (August 19) was marked with conference at the Geological
Institute KSC RAS. It was opened with welcoming remarks by Director of the Geological Institute KSC
RAS Prof. Yury L. Voytekhovsky and Head of the “Eurogranites Arctic 2009” Organizing Committee
Prof. Tapani RAimo. Next, Prof. Jacqueline Vander Auwera (University of Liege) presented a report on the
Sveconorwegian case of massif-type anorthosites and related granitoids that are claimed to have resulted
from postcollisional remelting of a continental arc. Prof. Brian Upton (University of Edinburgh) spoke on
mantle processes and due melt production in the Gardar Province, Greenland. Next, Prof. Tomm Andersen
(Department of Geosciences, University of Oslo) presented a novel model on the miaskitic to agpaitic
transition in nepheline syenite and the role of peralkalinity and volatile components (an example from the
Oslo rift, southern Norway). Cand. Sci. Valery R. Vetrin (GI KSC RAS) reported on the geochronology and
composition of magmatic inclusions as an indicator of origin of zircon from tonalite-trondhjemite gneisses
of the Kola Superdeep Borehole (Fennoscandian shield). Cand. Sci. Dmitry R. Zozulya (GI KSC RAS) gave
a presentation on the geology, geochemistry, tectonic setting and fertility types of Archean alkaline felsic
magmatism.

On the third day in Russia (August 20) the researchers of the Geological Institute KSC RAS carried out
an excursion to the Ramsay Valley in the Khibiny Mountains. The Valley is called after the Finnish geologist
Wilhelm Ramsay (Professor of Geology and Mineralogy, Department of Geology, University of Helsinki),
who “discovered the Khibiny for science in result of his expeditions in the 1890s”, as a memorial up in the
Valley declares. The Valley is a 500 m-long fault in coarse-grained nepheline-syenite (the so-called khibinite), at
maximum 743 m above the sea level.

In the fourth day (August 21) on the Russian side, the participants undertook a 6-km hike to the Snow
Circus of the Takhtarvumchorr plateau in the Khibiny (Fig. 2). The route was the original one of the Khibiny
pioneers: W. Ramsay, A.E. Fersman, A.N. Labuntsov and others. The primary target of the day was the tinguaite
dykes of Snow Circus. At the third, eastern circus of the Takhtarvumchorr plateau, they form a series with en
echelon arrangement in massive khibinites. The unique cell-zonal character of the tinguaite dykes is of particular
interest to igneous petrologists worldwide (Fig. 3).

Atthe end of the stay in Russia, participants of “Eurogranites Arctic 2009” visited the Museum of Geology
and Mineralogy of GI KSC RAS and studied the unique drill core of the Kola Superdeep Borehole stored in the
premises of the Geological Institute KSC RAS.

Both parties of “Eurogranites Arctic 2009” appreciated the importance of the meeting, particularly for
gathering together a good number of top specialists from different countries. The participants had an opportunity
to exchange the latest findings of their studies and establish new friendly ties and professional contacts. The
latter is considered particularly important for further development of the international collaboration not only in
the study of granites, but also for seeking further mutually rewarding spheres of cooperation.
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YMBA - CKA3KA BE/1IOMOPbBJI

.. Boakosa
PernonaanHoe OTaeaeHne TypUCTUUECKOV KoMIaHum «YmoOa Jduckasepm», YMOa,
irinaumba@com.mels.ru

3ApaBCTByiiTe, A10AU A0OpPHBIe, TocTH KeaaHHbIe! [TokaoH BaMm ¢ Tepckoro Oepera, uto Ha Oepery be-
A0ro Mopsl, Ha 10re Koanckoro mn-osal

Mecta Hamm Has3bIBaIOT Ho-pasHoMy: U Llapcrsom Cémru, n AmetucrossiM beperom, u IleceHHBIM
Kpaem — nam Bcé nogxoaut. [Ipunsats rocrs Ha Cesepe — 4ecTh, «IOCTh Ha I'OCTh — XO35MHY pajocTh». Io-
TOMY M eAyT K HaM AI0AM AYIIION OTOIPeThCs, CUABI-3J0POBbsl HaOpaThCsl, KPacoTOl HETPOHYTOM IIPUPOABI
1oaobosaThes. JaBHO B HaIllM MecCTa TPOIKY IIPOTOPUAM U 3aMOpPCKMe rocTu. oBopAT, 4TOOBI MOHATL
Poccuio, Hago B JOMe XO3sIICKOM IOKUTD, 4alo MCIINUTD, ITeceH IIOIeTh Aa CTapMHBI ITOCAyIIaTh. Bo Bpe-
MeHa CTapoJasHue Npumian croda pycuan n3 B. Hosropoaa, a mossxke ¢ Apxanreanckoi ga Boaorogcxoii
ryoepHmii. Xnanu cripaBHO, APYT y Apyra y4MAUCh, XOPOIIUM AeANANCH, TPaAUIIAN CBOY COXPAHAAN U HaM
3aperaan. KTo y Mops moceamacsi, KTo UM KOPMIACS, KTO ero 64arojapua, Tex IoMopaMm 1 HapeKAM.
Mt — Tepckne TOMOpSHI — JKMBEM Ha 3uMHeM Oepery beaoro mops. [aasHyIo caaBy kpalo Hamlemy HIpu-
HecJa Ijapuila MecTHBIX pek Kpacasuiia Cémra. I rmoexaan K HaM €O BCeTO CBeTa phIOaKy azapTHBIE CI1AO
¢ Priboit mepsaThes. Ho He BesAKOMy TyT ygaua ObIBaeT, IIOTOMY Kak ceKpeT ecTn! /a5 moMopa Mope, peka,
POAHUK — KIBBIE, CTaA0 ObITh, 1 0OpaIjaThCsa K HUM Hajo yBaxkuTeabHo. OAMH cTapblil ppIOak cKasbIBad: K
pexe IoA0MTH Hajo, IT0340POBaThCs, BCe MBICAN 113 TOAOBLI yOpaTh 1 IIpeACTaBUTL cebe PrIOy csoelr MeuTs,
KOTOpasl >KMBET B DTOI peKe — BOT TorJa 1 yaada 0yzet. Ja rmobaarogaputs Halo 00s13aTeAbHO.

Bosppamaancs pridaxu 40Moii
c GoraTeIMU TPODEeAMU, CEMY>KKOI Aa
OarikaMy 0AM3KUX TToTYeBaan. Bpoae
KaK yCIIOKalBaAlCh, 4a HeHaaoAaro. K
3/Me CTallkaMM OILITh COOMpPaAuCh
Aa T1AaHBI IIPO HOBbIe PLIOAAKMU CTPO-
van. TyT ux >K€Hbl 3a0eCITOKONANCE:
MO>KeT, K0AJ0BCTBO Kakoe Ha Cepepe
ectn? UTOOHI cyacThe ceMelfHOe OBLAO
KpPeIIKiM, MBI M >KEHKaM 3aHATHe
Hamay. [loka My>KumMHBI Ha peke Ja
Ha Mope, ITOAOBMHKY VX 3BOHBI KOA0-
KOABHbIE CAYIIIAIOT, Ha CBATHIe MCTOY-
HUKW XOASAT, XpaMbl CTapUHHEBIE Ja
MKOHBI Yy A0TBOPHEIe CMOTPAT. EcTh y
Hac MecTo 3araJo4YHoe, KpacOThl Heo-
OBIKHOBEHHOI — AMeTUCTOBEIN beper
HasbIBaeTcs. Bes semast tam G6aectut-
nepeansaercsi. He mnoaenmmbes —
HayA8mb cebe IETOYKY aMeTUCTO-
BYIO Ha TIaMsITh (pmc_ 1), Kamens sToT Puc. 1. Bua Kangaaakiickoro 3aausa 1o gopore K Mpicy Kopa0as.
He IIPOCTOM — rOBOPAT, AMXUe AYMBI  Fig, 1. The Kandalaksha Gulf panorama on the way to the Korabl’ Cape.
OTTOHsIeT, Belllle CHBl HaBeBaeT, OT
IIbSHCTBa oOeperaeT 1 IIPOCTO Iaa3 padyeT. EcTh emé y Hac M3IOMMHKa — II0JapoyeK Ha IaMATh, poryabka
OesoMopcKas HasbBaeTcs. /Ba MecTa B MUpe CAaBATCS DTUMM KaMHAMI: MBI g4a ABcTpaans. Haxoasar ma-
PMKM C poKKaMu (puc. 2) Ha KyJIIore — MaAoii Bode 1 K MacTepaM MAYT, 4YTOOBI Te KaMeHb paspesaan. Bor
TYT BBl M YBUANTE 4yA0 — KPUCTaAA BHYTpU cipsATaH popMbl HeoObraHOII (puc. 3). loctn mpuesskue a100y-
IOTCsI, @ IIOMOPBI HarpeBaloT Te «EXXMKI» U K 00ABHBIM MecTaM IIpUKAaAbIBaIoT, Aedartcs. JKEHsl mpuexaan,
a 3a HUMM AeTKHU IOTAHYANCD. I oHI y Hac He 3acKydaal — C HAallIMI MacTepullaMi KyKAbI-oOepern craamn
AeAaTb, KO3yAu BoAllleOHbIe KaTaTh Aa CKa3Kl IIOMOPCKIE CAYIIaTh. A KOAM BCsI ceMbs B COOpe, 4a C APY3bs-
M1, CaMOe BpeM:I 3BaTh rocTeli Ha «[ JoMOpPCKyI0 BeYOpKy» — IIECHU HaIIIU [I0CAYIIaTh, XOPOBOABI [IOBOANTE,
UrpaMy I103a0aBUTHCS.

I'raBHBIE TTpa3AHUKM y HAc Ha A€TO NMpuxoaiarcs. Pas B Tpu roga cheskaioTcs Ha Tepckyio 3eMaIo
IeCeHHMKH Ja peMeCAeHHUKN CO BCeX CeBepHBLIX 3eMeab ceOs IT0Kas3aTh, Y coceeil ITIOYIUThCs, KpacoToMn
oAeANTLCs. JBa AHA IyAseT Hpa3aHUK, IIABIBYT HaJ YMOOI IlecHM, IBETET dyepémMyxa, U AyIla palocThiO
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rmoanuTcs. Topaocrsio Haieir craaa ITomopckast rpeOHas peraTa: CTapOXKMABI ¥ TOCTU COPEBHYIOTCS Ha
Mope B cKopocTu 1 Mactepctse. TyT Bbl 1 ©604eAbIIMKOM CTaHeTe, ¥ IIeCH!U ITocAyIllaeTe, i B UTPhl IIOMOp-
CKue TIourpaTh ycreete. Mbl 11 BecHOI He cKydaeM. Becéarle 21041 IpuayMaan copeBHOBaHMe IO IT0AA84-
HoOII pribaake — «PpIObs MOpJa» HasbIBaeTCs. DTO 0cobast IMoxXBaja y IOMOPOB A5 YAa4AUBOTO peibaka. Ha
I1aécax 3HaMEHUTOI YMOBI-peKM 110/, APKUM COAHBIIIKOM IIBITAIOT phIDAIKOe cyacThe AeCATKM PhIOaKoB
BCeX BO3PacTOB.

Koamn samHTepecoBaay MBI Bac, 11 BBI y>Ke BeIli coOMpaeTte, 4TOOBI K HaM B TOCTH IIpMexaTh, MBI BaM
IIpO >KMUTHe-OBITHE BCIO IIpaBay cKaxkeM. Jopora K Ham oT KaHaaaakim uaéTt HoBas1, Xopolasi, acdaabTo-
Bas — 110 xM nmpockounte u He 3ameTuTe. EcAM 110 AyIlle BaM OTABIX B ITadaTKe, C KOCTEPKOM I XOpOIIeit
KOMIIaHMel — eCTh MHOTO KPacUBBIX U YA400HEIX MecT Ha Oepery Mopsi. Koan kpsiiia Hy>kHa IIOHagéxXHee,
Bac IIPUMYT B CBOMX 4OMax rocTelpUIMHEIe TOMOpPEL. EcTh y Hac 1 HeboabIIMe TOCTMHUIIBL. A 3aX04ueTcs,

Puc. 2. Ity co meéTkoit ameTncTa (caesa), (pAIOOPUTOBLIE TPOKUAKU B OOHa>KeHUV KPacCHOITBETHEIX ITeCIaHUKOB,
Mmric Kopa6as, Tepckuit Geper (cripasa).

Fig. 2. A piece of rock with an amethyst druse (left), fluorite veinlets in an outcrop of redbed sandstones, Korabl” Cape,
Tersky coast (right).

Puc. 3. beaomopckue poryanki. Poro: http://geo.web.ru/druza/m-glendon_0.htm.

Fig. 3.The White Sea glendonites. Photo: http://geo.web.ru/druza/m-glendon_0.htm.

9TOOBI Ha Oepery Mops beaoro 1 94ToOsI mpMpoAa HETPOHYTas, ¥ YTOOBI JoMa pyO.JeHble C y400CcTBaMI I
KaMIHaMI — 400po I10>Ka/0BaTh K HaM Ha 0a3y oT4bixa «BoaHa» Typucrudeckornt komiaunu «Ymo0a Aucka-
Bepr» B 3 KM OT YMOBI. MBI Bac 1moceaum, B OaHbKe IIOITapuM 1 HakopMuM. Ega y Hac mpocrast, momopckast:
Tpecka OeA10MOpCKasl, PRIOHMKI C CEMY>KKOI, A0CATIHA C OPYCHUKOTL, a Ha gecepT Io0aAyeM BapeHbeM I3
MO/A0OABIX COCHOBBIX IINIIEK 4451 pajocTu U AedeHus. [OTOBMM MBI €ro II0 CTapMHHOMY peLlenTy, IIoHpa-
BIUTCS — C BaMU II0A@AMMCSL.

BrIcTpo Bpems mpoAeTuT, pasbeAyTcs FOCTH 110 JOMaM ¥ YBe3YT ¢ COOOT B COBpPeMEeHHBIN Topo/, Kyco-
JeK ITPOIILA0TOo — TEPCKYIO KO3yAI0, obeper Ha 400pyIo namMATh. He KyTisT, He BEIOEpyT, a AOCTaHeTCsI OHa M
B CTapMHHOM IIOMOPCKOM TaJaHNy, YTOOBI I10ceAnAnch b ux gomax Cuactoe, 3a0posne, /A1000Bb 1 Y gaua.
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UMBA - A FAIRY-TALE OF THE WHITE SEA

L.L. Volkova
Regional department of the “Umba Discovery” tourist company, Umba, irinaumba@com.mels.ru

Greeting you, my good people, my guests bewaited! May you be welcome on the Tersky shore that is
on the White Sea coast of the Kola Peninsula!

Many names our place doth have: they call it the Salmon Reign, Amethyst Shore, Song Midst. ‘Tis
all thee, our land. Great honor ‘tis to welcome guests in the North, “lots of guests is the host’s bless” we
say. Therefore, people come here to relieve their hearts, gain health and admire the beauty of the virgin
nature. Foreign guests start'd coming there long ago. They say one should spend some time with hosts in
their house, drink a good cup of tea, sing songs with them and listen to the stories about the Old Times to
understand Russia. Long ago, as it was, the Russians came there from Veliky Novgorod, and later from the
Arkhangelsk and Vologda provinces. Good friends they were to live together, they taught each other dif-
ferent things, shar’d the good with each other, rever’d traditions and bequeath’d us to. Those who put up at
the sea shore, whom the sea feeds and who the sea honours were call’d the pomors. We the Tersky pomors
live on the Zimny shore of the White Sea. Our veriest pride is Local Rivers Tsarina Salmon. Thus started for
here fishermen from the lands remote to compete with the Fish. But not all of these are lucky, for there is but
a secret. A sea, river, spring are all alive, thus these must be treated with much of respect. An old fisherman
said you must come up to the river, greet it, release your head from all thoughts and imaging your Dream
Fish, which doth live in this river and you'll be lucky. And do not forget to thank the river.

Fishermen came home with lots of trophies and shar’d with their relative lots of salmon and tales. ‘Tis
brought them piece at soul, but for no long time. By winter they gather” in groups to plan new fishing trips.
So grew their wives’ anxiety, why, ‘tis some magic in the North? To preserve the happy hearths, we found
occupation for the wives. While men were away at the river and sea, their couples listen to the chime, go to
the baptismal founts, admire ancient cathedrals and miracle-working icons. We have a mysterious place of
marvelous beauty called the Amethyst Shore. All the land is glittering and sparkling. Be not lazy and you’ll
find a splendid druse of amethyst (Fig. 1). The stone is but no common. People say it doth fight back evil
thoughts, prophetic dreams it doth cast, keeps one from drinking hard and doth delight one’s eye. We also
have a zest and souvenir. Tis called the White Sea glendonite (rogul’ka). The two places only are known for
this stone — we and Australia. People find these balls with horns (Fig. 2) on the kujpoga, where the water is
no deep, and bring it to craftsmen to cut the stone. And here a miracle you will see — inside there is a crystal
of and unusual form (Fig. 3). Guests of our land admire it and the pomors heat these “hedgehogs” and put
on disease places to heal these. The wives, then the children came. They were never bored, making amulet
dolls, magic kozulyas and listening to the pomor fairy-tales. And when all the family is at home, ‘tis time
they invited guests on the “Pomorskaya vechorka” to listen to our songs, sing and dance in a ring, play
games of ours.

Our major holidays are in summer. Once in three years the Terskaya land hosts singers and craftsmen
from all the North lands that come to prove themselves, learn from neighbors, share the beauty. Two days
people celebrate, sing songs in Umba, bird cherry trees blossom and hears are full with joy. Our proud is
the great Pomorskaya regatta. Old timers and guests compete in speed and mastership on the sea. There
you'll support the participants, listen to songs and play the pomor games. Spring is also no tedious time of
ours. Merry people invent'd the under-the-ice fishing competition called the “Fish muzzle”. ‘Tis the best ap-
praisal of a lucky fisherman with the pomors. On the reach of the famous Umba river dozens of fishermen
of various age try their luck under the sun.

If we interest'd you and you are packing things into your suitcases to visit us, we’ll tell you all the
truth about living here. The road from Kandalaksha to our place is new and good and asphalt one, so you'll
pass 110 km in no time. If you like having rest in a camp with a campfire and good company, there are lots
of picturesque suitable places on the sea shore. If you want a secure shelter, the hospitable pomors will host
you in their houses. We also have some small hotels. And if you want to have a rest on the White Sea shore
amidst the virgin nature in wooden comfortable houses with fireplace, welcome to our recreation station
“Volna” of the “Umba Discovery” tourist company. The station is 3 km from Umba. We shall settle you,
steam you out in banya and feed. Our food is simple, the pomor one: the White Sea cod, salmon pies, moose
meat with cowberry. As for the desert, we’ll give you a treat of jam of young pine-tree cones for thee joy and
health. We cook the jam according to an old recipe, and if you like it, we’ll share it with you.

Time flies, guests will leave for homes and bring to modern cities of theirs a piece of the past — the
souvenir of a Terskaya kozulya amulet. “Tis not for money, not selected, but granted in an old pomor for-
tune-telling to bring to your home Happiness, Health, Love and Luck.
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OBBEKTbBI KBAPTEPA, IIEPCIIEKTUBHBIE A5 'EOTYPU3MA
B KO/1bCKOM PETMMIOHE

B.B. Koabka, O.I1. Kopcakosa
I'eoaormueckmit mactntyt KHII PAH, Anatutsl, kolka@geoksc.apatity.ru

I'eoaornueckue oO6beKTe KBapTepa MypMaHCKOl 004. MHOIOOOpas3HbI I IIpMBAeKaTeAbHBI A5 I10-
3HaBaTeALHOTO M Hay4HOTO Typu3Ma. DTO CBA3aHO C TeM, 4TOo Ha KoAbcKoM 11-0Be 11 OMBIBAIOIINX €0 aKBa-
TOPMSX pacrioaraicsl BOCTOUHbIN (paaHT HocaeAHero CKaHAMHABCKOTO AedHnKa. Kpome Toro, Teppurtopus
rogsepraaach BAVSHHUIO eIé HeCKOALKMX O0AeAeHeHNU, CBA3aHHBIX C APYTUMHU IIeHTpaMM, KOTOpbIe TakKKe
OCTaBUAM 34eCh CBOM caeapl. VIHTepecHble OOBEKTH A5 IOCeIeHNiI CBA3aHbl C Te0A0TIMYecKoil AeATeab-
HOCTBIO Mops. /labopaTopus reoaoruy 1 MuHepareHuM KaHO30MCKUX OTA0KeHUi [eoaormyeckoro mH-
crutyta KHLI PAH B 1993 1 2005 1T. IMpoBea 1oAeBble DKCKypPCHy, KOTOpBIe BbI3BaAM OOABIIION MHTEpeC
npodeccuonaaos. K skckypcnsam OblAM IOATOTOBAEHBI ITyTeBOAUTEAN U NTOAPOOHBIe MapiIpyThl. Ilocae
ajanTalMy OHM MOTIYT OBITh MCIIOAB30BaHLI AAs ITO3HABaTeABHOIO reoTypuaMa. MOXKHO BLIA@AUTH He-
CKOABKO TUIIOB 9KCKYPCHII IO MPOAOAKUTEABHOCTU U JOCTYITHOCTI OOLeKTOB.

Puc. 1. Aabupwunr Ha IIutkyasckom Hapoaoke.
Fig. 1. Labyrinth at the Piktul Navolok Cape.

DKCKypcun 0AHOTO AHS B CAaMOM TOpOJe M er0 OKpecTHOCTAX. IIpumepoM MoXKeT cAy>KUTh DKCKYp-
cus B 40AMHYy 03. M. ByAbasp, rae pacioao>keHbl MHOIOYMCAeHHbIe YeTBepTUYHbIe OOLeKTHI (Ae]HIUKOBbIe
LMPKY, KpaeBble AeAHUKOBLIe I'psAbl, Oeperopbie MapKephl HeKOTJa pacloJarabIlerocs: 34ech KpyIHOTO
o3epa), apTe3raHCKIe CKBasKIHBI, 00BbeKTLI TOPHOPYAHOI mpoMbliiaeHHocTy, [loasprno-Aasnmiickuit 6o-
TaHMYeCKUIL cag 1 Ap.

DKCKypcun MpoA0AKUTEABHOCTRIO 2-3 aust. [Ipumep — nmoesaxa Ha modepeskne beaoro mopst ¢ ocra-
HosKkamu B Kangaaakie n Ym6e. Ha 91071 9KCKypcum MOXKHO ITO3HaKOMMUTLCS ¢ KPYITHOI ceiicMOAMCAOKa-
Lyell: yieabeM B p-He 03. UyHa, 0ObeKTaMu e JHIKOBOM 9K3apanun (bapaHbuMu A0aMu), Me>KA0IaCTHO
e AHMKOBOJ BO3BBIIIIEHHOCTRIO Bepecceanra, nHeoantiaecknum aadbupuntoM Ha M. [Intkyapcknii Hasoaok B
Kangaaakimickom saause (puc. 1), 6eperossiMu 00pazoBaHUAMMI U T.I1.

JauTeabHble DKCKypcny 1o MypMaHckoit 004. ¢ IToceleHneM MecT, IpeAcTaBASIONIX OCOOBIi UH-
Tepec 445 CIIeLINAaANCTOB, HallpuMep, KOHEYHBIX MOpeHHBIX Ipsij Keiisa Ha OB obaactu n nerporandos
Ha Kanosepe. PaitonamMu Takmx 9KCKypcuii MOTyT ObITh II-oBa Cpeauuit u PriOaunii ¢ MX MHTepeCcHBIM pe-
avedom, mpic CB. Hoc Kak 3HaMeHaTeabHOe reorpaduueckoe MecTo, goauHa p. IToHoi (puc. 2) ¢ komsaMu
1 KAMEeHHBIM Aa0MPUHTOM U T.A,.

Ilepsrle aBa THIIA DKCKYPCUIT IIPOBOASTCS B A€TKOAOCTYIIHBIX MeCTaX, TPeTuil TUII TpeOyeT creru-
aapHOro TpaHcHoprta. PassuTne reoTypusma 404KHO BeCTICh Ha ITapMUTETHBIX Hadalax MexXay l'eoaormye-
cxuM nHctutyroM KHIT PAH 1 3anHTepecopaHHBIMI OpraHM3alMAMy, HallpuMep, TOPOACKOI 1 00aacT-
HOI agMUHUCTpanuaMu, 6usHecoM. leoaormyeckmii MHCTUTYT MOXKET B35Th Ha ce0s1 HaydHOe oDecrieueHne
DKCKYpCuii (II0ATOTOBKY IyTeBOAMTeAell, MapIIpPyTOB U ITIOATOTOBKY DKCKYPCOBOJOB).

55



Puc. 2. Bucsaune goauns p. ITonoii (caesa), p. ITonoit (cripasa).

Fig. 2. Vertical valleys of the Ponoy river valley (left), the Ponoy river (right).

ATTRACTIVE GEOTOURIST QUATERNARY SITES IN THE KOLA REGION

V.V. Kol’ka, O.P. Korsakova
Geological Institute KSC RAS, Apatity, kolka@geoksc.apatity.ru

The Quaternary geological sites of the Murmansk region are multivarious and interesting for
educational and scientific tourists. It is due to the fact that the Kola Peninsula and circumfluent waters
accommodate the eastern flank of the late Scandinavian glacier. Moreover, this territory was affected
by some other glaciers related with the other hearths that also left their prints thereon. Interesting for
visits are the sites associated with the marine activity. In 1993 and 2005 the researches of Laboratory
for Geology and Minerageny of the Cenozoic Sedimentations of the Geological Institute KSC RAS
carried out field trips that sparked interest of many professionals. The excursions were supplemented by
guidebooks and detailed route descriptions. After some amendments, these can be used for educational
geotourist purposes. Thereof, several types of excursions can be distinguished according to their length
and availability.

1. One-day excursions in the town and suburbs. An excursion to the Maly Vud’yavr valley can serve
as an example. There are many Quaternary sites (glacial circus, marginal glacial ridges, coastal markers of
a former large lake), artesian water wells, mining industry, Polar-Alpine Botanical Garden, etc.

2. Two/three-day excursions. For example, trips to the White Sea coast with stops at Kandalaksha
and Umba can be organized. These excursions allow visiting large-scale seismic dislocation represented
by a canyon in the area of the Chuna lake, glacial exaration (the so called roches-moutonnees), Vereselga
interlobed glacial hill, Neolithic labyrinth at the Pitkul Navolok Cape in the Kandalaksha Bay (Fig.),
coastal formations, etc.

3. Long-term excursions in the Murmansk region to visit sites of a specific interest for experts, e.g.
end moraine ridges of the Keivy region in the south-east of the Kola Peninsula, and petroglyphs at the
Kanozero. Such excursions can be organized to the Sredny and Rybachy Peninsulas with their amazing
relief forms, St. Nose Cape as a remarkable geographic point and Ponoy River valley (Fig.) with diggings
and stone labyrinths, etc.

The first two types of excursions are in available localities, while the third one requires employment
of specific transport vehicles. The geotourism development should be carried out on a parity basis between
the Geological Institute KSC RAS and involved institutions, e.g. municipal and regional administrations,
business organizations. The Geological Institute can provide scientific background and support for the
excursions (guidebooks, route specifications and guide training).
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TEOTYPV3M U PA3SBUTUE CETU OOIIT B MYPMAHCKOM OB/AACTU

B.H. ITerpos 2, K.H. Ko6sixos?, O.B. Ilerposa?, 10./. Boitrexosckmii ®
' KoabcKuii IeHTp OXpaHbI AVKOV IpyupoAbl, Annatuthl, kbcc@kola-nature.org
NucTutyT npo6aem npomeimaenHovi skoaorvm Cesepa KHIL PAH, Anaturs:
3 Teoaormuecknit mactutyT KHII PAH, Antatntel, woyt@geoksc.apatity.ru

Koabckuit n-os mputsrateaeH A4s BCeBO3MOXKHBIX TYPUCTOB. B mmocaeanee spems akTusu3mposa-
Cs1 TEOTYPU3M, OCHOBOI KOTOPOTO SABASIOTCSI YHIKAAbHbIe MIHepaAbHble OoraTcTsa 1 AaHAmadTer XuoOuH,
/ososepa, boapmmx Ketis 1 agpyrux p-HoB. B cBs31 ¢ 9TUM BakHO 00Cy AUTH ILAIOCEI I MMHYCBI TeOTypU3Ma
C IIPUPOAOOXPAHHOM TOUKM 3peHust B paMmkax crparerun passutus cetr OOIIT — ocobo oxpanseMbIx 11pu-
poanbIX TeppuTopuii (puc. 1, 2).

Ilarocer:

. O0OBexThI reorypmusma YCTOIZHMBLI K ITOCEeILIeHIIO.
i O0OBexThI reorypmusma 06/1a4a10T BBICOKOI IIpMBAEKATE€AbHOCTBIO 1 CHOCO6CTByIOT OTBA€YEHUIO Ty~
puCTOB OT IIPUPOAHDBIX 0OBEKTOB C HUBKOI YCTOIZHMBOCTLIO K aHTPpOIIOT€HHBbIM Cl)aKTOpaM.

Munycobr:

e C obpekTaMu reoTypusMa MOTYT OBITh CIleTIA€Hbl YHIKaAbHbIE DKOCHCTEMBI C HU3KOI yCTONYNBO-
CTBIO K PeKpealyiIOHHOMY BO34€eJICTBUIO.

*  MapmpyTsl reoTypM3Ma OXBaTHIBAIOT TEPPUTOPUIL, Ha KOTOPBIX OTCYTCTBYIOT APYIUi€ MapIIpPyTEL,
yBeAN4NBasl IOCEIaeMOCTh 4aHHBIX TEPPUTOPUIL.

*  O0cayxmupanne reotypusma Ha OOITT oTBaekaeT crabl M CpeACTBa OT Ap. IPUPOAOOXPaHHLIX 3ajad.

Yem OOIIT nmoaesHbI reOTYypU3MY:

¢ OOecrieueHne oXpaHbl OOLEKTOB TeOTypuU3Ma.
CosmMmerrieHne TeoTypusMa U ApyTrux BUAOB IIPUPOAHOTO TypU3Ma.
* bBoaee BHICOKOE KaueCTBO 0OCAY>KUBAHIS T€OTYPUCTOB.

Yem reotypmsm nnoaesen OOIIT:

Obecrieuenne 40IOAHUTEABHOIO Pa3BUTI MeXXAyHapoAHbIX caasert OOIIT.
YBeanuenne koukypenTocriocoonoctu OOIIT Ha priHKe TypusMa.

YBeanuenne szanmMuoit naTerparuyu OOITT.

CHIKeHIe peKpealOHHON HaTrpy3KM Ha ysa3BUMBble Onoaormdeckue oobekTsr OOITT.
JOTI0AHUTEABHBIN apTyMeHT 445 cozAanns Hopbix OOITT.

YTo MOXHO cgeaaTh B OaVKariniee BpeMsl:

ITpoexruposanue reoaormdeckux OOIIT aasa passutus OOIIT 5 MypmaHnckoii 004.
CogericTBie OpraHu3alyy 1 ONTUMAaAbHOMY ILAaHMPOBAHUIO HAIIMOHAABHOTO MapKa «XMOUHEI».
Paspabotka MapmIpyTos A4s1 reoTypusma, cesiapisaromux psag OOITT, B Tom umcae TpaHCrpaHUIHBIX.
*  Cogericteue opranmsauym coorsercrsyiomux OOIIT: Tpéxcroponnmii pesepsar Ha p. Ilas; aeca
u ropet Pennockanaumn; Oyaanka — [Taanaspsu — Kyrca; beaomopcxkue OOITT.
¢ Omnpegesenne 11e1€cO00Pa3HOCTI U BO3MOXKHOCTY COXPAHEHIsI TUITOBBIX Y4aCTKOB M3BECTHBIX Me-
CTOPOXKAEHUIL ¥ COBMeITleHe TaKOTO COXPaHeHus C ApyrumMnu 3agadamu, permaembivu OOIIT.

MuTepecHble 1 AOCTyHHBIE OObEKTHI TeOTypHU3Ma:

AapmasHauHb 3anagubix Keiis (puc. 3).

Actpodnaantel r. DBecaordopp (puc. 4).

Amazonurtsl IT. [1aockas, Hlupokas u Ilapychas (puc. 4, 5).
Awmetucte Mbica Kopabas, Tepckuit Geper (puc. 4, 6).
Knanuts! n xuacroantst IleciioBoit TyHAPBEIL.

IlepoBckuter AQpprKaHABL

Craspoants Bocrounsix Keiis (puc. 4).

Tunryantsr CHe>xHOTO IIpKa (puc. 7).

®aooputst mpica Kopabas (puc. 6) 1 EA0KOPropckoro HaBoAoKa.
IInpkons! . BaBHOeA.

OBanaantsl XubduH u /ososepa (puc. 4) 1 MH. Ap.
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NamsTHUKN NPUPoOAbI
15 - Kegp cubmpckuin B HUKenbckom necHuyectse
16 - Bogonap Ha peke LLlyoHuiioku

17 - Buorpynna enen

18 - Kegpol Ha peke 3anapnas luua

19 - Kegpb! ypoumia OkyHeBoe

10 - MoHoiickuit pbiGOOXpaHHbIi 21 - BapaHwii no6 y ozepa CeméHoBckoe
22 - Y4acToK NIMCTBEHHULI CUBMPCKO MCKYCCTBEHHOTO MPOUCXOXKAEHUS
23 - CocHbl Ha rpaHuLie CeBepHOro apeana
24 - Keppb! necHoro koppaoHa Kpueey
25 - NluctBeHHULLI HKHETYNOMCKOro BoAoXpaHunuLia
26 - Y4acToK NecHbIX KynbTyp NMCTBEHHULbI CUBMPCKO
27 - YyacTok keapa UCKYCCTBEHHOMO NPOUCXOXAEHNS
3 28 - lluctBeHHUYHas powa Tanbonb!
29 - O3epo Komcosepo
30 - EkocTpoBCKOe KUHTULLE
31 - Powa Jiixcdenbaa
32 - Kegpbl ¥ NUCTBEHHMLbI BO3ME CTaHLMN XUBUHbI
33 - KOkcnopnak
34 - AcTpochunnuTsl ropbl IBecnor4opp
35 - KpuntorpammoBoe yuense
6 - OBTpOchbHOE GONOTO KXKHOrO MPUXMBNUHBA
37 - Ywenbe AlikyaiBeH4Yopp
38 - Banexs HO6uneitHas
39 - NluctBeHHULbI cubupckue B JToBO3EPCKOM necxose
40 - Nopa ®nopa

41 - ApHuku yulenbs y osepa Manbra

42 - NonuHa peku Kutkyait

43 - ApHUKM 1 Makm yuienbs MHanyiiok

44 - Manblii MyHkypyaiis

45 - Hamosepckue keapbl

46 - NeyebHble rpsau MankvHoii ryGbl

47 - Keapbl B KoBACKOM necHuyecTse

48 - KoBackue NUCTBEHHULbI

49 - 3nopo3uTsl Mbica BepxHuii HaBonok

50 - ®nioopuTbl ENOKOCTPOBCKOrO HaBonoka

51 - MTnyby 6asapsl ry6bl [JBopoBOi

52 - l'y6a UeaHoBCKas

53 - MecTo npouspacrtasus Bpuopun
payuasmou y ropbl Buanaxk

54 - Mc

Myciop

56 - AmeTUCTbI Mbica Kopabnb

58 - Boponap Ha peke Yanoma

55 - AMa30oHUTbI ropbl napycnaﬂ

57 - Boponap Ha peke YasaHbra

K

59 - l'eonoro-r

62 - HackanbHble pucyHku YanmHbl-Bappa 64 - JlegHnKOBBbI BanyH

63 - BasansronaHble nasbl Pux-ryGbl

65 - MpaHuTonAabl 0.MuUKKOB

Puc. 1. Cxema pasmemenns OOIIT Mypmanckorr 064. Ha 01.04.2010 r.
Fig. 1. Location of SPNR in the Murmansk region as of 01.04.2010.

NpPUPOAHbLIE Napku 3aKa3HUKN
LR 1-Kytca 4 - VloHH-Hebtoroais
(e $ 2 - KaHo-YMm6eckuii 5 - Kanta
i'e) a 3 - X1buHbI 6 - Jlannanackuin nec

7 - Mopwit nec

v nonurox “LLyol
60 - Meocdhusnyeckasn craHuus “flososepo”
61 - MermatuTol ropbl Manbii MyHkypyaiis

Y

C

OONMT, coapaBaemble ao 2018 .

OOMT, cosgaBaemble oo 2038 .

OOIT, coapaBaeMble Npu onpeaeneHHbIX : TeppUTOpUS TPAANLMOHHOTO
obcTosTenbCTBaX NPMPOAONONbL30BaHUS

8 - Mobepexbe HanpoTve MaBPUNOBCKUX OCTPOBOB
9 - CtapoBo3pacTHble Nneca Yy rocrpaHuLbl

NamMATHUKU NpUpoab!

10 - Bonota y o3epa Anna-Akkaspsu

11 - BepxoBbs peku Tonsaxa

12 - Topa bapbiHs
(Kanpanakwckui 6eper)

13 - Nopopeukue nTuybK 6asapbl

14 - 'po3goBHUKKM Yy AepesHun Konsuua

15 - l'y6a BopoHbs

16 - N'y6a CkopbeeBckasi

17 - VN3BecTKOBbIN 3aBOA

18 - Uipun-ropa (c oxpaHHON 30HOM)

19 - KnioueBoe 6onoto Typbero
nonyocTposa

20 - Neca B uctokax p.Manas lNeyexra

21 - NnwaiHukn Bepxosui p. BopoHbs

22 - [IMaiiH1Kn CTapoBO3pacTHbIX
necos nobepexba Benoro mops

23 - MouaxuHHoe 6onoTo

24 - Hap60opoaHWKM J0NWHbI 03epa
LLlyybero

25 - MNeyeHo4HMKN Ha pyybe Cyxon

26 - MaTtnosepbe

27 - Pefkue Ne4yeHOYHWKN U NULIANHUKY
B BepxoBbsix p.Llara

28 - Ckanbl nonyoctpoBa CpefHuii

29 - Xam-pyyen

MU3MeHeHue rpaHuy cywecTeytowmx OOMNT

30 - 3aka3Huk Bapayrckuii

31 - 3aka3Huk Koneuukuin

32 - 3aka3Huk Cumboaepckui
33 - 3akasHuk CengbaBppb

Puc. 2. Cxema pasmemtennst HOBbIX U peopranusyeMbix OOITT g0 2018 r. u Ha epcrekTnBy 40 2038 T.

Fig. 2. Location of new and reorganized SPNR by 2018 and for a long term till 2038.
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Puc. 3. YHukaapHsle rpaHaThl I. bepésosas, 3anagxsie Ketissl. @oto: 10./1. BoiiteXxosckmit.

Fig. 3. Unique garnets of Beryozovaya Hill, Western Keyvy. Photo: Yu.L. Voytekhovsky.

Puc. 4. Munepasorndeckue od6pasirsl u3 coopanms Myses reoaornu u Mmunepaaornu um. VI.B. Beaskosa 'eoaormuecko-
ro nacruryta KHI] PAH — MeuTa MHOITIX TeOTYPUCTOB (CA€Ba HallpaBo, CBePXY BHIU3): CTaBPOAUT, aMa30HUT, DBAMAANT,
acTpoPUAANT, aMETVCT, KOBAOPCKUT.

Fig. 4. Mineralogical samples from the collections of the I.V. Bel’kov Museum of geology and Mineralogy at the Geo-
logical Institute KSC RAS delightsome for connoisseurs (from left to right and top to bottom): staurolite, amazonite,
eudyalite, astrophyllite, amethyst, kovdorskyte.
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Puc. 5. Kaprep Ha MmecropoxgeHun ama3oHura, I. Ilaockas. ®oro: 10./1. BoitrexoBckuii.

Fig. 5. Quarry at an amazonite deposit, Ploskaya Hill, Photo: Yu.L. Voytekhovsky.

Puc. 6. Mric Kopa6an, Tepckuit Geper. 34ech MOXKHO HalITH IITYPBI C aMETUCTOM U (PATOOPUTOM.
®oto: FO./1. BoiiTexoBckuii.

Fig. 6. Korabl' Cape, Tersky shore. Hand specimens with amethyst and fluorite spar.
Photo: Yu.L. Voytekhovsky.

Puc. 7. Texctyphble pasHoBuAHOCTY TuHTyanTa, CHeXXHBIN ITupK, Taxtapsymuopp, Xubnnsr. ®oto: [0./1. Boitexosckuit.

Fig. 7. Texture varieties of tunguayite, Snow Circus, Takhtarvumchorr, Khibiny. Photo: Yu.L. Voytekhovsky.

60



GEOTOURISM AND SPNR NETWORK DEVELOPMENT
IN THE MURMANSK REGION

V.N. Petrov "%, K.N. Kobyakov !, O.V. Petrova’, Yu.L. Voytekhovsky 3
!Kola Wild Nature Protection Centre, Apatity, kbcc@kola-nature.org
Institute for Northern Industrial Ecology Problems KSC RAS, Apatity
3 Geological Institute KSC RAS, Apatity, woyt@geoksc.apatity.ru

The Kola Peninsula is much attractive for various tourists. Recently, the geotourism has been gaining
populary with its basis of the unique mineral wealth and landscapes of the Khibiny, Lovozero, Keyvy
and other regions. In this respect, it seems reasonable to discuss pro et contra for the geotourism from the
ecological point of view and in the framework of the strategic development of a SPNR (specially protected
natural reservations) network (Fig. 1, 2).

Advantages:

* Geotourist sites are sustainably visited.

*  Geotourist sites are very attractive and promote drawing tourists away from the natural areas that
show low tolerance to anthropogenic factors.

Disadvantages:

e  Geotourist sites may be coalesced with unique recreation effect intolerable ecosystems.
e  Geotourist routes cover areas free from concurrent paths that expand visitability of these areas.
® Servicing geotourist SPNR draws efforts and means away from other nature conservation tasks.

How SPHRs benefit the geotourism?

® Protection of geotourist sites.
e Combination of the geotourism and other kinds of natural tourism.
¢ Higher quality of geotourist service.

How the geotourism favours SPNR?

* Supplementary development of international cooperation in the field of SPNR.
e Enhancing SPNR competitiveness in the touristic market.

* Improvement of mutual SPNR integration.

® Reducing recreational pressure on the vulnerable biological SPNRs.

® An extra pro for creating new SPNRs.

Nearest future intentions:

Prearranging geological SPNRs to develop these in the Murmansk region.
Contributing to the organization and optimal planning of the Khibiny National Park.
Developing geotourist routes that connect a series of SPNRs, including cross-border ones.
Contributing to the organization of appropriate SPNRs, i.e. trilateral reservation of the Paz river;
forests and hills of Fennoscandia; Oulanka - Panajarvi - Kutsa; the White Sea area.

e Rating the viability and preservation of representative areas in well-known deposits and looking
for ways to combine these with other tasks that can be solved with SPNRs.

Impressive and available geotourist sites:

Almandine of the Western Keyvy (Fig. 3).

Astrophyllites of Eveslogchorr Hill (Fig. 4).

Amazonites of Hills Ploskaya, Shirokaya and Parusnaya (Fig. 4, 5).
Amethysts of the Korabl’ Cape, Tersky shore (Fig. 4, 6).

Kyanytes and chiastolites of the Pestsovaya tundra.

Perovskites of Afrikanda.

Staurolite of the Eastern Keyvy (Fig. 4).

Tinguayites of the Snow Circus (Fig. 7).

Fluor spars of the Korabl' Cape (Fig. 6) and Yelokorgovsky Hook.
Zircons of Vavnbed Hill.

Eudialytes of the Khibiny and Lovozero massifs (Fig. 4) and many other.
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«EUROGRANITES ARCTIC 2009» — CEBEPHASI ITOAEBASI KOH®EPEHII NS

A. Xevironen ', D. Xevianmo ', 51. Xaaaa 2, M. Kypxnaa !, O.-T. Psimé *
! Yansepcurer Xeancuuky, Punastaans, Esa.heilimo@helsinki.fi
> @uHCKUIT My3el1 eCTeCTBeHHO MCTOPUN

«Burogranites» — mMexXayHapogHOe COOOIIeCTBO MccAeAoBaTelell IPaHNTOB, paboTa KOTOPOIo KO-
OpAUHUPYeTCs raaBHBIM 0Opaszom n3 Opanrun npod. bepuapom bonanom (Yuusepcurer Iapiox-Ciog).
OcnosHast QyHKINS OpraHM3alny — IPOBeAEHIe eKerOAHBIX ITOAEeBbIX DKCKYyPCuil B 061acTy XOPOIIIO 13-
YYeHHBIX eBpoITeiickux rpaHnTos. Iloaesas kondepennst «Eurogranites 2009» mpoxoaunaa 14-22 asrycra
B cepepHOl PuHAssHAUM U Ha Koabckom m-ose, Poccus [5]. B OunHasAHANM TTOATOTOBKA HKCKypCUH CTajla
COBMeCTHOI1 3aJauelt [eoa0ruueckoro Myses eCTeCTBEHHON MCTOPUU U KadeAphl TeoA0TUM YHMUBepcuTeTa
Xeabcunku. B Poccun moaeprie MapIpyTel OpraHM3oBeIBaauch leoaormaeckum naerutyToM Koasckoro HI
PAH. IloaeBble DKCKypcum 9TOTO roda Tak>kKe CTaAl 4acTbio MeXayHapOAHOI IIpOTrpaMMBI Te0AOTIeCKOM
koppeasiun 1oz srugorn IOHECKO: IGCP-510 «I'pannter A-Tuma 1 poaCTBeHHBIE ITOPOALI BO BpeMeHI»
2005-2010 [3]. «Eurogranites» mposoasarcs B Poccun snepsrre, 8 PuHAsAHAMY — BO BTOpOIi pas. [lepsas moae-
Bast 9KcKypcust B PunasaAuy nporraa B 2005 r. OHa oXBaTiAa rpaHUTEL I03KHOM U LIEHTPaAbHOI YacTH CTpa-
unl [11]. [1aBHOI g0CTOIpPUMeEYaTeALHOCTBIO DKCKYPCUM OBLAM ITPOTEPO30VICKUEe I'PAHUThI-ParlakKUBy I0XK-
HOV OPUHASHAMY U HeOapXeliCKIe TOHAAUT-TPAaHOAMOPUT-TPAaHUTHbIE CepUM BOCTOUHOI yacTy PuHAsHAMN.

IT0A0XWUTeABHBIN OIBIT MPOBEAEHMS MIePBOM DKCKYPCHM (PUMHCKMMU OPTaHM3aTOPaMM AEr B OCHOBY
roArotosku roaesoit sxckypcun 2009 r. Hopast moe3axa Oblaa opraHMsoBaHa TaKuM 00pa3oM, YTOOBI yJacT-
HUKI MeXAYHapOAHOTO POeKTa ITOYyBCTBOBAAN MCTUHHBIN BKyC APKTUKI. [€040T1s1 9KCKYPCUOHHBIX 00B-
eKTOB BKAIOua/a I1aAeolIpoTepo3olickue rpannTel Turia Harranen s cesepnoit @unasnavun u Poccnn, a Tak-
Ke 3HAMEeHMTBINT XMOMHCKUI 1eA04HoN KomIlieke Ha KoanckoM m-ose. MapIipyTel 0A€BOI DKCKYpPCHUN
(puc. 1) mpoaeraanu ot Posanuemn yepes Caapuceanky, Vsaao, Mypmanck, Anatutet 1 Kuposck. B Kupos-
CKe DKCKYPCaHTHI 0a3MpOBaANCh 4 AHs, TIOCAe Yero BepHyAuch B Popanuemu uepes tamoskeHHsIi rmoct Caaaa.

“Kola
province
~ &)
A N2,
¢ A \ \01’/,'7 O
ol & o )
Syeco- ng/ricabi;ennlan \Karelian
nor,wegia P ~ province
domai 5 g . .
! ] JTransscandinavian Kirovsk, Apatity
igneous belt Da
I 4 K
NOR

Puc. 1. MapmpyT moaesoit koudpepenrun «Eurogranites Arctic 2009» 14-22.8.2009.
Fig. 1. The route of “Eurogranites Arctic 2009” field conference 14-22.8.2009.

K coxasenuio, Ha IPOeKTe CKa3aAMCh MOCAEACTBIA MUPOBOTO Y9KOHOMMYECKOTO KPU3MCa — YMCAO
YYaCTHMKOB OBLA0 MEHBIIIe 3all1aHMPOBAaHHOTO. VX obIIee KOAMYECTBO, BKAIOYAsT POCCUIICKUX M (PUHCKIX
OPraHM3aTOPOB, COCTABIAO 28 YeA0BeK.

Hamnuya 14 aszycma u cyb6oma 15 aszycma. 14 aprycra yJacTHMKM COOpPaAMCh Y AeTeHAApPHOTO
oteas «IToxpsarxosu» B Popannemu. OTTyAa Ha CAeAyIOIINiT AeHb TPyTIIla OTIIpaBuAach Ha cesep. Llepemomnirst
OTKPBITHSI 1101€BOV KOH(epeHIU IIPoIIlla IPY MOpocsIeM AoKae Ha xoame Kaynucrisa B Caapuceanke.

Ha caeayromuit genp mocae obeda m BedyepoMm Ha Oepery p. CoOTailfloKM COCTOSIACA MCTOPUKO-
reoA0Tu4ecKnit Bedep (puc. 2). BeuepHss nporpaMmma BKAOYaAa 3HAKOMCTBO YYaCTHUKOB C ICTOpUEN pas-
BeAKM 3040Ta B /lanaaHAnUM 1 ITOBCeAHeBHOI KM3HBIO MccAeoBaTeaeil Ha p. VIBaao. Beuepom yuactHrKaM
Ob1a TIpeAAOXKeH YKUH U3 TPeX 04104 M BO3ZMOKHOCTD IIOCETUTH 30A0TOM IPUICK MECTHOTO CTapareas
3oaota IOxanu «boasitioro Asxona» Kaaanonmemun.
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Bocxpecenve 16 aszycma. Ilepsrlii 4eHb COOCTBEHHO KOHQEpPeHIUI BKAIOUaA IOCeljeHlie IPaHITOB
tuna HarraneHn Ha xoamax Puecrosaapa u ITioxa-Harranwen (puc. 3). I'panuter Tnmna HaTraneH — mosa-
HeoporeHHble ¢ BozpacToM 1.80-1.77 mapa aet [2, 4, 8, 9] — AuIb HegaBHO OTHeceHHI K A-Tuily [6] o pe-
3yapTataM reoxummdeckux aHaansos. Nd, Hf n Pb-nsoronssie coctaBbl MOpog, yKa3hIBalOT Ha apXeicKuii
KOPOBBIN NCTOYHUK [6, 7, 10].

.

Puc. 2 (caesa). Y>xun Ha Oepery peknu CoTarioku. 3a 4aAbHUM CTOAOM AUIIOM K KaMepe: IOxanu «boapmmoir /koH»
Kaaanonunemun, fIna Xaaaa, Kpucrnan I'lnn, Xakanu Bangep Aysepa n Muaan Koxyr. Crimnoir k kamepe: PepHaHA0
Hoponxa, Axxon Koo6unr, bepnaa Kob6omnr, Dca Xeitanmo 1 Hosap JasuH. 3a cToA0M BllepeAy, AUIIOM K Kamepe:
Capn Aykkapu, Axkcean Penno, TomMm Angepcen, Mapanna Dap0ypr, Basepus Musutu 1 crinHoii Kk Kamepe: Aassap
Coecoo 1 Mattu Kypxnaa. ®oro: Dpkku Burtnukaiinen.

Fig. 2. (left) Dinner at the Sotajoki bank. Table on the back, facing the camera: Juhani “Big-John” Kallioniemi, Jaana
Halla, Christian Pin, Jacqueline Vander Auwera and Milan Kohut. Back to the camera: Fernando Noronha, John Cob-
bing, Beryl Cobbing, Esa Heilimo and Noel Davin. Table in the front, facing: Sari Lukkari, Axel Renno, Tom Andersen,
Marlina Elburg, Valeria Misiti and back to the camera: Alvar Soesoo and Matti Kurhila. Photo: Erkki Witikainen.

Puc. 3 (ciipasa). Dca XeitanMo paccKa3blBaeT yJacTHMKaM O Te0A0rny rpaHuTos Tunia Harranen Ha BepiunHe Xxoama
IToxsa-Harranen. @oro: AKy XelfHOHeH.

Fig. 3. (right) Esa Heilimo introduces the participants to the geology of the Nattanen-type granites on top of the Pyha-
Nattanen fell. Photo: Aku Heinonen.

Ionedeavnux 17 aszycma. Ha 5TOT AeHb OBIA0 HaMeueHO IepecedyeHMe rpaHuIbl PUHAAHAUM U
Poccun, rae maaHupoBaaoch IPOBECT CaMyIO OTAAA€HHYIO 4acTh I10A€BOM DKCKypCHUM. YTPOM TIpylina
II0AKpennaach 3aBTpakoM, IIPUIOTOBAEHHBIM S[HHe XeHTTyHeH, KoTopas Oblaa Ied)oM I0AeBON KyXHN,
oOcay>kuBaloneit 9Kckypcnio. Ilepeceyenne rpanniiel B mynkre Pasrioocenmu-/10TTa poIL10 OBICTPO, U
npudniTe B roctunnily «lloaspnasie 3opu» B MypMaHCKe COCTOsA0Ch IIPaKTUMYeCK) COrAacHO pacliyca-
Huio. B MypMancke rpyminy BCTpeTUAM POCCUIICKMe IUABI, K.I.-M.H. Baaepuit Berpyun n x.r.-m.H. AMutpuii
303y4s1, KOTOphle PyKOBOAUAM BedepOM U Y>KMHOM B IIPeKpacHO 00CTaHOBKe IOCTUHUIIBL.

Bmopnux 18 aézycma. I1epBoIit 4eHb Ha POCCUIICKOV CTOpOHE OB IOCBAIIEH TEM >Ke TpaHUTaM TUIIA
HartraHnen 1 cBsI3aHHBIM ¢ HUMU guoputam /uiia-Aparyockoro kommaekca 1.79-1.76 Mapa, AeT B Maccuse
ITopty6o04 [12]. Baaepmit Betpun pacckasaa ydyacTHMKaM O reoAorun Kkommnaekca. I'pynma nccaeaosareaeit
«Burogranites» cuuraeTcs KpyIHeliie MexXXAyHapOAHOI IPYIIIION 1ccAel0BaTeAell TPaHUTOB BTOTO TUIIA.

Kowmmnaekc pacrioaoxen k cepepo-zanagy ot Mypmancka. HecmoTtpst Ha TO, UTO 3amaaHnpoBaHHbIe
OCTaHOBKM B MapIIpyTax OblAM cAeAaHBl IO gopore Ha IledeHry, mHOTAa OT yyacTHUKOB TpeOoBaslach He-
MaJasl A0BKOCTb U HaBBIKI aAbIHM3Ma. [locae moaesoro obesa 1 00Cy>KAeHMI re0 10Ty KOMILAeKca DKC-
Kypcusl IIpocaeoBala oOpaTHO Ha I0T. BeuepoMm rpymnma 3aceamaacs B roctunnne «CesepHas» B Knposcke.

Cpeda 19 aszycma. Cpega Oblaa nocssiena cemunapy s leoaornmueckom nacrutyre KHI PAH, Ana-
TUTHL. BcTpeyelt pykosoana npejcesareab HaydyHON ceccuy, aupekrop T'eoaormdeckoro macruryra KHI
PAH nipod. IOpmit Borirexosckuit. Cemunap BKAI09aa AokaAaasl mpod. XKXakanu Bangep Aysepa (YHuUBEp-
curet I. /lpex), mouétueim npo@. bpaitana Anrona (Yuusepcuter Daundypra) u mpod. Tomma Angepcena
(Yausepcurer Ocao). ITocae sToro 6p1a1 3acAymansl 40KAaasl 110 reoaorun Koabsckoro pernona, mpea-
CTaBAeHHbIe KaHAMAaTaMy Hayk Baaepuem Berpunbiv u Amurpuem 303yaeii.

ITocae obeaa Ovia nsyuen kepn Koanckoit csepxray0okoit cksaknubl. barke k seuepy ripod. I0pmix
Boitrexoscknii caeaaa coobiienne 00 MCTOPUM Te0A0TUYeCKUX ccAe0Banmit Ha KoabcKoM I1-0Be 1 MpoBéa
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Puc. 4. Aupexrop npod. IO. Boitrexosckmit
Aa€T yyacTHMKaM I104eBOIO KOHIpecca BBO-
AHYIO AeKIuI0 o Mysee reoaorum u MuHe-
paaorun um. V.B. Beavkopa. Caesa: IOpuit
Borirexosckuit, bepna Kooounr, Tamapa ba-
rpunnesa u Akceab Penno. Caaau crimHoiM K
kamepe Tomm Angepcen. ®oro: Axy XeliHo-
HEH.

Fig. 4. Director Prof. Yuri Voytekhovsky in-
troduces the Mineralogical Museum of the
Geological Institute to the field congress par-
ticipants. From left: Yuri Voytekhovksy, Beryl
Cobbing, Tamara Bagrintseva, and Axel Ren-
no. On the background, back to the camera:
Tomm Andersen. Photo: Aku Heinonen.

DKCKypcuio 110 Myseto reoaoruy u MuHepaaoruu uM. VI.B. beabkosa (puc. 4). Jens 3aBepiimacst opuiiaib-
HBIM Y>KIMHOM B K11poBcKe, B KOTOpOM NPMHAAN ydacTHe YJaCTHMKY ¥ OPTaHM3aTOPLI IT0AEBBIX DKCKYPCHIL.

Yemeepz 20 aszycma. TpeTtnit 4eHb POCCUIICKON YacTV DKCKYPCUM BKAIOYaA ITOABEM K Tlepesady Pamsas
(puc. 5) B Xubuuckux ropax. [Ipu rmepexose ygacTHuKaM paccKasblBaaul O reoAorny XnOMHCKOro Maccusa [1]
MeCTHBIe CIIeIaANCThL: K.I.-M.H. Apkaanii Illnayenko u k.r.-m.H. Cepreit Kaprios, ¢ nepesogoM UM rmomMorasa
Tamapa barpuniiesa.

Ilepexoa 6611 AOCTATOYHO CAOXKHBIM, HO B UTO-
Te Bce yJaCTHUKI AocTurau 1ean. [IpexpacHbie BUABI,
OTKpBIBaBIIIECs C BEPIINHBL, ObLAM pazbaBaeHBI OO-
KaJ0M MUIPUCTOTO BUHA, BBITUTOTO 3a 3ApaBue yJacT-
HIUKOB 9KCKypcUU U B HaMATh Buabreanma Pamsas
— IIepBOIIPOXOAIIA, OTKPHIBIIETO IeJA0YHbIe TIOPOABI
Kozbckoro 11-oBa.

Puc. 5. YgactHMKY 1T0A€BOT KOH(pepeHIny Ha IyTH K Iie-
pesaay Pamsas B Xubmncknx ropax. @oro: Capu Aykkapn.

Fig. 5. Participants of the field conference on their way to the
Ramsay Pass in the Khibiny mountains. Photo: Sari Lukkari.

Iammnuya 21 aszycma. Bropoit 9KCKypCHOHHBIIT AeHb B X1MOMHAX BKAIOYaA 00/1ee KOPOTKIIL, HO He
MeHee TSIKEABINT IIepexo/ K npupoaHoMy am¢purearpy CHeXXHOTO Ij1pKa. Beicokme ckaasl Ij1pKa Tpy4HO-
AOCTYITHBI, HO Ha BepIINHEe IIYTHUKOB OXKIAAAN 3HaMEHUTbIe TUHIYaUTOBbIE AQVIKM C YHUKAaAbHBIMIU TEK-
CTypaMU OCThbIBaHU:A U paccTekaoBaHMs [13]. DTo mocay>XK1A0 ydacTHMKaM CTUMY/AOM AOCTUYD BEePIIIMHEI I
BHOBb HaCAaAUThCA IIPeKpacHBIMI BUAaMU A0AMHBI X1OUH (puc. 6).

Cy66oma 22 aszycma. Ilocaeagnuit geHb DKCKypCHUm yIIéa Ha Iiepee3/, dyepe3 pOCCUICKO-(PUHCKYIO
rpaHUIy 1 TaMO>KeHHOe opopmaenne. Jopora n3 Kuposcka 40 Posannemn 3aHsA1a modTtn Bech g4eHb. Kon-
dpepennus mpogoaxmaack B rocruaniie «I[loxpsn-
XOBU», IAe DK30TUYECKOe ITyTeIIecTBIe 3aBepIln-
20Ch OPUIINAABHBIM Y>XKIHOM.

Yuactnuku «Eurogranites 2009” ocraancs
AOBO/ABHBEI KauyeCTBOM HPOBEACHIs DKCKYPCUN,
O 4eM CBUAETeAbCTBYIOT OlarojapHble OT3HIBBLI B
aapec eé OpraHmu3aTopos (puc. 7).

Baazodapnocmu. Opranmsarnyist Tako KoHQe-
penyi Kak «Eurogranites 2009» Hukoraa He ObLaa
2AETKOII 3ajaueri, B 9TOT pa3 eé IposeeHe ObL10 OBl

Puc. 6. Bug c yrécos CHe>XHOTO IuipKa Ha A0AVHY XMOMH-
ckux rop. @oro: Aky XeiiHOHeH.

Fig. 6. View from the cliffs of the Snow Circus to the valley
in the Khibiny Mountains. Photo: Aku Heinonen.
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25 Main Road
Radcliffe-on-Trent
Nottingham NG12 2BE

Email: berylcobbing@btinternet.com

1% September 2009

Dear Professor Voytekhovsky £ {“
-

On behalf of my wife and myself, I would like to thank you very much for allowing F"

us to visit the Kola Science Centre. We spent a most illuminating day there, hearing ..

the p: ions of several scientists, seeing your i llection of minerals *

in the Museum and inspecting the core of the Kola Superdeep bore hole. %
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We have very happy memories of our excursions in Russia, the stimulating geology
Ko { a_ g coetl we observed and the welcome we received from you and your colleagues.
! A F 0 C IO~ a0 S\(‘ o Yours sincerel):, ;) )
p <5 l—,—j ‘ "{'ff“ & /M/»/‘«\
C‘,MMK a1 Peyl g
WX o (84 2° il Dr John and Mrs Beryl Cobbing
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Puc. 7. ITnucemo ydactHukos «Eurogranites 2009» b. Koo6mar 1 JA:x. Kooounr (Beankoopuranns).

Fig. 7. Letter of the “Eurogranites 2009” participants, B. Cobbing and J. Cobbing.

abCcoAIOTHO HEBO3MOXKHO Oe3 oMoty poccnitcknx koaaer n3 Koasckoro HIT PAH. 3a Bkaag B IOATOTOBKY ITO-
/eBOJ DKCKypCHM MBI BbIpaykaeM Oaarozaprocts 1O. Boiitexosckomy, B Berpuny, 4. 3o3yae, A. Illmavenxko, C.
Kapmnosy, T. barpunnesoit, T. Pynaxsucr n A. Apsamaciiesy.

Bmecte c opranmsaTopamu Ml 04arogapum IepcoHaa KoMmnaumii «Inarin Taimen» 1 «Kemin Liiken-
ne» 3a IIpeAoCcTaBAeHHbIN TpaHcopT. bes fI. XenTTyHeH, D. Butnkaiinen, M. Puecroaa, X. «Xeccy» Kyrcy,
IO. Matunaaccu, M. Coykka n I1. Mukkonena skckypcus Oblaa Obl HepoaMoxKHa. baarogapum Otaeaenue
Finnbarents YanBepcurera mpukaaAHbIX Hayk Posannemn u riperiogasareaeri B. Koiisymaa n H. Huemuca-
20 3a IIpoBeJeHNe MHCTPYKTaXKa I10 TeXHIKe De30I1acHOCTH Iepes, DKCKypcneil. Kpome Toro, 3a cotpyann-
4YecTBO U ITOMOIIb B OpTaHM3alM HKCKYpCUil Mbl Tpu3HaTeabHbl b. boneny (Yuusepcurer Iapmx-Croa),
A. Aaypu (I'C®P), A. Kamoaxo (Posiva Oy), 10. «boasmoit Axon» Kaaanonuemn, I1. Kusumsaxu, A. Kopbs
(¥X), O. Koyso, T. Dapmunen (I'CP) u B. Marra (I'C®).
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«EUROGRANITES ARCTIC 2009» — A NORTHERN FIELD CONFERENCE

A. Heinonen !, E. Heilimo !, J. Halla 2, M. Kurhila?, O.T. Rimé !
! University of Helsinki, Finland, Esa.heilimo@helsinki.fi
2 Finnish Museum of Natural History

“Eurogranites” is an international network of granite researchers coordinated principally from
France by Professor Bernard Bonin (Université Paris Sud). The core function of the organization are the
yearly field trips to well studied European granite localities. The “Eurogranites” field conference of 2009
was organized from the 14" to the 22" of August in northern Finland and Kola Peninsula, Russia [5].
In Finland the preparations were handled by a joint team of the Geological Museum of the Museum of
Natural History and the Department of Geology of the University of Helsinki. In Russia the field trip was
organized by the Geological Institute of the Kola Science Center (Russian Academy of Sciences). This
year’s field trip was also a part of the UNESCO-funded International Geological Correlation Program
(IGCP-510, A-type granites and Related Rocks through Time, 2005-2010; [3]). This was the first time that
“Eurogranites” visited Russia and at the same time the network’s second visit to Finland. The previous
field trip to Finland was organized in 2005 and it offered a broad survey to the granites of Southern and
Central Finland [11]. The main attractions of the trip included e.g. the Proterozoic rapakivi granites of
southern Finland and the Neoarchaean tonalite-granodiorite-granite series of eastern Finland.

Based on the positive feedback from this previous excursion the Finnish organizers were given
the opportunity to arrange also the 2009 field trip. Consequently, the new trip was designed to offer the
international participants something different — a true arctic experience.

The geology of the trip comprised the Palaeoproterozoic Nattanen-type granites in northern Fin-
land and in Russia and the famous Khibiny massif of the Kola alkaline complex. The route of the field trip
(Fig. 1) ran from Rovaniemi via Saariselkd, Ivalo, and Murmansk to Apatity and Kirovsk. Kirovsk was the
base of day trips for four days after which the retinue returned to Finland and Rovaniemi via the border
crossing point of Salla.

Unfortunately, the global economic situation affected also this project and the amount of partici-
pants remained lower than what was originally planned. All the Russian and Finnish organizers includ-
ed, the amount of participants was 28.

Friday the 14" to Saturday the 15™ of August. On the 14" of August, the participants assembled
at the legendary hotel “Pohjanhovi” in Rovaniemi. From there, the trip commenced northward the fol-
lowing day. The opening ceremony of the field conference was held in a drizzly weather on top of the
Kaunispaéa fell in Saariselka.

The following late afternoon and evening consisted of a historical-geological soiree on the bank of
the river Sotajoki (Fig. 2). The evening program gave the participants a glimpse of the history of the gold
of Lapland and the everyday life of modern day gold prospectors on the river Ivalo. During the evening
the participants were offered a three-course outdoor menu and an opportunity to visit the gold claim of
a local goldpanner Juhani “Big-John” Kallioniemi.

Sunday the 16™ of August. The first actual conference day consisted of visits to the Nattanen-type
granites on the fells Riestovaara and Pyha-Nattanen (Fig. 3). The Nattanen-type granites are 1.80 to 1.77
Ga late-orogenic granites [8, 9, 4, 2], which have only recently been identified as A-type based on their
geochemistry [6]. The Nd, Hf, and Pb isotope compositions of the rocks indicate an Archean crustal
source [10, 7, 6].

Monday the 17" of August. The day was reserved for the border crossing from Finland to Russia,
where the latter part of the field-trip was planned to take place. In the morning the logistics team was also
strengthened by the chef Janne Henttunen who maintained the field kitchen that provided for most of the
meals during the trip.

The border crossing at the Rajajooseppi-Lotta station went smoothly and the arrival to the hotel
“Polyarnyje Zori” in Murmansk was almost on schedule as planned. In Murmansk the entourage was
greeted by the Russian guides Drs. Valery Vetrin and Dimitry Zozulya, who hosted the evening and the
dinner in the glamorous setting of the hotel.

66



Tuesday the 18" of August. The first field day on the Russian side of the border featured the Nat-
tanen-type equivalent granites and associated diorites of the 1.79-1.76 Ga Litsa-Araguba complex in the
Portlubol massif [12]. Dr. Valery Vetrin guided the participants to the geology of the complex. The Euro-
granite trip is, as far as it is known, the biggest international crew to examine these granites.

The complex is located northwest from Murmansk. Even though the planned stops were on the
road leading to PetSenga, accessing some of them required further agility and climbing skills. After a field
lunch and discussions on the geology of the complex the excursion continued back south. The goal of the
evening was the hotel “Severnaja” in Kirovsk.

Wednesday the 19" of August. Wednesday was reserved for a seminar held in the Kola science
center in Apatity. The host of the meeting was the director of the Geological institute Prof. Yury L. Voytek-
hovsky, who also acted as the chairman of the scientific session. The seminar consisted of invited talks
from Prof. Jacqueline Vander Auwera (Université de Liege), Prof. Emeritus Brian Upton (University of
Edinburgh) and Prof. Tomm Andersen (Universitetet i Oslo). The invited talks were followed by presen-
tations on the geology of the Kola region, given by Drs. Valery R. Vetrin, and Dimitry R. Zozulya.

After the lunch it was time for a tour of the drill cores from the Kola super deep drill hole. In the
afternoon professor Voytekhovsky gave a talk on the history of geological research in the Kola region and
a guided tour to the mineralogical museum of the institute (Fig. 4). The day ended in a conference dinner
in Kirovsk attended by all collaborators and participants of the field trip.

Thursday the 20™ of August. The third day on the Russian leg of the field trip included a demand-
ing hike (Fig. 5) to the Ramsay pass on the Khibiny mountains. During the hike the participants were
guided to the geology of the Khibiny massif [1] by the local experts Arkadi Shpachenko and Sergey Kar-
pov who were assisted in the job by the very capable translator Tamara Bagrintseva.

The hike was a strenuous one but eventually all participants were able to find their way to the
pass. The amazing views opening from the top were crowned with a glass of sparkling wine enjoyed to
the health of the participants and to honor Wilhelm Ramsay — the finder of the alkaline rocks of the Kola
Peninsula.

Friday the 21°' of August. The second field day in the Khibiny mountains included a slightly shorter
but at least equally tiring hike to the natural amphitheater of Snow Circus. The high cliffs of the Circus
were hard to reach but the prize awaiting on top were the famous tinguaite dykes with their unique cool-
ing- and devitrification structures [13]. This spurred most of the participants to climb all the way up to
the once again spectacular views over the valleys of the Khibiny (Fig. 6).

Saturday the 22" of August. The last day of the excursion was reserved again for travelling and
border formalities to cross back to Finland from Russia. Eventually the trip from Kirovsk to Rovaniemi
took almost the whole day after which the conference convened at the hotel “Pohjanhovi” in Rovaniemi
where the exotic adventure was finally concluded with the official closing-dinner.

Psrticipants of “Eurogranites 2009” were satisfied with the quality of the excursions organization
and expressed their gratitude in their letters to the organizers (Fig. 7).

Acknowledgements. Organizing a trip like the “Eurogranites 2009” conference is never a simple
task, but this time it would had proved truly impossible without the help of the Russian colleagues in the
Kola Science Center. The following people are duly thanked for their collaboration in the field trip prepa-
rations: Professor Yury L. Voytekhovsky, Valery Vetrin, Dimitry Zozulya, Arkady Shpachenko, Sergey
Karpov, Tamara Bagrinseva, Tatjana Rundkvist, and Andrei Arzamastsev.

In addition the organizers would like to thank the personnel of the companies Inarin Taimen and
Kemin Liikenne for keeping the wheels turning during the trip. Without J. Henttunen, E. Witikainen,
J. Riestola, H. “Hessu” Kupsu, J. Matinlassi, M. Soukka and P. Mikkonen the trip would not have suc-
ceeded. The FINNBARENTS unit at the Rovaniemi University of Applied Sciences and instructors Vesa
Koivumaa and Niko Niemisalo are thanked for organizing the safety briefings before the trip. Also the
following people are thanked for their collaboration and contributions: B. Bonin (Université Paris Sud),
L. Lauri (GTK), A. Kdpyaho (Posiva Oy), J. “Big John” Kallioniemi, P. Kivimaki, A. Korja (UH), O. Kouvo,
T. Elminen (GTK) and V. Magga (GTK).
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PABOYEE COBEIIIAHME ITO ITPOTPAMME KO/ZAPKTHUK

10./1. Boirrexosckmiil, IT. itkonen 2, I1. ioxasccoH 3
'Teoaornmueckniit mactutyT KHII PAH, Anratntel, woyt@geoksc.apatity.ru
2 Cayx06a mpupoaooxpasHbix ycayr Ounasuavm (Metcaxaaantyc), Banraa, pertti.itkonen@metsa.fi
*T'eoaormdeckast cayx0a Punassaaum, Posanuemn, peter.johansson@gtk.fi

28 arpeast 2010 r. Ha Gase /laraaHAcKoOro rocy4apcTBeHHOro O1ocepHOTo 3arose HuKa B I. Monue-
rOpCKe COCTOs10Ch pabodee coseranue 1o nporpamme Koaapkruk, punancupyemoii Espocorosom. Llean
— IIOATOTOBKA KOHKYPCHOTO IIPOeKTa IIPUTPAaHIYHOIO COTPYAHMYIECTBA MeXAY (PUHCKUMU M POCCUICKUMMU
IapTHépaMi, TaK UAYM MHaue 3aHATBIMU B cepe Te010TnH, DKOAOTUY, 3eMACYCTPOIICTBA U OXPaHbI IIpuU-
poapt. C pUHCKOIT CTOPOHHI B coBelllaHuu ydacTsosaan: I1. VITkoneH — pyKoBoguTeab IPOEKTa, MeHeXKep
CayskObI IpUPOAcOXpaHHbIX yeayr Ounasuaun, I1. VloxaHccon — MeHeAKep 0T/eaa 3eMAeyCTpoiicTBa I
okpy>karoreir cpearr, Cepepnslit opuc I'eoaormueckoit cay>x0n1 Punasuany, B. Xaaraitsa — cerjmaancrt
oTaeaa Mapketynra 1 PR mynniiunaantera Caaaa. Poccuiickyio CTOpoHy IpeacTaBAsaAN cCOTPYAHUKN /la-
naangckoro sanoseanuka (C. llecrakos — aupekrop, B. @poaosa — 3amecrureas aupexropa) u [eoaoru-
geckoro uncrutyta KHL] PAH (ripod. IO. Boritexosckuii — AupexkTop, K.I.-M.H. A. MOKpyIINH — y4E€HbIil
cekpertapyn, T. barpuarnesa — HavaabHUK 001Iero orgeaa). Kpyr moreHImaAbHBIX YIaCTHIMKOB IIPOEKTa C
00enx CTOPOH ropas/o Iupe.

JTATTITAHICK NV
[OCY.1APCTBEHHEIN
5MOCDEPHBI
SSATOBE I HNK

SAP CANDEE
SIATERBIO S PHERE
L ESERY

Puc. 1. Ocuosusie goxkaaauukm: I1. Mitkonen, I1. Moxancon, FO. BoirrexoBckmii.

Fig. 1. Key speakers: P. Itkonen, P. Johansson, Yu. Voytekhovsky.

YyactHuKu BeTpeun 3acaymaan tpu gokaaga: I1. Vitkonen «ITpeseHranus mpoekra: KOHIEIIINS,
CTPyKTypa, napTHépsi», I1. Voxanccon «leotypusm B unasuanu» u 0. Boitrexoscknii «[eoTypusm — Ho-
BBIIT TPeHJ PUTPaHIYHOTO COTpyAHMYecTsa» (puc. 1). B 40kaazax Op140 MOAYEPKHYTO, UTO HOBBIN IIPOEKT
DasmpyeTcst Ha IIOA0XKUTEABHBIX pe3yabTaTax, AOCTUTHYTHIX paHee MeXAy OTAeALHBIMI OpTaHM3alsIMU
Poccun i Gunasuaun (I'eoaormyeckas cayx6a Punaasaanm, leoaormaecknit nactutyt KHL PAH, samo-
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BeJHIUKM, YHUBEPCUTEThI, MyHULIMIIAAUTETHI U AP.) ¥ HallpaBJeH Ha pa3pabOoTKy BO3MOKHOCTeN, AUKTye-
MBIX BpemMeHeM. HOBbIMU TeHAeHIMAMU SABASIOTCS: pacTyllas MOOMABHOCTL HaceAeHIs], OTHOCUTeAbHasl
IIPO3PadHOCThb TOCYyAaPCTBeHHBIX I'PaHILL I 9KOA0rMdecKas 0e301acHocTsb. [IpuMennTeAbHO K IPUPOAHBIM
ocobeHHOCTSIM DeHHOCKaHANMM HTO AUKTYeT HOBbIe aKLIeHTBI: pasBUTIe CeTU IIPUPOAOOXPaHHEIX 30H, CO-
BepIIleHCTBOBaHNe MHPPaCTPYKTYPHl TeOTypU3Ma, B 0COOeHHOCTH — U3JaHMe KadeCTBeHHBIX NHpOopMaIu-
OHHBIX MaTep1aA0B II0 POCCUIICKON TePPUTOPIUU Ha OCHOBHBIX €BPOIIEIICKMX S3BIKaX.

JycKyccis IToKa3aaa, 4To 1ean PUHCKUX M POCCUIICKUX TAPTHEPOB ITPOeKTa HECKOABKO pa3ANJHEL
ITonck B3aMOITIOHMMaHM — OJHa U3 3adad IpoekTa. OOe CTOPOHBI COTAacUANCE C TéM, 9YTO OOABIINHCTBY
reoTypUCTOB MHTEPECHHI AeTKOAOCTYITHbIe OOBEeKTEI C MMHIMAaAbHO He0OX0AUMOI MHPpacTpyKTypoii (40-
pOry, TOCTUHMIIBI, IIYHKTBI IIMTaHUA ¥ MeAMUIIMHCKOTO oOcaykuBanust). Ha KoabckoM m-oBe K TaKOBBIM
MO>XKHO OTHecTy XnOmuHckuii, /lososépckuii 1 MoHdyeropckmii KOMILA@KCHI C BecbMa MHTePecHO UCTOpueit
OCBOEHI:I, TeoA0THell U MuHepaaorueit. He perraemori MecTHBIMM BAACTSMM IIPOOAEMOI ABASETCS pas-
pellleHne Ha BBIBO3 3a TPaHMIy KOAAEKI[MOHHBIX MMHepaAorndeckux o0pasnos. V3-3a oTcyTcTBus 40pOr,
IIPOXOAVIMBIX KOAECHBIM TPaHCIIOPTOM, HEeAOCTYIIHBI IIeHTpaabHas M BOCTOYHAs dacTu m-osa. Ilo sTum
nprurHaM MypMaHcKas 004. eXXerogHo TepsieT AeCATKHU TBICAY I14aTéXeCIIOCOOHBIX IToceTuTeaeit. Jas
cpasHenyst: B 2009 1. HanmonaabsHbIN napk ITioxsa-/yocro B ceBepHoit PuHaaHAMM TTOCceTnAN 138 ThIC. yea.

L

Kolarctic ENP| programme

Puc. 2. Drim3oAb! BCTpeun.

Fig. 2. Episodes of the meeting.

dunckas CTOpoHa IpM3HaAa HEAOCTaTOYHOCTh Te0AOTMYeCKOro oOpa3oBaHls B CBOMX IIKOABHBIX
IporpaMMax ¥ BecbMa 3alHTepecoBaHa B pacIlMpeHNI HayJHOI'O KPyro3opa MOAOAEX! IIyTEM re0A0ru-
gyecknx dKckypcuii o Koabckomy 1-osy. B cBs31u ¢ 9TuM MHTepecHO IpeaaosKeHne oObedUHUTh My3en
eCcTeCTBeHHOHAyJHOTO IpoQuasd, paciioaaraioniecs Ha tepputopun ®PuaAsHANM M1 MypMaHCKoi 004.,
He3aBJICMMO OT X BeJOMCTBEHHOI ITPMHAAAEXKHOCTU B e AVHYIO SKCKYPCHOHHYIO ¥ MHPOPMAaIMOHHYIO (C
nomonisio VHTepHeTa) crctemy. HecMoTps Ha pasamune akijeHTOB, 001Ieit 111aT$opMoii IIpoeKkTa ooen-
MM CTOpPOHaMU IPU3HaHBL: pa3BUTHe HayKu 11 0Opa3oBaHIis, COLlMaAbHas OTBeTCTBEHHOCTD IlepeJ Hacele-
HIIeM PerMOHOB, B3aIMOBLITOAHOE COTPYAHMYECTBO paaul cOAVKeHus KyabTyp. OOe cTOpOHEI paccMaTpu-
BaIOT BO3MO>KHBII IIPOEKT KaK HOBBIN IIIar B Pa3BUTIM IIPUTPAHNMIHBIX POCCUIICKO-(PUHCKMIX OTHOIIIEHMIA.
OrtcyrcTBre puHAHCHPOBaHIIA He IPeKPaTUT Hallli Ky ABTYPHBIE CBA3Y, HO 3a4eP>KUT IIepexos, POCCUIICKOIT
CTOPOHEI K cTaHAapTaM Eppocorosa.
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WORKSHOP ON THE KOLARCTIC PROGRAM

Yu.L. Voytekhovsky?, P. Itkonen %, P. Johansson *
! Geological Institute KSC RAS, Apatity, woyt@geoksc.apatity.ru
2Natural Heritage Services of Finland (Metsdhallitus), Vantaa, pertti.itkonen@metsa.fi
*Geological Survey of Finland, Northern Office, Rovaniemi, peter.johansson@gtk.fi

On April 28, 2010 the workshop on the EU-funded Kolarctic program took place in the Lapland
State Biosphere Reserve in Monchegorsk. It aimed at preparing a competition project on cross-border
cooperation between the Russian and Finnish partners variously involved in geology, ecology, land de-
velopment and nature protection. The Finnish party was represented by P. Itkonen — the Project Manager
and the one of the Natural Heritage Services of Finland, P. Johansson — Manager of Land Use and Envi-
ronment Department, Northern Office of the Geological Survey of Finland, V. Haataja — employee of Mar-
keting and PR Department of the Salla Municipality. The Russian party was represented by employees of
the Lapland Reserve (S. Shestakov — Director, V. Frolova — Deputy Director) and Geological Institute KSC
RAS (Prof. Yu. Voytekhovsky — Director, Cand. Sci. (Geol.-mineral.) A. Mokrushin, T. Bagrintseva — Chief
of General Department). The circle of prospective participants of the project may be far wider.

Participants of the meeting listened to three reports: P. Itkonen “Project presentation: concept,
structure, partners”, P. Johansson “Geotourism in Finland” and Yu. Voytekhovsky “Geotourism — a new
trend in cross-border cooperation” (Fig. 1). The reports emphasized that the new projects is based upon
positive results that were earlier obtained in cooperation between different Russian and Finnish organiza-
tions (Geological Survey of Finland, Geological Institute KSC RAS, reserves, universities, municipalities,
etc.). The new project aims at elaborating new up-to-date possibilities. New trends are the growing popu-
lation mobility, borders being rather easy to cross and ecological safety. So far the natural peculiarities
of Fennoscandia are concerned, all these set forth new focuses. These are development of the preserved
natural objects network, improving the infrastructure for the geotourism, in particular, publishing high-
quality informational materials on the Russian territory in major European languages.

The discussion revealed the aims of the Russian and Finnish partners differing in a way. Seeking
mutual understanding is a prime aim of the project. Both parties agreed that the majority of geotourists
is interested in easily accessible objects with a minimum of the necessary infrastructure (roads, hotels,
snack-pits and stations of medical assistance). On the Kola Peninsula these are the Khibiny, Lovozero
and Monchegorsk complexes with rather an interesting history of its development, geology and mineral-
ogy. The problem the local authorities are cannot solve is getting a permission on transferring collection
mineral samples abroad. Due to the lack of the roads that the wheel transport can go on, the central and
eastern parts of the peninsula are impassible. Due to all this, annually the Murmansk region misses hun-
dreds of solvent visitors. For your consideration: 138000 people visited the Pyha-Lyosto National Park in
Northern Finland in 2009.

The Finnish party acknowledged the lack of the geological knowledge in its school program. It
is much interested in making the youth more scientifically broad-minded via geological excursions on
the Kola Peninsula. Interesting in this connection is the suggestion to unite museums of natural history
locating in Finland and Murmansk region in one informational system (with the help of the Internet),
no matter what state department these are of. Despite the focuses differing, the common platform of the
project was deduced to be as follows: science and education promotion, social responsibility before the
population of the regions, mutually fruitful cooperation for the sake of the cultural harmonization. Both
parties treat the project as a new step forward to the development of the Russian-Finnish cross-border co-
operation. No financial maintenance, if so, will not break our cultural ties, but impede the Russian party
going to the EU standards.
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B sockpecenve cmpana ommeuana Jlens 2eonoza.
B nonedeavHuk 6 I'eonozuveckom uncmumyme
KHI] PAH cocmosaca «kpyeawlil cmoa» no 6o-
npocam mexc0yHapooH020 compyOHuuecmaa.

- [leHb reonora Mbl BCTpeTUAM
¢ paboyum HacTpoeHueM, — pac-
CKasan gupextop UHcTuTyTa Hpuit
BoittexoBckuit. — HemHoro pac-
CTPauBaeT T0T haKT, Yo hUHAHCH-
posaHue no ctatbe «llpoune pac-
XOfibl» B 3TOM rofly COKpalLeHo Ha
25 npoueHToB. MeHble cpeacTs
OCTaHeTCA ANA 3aKyNKW HOBOTO
060pyA0BaHNA U NPOBEAEHUS pe-
MOHTOB. Ho Mbl 6yaem npoaon-
Xarb pabory.

NMpusnekaior
nioaen

Hanpumep, kaHaupar reonoro-
MUHEPaNoruyecknx Hayk [Mutpuii
303yns yxe HECKONbKO NEeT pa-
6oTaeT Hap NPOEKTOM No U3yye-
HUIO WeNoYHbIX NOpOA B bapeHy-
peruoHe COBMECTHO C HOPBEXKCKOM
CTOPOHOI. Heckonbko pa3 npo-
XOAUNM NONEBbIe UCCNef0BaHUSA
8 paitoHe ropoaa TpoMcé. B xope
peanusauuu npoekta 6oinm 06-
HapyXeHbl pa3nuyHble MUHEpa-
Nbl, B TOM YUCNE U JOBONLHO Pea-
KM€, He TaK 4acTo BCTpeyallmecs
8 Mupe. [IMUTpuii 303yns BbIpazun
Hafexay, 4To Nof06HbIE MUHEPa-
nbl 6yayT 06HapyXKeHbl U 8 Xofe
OTBETHOrO BM3UTA HOPBEXKLEB Ha
Konbcknit nonyoctpos. W Torpa,
BO3MOXHO, HEKOTOPbIE KONbCKUE
00beKThI BYAYT TaKKE BKIOYEHDI
B CMUCOK UCCNIEe0BaHMA.

- -

cop Bnagumup KoHyxuH (fopHbii
uHcTuTyT KHL PAH{ ornacun pe-
3yNbTaThl MeXAYHapOAHOTO UCCe-
AI0BaHUA NOA3EMHOT0 UCTOYHMKA
4UCTOI BOALI B pailoHe pekn Ma-
noit benoit. ccnepoatus npo-
BOAMNMUCb COBMECTHO CO Cnelua-
nuctamu «BopokaHanay u yyéHsl-

R TR AT T

KOB — eAMHCTBEHHO BEpHOE pelue-
Hue npobnembl. Mof3eMHbie BOAI
He NoABEPIKEHbI AEATENbHOCTH Ye-
N0BEKa, HearpeccuBHbl K Tpybam
BOJONPOBOAA, UX CBOWCTBA CTa-
6GUNbHbI.

B xope uccneposaHuit Goinu
YTOYHEHbI 3aNackl NOA3EMHbIX BOJ,
(30 TbiCAY Ky6OMETPOB B CYTKM),
npojenaHa uHTepecHas pabora
N0 NNaHMpyeMoii CxeMe BOAONPO-
BOAA, YTOYHEHA Tpacca 3aknan-
Ku, 60s1ee IKOHOMUYHAS, HeXenn
npeabigywas. Kpome toro, cae-
NaHbl BbIBOALI O KayecTse BOAbI

HHUKAJIbHBIE€ IIPOEKTHI

b0 MOXHO B TOM YuCnie onpe-
AensTb Bo3pact Bogbl. Cyutaercs,
4TO YeM «CTaplue» BOAa, TeM be3-
onacHee OHa i1 UCNONb30BaAHMA.
B CLLUA, Hanpumep, He ucnonb3yioT
BOJY «MONIOXe» 6 net.

[loknap kaHpupata reonoro-
MUHepanoruyeckux Hayk Hopus He-
PapoBCKOro 6bi NOCBAWEH Npob-
NeMaM poCCUACKO-KUTAHCKOro Co-
TpyAHUYecTBa. Kutaiickue konne-
TM 3aHANUCb BypeHuneM caepxmy-
BOKMX CKBAXMH. Y)Kke ABAX/bI OHU
no6biBanu B Mypmackoit obna-
CTH, 4TOGbI NEPEHSATL ONbIT Bype-

|
~ o~ v -
. IOpuit Boitmexoecxuii ¢ Ho8bLM HOMEDOM HcupHara «Tuemma»
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Baadumup Konyxun pacckasvieaem o nodsemmuix
ucmouHuKax Hucmoit 600vt 042 20poda

- fl Bnepsble npurnacun Amut-
pus K HaMm iBa C NONOBMHOM roaa
Ha3afl, — pacckasan npodeccop
yHusepcuteta Tpomcé Kapa Kyn-
JIepyA, — Mbl 04€Hb XOPOLLO NOpa-
6otanu. Hapetocb, 4To B Oyayiiem
MOXHO ByneT npusneys 6onble
nofei u3 Anatutos, B TOM Yucne
CTYAEHTOB.

Yucraa Boga
Cnepytowuit foknag 611 nocss-

WEH npobneme, KOTopas Kacaercs

KaXA0ro anatutyanuHa. Mpodec-

Mu [eonoruyeckoit cnyx6sl OuH-
NAHANN.

HanomHum, ceityac nutbesas
BO/la NOCTYNaeT K HaMm U3 03epa
WmaHgpa, Kypa nonapamoT cToy-
Hble BOAbI NPeAnpUATUiA U ropo-
[10B, PacnosioXeHHblx Ha ero 6e-
perax. HesaBucumbie 3kcneptbl
Ha3blBAIOT 03€PO CaMbIM 3arps3-
HEHHbIM B MypMaHCkoit 06nacTu.
CopnepxaHue HEKOTOPbIX TOKCHY-
HbIX BEWECTB B BOAE MpeBbilia-
eT HOpMy.

B 37oM nnaHe nepexoa Ha Bo-
£03a60p 43 NOA3EMHBIX UCTOYHM-

13 NOA3EMHOr0 UCTOYHMKA: CO-
AepiKaHue BpeHbIX NpUMeceil Mu-
HUMaNbHO.

- Bbina nposepeHa MexayHa-
POAHAA IKCNEPTM3a BOIMOXKHOCTH
UCNONb30BAHNA NOA3EMHBIX BOA
B panoHe peku Manow benoit, -
noa4epkHyn Bnapgumup Kony-
XWH. — BbiBOAbI 3KCNEpTU3bI NO-
NOXUTeNbHbIe. 3TO MeCTopoXAae-
HWe Hapo UCNob30BaTh.

bapeHuy-
yHUBepcurer

locTb 3 MypmaHckoro rocyaap-
CTBEHHOTO TEXHUYECKOro YHM-
BepcuTeTa KaHauaat 6uonoru-
yeckux Hayk Cepreit 3aBanko
npeactasun npoekt «bapexues
KPOCCTpaHWUYHbIA YHUBEPCUTETY.
OH noapasymeBaeT NoAroToBKy
MarucTpos, Kotopble 6bl Bnage-
nn uHdopmaumeir o npobnemax,
XapaKTepHbix Ans Bcero bapeHy-
peruoHa B LenoM.

- Npobnembl 0bwue ans Bcex
CTPaH pernoHa, — noscHun Cepreii
3aBanko. — 370 0xpaHa oKpyxaro-
e cpefbl, 3A0POBbE YENOBEKA,
co3aaHne MHHOPMaLMOHHbIX Ce-
Teil, CounanbHasn NoAAEPKKa.

B peanusauuu npoekra yyac-
TBYET pAaf By3oB Cesepo-3anaga
Poccuu, ®unnsnaun, Hopseruu
u Weeuunu. Ceityac Tpoe poccuit-
CKUX CTYAEHTOB Mony4aioT 0bpa-
30BaHKe N0 JaHHOMY NPOEKTY B
OuHAAHAUM.

Csepxray6okyio
BOCCTaHOBAT?

[lokTop xummnyecknx Hayk Urops
ToncTuxuH pacckasan 06 yHukanb-
HOM MeTO/E, N03BONAIOWEM AaTh
0TBETHI Ha (hyHAAMEeHTaNbHbIE BO-
nNpOoChl OKEAHONOTUK. ITOT MeTop
UCNonb3yeT U30TOMHbIE Tpacce-
pbl. OH 6bin pa3paboTaH oTeyec-
TBEHHbIMU Y4EHBIMK, HO B HACTO-
fljee Bpema B Poccuu npakTuyec-
Ku He ucnonb3yetcs. C ero nomo-
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HUA U NPOBEAEHUS HEOOXOAUMBIX
nccnepoBanuit, Mnakbl Kutaiues
BeCbMa aMbULMO3HbI - NpoBYpUTL
CKBaXMHbI rNyOUHOI 15 KM U no-
6uTb pekopp, Noka npuHagnexa-
wwin Poccum (12 261 m).

- Hawa cBepxmy6okas ceityac
B 3aNyLWeHHOM COCTOAHMUM, — pac-
CKa3an Bo Bpems nepepbisa Hpuii
BoitrexoBckuii. — ECTb nnaHbl no eé
BOCCTAHOB/IEHWIO, HO, KaK BCE 310
OyneT CAenaHo, NoKa HENOHSATHO.
Jlyywe Bcero 6bin0 66 cO3aaTH HA
€€ 6a3e Hay4H0-06pa3oBaTeNbHbIi
LieHTP, KaK CAeNnaHo B BONbLNH-
CTBE CTPaH Mupa.

feotypusm

YacTb foknapos Gbina noces-
LeHa reoTypusmy.

- B ctpanax CkaHauHasuu reo-
TYpPU3M UMEET LIUBUNU30BAHHBII
BUpA, - pacckasan Hpuii Boiite-
XOBCKWIA. — DUHCKMeE Konneru 3a-
WHTEPEeCOBaHbl B TOM, YTOOLI U
Ha KonbCcKoM nosnyocTtpose 370
HanpasneHue passuBanoch. OHu
y6eannn MeHs, 4to 370 BO3MOX-
HO 1 4To EBpOCOI03 BbIAGNSAET HA
3TO CPeACTBA B paMKax NPOEKTOB
NPUrPaHUYHOTO COTPYAHMYECTBA.
Haw Konbckuit kpau Gorar ak-
30TUYECKUMMU MECTaMU C TOYKM
3pPEHUA Te0NOTUM U MUHEPANo-
TWK. 3TO 3HAEeM Mbl U 3HAET BECh
mup. K Ham npuesxalor u3 pas-
HbIX YrONKOB NNaHeTbl 3a Kpacu-
BbIMM MUHEPANOrUyecKuMu 06-
pasuamu, no3ToMy 3aech Heobxo-
AMMO Pa3BMBaTb TYPUCTUYECKYIO
MHPPACTPYKTYpY. Mbl nnaHupy-
€M BbIMrpath KOHKYPC Ha Npefo-
cTaBneHue cpeacts ot EBpoco-
1033, BbINYCTUTb KapTbl U Bykie-
Tbl, A€ OyAYT OTMEYEHbl Haubo-
Nee UHTepecHble 06bEeKThI Ans re-
oTypu3ma. Ecnu He nonyyutcs,
0007AEMCS COBCTBEHHBIMU BO3-
MOXHOCTAMM, HO YTO-TO nones-
HOe ANA HalWero peruoHa caena-
eM 00s3aTenbHO.

Mapuna Mazuna
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«

C YAHUYECTBO

APK JIEHHUKOBOTO NEPUOJA»

OH MoXeT NosBUTbCS HQ TYPUCTUHYECKOM KapTe perMoHa

3os KABbILL,
¢oro Bacunus KOJIbKU,
Anarutsl

Yro MoOXeT CTaTh OOHEKTOM
TPAHCTPAHHYHOTO COTPYIHHYECT-
Ba 151 yuensix? Bee - or Tak Ha-
3pIBaeMbIX Y3KHX MpoGieM Bpojie
H3y4eHHs Hie/I09HbIX nopox B ba-
PeHI-pernoHe 0 NOArOTOBKH CIie-
nuanucToB oyaymero. Moryr onu
BHECTH CBOW BKJIAJl H B TAKYIO CO-
IHATLHO-9KOHOMHYECKYI0 cdepy,
Kak pazpatie Typm3ma. 06 3ToM
IJIa pedb HA 3aCEJaHHH <Kpyr-
aoro crona» B Ieomormueckom
nacruryre KHII PAH: yuennie
NPOBEeJH CBOEOGPA3HBI CMOTP
TPAHCTPAHHYHBIX NPOEKTOB, NO-
Je3HBIX KAK JIsi HAYKH, TAK H HMe-
IOIIHX NPHKJIajHOe 3HAYEeHHe IS
HAIIEro pernoHa.

Tak, npeamMeToM (UHCKO-pOC-
CHICKHMX HCCIE[JOBAHHH IIOCTY-
XWjla HacymiHas IS amaTHTYyaH
TeMa - NEepPCHeKTHBbI CHAGXKCHUS
ropofia NMAThEBOH BOXOW U3 MHOA-
3eMHBIX HCcTOYHMKOB. ITpoGneme
9TOM y3Ke JIeT ABAALATh, H IO IO-
HSTHBIM TNIPHYMHAM OHA CTaHO-
BUTCS Bce Oonee akTyansHOH. [To
MHEHUIO He3aBHCHMBIX 9KCIIEPTOB,
WManppa, OTKy/ia IPOHCXOJUT BO-
H03a60p, - caMoe rps3HOe 03epo B
Mypmanckoii o6mactu. BeiToBble
H IPOMBIIITCHHBIE CTOKH JENA0T
CBOE JIeN0. YueHble KOHCTaTHpY-
0T: 03€pO NMPAKTUYECKH TOry6iie-

HO, IOCKOJTBKY TSIXKEJIbIe METAIITbI
3aCOPHIIM HJI, a TIOTOMY BEPHYTh
HimaHjipe nepBO3[JaHHYIO YUCTOTY
MOXHO, JIUIIb «CMEHHUB JIHO».

IIpoceccop Bnagumup Kony-
XUH, COTPYAHHK IOpHOro HHCTH-
TyTa, HPENOCTAaBHI PE3yIbTaThl
MeXIyHapOIHOM 9KCHEPTH3bI,
KOTOpOW MOfBEprcs aabTepHa-
THBHBIH NPOEKT BOJXOCHAGXKEHUsI
ANaTHTOB - M3 IOJ3€MHBIX HC-
TOYHHKOB B JOJIMHE peKH Mamnast
Benas. Poccuiickue u uHCcKHe
CIIENUANNCTBl TIOCIE COIOCTAaB-
JICHWsl pe3yJbTaTOB pa3HOIUIA-
HOBBIX HCCIEJOBaHHH NPHILIA K
BBIBOJIY: KaUeCTBO «IIO[3€MHOM»
BOJIbI HECPABHEHHO BBIIIE, YeM B
OTpaBIIEHHOM OTXOfaMé o03epe,
a MOIHOCTh HCTOYHMKA TaKOBa,
YTO OH C JIETKOCTBIO OGECIEeYHT
HOJIYTOPHBIN 3amac BOJBI JIsl TO-
PONCKUX HYXJ, JaXe «HE 3aMe-
THB» 9TOTO, - IOTEPSIHHbII PeCypc
ObICTPO BOCCTAHOBHTCS. [leTalib-
HO IPOpaboTaHO B 3TOM IIPOEKTE
BCE, BIUIOTH {0 BAPHAHTOB CXEMbI
BofioBOJIOB. EnmHCTBEHHOE, uero
ydeHble CIPOTHO3MPOBATh HE MO-
ryT (mo6aBiIio OT cebs) - Koraa Ha
3TO YPE3BBIYAHO BaXKHOE N0
yZacTcs HalTH CPEJICTBA...

Honerr MITY Cepreit 3a-
BAaIKO IIO3HAKOMMJ YYaCTHHKOB
«KPYIJIOTO 'CTONa» C HOBBIM HH-
TEPECHBIM TIPOEKTOM, 00BEH-
HuBmMM  By3bl CeBepo-3amapa
Poccuu, B TOM umciie TPH MypMaH-

ckux, 1 Punnsaaaun. Peus uper o
BapeHneBoM  KpoccrpaHHYHOM
YHHBEPCHTETE - TaK Ha3BalH Op-
TaHH3aTOPbl ONBIT IOATOTOBKH
MarucTpoB (mo BonoHckoit cuc-
TeMe) o HoBoMy MeTopy. Biaro-
fapsi eMy 0co00 HepCIeKTHBHbIE
CTY[IEHTBI C HE[JaBHHUX IIOp HOINIY-
YHJIA BO3MOXKHOCTE 00y9aThest O
€[IMHBIM MaruCTEpPCKUM IIPOrpam-
MaM - HHOCTPaHHbIE CTYJAEHTBHI B
HaIllMX By3aX ¥ HA06OPOT - B Teye-
HHE TOfia U3 [IBYX, HOIOXKEHHBIX Ha
MAarucTparypy.

C TOYKH 3peHHs OpraHH3aTo-
POB, 9TH IIPOrPaMMbI TO3BOJST
MONYYHTDh CIEIHAACTOB, KOTO-
pble HaWIy4yIIuM o6pa3oM MOJro-
TOBJIEHBI [JISI PEILeHHsI BOIPOCOB,
HACymIHBIX JUIsi Bcero BapeHnesa
PETHOHA, - OT 3KOJIOTHH W COIH-
aJIbHBIX OpPOGIEM [0 COCTOSIHHS
310pOBBS ceBepsiH. Be3 coMHeHus,
€CTh IIOKa B IIPOEKTE «y3KHE MeC-
Ta», CKaXKeM, OTCYTCTBHE Ha JlaH-
HbI MOMEHT MOILHBIX HCCIEHO-
BaTENbCKUX J1labopaTopuil Ha 6a3e
POCCHICKHX BY30B... «<Ha HbIHemmI-
Hell 6a3e HayKy GyayInero TpyaHO
NPeNofiaBaTh», - KOHCTATHPOBAIIH
3aUHTEPECOBAHHBIE caynrare-
i, HO B T[EJIOM TaKoW MOAXOA K
BOCNIHTAHHIO CTYAEHYECKOH MO-
nofexu ofpobpuinn. Bo3MoxHo, B
CKOPOM BPEMEHHU Ha MOBECTKY JHSI
BCTaHET BONPOC MPUCOSAUHEHNS K
3TO¥ paboTe U HayYHOTO 3BEHA.

ITpuMeps! yRauHOro COTPYAHH-

B pgonuve o3epa Manbiii ByabAaBp HECKOIBKO reosorn4eckux 06beKToB NeAHUKOBOro nepuoaa.
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yectBa YueHbIXx Poccuu, Kwuras,
Bonrapun, ®unnsapun B chepe
reOJIOTHH MOKHO MHOXKHTD H MHO-
SKUTh, - «KPYIJIBIA CTOM» Jajl s
3TOro0 OOGHIIBHYIO HH(OPMALHIO.
OpHako 0COOEHHO XOYETCS OTME-
TUTh TE€PCOEKTUBHYIO JIMHUIO KO-
oInepanyy, KOTopasi HaMe4aeTcs y
Hamrero I€onoruyeckoro HHCTUTY-
Ta 1 [eonmornueckon ciyx6n1 Pun-
JISIHMA B Pa3sBUTHH TIeOTypH3Ma.
CoGCTBEHHO, HOBa 3Ta TeEMa TOJIb-
KO [l POCCHICKOW CTODOHBI, B
GnarononyyHo xe CKaHMHABAN
JlaHHOE HAINpaBJICHHE XOPOLIO OC-
BOEHO U JIA€T IIOJIOXKUTEIbHBIH CO-
IUaNbHbIN 3(EeKT, Kak OTMETHI
mupektop I'M mpodeccop IOpuit
BoiiTexoBCKHiA.

Tak, HEKOTOpPbIE Fe0IOrHYEeCKHe
00'bEKTHI JAaBHO YK€ CTalIN H 06'b-
€KTaMH TYPHHAYCTPHH - apXmuile-
nar KBapkeH Mexny PHHISHIUEH
u 1lIBenuen, 30I0TOHOCHBIE PEKH
CeBepHoil DUHISHAMY, IITOJNBHS
oTpaboTanHoro pypHuka Oyrto-
KyMIly, HauMHAIONAsCs KHHO3a-
JIOM U 3aKaHYMBAIOINAsCA... PEC-
TOPAaHOM M KOHIEPTHLIM 3aJIOM.
IIpumepoB ThMa. Teneps crpaHa-
cocefika IpejiaraeT COTPYAHH-
YaTh B 9TOM HaNpPABICHAH H HaM.
K ocenu [eonornyeckuit ”HHCTUTYT
HOATOTOBUT 3asiBKy Ha (hMHAHCH-
poBanue npoekTa B EBpocoios.

U ecnu ee ogo6psT, TO cO Bpe-
MEHEM TYpHCTCKHE TpOIbl Oy-
AYT NPOJIOXEHbl K YHHUKAIbHBIM
O00BbEKTaM - CBH[CTENSIM JIETHHU-
KoBoro mepuoia B JloBo3ephe
(rakux Gonbuie HeT B Mmupe). U
K JIe[[HAKOBBIM OOpa30BaHHsIM,
ocTaBIIMMCS B IOJIMHE 03epa Ma-
neii Bynbssp 61m3 Kuposcka, u
K JipeBHMM GeperossIM BanaM be-
noro Mopst B Kanpjanakuickom 3a-
nuBe... B nonynsipHoM n3noxenun
«MCTOPHH JIETHUKOBOI'O IIEPHOMA C
WUIIOCTPAMSMI» BIIOIHE MOTYT
TAraThCsl C JPYTMMH «IIPHMaHKa-
MH» [IS1 TYPHCTOB.

- Xubunsl, JloBo3epckue TYyH-
npsl, Tepckuit Geper - 3aTo reo-
JIOTHYECKH pai, - aBTOPUTETHO
JoKa3bIBAET 3aBeyIOIuii 1abopa-
TOpHEH IeoJIOTHA H MUHEpareHu:
KaWHO30HCKUX OTJIOXeHHH Ito-
JIOTHYECKOTO HHCTHTYTA, KaH[H-
JaT Te0JIOrO-MHHEPAIOTHIECKUX
Hayk Bacunnit Kosnbka, mon 4bum
PYKOBOJCTBOM HJET pa3paboTka
KapThl Ie0JIOTHYECKHX 0OBEKTOB
AL POCCHHACKO-(DHHCKOTO MPOEK-
Ta. - Pa3BuTHe reorypusMa 3mech
OYeHb IEPCIEKTHBHO.

YT0 3K, BO3MOKHO, C JIETKOH PYKH
y4YeHbIX XHUOUHBI JEHCTBHUTEIHHO
cTaHyT reorypucTckuM KioHpai-
KoM. TpexcoTieTHsisi «cTapymka
reoJIOTHS» CTapeTh He CoOMpaer-
csl - «BbI30BaM BPEMEHH» OTBEYAeT
HO-TIPEKHEMY TOCTOHHO.
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