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B ipenenax FOxHo-KombcKoii akTMBHOM OKpaWHbBI
BIIOJIb CEBEPO-BOCTOUHOU TIpaHullbl beromMopckoro
aKKpEIIMOHHOTO OpOreHa pa3MellleHbl Teaa 3KJIOTU-
TOB, C(DOPMUPOBAHHBIX B pe3yJIbTaTe Me30-Heoapxeii-
CKOM CyOIyKIIMU OKEaHUYECKMX U KOHTUHEHTATbHbBIX
KomIuiekcoB (accomuaumu Camma, Ipummno) [1-3].
[MpoTtonutom sknorutoB CaaMbl ObUIM OKEaHUYECKUE
rabopounbl ¢ Bo3pactoM 2.89—2.82 mMipn JieT, coro-
CTaBUMbIE IO COCTaBY C IOPOJaMU TPEThETo CJ0s
CPEeIMHHO-0KEaHWYECKOTO MeLIeHHO-CIPEANHTO-
Boro xpe6Ta [1, 2]. B accoumnanuu IpuamHo skiioru-
TOBOMY MeTaMop(du3My MOABEPTraJuCh KOHTHUHEH-
TaJIbHbIE TIOPOJbI, BKJIIOYAIOIIME KHUCJbIE THEHCHI,
coaepxaiue (pparMeHTbl TTOPOJ OCHOBHOTO U YJib-
TPAOCHOBHOI'O COCTABOB M WHTPYIUPOBAHHBIE HeE-
CKOJIBKMMM I'eHepalusIMU MadruecKux gaek [3].

B HacTos11ee BpeMst BO3pacT MarMaTudecKoi Kpr-
CTaJlIM3alluK, SKJIOTUTOBOro MeTtaMopdusMa U TMo-
CJIEIOBABIINX PETPOrpamgHbIX IIpeoOpa3oBaHUl Ma-
duyeckux Jnaek accouuanuv I[puauHO SIBISETCS
IpeIMETOM OXKMBJIEHHOI TUCKyccur. MHorue mccie-
JIOBaTe/IM SKJIOTUTOB B paitoHe ¢. [puanHoO nmonaraor,
YTO ILIMPKOHBEI C BO3pPAcTOM ~2.4 MJpA JIET, MUHOTrAa
BCTpeYarolIrecs B 9KJIOTUTU3NPOBAHHBIX AalKax, 1a-

Teonoeuueckuii uncmumym

Poccuiickoii Akademuu nayx, Mockea

Mockoeckuii eocydapcmeeHHtblil yHUsepcumem

um. M.B. Jlomonocosa

Teonoeuuecxuii uncmumym Koavckoeo Hayunoeo yenmpa
Poccuiickoii Axkademuu nayx, Anamumot Mypmanckoti 06..
Maequarie University, Sydney, Australia

Hrcmumym sxcnepumeHmanbHol MUHEpatoeuu
Poccuiickoii Akademuu nayk,

Yeprnoeonosxka Mockoeckoii 00a.

SApocaasckuil puauan mexnonaoeuHeckoeo UHCMUmyma
Poccuiickoii Akademuu nayk

Bcepoccuiickuii hayuHo-uccaed08amenbCkuil ee0102UMecKull
uncmumym um. A.Il. Kapnunckoeo, Cankm-Ilemepoype

TUPYIOT MHTPY3UIO U MAaTMAaTUYECKYIO0 KPUCTAILTN3a-
Mo gaex [4]. Onupasich Ha 3Ty OLICHKY, BBIICIWUIN B
UCTOPUU (DOPMUPOBAHMSI TOPHBIX IIOPOJI B 3TOM paii-
OHe JIBa 3Talla OKJIOTUTU3alNu [5]: apxeiicKuii Ha py-
Oexe 2.72 MIpHd JeT, CBSI3aHHBI C MOrpY>KeHUEM
OKEaHWYECKOM IUIUTHI B 30HY CYOOYKIIMU, U Ta-
JICOTIPOTEPO3OMCKUIA, CBSI3aHHBINA C “aBTOHOMHOI”
OKJIOTUTU3ALIMEN MaJCONPOTEPO3OMCKUX Maduue-
CKHMX JacK, O CLEeHapHUsIX KOTOPOM BEAyTCs XKapKue
CHOPHI.

B nipoTrBOBEeC MHEHUIO O ITAJICONPOTEPO3ONUCKOM
BO3pacTe WHTPY3UM SKJIOTMTU3UPOBAHHBIX NAaeK Me-
TaJIbHbIE UCCJIEOBAaHMS TIPUBEJIN HAC K BBIBOIY O TOM,
YTO MOPOJIbI accollaluu [puaMHO MOABEPIINCH IK-
JIOTUTOBOMY MeTaMopdu3My He TTo3aHee 2.7 MIIPI JIET
Hazan |3, 6]: maiilku MHTPYIPOBAIM B apXee, a 9KJIO-
TUTU3ALIMS BCEX TIOPOJHBIX KOMILIEKCOB [PUAMHO CBSI-
3aHa C apXeUCKUMU CYOMyKIIMOHHO-KOTU3UOHHBIMUA
npolieccaMyd BAOJb aKTUBHON okpauHbl Kosbckoro
KOHTUHEeHTa. Halliv BbIBOIbI OCHOBaHbI Ha pe3yJibTaTax
MOJIEBBIX CTPYKTYPHO-TE€OJIOTMYECKUX HaOIIOACHUN,
MEeTPOJOTMYECKOrO U3YyYeHUSI U TEOXPOHOJIOTMYECKUX
ncciaenoBannii maek IpmmuHo: kimaccuueckoro 1D
TIMS u SHRIMP II natupoBaHusi HUPKOHOB U3 BbI-
COKOOApHOW TPaHUTHOUW JEUKOCOMBI, TepeceKaro-
e U MUTMaTU3UPYIOIIEd SKJIOTMTU3UPOBAHHbIE
Ak, 1 HEMTOCPEACTBEHHO 13 JaeK.

CoObITHE C BO3PACTOM ~2.4 MIIpJI JIET, (PUKCUPYIO-
1eecs IO OTAEJIbHBIM LIMPKOHAM, PETyJISIPHO BCTpe-
YaoIIMMCSI B COCTaBe 9KJIOTUTU3UPOBAHHBIX Madu-
YeCKHUX MOPOJI, CBSI3aHO C aKTUBHLIMU TEKTOHO-TEP-
MaJbHBIMU COOBITUSIMM Hadajia I1aJIeolpoTepo30s,
BBI3BAHHBIMU TTO’EMOM CYIIepPIIIIoOMa B MAHTUIHOI
00J1aCTH, MOACTUJIAIONIE BOCTOUHYIO 4acTh DeH-
HOCKaHauHaBcKoro mmTa [7]. g onpeneneranst U—
Pb-Bo3pacra BHeIpeHUSI cCaMbIX MOJIOABIX, CYIs IO
B3aMMHbBIM ITepecedyeHUsIM, TacK MBI OTOOpaj Ieo-
XPOHOJIOTUYECKYIO TIPOOY U3 JANKHU KeJIe3UCThIX Me-
TarabOpo, KoTopas IiepeceKaeT JalKy SKJIOTUTU3M-
POBAaHHBLIX U TPAaHYJIUTU3UPOBAHHBIX OJIMBUHOBBIX
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Puc. 1. Teonornueckass cxema u I1oJjieBbie poTorpacduu
COOTHOIIIEHUI MEXIy TaTUPOBAHHBIMU OObEKTaAMU Ha M.
IpunuH. I — rpaHUTHasI JIelKOCOMa C BKIIIOUYEHUSIMU Me-
TamMop(rYeCKUX MOpoa OCHOBHOIO cocraBa; 2 — MeTa-
rabopo; 3, 4 — meramMopdu30BaHHbIE MOPOAbI JAWKU
OJIMBMHOBBIX TAOOPOHOPUTOB: 3 — 30HA 3aKajKu, 4 — I10-
pOIBI TAWKU; 5 — THEMCHI.
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rabOpoHopuToB Ha M. [puauH (puc. 1) u aTupoBaIu
nupkoHbl MeTogoM SHRIMP I1. Haiika meTaradbopo
BIOJIb CBOMX KOHTAKTOB MOABEpIIaCh MUTMaTH3a-
uu (puc. 1), 1 rpaHuTHA JieiKocoMa IpoHMKaia B
JANKy B BULIE NPOTSKEHHBIX TOHKWX XXWJI, B OITHOW U3
KOTOPBIX MbI TAKXKE JaTUPOBAIM IMPKOHBI METOAAMU
SHRIMP II, LA-ICP-MS.

Memaeabbpo, npoba d44-4. Ilopoabl maiiku meTa-
rabopo mpeAcTaBiIeHbl PaBHOBECHBIM T'paHAT-KJIMHO-
MMMPOKCEH-TUIArMOK/Ia30BBIM MapareHesucoMm (£ am-
Guo0JT 1 GMOTHUT), KOTOPBIN (DOPMUPOBAJICSI TPU Me-
TaMmopduzMe TpaHyaIuToBou danuu (700—750°C,
10—12 x6ap). B HeKOTOPBIX KIMHOMMPOKCEHAX CO-
XPaHSIIOTCS PEJIUKTOBBIC SIApa C TTOBBIIEHHBIM CO-
JepKaHUEeM MOJIeKYJIbl Kajblus-dyepMmaka (Cals 9—
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14 mon. % npu 13 Mmon. % Jd), KoTopbie CBUIETEIb-
CTBYIOT O 00Jiee BBICOKMX IaBJIEHUSIX MPU UX (OPMU-
poBaHuu [8]. MuHepasbl 3KJIOTUTOBOM (halliu B Ta-
KX K€ mailkax MeTarabopo ObIIM M3ydeHBI Ha O-Be
Bopotnag Jlyna [3]. OMdauuTtsl ¢ cogepxkanuem Jd
1o 36 moin. % (P,,,, = 16 K6ap) IIPUCYTCTBYIOT B BUJIE
BKJIFOYCHHM I BMECTE C KHAHMTOM B TpaHaTe 1 Kak pe-
JIUKTBI B OPTOIHUPOKCEH-KIMHOMNUPOKCEH-TIJIaruo-
KJ1a30BbIX CUMILIEKTUTAX.

MeTtarabopo XxapaKTepuU3yIOTCS pa3IMYHbIMUA CO-
JIEp>KaHUSIMU METPOreHHbIX yeMeHTOB (Si0, 47.5—
49.5, Al,O5 12.6—14.4, TiO, 0.98—2.2, FeO,, 13.1—
15.7, MnO 0.18—0.24, MgO 5.7—7.3, Ca0 9.9—12.2,
Na,02.0—-2.7, K,0 0.1—-0.8 mac. %), HOHM>XeHHBIMH
conepxanusgmu Ba, Rb, Th, U 1 nuMeroT HeoOBIYHBIC
JJIsT BHYTPUKOHTUHEHTAJIbHBIX WHTPY3UN CIIEKTPHI
pacrnipeneneHust P39 (puc. 2), nerieTupoBaHHbIE B
JIP3D (Lay/Luy=0.59—-1.49, Eu/Eu* = 0.90—1.09).
Takue pacripeneneHrs HamOMUHAIOT CIeKTphl P3D B
N-MORB.

MeTarab6po MMeeT O4YeHb HM3KOE COJEep>KaHUE
Zr, ogHaKO M3 NpoObl OBLUIO BHIAEIEHO JOCTATOYHOE
KOJIMUECTBO LIMPKOHA, 14 3epeH ObLIO JaTHPOBAHO
metogoM SHRIMP II (ta6u. 1). Bce mupKoHbI yaau-
HeHHBbIe (puc. 2), 150 x 500 MKM, KOpYHEBaTbIC WU
OeCLIBETHbIE M UMEIOT XOPOIIIO BhIPAXKEHHBIE SIApa U
KaiiMbl B KatomomoMmuHecueHuun (CL). MHorue
LUPKOHBI MMEIOT XOPOIIO BBIPAXKCHHYIO OCILIMJLIS-
TOPHYIO 30HAILHOCTh U XapaKTePU3YIOTCSI CPETHUMU
3HayeHusiMu Th/U 0.38—1.39, nonoxurtenpHoit Ce-
(Ce/Ce* = 2.35—11) n orpunarensHoit Eu- (Eu/Eu* =
=0.53—0.77) aHoManusIMH, OOOTAIICHUEM TSKEJIbI-
mu P39 otHocuTenbHO jierkux (Luy/Lay =213—941;
puc. 2). Hekoropele TeMHbIe B CL sigpa IMPKOHOB MMe-
IOT noBbIIIeHHOE conepkanue U (351—1321 ppm) ripu
OTHOCUTEILHO HU3KOM coaepkaHuu Th (46—91 ppm) u
COOTBeTCTBeHHO uMmelT Huzkoe Th/U 0.05—0.18.
Pacrnipenenenne P33 xapakrepusyeTcsl MO3UTUBHOM
Ce- (Ce/Ce* = 2—30) u neratuBHoii Eu- (Eu/Eu* =
=0.06—0.77) aHOMaIUSIMU U OOOTAIEHUE TIKEIbI-
mu P39 otHocurenpHo Jerkux (Luy/Lay = 309—
6702) (puc. 2). Bce ommcaHHBIE BBIIIE LUPKOHBI
MMEIOT XapaKTepUCTUKU, MTPEAIIOIarajolne ux Mar-
maruyeckoe IpoucxoxnaeHue [9]. HeszaBucumo ot
coliep>XaHMs ypaHa ¥ BHEIITHETO BUIA IMPKOHBI IME-
10T €AUHBIA ME30apXeMCKUl BO3paCT: KOHKOPAAHT-
HBIN 2846 £ 7 wau 2869 £ 41 MJIH JeT 1O BEpXHEMY
nepecevYeHrIo KoOHKopauu (puc. 3).

HuskoypaHoBble OecliBeTHbIE KaliMbl (puC. 2),
OKpYyXKalolllue OTHeJIbHbIe 3epHa IIMPKOHOB JaJIN
KOHKOpJaHTHBIN Bo3pacT 2780 + 20 MJIH JileT wiu
2777 £ 67 MJIH JIET 110 BEpXHEMY MEPECEUSHUIO KOH-
kopauu (puc. 3). KaiiMbl xapakTepu3yloTcsl Bapya-
musimu Th/U 0.09—0.38, nemieTupoBaHbl MO BCEM
TMIPUMECHBIM 3JIeMeHTaM (nckimodas Hf), mmeroT mo-
noxutenbHyo Ce- (Ce/Ce* = 1.55—7) u orpuua-
tenpHyo Eu- (Eu/Eu* = 0.28—0.64) anoManuu npu
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Puc. 2. M300paxkeHrsI TaTUPOBAHHBIX IIMPKOHOB U pacrpeaeieHre P3D B M3ydeHHBIX IPpyIHax IMPKOHOB, XOHAPUT 110 [11].

OTHOCHUTCIIbBHO IIJIOCKOM CIIEKTPE pacCIpCaciICHUA
P33 (Lay/Luy = 63-940; Luy/Smy, = 12—48) (puc. 2).

Ipanumnuas aeiikocoma, npoba d44-1. TpaHutHas
JieiikocoMa cocTtouT u3 rpaHara (Grt), ouotuta (Bt),
miarnokiasa (Pl), kanueBoro noneBoro mmara (Kfs),
kBapua (Qtz), stmmaora (Ep) u ckanonura (Scp). Scp
pa3BUBAETCsI BOKPYT CJIOXKHBIX arperatoB MUPUTA,
xXajapkonuputa, neHTianauta. [lopdupodmacter Grt
comepxar BkmouyeHus1i Qtz, Bt, Ti-comepxalimero
denruta, Ep, Pl, Kfs. Bokpyr Grt hopmupyetcs pe-
aKIMOHHAsl KOpOHa KIMHONMUpoKceHa. DopmMupona-
HUEe MMHEpaIbHBIX MaparcHe31MCOB B T'PAaHUTHOM
JIEAKOCOME COOTBETCTBYET YCIOBUSM IPaHYJIUTOBOA

NOKJIAIBI AKATIEMUU HAVK
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(auny ToBbIIEHHBIX gaBiaeHuit (700—750°C, 10—
12 x6ap).

JleiikocoMa uMeeT IrpaHUTHBII cocTaB (Si0, 66.3,
Na,O 2.83, K,0 2.69, Al,O5 13.8, TiO, 0.43, FeO,,
5.8, MnO 0.12, MgO 3.9, CaO 2.6 mac. %) nipu mar-
He3uanpbHocTH #Mg (.55, cyliecTtBeHHO oOoraiieHa
JIP33D (Lay/Luy= 39) oTHOCUTEJILHO FHEIMCOB U TacK
M. IpyuanH 1 MMeeT IoJIOXUTEIbHYI0 Eu-aHoMmanuio
(Eu/Eu* = 1.39).

LupKOHBI U3 JIEMKOCOMBI OBLIIN JATUPOBAHBI M-
tomamu SHRIMP II (BCEI'EU, Cankr-IletepOypr)
(tabi. 1) u LA-ICP-MS (ARC National Key Centre,
Sydney, Australia) (Ta6s. 2). IIupKoHbI, JaTUPOBaH-
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Puc. 3. IluarpamMmbl ¢ KOHKOpAWeEii A1t LMpKOHOB AaTupoBaHHbIXx HA SHRIMP I1 B uzyueHHbIX npobax.

Hble MeTomoM SHRIMP II, maam Touyku BOOJIb KOH-
kopauu ¢ 27Pb/2°Pb me3oapxeiicKUMU BO3pacTaMu
2926—2764 maH et (puc. 3). Iucrorpamma LA-1ICP-
MS 207Pb/206Pb-B03pacTOB 1EMOHCTPUPYET BO3PACT-
HbIe TIMKK 2845 + 14, 2797 + 11, 2720 + 28 mMaH Jet
(puc. 4).

HeGonbIoe KOIU4eCcTBO IIMPKOHOB MPEICTaBIIe-
HO OeCIIBETHBIMU BBITSIHYTBIMU 3€pHAMHM, CBETIBIMU
B CL, ¢ cekTopHaJlbHOW WM OCHWUISTOPHOM 30-
HaJIbHOCThIO. DTU LIMPKOHBI UMeIT Bbicokoe Th/U
(0.55—1.01) u Bo3pact ~3.0 mupx JyieT. Pacripenene-
Hue P39 xapaktepusyercss nosoxurenbHoit Ce-

Jleiikocoma, ipo6a d44-1, LA-CP-MS
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Puc. 4. lictorpamma La-ICP-MS 207 Pb/206 Pb Bo3pacToB
U3 TPAHUTHOM JIEUKOCOMBI.
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(Ce/Ce* = 8.67) u orpunatensHoit Eu- (Eu/Eu* =
=0.27) aHomMamusaMu u oborameHuem TP3D
(Lup/Smpy = 116, Luy/Lay = 4602).

ILlvpKoHBI BTOPOI IpyMIlbl MOXOXM Ha Tpeobia-
JIAI0I1I1e LIMPKOHBI 13 Ipo0Obl MeTaradopo (00p. d44-4).
D10 KOpnuHeBathle BHITSHYTBIE S0—100 x 200—300 MKM
3epHa, cepble B KATOAOJIOMUHECIIEHIIUU C BhIPaXKEH-
HOM OCHWJUISITOPHOM 30HAIBHOCTHIO. LIMPKOHBI Xa-
paktepusyorcs Th/U 0.20—0.46 1 ©MeOT OTHOCU-
TeJIbHO TUIOCKUI COeKTp pacnpeneieHus: P30
(Luy/Smy = 38—41; Luy/Lay=152—203). OTa rpyn-
T1a XOPOIIIO KOPPETMPYETCS C TIEPBOIA TPYIIIION ITHP-
KOHOB M3 MpoObl MeTaradbopo d44-4. Hekortopbie
IIUPKOHBI UMEIOT YepHBIE siapa. YepHble siapa obora-
meHbl ypanoM (377—1653 ppm) u Th/U 0.04—0.45
(Tabiy. 1), xapaktepusyloTcsl TojioxuTeabHoit Ce-
(Ce/Ce* = 1.36-2.92) u orpunarenbHoii Eu-
(Eu/Eu* = 0.29—0.77) aHOMaIUSIMU U HEOOJbIIUM
oboramenveMm B TP39 (Luy/Smy = 9—41, Luy/Lay =
= 97—364). Bo3pacT Taknx LIMPKOHOB COOTBETCTBY-
IOT TIMKY 2845 * 14 MJIH JIeT U CUHXPOHEH OIlIeHKaM
BpeMEHU KPUCTAJUTM3ALMM MarMaTM4ecKux IIMpPKO-
HOB B JIaiike MeTradbopo.

HuszkoypaHoBble OeclIBETHbIE KaliMbl Aajyd BO3-
pact 2.78—2.79 mapn net (puc. 3). Monoabie KaliMbl
umetrot Th/U 0.01—-0.48, xapaktepu3syroTcst HeOOJIb-
moi nojoxurenabHoil Ce- (Ce/Ce* = 2) u oTpulia-
tenbHOl Eu- (Eu/Eu* = 0.49) aHoManusMu, OTHO-
CUTEJILHO TIJIOCKWM CIIEKTpOM pachpeneyeHust P39
(Luy/Smy =25, Luy/Lay=47) 1 COOTBETCTBYIOT MO-
JIOABIMUA HU3KOYPAaHOBBIM KaliMaM B IIMPKOHAX Maii-
KM MeTarabopo (puc. 2).

Oobcyxkaeame. B obGenx mpobax mpeobiiagaroT
YIJIMHEHHbIE MATMaTUYECKUE LIMPKOHBI apXeNCKOro
BO3pacTa U COBEPIIEHHO OTCYTCTBYIOT MajeonpoTe-

Tom 457  Ne 1 2014



ME30OAPXEMCKUE MA®UYECKUE JAUKHA

‘MLOOHLHRTdOMOUT 9HILIAL) — (7 ‘OHHIE.10L9.L00D
MOHUED VITHHAIoNTed M UITHRIIQ0 — ,.qd U °qd — WIoUMOo S(UAIADG MUUTD) 11 JINTYHS 9THOE WOHHOU BH go0HOMdR[[ "H 'V YMHLOUIE | -pP 1900d1 BUHIAOWE] "OMHBhoWHA] |

90 0°¢C 960 | 9¢ 191 0¢ 01c0 [4 8v+ | 806C v+ 168¢ 99¢ | 90 123 LL 11°0 | 1°9°1-v¥P
L0 (43 LIS0| 9%V 0°sI Ve 01C0 6 PS+ | 906C 0L+ G89¢ S0l | 10°1 € vC 000 | TS I-v¥P
80 Lt 7SS0 | SV €91 14 €Ico € 6+ | 9T6C 98+ ev8C | ST°L ¢so 8 Sl 19°0 | I'S'I-¥¥P
80 9C S0 C¢ 91 61 661°0 € 0€+ | SI8C 65+ ISLT 8¢l | 8%°0 14! 0¢ - [ A4
01 Sl LySo| 91 49! ¥'0 c0C0 I LF 0%8¢ e+ €18¢C L0E | ¥0°0 4 ¥S9 00 | I'vI-#vP
60 L1 9s0| 81 671 L0 861°0 0 IT+ | 808C 6+ 018¢ Ly8 | 0C°0 93 181 SO0 | I'E€I-v¥P
60 91 8¢S0| 91 0vl S0 61°0 I 6+ €9LC SE+ ceLe ILT | €270 €8 LLE - 1'C1-vvP
80 L€ CIS0| 6% 9°¢l I'e €61°0 1% IS+ | ¥9LC 18+ §99C | 6C°9 [40) 1% 14! - I'I'I-vvP
-HHP BoOodI ‘BWOO0MYALr BEHLUHEed |
¥8°0 L1 €860 | 07T 98°C1 or°1 1L81°0 % 81+ | LILT 9+ L09C | S0°0 9°LS 9 vel 0C0 | v'6'v-tvP
¢80 91 $20S0| 61 60°¢l 860 0681°0 1% 91+ | €€LT ve+ ya9T | 9C°0 8°9L 9% LLT 120 | €6'v-vvP
060 1 9Ly 0| 91 01°CI €L0 w810 L CIF | 169C I€+ IS | v1°0 wwi| 9 IS¢ I1°0 | T6'v-¥vP
¢80 Sl SISSO| LT 6¢°S1 €60 $20C0 0 SI+ | S¥8C e+ 1€8C | 8€°0 6°8¢ I¢ 4] vL'o0 | I'6'v-vvP
S0 cc | 0TvS0 I'y 1ad o€ P€61°0 | LS+ | TLLT 0S+ €6LT | 8€°0 (4%} 9 81 89°0 | I'8Vv-v¥P
98°0 L1 [LISO| 61 y9el 860 cl61°0 [4 91+ | €SLC 9¢+ L89C | 10°0 6'6v ! 48! 110 | I'LYv¥P
8L°0 6’1 016S0| v'C S ¢l 051 9%0C°0 I Y+ | €98C e+ 0€8C | ¢C0 L'LE Ll 6L o | I'9v-vvP
6°0 ! 1s¥S0 | ST TSl 650 620C°0 [4 96+ 068¢ €e+ S08C | CLO Y81 | PLC £6¢ 900 | I'Sy-¥vP
€60 vl €Les 0| Sl 6¢v1 S0 6L61°0 € 88+ 608¢ e+ 0€LT | 810 6¢C| 16 9¢s SO0 | I'vy-vvP
6L°0 0C |0€9¢0| €S°C LL'GT 09°1 €€0C°0 1—= ST+ | €68C Ly+ 8L8C | LT'1 1°81 14 LE SE0 | TEY PP
960 €l ereso| vl eevl 0¥'0 | 6SS61°0 [4 S9+ 06LT 0c+ LyLT | SO0 €09 | L9 1cel 100 | I'€v-vvP
0L°0 8’1 LISS 0| S°¢C 123! 081 L10T0 0 6C+ | 0¥8C v+ e8T | 6€°1 8°L1 0¢ LE 99°0 | I'TYv¥P
290 91 10vS'0| S°¢C vl 00°C 6£61°0 0 e+ | SLLT Se+ ¥8LT | 60°0 vye 9 VL SC0 | TI'v-vvP
L8°0 vl SL6V'O | 91 88°CI 18°0 LL8T0 S €I+ | CCLe 0c+ €09C | 80°0 60¢€ | ¥S €CL $0°0 | I'T'¥yv¥P
-Hp eoodil ‘0dQORIBLIN QOLIUEIUINK JOHIEO] |
LoIrf HIN ‘Loedeod wdd
o | a7 | | g | | g | T (g ad n il Lo | emor
*Adg); +Ad *Ad 3 A_SN o_n_|wn Uloe | sQdgge | UL n *Adooz

LOT

90¢

HUTUA] 019N ‘[-{P I9NOD0MUAL HOHLUHEBAI U $-HP 0dOogBIBLOW €M 90HOMANT BT QI9HHBY 919HUOLOEU-qd—Y—N [[ JIN[YHS ‘I enuroey,

2014

o 1

TOM 457

JOKIJIAblI AKAAEMHWHN HAYK



6

JOKYKHWHA u np.

Ta6auua 2. LA-ICP-MS U—Th—Pb-u3oromnHblie AaHHbIC I LIUPKOHOB U3 MPOOLI TPaHUTHOM JieikocoMmbl d44-1,
MbIc [puauH

206_Pb W_Pb 207 207 206
Touxa 206;bc, U | Th 28 W | D, % 206Pb Io 235Pb s 238Pb s
Pb U U
ppm BO3PACT, MJIH JIET
d44-1-02 88| 116 [2772+£23|2845+ 18| 3.2(0.20230 | 0.00217 | 14.98575|0.15956 | 0.53732|0.00550
d44-1-03 395 94 |2682+25(2704+18| 1 0.18569 | 0.00202 | 13.20727 | 0.15545 | 0.51593 | 0.00584
d44-1-04 175| 80 [2883+26|2864+19|—0.8 [ 0.20471 | 0.00238 | 15.91320(0.19376]0.56392 | 0.00630
d44-1-06 1000 | 453 |2734+26(2729+21|—0.2|0.18843 | 0.00239 | 13.72330 | 0.18235|0.52830 | 0.00607
d44-1-07 499 | 158 |2776+£24 2802+ 18| 1.1]0.19703|0.00217 | 14.62286 | 0.16331|0.53831|0.00565
d44-1-08 1653 | 318 | 2786 +24 (2784 +18|—0.1|0.19489 | 0.00208 | 14.52300 | 0.16058 | 0.54051 | 0.00574
d44-1-09 0.04 | 1578 | 131 |2712+£23(2798+18| 3.7 |0.19653|0.00211 | 14.17307 | 0.15443 | 0.52308 | 0.00544
d44-1-10 254 | 92 [2755+25(2817+19| 2.7|0.19887 | 0.00228 | 14.62014 | 0.17401 | 0.53323 [ 0.00583
d44-1-11 29 9 12778 £29(2834+26| 2.4|0.20093 | 0.00313 | 14.92336 | 0.24066 | 0.53872 | 0.00704
d44-1-12 27 18 |2786 +24[2800+19| 0.6 0.19683|0.00227 | 14.66895|0.16840 | 0.54055 | 0.00571
d44-1-13 415| 54 [2809+24(2830+18| 0.9]0.20046 | 0.00211 | 15.09206 | 0.16590 | 0.54607 | 0.00583
d44-1-14 614 | 158 [2764+27(2785+19| 1 0.19506 | 0.00217 | 14.39223|0.17913 | 0.53531 | 0.00636
d44-1-15C 628 | 260 [2735+24 (2787 +17| 2.3(0.19528 | 0.00201 | 14.22894 | 0.15445 | 0.52850 | 0.00568
d44-1-15R 383 92 [2764+25|2787+18| 1 0.19522 | 0.00214 | 14.40829 | 0.16842 | 0.53534 | 0.00594
d44-1-19C 180 | 41 [2876+27|2851+18|—1 0.20310 | 0.00221 | 15.73824 | 0.19102 | 0.56216 | 0.00658
d44-1-19R 404 6 12662+25(2712+19| 2.3|0.18651 | 0.00209 | 13.14179|0.16255|0.51124 | 0.00596
d44-1-22 0.15 105| 53 [2618+24 2700+ 18| 3.7 [0.18519 | 0.00198 | 12.78774 |0.14737]0.50091 | 0.00560
d44-1-23 427 | 135 [2844 £25|2848 £ 18| 0.2 (0.20271 | 0.00215 | 15.49927 | 0.17580 | 0.55461 | 0.00611
d44-1-24C 171 74 {2770+24|2801+18| 1.4(0.19693 | 0.00215 | 14.57091 | 0.16483 | 0.53668 | 0.00576
d44-1-24R 181 | 45 [2683+26(2755+20| 3.3(0.19149 | 0.00232 | 13.61806 | 0.18181 [ 0.51616 | 0.00623
d44-1-25 0.17 110| 84 [2709+25|2810+ 18| 4.4|0.19808 | 0.00211 | 14.26454 | 0.16301 | 0.52240|0.00579
d44-1-26 176 | 53 |2815+24|2838+18| 1 0.20142 | 0.00214 | 15.20578 | 0.16369 | 0.54750 | 0.00568
d44-1-27 0.36 238 | 68 [2711+26(2789+30| 3.4|0.19551|0.00347 | 14.09118|0.18732(0.52274|0.00614

HpI/IMe‘IaHI/Ie. D — crenieHb JUCKOPAAHTHOCTU.

po3oiickue 3epHa M KaiiMbl. B cocTaBe rpaHMTHOM
JIEUKOCOMBI OBITM OOHApPYXE€HBI JIPEBHUE 3€pHA C
Bo3pacTtoM ~3.0 mipa et (puc. 3), KOTOpble MOTYT
OTBeyaThb BO3pacTy (OPMUPOBAHUS TOHAIUTOBOIO
MPOTOJIUTA BMEIIAIOLIMX THEWCOB.

Me3zoapxeiickue Bo3pacTbl 2.87—2.85 muipn jer
VIJIMHEHHBIX MarMaTU4eCKUX LIMPKOHOB M3 ITPOOBI
MeTaradbopo d44-4 takke oOHapy:KeHbI B XKuJie I'pa-
HUTHOU JiefikocoMe d44-1. MBI HMHTEpIpeTUpyeM
Bo3pacThl 2.87—2.85 MipA JIET KaK BpeMsl CTaHOBJIe-
HUS MaprIecKMX MHTPY3uil. TemniepaTypbl KpUCTaJI-
Jm3anuu 3TuX TupkoHoB 710—820°C (Ti B Zrn [12,
13]). JIeifikocoma pa3BHUBaeTCs TOJbKO BIOJb IPaHU-
bl JaliKi MeTarabOpo M TOHAJMTOBBIX THEMCOB U
MPOHMU3BIBAET JAMKy MeTarabopo BHE €€ KOHTaKTOB C
TeJioM rabopoHopuToB (puc. 1). ITo-BuaumMomy, rpa-
HMIIA MeXAy THeiicaMM U Jaiikoit Mmerarabopo ObLia
HauboJjee OJlaronpusiTHaA IJIs MUrpauuu daouaa,
KOTOpPBIIA CITOCOOCTBOBaJ YaCTUYHOMY ILIABJICHUIO

JOKIJIAblI AKAAEMUWHN HAYK

TOHAJIMTOBBIX THEMCOB U BOBJIEKAl B 3TOT IpOLECC
MOPOIBI TaliKu, 00ecIieurBasi BOBJIeUeHUE LIMPKOHOB
13 MeTarabopo B GOPMUPYIOLIYIOCS TPAaHUTHYIO Jieti-
KOCOMY,.

Monoaple HU3KOTOpPUEBBIE OTOPOYKU 2.78—
2.81 MyIpa IeT HapacTalT Ha BCEX TUIAX APEBHUX
LUPKOHOB U SBIISIIOTCS TUIMUYHBIMU OTOPOYKAMU,
GOPMUPYIOIIMMHUCS B METAMOP(PUUECKUX YCIIOBHUSIX
B PaBHOBECUY C MUTMaTUTOBBIM pacruiaBoMm. Temrie-
paTyphl KpUCTaIIU3aluU 3TUX oTopodek 700—720°C
(Ti B Zrn [12, 13]) u xapakTepu3yloT BpeMs (hopMu-
pOBaHUSI TPAaHUTHOM JIEHKOCOMBI MTPU MeTaMOpPPuU3-
Me, BO3MOXKHO 3KJIOTMTOBO (halyun.

Tucrorpamma 2°’Pb /2%°Pb-Bo3pacToB B JieiiKocoMe
(puc. 4) moka3bIBaeT TakKXKe BO3PACTHOM MK Ha py-
oexe ~2.7 mapa JieT. DTOT BO3pPacT COOTBETCTBYET
BpPEMEHU JAEKOMITPECCUOHHOTO BBICOKOOAPHOTO IMO-
CTOKJIOTUTOBOTO MeTamMop(dur3Ma rpaHyJIMTOBOI da-
uuu [3].
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Db dekT codbITUs ~1.9 MIp JIET OlIyIIaeTCs IIPHU
BBIYKCJICHUY BO3PACTOB: HIDKHIE MepecedyeHUs] KOH-
KOpIIMH BCerma nMeloT 3HadeHus ~1.9 mupn net. Ha-
JIOXKeHHBIT MeTamopdn3M ampuOoInTOBON dann
U “OKOHYaTeIbHas” 3KCTryMalvsi MeTaMophUIECKUX
KoMILIeKCOB 2.0—1.8 MJIp/1 JIeT Ha3ad CBsI3aHBI C KOJI-
JIM3UOHHBIMU COOBITUSIMHU B KOHIIE MaJIEOIIPOTEPO-
3081, KOTOpBIE IPUHATO KOPPEIUPOBATh C BO3HUKHO-
BeHHEM CBeKO(GEHHCKOro aKKpeLMOHHOTO OpOoreHa
HEMOCPEACTBEHHO K 3amnany (B COBpeMEHHBIX KOOP-
JIMHaTax) oT betoMopcKoil IpOBUHLIVIN.

3akmouenue. Bo3pacthl 2.87—2.85 MJIpa JIET MBI
WHTEPIIPETUPYEM KaK BpeMsi UHTPY3UU MahUIeCKUX
pacmiaBoB. DTH BO3PACTHI B MpeaeiaX OIINOKN COB-
MajgaoT C BO3PAaCTOM OKEaHUYECKUX ITPOTOJIUTOB K-
snorutoB Canmbl 2.9—2.82 mipa jeT. OTU JaHHbBIE U
o0IIMIA TeOXUMHWYECKUI TPEH paclpenesicHUsI CO-
CTaBOB B 3KJIOTMTU3MPOBAHHBIX opoaax IpuanHo u
Canma Mmo3BOJISIIOT cAeaTh BBIBOA O B3aMMOCBSI3U
Mmexnay naikamu [puauHo m okeanom Canmebl [14].
Jlaitkit MOTJIM OBITh KaK MPOU3BOTHEIMU MOTPYyKalo-
IIEroCsI B 30HY CYOIyKIIMU MeIJICHHOCTTPEAUHTOBOTO
xpebOra [14], Tak ¥ TIIpeAIlIecCTBOBaTh PaCKPHLITUIO
CanMuHcKoro okeaHa [3]. @opMupoBaHue HU3KOTO-
pUEeBBbIX KailM 2.78—2.79 mipa JIeT MpOUCXOAWIO Ha
¢oHE MOBBILIECHUSI TEMIIEPATypPhl U CBSI3aHO C IIPO-
HeccaMM YaCTMYHOIO IUIABJICHMSI KOpPBL. DTO MeTa-
Mopduueckoe coObITHE, BO3MOXHO, OTpaXao cTa-
VIO MOTPYKEHUSI KOHTUHEHTAJIBHBIX IOPOJ B 30HY
cyonykunu. [ToagnnaiaeHue mopon maiikyu MeTaradco-
PO ¥ MPOHUKHOBEHUE JIEMKOCOMBI B MOPO/Ibl JAMKU
00yCJIOBJIMBAJIO HaChIIEHHUE JIEMKOCOMBI IIUPKOHA-
MU, 3aMMCTBOBAaHHBIMU U3 TAlKU.

Pa6ota BeITIOTHEHA TIpW (PUHAHCOBOM TTOITEPKKE
rpanta PO®U 11-05-00492-a, 12—05—00856-a,
nporpamMmy OH3-6. BimaromapuMm 3a TOCTOSIHHYIO
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Mesoarchean Mafic Dykes of the Belomorian Eclogite Province
(Gridino Village Area, Russia)
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Abstract—Archean processes of eclogitization in the Gridino metamorphic association (the Belomorian
eclogite province) developed in mafic dykes, boudins, and acidic rocks of the Archean continental crusts. To
determine the U—Pb age of the intrusion of the latest dykes, the geochronological samples were taken from
the dyke of ferriferious metagabbro that cross-cuts the dyke of eclogitzed and granulitized olivine gab-
bronorite. The igneous zircons were dated by the SHRIMP 11 technique. The zircons showed a concordia age
of 2846 + 7 Ma, which is considered as the time of intrusion of a mafic melt. The younger low-thorium zircon
rims of 2.78—2.81 Ga age around the igneous cores are typical formations that appeared under metamorphic
conditions in equilibrium with a migmatite melt, and may characterize the time of formation of the granite
leucosome under metamorphism, probably of eclogite facies.

DOI: 10.1134/51028334X14070034

Within the South Kola active margin, along the
northwestern boundary of the Belomorian accretion
orogen, eclogite bodies formed as a result of Meso—
Neoarchean subduction of oceanic and continental
crust are located (the Salma and Gridino associations)
[1—3]. The oceanic gabbroids of 2.89—2.82 Ga age, in
their composition correspond to rocks of the third
layer of the slow-spreading Mid Oceanic Ridge, were
the protoliths of Salma eclogites [1, 2]. As for the Gri-
dino association, the continental rocks enclosing the
acidic gneisses containing the rock fragments of basic
and ultrabasic composition and several generations of
mafic dykes underwent eclogitic metamorphism [3].

At present, the age of magmatic crystallization,
eclogitic metamorphism, and the subsequent retro-
grade transformations of mafic dykes of the Gridino
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association are actively debated. Many of the
researchers of eclogites of the Gridino area believe that
the zircons of ~2.4 Ga in age, occurring sometimes in
eclogitized dykes, date the intrusion and igneous crys-
tallization of the mafic melt [4]. Based on this opinion,
two stages of eclogitization were distinguished in the
history of rock formation in the Gridino area [5]:
Archean at the level of 2.72 Ga, related to the dipping
of the oceanic plate in the zone of subduction, and
Paleoproterozoic associated with the “local” eclogiti-
zation of Paleoproterozoic mafic dykes. This latter
scenario is under intense discussion.

In contrast to the notion on the Paleoproterozoic
age of the intrusion of eclogitized dykes, detailed stud-
ies have made the authors conclude that the rocks of
the Gridino association were subjected to eclogitic
metamorphism 2.7 Ga ago or earlier [3, 6]. The dykes
were intruded during the Archean time, and the eclog-
itization of all the complexes of the Gridino area is
related to the Archean subduction and collision along
the active margin of the Kola continent. This conclu-
sion is based on the results of field structural, geologi-
cal, petrological, and geochronological studies of the
Gridino dykes. To do this, the classic ID TIMS- and
SHRIMP II-dating was carried out for zircons from
the high-pressure granite leucosome intersecting the
eclogitized dykes, and from the latest dyke.

The event of ~2.4 Ga age registered by individual
zircons occurring regularly within the eclogitized
mafic rocks was related to the active tectonic and ther-
mal processes in the Early Paleoproterozoic caused by
the upwell of a superplume in the mantle area under-
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lying the eastern Fennoscandian shield [7]. To deter-
mine the U—Pb age of the intrusion of the youngest
dykes (in view of their intersections), the authors col-
lected a geochronological sample from the dyke of fer-
riferious metagabbro that intersected the dyke of
eclogitized and granulitized olivine gabbronorite at
the Cape Gridin (Fig. 1). The zircons were dated using
the SHRIMP II and LA—1ICP—MS techniques.

Metagabbro, sample d44-4. The rock of the met-
agabbro dyke has the equilibrium garnet—clinopyrox-
ene—plagioclase mineral assemblage (£ amphibole
and biotite) that formed under the metamorphism of
granulite facies at 700—750°C and 10—12 kbar. Some
of the clinopyroxenes retained relic cores with an
increased content of Ca—Tschermak end-member
(9—14 mol % of CdTs at 13 mol % of Jd). This testifies
to higher pressures during the formation of these cores
[8]. The minerals of the eclogitic facies in similar
dykes of metagabbro were studied on the Vorotnaya
Luda Island [3]. The omphacite (Jd content up to
36 mol %, P,,;, = 16 kbar) and kyanite are as inclusions
in garnet, and the omphacite is as relics in the ortho-
pyroxene—clinopyroxene—plagioclase symplectites.

Metagabbro is characterized by various concentra-
tions of main elements (wt. %): 47.5—49.5 of SiO,,
12.6—14.4 of Al,O5, 0.98—2.2 of TiO,, 13.1-15.7 of
FeO,, 0.18—0.24 of MnO, 5.7—7.3 of MgO, 9.9—12.2
of CaO, 2.0—2.7 of Na,O, and 0.1-0.8 of K,O and
decreased contents of Ba, Rb, Th, and U. These rocks
are also unusual for continental intrusion REE pattern
depleted in light REE: Lay/Luy = 0.59—1.49 and
Eu/Eu* = 0.90—1.09). Such REE distributions are
similar to N—MORB.

Although metagabbro is characterized by an
extremely low content of Zr, a sufficient amount of
zircon was separated from the sample and 14 measure-
ments were made using the SHRIMP II technique
(Table 1). All zircons are elongate of 150 x 500 pum
dimensions, brownish or colorless, and show the cores
and rims structure in the cathodoluminescence (CL).
Many of zircons exhibit a clear oscillatory zoning and
are characterized by medium values of Th/U ratio
(0.38—1.39), positive Ce- and negative Eu-anomalies
(Ce/Ce* = 2.35—11 and Eu/Eu* = 0.53—0.77), and
the enrichment in HREE relative to LREEs (Lu,/Lay
= 213-941, Fig. 2). Some of the CL-dark cores of zir-
cons show the increased U content (351—1321 ppm)
with quite a low Th content (46—91 ppm) and, respec-
tively, the low Th/U ratio (0.05—0.18). The REE pat-
tern is characterized by positive Ce- and negative Eu-
anomalies (Ce/Ce* = 2—30 and Eu/Eu* = 0.06—0.77)
and enrichment in HREE relative to LREE (Luy/Lay
= 309—6702, Fig. 2). All described zircons exhibit
characteristics pointing to their igneous origin [9].
Regardless of the content of uranium and the habit,
the zircons have the same Mesoarchean concordia
age: 2846 = 7 Ma, or 2869 £ 41 Ma at a discordia with
the upper intercept (Fig. 3).

DOKLADY EARTH SCIENCES

Vol. 457 Part 1

2014

WHITE SEA

e ———

———
e

—_————

— ————

T ——

~
————— //
_____ ]
(=1 -2 "]+ E=35

Fig. 1. Geological sketch of Cape Gridin. /—granite leu-
cosome with the enclaves of mafic metamorphic rocks;
2—metagabbro; 3, 4—metamorphized rocks of the dyke
of olivine gabbronorites (3—chilled margin and 4—the
dyke rocks); 5—gneisses.

Low-uranium colorless rims surrounding individ-
ual grains of zircons (Fig. 2) showed a concordia age of
2780 £ 20 Ma, or 2777 & 67 Ma at a discordia with the
upper intercept (Fig. 3). Rims are characterized by
varying Th/U ratios of 0.09—0.38 and depleted in all
the trace elements excluding Hf, exhibit positive Ce-
and negative Eu-anomalies (Ce/Ce* = 1.55—7 and
Eu/Eu* = 0.28—0.64, respectively), with relatively flat
REE pattern (Lay/Luy= 63—940, Luy/Smy = 12—
48, Fig. 2).

Granite leucosome, sample d44-1. The granite leu-
cosome consists of garnet, biotite, plagioclase, potas-
sium feldspar, quartz, epidote, and scapolite. Scapo-
lite is developed around the complicated aggregates of
pyrite, chalcopyrite, and pentlandite. Garnet porphy-
roblasts contain inclusions of quartz, biotite, Ti-bear-
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Fig. 2. The images of dated zircons and the distribution of REEs in the analyzed groups of zircons (chondrite by [11]).

ing phengite, epidote, plagioclase, and K-feldspar. A
reactionary corona of clinopyroxene is formed around
garnet. Formation of mineral paragenesis in the gran-
ite leucosome corresponds to conditions of high-pres-
sure granulite facies (700—750°C, 10—12 kbar).

The leucosome is characterized by a granite com-
position including (in wt. %) 66.3 of SiO,, 2.83 of
Na,0, 2.69 of K,0, 13.8 of Al,05, 0.43 of TiO,, 5.8 of
Fe,y, 0.12 of MnO, 3.9 of MgO, and 2.6 of CaO, with
the middle content of magnesium #Mg = 0.55. It is
considerably enriched in LREE (Lay/Luy= 39) rela-
tive to gneisses and dykes of the Cape Gridin and
exhibits a positive Eu-anomaly (Eu/Eu* = 1.39).

DOKLADY EARTH SCIENCES Vol. 457

Zircons from the leucosome were dated using
SHRIMP II at the Russian Geological Research Insti-
tute (VSEGEI) in St. Petersburg (Table 1) and of LA—
ICP—MS at the ARC National Key Center (Australia,
Table 2). Zircons dated by SHRIMP II have
Mesoarchean 27Pb/?Pb-ages from 2926 to 2764 Ma
(Fig. 3). A histogram of 27Pb/2%°Pb-ages by LA—1CP—
MS shows age peaks of 2845 + 14, 2797 £ 11, and
2720 + 28 Ma (Fig. 4).

Few zircons were presented by colorless elongate
grains light in CL, either with sectorial or oscillatory
zoning. These zircons are characterized by a high
Th/U ratio (0.55—1.01) and an age of ~3 Ga (Fig. 3).
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Fig. 3. U—Pb zircon concordia diagrams for zircons dated by SHRIMP II.

The REE distribution is characterized by positive Ce-
and negative Eu-anomalies (Ce/Ce* = 8.67 and
Eu/Eu* = 0.27, respectively), and enrichment in
HREE (Luy/Smy = 119 and Lu,/Lay = 4602).

Zircons of the other group are similar to prevailing
zircons from metagabbro (sample d44-4). These are
brownish elongate grains of (50—100) x (200—300) pm
dimensions, gray in CL, and showing a clear oscilla-
tory zoning. Zircons are characterized by Th/U ratios
0.20-0.46 and by relatively flat REE pattern
(Lupy/Smy = 38—41 and Luy/Lay = 152—203). This
group is well correlated to the first group of zircons
from the metagabbro (sample d44-4). Some of the zir-
cons contain black cores. These cores are enriched in
uranium (377—1653 ppm) and show Th/U ratios
within 0.04—0.45 (Table 1), positive Ce- and negative
Eu-anomalies (Ce/Ce* = 1.36—2.92 and Eu/Eu* =
0.29—0.77, respectively), and a small enrichment in
The age of zircons corresponds to the peak of 2845 +
14 Ma and is synchronous to crystallization time of
igneous zircons of the dyke of metagabbro.

Low-uranium colorless rims show an age of 2.78—
2.79 Ma (Fig. 3). Younger rims are characterized
by Th/U ratios within 0.01—0.48, by small positive
Ce- and negative Eu-anomalies (Ce/Ce* = 2 and
Eu/Eu* = 0.49, respectively), and by relatively flat
REE pattern (Luy/Smy = 25 and Luy/Lay = 47), and
their ages correspond to young low-uranium rims of
zircons from the metagabbro dyke (Fig. 2).

DISCUSSION

In both samples, elongate magmatic zircons of
Archean age prevail, with an absolute absence of Pale-
DOKLADY EARTH SCIENCES
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oproterozoic grains and rims. Ancient grains of ~3 Ga
age were found within the granite leucosome (Fig. 3),
which probably corresponds to the age of formation of
the tonalitic protolith of the host gneisses.

The Mesoarchean ages of 2.87—2.85 Ga for elon-
gate igneous zircons from the metagabbro sample d44-4
were also determined in the vein of the granite leuco-
some d44-1. The authors consider these ages as the
time of the formation of mafic intrusions. The crystal-
lization temperatures of these zircons are 710—820°C
(Tiin Zrn [12, 13]). The leucosome is developed

Leucosome, sample d44-1, LA—ICP—MS
Mean 2797 * 11,

MSWD 0.34,
Vs Mean 0.97
5k - '\\/
(N=23) 73
M\
9 \  Mean 2845+ 14,
4r I\ N\ MswDo.36,
1Y K probability 0.9
16 E \
H Mean 2720 # 28, K [ /\/
83 MswD2.29 I B K
e K K \
g probability 0.5 I [
= I KK \
Z K] K \
2 B I ':‘ '3 %
[ HNKE RBR N
/ %! Ky K3
o IS I Y
1 / K KL KK
- A Kb B
1 Y I \
/ K REE] BRI
K] KRR BRREER]
0 [ IR
2640 2680 2720 2760 2800 2840 2880 2920

207pp /206pp-age, Ma

Fig. 4. Histogram of 207Pb/206Pb ages of zircon in granite
leucosome, dated by LA-ICP-MS. The broken line is rel-
ative probability.
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Table 2. La—ICP—MS U—Th—Pb-isotope data for the zircons from the sample d44-1 of granite leucosome (the Cape Gri-

din)
Pb 2.0.7.11’ 207 207 206
Point 206;;’6’ R e T R P P e | R e | B g
Pb U U
ppm age, Ma

d44-1-02 88| 116 [2772+23|2845+ 18| 3.2{0.20230 | 0.00217 | 14.98575 | 0.15956 | 0.53732|0.00550
d44-1-03 395| 94 |2682+25|2704+£18| 1 |0.18569 | 0.00202 | 13.20727 | 0.15545]0.51593 | 0.00584
d44-1-04 175| 80 [2883£26|2864+19|—0.8 | 0.20471 | 0.00238 | 15.91320|0.19376 | 0.56392 | 0.00630
d44-1-06 1000 | 453 |2734+26|2729+21|—0.2|0.18843 | 0.00239 | 13.72330 | 0.18235|0.52830 | 0.00607
d44-1-07 499 | 158 2776 £24 2802+ 18| 1.1]0.19703|0.00217 | 14.62286|0.16331 | 0.53831 | 0.00565
d44-1-08 1653 | 318 | 2786 £24|2784 £ 18 |—0.1|0.19489 | 0.00208 | 14.52300 | 0.16058 | 0.54051 | 0.00574
d44-1-09 0.04 | 1578 | 131 |2712£23 (2798 £ 18| 3.7 |0.19653 | 0.00211 | 14.17307 | 0.15443 | 0.52308 | 0.00544
d44-1-10 254 | 92 |2755+£25(2817+19| 2.7 |0.19887 | 0.00228 | 14.62014 | 0.17401 | 0.53323 | 0.00583
d44-1-11 29 9 (2778 £29(2834+26| 2.4(0.20093 | 0.00313 | 14.92336 | 0.24066 | 0.53872 | 0.00704
d44-1-12 27| 18 [2786+24(2800+£19| 0.6|0.19683 | 0.00227 | 14.66895 | 0.16840 | 0.54055 | 0.00571
d44-1-13 415 54 [2809+24(2830+18| 0.90.20046 | 0.00211 | 15.09206 | 0.16590 | 0.54607 | 0.00583
d44-1-14 614 | 158 |2764+27(2785+19| 1 |0.19506|0.00217 | 14.39223|0.17913|0.53531 | 0.00636
d44-1-15C 628 | 260 |2735+£24 (2787 17| 2.3|0.19528 | 0.00201 | 14.22894 | 0.15445| 0.52850 | 0.00568
d44-1-15R 383 | 92 |2764+£25(2787+18| 1 |0.19522]0.00214 | 14.40829|0.16842|0.53534 | 0.00594
d44-1-19C 180 | 41 [2876+27|2851+18|—1 |[0.20310 | 0.00221 | 15.7382410.19102 | 0.56216 | 0.00658
d44-1-19R 404 6 |12662+£25|2712+19| 2.3|0.18651|0.00209 | 13.14179|0.16255 | 0.51124 | 0.00596
d44-1-22 0.15 | 105| 53 |2618+£24|2700+18| 3.7 |0.18519|0.00198 | 12.78774 | 0.14737 | 0.50091 | 0.00560
d44-1-23 427 | 135 {2844 +25(2848+ 18| 0.2 ]0.20271 | 0.00215 | 15.49927 | 0.17580 | 0.55461 | 0.00611
d44-1-24C 171 74 |2770£24 (280118 | 1.4|0.19693 | 0.00215 | 14.57091 | 0.16483 | 0.53668 | 0.00576
d44-1-24R 181 45 (2683 +£26|2755+20| 3.3(0.19149 | 0.00232 | 13.61806|0.18181 | 0.51616 | 0.00623
d44-1-25 0.17 | 110| 84 |2709+£25|2810+ 18| 4.4|0.19808 | 0.00211 | 14.26454 | 0.16301 | 0.52240 | 0.00579
d44-1-26 176 | 53 |2815+24(2838+18| 1 |[0.20142|0.00214 |15.20578|0.16369 | 0.54750 | 0.00568
d44-1-27 0.36 | 238 68 |2711+26|2789+30| 3.4]0.19551|0.00347 | 14.09118 | 0.18732|0.52274 | 0.00614

D is discordance.

exclusively along the boundary of the dyke of met-
agabbro and tonalitic gneisses, penetrating the met-
agabbro dyke beyond its contacts to the gabbronorite
body (Fig. 1). Evidently, the boundary between
gneisses and the metagabbro dyke was most suitable
for the migration of fluid, which promoted a partial
melting of tonalitic gneisses and involved the dyke
rock into this process, providing a capture of zircons
from metagabbro in the formed granite leucosome.

Young low-thorium rims of 2.78—2.81 Ga have
grown on all ancient zircons and constitute the typical
formations appearing under metamorphic conditions
in equilibrium with a migmatite felsic melt. The crys-
tallization temperatures of these rims are 700—720°C
(Tiin Zrn [12, 13]), which characterizes the formation
time of the granite leucosome at metamorphic condi-
tions, probably eclogitic facies.

The histogram of 2”Pb/?%Pb ages of the leucosome
(Fig. 4) also shows an age peak about 2.7 Ga. This age
DOKLADY EARTH SCIENCES
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corresponds to time of a decompression post-eclogitic
metamorphism of the high-pressure granulite facies [3].

The effect of an event of ~1.9 Ga is noticeable in
the calculations of ages: the lower intersections of the
concordia always show the values of ~1.9 Ga. The
superimposed metamorphism of the amphibolites
facies and the “final” exhumation of metamorphic
complexes which took place 2.0—1.8 Ga ago are
related to the collision events at the end of the Pale-
oproterozoic, which are conventionally correlated to
the formation of the Svecofennian accretion orogen
directly westwards (in the current coordinates) from
the Belomorian province.

CONCLUSIONS

The authors consider the ages of 2.87—2.85 Ga as
the time of the intrusion of mafic melt. These ages
coincide within error to the age of the oceanic pro-
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toliths of Salma eclogites (2.9—2.82 Ga). These data
and a general geochemical trend of the distribution of
main and trace elements in eclogitized rocks of Gri-
dino and Salma allow us to draw a conclusion about
the correlation between the Gridino dykes and the
ocean of the Salma [14]. The dykes might either be the
derivatives of a slow-spreading ridge dipping into the
zone of subduction [14] or forego an opening of the
Salma Ocean [3]. The formation of low-thorium rims
of 2.78—2.79 Ga was at an increase of temperature and
associated with partial melting of the crust. This meta-
morphic event probably represented the stage of the
dipping of continental rocks into the zone of subduc-
tion. The submelting of the metagabbro dyke and an
injection of leucosome into the dyke rocks caused the
saturation of the leucosome in zircons inherited from
the dyke.
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