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B xome sBomonmu MeTamMOp()UYECKHE KOMIUICKCHI TPaHYJIMTOBOM (Dalli¥ WCHBITHIBAIOT BO3JACHCTBHE
(hIIFOMIOB Y TPAHUTHBIX PACIUIABOB, MPOMCXOXICHUE KOTOPBIX MOXKET OBITh CBSI3aHO KaK ¢ UCTOYHUKAMH BHYTPH
caMHX KOMIUICKCOB, TaK M C BHEUTHHUMH HCTOYHWUKaMU. Hapsmy ¢ MHBIMH T€OXHMHUYCCKUME HHIMKATOPaMH, TH
HWCTOYHHKH MOTYT OBITh BBISABICHBEI Ha OCHOBE H30TOITHOTO COCTaBa IpaduTa, KOTOPBIA OOpaszyercs MO0 3a CYET
yriaepoja OpPTraHHMYECKOTO BemlecTBAa W KapOOHATOB, JWCICPTHPOBAHHBIX B JOMETaMOP(PHUUECKOM OCaTOYHOM
cyOctpate, 6o ocaxxpaercs n3 CO,-comepkanux QIIFOUA0B B XO/IE HX B3aNMOACUCTBHS C IOPOIAMHU.

B namHO# paboTe TpWBEAEHBI PE3yNbTATHl HMCCICIOBAHWN HM30TOIHOTO cocTaBa rpaduTa W (IIIOUIHBIX
BKJIFOUCHHUH B KBaplle M IUIaTMOKJIa3e TPOHABEMHUTOB U IUIATHOTPAHHUTOB, ACCONMUPYIOMNXCA C METAleInTaMu B
paiione bannemepkon B FOxHol Kpaesoit 3one rpanynuroBoro komiiekca Jiummnono (FOAP) u B paiione p. JIorra B
Henrpanphoii 30He Jlammanackoro rpanynutoBoro komiuiekca (Poccust). U-Pb Bospact rpanuronnos, 2.67-2.68
MIpI JIeT. Juig nopon komruiekca Jlummono [1] u 1.90-1.91 mapn. net ana nopon Jlammanackoro kommiekca [2],
yKa3blBa€T HA TO, YTO OHH NPEACTABISIOT COOOW WHTPY3MM, BHEIPUBIIHMECS IOCIAC IHKA TPAHYJIUTOBOIO
MeTtamopdusma (2.72 mipa aet u 1.92 mipa ieT, COOTBETCTBEHHO) M OTBEYAIONIUE CTAJUU HAJBUTa TPAHYIUTOBBIX
KOMILUTEKCOB Ha TIOPOABI CONPSIKCHHBIX KPaTOHOB. MUHEpalbHBI COCTaB TpaHUTOHIOB Mmoxoxk. OHH copepikat
rpaHaT W CWUTUMAaHUT. B otmmume ot mopon Jlumrono, miarnorpaHuThl u3 JlaruraHACKOTO KOMIDIEKCa COZIepIKaT
TIEPBUYHBIN OMOTHUT, YTO yKa3bIBACT HA PA3NUYHSA BO (IIOUIHBIX PSKUMAX KPUCTALIM3AIUN TOPO. DTH Pa3IUIds
OTpaXKeHBl B COCTaBe (QUIIOWIOHBIX BKIIOUeHWH. B MuHepamax (kBapie M TpaHaTe) TPOHABEMHTOB JIMMITOIO
peobIaaloT YIIIEKUCIbIE BKIIOYCHHUS BBICOKOW IDIOTHOCTH, a BOJHO-COJIEBBIC BKIIFOYCHHS IOBOJIEHO PEIKU.
HampoTtuB, B MmHepanax IUIarnorpaHnToB U3 JlaruraHACKOTO KOMIUIEKCa BOJTHO-COJIEBBIC BKIIIOUCHHS Oolee
pacnpocTpaHeHsl, a BkaroueHuss CO, mpeacTaBicHbl MAOIIOTHBIMU Pa3HOCTSIMH. Pa3iuuus Bo (QIIOMIHOM PEKUME
00yCIOBUIIM pa3HbIC TEMIIEPATYPhI KPUCTAILUTU3AIMHA MArM: TPOHABEMHUTHI JINMIIONO HAYaIH KPUCTAIUIM30BATHCS IPH
T > 900°C npu naBnenun 8§ — 8.5 kbap, TorAa Kak TemMrepaTypbl KPUCTALTU3AIMN TUIarHOTPAaHUTOB Jlarianackoro
KoMmIutekca cocTaBisitoT 840-860°C npu naBiaeHuu 5.9-6 kbap.

W3ydenHsle 00pa3ipl TPAHUTOUAOB OOOMX KOMIUIEKCOB COJAEpKaT TpaduT, acCOIMUPYIOIIMUACT C
MHUHEpaJIaMH MEPBUYHBIX MaparcHe3ucoB mopo. CorjaacHO PeHTIeHOBCKMM JaHHBIM U MaHHbIM KP criekrpockonuw,
YHOPSIOYCHHBIN TpaduT B TpoHABeMHUTax JIMMITOO 00pa30BEIBANICS MpH BBICOKHX Temmeparypax. CpemHue
BenmunHbl & C TpaduTa ;I Tpex oOpasioB TpoHAbeMuTOB JImmmomno credyromme: -6.52, -8.65 u -8.59 %o.
Bemmunner 6°C Grona BO BKJIIOUCHHSIX JICHKOKPATOBOW (ITUIArMOKIJIa3+KBapll) YacTH T'PaHUTOB JIUMIomno
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coctaBmmn -4.10+1.2 %o. Bo Bcex obpasmax rpadut o0eqHEH TSHKENBIM W30TOIIOM B CPaBHEHHHU C (MIIIOWAOM, UTO
MOJYKHO paccMaTpUBaTh KaK CBHACTCILCTBO I'C€HETHUCCKOW CBs3u rpadurta u uronma B TpoHabemutax. OO0 3TOM
CBUACTCIILCTBYCT TAKXKE MPUCYTCTBUC BO (l)J'I}OI/IlIHBIX BKIIFOUCHHUAX CH4 n Fpa(bI/ITa, YKa3bIBaOIIUX Ha paBHOBECHUE
2C + 2H,0 = CO, + CH,. Bennunns! ¢ppakiimoHUpOBaHUs U30TOIOB yriiepoja (Hanp. [3]) HOATBEPkKIAIOT BHICOKYIO
TEMIIEpaTypy 3TOr0 PaBHOBECHUS, COOTBETCTBYIOIYIO JaHHBIM MUHEpaAIbHOM TepMoMeTpun. Takum oOpa3om, rpapur
B TpoHAbeMHTax JIMMIONo, BEPOSITHO, SIBJISJICS NPOJYKTOM BOCCTaHOBJIICHHUS YrieKUcioro ¢uronaa B Xoxe
B3aUMOJIEHCTBUS MarMbl M BMEIIAIONINX MTOPOA (METAIEIUTOB).

Bemuuunnl 5°C rpadura u (IonIa u3 TPOHILEMUTOB JIMMIIONO HAXOATCS B JMANA30HE, XapAKTECPHOM s
rIyGUHHBIX (MAHTHHHBIX) MCTOYHMKOB YIIEPOAa. ITH BEIMUHHBI CHIBHO OTIHYAOTCA 0T & C = -15.0...-12.5 %o,
paHee ompeneieHHBIX s rpadura 3 meranenuToB KOxHoi KpaeBoit 30HBI rpaHyIUTOBOrO KOMILIeKca JIummono
[4], HO cx0%M cO 3HaueHUAMH OC, H3BECTHBIMH TS TPAUTa H FPAHATCONEPIKALIMX KUJI, AHATOTHUHBIX H3YUCHHBIM
TpoHabeMuTaM [4]. TakuM 00pa3oMm, W30TOITHBIE JAHHBIC ITOATBEPKAAIOT BBIBOJ, YTO TPOHIBEMUTOBBIE MarMbl B
IOxnoit KpaeBoil 30HBI TpaHyIUTOBOrO KOMIUIEKCa JIMMIMOMO KMeENM BHEIIHUA HCTOYHUK, HE CBSI3aHHBIA C
IUTaBJIGHHEM METAIleNINTOB, B KOTOpbIE TI'paHWUTHl BHeApsumich [1]. «Tspkenble» H30TONHBIE METKH yTiiepoja B
TPOHABEMHUTAX JIMMITOIIO MOTYT OBITH CBsI3aHBI ¢ (DIFOMIAMH, BO3HUKIINMHU IPH MeTaMOp(hHU3Me 1 ACBOIATUIN3AAN
MOTPYKEHHBIX TOJ TPaHyJIUTHl OCHOBHBIX MOpoA (aM(puOOINTOB) TPaHUT-3CICHOKAMEHHBIX IIOSICOB KpaTOHA
KaanBaajib Ipy aKTHBHOM YYacTHM MAaTepHalia THIPOTEPMAIbHBIX KapOOHATHBIX HKHI, HMEIOUIHX 00bIaHO & C >-9
%o (Hamp. [5]). IlnaBnenne Takoro cyOcTpara B TIpenenax 30HBI HAJABHTA TPaHYJIHTOB HA MOPOJABI KPaTOHA BIIOJIHE
MOTJIO CITY)KUTh UCTOYHUKOM KaK TPOHABEMHUTOB (HAIIp. [6]), TaK ¥ CONMPOBOXKAAIOIINX UX YTIEKUCIBIX (DIFOMIOB.

I'padut U3 IByX 0GPa3LOB [UIATHOTPAHKTOB JIaTLIAHICKOT0 KOMIUIeKca mokasan & C = -20.19 u -20.21 %o.
Bemuumust 6°C dmoua u3 GIIOMIHBIX BKIIOYEHHH B MUHEpaIaX TPaHATOB JIaTIaHICKOT0 KOMILIEKCA COCTABIIAIOT
-12.43%0.07 %o. DT OomeHKH ONW3KH K 3HAYCHHUAM, THIUYHBIM [UIS OCaJ0YHOTO OMOTEHHOTO yriiepoaa. BemmdamHb
(bpaKILHOHNPOBAHKS, PACCIMTAHHBIC HA OCHOBE MOMYYCHHBIX 3HAUCHHH O C COrNAcHO [3], OTBEYAIOT OUCHb HU3KUM
TEMIIEpATypaM, 4YTO YKa3bIBACT, BEPOATHO, HA TCHECTUYCCKYIO HE3AaBUCUMOCTDb T’pa(bI/ITa u (bmomla B IUTaruorpaHuTax
Jlanmanzackoro komiuiexca. IToydeHHbIe HAMH JIaHHBIE JUTA TpadUTa B IPAHHTAX AHAJOTHYHBI 3HAYEHHAM O °C = -
25...-20 %o mns rpaduTa B 30HAX IUIACTHYCCKUX Ie(OopMaIlnii, mepeceKkarnmx KoMIuieke [7]. to moarsepkaaet
MHCHHC O TOM, 4YTO HeﬁKOKpaTOBBIC IJ1aruorpaHuThbl paﬁOHa p. JloTTa CBsI3aHBI C aHATEKCHUCOM TJIMHO3EMHCTBIX
rHeiicoB Jlammanackoro xommiekca [2, 8], rpadur B rpaHuTax SBISETCS MPOAYKTOM IEPEOTIOXKEHHUS yriepona,
3aXBaYeHHOT'0 U3 CyOcTpaTa.

Paboma sevinonnena npu noooepacxke PH® (epanm Ne 14-17-00581) u PODHU (epanm Ne 16-05-00266).

During their evolution, granulite high-grade complexes are influenced by fluids and granite melts, which can
be originated from sources both within the complexes and outside of them. Along with various geochemical
indicators, these sources can be identified on the basis of the carbon isotope composition of graphite, which forms
either from the organic substance and carbonates dispersed in the pre-metamorphic sediments or by precipitation from
the CO,-bearing fluids during their interaction with the rocks in the course of metamorphism.

The present work shows results of the carbon isotope study of graphite and fluid inclusions in quartz and
plagioclase of trondhjemites and plagiogranites, which are associated with metapelites of the Bandelirekop area in the
Southern Marginal Zone of the Limpopo granulite belt, South Africa, and the Lotta river area of the Central Zone of
the Lapland granulite belt, Russia. U-Pb ages of the granitoids, 2.67-2.68 Ga for the Lapland rocks [1] and 1.90-1.91
Ga for the Lapland rocks [2] show that these granitoids were intruded into the complexes after the metamorphic peak
(2.72 Ga and 1.92 Ga, respectively) and corresponded to the stage of thrusting of the granulite complexes over the
adjacent cratons. The granitoids of the both complexes show close mineral composition. They contain garnet and
sillimanite. In contrast to the Limpopo rocks, the Lapland plagiogranites contain primary biotite, which indicates
differences in the fluid regimes of the rock crystallization. These differences are reflected in a composition of fluid
inclusions. Dense carbonic inclusions are predominant in quartz and garnet of the Limpopo trondhjemites, whereas
aqueous-salt inclusions are rather rare. In contrast, minerals of the Lapland plagiogranites are richer in aqueous-salt
inclusions, whereas carbonic inclusions are represented by low-density varieties. Differences in the fluid regime were
responsible for different temperatures of the magma crystallization: the Limpopo trondhjemites began to crystallize at
T > 900°C at pressure 8 — 8.5 kbar, whereas the temperature of crystallization of the Limpopo plagiogranites were
840-860°C at pressure 5.9-6 kbar.

217



Extended Abstracts

The studied samples of granitoids of both complexes contain graphite, which is associated with the primary
minerals. According to x-ray and Raman, ordered graphite from the Limpopo trondhjemites precipitated at high
temperatures. Average o °C values for graphite from three samples of the Limpopo trondhjemites are following: -
6.52, -8.65 1 -8.59 %o. The 6"C values for the fluid from plagioclase and quartz of these granites are -4.10+1.2 %o. In
all samples, graphite is depleted in '*C with respect to fluid. This can be considered as an evidence for a genetic
relation between graphite and fluid in the trondhjemites. This conclusion is also supported by a presence of CH4 and
graphite in the fluid inclusions assuming an equilibrium 2C + 2H,0 = CO, + CHy,. The fractionation values for carbon
isotopes (e.g. [3]) also support high temperature of this equilibrium consistently with the mineral thermometry. Thus,
graphite from the Limpopo trondhjemites, apparently, was a product of reduction of the carbonic fluid resulted from
an interaction of the magma with the country rocks (metapelites).

The 6°C values for graphite and fluid from the Limpopo trondhjemites lie within the range, which is specific
for the deep-seated (mantle) carbon sources. These values strongly differ from the values &°C = -15.0...-12.5 %o,
which have been previously measured for graphite from the metapelites of the Southern Marginal Zone of the
Limpopo belt [4], but are close to the 6"°C values for graphite for graphite and garnet-bearing granite veins [4]. Thus,
the isotope data support the conclusion that the trondhjemite magmas in the Southern Marginal Zone of the Limpopo
belt have originated from the outer source, which has been unrelated to the metapelites, in which the magmas were
injected [1]. The «heavy» isotope signatures of the Limpopo trondhjemites might be related to fluids, which have
been produced during metamorphism and devolatilization of basic rocks (amphibolites) of the granite-greenstone
complexes of the Kaapvaal craton buried under granulites. These basic rocks seemed to be intermixed with
hydrothermal carbonate veins, which usually showed 6"°C >-9 %o (e.g. [5]). Melting of such mixed rock source within
the zone of the granulite thrust on the craton could serve as a source both for the trondhjemite melts (e.g. [6]) and
accompanying carbonic fluids.

Graphite from two samples of the Lapland plagiogranites show 6"°C =-20.19 and -20.21 %o. The 6"°C values
of the fluid from fluid inclusions of the Lapland granites are -12.43+0.07 %o. These values are close to the signatures
of a typical biogenic carbon. The fractionation values calculated from the above 6"°C data according to [3] correspond
to very low temperatures indicating, probably, a lack of genetic relation between graphite and fluids in the Lapland
plagiogranites. The obtained data are within the range of values &°C = -25...-20 %o for graphite from the shear-zones
truncating the metamorphic complex [7]. It serves as evidence in favor of the model that the leucocratic
plagiogranites of the river Lotta area were produced via anataxis of peraluminous gneisses of the Lapland complex [2,
8]. Graphite in the plagiogranites is a product of re-deposition of the pre-metamorphic carbon.

The study was supported by the RSCF (project Ne 14-17-00581) and RFBR (project Ne 16-05-00266).
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