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B anrteparype Bce uale NOSIBJISIIOTCS CBEJEHHSI O TOM, 4TO JJs TETpO-
reHeTHYeCKHX 1eseil MopgoJsornueckue NPH3HAKH anaTHTa MMEIOT He MeHb-
Iee 3Hauenie, uem nupkona [1, 2, 5].

B npennaraemvoil pabore nmpHBOASITCS Pe3yJbTaTbl H3YUeHHs XapaKTepa
pacrpejieieHus akleccopHoro amnartura B IpaHHTOMIAX JABYX CXOJHBLIX MO
nerporpauueckoMy W NETPOXHMMHUYECKOMY COCTABY HHTPY3HBHBLIX TeJ, 3a-
HUMAIOUHX pas3/jHuyHoe CTPYKTYPHOE TOJIOKeHHE. YPOBEHb 3PO3HOHHOIO
cpesa 000HX HHTPY3HBOB HE BEJIHK.

Moxnaryxnickuit 1 KaMeHcKHil TpaHHTOHJHbIC MacCHBBI PacloJOkKe-
Hbl B npenesax MpTbllICcKoil 30HBI CMSATHS, KOTOpast B palioHe HCCJe10Ba-
HUS TI0 TeO0JIOTO-CTPYKTYPHBIM OCOOEHHOCTSIM HoJApasiensieTcss Ha 1oro-3a-
najHyio M oceByio nojasoHbl. IlepBblit W3 HMX 3aJjeraer cpeam MeTaMmop-
$H30BaHHOIl TMecyaHO-CJaHLEeBOH TOJILH BEPXHEro J1eBOHA—HHIKHEro Kap-
6oHa 10ro-zanajHoil INOJA30HLI, BTOPOH—IIPOpbIBAET  CpeAHeleBOHCKHE
3eJleHOKaMeHHble CJaaHIbl 0CeBOH I0JA30HbI. Bo3pacT TrpaHHTOHAHLIX TeJl
no onpexesenusim ®. C. 3akuposoil nepmckuit (220—260 wman. Jger), u
paccMaTpuBalOTCS OHM B cocTaBe KOJOHHCKOIO MHTPY3HBHOIO KOMILJIEKCA.
Cunaratorcs ob6a MaccuBa KPYHNHO3EPHHCTBIMH HOP(PHUPOBHIAHLIMH  OHOTHTO-
BLIMH TpaHUTaMH, KOTOPble NPOPLIBAIOTCS (B NOpPSIKE CTAHOBJEHHS) MaJo-
MOIIHBIMH IJIACTOBLIMHM TeldaMH CpPeHe3epHHCTLIX ABYC/IOASHLIX TPAHHTOB,
KHJIAMH allJIMTOBHAHBIX T'PAHHTOB, alyIMTOB M nermatutoB. [lo xumuyecko-
My cocTaBy OHOTHTOBBLIE I'PAHHTBLI OTHOCSITCSI K KJacCy MOPOJ HOPMAaJbHOTO
cocrasa.

[Topoasl oboralieHbl KpeMHE3eMOM M 1[eJIouaMi, KOJHUeCTBO KaJjusd
B HHUX NIpeoOJjajaer HajJ HaTpHeM, a COJep:KaHHe OKHCJOB Keje3a, MarHus
1 I10JIEBOLINATOBOH M3BECTH XapaKTepH3yeTcs HHM3KHM 3HaueHueM. Ilerpo-
rpaduyeckuii coctaB KPyMHO3€PHUCTBIX MNOP(GUPOBHAHBLIX OHOTHTOBBIX Tpa-
HATOB OOBLIUHBIN: IJIATMOKJA3, LIEeJOYHOH IOJIeBOH Iimar, KBapll, OHOTHT,
BTOpHYHBIE (CepHLUT, XJOPHUT), akueccopunle. Ilaaruokmas mnpucyrcrsyer
B AByX reHepauudax. Ilnarunoknas I ob6pasyer mnopduposbie BbigeJeHUST B
BuJe TaOJUTYATBIX KPUCTAJIOB, UMeloIUX 30HapHoe crpoeHue. CocraB 30H
MeHsieTcsl OoT LleHTpa K nepudepun kpucraana or Ne 25—22 no Ne 13—6.
[Tnarunoxksnas Il BXoaAUT B cOCTaB OCHOBHOH MacChl MOPOAbl B BHIE MEJKHX
TAa0JUTYATBLIX HHAMBU/AOB, HECYLIMX MNOJHCHHTETHYECKOe [BOMHHKOBaHHE.
CoctaB stux niaaruokaasoB Ne 13—>5. llenounoit nmosesoit wmnat obpasyer
KPYNHbIe METAKPUCTAIBL, a TAaKkKe BXOJAHT B BHJAE KCeHOMOP(HBIX 3epeH B
ocHoBHyl0 Maccy nopoabl. [To onrnyeckum cBoilcTBaM IE0YHOH MOJEBOIl
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HIMAT HEOJHOPOJEH, B KPHCTaJaaX ero M 3epHax MMeKTCsS YYACTKH C I0-
racaHneM, OTBEUAlOUIHM OPTOKJAA3y, M YYaCTKH TPHKJIHHHOTO  LIEJOYHOTO
noJsieBoro mmnara. yroa 2V orsevuaeTr THIHYHBIM MHKpPOKJAHHAM I paseH —80
—86°. OnHako MHKPOKJHHOBAsi pelleTka He Bcerjaa yerkasi. Kpapi na6.io-
JlaeTcst B YIJIOBATBHIX, OKPYIVIBIX 3epHAX OCHOBHOH Macchl MOPOJABI, a TaKkKe
B BHJE MOUKHJHTOBLIX 00paszoBaHKil B NOP(MHPOBLIX BbIAEJCHHAX IJIArHO-
KJaza W B MeTakpucTrajnaax LeJgouHoro nosiesoro ummara. Iloracanue ero
BOJIHHCTOE.

Buotut pacnpenensierca B rpaHutax HepaBHOMepHO, HabJsi01aercs
KaK B BHJE OJHHOYHBIX yellyek, TaK M KyuHbIX ckomiaeHuil. Cxema maeoxpo-
nama: Ng—TeMHOKpPacCHBIl 10 Tycro-KpacHoro, no Np—po3oBblif, CBeTJ/0-
)eartoiit. [Tokazatenb npesomiaenns uamensiercs or 1,653 no 1,685.

Paznnuatorcs rpanuTonabl 000HX HHTPY3HBHLIX TeJs, TVaBHBLIM obpa-
30M, KOJIMUYECTBEHHBLIM COOTHOLIEHIeM Kak INeTPOXHMHUECKHX OKHCJIOB, Tak
1 noponoofpasylomux MuHepanos. Hamnpuwmep, comep:kanue u cymma uie-
aoueit KoO+Nao,O B rpannrax MoXHATYXHHCKOrO MaccHBa Bbllle, 4yeM B
raxoBblx Kawmenckoro. Konnuecrso naaruoknaada u GHOTHTA B paHHTOMIAX
Moxnaryxiickoro maccusa OoJblile B cpaBHennn ¢ Kamencknm, a comep-
JKaHnue KBapla H MHKPOKJAHHA, Ha000poT, ipeodJaanaer BO BTCPOM.

B cocrase axueccopHblx MuHepasaoB MOXHaTYXIHCKOTO HHTPY31IBa
BCTpeyaloTcd UUPKOH, aNaTHT, MOHAIUT, KCEHOTHM, I'paHat, HIbMeHHT, cheH,
MUPHT, JEeHKOKCeH, anartas, OpYKHT, PYTHJI, MOJUOAEHUT, BolabpaMur, ¢Jio-
opur. B rpannrax KameHckoro maccupa ceMb IOCJENHIX MHHEpPAJOB le
VCTAHOBJIEHBI, a TAKOIl aKIeCCOPHLIH, KaK MAarHeTHT, MPHCYTCTBYET MOCTOSIH-
1o u B Goabliix Koaunuecrsax. Kpome Toro, B HHX H3peaKa BCTpeyaercs
TYPMAaJHH,

Anartur — ol U3 MOCTOSIHIO BCTPEUAIOUIUXCS aKILEeCCOPHBIX MHHEpa-
JOB B MOPOJAAX CPaBHUBAEMDLIX WHTPY3HBHLIX TeJ paclnpejessiercs B HHX
Kpaiine nepasHomepno. Ilpegean koseGannil coaep:kanusi anarura, a Tak-
JKe ycpe/HeHHass ero BeJHYHHA B TOPOAAaX HHTPY3HBHLIX Tes NPHBEICHDI B
TabdJa. 1.

Kax BHaHo m3 Tabauiubl, KOJHYECTBO amnatHra B nopojax MoxHaTyXnH-
CKOro MaccuBa Bbillle, yeM B TakoBblx Kawmenckoro. B menom xapaxrep pac-
IpeJeJeHHss anaTthrta B TPAHHTHLIX IOPOJAX NEPBOrO MAaCCHBA HECKOJbKO
orsinyaercst ot Broporo. Tak, B rpannrax xpaeboil 30HbI MOXHATYXHHCKOIO
mMaccuBa cojep:xanue Gocdara xagablus Bbllle, YeM B LEHTpe HHTPY3HBa
(coorBercTBenno 44 r/t u 16,65 r/r). Murepecio ormerursb, uro B npobe
rpaHura, B3siTOH H3 KOHTakTa ¢ OMOTHTOBBIMH CJaHLIAMII, COAEpKaHHe 3TO-
ro muHepana munumaabioe (0,06 r/r), a B 50 M OT rpaHuibl ¢ BMeIL[alON[H-
M HOpOJAaMH KOJIHYEeCTBO anaTHtTa B IpaHnTax mMakcumaJgbHoe (234 r/t). B
nopojax nozaHux aupdepenunarton conep:kanue gocpara KaabLHsa 3aKOHO-
MepHO cHHKaercst. B O6uornrtoBblx rpanurax KameHnckoro maccmba  cojep-
JKaHyue anaTuTa B 3HAOKOHTAKTOBON (pauuu ero MeHblle, uYeM B LEHTpalb-
Hoi. B cpeaHe3epHUCTBLIX ABYCIIOASHLIX TpPaHHTAX 3TOT MHHepasa 3adukcu-
pPOBAH TOJILKO B OJHOIl Tpode, B KILILHBIX NIOPOaXx OH BooOUle He ycTa-
HOBJIECH. .
[IpucyrerByer amatut B TpaHHTONAaX paccMaTpHBaeMblX MacCHBOB B
BH/Je TIpU3MaTHUecKHX KpHcranamaoB. Ilpuuem MHOrOrpaHHHKH H3 IOPOIL
MoOXHAaTYXHHCKOrO MaccHBa XapaxkTepHayilorcs OosabUIMM  paszHoobpasnem
NpocTeiX (OpM B CpaBHEHHHM ¢ KPHCTaJJaMH M3 BTOPOro HHTpysuBa (tal..
2). B rpanunrax xpaepoil ¢gauumnm Ha KpucTasnax MNOSBJASIOTCS TpaHIl JH-
nupamuasl (1011). B noponax nosxnux andgdgepeHunatos rpanil  NniHaxoll-
aa (0001) noab3yioTcst MOAYMHEHHBIM Pa3BUTHEM HWJIH IOJHOCTLIO BbITEC-

Hslotest pacrywuvu rpansvi (1011). Kpome Toro, B KMJIbHBIX TIOPO1AX Ha
Kpucraanax (ocdara KaJaplHs pasBHBAIOTCA TPaHH JONOJHHTeNbHOI (dop-
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Tadnumga 1
Copep:xanue amaTuta B nopojgax MoxHaTyxHHCKoro 1 KaMeHckoro MaccHBOB (B TI/T)
| MoxHaTyXHHCKHH MaccHB Kamenckuit mMaccuB
ITopojst .
, 1| 2 | 3 | 4 | 6 ] l 2 ] 3 |4 |5 | &
TIpenensr koneGaHui 217— 234— 108— 36— 54— 1,5— 60— 20— 2,45 - — —
COJEpKAHUA anaTHTa 0,038 0,060 0,05 0,01 0,03 1,40 1,45

16,55 44 3,5 1,8 0,35 4,7 3,6 — — — -

CpenHee copjepkaHHE

1 — KpYNHO3epHHCThle TOPQHPOBHAHbIE GHOTHTOBble I'PAHHTHI L[EHTPAJBHONH YaCTH MacCuBa, 2 — CpejHe3epHHUCTble GHOTHTOBble T'PAHHTLI
SHJIOKOHTAKTOBOM (haluu, 3 — CpeJHE3epPHHCTble BYCHIOAAHble TpaHHUTLl 4 — alHTOBH[Hble TPAHHTBI, 5 — AaIIUTBI, 6 — II€rMaTHUThI.



Mopgororusa xpucmanios anamuma & nopodax
Moxnamyxuuckoro, Kamenckoro  maccusos

Taoruya &
MOpwonorw(ec.‘rue MmUNsl KpUCmanros
o
5
§ | mopodss
3]
<
ny
¥
5HOTHTOBIE [PAHH- —
N |76t uente dacTu 60 20 0 0
N | 6HOTUTOBbIE [PAHH-
S |76 3400K0HTEKTS 40 25 5 5 5
084 14005, ==
3 [P | w0 30 10 w
EL e
& | oattumi 30 25 20 10 5
§ anaume! 10 — _ 20 70
X | permaricrss - - 5 20 75
k3 BUOTUTOBS/IE IPAHH- = —_ —
§§‘ Tb!_UEHTP. Seairi 90 0
5uOTUTDBbIE [Pa.
8|5 34 Q0KoHTNE 85 /5 - - —

vbl (1120). IToBepxnocTh TpaHeld KpuCTaJJOB HepOBHAad, IlLepoxoBarasd,
peOpa uacTo CIJaxKeHbl, BepUIHHbI HEPEeJKO MNPUTYNJeHbl TakK, 4To
KpHcTasa npuodperaer OKPYJblil WM ONM3KHA K Hemy oOank. Oxpyribie
sepia anatura o6bIYHO BCTPEUAlOTCs B TPAHUTAX, MOABEPTUIMXCS METacoMa-
THueCcKHM HaMeHeHussM. Tak, B rpefi3aeHH3HPOBAHHBIX TPAHHTAX KPHCTAJJILI
anatura pejak, npeobsaanalor ero oxkpyrabie 3epua. B mpobe unrencusHo
rpeii3eHN31POBAHHLIX TPAHHTOB, B3STOIl YV KOHTAKTa € BOJbL(PaMHTOHOCHOI
KBapueBoil Kumaoil, anarur ncuesaer. Ha xopomyio pacrBopuMocTbh ana-
THTA TPH IIOCTMArMaTHYECKHX IIPOLECCax yKa3uiBaeT TakwKe psjl  aBTopos
[2, 8].B OnoTHTOBBIX rpaHiTaX, IVIABHLIM 00pa30oM, B HeHTpadbioll  wacti
MACCHBA, 4aCTO BCTPEUAOTCs HapaafedbHble CPOCTKH ABYX-TpeX KpPHCTaJl-
J0B. Ha rpansix npusmpl HabM101a10TCsl M@JAKHE HapOCTbl B BHJE CLIIH 3epel
MIbMEHHTA, MEJKHX uellyek Ouortura. Pasmepnl KpHCTa/MI0B BapbHPYIOT
ot 0,48X0,24 mm o 0,12X0,1 mMm, cpeanee — 0,27X0,14 mMm, B KxpaeBoil 30He
MaccuBa BeJHuMHA HHAUBUIOB yMeHbuiaetrcs: no 0,36X0,14—0,12X0,01 mwm,
coctaBisis B cpeanem 0,20X0,7 mM. B nopoaax KXuJAbHbIX Juddepenina-
TOB npeobsaaj aioT BHITAHYTble KpHcTawael pasmepom 0,36X0,4—0,49X
X0,07 mum. Oxpacka MHHepaJsa MyTHOBaTO-cepasi, rosyoosartasi, OJeaHO- H
rycro-keqras. Ilociennsiss oGycioBaena TOHKOH IVIEHKOH — THAPOOKHCJIOB
Keie3a, MOKPLIBAIoLLeil KPUCTaJ, Koropast Jerko yaassercs HpH pacTBo-
pennu B HCL. MytHoBaTO-cepblil IBeT MHOTOTpaHHHKAM HPHAAIOT OOH/IL-
Hbie TA30BOKHUAKME BKJAOUeHHs. Kpome 3THX BK/IIOUYEHHIT, allaTHTHl  COJLep-
JKaT KPHCTAJJNUKH HiabMeHuTta, 6notuta (puc. 1.), a takxe cKomjaeHust MeJ-
KHX 3epeH uepHoro usera. Hepeaxko mnocaennne HaCTOJAbBKO OOHJbLHBI, UTO
NPUAAIOT KpHCTAJIYy uepHbIl 1BeT. OpHeHTHPOBAHBLI IOAOOHBIE BKJIIOUEHHS
napansienblio BePTHKAJbHON OCH M HepeJKO NOAYepPKHBAIOT KPHCTAMIY 30-
HaJbHOe CTpoeHHe: LEeHTPasbHasg 4acTb €ro 4epHoro Isera, Cjeayiouas 30-
Ha— JabIMYaTo-ceporo, BHelmHgs—oOecusernas. Imeorca B smTeparype
NpenoJoKeHts, UTO Takue BKJAYEHHT MOIYT IPeACTaB/siTh TOHKOJHCIEp-
CHBIT I'paduT, KOTOPBLIH BLIIOMHAET MYCTOTKH, PaClOJIOKEHHbIe HapaJiielb-
HO BePTHKaJbHOI ocu Kpucrananaa [3, 4].

['naBmas macca amatuTa B IOpPOJax H3yuyaeMbiX HHTPY3HBOB TeCHO
cBsi3aHa ¢ OHOTHTOM, B UellyHKax KOTOPOTO KPHCTaJJbl €ro HernoYKOBHIHO
BLITATUBAIOTCA BAOJb TpelnH cnainoctd. Ouenb peaxo ¢ochar Kajablius
1Ha0JI0/1aeTCsl BKJIOUEHHLIM B OpPTOKJaa3. BecbMa XapakTepHbl BBITAHYTDLIE
IeCTOBATBIC MHIHBIJIBI, CEKyIlHe M 3aMelllalomiie Iopoaoobpasyiouine MH-
Hepasbl rpannToB. Takue anaTutel OOBLIMHO Pa3OUTLI  CHCTEMOI  TPCLLHH,

napamnenabnbix rpanu (0001) (puc. 2).
PentrenocnekTpajbiblM aHaJH30M B anatute 13 OHOTHTOBBIX Ipaii-
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Puc. 1. Braouenusa OGHOTHTA B KPHCTAJ-
Jax anaruTa, yseaund. X 30

1ToB MoxnaTyxunckoro maccupa ycraHosaennl Zr, Y, Pb, Th, U. Tlocaen-

HHe ABa 3JeMeHTa B INopoaax INO3AHHX llH(p(bepeHHHaTOB He 06Hapy>xem>1.
B amarurax u3z Kamenckoro HHTpY3HUBa B KadyecCTBe SHeMeHTOB-HpI/IMGCEfI

VCTAHOBJEHBI TOJNBKO ZI U Y.

Puc. 2. lllecroBaTelii KpHCTAJJI alaTHTa, IpPO-
HHU3BIBAIOIIHH BCe IOPOA0O0Opasylollde MHHepa-
abl.  Hpucrana pa3OHT TpeuMHKaMH, Iapalliesb-
HBIMH I'DaHAM IHHAKOHA

Taxum oO6pasom, ABa CXOAHBLIX MO IeTporpadHyeckoMy H MeTPOXHMH-
YeCKOMY COCTaBY TPAaHHTOMIHBLIX MHTPY3HBA XapaKTepH3YIOTCS pas3aHyHeM
B MOBEJEHIH aKLeCCOPHOro anaTtuTa. DTH pas3nuus cjaeaylollue:

1. KoannyectBo ¢ocdara xaapuusi B nopogax MoOXHATYXHHCKOTO Mac-
cHBa Bbillle, yeM B TakoBbix Kawmenckoro. B mepBoM HHTpy3HWBe amaTur
dukcupyercss Bo Bcex AuddepeHunarax, BO BTOpOM — YCTAHOBJIEH TOJBKO B
OHOTHTOBBIX TPAaHHUTAaX.

2. Kpucraanel anatura n3 nopoa MoxHaTyYXHHCKOro MaccHBa Ooraue
npocToiMH popmamu.

3. Anatutr MOXHATYXHHCKOTO HMHTPY3HBA COJAEP:KHT GosblIni HaGOp
3JIeMEeHTOB-IIpUMecel.
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