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MtejLtsdd (1 tOaWtsej dz , 1984) , Yylsts ftcdo j
tcOMmMmjwdedw R[s (OWOdzOM* jo, 2013).

vOCdds tBEKOLBAR, cite] @BHBISE sis tfiseiagC
f EddSOdz desfyls! ftejHd §Odzj sL82MSdn Sdd
dr ¢0O¢C tsBi jClIsr fl 56 tcOdzd i Js dzds) el o Wz iz § v
Ll tcsHdtotse Odzadz” d3d IstczBSC O3 (sl . Clts tBfls:
AjdzsteOdzr dzs?2 ¢cSklsdd.

23



1Joloe 2. [rwefn3 (A1 RE

[BIl jCIstsdz dMmMmdzj Hise Odzdw wo dzwe Isfpw € d d3B
dds. ¢.1. udj dzso O, ltsBtOdd j dL € jtodzC
SHdtsets BBKGOL YO dZ2ZO0 5 &3 d BroOltsdy afMmjr d
stekB S [ OdzyBGd2 @®BEYL GO, §sdzyjdd j dL
B Istc Oy dLikyj dzdzsets € jtedzO Msmis©oaddz 20 ¢
codf[tJude o wOBRBCOR HBsEBotstdy m tOBBI) . 1
56 tBKBOLYBS9, GlstsBtcOdzdz' = dL GHAEEF S HY o ©
MsmMis©@addz 200 & ( O] tod Odz ftoj HsMIsOo
Mse &zOM j dedw 8 d2Okzydesdz Mmtslstelz v dzd yd Mlso j ) .
fteso jHjddY O0dOddlsdy MS¢dm ttOB®Ils BN dzs dL
fsdzdtectseo Odedz’ - stk O s CO G tctsB .

sJtcdz CddzBJ edzdIs©O twWOMY  dzBH P dzfigw Rdg@ 1 ) Is C
HOdjtgtso SHd dzlmw lsBtste tSBtOL Yyso HA&zv { 5Mdz
MCOoOdzqtetso Odzd ! ff teHPSargelBR 7T d O MO dgj O & HBOC t
dL zyd ded v -figlg € inIsizlstdalz" -~ M J dzdesMmisy 2 d o0
CddsB j cdzd Ists o . 1 tod n O tc O Idstg S IdnAste{dg' j m Istg f
CddiB jtcdzdIsse f tod d3j dzv dzO ! CkzOmMMdW S Oydw
(sttdzd dztsp O9 WMBRBBOdzedd ) ¢ ZOMMdW S Oydy 2
Eydlsr a0 h j2 CtsdzdyjmMsets ¢Mj desdzd Istso .

fdCtesmisfdud MS sy dL zyud deqd J f4btesets
ftoso sHddzsh' d0 fsdvicdL Oydsdzdesds d3d € tots ¢
to1) .

lted HtoobtsfBHcetftsH BddsSEdvtetsd dL
5B dzOtelzy j dzdz" 2 Cfyj dztse j dzdz' 2 BOLjted Odz d( s
BOCtCtedMsOdzdzss B dzj 6Odzse) d §silsdOas
flswy jddw d 5. H.) .
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libtesndBdud MS 54 dmmdz) 1 ise Cdad2)) S{datse]te
R1GJI [ o] t6¢1 BijbtsHtsdr MddzdS Odsets 0O0dzOd
My ECdMmMizse 1 dzj B desseo ) dmMftsdz L 59 Odz
Ol segdlgs] MM 5dzdzO" MY J ¢ StetsBi-lgdedrd S s fasdrsdg] Is
GtcOo d d3j Isdedfj'Istcdc)stc RL tMhdese des?2 dzOo j MC d
fjtcjojH]jdades?2 o t©cOMmlsetstc M dzOo dzj dzad j &3 Mt
(Bzter ) d Ececdzj SdMmMzsets dzOIstedw ( fMsHT ) , d
910% sy tej Hj dzvdzd fy! @ dgfidsIEM (8,05 80174 JAECS (B, B15 Yol t6
Fe0s (0,0570 %), BOs (0,1-40 %), TiG (0,021 5 %) , dz®@ Mt j CBapts!
Bj stsHtsd3 Is dilsMy® @@j1BA4E th)JCaO 060 %), dzO0 IsdIste(
vtsdzj His; 3 IstsH 53 - 5 dzfs s & & e B3N ks fste B& tsd
(00250 %) . RL dzO@e jMSd (500 &e), HtjHoC
Wieststctso SH StoctsH dzts 2 , -zt SHStGSHdzts2 d -0OL
1 3 Mid sdadets 2  MiNgQ, K@, kigdj RbE VO (0,024 0 %) dzO
OpMmtsteB Yytftp fizbzls s B33 6@9P TEEr mo Scienti fic,
fpdsj M+ & . [ s sdzdzd Isj dz' des d L Htelze d A dzOo j
GtcOo d dgjoldtwdiafs M sf d yj M OW otHO, MjtcO BH
ftod ftosC Odzd o Odzedid j dzis gl sl ds d stz ts dzdzOw o
f dzO o da¥ dmf sdzr L s8 Odzmw otsdzy WtcOtso tsC Efydzr
B ssHsd Isd-letddc@ngtad dzc dzj etsH O dzO0 Is d Is4ig B)s ts

[ ddzj 6Odz? dz" 2  ftsflsOes CddBjtedzdlstser A
COyj Miso j ez dzs W @ & 5G5 OdzOdzdL O 2@ H W ts

Bruker ) R,1 ¢ | g [ t o1 . l1toj f OtcOlIsT H d
fstesh Csora ftese 85 BIbsHdE] OdzOdztse d yd
i jSddLe@azkyy dzd j, V=30 kV, | =16 GRU A

COMh Yo Cd HAW¥ KOS seOd dMBYfsd L 59 OdzO

RiNMdzj Hiso Oz BBS EBCtedMisOdkzdzss S teisc
TR0 d MijckjEOyd?2 MosH' (e sHdds
stekeCd [ OdzyuOte’ , 15OC € OC tsoe i 5jtsh JC j thoadase @G,
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ftsLotsdzdd dL e dzj y ftel HMIsOo dlsj dz' desy € Bd
fsdzzyj dedz' » Ctsdzyj dalstcOlstso . [ dzv  IstezB Cd d
BI dzts BGeteOdzd yd dedzr d3z, ylsts dzj HOdzts otsL BB
B eDBOCtetsCtod MisOdzdzd yj MSdr WOty a30§ tstizfizts d
fdCtesddzt dizj dz2dls©® (n=344), ~"ttsdkkdlsO (n=55:
(n=2) btekzBCd [ OdzyOter B'" dzd BlstsBtcOdz dL
CddiBjtedzdlstso d L OC dzt Y joder des® M@ dL s
l s jtomndesisd ftsdzdtetseo Odgdg" = " Oh j €&  dzOf r dzw
RMMmdzj Hise Odzd j ~rdBBdyuj MEsets MsMisOe O d&id dz
B IssHdS ] dz2O0 BdSwbcwdzH jo QRanmpaelaxe [ ¢
BJSCtosL sdzH o O @ RzO&EB8D) ((hXAtsdkdss i3 MY
[ desG 51 dzj d3j dzlsdz" = d dLBlstsfdz" = dMMmdzj Hise C
Ml j&BC ] dMitsd LseOdzdm! MmdjHEzehdj MmisOdzH
Gsdzzets?2 HOBfNEOLecPdYyjU 2 cttOd@ls Fre|- § |
fCtetsddz d3j ded ists tg 1o t5§ B A0, 1K NpaR) silld,dz! MAld Iss; T tedw d3 sl
Ba ilBDDtdls, Fi Wslsls, tc ORf Gelslif Is .

RLEYyJdd) oLOdd@tstlsdts jdd?2 oiddzj tcOdztse
~nddi3dyj M se ts mMtsmisOe O, BstoW sdzts e d df,Is 5 H A
MC Odzdtelzs M j2 1+ dzj Clstetsdadzts? B StesMC s dd
fsdzdtetso Odzdzr = h dzd W OR 2O r dzj dzdz" = ftetsot
Yyo jlsO). RMMdzj Hso Odzedw™v HtosotsHddzdMm! o R C
¢ Odedtelze M j &g di3d CIMEMBDOYLIV ) J efrp |4 déjdec § Isq yd f
INCA-Energy 350 ftwd dOftewyjdedd dzO ¢ OlstsH
BISCtosL sdzHso sz OO R[22 DB)stc i basaddes g ' JEA
AJdalstcOdz! des?2 OdzOdzdlsd yj MEs2 dZzOBBKOIssted d
IDECFO BISC oL cdHso sz O&O &) Ofts B js dzizise F d3(
9 Asl [ deseBl dzj d3gj dzlsdzr = d dLtslstsfdzr » dmm
lted Mi Jjd&BE ] dzO 1 dzj Slstetsdzgdesdz MSC Odzgd ez h j &3
MlsOdzH Otels™ H dzv dZidedisREz B =20 HsdUsifdipdes,© dguy os' (2
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RI[(f, BaOtils, FiBkstt®f ddls, Tt d Sstdis didz! Foh
I A55, Kotsds¢dzb, PR sU,0dAlsds Ui nCe s dfls.
sftejHjd ddy MshMisOs O &Jddzj tcOdkss dz0O. ik
fpdzj HEze W dj EfmMdsedw Ml j&BSd: dOftwy jddj
L dzj Clstetsdzseo 100 dzp, ot d&3W OdzOdzdL O 9 Ists
ftoctso tsH d dzts ! fsMmtcj HMlsatsds fwWisd o tsdzdzatsH d
Ctod MiOGaRdzd L OlsBtc ORfjdztse dA = § tod o dzj yd ded § o3
L dzgj cesHd M jteMdsdzdese s M j SIstesdzd stc®  ( C 1
Motsjdsa MsMisOoej BdzdLCd2 dOBSt 1 dzj d3j dzlstse
i j &3¢ d, HdzZw EHtBMIsoa O Htoj HMIsOso dzj dadz" j ¢
fOMmMf stelsdL dqtetseo Odzdzr | OB BtOIsstedzr §j MisOdzH C

sOBddYO 2. 1. )iescteOBBO Mmi j &S d ok dzj t

ANdzsetstf dIs
s OdzOdz b-1 H1-2 4 1-3 t -4 t1-5
C dzj d3j dzls Ba F Sr Na Ti
s to d ) KO@ERAZd L LiF TAP PETH TAPH LiF
| dded W 193,159 199,152 219,938 129,445| 191,363
d4IsOdzH Otels t wlsj ¢ dzkl F-apaptit glsj ¢ dzi0 Albit lImenit
Crua 4 dzj d3d Cl, Cr, Ni, Mn, K, Al, Mg, Ca, Si, Fe
¢f Oldls
s OdzO dz 4 1-1 d1-2 d1-3 4 1-4 t#1-5
C dzj d3j dzls Ba F Sr La Cl
s to d ) KO@ERAZd L LiF TAP PETH TAPH PETJ
| dded W 193,159 199,152 219,938 161,825| 151,44
dlsOdzH Otels t wlsj € dzkl F-apaptit glsj ¢ dzi0 | LaPQ | Cl-apatit
Crua 4 dzj d3gd Ce, Ca, P, Nb, Si, Mg, Fe, Na
sOdz ydls, tsdzdeddz, ¢ jtwtsamSdls
s OdzO dz 4 1-1 d1-2 d1-3 4 1-4 t#1-5
C dzj d3j dzls La Sr Nb Na Ce
s to d f) ORIz L LiF TAP PETH TAPH LiF
[ d dzd W 185,451 74,914 183,336 129,307 | 178,284
#4lsOdzH Otcls LaPQ glsj ¢ dzi0 SrBaNb Albit CePQ
Crua 4 dzj d3d Mn, Si, Ba, Mg, K, Ca, Fe, Ti
[ ddzj tOdz" ctelzf§fr Myddaj dzd, ddz' &
s OdzO dz 4 1-1 1-2 d1-3 -4 #1-5
C dzj d3d dzls Mn Al Ni Mg V
s to d ) KO@ERAzd L LiF TAP LiFH TAPH LiF
| d dzd W 146,273 90,771 115,528 107,52 | 174,276
#IsOdzH Otcls { Rodonit ] tOdzOls NiFexOs Olivine V205
Crua 4 dzj d3d Zn, Ca, Si, Fe, Ti, Cr
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sted fiyls Odzezts &  d3d ydgddzidtg © desei yfjtsts d L o t5H o dzd |
BjlssHE (1 Ed&OR, 1967) &0 11 Oddstdise H d

Astod3zdz! dz" j] Stsi WWdydjdalsr d Ctsdzj ydz 4
OlstsiBtseo CdMmMdzstetsH ©  tc GabfraSoEB 0 &f 1 ff 6 s ® tc Adsds'
Zlse j tey HMAddAE=d3] dzC dzOlIskztes?2 ( Pasero et al .,

Astoddzdz! dz" | SwiWWdydjdelst d S tdzj ydz |
20 Mz dBskz COlsddatse = 3 (1 E2dzZOR, 1Z647) ¢H§
fsLdyds ¢ ontHWYE CHNIsM, CRg o L dyd:®
¢ Ols d s*tzAl®, Fif".

{OfMujls Wsttdzd d ° SCsiW¥Wdydjdsss dd
COlsdsdgse = 2, dMosHY du MstbkSlktodts?2 Wt

[ ddzj e Odz CGtolzg ff r h f d dzj dzd tcOMMydIlsr o C
CdMmMzstesH O o fifn tstisHsto B tisficadiEwRd dzC dzBbsketsat, 22019),
sfidzso Odzdets? dz@ ftwOoddzj HBRJdedtelzs h j e € C

slstekClsktcdzOY WttdkdO §jtsomMSdlsO tOf
st s Z@B Bz 3Bz S Olsddase = 2 o Mmslse jls
fjtesoMC dls@ 5o ®gzts2zj dzMAt al( Mi2toclh7e)l,| 5 €
f o] H dztsy j dzdzsldcoek Mitchel, B14g). (

stedMisOdzdzs~dBd ud Mcdj LOMUJIls"r Bddz 6O
W s to d3lz dzts}RY o)(Zs) KL 2 (GHJi, HBHYIX O1L Hicd yj MS OW
¢ OL Hied UG OWIs jflg O Hted U J M€ @Vdzd steladaPy d W,
ftoesdLotHddzdm! s CdhMdastesHdsdklz &j IssHE d
dets 3 dz§ zOlskztets 2, Zlso j toyel jaldzdzts20 1 B MA b B¢
dzts dzj dzC dzOls lz tc j dzOL 5 Otz W j ddydode]jfiic O dztiz® s ) dats
Cofi3f sdzgj dzs© o COYHEB2 dL YssLrdyd?2 (X, Y,
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S OteB sdzOIs dz" | d3d dzj tc O dz' tcOMmMmydlsr 9 Od
CazOmMMdW dS Oydsdadzts? fMnaj BBS2 . m, [ dlsyj dzc
BjlssHE dZO 6 Obtdkte SdhMazstesHO.

Alze dlsd o dats fiyls (fO)S i@itplipefil© o OdzOM: §ted
CdMmMizstctsH dztse s B OQtetsdzj Istc O -ts ANNHO  dech Sz W dizvt)
MtsH j oy Oded™ Istcj » o O] das dzif § & ts 9§ fi) UaftlstyO (CBEeEli |1
2007; Bellis, Canil, 2008). keofjttsdas
ftod Isj 3 j tolAISOOGT 1d1-TENN® #s4s ( tslsdetsd s § dz
sCMdH dzdCjdzv ), dO© Mmddalsj sdui MSdr MsMmisOc
odzdw dzgdw dzdtsBdw (Nb) d tjHSHBL jdgjdz dzr & ¢
Caril, 2008).

AStodsz ZO B Otetsd3j Istc O, f sdzkz yd dzdzOw  d3g s
toj etej MMdd ( MLR) dz0 S jtod d3j dzlsOdz! dzr ° ¢

®NNO -0=, 5/0( NO, 02@aNO |-WNDP)3®(KNe, 001) ] /

GH] NNDY jtc ¢ f)doadd jdafs | dvhizcdgo dife 59 O
COkdidz dzO Ited CdMizstesHO o MlstokzClskzte]
Fiotsodzj 20. ABtedszdzO otsMftesdL o sHiblsists g bt |
N1 dzseOtedW disdyj mcovw jHddzdy® d  dzj L O¢
COdzdtesosydese | hd ©®f OLCxmdr@ | (B 2007) .
fteddztsy j dzdW d35 B Ottsdy ste® ¢ ftodtesH dzr d3 ¢
fsHYyjteSdoOjlsmw, vyt MtsMlsOar  jtetssaME dL
Hd Of OL igitsjorn d OL j Bdxsls NMRO@E df 5 Hts NNO 3 6ls to jf
fstcWHCtse o HtojHjdZOR BHs?2 IstekzBCd, o¢ dz¢
o ts o tcj dzw CtedMlsOdzdzd L ©ydd . Clsts sBi W
dimssydzd Ok o OMmlsjdsmW jtej (BtSdZjj 200
Qo dzts o FRE'Y OEH (A delsdzs dH) ot otej BY 1 SHI
Bellis, 2007).

sthf J SstesMEsf dvY §ted dd deW &zOfp! HdzW dHJC
S CdEkYyjdlsO, CjddEOmdlsO d SOd ydildlko
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n O OCIsjtedMmisd S . r dzv  dfmMmdzi Hts9 Odzd 2B PSS ©
sBtOL YO dL Istekze S d [ OdzyOtd<i30f igdizek@®d4' delzts j9 6
ydteSsdzdjorn ctcOdzOls 5500 teds @ dr'Ogaf g Is i @ S H
tcOMmMmd wdzdw (st) ftese sH Jd dzts iy zO 09 lstsd30
[ detse st dzj dzj dzlsdz" 7 d dLBlstsfdzr = dMmimdzj His9 O
1 sotsmMdedtemMS) . wdfMmlsj B3O MdOh j dz0 d&zOL j tetsC
Blls dz2O 59 jton desfisd ©GBKL-OOWGGJ tcE az® dzdfc s f
Bl jJCIsde 1009) (ZeOs s cNABSB &ZzOMIsj2 ¢COtls
10071150, 25125 &Sd HbE" SHERSEE GBELOL
COtlsdtetso OdzdWV o 5B 5o dff didz ydd® - I et adrizj Iz s
RZOC s dzj dzdv M d ¢ dz@dER ofn) jSCAdBHT 2. Ists Y€ |

[ftcj H]dzj dzd J tej HE d R L dzj o34 dzlsts o ) tsB
Md ef jJMzEH A fodds Sdz0lsdz’ 5 d3j L sMlsOL dmsd3 ¢ d
[ OdzyOter d ddz. ¢.1. uwudRBjdzeddO §lczOsHsasth
RO j CIstesdzj stej EL-AN [ 3Whj 05 0RC 5 &3] |
mf 2009, Af.1.31.2010.06997, L Otcj e dMmlis
Olslsj Mistso Odzgdz" = & ssHdS o' f sdzdzj dedw dL d3j
tOMmlse sdeQalzlff¢ d fess"™ o MdidMmd SCdmdzsks (0
tcOL dzsy j dzad W ) ddzd MY dzOe dzj dzd d , tcOfMmY r dzj dz
dqdzHzC Isdo dzs Mo w L Odzdese s tcOLWGWHO, CGHJ ftot
Otsdis o, tcOL HJ dzj dzd d d seasiedzd £ ©B 5 615 tizts df tsolz'
B3OMMr € LOttwHlkz d fftejHjdzjdedd MmMtsH j toy Odzd
d dzls j dzm d o dz&ffls)jSRls teds@®@M ) dzj d3j delstse f tesB "™ Mts
f sdzlz yJ dadz" d3q ftcd fsmistetsj dzd d CGtcOH Iz d tots
tomsk.ru/ourmethods).

U-Pb (ID-TIMS) CBrtodsdzsedui MSdy dmMmdzj H-
BOMMT CddBjtedzdIs©O MM j Milso &zv dzd ! o dzOB ¢t
(6. #4Qptiw®BEZtGE). [IBt BIStosdzOo j MsEC fJ
BddzsC dzv tetsd3 o dsdizj 2 @ dz'd3dzts g ddiatsdplistd o ' B to O dac
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OdzOdzdL qtelzj d3r = WtcOGcd3j dzlstseo dzi ftejor h Oz
sBtcOBtSIsCd fjtesoamMCdlsO fteso sHddzOM! dzO
M j "dets Of tesBdtetso Odzdzts?2 H dzWv  G.te QLD Istfsjptc
ftesdMrHddZO Ekdz' stcOLokCts0 OW ydmlse o ik
LOG W L dzj dzd 2 fHEDsB tisdf ugBylsiezfillzIs. Clsts SOC Y
cOMCter s dBdSCtslstej hddz d EZHOdDzj dzdé Ise j ot
Mdzj Hze h j s s d @M CIdMdzclsdzOW BiOB S
6-8 N HClo Isj yj-80J &3dézzls. 1 0 L OC dz¢ ydlsj dz' dz
Ish Olsj dzt detsj " Is' vy dBIStetsdzOo j MisC o sy f dzts
d3d dzlz Is . R sdz' L s9 Odzinw 29d-P%rbls s @1 2zts ¥ flzed § O
fteso sHddztmM! o ttOMsotc] 29 N HR fnid sl d
1973) . S 9" mMizh j dzdzts 2 i smdzj tcOL dztsy j dzd v
HtsB Oo dzWw dzd S tdayd dzlstcdtetseo Odadzlze HCI d or H
Isd ud RpHzlssc. JrHijdzidd U d Pb thkh jmlse
dmf sdz' L 59 OdzOM! d 5dzdzs 5B X§ MEAOT 0 MddfisdizO( BE ic
9 CtdztsdzC ) Oy 1fdsdipdy ' ¢ RBsHdW dydtetso Odzadats 2
ddzH jtefj dzO ( Cor f u, Arnsdydsrogen , fif Xl
(Ca, Fe d Ht.) EHOdYdzddm' o 3,1 N HCI
d 0,5 N HBr, Mstslse jIsMmise j dzdzs. 1 O olststets
dm sdz! L 59 Odzed j§ d3 ( t5 dzdzts ts B o3 j2dpdpts 2 d3 Chipgs i (dsts iz T
CodztsdzC j 0. D5 MmEIso jIsmlsoadd ) BsHdW dydtet
(Horwitz et al ., 1992). 1 tetsyJiemnstds yod §Pis, €
JftweiHjdzdd] JLlssfdsets MsmMisOs O Pb d- U
My Sbtesd B o T Mmistodsnf yj ME sd3 ddzd HJdzOd3d y
mMyy syd<¢ o0 dtdeseo ). uvtsydesmls! ftejH | dzj dadW
fMsMisOeadd&z® 0, 5%. mtdsfistsj L OctwL dzgj ded j

[BtcOBSISCO 1 MY Jtedd3d dzls Odz! dz" § to 8 OdLABZHEO s fi
(Ludwig, 1991) d "1 SOPLOT" (Ludwig, 2
sBh jftweddawisr j L dzOyd dedv ¢ skghyls Otiz87 T6)0.mf D
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sB" ydz' 2 Pb ftedejHjde o MmMtstsise j Ismls Krdnwprs
1979 . 1 fmj shdeS¢d ftedeo jHjdg dzO ktetsodzj 2°¢
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1ol ¢e 3. JruvtfLtoARY[HSOC MOT OSU[TREY
mifrdosus 1L VIJIcC

stekzBC O [ PdaspPjedz0 § stesHO®R] f EOMMde d
Csltster 7 Ctdduimsots Cfj dsdkdstss MOH Y

10 BsB. %, Yt fLoatsdw jils Glsdzj Misd dmmdzj |
(Mitchelll , 1986) . sddB J tedzd 4z ¥ Is 5% Iz Bffxfj +
Ctozf desf stcW Jioctsots?2 MbickCIsktets?2 (s tsteded dztso C
oodHE dzj Qo dztdzj odzesets twOMPtej Hj dzf dzdw €
CddsB jtedzdls (HBB 10 B. % (M dsdzdlstses M
(sstodzd datico @ Ll 98 3) , sO¢ d CddBJtedzdlstso OV
f StotsSHT Bty SydjooOw (ststedzddzso ®© d Hts. ,

(M dzeszd sts9 sMOHBYde » fstesH (Mitchell,
dzi ftejorhOjls 15 Mmd3. dd tse dzogfitsls & dz@itpippisds
Smith et al ., 2018) , fcsteWdtesoar 2 € ddzB |
Csejtejdzsde” 38 d o kZdzC OdetsE dzOMmiIsd ud MSdds € d d3E

Il fMtslses jlsmisadd f §jbtesctcOW dyj MS ddd
d btstedyds B3d dL &Bj dzgj dedW 3d o Mmistesjdzdd O
9" HJdzj dz@ Isted ¢ ®d.L sdabPdzd e d s e dlL. Rdzls
dL d&3j dzy dedz” d3d ff stesHOMR]. wtejHdd?2 cBtedL tsdzlk
YjtejHso Oded j &5 B dzsC 58 - dz@d dfjtaigjsiB todP dgjp o ozt
fesyd Mse Mmjtef jdisdddL Oydd Cddsj teddlstse
COtcBtsdzOIsd L dtotso Odz d sC o Otcytso Odz o-1 dz
MistczClskztedzr » ftodL dzOSC O . [ shdesfylsd or H ] dz
CsdeC toj lsalizB?C d Is ddzHdo dH Z Odz! dzr . [ iMHE ¢
MzOcOs h ddisd +Isd bkttsedd, dzOB s HOB sfyw
BOEBOIsdyj MSdj SCStdlsOCIsT .
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31, vtekzBC O [ OdzgyOter
1dydzed?2 cetstedL tsdzls stz S d [ OdzyOteril 2 Gs Oc

Sls ojtndsj 2 CctoObpdgy | dd BBl j dL Kk dy
Cqe jtedzdsO®R] M BOMMIYLEE2 ©)S Msztes? ( B

my6uHa, m ®oTo kepHa kumbepnuTa Pa3sHoBuaHOCTL Nopoabl [opu3oHT

KapboHaTnanpoBaHHbI kKuMbepnuT
C YyTpaYeHHbIMU TEKCTYPHO-
CTPYKTYPHBLIMW NpU3HaKamu

0-30

BepxHumn

HavmeHee n3mMeHeHHbIn
nopcupoBbIv KUMGepnuT
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3.21).

didzB 9 tc alzO drjls cfdamej da? dzs 2

Mmy6uHa, m

0-45

45-108

108-127

127-154

154-172

172-200

t d®2.1

doTo kepHa kumbepnuta

) jstesc Ol dyj Ms O

PasHoBMOHOCTb nopobl r0pM30HT

Kap6oHaTnanpoBaHHbIn KUMGepnUT
C yTpa4YeHHbIMWN TEKCTYPHO-
CTPYKTYPHBIMW NPU3HaKamu

BepxHuin

HanmeHee nsmeHeHHbIN
nopdunpoBbIN KUMBEPNUT
C YETKO BbIpaXXEHHbIMU
TEKCTYPHO-CTPYKTYPHBIMU
npusHakamm

®parmeHTUpOBaHHaA
knmbepnvtoBas
Opekumns

HanmeHee nameHeHHbIn
nopcnpoBbIA KUMBEPNUT
C YETKO Bblpa)XeHHbIMM
TEKCTYPHO-CTPYKTYPHbIMU
npu3Hakamm

CpeagHuin

dparmeHTUpOBaHHas
knmbepnutoBas
Opekuns

HaunmeHee nameHeHHas
kumbepnuTtoBas
Opekymns
C YETKO BbIpaXKeHHbIMM
TEKCTYPHO-CTPYKTYPHbIMU
npu3Hakamm
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CodsdS O ktekeSd
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COtcB sdzOIs dzts clts  tdnjta fridsd® ol Is oLHj2MIsadw W
ftesyj Mimse d ¢shmdjHikzsnj2 §fhiskoec i3OIl dy,
YUd e Hso Odedy B IzsEEOdzdiz] & tcP 6 W @ls dsts dzls d e s 9
Mty H dzd &3 CstodL sdzls j . l J ten dzd 2 CstcdL 51
COtBBdZOIdLOYdj?2 d BSCoaOttyjoOddjdz Of sCd
dzaj dz' L v dMm¢ dzs ydls: W tc O ¢ dgjiRlsjtc s dadfiadgizts fy Qfdi
Cdd3B stsdzdf = IstckzB tsC By j IsBdihe ddrdjdisdjdgi® difj Isdatsdy
medLd.

R L orh jmeé oL G jtds MW tstdfdj tco 5§ L Oh dh
sddB j todzd Is st OB HC BESER fsdzv 5B dzOH O8 Is
MistczSC Iskztodzr B3 tsMtse j dadats M I8 WCdiyl, dztsts B[t tejiz ez oA G
d ftcl sBtcOLSo Oded j 53 © tejL lzdz OISy Mmd tef § dz
fsMis BOc BOIsd ud MG s ils AR U MCdd fo] st
sftcj HJ dzwb s 3 dzd d3@ 2t WO dzdzts s ¢+ - dzHi3fSdE] Idets
CddiB jtedzdIstse dzO MO = o jtorndzedr GeBtedL tsdzlsC
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Lol rovt ] JuddIMRIRY [ BSOC MOt dSU[ Tt RH
sRI{JtI RS MYdws [ 1L 1 ] C
4.1. 1jbtesidddyjmMcov SOowL0ClkjtedhsdsoO §c

RL EZzyd dzd 4 ~nddBBdyi MEsets MMIsOa © ¢ dd3B .
fticdowlL €52 ¢ 9 Jtelsd S Odz' dzts B3lz tcOL toj L Iz,
GJ EHAMS@L 9 JHBYdz" » MCoOyddz s O d& Odz! dz' o
4 3] dzs 9 O. tdtftejL jdzsOIlsdoadez § O©OdzOdzdL ' - dd
[ OdzgyOter d dadz. ¢. 1. ud3gj dztso @4d2% j HjftsldsAsee dr jlsdh

dzv st H]djddy W ddesHs dzdip@O of O d tafsr
stz Sd B &ZO ftedd3d dagj dzO Istets?2 dzOW H  Hiplimeg| d3«
1936) (ted M. 4.1.1), slstcOy O h Ow da o9 jh
1983).1 @ Ists?2 HJOFdcOdgldBdfishisOo s  StesH Is:
sBicBPt s SR OCIsdetsy  sdzj , dOG dgm jv ¥ dad gt j &5
9" HJ dzj dgdztsegts 1 . 1. s tstcded dzts o 52 fs tjLi
CddsB jtcdzd Istso ( & slsgadzdzis 8 ® .1dO HdR). dzj j1 968@BtY B {5 dzO
f StesHT stcze € d [ OdzyOter] MtdsHdidtapy @jds o dzO dsk jfic
BsdzjJ o' Ml di MH] ) Odzd(Vie dsif.fn d4fi. Ble. dA lis xe
f StctsH OrlW dztdip E{fOfds H)dz®@Il | dzls d dziff @ BSlls OL d Mts d3
Fedzj CdMmdztsisr 180 chdg@ ) FiOWIdR , 9 2 HEO M5 OMBD
sls 27, 47 30fy. 3 F,s28WtcOcd3] dzlsdtetso Odzedzr = ff t
MH | oy Odeafsj O B@ABOMH S %, O o tsttsHOR -M
Mistelz ¢ Iskz tcdz" d3d ftedL dzOC Od3d o J o qZdg lds todetsfto ¢
o jdzdydo @RAsMBOM.sC Bs tsie dMic s BZg OtsBE s todzts
MgO Hts 20, 26 &OfMm. %.

ANqecbkteOlsdoads | btsySd MmMtsmisOotses dzOd d3j dzj
dzd ¥ dzj sk || dedlasE L tsdgle® € 5. 0 .BQMYT dEg oy
fted dBzn j it tp slzdzfs &z H3e ff &6 dzd Is ts o (" te.cHfiy. 1Y j sCtsuafddd dz
d HE©., THB3)Cddejtoddlsss iyt zndpitasct d & d

TOEOCkjtedz® Ctdyj dEswOydw bktsyjS MefkOsts
48



Btej Syd?2 d COwBtdkOIdltser o Btej Syd?2, ybt
fesyd MOy O®R ] SBd OL Sl @Lizd df (Sedsim. . 4
ANdektecOlsdoedzr | Isy¢d MmMhisOetse Co Oyt O
stezB $d d 3. d. 1. H3j zZso O BBOL EZE IS SISH
yofmbsd HJOGLOBH" , Ybsts 5B ig ez B azQalats j Ak -
Ctoj dgdzj Smdiagls 4. 1. 1) .

Si0,+AL0,+K,0+Na,0
0 100

/ L4 [ 4 L4 L4 / L4 L4 4 L4 / 7 L4 L4 ’ , L4 L4 L4 L4 / . L4 L4 L4 ,

0 20 40 60 80 100
Ca0+MgO+FeO+Fe,0,+TiO, H,0+CO,
t df. 4.1.1. dOCEOBBO fjktesd ] dajlsdn

Cdd3B j tedzd Is 59 EROIMes8863QNsdecz B € © [ O dgp@t8'C,0 2 o
dd3) dztso O3 71 s dals d yJ dzdzd Is ts 9 (sjts te@atf 'daiz p P33 4 TH tc .
C d d&3B j to(giztf ts tzd dzts © O ), §1 SHAllzB, | L dABISBES o (5 {F to datf (26 a @
1983,671 C OteB sdzOIs d Is s 9(5 tp tc dedodztS oy @ d)f7 1 st 0 Otc 1y & 8 8

Cdde jtedzdlsT IlstekBCd dd. ¢.1. wdsj dzse O
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I yjdsd, Hdv JLEkyjdds 3 Isj jieyR0Rm@E Isq
fsEBHON COC f) OobtddssfsHse ds?2 Isj st
MsteS bztedsr &3 ftodL ZOSORG, O kOSYj kdgjc

BOCded " StosH OF BddL § So( 8 deteiE PRI Licso dzj -

RfMMMdzj nizg 3" § Cdd3B g tedzdlsr C dzOMMdVdydets
R. sBmMlsesadyStsets (stsmMmstesodysc&d?2 d Hte. ,
d dzn d € Ols ts tc dzFely, BOJ M5 sSOB dz. 4. 1) .

v OB d&zd YyQ IAetsln.d di3d ud MSdd Isdfej HE diaBe  tg d
fcso ddaysfgls cso d Y¢S d.2
) jsesrdBduj ] ! OOd) ster  figsizn jdt€ O0ds

sdqr sCMdHBe, d&OM.
MOtOCIsjted Ml FeQot TiO, K20
1 I GGdZJLC{GdZJ -er <6 <1 <1
Is d Is ©dzd M ls 1S 0,dzd g
2 [ Oc dzj L d Oaif't-d'ts <6 <1 12,5

IsdIsOdzd Mis'-Q Odzd §
[ OG dzj L Q@ ddzj detf
3| o Mustdds Odzd Mist 2 61 9 1i2,5 <1
COdzdjor 2
rj dzj L-§ ks ®dzed Mlst

4 COddjor 2 8i 15 1,517 <1
r 4 dzj L-§ s @dzd Misr - y .
5 Q@dZCfJSr 9) 8i 15 1,5I7 1-5

g Yd &€ dz& voj ddg"wazdzs &3O dz! dz' - ( 5 dgOda'] degf 2 Mt
sud d2d ) S EHdfdL Oydd SdiBitedzdlstse Of d ¢ Oc
B' d&zd dMitsd Lo Odz fgy i jJOH@ERG X O tz8 g jiz0z§ v 6
4.2 C)OyfHEs?2 stk S j

1 5 kMmis Odzts o dDjdadetz dglz LdggOnydj dzd W d3 d dzH € Ols ts°
CdsB jtedzd st Istekze S d [ Ok @i Lkl dijksi@udzs, fiy s sddiz ¢
COkdjotsdiz b din@GOBw. ©ZO. ks, ylsts o f)
Of S Odz dzgs2 yOfisd HJOlstej dgr % S feh@ @4 B W
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BOMm. %, fEddshgwHad@dedz | ) dzsC Odz' dof &3 k29 j

BB L sMsOL dMj SIHjdz dzf = tBEKOL Yytse.
v OB dzd U@ WR].Is Odzdz § o3d HdOdzdz" § L dzOYJ
CddsB jtoedzdIstseo IstckzBtsS [ OdzyOte! ¢

steke ¢ d FeQu TiO, K;0
[ OdzyOts 10,26 3,69 0,35
qoa. ¢. 1. 7,76 2,43 0,44

s ddBJ elsiadliss € dd3. ¢Misad dzO fipddy daisidaOqUQ daatf™
qdzi S Ol stedzr & ¢ MdHsE dflevasipy. €4 j &P &hpls
o 1 ) sStss O dzd ) ls s dd daft @ls sdfkz 3 (lsOBd 4.

1 © BddzOtcdz r 9H JCOHACHERHDAO CS5HO,-Cal, SiO-K 0,
Si0-CO,, SIO»TiO, d SiO»H.O (tedfy. 4. 1.2), B ®&OHOGE N
GdsandBdUud ME 52 ddal 5teBOIs dsotspfifidn IS O, 0 5 & lxftal
stezB ¢ [dOdauddDter ¢. 1. o d&3] dzso O-ff figdf &30 Is @ &= dizis
BOL' HOdzdzr = ¢ dd@Gualignicalzdl|s2825eKDE-{ ts ddernel Density
Estimationi sy j dz€¢ O f dzslsdesflsd # 6@ i © g Mfiag dizd Ly =iy
C Ok fip@tspjddeSzts Is dzts ls d  t8 A Gyded) LH thEs@ndadO O¢Hgroliteé
(Williams et al, 2020H dzv o " H j dzj dzd v dzOd B ts &z g 3B I$ b tflzaff i3

DRI

s misOBB j dn dimfmdzj Hiz ] BEE Odzdftcte s BB dzO
ded L S tsCtoj dzgdzej L ¥ oz 30 M3©ps QDo tss ([ HisO o dzlz |
CC dztsB O daize j to dzd Is t5,9, Moy B@EERE Isj ted L kb Isyw
dej Hisf)" N j dedetsfyls' 5, ftsor | dzdg" d3q o(MgcOm .d  A4S.diC
MsedzOmizj shmw M ¢ dnHQ dedizy @i @y af, d202§.d dic H
B Hd Odedzr | MistzB g j oz Is  sMmdzj Hdzd d3 € dzOMmf
BSEOI",Rm(6CA3 &OM. %) , dzj Hismr M j #2820 m 9 C 3P
dz stcOtsMmdztsd dzf 3 @O O%)j dxfs yegelpilz’ (52 O, 78%;
30 M B e (@earsoretal., 2019;Kjarsgaardcetal., 2022).

ICotEH dIERINGH cdf. 4.1.2, 0) MsflsOs’

] Zs9 O Hj Bsdmstdky s ©BLOIdEY CStj
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¢ Odz' vy d stisej wi@jtliani et al, 2025. ) ©d L dzOS € ds ds © sz
fdsd " Jd dedw € BigEzy j oy B@GGECEBSH delso toj 3 dedzts d3
3 HdzWj ite b iS¢ dzOB dzf B DFylsie. 1. 2)

] CEstHIAWIRMJceOlsdody j ktsySd Ml
yj &zsd, dzj §sS@dE B OE st E O&s]diisdglzg? oL ot
stejdH ko jddyjddy MtoHjtey0dd?2 kdkOodkd
(tedf. 4.1.2, H). sddBjteddls’ ISttkzBtS [ C
feOChkduimMSd doj fjtejSter 9O@shdgaomw § tsdv
d dz' d3j dzd Is O drf dels@csdzjlzioz{-G e dejd st iatani of a, 2029, Y ls
e oMz j My M d&ddaj tOdsedyj MSddid H Odade
LOdd ROt s Bisdjj IdlsOddmkslkzs B &OMls: , d
ddz: o3 dzd sts9o SG 5 Istc j dzH O, yls ts sBJ W fydzw
fdstesddd Bidded Isd s Odzm s Mif s @F ¢~ Bdglzi PGP
Cde j ez sOF 1t Isj &zO.

1 0 HJOGCt@BBO- RILSMBMIsOor Cdd&B j todzd Ists
Yd izidg, s dzmistedtelzs Is 5B to @ defidy.  SAGIGip GRS dzte ™ j
ECOLT 908 ls dzgO € dz¥ yg o K¢ts dafsticdz dg & @ pizfs 3§ ChEzD W
fSteslH jC st HSORRPOBE]M. 4. 1.2) dOBd HOPR ST
YyoOfmlsd O0dzOdzdL s tsBjdrn IbttkzBtsS o B d&ZOMISC
MtsH j oy Odzds COdzdvw MsMmlsOo teteal, ¢ § BR 5 b dzd Is ®o ¢
JHddzdydz' = cor" BtsMmtse & ) dEESpdvdyC@izzdds ~d3din L
o jddyj dad j Rls mjztizr tlzr B tBteOL yoOrn Mtej H dejod s
BdzdL C$Hzyj dzlstcOydwrn Ca@Ge BB tc dzdz® g g Is j
WdekteOIsdo dz n IstsyjEdzindstdyls O COdzAsHe zoff Gsjdifry W) dao
MHj ©300M%IR 3 &OMm. %) ddesised@s€adcdds. ¢ .
ftcj 5B dZOH Ot Is B t§ dgjzf] Yy FPMNESE® dzip ) § dzd | stsyd ¢
Hd OC tc BRKO&® O JICSI(BdM. 4. 1. 2) MscdzOmMEkzjls
H Odzdzr o3 , i tsH Is offj tdoch) fiy O ilf Igfedgffjo M C o Is © ) s
CddisB jtedzdIstse IstezeBSCd [ OdeyOter d §sor h jdad
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4 3] dzts e O, GHJ 1 Is tsIsH tsdggldddddidcdrer M o tbipts P v 3.
Cdelg cdzdlstse. 1 dLSdd Stdzyy dzstcOydd Ecedzj €d
Bsclzls B Isfg BBHzy Pdey dzls § dzfy dGiudiamiet ali § 2026 Yy d
fsdedy LBEY L Mdedy j dzdv Csdayd destcOyd?2 send
Fedzf CSdMmMzisls © bk A WA Iso tojtGaty s @GHIs e o Iseo | to
tcOMfjdzO oy s6 &zZOMdes ( Zech et al . .92 &35IB,] tof
SBRzMmdzse dzj dzts H | G @Mmaxn ¢ ko & W) firtr@q O Ergjyded]
H20 dz0O flsOHdd f sils 3OGE B3O Is d, Y JefipLinmson gt §
BOE BOISdyj MeEd2 ¢€0O0dz ydls, ylsts ftedeatsHdls ¢
vO0CB2 CtdBddedtetso Odadz” 2 + W W J Cls SO (dg off figf

4.1.2, €), €EH] WdcbkwOlGodlsiss stig&d S djt
ftsdzad > j dedz’ 8 MtsH jtey Oded j 8 aedzj S dmdzsisr o1 I
fsCOLT 90O h &g o dzd W dzd j (o 52 Hj G

fd tof J dzls d @&fheOal RORS) AdcecbkzteOlsdods § ¢ 6§ BBS 6 dzdf
stz Cd [ Odey @AeBd3] BFEOHORE ETLEARB] OC sdets§ ff 5
fjtejSter 90h jjmw f MoMsOos OB S ddiB j tedzd s
i), O dfn twOMmftjHjdjdedj HJj Bsdhistedtelzjls
SIO,dH,O. [Hdesotej d3j dedetsj ko j dzdyg dedj € toj d3dzj
Mg j dzZsddzd L Oy etjal EGRGINi. adiffj Lkt fMtsc zOMm
Mjtef jdzsddzO0 o dBjLMsOLdM SddiBjtedzdlstsse |
HOdzdzr a3 f sdzz € sdzd yj Milso j dedese s toj dzls G j dzs W OL
([fOteddz d HEdMBB B )ssor tetczBCd dd3. ¢. 1.
dzj dzOB dz* HORMOy O juligzj jo MmJj e j dzsd dzd L d tet
COdz ydsssotsdg MsmsOesj RBjLsMsOL dMO.
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f dztslsdgsisd WHt©O HdA&YW or Hj dzj dzd W d dz@ddeBodd )t
Pyrolite H dzW sBtcOBBISC d odLEZOdzdL Oydd O ddgdszts
(Williamset al, 2020):0 SiO-MgO; B) Si0-CaC; 8) SiO-K.0; @ Si0-CO,;  $iQ-

TiO;;, SQ-H0. L0 jlsder a3 Mistej dzC CodidS Isofatas B O yifj talgr H
dmistsyded CeDaz] v ¢ hodallsd @Y d MsMisOs O S dhiBj te
9 C ZOH A3 BOdzlsd 2 dzr A Cjdtsdzd stse / € fj dzES to
BOGC BOIs d yj M dGiulidpifetn), e @205 ) , O LOCY | Istej
HijceoOLOydd d ftsmisdz0c B30Is d@eghietl 20250 j o j dals

[ dzw MtcOo dzd Isj dz' detse s Odz0Odzd L © B 9 dlaRec iz
Hd Oc tQEEK|H.3, ClststcOV ftojHMsOoadw jls M s2
Factor 1 d Factor 2, t©0OMmmydIlsqddtcds d3dz@O!1
QdOdzdL O (fr¢) ~dBdudmsédn MMsOetse SdB3
et al, 1994) . szt yJotsyg ftej dd&szh jMmlsats 1 1Is
oL Bsy detsisd EZydls™ 9 Ols! tsHddesotcj d3j dadetsj o d
ts ¢ f d-+81©9 TiO,, Al,0s, FeQ, MnO, MgO, CaQ NaO, K-0 d P,Os.

dmSted &3 dzOIsde” 4 WEkdeC ydd twOmMmudls" o Odz

(1) Fact ofaX)ay x

(2) Fact obiiXd+bo, x

CHp d b i St W¥Wdyda delds j S sdzilsOdzlsT  H dz
HdMC ted d3d dzO dzls deTayldt dr atzd994) 2XOMsH j oy Odzd W 6

1 OHdMS t6d BdEzpBeas @ dgdfl.y v j 2 dzste f MBS Oo
shdetso Odedd ftojHMisOoadlsj dz2 dese s Ctsdzd yd Mise
CddsB JtcdzdIstse d ttsHMmilse jdzdzr » dJd3 f StetSHI 9
sdzd o d dztso ' j OB etsdIsT Q2 dkzdzd ¢ dIsr , COod
Cdase J dzd BA)dEBEZfP O Y Mmdz¥ HWdz jIl (FagaEs J &
al,1994) ) ez fIAydI(B)B" d&zd o jteor j orT HJj dz dz' Smithdzd
etal, 1985 , COC {YSHt©OL Hj dzj,dzddzO o tsifipdztica] O dgdiafz f
dLkfd » d BPLOCdkd eidMBqE ¢ ) dsOW ted ¢ O dz
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KaJbLUHUTOBbIE
KHUMOepJaUTHI
6 -
4 @ e HMOepJIHTHI
N rpynnsi [(B)
) o ©® Ce
— 24
S
1>
&
= (-
rpynnsi [(A
-2- KHUMOEpJIUThI
rpynnsi 11
-4
—6 ! | I 1 1 1 1 1 !
4 3 -2 -1 0 1 2 3 4 )
Factor 2
@ |Manuapsi © |um. A.IL. CmenoBa

t dMm4.13 1 dMC tcd di3d dzO dzls dzO W HJ OG ts O ZAR0O, i s
Bzdz! sdetczf fscosets HdMCtod d3d dzOIsdztsc 5 O dz0 dz
fJjlstetsc j dedz’ B0 41:08 B8O, (MNO, MgO, Cal, NaO, K20, P20s)

f sTayloretal, 1999.1 sdzv GCddsB jtedzdIlstse d twwsHMmIse §
s ¢ dzOTipdas et @., 19994. s s W W d yddj dz6 s dzf lsHGidgls ¥ tc O )
HdME ted d3d dz0O dzls (Backbr 1Y Badafr2) ff & d o | HigjQdr" tsTaylor dtal.,
1994).

ANdektOlsdoedz § by¢td MtsmisOeatse IstekBtsC
H MEC ted d3d dzO dzls dzts { tc JHlA G e PdgERgzeM Istc J oz & Is i tc
dimmdzj Hzj 3" = Y tetsH €I, ¢ udgas] € dedfids@dy daa ticlizq] §s!
W Iz dz€ hagtdrl (Tayloretal, 1994) Mtstslse jIsMmisokzj s k B3KML,J dz
TIO, dP,Os MtserteOdzj dzd j d3 BOGCdzi L d Odz! descts n O

stezBts¢ L Odzd B3Ot Is e yzssydzy B ZAMWB)
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di(B), yOMmlsdydets § sf OHOW o f sdzj Gs@e\j fldstgo
dzO HdOG tcOd3d3d M MifsiclsizOindzig Gimd' U J M S disd gl ls G M
WizdeC gaftdra(ted . 1. 3), BlstcOy O h j 2SO AMONRD) )
d COdz ydjots?2 MmMtsmMisOodWdEHd&E0Olsyadzgis OO
[OdzyOter d ddzs. ¢. 1. wd3j dzso O tsBtOL EZzEIS HO
fsdzv ftod B dzd LFadodsurdzj Offf Gadtg dzimtsmisOotse Cd o3
d.1. w3 zso © 9 Mistetdzz B Eadtgryts sidg®ddzy QliEs) d
COtBBdZOIsdzr d@3 MisMis Oo tsd3, ditisYe@dad L Ay diyve S d et
McMlsOea © CddB jtedzdIlstse IstckzBSCd [ OdzgyOter o
Factor2me w L Odzets f BGdzr h j2 HBdzj 2 Mmd dzd SoCOsCdis)
tcOLHjdzjded] Mtslse jlMmisoalkzjls §JibktesctcOW duy
o dHdBsMIsd, fn tc OL dzd ydzts 2 d dzls § defnd o dzts s
fesyd Mse o SCOYHBR dL dhfdjHkz] B ~ Isj
My smtse dzr Mmizh j Mise | dedsds ddttsHjddidd"y ditdniatSpladzset- t
al., 200§ M MmMtrtcOdzj dzd j d3 tsBN j 2 f tcd dzOH dzj . dzts

vO0Cdd CEBOSBE, HEPEOOMmEHEstEzs s [ Odz
dds. ¢. 1 .f cu dfclideo0® b sy dis fitfs o dzd UsC € o
C dej b dzflec@dflf 1 5 §jlesidBduj MSs2 § &Ommd!
[ OdzyOtr Mty fsdsss Hlssdlz, ddL ¢S 0dd.
CddsBd tedzd s’ ddstezehCd 1 . 0 udg)czzp O @ dzj dzt fls
o' MsCcldlsOded fls 5Bz, dadit € tsGPueA] g ® dzafisty I af i
fistesndidyui MSdn bkdfse, MtckOmds (sl
byOfmisdj Oflsj dsizi ez B) ©ONEQiz &3 Misis da
COkBdOldy 7 Stdiftsdjdsss d o S dd
L ls Odzs o dzjdtfdg ¥ teIL HE Isj O] € sdastetsdzd el
d dels § dzid o detsfyls+ fsmisd&30c BOIlgdey s Gk £ @ dut® jo
TOOCIjtedyr ftsor h j dadz jYf dHSHmiR] dis Scif domefdiss T C 4
9" 0Oy J dzdzOV MJ teftf JYossdizdiL d2dg div MsH S& i O datbw
HjcOL,Oyd jBt otej BB IsCtodda(R.d d¥B. | teldas Bsezql js sty Q
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¢ Ot 5 dg@3g dz'ts MsdYL difis o " Bdfuslel | o WPORH ¥ od  BJ de!
Mlsd Yol " e W J delsd dzd L Oyd d

4.2. 1iBrdddud M A&Vd dseQaaiEddsited Misd ¢ O

RLEZUWJdedd GJBndd3dd dfiplipdepHH M jsdgrOjf OUafdgss,
[ OdzyOter d di3. setstEO" pdgj dzteg O | ke didxizp dgdat
dlstczClskter twjHECBL Jd3d dzf dz" = 1 dzj d3J (Me&Dsreoygh, dzt
Sun,1995) ftesH j B dzhis tod 6&D10dzr 2O tod Ml dzs j

[Bhd2 tdhkzds®] HMYdE Hieasse Msf sfils0o
Cdke j edzdlstso Gl § (Le Roexdtald2808)(eifWie d i 2 1 &
sBtOL Yyon OB dzZE HOjIsfqw  WteOC ydsdad tetso Odzd J
(LREE) tGlsdshdljd ds lwyjd 5o (HREE). 1 0d
TOLOSjtedL i kY fstsH' stk Cd dd&. 6
ke OtcOdzdzj dz' dalz ¥ MlstekC skl t©OMYtjH] d
TOwOS sy tMarsd S d Midzj H s dg @R dIEsiEzds oz B 5C ¢
sudgj &Zso O d [ OdzyOt' ©BGEON jdzFr ofMjd MY jSls
Cd®B jtedzdlsORd [ OdzH-f @ik $ 2y s He o dAPC aps? ¢ s
2011) (teffm. 4.2.1,

{OMftejH,jdjddj o' MBCEL OeWHM 7 1 PR
Ti) dzts te 3 15 0 Qe dfd Is d o dzts @McDodg@ylzls San,  1995)

ftotsd dzdz¥ Miste d tets o MMEts WdA® fipte HnJztdef QP ded ¢ MMKbzj HE 3
fstesmesf smMisOe dd3™ M $ d BB J todeddlsiQ d3chd)). ctsA O
(Chalapathi Rao et al. 201 7)o dgls MizdstdNis@ dfd 2 M ¢ dzt yOJ Is
MEeBHEC ydtsdzdzr = tc Odn {f dix@delisd 7 dztelals dag jsls O s d30 Is ts

RLEYjdede' | fGteSHT Hj Bsdhstdiokzéls &l
Hj BsdelstedekY ftod 1 ssd B EEdes s Y |k ez fzsC &
[OH' &ZMC BeH O d®DEEEs fdzj?2 cs?! (tdf.
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= | ManuapsI —@—| um. AIL Cmenosa

tdm. 4. 2. 1. § scskideddEdBmpdgh,jSun,1998) ¢ § ted d3d |
30 dzls dedj) (McDonough, Sun, 1995 tsH j toy Odzd W tcj HE d R
CdBjtcdzdstsor 7 I ORBHLE BBE 5 .M iPEAET dahdets efts H-
¢ zOC[dAste n  dfnE BEdsSd dz df Bdaj 2 Q@ Ofl@Eo ddyd@e s
Roe et al, 2003)
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1 Od B tsdzj § o M dJ Cdzyd dzlstceOydd ydte
CddsB j cdzd Ists o steze¢d [ OdzyOter , fMsH j oy ON
CtcOdzOIsso d COdzr ywds dqisl®d - v isB g @y P&z v 0 Ote
1579,66ppm( § ted dztsy J dzdp J M2 ERsmisag ISB WOMY tesMmistc C
B dzj tOdz! dz" = W OL . I CddiB jtodzd sOr H Odzdats 2
B dzj e Odz" , ¢ tsdzd yd Misppry s SsepdedOve (dsisl S 2fpts
1L dzj 3 dels© o CddiBjtedzdlsOnr IstckzB S d dd&Bppmo . °
r Odzdz" | o j dzdyddzr B dzdzZrd d ¢ © dz€ 1§ delg 5 ezls §& O 4 d 3¢
Il 1 mMMmj dzstsdz (White et al ., 2012) d 1 JdaW tsc
ltejd3! jteo ( McDonal d et al ., 1995) (sOBd
Yyt sdwisg odzd IsOr IstczB S d [ OdzyOter MmMtsec dzO
d o MmMddzdzdbs 1 Jj hinj dibtchedl, d 1 9 § 42% 5 dzig g & Szts dzd
COdzr ydqtelsdls 0.

U OB dzd \HAS HA.t3Y.0Odzd W BIsH jJ dz' dz" = t6jJHCdnR
stczB ¢ -[MOREPFHSEts fsdzv d COdz' ydppme '

vtclzB 4 d3j dztso C [ OdzyOter| I {1 M1 dJ jdWisdz 1 tcj d3
- 1 2 3 4 5 6 7 8 9
Rb 15,68 54,56 1,94 16,24 123 86
Ba 2258,67 | 3064,28 | 94,07 836,40 | 2136 | 543 1260 196 | 548
U 3,81 6,38 3,49 4,54 7 8 8 2 6
Nb 197,45 238,30 | 228,07 | 220,19 | 298 | 510
La 135,10 242,09 43,45 184,23 | 203 270 309 152 | 206
Ce 269,82 476,80 80,29 347,22 296 | 396 600 266 | 334
Pb 2,32 1,55 4,85 5,53 13 18
Zr 272,53 426,85 | 415,26 | 1579,66| 439 | 1399 1150 385 | 849
Y 15,30 23,57 11,61 15,47 39 49
Yb 0,83 1,12 0,43 0,76 1,04 1,36 | 1,27

[ Odedz" | 5 MBHjtey OdedW s tej HSdR 1 dzj d3j delstse & COdz ydlst

(Whiteetal. , 2012) , fd dztcDonalgletat. t5 dzlsl j90dE ) (,  Is hzloRaldletal 998! j & (
H4tse dzOMmdzes ( Gi ul i ani et akr.H,dzv 2 E25RB | d

SO0 o OO0dz MEBEts € tcOlsgpizO® Cn tsHXABYO o wiaf gpidatc iR B c
fsLosdzw jIs MHJ &zOIs! 9" 9 SH s -[19Rdg,¢ sqtsts { 1

MsHj ey Oded s gt tsddvd BBt dzizi ls Oldzd st § §or Y to
sesdj ke, Mksdls wlsdjlsdls!, ykts §ssor !
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TOEOCkjtedy Hd&Y SOd ydkser s Sddsjteddlst
qLEzujddzr @ CdBjtedzdlstse € {2 ctkffj 4§t

wdzj HE jIs tslsd3j tsu tsq f) ) dyjlsHslz jrdgzwa-f B3 fGL Bdstsist
nOOCIsjtedzO o' Oy j dzdzOV s iEd iy Ols g jz2 dz s Is =
Wodw jlsfqw ModHjlsjd Misesdg o3d dad B30 dz! detsG 5
et al, 2003)

stekfdr j ddlts¥dgd df j 1 dzjdgjdglst LILE
hduesChky o0dOydy s CealffBazjc®id & Istks ¢
dzd L € d d&3d Mtsch JuepLlOfipd W AP e OC Isj tedL ¥ sipw ¢ d d&3B
TOEOCkjtods d HA&Y fstshl o | @SS dh D isE dj
B). 10 §dkOodyr j Mkef OteOdzdzj dz' dzr j MlstelzCIs|
dMmmdzd HEZJ B » f 5tc s HGsHe JdpGKist @REOERPY iy, B a

sddB jtocdzd st IstczBSCd [ OdzyOter HJ BB dzmlistec
K, Ba d Rb, vykt lkddyOjlk o l Ikttks ¢
CBdeyd delsteOydw aizd s g md3ded)ic.B | sdafpdiz] Salsjs o (Iste
MtsHj expCEdw , wkzsdudY d yjLd¥ ldj yosls:
O ZOYdOdern d dzM € ¢ BftddEZj\pr CddisB j tcdzdIstso dL &
MtsH j ey Odzed®¥ twwkBdHdW, o yYJ dzts &, M shisOs
OWtedSd.

RfMMMdzj HEZj B | GC8EHXE ydBss@Bsd) j GBS
f stetsH '™ Istclz /e Roexetjal, 2003%und . , 1t . d . & d (ks Roexezd
al, 2003)(ted . ,dt. Y. MsfsMisOaddzr i € d dzB j tdaiydfiis
4.2.1 J) (Le Roexet al, 2003) 1 [z dzIs W tisdfidis.j 2 43L& Raexet al, 2003)d
fd dzdzts o | jiefigfi)j dzlsHfdp Ragxet al, 2003) [ Isted yOlsj dz' dz'
COdkzdw, twkedHdw d IdkOdz® o 5y dsOWtedS (
fiosddzls] toff o Isd tctso Qldz' Roex gt al,f 2003% ) £d ¢ sMsB
fjtecodydets?2 CddiBjtodzdlstso s2 dBOG d3r .
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AdektOldody j ktsySd MsmlsOstse ¢ d dgal s d
¢. 1. wdgpl EBEBEBLY dO tOL dzd yd Wz0e M PBdi ey O
Hj Bsdmlstedieks s Moty d2 &BjyHk Mess2 M jCL
By il ModHjlsjd Moo Ol! 8 jHJdes?2 H W
Yd gHistetsH " MAQdgfSsc 5§ s drv's iz distis ©9 @ ils d c
COMtjHjdjdd " MfjSkttss KJStest dj &j dzlstso
¢WtedSd, Udd3 M Sddsj tedzd ISOBkRY -~ ¢ @ird s dzfy ¢ 8 ¢
CqdB jtedzdstso 52 lstis o ez s zOc O s xtzdely 'tz
L Ss2 Misjgjdd v § d&zOo dzj ded™ Mk s S tsdelRdestr} dzl
al., 2003.

ussilsdztsh j dzd v dzd Mse d3d Mis d 8/F d @BeFD tedzj o
f sHo Jjtey J da o dzd W dzd ¥ WicOC ydosdedets?2 Cted mls
(Chalapathi Raoetal. 2017) d Wwedzwes Ilsfqpw o' MsC sd da
tcOL dzd yj ded W € d 38l § tc dzdb it 4fstccOtelzz L Woexee) al., (2003;
Becker Le Roex,2006;Coeet al., 2008;Patonetal., 2009)

1 sdzlz y§ dedz’ § 2 MOAIs (el ' dzddv.o2 . Qd d3BQ tedzd Is O
[ OdzeyOte’ d dad3. d. 1. 3] zso O Mtsf sMisOb d ¢
S01Q ISOC Y] HJdBsdhistecdtekze s MntsHMIse s GiB),B O
Slsdzdyowm! ftod 1 Istd-ukly GdalQd ClsfEoRBRTde) | BHERS
¢ Is dzO dzlbefRogketal., 2003.s ctsd3j Istsets, € RO Iz
slsdzd yoOs smw ©ls ¢ dliddsdjfftcdfdns s ot . RQic 2, f 'O) , H dz
Bisdzj J 10ap® §Hded W NS dzt)io jrdzedPzdz § ) CStesot

uSslsdztsh j dzd J dzj Mtseo A3 Mis CelPb ¥ o digy F Isfiw dzf
CirddBdud MSdds ddznd ¢ Ols stetsd3, fsLotdzws h
C(stetsotsets 99 JRBQPANBOD dfCalEsdfip ~dEstasRakzd &t al.2003
Azzone et al. 2018 . ) Btsdz h d dzflsoe j Bdtotso 1A Is & «
mMetsilsdztsh § dzd § dzj o' ants¥4fGls [ OtcdOiftez ts2dz +
cOMmMf dzOo s, OBr BHdE'B- GiftcOY OjIs dn ftetsd M-
OfMmisj desthts | gips s ydzed € © M d3d dzd d30 dz! dzBeckelSLis tg s
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Roex 2006) ] ftotslsdo sl sdztsy dets fyls ¢ 3 € d d3is g t
CodzsOBddzd tetseo Odzdz §| S dd3B J tedzd Is'C eH JPAIE defrids tds
ddyy® Mudlb fteddi3i mMd ¢ ttetse shydsd dey B dg Msie OnJ
2020.s d d3B j todzd Is T stezBts¢ [ OdzgyOter d d ds. o .
My smMisOodd3r M SCddphpeddlf@Rd LeBREEX (ttd
B) , SHdZOSC s Glsdzd yos Ismw Cells m tdEflscdzts 8 § did). d3 ¢
1 dzd )y € d dz0QgPm| W dzd L OW S Mdtetso Odgr o COdz y
gdzt f [12C€ (Fulop et al., 2018) d [ OHYE
(Zech etal.,,2025). © HJdOCBIBEHIssyYySd MtmisOo tse G d
[ O2ME Gt i s dzw sBtOL k28 Is d HJdats § i sdzj
COdz" ydlstsor a2 <€ ddis j tc dzdsldsts off ts(Hidschfj.tc ) 41 .03 Is2 ,Is
1 Ciistej dfols sdiSsiCePOZFIls! d dzad -~ OOCIsj tedetsj
l, dets o fnd N4 te]j Cuiz! dgetsdgd, d3@nls' sdstmdjlds frpistoolzdg u J o
(Le Roex et al. 2003) d, fts ofMmj2 ojjtotsw
ftiodL dzOSCtsd3 S Odzt ydlssoar a S dd3B jtodzdlstsea, { 5t
stczB S [ OdzyQuadzj dzsgd @. C o+ sts?2 ctolzffj f sStot

s ©d d3 sBteCRrddy j dzellff J toj L Zdz' IsOIs§ fJlst
dimdz) H s ©O@edgpddH j Is] dz' Mysdsz Sl &3B j tcdzdIsT O d &
[ OdzyOoOter d dd3. sdshvlsths] &g @ d dzsB B I getfigis
M sMisOo d d3" M CddiB j tedzd Is O 3. 1 dstoc kzfitf @ 5 Is ddts h
ddzH d G Olststedzr FeQots Tifgd KO € d d3B j tc dimjidsd J Olsizy O to
mMtsis e § Isyndsdejziklddnlis @datg th) Isdzef LOG g3l diaf4 , ¢ @ dsB | to dz
wezg 3. ¢. .- B3OBLHaRE @ dzj dzf M ls 5 d3zd Is Gedzdfriyds
dzd L-E Bdzd | o ts Bz s fstsmistetso d y& o &2¢ d d3B fotc gzd B 8 ¢
sStezB BOOCIsp ®BEzd Oydd, C & diiyticfipled dotz g d3" dgj L S
d dzls j dzfn d offditshijdsds G ¢ 3O i 5 € @ LSO didj2dzdz" 3 O dagftsy
sCMdHds?2 (HYOttsd dd,d&3j ddfdstetso ME s O) d B
fdtef j delsddzdL Oydw, Msftetse sy H O8N dJalrfydzifHshylis
Hj cGOL Oydd, ~n OtcOC Is | todzr Hdzw CddiBJ tedzd Istso
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Cqe jtedzdlst Isteke Cd dfdg ¥ lskj § & S O tasds ddod® 2
Slsdzsdlsd dzt dzgs o' MsYdd NdOBEZ S tNBJed § dZC O MJ tot

a Kumbepnurbi
100 rpynnbi |

| MORB: [ oIB j

« &8

=
S 104
z
KoHTUHeHTanbHasn K"Msepn"lTl"'
Kopa rpynnsl
1 . r
1 10 100 1000
Nb, ppm
100 it
proTam—— ]
KumGepnuthi
( MORB ( (0]]:] \w
£ —
3 104 Kumbepnutki
Q rpynnsi |l
KoHTuHeHTanbHas
Kopa
1 : .
1 10 100 1000
Ce, ppm
@ | Manuapsi @® | um. AIL Cmenosa
CHan Jdiik | JlaiiBuk | Majpkyaraa

tdm. 4. 2. 2. NbdU@dsCaZzR'6) odzd™d d3B | te dzd/IsGRAfry Svsaidd
ff s Le (Roex et al., 2003) . 1 sdzj BOL Odz' Ists9 s¢J
b Is dzO dzlsQfB) d d4@ dzj ) j dzle Rines £985Q ERIzexet 4l., 1990;Le Roexet
al., 2003) . 1 sdzj B O@xdzds s p M Shrker) H ) tdzpasls 5 9
(MORB dzOdzj M dz'Le Roexetdt@m@&® 0Q) . 1 sdzv A dts |
9L WIsr Le Raexetal., 2003) . 1 &20yd dzdw  Hdzv € tsdzls
(Rudnick, Fountain, 19954 sfils O o ' COdzr ydlssor o € ddis J t
oL WIsT dL (Ful op et alHO2L£HO Y & O (@dehethb, ¢ d
2025).
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) StetsH ] R sHs zjsdstE dzi s to oz 16 2 &) § © ts Getizgzj -dz'
My j ClsteH j i3ts dzils Woet@Lsyhddsjded eso Odzdj LREE, t
slsted yOlsj dz dz' j RbPBEESETA| d P KMy sfls 0o d &' j

Cdae jeodzElR | 5y des 2y @WHYJEHQC O ldsts B H
fpwiL Odedzlzs f dedL Cts2 Mlsjfjde 8  dzOoe dzj ded W |
(Le Roexetal.,, 2003. &4 ssIsdztsh j dzd W dzd Mtse d3 ) ING/d3] CEPbizd ¢
O kOCYJ] VWil sPhe kRl REEORPC sOn Cdhs jts
[ Odzy Qs d d3. . ) Hithtideswl® Mo sHMlses M, ¢ d
fsHboajtyHOY fsdmntyH]dad] dMmimdzj Hizj &3
sy j eds? KBOddsdd §tod dsdded BOd des i o ¢
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Lol ofdLrtof?138 wfuvol srRIm[tftifory [ ]
fosusfad YL cC
l jstesctcOWduimMSdj dMmMmdzj Hise Odzedw € d d3B
HBj Zso O S OL Odzd, ylbsts §stesHT L d3j dzj dzr
f stesHOn MhteOded dzipvy dzOB Bt f j oo dyds = BOG
ddzisj ef tod IsOYydd EkMmdfsfo dPR Saets{drplsupizfizd € @B J t6
b dOdzdL dsteW sdzsedyjmMeédrn thtse j dadetsMmlsj 2 4
f OtcOGc jdzj LM fsLotsdzwjls tj Ssdzmistczd totso |
dMssteds dmMMdziHEZj B & kidc d MtsfshlsOels: |
ZOMlsswh j2 CEdkzOoj §fdjHB Olsj dz' dets te O
~dBdud MEtsets MsMisOo © d f OtOc Jf dfiS Liedshytsid , d3f
d3d dzj tc O dzts © Gtolzt f r hf d dad dzd , Wdzsetsf dls O,
COdz ydtelsdlso®  CtsOdzd dzc s O.

51. [ d&zd o d dz

stezB C O [IOdOReD iz PtisT o Mj Bz dL 2y dedets z3kz
sdzdo ddz f sdzdetsmls & LOd3d Ny dz Mj tef j dzls d dzts d3
dMm¢dzs yudisg dz' dets f i o H &5 d3tolipftdia ¢ dgdfO C thots] frydi3 ¢p L
sBtcOLEzEIs dzj fto] tor o dz" 2 dzjeOL d3gistc de'ts? 3tg b6 H MtE3s
h dzdW OR o Odz dzOW, Mk dHIB®BsStW OV, Mmj uyj
51 1) . 1 O mModr n 94 tonm dzd A totso dzv n Is to
COtBtdzOdL dilsdQdzo ) ( tod M.
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