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BOfMisdzj L dlstsor Bn tstelfrizt f dssjoBy j tt AlEEF tRF0A A 0 G o kY
ddL (s sdayj delstcdtetso Odedese s W dzs dH O, mMsmis0s- ¢
GdHtts$ Ote BHsHzZIS tztfH S G 1S

sOttBsdzOlsdlstsar 2 t©OMf&zOs B' &z fosHESEd dL &
dssydzdC O d dzj ®BOdrz C tstaasdOdyl dedlze i ffflsasp i) € Ot
sBtOL 59 Odzd iy dzj  sMicj HMise j dedets f smdzy ¢ OteB ts5dz
MmMdsd Md Ccictoattets d BlsERBOE®BOISdyY) MEsets Wdz¢ JH TS
fpdzj Hiplsodj &3 YL Hd 2 ] 6§ © @At dr Ofiah 5/ ddzd IS tdsot
ftesdmnatsyHjdad W .

] ZOGtsH Otedzts s d .

bolsste or ©OYOjls cdkesSky fodL dOlsj d dsfls

0. hioL OBOMYyjolk LO &OftOodzj dedj dzO bkodzj COlsjdz der
O OCy ] ddatsc sy defj Rjsdislydgn Odglarts ' Ok ydetsj tek§ 5o st

9

EOBRE OF HdMMjttkOoydd, s f§sdjs'n ©OBsl d

fzpddtOyd?2, fwsetsHdddim! o Isishdxsd’ dgsdsdeHzfs ey,
Colstster d3 Oolststc o' joQPkdy Is B @O 615 H Grjg da=iin s ¢ . 1dL &d2



ddzls j toj i € dmmdzj Hso OdzdW d&3 ©OolststcO, BJ Mud Mmdzj da
L. J dzOH" |¢fg dzk SR fso Iz

Jted GfsojHjddd §sdzieorn t©OBslk df siJ dB§ Gt
[. FOLOdGsa,JS ddso Od s sdtf @dzyj dfS Blz o Wpi.o@ . Mlsted S
. ) jlstse) LR, GlsOW st66 drde B 5ls Gevhe) tadzy o S d 2 .

bolstste ftoj dzdzsG s B dZOGtSH OtedzO MtslstelzH dzd € O3  dzO |
BOMIsj temMC OwWe | RY jstgohAd yddizr WSHBHESISSoCE BO) ted Odz
ZzoB stOIststedd -~ 33 J R s1 A t6¢1 R.& .- drdsfdy € g ts 20 d
to1) LO ©ftejHjdjddY tjHSdEMS; 1 ddgy dablsh s Qé@cls s
1. ) dz20fmj dz¥lits L ffdzseo MEHR J SastsH j dz &) o. 1. 1 0L 02
(. ¢6J d&zdo Odetso 52 (1R s1 A t o1 ) L O f sdgsh ! )
I sStesemMisdz (L RL t01) L O S{COH | pitdids'd3sdizsts izt
t &1 ) SNiIiNOdRbiSrdL tslstsf dz" & . QdzO zefsuigis " € J o HtetsC sW ! jJolz (
d [.41. o1rvy&@dddz (fiv) L0 dmMmdz HafOdg (W lisdzud H
toj dzlsg j desmistczC sztedz” 2 OdzOdzd L .

{ OBBlO or fsdzdzj O §tod (W EAOEENIED R § dz@ & dety &
" 197710039 ¢ [ jRO®RGlcBL 5o Odzd v ff sddH diaf m 6jHSSENBD C
BOCBEE jdj 6OYdd HES cdfjecdjdagjL Oe) .
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100 1. trrsdrcfrf?r3r soéota i1

1.1.s OtcB tsdzselssddin’d tcj HE SL j d3j dz' dEensustlic@itc B ts da(
din fn dzj H ‘oo CrigEdtc J

SsOteBtsdzOIsdIsr WwWodzwe Isimw bkded C Odz! dets?2 cGctelztf f 52
okdkzC Oy MEsets ftosdmMnatsyH] dad W . s tz@ s fg2@is W s 2z
Msc ZOMdets 6] £ B3l bzez@ g WESADLC | sdzse d Ud ME d 7, Midg@dsan v (
BEHOMd Wzistgy Aydsd J © Gctstdz n SKSHOR BBAdZijJ 50% {4
B3 dzj e Odzso d W Si® dzy § tzls @ PodrP ) fifloe Mdaitreet al, 2003.1 tod 4 jlshiscdg]
C OteB tsdzUjjHIsjidc g B dzj j BRMM Sidb, d - 9T HJj dzw s Is ) SIsHJ
md dzd € s ¢ Ots&E s dg@itsedels al, 2002 Woolley and Kempe, 1989 [ H dAdQQECsIsstc
dMmdzj Hise Olsj dzd § tod ud frpdipffsslde s®@ @ € O isE gz@ 5 B Higo deuid
¢ OtcB 5 fK@dbddet al, 2019 Mitchell, 2005 Woolley ard Kjarsgaard, 2008f Htokz e d j ]

lfjteor j COteBtsdzOIsd IsT co¢ ftoesHlzCIsT BOG BC
d. mY ¢B I ktsgb o m),0 18@ISsdsY cc(BteBdsgedy . 1 8§ & fiztc dsQ(dadzts d:
Eckermann, 19480 ¢ s d3tf dzj €S tAO e ¢ pzis 2y | ¢ Fgn) o 2zn9) jdydgHdMisy M
cditslsjLO BOEBOIdyY) MEBets ftoesdMntsyH]ddY 1 ks
cdislsy Mddzlsj € Md M OShafd, 9194 Ixfdzw € sezO toj OBddzdIsdtctso |
L CMf Jtod d3d dzls Odzd dz' gWyllie tadO TuBls j 188D fifjdfots ) s B det®fipls ds dzO Is t
SftejHJd dedlz’ 7 Emzsoadw i CtodMmlsOdzdzdL 59 Ols? v A&
ftoslsde t©0Odzj j k& MkOQz» diyRifdysj2ls (1v3 0VOKB sdzOlsdIlstsa r n
o z dzC Oqap d dddzgs dzd@ Hoinyo Lengdio v O dzl(admprapt al, 196§ d Mmmr di€ d
lfsmdzj HiMlsodd Htsweodzj dzgdWw €COteBtsdzOIsdIstses 5B dzOtelz:
Eesdz¢ O L JB@Bdzsets h OtcO)s Ods, (O i © ipdR]Rddedzty dfifistzis off
500 (Woolley and Kjarsgaard, 2008

11. 1. 1 k3] 90O Z@©dIsso

s Hid dzfs tefes 2@ o3 dzC dEOsiziey € Oto @ HzQiks s s HssB N | Miso &
fodh dzs: msdmiis s SUGS (Hedmitydipols A2 § o j H ZOc Oj lsfw  H
CazOMmMmd W idBddgidRO dzs  d H 4 i§& @ ¥gdAQdpda@VOWd3d dzd s Odztse d yJ M
shdsor 8 Oj kM 20 ©OL dzd uj dzgdd 1§ stetsH Mifst j tEpsjtists cif
fejHf dMOdd2 o Gldsh juRcdoffzs hWGE g tdOsaflyr. § sH
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COdz ydetsagdjlzd sz ¥ © O dz¥V @ dslEts,di3d Httodsdidzd oz & Y @& dzts Gd E
WitttetsC OtcB ts dpdsdddsdzd telzé h  j 1 W JOdxintsH j tgy OhdOteB tsdzOIs
ZOlstctsC Ot B G tclz v M Ptol BHAKLC.l] dzj S Blsstcr 7 dzd
dMmlssydzdXd®ryd €s0 1 j ¢ HOtsth tsdiaRd Igg)Sir HagizY sfjy o (fiSsvites
Ctolzf dtsL § toded BT R gtg @ )] d®ADP d falfilstes M e | Hflzj 3§ dzC 5L § t6
tc O L dztb/bpiskfkermann, 1948 vOCyJ eofMmlstej yoe smw sO0SCdJj MY J
Is j to d3d dzBj, W tSCtaMfdfdssitemtc j HaglgjdzC L j teded MiIsr J] HO2CBOTr j HE
(von Eckermann, 1928 d d2slstsil® Isj tcd3d dz f toed dsp etz ik sa dzB OO
(BroomFendley et al, 2017B]; tc¥ H B j fgcsddid e s gith £rOglzy ydlstseo r 2 qd dzd
COdz ydistsor 2 JUBte s ©dzls Pz P o g ztietzy o CteOMmdz 2ViIsd dz
fteddi md ¢ ¢ BONdetsen <1984t dzefl§]; to d dzclrhdite, € tolz §f dzts L | to dz
C OB tsdzOIsqd Is, MsHjtey O d2 1 edtedBde R g & ] drts WHERERA {f |
GJjBnddduj MY Kglds Mddtte &t al.d2D03, o ) dzj @e Bas, 1977Woolley, 1982 Woolley

and Kempe, 19899 " ®zy ¢ Is

1 sOdz yqd ¢ O te BARGZEAGHMGO + FeO+ Fex03+ MnO) > 0.8 [d3 O fiel

1 [Ocdzj L d1sS Otc8aOHOIOF KGO + FeO+ FeOsz + MnO) <0.8d MgO >
(FeO + FeOz+ MnO) [d3 O fAydly

1 AjJ tetes5C OtscB SEHYIEAHAGBGH MgO + FeO+ FeOs+ MnO) <0.8d MgO < (FeO
+ Fe0z3+ MnO) [d3 0 fidn

v OCHfnMmdzd Hiso OB ezt dzPlgidirs Wlge s § Y 5 dz! Uf g jelg fip'dsts s te
GJtsand i QaeNOY Y ¢ SO % JdzhOm O tc d3j(&téns and Harmer, 1997
sfdzets 9 OdzdzOW dzO 3ts diw Schiglef ¢hits dBff tistsldfj wlasshW Ro  f StetsH j . J
CdzOmmd W di€ Ayl jyX, s ¢ O®dnEaz@ ik d s  tiststeldsHyd,Is' 8 ¢ O @54
BOG dzj © B t5EOIls tfstOtdds CCMH® 0.75d MgO / (FeOr + MnO)> 1.0,y j dzi L d s
COdz yd ¢ Ot e o ds@ddssHB.DIECMF < 0.75d MgO / (FeGr + MnO) < 1.0, © ¢
Wi tctotsC Ot B B dpBledsSIsCTMFy 0.5d MgO / (FeGr+ MnO)<1 . 0, GHJ L dzOVy
ftocjHMIsOoadzv jIs MtsB 2 i3 (RaGcddn) + BdOdBINQ), dzHED: T )&z G332
¢ mdRketsolf j te j My JAs@dgdety)s % dzO

JHAdZOC s tOL ddJyder | 8 MsMisOolkz, das 6 jdzjiIsdyuj M
SHdzses Isdf © d30c & dzO iy d@JO vaullls I ditsG Se,  ff t4a (s txirdgliy o
Bd dzj tc @dptsigjts  Wj M d J [dzD( i3 @Wde@B, 199§ Woolley, 198], O i Ols
sBtsB N j dzdzOW & j dzj Is duyuli(@michely 2085¢z0 fitghpd WHd @ & h Ow ¢ OteB
shdsodz j fgeEtfftide | C ORBis@dOdd" J ¢ OteB Slsj e BOdz'
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ljwodyude j € Ofse f5dz0 s dgilititchell, 2005 6 OL H j dzv ¥ s v
BOCBOdUj MS R SOLBsdOdlssa, fMowL Odedz 7 f) dzj !
Hicze iR ydW¥ dud MSddi3d Mmddzd S Olsder &3d KBOc BBEHG § ds@@ls ¢
©OL dzd ydz' j o BOdztaWdstas sd ko Odzd W M Mlse j dzdzs §C OB 5
BEZHHzjsIs Odz! dzts tc@)filstsistcj dz"

sOkBBIsj tedOdz! dz' § s Olsts s 6j dzG stz dytdp@ftedf BOOS,
Mo w L Odgr fn COdzd j o o3d d dzOIlstcd j © " d3qd hj dzts y o
B SOMBBOISL Jtetse Odzdets ?  dzd bs & Wfig s afESArjdetf AHdbtdisoisd]lj d3frj to
wdztk ga o o MisS dd3 CsHP ROzt g 54 Istsd3, tc Dyl dBOFtiztho
CaomMmMdW,d COQEesdzOlsdz" | § StetsH' SBtOL 859 Odzdz” §
f stotoHs 9 fpjsisdzsmw Ismw ¢ € O w0 dz@esizfj IS e iz @SR | da
AP. ] iz dzdzd . §f ! v tc G (W/Goitey @nd Kjarsgaard, 2008 tc j H dzts % J| dpddsyl) dAdzis c
COLHjdzjdd] BEylsj des, des Isjtedddder c¢tffjtcoadydse 2e¢ (
s § o3 d2@B BOId Ui Mcd2e d ¢ & OtpshydfjHHedsds?) 3O df tsias 9
COteBtsdzOIsdIsT, tBWKOL 59 Odzdz" § f ted Mize by CGniptdiaty i &
M " MsC ddd ¢ tsdzayJSdesidaO=ysj"iakgO a2 Oz’ c2d)H tedsded] teHZO dz! dzr 2

] sdi3d &35 ff § tojoud"lidzOdgdgd AL MS dr MdMisj BOIsd & etz
tcOBfglste ] S sd3d dgH Oydw dzd 5 dats GisdzIsdeO g 2 t€ jto SUFY tc oltx{d2E) |
Gitsrnddidd yd M<dn ~nOtOCIsjtedmisd ¢ Eydilsr 9 O¢ Is BBs
f esfls tc Odamjisdaj lsizas) M 2 & o i B eBfEiHcVdiEOls d s LEPdto O
Codf tzy Cfif Mt oy " O N d B WREEIFFOXARO Is d U j s fdBf ¢ Od
GdHtls | EG@MNdEE0Is ddudrdg W df dgde ¢ § dzdz" di3d  [(F ©F & Mnfisff @a3d
g Od3ts 2 dzts pa, tc BldAsH 4 2@D3 Joneset al., 2013 Kogarko et al., 1995 Lottermoser 199Q
Trofanenkoetal., 2016 Tuttle andGittins, 1966 Vladykin andPirajng 2021 Woolley, 1982 Woolley
andKempe 1989 d Wddescdj. v e d Bz FOHEHE sdsoa ¢ (
COteB sdzOIsd Iststh sdpha jL ddiassim Ishy ¢ 1 Is dzdzts f Ssfgls s j dzdstish Igj Ay ls
sSBKOL B9 Odzed™w d { oatsdz¢ ydd.

112, | j Sdzts ¢ d Y jSihe®vts dfaes dolsysdfo

SOC (0o dds, ZODEESEMsdE MsMisOs ] Cwd yjor
Yyohj eo@hesydoOoydd f tOL destsBteOL dz" g N j dzsydz' dzd
dj W j e dzdlsr , Wisdsddlsr, dzjWjddstser j Mmdjddisr, o
fdtedrHslsdls", Cddsj tcdads sgltc GOk I urf dfictg iz L ¢fe dz" | s,
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fnd dzdg'dzy d dz(CervaAlves et al, 2017 Linnen et al, 2014. 1 tcd Is ts d3s dz’ Y lsofsdz s
COtBBdzOIsdIstsa ™ A Cod3f dzjy S Mtse iz tis QOB df ftagzsizls @ditss s O df
L Oy Ofdsdizef N toOIMY tsdztis) dff J te dovdpiadsftald § dedelssdz’j Hzdz" = 5V
ZCOLro90Ojls dzgO MewL! dr BGBtOL 59 Odzd v (Géysorettalz ¥R d3d
Le Bas, 1987Veizeretal, 1992.1 OC st dzj dzdz" | L O §tsmdzj Hdzdj HJ MW
HOIsdietso Odzd s fsCOLOdzd, yYlsts oL OMISO ¢ OB 5dzOIsd
o tej d3j dzd , sBteOLEZW ftod +Istsd3 otcj d3J dedylsp ts8& el J t
tLfdLtsHBe -COjckitsdaBRis dIstso 56 ts BOc BOIsdL BBO. g st
CGlrhtdzse gy ysperksed yd mMme s2 ddW stedzOydd
COteBtsdzOIsdIsT ot otcj d3j ded Sdtc A iz M@ O dzD s g Jj MO f d3eP c
[Large Igneous Provinsd LIP (Ernst and Bl 2010]. [ dese dd dMmMmdzy His9 Ols j dz
Mowd tcB 5 dzOIsdIlstsc j dzgj L © M € sdzls  tizgeetz D dzsdets B § izl © @zt
i dz¢ di\ezamastseet al, 2002 Bell, 2001 Kogarko and Veselovsky, 201Blelsonet al, 1988
Pirajno, 2015, 20Q0Rukhlov and Bell, 2010d d3dzts cHigz - Pud dzOwW ) Oten § W
Isj dzH j dzydvw € wsmisk ydmdzO C OB dzOIsdIlstsear 7 ffteswWoe
COtBtsdzOIsd Is” L dzOydlsj dz! dets B tsdzj § tei3iztsvy fifsdg ddfn dd3 j ddelz d
5§ Clstsdedud MS& 52 OCIsdo dg®Mb§ls'd YHEpirfdp@i®d j dizj 5B - |
sBtcOL 5o Oded W C(Wdslieys da@ds Klatsgaard, 2008 s tc 5 d3j sts@ 5,

C OteB 5dzOIs d Is ts mBfiig<rL jbdasi(dts s W o dzj dzts ) fsLHdz] Oten |
ftesdmMatsHddzts +fdLsHdyd MSd, ftedyd @3 o dzj Ctslstste”
ftesd3j o 2ls UPdRqG ts dgy CztiAneirp I3 .Od B tsdzj § Ish Olsj dz' tets §f of Lo
COwBtdzOIsdIstso " d3d Jtesoaddzydwdsd MmMydlsos smw | sMmists
1 Ok OB3dB dY dl BigstsgaR0Y yOfMmis! { M G detd WstdnfisSisouy
I sflstsyde” ? Gl Q'Qdlz ¢ dzH|Oalg) dzdzOILB dgOH O ([ dzls O tafduty) Jof dz@ v
[ otots] O -f s @ric bzt 2 tcjedtsdz t smmdd, Md o d edzOW ] 1 E
fsmdzj Hded ] GEBHT tjLSts ofLtesMds SCsddyjmsss
1 6OL ddzd d, uhtochis@dPdisy gnd Bailey, 202 IsO¢ Ovw Ctsdzyj dzlsteOyd
BOIs j tcaf OHIA®] o dzd ~W LdBQjSlsifipORte j L Zdz! IsOIssdz toj OCIsd o Oyc
Isj Ssdedui MCdnr J i % p Cdfd@ dzr 2 BOG Oy GJjBdeduy
zOC s dzjf dedfr 2d L IRgasdzdi dnlso © € OteB s dzOIsdfdf s s d &2@ dgd Uzj
iy dds d d3j - Oded LCdD tetB sz IS i 5 B ézd WH Sls iy d nYf BEREs oy o df
Hd S Mg 2.
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113f jnOddL &3 Wstedkeso OdzdY C OB sdzOdlsto

Ifj Mmootj djdeder j Bh jftedL deOceder j cdylsjL
5 ) dzts o Ofgierj OB diZs o 5§ 5 dZE)CIOE deLR 50 o

(1) ¢ Jdej ed gy duaidshpltazO¥dd yiolds d ydets e ts § dzOe dzj dzd v
fJitcdHGgHzdIs ©OC datyctarlsis) 20[(REEdzd Rfesnall, 199Balton and Wood,
1993 Dasgupteaet al, 2009 Dasgipta and Hirschmann, 200Eggler, 1978 Ghoshet al,
2009 Gudfinnsson and Presnall, 20®%armer and Gittins, 199&.itasov and Ohtani, 2009
Mitchell, 2005 Shatskiyet al., 2023 Sweeney, 1994Thibault et al, 1992 Wallace and
Green, 1988Wyllie andHuang, 1976, 1975Vyllie and Tuttle, 196pd Htc. ] ;

(2) slg € OB dEfzOIs Istso s s tOMf dzOo © Is € OteB tsdz
ftg YdHC sMmisdzs?2 [BodewRg et af., B&L Brdoker and Hamilton, 1990
Freestone and Hamilton, 198Bittins, 1989 Guzmicset al, 2012 Kjarsgaard anéiamilton,
1988 Koster van Groos and Wyllie, 197Be Bas, 1977Martin et al,, 2013 Novellaet al,
2014 Peterson, 1990/eksleret al, 2019 d H

(3) 5B tc OL tv iPIsiAYl§ SOUY@HSES tisdzO Iste] Asfitsto ds@ds®@ dzd Is j di tedE 2y d s dz
CtedMmis Oz&zQte® 1§ ded L distso dlszidiyd iy § BiOdisin dzts sz ¥ £ d -
H O 9 dzj(ded &d Wyllie, 1998, 1994wyman and Gittins, 198 Watkinson and Wyllie,
1971, Wyllie and Lee, 1998d H t&

l s RBdzts ¢ d ~ydzdaf €d o FPBBRBOHEOIStcdo Of Isfiyw o tsL d3tsy d
COtcBtsdzOIsdIstsor @Vistippn§ @@ Pl Odzdyr fF d&3j -~ @ LditseoQ dzdz!
cOLdz" n MepEBGgd. IsOC scts M€ slkcq drrO brted 5 dzlf tc t
fmMddzd ¢ Olsdzts 2 BEWGEENISs O jte@ftjdzOe O o- dsdzfEOdsdzts 2¢ Ode B fi
(Weidendorferet al, 2019. 1 r Ho d ¢ O dzd fy sOC Y J f toj H{ d&s dztff e fsdzd
C OtcB tsdz0OIs QO Jdz £ s 5 9 (€Helsgetalj 20j7Btgedal, 2017 5 o 5L Bts
¢ tstc ts@asregoet al, 2019 d M Is ts YA€ Bj 5 dzQ Is dslists 9 . [Zdaiste jsdgvd iy dzj dzdzr §
dimMmdzj Hse Odzdw o woeaddzd o COtBBdzOIsdkOR Y @&dfmdzGYr
dzd 3 dgv W ) BEMES B ¥dz@Odz Mtse i3d Mis d &3 d3d d3OLdziBIdds] dAfs Ptekal ts
Slsdzd yoOs h Ow v ©ls BEEONY BMREB X dagioAs off kfdzts s itesfeSts  |s
d Nd*¥Nd'*3, d HIMU (fhigh mu, Iste jjL. j o 2 Ote ) = PR d do3f Dve
(Hijfdzj sdtetso OdedzBGWis Is BBz d Vr)Otc OC Is j tc dzr H dzw d30 dzls «
sC 4 Odzd yd ME dna t(Mdgdcks arsloVes¢ladkyB POLY M dZk { ts UsBdEy dats
ftesdmMatsyHjdzdWw COteBtsdZOSIsEOE § P Micdin] ldzPdr Oz & od
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dz0 dzd vyedSidds @ £ d2de B ts dz0 @itdsed 2 olz" €® ~(E@ni=tsénd Bell, 2010d ts dzd o d dzd
¢ d diB Jj to (Bdltsvis et al, 2018 Kamenetskyet al, 2004 Sharyginet al, 202). [ sz Is s ¢
Codzd dzmE MO St dBsHj dzd $ OteB OB i B tsp ©§ O 6f fizts @ dzd 15 C
dzj o sL 3y detstfylsefj figB | Wdntdds S d2 HJOf OL sdz MsmlsOoa e
sdf skpdzdo j emMOdz! dats?2 d3tsH § dz' ¥ .

sOtBtsdzOIsdlstsor | tOMmf dzOear B ZOH Ot Is Ekdzd ¢ Odz' d
slsdzd yos h ddi3d dr- ls Mddzd € Olsdzr = it f2OD &L Miso § d!
tcd HEdnr 1 dzj B3 dzlsHs i) doEsW e i3 ), dzls + W Wig € Hsta{@ ddats] € tefls d
BRBO dzlsE[R el dzje s HO  IsOC Y | dme¢ dz¢ ydlsj dzv dzOw ks B d dz' da
Hd Of O1L te@g SHOY OSCdd ~OtOCIsjtedMisdC O3 {Isd O
o3 Oshddsd fstesHOB], o tjLlzd O] jijoy ddash) lsf@
® n~BHJ o 8 Hdey qaff Oy detizts o ts wte3ts of@fdz € OtcB S dzG I B Gy J
f s5Mls 306 BAIFJHIPED™ § o cOBFHHO o o j Istclsfen jOsiglyaq d
L dzOydlsj dz¢ dz" 2 f tcd o dzts ), o " dzts d fjted cOmMy toJ
(Chakhmouradian and/all, 2019. 1 f)dzj ls1GQdteddfsp dzts 2 1 toBtded® L Yo dOipiiiyyy Is C
¢ OL Oddy Laghidsizd ud BB | dedasthydzj R d dzfls o COteB sdzOIs (|
ftej HMISOo dzw ¥ Is MtsB B2Adzdyydizr R 1S tis d3fth Ay IS Pys Ec<yfis sfffjjdHD kst
OB stetsdy3 d3d dzj e Odz' dzf » OfMsydoOyd?2

1.1.4. 16djLd j dNSsfOjd j, fMowLOdds j f S Otes

[ dzv dsdzts ¢ § Pte B 5 dzOAs@its@xpIst joL Ytso r hr j dmds detsid Is j dz' dzts
BOG BOIsd Ui MEdrn § HtosHetsC Sdztg] dIYtg AUscfe ©  §f tots 3" " dzj dzc
sSOC dnrtc JHAUSL j d3j dzd dzt ] FY ezz@dzldaB elzts d H ™ ), &N, ZrlL W BanRg P L u
(Joneset al, 2013 d, 9 tow H,jCu MazkguAdjTad dzOIs d" daB d ls QVCjydgts d3j gzO dz
cOL dessBtE@CdyE d {1 CL s wisidaiWaidey azg K@udpsual, 2008%%
COtB5dzOIsdIstso LCAOted stz izt 15t ' B K stz Qs € gts § © §-daff & ts
f sdzj lJdgCaAsyf QJ dgCralzé YyOwW t©OL tcOB OIsT odQ@ J» ®L%L OF dz "YO® Hsts |
BOXZOdMtsel jf gl tyjtejH' g siglse &y dwkodek ks da0jsdils
d fMewLOdedzr j| fp € OteB ts5dzO s d Is Ocizif © odgd| fihs|ts to Ea{] 1§ jOmiiFAfef = v
MtsH J o5 3OL 0 | H Crdetztsd r - LOf OMmMtse 1 Isdm € teed Isd y jdf
ZOMmlsswh 2 d@sd3j dzls H 5B M vag@jelgrel., 20100, | ts frfipatyveL ddts 2 < B
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Btsdzi J 99 % d3d tg\ditahislic 2019ded tBWdie'd € O dzfn ¢ ©ld$ i OsRifatidiovg) J
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Smithet al, 2018, 2015Songet al, 2018, 2016Suet al, 2019 Wanget al, 2019 Xie et al, 2015
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Chakhmouradiaret al, 2017a Mooreet al, 2015 d 1 * | IsQ@®dyen Thiet al, 2019, O kO
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- AHOPMO3LMbI, Memaocadku,

- Pucbmoeentisie cynpakpycmaris- I:l TTI eneiicel U cynpakpycmans-
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tsC tslsittsjUstEfls tstetse s MdzOc O Is € OteB tsdzOIs d Is " (Pilidiuk et@lie20@) dzO Is
d &oOmmde &€ dzd, fdztsy J dzdz" 2 ff Wlpeefedzsd N 2DM)Is o § tzdets L B
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tdLbkzd OAOZdL O fuc@opdqdipids } &8d dasr)) i, ddw ftotsot
Bdzs 6 B¢ sdzdzy € Is-15 16 iz Htc sdg® i fig J Triton (Ther moFi s|
MlsOlsdyj ME B¢ O Mmdtsdztso . RL IS dzr 2 mMtsMmilsOo O dzO
tcOLBOodzj dzdv M dMftsdz L 5o Oded j i3 HRDIFB p 15D "N o3
HsBOodzj dzgdz" » ¢ fttesh CtssBiOL dzr df BB OL yodi. [ Bt6C
f zOo dSsots?2 CdMmdzsis, ftsHo jtcedzzlsr 7 Hots2 des?2 | te
OzOdzdL O oS @bdtsiErse i3] dzdzs?2 & tcisdf®dRis ¢ 3O ¥X§.d
Il " Hjdzjdd] MOBBOtedw d dzgj SHIBO Hd&zY dJL sl dses (
CObdbdetstsB d3j dgdzOV R tets BOISEK B tc @ ¥z W s tz@® | flpdsledzy HEH O W
sls tBh j2 d&OMMr 9jhjMmlse 0 {fictEth®S J =RFdds) Mc Odzts 8 d3
M sd LsoOdzdj s YdHS SE s § Ols-(Ris detef e gy Rstjptftesy szt X s
(HDEHP) dz0 Ij¥W dzsdzseo s detsfydlsj dzj . R dzfls ez dzj dzls «
Me stetej § Isidcdtpias] ttso S d d L d3j to j R d L &z0 Q j*%d°3r & dz@
0.1194 6 {CMitd dydOod diskz LOStsdkz. I sctjh dat
MsMsOo dz" zO@ 0. 5%, O kte jdd Rtdshspghtsls Sisfgls:
O RZOEJL ™ MkOlzH PBE) BERHLEZ® 624 j H j WOEJ dzd PposiSey 284 2 -
ppmNd, 4SmANd = 0. PG YNB = 0. 51 2pprERONEZIPPMSEE’RBAST =
0. 4028 rd 0.705013N16.
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2.2.10. RMMdzj Hso Odzd § Wdz¢ dHder = o ¢ dz¢ yj dzed 2

[ &zv dMmMmdzj Hse OdedWw o Cdzt yjded?2 B' dzd tslstsB tc Odz"
f sL Hdzj 2 B dzj tOdzdL OydJ 2, dL C sistfizOR)Is dgdzSoxfd s A ck
fsdzqtctso C 52 . RMfdzj Hise Odgd W W dzt d B dz" A=) dzbs © gizs Ltk
fsdz' L 59 Odlzdds tsaOBI@IZH S Oded § 53 ddets e 54 dzj d3j dalsdz" = d
(Ast JrRrR & (01) & fddujmdsidadtzy dedj Ytetso sHC
BJCtesMetsfj Ol ympus BX51 f ydiwghEehlj izithg Otk
d ¢ tod mlsCOfdzdzdlsugi jmteH ronO SWardzf R dzr = o C dzt yd dzd?2 ftetsdL ¢
t OBOdeso ME 52 MY jCtesMEsfdd M dmftsd? L s Oded j d&3 fr
SBStzHEe Odzdzase s iU MSdd BIStesMS sy sd O ym
dMf sdz' L 50 OzO M * fipzdndrdddvdzt=20 1 ealiPiipr Ate311 4 W OL ™  dHj dzls
f sl shils Qoiepldagjvdzdz’ = tcOBROdso MSdr MY jSClstese Mts
H O dzdBROFF[http://rruff.info, (Lafuenteet al, 2015]. v j d3tf j e Olsztcr ¢ tsd3tsc j dzd
oCdzr yjded?2 wftejHJ dzvdzd ! fts tojLEkzd OO + ¢ MY
ftoed dzgd dgj dzd J d&3 fyls s dzd-60@ 1 d @ th R 1a tendz T B GCoidf®& HEs + 6
l setejhdetsmils: dL d3j teJdzG 2o Mehiipls P az® dz2 0N Pkl GHBEDIs & i
ftejH] ZOB] 1 Istsets ddzlsj tco OdzO.

23ul0OldMisdyuj MS] My silsOs d S y dety dzdztsin
CisndBduj MStets dmhmdj Hise Oded?2 M § sd3sh ¢
BjlssHdC O)

ANOC stcdetsdzglz OdzOdzdL 2z B dzd Y tsHo jteg dzzlsT H Odzde
l Otcd dzO dztff s dzj H s of CdsHj odg! tEE@EEDIBAE O dzdA1)~ : ¢ s d3B  dzd tcts 9 O dz
HOdgdz" =, ©Cdzg yoshd2 COf sEEMREA BPFdded intsdnlsPP stcts
Ldzj 3j ,delsts®K d dn toj delscj deso fifd) O M A& tc @ Vlsiasias 5O o
dMm¢ dzs udls & detidetn €6 d = ) ts MislOL s fzO@Ha gspls v telzls
otoj BVY St t@j HMIsOoa dzw jIs MtsBts?2 ttedcd dz0dzyf tez o s @y &
fsish s W OSCttkdapEdls Odpd@Ehey LS sdyj dsteOydW
L dzj i3] dzlstse o ff stetsH On M) dgdf dzf tda@dzts &f ds B X H ] ls dfif B Fryfistesta|tg:
stsd3, EiistsOw YOfis! ¢ Okl tzj sH dtstzsH ZO € O
sO¢ d 5 «ddidug MHe dl i Esly Oofiitsf sMisOe dzj ded § 6] |
OdzOdzdL O 9 0Odztso " 7 Htetse f StotsH si§ OdzuilithiO RS dadf s jj dg'C d

r i lsodz detsjy wfdmoOdedj dBiAsrsiradt@ld 202002849 Koalov & @lg 2020
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1dxd d Oddsdihjgic d Isd wd ME @  dpiGsLsd dlayy X HHB e OB 51s O
fls Ols d M ls df g H.IE O

rdzv gfiLdatff dzj tc O dz' dzts ¢ 5 s @6 OlsdstEBEEBBE o o O dzs
HAdMdWtcOSIsBE WAdiRWBIs] X4 dzOo j ME Y s dE 3 I9Dtd dgd M H
OO OO stcdzr 2 O@OGIdMmiIse sd&zOdz &5 M.dzj H 2ts fydiEze Jf o o
B IssHtse Bt jHjdjddw COydmlse jddses/ ¢ sddyj Mise
stcagESd?2 OdzOdzdL ddzHdJo JHEOdMz dzr = M j Cstese dzdB s
[dz2O0f ted d34 te, 34 Ristweld,j 1660 | flzp BsH ™, o Cdzt yos h dj o dzkz
s Isd dz3Odz! dz HdzZw CtBRBfOCIkdsets OdzOdzdL © d yYyoOmbkt
s dzO B dzj dedefny dzo ditsidisly d (Mpafesedzal 4229069. stesdzy Istsa s, H dzw
Of ted stcdzOW dJdz stedZBOYdv s J &Brtbtdz df @Y $ dzlf dzldis 8 Is 5@
ftoddsj dzgj dedj MbsOdmMbduiMEédns BilssHBe MdzjfB6t
Md3j h Odgdzr = Mde dzOdzse. v OCt2 fHAatH hdsStts Mt
f stesh Ctsor A H d W E0@E0shEs® dhfijdgdd, stesM S s  d, 0] sO¢
OB MisteB Y d ts dadzts 2 d Wkttt iy dzls dzts 2 My j Cltetsdzd Iste
My j SlstcOdz! dz' n H Odzdz" n dzO0dB tsdzj J yomists ¢y ez w
BsHJW S OYdd &JIssH0O 6 dzgefhgs de ZdrEgiousep) Mmiat faus )
decomposition SVD), d3j Is tste @ L tc jwhdjddisfc ts d3j tc dz' Enultivadafes curle resolutign
MCR)d HleGH fjlso j dedz".§ stftsizg sisBH "™ fMdzlzy Ols Hdzw tej h j
dZOf ted d3j te: O tldp! "OHAD dddls " W  dts ofy fHj Cdisdia ts5o )t dfEgotd th o eczl
M st ©® HADgkgaet-al, 2012 Guccioneet al, 2018 Kirian et al, 2011 Palinet al, 2015
Voronovet al, 2019; 2) s tcj H Y alaj @af dztsdpion' e K tc d O \WHAOVdzREREBD d H te 26 d
fdmisj OB dgy § o 2 B Udets I ls ¢ sy 15 Od e th (Westphaket al, 2013;
(3) 6ygdatui Mo O WOL o MABHBOY 32 (AityGshkpvdzbnd Fuipludy d
2001 Caliandroet al., 2013 Manceauet al, 2019; (4) z d3j dz' W gj cdzfjw Hdd dzts 1§y ded W20 dz
h Iz gghenet al, 2005 Sastry, 1997Schmidtet al, 2003 Walton and Fairley, 2Ub); (5)d i dzj His o |
sted j zS@BBpdEd s dusdhls O dzdidajaipSedd, 2007, ( 6) s lsvfipd@) » dfdsd
mMzsy dzr » ftetsyj mMimse SR sLdyddeder = d MistezCIszteo
(Westphal et al, 2015; (7) ow Gdzp@abinj dad + C MY Jjtod d3j dzls Odz! dz' =
tcOL tcj h (Mdbipget®l, 2014 Schmidtetal, 2003; ( 8) d'C g dzj igg g MSC 2 d
(L dzd®E€EHdo Oyd ds,cisQ O B ts ety 02 d) d Is (Guccigneet al, 2018 Palin et
al., 2019.1 OH Oyd, tcjBdo Yy dzdfd & Q@& U sl fOdEdsd v dz O ¢
L OO@)i( 3 )Y afdie jelzda " " j M dME O, O ~ddi3dui ¢ dammts
CO0C MmdMmisj BOBdud MEd dLdjdvehdimnmy Met2imlss O.
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s O¢ sls dzd YO dzts fiy orhj, ) ftcj HdZOG O] @BEABW ki,
d dz¥ ts tc d3ysftaf®fadziz y d dzd 6 delsec j desomME dd HIdWttOSCIsBGEtO
OB tstej Mots2MmMlse HIWLOC Istse tc Od3A:
1 Istcsh Ctso OW HdWitc@Ude  © tf @ disB@z' dzO W nOteOCIsj tod fi)
o4 MhjMmlss O]
T sOYHOVY CtdMmMsOdzddyj i @B J&ZOJ0O Istsfg] GHIO HJW tcO!
nOtOSCIsjtedL z¥ Wapdends dz@acGtatgdl o35 3 § dzts H@KE My s de'tsds S
sOC ) dBsekls Brils! ftojHmMEPopprds plsinkzOimy ved @ -
dzd de(ikl) , Edzd € Odz¢ dz'€ As HNdR'O dadA dgrfeth) X 52 W OL
T wf jCIste HdWBLOSCYydd twjdesej desomSdnmn dzZ2yj?2 Mmdsd
mMedf JtcfsL dydse dr HJWtOSydodzder = M j Slstctso ;
T {Isdetsh j dzd § d dzls j dzid o detsfls j 2 Ctod Mils Odzdzd yd M¢< d -
ftostf steyd sdzOdz! dets fytgH j tey Oded s W OL o dz
Clsd fipes®@ dzj ¥ Ols o wMdsej COyifmbejddzr = d ¢
O dz0O dadankins and Snyder 1996 Klug and Alexander 1974. ] dzOh j &3 Mmdzlz y O
ddzls j delhd o detsfylsd tslsH jdzr dz" = fdCtsa COYHBSEB d3d dzj t
sBtcOffptc | ddef.tcsColds f sL o sdzd dzts d MY sdz'ALdls o ©ls § Bty GBI
Hdzv Mtelsdietso ¢ d HOdzdz" 7 5 tcOL dzd ydzo w d Wk @4 I&5© eizts |
s sdf O&lststedz” 2 SOdzPdA] d tctso Odz o d dgjjj ditafiAfEC sdz®@ | dzdnts s ¢
C 5 &Y StEaj Gazdz” ROMIsY Midg) H B Pzd g dzv dzipw  H dzv  Bd dzad d3«
fJjtej d3j dgdzr = (W OCIsstetse ), dzgitsBmatsHdA' » Hdzw ftej H
BOMHHdOdzdz" = HAWtcOCIsscteORRRZ d =~ d d§dOugBifSdd@ly d & dfd HAg
L dz2Oydlsj dz' des?2 ddagW stedzOydd .

[OIj B3OIduUuiMSd ftosyjHktO dLodzj yjdedw W OCIst
Ve sdsy dd, sy to jdisBisdedd yONig®) diNSEGEs ded U SB OB Y1
(Mstets®)S, sdef W Mlsets dzj L Ooadmd s = § j toj d3J dzder = dH(dfryls t

XRPD + fMmtsHjtey Odzd j 1 dzj d3j dzlstse ) Chlstster m B Y
Cstete dzv yd tsdzdzOv dBOIted yO, dzd B ts € ts9 O te dde) UsittsidrdzO W
dzOB dz8 H Qedgf Vs XdgOIstcd yr . y Oh j ofmMjets ttOMMd3OIsted o C

f jtoj d3j daslz’ IStgj Bubisj Is H 5§ tsdzdzd Is j dAUatide2200R)8 tcfO® lsdssgied HikD
Brls! ftojSBtOL B OdzO® 9 fls OXEH Otp lstaf L ot tddstd Oslzdz& @Y HIg
LORj dgv j Isfqw MilsOdzH Otelsd L dqtetseo Odadz” d3 L dzOyj dad j &3, 0O

oG

A

GHuf-Mtej Hdzj J LAdZONBjOdiEfjOtcIs@zts ] (SIS dztsdzj dzd J .
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HlsOdzH Otcls L Jtetso OdzdzO" RBOLtedy® HOdzdz & t©OMS
(WOChkttte ), Miztbste®PS B HEOd dzs HIMYf jtemds H Oda
WOoSksttk ftd bkhdsedd GlstctsdOd dshisd §wjH' |
fmMtsB Mise j dzdzr | 9 jCtster Cstete j dzv y d ts dzdats 2 BOIsted yr
Meslse jlsMisokzs h g7 fsB flgeHjipsdd ondzv jL sizO Wjsdds?  fHtg] ) §
RO 600 dzj dzd W o5 )5 B ff\Baldjetzdz 1987. o j1C ldotetrO Y O dz' dzOW 15O
HOdzdzr 7', t©OodzO% Stddujflsok Mmssdeyss, bkdjde "
My sdz LeQUsSess. [flsddOd desj L dzOyjdedj n  dstsy
MseMmise jdedzr 7 L dzOyj dzd?2 dMytsdz LEzjdr 7 WOSkstss,
5Bl Whdgw j i3z o' BeOdzdzr a3 W OC Iststc O .

rdSodfsLdydy EOBoEE" cf Pue@y Y toOLwQfs) dadinls teik
d yomls: "Ekd&Oo:

n AE A 77 70
GHTji BOIsted yO W OCIststeds n NLMEG WGP&EEY YOO W ®F tstsdg dzr - daf
Min  dzOH ) BtsestudzaR® Y0 j s s to O dedytfirs(NaAd) NS & Gkl ju,j MB o M B
iCtdzdyjmlset dzjL Oo driijddsrd uti ftspds] ded@CAs,stetso ) . [ flk
o OEIOL] i3 B WTOLYtdy ™ oOsids § sdzsy jdzdj o' BB o
Psfdm" e 0jls datselz® tsfy! , 1§ tsf)Custfjfpsigiar) mde@ W d fip AdeOHYA4t
ZOctekzL 5¢ ByjddeoOjkmw M fdkshi v MisOdzH Otelsdzr 7
1 jw-D®tr (43 fwsB') dsHEZd Stdlsduj s sc e L d
Ml Oadd jfised ktetso dpE 0.0 SzO8] Ofistinds diz tets o dpiE 10 dz® WAPd3 K f
<Iuir] CBtetej dzv ydw dzj L dzOyd k0) .

10 1 Ofj HjSBBYBSLJdYdd WOSCIktteds j L dzOyJ ded W
Hisdzj 2 tBh j2 WM jtehmdd HOddz &,. SRS adAsts j tsdRd) d @
fcHEOLE®Rj 90l ©OMhdWtetsatlk dd¥stekOydd, MStr |
Jdzs jtef toj sOydd tojLbd IsOstses dzO@ L OC dzs ydlsj dz' dets s
(Mt otOh jddj WOCIkttss, Csdfj Weade?Y oy@jdds@v Citddse
1T dzts fted di3j dzj dzts o te OKgisded JOSBVARBSHMEXES ] we dw j kW
My sdz LEj g B3 SelstsesdzOd dzf 8 o(edman P &3 o W OCIsts

10" Hdz 3 fted Bjtesds ddzsjteftejlsOyUdd t©jLkzd s
B dzj t6 O dzts ¢ fswjdhy Sd3s 2 fftes j H § dzj dzd W d3d [~ d2Ef] te {Be3ipeiBqpet S O3
al, 2018]. 1 OttdOydd SdddujmMSscets MsmlsOs O dddzj O dzt
Ldzj O3 dzlstse o wsHdedR d kjin i MbekzCkktd 7 fsd
EuyOfmlsotse O o dzjMStsdr SdR dLBsSEY d' & fs@dPd P
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dej MCtsdzr Sda3d MlstekzSktedy &8 L dydw dd) Bz HO
dMmfsdz L so Oded™ A d GYtejHJ dv ] lsdd @z0dd ayy | GRlzdsTEB f
Ldzj 3j dzlstse L O MistekzClskztedzzgf & W '€ 1IzQ dzdyr F tsiRe of @aRy s
Ctozffr {dzjBj dZstse HEkzEs?2 Ccoizffts? &t BHA]®
MtshteOdzj dzdw  Sdzdzsets L OWHO). RAdWBStdBOYdY B [C
cOMCtr 5O ftod fGoddjdjddd aAd ¢ orBBLE] §ov A
WOCIktstedzr i dzOGtolkzL 5¢ COLT 908 Ils, o ¢ ORI tojdcd
Cdzj a3 dels™ , Mmtsj HJ dejedzdz" ¢ to Usioffeictaily & dsthff s S dzO G telz L &
(sltedyOlsj dz dz' = ddzd § tsdzpogdise] dzts filglz T ) fnlis IovelalviLls Gy de
L dzj Bjasde®lztej dalstse f W OCIttedy &3 dOctekL § Odgdsts 6
ECOL" 9081 &0 L &zOyddsmls! COyHBets dHjdsd¥dydtet

l1todo ' f sdzdzindpd  dzvsB tcOL Yytse -1 Dl W 2 o dadz y O dzd fy? d
toj dzlscg jdzetsomMCdrn tstosh Ctso' 7 HJWOCIsscteOdsds d + dzj
fjtcjdsjiide By dmr oa0shdrn 1Id Motc2Mmke®, GitwjH]dvs
dmimdzj Hzj 3" 7 § StetsH OR . stsi WWdydJ dalsr Mstslse j Isfls
Clsster j  tslsdats ydetgyvds Soi3d ) e PwizpPds,  § fdzd o L d3 dzj ded
Mestote ] zd e @Odety tsBtcOL sd3, W OCIststeds j deOctekzL Cd
ddzdd btets ddd ddsets KJdjteOkO d $O0Sdj { dj Bj
COC o OH CHdARYY d3d dzj e OdzO o tsBh jd&3 teOM tcj HJ dzj ded
ANOCHsds” | L dzgOyjdedvy fHtojHMsOQoadwels M2 ydhdsers
COYHEBAdE OdzOdzd L | .

[ ts ftotso j H ded W Ad B' dzO sfikzh j Mise dzj dzO i tc
toj dzlsg j deso MC d- H Odzdzr =, LOC dzt yOoh OW fmw of el ttot®jdd
CSM-3 v.3.1.0. 2 (Oxford Cryosystems). 1 s d
ftcj SBtOL so Odzd ! o dzOBtSter ydmjdz, o CdslsestsBo B
Y tcjyepdezdslz L dzOyj dzd v ddalsj demd o detsiisd . 1 tsiglzEldeBC 13 /£
Hts 70A M ddos2jAco OO OW0 HIW KOS BEteOBRBO s df
HOdz! dzj RXRPfzj toj d3j dzdats2 ) . I s dLBjy0dzedj tetsBdzj
dzz dzj o ¥ d3d H dJollfffg, ROBAfLdsdo ' B stcC d BT dzd EZH Odzj dz@¥ 5B dak
O BOLtokzy dxkzdiatlaf s , f P jsOC Y] HBB O dzj O ¢ sdzMmls Od
ddzls j dzid o dzetsils d .

Il s diss 3351 fJtoj d3j dzedzats 2 tcj dzlsc j deso MG d = HO
MtsH jtey Odzgd J d3 tshdetse dz" d tcj HS dnA 1L dzj d3j dzlsts o (4

§Jw.jdgddede’ ~ )z cljudfpCdedgrf \Wd MS dd  §4 ) B deds’ § MilsO:
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fJwoduyde - HOdzdz' n, tsdzed dzj BSECOLOdZd L O Isdetscts o
CeOW dCd WOCkttd' 7 dOcCtekL 8¢ Hd&v orBtsteSd Jms d
¥WOCIststedz o3  dzGsaitiziayj Cofdlzls, d3  H dabzdzts BB 1 9 'HEftslzs € HdWts
Cisndddui MSdr HOdzdz = . [HdZOCts HBBOO dzjdedj Gt
dL &z20yoOdzt dets 3 dzj eOdzsecdyj mMSdjy WOCktster fm c¢jtsndd

ANOCItster wOMMydIlsr e Odzdm! M dMftsdz L s Odedj dz T
Il BM SPSS Statistics v.23. 1 mMlse jlsRIsg § dzd § Of
(ctits f4tc] d3j dedze’ dze ) . 10 tMmdsea z  BF digoy Hola W dsf®j dglglO
i toijo OtcdIsj dz' des tsBtcOBEBISOdzdz" » 58 o' hjdL dztsy § dadats?
Brdz dmMi sdz' L s9 Odzg Bj IstsH G dzOodz' = Ctsdi3f tsdgj dzls. 1 ' H
ftcjorhOshdkds QU J tzef Y z.B " dztsfy jis lsalyj ALjj dizisdzdzrs] W OC st
otcOdedjt s BIlssHEz VARI MAX. 1 d2O0yd dzdw W OCIststetso
ted cted Mdd. l1dtjuydmdzj dzdzr | Hj2Mlseadw onBHWIS 9
slsfmizlsmise dw e sHd d3sMmis d otcON j ded W o dzf ued b @ bzts
f tcj HMis @dwEmy dia] y dzts 2 9 WS tddggdzd Is § dz! (BABRE7136®R0A4R5supOr4dlx),
i ted dztsy J dedtOB d& o j tc fi{fpohinaletlalOA0 1)

24.f OFEP d®azy] dhmindi E&Eadzg ) ©dzO dzd L

[Hdedd3 dL fwOCIkduimMedn ddmsttkzdkj dsss dL zyj
®Bd IstsH -8B @BEMUEMHO, o Hdztsy j dz@reBenst 19§7. § Ig fipdriL Hi doddnespofiiz®
b tosh judafiadz 2 o3j dgts o WBd yy tstso Odz (Grant, 198HajO dAis @iz ts S s
dL o j Misg dzts ¢ & @élzr Ziso@uzDakdis) OL s OWVH Gdedzteafty d3j IsStsH O L
fpdzy Hize M j 3. -f tlzsls & dztfflesBi’e j o h j 2 MY &) SOMBBOId U M
BOMM" ¢ sd3f G)dpNdElin® o OYIdnty 1985
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oo o o— 6 6 0,

GH[j-BOMBE, 5dzyj dzlstcOydvw € sz sdzj dzls sdadzte? {f fictistdstisHityg o3 R=( giX
Hdzw Yts O ¢ sdzy ji-dzls tc © 1§ g3l ts dz]j vdiddaB 2 o {f diitcds H JgGrang 2B80%4 Is o d H

6 — &6 ¥,
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10 Cto@Bd O lstsyfdejdls Ctiftsdej dzgstse twOMY sdzsy j§
ftsHody detsfisd e, © tsMAMY j dgiini l§0¢B0 s &Ss9i6d d dz0
0). ClkO dzdded Vv dz@Raryetdd j1878).Y j ddQ CifEiEzd2C OL r 9 O Is  dzO
BOMMr tsis dzfsfyfdeyj di tdsj H j dzj dzd W dzO ¢ dztsSHzRO figfls. jtetér DRz o
66168 d dzd f sd M&Od e whijstsils o § Is ) O dzder 7, W tste d3q to s
f sfydzj Hiso Qls j df'tedsts fiplawy | ¢ dgOsUOaiE] dzOIls  H@rant tc2DFNR'
ddz IsjtcdzOlsdots?2 wWodzw jlsqw o9 jHjdad ] ts(HIRSCEdR] fdmH o
St HY Bzy Ugtizd3 sdzj dzlstse, (2) {usi Oy dzff sy j GG L d
2009.1 H Odzdzs?  teEO®@dsAsdiin G Mif fetSpuH o dgd fisdz' L 5o Odzd j o3
f OC j 50O (@ellw) 200p 5 sted ¢ JdiDisz A i3 JsMEHEX j , tc@uAe O
CitdsecdupMifBwe Tot@gdss @zEL’ » 1 tefsjdtin tsdfgtisis j H
Ldzj i3 dgbspelz § sdctsH B daj M tdatleC &F Is CrintsdtO Idfictous) ufry ]
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{1 OO 3. JruvtfLto¢AarRCc R [RULTOf P13
sot i f1rovruf] vyouwugd (O wewrRU { RDL I R)

1t h Ow Yyomls: COwcpb@BIYEcIstse | sln JlsiqujidgS &3 =
mMoslse jIsMisealzjIs BOG (e Mk B4 tc 5 tyizO Skt 5 2 ttOMY ots
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otsLddCh jets ftod LOMRI N jdedd, ¢ OtetzydlstBtg, Hdze tcd gzt
(Brk-2) tsBtcOffaskal ks ©OC d tolk Brf-tac OfyfftsprfRdzvodz dzj te O ¢lslzts d
B dzj 6Oz BsL Od ydz'tsB toOH(HEHAT ERBHECOS § s5C OL Odzd o L
dfMMmdzj HEGodOHzRMS S dzj Mdslstew dzO o ¢ yB EASEWARY dz'fjs totz €
Mshisswls dL &sdsS tedimdkaedasd Jlse Sasjsdcle’ & dglstsOy d 2

{ Mk &@D) 0 OB BdOdy & MS i dzj dzd?2 CtedMmlsDzddsd §
C tsdzls tc OBSEG G5B Oy j dzdV . | @ Oa fl¢ BBFO) FOQEEEFTHY dzdz

EyOfmlsSigp o j ssdsddls V(BB SzC dls  ( Br ikQdzO I$Qa O fif dA
fd dedtz Is f dz(c)(L FOIR " J ded § B tcRESEH O otz G ffiyatisfige tc Oy j dzd
sted j dZl€ Bydyds O zdzs o 58 Ml & Gz® & HsEPBUEDI@BR)Q Yo j 5O Gl
Bdzd L BigMls Ocdzdzts ¢ 5 @Y ¢ tgls H L@ Ils PRBB ds.08 dz j dzd dzj 2 §
Hdzd dzz 2 © dedz'sR) It © y ¢ Qlods et al, 2019.
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n
a
12 ] * . b <§Q'

0 - 1
0.0 1.0 2.0 3.0 4.0 5.0 0.00 0.01 0.02 0.03 0.04
Nb,Os, macc.% Nb, a.p.f.u.
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formula unit LHJ M T dpf)@dgvy sSCMmMdHtse IsdIs Odoy Odnus € O
1 J Bw-HZ0tc OR dzdzs Mls tc Oy (Kozloget al,2@B. SIS
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{ Mz dis@) vkB B3¢ esdzdz 2 L Qr®u ™ "dsgd gz 2 B E O
CdHEBS MdS Od yd SHH-OHAE D tt azdat BE ¥ Ss5E6C Od yd Y
(CaFPcl);(b)S O2 dsr € j desf dz kB sf Jesn dese® ( Pb Pcl )
Wiststs Ode yd sl d tefst shdiOs tzj Gidpis Ydd 3 dH d 5B te W dzf
BezCdIsO (V Bsiyglddud Yid®Y «Bddej cOdzdL Oydw f o
fMzd % gnOdd, ©CMHdH CliEsdy jokzjr ©C Qfls i@ BjedsiERs st
5€C ok y jscidefdds SOk e & dzOME)disjsostes yd¥ dHJ 5 BE ks e s
CsdzsOClk] f VWhsesidomdd d |oECdkidaadd jydsy d o
CJ detst dz® 3B ucy @H)IdrE Y  to iy " dddts 2Oy BEES df.L 5B Oy j dzd
R dzdzy fyls ts Oy d W(Kodlav etlO201§s T

OBk YR EBB.Oodlsjd d | OdzOdzd I FE T dzp O & o 7 Is
BSCOLr i fhiztck @ELHEBNEDEE 5 &OET kDtc) j lsv

s s s U-Th (1} CaF(1) CaF(2) CaF(2) Pb(l) Pb(l) Pb(2 Pb(2)

BaO

b.d.l.

b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
K20 b.d.l. b.d.l. 0.06 0.04 b.d.l. b.d.l. b.d.l. b.d.l.
NaO b.d.l. 4.66 6.84 6.73 0.36 b.d.l. b.d.l. b.d.l.
SrO 4.09 141 1.19 1.25 1.42 1.80 2.00 3.13
CaO 5.88 15.48 16.49 16.25 4.02 1.05 1.17 151
PbO b.d.l. b.d.l. b.d.l. b.d.l. 32.14 31.10 26.81 25.41
Uo: 3.18 b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
ThO 9.71 b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
Y203 b.d.l. 0.72 0.43 0.42 b.d.l. b.d.l. b.d.l. b.d.l.
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s sdif 5 U-Th (1} CaF (1) CaF(2) CaF(2) Pb(l) Pb(l) Pb() Pb(2)
La:Os 042 bdl 040 051 bdl 220 292 255
CeOs 247 066 074 093 054 421 575 529
Nd:03 044 bdl. 019 020 bdl 033 051 021
SmOs bdl. bdl 020 022 bdl bdl bdl  bd.l
SiO; 342 bdl. 012 026 047 016 026  0.60
TiO2 894 495 474 512 272 333 321 222
FeOs 324 039 011 017 071 057 073 061
Zr0, bdl. bdl 030 048 bdl bdl  bdl  bd.l
Nb2Os 4174 5749 6439 6460 42.00 44.09 46.11  48.73
TaOs bdl.  bdl 017 010 bdl  bdl  bdl  bd.l
F bdl 380 284 28  bdl bdl bdl  bd.l
4z 35O 8353 8956 99.21 100.13 84.38 88.84 89.47  90.26
1 O=F, 000 -160 -1.20 -1.20 000 000  0.00  0.00
4z 35O 8353 87.96 98.01 98.93 84.38 88.84 89.47 90.26
A 15 to dftedddn fn y d HzO dz2z20 @ @BYY dsts dEQ@) d &
Ba 000 000 000 000 000 000 0.00 0.0
K 000 000 000 000 000 000 0.00 0.0
Na 000 060 080 077 006 000 000 0.0
Sr 015 005 004 004 007 009 010 0.5
Ca 040 110 107 103 039 010 010 0.3
Pb 000 000 000 000 078 073 060 055
U 004 000 000 000 000 000 000 0.0
Th 014 000 000 000 000 000 0.00 0.0
Y 000 003 001 001 000 000 000 0.0
La 001 000 001 001 000 007 009 0.8
Ce 006 002 002 002 002 013 017 0.6
Nd 001 000 000 000 000 001 002 001
Sm 000 000 000 000 000 000 000 0.0
Z cAt 08 18 196 190 133 113 108  1.07
Vac (&) 119 020 004 010 067 087 092 0093
Si 022 000 001 002 004 001 002 0.05
Ti 042 025 022 023 019 022 020 013
Fe 017 002 001 001 005 004 005 0.04
Zr 000 000 001 001 000 000 000 0.0
Nb 119 173 176 173 172 173 173  1.78
Ta 000 000 000 000 000 000 000 0.0
E cBlt 200 200 200 200 200 200 200  2.00
F 000 08 054 053 000 000 000 0.0
UThi SBBE@ 2dzU d Th &dHEsCMER iOks &g S@ dcsd Bkt s 7Q

C j detst dzs 3B 5 i tetdoligdstad dzdfr 1 )d L

sqlsOdzd ME Y ME Otizezts dz@ ks ( I

f d tots R dsteGifREsts O dS d s i) shojctea) @ dst Ok s &0l d s 5o
C OB s dzOIs d fibesoav deteltiondlimit i .dzd ¥ J
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Oty diefdddzQdid iy ls'tf f @dz' BiE/ldsh) Iz Is figls of G Qff B s dzD s i -D @tz
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sOC Y j§ ts B dzO tc Bz itedz'© dzq d Isem iR ctadyjQNddis-¢ OteB 5 dzOIs d Is O R
IsdlsOded is™ di3d & Otes LdECH@UEREO zlf sz 3§ f§sLdyds,
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fizh j mise j dedzts y jCe-t{aphed), fd ts HNJstBPls dls ¢ Oz, 5l 1y ¢ e ey iz o
His dzj S sdz! € d d daHOmme Gl | toj ) toj HUEISO ol tg ds? frisstsd, | te
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SBSGE O | dd j Yzt tg2 7 O IO Qe sididls  sse  EOBUpkhetO
al., 2000.
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[ sdz0yd s, Ctod Mis O dzdzdA Il @f 2 §) 18 L HodigjdRdr j G Iso j uatEsyi
LOMd N Jjdedd HBdtRY E@EARG Y] I€E®Isth d36 d H tc @I S Lhtdsdj
stej M ddg , L Of tsdzdzj dzdz" | BOMIsdzj L dIstsd3 o Oty
[dCteso Cdzt yjdedv BOMIsdzj L dlsO © dHdd@SEW dsds ¢
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Ce(PQ)A0[ dzO 1 tg (Adglgreeret al, 2017 Ngwenya, 1994Savelyeveet al, 2017 T o ret al,
2012 Wall et al, 1997].) tesf steydkd® ) A stsdz dBB3ddzj cOdzj IsOCdJ
OOz L * COBHBW OdzO f tsC OLL' D Odz@dzdHyidWwvd yaftdsH ' df QefrplE() (G &8
HO dzdzt3g dzj Ot Std @ dzd YO fMmis gtz € if BRsjdzOydls Ctod MisOdzdzd L &z
mMdMmilsd d3d , Istptg EHAGAOW Pelric ZY4 ©®OB HiSW Odz Cted MlsOdzdzd L 2 Is
mMdmisy &3y , f tetsmlstc Gcd2R) B J ldzdA@e' W 6 de zft) § 1OIs d d3 HIED G dfFmHIdS
Bts 20§ (fylscOs Mise z 2O 6 OH j 1@ Mdz® dztshigdfigf@Ostcs M ¢ s
t OBBOdzsoa MEd) MY Jj Clilster tcOB H W OWA0 Off Hfiykiey tzfg IS &5 @
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Bs@dIsO dzj M tsdz €5 BBz (5 PB dBREZE Oz dEOABIHYEWO dBOS H T
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CcOBHBSYWOdO o Jjets M jClstej { todflkzlsm 8500y ts(Assamsafideidzdzc
al., 2001 Clavieret al, 2018 Heuseret al., 2014 Silva et al, 200§.1 MY j EHgEg H 59 O
B dzj cOdPY fasdaslsts? B dzOf)lednk dEef) BKfgls oftzdidnizIsflse k2 &
BsdzOydlsO d HBY sdzddlsj d' dovw ddddw fjtcj'dgj ddiasi9ts!
Isd i d ydz® O az'dzy{@uisaSekararet al., 2006 Valenzanoet al.,, 2007. v OCdd3 tsB
dimmdzj H 59 Odadz" 2 B dzj tOdz H J 2 Miseoad Is§ s thatsis dylsosdkY j IS @
oJ toswWlpdty,j sipw fdzj HMlsodj &3 MicOMIsOdzd Ww o W@ zd2@yq IBE
sls COdz ydlso.
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BOMisdsf CdOdL IsdlsOdzd Mmlsr 7 -ICCd B tS(dAOUs@fipdsro j } ¢ Ishy @
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