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fsylsd oMjs dLejMmisdy 7 ¢ dOMlsswh j iz o tej dj ded o
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MshlsOo ] JHRGEjuiiEd O sekfdssdah dj {Isd 0L dd
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BjoOddL &3 SsdelsOid dzOydd.
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I Odlsd2MEsets hdlso.

tiLbkd kOLT HdMMjtsOoydoddsets dMijdj Hse Odzed
CiHd OB U] MS IR ) CdhbezSydy s dj ZOBE{HY NE
BSH| Zdtetso Odzdd cGdzzeddz d Efmdksed?2 WistddEss Oda
) sy dedz j tjLbkd OIST Hd&w 1 Odsd2MEsets hdlso
Efdkzso g2 Wstktddeses OddY Ol j2MSdE MOkEzSdlsdHS
iy MSdr ©O02cdso .
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(SOl , CORjdedzr 2 BOIjtedOdz d BORE d ~ddi3d Wions
SOC Y4 ofmi Mststetsdzdzr ¥ Y sdBEsh s d fSHHjYCE, BCOL
dolstste BdZzOGtHOted Is d. 1. stseo Odzj dz 5, d. A.

tczCtsosHMmMIsots o 59 dzZOH j dzdd 34 Is s H SazNdf RbScdtPlsRbe €
dimmdzj HspWdzed Y sns9 O L O dL d3j toj ded § dL slssf dzts G t
I BeBcdzca O LO dqL B3] o jIpGNd. dL slsstf detsets MsMmisOo O

bolsstc o' Oy Ojls BIZOGBHOWdsMIs! MislstclzH dzd & Od3
[ . ¢. RO Odztso 52, 1. 1. ] &z0lstsdztso 52 d ¢o." [H.J dzy a1
Bsds B dzj eOdz! dz' 7 WteOCyd?2 HdY HOd dgj 2h 7 OdzOd
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RMC toj dadz® ¢ B dzOG sH Otcdzts s Qo lststs 97T tcO) O Is
Qo OlsjdStsolz, 1, ¢1. ¢ Oldic pAfgfadst@PTdzls ¢ j s Oty A ¢ .
Csdembizdzr sOydd d tBMmbkyHj dddj ¢ ldogte tlz dd dziPsdglozIs @ ds.

zyd dzts dzlz mMi Sty IsOtsH 8. ] . 4C kB dzse Iz L O i sd3ts
dMmimdzj Hise Odzd v .
JIsH | dz' dzlz s Bd&zOGtsH Otcdzts fyls ! Oolstste o' O OJ Is

dteL OBOMYjolz LO yjdedz j L OB yOdzdw , O R'tsdssAe g Ot
kS dmd.
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RN Bd! LEjdsr j MsCtOh jddv d OBBij o

1211 0zsd2mMe¢d2 hdls.

Iril sHdsL j8MSd2 HEdGj da

lsjil sfstsydesC Otej dz' MC OV ctekf f © MOZESCdIssdHB o .
11 f] cOdzlzezdzs BMtsow 5B dzZOMIs .

11 (1 60ededilsizj des € OBj dzdzOW 5B dzZOMls+ .

151 Of OHdzsC Otejjdiz MSC d2 HEBS3

18k ) Jdzj detsC Od3gg dzdz" 2 f sw .
s1lissdzzmMeEe | Y MEOW fHtotseoddeydvw.
svjutsdzOdzdlst, IstetsdzH! j d3dIsT, ctOdtsHdtstedIlsT .
suoutsdzOdzdIlsr , IstetsdgH ! j BB IsT .

v/ h jdzdzj toj dedets h | dzts ydats 2 .

AsVinjdele®tcj dz' MC OW ftetso ddzayd V.
AsrihjdsteOd detsC Otej dz' MC d2 Hisd3j da.

DM (1 fi) 4 § dzj |s d@e's ocXigdis d v .

UC (UpperCrus)i ] jtemrdzv v CBt6O0O.

mg#-d dzH j € ) BOCE dzjMgMYeEe) des nls d =

1 OL 9 OdzedW 3 dzj ttOdztso :

AbT Odz' BdIs Grt-6c e O dzOIs
An-Odzsteilsd Is Kfs(Kfsp)i € Odzd j 9" 2 ftsdzj o 52
Acti OC Is d dzts dzd Is Mgti d30 G dzj Isd Is

AlT OdzdzOdzd Is ( stelsd Is) Miid3d € tcts € dzd dz
Amp-O3W d B 5 dz Ort-stelsts ¢ dzOL

Ap-Of OlIsd Is Pl-f dzOc dts¢ dzOL
BtiBdtslsdls SphifqW j dz (IsdlsOdzd Is)
Cal-C Odz' ydls Sulf-mizdz WdHTr
Carbi € OtcB 5 dzOIs T Qtz-C 9 Otoy

Crt-mtesd3d Is ZoiytsdL dlis

Di-Hd s ipd H Zmiydtct sdz

Epit f dH SIS
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{ J ¢dtdpiate®@L H jvoizj dzd

1 Of OH dzOV T G jOEFOVY SCteOddzO Asr (9 ¢ dzt yow R dztsi
(9Cdzg yovw ofpe Isjtetedlssteds | sfistsydess?2 A d dedz¥ dzH d d
Il smistsydzOw i g ®fglp e #zOv yoOMmls+ Asr d 1r.

g ddetsded 3" dzOL 9 Odzd?2 BOMMdotse MOdzSdlsdHIBO :
stfglzCh ¢ d2 WO ¢ g iz tec) jLdzcdydgfcef . Is § dzO.

sktcc j dzdz@QtfffgiPazts A I fdzstc Oz dz" 2 zIstsC) + dBOMMde A
sWtce L j tem$ JqBO 1§ fitpefigy taizj £ 1LMi: 4 5, zsulFPls ! z Otc Qo OZOBY d (
I wisL jtemMCd2 Sl dzj €f: vOoOwWiad, 1 OOdzOwWtco d.
R dzts 30 dzls ® I t§ dots ffIs ©

4 d fd30 dzf ¢ 8z f) i) © dzd3f
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| ZOo @ jIstsHfmdzj HisO Odad W

ltod of ftsdzdzj dzdd OB IS Br dzd dMftsdz L 59 Odzg"

e 1 OBISO f dzdlsjtOblztes?2, HtMmowh jdzdzs?2 MOdzkz
BOLjtedOOBd. [yj SO dLEzyj ddsimisd ftessdzj &3 ,

e I1tsdzjotsy dLEyjdedy O dalz CQfolsAfOigy o,  d) dsdisa L jq
MsmlsOodzj dzdj HjlsOdzr d&F 7 COtls, Mt $Odj dedets@ s
Cogzfrydd ftstesH dL iy dzdz’ 2 d&30OfMMmdotse .

e Jr'Bt BKBOL YL Hdzw  OdzOdzd Isdyi MSda  dM
dzOB dz¥ Hj dzd 2, BYfdmOded?2 " difdfidsiom Cdsc tsfntiesjmdedas iPls § (5
dMmmdzj Hse Odzd2) , f ygj dzi's odg@wigEdsO ddzCudets ¥ dj fiygdezsny, dils

e [ftojHjdzjdd] MBHjteyOdd?2 tjHSdA d tj HCL
toj dalsc j detsmt j S IstcOdz! dytsds Isch J|IsOofts o d jesiaspHy ORb3 §f Isuj OaisSiAds @ .

e RLIZYJ ded j ndBIUjMEtets MsMisO&KO dzjdfdlsing ek
Bd ¢ o sAPFEBWISM6 51 0LA ¢ Cru ftodimlsOos ¢ SPVEGAIDSH, 200
Tescan m Crf I NCAOBNLrgéd 350

e MBI U ME 84 ¢ eusis i Jsdpdizi H z# M j jSm Nd, RY dzprdzd |
BEsHESd Jdstse dj ddets? Rt BOsscOWdd o Addduy
BjssHdS), fdMOdadzats? oH k' O @s' j ddgCAshod A iltets Is s R

e [HtjHjdzjdzdj dL tsISisiNdeRbte s f)lsdd® O d3dzts 6 5 € 5«
so j oH tsW OL i3] € [poiigsiiy) Triton T1. Il smMftesdL ot
Cdpyd dzstcOyd?2 Rb, Sr, Sm d Nd, or yd mdzj dzdzO®
fMisOdzH Otcls® BCR_1, Mmtslse jlsMlsakjls NO. 5%. I jdzd
Rb, 0.2 dz Hdw Sr, 0Od3 L bBdvIsOk dO®O&ddE |
BCR_1 (6 dqL®&Bjtjdd?2): Sr = 336.7 &6/ e, Rb =
8 RbPoSr = 0.4062%’SrP°sr = = 0. PE&MA8de= 0[i38@“INd *Nd = 0.512642
N 14. | thf tct dusast daf s ifsazOdafiiL s Ctsdzstetsdzd tetso Oc
fsOdzn Otelstse La Jolla d SRM _987. RrRL ¥R Mt
8. 37521, Ofmh@fNgiltky = =0.7219. RLGIs] dr 2
¢ IsOB dzd ydzts G5z HLOdE@D) dzdiNd/ Tyt -©0E11860).

e [ OfMYnuist U ¢ dMfisde LseoOdzdj &3 f OcOd3j stetso
jLjteo OO dz0 MINENdzw =dz2 5'BRE8B [ 0. 1967 (A
t Ofmyjls BsH-Ndz' ez 6 a@iplE QzOT) dztg | 38 HOPekEslo 1981).

e Jrh jdzOydoe Odzd j d tc OL dztPybj dzd j ts IsKsR{sdpr = H d@Vdz
~rddBBdyd MEs2 OBt OIststedd RL LT T O Mtse dzOMdats
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Neymar k, 1998) . rdzv o" Hj dzj dzgdv EteOdzO d Mo dc
f etsUgdH,z s dMOdzdzts?2 o tOBBISy ( Krogh, 1973) . |
C sdzdzj § Is s to dtptoy S |t Is to Finnigan MAT 261
Il sftesdLotsHdBsMis! ttejHjdjddy SCtdyj dsttoyd?
Bdsc S teOlsdzr 7 OdzOCR L 25,0  fifjistOlstan jQleg it B ds0 Nolelzts ) ls |
MsmlsOo dzv dzO@ 0. 2 dzé@ HEzW B3Ptbj dddzr ®. OdbL sdsds ff Waiz® ) 1S
SlsCstetej SIsdtetso Odz -tz0 0§ 16 B tetEhukftsyi QPG @ BOA1BY
a.J.d®x H&Y Pb d O0.¢fdétsmad Bsigls! HEdf 6 Pu j dzjsdgd e 5d
Pb Mmtsfls 0o dz?PtF0b. , 1 90 . it Prbdzvd 0 P16 ‘Ph.dzw

e RLBBYd 2 MsMmlsOs ¢ dfdzsteseOd dfs fida)dej jaksRidd
Jur iR 5 MisOdzH Otelsdzgs? Bj IssHJS js:i ts@udaizd 3 £ didipz
CEdRdzOIsdets? Isj &3 j sOktej o Isjuyjdedj 5 y., wydf
CO,o MbsjCdwdede j] ORIkzdzr . RLGBSfdr 2 MsMisOs
fnf j ¢ s sM§I2BAE], T dMftd L 5o OdR(,j B3d dgis Oz Ot KO @ i3
+197N O .FDBG 1 2. 96 NSOMOW 3 I&mMftesdL osHYBEMES ¢
HOG dzj s NOO0 . 2¢5d ffidzHtasn O
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| 209 @ dOMMdY¥ dC Oydy d dtsdgisdS dzOls & G
MOk dlssdH ds? fjtedd

s OdZEC dIssdH OB MEEEE d di3d Yy M O h BY tc fRO,c BB O
Gtstedz" | Y GSLBHT M sBhdkd Mtse ddshisw dgd i g di3d
L dzO§ndedc0-75) , o MsCdj € s5diy-jSaalpped Y dd NGBOOpER 0 d
tSH dzts 9 to jidsiodzdety dzdzts ] MtsH JaoyOpisd j HUSROBHEB&E 1000,Sr >
1000 ppm M j dzts g @5 (0.61 2 %) fted dzdIsdo dz" = ydzj dzO~SiGyj tod
4553 %. sy mMmr Lotsdzs ydd i J tol® @uEFO R teHf dgd &
CtedmsOdzdedL Oydvw, OnmdBddy ydy ojh iMoo odjh O
tcOMYf dzOREEEd f tcdosHdIs! € slsCdzsdzi dzdv 5 tsls L OH Odz
Msfteseo O HO® MY o tSIQiftgzd i 1§ Hizd tg 30 dedsvdzy § dzls e Oy d 2
IsO¢ d daj M edxjdfy.lslzlsds o n

vjtedsddz ¢cmMOdzgz S dIssdHe fteddgj dgv j Isipw COC BN j
f StetsH MOdzz € s s eztlzts 2C s iyte fod i dzls ¢ 15 dzO d d3j dzts © O dzd
MOz S dlstsdHdzr | SCStdi3fdzj $SMr, B" dzd dMf sdz' L 59 Odz'
Hts. , 2008) Mo J HJ dadz" J ) IsOB dzd Yy Jd 2h ldzts yz@ €
( deste BOdz! dats N d dztsildglzdsdets i | dzts y dzlz © mdtedd ftesqdL o
sfzBdzd Ctso Odzgdz" &3 8 (I ScOEW@Stseo d HE., 2008) ( t

v OB d&zd y @OI MY Y € Oydy §sesH, dMisd Lkj GOW Hdw

g tstsls g
hjded|SiO, __,| 4553 53-62 58-67.5 63-68 68-73
ftsdzj 994 M. %
hf Ols
otz, % —> ; 05 5-15 15-25 25.35
{SHESEYH §GEEH dGothod ds2 h
G OB B et . .
stsdz' €ts P CoOtoyy IStetsdzH + §
(Fsp < 10%) GOBBIE ”F"é‘;téoél Hastd SE®0A ¢ yoedse
f ZOC d5a
Pl O Fsp f(tjeggzg ¢ 6 O dzd IS
(Fsp>20%)
Fsp > Pl - - G tc Odzd IS
fEHESEY H bd, ) dadesh § dets Y dz o
ksd C5 P| basjts. /| basjts. / Eg%i'ufj
(Fsp < 10%) G OBBt Htsted WSt d
B dy Besdzytsdg o Oty

PI O Fsp

GOBB®l  Ciswdl HJGtd ﬁ‘;éef}if: Bis dzy ¢ te
. C o Oty
Fsp > Pl - ndj dzd %qJ&;é
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) L Iss2 tcOB isfd JdaddstsCofn) jidzddsdzlstcz L d d sO¢dJ
HWiceEttL Jtos, zOttQoaOdzOBYd d 1 vwtL jtets lsdzj fj dz
Is § 3, Ybts foteSHT, dadd @zdisdsp " i d e3OMfpidded s d c
MOz dEsFOO@RS s to  tSBasdgjO Igj dizg W d3ddzj {frrizj dg jedside@BAO , ( 2
d dLoEBpEa&y B uPROgIs ] € EipdpKodaldhkoet al. ,  2005; [ 6
lEmMjea0®, 2010), O IsO¢ yBibikevaafal ¢, d 22 090t5L; tc Q iyl (S Az
{ Odeidgj 5O0ten j2ME ] kd3j to] dzdzsifq jdadsduisas qi 7 J § ddedsl€ il Ldz
9" HJ dzw dzd 9 MOB@tsmMistswisj dz' dzlz s M tede , tsls dzd y
1dBdS¢Bs90 d Hte., 2006 d Hts. ) .

16



| Z0o © 3. RMbtstedw dLEzyjddw mMOdzz€ d

vdted3ddz ¢cMOdelzC  Istsd H ed3scp " dfidn fig dzjj g ed) I JOCRO oy € > .
mi dzisdatsds Hzw o' MsCROGdzj L O des?2 fjtedd G0
Otcn j2MiBEts oL tcOMISO o { toso d dzyShicky HansoflIsw)d tstc d

[ ded BT dzd dzOL 9 Odz" cMOodzz € dIsts d B @] e r B dz@ & &
o' MsC 5ROz L d Odz! dz' d3d 31 fiy @) haletdls tifsL At 2 @O jdzd dulg @B d
djlstsyd o Tasgnpdzd P 82 ) . i @dglinWafls HafH sL dzOyOjls ¢ MO
I sLHdgjj BfMdzd Ht5C0OL Odg' mMizh jmilse j dzdz’ §  te Odscfizd y C
(Stevensoret al., 1999;Smithies,Champion, 2000Kovalenkoet al, 2005) , dzts Is J te
LOCte v pdzfig j scdzse dyj M52 daetsdzj da€ dzOlskztej .

S dOMmlsswh jiz otjd3j dzd Own ji2MCdy c¢cMOdzkzS s
Hicj otad@ls dpte® (tcdfyp 3. 1) .

1 Od B 5 dzj jzsH jOde@dp2 MS dj MOkESdIstsdHr B' dzd dL
ftese ddzydd ' ezffieteld ®ite.r 3. 1. mi dghnts@ds & gl dbjs o (O
Bazteddj Is) €56 dz IsMoudgis dgy tsen' dfifsteiofts T -Is © O OdidB i L Usd Is 1
02 5dzO { { 2(Siey tHahomy tc 1984, 1986). RrRBJ B dzf
sMtse § dedets ls d ~ddBdud MEsEts MesMisOoa O MOdzzd & Is s
dHj dzZlsdW¥WdSsoydd: ' M M@0 BO Sz, L o0 dif oI 200- £ dzy |
300Qppm), Ba (>1000ppm), Sr (>800ppm), LREE d M j dztfte|f R H ] eff) @O s
sMmdzseo Odzed d GMsB j dzdesMis ju2. gtk ud ME B 6 5. M B Idz2B) 6 @
BsH j dz Vstedzdteso Odzedwy MOz S dlssdHdzr 7 t©OMY dzOo s
sBtsG Oh jltlzdzt 2dzj dzj das@®@dzd IsOC » j s\ d dzéh s ts fudgs? My
dOC dZOH" 90 s tetOded yj dedw dzgO otcj d3j dedets?2 ff tetsd3j
i @o dzj dzdzj 3B s ) Q O IldBjdEREr(y Hanson 1984, 1986).

]l SLHA.joulsj todz 1y ¢ B tztfzfs dz@r3dzy dzj dzdzts j B Hj &
Vstecdzdtetso OdzedwWv sdzese W OL dzf R St ezlal§ IP8tSternddanson, d dzls
199 . v 0O¢, H dzw BOMMde © { sOted dze tdeojte (1t
dzj o sL iy detsfls!? fJtesdmratsyHjddw tOL dzdyde = WOL
JHddtsets dMmissydd¢O ddd fkzisjd Md Oj ddv st
tcOMyj Is s oz MBGOsiste ' didzde,d v ylfstetsH BOMMdo O Bls i3t dzyt
Bsy jls BT Is! ftesdLo jHjd2O fhklsjdz WttOC ydtsdadzets?
Bsdytsdzd Isso tsects tcOMYf dzOo O.

‘v Odzlz € iz Yif dzd o 54 Odz® A © dzd)ls  d WO M j dzj dzdets s § 2 dzC SO © Odz
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Z/CJ\QJ\ AHa6a CKWUiA
< 7 ~ BanTuiickui // LumpT
J \\ \_ SC LUT ., s \
[ — ‘ = > (W 5 7\1 N
(' /> 7-2.75Ga
%Q ﬂ AngaHckui 7 vl
MPQBUHLINA ﬂL} \é/aMHCKMM LU'MWL
Cbujpepmo M Kp 2.72Ga j) \./

by LT
\ @ 2.7;{2.768@&1 [ ,‘\J 3@ 6 _ 0
AR 47-2.546@

\ /
\ ' Cegsepo-
\( h J/C; d \> 2.51-2. SﬁGé KMTaﬁ(?KMﬁ

iK/\ 11 Y 2 KpaToH
Hapsa
AmasoHc M Ga ‘ KpaToH \1&‘ 107
e €08 ovosmog] TSRy
264 @ N P 8 2.65:2.67Ga
| 3umbabse Aunrap 76-2.75Ga >
’ KpaToH KpaToH

(D Apxeiickue KpaTOHbI M

® CanykuToasl

{dfm. [ 8C Qddd OOl Ot 2N BRdhHodkS dlstdH

AdWteOddd EZSCOLOdr MOdzzS dlstsdiidastco §f wig© @dzy y o
etal,1995 Levchenkowetal,, 1995), 2 s sdz' MCOw (Mo r HYgabenl ghtctso f
skHtowh s d HAc) datiz@ B jl & )LipadBZhuchenkoetal., 2005 Odfets dzts o O ¢
Hts. , ; Relimo7et al., 2010d Htc.-)yMddsder sdzd dzgiC d2 BOMMde
[ Bdzrn sdzd dzlmC 52 Isj SIstsdzed ud ME OV L itsdgBom fidlolz fuyj SoH- 2z if C@
Jdzj S B3Bd deMm € d 2 & fi) s gfdztsStc . (| U CREpOGAdy , (Maé=E al., 2013),7 i
]l sfpsdy 2 B dzs G, @Vvaryét & 42009 Pehgetal, 2013), 8 R Mis j dz | B dzH W
(Champion, 2008 9- 5 Odzd3dd Isjtetcj 2 dz ( Champiiemlkzt € &®s 3fidabys,
BOMMJ 2 dz [SeitadsCti®pion, 2000 117 s dzsfmj f J Is Maged fatfiald 8001(
Deyet al. 2012), 12 ¢ tc O 9 O dzdzd ¢ tc Ols ts ddpndaiej alg @01 3), ds® [Arfrpchenko (
etal, 2003, 14T v Olsd 4114 (Bagai et al ., ROB&O22 Kot
fswim [ &) siftsl, 2011,2018)el8t d s [ Ot d wOlivey@ &f fiy. {2009,(2010,
2011), 177 ¢ ¢c-sOf OH fJtesoaddzydd w8 jtcdtste ( Mk tetso
(Shirey, Hanson 1986 di firzts.{)tg,ts 0 Y 8zy d ‘Sutcliffe ef lsld A399), (20
| to j dzdzOSimerdeltet al, 2005).

I fsfmdiHikzshdj et edgdz f B©EsOgAY Yy st
ftoso ddzyd d dsistoffj ju©d t9 tef,n Oz iz ePhiiSs@fbifz et al., 1990;Stone
Crawford 1993 Corfuetal., 1995;Sageetal, 1996;Henryet al, 1998 d Ht) .

]l tjLkd Ol 1Isdr dMmMmdzi H5d 'O dzfif dzd p § dizPyg o ¢ iz
tsls wd3v tcOdzdzj 2 W Otl'. OH ditsidy d s ©» | Hot8 (Brtevendoket alg 1989dzd Is ts
vOCOw Nj LOsdMmddtsiis! wtcOpztgd Bd dZOX .5IsWJ Y JmdzC
Modziz € d Is s d H tRainy Byem@Bhjrey anson 1986) . ftstdz M ldeQodsft
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5Bl W hd@&d | i dei depryjlled®id B3d dzv ydj2 Cttetseatets

BOGC BOBduUd MEBS2 HWWitej dydoydd mMOdkE Histsal Htda) m,
jLizd HORPEBI dz§ls s dzs RIS DA ©5 0 Hsdzjor 2 h i Ols
Bz f sdzzyj dz@ § sor h P@uZGb (198266 ) dod W lss S OC 3 j &
fizh jiise j dzdzr 2 9o C zOH € sytsdsDo ¢ H@fizk Gteis ' BEOL C
fsHBBd j o' S dj StPbiBE Qe I to dp'L dejisditeo o diuj By judzdzis
o Istsdd wddiydz W OL , SHtsdkde djls jdddsjdgr i L dzOyj ded v U

Entwine Smirch L.
< & s

, ~—Pekagoning L.

). .\ Jackfish-Weller L™

s S z Penassen =
0 ’ce Eltﬁv L_s ./_'_'k./../.z“.Bfrmum \L. :
s“bp(ov\“ 2Buichil A .
Z . Mass X* > /4

g\-e‘e'nm.n

X iz o et
=3 Z ood - ekekuab'L. i >

Z 7 A A A

X e 7 F < hunderl-

‘s % AR Perching- oNX Ba;

N\ g4 SteighL. "g LAs\)‘OQ e

\ Poohbah L. N - 3 \ /

keljgkyubic” 2 _._f\ . ‘Ica"is‘l??‘o
Snowba‘;\l'({"‘.' R DI Sogunuaa
PN - caHykutouabl () PaiiHn pusep

Wb < % HepacuneHeHHble TTI

o Giants Range”

pasnombl

BN =N &
s a : B
P el cynpakpycranbHble o .-
Rzl 1) 50 km
=\ "*m‘\\ MOpOAbl =

tdi. | Bs@&se d uj TGO fEReddYstetso ddeydd v 5§ jted
f tsShifey Hanson 1986).

{ ulsdo j dfgwengorgtal, 1999) § jtwor &5 McOodddz MOdezS g
MOodzS s @BE dzd s O Bq , afSHH j MO s MsMisOs & Odakz!
h t5h tsdzq Is O .

19



1l 1999t .clisHtfhf Cdzdzj cORBd fHtotseo jdzd fH iteor j 4 ¢
oL OddisHJ2MIse VA0 tE t J Hzts s i eSOl dAD o 5 df3, slsH j dzd
5Ci0ddyud MEs?2 St zdsctcy Otz HigLedazBRH jJtcj OF -
Br dz fsezttmipden dzr 2 tcOMYi dzOo , BdzdLCd2 B MtsMmlsOo
Br &zt 56 OL Odgs, ybts Wsttdkdteseo Odzdj MOdzkS dlstsd
SHdEMsOHd?2 s d3 jinke Yy ZiRepfefal (L 5@ 99) . ClO BSHJ
GWHER JMidjHseOljdj?2, Atkw &0 dj Bl widw
JdzlstelzL 2 MOdzC dlstsdHtse, ddjs M d@ ttdssaspdedy A J dedsls

1 OdB tsdzj § Hitcjodadj MOdzzC dlstsdH'Br figd o L AR bz
CtcOltsdzy 1 d dzB OEB@ithies hampson © d2d0v0 0 ) f tog H nls & dedAgf2AE
dzj Ctelztf dzr 7= dzlsMdzn of Raxfghro fistsGcts tdgj Bz i M.
fsdzsy jdzdv MOdzkz ¢ J430d B3O8 d i MLjs sadplsstedd twOL o
Cster CtcOlstsdzO:

e 9 iz B tc Plusgjdedztc OL d3j N j dad § slsmizlsmise d j fno w
fMzeHESydd;

e 9dzj Hic] dzd J 9 H s dz Ctolztf dz" n tcOL dzs d3ts @
tcj edsdzOdz' dgr 7 IjSbsdzduyimMédr MB" Isd2?;

e YL HASHIE dzj BOIdUI ME 5] fsdzsy § ded § 5 ls dat
HY stedsOyd? ;

e Wstcdzgdtotso Odzed j f sMmdzy v D dzEOZFC BO L Is@DzPo n
4006 0 0 Bdzdz dzj Is ;

e COC f Qo d dzts, O fiy i =y 8 O e Wfdz'ddB ¢ G QYIdipidzd dgf
¢ BBy dzj;¢ MOBJ

e ftIocjHM MlsotsoaOdzd] COdzdj oz BOG BOIs FL Bz,
2 0 dzdz@mittiegs)E€hampion 2000).

lftsmdzj Hiplse dd | l8d ddffipls® dedalztkndz’d Hdzv MOdzzC
Hicj odzgd s CtcOIlssdzOR .

Il twHj dMmMmdzj H ts eSAitEERChamdz@ Y e c), MtsBtSj o C
EHJ dzj dzts oLOddBssIsdztsh j ded W of3 MOodzz C distedhiEas o j d3df
CEHdBtdlstse 52 (v ds)o BPMigezsd O DM MBsistej dzdd ¢ s
Bisdzy § §Bodzdzsets f tsded d3Oded W §tetsyj Mmisd dzdh s & U3¢ 1 thzg
sty Yy dzlstEfzL dntsmis Qo r Clstste” = L Oded d30¢ Is  {f tots d3g
MOz S dIstsdH OB Offjls Bsdzs & § 2 A ts5tcd3d t0olCHgE Y L IsDO i IS
f zOo dzj dzgd J &3 BOL Odz' stsots? Cwter Mmdzt B O o -tchffpfHXo
BsE oL OddksHj2Mlsatse Ols! ) s d@Bd MHigd dis dz? dzt®©dn
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dnr, n Hdpzls BB ts BO Is.dasdeteds[ae@lo ' Odzd § 2 MOdzzS dIlstsd H dzr -
Meow L o Otz N\ O MIs dyflazOo ddi dzgd S OMBBOIS L Jtss o Oc
tcOMYf ZzEOEEWIEO d&BsH jdz@ B &zO fsHCtej f dzj 2O yd mdzj d
1 dzj d3j @asitBies,Clifampion 2000).

] 2001 GeBHE CHo@dz telyr dzdiz' IsOlIsT dL zygj dzd v
skzsmifjls (sSStsdzs 2, 52 ddzteH dzj IsMoyef €ttalQ BO®Yz [ ©
ftoj HMisOo pfedgsc T tolzf §f OB St H: OdzOIs j S Isd yd M
BsdzysctcOdedlsOdzd d fdesSmj desh  dgd Gxtedzidp® azq Is ® i3
l sfdzj Hdzdj Hoej ctekffr dkjsl ¢j tsnd dsfuvifde]jdzo
9 Otcd ApdNAs O O s H SR dzj CMO gla. d3tf dzy Halzdnls € as d
ftoj Hdzs) d dzd  d3tsH § dz! s M dzd W tBSCPh jfdfsls@dd |
OdzOIsj SIsdyi ME et § dzOo dzj dedw € tster

Kjdzj destf tcOo dzj dzdzts § dL zyd dzd § ModzzC dlssdH o
ZOyodzsm! o 1999 cetHlkz dmMMmdzi H 5o AdEpdrzdydd dets| {tls diJ¢
Moz dIssdH O MmMEkzeh j dzsydz - f StetsH 1 O dztsLQjtdg fripidia
(yiSEkdzOjo,usd08O9)B " dzd W stcd3lz dzd te s 9 O dz" ts iy dats o o
G4 Saufidhfs 565 dinsefifdsjClgjded W st d3q te tieO@Zizd ' lsoEgfrHlgI T
yomisd 1 O0izsd2mésets hdlkO.

1 OHts Blsd3i sdlIs! , Yylsts fstesHT mMstslse ,j Is gk oz ¢
tc O dzj J s dMOda tstee j g By@tts@e i, 1995; Nordgulen et al, 1995;
Levchenkovet al. 1995) d © sOtjdz MEts2 (vJSlkdzOj o,

1 OdzZsd2MmMEsets hdlsO.

] ftosyj MMy HOdz! dzj 2h dn dMmmdzj His9 Odzd 2 )
dzd s0Oten j 2MCdJ d3d toj dedetsh j dztsydze' § MmJtedd, 9 ¢ dz¥ v
otsLtcOMIstsdy 2, 7 d3&kH d dzghb i dakMehpgoetal. , 2000) .
ftoj HdzBY J d&2O BtsH j dz' ,d Mfstsqdizg B dztelz © thlg S tc RO MM BOIs to «
d3d s OMEogA@dds 0 O dzdzOW B3O dzlsd v , O o ¢COyjMmlsej BBj -
oLOdBsHj2Msoad) ®&BOdZsdd  SCtesear d@ oJh j Milse tsd3,
fdzdlst ftsH OCIsdoedzz¥ Ctsdzlsddzj dzlsOdz! dzz¥ S tcOd dzlz
tcOB tsls tsilsd3j WP dzp flpdzO vis f 6 fo tsetls jod® dalgdz@ v dzdizis v L - fn !
1 IsOf Odzd Oten j 2 ME G BOC BOIsdL B3O L sdzsls stclz H dats
OdzOdztsc d ydzr = O M dapdcBipucRenkaet ap, Q0OBEID H |

RLEYjdedJ BOGCdzj L JOdz dz' = GctoOdzfEfEmEEBd » ( fi) Ogak
ftoso J HJ dzs RIqJ dz' td3gdy (tO0disMtsdztse o O eidgidg mis R GO AN
(stsMstsdgz s h ¢ Ow L J dzj dets € Od3j dzdzOW MstczC sk P,

21



Hjls@df jdstesdzseduyjMStsj d 6 j ntethdezeddsadRise, daf
BOWHMses vOdss j2Mdd Me®L OEadaizn? 1 dzd d&sd HOj ¢ dzC
fjilstesdsedyj M scBmr dits v [ tief @s@ERLY Y quisasitsigls @af stod L
CtloOdetsH dtsted Is ts oW us@ffirisdaddsy 2z € tcd Mls O dzdzILEOYLREE? tsB
BOGdzj L d Odz! QEs@ .5 fipdedg sMisozs M jets 5 MsMisOo kz
BOMMmde O. [BOL 59 Odzq j f j too d Y dats ¢ s d3 {f talBDhp fdppBad
BOdzsd2 detsets dMlssydzd S O, & sOMBBO L distse Odzdzs G t
Bsdzj § tOdadzd » (@2 1IsB Uifdakis(j-6 tetes@adtso Oo M d BdMY o L ts
WOd3 MOdEZS dlssdHdz 2 dBOE®EOIdL &3, dz0 Mmdzsoe §
ddzstclzL d 2, MowL " 90 jlsmw M twOmMlswy jdzedj g Ctster ¢
IsjCltsdzd yj MEts2 Lisde (wOdBMsdatses d His., 2004) .
] 2005 »eiAdedOihpse ¢ o h dzd Isted MmisOls! d, oW
sOtjdzdd. | [fidseOdsEyj daf 51 . LdabazeZhush@nkdet af., 2005)

©OMMBols s d i ool sy QEiElg o | dfdsisdzts Y j dzd § | ¢ s dzt
Cj M dj R Ok O Is jddyditsotiiyd tc esOdzd ¥ M Odzz € g Is 5
COL Hj d&zj dz' %O  Ho | Cekfyr, fediesyy dd j

Meedj tdHdsdzOd desc s §eshsdeOddy. 1§ ds &5 OL C
Lsdg Btsdztsy j, d3jdaij HOWWJ it dzSiChstsePdadz" j,Sh ks
Ba, LREE, yjd&3 ddzelstckzL dd otMmistsydats? Ltsder, ofj ddzlst
fp Mdjddlstse" &3 d EOBfesi dqtetss ™ d3 BOc BDJsY M Isisteziz’
NTOEOSIjtdMmisdS MHjdkOd of osH & BOdSE dkke d ddzs
[ 4 Is Odz'Cdgdn d3tiels te j oz Ho J ddzlstczL d d: tfs tdz jteHe iy IsHEataCOdayt ¥
LOfOHdzks  otfMsydlky L sdk MNiss psisdioph; s . -
COMY ZOo 5o d { 5C GLODHA W a®ydz®o tsdfn Y steddEso C
oL tcOMmMls] ddzstelzL dsydas@f QHsdits 2 s | & Hfddg dzf @ BJcteOy
s j odes?2 GBOdzsdd, -@O@asdd W' g dzsmis®@E@Dh
qdfmlstsydzd € O.

| tOBtlsj [ . |BbkwaaaSsox205) fdosHYImw t
HjlOdr dzs ¢ s du @lsyg CEtPOEaEEs W HO MOdzkS dlstsdH dz !
fsSLHBZ gastsf sdzdz] degs dL Eyd dedi &3 ydwitsdses dL. Mmdy
Oofmmsyddtekzs h g M MOdEzSdssdHO®d (J1dBdSsSoO® d ¢
Ybsts mModkz¢dlstsdur , Mmdj ded s tstedzdde@dotdsind te "o dsQ taljj «
ddzls j oo Odzts o o2c7jdd)y dafdzdz 2d2j31 o o BB Q\dzt®?2 L O Qs dfiz
(Bibikovaetal. , 2005). 1 twH] ®&BOMMdotss B dzOtlzy j da"

2] HikedR ©OBBIKOR 8BO | Ikd &OMMbO: jsdzdzQ Bifdizj d7 ©BH dd5 ¢
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GdzOo @ Is&) yJj detsf,tc & gdEAs MmO dzlz ¢ difuigiddaddseots o SIS dzd Y O*& Is W
su)| MmMikh jMmilse j dzdetsThE ts Bzgzfp b § dzff) SBibkd@szedal. 5) 2(0 0 5)d. v
sMtsB J dzdzts s ! B &zO o' wWodzjdzgO Hdzw MOdECdIstsdH s
dzj o sL dd3sy dztsMmisd ¢ J dzgj Oy d dL @Rz ¢ fif befsideddn| 'af O B6 d
fesyjmh M -3QsdgsipiE I Bbimdadtdl, 20g5R  (

RLEYJddd dL slsSHidMddO dizE ds®a@ s s Otej dzdd (
OB W dietse B' dzs ftetse J HJ dzts Kovaledkoetap 59 @D &9 ts
B dzs kg dsylsts MOz dls6d i dz' i skstic Odzs dgfls @0  d o
nO0OCIsjtedMmMisdSd, MatHdz J M HJ fdzskdicta Odedztell j
10 OFtlzE & MSCtsets d JIBHoESL jtehMSsets H®@Ese §KBP
gL slstsf dzOWw s Isj sBE Y fzdets iigO teOL dzd Yoz d3 d dzls J
B sOMBBOLEL 53 (t5BESEONjddj d3) dB5Odks didi Yistsifyddg €
f dzOo dzj fizgf | Bts BOIS 5L BOdzZsdd ©Oolstster MoewLr 908 ls
fsi b3 ©OL dZzduydy ot otej d3j dzd dB B fadzy GE
sBl widzgv j Isfpw  tcOL dz" d@3 otcj o3y dzj &3 MEkh j Miseo so Odzed v f
MtcOo dzj dzd J§ Gitrnddidyd MSdn st j dzdets s j 2 - MO
BOCdzjLJOd dzr 7 WOdzj tesL 52MCdrn BOEHK, ©BEOLBSC
( OdzflgrL  Fefdfffo) d OHOSdIOBH Y OPdeH ff st O OO Yls &
OO dzsc O3 Otern j2MEdr MOZESdIstsdHB o .

VUd dz" J RizOr [ smBsNdjd L Slstsy dz' A HQdzedgislZ C M € dRY t5
1 wisL jtemMSCtses d 1 jtecOkdzMSsets BOMMdoe tse, (] Ot
10 OH dzr 2, Aj dzlstcOdzr dz" 2 dS R flsHstyddg ' ( sl Gstet jozds' L fij
fsCOL Odzd, Yls ts: (1) d&Odetdzjj SdMmdzrj ctcOdzsH(
dLBIssf dzF INd s MiF@8 Miso j dedets ) O degts dfUstisdfcHIstiisa? s 2H dfitpjte
BdzdL $d2 CdgiozfwisBHR@EB Bdd yomlsts MtsHJ ) Ols L On ¢
dzd » dzOB dz®¥ HOJ Ismw L d3§ dzj dzdSits tefy ts ) ISCODtES o f HL offplsitals
90y dz' » 9" 9tSHTESO : 1) |-dg®diapte dedslic’d Is f a3t s d fistsddzy d
dmistsyded € d, Cstotso rifts s i 9 j ds@ndsle d dzdzts. 2) RLBIStY
ftedd@zddisdo dzs? MOdzEC dlstsdHdzs?2 Mjtedd lstcO)y Ojls d
sBEON j dzd WNd 3P gzls dgj IsOMts ZOIstsL O) HES dsd3d dzls O
Wstcdddtetso Odzdw Mmjtedd. 3) 1 OL de§o o t¢ © Bldaz'? H jzlsk
L IsOf OBROSBPIsdL ©3O2 (8. &dztgdH .2 . d&2j Is dzOL OH) , Colstst
tojLlzdz O f dzOo dzj ds[W] ChiplBGifpldeRz4 ) j R L silstsif dz" 2
CtcOdsHdtedlstso 52 MOdzkz S d IsdeLdHistiasy2e  BNdtfiEdffh SSxstddOm t
dMlstsydzdS O ([ Otdtdtse O RbOSHEL tsls 2f0dRs72) . iy drfy.Isizjudli' o
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EmlsOdztse d Is Ho O 1 IsOf 0O ol FEHeOslid sOd
e’ (BCtds 2.1 d 1.7 &EOPBI e  dzCno0HL) . dz@4 |9 t
BiLslsjtoddOdz! dgs?2 L sdzisls 6t ProditsMesdzdPdzftc @dzd L OGP @ 7 )

] fjttdsn f) 2005 s 2013 cEH' GikzBdkdSte Oc
JLEyj dd™ MOdkS dIstdH Hala 20060Z0WEDyalp @ @l.j 2006 2007;
Heilimo et al,, 2009,2011, 2013;Mikkola et al., 201) . l 1Isds t©OBGSISO~
JdzlstezL d2, o' Hjdzj dfisBsHfLd ysBdPhjdadey = € mMOdz
GJjtdesictsn d B ud MSdrn ~OLOSCIjtedmisd .

l tjLbkzd sOkj sHJ Y s s c ) Oy df jsHsts o1 &drgl “A d dz
MO dzdzO JddBts kvigls O Hatlep 20@&2000Heilimoetal, 2011, 2013),
Mststesdz , 2 dust)EP®HldzHf, O OS] HtedMmikzlsMmlsedd Hte]
ModzES dlssdHBse tslstcOy Ot ls 98¢ &ZOH Cttcsoatsets o jhj
G BdUI MEdJ rOLOSIItdMisdCd dzj Mizls Mo dH JI© dz
Shdetse Oded d fstisdgidisdnlsp dfwdats 2 € Stetej dz¥ WIHE[] dig dgchidfzd dsch,
GadQimH j &zOdz o asH, Ylsts  jteeo OW tsMise j dedzsfils: fC
g irde. BH dzstcsHdzsMisd L slstsf desets MsMisOo O St
Csteso OV CdalsOdizd dzOydw o ff totsf jsi fipfdz] ezt o tde)ogisiftfie
dzj mMzh j Mise j dzdzts 2 d dzj Eydlsr @ ©j Isfqw fted B H
MOodzzC dissdH s A dodpdzv dgeiaf dizd v 1 e totSH T frrA@sdp S  Hs ds(
dzj L Oadmddsr = MmtsBr sdw: 1) toj yd S dzddze Ctster , ts
B sOMBsBOIstsL 2 BOdzlsd d ; 2) B@BOdzlsd 2 dzr 2 DOlffes ¢ dzdzd
Yyofmilsduydetsd f dzOoe dzj dzad J 34 Is Glélds 200bls2PQ9Heiditemetatizaftl)  d3C
2013). 1 sfmdziHdzd § M’ bl Beaetalr 2000) sfqfw )

ANddehCd] cjtdztsed ttOmmdkOlstedo Osls o COyJ Mise |
sBtsSG Oh jBdzdz'So " MBOEB dzj L d Odz! dz' j Fowlds Gtdatf [L&0d, H2008),(
Colstster | B@{y jMW sted3d ctsp ®ldz] ¢ I8 dzd g fiN€P dztiseBSdgO H O &
rtsHd & M MO dsdHOB] ¢JjtsadBdud MEddd Ok

] 2010 GHEZ {.1. tidy f Codzdzj OB { to
oL Od zmH{ V2 fitlsO dzls d 2 dzts cdfs tsaff § dz@ fA EssEudir®@  tc AiRApRGtal.,
2010) d f St Odgfls OfnpusdsOIlstsL j BOdzlsdd Btsdz h lzs
o dzdwss h dj ZzO0 MtsmisOs tcOMmYf dzOo s, tf 5 dgbsy Otf e & ts
B sOMBBRBOIsSdL dqskze h jes 0Ocj dzlsO d foftdakly dety e isdzdtg O fif
(ft) d d@BOdzElsdldetsets §f jtecdHBIsdIsO ([ 1 (Rappetfals930, tc G (
2010 . dBEd&OMmds 1 CMYfjtddidsdds,0o &sgls O 1§ 1 /3[: 11
oLOdBsHj2Mlse dj ftcdotsHdls ¢ GJdel cOydd BO G
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tc O fiffods edzd L-FiH)Odzz S d Istsd H 59, mMse zOMmdes € dzOMMmdW¥ d ¢
(Martin et al., 2009) . Clisls tOMmMf zOo BEHjIs 9 t0Oo datse
CtcOdOIssor &3 st dtipt J i) defClsads 1 :teld, [t f t5dzdats:
B sOMRBOIsH AT Pz tHLtocdosHwh s ¢ SBOL tso Oded ¥

BSEOtsets fdosfsor @3 i3ddz0 dzts figs & ts1OEHAD I ©RAYIRidHEQ € (5
2010)

10 fYtsMmdzj Hdzd 2 0d8H " o( 2@9 dRdese s L Opdeisde dff |
MOdzz C dIstsd H dzr o3 s § Iis Asflzeizg] RIN O dP ¥ dzts 2 dbWted € d, 1 t6OL
(Laurentet al., 2011, 2013Qliveira et al., 2009, 2010, 2011; Dey et al. 20pndal et al.,

2013; Heilimo et al., 2010, 2011, 2Q14aaet al., 2013;Penget al., 2013 . l My tsdzqd
9C ZOH 9o ROSCtiUpd ZOVWEdOQE® s MsomMsOeskz d
dgdzlstclzL d 2 .

]l LOejteh jdzddj] BBLBKGO "tyjlmvw Mttt Glsdij |
d t.1. t1f40 s MOdESdsdHde = Mmjtedwvrn Matte® d
et al , 2009) . J 1 @eLtdzts ) IfQdsj! Hjtf seztsfy§ dzd § Ylsts
JqdzHd C Olststctsdz ¢ dzsB Odz! dgs?2 Md3i dz" Isj SIstsded uyd MSdn
OterffRtslsj tesL 52, tBEkMdztse dzj dzdzets? tsMis’™ 9 Odzd j d3 1 4 «
9" MC OL Odzts Smithids OesdoON2000) . 1| HTtsdz Lk Meassj2 cSdi sk
mMdzj Hze h dj Oteckzd3j dals' : L Cd2 ddzlsj tco Odz tedzts jj djdj dz
OterfiRtsls j aLdgyj M d2 MMlsOe MOdES dlstsdHtse L Odz
BiAHEZ vuy d Mtsetej d3j dzdz” d3d tsdfyls tc B e3tp HzD Y de'tsd3do tog te
CtlcOdzd ssdH dzse 5 BOC BOISIL BO: su)] Y MOdkzCdilstsd
Bdzj dzd ¥ Oolsstetse, MowL OO M Isjted3Odz' dzts?2 | 9 5z
ftesctcy MmMdo desy Misr 9 Odzedj 1 J dBdzd. [Mmdesodzr § o7 9

1) Il ms¢d?2 Isj f dzso 52 fslss¢ ) Oten J J fmls
sBtcOL 8o Odzd v -Ofifigegg Oydud, G klsjdz yomsdydestsets f &
(f izOo dzj dzd 4 Mmdzt B O) .

2) ] Ctsdayd Otenm J v, o fmdzj HMmilse dJ ftesctej M
f dzOo dzj dzgd v fydzi B O Syt tiz@fdassolgfiyvn. tOMY @zOo ", SIsHJ
Mddzt des CdZsOBBddzdtctso Ols! MW BOdzElsd2dz" d@3 ff jtcd H S
dzd L-EfgOdz C dIstsd Htse ( t5H dzts RAppetrald1®9%@010 i3 s Pz J § B8 J t
Ybsts @ dzOe " BEZHEIS delgddfteds otDlsts d Hifs lsdfd tsd3,  d3d
(Hea R MIsOH 2 dzOW BSHJ A&z ) . 1 sfpdzj Hizs P j f dzOo C
sSBtcOL 59 Odzith) Colzzf§EAsts d H dzr = dBOG d3.
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3) I sLHdgi y 2.5 gdzteH dzj Is, 1 d Bdese s Isj f dzO
fpdzt B O. I st figmis tistssEtsH Zojtdg dgj datfO ¢ 3" fls © dzd
tcjL zdz sOIs f dzOo dzj dzd W BOdzls d 2 des G ts fjtedHBIsdIs
slsH jhdgdpd MY ls MEZBHEYdeks h jets fMmdd B O.

bolststicls i3 YOKsts L stsls ftesyjmi Br &z §smisjfjd
ftesdmn tH d zd3gegedzts H dz®o & 2 | J dzdzi .

Isd "ddhsets dMMdzjHse Olsjdj?2 (SOS B ds
dzj sSBABH B &3 EMaseodj B HdY cjdzjLdmMO MOdkS dlsts
2004, Otcd sdzs o O dVartintet.al, 20,@lvéira et al. 20 1do jyc tsH t&S)B | ¢
vsu)] ®BOCBOIsdL BO  Smitkkes, Thapgpion, RA0&Madin et af, 2009)es dH W Is o
MOodzESC dlssdHOR MoadHjlIsi dz Mise s { ji tf i Aoty vZB 32" Ms o §
dissted du ) G3ddzy . d3j dzj js MXF o W' 2 H.jdz' HdM

[ BtsB MWL Zdz! IsOIsT ftojH" HEMN A d f)igtzy dzts o Griad] 2dz
sMhdetso dz" | o7 9tSHT

e dteRj2MCd) MOdEkSdltsdHT bkinsOdtsse dzj dz'@  dzC
1iddzd; 90% ddidstekzL d2 MOdzCdltsdHBo teOf
10%-fted m5H MY dzO O Hf oddcgfEEA YD dzdzyf Jn .

e 10 oafMmMjrn SCKOltdORr ftesWeodjdedj MOdzzS Ists
Vistedsdtetso Odzdwv tshdztseo detsets tsBi j d30 € ts dfls d dz]
ftejHN Mo so O&®dafdzph €] dedizd E Ozt tzs o ™ 1)

e 1 OBdZ* HOJj Isyw B sdz' N thldstg el L dztxfs BfipOM I Qo jo !
BOMMJ o-s®, yide&ts dzj Mkh jMmlsekjls jHddset
Wistcdzd tetso Odzd W
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| 2080 | jsdzsedyjmMEsj Mbtesjddj 1 Odzl
i3y Mlsts MOdZES dIstsdH dzse B8 d3OG d@ZOIsd L RO
Il dgH 5@ j dzgde" 7 ftetsyj Mimtse .

bR j2MMBEFHT hHdbtses WthRdwkzeéls HoO IsdfoO Isj
L j dzj dzs §C Od3j dadz -¢ dajf 2 i thoeOrdgiz\iinefilbyi@itigevehater(197% | 6 j 9 ¢ d 2
His. , 20HID) . 10 1 Odzsd2mMStsds hdlsj 1 Ise¢ Ofgls tizz 8 b
G tc Odzg lsizj dzts C OB j| dpdptd 2 d( Apss tizd i § B 52 -G alag @ dglisdzfsl@ s ( 51
5B zOMlsw B (t Odzgdzgd?2 HBSCjRBEd?2.., 2005). RA
Clsster 2 SlsdzdyoOibmw s As 114 d s1 144, - 6dzC
B sOBstew d ud M 52 fitcjtcPesSsYsodj & Gtsidz] s L
fOdzj sfteslsjtesL 52MSdn ddadstelkzr 2 d HOj S BMdesoe dats

] ftcj Hj dzO~A A S 11 d d s 11 d ts ) dzts & dzts .
W stedzd ots o Odzdz" | GteOdzd stsd H OB ( dzj M - &d &
Bd ¢ B3OIs d Is O d3¢f tc Osditiitiaf 2 MY sMislsj S Istsdzd ud ME d3d BOMM
o O dz" d3 I8 tslzfp 3y dzMistets dzd d Wielslaf & Isif)) to te d Ig teiag fidks ¢ O 3§ dz
fdztsy § dzdz’ § d3j Is O d3tslisdzYf © dizits @ fdpaizErdz’ 3dd  fiinj tdipllsvQlgdazy &
Btsdzj 2 0 %0 §f dztsh OnHd. | O JjzdzjadOnyjdofj detp92As288B 20 28
2761 275d@3dzteH  dzjls (o Mis®akd,] 22®WED dedj (v MO BB
HsdBj dz, obPI®) difesOoyd® ofmj2 bjtwdsstedd 1 2z.
fsWimMO JIoHdsLjMisets Hd] dOu oWy Qls ¢ Gkaskla d gz
cOMY sdsy jd' o AjdsteOd dsC O d MSsdR HEAB) day
(tedfm 4. 1).

rdzv  si1 444 o Bbazdydd s aAs "j § tcGHOdedL
o’ MBS SEtOH datsE 5 dff JsWossde@ WdAzBd 2 HESS j BBd?2 . .
MistskzQc dz’ 7 ftoj SBELOL 50 Oded?2 lsdesmdlmw ¢ fteslsj te
| Of ZOegHSMIE S sets Stese j &z0 ([ HtekzS d Hts., 2013

HOdZES dilstsd H dz" j§ JdzZstelzL dd -§@GHiIsMBEBRES Isd og
1 Bteo jyMEs?2 tBdOMY R, § ghistsdglz] adfiapd jotsitsd af jJur Jr
Mistets | ded J
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1Py NN —

t dm. 4 . 1. 0O jOddzCGizd | NS 3OS shdtsdOz 2L wIsO COlsO
Ht. |, 2011) , GteOdzd yr d dzOLoOddw" Mtz lszte®@dfits ff SH
(H° Il t t20 %k2) ,als ®dd fifodtigclas ettfl. 1995 d wdzOBlzdzse d Ht
YyOfmilsd sOtcj dzef oz yff ®2S G/ t§B GiteS Q zRIP@aRE) ¢ d Is 5 d H dz' HRCAH Hizls tc L
(Nordgulen egl., 1995;LobachZhuchenkeet al., 2005;K2pyahq 2006;Heilimo etal., 20114 dzO B Iz dzts ©
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2004;LobachzZhuchenkeetal., 2005 sB-OIRyj dz¢ s d Hte., 20058B) .

sOdzse g2 sdzj § SCtkzfdOw (0.5 7 1 Cd3) d dui
CsdiRf dzj S MO ( v Odzm thobk&EchZhughenkast.al,, 20050/ 0O=AB-O IR Y j dz2¢ &5 d
20058B) , fHig W s tcodfDf jtelds © O dzdz” | d3j SO9 zdzC Oded Is ' s t5 dale
Ho ZEWB® j , € tsdpy =ps@dimigsigCicfizd J : § jtco OW WOL O- ftcj
CoOteyjo" B HBdIsOdRd, UlPhzy s LCtsOshtslds r §  sC ttedpsia] df -

(Bibikova et . Harl . L j o025 ) W O Uty tf i teWsdotc B O is dz
CloOdsHdBtedIsOdR3d olststets?2 WOLT f oL tcOMIstsdy 27 1¢
d Ht., 2004). | yYyduisdzOr ctOdtsH dstc-Rls 799 {fdgxirfc

dzils (Bibikova et.LBdls , d@0Ddd&dS d [ Ominde djodz] t
(BdaHiL €¢ MEeh dqeslsdsdkz) d wl ftsihisdtOddw, i ts
dzd d&3d MowL Odzs MlsOdeso dzj dzdjy HOJ & [z g jcdasth) dztf o c
20058B) . 1 ©Bydes?2 yOmilsd s tsfplstsuiBizi€ " € tsc 58 tf Bdgdg O
fjtcots?2 WOL" oflstej yoslsmw o odH,j dddetsc sydmdzj dzd

] StesHT BOMMdoe © MmMtsHjtey Ols CMmjdatsdzdlIsr o dzj h O
oz OdzgdIstse stz Mitsets s (HOBMsdese d H

SHBtddOdzsH  stdaf iz o s dsOCdaIsdzi Misd Ho kAW OL dgr
C zsdzo BGteld tc O 59 O, BAD O&BL jtes (v OBMtsdese d His.
(skHtewh s d Hte., 2013).

60



JHdsW OddzlsfelzL d
codzw s [sfqw zOdB tsdzj J tcOMYf esMistcOdzj dzdz d3 Isd { t

Mdztsy j dz@ dsHEEStcsdzed Bts HAWW jtoj dzydtetso Odadzr d3d G tc
Fsp f stcW dtesor d3d CtOdHdBEdlsOB]. | SteSH' MBHJ
qdzscHO ®OWJUjMSd) OdS dzOo' . 1 sfdzj H daddfjH d 3 ki |
wodwE kv dzdB s S Bz zOts@dgiEd & dalf @ dsdz Adsj doagjSHSafdsd W
SHdWOLd » ddsttzL d?2 OmMficdsy jdO o | Of OHdzs?2

] ftoj Hj dzOR Bd&SC O R A&zt d30 ti)ig ¢ y dgtds?) tc s d Kadzie dzu
SHdEWYOLd r NG&hHdbsdHse ftoster 0 O s fipxiffsteifZCdaisthyi
1s) M oL tld)lsdgdmiz 2@2pld4 (tedfm. 5.1). f Ommder
Hodtelzf - B:sdzdf § H2jeldzdflggzle(h, Mddzn j W sted3Oyd tsdzdz" |
v OMOdzo OO O d & JOfyPREzdyce)B; ¢ dzP(J] d dgtsAZB wl3dze Hzj( Is )
s j W stedBOydsdedzy j (Q)- B tzOtzsd §BEHIST R dzts BO dzls fiy
d stsdlsjtej

10 bjttcdlststcdd BdZsCO sdOdlsO Btsd hddzhMiSe s
skrdks 1s1. 1t MsMlsOeskz Mmicj H & sdaPiizdlls B @ B )
skbigs, 500f ddzm0Odzid)k O das WIfssm s ds (o tols zO0, wdd
ctezyfr (tedfm 5.1, I=sOBd 5. 3) .

S BGHoEEWOLd 3 ccOdHdttedistsor d@3 ddzlstclzL dw dz &
(lr), stbaBtsLjtts ([ EZttdB0dntd?2 Hdjd) , sfitnI.jdw

‘] t OB tsHe@iMoetal, 2009, 2010, 2011, 2012, 2013) kdshdlshv ¢ Bd
al2012)i ¢ sdOdas O ([ jdeskzO) BdztsS Iz,
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v OB dzd YydOis tbts j3dzed j d

o tSizleCOdsts dfi Hedz' ¢ HORAREWE I © ts@ s 4 h I

ssd MEH8
Idsj ™0 tcjetgL . fdbLBel o a d34|stsJ~a
BO MM s hdy g031 fMistetsj df f stetsH wdud m¢ Bdzdz fl']fl']rdZE
foEEH| e s O ' =
Cpx, Opx,
. Hb, Bt, Act, <
Mts dzdze ( SHdz®OL dz| + dzH | to KFs, Pl, +/- 2762N O, [ L
Qtz
e d Cbpx,Opx,
sts . Hb, Bt, Act, q
i oj G dzj 2 f 50 | sH dz®L dg| { dzH | to¢ KFs, Pl, +/- 270900, |
G tc O dzlz-dz Qtz
G §iz2 d3ts dzy s 1
C sdz ) C o Oteyj| Cpx Bt Act, i
t st jdz fnd ted d Ho MDL dal disdeyts| KFs,PlL+/- | 2727N 0O, |
HJ 516 q Qtz
fn d J lsizd
— Cbpx,Opx,
U B d - . Hb, Bt, Act, N
0e d 2 2 Al HoMDOL dzgl + dzH § to KEs, Pl, +/- 2729N0O, [
Qtz
HdWW J i) 1 woL PI, Amp, Bt,
ydtetso O COBB I KFs +/- Qtz,
GOB tets Hd e ep, mat, sph,
HdBted Is g ap, aln, zrn
GtGOOquthSt 1 W% OL| Pl,Amp,Bt,
GOBB C 9 Otey j| KFs, Qtz, ep, d
HABEAS  dts dzy 5 mgt, sph, ap, 273400, [
dS%dé le ' wdsted| aln zm
( (,)(;3) 1 W OL| Pl Amp, Bt,
coowyj| CPOENKSAmED T 573350, ||
®sdys| HdBEd mgt,lsp ,ap,
Sjtst(sjztgssdkzi Hd.IStG.CfIS GtGWOdzq’ aln, zrn
} st s g udisf 2 WOLI by amp, .
Liems| cdgj 2| 104 | HO2C O dzd 268 plkrs oz | 271200, [i2
’ GtsOszIz-dz Htstegls) cOdd ’
¢ dzj 2 f GtcOdzts H 3
¢ tsdzt tdbse) o Wl p i
. % d dzO 3 WOL PlLAMD Ep, | 5 650
md ted d Of dq s ts| ZOBY-te| carb,mgt ap, | 555 O, [
f &zOe d 1 Wdter zrn +/- Qtz
GteOdzd Is
dzj 2-€ ts
cwoddls| . o | Ab MiQt,
HO2¢ Od >|q’wdzr Mus, bt, turm,
(4740] -to .
tques 13 ¢ B0 gorn, bont
1 d dzO d3q ® aln, aln, sph
fJcediOls
s ts dzests w | te Odztg PI, +/- Amp, N
LG SH dzts W O Hdsi6d Bt KFs, Otz 2736 NO, [

¢ ) dzC-dNordgdlenetal.,, 1995;2-s ZH oW h 59

d Hpbresamig?, 32002
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vOBdZdyo 5. 3.

l oo HSdz § dad § .

BOMmMng 1¥G:o Sl Mmistetsjd fstsn| 25LEBGBIES 2
UB&SHf(gm d3dzdz. mmrm‘g
s Ote j dzd v
Mdojt AjdelstcOdz! detsC Otej dz' ME s ts
SH d&®L dz
dzj My L Of OH
sBdz f teSH 7
sbbkiod &0 9  ded | G & O 71aR 5 |4
30 | nqswqly HdsEd [H.11]
40 1 wisL j tofl
BZ3OMmMmd e
HjWtsted
tcts o O dzdz BEECE| fqBEdH
&i3d ¢ B3O1s N OL dgts | )
tcts 9 O dzdz © i dgs o G GtoOdzets| 2725Na [ J
G 16 O dad IS anOL—O Hdstd K
Gdzj 2 M 4 sl
LWL O] COBBB
w L-J 1 s Cf: 5
med q dzls ez L _
cOeBtef MJJ dad |l
Md%ﬁiz
H
O ds- tc ﬁ%ﬁﬁm'
W dtetse
aotsmMisse Asy
cOBB W
cOBBWH
¢ d3q dzH 6.8 nogn |EEEAE 2725R & 6
dP s w : ¥ oL dzts | [ R, 9
1 Bted-I€7
Hdtsted Is !
OPX)
I
z d dzts fy d B,
s 5 dzy 54 st HSEEWOLQS' mq2743N[r,1 ,
e d?2 G e Odzad I BEdYS| , o, B
Gdzj 2 M G tc O dzd [ r, 1
&34 s O
Y OdzS-d ( o kz dz€ Odz G tc Odzts { 0,
S q2 | MmOk oo SH&OL d& M s 2745r[°(’9 8
e ¢ ts
LOY OH Asy
HqWWjw| HAdBLd ~
186 Ct5L-d ~ | Y dtsce Odzd 2709Ns9, [
mega| MELEOIS mlel wgwd CEOLSTLTIER,, [
Ctekzfyls O e cwol Rdstd *
erJ u'tsf 2732PO,Y|:,0
1 tsdz b ¢ tc Odzts
Lj e { st 2705 | o[, | 10

g M dzCidHeillimb etal, 2011, 20135 -] Oted s dzs o O ( - RiateO dzd 2000, 7 ; 1 96C
rdldzd S so © d -Ht®.yd d2A Lo 08 di YHjtE. Iz dzO) D9 4q; 10H9tG .
dOBMsdzse d Hte., 2001
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vOBdZdyo 5. 3.

l tsHisdzy § dzd | .

Ujtetcj 2 dz R dzsd30dzls i d

ot
. 8s
. l ibtetse .
od3zj P ©4 S, ¢ , W : otsLtcd BB IssH -
3oMmMmd ;. 2 mMstetsj d §otesH( Wdyj ME =
di 6y ($)B s 0 o3dzdz. M dz4 =
{ H dzts
W(\?\,Lwd-zts s & dzO dzqf P~I,Qtz,Bt, 27410 9o, [ H
Al HdW W ]t } NKFs, ap,
slz2Isls ¢ 2 = Is te ts daH
ydtetse O B Is " zm, 3993
CttOJ o ser, zo, cal 2863’ G, [ H
Y4 dels te
@d s O { H b P1,Qtz,Bt,
s OMOd g zdz¢-0| 5 H W OL dzts NKFs,ap, ]
9 00t(q ¢ j dzdetf 10 dzj H o W Is 5 dzO dzd 2rn.ser, zo, 27480N 0O, [V
sMOH W ted dz cal
dz' ~ | 1: kd/| PIlHb,Bt
rekzn . , 1D, B,
P NOLds, HAS®BJE  Qu
Hdﬁlw M HgWwjte| So. Hd| apzmzo
d3oad§ 7 9 1%0LO0 ] 11
&0 23 | OdC dzO¢ PLHb Bt | 27440 e, [h 1
(4d 2 oio| 2 wou¢ FhEBE ,
fn O dzdsd oW Qtz 27278 ¢, [H
HAWW j e IsBdOA] ap, zrn, zo 5B & dZN
Is 15 020 dzg 2690142 LF
retzn PI, KFs, Bt,
B3 8O W oL dzts 1% OL O] Hb, Qtz; Sph,
9 &z dzC-0 HdWWj| ( OdeS dzO zZm.
G j dzdzt toj dzy.| dssdzytsdg Ep, ab+zo,
F]fn‘?ftjs‘ffi‘ sMOnts 7 9 1% 0OLO Ser, Chi
(165661 dzr J 42 O dz$ dzO ¢ Pl, Qtz, KFs,
f StetsH 2% o0 0 > WOoL Bt, Hb; Sph,
MmOIs Is f HqWWJtGGtGG(\;VZtSHq zm. 27288 9, [ H
181!, G tc Odzts Ep, ab+zo,
Hsted | Ser, Chl
kjtetcj2dz [ OzlsOo OOt O
HjW i 2724N 9, [ H
59 O dzdz KFs,Pl,Qtz, | (") 3 ¢, [Hh 4
&3 ¢ 3O 8 A S H dzts Bt, Hb, Ep; o ’
1 d g tctso Odaq 22 W OL dzts Co. &td Sph, Zrn, Ap, 1871NJ., [ K 11%
G tc Odzd Mus, Chl N
G dzj 2 f 1828NH, [K

# i dzldg SorjoneAWard et al., 1993; 12Heilimo et al., 2010; 13 Halla, 2005.

64




vOBdZdyo 5. 3.

l tsHisdzy § dzd | .

Of OH S QB § &z HEd) dz (06 &z yOv Isj tsj 2
1 d
ot
odsjh 04 S, FdbBBG o kg d3cjlsts+-H
BOmmd 2 ‘o] Mlstesjd s Wdyjms =
di f6t ( Onb nonso| B | mn el
&34 Is ©
o 'Zdzddzism Pl, Qtz, Hb,
Bt;
s O0f-f3l sMOHB] 10 S H dats f d 4
i O dzcd i 15 ¥ OL dts GteOdzsH  KFs, Ep, 27220N 9 [I-12
f StotsH Sph, Zrn, Ap,
5 d3lz 1 O ¢ Al
15
Bd & BOK Pl (And), Hb,
SO0t | o Odz L BhHds | Bbdysd Bt,
st "ted cOdd| © "| % OLdgs| wWqstdl zrSphks, | 21> |2, [h14
G dzj 2 T Ep
S H dats
% OL dzts le. [
HJWBtsd mioejted Pl KFs, Otz 27 22N
59 (DddeL Yofmlisd Bt, +/- Hb, +/- 4
. G dzOlg 40 St ’ !
st2lsj dtgiadgdz( o qﬁmr "J e dssd Opx, +/-CPx, 12
¢ tc O dad ¢ tc O datz ¢ ap, sph, zr, | CH 1O 13
dizj 2 M1 s 2 chl S770/ € LH
B Is O et 5B 5zt
WdLds 2684
" HOSL 'Zd;ts 1 s dayts Pl Kfs, Bt
WlWOLO Hdtsted | Sph, Zm, Ep.
4dds& g di3jso© 1. 5| Odz€ dzO¢ ] . 26839, [ Ka 14
®OTIsd o 2G-0| 15 | 2WOL O 2. | Pl(Olig/And), 15
GJdZdZ»t gE)OtQLIJ QSG'[GL{J KfS,B'[,Q'[Z, W HitO
MO B B dzy 5| BSIEUS| Sph, Zm, 2789, ¢, [ K4
d Hd Bt Hdtsted | Ser, Ep. 2808
f stetsH ) Pl, Kfs, Bt,
S ko Holkn 1'Hd§1‘5tsdé”d‘5| Zr, Sph, All,
18}, ¥ OL dzts Ep
O 2 9 1w: . 27231 o [A,11
b to s dz GdszQZfr 5 | o o Alb/Olig/And, (2723 o [H.11] | 1,
oW etd 2: Kfs, Bt, Qtz, 2841
v GtOdstsH d Zr, Sph, All, : ¢, [ H
Hdsted | o S 2846,
S8 ED 1 5786
b/ h j & Olig, Qtz, Bt, ]
Heo kr Hdtsteq Is Hbl, Sph, 2719N68B, [ Ka
G tc Odzd Al W OL dzts Hdstedl  Zic, Ap
| st cdzJer3 " quwwéjmas co HE“OIig,Qtz,Bt, 1
Y 16 tsi ¢ : Hbl, Sph,
SEdGOw] o0

g i dzf4dKapyaho, 2006; 15Kapyaho et al, 2006;

[ j ststuff to ] H j oy Ldae @iUsRD, Zrn,$ dzO i ) d nw 4 WyRbg Zrn, SHRIMP,
ARRlI & | [tRsfrpd W-Pb, Zrn, NORDSIMZ 9 j y d-*Pb-Pb, Zrn, SHRIMPH - K-

Ar, Bt; j - K-Ar, Hb.
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RMiIstsyd@f o tsL tc @ figls jolz[u,P? - 1 d B d CdtHetgA997; |, 12] -
r dIsdzd s 2W12; R,97]1 R 8 O dzq BO®/9F, 13]-s Iz H to W d H®2013; [, 94] -
{ 9 ud dzdzd 6 80, [C,01] - & O d3f) =dztteeL001; |, 04] -y § § Iz dfO® jc 2004, [B,
05] - Bibikova et. al., 2005; [L, 95] Levchenkov et al.,1995; [H,1] - Heilimo et al., 2011; [IQ
06], [KQ 07] - Kapyaho et al, 2006, 200[Kts 92] i Kontinenet. al., 1992; [V 93] - Vaasjoki
et. al., 1993.

lmo9tsHT

1.y dedlsj dz desfls' MOdzz S qdz@ o H Qaizlshdsp ISEOEMES @ PLo df AzO
70 dpdz. Itdzjj HBjoddj ddzstekzL dd toc O AT dats yjdae H
dzj s) , BEdzj fz0dss @EEBHFTLI(2(.27 3 dsdztleH dzjls) . 1 dzj S
ftedmizlsmlise ¢ Is tcQLdasticdzts d do(ls j BEERsEES BOd&zid , L OfHPse J
AjdEstcOdz dgsS sz MSCsEts HBdj dz®) . 1 sy Wisteddist
fsLHdzj 665 vuy §dkzssddL BO §jtejCter o O lsfw ofs ot
21 0L Bjhjddj ddadstekL 2 € ts dzladisddafstalz;jdsds wd3d Is jLCE
Ctobkf dg 5 t©OL ks BBW] § ik dede BIMNS cteOded yoOds
LIsd ctOddy’ .

3.1Mj dBdeseWOLd | MOdzCdlssdHdy j ddadstelzL dd
tt OL dzshigzOo -i B OH dfeEsls e O dkOMeC diekzs h j o5 ¢ tsOdzd YLz
1 CtL jteMC st -Idf ¢ftupHjsa fijCudSHs Bazs@ SO O sHEHIZE O L dz'
ftcj qdzh jflso jdzdzts dzO L OfOH] d otfmstsSj hdkO.
4) toj 5B ZOHOdzdj MejHd MOBESISdsdHdr 7 &OMM
fsfmdjHso Olsjd dF@ &8 odzjHisj dzgd j o5 BOE BOISd uj MS dn
GOMiNdotse Bod hsdts HNEMEOs BOH@| &, tjyj hlsSt
flsOdzgso dzj dedd o bEidzsoadw i IsjCltsddSd twOMmiswy j dad v
50 6 j sBXZOHOdzdj ©® HotesHOR oW dtesesdHd 7 fls
Bsdz " s¢ts ydMmdz® MmkeolkdSOoddyjmSdn bkjd  &Ocd
cdf MO d des g fls @edets ef®j dadPdzzfdfdss sd H s o .

ulstetsj dzdj (BlzseBWOL A R @ StdfdjShmss (o dzj H s
CodzlMtsdzd H Jtetso Odzdz" J, dzSEGHO HJjWtsttdddtetseo Odadz” §
5 Hiaplsdzs?2 dhststedd i Ystddtsse Odsd v .

7.0 s Odzts 0 dzj dzO Mfsdnis O digj MH Estets j dzd j &5 MOdz S d Is s

e I MY desC psdayssded Istso " § -t  jf dfclcldsfCHlis pgded I f B 6
BOdr j dxj 2@ (Sd), bcHO CHIES wied dzi iod g § istsasted |
HsMisdeOj B( h®bsdzd 5B, tdfh. 1) .

e I fMistetsj dzPd ysfifiredd § fgzjsdialylss dzd Istso ' = -fifd jf dEdeldsts ey,
JdzstelzL 2 Htedmilsimise s s dsCide 4O ) dis@Ldzts ¢ tish) dgsof)
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HGEdeOds H d shdstsbr gq dzd B s fdsel dels t9ds v o9 i o tt
MsmMisOo O (9o odHJ dea3§isizs 5y daf R Q1 dzsigd Biglstetsj ded i
COdd stsdH OB

67



L dZOo O 6. 1 jliesc OV dMO dk S dap 6D tzds ¢
s Ot dzd d

s Oz S dIstsdH dzff o) DB dejsded d3 M j Cstesd3 § StetsH
WsdJHBEOBBtGs HEts dzj 2 ¢ sCtOIstso ™ n dasEisyits ¢ 6 B izt bzis €
filbtetscteOW duj ffcoand W ¢ dzaQdphpfidsts Is to | dzdzOW | X I J f tedo
fJibtescteOW dyud ME s s dmMoOdzd 4 f stetsH, MdzOc @t h d A
BesdysHdstedisse " 2 (1 OdesL | teigd § dedis wigiz'm? , (1§ @ftfiedsH: d
Z@0os OdzOi3Y d) , d3ts dzagts deff s G t6 @ aAkElcdEls) ( MOEZISOos OOt O
CtlcOsHBstcdIssaor 2 (sktec j dzdzORBY d) .

1l jstescteOW d g IgfQimMd M®azz C JIstsd H 5o
1 qtetsC sy sHdstcdtsoar 2 Isd{y
] OdetsL j e S A ddpO M iBd B )

Bt-Hb-f JtetsC M ded sditsdzytsc OB B tots @ tic O ) ff§ dztsl3jf dizjetS ) ©
fOdzdHdtsdiBtsteW detsL § teded MiIs”™ § , cdf dH s BsteW dats L j to dzo
MtezC blpted dydz | RBisHbEEddade & §f ded ls M) ls @ af dzjf dg'dng#DdB2 (
i0. 79, tdMm. 6. 1, nrnxgPeoi 066,1) icdgdsBdB i Hts@s dy.
(O OmMdlssds d d30G dagHLOh@OG. GbddMm Is Jtelzf fif.d Is & d32 Is OB dz
Cslsster 1 9 0te! dqekze Is. 1 Bts dzBlAnH) B B(taits FEdzapdy Hft3os |
0 Cyj Mhh\sda g : Spbkodm, Carh Magd Sulf( [ s @y j &S s ). Hic. , 20

[ sdzytsdzd Is les BOEBOIdU MEsets YyqdedzO o Hf
Bsdzy s dzdils @3BfzysH dsted Is ©Odzd ) Cdf dHd RstelW desL § to
MistckzC sk ®adjydasd dzj e Odz"r § tej H MI@HCZLidR. 7160 5§ fipddHsd
(mg# 0. 6), f (308 &) dz@L t<igig] S o5 G dzd des o5 ( 2 0 %) , o Ml
sB d3O0 dz€ d . Sy Mme\sdzn t  tHdaBp0,Bmy Aln, Zrn, Carb( [ 58 Oy
reyj deSts d Hte., 2007) .

[ sdzytsdiddss dzytsH d sted Is” 26t BOEBOIduUj MEsets
cdfdHddistel desLtg jiopddd Mkt W d tc tslo 2zt o dindixif t7f s @ tz'lz - B C
(153 0%) , Od@Wdetdz (! Hjdedls d dB3OWYHAGZG7O)10AEHY, tots
f &zOG d ¢ dzO L An40)f (OB, KfslgsH 5 5 %) , tjHSEts o fmlstcj yos Is
dCyj Mstodzr j Apd3cHd&Rpad @alz Sulf, Sph Aln, Zrn, Carh Qtz( [ 58 Goyj dz€ s
d Hte., 2007)

[ sdeysHdBt€EPIOEYyjor j dBsdysHdstedls” 12 WOoLr
gizj st s fsteWdetsoky MstezSCIsktckz, tBteOL o Odzdglzt ¢
sdzde s Z00®) (5 0dktzd &8 5dz01 4 jogzd s O ol 506 Is d dsts dedzly jj )«
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dzj 2 MlsORd BHIEBWB) s Oa3( T &BE Yzd dzts o Rz H d3O sl thAPAY J0%)(
dCyd Mihstedz j Apd{drirg tc T\MEH, BOIf, Sph Aln, Zrn ( [ s G&wyd d2¢ 5
2007)

so0Oteyjor j BedzysHdsted stkOec B YPNEseBetsyd!
Ctof detsL Jtedzd Miskzy S df dH d s d33 tg Wedzts/ Ldgdicigp iz ¥: frif lsdist)z
( sdzd c-BfzezPL F6lA) %)(,50RBdStesSCdzddz (20%) , mgE o Otc Y 3 | H |
5%), bBnigghe&) ((HB 5 %) . ¢ ydpmiiag Bulf'Sph Atizdzn) to O dz
Carb( [ s @y dz¢ 58 d. Hte. , 2007)

Cdz' ;szmmS dReds®@mmsol0)
seoOteyjor | BsdysHstedIsT ftcl HiMlsOo dzw ¢ Is i

fdztsy § dedz’- §f @fase f jelsdlstseo ™ &3 §-Bdp ! &3OBY Qb ts dits d3 ¢
1lHjdedlsO o O4FY desddislsdissd d W dngcO6R0].IsAs0z  ( teidsh .
sOBdz. 6. 3)10 %)o Qfc S Qlte B(ESYZD Is 5 @3¢ {4 sSIBHNABntcAzr Zjjn,;: Mag
gSulf, O IsO¢Cyj ItstcdREE thktgun' st stV dtose kz
Ctolzf dzf = ( HBBRj7LdE)j algjddyjsls st fsdzj otsets hf OO,
o' ftsdzdzj dets Isj d3dzsyo j Isdzr d3d B dzf cOXBORI.OFd 26 OGN J
[ sdeysdedlsr d dBodysHdstedlsr ks Co0Oyjor n dBts
fMHjtey Oddy IsJ dgdzsyo j Isdz’ =3 0d¥e)) dzj tepOkRIsNd)ls QdH (J SiisffrisiCk
BOCE B3O Is d yQtdn ¢ tsredew dzd - ~nOOCIsj tedz® BESdz! h OW fls
(1t fdutslsdL Oydw, ndzstedIlsdL Oydw, sCo Oty 9 O0dzed J
ftoj ddigzh j Mise j dedes E € tsdzls OC Is(tgoc dife@®ddig),h @ h d i3d Mmd
W dBtsdzd 90 dg@ RSy § dzf S tolztf dzf d3 O d3W wigg GERYS d3  (
o OCIddetsdzdlsj, tdfm. 6.2, IlsOBd 6.2); o ddalsjt
(Hts 10%) . ¢CydmMimtstedz CAb( @ 6z Hpia) 2 3o &S d H Stc BHAE', |
1%)( [ Estets9.0, 2010)

) d tets§ mijfpEdjlsdzd stse ™ 2 Isd
1 Of Omagty ' Wtco d dzlMC R d BgOMEd o

stolzf detsL j todzed ls"™ § mMdJ dzd IsT BOMMde O tSB dzOH (
Ozdzs st By dasL j edzd Miss?2 MistekzS skt Od3d .

| dzOo dz" § d3qd dajdtc @RlE'L:OfQdBldscf] Istso ' 2-80§0)TUz] G tsiD%) & O ls
OiW d B tsdz nigt GiP)IEL® %) , HAdSYMdH (HS 5 %) MgtgSphyj M
ZndAp( R Odzd S ts9, 1997; (et 0O, 2010) .

[ j ZOdesCtcOltsor j h dzdter o Stobf detsL j teded Mlsr &
p Ote! ezt s 5 MeihlsOskz Hisls Ok detsiiakte s © M j R EsHS®E
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qasjtls cdidquddsel dsL jteddmiskzs g tc 20C. 1sbz3g 2 .y @f
LOMBj M jdedz 2 tesetsots? tBEROGS 82 d OFIsd dagtiodes s ds,
0.77, tdfy. 6.1, kOBd 6.1) c@d@L,k" 8 EHolz { oz
tOMY 5 d&zOe OsKisfyPl. L jp& dz® s te dz' B, Qusdvide) SPIOAR. : | zO o dz'
o 0tedOydd o ~ddBdydiMmMEésdd MmisOsj ftedH] Ve Ish
Cshstes] o0k! dqiekjls ls 90% o Cdddsydusqi] dd
sdHd BB, MowL Ods M ©OLd & sBi j Bsd ¢k ddkind
©jHSH] LjECrROOGIDEBYO 1997 [cBSEse0O, 2010)

[ j2¢6Cw0Otsa’ j d CoOLymBHjByOhdj Mmdjdedls
d StwbkfdsL jteddmis’ § Mdddadls’ dzd dasd ds Isfdad AIPOE % B dzd JB
Bddej tOdkzse (HEt 10%). 1 dedn ftejsB&OHOY 5d § ts5d
BjLsfjelsdlst, nokY osflstj yoslsmw d ©lsHjd d j
CoOyd o dOdesdjj SqdhMd 7 O Guzd TBEBNISYECBBE

yilkes?2 cwoddyr, GSHjdvshj2 dj2¢sCcOkts
BjLOCEOser o fMdjddkse, doj feshdjydeojlsmw:
fesdmMisndls §sfmlsj (] dedzts.

BV BE L j 8MS Qs s d3t Sz &)
[ jsO0f s fj ddls i cOeestes d WeHEBCE O d yj MSis2 W

BOMMd o d 4§ totftedpidgjte dzd Mis™ § ff 5965% " d L Musdigis sy dsH @zC
0.8, tdf. 6.1, -lsjOdzjlscas. 1Q&Yd B tsgady Ot -0 I
L Hjddstco BgEB5BY 7B, ( 8@Hdz. 6622). | BSd hj2 yoi
fdtesCmjd dj dshcO@dgdmY BdslsdlsO  dj ftjorh
HWW jtoj dzydietse Odzdz’ & tOL dzsfls W AP, 5 s d@idz @ jj Isthyiets G Hsts
fp usdLdlstsds (ftej HiNlsOo dzj dz@ | fyftctedsL jj teRHYtLPIdciOl:
B-10%), RBOdROBGIs d( BW%) dmEdjtty Olsmw o f jte] d3j d
SlsHjdzt dz2" = LidzOr HtsMisdeOsls o' fMts0PlSd Chssdg\njlsdals) txls
OB dz¥ H j dzd W ) .

vdj dzd 6o Oteyjor j Mmdj dedlsrmieH itz dats 6] te dad fiyle") J
fsteW dqtetso dHdzr j , HS cGdcOdzlstsL j teded fylsr ~ (9 dWwWts
tcOL Gdzj 2 Mtso Odzdz" § G SteBH' . RLA&j dvelsmw sls o3 dzO
ftod HOMkjddd Sk CtdksO0SlkO0 f kd sttt ko Ed 4§
Codsf dzj SMO Wil s L o2 6 tc0MOOV MEe dzjf a0OeE § B 1
(teOMS d Mdzi dzdz" 2 -HzddasHdzQ e)ls,d sdsps@ s Odestels 5¢ dzOL |
9 &zj2CsCtOltor n Mdjddson ftdhkkhtky Pt Co OB
30 %, ) Btsdzj J BB ZOdzts C tcOlsts 9 tLn dzff BB H ARG5S @Y

70



OCIsd dzts dzd Is Bdwtilsdls, LfdHtsls. rdsf mMdu (@ fMilstej
dH Bt dz" j Is OB dzd Yy ¢ d, fts MtsmMisOo kz B tsdzj j
R4 Is Off d tds=hnf j(drddzs MOl & o My BH S BBGY detsL | @it DY ts iy
Cohstos? to@ctody Pzpblpr 2 Bdwlsdls (HEtS 5%) o filste
Menjtydl oCd¢ yjddv OfOldlsMgt (& ypifEtsd f:%) ¢t
Cdeyj dasteOyd on fpdsd eCHIBPdzd FBsH | . 15 Mistesj dzd® ,
e j dzgdetsisw d3 d MtsMlsOok ded OdzgOdztse d ydz© 0OC y,j fr

| tOdats o gapatfdsfs Mtcj Hdzj L jtededmilsr j, ddescHO st
sjCMmMkzter . 1 steWdtetser j o C-td Ojfigs) fdzdad I€ ffls tpdrtsdy j todzs dz.jf
(MdtedisdL Jteso Odz d MsMme tcdlsdL Jetse Odz) , BOIstcd 1
Oz BdlsO d €Co0OttyoO, fMtsH J tox200d8q.] uf jsokpdi \Hodglssds j t
ftej HMlsOo dzj dzr¥ ~zstedilsdL dqtetseo Odegdz" 5 B d tslsid Isdgizlz’ QO
10 %) .imed@y Olsd s, mMWjd d ydteSsd (1dBdSte O
dzOB dz¥ H j dzd Vv ) .

] OB BHafsS tefdBO G d s G tcOded Isdz 2 Isd {f

Bt-c OB Bitdtstcd ' stcqf €0 Otcyj o' j v ticmMSse s ¢t
(ddzlstelzL W z Otc @oe@dnO a3 d9 .,6 ,t8 dzGBH Ol j d 32N j Mise
fstcWdJesB &zOMistsos@ fiplgjclkC Bloztfokzr = L jtoj dz olsfsted Yy
BB dz€ 5L j toded Mis 52 -f dDIStf G fzOr o lsEls HFEFHEHBZB NsEo |
d MdzOBtscdzgj 2 Mso JHdzs?2, HES G dzj 2QMmstetisR " o fig HHHEJHGE Ys Oz
fwisddmistse s Od3W d& (5 dz) Hia(@rnight zR.668 0 GO ts tod M. 6. 2,
Colststes? ©OLOdIs 0OCIsd dzets dzd Is Hb dzA B daizjH O sty ~C day &
9 Cadzt yj dedvw GCo90OtyO, Ylsts, o dH(J®BS, weodzw jIsfqpw Mmd
ORdB tsdzts 3. -L julgjogezt? mgfts=ls@ds GG 10% d HBs 30% o
tcOL GCdzj 2 Mo Odede" » BBKLGOL Yyon) od@jMmlsy M 1 fdHBSIsO
MOodsMistswisj dz2 dz §| MEf dzjdzdw © o©dHJ GdzjL Hi 99 O3
Gdaj 2 MOR . ZOLAz® © g § Cj dzsBsteW dzr 2 5 ldash j da
f sdzdetsis! ¥ abzod BF icj dzOIstsd3. | Mistej yos Ismw  d3j dz€ dj |
1l dz20deBdzjy SdMmMdzr = t©WOL desMmiswa oMty yojlsmw HS
COtB B5dzOIsT . ] SteBHOSC 0 P2 shpgets oCdig ddly] d3J Is O 9 & dz€
Mddz des?2 1 fdHuHtslsdL Oydd, SCtlststcOv ftosWeodzj dzO ¢ OF
sO¢ d o wWOLeadlkdd {1 fdHtslsO 5 OBWdetsdzz d {
Ctozf dzr = CtodMlsOdzdztse . 1 dzj £ ssisfsden t51s & 4SSN I3jdO6: O jnls

] ZOCG e O o smissydsd CsdsOSls] Csdfdjs no
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stdzOdzd st Mtej WPz f Belzdigkej ] fstesH' ) - BOM
fdzOB 5 ¢ dzj 2 Mso d HRIAB®? 0194) § frfistrudssR . § s dzdEztyis® ¢ to jL ORMS 8
) esMiscOdzMis o 5 dislpch HRldgeh € BRG] s O dsWidf js dsjdalz’ ( 2 o Q dslsizf
1-5%) , &&d dz€dd udhk2C 40 dediuddoess o Jedd]dsfoldBR) H ts
tfdusls, OCyjffistedsy j: OfOldls, MWjd (SBBOLLE
I flstej yOs smw C toiftf teaf \j dzjies >y jj ofOtsdEBE e OL e lzh j dzdzr j L j

UtetsdgH | j cigDfist o &)tz § dzj L j to dzd f180%)i f CORtEus € (d20A s o
75%) fstesH', M jHdddudy B dzj2MsOokd L dzj d
Bj kS L jeddmissets L § dH sosdH d BB s dzn ¢ dpjdsd IS5 4
Moz S dlssqH des Bz € s s dzj € M.

f sdzytsdzd s (egftripfesc OdzdIsdz” 2 Isd4{
l jtecOzazMe (B dBOMMBHda 1)

[ sdeytsetcOdedlsr, MdzOcOs hdj Btsdz hz¥ yOfmls! &GO
el Jeso ¢ MlstekSlktek d &OMMdoe dzzs Isj S M lztek.
d &@iLOfjtelsdlssar &3 ftsdzjo' &3 " Ot (MitedlsdL d
smistsdls dL &j &Sdan Ljtejd &JS et dddz0-30%)S dfc
Uvd d3desyo J Isde” § d3d dzj te O dz’ ftcj HiMlsOo dzj dz BdtslsdIsts
KB4 dz " j 10 %) IiOGPEIydldnhshgididdz d ydts tsda

MOEIsOo OO0t (dd fifzO fribfn dle2 )

| sdeytsdefidsdzytsH tsted s 12 dBOchioilsHdgjj LS dsdkd iisO LT,
MisjfJdd Bedzj 2MBso Odedz" §  StetsHB S %) oz § dzS8E/zdz @zts
ORW dB s 2B &%) ,1 0B d B W) &3d J( B aLQ®a) |, OCyd Mhstedz § :
carh 9 Is ts teaftgpathlibt, musab( R © Odzd € ts9 , 19970) .

so0Owyjoerj Mdjddlsr 22 «&O6 BEanyjdaitLig)te diddnls iz &
f steW Jqteso dHdzzY MlstekzCIlskzclz, mdztsy J dz' dB3qd € to w=Cagizd dz
(25 %), CoO0Otyjd (20 %), B2 d ALd) pddptsadlds; .| O
mgt( R9 Odzgd $ s8, 1997) .

[ I steigldc OdetsH  stedIstsar 2 Isd{f

[ OmMmMde sktcj ddzOfd (uvOdkse j2M), sthsdkzSh Med
Bt-Hb-H  stcgldsg Otcyjor j Htstedlsr 12 jdsAc dgf) ldsoHggtsiedt

s Ljtddmissmisd Mistesjdedd . 1 dzaih dgvw tslistsBeBy S O

Hdtsted s Od3d : fF500%,d sOQO DB WER dAftslsdls 5 %, Co Otey

HdtstedIlsr ftedkztesyjder ¢ Ltsdgy StsdzlsOCIsO 12H dflzs2 2
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MistekS bkztelz, BEmdss dj ddlzs okl d dsq j to jiz @B 343
KFspBt 850t C f)j . 4 &zOo dz j 3G %0 dz d-B Bf O ¢ T EESHirP L &
OB detsdz < 5%. appsphychripfyeEezizbtolzL o dzr 7 Mt B j -
Hond stedlsOdsd o SoOtyjo'r 3 HJBtedlsOdg200dzjobakHls O d;

Zhuchenkeet al., 2005 sB-OgyJ dz¢ s dB )H.t6. , 2005
Bt-GtcOdzsH dis® & ®dzd Is ' 22 BOG BOIsd yj ME 2 w oL’
MstckzCIsktolz: Bisdzj J Ctelzt dz" § d H J sapsGotd o | j Bdt

tcOMYf sdzOc O Ismw ) BJ-fard®d J-iday RIS dg s Cdzdodene s d3
| ZOo dz' j i3 dzj tcOdzr @ GGz’ 2B Prifisf €33 Ld5d ¢ s ¢
HES 20 %, OGMygliphpsitedso,gpep sphsulf,zm. (s O®@Ms@™)e d Hte,

1 md s d i Odadz j or hj MOdzz S JIstsdH T ) Is 5 2
dzdL S tslsj B j tOlszteds O3 dL d3j dzj ded v d3: LfdutslsdL Oy
[ O BZOIs d WideyCdoe2s dz L O3y h O4 Ismw OC Is d dzts dzd Is s 03, Y Is
fwisded Mists § Mistets§ dzd OB L M PRz fifjlisd Isdej TdeddW d3 tc O
By ZEsL jtedzed Mlsr 2 OGtejcOIls { fdHBsISO. 1 dtslsdls o dzC
1tcOCIsdyd M¢d o j M f zZOc ¢ dzOL MMM cdlsdL tots
fticdCtsdelsOCIstsor 7 L s5dz0n, ZzOE&e OB l$ 9O dztf P M fif k@ dzy .
MsHj ey Odzd?2 wkHde = BJdej Odzse ( sMise § dedets Mz dz' W

JfdmOodedy d MtsmMisOs dddzj cOdzise twOL dgr = S 89 MC
d teOL dzd ydw.

s dzd dzts f d tf teQfffjzdz fipls o Pz ¢ d Is 5 d H O&ts dafy ¢ 8 1 & itpff dzdf ls
fdesC fijjgaffjsdzd sSsoGsc§ dzlsdcB cOL ZjIs BJ Myo j-Bdzdzsids B
HJOM] Isteyj . ) Bisdz " d dzfls o j Mz yoJ o dzOB dzt H O] Is
OCsddetsdzdlstsds d/ ddzd Bdtslsdltsds fts CtOwWdAd d Istejh
smis O Isiw dJdedsm + otdgzdktcd OCIddetsdzdIs©O. 1 jteo dydzts d3
sftejHjdvjlmy dHdtBsSteW L Bsd3 5 Glsdtsh j dzd © ¢t
1 sdz hddzmlsets L jtej dz BHdSEEH dEMgEd0.7681s 8 1 O fists ¢ .
C dzOMmmd ¥ d Mdbingodod 1988) ,(tcfg®Bdz. 6. 6. 1) . Il Mistej y
Czddesf JtetsC j dzO o dgkzlstcd OSCIddesdzdls© 1SOC Y| slso
BOGC dzj L d Odz' dts fiplss . O.J6C3sIstster § f JtetsC My da' Z Ot
(evwtecetsL JtemMCd?2 Ctsdi3fdzj €M) fsfOHOEIS o ftsdz ©Ooc
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/\ o1
A=k %8
f’/ \\:
/7// \\‘ﬁ\
/// [voncua ‘\“\
re.quﬁeprm’\ . t dfm. 6. 1. HtsMisOo
/ \‘\ mMokzESC dlstsdHitse s Otej
] Asrut \
livvwteettL JtemMGCd2 €t
issani 2i) Of Gmdiasi v s d dzin ¢
Va KnvHOGHCTaTT | KnunodbeppocunuT \ 311 Odzts L J tc fr] C Cf 2 d3@ fr]
En Fs
veOdkzdyo 6. 1. JtejHMIsOadIlsjdzt dzr | MsMmlsOor C dzd dzts {
R dzls oz U ] OdetsL j tots 1 0. mdy! w Z Otc 0o O dzO dsff
f stotsH ( fdtetsSMmj dd| Bsdysec Os s day s dzd Is Bs dzy s dzd Is fdtosC fij dd
ftotse ' | 238 | 236/1 | 236/1 | 202 20109 23811 | 204 | 235 184 | 134a | 134| 503 | 9745 | 97431
SiO, 9
U S©SH 4514 | 4252 | 4252 | 4518 | 51.73 52.85 | 54.20 | 57.33 | 51.00 | 54.66 | 54.66 | 47.88 | 40.41
mg # g
§5©BH 060 | 066 | 0.66 | 059 0.52 0.59 057 | 053 | 068 | 056 | 056 | 050 | 0.61
&3d dzj Hd s fdH Oocdls
Sio, 51.47 | 51.00 | 50.72 | 51.21 | 51.75 52.04 | 50.85 | 51.24 | 50.23 | 51.62 | 51.97 | 52.24 | 53.66 | 53.36
TiO, 026 | 026 | 014 0.33 0.10 025 | 006 | 032 | 004 | 006 | 000 | 021 036
AlL,O; 090 | 152 | 1.04 | 1.48 2.76 1.36 160 | 040 | 169 | 044 | 065 | 0.14 132 | 157
Cr,0; 0.09 | 002 | 0.06 0.08 0.06 000 | 004 | 001 | 001 | 007 | 006 | 001
FeO 799 | 921 | 761 | 8.06 6.95 8.47 821 | 994 | 1055 | 1003 | 7.43 | 843 | 649 | 941
MnO 025 | 030 | 032 | 0.36 0.16 0.32 025 | 068 | 035 | 069 | 047 | 044 | 031 | 040
MgO 14.14 | 13.47 | 14.20 | 13.58 | 14.40 1415 | 13.77 | 12.36 | 11.25 | 11.73 | 13.98 | 12.85 | 14.40 | 12.22
Cao 24.69 | 23.28 | 2454 | 23.63 | 23.62 22.65 | 22.90 | 23.35 | 25.44 | 24.24 | 23.64 | 25.95 | 20.30 | 18.93
Na,O 041 | 052 | 021 | 0.85 0.70 1.32 137 | 107 | 064 | 211 | 101 | 073 | 070 | 1.30
iz dsdsq 99.85 | 99.71 | 99.00 | 99.42 | 100.82 | 100.52 | 99.20 | 99.17 | 100.54 | 99.95 | 99.35 | 100.83 | 97.57 | 97.85
mg# 076 | 072 | 077 | 075 0.79 0.75 075 | 069 | 066 | 068 | 077 | 073 | 0.80 | 0.70
AStedlz 20 ©OMMudsOdzO &0 6 S Oldsdtss
Si 1.908 | 1.868 | 1.899 | 1.904 | 1.888 1.905 | 1.885 | 1.926 | 1.876 | 1.930 | 1.929 | 1.927 | 2.022 | 2.026
Al 0.039 | 0.066 | 0.046 | 0.065 | 0.112 0.059 | 0.070 | 0.018 | 0.074 | 0.020 | 0.028 | 0.006 | 0.059 | 0.070
Ti 0.000 | 0.007 | 0.007 | 0.004 | 0.009 0.003 | 0.007 | 0.002 | 0.009 | 0.001 | 0.002 | 0.000 | 0.006 | 0.010
cr 0.000 | 0.003 | 0.001 | 0.002 | 0.002 0.002 | 0.000 | 0.001 | 0.000 | 0.000 | 0.002 | 0.002
Fe" 0.175 | 0.216 | 0.156 | 0.181 | 0.138 0.221 | 0.210 | 0.206 | 0.205 | 0.201 | 0.182 | 0.190 | 0.059 | 0.112
Fe" 0.020 0.028 | 0038 | 0074 | 0.002 | 0.000 | 0.050 | 0.075 | 0.063 | 0.007 | 0.003 | 0.156 | 0.196
Mn 0.008 | 0.009 | 0.010 | 0.011 | 0.005 0.010 | 0.008 | 0.022 | 0.011 | 0.022 | 0.015 | 0.014 | 0.010 | 0.013
Mg 0.781 | 0.760 | 0.792 | 0.753 | 0.783 0772 | 0.761 | 0.692 | 0.626 | 0.654 | 0.773 | 0.707 | 0.809 | 0.692
Ca 0.987 | 0.968 | 0.991 | 0.947 | 0.929 0.894 | 0.916 | 0.947 | 1.025 | 0.977 | 0.946 | 1.032 | 0.820 | 0.770
Na 0.029 | 0.037 | 0015 | 0061 | 0050 | 0.094 | 0.099 | 0.078 | 0.046 | 0.081 | 0.073 | 0.052 | 0.051 | 0.096
M ds 1 1 1 1 1 1 1 1 dzH dgH | de dzH 2 2
afmdz¢d LHJ M -4 b [y 6zCE d Hdcdzy ) @tOJ0s7 Af32H tc.
THOdzgdz § 1. | Rdpj OB, s od@Hdzdz" § H Odzdz' j Oo9lststs(
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Mg - ¢ Ofyls 4 o o o O
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g Fooe %@5&
® o  ©
%0.5 0¢ Isd
£
¥ eesy O Yt
COMmisd dze fr ¥ j tetets- 4 034 Fe-tcsctso OV 0¢ Isd dz
O-O T 1 T 0.0 T
55 6.0 6.5 7.0 75 65 70 25 8.0
Si 8 Wt Si 8 Wt
9 |G

KFe;AISizOq0( { 1 KFe,AlALSLO0( { B
O dzdz MmMdHj oW

Bt

L,
(@)

W s C s Phl dfmists
KMg3AISizO50( {1 KMg,AIALLSI,O10( { 1

tdfm. 6. 2. s d&OMmdY dec)O eklkee(a, dd 9 B)s daf o 1) @OH , {988) 1§ &
ModzeC dlssdhmgy ) OEOddiBS scts (1), Cd deMmMSses (
BV EsL jeMCses Codfdj MO (4), | shkddgdw s
TdkstedlsdL ese Odgdz’ j L j tedzO.

O B d st Mizlsflsakjls ot ofMmjn kdfOn MOdESdlst

OmRWdBtsdzr Bldatsmwismw ¢ Gtz §Q1 , BSpkeetald j 9179 7 Q d3W
tcOfMyuj O MtmMisOea O d ¢ d&ZzOMMdW dS Oydgc ORKE s\Eise A
(Yavuz, 2009 . [ Oc BOIsdyj MSdJ OdiW d B tsdzr ftej H
BOGdzj L s OMisddzec Mdlstsdz o kdz' Istd @ fifsihpdasy B ~f s
1dLStslsj &i3f j eOlskztedz § dL d3j dzgj dzedwv Htedoe jdzd € tcOL
OCIsd detf dad I tco d ydzts sz O d3W d B 5 dzlz © tojLbkd IsOIs
Mo j sizisls jLzidats] dzz® tsCteOMCEZ d dzgj sHdestesHT 2 Mtsmis
f Otcc QA /L d 5¢ Ofmis fJdzf P lsOs L ORj h O h j ¢ o ,d nls OB
6. 2) . O W o815 fiaf ddzfits so sets Isdf O MOdzzSC dlstsdH s
Btsdzj j or MsCts?2 yjdzjLdMmlstsMmls: 8 d " jdzsydesils! s

BsdzysHdstcdlssoasets i O MOkkSdIssduise (tedfm. 6.
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I delsBly ] YdroEfdlbiny fstsHSSE GO Y h ¢ o5z d
ModkS dlstsdrtse, dmMCds yjddy MemBOgdydbse Wt kst
Clstster i Mis HO fdmkzsfsokjl o SOyjfkoj OCyY]
SBEOL EZjls dzj 2 Mlgrdzjlajcgdss Yok, SOCy | to@Basdz Of

fdtesCMmjdi, MOB LOBNOjlsMY Rdstdlsd. | Mlst]
(1 OdesL jeMSd2 d MmOkkOoOOEMCd?2 &OMMdo). wSH
tfdusksd d &jdkSsecs OfOkdhko. 15 Rd&duy

o' MCBOCd L (O tzjogjBsd glssds (sOBd 6. 3,
Mozt dlssdrutse ddj“l BddLSs] MoHjtyOddj ¢ d
BOCdaj L Od deslsd, ScbsOv S dzdiekjlsmy ) &C

vOBd&dYO 6.2. lwjHmsOodlsj d dai o MEGP&dd Ok d B

[ Offd ] OdesL j 61 1 Of OHdetsy mdy i
f SEEH bd stcOBOWdIsr BsdysHdl Bsdzy| 4 OBB & M fd j dz
H Gt ded s
- ftes| 236/1 | 202 | 236/1 | 238 | 201 | 208 235 156 184 | 184 | 134a 159
ESEZ;B | 4252 | 4518 | 4252 | 42.14 | 4258 | 5414 | 57.33 | 6572 | 51 51 54.66 | 61.94
mg# 8 566 | 059 | 066 | 06 06 | 057 | 053 054 | 068 | 068 | 0.56 0.38
f SEEH
. ) Mg-tletsG 59 . Mg-tetse s9 @
dsq dzj 6| 1 OLGOM| MgsOfisdd 0P 0 ol CHjddls b B0 G
SiO, 40.20 | 41.68 | 40.51 | 38.92 | 4459 | 52.16 | 46.00 | 48.66 | 49.29 | 49.08 | 51.01 | 47.83
TiO, 204 | 066 | 223 | 1.89 | 055 | 028 | 0.96 055 | 029 | 0.76 | 0.49 0.36
Al,O3 1254 | 11.70 | 13.22 | 12.85 | 10.33 | 2.62 | 7.08 485 | 515 | 5.85 | 3.67 6.46
Cr03 0.18 | 0.05 | 0.14 | 0.00 | 0.00 0.03 | 0.00 | 0.08 0.00
FeO 13.64 | 18.71 | 13.34 | 18.69 | 15.05 | 12.61 | 16.72 | 14.74 | 14.41 | 14.34 | 13.78 | 19.21
MnO 011 | 037 | 011 | 031 | 026 | 030 | 0.40 057 | 049 | 0.60 | 0.54 0.89
MgO 11.35 | 9.36 | 11.72 | 9.64 | 12.06 | 16.21 | 12.75 | 14.67 | 13.59 | 14.66 | 14.38 | 10.74
CaO 11.68 | 11.81 | 12.10 | 11.85 | 11.53 | 12.90 | 11.85 | 11.82 | 12.97 | 11.40 | 13.19 | 11.03
Na,O 211 | 246 | 227 | 262 | 164 | 096 | 1.81 1.93 | 1.41 | 143 | 0.73 1.59
K20 130 | 1.32 | 000 | 163 | 1.02 | 019 | 0.70 044 | 069 | 075 | 035 0.88

)z dsdsq 95.15 | 98.11 | 95.64 | 98.40 | 97.02 | 98.23 | 98.27 98.23 | 98.31 | 98.87 | 98.20 98.99

(Mg'\ﬁ%/e2+) 0.64 0.51 0.68 0.54 0.68 0.73 0.67 0.73 0.63 0.77 0.68 0.58
Si 6.14 6.31 6.08 5.90 6.59 7.50 6.77 7.07 7.23 7.02 7.41 7.02

Ti 0.23 0.08 0.25 0.22 0.06 0.03 0.11 0.06 0.03 0.08 0.05 0.04
Al 2.26 2.09 2.34 2.30 1.80 0.44 1.23 0.83 0.89 0.99 0.63 1.12
Cr 0.02 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Fe3+ 0.27 0.34 0.42 0.54 0.59 0.22 0.65 0.60 0.05 0.79 0.17 0.67
Fe2+ 1.48 2.03 1.25 1.83 1.28 1.30 1.41 1.19 1.72 0.93 1.50 1.69
Mn2+ 0.01 0.05 0.01 0.04 0.03 0.04 0.05 0.07 0.06 0.07 0.07 0.11
Mg 2.59 2.11 2.62 2.18 2.66 3.47 2.80 3.18 2.97 3.13 3.11 2.35
Ca 1.91 1.91 1.95 1.93 1.83 1.99 1.87 1.84 2.04 1.75 2.05 1.74
Na 0.63 0.72 0.66 0.77 0.47 0.27 0.52 0.54 0.40 0.40 0.21 0.45
K 0.25 0.25 0.00 0.32 0.19 0.04 0.13 0.08 0.13 0.14 0.07 0.17
OH 2.00 2.00 2.00 2.00 1.97 1.92 1.96 1.94 1.96 1.91 1.94 1.96
ffpr dz¢| 1 1 1 1 1 1 1 1 dzH dzH dzH dzH
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vOBdZdYyoO 6. 2.

l s Hisdzy § dzd | .

RO M d ¢ dz Bk HWteE L jtoMCd?2 Stdif dzj S M
s9.
| St Odi de td dts day [jofquessi)dds (oot L9288 % fq, &
HJ 5t (
Hd St
- 9741/
ftots 212 212 29 6 503 503 505 503 505 511 9507
SiOz 9
f 56t H 50.2 50.2 61.60 47.88 | 47.88 49.5 47.88 49.5 51.92
mg # ¢
f 5166 H 0.72 0.72 0.59 0.50 0.50 0.56 0.50 0.56 0.66
. . Mg-etsG s 9 Mg- . Mg-tesG s O
aB3d dzj te| € H J dz 55 BO dzC ¢ Ofksd dz 1 Oted O CHJdzd Is 55 O dS O
SiO, 45.99 | 47.10 51.96 43.47 | 41.27 | 42.04 | 42.74 | 44.16 | 45.84 48.05 45.31
TiO, 1.09 0.56 0.52 1.29 1.18 1.34 1.42 0.56 0.52 0.37 1.18
Al,O3 7.08 6.74 4.08 10.01 | 9.55 9.63 11.25 9.44 9.33 5.74 8.33
Cr03 0 0.34 0.03 0.04 0.10 0.06 0.05 0.05 0.01
FeO 12.98 | 12.53 9.48 14.02 | 16.63 | 17.27 | 15.07 | 17.65 | 14.05 14.82 16.76
MnO 0.33 0.25 0.24 0.25 0.31 0.33 0.10 0.42 0.22 0.24 0.37
MgO 13.62 | 14.59 16.91 12.75 | 1047 | 10.42 | 11.64 | 10.99 | 13.28 14.11 11.26
CaO 12.2 12.19 13.36 12.28 | 12.03 | 12.17 | 13.15 | 12.40 | 13.09 13.09 10.80
Na,O 1.4 1.42 0.42 1.88 2.00 2.02 2.06 2.31 1.54 0.65 1.12
K20 0.88 0.72 0.50 0.88 1.13 1.20 1.10 0.94 0.72 0.58 1.74
iz d3dsq 95.57 | 96.44 97.49 98.44 | 94.67 | 96.42 | 98.60 | 98.90 | 98.64 97.65 1014
Mg/
(Mg+Fe2+) 0.68 0.73 0.78 0.67 0.55 0.54 0.61 0.56 0.68 0.69 0.63
Si 6.90 6.94 7.44 6.48 6.44 6.46 6.33 6.58 6.67 7.04 6.76
Ti 0.12 0.06 0.06 0.15 0.14 0.16 0.16 0.06 0.06 0.04 0.13
Al 1.25 1.17 0.69 1.76 1.76 1.74 1.97 1.66 1.60 0.99 1.47
Cr 0.00 0.04 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.00
Fe3+ 0.19 0.38 0.12 0.35 0.21 0.20 0.25 0.25 0.36 0.44 0.64
Fe2+ 1.44 1.16 1.02 1.39 1.96 2.02 1.62 1.95 1.35 1.37 1.45
Mn2+ 0.04 0.03 0.03 0.03 0.04 0.04 0.01 0.05 0.03 0.03 0.05
Mg 3.05 3.21 3.61 2.83 2.44 2.39 2.57 2.44 2.88 3.08 2.50
Ca 1.96 1.93 2.05 1.96 2.01 2.00 2.09 1.98 2.04 2.06 1.73
Na 0.41 0.41 0.12 0.54 0.61 0.60 0.59 0.67 0.43 0.19 0.32
K 0.17 0.14 0.09 0.17 0.23 0.23 0.21 0.18 0.13 0.11 0.33
OH 2.00 1.97 1.91 1.99 2.00 2.00 1.98 1.99 1.94 1.96 1.99
ffpr dz¢| deH dzH dzH 2 dzH dzH dzH dzH dzH dzH 2
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vsOBdZd yod 6. 2. ) ttsHidy j dd ] .

1 Ozt

Gsonnd ' @ ) Of OH dzatsy mdy’ W Cdz e Z Q00 OkzO &Y
/ / : o8| o2 .
qtstsml_tg(;'lg GOBB f_tgglg djded| L 0% o5/ nd JOfdEsch ddis
6dls
- cts a
q 208 | 184 | 184 | 134a | 159 | 149 | 212 | 29 | 503 | 503 | 503 | 505
-2
Us'gt;s | 5414 | 51.00 | 51.00 | 54.66 | 61.94 50.20 | 61.60 | 47.88 | 47.88 | 47.88 | 49.50
timrg tG# <, 057 | 068|068 | 056 | 0.38 072 | 059 | 050 | 0.50 | 0.50 | 0.56
B3d dzj tg O¢ Is d dats dzd Is

SiO; 52.16 | 53.29 | 51.01 | 53.51 | 54.22 | 52.2 | 55.19 | 55.13 | 53.52 | 54.04 | 52.6 | 54.16

TiO, 0.30 0.04 | 0.29 0.07 0.00 | 0.0 | 0.00 0.06 0.13 | 0.00 0 0.06

Al,O4 2.60 1.28 | 3.04 1.79 145 | 1.8 | 0.63 1.36 132 | 045 | 1.29 | 2.25

Cr,03 0.00 | 0.01 0.02 0.00 | 0.0 | 0.09 0.01 0.01 0 0.08

FeO 13.00 | 11.16 | 12.99 | 14.22 | 15.52 | 14.7 | 7.55 8.04 | 10.53|10.04 | 154 | 9.74

MnO 0.45 0.45 | 0.23 0.52 1.05 | 0.87 | 0.31 0.25 033 | 0.31 | 0.78 | 0.26

MgO 15.90 | 16.24 | 14.63 | 14.28 | 14.76 | 13.5 | 19.30 | 19.45 | 16.16 | 17.46 | 13.2 | 17.44

CaO 12.77 | 13.51 | 12.59 | 13.57 | 12.15| 13.0 | 13.63 | 13.53 | 13.63 | 14.00 | 13.9 | 13.95

Na,O 1.00 0.77 | 0.21 0.53 0.68 | 0.64 | 0.13 0.29 0.34 | 0.30 | 0.27 | 0.56

K;0O 0.15 0.22 | 1.30 0.20 0.12 | 0.20 | 0.06 0.11 0.14 | 0.04 | 0.19 | 0.08
Mz d3d3| 98.33 | 96.94 | 96.30 | 98.71 | 99.95| 96.9 | 96.97 | 98.23 | 96.09 | 96.65 | 97.59 | 98.59
Mg/ég{l)g+ 0.72 0.73 | 0.67 0.65 0.63 | 0.62 | 0.82 0.84 0.74 | 0.80 | 0.64 | 0.78
Si 7.50 7.74 | 7.56 7.73 7.76 | 7.72 | 7.85 7.73 780 | 7.77 | 7.71 | 7.65
Ti 0.03 0.00 | 0.03 0.01 0.00 | 0.00 | 0.00 0.01 0.01 | 0.00 | 0.00 | 0.01
Al 0.44 0.22 | 0.53 0.31 0.25 | 0.32 | 0.11 0.22 0.23 | 0.08 | 0.22 | 0.38
Cr 0.00 0.00 | 0.00 0.00 0.00 | 0.00 | 0.01 0.00 0.00 | 0.00 | 0.00 | 0.01
Fe” 0.25 0.03 | 0.00 0.03 0.03 | 0.01 | 0.00 0.14 0.03 | 0.29 | 0.24 | 0.14
Fe” 131 133 | 161 1.69 1.83 | 1.80 | 0.90 0.80 125 | 092 | 165 | 1.01
Mn=* 0.06 0.06 | 0.03 0.06 0.13 | 0.11 | 0.04 0.03 0.04 | 0.04 | 0.10 | 0.03
Mg 3.41 3.52 | 3.23 3.08 3.15 | 2.98 | 4.09 4.07 3.51 | 3.75 | 2.90 | 3.67
Ca 1.97 2.10 | 2.00 2.10 1.86 | 2.06 | 2.08 2.03 213 | 216 | 218 | 211
Na 0.28 0.22 | 0.06 0.15 0.19 | 0.18 | 0.04 0.08 0.10 | 0.08 | 0.08 | 0.15
K 0.03 0.04 | 0.25 0.04 0.02 | 0.04 | 0.01 0.02 0.03 | 0.01 | 0.04 | 0.02
OH 1.92 1.94 | 1.98 1.93 191 | 198 | 1.90 1.87 195 | 1.92 | 1.96 | 1.89

mmr &z 1 dzH | dzH dzH dzH | dzH | dzH dzH dzH | dzH dzH dzH

1 sdzj 9" § fhidjudls Oo dzj dz@¥ MOBSMIssE§sezdz@t G € P
ftsdzj osets h OO (t5B" Ydaets] gl iSLicdyCjdieflsddCo)ts o o d3 O tizls
(smMsB j dzdzts R OtOCIsjtejdz Hdzw Mdjdedlstse d disdzyts
L Od3j bbp@a® e tc j ¢ OlKBsze O U asd endg) Is fyidL O dzlsd i j tels d Is O Isy O
s mMisOo dzV »¥ C BOY dzj dzgdwv ytsdL dlsO, Yylsts EZSOLTM 9 Oj |
MsMisOe fdzjotsets hfOO. | MdjddlsOr &BOMMdes O
d dBsdyscteOddlsOr 1 jteeOkzdzMStsets &BOMMdea O o] ts
MOEIs ts as@@tc PO MMdeo © d CoaOttyjor'rn dBsdysHdtstedlsOn
fitlsdlsr d &) LKEgpinOlEapls lstseztses R OLOCIsj tedzBaf 5o
(sOBdz. 6. 4)
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vOBd&IYO 6.3. ltjHmkOoadlsjd df j mMemksOsr fds H

0 fiy d 1 OdzsL j ot | ¢ &z sk 2080 OZOd md '
_ s day _ Bt-Hb-
ff tstetsH Bt-Hb-f d tets€ fnj dzd d3ts dzy ts dzg WG CoOtyjor 2 d3tsdzutgtjﬁc]f‘jts£ GOBBIEGfS
- ®e Y 236/1 | 238 | 237 | 201 | 238/11 | 204 235 156 29 29 207 | 9745 | s11 184
qsfi:’ts | 4252 | 42.14 | 4226 | 4258 | 5285 | 542 | 57.33 | 6572 | 616 | 616 | 633 | 4041 | 5192 51
qmgtf <, 066 | 06 | 062 | 061 | 059 | 057 | 053 | 054 | 059 | 059 | 062 | 061 | 066 0.68
&sd dzj t§ Phl Bt Bt Bt Bt Bt Bt Bt PhI Bt Bt Bt Bt Bt
SiO, | 38.43 | 36.26 | 38.01 | 38.79 | 38.72 | 38.41 | 37.00 | 37.77 | 40.22 | 39.01 | 38.49 | 39.07 | 39.54 37.53
TiO, | 051 | 095 | 096 | 071 | 1.05 | 1.04 | 156 | 129 | 126 | 116 | 1.06 | 063 | 143 1.66
Al,O; | 14.60 | 15.44 | 16.18 | 16.27 | 14.71 | 1498 | 1551 | 14.74 | 17.11 | 1582 | 14.75 | 1455 | 15.86 15.88
Cr,0; | 012 005 | 003 | 0.04 006 | 007 0.08 0.03
FeO | 13.93 | 17.82 | 18.77 | 16.44 | 18.92 | 17.40 | 18.02 | 17.54 | 12.67 | 14.08 | 1543 | 1494 | 1586 19.42
MnO | 016 | 023 | 025 | 032 | 030 | 028 | 035 | 031 | 025 | 010 | 017 | 026 | 020 0.23
MgO | 17.36 | 13.63 | 12.90 | 13.95 | 13.41 | 1478 | 13.11 | 13.80 | 16.65 | 14.63 | 1447 | 17.05 | 13.74 12.27
caO | 082 000 | 000 | 000 | 0.20 0.00
Na,0 0.31 015 | 003 024 | 026 | 024 | 039 | 002 | 004 | 036 0.24
K,0 868 | 948 | 969 | 910 | 962 | 973 | 952 | 991 | 996 | 10.66 | 10.52 | 9.0 | 10.54 10.09
BaO | 028 | 113 | 038 | 085 | 076 0.14
Ml dsds( 94.99 | 95.25 | 97.19 | 96.60 | 97.56 | 96.62 | 95.31 | 95.62 | 98.36 | 95.80 | 95.11 | 95.84 | 97.61 97.35
mg# | 0.69 | 058 | 055 | 0.60 | 056 | 060 | 056 | 058 | 070 | 065 | 063 | 067 | 061 053
Si 2.865 | 2.802 | 2.862 | 2909 | 2.916 | 2.870 | 2.835 | 2.886 | 2.904 | 2.562 | 2.933 | 3.147 | 2.8947 | 2.848
Ti 0.029 | 0.055 | 0.054 | 0.040 | 0.060 | 0.058 | 0.090 | 0.074 | 0.068 | 0.057 | 0.061 | 0.038 | 0.0787 | 0.095
Al 1201 | 1.407 | 1.436 | 1.439 | 1.306 | 1.320 | 1401 | 1.328 | 1.456 | 1.224 | 1.351 | 1.381 | 1.3687 | 1.421
cr 0.007 | 0.000 | 0.003 | 0.002 | 0.002 | 0.000 | 0.000 | 0.000 | 0.000 | 0.003 | 0.010 | 0.000 | 0.0000 | 0.002
Fe* | 0.868 | 1.151 | 1.182 | 1.031 | 1.191 | 1.088 | 1.155 | 1.121 | 0.765 | 0.773 | 0.995 | 1.006 | 0.9710 | 1.232
Mn 0.010 | 0.015 | 0.016 | 0.020 | 0.019 | 0.017 | 0.023 | 0.020 | 0.015 | 0.005 | 0.012 | 0018 | 0.0124 | 0015
Mg 1.929 | 1570 | 1.447 | 1559 | 1.506 | 1.646 | 1497 | 1572 | 1.791 | 1.432 | 1.638 | 2.046 | 1.4990 | 1.388
Ca | 0.066 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.017 | 0.0000 | 0.000
Na | 0.000 | 0.046 | 0.000 | 0.022 | 0.004 | 0.000 | 0.036 | 0.039 | 0.034 | 0.050 | 0.020 | 0.006 | 0.0511 | 0.035
K 0.826 | 0.934 | 0.931 | 0.871 | 0.924 | 0927 | 0930 | 0.966 | 0.917 | 0.893 | 1.027 | 0.935 | 0.9844 | 0.976
0 12 12 12 12 12 12 12 12 12 12 12 12 12 12
fmmr dzq 1 1 1 1 1 1 1 1 dzH dzH dzH 2 dzH dzH

dbf Olsdls, MmMWjdz, BOcdzilIsdls d MmMkdz WdHr wodzws [
mModzzS dlssdruise, dzdyd HORO drn SKLOBCOW S OWOCIS] t

F-0 f Olsdolsistcj yOj Ismw ) 9 dHJ o ¢ dz¢ yd ded 2 )
MOsMistswiIsj dzf dasGoR iz dz" d BtSyYd degS s dH dgdrm L § 6] d

W jtdBtcOLEjls twkBOhCd otCtelze d&BOEdz IsdlsO, C
LfdHilstsds MtejHd ftosHEZSCItss L O] N jddy ORWdB tsdzC
esdsBd Ui MCdi ¢ todfs6didkpygsPso GRASELREE dz

[ Ocdzj Isdls demkedj YWOHiIsMw o odHj tWWjHSIR L jtoj

s OB sdzZPBKCOC Is j tcdz H dzw BRdzs ¢ d - MOdzz C B tsd H |
Bsdzysddlstsoatsets Isdf O. [ded tBtOL ks I €M) dats dBts e
L Of 5 dzdg'jsls Otflzlgls o © BB Y HEZ L jtedzOBd d, ddzsc H O, h
sBtOL Yyor oMmlstcj yos lsmw Ctolzt dzr J LJtedzO d OcGctey
MzOdzyj o O sMmisd o ftesHj. | tONMMHdzOdysse Odzdy -
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COtBBdOISO orhj (Hasdi3jlPs%) , M odziddefSrs L § dzdzd Mils™ d3 ¢
LfdHBIstsd LOdzi ydoOjls Istejhddzr o ftstesHi. 1t f
Hsdzsd®dIlskz. S{dMsc O j dz

] ftsHOR MBHjtydlMy Bsd "tj Ctddyjhlss:t
LOf sdzdgw ¥ h dn  HJMdzEfS Od3dfdij t0O dzP B tc s Hsided YO MiIsts SE
LfdHslbtd, MWjdsdk, ~dstedlstsd d ¢ Otes s @GOdREE. |
kstedls, LREEMdEizisdd 3 o' it CREE fitszd thyoodzd. j of § d H |
LIsda LsdOR Is OREE( tesEs-§. B0 j o

vOBd&ZdYyod 6. 4. ltejHMIsOadlsj dz' dz" § MBsMisOsr ¢

s Otej dzd d .
Z3OMmMmdoe 1 OdetsL j tofs 1 Of OHdes§ md
fstesHd ®Bts dzy ts dzd i BsdysHd st sfqtst?cthLG@BB B dzy s H d
"~ fwss| 20la | 238/11| 208 235 156 184 134a
SiO,e f stg 51.73 52.85 | 54.14 57.33 65.72 51 54.66
mg# o 0.52 059 | 0.57 0.53 0.54 0.68 0.56
SiO, 64.15 64.41 | 63.71 62.18 62.71 64.20 63.12
TiO, 0.06 0.04 0.00
Al,03 17.95 18.55 | 18.16 18.74 18.57 17.75 18.09
FeO 0.63 0.05 0.21 0.04
MnO 0.01 0.01 0.07 0.01
MgO 0.21 0.00 0.00
Ca0 0.02 0.00 0.00
Na,O 1.24 036 | 0.28 0.15 0.33 0.56 0.16
K20 14.84 1559 | 16.55 15.52 16.43 17.08 17.04
BaO 0.11 1.64 | 059 2.69 1.30 0.55 0.72
fk dsd5® 99.21 | 100.61 | 99.29 99.28 99.34 100.52 99.17
T 1 1 1 1 dzH dzH
BOMMd o ¢ & sk MOEBso q c desdze O ¢ i3q dz SBO B
fSEsH A so. WwsdytsHJ] BsdYysE Y COdsH sl
© fwse| 207 29 29 652-1 510-2 30 30
Si0,0 f tstg| 63.3 61.6 | 616 70.11
mg# o 0.62 059 | 059 0.39
Sio, 63.12 61.53 | 59.10 63.80 63.80 64.24 64.07
TiO, 0.02 0.00 | 0.00 0.18
Al,03 17.98 18.82 | 19.79 18.28 18.54 18.71 19.28
FeO 0.08 0.00 | 0.00 0.15 0.06
MnO 0.09 0.03 | 0.00
MgO 0.00 0.00 | 0.00 0.00 0.00
Ca0 0.00 0.00 | 0.00 0.00 0.19 0.00 0.28
Na,O 0.26 032 | 042 1.33 1.16 1.35 1.89
K20 17.34 15.34 | 13.90 15.15 15.32 15.18 13.93
BaO 0.83 433 | 6.93 0.38 0.75 0.51 0.37
fkz 550 99.72 | 100.36 | 100.14 99.09 100.00 99.99 99.82
ffr dz€ dzH dzH dzH 3 3 3 3
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