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CaOMgO-Na,O-K,O-SG;( sOB dzd yo© 3. 2, BOBAEZJUYUO 3. 3) .

v 0B &z yOi MdBJUj MSd2 fPEONls@a ¢ qrBOMELOC yd?2
BdCtetsMW jto, of Hjdzjdgdz' 7 dL odzjlskyj?2 L sd

L OBqufGJ Odfls_l . | Si0, | Al,Os | FeO; | CaO | MgO | Na,O | K;0 | SO,
gdtodw

1 12 6,30 | 70,33| 24,52 | 331 | 0,83] 0,24 | 0,32 | 0,45] 0,00

1 13 5,35 | 70,61| 23,32 | 2,51 | 1,47 | 1,26 | 0,32 | 0,45 0,06

1 16 3,25 | 65,21| 23,34 | 4,01 | 3,48| 2,88 | 0,39 | 0,62 0,07

1 110 1,35 | 67,24| 28,13 | 1,95 | 1,43 | 0,34 | 0,40 | 0,47 | 0,04
gdtedw |

L §-2 16,20| 60,07| 24,76 | 8,03 | 3,30| 1,04 | 0,74 | 1,95] 0,11

L [-25 12,28/59,33| 26,93 | 7,26 | 2,98| 0,87 | 0,69 | 1,83 0,11

1 -3 9,85 | 58,76| 25,85 | 7,66 | 4,61| 1,32 | 0,67 | 1,06 0,07

\ {6 7,60 | 61,55 2529 | 6,36 | 3,15| 1,19 | 0,67 | 1,70 0,09

L {-10 7.30 | 63,41| 24,59 | 4,88 | 3,02| 1,53 | 0,70 | 1,79 0,08

i SHjteyOdzed] BECMdHBe Ctcj d3dzd W, Odzt d&3d dzd W , N dJ dzg L

fjtced MudlsOdz : duL sBhjets "ddddyjmMEitsets OdzOdzdL O

ftodojnjd® S 100 %
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v OB dzd yoi M Bd yj MSd2( sHMis@a S WtedCyd?2
BgSCtesmW jto, o Hjdzjdade" 7 dL dzjlskzyj?2 L tsd

1 Od o34 daf . .

1 . | SiO, | Al,Os | F&Os| CaO | MgO | Na,O | K,0| TiO,| SO,

sSBtcOL

s-1 5,30 14,84| 9,73 | 14,81/ 40,86| 8,70 | 0,34 ({0,19| 0,34| 10,19
sS-2 550|16,87| 8,94 | 14,63|41,95| 8,76 | 0,32 |0,15| 0,27| 8,11
s-3 10,80 17,77| 8,93 | 15,61|43,16| 8,74 | 0,30 |0,21| 0,11 5,17
S-4 535(24,73| 8,42 | 13,78|38,32| 991 | 0,72 0,21/ 0,21 3,70
s-10 2,20| 34,08/ 8,05 |12,54|33,97| 8,57| 0,38/0,33/0,17| 1,91
"MHjtey Odedj BEMdHtse St dgdzdw, Odzs disddzdw, xJ dzj |
i te’ B dzd fJited mMydlsOds : dL BBhjets "ddduj MEts

sCmMduse fcdoJH]JdO €& 100%

{Mdetse dz" 3 S sdzj dzsOdsd ~ddsduj MEBES
mMdwedd t d Mmjwdd [ weodwelbmw BEMIH" 2 d 6,
ALOsd L d3gf dgv & Isipw  o-71¢2&BB G tc b BAR 76 38OM. % M|
O dr MO BHSEMIEDH(AQBIZJEYO 3. 2) . wtSH ] to)y
fdtedd t @4 dzd s fj tedif 58 dpQdpz' "%, ybst
Odz¢ Bsfddzd ¢ Olsdz” &3 ¢ sy sdzj ZBO BEFOMJ fmls j d3’

[Isdzd ydIsj dz' dzts 2 sMmtse § dzdets s+ & ndd3dyj M
(OB dZdYyoO 3. 3) wodzw jJIsfpw T 844 CdgP M. MsH,j tc
GOC tc s dzgjdilfls Od3 5 Is e 3, I5-g0% T 18- 160MgOT 9-10, ALOs T 8-

10 d&Ofm. %, ybt 9-9MEzdz@Bin. MM ls © o ddyufHE B ,9 5 |
EmMisOdatso dzj dets o MtsC SQsT FIsH WO iP.dzd j M tor

) WOLtseatsdz MtsMmisOo j FLSCdr WttOBQH &zd wa
Is OB dzd Yyt d3ts bdets 2 MtsMmisOQo dzw e h j 2 wodzw jIsfpw  C
(Bbstes? d@GOC Md BOdIEeA HEdM.Mj%d dn dv  MHI%d g
Hdzw Mmjicdyds 1s &OM. ] r M€ Hsjitey Odzd 4 Odi3ts o W dzts 2
wedzwjlsmw MmMdzjuMmlseadj &3 dzj cOo dztse j MdesMmisd |
CSEHO o Emdzse dw n o MsC dn Isj B3 J O kztcd
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CdlsOC B jwBsHIWBIYUiMScdy o 8cdbipddy tcif
His §® BAL6B].

s OB d&zd yOA BL o 2 M A)ls Ol (qBEOMY ©OC yd2 HdMi
9" Hjdzjdgder = dL dzjlskyj?2 Lt s My dc Odsd

1 GBqufG“Gde_aLs; Cztf bz s Of Feh §f d dzf | | BO| s O
g jtedw
L -2 66,2 169 | 167 0.2 i
L 13 64.8 168 | 18,1 0.3 i
L 16 635 214 | 150 0.1 i
L -10 68.8 214 | 98 i i
gjtedwy |
L -2 941 32 | 18 05 0.4 i
L [-25 934 36 | 1.9 0.9 0.2 i
L [-3 931 30 | 22 0,9 05 0.3
L [-6 92,3 32 | 35 i 0.7 0.3
L [-10 914 41 | 36 i 0.6 0.3

v OB dzd yon BL the " 2 MIA)ls ObL S(JiFO M e ©C yd2 H MY
9T Hjdzjdedzr » L dzjlskzyj?2 Lisdzr s My de Odadv

U . s | ¥

1 Oddsjdey o | & 2 G % o 18/ge|¢ 2
sewOL| | § § |9 8|2 |a =

> O L

5-1 413|145] 87 [ 142/ 09| 16 | 86| 70| 15| 17
5-2 40,7| 129] 102] 11,2] 0,7 | 20 [ 115| 68 | 2,0 | 2,0
5-3 475|110] 96 | 76 | 08 | 22 | 104] 62 | 25 | 22
s-4 50,3| 138| 79[ 33| 04 | 51| 60| 56| 49 | 27
5-10 505]139|10,7] 1,1 | 02 | 71 | 24 | 48| 7.1 | 2.2
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dstcjJHd thdseodzr = CtodMmMlsOdzdzd yd MS¢ d - [SDOL
ALOsIFeq ( sOB d&zd yoO© 3. 4) st tej HJ dzj dz 3z dzdzd Is
BICtetsMW j cOF 178 ] tc ff8110dz30 . % Mtsslse jIsMmilse j
ded 3d ot WwLOCydwv e Mjedd Of Mish o @RI
RHJjdsdWdydtetso OdzdzO W WOLO &BkzdzdazdlsO wao dzw
ftej oted j Gadzs 3tsfd dzd C OlsdzZl » 1 636 Hzj e @qetisde j [5 4 .
9" antsH ®Bzdzdzdls0 ftcd tBYdcej o wHddm d Is]
Gdzddz (64%) ~[@QEACK IS jH dzv 1 CdBOMBREZL B8 E s -
CdHtesMdze HdMIs™ 7 B dzj WQEsdrd Isdftf dls df eiAdaBdAPtS d
271 , o Btd "j2 Misj§]j L gy PEHEPLGLAHY | o
ftcjHMsOodzv jIs MsB B2 Is § ted3ts Mis® B dzcZz iz, 2 Sl
Emzsedw e ftotsdyr hdzj dedzsects MY de Odedw dzi 1 St
tcOMmilso stew j Isfmw 29 Owed figiftsdp@ edrlf jC ddstwiAtsI68].M s j € dzts W

[Mdzso dzr &3 CtodMlsOdzdzd yj MSdBd W OLORBI o
(sOBdZdyoO 3. 5)}MMncuHytyOHY HOJHJI] ddv, i
fticsHEZCIsT ftcj otcON j dad W Stc G Odats d3d dzd t6 O dlz!
Ci3f dzj € Mdz' =6 zwdD,ISBe, MQlsts Istc ] ndksOBzf dB@A.Gs, 2
Odzts BsL Od3d " § dzdzr 2 @aiAde@, s friaidr Waflsy, C OteB tsC
COdzr ydw, ybts o Mk MtsmilsOo dzW 8831 9 s CgOdrfs
d4BHjteyOdedj Htkzedr € todmls GRdpdw, gt dzd® )L
Co Oty d3OMJ dPoL sMtsH Jj oy @R-BW &3O f)d dzdodz

LMMlsOdetso dzj dzr ehdj LOsadmddsmisd =~ dddy
WOLBeatsets (tedmikzdesS 3.5, tdmikzdes¢ 3. 7) Mt
sls tOL d3j tc @ ¢ Y O frulsdgvy . ifitstd@sJOIpERI Ol Fe dzO B dz¥ H O ¢
fpdzy Hizs M dj Isjdenj deydd: dngzadlyj ddnf ©J sy  Mtsles i
WoLr CoOteyO, tc O MG ifls Wips H | taylzddddjls OA|l o ts
fMtsH ] ey O] ji CRiTO ¢ o RO 3P 6 shw (tedmiz
3.5).
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LObjd3 M shMistsd iwQL &S0 e 0ddedy (tedh
MsmisOo j gy, de@sEndsésHID J IsW 2o j dzd ud dzdj MisH
L Oo d flpffdztatshie tcOL d¢3j 6 © 5 HBHEPGEEDON o jH RIOL ]
sls WicOdwdd e d ¢ dywtc @S yigfedds s H j oy Oded J 6
Fojdzduyde Oj smw, L Ols § dge=M 110 gl twixls St GfL Al Al Ck
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MeHjtey O dr WOL Mkh jimlse j dzdes Ed3j dz2 M O Isfpw
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323utflsOs MlsjCdsWOLT ELCdR WOSyd?

18 MosCkydshisd HOdRWROIEd LG By B &
tcj dzZlsgj desW OL sotsets OdzOdzdL © B" dz ftetso j HJ dz
HdMY jemdz ° &Sty jte. 1 0Bds HOjMY ©OL
Codi3f tsdzj delstse o BN j B3 = dddsuQsimdsy®d s fifls, O olg
MIEjsY OL ] (lsOBddJy® 3.6). uvOC, o fisjs dzt
odzd BOdzd i L Ojlsdzs B dz' d j jg® sl ju j BB O d
C i3 sdzj dzls T fMtsH jtey Ols! Mw  ykls! 9 BEsdz hj
wWteOC yd?2. sO0¢dJ tcOL dzd ydw Wk yigE?2 tdh dips
fteOCIdyujmMSd dzj LO®BjIsdy HdW RICtshmy jte f

[y COd yd2misH jtey Oh j2 MmlsjSdsloLr bkt
mMitedd s (OBdZdYyO 3. 6) fts MicOodzj ded® M
(OB ddYO® 3.3) ROEOGkg tedesh jfdsofb j flalasd, S
N&O, KO d »Ti O

] Oy dzs?2 LS OwOCkjtdmisdSs? MeMisOs O flsj
BIS Ml j & Wo dv, MW, s K jttafij Y601 fls Oo
Mz S Ol dzgsEts BsHEdY . [ dv Od¢ dish)d s ©ted
ftescdetsL qtetso Ols dzOf tc Oo dzj dzd j d Misi § j dz
fsmdzj Hizs h j2 IsjtekctsBteOBElsSSd [170]. RL®
hdRlsOR ) ko jdduj ded j Bt §Y szdk? Pl figs ¢ 5 j dgis ji iz
Sflsd BOdz dzs?2 Isj B j @@BE" MY JSYdHzd “n.d dzd ¢ ©
Ctdlsdtedjd3 fddi dad BsMmisd o3d< oMol | 8 P0O E
sftejHJdzj dgdgr 7 B &zOMisw o, ZOf tcd d3j te¢  © ¢ C
LOrstetsdz] dzgdW tcOHdBdzzES dzdHtse o odHj d&IEdlg b
L dzO U j dathpO;STi s Ojls o ttsdd Mot sBicOL dzts
fsCOL" 9 OW , Yls ts LO MmlsOo tcOMYf dzO9e O,
slseo § yors Is tsftej HJ dzj dede” § Odz¢ diisdndfefiptg ¢ ©ds wlas §
fsdzjor j S OKEcktier | § ZOowlsMmw ) SBOL S8
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v OB dzd (i@ sIlsBo Misj CWSWIOLT d § BOHOS yd2 Hd Mt

1odasies & | &S 121 g(Q 9 s|s %
SBtOL Y 0N < L @) S = v = )] &
)
djtedw
1 1-2 74,23| 18,05| 4,84 | 1,30 | 0,37 | 0,51 | 0,712 | 0,00 | 0,00 | 4,11
1 -3 74,05| 16,79| 3,48 | 2,34 | 2,02 | 0,51 | 0,712 | 0,00 | 0,10 | 4,41
1 {-6 69,77| 12,05| 6,26 | 5,57 | 4,62 | 0,63 | 0,99 | 0,00 | 0,12 | 5,79
1 1-10 74,91,18,31| 2,86 | 2,10 | 0,49 | 0,58 | 0,69 | 0,00 | 0,06 | 4,09
gjtedw |
1 [-2 61,15| 23,69| 7,47 | 3,56 | 1,12 | 0,80 | 2,20 | 0,00 | 0,22 | 2,58
1 [-2,5 60,59| 25,95| 6,45 | 3,23 | 0,94 | 0,74 | 1,98 | 0,00 | 0,12 | 2,34
1 [-3 59,91/ 25,38| 6,56 | 4,78 | 1,43 | 0,72 | 1,14 | 0,00 | 0,07 | 2,36
1 [-6 61,86|24,84| 6,10 | 3,24 | 1,29 | 0,73 | 1,85 | 0,00 | 0,09 | 2,49
1 [-10 64,16| 23,56 4,66 | 3,12 | 1,68 | 0,77 | 1,97 | 0,00 | 0,08 | 2,72
gjtedw s
s-1 32,88/ 15,51| 9,70 | 33,30| 3,16 | 0,84 | 0,47 | 0,84 | 3,29 | 2,12
S-2 36,64| 12,05| 10,90| 32,00, 3,82 | 0,79 | 0,37 | 0,66 | 2,78 | 3,04
s-3 33,67|10,99| 13,14| 36,33| 4,08 | 0,68 | 0,48 | 0,25 | 0,38 | 3,06
s-4 39,78| 10,74| 4,62 | 31,06| 8,14 | 1,46 | 0,43 | 0,43 | 3,35 | 3,70
s-10 57,32| 7,80 | 2,09 | 21,18, 7,09 | 0,83 | 0,73 | 0,36 | 2,61 | 7,35

[ dzv S OOSCIsjtdy » cdzddzdfmisr 7 d3d dzj O dzts ®
fMsmis ©Oo dzv | Isi: SIOVAD,G,eztf dztf 8 d  d3ts dald dSEOAd,Qzez B @2 Is
Hdzv 6 dH tets MidBIQJALOE tizdz B d SiOmdEQslls, 7 6 ; H dzv
hf Olstse : T Gi@ABOES3, 53, OROAECGEIEL, 18 d Bisls
SIOJAI,0;=3,53. uvjtelsndBduimMSdj ftejotOh j dad
Hsf sdzdzd Isj dz' detsets Ctsdzdyj mMlsea ® CoOtey® o
teOL dzd Ydzs @ tsd tc@is figls @o O.

v O¢, L dzO Y j dzd $iO/ALB:daflh Ggidatfw j sfqw sl 4, C
Misj CdzsWOL T ELSCdm WwOSyd?2 odqme g 2l t
His 3, fyjolcdd s, ©® Ctlttes? HoY diFdds2d3¢ e
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LdzOyj dzdj tO@odgts 7,35 (lsOBd&dYO 3 SEJALO; MO
Slsdzd yos h djmY HdY ELCdRE WYLOCyd?2 &dS 6
sdf tso Zcdzj 2, ModHjIsj dz Mlseakze s B ZyOofr
SBtcOL B89 Odzedd G dztss [z dz.

324 s sdzsedw HdMYyjehmd = &It

10 8¢ dqLBBtOYJddWas ©F HJjd] dzdz" = BEL §
3.9, tedmizdzes¢ 3. 10) o dH dats, Yylsts tsdzd
yofmsdy MWJjtedyj MEs?2 Wtdyr d GHStosHD
L iz BtoW sdzse Vv ciztBlkzdz 9 j M! B3O tOL dzeistsB tc O
ff dej f stcdMmlss? s jton datsflss & | B SCtetsmW j tor
Gz lzdzr M B ZEJBI SCtodMmisOdzdzdlsOdizd, YOMmisc
dej MECBdz! Sdd3d) M bUO®F Isfiys tclg @ I Had y;dz" jo Ml
yomsqdyr, WttOed disOtedz” § dzgj f stedMmis’ § ddzd

RLAjdej ded] dBsteWtsdzsedd c dzsBlzdz dzOB dzt HO
sls dr t©OL d3j 0. s O0¢, H dzWdy, & te@§ Wi B Is oy tedfd
fctedMmMiss?2 tetdsySts?2 dodtltddzs ko j dzd yd o ¢
Btsdzj J f sdztse d dz" , Hs sdzdzd Isj dz! dzts ff sW 9 dzW
sMm¢ sdz€ d, ftoj HIMisOoa dzw e h Mse 52 WicOc d3j
Colster | f R HdswpjojCtade dzd i+ § dzO@o dzj ded &, dzd
MH j )y OlsMw ot oMmMjrn WttOSydwasa. r dmt j tef
~ntstesh 5 Y dzOo dzj dzdz” d3d MW j toed uf) M€ dz@d ¢ 5D ) iz
sBtsdztys 2?2, fn ojdzdy dzdj &3 t©OL Wgglztep ¢
CsdzdyjmMsets MW jte M Yotedmlss?2 tBtdsys s
sMEsdz¢d fwOClsdy MSd lsmMkzlsmlsokzsls. 1 W
LOBj Isdets ko j dzdydoe O sy Ctsdzd yd Mlsoa s d3d € to ¢t
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TM3000_5231 x5.0k  20um

TM3000_6164 x5.0k  20um TM3000_4780 x5.0k  20um

tdmMedze@ (3. 8L s O JEdW tcOC yd2 HdMY j tem
all1 t-2,118-3,71191-6 ,171¢-10

89



x5.0k 20 um

{ Mk de®CNd 96 B to O L Uiaf
YteOCyd2 HdMmY j tomdzted:c
. O [-2;i18[-2, 5i) [8®;i1d-6;
Hi1 [-10

TM3000_4090
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x10k 10 um

x5.0k 20 um

tdmMzdzs¥u L 1PL 5B 6!
FLCdms WteOSyd2 +
BICesmy jt6 Mtk
Ors-1,1sB2, 1 883,
Gl s-4 , 1 sH10

CABERS

TM3000_2371 x1.5k 50 um

3.2.50pG[dmhdzjmushlOGa]tgs ddzHdo dH 2 Odz! dz

2w SftejHjdjddy KBJdjteOd dF 7 ftoj Cltef
LEssedyud MSd s Omde Bs L EgzisdzH & ds v @ W dius dz
MdMmisj BBOIsd ud ME 5§ dfpigdy @ dste & daff deH B dedzHsis@dz! d
173175].
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RLOJMlsdes dgj MEtsdzr €8 Y BHRaBHBY € dL Eyy
ko jteH' 7 HtesHECIOR jets kjtekdyujMStset § i)
(1) toj dzlsG j dzsW OL s 2 OdzOcdzd L Bd dzj e Oz dats 2

dzdL Ctslsj &3 j teOls Iz to A Asu )s ddj Wa&f, (L 2D] ;

(2) dzd Is ts = jd i€ du Bj IsSSHT tcOMyYd SO d&Bddzj e Odzts
o 0dzcotsets nddBdujMEets OdzOdzdL O L tsdz' dats?
detste BOIsdodz' = 3 dzj eOckzso [ 178, 179];

3) OColssBOIsdL qtoetso Odzdz 2 i 5 dzECCrtudzd y gzsth 6 © 15 G
fsLotsdzwes h d2 H 51 5 dzdzd df deltias dalgO y f & dzz tsi&f Is *
B dzj e Odz! dats @ s 9jhjMmMsa® o Yyofmlsdyon
sjtedzgd yj MSses ftojoatcOh jddw d dzjlskzydem 1
[Mdeso dzr i3d o d BT g tplsoeddsfsH @ C [w o dzv | Is i

fskzzyj dzd¥ h diesSsets dOBBEO WY dzdy rEstd @

W tstc d3lz dzOr Y H j ded W d3d dzj tc O dzts o z ¢ dzw ( od

B dzgj ceOdzsedyj MSd2 MsmlsOe, nOtcOCIsjtc BSH

L dzj B dzlstse [ 89], YGLotdve dPn oIy ud§dipisza) dr |

d oid dzZz@PiAcOdzs§ O&q ] tso @edzdz’ 7 ¢ OC o dzzlsted E

d oda Jd.
ddMlsj BOdud MSdd dmMmdz) Hise Oded™ MsMisO

MicOodzadIsj dz' dz" 2 OdzOdzdL oL Oddssmew L d € tsdzy

sftcjH] dzdls! fJtodtesHlkz dBddz] tOdz! def fF Hiwj Siz@

Cslsste’ 7 fcdotsHWIs € ©BKOL S Odeds L tsdz! dzf

ftedd3j dzj dz o  pjsamssthifciiad dv j tetots ij1B3 184 6 OL dzd y d

BsteW sdzs 6 d wg f)SdddzH d dsdfHf bs@ dz! dz" - B CtetsmW j to

Fedzj tesHdzr 1 YyOMiBRtbig@®Bdas@®d dzd {1 dz83 ] .

S Cr MMz Hse Odzgd™ Sd®RdYUj MSBEt Msmls:
YOMmMBdiesHEZC ktss Isjtodsnddddyj MSsets fftoj otcO
Fecdzw B" dzts fteso jHides M dMmftsdz L s Oded J d3
BCtesMW2 o -Aft dl, g’ Hj dzj dedzr 2 dL dzjlszyda L
sdftse {1dzgjtedjlsduimSdrn kedj?2. [Od 2 tOL
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fsLotsdz jIs tOMMmMydls’ 9 Ols ZzO0 BOSC Md izOdz' dak
MsmMisOoe Iz o dzz s tc j dzdzd = findzdinzlude®d dntBreeral  lpastidk's, €
fSHO jteg dgzlsr 7 ) bidztse W A ftetsds’ h dzj dzdzt
ftcj sBtcOL tso Odzad Vv d3. 17 dzd fesO0OdOdzdL qtetseo Odz
fted dzZOH dzj ¥ Oh dj SO1 QedsQ fipigdg 2  @iMs dyls Oo dzv 8 h d -
HdzZW LHBso ! W yYjdzBeo S s Bo O&7 lcOL dgjO6 14 g
BOS Nd Bz Bz OMYteFHz dz Bzed MOMBdy ls M) de O
Clsste’ 2 o dzdlsjtcOkztcj  Gngmagmeptaionmsdey [ 14 j8
187].

g Q[ gL sBtcOY j ded W dmMmdzj H s Odzdz" n W tc O
COtdddsch Odzed™w fp ECOLOddj 3 MsMisOoase GlsH | dz
3.11.

] LOoadMmMddiismisd ls MtsH j ey Oded W tsfydzts o
SlIsHjdz dz" § cGctlzffr B CtesmW j to, tslse j yos h d
[ dded BOdz! dz" § d BOCMdBOd dz'ej MiptiHsjO® N O dzk
COL dzdydze' 7 CcCtekzff Hdv JmidjHEj B 5 %O yc

TM3000_3969 2016-12-14 x10k 10 um

) SiG, Al,O3 FeO CaO
1 81,62 13,59 2,26 0,57
2 77,16 16,31 2,90 0,27
3 60,42 34,13 2,16 0,66
4 63,09 16,99 17,50 0,23
5 70,32 20,51 1,83 4,77
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TM3000_4981

2017-01-31

10 um

N x10k

) Sio, Al,O3 FeO CaO
1 72,37 18,73 2,48 1,75
2 57,55 27,35 6,28 2,48
3 52,89 33,42 5,86 2,16
4 54,11 28,69 9,21 2,38
5

TM3000_4823 2017-01-25

3 3
BSE] c?-

Mapping_10018
MAG: 10000x HVE 15KV WD 7 Smm

N x10k 10 um
- SIiO, Al,O; FeO CaO MgO SO,
1 41,23 33,65 3,39 7,97 3,07 222
2 78,85 2,35 216 9,55 4,32 3,44
3 6,93 8,40 16,50 39,68 11,76 6,93
4 7,58 4,00 32,59 31,66 13,18 9,78
5 7,76 9,65 7,99 _ 8,97 6,14
t IMEzdzsta B 1dL sBteOy j dzdw WtcOCyd2 HJMY

L dzj I3 dzlsdztse s S OQtelsdtetso Odzdw fp EC OL Od
g ,[-26 THs;1

O, T18-2;
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I MmMozso dzr d3d Ctd3f sdzd delsOd3d dadzH do dH EZOdz!
2 W9 W sALO; dSIFE O, fted {lstsds o  SHO8 dzw
chsBbdz MPrdBE@® StEjor hOjls 90 &OM. %. Gls
BjMStsd ¢t ctkff BdCtsh¥yjt, slsddyoshdn
S0, ALO;, FeO d fted®jmdr 2 tSMdHse (OB ddy

sOBoJUO [ §ded BOdz desj d BOC Md BOdz dats j%) i)
HdMf jehdr & BIStesmi jc@n ( DO L % 2 | dh
B3E d3)

| lzf | SIO, | Al,O; | FeO | CaO | MgO | NaO | K,O | TiO, | MnO SIo
Al,Oq

1 SIO+AILO;>5BOW.56 RS tetsmMW J§ to

min 56,54 | 10,75 | 0,17 |<0,01 |<0,01 |<0,01 |0,26 |<0,01 |<0,01|1,47

max 86,70 | 38,53 | 2,74 (0,84 |1,15 |157 |1,60 [0,94 |0,34 |8,07

2 SiO, + AlL,O3=9071 95, FeO < 43Q fp; 137d3d € tots MW j to

min 57,07 | 13,21 | 1,08 |<0,01 |<0,01 |<0,01|0,25 |<0,01 |<0,01 1,57

max 80,98 | 36,25 3,95 1,70 |1,52 |220 |2,03 [191 |0,59 |6,13

3 SiO, + Al,O3=9071 95, FeO > 43Q #; 593 C tots MW j to

min 54,10 | 19,89 | 4,01 |<0,01 /0,03 |0,28 |0,33 |0,11 |<0,01 1,50

max 71,62 13599 (6,28 |169 |1,34 |2,16 (1,87 (2,25 |0,80 |3,58

4 SiIO, + ALO; < 90RO M. 223 S tets MW j tor

min 54,19 | 25,87 | 2,76 (0,14 (0,35 |0,21 |0,32 |<0,01 |<0,01 1,63

max 61,91 33,32 (860 |2,30 |126 |190 (1,28 |4,40 |0,67 |2,38

5 | dzsBlzdzr ) ftser hjdzdzr dz Mts& j dgdf Otdag fi wizj €

min 50,90 | 15,28 | 3,22 (0,19 (0,71 |043 |0,26 |0,43 |<0,01|1,73

max 65,87 | 31,62 [ 4,95 |10,99 (356 |1,57 |0,93 [1259 0,27 |4,31

v 0O¢, MsmisOor ddzhndodHEZOdzr d2 - tekffd2@osdn)
Mdzj HEs h dds cebkd § Ods:
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Ttk ®C d yoOjls 20% did ¢ tctsmW, g tc O] diLtdeigygvdzlds:
ddzls j co-8®dz] 3PT 130M. % Mtstslso j Ishiyls o8 fztizs o ¥ @
95 &OMmM. %, O FeO MmMtsHhls ©O8§ drdzg Iy j biplp 0 B ts tizip
di3d dzd 3O dz! dats .

11tk {00 QLdzt¢ YO j Is EHhHoMp dz€isdzd yd Mlse s d M
ddelsj oo Odz L BJ dad dzdrd SOBfigasyfy lsBecd@qLfI§8 6B BHD
Mstsls o jzdzigls o j .8 Al ©90-9 5 HOM. Ctsdeyj dzlstc Oy
Fojddyde Ojlmw Ht 4 &OM. %.

T, tc2BIDL % cdzsBlzdz, ddalsj tco Oz d 1L dRBjAEL BARY Is¢C
ey O lsfw , 548 filsPedw®fiflssise j Isflse j dzdzs, F
BOM. %.

TLitefficBW cdtsBlzd, ddzlsjtco Odz dL B4 dziddzdzi

ftojorh @&j2ls 8332 6€30f. % Ml o,jHAR®p | dzdzB 0 &
FeO oL tOMISOjls His 9 &OM. %.

HtsH jtoyD@dj] O] fHtod §tsMmdzj Hse Olsj dz2 detsd
ey i ek M jddes ko jdzdude Ojlsmw (IlsOE
(sCtdzs 3%) ROLOCIjtedL ¢ Is v o 1 1fiBs C df @ s, |
11 KBMgf i%k,ts 4 BOM. %.

{Mdeso dz" d3d S By sdzd dzgsOdsd dadzhndo dH 2 Odz! oz
2 W9 dzw 8, SAD; FB@Q O ¢ OMgO,d ME BRBO (Bl = 1§ tc]
HdzZw ofMmjn cdzsBlkzd | L Osdmdaishlsd -igfhlinGs
dfMmfMmdzj H 59 Odzdz 7 yomlksdy o' Hjdzj dzts dzgj MS s
fpdzj HEE P B3 ¢ OB HGAYOR3 . 8) :

TLt6lz] fi00 Cldzt yOjls 17 % dgdEveshEls tetc, A O d3o
ftcjorhOjls 85 ®&BOM. %, MHjjty Oddj FeO i
O5 30 .

Titef § ©C & R®j% d Midzj H 59 O dzdzs HCALG)ES 6 I dBO fé
Ctsdzyj delsteOydw Fe O7 g G 0 OYais@H.O H ts
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OB d&dy® [ R EOd dzsj d BOSMdEOd dzs j%) fi
HdMl jtemde 7 BIStsm jc@F (OS] LY td Ayl
3¢ d3)

Sio,/
Jtelzq| SIO, | Al,O;| FeO | CaO | MgO | NaO | KO | TiO, | MnO

Al,O4
1 SiO, + Al,O; > 85,Fe0< 5,Ca0+ MgO O5 30 f 193 S tets MW j to

min 52,80 (15,95 2,24 |1,10 0,69 |[<0,01 |1,53 [<0,01 [<0,01 (1,46

max 75,02 36,75 |4,98 1429 2,16 (2,35 (3,21 |1,46 |0,71 |4,70

2 Si0, + AlLO; > 85,5<Fe007, Ca O +4H0EHR3R]S MW j to

min 51,40 |15,12 |5,06 0,76 0,64 |0,59 (1,61 |<0,01 |<0,01 1,51

max 72,16 33,98 (7,11 (3,20 2,70 |2,14 |3,46 (2,39 |0,79 4,77

3 SiO; + AlL,O3 = 80185, CaO + MgO + FeO =192d3Q%; 34d3d S tetsmW J ter

min 48,54 (18,01 (5,40 (1,28 (0,84 (0,34 (1,11 [<0,01 [<0,01 (1,47

max 64,45 33,79 |8,82 (3,80 4,61 |2,39 (3,00 4,75 (1,74 3,58

4.1 SiO, + Al,O; = 801 85,CaO+ MgO + FeO= 12 16 BQ#H; 5RBJ S e s MW J to

min 49,93 |28,88 9,04 (0,58 |0,87 |1,08 (2,03 |0,50 ([<0,01 (1,62

max 53,34 30,90 (11,53 (3,18 191 (142 2,62 |1,78 (1,14 |1,85

4.2 SiO, + Al,O; = 80 85,Ca0+ MgO + FeO= 12 16 BQ#; 17 R S tes MW J to

min 49,96 (18,20 (3,66 4,00 [<0,01 (0,01 (0,73 |[<0,01 |<0,01 (1,55

max 65,23 32,45 8,81 (9,12 (3,36 (2,23 |2,58 (2,29 0,80 (3,48

5 SIO, + AlL,O;<80d3Q #p; 153 S tetsMW § to

min 33,09 19,99 443 (111 (0,07 0,10 0,48 [<0,01 |<0,01 (1,53

max 55,01 31,40 |38,31 (21,10 |11,18 (2,08 1,98 |16,51 |0,65 2,53

T1zRIFG0% yOMmisdy,d MPgdgs) dBiI"@J s 5186 8 ¢
Fojdzduyudoe Ojlsmvw MtsHjtey Odzdj CaO d MDD,
BO 1,

T1tezf @02 okd¢C B MIPN+eL0) =8085 ®&OM.8( Ca0O +
FeO) = 1216 dzQfp, ftcd {1Istsd3 yYyofgls: G dztsB Iz d&z
MoH j o Pdz@ j tls 9 % § {1=2H cagdf.§ © 41 M8 H j tecd
40O B 4%HB 9 &OM.

97



11tk fi0l135% cdhzselkzdaz M 1 C(Mistej BOdz! dzts o1 iy
Csizf tsmip] dadgtsmils ©o O, o Glsdydp ¢ drisy AsthQiCAyd
BSCtosMW jter fsHBBAdets MMisOos O (IsOB dzd yC
[ OCtetsC i3 tsdz] dzlg © TR O otz IstftzH  ©  H 2 O dz! dz'
WtcOC ydd we dzv 8 Isfyw, AOQ [ , F eSO ME BRO ¢ tslststc!
ClzcBzdz MsMisOo dzv Pols tils " i sE t5 d39 § dzetgP g o O dzj
fMEHj ) OdzdSH; TR BT ' HOM. &4 ZBBO N j dzts WdgD d KB €
MeMlsOo dzv j Is &) defzl' 3B, sQz' 3@ dafils ols@  dscf Cistaits) W80
sls HE 5 %@@Mgzy 16 % RBJStosMW jto, s BMBEOa
JHddzd ydzr = ¢ dzsB 2 dzO~R . sOCYJ] HAv Btsdz " d¢
BOtocdWw: o THjBzjgdgL Ocz@2, Jjhj 7 2%z daststdzodeizjm
HE], 0, o tslsHj dz2 d& RAs d§d 3t tsdy@uiidtds@dz, WismW t
MsH jtey Olsmw dz0 ERtetseodzy fteddsi mMd?2, HBMIsHE
L 20y JjTRgiH:s POHSuHts MnGBHts 1,% dOfMm.
Rd&zHndodHEZOd dzr §| 3 Csfijis] thyo oW tddxC G dzds
f tod dzOH dijdgjQHsz 6¢h d s etz f O3 (lIsOBdZJYO 3. 9)
T1teef§®Olst BdCtosMW jtor , H dzvCaOfptisfplec® & dzWnjsls
40 HOBO+AL0;0 35 %BOfis.0Cdds Stwdlsjtedw d Mmts
36% dMmMmdzj HEzj &3" =~ YOMIsdy.
11tk fi0e C2dz8 yOjIs BJSCtetsMW j ter Hdzw Group I§ ts tc
zOB dzt HOj Isfqw dzj MC sdz C &5 R HINO fighdHm. to Y
B- dz M jj MtMgQitasO dzd%, EgOHts 27 d3OMm. %, IsOC
MHj ) Odzd | Cted Bded ¥ Ml BBO dz¢ wEldup) gy dazls t
o jdzdydeo Oj Wy €Gtsi BB2 Z3OBEYT (] f tod dzOH dzj >
T1teffid tcd HMIsOo dzj 20 BISCtesMW j OB IO d ts¢
Al, O MeEBBO L Isdes ECMdHB o MmMisOs ] ¢ dzt
HES 75%,30ffPisH J ey Odedy Htekzedm tMdsodz - ¢
Uj &3 HA&zv  BGroup td gy Grasp 2: uQB), FeO< 10, MgO 010,
SO; 01030 %, MH jNEPd®) O sdes "PJ sy, H
BOW. Msslse jIsMmise j dzdzs; IsOC 52 MMisOo - Ot
08



(i byfidnsd joydls BI(Ctsmi jr ) FOSBBS dqids
BOW; (O MOBOW &EOdsydhdj ddOw ctbkffo ¢

vOBd&zd Yyo® [ §dz§ B3O dz! desy d BOSCMJddBOdz! @EBPH M
HdMY j efjder & &GS M j-1cOC 060 &EL ¥ A2 dj i &3

Jtelzf| CaO | SIO, | Al,O;| FeO | MgO | SO; | N&O | K,O | TiO, | SIO/AILO;

1 CaO> 40, SiQ+Al,0; 035dQ #p; 64d3d S tetsMW j to

min 40,01 /4,68 |2,54 |4,70 3,76 |3,80 |<0,01|<0,01|<0,01|0,42

max 56,99(29,29 17,98 |23,17|16,11| 22,58 2,72 |0,46 | 2,52 |4,01

<

2 30<Cal <40, SictAI,0;0 &A@, 6203d S tesMW J tef

min 30,03{3,40 [293 568 |554 |3,72 |0,22 |<0,01|<0,01|0,30

max 39,68 | 33,26 | 19,75 | 27,04 | 20,75 | 20,67 | 2,78 | 1,31 |2,00 |2,38

3 C a O30400SIO+AI,0;0 WRMP; 453 S tets MW j to

min 797 123,34|/299 299 |2,37 |2,21 |0,61 |<0,01/<0,01|1,01

max 30,37 | 54,72 |33,65|8,87 |10,09|10,0911,00|4,18 |0,87 |15,54

4 Fe0;>30d3Qfp; 7d3d S tcsmW | to

min 14,11 4,71 4,00 |30,39|5,89 |4,58 |0,99 |<0,01|0,05 |0,70

max 39,34/8,39 |6,74 |60,19|14,26 14,67 2,15 |0,20 | 0,71 | 1,89

] Oy dzOv ttsd o VYstkddese Oddd L sdz dz A

Odzs istsfyd dzd € Olsdzr o5 d3q dzj t& © dzO o3, Cslstster j
dL i3ttt dzf M i3h RO ek hifas@Ea ~[ 18 8] . SO OHALMII d3!
fsLotdvjls s tcj Hj dzd Is L dzOuj dzd j AR oz

Odzt BsMddzd S Olsdzgr » ftoj Sktcmstetse, EZyomlsekze h
us Mis GSIOIAILOIFed L sdzd dz' = BEOoEHRHlcsdy ls  tils
MydecOdedw twOLdzr » Isdftse 1 dzgjtecjIlsdyd MSdna
BOC s s sdzj delstse, tslsdzj Mjdeder j] € tOL dzd y
wilzdeC yd sdzOdz' dz' d3d L O dfmd dizgsfmilsw d3d f or ME
f Otedzets 2 ¢ tstdtsjndsdapd d 1
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v0C, MeMsOor &ISsmijte 6lsH j2d (dy T dedio
sfdMmr o O Ismw b e Xoddi) dodgsisckfAl .0;] ftedoj Hid
sOB dzdyj v BOeldj. dzdw dzddzj 2 dzets? tej ctej Mindd
flo sBSHMr &8 ydzj detsds fted BdzdL Cdn L dzOYJ ¢
CeO¥ duimMSd GltBEOy OjlMmY § OLOdd) d dr &
Cekffr &BdSesmMi¥jte ¢ Hekes2 ( tod nkjdsSded
Bddej €Od dz' B ftojSCktehmsese .

v OB dzd Yy Oi u3te Ao0dzj dzd W W Iz dz€ y d 5 dzO dz' elg= fAI,Q5] O ¢
Ci WWqdudjdst Stttejdvydd HdY kLCB2 i

sedlsjtedd cwky [SiO;] = f[AI,O4]

Si0, + AlLO;> 95 %0 . [SIO)] = O91@3p0.0r= 1 1

SiO,+ AlL,O;= 90/ 953 Q fp, FeO < 4BQ M | [SiO,] = 93,761 1,0JAIL0; r= PD

Si0, + AlLO; = 90/ 95 B QA fh, FeO > ABA#H | [SIO,] = 92,161 DHAILOL r= PD

AW NP

SiO, + AlLOs< 9 0 %dz0 . [SiO,] = 85,891 0,91AI,O4); r = 0794

Az dz€ ydtsda@dz'ddgddizsmisw d3 ( IsOB dzd 7@ 53 dz] B p t
Odzt d@3smd dzd € Olsdz" | MsmMisOo T HJGdHttsE Md dzd
dad#hdm MdzjHisE N dj Misjadtsdkdtedud MEdy Wt
T NHzR dzdzf] (NH, 0.64Ko0.1) (Al 1.90F&.06MJo.04) (Al 0,68 Sz.32) O10(OH) [189];

1 [ t5dzls d3ts te d idhtimts(eEd 6190.39 SixO1o(OH), [190, 191];
T K-R dzazifHs sAl o(Sie sAl1 O (OH), [190, 191].

| djfshjramise j dds? BddLthisd tl Istj d
NHeq ez s @ o ks dzls kst cdecets dzdf s ©, s te j dgH
Bfs dzls Bs te d dzdzts dzd K-G dzddd &6 Pzh G Hz dgsS 3. 12) .

I't §f sdzdgj dzdets§ MdMmisy Odyud MEsj dmmdzj H
BICtesmMW jto HdMY jehds?2 ( SWOs@Efwdd 31.17) d
Wb dzS U d s izOdOan ind Bsmisd (OB d&dy® 3. 10, tec
uts ®qdzj 6Od drr B St dd! &8 s
t fio, BBOLEEMNdaMY fted My dcvOaafys Isififvd B Ol
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Bd dzj tc Odaf dzdkiHs ,  d3ts dzls d3tsdedftiafizts datf |5 Is HtegKj @ O N ¢
MY decoddy bjtedsndBdudmMcdy ftoj otcON jdadW.

90
1o (1) [SI0] = 96 ,AB@JirE, 0 A ( |XKaonuHut
85 1%
] (2) [SiOy] = 93,76 1,02A1,05; r=  PD X NH4-UnnmT
o 80 - (3)[SIO,] = 92,16 1,04AI,04; r= DD X K-Unnur
‘Lé 75 E (4) [SIOZ] = 88,89 0,97Al.0;]; r =70,94 X MoHTMOpUNMoHnT
§ ] EAnLOuT
o ]
m ] \/
g 70 1 = OpToknas
= ]
% : e [pynna 1
a 65 - %
uga: 1 opynna 2
- 60 ] X e [pynna 3
55 E X e [pynna 4
: x pynna 5
50 T T T T T T T T T T T T T T T T T Ix\ T T T T T T T T T T T T T T T T T T T T

10 15 20 25 30 35 40 45 50

Copepxanue Al,0; mac. %
[ dizdes¥) Boa df@d issMmis! Mmisis] HHEOgeth®: 08 O
B S osMWdtta SPV W 6 @C yadidsis@o™ HJjCdHtS
B dzj COdse Misslse jlsMmisolksls Misjnd:

MOOSIsjtedets?2 tsMise j dzdetsMis ¢ ¢ dzd dagfdigdsd figls
MstckzClskztej , wWeo dzW j Isfyw M smtse dzgs M s ¢ ¢ C
B yMzsjor n COIsdtsdetse, Yl fodotsHdls € f
WoL, 9 C dzs OB HA LB RY sdzj dzlsdz” § Md3d M SO
d dzdzd Is O, O OS¢y f JeOddOsHeE isteHastels. d3f dA
ftcj otcOh Jjdzadw o©Cdz¥ yosls jtojatsH d3sdzls ditstec
Mddzd S OOz Mt Mistelkz S-dedzdedsld [N X 15,6 Is Oykdftstabiaf] d
[ 18 9- czdzdiloo© Mdfidzdzf{ 59 3] . gskzh jMmMlsokjls Mmjtd!
dsd dz O dz' BdzdL €Sdj € d3tsdzls d3ts tdscH dzamsivlzd & @tHzgzd o
d dzdzd Is8p a3 [ 1
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LHOdzj dzdzOW tcOMY sdzsy § dzdets My ls ¢ MsmMis©o O
Witz dzO ¢ O AR08 [ 18 9, 191], ted Mz dats
ftiojH sdzty dIs’ |, Yylsts 1 Issls d3ddzj eOdz dzy 1 ted
yomsdy t©OL i3 tetsdy d3d dzj 4 2. 5 3 d3, w9 dzw w
ftoj CtemMtstesdy Steltf dz" = yoOmlsdy MJ syOlstse s f

s sMisOor Bd Cjtalis fipir jrtc cotddatf f EL-2 I s @ v
sfdm" e Of sw  aIpedds) dodgisdsdfAl .Os] | fedoe jHjd
IsOB dzd Yy 4 AN 23zS yld.ts dzQE®D A flsalzss misw d3 ( sOB dzd y O
FHBo dzj so tstew 8 Is Odz¢ d3tKipdddaedtioR0dgf ojr M & firfflsCtsots o
1 st §(E810s);

T Odz' BNafgldSi,Og);
T O dzts teds@ I8i,Og).

e mMisRgdzizdIsO d Odz? BdISO dzO~tSHWISMW 9 B (
IstejdzH (2) d btejdzn (3) twWOMY sdztsy J dz 3
SBtcOL s&z@@mid j &3 OdstlsdlsO d ikt zOL O
dimmdzj Hse Odzed] HtLoeotsdzw jIls L OCdz® ydls' , ylbt
B CtetsMWote hftOL ZENdamw ftod MYy deOdedd
fsdzjer j MY§Ol'-ddue¢bO@misdj &3 K

v OB dzd YOI u3tg @egldzd v Wz dz¢ yd sdzOdzt dz' g =f[AIDg d i
Cst WWdydjdalsr Cstetej dzvydd Hdzw EL S22 Wi

stedlsjtedq Gy [Si0y] = f[A1,04

1| SIO, + AlL,O3 > 85d3Q fp, FeO < 53Q # [SIO] = 90, AIB;T= 11, @

2 [ SiO, + AlLO, > 8503Q #h, FeO> 5d3Q [SiO,] = 86,911 1,09AI,0:; r= PD
Si0, + Al,O; = 80/ 85 B Q M,

g | 21t A Bam [SIO;] = 85,747 1,0GAI,05: r= 0o

CaO + MgO + FeO =id2 3Q #

SiO, + Al,O; = 80/ 85 i3.Q fh,
4 - cam [SiO,] = 84,701 1,11AlI,04; r = 0j99
CaO + MgO + FeO = 126 5Q
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80
] (1)[SI0] = 90, AP 7= 1i, ®,7 XKaonuHur

(2) [SIO,] = 86,911 1,03Al,0Oz;r=  PD X NH4-Unnut
(3)[SiO;] = 85,741 1,06Al,05); r= PO X K-Nnnut
(4) [SiO,] = 84,701 1,11AI,Oq]; r = 0799 X MOHTMOPUNNOHWT

M Xnoput

~l
o
1

)]
o
1 I
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s OB dizd Y@ Ok.dilsdzr | f OtcOd3j IsteK tBtcOL ytse { to
HeT €8l teydisdo ddis) tsfjlis@dg 5 ydzOW  dzO MO ded af D elzdath iy Js e
dzOfnchdzq’W

- sdtOdi3dud M¢ dP s dgdlsj
1 OO R EH &Y fted AR0 6z0 YsthQfsyd
HdMY J ede” = SeBy . -
HdMY j ede” = sB ¢ o
Hc, Oe 125 25
Hcr, Oe 1168 69
Hcr/ He 9,344 2,76
Mg, emu/g 0,185 0,366
Ms,emu/g 1,136 3,450
Mg/ Mg 0,163 0,106

1 OteWHEZ M dL d3d dzgj dzgdw d3d ¢ OtcOd3j Istetse 4§
o dzd &3Oded § d dL d3j daj dedj W sted3” fdlsdzd {t
cdMmMsjtjLdmMO dMmMatHAdS2 WicOS ywhd sd @td@ Jodply ts
Ylsts dzj dzOBdzs HOJj s BEEc@BEIOL O Y siazj H
slsydeO fikdeq JdBDBOH dats? WteOC ydd Hd MY §J tehd
z dzlz y" j dzd BOcdzdIsdzr = Mo ts2Mmlse { tsdzlz yJ dzdzts
Ltcj dzgdw Ed3j dz@ " jdzedw dBOGdzdlIlsdzts? VY MisCsMmisd .
Hdzv ijsdakv dzj Hstesedr BOcddlstsdzZveCda d3OIs,
[225].
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