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TE TR,

RE RSN HREOIER « WIRIIZRFTED X 0 BN L 503, AARZREBRD
ED) I CTOMEIAIEAIC L » TERS RO fREMERN H S, HE LI b JEiX As—K (11 a J3
BED) L AT (M c EBLATF) ORMBICHTZ5Z L5, BKILKOBEIKMICHY T2 60 L 48E
ENb, £&80.94mm, 0§ 83.64mm, /& 38.24mm, B S 298. 03g, (BFATAR - F A LH)

$£4.2% LREEFHLIAS - BEMER

EWES KA @ R vl Tt E& m)  f@ (m)  JEES (mm)  EE (o FERIXAK
1 TPO7 1M a e gAlIpe: 30. 06 14. 96 12. 84 5.55
4 TPO8 I Now—A b= ZIE 71.71 59. 69 45. 49 214. 96 1-1
5 TP09 ma T Eqiipe) 37.93 33.01 15.98 18. 04
6 TPO2 1M b TR SOV R 80.94 83. 64 38. 24 298. 03 1-2
7V » RES  TPOL I T EliEsy 55. 25 33.91 16. 10 27. 87

B42K Ak - BOFHAIREZE
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CEE Y E A
H5FE BHAPFEST

3 1E B RARET FEEEMH BRSO ER I OW T
EERgE— GENR AR E)

L. i J7iE

AR (B E BB LR 8BS 6) ORMmMOMUNEE (Smn X 5mm) (TRFEHREZ
1TV, =R X — ik &R (EDS: Oxford AZtec Energy x—Act) fF & EE 1 FAMEE (SEM:
JEOL JSM-IT100) (SEM-EDS) % VT, FHA R ORI L 2BE 1T o7, HON T O
fEIR (K 5mmP 7)) 12 20um ERRFE DR FEME A 2 Lz, RiflIWEETICBADORETIT-
7zo Z DT ORERE AW IZiixER&IZITH TS, Factory Standards (ZHSHH & U7 A HERURL
DT =2 2N MG EREZIT> T, HHTEIZT ST h—% /L% 100wth ([ZHAE L LT, HIE
BIZT ' F U CEERERE LT,

2. i

A O G AR 72 G, SEM-EDS (2 K DM A Lz & 2 A, OV A X3 30um LA
T (v h~Ri LV A X)) ORERL- 0B S D 2 L2V Lz, Rif-o¥% A Xinb v
Me (JBED—FE) ThHhodEHEEIND, WK TD 55, Mt THRF DR D 48 (# 2,
#4, #5. #6) 2RO, EDS ZHWTHRANT 21T 272, LLFICHRORER/REZER D,

5.1 SEM-EDS | £ B EIDEFRRER
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3. hiFH# 2

5L H HR IR LR E BRI LS OB ERE R IOV T

EP MBRBELEPROHLIVWI ENPLELRICEL I ENATHEIND, D OMR,

Si0,=32wt%, ZrO,=66wt% Z &, Si& Zr DA A i1
CIEFEHODLN1: 2THDHZ b ay (rSi0,) DR+ EZ bbb,

B5.1Xk KNr#2BEEEE

ety | Bt % | BRL® % o | (/3R (BRFE%K 8)
Na,O 0. 06 0. 05 0.01
MgO 0.12 0. 05 0.01
ALO, 0. 61 0. 06 0.04
Si0, 32.22 0.22 1.96
P,0, 0. 37 0.28 0. 02
K,O 0.09 0.05 0.01
CaO 0 0.05
TiO, 0 0.08 0
Cr,0, 0.01 0.09 0
MnO 0.03 0.09 0
FeO 0. 42 0.1 0. 02
NiO 0.01 0.13 0
7rO, 66. 05 0.35 1.96
100 4.03 (WFAVAED

]
3

Ed
DDDDBHDD
z

ﬁp:;o;;ngz

F52K KF#H2AXRY MUK

1 THHZ &, B A oA
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FoHIT AREELN

4. K7 # 4

Z ORI DR VN O T, ELHEICE LS, BLEICHEDR FTH D L FHEEN
b, WIELTZE Z A, Si0,=70. 5%, ALO,=17. 2%, FeO=4. 6%, K,0=2. 6%, MgO=2. 0%, Na,O=1. 7%
Eheote, YUBETAIZERET DRI THDZ END, MBCEE MK E OB &5
Zbhb,

B5.2% Nr#ABEEEE

vty | Bk % | Bk % o | A4 E (FRE$8)
Na,O 1.68 0.07 0.14
MgO 2.02 0.07 0.13
ALO, 17.21 0.15 0. 88
SiO, 70.5 0.32 3.07
P,0. 0.23 0.11 0.01
K,O 2.63 0.07 0.15
CaO 0. 45 0. 06 0. 02
TiO, 0. 46 0. 09 0. 02
Cr,0, 0 0. 09 0
MnO 0.05 0.1 0
FeO 4.58 0.17 0.17
NiO 0.18 0.15 0.01
7rO, 0.02 0.18 0
100 4.60 (WFAvEEH)

W 2wstwa

a

2

2

g

$F53K KF#4AXRY MUK
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5L H HR IR LR E BRI LS OB ERE R IOV T

5. Ki+#5

Z ORI ORI & 13X FE 720 | SiO, IZHERAYZ L < (48%) . ALO; (25%) & FeO (19%) 35 &
OK,0 (4.9%) ICECOPFETH D, 20X Ml E R >EMITmonNTE 67, MHn
DEFTHDAREMENE, — . HARE L THLT AN ) LA 2 FFo728, Fe/Mg
s E <L Na/K HaS s AR REER A kLA & 7.

5.3k NF#S5HEEEE

Wity | B b % | BB b % o | (HvE (BESEEL8)
Na,O 0.35 0.07 0.03
MgO 1.53 0.1 0.11
ALO, 24. 97 0. 28 1. 44
Si0, 48.19 0. 42 2.36
P,0, 0.13 0.13 0.01
K,O 4.89 0.13 0.31
CaO 0. 29 0.12 0. 02
TiO, 0. 24 0.19 0.01
Cr,0, 0 0.2 0
MnO 0.25 0.22 0.01
FeO 19.16 0.41 0.78
NiO 0 0.35 0
7rO, 0 0.22 0

100 5.07 (WA

| |
DoDDDDD
E

s0z

gzyocs
Ed

B54K HF#5ANT MIVE
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6. KiTH 6

# 4 Ok 1 EIXIER O/ E B O, Vi

BOEE 2z b o R L BB,

22

n

%5.5 KF# 6 AXYT MUK

F5.4F%k NF#O6BRTEE

Wit | BBt % | FRIEW % o | A4vE (B34 8)
Na,O 0.54 0.05 0. 05
MgO 2.42 0. 06 0.16
ALO, 16. 32 0.12 0.83
Si0, 72. 81 0.25 3.15
P,0, 0.1 0.08 0
K,O 2.13 0. 05 0.12
CaO 0.13 0. 04 0.01
TiO, 0.14 0.07 0
Cr,0, 0.01 0.07 0
MnO 0. 09 0.07 0
FeO 5.31 0.13 0.19
NiO 0 0.11 0
7rO, 0 0.13 0
100 4.51 (hFtvA5t)

W wotne

a

8

8

8



WO1ET RN BR E SR S O ER R IZ oW T

7. @I

412, 250pm X 200um PO 7 O i fE 2 5 78R TAEA L COREF A R D7z & 2 A Si0,=70wt%,
ALOF17%, FeO=4. 8% & 720 (EERE M EZ AT 2 Z LB hole, T O OMAITHF# 4
BEIO # 60 ERI TS, BARKE LTI AT ETAVITELIRATH D,

$5.5% EANEZEEE

ety | BRIk % | BRIE % o | AAVER (BBEH8)

Na,O 1.67 0.07 0.14

MgO 1.94 0.07 0.13

ALO, 17.19 0.15 0. 88

SiO, 70. 27 0.31 3.07

P,0. 0.3 0.11 0.01

K,O 2.73 0.07 0.15

CaO 0. 46 0. 06 0. 02

TiO, 0. 42 0. 09 0.01

Cr,0, 0.12 0. 09 0

MnO 0 0.1

FeO 4.8 0.17 0.18

NiO 0 0.15 0

7rO, 0.1 0.18 0

100 4.60 (WFAvEEH)
W a7
a
2
8
g
'jﬂ u ;‘ @ W p o Mn ; Fe Ni Ni

B5.6 K EAWANRY bIVE
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FoHIT AREELN

o BFEEBMNCIBT D KUK
MRS T BR BEAF T AT

XU ®IZ

AT IZFTE T 5 FIREEB T, Sl m—AJ8 EEESNDRBALNSZD EAL o BARY L JEien
T ARSI RO BRECED DR HSN TS, RRETIX, ZORAMICEASND
777 (CKRIUME Y ) HSEOREE S ORERZHLNZL T, LEOE Rt DiEtEE 155,

1. 3R

AEHE, TPO2 HLEIXALEEF I OVEIR X ALEED 2 2opr o> L@ Wria & v BRI S iz, HEXANO
TREEE T, BEFAETRICEY, ML TE»OVIBE TR IS, 202 HolEIE,
Ma, Mb, McOFBITMTINTND, 1BIXEAEZETHIKUK VWD LERY BT
by, NEITRARZ tErbn—LE~oE, MEU T iImeasr 27T 5 KkUKEWDYD
H—AJBICHYT D,

ARG CIx, PR ALEE RIS N2 a, T b O 8 & X ALEE TR S Nz ¢ J§ o
G 3 R0 TR AR LT D,

2. ATk

ABH 20 g ZARFEIMICERY . KZMNZIEKIC Lk Re TR IR EEEE I L v ki+ %20
L., EERZRLED, ZOBEEZEVIETZ LICEVEONTDE IS -%, IR
MEETICCRIEET S, BB, 77 70OREWETHLA2 YT « KIUT T A - BAZRH L
L. ZORERGHEDL D2 EMERICHR S, KILAT T A%, ZOFREICE D ST R
5 - AT D 3 X A T LTc, BMOBREIL, N7 ARNTHETF AR, PRAIIEREIC
LIAD D IR WEF MR & D WITIEIE T IRE DR T 7 A CTh D | AT INRIREIEF IS
Fo T2k B ORI DR S MOV ERIRD b D L35,

F7-. BMHEESNEEAE1TKIUT T 2CHOWTTBITFROMPEZITV, T 7 FREDZD
DIEE L T 5, BHTROWPEIL, HiE (1995) @ MAIOT ZfEH L 72k B2 bk & Fv iz,

3. FES

T 7 TR AR 5.6 KlRT, M aBlZiX, VEOKILF T AL DEOBANBGED LI
7o KWW T 20%, BAFEHOBRARZ ERE L, O THEOERGEHO AT AL EEN
Ho BAIE, RKREMH LIm THY, AaZ2L, BATREFTHL, MbESIOM ¢ JEIC
X, FEOKIUT T ARG END, KIUH T ATEEAFZHOANT AR ZFHRE L, DEOEE
B OBRAREZ L4789,

Fh TS, Ma@o@a tMbEEN ¢ JE@OKIUT T ADBITFREZRT, 1 algono
JEPTERIZ, L YA nl. 499-1.503 THY ., F— KiZnl. 502 TH 5, MbE LI c DK ILA
T ZADEITHFEIT, AZIFEETHY , Lo PO FRIE N1 497 £721%1.498 TH Y | EfRIT nl. 502
F721E1.503 TH Y, & HIT nl. 498-1. 500 (T VEHE 2R,

24



B2 EREBNCRT D KILKSHT

B5.6% 7I7IOMER

A=al7T KWW Z A A
WA | m | emeowe | R | em-mar kous
I a — ++ cl-pm>>cl-bw ++ W-g 1.9
mb — +++ | cl-bw>cl-pm —
I ¢ — +++ | cl-bw>cl-pm —
—IEEARY. (D) EDOTHE. + MR ++ R F R S

W: H.
g B, sgr ORI, sh: RXARE. b AR HORRIEE mm.
cl: MEEAEH. br: B, bw: N7 VAL md: PIRIEL. pm: B8R

MafE Mbf=E McfE

104 104 104
5] 54
] 0] 0-
1495 1500 1505 1510 1495 1500 1505 1510 1495 1500 1505 1510
B % BHi% ERIES
E5 7R KUATADEITE
4. BE

I a @2 DR S8R 13, O RIAE RS L OVEITR & v — AR B L v o b Ear,
S DITIIHEERET & O BB O HBRAIATELC J 0 | KL DI U2 B EET 7 F (As—K:
BIH 8 2003) (CHIkT 5L EZDBND, As—K OEHIEMRIL, BET 1.5~ 1.65 HEERTE
i, BRI TIAKBO LN TV LM ARE AT 77 (As-YP: B 1962) &[F—rEk
DT 77 &I TWD (BTHEFH 2003), Zeds, MbEU FbI3EAIEa< kSN
RN EDD, AsK OREIKBHEIXIT a BATICH D Z ENHEESNLD, 728, M a @b
SNV EOKUTTADI b BATRIOIFE A E1T AsKIZHET D EEX DD, ATV
BOLOE, ZOREIZLY, TROATICHKT S EEZXBND,

MbERLOM c @6 ERESNIKILAT T AL, TOFREE BITEN G, BT EBER
DIEBAINT T %R E T AR Tn 775 (AT: BTH - Fi: 1976) ICHkT 5 &2 5N 5,
AT DEIREAUIZ OV TIE, Smith et. al. (2013) IZ K AEIRDOKABOR—Y v 7 a7 OEH
HEFEM DRI TR EHNCEES & JB4ET 30,000 4ERTTHH Z ENEE -T2,

AEPNZIBIT 2 AT ORFIKEHEIL, ML TIZH D EHEESND 0, VEELTIZHET 5 AT
DKIT T ZADERNBAIHATH D720, ZLL EOFEMZRHEEITRETH D,
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oI AREELNT

2. AT K ILF S R (TPO24LER X ALEE  TIb/E)

SATORIAS R (RIEXILEE McfE)

558K HEANUKLUAZA
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B AR RO
He®E BE

5 1HET Brie RN D NS DRk

AREITITEIRRNIC I T DB O H 2 48R L, ABBI L T Eds & RG] & o bl
BRADH, AEPHEERII b B OHEL TR, IO a @AY As—K OFEIKEE & H#E
EINDZ EMnb, RMRITHMIAAZRIFETEY 2 OMSCRREAI & T2, 73, AEBT
Mt LB o OIS D F R, WhwbFa vy X—ThoZ &b, ik
MR (1992) AR L2 L OISl N L A ORXBINKRETH D Z Lnh, R L R A
BECIRET 2D, ZOFOM AR, WhWdoHFa v 7 by —zBgLTng Y,
WS SN AHIRICE KA WEEHIEI U ISR A &l L, HES TE 2oz
b DIZHONTIERRS L7=7,

SRR DEER TIX A (1992) IC X 2 AT R & 5, A ARFIE kA x5 L LURR T
&M EEOEFINEY BT HNis, 0%, 2010 FEICAB S HARIBARRFEE DT —
H_R—2Z [EASNEO R AEEAED T, 2006 4FERSTARIIZEBWT 13 8B (14 A2kt
ROLIbE) DDA T LTS EEnd (AARBAZRTS 2010), 55 9 BHMNIERE
ERFE SHTERY 90 R0 D OHIME RN T OMRE R O RN RN TV D, AHIT
WERT—#_X—2%H L2, TOROFEHEZMZHIETEREIT T2, 275 L, T—XX—2A
T TR LS TWTH, FMA S & ITH NEEZRTIE W &Il L7 ERHIRRI L T D,

ARETIEAEB I H T 2 R B I OFRFEREAE (EFE  2019¢) % b L IZIRINBIROBLR D
RFRAMR DI AR 5, AFREC EIIBARERIZ I ~VEIZoTohs, THIZATET
M HEINDAGWIETH Y | KA ZRET DML A 7 A% L REER AT ZE
te, IEMH 7 JRDESEEHEGED & Svd, THNXAT 8 2#A T2 BT bt s, MitkR
ABBORIIAZREENT 1 H, KEAL T &R O/ NEYIW A2 tRE T 2 A Bt 11 2 iz s 7
Do MHNIMARAIHEOHBAITK & S, EHTET 1 7 AE & b7 5 Yol ASER AL
BT oD, Fio, MIIXEMRABRBEEORA BAEE SN TV D, IV AR A IR
Ve T 2RI CH Y . A NAREEOTRARIE B X BLD, LavL, BARAGEEOKE B
(2725 & RIS A EEOWAN B B v, WATBMR bIBE SN D, VHIEAsK D AL, & L<IZ
MET DA TH D, VHIOAIREIZ OWTERERE— (2019¢) 237z D ITMA N A gsfED
HThHDLN, KFrb & & LA ORE (5 2019, FE 2019) Ti&, +BHETH
FHEBBRC G IRET X B BB AR S 2 KEVREES A VIIICE Eh D 2 &b K
THMA AR - KBRS ARIEE VI E 35, 72720, KREURTEZ A SRR % M IR A 2R
PRI 3 L 72,

BN TITHE, 7 NS 32 SRR ST\ 5, BRI 9 oA T, £ idhoiEy &
LT B LTV D, BT AERRE T A 0/ FEC 1 AR E ST D (B8
6. 1K1, /bR 1999), F A TAEE & b 72D Ageht Tl BIEAR BN (L& 2005)
TAT FAEOFA 7T AEIC L 7> T3 (AKX 2~4), &Ll (HFAF) A& G
Afm 1996) @ B-KH k& THILR S 1 7 Al & b > T 18 (AKX 5) B-KSU kg T
MOGRRF A AR E o> T 1A (A 6) JEiiiuilngss (kK 2016) TRARE
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WA BRI R IR DAL

F6.2FK FHHIIORHER - shigh 5k $F6.3F% FHIHIBBOBEER - MRS
e [t | ATy WRER | KkER | A | e
1 1 0 3 4 1 2 2 0 4
I 1 0 0 1 I 0 1 0 1
I 0 0 0 0 il 0 0 0 0
I\% 1 1 0 2 \Y% 1 1 0 2
A% 3 1 12 16 \'% 10 1 5 16
WA < 0 1 7 8 1 6 1 1 8
At 6 3 23 32 &t 20 6 6 32

EEEE (s - EBFR 2002) T 140 (FIX20) 2t - FESH TR, BN THRIB SN T
WD SR D RE T Z OMA NAZRREIZET 5, fit\ TR AR TR, F BT

(IR ERD) hpkEss OFR 1966) T 1 (FIX21), FMHEREER EH1E 2019)
T34 ([FX22:23, 6.3 X 24) NHELTWD, MSCEHMREAIENZIT+ B BT H B &bk
(BEFfR 2004) TSGR EERICE 72> T 1R (A 25) BHEL TS, 2B K
POBEBFCIX A 7AROIETWA 2L LT Y, #(i4 3En L0 v EEEI LT
Do (R 1985), BBieiha I ~IVHIO W I & HHE SN D DN EEMFHIC SOV TIEAR
1L L7z, Wiz, =&m FHEEO 15 ([ 26) (ZOWTTHLA, ZOBYITTHEFICL
Hlgo TR —AEERS ETRY NP EBEOHLENNCRESNTZLDOTHY | IHAZRR
DHEDOTHD LHWrSTWD (BH 1997), Ll IS OWTEEMOTIRA N2 &
AN E RS- b O TIERWI & 7 HERR & FIRFICEAE St & & R A4
Wit 22 ERREETHDZ Ennn, REHIARB Ll Lz, $7o, HERMITEIBEY (k- A
PR 2004) O 1 SLONERTA 2 A (EEEIEAR  2018b, 480 -1REM  2010) DFF 2 &
(A 27 + 28) IZ2WTH BB LB OIERNA R L TN D72, REHIARI & LTz,

WIT, FBEPNICRT 5 F NESRORBRICOVWTE LD S, FBIRNCA S & BHIHA
FRRFARET 28 4 8 IR A 2RI AR ) 16 AL, BRIIBA SRR ARHER I 4 5, MSCRHREA)
1A, BIBAGRRCTH 25N RO L O 4 8, FEIARHOLDON 4 8 Th
Do Elo, FEHIZHRITEIZ b DIZHOWTHERE (2019¢) DfRFA S L ITHEET D & 7 s
ORBIZ TN 48, TR 1R, N0, VIR 28, VEIR 16 8 THY ., HiEEN
TIEA NEERORBRINII VIR ZWER DS S 5, FHERE ORI AR AL, @RS - 75
. @I - X - FIRD 3K THITLE, OR6 R, O35, @R 238L7D, @f
W AR - SE 2 e b 2 < L AR RS Z OSBRI v d . RHEkIZ oW T
X, FEHIAVHIT C& D NEERR 16 D ) BLVHIS 12 B RPEEEDD,

BRI, T NBEERRICHE A SN A IC W TRETT 5, BIRER T, FRRNH o i s
CHH SN =AM oEG & LTE, #iEE 22T 2R 54, VHICRIC Z o X8
EThHD, PIREBBCH & L7 A G 1-2) XM~ VoI hs &2 6
N5 (REKRED, #EEO—FETHLI IV MEREMELTHORD ZE b /AR A
BERROBEM N DA THRTHD L E 25, IEL, RIER EKBERAMOFA LR D SN
HZEh, FABRCBOTIE, ORI OS5 REEDOAM 2RI+ 5 EX 1%
<, e AMEFEAL TS LI ICAZT NS, W NERICHAW LA OERIZD
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W, RO L ONRZ N T & a2 (1992) 2MEfH L T\ 5, BERIERORECIX. 7l
EEEE (R 1992), JREERS OF R - 2R 2003, R - 520 2005), FullnEBF (SZA
2016)  HEFIRGERS (GEFIE2y 2019) @R NEERRDMEH E 72 1T Bk o A 84 CRYE S u7z
EHER ST D, AREBFO R ABEER DFEM & 72 5T v MEIZOWTIE, BUEEHIZ DWW T
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AREIL R B T2 A D, (BN - FEATTEYS - 8 8E)

528 FREEBH LESROAME ST

FATETHRARIZ L DI, ARECTII b @K FBL 0 o MERO F NSRS L L (5
PIRR 1-2), AEICIX, A8 CER LIZRNOER 2 E 2 72035, JEIHIR ORRFR 2 4381
L. ABHH LI OMES T 2B 5, 2720, A CIEEBEGOER TIERL, Ein
OREW 2 EF 22X THERERZDDOHRET D,

FICALE T 2 REFIR T, B UIEMME OGS IRATE / (L& TR Ads - Ral T 1 7 A
WL b oTHELTWD (BB6. 41, % 2000), MAMNAZEETS ., BHHEL
ML EARE T 2 FBOR P RS 5 EEE B Hs (R 2, $86%  1991) - [M55 1 WG Hus (]
B3, LEfm  1996), AREHT (HBAHA) #MIGEBIAHA (R4 - 5, A0 1992 - 1993)
DIED>, BHRMA A AGEEOAREET (AR A 8@ (RAXK6 - 7. 5 1999) TH
TLTna, BECIERRCTHO A HBERAHE LN TS (S 1988), TR ELAINC
%, TUBSC - BESC LRI & b 72 o T2 B FUSE M OF IR RTfRETEEE (R 8 | PP AFES
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