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Geochemistry of apatite from HP-UHP metamorphic belt in southwestern
Tianshan Mountains, Xinjiang

ZHENG Meng-meng, ZHANG Li-juan, LU Zeng and ZHANG Li-fei
(MOE Key Laboratory of Orogenic Belts and Crustal Evolution, School of Earth and Space Sciences, Peking University,
Beijing 100871, China )

Abstract: Apatite is a ubiquitous accessory mineral in many geological settings and is stable over a wide range of
pressure and temperature. With halogens, rare earth elements (REEs), strontium, yttrium and other minor el-
ements, apatite can reflect the formation of rocks and change of fluid composition. Apatite is one of the most
common accessory minerals in eclogites and high pressure veins from HP-UHP metamorphic belt in Chinese
southwest Tianshan Mountains, Xinjiang. The occurrences of apatites include inclusions, intergranular grains
and vein apatites. This study mainly focused on the apatites whose diameters are larger than 0.1 mm and which
were formed at or after the stage of peak metamorphism. According to the results of major element analysis, all
the apatites are fluorapatites. The concentration of fluorine ranges between 1.44% and 3.56% , and that of
chlorine is below 0.09 % , which suggests that the salinity of the fluid in equilibrium with apatites is low. The re-
sults of LA-ICP-MS analysis suggest that all the apatites have relatively high concentrations of Sr, Y and REEs,
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low concentrations of large ion lithophile elements (LILEs, such as Rb and Ba) and high field-strength elements
(HFSEs, such as Zr» Nb, Hf, Ta and Ti), and various values of total rare earth elements ( X REE) from 10 X
10 %10 660 X 10 °. Based on the > REE and their differentiation, all the samples can be divided into three
types: LREEs enrichment with low > REE, flat pattern with medium > REE and MREEs enrichment with
high > REE. An euhedral elongated apatite displays a growth zoning with the concentrations of REEs gradually

decreasing from core to rim, which may reflect the growing process of the apatite and change of fluid composi-

tion.

Key words: apatite; rare earth element; fluid; vein; eclogite; southwestern Tianshan Mountains
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Fig. 1 Simplified geological map of the HP-UHP metamorphic belt and adjacent areas in southwestern Tianshan Mountains
(modified after Lii Zeng et al.» 2014 )
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Fig. 2 Photographs of hand specimen of apatite-bearing rocks
A WA BRI (2009): Gre—AMA: Omp—4 WA Pe—WI= bl Qu—FA%E; Ap—BRA
Mineral abbreviation after Shen Qihan (2009): Grt—garnet; Omp—omphacite; Pg—paragonite; Qtz—quartz; Ap—apatite
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Fig. 3 Photomicrographs and BSE images of apatites from HP-UHP belt in southwestern Tianshan Mountains
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a—apatites associated in contact with garnet, omphacite and dolomite in eclogite (H14-7); b—apatite containing inclusions of omphacite and
dolomite in eclogite (H14-7); ¢—anhedral apatites developed in the quartz-dominated tiny vein of eclogite (AK151-2); d—a big apatite crystal con-
taining inclusions of omphacite, quartz and phengite from the quartz-dominated vein; e—an euhedral apatite needle 1 centimeter long and 1milimeter
wide from the quartz-dominated vein; {—apatites in the omphacite-dominated vein; g—apatites in the contact zone of host buleshcist and epidote-
dominated vein; Mineral abbreviation: Rt—rutile; Gln—glaucophane; Ep—epidote; Phg—phengite; Dol—dolomite; others as for Fig. 2
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Table 2 Major element composition of apatites
v HowE i H ik ST SR
5 H14-7 AK151-2 AK151-16 A100-6 AT101-14 Al151-13
RAL R R R R R MR E R Mg W B B W B K
SiO, 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.01 0.00 0.02 0.04 0.04 0.00 0.00 0.00
ALO;  0.01 0.00 0.00 0.01 0.01 0.00 0.02 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01
Y,0; 0.00 0.01 0.03 0.01 0.09 0.00 0.02 0.00 0.04 0.00 0.00 0.00 0.03 0.03 0.00
FeO'  0.04 0.00 0.06 0.12 0.03 0.04 0.04 0.02 0.00 0.00 0.07 0.07 0.05 0.00 0.01
NiO 0.07 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
MnO  0.00 0.01 0.04 0.00 0.00 0.00 0.03 0.00 0.08 0.01 0.01 0.00 0.06 0.01 0.07
MgO  0.01 0.02 0.00 0.00 0.02 0.01 0.04 0.00 0.01 0.00 0.01 0.00 0.01 0.02 0.01
CaO  55.94 55.14 54.60 55.08 56.34 55.87 55.44 55.37 55.26 55.41 55.39 55.20 55.77 55.42 55.72
SrO 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.07 0.06 0.05 0.00 0.03 0.00 0.00 0.00
BaO  0.02 0.03 0.00 0.09 0.00 0.00 0.00 0.07 0.07 0.001 0.02 0.00 0.00 0.04 0.08
NaO  0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.01 0.00 0.00
K,O 0.15 0.32 0.07 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00
P,Os  41.64 41.00 40.59 41.15 41.65 40.25 41.30 41.60 41.88 41.74 42.35 41.42 41.34 41.82 41.53
SO; 0.00 0.01 0.00 0.00 0.01 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
F 1.45 1.72 2.98 2.09 2.11 1.84 1.98 2.90 2.48 2.37 3.27 3.46 2.20 2.38 2.64
Cl 0.07 0.01 0.00 0.00 0.03 0.06 0.00 0.09 0.02 0.05 0.00 0.01 0.01 0.01 0.00
"OH 0.94 0.83 0.32 0.69 0.70 0.76 0.74 0.37 0.55 0.58 0.26 0.16 0.65 0.59 0.49
Sum  99.39 98.28 98.38 98.55 100.31 98.12  98.99 100.14 99.91 99.67 101.21 100.26 99.49 99.72 100.11
-O0=FKd -0.62 -0.73 -1.25 -0.8 -0.9 -0.79 -0.&4 1.4 -1.05 -1.01 -1.38 -14 -093 -1.00 -1.11
Total 98.77 97.55 97.12 97.67 99.41 97.33 98.15 98.90 98.86 98.67 99.84 98.80 98.56 98.72 99.00
" Xpap  0.38 0.46 0.79 0.56 0.56 0.49 0.53 0.77 0.66 0.63 0.87 0.92 0.59 0.63 0.70
Xean  0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Xomy 0.61 0.54 0.21 0.45 0.44 0.50 0.47 0.22 0.34 0.37 0.13 0.08 0.41 0.37 0.30
HRYE 13 NP T 5 (Pasero et al.» 2010
Si 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fet 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00
Ni 0.01  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 5.09 5.07 4.94 5.02 5.05 5.15 5.04 4.92 4.94 4.97 4.84 4.87 5.03 4.96 4.97
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.02 0.04 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
P 3.00 2.98 2.90 2.96 2.95 2.93 2.96 2.92 2.96 2.96 2.92 2.89 2.95 2.96 2.93
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 8.12 8.08 7.86 7.99 8.01 8.09 8.03 7.85 7.91 7.93 7.77 7.77 7.99 7.93 7.91
F 0.39 0.47 0.79 0.56 0.56 0.50 0.53 0.76 0.65 0.63 0.84 0.90 0.59 0.63 0.70
Cl 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00

x BEAAT OH & HE (0 v 550 /2 i 4 i 3% A7 B 4 04 CLLF A OH BB 13 21 ™ Xpaps X M Xomay B 7 FARYE Piccoli and Candela

(2002
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Fig. 4 Mass percentage diagram between F and Cl of apatites in samples
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Table 3 Representative trace element composition of apatites
g i as K SR Tk S i ik
5 H14-7 AK151-2 A100-6 AK151-16 AT101-14 Al151-13
s B R B WE B B B i mEE B Bam B B
Ti 6.80 6.95 5.58 6.44 6.01 3.78 3.16 7.89 8.27 9.16 3.80 4.64 7.09 6.40
Mn 65.95 55.93 149.20 113.40 71.19 - — 23.51 30.03 33.48 - — 336.50 195.70
Fe 485.6  283.5 305.3 455.4 677.2 - — 447.9  436.2 434.1 - — S14.1  362.0
Rb 0.02 0.07 — — — — 0.05 — 0.01 0.09 0.03 — 0.03 0.02
Sr 840.6 690.1 454.5 661.6 1321.0 2171.0 2095.0 660.2 1131.0 1444.0 1141.0 522.5 1008.0 439.8
Y 112.30 37.32 166.10 18.87 51.12 232.30 215.20 14.39 45.55 82.26 249.10 92.70 257.50 40.97
Zr — 0.05 — — 0.19 — — — 0.01 0.01 — 0.04 0.02 —
Nb — — — — — — - — 0.01 0.01 — — — —
Ba 1.55 0.82 0.24 — 0.35 1.94 2.02 0.15 1.23 5.14 2.55 0.33 0.71 0.35
Hf — — — 0.09 0.12 — — — — 0.01 — — — —
Ta — — — 0.03 — 0.02 — — — 0.00 — ARY — 0.01
Pb 8.54 10.02  16.91 13.69 42.13 34.32 34.21 8.31 21.23  26.15 15.46 2.41 17.87 1.91
Th - 0.03 - — 0.34 0.84 4.50 - - 0.02 0.16 0.03 0.03 0.02
U 0.05 0.05 0.03 — 0.13 3.01 3.49 0.00 0.03 0.34 0.05 0.04 0.02 0.02
La 4.92 1.33 20.32 0.34 16.32  13.20  26.37 0.22 2.62 22.37  48.48 19.48 19.43 2.46
Ce 15.47 4.61 63.66 1.46 70.56 42.42  80.16 0.74 11.01  87.41 145.15 57.85 64.58 8.44
Pr 2.84 0.97 10.79 0.29 17.16 8.59 15.77 0.14 2.56 18.51 23.85 9.35 11.22 1.63
Nd 19.41 6.94 63.01 2.46  152.27 63.83 112.38 1.00 19.67 141.57 135.59 51.91 70.92 11.91
Sm 8.97 4.05 21.53 1.64 107.45 38.53 59.00 0.66 13.09 82.42 40.79 15.70  29.55 5.41
Eu 4.27 1.47 9.23 0.79 46.44  16.47 21.88 0.33 5.64 34.13  15.01 5.60 11.60 2.01
Gd 13.56 5.82 31.09 3.08  117.64 77.49  99.26 1.40 23.38 114.89 49.21 18.77 42.63 9.17
Tb 2.54 0.91 5.86 0.56 9.24 12.26  13.74 0.29 3.08 12.03 7.66 2.83 8.41 1.60
Dy 17.87 6.01 35.26 3.68 23.43  56.06 56.18 1.98 12.28 34.61 43.75 16.51 52.83 9.57
Ho 4.41 1.41 727 0.66 2.18 8.46 8.08 0.48 1.75 3.49 9.33 3.50 10.50 1.85
Er 13.08 4.63 16.68 1.41 3.28 16.84 15.34 1.29 2.65 4.14 23.48 8.81 24.39 4.69
Tm 1.78 0.68 1.76 0.20 0.23 1.72 1.50 0.15 0.19 0.26 2.69 0.96 2.79 0.50
Yb 10.93 4.67 8.53 1.22 1.36 8.43 7.65 0.81 0.68 0.95 14.10 5.41 14.53 2.78
Lu 1.75 0.75 0.87 0.18 0.16 1.00 0.88 0.13 0.07 0.10 1.72 0.77 1.54 0.40
>REE  121.80 44.25 295.87 17.97 567.78 352.10 518.19 9.61 98.67 556.87 560.81 217.45 364.92 62.42
LREE/HREE 0.85 0.78 1.76 0.64 2.60 1.97 1.56 0.47 1.24 2.27 2.69 2.78 1.32 1.04
(La/Yb)y  0.32 0.20 1.71 0.20 8.62 5.58 2.47 0.20 2.76 16.98 2.47 2.58 0.96 0.63
(Sm/Yb)y  0.91 0.96 2.80 1.50 87.92 3.38 8.57 0.90 21.39  96.91 3.21 3.22 0.91 1.21
3Ce 1.00 0.95 1.04 1.06 0.92 0.97 0.94 1.01 0.95 0.99 1.04 1.05 1.05 1.00
OEu 1.18 0.93 1.09 1.05 1.26 1.02 0.87 1.01 0.98 1.07 1.02 1.00 1.00 0.87
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Table 4 Characteristics and classification of trace elements in apatite
B Sr Y LREE MREE HREE Y REE (La/Yb)x (Sm/Yb)y
(D) Fi 0% SRR LREE 554
H14-7CEREED 678~894 37~117 14~43(25)  18~47(32)  12~33(22)  44~122(78) 0.2~0.4 0.6~1.4
AKISL2CHPENK T Ap-R) 662—992 16~20 2~8(4) 6~10(8) 3~5(4) 12~21¢16) 0.1~0.8 0.8~1.5
AK151-16C BT Ap-R) 660~1 027 14—~42 2~13(7) 5~23(12) 3~6(5) 10~42(24) 0.2~0.9 0.9~4.4
() i FE RGP T A
AKI151-2CH A 25 Ap) 455~998 52~172 99~158(130) 51~123(98)  16~35(29) 166~296(253)  1.3~2.2 2.8~4.1
AK151-16C B Ap-MD 1098~1187 46~61 36~168(115) 57~191(139) 5~7(6) 99~366(261)  2.8~10.7 21~69
ATI101-14CEHE A O 523~1286 91~249  139~353(218) 59~156(98)  19~51(30) 217~561(347) 2.4~3.2 3.0~4.4
A151-13CEE T A3 kD 440~1 024 41~258 24~166(64)  28~145(56)  8~54(17)  62~365(136)  0.6~3.1 1.7~7.3
(3) T Lo R BB H Y MREE & 848
AKIS1I2CHZEANK S Ap-C) 1116~1 520 45~88 126~280(201) 163~304(224)  7~14(9)  307~579(434)  3.7~15 18~88
A100-6( A7 FEfO 1951~2462 189~336  117~235(151) 193~250(215) 32~57(40) 352~518(402)  0.7~5.6 3.4~8.6
AK151-16CETE Ap) 1135~1537 50~85 108~342(209) 121~289(220)  6—~9(7)  234~643(436)  6.6~22 40~107
AK151-16C 4 TE Ap-C) 1282~1 444 65~82 225~270(247) 243~278(260)  7~9(8)  475~557(516)  116~17 97~102
355 WA P84 LREE 4 LasCevProNd & 58 2 Fl: MREE A Sm.Eu.GdTh-Dy & # 2 fl; HREE & HosEr«Tm.YbLu & &2 Ap R TR AT : Ap-
M R HCHT [ 3 s Ap-C FEE ACH A% o
WA N A/ N A S A 55 (Zhang er al.» 19915 Cherniak and Ryerson, 1993;  Cherniak,

2002a, 2002b; Lii et al.» 2008, 2009, 2012a,
2014; Lii and Zhang, 20120 34K, PG R K 1L 5
He— v s AR o A P 8 K A R AR Se R Y, T i
LILE \HFSEMHREE, %9 #;i - 70 & (L-MREE ) &
AR K. LILE-HFSE 1 HREE [ i 32 %5
KA AT AE B8 K A H 1 29 BE 3 E0U8AEE ( Watson and
1981; Fujimaki, 1986;
Klemme, 2006 ); #4& , Fl o A E 5 LILE(Melzer
and Wunder:2000; Zack et al.» 2001, &4 A Mg £
FES A1 55 @A WA & S HESE (Schmidt er al . »
2009; Lucassen et al.» 2010; John et al.» 2011), 41
R A S 48 HREE(WI Hauri et al.» 1994; Kohn
et al.»2009), IXLEH" Py 5 i I A7 L A7, Wi — 0 1%
I TSGR AR A P I Ay B . T 271 0 ) 5
IRAT LB AL, B 2 Sr Ml L-MREE, JUH: 2 LREE
(Hermann>2002; Spandlder ez al.> 2003, At 4 ¢
il A A S AE I, B KA ) L-MREE 7% & F# 1%
(B 5a-5¢~ 50, A5 4875 A1 354 10 A D ik o i Ak
AHZHEBCE Shb~ 5D WZFRILH L-MREE % & 5 )
AL s SRR A1 DA A RS DAL TR A G 3 IR
(Gao et al . > 2007; van der Straaten et al . » 2008; Bein-
lich ez al.» 20105 Lii et al.» 2012a), J 8 K A1 ik 5 76
FHBEIA K

AR T AT R R TG 3 A R A T B4y Ok
ALK IR R BLA AT (Kohn, 2003) . f8 i G % 76 B
KA B EZEANFMY BRI (Watson ez al . »
1985; Farver and Giletti» 1989; Cherniak et al.>

Greens Prowatke and

2000, 2005, Wl Sr 4 HIE % (Watson et al . »
1985) Lt REE (¥4 ## # ( Cherniak, 2000 & H 1
A B, JT AR AT G I B R 2 A A
G ER AERE AT T R AR B ORI T O B . (R
AT K AK151-16 W K A CHE 3e) F0RL# K il
J7 ) B At G 3% 1 78 A R AN 2 [R5 (1 (e W e 9
FEED K 5d), H MR Se 2 52 Hoe i b
K 6a), IF %A L-MREE 1K 4 0 & (&
6b) s W% B 73 Py N Ry K A I AR K R Aty . g A,
AFF 03 B U0 R % 3 0 55, 20060 B 73 445 il ()
1555, 20072 S B ACH HA I 25 300 11 )R
DAl o AR, PE e K Ly 8 e R 7% i A AT ik i
T2 3 A & B A 0 300 0 3 s 58 0 s i 1) 31 9 o
I, B AT B Ak i G 2R R T e il ok T AR K
TR R A A% A TR i, S
WARS A LM E IR, LMREE KA 765 K A
TR 40 i &R 0K C Watson and Greens 19815 Fuji-
maki,» 1986 11T G N B I A7 A b B K
AT 2l i AR K TR AN T N A A 2 TR 4 EORS
2, WA L-MREE W UG FEAIC, JUH 2 LREE
B S FRAR, 170 HREE [ BE AR A0 AR /), 3 B0 K 1 1
A ot R & B IJUH L-MREE & & W & BF AR,
Ak, #H%F MREE 1 HREE, LREE H A7 8 5 14135 3)
P, 528 5 52 21 Je B1IE AR 5 sl A4 4 FH 16 5 ) i A
IR AT R 22 (Zhao et al.» 2007; R F4E,
2009, 3X AT §E 2 PG 1 K 1L iy He -8 v e 28 i e
WA LREE 75 &35 i A & (1) I K 22—
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5.2 BETK A B9 R E HE T K E R SRR B AR X 43 R
ELidig

e He SR TR T 1 ot R A DAk 2 0 0 i 7K ) &
R FERERE A0 ) A I AAARAT ) U TTE (Putnis
and John, 20100 BEAATE A H 1) 2 235 kR
WIAH, HAT AR 1% # 5 C Ayers and Watsons 19915
Antignano and Manning, 2008), 7E A in A 2 —
JEM Ca P & & LA R R 5 0F T 25 2 2 BT
TES it e UK T B B8 23 I, 8 2 A ) LUTE 1
BORRURLEL 22 AR di Ak, s Si i ik Ch s i
(I AT S FE i A100-6 A1 AK151-16) F1 s Bk 2 #h It
R E = A kP 5 2K AT, van der Straaten et al . »
2008 7 5 JE R AR K T 0.1 mm I#EAK A, BE
A, B AAT R 45 B2 5 LT UTIE . Rapp
Q010 TN AR Tt A CLAN F A AE UL
& FOZIHIIN Ti (VAR B, 10 24 B KA DUTE i VA
TR T s W BRI, RT3 Be 40 A R AR DT,
XA AT DR v s Uk A < 20 A 5 Wl A 8 i L
IR % (Gao et al.» 2007 Lii et al.» 2012a; Zhang
et al.» 2016),

JikAA LS o T A S B o AR B (3R 1)
ST UK TRARAR AT e 2 A R AR U . RRORE R
an CAK1S51-2) FH R B 5 1 0 P JRORE PR A 2 4 ik e
B A0 NI K TR B G v Bl AR A /s 1 G 3R (1)
P G 5 A K (AR5 1-16) B 2K A1 #1278
F e SRR A, 3k — 20 U T A e ik A A
B REA WA o A Sk 8 KA L-MREE
R 25 A 2130 2 2 B AR ) B Sb 5D, i T) 2 i3
BT WAINRRARZ 5. 5hh, Bk U)o [
CE 2b~2d) 2 W ik A4 1) T8 Jle e T~ L, 5 i s v 5

The changes in concentration of Sr and REE from core to rim along the long axis of an euhedral elongated apatite

Mg AN & XY Liu 45(2012a) M Zhang %5
(2016 A A 14 1 K 1L g s — A ey Hs 28 it o 1) o
FAAS TG 1 A 1 S 4T 3 e BE PN 0 D A Rl BT P A 1
—5.

VG i R L s — 768 v s 78 BT o AR R S A ik A
HIRE AN E F AT CL MRS K A, 31X 5 57 A
FEIITN R IR S o FR 8 A A 380 kg S Bl K A 2 — 3
[f](Spear and Pyle, 2000). X—J 7&K K F &1
F42€0. 121 nm)/M T CLEF 420,167 nm), H#
Gy N IR AT ) 7 A CRRI A, 200305 75— 7T, F
TERE K A7 v 1) 43 B R B B CL K43 2 (Brenan,
1993), itk Cl &R F K2 Mgl B
A REAT RS A A AH R s 1 LU F A CLCSmith and
Yardley, 1999). [F] i, iX th 3% BH 75 5 A 1L 1 o ¢k
A F HER AR IR £ B AR T K57 88
s s A B CL A & Ol ik 2.7 % » X 52 i
2, D013 MR AE. R Ak, S0 A7 K« A 25 Jik AN 4 5
A K P9 3 3 A7 LA S S A P v R R R gy 38 R
AR AR S AR T RE ) NavAlCa F1 Si (Gao et al . »
2007; John et al.> 2008; Chen et al.> 2012; Lii et
al.» 2012a; Chen et al.,» 2013). W LRTA, £1 9k
H B K AR I 9 AR KR A (B Sy S B I 7R 4 %
Jikim A4 ) L-MREE 7 & A Wi 2> il HREE 5 &
JUT AR IR 55
6 e

T 3ok ) 7 e R L R A e R R B R ORL AR K
T 0.1 mm WIBEACA IR -

(1) AR B s ok A mh AR ) P fR 1 18l A A 34
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