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Abstract On Feb 15, 2013, a meteorite exploded extremely intense above the city of Chelyabinsk, Russia. We studied three
representative fragments of the Chelyabinsk meteorite, which preserved at least part of fusion crust and show different degree of shock
metamorphism. One of the fragments is almost intact with only fractures, another fragment contains thin shock-induced melt veins, and
the third consists mainly of shock-induced melt pockets and thick veins. The little shocked fragment preserved the initial petrographic
and mineral chemical features of the parent asteroid of Chelyabinsk, including coarse-grained texture, homogeneous compositions of
olivine and pyroxene, and blurred chondrule outlines but can be recognized, which indicate a high degree of thermal metamorphism and
a petrographic type of 5 of chondrites. The high and homogeneous FeO contents of Mg-Fe-silicates (Fa: 27. 9mol% ~28.2mol% ; Fs
23.3mol% ~23.7mol% ) and the low abundance of Fe-Ni metal classify Chelyabinsk into LL group (low FeO and low metal). The
classification of Chelyabinsk as a LL5 ordinary chondrite confirms previous work, and there was no other type of lithic clasts. Fractures
in silicate minerals, more abundant maskelynite, eutectic texture of troilite and metal, presence of silicate shock melt veins, chromite-
plagioclase intergrowth, and melt pockets were observed in order of increasing shock degree. However, no high-pressure polymorphs of
silicates have been found in the shock melt pockets or veins. Olivine fragments within the melt pockets and veins and those at their
walls show significant chemical heterogeneity, similar to the typical texture of olivine transforming to ringwoodite or wadsleyite in other
heavily shocked meteorites. The absence of ringwoodite and wadsleyite is likely due to retrograde metamorphism at high post-shock
temperature. This suggests a very severe impact event on the parent asteroid of Chelyabinsk.

Key words Meteorite fall; Meteorite shower; Ordinary chondrite; Shock metamorphism; Impact melting; Chelyabinsk, Russia
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Fig. 1 BSE mapping of Chelyabinsk-2

Chondrules ( arrows) are blurred but can be recognized. Silicate
minerals are strongly fractured. Opaque minerals are Fe-Ni metal and
troilite, with low abundances
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Fig.2 BSE images of Chelyabinsk-2

(a, b) BO; (c) troilite growth with an angle of 120°; (d)
unmelted, impact-fractured chromite grains

Chelyabinsk-1
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Fig.3 BSE mapping of Chelyabinsk-1

Chondrules ( arrows) are blurred but can be recognized. Silicate
minerals are strongly fractured. A silicate melt vein across the section
(within yellow dashed line box)
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Fig.4 Characteristic of shock vein in Chelyabinsk-1

(a) BSE image of silicate vein, composed of fine silicate grains, opaque phases and rounded silicates; (b) fine silicate matrix ( dashed yellow box in
a), grain sizes gradually increase from the outer rims of the melt vein towards the inner cores ( dashed line) ; (¢) plagioclase changes to maskelynite
circle 1 is the analysis location of Raman 1 (f); (d, e) marked with yellow box in (a), showing chemical heterogeneity, circles are the analysis
locations (f), respectively; (f) Raman spectrums of maskelynite and olivines; (g) Mg* in shocked olivines. Grain 1 and 2 represent the grains in
(d, e), respectively. The averages of the analyses are indicated by solid lines
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F1 FEREHERA(I2.)IEBAKZRTDTER (W% )
Table 1  Chemical compositions of olivine from the Chelyabinsk meteorite (Chelyabinsk-1, 2, -7) (wt% )
Hihs Chelyabinsk-2 Chelyabinsk-1 Chelyabinsk-7
YA R Ak Ladil L TRl AE
A A T bkl F biehEE] FH FieniE] Py Fienic] P
Si0,  37.2~39.9 38.1 37.7~38.7 38.2 37.5~38.2 37.9 37.6~38.2 37.9 37.4 ~38. 1 37.8
TiO, < 0.04 < 0.11 n. d. n. d. < 0.06 < 0.06
Al, O, < 0.04 < 0.11 <0.11 < 0.28 < 0.11
Cr, 05 < 0.04 < 1.12 0.16 < 0.06 0.03 ~0.06 0.04 < 0.06
FeO 23.8~25.6 24.9 25.0~26.1 25.5 25.1~25.7 25.4 24.5~26.2 25.3 25.2~25.6 25.4
MnO 0.44 ~0.49 0. 46 0.44 ~0.48 0.46 0.42 ~0.48 0. 46 0.41 ~0.48 0.45 0.40 ~0.50 0.45
MgO 35.1~36.6 36.0 35.2~37.0 36.6 34.9 ~36.4 35.8 35.5~36.9 36.0 35.4~36.9 36.0
CaO 0.02~0.11 0.08 < 0.10 0.06 ~0. 18 0.13 < 0.39 0.13 <0.12
Na,0 <0.04 < 0.07 < 0.11 < 0.10 < 0.08
K,0 < 0.02 < 0.06 < 0.03 < 0.04 < 0.04
&1t 98.6 ~100.4 99.5 99.6 ~102.5 101. 0 99.0 ~100. 4 99.8 99.2 ~101.7 99.9 98.7 ~100.7 99.8
Fa 27.5~28.3 27.9+0.3 27.4~29.2 28.1x0.5 27.9~29.1 28.4+0.4 27.7~28.7 28.2x0.4 27.8~28.6 28.3+0.3

TEn d A

R2 EEREFRERAG(1.2)HNSEBREAULERSFHER(w%)

Table 2 Chemical compositions of pyroxene from the Chelyabinsk meteorite ( Chelyabinsk-1, 2, -7) (wt% )

FEi s Chelyabinsk-2 Chelyabinsk-1 Chelyabinsk-7
JAL Bk Bl H bk ik Js e
A 10 1 ¥ [ Py i 8y 1 FH Y 4
Si0, 54.5~55.3 54.8 54.5 ~55.4 55.0 54.1~55.0 54.4 54.3 ~54.9 54.7 54.3~55.2  54.8
TiO,  0.12~0.51 0.22 n. d. n. d. 0. 14 ~0.36 0.24 0.17 ~0.22 0.19 0.13~0.26  0.19
ALO;  0.12~0.49 0.27 0.12 ~0.25 0.18 0. 18 ~0.36 0.28 0.13 ~0.30 0.21 0.17 ~0.38  0.25
Cr,0;  0.08 ~0.27 0. 15 0.05 ~0. 68 0.21 0.10 ~0.22 0.15 0.04 ~0. 13 0.09 0.11~0.19  0.15
FeO 15.0~15.5 15.3 15.0 ~15.7 15.5 15.5~16.5 16.0 15.3 ~15.7 15.4 15.4~15.7 15.6
MnO  0.46 ~0.49 0. 48 0. 42 ~0.50 0. 46 0.43 ~0.51 0. 46 0. 44 ~0. 46 0. 45 0.45~0.47  0.46
MgO  27.4~28.0 27.6 27.2 ~28.6 27.5 26.9 ~27.4 27.1 26.8 ~27. 4 27.2 26.7~28.1  27.5
Ca0  0.59 ~0.84 0.71 0. 58 ~0.90 0.76 0.71 ~0.91 0. 84 0.72 ~0.91 0.78 0.72~1.01  0.86
Na,0  0.03 ~0.04 0. 04 < 0.07 0.03 0.02 ~0.13 0.09 <0.03 0.02 < 0.07 0.03
K,0 <0.02 0.01 0.01 ~0.03 0.01 <0.04 0.03 < 0.02 0.01 <0.04 0.01
i 99.4~99.9 99.6  99.3~100.7  99.8 99.2~99.9 99.6 98.6~99.9 99.0  99.4~100.0 99.8
Fs  23.0~23.6 23.3x0.2 23.2~24.0 23.6+0.3 23.8~25.2 24.4+0.7 23.5~23.8 23.7+0.2 23.5~24.2 23.7+0.4
Wo 1.2~1.7 1.4+0.2 1.13~1.78 1.5%0.2 1.39~1.80 1.7+0.2 1.25~1.82 1.5+0.2 1.38~2.0 1.7+0.3
En  75.0~75.7 75.3+0.2 74.5~75.3 74.9+0.2 73.1~74.3 73.9+0.7 74.4~75.2 74.8+0.4 73.8~75.1 74.6+0.7
PMD(% ) 0.9 1.3 2.9 0.8 1.7

Kaamakat(Es).

5 R0 phy 2D Fek R 6 it TR 5 R AR 4 TR - PR R LK
AR R AR Y B — O A SRR A
([ 6a) . RERRERFh 1A BIERLIR , B AN K —, BEFRAT, S A
IR JBE 1 S T I R A A8 /N (T 6b) | KR 4 TR - P At 2k [
BORE S AR 51 0 . Chi-7 Bebe b, S5 BRAT 107 R —
P s — i BUORE B AR AT A A 3R, W R S - B R A ok 7T
B 6¢) s IR ERA - A LI, BBk SRR, 2 T K
A (E 6d) .

3.3 YIS
P 1R 208 7RO A R B R A1 9 T R B S A 4

R, 3 3 G T AR PR AT ORI AR A3 4397
HAL (R B AT HRE A A5 0 Rl DXl ) O A
SIAEE B — R R HAE Z [ A1 i A2 o AR — 2, Fa
B PMD {H4754E 1. 1% ~ 1. 8% WYL, Chk-2 Hiii£1
Fa {8 19 28 {6 75 BBl 4 27. 5mol% ~ 28.3mol% , V-3 27.9 =
0. 3mol% ; Chk-1 H K& PR 38 3 #Hi 41 Fa {BL Y 22 435 B Ky
27. 4mol% ~29.2mol% , V-1 28. 1 £0. 5Smol% , ¥z ik Ko J%5 Jk Bt
S RS A BUkE Fa BN 27. 9mol% ~ 29. 1mol% , F-14 28. 4
+0. 4mol% ; Chk-7 F: A& th A 43 Fa {H N 27. Tmol% ~
28. Tmol% , -4 28.2 + 0. 4mol% , 175 Fl 5% [} 3 7% ks Fa {5
Sk 27.8mol% ~ 28.6mol% , F-14 28.3 +0.3mol% (F 1),
FeO 5 MnO & BRI, 7 T Jik o i) J0AE 5 5 4 o g ot
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Table 3 Representative analyses of plagioclase from the Chelyabinsk meteorite ( Chelyabinsk-1, 2, -7) (wt% )
Hihs Chelyabinsk-2 Chelyabinsk-1 Chelyabinsk-7
Py DA Bk iy e lik Btk Js b e
ERid] 1 2 1 2 2 1 2 1 2
Si0, 66. 2 65.0 65.2 65.8 65.2 64.8 65.6 64.7 64.3 63.6
Al, 05 22.8 22.5 21.3 21.2 22.3 22.4 22.1 20.4 21.9 21.7
FeO 0.93 0.73 0.77 0.33 1.65 1.11 1.01 0.76 0.92 1.09
MgO 0.09 0. 06 0.17 0. 06 0.22 0.32 0.22 0.19 0.22 0.31
CaO 1. 80 1.82 2.03 2.20 0. 84 0.77 2. 60 2.51 0.41 0.79
Na, 0 8. 86 8. 65 9.71 9.43 9.07 8.93 9. 65 9.79 8.67 9.27
K,0 1.17 1.17 1.01 1. 14 2.20 2.43 0.26 0.19 2.36 1.70
Total 101.9 100. 5 100. 2 100. 2 101.5 100.9 101.6 98.5 98.9 98.6
B FRYREF (0 =8)
Si 2. 865 2. 855 2.877 2. 898 2.855 2.852 2.854 2. 895 2.876 2. 859
Al 1. 160 1.163 1. 109 1. 100 1. 149 1. 161 1.134 1.077 1.153 1. 150
Fe 0. 034 0.027 0. 028 0.012 0.061 0. 041 0.037 0.029 0. 035 0. 041
Mg 0. 006 0. 004 0.011 0. 004 0.014 0. 021 0.014 0.013 0.014 0. 021
Ca 0. 083 0. 086 0. 096 0. 104 0. 039 0. 036 0. 121 0. 120 0. 020 0. 038
Na 0.743 0.737 0. 831 0. 805 0.771 0.763 0. 813 0. 850 0.751 0. 808
K 0. 065 0. 065 0. 057 0. 064 0.123 0. 136 0.014 0.011 0. 135 0. 097
An 9.3 9.7 9.8 10.7 4.2 3.9 12.8 12.3 2.2 4.0
Ab 83.4 83 84.5 82.8 82.6 81.5 85.7 86. 6 83 85.7
Or 7.3 7.4 5.8 6.6 13.2 14.6 1.5 1.1 14.9 10.3
R o — o > i i 0.4 06
&AL FEIRTR S R ) B BT A7 Y Fs A Chkl-host
(EAH Y, AR SRR Z B MK Ca 5 A1 72 B4 E AR 38— @ Chk7-host
A Chkl-vein

BRT Chk-1 g Jik BE 30 A1 55 ¥ A1 Fs (19 PMD i AH X W% =
(2.9% ) ,HAt B #B/NTF 2% o Chk-2 HPARESHE 6 1 Fs 54
23.3 +0.2mol% ,Wo {5 1. 4 £0. 2mol% ; Chk-1 3£ i [X 35,
MCES WA Fs {H 8 23.6 £0. 3mol% , Wo {H & 1.5 0. 2mol% ,
YRk Fs (H R 24.4 £0. Tmol% ,Wo {H 3 1.7 £0. 2mol% ;
Chk-7 H{I§ Ca #4 Fs {8 23.7 £0.2mol% , Wo {5 1.5 =
0.2mol% , k5 fl X 18 Fs {6 23.7 £0.4mol% ,Wo {EH 1.7 =
0.3mol% (F£2) . MnO 7EEH R W B 2R (E2),

B IENEAORBBRR A B0 P P E
B Fs (04 — 2725 4k, 7.3mol% ~ 10.3mol% , Wo {H N
42. 0mol% ~46.0mol% .

Ko [i] Pt i — R KA e R R 1
— o fBIR—HRE AR AR A TE UG A L 2 5
FEATIE V- 8 i 2B 1 4 A ORI AR O R 1A R K #2 Ca Nao 111
AL TR — PR i A 4 B AFTE AR TR, I 8, Chk-7
B FE{R A B K A8 Chk-1 FI Chk-2 AT & Ca Na 77 K( %
3BT,

4 Wi

4.1 WEBBERAEENS
Chk-1.2 1 7 SR A G AR ES 85 A B A 8 5 1

< Chk7-pocket

K,0(%)

[¥1 7  Chelyabinsk [543 i A F 2o = MK
7T R K (vein) FIEEELEE (pocket) R ABTILAR X 24 (host) &
K, 0 Tfi#% Na, O #l CaO. SOARCARIEA A K AT B 3, 2505
TCARFRIE IR A 28 9 7 SR

Fig. 7 Chemical compositions of plagioclase from the
Chelyabinsk meteorite

Plagioclase in the veins and pockets are more enriched in K,O and
depleted in Na,O and CaO compared with host grains. Solid symbols

represent grains in the host, and open symbols are from veins or pockets

FeO/(FeO + MgO ) JEE /Rt FI UK [6) B # & & p Fa
(27.9mol% . 28. 1mol% FiI 28.2mol% ) F1 Fs (23.3mol% .
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Other data come from NASA (http://curator. jsc. nasa. gov/antmet/
index. cfm)

23. 6mol% F123. Tmol% ) (¥ V- Y{E AT £ & (18] 8) , Y94 7E
P IRRL AT LL BF I BN (Fayy 0330, Fspans ) (Brearley
and Jones, 1998) . IZ&5 R S HI A T R BRI B ]
Rl B (B G :Fa 27.9 £0.35; 5y 28§47 . Fs 22.8 =
0.79, Wo 1.30 +0.26) —%{( Galimov et al. , 2013 ; Yoshida et
al. , 2014), Chk-2 & )8 & B4 & & )8 5 W6k L
18% , 5 M TEFR 1. 9% , 5 L/LL BERRRLBUA —E .

FE T B FRARBRBLEE ), (R4S B AR . 0 ] I E 4G
f L, AR A BURLEE R (2 ~ 50pm) |, F5 R A A 288, 5 AL,
MR SRS Ak 2 2 AR 4 — , Chk-2 (1 A1 7 FE{Ak
WS A Fa {E 1% PMD 43515 1. 1% 1. 8% Fi1 1. 4% Ik Ca
A Fs (B PMD 43514 0.9% .1.3% 1 0.8% , KR[RlHkEZ
[E) RO 15 W Ak o AR AL, £ 5 5 R A 2R
X550 UL, BEAr M 3 Hoph sz B eRe, ¥k LIS RE 56
BRBLBAT , FE 5T T 02 B 0 AR AL, R kB
RIFAEERATE

4.2 HEHEERIER

AR 3BT HIRE S AP R T AR S8 R R e S R
Je BERAS ) DI A A it SRR o A W) B 11 o o 28 JO 7 B A
B —, Hop Chk-2 fRF T HA R 3Z vhili BB 5 HF71E , Chk-1
Z FN R oty T2 B R S K T Chk-7 3R T BR ZL)
AR VR R TR A M i, B BR Y RE R AR AR R R AR
TR LIS . Chk-2 BV PRk fRER D P Anas k™ 2 R B
SR E AR , B4 BB R 2 120° 9 fi 42 4, Chk-1 ot
LR MR s SRR 4R 5 R AT B AL A 1R s R kL 2
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Al A T PR 2R o 2 AR A R B RE R SR ok, 50 AN B 422
Sl 5 e e Ik v B S350 B RIS A R v A B AR ] )
A KamK A, Chk-7 FRkERRE: B IL k4 4 8-
T AJAMORE FEIELE B 1) i I 0 JORE % Ak 5 B A S e il
T|RE, HT Stoffler et al. (1991) [ERKLIR A v o 2 B X
Sy, AR pha A S I A R DL R A AR
FAFRRIE , I ZE B s T o B A 1 oo AR AR A F
T4,

BRAR G JE RN B AR B PR R AR, Sy 988°C (Rubin,
1992, 2002) , fEvpifE A e il 2 & AR SR S #5380, eI
FRERERERR AR O 44 B0 0k AL L (s A A
Keqr) , B 1 55 Bl B A7 ofr o A8 TR 1 K/ KRR
I RAR 4 TR - BB AU A AR 1) T 1 2 3 B85 3 B Bt
AR AR IR Ak 11 2 B 0 B0 5 B 10 R R 4 s -
BRI B B4k 70 IRk Rk 2 L | LA B 1 6 17 W Ak 5
fiF, 2 B AR /T R BE ARG 28 77 1k 5 i) b o VR FH o

Rubin (2003 ) 4 4 AN 375 B 57 4 8% 2k ™ 1) 7= bR o, 8 g ke
B3 o i g o 2 5 i o A SR AR BE A T L KR
TR« (1) RIE R E R A 4% 2k 0k (18] 2d) 5 (2) A
W2 ki 2 i 5 2R (18] 6c) 5 (3) SR8k A LI A (&
6d) o AR ART P=tR%H WA BEAR L D i o b B2 B T = A
HOHREE BA —E e~ ER . Hod, (1) 38z B A fir &
R B AR T 988°C 5 (2) PR32 Il B E 988°C 3] 1635°C Z
B 5 11 (3) Ay th B AE oh i AR R, M5 Rl L, S5 350M 48 19 i
T e AN A ST e R U, T 4 A R, 2 A R
BT 1635C fenizMa R 202457 T S3 BEE I o
A8 Bi/EH (Rubin, 2003) , 2= HUfE T2 50 B A AS [ o o
JE R HRE s & BT R R 1 o AR BURRAE . Chk-2 T Chk-1
R R R B (1), 1M1 (2) 1 (3) R BLAE Chk-7 A i
W R, 42 B i v B Y vh il AR SRR IE BN S3, 45
AT, 2 HURETE ST v B A G o o AR R B BRI Ak S4, 5
Galimov et al. (2013) (1 b A2 B 2 R 43 45 50— 3K

AN BT il A0 Pk A 3 B B R DL s e AR SRR
BERBARI =4 o Bl il 28 R B 11 1 5, 0 R A R
AL RE BERG K, B R T 58 0 2 0 Bk, DA B R S 2 1
WA, KR R O, i T H R R 538,
B AN TE— A B — BB RS o AR, IR R AR
AN — , B Ry DG A m 1 A v L 38 A IR

SR R, SR R AT A R A
AR B PR TG R AR, QAN A A AR S AR LS A SRR
A FEAHAS N BERRA A AT o 3 S0 ™ AR 78 DR 73
(it P REREARAE Tk BRI AL, 7E 45 BURE 22 0 e B A vh
A KT B BEES1Y 7 HAH ( Trigo-Rodriguez et al. , 2014) Fil
K B A ——H# K. ( Ozawa et al. , 2014) {2, HIE K
S BRI A7 FIORE A7 £ 7o FE AR 40

MR E I [ B B R AT A 4 R AR AR L (H
] R A — RCRHE AR . Chk-1 s ok S AR 48 il
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PAVRSCRYS A AU, ) T S FEL - TRG  FE  R R 8— , R IR i
KRBT N HRL AR G, BEI 2 B g R s,
ST o 2 T £ 1) DX I8 e I 6 X Ja AE Mg ( Mg/ (Mg + Fe) ) |
Wi K. 1XFP Mg® 1 14 25 57 5 B Ak AR A7 00K 2 — 11
A2 A — 35, AR P RE U bl AR BT R, i A & 2B A
I T U E TR . RO 6iE It R 2 B
B EAD YIAELE, AT RER T A R AR, = R AR
RE DL VR K TR B0 IR AR T,

RIS B MR R SR, Ak B TR By Rk R
LGS, T8 AR vh o 08 K B mil %8 (Hu er al., 2011)
Chk-1 a5 kRN Chk-7 AR5 bR p , T L2 1 ~3pum  H
T S5 1 Rk R UG A v 508 i 0 ) 22 A6 5 326 i e 4% ( 1 4
& 6b) o i Chk-7 i M3 v 15 T8 (A R0IR ik B2 b et , 7T
DL S 1) A3 BT, AP 6] 30 2% FeO & TR IR, 48
T O e ) B R R BOTE e R U, TR N2 18 B 45
R (RBOCHIE A HT R S T  ER B RE R SR ) A A
FEAT A L 5 AH

i VR F 5 R 1 TT 2 BRI g 23 5% e A et 1 [ 7
FAEAEEIE o vl B EE A TR A e oy, MO A2 FIG Ca %
A E RS FEASRAS B Sm-Nd (R R Z I sh—3. i vh
47 ik ( Chk-1) Fod sl 4% ( Chk-7) A i 4 A 35 B4 b 1 J
i K 20 Na fl Ca, K,0 #£ Chk-1 F1 7 {5544 23 5112y
07 1% F10. 2% , A WK RUE Mg h 5388 T ~ 2% , 0tk
SR 2 R A A R AE SR R v ER R B
BETHR, A THESE K TR IWTH, 5 Rb-Sr (kR Z
BTCIEUERA I 1 ( Galimov et al. , 2013 ) AH—2L,

5 &g

Gt A W LA RS R A B, AT AT LA )
LI 4598

(1) 7 HURE Sy 5 B A B HURL 09 5 A B A R —
YA 2 S AT DR B — SR AR BRoL, W] 32 31 1 W] i Ak
ARJEAVE Y, Ha A R A AT R 43 S 5 ORY HORE A i Fa fi
(27.9mol% ~ 28.2mol% ) Fll ¥ 7 5 14 Fs {8 (23.3mol% ~
23. Tmol% ) LA B AR Fe-Ni 428 & 1, R = S T
IR Jm r9 LU BF o BRI LIS B8 i BORE R A7, 5 71
AR R 2

(2) REEREL D YR FUB R KA 1 R4 s 5
TRk BT 5 R IR R IR R AR K 1 B 8 LA B T
PR KT SFEERRAL , S8 75 46 2 B 22 30 o B A 7 PR A
S 1A AR BT, SR BE A B 1S4 g, HHET AT Hop
AR TR R A AT

(3) B TEZS R ZURIE , TE R /N AU 72 AR
KGRI, 7] e BRI B 8 32 35 2 vk 28 o, 48 %
AN — P (R B R BK B8 204, SRR OB AE ) A K o

(4) AN [R) B A Het 22 ) it 728 B e 8 ) d 3 2 S, L I

F R % . &£ 2 A % (Chelyabinsk) G 64 2 6 7 454255 4 & % R AE A 1589

T AR AR T B 5 2N — 1. BR Chk-2 B g BEAS R K
AJEE RSN, Chi-1 F1 Chk-7 Z B B i 4 i+ o0 WL, e
Chk-1 Dhwpi i kB 9L, M Chk-7 2k bl s p e

(5) Chk-1 A it ) el ok phy 4002 B B S5R0IR R AR 2R 21
B AT R BRG S i Sokn BE W S B/ . OLHL = by
FW] BRBERERR £8 39 o BN A0 AR A, R I o e A . 8 ik
HA A AT TR i R 0 , RIS 0 FI0RE 1) 75 IO L 7
PG5 B2 I AN — SR B OR S UCOR RN ok 46
A o Tk 20 5 1) RS A JBORE [) o 5 AT RELAL R AN 2 — R AL
X — BG5S KR BT Y984028 FR U 47 R A7 114 o ot 2 ot
FRAEARRL, R IR 7 i A R R A TARAS . WO hi &
I AR BEUESE o AR B A AR AT REJE TR AR A 45 2R

(6) Chk-7 F fi ) 15 F 2 o, ORS00 11 T2 3l oh ) AL W
BB BT | v 3l i) 11 % FeO & RETH R, OB T 5 i 151 2%
Je i B B U S B SN G 5 AR A o S AR e
e T A 20 PO A I A Y 5 20, R R B S 9
Y25 o AEJE: o IRORIVE R 8 P 1) R A RS S R v 114 AL
FBH K, 0 R THR T Nay O il CaO 5 AR AR 3, Sk
i Z bl VR B 0 &R B EHT G, 1X X T Rb-Sr []
(NESUEEEN RS A1

Bugt R d SRR, BB
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