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Abstract Noble gases are recognized as being exceptional tracers of volatile sources during mineralization. He, Ne and Ar
abundances and isotopic compositions from 23 silicate and sulfide separates in the Jinchuan Cu-Ni-PGE sulfide deposit, West China,
have been investigated by melting extraction MM5400 mass spectrometer. The results show that *He/*He ratios in silicate minerals
(av. 0.239Ra) are slightly lower than those in sulfide (av. 0.456Ra), and decrease from olivine (av. 0.291Ra), orthopyroxene
(av. 0.215Ra) to clinopyroxene (av. 0. 174Ra). *Ne/”Ne and * Ne/* Ne ratios are plotted into the ranges between MORB line and
continental crust line. *He/*He and * Ar/** Ar of olivine (Olv) and orthopyroxene (Opx) deducted by radiogenic He* and Ne* are
close to the He and Ar isotopic ranges of subcontinental lithosphere mantle (SCLM). He, Ne and Ar isotopic compositions suggested
that SCLM, continental crust (CC) and air saturated water (ASW ) three end-members were involved into ore-forming magma of the
Jinchuan Cu-Ni-PGE sulfide deposit. The segregation of immiscible sulfide liquid from magma took place at the early stage of magma
evolution. The primary ore-forming magma had been formed by partial melting of SCLM, and undergone two stages of evolution. It had
been assimilated possibly with wall rock which resulted in the sulfur supersaturating in silicate magma and segregation of immiscible
sulfide melt and formed a mixed component (MC) with SCLM and continental crust ( CC) signatures. The mixed component ( MC)
emplaced into upper chamber and mixed with a high proportion of deep circulatory ASW which induced sulfur supersaturating of ore-
forming magma and in-situ formed the disseminated ore in upper magma chamber.

Key words Volatile sources; Noble gas isotope; Ultramafic intrusion; Cu-Ni-PGE sulfide deposit; Jinchuan
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Fig. 1  Sketch geological map and sampling localities of the Jinchuan Cu-Ni-PGE sulfide deposit (after Tang and Li, 1995)
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Fig. 2 The micrographs of ultramafic rocks in the Jinchuan

Cu-Ni-PGE sulfide deposit
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Table 1  The petrological features of studied samples from the Jinchuan Cu-Ni-PGE sulfide deposit
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Table 2 He, Ne and Ar abundances and isotopic compositions with 1o error in the Jinchuan Cu-Ni-PGE sulfide deposit
G (x107em® - STP - g7') Al % o
s e “He o 2 Ne o OAr o He/He o e/ o 2 Ne/?Ne o A o
(g) (Ra) 22Ne 36 Ay

E12-02a 0.186 9.15 0.65 0.0641 1.0233 158 12 0.200 0.011 10.65 0.09 0.0277 0.0003 476.2 18.5
E23-11a 0.452 84.10 5.70 0.0144 0.1400 576 39 0.299 0.005 9.58 0.20 0.0340 0.0009 5744.0 123.1
E25-16a 0.453 164 11 0.0454 0.4400 1782 121 0. 366 0.008 9.04 0.25 0.0329 0.00010 41190.0 2245.3
E26-18a 0.456 97.1 6.5 0.0193 0.1480 1395 95 0.334 0.006 9.31 0.25 0.0277  0.0009 43202.4 3786.6
E18-19a 0.362 8.56 0.59 0.0442 0.6154 98.7 6.6 0.253 0.009 11.37 0.09 0.0280 0.0002 1171.4 71.3
EI1-01b 0.431 43.1 3.0 0.0197 0.2769 418 28 0. 290 0.009 10.10 0.13 0.0319  0.0005 21399.6 760.2
E12-02b 0.231 37.8 2.5 0.0347 0.3867 602 41 0.269 0.006 10.08 0.15 0.0270  0.0005 7964.2 364.5
E22-05b 0.457 199 14 0.0567 0.6500 1589 107 0. 207 0.008 10.05 0.2 0.0322  0.0007 28565.9 651.2
E22-08b 0.352 340 23 0.0418 0.5714 2536 169 0. 181 0.005 9.57 0.21 0.0359  0.0008 33281.9 1132.9
E23-09b 0.454 150 10 0.0228 0.2815 328 22 0.168 0.003 10.69 0.27 0.0387  0.0010 3471.0 266.0
E23-11b 0.455 194 13 0.0216 0.1781 705 47 0.173 0.005 10.21 0.32 0.0386  0.0012 26471.6 1033.2
E23-13b 0.449 321 21 0.0423 0.4643 679 45 0. 204 0.004 10.41 0.28 0.0398  0.0009 8961.0 260.5
E25-16b 0.454 220 15 0.0226 0.2273 1167 77 0. 190 0.003 9.69 0.33 0.0440  0.0014 36626.9 1585.0
E26-17b 0.456  31.7 2.1 0.0245 0.3500 29.1 2.0 0.278 0.008 11.30 0.12 0.0318 0.0004 1724.8 76.6
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E26-18c 0.452 79.1 5.3 0.0146 0.1414 351 29 0.174 0.009 10.22 0.29 0.0306  0.0008 22621.1 6131.7
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E35-20e 0.456 13.93 0.90 0.0086 0.5862 29.7 2.0 0.268 0.006 10.84 0.03 0.0330 0.0008 377.3 8.3
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[24-03e 0.45 22.6 1.5 0.0101 0.0684 275 19 0. 808 0.008 9.40 0.19 0.0348 0.0009 1936.0 71.2
[21-04em 0.455 9.85 0.67 0.0135 0.0725 3.6 0.3 0. 477 0.011 9.41 0.51 0.0316 0.0014 1199.5 101.6
[21-04es 0.451 43.9 2.9 0.0054 0.0321 51.7 3.5 0.336 0.005 9.06 0.53 0.0367 0.0018 691.5 14.9
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Fig. 3

Plots of *He/*He vs. *He contents released from

constituent minerals in the Jinchuan Cu-Ni-PGE sulfide

deposit
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Fig. 4  Plot of *Ne/” Ne vs.

constituent minerals in the Jinchuan Cu-Ni-PGE sulfide
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4211 Cu-Ni-PGE #6475 PR 8 B B A 417 Ar
AT (3.6 x 10 7 em® + g7 ~ 2536 x 10 7 em® -
g™, T4 634.7 x 10 7 em® - g7 Ar S A YL L
0.003 x 107" em® - g'l ~ 0.332 x 107 em® - g-‘, 3 1y
0.067 x10 em’ - ™', BERRERDH" Ar -2 5 4k (789.7 x
10 7em® « g7 ) @ THALY (77.18 x 10 " em® - g7 ) o
£ Ar S 5 B (801.9 x 10 Tem® + g7 BH A
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Fig.5 Plot of O Ar/* Ar ratios-* Ar contents released from

constituent minerals in the Jinchuan Cu-Ni-PGE sulfide deposit

By Ar XA B R (885.74 x 10 Tem® - g 7)) O Ar XA
BB (11,84 x10 Tem® - g7") B k(6. 44) B HE
A1 (5. 48) BB R A1 (1. 55) KK/

A/ Ar HABAR AL A (377, 3 ~43202.4) | -3 14365. 1,
I AE T KRR E (295, Allegre et al. , 1987) Al MORB {H
(40000, Burnard et al. , 1994) Z [a] , FEFRERT 4" Ar/* Ar
(476.2 ~43202, 7 18060) B & F 4 @enibiy (377.3 ~
1936, -4 1061. 9 ) , IHIHE A7 | &4 5 ¥ 47 21 B0 R0 41 Ar/
O ASEEIE (4051 18357 18497 F122621) Mk vk i e . HHE
A FIRE A7 S5 1 R AR 4 P Av/% Ar FIO Ar BRIEMI KR,
B AL Ar/% Ar F0°° Ar A7 B B AOAHSE R (D 5) o

5 Wig

5.1 BmEKMEHSKIE

TFFERE R T R R I SRV AR IR A - (1)
55 OR BHRURE DG 1 7 WG PRI A MR, LR A 7 T 52 R PR A 55
R RS A R (Kurz, 1986) 5(2) RAT594K
PERR AT UM, 32 B A A ) 3 T L 2R Bt R e 2 B R v
(Mohapatra and Honda, 2006; Staudacher et al. , 1986);(3)
UMY S, EZ RS T U Th F1 K 228 TE L,
WEAFAE W) 45 ¥ i [ A 25 B2 P ( Matsumoto et al. , 2000 ) ;
(4) T Wy 45 5 I 41l R 3 A A0 52 b (4 4 A AR (Yamamoto e
al. , 2004) , FEBMRAF T I A4 6 ZE AR 400 45 g fle g R 25 B
H1(Zhang et al. , 2009) ,

AMFFTRE IR BB FLA DRI TR R BLIE , TS R
sty 7318 F1 HC I3 9008 P 3 T8 A A it ji AL PR AR BR 25 1K
A R R ER AN F T I AR 4H 43 ( Zhang et al. , 2004, 2007, 2009) ,
PRIk 5 DR BH XA O B 4 G R A A AT AR . 52 384
PRI i B AR SlAL R GEAM IR B 28 230 58 2 LR AR
sty B T 24 BUFITABE 224 ) R A R R 19 R AR 75 e 4143 (Hu et
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al. , 2007; Ye et al. , 2007) . S #rAEfh B B AR T KX
{9° He/* He F1*° Ar/* Ar HC{ETIEIA |- 34 b BRAR F HERR K <T5
YA RNE

A PR H R v I A A o AR 2 R B v Y
FAT M, B P 4 Bl AR T AR A I b i A AR A B
SR AR A R, He * Ne A0 Ar S 3R HCS P D9 37
AR HhIRTY BT AR 1 BRI AR 4 43, TR A He
Ne 1 Ar [RJ{7 28 4 AR 1 25 Ak 2L 22 4% 128 A 245 v LR T Ak
AR A AL R S S IR He ™ ' Ne ™ AT Ar ™ ) 2
BUIMA LR

5.2 HMatERBEBRESE

TR R He ™ AT 3@ 5 U A Th FEA5JE A, > Ne ™ 3 5
Wetherill 2 [ "0(a, n)* Ne” ]I ( Yatsevich and Honda,
1997), Ar® 3@ 5 12% B9 K & K 2B F 4 3% 6.
Wetherill JZ B H o 7§35 T U Fl Th 224578 B A O PE A
PR He ™, DA it i g e i S o DR A9 Ne ™ 1 He ™ 248 4 1Y)
(Sarda et al. , 1988 ; Honda et al. 1991; Shaw et al. , 2001)
@i’ He/*He 5*He ” Ne 5*He ™ Ne/* Ne 52" Ne/? Ne Hl
O A Ar 5 Ar AR & AT ) S 1 B He T 2 Ne T Al
OAr* [ TTRk (Tkeda et al. , 2001)

4:)1l Cu-Ni-PGE % 1k ) & IR &4 J7 #% 43 AN 5 B A
*He/*He 5*He & AAHE(E 3) ,”Ne/* Ne 5 Ne/? Ne
AHIEIE 45 75 B 59 1 )8 9 Ne™ (& 4) ( Ballentine and
Burnard, 2002; Kennedy et al. , 1990) ,* Ar/*° Ar 5% Ar 1IEAH
S (5),* Ne 55*He TEAHC (&1 6) , W R 7 WE£1 1 BRI
A ELAT B O PR R He " P Ne " AT ArT . BOBE A1
i’ He/*He #1*He #r i 1IEAHIG (181 3) ,* Ne Fil* He AH5E (]
6) , FE AT S B A He ™ F1™' Ne * B STk A B 4, H* Ar/ ™ Ar
AN Ar TE MG 158 WA B S A R0 A B STk K. 421l Cu-
Ni-PGE A0 IRH WG 255 A ik ( > 1400°C) 2644 F
A B b N RO 25 2 33 % B 43 s ROE 1Y) 85 MgO ( ~ 15% )
WAL BT X 4% (Chai and Naldrett, 1992) , U 1 Th 7F
ZTRIEKSGRERTE FRAA TR, TERETAERK
MR R b, RIS A4 b U AT Th & RS FA 774
AR JBCS A 18 PR He ™ ) 7 B AR, A% 05 5 A1 He (1935 35 B
(151.91 x10 7em® - g™ ") B 5 55 T A4 (72. 58 x 10 7 em’

s g ) WX,

421l Cu-Ni-PGE ALY 0 IR G0 AL 0 3 5 Rk R 382
TEVRS & 4 45 B (De Waal et al. , 2004; Su et al. , 2008,
Song et al. , 2009;Gao et al. , 2009) , Hop {247 1¥) U.Th #1 K
A AR, BRAk4 T He/*He FiI*He & BEARARSG (K 3)
*'Nefi* He RAHISE (& 6)," Ar/™ Ar 1™ Ar ¥4 W 58 O MG
FeZ ULIABRAL Y b AR He ™ * Ne ™ 1™ Ar™ B 52 ik
AR

WO R He * 2 Ne ™ F1°° Ar™ B S2 8 TR R UL
Th B K 5 & R FR R I A Bl Bl P e — i 2L

02T -
T
<> 4 O ]
,’<> q’ <O olv
. ’
) o o4 ’ O opx
g K / A
9
5 0.1 D’ Cpx
5 ’ O
5 |'-_,’|:| o, sfd
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Fig. 6 Plot of *Ne- *He contents released from constituent

minerals in the Jinchuan Cu-Ni-PGE sulfide deposit

HEAEE U &8 (<2 x107?) ( Gautheron and Moreira,
2002) , #5411 Cu-Ni-PGE SALYI0 KM A AR A
B UM 2.9 x 107 F113.3 x 107°) [ Th (2.1 x 10 ~° F1
52.5x107°) 1 K &1 (0. 04% F10.08% ) (X Rk, 2003) , 4%
GRS A U-Ph RSEAAE% (831Ma, Zhang et al. , 2010) fifi
SEHURPEUIA “He ™ A% Ar ™ (955 &, 45 5 3 WG A Rk £7
R 1 B PR He ™ B 25 B 435 R 0.39 x 10 °em® - g7 Al
2.74 x10%em’ « g7 P A USRI 0,138 x 10 Pem’ -
g ' H10.277 x10 *em® - g 7',

5.3 MU AREANBEESEHY

# KA Cu-Ni-PGE Ak ¥ B PR 25 I AH 5C 1) B e 5 2k
Fa AR SR BRI AR AEBE T, W0 & R R g
A4 Abitibi G (2765 +42Ma) Thig S A fL Gk TE A1 1k
HORL 2 v R %5 = ik 30. 7Ra (197 He/* He {8 ( Matsumoto
et al. , 2002) , PEAAIFEHEIX 253 Ma (YRG0 5 £ P AL E A
RS ZE Rk 12, TRa (9° He/* He (Basu et al. , 1995) , {B:E
&)1 Cu-Ni-PGE Ak IR (831 Ma) v 37 fif (14 MO A1 o
A%} He FIl Ar {4353 P AR 2R, F0BR A3 4 BRI He ™ 1% A
Je B A FIEE A He/* He HOSEHIME 50901 3. T0Ra (3. 14 ~
4. 65Ra) 3. 07Ra(1. 97 ~5. 54Ra) ,* Ar/* Ar [¥)5F- Y9{8 43 31
k18335 F1 17785, 823 4 1] Cu-Ni-PGE HiAL Y K it & 4&
Jb e A P b 1)’ He/* He #9745 {# ( ~3.72, Xu and
Liu, 1997 ; ZE4EiM 45, 2001) , 5 45kE A B HibE ) He (6. 1
+0.9Ra) F1 Ar(30000) [F]{; 2 #H i, ( Dunai and Baur, 1995;
Gautheron and Moreira, 2002 ; Gautheron et al. , 2005; Kim et
al. , 2005) ML, 556 4 A Hak Ak 2= S0 REE TR T
oA P S BRI 1 B 25 SR v A A e R R A R I A S
b7 ved R/

A B M |t 7 AR R A AR AL AR S A [) oFe T 2 4 1) A
AEMRF R BB KRZE R, WA R BRI K
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Jinchuan Cu-Ni-PGE sulfide deposit

FROR [a] Sl Y8 2H 43 9 BT k. 0 M 52 B9’ He/*He =2 x 10 7%,
Y Ar/* Ar = 1650 ~ 170000 ( Allegre er al. , 1987) ;|55 F 2441
Hobg ¥’ He/*He = 6. 1Ra ( Gautheron and Moreira, 2002),
“Ar/*Ar = 30000 (Duna and Baur, 1995) ; KM FH AR
AHEH KA —FH He Ne F1 Ar [ {3 2 41 A%, BI°He/*He =
1.399 x 10 ™%, * Ar/* Ar =295. 5 ( Ozima and Podosek, 2002) .
4: )1l Cu-Ni-PGE BiAb 5 K Ne/? Ne F1*' Ne/* Ne I Z43 1
F MORB (Sarda et al. , 1988; Honda et al. , 1991) 5 K[ 7
k4 (CC: Allegre e al. , 1987) 2 [d] (& 4) ;>He/*He F
A/ Ao A AE R SR (ASW) 5 —1R A 4140 (MC) 1R
A2 BRE B A BRI Y, QB T BT R RO A A
P b | 50 RN R A A 0 3 A = it ST B I T R X T 1,
ICHEWTRE T 25 A Bl b 5 KB 72 A 7] L R 68 BUR & 41
43 (MC) R IGE 5 REM A (ASW) IR A, BV E K E
2T IR B AL . A A i ER Tk 2E B PGE ¥ek) 3 IR
A3 B (Staging chamber,4 ~9 km) (7 1k ( De Waal et al. ,
2004 Song et al. , 2009) , #E A- TR £ BT 55 3% AR AR IR
s s (R 12.9 ~ 15km) il B A K B (6.9 ~
9.3km) ( Yang et al. , 1998, 2006)

5.4 B ERHRARESKRIRERMAEEN LG

%)l Cu-Ni-PGE ALY H IR LA 5 3K v 2 R b | s
SERIR MR AL 43 0 LU A5 AT LA 3@ 3 He (Ne il Ar [R)fi R
HBAATAGT . — M HL, He 78 AP 9 35 B B TR) 380 (1 ~
10Ma, Lupton et al. , 1980) , T4 ¥R 7E A HiLhs i) KSR IR He
] 20 A3t (Porcelli and Wasserburg, 1995) , K I w] F K Fi
52 (CC, He/*He =2 x107%) fi-f P Hulg (SCLM, He/*He
=8.48 x 107%) H 1 3fi5 7C ( Hiyagon et al. ,1992; Allegre et
al. , 1987) *He/* He YR AR ORI 50 M43 b 08 it 76
WA H

and “Ar* (b) of constituent minerals in the

(°He/*He) ,,,..-("He/* He) .

" CHe/ He) oy~ (PHe/* He) o

5 He Fl Ne AH Lt , 78 3o 5 7 52 fr RS Ar LR 8
(Fisher, 1997) . KFEFEA A 77 Rl o b 31 A7 HHA2 (4™ Ar/™ Ar
HefE ( Allegre et al. , 1987 ; Dunai and Baur, 1995) , i K</
FIFAARY" Ar/* Ar FU( 5 A BRI 22 5, il SR RS
FIRAR- KB 72" Ar/* Ar TRARORAH 501 A K S AL AR Y
il

RAM RG24 1) e A 72 2 4 A9 A6 3 vh R
FOBRACAS P B H He ™ A% Ar* (9° He/* He 1™ Ar/™ Ar {f, 4%
SRR ARG AR o5 A 578 4 LA, 348 64, 65% |, e
5 d 533 LU, 43 30 17. 62% F1 17. 86% , fif:fR
) R B0 08 5 M 5 4 4 S X L S, 4 B K
21.04% #121. 83% .

M

5.5 BHYERRMARBAILG

4 )1l Cu-Ni-PGE Bt Ak 4 0" PR 8 16 # 19° He/* He (-3
0.46Ra) SEEMELG Y (SF14 0. 24Ra) M LA RS, BT 67 1L
P AR 10 3 B P RE R AR TE VRT3 o e o B, 3x 7 ) 0 22
T A Ni B i J PGE BERH SCRr . Qs Bk iy R K
T8 43 AT (BRI AR A A A | DL R IR 6 7 40y 9k 40 8 A e
BRI P 2 I A 0 9 R 1 03 19 A T 2 SR 05 It ) R 300
B (Yang et al. , 1998, 2006) ; mitHE A4 Ni & & (Li et al. ,
2004 ) #1 PGE ZH il (Su et al. , 2008 ; Song et al. , 2009 ) UEH
WAL R B3 s s B8, M TE R K B 5 X
BRI B, 50 KA B A PR RO 7 Y X BT 2R
fho EARIE R Cu-Ni-PGE #ALY)H & ( De Waal et al. , 2004 ;
Gao et al. , 2009) ,

Cu-Ni-PGE i A6y K A i 1 T v B Ak ) A
RERRER I A IR B R I A B, 42 )1 Cu-Ni-PGE BRAb#)
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W IRBAL BRI 2 (8™S = = 2%0 ~ +2%0) 1 T Hu 5 5
[E457 K Y (Ripley er al. , 2005; HERES,2009) , 7] HEBRFE
VRGN TTRE . FS TR A 2K i A 2 (18 Ak s 14 43
B B 20T RE R Fe IR b AR, b SR 4 A3 TR e R Ak 1k
TR BN 2550 Sl B R o, B UK T R R R 25 K TP B i
fif B AR A BRAR AN B AR AL B A B

41l Cu-Ni-PGE A4 5 IK He Ne F1 Ar [a]{3 2 4 il 45
TR AR IR AT HSE MR AR AR AL 4. HhAe 4l 4y
FR A AN AR 53 P 3 3 1 98- b 52 A ) 0 7 2 473 T X8
SRR AR A AR vl B R IR B REE R R R
AL A 2 AR Bl R A AR A5 OR[N A B 2K
( Yamamoto et al. , 2004 ; Mohapatra and Honda, 2006 ; f#24 JL
&, 2009; BHHEAE, 2010) o 4x)1] Cu-Ni-PGE AL ¥9 IR
BERR T A VR 3T A AR b 5 H A 977 ) ( Chai and Naldrett,
1992; Li et al. , 2004) , 45 it Fi v He R 2R84 % 44y
T8 R I B R RN R R AR B T 58 A HEBR vk A s
X G RE  He Ne 0 Ar [8l47 2 4RGS0

B LRI TS S - A 9’ He/* He HEAR AR
1%, 22 B b FE AL 43 A R BB LG 55 2K U X sl R0 4 s i
Mo 46 5 22 1. S A A9 He/*He (A3 0. 291Ra) il i
2 43 Al S L6 A (T3 25.57% ) s TR T A (Al
0.215Ra #119.29% ) , #hFe 41 3 5 Lb il (748 17. 57% ) Ik
TR A (P 23.46% ) 367 M7 240 43 0O TR A Bl LB
WA AN I, HERR L TG A M 4 43 (1) A P L 1) YR
XEBAT-HA R (SREGANGE, 2009) , 1] REH i B W) 465 K A
o S S EiE A B WA 0t B e 9o R Ak /P o3 N
FEGTRA I B, i A TR e Hb e 20 43 7T e R 02 (o i
FMFBERREZ —

ARt N AL 0 P oRLRL MRS S RO A
(FEAh E25-16a 1 E26-18a) B Hiu it 20 43 HC 41 J5e o (4 5310 1
57.38% FN61. T4% ) , KN FLARAIAE B LB A (530 0
0 F10.10% ) ; ¥ 4 (E25-16b F1 E26-18b) 1y K S M Fil ik 14k
(45353128 11.39% F123. 60% ) 1) HLAIALAIS , Ml 28 53 (530 R
31.61% 1 49. 85% ) %157 , 1t BH R SR AR 1T g 2 AE 13
FH T W m Hah Sad AR IARY, T RS X I gk R
B (HRERSE, 2001) TRFFIRIFH] EFE 5 5 iR A B
WA S AR TR, IR 2L = 42 IR/ (Lehmann er
al. , 2007) , AR IR B YL ARG AL g g 2 R AR Y

6 ik

%:)1] Cu-Ni-PGE BR ALY 0™ R WOHE A7 L ¥ A R Ak 4 v
He Ne I Ar =F B Fl[F] 07 22 20 AR T Wl 2 AR A f v
TR, BB

(1) 41l Cu-Ni-PGE i ki IR A A A ik 4
i’ He/* He i, ™ Ne/? Ne-*' Ne/* Ne 43 % F MORB 5 A fiti

FEIE AL Z ], FIR B A K He ™ A A HIOHE £ 0
FrfHe/* He (OF- 2143 %24 3. 7T0Ra 1 3. 07Ra) F1*° Ar/* Ar
CEIGME4 5 18335 F1 17785) a3t 24 0 B b8 1Y He 1 Ar
[ 7 Z 20 % .  He/* He F1™ Ar/™ Ar TR A RS AUM BL 00% op
RAMFIRAR 56 5505 1 LU A1), P21k 64. 65% , i 1 b
23 HL A, o5 17, 62% Fi1 17. 86%

(2)°He/* He FLAR I 20 73t B A RIS 47 21447
WEAT G HTRE AIK, 45 67 He/* He- * Av/™ Ar 43 A1 HEAIF 22 W 505
FRBDEDT AR IE X (SR A K5 ) AL EE K™
B Bt A AL , 25 P L 358 43 T o P ™ 25 3K 32 31 K i
SEA AR RTE IR G 4040 (MC) R EIRA T KA
HiR NS

(3) ifk¥' He/*He (°F-15 0. 456Ra) 1 T EE MR L 67 1)
(0.239Ra) , GRACHIIEARAE 65 53 S5 1) B R A 435, iUk
W A GRS A 0K 57 TR AL BB 5 W 35 21 43 7T R 2 2
UREBGR AR BRI 5 B 1 B 2R 2, KA AR AR IR A
S FFRE IR D A A R Y R Ak P el A S HE R

Bt ARSCWRSORE R R AT e A B )1 4 T AR T
EEHIIN A IR RN PNIE I op'E SEpuR L AP E|
BN 24 K27 1Y) Edwards Ripley 24 S ( Chusi Li) #4224
T T AR IR B s R P B A VT R SR A
WO A SC A A B4 o 7L B 1 G B AR T, 7 I 2R 0 Y
TR
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