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Abstract Ore-bearing granitoid assemblage of the Huojihe molybdenum deposit in Heilongjiang Province consists of biotite
monzogranites, monzogranites and aplite granite. The major elements analyses indicate that the ore-bearing granite rocks belong to K-
rich calc alkaline-shoshonitic series, with the feature of metaluminous-peraluminous rocks. Harker diagrams show that their magmatic
evolution have been subjected to magma mixing, and deeply influenced by hydrothermal fluids, with weak Eu negative or none
anomalies, inferring that they arent suffered a remarkable plagioclase fractional crystallization. Rare-earth elements analyses show that
they are all enriched in LREE but depleted in HREE. In addition, the total rare earth elements of monzogranites and aplite granite are
significantly lower than those of biotite monzogranites, but their HREES depletion are lighter than the latter. Their MORB-normalized
trace elements diagrams show enrichment of incompatible elements ( Cs, Rb, Th) and Pb and Sr, but depletion in Ta and Nb,
indicating that the phosphorite and the minerals which are rich in titanium have been fractional crystallized in magma evolution, with
characteristics of the island arc magmatic rocks and thickened continental crust. Ore-bearing granites show higher concentration of Mo,
Cu, Pb, Zn, W and Cr. Highly evolved granites characteristics in monzogranites and aplite granite and much higher content of
molybdenum linked them very close to the molybdenum mineralization. Their whole-rock Pb isotope analyses show that the source of Pb
is very complicated, with mixture feature. The model ages of the molybdeite are determined to be 180.7 +2. 5Ma ~ 181.3 +2. 6Ma,
indicating that the ore-formation might have occurred in Early Jurassic period, later than or nearly simultaneously with the formation of
host rock, biotite monzogranites. We presume that the monzogranites and aplite granite with a little younger age might be metallogenic
rocks. It is believed that the crustal accretion, crust-mantle interaction and delamination in the Huojihe area caused by the subduction
of the Mongol-Okhotsk oceanic plate and Paleo-Pacific oceanic plate in opposite directions in the Early Jurassic period may have
attributed to the formation of these granitoid rocks and Mo deposit in this region. The highly evolved granitoid dykes can serve as
guidelines for future ore-exploration in this region.
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Fig. 1 Topography and geology sketch of Huojihe molybdenum deposit ( after Li et al. , 2010; Yang et al. , 2012)
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Huojihe Mo deposit

3 FEAIIAR S B &R R

3.1 WRTTE

AR SCAEAE A TR AR Dl b O BT 5 Be 23 A
DR A 1 BRI 23 5 B P R T X200t
1 (XRF) I 558 1 WAL T 5% , Wit JU 3R 7 [ L BTk
DG A0 M b0 45 8 7 IR B (1CP-MS) 5256 % 58,
PR AP AR UL Qin et al. (2009) o ML RILE 1,

Ph-Pb [l 2 731 R A T8 2 Hh O S I 2 [ 37
R eI, TR W27 SCHR (52 1 1R Kwak, 19865
IR 4F 2007 2542 045 ,2007 ) S R L 2.

HESAHT Re-Os AL~ 00 B AUA0 A0 3 I a7 v ] Jig
Bh2 B [ 2 3t o 52 6 10 0 Re-Os SEH0 % 58 Mo AR AR AL

Acta Petrologica Sinica #5353 2014, 30(11)

HIH110723-4

> '-7\-1:4.;"\ W ’ g N\ ~..‘ . "s.¥\i{ ‘)
S RS |
. 500 iR o Ry A "7/"‘
bt noSos17-)

K3 FEERTYE N RA
(a)-Bo B R E RGP 5 (b) - KA & 4
WRPHEFAE" 5 () -6 50 4l il P SRR A

Fig.3 The mircophotos of main ore minerals

B 35k S R S IR 6 SCHk (k22 3E 4%, 1994, 2001 5
Du et al. , 2004) UKL WF 3.

3.2 FERTESE

FRICE IR RV S A S0, B (67.75% ~
76.39% ) , JRIRMEASE, K0 H93.79% ~6.26% , B T BUHR R
Ehek BT BT L 100% 75 KORUE TAS 4328 K fig ok
ZAR BN XL ACH T ARER AL R N A S AL R 1
LA, 5E AN E 45— 3Bl 4a) o TE Si0,-K, O [EIfig Hh A
BASN S5 ok FI 8 X RATIX I (B 5i) . Na,0
2.04% ~3.49% ,K,0/Na,0 FL{H N 1.09 ~2.82, 3 K F 1,
HEPRBUE AT, FEAh ALO, LR (11.08% ~15.38% ) , 5RHfL
FIFEE(A/CNK) 3 0.90 ~ 1. 07, 7€ A/CNK-A/NK [ - 75 A
HERR - SR A X, R s i i s A (& 4b) o MgO
0.31% ~1.74% ,Mg"$3 27.1 ~48.9, CaO Fl Fe,0," 235K
0.95% ~2.79% f 1.67% ~4.11% , P,0, Fl Ti0, AKX, 4>
HH0.04% ~0.19% F1 0. 14% ~ 0.56% . ‘#+ 47 [E 45 45 51
(SI) 2 3.22 ~13.46, 43 54585 (DI) 3k 78.22 ~92. 88; A 1
RS (o) 1. 81 ~2. 80, 5081 A R 51,



Rk F:

N DL

SR EETRT R AT

a

TR & RAFALBORA 5

3423

®1 ETTVREREHSBEETE (M%) BLITERETE( x107°) SHER
Table I ~ Major element (wt% ), REE element and trace element ( x 10 -6 ) compositions of the magmatic rocks from Huojihe
Mo deposit
e 110723 110723 110723 090817 090817 090817 090817 v o 110723 110723 110723 090817 090817 090817 090817
PRl -1 4 5 13 -14 -1 12 Frbis -1 4 5 13 -14 11 12
At KR SRRy B KA Kk e
X= HHAS k=3 HEA
Si0, 69.23 68.95 68.86 67.75 70.32 76.39 74.59 Ba 836 977 947 653 643 254 323
TiO, 0.47 0.52 0.56 0.53 0.55 0. 14 0.18 Ni 2.03 2.21 2.20 5.03 2.35 3.46 3.94
AL Oy 15.38 15.09 15.24 13.80 14.44 11.08 11.76 \% 44.3 40.5 47.1 56.5 43.6 9.12 18.1
F6203T 2.87 2.56 2.28 4.11 2.48 1.67 1.84 Sr 458 396 441 394 369 133 198
MnO 0.03 0.01 0.02 0.05 0.03 0.02 0.02 Zr 140 147 164 139 150 71.6 82.9
MgO 0.95 1.13 1.09 1.74 1.08 0.31 0.53 Hf 4. 66 4.90 5.48 4. 64 4.99 2.39 2.76
CaO 2.48 2.05 1.98 2.79 2.37 0.95 1.04 As 0.72 0.93 1.12 1.57 0.53 4.75 2.36
Na,O 3.44 3.09 3.23 3.49 3.23 2.04 2.68 Sh 0.18 0.48 0.22 0.48 0.18 1. 81 1.61
K,0 4.12 4.95 5.32 3.79 3.94 5.75 6.26 Se 0.05 0.11 0. 06 0.07 0.05 0.02 0.05
P,05 0.18 0.19 0.19 0.15 0.19 0. 04 0.05 Bi 0.07 0.27 0.23 0. 06 0.23 0.09 0.03
LOT 0.75 1.10 1.09 1.71 1.29 1.57 0.95 Sn 1.26 1.29 1.53 2.21 1.47 1.25 1.22
Total 99.15 98.54 98.77 98.20 98.63 98.39 98.96 Be 2.16 2.08 2.02 2.86 1.85 1.58 2. 66
FeOT 2.58 2.31 2.05 3.70 2.23 1. 50 1. 66 Cr 24. 4 25.4 25.7 29.4 26.6 26.7 28.7
Mg* 39.8 46.9 48.9 45.9 46.5 27.1 36.6 Co 5.57 9.24 5.83 7.75 6.17 1.90 3.67
A/CNK 1.05 1.07 1.04 0.93 1.04 0.98 0.90 Cu 60. 5 122 127 52.6 51.9 15.7 36.8
A/NK 1.52 1. 44 1.37 1. 40 1.51 1.15 1.05 Zn 33.7 23.8 27.6 36.3 36.0 9.45 15.9
Sy 5485 (DI) 81.11 82.99 84.07 78.22 81.92 92.05 92.88 Ga 19.4 19. 1 18.6 20.0 19.4 15.1 18.9
FZEFEE(SI)  8.45 971  9.23  13.46 10.18 3.22  4.74 Rb 145 167 155 176 173 212 225
La 29.40 26.90 27.70 29.80 39.10 18.80 17.90 Nb 6. 49 4.94 6.97 8.04 7.13 4.42 5.02
Ce 53.50 47.80 52.60 54.10 61.20 25.30 25.50 Mo 3.78 137 8.18 40.3 43.4 70.7 75.6
Pr 6.83 5.89 6. 64 6. 67 7.14 2.59 2.79 Cd 0.04 0.42 0. 06 0.11 0.14 0.19 0.25
Nd 25.30 21.90 24.90 24.40 26.20 8.85 9.72 In 0.03 0.02 0.03 0.03 0.03 0.01 0.02
Sm 4.06 3.43 4.00 3.90 4.16 1.37 1.58 Cs 2.76 2.85 2.13 4.28 3.46 2.05 2.39
Eu 0.99 0.92 1.04 1.00 1.09 0.43 0.42 Ta 0.72 0.69 0.79 0.95 0.71 0.63 1.03
Gd 3.47 2.99 3.28 3.36 3.48 1.23 1.67 A\ 5.59 19.80 10.50 8.41 7.25 3.97 5.13
Th 0.48 0.42 0. 46 0.51 0.47 0.18 0.26 Tl 1. 16 1.40 1.26 1.30 1.33 1.58 1.58
Dy 2.39 2.06 2.19 2.65 2.31 0.92 1.58 Pb 14.5 16.6 17.1 16.0 14.5 16.2 20.7
Ho 0. 46 0.39 0. 40 0.51 0.42 0.18 0.34 Th 14. 4 16.5 15.8 18.3 15.1 22.0 28.3
Er 1.21 1.03 1.01 1. 40 1.11 0.53 1.03 U 6.83 6. 14 4.37 6.83 5.26 9.60 12.30
Tm 0.21 0.17 0.17 0.24 0.19 0.10 0. 20 SREE 142.0 126.0 136.0 144.0 159.0 66.7 74.7
Yb 1.37 1.19 1.13 1.68 1.27 0.74 1.43 LREE/HREE 5.41 5.62 6.02 4. 89 6.76 6.09 3.44
Lu 0.21 018 0.18 0.25 0.19 0.13 0.23 (La/Yb) § 15.39 16.21 17.58 12.72 22.08 18.35  8.98
Y 12.40 10.60 10.60 13.90 11.10 5.41 10. 10 (Ce/Yb)y 10.85 11.16 12.93 8.95 13.39 9.56 4.95
Se 4.93 4. 96 4. 94 6.67 4.97 2.70 2.68 SEu 0.79 0. 86 0.85 0.82 0.85 0.99 0.78
Li 11.2 15.1 13.8 8.74 14. 4 3.17 3.82 8Ce 0. 89 0. 89 0.92 0.90 0.83 0.78 0.79
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WIS, RS KEAS PR A iki%ﬁﬂ@ﬁz‘%éﬁ
mmfE o ZERRRLUA AR AL £ oC R B (& 6a) b, FL 4 il

S A AR — R AR, AR R K s FAE B e 26
HAORASMEE T Eu S WA HOR S RH A
ﬁﬁéﬁi?ﬁfﬁ@k? 50 ~60km, Ji& HAT AR B S Blic s 4n 2R
AW Eu 525, BEWE SO BT IE 5 L 52 R s
JRBliFer) T EF . EnﬂﬁfEE&ﬁf*ﬁ?&%EW%ijﬁ?
FFAE I HIR BTN A it 7 o

3.4 ETTRFHE
%Ea‘“ﬁ%?% Cs Rb Th SFARMATTR , IFR I N Ta F

Nb i 575 L& Rb A1 Sr IE 5%, 5t Ti 1 P SR WRHE, 5
PRF T 5 3% M BR Ak 2 48 AE A1 8L ( Wilson, 1989; Dilek and

Furnes, 2011) , 27 3K AL e A i K A0 e BRI Y

Y EER (B EAE,1992) R T INE R 7E A SEARRE .
BB 2 H W 2 4 Mo \Cu W\ Pb Zn Cr 4
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Table 2 Pb isotopic data of the granites from Huojihe Mo deposit

FEg 206 pp, /2% pl, 207 pp, /2% py 208 p, /2% py, (6Ph/ 2 Phy (27 Ph/ 2% Phyt (28 Ph/ 2% Ph) 1 " °

110723-1 18.734 15. 554 38.267 18. 480 15. 551 38.118 9.36 34.42
110723-5 19. 401 15. 606 38. 696 18.291 15.554 37.730 9.39 33.84
090817-13 19.242 15.589 38. 629 18.900 15.597 38.398 9.42 33.85
090817-14 19. 041 15.592 38.592 18.978 15. 587 38. 427 9.39 33.5
090817-11 19.202 15.612 38. 656 17.390 15. 506 37.230 9.42 36.23
090817-12 19. 159 15.596 38.592 18. 804 15.578 38.216 9.39 33.44

e FeH (P%Ph/2Ph) £ (X"Pb/2™Ph) t, (P®Ph/®Ph)t Hy ¢ =186 + 1. TMa( k55 IR 45 ,2012) B 45 A3 22 L i

1000 1~
1000
—-RER_ KRS SRR KRR
—o—KAEHH 100 - —o— KIEME ’
—A—TE AT —a—{E A
NI 100 B AT KIEKE @
X (45, 2009) 2107
® z
= &
10
0.14
(a)
1 e L o L o i o o o i o e o o o o

La Ce Pr Nd PmSmEu Gd Tb Dy Ho Er TmYb Lu

Cs Ba U NbLa Pb Sr Nd Hf Eu Ti Dy HoTmLu Sc Cr
RbTh Ta K CePr P ZrSmGdTb Y Er Yb V Co Ni

6 AT K T L OT BB R (LA 2R (o, BRI Sun and McDonough, 1989) it 76

MORB #r7EAL MR & (b, FRUEIL(EIE Dilek and Furnes, 2011)

Fig. 6  Chondrite-normalized REE diagrams (a, normalization values after Sun and McDonough, 1989) and MORB-normalized

trace elements spider diagrams (b, normalization values after Dilek and Furnes, 2011) of magmatic rocks from Huojihe

molybdenum deposit

JBICZE , Mo Cu FI W I F-IG(E 4> B K 54. 14 x 10 7° 66. 64 x
10 °F18.66 x 10 =, W] &g 7 T L Jp V144 46 % # Mo Cu il W
HIEFE (1.5 x107° 18.5 x 10 °F1 1. 85 x 10 %) (4R HT
4,2009) . 7EREITER MORB Ariflfb ik & (& 6b) |, 28
DT RAERK A AR XA AL < Al A B AR L S 4
B, 5F TR EER, ZKAEREWMEITR
MORB Fr AL AL (5] 518 i< 240 i TR AR

AL K AR R Al A R R T A R AR RO
( >92) FHIEESFEERATHT ( <5) W PIARRE R, B < o JE i
TRITE A" 1) B AR - & BRI BTE, T A3 A5 08, i T &R
Ba Sr %54, KA JCEK (Li . Rb Th U Nb) I 2 54 (%%
FOMIJTHAE ,1997) Mo &t (2 ~ 55 %) , R 1 B S Y
FHACH ARG, 5 AR B S5 R —B(REF M A,
1997)

3.5 Pb R E4HE
A T ERAT DX B 6 1R A R ol B s A ()62 3R 20
BRI 20 WRAPATIL, ARG MR o0 KBRS

A 52 Ph/™ Ph R {H O 18.291 ~ 18.978, - ¥ {H N
18.662;* Pb/*™ Pb Ll Ky 15.551 ~ 15.597, V- 4 {8 N
15.573 ;" Pb/*™ Pb L A Oy 37.730 ~ 38.427, ¢ ¥y Ny
38. 168 ; — K AL 54 A 197 Ph/*™ Pb Hu{E 9 17. 390, Pb/*™ Pb
el A 15.506," Ph/* Ph Fe{E 4 37. 2305 48 i) 41 & A Y
Ph/ 2™ Ph [k S 18.804,% Pbh/™ Pb [k {4 Sk 15.578,
*SPh/*" P FAE N 38. 216, =Fhs A1 B IR K HARAE 1 22
DU (BT R PN — 35, s BT T AT R W] — kI .

TEAS A7 28 38 K il 28 /™ Ph/* Pb-" Pb/*™ Ph (] 7a)
Hh A T B R TR 0 AN LA R 2 ) 72 Ph/ Ph-
Ph/ M Ph( [ Th) H, B T B AR L M ST LR R £k >
W], 7£% Ph/* Pb->" Pb/*™ Ph F1°" Ph/*® Pb->* Ph/*™ Ph #4) 1
TRIXFIFE (B Te, d) v R il TG 1A 53 & ol
HXIR, £EG UL RSO R T, T XA S TP R TR
B A , B IR A R FHE

3.6 Re-Os B{I=E
A DX b e R B L R A SR R e 3 PR AR AE
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Table 3 Re-Os data for molybdenite from the Huojihe Mo deposit
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Mg BEE () Re( x107°) H0s(x107%) WRe( x10°°) $0s(x1077) B (Ma) W0
- CE Bl AR OWEE AR WER AWEE WEE AWEE WEM AWEE s
090817-15  0.05039  13.69 0.12 0.3623  0.0101  8.605  0.074  28.02 0.22 195.0 2.8 77
090817-15  0.05264  12.90 0.11 0.3804  0.0124  8.106 0.07 26. 64 0.21 196. 8 2.8 70
0908173 0.05046  12.04 0.09 0.0043  0.0096  7.565  0.057  22.89 0.21 181.3 2.6 5323
090817-5  0.05026  30.92 0.23 0.0566  0.0143 19.43 0.14 58.58 0.48 180.7 2.5 1035
15.9 40.0
(@) (b)
£ =
151 S 1 " 1 1 " L 4 355 1 " 1 " 1 " 1 " 1
15.5 16.5 17.5 18.5 19.5 20.5 15.5 16.5 1S 18.5 19.5 20.5
206 204
20pp /2Pt Pb/™"Pb
40.0
395
39.0
0
=] Al
£ =
5 ﬁ 38.5
&~
38.0
37.5
15.]1 L L . A 37.0
16.5 175 18.5 19.5 20.5 16.5 17.5 18.5 19.5 20.5
“Pb/*Pb 2°ph/2"Ph

B 7 g 2% Pb/*™ Pb-" Pb/?™ Pb J:® Pb/?™ Pb->% Ph/*™ Pb 14 K- il £ Kz #4) 3 B 455 ) 51 ] ( IS €1 42 Zartman and Doe,

1981)
A-Hi% s B-35 1Liaf 5 C- B dthe s D-F 1 s OIV-1 i K 1L

Fig.7 Evolution curve of " Pb/**Pb vs. **Pb/*™Pb and *Pb/** Pb vs. *Ph/** Pb and tectonic environment discrimination

diagrams (after Zartman and Doe, 1981)

AT Re-Os [F L2404 (B 1), Forp e f HIH090817-3 (R =
B KA K5 ) F HIH090817-5 (46 1 41 ) Bk FL A
i, TSR B 3R 58 = B K G X 55 A A S HIHO090817-15 1)
T ARk . HIH090817-3 i1 HJH090817-5 [ #E4HA Re-
Os HESCAERY 4305 180. 7 +2. 5Ma 1 181. 3 +2. 5Ma, fEi5 2%
JEEEI N —B (32 3) , HIH090817-15 [f) Re-Os Bz AE L K ~

196. 8 +2. 8Ma, & T HE 2 MREFAAFEA LR, B TAK
BINFRAR IR =B R AE B e [ A R A% (178 ~ 193Ma) .
Re-Os [l A R HLACY)H FRIE BOM AT 1o A v
FEW IR AR BE Y 71 B3 57 FIHE 75 9] (Foster et al. , 1996) .
Os EAHAVEILER , M Re AR MEILR, fE7C 1
H Re S50 EAJGE R, (72 FH XS & Re, T Os S0 228 B 1E 3
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Fig. 8 Discrimination of tectonic setting for the magmatic rocks from Huojihe Mo deposit ( after Pearce et al. , 1984 )

e b R FIBARTL0E , 1998) o PRIk, WEAH A H 9 Re &t AT DU
TR HL 0 B AR, B 5 B FE 100 x 10 7° ~ 1000 x 10 ~°
Z IR ARG I 2 5 A B AE 10 x 107° ~ 100 x 10 ™ 2Z i) H A5 5%
IR A TRARFAE s S REAE 1 x 10 7° ~ 10 x 10 ™ s B, )l 40 o
Nk A 455 (Mao er al. , 19995 ZRJERE, 2007) , AL
3 VAR FE S Re A B4 50 13,69 x 10 7° 12,04 x 10 ~°
130,92 x 10 7%, S5z e 4 78 75 Y] 667 AR ) BT 40 S LA e 0

TRAEHFE .

T
41 MU FREAEE

FE 5 HIHO90817-15 [ Re £ (13. 69 x 10 “° 1 12. 90 x
10°°) 558 2 ANRESL (435120 12.04 x 10 7°F130.92 x 10 %)
P AHZE AR K (£ 3) (HE M3 Os 197 & (0.3623 x 10 Fl
0.3804 x10™°) B . &5 F B 4 2 NRE 5L (43 51K 0. 0043 x

10 2 F10. 0566 x 10 ~° ) K5 2 M EcE 2%, 1 B 0s/% Os 191H
(77 F70) /N F R LT BSR4 3 5323
M1035) (£ 3) . FEMHT M Re-Os 4510 78 B B 045 19
7O AT 5 5 PR Os, th A 35 AR O N O R AR
EH R Re-Os R ZMF R R P& —FBHHIRE
7 Os , {HJ HL B B A A FORE JBE PN X2 2R AR 0k ] L 22
(Stein et al. , 1998; fLZESF, 2007) , FIWFFRLERFENH:
WR5E Os a3, A% AR ™ Os, B R AT
B Re-Os BECAE S, T A5 25 15 2 i s (28 55,2012) o X
W AT BE RN AH 15 2 (1 A 815 5 1 ™ f2 AR 1 D P (RS
WARAE | 2009; Liu et al. , 2011) . ££4h HIH090817-15 3% 1
2, SRR, TR I e 0 A v ) R AR IR AR P R 22
FIESE Os MM, AT RAG M D3 50 2 AFE G i XA 1
B WO T BUE RS . 1285 R SR H S (2013) $R13 19
181.2 + 1. 8Ma W LA 4E IR 45 R — B (I X 5 M 1Y
JNBCE Y40y ), RVZE 35 W 405 1 S iR R ~ 180Ma 2245
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(R HE) T B b KA R A S R I AR i (7
¥ 185. 4Ma) , BEWIH" PR AL UM T8 S MR B R AE M A
JUE RIS, X FEF SN B B B AT A T OUARST . AT X =
KAE A FAE R 28R H TS B E O P A7 45
RAE R A A TER X N A ORI A BRI R 28 Z RAER &
W1 2 WS TR BUAF 1, — A AE B 2 R B 40 W )
AR LA BIBERA 23T 45 R NI, R R R T R
W ATRE R RIEE . BARARGE A A0 0T MR I RN R K
FEI A 1T RESE AL B 20 h A FO TR U, (ELAE i) — 35 A T
DU RIRLAR 22 B BRI IR A1, AR A TR JBE 1A A1 52 ffk A1)
A B T B A T AL B 2 s ORI Y
JECPR R ph TR AR A PR 2 (2 IR AR 2010) o 24 < 20
HAEWRABIR AR TR A I, TS AR R F
Pl 3 A Bl 200 e P BRGEE5 5 BT ] IR AL A4 X
FlA (R B RAE R ) Wt AT 7 oE M 7 HHER b7
FRIEFI P25 (AN 2d HP IR R 2 ) 9 B (% 1]
H055,2010) o IZSE IR EIE ARG R =B T RAEN
EREAD (1107234 ) i B 2 B Ar-" Ar By BE T IR PP 4R I
(175.95 £0. 86Ma) Y EPUE ( 75 SC KR ) , A It 5 RLLHE
(2013)5 HEFHE" 1 SF LA (176.3 +5. 1Ma) 7EIRZE I
BN —2. ZrE L BT, A B A FE B 240 e A AR T
IREGBH BE 15 A1 B Mot L B — KA b
FIAE B 20 0 B S MR A — B, [l S o e s SR B
e 14 B SR AR S Tk — B B B BT AR R 25 R S X AR A
(2014) ARAH REMS SR PR IS A5 S AL b BEA O 4RI (174 =
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TAAIARRS (178 £ 0. TMa) FEA—E, 3 0 e 1y 710 K I
e 7B

4.2 R HIERE
TR XS A KA KA TE U T &R Nb-Y |\ Ta-
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30-HE-3Ta A4 18 FR5 4 I ffe ( &1 9) w32 2 A6 KL 9TAE B
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WL XA FA AL G ST AR & Z 6] %X 20 T
oy S Y R 3 55 oty -0 o D 5 K- 3 A 3 B A 1
KA PR S e A, PRt ot 55 R AR A2 2% (X 2R 4%,
2011) o WFFERMT, Bty AR AR HE LT AR Il DX A B o 4
DL KB = R AR LR fE BF A RO — A, TR I £
AR S FA T BEE AR DE S (FMEA 55,2001 ; 224
BRA,1999) o ARD T TR AR 10 oh A T B AR E 1Y
PN M IX SRy B A AT 5K (5 SO 45,2007 ) 5 ML 5 vty -
SR I O IR A L 5 P M A AR A 1) 30 A T
(R ,2009) o AR 2% X BAT KAILSIPE BT E B 5 7R
IRV 0] DU eV R 7 A2 1 3 2 58 oy -5 7 v 16 1)
B (B AR ) IF e W7 35 JR 7R TR 23] -4 30 3t X ) B
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Fig.9 Rb/30-Hf-3Ta diagram
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