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rocks during hydrothermal alteration at Zhushahong porphyry copper deposit, Dexing district, South China. Acta
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Abstract Dexing copper ore field, one of the most typical porphyry deposits in South China, is composed of Zhushahong,
Tongchang, Fujiawu ore deposits. Based on petrographic investigation of drill core samples, the mineralized granodiorite porphyries at
Zhushahong deposit are divided into three altered rock types, namely, the biotite-potassium feldspar alteration type, chlorite alteration
type, and quartz-sericite ( muscovite) alteration type. The alteration intensity of the three types rock changes from low through
intermediate to high in sequence. According to the immobility of Al,O,, the Isocon analysis shows that during the hydrothermal
alteration, the major elements (P,0s) as well as high field strength elements (e. g. Zr, Y, Nb, Ta and Hf) and transitional elements
are almost immobile, while Na, O and Sr are strongly depleted. Metallic elements of Cu, Pb and W dramatically move in, indicating
that the hydrothermal fluid responsible for alteration and the ore-forming fluid may belong to the same fluid system. The chondrite-
normalized REE distribution patterns of all samples show typical flat to listric-shaped patterns and reflect crystallization of amphibole.
In terms of net element gain and loss, chlorite alteration rocks have undergone net REE loss, while the muscovite-quartz alteration
porphyries shows great difference, the behavior of LREE/HREE is contingent on the samples. The Y/Ho ratios are similar to those of
CI chondrite, which indicates that Y and Ho show a similar geochemical behaviour during hydrothermal alteration. The granodiorite
porphyry rocks have high Sr/Y and La/Sm ratios and medium Sm/Yb ratios, indicating a magma source with the residual phases of
amphibole and/or garnet.

Key words Hydrothermal alteration; Isocon analysis; Element behavior; Porphyry copper deposit; Zhushahong, Dexing
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Fig. 1 Regional geological map of the Dexing porphyry copper deposit, Jiangxi Province, South China ( modified after Li and

Sasaki, 2007)

1-Cretaceous Shixi Formation sandy conglomerate ; 2-Lower Jurassic Ehuling Formation breccia; 3-Jurassic Linshan Formation quartz sandstone, shale;

4-Cambrian Hetang Formation silicon slate, shale; 5-Nanhua system Zhitang Formation blastotuff, slate; 6-Neo-proterozoic Dengshan Group tuffaceous

slate, sandy slate; 7-Lower Neo-proterzoic Shuangqiaoshan Subgroup phyllite, shale; 8-Upper Neo-proterozoic Shuangqiaoshan Subgroup phyllite,

arenopelitic shale; 9-Middle Jurassic biotite granite; 10-Middle Jurassic granodiorite; 11-Early Jurassic subvolcanic rock; 12-Paleo-proterozoic

pyroxenite diorite; 13-Neo-proterozoic metaspilite keratophyre; 14-Neo-proterozoic ultramafic rock; 15-Neo-proterozoic blastamphloite pyroxenite;

16-shear zone; 17-fault; 18-composite syncline; 19-gold ore bodies; 20-ore deposit
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Fig.2 Geological map of porphyry copper deposits in Dexing district ( modified after Wang et al. , 2012)
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Fig.3  Photos of hand specimen of porphyries at the Zhushahong deposit

(a)-yellow altered granodiorite porphyry; (b)-quartz diorite porphyrite; (c¢)-dark green granodiorite porphyry; (d)-fresh quartz diorite porphyrite
with biotitization and potash fledspathization; (e)-diorite; (f)-celadon altered granodiorite porphyry
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Table 1 Typical petrographic differences between the four types of alteration rock at the Zhushahong deposit
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Fig.4 Microphotographs of porphyries at the Zhushahong deposit

(a) -plagioclase with sericite alteration and aptite; (b)-plagioclase with twin polysynthetic; (c)-newly formed small-scales biotite; (d)-biotite and
aptite; (e)-magnetite; (f-h)-biotite with intensely chloritization; (i) -quartz with melting corrosion structure; () -biotite with intensely chloritization
and exhalation of pyrite and chalcopyrite; ( k, 1)-small sericite recrystallized into leaf shap muscovitization; ( m )-biotite with intensely
muscovitization, carbonatization, sericitization; (n)-needlelike rutile; (o) -pyrite vein and chalcopyrite
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Fig. 6  Harker diagram for discriminated immobile
elements
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Isocon | Hp ARG B LR LM 505 BB UL R Rl y =
ke BYEZ . TR R R M P ANTE S A AR OT R
AL R RE S E [ — R PR A 28 L i, HHOTER I

{E R 45AE (Maclean and Kranidiotis, 1987) , XfF-4—#p
F SiEIE (AL R TN BEA ) R UL, Zr A2 P BT 1 2 A1 2
E ) (Maclean and Kranidiotis, 1987; Urqueta et al. , 2009 ),
e 5 B A AT e o S O b o AR SR % Ze
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Table 3  Isocon analysis of alteration rocks at the Zhushahong deposit

. SR A FiYE-28 () =B
TRAD Coor 1 1 7 ) 2 S 2 ’ 2/
C; AC;  C;'/ Cy  scale Crot C; C; AC;  C;?/ C.p  scale Cret C;

Si0, 61.51 61.62 0.11 1. 00 1. 46 90. 00 90. 16 61. 86 0.35 1.01 1. 46 90. 00 90. 51
Al 04 15.33 15.02  -0.31 0.98 5.74 88.00 86.22  15.81 0.48 1.03 5.74 88. 00 90. 76
CaO 3.76 2.68 -1.08 0.71 22.87 86.00  61.30 3.79 0.03 1.01 22.87  86.00 86. 69
LOI2 3. 68 5.72 2.04 1.55 22.83 84.00 130.57  6.50 2.82 1.77 22.83  84.00 148.31
Na, O 3.40 1.63 -1.78 0.48 24.12  82.00  39.19 0. 65 -2.75 0.19 24.12  82.00 15.74
K,0 3.21 2.27 -0.95 0.71 24.92 80. 00 56. 45 3.83 0.62 1.19 24.92 80. 00 95. 45
FeO 2.71 4.24 1.53 1.56 28.78 78.00  122.04 2.67 -0.04 0.98 28.78 78. 00 76.78
MgO 2.65 2.91 0.26 1. 10 28. 68 76. 00 83. 46 2.55 -0.11 0.96 28. 68 76. 00 72.99
Fe, 05 1. 08 1.31 0.23 1.21 68.52 74.00 89. 42 0.95 -0.14 0. 88 68.52 74.00 64.75
TiO, 0.51 0.45 -0.06 0. 89 141.73  72.00 63.99 0. 48 -0.03 0.94 141.73  72.00 67. 89
P, 04 0.27 0.27 -0.01 0.98 259.26  70.00 68.70 0.23 -0.04 0. 86 259.26  70.00 60. 28
MnO 0.02 0.03 0.02 2.00 470. 59 8. 00 16. 00 0.05 0.03 3.04 470. 59 8. 00 24.35
Ba 1060 1214 154 1.15 0.06 68.00  77.88 887  -173.00 0.84 0. 06 68. 00 56.90
Sr 788 922 134 1.17 0.08 66.00  77.22 241.50 -546.50 0.31 0. 08 66. 00 20.23
Zr 159 151.5 -7.50 0.95 0. 40 64. 00 60.98 153.25 -5.75 0.96 0. 40 64. 00 61. 69
Rb 102 86.5 -15.50 0.85 0. 61 62. 00 52.58 140.75 38.75 1.38 0. 61 62. 00 85.55
\ 98 95 -3.00 0.97 0.61 60.00 58.16 100.25  2.25 1.02 0.61 60. 00 61.38
Cr 50 65 15.00 1.30 1.16 58.00  75.40 70. 20. 00 1.40 1.16 58.00 81.20
Ni 30 25 -5.00 0.83 1.87 56.00 46.67 23.33  -6.67 0.78 1.87 56. 00 43.56
Cu 30 325 295.00 10.83 0.13 4.00 43.33 1350  1320.00 45.00 0.07 2.00 90. 00
Ga 19 17 -2.00 0. 89 2.84 54.00 48.32 17.75 -1.25 0.93 2.84 54.00 50. 45
Th 17.8 17.75 -0.05 1. 00 2.92 52.00 51. 85 18. 65 0.85 1.05 2.92 52.00 54. 48
Y 15.4 10. 95 -4.45 0.71 3.25 50. 00 35.55 13 -2.40 0. 84 3.25 50. 00 42.21
Nb 11.6 11. 15 -0.45 0.96 4.14 48. 00 46. 14 10. 40 -1.20 0.90 4.14 48. 00 43.03
As 11 11.5 0.50 1.05 4.18 46. 00 48. 09 18.50 7.50 1.68 4.18 46. 00 77.36
Se 10 10 0.00 1. 00 4.40 44. 00 44.00 11 1.00 1.10 4.40 44. 00 48. 40
Co 9 11 2.00 1.22 4.67 42.00 51.33 7.25 -1.75 0. 81 4.67 42.00 33.83
Cs 7.4 20. 15 12.75 2.72 0. 81 6. 00 16. 34 29.78 22.38 4.02 0. 81 6. 00 24. 14
Pb 6 11.5 5.50 1.92 6. 67 40. 00 76. 67 10 4.00 1. 67 6. 67 40. 00 66. 67
Hf 3.7 3.2 -0.50 0. 86 10. 27 38.00 32.86 3.28 -0.43 0. 89 10.27 38.00 33. 64
U 2.64 5.34 2.70 2.02 3.79 10. 00 20. 23 2.62 -0.02 0.99 13. 64 36. 00 35. 66
Be 2 1.5 -0.50 0.75 18.00 36.00  27.00 2 0.00 1.00 17.00  34.00 34.00
Sn 2 2.5 0.50 1.25 17.00  34.00 42.50 1.33 -0.67 0.67 16.00  32.00 21.33
Ge 1.4 1.8 0. 40 1.29 22.86  32.00 41.14 2.1 0.70 1.50 21.43  30.00 45.00
Ta 0.87 0.73 -0.15 0.83 34.48  30.00 25.00 0.87 0.00 1. 00 32.18  28.00 27.92
W 0.7 10. 75 10. 05 15.36 2.86 2.00 30.71 5.23 4.53 7.46 5.71 4.00 29. 86
Tl 0.58 0.47 -0.12 0. 80 48.28 28.00 22.45 0.95 0. 37 1.63 44. 83 26. 00 42.47
Ce 81.9 74. 05 -7.85 0.90 0.32 26. 00 23.51 72.7 -9.20 0. 89 0.29 24.00 21.30
La 51.4 45.1 —-6.30 0. 88 0.49 25.00 21.94 42.9 -8.50 0.83 0.45 23.00 19. 20
Nd 26.9 24.5 -2.40 0.91 0. 89 24.00 21. 86 23.08 -3.83 0. 86 0. 82 22.00 18. 87
Pr 8.05 7.11 -0.95 0. 88 2.86 23.00 20. 30 6. 68 -1.38 0.83 2.61 21.00 17.41
Sm 4.49 3.99 -0.50 0. 89 4.90 22.00 19.55 3.79 -0.70 0. 84 4. 45 20. 00 16. 88
Gd 3.34 3.09 -0.25 0.93 6.29 21.00 19.43 3.15 -0.19 0.94 5.69 19. 00 17.92
Dy 2.65 2.11 -0.55 0.79 7.55 20. 00 15. 89 2.44 -0.21 0.92 6.79 18. 00 16. 57
Er 1. 44 1.12 -0.32 0.78 13. 19 19. 00 14.78 1.26 -0.18 0. 88 11. 81 17.00 14. 88
Yb 1.41 1.1 -0.31 0.78 12.77 18.00 14. 04 1.25 -0.16 0. 89 11.35 16. 00 14.21
Eu 1.05 1.11 0. 06 1. 06 16. 19 17.00 17.97 1.04 -0.01 0.99 14.29 15.00 14.91
Ho 0.52 0. 40 -0.13  0.76 30.77  16.00  12.15 0. 46 -0.06 0.88 26.92  14.00 12.32
Th 0.48 0.41 -0.08 0.84 31.25 15.00 12.66 0.45 -0.03 0.93 27.08 13. 00 12.12
Tm 0.22 0.16 -0.05 0.75 64.22  14.00  10.53 0.19 -0.03 0.86 55.05 12. 00 10. 38
Lu 0. 201 0.16 -0.04 0.82 64.68  13.00 10. 64 0.20 0. 00 0.98 54.73 11.00 10. 81

TE: Coog 1 C o MR- IASHIRT FE 5 R A (ZSH-31) JU 3 & i JFAR (B A L B A SR A 8 €31 R G A IR R R A AL BE i (ZSH-23, ZK4-
7-28 I ZK8-4-57) (ITC K 5 I IR - 14 (L R Ho 3T 303 A 1P 4948 €2 A €2 AR IR F A 628 (A1) & BB B 7 (ZK6-845, ZK6-5-27,
ZK8-3-52, ZK6-5-46 il ZK6-5-24) FYICE & ik J5U4f - KB 4 Lo )3 5 5 9P 208 . SUR AL 4L 00 & AR Grant (2005) |\ Mori
(2003) B9 5 LM E scale( HLBI) AT H A
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Fig. 7

Isocon diagram after Grant (1986, 2005) showing elemental gains and losses based on the immobility of Al,O,

C,. is the value of relatively fresh/weakly altered samples (ZSH-31) and C;' and C;> are the average of chloritization samples ( ZSH-23, ZK4-7-28

and ZK8-4-57) and quartz-sericite ( muscovite) alteration samples (ZK6-845, ZK6-5-27 , ZK8-3-52, ZK6-546 and ZK6-5-24). Note that elemental

and oxide concentrations are scaled to fit the diagram following methods similar to Grant (2005) and Mori et al. (2003)
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TABA 1 ;Ba Rb Fl Cs 55 K 194k BRE L, 32 ZEAE T 41
K #1225 B W ( Fourcade and Allegre, 1981; Noyes et al. ,
1983) . Sc F= ZAFAE T M IN 41 Fl B = &t ( Fourcade and
Allegre, 1981; Noyes et al. , 1983; Sawka, 1988; Sawka et

al. , 1990) ., Zr #1 Hf F 33245 4 #25%] ( Rubin et al. , 1993;
Jiang, 2000; Jiang et al. , 2005) ,Th Fi1 U F 4045 T4 4%
£ #5554 7 (Gromet and Silver, 1983)

FOO ARV AR B B it (AP Bt ( P-T pH R AL 755 )
WA TCR M6 37 R BRI, — Ay BEE T
PR FR rh B TR R A o A8 TR AR 32 B R ok B TR G B T U Y
el R R pH B K B SR IR A A i B A
Y- BB B — E M RAEK S 5, R KRS
FOKBTR AW, pH EHAR, K/ A (B R 5 AR B A L B
I6] Je SOTBA , 2 W 0Ttk 2 1k B B RE 7 S b AL (R IR
1983) . mAuRICR W AERRIEH R P-T 204 N s ik 3l
P AR R F 3 B2 (8 37 50 00 3R (9 36 Sl 3 4
(Jiang et al. , 2005) . 7K/ B THE R pH (B FEAR
FHAE, T LM REE 3 535 (197 3l 1% ( Palacios et al. |
1986 ; Shneider et al. , 1988) ., ML R %I, A ¥-28 = BEAL B
B AR iR B B 5 ER LR A R TR TR 1TE
T, X 5K 7 Bon A 9E-40 () = BRI AL IE A% Y
MR ITCR MR L, HY Tsocon LAY (i #% B HRAH— 2o

Toi G A iR R A 3e-28 (1) =R,
Y5t HI Th U,V Co Nb Ta 3= ZHTE F 58 L fb 2 P i
FasE ARy, 38 B AR LR AN TG S P a5 s st th



IEFE: Bt

FX TR S mARAR, 250 TP BN BT iR 22 5T 43 5 | iR
S WA AR B BT AR e AR IS A 57— A 0 B e 30 ) o
FIP TR i FLX ST R R IR AR, T RE R TE
Bl Y B i 25 9 K Hh SR Bl AR VR S D A b AE W fE
FEESTRN . MAEICE St EE LN Ca BB B
FRH AT IR B AT RS A 2 R R S i 5
I Rb (Cs 5 K AL, BEE S 8009 (48 = BF) 1)
RWHE T 28 s 5o Cr JGE M TR LEHTRAL J7 538 1
YA (SO A) P, XS EG Y ETEE T A A
L E A Y- B R A ) Cr JTCE BB A7 T Tsocon ZEHY

B BT ICER Cu Pb W5 J 2 AH Lo U 5 35 1l s 4, R W
PRI AR AT X L TR, G HE DU 5 | e [ e A A
WS B AT R W — WA R, M H A Y-8 (A) o B
AL B TR BE 2 Py At fe K, BB R A 200 PRI 4 7 4k 5
TEL- 1 = RO Y

IeAh, ERITEME RN A S5 W47 5B

BN, W] R T EORTE SR TR R IR S s R T i
%2 (Campbell et al. , 1984) , TBHEAWT REITCE KB NT
HA AT BB AT S B R 2 5 R (W 5 B AL, Van Dongen er
al. (2010) W58 KA A A Si0, R34 (2928 10% ) %
/NTFT REE B8R (30% ) , A H B B RGN 5 | iR i it e R
F T HE A K AEA K BEE e Si0, &+ JCH 8281k,
PRGN 2540 A e R A F 5 R T R s 15 461 ] i
BN

4.3 ARMTIERASEPHLITRITAHRE

I BT RERR $h A 78 i< IN K B X REE 292} 184. 1 x
107° % M 1 [k (i % K, LREE/HREE #7°) 16.94, ( La/
Yb)  #24 26. 15, Eu/Eu” 242 0. 83, Z&Je A b1k < N B
A Y REE %7 149.9 x10°° ~178.9 x 10 ™%, SE-H4 {8 K 164. 4 x
10°° % &M + (%K, LREE/HREE = 17. 26 ~ 19. 15, 5E-1
i} 18.21, (La/Yb) y =27.77 ~31. 02, 31l K7 29. 39, Eu/
Eu” =0.87 ~ 1.08 ,"F-X{H K 0. 97, f19E-48 (1) = ALk
B IR BE 25 Y REE 25 4k 3 85 A (81. 02 x 10 °° ~ 309. 6 x

07°) ,SFIME N 187.2 x 10 ~°, AR F A -+ b R4 1 715 1Bl thu 45

7, LREE/HREE = 14. 13 ~30. 99, F-35J{& 4 17. 31, (La/Yb)
=18.56 ~69. 09, 35K H 28. 99, Ew/Eu” =0.81 ~1.08,F
¥IEA 0. 90,

NI WAL AL E R I PN 2 E Al (e sV =% ]
WA S Of L 8B Y REE 3538 5 5 s @5 M L A xt
B, BN S8, B/ ER B8 O E 1 Eu
S . REFLRIMAES Y REE BRI, (2% 280 AR A
5 IR REE BRORE B A AR Ak o3 A B i 428 ke S 101,
B AR B AR HE 0A 0 A RRAE, Ih R A2 A T
%, AN R AR BRI A R IR R — B (1819) o
4.3.1 HRBEALEHEAZEFNNR

VAT L ICRTE S HAE S A AR W R g —

C KAV LLBE B AR A B AR B AR R BUE WAL S T A AR 3881
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HIBEMATESIITR . P, REESF (2008) 7EWFFETLVE K -F
R B 1P AR I R B, DARE i 1R LT R BRI
BREAG RN ZR T, TCIR S T AR 5 A o B it e 2 T A8 45558 O
ai, EATERR B T — B Be 20 B2, BN B LA X T
Ff L WA U A R AL, 2k 75 BE A S 0F R 35 Y Eu
TS o X — B o A R WM LT RIR AT EZ
TS AE P2 /)N, PR 0 3 B0 I 22 300 2 e e He A i
P SEBRAE, BEAE S WA S 45 A A R Lo R, — i
INHEFITTR M 1T R — 4, W RA BRI IEIR M,
EATZ IR AR AR 4255 (Jiang et al. , 2005) . ZEVT.VE K
SFHTTBE R i S10, X i 70 3 A ¢ B P (R 2 5,
2008) ,Si0, 5 Zr Hf \Nb Ta 2 [AIFFFEL M AH G 1, 150 B dx 46
O TC R 1Y i A)) 32 S 52 A SR A R B R 45 A 43 S A
il o

WA RIS LB, FE R i 28/ E i A v, 6 1T R
R ICR R A FRTE S e, G140, A BT s POl
AR P R P, B e R R B W] 2 A 5 4R AE (Rubin e
al. , 1993; Salvi and Williams-Jones, 1996; Lewis et al. ,
1997) o AWFFEE I, BEA MG IR, 5 A8 B = A AL
i A% 245 47 5 it REE ( Lang and Titley, 1998;
Mpodozis, 2001 ; Blevin, 2002 ; Bissig et al. , 2003 ; Lickfold et
al. , 2007 ; Shafiei et al. , 2009) , [F]EFIRF 57 2 W FRR ik
AR T AR i AR 5 1 REE 38558 7 (% FLBE AN X A5,
2001) ,

Bt e A AR X S A S A 1 LB o, 7 R OT R AT R
PR B R s s, FE RIS Y IE RE LT (Patocka,
1987) o K/ HEARMIAR R b, pHLUE CL R0 S A
WS IR BT L B BRI R e 1 A 7T 36
REE — & W15 31 5 oA PGB 8 1k B i A2 AR F A 4R == 1
o R Ak AL e A SR LR E (T R REE 285

Kay and
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FI(CO, " (F™ (CL™ (PO, ™) F= 5 Ik R pH AR B8 AIK O 5
fiE, Bl LAEfE REE B0 B 3 59 75 30 2% ( Shneider et al.
1988 ; Palacios et al. , 1986) , #R1Mi REE &&= ZfLBR T % &
H-HORAE TR AL B 52 B0 I S0, R S 74 0
kb, & & REE BRI P00 4119 REE BLo B gk,
EIRBI I A A b AR, E2 BT 20 B R EUE R
K, IRXTEA 1 REE B /3 JE SR AR K M= S 1E . andh
AR R ARARL, 5 3 B HREE 5 458 5 48 47 FIBE B A K 51 ke
MREE 545, it Ji& 7 #1475 47 W & i LREE 5 43 ( Rollison,
1993) ,

R SCAMT A5 SRR W] ™ X AR AL i) N B 1 T0 &R
FERRE TS i R i SIS AR RS, H LR L RE ) B A Tl AR 5
JERGRR N R 52, 52 U B0 LT R AL PO LT R
LR AR S A T ) A B IR ) B A A A A
il , LREE HREE &4/ 75 45018 (00 PR it 1 53¢ , AN 4712 W 8 R
ik TR M. TR T A REE &8k 1%
PRI AR AR P R S X REE & ik AR 2 AR B0
HYER A SO & REE 94858 = Zr + Y + (P,05 + TiO,)
x10 (Van Dongen, 2010) 5 X REE [a] 1) % %, BFo R4
WRLLH RIMAE 5% REE 00 Y4880 = Zr + Y + (P,05 +
Ti0,) x 10 ZE{L A K (154. 04 ~224. 86) , /& 2 A5 #  REE
SR YHEBOC R AU (18 10) , P 25 H € (il s
BB Y0053 f@ X REE (5 &R WK/, BT U o, 4
SCHED 35 A0 95-28 () = BB il 28 %5 7 LREE  HREE &
8/ 5 WU DUAAFAE W] S AL P Y D A1 ] R 2 — U T
AY-28 () = AL R TN SEE I 22 RO AR 76 T &
W), B AN — 1 53— Jr T, R[] i ik A8 B ) %5 REE
HIRNPEARTR, INZH b1 5 T 5 % LREE, A 2 B 5 W 4 =
#r REE, ZJe 47 W 25 5 12 28 65 S AC 0 R3O W 88 T 1 Of 114
HREE, HAEZE 9/ 4 LREE (MEERAFIAZAK, 1991) 0 S,
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Fig. 10 Total REE concentration vs. REE mineral index
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TRIRERAL B 5 X N AR ) Hh () REE, (HAJ BB |2 Eu
P, X5 Eu 5 4500 3 I 2 ol 2 58 2 ) 348 5 T 38 347 0/ 1N
HH—EL,
4.3.2 Y/Ho Litiss /e

e A f LI R B2 B 5 A S R
PRI ST Sr R CANER S I il A B 45 ) by, gy SR AR A
A 10K (Y-Ho) AN43if , B SL LR H b Y/ Ho HUE
AR AR /0, B 5 3% 0 S o AR R R RS 43 1B 1 ( Bau,
1996) , T BRRI AT Y/ Ho ., AHI , IR PR ER LB
PR SIS FB L ] Fe-Mn 52 | FA0 B % 1 kS5 19 Y/ Ho 284k
YEFE, BB A 5 POR Y Z [ A A2 AH B (Jiang et al. |
2006; Zhao and Jiang, 2007) . & 11 BIR#" X 4 1l A5 16 i 4]
KEEET Y/ Ho WAEHBLTE EIA K (25 ~30.4) , GEROR FLA
B Y/Ho [ (27.7 £1.9, Bau, 1996) #13F, B 5 &AL
Pl ARSE B TCAH G M, R Y (Ho 78 BRI Il AR 2o A5 o R % A B
BT

4.4 EHBES/Y.La/Sm Sm/Yb LLEFHER ERH EX
4.4.1 4532 S/Y La/Sm. Sm/Yb 4% 4E

W H I RBEA A0 S8 A AR i LA 4 SR,
St/Y Fil La/Yb FUAH . Sr/Y LG {RGE H FF 0 37 A A 1 P Ak
F R A A KR T A S LB B AR A 2 ) s 4 AT A A
(Haschke et al. , 2010) . /5 St/Y FU(E( >40) KGRI X 2EAE
E AR AT 0 N A A AR A (R BRI I LA & AT
A, A R KT kAT ER . 52, S Y
FOAE ( <20) F WA Rh ARk 13 Bl R A7 A8 1 1 s MR 25 A
T DX 8 43 s il ( LA A7 43 B 46 &, E AR 1 A1 M A Ak
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(Haschke et al. , 2010) . JRHN LT BT 75 80 0 B0 5 R iR 51 1L 76
BN BE Y S TR (788 x 10 °°) G A 1k A8 b TN B
Sr LR AR R (345 x 1070 ~ 1479 x 10 %), £7 8548
(F) = BHEAE R IN K B e Sr e R AR /N (93 x 107° ~ 395
x107%) o B PR AR FEE A AR, Sr e R i SYY L
{ELEAS b 22 B B A T R A A, JHL v b A A AR X 55
B R AR AL i e A1 A B TN I B B Sr/Y LU R o >
20 HARALTE IR (29 ~ 140) , i HA ) & 83 55 1 72 4K 1=
INKBES 1 St/Y HO AR P 2448 5353 58.6 (Li and Sasaki,
2007 ) i1 62. 7, F WA D4 H A5 AR m] BB 5 A1 18 41 A TN
T RH RS AR TR DR A R R 285 23

i +JCEK (La/Sm Sm/Yb ) A AT FT T 340 515 X 19 5% B8
FHIE LIV A TN A IR 2 0 B 710 4 F (Kay and Mpodozis,
2001 ; Ahmadian et al. , 2009 ; Shafiei et al. , 2009 ; Haschke et
al. , 2010) . & Sm/Yb LUAE( >6) WE7s—Fh & K AR A AR
EHERER A, K S Sm A L, Yb FEA R T4 Y 43
FHEAEZ (Van Westrenen et al. , 2001) ;Sm/Yb H{H (3 ~
6) W5 78 5 7K A TN A AR SR B A 107 Sm/ Yb LB (< 3) T 7R —
P AN E IR R 1R & La/Sm H(H ( > 8) /R &4
TERIIR X, JF LS A N AT, IR La/Sm HE AR A2 & A2 R B2 AH
Xof FEAR e A il 81X HL T B4 20 45k £y [N 47 ( Kay and Abbruzzi,
1996) . AREVLLBES M &A1 ALTE 5 N KBS (1) La/Sm L
H(8.813 ~15.655) ) >8 H Sm/Yb H/{f(2.551 ~6.153) &
BT 3 ~6 DXJE] (& 12) , i) 583 A2 4K i TN G BE
A1 La/Sm G E 4354 5. 135 ~ 11.309 #1 8.34 ~ 11. 7;Sm/
Yb HA A 2. 42 ~3.6 1 2.89 ~3.33(Li and Sasaki, 2007),
T X T PEE A = La/Sm 4 Sm/Yb [HfE, It
O, UE A SN A ES fi o S S B 170 3R BRORL R A B
WAL Ze BEA 22, R R il 0l TR AR, 5 4 1

TR ZE A ¥ BER) REE JE 70 58 5 77 75 & W1 A9 X531
(Romick et al. , 1992; Castillo et al. , 1999; Rooney et al. ,
2011) o " XE B BEA M - T0 3R BRORL R A bR HE AL TC 23 I (1
9) TEARMGAR , ST W Af DN A1 (45 & 43 B AR I £ DR A A 26 0K
S5 YT I 45 8 03 B R B R Ak 1Y a6 5 (Lang and
Titley, 1998) o LA b3 b 247 i 7~ 45 R 2 DX 4% B AH 32228 £
N

B SCE R e, FERRIR AR 3 A v, Se ST R AW Y 1Y
FEARNIG S, REE B3 22 g o, {H BRAE Al ZSH-5 | ZK6-
5-27 M1 ZK6-8-28 4, KL%kt v LREE HREE 947 —3%
(PR s SR a5 450) HL IR XT3 52/ 9 52 i 86 R 4B, P It 4
WA ERT B 25 i S/Y HUE ARG, {2 La/Sm Sm/Yb Lt
EARACENE N o AEA TG 1328 T IX 26 280 A Ay Bk Ak 2 1 31)
PRI, RS SR P AR ol 72 - 358 o A8 5 A it AR 80, A A
FRTERBRTT .

BN AP LLBE A A A 55 1 A8 AR g I K BRE e AT 3
Srt/Y FUfH \La/Sm LUH AL 45 Sm/Yb LUAH , 7 5 9% 06 il
PR RER AR B AR A TN AT = A0 B8 A B T DX 43 A il
g5,

4.4.2 R ZHS/Y.La/Yb WAL aG IR R a9 s & L

REBBEE T WA T IOl BICaE R gt IUa K
HE il St/Y \La/Yb (G M WA (AR 70 AN A R
KA7) FEARE BLHE S Wiz PR O™ B ¥ 1 RN (ELIX SE 1)
AR AE RN RE S Wbk 3 AR al b T R b iy Ak 25 4 il
JE R AR K D) AL, B RO R SR
JSCE A, T ) 2 S I X B ) 2, AR S5 IS, I 3K
Z T ARETE U K -P i 2R 58 22 R O (1) IICE 3
K 3 A A R B S TN A A B A e (A i
2 Y R B H,0 YR ( =4% , Naney, 1983; Ridolfi et
al. , 2010) , F A FAR AL T HLSERS BE LA 10w K-35k 4y
A (Burnham, 1997 ) , 3% B 355 Wi & -G & 5 19T 5
3 (2) 9 3 4R 0% B AR X 8¢ (Blevin and Chappell,
1992) , 3% S0 B e RE B I DRI R TE 5 R Y S LLSRUAL
T, T B o TEAR AL B B 1) T AN R, X A5 5%
FRGOTR TR L E I (RIUNSE ARERR R S 4 , 1 B8 7
THERANH) (Hamlyn et al. , 1985) , UGN &8 ITTER —
HARBEAE AR D, BB E A0 W RO A . B
Z, B S/ Y(La/Yb) WM IUE S &K R R (fo,) =
FE S, AR T EH - ARG WIE L, 24 F T4 EC R
14 4R, 20 C 28 R VA PRI 4 T O 1™ (Richards, 2011)
K, 764 J5 MBS B0 1 WFFE X e s ek fb 2= 2 800 7
WA A S A A S T

4.5 PikMETIE AN AR MBI FE A E R0

TEAE b s e A LR B i Ay s 15 S e v, AT A
TR FHARFIE TG 2R PR g 45 P A ) B e 40 S0 AT G T A 3
TR AR, SR A SR B A TR A A T A R R B 1
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WA, SECESE TR A R AT R, I, e R S A
B A2 P g 15 P 2 T, X5 R A B U I 1 A
R e BRI A AT AT 20, UG S i P A, AT &
PR e T b B . AW R B R LLBE AR R A
I PP AE R R g R A E R B AL, Hrh R T
R ALO; P05 EATE A7, RIEALE, M CaO Na, 0,
K, O JUJ 2 3L H AN [ Fry b 3R A 2 S 7 B , 40 Na, O S 3R BLR
KRBT, T K, O WIZRBU N D HHE AT Si0, & & B ARIEA
ToAAL  ER th THE Ry FIbe ki ik 10.25% b Jw A
I 2 A AT RE S 2L Si0, X BEFER. B, KL BTk
B EATR P A2 1 A AT RE 5 B0 3R 2R 50 2 20 ) ) S g

i RIT R (HFSE, 41 Nb . Zr (HF) DA K o8 9 #6703 (4n
Co Ni \V) RIUBRE , LA —ERIRERE L. RETEATT
2 (LILE) & Sr.Ba Rb &R I IE 3, JUHZ Sr R T
B AR, —Jr W] Rb-Sr RETEIFIE , & i Rb/Sr [y
EMARAL, 38U T T Rb-Sr S W ARIY, 75— i S/ 1
{ERIRIK v B T R, AT SRR T X
W BEA FA RIS 50 A R TETT, ELE R 2R R R W A1 i R L
] BB ORI 5, Tk AR A P A S/ HE (B R R R R AT
SRANTIL 1A A Rk SR 5] (E AR I 67 R B0 AT A
R A R ol PR AR R0 B B BRI T R IE R A
WFBt, REE 80K F BARFR I — & Wi LE R, HoAR-59
Mz b REE 35 81 5 0 i 2 5 A Fe /R 22, (H A2 4% T IR
H ) REE HBfl F g S8 15 A v ) - R 19 2 1y B
REBR AT 173 TiC R 3 (AR % 4 L2 IRRRAIE B S 25 ) 214
— 8o B, BF 58 B -5 AR R RS T SR Tl AR A Y
LREE \HREE JGEX] HUAH (La/Sm Sm/Yb) AL EL/IN, /T I F
B2 WA IR R

25 BRI TES JE A BRIV A AR BT S, AT A A
FHAZ A it (19 M ER AL 27 200, 0T T 058 T AL O A i, I
SR AR 2 B U R iE I AL O; \P,05 HFSE (Zr.Y,
Nb Ta Hf) REE Kid JE1ET0 5 Rt — P HI1E

5 &g

(1) TR LI A AT IR &5 4 B 220 1R N K 5
L HAE S B AR A BE S PR R B R A
FEOH S R AN G ) (A DN A R 2 B2 ) DR AT R BE 468, il Ag
AE R DN B30 73 PR IR SR AL T AR o S e A1 AL AR 5
A3-H(H) RS

(2) R AR S R, P, O5 RBLBWEGAE , 1l Na, O ,Sr
JLRWZHBN KL 5 #3580 HE Th U,V Co Nb Ta
SR 5515 Sk SO G S5 U0 Cu Pb W R BLA
KREEA, G B8R £ 25 49640 (H) =i 5.
TEARW AL TS FE AR i 1 T3 BN AN R] 1 M BR A 27 1 7 L
o AR IE b N B BROBLIS A1 A BC 0 B, 204 3R B
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O e AR B A U A AR S  Bu TR R ZEBE
A2z, RS S 5d, JE ™R, B th 2 J U DX AR T A 1
TR AR AR AE B TN K BESS 19 Y/ Ho LU -5 BORE it
A Y/ Ho HUAHH A —EB, BEH Y Ho e il A2 5 72 vh R
RAEWRIYE . AR INKBEE R AR SYY LHfE.
La/Sm LU LA B 45 Sm/Yb FUAR, W 7 95 X 5% B AR 32 %
N = AT A

Bt  EEPSMGBUR AR R AR PG A P
I8 RV AR 2 B TEYAR R A S B TR T R 5 )
W ORAR AT IR RN R/ 25 B B R0 R ) S8 5
i AN TS SR PRI TR R
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