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Abstract In southeastern Hubei, the Tongshankou granodiorite porphyry pluton is closely associated with porphyry copper-
molybdenum deposit, but the Yinzu granodiorite pluton is not related to metal mineralization. The Tongshankou and Yinzu intrusive
rocks are geochemically similar to adakites, e. g, high Al,O; and Sr contents and La/Yb and Sr/Y ratios, rich Na, O ( Na, 0/K, 0
>1.0), depletion of Y and Yb, very weak negative Eu-positive Eu anomalies and positive Sr anomalies. However, they have some
differences in geochemistry: the Tongshankou intrusive rocks are acider, and have higher K,0, MgO, Cr, Ni and Sr contents, lower Y
and Yb contents, and more obvious differentiation degree between light and heavy rare earth elements than the Yinzu intrusive rocks.
Moreover, the Tongshankou intrusive rocks mainly show positive Eu anomalies, but the Yinzu intrusive rocks have very weak negative
Euno clear Eu anomalies. It is indicated that the magmas of the Tongshankou intrusive rocks were possibly derived from deeper source
than that of the Yinzu intrusive rocks: the former likely originated from partial melting of delaminated lower crust, with main residual
mineral garnet; but the latter likely resulted from partial melting of thickened lower crust, with residual garnet + plagioclase +
hornblende. Alternatively, the Tongshankou adakitic magmas are also possibly originated from partial melting of the amphibole-bearing
eclogitic lower crust owing to intruding diapirically of hot upwelling mantle into the lower crust. When the Tongshankou adakitic
magmas went through the mantle, the interactions between the adakitic magmas and peridotites possibly took place: on one side, the
MgO, Cr and Ni contents of the adakitic magmas were likely elevated due to the contamination of mantle peridotites; on the other side,
the Fe,0, from the adakitic magmas was likely added into the mantle and the oxygen fugacities ( Jo, ) of the mantle were obviously
elevated, which made metallic sulfide in the mantle oxidized and the chalcophile elements ( e. g. , Cu and Mo ) enter into the adakitic
magmas. The adakitic magmas enriched in Cu and Mo ascended and easily led to the formation of porphyry Cu-Mo deposit. But the
Yinzu adakitic magmas derived by partial melting of thickened lower crust possibly had little metallogenetic materials as they had not
interacted with mantle peridotite, and did impossibly favor metal mineralization.

Key words Adakite, Lower crust delamination, Hot mantle diapiring, Lower crust melting, Porphyry copper deposit, Southeastern
Hubei, Eastern China
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Fig.2 TAS classification of the granitoid rocks
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Table 1  the analytical results of major ( % ) and trace ( pg/g ) elements from the Tongshankou intrusive rocks

Ffih 01TSK-1-1 01TSK-1-2 01TSK-2-1 01TSK-2-2 01TSK-3 01TSK-3-1 01TSK4 01TSK-5
Si0, 65.74 65.51 65.54 65.80 65.83 65.58 65.00 65.82
TiO, 0.56 0.58 0.59 0.57 0.55 0.57 0.57 0.53
Al, O, 15.03 15.07 14.79 15.10 14.97 15.04 15.23 15.04
Fe, 05 1.45 1.49 1.65 1.48 1.41 1.55 1.91 1.85
FeO 2.58 2.58 2.38 2.52 2.67 2.52 2.18 2.05
MnO 0.06 0.06 0.05 0.04 0.06 0.06 0.05 0.05
MgO 2.01 2.04 2.09 2.08 2.21 2.16 1.90 1.88
Ca0 3.55 3.51 3.41 3.25 3.16 3.22 3.55 3.42
Na, O 3.96 3.98 3.80 3.85 3.81 3.93 3.98 4.07
K,0 3.34 3.47 3.48 3.38 3.45 3.59 3.13 3.13
P,05 0.21 0.21 0.24 0.21 0.23 0.21 0.25 0.21
H,0 0.96 0.99 1.24 1.08 1.12 1.08 1.35 1.20
CO, 0.26 0.20 0.40 0.30 0.20 0.12 0.60 0.45
3 99.71 99.69 99. 66 99. 66 99.67 99.63 99.70 99.70
Na, 0/K,0 1.19 1.15 1.09 1.14 1.10 1.09 1.27 1.30
Mg* 48 48 49 49 50 50 46 47
Cr 25.6 22.3 29.4 27.0 27.9 27.8 26.1 25.0
Ni 13.2 14.0 13.8 14.2 14.2 14.5 14.3 13.5
Co 9.69 9.89 10.9 10.1 10.2 10.5 10.1 9.36
Sc 7.38 7.05 7.29 6.96 7.08 3.73 7.55 7.67
v 88.0 87.5 95.9 95.0 89.0 87.0 95.3 89.3
Pb 7.73 7.89 13.4 12.3 8.74 8.55 9.30 8.07
Rb 65 66.2 65.9 66.1 74.5 75.0 73.4 68.0
Cs 1.64 1.63 1.88 1.90 1.27 1.23 1.62 1.25
Ba 946 1036 917 912 987 1220 751 811
Sr 875 884 866 870 962 1048 869 870
Ga 19.86 19.8 19.8 19.9 20.0 19.5 20.6 20.3
Ta 0.66 0.65 0.62 0.63 0.59 0.59 0.65 0.65
Nb 10. 54 10.4 10.4 10.2 10.0 9.83 10.5 10.2
Hf 5.17 4.20 4.62 4.63 3.75 3.73 4.14 4.78
Zr 184 151 166 173 136 150 149 171
Y 12.9 12.7 12.9 12.8 12.3 10.6 12.8 12.3
Th 10.7 9.9 12.6 14.4 14.0 12.0 11.8 11.3
U 3.10 2.93 3.03 3.01 2.72 2.53 3.12 3.18
La 31.52 27.99 38.75 49.00 48.52 40.52 35.86 33.42
Ce 69.35 63.46 81.17 91.98 91.47 78.37 74.21 70.81
Pr 8.92 8.50 9.98 10.67 10.65 9.50 9.40 9.00
Nd 34.80 33.64 37.26 38.60 38.12 35.48 36.15 34.80
Sm 5.58 5.48 5.82 5.72 5.56 5.35 5.75 5.39
Eu 1.44 1.39 1.44 1.43 1.39 1.34 1.45 1.43
Gd 3.51 3.37 3.22 3.23 3.14 2.98 3.34 3.38
Th 0.50 0.48 0.51 0.48 0.46 0.46 0.50 0.48
Dy 2.58 2.53 2.55 2.52 2.40 2.33 2.60 2.53
Ho 0.45 0.44 0.46 0.44 0.43 0.42 0.45 0.45
Er 1.26 1.20 1.25 1.24 1.18 1.13 1.25 1.20
Tm 0.18 0.17 0.17 0.17 0.16 0.15 0.17 0.17
Yb 1.13 1.09 1.13 1.14 1.06 0.99 1.10 1.15
Lu 0.19 0.18 0.18 0.18 0.18 0.15 0.18 0.18
Euw/Eu” 0.99 0.99 1.02 1.02 1.02 1.03 1.01 1.02
Sr/Y 68 70 67 68 78 99 68 70
La/Yb 28 26 34 43 46 41 33 29

F R ICE WAL R BT S BB 5T T TR 5 T T s SR e R AE h E R BE T N bR AL B 5T 0 1CP-MS 4387, REZHOTE I
OIMIREFEAE T 2% 5 Mg® =100 x Mg?* /( Mg?* + Fe**( 428k ) ); Fu/Eu* = Euy/( Smy x Gdy )%, Euy .Smy . Gdy g BRb: B A1 br A (i
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Table 2  the analytical results of major ( % ) and trace ( pg/g ) elements from the Yinzu intrusive rocks
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FE 01YZ001 01YZ003 01YZ006 01YZ007 01YZ008 01YZ009
Si0, 64.20 64.28 63.28 63.68 64.53 64.10
TiO, 0.53 0.52 0.58 0.56 0.51 0.58
Al 04 16.48 16.63 16.04 16.03 16.16 16.01
Fe, 05 2.44 2.15 2.33 2.37 2.35 2.23
FeO 2.30 2.48 2.88 2.72 2.33 2.50
MnO 0.09 0.09 0.13 0.13 0.12 0.10
MgO 1.53 1.47 1.94 1.90 1.45 1.78
CaO 5.08 4.94 4.99 4.95 5.07 4.71
Na, O 3.64 3.65 3.73 3.68 3.51 3.65
K,0 2.34 2.32 2.56 2.51 2.60 2.65
P, 04 0.24 0.23 0.24 0.24 0.24 0.23
H,0 0.84 0.90 0.85 0.74 0.88 0.93
CO, 0.04 0.08 0.22 0.24 0.04 0.30
3 99.75 99.74 99.77 99.75 99.79 99.77
Na, 0/K,0 1.56 1.57 1.46 1.47 1.35 1.38
Mg* 38 37 41 41 37 41
Cr 6.60 6.61 15.6 13.9 6.44 18.2
Ni 4.09 3.89 8.04 7.84 3.70 8.73
Co 7.45 7.27 11.0 10.6 7.28 9.01
Sc 6.06 5.79 9.28 8.35 6.70 6.30
v 59.0 58.1 83.8 83.6 58.6 74.7
Pb 8.02 9.24 7.87 8.00 8.33 8.94
Rb 67.6 71.6 70.9 70.7 75.4 58.1
Cs 1.87 2.27 1.90 1.85 1.39 1.54
Ba 685 718 771 724 604 677
Sr 644 659 662 658 640 519
Ga 19.2 19.5 19.6 19.6 19.7 18.9
Ta 0.80 0.73 0.73 0.78 0.74 0.79
Nb 11.3 10.7 10.0 10.9 10.3 10.4
Hf 2.53 2.82 3.76 3.35 3.30 2.25
Zr 80.7 94.5 129 119 110 65.1
Y 15.2 14.5 13.6 14.6 15.9 13.3
Th 5.69 5.96 5.96 6.09 6.26 4.24
U 1.19 1.15 1.40 1.52 1.88 1.69
La 28.21 31.60 28.47 29.19 28.44 22.49
Ce 58.71 61.74 52.78 54.40 56.44 48.44
Pr 7.20 7.24 6.04 6.51 6.81 5.69
Nd 28.23 28.00 23.71 24.96 27.01 21.89
Sm 4.87 4.77 4.11 4.30 4.91 4.02
Eu 1.40 1.32 1.13 1.20 1.33 1.08
Gd 3.84 3.86 3.29 3.39 3.98 3.37
Th 0.54 0.54 0.46 0.52 0.56 0.48
Dy 2.94 2.87 2.63 2.81 3.11 2.68
Ho 0.55 0.53 0.49 0.53 0.57 0.51
Er 1.52 1.43 1.36 1.42 1.60 1.43
Tm 0.21 0.20 0.20 0.21 0.23 0.21
Yb 1.39 1.30 1.34 1.45 1.47 1.38
Lu 0.22 0.21 0.22 0.23 0.24 0.22
Euw/Eu” 0.99 0.94 0.94 0.96 0.92 0.90
Sr/Y 42 46 49 45 40 39
La/Yb 20 24 21 20 19 16

EHTTRIEW A5 M B SR BTST RAG S T 30T 5 BT R TE T E R BE ) N MR 2B T ) 1CP-MS 7347, RZ BT R M

OIMTREFEAE T 2% 5 Mg* =100 x Mg?* /( Mg?* + Fe**( 4%k ) ); Fu/Eu” = Euy/( Smy x Gdy )%, Euy .Smy . Gdy K ERKL R A7 bR fEAL (E.
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Fig.3 Harker diagrams of the Tongshankou and Yinzu intrusive rocks

FRANATER L0 Y F Se & i EAFE B 2250 410 0
BN LB AR A 5 & 1 LREE(C & 4a ) . Sr( & 3k )
(F1, 2)&EM S/Y(E5) La/Yb HLIEH( F 6a ), HB] AL
B Y A1 YD & B 31 M da), I HAT#E TC Eu 7% -1E Eu 5+
WL F BRI Bu SR -TC Bu SR B8R 1L AR A 1Y TR
X AR R LA T A8 3, ATREAR & RH A, B LR
AAB MR X FHRAEFEAN, TR RE A e A, 5
AL TR A S K/Rb HE KT 350, BEAHAZ A A 19 K/Rb
LA R — RS T 350 Z 40, HAR#E/NT 3000 B 6a ). Hi
FEHKAEMN K/Rb ESMANAMERFY, ESS,
IX 5% B4 A ) TN 1 T BE A% 20 ( Drummond & Defant, 1990 ).
A, BEAR AR A A TR X R BR A A DA A T RB L 2 A 1L DR
ANATRIX ARG R AINA . A LR 4H T LUE H o
RAGRXIEA WL AR T AR, BDAHBH A AN
A RBHEASRX P TERBA AMTAZ, T hE
WL RARK AMMANA . B TFRARMANA SR
By & R B Peacock et al. ,1994; Rapp, 1995 ), 7 KR X H
FREARHC A FIAIN A 1 £ /00 BT 42 R W T 24 S U5 X B IR

B - BR B AHC A R N A A R X R, 22, A SRR
DO . T L AR A LU 1 B AE 3 1 5 AR A TR X B B
WIRRRE , FRATTA AR 111 P13 5 AR A 8 SR R TR
PR T BALIZRA TR R A A A SR IE IR . Bbah, R4
LB B AR IR A T BT R AR | B8, (ER AT LS & 1 K, 0
e HL s S R R AE . X T A A I Y
RFLFUA A I R E AR AR PR T RE MR ( 1) IRA
B HI( SR 45 2001a .b; Rapp e al. , 2002; T38%E, 2003 );
(2)EJEC > 1.0 GPa ) M5 EH( Rapp et al., 2002; FuR%%,
2003 ). AAHITTEI R 387 2 00, 8 L H 35 38 7 B 42 A8 iR e 1Y
KRB BEAR AT e K T B IR A 7 AR A A TR A A R R B
HIE, B TIRX 252 40, il 0 B E R A A K, 0
i A RIS T BB S R A R TR ) e AT G TR
LR K, 0 & &5 ( Rapp et al., 2002; F 545,
2003 ).

H Ll BRI GA T BB A A B 53 — A B 22 il
MgO.Cr FTNi &t B2 5 (B 3), REMILAERAS L
AR A B & 1 Si0, & it (HUZ 1T 1Y MgO FIFHZ I
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of the Tongshankou and Yinzu intrusive rocks
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Fig. 5

Yinzu intrusive rocks

Sr/Y versus Y diagram of the Tongshankou and

F(Cr NOWEEHNW B & T/RECKE 3h-j), I, Nd-Sr
AL M BERH 5 SCR F)RW L AL TR AE & (1)
(=519~ -5.38)H TRHBALMN & (1) ( -7.22 ~
—8.67) BT ZE M Ty (1.19 ~1.21 Ga)Fl (¥ Sr/* S ),
(0.7060 ~ 0.7062 )ik T J5 & 1Y Ty, (1.42 ~1.53 Ga)Fl
(8r/%8r).(0.7065 ~ 0.7074 ), B /RATHE ATREL G & &4
B2 1 Hb 08 ) IO T A T RE AR A e ) TR A, 7
Si0, — MgO FEIf#( [ 6b ), B AH 38 1K 5 4= A Y B A3
T AT Hh ek Y N 58 5 A AR R SR
FERIE AR 1.0 ~4.0 GPa )B4 X, {H 24 111 M1 4535 52
FAR A T4 B3 a5 09 AR e e 4 MO B 383K 5 BF
DU M Fe ke AT L 2R 3K 58 002 X R i 2 524 Al 1174
BIK T JRUTT M ST ALY AL A 3R 8 v s A R
MgO &1, J& HH T rh 72 AR U T HhFe e sl ™ A= i e AR 7
ZERL HOE i AR R W R S Mg O S R A T RN, B
IR MgO FAI 7270 2 ( Cr.Ni ) & 8 3% 75 ( Smithies, 2000;
Defant & Kepezhinskas, 2001 ; Defant et al. , 2002; Xu et al. ,

2002 ). BIEIATHETZFRM, 1L R K 5 iR A E 7T g
A TR AT . PR 4 LD R AR T BE R R
DUHEA S 102 (T db e il e i, FL4¢ = 1 MgO L Cr N
Ml e (o) ELARARE Ty (7 S/%Se) A8, AR AT 57
TR M7 7= A5 0 R 32 Hb i MRS 25 VR e A O, BROAHIR A
TR A SR T HSHA R Rk s e AR A
SARMEA A O B e A HLAF — 30 MO & ([ 6b ), FF
HEABMRK Cr N S e (o) (B DL KR 1 Ty
(VSr/%Se ) A8, 1578 HE 0T B 4 LA T e s o . i T
I O 2R B A L R GRS AR A TR 1A e AR R
FREALIR IR TR AR A A TR A OIS AR B, ik — 2B A WE R
FIRE PRUL T HbATRE B B, 115 7 T BE i 35T Hh o i s
T B o

HBERY) B EEORL 3 W, AR B M IX PR Y b R R
30km 24 FES H BRI, 1994 ), SCUG A A1 2E R PRk R
B 53K T T A0 T8 T T 1 S A S s il R T 1. 2GPa
( BDAHY T H15E 40 km AL )( Rapp, 1995; Rapp & Watson,
1995 ), XM, WNBRARZ AR 1L O B IR IR R A TE
B IAE , SRR m b DX ) 7 DY T 10 kme BT
SRAEE b X IR AEFEAR P -1 SR B A, R K XA
PRZ 0 B ITE , Hhoe R PR IR R AL, B, AT R
R4S EE L X AR B 20 S EAE , L7 R B B4 s EAR TT fiE S T Ml
SERARTTA K. - 1Rdbih =S 2 i rliEAE A B 5 19
i PR eV FAR FT -5 38R S0l 3 1L 4 o JEC o i il IXC ) 3 52
R IR RERF L BIOR P 42, M ST AR EE R TF 40 km B,
T HLSE T RERE AR N AN AR B A DN AR R T
FERRMFUIREA S M v, SR )5 KA AL, BT &A1
ARFR R UR N 1 TH I 15 b AASS o e A 5 4 SN,
b RO R G 15 THIE AR L TR AR B 7a ). 38
FELEZ A —F T BT : P S 3, ICREC diapir )ifE AT HlL
76, FBCE A N AR 2 & B I Rl IR T UG AA( Ducea &
Saleeby, 1998 ), i £&410 W] & 5 I k¥ 1 04 b g AR 7 & A=
AN SR IG A S BT R L R AR 7h). [,
HEJEM T S TR L IR, B T S A A = AHA +
FAINA BIFR BRAAR A5 FHIE BB AR AR AR B 7)o
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Fig.7 Model diagram for partial melting of lower crust, and Cu and Au mineralization

4.2 HWEX

SR o E — R AFAE T 18 ( Mclnnes & Cameron,
1994; Sillitoe, 1997; Oyarzum, et al., 2001; Mungall,
2002 ). AR BT EIRIA 5A Z BT LA FI T Cul Au
A, N R I PR R e AR A v SRR B, ), B
WA AR AT LA KR Y Fe, O, , M54 KR Fe, 0, AR
Fr R HEA B AR I, K 2> T BOLM AN S £, R3S,
Hubg b ) A IR AR AL 4 e AE AL, R TR (AN Au, Cu )5

FIEN A R 5 AR B 8 9 2 i, B R T R (& 8 )
( Mungall, 2002 ), Mungall( 2002 )IA % 5 #1578 45 RlE
BRUIR IR 50 BTE AN T8 -6 0 IR (T8 i, 76 50 7R /A
X, BAEL (R AR Eh 38 T2 04 25 0T B e A RO B, 1R AR
5 Cu.Fe Mo Au 54 R IE( BE(5E, 1990; FF2%
401992 FHEMEFATHE, 1994 ), S0 eI RIE L
PRI T NG SR T Hh e s M B 1 538 T A A TR 4 1L
MR AR PRUTT HsE 5 BOY Ak, R 2 4 AR5 B 4 41
BRI . R YA BB 0 S B R B A L O A
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