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Abstract The origin of porphyry copper deposits in the Middle-Lower Yangtze River has been controversial for a long time. This
paper aims to track the source of ore-bearing porphyries and associated mafic xenoliths by using high-precision Cu isotopic analysis of a
series of Mesozoic plutons in the Ningzhen area. The results show a wide range of 8 Cu of Anjishan dioritic porphyries from —0. 13%o
to +0. 36%0 and a homogeneous Cu isotopic composition of the gabbro xenoliths from +0. 14%0 to +0. 19%c. 8 Cu of the Tongshan
porphyries are in the range of +0.03%o to +0.36%o, and gabbro xenoliths are from +0. 10%0 to +0.20%c. 8 Cu of granodiorite in
Xiangshan pluton is + 0. 20%o¢ + 0. 06%0 and 8% Cu value of the gabbro xenolith is + 0. 16%0 + 0. 06%0. Overall, §* Cu values of
porphyries from the three plutons exhibit a relatively large range; however, 5 Cu of gabbro xenoliths cluster between + 0. 1%0 and
+0. 2%o, with an average value of +0. 15%o0 0. 05%oc, consistent with the mantle value ( +0.07%0 +0. 10%0). Previous studies show
that the ore-bearing porphyries in Ningzhen have high MgO, high Mg* values and low radiogenic Pb isotopic compositions, and that
ancient lower crustal rocks commonly show variable Cu isotopic compositions. Thus, the genesis of the ore-bearing porphyries and the
origin of copper in these deposits might be best explained by magma mixing between the magmas derived from metasomatized mantle and
melts originated from old lower continental crust.
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Fig. 1  Geological sketch map of the Middle and Lower Yangtze

River Belt in eastern China
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Fig.2 Distribution of Mesozoic intermediate-acidic intrusions and sampling locations in Ningzhen area (after Xu et al. , 2001 ;

Wang et al. , 2014)
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R FERH Cu AREARNELE R (6" Cu: %o; EETT

E:wW%)
Table 1  Cu isotopic composition of analyzed samples (8 Cu:
%o ; major elements: wt% )

RS Faxia 8% Cuypsors 28D Si0,  MgO  LOI
AJS-1 N KB +0.28  0.01 57.66 4.87 2.07
AJS2  AIENKEEAE  +0.17  0.09 63.32 2.60 1.88
AJS-3 N B -0.13  0.06 56.32 4.34 3.03
AlS4  AENEBEAE  +0.36 0.03 64.42 2.25 1.97
AJS-S N BEA +0.32  0.05 54.96 5.95 3.91
AJS-6 N FEE +0.12  0.09 54.82 5.69 3.25
AJS-7 WA +0.18  0.01 49.56 5.30 6.23
AJS-8 W +0.14  0.05 47.78 7.53 4.84
AJS9 M +0.14  0.07 47.44 8.75 5.16
AJS-10 KA +0.18  0.07 48.52 8.07 4.66
AJS-11 RS +0.19  0.04 51.72 6.41 2.91
TS-1 A6 R A +0.36  0.02 64.34 2.10 0.57
TS2  HEKINKS +0.35 0.05 63.84 2.43 0.73
TS-3 RIS +0.15  0.03 63.24 2.40 0.64
TS4  fERINK A +0.16  0.05 64.58 2.21 0.83
TS-5 A6 B A +0.22  0.02 66.54 1.96 0.61
TS6 M +0.13  0.04 47.44 8.80 4.06
TS-7 WA +0.20  0.01 48.62 7.66 5.40
TS-8 W +0.10  0.05 47.02 8.84 4.32
TS9 WA +0.10 0.06 47.00 9.65 4.47
TS-10 KA +0.11  0.07 47.74 9.14 4.48
TS-11 A +0.14  0.09 46.12 8.68 5.84
TS-12 N KB +0.03  0.09 56.92 3.97 0.75
TS-13 N B +0.05 0.03 54.66 5.18 0.93
XS-1 fERAKBES  +0.20  0.06 54.44 3.74 5.11
XS-2 W +0.16  0.06 48.08 8.20 6.87

BHVO-2 Eiw o +0.14  0.04

AR R RS AINAT (15% ) 2, BEdh i A7 (10% ), £
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WA (3% ), fINA (5% ), BH AT (15% ) R 92 (2% ) 4%
(K36,
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B Cu [Rl 2R 43 BT 78 Hh B 4t 5 K 2 (b at) R4 2= ek 1k 27
FIFE M FEAY Cu [0 R A BB o)
BIPRAAI R , BRI R PR Liv er al. (2014a)
4.1.1 #H#¥

FRULZ) 20 ~ 40mg K 5 T Savillex 2] 45 7 (1) 6mL 20
B IACL 2 1 LB HE R HNO, F 160°C H #UiR | i
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Fig. 3

porphyries and mafic xenoliths in the studied area

Microscopic photographs of intermediate-acidic

LR IE TR 328 T, FOMA E 7K HE 80 °C L # A [l #k,
RIS TR 2T , ZJF A B HNO, + 120°C sk, &
BUMRAET 2N HOE IR WS 2% T, A 1mL 8N HCI
+0.001% H,0, , i @25 T, EE UL R 3 W, B ARAE S % 4
FEEL . BJS5 T 1mL 8N HCl +0.001% H,0, %%, 215
[l
4.1.2 LFEHE

fh2f oy 85 R A AG-MP-IM B 8 T2 e i g, A
0. 5N HNO, 18N HCl 735|228 5 MQ H,0 {F R IE=1K,
A 10mL 8N HCI +0.001% H,0, 875k ykid B2 1 5 7 56
&, BHM A #TE 1mL 8N HCI +0. 001% H,0, HriFEdh .
ARESLE A 9mL 8N HC1 +0.001% H,0,, 1t 9 mL HCl 32
EAT MGt — 2% o0& (#I4n Na, Mg, Al,K, Ca, Ti, Cr,
Ni,Mn), #RJ5, A 28mL 8N HCI +0. 001% H, 0, , 3 T4
14 5 DU SRR AR 2 I 28 mL IHRE 5 VAR , ME AT #E4T Cu [A)f3L
FE
4.1.3 FEag

FAE S SR TS WOT S22 TR 5% T 1mL 3%
HNO, Fi78 T, & & I3k 72 B9 ¥k, e B AH DL % W (100 x
107%)  EAT BRI 5E o 43 M1 BT FH B9 A 2% A Thermo-Finnigan
Neptune plus % 2 42 W W B & 56 B8 T 02 1% 4% ( MC-ICP-
MS) o SR FAE - HE-FE 38 3L (SSB) AL IE AN 4% 19 T
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Liu et al. (2014a) W58 K IAE Cu [R5z 20 i A&, I
WREREEZ T BT XIEAN T, FA T 5 0 45T
[0 Ti A O Ti B 1 S Cu A Cu, 1 14 BR UL T
Ptse if 1 J5 35 8k 2 fEFE F b Cu B 4lifb, Liu er al.
(2014a) A BHVO-2 {E Al ke i dE AT A 36, SEIG 3B, — Ik
RS, T/ Cu e (FidR) 2 0. 3, X5 IR 25 i +0. 15%011) 5%
M, IR J5 Ti/Cu FEAKE] 0. 03 DUF , FERZEVE RN A
THELImEE R,

ARSI RERREAL I 20 T Wk Ak 2545 B, BLAE 1AL
WA [ 6 28 2 AR 117, 2 T VWY Ti/Cu e, T R
Ti/Cu Lk 7E 0.03 Z T, WUt Ti 80935 T4 ar LA

4.2 SARMENELERRESH
4.2.1 Cu RMEZFAmETH ik

Cu [RIM 2 LG A9 I 2 25 SR IR A O T FR A S 1 T
S ZE 8% Cu(CR I NBS976 Aiif) i, Bl :

8% Cu=[("Cw*Cu) /(¥ Cw/®Cu) oy — 1] x 1000
4.2.2 XA E

T X S5 2 N A MU AR T USGS FRifl 6 A FE
wi B Cu [a] A7 28 KB 43 B, S0 304 B2 3 A T+ 0. 03%0 Fi
+0.05%0 (2SD) . 530 HRGERE ST AT I MR A 2= 0
AR BHVO-2 ARAE 1Y 8 Cu 0. 14 + 0. 04%o, 15 Hofth 3¢
HR R AR R 14 1 A 15 22 98 B N — 3 (Moynier et al.
2010;Liu et al. ,2014a, b; Li et al. ,2015) ,
4.2.3 HBCuRfEEMNTLER

B LI RIS S U MC-ICP-MS {3 88 rp ik 17
Cu R R IE . RRAFERAGERI A =0k, O HEAE R &
8, ISR 22 (2SD) MR 2 . AR ZE R nER 1,

R EE R LW, 22 51l (AJS) INK B (46 A de N
) 8% Cu [WTE RN - 0. 13%0 ~ + 0. 36%0, F-2H + 0. 19%o
+0.07%0 (28D ) ; % 3 111 (AJS) #5 K & 6% Cu Wy TE B A
+0. 14%0 ~ +0. 19%o, 34 {H + 0. 17%0 + 0. 05%0(2SD) , ¥
ARG 8% Cu [HA 5 5 Si0, A1 MgO & % (& 4a,
b) . HHAMBREMAET H Si0, FRIIE, AKL RS
IR AR MgO &t — H 2 T S (3 B 55,2003
IS ,2009) , B MgO 7 558 =i , 45 5 o3 5 18 B AR, g
IR IG AW Y . Si0,-8% Cu FIf# R R [FIBR 1B 1) S 1Y
8% Cu fHHHAIE s MgO-6% Cu [k Ji2 /15 HH AN [R] 45 i 0 S R JEE H1 o
H 11 6% Cu {HAFE

B (TS) 78 54 I8 K 2 8% Cu 5 Bl g + 0. 15%0 ~
+0.36%0, FHIH +0. 25%0 + 0. 03%0 (2SD) ; [N K BE 2+ 6% Cu
HITE N +0.03%0 ~ + 0.05%0, -5 H + 0. 04%0 + 0. 08%o
(2SD) ; ¥ 4 8 Cu [UTE A +0. 10%0 ~ +0. 20%o0 , -2 {H
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+0.13%0 +0.05(2SD) , & 4c, d 4RI Si0,-6% Cu
Mg0-8% Cu [&lf# .,

2 AL (OXS) B 4l ] 457 2% T 485 2R R A8 B I B2
5”Cu = +0.20%0 + 0. 06%0(2SD) ; #F % 6 Cu = +0. 16%o
£0.06%0(2SD) , [l 4e, [ 435K 4 11 Si0,-8% Cu F1 MgO-
8% Cu [Efif.

5 Wi

51 FHMRBT BRERRERER

AVL P T et X A6 L B R W IZ A e ik v
i CHRIEEAE 2001 5 TETEAF , 2004 22 E145,2009) o RIK 584 2
R4 Sr/Y F La/Yb WAE, ARG W Eu iU 1K K,0/
Na, O LR AEHER AL 27 FRAE & LI — B R R P A1, H Tk
Z a0 EREARE, PR OC T H R E ALK LR AR Z . KT
HhIS 9 DX L 4R 3k e B TR A IS T HsE AR
R AR A 2 BT e AR e Rl R DT M e R Rl
FIR w58 O g AR

TR L BT T AT il — M= 2 MR MgO &5 B X AIK Mg”
(A (<0.5), 5 T U R BEAH B 1 Mg (Mg”
= molar [ Mg/ (Mg + Fe)] (0.4 ~0.6)) AN (Xu et al. ,
2002) o ESRHFNGAR Y 2T M 04 il i) AR A4 A e
PR 0] AR BRI 1K 50 T (1 8 MgO it Mg" RS AE , B s ot
EWRIE R R AR BB R AR B T B D R T
AR Ph [RIA 2 RRAE , Bl JC I A B o 48 Hiu b U X 19
T A P[RR ARIE . JF HAAR) 2B sy B A 1
R A T A 8, TAT R 3K B A 30 A S TR T T RV 7R
Al PRLHCHER 7 7 B DX R v T A IR AR BT 5
Yl i R RS (Wang et al. ,2006; Z2E1%5,2009) , 254 T 4H
XA MgO (1.52% ~3.99% )\ # Mg" AR A 1
Ph [l {3 2 20 B8 ( (P Pb/*™ Pb), < 17) 41, Xu et al.
(2002 ) $5 35 26 B B 25 v] R IR T 4700 b 5 38 43 165 i
PRI 1A 5 b AT 5 A LA o

PRUTT H70 T 405 Rl ASE B 0 2 AR o S 28 0 BB TS i
FERE RS M W IR A5 7 A 3K RES A e 2 Mg Bk 1k
2R (Xu et al. ,2002; 90 TLAREE,2008) oS85, B TRlirc i
FRETC R AR E R ZE S PRUT T Hh 5238 436 mil A0 e e I v
JEURT A A AR B E AR A E A (Liv et ol ,2010;
Ling et al. , 2011) o ST AIWFFEEAE R LT R i X 5
HL e {00507 e 7 e A L [ st 4 4 32k o 2 HE-O ] 37 26
PAJ Ce** /Ce™ il Eu/Eu” P H A SRR B, & BRI R
Uit XS0 B 114 30 R AT BB S5 00 o ) AR R oG, TR
[F) VG000 430 3 A 2t e oA St Ly DX JEE I b e Sk VR ) 352
i A (Liu et al. ,2010,2012; Ling et al. ,2011;Sun et al. ,
2012, 2013 ;Wang et al. , 2013, 2014)

SR, T B X 0™ B 5 SV P T i HL B ot Xl 452
RFFUAEAEAE LA W 25 57 (Wang e al. ,2014) : (1) T4H
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Fig.4 6% Cu-MgO and 8* Cu-SiO, diagram of Anjishan, Tongshan and Xiangshan plutons

o DXL B AR A (100 ~ 110Ma) 5 (2) HAT IR A
Ph; (3) R AR ; (4) B 41 TiARFIR AR T IX 2625 57 F
G54 AU SV R Y 1 B, Wang et al. (2014) $2 ) 7745
M DR AR I T A R Y X R S K R T
TR TR G

5.2 THMRATHREREEHE Cu BRENEREEX
SR S FPh [ AR AH L, FRE BEA M H Cu fR
P LR B R R % < SR ARG E T L R o A 7 B i
(200 ~300°C) , HALY ULIE L FE 2377 —E 1 Cu [7]fiL
O AT R e A R A WA B B ) Cu LR
Jr (Li et al. ,2009) o PRI, RO TR [ 107 28 08 S804 5 T
IR RERR A IR X AT IX AT BB o At F AT Tad i X L
TR DX R B LR R R (MR D) 1) Cu [ 37 30K

I RE B E R R UR (ST IR SR SEIR AR I — 20
T8 R R T

TR X PR PERFA 6% Cu {H7E - 0. 13%0 ~ +0. 36%03ii
BRI N, 43 TB A8 A3 R R, TR Cu [R) o7 R A UAR S v
S%Cu A F +0.1%0 ~ + 0.2%0 2z [a], V14 6% Cu K
+0.15%0 +0.05%0(2SD) (B 5) ., Wik L F, MK SR E s
K25 B RRBE  R , 6% Cu (MR 5 P BR PR B 45 R B
BOE4 K 5), AIS3 EEEL ¥ Cuflily —0. 13%0 £0. 06%0, 5
Al PR 220K . Li et al. (2009) 45 1, A FI W
ANFIZERIAE 5 5, R 25 A~ 32 JR 38 P 1ok A8 52 1] A A
8% Cu 3k H 1. 51%0F 0. 95%o5h, HeAx 4K 14 54 1) 6% Cu A5 1kl
il = 0. 46%0 ~ 0. 21%o, BT WFSE AL i< 5 4 A 3 FEAR T HAB
AR GELZ 1 R A BRAS [ 1 40 SR

X T T L DX A R AL A, R A b 45 (1987 ) L e AR 4



1914
0.50 -
a0 | @ HERMEREA
b /. L
oz ® WER é ~ ?
2 020 ; ? ]
;5 0.10 T T
o 0.00 | T
-0.10 - *
-0.20 |
-0.30 L . L L
45.00 50.00 55.00 60.00 65.00 70.00
Si0,(%)

B 5 TR T B St ddk 6% Cu-Sio, [ fif
Fig. 5 8% Cu-Si0, diagram of ore-bearing porphyries and

gabbro xenoliths in Ningzhen area

FEAIY 5T %8 A F IR E TR PRy O T se il , &
TR R SR B . Wang et al. (2014) A HOR A
A5 P S R Ay kAl . Liu et al. (2015) 1 Savage et al.
(2015 ) ji b % A BR bAoA 0 X aoa i BEE Ak R Eh
HiBKR (BSE) i Cu [f) {3 Z 2L + 0. 07%o + 0. 10%, {87 11
21 6% Cu, A% WF 55 BT I 2 1) 7° 45 Hby X K 5 40 1A% 11
8 Cu By &, 3 HF X S BE TR AL IR £ Bk 1 4 e
(Wang et al. ,2014)

WHFRRI B s 45 b 7 e i B O R & 1Y Cu
[ 2R 5318 (Li et al. , 2009) (HBRAFITHFRIIE K ZAThE
724 Cu [ 3R 4318 (Seo et al. ,2007) o K5, 5 G Al
FoL G ZAUEE S 2 . L, A6 BUEHK A Cu [FA7
RAAPIZ IR X A — M, Wl T e s a Al
&N HFERIR B A I RS A B35 0 Cu [ R 2k
( >2%0) , AT X B G0 0 AR 38 T b7 R IR 1 18
Mo Wang et al. (2014) 45T X 100 ~ 109Ma Y235 7L
JRAEAT R Ce'' /Ce™ il Eu/Eu ™ T4 H 1 15 Stk B K
BARM S T ARARNREE (K29 650°C) , Iy T EE0 L X LT 36
BT TR IR S RN T e IR R A . A SRR
FESh B AT X, B 32 5 A R AR G AR . R,
A, T X R P B 5 AN 34— 1Y) Cu [R5 28 41 18 FT g
SRR UE TR T e E RIS ISR, 2T
Hu7e B R RE TR B Cu [FJAL R AR AL R, T e s 2
45 AFRRE T Mg" FlE MgO IOFFAE, AR5 — fif B IE 4
M35, Cu [FAL R A BN — A7 i M 3 A RN oy 28 T b e
TR TTIRA)— D ZORERTE . IRl U5 b A (AR b 5 e 4
X BT ) T3 ) TR — 1 B A ) A, L 4 K] S 4
TR AL K B B T8 A R R T A T
PrsUeR A TPIRITERES (BikTo s ) b2 ek B AR 1)
HuEEH 7 T 1A XS IX S5 A7 1 Cu [F] 437 3% BIFSY RE RS M 2
X E A, A, LR A B A B B R AL AR A 3 Cu
[R5 2 26 S A ZE A, AT DARE— 2500 52 W0 3 oh & 4 )
i Cu [FF R ARG SHEE FIBREE BT IR Cu [0 2R 17X
FO AT 7S B0 A7 w9 e 5L, 33X Cu [ 67 3R 7 /o MR ™

£L¥F]| 2015, 31(7)

Acta Petrologica Sinica

AR R E AN A S Cu R RV T .

6 &iie

AR S A R VT A R I T M X L L Sl =
A-FE PR PR BEAE A P AR BRI Cu R 2 ALK
e, 2R

(1) =40 XK Ak 8% Cu HI7E + 0. 1%0 ~
+0. 2% [8], -5 8% Cu = +0. 15%0 +0. 05%0(2SD) , 5 113
Cu [Rfi Z UL +0. 07%0 + 0. 10%oW) & o 454 5 H () Sr-Nd
(RIS, R ARG, FATIA T b X B B o ok 2 82
HE T w A A R g

(2) ZAHER PR B 6 Cu {HAE - 0.13%0 ~
+0. 36%02Z 1], AR A0TE [ K. 456 T X AT AR 55 9 8
TR X P R BE A 1Y i MO | e Mg (B FMIRU P[]
1 B AU RIARE , LAl R 7m0 Al 2 T s 7e sk IR Y
BHRAE T Cu R R BB RBH (>2%0) A, FRATTIA
T B AR — 1 Cu [A AR A P ER M B 2
IR SRR M BRI R A IR A TR R

(3) TR X R B B IR A AR Cu R R 1Y
Wi 22 S5 R I AT 2o o — 25 T e & Cu B Cu [F] 37
RN, I SRS MR BUEIR R Cu [RA R HATX L, I
TR 4 T ()RR

Bugt bR RO (e aT) R S R A A S0 5
PP BRI EFEM G ERAE Cu [R A7 3R I E S5 1 A
AL B o S BT BN ) — 2 B A R R

=S =y
TR,

References

Ding ZJ, Yao SZ, Liu CQ, Zhou ZG and Yang GM. 2003. The
characteristics of exhalation-sedimentary deposit of Donggouba
polymetal deposit: Evidence from ore’ s REE composition. Acta
Petrologica Sinica, 19 (4): 792 — 798 (in Chinese with English
abstract )

Fan Y, Zhou TF, Yuan F, Qian CC, Lu SM and Cooke D. 2008. LA-
ICP-MS zircon U-Pb ages of the A-type granites in the Lu-Zong
( Lujiang-Zongyang ) area and their geological significances. Acta
Petrologica Sinica, 24(8): 1715 — 1724 (in Chinese with English
abstract )

Hou ZQ, Gao YF, Qu XM, Rui ZY and Mo XX. 2004. Origin of
adakitic intrusives generated during Mid-Miocene east-west extension
in southern Tibet. Earth and Planetary Science Letters, 220(1 -2) .
139 - 155

Huang ZL, Guan T, Xie LH and Xu DR. 2003. Petrological mixing
calculation and its application to magma fractional crystallization: A
case study of lamprophyres in Baimazhai nickel deposit, Yunnan
Province. Geotectonica et Metallogenia, 27 (3): 237 - 242 (in
Chinese with English abstract)

Lambert DD, Foster JG, Frick LR, Li C and Naldrett AJ. 1999. Re-Os
isotopic systematics of the Voisey’ s bay Ni-Cu-Co magmatic ore
system, Labrador Canada. Lithos, 47(1 -2): 69 - 88



RABET: THRERFT L 5%ER ORARILTHL

Li DD, Liu SA and Li SG. 2015. Copper isotope fractionation during
adsorption onto kaolinite; Experiment approach and applications.
Chemical Geology, 396 74 - 82

Li WQ, Jcakson SE, Pearson NJ, Alard O and Chappel BW. 2009. The
Cu isotopic signature of granites from the Lachlan Fold Belt, SE
Australia. Chemical Geology, 258(1 -2): 38 —49

Li WQ, Jackson SE, Pearson NJ and Graham S. 2010. Copper isotopic
zonation in the Northparkes porphyry Cu-Au deposit, SE Australia.
Geochimica et Cosmochimica Acta, 74 (14) ; 4078 — 4096

Li Y, Ling MX, Ding X, Liu J, Han F and Sun WD. 2009. Adakites or
adakitic rocks and associated metallogenesis in eastern China.
Geotectonica et Metallogenia, 33(3): 448 — 464 (in Chinese with
English abstract)

Ling MX, Wang FY, Ding X, Zhou JB and Sun W. 2011. Different
origins of adakites from the Dabie Mountains and the Lower Yangtze
River Belt, eastern China: Geochemical constraints. International
Geology Review, 53(5 -6): 727 - 740

Liu SA, Li SG, He YS and Huang F. 2010. Geochemical contrasts
between Early Cretaceous ore-bearing and ore-barren high-Mg
adakites in central-eastern China: Implications for petrogenesis and
Cu-Au mineralization. Geochimica et Cosmochimica Acta, 74(24) .
7160 -7178

Liu SA, Li SG, Guo SS, Hou ZH and He YS. 2012. The Cretaceous
adakitic-basaltic-granitic magma sequence in south-eastern margin of
the North China Craton: Implications for lithospheric thinning
mechanism. Lithos, 134 —145. 163 - 178

Liu SA, Li DD, Li SG, Teng FZ, Ke S, He YS and Lu YH. 2014a.
High-precision copper and iron isotope analysis of igneous rock
standards by MC-ICP-MS.
Spectrometry, 29(1) . 122 - 133

Liu SA, Teng FZ, Li SG, Wei GJ, Ma JL and Li DD. 2014b. Copper

and iron isotope fractionation during weathering and pedogenesis:

Journal ~ of  Analytical ~Atomic

Insights from saprolite profiles. Geochimica et Cosmochimica Acta,
146. 59 =75

Liu SA, Huang J, Liu JG, Woérner G, Yang W, Tang YJ, Chen Y, Tang
LM, Zheng JP and Li SG. 2015. Copper isotopic composition of the
silicate Earth. Earth and Planetary Science Letters, in press

Mathur R, Titley S, Barra F, Brantley S, Wilson M, Phillips A,
Munizaga F, Maksaev V, Vervoort J and Garret H. 2009.
Exploration potential of Cu isotope fractionation in porphyry copper
deposits. Journal of Geochemical Exploration, 102(1): 1 -6

Moynier F, Koeberl C, Beck P, Jourdan F and Telouk P. 2010. Isotopic
fractionation of Cu in tektites. Geochimica et Cosmochimica Acta,
74(2): 799 -807

Sajona FG and Maury RC. 1998. Association of adakites with gold and
copper mineralization in the Philippines. Comptes Rendus de 1’
Académie des Sciences-Series ITA-Earth and Planetary Science, 326
(1):27-34

Savage PS, Moynier F, Chen H, Shofner G, Siebert J, Badro J and
Puchtel IS. 2015. Copper isotope evidence for large-scale sulphide
fractionation Earth * s
Perspectives Letters,1; 54 — 64

Seo JH, Lee SK and Lee I. 2007. Quantum chemical calculations of
equilibrium copper (1) isotope fractionations in ore-forming fluids.
Chemical Geology, 243 (3 -4) . 225 -237

Shields WR, Goldich SS, Gamer EL and Murphy TJ. 1965. Natural
variations in the abundance ratio and atomic weight of copper.
Journal of Geophysical Research, 70(2) . 479 -491

Sun H, Qin KZ, Su BX, Fan X, Tang DM and Li J. 2009. Discovery of
komatiitic ultramafic intrusion in Mid-Tianshan terrain: Xiadong
intrusion, Xingjiang. Acta Petrologica Sinica, 25 (4) . 738 — 748
(in Chinese with English abstract)

Sun WD, Ling MX, Wang FY, Ding X, Hu YH, Zhou JB and Yang
XY. 2008. Pacific plate subduction and Mesozoic geological event in

during differentiation.  Geochemical

eastern China. Bulletin of Mineralogy, Petrology and Geochemistry,
27(3) : 218 =225 (in Chinese with English abstract)

Sun WD, Ling MX, Yang XY, Fan WM, Ding X and Liang HY. 2010.
Ridge subduction and porphyry copper-gold mineralization: An

1915

overview. Science China Earth Sciences, 53(4) : 475 —-484

Sun WD, Ling MX, Chung SL, Ding X, Yang XY, Liang HY, Fang
WM, Goldfarb R and Yin QZ. 2012. Geochemical constraints on
adakites of different origins and copper mineralization. Journal of
Geology, 120(1): 105 - 120

Sun WD, Liang HY, Ling MX, Zhan MZ, Ding X, Zhang H, Yang XY,
Li Y, Ireland TR, Wei QR and Fan WM. 2013. The link between
reduced porphyry copper deposits and oxidized magmas. Geochimica
et Cosmochimica Acta, 103 263 -275

Tao WS, Chen SS and Wu QL. 1987. The characteristics and formation
mechanism of the xenoliths of the intermediate-acid magmatic rocks
in Ningzhen area. Jiangsu Geology, (4): 7 — 12 (in Chinese with
English abstract)

Wang FY, Liu SA, Li SG and He YS. 2013. Contrasting zircon Hf-O
isotopes and trace elements between ore-bearing and ore-barren
adakitic rocks in central-eastern China: Implications for genetic
relation to Cu-Au mineralization. Lithos, 156 —159: 97 - 111

Wang FY, Liu SA, Li SG, Akhtar S and He YS. 2014. Zircon U-Pb
ages, Hf-O isotopes and trace elements of Mesozoic high Sr/Y
porphried from Ningzhen, eastern China; Constraints on their
petrogenesis, tectonic implications and Cu mineralization. Lithos,
200 -201: 299 -316

Wang LB, Ji KJ and Chen D. 1997. Re-Os isotope ages of molybdenite
from the Anjishan copper deposit and the Tongshan copper-
molybdenum deposit and their implications. Acta Petrologica et
Mineralogica, 16(2) : 154 — 159 (in Chinese with English abstract)

Wang LQ, Gu XX, Cheng WB, Tang JX, Zhong KH and Liu X]J. 2010.
Sulfur and lead isotope composition and tracing for the sources of ore-
forming materials in the Mengya’ a Pb-Zn deposit, Tibet.
Geoscience, 24(1): 52 =58 (in Chinese with English abstract)

Wang Q, Zhao ZH, Xiong XL and Xu JF. 2001. Melting of the
underplated basaltic lower crust; Evidence from the Shaxi adakitic
sodic quartz  diorite-porphyrites, Anhui  Province, China.
Geochimica, 30(4) : 353 =362 (in Chinese with English abstract)

Wang Q, Xu JF, Zhao ZH, Bao ZW, Wei X and Xiong XL. 2004.
Cretaceous high-potassium intrusive rocks in the Yueshan-Hongzhen
area of East China: Adakites in an extensional tectonic regime within
a continent. Geochemical Journal, 38(5) : 417 —-434

Wang Q, Zhao ZH, Xu JF, Bai ZH, Wang JX and Liu CX. 2004. The
geochemical comparison between the Tongshankou and Yinzu
adakitic intrusive rocks in southeastern Hubei; ( Delaminated) lower
crustal melting and the genesis of porphyry copper deposit. Acta
Petrologica Sinica, 20 (2): 351 — 360 (in Chinese with English
abstract)

Wang Q, Wyman DA, Xu JF, Zhao ZH, Jian P, Xiong XL, Bao ZW, Li
CF and Bai ZH. 2006. Petrogenesis of Cretaceous adakitic and
shoshonitic igneous rocks in the Luzong area, Anhui Province
(‘eastern China ): Implications for geodynamics and Cu-Au
mineralization. Lithos, 89(3 -4) . 424 - 446

Wang Y, Deng JF and Ji GY. 2004. A perspective on the geotectonic
setting of Early Cretaceous adakite-like rocks in the Lower Reaches of
Yangtze River and its significance for copper-gold mineralization.
Acta Petrologica Sinica, 20 (2): 297 — 314 (in Chinese with
English abstract)

Wang Y and Zhu XK. 2010. Applications of Cu isotopes on studies of
mineral deposits; A status report. Journal of Jilin University ( Earth
Science Edition), 40 (4): 739 - 751 (in Chinese with English
abstract )

Wu KX, Hu RZ, Bi XW, Peng JT and Tang QL. 2002. Ore lead
isotopes as a tracer for ore-forming material sources: A review.
Geology-Geochemistry, 30(3): 73 - 81 (in Chinese with English
abstract )

Xiao ZM. 1991. Mesozoic structural classification and evolution in
Ningzhen area. Jiangsu Geology, (1): 12 =17 (in Chinese with
English abstract)

Xu JF, Wang Q, Xu YG, Zhao ZH and Xiong XL. 2001. Geochemistry
of Anjishan intermediate-acid intrusive rocks in Ningzhen area:
Constraint to origin of the magma with HREE and Y depletion. Acta



1916

Petrologica Sinica, 17 (4): 576 — 584 (in Chinese with English
abstract )

Xu JF, Shinjo R, Defant MJ, Wang Q and Rapp RP. 2002. Origin of
Mesozoic adakitic intrusive rocks in the Ningzhen area of East China:
Partial melting of delaminated lower continental crust? Geology, 30
(12): 1111 -1114

Zeng JN, Li JH, Chen JH and Lu PX. 2013. SHRIMP zircon U-Pb
dating of Anjishan intrusive rocks in Ningzhen district, Jiangsu, and
its geological significance. Earth Science, 38 (1): 57 - 67 (in
Chinese with English abstract)

Zhang Q, Zhao TP, Wang Y and Wang YL. 2001. A discussion on the
Yanshanian magmatism in eastern China. Acta Petrologica et
Mineralogica, 20(3) : 273 =280 (in Chinese with English abstract)

Zhang Q, Wang Y, Liu W and Wang YL. 2002. Adakite: Its
characteristics and implications. Geological Bulletin of China, 21
(7): 431 =435 (iin Chinese with English abstract)

Zhou TF, Fan Y, Yuan F, Lu SM, Shang SG, David C, Sebastien M
and Zhao GC. 2008. Geochronology of the volcanic rocks in the Lu-
Zong basin and its significance. Science in China ( Series D), 51
(10) ; 1470 - 1482

Zhou TF, Fan Y and Yuan F. 2008. Advances on petrogensis and
metallogeny study of the mineralization belt of the Middle and Lower
Reaches of the Yangtze River area. Acta Petrologica Sinica, 24(8) :
1665 - 1678 (in Chinese with English abstract)

Bt B 325 % Sk

TR, BhHIR, XA, JSH:, HMI . 2003 MWL 4R
PRIEHETBURET SR AE R + 70 RO BRIL R B, B 73R, 19
(4):792 -798

Wt FHR, B, BATH, k=], Cooke D. 2008. LRI
BILIX A BUFE 1 419 LA-ICP-MS 48 J HU IR 2% X 6 %
i, 24(8): 1715 - 1724

WL, RS, W, VR 2003, A ATSEIRA TR AR B
53 SEAERTFSE Hh 9 1 P —— L 25 5 1 T S 0 XL e 1
KA 5, 27(3) ; 237 - 242

ZREL, IR, T, X, 86, 70 TR, 2009. i [E A H IRk L
KRR KUK SR, 33(3) ;448 - 464

IhGR, AL, SRR, TR, FEAME, 227 2009. R b HR}
TR BRI R B AR BT R, 25(4)
738 —748

INIR, WAL, TEJTRR, T2%, WIHeAE, JAkt, 525, 2008. K
SRR oh 5 e B A A A TR R, B R

£L¥F]| 2015, 31(7)

Acta Petrologica Sinica

W, 27(3) . 218 —225

Py, BREAY, RITR. 1987, TR X iRt A3 s o iy
F AR BB AE R TR LB, YIHRHIR, (4): 7 - 12

FoArA, ZEROK, PRAR. 1997 R AR LR (1) 5RO
MR- AR I L. B AT Yk, 16(2): 154
-159

Tari, BUSHE, BRICE, AR, MhEEEL, XIBEd. 2010, PEESE
WEWTEEE PR S Ph [Al v 22 240 B KO ™ R R i 7 . B
foH R, 24(1) . 52 -58

Foik, BPRAE, BB/, VP4kEE. 2001, RAR XN ST AR R
K B LRINE adakite T 404 5 N K B BOTESR. HhERTE2E,
30(4): 353 -362

Tk, AR, YAk, AR, TESH, XIAUE. 2004, 2R
LT AR5 K 55 (adakitic ) (2 A A I HIBRALAERFAERT H : (5
UU) T HLFE il 5 B AR I BN A A R, 20(2) ;351
-360

TERE, XBEAR, W) 5. 2004, K ITH R i X 5 S R K R
B R 1 5 5 LR T . A A SRR, 20(2) £ 297 - 314

TBR, RHH. 2010, 4RI R AT RF PN AR SR &
MR 2 (HERFLF M) , 40(4) : 739 -751

RIFNG, WAEGE, SRk, BEE, FEEES. 2002, A ERIRIALE R
R YO IR SRR, T Bk (b2, 30(3) - 73 -81

M AEEA. 1991, 4 X rp A AR 1 43 309 A Xt i 2 T )
VLIRS, (1) 12 -17

VEARIE , o, TR AN, BARAE, RE/NAR. 2001, oMK AR
LR R ACE M HERILF . 7 3 TR R A R =
BRI E A2k, 17(4) : 576 -584

BORAR ) ASERAR, WRdAE, REERE. 2013, AKX IR ACH
SHRIMP #4547 U-Pb 4% S Hith i 7 3. sb3RFL#, 38(1) : 57
-67

TR, R, T, Tocde. 2001, Ao E AR LA R Sh L
AR, HAT P4, 20(3) ¢ 273 -280

TR, FAA, R, Took. 2002, HRKkTOAMRRE L . T
W, 21(7) ; 431 —435

JAV 2, JuH, #2008, KITH R BUA BT VR FABEST
JR. AR 24(8) ;1665 — 1678



