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Fig. 1 Geological sketch map of Tongshan orefeild, Guangfeng County
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1—Quaternary; 2— Upper Triassic Tieshikou Formation; 3—granodiorite-porphyry;4-—quartz diorite-porphyrite; 5—skarn;

6—hornstone; 7—fault; 8—4# prospecting line position; 9—drilling location; 10—zircon sample location
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Fig. 2 47 prospecting line profile map of Tongshan orefeild
I8 A K 2— 3 R A— RN KBS 5 — A LN K B 56— i 14

1—Limestone of Tieshikou Formation;2—hornstone ;3—skarn ;4—granodiorite-porphyry;5—quartz diorite-porphyrite; 6—copper body
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Fig. 3 Microphotographs of the Tongshan intermediate-acid intrusive rocks
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(a)—granodiorite-porphyry(crossed nicols) ; (b)—Porphyritic-like granodiorite (crossed nicols) ;

(¢)—quartz diorite-porphyrite (crossed nicols) ; Q—quartz; Kfs—kfeldspar; Pl—plagioclase; Bt—biotite
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Fig. 6 Classification and series diagrams of the Tongshan intermediate-acid intrusive rocks
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Fig. 7 Chondrite-normalized REE pattern (a) and primitive-mantle-normalized trace element (b) diagram of

the Tongshan intermediate-acid intrusive rocks (normalization values after Sun and McDonough,1989)
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2 AUPBREEREETR(N)ERERFLITR(X107)EE
Table 2 Major element content (%) ,trace and rare earth element ( X 107¢)

concentration of the Tongshan intermediate-acid intrusive rocks

B 1 \ 2 \ 3 4 \ 5 6 \ 7 8 \ 9 10 \ 11 12
N KB AHENK A
Si0, 63.37 62.3 67.45 | 65.38 | 67.79 | 68.43 | 61.19 | 62.26 | 60.21 | 59.35 | 59.12 | 60.93
TiO, 0.29 0.32 0.22 0. 36 0.26 0.35 0.5 0.59 0.78 0.78 0.44 0.31
Al Oy 14.36 | 14.24 | 13.06 | 15.89 | 14.86 | 16.17 | 17.12 | 17.41 | 15.25 | 15.86 16.5 14.7
Fe; O; 2.06 1.97 0.67 0.73 0.71 0. 66 1.98 0.67 1.39 1.43 1.31 1.04
FeO 1.65 3.26 1.09 2.6 2.15 0.8 3.05 3.6 3.49 3.08 1.89 1.4
MnO 0.03 0.06 0.05 0.06 0. 04 0.03 0.14 0.08 0.08 0.08 0.05 0.06
MgO 0. 89 0.59 0. 61 1.33 0.73 1.47 1.9 2.09 3 2,42 1.42 0.63
CaO 4,08 5.3 5.53 3.5 3.08 3.7 3.47 4.65 4.68 5. 14 4.9 6. 77
Na, O 1.87 | 0.009 | 0.009 3.05 2.51 3.67 2.34 3.82 2.38 3.34 2.1 0.009
K.O 2.2 3.02 3.00 2.2 3,06 2.69 2. 86 2.27 3.00 2.79 3.28 3.71
P,0; 0.15 0.16 0.11 0.15 0.14 0.13 0.31 0.31 0.29 0.29 0.18 0.13
L.O.1 4,29 7.59 7.14 2.37 2.24 1.68 5.02 2.13 5.47 5.28 5. 06 8. 42
Total 95.24 | 98.82 | 98.94 | 97.62 | 97.57 | 99.78 | 99.88 | 99.88 | 100.02 | 99.84 | 96.25 | 98.11
FeO* 3.5 5.03 1.69 3.26 2.79 1.39 1.83 4.2 4.74 4,37 3.07 2.34
FeO* /MgO | 3.94 8.53 2.78 2.45 3.82 0.95 2.54 2.01 1.58 1.8 2.16 3.71
o 0.75 0. 44 0.35 1.18 1.21 1.57 1. 40 1.88 1.57 2.13 1.59 0. 69
Mg*# 0.31 0.17 0.39 0. 42 0.32 0.65 0. 41 0. 47 0.53 0.5 0.45 0.32
A/CNK 1.12 1.1 0.98 1.15 1.14 1.03 1.29 1.0l 0.97 0. 89 1.04 0.9
La 22.3 14.9 22.7 18.2 24.5 8.37 18.2 21.7 31.9 33.6 16. 6 14.2
Ce 39. 8 30.7 10. 1 35.2 4.3 18.4 35.6 42.9 60. 9 64. 6 32.3 27.8
Pr 4,27 3.25 1,13 3.64 4.7 2.34 4,14 4,94 6.85 7.22 3.34 2.95
Nd 15.1 11.9 14 13.3 16.5 9.74 16 19.7 25.5 26. 1 11.9 11.1
Sm 2.6 2.2 2.13 2.49 2.69 2,11 3.26 3.67 4.24 4.36 2.15 2.03
Eu 0.81 0.55 0.76 0. 88 0.76 0.62 1.21 1.19 1.27 1.26 0. 86 0.53
Gd 1.85 1.8 1.7 1.98 1.93 1.68 2.77 3.13 3.16 3,21 1.81 1.55
Th 0.24 0.26 0.21 0. 26 0.24 0.23 0.37 0.4 0. 39 0.4 0.23 0.21
Dy 1.28 1.54 1.09 1.53 1.25 1.28 2.01 2.12 2 2.11 1.35 1.15
Ho 0.24 0.28 0.19 0.28 0.22 0.24 0. 36 0.37 0. 36 0.36 0.28 0.24
Er 0.63 0.8 0. 47 0.75 0.53 0.6 0.97 0.92 0. 87 0.89 0.76 0.66
Tm 0. 09 0.11 0.07 0.11 0.09 0.1 0.13 0.13 0.13 0.13 0.11 0.08
Yb 0.62 0.78 0.43 0. 69 0.5 0.57 0.93 0.82 0.77 0.82 0.72 0.54
Lu 0. 09 0.11 0.06 0.1 0.07 0.08 0.12 0.11 0.1 0.11 0.11 0.09
REE 89.92 | 69.18 | 88.05 | 79.41 | 98.28 | 46.35 | 86.07 | 102.1 | 138.44 | 145.17 | 72.52 | 63.13
LREE/HREE 16.83 | 11.18 | 19.83 | 12.94 | 19.37 | 8.71 10.24 | 11.76 16.8 17.08 12.5 12.97
3Eu 1.07 0.82 1.18 1.17 0.97 0.97 1.2 1.05 1.02 0.98 1.3 0.88
(La/Yb)x | 25.8 13.7 37.87 | 18.92 | 35.15 | 10.53 | 14.04 | 18.98 | 29.72 | 29.39 | 16.54 | 18.86
La/Yb 35.97 19.1 52.79 | 26.38 49 14.68 | 19.57 | 26.46 | 41.43 | 40.98 | 23.06 | 26.3
Cs 4.37 10 5.29 1.91 2 1. 64 8. 82 3.45 5.25 4,27 4,31 9.17
Rb 59. 6 70.9 61.4 34.4 47.7 47.1 123 70.5 142 89.4 59.4 107
Ba 519 1340 782 1040 1320 871 503 722 1030 1070 2810 535
Th 4,41 4,95 4.26 4.16 4,91 3.77 3.01 3.59 5.15 5.28 4.6 3.6
U 1.53 1.41 0. 45 1.29 1.46 1.35 1.39 1.32 0. 84 0. 86 0.92 1.25
Ta 0.45 0.47 0.4 0. 42 0.46 0.37 0.39 0.4 0. 44 0.44 0.46 0.3
Nb 6.11 6. 02 4.91 5.45 6.12 4,25 5. 54 6. 28 7.46 7.54 6.09 3.61
Pb 8. 26 7.87 8.03 8.61 9.3 9. 46 7.15 13.7 12.2 15.9 10 10.3
Sr 487 197 166 893 700 876 570 1270 993 1050 1040 162
Hf 3.4 3.8 2.9 3.2 3.1 4.6 3 3.1 4.2 4.2 2.4 3.3
Zr 85.2 99.7 78.2 94,4 79.5 94.5 78.2 97 150 158 95. 1 104
Y 7 7.48 5.5 8.07 6.55 6.72 10. 4 9.73 9.12 9.28 7.32 6.15
5Sr 0.47 0.25 0.16 0.98 0.62 1.63 0.58 1.07 0. 61 0.62 1.26 0.22
Sr/Y 69. 6 26. 3 30. 2 110.7 | 106.9 | 130.4 54.8 130.5 | 108.9 | 113.1 | 142.1 26.3
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gk 2
e 1 2 3 4 5 6 7 8 9 10 11 12
Mo 32.2 20.1 4. 06 0. 26 1.13 5.41 0. 66 0.15 0. 25 1. 66 0. 33 0.52
\ 45.4 45.7 25 56. 8 32.1 54. 8 68. 6 84.9 109 111 80. 5 50.7
Cr 4. 83 6. 87 3.54 5.08 3.95 17.9 3.23 3.5 60. 2 62.1 6. 98 18. 8
Co 9.9 10.9 6. 84 8.52 6. 83 2.99 5. 54 7.03 13.7 14.9 9.09 6. 94
Ni 4.6 5.46 2.89 4.12 2.87 7.02 2.74 4,34 25.7 26.9 4.19 9.43
Cu 664 591 147 143 311 491 7.47 23.6 23.4 79.6 288 33.1
Zn 38.2 48. 8 29.3 36.5 35.8 32.8 72 59.2 75.7 60. 6 30 24.7
Ga 15.9 17.1 15.4 17.7 17.3 19.6 19.4 21.1 19 19.8 17.6 19

T FES LA B L ZK1004 2 s FeO

4t H

FEGA P 5, AT AR 2 0 B K A2 A AT B
Bk 3 ANFESL R Srofi S E A AR AR A B Y Sr
IE S, YA AL 0 o o0 R & B RRAE, B
B KB T AT E (LILE) fUEH + 50 % (LREE)
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RS BK A VKA (An<<8YO M A SH . A
ik i S T AS 7 L B B SI0, (>73%) L iR (K, O
+Na, O=7.63~8.51%) L4 (CaO<<1%) .5
FeO/MgO(24~97) ¢ 55, M TR B A BUAE
5 A9 10000Ga/Al {H & (>2.6),Zr+Nb+Ce+Y
JCZE 4 Al > 350 X 10 ° (Collins et al. , 1982;
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Whalen et al. ,1987) , il Ll A K ) Ga/ Al I Zr+
Nb+Ce+Y TR A & HI WAL, 7374 2. 02~2.
36 F1 123.87~239. 42, N F 5 IT R Fi i T R AFIE
b A EN A BUAE R RRAE . R B C A i £ 1
B HILAREANE S BUFN A BULE i< 5 U Y T
B AT 2 R AL T2 ) Ay BE, E W] . Eu
P, 5 1AL 5 A RRAE— B

2RIk AR Y F HREE, Y<<18 10 %,
Yb<C1.9 X 107, & Sr Gl # =400 X 10" °) Ik
HFSE.Sr/Y > 20 ~ 40, La/Yb > 20 ( Defant and
Drummond,1990,1993;Qian Qing et al. ,2001) ,
Lyt XA PR M 5 A TR R i S LR R IE R A
—FHY FHE R 5.5X10 °~10.4X10 . Yb & &
0.43X10 °~0.93X10°, LK IN K BE A Sr AYF-24
Sk 488.6X107°,Sr/Y S K 68.72,La/Yb
=19.1~52. 79 CE-#{f 38.65), HENK B A H
TR S, HOP & R ik 851, 57 X100,

Sr/Y 1 i ik 100. 88, La/Yb=19. 57 ~41. 43
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iagrams of the Tongshan intermediate-acid intrusive rocks
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o ] e, S Y AR T XA (] 9)

HE AR A 2 R0 32 i o0 R IR AL 22 255 2 i
B LR R TR AR T RGBT T AL AR .
4.2 MERE

FHE L1 0 g e e it IX g R R S A 32 A 1 ) o
A 3 A ) TR P 3 R 3 R T A A i D
(Song Chuanzhong et al. ,2010), K¥IPIK,F £
W98 A T8 LA 7 3t X L 9 K T AR A 1 2
U Ay iy RS 3 A B 1) T K it 9 RF o (Jahin,
1974 R YUNEE,1983; 9 2 B 45,1984 ; Zhou and Li,
2000) . AR L B AR P A i DX HOR 822 1) FHE 1)
WA BIAE G RN e R Al A R LA R
PRI 2 B K Z 058 & DA S 46 T i, DX k6 L1 3 K T AR
BT R EE 5 DR s o A R B R P AR
e 455 v T S BOlUS {1 J2 BT 20 (Chen et al. ,2002;
Wang Qiang et al., 2004b; Hua Renmin et al. ,
2005; i Xiaofeng et al. , 2006; Lu Huijuan et al. ,
2007), Mao Jianren et al. (2014) #2& H 42/ 7F B ¢
WSS T ZRICR G KATE 175415 Ma JEAG
IRV AR AR ] 6 o Ay S A Bl A LR R . e R
RV P R it b X A7 B 6T o e BT AE T R & A UL
T 3 1L D) & A DA AR e T G G R 3 oo A R L
W 2L BB B P F gt DX AR SRR R L B A
W2 CI T # 7 TR A1 i R B R
T i) K M %8 4% (Wang Pengcheng et al. ,2012), 5%
SR B s e 7 o (45 M e 4 L S A BN (Song
Chuanzhong et al., 2010), Mao Jianren et al.
(201 Iy ly RV PR o/ 5 0 K AR 1l & B
LI 3h 1 2E AL DUR PSS A AR 3, e 1L Bl Y

o 3 A ) e 55 B % % A 1R B TR AR B4
BT AL R T iR 4 A A DN TR B i R A o g
PR A TG Zh 28 sk FE AR B LR N WL 1 1 R T AR
AR MARMEIEENT KIS R, Wang Qiang
et al. (2004b) A AL T AT 45 G 2l 7R Be 1Y 7 2% 4
J7VE FIGRIE v AR N A BE A TR R AR
HORbm N by WA R R E B BT il AL 3 3
JI2EE e ) A L5 GA B T o R Mk A A B[R]
(171£1. 6 Ma) 5FEXMH 6 IN K BE S (171 +3
Ma) JL-F— 3, e BT I8l — R ) 5t 28 BT
TR 1L 353K v BT e R T e AR T BTy RO AR e
R st B Bt
4.3 RXITIE KRR

H A R i G 2 4 i (LILE Al LREE & 4& .
HFSE 75 ) 1985 A A — 7 J& B 7o oh ] &, i
TR S8 J A R ] G SR R 4 9IRS R 4
JE Rl BT IR B A A 3R 3 oI B i T R 43 A R
fiE 3 A KA A b BR AR 2R R 4k R PE” (Xue
Huaimin et al. ,1996; Wang et al. ,2013), #f5 X
FE 1L BAT L IRAL 38 75 5% HL R IS b J2 A7 78 B o
A b TR R 5 9 A A A TR AR b
PG 7 TG AR B BB L i L BUIR 13 R A b 17 T L
2 X AR b BRI 2 S . A TR B AR L X
AR 1L IR A 2% 25 FNAE 2 B 5 TR B 1 B 5
PRI ST IR R WY L T 25 S A LA SIS oI AR el BR A 27
fIE ) R PR A T BB 2 VLR 1 L BT ool AR T
AR T 15 B B A M 58 5 40 B Rl Y 7 ) (Liu et al.
2012;Wang et al. , 2012), i 4 BCA™ 9 o I >k B BE
KEINEA . HIL, [ JE 8 b B R J0 b X pg 2K

5001 150
[ @ o MR KDL
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Fig. 9 Sr/Y versus Y (a) and (Lay/Yby) versus Yby(b) diagrams of the Tongshan intermediate-acid intrusive rocks
(after Defant and Drummond,1990)
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TG i o0 2R AR AR 1 LU R PR A Rl RE R BT T
ARPEFE IR I B IR S A P il 7T

B L AR R VA A B R Sr A L Eu B R R
(R AIE 22 W IX TJC R A7 5% B8 AH L AR XS 5 it HFSE
(Nb.,Ta,Ti) ., 15 B 5 X A7 15 £ € 1Y 4 £1 41 5% B AH
(Martin et al. ,2005; Xiong Xiaolin et al. ,2007) ;&
W A2 e RO A R EH M 19k 20 e i e 3%
M ¥ (Martin et al. ,2005), A&k 7 #ii HREE fiI
Y. RUBEXOAREAR T AkEM. ULaa
A2 R AE R B 50 L 482 3 v BT v R PR R AR R IR TR
A LA R e A A BB M R . SRR A R T
G TR S, % 5T A BB 20 il A B AR
S AR T A B B IR B R e R T 1.2
GPa(RIAH 2 F M 5¢ 40 km B RAL) (Rapp, 1995,
1999;Sen, 1994) ., 1fij 42 £1 A1 J& 3 BUR 35 38 i 5 5K
Nb.Ta 7 i i & L 5% B W), 4 40 A % A 7E & )
1.5 GPa DA b A BEAS & A7 75 - AT BR € 223K v it
IR E FE A TE R Z) 50 km L F (Xiong Xiaolin et
al. »2007) . pi b 4 BT 50 1L 350 5 38 IO v R P A R
WE KT 50 km,

Bk ve Jis g vl 43 Sy LUK JLA 26 B (Moyen,
2009) : D2 WA B R s T DAAR B st A B o8 ik 42 58
S I B s @ 38 AR Ml (5 3K 5 B8 A1) 6 A A1 1R
TR B AR R AT LU R AR R Ik vE s B L L
HWERT 2.5 GPa(>>60 km, 5 & 864 1A 2 iR
JEAR) s @ KBl 733k 58 it s 92 B A0 4% 1 AR K9
(8 —2H A s 2 v AR R i T R PR
i = N i R0 1 S A S S VNP s .
ORIt 7Rk e 5 32 A A A RS 2 (Wang Qiang et
al. ,2004b) ;38 JE 31 T M 58 W) J5 9 44 i (Zhang Qi et
al. ,2001,2004b; F 34 ,2002) s IR A2 N #1559 5 1)
Il (Wang Qiang et al. ,2001;Zhang Qi et al. ,2001,
2003) FLFF UL T b 5% 9y I 19 4 il (Xu et al. , 20025
Wang Qiang et al. ,2004b) , & E LR H X, KE Z &
JiT M ST Rl AN A T B TR R AR Ho
AT REAFAE 1Y 2R3 A K 09 IS A=A R B A
Hok 140~106 Ma(Wang Qiang et al. ,2001), 5]
] L) S AR U TR 22 R R AR5 XA AR AT B2 9
HEE S BRI T R A 1 b X R v i R R A AN AT
REJEHT IS4 T Hise W) B Al il . Wang Qiang et al.
(2007)IN N B 17 1 M AR BB A — S B0k v o a1
D)2 AR 2 B 1) T b 7 4 T TS AR B ) R B 9
8 S A Pl B 2 0 Pl et i b I i A R 0 e R e 5, T
Zhang Qi et al. (2005,2006)3A K » HESEPRUTAL & 1

R AT BCAYRUUEM . i THRUUT Huoe ¥ e il
T BURY 335 3 JoU e S AE 2 2ok Mg f e F K 2 S
WO 5 K A W o S 4 o TR 3k 2 32 308 v i s —
HA B m g 20 75 JF HA 805 9 MgO(Mg™ ) (Ni
i Cr & & AR FeO/MgO HAH (1 # AF (Xu et al. ,
2002; Gao et al., 2004; Guan Yili et al., 2013; Xu
Jifeng et al. ,2014) , T4 Ll 33k v 50 R 1 2 A1 4>
HFE R Mg™ B ] ik 0. 63 fH SR AT i A% . - 254X
0. 41, ZHFE i MgONi, Cr & &8 K, FeO/MgO H;
(R » KW 2 A TR e B . TE LR IE T R
R P A b (1 10) S 2 R 22 B AR i A 2B J5 T 3
FOIE MR IR v B X, 255 b Al 1L 2R3 v i R
P AT IV S 1 JRE T LSS AR S T 18 JH R B R AE AT
REJe 32 BN AR B b re TR G

o1 T8RO BUE SN TE R B SR AR I RDE
S (Sen et al. ,1994; Rapp et al. ,1999; Martin et al. ,
2005), & & K &2 7 & (Kay and Mpodozis, 2001;
Mungall, 2002; Wang Yuanlong et al., 2003; Xiong
Xiaolin et al. .2007) , REAE P 455 407 W0 #y ot b T+, i
A SRR APV YN EAF T p $=g 1) R i3 U]
i (Mao Jingwen et al. ,2014) , 245 11 322 3K 70 SR 45 &
1578 B ST ARIN . o1 T B R B IR AR
S HE [ R s BT A AR I 5 T [ T LAY R S TR
o 0 T4l Ly DX TRV S R 2 75 BB A % 40 T =X
IBE S S8 34 T ASE— 2 A B A AT ST .

5 4t

() i 1L XA 5 TN K BE 25 I AT 2 48 1%
171. 0 1. 6 Ma, JE 8 T H 4R 27 1, A0 174 1l #h X
PR TR A R BB AR R Y B R E R S A K
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Abstract

The Tongshan intermediate-felsic rocks emplaced in conjunction area between Yangtze block and
Cathaysian block, i.e. in the eastern part of the Qinhang conjunction areas. Tongshan intermediate-felsic
rocks consist of granite diorite porphyry and quartz diorite porphyrite, accompanied with medium-sized
skarn copper deposits. The zircons from granite diorite porphyry show distinct zonation structure with
high Th/U ratios(0.40~1.07), suggesting that zircons are typical magmatic in origin. LA-ICP-MS zircon
U-Pb dating yields an age of 171. 0£1. 6 Ma(n=15, MSWD=0. 16). Major element and trace element
characteristics indicate that the intermediate-acid intrusive rocks are high K peraluminous-aluminous I-type
granitoid, with strong LREE/HREE fractionation (Lay/Yby=10.53~38.37) and no significant negative
Eu anomalies (SEu average of 1. 05). Enrichment of large ion lithophile elements (Rb, Ba, Th, U and K)
and depletion of Nb, Ta and Ti, low contents of Y (<{10.4X10 °) and Yb (<C0. 93X 10 °), high Sr/Y
ratio(>26), suggest the rocks are of double geochemical characteristics of arc volcanic rock and adakite.
Comprehensive study shows that the intermediate-felsic rocks formed at the pressure greater than 1.5
GPa, magmatic source depth was more than 50 km, and the source region composition was rutile-rich
amphibole eclogite facice rocks, which resulted from partial melting of thickening lower crust with
relaxation environment after extension caused by the oblique subduction tectonic of the Paleo-Pacific Plate.
The ore-forming materials were easily extracted and accumulated to form Cu-Au deposits from the
magmatic melts with adakitic characteristics. Therefore, the Tongshan area has the potential of

mineralization and is worth broadening exploration.

Key words: Guangfen County, Jiangxi Province; Tongshan intermediate-felsic intrusive rocks;

adakite-like; zircon U-Pb dating; geochemistry



