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(Goodfellow, 1987; Clark et al. s 2004; Liu et
al. , 2012; Zhu and Sun, 2013), B2 B # MR &
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1993; Oliveros et al. , 2008; Chen et al. , 2012),
AR PR (4 B A 6 2 [R) A A AR 28 B A 4 3 (Yan
et al. , 2003a, 2003b; Yao Jiadong, 1990; Yan
Danping et al. , 1997; Yao Peng et al. , 2008; Ma
Guotao et al. , 2009; Zhang Huihua et al. , 2013),
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Fig. 1 Regional geological maps showing the Songpan-Ganzi Fold Belt (SGFB) (a, after Yan et al. , 2003;

uan et al. , 2010) and the distributions of the Liwu type copper deposits (LTCD) in the Jianglang Tectonic Dome (JTD) (b)
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Domes and Numbers: 1—Motianlin; 2—Qiaoziding; 3— Xuelongbao; 4— Yaside; 5—Gezong; 6—Gongchai; 7—Taka; 8—Jianglang;

9—Changgiang; 10—Qiasi; 11—Sanya; 12— Tianwan; 13— Wachang;

14—Tangyang; The translucent area represent the Songpan-Ganzi copper polymetallic metallogenic belt

L2 7 B XoF T ) ) % e i B 85 K b 5 A TR A
B 78 B X (Xiao Rongge et al., 1999; Jiang
Shaoyong et al., 2000; Cheng Jialong et al.,
2010) . W2 2 4G 3 20 kel 60 AEAAH) ], i
AESR U F S 4 1 LA-MC-ICPMS J5 4 il [7] {3
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et al. . 2014), F5 i 80 [w] o 28 188 110 32 22 [A 2R 2 1l
Ji (Cheng Jialong et al. , 2010) , B 5.3 #5755
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Fig. 2 Geological maps of the Liwu copper deposits

FAEA (Yan et al. , 2003a); JiE &8 0T BE 12 1F 76 Ky
B 0 R AE ALK (Li Tongzhu et al. , 2016),
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MBAMAEAHEII(Yan et al. , 2003a),
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Hh U A7 R )RR A e S0 b Skl A 1k K B
AALSE AR A5 BT e R A K

AR A A 7 L 8 AR 32 T R A T
T A )P BT U145 b (Yan et al. , 2003a, 2003b).
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Fig. 3 Cross-sections of the Liwu copper deposits

(location of the exploratory line A (ZK35)—
A’ (ZK35) is shown in Fig. 2)
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Fig. 4 Field photos taken in the adit for the Liwu type copper deposits
A— AR R 5 AR S AL He i, BUALRE F BAL R & s B— HURAE Bl & A BOR BRCR T 7R r 4, 28 Al 95 5 . D— dly [ & ), o 0 ] 8 #00
B K 43 - R & Co-Zn 07 i S0 — A 2 kw4 air , o 399 09 D8 B Al A A B W 309 7 4 4 Akl s WA R = B & T 8 o bz B

Cep— B8 3 Sp— INEFH™ s Qrz— A1 3¢ ; Tur— A1 Be— R B

A—Abrupt contacts between the stratiform massive orebody and the Liwu Group. the former is without foliated whereas the later is foliated;

B—the wall rock of the Liwu Group were captured and enwrapped by the large veined orebodies; C., D—a clear crystallization sequence

showing the early Cu-Zn bearing veined tourmaline-quartz belt to the medium-term veined sphalerite belt and to the late massive chalcopyrite

belt from the wall rock to the orebodies; Biotitization superimposed on the chalcopyrites; Ccp——chalcopyrite; Sp—sphalerite; Qtz—quartz;

Tur—tourmaline; Bt—biotite
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O, R AR YRV oF B S A s T R A
HCEE 4, 4% B[R RE AT DA HEBR R A2 DR B B . 1 490
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Fig. 5 Photomicrographs of ore samples from the Liwu type copper deposits
AT A BE & B 20 K U 2 5 B— 10 A0 B N R R R A IR DD 2 R AT 2 FLIRIR A A AR TN B BE R T C D3R b il gk
BB A0 KD 2 SR R B A AL AR s B BBk BT D TR OO s IR B 0 S A B TRV A B A5 B IN B S B 3
A SR A B S BN Po—RERR B s Apy— 10 Py— 84k 7 Hofb ¢ 45 5 [l 1A 4
A—Tourmaline porphyroblasts were crosscut by pyrite veins; B—tourmaline porphyroblasts were crosscut by sphalerites and chalcopyrites;
Emulsion droplet chalcopyrite distributed in sphalerite; C, D—arsenopyrite and pyrrhotine were crosscut and locally replaced by chalcopyrites
or chalcopyrite veins; E—pyrite was filled and replaced by arsenopyrite; sphalerites and chalcopyrites show common crystallization and solid
exsolution separation texture; F—sphalerites and chalcopyrites show common crystallization texture, the former were locally crosscut and

filled by the later; Po—pyrrhotine; Apy —arsenopyrite; Py—pyrite; others are as same as those in Fig. 4
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LA 7T 3R b kA 2 Kl ) 62 2% 4 A 0 Dy G
7 — 4R % 5 Plwl0, R B BAL 4. 75 — 41k
i 45 Phod11, 5% B B4R, PR 44 a1y
PRI 07 W) 2 & X B (Cep) — N AER”
(Sp) — A (Qtz) —HF A (Tur),
2.1 BSARZMIKAEBRFRSSH

W HACRME R B S 0 W) R R S IR 1 [ 7 O
i, #E A7 7 B (BSE) 0 B K 3 5 o A
(EMPA), BSE Z3 #7718 Jb 5t 5k 4 G i A BR 2 7 58
B T A 2% 2 TSM6510 H, F 3R A A3, 2% £ 7 5
A JXA-8230, in B JE 10 kV, EMPA 43 #7178 &
b J5T R A Sy A b 5T 9 A b 52 0 = O R i FHAY
#8°7 Shimadzu EMPA-1600, 1% #% Jh B 8L K
KLRBEE AN 20 pm, JIH A E 15 KV, 0 # #
20 nA, FEYHM L JT 2% Yang Shuiyuan et al.
(2012),
2.2 BEAWEACEMIR

I EEDAES R w iy N i Sy =R 7 N R T
il AT 5 ) 5K L B A e . i SR 0 BT O 8 2 A
M LA-MC-ICP-MS B X5 B A0 i ) 2R A7 J A
) o 28 BEAEL I 7€ » 22 % 52 i3 X B 5 O Neptune
Plus, fff 2800 & B Dk s B2 52 0808 o 100
B A ] 0. 131 s, SRS H
WOLR i R 5 ALER L5y Newwave UP193, 3 it
BEARR 50pm, F AR Ay SHz, TE A ) S8 5 J5
27 Hou Kejun et al. (2010) ¢ Yang Shuiyuan et
al. (2015), SE 5% o A T I Br J5 5 68 HL#4 $2 4t 19
IAEA B4 $rEE/E H 485 (Tonarini et al. ,2003) , 3f
TEMRE & 0 2o B2 b S S I PR A [ B B A 1Y
S B R, LA ke M I ASC A 0 0 B . 3X P A bR A
SR B S A (HS 2 112566) I8 LS £ (HS #
108796) (Dyar et al. ,2001) , B 4> & B b5 AL in AF

BIE 4> R 0" B= —13.68%, = 0.43%, (n=17,
MSWD=0. 53, 25) M —14.34%, 4+ 0.49% (n=
7, MSWD=0. 17, 20), Fif3Hny o' B EAHX F
S TAEA B4 bpkE (U B/YB = 4.01475, 8" B=
—8.71%:4+0.18%0, n=3., 26) K15 (Gonfiantini
et al. , 2003; Tonarini et al. , 2003),

3 Hrai R
3.1 BERALFHARK
HAANTERTEZMEAERNBET T

(Henry and Dutrow, 1996; London et al. , 1996;
Slack, 1996; 2011; Van
Hinsberg et al. , 2011); LRI K L E B IE A G
N A = 5T e 1T 12 (Kasemann et
al. , 2000; Xavier 2008; Slack and
Trumbull, 2011; Yang and Jiang, 2012; Hu
Guyue et al. , 2014) ., 7 B X4 K . S A
FEBEE AR I I S 0 N BT
RE BT R LA S BT D) 3 AR (181 4C. D ] SA
B). PR, AT LAGE 2o 0 ok 26 W S I I AR AT O3
BT (EMPA) & B [A 7 2R 50 #7 » il 29 Cu-Zn 5 LI H)
BRI TEAIIATA R IR 1 ek 2,

Henry and Dutrow (1996) 3% H} B X {4 45 #4 1]
LSE 5 xof 1 A/ T R (T 24 Y) 254 BT Y
FHES bR AT R RH . R AR BARR P
UL B bR AL 2

XY, Zs Ty O (BOy); Vo W, Hidr, X=Na'",
K", Ca®", 25 fif; Y = Li'", Fe*™, Mg’ , Mn*",
Fe*t VAP, Cr*t;Z=Mg*" ,Al’" ,Fe*T ; T=AI",
B ,Si'"";B=B; V+W=0H'" + F'" (Henry et
al. , 201D, HLFHREF T B3RS 19 FeO 4 p i i
Hfr Z 8880 FeO+Fe, O, 4H K .

Dutrow and Henry,

et al.,

F1 BEEETESAEFRIN(%)RBEAME (%) FHER
Table 1 Electron microprobe analysis (% ) and boron isotopic data (%o) for the tourmalines of the Liwu copper deposit
; Fe/(Fe | Na/(Na
ik A5 | B/1°B o'B 26 | B20; [Na,O| MgO |Al; Os] SiO; | K;O | CaO | TiO; |Cr2 O35 MnO |FeOT | Total | X,
+Mg) | +Ca)
1 4.5637 | —14.43|0.72 ]10.57| 1. 60 | 6. 46 |32.96(36.26|0.00 | 0.21 | 0.09|0.00 |0.04 |5.8193.99]0.45 0. 34 0. 93
2 4.5644 | —14.26|0.66 |10.67| 1.52 | 6.62 |33.40|36.09|0.02|0.22|0.11|0.00]|0.00 |5.89|94.54|0.47 0.33 0.93
3 4.5697 | —13.11|0.61|8.66|1.62|6.34|33.21{35.74/0.01]0.21|0.12]0.00|0.03]5.76 |91.69]0.44 0. 34 0.93
4 4.5689 | —13.06|0.7719.85|1.99]6.90 |31.90(35.20|0.02|0.54|0.47 | 0.00 |0.05|5.76 |92.67] 0. 25 0.32 0. 87
5 4.5579 | —15.47|0.83 |11.73| 1. 95| 6.95 |32.12(35.78|0.02]0.69 |0.72]0.00|0.01|5.42|95.38]0.25 0. 30 0. 84
6 4.5688 | —13.10|0.63 |10.18|1.83 | 7.27 |32.03]37.03|0.01]0.71|0.76]0.01|0.00|5.06 |94.87]0.30 0. 28 0. 82
7 4.5642 | —14.08 | 0. 57 [11.91|2.07 | 7.47 |31.61(36.57|0.02 | 0.64 | 0.75]0.00 | 0.04 | 5.08 |96.15] 0. 22 0.28 0. 85
8 4.5641 | —14.07 | 0. 66 [12. 79| 2.06 | 7.45 |31.10(36.29|0.03 | 0.58 | 0. 74 | 0.04 | 0. 05 | 4. 61 |95. 72| 0. 23 0. 26 0. 87
9 4.5625 | —14.40|0.59 [10.52| 1. 98 | 7. 09 |32. 81{34.11|0.02 | 0. 65 | 0.51 | 0.00 | 0. 06 | 5. 43 |93.16] 0. 23 0. 30 0. 85
10 4.5631 | —14.29|0.53 |11.31|2.05 | 6.94 |31.72]35.25/0.02]0.68|0.62]0.01|0.00|5.75|94.36]0.21 0.32 0. 84
B XN Xovocaney » EHRAAARHE 30 X 240588 Henry et al. . 2011 A3HH .
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Table 2 Electron microprobe analysis (% ) and boron isotopic data (%o) for the tourmalines of the Hei Niudong copper deposit

Fe/(Fe | Na/(Na
M s | 1 B/°B S''B 26 | B20; [Na,O| MgO |Al; Os] SiO; | K;O | CaO | TiO; |Cr2 O3 MnO |FeOT | Total | X,

+Mg) +Ca)
1 4.5681 | —13.19|0.57|12.53]1.70| 8.88 [34.41[36.45/0.01 [ 0.46 | 0.16 | 0.00 | 0.02 | 1.55 [96.17| 0. 38 0.09 0. 87
2 4.5928 | —7.76 |0.67]10.58]2.15|9.64 [32.93[37.14/0.01[0.68]0.23|0.00]0.02]1.96(95.33|0.21 0. 10 0. 85
3 4.5921 | —7.91 | 0.5719.94]2.10(9.74 |32.27[36.27|0.02[0.95]0.32|0.000.04|1.881(93.53|0.17 0. 10 0. 80
4 4.5862 | —9.20 |0.74 |11.26/|2.10 |10.05|32.17(36.51|0.01]0.95|0.31]0.00|0.02]1.70|95.07]0.17 0. 09 0. 80
5 4.5849 | —9.47 |0.76]9.59]2.299.66 [32.70[36.54|0.01[0.94]0.31|0.00]{0.02]1.74193.79{0.12 0.09 0. 82
6 4.5703 | —12.48|0.5719.63]2.05(9.94 (33.28]36.05/0.01[0.76]0.29|0.06|0.04|1.121(93.23|0.22 0. 06 0. 83
7 4.5719 | —12.12|0.66 |11.70] 2.02 | 9.08 [32.71{36.09|0.00|1.01]0.36|0.05|0.02]|1.55(94.60{0.18 0. 09 0.78
8 4.5782 | —10.7610.7419.96 |2.15]9.86 |32.59[36.83|0.01]0.96|0.38]0.00|0.04|1.58|94.35]0.16 0. 08 0. 80
9 4.5725 | —11.98 | 0.63 |14.70] 1. 72 | 8. 65 [33.30(36.52| 0.00 [ 0. 96 | 0. 45 | 0.00 | 0. 01 | 2. 21 |98. 54 0. 29 0.13 0.76
10 4.5692 | —12.63|0.53|7.7311.94(9.61 (33.62(37.20/0.01[0.72]0.26|0.00]0.00]1.181(92.27|0.27 0. 06 0. 83
11 4.5934 | —7.38 | 0.54(10.29]2.09(9.88(32.19(37.19/0.01[0.98]0.39|0.00]0.00]1.651(94.67|0.17 0. 09 0.79
12 4.5996 | —6.02 |0.78|11.91|1.82]8.37|33.13[37.82|0.01]0.45|0.16]0.02|0.06|2.59 |96.33]0.35 0.15 0. 88
13 4.5798 | —10.33|0.70|14.52] 1.95|9.44 (32.27(37.37|0.02|0.86]0.37|0.01|0.01]1.67 |98.48|0.24 0. 09 0. 80
14 4.5757 | —11.42|0.76 |11. 71} 2.09 | 9. 56 [33.42(37.72|0.02[0.90]0.34|0.02|0.04|1.57 [97. 38| 0. 20 0. 08 0. 81
15 4.6009 | —5.91 |0.67|11.92]1.788.52 |33.34(37.92|0.01[0.30]0.11|0.02]0.03]2.68(96.62|0.39 0.15 0.92
16 4.5779 | —10.93|0.68|12.47] 1.86 | 8.87 [33.80[36.81|0.02|0.85]0.53|0.00]0.05]2.44 (97.70{0.27 0.13 0. 80
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Fig. 6 Representative Transmission Electron (upper) and Back-Scattered Electron

(lower) images of the tourmalines from the Liwu (A) and Heiniudong (B) deposits
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Abstract

Jianglang Dome is located in the southwestern Songpan-Ganzi Orogen (SGO) in western Sichuan. A
series of copper polymetallic deposits such as Liwu, Zhongzui, Sunyelin, Baixianglin, Wajingou and
Heiniudong occur around the waist of the dome. All of these deposits occur as stratiform in the
Mesoproterozoic strata of the Liwu Group. But their genesis is still unknown. With ore-bearing quartz-
tourmaline from the Liwu and Heiniudong ore deposits as study objects, this paper performed boron
isotopic analyses using LA-MC-ICPMS and electron microprobe methods to understand the origin of ore-
forming material of the deposits. The BSE and micrographic images reveal that these tourmalines were
possibly derived from a single hydrothermal source, and electronic probe results indicate these tourmalines
can be grouped into magnesium tourmaline. Boron isotopic results suggest that §''B values of tourmaline
from two deposits are —15.47%, 4+ 0. 83%; to —13. 06%, 0. 77%,(n=10) and —13.19%, £0.57%; to
—5.91% £ 0.67%y(n=16), respectively, both of which are consistent to that of granite, indicating that
the two deposits belong to post-magmatic hydrothermal deposits. Comparison study further shows that an
NE-SW trending metallogenic belt, i. e. the Songpan-Ganzi copper polymetallic metallogenic belt
(SGCPMB), occurs likely within the Songpan-Ganzi orogenic belt. In summary, this study will not only
be beneficial to supplement the metallogenic theory of stratiform deposits, but also significant for the

copper exploration in other domes in the SGO area in future.

Key words: Songpan-Ganzi Orogen; Liwu Group; tourmaline; boron isotope; Songpan-Ganzi copper

polymetallic metallogenic belt



