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Geochemistry and petrogenesis of Pulang porphyries in Sanjiang region
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Abstract: Located in Zhongdian island arc belt in northwestern Yunnan Province, the Pulang superlarge por

phyry copper deposit was formed in late Triassic during the westw ard subduction of the Ganzi Litang ocean plate

below Zhongdian microplate. The mineralized rocks of the Pulang porphyry copper deposit mainly include quartz

dioritic porphyries and quartz monzonitic porphyries in a complex pluton, and economic ores are mainly preserved

in the quartz monzonitic porphyries. The quartz dioritic porphyrites were intruded by later quartz monzonitic

porphyries, but the two kinds of rocks display similar geochemical characteristics, such as similar REE patterns,

incompatible trace element patterns and initial ®’Sr/*°Sr and "®Nd/ ' Nd ratios, suggesting that they were coge-

netic products or were derived from similar sources. Geochemically, both kinds of rocks are akin to adakite, as
evidenced by such characteristics as high Sr content (289 x 10~ °~ 1200 x 10” ®), high La/Yb and St/ Yb ra
tios, relatively high MgO and Mg" (> 59), depleted Y and Yb, slightly negative Eu anomalies and positive Sr
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anomalies. Moreover, the radiogenic Sr [0.705 60< (* St/ Sr);< 0.705 74] and less radiogenic Nd
[- 2.85< €Nd( t)< — 2.20] isotopic characteristics, together with high Th/Y, Ba/La, Rb/Sr, and Ba/Sr
trace elements ratios, imply that enriched source components were involved during the formation of the por
phyries. This enriched source was probably derived from the basement of arc crust or subducted sediments, and
then some mixing processes possibility occurred between adakitic magmas and melts from sediments and/ or arc
crustal materials. A comparison between the quartz dioritic porphyrites and quartz monzonitic porphyries sug-
gests that the former have low SiO2(> 61.0%) and K20 (2. 2%~ 4. 4% ), while the latter have high Si02(>

65.9%) and K20 (3.5%~ 8. 1% ). Therefore, the authors hold that the Pulang porphyry copper deposit was
probably related to the westward subduction of Ganzh+ Litang oceanic plate during late T riassic. At the early
stage of subduction, the quartz dioritic porphyries with subduction-related origin were formed firstly, then in-
creasing adakitic magmas of slab melting were mixed with melts from subducted sediments or arc materials, pre-
ducing more acid and high oxygen fugacity adakitic magmas, which finally intruded the upper crust below Pu
lang and promoted the mineralization of the Pulang porphyry copper deposit at the shallow level.

Key words: porphyry copper deposit; SeNd isotope; Indosinian; Pulang; Zhongdian island arc
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1 (wp/ %) (wp/10 )
Table 1 Composition of major (wg/ %) and trace (wy/ 10” %) dements in Pulang complex porphyry
P 125 7105 P14 P06 7690 PLO3 P+ 10
1 2 3 4 5 6 7
Si0, 68. 32 66. 53 66. 39 65. 85 61.02 63. 10 62. 80
Ti0, 0. 64 0.58 0. 47 0.61 0.73 0.75 0.73
AL, 04 12. 94 14. 37 16. 00 12.53 14.78 14. 80 14. 66
FB2O3T 3.15 3.57 2.85 3.34 5.63 3.49 4.56
MgO 2.70 2.46 1.90 2.43 3.48 3.74 3.73
MnO 0. 01 0.01 0.03 0.02 0.07 0. 05 0. 05
Ca0O 0.77 1.75 3.31 0. 82 4.90 5.78 3.97
Nas0 1.51 3.24 3.80 5.56 2.84 4.25 2.94
K2o 8.05 5.17 3.49 6. 89 4. 19 2.20 4.39
P,0s 0.29 0.34 0.17 0.28 0.35 0.38 0.35
L.O.1 1.02 1.42 1.02 1. 11 1.45 0. 88 1.25
Total 99. 41 99. 4 99. 41 99. 44 99.43 99. 41 99.42
Mg 66. 62 61.® 60. 77 62. 86 59.00 71.42 65. 61
Cr 39. 36 175.1 23.22 39. 85 60. 01 56.78 62.57
Ni 13.05 15. 4 16.52 14.22 21.36 20. 68 23.09
Cu 6327 1877 49.2 4995 780 47.1 86.3
Rb 263.0 160.6 111.2 248. 8 115.0 59.4 158.6
Sr 317 601 1141 396 1001 1043 880
Y 8.315 15.1 12.43 9.54 16.52 19. 68 16.21
Zr 162. 4 172.5 173.9 183 171 176.7 144.3
Nb 11.35 12.5 9.10 12.24 10. 45 11. 40 11.01
Ba 1303 1257 1311 1 347 2298 1346 2231
La 9. 60 31.21 29.48 15.59 37.91 33.24 37.07
Ce 20. 26 60. 43 55.51 29.79 73.26 68. 16 69. 38
Pr 2.57 7.05 6. 14 3.64 8.45 8.29 8.20
Nd 10. 64 25. R 21.56 13.93 30. 58 31.45 30. 13
Sm 2.30 5.04 3.78 2. 80 5. 86 6.51 5.86
Eu 0. 41 1. 14 0.92 0.56 1.39 1.57 1. 46
Gd 1.91 3.78 3.04 2.38 4.55 5.50 5.08
Th 0.27 0.54 0.41 0.32 0.61 0.72 0. 64
Dy 1. 48 2.85 2.27 1.78 3.23 3.75 3.28
Ho 0.28 0.53 0.43 0.33 0.58 0.70 0.58
Er 0.75 1.41 1.20 0.89 1.50 1.79 1.56
Tm 0.10 0.22 0.18 0.13 0.22 0.26 0.23
Yb 0.73 1.39 1.23 0.90 1. 44 1.70 1.47
Lu 0.12 0.22 0.19 0.15 0.22 0.26 0.24
Hf 4.83 5.31 4. 80 5.57 4.63 4. 86 4.27
Ta 0.99 1.07 0.82 1.09 0.77 0.94 0.96
Pb 11. 46 9.28 12.70 12.27 15.48 7.06 8. 88
Th 13.61 19.23 11.85 18. 42 14. 04 14. 80 15. 15
U 1. 60 3.90 2. 88 4. 88 3.47 3.27 3.67
:Fe,0," ;Mg# = 100x MgO/(MgO+ Fe,0;")
SeNd L (YSr/®Sr); 0.70560~  eNd(¢) - 2.85~ - 2.20 ,
0. 70574,€Nd(¢) - 2.85~ — 2.20, Sr [- 810
Nd 215 Ma( < ENd(t)< — 3.27]( Liu et al., 2006)
(7S1/%%8r) , Nd [- 8.40< €Nd(1)<
(0.707< - 5.14](Qu & d., 2002), SeNd

Isi< 0.725) (Qu et al., 2002;

, 2003) ;
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(2009)] Si0y(> 61%) S (289% 107 °~ 1200x 10" °,

Fig. 2 TAS classification of Pulang porphyry (after Le Bas
et al.,1986; previous data from Li Qing, 2009 and Pang
Zhenshan et al. , 2009)

820x 10°%),  Sr/Y (23~ 92),
MgO Mg" (1.74< MgO< 3.74, Mg" > 57),

Po— CB— . T— .ul— HREE Y(8.3x 10 °~ 19.7x 10" %,
; U2— : U3— : Ph— [(La/ Yb)x 16.4], Eu
; 01— ; 02— 3 03— 3 S1— ( 49 Na20-Si02 M g0-SiO2
; S2— ; S3— ; R— ( 3)

Pc —picritic basalt; B—basalt; T —trachyte; Ul —basanite; U2— 3 M . I 2005
phonotephriie; U3 —tephritic phonolite;  Ph—phonolite; 01— ( )( artin et at., ’

basaltic andesite; 02—andesite; 03 —dacite; S1—trachybasal: Wang et al., 2007; Hou et al., 2009)
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4 (Rapp et
al., 1999; Martin et al., 2005; ,2007),
4.1 ,
4.2.2
, M ORB
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( ,2006) 215.2 £1.9 Ma( . 0.70560~ 0.705 74, € Nd( 1) _ 2.85~
2009) SIMS 219.7 - 2.20, (*'s1/ %81
t1. 8 Ma( , 2009), ENd(¢t) .
215.5i1.8Ma( , 2003; )
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2009 (1 5) ,
(
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Fig. 3 Relationship of major elements in Pulang porph after Hou et al., 2009, data sources and symbols as for Fig. 2
g p ] g porphyry y g
2 Se-Nd
Table 2 Se-Nd isotopic composition of Pulang complex porphyry
P 125 7105 PI-06 %690 P+ 03
w(Rb)/ 107 6 263 161 249 115 59.4
w(Sr)/ 107 © 317 601 396 1001 1043
w (Sm) /107 6 2.30 5.04 2.80 5.86 6.51
w (Nd)/107° 10. 64 25.98 13.93 30. 58 31.45
(¥7Rb/ 36Sr) . 2.404 02 0.773 19 1. 816 65 0.33224 0. 164 75
(¥Sr/ 308r) 1 0.712958 0. 708 009 0.711 295 0.706613 0.706 241
by 0. 000 007 0. 000 006 0. 000 006 0. 000006 0. 000 007
('Sm/ 44Nd) |, 0.13079 0.11737 0.121 34 0.11582 0.12508
("Nd/Nd) |, 0.512 402 0.512 303 0.512 386 0.512412 0.512 419
> 0. 000 007 0. 000 005 0. 000 004 0. 000004 0. 000 008
(87Sr/86Sr) 0. 705 608 0.70578 0.705 741 0. 705598 0. 705 738
€Sr(¢t) 19. 27 20. 504 22.919 19.3%4 21. 151
("3Nd/'Nd) ; 0.51222 0.51221 0.51222 0.51225 0.51225
eNd(t) - 2.80 -2.83 - 2.85 -2.20 -2.29
Tpow/ Ga 1.38 1.22 1.26 1. 15 1.26
Nd/Sm Rb/ Sr (Ling et al., Se-Nd

2009),

B

,2008; Ling et al., 2009)
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g. 4 Chondrite-normalized REE patterns( a) and primary mantle normalized trace element patterns(b) (normalized data
after Sun and McDonough, 1989)
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,  Bingham, USA; Chuquicamata, La Escondida,
El Teniente, Chile; Bajo de la Alumbrera, Argentina
(Ulrich and Heinrich, 2002; Richards, 2003),

- (Sill+

toe, 1972; Sillitoe and Bonham, 1984)
(Mungall, 2002; , 2008),
, Cu Au )

(Sun et al., 2004;
,2009),

(1)

(2) SeNd )
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