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Geochemical characteristics of the volcanic intrusive complex in the Pangkuam
copper-gold deposit of Laos and its geological significance

ZHAO Yan peng, KANG Tie-suo, NING Geng-chen, GE Hua and PAN Han
(China Nonferrous Metals (Guilin) Geology and Mining Co. , Ltd., Guilin 541004, China)

Abstract: The Pangkuam deposit is a large-sized copper-gold deposit newly discovered in Laos. Previous studies
held that the gold mineralization in the study area was closely related to the magmatic activity with the subduc-
tion of the Paleo-Tethys oceanic plate and crust vanishing; nevertheless, such an argument has not been support-
ed by convincing geochemical evidence. In the study area, 13 samples of volcanic rock and intrusive rock were
collected in order to analyze the content of main elements, trace elements and rare earth elements (REE). The
research result shows that the andesitic intrusive rocks have the geochemical features of calc-alkaline volcanic
rocks in an island arc environment. Tectonic discrimination diagram indicates that the rocks belong to an oceanic
arc environment, related to the subduction of the oceanic plate. The formation process occurred in an oceanic
subduction zone. The magma of volcanic rock and intrusive rock originated from the mantle wedge with crystal-
lization differentiation. The lamprophyre was formed by the mantle melting, which was enriched during the
plate subduction. Based on a comparison with the geochemical features of REE and trace elements of several de-
posits in Chatree magmatic belt, the authors hold that volcanic rocks and gold deposits in the two mining areas
originated from the same stage of tectonomagmatic mineralization process. The result has further demonstrated

that there existed an important regional mineralization process at the Loei tectonic magmatic belt in the Late Permian-
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Fig. 1 Geological sketch map of the Pangkuam copper-gold deposit Cafter Zhao Yanpeng et al., 2015)
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I—Carboniferous, Permian limestone; 2—Carboniferous, Permian skarnized marble; 3—Carboniferous, Permian shaly sandstone; 4—andesitic
tuff; 5—granodiorite; 6—Permian, Triassic andesite; 7—copper-gold orebody and its serial number; 8—fault and its serial number: 9—gold de-
posit; 10—copper deposit; 11—study area; 12—exploration line profile and its serial number; (D—]Jinghong-Nanta island arc belt; @—Simao-
Fengshali micro-block;s —Luang Prabang island arc belt;: @—Changshan micro-block: ®—Sangnu island arc belt; ©—Wanxiang-Base micro-
block; F;—Lancangjiang-Bannankan fault; F,—Nanben River fault; F;—Lifu-Luang Prabang fault: F,—Poley Mountain fault; F5s—Changshan-

Xiangang fault; Fg—Lanjiang faults F;—Majiang fault
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Fig. 2

Geological sections along No. 19-100 and 15 exploration lines of the Pangkuam copper-gold deposit
(after Zhao Yanpeng et al ., 2015)
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1—limestone; 2-—siliceous mudstone; 3—marble; 4—Permian-Triassic andesite; S—diorite; 6—propylitized, pyritized andesite; 7—gold orebody
and its serial number; 8—copper-gold orebody: 9—copper orebody: 10—residual slope type oxide ore; 11—ore (mineralized) body: 12—fault and

its serial number
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Fig. 3 Microscopic photos of igneous rocks in the Pangkuam copper-gold deposit
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d—pull brilliant porphyry (SHHB48), crossed nicols; Pl—plagioclase; Hb—hornblende; Px—pyroxene

(Jakes and Gill, 19705 Green, 1980; Bailey, 1981).
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Table 1 Chemical composition (wy/% ) and trace element and REE (wg/10™%) of intermediate-basic intrusive
rocks in the Pangkuam copper-gold deposit

K5 BK22 Bl146 ABI33 DI17/118 zk19/1 2zk19/13  BK78  2zk19/16 BK119 SB19 BK36  SHHB48 SHHB97

Zk P A

SR 7 Ll Py jax) o Ll Py 8} e Ll ‘}\ /. AL, ‘}\ PO E) ‘}\ . L ‘}\ FOR=C) ‘}\ FOR=C) N o o
s =iles wiles wiles wles s WKE WKE WKE WKE WKE e JEREE R

SiO;, 55.11 53.95 56.18 6.01 66.47 54.77 62.88 58.66 55.63 52.76 50.04 45.92 41.71
TiO, 0.50 0.69 0.79 0.65 0.35 0.68 0.45 0.51 0.62 0.70 0.74 2.12 1.64
ALO; 16.83 18.57 17.98 17.54 15.94 17.74 16.87 16.96 17.47 17.94 17.52 13.46 11.39
Fe,O3 1.25 3.97 1.01 1.56 1.46 2.66 0.48 2.51 0.80 2.52 0.45 3.08 3.85

FeO 4.66 4.29 3.48 4.20 2.40 4.11 2.13 3.56 3.74 5.14 2.87 5.73 4.90
MgO 5.26 4.96 4.50 2.65 1.93 3.95 3.32 3.33 3.83 4.52 6.41 10.30 9.84
MnO 0.13 0.14 0.11 0.25 0.13 0.11 0.06 0.09 0.12 0.17 0.16 0.12 0.14
CaO 7.72 7.94 7.92 5.35 3.62 7.38 5.51 5.48 5.97 8.79 16.30 10.60 13.10
Na,O 3.93 3.39 5.02 4.75 4.29 5.09 3.73 4.80 4.70 3.57 2.14 2.28 1.19
K,O 1.37 0.83 0.85 1.00 0.96 0.92 0.75 1.14 1.48 1.31 0.48 1.19 2.01
P,0s 0.14 0.11 0.13 0.12 0.11 0.12 0.19 0.18 0.18 0.12 0.12 0.60 0.57
PR 3.24 1.76 1.93 1.70 2.26 2.24 3.03 2.62 5.25 2.23 2.63 4.30 9.32
PES s 99.99 99.92 99.59 99.53 99.57 99.95 99.54 99.95 99.97 99.96 99.98 99.96 99.92

NaO/K,O  3.10 4.00 5.90 4.80 4.90 5.50 5.00 4.20 3.20 2.70 4.50 1.90 0.60
Mg* 62.00 53.20 65.40 46.40 48.90 52.20 70.00 50.80 60.80 52.30 58.20 68. 60 67.90

La 5.30 3.90 5.20 6.30 8.10 4.10 3.40 4.30 7.80 4.80 2.60 24.40 21.80
Ce 12.60 9.50 12.80 15.10 21.60 10.30 7.90 11.90 19.40 12.00 6.70 69.60 65.80

pr 1.80 1.50 1.90 2.30 3.10 1.60 1.30 1.90 2.90 1.90 1.20 10.10 9.70
Nd 8.00 7.00 8.90 10.20 14.10 7.50 6.10 9.10 12.90 8.70 6.30 46.40 43.10
Sm 1.90 2.00 2.40 2.60 3.30 2.10 1.80 2.50 2.90 2.40 2.00 9.00 8.30
Eu 0.60 0.70 0.90 0.90 1.00 0.80 0.60 0.70 0.90 0.80 0.50 2.80 2.40
Gd 1.90 2.20 2.50 2.70 3.20 2.40 1.90 2.40 2.80 2.40 2.10 7.20 6.50
Tb 0.40 0.40 0.50 0.60 0.70 0.50 0.40 0.50 0.50 0.50 0.40 1.10 0.90
Dy 2.20 2.90 3.30 3.70 4.00 3.30 2.50 3.10 2.90 3.10 2.90 5.20 4.50
Ho 0.50 0.60 0.70 0.80 0.90 0.70 0.50 0.70 0.60 0.60 0.60 0.90 0.80
Er 1.40 1.80 2.00 2.40 2.60 2.00 1.60 1.90 1.60 1.80 1.70 2.30 2.00
Tm 0.30 0.30 0.40 0.40 0.50 0.40 0.30 0.40 0.30 0.30 0.30 0.40 0.30
Yb 1.70 2.20 2.60 3.00 3.50 2.50 2.20 2.50 1.80 2.20 2.10 2.20 1.90
Lu 0.30 0.30 0.40 0.40 0.50 0.40 0.30 0.40 0.30 0.30 0.30 0.30 0.30

>REE  36.90 33.10 42.20 48.70 63.90 36.20 29.00 39.90 54.60 39.40 27.80  174.70  161.60
LREE  30.20 24.60 32.20 37.40 51.30 26.40 21.20 30.50 46.70 30.50 19.40  162.30 151.00
HREE 6.70 8.50 10.00 11.30 12.60 9.80 7.80 9.40 7.90 8.90 8.40 12.40 10.60
LREE/HREE 4.51 2.89 3.22 3.31 4.07 2.69 2.72 3.24 5.91 3.43 2.31 13.09 14.25
La/Yb  3.12 1.77 2.00 2.10 2.31 1.64 1.55 1.72 4.33 2.18 1.24 2.67 11.47
Eu/Sm  0.32 0.35 0.38 0.35 0.30 0.38 0.33 0.28 0.31 0.33 0.25 0.31 0.29
Cr 142.00  49.40 21.30 15.70 12.80 89.20 18.60 17.50 79.30 13.40 47.00  516.00 457.00
Ni 42.70 16.20 11.30 5.38 2.94 12.10 8.74 6.36 30.40 8.39 18.40  192.00 212.00
Rb 20.20 18.90 18.40 21.70 17.30 14.90 18.90 23.90 25.80 15.60 14.50 12.60 30.00
Ba 303.00 201.00 187.00 142.00 176.00 237.00 158.00 204.00 226.00 420.00 32.00 255.00 624.00
Th 0.99 0.77 1.04 1.32 1.24 0.94 1.77 1.31 1.43 0.91 0.50 2.78 2.87
U 0.43 0.41 0.62 0.59 0.64 0.49 0.48 0.68 0.53 0.42 0.41 1.14 2.13
Pb 17.60 12.90 10.30 5.79 7.95 9.05 4.71 7.11 7.67 7.05 7.39 4.35 6.13
Sr 644.00 534.00 794.00 947.00 554.00 956.00 862.00 596.00 1045.00 943.00 611.00 864.00 522.00
Nb 3.44 3.07 3.45 3.65 4.56 3.59 4.00 3.90 3.68 3.17 2.96 16.50 10.90
Ta 0.54 0.38 0.42 0.39 0.41 0.42 0.38 0.33 0.31 0.46 0.47 1.10 0.65
Zr 120.00 142.00 123.00 170.00 177.00 123.00 144.00 161.00 150.00 111.00 118.00 492.00 354.00
Hf 3.25 3.17 3.55 4.58 4.62 3.25 3.75 4.04 4.04 3.09 3.12 10.00 7.75
Sc 26.40 28.50 26.60 16.80 6.70 28.10 11.50 14.80 19.10 40.50 50.30 31.50 26.10
A% 198.00 211.00 227.00 160.00  52.40  238.00 104.00 154.00 146.00 287.00 338.00 274.00 231.00
Cs 3.55 1.52 2.34 2.22 0.87 1.31 1.30 1.19 1.42 0.81 2.48 0.99 1.13
RY/Sr 0.03 0.04 0.02 0.02 0.03 0.02 0.02 0.04 0.02 0.02 0.02 0.01 0.06
Th/U 2.29 1.90 1.68 2.24 1.94 1.94 3.65 1.93 2.69 2.18 1.22 2.45 1.34

E: Mg® =100X n(Mg2* )/ [n(Mg?" )+ n(TFe ") 1o
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of the Pangkuam copper-gold deposit
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