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Abstract: The NM copper polymetal deposit is located in the middle north part of the Truong Son metallogenic belt in Laos, which is the 
skarn-typed deposit and located in the contact between Indosinian granite and Lower Carboniferous limestone. All the ore-bodies in NM de-
posit can be divided into four types according to their occurrences: I copper ore-body as the massive restite developed in inner contact near the 
granite in north part; II-1 zinc-copper ore body and II-2 copper-iron ore body developed within contact between the granite and carbonate 
rocks, III copper-zinc ore body developed in the cranny among the southern carbonate stratum, indicating that all the ore-bodies were related 
to Indosinian granite emplacing into the Carboniferous limestone and causing the metallogenic system from closed state getting into half open 
state. The geochemical characteristics and mineral assemblages of them showed that all the orebodies in NM deposit derived from a similar 
origin and their ore-forming fluids with the evolution trend from reductive state in early stage to oxidative state in later stage were mainly re-
lated to the coupling interaction between post-magmatic hydrothermal fluid and basin fluid. 
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Laos is located in the southern part of Sanjiang metal-

logenic belt extending from south China to southeast Asia[1,2]. 
In recent decades, some world-class deposits i.e. Phu Kham 
Cu-Au deposit and Sepon Cu-Au deposit have been discov-
ered and estimated in this area, which caused Laos one of the 
most prospective areas for metal exploration in the world. 
NM copper polymetal deposit is located approximately 40 
km east of the Phu Kham Cu-Au deposit in Xaisomboun 
district, Vientiane Province, Lao PDR. The metallogenic 
background and geological conditions for NM deposit are 
very well and similar to Phu Kham Cu-Au deposit. Previous 
studies[3,4] were mainly focused on the metallogenic belt or 
the geological setting in whole Laos, and the fundamental 
geology of this area in Xaisomboun district was not detailed. 
In this paper, based on the field works and the analysis re-
sults of major elements, trace elements and rare earth ele-
ments for orebodies in different occurrences of the NM cop-
per polymetallic deposits, the spatial distribution laws for 
different orebodies and their relationship in genesis were dis-
cussed so as to provide some usefully theoretical basis and 
help us do appropriate exploration for new targets in this 
area. 

1  Geological setting  

The geotectonic position of NM copper polymetal deposit 

is located on the junction between North-East trending 
Louangphabang techtonic belt and North-West trending 
Truong Son techtonic belt in Laos. Indosinian biotite granite 
emplaced into the Carboniferous carbonate rock and Jurassic 
siltstones in multi-stage and formed nearly East-West trend-
ing Xaisomboun fault and some subfault along the southern 
part of NM area. All the orebodies developed within or near 
the contact between granite and carbonate rock can be di-
vided into four types according to their occurrences and the 
mineral aggregate: I copper ore-body as the massive restite 
developed in inner contact near the granite on north part; II-1 
zinc-copper ore body and II-2 copper-iron ore body as len-
ticular or multilayered occurrences developed within contact 
between the granite and carbonate rocks; III copper-zinc ore 
body comprised by some small lodes developed in the 
cranny among the southern carbonate stratum (Fig. 1). 

I copper-zinc orebody mainly consists of chalcopyrite, 
marcasite, pyrrhotite and minor pyrite, sphalerite, tetra-
hedrite, bismuthinite and matrix minerals of quartz, diopside, 
chlorite. II-1 zinc-copper orebody mainly comprises chal-
copyrite, sphalerite, galena, pyrite and their oxides, i.e. limo-
nite and covellite disseminated among the intervals of skarn 
minerals including hedenbergite, diopside, tremolite, garnet, 
epidote, biotite, quartz, fluorite and calcite. II-2 copper-iron 
orebody comprises pyrrhotine, magnetite, chalcopyrite, 
covellite, pyrite, marcasite, hematite, limonite disseminated 
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Fig. 1 Geological map of NM Copper polymetal deposit in Vientiane Province, Laos 

 
among the intervals of skarn minerals including garnet, he-
denbergite, diopside, tremolite and a small quantity of other 
minerals (calcite, sericite and biotite). III copper-zinc ore-
body mainly consists of chalcopyrite, sphalerite, bornite, and 
minor galena disseminated among intervals of skarn miner-
als including idocrase, wollastonite, garnet and diopside. 

2  Sampling and analysis 

In order to study the geochemical characteristics of NM 
copper polymetallic deposit, different typical ore samples 
were collected and each sample weighed about 500 g during 
the site sampling. After the samples were cut and polished 
into thin sections, the fresh part of samples without oxide 
and alteration were crushed to less than 0.25 mm in a jaw 
crusher, quartered, pulverized in disc crusher to less than 
0.095 mm. Finally, prepared samples weighed more than 
100 g. The analyses were carried out at Analytical Labora-
tory Beijing Research Institute of Uranium Geology, major 
element were analyzed by X-ray fluorescence spectroscopy 
method, trace element and REE were analyzed by ICP-MS 
method[5] (data listed in Table 1).  

3  Geochemical characteristics of ores 

3.1  Major element

As shown in Fig. 2, I ore samples have lower concentra-
tions of SiO2 and CaO and higher concentrations of FeO and 
Fe2O3, which are related to the existence of pyrrhotite, pyrite 
and other sulfides in the ore rock; II-1 ore sample have 
higher concentrations of SiO2 and CaO due to the higher 
contents of quartz and hedenbergite; the higher concentra-
tions of FeO and Fe2O3 in II-2 ore sample are related to the 
higher content of magnetite; the higher concentrations of 
CaO, SiO2 and Al2O3 in III ore sample are mainly related to 

the high contents of idocrase, calcite and other skarn minerals. 

3.2  Trace elements

As shown in Fig. 3, the incompatible elements of all ore sam-
ples normalized by primitive mantle[6] display distinct frac-
tionation of large ion lithophile elements (LILE: Cs, Rb, K, 
Th, U, Sr, Ba, and La) and high field strength elements 
(HFSE: Nb, Ta, Hf, and Ti). Sample from I orebody, II-1 
orebody and II-2 orebody have the similar variation with en-
richment of Cs, Rb, Th, U, Hf and depletion of Ba and Nb; 
Sample from III orebody occurred in the cranny among the 
carbonate stratum mainly enriched Th, U, Ta, La and de-
pleted Rb, Ba, K, Nb, Sr, and Ti. The geochemical charac-
teristics of incompatible element for different orebodies 
show that LILE of Cs, Rb were enriched nearby contact be-
tween granite, and carbonate rock vs LILE of La, Ce, Nd 
were enriched apart from the contact and near the country 
rock of carbonate, which may be related to the different 
ore-forming environment. 

3.3  Associated metal elements

As shown in Fig. 4, all the orebodies have high concentra-
tions of other associated metal elements in NM deposit, 
which is very similar to other skarn-type deposit in China[7]. 

 
Fig. 2 Variety graph of average content of major element for dif-

ferent ore bodies in NM deposit 
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Fig. 3 Spider diagram of incompatible elements normalized by primitive mantle for different ore bodies 

 

 
Fig. 4 Variety graph of average contents of associated metal ele-

ments for different ore bodies
 
W and Bi concentrations in sample A1 from I copper-zinc 
orebody are up to 1027×10–6 and 1239×10–6, respectively; 
Cd concentration from II-1 zinc-copper orebody varies from 
39.4×10–6 to 1140×10–6 with the average concentration of 
379×10–6. Bi and Cd concentrations in sample D1 from III 
copper-zinc orebody are up to 1002×10–6 and 267×10–6, re-
spectively. These useful elements associated with the main 
elements in different orebody could be utilized comprehen-
sively in the future. 

3.4  Rare earth elements

REE abundances for different ores are presented in Table 
1 and their chondrite-normalized[8] patterns are shown in Fig. 
5. REE concentrations in I orebody range from 11.04 10–6 to 
58.53 10–6 (average 34.79 10–6) and are characterized by 
obvious fractionation of LREE and HREE with ratios of 

Ce/ Y and (La/Yb)N from 3.5 10–61 to 7.87 10–6 (average 
5.69) and 3.54×10–6 to 9.51×10–6 (average 6.52 10–6), re-
spectively, unobviously negative Ce anomaly with Ce vary-
ing from 0.964 to 1.03 (average 0.831) and obviously posi-

tive Eu anomaly with Eu varying from 1.17 to 3.25 (aver-
age 2.21). The degree of LREE fractionation with ratio of 
(La/Sm)N from 3.69×10–6 to 4.09×10–6 (average 3.89 10–6) 
is slightly higher than that of HREE with ratio of (Gd/Yb)N 
from 0.80×10–6 to 1.90×10–6 (average 1.35 10–6). 

II-1 orebody has lower concentrations of REE ranging 
from 2.38×10–6 to 9.54 10–6 (average 4.77 10–6), and it is 
characterized by obvious fractionation of LREE and HREE 
with ratios of Ce/ Y from 4.68 to 7.26 (average 5.78), ratio 
of (La/Yb)N from 3.74×10–6 to 8.94×10–6 (average 6.63 10–6), 
slightly negative Ce anomaly with Ce varying from 0.259 to 
0.827 (average 0.646), and obviously negative Eu anomaly 
with Eu varying from 0.396 to 0.652 (average 0.551) . 
Compared with HREE, the degree of LREE fractionation 
with ratio of (La/Sm)N from 2.55×10–6 to 5.28×10–6 (average 
3.65 10–6) is clearly higher than that of HREE with ratio of 
(Gd/Yb)N from 0.95×10–6 to 1.61×10–6 (average 1.32 10–6).  

REE concentrations in II-2 orebody range from 10.56×10–6 
to 39.27 10–6 (average 26.79 10–6), characterized by obvi-
ous fractionation of LREE and HREE with ratios of Ce/ Y 
from 7.54 to 12.55 (average 9.46), ratio of (La/Yb)N from 
9.74×10–6 to 11.29×10–6 (average 10.77 10–6), obviously 
negative Eu anomaly with Eu varying from 0.240 to 0.786 
(average 0.558), and Ce anomaly with Ce varying from 
0.443 to 1.162 (average 0.824). The degree of LREE frac-
tionation with ratio of (La/Sm)N from 3.45×10–6 to 4.65×10–6 
(average 4.21 10–6) is slightly higher than that of HREE 
with ratio of (Gd/Yb)N from 1.48×10–6 to 2.37×10–6 (average 
1.88 10–6). 

Compared with the above orebodies, III orebody has the 
highest concentrations of REE ranging from 99.12×10–6 to 
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Table 1 Major element content (%) and trace element ( 10–6) analysis result for different ore bodies in NM deposit*

Orebody I Cu-Zn orebody II-1 Zn-Cu orebody II-2 Cu-Fe orebody  Cu-Zn orebody 

Sample A1 A2 B1 B2 B3 B4 C1 C2 C3 D1 D2 
SiO2 
TiO2 
Al2O3 
Fe2O3 
FeO 
MnO 
MgO 
CaO 
Na2O 
K2O 
P2O5 
Ignition loss 
S 
V 
Cr 
Co 
Ni 
Cu 
Zn 
Ga 
As 
Se 
Rb 
Sr 
Y 
Zr 
Nb 
Mo 
Cd 
In 
Sn 
Sb 
Cs 
Ba 
Hf 
Ta 
W 
Re 
Tl 
Pb 
Bi 
Th 
U 
Ti 
Ge 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 

REE 
LREE 
HREE 
Ce/ Y 

(la/Yb)N 
(La/Sm)N 
(Gd/Yb)N 

Ce 
Eu 

15.37 
0.058 
3.95 
20.41 
11.05 
0.18 
0.67  
0.66 
– 
0.166 
0.047 
11.9 
7.85 
9.72 
8.03 
98.4 
3.07 
104603 
3266 
9.29 
4.76 
3.05 
1.55 
4.21 
3.87 
7.17 
0.368 
9.8 
35.5 
86.5 
59.7 
0.399 
1.54 
9.87 
5.78 
0.051 
1027 
0.064 
0.021 
79.9 
1239 
0.997 
0.589 
361 
1.73 
2.58 
3.51 
0.438 
1.5 
0.397 
0.168 
0.485 
0.093 
0.655 
0.148 
0.435 
0.07 
0.492 
0.072 
11.04  
8.59  
2.45  
3.51  
3.54  
4.09  
0.795  
0.795  
1.17  

8.11 
0.238 
5.28 
36.64 
9.88 
0.23  
0.94  
3.70  
– 
0.161 
0.079 
1.86 
18.40 
41.6 
42.4 
23.8 
28.1 
1739 
5718 
17.4 
57.7 
1.95 
11.5 
591 
9.25 
22.4 
2.18 
33.9 
62.8 
48.6 
360 
0.345 
19.1 
28.7 
1.64 
0.553 
120 
0.008 
0.127 
41.6 
32.4 
4.75 
0.968 
1483 
2.59 
12.6 
21.5 
2.82 
10.6 
2.15 
2.26 
2.1 
0.287 
1.72 
0.345 
1 
0.14 
0.893 
0.114 
58.53  
51.93  
6.60  
7.87  
9.51  
3.69  
1.90  
0.868  
3.25  

54.61 
0.06 
0.4 
6.01 
2.22 
0.45  
0.15  
1.72  
<0.10 
0.09 
0.03 
6.84 
– 
1.63 
13.3 
108 
2 
15261 
189826 
1.9 
0.812 
4.06 
2.15 
14.2 
0.463 
4.9 
0.27 
0.963 
1140 
8.98 
3.18 
1.24 
2.44 
10.3 
0.244 
0.15 
18.9 
0.002 
0.014 
298 
11.2 
0.424 
0.264 
134 
0.274 
0.822 
0.378 
0.15 
0.543 
0.098 
0.02 
0.106 
0.015 
0.087 
0.017 
0.054 
0.008 
0.071 
0.012 
2.38  
2.01  
0.37  
5.44  
7.81  
5.28  
1.21  
0.259  
0.600  

45.16 
0.056 
1.45 
5.54 
20.78 
3.40  
1.55  
18.55  
<0.10 
0.23 
0.047 
– 
– 
10.2 
2.65 
35.4 
8.5 
934 
5280 
14.5 
4.53 
0.145 
6.63 
18.3 
0.75 
3.53 
0.176 
0.776 
39.4 
2.43 
17.9 
0.799 
6.3 
26.7 
0.111 
0.038 
2.52 
0.001 
0.051 
1295 
5 
0.2 
0.217 
109 
1.65 
0.519 
0.891 
0.149 
0.581 
0.126 
0.022 
0.116 
0.02 
0.1 
0.023 
0.064 
0.009 
0.058 
0.009 
2.69 
2.29 
0.40 
5.73 
6.03 
2.59 
1.61 
0.771 
0.556  

58.56 
0.078 
1.025 
4.64 
7.56 
2.08  
1.18  
8.23  
– 
0.071 
0.026 
3.06 
1.54 
9.02 
9.16 
15.1 
10.1 
21479 
13930 
5.34 
5.1 
0.406 
2.59 
71.5 
1.21 
9.36 
0.641 
1.55 
96.8 
0.998 
2.31 
0.932 
2.27 
19.4 
0.903 
0.096 
116 
0.006 
0.115 
582 
10.4 
1.09 
0.311 
381 
0.48 
0.844 
1.48 
0.22 
0.898 
0.208 
0.025 
0.179 
0.031 
0.195 
0.049 
0.135 
0.021 
0.152 
0.024 
4.46 
3.68 
0.79 
4.68 
3.74 
2.55 
0.950 
0.827 
0.396 

28.5 
0.045 
1.198 
9.63 
19.2 
4.57  
1.44  
14.76  
– 
0.169 
0.024 
0.44 
0.31 
12.1 
4.9 
3.73 
9.47 
276 
34715 
13.4 
5.39 
0.748 
10.8 
61.8 
1.86 
6.21 
0.313 
1.5 
241 
0.693 
3.3 
0.578 
4.04 
29.3 
0.306 
0.08 
27.4 
0.003 
0.042 
328 
46.6 
0.653 
0.354 
217 
1.36 
2.36 
3.3 
0.504 
1.79 
0.355 
0.073 
0.33 
0.047 
0.288 
0.07 
0.187 
0.027 
0.178 
0.028 
9.54  
8.38  
1.16  
7.26  
8.94  
4.18  
1.50  
0.728  
0.652  

6.79 
0.067 
1.6 
66.12 
16.87 
0.15 
1.15  
2.58  
<0.10 
0.068 
– 
– 
– 
18.1 
6.33 
18.9 
3.5 
1585 
509 
7.67 
25.6 
0.751 
0.868 
2.33 
2.11 
17.5 
0.334 
4.28 
3.56 
2.61 
87.1 
0.469 
0.297 
10.1 
0.528 
0.182 
7.09 
0.001 
0.02 
28.7 
45.4 
0.588 
0.558 
291 
5.78 
2.88 
2.67 
0.732 
2.54 
0.4 
0.1 
0.378 
0.053 
0.325 
0.063 
0.195 
0.026 
0.172 
0.024 
10.56 
9.32 
1.24 
7.54 
11.29 
4.53 
1.77 
0.443 
0.786 

15.37  
0.07  
2.07  
19.05 
26.85 
0.36  
1.62  
7.53  
– 
0.30  
0.05  
1.58 
4.68 
13.9 
19.4 
13.6 
4.63 
9721 
273 
28.1 
4.56 
0.576 
7.07 
7.54 
4.4 
13.2 
0.587 
12.4 
1.67 
3.87 
25.1 
0.608 
9.69 
12.8 
0.385 
0.123 
7.02 
0.002 
0.059 
8.21 
4.04 
1.02 
0.842 
359 
5.01 
7.47 
12.2 
1.53 
4.97 
1.01 
0.077 
0.951 
0.154 
0.843 
0.175 
0.495 
0.078 
0.517 
0.08 
30.55 
27.26 
3.29 
8.28 
9.74 
4.65 
1.48 
0.869 
0.240 

34.85 
0.09 
2.49 
30.65 
5.05 
0.15  
2.13  
23.47  
0.03 
0.1 
0.021 
0.2 
– 
25.4 
5.79 
12.7 
17.5 
7200 
299 
11.6 
36.1 
0.208 
0.935 
2.55 
4.08 
16.5 
3.25 
1.01 
2.49 
5.51 
84.2 
0.055 
0.257 
28.8 
0.374 
0.137 
2.39 
0.001 
0.015 
9.18 
58.4 
1.97 
1.93 
485 
2 
5.87 
19 
2.64 
7.57 
1.07 
0.222 
1.03 
0.138 
0.728 
0.142 
0.391 
0.059 
0.351 
0.06 
39.27  
36.37  
2.90  
12.55  
11.27  
3.45  
2.37  
1.16  
0.647  

32.45 
0.37 
10.78 
4.31 
4.65 
0.13  
2.72  
29.96  
<0.10 
0.06 
0.14 
– 
– 
62.2 
38.1 
36.2 
21 
52275 
32289 
11.4 
176 
3.9 
0.357 
23.9 
18.1 
147 
3.24 
0.509 
267 
3.54 
2.51 
11.7 
0.038 
6.73 
3.55 
0.748 
2.98 
0.001 
0.01 
80.8 
1002 
7.13 
1.5 
2075 
1.27 
21.6 
36.3 
4.89 
18.7 
3.99 
0.778 
3.96 
0.567 
3.27 
0.676 
1.96 
0.276 
1.87 
0.28 
99.12  
86.26  
12.86  
6.71  
7.79  
3.41  
1.71  
0.850  
0.598  

41.09 
0.42 
14.18 
3.04 
1.34 
0.17 
4.80 
31.27 
0.11 
0.08 
0.076 
2.96 
– 
76.9 
76.8 
18.5 
43.2 
3788 
451 
14.2 
161 
0.247 
1.68 
124 
15.5 
120 
4.62 
5.63 
1.27 
0.189 
4.68 
47.8 
0.195 
20.8 
3.15 
1.01 
1.88 
0.001 
0.028 
47.6 
43.3 
10.8 
2.72 
3268 
1.33 
33.8 
50.4 
6.72 
23.5 
4.31 
1.07 
3.83 
0.54 
3.05 
0.607 
1.78 
0.25 
1.72 
0.26 
131.84  
119.80  
12.04  
9.95  
13.25  
4.93  
1.80  
0.805  
0.805 

* indicates that data are below the detection limit
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Fig. 5 Chondrite-normalized REE distribution patterns for diferent ore bodies 

 
131.84 10–6 (average 115.48 10–6), and it is characterized 
by obvious fractionation of LREE and HREE with ratios of 

Ce/ Y from 6.71 to 9.95 (average 8.33), (La/Yb)N from 
7.79 10–6 to 13.25 10–6 (average 10.52 10–6), slightly nega-
tive Ce anomaly with Ce varying from 0.805 to 0.850 (av-
erage 0.827) and obviously negative Eu anomaly with Eu 
varying from 0.598 to 0.805 (average 0.702). The degree of 
LREE fractionation with (La/Sm)N from 3.41 10–6 to 
4.93 10–6 (average 4.17 10–6) is slightly higher than that of 
HREE with (Gd/Yb)N from 1.71 10–6 to 1.80 10–6 (average 
1.75 10–6). 

To summarize, most orebodies in NM deposit have simi-
lar REE distributions and pattern with relative enrichment of 
LREE and distinct fractionation of LREE comparing with 
that of HREE, slightly negative Ce anomaly. However, the 
slight differences between them show that I orebody in inner 
contact nearby granite has distinct positive Eu anomaly and 
III orebody out of contact and occurred in the cranny among 
the carbonate stratum has higher REE concentrations than 
those of other orebodies. 

4  Discussion 

4.1  Magnetic intrusion 

The metallogenic geological characteristics of NM deposit 
show that the metasomatic zoning for different skarn rocks is 
not distinct and the separation between skarn minerals and 
sulfides is insufficient, such as sphalerite, chalcopyrite and 
other sulfides disseminated in hedenbergite rock from II-1 
orebody or chalcopyrite and magnetite distributed in garnet 

rock from II-2 orebody, which is very different from the 
Gejiu skarn-typed tin deposit with clearly metasomatic zon-
ing and massive orebody of sulfides[9]. 

In contrast to the mineral association of different orebod-
ies in NM deposit, I copper-zinc orebody in inner contact 
nearby granite with a lot of quartz and II-1 zinc-copper ore-
body in outer contact nearby limestone has quartz, calcite, 
fluorite and minor other minerals, which indicates that the 
volatile components should exist in post-magmatic hydro-
thermal fluid during its evolution. Previous studies have con-
sidered that only the high emplacement of granitic magmas 
with volatile components can form skarn and porphyry de-
posits, the presence of volatile components can make the 
fluid volume enlarged and always form explosion breccia 
and a series of cranny system on the top of granite body and 
in the wall rocks [10]. The ore-bodies in NM deposit were 
mainly related to the high emplacement of Indosinian granite 
breaking through the carboniferous limestone, which caused 
the metallogenic system from closed state getting into half 
open state and destroyed the further transference and en-
richment for metallogenic elements of post-magmatic hydro-
thermal fluid in their evolution, then all the metal sulfides 
deposited in contact or the tectonic cranny nearby country 
rock with strong metasomatism and alteration. 

4.2  Fluid evolution 

The metal elements including Cu, Fe, Zn and Pb of NM 
deposit have the distinct zoining in spacial distribution, i.e. 
Cu, Zn with chlorite and quartz from orebody in inner 
contact nearby granite; Cu, Fe with andradite from II-1 ore-
body occurred in the western part of contact between granite 
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and limestone; Zn, Cu with hedenbergite and minor fluorite 
from II-2 orebody in the eastern part of contact between 
granite and limestone; Cu, Zn with idocrase from III orebody 
developed in the cranny of south limestone. This phenome-
non can be observed in many other skarn deposits[11]. REE 
share the closely similar geochemical behaviors during geo-
logical processes, which can be used in distinguishing met-
allogenic materials from different sources by their geo-
chemical tracing[12–26]. Most orebodies in NM deposit have 
the similar REE distributions and slowly right declined pat-
tern, which indicate that they were from the same origin re-
lated to the post-magmatic hydrothermal fluid after granite 
emplacement. In addition, due to their different spacial loca-
tions, the I orebody and III orebody show slight differences 
compared with II-1 and II-2 orebody, which indicates that 
the post-magmatic hydrothermal might be constantly added 
in and mixed with basin fluid when it rises up and enters into 
the cranny of country rocks during its evolution[27]. 

The average data of REE concentrations, Ce (0.831) and 
Eu (2.21) in I copper-zinc orebody are clearly higher than 

the corresponding parameters of REE in II-1 and II-2 ore-
body. Most studies show that the positive Eu anomaly were 
closely related to hydrothermal activity[22–26] and the hydro-
thermal fluid with high temperature and reducing property 
can be in favor of the enrichment of Eu2+[26]. Therefore, we 
can conclude that the ore-forming fluid for I copper-zinc ore-
body with high concentrations of sulfides should be formed 
in the reducing environment with high temperature in the 
early stage of metallogenic fluid evolution. 

II-1 and II-2 orebody have the similar feature with lower 
REE concentrations and obviously negative Eu anomaly due 
to their similar metallogenic environment. Generally, the 
crystal temperatures of hedenbergite is higher than that of 
andradite based on their crystal sequence, so the ore-forming 
temperature of II-1 orebody with volatile components may 
also be higher than that of II-2 orebody without volatile 
components. In addition, there were a lot of magnetite, 
hematite or limonite in II-2 orebody and II-1 orebody, which 
indicate that they were formed in a high oxidative environ-
ment. 

Compared with other orebodies, the III copper-zinc ore-
body has the highest average data of REE concentrations 
(115.48 10–6) and distinct fractionation of LREE and HREE 
as well as slight negative anomaly of Ce (0.827) and Eu 
(0.702), which exhibits that there were more basin fluid 
mixed with magmatic hydrothermal fluid in the later stage of 
metallogenic fluid evolution. With the temperature and 
pressure of metallogenic fluid declined, their metasomatic 
intensity with country rock of carbonate also weakened and 
the skarn minerals in III orebody mainly comprised the 
lower-grade metasomatic minerals such as idocrase and 
wollastonite. 

5  Conclusions 

(1) The metasomatic zoning for different skarn rocks, such 

as andradite and hedenbergite, was not distinct in horizontal 
direction in NM deposit and most of sulfides were dissemi-
nated in andradite rocks or garnet rocks, which were mainly 
related to the high emplacement of Indosinian granite break-
ing through the top cover of Carboniferous limestone and 
caused the metallogenic system from closed state to half 
open state. 

(2) All the orebodies in NM deposit were derived from a 
similar origin and mainly related to the coupling interaction 
between the post-magmatic hydrothermal fluid and basin 
fluid. The evolution of ore-forming fluid had the trend from 
reducing state in early stage to oxidative stage in later stage. 
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