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Abstract  Mianning-Dechang Himalayan REE Metallogenetic Belt in Sichuan Province lies along 
the western margin of the Yangtze Craton. We have conducted detailed mineralogical studies on ore 
minerals collected from Maoniuping and Dalucao, the two largest deposits in the belt. With optical 
microscope, SEM/EDS, and EPMA, three rare intermetallic minerals, i.e., zinccopperite (Cu2Zn), Sn- 
bearing native copper, and Cu-bearing jupiter were found to occur in the main ore along with barite, 
fluorite, apatite, sulfide and bastnaesite. Since the conditions under which zinccopperite and Sn- 
bearing native copper formed are quite unique, finding of these minerals, for the first time in domestic 
REE deposits, has significant implications for the genesis of the ore deposits in which they occur. In 
comparison with Cu-Zn intermetallic minerals in other occurrences, we propose that the formation of 
this REE metallogenetic belt is associated with fast upwelling of the Himalayan magma from deep 
source. 

Keywords: Mianning-Dechang REE metallogenetic belt, Cu-bearing intermetallic minerals, EPMA, gene-
sis significance, deep source magmatic activity. 

The Mianning-Dechang REE metallogenetic belt is 
among the most important of its kind in China. The 
typical geologic features and multiple economically- 
valuable components in this belt have caught attention 
from more and more geologists. Wide investigations 
from petrology, petrochemistry to rare earth and trace 
element geochemistry, have been carried out recently, 
and a large quantity of geochemical data have already 
been obtained[1―11]. Maoniuping REE deposit is the 
largest of this belt, the third largest in the world behind 

Bayan Obo, China, and Mountain Pass, USA. Under- 
standably, previous studies of ore geology, petrochem-
istry, isotope geochemistry, fluid inclusion, etc. have 
been heavily focused upon Maoniuping[1―2,7―15], 
which leads to lack of the thorough studies and poor 
understanding of other deposits in the same belt. 
Genesis and ore-forming mechanism of these deposits 
remain debatable. Mineral associations of Maoniuping 
and Dalucao REE deposits were carefully studied by 
Yuan Zhongxin et al. (1995)[2]; China University of  
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Geosciences (1998)1) and the 109th Geological Team 
of Sichuan Bureau of Mineral Exploration (1997)2), 
but none of them noticed the existence of some rare 
intermetallic minerals. In this study, we will report our 
discovery of three rare intermetallic minerals, namely 
zinccopperite, Sn-bearing copper and jupiter, made by 
using ore microscopy, SEM/EDS(Scanning Electron 
Microscope/Energy Dispersion) and EPMA ( Electro 
Probe Micro-Analysis). The discovery is important to 
our understanding of the genesis and physico-chemical 
conditions of this type of REE deposits. Cu-bearing 
minerals themselves are also important ore-minerals.  

1  Geological outline of Mianning-Dechang REE 
metallogenic belt  

The Mianning-Dechang REE metallogenic belt 
(Panxi REE Metallogenic Belt), ~150 km long and 
~10 km wide, striking NNE, in Sichuan extends from 
Mianning, through Xichang to Dechang. Five REE 
deposits (mineralization spots) were found in this belt. 
They are Maoniuping, Muluo, Maidi, Lizhuang, and 
Dalucao. Besides REE, Pb, Mo, Ag, Th and barite, 
celestite, fluorite are also mined.  

Tectonically, the Mianning-Dechang REE metal-
logenic belt is located in the mid-north of the Panxi 
rift of the Kangdian Anteclise, the Yangtz Craton. Ex-
trusive and intrusive rocks that are exposed along this 
belt are alkali-rich ultramafic, mafic, and intermedi-
ate-felsic. REE-mineralized intrusive rocks in the rift 
usually occur as supper-hypabyssal stock on juncture 
between pre-sinian diastrophic block and Mesozoic 
marine strata in the west of An’ninghe fault. From 
north to south, intrusive REE-rich bodies are the fol-
lowing: Maoniuping nordmarkite, Muluo alkali granite, 
Lizhuang nordmarkite, Xichang-Taihe alkali granite 
and nordmarkite, Cida alkali granite in Dechang, Da-
lucao nordmarkite[2]. Ore bodies in the Maoniuping 
deposit occur mainly in nordmarkite and the rest in 
rhyolite. Ore minerals of the Maoniuping REE deposit 
include bastnaesite, bunsite and cerianite; gangue 
minerals include barite, fluorite, quartz and calcite. 
Minor metallic sulfides and oxide minerals are also  

present. Varied ore types are distinguished as calcite 
type with mass-mottled structure REE ore; fluorite, 
barite porous REE ore, veinlet and mixed ore[2]. Ore 
bodies in Dalucao REE deposit occur as big lentiforms, 
veins and veinlets. No.1 ore body is a breccia type 
composed of fluorite, barite-celestite and REE miner-
als. Bastnaesite is the dominating REE mineral. Fluo-
rite, celestite-barite, calcite and minor metallic sulfide 
(galena, pyrite, chalcopyrite) and metallic oxide 
(hematite, magnetite, ilmenite, unidentified Fe-Mn 
oxides) are the gangue minerals.    

2  Occurrence, microscopic characteristics and 
chemical composition of Cu-bearing intermetallic 
minerals 

In ore samples from Maoniuping and Dalucao, three 
intermetallic minerals, including zinccopperite, Sn- 
bearing copper and jupiter, were first identified with 
the optical microscope and then further characterized 
by SEM/EDS and EPMA. SEM/EDS was performed 
in the State Key Laboratory for Advanced Metals and 
Materials at the University of Science and Technology 
Beijing. The SEM instrument is a Cambridge 
S250-MK2 with resolution of 6 nm, accelerating volt-
age of 30 kV, most amplification of 3×105. The EDS 
instrument is a LINK860 with working voltage of 1 
−30 kV, least beam spot of 5 nm and analytical diame-
ter of 1―10 μm. The detection limit is 0.1%―0.3% 
for elements after Na in the periodic table. The EPMA 
Lab of the Institute of Mineral Resource, Chinese 
Academy of Geological Sciences helped with electron 
microprobe analysis. The instrument is a JXA8800-R 
electron probe with electric current set at 2×10−8A and 
accelerating voltage 20 kV. Intermetallic minerals oc-
cur in irregular shape in the cement of breccia ore ac-
companied by barite (celestite), fluorite, bastnasite, 
magnetite and sulfide; some by limonite in the zone of 
oxidation.  

(i) Zinccopperite.  Gold looking under reflecting 
microscope with golden yellow color, irregular shapes, 
4－140 μm in diameter (Figs. 1(a), 2(a)). The reflec- 
tivity is higher than that of pyrite. Nick or groove oc-  

                  
1) China University of Geosciences (Wuhan), Ore-forming conditions of DL REE deposit in Dechang, Sichuan Province, 1998 
2) The 109th Geological Team of Sichuan Bureau of Mineral Exploration, REE occurrence and production utilization of Dalucao REE deposit in 

Dechang, Sichuan Province, 1997 
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Fig. 1.  Photos of zinccopperite, Sn-bearing copper and jupiter under microscope. (a) Zinccopperite (sample: mnp-37); (b) Sn-bearing copper (sam-
ple No. mnp-33); (c) jupiter (sample No. dl-04). 

 

 
Fig. 2.  Backscattered electron images of zinccopperite, Sn-bearing copper and Jupiter. (a) zinccopperite (sample: mnp-37); (b) Sn-bearing copper 
(sample:mnp-33); (c) jupiter (sample: dl-04). 

 
Table 1  EPMA results of Cu-bearing intermetallic minerals (wt%)a) 

Sample Mg Al Si P K Ca Ti Cr Mn Fe Ni Cu Zn Sn Total Fomula 

mnp-33-2 0.12 0.00 0.20 0.00 0.00 0.01 0.06 0.01 0.04 0.32 0.05 83.80 2.67 11.57 98.85 Cu13Sn 

mnp-33-3 0.05 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.03 2.22 0.05 82.79 2.82 10.82 99.02 Cu13Sn 

mnp-37-1 0.15 0.00 0.15 0.00 0.00 0.04 0.00 0.00 0.00 0.68 0.08 67.33 31.03 0.12 99.58 Cu2Zn 

mnp-37-2 0.26 0.00 0.12 0.02 0.01 0.00 0.02 0.00 0.01 0.86 0.03 67.37 30.41 0.17 99.28 Cu2Zn 

dl-08-1 0.00 0.00 0.13 0.00 0.00 0.01 0.00 0.02 0.05 0.12 0.57 84.56 1.97 11.47 98.90 Cu13Sn 

dl-04-1 0.08 0.00 0.26 0.01 0.00 0.00 0.00 0.00 0.06 0.39 0.16 1.01 0.09 97.05 99.11 Sn 

dl-01-1 0.18 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.03 0.91 0.10 67.06 31.11 0.09 99.56 Cu2Zn 
a) Performed by Zhou Jianxong and Chen Zhenyu in EPMA Lab of Institute of Mineral Resource, CAGS. 
 

curs on the surface of a grain. Zinccopperite are found 
in the polished sections from both Maoniuping and 
Dalucao. In Maoniuping REE ore, Zinccopperite oc-
curs in breccia barite vein developed in the fracture of 
euhedral quartz. Cement barite is porous and can be 
easily damaged during sample preparation. Bastnaesite, 
magnetite, fluorite and sulfide are present in barite 
vein as well. In Dalucao REE ore, Zinccopperite also 
occurs in cement of breccia ore. Energy spectrums 
show (Fig. 3(a)) Cu, Zn and Fe peaks. The quantitative 
analyses by EPMA yield the chemical composition as 
follows: Cu 67.06―67.37 wt%, Zn 30.41―31.11 wt%,  

and Fe 0.68―0.91 wt%. This leads to a simplified 
formula of Cu2Zn，which falls in α portion in the 
Cu-Zn alloy phase diagram. Zinccopperite has been 
reported from other different occurrences, such as in 
silicification belt of Yulong and Malasongduo por-
phyry copper deposits, Tibet[16], in Ruo’ergai gold de-
posit, Sichuan Province[17], Shanchakou Cu-bearing 
intrusion of Xinjiang[18] and in Tuolugou SEDEX type 
cobalt deposit[19]. The similarity in its chemical com-
position of zinccopperite from a variety of places 
strongly suggests that this intermetallic mineral is 
quite stable in nature. 
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Fig. 3.  Energy spectra of zinccopperite and Sn-bearing copper. (a) Zinccopperite (sample No. mnp-37); (b)  Sn-bearing copper (sample No. 
mnp-33). 
 

(ii) Sn-bearing copper.  Similar to zinccopperite 
under a reflecting microscope with golden yellow 
color, albeit being slight darker than zinccopperite, 
irregular shapes, and sizes varied from <5 to 30 μm 
(Figs. 1(b), 2(b)). Like zinccopperite, the reflectivity is 
higher than that of pyrite. Minerals of Sn-bearing 
copper are found in the ore from both Maoniuping and 
Dalucao. Chemically, it consists of 82.79―83.80 wt% 
of Cu, 10.82―11.57 wt% of Sn and 1.97―2.82 wt% 
of Zn, determined by EPMA . The peaks in the energy 
spec- trum are shown in Fig. 3(b). This composition is 
rep- resented by formula Cu13Sn. The occurrence of 
Sn- bearing copper in Maoniuping is identical to that 
of zinccopperite described above. Similar native Sn- 
bearing copper minerals were previously reported by 
Wang (1999)[20] and Zhang et al. (2002)[19]. 

(iii) Jupiter.  Bright white color under a reflecting 
microscope, in irregular shapes, ~30 μm in size (Figs. 
1(c), 2(c)). The reflectivity is also higher than that of 
pyrite. So far, they are only seen in samples from Da-
lucao. It occurs in cement of breccia ore companied by 
barite, celestite, magnetite and minor sulfides. Chemi-
cal composition determined by EPMA shows 
97.05wt% of Sn and only 1.01wt% of Cu, and there-
fore the chemical formula is simply Sn. Juipiter is 
found in many occurrences, which differs from native 
copper minerals. Because allomerism between Cu and 
Sn is not so easy to happen, jupiter is usually charac-
terized by lower content of Cu (<1%), although jupiter 
in Dalucao has relatively higher Cu content compared 
with others.  

3  Summary of research on native Cu-bearing in- 
termetallic minerals  

Unlike copper which is commonly seen in many ore 

deposits, Cu-Zn intermetallic minerals have rare oc-
currences. Copper and zinc intermetallic minerals 
were first found in lunar rocks (Apollo-11)[21] and later 
found in several other different occurrences including 
in meteorolites. Zhanghengite (Cu3Zn) was found in a 
meteorolite from Boxian, Anhui Province[22] and 
Danbaite (CuZn2) in a Cu-Ni sulfide deposit within 
sheet-like ultrabasic rocks in Danba, Sichuan 
Province[23]. Cu-Zn intermetallic minerals are seen in 
many occurrences, including Xifanping porphyry 
copper deposit (Cu6-7Zn), Sichuan Province[24] , 
Ruo’ergai gold deposit (Cu2Zn), Sichuan Province[17], 
Yulong and Malasongduo porphyry copper deposit 
(Cu2Zn) , Tibet[16], Sanchakou copper deposit (Cu2Zn), 
Xinjiang [18] , Kalatongke Cu-Ni sulfide deposit 
(Cu3Zn), Xinjiang[25], Tuolugou SEDEX type cobalt 
deposit (Cu2Zn)[19]. Most of zinccopperite minerals 
fall in α portion in Cu-Zn alloy phase diagram, but 
Danbanite and Zhanghengnite are in γ and β portion 
respectively. Danbanite and Zhanghengnite are the 
formal names for these two minerals while others have 
been called differently in publications. Cu2Zn has been 
called “copper-zinc”[17], “Zn-copper”[19] and zinccop-
perite[24,26,27], etc. Sun Yan et al. (2003)[27] called 
Cu3Zn, Cu6-7Zn and Cu2Zn zinccopperite which is 
what we adopt in the paper. Internationally, studies of 
Cu-Zn intermetallic minerals are scarce. Distlera et al. 
(2004)[28] reported a Cu-Zn intermetallic mineral in  
Sukhoi Log gold deposit occurring as quartz vein in 
black shale, but no detailed description was given. Cu- 
Zn intermetallic mineral in REE deposit has not been 
seen in any report worldwide. The similarity in its 
chemical composition of zinccopperite from a variety 
of places strongly suggests that this intermetallic min-
eral is quite stable in nature. 
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Copper and jupiter are common native metal min-
erals but Sn-bearing copper or Cu-bearing jupiter 
rarely occurs in nature. As stated earlier, Cu and Sn are 
not proximal elements, so, it is difficult for them to 
form an intermetallic mineral by allomerism. Thus far, 
reports on Sn-bearing copper are very limited. Besides 
Mianning-Dechang REE belt, similar minerals are 
only seen in volcanic tuff in Changkeng-Fuwan poly-
metal ore field, Guangdong Province[20] and in Tuo-
lugou SEDEX cobalt deposit, East Kunlun[19]. The 
physico-chemical conditions of forming Sn-bearing 
copper remain unknown and need to be further stud-
ied.  

4  Significance of the discovery of Cu-bearing in-
termetallic minerals  

Except for lunar rocks and meteorolites, almost all 
occurrences of Cu-Zn alloy minerals are spatially re- 
lated to the suture between two plates, which indicates 
that mineralization is associated with deep source 
magmatism derived by subduction and collision pro- 
cesses of plates. Yulong and Malasongduo porphyry 
copper deposits, for example, are located in India-Asia 
collision zone; other examples include Kalatongke 
Cu-Ni sulfide deposit in North Jungar folded zone 
between Siberia and Kazakstan-Jungar plates[29], 
Sanchakou copper deposit of Xinjiang in the joint be- 
tween Tarim and Kazakstan-Jungar plates[30], 
Ruo’ergai Gold deposit of Sichuan in the northern 
margin of the Yangtze Craton[17], both Danba Pt- 
bearing Cu-Ni sulfide deposit[23] and Mianning- 
Dechang REE metallogenic belt in the western margin 
of Yangtze Craton. In summary, although Cu-Zn alloy 
minerals occur in a variety of rocks and ore types and 
spread out over geologic times, they all seem to be 
present only in very few but similar tectonic settings 
that are dictated by plate movements and associated 
basic to ultrabasic magmatic activities originated from 
deep sources.  

Jupiter and copper are frequently seen in nature. 
Jupiter was first found in sand deposit, uranium de- 
posit, cupreous sandstone, and volcanic pneumatolytic 
minerals. Recently, it became known that jupiter is 
also present in ophiolite mantle[31], kimberlite[32―34] 
basic-ultrabasic rocks. A large number of literatures on 

native metal or intermetallic minerals in ophiolite have 
been published lately. Native metal minerals including 
native iron, copper, chromium, jupiter, lead, nickel, 
zinc, silicon, bismuth and silver were reported to be 
found in ultrabasic rocks and chromite deposit in 
Far-east Koryak Plateau. Native gold, copper, chro- 
mium, silver, iron, palladium, osmium, iridium, etc. 
were found in chromium deposit in ophiolite mantle in 
Ural area. PGE intermetallic minerals and several na- 
tive base metal minerals were also found in chromium 
deposit in Kompirsai ophiolite[31]. Gold-platinum in- 
termetallic mineral was found in mantle xenolith[35]. 

The occurrences of native metal minerals in ophio- 
lite mantle, mantle plume basalt (Omei basalt), and 
mantle xenolith indicate that mantle is rich in native 
metal and intermetallic minerals, especially rare native 
metal minerals. It is even suggested that the presence 
of abundant native metals is one of the exclusives of 
the mantle. Studies on native metal and intermetallic 
minerals in lunar rocks and meteorolites also indicate 
the similarities in composition and conditions with the 
deep earth. Native metal minerals that occur near the 
surface are almost certainly brought up by magma 
from deep source (mantle). Bai Wenji et al. (2004)[31] 

believe that native metal minerals form in a strongly 
reductive environment. The native metals in mantle 
are likely core materials that are left in mantle during 
core-forming process and later are brought up to the 
upper part of the earth by mantle plume. Since copper 
and zinc are adjacent elements in the same period in 
the periodic table, they have similar atomic radius, 
atomic weight and chemical features. It is, therefore, 
easy for them to form alloy. But, due to their sulpho-
phile and lithophile nature, they tend to form either 
sulfide and oxide if sulfur or oxygen is available. This 
leads Luo et al. (1999)[17] to conclude that the occur-
rence of native and intermetallic mineral of Cu and Zn 
must indicate a geologic setting that is strongly reduc-
tive, S and O absent, and at a high temperature. The 
presence of abundant sulfate in Mianning-Dechang 
REE metallogenic belt, however, does not suggest the 
absence of sulfur. Our alternative explanation for in-
termetallic minerals in Mianning-Dechang is that 
forming of Cu-Zn native minerals is also dictated by 
the duration of the rise of magma. We believe that fast 
upwelling and cooling of magma makes combination 
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reaction of S and Cu/Zn difficult as the duration in 
which the condition of the environment is suitable for 
the reaction is not long enough. As a result, native 
copper/zinc and intermetallic minerals will quickly 
form instead. Cn-Zn intermetallic minerals in Mian-
ning-Dechang generally occur in the cement of breccia 
rocks with the cement mainly consisting of cellular 
and skeletal barite. This is obviously due to fast cool-
ing and crystallization of a magma with high volatile 
components. Comparing it with similar occurrence of 
intermetallic minerals in vocalnic pneumatogenic 
phases, tuff, and SEDEX cobalt, we can conclude that 
the Mianning-Dechang REE metallogenic belt is asso-
ciated with a quick magmatic process that started from 
a deep source (mantle). Pb, Sr, and Nd isotopic signa-
tures have clearly shown that carbonatite is derived 
from the EMI mantle source[14]. Studies of fluid inclu-
sions also support the point of view that the mantle 
served as the source of magma [6,11,15]. 

Acknowledgements  Thanks to Zhou Jianxong, Chen 
Zhenyu (EPMA Lab of Institute of Mineral Resource, 
CAGS), He Jianping (State New Metal and Materials Key 
Lab, USTB) and Yin Jingwu (EPMA Lab of China Univer-
sity of Geoscience) for their help in SEM/EDS and EPMA 
analysis. This study was supported by the State Basic Re-
search Program of China (Grant No. 2002-CB-412600). 

References 

1 Yuan Z, Bai G, Ding X, et al. U-Pb isotope age of zircon from the 
Maoniuping alkali granite, Sichuan Province and its geological 
significance. Mineral Deposits (in Chinese with English abstract), 
1993, 12(2): 189―192 

2 Yuan Z, Shi Z, Bai G. Rare Earth Element Deposit in Maoniup-
ing Mianning, Sichuan Province (in Chinese with English ab-
stract). Beijing: Geological Publishing House, 1995. 1―150 

3 Niu H, Lin C. Geochemical characteristics of trace elements in 
major minerals of Mianmin REE deposit, Sichuan Province. 
Geochimica (in Chinese with English abstract), 1995, 24(3): 
287―293 

4 Niu H, Lin C. Study on the fluid-melt inclusions in fluorite. Ge-
olog Rev (in Chinese with English abstract), 1995, 41(1): 28—33 

5 Niu H, Lin C. Ree geochemistry of magmatogenic barite and 
fluorite. Acta Mineral Sin (in Chinese with English abstract), 
1996,16(4): 382―388 

6 Niu H, Shan Q, Chen X, et al. Relationship between light rare 
earth deposits and mantle processes in Panxi rift, China. Sci 
China Ser D-Earth Sci, 2002, S(2): 33―40 

7 Yang Z, Anthony E, Williams-Jones Pu G. Geological features of 
Maoniuping REE deposit, Sichuan. China J Mineral Petrol (in 

Chinese with English abstract), 2000, 20(2): 28―34 
8 Yang Z, Anthony E, Williams-Jones Pu G. A fluid inclusion study 

of Maoniuping REE deposit, Sichuan. China J Mineral Petrol (in 
Chinese with English abstract), 2001, 21(2): 26―33 

9 Xu C, Huang Z, Qi L, et al. Source and evolution of ore-forming 
fluids of Maoniuping rare-earth deposit: Evidence from geo-
chemistry of fluorites. Geol Prosp (in Chinese with English ab-
stract), 2001, 37(5): 24―28 

10 Xu C, Huang Z, Liu C, et al. Geochemistry of carbonatites in 
Maoniuping REE deposit, Sichuan Province. Sci China. Ser 
D-Earth Sci, 2002, 45(8): 635―646 

11 Xu C, Huang Z, Liu C. Indicator of fluorite Sr and Nd isotope to 
mantle derived ore forming fluids in Maoniuping REE deposit, 
Sichuan Province. China Earth Sci J China Univ Geosci (in Chi-
nese with English abstract), 2003, 28(1): 41―46 

12 Niu H, Shan Q, Lin M. A study on inclusions in minerals from 
Mianning REE deposit in Sishuan Province. Geochimica (in 
Chinese with English abstract), 1996, 25(6): 559―567 

13 Xu J, Xie Y, Li J, et al. Discovery of Sr-bearing and LREE 
daughter minerals in fluid inclusions of Maoniuping REE deposit, 
Sichuan Province. Prog Nat Sci, 2001, 11(11), 833―837 

14 Wang D, Yang J, Yan S, et al. Dynamics of the REE mineraliza-
tion in Maoniuping area, Sichuan Province: Isotopic Geochemis-
try of carbonatites. J Chengdu Univ Technol (in Chinese with 
English abstract), 2002, 29(5): 539―544 

15 Liu C, Huang Z, Xu C, et al. Mantle Fluid and Its Mineralization 
for Mianning REE Deposit of Sichuan Province As an Example 
(in Chinese). Beijing: Geological Publishing House, 2004. 99―
216 

16 Shuai D, Zhang R, Luo M, et al. The study of natural Cu-Zn se-
ries mineral. Acta Mineral Sin (in Chinese), 1998, 18(4): 509―
512 

17 Luo M, Wang Y. The discovery of Copper-zinc (Cu2Zn) ores of 
Baxi gold deposit in Roergai and its geologic significance. Acta 
Mineral Sin (in Chinese with English abstract), 1999, 19(1): 
20―22 

18 Lang Z, Shi B, Li T. Genesis of copper deposit in Sanchakou, 
Hami, Xinjiang. Xinjiang Geology (in Chinese), 1990, 8(3): 244
—252 

19 Zhang D, Wang Y, Feng C, et al. Geology and geochemistry of 
Tuoluogou Exhalative-Sedimentary Co-Au Deposit, Qinghai 
Province. Mineral Deposits (in Chinese with English abstract), 
2002, 21(3): 213―222 

20 Wang D. Discovery of Sn-bearing copper in Guangdong Prov-
ince. Acta Petrol Mineral (in Chinese), 1999, 18(2): 171 

21 Agrell S O, Scoon J H, Muir I D, et al. Mineralogy and petrology 
of some lunar samples. Science, 1970, 167 (The Moon Issue): 
583―586 

22 Wang K. Zhanghengite――A new mineral. Acta Mineral Sin (in 
Chinese), 1986, 6(3): 220―223. 

23 Yue S, Wang W, Liu J, et al. Study on danbaite. Chin Sci Bull (in 
Chinese), 1982, 27(22): 1382―1386. 

24 Sun Y, Xiao Y, Wen C, et al. The discovery of genesis of zinc-



Discovery of Cu-Zn, Cu-Sn intermetallic minerals 603 

 

copperite in a porphyry copper deposit in Xifanping, Sichuan 
Province. Bull Mineral Petrol Geochem (in Chinese with English 
abstract), 2002, 21(4): 266―267 

25 Li B, Xue X, Yi S. Discovery of Cu3Zn in Kalatongke intrusion, 
Xinjiang. Geol Lab (in Chinese), 1989, 5(4): 239―241 

26 Xiao Y, Sun Y, Lu Y, et al. Zinccopperite――A new variety of 
zinc-copper intermetallic compounds discovered in a porphyry- 
copper deposit. Acta Geol Sin, 1998, 72(3): 308―313 

27 Sun Y, Xiao Y, Wang J. The discovery features of the native zinc- 
copper intermetallic compound in China. J Mineral Petrol (in 
Chinese with English abstract), 2003, 23(2): 11―14 

28 Distlera V V, Yudovskaya M A, Mitrofanov G L, et al. Geology, 
composition and genesis of the Sukhoi Log noble metals deposit, 
Russia. Ore Geol Rev, 2004, 24: 7―44[DOI] 

29 Ran H, Xiao S. Trace element abundances and tectonic enriron-
ment of the host intrusion of Kalatongke Cu-Ni deposit. Geo-
chimica (in Chinese with English abstract), 1994, 23(4): 392―
401 

30 Li H, Chen F, Lu Y, et al. Zicon SHRIMP U-Pb age and stron-

tium isotopes of mineralized granitoids in the Sanchakou Copper 
Polymetallic Deposit, East Tianshan Mountains. Acta Geosci Sin 
(in Chinese with English abstract), 2004, 25(2): 191―195 

31 Bai W, Yang J, Fang Q, et al. Some native metals from ophiolitic 
chromitites in Tibet. Earth Sci Front (in Chinese with English 
abstract), 2004, 11(1): 179―187 

32 Zhao L, Lu F, Zheng J, et al. Discovery of silver, Ag-bearing 
Fe-Au alloy inclusion in diamond. Chin Sci Bull (in Chinese), 
1995, 40(12): 1114―1115 

33 Lu F. Deep mantle and its fluid. Earth Sci Front (in Chinese with 
English abstract), 1996, 3(3―4): 181―186 

34 Zheng J, Lu F, Zhao L, et al. Fluid and their roles on the mantle 
evolution from the palaeozoic kimberlites and diamonds in North 
China Platform. Geotec Metal (in Chinese with English abstract), 
1996, 20(2): 105―118 

35 Xu J, Xie Y, Chen X, et al. Nature Au-Pt alloy and sulfide com-
ponents in mantle xenoliths of Cenozoic basalt from Hainan-Le- 
izhou area, south China. Earth Sci J China Univ Geosci (in Chi-
nese with English abstract), 2002, 27(suppl.): 280―286 

 

http://dx.doi.org/10.1016/j.oregeorev.2003.08.007

	Discovery of Cu-Zn, Cu-Sn intermetallic minerals and its significance for genesis of the Mianning-Dechang REE Metallogenic Belt, Sichuan Province, China  
	XIE Yuling1, HOU Zengqian2, XU Jiuhua1, YUAN Zhongxin2, BAI Ge2 & LI Xiaoyu3 
	1  Geological outline of Mianning-Dechang REE metallogenic belt  
	2  Occurrence, microscopic characteristics and chemical composition of Cu-bearing intermetallic minerals 
	3  Summary of research on native Cu-bearing in- termetallic minerals  
	4  Significance of the discovery of Cu-bearing intermetallic minerals  



