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INTRODUCTION

The production of continental ß ood basalts (CFBs) has been 
attributed to the arrival of plume heads from a boundary layer 
deep within the earth (e.g., Richards et al. 1989; Hill 1991). This 
has been suggested to be either the 670 km discontinuity or the 
2900 km D'' core-mantle boundary layer (Allegre and Turcotte 
1985; Hofmann 1997). However, the chemical composition and 
mineralogy of mantle plumes is poorly known because of the lack 
of mantle xenoliths in the lavas from large igneous provinces 
(LIPs). Highly magnesian, near-primitive picritic lavas in LIPs 
have been used to infer the characteristics of a mantle plume 
(e.g., Brugmann et al. 1987; Puchtel and Humayun 2000). This 
is possible because of the speciÞ c conditions of picrite forma-
tion, including high-temperature partial melting, consistent 
with formation of picritic magmas from mantle plumes (e.g., 
Campbell et al. 1989; Storey et al. 1991), sulfur undersaturation, 
rapid adiabatic ascent, and eruption at temperatures close to the 
liquidus. These conditions ensure that little fractionation occurs 
prior to eruption (e.g., Arndt et al. 1977; Herzberg 1995). Thus, 
the picrites should preserve some signatures of materials derived 
from a mantle plume.

A bleb of native gold and two grains of native copper were 
discovered in the olivine phenocrysts from the same picrite 
sample from the Late Permian Emeishan large igneous prov-

ince (ELIP). This is the Þ rst documented case of the occurrence 
of native gold and native copper in the olivine phenocrysts of 
picrites. We suggest that it may reß ect the signature of plume-
derived materials.

GEOLOGY AND PETROGRAPHY OF PICRITES

The ELIP is a Late Permian continental ß ood basalt sequence 
covering large areas in the provinces of Sichuan, Yunnan, and 
Guizhou along from the eastern margin of the Tibetan Plateau to 
the western margin of the Yangtze Block in southwestern China 
(Fig. 1). The ELIP covers an area of at least 250 000 km2 (Chung 
et al. 1998; Chung and Jahn 1995; but according to Xiao et al. 
2003, this is a conservative estimate) in SW China. The western 
boundary of the ELIP is the Ailao Shan-Red River Fault zone 
(ASSR), a major crustal structure separating the Yangtze Craton 
from the Gandise and Yunnan fold belts.

The ELIP consists of a succession of predominantly tholei-
ites, with minor picritic and rhyolitic lava ß ows. In addition to 
lava ß ows, maÞ c-ultramaÞ c layered complexes, dikes and sills, 
syenite, and other alkaline intrusions, are part of the ELIP (Xu et 
al. 2001; Boven et al. 2002; Zhang et al. 2004b; Xiao et al. 2004). 
The maximum thickness of the lava ß ows is estimated at about 
5400 m in the Binchuan region in the Pan-Xi rift, decreasing to 
less than 500 m eastward from the rift (Xiao et al. 2003, 2004; 
He et al. 2003; Xu et al. 2004). 

The ELIP magmatism appears to be associated with Late 
Permian rifting of the Qiangtang terrane from the Yangtze block. 
The ß ood basalts were subsequently uplifted, deformed, and seg-* E-mail: foster70@263.net 

Native gold and native copper grains enclosed by olivine phenocrysts in a picrite lava of 
the Emeishan large igneous province, SW China

ZHAOCHONG ZHANG,1,2,* JINGWEN MAO,3 FUSHENG WANG,2 AND FRANCO PIRAJNO4

1State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Beijing, 100083, China
2Institute of Geology, Chinese Academy of Geological Sciences, 26 Baiwanzhuang Road, Beijing, 100037, China

3Institute of Mineral Resources, Chinese Academy of Geological Sciences, 26 Baiwanzhuang Road, Beijing, 100037, China
4Geological Survey of Western Australia, 100 Plain Street, East Perth W A 6004, Australia

ABSTRACT

A native gold bleb found in an olivine phenocryst in a picrite lava from the Emeishan Large Igne-
ous Province (ELIP) may be the Þ rst documented case of the transport of gold as a distinct precious 
metal phase in a mantle-derived magma. Four picrite layers have been recognized in the lower part 
of the volcanic succession in the Lijiang area, in the western part of the ELIP. The native gold bleb 
was found enclosed in an olivine phenocryst in the second picritic layer of a basalt-picrite succession 
in the ELIP. The gold bleb is spheroidal, about 30 μm in diameter, consists of pure gold, and does not 
contain any other elements. In addition, native copper grains were also discovered in the serpentinized 
olivine phenocrysts, and native zinc and moissanite (SiC) were separated from an ~20 kg sample of 
picrite. The paragenesis of these minerals suggests that the primary magmas were S-unsaturated. The 
native gold and native copper grains are considered to be xenocrysts from the mantle, transported to 
shallow depths by a rising plume, and then captured by the picritic melts. The discovery of native gold 
and native copper grains provides direct evidence that the gold in the hydrothermal gold deposits and 
the native copper deposits in the ELIP lavas ultimately may be derived from a mantle plume.
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