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Abstract The Emeishan flood basalts can be divided into high-Ti (HT) basalt (Ti/Y>500) and low-Ti (LT) basalt
(Ti/Y<500). Sr, Nd isotopic characteristics of the lavas indicate that the LT- and the HT-type magmas originated from

distinct mantle sources and parental magmas. The LT-type magma was derived from a shallower lithospheric mantle,

whereas the HT-type magma was derived from a deeper mantle source that may be possibly a mantle plume.

However, few studies on the Emeishan flood basalts involved their Pb isotopes, especially the Ertan basalts. In this

paper, the authors investigated basalt samples from the Ertan area in terms of Pb isotopes, in order to constrain the
source of the Emeishan flood basalts. The ratios of 2*Pb/*Pb (18.31-18.41), *"Pb/**Pb (15.55-15.56) and
208p,/204py, (38.81-38.94) are significantly higher than those of the depleted mantle, just lying between EM I and EM
II. This indicates that the Emeishan HT basalts (in the Ertan area) are the result of mixing of EMI end-member and

EMII end-member.
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Continental flood basalt (CFB) province, as one
of the large igneous provinces (LIPs), features the
eruption of magmas in large volume in short time, and
temporal coincidence with oceanic expansion or
continental breakup (Courtillot et al., 1999). Some
researchers found that CFB and mantle plume are
correlative (Richard et al., 1989; Campbell and
Griffiths, 1990). However, Mesozoic Tertiary basalts
differ significantly in isotope and trace element
characteristics from oceanic basalts derived from
convecting upper mantle. It is considered that the
differences mentioned above resulted from crustal
contamination (Arndt et al., 1993; Wooden et al.,
1993), or different sources gave rise to such
differences (Mantovani and Hawkesworth, 1990).
According to Ellam and Cox (1991), the lithospheric
mantle played an important role, except for deeper
mantle-derived materials, in continental volcanism.
Even some researchers thought that the sources of
some CFB were located in the lithospheric mantle
(Hawkesworth et al., 1990; Pegram, 1990; Hooper and
Hawkesworth, 1993). Study on Palacogene basalts
from the Faroe Island suggested that the low Ti-type
basalts would have resulted from melting of the
depleted mantle in response to high-degree melting,
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whereas the high-Ti type basalts were of deep
mantle-derivation (Holm et al., 2001).

Eight major continental flood basalts provinces
have been produced over the last 300 Ma (Courtillot et
al., 1999), the Emeishan trap is one of the provinces.
The Emeishan flood basalt (EFB) province is located
in Sichuan Province, Yunnan Province and Guizhou
Province and has been recognized recently. EFB from
different areas or different types of EFB in the same
area tend to display a diversity of geochemical
features (Xu Yigang et al., 2001; Xiao Long et al.,
2004). For example, the Binchuan low-Ti (LT) basalts
were derived from the sub-continental lithospheric
mantle (SCLM); the high-Ti (HT) basalts are OIB-like
(Xiao Long et al., 2004). In addition, the activity of
the Emeishan LIP contributed to the formation of the
Huize Pb-Zn ore deposit (Zhang Zhenliang et al.,
2005). However, little research has been conducted on
EFBs from the Ertan area where rocks,
petrographically from basic to acid, are recognized.
Thus, study on EFB, especially on their Pb isotopes,
from the Ertan area is helpful to constrain the origin of
EFB. In this paper, we will present new geochemical
parameters for the EFB and discuss the petrogenesis
of the rocks as well.
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Fig. 1. The sketch map of the Emeishan flood basalt province and adjacent regions (Modified after Jason et al.,

2005; Xu Yigang et al., 2001; Wang Yunliang et al., 1993).

1 Geological background and petrography

The Emeishan large igneous province (ELIP) is
located at the western margin of the Yangtze Craton,
SW China (Fig. 1). The EFB are exposed in a rhombic
province covering an area of ~250000 km® with
thickness ranging from several hundred meters up to 5
kilometers within Yunnan, Sichuan and Guizhou
provinces (Chung Sunlin and Jahn, 1995; Xu Yigang
and Chung Sunlin, 2001) and the evolved lavas
erupted at the Permian-Triassic boundary (Chung
Sunlin et al., 1998). The lava succession in the
western sector of the ELIP is thicker than in the
eastern sector. The average thickness of ELIP is about
700 m and the total volcanic volume is 0.3x10° km’
(Xu Yigang and Chung Sunlin, 2001). Many
geologists have placed their focus on ELIP since the
Emeishan plume was recognized.

The EFB are continental flood basalts associated
with intraplate rifting. The products of Late Permian
volcanism include nephelitic basalt, alkalic basalt and
other unsaturated-SiO; rocks (forepart), tholeiite and
alkalic basalt (metaphase), orthophyre, trachyte and
rhyolite (final phase). In regard to their mineral
composition the EFB  contain  plagioclase,
clinopyroxene, glasses, minor magnetite and ilmenite
(Wang Yunliang et al., 1993). The Ertan area is located
in the center of the Panxi rift valley, the basalts, in this
area, are dominated by olivine basalt, aphyric basalt,
porphyric basalt and amygdaloid basalt. Moreover,

dykes, such as syenite, gabbro, dolerite and basaltic
volcanic tuff, as hypabyssal intrusives, are inserted by
bimodal volcanic rocks. In the Ertan basalts, olivine
phenocrysts account for about 0-5%; plagioclase
phenocrysts, about  10%-30%; clinopyroxene
phenocrysts, about 5%—15%; groundmass in the
basalts is mainly made up of plagioclase (20%—45%),
clinopyroxene (15%—-30%), basaltic glass (15%—-25%),
Ti-Fe oxides (5%—15%) and magnetite (3%—7%).

2 Sampling and analytical method

Samples studied in this paper were collected
from basalts in the Ertan area of southern Sichuan
Province during a geological reconnaissance (Fig. 1).
Unfortunately, systematic sampling of the volcanic
succession with a stratigraphic height control was not
possible owing to the poor exposure and severe
weathering/alteration of the lava flows. This prevents
us from making a detail geochemical assessment of
the temporal evolution of these rocks. These samples
include 26 basalt samples, 6 gabbro samples, 3 syenite
samples and 2 basaltic volcanic tuff samples.

About 100-150 mg whole rock powder was
completely decomposed in a mixture of HF-HNOj; for
Pb isotopic analysis. Pb was separated on Teflon®
columns containing ~80 uL. AG1-X8, 100200 mesh
and employing HBr-HCI wash and elution procedure.
Procedural blank was <50 pg for Pb. For the
measurements of isotopic composition, Pb was loaded
with a mixture of Si-gel and H;PO, onto a single-Re
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Fig. 2. The plots of of Nb/La vs. SiO,. Data of Nb/La and SiO,
are from Xiao Long et al. (2004).

filament and measured at 1300°C. Pb standard NBS
981 was used to determine thermal fractionation and
measured isotopic ratios of samples were corrected
with a value of 0.1% per atomic mass unit. Isotopic
ratios were measured on a Finnigan MAT-262 thermal
ionization mass spectrometer (TIMS) in the
Laboratory for Radiogenic Isotope Geochemistry,
Institute of Geology and Geophysics, Chinese
Academy of Sciences, Beijing. Raw data obtained
were calculated using the Isoplot program (Ludwig,
2001), giving 20, error. Technique details on
chemical separation and measurement are described in
Chen et al. (2000, 2002). Results are seen in Table 1.

3 Geochemistry of the rocks

According to some researchers (Xu Yigang et al.,
2001; Xu Yigang and Chung Sunlin, 2001; Peate and
Ole, 2003; Xiao Long et al., 2004), the basalts can be
classified as the high-Ti (HT) basalts and low-Ti (LT)
basalts in terms of the concentrations of TiO, and the
ratios of Ti/Y in the rocks; namely, high-Ti (HT)
basalts with >2% TiO, and >500 Ti/Y, and low-Ti (LT)

basalts with <2% TiO, and <500 Ti/Y. The rocks with
different TiO, concentrations or Ti/Y ratios possess
different geochemical characteristics in LIP.

3.1 Low-Ti basalts

The Emeishan low-Ti lavas exhibit low Ti/Y
(<500), Fe Os* (<12%), Nb/La (0.6-1.4), ena(?)
(-4.8-1.4) and relatively high SiO, (48%—53%) and
Mg# (0.52-0.64) (Xu Yigang et al., 2001). Some
researchers (e.g. Xiao Long et al., 2004) subdivided
the LT lavas into LT; and LT,. In addition, the
controversy on crustal contamination for EFB is still
under way. Recent research indicates that the parental
magma for the LT basalts was derived from a shallow
sub-continental lithospheric mantle (Xiao Long et al.,
2004). Negative correlation is displayed between
Nb/La and SiO,, which indicates that the evolved
lavas have undergone assimilation and fractional
cr_ystallization (Fig. 2). The plots of eng(¥) Vs.
(8 Sr/8°Sr)i for EFB also indicate the LT basalts were
contaminated (Fig. 3). In diagram 4A, the LT basalts
show a positive correlation between the initial Sr
isotope ratio (87Sr/8°Sr)i and SiO,, which reflects
probably that the lavas had been contaminated by the
crust or continental lithospheric mantle; whereas a
negative correlation is shown between the Sr isotope
initial ratio (¥’Sr/**Sr); and Mg# (Fig, 4B). which
resulted from the materials with high "Sr/%Sr ratios
(e.g. the upper crust). This indicates that the LT
magmas were derived from a shallower lithospheric
mantle.

3.2 High-Ti basalts

The Emeishan high-Ti basalts exhibit high Ti/Y
(>500). The lavas are subdivided into HT,, HT, and
HTj;, in terms of the concentrations of TiO,, the ratios
of Nb/La and enq4(7) (Xu Yigang et al., 2001). The HT;

Table 1. The Pb isotopic composition of the Emeishan flood basalts

Sample 206pp,204py 2SE(M)(%) 207pp/ 24P 2SE(M)(%) 208pp204py 2SE(M)(%)
Ertan basalt
ERT-3 18.3104 0.007 15.5472 0.007 38.9457 0.009
ERT-15 18.4104 0.017 15.5457 0.017 38.8423 0.017
ERT-22 18.3584 0.006 15.5580 0.007 38.8189 0.007
ERT-31 18.3815 0.008 15.5516 0.008 38.8239 0.008
Ethiopian basalt (HT2)

E38 18.86 15.55 38.81

E33 18.94 15.55 38.65

E35 18.87 15.53 38.67

E40 18.95 15.56 38.91

E266 18.85 15.53 38.76

Note: 2SE(M) is the error. Isotopic ratios were measured on a Finnigan MAT-262 thermal ionization mass spectrometer (TIMS) at the Laboratory

for Radiogenic Isotope Geochemistry, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing. Ethiopian basalts are from

Raphaél et al. (1999).
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Fig. 3. The plots of &g Vs. (87Sr/8°Sr),. Data of eng(f) and
8781/%Sr are from Xiao Long et al. (2004).

lavas display significantly high TiO; (3.65%—4.70%),
Fe,03* (12.7%—16.4%), Nb/La (0.75-1.1), coupled
with higher exg(¥) (1.14.8) and lower SiO,
(45%—-51%); the HT, lavas are compositionally
similar to the HT; lavas but show conspicuous
depletions in U and Th. The HTj; type has higher Mg#
(51-61) than the HT; and HT; lavas.

The lack of correlation between (87Sr/86Sr)i and
SiO, for the HT, and HT; basalts indicates that the
rocks have not undergone assimilation or assimilation
and fractional crystallization (AFC) (Fig. 4A); slight
positive correlation for the HT; basalt indicates the
evolved lavas occurred in the intermediate zone
between the HT lavas and the LT lavas (Fig. 4A, B).
This indicates the HT magmas were derived from a
deeper mantle source that may be probably a mantle
plume.

3.3 Ertan basalts

Few studies on the Ertan basalts have been
conducted, especially isotopic research. TiO>2.1wt%
in the rocks (YAN Zaifei, unpublished), with the
characteristics of HT basalts; Mg# (58-84) in the
rocks is higher than that of other basalts in ELIP
(31-64) (Xu Yigang et al., 2001). The ¥7Sr/%Sr ratios
(>0.706) for the Ertan basalts are high and enq(7) (< 0)
values are low (YAN Zaifei, unpublished), which
reflects the features of crustal materials and
continental lithosphere. This resulted probably from
assimilation of the upper crust and continental
lithosphere, or the parental magmas of the Ertan
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basalts were derived directly from the continental
lithospheric mantle. However, the patterns of
incompatible trace elements for the Ertan basalts are
OIB-like (Fig. 5). This indicates that the parental
magmas of the Ertan basalts were derived from an
asthenospheric mantle and the magmas were
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Fig. 4. The plots (*’St/**Sr); vs. SiO, and (*’Sr/**Sr); vs. Mg#. Data

of Sr isotope, Mg# and SiO, (Wt%) are from Xu Yigang et al.
(2001).
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Fig. 5. The patterns of the Emeishan flood basalts from the Ertan
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Tarney (1984) and Sun (1980); OIB is from Sun (1980).
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contaminated in conduit systems over time as a
successive eruption by upper crustal materials and
continental lithosphere.

4 Pb isotopes

Extensive research on CFB has been conducted,
mostly focusing on Pb isotopes (e.g. Marques et al.,
1999; Raphaél et al., 1999; Trua et al., 1999; Rogers et
al., 2000). According to Marques et al. (1999), the
Brazilian Parand flood basalts can be subdivided into
the LT-type basalts and HT-type basalts. These basalts
in southern Parand and northern Parand display
different Pb isotopic characteristics, respectively. The
initial Pb ratios of southern basalts are variable:
("Pb/**Pb)1=18.20, §2°°Pb/2°41>b)m=17.45; b/
Pb)=15.61, CUPb/*Pby=15.50; (C**Pb/"*Pb)ir

LT

=38.32, (ZOSPb/ 04Pb)m=37.89; whereas northern
basalts have signiﬁcantly similar initial Pb isotopic
ratios: (C*°Pb/2""Pb)r =17.78; *°Pb/*Pb)i=17.65;
UPb/ Py 1=17.53; C“Pb/ A" Pb)yn=15.52; (***Pb/
2%pp)1=38.12; ***Pb/"*Pb);;1=38.05. In terms of the
ratios, Marques et al. (1999) thought both southern
basalts and northern basalts were derived from
different lithospheric mantle components, plumes
provided only heat for melting of the lithosphere,
but no materials. The magmas of the LT and HT
basalts in northern Parand were derived from
homogeneous components; the magmas of the LT and
HT basalts in southern Parand resulted from mixing of
different components. The Ethiopian CFB were also
subdivided into the LT-type basalts and the HT-type
basalts (Raphaél et al, 1999). The rocks have:
C%Pb/"Pb)1=18.04-18.71;  (*"Pb/*"*Pb),1=15.48
~15.54; C"®Pb/2"*Pb);1=37.55-38.05; (**°Pb/***Pb)=
18.51-18.95;  (*”’Pb/***Pb);1=15.51-15.57; (*®*Pb/
204Pb)m=38.12—38.91. The Pb isotopic values of the
HT basalts are significantly similar to those of the
Ertan basalts (Table 1). According to Raphaél et al.
(1999), the parental magmas of the LT and HT basalts
in the Ethiopian LIP were all derived from the
asthenospheric mantle. However, the incompatible
trace elements in the LT basalts display the signature
of evolved lithosphere, such as depletions in Nb and
Ta; the HT basalts are significantly similar to OIB.
This probably resulted from the geological process in
which plume brought large amounts of crustal
materials upwards. Therefore, Pb isotope is a powerful
tool to trace the source of basaltic magmas, even if
other geochemical parameters are interfered (e.g.
major elements and trace elements).

However, few studies on EFB have involved Pb
isotopes (e.g. Xu Yigang et al., 2001; Xiao Long et al.,
2004; Chung Sunlin and Jahn, 1995; Wang Yunliang
et al., 2001; Jason et al., 2005; Zhang Zhaochong and
Wang Fusheng, 2003), especially the Ertan basalts. So,

we think Pb isotopic studies on the Ertan basalts will
be useful as a powerful proof to constrain the source
of EFB. Data concerned are presented in Table 1, the
ratios of 2Pb/**Pb (18.31-18.41) for the Ertan
basalts are significantly higher than those of the
depleted mantle (17.2-17.7) and EMI (17.6-17.7),
conspicuous lower than those of HIMU (>20.8); the
ratios of 2”’Pb/**'Pb (15.55-15.56) are relatively high
as compared with those of EMI (15.46-15.49) and
depleted mantle (~15.4); the ratios of 208pp,20%ppy
(38.81-38.94) are significantly higher than those of
the depleted mantle (37.2—37.4) and higher than those
of EMI (38.0-38.2). These values of the Ertan basalts
are significantly similar to the Pb ratios of the
Ethiopian CFB (Table 1). The plots based on the ratios
show that Pb isotope values for the Emeishan HT
basalts (Ertan area) vary between EMI and EMII and
are similar to those of Ethiopian CFB (Fig. 6). The
petrogenesis of mantle plume for the latter has been
proved (e.g. Raphaél et al., 1999; Trua et al., 1999).
This indicates that the Emeishan HT basalts from the
Ertan area resulted from mixing of EM I end-member
and EM II end-member from an enriched mantle.
However, Zhang Zhaochong and Wang Fusheng (2003)
thought the source of EFB involves EMI, EMII and
DMM, probably resultant from the LT lavas because
the HT lavas were derived from a deeper mantle
whereas the LT lavas from a shallower lithospheric
mantle.
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5 Conclusions

The Emeishan LT basalts and HT basalts display
different geochemical characteristics, respectively.
The LT basalts are characterized by low Ti/Y (<500),
Fe,03* (<12%), Nb/La (0.6—1.4), eng(?) (-4.8—1.4) and

relatively high SiO, (48%—53%) and Mg# (0.52-0.64).

The HT basalts have high Ti/Y ratios (>500) and the
rocks are subdivided into HT;, HT, and HT;. The HT1
lavas are significantly high in TiO; (3.65%—4.70%),
Fe,O3* (12.7%—16.4%), Nb/La (0.75-1.1), coupled
with higher exg(¥) (1.14.8) and lower SiO,
(45%—-51%). The HT, basalts are compositionally
similar to the HT,; basalts but show conspicuous
depletions in U and Th. The HTs-type basalts have
higher Mg# (51-61) than the HT, and HT) basalts.

The LT basalts were derived from a shallower
lithospheric mantle and have undergone assimilation
and fractional crystallization (AFC). The HT basalts
erupting as mantle plume were derived from a
deeper mantle.

The concentrations of TiO, in the Ertan basalts
are >2.1%, consistent with those of the HT basalts.
The patterns of incompatible trace elements for the
Ertan basalts are OIB-like. This reflects the signature
of asthenospheric mantle for the lavas. In the rocks,
206pp,2%ph (18.31-18.41), *’Pb/**Pb (15.55-15.56),
and *®Pb/**'Pb (38.81-38.94) are higher than those of
the depleted mantle and EMI. Pb isotopic ratios for
EFB from the Ertan area vary between EMI and EMII
and are similar to those of the Ethiopian CFB. This
indicates the Emeishan HT flood basalts (the Ertan
area) are the mixture of EMI and EMII end-members.
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