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Abstract The Jinchuan ultramafic intrusion in western
China hosts the third-largest magmatic Ni—Cu deposit in
the world. The crystallization age of the intrusion has
long been debated. Here, we present a U-Pb ID-TIMS
zircon age of 831.840.6 Ma obtained on thermally
annealed and chemically etched zircons from a lherzo-
lite sample. The coexisting baddeleyite in the sample is
indistinguishable from the age of zircon. Our new
results confirm that the emplacement of the Jinchuan
ultramafic intrusion was temporally related to the
breakup of the Rodinia supercontinent.

Keywords Zircon - Baddeleyite - U-Pb dating - ID-TIMS -
Jinchuan - China - Ni deposit

Introduction

The Jinchuan Ni—Cu deposit in western China is the third-

largest magmatic sulfide deposit in the world (Naldrett
2009). It contains >500 million metric tons of sulfide ores
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with grades of 1.1 wt.% Ni and 0.7 wt.% Cu (Chai and
Naldrett 1992a; Tang et al. 2009). The ages of the Jinchuan
ultramafic intrusion and associated sulfide mineralization
have been debated for a long time. Tang et al. (1992) and
Zhang et al. (2004) reported Sm—Nd isochron ages of
1,508+31 and 970+£310 Ma, respectively, for the Jinchuan
ultramafic intrusion. Yang et al. (2005, 2008) and Yan et al.
(2005) reported Re—Os isochron ages of 1,220+57 to 833+
35 Ma for the sulfide ores of the intrusion. Li et al.
(2004b, 2005) reported a U-Pb SHRIMP zircon age of 827
+8 Ma and a U-Pb SHRIMP baddeleyite age of 812+
26 Ma for the Jinchuan ultramafic intrusion. Li et al. (2005)
also reported a U-Pb SHRIMP zircon age of 828+3 Ma for
a diorite dike that cuts the Jinchuan ultramafic intrusion.
Using the same method, Yan et al. (2005) obtained an age
of ~837 Ma for zircon from the Jinchuan ultramafic
intrusion, but they interpreted it as a metamorphic age
instead of a primary magmatic age. More recently, Tian et
al. (2007) reported a LA-ICP-MS zircon U-Pb age of
807.34+3.7 Ma for the Jinchuan ultramafic intrusion. In this
communication, we present a more precise U-Pb ID-TIMS
zircon age for the Jinchuan ultramafic intrusion using the
chemical abrasion pre-treatment (Mattinson 2005). We also
present U-Pb baddeleyite data from the same sample. We
hope that our new data will resolve the dispute about the
age of the Jinchuan ultramafic intrusion.

Geological background

The Jinchuan ultramafic intrusion is one of several mafic—
ultramafic intrusions within the Longshoushan uplifted
terrane situated along the southwestern margin of the North
China Craton (Fig. 1). The Longshoushan terrane consists
of Paleoproterozoic amphibolites, migmatites, and gneisses,
overlain by Late Mesoproterozoic sedimentary rocks that
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Fig. 1 Simplified maps showing the tectonic units of China (inset) and regional geology of Jinchuan area. Modified from Tang et al. (2009)

have experienced greeschist-grade metamorphism (SGU
1984). The Longshoushan terrane is bounded by the North
Qilianshan tectonic suture zone of ~450 Ma (Song et al.
2006a) to the south. Large Paleozoic granite plutons occur
across the boundary between the North Qilianshan suture
zone and the Longshoushan terrane.

The Jinchuan ultramafic intrusion is a dike-like body
(~6,500 m long, <500 m wide, and >1,100 m deep in its
central part) dominated by olivine-rich rocks such as
harzburgite, lherzolite, and dunite. Immediate country rocks
of the Jinchuan ultramafic intrusion are Lower Proterozoic
migmatites, gneisses, and marbles (SGU 1984; Fig. 2a). It
is divided into several segments by a series of northeast-
trending strike—slip faults. Sulfide mineralization occurs in
the lower parts of the intrusion mainly in the form of
disseminated and net-textured ore with pyrrhotite, chalco-
pyrite, and pentlandite (Fig. 2b).

Previous studies of the Jinchuan sulfide ore-bearing
ultramafic intrusion have led to conflicting theories with
respect to magma evolution and sulfide genesis. Chai and
Naldrett (1992b) proposed that the Jinchuan intrusion was
the root zone of a much larger layered intrusion and that the
dike-like central part of the intrusion was a feeder to the
magma chamber. Tang (1993) suggested that the Jinchuan
intrusion formed by multiple inputs from a deep-seated
stratified magma chamber. Sulfide-bearing magma was
proposed to have been extracted from the lower portion of
the deep chamber, whereas sulfide-barren intrusions were
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extracted from the upper portion. Li et al. (2004a) and de
Waal et al. (2004) showed, using trace elements and olivine
composition, that emplacement involved high-viscosity,
dense, crystal-rich mushes. Several pulses of magma are
required to explain the variations in olivine composition,
and flow and gravitational differentiation of a sulfide-rich
magma are thought to account for the present distribution of
textural features. Like Tang (1993), de Waal et al. (2004)
and Song et al. (2009) call upon emplacement of sulfide-
bearing and sulfide-free pulses from a deep, stratified
magma chamber to explain the occurrence of sulfide-
barren as well as sulfide-bearing rocks in the Jinchuan
area. Lehmann et al. (2007) proposed that the Jinchuan
ultramafic intrusion was emplaced as a sill along an
unconformity between high-grade gneisses and marbles.
Chai and Naldrett (1992b) and Lehmann et al. (2007)
suggested that the parental magma of the Jinchuan
intrusion was high-Mg basalt instead of ultramafic
magma, which many Chinese geologists initially accepted.
Li et al. (2005) suggested that the parental magma of the
Jinchuan intrusion was derived from the subcontinental
lithospheric mantle and experienced crustal contamination
based on negative engq values (—9 to —12) that decrease
with increasing La/Sm. Song et al. (2006b) and Lehmann
et al. (2007) reported negative Nb and Ta anomalies in the
Jinchuan rocks and attributed these anomalies to crustal
contamination. Song et al. (2006b, 2009) proposed that
sulfide saturation was achieved at depth as a result of
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Fig. 2 Plan view (a) and cross
sections (b) of the Jinchuan
sulfide ore-bearing ultramafic
intrusion. Modified from SGU
(1984)
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fractional crystallization as well as crustal contamination.
Lehmann et al. (2007) suggested that sulfide saturation
was induced by the addition of carbonate-rich fluids,
which increased the oxygen fugacity of the magma and
thereby decreased the maximum solubility of sulfur in the
magma.

Post-magmatic hydrothermal alteration and metamor-
phism of the Jinchuan intrusion and sulfide ores have been
recognized by many researchers (Chai and Naldrett 1992a;
Barnes and Tang 1999; Li et al. 2004a; Ripley et al. 2005;
Yang et al. 2006), and have made it difficult to accurately
interpret the whole rock PGE compositions (Yang et al.
2006; Su et al. 2008; Song et al. 2009), S—O—H isotopes
(Ripley et al. 2005), Nd—Sr isotopes (Tang et al. 1992;
Zhang et al. 2004) and Re—Os isotopes (Yang et al. 2008).

Sampling and analytical methods

A sample of sulfide-poor lherzolite (~15 kg) was collected
underground in the western part of the Jinchuan ultramafic
intrusion (Fig. 2a). This is one of the least-altered samples
from the intrusion we have seen. Minor serpentine

alteration is present as small veins within olivine crystals
and sporadic chlorite alteration is restricted to the margins
of pyroxene crystals.

Zircon and baddeleyite grains were selected under a
binocular microscope and examined for visible imperfec-
tions. Zircon grains were thermally annealed and chemical-
ly leached (“chemically abraded”) prior to analysis by
being placed in a muffle furnace for ~60 h to anneal
damaged lattice sites, followed by leaching (partial disso-
lution) in hydrofluoric acid in Teflon dissolution vessels at
200°C for 6 h (Mattinson 2005). Grain weights were
estimated using photomicrographs; uncertainties in weights
affect only U and Pb concentrations and not age informa-
tion. Grains were cleaned in room temperature 7 N HNOjy
and ultraclean acetone prior to dissolution, and either a
205pp-233U spike or 2°°Pb—>*U->**U spike (“ET535” from
the EARTHTIME project, see www.earth-time.org, which
was used to facilitate inter-laboratory and inter-method age
comparisons) was added to the Teflon dissolution capsules
during sample loading. Zircon and baddeleyite were
dissolved using ~0.10 ml of concentrated hydrofluoric acid
(HF) and ~0.02 ml of 7 N HNO; in Teflon dissolution
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Fig. 3 Concordia plot of U-Pb

data for chemically abraded
single zircon grains from the 0.1384 |
Jinchuan ultramafic intrusion
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bombs at 200°C (Krogh 1973) for 5 days, and then dried to
a precipitate, followed by addition of ~0.08 ml of 3.1 N
HCI overnight. U and Pb were isolated by using anion
exchange column separation and loaded together onto
outgassed rhenium filaments with silica gel (Gerstenberger
and Haase 1997).

Pb and U were analyzed with a VG354 mass spectrom-
eter using a Daly collector in pulse counting mode. All
common Pb in zircon and baddeleyite was assigned to the
isotopic composition of the laboratory Pb blank (see Table 1
footnotes). Dead time of the measuring system for Pb is
22.8 ns and 20.8 ns for U. The mass discrimination
correction for the Daly detector is constant at 0.05%/amu.
Amplifier gains and Daly characteristics were monitored
using the SRM 982 Pb standard. Thermal mass discrimi-
nation corrections are 0.10%/amu.

Decay constants are those of Jaffey et al. (1971). All age
errors quoted in the text and Table 1, and error ellipses in
the Concordia diagram (Fig. 3) are given at the 95%
confidence interval. Plotting and Concordia age calculation
are from Isoplot 3.00 (Ludwig 2003).

Results

Six of seven U-Pb data for individual fragments of
translucent, irregular-shaped zircon, pretreated by thermal
annealing and chemical etching (chemical abrasion), are
equivalent and plot immediately below the Concordia curve
and within the U decay uncertainties (Fig. 3). These give a
Concordia age (Ludwig 1998) of 832.20+0.89 Ma
(20, decay constant errors included; MSWD of concor-
dance and equivalence is 1.08; probability is 0.37), and a

weighted mean “°°Pb/***U of 831.8+0.6 Ma (20, decay
constant errors included; MSWD=1.08; probability is 0.37;
using Ludwig 2003). One analysis of chemically abraded
zircon (analysis 7, see Table 1) plots just below the cluster,
showing that despite the rigorous zircon pre-treatment, a
small amount of Pb loss can persist and give too young a
206pp/238U age, possibly due to an insufficient length of
time for etching. A fragment of baddeleyite (analysis 8, see
Table 1) overlaps the data for analysis 7, is 0.8%
discordant, and has a **’Pb/*’°Pb age of 833.4+5.2 Ma,
within error of the cluster of six data. Clustering of high-n
data sets just below the Concordia curve has been observed
previously in data from our laboratory (e.g., Black et al.
2003, 2004) and more extensively in Schoene et al. (2006).
Interpreting the best age to report will continue to be a
challenge as improvements to precision and accuracy, by
eliminating trace amounts of Pb loss through grain pre-
treatment by chemical abrasion (Mattinson 2005), coupled
with sub-picogram Pb procedural blanks, will result in data
sets such as this being reported more commonly. The
accuracy of the ages is dependent upon the accuracy of the
two U decay constants. Begemann et al. (2001), Schon et
al. (2004) and Schoene et al. (2006) have made the case for
repeating the alpha-counting experiments of Jaffey et al.
(1971); such an improvement is necessary in order to report
the most accurate age for a mineral. For now, either the
Concordia age, which considers the 2°’Pb/*’°Pb age and
both Pb/U ages, or the weighted mean *°Pb/**"U age of
831.84+0.6 Ma are the best age interpretations. Due to the
lower abundance of 2°’Pb, and its greater sensitivity to the
laboratory blank isotopic composition, and less certainty in
the accuracy of the >>U decay constant (Mattinson 2000;
Schoene et al. 2006), we favor the latter age interpretation.

@ Springer



Miner Deposita (2010) 45:3-9

Conclusions

We report a U-Pb ID-TIMS age of 831.84£0.6 Ma for a
lherzolite sample from the Jinchuan ultramafic intrusion
obtained from thermally annealed and HF-etched zircon
crystals. A previously reported U-Pb zircon age that was
determined using the LA-ICP-MS method (Tian et al.
2007) is ~25 My younger than our age and ~20 My
younger than that obtained by the SHRIMP method (Li et
al. 2004b, 2005). The new age is slightly older than that
for a diorite dike that cuts the intrusion and was previously
dated at 828+3 Ma by U-Pb SHRIMP (Li et al. 2005).
Our new results support the conclusion of Li et al. (2005)
that the emplacement of the Jinchuan ultramafic intrusion
was temporally related to the breakup of the Rodinia
supercontinent.
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