
1. Introduction

Zircon, Zr[SiO4], is a common U-rich accesso-
ry mineral occurring in many types of rocks, and
is therefore the principal material used for U-Pb
isotopic dating. Over the last two decades, great
achievements in U-Pb zircon dating techniques
have been made. These techniques include chemi-
cal separation of U and Pb from a single zircon
grain, which requires a total procedure Pb-blank of
less than 5 picograms (e.g., Krogh, 1982), thermal
evaporation of a single zircon grain in thermal ion-
ization mass spectrometry (e.g., Kober, 1986), and

in-situ micro-spot analysis by sensitive high-reso-
lution ion microprobe (SHRIMP, e.g., Compston
et al., 1984), and recently by laser micro-probe
inductively coupled plasma-mass spectrometry
(LAM-ICP-MS, e.g., Fryer et al., 1993; Feng et
al., 1993; Hirata & Nesbitt, 1995; Li et al., 2000).
It has been widely recognized that complex geo-
logical histories can produce multiple generation
domains in a single zircon crystal. For such com-
plex zircon grains, bulk analysis by traditional
TIMS technique usually gives geologically mean-
ingless “mixing ages”, and the micro-spot analysis
of single zircon crystals at 20-30 µm scale is par-
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ticularly important to zircon geochronology.
SHRIMP has proven its great ability to reveal the
source of provenance, age of crystallization and
time of metamorphic overgrowths, by in-situ
micro-spot analysis of zircon grains. However,
high machine and operating costs hampered its
wide application in resolving geological problems.
More recently, the LAM-ICP-MS technique of in-
situ Pb-Pb and U-Pb dating of zircon has been
rapidly developed, and it has shown a great poten-
tial as a simple and relatively low-cost method in
U-Pb zircon geochronology. Meanwhile, in order
to interpret the complex history recorded in multi-
ple domains in a single zircon grain, observations
of zircon morphology and structure by micropho-
tography and cathodoluminescent photography
have become a common practice in zircon studies.
Compared to SHRIMP, LAM-ICP-MS is a simple
and low-cost micro-spot analytical technique with
only slightly poorer analytical precision. With
machine cost comparable to TIMS, LAM-ICP-MS
does not require dissolution of zircon and chemi-
cal separation, and consequently analyses are
much simpler and faster, but less accurate. The
objective of this study is to develop a method of
quick and simultaneous in-situ analyses of both U-
Pb and Pb-Pb isotopic ages and trace elements for
single zircon crystals using the LAM-ICPMS
technique. Trace-element analysis of zircon will
enhance our understanding of zircon geochemistry
and in turn help us with the age interpretation.

2. Analytical method

Five zircon samples from different geological
environments, with ages ranging from late
Paleoproterozoic (~ 1.8 Ga) to Mesozoic (150 Ma)
were chosen for this study. These zircon grains
have a large grain size (> 100 µm), are optically
clear and free of overgrowths, fractures and inclu-
sions, and have been precisely dated by either
TIMS or SHRIMP techniques. Zircon grains were
loaded into an epoxy mount, polished to half-grain
depth, and then washed using purified 2 % HNO3

for 3 to 5 min prior to analysis. 
The basic instrumentation at the Guangzhou

Institute of Geochemistry, Chinese Academy of
Sciences used in this study is a Perkin-Elmer
Sciex ELAN6000 ICP-MS coupled to a CETAC
LSX-100 Laser Probe, which is based on a fre-
quency-quadrupled Nd-YAG UV laser system
operating at 266 nm. The spectrometric system of
this instrument is composed of a golden-ceramic
quadrupole mass analyzer with mass resolution of

0.5 to 1.0 amu and a discrete electron multiplier
with a deadtime of 60 ns and < 1 cps of noise level.
All analyses have been done with a pulse repetition
rate of 5 Hz and a beam energy of ~ 1 mJ/pulse. In
this case, the vertical ablation rate ranges from
0.3 µm/s to 0.5 µm/s depending on the hardness of
the analyzed zircon grains, with a spatial resolu-
tion of 20 to 30 µm in diameter with a depth of
approximately 20-40 µm. Consequently, the ablat-
ed mass from each analyzed spot ranges from ~ 50
ng to ~ 100 ng, with ~ 0.1 % of ion transmission
during the analyzing time of 60-80 seconds. The
detailed LAM-ICP-MS operating conditions used
in this study are summarized in Table 1. These
conditions are mostly similar to those for solution
analysis, with somewhat higher nebulizer flow
rate and AC rod offset voltage optimized for 206Pb
in order to increase the sensitivity (Li et al., 2000).
To get an optimal ion-lens setting for each mass
peak measured and to decrease the matrix effect
resulting partly from the ICP and the interface,
three peaks of 45Sc, 139La, and 232Th were selected
to optimize the autolens voltages.

Rapid peak hopping with dwell times of 40 ms
for 204(Pb, Hg), 206Pb, 207Pb, 238U, and 29Si, and 20
ms for the other trace elements, and three to four
replicate analyses with 25 sweeps constitute an
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Table 1. Operating conditions for LAM-ICP-MS used
in this study.



average data set. A spot analysis takes about 60 to
80 seconds, including a pre-ablation time of 5 sec-
onds followed by a reading delay of 5 seconds.
Isobaric interference of 204Hg overlapping 204Pb
was automatically corrected by the internal soft-
ware in ELAN6000. In our practice, counts of
204Pb during the course of this study vary within
± 5 cps, and the measured 206Pb/204Pb ratios, with
omission of the minus values, are mostly > 3000
for Precambrian zircon and > 400 for Mesozoic
zircon. No common lead correction was per-
formed. The 204Hg interference prohibits the mea-
surement of 204Pb for common Pb estimation
(Compston, 1999). The 206Pb/238U ages are not
very sensitive to the usual amounts of common Pb,
but 207Pb/206Pb ages are, due to the much lower
abundance of radiogenic 207Pb. Prohibition of
common Pb correction is therefore an important
limitation on the accuracy of zircon ages deter-
mined by LAM-ICPMS.

The isotopes free from isobaric interference
were selected for measurements of the other trace
elements. Oxide and molecular interference were
assumed to be negligible because of low oxides
yield (e.g. BaO+/Ba+ < 0.3 %, SmO+/Sm+ < 0.5 %,
and ThO+/Th+ < 0.3 %). High-grade argon gas,
carrying away the ablated materials into the ICP-
MS, was measured twice to establish a blank prior
to starting ablation for each analysis. Limits of
detection (LOD) by 3σ method are typically better
than 10 to 30 ppb for REE, Nb, Ta, Ba, Hf, Th, and
U, 0.1 to 0.3 ppm for Rb, Sr, Y, 204Pb, and 207Pb,
about 0.5 ppm for 206Pb, and 5 to 10 ppm for Sc
and P. 

The mass discrimination factor for the
207Pb/206Pb ratio was determined by analyzing
glass standard NIST610. The mass discrimination
during daily measurements for 207Pb/206Pb ratio is
commonly less than 1 %. Experiments have shown
that U/Pb ablation fractionation during the spot
analysis caused by increasing defocussing of the
laser beam was a fundamental problem that ham-
pers the precise U/Pb age determination of zircon
by LAM-ICP-MS. In order to minimize the U/Pb
fractionation during the ablation process, Li et al.
(2000) adopted a linear-scan ablation technique of
LAM-ICP-MS, instead of the conventional spot
ablation technique, to maintain constant focussing
of the laser beam on the zircon surface. This lin-
ear-scan ablation technique is able to achieve pre-
cise 207Pb/206Pb ages at about 1 % level for
Precambrian (> 1000 Ma) zircon and 2-5 % for
Mesozoic (156-126 Ma) zircon (Li et al., 2000).
Such a linear-scan ablation technique, however, is
not suitable for the simultaneous determination of

U-Pb and Pb-Pb ages and trace elements because
of significant chemical zoning of zircon. Thus,
spot ablation has to be carried out. On the other
hand, our experiments show that U/Pb fractiona-
tion during spot ablation process usually increase
with time and sequential depth as a result of defo-
cussing of the laser beam, but significant fraction-
ation in U/Pb usually occurs after 60 to 80 seconds
of ablation. Consequently, only the initial (within
60 seconds, occasionally extended to 80 seconds)
206Pb/238U values are used for each data spot,
which was similar to the observations of Ludden et
al. (1995). Typical values of the U/Pb fractiona-
tion factor obtained using the spot ablation are
usually less than 10 %, in contrast to less than 5 %
using the linear-scan ablation (Li et al., 2000).
Measurements of 207Pb/206Pb and 206Pb/238U ratios
on each spot ablation are evaluated and averaged
to yield an individual value and 2σ standard devi-
ation. Accordingly, 207Pb/206Pb and 206Pb/238U
ages for each spot are calculated from the mean
values. The concordia ages are calculated for the
old zircon with concordant 207Pb/206Pb and
206Pb/238U ages, whilst only the weighted grand
mean 206Pb/238U ages are calculated for young zir-
con. U-Pb and Pb-Pb ages are calculated after
Ludwig (1998).

Calibration for element concentrations was
performed using the NIST610 as an external stan-
dard, which was analyzed three times before and
after seven unknowns. To smooth out the signal
variations during analysis and the matrix effect
between samples, peak intensities, excepting
204Pb, 206Pb, 207Pb and 238U, were normalized to
29Si with the stoichiometrical value of 32.9 wt%
SiO2, considering its constancy in the zircon lat-
tice.

U-Pb isotopic data and age results for five zir-
con samples are presented in Table 2 and Fig. 1.
Table 3 lists the concentrations of 26 trace ele-
ments for different zircon samples along with
NIST612 for comparison of accuracy and preci-
sion of analysis.

3. Results and discussion

3.1 U-Pb ages

NM15

This sample was taken from a pegmatite in
Inner Mongolia, China. It contains large (> 5 mm)
euhedral igneous zircon grain. Concordant U-Pb
and Pb-Pb ages of 1887 ± 2 Ma (age uncertainties
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are quoted at 2σ level in this paper) were obtained
by six TIMS analyses of different fragments (Liu
et al., 1998). This zircon is now used as our labo-
ratory standard for optimizing the analytical con-
ditions and controlling the mass discrimination of
the instrument. Six spot analyses in this study
yield concordant 206Pb/238U and 207Pb/206Pb ages
within analytical errors. A concordia age of 1876
± 21 Ma is then obtained from these concordant
206Pb/238U and 207Pb/206Pb analyses in the Tera-
Wasserburg concordia plot after Ludwig (1998)
(Fig. 1 and Table 2), which is in good agreement,
within analytical errors, with the TIMS age. Age
precision in this study is about ten times poorer
than that of TIMS data.

CN-92-1

This sample, taken from a skarn in the
Grenville Province, Canada, has been established
as a standard with a TIMS 207Pb/206Pb age of 1143
± 2 Ma (Feng et al., 1993). Five spot analyses in
this study gave concordant 206Pb/238U and
207Pb/206Pb ages within analytical errors, and thus
average a concordia age of 1149 ± 36 Ma (Fig. 1
and Table 2). This age is identical within analyti-
cal errors with the TIMS age, with a precision
eighteen times poorer than that of TIMS result.

91989313B

This sample was taken from a granophyre in
the Bell Rock gabboric intrusions of the Giles
Complex, central Australia. It contains large euhe-
dral, simply zoned igneous zircon grains which
gave a concordant SHRIMP U-Pb age of 1078 ± 3
Ma (Sun et al., 1996). Our spot ablation analysis
on four zircon grains yielded tightly concordant
206Pb/238U and 207Pb/206Pb ages within analytical
errors, and consequently a concordant age of 1066
± 22 Ma (Fig. 1 and Table 2), which is consistent
with the SHRIMP age. Precision of this result is
about eight times poorer than that of the SHRIMP
analysis.

91MS29

This is a charnockite sample taken from the
Huai’an Complex of the Huabei Granulite Belt,
North China Craton. Three fractions of euhedral
pink zircon grains were dated by TIMS, giving
slightly discordant 206Pb/238U and 207Pb/235U ages,
but consistent 207Pb/206Pb age of 1802 ± 4 Ma
(Guo et al., 1994). The zircon grain used in this
study has a very low U content (< 20 ppm) and
consequently has very low 207Pb. Thus, only the
206Pb/238U age was determined by spot ablation
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Fig. 1. Tera-Wasserburg 238U/206Pb
vs. 207Pb/206Pb concordia plot for
zircon samples determined by spot
analysis of LAM-ICP-MS.



analysis. Five spot analyses give a mean
206Pb/238U age of 1785 ± 146 Ma, which is indis-
tinguishable within analytical uncertainty with the
TIMS result. The large age uncertainty is due to
the relatively low counts of 206Pb and 238U.

Siberian

This zircon is from the Lomonosova carbon-
atite from the Ary-Mastakh region of the Siberian
platform. Five SHRIMP analyses were made on a

Geochronology and geochemistry of single-grain zircon 1019

Table 2. U-Pb isotopic data for zircon samples.



X.-h. Li, X. Liang, M. Sun, Y. Liu, X. Tu1020

T
ab

le
 3

. 
T

ra
ce

-e
le

m
en

t 
re

su
lt

s 
fo

r 
zi

rc
o
n
 s

am
p
le

s 
b
y
 L

A
M

-I
C

P
-M

S
 (

av
er

ag
e 

d
at

a 
fo

r 
se

v
er

al
 a

n
al

y
ti

ca
l 

p
o
in

ts
).



single large zircon fragment, and yielded a mean
206Pb/238U age of 150 ± 4 (2σ) Ma (Griffin et al.,
1999). Seven spot analyses of same zircon frag-
ment by LAM-ICP-MS gave a mean 206Pb/238U
age of 152 ± 18 Ma. This age is consistent with the
SHRIMP result, with a precision being about five
times poorer. 

In summary, all the 207Pb/206Pb and 206Pb/238U
ages determined by LAM-ICP-MS in this study
are in good agreement, within analytical uncer-
tainties, with results of TIMS or SHRIMP. The
precision is 1 to 3 % for 207Pb/206Pb isotopic
ratios, 2 to 8 % for 206Pb/238U. The precision of the
calculated concordia ages from the concordant
206Pb/238U and 207Pb/206Pb analyses for
Precambrian zircons ranges from 1.1 % to 3.1 %
(Table 2). 206Pb/238U age precision for a Mesozoic
carbonatite zircon in this study is 14 %, which is
about five times poorer than that (2.7 %) by
SHRIMP (Griffin et al., 1999) and linear-scan
LAM-ICP-MS (Li et al., 2000), due to relatively
large variations of the measured 206Pb/238U ratios
and the small amount of data acquisition in the
LAM-ICP-MS spot analysis. 

3.2 Trace elements

Twenty-six trace elements were simultaneously
determined with the U-Pb ages for the above five
zircon samples and another two granitoid zircon
grains (samples J18 and 84-YG-79). For the sake
of simplicity, the studied zircon samples are divid-
ed into mantle-derived and crustal zircon in terms
of their host rocks. The mantle-derived zircon
includes kimberlite, carbonatite and syenite zircon,
whilst the crustal zircon includes granitoid (gran-
ite, granodiorite and granophyre), metamorphic
(skarn and charnockite) and pegmatite zircon
(Table 3). Precision of trace elements in zircons by
single spot ablation analysis is typically 5 %-15 %
(RSD) for most trace elements, but up to 20 to
40 % for a few trace elements (such as La, Pr, Eu,
etc.) with concentrations close to the limits of
detection (LOD). Apart from low contents for most
trace elements in zircon, chemical zoning is likely
the cause of large deviations (Pearce et al., 1992).
Quantitative results for twenty-six trace elements
were obtained through calibration of relative ele-
ment sensitivities using an external NIST-610 glass
standard. To evaluate the matrix effect and accura-
cy of the data, standard glass NIST-612 was deter-
mined five times as an unknown sample, of which
the results, with an analytical precision of 3 to 6 %,
show a good agreement with the compilation val-
ues (Pearce et al., 1997), except P close to its LOD. 

3.2.1 Rare earth elements (REE) 

REE composition varies in a broad range and
the REE patterns are the most diagnostic feature
for different genetic zircon samples. Total REE
contents are low for mantle-derived zircon, i.e.,
less than 50, 100 and 135 ppm for zircon from
kimberlite (Belousova et al., 1998), carbonatite
and syenite, respectively (Table 3). In contrast,
granitoid zircon has much higher total REE con-
tents, ranging from several hundred to several
thousand ppm. REE+Y and Th show a good posi-
tive correlation (Fig. 2).

All zircon samples are uniquely LREE-deplet-
ed in the chondrite-normalized REE patterns and
show HREE-increasing patterns (Fig. 3). The
depletion of the LREE for zircon can be quantified
by the chondrite-normalized (Nb/Yb)cn values,
following Belousova et al. (1998), because La and
Pr contents are very low and Ce shows an anoma-
ly. The kimberlite and carbonatite zircon has gen-
tly sloping REE patterns with (Nd/Yb)cn values of
0.02-0.04, whilst syenite zircon shows a very steep
slope with (Nd/Yb)cn values of 0.002. Most crustal
zircon samples are characterized by a steep slope
with (Nd/Yb)cn values of 0.002-0.007, except
highly evolved granitic zircon (J18 and NEB291)
displaying a gentle slope with (Nd/Yb)cn values of
0.013-0.036.

Ce and Eu anomalies vary significantly for dif-
ferent zircon samples (Fig. 3). Mantle-derived zir-
con has less pronounced Ce and Eu anomalies.
Kimberlite zircon is characterized by the absence
of significant positive Ce and negative Eu anoma-

Geochronology and geochemistry of single-grain zircon 1021

Fig. 2. Plot of REE+Y vs. Th in zircon grains from dif-
ferent rock types, showing a positive correlation.
REE+Y contents are low (< 300 ppm) for mantle-
derived and high (1252-21419 ppm) for granitoid zir-
con, respectively. 
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lies, or even slightly negative Ce and positive Eu
anomalies (Belousova et al., 1998). Carbonatite
and syenite zircon has a slightly positive Ce
anomaly (Ce/Ce* = 2.3-4.1) and a very small neg-
ative Eu anomaly (Eu/Eu* = 0.76-0.97). In con-
trast, crustal zircon has variable pronounced Ce
and Eu anomalies, with Ce/Ce* = 1.3-30 and
Eu/Eu* = 0.05-0.5. A positive Ce anomaly is con-
nected with the presence of Ce4+ reflecting the
high redox conditions, whilst a negative Eu
anomaly is mainly caused by preferential entry of
Eu2+ ions into plagioclase. Ce/Ce* and Eu/Eu*
show a good negative correlation, with mantle-
derived and granitoid zircon following different
trends (Fig. 4). Mantle-derived zircon has both
less pronounced Ce and Eu anomalies, indicating
that they crystallized at low redox conditions. In
contrast, granitoid zircon has pronounced positive
Ce and negative Eu anomalies, suggesting that it
crystallized from magmas by plagioclase-separa-
tion at high redox conditions. 

On the Eu/Eu* vs. Th plot (Fig. 5), mantle-
derived zircon shows a negative correlation with

low Th contents and high Eu/Eu* ratios, whilst
granitoid zircon displays unique low Eu/Eu* ratios
over a wide range of Th contents. Skarn and
charnokite zircon has Eu/Eu* ratios and Th con-
tents in between those of mantle-derived and gran-
itoid zircon.

3.2.2 Other trace elements

Large-ion lithophile elements (LILE, Rb, Sr
and Ba) are very low and do not exceed 5 ppm in
most zircon, except in the highly evolved granitoid
zircon NEB291 which has exceptionally high Sr
and Ba contents of ~ 60 ppm. 

The Nb content is generally low, and does not
exceed 10 ppm for mantle-derived and metamor-
phic zircon. But the Nb content varies significantly
in granitoid zircon, ranging from 2 to 318 ppm.
Overall, Ta is positively correlated with Nb
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Fig. 3. Chondrite-normalized REE patterns for (A) the
granitoid zircon samples, and (B) the mantle-derived
and metamorphic zircon samples. 

Fig. 4. Eu/Eu* vs. Ce/Ce* plot of zircon from different
sources. Symbols as in Fig. 2.

Fig. 5. Eu/Eu* vs. Th plot of zircon from different
sources. Symbols as in Fig. 2.



(Fig. 6), with Nb/Ta ratios varying from 1.2 to 8.3,
significantly lower than the condritic value of ~ 17
(Sun & McDonough, 1989) and the Nb/Ta ratio of
~ 12 for most granitoids (Harris et al., 1986).
Mantle-derived zircon with low Nb and Ta has low
Nb/Ta ratios of 1.2-2.0, whilst granitoid and meta-
morphic zircon samples with variable Nb and Ta
contents have relatively higher Nb/Ta ratios of
2.6-8.3. A low Nb/Ta ratio in zircon relative to
their environment is likely a common feature,
indicating that Ta could enter preferentially into
the Hf (Zr) site. 

Phosphorus ranges from about 20 to 2270 ppm
for different zircon samples, and is positively cor-
related with Th and REE+Y (Fig. 7). Skarn and
pegmatite zircon has exceptionally low P contents
and deviate from the positive trends. In general,
mantle-derived (kimberlite and carbonatite) zircon
has low P contents of < 100 ppm, whilst P varies
from hundreds to thousands of ppm for granitoid
zircon.

It should be noted that the geochemical fea-
tures for different zircon samples are generalized
from a small number of samples, which require
further investigations.

4. Concluding remarks

Simultaneous in-situ analysis of U-Pb and Pb-
Pb ages and twenty-six trace elements for single-
grain zircons using the LAM-ICPMS technique
was carried out in this study. Although age preci-
sion by this method is about ten to twenty times
poorer than that by TIMS and SHRIMP, the con-
cordia U-Pb ages for old zircon (> 1000 Ma) and

the 206Pb/238U age for Mesozoic zircon are in good
agreement within analytical uncertainties, with
their ages obtained by TIMS or SHRIMP. 

Precision of trace elements in zircon by single
spot ablation is generally 5 %-15 % for most trace
elements, but up to 20 to 40 % for a few trace ele-
ments with concentrations close to the LOD.
Trace-element contents, such as U, Th, REEs, Nb,
Ta and P, vary in a broad range for different zircon
samples. Mantle-derived zircon generally has low
contents of most trace elements, i.e., < 100 ppm
(mostly < 40 ppm) for U, < 30 ppm for Th, < 100
ppm for ΣREE, < 150 ppm for Y, < 10 ppm for Nb
and < 100 ppm for P. They are diagnostically char-
acterized by the absence of significant positive Ce
and negative Eu anomalies. In contrast, granitoid
zircon usually has high and variable contents for
most trace elements, up to several hundred or
thousand ppm for U, Th, ΣREE, Y and P. Granitoid
zircon shows a unique negative Eu anomaly, but a
variable positive Ce anomaly. Thus, mantle-
derived and granitoid zircon samples are clearly

Geochronology and geochemistry of single-grain zircon 1023

Fig. 6. Ta vs. Nb plot of zircon from different sources.
Symbols as in Fig. 2.

Fig. 7. P vs. Th (a) and REE+Y plots of zircon from dif-
ferent sources, showing positive correlations. Note that
skarn and pegmatite zircon has exceptionally low P
contents and deviate from the positive trends. Symbols
as in Fig. 2.
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different in trace-element geochemistry. The
simultaneous in-situ analysis of U-Pb age and
trace elements for single-grain zircons has signifi-
cant implications for enhancing our understanding
of zircon geochemistry and in turn help us in age
interpretation.

Acknowledgment: We wish to thank Drs. R.
Feng, S.-S. Sun, P.D. Kinny and H.X. Zhang for
generously providing us with their precisely dated
zircons. XHL thanks the Croucher Foundation of
Hong Kong for a six-month visiting fellowship to
the Department of Earth Sciences, The University
of Hong Kong. The paper has benefited from the
helpful and constructive comments of Drs. Ken
Ludwig and Riccardo Petrini and an anonymous
reviewer. This work was co-supported by the
National Natural Science Foundation of China
(Grant Nos. 49725309 and 49903006), Chinese
Academy of Sciences (Grant Nos. KZ952-J1-408
and 981105) and a Hong Kong University CRCG
grant.

References

Belousova, E.A., Griffin, W.L., Pearson, N.J. (1998):
Trace element composition and cathodolumines-
cence properties of southern African kimberlitic zir-
cons. Mineral. Mag., 62, 355-366.

Compston, W. (1999): Geological age by instrumental
analysis: the 29th Hallimond Lecture. Mineral.
Mag., 63, 297-311.

Compston, W., Williams, I.S., Myer, C. (1984): U-Pb
geochronology of zircons from lunar breccia 73217
using a sensitive high mass-resolution ion micro-
probe. J. Geophys. Res., 89B, 525-534.

Feng, R., Machado, N., Ludden, J. (1993): Lead
geochronology of zircon by LaserProbe-Inductively
Coupled Plasma Mass Spectrometry (LP-ICPMS).
Geochim. Cosmochim. Acta, 57, 3479-3486.

Fryer, B.J., Jackson, S.E., Longerich, H.P. (1993): The
application of laser ablation microprobe-inductively
coupled plasma-mass spectrometry (LAM-ICP-MS)
to in situ (U)-Pb geochronology. Chemical Geol.,
109, 1-8.

Griffin, W.L., Ryan, C.G., Kaminsky, F.V., O’Reilly,
S.Y., Natapov, L.M., Win, T.T., Kinny, P.D., Ilupin,
I.P. (1999): The Siberian Lithosphere Traverse:
Mantle terranes and the assembly of the Siberian
Craton. Tectonophysics, 310, 1-35.

Guo, J., Zhai, M., Li, Y., Yan, Y., Zhang, W. (1994):
Isotopic ages and their tectonic significance of
metamorphic rocks from middle part of the early
Precambrian granulite belt, North China Craton. in
“Geological Evolution of the Granulite Terrrain in
North Part of the North China Craton”, X. Qian, and

R. Wang (eds.), Seismological Press, Beijing, 130-
144 (in Chinese with English abstract).

Harris, N.B.W., Pearce, J.A., Tindle, A.G. (1986):
Geochemical characteristics of collision-zone mag-
matism. in “Collision Tectonics”, M.P. Coward, &
A.C. Pies, (eds.), Geol. Soc. Spec. Publ., 19, 67-81.

Hirata, T. & Nesbitt, R.W. (1995): U-Pb isotope
geochronology of zircon: Evaluation of the laser
probe-inductively coupled plasma mass spectrome-
try technique. Geochim. Cosmochim. Acta, 59,
2491-2500.

Kober, B. (1986): Whole-grain evaporation for
207Pb/206Pb-age investigations using thermal ion
mass spectrometry, and implications to zirconology.
Contrib. Mineral. Petrol., 96, 63-71.

Krogh, T.E. (1982): Improved accuracy of U-Pb zircon
ages by the creation of more concordant system
using an air abrasion technique. Geochim.
Cosmochim. Acta, 46, 637-649.

Li, X.-H., Liang, X.-R., Sun, M., Guan, H., Malpas, J.G.
(2000): Precise 206Pb/238U age determination on zir-
cons by laser ablation microprobe-inductively cou-
pled plasma-mass spectrometry. Chemical Geol., in
print.

Liu, H.C., Zhu, B.Q., Zhang, Z.X. (1998): Single-grain
zircon dating by LAM-ICPMS. Chi. Sci. Bull., 43,
1103-1106 (in Chinese).

Ludden, J.N., Feng, R., Gauthier, G., Stix, J. (1995):
Application of LAM-ICPMS analysis to minerals.
Can. Mineral., 33, 419-434.

Ludwig, R.K. (1998): On the treatment of concordant
uranium-lead ages. Geochim. Cosmochim. Acta, 62,
665-676.

Pearce, N.J.G., Perkins, W.T., Abell, I., Duller, G.A.T.,
Fuge, R. (1992): Mineral microanalysis by laser
inductively coupled plasma mass spectrometry. J.
Anal. At. Spectrom., 7, 53-57.

Pearce, N.J.G., Perkins, W.T., Westgate, J.A., Gorton,
M.P., Jackson, S.E., Neal, C.R., chenery, S.P.
(1997): A compilation of new and published major
and trace element data for NIST SRM 610 and NIST
SRM 612 glass reference materials. Geostand.
Newsl., 21, 115-144.

Sun S.-S. & McDonough, W. F. (1989): Chemical and
isotopic systematics of oceanic basalts: Implications
for mantle composition and processes. in
“Magmatism in the ocean basins”, A.D. Saunders &
M.J. Norry (eds.), Geological Society [London]
Special Publication 42, 313-345.

Sun, S.-S., Sheraton, J.W., Gilkson, A.Y., Stewart, A.J.
(1996): A major magmatic event during 1050-1080
Ma in central Australia, and an emplacement age for
the Giles Complex. AGSO Research Newsletter, 24,
13-15.

Received 16 July 1999
Modified version received 6 April 2000
Accepted 27 Avril 2000

1024


