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LA-ICP-MS U–Pb dating of the 401 apatite 

Shogo AOKI1, 2*, Yuki DATE3, Hirotsugu NISHIDO4 & Kazumasa AOKI1 

Abstract: We performed apatite uranium–lead (U–Pb) analysis on an age standard sample (401 ap-
atite; ca. 530 Ma) using laser ablation inductively coupled plasma mass spectrometer (LA-ICP-MS). 
As a result, intercept ages on Tera–Wasserburg concordia (TW) diagram by drawing a regression line 
from the data yielded 553.6 ± 6.7 Ma, which was significantly older than the reference age. On the 
other hand, the regression line from the data anchored through an initial common Pb isotopic ratio 
yielded a lower intercept age of 538.0 ± 8.2 Ma. In addition, the weighted-mean 207Pb-correction age 
calculated from each data was 537.1 ± 8.1 Ma. These are consistent with the reference age. Accord-
ingly, it was confirmed that the correction methods assuming initial common Pb isotopic composition 
were effective for calculating accurate apatite U–Pb ages in the case of small U/Pb and Pb isotopic 
ratio variations.
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I. Introduction

Apatite [Ca10(PO4)6(OH, F, Cl)2] is a uranium 
(U)-bearing accessory mineral in igneous and 
metamorphic rocks, and a minor but widespread 
detrital component in clastic sedimentary rocks. 
The bones and teeth of fossil animals also contain 
apatite. The uranium–lead (U–Pb) apatite sys-
tem has a closure temperature of approximately 
450°C-550°C (Chamberlain & Bowring 2001, 
Schoene & Bowring 2007) and tends to be resis-
tant to post-geological alteration (Chamberlain 
& Bowring 2001). Thus, in-situ apatite U–Pb 
geochronology using laser ablation inductively 
coupled plasma mass spectrometry (LA-ICP-MS) 
or secondary-ion mass spectrometry (SIMS) is a 
reliable method for providing timescale informa-
tion associated with sedimentary, igneous, met-
amorphic and fossilized processes (e.g. Sano & 
Terada 1999, Sano et al. 2006, Tütken et al. 2008, 
Chew et al. 2011, Kirkland et al. 2018). However, 
precise apatite U–Pb age is commonly hindered 
by low U or Pb concentrations and high common 
Pb/radiogenic Pb ratios that require common Pb 
correction. This correction typically requires 
two steps: (1) data plots on a suite of co-genetic 
apatite grains or domains with a large spread in 
common Pb/radiogenic Pb ratio and (2) adopting 
the appropriate initial common Pb isotopic com-
position. One such correction method involves a 
projecting an intercept through the uncorrected 
data on a Tera–Wasserburg (TW) concordia di-

agram to determine the common Pb-component 
(y-intercept) on the 207Pb/206Pb axis. Thereafter, 
the U–Pb age is calculated either as a lower inter-
cept age on a concordia curve, or as a weighted 
mean 207Pb-corrected ages using the 207Pb/206Pb 
intercept as an estimate of the initial Pb isotopic 
composition. Another approach is plotting the un-
corrected data on a TW diagram but anchoring the 
intercept through the initial Pb isotopic composi-
tion using either the Stacey & Kramers (1975)’s 
model for crustal Pb evolution or independent 
constraints by analyzing a low-U and co-magmat-
ic phase, e.g. K-feldspar and plagioclase. Hence, 
the apatite U–Pb analysis is extremely sensitive, 
and requires both high reliability and productiv-
ity in a short time. The Okayama University of 
Science (OUS) introduced LA-ICP-MS as part of 
the Private University Research Branding Project 
in 2018. In the current study, to verify whether a 
precise in-situ apatite U–Pb age can be obtained 
using LA-ICP-MS in OUS, we performed analy-
ses on the 401 apatite standard (530.3 ± 1.5 Ma; 
Thompson et al. 2016).

II. Standard Samples

We prepared two apatite standards of OD306 
and 401. The OD306 apatite was used as an 
external standard for the correction of the U/Pb 
ratios of the 401 apatite in this study. The OD306 
was collected from an apatite-magnetite vein 
at the Acropolis copper-gold prospect in South 
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Australia (Huang et al. 2015). The U–Pb dating 
by ID-MC-ICP-MS yielded a lower intercept 
at 1596.7 ± 7.1 Ma (2σ uncertainties) on a TW 
plot (Thompson et al. 2016). The 401 apatite 
used in this study was a megacryst collected in 
Iran (Thompson et al. 2016). The U–Pb age of 
the apatite 401 by ID-MC-ICP-MS defined a 
regression with a lower-intercept age of 530.3 ± 
1.5 Ma (2σ) on a TW diagram (Thompson et al. 
2016). Also, NIST SRM612 glass (Jochum et al. 
2005) was analyzed as the external standard for 
the correction of the 207Pb/206Pb ratios of the 401 
apatite. All standards were mounted and polished 
on 6-mm acrylic disks prior to their analysis.

III. Analytical Method

In-situ U–Pb measurement was conducted in 
OUS using a Thermo Fisher Scientific iCAP-RQ 
single-collector quadrupole ICP-MS combined 
with a Teledyne Cetac Technologies Analyte G2 
laser ablation (LA) system that utilizes a 193-nm 
argon fluoride (ArF) excimer laser. The standard 
materials were set in a two-volume HelEx2 
sample cell of the LA system. The ICP-MS was 
optimized using continuous ablation of a NIST 
SRM 612 glass to provide the maximum sensi-
tivities of 206Pb and 238U while maintaining low 
oxide formation (232Th16O/232Th < 1%). At the 
start of each session, the laser fluence was set 
to 1.72 J/cm2 at the sample surfaces with a laser 
repetition rate and laser diameter set to 5 Hz and 
35 μm, respectively. After laser shooting with 
shutter closed for 30 s (laser warming up), the an-
alytical areas were ablated for 30 s. Helium (He) 
gas was introduced into the HelEx2 sample cell 
(MFC1) and into its arm part (MFC2) as a carrier 
gas. The flow rate into the MFC1 and the MFC2 
was set to 0.5 L/min and 0.3 L/min, respectively. 
The ablated materials of the samples in the He 
carrier gas were mixed with Ar gas (at a flow rate 
of 0.9 L/min) and passed through a baffled-type 
signal-smoothing device (Tunheng & Hirata 
2004) into the ICP-MS. Prior to conducting the 
analysis, to avoid analytical uncertainty, we chose 
analytical regions without cracks and inclusions 
by referring to CL images and observations with 
the LA camera in reflected and transmitted light. 
In addition, the analyzed spots were ablated using 
a pulse of the laser with a diameter of 50 μm to 
remove potential contaminants on their surfaces. 

The analyzed masses included six nuclides 
of 202Hg, 204Pb, 206Pb, 207Pb, 232Th and 238U. The 
background and ablation data for each analysis 
were collected for 15 s of the laser warming-up 
time and 20 s of the ablation time, respectively. 
The background intensities were subtracted from 
the subsequent intensities at the ablation. These 

data were acquired for multiple analyses of the 
401 apatite, bracketed by each three analysis of 
the OD306 apatite and NIST SRM 612 glass. As 
normalization values for the OD306 apatite, the 
radiogenic 206Pb/238U ratio was calculated by cor-
rection based on the assumption that its common 
Pb isotopic ratio was equal to the terrestrial Pb 
isotopic ratio of 1596.7 Ma (based on the model 
by Stacey & Kramers 1975). The 207Pb/206Pb ratio 
was corrected by normalizing to the compiled val-
ues of NIST SRM 612 glass standard by Jochum 
et al. (2005). All uncertainties concerning Pb/U 
elemental and Pb isotopic ratios were quoted at 
a 2-sigma level, to which the repeatability of 
external standard data of the OD306 apatite and 
the NIST SRM 612 glass bracketing analyses of 
the 401 apatite was propagated based on quadrat-
ic addition. The 235U intensities were calculated 
from 238U using a 238U/235U ratio of 137.818 (Hiess 
et al. 2012). Data were reduced using Thermo Sci-
entific Qtegra Intelligent Scientific Data Solution 
(ISDS) platform software, with normalization and 
uncertainty propagation calculated offline using 
an in-house Microsoft Excel spreadsheet. A sum-
mary of analytical conditions is given in Table 1.

The age of the 401 apatite was calculated 
using Isoplot/Ex 4.15 (Ludwig 2012, and its up-
date) based on the following independent three 
methods; (1) calculating the lower intercept on 
the TW concordia curve by drawing a regres-
sion line based on the data, (2) determining a 
lower intercept age from the intersection of the 
TW concordia curve and a regression line from 
the data, anchored through common Pb, and (3) 
calculating weighted-mean 207Pb-correction age. 
Although the 204Pb- and 208Pb-correction methods 
were also employed for common Pb correction 
(e.g. Cocherie et al. 2009), these methods have 
been less commonly applied compared with those 
using 207Pb-correction one. Hence, we only used 
the 207Pb-correction method in this study. In terms 
of the methods (2) and (3), the initial common 
Pb isotopic ratio was assumed to be the terrestrial 
isotopic ratio of 530.3 Ma provided by Stacey & 
Kramers (1975)’s model. 

IV. Result and Discussion

Sixteen spots were analyzed in the 401 apa-
tite, and the results are listed in Table 2. Figure 
1 shows a TW concordia plot of each of the data 
made with Isoplot/Ex 4.15 (Ludwig 2012, and 
its update). The unanchored TW intercept age 
(method 1) yielded 553.6 ± 6.7 Ma (MSWD = 
0.73; Fig. 1A), which is significantly older than 
the reference age of 530.3 ± 1.5 Ma. On the other 
hand, the anchored TW intercept age (method 2) 
and the 207Pb-corrected age (method 3) yielded 
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Table 1. Summary of analytical procedure and data reduction scheme for apatite U–Pb dating by LA-ICP-MS.

Table 2. Summary of the U–Pb isotopic and 207Pb-corrected age data of the 401 apatite. 
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538.0 ± 8.2 Ma (MSWD = 3.8; Fig. 1B) and 537.1 
± 8.1 Ma (MSWD = 3.7; Fig. 2), respectively, 
which are consistent with the reference age re-
ported by Thompson et al. (2016).

The inaccurate result showing the unanchored 
TW intercept age was caused by the data with a 
small spread in the common Pb/radiogenic Pb 
ratio in the TW plot because the regression line 
could not be properly defined in this situation. 
In fact, the slope of the regression line is typi-
cally negative, while, for our data, it is positive. 
Conversely, the ages obtained from using the 
remaining two methods were equal and consis-
tent with the reference age of 530.3 ± 1.5 Ma, 
indicating that the U/Pb and Pb isotopic ratios 
could be measured precisely and accurately in our 
analytical condition. This was possible because 
the initial common Pb isotopic ratio was used as 
the terrestrial isotopic ratio of 530.3 Ma (Stacey 
& Kramers 1975) and the 207Pb-corrected age 
was a projection through the common Pb onto 

Fig. 1. Tera-Wasserburg concordia diagrams for the 401 apatite. (A) unanchored and (B) anchored initial common Pb isotopic composition.

Fig. 2. Weighted mean 207Pb-corrected age of the 401 apatite.

the 238U/206Pb axis of the TW diagram (Chew et 
al. 2011). If the accuracy of our data was low, the 
above results would be not achieved. Thus, we 
can argue that precise apatite U–Pb dating can be 
conducted using an LA-ICP-MS system under the 
analytical condition described in section III and 
shown in Table 1.

Our study was able to verify that methods 2 
and 3 using common Pb isotopic ratios had been 
effective for precise apatite U–Pb dating with 
small variations in U/Pb and Pb isotopic ratios. As 
previously noted, apatite is commonly observed 
in samples in a variety of fields such as geology, 
paleontology and archaeology. Those unknown 
apatite samples are empirically known to have 
small variations of U/Pb and Pb isotopic ratios, 
similar to the 401 apatite in this study. According 
to Chew et al (2011), 207Pb-corrected age is not 
dependent on the choice of initial age applied to 
common Pb. Additionally, the authors proposed 
an iterative approach combined with the model 
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of Stacey & Kramers (1975). This approach was 
repeated five times and the difference between 
the 207Pb-corrected age and the initial age became 
negligibly small. Accordingly, we aim to apply 
these methods combined with the repetition ap-
proach (Chew et al. 2011) for unknown apatite 
samples in a variety of fields using the LA-ICP-
MS system in OUS.
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青木翔吾・伊達勇輝・西戸裕嗣・青木一勝：LA-ICP-
MSを使った401アパタイトのU–Pb年代測定

要約
本論では，岡山理科大学に導入されたレーザーアブ

レーション誘導結合プラズマ質量分析器を使い，年代
既知のアパタイト（401アパタイト; 約530 Ma）のU–Pb年
代測定を行なった．その結果，Terra-Wasserburg (TW) 
図上に、初生鉛の値を固定せず測定データから回帰線
を求めた場合，553.6 ± 6.7 Maという年代値を示した．
一方，初生鉛値を固定し回帰線を求めた場合は，538.0 
± 8.2 Maという年代値が得られ，推奨年代値と一致した．
さらに，207鉛補正を行った１つ１つのデータから加重
平均年代値を求めたところ，537.1 ± 8.1 Maという値が
得られ，これも推奨年代値と一致した．これらのことか
ら，TW図上においてU/Pb比とPb同位体比のばらつき
が小さい試料については，初生鉛を補正する年代計算
手法が有効であることが確認できた．




