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In situ Nd isotopic measurement of natural geological
materials by LA-MC-ICPMS

YANG YueHeng, SUN JinFeng, XIE LieWen, FAN HongRui & WU FuYuan'

State Key Laboratory of Lithospheric Evolution, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029,
China

Using newly determined Sm isotopic abundances for correcting the isobaric interference of "**Sm on
"“INd and the established mass bias relationship between Sm and Nd, a series of in situ Nd isotopic
measurements were conducted for relatively high Nd concentrations of natural geological materials,
including apatite, titanite, monazite and perovskite on a Neptune multi-collector inductively coupled
plasma mass spectrometry (MC-ICPMS), coupled to a 193 nm ArF excimer laser ablation system. The
results show that Ce has no significant influence on the precision and accuracy of Nd isotopic analyses
for LREE-enriched geological minerals and that our approach is efficient in obtaining reliable
"“Nd/"**Nd and '*"Sm/'*Nd ratios for those materials with Sm/Nd<1 ("*’Sm/'**Nd<0.6). When combined
with trace element and U-Pb isotope data, the in situ Nd isotopic data can provide important information

on geological processes.

Nd isotope, apatite, titanite, monazite, perovskite, LA-MC-ICPMS

Nd isotopes are not only an important tracer in geo-
chemistry and geochronology, but also one of the most
important tools for deciphering petrogenesis and crust-
mantle evolution of the Earth™. Traditionally, Nd iso-
topic data can be obtained by chemical separation of Sm
and Nd using at least two ion-exchange columns after
complete sample digestion, followed by purification of
the Nd fraction, and then isotopic measurement by Ther-
mal Tonization Mass Spectrometry (TIMS)2. However,
there have been two significant developments in isotopic
geochemistry in recent years. Firstly, MC-ICPMS has
been widely used for numerous isotopic measure-
ments™2. In terms of Nd isotope, the MC-ICPMS solu-
tion technique can obtain reliable Nd isotopic data,
comparable to the TIMS method®—. However, the so-
lution method is a bulk analysis and the Nd isotope data
are therefore average of the sample. Since most natural
minerals have some compositional zonation, obtaining
isotopic variation within individual mineral grains has
become another important development and frontier in
isotopic geochemistry. For example, ion and laser probe

www.scichina.com | csb.scichina.com | www.springerlink.com

techniques have been widely applied for in situ isotope
measurement. Since the ion source of the MC-ICPMS is
under atmospheric pressure, it makes easier and more
convenient to change the sampling mode. Equipped with
a laser ablation (LA) system, in-situ isotope measure-
ments can be easily conducted. The LA-MC-ICPMS
technique has distinct advantages over traditional bulk
analysis in that it can decipher subtle isotopic variations
at high spatial resolution on a sub-grain scale and does
not need time-consuming sample preparation; it is
therefore high efficient. Currently, the LA-MC-ICPMS
technique has been widely used in Sr, Hf, Os, B and Mg
isotopic measurements"? and provided a great deal of
important constraints on the geological processes.
Comparatively, there are few studies of in situ Nd iso-
topic analyses due to the isobaric interference of Sm on
Nd during laser ablation analysis. Nevertheless, some
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researchers have done pioneering work™ =3

, and pro-
vided reliable data for apatite, titanite, ferromanganese
nodules, monazite and allanite, indicating its potential
applications in geology. In this paper, a series of in situ
Nd isotopic measurements have been carried out on a
Neptune MC-ICPMS machine coupled with 193 nm ArF
excimer laser system for minerals with a relatively high
Nd concentration, including apatite, titanite, monazite

and perovskite.

1 Instrumentation

Nd isotope measurements were carried out on a
Thermo-Finnigan Neptune MC-ICPMS, coupled with a
193 nm ArF Excimer laser ablation system, at the State
Key Laboratory of Lithospheric Evolution in the Insti-
tute of Geology and Geophysics, Chinese Academy of
Sciences in Beijing, China. The details of this machine
can be inferred to refs. [14, 15].

The GeoLas Plus 193 nm Excimer ArF laser ablation
system is the upgrade product of GeoLas CQ made by
Lambda Physik in Germany. It consists of the following
three parts: (1) a COMPex 102 ArF Excimer laser gen-
erator with wavelength of 193 nm, maximum energy of
200 mJ, pulse width of 15 ns and frequency from 1 to 20
Hz; (2) a laser optical system with a laser beam ho-
mogenizing system, consisting of two 13x13 lens arrays.
The laser spot size can be adjusted to 4, 10, 20, 30, 40,
50, 60, 70, 80, 90, 100, 110, 120, 130, 160 um; and (3)
Geolas standard software. The highest energy density is
35 J/em?, but only 15 J/cm® was used in this study.

Table 1 Faraday cup configuration and instrument operating parameters

2 Analytical procedures

The sample preparation for in situ Nd isotope measure-
ment in this work is almost the same as that of zircon
U-Pb and trace element analysis by LA-ICP-MS. Natu-
rally separated minerals were placed onto a piece of glass
with double-sided tape under a binocular microscope and
a PVC ring was then placed on it. Then, a mixture of ep-
oxy and hardener was put into the PVC ring and allowed
to totally solidify. Finally, the mount was peeled off from
the glass and polished until the surface became even and
the sample was revealed. Before analysis, the sample sur-
face was cleaned ultrasonically with ethanol and trace
HNO;s to eliminate possible contamination.

The laser ablation Nd isotope analysis is almost the
same as that of zircon Hf isotope analysis™2, with ex-
perimental conditions and cup configurations for Nd
isotopic analyses are shown in Table 1. The laser spot
size can be changed from 10— 120 pum at 10 pm interval
and 4—10 Hz of pulse rate. The aerosol ablated by the
laser was transported to the mass spectrometer using
helium as the carrier gas.

2.1 Standard solution analysis

Our in-house standard solution GSS Nd with 200 ppb of
Nd was used for evaluating the reproducibility and ac-
curacy of the Neptune MC-ICPMS for Nd isotope
measurement prior to laser ablation analysis. The aver-
age "“Nd/'**Nd ratios for the GSS Nd standard solution
over two years is 0.511605+0.000024 (2SD, n = 95)
(Figure 1(a)), normalized to '**Nd/"**Nd = 0.7219 using
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Faraday cup configuration E
Cups L4 L3 L2 LI Center HI H2 H3 H4 ()
Nominal mass 142 143 144 145 146 147 149 E
Measured elements Nd Nd Nd Nd Nd a:)
Natural abundance (%) 27.13 12.18 23.80 8.30 17.19 8
Interfering elements Ce Sm Sm Sm [0}
Natural abundance in (%) 11.08 3.1 15.0 13.8

Instrument parameters

Thermo Finnigan Neptune MC-ICPMS Lambda Physik Compex UV 193 nm ArF Excimer

RF forward power 1304 W Fluence ~15 J/em?

Cooling gas 15.2 L/min Output power ~80 mJ

Auxiliary gas 0.8 L/min Spot size 10, 20, 30, 60, 80, 90 and 120 um
Sample gas 0.7 L/min Pulse rate 4,6,8and 10 Hz

Mass resolution 400 (Low) He gas to cell 0.7 to 0.8 L/min

Integration time 0.131s

Sensitivity on '*'Nd 8 V/ppm

Acceleration voltage 10kV
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Figure 1 Nd isotopic measurement for in-house GSS Nd and La Jolla Nd standards.

the exponential law for mass bias correction. At the
same time, the average of '*Nd/'**Nd for the interna-
tional La Jolla Nd standard solution is 0.511849 +
0.000014 (2SD, n = 68) (Figure 1(b)), which is identical,
within error, to the recommended values of 0.511856—
0.511858 by MC-ICPMS!. The standard introduction
system was washed with 3% HNO; for two minutes
prior to actual sample measurement, and it takes totally
about 15 minutes for one sample measurement.

Laser ablation signal endurance is much shorter than
that of solution analysis, so alternative method was car-
ried out of one block with 200 cycles, in which one cy-
cle has 0.131 second integration time and a total time for
one measurement lasts about 30 seconds. Using this
sampling model, the average 'Nd/"**Nd for the GSS
Nd standard solution is 0.511608+0.000035 (2SD, n=26)
(Figure 1(a)), which is exactly the same as the first 69
measurements obtained by the method mentioned above,
although the precision of the individual analyses was
about two orders of magnitude lower. These results in-
dicate that equivalent isotopic data can be obtained by
different sampling methods. We, therefore, use this
model in laser ablation analysis. The details of the Nd
isotopic analyses can be found elsewhere!!.

2.2 Isobaric interference correction

As in all laser ablation methodologies great care must be
taken to avoid or mitigate the effects of isobaric inter-
ferences. In situ Nd isotopes the problem interferences
are principally caused by Ce (‘***Ce on '**Nd) and Sm
("**Sm on "**Nd) (Table 1). Since both Ce and Nd show
almost identical geochemical characters as light rare
earth elements (LREE) in the periodic table, the higher
Nd concentration, the higher Ce concentration in natural
geological materials. Our previous work indicated that

the influence of Ce on Nd isotope analysis is insignifi-
cant even Ce/Nd ratio up to 3, which is normal valve in
the natural geological materials. This conclusion has
significant implications for in situ Nd measurement by
LA-MC-ICPMSEL Absolutely different from Isoprobe
MC-ICPMS, there will be negative relationship between
Ce/Nd ratio and "“Nd/'**Nd when Ce/Nd ratio more
than 0.1". Although the concrete reason is still un-
known at present, it is Hexapole collision cell for dif-
ferent ion dynamic energy dispersion and polyatomic
interference while electronic static analysis (ESA)
adopted by Neptune.

During measurements of other radiogenic isotopes,
samples with low concentration of the parent element,
and subsequently low parent/daughter ratios were se-
lected, such as coral, plagioclase, apatite, carbonate and
perovskite for the Rb-Sr system™®, and zircon and
baddeleyite for the Lu-Hf system!™. Unlike Rb-Sr or
Lu-Hf isotopic systems, however, there is no mineral
having low Sm/Nd ratio like those in the Rb-Sr and
Lu-Hf systems since both Sm and Nd show almost iden-
tical geochemical characters as light rare earth elements
(LREE) in the periodic table. Therefore the most crucial
thing during in situ Nd isotope measurement is how to

144
f

process precisely the isobaric interference o Sm on

"Nd. Generally, the subtraction equation of isobaric

144 144

interference of ~ 'Sm on

[Nl = [*(Nd+Sm)] — [“'Sml,, / [¥'Sm/ *Sm],
X (M 47/ M 4)"®™.

The key point during actual analyses is determination
of the mass bias of Sm in the above equation, which can
be obtained by three approaches: (1) The first is assum-
ing that both Sm and Nd have identical mass biases,
which would be very feasible for isobaric interference

Nd can be expressed as:
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correction when only small Sm existed in the Nd frac-
tion after chemical separation'. It was evident in our
previous work that the Neptune MC-ICPMS can make
accurate isobaric correction even if the Sm/Nd ratio is
up to 0.04 in the Nd fraction™. Obviously, this isobaric
correction approach is unfeasible for laser ablation
analysis because the Sm/Nd ratio is in the range of 0.1 —
0.3 for most natural minerals. (2) Foster and Vance!
advocated an iterative approach for the Sm correction, in
which the "*Nd/'**Nd ratio will converge to a stable
value after several iterations for various Sm/Nd ratios
prior to normalizing the '*Nd/"**Nd ratio using the expo-
nential law. Moreover, they also pointed out that four it-
erations were needed for a Sm/Nd ratio of around 0.2,
while 10—15 iterations are required for a Sm/Nd ratio as
high as 1. Obviously, this approach is an empirical and
irrational conclusion. (3) McFarlane and McCulloch!
proposed that the s, value can be directly obtained
from the "*’Sm/'*Sm ratio on the sample itself and then
applied in the isobaric interference correction of '**Sm
on "“Nd. They also pointed out that these values are
~2% lower than TIMS values owing to the larger mass
bias inherent to plasma-source mass spectrometers.
Unlike the recommended value, the newly obtained
Sm/'**Sm ratio of 1.08680"™ and '**Sm/'**Sm ratio of
0.2233218 determined by MC-ICPMS are used for the
isobaric correction of '**Sm on '**Nd in this study. This
approach is almost the same as that of '"°Yb on '"°Hf
during in situ zircon Lu-Hf isotopic analysis®>*2%, Our
experiments indicated that mass bias of Sm and Nd (fsp,
and fng) was not equal, changing with analytical emis-
sion (Figure 2). In addition, the stable '**Nd/'*Nd ratio
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Figure 2 Variations of mass bias between Sm and Nd during laser abla-
tion analyses.

can be also used to evaluate the feasibility of our
method™2 It will be shown below that our normalized
5N d/"**Nd ratios after isobaric interference correction
agree well with the recommended value, within error, of
0.348415 obtained by TIMS2Y,

3 Analytical protocols for in situ Nd iso-
tope

After calibration, the Nd isotope measurements were
subsequently conducted. In order to evaluate measure-
ments under different laser parameters, an apatite gem
(1.5 cmx1 ¢mx0.5 cm) from Afghanistan was analyzed.
In situ laser ablation analyses were carried out with spot
sizes of 60, 90 and 120 um with repetition pulse rates of
6, 8 and 10 Hz. Under each condition, 10 measurements
were conducted and the average '*’Sm/'**Nd,
"INd/*Nd and "Nd/"**Nd ratios, with 2SD, were ob-
tained (Figure 3; Table 2). The average '*Nd/'*Nd ratio
of 90 measurements was 0.511342 + 31 (2SD), which
agrees well with that of 0.511334 = 10 (2SD, n=8) ob-
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Figure 3 Nd isotope analyses of apatite using different spot sizes and
pulse rates.
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Table 2 Nd isotopic analyses using different laser parameters (Apatitel)

Parameters HONd (V) Sm (V) 7S m/"*Nd "Nd/*Nd SNd/*Nd

60 um, 6 Hz (n=10) 1.27 0.15 0.0866+6 0.511341+27 0.348418+29
60 pm, 8 Hz (n=10) 1.68 0.20 0.0870+7 0.511347+43 0.348419+30
60 pm, 10 Hz (n=10) 1.86 0.22 0.0866+5 0.511346+41 0.348423+14
90 um, 6 Hz (n=10) 2.49 0.30 0.0865+2 0.511354+20 0.348428+21
90 um, 8 Hz (n=10) 3.55 0.43 0.0866+2 0.511342+30 0.348428+08
90 pm, 10 Hz (n=10) 437 0.53 0.0866+4 0.511350+20 0.348428+12
120 pm, 6 Hz (n=10) 5.07 0.61 0.0865+3 0.511338+18 0.348421+16
120 pm, 8 Hz (n=10) 6.17 0.74 0.0865+2 0.511337£19 0.348422+09
120 pm, 10 Hz (n=10) 6.95 0.84 0.0866+3 0.511325+20 0.348424+09
Summary (7=90) 3.71 0.45 0.0866+5 0.511342+31 0.348424+19
Solution analyses (n=8) 0.511334+10

tained by purified solution MC-ICPMS analyses. In ad-
dition, the average '*Nd/'*Nd ratio of 90 measurements
was 0.348424 + 19 (2SD), identical to the recommended
value.

Specifically, the average '“*Nd/'**Nd ratio under 60
um spot size was 0.511341 + 27 (6 Hz), 0.511347 + 43
(8 Hz) and 0.511346 + 41 (10 Hz), respectively. The
average ' “Nd/"*'Nd ratio under 90 um was 0.511354 +
20 (6 Hz), 0.511342 + 30 (8 Hz) and 0.511350 £+ 20 (10
Hz), respectively. Under 120 pum spot size, the average
"IN d/"**Nd ratio was 0.511338 + 18 (6 Hz), 0.511337 +
19 (8 Hz) and 0.511325 + 20 (10 Hz), respectively. The
measurement under 30 um spot size was not carried out
due to signal intensity limitation. Actually, selection of
laser spot size was dependent on the Nd concentration of
sample, which will be illuminated in detail for monazite
measurements below. Whatever, the obtained Nd/ N
ratios for 3 different spot sizes are identical within errors
and the signal intensity increases with increasing of spot
size. A higher precision is obtained when a larger spot
size is ablated (Figure 3).

4 Results

Theoretically speaking, in situ Nd isotope measurement
can be conducted on any minerals with enough Nd con-
centration and size. Especially, the REE-enriched min-
erals will be important and prospective objects for laser
ablation Nd isotope analysis. However, this kind of work
is still in its pioneering stage and only a few researches of
in situ measurements are conducted on apatite, titanite,
ferromanganese nodules, monazite and allanite™'*l, In
this study, not only apatite, titanite and monazite were
further studied, but also perovskite was first performed
for in situ Nd isotope measurement. The results are de-
scribed as follows (Figure 4).

Apatite2. This is another gem from Afghanistan (0.5
cm x 1 cm x 0.5 cm). The average '*'Sm/'**Nd and
"IN d/"**Nd ratios of 40 measurements with spot sizes of
60 um (8 Hz) and 80 um (10 Hz) were 0.0794+13 (2SD)
and 0.510977+£39 (2SD) (Figure 4(a-1)), respectively,
indicating its narrow variation. Additionally, the average
"SNd/'Nd ratio was 0.348412+17 (2SD) (Figure
4(a-2)), agreeing well with the recommended valve. The
average '°Nd/'**Nd ratio of 8 measurements by purified
solution using the MC-ICPMS method was 0.510985 +
8 (2SD), which was identical to that obtained by laser
ablation analyses. The lower Nd isotopic ratio indicates
its derivation from an isotopically enriched source.

Titanite (02FW-187). This sample was collected
from a dioritic enclave in the Baishishan granodiorite in
Jiaohe, Jilin Province. It is considered that the Baishis-
han pluton was emplaced at ~190 Ma*2\. Field and
petrographic investigations indicate that the enclave is
the product of magma mixing of mafic magma with host
granitic magmas, i.e., both the granite and enclave are
coeval. The dioritic enclave is black with fine-grained
texture and gneissic structure. The minerals include pla-
gioclase (45%—50%), biotite (30%—35%), hornblende
(10% — 15%), quartz (<5%) and K-feldspar (<5%),
with accessory magnetite, titanite, epidote and apatite.
Most titanites have a grain size of 0.5—1 mm, with a
maximum of 2 mm.

Sun et al.22 conducted Sm-Nd isotopic analyses on 2
samples of the enclave and got '*’Sm/'**Nd and
"Nd/"Nd ratios of 0.1054, 0.1095, and 0.512626 + 8
and 0.512640 = 14, corresponding to &vqg(f) values of
2.05 and 2.22. Twenty-five analyses of titanite from dio-
rite enclave (02FW187) using both 60um and 10Hz, and
120 pum and 8 Hz suggested that there are some varia-
tions in the 'YSm/'**Nd and '¥*Nd/'"*Nd ratios, but all
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Figure 4 Sm-Nd isotopic analyses of apatite, titanite, monazite and perovskite using LA-MC-ICPMS.

data straddle an isochron at 190 Ma (Figure 4(b-1)). The able (Figure 4(b-2)). With a formation age of 190 Ma,
"“Nd/'**Nd value of 0.348414 + 34 (2SD) is identical to  the average &uq(f) value of 25 analyses is 1.7 + 0.8
the recommended one, suggesting that our data are reli- ~ (2SD), agreeing well with the values obtained from the
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whole-rocks.

Monazite (BY1 and BY49). Both samples were col-
lected from the Bayan Obo giant REE-Nb-Fe deposit,
with BY1 collected from a carbonatitic dyke intruded
into the quartz conglomerate of Meso-Proterozoic Bayan
Obo Group. Zircon U-Pb analyses indicate that this dyke
was emplaced at ~1.4 Ga, but underwent alteration at a
later stage®!
indicated that there is significant variation in the '*’Sm/
"INd and "Nd/"*'Nd ratios. With two exceptions, the
remaining 31 analyses yield an isochron age of 1.32 +
0.21 Ga, same as the zircon U-Pb age, within errors. The
initial "*Nd/'**Nd ratio is 0.510885 + 58 (Figure 4(c-1))
with ena(?) of 0.67 + 0.94 (2SD), indicating its derivation
from primitive mantle.

. At 20 pum and 6 Hz, thirty-three analyses

Monazite BY49 was collected from a dolomite, the
host rock of the REE mineralization, at the 1474 m level
in the eastern orebody of the Bayan Obo deposit; the
host dolomite is relatively pure, with weak REE miner-
alization. In contrast to BY1, monazite BY49 shows
high "*’Sm/"**Nd and '*Nd/"**Nd ratios (Figure 4(c-1)).
At 10—20 pm and 3—6 Hz, thirty-eight analyses, with

two exceptions (high '*'Sm/'**

Nd ratios), yield an
isochron of 0.86 + 0.10 Ga; the corresponding initial
"INd/"**Nd ratio is 0.511136 + 38 (Figure 4(c-1)). The
calculated &vq(?) values are —7.7 = 0.7 (2SD) and 2.0 +
0.9 (2SD), respectively, if we assume that it was formed
at 860 or 1400 Ma.

The above monazite analyses indicate that the Bayan
Obo deposit is heterogeneous in terms of Nd isotopes. It
is noted that the monazite from the dolomite might have
undergone late stage alteration, which might be the rea-
son that we cannot get an acceptable age for this depost
from the Sm-Nd and Th-Pb systems. Considering that
the ablation size was only 10—20 um in our study, it is
believed that more in situ analyses might answer this
question in the future.

Perovskite (MY12). This sample was collected from
the Mengyin kimberlite in Shangdong Province, China.
It is a groundmass mineral, but crystallized from kim-
berlitic magma at an early stage®. The average
Sm/M**Nd and "*Nd/"*'Nd ratios of 15 measurements
with a spot size of 60 um (4 Hz) were 0.0664 = 21 (2SD)
and 0.512229 + 40 (2SD) (Figure 4(d-1)), respectively,
indicating its narrow variation. Additionally, the average
"Nd/"**Nd ratio was 0.348419 + 28 (2SD) (Figure
4(d-2)), which agrees well with the recommended valve.

The average '“’Sm/'**Nd and '¥*Nd/'"*Nd ratio of two
aliquots measured by isotope dilution were 0.0686,
0.0673 and 0.512225 + 12 (20), 0.512235 + 14 (20),
which are identical to those obtained by laser ablation
analysis. Assuming a crystallization age of 470 Ma, the
obtained average &yq(¢) value is —0.16 + 0.78 (2SD), in-
dicating that the Mengyin kimberlite was derived from a
primitive mantle.

5 Discussions

From the measurement of several minerals, it has been
shown that reliable Nd isotopic data can be obtained by
LA-MC-ICP-MS. However, we have to overcome two
problems in its practical application; the Sm/Nd ratios
suitable for correcting the isobaric interference of '**Sm
on 144Nd, and the minimal Nd concentrations for laser
ablation analysis.

For the former, we can define this from the measure-
ment of Nd isotopes for standard glass NIST 610 in the
Neptune ICP-MS. According to previous research, the
concentrations of Sm and Nd for this standard glass are
approximately 441 —460 and 429 —442 ppm>., respec-
tively, and the "*Nd/"**Nd ratio is 0.511927 + 4 (2SD, n
= 4)2 or 0.511908 + 4 (2SD, n = 3)". Therefore, the
Sm/Nd ratio of NIST 610 is approximately 1.04, corre-
sponding to 0.6277 + 1 (2SD, n=3) of "’Sm/'*Nd ra-
tio™. The average 'YSm/'**Nd and 'Nd/'**Nd ratios
of 15 measurements with the spot sizes of 60 um (8 Hz)
and 80 um (10 Hz) were 0.6551 + 26 (2SD) and
0.511910 = 77 (2SD) (Figure 5), respectively, with a
M5Nd/'**Nd ratio of 0.348404 + 74 (2SD). These meas-
urements indicate that reliable '*Nd/***Nd ratio data can
still be obtained even when the Sm/Nd is clear to 1.

0.5122
NIST 610 standard (2SD, n = 15)
0.5121
0.5120
=] 1 I
Z 05119 i i I
3
£ 05118
05117 [180 pm, 8 Hz| | 80 um, 10 Hz |
N J/*Nd=0.511910+77
0.5116 | S m/ N d=0.6551+26
SN /"N d=0.348404+74
0.5115

Figure 5 Nd isotopic composition of NIST 610 standard glass by laser
ablation analyses.
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Figure 6 Relationship between Nd concentration of geological materials and measurement precision during laser ablation analyses.

However, the deviation of '*’Sm/'**Nd ratio is approxi-
mately 4% because of mass calibration. Therefore, reli-
able in situ Sm-Nd isotopic data can be obtained for
high Nd concentration samples by the LA-MC-ICPMS
technique, considering that the '*’Sm/'**Nd ratio of most
natural geological materials is approximately 0.1.

For the Nd concentration requirement for laser abla-
tion analysis, we can see from Figure 6 that the rela-
tionship between signal intensity and measurement de-
viation can be described as a function based on our pre-
vious data for apatite, titanite and perovskite (Figure
6(a)). According to the established relationship, the data
precision under different laser spot sizes is governed by
the Nd concentration (Figure 6(b)). The higher the Nd
concentration of the samples, the larger the laser spot
size or higher pulse repetition, the higher the signal in-
tensity and precision of the '*Nd/'"**Nd ratio. If the de-
viation requirement in practical geological application is
+2 g unit, correspondingly the '*Nd/"**Nd ratio deviation
will be approximately 0.0001. Under this situation, the
minimal Nd concentration of a sample is approximately
200 ppm using a 60 um laser spot size and 8 Hz repeti-
tion. It is evident that the Nd concentration required for
laser analysis will reduce with future technique devel-
opment. Therefore, reliable in situ Nd isotope data can
be obtained by current techniques for REE-enriched
minerals like apatite, titanite, allanite, xenotime, fluorite,
monazite and perovskite; though this technique is not
available for most geological materials with normal Nd
concentration. In particular, for LREE-enriched mona-

1 Faure G, Mensing T M, Isotopes: Principles and Applications. 3rd ed..
New Jersey: John Wiley & Sons, 2005. 75— 112, 436—451

zite, enough precision can be obtained even using 5—10
pm laser spot size and 8 Hz repetition. Considering that
the above mentioned minerals occur widely in nature,
and have been selected as important in geochemistry and
geochronologylﬁl, the in situ Nd isotope measurement
by laser ablation will play an important role in solid
earth sciences in the future.

6 Conclusions

(1) It is shown that the mass biases of Sm and Nd are
different and change with time during in situ Nd isotope
analysis using a Neptune MC-ICPMS, coupled with a
Geolas 193 nm ArF excimer laser.

(2) For relatively high Nd concentrations in geologi-
cal materials, such as apatite, titanite, monazite and
perovskite, reliable "INJ/'"Nd and "'Sm/'**Nd ratios
can be obtained using the in situ LA-MC-ICPMS
method by applying the newly-determined Sm isotopic
abundances to correct the isobaric interference of '**Sm
on "*Nd.

(3) Spatial resolution is governed by the Nd concen-
tration of samples during laser ablation analysis and re-
liable Nd isotopic data can be obtained using 5 um spot
size for REE-enriched minerals like monazite, which
provides an important new technique for the determina-
tion of sub-grain Nd isotopic values.

Dr. Qiu Zhili is thanked for providing Afghanistan apatites. Constructive
comments from two anonymous reviewers have substantially improved the

final paper.
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