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Abstract

We have tested the capabilities of LA-SF-ICPMS for in situ Pb isotopic work on geological glasses using a 213 nm Nd:YAG laser system
and a double focusing magnetic sector field ICP mass spectrometer. Experiments were done with the MPI-DING and USGS reference glasses,
USGS rock powders molten as glass beads and basaltic glasses from Hawaii. In particular, the precision and aétimaB3feb and
207pPpPY%PY ratios were investigated for three-spot analyses of glasses with different Pb contents(0/4)-40 spot sizes of 12—160m.

Using the fast and precise electrical scan mode, we obtained for samples with Pb concentratifmirdun precisions (1 R.S.E.) of better
than 0.1% and 0.2% for spot diameters of 120 angud0) respectively. The LA-SF-ICPMS isotope ratios agree with the high-precision
TIMS and MC-ICPMS data within the external precision (R.S.D.=0.1-0.2%). The LA-SF-ICPMS resultéFbE%*Pb, 2"Pbf**Pb and
205ppPo4Pp are less precise (about 0.5-1%) due to the low abundaié#bfand correction from th&@*Hg interference.

In this paper, we present the first LA-SF-ICPMS Pb isotope data for the MPI-DING (KL2-G, ATHO-G) and USGS reference glasses
(BCR-2G, BHVO-2G) which may be useful for microanalytical in situ Pb isotope analysis. The findings of small (<2%), but significant
differences in Pb isotope ratios of Hawaiian glasses of different ages, demonstrate that LA-SF-ICPMS is a suitable tool for geochemical
research.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ionization mass spectrometry (TIMS) technique, but suffer
from lower precision and accuracy. In recent years, several
The determination of the abundances of the radiogenic authors[3—-6] have shown that LA-ICPMS is suitable for in
Pb isotopeg®Pb,297Pb and?%5Pb, daughter nuclides from  situ Pb geochronology of zircon using quadrupole-based and
232Th, 235 and 238U, respectively, in glass samples of multi-collector (MC) instruments, respectively. Quadrupole
oceanic basalts serves to investigate the chemistry and thanstruments have the advantage of fast scan, but suffer
evolution of the Earth’s mantle. Microanalytical techniques, from the lack of flat top peaks. LA-MC-ICPMS allows in
such as ion-microprobefl,2] and more recently laser situ determination of a wide variety of isotope ratios with
ablation-inductively coupled plasma-mass spectrometry internal precisions as low as ca. 10 ppr. However, such
(LA-ICPMS), have become important tools for in situ Pb high precisions have been achieved in samples with high
isotope analysis. They have the advantage of high spatialelemental concentrations (>50@/g). The new generation
resolution when compared with the conventional thermal of double-focusing magnetic sector field (SF) instruments
is capable of very fast mass spectrum scans using both
_— magnetic and electrical scan modes, has high sensitivity and
* Corre_spondmg aqthor. Tel.: +49 6131 305216; fax: +49 6131 371051. flat peak tops. Recently, Tiepo[8] demonstrated that the
E-mail addresskpj@mpch-mainz.mpg.de (K.P. Jochum). . . o .
1 Present address: Leibniz-Institutirf Meereswissenschaften, IFM- uncertainties on Pb ISOtOpe ratios in zircons USIng SUCh mass
GEOMAR, Wischofstr. 1-3, D-24148 Kiel, Germany. spectrometers are in the 0.1-1.5% range.
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The aim of this paper is to demonstrate that LA-SF-ICPMS

with a 213 nm Nd:YAG laser can be used to determine Pb 1000004
isotopes in geological glasses with Pb abundances as low ¢ L
0.4pg/g with a precision and accuracy sufficient to inter- & ;55001 |- 27
pret geological processes. For these investigations, we use> - 20%b
geological reference glasses, a synthetic reference glass, re%

erence materials molten to glass beads, and natural basalt= 10901
glasses from Hawaii. The concurrent determination of Pb T
isotope ratios using high-precision TIMS and MC-ICPMS 100 JHHHE
allows to test the accuracy of the LA-SF-ICPMS technique.
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Fig. 1. Intensity of Pb isotopes measured during the spot analysis of KL2-
2. Samples G (Pb=2.210/g). The run consists of about 20s blank and 40s ablation
measurements (120m spot diameter, 10 Hz). During spot analysis intensity

The Max-Planck-Institut-Dingwell (MPI-DING) KL2-G  decreases by less than 30%.
and ATHO-G, the United States Geological Survey (USGS)
BCR-2G and BHVO-2G, and the National Institute of Stan-
dards and Technology (NIST) SRM612 reference glasses
were used for this investigation.

KL2-G and ATHO-G belong to the geological MPI-DING

moFinnigan ICP mass spectrometer ELEMENT2. The laser
system consists of a Q-switched Nd:YAG laser (213 nm
wavelength) which was operated at 10 Hz. Ablation occurred
o~ .in a He atmosphere. The He carrier gas was mixed with
glasses that were prepared for providing reference materi-iho ar nebulizer gas flow prior to the plasma torch. Spot

als for geochemical, in situ microanalytical wg®q. Large analyses were done using a typical spot diameter of20
amounts (about 100g) of reference glass were prepared by,; o energy density of about 7 JRrio test the potential
fusing the basalt KL2 from the Hawaiian volcano Kilauea and of LA-SF-ICPMS for microanalytical Pb isotopic work in
the rhyolite ATHO from Iceland, respectively. Reference val- geochemistry, some experiments were also performed using
ues for more than 60 elements are published in Jochum etal . o1ar sizes varying between 12 and 160. Ablation time
[9,10]. The determination of stable and radiogenic isotopes |4 iad between 10 and 120's depending on the spot size, and

in the MPI-DING glasses is now in progrefd$)-13} . the washout time between spots was 45 s. Blank count rates
The USGS reference glasses have a basaltic compositiony,are measured for 20-50 s prior to ablati6ig( 1).

BCR-2G and BHVO-2G are fused glasses from rocks of the ¢ apjated material was analyzed with an ELEMENT?

Columbila} River Group and the Kilauea caldera. Elemental ... spectrometer equipped with the fast-scanning option.
compositions are published [h4—-16} The low mass resolution mode with flat top peaks was used

NIST SRM 612 is a synthetic reference glass commonly ¢, his work. Experimental parameters were liste@able 1
used as calibration material for trace element determmauons-rhe mass spectrometer was tuned with NIST SRM612 so

in LA-ICPMS. Compilation data for more than 60 elements o+ the Pb sensitivity was high (about 50,000 pigsg™~ for
are listed in Pearce et 4lL.7]. Pb isotope data for this refer-  208p), using 12Qum spot sizeFig. 1). Typi’cal background
ence glass have been published by Woodhead and &gt - nt rates were about 50 cps for Pb isotopes. Detection limit

and Baker et a[26]. _ (30) for Pb was about 2 ng/g.
We also analyzed the USGS reference materials BCR- " 14 measure th&%Pb 207Pb and2%8pPb isotopes as pre-

1, BCR-2, BHVO-1, BHVO-2, AGV-1, and AGV-2. Inour  isely a5 possible, the electrical (Escan) mode was used. Mea-
laboratory, the rock powders were molten to glass beads by, rements were done at a constant magnetic field by varying
an electronically controlled iridium strip heater under Arat- e accelerating and the electrostatic analyzer voltages. This
mosphere, an equipment that is based on the design of Fegean is very fast; the time per pass varied from 0.075 s for the

dorowich et al[19]. _ . _ _ Pbmass scan, to 0.125s for Pb and Tl mass range scan.
To demonstrate the potential application of direct Pb iso-

tope measurements by LA-SF-ICPMS on natural glasses, we
have analyzed handpicked ca. 200-p@d®x 100wm glass Table 1
fragments from the submarine section of the Hawaii Scien- ©Operating parameters

tific Drilling Project (HSDP)20]. These samples came from  rf power 1270 W
depths between 1300 and 3000 m below sea level. Cool gas flow rate 15L min’
Auxiliary gas flow rate 1.0Lmin!
Carrier gas (Ar) flow rate 0.85 L mirt
. . Carrier gas (He) flow rate 0.65 L mif
3. Analytical technique Sample time 0.002s
Samples per peak 100
We used a New Wave UP-213 laser system combined Mass window 10%

with a single-collector double focusing magnetic sector Ther- £ounting mode
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Experiments were also performed using a combination of o 3= <« 8 38 ® ':,‘.' E
Escan and magnetic scan (Bscan) to measure simultaneously 5 [0 < 2 g 5 8 |E
Pb isotopes and trace elements. In this mode, the magnet § ® S NI s ° ° |§
. X « ” X o N
jumps to the first “magnet mass” and the predefined mass = S s
. . . c —_
range will be scanned electrically. After this step, the mag- g |2 E o o g ;‘.
H i ” . © N~ : )
net jumps to the next “magnet mass”. Times per pass were & |X = ~ 2 S S o o =
. . . Q =
typically 0.3-1 s#3Ca was the internal standard isotope for s |4 ° E
concentration measuremerf¥Hg was monitored to correct % S <
for the isobaric interference 8P*Hg (derived from the He @ < g
gas) on?%4Ph. The precision and accuracy #¥Pb2%Pb, & ® s 5 g |B
207ppPOpp and?9%PbPOPh ratios, especially for samples g, é % 5 g § S 208 '%

. 3 o >
with low Pb contents (<jkg/g), was poor due to the rela- g 2 & 9 N« e ° T
tively high Hg blank. B |g=9 2 8 I (24

. . . . 0w o
Typically, a single Pb isotope value was obtained from _% 2& § B 8 S § & |32

. . — 4 ) S o =
three separate spot analyses, each of which consisted of about & o 88| °8 o4« % s
250 blank and 500 ablation measurements using the Escan 2 | o g s © o EREF 2

. .. . . B ™ =

(Fig. 1) requiring 40s of ablation time. In the combined g § g § S @ & ‘é’%
. = A A S o

Bscan—Escan mode, the number of ablation measurements " o « = 'g NS g o =

was about 100 because of the much longer time per pass. & |& = e ) © § Selg g
. . ™ N

Data reduction was done by calculating blank corrected Pb p B 5 N g < 3 2 @ 25

isotope ratios for each pass and by determining mean values & Q| o 8« 2 O = Ca el e

. o
of three runs. This procedure has the advantage to compen- & |2 - ° N o § S
. . . N [a)]

sate the low (<30%) and steady intensity decrease during g 5<¢ 8o 2 2.lE =

spot analysisKig. 1). At the beginning of the ablation (first £ Q NS < 229

1-3s), the Pb concentration was often found to be unusually g (3 7| g 2 ° 529

. . . . < .
high, mainly because of loosely consolidated material from s 8 &5 8 2ol 2 |5 3
previous ablation events that may deposit as a fine layer on § g| g SNy s S 3|8%

. . Q
the surface of the sample being analyzed. An outlier program 8 |° N N o § §) § e -%
rejected these values and other obvious outliers. S 95 8 o, ® (5=

o NodWq®| °9°,°al5S

z |® 2 8 8 |2
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The in-run precision (1 R.S.E.) depends mainly on the Pb 2 v © g § S

concentration of the sample, the spot diameter and the scan 2 § . p < 2w % =

. . 5 ON

mode used for analysiggbles 2 and 8 Fig. 2 shows the 6 lo ¥ S S ©°|s3

influence of crater size and Pb concentration on the preci- « B 8 2 B R & §

sion. For a three-spot analysis and a given Pb concentration E 5 J In3sx| od S8 b3

of about 2ug/g, the precision on th&"8PbR%pPh ratio (1 5 |o ¥ R I A 8 -

R.S.E.) obtained in Escan mode decreases from about 3%, at é ) 'g ﬁ ﬁ 2 3
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Table 3
Pb isotope ratios of the MPI-DING reference glasses ATHO-G, KL2-G and the NIST SRM 612 glass obtained from three-spot LA-SF-ICPMS analysessimesgp$@tand 12@m and the combined
Bscan—-Escan mode

¥8¢

Analysis 1 2 3 4 5 6 7 8 9 10 11 Mean R.S.D. Reference Dev.
(analysis 3-11) (%) values (%)

Spot size gm) 40 40 120 120 120 120 120 120 120 120 120 2o

208ppR06pp
NIST SRM 612 2151 2154 2152 2179 2171 2168 2157 2148 2141 2141 2154 2.157 0.6 2.165 -04
R.S.E. (%) [0¢] 1 1 1 06 0.3 0.2 0.6 0.2 04 0.2
ATHO-G 2073 2063 2073 2081 2080 2073 2071 2079 2078 2069 2074 2.075 0.2 2.0729 .0
R.S.E. (%) ® 0.6 0.02 01 0.2 0.7 0.3 0.2 0.7 0.1 0.3
KL2-G 2.019 2028 2028 2013 2027 2037 2016 2014 2012 2012 2027 2.021 0.5 2.0244 -0.2
R.S.E. (%) o 0.8 0.1 01 0.05 03 0.2 0.7 0.2 0.3 0.3

207ppPOeph
NIST SRM 612 09063 09052 09032 09110 09151 Q09107 09113 Q9056 09090 09045 09088  0.9088 0.4 0.9074 D
R.S.E. (%) (03] 0.9 0.8 0.3 04 0.5 0.2 0.9 0.1 0.2 04
ATHO-G 0.8432 08450 08450 08405 08438 08402 Q08477 08454 08460 08419 08469  0.8442 0.3 0.84201 D
R.S.E. (%) (0¢] 0.8 05 0.6 0.01 04 04 04 0.1 01 05
KL2-G 0.8282 08285 08255 08250 08192 08243 08197 08237 08205 08218 08128 0.8214 0.5 0.82147 @
R.S.E. (%) 7] 0.3 0.05 05 0.2 0.3 0.9 0.3 0.5 0.3 0.8

208ppP04ph
NISTSRM 612 3721 3708 3711 3747 3729 3682 3681 3703 3607 3628 3689 36.86 1.2 37.010 -0.4
R.S.E. (%) 14 22 0.6 13 12 0.6 0.3 0.9 0.8 0.4 0.3
ATHO-G 37.86 3901 3884 3875 3886 3916 3807 3988 3848 3798 3924 38.81 15 38.101 Rl
R.S.E. (%) 5 18 05 0.6 05 2 05 2 3 Qa5 1
KL2-G 37.42 3843 3886 3885 3895 4021 3794 3631 3741 3901 3999 38.61 3.2 38.524 2
R.S.E. (%) 4 0.7 0.8 0.6 1 1 Q3 4 03 0.9 1

207Pb1204pb
NIST SRM 612 1575 1568 1562 1561 1570 1547 1558 1568 1555 1534 1559 15.57 0.7 15.51 .a
R.S.E. (%) ® 28 3 02 1 06 0.3 1 a7 0.3 0.3
ATHO-G 1549 1597 1580 1564 1575 1593 1555 1641 1569 1546 1604 15.81 18 15.477 .2
R.S.E. (%) 3 3 o 0.2 0.03 2 a5 2 2 Qa5 1
KL2-G 1587 1565 1583 1591 1578 1618 1548 1513 1536 1593 1644 15.78 2.6 15.633 .Q
R.S.E. (%) 59 13 0.1 1 09 0.7 0.3 3 02 1 1

206pp204pp
NISTSRM 612 1777 1739 1742 1715 1701 1698 1710 1741 1722 1696 1717 17.16 1.0 17.097 R}
R.S.E. (%) 2 2 2 a5 0.5 0.2 0.2 0.8 0.9 01 0.2
ATHO-G 1838 1933 1864 1858 1866 1907 1835 1952 1853 1833 1902 18.74 2.1 18.381 .Q
R.S.E. (%) 4 2 o 0.7 0.2 20 04 2 2 a5 1
KL2-G 1921 1933 1913 1937 1921 1963 1905 1844 1875 1946 1978 19.20 2.2 19.030 0
R.S.E. (%) 2 2 @ 038 1 1 1 2 05 0.8 1

Reference values: s@able 2 Dev.: deviation of LA-SF-ICPMS data from the reference values.
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very small crater sizes of J2m (corresponding crater depths Mass fractionation (MF) is another important source of
10-20um), to values of <0.1% at crater size80um (crater error in isotope measurements. The measured isotope ratios
depths =80-10Am). An in-run precision of about 0.05% differ from the true value due to fractionation processes that
was reached for larger spot sizes of 120 and 1160 are mass dependent, such as instrumental mass discrimina-
208ppP08pp ratios can also be determined in samples with tion, laser ablation induced fractionation and energy depen-
Pb concentrations as low as @.d/g, however, with a factor ~ dent detector efficiency. For the accurate determination of
of four lower precision independent of the spot size. For the Pb isotope ratios by LA-SF-ICPMS, a linear function
higher Pb concentrations (33)/9), the precision improves  was sufficient to correct MF. MF was calculated by
significantly. The in-run precision of t&’Pb?%pPb mea- (Ai/AD) 1
surements is similar to that 8¥Pb2%pPb as shown ifig. 2 MF = (M — 1) X < )
The precision of LA-SF-ICPMS data in Escan mode is (Ai/ A)meas
similar to that obtained by secondary ionization mass spec-where @&/A)irue and Qi/A)measare the true and the mea-
trometry (SIMS) using a Cameca IMS 1270 ion-microprobe. sured intensity ratios between the isotopeand k and
Saal et al[2], using SIMS, showed that the in-run precision  Am,,_ 4, is the mass difference (Da) betweieandk.
correlates with the Pb content of the sample; typical MF was determined from the deviation of the measured
in-run precision (1 R.S.E.) for Pb isotopic measurements 205T|/293T| ratio in the NIST SRM 612 from the litera-
(%8PbP%Pp and 2°7PbP%%Pp) ranged from about 0.1% ture value of 2.387%0.0013[21]. The Tl concentration
(®%8Pb count rates=10,000cps) to 0.6%°%Pb count  (15.07upg/g [17]) in the reference glass is high enough to
rates = 200 cps) for a spot diameter of 20430 and typical obtain precis&®°TI/293T] results by LA-SF-ICPMS (R.S.E.
208pp count rates of 400 cpsg/g total Pb. This means that  of <0.1% for crater sizes40p.m). MF values were constant
the in-run precision fof%®PbP%®Pb SIMS measurementofa  during several hours; however, they varied from experiment
glass having a total Pb content of abouitdg is about 0.5%.  to experiment. This is shown iRig. 4 where the deviations
Our LA-SF-ICPMS dataFig. 2) indicate that the R.S.E. of  of the LA-SF-ICPMS?%8Pb£%pPp ratios of the MPI-DING
a three-spot analysis is about 0.2% (corresponding to aboutglasses ATHO-G and KL2-G from the high precision TIMS
0.4% for a single spot analysis) fo®)/g Pb samples and  and MC-ICPMS valuesTable 2 are plotted versus the de-
40pm spot size. This comparison indicates that both SIMS viation of our measured®T1/293T| from the accepted lit-
and LA-SF-ICPMS methods yield similar precision. erature value. The correlations indicate the validity of this
208ppPOeph  and 20’PbP%Ph data of the combined external calibration procedure, using Tl ratios measured in
Bscan-Escan modddble 3 are about a factor of 2—-4 less NIST SRM 612. MF varied betweer0.5 and 0.5% Dal
precise than the Escan modied. 3). Thisis due to the longer  for the different experiments using 60—160 laser craters.
time per pass required which results in a decrease of the num-The uncertainty on MF using the Tl isotope composition of
ber of Pb measurements for a three-spot analysis (about 3 NIST SRM 612 is about 0.08% (1 S.D.) (sE&y. 4). This
100 compared to 8 500) and an increase of ion beam in- error takes into account possiBfeTI/203T] variations in the
stabilities. The precision on t#€8PbP%Pb,20’PbP%%Phand  NIST glass[26] from a natural, constant ratio of 2.3871 as
206ppPY4pp ratios is even lower because of the low abundance assumed in this study.
of 209Pp and errors induced from tR&*Hg interference cor-
rection on this isotope. In SIMR], the in-run precision for 20 ™ '

Ama,— Ay

208Pb,204Pb, 207Pb1204pb and2°6PbF°4Pb is similar to our '%T MPI-DING glass
LA-SF-ICPMS data ranging from 0.3 (10,000 cps #8%Pb) 8 ob | skza < i
to 0.8% (2000 cps fot%8PD). 0 7
2.10 . Q L 1
combined Bscan-Escan Escan : o 0
2.09 r g
5 mean mean - i 0 -
SEL 2.08 1 /‘/ ¥ + + ] /\/ I §
% o [] e w©
§2.07' § - 20 RN M PR .
ref. value -20 -10 0 10 20
206 : 6 205T] (NIST SRM 612)
2.05 T T T T T T T T T T T T T
AnalysisNo. 3 4 5 6 7 8 9 10 11 10 11 12 13 Fig. 4. Correlation of mass fractionation for Pb isotopes (deter-
Tab. 3 Tab. 2 mined in two MPI-DING glasses) with Tl isotopes (determined in

NIST SRM 612). Data are from Escan analyses with spot sizes
Fig. 3. 208PbPO%Pp ratios obtained from different analyses using spot sizes 60-160um. Reference values fof%®Pb2%Pb ratios are from TIMS
>120um by combined Bscan—Escan and Escan modes. Error bars corre-and MC-ICPMS analysesTéble 2: (295TI/293T1);; = 2.3871[21]. Un-
spond tot 1 S.E. The shaded bands represent the external precisibn ( certainty of mass fractionation correction i£0.08% as shown by
S.D.). Reference value used is from high-precision TIMS and MC-ICPMS  dashed lines: §2°5T1 = ((2%5T1/293T1) ead (P°5T1/203T1) i —1) x 1000 and
analyses. 3208PD = (PO8PbAPb)nead (PO8PDAPhY.t — 1) x 1000.
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The overall analytical uncertainty on Pb isotope ratios 22
includes the in-run precision and correction uncertainties [
related to mass fractionation. The in-run precision on the 215 | L
208ppP08ph and?9’PbhPO%Pb ratios is <0.1% for Pb concen- [
trations >1u.g/g using a three-spot analysis in Escan mode
with spot diameters-=120um. This means that the uncer-
tainty on the external mass fractionation correction (about
0.08%) is similar to or even higher than the in-run preci- .
sion. The overall analytical uncertainty is therefore <0.18% : 4 '?i" =
for Pb >1g/g samples. For lower Pb contents (0.4«¢lg), 2
the smaller spot sizes used (40-8@) and/or the use of the
combined Bscan—Escan mode result in an overall higher an- - ‘
alytical uncertainty of about 0.2—1%. 12 2 0 60 80 120 160

The overall analytical uncertainty is similar to the repro- Crater size (um)
ducibility (external precision) which is based on the results i, 5 208pp,206pp, ratios obtained from sets of three-spot analyses using
of different independent analyseékable 2andFig. 3 show different spot sizes. Error bars indicatel S.E. (N=3). The data are com-
that the external precision (1 R.S.D.) is about 0.1-0.2% for pared with reference values from TIMS and MC-ICPMS analyses.
208ppPO%pp and?9’PbR%Ph in KL2-G and ATHO-G using
spot sizes of 120-160m and Escan mode.

Ref. value

2.1 !? { // j k

2.05

208pp2%ph
3

Ref. value

the 12,.m measurements, the differences are clearly resolved.
Nearly all ratios agree withitt 1 S.E. with the reference val-
ues. Especially promising is the low errord¥8Pb”%Pb ratio
and the good agreement with the high-precision TIMS and
MC-ICPMS data for spot sizes120pm. Therefore, only
Minimum spot size, precision and accuracy of the data Pb isotope data from analyses with spot diameter80um
are the most important parameters for testing the capabilitieshave been used to characterize the samptdses 2, 4 and 5
of LA-SF-ICPMS for in situ Pb isotopic work of geological reportthe results of the more precise Escan analyses, whereas
glassesFig. 5 shows the?%8Pbf%Ph ratios with the cor-  Table 3presents all Pb isotope data obtained by the combined
responding standard errors (S.E.) for ATHO-G and KL2-G Bscan—Escan mode. Pb concentrations are also listed. The
using crater sizes of 12, 20, 40, 60, 80, 120 andd®0re- mean298pPpbPo%ph and?9’PbA%Pb values of 4-5 indepen-
spectively. As already shown Rig. 2, the analytical error  dent LA-ICPMS analyses of KL2-G and ATHO-G are identi-
decreases with increasing crater sizes. New reference valuesal within 0-0.1% with the reference valudable 9. These
obtained from high-precision TIMS and MC-ICPMS analy- deviations are similar to external precision of the LA-SF-
ses Table 9 show that the?°8Pb2%Pb ratio for ATHO-G ICPMS data (0.1-0.2%) indicating that sample heterogene-
is significantly higher than that of KL-2G. This is also con- ity and calibration errors are smallables 2 and ontain
firmed by our LA-SF-ICPMS results. With the exception of the first Pb isotope data for the MPI-DING glasses KL2-G

5. Results and discussion

Table 4

Pb isotope ratios of USGS reference materials obtained from three-spot analyses using a spot sigencdri®€he Escan mode of the mass spectrometer

USGS reference material  2%8PbP%ph 207ppPOspp Pb (1g/g)
LA-SF-ICPMS Reference values Dev. (%) LA-SF-ICPMS Reference values Dev. (%)

AGV-1 2.036 2.0358 0.01 0.8284 0.8266 0.2 36

R.S.E. (%) 0.05 0.1

AGV-2 2.049 2.0421 0.3 0.8295 0.8276 0.2 134

R.S.E. (%) 0.1 0.3

BCR-1 2.061 2.0577 0.2 0.8311 0.8308 0.04 13.6

R.S.E. (%) 0.1 0.1

BCR-2 2.064 2.0643 —0.01 0.8333 0.8328 0.06 11.5

R.S.E. (%) 0.04 0.09

BCR-2G 2.062 0.8333 10.8

R.S.E. (%) 0.06 0.1

BHVO-1 2.051 2.052 —0.05 0.8342 0.8331 0.1 2.6

R.S.E. (%) 0.2 0.6

BHVO-2 2.051 2.051 0.00 0.8339 0.8336 0.04 1.9

R.S.E. (%) 0.1 0.08

BHVO-2G 2.050 0.8331 1.8

R.S.E. (%) 0.1 0.2

Reference values are frofd2,26] Pb concentrations are mean values fr{@5] and the MPI-Mainz database for reference materials. Dev.: deviation of

LA-SF-ICPMS data from the reference values.
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Table 5
Pb isotope ratios of handpicked glass fragments of HSDP samples obtained from three-spot analyses using a spotsineaofilth@ Escan mode of the
mass spectrometer

HSDP glasses 208ppP06pp 207ppP0Spp Pb (.g/g)
LA-SF-ICPMS TIMS Dev. (%) LA-SF-ICPMS TIMS Dev. (%)

SR 515-3.6 G 2.058 2.0606 -0.1 0.8366 0.83725 —0.08 0.78

R.S.E. (%) 0.04 0.002 0.3 0.002

SR 542-9.6 G 2.062 2.0670 -0.2 0.8363 0.83932 -0.4 0.87

R.S.E. (%) 0.3 0.003 0.2 0.002

SR 759-4.0G 2.075 0.8410

R.S.E. (%) 0.1 0.3

SR 764-11.5G 2.082 2.0702 0.6 0.8470 0.83926 0.9 0.83

R.S.E. (%) 0.2 0.002 0.4 0.001

SR 889-13.6 G 2.052 2.0557 -0.2 0.8303 0.83400 —-0.4 0.67

R.S.E. (%) 0.3 0.002 0.3 0.002

SR 912-18.0G 2.048 2.0501 -0.1 0.8286 0.83128 -0.3 0.79

R.S.E. (%) 0.3 0.002 0.2 0.002

SR 942-5.7G 2.058 2.0628 -0.2 0.8361 0.83804 -0.2 0.65

R.S.E. (%) 0.5 0.003 0.5 0.002

SR 961-14.0G 2.066 2.0611 0.2 0.8368 0.83717 —-0.04 1.5

R.S.E. (%) 0.2 0.002 0.2 0.001

Pb concentration data by LA-SF-ICPMS (MPI-Mainz). Dev.: deviation of LA-SF-ICPMS data from the TIMS values.

and ATHO-G. These values should be useful to practition- Significant differences are found in tRE8Pp2%%Pp ratios
ers of microanalytical techniques to calibrate their isotope stratigraphy and are consistent with the temporal Pb isotope
measurements. OUPEPbP%Ph and??’PbP%®Ph measure-  variations found in the HSDP-2 core based on the whole-rock
ments for NIST SRM 612 are 0.4% lower and about 0.3% TIMS Pb isotope dat§23] obtained using the triple spike
higher, respectively, than the published val[&j. Possible method[24].
reasons for these discrepancies are a worse ablation behav- Table 5also lists the TIMS Pb triple spike data obtained on
ior of the transparent NIST glass, and measuring problemsthe HSDP-2 glasses in our laboratory. For the TIMS measure-
using counting mode for high Pb concentration and sample ments, 50 mg of the glass fragments were used, in contrast
heterogeneities. with the 10ug size sample required for the LA-SF-ICPMS.
Although the Bscan—Escan combined mode yield less with the exception of sample SR 764, the LA-SF-ICPMS
precise dataTable 3, the results agree with the reference data agree with the triple spike data within error limitsg. 8
values. External precision is 0.2-0.5% f8PPbP%Pb and  shows that both datasets lie on the same trend with no sys-
207PhPO%Ph. For?08phPoph, 207PhPo%Ph and?®PbPOPb  tematic offset. The possible reason for the difference between
ratios, the reproducibilities and deviations are much higher TIMS and LA-SF-ICPMS values found in sample SR 764 is
(0.2-3%). that palagonite (altered glass) and inclusions in the sample
The USGS reference materials AGV-1, AGV-2, BCR-1, were identified and discarded for the LA-SF-ICPMS mea-
BCR-2, BHVO-1 and BHVO-2 were analyzed as quenched surement, while they may have not been entirely removed by
glasses Table 4. Most values agree with published TIMS

data. Woodhead and Herift2] and Baker et al[26] found 507 C . !
small, but significant differences in Pb isotopic composition ; BCR-2
(?°8PbPo%Ph, 207PbPO%PD, 296PhPO%Ph) between the new DT RILA S IoRMS i
(BCR-2,BHVO-2, AGV-2) and the original (BCR-1, BHVO- 2.06- BCFi-1 BCR-2G [
1, AGV-1) samplesFig. 6 shows a comparison of the TIMS 5 BHVO-1 [
and LA-SF-ICPMS data. Differences in tR¥PbP%Pb and 5w cem [
207ppP%pp ratios obtained by LA-SF-ICPMS can be de- 8 ] A(W s
tected, although some may not be significant due to the larger 8 1 BHVO-2G i
errors. The Pb isotope data for the USGS reference glasses 2.04 -
BCR-2G and BHVO-2G are similar to the powdered, original ¥0-1 %
reference materials BCR-2, BHVO-2. So far, no published Pb i AGV-1
isotope measurements for these samples exist. _ “0825 08275 083 08325 0835
The LA-SF-ICPMS technique has also been applied for 207pp,/206pp,

the analysis of natural glass fragments recovered from the
Hawaiian Scientific Drill Hole (HSDP-2) through Mauna Kea Fig. 6. 298Pb29%Pb vs.207PbP%%ph for USGS reference materials. TIMS

volcano Fig. 7). Table 5andFig. 8report the LA-SF-ICPMS  [22], MC-ICPMS [26] and LA-SF-ICPMS Table 4 results of the same
data of eight samples from different depths in the drill core. materials are indicated by envelopes.
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Fig. 7. Laser craters (130m diameter) drilled with a 213 nm Nd:YAG laser (ablation time =60 s) in a glass fragment of a Hawaiian basalt from the HSDP-2
drill core.

2.09 ; we obtain reproducibilities of 0.3%. Our external correction
] ; ;’I"QSSF"CPMS for mass-dependant fractionation using Tl isotopes leads to a
2,08 - AR good agreement with high-precision TIMS and MC-ICPMS
o SRS data. The sensitivity and precision of this method is compa-
£ 57 é;? . rable to that obtained by SIMS methods using the Cameca
g A IMS 1270 ion probe. Our results demonstrate that LA-SF-
£ g/9 . . . .
g € }éo ICPMS can be applied as microanalytical tool for Pb isotope
g 2067 46 ratio measurements in a variety of geological samples, such
-/O as melt inclusions, minerals and natural glasses.
2.05 ./o
2.04 T T T T Acknowledgements
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Fig. 8. Comparison of Pb isotope data obtained by LA-SF-ICPMS with high

precision TIMS data for HSDP-2 glasses. Note the good agreement between
the two data sets within analytical uncertainties.
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