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Abstract

A new method is presented for separation of lithium from silicate rocks and high precision MC-ICPMS analysis. A relatively small
(3.57 meq) resin volume is able to separate lithium from all silicate rocks in a single step using only 16 ml of nitric acid mixed with methanol.
Some advantages of the method are high sample throughput, low blanks and elution parameters that are insensitive to lithology. Elution
schemes are presented for a range of igneous rocks and misétalgalues for standards from the U.S. Geological Survey (USGS) for
BCR-1, BHVO-2 and AGV-2 are 2.4%o, 4.6%0. and 7.9%o, respectively. Reference materials from the Geological Survey of Japan (GSJ) JB-2
and JR-2 giveS’Li values of 4.7%. and 3.8%., respectively. The data for most reference rocks reproduce to within better than 0.5%.. This
column method can also be used for the direct separation of high-field-strength elements (Ti, Zr, Hf, Nb, Ta) from silicate rocks.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction study of hydrothermal processgs, continental weathering
rates[5,6], and as a tracer of subducted oceanic crust in the
Lithium (Li) isotope geochemistry has developed rapidly mantle[7,8].
in recent years. It was first used effectively following the de- Lithium has two stable isotope3,i and ’Li, with a large
velopment of a borate technique for measurement by thermalrelative mass difference ef17%. Mass-dependent lithium
ionization mass spectrometry (TIM$)]. However, it has  isotope fractionation has been known since Taylor and Urey
been further enhanced by the advent of multiple-collector in- [9] observed isotope fractionation of 25% as they percolated
ductively coupled plasma mass spectrometry (MC-ICPMS) a lithium solution through a zeolite column. Early attempts
[2]. The ionic radius of L (%0.59,&) is similar to that of to measure the isotope composition of lithium in geological
Mg?* (%0.57,&). Therefore, lithium can substitute for mag- materials were inconclusive and not precise enough to re-
nesium in olivine, enstatite and diopsi@. This substitution solve any isotope variatiorj$0]. The first accurate and pre-
behaviour contrasts with that of the large alkali ions (K, Rb cise measurements of lithium isotopes were performed using
and Cs) and means that Li behaves like a moderately incom-TIMS [8,11-17] However, the TIMS technique suffers from
patible element during partial melting of mantle rocks. In a highly instable instrumental fractionation and requires Li
aqgueous solutions lithium is strongly hydrated. These chem-thatis virtually free of matrix17,18]. Therefore, complicated
ical properties make Li and its isotopes interesting for the ion exchange procedures have to be applied to obtain very
pure Li solutiong19]. Quadrupole ICPMS is able to measure
T _ isotope ratios on very small amounts of lithium but is lim-
* Corre'spondmg author. Tel.: +41 1 632 6441, fax: +41 1 632 1827. ited to lower precision compared with MC-ICPM0,21]
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[22,23], secondary ionization mass spectromd@y}] and this purpose 50-ppb solutions of L-SVEC aliquots were pre-
laser-excited atomic fluorescence spectros¢@aby The ad- pared from three international labs.

vent of multiple-collector ICPMS offers the opportunity for

small amounts of lithium to be analysed to high precision 2.2. Sample preparation

[2,26,27]

Most recently the procedures that have been developedto All acids were twice distilled to reduce Li, Na and B
separate lithium from silicate rocks use large eluant volumes blanks, methanol was distilled once; this removes sodium
[2,27,28]and, therefore, are limited to relatively large sam- from the acids and methanol which may have concentrations
ple amounts and are sensitive to (Mg, Fe)-rich rock matrices high enough to cause matrix effects, i.e., shifts in isotopic
[29,30] Here, we describe a rapid and matrix-independent ratios of samples relative to L-SVEC. Indeed, the Li blank is
method for separation of lithium from very small silicate also particularly crucial. Qi et dl37] reported highly anoma-
rock samples. The capability of measuring Li isotopes using lous lithium isotope compositions (>1000%o) in some chem-
MC-ICPMS, with a high degree of accuracy and precision is ical reagents.
demonstrated with data for international reference rock stan-  Approximately 100 mg of each rock powder was digested
dards. in Savillex® screw-top beakers with 3ml concentrated HF

and 0.5ml concentrated HNCfor 24 h on a hot plate at

~130°C. After evaporation of the solution, the residue was
2. Experimental re-dissolved and dried down three times in concentrated

HNO3 to remove fluorides completely. Finally, the sample

The natural abundances 8Ei and “Li are 7.5% and was dissolved and stored in 8 ml 6 M HCI. An aliquot (1/8th
92.5%, respectively. That the heavier isotojé is more of the solution, equivalent te-12.5 mg of the original sam-
abundant than the lightét.i, has led some authors to write  ple powder) from the 6 M HCI solution was then evaporated
s-values agLi. In this way positives-values are isotopically ~ and dissolved in 0.5 ml of 0.67 M HN§In methanol. This is
light and negativé-values are isotopically heavy. This is the made from a 30% (v/v) solution of methanol, which dilutes
opposite of hows-notation is used for stable isotopes of car- concentrated HN@to the desired concentration and is here-
bon, nitrogen, oxygen, sulphur and many other new isotope after referred to as 0.67 M HNfImethanol. The final con-
systems. We feel therefore it is advisable to report data in the centration of methanol in the solutioni£27%. This aliquot
standards’Li-notation in agreement with the recommenda- Wwas used for Li separation by ion exchange chromatography.
tions[31]:

2.3. Chromatography

(7|—i/6|-i)sample _ % 100Q
("Li /5Li) | .sveC The separation of lithium from other elements using mix-

tures of mineral acids and organic media is based on the previ-
The lithium isotope composition is given in per mil rela-  oyswork ofSulcek and co-worke([88,39] They established
tive to NIST SRM 8545 or L-SVEC/(i/°Li=12.02+0.03) the technique employing a mixture of HCI and methanol for
[32]. Other standards are utilized sometimes, e.g., seawa-geparation of lithium from silicate rock matrices. The advan-
ter [33,34] or IRM-01635]. One advantage of seawater as tage of an HCl-methanol mixture compared to pure HCl is
a standard for the lithium isotope scale is that seawater isthe better separation of lithium from sodium, i.e., methanol
a large homogeneous reservoir. However, using seawater agncreases the difference of the partition coefficients between
a reference requires an additional calibration step. There-|ithijum and the other alkali metals on cation resins. The ex-
fore, it is a potential source of errors and might cause ad- traction of lithium was further improved by using HNO
ditional problems when data from different laboratories are Hcj may create Fe(lll)-complexes that are not retained by

8"Li(%o) = l

compared. cation resins and may therefore elute Fe together with lithium
[40]. Moreover, HNQ increases the distribution coefficient
2.1. L-SVEC preparation of Na but the behaviour of lithium is unchanged, i.e., Na is

even more strongly bound to the resin than with HCI. Such
Approximately 100 mg of L-SVEC powder (2COz3) a methanol-nitric acid mixture has previously been used by
from USGS was dissolved gently in 2ml of concentrated a number of research groups. For MC-ICPMS it was first
HNOg3, then evaporated to dryness and taken up in 500 ml used by Tomascak et dl7]. KoSler et al.[20] optimised
of 2% HNGs. This produces a 40-ppm stock solution that the method for separation of small amounts of lithium from
can be further diluted to Li concentrations suitable for high carbonate rocks and shells of planktonic foraminifera. How-
sensitive mass spectrometer analyses. ever, successful separation of lithium from silicate rocks has
Galy et al.[36] have reported isotopic heterogeneity in  been hampered by high eluant volumes and matrix effects.
the magnesium international reference material SRM 980. The former may potentially cause high blanks that limited
Therefore, comparisons between aliquots were made to con-early studies of lithium isotopes to samples with relatively
firmisotopic homogeneity of L-SVEC standard material. For high Li concentrations (e.g., basalts). Only in a more recent
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study have these problems been overcome succesgtllly  Table1

although still large eluant volumes are used. Instrumental settings and conditions
For this study, Teflon columns with a volume of 2.1 ml RF power (W) 1400
were packed with BioR& AG 50W-X8 (200—400 mesh)  Nebulizer pressure (5 49
cation exchange resin. The columns are conical in shape/éz)é':;rtygﬁsfIfclf\’,‘v'vr:t‘;e((bgg) Oig.o
with 6-mm upper and 5-mm lower internal diameter. The Nepyiizer Microconcentric
resin is cleaned before the first use by repeated rinsing with spray chamber temperature) 108
6 M HCI and de-ionized water, then with 3M HCI and de- Membrane temperatureq) 108
ionized water. When the columns are not used, they areSa@mple uptake ratg{/min) 80
stored in weakly acidified de-ionized water. Prior to load- éggiﬁ;‘g':n voltage (V) 300
ing of a sample, the column is rinsed with 4ml HCI and  anaiyzer pressure (mbar) 2,310-9

4 ml de-ionized water and pre-conditioned with 2ml 0.67 M =1 Gitions for DSN-100, only argon is used.

HNOs/methanol. The sample is loaded onto the resin in 2 1psi=0.06895 kg c?.

0.5ml of 0.67 M HNQ/methanol. Subsequently cations are

eluted with 1 M HNQ in methanol. This is made from an

80% (v/v) solution of methanol, which dilutes concentrated Scanned foPLiH* on mass/Li at a resolution of~1400 (re-

HNOs to the desired concentration and is hereafter referred toquired resolution 1010) but no hydrides have been detected.

as 1 M HNGy/methanol. The final concentration of methanol Each measurement consists of 40-60 cycles of 10s of inte-

is ~75%. The eluate is then evaporated to dryness. Finally, gration resulting in a total integration time of 400-600's. Our

samples are dissolved in 2% HN@r analysis on the mass ~ standard procedure uses between 30 and 50 ng Li per analy-

spectrometer. The time for passing 1 ml through the columns Sis. However, a useful measurement can still be obtained with

is approximately 15 min. The procedural blank is usually less €a. 5ng Li at lower precision.

than 20 pg Li. Concentration measurements of Li were performed on
Thetotal capacity of the resinin 2.1-ml columnis 3.57 meq @ quadrupole ICPMS (VG Elemental PlasmaQuad 2+). All

(1.7 meg/ml). For 12.5 mg of BHVO-2 the total capacity of Samples were diluted by 1000-3000 times and measured rel-

major elements (tota| iron as ?:"Q is 0.283 meq. Silicon is ative to a L-SVEC standard solution. High dilution factors

not included because it is fumed out by decomposition of the Were chosen to keep the lithium memory low. Matrix effects

sample. Thus, the capacity of the elements represents lesyvere corrected for using beryllium as an internal standard.

than 10% of the total exchange capacity of the resin, which The least square regression coefficient of the calibration line

is in the range for optimal separation of cations on this type Was always between 0.98 and 1. The reproducibility of the
of resin. concentration measurementsi$0% (2S.D.) based on mul-

tiple standard analyses.
2.4. Mass spectrometry

Lithium isotope ratios were measured on Nul700 (Nu 3. Results and discussion
Instruments), a new large-geometry high-resolution MC-
ICPMS [41]. The Nul700 is equipped with three electron 3.1. Separation of lithium
multipliers and 16 Faraday cups with the outermost Faraday
detectors L7 and H8 covering a mass dispersion of approx-  The first 8 ml of 1 M HNGQ/methanol removes Ti, Zr, Hf,
imately 14% by neutral quadrupole setting conditions. All Nb and Ta from the resin. From 9 to 16 ml lithium is eluted.
Faraday cups are equipped witht3@ resistors. We utilized ~ Sodium, the next element to elute after lithium, is not present
the two outermost movable Faraday cups L7 and H8 for the in the first 20 ml, i.e., an excellent separation of lithium and
6Li and ’Li beam, respectively. Sample solutions were intro- sodium is achieved. The earliest breakthrough of Lilis
duced through either desolvating spray nebulizer DSN-100 enriched whereas the tail is enriched®ini [19,20] This
(Nu Instruments) or Aridus (Cetac) desolvator and ionized means thafLi is preferentially taken up by AG 50W-X8
in argon plasma at 1400 W. The other instrument parametersresin. This is because of a difference in the zero point en-
are listed inTable 1 ergy and vibrational frequencies of the two isotop43].

For lithium measurements, a “wide-angle” (WA) skimmer The process must be essentially an equilibrium fractionation
cone was used because this increases sensitivity, comparetetween AG 50W-X8 resin and 1 M HN@nethanol rather
with a standard cone, by a factor of 2—3. With this config- than diffusion, since the lighter isotope would elute first in

uration total ion beam intensities of (10-2410-° A/ppm a kinetic process. However, fractionation of lithium on AG
of Li in solution were obtained at an uptake~x80 u.l/min. 50W-X8 can be as high as 100%. for small-sized columns
Samples were run at a mass resolution of 700—-89a ¥; (see Fig. 4 in[20]). Thus, complete recovery of lithium is
AMis defined at 5% peak height). This is sufficient to resolve essential to avoid chromatographic fractionation effects. The
doubly charged®C and*N on masse8Li (required resolu-  quantitative recovery of lithium is monitored by concentra-

tion 400) and'Li (required resolution 490), respectively. We tion measurements prior to separation and thereafter. Samples
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Fig. 1. Elution curve of lithium for silicate rocks. AG 50W-X8 ion exchange resin is used for: eclogite OK-1, basalt JB-2, andesite AGV-2 and Ragolite J

respectively. Note that all Li eluted within 16 ml independent from the rock
is possible, then it could happen due to longer tailing of lithium. This wou
documented19,20].

for which less than 100% lithium (within analytical errors)
was recovered have not been taken for isotope analysis.
Chan et al[30] reported a significant change of the elu-
tion behaviour of lithium related to high magnesium and iron
concentrations in volcanic rocks. In order to test whether
different rock matrices influence the elution parameters of

type. This is especially interesting for high-magnesium rocks. dfairyi los
Id shift lithium isotope composition towards heavier values as pnasliously

tion window for Li has to be broadened until 19 ml is eluted
because the Litail is still high. This test also shows that an ex-
cellent separation of large abundances of lithium from other
elements is achieved. Therefore, only unusual and dramat-
ically high lithium concentration in rocks or minerals may

our analytical procedure we have analysed a series of sam-

ples with a range of MgO and SjCcontent: OK-1 eclog-

ite from Oberkotzau, Germany (51% Si@nd >10% MgO)
[43]; the rock standards JB-2, a basalt (53.3%:50d 4.6%
MgO), AGV-2, an andesite (59.3% SiGand 1.8% MgO)
and JR-2, a rhyolite (76% SiQand 0.04% MgO). Results

of the column calibration are shown Fig. 1 In all these
cases, lithium was quantitatively recovered between 9 and
16 ml.

Two mineral separates with completely different compo-
sition were also tested — an olivine from lherzolite 8520-9
[44] and a spodumene from a zoned pegmatite (Tin Mountain
mine, Harney Peak, USA45]. Lithium is a trace element in
olivine [3,46,47] On the other hand, lithium in spodumene
(nominally LiAISi>Og) is a major element, thus, matrix is ab-
sent because Li itself is the major element. This makes such
minerals useful for testing whether the separation is suitable
for these extreme compositions. The resukgy(2) show
that even such different compositions were not able to dis-
turb the separation scheme. Lithium is eluted from olivine
within exactly the same span as from all rocks mentioned
above, starting with 9 ml and ending by 16 ml without con-
comitant elution of magnesium. The only problem follows
from the huge amount of Li in spodumene. Thus, the elu-
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Fig. 2. Elution of lithium for mineral separates. (a) Olivine from Iherzolite
8520-09 and (b) spodumene from Harney Peak (USA). Note that elution of
lithium is within exactly the same volume as for rocks. Opening the window
for spodumene is caused by large amount of lithium present in the sample.
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change lithium elution parameters, i.e., the method is matrix  In order to evaluate possible background contributions to

independent for most silicate materials. the analytical uncertainty of the measurements, we tested a
DSN-100 (Nu Instruments) and Aridus (Cetac) desolvating
nebulizerin standard mode and time-resolved analysis (TRA)

3.2. Instrumental mass fractionation mode. A key difference of the two analysis routines lies in
) ) how the zero correction is carried out. The standard mode
Nu1700 can accommodate the mass dispersierld&%  measures zeros by deflecting the ion beams whereas in TRA

suitable for simultaneous detection of both lithium isotopes. 1,0de zeros are measured with ion beams on cups, i.e., for

However, all plasma source mass spectrometers suffer from §he zer0 measurement a clean zero or blank solution is ap-
mass bias effe¢d8] that increases towards lighter masses. It plied. Typically zero measurements on mass 7 were in the

depends on cones, extraction lenses and many other paraméxnge of several mV whereas 40 ppb Li in solution gave be-
ters. To detect natural stable isotope variations itis necessarfyeen 5 and 7 V (uptake rate 8'min). The’Li/SLi ratio of

to distinguish between instrumental and natural fractionation. i, background has been detected 2.6, while measured
For stable isotopes in the lower mass range this is only pos-ratios of L-SVEC varied between 13.8 and 14.4 depending
sible by comparing samples with a standard by using the s0-op, cones, gas flow conditions and lens settings. To find the
called “sample-standard bracketing” technid@ During best analysis procedure for lithium isotope measurements,
this study 40-60 individual isotope ratios for each sample and | _gyyEc solutions with concentrations ranging from 10 to
standard run were measured. The isotope ratio of the samplg; 5 ppb are compared with a 50-ppb L-SVEC standard solu-
was calculated relative to the average of two bracketing stan-tjon The measured isotope ratios for these L-SVEC solutions
dards Fig. 3). Typically three to four L-SVEC-normalized  yary by —3.5%, for the 10 ppb solution relative to the 50-ppb
isotope ratios for one sample were measqred inone a”"?"yt'ca%olution for the DSN-100 when measured in standard mode
session. The mass spectrometer extraction and focg_smg PO(seeFig. 4). When the standard mode is employed together
tentials were tuned daily to yield the best signal stability. No \ith the Aridus, lithium isotope ratios are altered-5g.0%o
tuning was performed during the measurements because aNYseeFig. 4). When the TRA mode is applied, isotope ra-
changes of the_ i_nstrumen_tal setting W_ould change the mass;gg gre independent of sample concentrations Eged).
b|as.°The precision of a single run varied between 0.06 and\ye conclude that the mass bias effect on lithium isotopes s,
0.15%o (2S.E.) whereas grrorsocalculated from averages of alyithin error, concentration independent. It is likely that in-
least four sample runs give0.5%0 (2S.D.). sufficient time elapses to wash out lithium between standard
_To ensure that the Nu1700 was functioning correctly, & ang sample analysis. Between samples and standards it has
lithium solution prepared from LiN®XMerck) was measured  peen washed with 2% HNgYor 120s. Methods measuring
before each analytical session. With the LijtDe accuracy  zeros by deflecting ion beams cannot correct for any lithium
and precision of the mass spectrometer can be monitorednemory independent from the used desolvator. Better results

excluding any effects from column chemistry. The isotope 4re achieved by measuring zeros using blank solution in TRA
composition of the LIN@ measured over the past 12 months,

is 0.91+ 0.15%0 (2S.D.,n=15) relative to L-SVEC. This

error also states our best possible long-term reproducibility 10
because this solution is not treated with the column chemistry 00 e T L
procedure. = = f“
E qof
a L //" % S\
Q d h
= -2.0r ARIDUS (TRA; zero by blank solution)
14.34 g , R
14.32 T . o T jg -3.01 * ARIDUS (zero by ion beam deflection)
B L
1430 T ’ o _40 L DSN-100 (zero by ion beam deflection)
— 1428 T L
-
Q. 1426 T -5.0 R S T
= 1 0.0 01 02 03 04 05 06 07 08 09 1.0
14.24
14.22 T lept/Isoppo
1420 T O = =
14.18 — — Fig. 4. Lithiumisotope ratio measurements of L-SVEC solutions with differ-
i i B § 4 B 8 3 & 8§ % ent concentrations using an Aridus (Cetac) and DSN-100 (Nu Instruments)
desolvating nebulizer for sample introduction. Plotted are isotope ratios ver-
run number sus concentration of the sample solution relative to 50-ppb L-SVEC solution
as total beam intensity)(ratios (kpi/lsoppt) . Both Aridus and DSN-100 show
Fig. 3. Standard-sample-standard bracketing technifjLi€’Li ratios of a “concentration” effect when zero values are obtained by ion beam deflec-

four single sample measurements (squares) bracketed by five L-SVEC anal-tion with the electrostatic analyser (ESA). In contrast, isotope ratios obtained
yses (diamonds) are shown. Each symbol represents 40-60 single measureby time-resolved analysis do not show a concentration dependence of Li iso-
ments. The slight increase of the samplé/SLi ratios is corrected by a tope ratio measurements (see text for discussion). Symbols represent average
similar increase of the ratio for bracketing standard. values of at least four single measurements. Errors are 2S.D.
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mode. Alternatively concentrations of sample and standard elements did not make up more than 20% of the lithium,
solutions could be balanced withitrll0%. Then memory ef-  and this precludes any alteration of the isotope ratios by the
fects become negligible independent of which method is usedmatrix effects discussed above.
(Fig. 4.

Any matrix element in the sample solution may change
the instrumental fractionation (mass bias) and alter the iso-
tope ratio of samples in a different way to the standard (e.qg.,

[49]). Therefore, all solutions have been monitored for Na, sis, L-SVEC, was prepared from several kilograms of high-
Mg, Ca, Al and Fe. These elements have been selected bep ity carbonate and its Li isotope composition measured.
cause of distribution coefficients similar to lithium in ana- This yielded an absolute ratio 8fi/6Li = 12.02+ 0.03[32].
lytical procedure or because they are major elements. In NOyqever, such alarge error is greatly in excess of that needed
case did we observe significant amounts of Na, Mg or any fo geological problems because lithium isotope variations in
other of these elements in the Li aliquots. In the worst case 5t,re are never larger than several tens of per mil[G&He

the total fraction might make up 20% of the Iithiu_m_. Suph and references therein). Galy et[&@6] have shown that Mg
amounts would not have any detectable effect on lithium iso- jnternational reference material SRM 980 suffers from large

tope ratios. Despite not observing any significant amounts of 5 1 ounts of heterogeneity #Mg/2*Mg and 26Mg/2*Mg.
alkalis beside lithium, the effect of large concentrations of Therefore, we tested the homogeneity of Li L-SVEC. We
alkali elements in the final eluate was tested. Pure L-SVEC meagyred three aliquots of L-SVEC from three international
solutions were individually doped with Na, Mg, Al, and a |h5 (Univ. Maryland, USA; Open Univ., UK; Charles Univ.,
multi-element matrix consisting of Na, Mg, Al, Ca, Kand  prague, Czech Rep.) together with our own aliquot that has

Fe. Solutions with Na/Li, Mg/Li, and Al/Liratios of 1:1and  peen ysed as a bracketing solution. The results are shown in
5:1 and multi-element/Li solution with equal concentrations Fig. 6. All three aliquots were identical to our own within

of all elements were prepared and the isotope ratio of lithium |5 93%, Thus. this standard would appear to be homoge-

was compared with pure L-SVEC standard solutiig(5).  neous and very suitable for high precision isotope ratio mass
Sodium has no effect on lithium isotope ratio in either Na/Li spectrometry.

proportions. Magnesium causes slightly higher lithium iso-
tope ratios but only at higher concentrations (Mg/Li 5:1). Low
magnesium concentrations (Mg/Li 1:1) have no detectable
effect. Aluminium shifts the Li isotope ratio toward lighter
isotope ratios already at low Al/Li (1:1). However, the effect
is not concentration dependent because higher Al/Li (5:1
fractionate lithium isotopes by exactly the same extent. The
multi-element solution (Na+ Mg+ A+ K+ Ca+Fe/Li 1:1)
shows no effect when compared with pure L-SVEC. This
suggests lithium isotope measurements on the Nu1700 cal
be affected by matrix elements at only high concentrations

3.3. L-SVEC measurements

The international reference material for Li isotope analy-

3.4. International reference rocks

The data for international reference rocks from this study
) are presented iMable 2 The error of all averages is given as
2S.D. Outliers are excluded from the calculations of averages
using 3¥r-confidence limits. There is no systematic correla-
tion between measured concentrations and isotope ratios of
rindividual samples.

(see alsd50]). However, for the data reported here, matrix 1.00
0.75
=9 = 0501
15} E -
= $ 025f
= 10} ° 2 L
E ° Tj ,,ﬁﬁ{} ) ﬂ’j,
o 05} £ 0.0 —ﬁg%zyi—dlo—f—ra-,—i—
s 3l I -
;ui 0.0 %X} L) 5 -0.25
o L
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= oe o H -0.50 |
e -1.0¢ :
il -0.75
20 -1.00

Fig. 5. The effects of matrix elements. L-SVEC solutions doped with Na Fig. 6. Comparison of several selected L-SVEC aliquots. It is clear that
(diamonds), Mg (circles), Al (squares), and a multi-element (Na, Mg, Al, Ca, this reference material is homogeneous in terms of lithium isotope com-
K and Fe) matrix (triangle) are compared with pure L-SVEC solutions. Each Position. Open symbols represent individual runs; closed symbols are the
symbol represents the average of four single measurements. The grey fieldaverages of the respective runs with 2S.E. error bars (diamonds, P. Tomas-
gives the reproducibility of lithium isotope ratios for pure L-SVEC solutions. ~ €ak,87Li=0.010.05%; circles, J. Kbler,57Li=0.04- 0.05%.; squares,
Open symbols represent element/lithium ratios of 1:1, closed symbols 5:1. R-H. Jamess’Li=0.01+ 0.07%.; solid line is the average of our L-SVEC
Error bars are 2S.D. aliquot with dashed lines as 2S.E. error bdfsj = 0.003+ 0.099%o).
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Table 2
87Li values for international reference rocks
Li (ppm) measured Li (ppm) recomm. 87Li (%o) 2S.E. n? Average (2S.D.) Other studies
87Li (%o) 2S.D.
AGV-1 120 120 6.74 0.20 3
BHVO-1 4.4 46 5.31 0.18 3 59 1.4
5.8 1.6
W 0.5
BCR-1 125 129 2.56 0.06 2
2.19 0.33 2 2.38(0.52)
AGV-2 104 110 8.28 0.23 4
7.80 0.35 4
7.65 0.44 2
8.24 0.09 2
124 8.12 0.34 4
109 7.53 0.43 3 7.94 (0.64)
BHVO-2 48 5.0 4.50 0.28 4
5.0 4.84 1
4.4 4.36 0.08 2
4.65 0.36 3
5.0 4.46 0.22 3
4.9 452 0.14 3
5.0 4.40 0.31 2
4.7 4.58 0.16 4
4.62 0.13 3 4.55 (0.29) £5 1.0
JB-2 84 7.8 4.93 0.33 3
7.8 4.90 0.21 2
8.2 4.69 0.04 4
7.8 4.66 0.28 3
4.44 0.07 4 6.8 0.2
8.1 4.73 0.48 3 54 0.4
4.70 1 4.7 1.0
4.65 0.16 3 54 1.1
4.55 0.06 3 4.9 0.7
8.4 4.73 0.12 2 4.70 (0.29) 412 0.3
JR-2 786 792 3.84 0.18 3 39 0.8
3¢ 0.4

recomm., recommended.
a8 Number of individual measurements.
b Bouman et al[53].
¢ James and Palmégt5].
d Chan and Frey14].
€ Zack et al[52].
f Tomascak et a[2].
9 Moriguti and Nakamur#l9].
h Nishio and Naka[27].

We chose a broad variety of reference rocks from basic of 4.3+ 0.3%. (2S.D.)[27]. However, this value is signifi-
to acidic compositions to test whether our column chemistry cantly different from a’Li of 6.8 + 0.2%o (2S.D.) reported
is sensitive to different igneous rock types and to determine by James and Palmgt5]. A compilation of available data
precision and accuracy of the new lithium separation schemefor JB-2 is given inFig. 7.
on the 2.1 ml columns and using MC-ICPMS. Different vol- For BHVO-2 a total of nine averages givessa.i of
canic rocks ranging from high MgO, low Sj@oncentrations ~ 4.55+ 0.3%o (2S.D.). Thisis in excellent agreement wéithi
to high SiQ, low MgO chemistry were selected (see also of 4.5+ 1.0%. (2S.D.) reported by Zack et §62]. A §'Li
Section3.1). value of 5.3+ 0.2%0 (2S.E.) has been obtained for BHVO-1

The§’Li value of 4.7+ 0.3%. (2S.D.) for JB-2 from this  which is in the middle of the range of publish&tLi values
study (10 separate digestions of JB-2) is in good agree-from 5.0 to 5.8%q[14,15,53] Although both BHVO-1 and
ment with previously published values 5:11.1%0 (2S.D.) BHVO-2 come from the same lava flow, they are distinct by
[2] and 4.9+ 0.7%0 (2S.D.)[19] and within analytical error  about 0.8%. ir§’Li and do not overlap within analytical error
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8.0 8’Li similar to that for pristine mantle rocK&5] consistent
I [P with no isotope fractionation during magmatic differentiation
70l — as reported by Tomascak et |l] for a sub-alkalic to alkalic
= ! A"-‘% basaltic rock suite.
E i A §’Li of 7.940.6%0 (2S.D.) measured for AGV-2 is
8 eor ¢ o e clearly above thé’Li range of fresh MORB mantle rocks
Q - il & | This stuay [52]. The Liin AGV-1 and AGV-2 is slightly different. The
% e & — 8’Li value of AGV-1 (6.74+0.2%o0, 2S.E.) is substantially
5t A atm % e -+ lower.
S TSR A N mi —
40 F \ s 3.5. Other reference materials and rocks
| Tomascak et al. [2]
i | Zacketal sz Mshio and Nekal [27] Lithium abundances and isotope compositions of several

other materials are summarizedTable 3
Fig. 7. Compilation ob’Li values for GSJ reference material JB-2 from the The I'_th'um Isotope com_posmon of NIST SRM 612,
literature and this study. The grey bar shaS.D. for JB-2 obtained from  the nominally 50-ppm multi-element glass standard used
this study (0.29%o). for laser-ICPMS, is close to seawat@f (i = 35.34 0.8%o,
2S.D.). The Li content of+33 ppm measured during this
in our study. This may be explicable by some small-scale het- study is lower when compared to the nominal value which
erogeneity. Heterogeneity for lead isotopes has been reportedeflects heterogeneity of this reference material as shown also
for BHVO-2 [54]. by other elements (s¢86] and references therein). This may
For JR-2 a8"Li of 3.8+ 0.2%o (2S.E.) has been measured also be the source of the poorer reproducibility of this refer-
which is within analytical error the same as reported by Jamesence material.
and Palmef15] (8’Li=3.9+ 0.8%o; 2S.D.) and 3.9- 0.4%o A §7Li= —8.3+£0.2%0 (2S.D.) for the eclogite OK-1 is
(2S.D.) reported by Chan and Fr§l4] using TIMS tech- consistent with a MORB protolitfd3] and fractionation of
nigues. It is interesting to note that this rhyaolite still has a lithium isotopes related to subduction and dehydration as

Table 3
8”Li values for other rocks and standard materials
Li (ppm) measured Li (ppm) recomm. 87Li (%) 2S.E. n? Average 2S.D.
NIST 612 30.2 43.19 35.07 0.47 3
35.5 34.79 0.25 4
35.55 0.39 3
35.62 1 35.26 0.79
Eclogite OK-1 10.1 —8.30 0.08 2
(Munchberg, Germany) 9.3 —-8.24 0.09 2
9.8 -8.16 0.11 4
10.3 -840 0.13 4 —-8.27 0.20
8520-09 olivine (Mongolia) 14 80 0.36 3
Spodumene (Harney Peak, USA) .23 0.15 3
Li nitrate 0.0# 0.88 0.11 4
0.98 0.03 2
0.87 0.17 4
1.04 0.30 7
0.88 0.11 4
1.03 0.23 5
0.91 0.14 4
0.97 0.11 4
0.93 0.14 2
0.92 0.25 4
0.88 0.32 4
0.93 0.23 4
0.84 0.15 3
0.77 0.16 3
0.83 0.09 3 0.91 0.15

2 Number of individual runs in one analytical session.
b Concentration matched to 40 ppb of L-SVEC.
¢ Pearce et a[56].
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proposed by Zack et gb2] for eclogitic rocks from Trescol-  Univ., Milton Keynes, UK) kindly provided aliquots of L-
men, Switzerland. Recently, even more negatiilé values SVEC. Careful reviews of P. Tomascak and J. Schwieters
were reported for peridotitic rocks from far-east Russia that significantly helped to improve the manuscript. This work
have been metasomatised by an eclogitic &t} was supported by ETH and Swiss Nationalfonds.
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