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ABSTRACT

The Re-Os isotopic system is an important tool for the study of mantle-crust processes, geochronology and the tracing
of source reservoirs for metal deposition. Rhenium and osmium differ fundamentally from other lithophile isotopic systems
with regards to their behavior during partial melting processes, coupled with the chalcophile/siderophile nature of both
elements. These differences make the system extremely useful for a number of novel applications not traditionally addressed
by lithophile isotopic systems. A low-blank technique for the analysis of Re-Os isotopes in geological materials has been
established at the Geochronological Research Center (CPGeo) of the Geosciences Institute of the University of Sdo Paulo,
Brazil, with the aim of furthering knowledge of regional geology, tectonic evolution, petrology and ore deposition in South
America. The techniques described here use isotope dilution to simultaneously determine the concentration of Os and Re as
well the Os isotopic composition of geologic materials. Sample digestion and sample-isotopic spike equilibration are achieved
in sealed borosilicate glass tubes at high temperature. Osmium is separated and purified by carbon tetrachloride solvent
extraction and micro-distillation techniques. Rhenium is separated and purified by anion exchange chromatography. Accuracy
of the concentration and isotopic determinations is monitored by the analysis of a certified reference material (WPR-1) and
the use of the Department of Terrestrial Magnetism (DTM) Os isotopic standard. Measured values and precision of these
standards is within error and comparable to established Re-Os laboratories.

Palavras-chave: sistema Re-Os, dsmio, rénio, geoquimica isotépica, geocronologia, metodologia analitica.
RESUMO

O sistema isotopico Re-Os é um método importante para estudos relacionados com interagces manto-crosta, geocronologia
e 0s potenciais reservatorios responsaveis pela formagao de depdsitos de metais. Rénio e 6smio diferem sustancialmente dos
demais sistemas isotopicos litéfilos quanto ao comportamento durante os processos de fusdo parcial e por conta das
afinidades que apresentam com os elementos cobre e ferro. Essas diferencas tornam o sistema extremamente Util com relagéo
a varias aplicagdes ndo convencionais e ndo cobertas pelos demais sistemas isotopicos litéfilos. Uma técnica com baixos
niveis de branco para analises de is6topos de Re-Os em materiais geoldgicos foi implantada no Centro de Pesquisas
Geocronoldgicas (CPGeo) do Instituto de Geociéncias da Universidade de Séo Paulo, Brasil, com o propésito de avancar no
conhecimento da geologia regional, evolucéo tectonica, petrologia e processos de formagéo de depdsitos minerais na América
do Sul. As técnicas ora descritas se utilizam de diluigdo isotopica para determinar simultaneamente as concentragdes de Os e
Re, assim como as composices isotopicas de Os de materiais geolégicos. A digestdo das amostras e a equilibragdo amostra-
spike isotopico se processam em tubos selados de borossilicato em altas temperaturas. Osmio é separado e purificado via
extracdo em solvente de tetracloreto de carbono e por técnicas de micro-destilagdo. Rénio é separado e purificado por
cromatografia de troca i6nica. A acuracia das concentracoes e das determinacdes isotopicas € monitorada através de analises
de um material de referéncia certificado (WPR-1) e pela utilizagdo do padréo isotépico de Os fornecido pelo Department of
Terrestrial Magnetism (DTM), de Washington. Os valores medidos e a precisdo obtida para estes padrdes se encontram nos
intervalos de erros dos demais laboratérios Re-Os do mundo.
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INTRODUCTION

Within the last few decades, the Re-Os isotopic system
has become one of the most sought after analytical methods
available using existing laboratory and mass spectrometer
facilities. The now routine measurement of the variation in
isotopic composition of Os as a result of the decay of **’Re
has provided a large amount of geochronological and source
tracing data on a variety of geologic material and proces-
ses. Rhenium and osmium are variably chalcophile,
siderophile and organophile in behavior and as such
preferentially partition into metal, sulfide and organic phases.
These elements provide a very different record of
geochemical processes than other traditionally used
lithophile isotopic systems such as Rb-Sr, Sm-Nd, Lu-Hf,
and U-Pb, which are found in significant concentrations
only insilicate minerals. In contrast to the very incompatible
behavior of both parent and daughter elements in all of
these lithophile systems, Re and Os have widely disparate
compatibilities and therefore yield complementary
information, addressing important gaps in understanding
the geochemistry and geochronology of mantle
differentiation (Brandon et al., 2000; Pearson et al., 19953,
1995h, 1999; Walker et al., 1989, 2002). The system has also
been widely applied within the earth and planetary sciences
to a number of diverse and novel applications including the
study of variety of ore minerals and deposit types (Foster et
al., 1996; Lambertetal., 1998; Kirk et al., 2001, 2002; Mathur
et al., 2002; McCandless et al., 1993; Girardi et al., 2006),
cosmochemistry (Walker et al., 1998, 2004; Brandon et al.,
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2000b), meteorites (Smoliar et al., 1996; Chen et al., 1998),
and shales (Kendell et al., 2006; Selby and Creaser, 2005).

It is the aim of the Centro de Pesquisas Geocrono-
légicas (CPGeo), located at the University of Sdo Paulo,
Brazil, to establish a world class Re-Os isotope facility for
the application of Re-Os isotopes to geological problems,
one of tens in the world, and the only such laboratory
currently operating in South America.

GEOCHEMISTRY AND ISOTOPIC
SYSTEMATICS

Isotopic abundances

Rhenium has two naturally occurring isotopes
(Figure 1), ¥Re (37.4 %) and “¥'Re (62.6 %), the former
being stable whereas the later decays by f-emission to
1870Os with a half life (t,,,) of ~42 Byr (A = 1.666 x 10" y™*
(Smoliaretal., 1996). Osmium has seven naturally occurring
isotopes (Figure 1) with the atomic abundances varying to
some degree as ¥°*0s and **’Os are produced by the decay
of 9Pt (t,, of ~ 450 Byr) and **'Re, respectively. Prior to
the early 1990°s radiogenic '¥’Os was normalized to '%0s,
and radiogenic isotopic compositions reported as
187Qs/1%Q0s ratios. However, as %0Os is itself a product of
radioactive decay, this normalization scheme was
abandoned in favor of reporting ¥’Os/*®Os ratios. Formerly
reported ¥70s/*¥Qs ratios can be converted to ¥’0s/¥®0s
ratios by multiplying by a factor of 0.1199 (from isotopic
data reported in Shirey and Walker, 1998).
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Figure 1. Rhenium (dark gray) and Osmium (light gray) isotopic percentages (Shirey and
Walker, 1998). Isotopic percentages for Os are variable as masses 186 and 187 are
variable depending on addition by radioactive decay of (*) Pt (A = 1.54 x 102 y") and

(**) 87Re (A = 1.666 x 107" y).
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Geochemical behavior

Osmium, one of the platinum group elements (PGE), as
well as Re are classified as highly siderophile elements (HSE)
and were almost exclusively concentrated in the core during
planetary differentiation, with lesser abundances within the
mantle and crust (Shirey and Walker, 1998). This siderophile
behavior is reflected in their distribution coefficients between
metal and silicates, which are greater than 10* (e.g. Holzheid
et al., 2000) and their chalcophile nature by distribution
coefficients between sulfide and silicate melt with orders of
magnitude from 10 to 10 for Re (Roy-Barman et al., 1998;
Jones and Drake, 1986) and 3.0 x 10 to 4.8 x 10* for Os
(Crocket et al., 1992; Roy-Barman et al., 1998). However,
during mantle differentiation, even in the absence of residu-
al sulfides (Carlson, 2005, and references therein) Os behaves
as a compatible element, being retained in mantle residues

such as depleted peridotites, whereas Re behaves relatively
incompatibly, and is partially removed from the mantle source
by the resulting melt. Crustal materials therefore generally
are very depleted in Os and relatively enriched in Re (high
Re/Os ratios), whereas the convecting mantle has chondritic
(specifically ordinary and enstatite chondrites) to sub-
chondritic (sub-continental lithospheric mantle, SCLM)
Re/Os ratios (Walker et al., 1989; Meisel et al., 1996). This
large fractionation of parent and daughter during mantle
melting and the subsequent radiogenic in-growth of ¥7Os
results in orders of magnitude variation in the *¥’0s/*®Q0s
ratios of geologic reservoirs (Figure 2), and also allows for
the determination of ages in both extremely old and relatively

young materials (a few million years), despite the long half-
life of Re.

Source tracing

As with many other radiogenic isotopic systems,
measured isotopic compositions are often compared to
mantle reservoirs through geologic time. With systems such
as Rb-Sr or Sm-Nd the difference between the age-corrected
measured ratio and the isotopic composition calculated for
the mantle of the same age is expressed as parts per ten
thousand. However, as stated earlier, the disparate
geochemical behavior of Re and Os during mantle
differentiation leads to orders of magnitude differences
between mantle and crustal material, and this difference can
therefore be expressed as parts per hundred, i.e. percent
difference. Mantle and crustal reservoirs are distinctly
different from each other as illustrated by the yOs values in
Figure 3.

Gamma Os is determined by the following expression:

Yo, = {[(*"0s/*®0s )/(18703/18805manﬂ9(t))]-1} x 100

sample(t)
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Figure 2. Schematic diagram of the evolution of crust and
mantle components for a melting event at time T. The
1870s/1880s = 0.1296 (Meisel et al., 2001) is the present day
isotopic composition of the fertile convecting upper mantle.

where (18705/188055ample(t)) is the age corrected Os isotopic
ratio of the sample and Is compared to the ¥’0Os/'%0s of the
mantle at the same age. The ¥’0s/*®0s of the mantle for any
particular age can be calculated using the following formula:

1870g/1880g
(ek(4.588E9) _ em)

= 18705/18805

mantle(t) -

+ 187Re/18805

mantle(i) mantle

which defines the evolution of earth’s mantle in terms of Re-
Os. However, much debate and uncertainty surrounds the
selection of the mantle Re-Os values to be used for these
models. We use the term mantle here, in order to include the
various terminologies used in the literature such as bulk-
silicate earth (BSE), chondritic uniform reservoir (CHUR),
chondritic reference, primitive upper mantle (PUM), fertile
mantle and depleted MORB mantle (DMM). With the
exception of the DMM, these terms describe the same
reservoir in Re-Os space and refer to hypothetical fertile,
convecting mantle with no previous melt extraction or
enrichment. Essentially, in order to calculate yOs or Os model
ages (see below) it is necessary to determine the slope of
the line that defines the growth of 8Os in the mantle as a

result of Re decay. Therefore two of the following three
parameters must be known:

1. the initial (i) ®'0s/'80s of the mantle
(18705/18803

mantle(i));
2. the 1870s/'®Q0s of the mantle today
(18703/18805

mamle(t:O)) ’

3. the *¥"Re/*0s of the mantle.
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Figure 3. Gamma Os compositions of various rock types. Note that values are from sources
(Shirey and Walker, 1998; Pearson et al., 1999, and sources therein) that calculated gamma Os
for these reservoirs using a 'Os/'®0s value for the present day mantle of 0.127, and not
necessarily the age of crystallization, and thus illustrate possible sources of present day magmatism.

The *"0s/*®*0Os .., has been determined through
analyses of various suites of iron meteorites with values at
4.56 Garanging from 0.09524 to 0.09604 (Chen et al., 1998
and references therein); however, a value of 0.09531
determined from initial values of 111 A iron meteorites (Shirey
and Walker, 1998) seems to be in most common use. Iron
meteorites are used to determine the initial Os isotopic
composition of the mantle as they are thought to have
crystallized early in the formation of the solar system (Smoliar
et al., 1996) and as such represent a uniform reservoir of
initial Os also sampled by chondritic material, and unlike
chondritic meteorites display isochronous behavior (Walker
etal., 2002).

Estimates for *’Os/***Os__ .., have variously been
determined through measurement of present day ¥’Os/*¥¢0s
ratios in chondritic meteorites with values of 0.1262-0.1286
(Walker and Morgan, 1989; Chen et al., 1998; Walker et al.,
2002), as well as mantle xenoliths and orogenic lherzolite
suites that have been corrected for melt depletion and yield
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avalue of 0.1296 (PUM of Meisel et al., 2001). The values of
0.127 (Walker and Morgan, 1989) and 0.1296 (Meisel el al.,
2001) are the most commonly cited. Estimates for the DMM
were determined from various sources and include chromites
and whole rock data from ophiolites (Luck and Allégre, 1991;
Walker et al., 2002), as well as abyssal peridotites (Snow
and Reisberg, 1995; Brandon et al., 2000), with values ranging
from 0.120t0 0.129. The value from Snow and Reisberg (1995),
of 0.1247 has been the most often cited for the DMM but
there are large variations in the measured Os isotopic
compositions of abyssal peridotites which may indicate
inhomogeneous source regions or problems with seafloor
alteration (Walker et al., 2002), and therefore the more recent
value (0.1281) of more resistant chromites reported by Walker
etal. (2002) may be more representative.

Using the above data, the *¥’Re/**®Os ratio of the mantle
can be calculated resulting in the most commonly used values
0f 0.40186 (Shirey and Walker, 1998) and 0.4353 (Meisel et al.,
2001). These values are also very similar to direct measure-
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ments on ordinary and enstatite chondrites with values of
0.42-0.47 (Chenetal., 1998; Walker et al., 2002).

In addition to fertile mantle and DMM, other enriched-
mantle sources in terms of Os isotopic composition are also
present. One possible explanation for the differences
between the Os isotopic compositions of these enriched
mantle sources and of the present day values for PUM and
DMM is the formation and long-term isolation of the
subducted oceanic crust (Walker et al., 2002). In addition to
other possible scenarios, melting of these isolated slabs
enriched in *¥’Os may produce distinctive isotopic signatures
similar to those found in HIMU and EM basalts (Figure 3).

Geochronology
Model ages

As with other isotopic systems, and with the above data
on the Os isotopic evolution of the mantle reservoir, model
ages can be calculated with the following equation:

T,ua = @WA)*In{[(**"Os/***Os

( 187Re/1880) )3 Os/0s
e S

)]+ 1}

/

mantle(t=0 sample(t:O))

mantle(t=0) - 187Re/l&iiossample(t:O)
wherein the sample’s measured *¥’Re/*®0Os ratio is used to
regress the measured ¥’0Os/*¥¥Os ratio to its intersection
with the chondritic mantle growth curve and therefore de-
termines the time of deviation from the Os isotopic
composition of a mantle source reservoir (Figure 4).

The Re-Os model age (T,,,) is analogous to depleted
mantle model ages (T,,) of the Rb-Sr and Sm-Nd systems
where the measured isotopic ratio is back-corrected to the
isotopic composition of a mantle source reservoir using the
measured parent-daughter ratio. However, the extremely low
concentrations of Rb, Sr, Sm and Nd in mantle residual ma-
terial as well as in mafic/ultramafic rocks limit the applicability
of these systems to silicic rocks and make them susceptible
to isotopic resetting via the high concentration of these
elements in metasomatic fluids and melts (e.g. Chesley et
al., 2004). In contrast, because of the relatively high Os
concentration in mantle materials and mafic/ultramafic rocks,
as well as the low Os concentrations in metasomatic fluids
and melts, the Re-Os system is useful for mantle geochro-
nology and is much more resistant to later resetting.
Additionally, T, , ages can be can be a useful geochro-
nologic tool for crustal materials and other phases with high
Re/Os ratios.

Walker et al. (1989) observed that depleted lithospheric
mantle peridotites have un-radiogenic isotopic compositions
compared with the chondritic mantle and noted that many of
these peridotite xenoliths had elevated Re/Os ratios despite
the low, sub-chondritic Os isotopic ratios. These authors
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concluded that the measured Re/Os ratios were artificially
elevated by contamination with the host rock during eruption
and emplacement. This led to the concept of T, ages, which
are calculated using the following formula:

T =

RD

188
OSsampIe(t:O)

(L/2)* In{[(**"Os/*®80s 18705/

)/*¥"Re/*#80s

mantle(t=0) -

mantle(t:O)] +

which is the same as the formula for T, , ages, but assumes a
post-crystallization origin for all of the Re (i.e. **’Re/**Os_
is assumed to be 0) and represents a minimum age of isolation
from the convecting mantle (Figure 4). The T__ ages therefore
assume that all of the Re in peridotite xenoliths was removed
during the melt depletion events that formed the SCLM and
likely approach actual ages of melt depletion for highly
depleted peridotite xenoliths that experienced near complete
Re removal.

These model age methods are especially applicable to
materials such as peridotite xenoliths, osmiridium, and
chromite, all of which have very low Re/Os ratios resulting
from either the lack of incorporation of structural Re or
removal of Re during partial melting processes.

Isochron ages

The most useful geochronologic method is the classic
isochron technique, using either whole rock or mineral
separates, whereby material with varying Re/Os ratios evolve
different Os compositions over time and that can then be
used to graphically solve for both the age of the sample (based
on the slope of the line) as well as the initial Os (Os)) isotopic
composition (y-intercept), with the following formula:

18705/18805 — 18705/18805i + 187Re/18803 (e)ﬁ _ 1)

measured

With respect to igneous rocks, the ideal situation for
obtaining a Re-Os isochron is in a closed, fractionating
magma chamber, with whole rock samples collected that
reflect different stages of the fractionating magmatic system.
The whole rock samples may then provide a spread in
Re/Os ratios not often obtained on single whole rock
samples. The spread in Re/Os ratios will be controlled jointly
by sulfide processes and the partitioning of Re into phases
such as magnetite (Righter et al., 1998), and may yield
statistically significant isochrons. Relatively few isochrons
have been published for terrestrial rocks, probably as a result
of low abundances of Os in igneous melts. Komatiites,
picrites and flood basalts are notable exceptions due to their
elevated PGE contents that result largely from high degrees
of partial melting. In some cases sufficient spread of Re/Os
ratios present in a single whole rock or mineral sample
produces isochrons. This is a product of the notorious
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Figure 4. lllustration of the Re depletion model ages, with mantle composition modeled after Shirey and Walker, 1998. A
mantle xenolith is depleted by melt extraction at 3.5 Ga, and evolves along path (a) with a '¥Re/'80Os of 0.15 (less than the
chondritic mantle values of ~ 0.4) to the present day 'Os/'®0s = 0.112. The T, for this sample is ~ 3.5 Ga, while the
Teo 9ge is 2.2 Ga. Enrichment after the original depletion event along path (b) will only make the T, age appear younger,
while further complete depletion (i.e. the 30% melt extraction of Shirey and Walker, 1989) along path (c) will make the
apparent age closer to the true depletion age. Even the addition of radiogenic Os by fluids or melts, as has been proposed
to have occurred in some arc peridotites (Brandon et al., 1996; Mclnnes et al., 1998), will not compromise the validity of the
Teo 0s a minimum model age. This demonstrates the robust nature of the T, as a minimum age for Re depleted rocks. The
high concentration of Os in these rocks with respect to metasomatic fluids and melts also makes the T, age uniquely
resistant to later resetting and overprinting as often occurs with the Rb-Sr and Sm-Nd systems.

“nugget effect” (see Potts, 1987), wherein even finely
powdered material has a large range in Re and Os
concentrations and isotopic ratios and results from high
concentration Re- and Os-bearing phases likely being
heterogeneously distributed throughout a sample powder
(e.g. Allegre and Luck, 1980).

In addition to igneous whole rocks, many black shales,
sulfides (pyrite, chalcopyrite), oxides (magnetite) and gold
also may have sufficient spread in Re/Os ratios and closed-
system behavior to form isochrons.

Molybdenite ages

Another useful geochronologic method is almost
exclusively applied to molybdenite (MoS,) and results from
the virtual absence of common Os (not derived from ¥’Re
decay) in the mineral’s structure. Rhenium on the other hand
has an ionic radius comparable to Mo and the same valence
state and therefore substitutes readily into the structure of

-50-

molybdenite with concentrations in the ppb (parts per
billion) to low percentage range (Luck and Allégre, 1982;
McCandless et al., 1993). Ages are therefore obtained by
using only the measured *¥’Re and ¥’Os abundances in the
following simplified decay equation:

T = {In[("Os/**'Re) + I}/

However, because time is the only unknown variable, no
source information can be obtained for molybdenite with
the Re-Os system. The Re-Os systematics measured in
molybdenite have been successfully used for dating a
number of economic ore deposits such as porphyry copper,
base metal, and gold deposits (Mathur et al., 2002; Selby et
al., 2002; Barraetal., 2005). Care must be exercised in sample
selection however, as post-mineralization alteration as well
as sometimes ambiguous paragenetic relationships with ore
minerals complicates age interpretations (e.g. Luck and
Allegre, 1982; McCandless etal., 1993).
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ESTABLISHMENT OF THE
Re-Os METHOD AT CPGeo

Production and calibration of
Re and Os spikes

The accuracy of Re-Os isotopic data is critically
dependent on the accurate determination of the Re and Os
concentration in the spikes. This in turn is contingent on
the use of primary Re and Os chemical standards of
accurately known concentration.

The primary standard for Re was made using Re metal,
purchased from the Johnson Matthey Co. as a fine powder.
The Re powder was dried in an oven at 70°C and weighed
periodically until a constant weight was reached. Two
standards of well-determined concentration were
subsequently produced by dissolving the Re powder in
2N HNO,, producing a concentrated standard with a Re
concentration of 232.9 ppm (parts per million) and then
subsequently diluting with water to produce a more dilute
standard of 113.5 ppb.

Producing an Os standard of accurate, precisely known
concentration is more challenging. The standard is most
commonly made from one of the Os salts, such asammonium
hexachlorosmate ((NH,),0sCl,), which is dried to constant
weight, weighed and then dissolved. These salts, while being
the most readily available and commonly used for standard
preparation, may not be completely stoichiometric (e.g. Yin
etal., 2001), retain some water in the structure and may lead
to relatively large uncertainties in the concentration of the
standard (e.g. up to 1.6%, Shen et al., 1996).

At CPGeo, the primary Os standard was prepared using
ammonium hexachlorosmate. The salt was dried in an oven
at 90°C for several days to minimize non-stoichiometric
behavior. During this time, the mass of the vessel was
periodically checked after returning the vessel to room
temperature. Once the standard had reached constant
weight, it was used to make two primary standards in 6 N
hydrochloric acid, a concentrated standard of 44.40 ppm,
and a dilute standard of 86.59 ppb Os.

The Os and Re isotopic spikes were obtained from the
Oak Ridge National Laboratories in powdered metal form. A
1%Q0s enriched solution was obtained by dissolving 5 mg of
metal powder in aqua regia within a Carius tube (borosilicate
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glass) at 100°C. The solution was diluted into 6N hydrochloric
acid to make a stock solution of approximately 90 ppm. Two
spikes were prepared from this stock solution, a concentrated
spike with a concentration of approximately 67 ppb and a
dilute spike with a concentration of approximately 0.9 ppb.
The *Re enriched metal powder was initially digested in
aqua regia, and diluted to make a stock solution of approxi-
mately 103 ppm. This stock solution was further diluted to
make two lower concentration spike solutions for routine use
of approximately of 32 ppb and 3.5 ppb Re.

The concentration of Re and Os spikes were calibrated by
weighing and transferring appropriate amounts of spike and
standard into PTFE vessels or Carius tubes, respectively.
The amounts of each solution were chosen to provide as
close to the optimum spike/sample ratio, using the estimated
concentration of the Os and Re spikes. To ensure complete
spike-standard equilibration the Re mixtures were heated at
low temperature (60°C) overnight while Os mixtures were
heated in the sealed Carius tubes at ~ 240°C (see below). The
isotopic ratios of the Re and Os standard/spike mixtures were
measured by N-TIMS analysis with corrections made for
fractionation as well as the isotopic compositions of oxygen
and the primary standards. Asummary of the calibration data
for the Os and Re spikes is presented in Table 1.

Sample preparation methods

Re-Os isotope geochemistry requires the precise
determination of both the Os isotopic composition and the
concentrations of Re and Os. This is accomplished by
isotope dilution analysis of both Re and Os. The sample
digestion, spike/sample equilibration and separation
procedures are complicated by the geochemistry (refractory
and under oxidizing conditions, extremely volatile) and very
low concentrations of Os in terrestrial rocks: low ppt (parts
per trillion) to ppb.

The problem of ensuring spike/sample equilibration
while also preventing spike loss has led to the rediscovery
of an old technique of sample digestion under oxidizing
conditions in sealed Carius tubes (borosilicate glass) (Walker
and Fassett, 1986; Shirey and Walker, 1994; 1995). By this
method, digestion and spike/sample equilibration is achieved
under extremely oxidizing conditions while loss of the volatile
Os is prevented.

Table 1. Results for the calibration of Os and Re spikes. * = Concentrations in ppb,

errors are 20.

Dilute Os spike* Conc. Os spike

Dilute Re spike Conc. Re spike

0.86910 + 0.00334
(n=6)

66.651 + 0.206
(n=6)

3.5798 + 0.0045
(n=9)

31.950 + 0.003
(n=6)
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In detail, the technique involves the digestion of a small
amount of sample (<4g) ina50 mL or 100 mL volume sealed
borosilicate glass tube in reversed aqua regia (2:1,
HNO,:HCI), in the presence of Re and Os spikes. The
reagents are frozen before the tube is sealed to inhibit
reaction, which may oxidize the sample or spike Os to volatile
0s0,. The narrow neck of the Carius tube is sealed using an
oxygen-butane torch, and is then heated inside a steel bomb
to contain possible explosive failures. The bomb is then
either placed in an oven at 240°C overnight or for up to 5
days, depending on the ease of sample dissolution. Once
cool, the tube is removed, frozen in liquid nitrogen, which
condenses the volatile OsO,, and then opened.

Separation and purification of Os and Re

The isobaric overlap of ¥’Re and ¥’Os requires near
complete chemical separation of sample Re and Os for mass
spectrometric analysis. Cohen and Waters (1996)
documented a technique that combines the Carius tube
equilibration with the subsequent extraction of the
equilibrated Os by the organic-solvents CHCI, or CCI,. This
method has been widely adopted within the Re-Os
geochemistry community, and a similar method was utilized
at CPGeo. The solvent extraction technique provides high
extractive yield coupled with low procedural blanks and rapid
throughput compared with distillation techniques. Once the
Carius tube is opened after the high temperature
equilibration, 4 mL of CCI, solvent is added on top of the
acid solution while still frozen. Once thawed, the aqua re-
gia-solvent mixture is transferred to 50 mL falcon tubes,
agitated and centrifuged to aid the extraction and separation
of Os into organic-solvent and acidic layers. The organic-
solvent layer containing the Os is separated from the acidic
layer and the procedure is repeated twice more with 3 mL of
CCl, to ensure high Os yield. The Os is then back-extracted
from the organic-solvent into concentrated hydrobromic
acid, which is dried and subsequently purified for mass
spectrometry by microdistillation techniques (Birk, 1997).
The aqueous acidic layer, which contains the Re, is retained
for separation and purification by 1 mL and 0.1 mL ion-
exchange column chemistry (Morgan and Walker, 1989),
using the strong anion exchange resin AG-1 X8 stored in
MQH,0.

Mass spectrometric analysis

Re-Os mass spectrometry at CPGeo is performed on a
Finnigan MAT 262 N-TIMS. Purified Re and Os fractions
are run on single platinum filaments (99.995% pure), which
are loaded with barium nitrate and barium hydroxide,
respectively, as emission enhancing agents. The filaments
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are heated slowly to a running temperature of approximately
800°C as measured by an optical pyrometer. Oxygen is
introduced into the ion source through a variable leak valve,
at a pressure of 1-2 x 10-°°*mbar for Os and 8-9 x 107 for Re.
Earlier Os analyses loaded with barium nitrate ran at much
higher temperatures than standards due to the presence of
impurities in the loaded sample that inhibit the emission of
ions. For this reason barium hydroxide is now used which
eliminates the need for higher run temperatures or time
consuming reduction of Os under high vacuum before the
addition of barium nitrate. Osmium is collected as the
negative OsO, ion, which for low concentration samples is
measured by a single ETP-type secondary electron multiplier
with pulse counter in peak jumping mode with an integration
time of 16 seconds and downtime of 8 seconds, or with
multiple Faraday cups in static analysis mode for samples
with greater than approximately 200 pg (picograms) total
Os. Rhenium is collected with Faraday cups used in static
mode as the negative °(ReO,)  and **(ReO,) ions.

Corrections to the Os isotopic composition (software
provide by Monash University) are made for mass
fractionation bias introduced by the higher ionization
efficiency of lighter isotopes of Os (or Re), the variable
contributions of the three isotopes of oxygen, isobaric
interference of ¥’Re, and spike composition.

The first round of mass fractionation correction is related
to oxygen isotopes and adjusts the 240/236 mass ratio,
nominally the *20s/*®0s ratio of the negative trioxide ion,
using the 1*20s/*¥Q0s value of 3.09219 (Hauri and Hart, 1993)
and the revised values for the isotopic composition of
oxygen (Nier’s, 1950).

Any Re present must be corrected for because the
trioxide of ®¥"Re (mass of 235) creates isobaric interference
of the trioxide *¥"Os (mass of 235). However, no isobaric
interference of Os results from the trioxide of **Re (mass
233) and therefore the measured 233 mass is used to correct
the measured *¥70Os value.

The Os data are further corrected for the contribution of
the Os spike to the isotopic composition of the sample, as
the spike contains measurable amounts of isotopes other
than *Q0s, in particular the isotope of interest, ¥’Os. A
second round mass fractionation correction is then per-
formed using the value of *20s/*¥Qs = 3.08271 (Luck and
Allegre, 1983; Reisberg et al., 1991; Horan et al., 1992).

A similar procedure would be adopted for mass fraction-
ation and oxygen correction of the Re data, however, in this
case there is no internal mass fractionation correction possible
as there are only two isotopes of Re. Multiple analyses of the
Re isotopic standard indicate that the mass fractionation
involved is negligible at the low temperatures at which Re
ionizes, and furthermore is within the error of the isotope
dilution method used to calculate the abundance of Re.
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Precision, accuracy, and blanks

The best way to assess the precision and accuracy of any
analytical technique is to compare data obtained on certified
reference materials with the certified values and published
data. However, at present there are no certified reference
materials for the Re-Os isotopic system, which results in large
part from the aforementioned “nugget effect”. This makes
the selection and preparation of a suitable reference material
difficult. However, for the purposes of general comparison,
the Wellgreen altered-peridotite precious metals standard
WPR-1 has been used by several groups (Cohen and Waters,
1996; Lahaye et al., 2001) and is used here primarily for the
purpose of inter-laboratory comparison. The WPR-1 standard
has a relatively moderate Re and Os concentration of
approximately 11-12 and 15-18 ppb respectively and is the
same order of magnitude as some unknown samples routinely
analyzed. Re-Os results determined at CPGeo (Table 2) are
precise with the exception of one analysis. If this outlier is
eliminated from the data set the precision is enhanced greatly
(e.g. the relative standard error on *¥’0s/*®Qs decreases from
0.001 to 0.0003), as 4 of the 5 analyses form a tight cluster of
values. The CPGeo determinations for the Os concentrations
of WPR-1 are slightly higher and the *¥’Os/*¥Qs ratios slightly
lower than those determined by other laboratories. These
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differences likely are caused by variations within the standard
powder between laboratories or as a result of inhomogeneities
within the standard powder itself. This “nugget effect” could
also be responsible for the anomalous result of the outlier.
However as shown by analyses of the mass spectrometry
standard (below) the difficulties in analysing the WPR
standard is not as a result of systematic measurement errors.
Bias introduced during mass spectrometry as well as
interlaboratory variation is assessed by the analysis of a
mass spectrometry standard provided by the Department
of Terrestrial Magnetism (DTM). This standard was made
using Johnson-Mathey ammonium hexachlorosmate from
the batch 5.56870-A, and shows little variation between
analyses. At CPGeo, this isotopic standard is run with every
batch of mass spectrometric analyses. Comparison of DTM,
Monash and CPGeo N-TIMS data are shown in Table 3.

Analytical blanks

Analytical blanks have a significant effect on the
usefulness of isotopic analyses. Blank measurements made
at CPGeo were extremely low at approximately 1 pg for Os
with a ¥70s/*8Q0s value of ~ 0.17 and 5 - 10 pg for Re. At
these levels the blank correction of measured samples is
negligible for most rock types.

Table 2. Os data for WPR-1 precious metals standard. Data for OU (Open University)
from Cohen and Waters (1996). * = Errors are external precision (2RSD). ** = Distillation,

all others solvent extraction.

Laboratory Os (ppb) Re (ppb) 1870s/'8%0s

ou** 15.82 + 1.14 - 0.14549 + 0.00018*
(n=6) (n=6)

ou 16.06 + 0.80 - 0.14543 + 0.00018*
(n=3) (n=3)

Monash 16.79 + 0.27 11.62 +0.13 0.14507 + 0.00283*
(n=9) (n=3) (n=9)

CPGeo 1755+ 1.19 11.01 + 0.54 0.14380 + 0.00129*
(n=5) (n=5) (n=5)

Table 3. Comparison of DTM, Monash and CPGeo N-TIMS data for batch
5.56870-A. DTM data are from Shirey (1997). DTM data were all acquired in rapid

peak hopping mode with a single detector.

Laboratory Detector 870s/'3%0s
Monash SEM (n = 26) 0.17396 + 58
Monash Faraday (n = 10) 0.17360 + 48

DTM Pulse (n = 22) 0.17429 + 55
DTM Analog (n = 13) 0.17396 + 38
CPGeo SEM (n = 8) 0.17379 + 65
CPGeo Faraday (n = 8) 0.17372 + 20
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CONCLUSIONS

The Re-Os isotopic system is ideally suited to the study
of mantle related processes and materials as well as ore
deposition. In these contexts it may be used as both a
geochronological tool, and as a tracer of geochemical pro-
cesses. The newly established facility at CPGeo has the
capability to measure values of the absolute concentrations
of Re and Os and isotopic ratios of Os which have
comparable precision and accuracy to other similar
established laboratories, and will provide a valuable
contribution to research on the timing, origin and history of
ore deposition and together with other isotope methods a
way to improve knowledge of regional geology, petrology
and tectonic evolution in South America.
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