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Introduction: Chromium isotopic anomalies
(defined non-mass dependent isotopic variations) at
1-10 ‰ level have first been found in Allende’s
Inclusions with the most striking variations on 54Cr.
53Cr effects have also been found first in Inclusions
and later in various planetary objects. They are
almost always correlated to the Mn/Cr ratio which
therefrom indicate that they relate to past 53Mn decay
and will not be discussed here. With experimental
resolution of c.a. 0,5-1 e units, both 54Cr excesses and
deficits have been evidenced in CV3 inclusions.
Similar variations of comparable amplitude in 48Ca-
50Ti-58Fe-63-64Ni are present within the same samples.
A nucleosynthetic origin is favored that is associated
with a component produced in a neutron-rich
statistical equilibrium which can be reached in the
final stages of evolution of massive stars in a type 1
supernova event [1]. Besides the inclusion scale, large
54Cr isotopic heterogeneity of up to several % is
present at the micro scale in the matrix of
carbonaceous chondrites [2]. With the higher
precision obtained in the last few years [3], bulk
carbonaceous chondrites display clearly resolved and
variable 54Cr excesses relative to the terrestrial
composition. We showed also earlier that the HED
group ( howardites, eucrites, diogenites) displays a
54Cr deficit relative to terrestrial composition [4].
These meteorites have crystallized in a magmatic
event which can only happen on a body orders of
magnitude larger than the multiple bodies at the
origin of chondrites. A larger body is expected to
better mix the initial and supposedly very variable
constituents of the solar system. Hence isotopic
anomalies in HED meteorites comparable in
magnitude to bulk C chondrites are not anticipated.
The purpose here is to strengthen the 54Cr results on
the HED meteorites with more data both on
meteorites and terrestrial rocks.

Experimental: The Cr chemical separation from
the matrix elements is done as in our previous work
on cation exchange resins with special care to obtain
a higher than 80% yield. The Cr isotopic ratios are
measured on a 9-cup Triton multicollector TIMS
instrument and high intensity ion beams of up to
2.10-10A are used. Each single run consists of a
combination of several successive static
multicollection measurements.  The Cr isotopic
beams are adjusted to a set of cups and measured in
static mode. The isotopes are then shifted by one

mass unit in the cup array and adjusted in the cups
using the zoom optics of the instrument, and then
measured again in the static mode. This procedure is
carried out over the whole array of cups. This allows
us to crosscheck in real time the correct behavior of
the measuring system and optics. This procedure is
similar to that used for Nd isotopes which provides
Nd external reproducibility better than 5ppm. [5]

Results: The instrumental mass fractionation
which can reach up to 7 ‰ per amu, is corrected with
reference to the NIST 52Cr/50Cr ratio [6], according to
an exponential law [7]. The average results of
laboratory standards from each measurement session
is represented in Fig.1.

Fig.1. Temporal fluctuations of the analytical standards.
Data are plotted in e-unit ( fractional deviation in 10-4

relative to the Cr standard). The drop in average
composition is associated with the exchange of the inner
parts of the faraday cups.

The results spread over a range of about ±0,7e
which is in agreement with past single collector
work, but more than an order of magnitudes larger
than for Nd or Sr results on the same instrument. The
precise origin of the spread is not known but most
probably relates to the smaller masses and wider
relative mass differences of Cr isotopes. There is no
relation with observed instrumental mass
fractionation of the runs. Despite the use of a large
portion of about 200mm of the usable focal plane of
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the instrument, ion optics is not believed to be at the
origin of the spread for two reasons: (i) by using the
zoom optics, the position of the beams within the
cups can be adjusted to better than 50ppm in mass (ii)
aberrations of the beam can be checked down to a
less than 1 ppm using high intensity ion beams. We
rather believe that the spread is related to the cup
yields and variations of the repartition of the ion
density within the beams themselves. At the ppm
level of precision and depending on which element is
measured, the cups yields vary slightly but so far in
an unpredictable mode. During the present study two
exchanges of the inner shell of the Faraday cups have
been carried out with essentially no difference in
behavior for Cr with regard to the dispersion.

Nevertheless, within a session of measurements,
the reproducibility is improved and reaches a 10-
20ppm range. A sufficient number of laboratory
standard measurements is inserted between the
samples which are thereafter compared to the average
of the standards of the analysis session. The data on
standards and samples are plotted in Fig. 2. The
carbonaceous chondrites show clearly resolved
excesses in 54Cr of variable amplitude at the reverse
of the meteorites of the HED group which all show a
similar deficit. Terrestrial samples have various
origins: Erta-Ale (tholeite), Deccan (basalt), Tibet
(chromite), Abitibi (shale). They are identical to the
laboratory standard in Cr isotopic composition

Discuss ion:  Our results on carbonaceous
chondrites are in agreement with single collector data
of Shukolyukov and Lugmair [3]. With regard to 54Cr,
very large heterogeneities of up to several percent are
present at the mineral scale within C1s [2] [8]. The
lower heterogeneity within C2-C3-C4 chondrites is
thought to be due to the rehomogeneization by parent
body metamorphism. Considering the very large
dispersion of the initial component and despite the
presence of a residual anomaly at the bulk rock scale,
carbonaceous chondrites are nevertheless remarkably
close at the bulk rock scale to the average solar
system composition (assumed to be identical to
terrestrial). Cr also shows that the proportion of the
different initial components is slightly different in the
different classes of C-chondrites. Mo isotopes have a
behavior close to that of Cr [9].

The 54Cr isotopic composition of the HED group
is clearly distinct from the terrestrial composition.
The identical composition of all these meteorites and
the absence of similar Cr compositions in any other
known meteorites group is in agreement with their
related magmatic history on a common parent body.
For the reservoir from which the HED parent body
formed to be produced, the 54Cr-rich component

identified in C1s [2] must have been depleted at a
large spatial scale in the solar nebula. Whether the
terrestrial (solar average ?) composition is a mix of
carbonaceous chondrite type material and an eucritic
type material has still to be worked out. The number
of physico-chemical fractionation steps before and
during mixing is a critical factor in the models.

Conclusion: 54Cr shows surviving isotopic
heterogeneities in the solar system at the planetary
scale and may constitute an isotopic tool similar to
oxygen to constrain planetary formation.
.

Fig.2. 54Cr in basaltic achondrites vs carbonaceous
chondrites and terrestrial rocks. Terrestrial rocks are normal
in composition. All achondrites originated in a common
homogeneous reservoir with a 54Cr deficit of –0.73±002.
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