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Introduction:  Although oxygen isotopes in the 
solar nebula are clearly heterogeneous [1], Mg, Si, 
Fe, Ni and Zn isotopes [2, 3, 4, 5, 6] seem to be 
homogeneous. Cu isotopes have been shown to be 
correlated with Δ17O which suggest a possible 
heterogeneity for Cu isotopes in the early solar 
system [7]. As manifested by their mass-dependent 
isotopic fractionation patterns, the “primordial soup” 
of the solar nebula has been heavily modified by 
physico-chemical processes. So far, Cr isotope 
compositions have been measured exclusively in the 
quest for isotopic anomalies in the radiogenic nuclide 
53Mn [8, 9]. The main goal of this study is to measure 
the isotopic compositions of the stable isotopes of Cr 
in ordinary chondrites and carbonaceous chondrites 
(CI, CV, CO, CM and CK) by MC-ICP-MS and 
understand how they fractionated in the solar nebula.  

Samples and analytical methods:  We analyzed 
the Cr isotopic composition of the whole-rocks of 7 
carbonaceous chondrites from the different major 
groups: Orgueil (CI), Dar al Gani 749 (CO), 
Ningqiang (CK), Vigarano (CV), Lance (CO), Cold 
Bokkeveld (CM) and Murchison (CM), 5 ordinary 
chondrites: Nadiabondi (H4), Forest City (H4), 
Ausson (L5), Tuxtuac (LL5), Dimmit (H3.5) as well 
as 6 single chondrules from Chainpur (LL3). One 
terrestrial olivine from the San Carlos peridotite has 
also been analyzed. For the meteorites, almost 30 mg 
of powders have been dissolved in a mixture of 
HNO3/HF under pressure. The Cr purification is 
adapted from [9] by using cation-exchange chemistry 
with ~100% yield. The samples were run on the Nu 
Plasma HR in UC Davis coupled with a desolvating 
nebulizer DSN-100 and isobaric interferences from 
oxides and chlorines were corrected using the 
pseudo-high resolution mode. The absence of 
isotopic fractionation induced by the chemical 
purification has been double checked by 1) 
processing the standard through the column and 2) 
running one sample (Lance) several times through the 
columns. In both cases, no difference in the measured 
isotopic ratio has been observed. The typical external 
reproducibility is evaluated through 10 replicated 
analysis of Vigarano and is around 50 ppm on both 
δ50/52Cr/(-2) and δ53/52Cr. The total blank of the 
chemistry is <1ng which is negligible. 

Results and discussions:  The isotopic 
fractionation of Cr is reported in per mass unit as 
δCr/amu=δ50/52Cr/(-2). The full range of mass 
fractionation in chondrites (bulk rock + single 
chondrules) is about 0.40 permil per mass unit (Fig. 

1). As for Cu [7] and Zn [3], the mean isotopic 
composition of Cr in chondrites seems to be distinct 
between different chemical groups. The 
carbonaceous chondrites are isotopically lighter than 
ordinary chondrites: in average δCr/amu = -0.23 ± 
0.02 ‰ for the ordinary chondrites and δCr/amu = 
-0.35 ± 0.03 ‰ for the carbonaceous chondrites.  
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Fig.1: δ53/52Cr vs δ50/52Cr/(-2) in chondrites. 53Cr 
anomalies have been corrected using an exponential 
law. The error bar is 2σmean based on repeated 
measurements. 

Correlation of δCr with δZn, δCu and Δ17O 
The differences in Δ17O among the carbonaceous 

and ordinary chondrites show that the building blocks 
of the different parent bodies contain components 
with a distinct origin [10, 11, 12]. The present results 
show that Cr from CI, CM, CO, CV and CK originate 
from pools of material isotopically fractionated from 
each other, which also reinforces previous 
conclusions based on Cu [7] and Zn [3]. The negative 
correlation between Cr and Zn, Cu isotopes (Fig.2) 
and Δ17O (Fig.3) suggests a two end-member mixing 
in the early solar nebula. A first component enriched 
in light isotope of Cr and heavy isotopes of Zn, Cu 
and O and a second component enriched in heavy 
isotopes of Cr and light isotopes of Zn, Cu and O.  

Evaporation of a CI-like material or incomplete 
condensation 
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In carbonaceous chondrites volatile elements are 
progressively depleted in the order CI-CM-CO-CV-
CK [13]. Although Cr is not as volatile element as are 
Zn or Mn, it shows a similar depletion pattern [14]. 
This fractionation from CI to CK has been interpreted 
as either evaporation of CI-like material [15] or 
incomplete condensation [16]. The standard isotope 
fractionation theory [17] holds that bonds with a deep 
and narrow potential well (‘hard’ bonds) concentrate 
the heavy isotopes. Condensed phases therefore 
usually are isotopically heavier than the coexisting 
gas phase. It is expected that, as long as the vapor is 
in equilibrium with the solid surface, the light isotope 
should be depleted with respect to the ambient vapor, 
regardless of whether the origin of the volatility trend 
is incomplete condensation or volatilization residues. 
Therefore for moderately volatile elements including 
Cr, both processes should have enriched the heavier 

 

Fig.2: δCu/amu and δZn/amu vs δCr/amu in 
carbonaceous chondrites. 
 

 

Fig.3: Δ17O vs δCr/amu in carbonaceous chondrites. 
 

isotopes progressively from CI to CK. The lack of K 
isotopic fractionation in the wide range of planetary 

materials investigated so far does not support this 
simple expectation [18]. However, Cr isotopes follow 
such a volatility trend. Heavy isotopes of Cr isotopes 
are enriched progressively from CI (-0.43 ‰) to CK 
(-0.22 ‰). This volatile depletion trend is represented 
in Fig. 4 by plotting δCr/amu versus Cr/X, where X 
represents a refractory lithophile element (e.g. Mg). 
Six chondrule samples from Chainpur (LL3.4) show 
heavy isotope enrichment, plotting close to zero 
value in Fig. 1. This volatility trend could not be 
modeled by simple Rayleigh distillation processes, 
however. The magnitude of the observed 
fractionation is much smaller than that predicted by 
Rayleigh law. 
 

 
Fig.4: δCr/amu vs Cr/Mg ratio for carbonaceous 
chondrites. The progressive decreased of the Cr/Mg 
ratio from CI to CV reflects a volatile depletion in Cr. 
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