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CHROMIUM ISOTOPES IN C CHONDRITES: ISOTOPIC HETEROGENEITY AND 
FURTHER EVIDENCE FOR EXTINCT 53Mn; M. Rotaru, J.L. Birck, and C.J Allkgre, 
Laboratoire de Gdochimie, IPG, 4 place Jussieu, 75252 Paris CedexO5. 

Cr isotopic measurements address 2 scientific issues: isotopic heterogeneity in the early 
solar system with the use of 54Cr and the decay of the short lived nuclide 53Mn with 53Cr.Earlier 
studies(l,2) have shown that large 54Cr isotopic anomalies are present in fractions obtained by 
stepwise dissolution of bulk samples of C1 and (22's. The present investigation covers a wider 
range of carbonaceous chondrites and includes also a refractory inclusion of the C3 Vigarano. 
Our earlier work also showed the presence of small variations in 53Cr. Here we report Mn and 
Cr concentration measurement performed on a number of fractions to see the relation of these 
variation to 53Mn decay. A improved procedure with an increased number of dissolution step 
was applied to Orgueil and Karoonda in order to obtain a better resolution in separating the 
different isotopic components present in these meteorites. 

RESULTS: 
Inclusions 1623-8 (3) of Vigarano (C3V): both 53Cr and 54Cr isotopic data are in the range 

of typical non-Fun Allende inclusions (4). So far the inclusions in the different C3's do not 
involve chromium isotopic reservoirs that differ from those found in Allen& alone. 

Cr isotopic effects in extracts of C chondrites: Large amplitude variations are present for 
both isotopes 53Cr and s4Cr (bottom figure). A consequence of these patterns is that the 
anomalies of the 2 isotopes are not correlated unless each class of carbonaceous chondrites 
formed from separated Cr nebular isotopic reservoirs, an unlikely possibility. 

54Cr: With the assumption that isotopic heterogeneity is measured by the difference 
between the extreme values of the 54CrP2Cr isotopic ratios found for a given meteorite, large 
isotopic heterogeneity is found in the Cls  and in the C2s (2). Both excesses and deficits are 
observed. It appears from the data obtained with the improved procedure on Orgueil (top figure) 
that no Cr or only insignificant amounts of Cr in the meteorite has normal isotopic composition at 
the microscopic scale. This could allready be suspected from earlier data (2). The budget of Cr in 
the different anomalous fractions makes up a bulk composition which is close to normal. 
Considering the isotopic heterogeneity of the materials constituting Orgueil, this meteorite is a 
good representative of the solar system mix of nucleosynthetic components as its bulk 
composition is close to the terrestrial value. As the metamorphic grade increases this 
heterogeneity decreases from C1 to C4 (table and ref2). In fact this decrease may be complex in 
details, since Karoonda (C04) contains some phase(s) containing minor amounts of Cr that have 
preserved a heterogeneity which is larger than that observed in Allende (2). This needs further 
investigation. One has also to take into account that some meteorites may have undergone 
significant Cr remobilisation through weathering e.g. Coolidge and Alais. As a concluding 
remark it is likely that all carbonaceous chondrites were initially as much or more heterogeneous 
than observed in Cls and that reequilibration occured to various extents in response to parent 
body metamorphism. With regard to the nature of the isotopic components that create the 
anomalies, the data in the Cls confirm the involvment of a reservoir(2) of very pure 54Cr: >98% 
is a conservative estimation. As discussed above the excess of this component in some mineral 
phases is compensated by deficits in others. 

53Cr: In former studies isotopic variations for this isotope have been found to be of 
smaller amplitude than those measured for 5 4 3 .  These effects however are clearly resolved as 
this isotopic abundance can be measured with very good precision (&0,3&). Excesses are found 
in the most solubles phases of the sample while deficits are only clearly resolved in Cls. The 
most striking observation is made in the C04 Karoonda whith an excess of 32 E. The magnitude 
of this anomaly is about 10 times higher than most previous measurement and 2 times higher 
than the 'Fun' inclusion EK141(5) . In 2 other dissolution experiments Mn&Cr concentrations 
were measured. Similar fractions have also been found (table). It is found that these effects 
correlate with the MnJCr ratio. Although 53Cr isotopic effects are smaller a correlation is also 
found in Orgueil. A linear correlation would be expected if 53Cr isotopic effects stem from 53Mn 
in situ decay.However at this point it would be premature to claim that these correlations are 
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isochrons because progressive leaching procedures can produce elemental fractionation which 
does not correspond to successive dissolution of different mineral phases especially in the case of 
C chondrites where the phyllosilicates can have ion exchange properties. Nevertheless t'!?ese 
results are clear evidence for effects related to the decay of 53Mn. The fact that the most striking 
effects are found in the C04 Karoonda, where on the other hand 54Cr has been largely 
rehomogeneized by parent body processes this is further evidence for in situ decay of 53Mn after 
the metamorphism. A similar experiment was run on the CV4 Coolidge: the data show only very 
small isotopic variations. Until the Mn-Cr concentrations are measured it is not possible to 
compare CV4 and C04 results.Some isotopic features may also be altered in Coolidge due to 
terrestrial weathering. 

CONCLUSION 
Chromium isotopic anomalies an order of magnitude larger than in C3 common inclusions 

are present in mineral phases of carbonaceous chondrites: they involve a component made up of 
almost ~ u r e  W r .    he level of 54Cr isotopic ORGUEIL SELECTIUE DISSOLUTION EHPERIMENT 
heterogeneity decreases from C1 to C4 120 , 
chondrites due to homogeneisation by parent . ~ r / % r  body metamorphism.Large 53Cr isotopic E 
anomalies are also present in the C04 so 
Karoonda: they constitute new evidence for 
the presence of 53Mn in primitive solar 
system materials. 
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