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Introduction:  Most presolar SiC grains (>90%) 

derive from Asymptotic Giant Branch (AGB) stars, 
which are the main source of s-process nuclides in the 
galaxy. Such grains are one source of Cr in the early 
solar system. Chromium isotopic anomalies have been 
noted in acid leachates from several meteorites [1-7]. 
The anomaly is widespread and heterogeneous, with 
whole-rock leachates of carbonaceous chondrites 
showing a 54Cr excess, while differentiated meteorites 
and ordinary chondrites generally show small 54Cr 
deficits [1,7]. The carrier phase of the positive 54Cr 
anomaly in carbonaceous chondrites is presently un-
known, but may reside in small (<200 nm diameter) 
chromite and Cr-rich spinel grains with relatively high 
54Cr excesses (100–300 ‰) [6]. In addition to excesses 
of 54Cr, Murchison insoluble organic matter acid 
leachates also show small (~0.1 ‰) 53Cr deficits [5]. 
Isotopic anomalies in some acid leachates have been 
interpreted as due to incomplete dissolution of presolar 
SiC grains [8]. Therefore, a measurement of the Cr 
isotopic composition of presolar SiC grains should aid 
in understanding the various Cr contributors to the 
solar nebula and may help to constrain the carrier 
phase of the Cr anomaly in meteorites. 

We report chromium isotopic compositions in 

presolar SiC grains from the Murchison meteorite. We 
reported initial results on Cr isotopic compositions in 
presolar SiC previously [9, 10]. In this report we add 
several new grains and normalize the data from one of 
the previous reports [10] to 52Cr rather than 50Cr.  

Experimental: SiC grains were isolated from the 
Murchison meteorite using a modified procedure [9]. 
In particular, the use of Cr2O7

– to oxidize organic mat-
ter was avoided in order to prevent contaminating the 
grains with terrestrial Cr. In addition, W contamination 
was avoided by doing away with the density separation 
that uses a Na6(H2W12O40) solution. Grains from the 
2–4 μm size fraction were pressed into a high purity 
gold foil, and micron-sized synthetic Cr2C3 grains 
were later dispersed and pressed onto the same foil for 
use as terrestrial standards.  

The Si, C, and N isotopic compositions of these 
grains are unknown, but as >90% of meteoritic SiC 
grains are mainstream we assume that all or nearly all 
of the 20 grains presented here are mainstream and as 
such originated from AGB stars and bear s-process 
signatures.  

Chromium isotopic compositions were measured 
by Resonance Ionization Mass Spectrometry (RIMS) 
using techniques specifically developed for Cr as de-
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Figure 1: Three-isotope plot of δ50Cr vs. δ 53Cr. 
Presolar SiC grains are shown in black and terrestrial 
Cr3C2 grains are shown in red. All uncertainties are 
1σ. The green star symbols are predictions of AGB 
nucleosynthesis models. 

Figure 2: Three-isotope plot of δ54Cr vs. δ 53Cr. 
Presolar SiC grains are shown in black and terrestrial 
Cr3C2 grains are shown in red. All uncertainties are 
1σ. The green star symbols are predictions of AGB 
nucleosynthesis models. 
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scribed in detail elsewhere [9]. Presolar SiC Cr iso-
topic compositions were referenced to 52Cr and nor-
malized to the terrestrial Cr2C3 grains. Standards were 
measured several times each day to account for in-
strumental fractionation. We report on 20 grains, 14 of 
which were reported previously [10], and six of which 
are new. Because the isotopic compositions are now 
referenced to 52Cr as opposed to 50Cr, four of the 
grains from the previous study are excluded from this 
report because of known problems in undercounting 
the 52Cr in the standards associated with those particu-
lar grains. (The 53Cr/50Cr and 54Cr/50Cr ratios in those 
four grains were included in the previous study [10]).  

Results and Discussion:  Figures 1 and 2 are 
three-isotope plots of the measured Cr isotopic compo-
sitions of the individual SiC grains (black) and the 
Cr3C2 standards (red), together with the predictions of 
two AGB nucleosynthesis models [11]. The delta-
values for the SiC and Cr3C2 grains are referenced to 
the mean of the standards measurements for any given 
day. Thus both the SiC and Cr3C2 on the figures are 
referenced to the same values, and the difference be-
tween the two is apparent. The spread in Cr isotopic 
compositions in SiC is much larger than the corre-
sponding spread among the standard grains. Many 
have resolvable deficits of 50Cr and 53Cr and therefore 
cluster in the lower left quadrant of Fig. 1. Mass frac-
tionation would produce a line of slope -2, which is 
clearly not the case. Figure 2 shows that the measured 
δ54Cr values are indistinguishable from the terrestrial 
value within the experimental uncertainties. The mass 
fractionation line in Fig. 2 would have a slope of +2. 

The measured Cr isotopic composition in these 
grains indicates that incomplete dissolution of SiC is 
not the source of the meteorite leachate Cr anomaly, 
which would require presolar SiC to have an excess of 
53Cr and a deficit of 54Cr. Indeed, presolar SiC is gen-
erally poor in Cr (~1 ppm; K. B. Knight, [12] and un-
published results), so even if the SiC grains had a large 
deficit of 54Cr the effect of incomplete dissolution 
would be small. 

One of the grains shows a large 50Cr excess (246 ± 
49‰, Fig. 1) but no corresponding anomaly in either 
53Cr or 54Cr. The 50Cr/52Cr ratio did not vary signifi-
cantly during the data acquisition period for this grain 
(~45 minutes), ruling out the possibility that the anom-
aly is due to a subgrain. We tentatively conclude that 
this is not a mainstream grain and therefore is derived 
from a stellar source other than an AGB star. 

The two model predictions plotted on Figures 1 
and 2 were calculated by different but related methods. 
One was a post-processing model that used the output 
of an AGB stellar evolution model as a starting point 

for nucleosynthesis calculations, while the other in-
cluded a full nuclear network for nucleosynthesis cal-
culations within the AGB stellar evolution model. 
Both give similar results. The post-process model pre-
dicts slightly lower delta-values for 50Cr (–10‰ vs. –
20‰) and 54Cr (+80‰ vs. +110‰), while both give 
essentially zero for δ53Cr. The values plotted on Fig-
ures 1 and 2 are for the last thermal pulse of 2 M  
stars. Given that roughly half of the mass loss occurs 
during the last thermal pulse this is close to the aver-
age value of all thermal pulses with C/O > 1. The ap-
parent disagreement with the grain data suggests that 
the original Cr isotopic composition of AGB stars is 
largely preserved in the grains. The production of all 
of the Cr isotopes is dominated by contributions from 
Type I and II supernovae. Such stars produced most of 
the Cr in the solar system and in the parent stars of the 
SiC grains analyzed here. Internal processes modify Cr 
isotopic compositions in AGB stars to a rather limited 
extent, so the compositions observed here are likely 
inherited from a prior generation of stars and indicate 
some heterogeneity in the sources of Cr for the parent 
AGB stars. Such heterogeneity is also suggested by 
data for Fe and Ni isotopes in mainstream presolar SiC 
grains [13]. 
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