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Chromium in presolar SiC"

 Test models of stellar nucleosynthesis in iron peak. 

  Infer the chemical state of the galaxy >4.5 Ga ago.
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SiC stardust grain isotopic classifications"

• Different classes of grains represent different classes of stars."
•  Each grain contains an isotopic record of nucleosynthesis in a particular star."

Zinner E. Annu. Rev. Earth Planet. Sci. (1998) 

Mainstream SiC grains: "
• well-studied & well understood"
•  produced by low mass AGB stars

 (~1.5 - 3 M)"
•  show strong s-process signatures"
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CHARISMA: �
CHicago-Argonne Resonance Ionization Spectrometer for Micro-Analysis!

Resonance Ionization Mass Spectrometry"
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s-Process signature in mainstream grains"

Mo data from Barzyk, 2007"

•  Mo isotopes show strong�
s-processing"

•  Excellent agreement with AGB
 models from Gallino et al. "

•  Similar results for Zr, Ba, Sr, Ru
 (Lugaro, 2003)"
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Chromium 3-isotope plots"

•  One anomalous grain (50Cr/52Cr) 
•  Small deficits in 50Cr & 53Cr in most grains 
•  54Cr is normal or perhaps slightly enhanced 

Non-mainstream 

Isotopic anomalies much smaller than in heavier elements"
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Anomalous (non-mainstream) grain"

Candidate progenitor:"
Inner zone of 25 M SNII"

•  However, it is difficult to explain
 the lack of anomalies in other
 isotopes"

⇒ Need C, N & Si isotopes"

Zinner E. Annu. Rev. Earth Planet. Sci. (1998) 

SNII data from Rauscher 2002"
(nucleosynthesis.org)"
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Mainstream grains & AGB models"

AGB model predictions: 
        δ50Cr = -20‰ 
        δ53Cr ~ 0‰ 
        δ54Cr = +110‰ 

Mainstream SiC grains largely preserve the Cr isotopes present in the protostellar nebulae
 of the parent stars, especially 50Cr and 53Cr (Davis et al. 2009) 

⇒ The ISM was slightly richer in 52Cr at the time these stars formed 
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Galactic Chemical Evolution of Cr"

Kobayashi et al. (2006) 

SNII + HN Cr production is not a strong function of metallicity... 

 ✩ 
 ✩ 

Cr abundance evolution:  
IMF-weighted averages of SNII + HN  
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Galactic Chemical Evolution of Cr"

Log (Z/Z) 

SNII + HN Cr production is not a strong function of metallicity... 
…but Cr isotopic composition is 

 ✩ 

Cr isotopic evolution:  
IMF-weighted averages of SNII + HN  

53Cr 

50Cr 

54Cr 

From Kobayashi et al. (2006) 

 ✩ 



Nuclei in the Cosmos XI July 2010" 11!

Mainstream SiC grains + mixing models"

SNII + HN 

SNIa 

•  AGB component removed from grain data 
•  SN models from Kobayashi et al. (2006):  

 Salpeter IMF, M = 0.07 - 50 M, log(Z/Z) = 0 & -0.7 

SNII + HN 

SNIa 

50Cr 54Cr 
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Summary & Conclusions"

•  Presolar SiC grains show slight deficits in 50Cr & 53Cr and
 normal or perhaps slightly enhanced 54Cr 

  ⇒ The ISM was slightly richer in 52Cr when these stars formed 
•  Best candidate for our non-mainstream grain is the inner region

 of a 25 M SNII, though more data is needed 
•  Deviation from simple SN mixing line requires adjustments to

 more than one isotope  

Our work is supported by the NASA Cosmochemistry program, through grants to Argonne
 National Laboratory and the University of Chicago, and by the US Dept. of Energy, BES
-Materials Sciences, under contract DEAC02-06CH11357. "
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The 54Cr anomaly in meteorites"

Trinquier et al. (2007) 

Podosek et al. (1997) 

SiC is not dissolved in these
 procedures, the pattern could reflect
 the inverse of the SiC composition  
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Sample mount with standards"

Murchison presolar SiC grain mount RWB6-1


100 µm  
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SiC does not carry the 54Cr anomaly in meteorites"

Podosek et al. (1997) This work: weighted averages of 20 grains 

•  54Cr in SiC is normal or perhaps slightly positive - would have to
 be strongly negative to account for the anomaly 
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Amari S., Lewis R. S., and Anders E. (1994) 
Geochim. Cosmochim. Acta 58, 459-470."

The Murchison 
meteorite"

Stardust fraction isolated 
from the rocky matrix"

SiC 

How to find stardust"
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6x106 counts Cr


100 counts Fe


Cr/Fe discrimination: 
~108 

Cr/Fe discrimination"

  NIST SRM 1246a: 660 ppm Cr / 980,000 ppm Fe



