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Chromium in presolar SiC

B Test models of stellar nucleosynthesis in iron peak.
M Infer the chemical state of the galaxy >4.5 Ga ago.
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SiC stardust grain isotopic classifications
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Y grains  ~1%
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Zinner E. Annu. Rev. Earth Planet. Sci. (1998)

* Different classes of grains represent different classes of stars.
* Each grain contains an isotopic record of nucleosyntbesis in a particular star.
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Resonance Ionization Mass Spectrometry ‘

CHARISMA:

CHicago-Argonne Resonance Ionization Spectrometer for Micro-Analysis
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s-Process signature in mainstream grains
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Chromium 3-isotope plots

Isotopic anomalies much smaller than in heavier elements
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* One anomalous grain (°°Cr/°Cr)
» Small deficits in °°Cr & >Cr in most grains

« 3Cr is normal or perhaps slightly enhanced
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Anomalous (non-mainstream) grain
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Mainstream grains & AGB models
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Mainstream SiC grains largely preserve the Cr isotopes present in the protostellar nebulae
of the parent stars, especially °Cr and *>Cr (Davis et al. 2009)

=> The ISM was slightly richer in *°Cr at the time these stars formed
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(Galactic Chemical Evolution of Cr

Cr abundance evolution:
IMF-weighted averages of SNII + HN
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Kobayashi et al. (2006)

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

Nuclei in the Cosmos XI July 2010



(Galactic Chemical Evolution of Cr

Cr isotopic evolution:

l T IMF-weighted averages of SNII + HN
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From Kobayashi et al. (2006)

SNII + HN Cr production is not a strong function of metallicity...
...but Cr isotopic composition is
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Mainstream SiC grains + mixing models
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* AGB component removed from grain data
* SN models from Kobayashi et al. (2006):
Salpeter IMF, M = 0.07 - 50 Mg, log(Z/Z5) =0 & -0.7
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Summary & Conclusions

* Presolar SiC grains show slight deficits in >°Cr & 3Cr and
normal or perhaps slightly enhanced >*Cr
= The ISM was slightly richer in >>Cr when these stars formed
 Best candidate for our non-mainstream grain is the inner region
of a 25 M SNII, though more data 1s needed
* Deviation from simple SN mixing line requires adjustments to
more than one 1sotope

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 DEACo2-06CH11357.

Nuclei in the Cosmos XI July 2010



The **Cr anomaly in meteorites
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fﬂ:, a3l B :::égﬁ;‘de FIG. 2. Display of *Cr anomalies plotted against sample number (sequence
w —ALancé of progressive leach/dissolution steps) for whole rock Orgueil samples O-1
2t (top) and O-III (bottom). Data from Table 2.
1 | Allende WR ' _
Félix WR R
T — Podosek et al. (1997)
1 2 3 4 5
leachate fractions
— increasing acid strength —
carbonates, metal silicates refractory o o o o
Sllohates, elements SiC is not dissolved in these
sulphides

procedures, the pattern could reflect
the inverse of the SiC composition

Fig. 1.—The €*Cr heterogeneity among sequentially dissolved fractions of
bulk carbonaceous chondrites measured in this study. Procedure I (Rotaru et al.

Trinquier et al. (2007)
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Sample mount with standards

Murchison presolar SiC grain mount RWBG-1
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SiC does not carry the >*Cr anomaly in meteorites

60
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FIG. 2. Display of >*Cr anomalies plotted against sample number (sequence ) 50 50 53 5'4
of progressive leach/dissolution steps) for whole rock Orgueil samples O-1
(top) and O-III (bottom). Data from Table 2. mass
Podosek et al. (1997) This work: weighted averages of 20 grains

« 34Cr in SiC is normal or perhaps slightly positive - would have to
be strongly negative to account for the anomaly
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How to find stardust

A
IMURCHISON K | [JA4
UJ RCH!SON HF-HCI; HCI
Victoria, Australia Methanol
69, September 28, 1058 hrs KOH Toluene
bonaceous chondrite (CM2) KO Cr,0°
yown weight ~ 100kg HCI HFZ‘H7CI; HCI
Ha0z ; NH3 KOH ; H30,
Cra077 Colloid Sepn.
KC2]Heodl KC1 KC |.__sediment |
Digm. Colloid Sedim.
Density :Sepuralion
KD KEX| [EKE KG KH*
photo by : Tim Heitz g/ml 1516 16-205| |205-2.3 ~2.3 >2.3
ppm 7 >42 075 2280
Size :Sepn. Den'sity Seporation HCIO4
KET| [KEZ| | [_KFDA| [ KPEX| (KL | .
>l || <lum | | |220-225| |225-230 Stardust fraction isolated
ppm . I 1.0 ?.63 NaOH .
KFA +| [ KFB*| [ KFC_*|[ KI7 from the rocky matrix
g/ml 2.05-210 210-2.15 2.15-2.20 SiC
ppm 08! 073 1.0 6.6
Size Separgtion
KFAI |[KFA2 K KFC2] size
£m > <l > <l > < Sepn.
ppm OA22!l 0.5 044 |
KJA][KUB] [KJC | [KID | [KVE ] [KJF ] IKJG | [KJH] [KUT
pm 05-11 ] .1-2|{2-3]||3-5|5-8]|8-15]}15-3 || 3-5||>5
ppm |02 197 | LI | 1214]]0.97, [031,]]036,]{0.10,/
FIG. 2. Flow chart of K series procedure. Heavy outlines mark
fractions highly enriched in interstellar grains. KC2 = diamond; KJ
= SiC; KEI, KFAL, KFBI, KFCI1 = graphite. Fractions marked by
a star were analyzed for noble gases but not all such analyses will be
published. .
. || i 6,000 A!ll
The MurChlson Scalebaris 1 pm. (Photo courtesy of S, Amari)
meteorite Amari S., Lewis R. S., and Anders E. (1994) SiC

Geochim. Cosmochim. Acta 58, 459-470.
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Cr/Fe discrimination

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