
DISTRIBUTIONS OF CHEMICAL, ISOTOPIC, AND STRUCTURAL COMPOSITIONS OF PRESOLAR 
SILICON CARBIDE GRAINS. N. Liu1, A. Steele2, C. M. O’D. Alexander2, L. R. Nittler2, and J. Barosch2. 
1Department of Physics, Washington University in St. Louis, St. Louis, MO 63130, USA, nliu@physics.wustl.edu, 
2Earth and Planets Laboratory, Carnegie Institution for Science, Washington, DC 20015, USA. 

 
Introduction: Silicon carbide (SiC) is a particularly 

interesting phase because more than a hundred different 
polytypes can be formed in the laboratory. The formation 
of these polytypes depends strongly on growth 
conditions (e.g., temperature, pressure). Previous 
coordinated Raman and TEM studies of 11 presolar SiC 
[1,2] showed that Raman spectra can generally be used 
to identify cubic (3C) SiC, but sometimes misidentifies 
it as non-3C or highly disordered 3C SiC for reasons that 
remain unclear and we explore here.  

Fig. 1. Raman spectra of mainstream SiC grains. 

Methods: The SiC grains in this study were extracted 
from Murchison (CM2) using procedures described in 
[3], and then dispersed on a high purity Au mount. SiC 
grains on the mount were first identified by automatic 
SEM-EDX particle analyses. Raman spectra were then 
acquired from well-separated SiC grains using a WITec 
multi-function scanning probe microscope. Finally, the 
C and Si isotopic ratios of the grains were measured with 

the WashU NanoSIMS 50 ion microprobe. We adopted 
the analytical procedures given in [1], except that for the 
Raman analyses we used a different grating that covers a 
narrower spectral range (370-1470 cm-1) but at a 
resolution that is three times higher. Also, upgrades to 
the WITec microscope have resulted in a 16 times higher 
signal-to-noise ratio.   

Fig. 2. Plot of Raman TO peak position versus Full Width at 
Half Maximum (FWHM) (1s errors). Non-MS grain data are 
compared to the probability distribution (in gray-scale color 
map) of MS grain data. The dashed lines represent theoretical 
predictions for the TO peak positions of different SiC polytypes. 
Grains with multiple TO peaks were shown as different 
symbols but in the same color. 

Results: We obtained coordinated high-resolution 
SEM images, EDX elemental data, Raman spectra, and 
NanoSIMS C and Si isotopic data for 292 grains ≥1 µm 
in size, including 243 mainstream (MS), 17 AB, 12 Z, 11 
X, and 9 Y grains. Figure 1 summarizes representative 
Raman spectra, which are consistent with literature 
spectra for corresponding SiC polytypes synthesized in 
the laboratory [4]. We did not observe some of the fine 
Raman features (multiple adjacent peaks in Fig. 1b-e) in 
our previous study [1], likely because of the poorer 
signal-to-noise ratio and spectral resolution. The Raman 
spectra acquired in this study thus allow for a more 
definitive identification of SiC polytypes. 

Discussion: Out of 243 MS grains, 193 grains 
(79.4%) exhibit the types of spectra in Fig. 1a,b, pointing 
to 3C SiC. This is consistent with previous TEM results 
for sub-micron SiC grains that 3C is the dominant 
polytype [5]. The dominance of 3C among MS SiC is 
illustrated in the probability distribution of our MS grain 

A3-0768
(3C)

798.3

974.4

A5-4018
(3C)

A1-0463
(2H,4H intergrown)765.1

777.0 798.9

A5-4714
(6H)

769.7

791.2

797.9

A7-703
(15R)

773.8

789.3

800.5

797.1 804.1

971.9

966.9

Ar
bi

tra
ry

 U
ni

t

520 600 680 760 840 920 1000 1080 1160

Wavenumber (cm-1)

(a)

(b)

(c)

(d)

(e)

Transverse Optical 
(TO) Peak Longitudinal Optical 

(LO) Peak

3C

6H

15R

4H

2H

1434.pdf53rd Lunar and Planetary Science Conference (2022)



data in Fig. 2. Although the TEM study [5] showed that 
the only other polytype present is 2H (and its intergrowth 
with 3C), our Raman spectra point to the presence of 
diverse polytypes: (2H, 4H) intergrowth for 17 (7.0%), 
15R for two, 2H for one, 4H for one, and 6H for one of 
our MS grains; the polytypes of the other 28 grains 
remain inconclusive based on the Raman spectra.  

Fig. 3. Plot of P1/P2 ratio versus Al content. The linear fit was 
obtained by excluding two MS grains in yellow shaded area. 

Laboratory experiments demonstrate that 3C SiC 
exibits a single TO peak (P1) at ~799 cm-1 [4]. However, 
30 of our MS SiC grains had an extra peak at higher 
wavenumbers (P2) (Fig. 1b). These probably correspond 
to 3C MS grains with upper shifted, broadened TO peaks 
in our previous study [1] which lacked the spectral 
resolution to resolve the two peaks. Laboratory 
experiments have shown that with increasing 
concentrations the Raman spectra of Al- and N-doped 
SiC samples shift to higher wavenumbers [6]. Consistent 
with this observation, we showed in [1] that 3C MS 
grains with upper shifted, broadened TO peaks all have 
>3 wt.% N. These results suggest that the extra P2 peak 
in Fig. 1b could be caused by the presence of both Al and 
N as Al and N contents were shown to roughly correlate 
in presolar SiC grains [7]. To test this hypothesis, we 
deconvolved the double-peak structures for 23 of the 30 
grains and calculated the ratios of the P1 to P2 peak 
heights, which are plotted in Fig. 3 against the Al 
contents based on the SEM-EDX analyses. The P1/P2 
ratios of the other seven grains are affected significantly 
by spectral background subtraction and thus unreliable. 
The trend in Fig. 3 has a correlation coefficient (R) value 
of -0.62 and -0.86 if two grains without any Al (within 
the yellow area in Fig. 3) are excluded. This suggests that 
the P2 peak is indeed related to the presence of Al. 
However, we also observed 3C MS SiC grains with 
single, narrow TO peaks but >1 wt% Al. We plan to 
examine their Raman spectra in more depth and measure 

their trace element concentrations using NanoSIMS to 
reach a more definitive conclusion. 

Figure 2 reveals differences in the Raman features 
between MS grains and non-MS grains. (1) AB grains 
(12C/13C £ 13) exhibit lower shifted, broadened TO 
peaks, mainly because they have increased molecular 
weights due to their large 13C enrichments. The TO peaks 
of two of the AB grains, however, deviate from the 
predicted peak positions based on virtual crystal 
approximation by -4.9 and -6.8 cm-1, which could 
imply additional crystal impurities/defects and/or non-
3C polytypes. (2) X grains exhibit a distribution that is 
greatly shifted to lower peak positions and larger peak 
widths and almost has no overlap with the high 
probability region of MS grains (Fig. 2). While the 
Raman spectra point to three 3C, two 6H or 15R, and one 
(2H, 4H) intergrowth, those of the other five X grains are 
significantly broadened (³30 cm-1). Their polytype 
assignments remain uncertain as our previous 
coordinated Raman-TEM study [2] showed that grains 
with such Raman features could correspond to 3C, (3C, 
#H) intergrown, or non-3C SiC grains. (3) Y and Z grains 
also seem to exhibit distributions that differ from that of 
MS grains, which could provide additional evidence to 
support that Y and Z grains condensed in carbon stars 
that differ from the parent stars of MS grains. 

Conclusions: We have obtained the largest dataset 
for coordinated chemical, isotopic, and structural 
analyses of presolar SiC grains. While our Raman data 
agree with previous TEM results for submicron grains 
[5] that 3C SiC is the dominant polytype among presolar 
SiC, we found that (2H, 4H) intergrown SiC is the 
second most abundant type (³6.5%), in contrast to the 
(2H, 3C) intergrown SiC suggested by the prior study 
[5]. Since among all SiC polytypes 2H and 3C are 
predicted to condense at the lowest temperatures, our 
results imply that micron SiC condensed at higher 
temperatures and/or higher pressures than submicron 
SiC. Also, we confirmed our previous observations [1] 
that AB and X grains show Raman features that are 
different from MS grains, resulting from isotopic effects 
and structural differences, respectively. Finally, for the 
first time, we observed that Y and Z grains also seem to 
have Raman features that differ from MS grains, 
implying different stellar condensation environments.  
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