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Introduction: Following the classification scheme 
for presolar oxide grains [1], presolar silicates are 
generally divided into four different groups based on 
their O isotope systematics. Most of the Group I and II 
grains are likely from 1-2.5 M


red/asymptotic giant 

branch (RGB/AGB) stars as inferred from a compari-
son with astronomical observations and stellar models. 
There still is some uncertainty about the origin of 
Group IV grains (enhancements in 18O) for which an 
origin in Type II supernovae (SN) or high-metallicity 
AGB stars is debated. Furthermore, it is possible that 
some of the highly 17O enriched Group I silicates 
(17O/16O > 3.5x10-3) might have a distinct source, as 
their 17O enrichment lies at the upper end or even out-
side the range of model predictions for the first 
dredge-up in RGB stars. Through our ongoing search 
for presolar silicates in the carbonaceous chondrite 
Acfer 094 [2] we now have established a large sample 
of presolar silicate grains for further isotope studies. 
The major goals of this work were (i) to put further 
constraints on possible stellar sources of Group IV and 
extreme Group I grains by measuring their Si isotopic 
compositions and (ii) to broaden the still small Si iso-
tope data base of Group I and II silicates.

Experimental: The presolar silicates in this study 
have been found by oxygen ion imaging on a polished 
thin section of the Acfer 094 meteorite with the 
NanoSIMS at the MPI for Chemistry [2]. Si isotope 
measurements were made on 3x3 – 6x6 µm2 large 
fields around the grains of interest, for which secon-
dary ions of 16O, 17/18O and 28,29,30Si were acquired in 
multicollection mode. To minimize contributions from 
surrounding silicates, only the innermost 60-70% of 
pixels within the grain were selected for data reduc-
tion. The measured Si isotopic ratios of each grain 
were normalized to those of the whole ion image and 
expressed as -values (=deviation from the solar 
value). Counting statistical errors are 1-5 % for 
29Si/28Si and 1.5-6 % for 30Si/28Si.

Results and discussion: Group I/II silicates. 74% 
of the grains in this study are characterized by Group 
I/II O isotopic compositions (Fig. 1). The observed Si 
isotopic compositions range from -30‰ to 140‰ in 
29Si/28Si and from -40‰ to 110‰ in 30Si/28Si, as 
similarly observed in previous studies [3,4]. Most of 
the silicate grains fall to the left of the SiC main-
stream line which is thought to reflect the Galactic 
chemical evolution (GCE) of the Si isotopes both in 
time and space [5] (Fig. 2). If we assume that the GCE 
for Si isotopes of presolar silicates is not decoupled 

from that of SiC grains, we expect the silicate main-
stream line to fall parallel but shifted to the 30Si-poor 
side of the SiC mainstream line. The shift between the 
two lines is determined by the different fractions of s-
process Si (i.e. the secondary isotopes 29Si and 30Si)
from the He-intershell that is incorporated into the 
silicate and SiC grains. This amount of s-process Si is 
higher in the parent stars of SiC grains than in those 
of silicate grains [5]. We can thus define a silicate 
mainstream line by shifting the SiC mainstream line 
to the 30Si-poor side such that the same number of 
data points (excluding the extremely 17O-rich grains) 
lies on both sides of the line (Fig. 2). It is noteworthy 
that this line passes through solar Si. To quantify the 
effect of s-process Si dredge-up from our data we have 
to take into account the evolution of the Si isotopes in 
the envelope of low-mass AGB stars, which proceeds 
along lines with a slope between 0.2 and 0.7 depend-
ing on the model parameters. This results in a shift of 
29Si = 3-21 ‰ and 30Si = 17-30 ‰ (29,30Si = dif-
ference in permil to the initial stellar 29 /30Si/28Si ratio), 
which is in good agreement with predictions for s-
process Si dredge-up in AGB stars [5].

Group IV silicates. Five out of 7 Group IV silicates 
from this study lie in the lower left quadrant of the Si 
three-isotope-plot. This is the region occupied by SiC 
X and graphite grains from SNe (Fig. 2). The SN oli-
vine found by [6] also plots in this region. These Si 
isotopic signatures require contributions of material 
from the inner zones of Type II SNe where 28Si is pro-
duced in large quantities through O burning. To check 
whether the O and Si isotopic signatures of the Group 
IV grains of this study can be explained by specific SN 
mixing conditions we have explored the 15 M


Type 

II SN Model of [7] (www.nucleosynthesis.org). With 
most matter coming from the H zone (>90 %) and 
appropriate admixture from the Si/S, O/Ne, O/C, 
He/C, and He/N zones it is possible to qualitatively 
reproduce the O and Si isotope data of the silicate 
Group IV grains from this study. Similarly, O-, Mg-, 
and Ca-isotopic ratios of Group IV oxide grains can be 
well reproduced by SN mixing calculations [8].

Alternatively, high-metallicity, low-mass AGB 
stars as potential sources for the Group IV silicate 
grains are problematic. In grains from such stars one 
can expect to find roughly solar or higher than solar 
17O/18O ratios, which is in contrast to the grains of 
this study. Furthermore, the Group IV silicate grains 
plot to the low-metallicity end of the SiC mainstream 
line. For these reasons, we clearly favor a Type II SN 
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origin for the Group IV silicate grains, in agreement 
with previous suggestions [8-10].

Extreme Group I silicates. Two presolar silicates 
of this study have a 17O/16O ratio of >3.5x10-3. To-
gether with a silicate of uncommon perovskite-like 
structure found recently [11] and two other highly 17O 
enriched silicates [4,12], this sub-group is clearly 
separated from the bulk of Group I silicates (Fig. 1). 
The two grains from this study show higher than solar 
30Si/28Si and close-to-solar 29Si/28Si and therefore lie 
in the region occupied by SiC Y or Z grains (Fig. 2), 
whose Si isotopic compositions are explained by n-
capture reactions in low metallicity AGB stars [13, 
14]. The O isotopic ratios of the two silicate grains, 
however, favor an origin in a ~2.5-3 M


RGB/AGB 

star of close-to-solar metallicity. Model calculations 
[5] predict much smaller shifts in 30Si if C/O = 1, i.e. 
when silicates may form, than observed in the two 
grains. Thus, alternative explanations are needed.

Nittler & Hoppe (2005) [15] have considered a 
nova origin for the presolar corundum T54 with the 
highest 17O enrichment ever reported (17O/16O = 1.4 x 
10-2). A possible nova origin has also been suggested
for the extremely 17O enriched perovskite-like silicate 
[11]. For the two extremely 17O-rich presolar silicates 
of this study a direct origin from novae seems 
unlikely. ONe nova models can qualitatively account 
for the observed O- and Si-isotopic signatures but a 
quantitative comparison reveals large discrepancies. 

Figure 1. O isotopic ratios (1 error bars) of presolar sili-
cate grains for which also Si isotopic ratios have been 
measured (NanoSIMS only) from this study and the litera-
ture (grey symbols). One 17O depleted grain from [4] and the 
supernova olivine from [6] are not shown (off-scale).

Recently, binary systems consisting of a nova and 
a main sequence star have been considered to account 
for the O isotopic signatures of highly 17O enriched 
grains [8]. A mass transfer from an ONe nova could 
heavily enrich the envelope of the companion star 
with 17O and 30Si while leaving the abundances of 18O 
and 29Si largely unaffected. Clearly, more isotope data 
(O, Si, and other elements) on the extremely 17O-rich 
grains are needed to further test this scenario.
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Figure 2. Si isotopic ratios of presolar silicate grains from 
this study and from the literature. Symbols are the same as 
in Fig. 1, error bars are 1.
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