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Introduction:  Primitive Solar System materials 

contain small quantities of presolar grains that formed 
in the winds of evolved stars or in the ejecta of stellar 
explosions [1]. Most abundant are grains from low-
mass AGB stars. Relative contributions from Type II 
supernovae (SNeII) vary with mineralogy and are ~10-
15% for the most abundant stardust mineral, the sili-
cates. The majority of identified O-rich supernova 
grains exhibit enrichments in 18O and a range of 
17O/16O ratios [2-4]. This is surprising because the O-
rich zones in SNeII show large isotopic overabun-
dances in 16O [5]. Up to date only two oxide grains 
with large 16O enrichments were found [6-7]. It was 
speculated that most 16O-rich grains might be too small 
to be detected by current in-situ analysis techniques. 
Support for this view comes from the recent discovery 
of huge 54Cr enrichments, a signature of O-rich SNII 
zones, in acid-resitant residues from Orgueil, most 
likely associated with small spinel grains [8-9]. 

To persue this possibility further we report here re-
sults from a high-resolution NanoSIMS oxygen ion 
imaging survey of matrix material in the Acfer 094 
meteorite, known to host large amounts of presolar O-
rich dust [2, 4], set up in a way that permits identifica-
tion of presolar grains with sizes of <100 nm. 

Experimental:  NanoSIMS ion imaging is usually 
performed with 100 nm primary beam size (defined as 
encompassing 68% of beam current) [e.g., 4]. Under 
optimized conditions, however, it is possible to 
achieve smaller beam sizes which permits to do studies 
with spatial resolution of 30 nm on “perfect” samples 
(Fig. 1, left) and of 50 nm on geological samples, e.g., 
the Acfer 094 matrix (Fig. 1, right). The higher spatial 
resolution requires lower primary currents and in order 
to achieve sufficient precision for O isotope measure-
ments at <100 nm scales, image acquisition times have 
to be increased compared to what is usually used.  

 

  
Figure 1. Negative secondary ion images of 12C14N in a 
synthetic TiCN sample (left) and of 17O/16O in Acfer 094 
(right). Fields of view: 3 x 3 m2 (left) and 5 x 5 m2 (right).  

About 1620 m2 of fine-grained matrix material, 
identified in secondary electron images with our Leo 
1530 FE-SEM, were analyzed in the Acfer 094 mete-
orite with about 50 nm spatial resolution. Negative 
secondary ion images (256 x 256 pixels) of 16,17,18O, 
28Si, and 27Al16O, produced by rastering a 0.1-0.2 pA 
Cs+ primary ion beam over 5 x 5 m2-sized areas, were 
acquired in multi-collection. Integration times were 
130 minutes per image, sub-divided into 6 image 
planes. For comparison, about 930 m2 of matrix ma-
terial in the Allende CV3 meteorite, known to contain 
only low presolar grain abundances besides nanodia-
monds [10], was scanned under identical conditions. 

Results and Discussion:  Visual inspection of in-
dividual 17O/16O and 18O/16O ion images in Acfer 094 
revealed 3 presolar silicates in the size range 140-350 
nm. Two of these grains are Group 1 grains (“Hotspot“ 
in Fig. 1, right) and one is a Group 4 grain (for a defi-
nition of O isotope Groups, see [11]). These 3 grains 
represent an abundance of presolar silicate dust of 
~100 ppm, which is in line with previously reported 
values for Acfer 094 [2, 4]. Presolar grains in the <100 
nm size range can hardly be detected by visual inspec-
tion of ion images. Instead, we performed a statistical 
analysis by sub-dividing individual images into 4 x 4 
pixel-sized grid elements (corresponding to 70 nm side 
length) for which O isotope ratios were calculated. 
Grid elements that show O isotope anomalies at a sig-
nificance level >4 can be considered potential preso-
lar grain candidates. The significance level was calcu-
lated in three steps: (i) Based on the number of counts 
for 16O in individual grid elements the number of 17,18O 
counts were calculated assuming a Solar System com-
position (acalc). (ii) From a comparison between acalc 
and measured 17,18O counts (ameas) the (cumulative) 
probability p of finding  ameas counts based on a Pois-
son distribution was calculated. (iii) Finally, p was 
converted to a significance level by calculating the 
inverse cumulative Normal distribution with mean = 0 
and standard deviation = 1. This approach was tested 
with the Allende data. Out of ~120’000 grid elements, 
12 showed 17O/16O or 18O/16O anomalies of >4, com-
pared with 16 expected statistical outliers (a fraction of 
1.3 x 10-4 should fall outside the 4 limits for inde-
pendent 17O/16O and 18O/16O). This finding is consis-
tent with the view that Allende is essentially void of 
presolar (O-rich) dust. 
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For Acfer 094 O isotope data of ~250’000 grid ele-
ments were calculated. Based on statistics alone, 32 
grid elements are expected to fall outside 4 and <1 
outside 5. None of our Acfer 094 grid elements 
shows O isotope anomalies >5 and 29 fall outside 4 
when the >100 nm-sized presolar grains are ignored 
(Fig. 2). This is fully compatible with the expected 
number of statistical outliers, i.e., there is no clear in-
dication for presolar O-rich grains with sizes <100 nm. 

 

 
Figure 2. Significance levels of 17O/16O and 18O/16O anoma-
lies of ~250’000 70 nm-sized areas in Acfer 094. 29 points 
with anomalies >4 are shown in red. 

 
A crucial point is whether O isotope anomalies can 

be identified at all at the 70 nm scale with our ap-
proach. Only at the  significance level statistical 
outliers can be largely excluded. However, presolar 
grain candidates could be identified with certain confi-
dence at the 4 significance level if their number ex-
ceeds the number of expected statistical outliers. The 
typical grid element has 65’000 16O counts, i.e, 25 
counts for 17O and 130 counts for 18O. Based on Pois-
son statistics >4 anomalies correspond to 17O/16O > 
7.2 x 10-4 and < 1.1 x 10-4, and to 18O/16O > 2.7 x 10-3 
and < 1.3 x 10-4, i.e., typical AGB star grains (Groups 
1 and 2) or supernova grains (Group 4 and 16O-rich 
grains) should in principle be identifiable (Fig. 3). 
Things get less favourable, however, if dilution with 
solar material is considered [2]. With 50% dilution the 
(undiluted) ratio limits shift to 17O/16O > 1.1 x 10-3, 
18O/16O < 6 x 10-4, and 18O/16O > 3.4 x 10-3; depletions 
in 17O can not be recognized at all (Fig. 3, outer blue 
box). I.e., most Group 1 and 3 grains can not be identi-
fied. The situation is better for many Group 2 grains 
and for 16O-rich supernova grains which are identifi-
able in 18O/16O (diluted ratios must plot outside the 
inner blue box in Fig. 3; see, e.g., grain A). Likewise, 

many Group 4 supernova grains would still be identifi-
able in 18O/16O (e.g., grain B in Fig. 3). 

If we assume that 50% of the supernova grains in 
the size range 70-100 nm are in principle identifiable 
and that less than a quarter of the identified 18O/16O 
anomalies at the 4 significanve level are caused by 
supernova grains then an abundance limit calculates to 
~40 ppm. This limit is only somewhat higher than the 
abundance of ~20 ppm for Group 4 grains inferred 
from lower resolution studies, i.e., there is no indica-
tion for a high abundance of <100 nm-sized supernova 
grains in Acfer 094. 

With the approach presented here the limits (statis-
tics, dilution) of what can be achieved by in-situ preso-
lar grain searches with the NanoSIMS are reached. 
Only by measurements of isolated grains will it be 
possible to overcome the limit due to dilution. 

 

 
Figure 3. O-isotopic ratios of presolar O-rich grains (grey) 
[12]. 70 nm-sized areas in Acfer 094 (this study) with >4 
anomalies are indicated in red. Identifiable presolar grains 
plot outside the blue boxes (inner box: counting statistical 4 
limits; outer box: Identification limit of undiluted ratios for 
50% dilution with solar material). The effect of dilution is 
illustrated by example grains A and B (green). 
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