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Introduction: The new Washington University
NanoSIMS makes it possible to image a sample’s iso-
topic structure at a sub-micrometer scale. Since this
can be done at high mass resolution without significant
loss of sensitivity, it can be used for a wide variety of
isotopic systems in very small samples [1-3]. Here, this
new capability is applied to the study of the internal H,
C, and N isotopic compositions of 7 chondritic IDPs
(interplanetary dust particles). These particles and their
isotopic compositions have been studied before [4, 5]
by ‘conventional’ —i.e. ims3f- secondary ion mass
spectrometry (SIMS). While most of the basic results
from those earlier measurements were confirmed, there
are several new observations that could not have been
made without the analytical capabilities of the Nano-
SIMS. The most interesting result is the discovery of a
discrete, 400 nm sub-grain with a >N enrichment of
5°N = +813%o.

Samples and Analytical Details: The analyzed
IDPs are from stratospheric collectors U2-044 and U2-
047 that were mounted on high-purity Au foil together
with various isotopic standards as part of a previous
study [4, 5]. During the mounting procedure, the parti-
cles were crushed between quartz plates and then
pressed into the Au substrate, resulting in flattened IDP
fragments that cover areas on the Au much larger than
the particles’ original size of typically 10 — 20 um.
Although most information on the internal correlation
of sub-components is lost this way, this mounting
technique makes it possible to analyze the different
phases directly with SIMS.

Previous Analyses. There are 7 IDPs in this study,
all of which are classified as ‘chondritic’ based on their
major element composition. The H, C, and N isotopic
compositions of fragments of all of these particles have
been measured with the ims3f ion microprobe as part
of the earlier study [4, 5]. Those analyses were made in
the point-mode with a Cs* beam diameter of 5 pm or
more, meaning that (a) there is no information on the
lateral distribution of the isotopic composition and (b)
every result represents the ‘average’ isotopic composi-
tion of a 5 um (or larger) area. Large isotopic anoma-
lies were found in fragments of the particles ‘Aurelian’
(dD up to +771%o) and ‘Florianus’ (8D up to +1120%o
and 3N up to +411%o). All other measurements of H
and N, as well as all C measurements of fragments
from these 7 particles yielded isotopically normal or
close to normal results.

New NanoSIMS Analyses. For the new measure-
ments, the same sample mount was used as for the ear-
lier study. Since SIMS is a destructive measurement
technique, much of sample material was already sput-
tered away, leaving only small remnants available on
the Au substrate. However, because the sensitivity of
the NanoSIMS at high mass resolution is almost a
factor of 100 higher than that of the ims3f instrument,
the same kind of analysis can be made with much
smaller sample amounts [1]. It was thus possible to
perform additional measurements on fragments of the
same IDPs that had been studied before. The new
measurements were performed in a raster-imaging
mode where the ~100 nm Cs* beam is scanned over the
sample surface. The resulting secondary ion images
cover areas of 5 um x 5 um to 40 um x 40 pm which
are represented variably by 1287, 256°, and 512° pixels.
In each measurement, secondary ions of 4 different
masses were detected simultaneously: H™, D, *C”, and
“C™ in a first set of 14 measurements and “C", °C",
“C¥N", and C"*N" in a second set of 9 measurements.
The detection of *C**N™ and C**N" is a typical way to
measure N isotopic ratios in C-bearing phases, since
N~ ions are not efficiently formed. The measurements
of both C and N isotopic ratios require high mass
resolution to eliminate possible interferences from
neighboring mass peaks and the exit slits for the de-
tectors involved were set accordingly. Before the
measurement, it was verified that there is no overlap
between the neighboring peaks of **C — *CH, *C*N -
B0, and C"N - "B™0. All results were calibrated
relative to the known composition of isotopic standards
which were measured along with the IDPs on the same
sample mount.

Before each measurement, the analysis area was
sputter-cleaned with a rastered high-current Cs* beam
to remove surface contaminants. At a pressure of 2.9 -
107 torr in the analysis chamber, the redeposition rate
of contaminants appeared tolerable. This is mostly a
problem for the D/H measurements, where surface H
deposits could lead to ‘more normal’ isotopic results.
Note that an isotopic anomaly can never be caused by
the deposition of the isotopically normal contaminants.

Many of the measurements were made in a single,
slow scan across the analysis area. In some cases, this
led to problems with ‘saturated pixels’: Since all
masses are counted simultaneously for the same
amount of time, masses with higher count rates could
exceed the 2'° limit, resulting in data loss. For this rea-
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son, the measurement routine was modified in several
cases: Instead of one single, slow scan across the
analysis area, a series of 10 faster scans was per-
formed. These 10 scans represent individual measure-
ments which could then be added into a single meas-
urement without being affected by the counting sys-
tem’s 2'° counts/pixel limit. Since the sample is slowly
sputtered away during a SIMS measurement, the re-
sults from consecutive scans can also be seen as ‘lay-
ers’ of the sample.

During data processing, the isotopic composition of
an individual grain can be determined by adding the
counts from all pixels belonging to the grain for each
mass and then calculating the isotopic ratios. Since
different masses are measured simultaneously in the
NanoSIMS, it is not necessary to perform image-shift
or measurement-time corrections, even in cases where
a particle is sputtered away during the analysis.

The low abundance of D made it necessary to com-
bine the pixel counts from a larger area into a single
‘measurement spot’ to get enough D counts for mean-
ingful isotopic ratio statistics. The lateral resolution of
the D/H measurement was thereby reduced to around
500 nm, while the lateral resolution of “*C/**C and
"N/*N was limited only by the size of the primary
beam diameter (100 nm).

Results and Discussion: Normal isotopic compo-
sitions (within 2 o of the terrestrial range of variation)
were found for most of the analyzed fragments, as was
expected from the original ims3f measurements. The
exceptions are:

Hydrogen. Several IDPs showed slightly increased
D/H ratios. A sub-micrometer sized D-hotspot with 8D
= +1200%0 was found in a fragment from the particle
‘Jovian’. A hotspot of this size, embedded in other H-
bearing phases could not have been identified in the
earlier ims3f study, even if exactly the same spot had
been analyzed. There is no correlated isotopic effect in
C at the site of this D-hotspot.

Carbon. Although there are variations in the
BC/™C ratio images in some particles, it is not clear
whether they are statistically significant. In addition,
there seems to be some indication that ‘preferential
sputtering’ may have led to some of the small varia-
tions observed. Until this has been studied in more
detail, it seems safer to assume that there is no clear
evidence for anomalous C in these IDPs.

Nitrogen. In one IDP (‘Florianus’) the earlier ims3f
study had found heavy N. In a fragment of the same
particle, significant "N enrichments were again found,
confirming previous observations. In addition, one of
the most interesting results of this study comes from
another IDP, ‘Aurelian’. Although most fragments of
this particle show normal to only slightly increased

N/*N ratios, one well-defined and isolated 400 nm
sub-grain has a composition of °N = +813%o. This is
the largest *°N enrichment found in any IDP to date.
Since this hotspot was measured in 10 scans with the
Cs" beam, it was possible to verify that the anomaly
was present in all analyzed layers. A comparison with
the C isotopic image of the same area showed no
anomalies in this sub-grain. Interestingly, however, the
C to N ratio in the hotspot appeared to be significantly
lower than in other fragments of the same IDP. Since
the location of the highly **N enriched sub-grain is
well known, it may be possible to identify the carrier
phase of the heavy N. It has been suggested that N in
IDPs is sited in an organic phase [6, 7] and this study
may give new clues on the carrier of the heavy N.

Conclusions: It is clear that valuable new informa-
tion can be obtained by re-examining old samples with
improved analytical capabilities for isotope analysis.
The NanoSIMS is basically taking a ‘closer look’ at
the distribution of isotopic anomalies in sub-
components of IDPs.

Since the NanoSIMS can also be used to measure
TEM slices directly [1], it is now possible to determine
the isotopic compositions of IDP sub-components after
they have been mineralogically characterized in the
TEM. The most intriguing question, of course, is the
isotopic makeup of GEMS [8] and their possible cor-
relation to the observed anomalies.
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