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Introduction: In January 2004, NASA’s Stardust
spacecraft passed through the tail of Comet 81P/Wild-
2 [1]. The on-board dust flux monitor instrument
indicated that numerous micro- and nano-meter sized
cometary dust particles were captured by the dedicated
silica aerogel capture cell [2]. The collected cometary
particles will be returned to Earth in January 2006 [3].
Current Stardust analogues are: (i) Light-gas-gun
accelerated  individual — mineral  grains  and
carbonaceous meteoritic material in aerogels at the
Stardust encounter velocity ca.~ 6 km/s [e.g. 4-5]. (ii)
Aerogels exposed in low-Earth orbit (LEO) containing
preserved cosmic dust grains [6-7]. Studies of these
impacts offer insight into the potential state of the
captured cometary dust by Stardust [7] and the
suitability of various analytical techniques [e.g. 8-9].
A number of papers have discussed the application of
sophisticated synchrotron analytical techniques to
analyze Stardust particles [e.g. 10-12]. Yet much of
the understanding gained on the composition and
mineralogy of interplanetary dust particles (IDPs) has
come from electron microscopy studies [e.g. 13-15].
Here we discuss the application of scanning electron
microscopy (SEM) for Stardust during the preliminary
phase of post-return investigations.

Materials: Impact tracks were extracted from 9.6
em’ silica aerogel tiles (0.02 g/cm®) from NASA’s
Orbital Debris Collector (ODC) experiment [6] using
micro-needles [16] and microblades [17]. To insure an
extraterrestrial origin, only impact tracks associated
with a so-called “chondritic swarm impact event” have
been investigated in this study [6].

Imaging & Analysis: For Stardust, the critical first
step of any preliminary examination (PE) will be the
location of preserved cometary debris within the im-
pact tracks. Initally this phase of PE can be performed
using light microscopy. However if the impact tracks
contain highly fragmented micron to sub-micron scale
debris, it will be difficult to discriminate between
“real” debris and condensed silica aerogel generated
during hypervelocity capture. A further complication
is that the optical transparency of the Stardust aerogel
may have deteriorated during the mission lifetime. As
an alternative to light microscopy, X-ray imaging
techniques have been evaluated [18]. These tech-
niques have limited use as they may not have the spa-
tial resolution required by Stardust [18].

X-ray Phase Contrast Ultramicroscopy. Recent
developments in X-ray projection microscopy now
enable phase contrast X-ray imaging to be achieved
using a field-emission (FESEM) instrument fitted with
a direct detection X-ray CCD [19]. The technique
utilizes both absorption and phase contrast imaging
and is capable of imaging low density/weakly absorb-
ing materials with a resolution of approximately
100nm. To evaluate the technique, an aerogel key-
stone mounted on a silicon microforklift was examined
in an XL30 FESEM fitted with an X-ray ultraMicro-
scope (XuM) detector manufactured by XRT Ltd
(www.xrt.com.au). Initially phase contrast images
were acquired at low magnifications. From the series
of acquired images, a 3D rendering of the sample was
generated (Fig. 1).
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Fig 1: (a) 3D Tomographic rendering of the keystone.
The higher density material of the silicon microfork-
lifts and the remnants of the chondritic swarm debris
are shown in yellow.

Both the phase-contrast and tomographic images
identify the presence of a number of particulates
within the main cavity of the impact. Futher higher-
resolution imaging and subsequent post-image proc-
essing using phase retrieval techniques have resolved
individual particulates, ~1.2um in diameter (Fig.2).
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Fig 2: A phase retrieved image of the track terminal
containing a number of micrometer fragments.

SEM/EDS Imaging & Analysis. 1t is also important
to be able to distinguish between single mineral and
heterogenous chondritic grains. While previous re-
searchers have used synchrotron based X-ray analysis
techniques for elemental characterization [e.g. 12],
there are distinct benefits in using one instrument for
all initial studies. Due to the nano-scale mineralogy of
IDPs, studies have typically been based on transmis-
sion electron microscopes (TEM) rather than the SEM.
However TEM requires electron transparent sections,
unlike the SEM which can be used to examine bulk
materials with little or no preparation. Using the mi-
croblade extraction technique, a portion of an impact
track was recovered from a bulk ODC tile [17]. The
Imm diameter fragment of aerogel was mounted on a
standard carbon conductive substrate and examined
using a LEO 1455VP SEM fitted with an INCA en-
ergy dispersive X-ray spectrometer (EDS). Previously
a significant problem with back-scattered electron
(BSE) imaging has been difficulty in distinguishing
silicate dominated micrometeoroid fragments from
silica aerogel. This is because the compositional con-
trast is largely obscured by the rough track surface
generated during extraction [16], creating a number of
image artifacts. Because the microblades generate
smoother surface cuts, this effect is dramatically re-
duced and enables the acquisition of a BSE image that
identifies a number bright fragments within the ex-
posed track (Fig. 3a). The bright fragments can then
be characterized using EDS spot analysis (Fig. 3b) or
X-ray elemental mapping. The combination of these
techniques pinpoints the location of material within
tracks and therefore greatly assists recovery.
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Fig 3: (a) BSE image of a track. The white indicators
locate particulate debris. (b) EDS from one particle
showing a probable silicate composition.

Conclusion: Electron beam detection techniques
are well suited to locate and analyze micron and sub-
micron chondritic debris preserved within impact
tracks. These techniques in conjuction with microma-
nipulating capabilities of FIB microscopy [20] will
enable in-situ recovery of Stardust particles.
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