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Introduction

Chondritic-porous interplanetary dust particles (CP-
IDPs) are widely thought to originate in comets [1].
The collisional history of asteroids makes it unlikely that
these fragile particles are asteroidal [2]. Cometary mate-
rial is thought to be made of porous aggregates of small
grains which is consistent with the structure of CP-IDPs.
The atmospheric entry speed of CP-IDPs (deduced from
heat alteration of the stratospherically collected particles)
is consistent with cometary, rather than asteroidal, or-
bits [3]. Anhydrous CP-IDPs, showing very little parent-
body alteration, originate from either anhydrous objects
or hydrous objects that have been kept at very low tem-
perature, again consistent with a cometary origin. With
the return of cometary samples by NASA’s Stardust mis-
sion, it is now possible to compare CP-IDPs with mate-
rial from comet Wild 2. Ishii et al. [5] reported several
differences between CP-IDPs and the Wild 2 material
such as a lack of GEMS and elongated enstatite whiskers
and platelets. They concluded that the Wild 2 material
was dissimilar to CP-IDPs and more closely resembled
asteroidal material.

Meteorite groups are distinguished from each other
by their differing Fe oxidation states, as Urey and Craig
first reported more than fifty years ago [10]. We report
on the oxidation state of Fe in 15 CP-IDPs, and directly
compare these measurements to the Fe oxidation state of
comet Wild 2, deduced from 194 Stardust fragments in
11 aerogel tracks.

Methods

We identified 15 CP-IDPs in volumes 16 and 17 of the
Cosmic Dust Catalogs (Johnson Space Center, Astroma-
terials Acquisition and Curation Office). These particles,
collected in the stratosphere, have been identified as hav-
ing an extraterrestrial origin. We chose particles with ap-
proximately chondritic composition as shown in the cat-
alog’s energy dispersive X- ray spectra. Additionally, we
required the particles to appear highly porous in the SEM
images supplied in the Cosmic Dust Catalogs.

Eleven Stardust tracks were selected at random.
Within these tracks, we acquired Fe K-edge micro x-ray
absorption near-edge structure (µXANES) spectroscopy
on 194 fragments. Details are given in [11]. The mea-
surements were performed on beamline 10.3.2 at the Ad-
vanced Light Source synchrotron [7]. The fragments

were selected as the richest Fe-bearing spots in the track,
and varied in size from one to several µm in size.

The absorption edge for multivalent elements varies
strongly with oxidation state. Exploiting this fact,
XANES can be used to determine oxidation state with
high confidence [12]. We employ Fe XANES to de-
termine the Fe oxidation state of the 194 Stardust frag-
ments and the 15 CP-IDPs. We did this by fitting the
Fe µXANES data to a library of 51 Fe-bearing mineral
standards from 20 mineral groups. The mineral standards
can be categorized as Fe0, sulfide, Fe2+, and Fe3+, and
therefore the relative fraction of Fe atoms in each of these
states is determined for an unknown cometary particle
or CP-IDP. Because we use the same beamline and very
similar experimental conditions, the Fe oxidation state of
the cometary material can be directly compared to that
of our sample of CP-IDPs. Confidence limits were de-

Figure 1: Fe K-edge XANES spectrum for a CP-IDP
(SEM image from Cosmic Dust Catalog #16) is shown
by black dots, its fit to mineral standards is shown in blue,
the residual is shown in red.

termined using the bootstrap method [4], a Monte Carlo
based approach that is appropriate to use when the dis-
persion and mean of the data is not known a priori. This
method is equivalent to asking: How different would the
result be if we looked at a different set of 15 CP-IDPs
chosen from the same ensemble? After calculating the
mean contribution of Fe0, sulfides, and oxides from 105

such trials, we took as our 2σ allowed region the convex
hull in the space defined by the Fe oxidation state that
contained 95.45% of the 105 numerical trials. Similarly,
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we calculated this region for the cometary particles in the
11 Stardust tracks.

Results

An additional IDP not included in our final analysis is
IDP L2021-A7. The Fe XANES spectrum of L2021-A7
fit predominantly to ferrihydrite, so we conclude that it
is likely a hydrated CP-IDP and exclude it from our data
set. The remaining 15 CP-IDPs are not consistent with
significant amounts of any of our hydrated Fe-bearing
mineral standards; this is consistent with the hypothesis
that these are anhydrous.

About 5% of the total CP-IDP Fe XANES contribu-
tion is maghemite and magnetite. The presence of these
phases is evidence of heating upon entry into the atmo-
sphere [6, 9]. We assume that this material was orig-
inally either sulfide or oxide. The ternary plot of the
fraction of Fe0 vs. sulfides vs. oxidized Fe (silicates,
oxides, etc.) for CP-IDPs, the Stardust tracks, and vari-
ous meteorite groups is shown in Figure 2. The regions
for our measurements of CP-IDPs and Wild 2 correspond
to 2σ uncertainties, as described above. If the magnetite
and maghemite was originally sulfide, the CP-IDP region
would be shifted left (shown by the pale green region), if
the magnetite and maghemite was originally oxide, the
CP-IDP region would be shifted right.

Figure 2: Ternary plot showing the distribution of Fe
into Fe0, sulfide, and oxide (Fe2+, and Fe3+) for the
Stardust samples, our set of CP-IDPs, and various mete-
orite groups. The effect of reduction of Fe oxide during
high-speed capture of cometary particles in aerogel [8] is
shown by the ”smelting” region.

Discussion

Our results show that the Fe oxidation state of CP-IDPs
differs from the Stardust sample at the 2σ level. An obvi-
ous difference between these two samples of extraterres-
trial matter is that Wild 2 contains substantial Fe metal
whereas the CP-IDPs contain very little. This could be
the result of a selection effect: perhaps the Fe-metal-
containing CP-IDPs do not appear porous, or perhaps
their residence time in the atmosphere is shorter because
of their higher density.

In comparing these two samples, we must also ac-
knowledge the possibility that Wild 2 is anomalous and is
not representative of Jupiter-family comets. Also, since
we measured a very small fraction of a large object, the
Fe oxidation state of the bulk comet may be different than
the measurements we report here.

The origin of CP-IDPs is unknown. In this work we
have quantitatively compared the Fe oxidation state of
15 CP-IDPs to a sample from a known comet and found
that they differ significantly. Although selection biases,
mentioned above, may complicate the comparison, the
simplest interpretation of these results is that CP-IDPs
do not originate in Jupiter-family comets.
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