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Introduction: Approximately half of the interplan-
etary dust particles (IDPs) collected in the stratosphere
are hydrated and contain layer silicates. Some Antarc-
tic micrometeorites (AMMs) collected in snow and ice
also contain layer silicates, and studies of their miner-
alogy and composition suggest that many have asteroid
sources, consistent with observation and laboratory
investigations showing that asteroids and Jupiter Fami-
ly comets are major sources of dust at 1 AU [I-3].
Establishing the source of a hydrated IDP is more chal-
lenging because IDPs are much smaller than most
AMMs, and therefore, their mineralogy is less diverse.
As aresult, only a few hydrated IDPs have been shown
to be from asteroids [e.g., 4,5]. One example, IDP
RB12A44 (Fig. 1), exhibits CM chondrite mineralogy
[4]. Its layer silicates are compact, highly ordered and
compositionally uniform, in contrast to the layer sili-
cates in most hydrated IDPs that are poorly-ordered,
compositionally heterogeneous on a ~50 nm scale and,
relative to RB12A44, consistent with only limited
compaction and aqueous alteration [6].

It is generally assumed that hydrated IDPs are from
asteroids, but since localized aqueous alteration is cer-
tainly possible in nominally frozen bodies in the Kui-
per belt (KB) [7], the limited degree of alteration in
most hydrated IDPs raises the possibility that both they
and GEMS-rich anhydrous IDPs are injected into the
interplanetary medium in the KB. We are investigating
the origin of layer silicates in hydrated IDPs by focus-
ing on their anhydrous silicate precursors.
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Figure 1: a) Secondary electron image of CM-type
IDP RBI12A444. F=fibrous, S=serpentine. b) Lattice-
fringe image shows well-ordered serpentine. This IDP
contains 10" cm implanted solar flare tracks.

Results: Data from three hydrated IDPs are shown
in Figures 1-3. Layer silicate precursors are observed
in all three. CM-type IDP RB12A44 (Fig. 1) is a
fragment of a larger IDP that broke up on impact onto
the collection flag. It contains abundant layer silicates
(Mg- and Fe-rich serpentines), tochilinite, and minor

schreibersite, diopside, troilite, pentlandite, magnetite
and possible sulfates. U230A34 (Fig. 2) consists of
~50% by volume perhaps-shock-fractured pyroxene
(Enos) and ~50% by volume compact smectite, Fe-rich
silicate glass, and Fe-rich carbonates [6]. Sulfides and
one or more enstatite platelets are embedded in the
smectite. The Fe-rich silicate glass and enstatite are
precursors of the layer silicates in this IDP (Fig. 2b).
U2073B-8B (Fig. 3) is an ~8 pm diameter hydrated
IDP that contains enstatite, forsterite, silicate glass and
smectite. Enstatite (Eno2) is the dominant silicate min-
eral, and it is a precursor of the smectite (Fig. 3a).
Overall, the smectite is poorly ordered although some
regions display short-range order and ~1.4 nm lattice
fringes (Fig. 3b). The smectite is Fe-rich (Mg/Fe = 0.2)
and it also contains Na, Mg, Al, Ca and Fe (Fig. 3¢,d).

Figure 2: Hydrated IDP U230A434. a) Backscattered
electron image shows (poorly-ordered) smectite (Sm),
Fe-rich silicate glass and pyroxene (pyx) (~Engs). The
pyroxene contains solar flare tracks (inset, density ~8
x 10" em™). b) Darkfield image. Smectite precursors
in this IDP are Fe-rich silicate glass and enstatite.
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Figure 3: Hydrated IDP U2073B-8B a) Brightfield
image of the interface between enstatite (Engz) and Fe-
rich smectite (Sm). b) Lattice-fringe image of the poor-
ly ordered smectite. c¢) Energy-dispersive x-ray spec-
trum image of field-of-view in (a), Mg (green), Fe
(red). d) EDX spectra (normalized to Si) of enstatite
(green) and smectite (red).
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Figure 4: Darkfield images of chondrite matrices. a)
Forsterite (Fo) altering to layer silicates (LS) in Paris
CM chondrite. b) Enstatite altering to GEMS-like ma-
terial in the (ungrouped) chondrite Acfer094 [8,9].

Discussion: Anhydrous silicates olivine, pyroxenes
and silica rich glasses are typically minor constituents
in most hydrated IDPs, and to date, we established that
pyroxenes, especially enstatite, glasses and probably
forsterite are precursors of layer silicates. These same
silicates in hydrated matrices of carbonaceous chon-
drites are also layer silicate precursors (e.g., Fig. 4).

GEMS are conspicuously absent in hydrated chon-
dritic materials we have examined. It is possible they
were altered beyond recognition, but given the limited
extent of alteration evident in most IDPs, some partial-
ly altered GEMS and especially their metal (kamacite)
inclusions should survive. Rare ‘“hybrid” IDPs and
AMMs are an exception; they contain both GEMS and
layer silicates but spatially separated and isolated with-
in mineralogically distinct clasts [10,11]. Hybrid IDPs
and AMMs are likely aggregates of fugitive particu-
lates from parent bodies distributed over a range of
heliocentric distances.

Materials that resemble GEMS but are not GEMS
are found among chondrites and returned samples,

creating much interest in the relationship between bona
fide GEMS in IDPs and GEMS-like matrix in chon-
drite matrices, and the possibility that GEMS are the
precursors of GEMS-like matrix [e.g., 8,9,12]. We find
that anhydrous silicates, but not GEMS, are precursors
of GEMS-like matrix in chondrites (e.g., Fig. 4b).

Solar flare tracks may provide insight about the
origin of layer silicates in hydrated IDPs arriving at 1
AU under the influence of Poynting Robertson (PR)
drag [13]. IDP RB12A44 establishes that IDPs from
asteroids have track densities as high as ~10!! cm? [4].
Such high track densities are common among hydrated
IDPs (e.g., Fig. 2a, inset). However, the range of track
densities (10°- 10! cm™) is the same among all classes
of IDPs (and AMMs), including those of likely come-
tary origin, suggesting that PR drag alone cannot ex-
plain exposure ages. Particle trapping in planetary
mean motion resonances, including the terrestrial plan-
ets, may increase exposure ages and solar flare track
densities [14-16].

Conclusions: The precursors of layer silicates we
have identified are crystalline silicates and silicate
glasses but not GEMS. That GEMS are not precursors
is highly significant; either they were never in the inner
accretion disk, they were transient residents, or they
were confined to the outer disk. Most likely they were
never in the inner disk because the preserved mineral-
ogy and isotopic compositions of GEMS establish that
they formed in a cold (<50K) environment well be-
yond the influence of the young Sun, in the extreme
outer nebula and interstellar medium [17, 18].
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