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 Introduction: The CM chondrites are primitive
meteorites that formed during the early solar system.
Although they retain much of their original physical
character, their matrices and fine-grained rims (FGRs)
sustained aqueous alteration early in their histories [1-
3]. Serpentine-group minerals are abundant products of
such alteration, and information regarding their
structures, compositions, and spatial relationships is
important for determining the reactions that produced
them and the conditions under which they formed.

Our recent work on FGRs and matrices of the CM
chondrites has revealed new information on the
structures and compositions of serpentine-group
minerals [4,5] and has provided insights into the
evolution of these primitive meteorites. Here we report
on serpentine nanotubes from the Mighei and
Murchison CM chondrites [6].

Samples and Methods: Millimeter-sized
meteorite fragments were disaggregated with a carbide
microtool and dispersed with methanol onto Cu-mesh
grids that support a thin film of lacey carbon. High-
resolution transmission electron microscope (HRTEM)
images were acquired using a 400 keV JEOL 4000 EX
TEM and 200 keV Topcon 002B TEM. Compositional
data were acquired using an electron energy-loss
spectrometer (EELS) attached to a 100 keV Phillips
400 TEM.

Results: The nanotubes occur in clusters and as
individual grains (Fig. 1). They are less abundant than
a chrysotile-like phase found in this and other CM
chondrites [4]. Most grains exhibit euhedral
morphologies, and high-resolution images reveal
hollow cores surrounded by parallel lattice fringes. All
tubes contain multiple walls (3 to 11 layers thick) with
a layer separation of 0.68±0.08 nm. The lattice fringes
of most tubes terminate at their ends, but some are
continuous from their sides to the ends, suggesting that
they are capped. The size distributions of the inner and
outer diameters of these nanotubes are narrow and
symmetric, whereas those of their lengths and internal
volumes are broad and asymmetric.

Electron energy-loss spectra show that the
nanotubes contain Fe, O, Mg, Si, and S. Fe occurs as
both Fe2+ and Fe3+, with an Fe3+/ΣFe ratio of 0.7.
Quantified spectra provide element ratios of 4.2, 1.0,
1.2, and 2.6 for O/Fe, Mg/Fe, Mg/Si, and Si/S,
respectively. These ratios are consistent with serpentine
stoichiometry and can be recast to give
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where [ ] denotes an inferred vacancy.

Discussion: The nanotubes have structures similar
to halloysite and chrysotile. However, they do not
contain Al, and their Fe contents are enriched by a
factor of 10 or more relative to terrestrial chrysotile.
Their composition is intermediate between endmember
cronstedtite and chrysotile.

Meteoritic phases with presumed tubular structures
have been described [7,8], but their lattice-fringe
spacings differ from those in Mighei and Murchison.
Neither well-defined tubes nor minerals with this
composition have been reported. The structure,
composition, and morphology of these nanotubes
suggest that they are a new serpentine phase with a
cylindrical structure and composition intermediate
between cronstedtite and chrysotile.

Nanotubes can be produced by vapor deposition or
precipitation from aqueous solution [9,10]. Chrysotile
is the closest terrestrial analog to these nanotubes, and
forms that most resemble those in Mighei and
Murchison were synthesized in basic solutions [11,12].
That these nanotubes are serpentines, contain S, and
occur in the matrix of these CM chondrites is
consistent with low-temperature alteration under S-
rich, basic conditions indicated by mineralogic
observations [8] and thermodynamic calculations [13].
We therefore infer that these nanotubes formed during
aqueous alteration in the early solar system,
presumably on the parent body.

The nanotube structure offers interesting
properties. Carbon nanotubes can contain a variety of
materials and gases [14,15], and nanotubes of other
compositions are effective containers [16]. An
intriguing possibility is that these nanotubes could have
served as containers of primordial fluids. We have no
evidence that they are containers, but their high surface
areas, central cores, and layered walls offer sites where
fluids could have become trapped. Such speculation
will require additional testing, but for now we offer the
possibility for consideration.

Acknowledgments: Samples were provided by
The Center for Meteorite Studies at ASU and The
Smithsonian Institution. This research was supported
by NASA grant NAG5-9352.

References: [1] Buseck, P. R. and X. Hua (1993)
Annu. Rev. Earth Planet. Sci. 21, 255-305. [2]
Zolensky, M. E. and McSween, H. Y., Jr. (1988) in
Meteorites and The Early Solar System (U. of
Arizona), 115-143. [3] Metzler, K., et al. (1992) GCA
56, 2873-2897. [4] Zega, T. J. and Buseck, P. R. (2003)
GCA 67, 1711-1721. [5] Zega, T. J., et al. (2003)
Amer. Min. 88, 1169-1172. [6] Zega, T. J., et al. (2004)

Lunar and Planetary Science XXXV (2004) 1805.pdf



EPSL, in review. [7] Barber, D. J., et al. (1983) Nature
305, 295-297. [8] Tomeoka, K. and Buseck, P. R.
(1985) GCA 49, 2149-2163. [9] S. Iijima (1991) Nature
354, 56-58. [10] Li, Y. D., et al. (2001) J. Am. Chem.
Soc. 123, 9904-9905. [11] Yada, K. and Ishi, K. (1974)
J. Crystal Growth 24/25, 627-630. [12] Yada, K. and

Ishi, K. (1977) Amer. Min. 62, 958-965. [13] Zolensky,
M. E., et al. (1989) Icarus 78, 411-425. [14] Ajayan, P.
M., and Iijima, S. (1993) Nature 361 333-334. [15]
Dillon, A. C., et al. (1997) Nature 386 377-379. [16]
Mickelson, W., et al. (2003) Science 300 467-469.

Figure 1 (a) HRTEM image of an irregular bundle of nanotubes. The brighter central area corresponds to the hollow
central core. The area marked by the rectangle in (a) is enlarged in (b), where the nanotube is viewed perpendicular
to its long axis. The walls of the tube show the 0.72 nm periodicity, and these layers are visible along their normal in
the centre of the tube showing the 0.47 nm periodicity of {110} planes.
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