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INTRODUCTION

Serpentine minerals, ideally Mg3Si2O5(OH)4, are among a few 
natural layered structures that are known to form aperiodic nano-
structures such as cylinders and scrolls (the chrysotile variety; 
Yada 1967), polygonal tubes (polygonal serpentine; Middleton 
and Whittaker 1976; Baronnet and Devouard 2005), and cones 
(Yada and Iishi 1977) as well as periodic, ß at, (the mineral lizard-
ite; Wicks and O�Hanley 1988) and modulated (antigorite; Kunze 
1961) crystals. This variety in the wrapping of the building layer 
of serpentine minerals is strikingly reminiscent of the various 
nanostructures displayed by carbon (Dresselhaus et al. 2001) and 
other materials such as MoS2 (Seifert et al. 2000), WS2 (Tenne 
et al. 1992), or h-BN (Bengu and Marks 2001). The serpentine 
layer is polar and made of a tetrahedral and an octahedral sheet 
sharing oxygen atoms. The �isolated� magnesian octahedral 
sheet being expected to have a larger in-plane unit cell than 
that of the �isolated� tetrahedral sheet, their assembly to form a 
serpentine layer may result in a curvature, leaving the tetrahedral 
sheet inside and the octahedral sheet outside (Pauling 1930). A 
similar mechanism accounts for the curvature of sulÞ de misÞ t 
layer compounds, which also form various cylindrical, conical, 
or modulated microstructures (Williams and Hide 1988).

By comparison to carbon species, an onion-like, spherically 
wrapped variety of serpentine seemed to be lacking. Serpentine 
with a globular and polyhedral morphology was previously 
observed (Papp 1988; Mitchell and Putnis 1988, their Fig. 8; 
Cressey et al. 1993; Zega et al. 2006), and here we expand on 
those efforts and report details on its morphology and internal 
microstructure. The serpentine spheroids are studied using high-
resolution scanning electron microscopy (HRSEM), electron mi-
crodiffraction and lattice imaging by high-resolution transmission 
electron microscopy (HRTEM). Our results reveal this unusual 
microstructure of the serpentine group (Baronnet et al. 2006).
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ABSTRACT

We describe the shape and internal structure of polyhedral spheroids found in serpentinized peri-
dotites. Serpentine spheroids resemble geodesic domes made of ~160 to 180 triangular facets. At facet 
edges, the nested layers bend by ~14° along their three <010> crystallographic directions, resulting 
in an onion-like structure with lateral continuity of the layers. The stacking of the serpentine layers 
within sectors is controlled by interlayer bonding. These polyhedral onions correspond to a novel type 
of spherical nanostructure for layered materials. 
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SAMPLES AND ANALYTICAL TECHNIQUES
Polyhedral serpentine presented here comes from optically isotropic veins and 

altered pyroxenes of two distinct serpentinized peridotite units: (1) massive ser-
pentinites exposed in the southern Coast Ranges (Franciscan Complex, California, 
U.S.A.); (2) serpentinites from the inner Piedmont Zone, Western Alps (Italy). 

Secondary electron images were recorded at the Centre de Recherche en 
Matière Condensée et Nanosciences (CRMCN) using a JEOL 6320F scanning 
electron microscope equipped with a Þ eld-emission gun. The insulating serpentine 
samples were coated with a thin amorphous carbon Þ lm for electric conduction, 
and imaged under 3 kV accelerating voltage for optimum image contrast between 
the facets of the spheroids. The effective resolution is nearly 10 nm at that tension 
and for the C-coating thickness used here.

TEM samples were prepared from dismountable petrographic thin sections. 
Single-hole TEM copper grids (2 × 1 mm slot) were glued on the sections for sup-
port, detached, and thinned to electron transparency using a GATAN PIPS ion mill. 
A 20 nm thick layer of amorphous carbon was Þ nally evaporated onto the sample 
to provide electric conduction of the specimen surface in the TEM. 

Two transmission electron microscopes at CRMCN were used for the crys-
tallographic and analytical characterization of the serpentine spheroids. A JEOL 
2000FX TEM, operated at 200 kV (0.28 nm point-to-point resolution) was used 
for imaging and selected-area electron diffraction (SAED) as well as microanaly-
sis. A Tracor-Northern 5500 X-ray energy-dispersive system (EDS) with a Si-Li 
diode and an ultrathin window collects X-rays at a take-off angle of 72° from the 
sample surface. The spatial resolution of microanalyses is ~30 nm in the condi-
tions of operations used. Synthetic layer-silicates were used to determine k-fac-
tors (Cliff and Lorimer 1975) for quantifying EDS spectra. A JEOL 3010 TEM 
at CRMCN, operated at 300 kV (0.21 nm point-to-point resolution) was used to 
record bright-Þ eld, high-resolution images of the serpentine layers. We use rather 
low magniÞ cations (300 000×) to minimize the electron dose and to delay rapid 
amorphization of the serpentine. 

RESULTS

We observed serpentine spheroids, 100 nm to several microm-
eters in diameter, within pores left by the serpentinization of the 
orthopyroxene grains in the alpine peridotite (Fig. 1a).

In some veins and microcracks from the California sample 
(Figs. 1b�1d), we observed also spheroids acting as Þ lling mate-
rial commonly intergrown with short nanotubes of chrysotile, 
less commonly with polygonal serpentine. When their size is 
>1 μm, these spheroids can be easily recognized from petro-
graphic thin sections as intergrown circular features displaying 
a black cross when viewed with a petrographic microscope 
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