
INTRODUCTION

Margarite mica [CaAl2(Al 2Si2)O10(OH)2] occurs in Al- and
Ca-rich metamorphic rocks (Bucher-Nurminen et al. 1983;
Bucher and Frey 1994; Feenstra 1996). Despite a large P-T
stability field (Chatterjee 1974, 1976), margarite is rare and
has received little attention (Guggenheim and Bailey 1978;
Guggenheim 1984). Yet, margarite completes the crystallo-
chemical analogy between feldspar and micas and has a well-
ordered Si-Al tetrahedral sheet. Cleavage along (001) is very
poor and consequently it is a brittle mica. This mechanical prop-
erty, atypical for a mica, arises from the strong Ca-O chemical
bond. The cleavage mechanism has never been investigated,
whereas it is generally believed (Giese 1974, 1977, 1978, 1984)
that cleavage of K- or Na-bearing micas results in the expo-
sure of these interlayer cations.

We did not investigate a clean margarite surface (in surface
science a clean surface means absence of foreign matter sorbed
on the lattice termination), but a real margarite surface (in sur-
face science a real surface means that some of the dangling
bonds making the lattice termination are satisfied by atoms,
molecules, or molecules fragments sorbed mainly during gas-
solid interactions during standard laboratory preparation), be-
cause it is more close to a natural surface. One aim of this
investigation is to provide experimental evidence for the cleav-
age mechanism by better defining the structural termination of
a cleaved real margarite crystal. The reconstruction of a crys-
tal termination is not an academic curiosity, because chemi-

cally reactions of solids evolve according to chemistry and
structure of the topmost layers. Consequently, improved char-
acterization of the surface chemistry and surface structure of
margarite is relevant to research fields such as environmental
sciences.

A principal method for surface chemical analyses is X-ray
photoelectron spectroscopy (XPS), which measures the kinetic
energy of photoelectrons emitted. It is a surface sensitive tool
because such photoelectrons have short inelastic mean free
paths (IMFP) in solids. The kinetic energy of the electrons gives
direct information on the energy of binding, the chemical com-
position of the outermost layers of the sample, oxidation states,
and indirectly also coordination environments. Depth distri-
bution of atoms is probed using the angular dependence of the
emission (ARXPS). Finally, atomic structure information is
contained in photoelectron diffraction effects due to elastic scat-
tering of electron by atoms neighboring the emitter (Fadley
1992; Chambers 1992; Osterwalder et al. 1995; Biino et al.
1998).

The present work uses ARXPS to investigate the following
questions: (1) Does the surface chemical composition of
cleaved (001) margarite correspond to the bulk chemical com-
position or does the ARXPS surface sensitivity make it impos-
sible to probe a volume large enough to be representative of
the bulk composition? (2) The photoelectrons emerging from
the (001) of margarite should undergo diffraction that may
change the intensity at different angles of the outgoing photo-
electron. ARXPS measurements were thus also performed at
different polar angles (i.e., the angle, θ, measured between the
sample surface and the analyzer) to investigate if these dif-*E-mail: ggbiino@access.ch
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ABSTRACT

The (001) surface of natural pure margarite was chemically characterized by angle-resolved X-
ray photoelectron spectroscopy (ARXPS). The extreme surface sensitivity of ARXPS permits con-
cluding that the chemical composition of the near-surface region differs from the bulk because of
the strong anisotropy of the margarite structure. Depth profiling was carried out by angle resolved
spectroscopy that is a non destructive measuring technique. More grazing polar angles sample in-
creasingly superficial layers of the margarite. The topmost layers are made up of C, due to the
mineral/atmosphere interaction. At low grazing angles the concentration of Si increases, and both
Al and Ca decreases; therefore we conclude that the tetrahedral sheet is the topmost monolayer.
Repulsion between the octahedral and tetrahedral sheets is probably responsible for the cleavage.
Photoelectron diffraction effects are also clearly evidenced by Si, Ca, and Al. Single-scattering
cluster calculations were performed in simulating scanned angle core emission. The calculated
patterns do not show a reasonable agreement with experimental data.
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