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INTRODUCTION

Extended X-ray absorption fine structure (EXAFS) spec-
troscopy is a powerful tool for investigating the short and me-
dium range environment around a selected absorbing atom in
materials like minerals, glasses, and solutions (see Brown et
al. 1988; Brown et al. 1995; Henderson et al. 1995 for reviews).
Structural parameters (i.e., interatomic distances, coordination
numbers, Debye-Waller factors, etc.) can be accurately yielded
through analysis and the modeling of the EXAFS spectra. No-
tably, the recent development of ab initio packages, such as
FEFF (Rehr et al. 1992), GNXAS (Filipponi et al. 1995;
Filipponi and Di Cicco 1995), and EXCURVE (Binsted and
Hasnain 1996), allows for an efficient approach to data reduc-
tion, particularly for crystalline compounds. However, inter-
pretations concerning complex systems (i.e., aperiodic
structures, adsorption mechanisms, samples under extreme
conditions, etc.) are generally more difficult. In such systems,
Fourier transform (FT) analyses (Lytle et al. 1975) help with
visualization of the various shells of neighboring atoms sur-
rounding the central atom. In addition, inverse FT filtering (FT–

1) is used to extract the different components to the EXAFS
signal, c(k) (i.e., the various pseudo-periodic contributions cor-
responding to a specific shell of neighbors around the central
atom; Lytle et al. 1975). The theoretical equation of the EXAFS
signal can be written as (Sayers et al. 1970; Stern et al. 1975):
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ABSTRACT

To better understand the extended X-ray absorption fine structure (EXAFS) spectroscopic infor-
mation obtained for complex materials such as those encountered in Earth materials, we propose to
use the Continuous Cauchy Wavelet Transform (CCWT). Thanks to this method, EXAFS spectra
can be visualized in three dimensions: the wavevector (k), the interatomic distance uncorrected for
phase-shifts (R’), and the CCWT modulus (corresponding to the continuous decomposition of the
EXAFS amplitude terms). Consequently, more straightforward qualitative interpretations of EXAFS
spectra can be performed, even when spectral artifacts are present, such as multiple-scattering fea-
tures, multi-electronic excitations, or noise. More particularly, this method provides important in-
formation concerning the k range of each EXAFS contribution, such as next nearest-neighbors
identification. To illustrate the potential of CCWT analyses applied to EXAFS spectra, we present
experimental and theoretical spectra obtained for thorite and zircon at the Th LII and Zr K edges,
respectively. Then, we present CCWT analyses of EXAFS spectra collected for amorphous materials of
geochemical and environmental interest, including sodium trisilicate glass and an aqueous chloride solu-
tion, at the Mo K and Au LIII edges, respectively. Further studies based on CCWT phase terms are under-
way, in order to quantitatively characterize anharmonic information from EXAFS contributions.
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in which Si is the amplitude reduction factor for the total cen-
tral atom loss. For each shell of neighboring atoms j, Nj is the
number of backscattering atoms, Rj is the average distance be-
tween the central and the backscattering atoms, |fj(k, p)| is the
effective curved-wave backscattering amplitude function, sj
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is the Debye-Waller factor, lj is the photoelectron mean free
path, and Sfij(k)  is the sum of the phase-shift functions includ-
ing the backscattering phase-shifts of the central and neigh-
boring atoms, as well as some anharmonic contributions related
to thermal vibrations (Stern and Heald 1983; Teo 1986; Stern
et al. 1991). Also, the wavevector k is defined by the relation:
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in which me is the electron mass, h is Planck’s constant,  E0 is
the threshold energy of the absorption edge, and E is the abso-
lute energy.

Based on Equation 1, the type of backscattering neighbors
can be determined based on the shape of the backscattering
amplitude function, |fj(k, p)|; the atomic number being deter-
mined at Z ± 10 (see Teo 1986). However, instead of examin-
ing each FT–1 independently (with all of the problems related
to the possible overlap between close shells of neighbors), it
would be more efficient to observe all the EXAFS contribu-
tions at once, by plotting them in reciprocal (k) and direct (R')
space simultaneously (R' being the phase-shifts uncorrected
distance).

To achieve this, we propose to use continuous wavelet analy-




