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Fe?*-0 and Mn?**-O bonding and Fe?**- and Mn?**-vibrational
properties in synthetic almandine-spessartine solid solutions:
an X-ray absorption fine structure study
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Abstract: X-ray absorption fine structure (XAFS) measurements at the Fe and Mn K-edges were undertaken to investigate the
Fe?*-O and Mn?*-O bonding and Fe*- and Mn?*-vibrational properties for a series of synthetic almandine-spessartine,
(Fe,Mn),Al,Si;0,,, garnet solid solutions. The two end members almandine, Fe;Al,Si;0,,, and spessartine, Mn;Al,Si;0,,, and three
solid solutions of composition AIm75Sps25, AIm50Sps50 and Alm25Sps75 were studied at different temperatures between 77 K and
423 K. The spectra show that the state of alternating bonds provides an appropriate description for the two crystallographically
independent X-O(1) and X-O(2) bonds in the solid solution. An exchange of X-site cations in garnet is associated with measurable
structural relaxation. The compositional and temperature dependence of the XAFS Debye-Waller factors for Fe>* and Mn?* in the
plane of the X-O(1) and the X-O(2) bonds were also determined. Their values in the plane of the X-O(2) bonds are greater compared
to those for X-O(1) and they do not vary greatly as a function of garnet composition. In the case of end-member spessartine, the XAFS
Debye-Waller factors for Mn?* are compared to the Debye-Waller factors measured from single-crystal X-ray diffraction. An

analysis shows correlation in the atomic displacements along the shorter Mn-O(1) bond.
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Introduction

Garnets are compounds with the general formula
X3Y,Z50,,. The silicate garnet structure, with Z = Si, can be
described as a quasi three-dimensional framework consist-
ing of corner-sharing SiO, tetrahedra and YOq octahedra,
where Y is typically Al, Fe** or Cr3*. The structure contains
a third polyhedron, the XOyg triangular dodecahedron, in
which divalent X-site cations (e.g., Mg, Fe?*, Mn?*, Ca) are
located. In nature, garnets occur as multi-component solid
solutions consisting of different end members. Here, the
aluminosilicate garnets with Y = AI** are important and they
consist of the end members pyrope (Mg;Al,S1;0,,), grossu-
lar (Ca;Al,Si;0,,), almandine (Fe;Al,Si;0,,) and spessar-
tine (Mn;Al1,Si;0,,). The crystal-chemical, thermodynamic
and physical properties of the aluminosilicate garnets are af-
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fected measurably by the chemistry of the X-site cation, and
much work has been done to determine these properties for
the different end members and also for solid-solution com-
positions (see Ungaretti et al., 1995; Geiger, 1999, 2004 for
reviews).

There is current interest in investigating the atomistic-scale
behaviour of silicate solid solutions (Geiger, 2001). A number
of issues are important and warrant study and two of them are
addressed herein. First, the nature of local bonding behaviour
needs investigation. An exchange of different sized X-cations
in garnet must lead to atomic and/or unit-cell scale structural
distortion and this needs to be measured and quantified. For
example, X-O bonding behaviour can be studied to determine
whether the virtual crystal approximation (VCA), which as-
sumes a continuous monotonic variation in bond length be-
tween end-member components, or the state of alternating
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bonds, which predicts an approximately constant cation-ox-
ygen bond length (Martins & Zunger, 1984; Urusov, 2001),
provides a better description for binary aluminosilicate gar-
net solid solutions (Bosenick et al., 2001; Geiger et al.,
2003). The issue is not purely academic in nature, because a
correct description is necessary if elastic-strain, thermody-
namic (Ganguly et al., 1993; Bosenick et al., 2000; Bose-
nick et al., 2001) and trace-element substitution (van We-
strenen et al., 2003) behaviour in garnet solid solutions are
to be understood. Bonding properties and Fe**-dodecahe-
dral site distortion in Alm-Sps garnets were investigated by
single-crystal optical absorption (Geiger & Rossman, 1994)
and >"Fe Mossbauer spectroscopy (Geiger et al., 2003). The
optical absorption spectra show that Fe>*-dodecahedral dis-
tortion and variations in average Fe?*-O bond lengths occur,
but the spectroscopic results are difficult to quantify. The
Maossbauer results show that the hyperfine parameters asso-
ciated with the Fe**-dodecahedral sites are relatively insen-
sitive to local surrounding structural variations. Second, the
vibrational behaviour of the X-site cations needs to be deter-
mined as a function of garnet composition. Information on
their vibration behaviour is important, if one wants to under-
stand the lattice-dynamic and thermodynamic behaviour of
garnet solid solutions (e.g., Hofmeister & Chopelas, 1991;
Geiger, 1999, 2004). The X-site cations in end-member alu-
minosilicate garnets have been shown to possess measur-
able anisotropic amplitudes of vibration (Geiger et al.,
1992; Quartieri et al., 1997; Geiger & Ambruster, 1997,
Geiger, 2004). Here, the vibrational behaviour of Fe?* in al-
mandine and Mn?* in spessartine as determined by X-ray
diffraction can be compared to their behaviour as deter-
mined by element-specific spectroscopic methods. Of
course, the vibrational behaviour of a specific X-cation in a
solid-solution garnet cannot be easily determined by dif-
fraction methods. Here, element-specific spectroscopic
measurements need to be employed. Geiger et al. (2003) at-
tempted to extract information on the vibrational behaviour
of Fe?* in different almandine-bearing binary garnet solid
solutions using *’Fe Mossbauer spectroscopy, but this task
proved unattainable. The quadrupole split doublet in alman-
dine solid solutions shows subtle variations in asymmetry as
a function of garnet composition that is difficult to interpret
with respect to the dynamic behaviour of Fe**. Thus, other
spectroscopic methods must be tested to determine if they
can yield element-specific vibrational information for the
various X-cations in solid-solution compositions.

X-ray absorption fine structure spectroscopy (Lee et al.,
1981; Koninsberger & Prins, 1988), XAFS, is an element
specific spectroscopic method. It can be used to describe lo-
cal structural and dynamic properties (site symmetry, inter-
atomic distances, type and number of neighbouring atoms,
and Debye-Waller factors) for major, minor and trace ele-
ments (for general reviews see: Galoisy, 1996 and Quartieri,
2003; for applications on garnet see: Quartieri et al., 1993,
1995, 1997, 1999a and b, 2002; Mottana et al., 1997; Wu et
al., 1996, 1997). XAFS measurements can be used to deter-
mine element-specific bond lengths in solid solutions and
the vibrational behaviour of selected atoms. Thus, XAFS is
well suited to address the two issues for garnet solid solu-
tions discussed above.

In this work, we have chosen to investigate the nature of
local Fe**- and Mn?**-dodecahedral structural properties in a
series of synthetic almandine-spessartine solid solutions. In
addition, in order to elucidate the vibrational properties of
Fe?* and Mn?*, a temperature-dependent study of the De-
bye-Waller factors was performed between 77 and 423 K for
different Alm-Sps compositions.

Experimental methods

The synthesis and characterization of the almandine-spes-
sartine garnets, (Fe,Mn);Al,Si;0,,, used in this study have
been described in several manuscripts and the relevant in-
formation can be obtained therein (Geiger & Feenstra,
1997; Geiger, 1998; Geiger et al., 2003). The samples stud-
ied here have the compositions Alm100, Alm75Sps25,
Alm50Sps50, Alm25Sps75 and Sps100. For the XAFS
measurements, the polycrystalline garnets were finely
ground in an agate mortar, dispersed in a solvent using an ul-
trasound bath and deposed on a Millipore membrane. For
the high temperature measurements, the samples were fixed
on kapton tape.

The Fe (7112 eV) and Mn (6539 eV) K-edge XAFS spec-
tra were collected in transmission mode at the BMOS station
of the European Synchrotron Radiation Facility in Grenoble
(ESRF, GILDA-CRG) at 77, 100, 200 273, 373 and 423 K.
A dynamically sagittally-focussing monochromator with
Si(311) crystals (Pascarelli et al., 1996) was used. Harmon-
ics were eliminated by detuning the monochromator crys-
tals. Data were recorded with a spacing of 1 eV in the
EXAFS region.

The experimental data (see Fig. 1 for selected examples)
were analysed using standard background subtraction and
Fourier filtering methods, whereas the determination of
structural parameters was carried out using the program
FEFFIT (FUSE package; Ravel, 1998). It uses theoretical
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Fig. 1. Iron XAFS signal for the solid solution AIm50Sps50 at two
selected temperatures.
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Fig. 2. Modulus of the Fourier transform of k?y(k) as a function of
Sps content in garnets at the (a) Fe and (b) Mn edge at 77 K. The first
peak reflects the strong overlap of first two Fe**/Mn**-O coordina-
tion shells. The peaks at higher R-values can be assigned to the outer
coordination shells around iron.

phase functions and amplitudes from FEFF6 software (Rehr
et al., 1991; Mustre de Leon et al., 1991). The reliability of
the theoretical phases was verified by using Fe,O; and
MnO, as standards. The dodecahedral site of garnet can be
described as a double shell coordination corresponding to
the two crystallographically different interatomic X-O dis-
tances in the X-site of point symmetry 222. Hence, structur-
al parameters were extracted by a double shell fit of the data.
A Fourier transform of the EXAFS signal was performed in
the range k=2 to 10 A-! and an inverse Fourier transform in
the range R = 0.9 to 2.1 A for both Fe and Mn data; fitting
was performed in the range k = 2 to 10 A-!. During fitting,
the value of the many-body amplitude reduction factor, S?,
was fixed to 0.9, the value found from an analysis of the
standard compounds. A more sophisticated treatment based
upon a cumulant expansion (Bunker, 1983) is of little help in
this case because of the strong overlap between the two X-O
shells.
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Fig. 3. Fit (dotted) of the back Fourier transform of the data (solid
line) of Alm50Sps50 at 77 K (Fe K-edge).
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Fig. 4. Modulus of the Fourier transform of k*x(k) at selected tem-
peratures for the sample AIm50Sps50 (Fe edge). The first peak re-
flects the strong overlap of the first two Fe?*/Mn?**-O coordination
shells.

Results

The modulus of selected Fourier transforms as a function of
garnet composition at the Fe- and Mn K-edge edges at 77 K
are shown in Fig. 2 a) and b), respectively. The experimental
spectra do not show major variations with composition, and
we can therefore conclude that Fe?*/Mn?* exchange does not
result in major modifications to the garnet structure. We
analysed the first two coordination shells, both consisting of
4 oxygen atoms, which overlap in the first peak of the Fou-
rier transform. Fig. 3 shows a typical fit for the sample
Alm50Sps50. The results of an XAFS analysis of the Fe and
Mn K-edge spectra recorded at selected temperatures are re-
ported in Tables 1 and 2, respectively. Fig. 4 shows the Fou-
rier transform for a representative EXAFS signal as a func-
tion of temperature for the Fe K-edge for the composition
Alm50Sps50. One can observe that there are only minor dif-
ferences between the experimental spectra, which indicate
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Table 1. Results of the XAFS analysis at the Fe K-edge at different temperatures. The Ry;, value (normalised sum of the square residuals) refers

to the fitting procedure with FEFFIT.

77K O ey (A?) 0 Fe-002) (A?) Re oy (A) Re 0@y (A) Ry
Alm 0.006(1) 0.019(3) 2.215(9) 2.338(13) .02
Alm75Sps25 0.006(1) 0.019(4) 2.218(6) 2.326(8) .01
Alm50Sps50 0.005(1) 0.019(4) 2.217(9) 2.329(13) .02
Alm25Sps75 0.006(1) 0.020(4) 2.218(11) 2.326(13) .02
RT 02(FE—O(I)) (Az) 02(Fe—O(z)) (AZ) R(Fe—O(l)) (1&) R(Fe—0(2)) (A) Rm
Alm 0.009(1) 0.018(3) 2.210(8) 2.357(16) .02
Alm75Sps25 0.009(2) 0.018(4) 2.213(10) 2.350(19) .02
Alm50Sps50 0.009(1) 0.017(2) 2.207(7) 2.353(13) .01
Alm25Sps75 0.009(2) 0.019(4) 2.215(11) 2.350(20) .03
423K 0 ey (A%) 0%re.00) (A%) R ge-0ay (A) Rpe00) (A) Ry
Alm75Sps25 0.008(1) 0.022(3) 2.203(5) 2.378(24) .01
Alm50Sps50 0.008(1) 0.022(4) 2.200(7) 2.376(19) .02
Alm25Sps75 0.007(1) 0.022(4) 2.194(8) 2.379(20) .02
Alm data at 423 K are missing due to the sample loss during data collection.

Table 2. Results of the XAFS analysis at the Mn K-edge at selected temperatures.

77K O anoqy (A 0’ oy (A?) R0y (A) Rovin-oey (A) Ry
Sps 0.006(1) 0.016(3) 2.250(8) 2.405(15) .02
Alm25Sps75 0.005(1) 0.016(4) 2.255(6) 2.403(19) .03
Alm50Sps50 0.005(1) 0.017(4) 2.260(8) 2.394(19) .02
Alm75Sps25 0.004(1) 0.018(4) 2.261(7) 2.388(19) .02
RT 02(Mn-0(1)) (Az) 02(Mn-0(2)) (Az) Rvn-oay (A) Rovinoe) (1&) Ry
Sps 0.006(1) 0.019(4) 2.241(8) 2.426(19) .03
Alm25Sps75 0.006(1) 0.019(4) 2.239(8) 2.406(20) .03
Alm50Sps50 0.007(2) 0.019(5) 2.241(10) 2.392(20) .03
Alm75Sps25 0.006(2) 0.020(5) 2.250(11) 2.375(24) .03
423K om0y (A?) o’ a0y (A% Romoay (A) Romoay (A) Ry
Sps 0.009(1) 0.025(4) 2.244(7) 2.407(18) .02
Alm25Sps75 0.009(1) 0.024(6) 2.238(11) 2.388(27) .03
Alm50Sps50 0.009(1) 0.023(5) 2.236(9) 2.384(22) .02
Alm75Sps25 0.008(2) 0.024(7) 2.242(12) 2.392(32) .04

that variations in structural properties over the investigated
temperature range are small. The effect of temperature is
most evident in the intensity of the peaks, which decrease
with increasing temperature for all coordination shells.

Discussion

X-0 bond lengths and site relaxation behaviour

The XAFS Fe?*-O and Mn?*-O bond distances for synthetic
end-member almandine and spessartine (Table 1), respec-
tively, are in good agreement with those determined by X-
ray diffraction (Geiger et al., 1992; Geiger & Ambruster,
1997).

Fig. 5 shows the Fe**/Mn?*-O bond distances derived by
the XAFS data analysis as a function of Sps content in gar-

net at 77 K. Several X-ray diffraction studies have been
made on garnet solid solutions and diffraction-averaged
bond lengths and structural properties have been determined
(Armbruster et al., 1992; Ganguly et al., 1993; Ungaretti et
al., 1995). However, it is not clear how diffraction-averaged
X-Obond lengths, for example, can be interpreted in a phys-
ical sense for the case of solid-solution crystals. The diffrac-
tion experiment gives averaged X-O lengths that correspond
to the VCA description (see, however, Geiger & Armbru-
ster, 1999 for the case where individual element-specific
bond lengths were determined). Thus, diffraction-deter-
mined bond lengths cannot be directly compared to ele-
ment-specific bond lengths such as those shown in Fig. 5.
The Fe**-O and Mn?*-O bond lengths given in this plot are
element-specific average values, since there could be very
slight variations in the bond lengths deriving from different
local dodecahedral cation configurations (i.e. clusters) that



XAFS study of almadine-spessartine garnets 805

2.36
a)

232 %ﬁ\%\%
=
3 Fe (1)-0
g 2.28 @ >
8 OFe (2)-0
o
(0]
L 024

2.20 -

b)

2.46-
2 2.40-
(2]
2
S 2344 @ Mn(1)-0
o O Mn(2)-0
<
= 2284

2.22

02 04 06 08 10

Mole fraction Spe

Fig. 5. Bond distances as a function of Sps content at 77 K. (a) Fe
edge and (b) Mn edge. The solid line is a linear interpolation.

can occur in solid-solution compositions (see Geiger, 1999;
Geiger et al., 2003). An important point regarding the struc-
tural properties of garnets — and other solid-solution systems
as well — should be made. When a given X-cation is replaced
by another atom, local structure relaxation occurs. Attempts
are being made to estimate and even quantify the degree and
type of relaxation. It can be described by the element-specif-
ic bond lengths, which are measured by XAFS experiments,
but not by standard X-ray diffraction experiments.

The XAFS Fe?*-O bond lengths determined here do not
vary greatly with garnet composition. However, we note that
the longer Fe?*-O bond distance contracts slightly with in-
creasing Sps content, while the longer Mn?*-O bond expands.
Hence, the Fe?*- and Mn?*-sites behave in a complementary
fashion with changing composition. From these X AFS results
we conclude that the state of alternating bonds appears to be
an appropriate description for X-O bond behaviour in Alm-
Sps solid solutions. This conclusion agrees with structural re-
sults obtained from static lattice energy simulations on differ-
ent binary garnet solid solutions (Bosenick et al., 2000, 2001;
van Westrenen et al., 2003) and also ’Fe Mdssbauer and elec-
tronic energy calculations (Geiger et al., 2003).

Vibrational behaviour of FeZ* and Mn?* as a function
of composition and temperature: XAFS vs X-ray
diffraction data

Contrary to the case for end-member garnets, in studies of
solid solutions, X-ray diffraction is generally not capable of
delivering vibrational information on an element-specific
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Fig. 6. XAFS Debye-Waller factors as a function of Sps content for
the studied samples at room temperature.

atom. This can be done though with XAFS. Fig. 6 shows
variations in the XAFS Debye-Waller factors, 62, for Fe?*
and Mn?* at room temperature as a function of Sps content
in garnet. The Debye-Waller factor corresponding to the
longer X-O(2) bond, 022, is larger than that of the shorter X-
O(1) bond, 6,2, for all garnet compositions. The amplitudes
of vibration of Fe?* and Mn?* are similar to one another in
the plane of the X-O(2) bonds, while in the plane of the X-
O(1) bond Fe?* has a larger amplitude of vibration com-
pared to Mn?*. This is in agreement with the X-ray diffrac-
tion results (Geiger et al., 1992; Armbruster et al., 1992;
Geiger & Armbruster, 1997). Fig. 6 shows, in addition, that
the Debye-Waller factors for both cations do not vary great-
ly as a function of Sps content. The result is consistent with
one-mode behaviour observed for phonons with a strong X-
cation character in the IR and Raman spectra of Alm-Sps
garnets (Geiger, 1998; Kolesov & Geiger, 1998). The Alm-
Sps binary shows nearly “ideal” one-mode behaviour in
comparison to other binary aluminosilicate garnet solid so-
lutions, where, in comparison, two-mode behaviour is
sometimes observed. The physical explanation for one-
mode behaviour lies in the similar size and mass of Fe?* and
Mn?*, and this is also reflected in the similarity of the XAFS
spectra for Alm and Sps.

The Debye-Waller factor corresponding to the longer X-
O(2) bond is larger compared to that associated with the X-
O(1) bond at all temperatures (Fig. 7). The value of 0,? also
more temperature-dependent than that for 6,2, which is vir-
tually temperature-independent over the temperature range
studied. These results are in agreement with X-ray diffrac-
tion results (Geiger et al., 1992; Armbruster et al., 1992;
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Fig. 7. Temperature dependence of the XAFS Debye-Waller factor,

02, in AIm50Sps50. (a) Fe edge and (b) Mn edge.

Geiger & Armbruster, 1997) and Mdossbauer spectroscopic
measurements (Geiger et al., 1992).

In previous temperature-dependent single-crystal X-ray
diffraction studies, the lattice-dynamic properties of end-
member almandine and spessartine were investigated be-
tween 100 and 500 K (Geiger et al., 1992; Armbruster et al.,
1992; Geiger & Armbruster, 1997). Analysis focused on the
temperature behaviour of the atomic displacement parame-
ters can be used to determine the dynamic properties of the
atoms and polyhedra in the case of ordered end-member
garnets. The results show that the SiO, tetrahedron and the
AlOg octahedron can be considered, at least in terms of their
diffraction-based vibrational properties, as rigid bodies be-
tween 0 K and 500 K. The vibrational behaviour of the XOy
dodecahedron is different. Unlike the situation for the SiO,
and AlOg4 polyhedra, the difference atomic displacement pa-
rameters along the bonding vectors between the central X-
cation and the surrounding oxygen atoms are a function of
temperature. It was shown that the Fe?* and Mn?* cations vi-
brate in an anisotropic manner with their greatest vibrational
displacement in the plane of the longer X-O(2) bonds.

Further and complementary information on the vibrational
behaviour of the X-cation in garnet can be obtained by XAFS
studies. It should be noted, though, that the XAFS Debye-
Waller factor is different from that determined by X-ray dif-
fraction (Beni & Platzman, 1976; Greegor & Lytle, 1979; Se-
villano et al., 1979). The former is sensitive to short-range
correlations in atomic motion, while the latter measures the
mean square displacement with respect to the average posi-
tion of the atom. We refer to the XAFS Debye-Waller factor as
the mean square relative displacement (MSRD) between the
absorbing and the backscattered atoms, defined as:

sz = <(Rj : a)J')2> + <(R] : ﬂo)2> - 2<(Rj : ﬁ]) : (RJ : ﬁo» (1)

The first two terms of equation (1) describe the mean square
absolute displacement (MSD) of the absorbing and back-
scattering atoms along the bond direction (i.e., they corre-
spond to the X-ray diffraction displacement parameter) and
the third one describes the displacement correlation func-
tion. It gives a measure of the in-phase vibrational motion
along the bond direction. If this term vanishes, then the two
bonded atoms vibrate independently. If, however, the two
atoms vibrate together as a unit, the correlation contribution
will reduce the amplitude of the XAFS Debye-Waller factor.
Because of the time scale associated with the XAFS pro-
cess, the XAFS Debye-Waller factor consists of both static
(disorder) and vibrational (thermal) components:
02 = sttatic + 0'2vibrational (2)
Measurements made at a single temperature do not allow
one to separate the two contributions from one another. This
can only be done by undertaking experiments at different
temperatures. If one adopts a Gaussian pair distribution to
describe the atomic position for the absorber and backscat-
ter, and a harmonic approximation to model the vibration,
the two contributions are given by:

Ozstalic = {]:21 (r_] - r0)2 /I’l} (3)

where r; and r; are the average and the j-th interatomic dis-
tances, respectively, and by an Einstein model for the vibra-
tion:

0% ibrational = [A/872m,v]coth[hv/2kT) “)
where m, is the reduced mass for the atom pair and v is the
vibrational frequency.

Thus adopting Eq. (1), a combination of XAFS and X-ray
diffraction results can be used to estimate the correlation of
motion along an inter-atomic bond, which provides a mea-
sure of the in-phase atomic vibrational motion along the
bond direction, and to explore its vibrational behaviour and
strength. Such an approach was adopted in an investigation
of the Fe**-O bond in almandine (Quartieri et al., 1997) and
here it is used again to study the nature of the Mn?*-O bond
in spessartine.

A simple comparative discussion of the absolute values
of the two different Debye-Waller factors is a difficult task.
In both XAFS and X-ray diffraction experiments, a proper
determination of their respective Debye-Waller factors is
not simple. In both cases a determination is affected by cor-
relation problems with other fit parameters and it can also be
affected by how the data analysis was carried out. A correct
determination of the XAFS Debye-Waller factor requires
that the scattering amplitudes and the scale factor S? are ac-
counted for properly. In this work, they were obtained by
fixing the coordination number of oxygen atoms around the
X-cations to eight. In the X-ray diffraction experiments, the
atomic displacement parameters are strongly correlated
with the site occupancy term in the least-squares refinement
procedure and this must be taken into account.
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In order to avoid problems in calculating absolute Debye-
Waller values in the two techniques, the difference Debye-
Waller factors (AMSRD, AMSD) were used. To do this, the
values of the Debye-Waller factors were subtracted by the
value corresponding to the lowest temperature attained in
each experiment. This is done only for the case of end-mem-
ber spessartine because X-ray diffraction data are available
(Geiger & Armbruster, 1997). Upon making this calcula-
tion, one observes a good agreement between AMSRD and
AMSD for the longer Mn?*-O(2) bond as a function of tem-
perature, while for Mn**-O(1) AMSRD is smaller than
AMSD (Fig. 8). Thus, there is correlated motion along
Mn?*-O(1) at room temperature (i.e., there is a considerable
in-phase contribution), while along the Mn?*-O(2) bond di-
rection the correlated motion is negligible.

Conclusions

XAFS measurements at the Fe and Mn K-edges made on a
series of synthetic almandine-spessartine solid solutions
permit a determination of their local structural and atomic
vibrational properties. The main results can be summarized
as follows:

1. Structural variations in X-site geometry as a function of
garnet composition are small and are mainly related to a
variation in length of the longer Mn?*-O(2) bond dis-
tance. The vibrational anisotropy of Fe?* and Mn?* cat-
ions in garnet is confirmed and it is only weakly a func-
tion of garnet composition.

2. A temperature dependence of the XAFS Debye-Waller
factors for Fe?* and Mn?* is observed for all solid-solu-
tion compositions. The MSRD along the longer X-O(2)
bond is larger and more temperature-dependent than that
along the shorter X-O(1) bond.

3. A comparison of the Debye-Waller factors obtained by
XAFS and X-ray diffraction for spessartine reveals a
negligible contribution of the correlated motion for the
longer Mn**-O(2) bond. The Mn?*-O(1) bond, converse-
ly, is characterized by in-phase motion.
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