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Abstract— A sample of ferripyrophyllite, a mineral with ideal composition Fe,Si,0,,(OH),, was analyzed
by Mossbauer spectroscopy, magnetization and magnetic susceptibility measurements. The iron is entirely
ferric, and the main feature of the Mdssbauer spectrum at room temperature is a single absorption line
with isomer shift 6 = 0.36(1) mm/sec due to iron in M2 sites. The line is broadened by a slight quadrupole
splitting A = 0.18(1) mm/sec, the smallest yet reported for a sheet silicate. Weaker features corresponding
to quadrupole doublets with relative intensities of 7% and 8% having 6 = 0.43(1) mm/sec; A = 1.22(2)
mm/sec and § = 0.14(1) mm/sec; A = 0.59(2) mm/sec are assigned to ferric iron in nonequivalent octa-
hedral and tetrahedral sites, respectively, giving the following formula, based on published chemical
analysis:

Cagos(Fe* | 57 Mgo.11Alp.00)VH(Si3 s0F e g 16Al0.04) ™V O1(OH),,

where Ca is in interlayer sites. Ferripyrophyllite orders antiferromagnetically at 18(2)°K. The Mdssbauer
spectrum at 4.2°K consists of a single, resolved magnetic pattern with hyperfine field B,,= 51.8 T. The
relatively high Néel temperature compared with other dioctahedral ferric phyllosilicates provides further

evidence that Fe3* cations tend to be ordered on M2 sites within the octahedral sheet.
Key Words—Cations, Ferripyrophyllite, Iron, Magnetic properties, Mbssbauer spectra, Pyrophyllite.

INTRODUCTION

Chukhrov et al. (1979a, 1979b) identified a ferric
analogue of pyrophyllite in a precipitate formed from
low-temperature hydrothermal solutions at Strassen-
schacht in the German Democratic Republic. From
X-ray and electron powder diffraction data, they re-
ported a monoclinic unit cell witha = 5.26 A, » = 9.10
A, c=19.1 A, and 8 = 95.5° for this material. They
indicated that the 2:1 layers are staggered so that silicon
hexagons of adjacent layers do not overlap, as in the
2M polytype of pyrophyllite. Although most of the
sample did not expand with water, a small proportion
(~5%) of a smectite phase that consisted of expanding
layers which dehydrated to the ferripyrophyllite struc-
ture was reported. The following structural formula
was obtained from chemical analysis by assigning Si,
Al, and Fe** to tetrahedral sites in that order, in ac-
cordance with the standard procedure:

Cagos(Fe*t | 96Mgo.11)V(Sis 50Alg.13F€* ¥ 5 07)V O o(OH),,

where Ca is in interlayer sites. As the ferric form of
pyrophyllite, the prototype dioctahedral layer silicate,
the Strassenschacht material approaches an ideal struc-
ture composed of uncharged ferric 2:1 layers.

The aims of the present work were to specify the
cation distribution by means of the Mdssbauer spectra
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and magnetic properties of the mineral and to assess
conflicting interpretations in the literature of the spec-
tra of ferric 2:1 layer minerals in light of data on this
newly available end-member species. Several critical
reviews of Fe>” Méssbauer spectroscopy as a technique
for clay mineral research have appeared recently (Coey,
1980; Goodman, 1980; Heller-Kallai and Rozenson,
1981), and Coey (1984) discussed the problems asso-
ciated with attributing M6ssbauer subspectra of sili-
cates to iron in specific crystallographic sites. The mag-
netic properties of silicates (Coey et al., 1982) may also
be expected to be quite sensitive to the iron cation
distribution. We show here how both sorts of mea-
surements, when taken together, can be used to resolve
the cation distribution of iron in such materials.

EXPERIMENTAL METHODS

A 10-mg sample of the Strassenschacht ferripyro-
phyllite was prepared as a Mossbauer absorber, mixed
with finely ground sugar to avoid preferential orien-
tation, and spread between two beryllium discs with
an area of 2 cm?. Spectra were collected at 290°K using
a conventional constant acceleration spectrometer
(Halder MS250), and a source of Co%” in rhodium. All
data were computer fitted using the least squares pro-
gram of J. Teillet and F. Varret (Laboratoire de Spec-
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Figure 1. Room temperature Mdssbauer spectrum of ferri-
pyrophyllite. The fit of the data as the sum of three gquadrupole
doublets associated with iron in M1, M2, and tetrahedral sites
is shown.

troscopie Mdossbauer, Université du Maine, F-72017
LeMans, France, personal communication). Isomer
shifts are quoted here relative to a metallic iron ab-
sorber. Measurements of magnetization as a function
of applied field at fixed temperature, from 4°K to 80°K,
were made with a vibrating sample magnetometer, op-
erating with a 5 T superconducting solenoid. An 18.5-
mg sample was used.

RESULTS

The room-temperature Mossbauer spectrum of a
randomly oriented powder sample is shown in Figure
1. The main feature of the data is an intense, broadened
absorption line at 0.25 mm/sec; however, two addi-
tional weak features of unequal intensity exist at —0.2
and 0.9 mm/sec. Three elements are therefore required
in the fit. There is no sign whatever of Mdssbauer lines
or features indicative of the presence of ferrous iron;
thus, Fe?*/Fe ., < 0.02.

Decomposition of the spectrum into three ferric
quadrupole doublets, as shown in Figure 1, gives an
excellent fit (x* = 202 for 238 degrees of freedom) and
vields sets of parameters which are compatible with
those found in a range of other ferric dioctahedral 2:1
layer silicates (Coey, 1980; Heller-Kallai and Rozen-

Table 1. Mossbauer parameters for the fit of the ferripyro-
phyllite spectrum at 290°K.

Site M2, cis M1, transt Tetrahedral

Isomer shift, § 036(1) 0434) 0.144)
{(mm/sec)?

Quadrupole splitting, A 0.18(1) 1.22(@8) 0.59(8)
(mm/sec)

Line width, T 0.32(2) 0304 0.35@14)
(mm/sec)

Relative intensity 85(2) 7(3) 8(3)
(%)

1 Attribution of this doublet is discussed in the text.
2 Relative to an absorber of metallic iron.
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Figure 2. Mdssbauer spectrum of ferripyrophyllite at 4.2°K.
The fit of the data to a single magnetic hyperfine pattern is
shown,

son, 1981) (Table 1). Unlike many other decomposi-
tions of the Mossbauer spectra of 2:1 layer silicates,
that shown in Figure 1 is almost unambiguous, because
the spectral features are well resolved. The principal
uncertainty concerns the association of the two weak,
overlapping, low-velocity lines with their high-velocity
partners, but even if the assignment were reversed, the
changes in isomer shift (§) and quadrupole splitting (A)
are insignificant, being less than 0.03 mm/sec.
Magnetic hyperfine splitting appears in the liquid
helium temperature range. Figure 2 shows the spec-
trum at 4.2°K, a single magnetic sextet with rather
broad lines. Their full width at half maximum is T' =
0.5 mm/sec. The details of three component subspectra
were not resolved, so the data were fitted to a single
sextet with different linewidths for inner, middle, and
outer doublets. This procedure yielded reliable average
parameters despite a poor value of x2, 1460 for 243
degrees of freedom. The isomer shift at 4.2°K is 6 =
0.48(4) mm/sec, the quadrupole shift is ¢ = —0.04(4)
mmy/sec, and the hyperfine field is B, = 51.8(5) T.
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Figure 3. Magnetization curve of ferripyrophyllite at 4.2°K.
The insert shows the temperature dependence of the initial
susceptibility.
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Evidence for magnetic ordering at low temperatures
is also apparent in the magnetization and susceptibility
data shown in Figure 3. The susceptibility measured
in a field of 0.1 T passes through a maximum at Ty =
18(2)°K, which is identified as the Néel temperature
where the mineral orders antiferromagnetically. The
magnetization curve at 4.2°K also indicates fairly strong
antiferromagnetic interactions. Only a small propor-
tion (17%) of the saturation magnetization expected
from collinear alignment of the iron moments (133.6
J/T/kg) is achieved in a field of 5 T. In the absence of
antiferromagnetic interactions, this proportion would
be 90%, as given by the Brillouin function for S = 5/2
(Smart, 1966).

DISCUSSION
Mdossbauer spectra

The intense, unresolved doublet (Figure 1) with § =
0.36 mm/sec, comprising 85% of the total absorption
area, is due to Fe3* in octahedral sites with little de-
parture from cubic symmetry. Its quadrupole splitting
A = 0.18 mm/sec is the smallest yet reported for ferric
iron in any sheet silicate. Ferric quadrupole splitting
depends mainly on the electric field gradient created
by the first neighboring shells of ions: it follows that
local environments of all sites contributing to the doub-
let are alike because its linewidth, I' = 0.32 mm/sec, is
close to the instrumental resolution I', = 0.26 mm/sec.
A similar feature with a somewhat larger quadrupole
splitting, which decreases, however, with increasing iron
content, exists in the spectra of other 2:1 layer silicates,
including illites (Coey, 1980; Heller-Kallai and Rozen-
son, 1981), glauconites (Rozenson and Heller-Kallai,
1978; Govaert et al., 1979; Kotlicki et al., 1981), and
nontronites (Goodman et al., 1976), where it has been
attributed to iron in M2 sites (cis hydroxyls). In fer-
ripyrophyllite also it must be associated with M2 iron
for the following reasons: recoilless fractions at differ-
ent sites in silicates normally differ by less than 10%;
thus the intense doublet represents 85 + 2% of the
total iron or 1.74 Fe atoms per formula unit. The fea-
ture cannot therefore be attributed solely to iron in M1
sites. As it is quite implausible that iron in M1 sites
in a dioctahedral mineral will have precisely the same
local environment as iron in M2 sites, the intense
doublet must be associated with iron in M2 sites alone.
A survey of the literature on dioctahedral 2:1 layer
minerals (Coey, 1980; Heller-Kallai and Rozenson,
1981) indicates that the M2 quadrupole splitting in-
creases in the order ferripyrophyllite < nontronite <
glauconite < montmorillonite < illite < muscovite.
The sequence is, broadly, that of decreasing b param-
eter and decreasing iron occupancy in the octahedral
layer. The sequence corresponds in some sense to in-
creasing distortion of the M2 site, and Heller-Kallai
and Rozenson (1981) found that the overriding factor
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determining A for Fe** in M2 and M1 sites is the
distortion of the octahedral bond angles.

The second doublet, with 6 = 0.43 mm/sec and A =
1.22 mmy/sec, is also associated with octahedral iron,
judging from the value of'its isomer shift. Two possible
interpretations are (1) M1 iron, or (2) octahedral iron
in the vicinity of a charge defect. The former assign-
ment is the one that has generally been favored for the
ferric quadrupole doublet with the larger splitting in
2:1 layer minerals, but the latter has been considered
as an alternative, specifically for nontronite and cela-
donite (Goodman, 1978; Bookin et al., 1978, Dainyak,
1980; Besson ef al., 1983). Furthermore, evidence ex-
ists from other silicates, omphacites and hornblendes,
for example, that the charges of the nearest cation
neighbors can influence the quadrupole splitting (Coey,
1984). Charge defects that might possibly be respon-
sible for the second doublet are a trivalent tetrahedral
cation neighbor, a divalent octahedral cation neighbor,
or defects in the shell of anion neighbors. From the
formula reported by Chukhrov et al. (1979a), and
quoted in the introduction, the probability of a triva-
lent ion appearing in a tetrahedral site is 0.20/4 = 0.05.
Each octahedral site has four tetrahedral sites as neigh-
bors, so the random probability of having at least one
trivalent tetrahedral neighbor is given by the binomial
distribution as

N!

1= Z(N — 2Z)!

(1 = xe2x2,

where N = 4, Z =0, and x = 0.05, i.e., 19%.

The probability of a divaleiit ion appearing in an
octahedral site is 0.055, so the random probability of
an octahedral ion having at least one octahedral neigh-
bor may be calculated similarly. This probability is
16% if N = 3, or for octahedral cation order on M2
sites, and even larger if both M1 and M2 sites are
partially occupied. The observed intensity of the sec-
ond doublet is only 8% of the octahedral ferric ab-
sorption, much too small to be explained by either a
random distribution of trivalent tetrahedral or divalent
octahedral neighbors. The possibility of a change in
the anion shell is not so easily dismissed. Many min-
erals exhibit a similar doublet on dehydroxylation
(Heller-Kallai and Rozenson, 1981), although the line
width is generally ~0.6 mm/sec, twice what was ob-
served for ferripyrophyllite. Dainyak (1980) attributed
a similar quadrupole splitting for Fe**-bearing trioc-
tahedral smectites to deprotonization of the hydroxyls
ofthe cis octahedra. Furthermore, Kotlicki ef a/. (1981)
discovered a correlation in glauconites between the in-
tensity of the second doublet and the proportion of
expanding layers. Although ferripyrophyllite fits into
this correlation, because both the intensity of the sec-
ond doublet and the proportion of expanding layers
are small, the significance of finding this is questionable
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Table 2. Comparison of the Mdssbauer parameters of ferripyrophyllite with representative values for other ferric diotahedral

2:1 layer minerals.

M2 MI T
3 A i 5 A I 3 A I
Ferripyrophyllite 0.36 0.18 85 0.43 1.22 7 0.14 0.59 8
Nontronite! 0.36 0.30 60 0.36 0.62 25 .16 0.54 15
Glauconite! 0.36 0.40 70 0.35 0.95 30 - —
Montmorillonite! 0.34 0.53 70 0.39 1.14 30 — — —
Illite! 0.34 0.62 85 0.38 1.21 15 - - —
Muscovite! 0.38 0.68 80 0.43 1.19 10 0.22 0.70 10

& = isomer shift relative to iron, in mm/sec; A = quadrupole splitting, in mm/sec; I = relative intensity, in %.
! Data from compilations of Coey (1980) and Heller-Kallai and Rozenson (1981).

because the expanding layers in the present sample
constitute a separate smectite phase. It is quite possible,
however, that the sites responsible for the second doub-
let are not distributed at random, but are located in
the hydroferripyrophyllite (smectite) phase whose
swelling layers are intercalated by Ca (Chukhrov et al.,
1979a).

The third doublet can be attributed to iron on tet-
rahedral sites, on the basis of its isomer shift (see An-
nesten et al., 1971). It follows that aluminum has no
overriding preference for tetrahedral sites unoccupied
by silicon; 80% of them are actually occupied by Fe3+.
Thus, the formula of Chukhrov et al. (1979a) should
be modified to read:

Cay o5(Fe?t; ey Mg, 11 Al g6)V!
(8i; soFe? 5 16Al5,04) VO (OH),

Finally, M6ssbauer parameters of ferripyrophyllite
are compared with those found for other dioctahedral
2:1 layer minerals in Table 2, where any ferrous iron
has been ignored and the second doublet convention-
ally assigned to M1 sites.

Magnetic properties

The magnetic susceptibility of an antiferromagnet at
its ordering temperature Ty is given, in molecular field
theory (Smart, 1966), as x = C/(Ty — ). The Curie
constant C calculated for the present sample is 209 J-
K/(T?-kg) and x(Ty) = 4.9(3) J/(T?-kg). Thus, the pa-
rameter §, which measures the strength of the average
exchange interaction, is —22(4)°K. Table 3 draws a
comparison of Ty, 8, and the magnetization, expressed
as a fraction of saturation at 4.2°K in 2 T, for ferri-
pyrophyllite, nontronite, and glauconite. In glauconite,
the presence of Fe?* permits Fe?+ — Fe?+ virtual elec-
tron transfer, which gives a ferromagnetic exchange
coupling in addition to the normal Fe3+-O-Fe3+ an-
tiferromagnetic superexchange. The positive 8 value
has been previously ascribed to this interaction (Ballet
and Coey, 1982). Comparison with nontronite is more
instructive inasmuch as neither ferripyrophyllite nor
nontronite contains ferrous iron. The strength of the
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antiferromagnetic interactions indicated by the nega-
tive @ value is similar in the two minerals, yet a dis-
crepancy of a factor of 6 exists in their magnetic or-
dering temperatures. Because the proportion of
tetrahedral iron is similar in nontronite (Besson et al.,
1983) and ferripyrophyllite, an explanation for the dif-
ference in magnetic properties must be sought in the
octahedral cation distribution.

Figure 4, which shows the extremes of dioctahedral
order on M2 sites and random population of %5 of all
M1 and M2 sites, suggests how the cation distribution
can influence antiferromagnetic ordering. It is possible
to satisfy all the superexchange interactions simulta-
neously with the distribution of Figure 4a, arranging
for the spins of neighboring cations to be antiparallel.
The honeycomb lattice is said to be unfrustrated, be-
cause it involves only even-membered rings, and in
molecular field theory, Ty = —8. Such descriptions fit
ferripyrophyllite. On the other hand, if there is no M2
site preference (as shown in Figure 4b), triangles and
other odd-membered rings of occupied sites will form
where it is impossible to find a spin configuration with
the spins of all neighboring atom pairs aligned anti-

Table 3. Magnetic properties of dioctahedral 2:1 layer sili-
cates.

Paramag- Magnetic

netic  ordering
Curie  temper-
tempera-  ature
ture () (Tn)!
CK) K) M/M,? Reference
Ferripyrophyllite = —22 18 0.06 This work
Nontronite -20 (~3) 0.10 Bonnin (1981)
Glauconite 10 (~4) 0.45 Ballet and Coey

(1982)

1 Values for nontronite and glauconite are taken to be the
temperatures where half of the Mdssbauer absorption is in a
magnetically split hyperfine pattern. No evidence has been
found for any long-range antiferromagnetic order in nontron-
ite below this temperature.

2 Ratio of the magnetization, in 2 T at 4.2°K,, to the cal-
culated colinear saturation value.
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Figure 4. Cation distributions within the octahedral sheet:
(a) iron occupies M2 sites only; (b) iron occupies % of M1
and M2 sites, at random. Antiferromagnetic nearest-neighbor
interactions cannot be simultaneously satisfied in the shaded
regions.

parallel. The result of this “frustration’ of the antifer-
romagnetic interactions is a random, noncollinear
magnetic ground state whose energy is considerably
higher than that of the antiferromagnetic honeycomb
lattice. The magnetic ordering temperature is corre-
spondingly lower.

A good example of the frustration effect was found
in FeF;, whose crystal structure contains only even
membered Fe rings and has a Néel temperature of
363°K. The noncrystalline FeF,; probably includes
roughly equal numbers of odd- and even-membered
rings (Coey and Murphy, 1982), and the magnetic or-
dering temperature, where the spins actually freeze in
random directions, is reduced by an order of magni-
tude, to 29°K (Ferey et al., 1980). Antiferromagnetic
coupling of ferric iron in octahedral sites of a 2:1 layer
involves superexchange with a near 90° Fe~-F-Fe su-
perexchange in FeF;, but the principle of reduction of
the ordering temperature, by topological frustration of
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the exchange interactions, is the same. Comparison of
the § and Ty values in Table 3 suggests a cation dis-
tribution similar to that shown in Figure 4a for ferri-
pyrophyllite and to that shown in Figure 4b for non-
tronite (Bonnin, 1981). A recent magnetic neutron
diffraction study in this laboratory of nontronite at 2°K
found no sign of long-range antiferromagnetic order;
thus, the transition of Ty should be regarded as a spin
freezing transition rather than an antiferromagnetic Néel
point.

In conclusion, the magnetic properties and Moss-
bauer spectra of ferripyrophyllite indicate that this
mineral is an ordered dioctahedral mineral with the
bulk of the octahedral iron (>90%) in M2 sites.
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Govaert, A., de Grave, E., Quartier, H., Chambraere, D., and

Pestome—Obpasen deppunupoduninta, Musepana ¢ ugeanbaon hopmynon (Fe,)Si)0,,(OH),, uccneno-
BaH C momMompo MeccHay3poBCKOil CIIEKTPOCKONUH, U3MEPEHU T HAMATHHUUBAHUS K MAarHUTHON BOCIIPHUM-
4YHMBOCTH. Bee Jene30 MONHOCTBIO ABJAAETCSA OKHCHBIM, H [JIABHOH 4epTOd MecchayIapoBCKUX CIIEKTPOBR 1IpH
KOMHATHOH TEMIIEpaType SABIAECTCA OAMHOYHAS JIMHUSI NOTJIOIIEHUS C H30MepHBIM casuroM & = 0,36(1)
MM/C, OTHOCSIIIASACS K XKeJiesy B no3uuuu M2, JInHus paciuupena ciaGbIM KBALPYIOALHBIM PaCIiencHueM
A =0,18(1) MM/c, HAaUMEHBIIIEM H3 O CHX TOP H3BECTHBIX Ui CIIOUCTHIX CHIMKaTOB. Bonee cnabble
0COGEHHOCTH, BbIpa)xaeMble KBAAPYNOJBHBIMH AyGJIeTaMH C OTHOCHTENbLHBLIMH HHTEHCHBHOCTSAMH B 7 U
8%, umerommue 6 = 0,43(1) mm/c, A =1,22(2) mm/c; u 6 = 0,14(1) mm/c, A = 0,59(2) MM/c OTHECEHBI K
OKHCHOMY JKeJIe3y B HEIKBHBAJICHTHBIX OKTa3APHYECKAX M TETPadAPHYECKHX MO3HUIHUAX COOTBETCTBEHHO,
9TO Ha OCHOBAHMH ONyOIMKOBAHHBIX HAHHBIX XHMHYECKOrO aHAJIH3a HAEeT CAEAYIOLlylo GopMyay
Cagos(Fe’, 5, Mgo, 11 Al 06) V(Sis 56F €5, 16AL0 04) Y O10(OH),. PeppunupoduIMT XapakTepusyeTcss anTH(Ep-
POMarHuTHBIM ynopsinoueHneM npH 18(2)°K. MeccGaysposckuii criekTp mpH 4,2°K cocTouT U3 OfuHOY-
HOTO CEKCTETA C pa3pellleHHEM CBEPXTOHKOH KapTHHBI MAarHHTHOrO 1ond By, = 51,8°T. CpaBHUTENBHO BbI-
cokas Temmnepatypa Heeng (B oTivwune oT TakoBo#l y Apyrux (PUIIOCHIMKATOB OKHCHOTO XKEJE3a) CIYKUT
JIOTIOJTHHTEIBHBIM CBHIAETENLCTBOM TEHACHINH K YIOPSAIOYEHHOMY paclipe/iesIeHHIo kaTuoHos Fe’* mno ok-
TAYAPHUYECKUM No3uuusaM M2.

Resiimee—Eine Probe von Ferripyrophyllit, einem Mineral mit der idealen Zusammensetzung
Fe,Si,0,4,(OH),, wurde mittels Mssbauer-Spektroskopie, Magnetisierungs- und magnetischen Suszep-
tibilitéits-Messungen untersucht. Das Eisen ist ausschlieBlich Fe3+, und das Hauptcharakteristikum des
Mossbauer-Spektrums bei Raumtemperatur ist eine einzige Absorptionslinie mit einer Isomerverschie-
bung § = 0,36(1) mm/sec, die durch Eisen auf M2-Plitzen hervorgerufen wird. Die Linie wird durch eine
leichte Quadrupol-Aufspaltung von A = 0,18(1) mm/sec verbreitet, die kleinste, die je fiir ein Schichtsilikat
angegeben wurde. Schwichere Charakteristika, die Quadrupol-Dubletten mit relativen Intensitiiten von
7% und 8% entsprechen, und die Werte von & = 0,43(1) mm/sec, A = 1,22(2) mm/sec und & = 0,14(1)
mm/sec; A = 0,59(2) mm/sec haben, deuten auf Fe*+ auf nichtiquivalenten oktaedrischen bzw. tetrae-
drischen Plitzen hin, woraus sich die folgende, auf publizierten chemischen Daten basierende Formel
ergibt:

Cayp os(Fe>* | 57MBo,11Aly 05)Vi(Si3 5oF 370, 16Al0,04) ™V O10(OH),,

wobei das Ca auf Zwischenschichtplitzen sitzt.

Ferripyrophyllit zeigt bei 18(2)°K antiferromagnetische Ordnung. Das Méssbauer-Spektrum bei 4,2°K
besteht aus einem einzigen aufgelosten magnetischen Signal mit einem Hyperfeinfeld B,; = 51,8 T. Die
im Vergleich mit anderen dioktaedrischen Ferri-Phyllosilikaten relativ hohe Néel Temperatur liefert einen
weiteren Beweis, dairs Fe?+-Kationen dazu neigen, auf den M2-Plitzen innerhalb der Oktaederschicht
angeordnet zu sein. [U.W.]
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Résumé—Un échantillon de ferripyrophyllite, un minéral dont la composition idéale est Fe,Si,O,,(OH),,
a été analysé par spectroscopie Mossbauer, et par mesures d’aimantation et de susceptibilité magnétique.
La fer est entiérement ferrique, et 4 température ambiante, la caractéristique principale du spectre Moss-
bauer est une scule raie d’absorption avec déplacement isomerique § = 0,36(1) mm/sec & cause de la
présence de fer dans les sites M,. La raie est élargie par une légére dedoublement quadropolaire A =
0,18(1) mm/sec, jusqu’a présent, la plus petite rapportée pour une silicate i feuilles. Des caractéristiques
plus faibles correspondant i des doublets quadropolaires ayant des intensités relatives de 7% et de 8%,
et ayant 6 = 0,43(1) mm/sec; A = 1,22(2) mm/sec et 6 = 0,14(1) mm/sec; A = 0,59(2) mm/sec sont as-
signées au fer ferrique dans les sites octaédraux et tetraédraux nonéquivalents, respectivement, donnant
ia formule suivante, basée sur une analyse chimique publiée:

Cag05(Fe’ 1 57M8o 1ALy 00) V(813 60F €% 0,16A10,04)V O 1o(OH),,

ol Ca est dans des sites intercouches.

La ferripyrophyllite s’ordonne antiferromagnétiquement a 18(2)°K. Le spectre Méssbauer & 4.2°K consiste
en un seul cliché magnétique résolu avec un champ hyperfin B,;= 51,8 T. La température de Néel
relativement élevée comparée a d’autres phyllosilicates ferriques octaédriques fournit d’avantage d’évi-
dence que les cations Fe3* ont tendance & s’ordonner sur les sites M, au sein du feuillet octaédrique.
[D.J.]
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