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ABSTRACT

The crystal structure of baricite, the Mg-dominant analogue of vivianite, (Mgy.70F€? 1 30xF€3) (PO4)2(OH),*(8-X)H20, a
10.085(2), b 13.390(3), ¢ 4.6713(9) A, B 104.96(3)°, V 609.4(1) A3, space group C2/m, Z = 2, peac = 2.440 g/cm?, has been
determined [automated single-crystal diffractometer, MoKa, graphite monochromator, image-plate area-detector system, T =
193 K, 5714 reflections, wR, = 0.106 for al 1244 unique reflections, R = 0.043 for 965 observed reflections with | < 2a(1)]. A
refinement of site occupancies shows that Fe and Mg are partially ordered in the structure. According to X-ray and M 6ssbauer
data, the position at the center of symmetry (M1) is mainly occupied by Fe, whereas Mg prefers the position at the two-fold axis
(M2); Fe atoms occupy two-thirds of the M1 and one-third of M2 octahedra. The positions of four independent H atoms were
obtained from difference-Fourier syntheses and were refined under isotropic approximation. The crystal structure of baricite
consists of two type of octahedral structural units: isolated M10,(H,0), octahedra and clusters of two edge-sharing polyhedra
M20g(H20)4. These octahedral units are connected in the structure by orthophosphate tetrahedra to form layers two octahedra
thick parallel to the ac plane. In the b direction, these layers are held together by hydrogen bonds. The occurrence in nature of an
oxidized form, atriclinic symplesite-like phase, is considered to be highly probable.

Keywords: baricite, crystal structure, phosphate mineral, magnesium—iron phosphate.
SOMMAIRE

Nous avons affiné la structure cristalline de la baricite, I anal ogue de la vivianite & dominance de Mg, (Mg 70F€?*1.30«
Fe3*,)(PO4)2(OH),#(8-X)H20, 2 10.085(2), b 13.390(3), ¢ 4.6713(9) A, B 104.96(3)°, V 609.4(1) A3, groupe spatial C2/m, Z=2,
Peac = 2.441 g/cm?[diffractométre & cristal unique automatisé, rayonnement MoK, monochromatisation au graphite, détecteur
aaire, T = 193 K, 5714 réflexions, wR, = 0.106 pour 1244 réflexions uniques, R; = 0.043 pour 965 réflexions observées pour
lequelles | < 2g(1)]. L affinement de I’ occupation des sites a montré que Fe et Mg sont partiellement désordonnés. Selon les
résultats obtenus en diffraction X et en spectroscopie de M dssbauer, |e site au centre de symétrie (M1) est essentiel ement occupé
par leFe, tandisquele Mg préférelaposition M2, sur I’ axe de rotation 2; |es atomes Fe occupent deux-tiers des sites a coordinence
octaédrique M1 et un-tiers des sites M2. Nous avons déterminé la position des quatre atomes independants d’ hydrogene a partir
des syntheses de Fourier par différence, et nous avons affiné ces positions en les considérant isotropes. La structure cristalline de
labaricite contient deux types de fragments octaédriques: les octaédres M10,(H,0), isol és et |les diméres faits de deux octaédres
avec aréte partagée. Danslastructure, ces modules octaédriques sont liés par les tétraédres d’ orthophosphate formant les couches
d’' une épaisseur de deux octaedres, paralléles au plan ac. Le long de b, ces couches sont rattachées par liaisons hydrogene. Nous
considérons trés probable qu’ une forme oxydée triclinique, semblable ala symplésite, existe dans la nature.

Mot-clés: bariCite, structure cristalline, minéral phosphaté, phosphate de magnésium et de fer.
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INTRODUCTION

Therare mineral baricite wasdiscovered by Sturman
& Mandarino (1976) in low-temperature assemblages
that fill fractures in a siderite-rich formation in the Big
Fish River area, in the northeastern part of Yukon Ter-
ritory, Canada, in association with quartz, fluorapatite,
lazulite and magnesian vivianite. Two other occurrences
of baricite have been described, by Rodgers (1987) and
Liferovich et al. (1999).

BariCite is a member of the large group of natural
and synthetic compounds that can be described with the
common formula M3(TO,4),*8H,0, where M represents
Fe, Mg, Zn, Ni, Co, and Mn, and T represents P and As.
The group is named after the most common mineral,
vivianite, Fe3(PO4)2*8H,0, the first member to have
been investigated structurally (Mori & Ito 1950). The
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name “baricite” includes all members of the vivianite
group inwhich the proportion of Mg isgreater than any
other cation (Sturman & Mandarino 1976). In Table 1,
we have collated information on vivianite-group com-
pounds that have been studied structurally. In addition,
amanganese-dominant analogue of vivianite with Mn :
(Mn + Fe) closeto 0.5 has been mentioned in the litera-
ture (Nakano 1992), as well as the mineral arupite
Niz(POy)2* 8H,0 (Buchwald 1990), discovered in a
meteorite. Parasymplesite Fe3(AsOg4)2*8H,0 (Sturman
1976) is an arsenate analogue of vivianite.

We undertook the present structural analysis of
baricite (Mg,Fe)3(PO,)2*8H.0, not investigated so far,
with theaim to find the Mg and Fe distribution between
the octahedral sites. A Méssbauer spectroscopic inves-
tigation of baricite was undertaken to shed light on the
above-mentioned problem. We present here our results,

TABLE 1. CRYSTAL DATA FOR VIVIANITE-GROUP COMPOUNDS*

Mineral or Synthetic Unit-cell dimensions B Dy M1-0,A M2-0,A R
Compound (A) ) glem®  average, A average, A

[8,** % 18], %
Vivianite a 10.086(3) 104.27(2) 269 2.028-2215 2.095-2.158 0.041
Fe*'y(PO,),*8H,0 b 13.441(4) 2.152 2.132
Fejdi et al. (1980) ¢ 4.703(2) 39 1.1
Synthetic Mg phosphate a10.034(1) 105.09(1) 223 2015-2133 2.071-2.110 0.025
Mg,(PO,),*8H,0 b 13.407(2) 2.094 2.085
Takagi et al. (1986) ¢ 4.657(1) 2.5 0.8
Baridite a10.085(2) 104.96(3) 244 2.025-2.185 2.092-2.105 0.043
(Mg, ,oFe*", 1 ,Fe*, 11 )(PO,), b 13.390(3) 2.132 2.100
(OH),,,°7.89H,0 c 4.6713(9) 34 02
our data***
Synthetic Co phosphate a10.021(3) 10491(1) 278 2021-2158 2.098-2.111 0.018
Co,(PO,),*8H,0 513.331(3) 2112 2.102
Riou ez al. (1989) ¢ 4.673(2) 29 03
Erythrite 210251(3) 104.98(2) 3.14 2.029-2.160 2.099-2.118 0.027
(C04.01Fe07sNig 25)(ASO,),*8H,0 b 13.447(4) 2.116 2.106
Wildner et al. (1996) c 4.764(1) 2.8 0.4
Kottigite a10241(3)  105.21(1) 3.30 2026-2.159 2.088-2.116 0.054
(Z114,C0, 42Nig 1 )(ASO),*8H,0 B 13.405(3) 2.115 2.099
Hill (1979) ¢ 4.7572) 28 05
Synthetic (Mg, Ni) arsenate @10257(1) 105.10(1) 270 2.057-2.144 2070-2.181 0.056
(Mg, 4sNig 5,)(ASO,),8H,0 b 13.421(1) 2115 2.114
Rojo et al. 1996**** ¢ 4.753(1) 1.8 2.1
“Cabrerite” a10211(6) 104.97(6) 3.08 2030-2114 2.063-2.088 0.046
(Ni,;Mg, Fe, J(AsO),8H,0 b 13.335(3) 2,086 2,074
Giuseppetti & Tadini (1982) ¢ 4.728(3) 1.8 0.4
Annabergite a10.179(2) 105.00(1) 3.15 2.031-2114 2054-2.092 0.015
(Ni, Mgy 36)(ASO,),#8H,0 513.309(3) 2.086 2.073
Wildner et al. (1996) ¢ 4.725(1) 1.8 0.6

* Space group C 2/m, Z=2. ** |3| is the polyhedron distortion, and is defined as 100/n + (Z|d; — dy,| / d) %,
where n is the number of cation—anion bonds in a polyhedron, d; is the cation—anion distance, in A, and d, is the
average cation—anion distance in a polyhedron. *** The low-temperature X-ray experiment. **** Powder-
diffraction data, Rietveld refinement. “Cabrerite”: magnesian annabergite.
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together with that of an X-ray study carried out on a
cotype specimen of baricite, described by Sturman &
Mandarino (1976).

BACKGROUND INFORMATION

Thetype-locality sample of baricite waskindly made
available for this study by Dr. Géde Stimpel. The min-
era occursin pale blue plates up to 12 cm in maximum
dimension and up to 5 cm thick. According to Sturman
& Mandarino (1976), the type-locality baricite, as de-
scribed here, isaferroan variety, and the intensity of its
blue color depends on the oxidation state of the iron.
The ideal chemical formula they gave for the ferroan
bariCite is: (Mg1.64F€%*1.21F€%"0.15)(PO4)2 (OH)g 15°
7.85H,0.

Morphological, optical and chemical properties of
baricite from the Big Fish River area were reported by
Sturman & Mandarino (1976). The X-ray powder-dif-
fraction pattern we obtained, with a DRON-2.0
diffractometer and CuKa radiation (Ni filter), is very
similar to the pattern of the holotype baricite (Sturman
& Mandarino 1976).

There are two independent octahedral cationic posi-
tionsin the vivianite structure-type, and these positions
can be differently occupied by the cations. The M1 at-
oms occupy a crystallographic site with point symme-
try 2/m and are coordinated by two oxygen atoms and
four H,O molecules. The M2 atoms are in the position
at the two-fold axis (point symmetry 2), and their coor-
dination polyhedron is formed by four oxygen atoms
and two H,O molecules. The possible site-preference
of Mg or Fe atoms in the baricite structure (M1 or M2)
is assessed in the present work. The second problem, in
connection with baricite, is the possible occurrence of
the oxidation of iron, whichiswell known for vivianite.
The phenomenon of oxidation has been studied by dif-
ferent methods in vivianite (Dormann et al. 1982,
Marincea et al. 1997). The oxidation of iron is associ-
ated with the transformation of H,O moleculesinto hy-
droxyl groups. That process ends with a change in
structure from monoclinic to triclinic, which character-
izes the mineral metavivianite, the product of a partial
oxidation of iron. According to Dormann et al. (1982),
the same mechanism regulates the transformation of
monoclinic parasymplesite Fe3(AsOy)2*8H O toftriclinic
symplesite, and could initiate the transformation of
baricite to its triclinic equivalent. It would be interest-
ing to know the limit of Fe** admission within the mono-
clinic structure of baricite, wich contains approximately
equivaent quantities of Fe and Mg atoms.

CHARACTERIZATION OF BARICITE
BY MOSSBAUER SPECTROSCOPY

Samples of baricite from the type locality were gen-
tly ground in an agate mortar with acetone to make a
powder. No change in color was noted upon grinding.
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The powder was mixed with benzophenone to avoid
preferred orientation, and loaded in a sample holder
made of plexiglas. The sample weight was determined
on the basis of the proportion of iron such that the di-
mensi onl ess effective thickness of the samplewas equal
to 2 (corresponding to 5 mg Fe/cm?), in order to mini-
mize thickness effects.

M ossbauer spectra were recorded at room temper-
ature (293 K) in transmission mode on a constant-
acceleration Mosshauer spectrometer with a nominal
50 mCi 5’Co source in a6 pum Rh matrix. The velocity
scale was calibrated relative to 25 wm a-Fe foil using
the positions certified for National Bureau of Standards
standard reference material no. 1541; linewidthsof 0.28
mm/sfor the outer lines of a—Fe were obtained at room
temperature. The spectrawere fitted using the commer-
cialy available fitting program NORMOS written by
R.A. Brand (distributed by Wissenschaftliche Elektronik
GmbH, Germany). The spectrum was collected over one
day.
Data were fitted to four Lorentzian doublets, which
were sufficient to account for all spectral absorption.
Thefitting model was chosen so as to (1) minimize the
number of parameters, and (2) provide a physically re-
aligticfit to the spectrum. Conventiona constraintswere
applied to the high- and low-velocity components of
each doublet (i.e., equal area and equal width). No
interspectrum constraints were applied.

Each spectrum (Fig. 1) contains two Fe** doublets
that are sufficiently well resolved that model-indepen-
dent hyperfine parameters were determined. The line
widths of the two Fe** doublets are narrow, indicating
that each doublet corresponds to a single site. Hyper-
fine parameters, given in Table 2, are similar to those
reported for vivianite (Amthauer & Rossman 1984).
Accordingly, the doublets were assigned to the M1 and
M2 octahedral sites.

The Fe** absorption consists of at |east two strongly
overlapping doublets, and the line positions cannot be
determined unambiguously. Two Fe3* doublets were
used, which is the minimum number of doublets re-
quired to fit the spectrum. The center shifts of the two
doublets correspond to Fe** in octahedral coordination,

TABLE 2. HYPERFINE PARAMETERS DETERMINED FROM
ROOM-TEMPERATURE (293 K) MOSSBAUER DATA ON BARICITE

cs Qs FWHM Area

mm/s mm/s mm/s %
Fe* (M1) 1.18(1) 2.46(1) 0.27(1) 24103)
Fe® (M2) 1.21(1) 3.26(1) 0.28(1) 50(3)
Fe** (M1) 031(2) 0.47(3) 031(3) 6(2)
Fe* (M2) 0.29(2) 1.11(3) 0.21(6) 3(2)

CS: center shift (relative to a-Fe); QS: quadruple splitting, FWHM: full-width at half
maximum.
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Fic. 1. Room-temperature Méssbauer spectrum of baricite. The ratio Fe*/Fe can be de-
termined with a high degree of certainty, and Fe?* doublets can be unambiguously as-
signed (unshaded); however, individual assignement of Fe** doublets are less certain

(shaded grey).

and are tentatively assigned to the M1 and M2 sites of
the structure. The relative areas in the spectrum give a
first-order approximation of the site occupancies
(Table 2). Although the Fe3* doublets are not well re-
solved, the determination of Fe**/ Feis till well deter-
mined, and uncertainties in Fe3* doublets assignment
contribute only a small uncertainty to the overall site-
occupancies of iron.

The uncertainties given are based on errors derived
from thefit to the given model, and uncertaintiesin the
model itself. Not included are effects due to differences
in recoil-free fraction and thickness effects, although
both are estimated to be within the above uncertainties.
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A light-blue single crystal of baricite from the type
locality was selected for collection of X-ray data. The
unit-cell parameters were determined and refined on an
IPDS area-detector system (Stoe 1997) using MoKa
radiation (graphite monochromator). Because of thesig-
nificant contents of H,O in the mineral, the diffraction
data for baricite were collected under low-temperature
conditions (T = 193 K, nitrogen cooling), to get reliable
results in the location and refinement of hydrogen at-
oms. The intensities were corrected for Lorentz and
polarization effects, and a semi-empirical absorption
correction, based on a W scan to measure equivalents,

was applied using equivalent reflections. In Table 3, we
report the crystallographic characteristics and the ex-
perimental conditions of data collection and refinement.

All calculations were performed with the SHEL X L—
97 program (Sheldrick 1997). Atom scattering factors
and anomal ous dispersion corrections were taken from
the International Tables for Crystallography (Hahn
1995). Starting with the atom coordinates of vivianite
(Fejdi et al. 1980), we refined the structure of baricite
using the F? data to residuals wR, = 0.106 (for all 1244
reflections) and R = 0.043 [for 965 reflections > 20(1)],
with anisotropic displacement parameters for al non-H
atoms.

Refinement of site occupancies showed that Fe and
Mg atomsare partialy ordered in the structure. Accord-
ing to the X-ray data, Fe mainly occupiesthe site at the
center of symmetry (M1), whereas Mg prefersthe posi-
tion at the two-fold axis (M2). During the refinement,
the atom-displacement parameters of Mg and Fe were
constrained to be equal. We determined the following
site-occupancies for the M1 [0.63(1) Fe + 0.37(1) Mq]
and M2 sites [0.665(7) Mg + 0.335(7) Fe]. These in-
ferred occupancies corresponds to the formula:
(Mgy.70Fe1.30)(PO4)2*8H,0. These site occupancies are
equal within experimental error to those determined by
M 6ssbauer spectroscopy: M1[0.61(5) Fe+ 0.39(5) Mg]
and M2 [0.66(3) Mg + 0.34(3) Fe]. On the basis of X-
ray and spectroscopic results, we can write the follow-
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TABLE 3. CRYSTAL DATA AND DETAILS OF THE COLLECTION
AND REFINEMENT OF X-RAY DATA FOR BARICITE

Crystal data
Formula (Mg, 5, Fe, 50)(PO,),*8H,0
Absorption p [mm™] 2.024
Space group C2im, Z=2
Unit-cell volume ¥ (A% 609.4(2)
Density (g cm™) d_y, 2.441

Data collection

Diffractometer IPDS - II area-detector system (Stoe)
Radiation MoK, graphite monochromator
Temperature (K) 193
Scanning mode @ = 0-200°, 5® = 1°, 3 min/rec
Measuring range max § =33.8°
Reflections (total) 5714
Ry 0.0597
R, 0.0397

Refinement
Reflections unique/observed [1>2o(1)] 1244/965
Parameters 74
Absorption correction pirical with equivalents (y scan)

T Toin 0.8554, 0.6764
Extinction coefficient 0.019(3)
Residuals R (observed reflections) 0.0430
R, wR, (all reflections) 0.0612, 0.1058

Goodness of fit § 1.036
&p (max) 0.694
8p (min) -0.796

ing structural formula, at least for the sample of baricite
we investigated: (Fe?*o.55Mgo.a7Fe3*0.08)m1(MJ1.33
Fe**0.64F€* 0.03)M2[ PO4] 2(OH)0.1147.89H20 (Z = 2, Deaie
= 2.441 g/lcmq). Our formulaisin agood agreement with
the formula given by Sturman & Mandarino (1976) for
the type-locality baricite (D, = 2.42 g/cm?).

The positions of four independent H atoms were
obtained from difference-Fourier syntheses and were
refined under isotropic approximation. The final atom
coordinates and interatomic distancesaregivenin Table
4 and 5. Table 6 presents the geometrical characteris-
tics of the hydrogen bonds. The results of the bond-
valenceanaysis (Pyatenko 1972, Brown 1976) aregiven
inTable 7. A table of structure factorsis available from
the Depository of Unpublished Data, CISTI, National
Research Council, Ottawa, Ontario K1A 0S2, Canada

INTERATOMIC DiSTANCES IN BARICITE

Four of the vertices of the M1 octahedron are occu-
pied by O atoms of H,O molecules (henceforth Oy) and
two vertices, by trans-positioned O atoms of phosphate
groups (henceforth Op). The interatomic distances M1
—Ow, 2.185(2) A are, as expected, larger than the dis-
tances M1 — Op, 2.025(2) A. Four Opand two Oy in a
cis configurationform the coordination polyhedron M2.
In that octahedron, the interatomic distances M2—-Oyy,
2.092(2) A, are actually shorter than the M2 — Op dis-
tances[2.104(2), 2.105(2) A], which areidentical within
one standard deviation. The average cation —anion dis-
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TABLE 4A. ATOMIC COORDINATES AND EQUIVALENT
ISOTROPIC DISPLACEMENT PARAMETERS (A?)
FOR BARICITE, CONSIDERED AS A BINARY SOLID-SOLUTION

Atom Wyckoff x ¥y z Uleq)
position

Fe(1)* 2c 0.0 0.0 0.5 0.0111(3)
Mg(1)® 2c 0.0 0.0 0.5 0.0111(3)
Fe(2)° 4h 0.5 0.11050(5) 05 0.0109(3)
Mg(2)¢ 4h 0.5 0.11050(5) 0.5 0.0109(3)
P 4 0.68507(8) 0.0 0.11955(17)  0.0107(2)
o)y 4 -0.3946(2) 0.0 -0.2084(5) 0.0133(4)
0(2) 4i -0.1582(2) 0.0 0.1307(5) 0.0137(4)
o3 8§ -0.65471(16)  0.09621(12)  -0.2743(4) 0.0135(3)
o4 § 0.10049(18)  0.11636(13)  0.3037(4) 0.0158(3)
o) 8§ -0.60123(19)  0.22338(14)  -0.7828(4) 0.0184(4)

occupancy: *0.63(1), *0.37(1), ©0.335(7), ¢0.665(7). .
Uleq) is defined as one third of the trace of the orthogonalized UV tensor.

TABLE 4B. ANISOTROPIC DISPLACEMENT PARAMETERS (&%)

FOR BARICITE
Uy Un Usy Uy Uy Uy,
Fe(1) 0.0081(4) 0.0138(4) 0.0103(4) 0.0 0.0005(3) 0.0
Fe(2) 0.0094(3) 0.0122(4) 0.0105(4) 0.0 0.0018(2) 0.0
Mg(1) 0.0081(4) 0.0138(4) 0.0103(4) 0.0 0.0005(3) 0.0
Mg(2) 0.0094(3) 0.0122(4) 0.0105(4) 0.0 0.0018(2) 0.0
P 0.0084(3) 0.0130(4) 0.0101(3) 0.0 0.0014(2) 0.0
0Q1) 0.0107(9) 0.0158(10) 0.0125(9) 0.0 0.0012(7) 0.0
0o2) 0.0097(9) 0.0177(10) 0.0131(10) 0.0 0.0020(8) 0.0
0(3) 0.0126(7) 0.0141(7) 0.0132(7) 0.0012(5) 0.0025(5) 0.0008(5)
0(4) 0.0127(7) 0.0188(8) 0.0152(7) -0.0003(5) 0.0021(6) 0.0001(6)
0o(5) 0,0211(8) 0.0171(8) 0.0170(8) 0.0003(6) 0.0049(6) 0.0008(6)

The anisotropic displacement factor exponent takes the form: —2n* [ A* a** U, +
...... +2hka* b* Uy).

TABLE 4C. HYDROGEN COORDINATES AND ISOTROPIC
DISPLACEMENT PARAMETERS (A% FOR BARICITE

X y H Uy
H(1) 0.134(4) 0.094(3) 0.152(9) 0.022(9)
H(2) -0.554(4) 0.280(3) -0.794(10) 0.030(10)
H(3) 0.180(5) 0.122(3) 0.439(11) 0.031(10)
H4) -0.623(5) 0.203(3) -0.958(11) 0.034(11)

TABLE 5. BOND LENGTHS (A) IN BARICITE

M1 octahedron M2 octahedron P tetrahedron
M1 -02 2.025(2) x2 M2-05 2.092(2) x2 P-01 1.535(3)
-04 2.185(2)x4 -03 2.104(2) x2 -03 1.546(2) x2
-01 2.105(2)*2 -02 1.568(2)
average 2.132 average  2.100 average  1.549
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TABLE 6. H-BONDING IN BARICITE

D -H 4 D-H,A HAA D4 A (D-H 4°
04 ~Hi 02 0.91(4) 1.89(4) 2.737(3) 155(4)
04-H3 - 03 0.89(5) 1.88(5) 2.746(3) 164(4)
05 -H2- 04 0.91(4) 2.05(4) 2.912(3) 159(4)
05-H4 - 03 0.83(5) 2.03(5) 2.797(3) 153(4)

D: donor, A: acceptor.

TABLE 7. BOND-VALENCE ANALYSIS FOR BARICITE

Cation M1 M2 P H1 H2 H3 H4 z 8
Anion

o1 0331 1344 2.006 0.006
0.331
02 0.429 1129 0.20 1958 0.042
0.20
03 0331 1263 020 0.17 1964 0.036
04 0.286 080 013 080 2016 0.016
05 0.338 0.87 0.83 2038 0038
T 2002 2000 4999 1000 1000 1000 1.000 Zd= 0.138

D =(0.138 : 10) x 100% = 1.4% (Pyatenko 1972)

tances in the Mloctahedra (2.132 A) are somewhat
larger than those in the M2 octahedra (2.100 A), in
agreement with the higher proportion of the Fe** ion
(radius 0.78 A) at M1 as compared with Mg?* (0.72 A).
We assume, in this discussion, that the influence of Fe?*
is negligible. The M2 site is much less distorted than
M1 (Table 5). The same situation can be found in the
crystal structures of the other members of the vivianite
family. Large differences among the individual M1-O
bonds (Table 1) show the significant distortion of M1
polyhedra in all structures (exept for synthetic
(Mg,Ni)3(AsO,),#8H,0 refined using powder-diffrac-
tion data), whereas M2 octahedra are rather regular in
al cases, except in the synthetic Mg,Ni arsenate. We
agree with the conclusion made by Giuseppetti & Tadini
(1982) that the varying distortions of M1 and M2 octa-
hedra in the vivianite structure-type depend mainly on
the articulation of the polyhedra surrounding by the
other structural units rather than on the nature of the
central cation. The results of our investigation of the
baricite structure confirm also the conclusion of
Giuseppetti & Tadini (1982), that transition metals pre-
fer the more distorted M1 octahedra. Thus, the distribu-
tion of Fe and Mg atoms in bariCite tends to follow the
above-mentioned rule: Fe atoms (both Fe** and Fe**)
occupy two-thirds of the M1 and one-third of the M2
octahedra.
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The P-O interatomic distancesin the orthophosphate
tetrahedron are in the range 1.535(3)-1.568(3) A and
correlate well with similar bond-lengthsin the structures
of vivianite and of synthetic Mg and Co analogues
(Table 1).

DESCRIPTION AND DISCUSSION OF THE STRUCTURE

The crystal structure of baricite (Fig. 2) consists of
two types of structural units: isolated M10,(H,0)4 oc-
tahedra and clusters of two edge-sharing polyhedra
M20g(H20)4. These octahedral units are connected in
the structure by orthophosphate tetrahedra to form lay-
ers two octahedra thick parallel to the ac plane. This
structural feature, layers of octahedra and tetrahedra,
explains the flattened habit and the perfect cleavage of
the crystals, mentioned by Sturman & Mandarino
(1976). The unit cell of baricite contains two layers of
this kind. In the b direction, these layers are held to-
gether by hydrogen bonds (Table 5). All the oxygen at-
oms, except O1, areinvolved in the system of hydrogen
bonds of the baritite structure. The oxygen atom of H,O
molecule O4 is not only the donor of two hydrogen
bonds, but plays aso the function of a hydrogen-bond
acceptor. Both O2 and O3 atoms act as acceptors of two
hydrogen bonds.

The X-ray-diffraction study cannot prove quantita-
tively whether any Fe3* is present in the structure. | nter-
atomic distances and bond-valence analysis agree well
with the assumption of Fe?* in both octahedra. At the
same time, asmall amount of oxidized ironin M1 posi-
tion was found by M dssbauer spectroscopy. It has been
shown (Dormann et al. 1982) for the kottigite—
parasymplesite solid solution, ZnFe; «(AsO,)2*8H,0,
that a monoclinic — triclinic structural transformation
takes place if half of the atoms in M1 positions are in
the oxidized form. For that chemical composition the
oxidized variety can exist with at least 50% iron occu-
pancy of the M1 position. Expanding that conclusion to
isotypic bariCite, with 2/3 Fe atoms in M1 position and
a small amount of the Fe in the oxidized form, as has
been shown here, we predict a high probability of oc-
currence of atriclinic variety in nature. For the hypo-
thetical fully oxidized phase with the Mg:Fe ratio we
found, and in agreement with the data of Dormann et al.
(1982) for metavivianite, we would predict the follow-
ing formula: Fe?’+13o|\/| glA7o(PO4)2(OH)1.30‘6.7H20.
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