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ABSTRACT

Vaywnenl te, (M n2+0A78F92+0_23M g()‘o;[)Be(PO4)(OH0‘92Fo_08), is monoclinic, a 54044(6), b 145145(12), c 47052(6) A, B
102.798(9)°, V 359.91(7) A3, space group P2:/a, Z = 4. The structure was refined to an R index of 1.5% based on 1001 observed
[|Fo| > 50 F] for reflections measured with MoKa X-radiation using asingle-crystal diffractometer. In the structure of véyrynenite,
(Bey,) tetrahedra connect to adjacent (Bey,) tetrahedra by corner-sharing of anions in a zigzag pattern to form a chain that
extendsin thea direction. This chain isdecorated along its periphery by (PO,) tetrahedrathat corner-share with one O atom from
each of two different (Bey,) tetrahedra to form ribbons along the ¢ axis. These [Bex(OH)(POa)2]*™ ribbons, which somewhat
resemble the [Bey(OH),(SiO4)7] chains in euclase, AIBe(SiO,)(OH), are linked in the b direction by (Mn?*,Fe?*) in octahedral
coordination. The resultant (001) sheets are linked to adjacent sheets in the ¢ direction by corner-sharing of O atoms between
(PO,) tetrahedra and { (Mn,Fe)eg} octahedra, and by hydrogen bonds. The hydrogen position was determined directly, and a
sensible hydrogen-bonding scheme established. The connectivity of the (Beps—T¢4) (T=Si,P) chainsin Be mineralsis examined,
and arranged in a hierarchy of increasing topological complexity.

Keywords: vayrynenite, crystal-structure refinement, electron-microprobe analysis, Be minerals.
SOMMAIRE

Lavayrynenite, (Mn?*o7sFe?* 0 23Mgo 01) Be(PO,) (OHo.02F0.08), €t monaclinique, a 5.4044(6), b 14.5145(12), ¢ 4.7052(6) A,
B 102.798(9)°, V 359.91(7) A3, groupe spatial P21/a, Z = 4. Nous avons affiné lastructure jusqu’ aun résidu R de 1.5% en utilisant
1001 réflexions observées [|F,| > 50'F] et mesurées avec rayonnement MoK et diffractométrie sur cristal unique. Dans la struc-
ture de la vayrynenite, les tétraédres (Beps) sont liés aux tétraedres (Bep,) adjacents par partage d’anions pour former un
agencement en zig-zag, lachaine étant allongée dansladirection a. Cette chaine est décorée dans ses parties périphériques par des
tétraedres (PO,4) qui partagent leurs coins avec un atome O, chacun provenant de deux tétraédres (Bey,) différents, pour former
des rubans le long de I’ axe c. Ces rubans, de composition [Bex(OH)2(PO4)2]»**, qui ressemblent grosso modo aux chaines
[Bex(OH)2(Si0,)2] dans I’ euclase, AIBe(SiO4)(OH), sont liées dans la direction b par (Mn?*,Fe?*) en coordinence octaédrique.
Les feuillets (001) résultants sont liés aux feuillets voisins dans la direction ¢ par partage des atomes O des coins entre les
tétraedres (PO,) et les octaedres { (Mn,Fe)eg}, et par liaisons hydrogéne. La position des atomes d’ hydrogéne a été déterminée
directement, et un schéma vraisemblable des liaisons hydrogéne a été établi. Nous évaluons la connectivité des chaines (Beps—
Te4) (T = Si,P) dansles minéraux de Be, et nous I’ utilisons pour dresser une hiérarchie selon la complexité topologique.

(Traduit par la Rédaction)

Mots-clés: vayrynenite, affinement de la structure, analyse ala microsonde électronique, minéraux de Be.

INTRODUCTION

The structure of vayrynenite, (Mn?*,Fe?*)Be(POy)
(OH), was determined by Mrose & Appleman (1962);
it has a structure similar to that of euclase, AIBe(SiO,)
(OH). Mrose & Appleman (1962) emphasized the elec-
tronic differences between a structure containing Mn?*
and P and astructure containing Al and Si. Infact, there
isasignificant topological difference between the chains
in these two minerals. The structure of véyrynenite has
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been refined to locate the position of the H atom, to
establish the stereochemical details of the H-bonding
arrangement, and to further examine aspects of chain
connectivity in Be minerals.

EXPERIMENTAL
The specimen of vayrynenite used hereisfrom Sass,

Gilgit Skardu Road area, Pakistan, and iscommonly as-
sociated with other Be minerals such as herderite and
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TABLE 1. MISCELLANEOUS REFINEMENT DATA FOR VAYRYNENITE

a(A) 5.4044(6) Radiation MoKa/graphite
b 14.5145(12) Total no. of / 2116

c 4.7052(6) No. of |F| 1063

B () 102.798(9) No. of |[F,| >50 1001

V (A% 359.91(7) R(merge) % 1.4

Space group P2,/a R(obs) % 15

z 4 WR(0bs)% 1.8

w (mm™) 4.00

R=Z(|Fo|=FZ| Fol
WR = [Sw(| Fy|—| Fo)IZF 2%, w=1

beryllonite. The crystals are transparent and light pink
in color. The crystal used to collect single-crystal X-ray
diffraction and electron-microprobe data was ground to
a0.10 X 0.14 X 0.16 mm spheroid and mounted on a
tapered glass rod.

X-ray diffraction
The unit-cell dimensions were determined using a

Siemens P4 automated four-circle diffractometer with

TABLE 2. CHEMICAL COMPOSITION (wt%) AND
UNIT FORMULA (apfu)* FOR VAYRYNENITE

MnO 30.88 Mn?* 0.776
FeO 9.37 Fe? 0.229
MgO 0.17 Mg 0.007_
P,O, 40.25 b3 1.012
BeO" 14.22
H,0" 4.71 P 0.988
F 0.86
O=F —0.36 Be 1.000
Sum 100.10
OH** 0.920
F 0.080
z 1.000

* Calculated based on 5 anions pfu
** Calculated assuming OH + F = 1.00 apfu
T Determined by stoichiometry
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a graphite monochromator and a MoKa X-ray tube.
Twenty-five reflections between 7 and 30°26 were cen-
tered, and aconstrained monoclinic cell was determined
from the setting angles and refined using least-squares
(Table 1). Single-crystal intensity data were measured
from 4 to 60°26 over two octants with a scan range of
1.2° and scan-speeds from 2.5 to 29.3°/min. A total of
2203 intensities was measured over one asymmetric
unit. Psi-scan data were measured on 20 reflections out
to 60°26 at increments of 5°, and an absorption correc-
tion, modeling the crystal asatriaxial ellipsoid, reduced
R(azimuthal) from 1.8 to 0.8%. Intensities were cor-
rected for Lorentz, polarization and background effects,
and then reduced to structure factors; of the 1063 unique
reflections, 1001 were classed as observed (|Fo| > 50°F).

Chemical analysis

The same crystal used for X-ray diffraction was
mounted in a perspex disc, ground, polished and coated
with carbon for chemical analysis using a Cameca SX—
50 electron microprobe. The crystal was analyzed for
Fe, Mn, Mg, Si and F in wavelength-dispersion mode.
Ten pointswere analyzed with the following conditions:
excitation voltage: 15 kV; specimen current: 20 nA;
beam size: 5 um; peak count time: 2 s; background
count time: 10 s. The following standards and crystals
were used (Ko X-ray lines): F: fluororiebeckite, TAP,
Mg: forsterite; TAP; Al: andalusite, TAP; Si: diopside,
PET/TAP; P: maricite, PET; Mn: spessartine, LiF; Fe:
maricite, LiF. The resulting chemical composition and
unit formula are given in Table 2; the BeO and H,O
contents were calculated on the basis of stoichiometry.

CRYSTAL-STRUCTURE REFINEMENT

All calculations were done with the SHELXTL PC
Plus system of programs; R indicesare of theform given
in Table 1, and are expressed as percentages. Refine-
ment was initiated with the atom coordinates of Mrose
& Appleman (1962), and refinement converged to an

TABLE 3. ATOM COORDINATES AND DISPLACEMENT PARAMETERS FOR VAYRYNENITE

Site X y z Usg® U, U, Uz U,y Uy, U,

Mn 0.24887(4) 0.43928(2) 0.93894(5) 0.0084(1) 0.0064(1) 0.0082(1) 0.0102(1) -0.0009(1) 0.0010(1) 0.0004(1)
P 0.19518(7) 0.10456(3) 0.54042(8) 0.0062(1) 0.0062(2) 0.0059(2) 0.0062(2) —-0.0002(1) 0.0008(1) 0.0000(1)
Be 0.4369(4) 0.2625(1) 0.7811(4) 0.0087(5) 0.0085(8) 0.0089(8) 0.0087(8) 0.0002(7) 0.0023(7) —0.0002(7)
O(1) 0.3658(2) 0.03931(8) 0.7548(3) 0.0098(3) 0.0079(5) 0.0099(5) 0.0108(5) 0.0032(4) 0.0006(4) 0.0008(4)
0(2) 0.4608(2) 0.36598(7) 0.6591(2) 0.0086(3) 0.0078(5) 0.0075(5) 0.0112(5) 0.0002(4) 0.0038(4) —0.0007(4)
O(3) 0.3440(2) 0.19313(8) 0.5101(2) 0.0090(3) 0.0104(5) 0.0078(5) 0.0087(5) -0.0007(4) 0.0023(4) —0.0032(4)
O(4) 0.1045(2) 0.05938(8) 0.2441(2) 0.0093(3) 0.0101(5) 0.0093(5) 0.0078(5) -0.0023(4) 0.0007(4) —0.0002(4)
O(5) 0.2122(2) 0.27691(8) 0.9691(2) 0.0086(3) 0.0076(5) 0.0106(5) 0.0075(5) 0.0005(4) 0.0013(4) —0.0004(4)
H 0.256(5) 0.252(2) 1.168(2) 0.0340(74)
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R-index of 1.7% for anisotropic-displacement param-
eters. At this stage of the refinement, a difference-Fou-
rier map was calculated, and the coordinates of the H
position were determined. It is well known that refine-
ment of H positions using X-ray intensity dataresultsin
anomalously short O-H bond-lengths because the cen-
ter of gravity of the electron density associated with the
H atom ismoved significantly toward the donor O atom
by chemical bonding. Thus a soft constraint was im-

TABLE 4. SELECTED INTERATOMIC DISTANCES (A) AND
ANGLES (°) FOR VAYRYNENITE

M-O(1)a 2.228(1) 0(1)-P-0(3) 109.1(1)
M-O(1)b 2.083(1) O(1)-P-0(2)b  110.7(1)
M-0(2) 2.201(1) O(1)-P-0(4) 111.2(1)
M-O(4)d 2.170(1) O(3)-P-0(2)b  106.7(1)
M-O(4)e 2.129(1) 0(3)-P-0(4) 110.1(1)
M-0(5) 2.372(1) O@4)-P-0(2)b  109.0(1)
<M-0> 2.197 <0-P-0> 109.5(1)
P-0(1) 1.534(1) 0(2)-Be-O(3)  109.4(1)
P-0(2)b 1.553(1) 0(2)-Be-0(5)  101.3(1)
P-0(3) 1.540(1) 0(2)-Be-0(B)f  112.1(1)
P-O(4) 1.520(1) 0(3)-Be-0(5)  111.2(1)
<P-0> 1537 0O(3)-Be-O(5)f  107.0(1)
O(4)-Be-0(5)f  115.7(1)
Be-O(1)a 1.623(2) <0-Be-O> 109.5(1)
Be-O(1)b 1.615(2)
Be-0(2) 1.666(3) 0(5)-M-0(1) 124.7(1)
Be-O(4)d 1.655(2) 0(5)-M-0(4) 92.5(1)
<Be-O> 1.640 O(5)-M-0(2) 67.5(1)
0(5)-M~0(1) 94.8(1)
O(4)-M-0(2) 82.3(1)
O(5)-H-0(3)  172(2) O(4)-M-0(1)b 97.6(1)
O(5)-H 0.98(1) O(4)-M-0(1)a 84.9(1)
0o@3)-H 1.79(1) O(4)-M-O(4)e 84.6(1)
O(1)-M-O(1)b 77.2(1)
O(1)-M-O(4)e 84.1(1)
O(4)-M-0(2) 84.0(1)
0(2)-M-0(1) 115.1(1)

Symmetry operators: a: X + %, y+ Y%, z+ Vs, bix=%, Yy + Y, z;
CX Yy, z+ 1, dX+Y% y+Y% Z+1, e x+¥% y+%h z+1;
fix+% y+%z

TABLE 5. EMPIRICAL BOND-VALENCES (vu) FOR VAYRYNENITE

M P Be H b3
o(1) 0.31 1.25 2.01
0.45
0(2) 0.33 1.19 0.52 2.04
0(3) 1.23 0.53 0.20 1.96
0(4) 0.36 1.30 2.06
0.40
o(5) 0.21 0.46 0.80 1.95
0.48

z 2.06 4.97 1.99 1.00

*Bond valences calculated using the curves of Brown & Altermatt (1985).
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posed on the refinement (whereby the O-H distance
should be ~0.98 A) by adding extra weighted observa-
tional equationsto the least-squares matrix. Only the O—
H distance is constrained, and the H position is free to
seek itsoptimal position around the O atom. Refinement
of all parameters converged to afina R index of 1.5%.
Final atom positions and displacement parameters are
given in Table 3, selected interatomic distances and
anglesarelisted in Table 4, and bond valences are given
in Table 5. Observed and calculated structure-factors
may be obtained from the Depository of Unpublished
Data, CISTI, National Research Council of Canada,
Ottawa, Ontario K1A 0S2, Canada.

DESCRIPTION OF THE STRUCTURE
Cation polyhedra

In the structure of véyrynenite, there is one Be site
surrounded by two hydroxy! groups and two O atomsin
a tetrahedral arrangement. The <Be—O> distance of
1.640 A is close to the grand <Be-O> distance of 1.633
A given by Hawthorne & Huminicki (2001) for Be min-
erals. However, the (Bey) tetrahedron hasan individual
bond-length variation of 0.051 A. Inspection of Table5
showsthe origin of the distortion. The Be siteis coordi-
nated by O(2), O(3) and two O(5) anions. The O(2) and
O(3) anions are both [3]-coordinated (by M, P and Be,
and by P, Be and H, respectively), whereas the oxygen
atom of the O(5) anion is [4]-coordinated (by M, Be X
2 and H). In order for the sum of the bond valencesin-
cident at O(5) to be closeto theideal value of 2 valence
units (vu), the Be—O(5) bond-valences have to be sig-
nificantly less than 0.5 vu each, thus forcing the Be—
O(5) distances to be significantly longer than the
<Be—0O> distance (which correspondsto abond valence
of 0.5 vu). There is one P site coordinated by four O
atomsin atetrahedral arrangement, and the <P-O> dis-
tance of 1.537 A isidentical to the grand <P-O> dis-
tance of 1.537 A given by Baur (1974).

Thereis one M site occupied by Mn + Fe + Mg and
surrounded by six anionsin an octahedral arrangement,
with one bond [to the O(5) anion] being significantly
longer than the others. The distortion of the (M) OCta
hedron is easily apparent in Figure 1; the M—O(5) bond
is strongly elongate relative to the other M—O bonds,
and some of the O-M—-0O(5) bond angles deviate con-
siderably from their ideal values of 90° (Table 4). In
order to satisfy the valence-sum rule (Table 5), the O(5)
anion acquires 0.46 and 0.48 vu from two Be atoms and
0.8 vu from the H atom; the bond valence required from
the M-site cation is~0.25 vu. The average bond-valence
for an Mn—O bond is ~0.33 vu, and hence the M—O(5)
bond length will be considerably larger than the mean
bond-length (Table 4). Inspection of Table 4 showsthat
the O(1)-M-0(5) and O(2)-M—-O(5) angles (124.7 and
67.5°, respectively) depart considerably from the ideal
value of 90° for a holosymmetric octahedron. Figure 1
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Fic. 1. The coordination polyhedrain véyrynenite, showing
the distortion of the (Mgg) octahedron and the location of
the H atom.

shows that the (Mog) octahedron shares an edge with
the (Beoy) tetrahedron. The mean edge-length of the
(Begs) tetrahedron, 2.678 A, ismuch |ess than the mean
edge-length of the (M) octahedron, 3.185 A. How-
ever, where a (Begy) tetrahedron and an (Mgg) octahe-
dron have a common edge, the polyhedra must distort
from their holosymmetric configurations. Inspection of
the bond lengths and angles of the two polyhedra in-
volved (Table 4) shows that nearly all of the distortion
required for this edge-sharing configuration occurs in
the (M) octahedron, specifically by adoption of avery
small (67.5°) O(2)-M-O(5) angle. Thisisthe origin of
the prominent angular distortion of the (Mgg) octahe-
dron in vayrynenite.

Therefined scattering value at the M siteis 25.0 epfu
(electrons per formula unit). The analogous value cal-
culated from the results of the electron-microprobe
analysis and normalized to a site occupancy of 1.0 is
25.1 epfu. These values are extremely close; the popu-
lation of the M siteis considered to be that indicated by
the unit formula (Table 2) calculated from the electron-
microprobe analysis.

THE CANADIAN MINERALOGIST

Hydrogen bonding

The H atom, located in the difference-Fourier map
and refined using soft constraints, is strongly bonded to
the O(5) anion. Ignoring the H atom, the sum of the bond
valencesaround O(5) is 1.15 vu (Table 5). Hence, the H
atom must bond to O(5) in order to bring its incident
bond-valence sum close to the required value of 2 vu,
confirming the results of the refinement. The H atom
will also bond weakly to an acceptor anion, forming a
hydrogen bond (Baur 1972). In the case of véyrynenite,
the hydrogen-bond acceptor is O(3), based on bond-
valence relations and bond distances.

Structure topology

Beryllium minerals with infinite chains of (T¢4) tet-
rahedra can be divided into two groups based on the
types of linkages in the chains: (1) structures with Be—
Si (and Si-Si) linkages, and (2) structures with Be-P
(and Be-As) linkages. Véyryneniteisin the second cat-
egory, as it contains (Pe4) groups rather than (Siey)
groups. It has been noted that there is only minor hy-
drogen bonding in minerals of the first category,
whereas there is extensive hydrogen bonding in miner-
als of the second category (Hawthorne & Huminicki
2001).

Each (Beg,) tetrahedron connects by corner-sharing
toform achainthat extendsin thea direction. Thischain
isdecorated along its periphery by (PO,) tetrahedrathat
share cornerswith (Bey,) tetrahedrato form ribbonsthat
extend along the a axis (Fig. 2). These [Bey(OH),
(PO4)2]*™ ribbons arelinked in the b direction by (Mn?*,
Fe?*) in octahedral coordination. The resultant (001)
sheets are linked to other sheets in the ¢ direction by
corner-sharing of O-atoms between (PO,) tetrahedraand
(Mog) octahedra, and by hydrogen bonds (Fig. 3).

CoMPARISON TO RELATED STRUCTURES

Mrose & Appleman (1962) commented on the simi-
larity of the beryllophosphate chain in vayrynenite
(Fig. 2) and the beryllosilicate chain in euclase (Fig. 4).
Although these chains consist of a central corner-shar-
ing chain of (Bey,) tetrahedra flanked by phosphate or
silicate tetrahedra, there is a major topological differ-
ence between the two chains: in the vayrynenite chain
(Fig. 2), dl linking anions are [ 2]-coordinated, whereas
in the euclase chain, the linking anions are both [2]-co-
ordinated and [3]-coordinated. This differencein tetra-
hedron connectivity is more clearly seen if the chains
are represented as graphs (Hawthorne 1983, 1994,
1997). In Figure 5, the chains occurring in al Be miner-
als based on (Begs)—(Te4) chain linkages (Hawthorne
& Huminicki 2001) are represented as graphs; solid and
hollow circles (nodes) represent (Bega) and (Tgy) tetra
hedra, respectively, and lines (edges) denote corner-
linkage between tetrahedra. The difference between the
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Fic. 2. Véyrynenite projected down the ¢ axis. Chains of (Beg,) tetrahedra (cross-hatched)
arelinked by corner-sharing of O(5) atoms and are flanked on the sides by (PO,) tetra-
hedra (lined). M cations in octahedral coordination are shown interstitially as hatched
circles.

Fic. 3. Véyrynenite projected onto (100). The H atoms are located between the sheet that
repeats along the (100) plane, and are bonded to O(5) that bridgesto other Betetrahedra
in the a direction. There is a hydrogen bond to O(3) (narrow line).

chains in vayrynenite and euclase is immediately ap-  tetrahedra are two-connected, whereas in euclase, the
parent in this graphical representation: in véyrynenite, (Begy) tetrahedra are five-connected and the (Te,) tet-
the (Beq,) tetrahedra are four-connected and the (Tg,)  rahedra are three-connected.
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(Bedb4)~Td4) CHAINS IN MINERALS

Figure 5 shows graphs of the (Bews)—Te4) chainsin
minerals, arranged in terms of increasing complexity
and connectivity. There are no simple linear chains of
the form [(Be,T)¢s]. Khmaralite, [(Mg,Fe?*)/(Al,
Fe3+)9] (A|6881.58i4'5)040 [Barbier et al. (1999)],
“makarochkinite” —anatural material with the aenigma-
tite structure, CapFe?* JFe** Ti**O,[BeAlSi4Oxg] [Y aku-
bovich et al. (1990)], and surinamite, MgzAl4[BeSizO¢]
[Moore & Araki (1983)], al consist of branched vari-
ants of the [(Be, T)¢3] chain: acentral [(Be,T)p3z] back-
boneisdecorated by additional (T¢,) tetrahedra(Fig. 5).
Surinamite has a backbone consisting of alternating
(Beys) and triplets of (Te,) tetrahedra, khmaralite has a
backbone of alternating (Beg,) and pairs of (Tey) tetra-
hedra, and “makarochkinite” has a backbone of alter-
nating (Bep,) tetrahedraand triplets of (T,) tetrahedra.
Surinamite has aratio of backbone to decorating tetra-
hedraof 4:1, whereas khmaralite and “ makarochkinite”
have analogous ratios of 4:2. Within thisgeneral theme,
there are numerous other possibilities for fairly simply
connected (Bep4)—Te4) chains.

Véayrynenite (Fig. 5) also has abackbone of the gen-
eral form [XOg], but unlike khmaralite, “makaroch-
kinite” and surinamite, it consists solely of (Bees)
tetrahedra. It is decorated on either side by (T,) tetra-
hedra, but unlike the previous chains [Fig. 5, (1)—(3)],
the (Te4) tetrahedra connect to two (Beg,) tetrahedra,
rather than one. Sverigite, NaMn?*,Sn*"[Be,Siz01,
(OH)] [Rouse et al. (1989)], has a[(BesT)e3] backbone
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in which the Be:T ratio is 2:1. The backbone is deco-
rated by (Bey,) tetrahedra that link the (Bey,) tetrahe-
draseparated by the (Tp,) tetrahedrai.e., such that these
are four-membered rings of tetrahedra joined via cor-
ner-linked (Beg,) tetrahedra). Fransoletite, Cag[Be,
(PO4)2(POs{ OH})2] (H20)4 [Kampf (1992)], has a
[(Be, T)¢3] backbone topologically and topochemically
identical to that in surinamite: alternating corner-linked
(Begy) and (Te,) tetrahedra. However, the linkage of
the decorating tetrahedra is far more complicated than
in surinamite: (To4) tetrahedra link (Beg,) tetrahedra
separated by a (Te,) tetrahedron, similar to the decorat-
ing linkage in sverigeite. However, in fransoletite, all
backbone linkages are spanned by a decorating linkage,
whereasin sverigeite, adjacent (Bep,) tetrahedraare not
spanned by a decorating linkage. Euclase (Fig. 5) hasa
[Begps] backbone decorated by (T¢,) tetrahedra, but
unlike the chains in vayrynenite, the (T¢4) tetrahedra
link to three (Beg,) tetrahedra [rather than the two
(Bew,) tetrahedra in véyrynenite]. The result is a more
connected chain in euclase.

The remaining chains are somewhat more compli-
cated, and we can represent them in two ways (Fig. 5):
on theleft, we show the graph of the chain retaining the
analogous spatial relations of the tetrahedra, whereason
the right, we show the chains in the form of a central
backbone plus decorations. In joesmithite, Pb**Ca,
(MgaFe®*,)[BesSigO05] (OH), [Moore et al. (1993)], the
chains consist of two [(Be,T)¢3] chains cross-linked at
aternate vertices (tetrahedra); this is actualy the am-
phibole chain. Alternatively, we can represent it as a

A

o
v

Fic. 4. Euclase projected down the ¢ axis. Chains consist of (Bepy) (crosses) and (Si¢s)
(dotted) with cross-linking (Al ¢g) octahedra (interstitial circles) similar to vayrynenite.
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surinamite khmaralite makarochkinite vayrynenite
m e) ® @
sverigeite fransoletite euclase
(©) ©) @)
joesmithite moraesite roscherite
®) ©) 10)

Fic. 5. Graphical representation of (Begps)—(Te4) chainsin
Be-bearing minerals; hollow circles are (Beg,) tetrahedra,
solid circles are other (T¢4) tetrahedra, and the lines con-
necting the circles indicate corner-linkage between tetra-
hedra.

single [(Be,T)¢3] backbone decorated by (T¢4) tetrahe-
drathat link selected vertices four tetrahedra apart. In
moraesite, [Be,PO4(OH)](H20)4 [Merlino & Pasero
(1992)], the chain consists of two [(Be,T) 3] chainswith
cross-linking between (Begs) and (Te,) tetrahedra. Al-
ternatively, the chain can be represented as a single
[(Be, T)¢3] backbone with links between tetrahedra that
are not adjacent along the length of the backbone chain.
We can designate this kind of linkage as looping.
Roscherite, Ca,Mn?* 5[ Be4PsO24(OH)4(H,0)6 [Fanfani
et al. (1975, 1977)], hasthe most complex chains. They
can be thought of as two sverigeite-type chains cross-
linked through adjacent (T¢,) tetrahedra (Fig. 5). Alter-
natively, they may be considered as a [(Be,T)e3]
backbone decorated by (T¢,) tetrahedralinking (Beys)
tetrahedrathat are separated by twelve tetrahedraalong
the backbone, and also showing looping between se-
lected (Bep,) and (T4) tetrahedrafour tetrahedra apart
along the chain.

In addition to clarifying the character of tetrahedron
connectivity in the chains occurring in the Be minerals,
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(b)

Fic.6. Be-Plinkagesfor (a) theberyllophosphate framework
structure of babefphiteand (b) the cluster for gainesite. The
(BeOy) tetrahedra have a cross pattern, and the (PO,) tetra-
hedra are indicated with dashed lines.

this graphical representation of chains suggests a sys-
tematic way of investigating chain connectivity. All of
the chains in Figure 5 can be considered as backbone
[Te3] chains (T = Be, Al, Si, P, etc.) that are modified
by decoration or by looping (or both). Thus, topological
derivation of al possible chain configurations seems
possible using such an approach.

There are nineteen known beryllophosphate struc-
turesthat occur in Nature, together with afew synthetic
beryllophosphates. All these structures have corner-
sharing linkages of (Begs) and (Pe4) tetrahedra. Only
three known beryllophosphate structures do not consist
of four-membered rings of corner-sharing (Bews)—(P¢4)
tetrahedra: the chain structure of vayrynenite, theframe-
work structure of babefphite [Ba(BePO4F), Simonov et
al. 1980] (Fig. 6a), and the cluster structure of gainesite
[NaKZr,(BePO,4016), Moore et al. 1983] (Fig. 6b).
Vayrynenite is the only known beryllophosphate that
has a (Beps)—(Pe4) linkage that does not consist of al-
ternating (Bews) and (Pg,) tetrahedra but rather forms
chains of three-membered (Bes)—(Bews)—(Pe4) rings
linked through common (Beg,) tetrahedra (Kampf
1992).
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