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THE CRYSTAL STRUCTURE OF WIGKSITE

MARK A. COOPERI AND FRANK C. HAWTHORNB
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ABSTRACT

The crystal strucftrc of wicksite, orthorhombic, a 12.524(l), b 1,2.W7Q), c 11,.646(2) A, V ]seZ.q@) N, pcab, has been
solvedby directmethods andrefinedto anR index of 2. VobaseAon'24L3 observedreflections measuredwithMoKaX-radiation.
The crystal used in the collection of the X-ray intensity data was analyzed with an electron microprobe, giving the formula
4fNaCaz@*+r.sMgoazXFe2*0.+o Fe3+o.pAlo.reMgo.saXFe2+r.aoMn2+o.ooXPOa)oGlzo)z]. Wicksite is the iron phosphate ana-
logue of grischunite, ideally 4fNaCa2Mn2+(Mn2+o.sFe3+o.s)z(AsO+)o(Hzo)21. The unique sites include tlree tetrahedrally coordi-
nated P sites, four octahedrally coordinated sites, one nine-coordinated Ca site and one HzO group. The octahedrally coordinated
sites have the following occupancies: M(1) is occupied by Fe2+ and Mg, M(2) is occupied by (F*+,N4$ and (Fe3+,Al) in equat
amounts, M(3) is occupied by Fe2+ and Maz+, and ifa is occupied by Na- The Ca site is coordinated by eight O atoms and an
HzO group. Wicksite is a densely packed heteropolyhedral structure with extensive edge-sharing between M and Ca polyhedr4
and comer-sharing between P tefahedra and M octahedra- Attsmpts to refine the structures of both wicksite and grischunite in
monoclinic symmety were inconclusive, despite the fact that wicksite has optical properties that suggest monoclinic symmetry.

Keywords: wicksite, srystal structure, electron-microprobe analysis, site populations, phosphate, grischunite, arsenate.

Sot tans

Nous avons affin6la sfucfire cristalline ile lawiclsite, orthorhombique, a 12.52A(I),b L2.9U7(2), c lI.g6Q) A"V 1882.4@) 43,
Pcal, par m6thodes directes jusqu'b un r6sidu R de 2.4Vo enuflisant 213 r6flexions observ6es, mesur6es avec un myonnement
MoKcl. I,e cristal qui a servi pour la collection des intensitds de diffraction X a 6t6 analysd avec une microsonde dlectronique;
sa formule serait 4[NaCa2@4*r.sdvlgoai@e2+e.a6Fe3*e.62Al6.18MC054xFd+1.aqMn2+6.60)@Ore!lz0)z]. La wiclsite est le
phosphate de fer analogue i la grischunite, qui posslde la fonnule id6ale 4fNaCa2Mn2+(Mn2+e5Fd+s5)2(AsO+)o(HzO)zl. Parmi les
sites uniques, il y a trois sites P b coordinence t6tra6drique, quatre sites i coordinence octa6drique, un site Ca i coordinence 9,
etungroupeH2O. Les sites icoordinence octa6drique sontles suivants: M(1), occup6parF*+ etMg,M(2), occupdpar(Fez+Mg)
et (Feh,Al) en proportions dgales, M(3), occuff par F*+ et Mn2+, et Na, occupd par Na. Le site Ca est coordonnd par huit atomes
d'oxygBne etun groupeH2O. Lawick$ite a une structure iempilement dense deh6tdropolyldres; les poly0dresM etcapaftagenlt
plusieurs de leurs ar6tes, et las t6traldres P et les odaedres M paxtagent des coins. Nous avons essay6 d'affrner la structure de la
wicksite et de la grischunite dans le systdme monoclinique; les r6sultats n'ont pas €t6 concluants, malgrd le fait que certaines des
propri6t6s optiques de la wicksiSe semblent indiquer une sym6tie nonoclinique.

(Iraduit par la R6daction)

Mots-cl6s: wicksit€, structure cristalline, donn6es de microsonde 6lectronique, population des sites, phosphate, grischunite,
arsenate.

INrnorusnon

Wicksite is ahydrated Fe-phosphate mineral described
by Sturman et al. (1981) from the Big Fish River in
northeastem Yukon Territory. It occurs as blue plates in
nodules in beddedironstone and shale, andis intimately
associated with wolfeite, satterlyite and maridite. The
general geology ofthe region was described by Young
(1977), and a detailed description was given by Robert-
son (1982) and Robinson et al. (L992). The crystal

structure of wicksite has been solved as part of our
general progrun on the structures of oxysalt minerals,
and the results are reporled here.

E:rpm,]]\4m.{TAL

Careful optical examination in nor-polarizd polar-
ized and cross-polarized light identified a single crystal
of good quality, and this was then ground to a sphere
of diameter 0.29 mm using a Bond sphere-grinder. The
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crystal was mounted on a Siemens P4 automated
four-circle diffractometer and aligned using thirty-one
relafively intense reflections. The orientation manix and
cell dimensions were determined from the sefing angles
by least-squares refinement; the cell dimensions given
in Table 1 are for the space group Pcab and are in a
different orientation from those given by Sturmar et al.
(1981). Data were collected and the structure was solved
in the latter orientation, but the data were subsequently
transforured fuomPbcato Pcab in orderto correspond
to the setting for grischunite, with which wicksite is
isostructural. A total of 7333 reflections were collected
over the index ranges 2 < h < 17,2 <k < lS, G < I < 16
with scan speeds betrveen 3.0 and 30.0'2elmin. and over

TABLE I. MISOELLANEOUS INFORMATION FOF WICKSITE

the range 4 < 2g < 60'. Subsequent to the collection of
Q-20 data, psi-scan data werp collected for 18 reflections
at 4' int€rvals ofpsi. The psi-scan daJa were corrected for
absorption, modeling the crystal as an ellipsoid and
reducing R(azimuthal) from 0.83 to 0.70Vo. The 0-20
intensity data were corrected for absorption,I-nrenZ,
polarization and background effects, averaged and reduced
to structure factors; of the 2763 unique reflections,
2413 were considered as observed (|F"1 > soF"D.

Following collection of the X-ray intensity data the
crystal was mounted in epoxy, ground, polishe4 carbon-
coated and analyzed with an electron microprobe
according to the method of Hawthome et al. (1993).

Srnucnns SortmoN aNo REF[.[Etl{g.{r

All calculations were done with the SHEIXTL PC
Plus system of programs; R and wR indices are of the
conventional form and are given as percentages. The
structure was solved by direct methods. The E statistics
indicate thal the sfucture is centrosymmetric, and system-
alic absences are compatible with the space group PcaD.
The solution with the highssl combined figure-of-merit
proved to be correct and the structure was refined by a
combination of least-squares refinement and
difference-Fourier synthesis to an R index of.2.47o. At

€ (A) 12.524(1)
b t2.9o7(2J
c 11,648(21
v(A") 1882.4(4'
Space Group P@b

r (mm-') 4.sg

Crystal slze (mm) 0.20 mm Bphers
Radlatlon MoKo/Graphtte

Total no, ol I 7333
No. of lFl 27Ag
No. ol l4l > 50 241s
F(elmlthal)% 0,83-0.70
F(mergs) % 3.3
F(obs) % 2.4
ryF(ob8) 7o 2.1

Call content: 4lNaCa,(Fei.sMgb..,XF€i:€Fs3:sAh.sMgo sXF6:"{Mn3:oXp0.)6(H.O),1
F - :0F.1-t4l)/ttFol
wR - Izw(lFol-1F.lt'.ttF1'l' , w - vd r.U+xp(-2.7(stn0/ F)l

TABLE 2.  FINAL POSITONAL AND DISPLACEMENT (A X 104) PARAMETERS FOR WICKSITE

Utzunu8U".unUttuqSlts

P(1) 0.39144(4)
P(2) 0.10100(4)
P(3) 0.26745(4)
M(1) 0.1544e(3)
M(21 0.332e1(3)
M(3) 0.02571(3)
ca 0.26395(3)
N a 0
o(1 ) 0.498e(1)
o(2) 0.40e2(1)
o(3) 0.32r 6(1)
o(4) 0.3358(1)
o(5)  0 .1660(1)
0(6)  0 .1550(1)
o(7) 0.0e38(1)
o(8) -0.00e7(1)
o(e) 0.1e23(1)
o(10) 0.3s27(1)
o(11)  0 .200e(1)
o(12) 0.32e7(1)
o(13) -0.0276(r)

H(1) 0.013(4)
H(2) -0.007(4)

0.301 43(4)
0.44304(41
0.1 2409(4)
0.20669(2)
0.04305(3)
0.26873(3)
0.37404(3)

0.2754(1)
0.3380(1 )
0.2027(1)
0.38s0(1 )
0.5444(1)
0.3625(1 )
0.4034(1 )
0.4660(1 )
0.2033(1 )
0.1 897(1 )
0 .0s1  9 (1  )
0.050e(1 )
0 .1  1  65 (1  )
0.085(4)
0.074(3)

0.224e6(4)
0.253s6(4)
0.47s92(4)
0.22665(3)
0.22587(3)
0.45s08(2)
0.4e346(3)

n

0.2820(1 )
0 .1  008 (1  )
0.2215(11

0.2973(1)
D.2ss1 (1 )
0.1 765(1 )
0.3784(1 )
0 .2013 (1 )
0 .41  65 (1 )
0.5400(1 )
0.559e(1 )
0.3e59(1 )
0.4864(1 )
0.549(S)
0.421(3)

7411) 74(2)
74(1) 7e(2)
84(1) 102(2)
el  (1 )  85(2)
71(1) 73(21

148(1) 207(2)
113(1) 120(2)
332(5) 232(8)
114(3) 86(6)
11e(4) 145(7)
131 (4)  I  05(6)
117(41 1 03(7)
124(41 163(7)
100(3) 1 13(7)
110(4) 1M(7)
157(4) 122(7)
118 (4 )  13e (7 )
144(41 162(7)
127(4) r65(7)
154(4) r84(8)
151 (4 )  186 (8 )
700(1 00) '
700(1 00)-

-1(2) -1(2)
-2(2) 1(2)

-10(2) -1(2)

e (1 )  6 (1 )
-1  ( 1 )  6 (1 )

-24(11 -71(t )
-12(1) -14(2)

47(7) 72(7)
-20(5) 17(5)

16 (5 )  15 (6 )
-2(6) -24(61

7(5) 1s(6)
8(6) -27(6)

6(5)  6(6)
6(5)  5(6)

-25(6) 4e(6)
-5(5) 23(6)

-1e(6) -54(6)
-12(6) -31 (6)
-34(6) 78(7)

2(61 20(7)

7e(2) 68(2) -6(2)

72(2) 71(2) -1(2)

6e(2) 81(2) -1(2)

83(2) 105(2) 11(1)
72(2) 70(2') -3(1)

138 (2 )  100 (1 )  2 (1 )
117(21 103(2) 16(t )
372(9) 3e2(8) 226(7)
144(6) 1 14(5) -3(s)

138(7) 73(6) 11(5)
122(7) 164(6) -1(6)

13e(7) 110(5) -37(s)

78(6) 132(6) 6(s)
ee(6) 88(5) -15(5)

116 (6 )  72 (5 )  11 (s )
1e3(7) 1s5(7) 3(5)
100(6) 1 14(5) 16(5)
144(7) 125(6) -22(5)

88(6) 126(6) 16(5)
152(7) 127(6) -37(5)

143(6) 124(61 17(5)

' constralnei to be equal.
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this stage, we noted that the M(2) site was occupied by
^O.5 (Fd. + Mg) and ̂ O.5 (Fe}' + Al). We also discov-
ered that wicksite is isostuctural with grischunite, and
that the corresponding site in grischunite is occupied by
0.50 Mn2+ + 0.50 Fe3* (Bianchiet al. 1987). This led us
to suspect that both minerals are monoclinic, with
ordering of tr&' and IvF+ at separate sites. We collected
intensity data for grischunite as well, but were unable
to justify the use of monoclinic symmetry in the refine-
ment of either wicksite or grischunite. Consequently,
we report the orthorhombic model for wicksite. Final
atomic parameters are lisled in Table 2, and selected
interatomic distances and angles are glven in Table 3.
A bond-valence table, calculated from the paftuneters
of Brown & Altermatt (1985), is shown as Table 4.
Observed and calculated structure-factors may be
obtained from The Depository of Unpublished Dat4
CISTI, National Research Council, Ottawa Ontario
KlA 0S2.

CnsMcAL CorwosmoN

The results of electron-microprobe analysis are
grven in Table 5. The unit formula was calculated on
the basis of 26 anons pfu (per formula unit). The H2O

content was calculated as 2 gtonps pfu, as indicated by
the crystal-stucture solution. The Fe3* content was
initially calculated to produce cations and cation sums
as close to integer valuas as possible (i.e.,P - 6, Na = 1,
Ca-2,Mg+F** + F* + A1+ Mn2* = 6). Thisproduced

P(3) totrahodron

o(e)-o(10) 2.47612)
o(0)-o(11) 2.52s(2)
o(8)-o(r2) 2.624(21

o(10)-o(11) 2.60e(2)
o00)-o(12) 2.472(21
o(11rc(12) 2.44ael
<o-o> 2.824

,,r(1 ) @lshedron

o(1)a-O(6)b 3.168(2)
o0)a-O(6) 2.s15(2)
O(l)a-o{s) 2.898(2)
o(l)a-o(l0)c s.406(2)

o(3)-o(5)b 2.036(2)
o(s)-o(6) 2.e80(2)
o(g)-lo(e) 2.7ss(2)
o(3)-O(10)o 3.049(2)
o(6)b-o(e) 2.842e)
O(5)rc(10)c 3.0M12)
o(6)-o(e) 3.601(2)
o(6)-o(10)c 2l!99_
<@> 3.016

M(2) octahedron

o(s)-o(5)b 2.836(2)
o(3)-o(8)d e.u2l2)
o(9)-o(11)c 2.77112)

o(s)-o(12) 2.82812]'
o(4)b-o(s)b s.000(2)
o(4)b-o(8)d 2.72912t

o(4)b-o(11)c 2.AO2e)
o(4)b-o(12) 3.106(2)
O(qrc(l1)c 2.782(2)
o(6)H(12) 2.703121

M(3) octahedron

o0)a-o(7) 2.82e12]

o(1)a-o(9) 2.898(2)
o(1)a-o(10)6 3.8s9(2)

O0)a-o(13) 2.n9(2')

o(2)o-oc4 2'725(2)
o(2)a-O(9) 3.041(2)

o(2)eo(10)a 3.086(2)

0(2)6-0(19) 3.48/'(2\
o(7),o(e) 2.8e7(21

o(7)-o00)8 3.756(2)

o(13)-o(e) 3.083(2)

O(13)-O(10)a 2.982(21
<@> 3.104

l{a @tahodron

o(z)a-o(7)b 4.067\2\ e

o(2)a-o(7)g 2.726(21 P

O(2)a-O(12)c 4-294121 \2

O(2)a-O(12)l 2.928(21 lc

O(4rc(12)c 3.su(2) 2

o(7)N(12)l 9,99914L 12

<m> 3.460

H-bondhg

o(18FH(1) o.e6(4)

o03FH(2) 0.90(4)

o(13p(8l 2.780(21

o(lep(8)b 2.e3/(2)

o(9)-P(3rc(10) 105.8(1)

o(9F43)-O(11) 10e.40)
o(9FP(3)-O(12) 116.2(1)

o(10)-P(3)-O(11) 114.6(1)

o(10)-P(s)-o02) l0€.1(1)
o01F43F(r2) 105.0(1)
<o-49)-O> 10S.5

o(1)a-M(1)-o(5)b s8.3(1)
o(l)a-M(lrc(6) ss.o(l)

o(1)a-lr(1)-o(9) 84.0(1)

O(1)8-ltt(1)-O(10)c 106.5(1)

o(9)-M(1F(s)b 84.8(1)

o(3)-M0rc(6) e0.7(1)

o(3)-M(1)-O(e) 70.5(1)

o(3)-M(1)-o(10)c 00.6(1)
o(5)b.-M(1)-o(e) 82.4(1)
o(5)b-M(1)-o(10)c 90.2(1)
o(6)-M(1rc(e) 106.e(1)
o(6)-M(1)-o(10)c 79.6(1)
<o-M(l)-O> 90.2

o(3)-M(2F(5)b 85.8(1)

o(3)-M(2)-O(sld e7.0(1)
o(s)-M(2){(11)c 84.6O)

o(3)-M{2)-O02) 88.4(1)
o(4)b-r,t(2)-o(5)b 92.9(1)

o(4)b-M(2)-o(8)d e.6(1)

O(4)b-M(2)-O(11)c 86.0(1)
o(4)b-M(2)-o02) 100.6(1)

o(6)b--M{2)-o(11)o &.1(1)

o(5)b-M{2)-O(12) 82.8(l)

o(l)a-/.r(0)-o(7) 83.40)

o(l)a-,tt(sp(e) 81.s0)

o(1)a-M(e)-o(i0)a 107.7(1)

o0)a-M(3)-O(1e) 82.2(1'l

o(2)+M(3)-o(7) 80.6{1)

o(2)FM(3F(e) 87.80)

o(2)en (3P(10)a 85.6n)

o(2)+M(3F0s) 112.5(1)

o(7)-M(3)-.o(e) 81.6(1)

o(7FM{3)-o(10)a 110.2(1)

o00)-M(3)-o(s) 88.8{1)

o(13)-M(3)-o(10)8 -]!lL!:0L
<o-M(sF> eo.3

O(2)a-At&O(7)b 112.7(t')
o(2)a-l/eo(7)g 67.3(1)

o(2)a-lv&o(12)c 11r.5(1)

O(2)a-/V&O(12)l 68.5(1)

oO)b-NFo(12)o 90.30)

O(4b-r{a-€(l2)l 8s.7(1)

<O-Na-O> 90.0

H(1)...o(8)j 1.8e(4)

H(2)...O(s)b 1.ee(4)

o(13Fr(1)'.o(8)l 146(4)

o(13FH(2)-O(8)b 161(4)

TABLE 3.

P(1)-o(1)
P(1)-o(2)
P(1)-O(3)
fl1)-Ol4)
<P(1 )-O>

P(2){(s)
P(2)€(6)
P(2)-o(7)
,12){{8)
.P(z)-or

P(3){(e)
P(3p00)
P(3)-O01)
P(3){(12)
<P(9)-O>

Ca4(2le
Ca{(4)
CFO(6)e
c&4n
H(9)
orco0)
cd(11)h
Ca{(12)h
CFo03d)
<Cd4>

P(1) lsrandron

o0)4(2)
o0){(3)
o0)-o(41
o(2rc(o)
o(2rc(4)
o(3)-o{4)

42) tolahodron

o(6Fo(6)
o(6F0)
o(5){{8)
o(6rcr)
o(6F(8)
o(7rc(8)

1.ms(2)
1.537(1)
1.s712)
1.S6€)
1.90

1.el(2)
1.631 (2)
'r.6€0)

1.64|12)
1,ru

1.552(2)
1.68(2)
1,re(2)
1.5,10{2)
1.98

2.648(2)
2.S00)
2.3660)
2.W12)
2.6412)
2.681 (2)
2.N112')
2.57212t
?3]5I?L
2-669

2.52412)
2-61212)
2-451(2)
2.497(2)
2.wl2l
2.520t21
2.614

2.62412)
2.&7121
2.601(2:)
2.828\2)
2.17412t
2,506(2)
2.513

^,r{1 )-o (1 )a
M0rc(3)
,r0 )-o(5)b
M(1)4(6)
M(1}{(9)
M(1)-O{10)o
<rir(1)-o>

M(2rc(s)
M(2\.414')b
ff(2rc(Eb
Merc{8)d
M(2)-o(11)c
Ml2l.4l12J
<Ml2)4>

i4(3)-o(l )a
M(3){(2)e
M{3){(7)
M(3rc(0)
,,f(sF0 0)8
M(s)4(13)
.tr(s){r

ila{(2)a,f
/t/eo(7)b,g
Na-O(1 2)c,l

o(1)-41)-O(2)
o(1)-(1)-O(3)
ooFP(r){(4)
o(2)-Pll ){(s)
o(2)-P(1 p{4)
o(s)-P(1}{(4)
<o-41)+

o(5)-P(2F{6)
o(5)-P(2)4(7)
o(6FP{2)-O(8)
o(6)-PI2rc(7)
o(0)-42)4(8)
o(7FP(2)-O(8)
<o-P(2)+

265(2)
2.095(2)
2.11O(21
2,0s0)
2,28211)

2.1S5

2.065{2)
2.058(2)
2.16(2)
1.995(2)
2,0500)

1,9c3l]I
2-04

2.081\11
2.1S(2)
2.2s8(2:)
2,e2(2)
2.107(21
2.157

2.su(4 e
2.m14 p

2.Wt2t p

2.q2

110.30)
r09.0(1)
108.2(1)
108.10)
1  1 1 . 5 ( r )
't00.7{1)

109.5

110.50)
r07.6(r)
108.4(1)
110.7(1)
1072(1)
112.5(11
10s.6

Hrr-Hrl 1.s2(5) r41)-O(t3)-H(2) 102(4)

Symm€try OpsrEtocr a: x-1/.,1+1A, 4 bt x, yJh,2+'h; cr*x+1h' y, ?1hl d. x+t/z,t+1h, ''

s,t+te, y, z+ihi ti 
-x 

+'h, r1h,2i g,t,t +1h, *.hi h,t+1/a, ya1h,2+1; lt x-1h,V , Z+'hi

l :  x, j+14,2+l
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Al + Fe3+ = l, and the final calculation was done with
the constraint tlat Fe3+ + Al = 1.00 atoms per fonnula
ttrrt apfu Clable 5).

Drscruptrorq or rrfi Srr.ucruRE

Cation coordination and site populations

There are tbree unique P sites, each of which is
surrounded by four O atoms in a tetrahedrat arrange-
ment. The <P-O> distances, individual P-O distances.
O-O distances and O-P-O angles (Iable 3) fall wirlin
the normal ranges observed for the phosphate group
@avr 1974, Griffen & Ribbe 1979).T\e site-scattering
values and mean bond-lengths at the Na allid Ca sites
are typical of Na and C4 respectively, and hence Na
and Ca were assigned to these sites. This is in accord
with the Na and Ca contents of the formula unit (Table 5),
which excludes both the pre$ence of vacancies and
Na{a disorder over these sites. The refined site-
scattering values and 4i[4> distances for the M(11,
M(2) aad M(3) sites indicate that these sites are occu-
pied by Mg, F*+, Al and Fe3*, as indicated bv the
analyzed cell-contents Clable 5). The scattering species
at these three sites may be combined in the following
way to produce two effective scattering species: Mg* =
Mg + Al; Fe* = Fe2+ + Fd+ + Mn2*. From the refined
site-scattering values, site populations for Mg* and Fe*

can be assigned. Following this procedure, the individual
chemical species were assigned on the basis of mean
bond-length after calculating the Fd* and Fe$ contents
of the crystal required for electroneutrality and fuL|
occupancy of theM(1), MQ) eaLdM(3) sites, as indicated
by the site-scattering values. For the M(3) site, the
refined site-scattering value is only compatible with
occupancy by Fe*. Furthermore, the large mean bond-
length indicates that all Mn2* in the formula unit
(Table 5) occurs at this site, and that the remaining
species is F**. For the M(1) site, the mean bond-length
is compatible only with occupancy by Fe2* and Mg; any
Fe3+ orAl atthis site wouldleadto amuch shortermean
bond-length. Thus the M(1) site-populations were
assigned as Fd* and Mg directly from the refined
site-scattering value. All remaining cations @e2*, Mg,
Fe3*, Al) were assigned to the M(2) site, in accord
with both the refined site-scattering value and the
observed mean bond-length. The resultant site-
populations are given in Table 6, together with the
observed <M4> distances and the analogous sums of
the constituent-cation radii. For the M(l) site, the agree-
ment is almost exact. For the M(2) site, the calculated
value is somewhat higher than the observed value. For
the M(3) site, the calculated value is less than the
observed value, but the site populations are assigned
such that <fu1(3)4> has its maximum possible value
consonant with the analyzed bulk composition of the

TABLE 5. CHEMICAL COMPOSITION (wt %) AND
UNIT FORMULA (aptu)' FOR WICKSITE

P.ou
Al203

"Fe2O3

F6O

TABLE4 BOND-VALENCE TABLE FOR WICKSTTE
P(1t Pl2) fl3) MllJ M(2t Mls) Oa Na H(rl H(2) :

o(1)
o(2)
o(3)
o(4)
o(5)
o(6)
oo)
o(s)
o(s)
o(10)
o(11)
o(12)
o03)

1.24

1.24

1.21

r.24

0-35 0.30

0.37

0.4

0.23

0.28

o.42

0.57

42.O5
0.92
6.45

24.09
4 .19
3.77

1  1 .20

(3.55)
99.20

0.40 0.37

o.41

0-37 0.40

0,41

o,21 o.1ot l

2.O1

1.96

1.98

1 . 9 1

1,94

1.87

2 . 1 1

0.20 0.20 2.10

1.86

L7a

1.94

2.O3

0.80 0.00 2.15

6.01

0.I  8
0.82

3.40
0.60
0.95

2.03

0.98

2

1.23

1.26
'l.n

1.2.

0.34

0.36 0.21 0.3281

0.23 0.21

0.16 0.15

0.91

0.09 0.14sr

0.38 0.17

MnO

Mso

Na?o
'H.o

Total

AI
*Fg$

F62*

Mn2'

Mg

Na

HrO

1 . 1 9

1 . 1 9

1,21

1 , X

4,93 4.93 1.A2 2.OO 2.U 1.91 1.S5 1,12 1.00 1.OO

' €l{laled vlth the p{amdeB ot Brom and Altemat (1985)

' calculatod on the basls of 26 anlons pfu;
" calculated assumlng Fe& + Al = 1.OO aptui
'calculated assumlng 2 H2O groups ptu

TABLE 6. REFINED SITE-SCATTERING VALUES (epfu), SITE PoPULATIoNS (ap'U) AND
OBSERVED AND CALCULATED MEAN-BOND-LENGTHS (A) IN WICKSiTE 

'

sits-scafterlng sltepopulatlon <WO>e </\,rc>e

M(1)

M2)
M(3)

46,1(2) 1.58 Fe,* + 0.42 Mg

41.7(2) 0.46 Fe'z* + 0.54 Mg + 0.82 Fe& + 0.18 Al

s2.o(2, 7.4o Fe2. + 0.60 Mn2'

2.134 2.135

2.053 2.042

2.172 2.197
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crystal (Table 5). Thus the site populations of Table 6
show the best possible agreement with all measured data
on the crystal.

The lf positions were located on difference-Fourier
maps and were refined subject to the conshaint that the
donor-/y' distance is ^O.98 A. The resulting H-bond
geometry Clable 3) is entirely reasonable @enaris &
Franchini-Angela 1972,Brown 1976, Chiari & Ferraris
1982) for an H2O group. Furthermore, the acceptor
atoms for the H bonds were easily identified. The atom
O(8) is the acceptor for bothH-bonds, and it is apparent
from the bond-valence table Clable 4) that this is a
reasonable arangement from a bond-valence viewpoint
Table 4 also shows that both the pattern of order of the
cations and the distribution of bond lengths are in
accord with the constaint that the bond-valence require-
ments around all anions and cations in the stucture are
satisfied.

Stntcture topology

Wicksite has quite a densely packed stuctureo and a
single view of the stucture is not very informative.
However, it may be resolved into layers that reveal its
sfructural principles. Figure I shows the layer parallel

to (001) 41 7 = o.25 t 0.10. M(l) nd M(2) octahedra
share an edge to form Unz|rcl dimers. These dimers are
canted to both the a and b axes. The dimers maintain
their cant along [010], but reverse it along [100], and
are linked into a layer by P(1) nd P(2) tetahedra.
Figure 2 shows the layer parallel to (001) at z = 0 t
0.10. Two M(3) and one Na octahedra share edges to
form an lMz|ul ffimer that is decorated by P(3) tetra-
hedra linking adjacent free octahedral vertices:

tMl@Oa)zQel. The groups cross-link r;ia sharing of
octahedron-tetrahedron vertices to form a layer of
heteropolyhedra. There are two types of hole within this
layer: (1) in the first type of hole is the Ca site, coordi-
nated by nine adjacent anions; (2) the second type of
hole is occupied by the four H atoms that belong to the
two adjacent H2O groups (Frg. 2).This layer can also
be described as consisting of t'wo types of parallel
chains: (1) a line of LMsQ:g,I timers, and (2) a chain of
edge-sharing CaQe and POa polyhedra (Fig. 2).The CaQe
polyhedron shares faces with adjacent M(3) afi Na
octahedra and an edge q/ith an adjacent M(3) octahe-
dron. The layers of Figures 1' and 2 link by edge-
shming between octahedra. The M(1) octahedron of
one sheet (Frg. 1) shares an edge with the M(3) octahe-
dron @g. 2), as shown in Figure 3.

T
I
a

I
t

b-.+l

FIc. l. The structure ofwicksite: the layer parallel to (001) at z= 0,25 t 0.10; phosphate
tetrahedra are shaded with a random-dot pattern" M(1) and M(2) octahedra are shaded
with crosses.
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T
I

I
a

I
i

b --------'

Flc. 2. The structue of s/icksite: the layer parallel ro (@l) at z = 0 t}.lo; M(3) octahedra
are shaded with crosses, ly'a octahedra are shaded with a 4a-nel miscellaneous o-atoms
are shown as small highlighted circles, H atoms are shown as smalt circles. ca atoms
are shown as large circles with diagonal-line shading.

Na M(3)I
a

Flc. 3. The M(1)=M(2) dimer of Figure I and the
M(3)=Na=M(3)ttmer of Figure 2linking wa edge-sharing
belween the M(l) and M(3) octaledra in wicksite; legend
as in Figures 1 and 2, except that one ofthe M(3) octahedra
is unshaded in order to see the shared edge that is narked
by a heavy broken line; the positions ofthe H atoms are
shown by small circles.

Figure 4 shows the layer parallel to (100) at.r = 0 t
0.L2. T\e lMsful trimer of Figure 2 is also very
prominent here, and shows the same rows of trimers in
this projection; howevero note that the flanking P(3)
tetrahedra (cf. Fig. 2) are not shown in tlis layer.
Between the discontinuous rows of trimers are rows of
phosphate tetrahedxa that are modulated according to
the cants of the adjacent trimers of octahedra. The
trimer is terminated at each end by an H2O group. The
H atoms lie approximately in the plane of this layer, and
form H-bonds with the O(8) atoms of two adjacent
P(2)O4 tefrahedra (shown by heavy broken lines in
Fig. 4). Figure 5 shows the layer parallel to (100) at x =
0.25 t 0.15. The M(1) = M(2) dimers of Figure 1 are
also prominent in this view. Adjacent verlices are
bridged by tetrahedra forming [M2(IOa)Q6] chains
along [001] at y - 0.15 and 0.65. These chains cross-
link in the b-direction yia corner-sharing between the
dimer octahedra and additional phosphate tetrahedra,
with Ca occupying ttre interstices within this layer
(Fie.5).
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c

b-l
Frc. 4. The sfucture of wicksite: the layer parallel to (1@) at x = 0 X0.12: legend as in Figures 1 and 2, H bonds are denoted by

heavy broken lines,

Related minerals

Wicksite, ideally NaCazFeZ*4GvIgFe3tXPO q)atlzob
is isostuctural with grischunite, ideally NaCa2Mn2*a
Mn2+Fel)(Asoa)o(HzO)2. Grischunite was described
by Graeser et al. (L984), and the structure was solved
by Bianchi et aI. (1987). The isostructural nature of
these two minerals escaped notice. Other wicksite-like
phases were reported by Peacor et aI. (1985) and Ek &
Nysten (1990). The phase of Peacor et al. (1985) has
222F8* pfu,0.27 Na p/z and 4.80 (H2O) pfu on the
basis of approximately 6 (POa) groups p.fu. Analogous
values for wicksite are 1.00 (Fe3' + N) pfu, 0.98 Nap/z
and 2.00 (IIzO) pfu.The values grven by Peacor et al.
(1985) are very unlike those of wicksite, and also in-
compatible with the wicksite structure. Hence this
phase is not isostructural with wicksite. Ek & Nysten
(1990) reported another wicksite-like phase similar to
that described by Peacor et aL (1.985). Again, this ma-
terialhas 4 (HzO) pfunstead of the 2 (HzO) required
by the wicksite structure, and must be a distinct phase.

As noted above, we suspected that wicksite and
grischunite might be monoclinic, this lower symmety

being induced by ordering of Mg and ps3+ 61vln2+ and
Fe3* for grischunite) over nonequivalent sites in a
monoclinic structure. Both structures were successfully
refined in monoclinic symmetry, but the results did
not show significant differences from the orthorhombic
models. However, Sturman et al. (L981) did note that
oomany grains of wicksite show anomalous optical
effects consistent with monoclinic, rather than ortho-
rhombic symmetry.' Thus, like its namesake, wicks-
ite is suspected of deviant behavior but it cannot be
proven.
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c

t--_- b -l
Frc. 5. The structure of wicksite: the layer parallel to (100) at .r = 0.25 t 0.15; legend as in

previous figures, the H2O gtoup is shown as a black circle.
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