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Fillowite, Na,Ca(Mn,Fe)3*(PO,): its crystal structure
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Abstract

Fillowite, Na,Ca(Mn,Fe)*(PO,)s, possesses a structure derived from the glaserite,
K,Na(SO,),, arrangement. No evidence of substructure occurs eith‘er"in the X-ray data or the
polyhedral arrangement. It is thombohedral, a, 15.282(2), ¢ 43.507(3)A, Z = 18, space group
R3. R = 0.069 for 6891 independent reflections. Forty-five nonequivalent atoms occur in the
asymmetric unit. Nine distinct MO, octahedra, four distinct five-coordinate polyhedra, one
seven-coordinate polyhedron, one eight-coordinate polyhedron and six distinct PO, tetra-
hedra occur in the asymmetric unit. The eight-coordinate polyhedron, maximal point sym-
metry 4m2, is the gable disphenoid and is identical to a polyhedron in the related mineral wyl-
lieite, Na,FeZ*Al(PO,);. In these structures, the ratio of larger cations to tetrahedra is X: T =
5:3. e

Three kinds of rods occur in the structure and, wher. projected down the c-axis, define the

regular {6°}) hexagonal tessellation. Rod I at the origin has the cation sequence -~ M(I)-
M(3)-Na(1)-Na(2)-M(4)-M(5)-M(2)-M(5)-M(4)-Na(2)-Na(1)-M(3) -+ with five octahedra
in sequence sharing faces: M(3)-Na(1)-Na(2)-M(4)-M(5). Rod II along the 3,-axis has -
Ca-M(9)-Na(3)-M(8)-Ca-M(9)-Na(3)-M(8)-Ca-M(9)-Na(3)-M(8) --- Rod III at the nodes
of the hexagonal net includes the six nonequivalent PO, tetrahedra, --- P(6)-M(11)-P(4)-
M(6)-P(1)-IX 1)-P(5)-M(7)-P(2)-M(10)-P(3)-[J(2) -*- . Counting up the cations, the ratio of
larger cations (X) to tetrahedra (T) is (gXeoT54 or X: T = 5:3. : :

Introduction

Fillowite is an exceedingly complex mineral which
occurs as a primary accessory phosphate phase in
granitic pegmatities. Its high specific gravity, granu-
lar character, colors ranging from orange in the
Mn-rich member to reddish-brown in the Fe-rich
member (johnsomervilleite) and uncanny physical
_ similarity ‘to phases like triploidite, griphite, graft-
onite and spessartine render it an unusually difficult
phase to identify in the field. Occurrences of the min-
eral include the type locality at Branchville, Con-
necticut (Brush and Dana, 1878); Kabira, Uganda
(Von Knorring, 1963); Inverness-shire, Scotland
(Livingstone, 1980) and a new locality noted by one
of us (PBM) at the Sapucaia pegmatite, State of
Minas Gerais, Brazil where the mineral occurs lo-
cally as abundant metamict nodules whose single
crystal character was restored upon heating in air at
500°C for two days. The type occurrence and the
Uganda locality are the only ones representing the
Mn-predominant member, hence fillowites, while the
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remaining are Fe-predominant, hence john-

somervilleites. All indications presently at hand sug-
gest that the fillowite series is confined to a primary,
high temperature pegmatite assemblage and the se-

 ries may in fact be far more abundant than hitherto

noted. ‘

Fillowite has been a subject of ongoing con-
troversy concerning its crystal chemistry. Brush and
Dana (1890) concluded that fillowite is morphologi-
cally related to dickinsonite which presents, on mor-
phological and chemical grounds, an interesting case
of dimorphism. They proposed the formula
X;P,0; - 1/3H,0 where X = large cations, or
HX36(PO,).4 - 2H,0. Palache et al. (1951) proposed
H,Na ,(Mn,Fe,Ca),(PO,),, * 2H,0. Fisher (1965) in
an- exhaustive study on the alluaudite, arrojadite
and fillowite species proposed (after our scaling)
Ca, sNa, ;M 65F€s.(POs)2s O Xio(PO,)zs. Strunz
(1970) and Povarennykh (1972) offer Na,,Mn,,
(PG.)24 0 Xi5(PO.),0. Our structure study shows that
by counting atoms, the idealized formula for fillowite
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29  217.0
32 1426
35 184,48
38 241.0
41 7 309.5
44 6361
47 100.0
50 10S5.8
53 7865
56 176
-56 49,9
-53  158.0
-50 48 .4
-47 166
-44 5262
-41 1509
-38 28167
-35 1311
-32 163.1
-29  165.0
-26 42062
-23  216.3
=20 13%4.9
-17 190.7
-11 441.2
-5  358e6
-2 126.0
1 410.7
4 ’Q5303
4 191 .8
10 703
13. 200.1
16 13.9
19 456.8
22 19067
25 10807
28 127.3
31. 8569
34 27068
37 120.8
40 6503
43  S50.04
46 11543
49 13008
$2 12049
55 14804
-54 8068
-51 . .18563
-48 1766
-45 84 ¢9
-42 3960
-39 15249

FC H K L Fo
338.3 1 11 29 43461
6504 1 11 32 99.9
69665 1 11 35 142.2
21400 1 11 38 108.4
12849 111 a4t 2604
1745 1 11 44 133.7
24561 1 1y &7 757
3069 1 11 S0 168.0
5805 1 12 =50 113e2
85e4 1 12 =47 195,7
113.2 1 12 -44 1310
8940 1 12 -41 30562
44,8 1 12 -38 128.8
437 1 12 =35 10000
147.8 1 12 -32 75¢9
24 5 1. 12 -29 S0e7
2209 1 12 =26 11804
6402 1 12 =23 147.8
2767 1 12 -20 43,7
28968 1 12 =17 19067
14004 1 12 -14 293.2
16048 1 t2 -11 143.7
16601 1 12 -8 168.7
456 o1 1 12 -5 182.4
21661 1 12 -2 171.2
1468 1 12 1 37001
20702 1 12 4 302.2
53,7 T 12 7 393.8
471 5 1 12 10 2375
794 I 12 13 1659
3642 1 12 16 56862
103 .0 1. 12 19 10903
367.5 1 12 22 28160
424 .5 1 12 25 26802
18869 1 12 28 538.5
45.7 1 12 31 283.8
193.2 1 12 3a& 7862
2506 1 12 37 11060
453,2 1 12 a0 87.7
1941 1 12 a3 7207
9663 1 12 46 14169
14004 1 12 49 16005
8267 1 13 -45 2006
26200 1 13 -42 181.8
123.9 i 13 -39 36.8
5202 l 13 ‘36 199.9
2209 1. 13 =33 1S51.0
10502 l '13 ’30 1700
12206 1 13 =27 1608
108.2 1 13 =24 3603
133.3 1 13 =21 149.8
995 1 13 ~-18 314.2
17909 1 13 -15 39.7
32.4 1 13 -12 6006
9667 1 13 =9 10966
127 1 13 -6 123.3
1517 113 -3
A 13 .0
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4317
915
1456
10609
358
115.6
594
16503
11267
19560
1377
313.8
128.8
915
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4964
10704
155.9
Qel
18567
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154.4
16662
172¢2
16361
3511
282.6
381le1
22704
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-23 11Ce8
-20 228 6
-17 14.6
=14 460e2
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7 19e%
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13 1772
16 693
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25 84.7
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31 19.8
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40 4177
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g8 1265
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6 392.9

-54  133.9

-12 95 o6

FC
35860
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FILLOWITE SHEET NO.
H K L FO "H KL FO FC
2 9 23 2532 2 13 —-41 11962 1175
2 9 26 89.6 2 13 =38 223.7 232.0
2 9 29 5246 2 13 =35 17.8 4346
2 9 32 53,2 2 13 =32 77.9 65.1
2 9 35 5946 2 13 =29 49,3 5969
2 9 38 163.1 2 13 =26 259.6 255.5
2 9 41 233.4 2 13 =23 2760 277.4
2 9 44 1245 2 13 =20 230.8 252.0
2 9 47 107.3 2 13 =17 407 3400
2 9 50 192.5 2 13 -14 249.8 245.9
2 9 53 68.4 2 13 -11 164.0 16443
2 10 =53 18.6 2 13 -8 S7.1 391
2 10 -50 237.4 2 13 =5 118,9 122.8
2 10 -a7 S069 2 13 -2 142,2 151.0
2 10 -44 128.3 2 13 1 13861 131,62
2 10 ~-41 131.9 2 13 & 174  34.9
2 10 =38 334.9 2 13 7 6S5.0 5462
2 10 =35 328.2 2 13 10 1666 1.9
2 10 -32. 147.0 2 13 13 681 59,7
2. 10 =29  189.3 2 13 16 1663 23607
2 10 =26 128+0 2 13 19 63.7 5569
2 10 =23 1€0.2 © 2 13 22 34,5 171
2 10 -20 97.0 2 13 25 44,5 67.2
2 10 -17 6561 . 2 13 28 42.3 19.5
2 10 -14 35501 2 213 31 4045 Te7
2 10 -11 416.6. 2 13 36 11142 11842
2 10 -8 1864 213 37 278.9 279.2
+2 210 . =5 1541 - 2 13 40 24T7.0 230.6
2 10 -2 68,6 2 13 43 103.5 104.9
2 10 1 1463 2 14 —-42 75,5 9340
2 10 4 107.9 2 14 -39 98.4 109.5
210 7 16343 2 14 =36 102,.S 89,2
2 10 10 4a11.5 2 18 -33  68.9 4549
2 10 13 163.9 2 14 =30 120.1 104.9
2 10 16 249,2 2 184 =27 S0e5 413
2 10 19 1776 2 14 -24 206.2 20440
2 10 22 165e5 2 18 -21 S5.7 - 66.7
2 10 25 1695 2 14 -18 247.4 2517
2 10 28 28.8" 2 14 =15 770 716
2 10 31 292.5 2 14 -12 95.8 111.3
2 10 34  39.3 . 2 14 -3 29.a 3760
2 10 37 206.2 2 14 -6 913 7460
2 10 40 228.7 2 14 -3 42,1 3569
2 10 43 1881 2 14 0 143.9 143.4
2 10 46 17«5 2 14 3 31.9 8.1
2 10 49 352.6 2 14 6 41.4 S6e4
2 10 52 114.7 2 14 9 1869 17640
2 11 =51 913 2 18 12  44.4  46.6
2 .11 .-48 14947 2 14 15 2100 205.8
2 511 =45 35,0 2 14 18 497.0 480.5
2 11 -42 108.9 2 14 21 1393 143,1
2 11.-39 . 43.2 2 14 24 162.4 143.2
2 11.-36  16.8 2 14 27 241.8 242.2
2 11 =33 17647 203 30 49.6 42.5
2711 =30 1067 2 14 33 128.2 118.6
2 11 -27 138.7° 2 14 36 15003 150.8
2.:11,=28 1276 2 14 39 1775 1 5.9
L2 a2 43,7 2,18 42 216.8 207.8
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