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ABSTRACT

‘The name wodginite is proposed for a mineral found at two widely separated localities
—Wodgina, Australia and Bernic Lake, Manitoba. The mineral is monoclinic, space
group C2/c¢ or Cc, with cell parameters of a = 952 A, b = 11.47 A, ¢ = 5.10 A and
8 = 91°18' (Wodgina) anda = 947 A b = 1142 A, ¢ = 5.09 A and 8 = 91°02' (Bernic
l.ake). Its composition is expressed by the formula 4,60, where A represents chiefly
Ta, Sn and Mun, with lesser amounts of Nb, Fe and Ti. The relationship of wodginite
to columbite-tantalite, ixiolite and olovotantalite is discussed.

INTRODUCTION

During the past few years the pegmatitic lithium-cesium deposit at
Bernic Lake in southeastern Manitoba, generally known as the ‘Mont-
gary pegmatite’’, has been studied by a number of investigators. Occurring
in this deposit as an accessory mineral is a dark, relatively fine-grained
mineral that early investigators identified as columbite (Hutchinson,
1959) or as columbite-tantalite (Wright, 1961). Initial studies by Nickel
(1961a) revealed that the mineral is high, not only in tantalum, but also
in tin and it was tentatively called ‘‘stanniferous tantalite'’. Later, how-
ever, it became evident that the mineral is crystallographically distinct
from columbite-tantalite (Nickel, 19615) and that a new species name
should be considered for it.

In an effort to relate this mineral to known species, the literature was
searched for reports of similar minerals and attempts were made to obtain
specimens for examination. These attempts were partially successful.
Of a number of foreign samples that were examined, one from Wodgina,
Australia produced an x-ray powder pattern that was almost identical
to that of the Bernic Lake mineral. The Wodgina mineral was described
many years ago by Simpson (1909), who called it ixiolite (?) because of
its apparent similarity to the original so-called ixiolite from Finland
(Nordenskisld, 1857). As will be shown later in this paper, Simpson’s
mineral is different from Nordenskiold’s ixiolite, the latter actually being

*Published by permission of the Director, Mines Branch, Department of Mines and
Technical Surveys, Ottawa, Canada.

390
















WODGINITE 395

obtained with unfiltered molybdenum radiation on a Buerger precession
camera from a fragment that was predominantly a single crystal.

The precession films show a few extra diffractions which can be
attributed to minor amounts of the mineral in other orientations. These
extra diffractions could not be correlated with a twinning mechanism,
although they are consistent with the existence of parallel crystallization,
The imperfect cleavage faces do not appear to have a simple relationship
to the orientation of the unit cell axes. The data obtained from the single

. crystal films are: ‘

Crystal system: Monoclinic
Extinction rules: (k&) h + k = 2n

(hO)) I = 2n (k = 2n)

(0k0) (2 = 2n)
Space group: Co, = C2/c or Ct = Cc
Unit cell parameters:
a=952A;0=1146A;c=5114;8 = 91°15
Cell volume: 557.4 A? :

The x-ray powder diffraction data for the two wodginites are shown
in Table 2. The d values were calculated from measurements made on
diffraction patterns obtained with 114.6 mm Debye-Scherrer powder
' cameras using iron-filtered cobalt radiation. The diffraction intensities
of the Bernic Lake mineral were obtained by peak height measurements
made. on the diffractometer tracing shown in Fig. 3, recalculated to a
scale of 100. The x-ray intensities of the Wodgina mineral were estimated
by visual comparison of its powder pattern with that of the Bernic Lake
mineral, since there was insufficient material for a diffractometer
determination.

The powder patterns were indexed from the unit cell and space group
data obtained from the single crystal determinations, and there was very
good agreement between the calculated and measured d-values for both
minerals. More accurate cell parameters were obtained by least-squares
calculations using the indexed spacings of the powder patterns, and these
parameters are shown at the top of Table 2.

On casual inspection, the wodginite powder pattern is quite similar
to that of columbite-tantalite. The most obvious difference is the presence
of the strong doublet at 2.95-3.00 A (Table 2) that takes the place of the
strong columbite-tantalite single peak in that region. This doublet can
easily be overlooked on a small film, but on a large (114.6 mm.) film or
on a diffractometer tracing, the difference between the patterns is

unmistakable (see Fig. 3).
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TABLE 2. WoODGINITE X-RAY IPOWDER IDIFFRACTION DDATA
Wodgina, Australia Bernic Lake, Manitoba

a = 9527 a = 9.475A

b = 11.468A b = 11.423A

¢ = 5.104A ¢ = 5.095A

g = 91°18’ g = 91°02
hkl I(est). d(meas.) d(calc.) I{meas.) d(meas.) d(calc.)
110 11 7.22A 7.33A 4 7.3A 7.20A
020 4 5.71 5.73 4 5.69 5.71
200 11 4.76 4.76 11 4.73 4.73
111 2 4.21 4.22 2 4.20 4.20
111 3 4.16 4.15 3 4.15 4.15
021 10 3.81 3.81 10 3.80 3.80
220 70 3.67 3.66 70 3.64 3.65
130 2 3.60 3.55 4 3.53 3.53
321 100 3.00 3.00 100 2.98 2 .98
221 70 2.95 2.95 87 2.95 2.95
040 25 2.87 2.87 25 2.86 2.86
311 1 2.66 2.65
311 1 2.60 2.60
002 21 2.55 2.55 21 2.55 2.55
041 29 2.50 :‘2?5(()i 29 2.49 3.49
240 4 .45
20 } 1 2.45 { 2.48 1 2.45 { 2.4
112 10 2.40 2.40
400 10 2.38 2.38 11 2.37 2.37
022 4 2.268 2.270 4 2.261 2.260
241 8 2.200 2.203 8 2.197 2.197
222 8 2.113 2.111 10 2.101 2.102
222 8 2.077 2.077 8 2.078 2.074
421 1 2.030 2.034 1 2.029 2.016
421 2 2.004 2.004 2 2.001 2,004
312 1 1.966 1.980
312 1 1.933 1.939
042 11 1.906 1.906 11 1.905 1.901
440 14 1.831 LE_;S(I) 14 1.824 1.823
242 - 1.78
332 } 1 1.780 { 1.779
260 27 1.774 1.774 27 1.767 1.766
402 13 1.760 1.760 13 1.750 1.750
332 1 1.747 1.;49 L
441 1.733 1.733 ‘ - 724
402 Broad to 1.721 26 1.723 { 1.719
441 1.715 1.714 24 1.711 1.709

NoOTE: A weak line that could not be indexed occurs at d = 6.03A in both powder

patterns.

CrystAL CHEMISTRY

The general similarity between the powder patterns of wodginite and
columbite-tantalite is due to their closely related structures. The unit

cell of wodginite (monoclinic, with a

9.50A, 5 =11454A, ¢ = 5.10 A,

and B8 = 91°10°—average of Wodgina and Bernic Lake data) is related
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Fi1G. 3. Diffractometer tracings of wodginite and columbite-tantalite. Copper radiation, nickel filter; scanning speed 1/4 degree per

minute.
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to that of eolumbite-tantalite (orthorhombic, with ¢ = 573 A, b =
1424 R, and ¢ = 5.08 A—Tinton, South Dakota data) as follows:
aw = 2/3ber, bw = 200y, cw = cor, and By = Ber (where the sub-
scripts W and CT refer to wodginite and columbite-tantalite, respec-
tively). The unit cell volume of wodginite is consequently 4/3 that of
columbite-tantalite. _

Since the unit cell of columbite-tantalite contains (Fe, Mn)4(Nb,
Ta)s0q4 (Sturdivant, 1930), or a total of 12 cations and 24 anions, the
wodginite unit cell should contain 4/3 as many, or 16 cations and 32
anions. On this assumption, the chemical analyses of the Waodgina and
Bernic Lake wodginites have been recalculated to atomic proportions
for a cell containing 32 oxygen ions. The results are shown in Table 3.

TABRLE 3. ATOMIC PROIFORTIONS IN WODGINITE

Wodgina, Australia Bernic Lake, Manitoba
Wt.%*  Atomic proportions** Wt.%* Atomic proportions**
Ta 57.73 8.29 57.37 8.40
Nb 5.33 1.49 0.94 0.27
Sn 7.03 1.54} 15.78 10.40 2.32
Mn R.42 3.08 7.00 3.38; 15.85
Fe 1.04 0.48% 1.45 0.69
Ti —_ — 1.43 0.79
(0] 19.70 32.00 19.31 32.00)

Total 99.25 47.78 97.90 47.85

*Calculated from oxide percentages given in Table I, with Ca0, MgO, SiO: and
loss on ignition excluded.
**Calculated to bring total oxygen atoms to 32.00.

The space group requirements for wodginite would group the 16
cations either in two sets of four equivalent positions and one set of
cight equivalent positions (C2/c), or in [our sets of four equivalent
positions (Cc). These positions correspond approxinutely to those of the
twelve cations in columbite-tantalite where they are grouped in one set
of four equivalent positions (iron and manganese) and one set of eight
equivalent positions (niohium and tantalum). It can be seen from Table
3, however, that the cations do not in general approximate whole
numbers, and there does not appear to be any logical way of grouping
the cations to conform to these requirements. The results of the analysis
seem to suggest that the cations may be randomly distributed in the 16
available positions.

On the other hand, it might be speculated that if some of the cations
exist in several degrees of oxidation and thercfore have different ionic
radii, there might then be an ordering on the basis of ionic size rather
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than purely on an elemental basis. Unfortunately, the oxidation states
of the cations could not be determined analytically, so this must remain
in the realm of speculation for the tiine being. '
The atomic proportions shown in Table 3 give molecular weights of
2579 and 2594, respectively for the wodginites from Wodgina and Bernic
Lake. Using these molecular weights and the cell parameters shown in
Table 3, the calculated specific gravity of the wodginite from the type
locality is 7.69, and that of the Bernic Lake wodginite is 7.81. These

.values are considerably greater than the measured values of 7.36 and

7.19. This discrepancy might be explained by postulating a higher state
of oxidation for the cations than those indicated by the chemical analyses.
Increasing the oxidation state, i.e. valency, of one or more of the compo-
nents would result in fewer cations being required to electrostatically
balance the 32 oxygen atoms in the unit cell. This would be reflected in
lower gravities of the minerals. It would also explain the failure of the
Bernic Lake mineral analysis-to total 100 per cent.

Since the manner in which the cations are ordered can not at present
be ascertained, the formula for wodginite will tentatively have to be
expressed as 4Oz, wherein A represents all the cations analyzed. If
there is a cation deficiency, then the formula would be given more
accurately by A 1,032, with the value of x related directly to the average
valency of the cations, and decreasing to zero as the average cation

" valency approaches four.

DiscussioN

Since both samples of wodginite are distinguished chemically from
normal members of the columbite-tantalite series by virtue of their high
tin contents, it is tempting to conclude that tin is an essential constituent
of wodginite. However, a tin-free phase giving the characteristic wodginite
diffraction pattern has recently been synthesized by A. C. Turnock of
the Mineral Sciences Division, Mines Branch (personal communication).
The composition of his synthetic wodginite phase approximates
(Mn, sFey 2) Ta,0,, which indicates that tin is not an essential component.

Mention should be made of several other related minerals that have
recently come to light. These minerals, which will be referred to here
as “polymorphs", can be distinguished by their x-ray powder diffraction
patterns (Table 4).

The intensity data for ixiolite, columbite-tantalite and wodginite
were measured from diffractometer tracings. The d-values were calculated
from measurements made on 114.6 mm Debye-Scherrer films obtained
with iron-filtered cobalt radiation. The patterns were indexed on the
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TasLe 4. X-rAY POwDER DIFFRACTION PATTERNS OF
CoLUMBITE-TANTALITE “PoLYMORPHS''

Ixiolite (R.0.M.) 6591

Columbite-Tantalite

Olovotantalite '

Wodginite

Skogbole, Finland Tinton, SD U.S.S.R. Wodgina, Australia
Int. d(meas.) hki Int, d (meas.) hkl Int. d (meas.) hkl Int. d (meas.) hkl
40 11.1 010
12 7.13 020 11 7.22 110
4 6.05 ?
4 5.71 020
4 5.30 110
10 4.6 200 11 4.76 200
2 4.21 in
3 4.16 111
20 3.78 o021 10 3.81 021
32 3.65 011 48  3.66 130 70 3.67 220
9  3.57 040
2 3.60 130
100 2.98 111 100  2.96 131 70 2,95 221 {100 3.00 221
70 2.95 221
5 2.87 020 10 2.86 200 20 2.88 040 25 2.87 040
. 20 2.76 320
1 2.66 an
) 1 2.60 311
13 2.57 200 6 2.53 002 40 2.56 002 21 2.55 002
20 2.51 120 12 2.49 201 70 2.51 041 29 2.50 041
1 2.45 240,330
10 2.40 112
5 237 002 12 2.38 060 30 2.38 400 10 2.38 400
2 2.265 201 1 2.279 151 10 2.275 202 4 2.268 202
3 2.236 032
4 2.213 121 4 2.207 231 50 2.21 241 8 2.200 241
30  2.12 411
.9 2104 211 5 2.084 132 40 2.000 222 8 2.113 222
8 2.077 222
10 2077 132
3 2.043 241
. 1 2.030 121
2 2.004 421
10 1.952 232 1 1.966 312
1 1.933 312
4 1.915 220 5 1.898 202 60  1.917 042 11 1.906 042
6 6 022 9 1.831 260 50 1.835 449 14 1.831 140
4 1.796 152,171
1 1.780 242,332
13 1.772 031 14 1.772 330 80 1.780 260 27 1.774 260
13 1.760 302
1 1.747 332
17 1.746 202 12 1.735 062 70 1.743 402 1.733 441,402
24 1.722 122 22 1.721 261 70 1.723 441 Broad 1.715 441

(See text for details of intensity measurements and indexing).

unit-cell parameters given in Table 5. The d-values and intensities of
olovotantalite were taken from Matias (1961), with the intensities multi-
plied by a factor of ten to make them comparable to those of the other
minerals. The indexing was done on the hypothetical unit cell shown in
Table 5, since no single crystal data are available for olovotantalite.

T
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TanLe 5. Cere, PARAMETERS OF CoLUuMBITE-TANTALITE “'PorLymorens”

Olovotantalite* ‘Wo'lginite

Ixiolite

Skogbiile, Finkanel Tinton, S.1), LS8R, Australia
Unit-Cell a=515 ¢ =508 ¢c=hH.114 c=5.10 -
Lengths b =573 a=573 b= 11.50(2X5.7%) b= 1147 (2X5.73)
=174 b= 1124(3X14.75) -',a=9..’-')(2)<4.75) a=0.52(2X4.78)
B 90° 10° 90° 01°)18’
Cell Vohime 110 Az 14 A2 (X 13R) 561 A2 (4 X 140) 557 X2 (41X 130)
" Space Group Prnab Pcan ? C2/cor Cc

*Dedueed from x-ray powder diffiaction data given hy Matias (1961),

The close relationship between the unit-cell parameters of these
“polymorphs” is shown in Table 5. The unit cells can all be expressed
as multiples of the smallest uuit cell--that of ixiolite.

Ixiolite, first described by Nordenskisld (1857) and later discredited
by Amark (1941) and Quensel (1941) has recently been re-investigated.
Nickel & Rowland (1962) {ound that ixiolite represents a substructure
of tantalite, with the cations in disordered arrangement. It has an SnO,
content of 12.27 per cent. The ixiolite powder pattern is distinguished
from that of the other polymorphs by the absence of spacings at d-values
greater than 3.7 A.

Olovotantalite (literally “tin-tantalite’) also has a high SnO: content
(9.06 per cent). Althongh Fleischer (1962) suggests that this new name is
unnecessary, the powder pattern is quite different from that of the other
“polymorphs’ and cannot be indexed on the columbite-tantalite unit cell.
This suggests that olovotantalite is indeed a separate species. The
powder data can be indexed on an orthorhombic wodginite cell, 1.c., a
unit cell with the dimensions of wodginite but with 8 = 90°.

This proliferation of columbite-tantalite  “polymorphs’  warrants
further study. Some of these varieties may be considerably more common
that has heen supposed, but may have been overlooked because of their
similarity to columbite-tantalite. As an example, a sample of “mangano-
tantalite” from the Benson Mine of Southern Rhodesia has been found
to give the typical wodginite powder pattern*. Others will probably come
to light in the future.

Phase equilibrium studies now being conducted by A. C. Turnock at
the Mines Branch may be expected to provide information on the

stability relations of wodginite and perhaps the other minerals, as well.

*Information received from H. J. Martin of the Geological Survey of Southern
Rhodesia after this paper went to press indicates that the Benson Mine wodginite con-
tains only 0,307, Sn0Q,, thereby supporting the view that a high tin content is not
essential to wodginite,
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It is hoped that this work will assist in defining the formation conditions
of these nuinerals,
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