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equilibrium, by using mixed gases with CO:CO; in the appropriate ratios
as determined by Darken & Gurry (1945). '

The products of synthesis were cither one or both of the following
phases: (i) orthorhombic Mn;_.I'e;Ta.0s, here referred to by its mineral
name tantalite, and (ii) tetragonal Ie;_,Mn,Ta0¢, here referred to as
5 tapiolite. Their distribution is shown in IFig. 2. The firing times to produce
one phase (in a one-phase region) from the oxalate and oxide starting
materials was 2 hours at 1,200° C, 7 days at 1,000° C. The tapiolite
solvus was determined by exsolution as well as solution experiments, i.e.
tapiolite with 40 mol. 9% MnTa.s in solid solution will exsolve tantalite
after firing for 10 days at 1,040° C.

Tantalite can take up to 18 mol. 9, I‘eTa,0s into solid solution, and
this limit appears to be insensitive to temperature variation. By contrast,
the maximum amount of solid solution of MnTa.0¢ in tapiolite decreases
significanthy with decreasing temperature ; at 1,200° C (point C in Fig. 2)
i the extent of substitution is 62 mol. 9, MnTa:Os.

‘ The MnO content of natural tapiolites and the FeO content of natural
tantalites, as shown in compilations of analyses (Palache, Berman &
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IFrondel, 1944, pp. 776 and 783), are mostly within the limits shown in
Fig. 2. The comparison is not exact because of the presence of additional
components, especially Nbu();, in the natural materials. Ilowever, some
of these samples include coexisting tapiolite and tantalite; in these cases,
failure to achieve complete separation would tend to cause the analysis
to plot in the two-phase region.

The analysis of ferroan tantalites (ibid p. 783) are of material that was
not positively distinguished from tapiolite. Figure 2 suggests that the
iron content of tantalites is so limited that “ferroan, tantalites’ cannot
exist. The substitution of niobium for tantalum increases the limit of iron
content, but experimental work by Schricke (1965) suggests that the
limit reaches 50 mol. €4 (FFe:Mn = 1) only at Nb:Ta =1 (1,100° C).
Theretore, the essential end-member of the tantalite series is MnTa.0s,
and the prefix “mangano’ is redundant.

The effect of the Fe-NMn substitution on cell size can be seen in Table 1.

Tanre 1 Crrl DIMENSIONS OF SYNTHETIC TRON/MANGANESE TANTALATES

Material a (A) b (A) ¢ () 8 7 (A3)
Tantalites: ‘
MnTa.04 D.768 14.454 5.007 424.9
Mo el eo Ta.0s 5.763 14,436 5.004 23.8
Moo uFeo 3 Tas0e D.765 14.430 5.003 423.7
Tapialites: :
l:l‘u_4.\["“,61‘21206 4 765 9276 21”6
I:Cu,-.&.\lnu,.‘;l‘ﬂﬂOs 4762 9.264 2“) 1
Fea: Mna3Tas0s 4.761 9.221 '2()!)."2
FeasMnu Ta:0s 4.758 9. 207 208.3
FeTa.0s 4.756 9.198 208.0
IWodginites: .
Mn, FeasTas 60 09.479 11.441 35.006 01°08’ :_);)‘2.?
.\[n|.ﬁFCo_sTila,xOlg 0.456 11.416 5.091 91°01’ 249,95
Rutile-type compounds: o
FC],5.\“11_"'!‘213,:,01-_: 47]3 3.“79 Gé.%l
Fep MnusTas 400 4.704 . 4 © 3,069 (?:‘.L:S)
FeTaOg 4.678 3.047 66.74

Materials synthesized at 1200° C, 1 atm. total pressure. X-ray ditTr;ict(lll‘\gtcr measure-
ments on powder made at room temperature, cobalt radiation Kay A = L7889 .-\‘. Internal
standard used was Si, with 20 (220) = 55.532°, Errors arc estimated to be £0.08¢¢ on cell
edges.

T Systeym MnTaOs-IceTa),

The formulae for the end-members may be multiplied by 2 and 3,

respectively, to equate the numbers of cations and anions. The results of
1 )

syntheses in air (furnace atmosphere), heating times 3 to 2 days at
1,200° C, of compositions at 5 mol.%, intervals along this jomn were:
.. . g M L M < s . . (444
(i) orthorhombic Mn'TaOe (tantalite) which takes less than 2 mol. 9
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see also Iig. 1). The weight gain involved in this oxidation corresponds
to the oxidation of the iron content, indicating that the wodginite and the
rutile-type products contained iron in the trivalent state and manganese
in the divalent state. It was known that the end-member of the rutile-type
compound is- I'e¢TaQ, (Turnock, 1965). The occurrence of exsolved
Ta.0; in the oxidation products with wodginite and with the rutile-type
compound suggests that both of these compounds have compositions on
or close to the join MnTasOg-17¢TaO6-17¢Ta0) .

The join MnTasOg-1"¢TasOe-0) is therefore a plane in the system
MnO-FeO-Tas0;-0 (see Ihig. 1) which intersects tie-lines connecting
Tas0; with the solid phases that lic in the join MnTayOs-IFeTasOs-
FeTaO,. The tie-lines in Fig. 4(b) are intersections of 3-solid-phase
triangles, and the triangles are intersections of 4-solid-phase tetrahedrons.

All the oxidation reactions were reversed by variation of pg,,. The re-
action rates of these oxidation and reduction reactions are relatively fast,
going to completion within 12 hours under the most oxidizing and
reducing conditions, and within 50 hours under intermediate (f,, = 10723
conditions (at 1,200° C).

MINERALOGICAL APPLICATIONS

In nature, wodginite, tapiolite and tantalite are found in certain
granitic pegmatites. Such pegmatites are greatly enriched in Ta, and some
are also enriched in one or more of the elements Nb, Sn, Fe and Mn.
\Where this chemical enrichment has been achieved in a pegmatite magma,
the partial pressure of oxygen will control which mineral or minerals
will form and the Fe*?/Fet3 ratio therein, in accord with the tie-lines and
fo. isobars as shown in Figs. 2, 3 and 4.

Tapiolite is relatively the most common of the tantalates considered
here; Palache et al. (1944, p. 777) mention about a dozen localities. In
general, its presence indicates genetic conditions of relatively low oxygen
pressures. The stability range in terms of f,, for the end-member
(FeTas0) at 1,200° C has been reported (Turnock, 1965), it will vary
with temperature, Mn content and Fet? content.

The analyses of tantalites listed in Palache et al. (1944, p. 783) include
only three (ibid, numbers 11, 12 and 14) which are low in iron. Those with
high iron contents (ibid, numbers 13 and 15) are suspected, by comparison
with Fig. 2, of being tapiolites erroncously identified as ferrotantalites.
As shown in Figs. 3 and 4, tantalite is stable over a relatively large range
of oxygen pressures, so its rarity is probably a reflection of the limit of
manganese content in pegmatites.

Wodginite is known from three localities (Nickel ef al., 1963(a),
Bourguignon & M¢élon, 1965). Its occurrence, cither without other







