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SYNTHETIC WODGINITE, TAPIOLITE AND TANTALITE 

\. C. TI \OCR* 

Solid phases in the systems 	itTa 20,1-1:eTa 20 6-0 and MliTa.20,;-1•eTa0 4  have been 
nthesiitsd at various temperatures and partial pressures of oxygen. 

In the binary system MnTa-c06-FeTat..0,-,, the two solid phases produced were: (i) 
orthorhombic N1 u, „.1 2e,Ta.20 6  (tantalite), and (li )  tetragonal Fe l  ,Mil„Ta 20 6 (tapiolite). 
The maximum antountsof substitution al 1200 "C wem x -= 0.18, y = 0.62. 

The oxidation of these tantalites and tapiolites (the system MnTa4) G-FeTa 206-0) 
produced solid phases with compositions that are on the joui  MnTa 20,-,-FeTa01, plus 
exsolyed Ta 20,. 

In the system ■ InTa 206-1:eTa0.4 , the three solid phases produced were : (i) ortho-
rhOmbic siTa 206 (tantalite), (ii) monoclinic Mn.1 2. 2„Fee.Ta 4  „0 12  with 0.08 < 
at 1200 'C twodginitel, and (iii) tetragonal re 1 11111Ta 3 ,,0 12  with 0 < z < 0.57 at 

1200  C a  comp( mud with a ru I ile-t ype structure). 
It has been shown that in wodginite (i )  the iron is trivalent and the manganese divalent - , 

and that tii) tin is not an essential component. 

Wodginite  vas  discovered by E. 11. Nickel in pegmatite from 13ernic 
Lake, Nlanitoba, and further study led to a definition of this mineral 

Nickel, Rowland & NIcAdam, 1963a). It was found to be chemically and 
structurally related to columbite-tantalite. 

Chemically, both wodginite and columbite-tantalite are complex 

oxides of Fe, Ta and Nb, with minor substitutions by Ti and by Sn, 
with cations:anions = 1:2. Columbite-tantalites have the formula 
( Mn, Fe) 4(Nb, Ta) 8024  (or 4 X AB 206). Nickel et al. found wodginite to 

be :116032, where  J  represents chiefly Ta, Mn and Sn. It is demonstrated 

in, the present paper that tin is not an essential element for the formation 
of wodginite, that it may contain ferric but not ferrous iron, and that it is 

a solid solution between the . :1 B 206  and ..1B0 I  types. 

The similarity of the crystal structures of wmIginite and columbite-
tantalite was deduced by Nickel, Rowland  & McAdam (1963a), who 

found the unit (-ells to be related bv: a w  2 . 3 bc , 1),„ 2(4., and 

c w  cc  (subscripts W and C for w(xlginite and columbite-(antalite, 
respectively). Wodginite is monoclinic (13 ---- 91°18'). whereas columbite-
t It1 t alite is orthorhombic ; this difference involves only a slight distortion 

without destroying the structural similarity. 

•Senior Scientific Officer, Physical Chemistry Section, Mineral Sciences Division, 

Mines Branch, I fel);Irtment of Mines a I HI Technical Surveys. Ottawa, Canada. l`resent 

address: Geology I fepartmenl, 1 . niversil y of Mallitolsi, Winnipeg. 
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The structural similarity of columbite to wolframite was noted by 
Schracke (1961), and detailed by Laves, Bayer & Panagos (1963). Broch 
(1929) originally discussed as the "wolframite-group" some A B0 4  com-
pounds that had similar structures; Laves el al. (1963) and also Roth & 
Waring (H)61) have expanded and formulated this  fair il)'  relationship. 
The group contains both orthorhombic and monoclinic members, struc-
turally related by a slight distortion ; this behaviour is exemplified by the 
wolframite series in which the angle changes from 90.00 0  in FeW0 4  to 
9l .1 7° in 111nWO, (Sasaki, 1959). 'Ile unit cell of columbite may be 
described as a supercell formed by triple repetition of an orthorhombic 
wolframite subcell along one axis (the a of wolframite in its usual setting, 
u•ith a = 4.78, b = 5.73,  C = 4.)8), caused by ordering of the cations. 
The unit (-ell of wodginite, which must be added to this group, may be 
described as a supercell of a monoclinic wolframite subcell. with double 
repetition along the a and b axes. 

EXPERINIENTAL PRO(EI)CRE 

Crystalline materials were synthesized from reagent-grade chemicals, 
by firing in a quench furnace under controlled conditions of temperature 
and partial pressure of oxygen. The total pressure was one atmosphere 
for all experiments. The partial pressure of oxygen w- as varied in steps 
from 10- ' 2  to 1 atm., by controlling the composition of the gas or gas 
mixture that passed through the furnace from bottom to top. Air, 
oxygen, and mixtures of CO 2  and CO were used. 

It was found that mixtures of the chemicals :\ InC 204 .2H 20 and Ta205, 
plus either Fe 20 3  or FeC 204.21-1 20, reacted together quickly when fired 
at temperatures higher than 1,000 0  C to produce the complex oxides. For 
example, at 1,200° C these reactions appeared to be completed after 4 
hours. The products of the first firing were further mixed by grinding, 
and fired at least two more times. Oxidation and reduction reactions, 
which were studied by firing the synthetic solids under different conditions 
of po,, took times up to 2 dziys at 1,200° C to go to completion. 

At the end of the firing time, the charge  vas  lowered to the cool end 
of the furnace, where it cooled .to room temperature in the stream of gas 
entering the furnace tube in about half a minute. Powder x-ray diffraction 
identified the phases present. 

The compositions which were studied plot in the joins NInTa 206- 
FeTa 206-0 and I\ InTa 206-FeTa 20 6-FeTa0. 1 . Their chemical relationships 
are shown in Fig. 1.•This diagram emphasizes two triangular joins. 'Ile 
join MnTa 206-FeTa 206-7,, which is a portion of the larger join NInTa206- 
FeTa 206-0, is lightly stippled. in order to emphasize its position in space 
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in front of the join NInTa 20 6-VeTa ) 6 -1.'eTa() I . In this diagram subsolidus 
tie-lines are omitted, except for some of those on the join MnTa206- 
FeTa 20 6-FeTa0 4 . 

TO 0 (OXYGEN) 

10205 

FIG. 1. Solid phases in the system Mit0-1:e0-Ta20 6-0. The hatched lines on the join 

N 1 nTa 20 6-FeTa 2 ) 6-1:eTa01, which is behind the lightly stippled triangle, represent the 

extent of solid solution. Point Z represents 1:e 2Ta 40 1 3. 

THE SYSTEM N 1  ian•nr,-FCTi1206 

n order to keep both the manganese and iron in the divalent state, as 
required in this system, the partial pressure of oxygen (f) in the furnace 

was controlled at a low value i.e., the univariant fo , of the iron-wiistite 
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equilibrium, by using mixed gases with CO:CO 2  in the appropriate ratios 
as determined by Darken & Gurry (1945). 

The products of synthesis were either one or both of the following 
phases: (i) orthorhombic 1\Ini,FeJa206, here referred to by its mineral 
name tantalite, and (ii) tetragonal .  Fe l Nln„Ta206, here referred to as 
tapiolite. Their distribution is shown in Fig. 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 vas  determined by exsolution as well as solution experiments, i.e. 
tapiolite with 40 mol. % ■ InTa 206 in solid solution will exsolve tantalite 
after firing for 10 days at 1,040° C. 

Tantalite can take up to 18 mol. % FeTa 206 into solid solution, and 
this limit appears to be insensitive to temperature variation. By contrast, 
the maximum amount of solid solution of NInTa 206  in tapiolite decreases 
significantly with decreasing temperature ; at 1,200° C (point C in Fig. 2) 
the extent of substitution is 62 mol. % ■ InTa206. 

The MnO content of natural tapiolites and the FeO content of natural 
tantalites, as shown in compilations of analyses (Palache, Berman & 

FIG. 2. The system MnTa20 6,-FeTa.206. The data points present the results of synthesis 
for various lengths of time, plus réversals of the equilibrium along the tapiolite field 
boundary. 
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Prot)del, W-1-I, pp. 77ti and î8a), are mostly within the lii))its shown in
Fig. 2. 'l'lie comparison is not exact 1)ec•attse of t lie f)rescnec of additional
c•on)ponents, especially NI)•^O;,, in the Iiatura) u)aterials. Ilowever, sonie
of these san)1)lcs inc•lude c•oexisting tapiolite and tantalite; in these cases,
failure to arh'iVve e•omplc'te separation %voulcl tend Io cause the analysis
to plot in the twO-phase region.

The analysis of ferroan tantalites (ibid 1). 78a) are of material that was
not positively clititingttishecl from tal)ic)lite. Figure 2 suggests that the

iron content of tantalites is so limited that "ferroan tantalites" cannot
exist. The substitution of nic)1)itlnl for tantalun) inc•reases the lin)it of iron

content, but exl)erin)enlal work by Srhriicl:e (I965) suggests that the

limit reaches 50 n)c)l. ^'^, (I^e:1lli = 1) only at Nl):'fa = 1 (1,100° Q.

Therefore, the essei)ti,)1 end-member of the t;tntalite series is -Nln'l'a2OE,

and the prefix "i))unganc)" is reclunclant.

The eflrct of thr Fe-Mil substitution on cel) size can be seen in Table 1.

"l'Ai+i.i•: 1. C i•a.i. 1)iMrAsiuxs Or tiYN•rHr•.•ric IHON/iN1ANccn`E.si; ' l'nx•rAi.nTTs

\[atcria l it (A) b (A) c (A)

T^r,lhzl it^•s:
,i. 768 14.454 5. 097 424.9
5. 76"; 14.436 5. 094 -l'?:i.K
5. 765 14.4:30 5.(13 42:3.7

Tahiol ih•s:
4.765 9. 276 2111.6

Fe,.;^1 •,O6 4.762 11.264 2111.1
Fe,,;^l»,,.3'I'asOfi 4.761 9.211 ?Il!).?
Fe_^Mnt.'l'a^^Os 4.758 11.207 205.3
Fe"I'a 2O5 4. 756 9.195 208.0

II'odgi,rites:
\In,.J 'en.31,13.901- 9. 479 11.441 5. 096 91°IlR' .552.6
_AIi1j.Fl'ep,6Ttl3.kOlg 9.456 11.416 4.091 9 1°I)1' 549.5

Rutile-type cornpmu»ds:
FeI.,\ III ,.r-Ta3.sO1_• 4.71:3 3. 071) 6S.37
I'e1.3I11,,.ST.13.4O12 4.704 :3.116!1 G7.841
FeT:i0., 4.675 3.1147 66. 74

Materials synthesized at I'l(lll° C, I atm. total UresSure. X-ray ditTractometer measure-
ments on powder made at room temperature, coba It radiation Rai a= I.78,1S9:>. Internal
standard used was Si, with 20 (220) =:5:5.:532°. l:rrors:ue estimated to be fll.ll,ti^'^, on cell
edge,^.

THE SYs'rE-M i\ I n'l'a9( )s-Fe"fa( )4

The formulae for the end-n)en)hers may be t)tttltipliecl by 2 and 3,
resl)ec:tively, to e(lu;tte (lie nun)bers of calions in(] anions. The results of
s}'nt.heses in air (furnace atmosphere), heating tin)es to 2 clays at

1,201)° Co of compositions at :i n)c)l.cY() intervals :tlc)ng this jc)itt were:

(i) orthc)rhuml)ir. Mn'l'alOc (t,tt)talite) which takes less than 2 mol. cic,
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Fe 3Ta 30i2 into solid solution ; (ii) monoclinic Mn-p2.Fe-43-2Ta 4,012 
 (w = mol. fraction Fe 3Ta 30 12) which has a range 0.08 < w < 0.29 at 

1,200° C. The powder x-ray diffraction pattern of this material is similar 
to that of natural wodginite (Nickel et al. 1963a) ; (iii) a rutile-type 
compound Fe-1 3 32 1\ln42-,2Ta 3+,0 12  (z = mol. fraction of Mn2Ta40 1 2) which 
has a range 0 < z < 0.57 at 1,200° C. These ranges of composition are 
plotted on the left-hand side of the triangle in Fig. 3. 

Cell dimensions of these compounds are listed in Table 1. 
This synthetic wodginite is a compound of MnO, Fe 20 3  and Ta205; 

therefore other elements found in natural wodginites, such as tin, are not 
essential for its formation but indicate extensive solid solution. 

THE SYSTEM  1\ 1 nTa 20 6-FeTa 20 6-FeTa0 4  

A preliminary isothermal section of this system, Fig. 3, was constructed 
from the following data. The extent of solid solutions along two sides of 
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the triangle, NInTa 2(),-,-I'eTa 2(),., and NInTa 206-l'eTa(). 1 , have been des-
cribed above. The relations between composition and along -the 
rema•ming side of the triangle, Ue1'a 2( ),.,-FeTat ) 1 , were reported previously 
(Turnocl:, 1965). 'Ile approximate positions of lines \vithin the ternary, 
i.e., the boundaries of the compositional fields of tapiolite and the rutile-
type ferri-tantalate and (lie  /.  isobars, are known by projection of these 
lines from the join .\1nTa 2()-1:eTa 20,;-()  (sec  below, and relate  Fig.  4h  

1). 

Ili u:  JOIN \I IlT a201.,- FeTa20 6-0 

The oxidation of tantalites and tapiolites of the system .\InTa 2( ) e

-reTa.20 6 was studied at various partial pressures of oxygen, at 1,200° C. 
Results are shown in Fi g. 1. The base of these diagrams is the 1,2 ■ 10° 
isotherm from  lj. 2, itnd points marked A, 13, ( ' and 1) are the boundaries 
of the litild$ of tantalite and tapiolite. 

End-member tantalite, NInTit4 ) 6 , remains stable under the most 
oxidizing condition of the experiments, which  vas  1 atm. p„,. In contrast, 
the iron bearing compounds are less stable, and are subject to oxidation 
of the iron component, at conditions of fo, according to their  Fe:  \In 
composition, by  th  ç reaction: 

	

21:e+ 2Ta 20 6  + 10 2 	2Ve+3Ta0 4 	 (Eq. 1) 

[:or  end-member tapiolite, Fe1'a 20 6 , this oxidation reaction has already 
been described (Turnock, 1 ) 65). Ta205 is exsolved, but the FeTa0 1  may 

remain in solid solution by the substitution: 

	

Fe 2Ta 40 12 	Fe3Ta30t2 	 (Eq. 2) 

Tapiolite solid solutions, which are stable at relatively low oxygen 

pressures, were found to take up to 22 mol. % Fe:I-fa:P i -2  into solid 

solution according to h.q. 2, at 1,200° C. The rutile-type compound 

..1,() 4 , containing 30 to 100 mol. 0/0  Fe 3Ta30 19 , formed at higher oxygen 

pressures. 
The presence of manganese in solid solution changes the stability of 

tapiolites, making them more resistant to oxidation ; this is illustrated in 

in  Fig. -1(a) by the manner in which the oxygen isobars radiate out from 

the NInTit-2( ) 6  corner. The oxidation of manganian tapiolites is also des-

cribed by equations 1 and 2, because the InTa.nr, component remains 

stable. At low and intermediate oxygen part ial pressures, trig. -la), the 

ferric iron produced (Eq. 1) remains in solid solution (Eq. 2), with small 

amounts of "I‘a 20 :, being exst 1 1 ).veic., so that tapiolite  lias a livid of ternary 

solid solution as ShOW11 in projection in  Fig. 1 ( )). At higher oxygen 

pressures, tapiolite is not stable, and it is oxidized to  forum  either one or 
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FIG. 4. The join MnTa206-FeTa206-0 at 1200 °C, total pressure = 1 atm. (a) Plot of 
bulk compositions of solid phases at various oxygen pressures (f02 1, giving isobaric tie-
lines. (b) Stability fields of the solid phases. !latched lines indicate solid solution along a 
line. Three-solid phase fields are lined, four-solid phase fields are triangles  

both of wodginite and a rutile-type compound, plus Ta(  5  (see Fig. 4b). 
The tantalites also react by the oxidation of the Fe1'a 20 6  component 

according to equation 1,  but  they are stable to higher oxygen pressures 
as shown in Fig. 4(a). Tantalite, however, did not incorporate any ferric 
iron into solid solution; wodginite and Ta 2() ;., were produced and the 
composition of the tantalite changed towards the MnTa 20 6  end-member 
as this oxidation proceeded (l'ig.  • a). 

The bulk compositions ,of the oxidation products of all (Mn+2 , 
FenTa 20 6  materials: that .were heated in tir or oxygen atmospheres 
plotted along the joui  i\ 1 nTa 20 642/31'eTa(), 1/3Ta 20 5 ] (Fig. 4(a), 
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sec also Fig. I). 'Flic wcl);ht gain invc)lve(i in this oxidation corresponds

Io the oxid.ttion of the iron content, indicatin}; that the %Nfod};inite and the

rutile-type products contained iron in the trivalent state and n)anl;anese

in the div.tlent state. I ( %^-as that the encI-n)en)ber c)f the rutile-type

c•Oi))pottn(l is I r"l'aO, ("l'tlrnoc k, 1965). "I•he occurrence of exsolved

in the oxiclatic)n 1)rc)clucts ^\Ïth \\-od);-inite and with the rutile-type

c•ontlx)un(l suggetitti th,tt 1)oth of these c•olt)pOun(Is have compositions on

or close to the loin .\ I n"l'a•^( ),;-I c"l',t•^( )r, l c"l'.t( ),.

"I'he .ic)in \ I n"l'a•^( ),,-I c"l': ► •^( ),; O is therefore a plane in Ille systeni
\ I n( ) I^^( >- l',t•( ); O (sec Vig. 1) \\-hich intersects tie-lines connecting
l',t•^t);, ^^ith the solid phases that lie in the join llit"l'^t•^O,;-I e"1a•^O^-
l The tic-lines in Vig. 4(b) are intersections of
triangles, and the triangles are intersections of -1-solid-l-)hase tetrahedrons.

AIl the oxidation rec tctions werc reversed bv variation of p,,. "I•he re-
.a•tlc)n rates of these oxidation and reduc tlOI) reactions are relatively fast,
going to contpletion %\-ithin 1' hours under the n)ost oxidizing and
reducingconditions, ittld %\'ltllill :)O hours under intern)edi^tte (f ,,., = 10-2-'
conditions (at 1,200° (').

11 INI?It.\LOGI(':1I, :iI'l'I.IC:1'l'IONs

In nature, NN-odginite, tapiolite and tantalite are found in certain
granitic pegrnatites. Suc h pegniatites are greatly enriched in Ta, and some

n.are also enriched in one or more of the elements NI), Sn, Fe and 'Mn.

\\'here this chemical enrichment has been achieved in a pegmatite 111agilla,

the partial pressure of oxygen will control which mineral or minerals

,,%-ill form and the Fe+2/Fe+3 ratio therein, in accord with the tie-lines and

f„_ isobars as shown in Figs. 2, 3 and 4.

Tapiolite is relatively the most colnn)on of the tantalates considered
here ; l'alache et al. (11)44, p. 777) niention about a dozen localities. I n
general, its presence indicates genetic conditions of relatively low oxygen
pressures. The stability range in ternis of f,,., for the end-member
(Fe"I•a2_,O5) at 1,200° (' has been reported (Turnock, 1965), it will vary
with temperature, lIn content and Fe+' content.

"I•he analyses of tantalites listed in I'alac•he et al. (1944, p. 783) include

only three (ibid, numbers 1], 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 erroneously identitied its ferrotantalites.

As shown in Figs. 3 and 4, tantalite is stable over it relatively large range

of oxygen pressures, so its rarity is probabl\• it rc•Ile•c•tion of the limit of

n)anl;anese c•cmtent. in pegl))atiteti.

Wodginite is kno%%•n from three localities (Nickel el (il., 1963(a),

Bourguignon (SC .\1M( ►n, 196:►). Its occurrence, cither without other
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tan talates or ■%ith tantalite, indicates genetic conditions of relatively 
high oxygen pressure. In the Bernie Lake pegmatite, wodginite and 
tapiolite are in close association (Nickel et al., I 963(a)) ; this assemblage 
is at least bivariant, and could have formed either in equilibrium with 
an intermediate partial pressure of oxygen, or by an incomplete oxidation 
of manganian tapiolite, or, conversely, by an incomplete reduction of 
ferrian wodginite. 

The rut ile-t ype ferri-tantalate, which has the largest range of Fe+ 3/12e+2 
 of all the compounds mentioned in Fig. 3, is not known as a mineral but 

its occurrence is predicted. It is possibly represented by ixiolite (Nickel 
et al., I 1 ( 3b), which could have a polymorphic relationship to the rutile 
structure such as that described by Schriicke (1962) for the system 
1'eNb0 1 -FeTaft, and by Laves et al. (I 9(3) and by Roth & Waring 
09611 for FeNbO, 
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