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Abstract: Bismutotantalite-stibiotantalite-stibiocolumbite (BSS) aggregates occur exclusively in 

pockets of the elbaite subtype pegmatites cutting serpentinized peridotite at Khetchel village, Molo 

quarter near Momeik Township, northeast of Mogok, Shan State, Myanmar (Burma). The 

pegmatites exhibit simple zoning with common pockets lined with K-feldspar, “mushroom-like” 

pink to red elbaite, beryl (aquamarine, morganite), petalite, phenakite, quartz, saccharoidal albite, 

adularia, hambergite and cookeite(?). The BSS aggregates consist of prismatic crystals of 

bismutotantalite-stibiotantalite (Bi/(Bi+Sb) = 0.47-0.51; Ta/(Ta+Nb) = 0.64-0.67; a = 5.6017(3), b 

= 11.7802(3), c = 4.9497(3) Å and V = 326.63(2) Å3), up to about 5 mm in size, and their 

aggregates, up to 3 cm in diameter, forming ~ 95 vol.% of the overall BSS aggregate. Oval to 

irregular grains blebs of stibiotantalite (Bi/(Bi+Sb) = 0.04-0.08; Ta/(Ta+Nb) = 0.62-0.68), up to 100 

μm in diameter, scarcely occur in bismutotantalite-stibiotantalite. Thin veinlets of stibiocolumbite 

(Bi/(Bi+Sb) = 0.01-0.05; Ta/(Ta+Nb) = 0.40-0.49) with brecciated textures, up to 30 μm thick, cut 

bismutotantalite-stibiotantalite and rarely also stibiotantalite blebs. Two distinct compositions were 

found in the stibiocolumbite veinlets, W-poor and rare W-rich (up to 19.34 wt.% WO3). Late 

stibiocolumbite overgrowths (Bi/(Bi+Sb) = 0.01-0.03; Ta/(Ta+Nb) = 0.17-0.33) on crystals of 

bismutotantalite-stibiotantalite reach up to 20 μm in size. Bismutotantalite-stibiotantalite + 

stibiotantalite blebs → stibiocolumbite veinlets → stibiocolumbite overgrowths - is the succession 

of crystallization. All phases contain along with dominant Bi, Sb, Nb and Ta also low to moderate 

concentrations of some cations (W6+ ≤ 0.275 apfu in stibiocolumbite veinlets, Pb2+ ≤ 0.052 apfu, 

Sn4+ ≤ 0.010 apfu, As3+≤ 0.032 apfu; Ti ≤ 0.045 apfu and U ≤ 0.005 apfu, the latter two only in the 

stibiocolumbite overgrowths). High amounts of W in the stibiocolumbite veinlets change slightly 

ABO4 stoichiometry from A/B ~1 to ∑A-site cations up to 1.216 apfu with ∑A+B = 2.000. The 

simple exchange vectors Sb1 Bi-1 and Nb1 Ta-1 are dominant in all phases examined, but the minor 
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substitution Pb2+
1W6+

1 Sb3+
-1Nb5+

-1 also was encountered in W-poor compositions. Fractionation in 

the BSS assemblage expressed by the Bi/(Bi+Sb) and Ta/(Ta+Nb) is asynchronous; the Bi/(Bi+Sb) 

value significantly drops down in the stibiotantalite blebs and it is very low in stibiocolumbite. 

Ta/(Ta+Nb) is constant in the bismutotantalite-stibiotantalite and stibiotantalite blebs, and then it 

decreases in the stibiocolumbite veinlets and particularly in the stibiocolumbite overgrowths.  

 

Key words: bismutotantalite, stibiotantalite, stibiocolumbite, XRD powder diffraction, electron 

microprobe, substitutions, elbaite pegmatite, Molo, Myanmar 

 

 

Introduction 
 

Bismuth-dominant minerals of the stibiotantalite group (general formula ABO4, where A = Sb,Bi 

and B = Nb,Ta) – bismutotantalite and bismutocolumbite - as well as stibiotantalite and 

stibiocolumbite with substantial amount of Bi are rare relative to the Bi-poor ones. They are known 

only from complex (Li-rich) pegmatites and a review of the bismutotantalite and bismutocolumbite 

localities was published by GALLISKI et al. (2001). Based on the descriptions available in literature, 

these pegmatites mostly belong to elbaite subtype (FOORD 1981, 1982, STERN et al. 1986, 

ZAGORSKYI & PERETYAZHKO 1992, PERETYAZHKO et al. 1992) and less commonly to lepidolite 

(BANNO et al. 2001), amblygonite (GALLISKI et al. 2001) and spodumene subtype (VOLOSHIN & 

PAKHOMOVSKYI 1988), respectively. Some descriptions of parental pegmatites are not sufficient to 

define the pegmatite subtype (e.g., v. KNORRING & MROSE 1962, v. KNORRING & FADIPE 1981). 

Bismutotantalite was also found as stream rounded pebbles (HURLBUT 1957).  

Bismuth-dominant or Bi-rich members of the stibiotantalite group are compositionally quite 

heterogeneous and exhibit complicated textural relations (FOORD 1981, 1982, BANNO et al. 2001). 

We describe a new occurrence of texturally and compositionally complicated bismutotantalite-

stibiotantalite-stibiocolumbite (BSS) aggregate from elbaite pegmatites at Khetchel village, Molo 

quarter near Momeik Township, northeast of Mogok, Shan State, Myanmar (Burma) in this paper. 

Substitution mechanisms and fractionation trends expressed by Bi/(Bi+Sb) and Ta/(Ta+Nb) values 

as well as behavior of minor cations (W, Pb, As, Sn, Ti) during evolution of the BSS assemblage 

were discussed. 
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Geological setting and description of parental pegmatites 
 

The Mogok area, northern Shan State, Myanmar lies in the northern part of a narrow linear 

granitoid belt, about 1500 km in length and 50 km in width (KHIN ZAW 1998). This central 

granitoid belt comprises mesozonal granitoid plutons as well as highly evolved tin-tungsten 

granites, associated aplites and granitic pegmatites including the world-class tungsten-tin deposits 

such as Hermyingyi and Mawchi (KHIN ZAW 1998). Major episodes of granitoid emplacement 

occurred during late Cretaceous to early Eocene (see KHIN ZAW 1998). Based on the data given by 

KHIN ZAW (1998), the granitic pegmatites of this belt may be classified as beryl-columbite subtype 

(localities Gu Taungt, Payangazu, Taunggwa) and lepidolite subtype (the locality Sakangyi near 

Mogok) with large crystals of topaz. Their mineral assemblages suggest evident LCT signature (see 

ČERNÝ & ERCIT 2005).  

Pegmatites from the Momeik region commonly form dikes and lenticular bodies, up to 2-5 

m and exceptionally up to 10 m thick, which cut serpentinized peridotite body. The available 

information (U TIN HLAING & AUNG KHAING WION 2005) indicate that the pegmatites exhibit 

simple zoning with common pockets lined with crystals of K-feldspar, “mushroom-like” pink to red 

elbaite and Li-bearing olenite (ERTL et al. 2007), beryl (aquamarine, morganite), petalite, phenakite 

and hambergite. The other minerals found in the pegmatites include quartz, albite, schorl and 

muscovite. Elbaite as a dominat Li-carrier besides rare petalite, dominance of K-feldspar relative to 

albite particularly in pockets, almost entire absence of micas, and chemical composition of elbaite 

suggest that the pegmatites belong to the elbaite subtype of the complex type (NOVÁK & POVONDRA 

1995, ČERNÝ & ERCIT 2005). 

 

Analytical methods 

 

Mineral phases of the BSS aggregate were analyzed using CAMECA SX 100 at the Joint 

Laboratory of Electron Microscopy and Microanalysis, Institute of Geological Sciences, Masaryk 

University, Brno and Czech Geological Survey, R. Škoda analyst. Element abundances of W, Nb, 

Ta, P, Ti, Zr, Hf, U, Th, Si, Y, Sc, Sb, Bi, As, Al, Pb, Mn, Mg, Fe, Ca and F were measured in 

wavelength dispersive mode. The following standards and X-ray lines were used. Kα lines: Ca - 

andradite, Fe - columbite, Mn - rhodonite, Ti - TiO; Lα lines: Nb - columbite, Sn - SnO2, W - 

metallic W; Lβ lines: Sb - metallic Sb; Mα lines: Pb - PbSe, Ta - CrTa2O6, and Mβ lines: Bi - 
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metallic Bi, U - metallic U. The accelerating voltage and beam currents were 15 kV and 20 nA, 

respectively, with beam diameter 1 µm. Major elements were measured for 20 s at the peak and for 

10 s for each background. The counting times for minor to trace elements were 40 s and 60 s, 

respectively, and half time on each background. When only one background and a calculated 

background slope were applied, the background counting time corresponded to the peak counting 

time. The raw data were reduced using appropriate PAP matrix corrections (POUCHOU & PICHOIR 

1985). The normalization on 4 anions (oxygen) per formula unit was used. 

The X-ray powder diffraction data were collected in Bragg-Brentano geometry on a 

PANalytical X´Pert PRO diffractometer equipped with X´Cellerator detector using CuKα radiation 

(step-scanning 0.05o/500 s, curved graphite monochromator, 40 kV/30 mA). To minimize the 

complicated shape of the background due to classic glass sample holder, the studied samples were 

placed on the surface of a flat silicon wafer from alcoholic suspension. The positions and the 

intensities of the reflections were calculated using the Pearson VII profile shape function by ZDS 

program package (ONDRUŠ 1995). Unit cell-parameters were calculated using the program of 

BURNHAM (1962).  

 

Results 
Mineral assemblage of bismutotantalite-stibiotantalite-stibiocolumbite aggregate 

The BSS aggregate occur exclusively in pockets lined with crystals of K-feldspar. Two types of K-

feldspar were recognized. (i) Early, beige, subhedral crystals of K-feldspar I, up to 5 cm in size, are 

abundant. (ii) Late adularia (K-feldspar II) as white, euhedral crystals, up to 5 mm in diameter, is 

less common. Minor elbaite forms euhedral crystals and unusual, so called “mushroom” habit 

consisting of fibrous aggregates of rare black schorl to green elbaite in central parts and dominant 

pale pink to dark red elbaite in outer parts. Electron microprobe analyses of pink elbaite yielded 

high contents of Al (40.39-41.93 wt.% Al2O3), Si (36.27-37.79 wt.% SiO2), low to moderate 

contents of Ca = 0.07-0.19 apfu (up to 1.08 wt.% CaO), Mn = 0.03-0.12 apfu (up to 0.88 wt.% 

MnO), and F = 0.31-0.33 apfu (up to 0.64 wt.% F) as well as low to moderate vacancy in the X-site 

(0.20-0.33 pfu). Lithium-bearing olenite with tetrahedrally coordinated B studied by ERTL et al. 

(2007) differs from the examined elbaite by low contents of Si (34.39 wt.% SiO2), high Al (43.33 

wt.% Al2O3), lower concentrations of Ca (0.49 wt.% CaO) and Mn (0.07 wt.% MnO). Fine-grained 

saccharoidal albite on K-feldspar I is rather rare as well as small grains of quartz and fine-grained 

aggregates of colorless chlorite (cookeite?). Several other minerals occur in pockets (U TIN HLAING 
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& AUNG KHAING WION 2005), but they have not been found associated with the BSS aggregate on 

the samples examined. High activity of B during pocket crystallization and perhaps during overall 

pegmatite evolution is evident from abundant elbaite and accessory hambergite. Low contents of F 

in elbaite (0.31-0.33 apfu) and in hambergite (< 0.02 apfu), derived from the refractive indices of 

hambergite measured by U TIN HLAING & AUNG KHAING WION (2005) using the method of NOVÁK 

et al. (1998), also suggest low activity of F. It is supported by the presence of petalite instead Li-

micas and absence of pyrochlore group minerals as well. 

 

Textural relations in the bismutotantalite-stibiotantalite-stibiocolumbite aggregate 

The BSS aggregate, up to 3 cm in diameter, consists of subhedral to euhedral prismatic crystals of 

bismutotantalite-stibiotantalite, up to about 5 mm in size, ongrowing crystals of K-feldspar I in 

pockets. Rare individual crystals have brown to steel gray color with submetallic luster. On fresh 

surface, they are gray, dark yellow to brown with strong adamantine luster. Based on detailed 

textural and electron-microprobe study, four phases with distinctive paragenetic position, chemical 

composition and style of zoning were recognized. Bismutotantalite-stibiotantalite is 

volumetrically dominant forming ~ 95 vol.% of the BSS aggregate. Its subhedral to euhedral grains 

crystallized later than K-feldspar I. Their relationship to pink to red elbaite is not clear, 

bismutotantalite-stibiotantalite is older in most samples but some overlap with the crystallization of 

elbaite is very likely. In the BSE images, bismutotantalite-stibiotantalite is heterogeneous consisting 

of randomly distributed euhedral areas with faintly distinct shades of grey seen only using special 

offset (Fig. 1a). This zoned texture is similar, but less significant, relative to that found in 

bismutotantalite to Sb-rich bismutotantalite from Argentina (GALLISKI et al. 2001) and in Sb-rich 

bismutotantalite to Bi-rich stibiotantalite from Nagatare, Japan (BANNO et al. 2001). Stibiotantalite 

blebs, up to 100 μm in diameter, scarcely occur in bismutotantalite-stibiotantalite (Fig. 1b). They 

form oval to irregular grains with sharp contact. Simple zoning with two distinct zones is locally 

developed (Fig. 1b), but no textures resembling replacement of the host bismutotantalite-

stibiotantalite were observed. Stibiocolumbite veinlets are more abundant relative to the 

stibiotantalite blebs. Thin irregular veinlets, up to 30 μm thick, cut bismutotantalite-stibiotantalite 

and rarely also stibiotantalite blebs. They locally exhibit brecciated textures and asymmetrical 

zoning in the BSE image (Fig 1b). These textures generally suggest that early bismutotantalite-

stibiotantalite was replaced by Nb-rich member of the stibiotantalite group – stibiocolumbite; 

however, the textures showing evident replacement features on the contact between host 

bismutotantalite-stibiotantalite and/or stibiotantalite blebs and veinlets are not convincing (Fig. 1b). 
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Two distinct compositions were found in stibiocolumbite veining, W-poor and rare W-rich one, but 

their recognition in a routine BSE image is uneasy. Late stibiocolumbite overgrowths on crystals 

of bismutotantalite-stibiotantalite reach up to 20 μm in size. They are very rare relative to the other 

Bi,Sb,Ta,Nb-phases given above. The individual overgrowths exhibit irregular zoning in the BSE 

image (Fig. 1b). The succession of crystallization in the BSS aggregate is: bismutotantalite-

stibiotantalite + stibiotantalite blebs → stibiocolumbite veinlets → stibiocolumbite overgrowths. 

Disregarding intensive searching, no pyrochlore group minerals were detected in this assemblage. 

 

Structural characterization of bismutotantalite-stibiotantalite-stibiocolumbite aggregate 

XRD powder diffraction data were obtained for the dominant bismutotantalite-stibiotantalite of the 

complex BSS aggregate; the volume of the other associated phases is negligible to be recognizable 

using a routine X-ray powder diffraction and, moreover, all potential phases have very similar 

powder diffraction patterns. The data fit very well with those published for bismutotantalite and 

stibiotantalite (GALLISKI et al. 2001, ZUBKOVA et al. 2002) with variable Bi/(Bi+Sb) and 

Ta/(Ta+Nb) ratios (Table 1). The obtained data were indexed using the data calculated from the 

Lazy Pulverix program (YVON et al. 1977) by analogy with natural and synthetic bismutotantalite 

and stibiotantalite (PONOMAREV et al. 1981, KAZANTSEV et al. 2002). The space groups Pnna 

(usually Bi > Sb) and Pna21 (usually Bi < Sb) are characteristic for the minerals of the 

stibiotantalite group (GALLISKI et al. 2001; ZUBKOVA et al. 2002). The participation of the 

centrosymmetric Pnna or acentric Pna21 space groups in the (Bi,Sb)(Nb,Ta)O4 phases is attributed 

to the different stereochemical activities of the lone pairs of electrons associated with Bi3+ and Sb3+ 

ions (GALY et al. 1975, ZUBKOVA et al. 2002). The theoretical data were calculated for both space 

groups using the identical unit-cell parameters and sites occupancies obtained from the chemical 

compositions. They were compared with the experimental patterns. Considering better results of 

diffraction intensities in comparison both space groups, the space group Pnna seems more probable 

(cf. GALLISKI et al. 2001), but recognition of the space group solely using the X-ray powder data is 

not possible. 

 

Chemical composition of bismutotantalite-stibiotantalite-stibiocolumbite aggregate 

Bismutotantalite-stibiotantalite exhibits low variation in Bi/(Bi+Sb) = 0.47-0.51 (Fig. 2). Minor 

cations in the A-site (Bi3+, Sb3+ >> Pb2+, As3+, Sn4+) include Pb (0.021-0.045 apfu; ≤ 2.64 wt.% 

PbO), and traces of Sn (≤ 0.010 apfu; ≤ 0.40 wt.% SnO2) and As (≤ 0.006 apfu; ≤ 0.15 wt.% 
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As2O3). The very narrow span of the Ta/(Ta+Nb) = 0.64-0.67 and low concentrations of W (0.018-

0.056 apfu; ≤ 3.38 wt.% WO3) are typical in the B-site (Nb5+, Ta5+ >> W6+) (Table 2, Fig. 2). 

Stibiotantalite blebs show low Bi/(Bi+Sb) = 0.04-0.08, but the other chemical characteristics are 

similar to bismutotantalite-stibiotantalite: Ta/(Ta+Nb) = 0.62-0.68, W (0.035-0.049 apfu; ≤ 3.20 

wt.% WO3). Slightly higher Pb (0.043-0.052 apfu; ≤ 3.31 wt.% PbO) and As (≤ 0.025 apfu; ≤ 0.71 

wt.% As2O3), and traces of Sn (≤ 0.005 apfu; ≤ 0.23 wt.% SnO2) also were found (Table 2). Weak 

zoning in the BSE image (Fig. 1b) in bismutotantalite-stibiotantalite and stibiotantalite blebs is very 

likely controlled by variation in Bi/(Bi+Sb) and Ta/(Ta+Nb). Stibiocolumbite veining has more 

heterogeneous composition. Tungsten-poor compositions exhibits low and almost constant 

Bi/(Bi+Sb) = 0.04-0.05, low variation in Ta/(Ta+Nb) = 0.43-0.49 and low W (0.045-0.053 apfu; ≤ 

3.76 wt.% WO3). Concentrations of minor cations Pb (0.042-0.046 apfu; ≤ 3.11 wt.% PbO), As (≤ 

0.024 apfu; ≤ 0.72 wt.% As2O3) and traces of Sn (≤ 0.007 apfu; ≤ 0.34 wt.% SnO2) are comparable 

to the above phases (Table 2). Tungsten-rich compositions have very low Bi/(Bi+Sb) = 0.01 and 

moderate Ta/(Ta+Nb) = 0.40-0.45, but high contents of W (0.251-0.275 apfu; 17.81-19.34 wt. % 

WO3). The other chemical characteristics (contents of As and Sn) are comparable to the W-poor 

compositions except very low Pb (≤ 0.007 apfu; ≤ 0.50 wt.% PbO). Stibiocolumbite overgrowths 

show very low Bi/(Bi+Sb) = 0.01-0.03 and low to moderate Ta/(Ta+Nb) = 0.17-0.33, low but 

variable W (0.031-0.088 apfu; ≤ 6.86 wt.% WO3) and Pb (0.024-0.045 apfu; ≤ 3.44 wt.% PbO). 

Low contents of As (≤ 0.023 apfu; (0.77 wt.% As2O3) and traces of Sn (≤ 0.009 apfu; ≤ 0.46 wt.% 

SnO2) also were found. Presence of minor to trace amounts of Ti (0.022-0.045 apfu; ≤ 1.20 wt.% 

TiO2) and U (≤ 0.005 apfu; ≤ 0.44 wt.% UO2) is typical only for the stibiocolumbite overgrowths. 

From early to late phases general decrease of Bi/(Bi+Sb) and Ta/(Ta+Nb) are evident (Fig. 

3). Behavior of W is more erratic and opposite to behavior of Nb (Fig. 3). Low contents of W are 

typical for early bismutotantalite-stibiotantalite and stibiotantalite blebs but variable and locally 

high in stibiocolumbite veinlets, and moderate to low in late stibiocolumbite overgrowths (Fig. 3). 

Concentrations of minor to trace cations (Pb, As, Sn) show low variations in the individual phases 

recognized. The chemical analyses yielded A/B ratio close to 1 (Table 2). The compositions usually 

show slightly higher sum of cations, up to 2.030 apfu, slight dominance of A-site cations over B-

site ones, which is evidently higher in the W-rich compositions with ∑A-site cations up to 1.216 

apfu.  

 

Discussion 
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Chemical composition and substitutions  

Both early phases bismutotantalite-stibiotantalite and stibiotantalite blebs contain along with 

dominant Bi, Sb, Nb and Ta also concentrations of minor cations (Pb2+, As3+, Sn4+ and W6+). 

Stibiocolumbite veining exhibits variable and locally high contents of W, up to 0.275 apfu (Fig. 3), 

which are much higher relative to the other W-enriched minerals of the stibiotantalite group (e.g., 

FOORD 1982). However, W was determined only in some published analyses (e.g., FOORD 1981, 

1982, GALLISKI et al. 2001, NOVÁK & ČERNÝ 1998, ČERNÝ et al. 2004, NOVÁK et al. 2004); hence, 

minor contents of W in the minerals of stibiotantalite group are very likely more common.  

The chemical compositions (Table 2) suggest dominant homovalent substitutions expressed 

as simple exchange vectors  

Sb1 Bi-1 and Nb1 Ta-1         [1,2] 

in all phases examined; however, their participation is distinct. The Sb1 Bi-1 substitution is moderate 

in bismutotantalite-stibiotantalite but significant in stibiotantalite blebs and other phases. The Nb1 

Ta-1 substitution is moderate in bismutotantalite-stibiotantalite and stibiotantalite blebs but high in 

stibiocolumbite veining and chiefly in stibiocolumbite overgrowths (Fig. 1b). Incorporation of W 

into stibiocolumbite structure requires a heterovalent substitution. Positive correlation W versus Pb 

close to 1 (Fig. 4a) suggests the substitution  

Pb2+
1W6+

1 Sb3+
-1Nb5+

-1        [3] 

for the majority of compositions with low concentrations of W. Stibiocolumbite overgrowths 

exhibit in most plots distinct trends (Fig. 4, 5). Positive correlations Pb versus W (Fig. 4a), W 

versus Ti+Sn (Fig. 4b) and Pb versus Ti+Sn (Fig. 4c) and negative correlation Ti+Sn versus Nb+Ta 

(Fig. 4d) indicate combination of several substitutions such as  

Pb2+
1(Sn4+,Ti4+)1W6+

2 (Sb3+,Bi3+)-1(Nb5+,Ta5+)-3     [4] 

and probably also  

Pb2+
1 (Sn4+,Ti4+)1 (Sb3+,Bi3+)-2       [5] 

(see also Fig. 5); however, low number of analyses does not enable reliable elucidation of the 

substitution mechanism. High amounts of W in the stibiocolumbite veining change ABO4 

stoichiometry to surplus of the A-site cations. Very small W-rich areas in stibiocolumbite veining, 

about 20 μm in diameter, do not allow more detailed study. 

 

Fractionation trends 

Fractionation in the BSS assemblage expressed by the Bi/(Bi+Sb) and Ta/(Ta+Nb) values is 

evident. Both values decrease during evolution, but this decreasing is asynchronous (Fig. 2, 3). The 
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Bi/(Bi+Sb) value drops down very quickly even within the stibiotantalite blebs and it is very low in 

the stibiocolumbite veining. Ta/(Ta+Nb) remains almost the same in the stibiotantalite blebs (Fig. 2, 

3), which originated likely simultaneously with the host bismutotantalite-stibiotantalite. Ta/(Ta+Nb) 

decreases in the stibiocolumbite veining and particularly in the stibiocolumbite overgrowths. An 

appearance of Ti in the latest stages (stibiocolumbite overgrowths) indicates opening (see also 

increased amount of U) of the system or crystal-structural constraints. 

 

Comparison of the bismutotantalite-stibiotantalite-stibiocolumbite aggregate with other 

localities  

This comparison is complicated because a large set of detected elements including W, Pb, As and 

detailed description of zonality in bismutotantalite and other Bi-rich minerals of stibiotantalite 

group from BSE images is only exceptionally given in literature (FOORD 1981, 1982, BANNO et al. 

2001, GALLISKI et al. 2001). The chemical composition of primary bismutotantalite-stibiotantalite 

and presence of late veining found at Momeik is similar to those of Nagatare, Japan (BANNO et al. 

2001). Both localities exhibit decreasing of Bi/(Bi+Sb) and Ta/(Ta+Nb) in veining relative to a 

primary phase, but this difference is much higher at Momeik (Fig. 3). Heterogeneous 

bismutotantalite and bismutotantalite-stibiotantalite consisting of euhedral portions with slightly 

different composition were found in Nagatare, Japan (BANNO et al. 2001) as well as in Argentina 

(GALLISKI et al. 2001). These localities also show absence of late replacement by pyrochlore group 

minerals found at some other localities (e.g., v. KNORRING & FADIPE 1981, ČERNÝ & ERCIT 1985, 

1989, VOLOSHIN et al. 1983). Poor descriptions of chemical composition, zonality and mineral 

assemblages at some well-known localities of bismutotantalite in Brazil and Africa (e.g., HURLBUT 

1957, v. KNORRING & FADIPE 1981), however, do not enable any detailed comparison. 

 

Conclusions 
 

The BSS aggregate from Momeik, Mogok area, Myanmar exhibits complicated chemical 

composition and textural relations. It generally shows compositional evolution from early phases 

with high to moderate Bi/(Bi+Sb) and Ta/(Ta+Nb) to late phases with low Bi/(Bi+Sb) and low to 

moderate Ta/(Ta+Nb) (cf. BANNO et al. 2001), but this decrease is not simultaneous (Fig. 3). 

Textural relations of the stibiocolumbite veining and stibiocolumbite overgrowths suggest that they 

are later; nevertheless, textural features of replacement of early phases are not well developed. Also 
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no replacement of this assemblage by pyrochlore group minerals has been found. Besides dominant 

homovalent substitutions Sb1 Bi-1 and Nb1 Ta-1 described elsewhere (e.g., BANNO et al. 2001, 

ČERNÝ et al. 2004), W-poor phases of the BSS assemblage show heterovalent substitution 

Pb2+
1W6+

1 Sb3+
-1Nb5+

-1 unknown to date in the stibiotantalite group minerals (ČERNÝ et al. 2004). 

This suggests that it is necessary to analyze also potential minor cations such as Pb, Sn, As, Sc, W, 

and Ti in this mineral group to reveal actual substitution mechanisms. 
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Figure captions: 

 
Fig. 1. BSE image of the bismutotantalite-stibiotantalite-stibiocolumbite assemblage; a) 

heterogeneous primary bismutotantalite-stibiotantalite; b) bismutotantalite-stibiotantalite (Bst) with 

stibiotantalite bleb (Stb), stibiocolumbite veinlets (Scv) and stibiocolumbite overgrowths (Sco), 

note zoned internal structure of bleb, veinlets and overgrowths and brecciated character of veinlets. 

Circular spots in b) are burn marks in the carbon coating. 
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Fig. 2. Composition of bismutotantalite-stibiotantalite-stibiocolumbite assemblage in the 

stibiotantalite quadrilateral, Bi/(Bi+Sb) versus Ta/(Ta+Nb).  
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Fig. 3. Diagrams showing compositional evolution in the individual phases of the bismutotantalite-

stibiotantalite-stibiocolumbite assemblage in the terms Bi/(Bi+Sb), Ta/(Ta+Nb), Nb and W. I - 

bismutotantalite-stibiotantalite, II - stibiotantalite blebs; IIIa – stibiocolumbite veinlets, W-poor 

compositions; IIIb - stibiocolumbite veinlets, W-rich compositions; IV - stibiocolumbite 

overgrowths; otherwise the same symbols as in Fig. 2. 
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Fig. 4. Plots Pb versus W, Ti+Sn versus W, Ti+Sn versus Pb, and Ti+Sn versus Nb+Ta in the 

individual phases of the bismutotantalite-stibiotantalite-stibiocolumbite assemblage. R2+ = Pb, R3+ = 

Bi+Sb, R4+ = Ti+Sn, R5+ = Nb+Ta, R6+ = W; otherwise the same symbols as in Fig. 2. 
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Fig. 5.  Compositions of the individual phases of the bismutotantalite-stibiotantalite-stibiocolumbite 

assemblage in the R2+ - R3+ - R4+ and R4+  - R5+ - W ternary plots with relevant exchange vectors. 

R2+ = Pb, R3+ = Bi+Sb, R4+ = Ti+Sn, R5+ = Nb+Ta, otherwise the same symbols as in Fig. 2. 
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Tables:  

 

Table 1. X-ray powder data for primary bismutotantalite-stibiotantalite. 
 

I dobs (Å) dcalc (Å) h k l  I dobs (Å) dcalc (Å) h k l 
1 5.894 5.890 0 2 0  6 2.0297 2.0296 2 4 0 
4 4.561 4.563 0 1 1  5 1.9889 1.9888 1 5 1 
3 3.709 3.709 1 0 1  2 1.9614 1.9612 1 3 2 

27 3.537 3.538 1 1 1  12 1.8949 1.8947 0 4 2 
100 3.138 3.139 1 2 1  5 1.8548 1.8546 2 0 2 

4 3.076 3.076 0 3 1  10 1.8323 1.8320 2 1 2 
58 2.945 2.945 0 4 0  3 1.8029 1.8030 2 5 0 
8 2.801 2.801 2 0 0  5 1.7691 1.7690 2 2 2 
7 2.724 2.725 2 1 0  8 1.7469 1.7471 3 0 1 
8 2.696 2.696 1 3 1  18 1.7353 1.7353 1 6 1 
5 2.529 2.529 2 2 0  5 1.7285 1.7282 3 1 1 

11 2.475 2.475 0 0 2  1 1.6941 1.6941 2 5 1 
1 2.387 2.387 2 1 1  5 1.6768 1.6770 2 3 2 
3 2.306 2.306 1 4 1  3 1.6756 1.6749 3 2 1 
2 2.280 2.280 2 3 0  1 1.6338 1.6340 0 1 3 
1 2.252 2.252 2 2 1  1 1.6325 1.6324 1 5 2 
2 2.223 2.223 1 1 2  2 1.6078 1.6077 2 6 0 
1 2.127 2.127 0 5 1  3 1.5963 1.5962 3 3 1 
1 2.114 2.113 1 2 2  6 1.5693 1.5693 2 4 2 
1 2.072 2.071 2 3 1        

 
a = 5.6017(3), b = 11.7802(3), c = 4.9497(3) Å and V = 326.63(2) Å3. 
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Table 2. Representative chemical compositions of bismutotantalite-stibiotantalite, stibiotantalite 

blebs, stibiocolumbite veinlets and stibiocolumbite overgrowths. 

 

  I I II II IIIa IIIa IIIb IIIb IV IV 
  BT ST ST ST SC SC SC SC SC SC 
     

WO3 2.49 3.25 3.07 2.41 3.20 3.49 17.81 18.88 6.86 2.61 
Ta2O5 34.37 34.07 36.59 38.82 28.68 26.76 16.25 15.55 10.34 21.34 
Nb2O5 11.44 11.59 13.52 13.13 20.25 21.38 14.62 11.82 30.98 25.51 
TiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.20 0.56 
UO2 0.06 0.00 0.03 0.00 0.00 0.00 0.00 0.18 0.29 0.25 
SnO2 0.18 0.28 0.23 0.21 0.28 0.24 0.45 0.41 0.46 0.25 
Sb2O3 18.38 19.81 38.96 39.09 40.82 40.85 48.96 50.27 46.82 44.40 
Bi2O3 30.15 28.36 4.13 2.73 3.57 3.23 1.15 0.83 1.00 1.94 
As2O3 0.00 0.15 0.63 0.57 0.72 0.45 0.91 0.77 0.70 0.60 
PbO 2.21 2.64 2.83 2.83 2.96 3.04 0.50 0.14 3.27 1.72 
Sum 99.28 100.15 99.99 99.79 100.48 99.44 100.65 98.85 101.92 99.18 

recalculation based on 4 oxygens 
W6+ 0.042 0.053 0.046 0.036 0.045 0.050 0.251 0.275 0.088 0.036 
Ta5+ 0.603 0.588 0.571 0.605 0.426 0.399 0.241 0.238 0.140 0.306 
Nb5+ 0.334 0.332 0.350 0.340 0.500 0.530 0.360 0.300 0.696 0.609 
Ti4+ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.045 0.022 
U4+ 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.003 0.003 
Sn4+ 0.005 0.007 0.005 0.005 0.006 0.005 0.010 0.009 0.009 0.005 
Sb3+ 0.489 0.518 0.921 0.924 0.920 0.923 1.099 1.165 0.959 0.967 
Bi3+ 0.501 0.464 0.061 0.040 0.050 0.046 0.016 0.012 0.013 0.026 
As3+ 0.000 0.006 0.022 0.020 0.024 0.015 0.030 0.026 0.021 0.019 
Pb2+ 0.038 0.045 0.044 0.044 0.044 0.045 0.007 0.002 0.044 0.024 
Σ cat. 2.012 2.013 2.020 2.014 2.016 2.011 2.014 2.030 2.017 2.019 
O 4 4 4 4 4 4 4 4 4 4 
Ta/(Ta+Nb) 0.644 0.639 0.620 0.640 0.460 0.429 0.401 0.442 0.167 0.334 
Bi/(Bi+Sb) 0.506 0.473 0.062 0.041 0.052 0.047 0.014 0.010 0.013 0.026 
 

BT – bismutotantalite, ST – stibiotantalite, SC – stibiocolumbite; otherwise the same symbols as in 

Fig. 3; Ca, Mn and Fe below their detection limits. 
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