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Twenty- three specimens f r o m equatorial and southern Af r ica are investigated, 

primari ly f o r X - r a y powder data. Unit cell dimensions and volume, ranging 

f r o m 414 . 7 Å 3 (columbite) to 424 . 1 A 3 (manganotantalite) are given. A 

correlation between the unit cell v o l u m e and the 100 • Mn/(Mn + Fe) ratio 

is indicated and a fur ther correlation to 100 • Ta/(Ta + Nb) is suggested. 

The degree of order is discussed according to the a 0 /c 0 ratio. Five originally 

disordered specimens (a0/c0 = 2 . 7 6 9 — 2 . 8 1 1 ) and ones original ly ordered 

specimen (a0/c0 = 2 .832) were heated at 1 ,000° C f o r one hour. A s a result 

the a 0 /c 0 ratio in the disordered specimens increased to 2.829—2.833, causing 

the specimens to become ordered and the originally ordered specimen's a 0 /c 0 

ratio decreased to 2 .7 8 8. 

Three X - r a y dif fractograms are presented [based on the averages o f all d i f f racto-

grams, and differences in: 1) disordered columbite or tantalite ( 1 1 0 peak may or 

may not be present, but when it is, it is very weak), 2) ordered Mn-tantalite ( 110 , 

200, 400, 600, and 023 peaks are primarily much stronger than in columbite or 

tantalite and the 7 1 1 + 512 , 42 1 , and 1 1 2 is present in Mn-tantalite but not in 

columbite or tantalite) and 3) disordered structures transformed into ordered 

structures (200, 400, 600, and 023 peaks have become more prominent, the 

421 , 7 1 1 - f 5 1 2 are n o w present, and the 1 1 2 is not present]. 

Chemical analyses of some 108 columbite-tantalite specimens (including the 

specimens examined in this paper) are plotted according to their end members. 

The specimens approaching the Mn-tantal i te end member are well represented. 

The atomic ratio 100 • Ta/(Ta + Nb) o f 60 specimens (including the speci-

mens investigated in this paper) are plotted against density. The ratio may be 

estimated according to the equation 100 • Ta/(Ta + Nb) = 37 .209 d — 195 . 4 , 

where d = density. The calculated densities of the original 23 specimens are 

compared wi th the observed densities. 

A. D. Zelt, Depart?nent of Geology and Mineralogy, Precambrian Research Unit, 

University of Cape Town. Cape Town, South Africa. 
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Introduction 

In connection with a general review of the rare 
mineral pegmatites from the orogenic belts of 
equatorial and southern Africa, v. Knorring 
(1970, pp. 166—167) summarized the data for the 
chemical composition of some minerals of the 
columbite-tantalite series from these pegmatites. 
The list of analyses presented by him represents 
a compilation of the analytical work carried out 
by J . R. Baldwin and Dr. v. Knorring himself 
during a number of years at the Department of 
Earth Sciences, Leeds University, U. K. No 
other mineralogical data for the analyzed speci-
mens were reported. 

It was known that this valuable collection of 
original materials was stored in Leeds. Therefore, 
it seemed desirable to add some information to 
those specimens, mainly X-ray powder data. On 
the request of the author, Dr. v. Knorring very 
kindly made available original materials of 23 
columbite-tantalite specimens from which the 
chemical analyses had been made. These speci-
mens were subjected to laboratory study at the 
Dept. of Geology and Mineralogy of the Univer-
sity of Helsinki, Finland. The results obtained 
are presented in this paper. 

The Specimens 

Twenty-three analyzed specimens (numbered 
1—5 and 7—24) were obtained. The unit cell 
contents, based on 24 oxygen atoms per cell, were 
calculated (Table 1) by the author. The specimens 
have been listed in v. Knorring (1970) and retain 
in this paper the numbering suggested in that 
publication. In the same publication, sample No. 
15 should read a total of 99.9 for the chemical 
analysis and the figure for Ta205 for sample No. 
19 should read 53.29 %. Many of these analyses 
have been published previously in the Annual 
Reports (No. 6, 1962; No. 7, 1963; No. 8, 1964; 
No. 9, 1965; No. 10, 1966; No. 11, 1967; and No. 

12, 1968) on Scientific Results, of the University 
of Leeds, Research Institute of African Geology. 
Notation has been given indicating the annual 
report(s) where each analysis has been given. 
Other references have also been included. 

In the literature, the members of the col-
umbite-tantalite series have been referred to by 
various systems of nomenclature. The proposal 
by Dana (1946) has been adopted. Several of the 
original mineral names assigned to the specimens 
by v. Knorring (ibid.) have been altered to con-
form to that nomenclature (below). However, 
the original names have also been included in 
parentheses: 

1. Columbite, Rwemeriro pegmatite, Ankole , S. W . 

Uganda. 

2. Columbite, Rwanza pegmatite, Kabira, Ankole , S. 

W . Uganda. The 9th (p. 43) and the 12th (p. 51) 

Annual Report. 

3. Columbite, Kabira pegmatite, Ankole , S. W . Uganda. 

The 8th (p. 12) and 12th (p. 51) Annual Report. 

4. Columbite, Kabira pegmatite, Ankole , S. W . Uganda. 

The 8th (p. 12) and 12th (p. 51) Annual Report . 

5. Columbite, Nyabushenyi pegmatite, Ankole , S. W . 

Uganda. The 1 1 th (p. 37) and 12th (p. 51) Annual 

Report . 

7. Columbite, Nyabakweri pegmatite, Ankole , S. W . 

Uganda. The 8th (p. 12) and 12th (p. 51) Annual 

Report. 

8. Columbite, Bukangari pegmatite, Kigezi, S. W . 

Uganda. The 9th (p. 43) and 12th (p. 51) Annual 

Report. 

9. Mn-columbite (originally columbite), Kazumu peg-

matite, Ankole , S. W . Uganda. 

10. Mn-columbite (originally columbite), Nyabushoro 

pegmatite, Kigezi, S. W . Uganda. The 9th (p. 43) 

and 12th (p. 51) Annual Report. 

11 . Columbite, Kashozo pegmatite, Ankole , S. W . 

Uganda. 

12. Columbite, Bulema pegmatite, Kigezi, S. W . Uganda. 

The 9th (p. 43) and 12th (p. 51) Annual Report. 

13. Columbite, Kayonza pegmatite, Kigezi , S. W . 

Uganda. The 8th (p. 12) and 12th (p. 51) Annual 

Report. 

14. Columbite, Nyanga pegmatite, Ankole , S. W . 

Uganda. The 8th (p. 12) and 12th (p. 51) Annual 

Report . 

15. Tantalite, Bulema pegmatite, Kigezi, S. W . Uganda. 

The 8th (p. 12) and the 12th (p. 51) Annual Report. 
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16. Mn-tantalite (originally tantalite), Muiane pegmatite 

A l to Ligonha, Mozambique. The 9th (p. 43) and 12th 

(p. 51) Annual Report. 

17. Mn-tantalite (originally tantalite), Morrua pegmatite, 

A l t o Ligonha, Mozambique. The 6th (p. 59), 9th 

(p. 43), and 12th (p. 51) Annual Report. 

18. Mn-columbite, Buranga pegmatite, Gatumba, Rwan-

da. The 1 1 th (p. 37) and 12th (p. 52) Annual Report. 

19. Mn-tantalite, Namirrapa pegmatite, A l t o Ligonha, 

Mozambique. The 1 1 th (p. 37) and 12th (p. 52) 

Annual Report. Note, in each report the figure fo r 

T a 2 O s should read 53.27 % . 

20. Mn-tantalite, Dernburg pegmatite, Karibib, S. W . 

Afr ica . The 7th (p. 72), 9th (p. 43) and 12th (p. 52) 

Annual Report. 

21 . Mn-tantalite, Jemubi River, Ankole , S. W . Uganda. 

The 10th (p. 32) and 12th (p. 52) Annual Report 

and v. Knor r ing , O., Sahama, Th. G. , and Saari, E. 

(1966), p. 48. 

22. Mn-tantalite, Monrepos pegmatite, Karibib, S. W . 

Afr ica . The 10th (p. 32) and 12th (p. 52) Annual 

Report, and v. Knor r ing , O., Sahama, Th. G. , and 

Saari, E. (1966), p. 48. 

23. Mn-tantalite, Okangava Ost pegmatite, Karibib, S. 

W. Afr ica . The 10th (p. 32) and 12th (p. 52) Annual 

Report. 

24. Mn-tantalite, Morrua pegmatite, A l t o Ligonha, 

Mozambique. The 9th (p. 43) and 12th (p. 52) 

Annual Report. 

Figure 1 depicts 108 analyses of various mem-
bers of the series plotted according to their end 
members. Ti and Sn were omitted. Specimens 
approaching the MnTa2Oe (manganotantalite) 
end member are well represented. To the know-
ledge of the author the FeTa206 rich specimens 
have not been verified as members of the 
orthorhombic columbite-tantalite series. Other 
relatively pure end members lack representation 
in the literature. They are apparently very rare 
and possibly do not exist in nature as such. 

X-ray powder pattern 

The X-ray powder patterns of samples Nos. 
1—5 and 7—24 were recorded by a Philips wide 
angle goniometer with a Wallac single channel 
analyzer using filtered copper radiation and in-
ternal silicon standard. A goniometer speed of 
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Fig. 1. Compositions of specimens Nos. 1 — 5 and 7 — 2 4 
plotted according to the end members of the columbite-
tantalite series. The numbering refers to TABLE 1. For 
comparison, compositions of 85 columbite-tantalite 
specimens f r o m various sources in the literature have 

been added (not numbered). 

2 min./degree and chart speed of 40 mm/degree 
was employed. Each sample was recorded at 
least twice and the average d-values for each line 
were adopted. The unit cell dimensions were 
calculated by the least-squares method. The 
setting proposed by Laves et al. (1963) corre-
sponding to the space group Pbcn was used. In 
this setting the approximate unit cell dimensions 
are as follows: 

a 0 ^ - 1 4 . 2 Å 

b„ - 5 . 7 

c„ - 5 . 1 

All measurable peaks on the chart of a single 
sample were included in the calculation of the 
unit cell dimensions of that particular sample. 
This method of measuring the chart was consid-
ered to yield more accurate results than a meas-
urement of a standard fixed group of peaks 
applied to every chart. 
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T A B L E 1 . 

Unit cell Contents (based o n 0 = 24), uni t cell parameters and densities o f specimens Nos. 1 —5 and 7 — 2 4 invest igated 
in this paper. Analysts : J . R. Ba ldwin and Oleg v . K n o r r i n g 

1 2 3 4 5 7 8 9 

N b 7 . 3 7 7 . 1 8 7 . 0 9 7 . 2 0 7 . 1 4 6 . 8 7 6 . 5 1 6 . 3 9 
Ta 0 . 3 0 0 . 5 8 0 . 5 1 0 . 7 4 0 . 7 3 1 . 1 1 1 . 48 1 . 59 
Ti 0 . 3 3 0 . 2 4 0 . 4 0 0 . 1 5 — — — 

Sn 0 . 0 5 0 . 0 6 0 . 0 9 0 .0 8 0 . 0 3 O.oi — 0 . 0 3 
M n 2 . 8 3 1 . 57 2 . 0 5 1 . 88 1 . 0 9 1 . 9 2 2 . 7 3 3 .61 
Fe 1 . 24 2 . 4 4 1 . 9 7 2 . 1 1 2 . 8 8 2 . 1 2 1 . 3 0 0 . 3 7 

a. (A) 1 4 . 2 9 1 1 4 . 2 6 3 1 4 . 2 0 4 1 4 . 2 1 2 1 4 . 2 7 1 1 4 . 2 1 2 1 4 . 3 4 1 1 4 . 3 4 3 
bo (A) 5 . 7 3 9 5 . 7 2 9 5 . 7 1 5 5 . 7 2 2 5 . 7 3 5 5 . 7 2 8 5 . 7 4 5 5 . 7 5 2 

Co (A) 5 . 1 1 2 5 . 0 9 5 5. 109 5 . 1 0 5 5 . 0 6 7 5 . 1 2 4 5 . 0 9 3 5 . 1 2 6 
V (A3) 4 1 9 . 3 4 1 6 . 2 4 1 4 . 7 4 1 5 . 1 4 1 4 . 7 4 1 7 . 2 4 1 9 . 6 4 2 2 . 9 
ao/co 2 . 7 9 5 2 . 7 9 9 2 . 7 8 0 2 . 7 8 4 2 . 8 1 5 2 . 7 7 3 2 . 8 1 6 2 . 8 0 0 

Densi tv calc 5 . 4 2 5 . 5 7 5 . 5 5 5 . 9 0 5 . 6 5 5 . 7 6 5 . 8 5 5 . 8 4 
measured 5 . 4 4 5 . 5 3 5 . 3 9 5 . 5 6 5 .66 5 . 5 5 5 . 7 7 6 . 3 0 

10 11 12 13 14 15 16 17 

N b 5 . 9 8 5 . 7 8 5 . 8 4 5 . 6 9 4 . 7 6 3 . 8 7 3 . 0 4 2 . 5 0 
Ta 2 . 0 3 2 . 0 0 2 . 1 5 2 . 2 8 2 . 8 8 3 . 9 7 4 . 9 3 5.2 6 
Ti — 0 . 2 3 — — 0 . 4 8 0 . 1 9 — 0 . 2 8 
Sn 0 . 0 4 0 . 0 5 0. 0 4 0 . 0 3 0 . 0 4 0 .0 5 0. 03 0. 05 
M n 3 . 3 5 1 . 9 4 1 . 1 6 1 . 6 0 1 . 2 1 1 . 6 5 3 . 8 4 3 . 3 0 
Fe 0 . 5 8 2 . 0 6 2 . 8 2 2 . 4 2 2 . 6 4 2 . 2 9 0 . 1 7 0 . 6 6 

ao (A) 1 4 . 3 5 0 1 4 . 2 4 5 1 4 . 2 8 0 1 4 . 2 8 2 1 4 . 2 3 5 1 4 . 2 8 3 1 4 . 2 7 2 1 4 . 2 7 2 
b. (A) 5 . 7 5 0 5 . 7 3 7 5 . 7 3 5 5 . 7 3 8 5 . 7 3 0 5 . 7 3 6 5 . 7 4 5 5 . 7 4 8 
Co (A) 5 . 1 0 5 5 . 1 2 4 5 . 0 7 7 5 . 1 0 0 5 . 1 1 5 5 . 0 7 5 5 . 1 5 5 5 . 1 5 4 
V (A3) 4 2 1 . 2 4 1 8 . 8 4 1 5 . 8 4 1 8 . 0 4 1 7 . 2 4 1 5 . 9 4 2 2 . 7 4 2 2 . 7 
ao/co 2 . 8 1 1 2 . 7 8 0 2 . 8 1 3 2 . 8 0 0 2 . 7 8 2 2 . 8 1 4 2 . 7 6 9 2 . 7 6 9 

Densi ty calc 6 . 0 2 6 . 0 3 6 . 1 5 6 . 1 6 6 . 3 3 6 . 7 6 7 . 0 0 7 . 0 9 
measured 6 . 0 4 5 . 8 5 5 . 9 3 6 . 0 5 6 . 5 2 5 . 8 6 7 . 0 0 7 . 0 4 

18 19 20 21 22 23 24 

N b 4 . 6 4 3 . 7 5 2 . 8 6 1 . 5 4 0 . 5 8 0 . 4 9 0 . 1 5 
Ta 3 . 3 3 4 .0 8 5 . 1 0 6 . 4 6 7 . 4 2 7 . 4 9 7 . 8 2 
Ti — — 0 . 1 4 — 0. 02 — — 

Sn — 0 . 2 3 — — 0 . 1 4 
M n 3 . 6 9 2 . 9 4 3 . 4 5 3 . 8 8 3 . 5 8 3 . 7 3 3 . 7 9 
Fe 0 . 3 9 1 . 0 4 0 . 3 6 0 . 1 4 0 . 4 1 0 . 3 1 0 . 1 9 

a» (A) 1 4 . 3 8 5 1 4 . 3 6 0 1 4 . 4 1 9 1 4 . 4 3 8 1 4 . 4 3 7 1 4 . 4 2 8 1 4 . 4 1 7 
b . (A) 5 . 7 5 4 5 . 7 5 1 5 . 7 6 7 5 . 7 7 0 5 . 7 6 9 5 . 7 6 5 5 . 7 6 0 
Co (A) 5 . 1 0 5 5 . 0 9 4 5 . 0 9 2 5 . 0 9 1 5 . 0 9 3 5 . 0 9 6 5 . 0 9 2 
V (A3) 4 2 2 . 5 4 2 0 . 7 4 2 3 . 3 4 2 4 . 1 4 2 4 . 1 4 2 3 . 9 4 2 2 . 9 
ao/co 2 . 8 1 8 2 . 8 1 9 2 . 8 3 2 2 . 8 3 8 2 . 8 3 5 2 . 8 3 2 2 . 8 3 1 

Densi ty calc 6 . 4 5 6 . 7 1 7 . 0 2 7 . 5 0 7 . 8 3 7 . 8 6 8 . 0 6 
measured 6 . 5 5 6 . 7 1 7 . 1 1 7 . 1 8 7 . 7 5 7 . 8 3 8 . 0 0 

a„ = ± .01 (A) 
b 0 = ± -005 ( A ) 
c 0 = ± . 0 0 3 ( Å ) 
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The unit cell dimensions are given in Table 1. 
The data presented in this table shows no correla-
tion between the individual cell parameters and 
parent chemical composition. However, the unit 
cell volume seems to be a reflection of the ratio 
of Mn/Fe. Fig. 2 shows the atomic ratio 
100 • Mn/(Mn + Fe) plotted against the unit 
cell volume. The unit cell volume increases with 
increasing Mn (decreasing Fe). The greatest 
100 • Mn/(Mn + Fe) ratio occurs at a volume of 
approximately 424 Å3. The Nb/Ta ratio also 
seems to affect the unit cell volume somewhat. 
Specimens 5, 12, and 14 for example, contain 
increasingly higher ratios of Nb/Ta and relatively 
the same ratio of 100 • Mn/(Mn + Fe), yet 
differ in each unit cell volume by approximately 
1—2 Å3. 

Figure 3 represents the average of all the 
diffractograms examined. The vertical height is 

exaggerated to exemplify the visual intensity 
relation between the peaks. These diffractograms 
show distinct differences between columbite (in-
cluding tantalite, A in the Fig. 3) and manga-
notantalite (B). The 200, 400, and 600 peaks 
increase greatly in samples rich in Mn and Ta. 
The 112 is weak, but present in the Mn and Ta 
rich material and is not present in the columbite 
or tantalite. The 110 peak may or may not be pres-
ent in the columbite or tantalite, but when present, 
it is very weak. In manganotantalite it is usually 
stronger. The 711 + 512 peak is not present in 
columbite or tantalite but is present in mangano-
tantalite, as is the 421 peak. The 023 peak is more 
prominent in the manganotantalite. 

The question of variation of X-ray data with 
chemical analysis has been speculated on by 
several authors. Nickel, et al. (1963) state that 
there is probably a gradation from a completely 

VOLUME OF THE UNIT CELL I A3) 

Fig. 2. A t o m i c rat io 1 0 0 • Mn/(Mn + Fe) plotted against the v o l u m e o f the unit cell 
o f specimens Nos. 1 — 5 and 7 — 2 4 . F ive o f those original specimens (Nos. 1, 4, 10 , 
13 , and 16) were , in addit ion, heated at 1 000° C f o r 1 h o u r and the results are 

also plotted. 

1 6 7 3 5 2 — 7 5 
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ordered end-member (columbite-tantalite) to a 
fully disordered one (pseudo-ixiolite). The 
degree of order of the columbite structure shows 
up on the diffraction pattern by the disappearance 
of reflections with h=^3 and in particular of reflec-
tions 200 and 110, the main indicators of ordered 
columbite. Komkov (1970) also agrees that 
columbite may have different degrees of disoder 
and this, he adds, is reflected by a change in the 
unit cell parameters. Greater ordering increases 
parameter a0 and decreases c0 and, therefore, 
affects the a0/c0 ratio. Also, with a decrease of 
order the intensity of peaks with h^=3 decrease. 
In ordered columbite the a0/c0 ratio with the 
setting conformable with Pbcn varies, depending 
on composition, from 2 . 8 2 5 to 2 . 8 3 9 . In com-
pletely disordered columbite a0/c0 equals 2.76 to 
2.77. The specimens used to determine the a0/c0 

ratios were synthetic. Komkov further states 
that, in addition to the order-disorder relation 
affecting the diffraction pattern, the ratios of Fe 
to Mn and Nb to Ta also affect the pattern. 

Considering the previous literature and analys-

ing the specimens examined in this paper for an 
a0/c0 ratio shows that almost the entire order-
disorder range is represented in these specimens 
(Table 1). Samples Nos. 16 and 17 (manga-
notantalite) are the most disordered (a0/c0 = 
2 . 7 6 9 ) and sample No. 21 (manganotantalite) is 
the most ordered (a0/c0 = 2 . 8 3 8 ) . Only a total of 
5 specimens were found in an ordered condition 
(Nos. 20, 21, 22, 23, and 24), and all of those were 
manganotantalite. A closer look at all the speci-
mens fails to adequately distinguish a correlation, 
under natural conditions, between chemical 
composition and order-disorder tendencies. 

According to Nickel et al. (1963) disordered 
columbite may be changed to ordered columbite 
by heating. Komkov (1970) advocates a temper-
ature of 1,000°C for roughly one hour. Six of the 
original specimens (Nos. 1, 4, 10, 13, 16, and 20) 
investigated were ground to powder, mixed with 
charcoal (to absorb the oxygen present), placed 
in a sealed quartz tube, and heated according to 
the recommendation by Komkov (ibid.). X-ray 
work was then carried out on the specimens. 

Fig. 3. (A) Columbite or tantalite, disordered form. (B) Mn-tantalite, ordered form. (C) Originally disordered 
columbite or tantalite (dia. A ) heated to 1 000° C for 1 hour, to fo rm ordered columbite or tantalite. 
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Comparing the unit cell parameters (Tables 1 and 
2) of the natural disordered columbite specimens 
(Nos. 1, 4, 10, 13, and 16) and their heated 
counterparts shows a distinct change in the unit 
cell dimensions. The a0 dimensions have increas-
ed and the c0 dimensions have decreased. The 
a0 : Co ratio therefore has increased into the 
magnitude proposed by Komkov (ibid.) for 
ordered columbite. The b0 dimensions have 
primarily increased also. The unit cell volume 
decreases for samples Nos. 1, 13, and 16 and 

increases in sample No. 4 and increases slightly 
in sample No. 10. These new unit cell volumes 
were plotted in Fig. 2. They fall inside the given 
boundaries indicating that the Mn/Fe ratio is 
significant in determining the unit cell volume, 
whether the specimen be ordered or disordered. 

Sample No. 20 (manganotantalite) which was 
in a natural ordered form, was subjected to the 
identical heat treatment as the disordered speci-
mens. The a0 and b0 dimensions remained virtu-
ally unchanged. The c0 dimensions, however, 

DENSITY 

o m e a s u r e d v a l u e 

* c a l c u l a t e d v a l u e 

Fig. 4. A tomic ratio 100 • Ta/(Ta + Nb) plotted against density of specimens 
Nos. 1 — 5 and 7—24. Both measured and calculated values are given fo r those 
specimens. In addition, some 37 columbite-tantalite specimens gleaned f r o m 

the literature ^unnumbered) have been added fo r comparison. 
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T A B L E 2 . 

Unit cell parameters of specimens Nos. 1, 4, 10, 13, 16 and 20, 
identical to those in TABLE 1, heated fo r one hour at 1 000° C 

1 4 10 13 16 20 

a„ (A) 1 4 . 3 4 0 1 4 . 3 2 7 1 4 . 4 0 1 1 4 . 3 3 2 1 4 . 4 0 9 1 4 . 4 1 0 

b 0 ( Å ) 5 . 7 4 7 5 . 7 3 5 5 . 7 5 7 5 . 7 3 6 5 . 7 5 5 5 . 7 5 6 

c0 (A) 5 . 0 6 5 5 . 0 6 4 5 . 0 8 5 5 . 0 5 9 5 . 0 8 8 5 . 1 6 8 

V (A3) 4 1 7 . 4 4 16 . 1 4 2 1 . 6 4 15 .9 421 .9 428 .7 
a o / c o 2 . 8 3 2 2 . 8 2 9 2 . 8 3 2 2 . 8 3 3 2 . 8 3 2 2 . 7 8 8 

a 0 = ± - 0 1 ( A ) , b . = ± . 0 0 5 ( Å ) , c 0 = ± . 0 0 5 ( Å ) 

increased considerably. This caused the a0/c0 

ratio to decrease to such an extent that the 
structure according to the previous definition, 
became disordered. 

The X-ray diffractograms (Fig. 3-C) of the 
original natural disordered specimens changed 
significantly upon reorganization into ordered 
specimens. There is an obvious tendency of 
these specimens to conform to the ordered 
manganotantalite diffraction pattern. The only 
peak present in the diffractogram of the ordered 
manganotantalite and not in that of the heat 
treated columbite or tantalite specimens is the 
112. Komkov (1970), in experiments with syn-
thetic specimens, found this peak in the dif-
fractograms of a MnTa206 specimen, but not in 
that of a MnNb206 specimen. This, then, is found 
to conform with his experiments. 

The 110, 421, and 711 + 512 peaks are pre-
sent, but very weak, in the re-ordered heat 
treated specimens studied in this paper and were 
not, with minor exception, in the original dis-
ordered specimens. The 200, 400, and 600 peaks 
are much more prominent in the heat treated 
specimens, than in the original ones. The 023 has 
become somewhat more prominent and the 021 
somewhat less prominent in the heat treated 
specimens. 

Density 

Densities of small grains of the specimens 
(Nos. 1—5 and 7—24, reference Table 1) weigh-

ing from approximately 13 to 23 mg. were 
determined by means of a Berman balance 
(±.01 mg.). A steromicroscope was used to 
detect any visible impurities. The values deter-
mined range from 5.39 for columbite to 8.00 for 
Mn-tantalite (Table 1), which agree closely with 
previously published limits. 

The atomic ratio 100-Ta/(Ta + Nb) (Fig. 4) 
of some 60 specimens (Nos. 1—5 and 7—24 plus 
37 specimens gleaned from the literature) have 
been plotted against density (measured). An 
estimate of the 100-Ta/(Ta + Nb) ratio may be 
obtained using the equation: 

Ta+Nb 

where d is the density. The equation was calcu-
lated from the plotted points in Fig. 4. 

A correlation between the observed densities 
of the specimens examined in this paper and the 
calculated densities (obtained from the chemical 
analysis and the unit cell volume) of the same 
specimens reveal, in some cases, a large 
discrepancy which is probably caused by analyti-
cal errors. These calculated densities are also 
plotted in Fig. 4 and correlated to their meas-
ured-density counterparts. 
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