PRELIMINARY REPORT ON INVESTIGATIONS OF
MINERALS OF COLUMBIUM AND TANTALUM
AND OF CERTAIN ASSOCIATED MINERALS

RicuArRD W. HUTCHINSON,* University of Wisconsin,
Madison, Wisconsin.

ABSTRACT

This paper is a progress report of an investigation of columbium and tantalum minerals.
The rotation properties of the columbite-tantalite series have been investigated in detail
and the results and their application to identification are discussed. The optical properties
of some other columbium-tantalum minerals including yttrotantalite, hismutotantalite,
stibiotantalite, tapiolite and ilmenorutile are also discussed so far as they have been deter-
mined. The relationship between the orthorhombic columbite-tantalite series and the te-
tragonal mossite-tapiolite series is critically examined. All specimens of ilmenorutile 5o far
studied were found to be intergrowths of two minerals, columbite and rutile. Related
features of this intergrowth are discussed. Some optical properties of minerals commonly
associated with columbium-tantalum minerals have also heen determined and have been
of value in the investigation. Data for these minerals are presented.

INTRODUCTION

An investigation of the opaque minerals of columbium and tantalum
was begun in 1952 in the Laboratory of Economic Geology at the Univer-
sity of Wisconsin. This report summarizes the results of the first year’s
investigations, and although research is not yet complete, certain inter-
esting features have been found that warrant publication of a progress
report.

The identification of columbium and tantalum minerals is a problem
of many years’ standing. The minerals can be distinguished by a com-
bination of a-ray and chemical techniques, but these methods are time-
consuming and are not readily applicable to the identification of small
grains, or of mixtures of columbium-tantalum minerals with other
opaque minerals. The present investigation was designed especially
to obtain information regarding the optical properties of the columbium-
tantalum minerals in the hope that these would facilitate identifica-
tion. Particular attention was paid to their rotation properties, which
were unknown yet seemed to offer promise of being useful in identifica-
tion. It was hoped that if the rotation properties (35)! of members of the
isomorphous columbite-tantalite series were functions of the Ch-Ta con-
tent, it would be possible to determine the ChaO;5: TasOy ratio of a given
sample by optical methods.

* Present address, American Metal Co. of Canada, Ltd., 25 Adelaide St. W., Toronto,
Ontario, Canada.
! Numbers in parentheses refer to the bibliography at the end of the paper.
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Of the minerals studied, tapiolite and ilmenorutile proved to be par-
ticularly interesting, and they are discussed in some detail in this re-
port. Study of tapiolite led to an examination of the relationships be-
tween the tetragonal mossite-tapiolite series and the orthorhombic
columbite-tantalite series, and certain tentative conclusions are pre-
sented. Iimenorutile in our specimens proved to be an intergrowth of
columbite and rutile. This intergrowth is described and its origin is dis-
cussed.

During the investigation it became apparent that optical information
was needed for certain minerals that are commonly associated with the
columbium-tantalum minerals. Studies of these minerals were made and
the results are also presented in this report.

Suitable samples of the various columbium-tantalum minerals were
difficult to obtain, and this factor was one of the major problems of the
investigation. All available samples required checking by means of x-ray
diffraction techniques, and in some cases chemical determinations had to
be procured.
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CoLUMBITE-TANTALITE AND RELATED MINERALS
Methods and Scope of the I nvestigation

Twenty-nine specimens of columbite-tantalite were obtained for
study of the optical properties of the orthorhombic series (Fe,Mn)-
ChyOg-(Fe, Mn)Tay0s. For each crystal or specimen permitting it, three
oriented (critical) sections were cut, mounted in bakelite, and polished,
Optical studies of all these surfaces were completed in the manner out-
lined by Cameron ef al. (5, 6). The rotation properties of these specimens
as determined are summarized in Table 1. In order to relate the optical
properties to chemical composition, chemical analyses of some of the
specimens were obtained.

The chemical determinations were done by x-ray fluorescence analysis
and the results, expressed in terms of oxides of the elements, are shown in
Table 2. The lower sensitivity ranges of this analytical method for the
elements shown in the analyses are as follows,

Per Cent

O b e T TSR0 81+t cecerme s e mroe eem et 0.05t00.1
gL JR————— S 0.1 to0.2
Fe Gttiliiimni b g mymsisrwimmsmsersieia s wsesror s s sex s 0.01 to 0.05
M s i S ST a3 e o 0.01t00.1
S 0.2

Y S T 0.02 to 0.05
Y. i s e S50 KR A S 5w g g 0.03 to 0.05
W R 3 E byt skt osta N e e e 2.0

Tlccomminssnm wsmsss s 00 R o oo 5.0

The notation n.d. on Table 2 indicates that titanium was present in
amounts less than the sensitivity for this element.

The accuracies of the quantitative results shown in Table 2 can be
expressed in per cent of the amounts of the elements present (9 P.E.).
For the elements that are present in amounts near the sensitivity limits
shown above, accuracies of +10% P.E. may be expected. For the ele-
ments present in higher concentrations (Ch, Ta, Fe and Mn), the deter-
minations should be accurate to +19% P.E.

The compositional range covered by the specimens studied is shown
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by the analyses. Samples approaching the theoretical end-members were
most difficult to obtain. Columbite from Gunnison County, Colorado
(Table 2) has a Cb.Oj:Ta:0; ratio of 7.3:1. Tantalite from the Old
Mike pegmatite, Custer County, South Dakota has a ChaOs: TayOs ratio
of 1:4.33. These two specimens are the nearest approaches to the end-
members of the series in the material studied. The compositions of
several intermediate members of the series are also listed in Table 2.
Tt was impossible to obtain chemical determinations for all the specimens,
but the samples submitted for analyses were carefully selected on the
basis of specific gravities and variations in optical properties, in order to
cover as wide a compositional range as possible.

A few samples of some rare varieties of tan talite, including manganese-,
yttrium-, rare-earth-, antimony-, and hismuth-rich types were also
obtained. Their identification was first checked, wherever possible, by a-
ray diffraction powder photographs. Their optical properties were then
investigated using oriented polished surfaces.

Difficulty in procuring specimens of these varieties of columbite-
tantalite was again a problem. Only one of these samples, yttrotantalite
from Bikita, Rhodesia, has been analyzed. Its composition is indicated
in Table 2. Because of these difficulties, data obtained for the rare
varieties of columbite-tantalite are too incomplete to justify any final
conclusions, but the results of the limited studies are discussed briefly.

Rotation Properties
(@) Apparent Angle of Rotation in White Light

Tables 1 and 2 clearly indicate that in white light there is essentially no
variation in the apparent angle of rotation in the isomorphous series
columbite-tantalite, because none of the specimens studied shows sig-
nificant differences in the apparent angle of rotation between Ch- and
Ta-rich varieties. The angle of rotation in white light for columbite from
Gunnison County, Colorado, is 1.4 degrees while the rotation angle for
tantalite from the Old Mike pegmatite is 1.2 degrees. All other specimens
studied also have angles of rotation that lie in the range from 1.2 to 1.5
degrees for white light in air. This variation is within the limits of ex-
perimental error (3, p. 746).

(5) Dispersion

Significant variations in strength, or amount, of dispersion of the ap-
parent angle of rotation were found and are recorded in Table 1. Quali-
tatively the variation in strength of dispersion is shown by varying in-
tensity of color fringes in the polarization figures of different columbite-
tantalites. It was quan titatively determined by measuring the apparent
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angles of rotation for monochromatic red and monochromatic blue light.
The difference between the two values obtained is the amount of disper-
sion. The amount of dispersion varies from .2 to .7 degree. This is a sig-
nificant and measurable difference. Thus far, oil immersion methods have
been attempted only on a limited scale, but immersion in oil of R.I.
1.515 increases the range of the variation to .3 to 1.1 degrees.

This variation is apparently not due to varying Cb:Oj: Ta»Oj5 ratios, for
samples of columbite-tantalite with widely varying ratios have similar
dispersions. Table 2 shows that the specimen (51-27-8) from the Van der
Made main pegmatite, Southwest Africa has a CbyOs: Taz0s ratio of 7:1,
while tantalite from the Etta Mine at Keystone, South Dakota, has a
ratio of 1:3.5. Table 1 shows that both specimens have very similar dis-
persions. The analyses indicate that the amount of dispersion is related
to the FeO content, or more specifically to the FeO:MnO ratio. When
the ratio of FeO to MnO is high (greater than unity), the amount of
dispersion tends to be high (.5 to .7 degree), and the color fringes in the
polarization figure at the 45-degree position are strong. Columbite from
Gunnison County, Colorado, and from Great Slave Lake in Canada are
examples. Table 2 shows that both these specimens have high FeO:MnO
ratios, and Table 1 shows that they have strong dispersions. One ap-
parent exception is tantalite from the Old Mike pegmatite which has a
high FeO:MnO ratio of 2.43:1 as shown in Table 2, but has only an
intermediate dispersion. This discrepancy is explained, however, by the
high content of tin which presumably substitutes for manganese in the
sample. If the tin content is computed with manganese, the ratio (of
FeO:MnO++SnO:) becomes 1.2:1, and this figure is in agreement with
the intermediate dispersion.

When the ratio of FeO:MnO is low (less than unity), dispersion is cor-
respondingly weak (.2 to .4 degree) and color fringes in the polarization
figure are weak or absent. Specimen 51-27-1 from the Van der Made
Claim, Southwest Africa, is an excellent example. Table 2 shows that it
contains essentially no iron whatever but is rich in manganese, and
Table 1 records that it has essentially no dispersion. Samples in which
the FeO:MnO ratio is near unity have intermediate dispersions (.4 or .5
degree). The analyzed specimen from Tinton, South Dakota, has an
FeO:MnO ratio near unity, and an intermediate dispersion of .4 degree
is shown for the sample in Table 1.

An independent test of this relationship was carried out on additional
samples for which approximate analyses were available. It was possible
to select, on the basis of strength of dispersion alone, which of these
samples were FeO-rich and which wére high in MnO.

Additional samples of both iron and manganese varieties are being
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obtained and will be studied to substantiate this relationship further. It
seems probable that with additional data (especially using oil immersion)
an empirical scale can be set up that will make it possible to determine
the FeO:MnO ratio of a given sample from its amount of dispersion.

Conclustons

(a) The apparent angle of rotation does not vary significantly with
composition in the columbite-tantalite series.

() The amount of dispersion in the columbite-tantalite series appears
to vary with the FeO:MnO ratio. Additional samples, analyses and
measurements are required to substantiate the relationship.

(¢) Comparison of chemical analyses and specific gravities clearly
shows that specific gravity alone can be used only in a general way to
place a given sample in the columbite-tantalite series, because both
FeO:MnO and Cby0s: Ta,0; ratios affect the specific gravity.

Yitrotantalile

Two specimens of yttrotantalite were obtained and studied. Optically
both are noticeably different from normal tantalite. They are isotropic
or very weakly anisotropic, and neither sample shows the degree of aniso-
tropism common to normal tantalite. Internal reflections are much
stronger than those usually encountered in tantalite and they interfere
drastically with the determination of rotation properties.

It was suspected that both crystals were partially, or wholly, metamict
in nature and perhaps radioactive. Tests with a simple Geiger counter
showed that both samples are strongly radioactive. X-ray diffraction
powder patterns of both specimens, in general, match that of yttrotanta-
lite. In both cases, however, there are broad diffuse bands instead of
sharp lines. This suggests a partial breakdown of the crystal structure.

An analysis of one of the samples was subsequently obtained and is
given in Table 2. It reveals appreciable amounts of yttrium, rare-earths
and uranium, thus accounting for the radioactivity and metamict prop-
erties. In polished surface the specimen is notably impure and contains
tiny inclusions of other unidentified minerals. Whether these mineral
impurities contain the radioactive elements disclosed by the analysis is
not known.

No general conclusions are justified on the basis of the two specimens
studied, but it appears that the yttrotantalite is partially metamict as
indicated by Dana (9, p. 763). This could result normally from the pres-
ence of the rare-earth elements and uranium that are present in the
sample. The metamict condition would explain the isotropism of the
specimens in reflected light.
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Bismutotantalite and Stibiotanialile

A single sample of each of these minerals was obtained and studied.
Microscopic examination showed that both are impure and contain vary-
ing amounts of an unidentified mineral that appears to replace them
along cracks and fissures. Stibiotantalite is semi-transparent and is
softer than normal tantalite with stronger internal reflections, lower
anisotropism and stronger dispersion. Bismutotantalite also is softer and
has lower anisotropism and stronger internal reflections than tantalite.
Thus stibiotantalite and bismutotantalite are similar to each other in
optical properties in reflected light, and Dana (8, p. 697) states that for
bismutotantalite, “angles show similarity to those of stibiotantalite.”
Since the antimony variety is semi-transparent, oriented thin sections
must be prepared for the determination of its optical properties in trans-
mitted light.

X-ray diffraction powder photographs of both samples were taken.
The specimen of stibiotantalite gives a pattern that matches the
A.S.T.M. index card for that mineral. No card is available for bismuto-
tantalite, but its pattern resembles the pattern of stibiotantalite more
closely than it does the pattern of normal tantalite. The similarity in
x-ray patterns is also reported by Dana (9, p. 770). For the two speci-
mens studied, the resemblance between x-ray powder patterns was es-
pecially close with regard to the positions of the strong lines. Weaker
lines in the bismutotantalite pattern were closer in position to the cor-
responding lines of normal tantalite. The crystal structure of stibiotanta-
lite is known (10; 20, p. 227), and is different from that of normal tanta-
lite (2; 22). In bismutotantalite, as in stibiotantalite, a trivalent cation
takes the place of the bivalent iron and manganese cations found in
normal tantalite. In view of this fact and of the observations given
above, it seems likely that bismutotantalite is very similar in crystal
structure to stibiotantalite. It is evident, however, that additional studies
of the varieties containing the trivalent cations are needed.

M anganotantalite

Two samples designated as manganotantalite from West Australia
were secured and investigated. Their optical and rotation properties,
as well as their x-ray diffraction powder photographs are similar to those
of the ordinary columbite-tantalites studied. It is interesting to note
that in these two samples dispersion of the apparent angle of rotation is
weak as shown in Table 1. Although no analyses of these samples are
available, the weak dispersion is in accordance with a high manganese
content (or low FeO:MnO ratio), and therefore supports the designa-
tion of these specimens as manganotantalites.
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MossiTE-TAPIOLITE
Methods and Scope of the I nvestigation

It was desired to investigate the optical properties of the mossite-
tapiolite series in a manner similar to that outlined for the columbite-
tantalite series. Unfortunately very few specimens of the tetragonal
series were available. Only three proven samples were obtained, but one
other, from the Old Mike pegmatite, has optical properties that warrant
its assignment to this group. The rotation properties of these specimens
were determined and are summarized in Table 3.

TaBLE 3. ROTATION PROPERTIES OF SoME TAPIOLITES

o | — —_— _—_———-f_—_:_ —
Univ, | ‘ | | 4 |
‘IZ‘?‘ Mineral Locality SG. | DR |— ——| B4, g]f:‘"“?f
= Red White Blue ‘ s
No. |
B.B. 4 Tapiolite | Best Bet Pegmatite, -— ess.nil. | 2,0 2.7 1.6 | r>v, | 1.3
Drever Lake, N.W T, strong
Canada
Peg. M-3 | Tapiolite | Peg Tantalum Mines, — ess.nil | 2.0 1.8 9| r>a, 143
Ross Lake, N W.T, strong
Canada .
49-11-13 | Tapiolite | Old Mike Pegmatite,* - ess. nil 1&g 1.5 7 >0, n.d
Custer County, strong
South Dakota ‘
|
50-53-1 Tapiolite | Peg Tantalum Mines,t | 7.550 | ess. nil 1.9 . B r>e, 1.1
Ross Lake, N.-W.T., strong
Canada

* This tapiolite occurs as inclusions in tantalite.
t Indicates specimen has been analyzed and is listed in Table 2.

One of the samples was analyzed, and its composition as shown in
Table 2 indicates that it is a tapiolite. Another of the samples studied
consists of inclusions in the specimen of tantalite from the Old Mike
pegmatite. Inasmuch as the host tantalite has a low Cby0;: Ta,0; ratio
(Table 2) it seems likely that the inclusions (if they could-be analyzed)
would also prove to be -tantalum-rich. The composition of the other two
specimens is not known. Thus it is evident that the writer is in no posi-
tion to discuss the relation between optical properties and composition
in the mossite-tapiolite series, but the results of the limited studies are
briefly presented.

The search for specimens of the mossite-tapiolite series, together with
#-ray work on available samples and a study of the literature, led, how-
ever, to a critical examination of the relationship between the tetragonal
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mossite-tapiolite series and the orthorhombic columbite-tantalite series.
Certain aspects of this subject are of interest and are discussed below.

Rotation Properlies
(@) Distinction of Mossite-Tapiolite from Columbite-Tantalite

Polarization figures and rotation properties offer a simple, quick and
effective technique for distinguishing between tapiolite and columbite-
tantalite in polished surfaces. Previously the similarity of the two min-
erals has made their distinction a matter of extreme difficulty. The
physical and chemical properties of the two minerals are almost identical,
and x-ray work on small impure grains in polished surfaces is difficult.
The two minerals can be rapidly distinguished, however, by their rota-
tion properties and relative reflectivities (Table 4).

() Angle of Rotation and Dispersion

Significant and measurable differences in the apparent angle of rota-
tion in air were found for the various specimens of tapiolite. The values
of the angle recorded in Table 3 range from 1.7 to 2.9 degrees. Variations
in the strength of dispersion similar to those described for columbite-
tantalite have also been encountered. Tapiolite from Ross Lake, North-
west Territories, and from the Old Mike pegmatite have strong blue and
pink color fringes in their polarization figures at the 45-degree position.
Tapiolite from Drever Lake in the Northwest Territories has blue and
yellow color fringes.

Although it is impossible at present to relate the variations in rotation
angles and dispersion to changing composition in the mossite-tapiolite
series, it is interesting to note that those tapiolites that occur in iron-rich
tantalite have high dispersion. Strength of digpersion may be related to
the FeO:MnO ratio. Investigations using x-ray diffraction precession
photographs of tapiolite from Ross Lake, Northwest Territories, have
shown that this material (specimen 50-53-1, Tables 2 and 3) 1s disordered
and has a rutile structure. Goldschmidt reported (13, p. 17; 14) that
tapiolite is ordered, with tri-rutile structure and a superlattice. Thus it
seems that there are two distinct forms of the tetragonal mineral tapio-
lite, and the observed variation in optical properties may be related to
the degree of ordering.

Relationship between the Orthorhombic Columbite-Tanlalite Series and the
Tetragonal Mossite-Tapiolite Series

In the Ta-rich tantalites examined from the Old Mike pegmatite and
from the Etta Mine, inclusions of tetragonal mossite-tapiolite were
found; but inclusions belonging to the tetragonal series were never dis-
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TABLE 4. ROTATION PROPERTIES OF MINERALS

,\,i
|

Mineral

Hematite

Rutile

Ilmenite

Tapiolite

Columbite-

tantalite

Euxenite

Cassiterite

Ferberite

Monazite

Zircon

covered in any of the numerous Cb-rich columbites. Columbium is a
much more abundant element than tantalum (19, pp. 604-603) and this
is reflected in the fact that columbite is much more abundant than
tantalite. By the same standard mossite should be much commoner than
tapiolite. This is not the case. Dana (9, p. 775) lists only two occur-
rences of mossite. The first of these was described by Brogger (3) and is
the original material from Moss, near Obstfold, Norway, from which the
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mineral takes its name. The analysis of this specimen given in Dana’s
table (9, p. 776) shows only combined columbium-tantalum content, A
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red and very weak) | blue concave, pink convex but this weak
and possibly due to internal reflections
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figure unobtainable, internal reflections
flood field
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figure unobtainable, internal reflections
flood field
1

figure unobtainable, internal reflec-
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later analysis of this material in 1906 (23) revealed a TasOs content of
5297, and a Ch.Os content of 319, This material is therefore tantalum-
rich and should properly be called tapiolite. Schaller believed (21, p. 16)
that the mineral name mossite proposed by Brogger for this specimen
should be dropped because the sample is a columbic tapiolite. The second
sample listed by Dana is a “mangano-mossite’’ from West Australia and
it is described (9, p. 776) as doubtful, and possibly a columbite.

All these features lead one to question the existence of mossite and of a
complete tetragonal mossite-tapiolite series. The suggestion is ad-
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vanced here that there may he no complete tetragonal series of composi-
tion (Fe.'.’\-ln)CbgOg-(Fe,Mu)'l’agOg but only an orthorhombic series. In
the high tantalum ranges, the orthorhombic form may revert to tetrag-
onal symmetry in the mineral tapiolite. This would explain the anoma-
lous features described above including the absence of mossite inclusions
in columbite and the over-all rarity of mossite despite the relative abun-
dance of columbium,

Dana stated (9, P- 776) that it has not been established that the
natural tetragonal series extends to 3 high columbium member. Brandt
(2, p. 6) reported that if a mineral analysis gives more than 25 atom per
cent of columbium, a columbite phase must exist. She further stated
that if larger amounts of tantalum are found in an iron-manganese
mineral either orthorhombic or tetragonal compounds can be formed.
Apparently synthesis of the high tantalum members can vield either
tetragonal tapiolite or orthorhombic tantalite, but at the high columbium
end only an orthorhombic member has been obtained. This lends sup-
port to our hypothesis which is also in accordance with the geologic oc-
currence of columbite, tantalite and tapiolite. Columbite forms early in
pegmatites while tantalite and tapiolite are later (7, pp. 69 and 99), This
may be explained by the greater relative abundance of columbium,
which, in the course of differentiation, causes the early crystallization
of columbium-rich compounds. Tantalum becomes enriched to the point
of crystallization at a later time and results in the formation of tantalite
or (because of the enrichment in tantalum relative to columbium)
tapiolite.

Polymor phism

The cause of polymorphism in the proposed columbite-tantalite-
tapiolite series is not now understood. Order-disorder cannot be the
solution as it would mean that tapiolite (the higher symmetry and sup-
posedly disordered form) would be early while tantalite (the low sym-
metry and ordered form) would be late. This is the reverse of the geo-
logic occurrence of these minerals In pegmatites. It is also known that a
superlattice is present in some tapiolite (24, p. 17; 13, p. 17) and this
indicates that it is, in fact, an ordered structure and finally rules out
order-disorder as a cause of polymorphism.

If the radius ratio of the quinquevalent columbium and tantalum ions
to the oxygen ion fell on the borderline between two different co-ordina-
tion ranges, the small size difference of the columbium and tantalum
ions might cause a change of symmetry in the Ta-rich range. In actual
fact, however, the radius ratio (of quinquevalent columbium and tan-
talum ions to the oxygen ion) lie centrally in the octahedral co-ordination
range.
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It may be significant that tapiolite has a tri-rutile or rutile structure
based on the mineral rutile while columbite-tantalite is based on the
brookite structure (2, p. 4; 13; 17) The cause of polymorphism in tapio-
Jite-tantalite may be similar, or comparable, to the cause in the case of
rutile-brookite but this has not been determined. Heating and cooling
experiments to determine whether orthorhombic tantalite can be con-
verted to tetragonal tapiolite at high temperatures, and vice versa,
would be of interest in studying the polymorphic relationships. Addi-
tional syntheses of the columbite-tantalite-tapiolite minerals would
also be of value.

Summary and Conclusions

(¢) Tapiolite can be distinguished quickly and readily from the colum-
bite-tantalites in polished surfaces by the use of polarization figures and
rotation properties.

(b) The apparent angle of rotation varies significantly in the different
specimens of tapiolite studied. This variation may be related to composi-
tional differences or to the degree of ordering.

(¢) Strength of dispersion also varies in the different tapiolites studied.
This variation may be related to varying FeO:MnO ratios in the speci-
mens investigated.

(d) The existence of the mineral mossite, and of a complete tetragonal
mossite-tapiolite series is questioned. It is proposed that only a single
series of composition (Fe,Mn)CbyOe-(Fe,Mn)Tas0s occurs in nature and
includes the minerals columbite, tantalite and tapiolite. This proposal
is an hypothesis only, and should be critically examined in the light of
further information.

(¢) The cause of polymorphism in tantalite-tapiolite is not understood.
Additional work, including heating and cooling and synthesis experi-
ments, is needed to determine the cause of the dimorphic relationship.

(f) A second distinct form of tapiolite was encountered in this study.
Goldschmidt previously described (13, p. 17) an ordered form with tri-
rutile structure and a superlattice. The analyzed specimen from Ross
Lake, however, is a disordered form with rutile structure. The relation-
ship between degree of ordering and optical properties needs further in-
vestigation.

JLMENORUTILE
General Statement

The name ilmenorutile was orginally proposed by Koksharov (16, pp.
352-355) for what he called “a new variety of rutile.”” Later analyses
apparently showed that this material contained appreciable columbium
and minor tantalum. Dana (9, p. 558) described ilmenorutile as colum-
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bian rutile, and this is the accepted definition at the present time.

A number of specimens believed to be ilmenorutile were obtained and
studied. The first two samples received were crystals from M’ba, French
Cameroons and from the Tonkolili District, Sierra Leone. Oriented
polished surfaces of these crystals were prepared. Subsequently twenty
additional sand samples from pits alongside streams, also from Sierra
Leone, were obtained. These were believed to contain ilmenorutile and
polished surfaces of them were prepared. The results of the studies of
these materials to date are presented below.

Observations and Discussion

The crystals from M’ba, French Cameroons and from the Tonkolili
District of Sierra Leone proved to be complex, intricate intergrowths of
columbite and rutile. Tdentification of the constituent minerals was first
accomplished using rotation properties and polarization figures on
polished surfaces. The identification was later substantiated by means of
a-ray diffraction powder photographs. The x-ray patterns obtained
showed strong rutile lines and weak columbite lines. There was no ap-
parent shift in position of the rutile lines (from the pattern of “normal”
rutile) of the kind often resulting from substitutional solid solution.

Examination of a number of the concentrates in polished surfaces
revealed that the non-magnetic portion of each sample! also contained
some mineral grains that are intergrowths of columbite and rutile. These
intergrowths, therefore, account for at least part of the columbium con-
tent of these specimens. In addition to the intergrowths, each non-
magnetic fraction contains numerous grains of homogeneous rutile.

From one of the non-magnetic samples of concentrates, several grains
were selected, and individual #-ray diffraction powder photographs of
these grains were taken. These photographs showed that there was no
visible shift of the rutile lines between a grain of pure rutile and a grain
containing the intergrowth of columbite and rutile. In both cases the
rutile lines agreed with the 4.5.7.M. index card for normal rutile and
with the pattern of a different check sample of our own rutile. This is,
at best, a rough experiment but it indicates that little columbium is
contained in solid solution in either the homogeneous rutile grain, or in
the grain of rutile that has the columbite intergrowth. If columbium
is present in the rutile, it is in insufficient amounts to cause a shift in
position of the lines of the rutile powder pattern.

Data at hand, therefore, suggest that ilmenorutile as a distinct min-

! Each of the concentrate specimens had been divided into magnetic and non-magnetic
fractions.
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eral is not present in the material studied, but only intergrowths of
columbite with ordinary rutile. This fact raises some doubt about the
existence of ilmenorutile as an independent mineral, and led the writer
to an examination of the literature in this regard.

Prior (18, pp. 88-89) concluded that striiverite was an independent
mineral and was related to ilmenorutile. He considered striiverite from
Italy to be a solid solution of the tapiolite molecule with the rutile
molecule. He also believed that ilmenorutiles from Norway and Russia
were solid solutions of the mossite molecule with rutile. His conclusions
and formulae, however, were based on chemical analyses and thus do not
take into account the possibility of mineral intergrowths.

Schaller (21, p. 38) stated that ilmenorutile was a distinct mineral
subspecies of rutile in which Fe, Cb and Ta were present in isomorphous
mixtures. This conclusion also was based on chemical analyses, and like-
wise does not allow for the presence of fine mineral intergrowths.

A more recent article in a bulletin of the Imperial Institule of London
(15) described ilmenorutile from the Tonkolili District of Sierra Leone
as a distinct columbium-bearing variety of rutile. The optical proper-
ties of the specimen in transmitted light are discussed, but the sample
was not apparently examined in reflected light or by x-ray diffraction
methods. All our specimens from this area contain the intergrowth of
columbite and rutile.

X-ray information concerning the mineral ilmenorutile is scarce.
Wyckoff (24, p. 17) indicated that columbium is present in ilmenorutile
in solid solution and is disordered. Ando and Nitta published the results
(1) of some x-ray studies of Japanese ilmenorutile but their article was
not available to the writer. Hence the results of their investigation are not
considered here.

The nature of the intergrowth in the samples studied is of interest.
In the two crystalline specimens of ilmenorutile the following features
were observed.

(1). Rutile is invariably the more abundant component of the inter-
growth and constitutes the host mineral. For this reason the intergrowth
may be described as columbite in rutile.

(2). Grains and blebs of columbite are of irregular shape and have
various orientations, but are rather evenly distributed throughout the
host crystals of rutile.

In the samples of concentrates, the following features have been noted.

(1). Rutile is invariably the more abundant component of the inter-
growth and constitutes the host mineral.

(2). The orientation of intergrown columbite grains varies in a single
grain of rutile, so far as can be determined.
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(3). The size of the intergrown columbite grains varies in a single
grain of the host from tiny to large (relative to the size of the host grain),

(4). The shape of Intergrown columbite grains is extremely irregular.

(5). The distribution of columbite intergrowths varies within a
single rutile grain. Portions of one rutile grain may contain more colum-
bite than other portions.

(6). Columbite intergrowths generally occur in the more cracked and
pitted grains of rutile. Perfect unpitted and unfractured grains of rutile
tend to be homogeneous and lack columbite intergrowths. This is a
generalization and exceptions were encountered. Whether the imper-
fections are earlier or later than the intergrowth is not known.

The origin of the intergrowth is yet another problem. No information
is available to the writer concerning the geologic occurrence of the
ilmenorutile studied from M ’ba, French Cameroons. The specimens from
the Tonkolili District of Sierra Leone are reported to occur in alluvial
stream gravels (15). The following information concerning the possible
derivation of the ilmenorutile has been summarized from additional
references (4; 11; 12).

The streams in which the alluvium is found drain an area of crystal-
line rocks, including various granites and a belt of schists and migmatites.
Ilmenorutile is thought to occur in sugary quartz veins, in different kinds
of medium- and coarse-grained granite, near migmatitic fringes of the
schist belt. It may also occur in pegmatites. Unfortunately this informa-
tion is not of direct aid in understanding the origin of the intergrowth.

The laboratory findings are, likewise, inconclusive. The irregular
physical characteristics of the intergrowth are unlike those of many other
intergrowths of unmixed origin. If unmixing is the answer, then we would
expect to find some content of columbium still in solid solution in rutile
from grains showing the intergrowth. Present x-ray experiments do not
indicate that this is the case, but more detailed x-ray studies are essen-
tial. Thus the observations to date do not seem to support an unmixing
origin but it may be argued that they do not exclude it entirely.

Other possible explanations would be that the intergrowth is of re-
placement origin, or that it is the result of simultaneous (eutectic)
crystallization. Observation (1) above would satisfy either of these pos-
sibilities. Replacement of rutile by minor amounts of columbite could
result in this feature, but so could eutectic crystallization. The fact that
some grains of rutile contain the intergrowth, whereas others are homo-
geneous could also be due either to replacement or to eutectic crystalliza-
tion where rutile was the initial pure phase to ¢fystallize. Observation
(6) above would support a replacement origin only if we could be cer-
tain that it is a causative feature. ‘
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Conclusions

(¢) In the specimens studied, ilmenorutile is not an independent
mineral but is an intergrowth of two distinct mineral phases, namely
columbite and rutile.

(6) The origin of the observed intergrowth is not known. Unmixing
seems unlikely to be the answer but is not excluded. Either replacement
or eutectic crystallization could also account for the observed features.

(¢) Further work is needed to determine whether ilmenorutile occurs
as an independent mineral in nature, and to determine the origin of the
intergrowth.

OPrTICAL PROPERTIES OF MINERALS ASSOCIATED WITH COLUMBIUM-
TANTALUM MINERALS

General discussion

During the course of the optical investigations of columbium-tantalum
minerals it became apparent that the distinction of these minerals from
certain of their common associates was a problem. It was decided to in-
vestigate the optic properies of these minerals, and especially their
rotation properties, in the hope that the problem could be simplified.
The minerals investigated, in addition to columbite, tantalite and tapio-
lite were hematite, ilmenite, rutile, cassiterite, euxenite, monazite, zircon
and ferberite.

Some of the optical properties of these minerals, including their ap-
parent angles of rotation in air, dispersions and relative reflectivities
have been determined and are summarized in Table 4. Since most of
these minerals are known to vary in composition, the data given apply
only to the specific material studied. Additional data for other composi-
tional members may later be found to modify or extend the range of
properties given. Nevertheless, it was found that the properties so far
measured and recorded are extremely valuable in the distinction and
identification of the various oxides. They permit simple and rapid iden-
tification in polished surfaces, and are of special value where work with
mixtures of the minerals is involved.
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