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},{ANGANOX{OSSITE RESTUDIED

C. OssonNlr Hutron, StanJord LIniz'ersity, Calif ornia'

- AlsrnLct

identical but strong patterns with numerous lines, although some diffuseness remains in

the high 20 regtron. This r-ray pattern may be indexed for an orthorhombic unit cell with

the following dimensions: a,:5.09 A, b":14'3t it, c":$'125 A, bttt it is not possible to

index the films on the basis of tetragonal symmetry. Autoradiographs show that zonary

distribution of radioactivity may or may not be present, but the mineral appears to be

free from radioactive centers or inclusions.

A complete analysis of the mineral after elimination of water leads to the formula:

(Mn, Fe, U, Th)3 s7(Nb, Ta, Ti)r srOx.

INrnooucuoN

some hesitation. At a slightly later date, it was reported by Spencer

(1925, p. 460) under the tit le of manganomossite in his "Tenth List of

New \'{ ineral Names." From that t ime unti l publication of the first

volume of the seventh edition of Dana's System of X{ineralogy the orig-

inal nomenclature was retained and accepted, but Palache, Berman, and

Frondel (1946, p. 776) and' Iater Hutchinson (1955, p. aas) clearly draw

attention to the doubtful status of the mineral in question. Finally in

"Minerals of Western Australia" (Simpson, 1952, p. 184) , the mineral

is l isted once more as manganomossite, but with the comment that it is

anomossite from Yinnietharra was secured. Upon completion of the work

recorded here wi th the maLer ia l  just  menl ioned,  a second specimen

labelled ,,manganomossite, W. Australia" was found in an old collection.

Whether this latter material is from Yinnietharra is quite uncertain' but
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Prrvsrcar- PnopBnrrBs

when crushed, manganomossite breaks into fragments bounded by
strikingly bri l l iant conchoidal fracture surfaces; this is characteristic of

crrcumstances reported by Arnott (1950, pp. 397_S) for euxenite.
Autoradiographs were prepared with polished sections of the two

specimens of manganomossite. The yinnietharra material exhibits a
weak but perfectly uniform distribution of radioactivity, and there are
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no indications of inclusions or highly radioactive centers. On the other
hand, the radiograph (Fig. 1) yielded by material from an unspecified
Western Australia locality clearly shows regular distribution of radioac-
tive matter. A distinct range of uranium and thorium content is evident
in the different zones, but there is no progressive increase or decrease in
radioactivity from center to periphery. A somewhat similar circumstance
has been reported by Heinrich and Giardini (1956, p. 1705) for columbite
from an unspecified locality in Canada.

Frc. 1. Autoradiograph of manganomossite (:columbite), from an unspecified locality
in Western Australia. Exposure time: 192 hours. Masnification: X5.5.

X-ney Dlre

The powder pattern yielded by untreated manganomossite exhibits
relatively few lines, and those that are found at angles greater than about
65" 20 are so faint and diffuse that accurate measurement is out of the
question. This pattern suggests that the mineral is in a metamict condi-
tion, and a single fragment, instead of a powder, was employed as dif-
fraction material to check this suggestion. rn the fi lm thus obtained, re-
flections at low 20 angles are distinct but not precise spots; at angles
greater than 65o 20, the reflections are so streaked out that imperfect
l ines or  arcs resul t .

When the mineral is heated in vacuo at 800o C. or at 1,200. C. for f;
hour, single fragments of the material so prepared are now found to yield
similar but much more precise reflections than before, although streak-
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ing out of spots into arcs is sti l l  quite evident above 90o 20.In the powder
pattern, the lines are much more precisely defined than in films yielded
by unheated manganomossite, except at high 2d angles, where bands up
to 2.0 mm. in width are found. Heat-treatment of this mineral at lower
temperatures and for a wide range of periods of t ime failed to produce
rriaterial that yielded films with greater sharpness in the back-reflection
regron.

X-ray diffraction powder patterns for unheated and heated man-
ganomossite are given in Table 1 together with a powder pattern of
tantalite from Quixeramobin, Ceart, Brazll. It wil l be noted that the
Iines yielded by the unheated material correspond in a general way
only with the stronger l ines found in the pattern for heat-treated
manganomossite. It is evident, however, that the former has slightly
Iarger cell dimensions than the heat-treated mineral;this is in conformity
with the data obtained by density determinations. The similarity of the
d-spacings for manganomossite and tantalite is clear, although a number
of fainter l ines yielded by the former are not matched in the tantalite
pattern.

The powder pattern of the recrystall ized mineral may be indexed on
the basis of orthorhombic, but not tetragonal, symmetry, and it has been
possible to determine the approximate unit cell dimensions. Calculated
and measured d-spacings conform reasonably u'ell up to about 62" 20,b\t
beyond that point, diffuseness of l ines has rendered measurements less
precise than is desirable, thus preventing refinement of dimensions.
Furthermore, without the benefit of single crystal photographs, the large
number of choices renders indexing of the larger 2d values less meaning-
ful. It wil l be noted that it has not been possible to index four l ines, ais.
+.62,3.30,3.10,  and 1.801,  and s ince f reedom from impur i t ies seems as-
sured by the care taken to prepare the samples studied, one is led to the
belief that heat-treatment may have produced a minute quantity of a
second, but as yet unidentif ied, phase. The unit cell dimensions deter-
m ined  l r om the  powder  pa t te rns  a re  as  l o l l ows :  d0 :5 .09A ,  r0 :14 . .31  A ,
c o - - 5 . 7 2 5  A ;  t h u s  a 0 t b s i c o : 0 . 3 5 5 :  1  : 0 . 3 9 3 ,  o r  o : b : c : 0 . 3 9 3 :  1 : 0 . 3 5 5  i f
the orientation of Schrauf (Palache, Berman, and Frondel, 1946, p. 780)
is adopted. These values are comparable to those recorded previously
for members of the columbite:tantalite series (Sturdivant, 1930, p. 89) ,
and therefore, there seems litt le doubt that manganomossite of Yinnie-
tharra, Western Australia is a member of this group of minerais.

CuBlrrcar Colrposrrros

A sample of nearly five grams was prepared for chemical analysis by
electromagnetic fractionation of material that had been crushed and
graded to give a particle-size range of 44-62 microns. The material sub-
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TLert 1. X-Rev DrrlnecrroN Dere ron TeNrlrrm nxo Cor,uMsrrr
(: MnNceNouossrrn)

Radiation: CuKa : 1.5418 A
Camera diameter: 114.59 mm.
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A: Tantalite; Quixeramobim, Cear6, Brazil (Tavora, 1955, table 1, p. 18). Nine d-spac-
ings listed by Tavora are omitted from Table I.

B: Manganomossite, Yinnietharra, Western Australia. Specimen is unheated,
C: As for B, but specimen has been heated in vacuo for t hour at 1,200" C.

(Continued on the ne::d page)
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Ttsrn 7-(Continueil)
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* About sixteen more lines are present in the film but thev are too broad and dilluse to
justify any attempt at measurement.

sequently analyzed was rejected at 0.29 amps. and attracted at 0.31
amps. when the Frantz separator was set with a longitudinal slope of
15o and a ti l t of 10o.

The analysis of manganomossite carried out by the author is reported
here (Table 2) with some reservations owing to the difficulties that were
encountered in the work. The methods employed involved, in the main,
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pyrosulphate fusion of the finely powdered mineral, and after separation
of iron etc., fractionation of niobium and tantalum by the tannin proce-
dure (Schoeller, 1937). Although iron is reported as Fe2+, this element was
determined as total iron in the ferric state, and titanium has been deter-
mined colorimetrically in a separate portion. Water given off above
105' C. was determined by the standard Penfield method.

The new analysis shows slight dif ierences from that made at an earlier

T,c.srn 2. Ax.tr,vsos ol Mexc.q.uouossrre, YTNNTTTHARRA,
WosrenN Ausrnlr,ra

Total No. of
Metal Atoms
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Formula: (Mn, Fe, U, Th)3 sz(Nb, Ta, Ti)r nnOl
A: Manganomossite, Yinnietharra, Western Australia. Anal. D. G. Murray (Bowley,

1923, p. 120). The analyst found SnOz to be absent.
B: Manganomossite, Yinnietharra, Western Australia Anal. C. Osborne Hutton. U

and Th were determined by Mr. Harry Levine, and that analyst's figure for U has
been recalculated by the author as UOr.

C: Analysis B, after elimination of water, has been recalculated to give a summation of
100, Mr. Levine's figures for U and Th exceptec.

D: Metal atoms, calculated from analysis C, on the basis of 24 atoms of oxygen to the
unit cell.

date by Murray (Bowley, 1923), notably in the higher ratios of Nb:Ta
and Fe:Mn in the former. Through the courtesy of Dr. Esper S. Larsen
3rd, very careful determinations of both uranium and thorium were made
by X,{r. Harry Levine on a split of the magnetically fractionated material
that was used for the full chemical analysis. Mr. Levine reported the
fo l lowing resul ts :  ThOr:0.059 per  cent ,  +0.001,  and U:0.86 per  cent ,
*0.02; these figures are averages of four and eight determinations re-
spectively.

The analysis in Table 2, column C, has been recalculated on the basis
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of 24 oxygens to give the numbers of metal ions in the unit cell (column
D), and owing to similar ionic sizes, Ua+ and Tha+ have been grouped
with Mn2+ and Fe2+, whereas Tia+ has been placed with Ta5+ and Nb5+.
When this is done, the ratio of A:B ions does not depart significantly
from the ratio of 4:8 required by the formula for members of the colum-
bite-tantalite series. The presence of a small amount of titanium and
uranium in the mineral described here might lead one to suspect the
presence of inclusions of samarskite, or other multiple oxides of Nb,
Ta, and Ti, similar to the circumstances described by Karunakaran
and Neelakantan (1948) or Grigoriev (1945) for columbite-samarskite
intergrowths from Nellore, India, and the Ilmen Mountains, Russia,
respectively. Ilowever, the r-ray difiraction data, autoradiographs, and
optical study would seem to discredit this idea, and, therefore, it is
believed that titanium, uranium, and thorium are all present as ions
in the structure of the Western Australia columbite. In this connec-
tion, it should be noted that the mineral described by Ellsworth (1926,
pp. 332-334) as toddite contains a high percentage of uranium (U
:9.65 per cent) and a minor amount of t itanium (TiOr:0.85 per
cent). Hey (1955, p. 225) and Palache, Berman and Frondel (1946, p.
786) suggest that this mineral is a mixture of columbite and perhaps,
euxenite, but it is the present writer's view that the low titanium con-
tent relative to uranium suggests that some mineral other then euxenite
may be a more probable contaminant; samarskite would seem to be a
much more likely possibility.

From the relationship, density:5.20+(0.03X70 TazO6) established
for the columbite-tantalite series, the mineral analyzed by the present
writer should have a density of about 6.38, compared to the values
6.39 calculated from unit cell dimensions and composition, and 6.32
determined experimentally for the heat-treated material. Furthermore,
according to the diagram of Hermann and Gastell ier (1946, p. 81) a
member of the columbite-tantalite series with 38.83 per cent TazOs
would be expected to have a density of 6.18-6.31, whereas the data of
Mathieu (ztid,e Herman and Gastellier, 1946, p. 81) suggest a figure of
6.24. The density for manganomossite recorded by Bowley is 6.21, pre-
sumably for unheated material, and since Murray's analysis lists an
insignificant amount of water, it is assumed that heat-treatment would
not alter this figure to any marked degree. Accordingly, a member of the
columbite-tantalite series with this density would be expected to have
approximately 33.66 per cent TazO5 compared to the figure of 44.54 per
cent reported by Bowley. Alternatively, if we assume that the percentage
of TazOr in Murray's analysis is correct, or nearly so, the corresponding
density would be close to 6.53. These anomalies cannot be clearly re-
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solved, but the data set out here suggest that the mineral'analyzed by

Murray may have contained a great deal more water than the amount
reported by him, that is, of course, assuming that his figures for tantalum

and niobium are correct or approximately so.

Nounrqcr,qrunB

Physical and chemical data presented here would clearly seem to in-

dicate that manganomossite from Yinnietharra, Western Australia is a

member of the columbite-tantalite series, and that it does not belong to

the tetragonal tapiolite-mossite group of minerals. Furthermore, the

mineral is metamict. In an earlier note on this mineral, and on the basis

of a preliminary determination of niobium by fluorescence analysis, the
writer (Hutton, 1957) defined this mineral as tantalite. This is incorrect,

since the chemical analysis reported here shows that niobium is in excess

of  tanta lum (molecular  rat io) ,  and s ince the rat io  Fe:Mn:  I .74:2.18,
neither of these elements is sufficiently dominant to require specific
mention in the mineral name Accordingly, the mineral previously called
manganomossite should be removed from that category, and referred to,

instead, as metamict columbite.
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