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ULVOSPINEL-MAGNETITE INTERGROWTH'
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ABSTRACT

Chemical analysis, x-ray diffraction, and electron microscopy have been used to
determine the composition and microtexture of an ulvéspinel-magnetite intergrowth
in titaniferous iron ore from Rouville County, Quebec. The composition of the ulvispinel
is estimated to be (Mg poFcass) (Fer oo 711ALn.26)05.00. It has a spinel-type structure
with @ = 8.460 A. Electron micrographs show an exsolution texture consisting of
pleonaste lamellae and magnetite cubes in an ulvéspinel matrix. '

Introduction

During the course of routine ore microscopy, a shipment of titaniferous
iron ore from Yamaska Mouwttain, Rouville County, Quebec, was
examined. According to this examination the principal metallic mineral
appeared to be maguetite, with ilmenite as a minor constituent. Gangue
minerals were identified as apatite, augite, and biotite. Since the magne-
tite and ilmenite were not closely intergrown, it was inferred that they
should be ecasily separated, and therefore that a titanium-free magnetite
concentrate should be practicable. A series of ore dressing tests, how-
ever, failed to produce a low-titanium magnetic concentrate, the best
one containing about 189, TiO. It was evident, therefore, that the
mineralogy was not as simple as had at first appeared.

X-Ray Diffraction

Debye-Scherrer x-ray diffraction patterns were obtained from the
magnetic concentrate and from magnetite grains gouged from the
polished sections. Iron-filtered cobalt radiation (Ka = 1.78890 A) and
a large camera (114.6 mm. diameter) were used. The x-ray diffraction
patterns confirmed the presence of magnetite, but they also revealed
doubling of the lines in the middle and back reflection regions (Fig. 1),
indicating the presence of two phases, cach with a spinel-type structure.
The lattice constants of the two phases, a = 8.401 A and 8.460 A, were
calculated from the powder patterns using Straumanis’ method of
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total number of metal atoms to 24, the number of di-and trivalent atoms
in the unit cell of a spinel-type compound. The weight of the unit cell
is obtained by multiplying the number of atoms of each element (unit
cell contents) by the atomic weight of the elements and adding these
products, resulting in a value of 1629.7.

The preceding calculations can be checked by determining the weight
of the unit cell by another method, using the volume of the unit cell and
the specific gravity of the mineral. The formula used is M = Vp/1.6604
where V is the volume of the unit cell in Angstrom units and p is the
density of the mineral. The cell edge of the ulvospinel has been noted
previously as being 8.460, so the volume of the unit cell is simply
(8.460)3. The density of ulvéspinel, as noted earlier, is 4.34 g/cc. Using
these figures, M is calculated to be 1583. This value is about 3%, lower
than that given in Table 2, but the agreement is considered to be satis-
factory, in view of the assumptions made in calculating the composition.

It is not known how the 24 metal atoms are distributed among the
A and B positions in the spinel unit cell AsByOs. In the case of divalent
and trivalent atoms, the distribution of the metals appears to be
A+2B,H0,, as in MgAlLOs. If, in the case of ulvispinel, magnesium is
considered to be divalent, aluminum and titanium trivalent, and the
iron is distributed between the A and B positions to yield the required
1: 2 ratio of divalent to trivalent atoms, the formula of the ulvospinel
is (Mg;s2Feqss) (FesaaTis nAlz 05)Os1.15. By dividing through by 8 to obtain
the ABzOg formula, it becomes (ngo_uFeo‘ss)(Fel.os’rio.n'—‘Alo.ge)03.90. An
alternative way of considering the composition is as a solid solution
between two end members: A*+2(Tit4A4+2)Oy, where an electron transfer
between two adjacent B+3 ions results in a (Ti**4*?%) combination with-
out structural change, and A+2B;**0y. The A4 positions would be occupied
by divalent magnesium and iron, and the B positions by trivalent
aluminum and iron. This assumes that the titanium in the mineral has
a valency of 4 and requires most of the iron to be divalent rather than
trivalent. The coordination of the cations would be the same as express-
ed by the chemical formula given above, however.

This formula is offered as a solution to the ulvéspinel composition,
but the final evaluation of the valence states of the ions is outside the
scope of this paper.

Discussion

The magnetite-ulvospinel-pleonaste intergrowth is very likely the
result of exsolution from an original spinel solid solution. That this
intergrowth is not the result of replacement is evident from the uniformity
of the intergrowth up to the margins of the grains (Fig. 6). The pleonaste
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probably exsolved first since the exsolution bodies are in general much
larger than those of the magnetite. A possible reason for this is that the
cell constant of the pleonaste (8.080 A) is quite different from those of
magnetite (8.401 A) and ulvéspinel (8.460 A), which may make this
component the least stable one in a solid solution of these three members.-
The pleonaste Jamellae probably served as nucleii for the crystallization
of the magnetite, and triggered the formation of magnetite crystals
nearby, giving rise to the magnetite rim around the lamellae and. the
coarse magnetite crystals in the immediate vicinity of the lamellae, in
contrast to the finer-grained crystals a short distance away (Fig. 3).

Homogenization of the intergrowth is readily achieved by heating it
to about 1000°C. A powder pattern of a sample heated in vacuum to
this temperature revealed only one spinel-type compound with a lattice
constant of 8.438A, which is intermediate between that of the magnetite
(8.401 A) and ulvéspinel (8.460 A).

The occurrence of ulvéspinel as a matrix for exsolved magnetite crystals
as described in this paper, appears to be rather unusual, as Ramdohr
(1955) finds that the most common occurrence of this mineral is as
extremely fine networks in magnetite parallel to (100). The amount of
titanium present in the original spinel solid solution probably determines
which mineral forms the matrix and which one the crystallites. When
the titanium content is high, the ulvéspinel would be more likely to form
the matrix, as in the present case, whereas with a low titanium content,
magnetite would be more likely to form the matrix and ulvdspinel, the
crystallites.
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