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However, evidence (e.g. Thompson et al., 1984; 
Wolff, 1984) is gradually accumulating that such 
ratios may alter systematically during post- 
magmagenetic processes, generally as a result of 
crystal-liquid equilibria involving minor or acces- 
sory phases with non-chondrit ic element ratios. 
Clearly, crystallization of zirconolite could rapidly 
and progressively change the existing ratios of these 
element pairs in a melt with which it is in equi- 
librium. At Glen Dessarry, extreme and variable 
Zr /Hf ratios have been recorded (Fowler, 1985), 
particularly in pegmatites formed by filter pressing, 
which represent an evolved melt composition 
(Zr/Hf = 69.4 to less than 11.8). Since the Zr/Hf 
ratio in zirconolite from Glen Dessarry is relatively 
high (88.8), the low values for the whole-rock might 
record the previous extraction of zirconolite, while 
the high values might represent its accumulation. 
Thus zirconolite is another example to add to a 
rapidly increasing list of minor phases whose 
potential effects during crystal fractionation should 
not be overlooked in petrogenetic studies, especially 
of 'evolved' magma types. 

Acknowledgements. M.B.F. gratefully acknowledges 
receipt of an NERC Research Studentship and an 1851 
Research Fellowship. We thank Dr R. R. Harding for 
permission to reanalyse St. Kilda zirconolite and Dr P. 
Henderson for criticaI comments on an earlier draft. 

(1985) Ibid. 49, 1143 54. 
Fowler, M. B. (1981) Mineral. Ma9. 44, 443-8. 

(1985) Ph.D. thesis, University of London (unpubl.) 
327 pp. 

Frondel, J. W. (1975) Lunar Mineralogy, Wiley-Inter- 
science, New York. 323 pp. 

Harding, R. R., Merriman, R. J., and Nancarrow, P. H. A. 
(1982) Mineral. Mag. 46, 445 8. 

Henderson, P. (1982) Inorganic Geochemistry, Pergamon, 
Oxford. 323 pp. 

Kesson, S. E., Sinclair, W. J., and Ringwood, A. E. (1983) 
Nuc. Chem. Waste Manag. 4, 259-65. 

Mazzi, F., and Munno, R. (1983) Am. Mineral. 68, 262-76. 
Purtscheller, F., and Tessadri, R. (1985) Mineral. Mag. 49, 

523-9. 
Ringwood, A. E. (1985) Ibid. 49, 159-76. 
Thompson, R. N., Morrison, M. A., Hendry, G. L., and 

Parry, S. J. (1984) Phil. Trans. R. Soc. London, A310, 
549-90. 

Wakita, H., Rey, P., and Schmitt, R. A. (1971) Proc. 
Second Lunar Sci. Conf., Geochim. Cosmochim. Acta 
Suppl. 2 (2), 1319-29. 

Wark, D. A., Reid, A. F., Lovering J. F., and E1Goresy, A. 
(1973) Lunar Science IV (Abstr.) Lunar Sci. Inst., 
Houston, Texas, 764-6. 

White, T. J. (1984) Am. Mineral. 69, 1156 72. 
Williams, C. T. (1978) Contrib. Mineral. Petrol. 66, 

29-39. 
Wolff, J. A. (1984) Geochim. Cosmochim. Acta, 48, 1345-8. 
Wood, D. A., Tarney, J., Varet, J., Saunders, A. D., 

Bougault, H, Joron, J. L, Treuil, M., and Cann, J. R. 
(1979) Earth Planet. Sci. Lett. 42, 77 97. 

R E F E R E N C E S [Manuscript received 17 October 1985] 

Eby, G. N. (1975) Geochim. Cosmochim. Acta, 39, 
597 620. (~ Copyright the Mineralogical Society 

KEYWORDS: zirconolite, crystal liquid equilibria, REE, Glen Dessarry, Scotland. 

Department of  Geology, Imperial College, London S W 7  2BP 

Department o f  Mineralogy, British Museum (Natural History), 
London S W 7  5BD 

M. B. FOWLER 

C. T. WILLIAMS 

M I N E R A L O G I C A L  M A G A Z I N E ,  J U N E  1986, VOL. 50, PP. 328-31 

V-bearing derbylite from the Buca della Vena mine; 
Apuan Alps, Italy 

DERBYLITE is an iron, titanium, and ant imony 
oxide, first described by Hussak and Prior (1897). 
Derbylite has a closed-packed (....chh...) oxide 
structure (Moore and Araki, 1976) and has ideal 
crystal-chemical formula Fe~ +Ti 4 + Sb 3 + O1 aOH. 

Based on Moore and Araki's results, Mellini et al. 
(1983) interpreted the actual chemical data for 
derbylite by the formula r e  x ~  2+~re,,3+_ 2xll 3~.4++x;3o~3+ 
O13OH. Several chemical variants might result 
from substitution of suitable octahedral cations for 
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Fe and Ti, and of pseudo-tetrahedral cations for Sb. 
A possible case is realized in tomichite, Fe3+V] + 
Ti~+As3+O13OH, which is the vanadium and 
arsenic analogue of derbylite (Nickel and Grey, 
1979). In this communication new chemical data for 
vanadium-bearing derbylite are reported and the 
possible existence of a derbylite-tomachite solid 
solution is discussed. 

FIG. 1. SEM micrograph of V-rich derbylite (prismatic) 
and anatase (bipyramidal). 

The new specimens of V-bearing derbylite occur 
in the Buca della Vena mine, Apuan Alps, Italy. 
This is the same ore deposit from which V-free 
derbylite has already been reported (Mellini et al., 
1983). V-free derbylite and V-bearing derbylite are 
very easily distinguished by their different habits. 
Whereas V-free derbylite usually forms squat pris- 
matic crystals and twins consisting of two or three 
individuals, the V-bearing crystals show a more 
elongated prismatic habit (fig. 1). They are rather 
small in size, usually less than a millimetre long and 
always occur together with black bipyramidal 
anatase, and commonly with yellow prismatic 
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vanadinite and green platy stibivanite. A distinctive 
feature of V-bearing derbylite is the association 
with black anatase, metallic in lustre and showing 
an unusual { 113) bipyramidal form, together with 
dolomite crystals which are black owing to V- 
bearing derbylite and anatase inclusions. The X-ray 
powder diffraction patterns of V-free and V- 
bearing derbylite are virtually identical, owing to 
the close similarity of the unit-cell parameters. 
Table I gives the refined cell parameters, obtained 
by least squares fitting of the powder pattern; the 
accuracy is lower in the case of V-bearing derbylite, 
as these patterns were obtained using a Gandolfi 
camera. 

Qualitative analysis by energy dispersive X-ray 
spectrometry in a scanning electron microscope 
shows the presence of Ti, Fe, Sb, V, As, and minor, 
sporadic Cr; no other element with Z > 11 was 
detected. A quantitative wavelength-dispersive 
analysis was carried out using an ARL-SEMQ 
fully automated electron-microprobe analyser, 
with 15 kV accelerating voltage, and a beam 
diameter of approximately 5 #m. Natural ilmenite, 
synthetic AszS 3, metallic V, Sb, and Cr were used as 
standards. The raw data were corrected by the 
MAGIC IV program (Table II); possible inter- 
ference effects, as determined by complete analysis 
of the standard materials, were also taken into 
account. No significant chemical variations were 
found within the individual grains. The formulae 
for V-bearing derbylite were calculated assuming 
eight cations per unit-formula, with the Fe / + and 
Fe 3+ contents based on 13 (O) + (OH) (i.e. sum of 
cation charges = 27). The Fe z +/Fe 3+ ratio calcu- 
lated for V-bearing derbylite fits the  value we 
previously determined by analytical methods for 
V-free derbylite (Mellini et al., 1983) and supports 
the validity of our computational approach since 
similar FeZ+/Fe 3+ ratios would be expected for 
minerals formed under similar conditions. The four 
derbylite specimens have fairly similar Ti contents. 
The V content is variable, from 0 to 7.01 wt. %, and 
is negatively correlated with the Fe content. As may 
substitute for Sb. 

The crystal-chemical data for derbylite and 
tomichite can be plotted within a tetrahedron, 

Table I .  Unit cel l  parameters for derby]ite and tomichite 

a b c 

V-bearing derbylite 413 7.20(1) 14.32(i) 4.973(3) i04.3(i) 

V-bearing derbylite 560 7.14(I) 14.35(3) 4.97(I) 105.1(1) 

V-free derbylite 7.156(2) 14.354(4) 4.980(1) 104.69(2) 

Tomichite 7.119(3) 14.176(5) 4.992(2) 105.05(1) 
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Table I I .  Chemical analyses for derbylite and tomichite 

V-free V-bearing V-bearing V-bearing Tomichite 

derbylite derbylite derbylite derbylite (Nickel and 

(Mellini et 560 413 420 Grey,1979) 

al. 1983) 

TiO 2 40.20 

FeO 4.44 

Fe203 31.83 

V203 

Cr203 

Sb203 19.80 

As203 

H20 1.24 

97.51 

Ti 3.66 

Fe 2+ 0.45 

Fe 3+ 2 .90  

V 3+ 

Cr 3+ 

Sb 3+ 0 .99  

As 3+ 

N 1.00 

38.54 38.73 37.87 37.42 

4 .48  4.81 3.11 

31 . 63 27 . 50 28.09 11.39 

2 .00  4 .03 7.01 34.92 

0 .46  

18.11 18.96 18.40 t . 2 2  

1.55 1.05 0.24 11.31 

1.25 1.23 1.24 1.36 

97.56 96.31 97.42 97.83 

3.48 3.55 3.43 3.10 

0.45 0.49 0.31 

2.86 2.52 2 .52 0 .94 

0 .19  0 .39  0 .68 3 .08  

O. 04 

0 .90  0 .95  0 .96 0 .06  

0 .11 0 .08  0 .02  0 .76  

1 .00 1 .00 1.00 1.00 

defined by the Ti, Fe, V, and Sb contents. The 
distinction between As and Sb can be neglected for 
the sake of simplicity since As = 1 -  Sb indepen- 
dently of the other cations. This is equivalent to 
projecting the whole tetrahedral space on to the 
Ti-V-Fe face (fig. 2). The compositional space for 
the two minerals can be further restricted by 
imposing suitable boundary conditions such as 
charge balance. In particular, when derbylite 
and tomichite are represented by the formula 
F 2+A~t3+ Ti 4+ ""'-' " ' "  with M representing e x ~-~4-2x 3 + x ~ t J l 3  U - r l ,  

TI 

Fe2TI5 

Fe4TI 3 V4TI 3 

FIG. 2. Ternary compositional diagram for derbylite and 
chite: 1 V-free derbylite; 2, 3, 4 V-rich derbylite no. 

560,413,420; 5 tomichite. 

suitable octahedral cations such as Fe or V, and ~k 
representing As or Sb, charge balance requires 
O ~< x ~< 2. As a consequence, the compositional 
space is defined by the three end-member composi- 
tions Fe4Ti 3, V4Ti 3, and Fe2Tis. Any x displace- 
ment from Fe4Ti3 or VaTi 3 towards FezTi5 repre- 
sents also the bivalent cation content x and the 
trivalent cation content 4 - 2 x .  In such an ap- 
proach, holotype tomichite would not be an end- 
member, as still more V-rich compositions, 
approaching V4Ti 3, might be expected. The actual 
data for derbylite deviate from the nearest end- 
member, Fe4Wi3, in having excess Ti cations and a 
corresponding reduction of Fe 3 § to Fe 2 § Further- 
more, the data for derbylite do not cluster at any 
given point, but lie approximately along the tie-line 
that joins V-free derbylite and tomichite. At present 
there are too few analyses of derbylite and tomi- 
chite to confirm or refute the possibility of complete 
solid solution between them. However, it seems 
possible that, as more derbylite crystals are 
analysed, a wider compositional range may be 
found for this mineral. Comparable trends may also 
be expected around the holotype tomichite com- 
position. No crystal-chemical reason seems to 
hinder the complete occupancy of the composi- 
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tional space we defined and limits, if any, are 
probably to be found in the particular geochemical 
environment. 
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On the shapes of dissolved crystals 
DISSOLUTION often produces crystal morpho- 
logies quite different from those of growth. The 
normal (or pole) to a face on a growth form 
corresponds to a direction of slow growth. Despite 
statements to the contrary (Donaldson, 1985, quot- 
ing Bagdasarov et al., 1974), the same direction 
should also be one of slow etch; and if dissolution 
has proceeded far enough, a vertex may be expected. 
Thus (I) faces in growth become vertices in dissolu- 
tion. 

A vertex on a growth form, however, results from 
factors involving the growth rates of several dif- 
ferent crystallographic orientations, notably the 
normals to the three or more facets which meet at 
the vertex. The statement (II) that vertices on 
growth forms become faces in dissolution is not 
generally true. Donaldson (1985) is incorrect in 
suggesting that statements (I) and (II) are just 
different ways of saying the same thing. 

If (I) and (II) were both true--faces becoming 
vertices and vertices becoming faces--then growth 
and dissolution forms would be dual figures. For  
example, the eight faces of the octahedron would 
become the eight vertices of the cube, and the six 
octahedral vertices would become the six cube 
faces. This is seldom observed in practice. For  
example, natural diamonds of octahedral habit 
become rounded rhombic dodecahedra by geologi- 

cal dissolution (Moore and Lang, 1974). Here the 
propagation of kinks along (110) edges on {111} 
monolayers seems to be the shape-determining 
process. The twelve edges of the octahedron even- 
tuaUy become the twelve (rounded) faces of the 
dodecahedral dissolution body. The eight octa- 
hedral growth faces do indeed become eight of the 
vertices of the rhombic dodecahedron, but note 
that the six vertices of the octahedron remain as 
vertices for the dodecahedron. Growth and dissolu- 
tion forms are not necessarily dual figures (Moore, 
1973). 

Now the dual of the rhombic dodecahedron is 
the cubo-octahedron. Whilst it is true that the 
cubo-octahedron is a common growth form for 
synthetic diamond (Bovenkerk et al., 1959; Litvin 
and Butuzov, 1969; Strong and Wentorf, 1972), it is 
rare for natural diamond (Moore, 1979, and for a 
general review of diamond morphology see Moore, 
1985). When diamonds of combined cubic and 
octahedral habits are made in the laboratory, the 
relative development of the two forms can be varied 
by changing the temperature (Bovenkerk, 1961). 
The cubo-octahedron (of six square and eight 
triangular faces, and only twelve corners) is particu- 
larly favoured for sawing applications. This is a 
unique morphology between the cube and octa- 
hedron, in the middle of the spectrum of shapes 


