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SYNTHESIS OF CALCIOGADOLINITE

Juw Iro, Department of Geologi,cal Sc'iences, Haraard. Uniaersi,ty,
C ambrid, ge, M as s achus etts.t

Previous studies of synthetic gadolinite, Fe+2YzBezSizOro, by the
writer (1965 ,1966) have demonstrated that this mineral can form numer-
ous solid solution series involving the replacement of Fe2+ and Y3+ by
other divalent and trivalent metals respectively. The crystallographic
properties and chemical stabilities of the resulting synthetic phases were
also shown to vary systematically with the ionic radii of the elements
involved in these substitutions. These investigations have now been
extended to include the calciogadolinites.

Calciogadolinite, containing 11.9 weight percent CaO, was first de-
scribed by T. Nakai (1938) from the pegmatite of Tadachi, Nagano,

Japan. Nearly all other chemical analyses of natural gadolinite similarly
report CaO in amounts that commonly range up to 3 weight percent
(Dana, 1892), (Nagashima, 1960). The role of this calcium remained un-
certain because of the possibil i ty of admixed impurit ies in the samples
analyzed and the unknown extent to which calcium could be incorporated
into the gadolinite structure. The fact that the calcium reported in these
analyses is frequently accompanied by ferric iron in an approximately
1: 1 mole ratio, however, does suggest the presence of a solid solution
series involving the partial replacement of Y3+ by Ca2+ with valence com-
pensation being achieved by the concomitant substitution of Fe3+ for
Fe2+ according to the general formula (Fer-x2+Fex3+) (Yr-xCax)Be:SizOro.
The calcium-rich end member of this series should contain a maximum
of 13.38 weight percent CaO. Such calciogadolinite and several of its
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analogues have been synthesized and characterized in the present work.
The synthesis of iron calciogadolinites having the formulas

Fe3+CaYBe:rSizOro and Fe3+CaLaBezSizOro was achieved by using slight
modifications of the method previously described by the writer (1965).
In addition, an iron free, gall ium calciogadolinite having the formula
GaCaYBezSirOro was similarly obtained but attempts to replace the
iron in calciogadolinite by Cr+3, Al3+ and Sc3+ failed. Attempts to replace
yttrium in ferrous gadolinite by scandium also proved unsuccessful.

The synthesis of the calciogadolinites consisted of heating silicate gels
containing the necessary elements in their stoichiometric proportions at
a temperature of 1150oC for a period of 20 hours in air. Unlike acid
insoluble sil ica gels that have conventionally been used as starting mate-
rials, the starting material used in the present study consisted of the far
more reactive and homogeneous acid soluble silicote gels. These gels were
prepared by adding NH4OH to slightly acidic, 150 ml solutions contain-
ing 1.0 mill imole of ferric nitrate (or gall ium chloride) and yttrium chlor-
ide (or lanthanum chloride) plus 2.0 mill imole of beryll ium nitrate,
sodium sii icate and calcium nitrate. The pH of the solution was adjusted
to a value of 10.0 by adding excess NHaOH. The resulting gelatinous
precipitate was centrifuged, washed with disti l led water, oven dried at
110"C and then pulverized into a fine powder. The one mill imole excess
calcium used in this procedure was added to compensate for its incom-
plete precipitation by NH+OH. Partial chemical analysis of the gels
produced showed that they contained the desired elements in their
stoichiometric proportions.

The identification and chalacterization of the synthetic calciogadoli-
nite were accomplished by X-ray diffraction and optical techniques and
by partial chemical analysis. Optically, the successfully synthesized
phase was seen to approximate 90 percent of the total reaction product.
The ferric calciogadolinite occurred as aggregates of l ight brown, trans-
parent crystals. The gall ium calciogadolinite also occurred as small,
transparent but colorless crvstals.

Precise determinations of the refractive indices of these phases could
not be made because of their small particle size. Their mean indices of
refraction, however, all occurred in the range 1.75 1.80. X-ray diffrac-
tion patterns of the synthetic calciogadolinites were obtained with a
difiractometer using Cu radiation and a nickel f i l ter. These patterns all
closely corresponded to those of natural gadolinite although they did
contain several extraneous peaks due to the minor impurit ies present
such as lessingite and abukumalite. Table 1 l ists the indexed d values,
unit cell constants and B angles calculated on the basis of the crystal
Iattice by Ito and Mori (1952).
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A11 at 1150"C, 1 atm, 20 hrs.

The results of the present work have been combined with those ob-
tained from the writer's previous study of synthetic gadolinite (1965) and
are summarized in Figure 1. This figure i l lustrates the great variety of
elements that can isomorphously replace Fe2+ and Y3+ in the gadolinite
structure. Natural gadolinite has long been recognized as a non-selective
rare earth mineral due to the ability of its Y3+ sites to accommodate all 15
trivalent lanthanide elements in their natural proportions (Goldschmidt
and Thomassen, 1924). In addition to confirming the flexibil i ty of the
Y3+ site, these investigations of synthetic gadolinite have shown that
the Fe2+ position in this mineral is also extremely flexible. As shown in
Figure 1, ferrous iron can be completely replaced by divalent Cd, Mn,
Cu, Zn, Co, Ni, Mg and by trivalent Fe and Ga. AIso, the successful
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I'rc. 1. Region of chemical stability of gadolinite in terms of the ionic radii of the di-

valent cations and rare earths occupying sites in the gadolinite structure. Rare earth radii

from Templeton (1954), other radii from Wells (1962). Open 6i16ls5:gadolinite; black

circles: calciogadolinite; crosses: other phases.

synthesis of calciogadolinite has demonstrated that Ca can occupy up to
one half the Y3+ sites in the gadolinite structure. This result supports the
conclusion that the calcium reported in natural gadolinite samples,
when accompanied by appropriate amounts of ferric iron or other valence
compensating elements, is incorporated within the crystal structure of
this mineral and is not necessarily due to the presence of admixed im-
purities in the samples analyzed.

The writer is indebted to his colleague, Will iam Sabine, for his help
in revising the original manuscript of this note, and to Professor C.
Frondel of Harvard University and Dr. F. E. Wickman for crit ical
reading of the manuscript.
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BIAXIAL CAICITE INVERTED FROM ARAGONITE

A. L. BonrrcHER AND P. J. Wvrrra, Department oJ the Geophysical
Sci,ences, The Uniaersity of Chicago.

INrnoructrort

We have recently extended the phase relationships involving a liquid
phase in the system CaO-COr-HzO from 4 kilobars pressure (Wyllie and
T'-rttle, 1960; Wyllie and Raynor, 1965) to 40 kilobars pressure (to be
published). Under appropriate conditions the phase assemblage calcite

*liquid*vapor undergoes a transition to aragonite+liquid{vapor.
Published data indicate that the calcite-aragonite transition curve should
intersect the ternary univariant solidus curve at about 5800C at a pres-
sure between 11.5 and 13 kilobars. At temperatures above 600oC, BeIl
and England (1964) concluded that the aragonite which formed stably
within a wide pressure interval inverted to calcite during the quench.
Thus, quenching problems have apparently contributed to the conflicting
reports for the position of the calcite-aragonite phase transition. Ex-
amination of the morphology of the carbonate in the quenched assem-
blage CaCO3f l iquidf vapor suggested a method for locating the calcite-
aragonite transition boundary regardless of the polymorphic changes
that may occur during the quench.

Tnr Cer,crrr-An.q.coxrrE PHASE Tn.q,Nsruox

The liquid in the ternary system CaO-COz-HzO is a very reactive
medium, and during the investigation of this system and of a variety of
related systems no problems have been encountered in reaching equilib-
rium (Wyllie, 1966).

In runs completed at pressures well above and below the aragonite-
calcite transition boundary, aragonite and calcite crystals in the assem-
blage CaCO3fliquidfvapor were positively identif ied by X ray and
optical properties. The morphology of the aragonite crystals in equi-




