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INTRODUCTION

The elastic strain energy associated with exsolved coherent
phases is an important difference between these and the same
phases that coexist as separate crystals. This energy accounts
for suppression of the “coherent solvus” below the “chemical
solvus” of a thermodynamically non-ideal mineral series (e.g.,
Fig. 11.40 of Putnis 1992; also see Robin 1974; Tullis and Yund
1979). Elastic strain energy should be quantified for any min-
eral series in which energies associated with exsolution are to
be fully described and understood. Yet to our knowledge, di-
rect determination of elastic strain enthalpies by solution calo-
rimetry has not previously been attempted.

Alkali feldspars [(K,Na)AlSi3O8] are among the most com-
mon minerals in the Earth’s crust. Their non-ideal thermody-
namic behavior is reflected in perthitic specimens by K- and
Na-rich exsolution lamellae that exist in nature on a variety of
scales. The thermodynamic properties of alkali feldspars have
been extensively investigated both at room and elevated tem-
peratures (Waldbaum and Robie 1971; Hovis and Waldbaum
1977; Thompson and Hovis 1974, 1979; Thompson et al. 1974;
Kroll et al. 1980, 1986; Haselton et al. 1983; Hovis 1986, 1988,
1997; Hovis et al. 1991, 1999; Hovis and Navrotsky 1995;
Hovis and Graeme-Barber 1997). Included in the latter are hy-
drofluoric acid (HF) solution calorimetric data collected at 50
∞C on four feldspar ion-exchange series having Al,Si distribu-
tions ranging from highly ordered triclinic (microcline-low al-
bite) solid solutions to either ordered (orthoclase) or disordered
(sanidine-analbite) topochemically monoclinic series (Hovis
1988). With such an extensive base of information, these min-
erals make excellent candidates for the measurement of elastic
strain enthalpy.

The energy associated with exsolved crystals depends on
the nature of the interface between the two phases. If the two
phases (commonly lamellar in feldspars and other minerals)
are joined along high-angle grain boundaries, there is little en-
ergy difference between an exsolved crystal and the same two
phases that coexist as separate grains (ignoring interfacial en-
ergies). On the other hand, if the exsolved phases are joined
along a coherent interface and the strain is homogeneous, the
unit-cell dimensions normal to the interface of coherent lamel-
lae are the same in both phases (Yund and Tullis 1983a, 1983b).
The atomic planes parallel to the interface are different in the
two phases and do not have the same values as when the phases
exist separately. This stretching and/or compression of the crys-
tal dimensions to produce coherency gives rise to elastic strain
of the structures and hence an elastic strain energy. This elastic
strain increases as the compositional difference increases and
prevents the compositions of the phases from reaching the equi-
librium solvus as exsolution takes place. Thus, the coexisting
compositions of coherently exsolved phases are characterized
by a coherent solvus, as illustrated in Fig. 11.40 of Putnis (1992).

To measure the enthalpy of elastic strain, one needs only to
know the enthalpy (either of solution or formation) of the crys-
tals when they are coherent and the enthalpy of the same two
phases when no strain is present. An example of such a rela-
tionship follows,

Or35Ab65 (bulk composition of exsolved feldspar) =
a1 Or76Ab24 (unstrained) + a2 Or10Ab90 (unstrained)      (1)

where Or% and Ab% are molar percentages KAlSi3O8 and
NaAlSi3O8, respectively, of end-member components in the
various phases, and molar coefficients a1 (in this case equal to
0.379) and a2 (in this case, 0.621) for the unstrained phases are* E-mail: hovisguy@lafayette.edu
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ABSTRACT

A new series of aluminogermanate alkali feldspars has been synthesized as part of a study to inves-
tigate elastic strain energies in exsolved samples. Enthalpies of solution in 20.1 wt% hydrofluoric acid
(HF) at 50 ∞C for chemically homogeneous unstrained members of this series can be expressed as a
function of mole fraction K (NOrGe): –Hsoln (kJ/mol) = 630.65 + 9.92 NOrGe – 47.0 N2

OrGe + 17.6 NO
3

rGe.
The associated enthalpies of mixing, Hex (kJ/mol) = 29.4 NOrGe N2

AbGe + 11.9 NAbGe N2
OrGe (where NAbGe is

mole fraction Na), reach maximum values of 5.4 kJ/mol at sodic compositions, similar in behavior to
normal aluminosilicate analogs.

Enthalpies of elastic strain associated with exsolution have been determined via HF solution calo-
rimetric experiments on several coherently exsolved samples of the aluminogermanate series and also
on a normal Ge-free aluminosilicate alkali feldspar. These energies were found to be less than 2.0 kJ/
mol, consistent with independent estimates by previous workers.




