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ABSTRACT

The crystal structures and M-site populations of a series of unheated and heat-treated,
near-binary members of the actinolite series were determined from single-crystal X-ray
diffraction data. Small, systematic differences in crystal structure (mean and individual
bond lengths, octahedral distortions, and Mg-Fe site preferences) between the actinolite
and cummingtonite series are documented and rationalized in terms of the bond-valence
model. Mg-Fe21 site preferences among the M1, M2, and M3 sites in the actinolite series
are small. Between M1 and M3, site preference (Fe21 slightly in favor of M1) is indepen-
dent of temperature. Mg is favored in M2 over M1 in unheated samples (less strongly
than in cummingtonite-grunerite), but Fe21 and Mg are virtually disordered in samples re-
equilibrated at 700 8C. Site preference between M2 and M3 and possibly also between M1
and M2 appears to undergo a reversal as a result of heat treatment, but consideration of
all sources of error renders this conclusion a tentative one, although the observation could
be explained in terms of a bond valence deficiency. The ratio of Fe21/Mg atoms on M4
cannot be accurately determined, but refinements indicate that, like cummingtonite-gru-
nerite, it is larger than on all other M sites. Expansion of the cell dimensions with an
increase in Fe/Mg ratio follows a pattern similar to that of thermal expansion, and a and
b are influenced by cummingtonite-grunerite solid solution. The data are consistent with
a cell volume of 942.8 Å3 (or molar volume of 2.8388 J/bar) for end-member ferro-
actinolite, a first approximation that assumes a reciprocal, quadrilateral DV of zero.

INTRODUCTION

Successful thermodynamic modeling of the solution
properties of multisite minerals such as the amphiboles
requires a description of the temperature, pressure, and
compositional dependence of atom ordering on sites. This
information is needed to make an informed decision on
the degree of complexity of the solution model that is
ultimately adopted. Ordering of Mg and Fe21 on the M
cation sites of amphiboles is known to proceed down to
temperatures as low as ;300 8C, and amphiboles in nu-
merous terrestrial parageneses are participants in equilib-
ria corresponding to temperatures at which site fraction-
ation is pronounced. Configurational entropies may be
calculated directly from such data, and the overall ener-
getics of solution (enthalpy and Gibbs energy) show a
temperature and composition dependency that reflects the
ordering states (e.g., Ghiorso et al. 1995).

An earlier study (Hirschmann et al. 1994) presented
the results of a single-crystal X-ray diffraction study
(XRD) of heat-treated and quenched natural amphiboles
on the cummingtonite–grunerite binary join. This com-
panion study of the upper join in the Ca-Mg-Fe amphi-
bole quadrilateral, tremolite–actinolite–ferro-actinolite
(the actinolite series, for short), was conducted to com-
plete a database of ordering and crystallographic infor-

mation for the series, which will assist calculation of the
thermodynamic solution properties of the entire amphi-
bole quadrilateral. The only possibility for order-disorder
in strictly quadrilateral amphiboles, of course, is Fe21 and
Mg on the M sites.

The actinolite series, ideally MCa2(Mg,Fe)5Si8O22(OH)2,
has a crystal structure characterized by double silicate
chains running parallel to c. The chains are composed of
two crystallographically distinct tetrahedra, T1 and T2,
and are linked together by strips of cations occupying
three nonequivalent octahedra, M1, M2, and M3, and an
eightfold-coordinated polyhedron, M4. Published X-ray
structure refinements of members of the actinolite series
include very few that are significantly Fe-bearing and
none whose state of order has been re-equilibrated at high
temperature. Refinement of a natural manganoan ferro-
actinolite (Mitchell et al. 1970, 1971) showed nearly ran-
dom mixing of Fe21 and Mg on the octahedral sites M1,
M2, and M3: Fe21/(Fe211Mg) 5 0.61(M1), 0.57(M2),
and 0.58(M3); in this refinement all Mn, and no Fe, was
assigned to M4, and Fe31 was assigned to M2. A low-Fe
actinolite was refined by Litvin et al. (1972) and Litvin
(1973). If in this sample Fe31 is assigned to M2 (Haw-
thorne 1983, p. 382) rather than equally to M1, M2, and
M3, then there is a preference of Mg for M2 and Fe21


