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abstract

The high-pressure behavior of a natural Mg-rich anthophyllite (space group Pnma) from Talc-
ville, New York, U.S.A., with empirical formula ANa0.04

B(Mg1.30Mn0.57Ca0.09Na0.04)C(Mg4.96Fe0.02Al0.02)
T(Si7.99Al0.01)O22

W(OH)2 has been studied to 7 GPa. Bulk and axial moduli determined by fitting a third-
order Birch-Murnaghan equation-of-state to lattice parameters are: KT0 = 66(2) GPa, K′ = 11(1), KT0(a) 
= 41(3) GPa, K′(a) = 11(2), KT0(b) = 97(5) GPa, K′(b) = 6(2), KT0(c) = 83(7) GPa, and K′(c) = 12(4). 
Structure refinements were also obtained at 0.0001, 1.98(2), 4.57(2), and 6.13(4) GPa. A comparison 
with the recent study of Fe-rich proto-amphibole, space group Pnmn, by Zanazzi et al. (2010) allows 
the effects of symmetry and composition upon high-P behavior of amphibole to be evaluated. The 
effects of composition have been identified and the central role of the ribbon of M1,2,3 octahedra in 
the compression of amphibole is discussed. The only significant differences between the elastic prop-
erties of anthophyllite and proto-amphibole are the greater stiffness of anthophyllite along [100] and 
the much higher-pressure derivatives K′(b) and K′(c) of anthophyllite. It is proposed that a high Mg 
content of the M1,2,3 ribbon stiffens the amphibole structure considerably on compression, compared 
with an Fe-rich ribbon. This result indicates the importance of determining K′, as the zero-pressure 
moduli can be very similar but change significantly with P. 
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introDuction

Compressibility is a fundamental thermodynamic property 
and it assumes considerable significance in the Earth sciences on 
account of the high pressures to which rocks can be subjected. 
At pressures above 1 GPa, the thermodynamic properties and, 
thereby, stability of amphibole is dominated by compressibility. 
For example, in cold old (>50 Ma) subduction zones amphibole 
will experience net compression at P > 0.5 GPa, which becomes 
increasingly important as P increases.

There are three main motives for quantifying the high-
pressure (HP) behavior of amphibole. (1) To obtain compress-(1) To obtain compress-
ibility data for important end-members and solid solutions that 
can be used with enthalpy, entropy, and thermal expansivity 
data to calculate key reactions defining amphibole stability 
that cannot be readily investigated by direct experiment, i.e., 
because the P-T conditions are not easily produced or because 
the run products are not easily interpreted, nor equilibrium easily 
demonstrated. (2) To identify key structural trends at high P as 
a function of composition, e.g., are amphibole solid solutions 
non-ideal at high P? (3) To determine the pressure dependence 
of elastic moduli (K′) to identify critical behavior and structural 
instabilities at high P.

The orthorhombic amphiboles anthophyllite, AoBMg2
CMg5 

TSi8O22
W(OH)2, gedrite AoBMg2

C(Mg3Al2)T(Si6Al2)O22
W(OH)2, 

and ANaBMg2
C(Mg3Al2)T(Si5Al3)O22

W(OH)2 (unnamed end-
member) are important components of amphiboles of low-Ca 

amphibolite-facies metabasites. The compositional space oc-
cupied by these amphiboles lies between Al-rich and Al-poor 
assemblages and, consequently, they occur in diverse rock types. 
Orthorhombic amphibole replaces cummingtonite at high tem-
perature and pressure. The extensive solvi between anthophyllite-
gedrite, anthophyllite-hornblende, and gedrite-hornblende have 
been studied by metamorphic petrologists for many years, who 
found widespread exsolution involving orthorhombic amphi-
boles, tremolite, cummingtonite, and “hornblende” (Robinson 
et al. 1982; Schumacher 2007). Anthophyllite also occurs as an 
important phase in retrogressed ultrabasic rocks.

Despite their geological importance, very few studies of the 
high-pressure (HP) and high-temperature (HT) properties of 
amphiboles have been made (Welch et al. 2007). With the excep-
tion of a very recent HP study of proto-amphibole by Zanazzi et 
al. (2010), there are no HP data for orthorhombic amphiboles. 
In this paper, we report the results of a HP structural study of 
anthophyllite to 7 GPa. The crystal studied is a very Mg-rich 
composition and exceptionally free of polysomatic (chain-width) 
defects and polysynthetic twinning, as indicated by its diffraction 
behavior and optical characteristics. We compare its compres-
sional behavior with that of proto-amphibole (Zanazzi et al. 2010) 
and cummingtonite (Boffa Ballaran et al. 2000).

The ambient structures of anthophyllite and proto-amphibole 
are shown in Figure 1. Proto-amphibole has space group Pnmn 
and is, in principle, more constrained by symmetry than is an-
thophyllite (Pnma). The most significant differences between 
these two structures are listed below.
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