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The effect of oxo-component on the high-pressure behavior of amphiboles
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aBSTraCT

The role of the oxo-component on the compressibility of amphibole was studied by means of high-
pressure in situ single-crystal X-ray diffraction on two natural kaersutite megacrysts (samples DL5 
and FR12) from alkaline basalts. The oxo-component varies significantly (1.1 and 1.9 apfu in DL5 and 
FR12, respectively), whereas the cation composition is very similar, apart from the Fe3+/(Fe2++Fe3+), 
which is 0.33 in DL5 and ~1 in FR12. The larger oxo-component of FR12 is attributed to the Fe2+ + 
OH– = Fe3+ + O2– + ½H2 substitution.

Unit-cell parameters were collected at different pressures up to about 8 GPa. Structural refinements 
of both samples were performed with data collected at different P up to 6 GPa. Fitting the P-V data 
to a third-order Birch Murnaghan EoS yielded the following parameters: K0 = 94(1) GPa, K′ = 6.3(4), 
and V0 = 903.6(2) Å3 for FR12 and K0 = 91(2) GPa, K′ = 6.2(4), and V0 = 914.1(2) Å3 for DL5. The 
axial moduli of the two amphibole samples were: K0a = 86(3) GPa, K′a = 7(1), and a0 = 9.815(2) Å; 
K0b = 115(3) GPa, K′b = 4.8(8), and b0 = 18.012(2) Å; K0c = 112(5) GPa, K″c = 7(1), and c0 = 5.300(1) Å 
for sample FR12 and K0a = 85(3) GPa, K′a = 5(1), and a0 = 9.8660(9) Å; K0b = 113(2), K′b = 4.4(6), and 
b0 = 18.0548(6) Å; K0c = 107(3) GPa, K′c = 7(1), and c0 = 5.3185(5) Å for sample DL5. This suggests 
that the compressibility of kaersutite decreases with increasing oxo-component. 

Structural refinements show that the polyhedral compressibility follows the order A = M4 > M2 
> M3 > M1 for DL5 and A = M4 > M2 > M1 > M3 for FR12. The most evident geometrical effect 
induced by P is the decrease in the bending of the double tetrahedral chain, when adjacent I-beams 
are pushed against each other. This effect is largest for DL5, which has a larger concavity of the A site, 
(O7-O7′ changes from 3.03 to 2.82 Å) compared to the one of FR12, (O7-O7′ changes from 2.92 to 
2.79 Å). This mechanism is confirmed by the evolution of T1-O7-T1 angle (from 135.4° to 132.5° in 
FR12 and from 136.6° to 132.2° in DL5). 
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inTroduCTion

Amphibole represents the most widespread hydrous mineral 
in the lithospheric mantle, where it plays a key role in controlling 
the petrologic and geochemical development of metasomatic 
processes (Vannucci et al. 1995; Ionov and Hofmann 1995; 
Ionov et al. 2002; Wallace and Green 1991; Niida and Green 
1999). Furthermore, its breakdown is believed to be crucial for 
the genesis of alkaline melts (Halliday et al. 1995).

Amphiboles have a large stability field at high T-P conditions 
in both alkaline and calc-alkaline magmatic rocks (Irving and 
Green 2008; Alonso-Perez et al. 2009), making them widespread 
in rocks in both extensive and compressive settings, thus also 
strongly influencing the differentiation trends. 

The role of amphibole breakdown to volatile recycling and 
arc magmatism is debated. In recent years, several experimental 
studies have constrained the P-T conditions of amphibole stabil-
ity in subducting slabs with different chemical composition. Poli 
and Schmidt (1995) and Fumagalli and Poli (2005) argued that 
amphiboles are breaking down at about 2.5 GPa, thus releasing 
fluids in forearc settings. Based on experimental petrology, 

the pressure stability of amphibole was recently extended to 
3 GPa, which corresponds to 90–100 km depth (Forneris and 
Holloway 2003). This may directly link amphibole dehydration 
to the location of volcanic fronts which are typically located 
90–150 vertical kilometers above the slab as marked by the 
Wadati-Benioff zone.

Amphiboles are also attracting special interest as critical 
indicators of physicochemical conditions for melt crystallization, 
such as pressure, water-pressure, temperature, and water activity. 
The assessment of these thermochemical and thermophysical 
properties is important for the calculation of phase equilibria.

Extensive characterization of amphibole crystal chemistry 
has been carried out using diffraction and spectroscopic methods 
(Hawthorne et al. 2007 and references therein), relating changes 
in composition, cation ordering, and trace-elements behavior to 
petrogenetic conditions.

Oberti et al. (2007a, 2007b) showed that amphiboles with 
a significant oxo-component, i.e., with the (OH,F,Cl) content 
of the O3 site <2 apfu, are quite common. The oxo-component 
is believed to be acquired by either primary crystallization or 
a post-crystallization oxidation process (dehydrogenation s.s.). 
The detection and quantification of the oxo-component is criti-* E-mail: zanazzi@unipg.it


