
American Mineralogist, Volume 110, pages 1454–1461, 2025

In situ Raman spectroscopic investigation on the phase transition
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ABSTRACT

Amphiboles are key rock-forming minerals and play a significant role in the subduction process.
Grunerite (Mg,Fe)7Si8O22(OH)2, as an important ferromagnesian amphibole, is known to undergo a
phase transition frommonoclinicC2/m to P21/m structure at elevated pressures. This study investigates
the phase transition of grunerite under high pressure using a diamond-anvil cell combined with in situ
Raman spectroscopy, aiming to identify pressure-induced phase transitions and associated structural
changes. We have identified mode splits of the OH stretching modes indicative of the C2/m to P21/m
phase transition at ∼1.46 GPa and observed another possible phase transition suggested by a disconti-
nuity in the OH modes at ∼17.81 GPa. The splitting of the OH stretching modes resulted from
the distinct environments of two OH positions in the P21/m structure, in comparison to the crystallo-
graphically identical OH positions in theC2/m structure.We have also identified additionalM-Omodes
in the lower-wavenumber spectrum range. The results provide new insights into the structural stability
of grunerite under extreme geological conditions, contributing to a deeper understanding of metamor-
phic petrology and geodynamics.
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INTRODUCTION

Subduction zones are pivotal in plate tectonics, providing
much of the driving force for plate motion through the dynamic
process they entail (Stern 2002). Hydrous minerals from the oce-
anic lithosphere subducted to depth undergo dehydration reac-
tions, liberating water into the mantle wedge, initiating flux
melting, and arc volcanism (Brovarone et al. 2020). Amphiboles,
with the chemical formula AB2C5T8O22W2, are one of the most
important rock-forming mineral groups and are widespread in
oceanic crust, subduction slabs, and hydrothermally altered man-
tle (Hawthorne 1981). As a structural bridge between pyroxenes
and phyllosilicates, amphiboles are stable over various pressure
and temperature ranges (Leissner et al. 2015). They are involved
in many transformation processes during subduction (Mihailova
et al. 2021). Their thermodynamic stability is thus of vital impor-
tance in the understanding of the subduction dynamics.

Grunerite, (Mg,Fe)7Si8O22(OH)2, with a mole fraction of
Fe higher than that of Mg, is an important ferromagnesian
amphibole with great structural significance and interest. Previ-
ous single-crystal X-ray diffraction studies have shown that gru-
nerite [and cummingtonite, (Mg,Fe)7Si8O22(OH)2, with a mole
fraction of Mg higher than that of Fe], has monoclinic C2/m
structure at ambient pressure, and undergoes a phase transition
to monoclinicP21/m structure at high pressure (Yang et al. 1998;
Ballaranl et al. 2000; Yong et al. 2019). The crystal structure of
both C2/m and P21/m is characterized by double chains of sili-
cate tetrahedra parallel to the c direction. The main difference is

that theC2/m phase only has one crystallographically distinct O-
rotated silicate chain, whereas the P21/m phase contains two
types of silicate chain, S-rotated A chain and O-rotated B chain
[see Fig. 1 of Yong et al. (2019)]. In addition, Yong et al. (2019)
observed a further phase transition from P21/m to HP C2/m.

In amphiboles, theW site hosts mainly the OH group, accom-
modating along the octahedral strip at the non-tetrahedral oxy-
gen (O3) site. Although there is only one Ag mode consisting of
OH stretching (Leissner et al. 2015), multiple vibration modes in
the range of OH stretching can be detected due to the diversity in
the chemical environment surrounding theOHgroup, i.e., differ-
entM1O3-M1O3-M3O3 combinations. For the P21/m structure,
however, because of two distinct H sites located in two crystal-
lographically distinct silicate chains, two sets of OH vibration
modes are expected. The split or merge of the OH vibrations
across the C2/m ↔ P21/m phase transitions has been demon-
strated by infrared spectroscopy. For example, Iezzi et al.
(2009) observed the progressive merge of the OH vibrations
in ANaB(NaxLi1– xMg1)

CMg5Si8O22(OH)2 and attributed it to
the P21/m to C2/m phase transition. For cummingtonite, Yang
et al. (1998) observed the split of the OH vibrations due to
the non-equivalent OH groups in the P21/m structure across
the C2/m to P21/m phase transition.

In this study, we investigate the phase transitions of grunerite
at high pressures up to∼23.66 GPa using the diamond-anvil cell
technique combined with in situ Raman spectroscopy. The
objective is to identify pressure-induced phase transitions and
characterize associated structural changes. We demonstrated
the mode splits of the OH vibration modes with increasing pres-
sure, corresponding to the C2/m to P21/m phase transition.
Another possible phase transition was also observed, as
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