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Abstract
Humite-group minerals play a crucial role in transporting water and fluorine to the Earth’s deep 

mantle through slab sinking. In this study, we have used Brillouin scattering to determine the single-
crystal elastic constants of four natural humite-group minerals with varying H2O and fluorite contents 
under ambient conditions, including one chondrodite [Mg4.88Si1.94O8(OH0.78F1.22)] (F61-Chn), one humite  
[Mg7.03Si3.07O12(OH1.26F0.74)] (F37-Hu), and two clinohumite [Mg8.85Ti0.19Si3.93O16(OH1.11F0.89) and  
Mg8.63Fe0.10Ti0.24Si3.97O16(OH1.84F0.16)] (F45-Chu and F8-Chu) samples. The adiabatic bulk (KS0) and shear 
(G0) moduli calculated from the elastic constants using Voigt-Reuss-Hill averages are: KS0 = 120.4(3) GPa  
and G0 = 74.1(5) GPa for F61-Chn, KS0 = 122.4(3) GPa and G0 = 78.4(2) GPa for F37-Hu, KS0 = 126.2(3) GPa  
and G0 = 79.7(2) GPa for F45-Chu, and KS0 = 120.5(3) GPa and G0 = 76.8(2) GPa for F8-Chu. Our 
results indicate that the addition of F leads to a noticeable increase in the elasticity of clinohumite 
and chondrodite, which is in contrast to the effect of H2O. Although Fe has a negligible effect on 
the bulk modulus of clinohumite, it can produce a substantial decrease in the shear modulus. These 
results provide important insights into the influence of humite-group minerals on the mantle velocity 
structure. Furthermore, we have investigated the effects of composition on the elasticity and sound 
velocities of minerals along the forsterite-brucite join in the MgO-SiO2-H2O system, confirming previ-
ous observations. Increasing H2O content along the forsterite-brucite join leads to apparent reductions 
in the elasticity and sound velocities. The influence of Fe on the elasticity and sound velocities of these 
minerals has also been evaluated.
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Introduction
Subduction is a crucial process in redistributing volatile 

elements between the Earth’s surface and interior. Despite the 
fact that most volatiles return to the surface at relatively shallow 
depths during slab sinking, some minerals, including serpentine, 
lawsonite, aragonite, and magnesite, are capable of transport-
ing water and carbon into the deeper mantle (Dasgupta and 
Hirschmann 2010; Dixon et al. 2002; Flemetakis et al. 2022; 
Kaminsky 2012; Kobayashi et al. 2017; Ohtani et al. 2018; 
Thompson 1992; Wirth et al. 2009). Among volatile-rich miner-
als, the humite-group minerals [nM2SiO4·M1–xTix(F,OH)2–2xO2x]  
have long been considered as significant water and fluorine 
carriers in subduction slabs (Fig. 1) (Akimoto et al. 1977; Engi 
and Lindsley 1980; Rice 1980). Here, M denotes Mg with minor 
amounts (x < 0.5) of Fe, Mn, Ca, etc., and n equals 1, 2, 3, and 4, 
representing norbergite, chondrodite, humite, and clinohumite, 
respectively. These minerals naturally form as the product of 
metamorphism (associated with granitic intrusions) (Evans and 
Trommsdorff 1983; Hermann et al. 2007; Selyatitskii and Rever-

datto 2022; Shen et al. 2015). The similarity of the ionic radii 
of fluorine and hydroxyl (~1.33 and 1.40 Å, respectively) with 
the equal charge allows for the substitution of OH by F in the 
structure of humite-group minerals (Hughes and Pawley 2019). 
In nature, the fluorine concentration [XF = F/(F+OH)] of these 
minerals ranges from 0.05 to 0.78 (Ehlers and Hoinkes 1987).

Previous research has shown that the high-pressure stability 
of OH-end-member humite-group minerals decreases with in-
creasing temperature (Iwamori 2004; Wunder 1998; Yamamoto 
and Akimoto 1977). Both OH-chondrodite and OH-clinohumite 
can only exist below ~950 and ~1100 °C at 12 GPa (~360 km 
depth), respectively (Burnley and Navrotsky 1996; Komabayashi 
et al. 2005; Smyth et al. 2006; Yamamoto and Akimoto 1977). 
The stability of humite and norbergite has received less attention 
due to their low occurrence in rocks (Stalder and Ulmer 2001). 
More importantly, the high-pressure stability of humite-group 
minerals is highly dependent on their fluorine (F) content (Grüt-
zner et al. 2017; Stalder and Ulmer 2001). The addition of F can 
significantly broaden their stability field in the mantle (Grützner 
et al. 2017). In the MgO-SiO2-F system, synthetic F-clinohumite, 
-humite, and -chondrodite can survive to temperatures above 
1780 °C at 17 GPa, 200 °C higher than the normal upper mantle 
geotherm (Grützner et al. 2017).
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