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Abstract
Aluminous garnets [(Mg,Fe,Ca)3Al2(SiO4)3] are a key mineral group in Earth’s interior. Their 

thermal conductivity with relevant chemical compositions and at high-pressure-temperature (P-T) 
conditions plays a crucial role in affecting the thermal states of pyrolytic mantle and subducted 
basaltic crust over the depth range they are present. Using ultrafast optical pump-probe spectroscopy 
combined with an externally-heated diamond-anvil cell, we have precisely determined the high-P-T 
thermal conductivity of aluminous garnets, including pyrope, grossular, and pyrope-almandine solid 
solution. We find that the variable chemical composition has minor effects on the thermal conductivity 
of these garnets over the P-T range studied. Combined with previous results, we provide new depth-
dependent thermal conductivity profiles for a pyrolytic mantle and a subducted basaltic crust. These 
results significantly benefit geodynamics simulations and advance our understanding of the thermal 
structure and evolution dynamics in Earth’s upper mantle and transition zone. In addition, as garnets 
are also a key, useful material family for modern technology, our results on the thermal property of 
natural garnets also shed light on the novel design of optical and electronic devices based on various 
synthetic nonsilicate garnets.
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Introduction
Physical and chemical properties (including transport 

properties) of Earth materials critically determine the seismic 
profile, thermochemical structure, and evolution dynamics of our 
planet. Among the constituting minerals in Earth’s upper mantle, 
garnet with a typical chemical formula (Mg,Fe,Ca,Mn)3(Al,Fe,Cr)2 

(SiO4)3 and space group Ia3d is of particular importance. Over 
the depth range where the garnet is present in the upper mantle 
and subducting slabs, it is expected to form ~15–40 vol% of 
the pyrolytic mantle (Ringwood 1991) and ~25–90 vol% of the 
basaltic crust of a subducting slab (Ono et al. 2001). Furthermore, 
under the peridotitic model, the garnet aggregate is majorly 
composed of Mg3Al2(SiO4)3 pyrope (~75 vol%) along with 
Fe3Al2(SiO4)3 almandine (~15 vol%) and Ca3Al2(SiO4)3 grossular 
(~10 vol%) (Wood et al. 2013). Physicochemical properties of 
these end-member aluminous garnets (hereafter referred to as 
Al-garnets) thus play an important role in representing properties 
of the garnet solid solutions with variable chemical composition 
in Earth’s deep interior.

To understand how the Al-garnets influence the chemical 
composition, density, seismic structure, and dynamics of the 
mantle as well as the fate of subducting slabs, in the past decades 
several physical properties of Al-garnets under relevant pressure-
temperature (P-T) conditions have been extensively investigated, 
including phase stability (Haselton and Newton 1980; Gréaux 
et al. 2011b; Kawai and Tsuchiya 2012, 2015), equation of state 

(Gréaux et al. 2011a; Kawai and Tsuchiya 2012, 2015; Fan et 
al. 2017), elastic constant and sound velocity (Babuška et al. 
1978; Conrad et al. 1999; Jiang et al. 2004; Kono et al. 2010; 
Kawai and Tsuchiya 2012, 2015; Erba et al. 2014; Arimoto et al. 
2015; Hu et al. 2016; Duan et al. 2019), electrical conductivity 
(Dai and Karato 2009), vibrational spectrum (Hofmeister and 
Chopelas 1991; Gillet et al. 1992; Kolesov and Geiger 1998), 
and thermodynamic properties (Hofmeister and Chopelas 1991; 
Giesting et al. 2004; Galkin and Gartvich 2015; Baima et al. 
2016; Hu et al. 2016; Duan et al. 2019). Interestingly, it was found 
that the end-member composition has little effects on many of 
the aforementioned properties, such as density, sound velocity, 
elastic moduli, and heat capacity (e.g., Haselton and Newton 
1980; Hofmeister and Chopelas 1991; Duan et al. 2019). Such 
results would imply that these properties of the end-member Al-
garnets could be used to describe or model those of the complex 
solid solutions.

Thermal conductivity, the ability of a mineral to conduct heat 
under relevant high-P-T conditions, is a key transport property to 
control the thermal evolution and geodynamics in Earth’s interior 
(Xu et al. 2004; Ohta et al. 2012, 2017; Hofmeister and Branlund 
2015; Hsieh et al. 2017, 2018, 2022a; Zhang et al. 2019b; Guo et 
al. 2022; Zhang et al. 2022). Such a crucial property of garnets, 
however, had only been studied at relatively low pressure and a 
wide range of temperature conditions (e.g., Horai 1971; Slack and 
Oliver 1971; Osako et al. 2004; Hofmeister 2006; Marquardt et 
al. 2009; Hofmeister and Branlund 2015). As a result, previous 
numerical modelings on the dynamics of the mantle and slab 
subduction have often assumed that the thermal conductivity 
of garnets at relevant high-P-T conditions is either a constant 
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