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Abstract
Garnet is an important mineral phase in the upper mantle as it is both a key component in bulk 

mantle rocks, and a primary phase at high pressure within subducted basalt. Here, we focus on the 
strength of garnet and the texture that develops within garnet during accommodation of differential 
deformational strain. We use X‑ray diffraction in a radial geometry to analyze texture development 
in situ in three garnet compositions under pressure at 300 K: a natural garnet (Prp60Alm37) to 30 GPa, 
and two synthetic majorite-bearing compositions (Prp59Maj41 and Prp42Maj58) to 44 GPa. All three 
garnets develop a modest (100) texture at elevated pressure under axial compression. Elasto-visco-
plastic self-consistent (EVPSC) modeling suggests that two slip systems are active in the three garnet 
compositions at all pressures studied: {110}<111> and {001}<110>. We determine a flow strength 
of ~5 GPa at pressures between 10 to 15 GPa for all three garnets; these values are higher than previ-
ously reported yield strengths measured on natural and majoritic garnets. Strengths calculated using 
the experimental lattice strain differ from the strength generated from those calculated using EVPSC. 
Prp67Alm33, Prp59Maj41, and Prp42Maj58 are of comparable strength to each other at room temperature, 
which indicates that majorite substitution does not greatly affect the strength of garnets. Additionally, 
all three garnets are of similar strength as lower mantle phases such as bridgmanite and ferropericlase, 
suggesting that garnet may not be notably stronger than the surrounding lower mantle/deep upper 
mantle phases at the base of the upper mantle.
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Introduction
Our understanding of mantle heterogeneity and circula-

tion is derived largely from observations of discontinuities 
and anisotropy in seismic wave velocities at depth. The upper 
mantle’s seismic heterogeneity has been explained by a combina-
tion of preferred orientation of upper mantle minerals, chemi-
cally distinct previously subducted material, phase changes in 
minerals, and partial melting. Small-scale heterogeneities have 
been observed via seismology (e.g., Hedlin et al. 1997), and 
some of those heterogeneities have been explained as subducted 
basaltic lithosphere via geochemical and geophysical observa-
tions (Davies 1984) and minor seismic reflections (Williams and 
Revenaugh 2005). By the same token, shape-preferred orienta-
tion of (likely basaltic) mantle inclusions has been invoked as 
one of the possible origins for mantle anisotropy. It has long 
been appreciated that material of basaltic chemistry is likely a 
common constituent of the mantle (e.g., Ringwood 1962); it has 
been estimated that the upper mantle could contain subducted 

or delaminated basalt ranging from 5 to 40% (e.g., Allègre and 
Turcotte 1986; Cammarano et al. 2009; Hirschmann and Stolper 
1996; Lundstrom et al. 2000; Schmerr et al. 2013; Williams 
and Revenaugh 2005; Xu et al. 2008). The significant seismic 
anisotropy within the Earth’s upper mantle is likely due to the 
shearing and stretching of heterogeneous assemblages within the 
mantle, including subducted basaltic crust and depleted mantle 
dunite (McNamara et al. 2001). On the microscopic scale, this 
deformation of mantle rocks can give rise to crystallographic 
preferred orientation (texture). Direct observations of subducted 
slab anisotropy are limited due to the lack of ray paths through 
subducted slabs and because the mantle wedge and sub-slab an-
isotropy obscure slab anisotropy due to upper mantle anisotropy. 
Nevertheless, there have been a few observations of anisotropy 
within slabs (e.g., Tian and Zhao 2012).

Hence, garnet-dominated lithologies are relevant to the man-
tle due to their presence in mafic and high-pressure metamorphic 
assemblages, such as subducted oceanic crust. Our understanding 
of the strength of garnets under pressure is derived largely from 
naturally deformed eclogites where they are resistant to plastic 
deformation, especially in the presence of weaker minerals like 
omphacite and quartz that accommodate strain (e.g., Bascou et 

American Mineralogist, Volume 106, pages 1045–1052, 2021

0003-004X/21/0007–1045$05.00/DOI: https://doi.org/10.2138/am-2021-7587       1045 

* E-mail: cvennari@uchicago.edu. Orcid 0000-0001-5160-913X
† Present address: Department of Aerospace Engineering, Iowa State University, 
Iowa 50011, U.S.A.

mailto:cvennari@uchicago.edu
https://orcid.org/0000-0001-5160-913X



