
Letter

Elastic geobarometry: How to work with residual inclusion strains and pressures

Mattia Gilio1,*, Ross J. Angel2, and Matteo Alvaro1,†

1Department of Earth and Environmental Sciences, via Ferrata, 4, University of Pavia, Pavia, Italy
2IGG-CNR, Via G. Gradenigo, 6, Padova, Italy

Abstract
A continuously increasing number of research groups are adopting elastic geobarometry for 

retrieving pressures and temperatures of entrapment of inclusions into a host from both natural and 
experimental samples. However, a few misconceptions of some of the general concepts underlying 
elastic geobarometry are still widespread. One is the difference between various approaches to retrieve 
the residual pressures and residual strains from Raman measurements of inclusions. In this paper, the 
estimation of uncertainties and the validity of some general assumptions behind these methods are 
discussed in detail, and we provide general guidelines on how to deal with inclusion strain, measure-
ments, inclusion pressure, and their uncertainties.
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Introduction
Elastic geobarometry is a useful tool to estimate the pressure 

and temperature (P-T) of equilibration of a mineral assemblage 
starting from the residual pressure of inclusions trapped in a host. 
Consider a soft inclusion in a stiffer host (e.g., quartz in garnet) 
entrapped at a certain P-Ttrap condition and exhumed to the sur-
face (P-Tend). At P-Tend conditions, both host and inclusion have 
a larger volume than at entrapment due to pressure being released 
upon exhumation (ΔV > 0). However, the volume increase of 
the softer quartz should be greater than that of the stiffer host 
(ΔVqz > ΔVgrt). The host garnet compresses the quartz inclusion 
into a smaller volume than a free quartz crystal, straining and 
pressurizing the inclusion. Knowing the inclusion pressure (Pinc 
= mean normal stress) at Tend (normally room T) and the elastic 
properties of host and inclusion allows one to back-calculate a 
line in P-T space of possible entrapment conditions: the isomeke 
(e.g., Angel et al. 2014, 2017b; Rosenfeld and Chase 1961).

Several authors have worked on developing an accurate 
Raman calibration for quartz at high-pressure and high-tem-
perature conditions (Morana et al. 2020; Schmidt and Ziemann 
2000). These calibrations, originally aimed at developing an 
alternative pressure sensor to ruby fluorescence for experiments 
at room temperature, have found extensive use in metamorphic 
petrology to determine the residual pressures of mineral inclu-
sions trapped in mineral hosts (Enami et al. 2007; Kohn 2014; 
Thomas and Spear 2018; Zhong et al. 2019). However, this 
application is subject to several limitations. One of the major 
assumptions of this method is the quasi-linear dependency 
of inclusion pressure and the change in Raman peak position 
(hereafter Δω = ωi – ω0, where ωi is the Raman shift of a certain 
mode of the inclusion and ω0 is the Raman shift of the same 

mode in an unstrained, free reference crystal). However, this is 
essentially incorrect, as the wavenumber shift of a phonon mode 
m in a crystal (Δωm) depends on the imposed strain rather than 
pressure. This relation is described by a second-rank symmetric 
tensor: the phonon-mode Grüneisen tensors γm (Ziman 1960) 
which, for uniaxial crystals (e.g., quartz and zircon), can be 
expressed as –Δωm/ω0

m = 2·γ1
m·ε1+ γ3

m·ε3, where γ1
m and γ3

m are the 
components of γm in Voigt notation (Angel et al. 2019). Using the 
concept of phonon-mode Grüneisen tensor, Murri et al. (2018) 
developed a method to estimate the strain-state of an inclusion 
using measurements of multiple Raman modes. The inclusion 
strain is then converted to stress with a stiffness tensor [e.g., 
Wang et al. (2015) for quartz] to obtain the inclusion stress state 
from which we calculate the mean normal stress (which we 
equate to pressure). Despite this new technique, several authors 
still adopt the direct Raman-shift to inclusion pressure conversion 
from hydrostatic hydrothermal-diamond-anvil cell calibrations 
regardless of the symmetry of the inclusion and the host (e.g., 
Cisneros et al. 2020; Dunkel et al. 2020; Wolfe and Spear 2020; 
Zhong et al. 2019). This would not be a major problem for a cubic 
inclusion in a cubic host in which the isotropic strain imposed 
by the host creates an isotropic (hydrostatic) stress in the inclu-
sion. However, an elastically anisotropic inclusion in a (near-) 
isotropic host (e.g., quartz in garnet) develops non-hydrostatic 
deviatoric stresses when subjected to an isotropic strain. In some 
cases, discrepancies between the two methods can be small, 
while in some other cases, errors may be large enough to lead to 
incorrect interpretations. Here, we compare the results of these 
two methods for determining the inclusion pressures of quartz 
inclusions in garnet from both natural [Syros Island, Greece, 
Cisneros et al. (2020); eastern Papua New Guinea, Gonzalez 
et al. (2019)] and experimental (Bonazzi et al. 2019) samples, 
and we discuss whether the hydrostatic approximation is a viable 
alternative to the anisotropic model for retrieving the inclusion 
pressure. Furthermore, we show how inclusion strain analysis 
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