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Abstract
We calibrate the pressure-dependent Raman shift of feldspars by measuring spectra of 9 compositionally diverse plagioclase and alkali feldspars at pressures ranging between 0.1 MPa and 3.6 GPa
using a diamond-anvil cell coupled with Raman spectroscopy. We observe up to 12 vibrational modes
that are caused by deformation of Si(Al)O4 tetrahedral chains. The most intense modes are v22, v24, and
v25, which are produced by stretching and bending of four-membered Si(Al)-O-Si(Al) rings. Because
modes are a product of lattice environments, feldspar composition may relate to mode frequency. We
find that the frequencies of the v25 mode correlates with composition, whereas the other intense bands
do not correlate with composition. All feldspar compositions exhibit modes that shift linearly (r2 >
0.9) to higher frequencies with increasing pressure. Modes v22, v24, and v25 shift to higher frequencies
with slopes that range from 1.7 ± 0.5 to 5.5 ± 1.6 cm–1 GPa–1, and provide the best combination of
intensity and pressure-sensitivity. For all compositions the v22 mode exhibits the most advantageous
pressure-dependent (P-T) frequency shift. We use an elastic model, thermodynamic properties, and
shear moduli to establish the pressure-temperature dependent sensitivity of feldspar inclusions hosted
by garnet, clinopyroxene, and olivine. Raman shifts for all feldspars are <2 cm–1 for crustal and upper
lithosphere conditions. Albitic plagioclase inclusions show the least temperature-sensitive inclusion
pressures and provide the best barometers, followed by alkali feldspars and anorthitic plagioclase.
Our new calibration allows Raman spectroscopy of feldspars to be used to quantify P-T conditions
for crustal magmatic rocks, low- to high-grade metamorphic rocks, and the mantle.
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Introduction
The temperature and pressure conditions of magmas are
important variables that exert control over the evolution and
eruptive behavior of volcanic systems. Temperature conditions
for many magmatic systems can be inferred using major and
trace element compositions of minerals (e.g., Watson et al. 2006;
Thomas et al. 2010; Waters and Lange 2015). The pressures and
storage depths of magmas are less readily constrained. Dissolved
volatile contents of melt inclusions provide one method for estimating magmatic pressures, but they have limitations caused
by leaking and saturation assumptions (e.g., Lowenstern 1995;
Wallace et al. 1999; Gaetani et al. 2012).
In recent years, petrologists have implemented Raman spectroscopy of solid inclusions as a reliable tool for constraining
pressure-temperature (P-T) conditions of host mineral growth
(e.g., Sobolev et al. 2000; Guiraud and Powell 2006; Kohn 2014;
Ashley et al. 2014a, 2014b, 2015a, 2015b; Angel et al. 2015;
Zhukov and Korsakov 2015). Raman spectroscopy measures the
inelastic scattering of incident light by lattice vibrations in the
sample producing Raman spectra that represent specific Raman
active vibrational modes; herein referred to as bands. The shape
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and position of each individual band corresponds to different
bonding, crystallographic symmetry, and atomic environments
(Nasdala et al. 2004). As a result, every mineral has a unique
spectral fingerprint. Crystal lattice compression or expansion
in response to changing pressure and temperature conditions
will produce P-T dependent Raman frequency shifts that can
be calibrated for individual minerals and used as secondary
thermobarometry.
Before Raman spectra can be used for thermobarometry, it is
critical to first establish the target mineral’s vibrational characteristics including band position and subsequent pressure dependence. Pressure estimates from compressible mineral inclusions
can then be extracted because rigid, relatively incompressible
host crystals preserve residual pressures related to inclusion
entrapment (Guiraud and Powell 2006; Kohn 2014; Angel et
al. 2017). Entrapment conditions are estimated by comparing
the spectral shift of Raman bands in the inclusion under entrapment pressure and the same phase at ambient conditions. The
measured Raman shift establishes the current, elevated pressure
of the inclusion at ambient temperature. The current pressure of
the inclusion is related to—but not equal to—entrapment pressure, which instead is a function of current inclusion pressure
and the thermal expansivity and compressibility of host and
inclusion during exhumation (mantle and metamorphic), ascent
(magmatic), and cooling (Fig. 1) (Guiraud and Powell 2006;
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