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INTRODUCTION

The study of vibrational properties of minerals as a func-
tion of temperature, pressure, and composition has a number
of applications in geosciences. These include the derivation of
fundamental properties such as thermal conductivity
(Hofmeister 1999) and the thermodynamic functions heat ca-
pacity, entropy, internal energy and Helmholtz free energy
(Kieffer 1979). Furthermore, isotopic effects on molar volumes
and isotopic partition function ratios of solids can be calcu-
lated (Polyakov 1998). Also, spectroscopic pressure sensors
can be calibrated for in-situ experiments at temperatures be-
yond the range of other pressure measurement techniques
(Schiferl et al. 1997).

Due to the natural abundance and the fundamental impor-
tance of quartz in crustal processes, it is among the most ex-
tensively studied substances in vibrational spectroscopy.
Temperature and pressure variations in the Raman spectrum of
quartz have been the focus of a number of experimental stud-
ies in the last decades. The temperature dependence of the
Raman spectrum of quartz at atmospheric pressure has been
studied by Raman and Nedungadi (1940), Shapiro et al. (1967),
Bates and Quist (1972), Dean et al. (1982), Sharma (1989),
Gillet et al. (1990), and Castex and Madon (1995). The pres-
sure dependence of the Raman modes of quartz at room tem-
perature was examined up to a pressure of 25 GPa by Asell and
Nicol (1968), Dean et al. (1982), Jayaraman et al. (1987),
Hemley (1987), and Liu and Mernagh (1992).

Vibrational modeling has been used to infer thermodynamic
properties of quartz (Kieffer 1979; Gillet et al. 1990; Castex
and Madon 1995; Akaogi et al. 1995). Such models are based

on Grüneisen parameters which are calculated from shifts in
the frequency of vibrational modes as functions of tempera-
ture and pressure. One assumption in the presently available
vibrational models for minerals is that the slopes of the fre-
quency shifts of Raman lines with pressure do not vary with
temperature, i.e. the cross-derivatives (∂2νi/∂P∂T) of the vibra-
tional frequencies are taken to be zero (Gillet et al. 1990; Castex
and Madon 1995). The only study (that we are aware of), where
the validity of this assumption was checked experimentally,
was on MgSiO3-perovskite (Gillet et al. 2000) for which the
cross-derivatives (∂2νi/∂P∂T) were small. In case of quartz, the
available experimental data at high pressures and temperatures
other than room temperature do not have the accuracy required
to derive reliable values for the cross-derivatives (∂2νi/∂P∂T).
The frequency changes of the Raman active modes with pres-
sure at liquid helium temperature calculated by Briggs and
Ramdas (1977) are based on deformation potential constants
determined from uniaxial stress experiments. The P-T data for
Raman spectra of quartz at 7 GPa and to about 1000 K ob-
tained using a laser heated diamond-anvil cell (Gillet et al. 1998)
have a large uncertainty in temperature.

The recent development of the hydrothermal diamond-an-
vil cell (Bassett et al. 1993) and the evaluation of available
equations of state of water as the primary pressure standard for
HDAC experiments (Shen et al. 1992) have opened up new
possibilities for Raman spectroscopic experiments at simulta-
neous high temperatures and pressures. In this paper, we present
the results of a quantitative in-situ Raman spectroscopic study
at pressures from 0.1 MPa to 2.1 GPa and temperatures from
23 to 800 °C using mostly these techniques. Frequency shifts
and linewidths of two prominent Raman lines of quartz were
determined as a function of pressure along different isotherms.
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ABSTRACT

Changes in frequency and linewidth of the 206 and 464 cm–1 A1 Raman modes of quartz were
determined over temperatures from 23 to 800 °C and simultaneously at pressures ranging between
0.1 MPa and 2.1 GPa using a hydrothermal diamond-anvil cell (HDAC). The frequency shift of the
464 cm–1 peak can be used as a secondary pressure standard for SiO2-saturated systems in HDAC
experiments at temperatures up to 560 °C. The frequency of this peak depends quasilinearly on
pressure in the studied pressure range. The global slope (∂ν464/∂P)T is 9 ± 0.5 cm–1/GPa. A significant
variation of this slope with temperature was not observed. Including literature data, the temperature
induced frequency shift of the 464 cm–1 mode is described by (∆νT)464, P = 0.1 MPa (cm–1) = 2.50136·10–11

·T4 + 1.46454·10–8·T3 – 1.801·10–5·T2 – 0.01216·T + 0.29 where –196 ≤ T (°C) ≤ 560. The pressure
dependence of the linewidth of the 464 cm–1 line increases with temperature. The frequency shifts and
linewidths for the 206 cm–1 mode indicate that this line can be used as an alternative to the ruby
fluorescence technique as a pressure sensor to about 5 GPa for experiments at room temperature.
Both the frequency and linewidth of this mode show significant cross-derivatives (∂2ν206/∂P∂T) and
(∂2FWHM206/∂P∂T).


