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Compression of albite, NaAlSi3O8
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ABSTRACT
The structure and equation of state of low albite, NaAlSi3O8, has been determined using high-pressure single-crystal X-ray diffraction to a maximum pressure of 9.43 GPa. Low albite remains triclinic
–
in space group C1 over the entire pressure range and no phase transitions were observed although the
evolution of the unit-cell parameters and volume exhibit some unusual features at pressures above 4
GPa. A third-order Birch-Murnaghan equation of state Þt to 6 P-V data points up to 3.4 GPa has K0 =
54.2(7) GPa and K' = 5.3(6). At higher pressures the volume-pressure curve exhibits d2V/dP2 < 0 and
the entire P-V data set can be approximated with a fourth-order Birch-Murnaghan equation of state
with K0 = 52.3(9) GPa, K0' = 8.8(6), and K''0 = –2.8(2) GPa–1.
The anisotropy of the compression of albite is typical of that of feldspars with 65% of the volume
compression accounted for by the compression of the (100) plane normal. This is due to the closing-up
of the crankshaft chains of tetrahedra that are characteristic of the feldspar structure. Single-crystal
X-ray intensity data sets collected at 6.4, 8.4, and 9.4 GPa also show that the four-membered rings
of tetrahedra within the structure undergo signiÞcant shear at high pressures. Changes in the rate of
shear of the four-membered rings with pressure are associated with changes in the variation of the
unit-cell angles with pressure.

INTRODUCTION
The feldspars comprise 60% of the volume of the Earthʼs
crust. Although they are not thermodynamically stable at pressures in excess of 1 GPa in geological environments, compressional studies at higher pressures can provide more accurate
equation of state (EoS) data for petrological applications. Recent
determinations of the EoS of plagioclase feldspars (Angel 2004b)
revealed some complexities in their response to pressure. While
anorthite-rich plagioclase have EoS characterized by values of
K' = ∂K/∂P < 4, albite was previously reported to have K' >
4 (Downs et al. 1994). The low-pressure EoS of An20 plagioclase (Angel 2004b) resembles that of albite with K' > 4, but
at pressures above 3.5 GPa the EoS of this plagioclase exhibits
a turnover and K' becomes less than 4 and thus more typical of
anorthite-rich plagioclase. As the previous EoS and structural
data for albite was limited to a maximum pressure of 4 GPa
(Downs et al. 1994), we undertook this study to signiÞcantly
higher pressures so as to provide more precise EoS parameters
and to determine whether it too exhibits a turnover in its EoS.

EXPERIMENTAL METHODS
The sample used in this study is from the Amelia Court House locality in
Virginia and was taken from the collection in the Geosciences Museum at Virginia
Polytechnic Institute and State University. Amelia albite was chosen because it
has been extensively characterized by previous workers. Carpenter et al. (1985)
determined the composition to be Ab98Or1An1. It has an almost completely or–
dered aluminum/silicon distribution in a triclinic C1 structure (Carpenter et al.
1985; Harlow and Brown 1980; Kirkpatrick et al. 1985; Smith et al. 1986). The
unit-cell parameters determined from this study at room pressure (Table 1) show
good agreement with those previously reported in the literature for albite from
this locality. A single crystal in the form of a plate of approximate dimensions 110
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× 120 × 28 μm was loaded in an ETH-designed diamond-anvil cell (Miletich et
al. 2000) with a T301 steel gasket indented to 60 μm thickness and drilled out to
250 μm diameter. A ruby chip was added for approximate pressure measurement
and a quartz crystal was used as an internal diffraction pressure standard. A 4:1
mixture of methanol and ethanol was used as the pressure-transmitting medium.
The constant widths of ∼0.05° of the rocking curves for the diffraction peaks of
quartz at all pressures indicated that the pressure medium remained hydrostatic
up to the highest pressure achieved, 9.43(2) GPa. The unit-cell parameters of the
albite were determined at each pressure from a least-squares Þt to the corrected
setting angles of 20–22 reßections in the 2θ range of 10.8° to 25.5° obtained by
the eight-position centering method (King and Finger 1979) with a Huber fourcircle diffractometer using unÞltered MoKα radiation (λ = 0.7107 Å). Full details
of the instrument and the peak-centering algorithms are provided by Angel et al.
(1997, 2000). Pressures were determined from the unit-cell volumes of the quartz
crystal in the diamond anvil cell, using the equation of state reported by Angel et
al. (1997). Equation of state parameters for albite were obtained by a weighted
least-squares Þt (Angel 2000) of the Birch-Murnaghan equation of state (Birch
1947) to the pressure-volume data. The unit-cell parameters and volume of albite
as a function of pressure measured in this study are reported in Table 1.
The structure of albite was previously determined at 5 pressures up to a maximum of 3.8 GPa by Downs et al. (1994). We therefore only collected intensity data
at higher pressures (6.49, 8.41, and 9.43 GPa) with an Xcalibur-1 diffractometer
equipped with monochromated MoKα radiation and both point and CCD detectors. At 8.41 and 9.43 GPa initial data collections were performed with the CCD
detector to verify that no additional reßections indicative of symmetry changes
had appeared in the diffraction patterns. Intensity data sets for structure reÞnement
were collected with the point detector. The resulting step-scan data were integrated
with the WinIntegrStp program (Angel 2003), data reduction was performed with
the Absorb program (Angel 2004a), and structure reÞnements with RFINE (Finger
and Prince 1974). Following Downs et al. (1994) we reÞned all of the atom positions independently without restraints or constraints with isotropic displacement
parameters for the framework atoms but anisotropic displacement parameters to
account for the substantial anisotropy of the Na atom. ReÞned positional parameters
are reported in Table 2 and selected bond lengths and angles in Tables 3 and 4.

RESULTS

–
Albite remained triclinic in space group C1 to the highest
pressure attained. From room pressure up to the maximum pres1115

