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abstRact

The lithium aluminosilicate mineral petalite (LiAlSi4O10) has been studied with high-pressure 
single-crystal X-ray diffraction (HP-XRD) up to 5 GPa. Petalite undergoes two fully reversible 
SUHVVXUH�LQGXFHG�¿UVW�RUGHU�SKDVH�WUDQVLWLRQV��QRW�SUHYLRXVO\�UHSRUWHG�LQ�WKH�OLWHUDWXUH��DW�FD������DQG�
����*3D��7KH�¿UVW�RI�WKHVH�WUDQVIRUPV�WKH�ORZ�SUHVVXUH�Į�SKDVH�RI�SHWDOLWH��P2/c) to an intermediate 
ȕƍ�SKDVH�WKDW�WKHQ�IXOO\�FRQYHUWV�WR�WKH�KLJK�SUHVVXUH�ȕ�SKDVH�DW�FD������*3D��7KH�Į�ĺ�ȕ�WUDQVLWLRQ�LV�
isomorphic and is associated with tripling of the unit-cell volume. Analysis of the HP-XRD data show 
that although the fundamental features of the petalite structure are retained through this transition, there 
DUH�VXEWOH�DOWHUDWLRQV�LQ�WKH�LQWHUQDO�VWUXFWXUH�RI�WKH�VLOLFDWH�GRXEOH�OD\HUV�LQ�WKH�ȕ�SKDVH�UHODWLYH�WR�WKH�
Į�SKDVH��0HDVXUHPHQW�RI�WKH�XQLW�FHOO�SDUDPHWHUV�RI�SHWDOLWH�DV�D�IXQFWLRQ�RI�SUHVVXUH��DQG�¿WWLQJ�RI�
the data with third-order Birch-Murnaghan equation of state, has provided revised elastic constants for 
SHWDOLWH��7KH�EXON�PRGXOL�RI�WKH�Į��DQG�ȕ�SKDVHV�DUH�������DQG�������*3D��UHVSHFWLYHO\��7KHVH�YDOXHV�
LQGLFDWH�WKDW�WKH�FRPSUHVVLELOLW\�RI�WKH�Į�SKDVH�RI�SHWDOLWH�OLHV�EHWZHHQ�WKRVH�RI�WKH�DONDOL�IHOGSVDUV�
DQG�DONDOL�IHOGVSDWKRLGV��ZKHUHDV�WKH�ȕ�SKDVH�KDV�D�FRPSUHVVLELOLW\�PRUH�FRPSDUDEOH�ZLWK�OD\HUHG�
VLOLFDWHV��6WUXFWXUH�DQDO\VLV�KDV�VKRZQ�WKDW�WKH�FRPSUHVVLRQ�RI�WKH�Į�SKDVH�LV�IDFLOLWDWHG�E\�WKH�ULJLG�
body movement of the Si2O7 units from which the silicate double-layers are constructed.
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iNtRoductioN

The lithium aluminosilicate mineral petalite is one of the 
three most abundant naturally occurring lithium-rich minerals 
and is of fundamental relevance in the evaluation of conditions 
associated with magmatic pegmatite crystallization processes. 
7KH�FU\VWDO�FKHPLVWU\�RI�WKH�ORZ�SUHVVXUH�Į�SKDVH�RI�SHWDOLWH�KDV�
EHHQ�WKH�VXEMHFW�RI�H[WHQVLYH�VWXG\��ýHUQê�DQG�/RQGRQ������DQG�
references therein).

The petalite structure can be described as a three-dimensional 
AlSi4O10 framework consisting of puckered double-sheets of 
corner-sharing SiO4 tetrahedra stacked parallel to the (100) plane 
with corner-sharing AlO4 tetrahedra that bridge neighboring lay-
ers (Fig. 1). The neutrality of the structure is ensured by the pres-
ence of lithium cations residing within channels that propagate 
through the structure in the [101] direction. The Li cations are 
bonded to four oxygen atoms and the resulting LiO4 polyhedra 
possess geometries that are intermediate between those of an 
idealized tetrahedron and a perfect square planar arrangement. 
Both spectroscopic and diffraction studies have shown that all 
cation sites within naturally occurring specimens of petalite are 
IXOO\�RUGHUHG��ýHUQê�DQG�/RQGRQ�������7DJDL�HW�DO��������DQG�
our data concur with this finding.

The structure of petalite was originally reported in the non-

standard P2/a setting of space group P2/c (Tagai et al. 1982). 
However, for the high-pressure X-ray diffraction (HP-XRD) 
analysis discussed in this contribution we have chosen to repre-
sent, for consistency and ease of scrutiny, all petalite phases in 
a standard P2/c setting. The crystallographic basis of this P2/c 
setting (a, b, and c) is related to that of the original P2/a setting 
(aƍ��bƍ��DQG�cƍ��E\�WKH�IROORZLQJ�H[SUHVVLRQV��a = –aƍ�±�cƍ��b = b��
and c = aƍ��7KH�IROORZLQJ�GHVFULSWLRQ�RI�WKH�Į�SKDVH�LV�FRQVLVWHQW�
with the structure in the standard P2/c format. It should be noted, 
however, that a non-conventional metric unit cell has been chosen 
to ensure that the structural features align with the unit-cell axes.

Although there are several reported studies of the relative 
thermodynamic stability and phase equilibria of the NaAlSiO4-
LiAlSiO4-SiO2-H22�V\VWHP��)DVVKDXHU�HW�DO��������/RQGRQ�������
Haussühl et al. 2012), of which petalite is a key member, there is 
a lack of accurate high-pressure structural and elasticity data for 
petalite. The objective of this study was to rectify this situation, 
and herein we report an extensive HP-XRD analysis of petalite 
and describe in detail a previously undiscovered high-pressure 
SKDVH�RI�WKLV�PLQHUDO��ȕ�SKDVH���)XUWKHUPRUH��ZH�KDYH�FROOHFWHG�
precise unit-cell data as a function of pressure, and these have 
enabled us to determine accurate elastic constants for both the 
low- and high-pressure phases of petalite.

expeRimeNtaL detaiLs
Two HP-XRD experiments were performed with colorless petalite sourced from 

the Araçuaí pegmatite district, Jequitinhonha Valley, Minas Gerais, Brazil. The first 
of these conducted with sample 1 allowed for collection of highly accurate and 
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