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aBstract

:H�UHSRUW�D�¿UVW�SULQFLSOHV�PROHFXODU�G\QDPLFV�VWXG\�RI�WKH�HTXDWLRQ�RI�VWDWH��VWUXFWXUDO��DQG�HODVWLF�
properties of MgSiO3 glass at 300 K as a function of pressure up to 170 GPa. We explore two different 
FRPSUHVVLRQ�SDWKV��FROG�FRPSUHVVLRQ��LQ�ZKLFK�WKH�]HUR�SUHVVXUH�TXHQFKHG�JODVV�LV�FRPSUHVVHG�DW�����
.��DQG�KRW�FRPSUHVVLRQ��LQ�ZKLFK�WKH�OLTXLG�LV�TXHQFKHG�LQ�VLWX�DW�KLJK�SUHVVXUH�WR�����.��:H�DOVR�VWXG\�
GHFRPSUHVVLRQ�DQG�DVVRFLDWHG�LUUHYHUVLEOH�GHQVL¿FDWLRQ��2XU�VLPXODWLRQV�VKRZ�WKDW�WKH�JODVV�DW�WKH�]HUR�
pressure is composed of primarily Si-O tetrahedra, partially linked with each other via the bridging 
O atoms (present in 35%; the remaining being the non-bridging O atoms). With increasing pressure, 
WKH�PHDQ�6L�2�FRRUGLQDWLRQ�QXPEHU�JUDGXDOO\�LQFUHDVHV�WR����ZLWK�¿YHIROG�DQG�VXEVHTXHQWO\�VL[IROG�
replacing tetrahedra as the most abundant coordination environment. The Mg-O coordination compris-
LQJ�RI�D�PL[WXUH�RI�IRXU���¿YH���DQG�VL[IROG�VSHFLHV�DW�]HUR�SUHVVXUH�SLFNV�XS�PRUH�KLJK�FRRUGLQDWLRQ�
(seven- to ninefold) species on compression and its mean value increases from 4.5 to 8 over the entire 
pressure range studied. Consistently, the anion-cation coordination numbers increase on compression 
with appearance of oxygen tri-clusters (three silicon coordinated O atoms) and mean O-Si coordination 
eventually reaching 2. Hot compression produces greater densities and higher coordination numbers at 
DOO�SUHVVXUHV�DV�FRPSDUHG�ZLWK�FROG�FRPSUHVVLRQ��UHÀHFWLQJ�NLQHWLF�KLQGUDQFHV�WR�VWUXFWXUDO�FKDQJHV��
On decompression from 6 GPa, the glass regains its initial uncompressed structure with almost no 
UHVLGXDO�GHQVLW\��'HFRPSUHVVLRQ�IURP����*3D�SURGXFHV�VLJQL¿FDQW�LUUHYHUVLEOH�FRPSDFWLRQ��DQG�WKH�
SHDN�SUHVVXUH�RI�GHFRPSUHVVLRQ�VLJQL¿FDQWO\�LQÀXHQFHV�WKH�GHJUHH�RI�GHQVLW\�UHWHQWLRQ�ZLWK�DV�KLJK�
as 15% residual density on decompression from 170 GPa. Irreversibility arises from the survival of 
high coordination species to zero pressure on decompression. With increasing pressure, the calculated 
compressional and shear wave velocities (about 5 and 3 km/s at the ambient conditions) of MgSiO3 
glass increase initially rapidly and then more gradually at high pressures. Our results suggest that 
hot-compressed glasses perhaps provide closer analog to high-pressure silicate melts than the glass 
on cold compression.
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introDuction

Silicate melts played a crucial role throughout the mantle 
pressure regime in the chemical differentiation of the Earth in 
its early stages of accretion (Tonks and Melosh 1993; Labrosse 
et al. 2007). Melts are also thought to exist in the present day 
Earth at pressures well beyond the shallow magma genetic zone, 
including at the top of the transition zone (14 GPa, Song et al. 
2004; Mookherjee et al. 2008) and at the core-mantle boundary 
(136 GPa, Williams and Garnero 1996; Stixrude and Karki 2005). 
To understand the origin and stability of these deep melts, and 
the role of high-pressure melts in the earliest evolution of the 
Earth, knowledge of the physical properties of the silicate melts 
at the relevant pressure-temperature conditions is essential. A key 
TXDQWLW\�LV�WKH�GHQVLW\�RI�WKH�VLOLFDWH�PHOW�DW�KLJK�SUHVVXUH��ZKLFK�
GHWHUPLQHV�ZKHWKHU�WKH�OLTXLG�LV�SRVLWLYHO\�RU�QHJDWLYHO\�EXR\DQW�

with respect to coexisting crystals. There is now substantial evi-
GHQFH�WKDW�OLTXLGV�FDQ�EHFRPH�GHQVHU�WKDQ�FRH[LVWLQJ�FU\VWDOV�DW�
several crossover points throughout the mantle pressure regime, 
with important implications for chemical differentiation (Stolper 
et al. 1981; Agee and Walker 1988; Stixrude and Karki 2005; 
Sakamaki et al. 2006).

Silicate glasses have long been studied as experimentally ac-
FHVVLEOH�DQDORJV�RI�KLJK�SUHVVXUH�VLOLFDWH�OLTXLGV��:LOOLDPV�DQG�
Jeanloz 1988; Kubicki et al. 1992; Meade et al. 1992). Silicate 
glasses can be studied at the ambient temperature, and have 
been examined spectroscopically to pressures beyond 100 GPa 
(Sato and Funamori 2010; Murakami and Bass 2010). However, 
EHFDXVH�RI�WKH�ODFN�RI�GDWD�RQ�VLOLFDWH�OLTXLGV��LW�LV�QRW�NQRZQ�
how closely the behavior of silicate glasses corresponds to that 
RI�OLTXLGV�DW�KLJK�SUHVVXUH��([SHULPHQWDO�GDWD�RQ�VLOLFDWH�OLTXLGV�
is still very limited at lower mantle conditions (Asimow and 
$KUHQV��������DQG�PHDVXUHPHQWV�RI�VLOLFDWH�OLTXLG�VWUXFWXUH�DUH�
nonexistent beyond a few GPa (Yamada et al. 2011).


