Structural evolutions of a volcanic glass and
synthetic metasilicate glasses under high pressure

S5 eng

HhRE

~FHH: 2017-10-05
*F—7—NK (Ja):
*—7— K (En):
YRR

X—=ILT7 KL AR:
FiT/:

http://hdl.handle.net/2297/16698




I3V 4 TH &I
2 0 & 8§ Ht (#P)
¥ AR E 5T HHEEET6S
FMNBEEDOBRNMN EEI6F9 A 30 H
FEMAREOEH BEELT (BARRE4LRFE1EH) ,
Z2MNEEDOEER Structural evolutions of a volcanic glass and synthetic metasilicate
glasses under high pressure
CkILuAy Z X&U‘“ﬁiﬁ@iﬁﬁ7}<®ﬁ)—7ﬂ:’f®%1_’zﬂb)
RIEEZR (%) B Ex (EABREWEHR - #2) '
RIXFEEZE (B E) AR EHIE (BAREHER - 282 , &K =k (BABZEHER - #d9) ,
: BRE 7 (BAAEAMEE ¥ — - BiEdR) |
TR BT GRETERE - #3%)

+E
B
3
=
i
il

Abstract

The present study has reported the pressure-induced structural changes of a volcanic glass and
synthetic CaSiO; and CaMgSi,O, glasses by using X-ray djffraction, Raman and infrared
spectroscopy. Also, the structural evolutions of CaSiO;—MgSiO; glasses under pressure have been
examined by molecular dynamics simulation.

The shock-wave compression for a rhyolitic volcanic glass resulted in the density increase with
preésure up to 25GPa. The observed densification of 4-5 % was smaller than that reported for
shocked SiO, glass. Modifier ions in the interstitial sites can prevent the large densification as in
Si0, glass. The densification was attributed to the T-O-T angle reduction with a small contribution
from the increase of small rings of TO, tetrahedra.

CaSi0; and CaMgSi,O, glasses showed little shock-densifications. Static compressions for these
glasses represented small densifications of 3% and 7%, respectively, which can be assigned to the
small reductions of Si-O-Si bond angle. Molecular dynamics simulations revealed that the Si-O-Si
angle decreased, and Ca and Mg coordination numbers increased under high pressure.

Small compactions of CaSiO; and CaMgSi,O; glasses obtained by shock and static compressions
were in strong contrast to the results on a volcanic glass and the previous studies. The difference

could be explained in terms of the network polymerization. Modifier cations also prevent the large

reduction of Si-O-Si angle.

Structural information on silicate glasses under high pressure is of geological importance for
understanding the physical properties and predicting the dynamic behaviors of deep-seated magma
within the Earth. To a first approximation of magmatic liquids, the pressure-induced structural
changes in Si0O; glass have been investigated by several workers (Hemley et al. 1986; Susman et al.

1990; Meade et al. 1992). On the other hand, there are only a few studies on the pressure evolutions
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for silicate glasses with more complex compositions (Kubicki et al. 1992; Okuno et al. 1998).
Therefore, the present study has reported the pressure-induced structural changes of a volcanic glass
and synthetic CaSiO; and CaMgSi,O; glasses by means of X-ray diffraction, Raman and infrared
spectroscopy. Also, the structural evolutions of CaSiO:-MgSiO; glasses under pressure have been

examined by molecular dynamics simulation.

The shock-induced densification of a rhyolitic volcanic glass was observed with pressure up to
" 25 GPa. The observed densification of 4 — 5 % (Fig.1) was smaller than that reported for shocked
SiO, glass (11 %: Okuno et al. 1999), and rather close to the shocked NaAlSi;Oy glass (4.2 %:
Takabatake 2000). This reflects the structural similarity between rhyolitic volcanic glass and
NaAlISi;Oy glass. Modifier ions as Na*, K* and Ca® in the interstitial sites can prevent the large
densification as in SiO, glass (Reynard et al. 1999).

Raman spectra and X-ray first sharp diffraction peak (FSDP) analysis suggested that the
densification observed at 20 — 25 GPa was attributable to T-O-T bond angle reduction (T = Al, Si),
with a small contribution from the increase of small rings such as 3- and 4-membered rings. Above
25 GPa, partial relaxation of the densified structure, due to relatively high post-shock residual
temperature, resulted in the density decrease of the shocked obsidian and fused glass.

A comparison between the present results and the previous studies (Okuno et al. 1999;
Takabatake‘ 2000)‘ indicates that the highly polymerized silicate glasses have essentially similar
shock-densification mechanisms. The degree of densification can be influenced by the existence of
modifier cations and by ring distributions in the original structure. The present results also
suggested the possibility that tektites had experienced shock-melting resulting from shock
compression above 35 GPa by impact events, on the basis of the compositional and structural
similarity between rhyolitic glass and tektite. The detailed paper of the shock densification of a

volcanic glass is to be published (Shimoda et al. 2004).

I also studied shock-induced changes of CaSiO; and CaMgSi, O glasses as an analogue of
basaltic glasses. The shock-recovered CaSiO; and CaMgSi,O glasses showed little densifications
(within 0.5 %, Fig.1). Raman spectroscopy and X-ray FSDP analysis did not show any significant
variations by shock compression.

On the other hand, static compressions for CaSiO; and CaMgSi,O¢ glasses represented small
densifications of about 3 % and 7 %, respectively (Fig.2). The small reductions of Si-O-Si angle
were observed. The most interesting is the strong correlation between density and FSDP position.
This means the changes in the medium-range ordering is of importance on densification of CaSiO;
and CaMgSi,O4 glass’es. This can be also originated from the compaction of SiO, tetrahedral
linkage.

Molecular dynamics simulations of CaSi0O;-MgSiO; glasses were performed by using empirical
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potential parameters given by Miyake (1998). The potential function includes Coulombic,
short-range repulsion, van der Waals attractioﬁ and Morse potential terms. The present MD
simulation showed reasonable agreements with the experimental results. However, there is
controversy about Mg-O coordination in Mg-containing silicate glasses. Some workers reported
tetrahedral Mg species (Hanada et al. 1988; Taniguchi 1994). On the other hand, this study provided
the Mg coordination number of 5.4, which is consistent with some experimental results (Kroeker
and Stebbins 2000; Shimoda, personal datum).

The present MD study revealed that Si-O-Si bond angle decreased under high pressure as
reported by Kubicki et al. (1992). The coordination change of Si atoms was small, whereas Ca and
Mg coordination numbers increased with pressure accompanying with slight contractions of
cation-anion pair distances. The pressure-induced evolutions in the medium-range structural
components were also indicated..The present MD study suggested that the FSDP Vof CaSiO; and
CaMgSi,O, glasses included the information of Ca-related structural components as well as
medium-range units of SiO, tetrahedra.

The above experimental and theoretical results support the suggestion that the reduction of
Si-0-Si bond angle under high pressure is elastic and revert to relaxed angle during decompression
in CaSiO;-MgSi0; glasses (Kubicki et al. 1992). This can result in the small compaction of CaSiOs
and CaMgSi,0, glasses obtained by shock and static compression. It is in strong contrast to SiO,
glass and 6bsidian, in which relatively large densifications were reported (Couty 1977, Okuno et al.
1998; Shimada et al. 2002; Shimoda et al. 2004). The difference could be explained in terms$ of
network connectivity; the degree of polymerization can influence the degree of the densification.
The polymerized network structure as in SiO, glass and rhyolitic volcanic glass (obsidian) can
easily compacted by the collapse of open voids and by the formation of small rings. However, the
depolymerized network of chain-and sheet-like structural units with interstitial cations as in CaSiO;
and CaMgSi, Oy glasses (and also basaltic glass) can.not allow the large rings with open voids
(Taniguchi 1994). Therefore, the compaction due to the collapse of large rings can not be allowed.
Also, modifier cations, especially with large ionic radius as Ca, can prevent the large reduction of
Si-O-Si bond angle.

This study implies that the shock-recovered silicate glass with more depolymerized network such

as Mg,Si0; glass also shows no significant densification.
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Fig.1 Density differences between shocked SiO, Fig.2 Density differences between SiO, glass
glass (Okuno et al. 1999), obsidian and its fused (Couty 1977) and CaSiO; and CaMgSi,0O, glasses
glass and CaSiO; and CaMgSi,0O4 glasses (this (this study) as a function of pressure.

study).
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