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Water in Silicate Melts
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Abstract: Water is a primary volatile component in terrestrial magma. As water is highly soluble in silicate melts, it de-
presses the melting temperature of rocks. This study reviews the speciation and solubility of water in silicate melts at lithos-
pheric p-t conditions and the influence of water on the physical properties of silicate melts. Water dissolved in silicate melts
is present in two forms, molecular H,0 and hydroxyl (OH) .Water solubility in silicate melts increases with pressure. When
the p-t condition lies above the critical cuve of a hydrous silicate system, a supercritical fluid may form with composition
intermediate between silicate melt and aqueous fluid. Water lowers the density and viscosity of silicate melt, which facili-
tates melt segregation from the source region and upward movement of the melt. Water promotes element diffusion and the
growth of crystals and gas bubbles. Water also enhances electrical conductivity of silicate melts and therefore electrical a-
nomaly of partially molten zones. The effects of water on the transport properties of silicate melts and its solution behavior
are all strongly associated with water speciation reaction. The role of water must be taken into account in studying melting-
related geological processes.
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Fig.1 ~ Variation of H,0 and OH concentrations with total

water contents in a rhyolitic melt at 1073 K ( based on

Zhang et al., 1997)

TRAVRES : RERRER I U b Y K

2 KREHBRLBEEAPWHEME

IKAEREE TR R 05 AR P 9 9 A 2 I 1 T 19 T e T
WK 2) o WM EEAEMRIE T 5 5 A7 09 J7 AR SE
PU, 7 e R B 0 T e i o B R R K X R AR
MR ik 55 7K o 78 A b A (Rt 7K 5 o 1
MEL OH 3 ¥ 3 2L H,0 o F) &2 — B W
(Zhang, 1999) o {EARHN , ¥ fiff 2 il itk JBE T g W ol
WA s 72w IR, TH I 4 SO 3% A B2 s BT o Ok
T 3o P e S T A R AR R T S O o A
H VAR T g — o (H — SR 0 I iR B X ik R R 4 1A

I3 B9 A5 Ak 35 S 858 ( Zhang et al., 2007; Keppler,
2013) ,
15
]
3 H,0%: S _ -
St -~
,‘_R( °
==
@ A
Road r's
Rl s
ks ’
~ Stz
e /
S /
= A T=1073K
% OHES
——— - T=873K
0 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
p/MPa
P2 KA S0 M A v B 3 A B (S50 5N Holtz et all.,

1995 1) 1073 K s256 504 , i 2 AR 3E Zhang et al., 2007 i+5)

Fig.2 Water solubility in a rhyolitic melt ( solid systemols are

experimental data at 1073 K in Holtz et al., 1995, and
the solubility curves are based on Zhang et al., 2007)
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Fig.3 Decrease in melt density with increasing water content

(based on Lange, 1997; Ochs and Lange, 1999)
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Fig.4 Decrease in melt viscosity with increasing water content

(based on Zhang et al., 2003; Hui and Zhang, 2007)
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Fig.5 Increase in molecular H,0 ( H,0 ) diffusivity and total

water ( H,0, ) diffusivity with increasing water content in

an andesitic melt( based on Ni et al., 2013)

JHEAAE Tz M A (U0 Ruprecht and Bachmann,
2010; Giachetti et al., 2015) ,

6 AKX S

B 280 B2 RN 1R RO, kR R R 1 L R
R A B L 2% (Ni et al., 2015) .
— RV RIS A R K B (NI et al.,
2011a; 2011b; Guo et al., 2016) , k&4 H 5 K [ 7K
A T T g (BT 6) , 3 I BR A T A P Y
Na" S8 F 1L mh ik O B2 5 S, &
TR A H S5 N i 5 2R A fifp A L IR P9 7 A O3 4
DI A ) AL 2 RS B8 1 kAl . Ni A (2011h) 957

Z i, 1773 K

S % /(S/m)

WEUR, 1273 K

0.1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8

BOK B B %(wt.)
&6 ik R b A 1 H 3 R K B 0 38 g T =
(#24# Ni et al., 2011b FIl Guo et al., 2016 2=])

Fig.6 Enhanced electrical conductivity of silicate melts
with increasing water content( based on Ni et al.,

2011b; Guo et al., 2016)
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