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MELTING OF ALBITE AT HIGH PRESSURES IN THE PRESENCE OF WATER
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The melting of albite has been investigated in the presence of water in the pressure range up to 30 kb, from the
point of view that the effect of water on the melting of silicates is important for the investigation of the state of the
earth’s interior and the earth’s thermal history. The melting relations have been determined under the following con-
ditions: (a) that the water pressure is equal to the total pressure or the albite melt is saturated with water, and (b)
that albite melt contains a fixed amount of water (10 wt% and 14 wt%) and is saturated with water up to a certain

value of pressure but undersaturated in the higher pressures.

As pressure increases, the melting point of albite, in the presence of a fixed amount of water, decreases from
1118°C along the water-saturated melting curve up to a certain value of pressure. In the higher pressure region albite
begins to melt incongruently, and the temperatures of the beginning of melting decrease with increase of pressure
along the water-saturated melting curve and the temperatures of the end of melting increase approaching asymptoti-
cally the curve for the dry condition. In the region between the solidus and the liquidus, crystal and liquid co-
exist. The value of pressure, where the incongruent melting begins, is in good agreement with the results of the solu-

bility of water in albite melt.

|. Introduction

There have been many discussions related to the
mportance of water in the earth’s crust and mantle,
especially of the effect of water on the melting points
of silicates (e.g. [1]). The melting points of most solids
ncrease with pressure, but it is well known from the
hydrothermal experiments that in the presence of water
the melting points of silicates decrease with increase
of pressure [1]. Recently this effect has been discussed
inrelation to the cause of the low velocity layer [2,3]
and to the earth’s thermal history [4].

The presence of water in the lower crust or the
upper mantle is considered likely from the geological
evidence that hydrous minerals like amphibole or mica
are included in the rocks which are believed to have
originated in the upper mantle [3]. The amount of
water is considered not so large that the condition of
P,0 <Py is more probable than Pyy,0 = Pyyy,
though in the thermal history it is possible that the
early earth retained larger amounts of water than the
present earth [4].

The melting relations of silicates under the condi-

tion of Py,0 <Py, were illustrated schematically
by Yoder and Tilley [5] and Kushiro [3]. A few
direct experiments were done on basalt by Shimada
[2] and on peridotite by Kushiro et al. [6] . In the
melting relation of a rock, there is the melting inter-
val in which liquid and solid coexist, even in the ab-
sence of water, because most rocks are regarded as the
multicomponent systems of minerals. It would be
desirable to determine the effect of water under the
condition of Py,0 <Py, on the melting of a single
silicate mineral. In this study the melting relation of
albite was investigated. It was desired that the water
in the silicate is at a fixed water pressure less than the
total pressure. Unfortunately, in the present experi-
ments the desired condition, i.e. a fixed water pres-
sure, was not achieved, but runs were carried out with
a fixed amount of water.

2. Experimental procedures

T};e high pressure equipment used for this study
was a single-stage piston cylinder type of 12 mm diam-




eter chamber, described previously [2,7]. Melting re-
lations were determined by the quenching method.
Charges after the runs were examined both by the
X-ray diffractometer and by the petrographic micro-
scope. In almost all runs the expected pressure and
temperature were attained through the liquidus field
(cf. [8]).

Glasses were used as starting materials for all runs.
NaAlSi;Og glasses were synthetically prepared from
Na,C0O;, Al,03 and Si0;. Glasses were additionally
prepared from natural albite from Ontario, Canada.
Finely ground glasses were moistened with plenty of
distilled water and dried until the expected amount
of water remained. These moistened glasses of 1—2 mg
were put into several platinum capsules and welded.
To determine the final amount of water, some of
them were opened and heated, and weighed before
and after the heating. Each capsule was considered to
contain the same amount of water but the uncertainty
of the determination of the amount of water was +2%.
In the runs for the condition of Py, 0 = Py, finely
ground glasses and excess water were sealed within
platinum capsules.

3. Results and discussions

Experimental results are shown in figs. 1-3 and
summarized in fig. 4. In these figures the melting
point of 1118°C was adopted at atmospheric pres-
sure [9].

Fig. 1 shows the melting relation in the condition
of Py, 0 = Pygyy Or that albite melt is saturated or
oversaturated with water. The curves from Goranson
[10] and Burnham and Jahns [11] are also shown.
Synthetic albite glasses were used for most runs. For
comparison, natural albite glasses were also used and
the results of the former are plotted by circles and
the ones of the latter by squares.

Two sets of samples were prepared for the runs
using a fixed amount of water. One contained 10 + 2
wi% of water and the other 14 + 2 wt%. The results
of these runs are shown in fig. 2 and fig. 3, respec-
tively. In these runs synthetic glasses were used as the
starting materials.

The melting point of albite with 10% of water de-
creases with increase of pressure up to 4 kb along the
water-saturated melting curve. In the higher pressure
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and Birch and LeComte [13].

region albite melts incongruently, and the temperatures
of the beginning of melting decrease with increase of
pressure along the water-saturated curve and the tem-
peratures of the end of melting increase approaching
asymptotically the curve for the dry condition (fig.'4).
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In the region between the solidus and the liquidus, crys-
1300 Y T — tal and liquid coexist. The pressure of 4 kb where the
incongruent melting begins is in good agreement with
ipofl 4wt a0 ® J'. the results of the solubility of water in albite melt de-
(160 . 1 scribed by Burnham and Jahns [11]. According to
-°' their results, it is at 4, 5 and 6 kb that the solubility of
w1000 °® a water in albite melt is 9, 10 and 11 wt%, respectively,
'3 900 | at temperatures of the water-saturated liquidus. Thus,
& o at this pressure and temperature albite melt is just satu-
% 800} - © Giass - rated by 10 wt% of water and this is the maximum pres-
< ® Gl+Ab sure satisfying the condition of Py, = Pyoqy in the
700 o O Avite 1 presence of 10 wt% of water.
The liquidus of albite with 14 wt% of water was
600} : : ' g
drawn consistently with the results of the solubility
500 L L 3= (fig. 3).

It is suggested from fig. 4 that when water is
present, albite melts incongruently and the solidus coin-
cides with the water-saturated melting curve. Accord-
ingly the presence of just a small amount of water would
remarkably affect the state of the earth’s interior.

It should be noticed that the solidi of rocks in the
presence of water under the condition of Py,0 <
Pyya1, OF undersaturation, do not coincide with the
water-saturated solidus, and have been drawn in the
higher temperature range [2,6] . In the present experi-
ments, few data were presented near the solidi in the
pressure range where albite melt was not saturated with
water. It would be difficult from only the present data
to conclude that the solidus for undersaturation coin-
cides with the water-saturated melting curve, but justi-
fied from the isobaric phase diagram for the system
albite-H,O described by Burnham and Jahns [11].
These problems will be discussed in detail in the near

future after sufficient data are obtained.
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