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The System MgrSiOn-SiO2 at Pressures Up to 25 Kilobars'
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Abstract

Using piston-cylinder apparatus, two univariant solidus curves involving the phases
forsterite + enstatite * liquid and enstatite * silica * liquid have been bracketed at pressures
up to 25 kbar. Also, the protoenstatite-orthoenstatite inversion curve has been reversed at 8
kbar and l3l3' to l4I7"C. Three invariant points have been located. One involves the phases
forsterite, protoenstatite, orthoenstatite, and liquid and is located at 15.2 kbar, l700oC. The
second involves the phases high quartz, protoenstatite, orthoenstatite, and liquid and is
located at 15.6 kbar, 1720"C. The third involves protoenstatite, orthoenstatite, and liquid and
is placed at 15.8 kbar, 1730'C. A fourth invariant point involving the phases cristobalite,
high quartz, protoenstatite, and liquid has not been bracketed closely but occurs approximate-
ly at 4.1 kbar, 1620"C. The composition of the isobaric eutectic between silica and enstatite
does not change measurably with pressure at least up to 25 kbar. The one-atmosphere peritec-
tic liquid in equilibrium with forsterite and enstatite changes to a eutectic liquid at a pressure
of approximately 1.3 kbar and its composition moves progressively toward forsterite as
pressure increases. However, this result for the binary system does not necessarily mean that
the reaction relation involving forsterite, enstatite, and liquid in a natural magma must dis-
appear at a similar pressure.

Introduction

In 1914, Bowen and Andersen published their
classic results on melting relations in the system
MgO-SiO, at one atmosphere pressure. Their dis-
covery of the incongruent melting relationship of
enstatite to form forsterite and liquid has occupied a
central position in the development of petrogenetic
theory to the present day. Phase relations in this
system at higher pressures are known only in part.
Davis and England (1964) determined the melting
curve of forsterite up to 47 kbar. Boyd, England, and
Davis (1964) studied the melting behavior of enstatite
up to 47 kbar and found that the incongruent melting
relationship of enstatite disappears at some pressure
less than 5.4 kbar. Taylor (1973) located the position
of the eutectic between forsterite and enstatite at l5
kbar.  The polymorphism of enstat i te at high
pressures has been studied by Boyd et al (1964),
Kushiro, Yoder,  and Nishikawa (1968),  and
Anastasiou and Seifert (1972).
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The purpose of this paper is to present the phase
relations for the system MgrSiO.-SiO2 over the
pressure range of I atm to 25 kbar. Two univariant
solidus curves in P-T space have been determined,
one involving forsterite, enstatite, and liquid, and the
other involving enstatite, silica, and liquid. In addi-
t i o n ,  w e  h a v e  s t u d i e d  t h e  p r o t o e n s t a t i t e -
orthoenstatite inversion at subsolidus temperatures
and have obtained new data bearing on the dis-
crepancy in the position of this transition determined
by Boyd et al (1964) uersus that determined by
Kushiro et al (1968) and Anastasiou and Seifert
( te12).

Experimental Method

Experiments at I atmosphere pressure were carried
out in a standard platinum-wound vertical quench
furnace, and high pressure experiments were carried
out with a piston-cylinder apparatus (Boyd and
England, 1960). All high pressure experiments were
of the decompression or piston-out type, and no
pressure correction was applied. Platinum sample
capsules were used together with the pressure cell
arrangement described by Presnall, Brenner, and
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O'Donnell (1973). PtlPtlORh thermocouples, used
for experiments at one atmosphere, were calibrated
by comparison against a standard PtlPtl0Rh ther-
mocouple calibrated by the National Bureau of Stan-
dards. W3Re/W25Re thermocouples, used for high
pressure experiments, were calibrated by Engelhard
Industries, Inc., to a stated uncertainty of t l0'C. All
temperatures were corrected to conform to the 1968
International Practical Temperature Scale (Iers-os)
(anonymous, 1969). No pressure correction was
applied to the temperature readings. Two starting
compositions were prepared: one at 56.44Vo SiOz,
43.56Vo MgO by weight (composition A, Fig. l); and
the other at 65.07Vo SiOz,34.93Vo MgO (composition
B, Fig. l). The source of MgO and SiOz for these mix-
tures is the same as described earlier (Presnall, Sim-
mons, and Porath, 1972). Both mixtures were fired in
a gas furnace for four hours, composition A at about
1700'C and composition B at about 1660"C. The
mixtures were quenched in water to a combination of
glass and quench crystals. For the high pressure ex-
periments, all parts of the pressure cell within and in-
cluding the boron nitride sleeve (except the ther-
mocouple) were fired for one hour at 1050'C prior to
assembly. The W3Re/W25Re thermocouple was
dried for one hour at 70oC. Polished thin sections of
runs bracketing univariant P-T lines were made for
examination in both transmitted and reflected light,
and in some cases for determination of glass com-
position with an electron microprobe (Applied
Research Laboratories, Model Erux-snr). The raw
microprobe data were corrected for fluorescence, ab-
sorption, and atomic number effects using the eu-
rADR vu computer program of Rucklidge and
Gasparrini (1969).

Melting Relations at One
Atmosphere Pressure

Although we had no reason to doubt the original
work of Bowen and Andersen (1914) on the system
MgO-SiOz at one atmosphere, their diagram has not
been reexamined for 60 years. Thus, we decided to
check some critical parts of the phase diagram.

Table I shows our quenching results at one atmos-
phere, and the phase diagram is shown at the bottom
of Figure l. We have determined the incongruent
melting temperature of enstatite to be 1559'C;
Bowen and Andersen found this temperature to be
1557"C, which when corrected to lprs-69, is 1562'C.
These two results are identical within the experimen-
tal uncertainty. The composition of the liquid at this
peritectic point, determined with an electron
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Frc l. Temperature-composition sections for the system
MgrSiO.-SiO, at I atm, l2 kbar, and 25 kbar. Compositions A
and B are the two starting mixtures used in this study.

microprobe, is 60.6 percent SiOr, which also agrees
with the value of 60.9 percent SiO, obtained by
B o w e n  a n d  A n d e r s e n .  W e  h a v e  f o u n d  t h e
temperature for the eutectic between enstatite and
cristobalite to be l547oC, which agrees exactly with
the value given by Bowen and Andersen when cor-
rected to Iprs-68. Mixture B (65.07 percent SiOr)
contains slightly more silica than the eutectic com-
position (65.0 percent SiOr) found by Bowen and
Andersen. We observed a small melting interval
(about 12"C) with cristobalite as the primary phase, a
result in agreement with Bowen and Andersen's loca-
tion for the eutectic. In summary, we have found
complete agreement with the original work of Bowen
and Andersen (1914).

Protoenstatite-Orthoenstatite Inversion

Anastasiou and Seifert (1972), in good agreement
w i t h  K u s h i r o  e t  a l  ( 1 9 6 8 ) ,  b r a c k e t e d  t h e
protoenstatite-orthoenstatite inversion curve from
one atmosphere, 985oC (Atlas, 1952) up to 8 kbar,
1355'C. However, linear extrapolation of their curve
to higher temperatures and pressures is in sharp dis-
agreement with the earlier high-temperature results
of Boyd et al (1964).In an attempt to resolve this dis-
crepancy, we have studied the inversion from about
1290' to 1690'C. Our experiments thus overlap the
entire temperature range studied by Boyd et al (1964)
and the upper part of the temperature range studied
by Kushiro et al (1968) and Anastasiou and Seifert
(te72).

Our subsolidus quenching results are listed in
Table 2. Phases present were determined from X-ray
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Tegle l. Quenching Results for Near-Solidus Experiments

Comoos l t i on  A
$ 6 . \ 4  7 "  s i o 2 ,  4 3 . 5 6  Z  H e o  b y  w t . )

Comoos i t i on  B
(65 .07  z  s i o2 ,  34 .93  % Mso  by  w t ' )

T  p  T ime  Phases
( ' c )  ( t <ua r )  ( h r )  P resen t *

T  P  T i m e
( " c )  ( t <ua r )  ( h r )

Phases
P re sen t^-

155\
1559
1564
I  5 3 4
1639

t6\5
t639
|  550
1665
| 686

1696
1676
l  7 0 l
t728
1749

1739
1676
1749
t770
t770

t5\5
t5\7
I  5 5 1
1555
t562

1665
1678
r 680
r  6 8 1
|  691

1696
t 7 t 4
r 7 r4
1728
1728

a tm
a tm
a tm
a t m
a tm

i q

q

q

' l  
a tm 6

l a t m  9
I  a t m  l 0

7 4
7 \

7 \
l 0  0  . 2 5
r 0  4
t 0  4
r 0  4

1759 20 3 en + qz
l 7 7 o  2 0  3  s l + q

+ q  f 7 9 0  2 5  2  e n + q z
+ q

f q

6 n + f o
e n + f o + g l +
f o  +  9 l
e n + f o + g l +
f o  +  g l  +  q

fo  +  g l  +  q
ortho** + fo
e n * f o
e n + f o + g l +
f o  +  9 l

f o  +  9 l  +  q
e n + f o
e n + f o + 9 1 +
f o + g l + q
f q  +  g l  +  q

6
6
6

l 0
8

e n  +  c r i s t
e n + c r i s t + g l + q
c r l s t  +  g l
c r i s t  +  9 l
g l

0 . 2 5
\
4
4
4

7

t 0
l 0

t 5
t 5

4  e n + q z
4  s l
4  e n + q z + g l
4  e n + q z
4  g l

4  e n + q z
4  s l
4  e n + q z + g l
4  g l  +  q
3  e n + q z + 9 1

t 0
l 5
r 5
l 5
l 5

r 6
20
20
20
2 5

2 E

25

+ q

f q

+ g l + q

t790
r 8 r  I

O . 2 5  f q + g l + q
3  e n + f o
2  e n  + f o + g l
1 . 5  e n + f o + g l
2  s n + f o

2  e n  +  f o  +  9 l
2  g l  +  q

' t e n  =  e n s t a t i t e ;  o r t h o  =  o r t h o e n s t a t i t e ;  c r i s t  =  c r i s t o b a l i t e ;  q z  =  q u a r t z ;  f o  =

f o r s t e r i t e ;  g l  =  g l a s s ;  q  =  q u e n c h  c r y s t a l s .  T w i n n e d  e n s t a t i t e  ( i n t e r p r e t e d  t o  b e
c l  i noens ta t i t e  i nve r t ed  f r om p ro toens ta t i t e  du r i ng  quench ing )  was  obse rved  i n  r uns
a t  7  kba r  bu t  was  no t  f ound  a t  h i ghe r  p ressu res .

, k *De te rm ined  by  X - ray  powde r  d i f f r ac t i on .

powder diffraction patterns, using for reference the
X-ray data given by Atlas (1952) and Borg and Smith
( 1969).  Figure 2 shows a comparison of our
quenching data with the curves of Boyd et al (1964),
Kushiro et al (1968), and Anastasiou and Seifert
(1972). Following Atlas (1952) and Smyth (1974), we
have assumed that the presence of clinoenstatite is the
result of inversion of protoenstatite on quenching.
With this assumption, our data at 7 kbar and at
temperatures below 1450'C at higher pressures agree
with the curve of Kushiro et al (1968) and Anastasiou
and Seifert (1972).

At 8 kbar we achieved a reversal of the phase
boundary. For each reversal run (see Table 3), the
sample was held initially on one side of the curve for
a time sumcient to produce the one phase assem-
blage. The temperature was then changed and held
on the other side of the curve. The phases pro-
duced at the end of the initial conditions were
determined from separate runs (see Table 2). Within
the limits of detectabilitv of the X-ray diffractometer,

the reaction of orthoenstatite to protoenstatite went
to completion. The reverse reaction from protoensta-
tite to orthoenstatite did not quite go to completion,
but the reversal is considered valid because a large
amount of orthoenstatite was produced.

As shown in Figure 2, most of our data above
1450'C and 7 kbar do not agree with the curve of
Anastasiou and Seifert (1972) and Kushiro et al
( 1968), nor with our own data at lower pressures and
temperatures. Orthoenstatite was observed in what
we expected to be the protoenstatite field. Interesting-
ly, two runs listed by Kushiro et al (1968) at l0 kbar
(1500' and 1525'C) showed orthoenstatite, in agree-
ment with our results but in disagreement with the
position of their inversion curve. Another interesting
feature is that if we had made runs only in the
temperature range above 1550"C studied by Boyd et
al (1964), we would have agreed with the position of
the curve determined by them.

We believe the reversal achieved at 8 kbar strongly
supports the location of the curve as determined by
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T  P  T ime
( 'c  )  ( tua r )  ( t ' . ;

TAsI-r 2. Subsolidus Quenching Results
for Starting Composition B

(65.07 Vo SiO,, 34.93 Vo MgO by weight)

pressures, this sequence of events may also occur but
much more rapidly, so that no trace of protoenstatite
or clinoenstatite remains after quenching. Also,
Smyth worked on single crystals whereas we have
studied much finer grained material. This could cause
a difference in nucleation rates.

In any case, we prefer the position of the protoen-
statite-orthoenstatite curve as determined by Kushiro
et al (1968) and Anastasiou and Seifert (1972), and we
base this preference on the reversal we have obtained
at 8 kbar. Further clarification of the equilibrium
relations might be obtainable from examination of
quenched samples by high resolution electron
microscopy (Buseck and Iijima, 1974), or from an X-
ray study at high temperatures and pressures.

Solidus Phase Relations at
High Pressures

The isopleth for the composition 43.56Vo MgO,
56.44Vo SiO, (composition A, Fig. l) is shown in
Figure 3, and the quenching results are listed in Table
l. The solidus has been bracketed up to 25 kbar and
consists of two univariant curves, one involving
forsterite, protoenstatite, and liquid at low pressures,
and the other involving forsterite, orthoenstatite, and
liquid at high pressures. The invariant point i' is placed
at 15.2 kbar, l7@oC, based on a linear extrapola-
tion of the preferred protoenstatite-orthoenstatite in-
version curve from Figure 2. The liquidus curve
(dashed) approaches the solidus curve as pressure in-

Subsolidus experiments on mixture B. Quartz is always
present in addition to the phases indicated.

Phases
P res en t*

t z 9 2
r 344
t 4 l 7
| 520
t6\5

r 3 r 3
| 334
r 4 r 7
l 4 l  7
t 6 2 \

1520
l 4 t 7
1437
1624
t \ 3 7

I 500
| 500
t62\
1666
| 686

r 585

I
8
8
8
8

8 . 4
9
9
9

l 0

2
2
2

r3
2

l 0  2
f 0  t 2
l 0  2
l 0  4
1 3  4

t 6  4

4  o r t ho
2  c l  i n o
2  c l  i n o
2  c l  i n o
4  c l  i n o

o r t ho
c l  i n o
c l  l n o
c l i n o
o r t ho

2  o r t ho
2  c l  i n o
2  c l  l n o
2  o r t ho
2  o r t ho

o r t ho
ortho
o r t ho
o r t ho
o r t ho

o r t ho

+
+
+
+

+
+
+

+
+

p roto
Proto
proto
p roto

p ro to  +  o r t ho
proto
p roto

proto + or tho
Proto + or tho

, *o r t ho  =  o r t hoens ta t i t e ;  c l i no  =  l ow  c l l no -
ens ta t i t e ;  p ro to  =  p ro toens ta t i t e .  Qua r t z
i s  u n i v e r s a l  l y  p r e s e n t .

Kushiro et al (1968) and Anastasiou and Seifert
(1972). The higher pressure, higher temperature runs
can be explained if it is assumed that for these runs
protoenstatite inverted directly to orthoenstatite dur-
ing quenching. At low pressures, there appears to be
agreement  tha t  p ro toens ta t i te  inve  r ts  dur ing
quench ing  e i ther  par t ia l l y  o r  comple te ly  to
clinoenstatite. However, at higher pressures, the
protoenstatite to orthoenstatite inversion occurs at
much higher temperatures and may make direct con-
version of protoenstatite to orthoenstatite possible
during quenching. For the quenching rates applicable
to our piston-cylinder apparatus, this interpretation
implies that protoenstatite inverts partially to
c l i n o e n s t a t i t e  w h e n  t h e  p r o t o e n s t a t i t e - t o -
orthoenstatite curve lies below about l300oC (below
7 kbar). However, when this curve lies above about
1450"C (above l0 kbar), protoenstatite inverts di-
rectly to orthoenstatite. The temperature range 1300
to 1450'C is transitional and shows both types of
behavior.

However, this is not the only possible explanation.
Smyth (1974) has found that for slow cooling rates at
one atm pressure, protoenstatite transforms initially Frc.
to clinoenstatite and then to orthoenstatite. At higher

i

s
.q
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pressure,

Ftc. 3. lsopleth for the composition 43.56 percent MgO, 56.44 percent SiO, by weight (mixture A).
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creases, and extrapolation to higher pressures
suggests the two curves touch at about2T kbar. This
shows that the liquid composition in equilibrium with
forsterite and enstatite moves continuously toward
forsterite as pressure increases and would coincide
with the composition of our starting mixture at about
27 kbar. The temperature we have obtained for the
eutectic between orthoenstatite and forsterite at l5
kbar is l700oC, in close agreement with the value of
1710"C found by Taylor (1973).

Figure 4 shows the isopleth for the composition
34.93Vo MgO, 65.07Vo SiO2 (composition B, Fig. l).
Again, the solidus curve has been determined, and it
consists of three univariant lines. At low pressures
(below in) the phases in equilibrium along the solidus
curve are cristobalite, protoenstatite, and liquid; at
intermediate pressures (between in and i2) the phases
are high qvartz, protoenstatite, and liquid; and at
high pressures (above i) the phases are high quartz,
orthoenstatite, and liquid. As in Figure 3, the loca-
tion of invariant point i, is based on a linear ex-
trapolation of the preferred protoenstatite-ortho-
enstatite inversion curve in Figure 2 and is placed
at 15.6 kbar, 1720"C. The location of invariant
point in (4.1 kbar, 1620'C) is only approximate and is
based on the inferred location ofthe cristobalite-high

quartz inversion curve given by Tuttle and Bowen
(1958, p. 29).

As mentioned earlier, the starting composition was
made up with a very slight excess of SiOz over that in
the one-atmosphere eutectic of Bowen and Andersen
(1914). Although a very small field of cristobalite *
liquid was detected at one atmosphere pressure, no
melting interval was found in the high pressure ex-
periments, indicating that throughout the pressure
range studied, the composition of the eutectic liquid
remains essentially constant and equal to the com-
position of the starting mixture (34.93Vo MgO,
65.O7Vo SiOr). In one run at l5 kbar and another at 25
kbar, part ofthe capsule contained glass or glass plus
quench crystals and the other part contained qvaftz
plus enstatite. Thus, these runs were located exactly
on the univariant curve. In both runs, microprobe
area scan analysis of the portion containing glass or
glass plus quench crystals gave the same composition
as the starting composition, thus confirming the lack
of change of the eutectic liquid composition with
pressure.

In order to establ ish t imes re quired for
equilibrium, each of the univariant solidus curves in
Figures 3 and 4 was reversed at one pressure above
(16 kbar) and one pressure below (10 kbar) the in-
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variant points i, and i, (Table 3). These run times
were then used as a guide in making bracketing runs
at other points on the curves (Table l). As indicated
in Table 3, some of the reversal runs were ouenched
after the initial conditions and the sample placed in a
new platinum capsule for the final conditions. This
was done because a single long run would have risked
melting the platinum capsule (Presnall et al, 1973).

Figure 5 shows the P-T projection of the system
MgrSiOn-SiOr. At pressures below l5 kbar we have
raised the temperature of the melting curve of
orthoenstatite (protoenstatite on our diagram) given
by Boyd et al (1964) in order to keep it higher than
our curve for the eutectic between protoenstatite and
high quartz. This new location for the protoenstatite
melting curve lies about l5"C above the 5.4 and 8.3
kbar uncertainty brackets ofBoyd et al (1964). Atall
other pressures, our position for the enstatite melting
curve lies within their uncertainty brackets. Invariant
point ir lying on the enstatite melting curve involves
protoenstatite, orthoenstatite, and liquid, and is
placed at 15.8 kbar, l730oC. The exact location of the
singular point s, at which protoenstatite begins to
melt congruently, has not been determined, but ex-
trapolation of the curve for the eutectic between
protoenstatite and forsterite (line s-i) suggests that

the singular point is located at a pressure ofabout 1.3
kbar, slightly lower than the pressure of 2.3 kbar
calculated by Boyd et al (1964).

Figure I shows temperature-composition sections
at I atm, 12 kbar, and 25 kbar. These illustrate two
features of the phase relations already discussed. That
is, the composition of the eutectic between enstatite
and quartz remains essentially constant at all
pressures, and the composition of the liquid in

Te,gls 3. Quenching Results for Reversal Runs

I n i t i a l  c o n d l t i o n s  F i n a l  C o n d i t i o n s

T P T i T T P T i T
( ' c )  ( t u a r )  ( h r )  ( ' c )  ( k b a r )  ( h r )

P h a  s  e s
P  r e s e n t f

cmpos i t i on  A  (56 .44  Z
1539  r0  0 .25
1696 r0 0.25
1676 15 4
1739  15  0 .25

Conpos i t ion  I

r 3 r 3  8
t 4 l 7  8
1666 r0
t739 lo
1585  16
t7\9 16

s ioz ,  43 .55  t  l 1g0  by  w t . )
1696  r0  3
t639 ro 4
t739 16 r  .5
t 676  16  r . 5

f o + 9 1
f o + e n
f o  +  9 l
f o + e n

+ q

+ q**
+ q

( 55 .07  ?

4
?

s i 0 2 ,  3 4 . 9 3  ?
r 4 r 7  8
r 3 r 3  8
1739 ro
1666 r0
t7\9 15
1686  15

I ' tgO by wt.)

p r o t o  +  c l  i n o  +  q z
o r t h o  +  c l i n o +  q z
e n + o z + 9 1 + q * *
e n  +  q z * *
g l * *
e n  +  q z * x

*Abbrev ia t lons  sare  as  In  Tab les  I  and 2 .
* *The samele  was quenched a f te r  the  in i t ia l  cond i t ions  and a  new Pt

caosu le  was used fo r  the  f ina l  cond i t ions .



404 C.-H. CHEN, AND D. C. PRESNALL

t5
pressure, kbor

Frc. 5. Pressure-temperature projection for the system MgrSiO.-SiO, showing univariant lines (dashed
where inferred) and invariant points. The point s is a singular point.
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equilibrium with forsterite and enstatite moves con-
tinuously toward forsterite as pressure increases. The
position of the eutectics between forsterite and
enstatite at 12 and 25 kbar are approximate and are
based on interpolation between three points: Taylor's
(1973) determination at l5 kbar, the assumption that
the singular point s (Fig. 5) occurs at 1.3 kbar, and
our extrapolated location of 56.4Vo SiOz, 43.67o MgO
at about 27 kbar.

Geologic Discussion

An important cornerstone of Bowen's scheme for
the production of various igneous rock types by frac-
tional crystallization of basaltic magma (Bowen,
1928) is the incongruent melting of enstatite to
produce forsterite and liquid. This reaction, he
argued, could produce silica-saturated magmas by
fractional crystallization of silica-undersaturated
magmas. Our data fit best with the disappearance of
this reaction at about 1,3 kbar. However. it should
not be inferred from our data for the binary system
that the reaction relation in natural magmas also dis-
appears at a similar pressure. It has long been known
that, at one atmosphere, the presence of iron causes
the reaction relation to disappear (Bowen and

Schairer, 1935). Taylor (1973) has found that at l5
kbar the presence of aluminum in enstatite has the
opposite effect. That is, the reaction occurs for
aluminous enstatite but does not if aluminum is ab-
sent. lf another phase such as spinel is present, the
matter is even more complicated. That is, it is possi-
ble for the reaction to occur in the presence of an ex-
tra phase but not in its absence. In this regard, it is
noteworthy that in some volcanic rocks (for example,
see Kuno, 1950) olivine phenocrysts are encased by
composite reaction rims containing both orthopyrox-
ene and spinel. Thus, we disagree with the conclusion
of Boyd et al (1964, p.2107) that the reaction relation
between olivine and enstatite in natural magmas must
necessarily be confined to near-surface fractionation
processes. The matter is still unresolved.

Kushiro (1968) showed that in several anhydrous
systems approximating mantle chemistry, increasing
pressure causes primary melts to become increas-
ingly depleted in silica. In the system MgrSiOn-SiOz,
the composition best approximating a peridotitic
mantle would be slightly toward enstatite from
forsterite. Figure I shows that such a mantle would
produce increasingly silica-depleted primary magmas
as pressure is increased, in agreement with Kushiro's
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(1968) results on more complex systems. Note that
this result is not in conflict with the discussion in the
previous paragraph, because in a natural magma the
presence of another crystalline phase or aluminum in
enstatite could allow the reaction relation to take
place even for a liquid composition undersaturated in
silica.

Appendix

Contamination of Platinum Capsules by Silicon
For many years, users of piston-cylinder apparatus

have noticed that platinum capsules melt far below
the melting point of pure platinum (Boyd and
England, 1963; Williams and Kennedy, 1969:.
Presnall et al, 1973), and it has generally been assumed
that this is caused by contamination from the
pressure cell. In some of our runs near the melting
temperature of the capsule, we noticed an interesting
texture in the capsule wal l  (Fig. 6).  Electron
microprobe study revealed that the texture consists of
pure platinum crystals in a matrix of platinum-silicon
alloy. The Pt-Si alloy contains only a small amount of
Si, and no other elements were detected. An especial-
ly careful check was made for Al, Fe, and Mg.

The Pt-Si phase diagram (Hansen, 1958, p. I140)
shows a very steep liquidus curve descending from
the melting point of pure Pt at 1769"C to a eutectic at
830"C, 23 mole percent Si, indicating that a small
amount of silicon causes a dramatic reduction in the
melting temperature. The texture in Figure 6 is a
crystal-liquid mixture that has not quite reached the
point of causing collapse of the crucible. The in-
creasing width of the partially melted zone toward
the inside of the capsule is a typical feature, and
shows that the contamination originates from the
sample itself, not from parts of the pressure cell out-
side the capsule.

For capsules that have not failed, loss of silicon
from the sample is usually not significant. In our ex-
perience, failure of the capsule results when roughly
l0-20 percent of the capsule develops the partially
melted texture shown in Figure 6. Using these percen-
tages, rough calculations indicate that the SiO, con-
tent of a sample would be reduced about 0.2-0.5 per-
cent at the time of failure of the capsule. Most
successful runs show capsules with far less than l0
percent development of the partial melting texture.

Presnall et al (1973) found that platinum capsules
could be used at much higher temperatures and for
longer runs when the capsule was completely encased
by 99.7 percent AlrO, ceramic rather than ceramics
containing SiOr. The explanation for this was not un-

FIc. 6. Polished section of platinum capsule wall in reflected
light showing partial melting texture. Light gray is Pt, medium
gray is Pt-Si alloy, black spots are holes. In photograph A, the
large black areas outline the margins of the capsule wall with the
outside at the top. Run conditions were 1665oC, 7 kbar for 4 hrs.

derstood at the time, but it appears now that silicon is
the external contaminant that accelerates melting of
the capsule. Silicon contamination may also explain
the very high drift rates of PtlPtlORh thermocouples
when they are used in the piston-cylinder apparatus
in contact with mullite or Pyrex glass (Mao and Bell,
l97l ;  Mao, Bel l ,  and England, 1971).
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