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VAPORIZATION EXPERIMENTS IN THE SYSTEM PLAGIOCLASE-HYDROGEN: 
2. COMPOSITION OF THE GAS; Hiroko Nagahara, Geol. Inst., Univ. Tokyo, Hongo, 
Tokyo 113, Japan 

Vaporization experiments on plagioclase were carried out at high temperatures 
and low pressures, to investigate solid-gas equilibria and kinetics of vaporization. 
The experimental results support our preliminary conclusions that plagioclase 
vaporizes nonstoichiometrically to a Ca-rich residue and an Na-rich gas, and that the 
gas and residue compositions are dependent on primary plagioclase composition 
and independent of experimental conditions [ I  ,2]. 

Plagioclases with four different compositions were prepared for starting materials: 
(PLl), Ane2 (PL2), Ans4 (PL3), and An3o (PL4). They were heated at 11 50° to 

1300°C and 10-4 to 100 Pa with or without hydrogen gas for 6 to 120 hrs in a furnace 
placed in a vacuum chamber. After partial vaporization, compositional and textural 
changes of the residues were studied with SEM, EPMA and TEM. 

Composition of residues are shown on the plane including Si-anorthite-albite (Si- 
NaAI-CaAI2 in the Si-Ca-Al-Na tetrahedron [ I ]  Compositions of the gases must lie on 
the extension of residue compositions to the opposite side of plagioclase solid 
solution line. The Na/AI ratio of the gases is constant at unity and the Si/(Si+NaAl) 
ratio varies with primary plagioclase composition. Extension of the residue arrays to 
the Si-albite side of the triangle gives the Si/(Si+NaAl) ratio of the gases for four 
plagioclases (Fig. 1): the ratios of the gases for PL1, PL2, PL3, and PL4 are 0.38, 
0.41, 0.43 and 0.48, respectively. The ratio is plotted against plagioclase primary 
composition in Fig. 2, which shows that the ratio is linearly related to the primary 
composition. The relationship between the primary plagioclase and gas 
compositions is shown by a linear regression line., y=0.18x+0.38, where x represents 
the Na/(Na+Ca) ratio of primary plagioclase and y represents the Si/(Si+NaAl) ratio 
of the gas, that is the Si content of the gas. 

The reaction is shown by a decomposition equation of the albite component of 
plagioclase: 

where z represents the number of evaporated silicon atoms per formula unit, which 
corresponds to y in Fig. 3. Composition of the gas formed by partial evaporation of 
plagioclase with arbitrary composition is thus estimated. 

The oxygen generated reacts with hydrogen to form water vapor. Combining the 
equation (1) or (2) with the equation for formation of water vapor, we obtain the 
following equation: 
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where 
aAb is 
in the 

PPI represents total pressure of vaporizing gas (sum of Na, AI, SiO or SO2), 
act~vity of albite component in plagioclase, and asion is activity of excess silica 
residual plagioclase. The equations (3) and (4) show that vaporization 

advances with increasing hydrogen pressure and decreasing water vapor pressure. 
These equations well explain the fact that vaporization rate is larger at higher 
hydrogen pressure and smaller at lower hydrogen pressure [2]. Hydrogen pressure 
almost equals to total pressure when total pressure is higher than 10-3 Pa in the 
present study. Increasing vaporization rate with increasing total pressure appears to 
be incorrect, however, it is the case when hydrogen is present. 

The present experimental results are directly applicable to highly 
nonstoichiometric plagioclases in mare basalts [3] and in eucrites. They are also 
applicable to evaporation from various minerals and melts in the solar nebula. 
Evaporation from silicates or silicate melts in the solar nebula, which is essentially sf 
hydrogen, generates oxygen which would reacts with hydrogen, resulted in the 
increase in evaporation rate at higher pressure and decrease in evaporation rate at 
lower pressure. 

Another important application of the present study is difference in composition of 
the gas generated by partial evaporation of minerals and that of melts. In the case of 
plagioclase, Al evaporates with Na with a constant ratio regardless of temperature, 
pressure, or plagioclase composition; however, Al would hardly evaporate from 
silicate melts because of lower vapor pressure. Evaporation mechanism of minerals 
is different from that of melts because structure of minerals control the mechanism.. 
[ I ]  Nagahara, H. and Kushiro, 1. (1989) Lunar Planet. Sci., XX, 754-756. [2] Nagahara, H. arnd Kushiro, I. 
(1989) Proc. NIPR Symp. Antarct. Meteorites, 2, 235-251. [3] Beaty, D. W. and Albee, A. L. (1980) Am. 
Mineral., 65, 63-74. 
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Fig. 1 SiNaAI-CaAE diagram showing corn- Fig:2 Relationship between plagiodase primary 
position of residues of partially evapo- composition and that of gas formed by 
rated plaglodase and estimated gas. partial evaporation. 
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