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TEE STABILITY ~FOXYAMPHIBOLES: EXISTENCE OF FERRIC-BEARING MINERALS UNDER 
THE REDUCING CONDITIONS ON THE SURFACE OF VENUS 
D'Arcy W. Straub and Roger G. Burns, Dept of Earth, Atmospheric and Planetary 
Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139. 

Introduction: An enigma of Venusian mineralogy is the suggestion that Fe3+- 
bearing minerals exist under the reducing conditions of the Venusian atmosphere. 
Analysis of the spectrophotometric data from the Venera 13 and 14 missions, 
combined with the laboratory reflectance spectral measurements of oxidized 
basalts at elevatedtemperatures, led to the suggestion that metastable hematite 
might exist on Venus [I]. Heating experiments at 475OC when f,-lo-", 
demonstrated that the hematite to magnetite conversion is rapid, indicating 
metastable hematite is not present on Venus [2]. In addition to hematite, 
several other ferric oxide and silicate minerals have been proposed to occur on 
Venus, including laihunite or ferrifayalite [3], l?e3+-bearing tephroite, 
ox amphiboles [4], and oxybiotites (41. Heating experiments performed on these 
Fez-bearing minerals under temperature-f, conditions existing on Venus suggest 
that only oxyamphiboles and oxybiotites may be stable on the surface of Venus. 

Bcperimental Procedure: To simulate the appropriate redox conditions of the 
Venusian atmosphere, a Ni/NiO solid buffer was used. The Ni/NiO buffer, when 
heated to 475OC in an evacuated quartz cell, provides an f, of approximately lo-" 
[5]. The Ni/NiO buffer and mineral samples were wrapped in separate silver foil 
sheets. After heating periods of 1-30 days, the samples were quenched and 
analyzed by Mossbauer spectroscopy. 

Results:  The laihunite (25% Fe3+) and the tephroite (16% Fe3+) samples were 
each shown to have all of their l?e3+ reduced to l?e2+ when heated with the Ni/NiO 
buffer at 475OC for 7 days and 14 days, respectively. Conversion of the ~ e ~ +  in 
these olivine8 to ~e'+ is demonstrated by the Mossbauer spectra of laihunite, 
illustrated in figure 1. 

Figure 1: Laihunite before (A) and after (B) heating with Ni/NiO. 

Heating experiments performed with a variety of amphiboles, including 
glaucophane, actinolite, hornblende, and kaersutite, indicated that l?e3+ ions 
initially present in the am hiboles are stable under Venusian surface conditions, P where T-47S°C and f, < lo-'. For example, the Mossbauer spectra illustrated in 
figure 2 of hornblende before and after heating for 28 days show that virtually 
none of the ~e)' has been reduced (cf. laihunite in figure 1). In a related 
experiment, hornblende was first heated in air for 20 minutes at 700°C to oxidize 
most of the l?e2+ ions, after which the oxidized sample was heated at 475OC with 
the Ni/NiO buffer for 7 days. The MGssbauer spectra of these reaction products, 
illustrated in figure 3, show that Fe3+ ions remain in the oxidized hornblende 
when heated under the reducing conditions of the Ni/NiO buffer. 
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Figure 2: ~ornbiende before (A) and after (B) heating with N ~ / N ~ o .  
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Figure 3: Oxidized hornblende before (A) and after (B) heating with Ni/NiO. 

Discussion: The stability of ~ e ~ +  in the oxyamphiboles may be explained by 
the intracrystalline redox reaction 

~e'+ + O K  -, ~ e ~ +  + & + +Hz. 
The ~e'+ and 02 ions remain in the crystal structure as a result of this 
dehydrogenation reaction. Thus, no oxygen is added to the amphibole. This 
contrasts with the laihunite and hematite in which reduction, when heated with 
the Ni/NiO buffer, proceeds by diffusion of oxygen atoms from their crystal 
structures. The amphiboles lack this "excess" oxygen and cannot be reduced with 
the Ni/NiO buffer. Preliminary studies show that oxybiotites, which also can be 
formed by the removal of hydrogen during intracrystalline redox reactions, are 
also stable when heated at 475OC with the Ni/NiO buffer. These results also 
conform with phase equilibrium diagrams for iron-bearing calcic amphiboles and 
oxybiotites [ 6 ] ,  which indicate that they have stability fields within ranges of 
temperatures, oxygen fugacities and atmospheric pressures existing on the 
Venusian surface. 
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