
LPSC XXIII 1 3 7 5  

A KINETIC STUDY OF THE CONVERSION OF HEMATITE TO MAGNETITE 
WITH APPLICATIONS TO THE METASTABILITY OF HEMATITE ON VENUS 
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Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139. 
Introduction. Attempts to deduce the oxidation state of iron-beaxing minerals on the Venusian 

surface have relied upon equilibrium thermodynamic constraints and spectroscopic observations. 

At the Venera 13 and 14 landing sites, vanadium oxide plates, which are sensitive to CO, were 
used to estimate the concentration of CO in the atmosphere, leading to a value of 10 ppm [1,2]. 
At 475OC on the surface of Venus, the 10 ppm of CO yielded an upper limit of for the 

oxygen fugacity, corresponding to the magnetite stability field of the Fe-0 system 131. 

Spectroscopic observations, correlating the spectrophotomemc data of the Venera missions 
(9,10,13, and 14) with laboratory reflectance spectra of hematite, however, suggested that ferric- 

bearing minerals may exist on the Venusian surface [4]. The possibility that metastable hematite 

exists on the surface of Venus reconciles the apparent contradiction of the spectroscopic evidence 
of a fenic-bearing mineral in the magnetite stability field The conversion of hematite to magnetite 

has been reported to be sluggish below lOOOK [5], but whether the conversion is slow enough to 

allow for hematite to be metastable on Venus remains in question. The purpose of the present 

study is to address the kinetics of the hematite to magnetite reaction. 
Experimental. The hematite to magnetite reaction was performed in an evacuated quartz cell in 

the presence of a NdNiO buffer at different temperatures and various times. The hematite and 

NiNiO were both powdered assemblages, and each was separately wrapped in silver foil. At 
4750C, 6000C, 70O0C, and 8WC, the NiINiO buffer maintains an oxygen fugacity of 10-24, 
10-19, 10-16, and lO-l4, respectively [3]. Although the lack of CO, C02, and high pressure in the 

experiments leads to a situation where the atmosphere of Venus is not simulated precisely, it is the 

oxygen fugacity which is of primary importance in determining the oxidation state of iron on the 

surface of Venus. As can be seen, the N i i O  buffer at 475OC closely approximates the reported 

values for the oxygen fugacity of Venus [1,2,6]. Once the reactions were quenched, the 

percentage of magnetite produced was determined via Mossbauer spectroscopy. 

Results. From Figure 1, which illustrates the production of magnetite as a function of time, it is 

apparent that the nature of the reaction rates is parabolic. The parabolic rates are to be expected 

when growth of the reaction product produces a coating on the reaction phase, which then 

decreases the rate at which the material of the inner core can react [7]. While all four rate curves 
could be used to obtain an activation energy, the kinetics at 475OC are sufficiently rapid to resolve 

the question of hematite metastability. The slope at 48 hours of the 47S°C curve is approximately 

0.3%/hr, which leads to a complete conversion of hematite to magnetite in another 10 days. This 

is a lower limit due to the decreasing rate as the the reaction proceeds. 
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Figure 1. The Percentage of magnetite formed from the reduction of hematite as a function of time. 

Applications to Venus. Through spectrophotometric observations of Venus and reflectance 

spectroscopic measurements in the laboratory, the existence of metastable hematite on the surface 

of Venus became a possibility. Little kinetic data existed for the conversion of hematite to 

magnetite, and hence the possibility of hematite existing on Venus could not be eliminated With 

the present study, however, the conversion of hematite to magnetite has been shown to be 

sufficiently rapid at Venusian surface temperatures so as to dismiss the existence of metastable 

hematite on Venus. This finding in itself does not eliminate the possibility of other femc-bearing 

minerals on Venus. Other ferric-bearing minerals have been suggested to occur on Venus, with 

one of the more promising candidates being laihunite (Fe2+Fe3+Si208) [a] .  
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