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EXPERIMENTAL CONSTRAINTS ON THE OXIDATION STATE OF THE LUNAR MANTLE. 
J. W. Delano, Department of Geological, Sciences, State University of New 
York, Albany, WY 12222. 

IrnRODUC?IIOI 
The oxidation state of mare basalts is known to be about 1 log-unit more 

reducing than the iron-wustite (IN) buffer be.8. 11. However, the oxidation 
state of the deep lunar mantle remains largely unconstrained due to a lack 
of information about the specific chemical reaction that controls the redox 
reactions in the Moon. FOP example, if the dominant reaction in the Moon 
were the iron-ilmenite-ulvospinel buffer, or any other plausible solid 
buffer, then the oxygen fugacity at constant temperature would rise with 
depth in the Moon at a rate of about 1 log-unit per 10-15 kilobars of 
pressure [e.g. 2 , 3 ] .  If, on the other hand, the oxidation state in the Moon 
is controlled by the so-called "graphite surface" [e.g. 411, the oxygen 
fugacity would increase at a greater rate with increasing depth, such that 
the redox state in the source-regions of mare magmas at 400-500 Ian be.g. 51 
would be near the fayalite-magnetite-quartz (FMQ) buffer (i.e. oxidizing). 
This latter view has been expressed by Sato [41. The purpose of the present 
investigation was to test that notion. 
EXPERIMENTAL RESULTS 

Experiments were performed at 1-atm to determine the subliquidus phase 
relations of a picritic mare magma [Apollo 15 yellow/brown volcanic glass; 
6-81 as a function of temperature and oxygen fugacity. Since the picritic 
volcanic glasses are generally believed to be primary magmas from the lunar 
mantle [e.g. 8,9], their geochemistries are likely to preserve petrological 
information about the deep interior of the Moon. 

Mare magmas differ from terrestrial mafic lavas in their abundances of 
Cr. For example, mare magmas have -4000 ppm (i.e. approximately chondritic), 
whereas terrestrial mafic rocks generally have ~ 7 0 0  ppm. This low abundance 
in terrestrial lavas is related to the presence of Cr-spinel, whose stability 
field increases with increasing redox state [e.g. 10,111. Experiments per- 
formed on terrestrial mafic compositions [12,131 and on the Apollo 15 yellow/ 
brown volcanic glass (this study; Figure 1) show that the abundance of Cr in 
the melt at spinel saturation decreases in a systematic fashion with 
increasing oxygen fugacity (at constant temperature). The relationship in 
Figure 1 results from a progressive increase of the cr3+/cr2+ ratio in the 
system with increasing oxygen fugacity. cr3+ is strongly partitioned into 
the spinel phase, whereas cr2+ stays in melt (and in olivine). The parti- 
tion coefficient for Cr between olivine and melt remains nearly constant at 
0.8 2 0.1 throughout the range of oxygen fugacities shown in Figure 1. 
Due to this strong partitioning of cr3+ into spinel, the abundance of Cr 
in a melt will be low at elevated oxidation states. If, therefore, the 
picritic compositions represented by the pristine lunar glasses [51 are 
samples of &mary magmas from a deep lunar mantle having an approximately 
chondritic abundance of Cr, and if residual spinel and olivine were present 
in the source regions, then the high Cr abundances in these magmas require 
that the source-regions had oxidation states, in contrast to the views 
of Sato [ 4 1 .  

These experiments have also shown additional aspects of petrological 
interest. For example, Figure 2 shows how the Fe/Mg distribution 
coefficient between olivine and melt appears to change as a function of 
oxygen fugacity. This is a result of an increasing ~ e ~ + / ~ e ~ +  ratio of the 
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system with increasing oxidation state, such that less Fe is available for 
partitioning into olivine. 
CoInusIoa 

These experiments confirm that the geochemistry of Cr is sensitive to 
oxygen fugacity. Consequently, Cr may furnish constraints on the redox state 
of the deep interior of the Moon. If the following conditions are true. . . 

(a) the lunar mantle contains an approximately chondritic abundance of 
Cr 

(b) the picritic glasses are samples of primary magmas from the deep 
lunar mantle 

(c) spinel was a residual phase in the mantle source-regions of those 
magmas . .then these experiments indicate that the lunar mantle has a low 

oxidation state. 
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