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EXPERIMENTAL DATA BEARING ON THE OXIDATION STATE OF CHROMIUM AND 
VANADIUM IN MAFIC VOLCANICS. B. Z. Hanson and J. W. Delano, Department of 
Geological Sciences, State University of New York, Albany, NY 12222 

Introduction: The oxidation states of mafic lavas erupted onto the surfaces of the Earth and 
Moon differ by up to 6 orders of magnitude [e.g., 1,2]. While it is now generally believed 
that the measured redox states of fresh mafic glasses accurately reflect the oxidation state of 
the Earth's upper mantle [e.g., 31, the highly reduced nature of lunar mare lavas has been 
interpreted to suggest that the Moon's mantle may be quite oxidizing [4]. The goal of the 
current investigation has been to experimentally test this [4] view by examining the 
geochemical behaviors of Cr and V as a function of temperature, oxygen fugacity, and 
composition. Our working hypothesis is that the apparently different partitioning 
characteristics of these transition elements in lunar and terrestrial lavas indicates that 
oxidizing and reducing conditions occur in the mantles of the Earth and Moon, respectively. 
Figure 1 illustrates the different geochemical behaviors of Cr and V in lunar (i.e., pristine 
mare glasses) and terrestrial (MORB through komatiite) lavas. 
Experimental Results: Isothermal experiments have been conducted on lunar and terrestrial 
compositions at 1 atm pressure in a CO-CO, gas-mixing furnace. Pellets of synthetic basalt 
were suspended on FePt loops in the gas flow [e.g., 51, and quenched into water at the end 
of the run. The experiments show that the abundance of Cr in the melt at spinel saturation 
decreases systematically with increasing oxidation state (Figure 2). This has been interpreted 
as reflecting a change in the Cr3+/Cr2+ ratio of the melt as a function of temperature and 
oxygen fugacity [6-81. However, results from the current investigation appear to contradict 
that view. Figure 2 shows that the abundance of Cr in the melt at spinel saturation at 
1200°C decreases with increasing oxygen fugacity in two compositions that differ only in 
having different concentrations of Cr in the bulk compositions (i.e., 1575 and 3000 ppm Cr). 
The solid circles in Figure 2 show the abundances of Cr in the spinel-saturated melt for a 
synthetic basalt containing 3000 ppm Cr, whereas the open circles show the abundances of Cr 
in the spinel-saturated melt for the same synthetic basalt but with 1575 ppm Cr. The Cr 
abundances in the melt can be fit by a siilgle line confirming that Cr is buffered in these 
spinel-saturated melts. Our current interpretation is that Cr occurs dominantly as Cr3+ in Fe- 
bearing melts at spinel saturation. 

To examine the effect of Fe on the behavior of Cr in basaltic systems at spinel 
saturation, two synthetic compositions in the pseudoternary FAD (i.e., Forsterite-Anorthite- 
Diopside) were run that differed only in the total abundance of picrochromite added to the 
mixes. One mix contained 0.50% (by weight), while the other contained 0.75%. In these Fe- 
free compositions, the Cr abundances in the spinel-saturated melts did not follow the same line 
with changing oxygen fugacity for these two mixes. Instead, at identical conditions of 
temperature and oxygen fugacity, the high-Cr mix was always observed to have higher 
abundances of Cr in spinel-saturated melts than the spinel-saturated melts from the low-Cr 
mix. This is in contrast to the results mentioned in the previous paragraph for Fe-bearing 
basalts, and shown in Figure 2. The FAD experiments were notable in another respect. It 
was found that Cr was lost to the Pt-loops indicating the presence of metallic Cr in those 
experiments. The abundance of Cr alloying with the Pt was observed to decrease with 
increasing oxygen fugacity. In contrast, Cr was not detected in the Pt-loops used in the Fe- 
bearing, basaltic systems. These differences in experimental behavior of Cr in Fe-free and 
Fe-bearing systems graphically illustrate the importance of Fe in controlling the geochemical 
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behavior of Cr. These experimental data imply that the systematic variation of Cr abundance 
in iron-bearing, spinel-saturated melts with oxygen fugacity (Figure 2) is primarily 
controlled by changes in the Fe3+/Fe2+ ratio of the melt, and may not reflect large shifts in 
the valence state of Cr. 

Our experiments also show that the abundance of V in spinel-saturated melts is sensitive 
to oxygen fugacity (Figure 2). Note that whereas Cr is an "essential structural constituent" of 
spinel and its abundance in the melt is buffered at spinel saturation, this is not true for V in 
the Fe-bearing basaltic systems. The abundance of V in the spinel-saturated melts is lower 
in the high-Cr (solid triangles) mix than in the low-Cr mix (open triangles) for all but the 
most oxidized experiments shown in Figure 2. This is caused by the greater quantity of 
spinel that precipitated from the high-Cr mix that depleted the melt in V. 
Conclusions The partitioning behavior of Cr, and perhaps V, on the Earth and Moon appear 
to be significantly different [9-111. Experimental data suggest that this is caused principally 
by different redox conditions in the two locations. With further experimental work, it is 
expected that our understanding of Cr and V geochemistry will allow these two transition 
elements to be quantitatively used as oxybarometers in mafic systems. The use of the 
synchrotron x-ray microprobe for measuring the x-ray absorption near edge structure 
(XANES) of experimental phases will be valuable for the elucidating valence states of 
transition elements [12]. 
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Figure 1. Mafic volcanics from the Earth (open circles) 
and Moon (solid triangles). M=Earth's upper 
mantle [l2]. C=chondrites [13]. 
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Flgure 2. Results of I atmosphere experiments on 
an Fe-bearing basaltic system at 1200°C. Open 
symbols represent composition with 1575 pprn 
Cr, and filled symbols represent composition 
with 3000 pprn Cr (1500 pprn V in both). 
Circles represent Cr abundances, and triangles 
represent V abundances in the melt at spinel 
saturation. 
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