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INTRODUCTION 

Early oxygen-specific electrochemical measurements of the "intrinsic oxygen fugacity" 
(e.g., Arculus and Delano, 1981; Arculus et al., 1984) on mantle xenoliths indicated that the Cr- 
dopside group xenoliths (Wilshire and Shervais, 1975) were characterized by oxygen fugacities 
close to the iron-wustite (IW) buffer, while Al-augite group xenoliths were found to be more 
oxidized, with oxygen fugacities between QFM and the nickel-nickel oxide (NNO) buffer. 
More recently, O'Neill and Wall (1987), Mattioli and Wood (1988), Nell and Wood (in Wood et 
al., 1990) and Ballhaus et al. (1990) have calibrated the reaction 2Fe304 (in spinel) + tiFeSiOs 
(in orthopyroxene) = 6Fe2Si04 (in olivine) + 02 to calculate f02 from the mineral chemistry of 
xenoliths, and applied these calibrations to upper mantle xenolith suites from a number of 
localities around the world. The results indicate a relative uniformity of f02 values from the 
upper mantle with most values lying between the QFM and MW buffers. In the present study, 
we have calculated oxygen fugacities of more mantle xenolith suites using several calibrations of 
the olivine-orthopyroxene-spinel oxygen geobarometer. 

DATA SOURCES AND XENOLITH SUITES 

The mineral analyses we used in the calculation of oxygen fugacities are from mantle 
xenoliths from eastern Australia, eastern China and southern Africa. The eastern Australia’s 
xenoliths include those from western Victoria and from northeastern and southeastern 
Queensland and cover both the Cr-diopside suite and the Al-augite suite. Many of western 
Victorian xenoliths have been cryptically or modally metasomatised (containing amphibole ± 
mica ± apatite) (Griffin et al., 1984; O'Reilly and Griffin, 1988; Griffin et al., 1988; O'Reilly et 
al., unpublished data). Modally-metasomatised (amphibole-bearing) xenoliths are also present 
in Queensland xenolith suite (Ewart and Grenfell, 1985; Chen et al., unpublished data) but are 
much less common than in the western Victorian suite. Eastern China's mantle xenoliths 
included in this study are exclusively Cr-diopside suite and these are from seventeen localities 
spread over a distance of 5000 km of eastern China. In addition to our unpublished data, 
mineral analyses are taken from the literature (Fan and Hooper, 1989; Song and Frey, 1989). 
Two of the Iherzolites contain garnet in addition to spinel. Several Iherzolite xenoliths from 
Nushan, Anhui province, contain minor amount of amphibole. African xenoliths are mostly 
from kimberlites in southern Africa. Also included are some amphibole and/or mica-bearing 
spinel Iherzolite xenoliths from basalts of the Rift Valley of northern Tanzania (Dawson and 
Smith, 1988). The mineral analyses of the southern African xenoliths are mainly from an 
unpublished data base of the Anglo American Research Laboratories with those in Carswell et 
al. (1984) included. Xenolith types include garnet-spinel harzburgite, garnet-spinel Iherzolite, 
spinel harzburgite, spinel Iherzolite, amphibole-bearing spinel harzburgite and amphibole- 
bearing spinel Iherzolite. The xenolith localities can be grouped into (1) on-craton; (2) craton 
margin; and (3) off-craton settings. 

RESULTS AND DISCUSSIONS 

The ranges of calculated oxygen fugacities. Among the four calibrations of the oxygen 
barometer we used in our calculation (O'Neill and Wall, 1987; Mattioli and Wood, 1988; Nell 
and Wood, 1990; Ballhaus et al., 1990), the results calculated by using the latter two 
calibrations agree better than those calculated by others. The ranges of oxygen fugacities 
summarized here refer only to those calculated by Ballhaus et al.'s calibration. The xenoliths 
from western Victoria, Australia, range from about 3 log units below to 0.5 log units above the 
QFM buffer with most being within 2 log units of QFM. The xenoliths from Queensland, 
Australia, and from various localities of eastern China have oxygen fugacities in general 
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comparable to those of the western Victoria xenoliths. Both the temperature and the calculated 
oxygen fugacities for xenoliths from Africa cover wider ranges than are seen in the basalt-borne 
xenoliths from China and Australia, but the majority of samples still have oxygen fugacities 
between the QFM and MW buffers. These observations are consistent with the previous 
conclusions (e.g., O'Neill and Wall, 1987) that the Cr-diopside suite xenoliths record oxygen 
fugacities more oxidized than predicted by intrinsic oxygen fugacity measurements (e.g., 
Arculus and Delano, 1981; Arculus et al., 1984). 

Cr-diopside series versus Al-augite series The Al-augite xenoliths from western Victoria 
and Queensland have oxygen fugacity values falling within the range defined by the Cr-diopside 
xenoliths. This observation confirms those of O'Neill and Wall (1987) and Wood and Virgo 
(1989), and is in contrast with the finding from intrinsic oxygen fugacity studies that the Al- 
augite suite xenoliths are distincdy more oxidized than the Cr-diopside suite xenoliths (e.g., 
Arculus et al., 1984). 

Garnet-absent versus garnet-bearing xenoliths There is not a clear-cut distinction in terms 
of calculated oxygen fugacities between the the garnet-bearing and the garnet-absent xenoliths in 
the southern African xenolith suite, but the oxygen fugacities of garnet-bearing xenoliths are in 
general higher than those of most garnet-absent samples., The two garnet-bearing xenoliths from 
eastern China have oxygen fugacities falling within ^e range definal by other garnet-absent 
xenoliths. In addition, there is also no systematic difference in oxygen fugacities for southern 
African xenoliths from on-craton, craton-margin and off-craton localities. 

Ejfect of mantle metasomatism Mattioli et al. (1989) and Ballhaus et al. (1990) found that 
modally-metasomatised upper mantle xenoliths record higher oxygen fugacity than those without 
obvious evidence of metasomatism. In the the western Victorian xenolith suite, there is no 
general distinction on the basis of calculated oxygen fugacities between hydrous and anhydrous 
xenoliths. It is known that the cryptic and modal metasomatism of xenoliths is accompanied by 
elevated ^^Sr/^bSr and lowered eNd (O'Reilly and Griffin, 1988; Griffin et al., 1988); a plot of 
the calculated oxygen fugacities versus ^^Sr/^^Sr and eNd shows a rough trend of increasing 
87sr/86sr and decreasing 8Nd with decreasing oxygen fugacity. In addition, the overall western 
Victorian xenolith suite is highly reduced although heavily metasomatised. This suggests that 
this particular type of mantle metasomatism is coupled with reduced oxygen fugacity. The 
metasomatising fluids beneath western Victoria have been speculated to be derived from a 
subducting slab. If this is correct, then the relatively low f02 fluid derived from the slab might 
have been buffered by graphitic sediments in the slab cover (Shaw and Flood, 1981). 

Mica- (±amphibole)-bearing xenoliths in the African suite have relatively high fC)2. Many 
high-T sheared garnet peridotite xenoliths of southern Africa suite, although they contain no 
hydrous phases, have been shown to be extensively metasomatised by infiltrating melts resulting 
in the addition of large amounts of garnet and clinopyroxene, as well as Zr, Y, Na and Ti (Smith 
and Boyd, 1987; Griffin et al., 1989). Griffin et al (1989) have suggested Aat the 
metasomatising melt is asthenosphere-derived. The highest oxygen fugacities among the 
African xenoliths are seen in some high-T garnet peridotites. lliis suggests that, in the African 
xenolith suite, metasomatism is coupled with increasing oxygen fugacities. 

A combination of our data from the western Victoria and the African xenolith suites as well 
as the observation made by previous workers (e.g., Mattioli et al., 1989; Ballhaus et al., 1990), 
it is suggested that there is no consistent worldwide relation between mantle metasomatism and 
the oxygen fugacity of mantle xenoliths; the direction of change of oxygen fugacity probably 
depends on the source of the metasomatising fluids. 
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