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Upper mantle xenoliths were recovered from a kimberlite pipe in the Kaavi group of the Eastern 
Finland Kimberlite Province. The kimberlite bodies in this province intruded the late Archean craton 
during the early Paleozoic (450-600 Ma; Griffin et ah, 1995; Peltonen et ah, this volume). The pipe 
lies close to the suture zone between the late Archean craton and the adjacent Proterozoic (~1.9 Ga.) 
Svecofennian mobile belt. The xenolith assemblage is dominated by garnet lherzolizes and 
harzburgites, with less common garnet-spinel harzburgites. Other rarer xenolith types include olivine 
websterites, wehrlites and eclogites with mantle affinities (Kukkonen and Peltonen, submitted). Some 
of the eclogites are diamond-bearing. Most of the peridotite xenoliths are hydrothermally altered to 
various degrees, with most olivine (ol) and orthopyroxene (opx) being completely replaced by low 
temperature phases such as serpentine. This hampers rigourous thermobarometric determinations for 
most samples. On the other hand, co-existing garnet (gt) and clinopyroxene (cpx) were unaffected by 
alteration so that equilibration temperatures can be estimated from this mineral pair. A minority of 
samples do contain relicts of orthopyroxene, also permitting an estimate of equilibration pressure. 

The gamet-clinopyroxene thermometer of Krogh (1988) yields temperatures of 1100-1186°C for the 
garnet peridotites (at 5.0 GPa), the assumed pressure being based on results obtained from the few 
orthopyroxene-bearing samples. The garnet-spinel peridotites record lower temperatures of 830- 
1030°C (at 3.0 GPa). The spinels in these samples are anhedral and are only in contact with olivine, 
suggesting they are residual in nature. Therefore, the equilibration pressure for these samples could 
have been somewhat higher, although the observed low temperatures are more consistent with the 
transition from the spinel to garnet peridotite stability field being caused by a cooling event. The 
unavoidable uncertainty in pressure has only a small effect on the calculated temperature (±0.5 GPa 
changes the calculated temperatures by ~ ±20°) 

In an attempt to understand the redox conditions that existed in the upper mantle beneath the 
Fennoscandian Shield, we have measured the Fe3+/£Fe of garnet and clinopyroxene separates from 
the peridotite xenoliths by Mossbauer spectroscopy (at room temperature). Garnets in garnet-spinel 
peridotites have Fe3+/XFe = 0.02-0.03, after correcting for recoil-free fraction effects (Woodland and 
Ross, 1994), and coexisting clinopyroxenes have Fe3+/XFe = 0.08-0.15. In the garnet peridotites, 
garnet and clinopyroxene have higher Fe3+ contents: Fe3+/XFe = 0.06-0.10 and 0.18-0.21, 
respectively. Therefore, the Fe3+ contents in garnet increase with increasing temperature as observed 
by Luth et al. (1990) and Canil and O’Neill (1996). Calculation of the oxygen fugacity (f02) recorded 
in the samples is compromised by the lack of preserved olivine and orthopyroxene, which participate 
in the available calibrated oxygen barometers. However, the XFe in the co-existing olivine and 
orthopyroxene can be approximated from the Mg-Fe exchange systematics of Brey and Kohler (1990) 
at a given temperature (given by the gt-cpx thermometer) and an assumed pressure of equilibration. 
Then, an estimate of the f02 can be made using the equilibrium involving the skiagite component in 
garnet: 

2 Fe^+Fe^+Si3Oi2 = 4 Fe2Si04 +2 FeSi03 + 02 
garnet olivine orthopyroxene 
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which has recently been experimentally calibrated by Gudmundsson and Wood (1995). This 
equilibrium has been shown to be subject to less error than other possible garnet-bearing equilibria 
involving the andradite component (Gudmundsson & Wood 1995). The resulting Alog/02 values are 
-FMQ-4.0 for the garnet-spinel peridotites xenoliths and FMQ-4.5 to FMQ-3.6 for the garnet 
peridotite xenoliths, which correspond to conditions ~ 0.5 to 1.5 log units above the iron-wiistite 
oxygen buffer. These values are relatively insensitive to errors in the olivine and orthopyroxene 
compositions, with uncertainties in XFe of ±1 mol % in these phases causing a shift of < 0.4 log 
units. In addition, two samples with relict orthopyroxene gave essentially the same result (within 0.2 
log units) when the orthopyroxene composition was used and when the XFe in orthopyroxene was 
estimated from the Mg-Fe exchange systematics. Our results are comparable to values recalculated 
from literature data for garnet peridotite xenoliths from South African and Siberian kimberlites (e.g. 
Luth et al., 1990). 
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