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INTRODUCTION

Osumilite is a diagnostic mineral of magnesian pelites meta-
morphosed at very high temperatures under low aH2O condi-
tions (Olesch and Seifert 1981; Motoyoshi et al. 1993; Audibert
et al. 1995; Carrington and Harley 1995a, 1995b). Osumilite
coexists with garnet with or without cordierite in many natural
occurrences metamorphosed under low fO2 conditions (reviewed
in Carrington and Harley 1995b). The stability relations of these
phases are well explained by the experimental studies of
Audibert et al. (1995) and Carrington and Harley (1995a, 1995b)
in the simplified pelitic system K2O-FeO-MgO-Al2O3-SiO2-H2O
(KFMASH) conducted at the QFM buffer. These studies have
established that the pair osumilite-garnet is stable within the
temperature range 850–1100 °C below 8.5 kbar in pelitic rocks
with bulk-rock XMg > 0.63 under low fO2 conditions (near the
QFM buffer). The experimental data is consistent with inde-
pendent P-T-XMg-fO2 conditions reported from each of the oc-
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ABSTRACT

Experiments were carried out in the quartz-saturated part of the system KFMASH at hematite-
magnetite buffer conditions in a piston-cylinder apparatus using synthetic biotite, K-feldspar, quartz,
and sillimanite80-quartz20 gel. Natural garnet and sillimanite were used as seeds. Three bulk compo-
sitions were used: XMg = 0.81, 0.72, and 0.53, and the experiments were vapor absent. In the bulk
composition with the highest XMg, dehydration-melting of biotite produced osumilite coexisting with
spinel solid solution within the P-T window 7–8.5 kbar and 850–1000 °C. However, this mineral pair
coexisted with cordierite at P < 7.5 kbar, and with sillimanite above 7.5 kbar. There is no appreciable
change in the lower thermal stability of osumilite with lowering of XMg in the bulk composition, but
both the upper pressure and upper thermal stabilities are reduced. With increasing pressure, osumilite
+ spinel breaks down to an orthopyroxene + sillimanite assemblage. There is no overlap of the stabil-
ity fields of osumilite and sapphirine. Rather, sapphirine-bearing assemblages are produced at the
expense of osumilite with increasing temperature. Sapphirine, however, did not appear in the bulk
composition having XMg = 0.53. Instead, a wide stability field of spinel + cordierite + orthopyroxene
+ sillimanite is noted at P > 7 kbar and T > 950 °C. Garnet + orthopyroxene + sillimanite become
stable at lower pressures with decreasing XMg in the bulk composition. The effects of additional
components in natural assemblages, such as Zn in spinel and F and Ti in biotite, on the KFMASH
equilibria are evaluated qualitatively. The experimental results were applied to six high-grade ter-
ranes, where osumilite + spinel coexistence at peak metamorphic conditions has been reported. The
deduced P-T window for the osumilite + spinel association is entirely consistent with independent P-
T estimates for the natural occurrences. It is argued that osumilite + spinel assemblage should be
characteristic of metamorphism of highly magnesian pelites at high fO2 along a prograde path of high
dT/dP.

currences where the pair garnet + osumilite has been reported
(Carrington and Harley 1995b).

There is another group of highly magnesian metapelites re-
ported from Namaqualand (Waters 1989, 1991; Nowicki et al.
1995), Eastern Ghats, India (Grew 1982a; Lal et al. 1987;
Dasgupta et al. 1997), Labwor Hills, Uganda (Sandiford et al.
1987), Rogaland, Norway (Tobi et al. 1985), and Eastern La-
brador, Canada (Arima and Gower 1991) in which the pair
osumilite + spinel was stabilized during peak metamorphism.
Garnet is notably absent or appeared late in these rocks. In ad-
dition to spinel (magnetite-spinel-hercynite solid solution),
these rocks contain other oxide minerals, such as hematite,
magnetite, and hemoilmenite. The presence of these Fe-Ti ox-
ides was interpreted as evidence of high ambient fO2 (HM or
NNO buffers) during peak metamorphism. Natural rock data,
therefore, shows that osumilite + spinel replaces osumilite +
garnet in magnesian pelites metamorphosed at high fO2. Not
surprisingly, therefore, the pair osumilite + spinel was not pro-
duced in experimental studies in the system KFMASH at low
fO2 (Audibert et al. 1995; Carrington and Harley 1995a, 1995b).
It is also well established that variations in fO2 can cause sig-
nificant changes in the topologies of petrogenetic grids in the


