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Phase relations in high-grade metapelites.experimentally constrained petrogenetic grid in
KFMASH system at high oxygen fugacity
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Introduction and aim:

In the different parts of the presently exposed granulite terrains of the world, mineral parageneses show a high
oxygen fugacity environment at the time of the mineral equilibrium. From the theoretical consideration, it is known
that with increasing oxygen fugacity the topology of the P-T grid changes. So far experimental works have been
concentrated on grid that is stable at low fO2. But it has not been possible to use these experimental data to explain
the reactions that are equilibrated at the high fO2. There are some works that explains this alternate grid by
incorporating the effect of minor elements like Zn in spinel. So this present work has been aimed to have direct
experimental evidence through the biotite dehydration melting reactions.

Experiments:

The reaction relations for the phases osumilite, spinel, cordierite, sapphirine, orthopyroxene, sillimanite, garnet,
biotite, K-feldspar, quartz and water-undersaturated melt have been constrained experimentally in the system
KFMASH under low water activity but at high oxygen fugacity. Three bulks of quartz-saturated pelitic compositions
with XMg of 0.55, 0.72 and 0.81 have been studied. The pressure-temperature range that has been aimed in this
present study extends from 7kb to 12kb and from 800C to 1100C. The experimental runs are buffered by hematite and
magnetite mixture with a double capsule technique. The runs where buffer assemblage shows stability, provide the
assemblage data and phase compositions. A petrogenetic grid with implication towards the process of granulite
formation in the "oxidized" lower crust via. fluid absent biotite melting reactions is derived on the basis of these data.

Results:

It is observed from the present data that the pair osumilite and spinel is stable in a temperature range from 850C to
1000C but in a narrow pressure interval of 7.5 to 8.5 kbar. This pair comes through a high variance reaction from
cordierite at the lower pressure and breaks down to orthopyroxene and sillimanite at pressure more than 8.5 kbar.
The lower pressure assemblage of osumilite and cordierite are bounded by the reaction from biotite and sillimanite at
the low temperature side and that at the high temperature side by the reaction that produces sapphirine and
orthopyroxene. Osumilite has not been found to be stable beyond 9 kbar at the investigated range of temperature. At
the temperature higher than 1000C, the sapphirine-orthopyroxene pair is changed to spinel-sapphirine pair. And at the
high pressure - high temperature portion garnet-sapphirine pair has become stable. Therefore our data clearly
separates stability field of osumilite from the higher temperature assemblage of sapphirine and orthopyroxene. And in
contrast to the low fO2 grid it clearly indicates a stability field of osumilite-spinel pair which is in agreement with the
natural data.

This present work has been aimed to have direct experimental evidence for the biotite dehydration melting
reactions at high fO2 to understand metamorphic reactions of granulite facies. The reaction relations in the system
KFMASH under low water activity but high fO2 were evaluated. Three bulks of quartz-saturated pelitic compositions
have been studied using piston cylinder at 7kb-12kb and from 800-1100C. From the present data, a P-T grid has been
prepared which in contrast to the low fO2 grid, clearly shows a stability field of osumilite-spinel pair in the



temperature range from 850-1000C at pressure interval of 7.5-8.5 kb. Moreover, this field is distinct from the high T
field of sapphirine-opx; that from the high P field of opx-sillimanite and that from osumilite-cordierite at low P.



