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Constrainning the fluid activity in the crust by chlorine concentration of biotite and apatite
— An example from Balchenfjella, Ser Rondane Mountains, East Antarctica
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This study reports the P-T condition and timing of chlorine-rich fluid activity in the continental collision zone constrained
from the chlorine concentration of biotite and apatite and the LA-ICPMS U-Pb dating of zircon in the biotite-garnet-sillimanite

gneiss from Balchenfjella, Sear Rondane Mountains, East Antarctica.

The biotite-garnet-sillimanite gneiss contains garnet porphyroblasts (5-10 mm in diameter) and fine-grained garnets (100-
200 um in diameter). The garnet porphyroblasts have phosphorus-rich core with oscillatory zoning in phosphorus. The core
with oscillatory zoning is discontinuously overgrown by the phosphorus-poor rim. The discontinuous zoning in phosphorus
suggests that garnet porphyroblasts have experienced resorption and overgrowth. The garnet core includes chlorine-poor
biotite and apatite, and those included at the rim are chlorine-rich. Rounded, coarse-grained zircon grains (around 100 um in
diameter) are exclusively included in the rim of the garnet porphyroblasts. Chlorine-rich biotite and apatite are included in the
inner side of the garnet porphyroblasts than the coarse-grained zircons. Therefore, chlorine-rich biotite and apatite were formed
prior to the coarse-grained zircons.

Using the garnet-biotite geothermometer and the GASP geobarometer (Hodges & Spear, 1982), the P-T conditions of the
chlorine-rich biotite entrapment in the garnet rim were estimated to be ca. 800°C and 9 kbar (Higashino et al., 2011). On the
other hand, ca. 500°C and 3 kbar obtained from the compositions of the garnet-rim and the biotite in contact with garnet rim
may represent the retrograde re-equilibrium P-T conditions.

Fugacity ratio of the fluid (fuc / fuoo) Which was in equilibrium with biotite and apatite was calculated for these
temperature conditions using chlorine content of these minerals (Selby & Nesbitt, 2000; Piccoli & Candela, 1994). As a result,
the fyc / fupo ratio of the fluid coexisted with biotite and apatite in the garnet rim is estimated to be ten times larger than that
estimated for the biotite and apatite included in the garnet core and those present in the matrix. This difference implies that the
chlorine-rich fluid infiltrated into the studied sample between garnet core formation and rim formation stages (e.g., Sisson,
1987). That is chlorine-rich biotite and apatite were formed through chlorine-rich fluid infiltration. Decrease of the fyc / fioo
from the garnet rim formation stage to the matrix stage suggests that the later chlorine-poor fluid activity modified the matrix
mineral compositions to chlorine-poor ones. LA-ICPMS zircon U-Pb dating of the coarse-grained zircon included in the garnet
rim and that present in the matrix both gave 604 + 15 Ma (20), regardless of different mode of occurrence. This suggests that
timing of the chlorine-rich fluid infiltration under ca. 800°C and 9 kbar was 604 + 15 Ma. Further research on the areal
distribution of this kind of fluid activity in Ser Rondane Mountains may help understand the fluid activity during the
continental collision event.
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