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Effects of redox variation on
kimberlite magma fractionation
during ascent: an experimental study
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Kimberlite magmatism offers critical insights into deep mantle
within the
lithosphere and upper asthenospherel'’, linking modern and

composition and geodynamic processes deep
ancient subductions with supercontinent cycles™™. However,
knowledge of kimberlite magma fractionation with respect to
different redox conditions is limited™, primarily due to
ambiguities regarding the primary magma composition and the
complexities of experimental studies. To address this, we
conducted experiments at 3-2 GPa and 1200-900 °C under two
oxygen fugacity conditions (C-saturated CCO and Ni-NiO redox
buffer pairs), using the average compositions of near-primary
Group I kimberlites as the starting melt composition™. As
displayed in Fig. 1, our results show that olivine is the most
stable mineral phase across all conditions. The stability of
orthopyroxene and magnesian ilmenite is confined to specific
oxygen fugacities: orthopyroxene is stable only under the
carbon-saturated CCO buffer at 3 GPa, while magnesian ilmenite
predominantly forms under Ni-NiO conditions. Additionally,
carbonates and apatite are stabilized only under Ni-NiO-
controlled conditions at the expense of the melt. The residual
melt remains carbonatitic and evolves into a silicate-poor
carbonatitic composition as the temperature decreases. Overall,
our experiments suggest that an increase in oxygen fugacity
promotes the crystallization of kimberlite magmas, providing
new constraints on the redox-controlled fractionation processes
during kimberlite magma ascent.
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Fig. 1 Stability fields of phases under the P-T conditions of
our experiments buffered by CCO (a) and NNO (b). Filled
symbols indicates the presence of a phase. Abbreviations: Ol =

olivine, Cpx = clinopyroxene, Opx = orthopyroxene, Mg-Ilm =
magnesian-ilmenite, Rt-rutile, Carb = carboantes (include
dolomite and magnesite, Phl = phlogopite, Apt = apatite.
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