
2023 African Light Source Conference

Contribution ID: 123 Type: not specified

Layered high-pressure, high-temperature
experiments with lunar Fe-Ti cumulate and Mg-rich
mantle compositions to understand the origin of

varied Ti-contents of lunar basalts
Thursday, 16 November 2023 12:00 (15 minutes)

1. Introduction

Lunar magma ocean (LMO) crystallization experiments and simulations performed by earlier workers have
revealed that at the last stage, Fe-Ti-rich cumulates are formed [1,2,3], which have been linked to the varied
TiO2 contents of the lunar basalts [4]. These last stage cumulates are postulated to be dense enough to sink
down through the underlying Mg-rich mantle [5], possibly till depths of the lunar core-mantle boundary [6].
To understand this interaction between the Fe-Ti cumulates and the underlying mantle, new high-pressure,
high-temperature, layered experiments have been performed between an iron-titanium-rich silicate compo-
sition signifying the Fe-Ti cumulates (6.22 wt.% TiO2 and 40.54 wt.% FeO) and forsteritic olivine (Mg# ˜ 92)
signifying the lunar mantle composition, taken in nearly 1:4 weight ratio (Fig. 1). These experiments were
performed between 1-3 GPa and 1100-1525 ℃ pressure and temperature ranges, respectively.

Fig. 1: Run product showing the two layers of starting material and the reaction zone

2. Results

The results show that it is not necessary that the cumulates would sink through the underlying mantle. Even
if they do, the Fe-Ti cumulates may undergo melting at the pressures and temperatures that were prevalent
in the early lunar mantle. These would produce partial melts of various TiO2 contents, depending on the
dissolution of different phases, degree of melting and extent of interaction with the lunar mantle. These
different melts have different densities, which may or may not be negatively buoyant with respect to the
ambient lunar mantle. Thus, these melts may be stranded inhomogeneously at various depths in the lunar
interior. The assimilation of these melts with lunar basaltic melts may perhaps explain the TiO2 variation in
lunar basalts.
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