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ABSTRACT

Kimberlites, the primary hosts of diamond deposits, are enigmatic igneous rocks derived from the
mantle and emplaced into ancient cratons. However, the nature of the primary kimberlite melt remains
a subject of debate, limiting our understanding of ascent and emplacement processes. This study aims to
enhance our understanding of kimberlite crystallization and emplacement by focusing on the mantle-
derived oxide minerals entrained within kimberlites during their ascent. These mantle minerals, which
are in disequilibrium with the kimberlite magma, develop various reaction textures, including secondary
rims. Natural kimberlite samples show ubiquitous reaction rims on ilmenite, with mineral compositions,
particularly Ti-bearing phases (i.e., perovskite, titanite, or anatase), varying across different kimberlite
lithologies. To investigate the effect of kimberlite crystallization conditions on the stability of ilmenite,
textures, and composition of the reaction rims,we conducted experiments in a piston-cylinder apparatus at
1050–1200 °C and 0.5–2.5 GPa using natural ilmenite grains and synthetic kimberlite melts with varying
SiO2/CaO ratios. Our experiments revealed that ilmenite dissolution in kimberlitic melts consistently pro-
duced rims of perovskite around ilmenite. Titanite appeared only when at least 6 wt% of granodiorite was
added to a kimberlite composition, representing assimilation of crustal rock by the kimberlite magma.
Additionally, lower water content affecting the degree of melting favored the stability of Ti-bearing
phases (perovskite and titanite) to higher temperatures. Our results confirm that reaction rims on ilmenite
form during the magmatic stage of kimberlite emplacement at temperatures of 1050–1200 °C and depths
corresponding to 15–75 km (0.5–2.5 GPa), in agreement with the previous estimates for kimberlite
crystallization temperatures. We demonstrate that the presence of titanite in the rims of ilmenite from
some diatreme volcaniclastic kimberlite lithologies is an indicator of crustal assimilation.
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INTRODUCTION

Kimberlites are among the most enigmatic igneous rocks.
Despite extensive research dating back to the mid-nineteenth
century when diamonds were first linked to these volcanic rocks
(Lewis 1887), there is still no consensus regarding their primary
melt composition. This is due to the hybrid nature of these rocks,
which contain assimilated mantle and crustal components, as
well as extensive alteration. In addition, the initial volatile com-
position of kimberlites remains uncertain due to ambiguity in the
origin of hydrous and carbonate minerals in the kimberlite and
significant degassing during explosive eruption (Russell et al.
2019; Sparks 2013). Consequently, constraining kimberlite
crystallization conditions and emplacement processes remains
challenging.

Various attempts to derive the primary kimberlite magma
composition yield estimates ranging from more silicate- to
carbonate-rich. These methods include: (1) major-element,
trace-element and/or isotope geochemistry of hypabyssal
kimberlite (e.g., Price et al. 2000; Le Roex et al. 2003;
Kjarsgaard et al. 2009; Dalton et al. 2019; Giuliani et al.
2020); (2) mineralogy of groundmass and phenocrystal phases
in kimberlites (Kamenetsky et al. 2004; Soltys et al. 2018);

(3) studies of mineral-hosted melt inclusions in kimberlites
(e.g., Abersteiner et al. 2019; Golovin et al. 2019); and
(4) melting experiments of potential source rocks to produce
kimberlite-like compositions (e.g., Dalton and Presnall 1998;
Stamm and Schmidt 2017; Sokol and Kruk 2021). Few studies
have addressed the solubility and retention of volatiles in
kimberlites (Brooker et al. 2011; Moussallam et al. 2015,
2016). Brooker et al. (2011) showed that the proposed primary
kimberlite melt compositions based on whole-rock geochemis-
try from Jericho and Kimberley localities cannot host the
observed significant volatile content found in kimberlites.
They inferred that as the magma decompresses and crystallizes,
volatile solubility may first decrease and then increase. An
experimental study by Moussallam et al. (2016) conducted
at 0.1–0.3 GPa and 1185–1225 °C showed that while H2O
solubility in kimberlite melts is similar to common magmas,
including basalt (up to 7 wt%), CO2 solubility can reach up
to 20 wt%. These authors suggested that a large proportion
of these volatiles can be retained until the very final stages
of kimberlite emplacement, where major degassing occurs in
the last few kilometers of ascent.

Furthermore, the uncertainty of the composition of kimberlite
melt imposes challenges for estimating the liquidus temperature
of kimberlites, where most of the conventional geothermometers
cannot be applied. Rare kimberlites with fresh olivine allow the*Corresponding author E-mail: lydiarosefairhurst@gmail.com
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