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Abstract

The origin of stratiform layers of massive chromitite (60-90 vol.% chromite) is a long-standing puzzle
in petrology mafic-ultramafic sills and layered intrusions (e.g. Alapieti et al., 1989; Marques &
Ferreira Filho, 2003; Naldrett et al., 2012, Maier et al. 2013, Mungall, 2014; Cawthorn, 2015). The
origin of chromitites in the Bushveld Complex has been attributed to two principal mechanisms: (1)
gravity-controlled settling of chromite onto the chamber floor from magma that was saturated in
chromite, either initially or due to some internal process; or (2) gravity- and size-controlled separation
of chromite from co-existing olivine and orthopyroxene within crystal-rich slurries, either formed
directly within the chamber or brought into the chamber from some deep staging reservoirs. Here we
present field observations from potholes, roughly circular structures in which footwall rocks were
removed by magmatic erosion, that rules out both approaches. A key observation is that UG1/UG2
chromitites drape the irregular margins of potholes, even where they are vertical or overhanging (Fig.
1). These relationships eliminate both early settling of chromite from the overlying magma and late
mechanical segregation of chromite within cumulates as viable hypotheses. In addition, thick
chromitites commonly consist of several texturally and compositionally distinct sublayers that are
locally separated by thin partings of silicate rocks. The absence of thick sequences of intervening
silicate rocks from which chromite may have been separated to form these sublayers refutes an origin
from crystal slurries. Transgression of chromitite-orthopyroxenite units by hanging wall rocks
excludes the origin of chromitites from crystal slurries that intrude as late-stage sills into pre-existing
cumulates. The field relationships appear to be compatible only with the emplacement of superheated,
dense magma along the temporary base of the chamber that led to intense melting and dissolution of
the pre-existing floor cumulates, followed by the in situ crystallization of chromite directly on the
irregular chamber floor.

Based on the above premises, we advance a novel hypothesis for origin of UG1/UG2 chromitites in
the Bushveld Complex that involves the following sequence of events: (1) new dense and superheated
magmas replenished the chamber with little to no mixing with the stratified melt in the chamber; (2)
the magma spread out laterally along the floor of the chamber and caused intense thermochemical
erosion of the floor cumulates, resulting in an igneous unconformity; on cooling, most of these
magmas crystallized orthopyroxenite cumulates; (3) some batches of magma were, however,
chromite-saturated and, after cooling, crystallized chromite directly on the chamber floor, draping all
irregularities produced by the previous erosion; (4) chromite and sulphide droplets that grew directly
at the crystal-liquid interface extracted PGE from a large volume of fresh magma delivered to the base
of the chamber by vigorous flow/convection in the basal layer. (5) Formation of chromitite occurred
through prolonged replenishment of the chamber by chromite-saturated magmas, which caused
multiple cycles of thermochemical erosion of pre-existing cumulates followed by in situ crystallization
of chromite on the chamber floor; this resulted in the formation of thick layers of PGE-rich chromitite
that consist of several sublayers with distinct textural and compositional characteristics. (6) The
formation of chromitites was commonly terminated by the emplacement of pulses of new magma that
were not saturated in chromite and therefore resulted in local thermal/chemical erosion of chromitites
with subsequent deposition of hanging wall orthopyroxenite. Thus, chromitites are both underlain and
overlain by cumulate rocks produced from magmas that replenished the chamber. These rocks
developed from magmas that were similar in composition and therefore lack cryptic variations in
mineral composition above and below the chromitite layers.
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Fig. 1. Sketch (a) and photograph (b) of an oblique cross-section showing UG1 chromitite draping over steeply-
inclined to overhanging walls of a pothole. Note crosscutting relationships of the UG1 chromitite with
interlayered anorthosite and chromitite in the footwall rocks and disrupted layering on the right side of a pothole.
Level 15, Shaft 10 of the Impala Platinum Mine, Western Bushveld.



It should be noted that the field relationships of UG1/UG2 chromitites with their footwall and hanging
wall rocks are very similar to those of the Merensky Reef (Latypov et al., 2015; 2017). This provides
support for the opinion (e.g. Irvine & Sharpe, 1986) that the chromitite of the Merensky Reef can
essentially be regarded as the UG4 chromitite. This also suggests that there are no substantial
differences in the origin of the UG1/UG2 and Merensky Reef chromitites, i.e. they are essentially
products of the same process — which we interpret to be basal replenishment of the chamber by
chromite-saturated magmas. This scenario appears to be conceptually the simplest and physically most
plausible explanation for origin of thick chromitites in the Bushveld Complex and we infer that these
processes can be extrapolated to chromitites in other mafic-ultramafic layered intrusions.
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