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Abstract

Chromitite bifurcations hosted within, but not limited to, the Upper Group 1 (UG1) chromitite
layer in the Critical Zone of the Bushveld Complex are one of the most enigmatic geological
features encountered. Several researchers have attempted to develop models explaining how
these bifurcations could have been formed. Most of these studies were heavily based on field
observation with little to no geochemical data to support their findings. In this study, samples
of an exposure of chromitite bifurcations from the UG1 chromitite at Shaft No.11 of Impala
Platinum Limited in the Western Limb of the Bushveld Complex were utilised to perform
petrographic and geochemical work including Sr-isotopic determinations on plagioclase. The
geochemical data collected, along with field observations, were used to develop a conceptual

model explaining the development of the bifurcations.

Four sample cuts (D, C, B, and A) across the anorthositic footwall of the UG1 chromitite, each
with a width of 10 cm and varying lengths were sampled from the study area using a diamond
saw. The sample cuts represent vertical transects across a set of bifurcating chromitite layers,
taken approximately 1 m apart, on the northern side of the approximately 40 m section. Thirty-
four polished thin sections were made representing all the sample cuts. The polished thin
sections were studied petrographically with an Olympus BX51 microscope. Electron
microprobe analyses were carried out to obtain the compositions of chromite and plagioclase
crystals from the samples, and Laser Ablation Multi-Collector Inductively Coupled Mass

Spectrometry was used to obtain in-situ isotopic compositions of the plagioclase crystals.

Plagioclase in the anorthosite layers exhibits very little variation in An% with average values
of 75.10+£ 3.27,74.26 +1.93, 75.10 £ 3.27 and 73.85 £ 1.89 for sample cut D to A, respectively.
Plagioclase in the chromitite layers reveals much more significant variation in An% with
average values of 70.69 + 14.15, 78.16 + 15.26, 56.49 + 33.13 and 55.50 + 36.68 for sample
cuts D to A, respectively. The in-situ plagioclase isotopic composition reveals that the initial
87Sr/%6Sr ratios of plagioclase in anorthosite show very little variation both vertically and
laterally through sample cuts A to D, with an average value of 0.7062 and individual layers
that are generally within error compared to adjacent layers. Most chromitite layers also display
87Sr/8°Sr ratios that are comparable to those observed in the anorthosite, although some of the



thicker layers returned values that are more radiogenic, e.g., the bottom thick layer in sample
cut A, which returned values on the order of 0.709 — 0.710.

Taking into account the field relations along with the petrography and geochemistry of the
study area, it is envisaged that the chromitite bifurcations in the study area were formed in the
following stages:

(1) Development of an irregular floor through the thermo-chemical erosion of the
underlying anorthosite footwall.

(2) The intrusion of chromite-rich slurry (mass balance requirement) as a basal flow
resulted in thick chromitite layer deposition on an uneven surface.

(3) Development of cyclic anorthosite and chromitite forming bifurcations. Pressure
fluctuations (magma influxes, roof rupturing events, shock waves) permitted rapid
transitions between the system's chromitite and plagioclase stability fields. A large
reservoir of melt likely buffered compositional and isotopic changes.

(4) The intrusion of a chromite-rich slurry led to renewed erosion and formation of the
thick upper chromitite layer, with the thin chromitite layers now appearing as offshoots
from the base of this layer.

(5) Downward intrusion of slurry into rheologically weak zones led to the development of

additional bifurcations.
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1. Introduction

The Bushveld Complex (BC) has been the focal point for many researchers, primarily because
of its platinum group element (PGE) mineralisation and for many other enigmatic features
observed within the complex over the past years. One of the most enigmatic features of the
Bushveld Complex, and the focus of numerous investigations, is the chromitite bifurcations,
the splitting and merging of chromitite layers observed in (but not limited to) the Upper Group
1 (UG1) chromitite layer (Nicholson, 2020; Nex, 2004). The focus of this study will be the
UGL1 chromitite layer at Shaft No.11 of Impala Platinum Limited in the Western Limb of the
Bushveld Complex (Figure 1), which exposes intricate chromitite bifurcations separated by

anorthosite.

Although numerous studies have been made on the formation of chromitite bifurcations by Lee
(1981), Cawthorn (2003, 2015), Nex (2004), Voordouw et al. (2009), Mukherjee et al. (2017),
Pebane & Latypov (2017), Nicholson (2020), and Maghdour-Mashhour & Hayes (2021) there

remains a lack of consensus on how these enigmatic structures came to be.

This study aims to contribute to our understanding of how chromitite bifurcations were formed.
The objectives of this study were achieved through in-situ analysis of the Sr-isotopic
compositions of in situ plagioclase in order to test for the involvement of isotopically distinct
magmas in the genesis of bifurcating chromitites of the UG1 at Shaft No.11 of Impala Platinum
Limited. The samples for the present investigation originate from the work of Nicholson
(2020), who conducted a geochemical and petrological assessment of the bifurcated
chromitites. The Sr-isotopic results were complemented by detailed petrographic studies on the
chromitites and intervening anorthosites and the determination of mineral chemical variations

across the interval in question.

1.1 Geology of the Bushveld Complex

The BC hosts the most extensive known layered intrusion on Earth and was emplaced into the
rocks of the Transvaal Supergroup between 2058.9 and 2054.4 Ma (Zeh et al., 2015). The
complex contains more than 70% of known global PGEs (Chitiyo et al., 2008; Li et al., 2004)
and consists of the mafic-ultramafic rocks of the Rustenburg Layered Suite (RLS) at the base,



and the sheeted granitic rocks of the Rashoop Granophyre Suite and the Lebowa Granite Suite
above it (Figure 1) (. Nex, 2004; Voordouw et al., 2009; Zeh et al., 2015).
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Figure 1: Geographical location of the Bushveld Complex and the location of the study area along with that of
the Dwars River Locality (modified from Nicholson, 2020).

The RLS intruded the sedimentary rocks of the Transvaal Supergroup. The intrusion was likely
preceded by the eruption of the Rooiberg Volcanic Sequence and succeeded by the
emplacement of the Rashoop Granophyre Suite and the Lebowa Granite Suite (Eales &
Cawthorn, 1996; Zeh et al., 2015). The RLS covers an area of approximately 65 000 km? and
has a maximum thickness of approximately 7-9 km. It occurs horizontally within five limbs,
viz. the Northern, Eastern, Western, Far Western, and South-eastern limbs. The South-eastern

Limb does not outcrop as it is overlain by younger sediments, but its presence and approximate
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extent are known from geophysical data and drill core material. The RLS has been further
divided vertically into five zones extending laterally throughout the Bushveld Complex
(Figure 2), viz. the Marginal (MZ), Lower (LZ), Critical (CZ), Main (MZ), and Upper zones
(UZ), based on the petrological, mineralogical, and geochemical variations occurring vertically
within the suite (Eales & Cawthorn, 1996; Voordouw et al., 2009; Scoon et al., 2017; Yao et
al., 2021).

The Marginal Zone, which occurs intermittently throughout the BC, constitutes the lowermost
portion of the RLS and has a thickness of up to ~800 m and consists primarily of fine- to
medium-grained norite, peridotite, and pyroxenite (Cawthorn & Walraven, 1998; Yao et al.,
2021)

The Lower Zone has a thickness of approximately 900-1600 m and typically contains rocks
such as dunite, harzburgite and pyroxenite. The distribution and thickness of this zone is
typically controlled by the floor topography and structure, with the thickest section developed
within the Olifants River Trough in the Eastern Limb, where the stratigraphy is made up of a
basal feldspathic pyroxenite with minor harzburgite, overlain in turn by a lower pyroxenite, a
harzburgite subzone, and an upper pyroxenite (Cameron, 1978; Kiefer & Viljoen, 2006).

The Critical Zone is approximately 1300 — 1800 m thick and is subdivided into the Lower and
Upper Critical Zone. The Lower Critical Zone (LCZ) has a thickness of 700 — 800 m and
consists primarily of orthopyroxenite. The LCZ hosts an average of 9 substantial chromitite
layers, the Lower Group (LG1-LG7) and the Middle Group (MG1-MG2) chromitite layers.
The Upper Critical Zone (UCZ) typically has a thickness of 520-1000 m and is distinguished
by the presence of cyclic units and copious cumulus plagioclase, the latter which appears
between the MG2 and MG3 chromitite layers at the base of an anorthosite layer. The cyclic
units consist of ultramafic rocks (chromitite, and/or harzburgite, and/or pyroxenite) overlain
by increasingly feldspathic rocks, beginning with norite followed by anorthosite (Maier et al.,
2013; Voordouw et al., 2009; Eales & Cawthorn, 1996). The UCZ contains approximately five
significant chromitite layers, The Middle Group (MG3-MG4) and the Upper Group (UG1-
UG3) chromitite layers, with the UG3 occurring only in the Eastern Limb of the Bushveld
Complex (Eales & Cawthorn, 1996). The UCZ is also well-known for its Platinum Group

Element (PGE) mineralisation which occurs mainly in the economically significant Merensky



Reef and UG2 chromitite, as well as in the sub-economic Pseudo Reef (harzburgite) and

Bastard Reef (pyroxenite)) (Kiefer & Viljoen, 2006; Ma