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a b s t r a c t
Chemical-sedimentary rocks of the Transvaal Supergroup, along the northern margin of the Transvaal Basin, were
imbricated during formation of the Mohlapitsi Fold-and-Thrust Belt between ca. 2.55 and 1.93 Ga. High-grade
(N 63% Fe), stratiform Fe-ore bodies occur at or close to the base of the banded ironstone-dominated Penge Formation, which forms a distinct E-W trending mountain range in the area. The Penge Formation is separated from
underlying Malmani dolostone by a thin, laterally continuous, rheologically-weak, carbonaceous shale layer that
has been intensely sheared. This horizon denotes the position of a regional, top-to-N, low-angle detachment that
has been variably deformed during progressive development of the Mohlapitsi Belt. Several of Kumba's
Thabazimbi iron ore deposits, including Kwaggashoek East, Donkerpoort West, Kumba-Donkerpoort West and
Buffelshoek West, are conﬁned to a zone directly above this detachment. Recent studies of ore petrography,
ﬂuid alteration, ﬂuid composition and stable isotope geochemistry link economic iron ore mineralization to hydrothermal or hypothermal processes. Along with localized high-grade mineralization, a structural control on
ﬂuid ﬂow has been suggested, although a lack of structural data has hampered more concise mineralization
models thus far. In this study we present and analyse data from detailed structural mapping over a protracted
period of mining, across four opencast pits. This mapping is combined with drillhole data to produce accurate,
intergrated 3D models of these deposits, which reveal the true geometry of these ore bodies.
Data and resultant models indicate that enhanced hydrothermal ﬂuid ﬂow associated with signiﬁcant iron mineralization is linked to thrusting/shearing in response to: 1) fold ampliﬁcation and ﬂexural ﬂow along the E-W
trending detachment between the Malmani dolostone and banded iron formation; 2) subsidiary fold-accommodation structures such as conjugate shear joints, normal and reverse faults and thrusts, associated with inner- and
outer-arc shortening and extension, respectively; 3) localization of Fe at the intersections of major reverse faults,
the detachment and stratigraphically-higher, low-angle thrusts, which are preferentially developed at the contacts between diabase and banded iron formation. Collectively, these features both aided and compartmentalized
regional, pervasive ﬂuid ﬂow along the detachment and in stratigraphically-higher sites. Subsequent ore preservation was enhanced by reactivation of NW- to NNW-trending, Mesozoic normal faults and concomitant
downthrow of fault-bounded blocks. Structural relationships and timing of high-grade iron ore mineralization
further suggest that associated top-to-N kinematic fold-and-thrust formation of the Mohlapitsi Belt and, subsequently, the main detachment between Malmani dolostone and banded iron formation of the Penge Formation,
could have been active during and immediately after intrusion of the Bushveld Complex at ca. 2.05 Ga.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
The Neo-Archaean to Palaeoproterozoic Transvaal Supergroup forms
part of the greater Kaapvaal Craton in Southern Africa and is present
within the Griqualand West and Transvaal Basins (Fig. 1). The Transvaal
Supergroup hosts substantial iron deposits, which are exploited at
Sishen, Kolomela, Beeshoek and Thabazimbi Mines. On the northern
margin of the Transvaal Basin, the Transvaal Supergroup has been
folded and imbricated along a portion of the Thabazimbi-Murchison
Lineament (e.g. Good and De Wit, 1997) (Fig. 1). Kumba Iron Ore's
Thabazimbi Mine exploits predominantly stratabound hematite
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enrichment along an east-west trending, ca. 20 km long exposure of
Penge banded iron formation (BIF), by means of several opencast pits
(Fig. 2). High-grade hematite mineralization is typically conﬁned to
the base of a sequence of banded iron formation or banded ironstone
of the Penge Formation, on three prominent, east-west trending
mountain ranges that are locally referred to as the Northern, Central
and Southern Ranges (Figs. 2 and 3). Recently-active pits include
Kwaggashoek East, Donkerpoort Nek and Kumba (abutting
Donkerpoort West) in the Northern Range and Buffelshoek West on
the Southern Range (Fig. 2). The Bobbejaanswater pit is situated on
the Middle Range. Although this was not examined for this study, it
has yielded friable, very high-grade hematite.
Studies by van Deventer et al. (1986) and Eriksson et al. (1995) provided comprehensive overviews of the region. These and other studies

