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3D implicit modeling of the Sishen Mine: new resolution of the geometry
and origin of Fe mineralization
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Abstract

The Sishen deposit is one of the largest iron ore concentrations in current production. Hematite mineralization occurs along a
strike length of 14 km, with a width of 3.2 km and a maximum vertical extent of 400 m below the original surface. The 986-Mt
reserve incorporates a suite of individual orebodies, beneath a locally preserved tectonized unconformity, with a wide range of
geometries, depths, and orientations. Fully constrained, implicit 3D modeling of the entire mining volume (> 70 km?), was
undertaken to the original, pre-mining topography. The model incorporates 5287 mapping points and > 21,000 drillholes and
provides exceptional insight into the original configuration of ore and its relationship to contacts, unconformities, and structures
in the enclosing country rock. The bulk of ore occurs to the west of a strike-extensive, partially inverted normal fault (Sloep
Fault), within an asymmetrical synclinal structure on its western flank. This linear, N-S distribution of deep, thick ore is
punctuated by palacosinkholes, wherein base-of-ore dips of greater than 45°, are concentrically arranged. Localized ore volumes
also occur along faults and in fault-bounded, downthrown blocks, to the north of NW-SE- and NE-SW-trending strike-slip faults
that show relatively minor uplift to the south, probably due to the Lomanian Namaqua-Natal Orogeny. The revised model
demonstrates the proximity of ore to a tectonized unconformity and highlights the structural control on ore volumes, implying
that Fe mineralization at Sishen cannot be exclusively attributed to supergene enrichment and concentric palacosinkhole
formation.

Keywords Iron ore - Structural interpretation - Implicit modeling - Leapfrog™

Introduction large hematite bodies with a cumulative strike length of ap-

proximately 14 km, a width of 3.2 km, and a maximum depth

Mined since 1953, Sishen Mine near the town of Kahtu in the
Northern Cape Province (RSA) represents one of the largest
high-grade iron ore deposits globally. It consists of a series of
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of 400 m. This encompasses a 434-Mt exclusive mineral re-
source and a 552-Mt (Fe grade > 58%) ore reserve (as of 31
December 2016), spanning three mining areas (North, Middle,
and South Mine) and five sub-pits (Vliegveld, Dagbreek-
Watergat, GR35, GR50, and GR80). Mining focuses on
high-grade (Fe > 61%) and medium-grade (Fe > 40%) hema-
titic mineralization hosted by a thick sequence of chemical
and clastic sediments of the Transvaal Supergroup in the
Griqualand West Basin.

The deposit is situated at the northern end of a range of
hills, with 60 km of strike extent, along the western limit of the
Maremane Anticline or Maremane Dome, which occurs near
the western margin of the Kaapvaal Craton (Van Schalkwyk
and Beukes 1986). This dome exposes, and is rimmed, by
lithologies of the Griqualand West Basin and Olifantshoek
Supergroup (Fig. 1). The bulk of laminated and massive ore
is concentrated within the Kuruman Formation, which is the
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