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Abstract
For long periods in the history of South Africa gold mining formed the backbone of an otherwise agriculturally-dominated
economy, initiating rapid urbanisation in often remote and underdeveloped farming areas. This paper explores examples
from a mined-out goldfield west of Johannesburg (West Rand), where consequences of mine closure can currently be
observed, as well as from an active goldfield on the Far West Rand. Both areas are linked by the Wonderfonteinspruit, a
stream drawing much national and international media attention for its high levels of radioactive pollution. Dating back
more than 120 years, the impacts of gold mining and later uranium mining on the natural environment are profound and
complex, perhaps most affecting the rich groundwater resources found in the exceptionally well-karstified dolomite that
underlies most of the catchment area. Mining-related impacts such as large-scale land degradation associated with dewatering of karstic aquifers and widespread pollution of surface water and groundwater systems are discussed. Based on
this, potential threats and opportunities for post-mining scenarios are identified in a series of 3 papers. Part 1 of this series
outlines impacts of mining, particularly on the natural water resources, and possible consequences associated with the
future re-watering of currently de-watered dolomitic compartments. The need for a regionally-integrated approach to the
closure of highly interconnected mines is stressed and timelines of the closure process estimated. In Part 2 the emphasis
is on identifying possible opportunities for post-mining development centred mainly around the utilisation of exceptional
karst features and associated water resources. Part 3 aims to quantify uncertainties associated with planning in miningdominated environments by comparing historical predictions with factual developments.
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Introduction
Gold-mining activities in the Wonderfonteinspruit (WFS)
area of South Africa date back more than 120 years, initiating
rapid urbanisation which turned largely rural and underdeveloped areas into densely-populated regions boasting 1st class
infrastructure which includes roads, railway lines, water and
electricity systems, schools, hospitals, supermarkets, etc. Many
towns, such as Randfontein, Westonaria and Carletonville, owe
their very existence to gold mining, and gold mines are still
the most important source of direct or indirect income, raising
concerns about implications of (inevitable) mine closure in the
future. There are fears of socio-economic breakdown based on
well-known ‘ghost town’ scenarios in other mining regions.
This is exacerbated by a legacy of environmental degradation caused by century-old mining. Much of the degradation
has been caused by large-scale dewatering of some of South
Africa’s most important aquifers, resulting in the widespread
and devastating occurrence of sinkholes and dolines. In addition, water, sediments and soils have been contaminated with
radioactive uranium (Winde, 2006a).
Presented in 3 parts, this paper aims to analyse impacts
of mining on natural resources in order to assess the potential
resulting threats to post-mining developments (Part 1). Based
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on this analysis, Part 2 outlines opportunities for post-mining
development, centring largely on the utilisation of the abundant
dolomitic water resources in the area. In the last part of the
series (Part 3), predictions of historical planning documents
are compared to actual developments subsequently observed
in the area in order to illustrate the degree of uncertainty often
associated with planning in mining-dominated environments.

Gold mining in the study area: historical
development and environmental impacts
The West Rand goldfield
Soon after the discovery of gold in 1886, on a farm in the middle of the semi-arid interior plateau known as the ‘Highveld’,
rapid urbanisation led to the development of Johannesburg,
today one of the largest metropolitan areas in Africa. Aided
by capital from the diamond fields in Kimberley, gold mining
rapidly expanded along the outcropping gold ore (‘reef’) to
the east and west of the site of discovery, later known as the
‘Central Rand’. The term ‘Rand’ is derived from the Afrikaans
‘Witwatersrand’ (‘ridge of white waters’), used to describe an
outcrop of exceptionally hard layers of sedimentary rock, lending its name not only to the world’s largest-known gold deposit
(the Witwatersrand Basin) but also to the currency of South
Africa, indicating the economic significance of gold mining for
the country. In 1887, only 1 year later, gold mining had moved
30 km west of Johannesburg, with ‘West Rand Consolidated’
the 1st mining company to operate in a newly-established
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