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Opportunities and Challenges for Mining Deep
Mineral Resources by Block Caving Methods

E. T. Brown

Golder Associates Pty Ltd, Brisbane, Australia

Abstract: Exploitable mineral resources exist at depth as a number of orebody
types in a range of geological settings and geometrical configurations. Massive,
generally lower grade metalliferous deposits have been exploited to depths of more
than 2000 m by open stoping, sublevel caving and block caving methods of mining.
Currently, such deposits are being exploited in many parts of the world by block and
panel caving methods, mining up to in the order of 140 000 tonnes of ore per day or
50 million tonnes per year, with other high production operations being developed or
planned. Historically, Tongkuangyu Mine has been the only block caving mine
operating in China, but with its relatively small, inclined orebodies, it is not typical
of the modern generation of “ super caves”. However, there is now interest in
applying the method to other deposits, including to Chalco’ s Pulang Project in
Yunnan Province. Block and panel caving mining methods are simple conceptually,
but require much detailed technical knowledge and expertise to implement effectively.
Their main advantages compared to other potential mining methods are their low
operating costs and high productivities, although the initial capital expenditures
required may be relatively high. Nevertheless, it is considered that it would be to
China’ s benefit to further develop its experience and expertise in this approach to the
mining of deep, low-grade metalliferous mineral resources that cannot be exploited
economically by other methods. The steps and engineering challenges involved in
developing and operating block and panel caving mines at depth are outlined. These
engineering challenges include cavability assessment; cave initiation by undercutting,
possibly with the aid of pre-conditioning; caving mechanics, cave development and
propagation; fragmentation assessment; draw control; extraction level layout and

stability ; ventilation and cooling; ore handling, crushing and transportation; and the
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assessment and control of cave propagation to surface and the associated surface
subsidence and environmental impact. The need and opportunity exists for site-
specific studies and for broader, generic research on these topics, both in China and
internationally.

Keywords: deep mineral resource; block caving method; opportunity and

challenge

1 Introduction

This paper is offered as an invited contribution to the Chinese Academy of
Engineering and the University of Science & Technology Beijing’ s Forum of
Engineering Science and Technology China—" Effective Development and Utilization
of Deep Mineral Resources”. To the best of the author’ s knowledge, there is no
universally agreed definition of deep mineral resources, partly because deep for one
resource such as coal may not be especially deep for another such as gold. Generally,
only metalliferous resources will be considered here and, for present purposes, deep
mineral resources and deep mining will be taken to involve depths of greater than 1
km. This has some consistency with a recent trend to adopt the terminology of ultra-
deep for mining depths of 3 km and greater ( Vieira et al., 2001 ) and with the
terminology used by Kang et al. (2010) for the depths of coal mines in China.

Exploitable metalliferous resources exist at depth as a number of orebody types in
a range of geological and geometrical configurations. Seven of the 10 deepest mines in
the world are tabular or stratiform gold deposits in the Witwatersrand Basin of South
Africa. The deepest of these mines, Mponeng, is now approaching 4 km in depth.
These mines are well-known for the impact of rockbursting on their operations, and
for the associated studies that have been carried out since 1953 in an effort to develop
an understanding of the rock burst phenomenon and methods of alleviating its impact
(Cook et al., 1966; Durrheim, 2012; Ryder & Jager, 2002). The deepest mines in
the world outside of South Africa are La Ronde which mines gold, silver, copper and
zinc to a depth of 3 km in Quebec, Canada ( Falmagne, 2016; Karampinos et al.,
2015; Mercier-Langevin, 2010) , and the Kidd Mine which mines copper and zinc to
a depth of approximately 3 km in Ontario, Canada ( Counter, 2014 ). The Creighton

Mine currently mines nickel to a depth of 2.5 km also in Ontario, Canada ( Walton et

al., 2016).



