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Cube Caving, a new cave mine design for the future 

G. Dunstan 
Director, Caveman Consulting Pty Ltd, Australia 

ABSTRACT 

Current Block and Panel caving designs are based on 40-year-old technology, the LHD, and as the 
future caving mines are deeper and in more challenging conditions (technical, financial, and social) 
a new approach is required. Advances in technology are providing opportunities, including computer 
modelling and simulation, wireless detonators, monitoring systems for seismicity and material 
movement (inside and outside the cave column) and trackless autonomous electric vehicles, not 
previously available to the caving industry. 

The key design criteria identified to revolutionise the Block and Panel Cave layouts of the future are: 

• Maximise the pillars to withstand the increased in situ stress conditions at depth via the creation 
of 90o intersections, eliminating angled drawpoints, and minimising the lateral excavation 
associated with equipment operation. 

• Reduction in the total amount of development required to establish the caving footprint and the 
segregation of Cave Establishment activities, where possible. Leading to a reduction in the time 
required to undercut the footprint, resulting in a faster cave ramp up with improved metal 
production and cashflow.  

• Acknowledgement of the variable fragmentation, and associated chaotic and disruptive flow, 
over the life of the drawbell. Starting coarse and becoming finer due to comminution effects, 
ensuring the drawbell design does not result in isolated draw columns in the later stages of the 
cave. 

• Integrated drawbell and undercut design to ensure uninterrupted flow of cave material to the 
drawpoints, whilst maximising the effective width of the drawpoint to improve access to 
oversized material. 

• Use of the airgap during cave establishment to assist with cave propagation and fragmentation, 
and  

• Safety improvements through the drawbell and layout design which improves the operational 
management of water, fines, mud rush, vehicle and personnel interactions. 

Operationally this new approach includes the segregation of loading and hauling functions to improve 
not only productivity but also the ore recovery through improved draw strategies.

1 INTRODUCTION 

As deposit characteristics and ESG constraints 
are becoming more complex the mining of 
future mass underground operations is 
increasing in difficulty and uncertainty. The 

existing layout options for Block Caving are 
being extended beyond their technical limits 
with compromises being made between stability 
of the layout and cave material recovery, often 
resulting in significant financial penalties for the 
mining companies in either lost revenue, 
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hazards such as convergence, fines, water, mud 
rushes, high seismicity and dilution are 
mitigated. Operational experience will target 
improved productivity and reduced costs during 
this period. 

1.4 Closure 

The closure stage is a complex time for the 
operation of an Extraction Level. This specific 
stage is when grade falls below economic limits 
in the drawpoints, and increased wear of the 
brows and tunnel convergence leads to reduced 
drawpoint availability. As the drawpoints are 
“turned off” the impacts on the surrounding 
drawpoints need to be considered to ensure that 
a stagnant drawpoint won’t cause geotechnical 
issues to the still operational drawpoints around 
it. In many instances a low grade drawpoint may 
continue to be extracted from, with low 
tonnages, just to maintain the stress 
redistribution across neighboring drawpoints. 

The technical monitoring and effort during the 
Closure stage is like that during the Cave 
Establishment phase. This is due to the 
requirements associated with successfully 
navigating the final stages of life in the cave 
column where cave loading, rehabilitation, 
water and fines management are as, if not more, 
important than the grade of the material being 
extracted. 

The management of the activities required to 
successfully establish and operate a Block Cave 
is critical to achieving the mining company’s 
objectives. With improvements in computing 
packages the mining team’s ability to plan, 
schedule and execute the numerous interlinked 
activities is improving and the leading caving 
operations are continuously looking at 
additional ways to integrate this developing 
technology into their businesses. The 
opportunity to instantaneously adjust the mining 
execution plan based on live data enables faster 
reaction to plan interruptions whilst still making 
decisions aligned with the short-, medium- and 
long-term goals. This tactile software 
development also enhances the opportunity to 
implement autonomous operation, especially 
production loading, as it provides a better 
understanding of the operation of the footprint 

and the linkage, and prioritization, of tasks. This 
technology assistance is also being used to 
remove people from hazardous situations 
through monitoring and reporting on areas 
including, seismic activity, environmental 
conditions (air quality, heat, humidity) and 
convergence and ground support performance. 

2 CURRENT LAYOUTS 

The design of an Extraction Level in a Block or 
Panel cave involves the evaluation of several 
interlinked criteria, these are nominally 
(Arancibia, Carrasco, Fuentes, & Guarda, 2008): 

• Stability 
• Ore recovery 
• Dilution management 
• Productivity 
• Materials handling system (MHS) 

restrictions 

Current Extraction Level designs, namely the El 
Teniente and the Offset Herringbone, are based 
on two sided drawbells aligned to the primary 
stress field to minimize damage during cave 
establishment and the operating requirements of 
the production loading fleet. This approach has 
served the industry well for the last few decades 
though as the mines and new deposits get deeper 
with more challenging ground conditions, flaws 
in the design and trade off criteria are being 
exposed. The pillar geometry and associated 
development sequence of the Offset 
Herringbone has seen it lose favour as caving 
footprints have deepened as the El Teniente 
layout provides a more stable rectangular pillar 
with a simpler development approach. 

The current drawbell layouts result in a series of 
stagnant zones between the mobilized extraction 
or flow zones. These stagnant zones are formed 
due to the blasting of additional rock to establish 
the drawbell and undercut geometry which 
compromises the in situ pillar capacity and 
ultimately results in the recompacting of cave 
material that generates additional vertical load 
onto the remaining in situ rock pillars further 
compromising the stability of the Extraction 
Level. 
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required to establish and operate a Cube Caving 
layout are already being utilised in the existing 
El Teniente layouts. 

The comparison work completed on the Cube 
Caving layout shows: 

• It is an order of magnitude more stable 
than a large spaced, 30m x 24m, El 
Teniente layout allowing larger Extraction 
Drives within the footprint without losing 
access to any drawbells, 

• The flow simulations indicate that the 
recovery from the Cube Caving layout is 
comparable to a moderately spaced, 30 x 
18m, El Teniente layout. The ore recovery 
estimates from the Cube Caving layout are 
therefore at less risk than the El Teniente 
layouts, 

• Cave establishment rates are significantly 
faster through the segregation of tasks and 
schedule flexibility, 

• Productivity from the Cube Caving layout 
is 3 times the industry average and 
almost double the best performing El 
Teniente layouts through the redefinition 
of the work required to be completed by 
the loaders, 

• The use of trucks to haul material from 
within the footprint to the primary crusher 
ensures the same productivity rate from 
any drawpoint on the footprint, 
increases the effective size of the largest 
fragment that can pass through the system, 
improves the overall production efficiency 
and lowers unit operating costs, 

• Future expansion of the caving footprint 
results in reduced capital costs through 
the need to only mine the additional rows 
of drawbells and adding additional trucks 
to maintain the production rates over a 
longer haul distance to the existing 
crushers. 

Incorporating post condition blasting levels into 
the mine plan aids in achieving an accelerated 
cave ramp up by repositioning the seismic 
events away from the Extraction Level whilst 

also reducing the fragmentation size in the lower 
caving columns. 
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