
Introduction
As a current industry 

leader in distributed fibre-
optic sensing (DFOS) for 
environmental and geoscience, 
infrastructure, alternative 
energy, and oil and gas, Silixa 
is now focusing its lasers at the 
mining sector to tackle some 
of the industry’s most pressing 
challenges. Technological 
advances of the past decade 
have allowed fibre-optic 
investigative techniques to 
advance from laboratory to 
commercial application in a 
short period of time. Some 
interrogation techniques 
like distributed temperature 
sensing (DTS) have been 
around for decades, however, 
more recently distributed 
acoustic sensing (DAS) and 
distributed strain sensing 
(DSS) are being adopted by 

industry leaders. By turning an 
inexpensive fibre-optic cable 
into a dense, distributed array 
of sensors, DFOS allows denser 
sampling of key parameters 
for monitoring structural 
integrity of tailings storage 
facilities (TSF) and microseismic 
detection and rock mass 
response monitoring in the 
mining sector.

With a modest investment, 
the technology can help 
enhance operations 
while reducing risk and 
ultimately reducing social 
and economic costs. The 
inherent characteristic of the 
technology allows for a low 
maintenance platform and 
low carbon footprint with big 
data deliverables for real-time 
analytics and AI capability.

Distributed fibre-optic 
sensing collects data by 
pulsing light rapidly down a 

length of fibre and recording 
the different backscattering 
phenomena. If the refractive 
index of the fibre is known (i.e. 
the speed of light in the cable), 
and the timing of the pulses, all 
recorded backscatter to a point 
along the fibre (Figure 1a). 

This process can turn a 50 
m or 50 km length of fibre in a 
dense array of sample points 
with spatial sampling as low as 
25 cm. Comprehensive spatial 
sampling allows for more 
accurate measurements and 
reduces the risk of incomplete 
measurements common with 
discrete sampling methods 
(Figure 1b). For further 
discussion on the technology, 
including how different 
light scattering phenomena 
allows for measurements 
of temperature, strain, 
and acoustics, please visit 
silixa.com. 

Silixa shines light on mining operations by providing 
innovative geotechnical monitoring and imaging solutions  
on and below the surface

Figure 1. (a) Schematic of fibre and interrogator capturing signal and (b) benefits of distributed sensing 
compared with discrete sampling methods with a dip in the signal only captured on the fibre measurement. 
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DamPulse™: the fibre-optic 
sensing-based tailings dam 
monitoring solution 

DamPulse is a 
comprehensive four-tier 
monitoring system designed 
for TSF operations. It enables 
operators to identify non-
conformance in dam design 
or operation, and to facilitate 
timely maintenance and 
intervention before any failure 
occurs. Each tier of the solution 
can be used independently 
or integrated into one 
comprehensive platform. Figure 
2 shows the sample schematic 
for a DamPulse monitoring 
system installed at a TSF.

Dam breach detection is the 
most basic of services provided. 
With dam breach detection, 
the continuity of the cable 
is verified continuously. If a 
sudden failure occurs, the time 
and position of the failure is 
reported instantly. Distributed 
temperature sensing uses 
diurnal to seasonal variations 
in ambient temperature to 
monitor changes in seepage 
flow and distribution 
throughout the dam structure. 
High resolution temperature 
data with fine spatial sampling 
is continuously acquired 
using Silixa’s ULTIMA™ DTS™ 
or XT-DTS™. In partnership 
with HydroResearch, Silixa 
has deployed this solution 
on over 100 embarkment 
dams worldwide. Real-time 
evaluation of both temperature 
and seepage information 
identifies areas experiencing 
variable flow rates, and may 
be susceptible to erosion – a 
leading cause of dam failure.

Distributed strain sensing 
allows for detection of small 
amounts of movement within 
the dam structure at high 

spatial resolutions. Silixa’s DSS 
monitoring system can detect 
deformation of the  
fibre-optic cable at a 
microstrain resolution or better, 
and with spatial sampling as 
small as 25 cm. Real-time 
detection of strain changes 
(associated with movement) 
in the dam can be used as 
a warning of unintended 
deformation and can assist 
with early decision-making and 
risk mitigation strategies. 

Distributed acoustic sensing 
turns the fibre-optic cable 
into a dense seismic array that 
measures phase, amplitude 
and frequency over its length 
with channel spacing as low 
as 1 m. This in effect could 
turn a 10-kilometre length of 
fibre into a seismic array like 
laying 10,000 one-component 
geophones end-to-end. These 
systems can record acoustic 
data continuously to monitor 
local or regional seismicity, or 
capture data on demand for 
the purpose of seismic imaging 
such as regional tomography or 
ambient noise tomography.
 

Rock mass response monitoring
Rock mass response 

monitoring with fibre is a 
common practice in the oil and 
gas industry but is at an earlier 
stage of adoption in mining. 
The rock mass response 
solution for mines typically 
focuses on DAS and DSS. DAS 
turns a fibre into a series of 
full waveform sensor, implying 
it is sensitive to amplitude, 
frequency, and phase. 
This means that for many 
applications, DAS solutions 
act as a suitable supplement 
or replacement for geophones. 
A sample microseismic event 
arrival over a long borehole is 
shown in Figure 3 and outlines 
the advantages of dense 
spatial sampling that cannot be 
overstated. Geophone-based 
location methods typically 
depend on the accurate picking 
of primary and secondary wave 
arrivals, then using a time 
residual approach to find the 
location that best minimises 
the cumulative time between 
the theoretical and picked 
arrivals for all sensors. 

Figure 2. A illustration of how DamPulse uses fibre to monitor an entire 
dam in real time.



The major shortfall of this 
approach is that time residuals, 
and therefore location errors, 
are high when working in a 
poorly defined velocity space. 
This is less of a concern when 
working in predictable,  
well-sequenced stratigraphy 
with little structure. An 
example would be many 
onshore oil field operations 
where the rock mass is 
often relatively homogenous 
with minimal velocity 
contrast. Conversely, mining 
velocity models are typically 
heterogenous with changing 
rock types and velocities and 
with abundant structure. The 
dense sampling native to DAS 
increases hypocentre location 
accuracy by modelling more 
ray paths and minimising the 
effects of velocity ambiguity. 
Moreover, further spatial 
sampling of the propagating 
wavefield is expected to 
add additional accuracy to 
moment tensor inversions. 

In some DAS recordings, 
the focal sphere transition 
is readily seen in the seismic 
recordings. Finally, tomographic 
imaging of the subsurface 
benefits from additional 
ray paths to increase the 
accuracy of subsurface models. 
Figure 4 shows ray paths 
modelled from two boreholes 
that contain geophones and 
DAS monitoring solutions. In 
this example, DAS monitoring 
allows for a 20-fold increase 
in modelled ray paths over 
geophones. The additional 
signal allows for higher 
resolution spatial modelling 
with fewer necessary seismic 
points.

DFOS allows for 
absolute and/or dynamic 
strain measurements. DAS 
interrogators allow for 
dynamic strain measurements 
with their ability to measure 
very low frequencies. While 
geophones signals become 
aliased below ~10–15 Hz, DAS 

has a flat system response to 
DC, meaning it can maintain 
accurate measurements 
below 0.1 Hz. DSS systems 
specifically measure absolute 
strain by using a different 
light scattering phenomenon 
(Brillouin versus Rayleigh). 
Strain can be measured in 
boreholes, at the surface 
along subsidence zones or pit 
walls, or in the subsurface for 
infrastructure monitoring like 
tunnels, shafts, and drifts. As 
mines are complex systems that 
reshape their surround stress 
conditions during development, 
tools that accurately quantify 
strain responses are important 
for safe operation.

To accurately measure strain, 
the fibre must be well coupled 
(e.g. for boreholes this typically 
means grouting). A DSS system 
can uniquely measure the 
absolute strain acting on tens 
of kilometres of fibre, and with 
a relatively low data volume. 
Silixa’s DSS interrogator has a 

Figure 3. Sample microseismic event recorded on a Carina® Sensing System. The microseismic event (a) has a lot 
of detail, including P-waves, S-waves, reflected waves, and S–P conversions. Example DAS recording showing 
polarity (b) of an event with clear P, SH, and SV arrivals, with polarity reversals observed in the SH and P (from 
Baird et al. 2020). 



Figure 4. Ray paths modelled from three hypocentre locations for a two-borehole scenario in a gradually 
increasing velocity space. With eight geophones, a total of 24 ray paths are modelled through the rock mass. For 
fibre, every 1 m of cable is a geophone sensor, for a total of 160 recording channels and 480 rays total. 

resolution of ±2 με or better 
with temperature correction, 
and with a spatial resolution of 
50 cm. 
Why fibre-optics sensing?

DFOS is a multidisciplinary 
tool with a rapidly expanding 
userbase. While the mining 
industry has been underserved 
by this technology, adoption 
is beginning to accelerate due 
to the relatively low costs of 
installation and the growing 
range of applications. Silixa 
works with our mining partners 

to design each solution 
depending on the project 
objectives, site conditions 
and the desired outcome and 
deliverable. With a sustained 
demand for mineral extraction, 
DFOS can help us explore for 
new deposits in brownfield 
development, safely manage 
seismic hazard as we extend 
our mines deeper, and help 
monitoring surface operations 
like TSFs, open pits, and 
subsidence.

Z Anderson 
Silixa, Canada
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Context: the future of 
underground mass mining is 
deep, high-column, cave mining

The resurgence in cave 
mining methods has been 
motivated by the fact that 
many of the large, easily 
accessible near-surface 
deposits have been mined 
out or cannot be mined for 
various reasons. The profitable 
extraction of ore from large 
open pits becomes increasingly 
more difficult with depth, not 
only due to the high strip ratios 
and logistical complexity, but 
also because of the expanding 
mining footprint and associated 
environment, social and 
governance (ESG) pressures. 

Thus, a substantial amount 
of future ore extraction will 
occur deep underground 
(Figure 1), though most of 
these deposits are anticipated 
to be low grade (e.g. average 
grade <0.5% Cu) and their 
economic viability depends on 
extracting very large tonnages 
of ore at low cost, i.e. their 
extraction is most amenable to 
cave mining methods. 

Despite the low operational 
cost of the method once 
commenced, cave mining is 
capital intensive, with most 
large cave mines costing 
between USD 1 and 10 billion 
to construct, over a  
3–15 year period, and 
expended completely before a 
single ton of ore is hoisted. For 
this reason, modern miners no 
longer cap the height of blocks 
to be caved to less than  
250 m (as they did pre-1990s), 
but instead seek to maximise 
the height of the cave block so 
as to reduce capital spend and 

mining costs (as illustrated in 
Figure 2). The popular trend to 
deep, high-column cave mines 
translates to a much higher 
level of risk in the form of cave 
performance, underground 
infrastructure stability, and 
resource recovery; all of which 
calls for the fundamental 
research to identify and 
mitigate the potential issues.
 

The problem: challenges 
associated with deep,  
high-column, cave mining

To date, the success of 
deep, high-column, cave mines 
has been mixed. Many argue 
that most cave mines have 
proved highly successful, where 
success is defined by the mine’s 
profitability and ability to yield 
positive shareholder returns on 
investment. However, technical 

Challenges facing deep, high-column cave mines

Figure 1. Future copper availability as a function of depth (after Kesler & 
Wilkinson 2008).

Figure 2. A schematic illustrating the modern trend of increasing cave 
block height.

By Professor Andre van As, The University of Queensland



success is far more elusive, 
with most modern cave mines 
experiencing some form of 
underperformance; notably 
attributed to unforeseen or 
poorly predicted geotechnical 
issues, culminating in 
development and construction 
delays, loss of resource  
and/or higher operating costs 
than were predicted by the 
feasibility study.

There is, however, 
considerable debate over 
whether these geotechnical 
factors are truly unpredictable 
or are rather:
• The inevitable outcome of 

poor data acquisition and 
inadequate data analysis 
that inform the geo-models 
which form the basis for 
mine design. 

• The inadequate 
incorporation of 
geohazards/risks into 
mine planning and reserve 
recovery predictive models. 

• Induced through poor mine 
design and poor operational 
practices.

Given the anticipated large 
scale of future mass mines and 
the deep and harsh mining 
environments in which they will 
mostly be developed, it stands 
to reason those unforeseen 
geo-risks can have catastrophic 
consequences. At the very 
least they will translate into 
significant development and 
operating cost overruns. Simply 
put, the mining industry can 
no longer afford to continue to 
‘cut and paste’ mine-designs 
that were developed for a 
completely different mining 
environment. Applying past 
state-of-the-art, empirical 
relations that stretch beyond 
the supporting data introduces 
an unacceptable level of risk 
into mine design, which could 
continue to cost the industry 
billions of dollars in losses and 
ultimately attract the attention 
of regulatory authorities, and in 
some cases increase sovereign 
risk.
An industry perspective on 
priority research

In an effort to address 

the technical challenges and 
risks associated with deep 
mass mining methods, the 
WH Bryan Mining Geology 
Research Centre (BRC), within 
the Sustainable Minerals 
Institute at The University 
of Queensland, has formed 
a Deep Mining Geosciences 
(DMG) group which is tasked 
with developing a strong 
industry-collaborative program 
of applied mining research and 
education in the area of deep 
mining geoscience.

One of the first tasks 
undertaken by the DMG was 
to canvas the mining industry; 
in particular those companies 
with underground mass mining 
projects/mines, and request 
their technical personnel to 
identify the key geoscientific 
and mining-related technical 
issues that will most likely 
impact underground mass 
mining in the future. On the 
basis of the feedback collected 
from 18 underground mass 
mines/projects (mostly caving 
operations), the DMG group 

 Figure 3. Industry-identified key research priorities for deep cave mining.



collated the findings and from 
this information identified 
six key areas (Figure 3) 
requiring focused research and 
education.
The six key areas include:
1. Geoscience 

characterisation.
2. Rock mass conditioning.
3. Deep mass mining geo-risk 

management.
4. Material flow in deep cave 

mines.
5. Mining method design 

improvements.
6. Education.

Interestingly, these key 
areas are not new and have 
been the subject of studies and 
research for decades, which 
may explain the lethargy by the 
mining industry to continue 
to seriously support ongoing 
research in these fields.

From these responses, it 
was very clear that the area 
of rock mass characterisation 
is unanimously the primary 
concern for ensuring successful 
deep mass mining into the 
future. The task of adequately 
characterising a massive ore 
deposit (and its host rock) so as 
to develop reliable geo-models 
on which mine design can be 
based, and mine performance 
predicted, is a vast undertaking 
that has yet to be achieved 
within the mining industry. 
Not only is there a lack of 
understanding and consensus 
within the industry over 
governance requirements for 
geoscience inputs into resource 
and reserve models, but 
there is also still considerable 
debate and uncertainty over 
fundamental questions, such as 
the sufficiency and adequacy of 
data (what data and how much 
is required), followed closely by 
the effective utilisation of the 

data to develop reliable  
geo-models for mine design 
and performance predictions.

The second most important 
area of concern was around 
geohazards. This included 
geohazard identification, 
geohazard prediction 
and effective geohazard 
management. As mining 
progresses deeper, it is 
accompanied by an increase in 
stress conditions which tend 
to dominate the behaviour/
response of the rock, whether 
it be the rock mass failure, 
major structure shear failure, 
increased seismicity, or even 
the material flow in the cave 
column. Although all deep 
mining shares common risks, 
irrespective of the mining 
method, one could argue that 
the impact is far greater in cave 
mining, owing to the method’s 
inflexibility and, thus, inability 
to recover from adverse mining 
events.

Unsurprisingly, rock mass 
(pre- and post-) conditioning 
was the next most important 
area of research, as this 
includes a combination of rock 

mass characterisation and 
geohazard management. There 
is a popular sentiment among 
engineers that if one cannot 
develop a reliable rock mass 
model and/or reliably predict 
the rock mass response, then 
simply ‘engineer’ the rock mass 
response through rock mass 
conditioning. Unfortunately, 
over the past two decades 
little new research has been 
undertaken on rock mass 
preconditioning; instead mining 
companies have relied on 
anecdotal evidence to justify 
the application of hydraulic 
fracture preconditioning 
without fully understanding 
how and why it is successful. 
Consequently, these rock mass 
preconditioning programs lack 
a technical basis for design, and 
many prove suboptimal and 
ineffective, particularly in deep 
caves.

New mining methods, cave 
material flow and ground 
support are recognised 
as important engineering 
solutions for mining at depth. 
New mining methods need to 
manage the tension between 

Figure 4. Example of where the vertical stress concentrations point 
loaded a drawpoint area causing the apex pillar to fail and the drawpoint 
becoming inaccessible.



excavation stability and ore 
recoveries/productivity. The 
flow mechanisms of caved 
material under high-column 
loads (vertical stress) are known 
to be significantly different 
from low column, shallower 
caves and hence need to be 
well understood to ensure 
reliable recovery predictions  
(as illustrated in Figure 5).

Tertiary education in 
mining-related disciplines has 
increasingly suffered from a 
growing negative perception 
of mining which has driven 
a worldwide decline in the 
number of mining-related 
student enrollments in tertiary 
institutions and consequently, 
there is a desperate shortage 
of skilled mining personnel in 
the mining industry. The lack of 
undergraduates and significant 
industry support has led to the 
unprofitability of mining (and 
related) schools at universities, 
thereby increasing mining 
school closures and a decline 
in experienced lecturers and 
researchers. 

To meet the growing 
demand for mining 
professionals it will be 
imperative for universities 
(supported by industry) to tap 
into the pool of non-mining, 
engineering, and geoscience 
disciplines by developing and 
offering several postgraduate 
professional development 
programs to increase mining 
knowledge and skills, 
particularly in the area of deep 
mass mining.
In conclusion

The future of mass mining 
lies underground, and the 
future of underground mining 
resides predominantly in mass 
mining methods, particularly 
cave mines, as only these have 
the ability to yield the vast 
quantities of minerals required 
to meet the world’s increasing 
demand. Until more recently, 
mass mining methods have 
only been utilised to extract 
shallow to intermediate depth 
orebodies; however, the past 
two decades have seen mining 

companies push the envelope 
by applying these methods 
to much larger-scale deposits 
at depths of around 1,000 m. 
Current planning/development 
is for even larger mass mines 
at greater depths, which are 
accompanied by significant 
technical and operational 
challenges. 

To address these challenges, 
the underground mass mining 
industry has identified five key 
areas that require fundamental 
research and education to 
ensure that the levels of 
mining risks associated with 
deep caving can be effectively 
managed.
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Figure 5. Illustrating the concepts of isolated draw versus interactive draw 
and their effect on material flow in a cave.
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