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SUMMARY 
 
Controlling ore contacts prior to excavation 
is essential to ensuring material types reach 
the correct downstream locations, so that 
optimal ore recovery is achieved. This 
practice is especially pertinent to narrow vein 
or structurally controlled deposits where very 
small discrepancies between the assumed 
and actual locations of the ore contacts can 
translate to significant ore loss or dilution. 
However, whether a mine’s priority is to 
minimize (i) ore loss, (ii) dilution, (iii) 
contamination, or (iv) adhering to strict 
blending requirements, blast movement is a 
problem for every mine, even those situated 
in massive, gradational deposits.  
 
An analysis on measured blast movement 
was conducted at two porphyry-skarn 
copper mines and one manto copper mine in 
Peru and Chile respectively, to evaluate its 
effects on ore loss, dilution and 
misclassification. Three-dimensional 
movement at mid-bench locations in several 
blasts were measured. Horizontal 
movement vectors were calculated and pre-
blast ore polygons were translated to post-
blast locations using the measured data. As 
a result, ore loss of up to 20%, dilution of 
12% and misclassification (i.e. Low-grade 
ore unintentionally treated as High-Grade 
Ore) of 20% were calculated due to blast 
movement.  
 
This study concludes that accounting for 
blast movement in porphyry or manto copper 
deposits can have a significant impact in the 
reduction of ore loss, dilution and 

misclassification, resulting in increased ore 
recovery.  
 

INTRODUCTION 
 

Blast movement monitoring (BMM) for grade 
control is a holistic practice used to account 
for ore displacement caused by blasting, 
with the goal to accurately adjust the 
contacts of mining polygons.  
 
Shaw et al (2013) present a reconciliation 
model for mining operations which 
comprises data inputs ranging from ore 
reserve definition to milling. More 
specifically, on a mining grade control level, 
the authors very clearly emphasize blast 
movement as a major component of 
variability in reconciliation. It is therefore 
recognized at many operations around the 
world, that grade control is not complete until 
blast movement is accounted for (Thornton, 
2009). Unfortunately, there are still a number 
of mines, particularly gradational base metal 
operations, throughout the world that do not 
account for blast movement.   
 
This paper summarizes the results from 
three Copper mines in Peru and Chile that 
have measured blast movement:  

• Mine A – Porphyry-Skarn Copper–
Molybdenum deposit in Peru. 

• Mine B – Porphyry-Skarn Copper-
Gold-Zinc deposit in Peru.  

• Mine C – Manto Copper-Silver 
deposit in Chile.  

 
The projects consisted of placing a number 
of BMMs in many blasts over the past 
decade. The data collected was used on a 
blast-by-blast basis to accurately translate 
their ore polygons. In each instance, this 
new practice of translating ore polygons 
based on measured movement, was 
compared to the mine’s previous practice of 
ignoring blast movement, and simply mining 
their ore polygons in their insitu locations. In 
order to evaluate the effect of blast 
movement on ore recovery, ore loss, dilution 
and misclassification. The results are 
presented herein.  
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OBJECTIVES 
 
The objectives of this research can be 
summarized in the two following topics: 
 
1. Measure the movement in a number 

of blasts during trials carried out at 
three porphyry-skarn and manto 
copper mines in South America. 

 
Among many other factors, the quantity of 
ore loss, dilution, and misclassification is 
proportional to the magnitude of movement. 
For each mine, the movement is 
characterized and compared with the site 
specific blasting practices.  
 
2. Evaluate the effect of the measured 

movement on ore recovery, loss, 
dilution and misclassification. 

 
Values of ore loss, dilution and 
misclassification for each blast were used to 
calculate, where possible, the additional 
revenue generated by accounting for blast 
movement.  
 
 

DATA COLLECTION   
 

BMM consists of placing directional 
transmitters placed within the blast prior to 
blasting, which are then located after the 
blast with a special detector. The collected 
information, including three-dimensional 
movement vectors, is then processed with 
purpose-designed software, which is 
integrated with site-based ore control 
software.   
 
Ore polygons, or dig lines, were translated 
based on the measured movement collected 
in each blast. The locations of translated 
polygons were compared to the in situ 
polygons and areas of ore loss, dilution and 
misclassificaiton were defined, using the 
underlying assumption that the ore would 
have been mined to the pre-blast polygons 
limits. In each scenario, this was the 
previous practice at the mine, before blast 
movement monitoring. Using input 
parameters provided by each mine, 
tonnages, and where possible, financial 
losses, are calculated to evaluate the effect 
of blast movement on ore recovery.   

RESULTS 
 
Movement Results for Each Mine 
 
A summary of typical blast design 
parameters, and movement results for each 
mine is presented in Table 1.  
 
Table 1: Typical Blast Design Parameters 
and Movement Results for each Mine: 
 

 
 
The horizontal component of the 3-
dimensional movement for all of the blasts 
monitored at each mine is plotted against the 
installed depth of the BMMs in Figure 1. A 
sectional view of the designed blast holes 
(left), shows the installed depth of the 
monitors in relation to the explosive column. 
Typical of blast dynamics dictates that the 
horizontal movement is at a minimum at the 
surface, increasing to a maximum at, or just 
below, the top of the explosive column 
before decreasing again close to the bottom 
of the bench (Thornton, 2009). This pear-
shaped movement profile at each mine is 
evident in Figure 1.  
 
Variation in the horizontal movement 
measurements typically exceeds 50% either 
side of the mean, so the large variation in all 
blasts measured at each mine is not 
unusual. The consequence of this variability 
is that any movement model or fixed 
template will have a similar error associated 
with it. If a template or model is used, rather 
than continuous monitoring, this error will 
translate into greater ore loss and dilution 
compared to monitoring every blast (Hunt 
and Thornton, 2014). 

Mine A B C
Blasts Monitored 3 6 4
BMMs installed 36 37 34
Bench Height (m) 15 15 10
Hole Diam (mm) 311 311 270
Typical Powder Factor 
(kg/m3)

1.6 1.1 1.1

Spacing (m) 8.0 8.0 7.0
Burden (m) 7.0 7.0 6.0
Range of Horizontal 
Movement (m) 1.2-26.0 1.5-22.0 0.7-40.0
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Figure 1: Horizontal movement vs installation depth for all blasts at each mine 

 
 
Calculated Ore Loss, Dilution and 

Misclassification at each Mine 
 
If the ore and waste polygons are mined in 
their in situ location, then ore loss, dilution 
and misclassification will occur since the 
rock always moves during blasting. For the 
purposes of this analysis: 

(i) Ore Loss is defined as ore sent 
to a waste dump,  

(ii) Dilution is defined as waste 
being sent to the mill and 
processed as ore, and 

(iii) Misclassification is defined as 
material with ore classification 
being treated as ore with a 
different classification.   

 
An example of these analyses is provided in 
the following section for a selected blast from 
each mine.  
 
A summary of the total loss, dilution and 
misclassification calculated at each mine is 
summarized in Table 2. 

 
Table 2: Summary of total calculated ore loss, dilution and misclassification at each mine 
 

 
 
 
 
 

Material

Insitu
(t) (t) % (tonne) (USD) (t) % (t) %

A 3 368541 6527 2% 27.9 160,672$ 11007 3% 46789 13%
B 5 955716 96300 10% 101332 11%
C 1 88007 17529 20% 10935 12% 9666 11%

Mine A
Ore Recoverable Metal

Dilution Misclass
Loss Loss

Not CalculatedNot Calculated
Not Calculated

# Blasts 
Included
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Blast-by-Blast Examples 
 
Blasting parameters and corresponding 
movement results from one blast from each 
of the three mines is presented in Table 3. 
 
Table 3: Overview of movement results 
 

 
 
As shown in the above table, 50% variability 
from the mean is measured even on a blast-
by-blast basis, which is normal (Loeb and 
Thornton, 2014). 

Movement Results for each Blast 
 
A brief description of each blast selected 
from each mine is provided below, and 
shown in Figure 2: 
 
Blast A - Eleven BMMs were installed. The 
blast was initiated from the eastern edge in 
a V-cut configuration toward the buffered 
face. The southern edge of the blast 
perimeter was free-faced and the north and 
west edges were confined by unblasted 
material. 
 
Blast B - Fifteen BMMs were installed The 
blast was initiated from the southwest edge 
in a V-cut configuration toward the free-face. 
The remaining edges of the blast perimeter 
were confined by unblasted material. 
 
Blast C - Eight BMMs were installed. The 
blast was a partial trim shot confined by the 
highwall to the east and initiated along the 
western edge toward a free face in an 
echelon configuration. Along the northern 
edge of the blast perimeter, the muck had 
been excavated to about mid-bench level. 
 
Figure 2 shows a plan view of each blast with 
movement vectors. The numbers on the 
plans correspond to the BMM # in Table 4, 

Table 5, and Table 6, which summarize the 
measured movement for each blast.   
 
Table 4: Movement Summary in Blast A 

 

 
 
Table 5: Movement Summary in Blast B 

 

 
 
Table 6: Movement Summary in Blast C 

 

 

Blast A B C

Bench Height (m) 15 15 10
Hole Diam (mm) 311 311 270
Burden (m) 7.0 6.0 6.0
Spacing (m) 8.0 7.5 7.0
Powder Factor 
(kg/m3) 1.6 1.34 1.1
Range of Horizontal 
Displacement (m) 6.3-26.0 2.6-21.9 7.8-21.7

BMM #
Initial 
Depth

Horiz. 
Distance

Vert. 
Distance

1 7.2
2 7.2 10.3 7.3
3 6.7 8.7 4.8
4 4.3 6.3 -4.5
5 6.2 8.6 0.0
6 6.4 16.0 3.4
7 6.9 14.8 7.8
8 6.9 21.4 3.7
9 6.8 22.1 1.7

10 6.5

11 6.7 26.0 1.0

Not Found

Not Found

BMM #
Initial 
Depth

Horiz. 
Distance

Vert. 
Distance

1 6.6 9.5 1.8
2 7.3 17.5 -0.1
3 7.5 17.2 0.1
4 7 10.4 2.3
5 5.4 21.9 -0.1
6 6.8 13.2 1.3
7 7.1 5.7 2.5
8 7 10.1 4.5
9 7 12.3 4.2

10 6.8 10 6.3
11 6.3 5.1 3.6
12 7 19.2 7.9
13 7.2 10.6 9
14 4

15 6.4

Not Found
Not Found

BMM #
Initial 
Depth

Horiz. 
Distance

Vert. 
Distance

10 5.7 7.8 3.3
11 4.4 13.8 2.7
12 5.2 11.5 4.3
13 5.6 12.8 2.4
14 6.2 13.2 3.2
15 6.1 11.4 -0.1
16 6 21.7 -1.6

17 3.9 19.3 -3.1
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Figure 2: Plan views of Blast A, Blast B and Blast C showing BMM vectors 
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Ore Translations for each Blast 
 
In each blast at each mine, the In situ 
polygons are translated based on the 
measured vectors. Post-blast ore polygons 
are defined and mined.  
 

 
 
Figure 3 and Figure 4 show pre-blast ore 
polygons for each blast delineated with 
dotted lines as well as the post-blast 
polygons (solid lines) translated using 
measured BMM vectors.  
 
 

 

 
 

Figure 3: Ore translated using BMM vectors in Blast A and Blast B 
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Figure 4: Ore translated using BMM vectors in Blast C 

 
 

Ore Loss, Dilution and Misclassificaiton 
Calculations for each Blast 

 
Areas between the pre-blast ore polygons 
and the post-blast ore polygons are defined 
as loss, dilution or misclassification, using 
the underlying assumption that the in situ 
polygons would have been mined, if blast 
movement were not accounted for. Those 
areas, and corresponding tonnages, 
percentages, and where available, financial 
losses, are shown in Figure 5 and Figure 6 
for each blast. The following assumptions 
were used to calculate these values: 
 
Mine A: 
• Processing cost of dilution (waste sent 

to the mill) is ignored 
• Copper Price = US$5750 / t 
• Mill Recovery = 85% 
• Average grade of ore polygons = 0.6%  
• Density = 2.63 t/m3 
 
As shown in Figure 5, by accounting for blast 
movement in trial Blast A at Mine A, an 
additional US$130,000 was realized, more 
than 5,700 t of waste was diverted from the  
 

 
mill, reducing dilution by 6% and nearly 
20,000 t (20%) of misclassification was 
avoided.  
 
Blast B and Blast C: 
• Cost of dilution (waste sent to the mill) is 

ignored 
• Grade of Ore polygons are unknown so 

only tonnages and percentages 
calculated 

• Density = 2.7 t/m3 

Summary 
 
A summary of ore loss, dilution and 
misclassification figures for each blast are 
presented in Table 7. 
 
Table 7: Summary of ore loss, dilution 
and misclassification analyses for each 
blast 
 

 

(t) % (t) % (t) %
A 4431 5% 5760 6% 19686 20%
B 69558 16% 48600 11% 0 0%
C 17529 20% 10935 12% 9666 11%

Loss Dilution Misclassification
Mine
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Figure 5: Ore loss, dilution and misclassification results for Blast A and Blast B 
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Figure 6: Ore loss, dilution and misclassification results for Blast C 

 
 

CONCLUSION 
 
The main objectives of this research were 
twofold:  

 
1. Quantify the blast movement at three 

major porphyry-skarn and manto copper 
mines in South America and; 

2. Compare the in situ polygons to the 
translated polygons, using measured 
movement, to evaluate the effect of blast 
movement on ore loss, dilution and 
misclassification at each mine.  

 
There is significant variation in the 
movement data, which is normal (at least ± 
50% of the mean). The variation occurs 
within all blasts and between blasts (every 
blast is unique). This has implications to the 
ability to apply a template or model to predict 
movement. The accuracy of any movement 
template or model is defined by this variation 
and if it is used to move ore blocks, there will 
be a cost penalty compared with accurately 
monitoring every ore block, which can be 
quantified. 
 
The magnitudes of horizontal movement in 
all blasts presented were significant. As  

 
Discussed the severity of ore loss, dilution 
and misclassification that would occur of the 
blast movement were not accounted for, is 
proportional to the magnitudes of 
movement.  
 
It is important to note that the effects of blast 
movement on ore recovery are not localized 
only to narrow-vein, structurally controlled 
deposits. As seen in each case study 
presented in this paper, values of ore loss 
can be 20%, or much more. Further, even 
low values of ore loss (5%), seen in Blast A 
at Mine A, can have a significant financial 
cost associated with it ($130,000 USD in a 
single blast).  
 
Whether a mine’s priority is to minimize ore 
loss, dilution, contamination, or adhering to 
strict blending requirements, the aim is to 
efficiently separate different materials from 
the pit. For this reason, blast movement is a 
problem for every mine if it is not accounted 
for, even those situated in massive, 
gradational deposits. 



  
   

10 
 

REFERENCES 
 
Hunt, T.W, Thornton, D.M. (2014). Modeling 

vs Monitoring Blast Movement:  The cost 
of Variation. Proc. 40th Annual 
Conference on Explosives and Blasting 
Technique, Denver, Colorado, USA, 9-12 
February 2014 

 
Loeb, J., Thornton, D.M. (2014). A Cost 

Benefit Analysis to Explore the Optimal 
Number of Blast Movement Monitoring 
Locations. Proc. Ninth International 
mining Geology Conference 2014, 
Adelaide, SA, Australia, 18-21 August 
2014: Australia Institute of Mining and 
Metallurgy, pp. 441-449 

 
Shaw, W.J. and Khosrowshahi, S. (2004). 

New techniques in mining grade control: 
optimal ore block design. Orebody 
Modelling and Strategic Mine Planning, 
Perth, WA. 22-24 November. AusIMM. 
pp. 145-152. 

 
Shaw, W.J., Weeks, A., Khosrowshahi, S. 

and Godoy, M (2013). Reconciliation – 
Delivering on Promises, Porto Alegre, 
Brazil. 3-8 November. The 38th 
International Symposium on the 
application of Computers and Operations 
Research in the Mineral Industry. 

 
Thornton, D.M. (2009). The Application of 

Electronic Monitors to Understand Blast 
Movement Dynamics and Improve Blast 
Designs. In Sanchidrian (ed.), 
Proceedings of the Ninth International 
Symposium on Rock Fragmentation by 
Blasting-Fragblast 9, Granada, Spain, 13-
17 September 2009: Taylor & Francis 
Group, London, ISBN 978-0-415-48296-
7, pp. 287-300. 


	SUMMARY
	INTRODUCTION
	OBJECTIVES
	DATA COLLECTION
	RESULTS
	Movement Results for Each Mine
	Calculated Ore Loss, Dilution and Misclassification at each Mine
	Blast-by-Blast Examples
	Movement Results for each Blast
	Ore Translations for each Blast
	Ore Loss, Dilution and Misclassificaiton Calculations for each Blast
	Summary


	CONCLUSION
	REFERENCES

