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ABSTRACT 

The grade control department is responsible for a mine’s mineral asset. Its main functions are 
to provide oversight of the initial quality control process (drilling and sampling), and the 
subsequent production process (load and haul, and mineral processing). 

It is the event that occurs between these two processes – the blast – that largely determines 
the quality and yield of the mineral asset.

 

While there has been considerable research into the effect of blasting on downstream 
production processes, the effect of blasting on grade control is less well understood. 

This paper explains the implications of blast movement for blast design.  

 

KEY POINTS 

• Rock always moves during blasting. Blast movement is a problem for every mine, 
whether it be a narrow vein, structurally-controlled, or a massive, disseminated 
deposit. 

• The precision inherent in the grade control process is impacted by the chaos of a blast. 
Grade control is not complete until blast movement has been accounted for. 

• Results from measuring tens of thousands of blasts show a high degree of variability in 
blast movement. Measured movement varies from 0.5 to 30 m (2 -100 ft), and ±50% 
from the mean. It’s not possible to predict or model movement with this level of 
variability. 

• Surface movement, excluding face throw, is typically much less than mid-bench 
movement. Surface blast vector indications (BVIs), or polypipe, fail to measure the 
full extent of movement and can reduce ore recovery. 

• Movement is chaotic in regions close to centerlines or blast edges. The variability in 
these zones affects the accuracy of post-blast dig lines.  

• Horizontal movement and variability are proportional to powder factor.  

• Measuring and accounting for vertical movement can be important for optimizing grade 
control.  

RECOMMENDATIONS 

• Whenever possible: 

• Place high value ore contacts away from blast boundaries or centerlines.  
• Place centerlines in an area with uniform material type to reduce mixing.  

• The best blast design to minimize movement is echelon because it moves material in 
a uniform manner. Avoid acute angle V or center-lift blasts. 

• Firing along the strike, the direction of the ore body, moves less material and moves it 
in a consistent direction. This can significantly reduce ore loss and dilution. 

• Flitch mines should measure and account for the swell of flitches. 

• Measure blast movement at ore polygon boundaries with BMT’s Blast Movement 
Monitors— the most accurate solution for grade control.  

 

“The advantage is that the ore, which we’ve spent a lot of money on defining 
and grade-controlling, ends up where we want it to be – in the mill.” 

Ben Reid, Senior Mine Geologist, Evolution Mining 
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THE CHALLENGE FOR GRADE CONTROL 

The main challenge for grade control geologists is maintaining ore grades through the mill. 
Quality control processes at the drilling and sampling stage establish the most economic 
delineation of different ore and waste polygons. This information is then used in production 
(digging, load and haul, mineral processing).   

Blasting disrupts the grade control process as ore and waste polygons move to new, post-
blast locations, which in turn has implications for ore loss and dilution in reconciliation 
models. 

Mining material in pre-blast locations without first accounting for blast movement results in: 

• ore loss where material that contains ore is dug up and sent to the waste dump  

• dilution as waste material is dug up as ore and processed through the mill  

• misclassification where material that has moved into an area classified as a 
different material type is dug up and sent to the wrong stockpile.  

 

“The main challenge for grade control geologists is maintaining grades 
through the mill. Dilution and ore loss are the major factors in this … without 
Blast Movement Monitors ore will end up on the waste dump and waste will 

end up in the mill, which will cost your business a lot of money.” 

Ben Reid, Senior Mine Geologist, Evolution Mining 

 

 
Detecting post-blast movement of ore polygons at Cowal, NSW, Australia. 
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WHAT IS BLAST MOVEMENT? 

When explosive is detonated, the resulting rapid release of energy fragments solid rock, 
which can then be excavated.  

The explosion exerts a force equally in all directions on the adjacent rock. The rocks with 
least resistance, that is rocks with less unblasted rock in front of them, begin to move. These 
rocks in turn act on neighboring rocks to produce a bulk movement of material into the void 
created by the previous detonation. The material then settles into a new location.  

 
Blast movement: As each charge goes off in sequence, the blasted material moves into and settles 

in the void created by the blast before it. 

 

 

CASE STUDY: THE COST OF BLAST MOVEMENT 

A gold mine in Western Australia experiencing low grades and high dilution trialed monitoring 
blast movement to determine its effect on the ore bodies. Up to this point the production team 
had been setting out and mining ore locations in situ on the muckpile. 

The mine placed the BMMs developed by Blast Movement Technologies in a blast. The 
BMMs showed that the narrow ore bodies moved horizontally away from their original location 
– potentially resulting in 100 per cent ore loss.  

 By measuring and adjusting ore polygons for blast movement, the mine was able 
to recover approximately US$225,000 (15 trucks at $15,000 per truck) of value 
from just one blast. 

 

An actual blast with ore marked ready for removal. The green polygon on the left is a pre-blast ore block, and the ore 
block to the right is its post-blast position, with the black arrows showing the measured displacement. If the ore blocks 
had been mined in situ, the operation would have completely missed the ore – sending waste to the mill and ore to the 

waste pile. 
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MUCKPILE DYNAMICS 

As noted previously, as each blasthole goes off in sequence, the rock moves and then settles 
into the void created by the hole before it. Hence, movement is perpendicular to the blast 
initiation timing contours. 

 
Material movement is toward the initiation point and perpendicular to timing contours. If mined in its 
pre-blast position, this ore block would contain almost 30 per cent waste (dilution) and valuable ore 

would end up in the waste pile (ore loss).  

 

Blasting engineers design a shot to control the movement of the blast. However, due to the 
heterogeneous nature of the rock mass itself, the blast does not always move in the intended 
direction, and there is significant variability in the magnitude of this movement.  

By studying the results of tens of thousands of blasts, BMT has observed that actual blast 
movement (not face throw) can vary from as little as 0.5 m (2 ft) to as much as 30 m (100 ft). 
Additionally, horizontal movement in a single blast commonly deviates by 50 per cent from 
the mean. For example, a blast might move 8 m (26 ft) on average in the body (mid-bench) of 
the blast, but measured vectors may range from 4 to 12 m (13 to 40 ft). 

Movement varies within the bench, and typically surface movement is less than mid-bench 
movement. Movement also varies significantly across blast zones and edges. 

MOVEMENT IN DIFFERENT REGIONS OF A BLAST 

A blast consists of regions or zones where movement is affected by differing dynamics:  

• the front face, back-of-blast and the centerline of initiation are zones that extend for 
2–3 blastholes 

• the rest of the area, called the body of the blast, has more consistent movement. 

The explosive energy of a blasthole is located lower within the bench. There is no explosive 
at the top of the bench as typically stemming fills the top 30 per cent of a hole. Across the 
body of the blast, this produces movement that: 

• changes with depth, forming a characteristic D-shaped profile 

• is approximately perpendicular to the blast timing contours 

• is upward, being close to horizontal at the bottom of the bench and increasing 
inclination toward the top. 

 
Surface rock, above the explosive column, receives less energy and therefore doesn’t move as far 
horizontally. Maximum horizontal movement occurs  mid-bench and decreases near the bottom of 
the hole due to friction. Vertical movement (swell) is approximately uniform throughout the bench. 
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Front-of-blast 

A blast front edge is adjacent to the ignition point in the direction of movement, and may be 
clean (free) or buffered.  

For a free-faced blast, provided there is sufficient energy to move the face burden, 
movement at position 1 (see diagram below) is considerably greater than the body movement 
at position 3. The movement at position 2 is almost always downward as it falls behind the 
lower bench and the distance is likely to be greater than the corresponding body movement 
at position 4. 

 
Movement close to the front for a free-faced blast. Blast energy flings material at the free face 

outwards, and much farther than material several burdens back in the blast body. 

 

Using a buffered muckpile to try to control movement at the face may not provide expected 
results: blasting always moves material and the buffered material will only affect the first few 
rows. 

 

In the first 2–3 rows of a buffered blast, also known as a choked blast, the upper-bench 
moves forward and up (positions 1 and 2), forcing material at the top of the bench to be 
thrown over the buffering material (position 2). If these are the same material type, this is not 
a problem. But if the buffer is waste and the new blast is high value ore, the ore becomes 
mixed with the buffer material and consequently sent to the waste dump. In the body of the 
blast, the mid-bench moves more (position 3) than the surface (position 4).  

 
In a buffered blast, the movement at position 1 is less than the corresponding body movement at 3, 
but the inclination is greater as it moves toward the free surface. The vertical displacement is likely 

to be greater, depending on the depth. At position 2, the movement is greater than the 
corresponding body movement at 4. 

 

Choosing to buffer may stop material being thrown 40 m (130 ft) across the pit floor, thereby 
reducing the clean-up. However, blast material moves up and over the buffer, resulting in a 
mix of front row material with buffer material.  

In the blast sectional view (see diagram below), the front row bottom BMM does not move far 
because the material above is buffered. The BMMs above it (mid- and upper-bench) move up 
and over the bench in front. Movement further back in the blast is more consistent, only 
moving forward and up. 
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A buffered blast with BMMs measuring movement throughout the blast. The upper-bench material 

from the first few rows moves up and over the buffer. 

 

The blast illustrated in the diagram below shows how blast movement is affected by the 
nature of blast face. Horizontal movement is greater but more uniform for the free face than 
the buffered face. Also, while not shown here, the heave or swell generated in the buffered-
face blast is higher compared to the free-face blast. 

 
Movement was tracked in this blast, which has free and buffered faces, using BMMs. While the 
engineers endeavored to control movement with tie-ins, movement varied within the body of the 

blast, along the edges, buffered (choked) or free faces, power troughs at the back, and along 
centerlines. 

 

Back-of-blast or power trough  

The back-of-blast zone is opposite to the direction of movement and where the power trough 
forms. The surface of the muckpile is below bench height along the back edge. 

 
Toward the back, blast dynamics begin to change a few rows before the back edge. Movement at 
position 1 is typical body movement. In the back row power trough, the explosive in the last row 
detonates (position 2), pushing the rock forward. As a result, the lower part of the bench moves 

forward, but the top part of the bench (position 3) drops down.  

 

Power trough effects extend 2–3 rows from the back-of-blast point. In the sectional view (as 
shown in the diagram above), material at the bottom (position 2) of the back row is pushed 
forward by the explosion. The material at the top of the bench (position 3) is in the stemming 
zone and, with no blasthole with explosive behind it to push material forward, it drops straight 
down. 

For operations mining in multiple passes, it is possible for the top flitch to drop into the bottom 
flitch. 

Body of the blast 

The body of the blast is anywhere not influenced by the centerline, or the front, back, or 
unblasted rock edges. Body movement is described below, referencing a diagram of a 
blasthole containing four BMMs.  
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• The rock at the top of the bench is not directly 
impacted by the explosive, but is moved through 
collisions with other rocks from the drill hole behind. 
The further a rock is above the explosive column, 
the less energy it receives, and therefore the less 
distance it moves (BMM 4).  

• The horizontal movement is greater at the lower 
bench than at the top, increasing with depth until 
close to the bottom of the hole, where it decreases 
(BMMs 3, 2 and 1). 

• The inclination of movement is almost zero at the 
bottom, increasing steadily as it gets closer to the 
top of the bench.  

• Vertical movement is approximately uniform throughout the depth of the bench, with 
slightly more movement at the surface, and slightly less at the bottom of the hole. 

• Body movement is similar for free-face and buffered blasts.  

Surface movement is less than mid-bench 

Surface movement is not a good indicator of bulk muckpile movement. In the blast below, 
surface displacement underestimated the actual bulk displacement by about 50 per cent, 
which equated to several yards difference.  

 
In this post-blast photograph, the surveyor (position 1), is standing at the original location of the hole 
collar. The flag at position 2 is the post-blast surface BVI, as it was found after the blast. The flag at 

position 3, on the right, is where the mid-bench BMM was located after the blast.  

Centerline of initiation 

Material converges at centerlines from different directions, and hence the movement close to 
the centerline is more variable than in the body of the blast due to the random collisions 
between rocks. 

The typical muckpile from a V-initiated blast is characterized by a ridge along the centerline. 
In the tight V blast, below, timing contours are at an acute angle to the centerline, which 
generates chaotic movement close to the centerline. An acute angle of firing forces material 
to mix and movement is variable, to the point of being almost random.  

 
In this V blast, the blue lines represent the timing contours. Ignoring edge effects, the blast 

movement is perpendicular to the timing contours, toward the initiation point. This tight V design 
forces material to mix along the centerline and move vertically, resulting in vertical dilution. 

 

 Trying to control movement in a blast by firing in a tight V configuration (see 
diagram above) forces material to move vertically, resulting in material mixing, a 
higher heave, and potential problems mining the material. If multiple ore types 
are located close to centerlines, a tight V design pulls in ore and waste and mixes 
the actual boundaries together, which is detrimental to grade control. 
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An open-face V blast design, with more consistent movement and less material mixing, is better for 

ore control.  

 

An open-face V initiation allows more horizontal movement but generates less vertical 
movement, resulting in less mixing of material and less variability in the movement.  

 This V blast design results in less dilution and ore loss, and is better for grade 
control. 

 

HORIZONTAL MOVEMENT VS DEPTH  

The illustration below shows the variability of movement in seven blasts, with different powder 
factors, at five mines. Movement and variability increased with powder factor and depth. 

 
Horizontal movement vs depth for a 10 m (33 ft) bench. Displacement is greater in the mid to lower 

parts of the bench. 

 

Movement varies from 2–7 m (6–22 ft) in the upper part of the bench and from 2.5–10 m (8–
32 ft) in the body. Surface movement is less than in the body of the blast.  
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VERTICAL MOVEMENT  

Vertical blast movement (swell) may distort ore boundaries, particularly at operations that 
mine in multiple passes or flitches. Vertical movement results in vertical dilution and may 
have reconciliation implications.  

 
This mine blasts 9 m benches and mines in 3 x 3 m passes. The pre- and post-blast comparison of 
flitch boundaries shows that swell was distributed evenly; each flitch swelled from 3 m to about 4 m.  

 
In this example, prior to deploying blast movement monitoring, the operation mined heave 
then 3 x 3 m passes: a total of four passes. The first two passes were allocated to the top 
flitch for grade control purposes. To minimize dilution, the mining sequence was adjusted to 
three passes of 4 m each. For simplicity, the first pass mined to a level of 1 m below the 
original bench level (heave plus 1 m), followed by 2 x 4 m passes. 

IMPACT OF POWDER FACTOR 

Horizontal displacement is proportional to powder factor. BMT has measured horizontal 
movement of up to 30 m (not face throw). As a general rule, increasing powder factor 
increases the amount and variability of blast movement.  

 

 

 

“We had to double the powder factor in order to get more efficient 
fragmentation and processing but that also meant that the ore bodies 

were moving a lot laterally. With the amount of movement that we've had, 
sometimes up to nine meters, we've been able to overcome those 

problems. Using the BMT technology, our data has indicated to us that 
we have had less ore loss, less dilution and an increase in head grade.” 

Suzie Talikowski, Mine Geologist, Nullagine Gold Operation 
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INCREASING PROFITABILITY WHILE REDUCING WASTE 

It doesn’t matter whether the priority is to minimize ore loss, dilution, misclassification, 
contamination, or to adhere to strict blending requirements, blast movement is a problem for 
every mine, including those targeting massive, disseminated deposits.  

By accounting for blast movement, mines improve reconciliation, increase grade and per-
blast recovered value, and reduce waste through the mill. 

• Canada’s largest gold mine, Canadian Malartic, is estimated to have saved 
CA$7 million in Q1 2018. 

• Teck’s Red Dog zinc mine reported annual savings of US$6.5 million. 

• Centerra Gold’s Mount Milligan gold-copper mine recovered additional ore worth 
over US$600,000 in one blast. 

• Evolution Mining’s Cowal gold mine reported a 7 per cent improvement in mill feed 
grade. 

• Pilbara Minerals’ Pilgangoora Lithium-Tantalum mine increased recovered value by 
A$335,000 in one blast. 

• Anaconda Mining’s Pine Cove mine decreased overall dilution from 20 per cent in 
2014 to less than 5 per cent today, which increased overall recovered tons, 
reduced tailings production, and the overall project footprint. 

• Golden Queen’s Soledad Mountain Project estimates average savings of at least 
US$55,000 per blast. 

• Teck’s Highland Valley Copper Operation, a porphyry copper-molybdenum deposit, 
generated C$100,000 from one blast. 

• Asanko Gold’s Nkran mine in Ghana improved reconciliation from 88 to 98 per 
cent. 

“The blast movement technology is making a significant contribution to the 
management of ore losses and dilution, as evidenced by the positive 

variances we are seeing in grade and ounces.”  

Peter Breese, President and CEO, Asanko Gold 

 

 
“We had dilution that was tracking over 20 per cent and since the 

implementation of the BMT technology we've been able to reduce it to 
less than 5 per cent. From a financial perspective we've been able to 

save C$15–30k per blast.” 

Jordan Cramm, Mine Superintendent, Anaconda Mining 
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TERMINOLOGY 

Bench – the horizontal step or floor along which ore or overburden is blasted and excavated 
to extract the resource.  

Blasthole – a hole drilled into a material due to be blasted, to contain the explosive charge. 

Blast Vector Indicators (BVIs) – surface indicators (commonly lengths of polypipe) inserted 
into a blast pattern (hole collar) to track material movement. 

Buffered face – also called choked, is blasting against waste or ore to confine the blast. 

Burden – the distance from the blasthole and the nearest free face or distance between 
blastholes measured perpendicular to the spacing (usually perpendicular to the free face). 

Collar – the term applied to the timber or concrete around or on top of a shaft; the starting 
point of shaft or drill hole at the surface. 

Deposit – an amount of ore or mineral that makes exploitation worthwhile. 

Dilution – occurs when waste is unintentionally mined with material containing ore and sent to 
the mill. When a cost is given for dilution, it is the cost of processing the waste material 
through the mill. 

Free face – a rock surface that provides the rock with room to expand when blasted. 

Face throw – material thrown away from the free face of a blast by the explosive force, often 
across the pit floor. 

Flitch – a bench is excavated in multiple horizontal layers. Mining equipment takes multiple 
passes to mine the full height of a blast. Each pass is referred to as a flitch.  

Grade – the amount of mineral contained in a piece of ore.  

Grade control – grade control is a process of maximizing value and reducing risk. It requires 
the delivery of tons at an optimum grade to the mill, via the accurate definition of ore and 
waste. It essentially comprises sampling, mapping and logging, QA/QC systems, assay 
database and interpretation, local resource estimation, development planning and signoff, 
production tracking and implementation, production reporting, and reconciliation. 

Heave – upward movement or displacement of material resulting from the explosive force of a 
blast. 

 

Initiation point (IP) – the location of the first hole in a blast to fire. It is also the point at which 
the lead-in line is attached to the blast pattern. 

In situ – in the natural or original position. 

Meters to feet – 1 meter is equivalent to 1.09 yards, 3.28 feet, or 39.37 inches. In this white 
paper, measurements are generally indicated in meters. 

Misclassification – occurs when material containing grade (ore) is sent to an incorrect 
downstream location (that is, a stockpile). For example, sending high grade material to a low 
grade stockpile. 

Muck – in open cut mining, muck is the ore that has been broken into pieces by explosives. 

Ore – rock from which valuable minerals and metals are extracted. 

Ore loss – occurs when material containing grade (ore) is incorrectly sent to a waste dump. 
When a cost is given for ore loss, it is the sale value of the metal (gold, copper) recovered 
from the ore (that is, ore tons x grade x recovery rate x metal price). 

Polygons – defined as a two-plane figure bounded by straight lines. A polygon establishes the 
area of interest, such as a blast area. 

Powder factor (PF) – total explosives (kg/m3) in the blast/volume of rock blasted. 

Power trough – the back of the blast is defined as the edge(s) opposite to the direction of 
movement, typically characterized after the blast by a vertical face along the back edge 
where the surface of the muckpile is below bench height. 

Spacing – the distance between blastholes in the same row. 

Stemming – inert material inserted into a blasthole to confine the gasses generated during 
detonation. 

Strike — the strike of a vein is the direction of a straight line that connects two points of equal 
elevation on the vein. 

Waste – rock that is mined but has no economic value. Typically, waste is not processed. 

 


