
The Checkerboard Effect and 
Mineral Resource Reporting for 

Underground Mines

Reno Pressacco, M.Sc.(A)., P.Geo

William E. Roscoe, Ph.D., P. Eng.

Presentation to the CIM Management and Economics Society
Toronto Chapter

June 23, 2021

CIM MES Toronto Branch_June23,2021



Agenda

• Introduction

• Review of Concepts

• Possible/Suggested Solutions

• Wrap Up

CIM MES Toronto Branch_June23,2021



Reno Pressacco, M. Sc.(A), P.Geo.
Associate Principal Geologist, SLR Consulting (Canada) Ltd.

William E. Roscoe, Ph.D., P.Eng.
Associate Principal Geologist, SLR Consulting (Canada) Ltd.

• All discussions and opinions presented in this presentation are those of the authors only.

CIM MES Toronto Branch_June23,2021



Introduction

• A fundamental requirement of the CIM Definition Standards for reporting of Mineral 
Resources is that the “Reasonable Prospects for Eventual Economic Extraction” (RPEEE) 
must be met.

• The key point of this presentation is that the Mineral Resource practitioner must consider 
the selectivity of the potential underground mining method in relation to the spatial 
configuration of blocks below cut-off grade to blocks above cut-off grade when preparing 
a Mineral Resource statement – “the checkerboard effect”.

• Several examples will be presented of methods and approaches that are in current use.  
These are not an exhaustive description of all methods for addressing the checkerboard 
effect.  Practitioners are encouraged to develop additional solutions.
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CIM Journal Article

• Additional discussion on The Checkerboard Effect can be found 
in an article published in the CIM Journal, Volume 12, Issue 1 
(April, 2021).

• Copies of the article are available to CIM members at:

www.cim.org/library/cim-journal/

• Additional discussion on the RPEEE requirement for Mineral 
Resource statements is available in Chapter 6 of the CIM 
Mineral Resources and Mineral Reserves Best Practices 
Guidelines.
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CONCEPTS
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Dilution Terminology - Underground
Several types of dilution are often encountered in underground 
mining situations.  While they can be referred to by various 
means, they fall into three main types:

Internal dilution:  material below the cut-off grade that cannot 
be selectively excluded by the mining method

Planned dilution:  material below the cut-off grade that must be 
excavated due to the requirement of the mining method, and

Un-planned dilution: also referred to as “over-break”.  Material 
below the cut-off grade that is unintentionally excavated.

Mineral Resources have historically included internal dilution.  
Planned and unplanned dilution were considered as part of the 
Mineral Reserve estimate.
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Mineralization and Internal Dilution – UG setting

Internal Dilution In many cases mineralization can 
occur in such a manner such that 
some of the non-mineralized 
material (internal dilution) must be 
excavated along with the 
mineralization.

Despite the transition to the use of 
computer software as aids in the 
preparation of Mineral Resource 
estimates in the past few decades, 
this characteristic has remained a 
constant in the mining industry.

CIM MES Toronto Branch_June23,2021



Internal Dilution – UG setting The process of preparing 
interpretations of the 
mineralization continues to 
be a key step in Mineral 
Resource estimation.

Rather than being done by 
hand on paper, this is now 
most commonly done by 
digital means.

However, the underlying 
fundamental 
considerations remain 
unchanged (cut-off grade, 
minimum width 
considerations, spatial 
continuity, and internal 
dilution).
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Polygonal Estimate Example – Manual Tabulation

Because the tabulation of the 
Mineral Resources were 
historically done by hand, the 
inclusion or exclusion of desired or 
undesired blocks was easily 
achieved.

This process is more difficult to 
achieve using computer software.  
A common approach in the digital 
age is to report all blocks above a 
cut-off grade (i.e. using a “block 
cut-off”).

This approach can have 
unintended results.

Isolated intersections 
excluded

(no apparent continuity)

Internal dilution 
included

(cannot be selectively 
excluded when 

mining)

CIM MES Toronto Branch_June23,2021



Impact of Block Cut-off Grades To understand the concept, it is useful to 
think of a checkerboard where the red 
blocks have grades above the cut-off grade 
and the grey blocks have a grade of zero.

Assume that the minimum potential 
underground mining unit is much larger 
than the blocks.

The correct answer in this case is 1.12 g/t 
Au (71.4 divided by 64 blocks).

Reporting of only the blocks above the cut-
off grade (the red blocks), we have an 
answer of 2.23 g/t Au (71.4 divided by 32 
blocks).

This is a result of reporting bias that does 
not consider spatial continuity.
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Consideration of Spatial Continuity

The same effect occurs when 
applying a block cut-off grade when 
reporting from a block model.

The left-hand pane applies a block 
cut-off grade that results in a 
report of 17 blocks at an average 
grade of 5.56 g/t Au.

The right-hand pane applies a 
spatial constraint reflecting 
conceptual mining constraints. 

This results in a report of 24 blocks 
at an average grade of 3.53 g/t Au.
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Example of a Checkerboard The problem with using solely block cut-off 
grades lies with the implied mining 
selectivity of the block size in the model. In 
many cases, the block sizes for modelling 
underground mineralized zones is 
significantly smaller than what can be 
achieved during normal-course operations.

Selectivity includes the ability to exclude 
internal dilution from mineralized areas and 
the ability to extract small areas of 
mineralization without associated diluting 
materials.

The degree of “checkerboarding” varies from 
deposit to deposit.  The severity of the 
checkerboard also depends on the cut-off 
grade used to prepare the Mineral Resource 
statement.
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Variation by Deposit

The impact of the checkerboard effect will vary with each 
deposit.

In fact, the impact of the checkerboard effect can vary with 
different mineralized zones within a single deposit.
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Variation by Cut-off Grade

200 m

LEGEND:
Pink = Un-estimated Blocks
Grey = Blocks Below Cut-Off
Red = Blocks Above Cut-Off

COG = 0.68 COG = 2.60

The impact of the checkerboard 
effect will vary as the cut-off 
grade changes.

In general, higher cut-off grades 
will result in reduced spatial 
continuities.

This will result in a greater 
impact when using simple block 
cut-off grades for preparing 
Mineral Resource statements.
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Conceptual Examples of the Checkerboard Effect
The checkerboard effect can be manifested in different 
ways depending on the nature of the grade distribution 
in a given deposit.

The following are selected conceptual examples to 
examine the underlying concepts affecting the results.  
Specific results in real-world settings will vary on a case-
by-case basis.  

In this example we have 100 blocks each with a grade of 
4.00 g/t Au.

Application of a block cut-off grade alone (COG = 2.00 
g/t Au) yields a report of 100 blocks at an average grade 
of 4.00 g/t Au.

An acceptable result for this situation where there are 
no internal dilution blocks within the red area.
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Conceptual Examples of the Checkerboard Effect

For this example, we consider the presence of a minor 
amount of internal dilution where the grade of each 
diluting block is assumed to be 1.00 g/t Au.

The correct result in this case is 100 blocks at an 
average grade of 3.88 g/t Au.

Application of a block cut-off grade alone (COG = 2.00 
g/t Au) yields a report of 96 blocks at an average grade 
of 4.00 g/t Au.

Although not strictly correct, some Mineral Resource 
practitioners may consider this result to be acceptable 
in these types of situations with minimal internal 
dilution blocks.
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Conceptual Examples of the Checkerboard Effect
For this example, we consider the presence of a large 
amount of internal dilution where the grade of each 
diluting block is assumed to be 1.00 g/t Au.

The correct result in this case is 100 blocks at an 
average grade of 2.50 g/t Au.

Application of a block cut-off grade alone (COG = 2.00 
g/t Au) yields a report of 50 blocks at an average grade 
of 4.00 g/t Au.

This is a significantly higher grade represented by only 
half the number of blocks (tonnes).

Assuming that the block size is much smaller than can 
be achieved by the contemplated underground mining 
method, strict application of a block cut-off grade will 
likely be considered as unacceptable by the Mineral 
Resource practitioner.
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Conceptual Examples of the Checkerboard Effect

For this example, we consider the case where the 
spatial continuity of the blocks above the cut-off 
grade is extremely poor.

The correct result in this case is uncertain at best.

Application of a block cut-off grade alone (COG = 
2.00 g/t Au) yields a report of 100 blocks at an 
average grade of 4.00 g/t Au.

This is an unrealistic outcome in this example due to 
the lack of spatial continuity of the blocks above cut-
off grade.

Thought Example:  A block cave situation.
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Checkerboard Effect – Case History
COG = 0.68 COG = 2.60

Reporting using block cut-off 
grades along can result in 
undesired outcomes!

Internal Dilution Tonnes Grade (g/t) Oz Au

Included 1,160,000 2.65 98,600

Excluded 1,130,000 2.71 98,300

% Difference + 3% - 2 % 0 %

Internal Dilution Tonnes Grade (g/t) Oz Au

Included 1,160,000 2.65 98,600

Excluded 481,000 4.03 62,400

% Difference + 140 % - 35 % + 58 %

200 m

LEGEND:
Pink = Un-estimated Blocks
Grey = Blocks Below Cut-Off
Red = Blocks Above Cut-Off
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Section 6.12.2  Constraining Surfaces & Volumes

Mineral Resource statements for underground mining scenarios must 
satisfy the “reasonable prospects for eventual economic extraction” by 
demonstration of the spatial continuity of the mineralization within a 
potentially mineable shape.

In cases where this potentially mineable volume contains smaller zones of 
mineralization with grades or values below the stated cut-off (sometimes 
referred to as “must take” material), this material must be included in the 
Mineral Resource estimate.

At a minimum, these constraints can be addressed by creation of 
constraining volumes.

Constraining volumes should be used in conjunction with other criteria for 
the preparation of Mineral Resource estimates.
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Section 6.12.2  Constraining Surfaces & Volumes

In many cases where the Mineral Resource estimate is prepared by digital 
methods, isolated and discontinuous blocks may be present that have 
grades or values above the stated cut-off grade or value.

For underground mining methods, these blocks should be excluded from 
the Mineral Resource statement if their spatial continuity or their size is 
insufficient to achieve a potentially mineable shape above the nominated 
cut-off grade or value.
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A Very Old Conversation

Historical estimate:
Modern estimate:

Historical methods or 

modern methods - it’s 
the same old 
discussion!

The only new item is the 
use of computers in 
preparing Mineral 

Resource statements.
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SOLUTIONS
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Solutions – Report all blocks inside a wireframe

In some situations, the Mineral Resource practitioner is able to 
create a wireframe volume which describes only the mineralized 
volume at the stated cut-off grade - a traditional approach.

In these cases, the Mineral Resource statements can be created 
by reporting all blocks contained within the mineralized 
wireframe volume, inclusive of internal dilution blocks.

This approach can be challenging to achieve functional 
wireframes.
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Wireframe Interpretation Strategies

In some situations, the Mineral Resource practitioner 
may create a mineralized wireframe interpretation 
that includes some informing samples that are below 
the wireframe cut-off grade.

This approach is often warranted, as the controlling 
feature of the mineralization may still be present, but 
the metal grades in that specific location in space are 
below the cut-off grade at that point in time. Wireframing 

threshold:
1.0 g/t Au
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Wireframe Interpretation Strategies
Legend
(g/t Au)

1.0 g/t Au

The impact of this “continuity” approach is that areas that are below the cut-off grade are included within the mineralized 
wireframe outline.

This is often highly beneficial for understanding the grade distributions for use in drill hole planning and for understanding results 
from variography studies.

Contoured longitudinal projection

Section Plane

Below Cut-off Grade Areas

CIM MES Toronto Branch_June23,2021



Wireframe Interpretation Strategies

The drawback of the “continuity” approach is that the inclusion of below cut-off grade areas within the mineralized 
wireframe volume leads to blocks whose estimated grades are also below the cut-off grade.

This then creates the challenge of addressing the checkerboard effect in addition to the internal dilution that can be 
present within a given drill hole intercept (discussed previously).

1.0 g/t AuBlock model estimated grades

Legend:
Red = blocks > 1.0 g/t Au
Grey = blocks < 1.0 g/t Au
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Solutions – Report blocks using a reporting boundary

Additional reporting criteria are required in 
these cases.

One solution is to prepare constraining 
volumes through the use of clipping 
polygons to reflect the appropriate volumes 
for preparing Mineral Resource statements.

The Mineral Resource statement would 
then be a summation of all of the block 
tonnes and grade contained within the 
trimmed mineralization wireframes.
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Solutions – Manual Clipping Polygons
Constraining shapes can be drawn 
manually and then used to clip/trim 
the mineralized wireframe solid to 
include only those blocks to be 
included in the Mineral Resource 
statement.

Alternatively, some software packages 
will allow the clipping polygons to be 
used as an explicit constraint without 
the need to clip the source wireframe.

These manual methods allow the 
Practitioner to exercise their 
judgement and experience for 
preparing Mineral Resource 
statements.
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Solutions – Machine Learning

Manual methods clipping polygons are effective for dealing with a small number of cases, say less than 20. 

Alternative methods are required to deal with larger number of cases.  Machine learning can be used to 
automate the process.

Manual Cluster analysis
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Solutions – Report blocks inside reporting panels

A common solution in use is the creation of 
reporting volumes generated by computer 
software programs.

The parameters selected as inputs for 
creation of these panels can be chosen to 
comply with the RPEEE requirement of the 
CIM Definition Standards for Mineral 
Resources.

The Mineral Resource statement would then 
be a summation of all of the block tonnes 
and grade contained within the reporting 
panels.
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WRAPPING UP
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Conclusions

• Computer-aided block modelling can result in an irregular, patchy mixture of blocks above 
and below the cut-off grade, termed the checkerboard effect.

• Block size relative to the minimum excavation size of the potential underground mining 
method must be considered to comply with the RPEEE requirement for Mineral Resources.

• The use of a simple block-above cut-off grade reporting criteria can yield undesired results 
when preparing Mineral Resource statements.

• While the severity of the checkerboard effect varies on a case-by-case basis, in some cases 
additional reporting criteria are required so that the RPEEE requirement of the CIM 
Definition Standards for Mineral Resources is satisfied.

• The use of constraining volumes are useful criteria for meeting this requirement.
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