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Introduction

Cut-off grade is the grade used to discriminate between 
what should be mined and what should be regarded as 
waste (Rendu 2003). However, while the definition of 
cut-off grade looks clear, cut-off grade policy has been 
different for various researchers. The earliest cut-off 
grade is the policy is the breakeven approach. By this 
approach, the cut-off grade is the grade at which 
production cost just equals the value per ton of ore 
(Agabalian 1994). However a different approach was 
given by Lane (1964) in which cut-off grade was viewed 
as the grade which provides the maximum net present 
value (NPV) on the exploitation of mineral deposit. This 
idea was accepted by a number of authors most who are 
neither geologists nor mine planners (Lane 1964; 
Muriuki and Temeng 2018). However, this approach 
was subjected to criticism by various mine planners and 
geologists (Arsentiev 1970). The criticism was based on 
two reasons. First, the methods applied to achieve 
maximum NPV were purely mathematical and did not 
reflect patterns of mine development. Secondly, mineral 
resources are not replenishable and attempt to establish 
cut-off grade as the grade that maximises the NPV will 
leave most of the ore reserves untapped. Thus, various 
authors suggested that the breakeven approach to cut-
off grade estimation should be modified so that the value 
per ton of the cut-off grade ore must provide the 
production cost per ton of ore and the minimum 
acceptable rate of return on investment (Alwyn 1991; 
Nwosu and Okengwu 2009).

Rendu (2003) opined that the breakeven approach does 

not consider capacity constraints, discounting 
techniques and opportunity cost. For its simplicity of 
application he recommends that breakeven concept 
should be applied at the early life of the pit when most of 
the input data for NPV application are yet to be known.

Another approach to cut-off grade estimation is that the 
cut-off grade should not only be based on the main metal 
of the ore but also must consider the minor metals of the 
ore (Michelson and Buckley 1973).

Nwosu and Nwankwoala (2009) opined that not only 
the minor metals should be included in cut-off grade 
analysis but also that the influence of construction 
materials within the deposit which can be exploited as 
profit should be considered as a credit towards reducing 
the cut-off grade of the main ore. 
Any ore body whose grade is lower than the cut-off 
grade is termed sub-grade ore body.

The current research centres on considering the 
influence of sub-grade ores on cut-off grade of Itakpe 
deposit. Over the past 25 years the National Iron Ore 
Mining Company Itakpe has stockpiled low grade ores 

 The ore bodies of a 
mineral deposit are either classified as main grade or 
sub-grade ores. 

After the cut-off grade of a mineral deposit has been 
established, the sub-grade ores are moved either to the 
waste dump or to a temporary stockpile, waiting when 
the production cost will reduce or more especially when 
price per ton of concentrate will increase to justify the 
processing of some sub-grade ores.
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from Okene town. Geographically Itakpe iron ore 
' 0 ' 0deposit lies between latitude 735 N - 739 N and 

' 0 ' 0longitude 615 - 622 E. The main ores of iron are 
haematite and magnetite which are intercalated with 
gneiss, schist, quartzite, and amphibole. The highest 
point on the hill is 375m above sea level. The iron ore 
deposit has a proven reserve of 145million tons with 
average iron content of 36% (NIOMCO 1980). Itakpe 
deposit is made up of fourteen ore layers with grades 
varying from 14%Fe – 40.9%Fe.

Currently the deposit is mined using open-pit mining 
method, with the mine pit being divided into East Pit and 
West Pit. Most of the rich ore bodies are within the East 
Pit. The location of Itakpe iron ore deposit in the map of 
Nigeria is shown below in Fig. 1.

in temporary stockpile. Over the past 25 years too, the 
price per ton of iron ore concentrate has tremendously 
increased due to industrial revolution in some Asian 
countries like China and Malaysia. It therefore became 
necessary to review the influence of the sub-grade ores 
in temporary stockpile on the cut-off grade of Itakpe 
mine.

Based on the above discussion, the 25 ore bodies of the 
Itakpe iron ore deposit will be critically examined to 
determine which of the 25 ore bodies will be classified 
as mineable reserve.

Location and Geology of the Deposit

Itakpe iron ore deposit is located within Itakpe hills in 
Adavi Local Government Area of Kogi State. It is 15km 

Fig 1: Map of Nigeria Showing Itakpe Deposit (after Onyemaobi, 2001)
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of 38.69%Fe, S2 with a grade of 36.45%Fe and S3 with 
a grade of 24.4%Fe. The central zone comprises of four 
main ore layers namely C1 with a grade of 40.95%Fe, 
C2 with a grade of 29.88% Fe, C3 with a grade of 
34.12%Fe and C4 with a grade of 37.037%Fe. The 
intermediate zone consists of 3 ore layers namely I1 
with grade of 29.5%Fe, I2 with a grade of 34.95% Fe 
and I3 with a grade of 36.44%Fe. The 25 ore layers for 
East Pit and West Pit including their grades and reserves 
are presented in table 1a and 1b below. Also a cross 
section of the Itakpe deposit showing the ore layers is 
shown below in Fig. 2.

Olade (1978) and National Iron Ore Mining Project 
report of (1980) distinguish four (4) main zones of the 
ore bodies in Itakpe deposit. The four zones are:

1. The northern ore body zone
2. The southern ore body zone 
3. The central ore body zone
4. The intermediate ore body zone

The northern zone is made up of three layers namely; N1 
with a grade of 34.19%Fe, N2 with a grade of 37.88%Fe 
and N3 with a grade of 35.01%Fe content. The southern 
zone consists of three ore layers namely S1 with a grade 

Fig. 2: Cross Section 36 + 50 of the Itakpe iron ore (NIOMCO 1980)

Considering a minimum acceptable rate of return (r) on 
investment, formula 2 becomes:

COG = 

Where;
COG is the cut-off grade (expressed in fraction or %)
C is the cost of mining per ton of orem

C is the cost of mineral processing per ton of ore p

C is the cost of waste removal per ton of waste w

S is the Stripping ratior

      .......................................(3)

In order to analyse the influence of inclusion of sub-
grade ores on the reserve of Itakpe iron ore deposit, the 
cut-off grade of the deposit was first established using 
the formula;

COG =            ……...............……. (1)

 or

COG =         ……............................………..(2)
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γ is the concentrate yield per ton of ore (ton)
p is the price per ton of concentrate
r is the acceptable rate of return on investment 

Based on the value of cut-off grade (COG) obtained 
from formula 3 above, the ore bodies in tables 1a and 1b 
are now classified into main grades and sub-grades. 
Furthermore, the reserve of the main grade and sub-
grade are ascertained.

Considering that expenses on the removal of sub-grade 
is sure to exist whether we send the sub-grade to the mill 

or not, we now regard the cost of waste removal of the 
sub-grade as credit towards reducing the cost of mining 
per ton of the sub-grade ores. Now we convert the cost of 
mining, processing and value of the sub-grade ores into 
the main ore equivalent (Michelson and Buckley, 1973), 
(Arsentiev, 1994). This can be done by developing the 
following models.

If the cost of removal of sub-grade ore as waste can be 
considered as a credit towards reducing the cost of 
mining, now that they are sent to the mill, then the cost 
of mining the sub-grade ores

Thus the cost of mining per ton of ore considering the 
conversion of the sub-grade ores to the main ore 
equivalent.

Z  = 

Where;
Z is the cost of mining per ton of ore considering the 

conversion of the sub-grade ores to the main ore 
equivalent

C is the cost of mining per ton of sub-grade oreg

S is them

C is the m

S is the g

Cost of processing per ton of ore considering the sub-
grade ore

cost of processing per ton of ore 
considering the sub-grade ore

........................................................(4)

  ........................................................(5)

 reserve of the main ore
cost of mining per ton of main ore 
reserve of the sub-grade ore

U = C  + ........................................................(6)p

Where;
U is the 

C  is the cost of  processing per ton of the main orep

C  is the cost of processing per ton of sub-grade ps

ore

Value per ton of ore considering the conversion of 
sub-grade ore to main ore equivalent can be 
expressed as;

       ..................................................(7)

or

                    ..................................................(8)

Table 1a: Various ore layers, their tonnages 
and grades at Itakpe iron ore deposit.

Table 1b: Various ore layers, their tonnage 
and grades at Itakpe iron ore deposit
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Where;
  = value per ton of ore considering the conversion 

of sub-grade ores to main ore equivalent
 = concentrate yield of the main ore (ton)
= concentrate yield of sub-grade ore (ton)

Cost of Waste Removal

Waste removal cost per ton of waste remains the same 
but the operating stripping ratio changes since the sub-
grade ores which were formerly regarded as waste are 
now regarded as ore. So the operating stripping ratio 
will be lower than when it was considered as waste.

Results and Discussion

The input data for assessing the influence of sub-grade 
ores on the cut-off grade and reserve of Itakpe deposit 
are presented in Tables 1a, 1b and 2.

γ

γM

γS  

data of the sub-grade ores will have to be expressed per 
ton of the main ore; that is, they will have to be 
converted to the main ore equivalent (Michelson and 
Buckley 1973). Consequently the new cut-off grade 
considering the influence of the sub-grade ore can be 
assessed as follows:

·Cost of mining per ton ore considering the cost of 
mining the sub-grade ore (equation 4&5)

= 3.05 – 1.67
= $1.38

 

or

Z = 
 

 = US$3.46

·Cost of processing considering the sub-grade ore 
(equation 6)

U = C  +p

C = cost to processing the sub-gradeps

= 2.44 +

= US$3.31

Since some sub-grade ores which were formerly 
regarded as waste are now regarded as ore, the operating 
stripping ratio lowers to 2.72.

Z = 

Table 2: Techno-economic data of Itakpe open-pit mine

Source: Igbo 2018

Estimation of Cut-Off Grade for the Main Ore

Based on the input data, cut-off grade of Itakpe deposit 
can be estimated as (equation 3);

COG =

 

= 0.26 = 26%

Based on the above COG, the ore reserve in Itakpe is 
now divided into main grade and sub-grade reserve 
(Table 3)

Estimation of Cut-Off Grade Considering the Sub-
Grade Ore

Now cut-off grade can only be assessed per ton of ore. 
Consequently in order to incorporate the sub-grade ores 
into analysis, the reserve and other techno-economic 

Table 3: Reserve of the main grade and 
the sub-grade of Itakpe deposit.
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·Waste removal per ton of ore

           ...........................................................(9)

Where ;
is the Waste removal per ton of ore

is the new stripping ration considering the 
inclusion of former   sub-grade ores into the 
main reserve.

 = 2.72 x 1.67

  = US$4.54

The total cost of production per ton considering the 
conversion of sub-grade ore to the main ore equivalent 
will be

T = Z + C  + W  .......................................................(10)ps c

 = 3.46 + 3.31 + 4.54

 = US$11.31

Value per ton of ore considering the sub-grade ore

     ....................................................(8)

 = 

  = US$53.10

New cut-off grade considering the sub-grade ore

COG = 

    = 0.23 = 23%

Thus because of inclusion of sub-grade ores into the 
main reserve, the COG now reduces to 23% showing the 
economic justification for this inclusion.

Tables (1a) and (1b) can now be reclassified into main 
grade and sub-grade reserves in finality (table 4)

From Table 4 below, it can be seen that due to the 
lowering of cut-off grade from 26%Fe to 23%Fe, the 

Table 4: Final classification of Itakpe ore reserve into main ore and sub-grade ore reserve.

mineable ore reserve of Itakpe iron ore deposit increases 
from 150.67mt to 159.07mt.

Conclusion

Some of the sub-grade ores stockpiled at temporary 
stockpile at Itakpe can be profitably processed for the 

development of the economy of Nigeria.

This is specially so in relation to those ore bodies whose 
grades are from 23%Fe and above. When this is done, 
the mineable ore reserve of Itakpe iron ore deposit will 
increase to about 159mt as against the 145mt currently 
used for mine planning at the company.
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