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kbi,tfiacJi: Simulation technique has been used for a feasibility study 
of a deep exploration project for massive sulphides in an 
old mining district, the Skellefte field. The outcome under 
very different conditions has been studied. Under the spe
cific conditions of the well known Skellefte field it is 
found to be possible to even calibrate the mathematical 
model. 

It is found that when the geology is not known in detail, 
an outcome of the order of 50 tons per meter drillhole is 
to be expected under a simple drilling strategy. 

When a certain knowledge about the general structures down 
to around 1 000 m is established, it is possible to improve 
the outcome by a factor of 2 through an optimization of 
the depth of investigation. The optimal depth of investiga
tion is in the order of 500 m. 

On the other hand, when a minimum ore value is introduced 
as a function of depth, the expected outcome will again 
decrease with a factor of about 3. 

It must be underlined, that these results are average values 
in a mathematical model and do not say anything about the 
outcome in the single exploration case. However, in ex
ploration campaigns of the order of 40 drillholes to a 
depth of 1000 m an analysis shows that at least one deep 
seated large body was found in 25% ot the exploration 
campaigns. 

Faced with the problem whether to go or not to go into a 
deep exploration phase, this technique can headlight the 
problem and it can give an estimate about the order of 
costs and benefits. 
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"Ja, tingens väsen ligger i fjärran, 

djupt nere i djupet; 

vem kan utgrunda det?" 

(Predikaren) 

Mineral exploration for massiv.e sulphide ores in the Skellefte field 

has up to the present been limited to search for near surface ore 

bodies. The most important surficial ore bodies in the Skellefte 

field are most probably found today. This means that surface explo

ration soon becomes inefficient and comes to the point where 

no further finds of economic importance can be expected. 

At that point we face the difficult decision whether to extend 

exploration to considerable depths and to considerable unknown costs 

or to shut down the operations successively. 

Before any decision is taken it is important to make a theoretical 

study of the relation between the outcome and the expenditures of 

exploration for deep seated deposits under different conditions. 

Such a theoretical study demands for a suitable technique, which 

can handle all the different aspects of exploration. 

In this work a feasibility study of deep exploration is performed 

by use of mathematical simulation technique. The study is reported in 

two papers : 

(i) A mathematical study of a deep exploration project. Description 

of the simulation model and procedure. 

(II) A feasibility study of a deep exploration project for massive 

sulphides in an old mining district. 

In order to make theoretical studies possible it is necessary to 

to build a three-dimensional mathematical model of the block of the 

bedrock where the exploration is intended to take place. In paper I 

the development of such a model is described. The mathematical 

technique used for the feasibility study is Monte Carlo simulation 

technique. Paper I also describes the simulation procedure used for 

exploration campaigns. 

The simulation model is divided into three main parts: 

1) The bedrock model. This is a model of the geology in the 

investigated block and describes parameters that are assumed 

to be known, such as type of bedrock, tectonic features as folds 

and faults, ore intensity, clustering tendency and so on. 



2) The ore model. This model describes the properties of the 

"economic" targets within the investigated block such as 

position, size, shape and ore value. This properties are 

known only by their distribution functions. 

3) The drilling model which describes the curvature of a 

borehole and the drilling procedure. 

Two basic assumptions have been made. The first assumption is 

that all deposits which reach .the bedrock surface are known and the 

second that the horizontally intersection area of all ore bodies is 

independent of depth. ' 

The distribution functions for the ore model parameters axe estimated 

on basis of data from 88 known ore deposits in the Skellefte field, 

M. Wallin (1975). The geometry of these ore bodies has been studied 

and described by E. Grip (1970). 

The simulation procedure starts with the design of a bedrock model 

by giving actual values to the bedrock model parameters. Thereafter 

a drilling campaign is designed by giving values to the drilling model 

parameters. Simulation experiments are performed, where the number of 

struck ore bodies and the amount of struck ore is recorded. The result 

of a simulation experiment is the average outcome from repeated simu

lated drilling campaigns. 

The feasibility study is described in paper II. The study is per

formed at each of three specific bedrock models which represent 

successively increasing knowledge about the bedrock geology. The 

drilling is carried out in grid patterns with the holes located 

according to the knowledge about the different ore intensities in 

different parts of the bedrock block. 

To validate the simulation model and procedure, a comparison is 

made with a theoretical study performed by L. Rhodin (1975)« He studied 

the probability of striking one ore body when drilling one hole in a 

simple bedrock model with uniformly distributed targets in an otherwise 

barren bedrock block. A simulation experiment iè performed under the 

same conditions and the results are in good agreement. 

Because the study is performed on basis of data from a thoroughly 

explored mining district in which all outcropping ore bodies are 

assumed to be known, a calibration of the model against the known 

surficial properties has been possible to make. 



The expected outcome from a drilling campaign under very different 

conditions has been studied. The most important results from the studies 

are given below. 

The expected number of big (> 1+ Mton) deep seated ore bodies in the 

bedrock block down to a level of 1000 m is about three times the number 

of big outcropping ore bodies. 

The amount of struck big deep seated ore with unrestricted ore 

value is of the order of 50 tons per meter borehole. The possible 

variation with respect to lack of knowledge of bedrock geology lies 

in the order of - 25 ton. 

It is also of certain interest for a prospector to know 

the probability to find at least one large ore body. A study 

has shown that in a drilling campaign of 40 drillholes to a 

level of 1000 m the probability to strike at least one large deep 

deposit is 25$. This study is performed at a uniform bedrock model 

where nothing about the geological structure is assumed to be known. 

When a minimum accepted ore value is introduced as a function of 

depth, the expected outcome will decrease with a factor of about 3. 

The outcome of big deep seated ore is approximately half the 

total outcome from a drilling campaign when the depth of investigation 

is 1000 m. For shallower investigation depth the share of big deep 

seated ore decreases depending on the effect of decaputating by the 

actual bedrock surface. 

When a certain knowledge about the geological structures is 

established it is possible to find an optimal depth of investigation. 

This is found to be about 500 m and improves the outcome by a factor 

of about 2. 

Also the relation between the expected outcome of a drilling campaign 

and the size distribution of the ore bodies is studied. The result 

from this study shows that even a considerable mistake in the assumption 

about the share of small ore bodies has only limited influence on the 

outcome. 

It must be underlined that the results in this study 

only are average values of the outcomes in simulations 

of re'äl exploration work. However, faced with the problem 

whether to go or not to go into a deep exploration phase, this 

technique can headlight the problem and it can give an estimate 

about the order of costs and benefits. 



REFERENCES 

Grip, E. (1970): Skelleftefältets malmer. Internal report, Boliden 

Metall AB. 

Wallin, M. (1975)î Skattning av fördelningar för parametrar i en 

geometrisk malmmodell; Internal report, STU rapport 7^-3995» 

bilaga 2. 

Bhodin, L. (1975)ï En matematisk statistisk modellstudie av prospek-

tering på djupet. Träffsannolikheter och storleksfördelningar. 

Internal report, STU-rapport 7^-3995> "bilaga 3. 


