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The Chairman opened the session by tracing the changes 
which have taken place in the exploration field since the days 
of the lone prospector who relied upon his individual skills 
and to a large exteot on luck. The deposits which now remain 
to be discovered are beller covered and are 01 lower grade. 
A much greater team effort, involving gooscientists and 
engineers, is required. Ihe gamble is thus much greater -
nol only are the probabilities of failure still significant but 
the cOllsequeoces are morc severe. A recent Canadian survey 
indicated that expenditures of between two aod nine million 
dollars on regional exploration programs arc required to 
locate ODe significant deposit. 

The Chairman went on to say that these facts have led 
companies to regard exploration as another form of investment 
and to treat it accordingly. This had placed exploration in 
the context of corporate stratcgics a.nd structures, which was 
the subject of the first paper of the session. 

In introducing his paper, Dr 8. W. MacKenzie said that 
the paper suggested a decision framework for exploration 
planning. Initially the environment is analyzed to define 
observable and releva.nt ecouomic characteristics. The ternLll 
of reference fOf exploration planning and the appropriate 
aJlocation of capital and skills are theD established in the 
light of corporatQ objectives and growth alternatives. With 
the aid of this information and in the light of profit and 
corporate risk criteria, exploration strategies can be 
selected. 

Dr MacKcnzie went on to 53y that tbe usefulucss of the 
concept and criteria oullined in bis paper depended critically 
upon three characteristics of any particular economic 
environment, llamely, the return resulting from all economic 
discovery, the unit discovery cost and the probability of 
making an economic discovery. He then showed by means of 
a case history rdative to the Canadian Shield and Cordilleran 
areas that these three characleristics could, in fact, be 
evaluated for regions with reasonable histories of mineral 
activity. 

The first contributor to the discussion of the paper, 
Mr Alfred Weiss, mentioned that his group had been involved 
in exploration modelling for some ten years and were thus 
particularly interested in tbe paper. He went on 10 say that 
they had experienced grealest difficulty with reconnaissancc 
programs and that he sensed that these difficulties were also 
present with the methodology which had been outlined. 
Mr Weiss asked Or MacKellzie how he would deal with 
such situations when no information was availa ble but where 
there was the potential for botb exploration and discovery. 
Dr Mackenzie agreed that the lack ofinfonnation was a very 
severe limitation and said that at the present time his 
methodology probably did Dot provide a basis for breaking 
down the broad geological regiotls he considered into areas 
Cor further a~s.menl. 
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Mr Wciss suggested, and Dr Mackenzie agreed, that a 
marriage of the latter's approach with that discussed by 
Dr DeV. P. Harris in another of the Symposium papers, 
and involving the use o r subjective estimates oC probabilities 
and geological opinion, could be profitable. 

Mr D. Sampey raised the question of what proportioll of 
exploration Qxpenditure should be devoted to the assessment 
of the probabilities of discovery in view of the importance 
which he agreed attached to this infonnation, particularly 
in the area selection of a sequential program. Or MacKenzie 
replied that while the question of optimizing a sequl:otial 
program had been touched upon in the paper and he had 
considered it conceptually in some detail, he had not yet 
really managed to get to grips with it in real world terms. 

Mr Sampey also suggested that the decline in the discovery 
probability in recent years, lllentioned in the case study. was 
d~ to recent exploration elTort being expended in large 
integrated programs which were more difficult to control at 
a tactical level than were the earlier smaller-scale programs. 
In agreeing with him Dr MacKenzie said that it was probably 
also a case of the usual over-reaction to good or bad news. 
'The early successes resulted. in something of a speculative 
rush in the later years. 

Mr G. H. Morton questioned the conclusion that the low
risk environment was best suited to the small company 
which did not have the capital (or the stake in terms of tlte 
gambler's fuio analogy) for large-scale risky explorations. 
This strategy, he claimed, was sub-optimal, comprising the 
ideal of maximizing the expected value of the venture in order 
to ensure survival of the company, and furthermore limited 
the extent to which the stake for future exploration could \xl 
increased. Dc MacKenzie responded by s..'tying that the 
problem was simply one of whether a small company could 
last long enough in a high risk environment to realise tbe 
expected value. In reply 10 another question by Mr Morton 
he said that many small companies in fact operated in high
risk environments not so much from choice but because tbey 
were unable to break into the lower-risk areas controlled by 
the larger companies. 

Dr Mackenzieagrccd on a nother point made by Mr Morton, 
that the smaller companies enjoyed the advantages of greater 
flexibility and closer personal indentification with objectives 
than larger companies. In reply to the third question by 
Mr MortoD, Dr MacKenzie mentioned that there were 
certainly examples in Canada of small exploration companies 
being financed by the larger enterprises in order to combine 
the greater entrepreneural flair of tlle former with the larger 
stakes available to the latter. 

In introducing his joint paper Professor 1. C. Griffith s said 
that, unlike Or MacKenzie and the keynote speaker before 
him, Mr K. P. Lane, who were hoth working in close touch 



with the so-called real world, he was somewhat removed 
from it. He stated that the motivation fo r the work described 
could be summarized by a quotation from Stafford Beer: 
'The o ld ideas for the world have proved inadequate for 
building new approaches and without new approaches to our 
problems we are due to be overtaken by discomforting even!S'. 
The modelling approach described in the paper represented 
an alternative to the traditional geological approach to 
exploration. 

Professor Griffiths then took delegates on an entertaining 
tour through his entire paper with the aid of a set of some 
20 slides projected in a period of abollt ten rnlnutes. 

Opening the discussion, Dr F. P. Agterbcrg asked whether 
the Eogcl Simulator, wbich had DOW been used in lhe conle.'1C1 
of both oil and uranium, could be used in the search fo r 
other orebodies. Professor Griffiths replied that the only 
limitation is a knowledge of the 12 parameters involved. 
He contrasted the anAlogous situations of wartime bombing 
raids where there is a great deal of ioformfltion available on 
most of tbe parameters aod the novice game hunter who does 
no t even specify his target. In summary. thc point is that 
if the search is to be analyzed sucx:essfully, tbe size and nature 
of the targets, the characteristics of the sensor systems as 
well as the resources available need to be defined relatively 
tightly. 

Dr Agterberg ihen asked whether or not the Ellgel 
Simulator could be applied in situations where the targets 
were not distributed randomly over the area wldec con
sideration. for e.xample. in the Canadian Shid d where most 
copper-nickel deposi ts occurred in or near intrusions which 
were presumably their source. Professor Griffiths' reply was 
that in some instances deposits appeared to eluster because 
it was only a sub·set of the total population that was being 
considered. In other instances deposits which appeared to 
cluster could be regarded as randomly distributed if looked 
at as districts within a larger reginn. Where neither of these 
ahernatives applied it would be possibLe to modify the 
EDgel Simulator by replacing the binomial frequency dis· 
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tribution in it by auother whieh rclI.eeted the clustering - such 
as a negative binomial or binomial Pois~on distribution. 

In reply to a qllestion from Miss M. 1. Watson, Professor 
Griffiths staled that drillholes on a regular grid were used to 
estimate the probability p of detccting a prize in a single 
covering of ttle area. He also agreed that there was some 
difficulty in interpreting the parameters R as the radius of 
the circle within which a target gavo off a detectable signaL 

Or D. M. Hawkins suggested that the large deposits would 
have both a higher value and emit a stronger signal and 
would thus have a higher probability of detection than smaJler 
deposits. This positive correlation betwccn probability and 
value would result in equation 7 of the paper underslluing the 
cxpected value of the gross income, ror eAample. Professor 
Griffi ths agreed that this could be so but Slated that the effect, 
if present, would be small due to smallness of the correlation 
in practice. For instance, the depth of eover over deposits 
had a significant effect on signal strength; the correlation 
between deposit size and signal strength was thus lower than 
might otherwise be expected. Similarly the correlation bctween 
size and value of a deposit had been found to be low for a 
variety of reasonS. 

Mr D. Salllpey supported the point made by Professor 
Griffiths both in his presentation and previously tha t the 
probability of success of exploration was not necessadly 
increased by confining attention to well-established areas. 
He then illustrated the point by the fact that nickel in 
Australia wa..~ disposed of in a few sentences in a volume on 
ore deposits published i.n 1965. Within ono year lhe Kambalda 
ore body in a previously unlikely area had been intersected 
by a drillhole and a bout 340 million had beeD spent 
searching for nickel in Western Australia in the next few years. 

Mr Sampey s1l8gcsted finally that the various search models, 
such as the Engel Simulator, were insufficiently used in 
practice as opposed to theoretically to illustrate search 
philoooplllcs. He stated that he intended applying tIle model 
to evaluat ing the effectiveness of various gcochemicaL 
techniques and recommended that other delegates do likewise. 




