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Another very important aspect in the construction of any targeting model is how to treat empirical occurrences
of mineralisation, i.e. minor occurrences as distinct from an obvious known endowment as discussed above.
The relationship between empirical occurrence data and the targeting process is not as simplistic as might be
thought, and must be explicitly dealt with in the targeting model to avoid enthusiasm for empirical
‘encouragement’ subverting the goals of the exploration program. Clearly, the known presence of
mineralisation of the target type is a validation that the ‘right’ process has occurred and therefore may make
much of the more conceptual parts of a targeting model redundant. It is critical, however, to ensure that any
occurrences used to make such positive inferences are not in fact associated with systems that are unlikely
to produce the size of deposit being targeted, i.e. are not ‘red herring’ systems. In addition, whether or not an
empirical occurrence of mineralisation is actually a positive indicator for the undiscovered endowment of
the target area is strongly context sensitive. The presence of known mineralisation is also an indicator that
the area has seen previous exploration. Therefore, its significance can not be evaluated without consideration
of the broader effectiveness of the phase of work that led to its discovery. It may be that the area has already
been ‘sterilised’ by previous exploration.

Some other general principles in constructing targeting models include the following:

. Different targeting parameters are important at different scales. It is critical that this scale
dependence is explicitly recognised to avoid confusion.

. The manifestation of all components of the targeting model must be visible in relatively low-
cost, readily available exploration datasets. In undercover exploration, this commonly means
geophysical data exclusively.

. The targeting model should focus on the parameters that are absolutely essential to the presence
of mineralisation and, as far as possible, discriminate them from other parameters of less general
relevance.

. The model should explicitly address factors that discriminate large from small ore systems.

. The targeting model should focus on those parameters which have a relatively low false—positive
rate. Exploration is an example of a low base-rate situation, i.e. there is a low rate of occurrence
of ore deposits in individual targets. In such situations, the false—positive rate is the most
important govemor of the quality of a particular targeting parameter.

Target identification

Once a targeting model has been developed it can be applied to available data to identify individual targets.
The precursor to target identification is the compilation of key targeting themes. Key targeting themes are
defined here as layers of information that represent a key component of the targeting model and can be
depicted spatially. As an example, if targeting is being done for komatiite-hosted nickel sulphide deposits, a
key targeting theme would be a map of the distribution of komatiite sequences.

There are two basic end-member approaches to the process of target identification: the ‘Venn-diagram’
approach and the ‘hierarchical’ approach. In practice, many targeting exercises will be a hybrid between the
two.

The Venn-diagram approach views target identification as the process of locating areas where there is a
coincidence of a number of components of the targeting model. This philosophical approach underpins the
methodology of GIS prospectivity mapping. The Venn-diagram approach is best applied to areas with good
quality and relatively uniform data, particularly when precompetitive research has made this data readily
available and perhaps even already organised into key targeting themes. This usually means relatively discrete
provinces with significant known mineralisation and a relatively mature exploration history.

The hierarchical approach is probably more widely applied in the exploration industry, particularly in targeting
exercises where the initial domain of interest is very large, e.g. an entire country such as Australia. It is
based on the concept that any targeting model usually comprises a series of parameters that may manifest
themselves at different scales. An example might be a model for sediment-hosted copper mineralisation.
The source sequences are likely to be much more areally extensive, and therefore easier to delineate, than
the small sub-basins which constitute the trap environment. Therefore, it makes sense when targeting a large
sub-continental-scale area to firstly identify the basins that contain the prospective source sequence and
then worry about the presence of trap sequences only in those prospective basins. This approach is generally
much more efficient when the initial area of interest is large and/or the targeting group has to compile most
of the key targeting themes themselves from primary data.

An important concept when targeting in areas with sparse data is that of ‘permissiveness’. By that it is meant
that if in an area of potential interest there is no negative information about the presence of a key factor it
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should be assumed to be present until demonstrated otherwise. Failing to honour this principle biases té:geﬁ.ng
to better known, but perhaps ultimately less-prospective, areas.

Target ranking

This is separated here from target identification for the purposes of clarity but in practice a formal distinction
may not always be made, particularly when only a small number of targets have been generated. '

Formal target-ranking exercises are usually carried out when a large number of targets have been defined. A
detailed discussion of the various particular methodologies for ranking targets is beyond the scope of this
paper but it is possible to summarise some general principles regarding ranking schemes.

. They should put substantial weight on the coincidence of positive indicators derived from
completely independent datasets (very important in a low base-rate environment).

. They should produce a clear numerical separation between the few best targets and the rest of
the target population.

. They should not penalise areas of low data density—these may be where it is more likely the
discoveries remain to be made. This mistake typically happens when a ranking scheme puts too
high a value on the confirmed presence of mineralisation, e.g. individual drill intersections,
within a target without adequately considering its broader context. Put another way;, it is important
to separate a target’s ranking from the confidence in the data supporting that ranking.

. There should be a clear separation of model parameters from observations relevant to these
parameters. This helps avoid any ‘double-dipping’ by scoring for both the inferred geological
parameter and its supporting evidence. For example, if one was exploring for iron-oxide-copper-
gold deposits, a key model parameter might be the presence of a large body of hydrothermal
magnetite. This might be inferred from gravity and/or magnetic data. It would clearly be an
error in any scoring system to include scores both for the inferred geological presence of iron
oxide and the presence of gravity and/or magnetic anomalies. This example may seem obvious
but similar errors are not that uncommon.

Performance measurement and feedback loops

One of the major deficiencies of area selection as currently practised in the exploration industry is that we
seldom attempt to rigorously estimate how effective it has actually been. Such quantification of our targeting
performance is vital: as the old management dictum says ¢ ...you can’t control what you can’t measure!’.
Another perspective is that this is simply the classical scientific method in action: observe — formulate
hypothesis — test — observe — revise hypothesis.

This will require the industry to put more resources into post-mortems of targeting programs, something
which we have traditionally been poor at. Case-histories of targeting in the public domain are strongly
biased to the success stories. Ultimately, major improvements in targeting capability are likely to be strongly
facilitated by better quantification of targeting performance.

After targets are generated, it is vitally important that any information obtained from following them up
feeds back into the targeting model and supporting database. This is especially important in less-developed
countries where this information may have a big impact on the overall regional geological understanding
underpinning the targeting model.

Conclusion

It is proposed that ‘exploration targeting’ is a distinct discipline that is significantly more than just the
application of concepts derived from economic geology. Importantly, exploration targeting has a strong
focus on pragmatic, economically relevant outcomes. It is governed by its own set of guiding principles. An
attempt has been made to briefly articulate these for the diverse components that together constitute the
science of targeting.
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