EXPLORATION SUCCESS: 
Can advanced geophysical technology improve our chances?

"Exploration Success".  What does that really mean?  Well my guess is that it means finding a mine before you go broke.  I would argue that it's all about choosing good drill targets.  I also suggest that "improving the chances of exploration success" comes down to two things.  Drilling fewer barren holes and making sure that we don't miss good targets.  The reason I think the targeting is so important is implied in the adjacent figure illustrating the steps in a hypothetical exploration program.
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Following a broad regional assessment based on publicly available information, conceptual models and commodity-based economic criteria, we select an area for more detailed evaluation.  Reasonably detailed regional data sets are then acquired and they form the basis for target selection.  Compared with later in the program, the costs of data acquisition to this point are relatively small.  However, once targets start to be selected, costs rise rapidly as data are acquired to test their validity, and it is here the bulk of exploration funds are expended.

If we (somewhat arbitrarily) distinguish two stages in the target testing, our first decision is "Is there a mineral occurrence here?".  A "yes implies we have at least one drill hole with a significant intersection of ore grade material.  The next question is "Is this mineral occurrence an economic ore deposit?" and much more drilling is required in order to answer this question.

At each stage the majority of the targets that are tested are rejected.  With a surprising degree of consistency, many explorers report that about 5% of their targets are mineral occurrences and about 1-2% of these mineral occurrences go on to become economic deposits.  With such probabilities, on average, a thousand targets need to be tested in order to find an economic ore deposit.  This is, of course, many fewer than the number that would be needed in order to ensure a reasonable probability of success in any given exploration program.  In general, such statistics imply that three to four times this number of targets would have to be tested to ensure a 95% chance of finding an economic ore deposit.

Given the above, it is clear that the vast bulk of exploration funds are expended in rejecting uneconomic targets.  Thus, there are two ways to improve our chances of exploration success.  The first is to lower the cost of rejecting each target.  If we can do this we will be able to go around these loops more times before we go broke.  In the end this comes down to lowering the cost of drilling and, although this is a very important subject, I'm not going to say more about it here because my focus is on geophysical exploration.  The second is to raise those p-values for success by improving our exploration technology and so rejecting fewer targets before we make an economic discovery.

Now, aside from the natural variability in the size of mineral occurrences, the probability that a mineral occurrence is a deposit is also a function of the quality of our target selection process.  If we were really good at target selection, we would not only have fewer barren holes, we would also tend drill occurrences that had more chance of being a deposit.

So, unless we can lower the cost of drilling, "improving the chances of exploration success" comes down to improving the target selection process.  I've said exploration often fails because we make too many errors in this process (95% of our decisions are errors).  We drill barren holes and we fail to drill some prospective mineral occurrences.  Why?

If we just consider the geophysical decision making process, we can see that we make errors when the targets are not obvious in our data.  An ideal geophysical exploration technique would respond only when there is an orebody nearby but, while this holds true for some techniques, in some environments, it is extremely rare.  Sometimes, for example in most gold exploration, the target does not respond at all and the best we can hope for is for the geophysics to aid geological mapping.  However, if we are going to spend large amounts of money developing more sophisticated geophysical tools, we would like to think that they were going to give us some direct targeting capability.
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A technique can contribute to direct targeting when the geophysical signature of the orebody is different from its host and can be seen through cover.  The big question is, "How unique does it have to be for it to be detectable?".  It is clear that this is a question about the characteristics of both our targets and the surrounding geology.  The above diagram illustrates a way of classifying geophysical exploration problems.

According to this viewpoint we make errors because the target is concealed or because it is difficult to distinguish from the surrounding geology.  Either way, exploration becomes more difficult as we move away from the classical geophysical "bump finding" typified by deposits lucky enough to reside in lower left comer of my diagram.  In order to overcome both types of errors we must look for subtle details in the responses that will allow us to distinguish economic targets from the local regolith/ geology background.  If, as is often the case, we can't make such distinctions with a given data set, we must either:

· Improve the quality of the data to distinguish more subtle target/ background contrasts

or

· Add new information by measuring other physical properties.

"Wait on", you say, " he has spent all this time working through the exploration process to come up with two points that we all knew already!".  Well that's true, except that I think it is worth understanding the process so that we can judge whether the "improved" geophysical technology we are offered is likely to find more mines.  We can ask, "Will it help me distinguish targets in very similar host rocks?" or "Is it sensitive enough to identify a weak target response buried in a strong regolith overprint?".  So, armed with this viewpoint, let's consider how we are doing in our advanced geophysical developments.

I'll take the easy one first.  How are we going with measuring new physical properties?  Answer.  Not well at all.  In fact there really hasn't been an important, new physical property measurement for geophysical exploration since 1945.  By that time the front-line geophysical measurements, magnetics, gravity, seismic refraction and reflection; resistivity, self-potential, electromagnetic induction and induced polarization were all in place.  What has happened is that the quality of the data has gone up and the cost has come down.

Data quality has improved because our sensors, data acquisition and processing have improved and the major cost reductions have been seen (and are still being seen) where it has been possible to make the measurements from an aircraft.

The past 20 years have seen a substantial improvement in the quality of many of these remotely acquired data sets.  The most important is airborne magnetics/ radiometrics.  This technology has undergone a revolution driven by improvements in computers, magnetometers and the Global Positioning System.  While the quality has continued to improve, the price has declined to the point where it is almost uneconomic and we now are seeing a rationalization in the industry.

In the near future, we are also likely to see further development of magnetic gradient and vector measurements for better delineation of magnetic sources.  Where the topography is relatively flat, airborne methods are replacing ground geophysical methods with crop duster-type aircraft acquiring high-resolution data at 20 m altitude and 20 m line spacing.  In addition to the impact of this high spatial resolution, the quality of airborne radiometric data is also being enhanced by new signal processing techniques that take advantage of the considerable data redundancy generated by modem 256 or 1024 channel recording systems.

Airborne electromagnetics (AEM) is perhaps one of the most exciting areas of development in mineral exploration technology.  These systems were originally developed for the detection of conductive targets in resistive environments and, while the technology has been expanded and improved for this application, we are now starting to see a long-awaited extension of the technology for geological mapping in more conductive weathered environments.

In general, the high power INPUT-type towed-bird time-domain systems are moving towards higher power and lower noise with greater geometric stability and compensation.  In addition, advances in data processing are delivering greater depth penetration, improved noise suppression and standardized outputs.  An increasing number of different types of helicopter systems are now becoming available and it is likely that this technology will also change rapidly in both quality and price in the next few years.

Perhaps the last great frontier in airborne geophysics is airborne gravity.  This technology is difficult because it is hard to distinguish the accelerations associated with the aircraft motion from those relating to the changing geology below the aircraft.  However, although it is still early days, it looks as though BHP has developed the first operational airborne gravity gradiometer system that can be usefully applied to mineral exploration. (Gravity gradients are measured, rather than the gravitational field itself, as these are less sensitive to aircraft motion.) The subject is certainly popular.  At the moment there are at least six other research programs developing such systems.

Ground and down-hole geophysics have seen some of the same gains in instrumentation although little of the dramatic cost reduction.  Ground geophysics will always see deeper and more accurately than airborne geophysics but the gap is narrowing and, increasingly, drill targets are being selected without preliminary ground geophysics.  Perhaps we will eventually reach the point where airborne geophysics dominates greenfields exploration while ground geophysics is used more for brownfields exploration where it is worth finding a deep orebody.

So how can we take advantage of the large volumes of high quality data that we can acquire so cheaply?  Well the most obvious thing we can do is to make sure we stay in the bottom left comer of my diagram by exploring in (hopefully) prospective areas that have not been evaluated with the latest technology.  But this strategy requires either access to a new technology (like airborne gravity gradiometry) or a courageous exploration manager who is prepared to apply existing technology in areas with unproven exploration potential.

But can better technology get us closer to finding orebodies in the top left and bottom-right comers of my diagram?  I think we have to say that, by themselves, these improved data sets can't do the job.  In these more difficult environments, it is the host geology, not the instrumentation, which is the source of noise in our search for a target.  Once we have reasonably good data in these areas it doesn't matter how much we improve the quality of our measurement, the signal-to-noise ratio remains the same.

In the past a great deal attention has been paid to the target characteristics of potential orebodies.  A number of attempts have been made to develop expert systems (e.g. the Prospector Project) or design pattern recognition algorithms to detect the presence of orebodies.  If their uptake by the industry is taken as a measure of success, it is probably fair to say that these attempts have been largely unsuccessful.

I believe that this lack of success can largely be attributed to a tendency to neglect the characteristics of the background geology and its role in mimicking or masking the target response.  Graphitic schists are common causes of false alarms with AEM data and no amount of knowledge of the magnetic response of a deposit will prevent us missing it under thick basalt.  These, and a myriad of other sources of confusion, place the strongest constraints on our ability to recognize targets in our exploration data.

In these areas we must get much better at recognizing targets that are only weakly expressed in the data.  Just because there is no easily recognizable, isolated "bump" does not mean that the target has no geophysical expression.  We need to model the geophysical response of our targets in all the settings that might arise in our exploration area.  Then we need to ask, "What would the geophysical response of this area look like if a deposit was present and if it was not?".  Then we need ways to search for the differences between these situations.

It is the details of this process (or something like it) that must be established by the geophysics community in the next 10 to 15 years.  If we don't, we risk remaining stuck in the lower-left comer of exploration forever.
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