Resource Management
Through Machine Learning

Justin Granek , University of British Columbia



Motivation: Diminishing Returns
The need for new exploration tools!
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Big Data

Lots of publically available geoscience data!

* Geology

* Bedrock age
Bedrock type
Bedrock class
Structural mapping
. etc...

* Geochemistry
* Regional surveys

* INAA,ICP-MS,AAS, etc...

* Levelled assay data
 Direct measurements
 Pathfinder elements

* Geophysics

Magnetics
* Residual total field
* Vertical/horizontal derivatives
Gravity
* |sostatic residual field
* Vertical/horizontal derivatives
Electromagnetics
* Airborne EM
* Ground EM
 DC/IP
Seismic
Etc...




Machine Learning

Automated pattern recognition & anomaly detection

* Used extensively in many
industries

* Very powerful algorithms and
methods
* Data mining
* Feature extraction
* Pattern recognition
* Anomaly detection

» Useful for images, signals, text etc.




Machine Learning

Data-based vs knowledge-based

* Prospectivity Mapping
* Use available geoscience data
* Image/signal processing

* Use support vector machines or
convolutional neural networks

* Can target new regions

* Generate maps of
prospective regions

* Data Mining Reports
* Analyze reports of filed work

» Automated search for important
words or phrases

* Use natural language processing

* Target projects/properties that
may have been dropped
prematurely

* Pick out subset of documents for
re-analysis




Resource Prospectivity Mapping

What is it and why is it useful?

» Assumption: Natural resource targets occur for a reason!!

* Link this “reason” to available geoscience data to determine
the relationship

Probability of resource = f(geology, geochemistry, geophysics; 0)

* Predict likelihood of occurrences in new exploration regions




Resource Prospectivity Mapping

What is it and why is it useful?
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Resource Prospectivity Mapping

Practical challenges for data integration

Simplifying
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Resource Prospectivity Mapping

Many techniques...

* Bonham-Carter ‘88 * Carranza ‘o3
Bayes rule Fuzzy logic
* Agterberg ‘9o * Barnett 06
Weights of evidence Neural networks
* Singer ‘g7 * Abedi’12
Neural networks Support vector machines
* Harris ‘o1 * ZUuo'12

Survey of methods Support vector machines




Support Vector Machines

Maximum margin algorithm: basic formulation

* Training data X with labels y

* Find weights w & intercept b to
maximize the margin such that

Hyperplane: Xw +1b=0

* Optimization problem is
i 1
minimize ~wW'w

subjectto  y(Xw+b)=1




Support Vector Machines

Why use SVM?

* Relatively intuitive formulation
* Very flexible learning machines
* Fast & efficient computation

* Sparse solutions

* Convex optimization problem!




Support Vector Machines

Incorporating uncertainties

Off-the-shelf algorithms not well suited to this application

Proper data handling/processing is key

Uncertainty a necessary algorithm feature for this application

« Data uncertainty: do you trust the geoscientific data (either for a specific dataset, or for a specific
location/region)?
* Label uncertainty: no known mineralization # no mineralization

1 i | 1 1
Saw'w +— max(0,1 — diag(y)(Xw + b)) + 5 B = Xops)" diag (g) (X = Xobs)

2
Developed code for primal SVM using projected conjugate gradient solver

Explicitly incorporate uncertainty on both training data and labels




Exploration Targeting
The importance of structures!

* Individual values not as T
diagnostic as relative structure

* Target may be near an
anomalous value (not under it)

* Many examples:
* Halos
* Faults
* Relative highs or lows
* Etc..




Convolutional Neural Networks

Techniques from computer vision community

* |dentifying images/structured signals is a well studied problem

* Feature extraction problem: what distinguishes one image
from another?

* Features in the data are decomposed into combinations of structures

* "Deep learning” revolution: multi-level networks allow for
discrimination of complicated structures
(ie: facial detection/recognition)




Convolutional Neural Networks

Hierarchical feature extraction

Object models
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Convolutional Neural Networks

Deep learning: stacked layers

Inpuc layer

(C1) 4 feature maps (S2) 6 feature maps (C2) 6 feature maps

convolution layer sub-sampling layer convolution layer sub-sampling layer | fully connected MLP

Stack “layers” of convolution and pooling/sub-sampling
Distills important/relevant features from the image

Reduces the problem size

Classifier at the end predicts on a rich set of feature maps/inputs




QUEST Project Case Study

Copper-Gold Porphyry Exploration in Central British Columbia

* g14km x 124km area

* 46,520 km?

* Prospective porphyry region
* Moderate topography

* Geophysics, geochemistry,
geologic mapping, outcrop maps

* Publically available database with
orevious exploration work

* Known porphyry deposits




QUEST Project Case Study

Public geoscience data
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QUEST Project Case Study

Preliminary results: mineral prospectivity maps

Predicted Mineral Prospectivity Predicted Mineral Prospectivity
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QUEST Project Case Study

Integration of geoscience data
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Summary

Prospectivity mapping: a “new” tool for exploration targeting
* Available geoscience data is growing constantly
* Big data

» Powerful algorithms exist in other fields
» Data mining, anomaly detection, feature extraction

* Possible to incorporate uncertainty
 Can target spatial structures/patterns

* Unbiased & automated approach...
however...

Expert knowledge is key for data preparation and result interpretation




