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Introduction
Why this matters
• Europe needs secure, local sources of critical raw 

materials (Cu, Zn, Pb, Au, Ag). 

• Current exploration projects are fragmented and 
continental-scale prospectivity models are lacking.

Objective: Develop a continental-scale prospectivity 
model for Volcanogenic Massive Sulphide (VMS) deposits 
in Europe that is explainable and geologically informed. 
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Interpretation
An explainable, mineral-system-informed ML model 
reveals new VMS exploration targets at a continental 

scale in Europe, while preserving geological 
interpretability.

Conclusions
• The identification of metallogenic zones with limited known 

deposits highlights promising greenfield exploration 
targets at a continental scale.

• The input features selected through the mineral systems 
approach help to identify crustal-scale structures and 
tectonic domains associated with ancient submarine 
volcanic activity - a key requirement for VMS formation.

• More broadly, the framework can be applied to other deposit 
types and supports the use of explainable, geologically 
informed ML.
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Important Features Geological Meaning
Proximity to igneous rocks Volcanic activity
Proximity to siliciclastic sedimentary rocks Sedimentation overlap
Tectonic plate margin proximity Subduction zones
Depth to Mohorovicic discontinuity Shallow depths 
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Workflow

Input Data: Geological 
& geophysical layers

Positive Unlabelled Training
50% of known deposits were 
selected as positive training 
samples via farthest-point 
sampling for diversity. 
Equal number of unlabeled 
samples were selected using 
spatially stratified sampling 
per training loop.
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