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Increasing volumes of open data and improved data quality allow                   
geochemists to use data-driven approaches to address large-scale               
geological problems. At the same time, exploration for both base                   
and critical metals is moving into under-explored areas with                 
deeper cover, as a significant fraction of readily identifiable                 
near-surface resources have likely already been discovered. With               
the cost of discovery increasing, predictive mineral systems               
science looks to better integrate and utilise both new and existing                     
data to constrain the subsurface environment. Where we can use                   
this data to restrict viable exploration spaces, exploration efforts                 
may be focused to reduce cost and potentially time-to-discovery. 
 
We will demonstrate a series of data-driven and machine learning                   
approaches to classical geological problems, principally using data               
from global geochemical data repositories. We’ll use multivariate               
whole-rock geochemistry to distinguish tectonic environments,           
examine shifts in global basaltic geochemistry through time, use                 
dimensional reduction and network techniques to visualize and               
better understand the relationship between samples and             
endmembers, and use multi-modal drill core data for predictive                 
geochemistry. These examples illustrate some of the common               
challenges encountered while working with geochemical data:             
working across different scales, and linking geochemistry to               
spatiotemporal domains. We focus these towards extending             
existing methods through the use of multivariate statistics and                 
visualization methods, addressing model uncertainties, and           
acknowledging the potential impacts of common confounding             
effects (such as evolution, alteration and deformation).  
 
We highlight where we can readily gain useful insight, where we                     
may be able to transfer methods and learning to new problems and                       
scales, and how we can use data to drive geological knowledge,                     
extract latent features, and perhaps identify some ‘unknown               
unknowns’. Finally, we demonstrate some tools which can make                 
these methods more approachable for geochemists, such that the                 
methods can be better integrated into established geochemical               
scientific workflows. 
 
 


