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A Hidden Earth
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Data-Driven Geology

Geological Generative Al

e Find a way to encode abstract
geological concepts

e Simulate the 3D lithology
e Train a probabilistic model

e Condition on forward
observables (measured data)
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GeoGen Overview

Process-Based Simulation

- Modular framework
- Fast compute (point cloud)
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Our Research: Generation

Part 2: Training a Generative Al

//’/ ™ \\
" Train ) \
Generative Al

(C h
e |
B : :

A ) /,
\_ ] %

S. Ghyselincks May 28, 2026



Flow Matching

Figure 7 A velocity field u; (in blue) generates a probability path p; (PDFs shown as contours) if the flow defined by
ut (square grid) reshapes p (left) to p; at all times ¢ € [0, 1).

(Lipman et. al, 2024)
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Incorporating Time and Conditional Data
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~N

e Multiple reconstructions

e Ensemble analysis

\_ (a)-(c) Three conditional realizations

A
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(@) Dike material in true model and
conditional data.
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(b) 12 different dike realizations conditioned on surface and borehole data.
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Human-centered AI: A probabilistic system that informs geologists
of plausible scenarios, integrating expert interpretation with
automated pipelines to better understand the Earth's subsurface.
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Synthetic Geology for Deep Learning

A prOb abiliStiC SyStem th?‘t & Geological ) ‘// Geological \ /VGenerative Al A D
informs geologists of plausible | Knowledse Simulation

scenarios, integrating expert
interpretation with automated
pipelines to better understand
the Earth's subsurtace.
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