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• Inducing Points are placed using a local structural-importance score which

is computed from the data using neighborhood-based estimates of slope,

residual curvature, and local contrast.

• A Gaussian kernel matrix is built on a subset of candidate points.

• A weighted pivoted-Cholesky or greedy Nyström-type procedure selects

candidate locations that explain the largest structurally weighted fraction of

the kernel variance.

• Selected locations are passed as inducing points to a GeoML VGP network

that uses a Gaussian likelihood and stochastic variational inference.

• The number of inducing points controls the effective complexity of VGP.

• The purpose is not only to accelerate training, but to allocate the model’s

representational capacity where it is geologically most valuable.

• This is particularly important for seismic horizon modeling, where broad

smooth regions may require few inducing points, while faulted, folded,

steep, or high-curvature zones may require a denser inducing-point

representation.
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Uncertainty Map Top Permian Rheinberg
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Vector Field | Divergence | Variance | Top Permian Rheinberg
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Uncertainty Top Permian Rheinberg
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Top Karbon – Pennsylvanium Rheinberg
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Uncertainty Map Top Karbon – Pennsylvanium Rheinberg
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Vector Field | Divergence | Variance | Top Karbon – Pennsylvanium Rheinberg
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Uncertainty Top Karbon – Pennsylvanium Rheinberg
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Geological Model (Surfaces) Rheinberg
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Geological Model (Surfaces) Prosper Haniel
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Geological Model (Surfaces) Prosper Haniel
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Regional Model
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Regional Model
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Next Steps - Conferences
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• Future integration with seismic attributes and full seismic cube information

opens the possibility for automated geological domain segmentation and

stratigraphic classification.

• Extend the methodology from single interpreted surfaces to the full 3-D

seismic cube in order to incorporate volumetric spatial information.

• Implement Gaussian Mixture Models (GMMs) combined with Gaussian

Process frameworks to identify and classify spatial clusters with similar

geological properties.

• Manuscript VGP → Uncertainty quantification on seismic data

interpretation (spatial uncertainty) + geological modeling. Compression of

information (reduce to the essentials).
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