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MOTIVATION

Seamless workflow

Conceptual/Visual 
understanding

Address “What-if?” 
scenarios

Efficiency in the field
https://sp.lyellcollection.org/content/459/1/157/tab-figures-data



AIM

An open-source, integrated geological workflow to assess and quantify
uncertainty utilizing new/updated inputs and decision factors to create

models and maps



GOALS

• Sedimentary environment
• Stratigraphic column
• Data at known points

https://sp.lyellcollection.org/content/460/1/207/tab-figures-data

Produce geologically 
credible 2D maps in 

a known setting



Workflow
Tools

Jupyter notebooks

Matplotlib(2D) 

GemPy

Paraview (VTK)

PyMesh, Gmsh, Meshio

Data Collection

Produce 3D model (Potential Field Method)

3D Modelling Inputs

Derive 2D map

Output Map(s)



3D Modelling Inputs

Plane orientation normals

Adherence to Sequence Pile

Scalar Field

Block Model



3D Geological Model

GemPy : Python-based 3-D structural 
geological modeling package

Implicit modelling based on the potential 
field method

Utilizes Theano for calculations

Topography can be incorporated
Gempy.org



ParaView

• Open-source, data analysis and visualization tool (VTK)

• Build visualizations for qualitative and quantitative analysis

• Interactive 3D data manipulation 

• Analyze extremely large datasets



DEM

Point set → Closed 
surface with varying 
Z values (Gmsh)

*Not yet included in 
GemPy Model



GemPy Model of a simple fold of 2 lithologies

displayed in ParaView



White lines 
are contours 
at Z= 606



Outputs (in-progress)

Geological Map

Structure Symbols

Contour Lines  

2D Plane intersecting 3D Surface
- PyMesh vs VTK



DOCKER

2D Plane intersects 3D Surface

VTK →Meshio→ PyMesh



Map View: GemPy Map View: ParaView



Bigger Picture: The Iterative Workflow

• Model regeneration and Mapping
• Streamlined process (eg, input formats)

• Efficient computation times

• Uncertainty Analysis
• Detect and reduce errors

• Identify risks

• Select geological realistic scenarios



QUESTIONS?





Theano

Relies on symbolical graphs which represent mathematical expressions

Each individual method corresponds to part of this graph

Benefits:

• Direct execution on GPUs

• Capacity to efficiently compute gradients

• Provides optimized compiled code

• Capability to perform automatic differentiation (AD)

de la Varga et al., 2019



Potential Field Method

Proposed by LaJaunie (1997); Basis for modelling in GemPy

The Potential Field (PF) - A geological interface (isosurface) of a scalar field defined 
in the 3D space (Chiles et al, 2007)

PF Method’s weighted interpolation function is based on Universal Cokriging 
• (de la Varga et al., 2019; Chiles et al., 2014; LaJaunie et al., 1997)

Universal Kriging is appropriate for capturing trends using polynomial drift 
functions

Cokriging for combining potential and gradient values



Potential Field Interpolation Method (Calcagno et al., 2008)

Red reference 
isovalue/contact 
interface 

Blue reference 
isovalue /contact 
interface 

PF isovalues/ 
“trends”



Scalar fields Weighted Spatial Parameters Weighted Orientation Parameters

6 points – 3 in the red layer, 3 
in the blue layer, Orientation 
indicated by arrows, Lines are 
isosurfaces, (de la Varga et al., 

2019)



de la Varga et al., 2019


