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3-D Structural Geological Models 
are routinely constructed…

10 km

…but: how accurate are they?
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What we talk about when we talk about structural uncertainties…

34th IGC Brisbane, 2012

> The idea is following  F. Wellmann (2011) and M. Lindsay (2012) works who analyze the effect of data 
variance on model by randomly “shaking” an initial data set .

> In this study, we benefit from different realizations of a model from multiple sets of data 
acquired on the same area [Alès]

and Courrioux et al. (2015)

Slide from: Courrioux et al., 34th IGC, Brisbane, 2012

~ km’s

Geological contact Fault

What to do? One possibility: stochastic modelling
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(Wellmann and Caumon, 2018)



How to estimate 
Uncertainties?

• Problem: Multiple manual 
interpretations infeasible in 
practice

• Approach:

• Use sutiable modeling method 
for automation (e.g. implicit 
methods, e.g. gempy – see 
poster)

• Define geological parameters 
(surface contact points, 
orientation measurements) as 
random variables

• Implement sampling algorithm

• Generate multiple model 
realisations6



Consideration of Uncertainties 
with Implicit Modelling Method 
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We could now use these model representations as 
input for multiple predictions or to quantify and 

visualise variability

Note: this is only based on a mathematical model of
uncertainties… 
…but: do we capture a meaningful range of
geological uncertainties?



do we capture a meaningful 
range of uncertainties?

• Problem of different types of uncertainties

• Some aspects can be captured in stochastic 
models, some can not…

• In geology, often particularly difficult (and 
often impossible) to separate observations 
from knowledge and expectations (Frodeman, 
1995: hermeneutic science)

• Difficult to estimate, so we went to Alès:
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Mapping in Alès:
Orientation Uncertainty
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Mapping in Alès:
Location Uncertainty
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à Input to stochastic modeling engine (many 
technical details skipped here… see later)



Stochastic model 
generation, Visualization
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Wellmann & 
Regenauer-Lieb, 2010
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Results: Fault location 
uncertain
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Results: All formation 
orientations uncertain
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Results: All formation orientations uncertain
+ Fault location uncertain

HH2-H1



Now: comparison to 
mapped uncertainty

Manual model ensemble +  Stochastic model ensemble

Acceptable match Variance captured, but 
wrong mean

Detailed analysis ongoing – more soon!
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(Wellmann and Caumon, 2018)
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Courrioux et al., 2015



Some final thoughts…

• Methods enable a change of behaviour: from single 
model representation to probabilistic method

• “Range of plausible models is not a plausible range of 
models” (Nearing and Gupta, 2018)

• Possibility: check geological consistency

• What is the best approach to combine geological and 
geophysical information? 

• Geology as a “Hermeneutic Science“ (Frodeman, 1995) 
with significant interpretative aspect – what does this 
mean for the integration into modeling? 18



Thank you for your attention… 
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…and a very special thanks to the BRGM and 
especially Gaby Courrioux for many fantastic 
discussions and the chance to participate on the 
Alès mapping course! 

CGRE papers (~ 24 Mb)
https://bit.ly/2HRhoDa


