
HAL Id: hal-01529651
https://hal.univ-lorraine.fr/hal-01529651v1

Submitted on 31 May 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - ShareAlike 4.0 International
License

Geological uncertainty and geophysical inversion
M. Jessell, L. Ailleres, E. de Kemp, M. Lindsay, F. Wellmann, M. Hillier,

Gautier Laurent, T. Charmichael, Roland Martin

To cite this version:
M. Jessell, L. Ailleres, E. de Kemp, M. Lindsay, F. Wellmann, et al.. Geological uncertainty and
geophysical inversion. Geotectonic Research, 2015, 97, pp.141 - 141. �10.1127/1864-5658/2015-62�.
�hal-01529651�

https://hal.univ-lorraine.fr/hal-01529651v1
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://hal.archives-ouvertes.fr


Geotectonic Research, 97: 141–, 2015
10.1127/1864-5658/2015-62

Geological uncertainty and geophysical inversion

Jessell, M.1,2,6, Aillères, L.2, de Kemp, E.3, Lindsay, M.1, Wellmann, F.3, Hillier, M.4, Laurent, G.2,
Charmichael, T.2, and Martin, R.5

1Centre for Exploration Targeting, University of Western Australia, 35 Stirling Highway, Crawley, WA, 6009, Australia
2Monash University, PO Box 28E, Victoria, Australia

3Graduate School AICES, RWTH Aachen University, Aachen, Germany
4Geological Survey of Canada, Ottawa, Canada

5CNRS, UMR 5563, GET, 14 Av. Edouard Belin, 31400 Toulouse, France
6Institut de Recherche pour le Développement, UR 234, GET, 14 Av. Edouard Belin, 31400 Toulouse, France

Existing 3D geological systems are well adapted to high data-
density environments, such as at the mine scale where abun-
dant drill core exists, or in basins where 3D seismic provides
stratigraphic constraints, but are poorly adapted to regional
geological problems. There are three areas where improve-
ments in the 3D workflow need to be made: in the handling
of uncertainty; in the model building algorithms themselves;
and in the interface with geophysical inversion.

All 3D models are under-constrained, and at the regional
scale this is especially critical for choosing modelling strate-
gies. The practice of only producing a single model ignores
the huge uncertainties that underlie model-building processes,
and underpins the difficulty in providing meaningful informa-
tion to end-users about the inh erent risk involved in applying
the model to solve geological problems. Future studies need
to recognize this and focus on the characterization of model
uncertainty, spatially and in terms of geological features, and
produce plausible model suites, rather than single models with
unknown validity [Jessell, MW and Ailleres, L. and de Kemp,
E.A., 2010, Wellmann, J.F.and Horowitz, F.G.and Schill, E. and
Regenauer-Lieb, K., 2010, Lindsay, M.D. and Ailleres, L., Jes-
sell and M.W., de Kemp, E.A. and Betts, P.G., 2012].

The most promising systems for understanding uncertainty
use implicit algorithms because they allow the inclu sion of
some geological knowledge, for example, age relationships of
faults and onlap-offlap relationships [Calcagno, P. and Chilès,
J. P. and Courrioux, G. and Guillen, A., 2008]. Unfortunately,
existing implicit algorithms belie their origins as basin or mine
modelling systems because they lack inclusion of normal struc-
tural criteria, such as cleavages, lineations, and recognition of
poly-deformation, all of which are primary tools for the fi eld
geologist that is making geological maps in structurally com-
plex areas. One area of future research will be to establish
generalized structural geological rules that can be built into
the modelling process.

Topology – the connectivity between different elements of a
model – is often of particular interest in geological modelling.
For example, topology is critical when evaluating potential for
fluid flow along faults or fluid migration through porous units,
or for estimation of electrical conductivity.

Topology also has the potential to constrain or eliminate
parts of the model sets generated by Monte Carlo simulations;
given that topological constraints (e.g. age relationships, re-
gional stratigraphy) are often well established prior to geo-

logical modelling. Analysis of uncertainty in topology could
provide a powerful enhancement to existing Monte Carlo meth-
ods.

Finally, and this probably represents the biggest challenge,
there is the need for geological meaning to be maintained dur-
ing the model building processes. Current data flows consist
of the construction of complex 3D geological models that in-
corporate geological and geophysical data as well as the prior
experience of the modeller, via their interpretation choices.
These inputs are used to create a geometric model, which is
then transformed into a petrophysical model prior to geophys-
ical inversion. All of the underlying geological rules are then
ignored during the geophysical inversion process. Examples
exist that demonstrate that the loss of geological meaning be-
tween geological and geophysical modelling can be at least
partially overcome by increased use of uncertainty character-
istics in the workflow.
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