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ABSTRACT
3D geometric modelling is a powerful tool enabling improved understanding of geology. It allows one to check and validate the
consistency of separate 1D or 2D interpretations. Building a 3D model is also a way to share and communicate a geological view.
Furthermore, a consistent 3D geometric model is essential for modelling computations of Earth-processes (such as groundwater
studies) that need an accurate and coherent geometry of the distribution of physical properties of geological bodies. An original
methodology has been developed in the BRGM to jointly interpolate geological contact locations and dips of the formations. The
method uses the geological history of the area and the rock-relationships between the geological bodies. The model is calculated using
an implicit 3D potential function as the interpolator for each component part of that geological history, and allows automatic
computation of intersections between component parts and volume reconstruction. By using these tools, the geologist focuses on
geological issues and easily tests different interpretations. This methodology has been applied to various geological contexts.
The Elk gas field case-study is presented to illustrate the development of a 3D geology model, and the application of the model for
computing conventional potential field model responses. For the Elk field the Gdd component of the gravity gradient tensor was
computed for the 3D geology model, and those data compared to the first vertical derivative of the fully terrain-corrected Bouguer
gravity airborne survey data. These comparisons of the computed vs. observed gravity data provided a basis for several iterations of
interpretive adjustment of the 3D geology model. This iterative interpretive revision of the model was only practical by virtue of the
ability to rapidly re-compute the 3D geology model using the potential field interpolator methodology. The outcome from this
approach was an improved 3D geology model which honoured the available geology constraints from outcrop, drilling and seismic
data, but which now had a modelled gravity response that was in better agreement with the observed gravity data.

INTRODUCTION
In recent years there has been growing interest in constructing
complete three-dimensional models of geology. Two common
challenges are:
- to build a 3D model—often with quite sparse data due to
sparse sampling of the geology as a consequence of cover, or the
expense of acquiring data at depth.
- to then revise the 3D model as new data are progressively
added, or our interpretive understanding of the geology evolves.
It is this latter point—the need to revise the model— which
has driven much of the development presented here. Depending
on how a model has been constructed, it can be an onerous task
to make changes. The solution that is proposed here is to
automate the task, and compute a model directly from data (the
geologic observations). A revision, then, implies (1) adding the

new data, and (2) re-computing the model from the updated
database. This new approach has been implemented in a new 3D
geology modelling software package—3D GeoModeller.
In this paper, the 3D methodology is discussed in the context
of a modelling project completed at the Elk gas field, located in
PPL 238 in the Eastern Papuan Basin, Papua New Guinea. The
validity of the model was then tested by computing the expected
gravity signature of the model and comparing that with the
observed gravity data. On the basis of such comparisons several
iterations of geologic revision were proposed, a revised 3D
model rapidly re-computed and the model gravity response
recomputed. The final outcome from this forward modelling
work was an improved 3D geologic model which honoured the
original geologic constraints, and also had a modelled gravity
response that was in good agreement with the observed field
data.
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3D GEOMETRIC MODELLING: A TOOL FOR
GEOLOGY
The usefulness of 3D geometric modelling to better understand
geology is well established (Houlding, 1994, Wijns et al., 2003,
Wu et al., 2005). Modelling requires the ability to infer a
representation of the reality even where no data are available.
This representation can be the final goal of modelling or the
geological model can be used to compute simulations to quantify
physical processes. In both cases, knowing the geological
formation at any place of 3D space is fundamental.
Available tools for 3D modelling are mainly designed for
data-rich environments, such as in the petroleum industry with
3D seismic data. Many geology projects, however, are limited to
only sparse data or poorly distributed data, with some oversampled locations such as the surface outcrop or bore-holes, and
often little or nothing known between those locations.
Furthermore, the interpolation methods used model separate
horizons but not intrinsic 3D volumes. Where geology is
cyclical, 2D methods are sufficient to construct horizons
honouring cross-sections (Galera et al., 2003) but such an
approach is restrictive.
Original methods have been developed in the BRGM to
answer the question “How to infer the 3D geometry of
geological bodies known by sparse and irregularly located
data?” These tools are dedicated to geologists wanting to use the
geometric knowledge coming from the geological map, crosssections and bore-holes to test their geological interpretations by
building a 3D model. In that scope, the following work has
already been successfully applied to orogenic, basin and mining
domains (Courrioux et al., 2001, Genter et al., 2004, Martelet et
al., 2004, Maxelon et al., 2005, McInerney et al., 2005).
Taking into account both contact locations and orientation
data, coherent 3D models are constructed using an implicit
scalar method (Lajaunie et al., 1997) to interpolate the data for a
formation. The order of geological formations, and their rockrelationships are recorded in the stratigraphic column, which
automatically drives the relationships between multiple
interpolators used to model multiple formations, making the
model easy to refine and to update.

Interpolation method using implicit 3D potential field
The major feature of this original interpolation method is that
the 3D geological space is described through a potential field
formulation in which geological boundaries are iso-potential
surfaces and their dips are represented by the gradients of the
potential (Figure 1). A unique solution for the 3D geometry of
the interfaces between formations is obtained by assuming that:
- contact data for each interface lie on a potential field surface
(an iso-potential),
- orientation vectors are orthogonal to a local tangential plane to
the potential field.
On this basis, the field increment (i.e. the change in
potential) between any two points belonging to the same
geologic interface is null. Orientation data represent the gradient

or derivative of the field. The scalar field is then interpolated by
cokriging the (null) increment data and their derivatives
(Lajaunie et al., 1997). Interfaces (e.g., geologic contacts) are
drawn as iso-values of the interpolated scalar field; iso-lines in
2D (Figure 1) or iso-surfaces in 3D.
When the potential field is calculated, the potential value is
known for every point at 3D space, with the result that the
method is effective for predicting the structure of geology across
the broad gaps that exist between sparse data. Furthermore the
method can model the sub-parallel geological interfaces of
simple, layered geology. A generalisation of this method is
required to model more complex geometry.

Figure 1: Principle of the geostatistical interpolation using the potential
field method. In (a) the contours show the potential field (interpolator)
derived from the geology contacts (spots) and geology orientation (strike
and dip) data. In (b) two isopotentials of the field are plotted to represent
the modelled geology contacts.

Generalisation of the interpolation method with multiple
potentials
For the case where the geological history is more complex, and
geologic horizons are not sub-parallel, separate potential
interpolators must be used - one for each series of strata. For this
case it is necessary to define the stratigraphic column, which
records the chronological order of the strata, and also the series
relationships (either ‘onlap’ or ‘erode’). Where two geologic
surfaces from different potential interpolators intersect, an
‘erode’ surface cuts across any stratigraphically older horizons,
whereas an ‘onlap’ surface would ‘stop’ against the older
surface (Figure 2). This coded information in the stratigraphic
column is sufficient to ensure that a unique geological model is
constructed from several overlapping potentials. Note that, from
a topological viewpoint, the cross-cutting relationships of an
eroded contact are no different from the cross-cutting nature of
an intrusive contact; thus the ‘erode’ case is also used to model
an intrusive.
This methodology has been applied to various geological
contexts ranging from crustal scale modelling, orogenic studies
and basin modelling through to urban-scale engineering
geology. The basic inputs to the method include field geology
observations and data derived from maps, cross-sections,
boreholes, etc. The software allows the geologist to test and
refine their interpretations and finally to construct their 3D
models. Import/export facilities allow the import of field
geology and drillhole data, and the export of 3D model shapes
for post-processes.
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fit between the computed and observed gravity signatures.
Several iterations of such adjustments to the 3D geology model,
and re-computation of the gravity response were completed
(Figure 5). With each iteration the computed and observed
gravity signatures were compared to assess whether the fit
between the two had improved, and to postulate further revision
of the geology model.
Figure 2: A 2D view of a geologic map or section consisting of three
different series of geologic formations. Three interpolators (one for each
series) can produce a unique geologic model only with reference to the
model’s stratigraphic column, which records the chronological order of
formations and series, and the relationships between the series. On the left,
series S2 ‘onlaps’, and stops against the older S1 series. For the ‘erode’
case (right) the series S2 cuts across older formations.

ELK EXAMPLE
The Elk gas field is located in PPL 238 in the Eastern Papuan
Basin, Papua New Guinea. The field is a structural culmination
initially identified by airborne gravity and confirmed by a 2D
seismic survey. The Elk-1 well - a discovery well, with a very
encouraging gas flow - was drilled to test the oil and gas
potential of the fractured Miocene Puri Limestone and the Figure 3: Perspective view of the final 3D geology model, showing the
Oligocene to Eocene Mendi Limestone. (Elk-1 location: 145° Puri and Mendi Limestone horizon and thrust faults.
08’ 27.6” E; 007° 06’ 0.5” S).
A realistic 3D geology model (50km x 45km x 10km) of the
Two critical factors which enabled this iterative revision and
Elk field was developed using geology information derived from
ultimate improvement of the 3D geology model were (1) the
outcrop mapping, field measurements of dip and strike, geology
ability to rapidly build a revised 3D geology model using the
data from two wells and from the geological interpretation of
implicit function interpolator, and (2) the rapid re-computation
five 2D seismic lines. The model was primarily a study of the
of the geophysical response of the revised geology model. This
targeted reservoir rocks - the fractured Miocene Puri Limestone
interpretive revision of the model would not have been practical
and the Oligocene to Eocene Mendi Limestone. The overlying
if the model-building process had required laborious, manual
Orubadi Formation and Era Beds were included in the model.
adjustment of the model. Instead, the use of an automated rapid
All of the geology units below the limestone were grouped
model construction allowed the interpreter to remained focused
together into a composite 'Cretaceous' geology unit (Figure 3).
on the practical, geological interpretive considerations of the
The limestones are anomalously dense relative to the
work.
overlying Orubadi Formation and Era Beds (density contrast
The result was an improved 3D geology model which
+0.4 t/m3). The local gravity anomalies observed in the area of
honoured the available geology constraints from outcrop,
the Puri anticline and Elk gas field are due to structural
drilling and seismic data, but which now had a modelled gravity
culminations of the dense limestone units. These culminations
response (Figure 4b) that was in better agreement with the
have developed due to the limestones being ramped up on thrust
observed gravity data (Figure 4a). The study produced an
faults. With overthrusting, there is some repetition of the dense
improved understanding of the structure of the Elk field, an area
limestone units, which has also contributed to the observed
with limited seismic control. It is postulated that NE-SW
positive gravity anomaly.
oriented faults (introduced to the geology model) have vertically
Having developed a 3D model of the geology formations,
offset the elevation of the target Puri/Mendi Limestones.
and the interpreted thrust faults - based on the known geology
data sources - the gravity response of the model was computed.
The model was discretised to a set of equi-sized voxels
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Figure 4: Elk gas field observed vs. modelled gravity signatures, showing
the gravity high associated with the Elk structural culmination in the dense
limestone. Image (a) is the first vertical derivative (1VD) of the fully
terrain-corrected Bouguer gravity anomaly data from an airborne gravity
survey dataset. The modelled gravity response (b) is the Gdd component of
the gravity gradient tensor (equivalent to 1VD). The two images are
displayed using the same colour stretch.

Figure 5: Comparison of computed gravity responses. Images (a) to (e)
show the Gdd response computed from a subset of the evolving 3D geology
models developed during the study. Image (e) is computed from the final
model. Image (f) is the 1VD of the observed gravity.

