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Introduction
Two years ago the Geological Survey of Denmark and Greenland (GEUS) celebrated its 125 year 
anniversary (Fredericia & Gravesen 2014) and an event like that was a good opportunity to look back 
at a long and eventful period of geological mapping. But it was also an opportunity to visualize the 
future contours of geological mapping in Denmark – a field that is now undergoing major changes. The 
tendency both nationally and internationally is that along with the ever-increasing computer powers and 
the improved capabilities of software packages, there is a growing demand for geological models and 
3D maps that meet these new technical standards. In addition to this, modelers and end-users expect 
to be able to solve more and more complicated and sophisticated problems related to the subsurface. 
Accordingly, we are transforming our ways of mapping and modelling geology from 2D to 3D – in the 
future probably even 4D. Our ways of interpreting depositional environments, lithology, structures and 
so on may be more or less unchanged, but we are forced to look at our data and interpretations from 
new angles when working in three dimensions. In this process we inevitably gain new insights when 
combining data in new ways – insights that could lead to updates of former geological interpretations, but 
also to realizing that changing from 2D to 3D poses new challenges of both technical and organizational 
character. 

It is a part of GEUS’ strategy for the coming years to build a national, digital 3D geological model for 
the Danish area that can act as a publicly accessible database representing the current interpretation of 
the subsurface geology. A national model like that should constantly be in development – focusing on 
meeting current demands rather than focusing on delivering a static product for the shelf. 

So how can 125 years of geological mapping activities be condensed into a single digital 3D geological 
model that is capable of merging decades of research and collected data, and still convey a coherent and 
contemporary interpretation of the geology on a national scale? What should be the focus of the model 
and should the model be capable of operating at different scales? And do we have enough data to map the 
detail we want?

This paper will reflect on some of the considerations and discussions we have had in GEUS on how to 
make and maintain a national geological model, and the paper will add to the early sketches presented at 
the Workshop in Denver two years ago (Jørgensen et al. 2013). We have now reached a point in the work 
leading to a national model where we are able to give a status of the strategy and the planned framework 
for the activities in the coming years.

Model Considerations 
Before initiating the construction of the national 3D model there are a number of issues that have been 
discussed and given a great deal of consideration. A few of these are:
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Model area
GEUS is surveying the geology of both Denmark and Greenland. The area of Denmark (43,000 km2) is 
very small compared to the area of Greenland (2,180,000 km2) and even if only accounting for the ice free 
areas, Greenland is still 9 times as large as Denmark (not including the offshore parts). Geographically 
Greenland and Denmark are separated, so obviously two separate models will be needed. But because 
of the large size of Greenland it may be necessary to split the Greenland model up into several smaller 
models. In terms of geology the setting of Denmark and Greenland is very different and a common legend 
cannot be constructed, but it is imperative that the construc-tion of the models follows the same set of 
principles and procedures. Up till now we have worked mostly on the model for the Danish area so this 
paper will focus on the work related to this area. 

Depth range
One of the important questions is which parts of the subsurface should be included in the model and 
how do we cope with the general problem of varying data coverage and/or data resolution? In the deep 
parts of the subsurface (>300-400 m) we primarily have borehole data and seismic data collected by the 
oil industry, with data having an uneven coverage dictated by the focus of the oil and gas exploration 
surveys. In the more shallow parts of the subsurface (<300-400 m) the data are primarily borehole data, 
seismic data, electric and electromagnetic data combined with information from outcrops. Data have been 
collected mainly in connection with groundwater investigations, raw materials/minerals exploration, soil 
contamination investigations and geotechnical projects. The data density is generally much higher in the 
upper parts of the subsurface. 

A large part of the sediments of the shallow subsurface in the Danish area is affected by the glaciations 
during the Quaternary both in terms of varying lithologies and deformations. This makes the upper part of 
the succession very complex and generally requiring a much larger amount of data in order to be mapped. 
Can this heterogeneity of the geology and the data be incorporated in one model? Or is it necessary to 
split the subsurface into an upper and a lower part and therefore deal with two separate models? Some 
GSO’s have chosen to have different national models with varying resolution (e.g. the Netherlands: van 
der Meulen et al. 2013) or focus on having one model that can handle varying resolution (e.g. Great 
Britain: Mathers & Ford 2013).  

Building on existing data and knowledge 
GEUS has a long tradition for making national 2D maps of specific sub-surface layer boundaries and 
surface geology maps. 3D geological mapping and modelling has been performed regionally and locally 
for some years primarily by governmental agencies (including GEUS), regions and municipalities, 
oil companies, mining industry and consulting companies. The models are typically targeted towards 
evaluations related to oil/gas, groundwater/drinking water, geothermal, raw materials/minerals or soil/
groundwater contamination issues and apart from models made by/for the oil and minerals industries, 
many of these models are publicly available. Especially the intensive groundwater mapping campaign 
during the last 15 years has produced a large number of publicly available models (Thomsen et al. 2013). 

The large number of individual mapping projects has created a patch-work of models, but as the models 
are made in different ways with varying quality and for different purposes, they are very difficult to 
merge. When building a new national geological model it is, however, necessary to collect and evaluate 
existing data and models (2D or 3D) and create a new and coherent model that is built upon the results of 
earlier mapping projects.



AER/AGS Special Report 101 (October 2015) • 73

In Denmark we have a range of public databases hosted by GEUS that contain both raw data and 
model interpretations, and these databases are planned to represent the backbone of the national model. 
Therefore it is very important to keep these databases updated and ensure that everybody uses this vast 
amount of data. 

Defining the end-users
Early in the planning phase it is important to have an idea of who could be potentially interested in a 
national model and what could be their needs? The reality is that there is a wide range of end-users with 
different and very specific purposes for their use of a national model. This means that purpose-specific 
models like we normally produce, do not apply for a national model. But if we construct a model that 
is not purpose-specific there is a risk that we will end up with a model which is either too sketchy or 
too heterogeneous to be attractive to a majority of the end-users. As a national model has a long time 
perspective (and a large budget) it will need to have continued support from the end-user community. 

Model detail/scale 
Can we map the detail we want with the data we have - or do we need more data? A complex geology 
requires a large amount of data, and most often our data is geographically clustered. This leaves us with 
the dilemma that detailed models can only be made within the data cluster, and outside the clusters 
data can only support a large-scale model with less detail. So can we, in terms of a national model, use 
only one single scale or shall we try to make a model that can manage multiple scales? In modern 3D 
modelling software there are no zoom limitations meaning that, if not otherwise stated, your data and 
model can be viewed and evaluated at any scale. It is very important to convey the scale-limitations of the 
model to the end-user. 

Model update 
If the model is not regularly updated the end-users will lose interest in the model and go elsewhere to 
get subsurface information. The model should be dynamic and therefore it is important that the model is 
regularly updated and applied with a strict version annotation so that every model version can be clearly 
identified. Generally, a “static” model approach should be a thing of the past.

The Components Of The National Model
As a result of our internal discussions and considerations the contours of the Danish national 3D 
geological model can now be described:

The national model will be constructed as a 3D framework model, where the surfaces will represent for 
instance tops and bottoms of defined geological formations, stratigraphic complexes or other types of 
spatially recognizable units. In addition to this, the surfaces will represent for instance erosion surfaces, 
stratigraphic markers and transgressional surfaces. The surfaces will represent units defined in the legend 
of the Danish subsurface constructed in connection with the national 3D model project (Figure 1). The 
surfaces will be defined and controlled by interpretation points, lines, polygons etc. together with an 
interpolated grid or triangulation. This framework model will along the way continually grow with the 
addition of new surfaces.

The layered framework model will be supplemented by volumetric cells containing detailed geological 
information between the mapped surfaces. To these cells attributes describing e.g. lithology and 
lithofacies or related parameters such as porosity can be added. It is important to emphasize that the 
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national 3D model for Denmark is a 
geological model focusing on geology – not 
hydrostratigraphy or physical/chemical 
properties.

The model will start out with selected key 
surfaces but more detail will be added 
continuously. The plan is that it shall be 
possible to include a varying level of detail 
within the national model, and that the 
model can be handled at different scales. 
Users will be able to extract the elements 
they want. Of course this will create a 
demand for guidance to at which scale the 
specific model element can be used. 

The model elements will be built according 
to standards and procedures which have 
to be defined early in the process. The 
same applies for quality assurance, quality 
assessment and model updates/versioning. 

The national model is planned to be 
platform-independent meaning that 
construction of individual model elements 
can be made in a variety of modelling 
software, but with a required standardized 
export format. 

The model will in the first stages only include the Danish onshore, with the Danish offshore areas and 
Greenland being added later, but built with a similar general setup. 

As of now, 13 surfaces encompassing the deep succession from top of Pre-Zechstein (Permian) to the top 
of the Chalk Group (Danian; Paleocene) exist in a preliminary version and await import to the national 
model. Above this part of the succession the construction of two major tertiary surfaces and the top of 
the Pre-Quaternary surface is planned. The complex geology of the Quaternary will be built locally 
and regionally using layer-boundaries and volumetric cells that are not necessarily bound tightly to a 
Quaternary legend. This is due to general difficulties of correlating over long distances.

An important part of the national model is the databases. The model database is currently in the pre-
construction phase with focus on constructing an architecture that can contain all desired model elements 
and at the same time possess a flexibility that makes future amendments possible. Different visualization 
tools are being evaluated but no decisions have been made at this point.

Challenges

Modelling complex heterogeneous and geology
One of the main challenges when constructing a national geological model is how to model complex 
geology and heterogeneous successions. Especially the Quaternary succession is often highly complex 
and typically we only have a limited amount of detailed data and the data is often clustered. This leaves 

Figure 4. Legend of the Danish Pre-Quaternary 
succession
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us with a patchwork of small areas with high resolution and large areas outside with low resolution. If 
the area is very geologically complex we may understand the general architecture, but we will not have 
enough data to model it in high detail. This challenge can be met by constructing a model that can handle 
different scales with different degrees of detail, but not necessarily has a full geographical coverage with 
interpretations. We believe that a model like this will convey the actual status of the mapping and give a 
good visualization of where our knowledge is good and where it is poor. 

Keeping the model up-to-date
Another challenge is that whenever we make a model, chances are that the model will be outdated 
even before it is finished. On one hand there is the fast and on-going development in computational 
capabilities, modelling software and also constant improvements of modelling and mapping methods, 
and on the other hand the continuous emergence of new data. This means that we will constantly be 
confronted with the need to keep our methods and procedures up front and to having included the newest 
data. Therefore, there will be a need for strict versioning procedures including options for visualization of 
the hard data on which the new interpretations are based. 

Handling uncertainty
The issue of model uncertainty has been heavily discussed for many years, but when changing from 2D 
to 3D there is a growing demand from end-users that we can present an uncertainty assessment along 
with the model. This issue is highly complex and the challenges are numerous. One thing is how to assess 
the uncertainties of each dataset, but another is the challenge of assessing the uncertainties related to a 
combined dataset. Added to this is the challenge of handling both the quantitative and the qualitative 
aspects. It will be necessary to make an uncertainty assessment concept tailored especially for the national 
model and apply this to all model elements. 

Meeting the end-user needs
As described earlier it is important that the national model is attractive to a broad end-user community 
and this means that the national model should be able to provide the users with the model-output they 
are looking for. As the users are very different and as the model-download probably will be used for very 
different purposes, there may be specific user needs that standard model-outputs cannot meet. A way of 
handling this could be to distinguish between standardized off-the-shelf products and individually tailored 
products, but with all products being made from the same framework model. A standard product from the 
“3D Model Department Store” could for instance be a suite of nation-wide surfaces (in 1:200,000) to be 
used in a project dealing with regional or national assessments, whereas a tailored product from the “3D 
Custom Shop” could be a number of specific surfaces in a small urban area (in 1:25,000) supplied with 
lithology in volumetric cells in that specific area. In this way the 3D model construction procedures can 
be kept stringent while the model output can be more flexible in order to meet the end-user needs.

Organizing the work
A large undertaking as the construction of a national 3D geological model will require an organization 
that is capable of supporting a project of this size and complexity for a prolonged period of time. GEUS 
is an institution with many highly specialized researchers and the organization will need to provide 
the project with the required man-power and ensure that they have the required skills. But at the same 
time it is important that the project has a high level of research potential in order to be attractive to the 
researchers. Added to this is a need for a high level of collaboration between different departments.
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A national model of a certain complexity that shall be disseminated to a variety of end users needs a 
transparent construction process and needs to be well documented. Therefore we are in the process 
of describing workflows and procedures. These will in time also include guidelines for QA/QC. The 
documentation and descriptions of procedures and guidelines will be led by an editorial function in order 
to keep up a high degree of consistency.  

Funding
A prerequisite for making a national model is that stable funding is secured for a long period of time. 
This matter is still not fully resolved and different scenarios including user-financing are being discussed. 
A classic problem in this connection is that a national model might be difficult to sell before is has been 
made – especially when the construction process will span several years. 

Perspectives And Strategy
At this stage the contours of a unique nation-wide 3D geological model emerges. We have a large amount 
of data and numerous existing geological models that can serve as a platform for the model building. 

The short-term strategy is that we within the next 4 years will have: 

• Established an organization around the national model
• Established at least 15 key surfaces of the model
• Initiated the work on regional and local elements in the upper parts of the model
• Established and launched the database for the national model
• Established a beta-version of the web interface
• Described standards and procedures in a number of guidelines
• Established a dialogue with end-users
• Established a long-term financing plan

The long-term strategy is that we in 10 years will have:

• Finished modelling the major mapped areas with local/regional surfaces 
• Included the Danish offshore areas in the model
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