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TALKS – SESSION “3D geological modelling and the benefit for society” 

Recently, 3D geological modelling reached the Yellow Press in Switzerland, which underpins the importance 
of geological data for everyday life. Geological data is one of the foundations for the assurance of supply, 
civil protection, development of infrastructure or the supply of goods, where it plays a substantial role. 
Other topics such as waste disposal, georesource management, public health and hygiene, culture, civil 
engineering, etc. also heavily rely on geological data and information. 
Recently, 3D geological modelling reached the Yellow Press in Switzerland, which underpins the importance 
of geological data for everyday life. Geological data is one of the foundations for the assurance of supply, 
civil protection, development of infrastructure or the supply of goods, where it plays a substantial role. 
Other topics such as waste disposal, georesource management, public health and hygiene, culture, civil 
engineering, etc. also heavily rely on geological data and information. 
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3D geological modelling and the benefit for society: 

Extending the GeoTOP voxel model to the south-eastern Netherlands 

Jan Stafleu1, Jan Hummelman1, Renée de Bruijn1, Kay Koster1, Jelte Stam1, Denise Maljers1 

1 TNO – Geological Survey of the Netherlands, Princetonlaan 6, 3584 CB Utrecht, the Netherlands 

In 2006, TNO – Geological Survey of the Netherlands initiated the GeoTOP modelling program, aimed at 

constructing a detailed, national 3D geological voxel model of the shallow subsurface. We recently extended 

the model towards the south-eastern part of the country, reaching a coverage of 28,605 km2 (about 70% of 

the total land surface area; Fig. 1). GeoTOP schematizes the shallow subsurface in millions of voxels of 100 

x 100 x 0.5 m up to a depth of 50 m below MSL. Each voxel contains multiple properties that describe the 

geometry of stratigraphical units (layers), the spatial variation of lithology and sand grain-size within these 

units as well as measures of model uncertainty. The addition of physical properties to the voxels enables the 

deployment of the model for a wide range of applications that benefit society. 

Modelling is carried out in twelve model areas using a national database containing ~580,000 coded 

borehole descriptions and a context of geological maps created over the last few decades. The six existing 

model areas in the South-West, West and North of the country are characterized by a thick Holocene coastal 

wedge that is underlain by a stack of Pleistocene (sandy) units. The Holocene sequence includes thick 

occurrences of peat, which makes GeoTOP the de facto standard in predictive land subsidence studies. The 

model is also used in the estimation of ground motion acceleration caused by human-induced earthquakes in 

the Groningen gas field. The Rhine-Meuse delta in the central Netherlands is characterized by a complex of 

fluvial channel belt systems, which can serve as an analogue for hydrocarbon reservoir studies. 

In contrast to these model areas, the newly added model area in the south-east is characterized by 

Pleistocene deposits, dissected by faults bounding the Roer Valley Graben. Syn-sedimentary faulting 

resulted in a complex pattern of dipping strata. Building a voxel model that takes these tectonic features into 

account appeared to be to be a challenging task. The addition of hydraulic conductivity to the voxels makes 

the model applicable in groundwater flow studies in the south-eastern Netherlands. 

In the next couple of years, we will upgrade some of the older model areas in order to meet the requirements 

of the Key Register of the Subsurface (BRO) of which GeoTOP will become a part.  

 

Fig. 1: 3D view of the latest GeoTOP model area in the south-eastern part of the Netherlands. The voxels are color-
coded with 34 different Holocene and Pleistocene formations, members and beds. 



Some cross-border 3D geomodelling issues in the Netherlands and surrounding countries 

Hans Doornenbal, TNO-Geological Survey of the Netherlands, Princetonlaan 6, Utrecht. Email: 

hans.doornenbal@tno.nl 

Harmonization of geological data across geological, but especially across national borders is one of 

the most important work steps to create a base for trans-European assessments of resource 

potentials and possible conflicts of use of European subsurface. In the last years several “border-

discontinuities” have become obvious by a variety of 3D-modeling projects i.e. Southern Permian 

Basin Atlas project (2005-2010) in northwestern Europe and the various H3O-projects executed in 

the southeastern part of the Netherlands (2012-2019). 

In the GeoERA-project 3DGEO-EU (“Geomodelling for Europe”), which started in July 2018, will show 

in some cross-border pilot areas (northern onshore Dutch-German area and the Entenschnabel 

region), how harmonization across the borders can be established and maintained with the progress 

of the national models. In this project criteria and methods will be developed how to tackle 

differences in geological and geophysical interpretation e.g. stratigraphy, seismic interpretation, 

velocity-model, structural interpretation and the different methods of assessments across the 

borders. The final goal is to integrate existing regional and national geomodels into a harmonized, 

consistent cross-border geomodel. 

Several cross-border 3D geomodelling issues of the following pilot areas will be discussed: 

- In the northern onshore Dutch-German area a 3D geomodel of 12 main horizons (top 

Neogene-base Triassic) will be developed. In this area that is intensively used for both 

energy and groundwater usage, existing national models and geological features (structures, 

faults etc.) have to be harmonized.  

- In the Entenschnabel region, which covers the northwestern part of the German North Sea 

sector and the adjacent areas in Denmark and the Netherlands, a preliminary generalized 3D 

depth model has been built during October 2018 to March 2019 (see Figure 1). The model is 

based on 8 seismically interpreted horizons from near base Neogene to the base Permian 

Zechstein Group. The steps in the workflow will be discussed: inventorying discrepancies, 

merging time horizons of the 3 border areas, resampling at 250x250 grid resolution, 

checking for crossing layers, building velocity model and converting from time to depth.  

 

Figure 1 3D-view of the depth of the base of the Permian Zechstein Group, which is part of the 

generalized 3D model of the Entenschnabel region. Also several x-sections through the model 

are shown. 
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3D geological modelling in a seismic country: where are we now? 

Chiara D'Ambrogi1 

1 Servizio Geologico d'Italia - ISPRA, Rome, IT  

In a country characterized by high geological complexity, and affected by intense seismicity (e.g., 2009 - 

L'Aquila, Mw 6.3; 2012 - Emilia, Mw 5.6 and 5.8; 2016/2017 - Central Italy, max Mw 6.5 and four events of Mw 

> 5.0), several 3D models have been completed by the Servizio Geologico d’Italia (SGI) to answer the need 

for a better knowledge of subsurface geology. 

Since 2009 geological 3D models of large areas have been built, focusing on comprehensive 3D geology as 

mandatory input for the definition of the geometry and relations between faults. The areas hit by the most 

recent seismic events have been modelled giving a contribution to the characterization of active faults and 

seismogenic sources. These 3D models extend to a depth of up to 20 km, by integrating surface data with 

seismic reflection profiles, deep wells, and other geophysical data. 

Further, to better characterize faults and improve analyses based on 3D geological models, SGI designed 

workflows for: i) fault restoration for long-term slip rates calculation (Maesano et al. 2015), and ii) restoration-

and-decompaction also to measure elusive synsedimentary tectonic signal, as that related to compressive 

structures growing in subsiding basins (Maesano and D’Ambrogi 2016). 

One of the results of these activities is that well-defined 3D geological model in the Central Po Basin (GeoMol 

Project, 2012-2015) has provided new information on history of faults (e.g. blind or buried thrusts), and 

consequently contributed to the definition of new Seismogenic Sources, then added in the Database of 

Individual Seismogenic Sources - DISS (DISS Working Group, 2018). One of these, the ITCS049 Campegine-

Correggio, the August 21th 2018 generated a Mw 3.7 earthquake, with focal mechanism and geometrical 

parameters perfectly matching the 3D fault defined in the GeoMol Project. 

The use of 3D geological models as input for further seismotectonic studies needs a multi-disciplinary 

approach, where at least stratigraphy, structural geology, gravimetry, and seismology contribute to a 

comprehensive analysis. For this reason, collaborative projects become the way to obtain the best scientific 

results and the highest societal impacts.  

An example of this collaborative approach is the ongoing RETRACE-3D project - "Central Italy Earthquakes 

Integrated Crustal Model" (www.retrace3d.it), its main goal is the production of a new, robust, and of broad 

consensus 3D crustal model of the area (> 5,000 km2) hit by the 2016/2017 Central Italy seismic sequence 

(D’Ambrogi et al. 2018). The project gathers the multi-disciplinary skills of the Servizio Geologico d’Italia, the 

Italian National Research Council (CNR, IGAG and IREA), and the National Institute of Geophysics and 

Volcanology (INGV), with the active coordination of the Italian National Civil Protection Department, of which 

these research institutes are Competence Centers. The RETRACE-3D project activities are based on the best 

available geological, geophysical and satellite datasets, and benefit of the support of private oil companies 

(ENI and TOTAL) that kindly provided the seismic reflection profiles of the studied area.  

 

D’Ambrogi C., Buttinelli M., Di Bucci D., Scrocca D. and RETRACE-3D Working Group (2018): The RETRACE-

3D multi-data and multi-expertise approach towards the construction of a 3D crustal model for the 2016-2018 

Central Italy seismic sequence. SGI-SIMP Congress 2018, Abstract Book, 313. doi:10.3301/ABSGI.2018.02 

DISS Working Group (2018): Database of Individual Seismogenic Sources (DISS), Version 3.2.1: A 

compilation of potential sources for earthquakes larger than M 5.5 in Italy and surrounding areas. 

http://diss.rm.ingv.it/diss/, Istituto Nazionale di Geofisica e Vulcanologia; doi:10.6092/INGV.IT-DISS3.2.1.  

Maesano F.E. and D’Ambrogi C. (2016): Coupling sedimentation and tectonic control: Pleistocene evolution 

of the central Po Basin. Ital. J. Geosci., 135(3), 394-407. doi:10.3301/IJG.2015.17 

Maesano F.E., D’Ambrogi C., Burrato P., and Toscani G. (2015): Slip-rates of blind thrusts in slow deforming 

areas: Examples from the Po Plain (Italy). Tectonophysics, doi:10.1016/j.tecto.2014.12.007  
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3D model of a geothermal reservoir in fractured crystalline rocks and its use for science 

communication 

Sascha Görne1, Hermann Bunnes2 

1 Federal Institute for Geosciences and Natural Resources (BGR), DE-30655 Hannover 
2 LIAG Institute for Applied Geophysics, DE-30655 Hannover 

As part of the “GIGS“ project which involves the drilling of a 4.5 km deep research well for the estimation of 

fault-bound geothermal reservoirs, a detailed geological 3D model of the Schneeberg/Aue-Bad Schlema 

region is being developed. The model located in the German Ore Mountains is based on numerous data 

including 3D seismic measurements carried out in 2012 (SIKS project). 

The aim of the exploratory drilling is the traversing and characterization of a 1st order fault within Variscan 

granites. These are superimposed by metamorphic phyllites and quartz schists up to a depth of about 1,200 

m. Up to about 2,000 m depth, the granite surface can be traced in detail by drillings and mining outcrops. In 

order to obtain the best geological model in the target depth, the 3D vibroseis data were integrated.  

The model now can be used for both scientific applications and as a public relations tool to communicate the 

geological setting, possible drill paths or geothermal concepts to the public. 

 

 

Fig. 1: 3D geological model of the Schneeberg/Aue-Bad Schlema region. The picture shows the main geological 
structures: red = granites; green/blue = schists; outlined in red = main fault (created with SKUA-GOCAD©).  

 

References: 

[1] S. Görne, E. Lüschen, H. von Hartmann, H. Buness & A. Hiller (2019): Abbildung einer Vererzungszone im 

Umfeld störungsgebundener granitischer Geothermiereservoire durch 3D-Seismik; Jahrestagung Deutsche 

Geophysikalische Gesellschaft, 04.–07. März 2019 in Braunschweig; ISSN: 0344-7251 

[2] E. Lüschen, S. Görne, H. von Hartmann, R. Thomas & R. Schulz (2015): 3D seismic survey for geothermal 

exploration in crystalline rocks in Saxony, Germany; Geophysical Prospecting, p.1-15. 
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Shaky grounds – building a 3D model for the new Earthquake Hazard Map of Germany 

Stephan Steuer1, Volker Lorenz1  

1 Federal Institute for Geosciences and Natural Resources BGR, D 30655-Hannover 

For constructions in areas with a potential earthquake risk not only the strength and possibility of an earthquake 

needs to be considered, but also the nature of the subsurface. The engineering geologists divide the 

subsurface, below the building ground of 20 m thickness, into three different classes: “R” for solid rock, “T” for 

shallow sediment basins and transition zones, and “S” for deep sediment basins. These classes are closely 

related to the shear-wave velocities of the subsurface. 

The standards committee for building of the DIN (German Institute for Norming) decided to develop a new map 

for the geologic underground classes. The new map will cover a larger area and will feature a higher resolution 

than the old one. They gave the task of re-evaluating the old map to the BGR, with the Geological State 

Surveys (GSO) supporting the BGR by supplying the necessary data. BGR decided to found the new map on 

a 3D model which will provide the information for the different underground classes. In a first approximation 

the base of the Quaternary was chosen to represent the “T-class” and the Tertiary to represent the “S-class” 

and “T-class”, depending on the thickness. So the model will comprise the DEM (Digital Elevation Model), the 

base of the Quaternary and the base of the Tertiary as modelled horizons. The horizon data was provided by 

the GSO either as surfaces from their own geological county model, or as point data with a 1 km spacing. All 

data was compiled and the model was build using GoCAD by Emmerson. After the compilation thicknesses 

for the Quaternary and Tertiary were calculated and then the underground classes “T” and “S” will be defined 

(e.g. up to 100 m Quaternary = “T” up to 500 m Tertiary = “T” and more than 500 m Tertiary = “S”) and plotted 

as properties on the DEM. Areas where there is no “T” or “S”, are defined as class “R”. Finally, a new map for 

the distribution of the underground classes with a resolution of 1 x 1 km will be derived from that horizon model. 

The GFZ (Geofoschungszentrum) in Potsdam published a map1 with different zones of earthquake intensities 

in Germany. This map will be combined with our map of the subsurface classes to act as foundation for updated 

regulations by the standards committee for building. 

 

1Website: http://www-app5.gfz-potsdam.de/d-eqhaz16/index.html accessed 18/04/2019 
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Evolving demands for geoscience data in the UK: 3D geological modelling as response to 

change and driver of change  

Katie Whitbread1, Holger Kessler2, Helen Fallas1 

1British Geological Survey, The Lyell Centre, Research Avenue South, Edinburgh. EH14 4AP 

2 British Geological Survey, Environmental Science Centre, Nicker Hill, Keyworth, Nottingham. NG12 5GG 

 

Following 20 years of development in 3D capability, geological modelling is now becoming a key tool for 

geoscience investigation by the British Geological Survey (BGS). The diversity of geological modelling in BGS 

reflects the broad spectrum of drivers for geoscience knowledge to support the UK’s industry, environmental 

regulators, research sector and government. 3D modelling has been an essential basis for enhancing BGS’s 

responsive capability, making use of our wealth of existing data and information to derive targeted 

knowledge with relative efficiency.  

Data analytics and AI are providing further valuable tools for geoscience research, particularly for mining 

data from textual sources, and processing large datasets. Numerous convergent pathways between data 

systems and 3D and 4D modelling are emerging; from rapid processing of input datasets, to capturing of 

legacy structural or chronological information, to delivering 3D search tools to enhance user access to 

geological data. These advances continue to push forward our capability for developing advanced geological 

models. History shows that this is part of an ongoing responsive cycle - capability creates demand, and in 

turn, demand advances our capability.  

With our rich knowledge of digital geoscience data systems and the value (or ‘currency’) of data, BGS is now 

playing a central role in developing national strategies for geospatial data, both in the Scottish Government, 

and in the UK Government’s Geospatial Commission. As these processes (re)shape the landscape for 

geological data in the UK, BGS is positioned to ensure that valuable geological knowledge is embedded 

within future decision-making frameworks, and to make the most of new opportunities for advancing our 

capability and impact.  
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A New Book “Applied Multidimensional Geological Modeling: Informing sustainable human 

interactions with the shallow subsurface” 

Alan Keith Turner1, Holger Kessler2, Michiel van der Meulen3 

1 Colorado School of Mines, Golden CO 80401 USA 
2 British Geological Survey, Keyworth, Nottingham NG12 5GG, UK 
3 TNO – Geological Survey of the Netherlands, PO Box 80015, 3508 TA Utrecht, The Netherlands 

In 2015 the publisher John Wiley & Sons contacted the British Geological Survey to ask if they were interested 

in producing a new book on 3-D modeling, based on their experience with developing 3-D geological models 

in the UK. After considerable discussion, and with logistical and financial support from the BGS and TNO, a 

three-person editorial board was established to undertake a book proposal accepted by Wiley. This effort was 

announced to the geological modeling community at several conferences and a considerable number of 

contributors offered to provide materials for the identified topics. 

Over the past three years, the manuscript has evolved to include 26 chapters, including eight chapters that 

contain multiple case studies organized around application themes. The book has contributions from numerous 

geological surveys, government regulatory authorities, academic research institutes, and private-sector 

engineering firms. The editors have compiled these contributions to create a coherent, balanced, and 

comprehensive assessment of the technical issues surrounding the production and dissemination of geological 

models and their socio-economic benefits. The manuscript has just been transmitted to Wiley and publication 

is anticipated later in 2019. 

The book is focused on current best-practice solutions for developing and applying geological models to uses 

in the shallow subsurface, which is generally considered to be the upper 100-200 m. This zone is heavily 

utilized for many competing uses, especially in urban centers. Spatial planning has only recently begun to 

consider the conflicts that may result from increased subsurface use. The book does not include discussions 

on methods used by the petroleum and mining industries for deep or off-shore explorations and it does not 

extensively explore integrated environmental models because they are still in very early stages of 

development. The book does include discussions on how geological models relate to the needs of varied user 

communities, how models can be disseminated to, and used by, diverse audiences, and how future 

applications may evolve. 

Within the shallow subsurface, the relevance of geological subsurface information to achieving greater 

efficiency and resilience within public sector initiatives and promoting cost savings when managing state 

owned infrastructure has resulted in increased use of geological subsurface models for: (a) hydrogeological 

assessment of water resources, (b) assessment of geothermal resources, (c) assessment of environmental 

hazards, (d) provision and replacement of transportation infrastructure, (e) evaluation of construction 

aggregate resources, (f) improved response to a variety of geohazards, (g) archeological and historical 

preservation of cultural sites, and (h) the general sustainability of urban areas under climate change scenarios. 

The book is organized to appeal to a diverse audience, including: 

 Engineering contractors and consultants responsible for civil infrastructure renewals and investigations 
throughout the world, 

 Governmental administrative or regulatory agencies whose activities are influenced by subsurface 
conditions, 

 Students in geology, geography, urban or regional planning, civil engineering, and associated fields such 
as economic, financial or legal interests, who have an interest in using subsurface geological models and 
information, and 

 Researchers needing a definitive source for state-of-the-art knowledge about subsurface model creation 
and management. 

The book provides a citable source that documents the current capabilities of several geological surveys and 

other practitioners that are already producing multidimensional geological models. These groups employ a 

variety of approaches developed in response to local geological characteristics, historical data collections, and 

economic, societal, and regulatory requirements. The book provides a “shop window” describing the value of 

3-D geological information to a variety of stakeholder communities. 
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3D facies modelling based on particle size distributions of borehole data. A case study of 

georesource management in the city of Munich 

Alberto Albarrán Ordás1, Kai Zosseder1 

1 TU Munich, Chair of Hydrogeology, Geothermal Energy Working Group, Arcisstr. 21 80333 Munich, Germany 

The city of Munich is located in the North Alpine Foreland Basin. The Quaternary glaciofluvial coarse-grained 

gravels and the fluvio-lacustrine successions of the Upper Freshwater Molasse (OSM) constitute the topmost 

formations up to depths of several hundred meters. In this depth range the near-surface hydrogeological 

conditions are crucial to strategic management of the groundwater resources (e.g. domestic and drinking 

water, geothermal installations) and the planning of underground infrastructures (e.g. tunneling). Especially 

the great heterogeneity characterizing the OSM deposits constitutes an additional challenge. 

In this context the Chair of Hydrogeology of the TU Munich has developed a methodology for 3D facies 

modelling in glaciofluvial geological environments which allows different user-specific approaches. In this 

continental facies environment the particle size of the sediments represents a differentiated feature over the 

whole sedimentary system. This methodology includes the quality control and the inconsistency analysis of 

the borehole database according to DIN Standards. All lithological components in the drilling intervals are 

quantified and interpreted by means of their virtual grain-size distribution. This leads to a lithofacies 

interpretation at different percentiles of the distribution and allows the calculation of different empirical 

parameters for each drilling interval for further parametrization if needed. The interpreted lithological data are 

then used for facies modelling with the Sequential Indicator Simulation (with LVM) approach. 

The modelling results consist of a final facies model and the corresponding probability models for each 

lithofacies type for the entire municipal area of the city of Munich. This contributes to a better understanding 

of the thickness and extension of the aquifers, their lithological configuration and interconnectivity. Moreover 

a set of user-defined models based on the different D-values (percentile of the grain size distribution) enables 

to provide different optimistic and pessimistic scenarios for a given application. 

 

Fig. 1: Facies Model in the City of Munich. Detail views of D40 and D60 facies models and aquifer assignment to existing 
piezometers and wells. 
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Geological tunnel-mapping using a photogrammetric method and geomodeling in the Opalinus Clay 
of the Mont Terri rock laboratory, St-Ursanne, Switzerland 

David Jaeggi1, Senecio Schefer1, Christophe Nussbaum1, Paul Bossart1 
1 Swiss Geological Survey, CH 3084-Wabern 

We present our experience with a new system for geological documentation and subsequent modelling 
augmented with preliminary geological data from the new part of the Mont Terri rock laboratory. Since initial 
excavation of the security gallery of the Mont Terri highway tunnel in 1989, every 10 years or so, the Mont 
Terri Project partners have excavated new and extended existing galleries and niches in the Opalinus Clay. 
Currently, 700 m of galleries and niches are being used for experiments. In March 2018, we began the 
excavation of another 514 m of galleries and niches at the southern end of the existing rock laboratory. This 
extension will be finished in October 2019. As operator and scientific partner of the Mont Terri Project, 
swisstopo has been responsible for the geological documentation of the rock laboratory. Previously geological 
descriptions, e.g. structural measurements, had to be done in the unlined and unstable part at the tunnel front. 
Now, swisstopo uses an innovative photogrammetric system for contactless and completely georeferenced 
digital mapping (ShapeMetrix™). With this system, a calibrated camera is connected over a wireless ad-hoc 
link to a toughpad, where geological mapping can be done at a safe distance from the tunnel front. Back in the 
office, the photos are loaded into the software and together with picked reference points we create a 
georeferenced 3D-Model of the tunnel surface. The 2D map from the toughpad is loaded and wrapped onto 
the 3D-Model so that geologists can refine and finalize the mapping. Swisstopo uses this data, for example, 
to refine the geological model of the Mont Terri rock laboratory in Move™ (Fig. 1) and to generate reliable 
maps of shotcrete thickness, an important quantity for quality control of construction works. 

 
Fig. 1:  Modelling of geological surfaces in Move™ for a part of Gallery 18 as a basis for the overall geological map of the 

Mont Terri rock laboratory (view towards SW, Gallery height is 5 m). 
 
 

Jaeggi, D., Schefer, S., Raselli, R., Galletti, M., Nussbaum, C. & Bossart, P. (2020 in prep.): Geological 
documentation of Gallery 18 and new niches including updated geological model and map of the rock lab, 
Mont Terri Technical Report, TR2018-04, Federal Office of Topography (swisstopo), Wabern, Switzerland. 
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Developing a geo-observatory and 3D geological model to support subsurface heat recovery and 

storage 

Patton, AM1, Farr, GJ1, Boon, DP2, Kendall, RS1, James, L1, Thorpe, S2, James, DR3, Coppell, L2, 

Scheidegger, JM.2, Watson, C2, Tvaranavicius, P2, Holden, A1, Self, SJ2, Schofield, DI4 and Talbot, JC5 

1British Geological Survey, Cardiff University Main Building, Park Place, Cardiff. CF15 7NA. U.K., 2British 

Geological Survey, Environmental Science Centre, Nicker Hill, Keyworth, Nottingham. NG12 5GG. U.K., 
3Cardiff Harbour Authority, Queen Alexandra House, Cargo Road, Cardiff. CF10 4LY. U.K., 4British 

Geological Survey, The Lyell Centre, Research Avenue South, Edinburgh. EH14 4AP. U.K., 5British 

Geological Survey, Maclean Building, Crowmarsh Gifford, Wallingford, Oxfordshire. OX10 8BB. U.K. 

The subsurface Urban Heat Island effect provides an opportunity for low enthalpy heat recovery and storage 

in cities with shallow aquifers. Using the subsurface to recover and store heat will help to reduce our 

dependency on fossil fuels and meet climate change targets. However, there are significant challenges and 

knowledge gaps to address in order to sustainably develop and regulate heat in the urban subsurface.  

The ‘Cardiff Urban Geo-Observatory’ has been established to address many of these challenges. The geo 

observatory comprises a city-wide 3D geological model, 100 temperature sensors installed in 62 boreholes, a 

city-scale subsurface heat map, and a novel shallow open loop pilot ground source heat pump (GSHP) system. 

The geo-observatory has been measuring groundwater temperature, primarily in the target Quaternary sand 

and gravel aquifer, for over four years and is the largest of its kind in the UK. Downhole groundwater 

temperature profiling has also been carried out to characterise the 3D distribution of heat through the aquifer.   

A city-scale 3D geological model was created using GSI3D to enable geological characterisation of Cardiff and 

its aquifers, support the uptake of GSHPs and aid wider development needs within the subsurface. This 

allowed temperature data to be viewed in context and provided insight into the nature of the target aquifer. The 

model, which is also populated with geotechnical data, was created from 1330 borehole logs held within the 

National Geoscience Data Centre, BGS mapping and geological expertise. 340 cross sections were created 

during the modelling process to form a fence diagram from which surfaces have been calculated. 

Building on this work, a city-scale hydrogeological model is under development using surfaces from the 3D 

geological model. The hydrogeological model will be used to understand groundwater and heat flow at a city-

scale and enable greater understanding of the long-term impacts of GSHPs on the surrounding aquifer, and 

on interactions between competing uses of the subsurface. 

The 3D geological model and temperature data have been made available via an open-access web portal 

(www.UKGEOS.ac.uk) to enable planners, developers, industry professionals and academics to view the data 

and use it to make informed decisions about the subsurface. Geo-observatories provide an evidence-base that 

can support the sustainable development of the subsurface, including the use and regulation of shallow 

geothermal energy. The establishment of the Cardiff geo-observatory and development of its 3D geological 

model are presented here, together with experience of how this has already informed decision making within 

the local authority. 

 

Fig. 1: Locations of groundwater temperature sensors in the Cardiff Geo-observatory (Patton, et, al., 2019 [Submitted]) 
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St. Gallen / GeoMol 3D models - Analysis of Fault Displacement / Length ratio - 

Bastien Delacou1, Lance Reynolds1 

1 Swiss Geological Survey, CH 3084-Wabern 

Fault scaling shows that fault displacements and fault lengths are generally linked. Their relationship is defined 

as � = � . �
� where D and L are Displacement (max throw) and Length (in map view) of the fault and n and c 

are the power law exponent and the scaling ratio. In the GeoMol 3D model, it has been used to extend faults 

from observations along sparse seismic lines, or to study the possible linkage between those, with n = 1 (linear 

relationship) and c = 0.05. 

The St. Gallen 3D model, produced from 3D seismic data for the geothermal project in 2010 (City of St.Gallen 

/ St.Galler Stadtwerke, 2010), is used here to study this relationship. It consists of 86 faults affecting Mesozoic 

horizons, modelled without D/L ratio technique, where fault displacements and lengths can be quantified. It 

shows that it integrates well in the general (worldwide) trend of linear D/L relationship, with a scaling ratio of 

0.02. However, the quantification of inferred fault lengths from displacements measured along faults shows 

that faults could have been extended more laterally (Fig 1). 

In conclusion, for future integration of 3D models, it can be proposed to use this D/L ratio technique to infer 

fault geometries (lengths) where data is sparse. 

 

Fig. 1 Circles indicate the lateral fault extension per horizon and measured fault heave (left) along the modelled fault plane 
(right) based on the D/L ratio. In this example, the DF/L ratio suggests that the fault could be extended to the NE and SW. 
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Geological Survey of Finland: Steps from seamless mapping towards a National Geological 3D-

framework 

Eevaliisa Laine1, Heidi Laxström2 and Jussi Ahonen3 

1Geological Survey of Finland, Bedrock Construction and Site Assessment; FI-02151 Espoo Finland 

2Geological Survey of Finland, Bedrock Construction and Site Assessment; FI-67101 Kokkola Finland 

3Geological Survey of Finland, Groundwater; FI-02151 Espoo Finland 
 

The Geological Survey of Finland (GTK) has systematically mapped the geology and Earths resources of 

Finland over the last 100 years. From the 1980’s all of the field observations have been stored in a GTK 

database. The map sheet based approach was replaced in 2005 by a seamless bedrock map database, which 

was recently developed further towards a system of nationwide thematic layers, which are compatible with the 

(IUGS-CGI-GeoSciML) standards. The 3D-modelling and -mapping has emerged with developing 

technologies, and 3D is now gradually becoming the mainstream in description and conceptualization of 

geology. As a logical step forward, in 2017 GTK started preparation for a National Geological 3D-framework 

of Finland. 

 

The surficial geology mapping process was completely renewed after the emerging of LiDAR imagery. The 

Quaternary mapping program was replaced by modern glacial terrain mapping that was conceptually 

influenced by glacial dynamics of the Fennoscandian ice sheet. The new mapping process and production of 

thematic Quaternary maps is complemented by modelling (2.5D and 3D) of the subsurface associated with 

groundwater and urban geological research. GTK has also a long tradition of geophysical modelling and more 

than 20 years of experience with ore deposit scale 3D-modelling. Belt scale bedrock modelling has been tested 

in several locations. The Onkalo Project (Bedrock 

Repository for Nuclear Waste) has been a test bench 

for Engineering Geology 3D applications. 

 

GTK has during the last ten years developed a vision 

and a national approach for production, storage, and 

services for all interpreted geological data (e.g., maps 

and models). A modern information system for all 

corporate data (primary and interpreted 2D/3D) with a 

well-organized and structured database is a major 

asset for the long-term relevance of GTK as a science 

based agency. The solid data framework increases 

both efficiency of processes and quality of the end-

products in all activities (contracted projects/customer 

solutions, GTK mapping processes, and science 

overall).  

 

References: 

 

Laine, E., Luukas, J., Mäki, T., Kousa, J., Ruotsalainen, A., Suppala, I., Imaña, M., Heinonen, S. Häkkinen, T. 2015. 

Fennoscandian Shield, Part 2: The Vihanti-Pyhäsalmi area. In: Weihed, P. (ed.) 3D, 4D and predictive modelling of mineral 

belts: European resources under cover. Springer Verlag. 

 

Picture 1.  Mine scale 3D model from Pyhäsalmi mine. Mine 

shaft (blue frame) is 1430 m deep. Model viewing direction 

from south (yellow: altered felsic metavolcanics, purple: 

massive sulfide ore; for details see the reference: Promine 

project, Laine et al., 2015). 
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In 2014, the government-funded project “Subsurface Potentials for Storage and Economic Use in the North 

German Basin” (shortly named TUNB = Tieferer Untergrund Norddeutsches Becken) was launched by the 

Federal Institute for Geosciences and Natural Resources (BGR) and the Geological Surveys of the north 

German federal states. The main goal is to develop a harmonised 3D subsurface model covering the area of 

the North German Basin (NGB) as part of the Central European Basin System. 

The NGB mainly subsided after a phase of rift volcanism during the Permian and Triassic. Tectonic and 

halokinetic movements in the late Triassic and Jurassic led to formation of subbasins and resulted in 

numerous, partly complex salt structures of different size and orientation. Inversion tectonics with anticline 

formation dominates the late Cretaceous and early Tertiary. The basin contains important crude oil and gas 

deposits, mainly in the western part. Mesozoic sandstones, which were deposited in fluvial-deltaic systems in 

the eastern part of the NGB, have good reservoir qualities and can be used as source for deep geothermal 

heating systems or in natural gas storage projects.  

The 3D model of Mecklenburg-Western Pomerania covers the northeastern part of the project area. 13 major 

lithostratigraphic layers between the bases of Zechstein and Rupelian, numerous tectonic faults and salt 

diapirs are modelled on basis of more than 750 deep wells and about 2,500 seismic lines, which were mainly 

drilled and measured during the last 60 years of oil and gas exploration. As the model area is with c. 

25,000 km2 rather large, the modelling is done stepwise. 

First, collaborative 3D modelling was applied in the border regions to neighbouring federal states. Typical 

reflector horizons that mark lithological surfaces close to stratigraphic boundaries were correlated with 

borehole profiles and modelled using the SNS workflow of SKUA-GOCAD. Salt diapirs and faults were 

mainly modelled by hand. Major problems occurred along the former inner German border due to varying 

seismic interpretations based on different velocity models. Differences in elevation up to 230 m had to be 

eliminated by harmonisation procedures. Furthermore, large faults or complex fault zones crossing borders 

were simplified and adjusted. 

Up to now half of the subsurface model of Mecklenburg-Western Pomerania could be finished (Fig. 1). 

Eleven salt diapirs and 35 Mesozoic supra-salt faults, which can be traced more than 5 km, were modelled. 

The next steps comprise modelling of the complex Western Pomeranian fault system in the NE using 

reprocessed seismic lines and adjustment of the model horizons in the border region to Poland within GEO-

ERA. In future, the model may help politicians and decision makers in underground space management. 

 

Fig. 1: 3D model of Mecklenburg-Western Pomerania with horizons from base Zechstein to base Middle Jurassic. 
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During 80-years long history of the Slovak Geological Survey, an uncountable number of geological surveys 
were carried out and subsequently archived, mostly in an analogous way. The part of a digital processing of 
the obtained data is the data archiving in a central database, 2D/3D georeferencing, data mining and creating 
some 2D synthesizing geological maps. Making 3D models of the geological objects is a relatively new branch 
of geology in our institute. The individual activities have been mainly focused on modelling of recoverable 
reservoirs of the mineral deposits, hydrocarbon or geothermal reservoirs and as well as geological modelling 
of local areas as Neogene basins or contamination sites. Due to the worldwide popularity of 3D geological 
modelling in the last decades, a new department was established 3 years ago. Presently it faces of a huge 
challenge of developing a 3D geological model of Slovakia in scale 1:500 000.  

The presentation aims at the case study on modelling of Cenozoic base in the Inner Western Carpathians, as 
the most important modelled layer for the running project. The main input for the relief modelling were very 
dense points with elevation data obtained from digitalised isohypses of the pre-Tertiary relief map (Plančár et 
al., 1985).  

We will demonstrate preliminary result obtained by using an innovative methodology called moving 
geostatistics. In general, traditional geostatistical algorithms are based on a variogram model, which describes 
the changes of the spatial variability of a studied phenomenon under the assumption of stationarity and 
constant variogram parameters. In practise, this assumption has many limitations in case of a complex 
structural pattern or if a studied area becomes very large. Unlike a traditional geostatistics, moving 
geostatistical methodology considers a local optimisation of structural parameters of a variogram model such 
as range of influence, sill, anisotropy orientation, etc. or selection parameters that are tied to the moving 
neighbourhood like radius, number of angular sectors, data points surrounding the target and other.  

We will present the modelling workflow and a comparison of the result of application moving geostatistics 
based on the local optimising of the anisotropy ellipse rotation to the one obtained by a traditional geostatistical 
approach based on using global anisotropy model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plančár, J., Ibrmajer, J., Fusán, O. (1985) Map of pre-Tertiary basement relief in Inner Western Carpathian, 

1:500 000. Geologický ústav Dionýza Štúra. Bratislava. 

 



  

 
 
 
 
 

 

TALKS – SESSION “The 5th dimension: Model certainty and reliability” 

Certainty is the new uncertainty! How can certainty of a model be computed, visualized, delivered and 
conveyed to the client? Societal awareness of the underground (incl. 3D geological data) is steadily rising. 
Geologists play an important role as knowledge facilitators between their playground and the citizen’s 
backyard. What are the newest and most promising approaches to act responsibly?  
This session covers all the aspects, results and findings related to certainty modelling, predictive modelling 
approaches, workflows, instruments, tools etc. Despite these topics having been under debate for a long 
time, their recent developments are as important as never before. 

 
 
 
 
 
 
 
 
 
  



 
The 5th dimension: Model certainty and reliability 

On the perfect partial (un)certainties of Dutch geological models 
 

Willem Dabekaussen, Jan Hummelman 
 
Geological Survey of the Netherlands - TNO 
 
The Geological Survey of the Netherlands builds and maintains several geological models in the 
shallow domain (with a maximum depth of 500 meters), based mainly on borehole information. 
Making a geological model requires more than blind interpolation of such point data. Setting up a 
sound stratigraphic framework is essential, for which many boreholes are labelled both manually 
and automatically. The construction of a stratigraphic 3D model also requires the addition of 
information based on expert geological knowledge such as the location of paleo-valleys, general 
geological trends in data-sparse areas, and depositional extent of sediments. Building on the 
stratigraphic model we can start to populate models with all kinds of information, including 
lithology, hydraulic parameters (e.g. conductivity), or other parameters based on client’s needs. 
  
As we aim to provide all our models with an estimation of uncertainty, we define uncertainties for all 
abovementioned aspects. Users of our geological information can now consult the uncertainty of the 
top, base and thickness of stratigraphic layers, as well as that of lithology and hydraulic parameters. 
However, it is questionable to what extent the uncertainty information is used . To fully understand 
the uncertainty of a specific parameter, the uncertainty of the underlying stratigraphic model should 
be considered as well, as it propagates into that of the parameter . 
 
Our recent work on quantification of model uncertainty was focused on the validation of our 
uncertainty estimation. Using cross-validation techniques, we were able to show exactly how certain 
we are of our uncertainty estimation! Keeping this in mind, we have to realize that currently, we 
solely calculate the uncertainty arising from spatial interpolation of point data. This may seem 
unfair, as there are many more contributions to the overall uncertainty of our models: lithological 
descriptions of borehole sediments, stratigraphic interpretation of borehole records, added 
geological knowledge, location of faults, etc. 
 
There is no doubt about the future of uncertainty at the GSN. We will have to deliver a more 
complete assessment uncertainty, where more of its sources are incorporated (both the uncertainty 
of interpolation and of all used data), while the uncertainty of any parameter should also 
incorporate the uncertainties of any model it is based upon. 
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Some thoughts on the visualization of 3D geological models and their uncertainty 
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3D Visualization is important in order to communicate to customers and stakeholders or to the public the 3D 

geological models generated. Depending on the anticipated audience, the visualization should be presented 

in such a way that is easy to understand and intuitive. While this might be worth a discussion in its own right, 

the issue becomes even more complicated when not only the model itself needs to be shown, but also the 

certainty with which the subsurface is known. As part of a work package within the GeoERA – 3DGEO-EU 

project, different options to visualize this uncertainty are evaluated, and example data sets and workflows 

explaining the use of the suggested methods for 3D geological models will be provided in the near future.  

We will discuss different visualization options for certain geological models which are part of the standard 

geological modelling packages, such as Gocad or Petrel, and discuss some problems that arise with the 

different visualizations. We will than show how this visualization might be improved and be easier to 

understand by using volume visualization, a technique that is common in medical visualization and for the 

visualization of 3D seismic data, but less commonly used for 3D geological models. Further we will discuss 

how bi-directional transfer functions (color tables) could be used for augmenting the shown 3D geological 

model with the information on how certain the position and orientation of a shown structural feature is. 

The examples given have been generated and pre-processed using Gocad and have been visualized using 

the publicly available software Paraview for scientific visualization. The methods described are thus principally 

available to the 3D modelling community for free. However, in order to really investigate models and data 

interactively using Paraview and the suggested methods, some extensions would be needed for the 

visualization software itself and optionally also for its incorporated ray-tracer Ospray. 

 

 

Fig. 1: Example visualization of a 10 x 20 km large volumetric model in the German North Sea (described with more detail 
in Zehner, 2018), indicating uncertainty that might be due to the fact that the precise position of the interfaces (horizons 
and faults as surfaces) is not known. In reality the uncertainty of the model has not been assessed and has been generated 
in order to demonstrate the method by assuming a standard deviation of 100 m orthogonal to the interfaces (horizons, 
faults) and so by “sliding” a bell curve (probability density function) along the interfaces.  

 

 

Zehner, B. (2018): Constructing a volumetric model from a complex 3D structural pilot area in the German 

North Sea Sector, Proceedings of the RING Meeting 2018, Nancy, France, pp. 177-184. 



  

 
 
 
 
 

 

TALKS – SESSION “Advances in research and software development” 

Research and industry push continuous advancements in 3D modelling. Recent improvements with respect 
to methodologies, processes, large scale modelling approaches, as well as practical software development 
continuously make their way into to practical application of 3D geological modelling. 
This session allows insights into new results of fundamental or applied research, while covering 
methodologies, process modelling, field data acquisition, implicit and explicit modelling, back coupling 
between 2D and 3D data, etc. 
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3D geological modelling of high resolution geophysical data (tow-TEM)  

- a case study with focus on groundwater flooding  

Anders Juhl Kallesøe1, Peter Sandersen1, Flemming Jørgensen2, Per Rasmussen1, Torben Sonnenborg1 

1 Geological Survey of Denmark and Greenland (GEUS), 2 Central Denmark Region 

 

The town of Sunds, situated by a lake in the central part of Jutland, Denmark, experiences increasing 

groundwater levels resulting in groundwater flooding during the winter period. Due to renovation of sewage 

pipes and increasing precipitation, Sunds is likely to be even further exposed to rising groundwater levels in 

the near future. In order to handle the challenges related to the rising groundwater table, a detailed 3D 

geological model was needed.  

A key dataset in modelling the near surface geology in the study is the newly developed geophysical tow-TEM 

system (Auken et al., 2019). The tTEM system is a scaled-down version of the airborne TEM-system which 

allows for mapping of the upper parts of the subsurface in unprecedented detail. The tTEM system consists of 

a non-metallic frame towed behind an ATV. The system collects EM data with a high spatial density (line 

spacing is 25 m) and is able to map resistivity contrasts down to approx. 50 m of depth. The method has a 

relatively small footprint with a spatial resolution of 3-10 meters, which makes geological mapping of three-

dimensional structures on small scale possible. 

600 acres of tTEM field data on land and additional data lines on the nearby lake has been interpreted and 

implemented in a 3D geological voxel model with a discretization of 25x25x2 m. The data reveals a complex 

Miocene geology disturbed by glacial activities and sandy outwash deposits from the Late Weichselian above. 

In addition, the data points to neotectonics as a contributing factor in the formation of the lake. 

The presentation will focus on how the tTEM data has been co-interpreted with borehole data and other 

geophysical data (seismic, GCM, single site TEM and DCIP data) and how the acquired geological detail has 

been addressed in the modelling process. 

The geological model constitutes the basis for a groundwater model with special focus on management of 

groundwater levels and sensitivity of streamflow to changes in groundwater head. 

The European Regional Development Fund (Interreg program) funds the TOPSOIL 

project. The project has partners from Denmark, Germany, The Netherlands, United 

Kingdom and Belgium.  

 

Auken et al. (2019): tTEM - A towed transient electromagnetic system for detailed 3D imaging of the top 70 m 

of the subsurface; Geophysics, Vol. 84, No. 1, January –February 2019   

Figure 1. 3D interpretation of Miocene clay and the pre-Quaternary surface 
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Delivering 3D models in country wide scale on the web 
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Since more and more data is becoming available 3D geological models tend to cover larger areas and 

consist of more details. This require an adequate handling and management of such models on the one 

hand but also a possibility to transport the final models to the end users. For several years GiGa infosystems 

has been developing GST Web as one platform in order to display 3D geological models in a modern web 

browser. Whilst working with several customers such as Swisstopo, Landesamt für Umwelt in Bavaria and 

others the amount of data to be displayed kept growing. In order to be able to deliver a viewable output of 

any big model techniques like level of detail have been reviewed and implemented for triangular irregular 

networks. 

Already available tools like the X3DOM backend provide means in order to display large data. The 

techniques are called level of detail or in particular in the case of X3DOM Pop Geometry. In order to take 

advantage of these advanced loading techniques a geometry needs to be made available in a certain format. 

One method to divide a geometry into several LODs automatically is called quantization. Moreover, the 

geometry will be clustered specifically. 

With both the clustering and the quantization the geometry is divided into many parts which in turn have 16 

different LODs. This allows to switch to a certain LOD for each part individually allowing to display features 

very close to the user’s eye in a high detail whilst leaving features which are far away from the user’s eye in 

a low detail. Overall this help to minimize the amount of points and triangles which need to be handled by the 

system’s graphics card allowing to view even country wide 3D models on low end machines like laptops or 

even tablet devices. 

Figure 1 shows the GeoMol18 Model of Swisstopo which covers almost whole Switzerland (~41.000 km²). 

Yet while zoomed out to the overview only around 4 million triangles and 5 million points are being displayed. 

This allows still to get an overview of the geology in Switzerland. Figure 2 show the same model but zoomed 

in and viewing from NE in the direction of SW. The amount of ~ 12 million points and ~15 million point allows 

to display even small-scale features of the geometry. 

Future work will involve the development of similar level of details also for gridded models and further 

geometry types such as tetrahedra networks. 

 

 

Figure 1 Overview of Swisstopo’s GeoMol18 Model 
displaying ~4 million triangles and ~5 million points. 

 

Figure 2 Zoomed in view of Swisstopo’s GeoMol18 Model 
displaying ~15 million triangles and ~12 million points. 

 



  

 
 
 
 
 

 

TALKS – SESSION “Trends and innovation” 

Research and industry push continuous advancements in 3D modelling. Recent improvements with respect 
to methodologies, processes, large scale modelling approaches, as well as practical software development 
continuously make their way into to practical application of 3D geological modelling. 
This session allows insights into new results of fundamental or applied research, while covering 
methodologies, process modelling, field data acquisition, implicit and explicit modelling, back coupling 
between 2D and 3D data, etc. 
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Geotechnical Data Standardization for BIM – From MINnD to IDBE Geotech 
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Building Information Modeling (BIM) aims at proposing a better management, update and sharing of data 

regarding a construction during its lifecycle from conception to demolition. 

Several software vendors propose solutions to offer their users such capacities. Yet this mostly rely on 

specific proprietary formats. The data structure is then constrained by those formats, and users can only 

access their data through the interfaces proposed by one software. 

In order to tackle this lack of interoperability, organizations such as building Smart International (bSI) 

proposed to develop software independent formats for BIM. This initiative called openBIM aims at defining 

standards to describe the building information and facilitate their exchange. In the meantime, similar initiative 

was launched in the Geographical Information System (GIS) world, with the creation of the openGIS, 

supported by the Open Geospatial Consortium (OGC).  

In 2014 in France, the MINnD project was launched to extend the capabilities of the existing IFC standards 

from bSI to deal with infrastructure modelling such as road, highway, railway, etc... One major challenge for 

enabling openBIM for infrastructure, is to handle the data heterogeneity that can be associated to both the 

CAD and GIS tools. 

The MINnD UC8-GT focused on the description of the environment of an infrastructure, especially tunnels. In 

a construction project, this mission is endorsed by the geotechnical engineering team. Its objective is to 

propose a comprehension of the ground and also to help defining solutions to validate or enhance the project 

sustainability. Members of the geotechnical team collect data on the field and in existing databases, build an 

interpretation of the subsurface organization and propose representations of it that can be in 3D. 

The MINnD UC8-GT team made some proposals for the structuration and the furniture of geotechnical data 

in interoperable standards. The proposal mostly rely on the reuse and extension of existing data models 

developed and supported under the umbrella of the OGC (eg. GeoSciML, GroundWaterML2) or recognized 

by the geotechnical community (AGS). 

In addition, several proposals were made to connect CAD and GIS and take advantage of their respective 

strengths. This lead to the creation of IDBE Geotech, a joint working group between OGC and bSI to 

commonly define and experiment geotechnical data standards for openBIM and openGIS. 

This presentation propose an overview of current activities of those two groups: MINnD Geotechnics and 

IDBE Geotech. 

 

 

Useful links:  

MINnD official website: http://www.minnd.fr/en/ 

IDBE Geotech homepage: https://github.com/opengeospatial/IDBE-Geotech 

GeoScienceDWG homepage: http://external.opengis.org/twiki_public/GeoScienceDWG/WebHome 

http://www.minnd.fr/en/
https://github.com/opengeospatial/IDBE-Geotech
http://external.opengis.org/twiki_public/GeoScienceDWG/WebHome


Interest of accurate 3D Geomodels for Geotechnical Projects and Interoperability between 
Geology and BIM  -  Part 1 : Benefits of Geomodeling for Infrastructures and Industrial Sites 

 

Jean-Marie Léonard,    / Business Unit Large Structures, Water, Environment and Energy 
 

 

We have been using GDM (BRGM GDM Suite) for 20 years to incorporate 3D geological and geotechnical 
models into our civil engineering projects. These projects include linear infrastructures (motorways, high-
speed railways and subways) and industrial platforms (factories, harbors, airports, dams and power stations) 
in France (metropolitan and overseas) and in several foreign countries (Portugal, UK, Indonesia and Kenya). 

Historically our first projects have been realized in the early 2000s for French Motorways and for a section of 
East European High-Speed Line in Lorraine. The GDM Geotechnical models set up on enabled us to get the 
longitudinal profile and some cross sections to show the Jurassic formations, the interfaces of the layers and 
the boreholes with their data. This information was used to locate the unmapped faults and transfer the limits 
of the layers to an EGIS proprietary software: CUBATOR to calculate the volume of the different materials 
layer by layer. This was done for for each cut along the project. These results are taken into account to 
optimize the detailed design of the civil engineering project and for the earthworks management plan.  

It is not easy to build a 3D geomodel along a linear infrastructure. Indeed, the boreholes are mainly drilled 
along the project axis and we have deep drilling for the cuts and only trial pits for the fills. In France, the 
BRGM boreholes database and the geological maps (CHARM-50) are helpful to complete the information.  

In the particular example of the A304 motorway in Ardennes, the geological boundaries have been taken into 
account with GDM-Multilayer. The Pliensbachian and Toarcian clays are difficult to distinguish. As we could 
characterize their interface in the 3D model, the samples of both formations were separated and the Proctor 
compaction tests showed that the Pliensbachian clays were reusable with a 2% lime treatment whereas 
those of the Toarcian remained swelling and should be to put in deposits. 

 
Figure 1 : from left to right: The A304 motorway on the geological map - Taking into account of Geological boundaries 

under GDM - Longitudinal Profile  showing the limit Toarcian / Pliensbachien and the superficial layers. 

Another example of the interest of integration of an accurate geological map, and a fine analysis of the 
boreholes data and geophysical data on several cross sections, was emphasized by a Geomodel build on 
the Hinkley Point site in UK. The lithological stack used for the model is based on the different subdivisions 
of the Sinemurian and Hettangian according to biostratigraphic criteria (Ammonites biozones). This 
methodology allows to precise the correlations between boreholes intervals and to refine the 3D geomodel 
which geomodel shows a complex tectonics with a lot of faults. A less accurate model would be obtained if 
we would have considered only the Jurassic levels as an unique formation of limestone. Our models are 
used to make technical analysis with finite element computation software like Flac-3D (Itasca). 

 

 
Figure 2 : 3D views of the geological model of the nuclear central station of Hinkley Point, Somerset, UK. 

Recently we build a preliminary 3D geological model for a new project of subway line. This model was 
successfully transferred toward Autodesk Civil 3D and others BIM software using the RESQML V2 format 
and two new software developed by EGIS and GEOSIRIS that we are also presenting at this meeting.  
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BIM and geological data at the Swiss Geological Survey, status and outlook 

 
Philip Wehrens1, Stefan Volken1, Andreas Möri1 

1 Swiss Geological Survey, CH 3084-Wabern 

Building Information Modelling (BIM), a digital representation of physical and functional 

characteristics of a facility, has found an increased use in the construction industry for planning, 

designing, construction and operation of buildings and infrastructure. It provides a platform for shared 

knowledge throughout the lifecycle of a building.  

Furthermore, the BIM method will be mandatory for all federal agencies from 2021 for real estate and 

from 2025 for infrastructure projects. Additionally, geological subsurface data provide important 

information on subsoil issues (geotechnics, hydrogeology), material management (e.g. excavation 

planning) and contaminated sites and has major influence on cost and schedule planning as well as 

the safety aspect in construction projects. Therefore, geological information is an essential part of the 

building lifecycle and has to be integrated into the BIM method. 

Geological data and information comes from various sources (wells, outcrops, maps, cross-sections 

and 3D models) and various disciplines (geotechnics, hydrogeology, etc.). The only way an integration 

of geological data into the BIM method is possible is by standardizing geological data. Such 

standardized data can successively be “mapped” to a corresponding BIM (IFC) definition. 

An integration of geological data to BIM is currently most feasible for well data, as long as the data is 

available in a layer-based and well-structured data model established in the geology scene. One 

example is the AGS format (Association of Geotechnical & Geoenvironmental Specialists), which has 

been widely used in Great Britain for years, prompting the software industry to implement an interface 

between the AGS drilling database and BIM-enabled CAD software. In Switzerland, the sovereignty for 

well data lies with the cantons, which makes it difficult to implement a uniformly structured well data 

model. At swisstopo, a recently developed well data model was applied to record geological data 

available in six pilot regions of the GeoQuat project. These data are used to generate geological and 

parametric 3D models of unconsolidated rocks. Currently, the investigation is limited to a joint 

visualization of the data and to the spatial query or analysis of these data (see Figure1). In 

collaboration with industry and university (the GEOL_BIM project), we are working towards case-

specific data models for data and 3D models with a mapping towards IFC. Here, the aim is to have the 

relevant geological data requested by the industry (Model View Definition) directly in the BIM project 

itself via IFC. 

 

 
Figure 1, Visualization of subsurface building elements and geological information (wells, cross-sections, 
groundwater table) taken from GeoQuat. 

 

Experts with different backgrounds must be able to communicate and exchange data with each other 

as efficiently as possible when collaborating in urban planning. Visualizing the data in the third 

dimension, as a first step, can certainly improve a common understanding. In order to effectively 

integrate geology into the BIM method, standardized data and models are needed, as well as an 

assessment of the geological accuracy of data and the uncertainty of 3D models. 



Interest of accurate 3D Geomodels for Geotechnical Projects and Interoperability between 
Geology and BIM  -  Part 2 : Interoperabilty with RESQML Builder and RESQML-CAD 

 
Jean-Marie Léonard 1, Beiting Zhu-Colas 2 & Jean-Francois Rainaud 2 

1   / Business Unit Large Structures, Water, Environment and Energy (www.egis-group.com) 
2  GEOSIRIS (www.geosiris.com) 
 

 

EGIS is engaged in a BIM approach for all these civil engineering projects. The RESQML V2 format [1] was 
chosen as no IFC components are designed to transfer geological and geotechnical 3D models. We use 
RESQML V2 format to communicate between GDM-Multilayer and Autodesk Civil 3D and we are developing 
two programs named RESQML Builder and RESQML-CAD (written respectively in JAVA and C#.NET). By 
using this standard, other geomodeling sofware can be connected also to the Autodesk sofware suite. 

 

Figure 1: General schema of the 
interoperability system between 
geology and Autodesk Civil-3D. 

RESQML Builder reads the 3D 
models produced by GDM-
MultiLayer, the boreholes data 
and the laboratory tests shared 
and used with GDM and also 
the DTM and other project 
surfaces exported from the Civil 
engineering project. 

RESQML Builder converts the different models of a same project and all their data into RESQML V2 format. 
The different interpretations of each horizon (top, bottom and profile) are transferred in the RESQML files with 
a triangulated surface representation associated to their outer and inner boundaries. The faults are also 
transferred as subvertical triangulated surfaces. The boreholes are transferred with their multiple interpretations 
(lithological, geological, geotechnical, etc.) with a code, a short and a complete description of each run. 

RESQML-CAD is a plug-in for Civil 3D. It reads the RESQML files and draw the horizons, the faults and the 
boreholes in 3D. The user can choose the earth model and the interpretation for each geological object. The 
colors of the layers and the boreholes are those which have defined by the GDM color pallets. Moreover, for 
the needs of the BIM, additional metadata are also added automatically to each object as elements of Property 
Sets. Our system can transfer and draw any type of borehole trajectory: vertical, inclined, horizontal and 
deviated. Our 3D drawing saved in DWG format can be imported by other Autodesk BIM applications 
(Navisworks and Infraworks) without loss. The rendering with these software is impressive. 
 

 
Figure 2: The EGIS Gold-Mining project: It is an imaginary project based on real boreholes of all types crossing a gold 
vein very inclined and intersected by a vertical fault. On the left the geomodel seen with GDM (edited by BRGM). In the 
center, the same model with same view under Autodesk Civil-3D. Right, 2 other screen captures with different angles. 

In the future, we are going to add new functionalities to RESQML-CAD for drawing fence diagrams and the 
logging curves along the boreholes projected on 2D cross-sections. 

One of our other objective is also to develop interoperability towards GIS software using RESQML standard. 

[1] Zhu-Colas, B. & Rainaud, J.F. - RESQML V2 A data Exchange standard for Earth Model Descriptions 
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Digital twin:  buzz word or paradigm change for geological modelling? 

  

François Robida1 

1 BRGM – Orléans, France 

 

By tradition, 3D geological models are built from observations (outcrops, boreholes, geophysics…), through 

geological interpretations (conceptual geological, lithostratigraphic pile), in order to represent as accurately as 

possible the geological understanding (including history) of the subsurface. Those numerical models 

(geometric and parametric) are then used through simulation tools to describe the impact on the subsurface 

of a natural (earthquake…) or anthropic event (oil and gas extraction, mining, CO2 storage, transfer of 

pollutants…).  

In the industry, digital twins are now considered as a “digital replica of a living or non-living physical entity”, 

that are built according to usage specifications, to reproduce accurately the behaviour of the physical entity.  

In other words, they are specified for the users’ needs. When data can be collected from the physical entity 

during its life though sensors / IOT, those data will be used to improve the efficiency of the digital twin through 

AI technics. 

If we can consider that this user driven approach has been used for some domains of geoscience modelling, 

it is not yet possible to combine the geological models with the built infrastructure that is in interaction with it 

(ie tunnel, geothermal installation…) in order to create a seamless “digital twin” of the “natural + man made” 

entities. Such digital twins are now required to help decision making for “critical” underground usage, in order 

to assess their performance, their security, and long-term behaviour. They are also (if not primarily) important 

for facilitating the dialog between stakeholders. 
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Artificial intelligence – New technologies facilitate data preparation for 3D geological modelling 

Roland Baumberger1, Nils Oesterling1, Marcel Pfiffner1 

1 Swiss Geological Survey, Seftigenstrasse 264, CH 3084-Wabern 

For many decades, the Swiss Geological Survey (SGS) has been collecting and receiving geological reports, 

maps, cross section, logs, scientific thesis etc. either from own surveying campaigns or from third parties. The 

original documents were microfilmed and digitised or (at a later stage) digitally photographed. Today, the entire 

archive (~45’000 documents) is available in digital format, mostly as PDF files. However, JPEG, TIFF and 

ASCII formats are also present. The corresponding metadata is stored in a database and comprises at least 

keyword-based summaries in text fields. Single records are therefore available as semi-structured entries 

only,which are, most importantly, not complete. In summary, these documents are not systematically stored in 

a structured way. 

The SGS encounters a situation where both content and scope of the documents are unknown. Consequently, 

it is not possible to make any qualitative or quantitative statements on content, scope or subject. Only the title 

allows drawing conclusions on the documents content. In addition, the number of different data types contained 

therein (maps, cross-sections, borehole logs, parameter tables etc.) is only poorly known, depending on data 

entry guidelines, the operators self-conceptions or geological knowledge changing over the years. 

In order to unravel the full potential of this treasure chest for the production of maps and models, the SGS 

decided to apply artificial intelligence technologies to its digital archives. The application of e.g. Machine 

Learning, Computer Vision or Natural Language Processing will allow e.g. a) to automatically search and 

classify reports according to their semantic content; b) to automatically extract different datatypes from single 

documents, store and analyse them; or c), at a final stage, to automatically generate borehole layer 

descriptions from borehole logs, which can directly be stored in a database. 

Although being at the beginning of this journey, first results are promising. For example, it became clear that 

the currently applied OCR process, which is the fundamental basis for any further progress, is showing high 

error rates compared to other algorithms available. First tests with standard settings regarding the automatic 

recognition of borehole logs within 3000 sample pages (based on the orientation of lines), resulted in a 

detection rate of over 97%. Furthermore, semantic analysis using the “Text Frequency – Inverse Document 

Frequency” approach (again with standard settings) successfully allowed retrieving a meaningful geological 

characterization of reports within the training data set (see Fig. 1). 

Next steps will comprise semantic and/or optical analysis of the data types extracted – as well as tweaking 

and improving the algorithms. For example, work will focus on the extraction of data in machine-readable 

formats for updating existing databases. 

The presentation will review the existing data basis (which might likely be similar to other GSOs), will focus on 

the corresponding first results and will give an outlook on the next steps planned until the end of this year. 

 

Fig. 1: “Text Frequency – Inverse Document Frequency” analysis on drilling reports results in their meaningful geological 
characterization based on key words.  
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Trends and innovation – Automated interpretation of boreholes and cone penetration tests 

Denise Maljers, Jan Gunnink1, Jan Stafleu1 

1 TNO – Geological Survey of the Netherlands, Princetonlaan 6, 3584 CB Utrecht, the Netherlands 

 

TNO – Geological Survey of the Netherlands (GSN) develops and maintains a suite of four subsurface models. 

The GeoTOP voxel model is our most detailed model with a coverage of ~70% of the Netherlands. This detail 

is made possible by using all borehole data available meeting our quality criteria and by inserting as much 

geological knowledge as possible for example by reusing existing maps and other publications as well as 

newly developed geological conceptual models. 

Using all available borehole data however asks for automated interpretation procedures, because of the vast 

amount of data available (~500.000 coded borehole descriptions stored in our national database). We have 

created an interpretation toolbox programmed in Python to ensure a standard method. With this toolbox we 

are able to stratigraphically interpret lithological intervals in boreholes using their position in the XY and Z-

direction, the assumed stratigraphic superposition of geological units and the lithological properties of the 

described interval. By doing so we hugely enlarge our dataset of stratigraphically interpreted boreholes, and 

we eliminate subjectivity within the stratigraphic interpretation.  

Cone penetration test data (CPT data) is commonly acquired in the planning stage of infrastructural works. 

Along line elements such as railroads and motorways a spacing of ~25 m is typical. In the Netherlands, this 

kind of data therefore vastly outnumbers the available boreholes. Up till now, CPT data was not used for the 

modelling of subsurface geometries and properties. We have recently demonstrated that by using Artificial 

Neural Networks we are able to interpret CPT data into facies units using a combination of cone resistance, 

friction ratio and depth. This interpretation together with the automated interpretation of boreholes forms the 

input data for a detailed subsurface model. In addition, the lithological composition within the model is 

determined by using a simple lithological interpretation of the same CPT data by using the so-called three 

type-rule in combination with lithological borehole information.  

By using automated procedures we can use more data than ever before. This enables us to make more 

detailed subsurface models. However using more data of which the interpretation has not been manually 

checked asks for (partly automated) quality procedures to ensure overall quality.  

 

Left figure: Interpretation of CPT data by Artificial Neural Network in search for a specific facies “wadzand” (sandy tidal deposits). Left 
column: red line; interpretation by a specialist of “wadzand”, blue dots; probability of 0-1 for “wadzand”. Middle column: cone resistance. 
Right column: friction ratio 
Right figure: Illustration of the automated procedures for the interpretation of small river valley deposits taking into account the position of 
the borehole, the stratigraphic superposition of units and the lithological properties of the intervals. 
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The need for automated workflows for the integration of regional 3D geological models 

Katrijn Dirix1, Jef Deckers1, Lorenz Hambsch1, Tom Van Haren1, Roel De Koninck1, Bernd Rombaut1, Katrien 

De Nil² 

1 VITO, Flemish Institute for Technological Research, Boeretang 200, BE-2400 Mol, Belgium. 

² Bureau for Environment and Spatial Development - Flanders, Koning Albert II-laan 20 bus 8, BE-1000 

Brussel, Belgium. 

 

From 2014 to 2018, VITO has been building a new 3D geological model of the Flemish subsurface for the 

Flemish Government, called the ‘G3Dv3-model’ (Deckers et al., 2019). Within the framework of this project, a 

total of 117 geological units (formations and members), ranging from the Palaeozoic up to the Quaternary, 

were modelled.  

 

The construction of these models was a challenging task. Parts of the model were constructed in a full 3D-

environment (SKUA-GOCAD), while other parts were based on a combination of newly modelled, existing and 

updated 3D layers. The existing layers originated from hydrogeological models, the previous 3D geological 

model of Flanders, cross-boundary (hydro)geological models of the Cenozoic and local Quaternary voxel-

models, all with a different lateral and vertical extent. Not only did the models have to be integrated into the 

new framework, several of them also had to be further detailed (stratigraphic level of members), extended into 

depth (up to the Palaeozoic) or locally corrected due to new geological insights. In addition to the latter factors, 

also differences in stratigraphy (in cross-boundary projects), vertical and horizontal resolution, used software 

and other methodologies complicated the integration of new and existing models. Next to the modelling itself, 

also the generation of the end products posed a challenge: a large number of derivative 100x100m raster 

maps (top, base and thickness) and a number of shapefiles (boreholes, geographic extents, isopachs, fault 

intersections, etc.) needed to be produced, all in an INSPIRE-compliant format. Hence, a total of more than 

1500 maps needed to be generated.  

 

To handle the data integration for all these units from different projects and the finalisation into consistent maps 

and derived data, a series of automated workflows were developed. Firstly, the modelled geological layers and 

faults were inserted in a PostGIS database system as point sets and TIN surfaces respectively. Storing the 

data in this way allowed for fast processing and easy cross-comparison of the modelled units. Next, an 

automated workflow (mainly developed in python) performed the following tasks: 

1) Combine raster layers of different models by interpolating across a buffer zone. 

2) Use a set of logical rules to combine the input data, consisting of either top-, base- or thickness 

surfaces, into a consecutive set of top- and base layers for each of the modelled units. 

3) Intersect 3D fault planes with the modelled layers and fill in fault gaps. 

4) Detect modelling errors by cross evaluating the modelled units (no layer crossings or layer gaps) and 

by comparing borehole interpretations with actual modelling results. 

5) Make the model consistent from top to bottom (no negative or zero thicknesses). 

6) Transform the modelled units into the required derivative maps and layers 

For the complete model, the workflow had a computation time of ca. 48h and generated a total of more than 

20 000 files and 34.5 GB of output data. The followed approach proved very valuable to produce this type of 

integrated regional models. In addition to the obvious benefit of efficiency gain, the methodology was 

particularly advantageous to check the integrity of the data and ensure reproducibility of the model. 

 

Deckers J., De Koninck R., Bos S., Broothaers M., Dirix K., Hambsch L., Lagrou, D., Lanckacker T., Matthijs, 

J., Rombaut B., Van Baelen K. & Van Haren T., 2019. Geologisch (G3D) en hydrogeologisch (H3D) 3D 

lagenmodel van Vlaanderen – versie 3. Studie uitgevoerd in opdracht van het Vlaams Planbureau voor 

Omgeving, departement Omgeving en de Vlaamse Milieumaatschappij. VITO-rapport 2018/RMA/R/1569. In 

review. 



  

 
 
 
 
 

 

TALKS – SESSION “Data dissemination, data infrastructure and data management” 

The emerging importance of 3D geological models parallels the need for innovative approaches and 
powerful solutions for data dissemination. In our role as earth science professionals in a public service or as 
a consultant, one of our most important tasks is to communicate our work and its results to clients or the 
general public. Convincing communication depends on reliable data and therefore standards, 
infrastructure, visualization and access possibilities. What are possible business models for effective 
communication? Which infrastructure do we really need? What is best practice in data management? Are 
there any further prerequisites for these topics? What can we learn from other disciplines? 

 
 
 
  



 

5th European Meeting on 3D Geological Modelling, Bern, May 22nd – 24th 2019 

Build-up of a geological 3D-infrastructure 

Robert Pamer1, Iveta Atanasova1, Elisabeth Lutterschmid1, Stephan Sieblitz1 

1 Bavarian Environmental Agency (LfI) – Geological Survey, D 86179 Augsburg 

Having been modelling geological subsurface in 3D at the Bavarian Environment Agency for more than a 

decade now modelling itself has evolved into a well-established technology. The challenges have moved from 

technical and software-specific issues to those about data management, updating models, server processes 

or standards for model exchange. Web technology is a central part of the wheelwork as it facilitates multi user 

access, central maintenance and software-independent access also from outside the survey organization. 

While any geologist instantly agrees that geology is fundamentally a 3D science the acceptance of 3D 

technology has to be seen as a long-term process within the geological department. Like a spider web all 

relevant base data is connected between each other as well as to the model outcome. Very often interpretation 

is needed as the raw data leads to manifold conclusions. This makes any model individual with respect to the 

modeller’s knowledge and choice of parameters. The paradigm of complying with FAIR-data principles 

(findable, accessible, interoperable, re-usable, Wilkinson et al 2016) can only be fulfilled by consequent 

application of standards for data description, model description and model storage.  

During the process of transition from 2D via 2.5D to 3D data management some strategic key lessons have 

been learned:  

 Accepted and enforced thesauri for all concepts used are most important requirements 

 IT expertise within the geological department is essential 

 Field geologists are more 3D oriented  than expected (depending on the technology at hand) 

 Staffing has to be large enough in order to push ahead each topic 

 Digitalization campaigns enforce data models and structured data storage 

 The benefit of structured documentation comes with metadata, reporting and automatization 

Base data is recognized as being maintained exclusively in its proprietary host systems. Thus, processes had 

to be defined for re-using that data at different scale and aggregation levels (fig. 1). 

 

Fig. 1: Conceptual (local) stratigraphic chart is mapped onto model units for different scale levels. This introduces 
additional information about the characteristics of the units’ boundaries. 

 

A database keeps track of the collection of base data (e.g. borehole, maps, sections etc.), processing steps, 

model area, reports and results for each model. Some additional descriptive metadata has to be typed in by 

the modeller before ISO-conform XML for metadata and structured model reports are generated as drafts. 

These are fundamental pre-requisites for internal and external publication by web-based systems (fig.2). 
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Fig. 2: A set of surfaces are visualized in a web-based 3D-database directly in the web browser. Queries, 

analyses (sections/virtual boreholes) can be performed interactively. 

The data infrastructure has already shown positive impacts on the data itself as well as on workflows: 

 All geological data is recognized as part of a consistent description of a common subsurface volume. 

 International standards (e.g. code lists) are favoured over local solutions but had to be completed with 

missing details. 

 International cooperation has encouraged own developments and strategies. 

 Base data is revised in a holistic sense and therefore quality improved.  

 IT-technology is used for knowledge transfer, team communication and project reporting 

 Stratigraphic units and fault names are transformed into web 3.0 (Semantic Web) format. 

 Models can be traced back to its base data and processing steps. 

Wilkinson et al (2016): The FAIR Guiding Principles for scientific data management and stewardship – 

Scientific Data. Volume 3. 
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GEUS’ 3D Geological Model Database, version 1.0x  
A central database to store 3D geological models 

Christian Brogaard Pedersen1, Marianne B. Wiese1 
 

1Geological Survey of Denmark and Greenland (GEUS), Department of Data & IT 
Øster Voldgade 10, DK-1350 Copenhagen K, Denmark 

 

In the context of GEUS’ 3D Strategy 2012 – 15, there has been an ongoing development of a 3D model database with 
the aim of storing all of GEUS' official 3D geological models, regardless the tools and the proprietary data format from 
which they originate from. The database has been designed to meet a platform-independent standard that can secure 
data in the future and make it possible to better share the models internal and external (Figure 1). 

 

Figure 1: A central database to store all of GEUS’ official 3D geological models regardless the tool from which they originate. 

The database will facilitate the development of a national 3D geological model of Denmark in the period 2018 – 25. The 
data model had to be capable of storing models and their development history and all the associated features, attributes 
and geometry with a versioning management system. The database would also be the new central storage facility for 
other upcoming 3D model projects as well as updating GEUS’ existing 2.5D model database. 

The assessment of a platform-independent storage facility for 3D geological models was done with the best suited 
technology in mind including open source possibilities. In the early project stage, a conceptual model was defined that 
describes what a 3D digital geological model is and what it consists of with all its related geological principles and 
properties. Based on this, a data model was developed where a test and implementation phase of various import and 
export scenarios was performed to validate the most suitable technology for our model storage. 

The database is based on the object-relational PostgreSQL database with the open source PostGIS extender for spatial 
and geographic objects. Another extension used is the pg_pointcloud which is original for storing point cloud (LiDAR) 
data. The point cloud extension gives the database a unique possibility to store non-fixed dimensional data as well as 
storing billions of points with multiple dimensions for various geological and geophysical properties. The same 
technology is also used to store the definitions of other regular and irregular geometries like grids, voxels, TIN mesh, 
tetrahedral etc. 

By this the database can store almost all kinds of geometries representing different geological features and their 
properties. Through open standards like REST services, the database can on-the-fly present the indexed model data and 
its parameters through a visualize representation in a web-browser by using WebGL technology. 
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RESQML V2 A data Exchange standard for Earth Model Descriptions.  

Beiting Zhu-Colas, Jean Francois RAINAUD 1  
1 GEOSIRIS (www.geosiris.com),  

Background: 
RESQML is the petroleum industry-defined data-exchange standard used in exploration and 

production (E&P) to transfer earth models between software applications in a vendor-neutral, open, 
and explicit format.  

Last year, during the 4th Meeting of the European 3D Geomodeling community we reported that 
the Energistics consortium have published from 2015 the RESQML Standard which is used by the 
Petroleum Industry to exchange 3D Information across the geo-modeling subsurface work flow. 
We have also presented how RESQML now also defines precise classifications of data objects and 
relationships between them to create a knowledge hierarchy for subsurface features, human 
interpretations of those features, the data representations (topology and geometry of those 
interpretations), and the properties indexed onto those representations.  

Today a lot of company proprietary and vendor software in the petroleum E&P domain 
implemented RESQML import and export facilities in their commercial product. By example Total, 
Shell and Exxon Mobil have proprietary implementations and Emerson/Paradigm, Emerson/Roxar, 
DGI, CGM, IFP En and even Schlumberger have commercial Implementations. 
Objective / scope of the presentation: 
This year we would like to show how RESQML is handling the knowledge embedded in a 
geological consistent Earth model interpretation description, how we started to use it for the BIM 
and how we can envisage using it for data exchange and for data dissemination. A practical 
experimentation of the RESQML Standard was realized with the EGIS geotechnical Company in 
order to communicate Geological information to Autodesk/Civil3d. A specific presentation will be 
conducted by EGIS geotechnics on this subject. 
For this talk, the first objective is to present the particularities of the work achieved.by the 
Energistics members.  Not only the data model published, but the philosophy behind, the methods 
and tools used and the relationships between this work and other initiatives. 
We will specifically detail how RESQML V2 can handle and persist the relationships between 
individual geologic feature like horizons, stratigraphic limits, stratigraphic units and geo-body, faults 
and well information with structural, stratigraphic and fluid organization. On top of these 
organizations an Earth Model Interpretation concept will ensure the consistency of the whole 
information exchanged.  
The second Objective will be to present the benefit the geo-modelling community can take from 
these initiatives:  
First Step:  The 3D geomodelling community could start to test and implement the standard in 
order to exchange and disseminate 3D geo-models. By example Use this standard for data 
dissemination could be a pragmatic and practical solution.  
Second Step:  The 3D geomodelling community will be also welcome to participate to advanced 
initiative like data management in the Cloud, use of WEB services through the ETP data access 
(Energistics transfer protocol) and setup new workflows defined by semantic activities.  
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How to make 3D geological models FAIR – the unloved metadata and the Sematic Web 

Gerold W. Diepolder1 and Lisa Lutterschmid1 

1 Bavarian Environment Agency (LfU) – Geological Survey, D-86179 Augsburg 

After more than a decade of producing digital 3D geological models and model applications tailored to the 

requirements and scope of a wide range of projects, we identified the increasing importance to further develop 

an IT- and geo-information infrastructure that supports integrated data storage (Pamer & Atanasova 2019) and 

the barrier-free data availability to facilitate knowledge sharing. Fundamental to achieve the latter is making 

our models and associated data sets FAIR – Findable, Accessible, Interoperable, and Re-usable (e.g. 

Wilkinson et al. 2016), exploiting the functionalities of the Semantic Web. 

The key for making information findable is discovery metadata. Well established for 2D geographic information 

and services, ISO 19115 provides information about the identification, the extent, the quality, the spatial and 

temporal schema, spatial reference, and distribution of digital geographic data. This standard is not yet 

adjusted to 3D geo-models. It lacks an input option for the key information clients might search for, the 

lithostratigraphic units modelled, the gist of 3D geological models. ISO 19115, though, allows the indication of 

multiple keywords thus making possible a workaround through tagging all modelled geological formations in 

KeywordTypeCode:stratum.  

Furthermore ISO 19115 provides various data items serving to make datasets accessible by describing the 

mode and constraints for distribution. Open disclosure geo-models can be furnished with a dataSetURI for 

direct retrieval via web services, and distributionFormat to ensure beforehand that the client has available the 

suitable equipment for model exploitation. Models being subject to data privacy, as stated in accessConstraints 

and useLimitations, can be made available upon request via the distributorContact, in recognition of the case 

specific terms of use. 

The approach discussed has been recognized by the OCG and is proposed for interoperability tests within the 

OGC/CGI-IUGS GeoScience Domain Working Group. Also its application is foreseen for the 3D geo-models 

prepared within GeoERA http://geoera.eu/ which will be specified in the European Metadata Catalogue 

http://www.europe-geology.eu/metadata/. However, making the information entailed in geo-models truly 

findable and re-usable, supporting measures are necessary as lithostratigraphic keywords are just empty 

shells if not underpinned by a controlled vocabulary that glosses related terms as well. 

Lithostratigraphic subdivisions are standards with limited areal validity evolved from regional approaches 

reflecting regional peculiarities and are subject to semantic changes in historical evolution of terms. Such 

geological interpretation terminologies are virtually impossible to harmonize as pluralism of terms is fact-based, 

well-established and has been used in geoscientific publications over decades.  

Rather than attempting to harmonize lithostratigraphic concepts, the present approach is to elucidate the 

differences by contrasting juxtaposition of these concepts as collated in general legends and used for tagging 

discovery metadata. Linked to external classification schemes and using semantic triples in the Resource 

Description Framework (RDF) data model (https://en.wikipedia.org/wiki/Semantic_triple) allows for the 

straightforward comparison of the geological interpretation terminologies. Once embedded in a Semantic Web 

(https://en.wikipedia.org/wiki/Semantic_Web) exploiting the functionalities of the Simple Knowledge 

Organization System (https://en.wikipedia.org/w/index.php?title=SKOS) and using unique web addresses 

(URIs), such controlled vocabularies can be related to other web resources like code lists of established 

definitions and standards thus constituting a comprehensive web-based thesaurus of geoscientific concepts. 

The Linked Open Data Semantic Web will be the scaffolding of the GeoERA project vocabularies as part of a 

comprehensive web-based knowledge base as well as the German GSO’s lithostratigraphic concepts thesauri 

network in the making. 

Pamer, R. and Atanasova, I. (2019): Build-up of a geological 3D-infrastructure. 5th European Meeting on 3D 
Geological Modelling, Bern, May 22nd – 24th 2019, Abstracts. 

Wilkinson, M.D. et al. (2016): The FAIR Guiding Principles for scientific data management and stewardship. 
Scientific Data 3, 160018. DOI: https://doi.org/10.1038/sdata.2016.18  
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Updating and organizing data for basement model of Estonia – bringing data to 3D 

Tavo Ani and Tõnu Meidla 

Department of Geology, Institute of Ecology and Earth Sciences, University of Tartu, Ravila 

14a, Tartu 50411, Estonia, e-mails: tavo.ani@ut.ee, tonu.meidla@ut.ee 

Estonia is a part of the juvenile Svecofennian Domain of the Fennoscandian crustal megablock. 

The Estonian Paleoproterozoic and Mesoproterozoic basement was formed during 1.93-1.54 

Ga (Kirs et al., 2009). It consists mainly of gneisses and granites. Except for the intrusive 

bodies, the rocks are deeply metamorphosed and migmatized.  

The rocks and structures of Estonian basement were intensively studied in 1970s and 80s. 

These rocks are covered with 100-700 m of sedimentary bedrock and data was obtained both 

from drill cores and geophysical investigations. Today the information from more than 460 

drillcores is of free access (the borehole database of the Estonian Land Board website). The 

data set contains also information on heights of the top of basement. This database is the most 

extensive source of Estonian drill core information but it’s still insufficiently characterizing the 

complex faulting pattern of the basement structures (fig. 1). There is also a number of 

publications on the results of geophysical studies (Sildvee & Vaher 1995 and references 

therein) that allow to bring structural complexes and faults into the model (fig. 2). 

So far there have been no attempts made to integrate all available data or create a unified model. 

The aim of this work was to gather all available information from literature and available 

databases and use it for creating an up-do-date model (fig. 3). It shows more features than any 

other information source and displays evidence of impact craters and tectonic structures (faults, 

placanticlinals in North Estonia) in a format that can be used as a base surface for the 3D 

sedimentary bedrock model.  

 

 



 

Figure 1: Crystalline basement surface: interpolated results based on the data from borehole 

database (Estonian Land Board, 2017). 

 

Figure 2: Seismicity and structure of Estonia and surrounding area, with basement faults and 

elevations  (based on Sildvee & Vaher, 1995) 



 

Figure 3: Integrated results based on all available data sets. Legend – see fig. 1. 
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3D geological modelling: An assessment of web-viewers 
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The advancement of interactive web mapping tools has brought opportunities to communicate and share 

knowledge in new ways. However, the level of usability and utility of mapping services provided by research 

institutions may need attention (Roth et al, 2017).  

There have been numerous attempts by most major Geological Survey Organizations (GSOs) to provide on-

line visualization of 3D geological models. So far there has been no wide assessment of the usability and utility 

of the available geological 3D web viewers. Following the presentation about usability of 3D geological models 

(Bang-Kittilsen, 2018) at the 4th Meeting of 3D Geological Modelling, there was a cooperative initiative 

launched to begin to fill this gap. The goal was to present an overview of 3D web viewers produced and 

maintained by GSOs and propose a structured analysis to test their effectivity. The assessment should be 

carried out by the individual GSOs and made public. A questionnaire was distributed to the participants of 4th 

Meeting of 3D Geological Modelling, after the meeting, and respondents provide us with links to web viewers, 

target user groups and goals. The survey resulted in 14 responses, which are presented in the poster.  

 

 

Fig. 1: A 3D web viewer from The Geological Survey of Norway (2019) showing bedrock profiles and maps is one 
example of an interactive web maps that are hard for non-experts to navigate and extract information from.  

 

Further assessment of the GSO 3D web viewers should be performed with a representative group of users 

performing typical tasks, many common and thereby comparable between the GSOs. This can be done 

through controlled laboratories tests or in-situ, using well-tried methods such as eye-tracking, thinking aloud 

and task performance (more references in here is needed). The tests should be accompanied by qualitative 

studies; for example, interviews and document content reviews, of users and their tasks (Roth et al 2017). 

 

Bang-Kittilsen, Ane (2018). Oral presentation: Increasing the usability of 3D geological models through 
applying user-centered design principles, The 4th Meeting of 3D Geological Modelling, Orleans, France. 
 
Geological Survey of Norway (2019), URL: 
http://geologi.maps.arcgis.com/home/webscene/viewer.html?webscene=80add414f9994798955ce469bbc54
2b3. Visited 190401. 
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Korpi, Lokka, Ismini, Mendonça, André, Ooms, Kristien & van Elzakker, Corné P.J.M. (2017) User studies in 
cartography: opportunities for empirical research on interactive maps and visualizations, International 
Journal of Cartography, 3:sup1, 61-89. 
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Ras el Ain major spring water flows with an average of 70L/s, due to its artesian character, through an E-W 

kilometric barrier hidden fault, this fault takes place at the immediate immersion limit of the conglomeratic 

Miocene, under the marly Miocene with gypsum and sandstone, this last is covered by a calcareous and 

dolomitic coarse conglomerates dated as Quaternary (Saletian).  

The water springs through two open Quaternary diaclases, passing by the described E-W fault, the Quaternary 

and Miocene of the north fault compartment, abut against the limy Turonian, and partially the calcareous and 

dolomitic Cenomanian of the South fault compartment, consequating the ascendance of confined water under 

pressure by artesian discharge. 

Two distinctive probable origins are responsible of supplying this artesian barrier spring water, on the one hand, 

the North flank’s western side of the central bulging, which is responsible for the main part of the infiltrated 

water. The Miocene’s undifferentiated sediments constitute mostly this side (conglomerates, breccia, 

lithothamnium limestone), the intensely fractured and permeable marly Miocene is common too. Sandstone and 

gypsum overlay considerable areas of the limy and marly Turonian, and by places the lower carbonate Turonian. 

The gathered waters are channeled  through a NW-SE fault plan that cut the E-W barrier fault plan. This fault 

constitute an underground canal with free flow, as the audible noise of streaming through a diaclase in the 

spring uphill (about 1km) proves (Bellion., 1972). 

On the other hand, the North flank’s oriental side of the central bulging, where the infiltrated and resembled 

waters, bias the missive dolomitic outcrop of the upper Cenomanian, and the lower Turonian, very fractured 

and well rained, interfere at the supplying process. This happen due to the privileged position of this side among 

the axial zone of the central bulging. After that, waters will be transported through the dense network of NW-SE 

fractures by slope effect to the immersion limit of Miocene under the Quaternary (immersion of the relief beneath 

the plain), and transited finally by a N70°E major fault revealed by geophysics investigation, which been cut at 

different repeat by NW-SE fractures (Bellion., 1972). 

This hidden fault covered by the Quaternary plain, which is in fact the oriental part of the South flank of Oued 

Chair-Barika syncline, appears at the western ending of the pointed and refolded anticline of Refaa-Reched 

fitting its directional heading (N95°E). Moreover, it reappears at several repeats from side to side at N’Gaous 

village, sub-parallel to the submersion limit of the upper Cretaceous relief beneath the Neogene and Quaternary 

plain. 

Bellion, J.C. (1973) Etude géologique et hydrogéologique de la partie occidentale des monts de Bellezma 

(Algérie),” Ph.D Thesis. 3rd cycle ; Paris VI, 222 p,. 

 

 

 



5th European Meeting on 3D Geological Modelling, Bern, May 22nd – 24th 2019 
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The ICGC is working on the assessment of deep geothermal energy potential in Catalonia. In this sense, 

different 3D geological, geophysical and thermal models are under development to characterize hot 

sedimentary aquifers in a conduction-dominated hydrothermal play type. The workflow combines, among 

others, new data acquisition (petrophysical and geophysical data), the use of different modelling techniques 

(geological-geophysical-hydro/thermal) and stochastic approaches.  

This paper presents the first results of the 3D geological and geophysical model of the Reus-Valls basin (RVB) 

case study at the Catalan Coastal Range (NE Iberian, Spain). According to previous works (ICGC, 2012, and 

Colmenar-Santos, A. et al 2016), the study area has high potential for development deep geothermal projects, 

both in different hot deep aquifers, and in fractured rock within the granitic basement. The RVB is a rift formed 

during the Cenozoic opening of the Western-Mediterranean.  

The geological model has been built using an implicit approach with the 3DGeoModeller software (©BRGM, 

Intrepid-Geophysics), integrating the DTM, surface data (dip/azimuth data), regional geological maps, data 

from the surface-based 3D geological model of Catalonia (ICGC, 2013) and other subsurface data (cross-

sections, a deep oil/gas borehole data and the interpreted horizons from 2D old seismic profiles).This 

preliminary 3D geological model is firstly used to calculate the gravimetric and magnetic forward responses. 

Afterwards, a full gravity/magnetic litho-constrained stochastic geophysical inversion analysis is used to 

evaluate and refine the geological model and better assess the uncertainty of the basement at depth. At this 

stage of the project, reference petrophysical properties are considered (density, magnetic susceptibility). The 

output of the inversion process allows to evaluate the uncertainty of the model. The results of this 1rst phase 

of the project provides a preliminary tool for planning new field surveys for rock sampling and acquisition of 

new geophysical data in order to improve the accuracy and validity of the model. After the next field campaigns 

have been carried out and the model refined accordingly, this will be used in the next step of the project which 

aims to assess the deep geothermal potential of the study area using a 3D conductive heat flow model to solve 

the volumetric method (Muffler, P.; Cataldi, R. (1977) combined with Monte Carlo simulations.  

 

 

Fig. 1: (a) General view of the first 3D geological model, used by the inversion process as the reference model. (b) 
General view of the model obtained from the litho-inversion process, with a threshold probability of 90% (grey represents 

the basement rocks). 

 

Colmenar-Santos, A. et al. (2016). The geothermal potential in Spain. Renewable and Sustainable Energy Reviews 56 
(2016) 865–886. 

ICGC (2012). Geothermal Atlas of Catalonia: Geoindex-Deep-geothermal http://www.icgc.cat/  

ICGC (2013). Model geològic 3D 1:250.000 M2010-13. http://www.icgc.cat/  

Muffler, P.; Cataldi, R. (1977). Methods for Regional Assessment of Geothermal Resources. U. S. Geological Survey 
Open-File Report, 77- 870, 78 p. 
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Validation of a 3D model based on new input data 
 
André Deutschmann, Jasmaria Wojatschke, Karsten Obst 

Geological Survey of Mecklenburg-Western Pomerania, LUNG M-V, Güstrow, Germany, 

andre.deutschmann@lung.mv-regierung.de 

Since 2014, the Geological Survey of Mecklenburg-Western Pomerania is developing a 3D 

model of the subsurface of the northeastern German federal State Mecklenburg-Western 

Pomerania as part of the government-funded TUNB project. The model is based on well data 

and 2D seismics mainly obtained from hydrocarbon exploration between 1960 and 1990. 

Distribution of wells and seismic lines differ in a wide range. Especially in the western and 

southeastern part of the model area only little information about the major lithostratigraphic 

horizons and main reflectors are available. 

New 2D seismic lines and a deep well drilled to prove Rhaetian sandstone reservoirs suitable 

for geothermal use in Schwerin allow evaluation of the quality of modelled horizons. The next 

deep boreholes are 6 to 7 km away from the planned well Gt Schwerin 6 and no old seismic 

measurements exist in or in the near vicinity of the town. Interpretation of the new seismic 

data suggest that the reflector horizon close to the Jurassic base (L4) is situated at a depth 

of about 1050 m at the well site. This number deviates from our modelled Jurassic base, 

which is supposed to occur about 60 m deeper.  

In comparison with the borehole log of the Gt Schwerin 6 well with final depth of 1296 m, all 

horizons between the Jurassic and the Rupelian bases deviate only in a narrow range 

between 1 m (Upper Cretaceous base) and 21 m (Lower Cretaceous base). The highest 

deviation is probably due to the very low thickness of the Lower Cretaceous sediments of 

c. 25 m that caused problems during modelling procedures. The drilled Jurassic base is in 

good accordance to our 3D model but is situated about 50 m deeper than proposed by the 

new seismic survey. Possible reasons for the deviations could be different speed approaches 

for the time-depth conversion or a misinterpretation of the seismic reflector. Otherwise, the 

geological survey has access to more borehole and seismic data. Thus, our model is better 

calibrated. 

Of course, new data from both 2D seismics and drilled boreholes will enhance the knowledge 

about subsurface geology and may improve the existing 3D model of Mecklenburg-Western 

Pomerania at least locally. However, our model at its current stage will provide first reliable 

information about the occurrences and depth of selected lithostratigraphic units for the 

government and local authorities for spatial planning as well as for investors engaged in 

subsurface projects. 

 

Abb.1: Comparison of modelled horizons to well markers. Old well (left) is about 7 km away from the new well 

(right). Modelled horizons are in good accordance to the new well markers. (view to north) 
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Evaluation of uncertainty in geologically complex areas with heterogeneous data inputs 
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3D geological models are often created from ambiguous and uncertain data, which are subject to error 

propagation during measurement and interpretation. The input data are often scarce and heterogeneous. 

Therefore, the modeller relies on a particular model-based interpretation, assuming e.g.  a certain tectonic 

regime or deformation style. Apart from the small-scale mineral deposit or reservoir models of the mining 

companies, these uncertainties are often neither evaluated nor shown to the users and stakeholders. In this 

presentation, we will analyze and classify different sources of the data uncertainty and will introduce test data 

sets for these different types of uncertainty. Subsequently, these test data sets will be applied in testing 

available visualization methods in combination with the 3D geological model. 

As the pilot area for testing the methodology for determination and visualization of the data uncertainty we 

chose a 3D geological model from the western part of the Bohemian Massif, with dimensions of about 

20x15x1.5 km. This model was selected due to its high variability in geological structure and its good coverage 

by archived data. The 3D geological model is composed of meshes that represent fault planes and boundaries 

of rock bodies. The model is first cut into horizontal sections at 100 m vertical intervals, using the software 

MOVE. The horizontal sections contain polygons of rock types and fault lines that are topologically corrected 

in ArcMap and subsequently rasterized into 2D grids with a cell size of 50x50 m. 

As an indicator of the uncertainty of the boundaries of rock bodies we chose spatial entropy (H). When the 

entropy decreases, the overall information grows, and vice versa. Entropy is the mean value of the information 

content to eliminate uncertainty, which is given by the finite number of mutually exclusive phenomena (here 

the individual rock types). The result is the so-called modified Shannon index (Jenness et al., 2011 in Brus, 

2014), which ranges between 0 and 𝑙𝑛(𝑛), where 𝑛 is the number of unique categories (rock types). The 

degree of uncertainty ranging from 0 (a very credible part of the model) to 1 (a very weak part of the model) is 

then obtained by dividing the calculated entropy by 𝑙𝑛(𝑛)). The uncertainty of determining the position of faults 

is calculated adopting a similar approach. To merge the values of the different types of uncertainties in the 

points of the 3D grid, that the uncertainty (V) of the conjunction of the particular uncertainties is calculated as 

the maximum of the individual uncertainties. 

Subsequently, the so-called "general uncertainty" (a value of a minimum uncertainty, increasing with depth) 

and the local reduction of uncertainty (increased credibility) in the vicinity of documented boreholes and 

available (geological, geophysical) sections are calculated, according to the input parameters specified by a 

geologist in charge. The so-called "general uncertainty" numerically expresses the fact that without extensive 

exploration works even the surface geology is often uncertain  (inaccurate location of lithological boundaries, 

interpretative location of faults, omission of smaller rock bodies or rock bodies with little contrast for classical 

geological mapping techniques, ambiguous interpretation of shallow geophysics, etc.). General uncertainty 

can be input as polygons that allow to apply an expert estimate to differentiate areas with generally better and 

worse data coverage (mainly geological maps of a different quality and with a varying degree of detail) in 

relation to geological complexity of the area. 

The process of creating a 3D grid of geomodel uncertainty enables us to perform variant calculations of 

uncertainty according to input parameters. The procedure will be tested on multiple sites in order to adjust or 

add new calculation algorithms if necessary. The calculated uncertainty values do not have an exact 

quantitative meaning. Due to the heterogeneity of input data and many necessary expert estimates of the input 

parameters of the calculation, we do not expect a universal calculation of absolute values of uncertainty for 

geologically complex terrains in the future. However, the resulting values are used to compare the relative 

uncertainty in the individual parts of a single model / single generation of methodically uniform models, and 

are primarily aimed for users who do not have the necessary deep general and regional geological knowledge 

to estimate these values on their own. 

Brus, J. (2014) Visualization of uncertainty in environmental studies.. UP in Olomouc, 175 s (in Czech). 

Jennes, J., Brost, B., Bejer, P. (2011) Land Facet Corridor Designer: Extension for ArcGIS. Jenness 

Enterprises. 
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Geophysical data of various methods like reflection seismics, gravity, magnetics and velocity models 

represent a fundamental basis for many 3D geological modelling activities at the Bavarian Environment 

Agency (LfU), at present focusing on projects related to GeoERA such as HIKE and HotLime (cf. 

http://geoera.eu/). However, to be able to use geophysical data for these purposes, it needs to be completely 

available digitally and easily retrievable. Hence, at the LfU we decided to develop a geophysical database 

within the pre-existing in-house database framework (BIS). This challenged us by having to fit very diverse 

geophysical data – in terms of methods, geometries and digital availability – into a single data model. 

The major steps in the development of the data model included digitizing of analogue archive data, defining 

geophysical methods with representative object geometries and structuring geophysical projects and single 

surveys in a hierarchical order. All necessary geophysical information is stored as attributes in a 1:1 

relationship with project and survey objects in the database. Raw data and processed datasets are stored 

together with geological interpretations on an external server. This prevents performance issues of the BIS 

database due to large data volumes and enables quick access to e.g. SEGY files to include them in 3D 

software packages with the aim of 3D structural modelling and/or velocity modelling. 

Pitfalls during the development process mostly included the underestimation of resources for data 

preparation, especially of analogue datasets that needed to be digitized and to be structured first. Stepping 

from a first theoretical concept of the data model into an agile development process together with IT 

developers immediately speeded up the development process and first results were achieved rapidly.  

 

 

 

Fig. 1: BIS database map viewer with seismic surveys in Bavaria (center), object browser with project hierarchy (left), 
legend (right), and survey browser (bottom). 

 

http://geoera.eu/
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High mountain karst aquifers (HMKA) represent important and vulnerable natural water resources that must 

be protected, even more those aquifers located in the drought-prone Mediterranean area. In this geographical 

framework, climate models simulations accounting for the last emission scenarios considered in the 5th IPCC 

(2013) assessment report forecast an increase in temperature and a decrease in precipitation. The joint effect 

of such climate conditions will likely impact the recharge of the Mediterranean HMKA. Despite the importance 

of these systems for water resources, most of them are still vaguely characterized. In this sense, the use of 

3D geological models (3DGM) helps to understand the geometry and conceptualize the functioning of karst 

systems. One of the most known methodologies is the KARSYS approach (Malard, A. et al 2012, Jeannin et 

al 2013, Turk, J., et al 2013 and Ballesteros, D., et al 2015 among others). 

This study presents the first 3DGM of the Port del Comte aquifer (Catalan Pyrenees), a HMKA formed by 

Lower Eocene fissured and karstified limestones and dolomites. The elevation of the massif ranges between 

900 to 2387 m a.s.l., and it has an area of 110 km2. The unconfined aquifer has a very thick unsaturated zone 

(1000 m). The mean groundwater discharge of (15 hm3/yr) postulates this aquifer as one of the most 

important HMKA of the area. The massif constitutes an independent structural and regional hydro-geological 

unit, where apart from the karst development, the geologic structure and stratigraphy influence both the storage 

capacity of the aquifer and the location of the main springs discharging the system. The existing structural and 

conceptual geological model (Vergés, 1999), the available geological maps (ICGC, 2007) and new geological 

field campaigns have provided the basis for building the surface-based 3DGM using the MOVE® 2017.1 

software (Midland Valley Exploration Ltd). The interpretation of the isotopic data from precipitation and 

groundwater combined with the general framework provided by the 3DGM has allowed to sketch the recharge 

and discharge area and inferring the flow-paths of the main regional springs of the system. The results have 

been used afterward in a hydrological model to study the main transit time of the system (Herms et al., 2019). 

 

Fig. 1: General view of the 3D GM and location of the main springs discharging the aquifer (Herms et al., 2019) 
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3D Geological models from ground and airborne TEM measurements 
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The Geological Survey of Sweden (SGU) has carried out numerous detailed airborne TEM (Transient 

Electromagnetic) surveys since 2013. The main aims of this extensive program are to: 1) locate and 

characterize new groundwater resources, and 2) collect data for landslide risk assessment. The airborne TEM 

data were collected with the SkyTEM system (Sørensen and Auken, 2004) These data are inverted to generate 

models which describe the resistivity of the subsurface, to a depth of c. 200 m. In addition to the airborne 

surveys a newly developed ground TEM (tTEM) system has been tested (Auken et.al 2018.). The tTEM system 

is towed by an All-Terrain Vehicle (ATV) and provides improved resolution of the near surface but a lower 

depth penetration (c. 50m) when compared to the SkyTEM system, making it more suitable for small scale 

near surface investigations. The 3D resistivity models, obtained from both the SkyTEM and tTEM systems, 

provide valuable information which can be combined with other geophysical / geological measurements and 

borehole data to construct detailed 3D models of the subsurface.  These models are then used as inputs for 

hydrogeological modelling.  

In this study results from two sites in Sweden are presented, Gråbo and Ångermanälven. At the Gråbo site, a 

thick sequence of coarse-grained glaciofluvial sediment is present which has good potential to be utilized for 

groundwater extraction. At Gråbo, it was possible to use the tTEM data to delineate the distribution and 

geometry of the most prospective course grained sand / gravel layer, as well as the underlying layers which 

have a higher clay content. The tTEM results were used alongside previous geophysical investigations and 

borehole data to generate a 3D model of the site, which will be used to guide future borehole investigations, 

hydrogeological modelling and potentially the location of a pilot artificial groundwater infiltration site. At 

Ångermanälven an extensive SkyTEM survey was performed along the Ångerman river and the surrounding 

river banks with the objective of mapping and characterizing the sediment sequence down to the bedrock. 

Here it is especially important to detect the presence of so called “quick clays” which have the potential to 

cause landslides.  

 

Fig. 1: A). Geological Voxel model of the Gråbo site generated from the available borehole and geophysical data. B). 3D 
resistivity grid generated from tTEM inversion results at the Gråbo site. Geoscene 3D from I-GIS was used for the 3D 

modelling and data visualisation. 

 

 

Sørensen KI, Auken E (2004): SkyTEM – A new high-resolution helicopter transient electromagnetic system. 

Exploration Geophysics 35, 191-199. 

Auken E, Foged N, Larsen JJ, Lassen KVT, Maurya PK, Dath SM, Eiskjær TT (2018): tTEM – a Towed TEM-

system for Detailed 3D Imaging of the Top 70 meters of the Subsurface. Geophysics 84, 1-37.  
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Reconstruction of the Holocene-Early Pleistocene Ebro Delta prism to address subsidence related to 

sediment compaction 

Roser Pi1, Miquel Vilà1 

1 ICGC (Institut Cartogràfic i Geològic de Catalunya) 

The Ebro Delta plain (Catalonia) is a wetland of great international importance and is considered one of the 

coastal systems most vulnerable to sea-level rise and subsidence in the Mediterranean and Europe. Under 

the project LIFE EbroAdmiclim, which puts forwards pilot actions for adaptation to and mitigation of climate 

change in the Ebro Delta plain, a 3D model of the Holocene-Early Pleistocene deposits of the Ebro Delta has 

been developed to evaluate the distribution of subsidence susceptibility of the Ebro Delta plain. 

From a methodological point of view, the 3D geological reconstruction conducted has followed a complex 

workflow. Initially, a large volume of data (old and new), derived from different sources and with different 

purposes, has been compiled. Subsequently, this data has been homogenized in a 3D environment. The 

reconstruction includes information on boreholes, samples, soil pits, geophysical assays, digital terrain models, 

historical maps and previous geological studies.  

These data has been integrated into a conceptual model that allows their correlation in the whole study area, 

based on the sea level evolution since the last Glacial Maxima. The set of the data has been referenced to a 

sedimentary system of 5 units. Five sedimentary horizons have been modeled: (1) the base of the basal Upper 

Pleistocene transgressive unit; (2) the base of the top Upper Pleistocene transgressive; (3) the base of the 

prodelta unit; (4) the base of the delta front unit; and (5) the base of a composite unit comprising the lagoon/bay, 

margin, overbank and alluvial channel deposits. 

From these horizons, thickness maps of the units have been obtained, which combined with the characteristic 

geotechnical parameters of the units allowed the evaluation of the subsidence associated with the compaction 

of the Holocene-Early Pleistocene sediments. 

The presentation will be focused on the visualization of the 3D geological model architecture of the Ebro Delta 

Holocene-Early Pleistocene sedimentary prism, which will be shown through contour maps, thickness maps, 

planar sections and seriated cross sections. From this reconstruction a prediction of the total compaction of 

the modern deltaic deposits that define the sedimentary prism related to the last sea level rise has been made. 

 

Fig. 1: Visualization of the 3D model of the Ebro Delta Holocene-Early Pleistocene deposits through seriated cross 
sections.  
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3D AUSTRIA – A Geological Framework model of Austria 

Clemens Porpaczy1, Andrea Steinbichler1, Ralf Schuster2, Benjamin Huet2, Esther Hintersberger2 Martin 

Reiser2, Christoph Iglseder2 

1/2Geological Survey of Austria, 1Division of Applied Geosciences, 2Division of Geological Mapping, 

Neulinggasse 38, AT-1030 Vienna 

In order to provide a large-scale overview of the Alpine geology and adjacent areas for colleagues, students 

and the public, a supra-regional 3D framework model of Austria was established. The modelling domain covers 

an area of about 175 000 km² and a depth to 60 km below sealevel. The finalized model depicts the Eurasian 

and Adriatic plates, the main geological units of the Alpine orogenic wedge and the synorogenic sedimentary 

basins in the foreland and within the Alps. Seven modelling units have been defined in cooperation with the 

Division of Geological Mapping of the Geological Survey of Austria, which are ordered according to their paleo-

geographic origin and tectono-metamorphic history. Boundaries between these units exhibit important 

sedimentary and tectonic features (e.g. unconformity at the base of Neogene sedimentary basins, Alpine 

frontal thrust, thrust between Penninic and Sub-Penninic Superunits). Due to the large-scale character of the 

model, relatively small constituents of the Alpine Orogen (e.g. Meliata Superunit, intrusive rocks along the 

Periadriatic Fault, minor Neogene basins atop the Austroalpine Superunit) were not included into the model. 

The framework model “3D AUSTRIA” is intended to act as an information tool for subsequent regional 

modelling projects as well as for educational use. 3D AUSTRIA shall be made available to the public via the 

Web 3D Viewer of the Geological Survey of Austria (https://gisgba.geologie.ac.at/3dviewer/) and as a physical, 

multi-part model using 3D printing technologies. 

 

 

Fig. 1: Southwest view towards the 3D framework model of Austria, showing top horizons of respective modelling units. 
National border of Austria and neighbouring countries indicated for orientation.  

https://gisgba.geologie.ac.at/3dviewer/


3D modelling at Geological Survey of Slovenia - State of the art 

 

Geological modelling at the Geological survey of Slovenia is set to provide the 3D geological models 

which are base for further wide range of use (e.g. numerical modelling or potential estimation). Last 

years it follows the global trends which lean to the use of sustainable and renewable energy.  The main 

focus is at shallow and deep geothermal energy. For shallow geothermal potential estimation, the 3D 

geological model of Ljubljansko polje and Ljubljansko barje was updated. 3D model of Slovenian part 

of Pannonian basin for characterization and sustainable exploitation of geothermal resources is 

constantly updated and harmonised with neighbouring countries. For the purposes of the 

dissemination, communication with the stakeholders and popularisation geology we have prepared 

the 3D geological model of Slovenia and Hungary for 3D print.   

Author will present the latest 3D geological models constructed at the Geological Slovenia for 

Ljubljansko polje and Barje and for Slovenian part of Pannonian basin which is also going to be 3D 

printed.  
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Let´s play – the use of Minecraft® to communicate the complexity of the deep subsurface to the 

public 

Stephan Steuer1, Stephen Thorpe2  

1 Federal Institute for Geosciences and Natural Resources BGR, D 30655-Hannover 

2 British Geological Service BGS, UK Keyworth 

 

Minecraft® is an open world, sandbox-style 3D game that was first published in 2009. It allows the player to 

build its own world and constructions out of a number of cubic blocks. In the standard version, one block equals 

1x1x1 meter in size. This world can then be interactively explored by the player, or, if published, by other 

players. According to Wikipedia the game was sold over 144,000,000 times. This large number of users 

combined with the possibility of creating personal and predefined worlds led to the idea of using Minecraft® to 

present geologic 3D models to the public. 

The British Geological Survey developed a FME®-workflow to convert structural 3D-Models from GoCAD into 

Minecraft® worlds, which we adapted. First the GoCAD-file is translated into a wavefront-obj-file (pointcloud). 

Minecraft® offers a wide range of possible block types. These types refer to different materials the block will 

consist of. For example, one block can be assigned different geological lithologies such as sandstone, granite, 

or quartz The points of the obj-file are then assigned these specific properties and converted into Minecraft® 

blocks. Finally, all the blocks are then combined into a Minecraft® world. 

There is one limitation to consider however: while there is no limitation in the lateral extent, a Minecraft® world 

is only allowed to have a height of 255 blocks. Deep reaching underground models have to be scaled in order 

to look reasonable within the limitations of this Minecraft® vertical extent. We first scaled the original GoCAD-

model by the factor 1/10 and then made the final adjustments within the FME®-workflow to use as much vertical 

space as possible. 

We will present examples for different geological 3D models realized as Minecraft® worlds, including examples 

from Germany and Great Britain.  

Publishing geologic 3D models of the subsurface in the form of Minecraft® worlds enables us to reach a broad 

audience (only few people own a GoCAD license), it gives the user an opportunity to interactively explore the 

subsurface and the gaming background makes it easy to engage young people in the subsurface. Another 

advantage is to use the Minecraft® world in combination with a VR-system to intensify the experience of the 

subsurface.  
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Compilation of small-scale geological models using UAV, shallow geophysics, and traditional 

geology 

Ondřej Švagera1, Jan Jelének1, Martin Dostalík1, Vojtěch Zástěra1, Lucie Koucká1  

1 Czech Geological Survey 

Geology as was known in the past is changing rapidly as the new technologies in geophysics, unmanned aerial 

vehicles (UAVs) and tools for 3D geological modelling arise. Combination of these geoscientific methods opens 

new possibilities to better understand and visualize surface and subsurface geological phenomena. ,. Such 

approach allows geoscientists to improve assessment of geological conditions, potential geohazards and could 

be beneficiary in quick remediation of the area of interest. 

UAVs are becoming widely utilized tool for field geological and geotechnical mapping mainly due to its fast 

deployment and ability to reach hardly accessible places, such as steep rock walls and hazardous areas. 

However, its deployment brings several limitations which need to be taken into consideration. Most notably, 

flight planning should respect local topography and manmade structures (powerlines, railways, etc.) among 

others, which could cause major limit to the detection capabilities of the UAV. Currently one of the common 

uses of UAV-borne data is to create 3D models using SFM (Structure From Motion) technique which originates 

in photogrammetry. By capturing tens, hundreds or even thousands of photos with specific overlap and 

properly geographically referenced stitching points it is possible to create accurate 3D representation of 

desired outcrop. 

Digital outcrop models (DOMs) of various scales prove to be valuable enhancement for evaluation of geological 

situation. In combination with software commonly used for geological subsurface modelling and its capability 

to visualize and construct geological bodies, measurements, boreholes and even geophysical data, DOMs 

capabilities could go beyond basic visualization. 

In the presented poster, we would like to show how, UAVs, geological and geophysical data together with up-

to-date 3D visualisation techniques could be combined to assess geological situation in historical landslide 

area of Nechranice dam in the Czech Republic. By combining electrical resistivity tomography and structural 

geological mapping, local fault has been identified on the Nechranice dam’s bank. Together with 3D surface 

model of the dam’s bank created by  SFM technique from UAV-borne aerial photos, these data were put 

together in MOVETM software, where geological evaluation and visualization of this local phenomena was 

carried out. 

 

Fig. 1 Preliminary visualization of a part of Nechranice dam bank with geophysical profile and identified fault. 
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Improvement of a geological 3D model in Lower Saxony (North German Basin) – A base for 

estimating potential for subsurface usage 

Cornelia Wangenheim1, Manuela C. Stehle1, Marcus Helms1, Jennifer Ziesch1 

1State Authority for Mining, Energy and Geology (Lower Saxony), Hannover, Germany 

Recently, the application of geological 3D models has become more common. They play an increasing role in 

order to estimate the potential usability of the subsurface for various applications. Such practical applications 

could be the storage of energy carriers in salt caverns and pore storage facilities, the exploitation of geothermal 

energy and hydrocarbons and nuclear waste disposal. For this purpose, a geological 3D model of the North 

German Basin (NGB) is being developed.  

Within the joint project TUNB (Deep Subsurface North German Basin) a unified 3D model is being built, 

involving Geological Survey Organisations (GSOs) of several North German states that cover the NGB. State 

models are developed individually but thoroughly harmonised in border regions. Below, we present the 

approach that is being taken to build the Lower Saxony model. 

A  pre-existing geological 3D model, which represents the direct conversion of 2D data in the form of structural 

maps into 3D datasets (Bombien et al. 2012), serves as the initial basis for the modelling process. 

Consequently, this model includes geological inconsistencies and represents primarily geological data 

processed prior to the early 90’s. For this reason, the model is now improved by using reprocessed 3D depth-

migrated  seismic data, new borehole data and isopach maps. To begin with, borehole and seismic data require 

processing. The latter are integrated in the EPOS infrastructure and interpreted in SeisEarth (Emerson E&P 

Software). Subsequently, the resulting clean datasets are used as input data for the fault and horizon modelling 

using the Structure and Stratigraphy Workflow of the SKUA-GOCAD software suite Emerson E&P Software. 

Finally, we further improve the 3D model manually.  

The incorporation of new geological data into the previous 3D model has locally a large impact on the 

geological structures. In particular, prominent faults as well as the geometry of salt structures are better 

constrained. Furthermore, the geological inconsistencies of the pre-existing 3D model are removed in the new 

3D model. The improvement of the geological 3D model of Lower Saxony allows new insights into the interplay 

between salt tectonics, sedimentation and tectonic movement. We demonstrate, for example, that the volume 

and the structure of the salt have changed at some places in comparison to the original 3D model. This impacts 

significantly on estimations and quantifications of the potential usability of the subsurface.  

 

 

 
 
 
 

 

 

 

 

 

Bombien H., Hoffers, B., Breuckmann, S., Helms, M., Lademann, M., Lange, M., Oelrich, A., Reimann, R., 

Rienäcker, J., Schmidt, C., Slaby, M. & Ziesch, J. (2012): Der Geotektonische Atlas von Niedersachsen und 

dem deutschen Nordseesektor als geologisches 3D-Modell. Geowissenschaftliche Mitteilungen: GMit. – 48, 

S. 6 - 13.  
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Experience with the construction of a volumetric model in the German North Sea Sector 

Björn Zehner1 

1 Federal Institute for Geosciences and Natural Resources - BGR, 13595 Berlin, Germany 

Many projects that deal with the construction of 3D structural models of the subsurface do not model the 

geological bodies (rock units) directly, but instead describe them indirectly by modeling and rendering the 

interfaces between these bodies (faults and horizons). Converting these surface-based models into volumetric 

models is necessary, if they are to be used for process simulation with finite elements or finite differences. 

Further, this type of model can be used to define and visualize arbitrary cross-sections through the model 

interactively and to extract important features and subregions in order to provide more intuitive visualizations. 

In the past, we have described several workflows, involving the use of Skua-Gocad together with the external 

software packages Gmsh and TetGen, to construct a volumetric tetrahedral representation of the 3D geological 

subsurface starting from surface based structural models (Zehner, 2015) and further to provide a rastered 

version of the same model (Zehner, 2016). In all these cases, the scenarios presented were structurally fairly 

simple and where based on an artificial model generated for demonstration purposes. Hence the performance 

of the suggested workflows needed to be tested using a much more complicated real-world model. The 3D 

geological model used for this study is a small 10x20 km large sub-region of the “Entenschnabel” in the German 

North Sea Sector which involves 16 horizons, 43 faults and two salt diapirs (Zehner, 2018). In our contribution 

we will provide a short discussion on the workflows and share our experience with applying them to the real-

world model. 

 

Fig. 1: Two different volumetric representations of the same data set, to the left as a tetrahedral grid and to the right as a 
voxel grid.  

 

Zehner, B., Börner, J. H., Görz, I., Spitzer, K. (2015): Workflows for generating tetrahedral meshes for finite 

element simulation on complex geological structures, Computers and Geosciences 79 (2015), Elsevier, p. 105-

117, doi:10.1016/j.cageo.2015.02.009. 

Zehner, B., Hellwig, O., Linke, M., Görz, I., Buske, S. (2016): Rasterizing geological models for parallel finite 

difference simulation using seismic simulation as an example, Computers and Geosciences 86 (2016), 

Elsevier, p. 83-91, doi:10.1016/j.cageo.2015.10.008. 

Zehner, B. (2018): Constructing a volumetric model from a complex 3D structural pilot area in the German 

North Sea Sector, Proceedings of the RING Meeting 2018, Nancy, France, p. 177-184. 
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Geo3D - a webviewer for disseminating 3D geological models 

Tomasz Gogołek1, Urszula Stępień1, Ewa Szynkaruk1, Łukasz Nowacki1, Jacek Chełmiński1, Zbigniew 
Małolepszy1, Rafael Pawlos1 
 1 Polish Geological Institute - National Research Institute 

 

Products of 3D geological modelling, despite of two decades long presence in real life, may still be 
received by many geologists and other professionals as very sophisticated and fancy. The idea 
promoted at the Polish Geological Institute is   to make the presentation of 3D model as simple as 
reading of traditional geological map sheet. The way 3D model can be presented in interactive 
viewers may be even easier for capturing of all details of geological complexity, than reading of the 
paper maps. This makes a chance for increased interest in completed outcomes of geological studies 
and surveys by different groups of users. These new components gives us great possibilities to 
present geology in a new way but also creates issues. 

 

Polish Geological Institute has been focused on development of interactive and intuitive tools for 
delivery of 3D model outputs in an internet browser with functionalities to decrease the visualization 
gap between human (3D) perception and traditional geological maps. We also had to meet the 
demands of the users, our software doesn't need external plugin and still is fast and efficient. 

 

Way to achieve that was to design layout for nongeologist but also keep the functionality focused on 
geological tools for effortless interpretation of the model. This includes i.e. basic operations such as 
zoom, rotation and layer manager with WMS support but also more advanced tools: drawing multi-
segment vertical cross sections,  slicing horizontal maps at any level, explode mode and drilling 
synthetic boreholes. 



RESQML-CAD a plug-in for Autodesk Civil 3D 
 

Jean-Marie Léonard 1, Beiting Zhu-Colas 2, Bastien Le Hello1  & Jean-François Rainaud 2  

1   / Business Unit Large Structures, Water, Environment and Energy (www.egis-group.com) 
2  GEOSIRIS (www.geosiris.com) 
 

 

Autodesk Civil 3D was chosen by EGIS to build a 3D Digital model for many civil engineering projects of 
industrial platforms (factories, harbors, airports, dams and power stations) and linear infrastructures 
(motorways, high-speed railways, subways and pipelines) worldwide. One of the reasons of this choice was the 
capability to customize our tools and to develop our own plug-ins by using the Civil-3D development kit. 

Our demo shows how RESQML-CAD, our Autodesk/Civil3D plug-in operates. The 3D geomodels, preliminary 
built with GDM-Multilayer [1], are represented into Civil 3D. Then the resulted DWG file is imported under 
Naviskorks and Infraworks and combined with the other elements produced by the other engineers of the civil 
engineering project. 

Several 3D geomodels were used to improve RESQML-CAD: 

- A geomodel for the development project of a dock for the Great Harbor of Guadeloupe with various 
representations. 

- A conceptual mining project based on real boreholes data (the Gold Egis Mining project) was used to 
build several geomodels. We composed a scenario with a life cycle and several campaigns of 
boreholes. 

- Two Operational models of French motorway projects: A304 in the Ardennes and A480 near Grenoble. 

- A geomodel for a nuclear central power at Hinkley Point, Somerset, United Kingdom. 

- A geomodel originally built by the British Geological Survey with GoCAD : the Thurrock model [2]. 

Recently our software were successfully used for the prefeasibility studies of a new project of a subway line in 
France showing 5 layers on a large area of interest (6 x 3 kms). We associated under Navisworks the geomodel 
and its boreholes with the other elements of civil engineering project (subway stations, tunnels, and existing 
elements). 

 
Figure 1: Project of new dock for the great harbor of Guadeloupe (Caribbean sea). Left :the site before the project with 

a shoal area, Center the GDM geomodel (Z Scale is x 5) , Right: the civil 3D view (Z Scale without exaggeration) 

 
Figure 2: Example of 3d view of one of our 3D geomodel under Navisworks. A mouse click on a borehole shows the 

property data set which are automatically added by RESQML-CAD at each object element. 

[1] https://www.brgm.eu/scientific-output/scientific-software/gdm-suite-software-suite-allowing-to-model-represent 
[2] https://www.bgs.ac.uk/discoveringGeology/geologyOfBritain/minecraft/3d/thurrock.html 
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Visual KARSYS – a web service for modelling karst aquifers 

Arnauld Malard1, Stephen Randles3, Philipp Hausmann3, Pierre-Yves Jeannin1, Manfred Vogel3, Simon 
Lopez2, Gabriel Courrioux2  
1 Swiss Institute for Speleology and Karst Studies, CH 2300 La Chaux-de-Fonds; 2 BRGM, 45000 Orléans – 
France; 3 i4ds Institute of 4D Technologies, FHNW, CH 5210 Windisch  

Visual KARSYS is a web service under development and currently available at visualkarsys.isska.ch. Visual 
KARSYS addresses modelers (hydrogeologists, geologists, private companies, etc.) and end-users 
(administrations, NGOs, etc.) working for the documentation and/or the management of geology and 
groundwater resources in karst areas. It makes possible for modelers to setup projects, to entry geol. and 
hydrogeol. data and to design geological 3D model via the use of GmLib (developed by BRGM, see Lopez et 
al. [2018]) in order to subsequently apply the KARSYS approach (see Jeannin et al. [2013]). On one side, 
Visual KARSYS offers an intuitive interface in which modelers are guided through the steps of the approach. 
On the other side, Visual KARSYS offers a dedicated output page for end-users which displays formatted data 
and resulting models built by modelers. Editing and reading permissions can be allotted by the project 
administrator to different users (both modelers and end-users). End users can arrange data and results as 
they want (form, layout, views, etc.) and different analysis tools are at their disposal (slicer, drawing tool, etc.). 
They can export different data or print maps. 

 
Fig. 1: Flowchart of Visual KARSYS; the web service addresses Modelers and End-users working for the documentation 

and the management of karst groundwater resources 

Main developments on Visual KARSYS will end in June 2019. At that time the web service will be available for 
everyone. Perspectives for potential extensions to Visual KARSYS do exist in the field of karst hydrology (karst 
conduits generating, flows modelling, etc.) but also in a broader geological field (for instance: volcanic areas, 
glaciology, etc.).  

The Visual KARSYS project is supported by the Swiss Federal Office for Environment via the grant for the 
promotion of environmental technology (2016-2019, UTF 537.13.16). 

Jeannin PY, Eichenberger U, Sinreich M, Vouillamoz J, Malard A et al. (2013) KARSYS: a pragmatic approach 
to karst hydrogeological system conceptualisation. Assessment of groundwater reserves and resources in 
Switzerland. Environmental Earth Sciences, 69(3): 999-1013 p. 

Lopez S, Courrioux G, Calcagno P, Bourgine B, Allanic C (2018) Yet another geological modeling library.... 
Delivering Subsurface Models For Societal Challenges - 4th meeting of the European 3D Geomodelling 
community, 21st to 23rd February 2018, Orléans, France. 71. 
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