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BIOGRAPHY 
 

For the last 20 years the seismic imaging group from the 

CSIC-ICTJA has been involved in the characterisation 

and monitoring of the shallow subsurface of singular 

facilities related to geological storage and exploration for 
natural resources. This research requires high-resolution 

experiments and the integration of multidisciplinary data-

sets.  

 

Dr. Marzan has developed research on the integration and 

modelling of multidisciplinary geophysical techniques 

for subsurface model definition. Dr. Martí is an expert in 

high resolution seismic characterisation and inversion. 

Dr. Lobo is an expert in geo-statistics, model based 

clustering and classification methods. Dr. Alvarez-

Marron is an expert in the geology of the Iberian 
Peninsula. And Dr.  Carbonell is the group leader with 

research interests in the geophysical characterisation of 

the lithosphere and seismic imaging across different 

scales. 

 

SUMMARY 
 
The integration of different geophysical and geological 

data in order to derive a joint interpretation is a good 

strategy but is complicated beyond qualitative 

(subjective) correlations. We propose a statistical 

approach (model based clustering) to integrate three 

different data-sets: seismics (3D P wave velocity (Vp) 

from seismic traveltime Tomography--TTT--), electric 

conductivity (or resistivity) (twenty-two 2D Electrical 

Resistivity cross sections that were determined from 

electric tomography analysis--ERT--) and well log 

information (that include gamma ray, resistivity and 
sonic logs). Our target was to characterise in high 

resolution the shallow subsurface of a planned singular 

facility in Villar de Cañas (Cuenca, Spain) for radioactive 

waste storage. The site is a 500x500m area including a 

transition from shale (Lutites) to massive gypsum (upper 

100m). We integrate these data-sets in a 3D bi-parametric 

grid with velocity and resistivity values for each node. 

This grid reveals/constraints? the resolution potential of 

the physical properties, Vp seismic velocity and, electric 

conductivity (resistivity). In order to derive a geological 

interpretation, we applied a supervised classification 

algorithm (model based clustering) using the information 
provided by the boreholes and geophysical logs. The 

latter placed the backbone constraints for the training-set. 

Thus, the result was a 3D lithological model consisting 

of 3 layers (shale, transition layer and, massive gypsum) 

that correlates with the known geology and that resolves 

lithological interfaces consistent with the borehole 

information.  
 

Key words: Joint interpretation, data integration, Vp 

seismic velocity, electrical resistivity/conductivity, 

gypsum. 

 

INTRODUCTION 
 
The Spanish radioactive waste management company 

(ENRESA) contacted us in 2013 with a very interesting 

challenge: to seismically characterise the subsurface 

under a planned singular facility which would be devoted 

to a temporal storage of hazardous waste. The objective 

was to provide a 3D model with enough resolution to 

detect any potential fault and/or cavity that could 

compromise the security of the facility.  

 

The site is located in the Zancara River basin (Spain), a 

tributary of Tajo River, within a wide syncline that 
evolved as a result of dextral strike slip deformation 

during Miocene times. The sedimentary infill of the 

syncline can be divided into two unconformable Neogene 

units, which in turn unconformably overlie the Paleocene 

basement. Lithology down to 100 m depth is 

characterised by endorheic sediments, mainly shale and 

gypsum. From 7 well logs we obtained a geophysical 

stratigraphy (Fig. 1) with 4 Miocene layers, from top to 

bottom: shale (LT), transition gypsum (Ytr) and massive 

gypsum (Ym). A specific objective of this study is to map 

the two contacts between these three layers (LT-Ytr and 

Ytr-Ym).  
 

 
Figure 1. Experiment location within the Iberia 

peninsula and a simplified geologic cross-section of 

Villar de Cañas syncline (the red square shows the 

study range). The right side includes the available 

logging data, gamma ray (GR) resistivity (res), and 

sonic log (VP) and the simplified lithologic column. 

The geophysical stratigraphy consists of: shale (LT), 

transition gypsum (Ytr) and massive gypsum (Ym1 & 

Ym2). 
 

The first step was to invert the seismic data using high 

resolution 3D seismic Traveltime Tomography (TTT). 

The resulting Vp seismic velocity model showed a good 

correlation with ? in general, but was only partially 

successful in mapping the 3D interface transition 
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between LT and Ytr (low velocity contrast). We decided 

to integrate  the Vp seismic model with the electrical 

resistivity tomography (ERT) study, provided by 

ENRESA. The electrical method is able to differentiate 

shales from gypsum (Guinea et al. 2010). This is because 
of the specific characteristics of the conductivity of 

gypsum. The integration was done through the 

combination of these data-sets in a bi-parametric grid that 

had to be interpreted. The interpretation (a joint 

interpretation) was approached in a similar way as if it 

were a classical problem of statistical classification 

(model based clustering). Both, the Vp seismic velocity 

and, the electrical resistivity models contributed to a final 

and presumably better constrained model. The statistical 

classification/clustering was able to overcome and 

correct the miss-matches with the borehole information 

increasing the resolving power of the final model. The 
resulting contact interfaces between the different 

lithologies were very well resolved and consistent with 

the borehole (geologic and geophysical) information. 

 

METHOD AND RESULTS 
 
The seismic survey covered a 500x500m area (Fig. 2). 

and was carried out using ten 24 channel GEODE 

seismographs. These were provided by GIPP from GFZ 

(Potsdam, Germany). As a source, an accelerated weight 

drop (from IST of Lisbon) was used. More than 500.000 

travel-times were picked and used to build the 3D Vp 

seismic velocity model. This model consisted of a 

20x10x5m grid (Marti et al. 2019). Reasonable ray 

coverage reveals that the model is well constrained down 

to 100m.  

 

 
Figure 2. Survey geometry: Traveltime Tomography 

(TTT) (black dots), wells (green dots) and electrical 

resistivity tomography (ERT) (yellow lines). The blue 

polygon shows the intersection between the 3D TTT 

and the 2D ERT. 
 

As stated above, the correlation with geological profiles 

shows a good agreement along the Ytr-Ym contact (a 

mechanical transition). However, the VP seismic velocity 

model is not able to resolve the full geometry of the low 

velocity contrast LT-Ytr (compositional transition), 
according to the lithologic outcrops and core samples. 

Therefore an additional data-set is needed. 

 

ENRESA provided access to two addition data-sets (Fig. 

2) that consisted in:  

(1) The available geophysical and geologic information 

of 7 wells. Logging had been carried out of these 

boreholes and some of them included: resistivity, gamma 

ray and sonic logs and lithology (ENRESA 2013). This 

borehole information constitutes the ground truth, a 

definitive link between the physical properties and the 

real lithology, a calibration point to compare the 
information provided by the indirect geophysical 

techniques. 

(2) The electrical survey, which is composed of twenty-

two ERT profiles laid out following a pseudo 3D 

geometry (ENRESA 2013). The line/profile spacing is 

around 50m and depth-range around 60m. The resistivity 

model was able to differentiate well between the LT-Ytr 

compositional transition (Guinea et al. 2010). However it 

fails to constrain the mechanical transition between Ytr-

Ym  
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Figure 3. Cluster diagrams consisting of Vp seismic 

velocity versus resistivity. a) Cluster diagram before 

statistical interpretation. Each point corresponds to a 

grid node of the 3D-grid (black dots). The coloured 

numbers, correspond to the training set of points that 

provide the link with reality. These are extracted 

from the borehole (log) information. b) Lithological 

classification (clustering) of the nodes. The very 

shallow data is not covered by the logging information 

that is why the classes 5 and 6 are deduced from their 

spatial location within the 3D volume(5 correspond to 

shallow shales and 6 correspond to weathered gypsum 

outcrop). 

 

From the 2D resistivity cross section and using the IDW 

(inverse-distance-weight) interpolation method a 3D 

resistivity model was built with the same grid spacing as 
the Vp model. Therefore, the result consists of a 3D grid 

where each point (x,y,z) features a Vp and a resistivity 

value. This is a 3D bi-parametric grid. For the geologic 

model/interpretation  the points in this grid need to be 

distributed among three different lithologies 

(groups/classes). This is approached as a clustering 

problem (Fig. 3). In order to allocate lithological classes 

to each node of the grid, we applied a supervised 

classification algorithm (Linear Discriminant Analysis, 

LDA) (Fisher, 1936; Richards & Jia, 2005).  

 
The LDA algorithm was fed with a training set compiled 

of the velocity, resistivity and lithology values from the 

information provided by the well logs. Finally every node 

in the model is lithologically classified according to its 

velocity-resistivity relationship, resulting in a new 3D 

lithological model. This new model benefits from both 

geophysical constraints, and results in a higher 

consistency with the geological information compared to 

the individual models from Vp seismic velocity and 

resistivity (Fig. 4). 

 

 
 

Figure 4. From top to bottom, sections across the 

models: velocity, resistivity and theircombination 

(lithological model) overlain by the transition limits 

from the geological interpretation. The joint 

interpretation shows a better correlation (o is more 

consistent) with the geology than the seismic and 

electric models independently. 
 

 

CONCLUSIONS 
 

 The integration of geophysical data-sets reduces 

uncertainty in the final model.  

 Finding analytical solutions for a joint inversion of 

data-sets is not straightforward. In this work we 

propose a statistical clustering approach with good 

results.  
 We integrate velocity and electrical resistivity data-

sets in a 3D bi-parametric grid that is then jointly 

interpreted through a clustering algorithm. 

 To do that, we apply a supervised statistical 

classification algorithm to get a new 3D lithological 

model.  

 This new model benefits from both the VP seismic 

velocity and electrical resistivity models. And 

results in a better resolved and geologically 

consistent subsurface model.  
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