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GeoScience geologists have carried out a case study based on outcrop fracture mapping 

which aims to model sub-seismic structures and fracture porosity distribution between 

mapped seismic-scale faults using RMS software (Emerson Roxar). The study area is 

located east of Aramunt in the northern limb (backlimb) of the Sant Corneli Anticline in the 

Catalan Pyrenees of Spain. The outcrop comprises sub-vertical rock faces of Upper 

Cretaceous interfingering units of massive rudist limestones, well-bedded grainstones and 

shaley intervals cut by mainly NNW striking (dipping ~70° to the W) normal faults with distinct 

offsets (Fig. 1).  

 

Fracture attributes (dip and dip azimuth, spacing and type) were measured along a series of 

linear scan lines arranged parallel to lithofacies boundaries. GPS control points (x, y, z 

coordinates) were also taken along the scan lines every one meter. The first step of the 3D 

model was to create synthetic horizontal wells by importing GPS coordinates into RMS as 

well heads and well trajectories. Fracture data (dip, dip azimuth, spacing) were imported into 

synthetic horizontal wells. The lithofacies units were imported as horizons based on GPS 

coordinates, digital elevation model, dip and dip direction data for the bedding planes and 

lithofacies boundaries. Large-scale (seismic resolution) faults were modelled deterministically 

in RMS using actual displacements measured in the field, whilst smaller-scale faults and 

fracture corridors (below seismic resolution) were modelled stochastically using a Discrete 

Fracture Network (DFN) model conditioned to the outcrop fracture data.  

A horizon model was created incorporating Fault F2, and stratigraphic separations across the 

fault were quality controlled. A geomodel grid was created for the fault and horizon models 

using a grid size of 5 m per dimension, and general trend and density grid parameters were 

calculated for it. Blocking of wells was performed using well trajectories. An initial DFN model 

 

 
 

 

 

 

 

 
Figure 1:  Outcrop photograph showing the seismic faults F2 and F3 and 

sub-seismic faults and fracture corridors in between. The 
distance between F1 and F2 is about 500 m. Photo looking 
north. 
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was created using the general trend and density grid parameters. A sample interval of 5 m 

was used for fracture density log calculation, and the blocking of the wells was refined using 

this. The trend and density grid parameters were calibrated by petrophysical modelling using 

blocked well fracture density, and the DFN model was calibrated using calibrated trend and 

density grid parameters. The calibrated DFN model was then used for fracture porosity 

modelling conditioned to universal fracture apertures (Figure 2). Universal apertures (100 - 

200 µm) were used because outcrop fracture apertures are generally not reliable and for 

subsurface reservoirs should be estimated from core, logs and especially dynamic data 

(hydraulic testing).  

The modelling results (Fig. 2) show that the high porosity values correspond to high fracture 

intensity, and that fractures are controlled by fault damage zones, lithofacies and mechanical 

stratigraphy. This is in line with observation of fracture distribution in the field. The integration 

of fracture network characteristics measured in outcrop analogues with sub-surface data, 

provides the basis for robust discrete fracture network models, which can be used to predict 

both flow performance and recovery factor for subsurface reservoirs. 
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Figure 2:  Fracture porosity model populated using a DFN model in RMS 
software and conditioned to fracture apertures. Note the higher 
porosity values in the limestone layer (upper two rows of grid) 
and at the damage zone of the normal fault. 

 
 

 


