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Shot/receiver line distance  500 m 

Shot/receiver distance 50 m 

Source 3 vibrators 

Sweep 12 – 96 Hz, linear 

Sweep/shotpoint 6 

Total numer of geophones 1423 

Total numer of shots 1390 

Bin size 25 m x 25 m 
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Sparse 3D Acquisition and CRS Processing for the Imaging 
of a Fault System - A Case Study  

Seismic  attributes (1) 

Survey 

CRS Method 

Introduction 

H. Buness, H. von Hartmann, T. Beilecke & R. Schulz 

Geothermal energy extraction has a large potential even in 

low enthalpy regions like Germany (Figure 1). Geothermal 

projects are characterized by a low profitability compared to 

hydrocarbon projects. Even a small 3D survey generates 

costs of several million €, so the need of 3D seismic often 

has been questioned. A cost reduction can be achieved by 

sparse acquisition of 3D datasets. However, the decreased 

fold inevitably leads to a decreased S/N ratio. 

To overcome this problem, the CRS (Common Reflection 

Surface) method has been proposed (Trappe 2005). This 

approach was tested on a fault system in the Upper Rhine 

Graben (Figure 2), because fault systems are considered as  

valuable hydro-geothermal reservoirs for heat and energy ex-

traction. 

Figure 2. Cross section of the Upper Rhine Graben (URG) tectonics. 

Mesozoic units of Muschelkalk and Buntsandstein at a depth of 3 to 5 

km are prospective, but their matrix permeability generally is not 

sufficient for an economical operation (Münch et al. 2004). Hence 

faults systems with possibly increased permeability are important. 

The Mesozoic sediments of the URG have been fragmented by 

multiple extensional and strike-slip tectonic phases into a mosaic of 

small to intermediate blocks. Often single blocks are characterized by 

an internal fracture system showing only small displacements 

(Geologische Übersichtskarte, Baden-Württemberg, Freiburg ,1998). 
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The 3D data were recorded in 2008 for geo-

thermal exploration. To simulate sparse acquisi-

tion, every second shot and every second 

receiver was skipped (Figure 3). Residual statics 

and the velocity model were newly built on the 

basis of the reduced dataset. Velocities were 

picked automatically by a semblance algorithm 

along several horizons and were manually 

corrected afterwards.  
Figure 4. Seismic section showing the structure of a small 

subbasin inside the Upper Rhine Graben. A fragmentation 

into small blocks is visible in the lower part. 

Figure 3. Fold of the origi-

nal dataset (left) and of the 

reduced dataset (right). Bin 

size was kept at 25 m to 

avoid a loss of lateral 

resolution. 

Figure 5. Principles of NMO/DMO vs CRS Imaging 

(Hubral et al.1999). 
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Seismic attributes may be defined as “any mea-

sure of seismic data that helps us better visualize 

or quantify features of interpretation interest” 

(Marfurth, 2009).  

One of the most established methods for fault 

visualisation is coherency analysis. It enables the 

recognition of faults that are hardly visible or am-

biguous in seismic sections. Coherency (or varian-

ce), like other attributes, can be computed for the 

whole dataset, constituting a new data cube. 

These cubes may be used for further attribute ana-

lysis, e.g. a windows based amplitude extraction 

(Figure 7).    

Figure 7. Window based RMS variance amplitudes of a 

Lower Jurassic stratigraphic marker in the Upper Rhine 

Graben, (a) NMO/DMO processed, (b) CRS processed. The 

black line marks an inline seismic section with (c) NMO/DMO 

and (d) CRS processing applied, the white line marks a 

crossline section with (e) NMO/DMO and (f) CRS processing 

applied. Faults visible in the amplitude maps (black and 

white arrows) cannot be mapped unequivocally in the 

seismic sections. 

The common reflection surface (CRS) method assumes 

finite reflector elements instead of reflection points 

(Figure 5). The CRS stacking operator (1) takes into 

account a sampling along the midpoint coordinate 

(Hubral et al. 1999,  Jaeger et al. 2001). The parame-

ters in (1) principally can be determined by a coherency 

maximization without knowledge of a macro model, i.e. a 

velocity model. 

If only one reflector point in the subsurface is consi-

dered, operator (1) reduces to the well known CMP 

stacking operator (2). The stacking operator of the CRS 

method includes more traces than the conventional 

NMO/DMO stacking operator (Figure 6) and hence dis-

plays a better S/N ratio. 

Table 1. Survey Parameters 

(1) 

(2) 

Figure 6. Velocity analysis using the reduced 

dataset. (a) supergather of 7x7 CMP, (b) CRS 

gather. CMP fold is in average 6 in the super-

gather. 

Figure 1. Deep aquifers marking re-

gions with favourable conditions for 

hydro-geothermal energy extraction. 

(www.geotis.de) 

Orange: > 60°C 

Red: > 100°C 
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Seismic attributes (2) 

Results 

Seismic attributes can be used to characterize  

seismic horizons. A horizon close to the base of 

the Mesozoic units in the Upper Rhine Graben 

shows an almost flat eastern part, bound to the 

west by faults with large throw values (Figure 

8a). The flat part can further be characterized 

by the analysis of reflection amplitudes (Figure 

8b). The dip attribute (Figure 8c) suggests a 

structural cause of the low amplitude values, 

since they correspond to large dip values. 

We found that the RMS amplitude of the variance 

cube, calculated in a window around target hori-

zones best resembles the fault patterns (Figure 9a). 
  

Several short, parallel, SW – NE striking faults be-

came evident that are not recognizable in seismic 

sections (Figure 10) or attribute displays (cp. Figure 

8). A second fault system, running perpendicular, 
i.e. SE – NW, also became visible.  
  

An even better visualization of faults is achieved by 

using CRS-processed data as basis for the vari-

ance calculation (Figure 9b). Faults appear sharper 

and the two different strike directions of faults are 

better defined.  
  

The NMO/DMO-processed reduced dataset (Figure 

9c) still shows large faults in the western part of the 

dataset. However, the SE part appears rather 

diffuse compared to the full fold dataset. At the 

margins of the dataset, especially at the northern 

end, the signal deterioration becomes very distinct 

because of the lower fold.  
  

The CRS-processed reduced dataset (Figure 9d) 

also displays a sharper image than the NMO/DMO 

processed data. The main structural directions can 

be recognized clearly. However, the loss in detail 

compared with Figure 9b is obvious. The advantage 

of the CRS processing in very low fold regions is 

obvious at the northern margin. 
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CRS processing could not compensate the loss of resolution 

due to the data reduction associated with a simulated sparse 

acquisition. 
   

The decision for a sparse acquisition depends on the scope of 

the survey. In our case study, it would had been sufficient to 

image the larger faults in the western part of the dataset. 

Conclusion 
The use of the variance cube as basis for a horizon bound win-

dow amplitude analysis has been successful for the detection of 

small faults, which would hardly be recognized in vertical seismic 

cross sections. 
  

CRS processing has improved the S/N ratio and imaging of 

these faults in the full fold as well as in the reduced dataset. 

Figure 9. RMS Amplitu-

des of the variance cube, 

calculated in a window  

enclosing a horizon near 

base of Mesozoic strata. 

The dotted white line 

marks the position of the 

inline shown in Figure 10. 

 

 (a) Full dataset, NMO/ 

DMO processing 
  

(b) Full dataset, CRS 

processing 
  

(c) Reduced dataset, 

NMO/DMO processing  
  

(d) Reduced dataset, CRS 

processing 

 

Figure 10. Inline seismic sections showing Mesozoic strata. Letters a – d refer to Figure 9.   2 km 

Figure 8. Seismic attributes of a horizon in the Upper Rhine Graben. (a) time, (b) reflection  amplitudes (RMS of a window 

around the horizon), (c) dip (after applying principle component filtering to the data) 
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