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Introduction 
Seismic imaging  is the key method for imaging the structure of the subsurface. Data are 
generated by sending acoustic energy (sound waves) into the Earth and recording the 
reflections which are returned from the various layers. Seismic imaging is used extensively in 
the petroleum industry and also in mining, civil engineering and hydro-geology. The majority 
of geology students will ultimately end up in jobs that make extensive use of seismic data.  
 
Geology students are trained to study seismic data using datasets that have been donated from 
various industrial sources. They also spend a significant proportion of their time studying 
rocks in the field, but the connection between the two is generally quite poor. Seismic data 
lack the detail and resolution of seeing rocks at the surface, but the outcrops that are normally 
studied are typically far smaller than the volume or area covered by a seismic section which 
maybe several tens km long and extend to km into the Earth’s crust.  Consequently students 
become good at looking and seismic data and good at understanding rocks in the field, but 
often lack the ability to mentally combine the two. The gap can be filled though the use of 
forward seismic modelling that nowadays allow us to simulate seismic acquisition and 
seismic imaging across geological outcrops .The practice and use of this methodology will  
impacts their transition to the employment market.  
 
The aims of this project were twofold: 
1.  To take existing software code which is used to generate synthetic seismic data from 
vector images (correl draw or similar) and generate a suite of synthetic seismic lines for 
outcrops visited on various fieldtrips. This included a series of outcrops that are visitred 
during the ntergrated Petreoleum Geoscicence MSc field trip to Utah.. The synthetic seismic 
was be generated using a variety of acquisition design, different source frequencies, 
illumination methods and overburden thicknesses to highlight the range of seismic images 
that might be generated by the strata if they were in the subsurface.  
 
2. To develop a workflow and web based front end for the software which will allow the 
rapid upload of geological data (e.g  Import of external horizon and elastic property data in 
simple ASCII or standard SEG-Y formats) into the forward seismic modelling to generate 
synthetic seismic data, so that the same output can quickly and easily be generated for any 
outcrop in the current or future fieldtrip portfolio 
 
Outcomes include: 
1. A library of synthetic seismic images which are now used for field teaching 
2. Workflows for building synthetic seismic lines   
3. Workflow for efficient and rapid importing of external horizon and elsastic property 
 
 
 



Background  
A workflow was developed for the creation of the synthethic seismics. This workflow is 
presented below. The key parameters that affect the final results are:  
·Geological complexity: The geological settings of the section is going to influence the time 
that we are going to spend creating the seismic and the number of virtual wells that we will 
need to create to generate the reflectivy series.  
·Frequency: We have been working with frequencies from 25-30 Hz, which are the most 
common in real seismic acquisition. Frequency and investigation depth are extremely 
correlatable. High frequencies allow us to get more detailed resolution but constrained to 
really shallow depths, on the other hand, low frequencies allow us to go deeper but with less 
detail.  
·Thickness: As we explained in the last point, the thickness of our section ( depth ) is going 
to influence the final result. Because we are working with 25 Hz frequencies we are going to 
reach the best results with thick sections (>300 meters thick)  
 
  



Workflow for generating seismic 

 

 



 

 



 



 



 

  

  



Results 
For each of the studied sections the original image that we used to create the seismic is 
presented followed by the resulting synthetic seismic. These are presented in association with 
the settings that were used during the synthetic seismic generation and the rock properties 
that were used as an input for the different formations.  
To create the synthetic seismics continues logs for density and wave propagation velocity ( 
Vp ) were used.  Small sections of well logs were digitised for every formation and then put 
together. This is termed a virtual well ( A user created well using real values, and adapting it 
to the geological structure of our section )  
The rock properties tables refer to average values, extracted from different well logs located 
around Utah ( in situ values ) or from other analogues located around the Norwegian Sea. 
  



·Regional section through the Moab and Castle Valley Salt Walls. 



 Parameters used:  
·Wavelet: Ricker wavelet ( Zero phase )  
·Time acquisition: 2ms  
·Frequency: 25 Hz  
·Incidence angle of the seismics waves: 0 degrees  
·Propagation of the seismic waves: Zoeppritz equations  
·Rock Properties:  
 

 
Comments:  
The scale of this seismic is 60 km wide and 7 km thick across the whole Paradox Basin.  
To generate this seismic we used well log values from Utah, so the seismic response that 
you are seeing is the real one for this formations. To create a more realistic result we add a 
small quantity of noise.  
To create the reflectivity series, we designed 9 virtual wells using the values from Utah well 
logs  
This is the biggest section that we created and it’s the perfect example to get a closer look 
to the potential of the synthetic seismics generation.  
 
 



Moab Fault at the Arches Visitors Centre 

 



Parameters used:  
·Wavelet: Ricker wavelet ( Zero phase )  
·Time acquisition: 2ms  
·Frequency: 25 Hz  
·Incidence angle of the seismics waves: 0 degrees  
·Propagation of the seismic waves: Zoeppritz equations  
·Rock Properties:  

 
 
 
Comments:  
To generate this seismic we used well log values from Utah, so the seismic response that 
you are seeing is the real one for this formations. To create a more realistic result we add a 
small quantity of noise.  
To create the reflectivity series, we designed 2 virtual wells using the values from Utah well 
logs, one on the hanging wall and the other one on the footwall.  



Wasatch Fault. 

Parameters used:  
·Wavelet: Ricker wavelet ( Zero phase )  
·Time acquisition: 2ms  
·Frequency: 25 Hz  
·Incidence angle of the seismics waves: 0 degrees  
·Propagation of the seismic waves: Zoeppritz equations  
·Rock Properties:  

 
 
Comments:  
The values for density and velocity have been acquired from well logs located on the 
Norwegian sea which are analogues for this formations. We add a bit of noise to get a more 
realistic result.  



·Faroe-Shetland Complex ( Greenland ).  
 

 
 
Parameters used:  
·Wavelet: Ricker wavelet ( Zero phase )  
·Time acquisition: 2ms  
·Frequency: 25 Hz  
·Incidence angle of the seismics waves: 0 degrees  
·Propagation of the seismic waves: Zoeppritz equations  
·Rock Properties:  
 

 
Comments:  
The values for density and velocity have been acquired from well logs located on the 
Norwegian sea which are analogues for this formations. In this case we didn’t add noise to 
the seismic.  



·Book Cliffs. 

Parameters used:  
·Wavelet: Ricker wavelet ( Zero phase )  
·Time acquisition: 2ms  
·Frequency: 25 Hz  
·Incidence angle of the seismics waves: 0 degrees  
·Propagation of the seismic waves: Zoeppritz equations  
 
 
 



·Rock Properties:  

 
 
 
 
 
 
Comments:  
The values for density and velocity have been acquired from well logs located on the 
Norwegian sea which are analogues for this formations. In this case we didn’t add noise to 
the seismic.  



·Chinle Formation. 

 
Parameters used:  
·Wavelet: Ricker wavelet ( Zero phase )  
·Time acquisition: 2ms  
·Frequency: 25 Hz  
·Incidence angle of the seismics waves: 0 degrees  
·Propagation of the seismic waves: Zoeppritz equations  
·Rock Properties:  
 

 



·Green River Formation.  

Parameters used:  
·Wavelet: Ricker wavelet ( Zero phase )  
·Time acquisition: 2ms  
·Frequency: 25 Hz  
·Incidence angle of the seismics waves: 0 degrees  
·Propagation of the seismic waves: Zoeppritz equations  
·Rock Properties:  

 



·Dead Horse Point. 

Parameters used:  
·Wavelet: Ricker wavelet ( Zero phase )  
·Time acquisition: 2ms  
·Frequency: 10 Hz – 100 Hz  
·Incidence angle of the seismics waves: 0 degrees  
·Propagation of the seismic waves: Zoeppritz equations  
 
 
 
 



·Rock Properties:  

 
Comments: This image represents the result of convolute a single trace at different 
frequencies across the whole geological section to show how the vertical resolution of our 
seismic changes. High frequencies give us better resolution than low frequencies.  



·Gentile Wash.  



Parameters used:  
·Wavelet: Ricker wavelet ( Zero phase )  
·Time acquisition: 2ms  
·Frequency: 25 Hz  
·Incidence angle of the seismics waves: 0 degrees  
·Propagation of the seismic waves: Zoeppritz equations  
·Rock Properties:  

 
Comments:  
This image represents the result of convolute a single trace at different frequencies across 
the whole geological section to show how the vertical resolution of our seismic changes. 
High frequencies give us better resolution than low frequencies. 
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