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Exercise: differential geometry of Wytch Farm faults 
 
Reading: Fundamentals of Structural Geology, Ch. 3 

Kattenhorn, S.A., and Pollard, D.D., 2001, Integrating 3-D seismic data, 
field analogs, and mechanical models in the analysis of segmented 
normal faults in the Wytch Farm oil field, southern England, United 
Kingdom. American Association of Petroleum Geologists Bulletin, v. 
85, p. 1183-1210 

 
In this exercise you are asked to investigate data on fault surfaces imaged in a 3D 
reflection seismic survey for the Wytch Farm oil field in the Wessex basin of southern 
England. The objectives are to quantify the surface and tipline shapes of these faults 
using the concepts and tools of differential geometry and to make inferences about their 
mechanical behavior.  
 
The Wytch Farm oil field is a 2.5 km-wide horst block, bordered on the north and south 
by east-west trending normal faults that dip away from the block. The field is internally 
dissected by several normal conjugate normal faults that are intertwined in a complicated 
pattern. The high-quality seismic data enabled Kattenhorn to interpret the fault surfaces 
and their tiplines, thereby revealing the pattern. An image of the pattern is shown in 
Figure 1. The 3D seismic reflection data were provided by BP Exploration Operating 
Company Limited and their Wytch Farm partners. 
 

 
 

Figure 1. Frantz Maerten analyses the faults at Wytch Farm using Poly3D. The colored 
triangulated surfaces are the faults and the white orthogonally-ruled plane is an 
observation grid. 
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The 11 interpreted faults with their nicknames, names, and number of vertices () are: 
  
 AF Arne fault   (211) 
 NF Northern fault   (428) 
 NFB North Basement fault  (32) 
 NGB North Graben Basement fault (40) 
 NGF North Graben fault  (209) 
 HEF Horst East fault  (161) 
 HEU Horst East Upper fault (161) 
 EGN East Graben North fault (264) 
 EGN2 East Graben North 2 fault (264) 
 FA A fault    (64) 
 FB B fault    (246) 
 
1) Load the fault vertices of each fault in MatLab and display the entire fault zone. Use 
the griddata.m function in MatLab. Briefly describe how the faults are segmented 
horizontally and vertically, the attitude of the tiplines, and the spacing and overlapping of 
the segments. Explain how the segmentation might influence the oil production if the 
faults are sealing (e.g. low permeability relative to the host rock). 
 
2) The Northern fault (NF) has abundant data and an interesting form. Compute the 
normal vector, N, at each vertex and plot these on the fault surface.  
 
3) For the Northern fault compute the coefficients of the First Fundamental Form (E, F, 
and G). Note: MatLab calculates numerical gradients with the gradient.m function. Recall 
that EG – F2 >0. Compute this quantity to check your work. Also, recall that F = 0 if the 
two parameter curves are orthogonal. Is this the case for your parametric representation 
of the Northern fault surface? 
 
4) For the Northern fault compute the coefficients of the Second Fundamental Form (L, 
M, N). Compute the quantity (LN – M2) and use this to identify the shape of the surface 
near each vertex.  
 
5) Compute the mean principal normal curvature and the Gaussian curvature and plot the 
two curvatures on the Northern fault surface. Categorize the shape of the surface at each 
point on the Northern fault using the six distinct shape curvatures. 
 
6) What might the curvature of the Northern fault surface indicate about the resistance to 
slip? How can you identify regions of high resistance to slip and low resistance to slip 
based solely on the shape of the fault surface? How would this change if the faults where 
strike-slip faults? 
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