
                                                                                                          

 

A stratigraphic prospect ï reducing the risk 
Nick Pillar*   IkonScience 

 

 
Summary 

Rock physics is the bridge between well and seismic data. This link is demonstrated on a Paleocene prospect in the UK North 

Sea that appears to be entirely stratigraphic. The likelihood of finding hydrocarbons has been significantly improved through the 

use of rock physics analysis, seismic inversion and a detailed analysis of seismic gather data. 

 

Introduction  

A geological model should be the basis of all prospect interpretations. This model is usually conceptual as the seismic does not 

always allow a rigorous insight into the geological detail. In this instance with a good regional understanding and good seismic 

data the lead was interpreted as a crevasse splay branching off a Paleocene fairway in the UK Central North Sea. Crevass splays 

are ideal settings for stratigraphic traps with the coarsest sediments being deposited nearest to the channels. There is therefore 

the possibility of this type of play being a trap for hydrocarbons assuming all other required components exist, source, migration 

etc. Ram S. Saxena AAPG Bulletin, Volume 62 (1978). 

 

Rock physics analysis 

Three wells were analysed. Two were discovery wells about 15kms equidistant from the prospect, one to the South and the other 

to the East. The objective of the rock physics analysis was to determine the expected seismic response with hydrocarbons and 

whether any elastic parameter might be able to discriminate lithology, sand from shale, and hydrocarbons from brine. 

The discovery wells encountered sands with porosities between 20 to 25% and water saturations (Sw) between 15 and 40%. The 

AVO response for the brine saturated case is Class 1 - there is a positive reflectivity (polarity definition ï an increase in AI is a 

red trough) on the near trace dimming with offset. With hydrocarbon saturation, a Class 2p occurs - the near trace amplitude is 

lower compared to that of brine and there is a phase reversal on the far traces. There is a well very close to the lead which had a 

ratty Forties sand and was water bearing. This well was used to create a pseudo well (Fig. 1) for use in 2D modelling. The 

reservoir interval was modified by increasing the net:gross and porosity in an attempt to model the expected reservoir properties 

at the lead itself.  
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Pseudo well - fluid substitution

dimming of amplitude with offset for both brine and oil, much more so for oil

More sand and better porosity increases expected AVO response

brine                      oil

Good sand in zone of interest 

(Por ~ 25%)

No hydrocarbons
 

Fig. 1 - A pseudo well created from the properties of a close by well. The sandstone interval has been modified to possess a 

higher net:gross and porosity. The brine saturated case dims with offset, oil saturation generates increased dimming with offset. 
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The 2D modelling indicated a dimming with offset similar to the 1D modelling and that seen on the seismic. However, the 

amplitudes did not satisfactorily match the real seismic response. An alternative model was generated by perturbing the porosity 

from right to left. This resulted in the modelled data being a closer match to the seismic in the areas where the porosity was 

lower. This appeared to indicate that the sand maybe tight. However, there are areas where the real seismic response is similar 

the ODT response see in Fig. 1, which from the modelling is characterised by a slight phase reversal on the far offsets. This 

appears to indicate possible sweet spots within a mainly tight reservoir.  
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Fig. 2 ï 2D seismic line through the prospect: (upper) seismic near stack, (lower) far stack 

 

The following observations were made based on the rock physics analysis:  

 

Å The sands are harder than the overlying shale 

Å Hydrocarbons softens the sands 

Å Seismically, brine sands are brighter than hydrocarbon sands  

Å Seismically, both brine and hydrocarbon saturated sands dim with offset  

Å Depending on fluid or porosities a phase reversal of the top reservoir may occur (type 2p AVO) 

Å Increasing the porosity lowers the amplitude;  a lower porosity increases the amplitude 

 
Elastic properties 

It was decided to investigate what elastic parameters might be able to discriminate lithologies and fluids. A number of 

parameters were tested but in the end Lambda Rho (ɚ.ɟ) and Mu Rho (ɛ.ɟ) were chosen. 

The computed elastic properties ɚ.ɟ and ɛ.ɟ from the well were found to be good discriminators for both lithology and fluid. 

High values of ɛ.ɟ, a measure of rigidity and insensitive to fluid, appeared to be a good sand indicator and low values of ɚ.ɟ 

indicative of oil (Fig. 3). Where the oil saturation decreased to less than 12% there was considerable overlap on the crossplot 

between oil and brine data points. The LMR parameters would not be able to distinguish low oil saturations in this case. 
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Crossplot of LR and MR for well C ïhigher MR and low LR are oil 

 
Fig. 3 ï Well C, crossplot of ɚ.ɟ and ɛ.ɟ. segments isolated to see where in the well they plotted. Higher ɛ.ɟ and lower ɚ.ɟ is 

indicative of hydrocarbons. There is a good discrimination between lithologies and fluids using these parameters. 

 
Seismic data 

Quite often there is a disconnect between the modelling carried out using well data and extracting the same elastic properties 

from the seismic data. In this instance tests showed the data to be of a quality that would allow a robust inversion. The inversion 

was a simultaneous inversion to P impedance and S impedance and then to ɚ.ɟ and ɛ.ɟ. A constant value background model over 

the interval was used to help prevent the background model biasing the result. The downside was that the impedance values are 

slightly off absolute values.  

The results of the inversions indicated that the reservoir pod was probably sand, and the reservoir fluid hydrocarbons but most 

likely patchy. Maps were made of the ɛ.ɟ and ɚ.ɟ attributes. The sand fairways can be easily seen and the presence of 

hydrocarbons in the two discoveries based on the low values of ɚ.ɟ. The inverted ɛ.ɟ and ɚ.ɟ data over the reservoir interval 

were crossplotted (Fig. 4). Polygons, similar to those used on the same elastic parameters at the wells, were applied to 

discriminate between lithology and fluids.  This has confirmed the likely presence of sand and hydrocarbons at what can now be 

called a prospect. 
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Fig. 4 ï Crossplot polygons of seismic inverted ɛ.ɟ and ɚ.ɟ.  

The blue and yellow shading indicates sand and red possible hydrocarbons. 


