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ABSTRACT 

The timing of maturity-development and hydrocarbon generation with respect to structuring is a primary factor controlling oil 

and gas accumulation. Hydrocarbon generation is largely a temperature-dependent process and in order to predict accumulation 

it is necessary to reconstruct thermal history. In this study of the Wessex Basin, direct thermal history data are obtained from 

Apatite Fission Track Analysis (AFTA) on samples from wells, shallow boreholes and outcrops, enabling the key facets of a 

complex thermal and tectonic history to be reconstructed. Several distinct styles of thermal history are recognized, with clear 

differences across the region in the time of cooling from maximum palaeotemperatures. In most wells, AFTA and Rock Eval 

data define low or non-linear palaeogeothermal gradients indicative of an element of heating due to fluid movement in addition 

to heating due to burial, making quantitative estimation of erosion difficult, but any reasonable model requires kilometre-scale 

uplift and erosion over a wide region. West of Portland in Lyme Bay, a key question is whether maturation history is dominated 

by early Cretaceous or by mid- to late Tertiary events. At present there are not sufficient data to extrapolate confidently from 

the area of well control east of Portland. No parts of the basin are currently generating hydrocarbons, implying that surface 

seepages are from previously reservoired accumulations. 
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INTRODUCTION  

The Wessex Basin, located in Dorset, southern England 

(Fig. 1) was formed during the Late Permian and evolved 

throughout subsequent extensional and compressional 

tectonic events in the Mesozoic and Tertiary ( Butler, 

1998; Hawkes et al., 1998; Underhill and Stoneley, 1998). 

The Wessex Basin is an established hydrocarbon province 

with two recognised primary plays; the Triassic Sherwood 

Sandstone Group and the Jurassic Bridport Sandstone 

Formation. The Sherwood Sandstone Group lies 

stratigraphically below the generally accepted source rock 

in the basin; the Lower Lias mudrocks (Butler, 1998; 

Ebukanson and Kinghorn, 1986; Hawkes et al., 1998). 

 

There are three potential source rocks for the hydrocarbon 

generated in the Wessex Basin; the Liassic Mudstone 

Group, the Oxford Clay and the Kimmeridge Clay Fm, 

which were deposited in the Lower, the Middle and the 

Upper Jurassic respectively (Underhill and Stoneley, 

1998). The timing of maturity of the source rock and the 

trap system is a paramount to the accumulation of oil and 

gas in any reservoir.  

 

In this research , I focus on the Liassic mudstone Groups 

as they are generally thought to be the main source of the 

hydrocarbon accumulations in the Wessex Basin as 

reported by many workers (Cornford et al., 1988; 

Ebukanson and Kinghorn, 1986)), among others. The 

generation of hydrocarbon is generally temperature 

dependent process, therefore, in order to predict with any 

degree of certainty, the existence of hydrocarbon in any 

potential reservoir, the reconstruction of precise burial 

history is crucial.  

 

Geological Setting 

The Wessex Basin lies in Southern England (Fig. 1) and 

comprises a series of linked intra-cratonic basins that 

formed in the Jurassic and Early Cretaceous by 

extensional collapse of deep-seated Late Carboniferous 

Variscan thrusts. The complex structural and stratigraphic 

evolution of the Wessex Basin runs from Permian to 

Tertiary times. The basin is believed to have originated 

during the Permo-Triassic rifting events that affected most 

of north western Europe (Hawkes et al,, 1998) and its 

history is characterized by four  major tectonic events; 1) 

Early Atlantic plate sequence (Late Permian-Triassic), 2) 

Atlantic plate sequence (Early Jurassic-Late Jurassic), 3) 

Biscay plate sequence (Late Jurassic-Late Cretaceous) and 

4) Alpine plate sequence (Late Cretaceous-Tertiary). 

 

The generation of hydrocarbons in the Wessex and other 

adjacent basins in southern England was frozen by 

inversion events that took place at various intervals. 

Figure 2 shows areas affected by the uplift in the Wessex 

Basin. It can clearly be seen that the main axis of the 

inversion lies south of the Purbeck disturbance, in the 

Portland-South Wight Basin but the inversion was not 

restricted to this area. Localised and even major inversion 

axes are visible north of the Abbotsbury Ridgeway Fault 

and the Purbeck Disturbance.  Similarly, Smith and Hatton 

(1998) conducted gravity and aeromagnetic studies of the 

basin in order to investigate the extensive effects of the 

inversion. A residual Bouguer gravity map reveals areas 

along both the Abbotsbury Ridgeway and the Purbeck 

Disturbance which show positive anomalies, suggesting 

denser, more compacted materials have been uplifted to 
shallower depths. 
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Figure 1: Geological map of Wessex Basin showing various geological formation in the Basin (Underhill & Stoneley, 1998). 

In order to estimate the amount of shortening and uplift 

caused by the inversion, several theories have been 

proposed. Butler (1998), based on interval velocity 

mapping suggested there was about 900 m of shortening 

across the Portland – South Wight Trough due to 

compression and up to 1300 m of reverse displacement 

along the Purbeck – Isle of Wight Disturbance. However, 

Sibson (1995) argued such reverse movements along 

listric faults could encounter significant frictional 

resistance and that footwall short-cut thrusts will develop. 

These short-cut thrusts were reported around the 

Kimmeridge area (Hawkes et al., 1998), but, Butler (1998) 

argued that that frictional resistance could be have been 

overcome by a strike-slip component of the inversion. In 

additional, Law (1998) using sonic velocities estimated 

about 1200 m of missing section at Kimmeridge 5. 

Similarly, Beeley and Norton (1998), using seismic 

velocity forward models argued for about 1500 m of 

missing section for the along the Central Channel 
Anticline. 

 

Figure 2: Gross isopach map for Early Jurassic Lias Group showing structural control on deposition. Modified from Hawkes 

et al. (1998). 

 

Conversely, Bray et al. (1998) carried out burial 

reconstruction models using apatite fission track analysis 

(AFTA) and vitrinite reflectance data from the basin and 

estimated 2-3 km of missing section around the 

Kimmeridge area and 2.3 km in areas around Wytch Farm. 

They argued the Lias mudstones entered the oil generation 

window briefly at Wytch Farm during the Late 

Jurassic/Early Cretaceous but never generated any 

significant amount of oil before cooling due to uplift. 



Burial Reconstruction…   Savanna Journal of Basic and Applied Sciences  

98 

 

 
Figure 3: Upheaval map, consisting of present day Inferior Oolite surface on the footwall of the Abbotsbury-Ridgeway and 

Purbeck faults, with the restored Inferior Oolite in the hanging wall superimposed on in the lower section, showing potential 

migration routes. 

 

METHODS 

Because of the the various tectonic events  that the Wessex 

Basin has gone throught from the Triassic to the Tertiary 

(McMahon and Turner, 1998), it is very difficult to 

accurately reconstruct the development of 

palaeotemperature and maturity based on conventional 

methods (stratigraphic sections and theoretical paleo-heat 

flow models). However, in this reasearch, direct thermal 

history data from the samples were acquired from British 

Petroluem (BP), these data was obtained by BP using the 

Apatite Fission Track Analysis (AFTA). AFTA can 

identify the timing and extent of maximum temperatute 

rocks have experienced and can also provide information 

on various degrees of previous thermal maxima, thus 

allowing various palaeotemperatures regimes to be 

reconstructed. AFTA can also provide vertical sequence 

from a well data that can define a palaeotemperature 

profile which gives unique insight into the causes of 

heating and cooling in descrete palaeotemperature 

regimes.  

 

In addition, Rock Eval data a was also acquired from BP. 

This data can be used to give independent estimates of 

amximum palaeotemperature, thus providing more data 

points along the wells. Furthermore, well data, well logs 

as well as stratigraphic logs were also acquired from BP. 

The burial history reconstruction was carried out at 

Imperial College London using PetroModTM incorporating 

AFTA, stratigrphic and structural data, as well as well data 

and Rock Eval data on a selection of wells from the 

Wessex Basin. 

 

The burial reconstruction was carried out on a selected 2D 

siesmic sections. It involves the conversion of the siesmic 

lines from time dormain to depth, and then decompacted. 

Figures 4 and 5 show the different processes involved in 

generating depth converted and decompacted surfaces for 

seismic sections B90-32 and B90-37 respectively, with 

my study area decompacted prior to the Albian-Aptian 

erosional event. There were noticeable variations in 

thicknesses after the decompaction over some of the 

section, e.g., on line B90-32 there was an average increase 

in thickness of about 150 m from top Chalk to top Inferior 

Oolite after the decompaction, with similar increases in 

thickness observed from top Inferior Oolite to top White 

Lias (Fig. 4). In contrast however, a 100 m increase in 

thickness was observed on line B90-37 after 

decompaction in layers between top Chalk and top Inferior 

Oolite, while there was no observable increase in 

thickness in layers between top of Oolite and top of White 

Lias (Fig. 5). 

 

In order to generate depth converted, decompacted 

surfaces, stratigraphic data, such as rock type, age and 

thickness were sourced from UKOGL well data base as 

well as from literature(Chadwick et al., 2005). Similarly, 

for rock properties such as composition, porosity, 

velocity, grain size, and density, well logs (raster) were 

acquired from IHS Global for the four (well) and the 

velocity was calculated from well tops data. During the 

decompaction process, all Tertiary to Recent sediments 
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were removed using the Move 2D 2015 TM software prior 

to the horizons imported and appended in PetrelTM.  

Geometrical restoration was carried out on a selection of 

2D seismic sections. Figure 4 is a composite south-north 

seismic section running from the offshore Portland–South 

Wight Basin to Wytch Farm and shows how the 

geometrical restoration was carried out. The missing 

sections were estimated from seismic lines B92-40 (not 

shown here) and a composite of BP-83-060L and 80-268 

also not shown here), which passes through the 
Kimmeridge area. 

 

Figure 4: Seismic section B90-32 showing: a) Image of seismic section with faults and tops identified, b) Polygons generated 

using stratigraphic rock properties data, c) Depth converted and d) Decompacted section, note: an average of 150m increase 

in thickness. 

RESULTS 

The models indicate that data from Wytch Farm K1_25, 

which is an oil producing well, the Lias (Lower Jurrusic) 

mud clays are immature (Fig. 6a) and the billion barrels 

plus of hydrocarbons present in the field have to have been 

sourced from the mature source rock somewhere (Hawkes 

et al., 1998). Similarly, results from Waddox Cross 1 (Fig. 

6b) also indicated the Lias was immature, eventhough it 

has experienced hotter temperatures than the Wytch Farm 

K1_25, but its still immature.  

 

In contrast however, plot from Radilpole indicated that 

Lias there has entered the ‘oil wiondow’ sometime in mid 

Cretaceous (Fig. 6c) with expulsion and migration likely 

during the paleogene (Fig. 6c). Similarly, plots of the 

Kimmeridge 5 indicated that the Lias has entered the ‘oil 

window’ late Jurassic - Early Cretaceous and expulsion is 

likely to have have begun in mid. Cretaceous. 

 

DISCUSSION 

One of the key unresolved questions regarding the 

petroleum system of the Wessex Basin has been the 

apparent anomaly of over one billion barrels in place in 

the Sherwood Sandstone reservoir at Wytch Farm.  A field 

that sits on the footwall of the Purbeck fault in an area that 

has been shown by basin modeling data and studies to be 

too immature for oil generation in the Liassic source 

interval. Not only has the oil migrated laterally some ten 

kilometres it has also migrated stratigraphically 

downwards through over of 300 meters of Mercia 

Mudstone into the Sherwood Sandstone Group reservoir. 

The problem is compounded by the reorganisation of the 

basin during Tertiary inversion and the lack of published 

maps that show the hanging wall and footwall cut-offs of 

the main carrier and reservoir horizons (e.g. Bridport & 

Sherwood sandstones). 

Eventhough the model has shown Lias in the Radipole 

and Kimmeridge are is mature, there is very little oil in 
those wells compared to the Wytch Farm. 

 

CONCLUSION 

The burial history reconstruction has provided an insight 

into potential migration pathways for oils found in areas 

on the footwalls of both the Abbotsbury Ridgeway and the 

Purbeck-Isle of Wight Faults by indicating potential areas 

of sand/sand juxtaposition.  Crude oil found within the 

Bridport Sandstone at Wytch Farm probably migrated 

through the Creech conduit, but less likely through Bushey 

Farm. Similarly, the most suitable position to juxtapose 

Bridport and Sherwood Sandstones is at Creech based on 
my mapping and analyses. 
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Figure 5: Seismic section B90-37 showing: a) Image of seismic section with tops identified, b) Polygons generated using 

stratigraphic rock properties data, c) Depth converted and d) Decompacted section. 
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Figure 6: Burial reconstruction showing a) Wytch Farm K1-25 with the Lias immature, b) Waddock Cross-1 with the Lias 

Immature, c) Radipole-1 showing the Lias entering the oil window during mid. Cretaceous, and d) Kimmeridge 5 showing the 

Lias entering the oil window in the Early Cretaceous. Using model developed by  Sajgó and Lefler (1986) Timing of the Oil 

window is indicated with the first appearance of red colour.  
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