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Abstract 

The synthesis and integration of existing biostratigraphic and sedimentological 

information from exploration wells in the circum-Atlantic region with recent 

developments in genetic sequence stratigraphic techniques and computer modelling has 

allowed the documentation of uplifts and the rifting history of the North Atlantic 

during the Late Jurassic and Early Cretaceous and has led to a better understanding of 

the history of N.Atlantic extension. Correlation of the Late Mesozoic stratigraphy 

between the Lusitanian, Celtic Sea Area, Wessex, Jeanne d'Arc, Faeroe/Shetland 

Basins and the Rockall Trough area has resulted in the identification of the main 

unconformities/uplifts to have affected the N.Atlantic. This has permitted a new 

understanding for the evolution of the N.Atlantic and the mechanisms of rifting. 

Up to four major unconformities were identified along the Grand Banks/Iberian 

Margin during the Oxfordian to Valanginian period. The Late Kimmeridgian and 

Middle Berriasian unconformities caused the greatest amount of erosion and are 

associated with uplift events interpreted from vitrinite reflectance data, sedimentation 

and erosion patterns. These events are thought to be related to the sea floor spreading 

in the Tagus abyssal plain and the establishment of a new N.Atlantic rift axis in the 

Early Cretaceous. 

In the Celtic Sea Area and Wessex Basins a major intra-Cretaceous unconformity has 

been identified and it is interpreted to be associated with an uplift event which was 

heralded by a Late Jurassic/Early Cretaceous regression which climaxed in the 

Berriasian. The uplift, interpreted from subsidence, AFTA and erosion data, was 

centred on the granites of the Cornubian Platform and peaked after the initiation of 

rifting in the Late Jurassic and before the emplacement of oceanic crust in the Bay of 

Biscay and west of Goban Spur in the Aptian/Albian. Younger Aptian and Albian 

unconformities, to which the older event is normally linked, are also recognised but 

probably relate to minor rifting events prior to, and uplift associated with, the opening 

of the Bay of Biscay. 

A major intra-Cretaceous unconformity also exists in the Faeroe/Shetland to Rockall 

Trough area and is interpreted to be related to an uplift event in the Late Ryazanian 

centred on North Rockall, prior to Cretaceous rifting. The rifting in the proto-Rockall 

Trough propagated from south to north into the Faeroe/Shetland area following this 

uplift throughout the Early Cretaceous. It is proposed that this was the most 

significant rifting event to affect the Rockall Trough. 



From this study three different rift trends (Jurassic, Cretaceous and Tertiary) can be 

identified from the Late Jurassic to the present-day over the N.Atlantic area. These 

trends can be related to times of widespread plate reorganisation during the Tithonian, 

the Valanginian and the Cenomanian. Most areas underwent three phases of uplift 

peaking in the Kimmeridgian-Tithonian, Late Berriasian and AptianlAlbian prior to 

these plate reorganisations. These uplifts appear to have formed geographically ahead 

of the propagating rift systems and prior to localised extension, possibly due to 

tensional stress build-ups in the lithosphere. Evidence for the possible involvement of 

other localised uplift mechanisms such as asthenospheric upwellings and isostatic 

uplift has been inconclusive although these processes can not be completely ruled out 

as their effects have been recorded elsewhere. 

The main conclusion from this work is that many rift systems undergo uplift just prior 

to rifting, which is manifested by a sedimentary shallowing in the stratigraphic record 

during the uplift, and widespread erosion which is further exaggerated by rift flank 

uplift. In the case of an active system such as the Late Mesozoic N.Atlantic these 

uplifts occur roughly at the same time and coincide with major changes in the path of 

the propagating rift system and the development of new sea floor spreading centres. 
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CHAPTER 1: Introduction to thesis 

1.1 Introduction 

The North Atlantic region, is defined as the area which lies to the north of the Azores-

Gibraltar fracture zone (Figure 1.1) between the N.American and Eurasian 

continents. Formed by rifting, the region has provided a unique study area for 

researching large scale tectonic and sedimentation processes relating to rifting and 

oceanic crust formation. This thesis aims to document the Late Jurassic to Late 

Cretaceous sedimentation patterns throughout selected Mesozoic basins of the 

N.Atlantic in order to understand the timing of, and tectonic mechanisms related to, 

widespread rifting and crustal separation. 

In its present form the N.Atlantic covers an area of some 7.2 million km2. However, 

the basins documented in this thesis (Figure 1.2) formed during the Mesozoic and 

are now located on the periphery of the Atlantic. One major drawback, when dealing 

with the stratigraphic record in the North Atlantic, is the paucity of onshore outcrop, 

which is restricted to the eastern side of the Atlantic. Information from these basins 

has relied heavily on the oil industry which to date has drilled under one thousand 

boreholes but shot more than 1 million line kilometres of seismic data (Tankard & 

Balkwill, 1989) in a region which is still generally regarded as a 'frontier" area. This 

exploration has resulted in only a few major hydrocarbon discoveries (e.g. Hibernia 

and Terra Nova Oil Fields [Jeanne d'Arc Basin]; Kinsale Head and Ballycotton Gas 

Fields [North Celtic Sea Basin]; Wytch Farm Oil Field [Wessex Basin]; Clair, [West 

of Shetland]). The generally unprospective nature of this area has resulted in the 

academic world being allowed access to the vast majority of the industry data for 

research purposes. However, renewed interest in some areas has been fostered by the 

discovery of oil fields west of Shetland e.g. the Foinaven and Schiehallion Oil Fields 

Together with the wide spacing and distribution of deep exploration boreholes the 

paucity of exposure has made regional stratigraphic correlation difficult. However, a 

basic understanding of the complex processes involved in N.Atlantic opening can be 

developed from the information available as most hydrocarbon and research boreholes 

record the pre-, syn- and post-rift sedimentation patterns during the Cretaceous to 

Tertiary phase of sea floor spreading. Regional correlation is necessary to identify the 

key tectonic events which have affected the N.Atlantic during its formation and this 

has been attempted in the past notably by Ziegler (1982, 1988, 1990), Dore (1992), 
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Knott et al (1993), Hiscott et al. (1990), Sinclair (1990), Sinclair and Riley (1994), 

Sinclair et al. (1994), and Hubbard et al. (1985a and b). However, these works 

concentrate on individual basins, with little attempt at regional correlation. Only 

Hubbard et al. (1985a and b) have attempted to apply seismic stratigraphic principles 

to several basins in order to elucidate a more comprehensive, regional picture. 

Without detailed correlation between basins it is difficult to link the timing and 

magnitude of major stratigraphic events, such as unconformities, to phases of 

continental rifling and sea floor spreading. As Hubbard et al. (1985a and b) have 

shown, only when unconformities can be placed in their regional tectonic context can 

mechanisms for the opening of the N.Atlantic be truly formulated. This study 

attempts to use this stratigraphic information to determine the role of uplifts and rifting 

during N.Atlantic formation. 

1.2 Rift mechanisms and uplift models. 

1.2.1 Introduction 

The current understanding of rift processes and uplift models was advanced 

substantially through the eighties and early nineties after the publication of McKenzie's 

model in 1978. It is important to understand the mechanisms of rifting and plate 

movements before a project such as this can be undertaken. Due to the multitude of 

rift theories it is beneficial to be aware of all the assumptions and drawbacks 

associated with different models. As this study uses similar approaches to those of 

Underhill and Partington (1993 and 1994), in their work on the Jurassic of the North 

Sea, it may be construed that an identical basin formation model forms the basis of this 

research. However, this project, instead of being geared or biased towards one model 

of basin formation simply records the stratigraphic history surrounding each rifting 

event and from this formulates a rifting model which best fits the data. This study, as 

with the work of Underhill and Partington (1993 and 1994) first looks at the 

stratigraphic data, which can be dated and constrained and then formulates a model. 

At no point has any crustal/mantle mechanical or geochemical modelling been carried 

out to see if these processes of basin formation could feasibly take place as this was 

deemed outside the scope of this project. 
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Although this study does not use anyone rifting model it is important to outline the 

main points in each one as references to certain models are made in the following 

chapters. The only constraints used in some of these models are rift shoulder uplift, 

which is observed at the present day (e.g. Royden and Keen, 1980; Beaumont et al., 

1982; Hellinger and Sclater, 1983), or the crustal structure from deep seismic evidence 

(e.g. Wernicke, 1981). The following section outlines the main rift models published 

thus far. 

1.2.2 Rift Models 

Intra-cratonic rift models fall into two categories: those that have been based on the 

modelled mechanical and stretching behaviour of the lithosphere and those which 

predict the upward displacement of the asthenospheric/ lithospheric boundary by 

upwelling (Ziegler, 1990). Other models which discuss the upwelling of the 

asthenosphere will be addressed in the next section. 

Rift theories which as based on the behaviour of the lithosphere also fall into two 

groups; those based around the pure shear model of McKenzie (1978) and those based 

on the simple shear model of Wemicke (1981). The five models are shown in cartoon 

form in figure 1.3 all have one common characteristic associated with the rifting 

which is the upward displacement of the asthenospheric/lithosphethc boundary (Keen, 

1987; McKenzie et al., 1978). Lithospheric extension causes the melting, by 

decompression, of the underlying asthenosphere and the dirapiric rise of these melts to 

the base of the lithosphere (McKenzie and Bickle, 1989). If the thinning in the 

subcrust becomes greater than that in the crust then an upwarping of the rift zone takes 

place which climaxes prior to, or during, crustal separation (Lachenbruch and 

Morgan, 1990). 

The McKenzie (1978) pure shear model (1 in figure 1.3) predicts that the crust and 

the subcrustal lithosphere will be stretched by the same amount. As this stretching 

occurs within the rift zone no rift flank uplift is predicted. It is this last point which 

has meant that the theories of Royden and Keen (1980), Beaumont et al. (1982), 

Hellinger and Sclater (1983) and Rowley and Sahagian (1986) have all used variations 

on the McKenzie (1978) model to account for rift shoulder uplift (Lachenbruch and 

Morgan, 1990). 

5 
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The models of Royden and Keen (1980), Beaumont et al. (1982), Hellinger and 

Sciater (1983) all use a discontinuous depth dependant stretching model (2 in figure 

1.3). This pure shear model presumes that the amount of stretching is not the same in 

the crust as in the subcrust. For this to work an intra-lithospheric discontinuity is 

required usually at the base of the crust. The stretching takes place outside the rift 

zone and produces rift shoulder uplift. 

A further model (3 in figure 1.3) based on the original McKenzie (1978) pure shear 

model is that of Rowley and Sahagian (1986). This is the continuous depth dependant 

stretching model which does not require an intra- lithospheric discontinuity. In this 

case the amount of extension in both the crust and the subcrustal lithosphere is the 

same, however, it is spread over a much wider area in the upper mantle. The 

stretching is not confined to the rift zone and rift shoulder uplift is again predicted. 

The simple shear approach adopted by Wernicke (1981; 4 in figure 1.3) is at first 

glance asymmetrical compared to the previous models. This model, generated from 

interpreted deep seismic data, predicts that extension takes place on an intra- crustal 

shear zone dipping from the crust into the upper mantle. The zones of crust and 

subcrust extension are offset which produces an asymmetric uplift of the rift 

shoulders. 

The observation that symmetrical rift shoulder uplift is more commonly recorded has 

led Barbier et al. (1986), to present a combined simple and pure shear model (5 in 

figure 1.3). The pure shear element of this model is depth dependent and takes 

place over a wide area, outside that of the rift zone. Tensional stress is dissipated 

throughout the subcrustal levels by flowage of lower crust material. The fact that the 

subcrustal extension occurs outwith the upper crust which is extending due to simple 

shear produces a wide broad scale doming of the rift flanks. 

It is becoming more apparent that understanding the role of uplifts in the basin 

formation process is of fundamental importance. Many of the models described above 

only propose rift shoulder uplift instead of wide spread doming. The difference 

between doming and rift flank uplift is one of scale. From figure 4 of Weissel and 

Kamer (1989) it can be seen that rift flank uplift only occurs approximately 50km 

away from the rift axis. However, whenever convective cells are set up beneath the 

rift (Steckler, 1985) the corresponding area of uplift may be greater, estimated to be 
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over 140km from figure 4a of Braun and Beaumont (1989). On the other hand 

widescale uplift resulting from upwelling asthenosphere can occur over an area with a 

diameter of 2000-2500km (White and McKenzie, 1989; Griffiths and Campbell 

1991). The following section discusses the models which predict the association of 

rifting with asthenospheric upwelling. 

1.2.3 Asthenosphere-Driven Plume models 

Where high rates of lithospheric extension exist, even during the early stages of rifting 

asthenospheric diapirs may be produced in the upper mantle (Turcotte, 1981). This 

model (Figure 1.4) predicts the rise and the lateral spreading of melts to form a "rift 

pillow". These pillows could cause temporary doming over a wide area. However, 

due to their unstable nature they would cool or be reabsorbed into the mantle due to 

phase changes which would lead to rapid subsidence (Thorne and Watts, 1989). 

Temporary doming therefore is produced by the emplacement of rift pillows, whereas 

progressive thinning accounts for progressive doming (Ziegler, 1990). The 

progression thinning models have been discussed in the previous section, however, 

progressive thinning caused by a mantle plume has yet to be discussed. 

Houseman and England (1986) suggested that the lithosphere responds to convection-

related uplift. The result is the localized elevation of its surface, synchronous with a 

plume forming at the base of the lithosphere, and deviatoric extensional stresses. This 

active rift model (Figure 1.4), in which rifting is usually associated with volcanism, 

implies that mantle forces in the form of a plume result wholly or in part for the 

observed extension in the crust. The passive rifting model of Turcotte (198 1) 

suggests that rifting is entirely due to regional tension which results in the upwelling 

of asthenosphere. The two main active rift models which differ, those of White and 

McKenzie (1989) and Griffiths and Campbell (1991), are shown in figure 1.4 

showing the disparities in the current plume theories. 

The first is the incubation model (White and McKenzie, 1989), which proposes that 

plumes originate at the 670km discontinuity, between the lower and upper mantle, due 

to anomalies formed possibly at the core mantle boundary. The plumes rise to the 

base of the crust and then spread laterally and "incubate" before displaying volcanism 

(Kent et al., 1992). The temperature of a plume changes with time and is about 2500C 

above that of normal asthenosphere. The melt production rate is controlled by 
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temperature and mantle thickness and therefore near a rifting ocean melt volumes are 

high. 

The other model of plume formation (Griffiths and Campbell, 199 1) suggests that 

plumes originate from anomalies concentrated at the core/mantle boundary, which rise 

undisrupted through the 670km discontinuity and hit the crust with enough impact to 

generate active rifting and high melt volumes. This model proposes that the plume 

head is mushroom shaped and should only be formed of lower mantle material. It 

argues that the 2500km wide volcanic provinces cannot be formed by a plume which 

starts at the 670km discontinuity as a plume head greater than 670km is needed to 

account for the size of these provinces. 

The differences in the two models are that the White and McKenzie (1989) model 

requires the arrival of the plume to be coincident with passive lithospheric extension to 

produce continental flood basalts. The Griffiths and Campbell (1991) model on the 

other hand suggests that rifting and volcanism are the direct cause of the upward 

movement of the plume. The models also differ in scale with the Griffiths and 

Campbell (199 1) model predicting whole mantle convection and a plume head bigger 

than the width of the upper mantle. Such a large head is required to produce the vast 

areas of continental flood basalts observed throughout the Deccan Traps of India and 

the N.Atlantic. The White and McKenzie (1989) model, however, has a two tier 

mantle convecting system with a plume head only forming by the lateral spreading or 

rising asthenosphere beneath the crust. 

The debate on the origin and effects of mantle plumes continues to draw much 

publicity, especially concerning the origin of the Iceland plume. As this feature is 

related to the opening of the N.Atlantic and this section is related to rifts controlled by 

asthenospheric uplifts it is important to highlight the current theories on its formation. 

The Icelandic plume, with developed in the Early Tertiary, was either a steady state 

phenomenon, a combination of smaller rising asthenospheric 'sheets" or was a 

hotspot. The steady state model proposes that impact of one large plume combined 

with a rifting ocean, caused volcanism of a 2500 km wide area (Figure 1.5; White 

and McKenzie, 1989). This accounts for the large amount of volcanism in the central 

region (i.e. close to Iceland), but there is a flaw in this argument because of the 

occurrence of large volumes of high melt volcanics on the periphery of the 2500km 

wide feature. One model proposed by White (pers. comm), concerning the Iceland 

plume is that the area was not plumbed from a single conduit but was affected 
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Reconstruction of the N.Atlantic at magnetic anomaly 23. Positions of extrusive 
volcanic rocks are in solid shading, hatching shows extent of Early Tertiary igneous 
activity. The position of the Iceland hotspot anomaly is shown by the circle which 
has a diameter of 2500km. 
From White and McKenzie (1989). 
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by a rising sheet of asthenosphere hot enough to cause the high melts on the periphery 

of the "plume". (The sheet theory always assumes plume size to vary with time). 

This idea has a problem in that there must be a rapid heat drop-off at the edge of this 

"sheet" or lower melt volcanics would be expected outside the "sheet" area which 

consists of hotter than normal asthenospheric material. Kent (pers. comm) suggested 

that the large picritic melt volcanics on the periphery of this plume in the Hebrides, 

western Scotland, do not appear to be caused by decompression melting due to 

extensive crustal thinning. Therefore, these volcanics must have been formed by a hot 

heat source which was detached from the Iceland plume. 

Lawyer and Muller (1994) have also suggested that the plume was a hotspot. This 

theory suggests that the Early Cretaceous to recent volcanics of Iceland/Greenland and 

Ellesmere Island can be explained by a hotspot trace. It does not explain the 60-65Ma 

volcanic suite to the west of Britain, as the hotspot would have been too far away at 

this time. There are also bathymetric ridges which do not fall on the line of the 

proposed hotspot trace (i.e. the Iceland-Faeroe Ridge) which can not be explained by 

this theory. 

The only evidence that the Iceland plume was a single feature, 2500km across, is the 

fact that if one circles all the volcanics which are roughly the same age one comes up 

with a feature 2500km wide (Figure 1.5). However, it is more likely that this story 

is oversimplified and that the Icelandic plume was initially a series of thermal uplifts 

with possibly three centres, above which there was rifting and volcanism. This would 

explain the high melt volcanics on the periphery and the fact that all the volcanics are 

not exactly the same age, some even being Cretaceous in age (Morton, pers. comm.). 

In summary, the evidence for plumes is not conclusive, however, some form of rising 

asthenospheric material, possibly similar to the "blob" described by Underhill and 

Partington (1993 and 1994) in the next section, cannot be ruled out as an uplift and 

rifting mechanism. 

1.2.4 A new model of basin development 

The conventional models of basin development have been discussed, however, only a 

few asthenospheric upwelling models propose that domal uplift is involved in the 

rifling processes. Although the papers by Underhill and Partington (1993 and 1994) 

12 



do not directly propose a new model for basin development the implications of their 

finding are crucial for basin modelling work. Their work concentrates on the North 

Sea and in particular the documentation of the "Mid-Cimmerian" unconformity. Only 

when a genetic sequence stratigraphic approach was applied were Underhill and 

Partington (1993 and 1994) able to quantify and postulate on the mechanism of 

unconformity generation. The fact that this study uses the same methodology as the 

Underhill and Partington (1993 and 1994) work but is concentrated on the basin 

evolution of the N.Atlantic means that instances of rift related uplift could prove to be 

more common. Therefore, a short review on the main findings of the Underhill and 

Partington (1993 and 1994) research is attempted due to similarities with this study. 

Although a rift dome in the North Sea was proposed by Whiteman et al., (1975), 

Hallam and Sellwood (1976), Ziegler (1982 and 1990 a,b) amongst others, the work 

of Underhill and Partington (1993 and 1994) has fully documented and quantified this 

feature. Underhill and Partington (1993 and 1994) used the temporal and spatial 

stratigraphic relations above and below the "Mid Cimmerian event" or unconformity to 

determine the driving mechanism behind its formation. By plotting the truncation and 

the onlap patterns above and below this event it was possible to see that erosion was 

elliptical and centred close to the rift triple junction (3 in Figure 1.6). The subcrop 

pattern beneath this event in the North Sea revealed that certain areas underwent deep 

erosional incision e.g. the South Viking Graben and the Halibut Horst. This erosion 

was partially related to doming but was exaggerated by subsequent rift shoulder uplift. 

The onlap of the marine waters onto the event (1 in Figure 1.6) was complex in that 

it progressed from the north to the south down the proto Viking Graben into the proto-

Central Graben and west to east to south from the Moray Firth into the Central 

Graben. Flooding was completed during the Kimmeridgian when marine conditions 

covered the centre of what was the uplift. Therefore, Underhill and Partington (1993 

and 1994) concluded that the stratigraphic patterns record the widespread regional 

uplift and subsidence of the North Sea during the Jurassic. This type of basin 

formation is unlike the classic McKenzie (1978) passive rifting model and the fact that 

volcanics associated with the uplift developed after the unconformity and before the 

onlap is consistent with a Houseman and England (1986) active rifting model. 

This would then invoke the impingement of a mantle plume head on the base of the 

lithosphere although the percentage of melt in the North Sea Mid Jurassic volcanics 

would not support this (Latin et al., 1990b). However, the fact that the volcanics 
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occur some 1 5-25Ma after the unconformity climax suggest that uplift was transient in 

nature (Underhill and Partington, 1993 and 1994). Griffiths and Campbell (1991) 

have modelled plume flow through the mantle and have deduced that the initiation of 

subsidence and that the maximum uplift would precede the arrival of the plume head at 

the base of the lithosphere. Underhill and Partington (1993 and 1994) suggest that the 

recorded uplift in the North Sea was the result of a rising asthenospheric plume head 

or blob (without a long lasting jet) which dissipated as it ascended through the mantle. 

By the time this thermal anomaly would have reached a shallow enough depth beneath 

the lithosphere to cause melting and the subsequent volcanics the maximum uplift 

would have passed and subsidence would be initiated on the margins of the uplift (2 in 

Figure 1.6). Late Jurassic rifting therefore, would have occurred on the back of an 

earlier thermal event which produced the widespread unconformity and can be 

interpreted as a plume head or "blob" (Underhill and Partington, 1993 and 1994). The 

subsidence history of such an event would therefore be complex due to the declining 

advective heat flux and the cooling of the asthenosphere (Underhill and Partington, 

1993 and 1994). 

1.2.5 Apparent sea level drops associated with intra-plate stress and 

crustal mechanics 

Other mechanisms of regional unconformity generation, not directly associated with 

rifting, have to be noted before a critical evaluation of the N.Atlantic rifting evolution 

can be undertaken. The notion that stress build ups in the lithosphere in the order on 

lkbar can be caused by major reorganisations at convergent plate boundaries, 

fragmentation of plates, or collision processes has been addressed by Cloetingh et al. 

(1985, 1989). Intra-plate stresses of this magnitude theoretically can produce apparent 

sea level changes of more than lOOm on the flanks of sedimentary basins. The fact the 

sea level falls of this magnitude exist and that the N.Atlantic opening involved a series 

of plate reorganisations suggests that intra-plate stress may be an important mechanism 

for generating apparent sea level falls and their associated unconformities and this will 

be discussed in the following chapters. 

Crustal mechanics on a very large scale (>700km) may also be responsible for 

apparent sea level falls. The idealized cross- section in figure 1.7 shows the effects 

of widespread movement on one fault plane which controls the extension in a number 

of basins. Such a large amount of extension on one surface may raise areas adjacent 
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to the fault above a regional datum, representing an apparent sea level drop, 

developing a large scale "roll-over" anticline. Although there are many conceptual 

problems with this model it may be valid in certain circumstances when extension over 

an area is affected by space problems. 

1.3 Project aims and rationale 

Although the detailed study of all Mesozoic basins of the N.Atlantic would provide the 

best understanding of the processes involved in its formation, this study has 

concentrated on areas where the best stratigraphic information is available. Therefore, 

only the following areas are described in detail: the West of Shetlands/Rockall region, 

the Wessex Basin, the Celtic Sea Area Basins, the Lusitanian Basin and the Jeanne 

d'Arc Basin (Figure 1.2). These areas, although geographical distant today, were 

adjoined until the Early Cretaceous (Figure 1.8) and experienced continental/ oceanic 

rifting relating to the opening of the N.Atlantic from the Late Jurassic to the Late 

Cretaceous. 

Construction of a rigid and robust stratigraphic framework is the only way in which 

correlation of the major tectonic events such as unconformities, can be used to 

understand the patterns and timing of continental rifting which preceded oceanic crust 

formation in the basins described above. The stratigraphic columns for various 

N.Atlantic basins (Figure 1.9) all show a number of unconformities which, until 

now, have been related either to failed rifting (Hubbard, 1988), the onset of sea floor 

spreading to the south and north of the Azores-Gibraltar fracture zone (Gradstein, 

1977, McWhae 1981, Wade 1981), or rifting in the Bay of Biscay (Hiscott et al., 

1990). However, as already discussed, Underhill and Partington (1993 and 1994) 

have noted the existence of a major unconformity, related to the Mid Jurassic uplift of 

the North Sea, which occurred prior to a rifting event. Such unconformities, which 

occur prior to rifling are also common throughout the Mesozoic basins of the 

N.Atlantic and have been referred to as domal uplift events by Ziegler (1982, 1988, 

1990). The study of these features, which is attempted in this work, may allow a new 

insight into the influence of continental rift systems on the position and timing of sea 

floor spreading in the N.Atlantic in particular and has implications for the development 

of rift systems in general. 
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The exact dating of stratigraphic events, e.g. unconformities or regional stratigraphic 

markers, has not been attempted between the basins used in this study. However, 

advances in sequence stratigraphic techniques, especially genetic sequence stratigraphy 

(described in chapter 2) which is used in this study, along with a critical evaluation of 

their benefits and uses, allows the comparison of Mesozoic basins now widely 

separated by the Atlantic Ocean. Having defined correlatable horizons using this 

technique this thesis attempts to test whether they may help elucidate the Late 

Jurassic/Cretaceous tectonic history and sedimentation dispersal patterns in this area 

prior to widespread oceanic crust formation. 

To develop these aims a type study area had to be established and this initially 

concentrated on the Grand Banks of Newfoundland and the Lusitanian Basin of 

Portugal. However, it quickly became apparent that these basins alone were of limited 

use in defining the uplift and rifting history of the entire N.Atlantic margin. The Celtic 

Sea Area Basins and the Wessex Basins were then incorporated as they contained 

comprehensive databases and onshore exposures as well as major unconformities 

which have been attributed to N.Atlantic rifting and oceanic spreading episodes (e.g. 

Ziegler, 1982, 1988, 1990). To complete the study an understanding of the poorly 

constrained Cretaceous rift evolution of the basins in the northern portion of the 

N.Atlantic rift, represented by the Rockall and Faeroe/Shetland areas, was attempted. 

The Rockall and Faeroe/Shetland areas were selected as they comprise the majority of 

the stratigraphic information from the northwest portion of the N.Atlantic. Seismic, 

well and biostratigraphical data from the offshore areas was incorporated with well 

documented outcrops to construct a rigid stratigraphic framework throughout the 

region. 

The research contained in this thesis differs from that already published in a number of 

important respects. Firstly, to cover the length of the N.Atlantic margin three areas 

have been chosen to be researched in detail. These areas are the Grand 

Banks/Lusitanian Basin, the Celtic Sea Area Basins/Wessex Basin, and the West 

Shetlands/North Rockall area. Secondly access to confidential well, seismic and 

biostratigraphical data from these areas has permitted the use of sequence stratigraphic 

methods to construct a rigid chronostratigraphic framework over the N.Atlantic 

region, which is more detailed than any currently in the published realm. With a 

detailed stratigraphic framework along the North Atlantic margin it is then possible to 

compare and contrast different stratigraphic events in each area. In addition, 

producing plate and palaeogeographic reconstructions for the N.Atlantic for specific, 
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well-defined time intervals using information from the detailed studies, allowed a very 

accurate picture of the development of the N.Atlantic to be constructed. Thirdly, the 

mechanism of regional unconformity generation, particularly prior to or after rifting 

phases, was assessed using methods similar to those of Underhill and Partington 

(1993 and 1994) to establish the temporal and spatial dimensions of unconformities. 

This work integrates new geological data and techniques from detailed basin-wide 

studies into the context of the evolving N.Atlantic. Such a rationale attempts to 

constrain the knowledge of the N.Atlantic evolution in data rich areas and apply it to 

data poor areas. The additional information contained in this work from that published 

should provide a better understanding of the causes and ages of the major 

unconformities associated with N.Atlantic opening, the controlling factors in 

N.Atlantic rift propagation and the general stratigraphy of the Mesozoic basins. The 

use of new sequence stratigraphic methods to construct a rigid stratigraphic framework 

allows the precise dating and correlation of regional unconformities. Having defined 

the temporal and spatial evolution of these unconformities the mechanisms of 

unconformity development to be established. With this knowledge the timing and 

causes of rift propagation throughout the Late Mesozoic evolution of the N.Atlantic 

can be quantified. 

1.4 Database and exploration history 

Well, seismic and biostratigraphical data along with surface outcrops formed the core 

of the database for this project. The seismic data was either in the form of regional 

seismic lines or block and area specific surveys which varied in vintage from the early 

seventies up to 1994. The data was used, where possible, to identify and then to trace 

surfaces of chronostratigraphical significance and unconformities, although in many 

cases the seismic resolution was lower than that required and these surfaces then had 

to be identified using well and biostratigraphical data. Nevertheless, regional seismic 

lines were useful for determining the amount of erosion associated with 

unconformities, the possible onlap edge of the basin and the identification of syn-rift 

sections. 

More than 400 exploration wells and additional research boreholes provided the main 

stratigraphic database for the offshore basins. Biostratigraphic analysis was available 

for over two thirds of the wells studied, and when combined with regional 
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biostratigraphic schemes it was possible to date and identify correlatable horizons. 

Wells from the most basinal settings, those less likely to have experienced subaerial 

erosion, were preferred to those located on the basin margins or in footwall high 

locations, for correlation purposes. However, this was only possible in the most data-

rich areas and due to the frontier nature of the exploration along the N.Atlantic margin 

many wells were widely spaced and not in ideal locations. To complement the well 

data the onshore exposures of the Lusitanian, Wessex, Wealden and Paris Basins 

were studied. The Late Jurassic to Early Cretaceous intervals were logged and 

sampled for biostratigraphical analysis and then compared to the exploration wells. 

In addition to seismic, well and biostratigraphical data, regional gravity and magnetic 

surveys were used to define the extent of interpreted volcanics and basin architecture. 

Other sources of data used in this study came from vitrinite reflectance, maturity and 

apatite fission track analysis as well as oil company reports which are referenced in the 

text. The subsurface data was compiled largely from hydrocarbon exploration drilling 

which has taken place from the 1940's in the Wessex Basin up to the present day. 

The following paragraphs describe the exploration history to date and the major 

discoveries in the data rich areas of the N.Atlantic. 

The marginal basins of the North American continent consist of the Grand Banks, 

Orphan Basins, Labrador Sea and the East Greenland rift. The Grand Banks area 

contains palaeorift basins such as the Whale, Carson, Flemish Pass and Jeanne d'Arc 

Basins, situated to the south and east of Newfoundland (Tankard et al., 1989; 

Figure. 1.2). Hydrocarbon exploration in this region began in the early 1970's, and 

it is estimated that "Avalon Province" Oil Fields (Hibernia, Hebron, Ben Nevis, Terra 

Nova and Whiterose), contain in excess of 3.5 billion barrels of recoverable oil 

(Tankard et at., 1989). 

Relatively little is known of the Orphan, Labrador Sea and E.Greenland Basins, which 

lie on the northeast margin of the N.American continent, due to the limited amount of 

data from the subsurface. The occurrence of Tertiary basalts has meant that most 

seismic data from these areas is of poor quality and few exploration or research wells 

have penetrated pre-Tertiary sediments. Only reprocessed seismic data has revealed 

new information and this has significantly changed the timing of major rift events in 

this area (e.g. Chalmers et al., 1993). However, the Labrador and Orphan basins 

have been studied in connection with the basins of the Grand Banks and various 

correlations have been made between the two (see Balkwill et at., 1990). 
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The continental margin to the west of Europe contains the Lusitanian and Algarve 

basins, and the Galicia margin to the north. The main hydrocarbon exploration in this 

area has concentrated on the Lusitanian Basin, particularly around the numerous salt 

diapirs. The margins of the Bay of Biscay, to the north, have also attracted 

exploration due to their proximity to the Aquitaine oil and gas province, but no 

significant discoveries have been made. The database from this area also suffers from 

the low prospectivity, as most of the information is old (pre-1970), and poorly 

constrained. 

The Irish continental shelf has attracted modest exploration in both the Porcupine and 

Celtic Sea Area Basins. Discoveries in this area include the large Kinsale Head and 

Ballycotton Gas Fields and the Helvick Oil Field of the North Celtic Sea Basin and the 

Connemara Oil Field in the Porcupine Basin (see Croker and Shannon, 1995). These 

two Irish areas have extensive seismic databases, due to the fact that they neighbour 

the North Sea oil and gas province, and the onshore fields in the Wessex Basin. The 

surrounding basins, the Brittany, Western Approaches, Southwest Channel and the 

Bristol Channel Basins have also seen unsuccessful hydrocarbon exploration. 

The Wessex Basin in Southern England has been at the forefront of English geological 

research for the last 150 years due to its exceptional outcrops. A wealth of data, both 

at outcrop and from the subsurface, both on and offshore exists in.this area. Some of 

the earliest on and offshore exploration in the United Kingdom took place in the 

Channel Basin dating from the earlier part of this century and although many traces of 

hydrocarbons have been recorded only a small number of producing oil fields exist the 

largest being the Wytch Farm Oil Field. This area continues to be actively explored 

for hydrocarbons both in the on and offshore domain. 

The Rockall Trough to the West of Shetland region lies on the western margin of the 

United Kingdom and Irish continental shelves. The Rockall Trough sensu stricto has 

not been penetrated by any exploration wells due to the water depth of over 2500m. 

However, the basin margins and the back basins the Slyne, Erris, Donegal, Flannan 

and Lewis Basins and the margins of the Rockall Trough have all seen limited 

exploration and research activity. This area is, however, becoming increasingly 

studied after the recent hydrocarbon discoveries west of the Shetland Islands further to 

the north such as the Clair, Foinaven, Schiehallion Oil Fields and the Victory Gas 

Field. 
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1.5 Previous work 

The majority of papers published on the area of study have concentrated on the 

individual basins and not the complete area. This is not surprising, as correlation 

using lithostatigraphic or seismic techniques is difficult, due to the distances involved. 

The structure of these basins, therefore, is well known, due to the fascinating 

palaeotopography seen on seismic lines (e.g. the Flying Foam structure in Tankard et 

al., 1989). This literature is of limited application when trying to correlate between 

basins, although it is useful in understanding the tectonics of a particular basin, and 

how it can be integrated into the overall regional tectonic framework. An historical 

rendition of the literature will not be attempted here as modern work has had the huge 

advantage of industry data. However, some of the most detailed work on onshore 

areas was completed during the first half of the century (e.g. Arkell, 1947) and has 

been used extensively in certain parts of this project. 

No study on the N.Atlantic could fail to reference the work of Ziegler (e.g. 1982, 

1988, 1990). Ziegler's research goes far beyond the scope of this work and covers 

many basins outside the area of study. Although his work has been one of the main 

sources of reference for the entire N.Atlantic many basin specific studies have been 

covered in greater detail by other workers, and recent publications exist which have 

not been cited by Ziegler (1990). Other authors who have published on the entire 

N.Atlantic are Knott et al. (1993) who presents a new plate reconstruction 

interpretation (similar to that used in this study) and tectonostratigraphy for the 

N.Atlantic. Dore (1992) also presents a plate reconstruction evolution concentrated on 

the northeast Atlantic and Cioetingh et al. (1989) discuss the intra-plate stress effects 

of changing the relative motion of plates during the formation of the N.Atlantic. The 

work of Exxon Production Research (e.g. Vail et al., 1977; Haq et al., 1988) has 

included many areas from the N.Atlantic (e.g. the Wessex and Paris Basins) in the 

construction of their global sea level curves. This work has correlated unconformities 

throughout many basins in a global context and is discussed in more detail in chapter 

2. 

Regional correlation has been attempted by Hiscott et al. (1990) which summarises the 

stratigraphy of the N.Atlantic basins, from the Late Jurassic to the Early Cretaceous 

using regional unconformities and palaeoclimatic indicators. Sinclair et al., (1994) 
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and Sinclair & Riley (1994) have also attempted regional correlation, concentrating on 

data from the Jeanne d'Arc Basin, the Porcupine Basin and the Moray Firth Basin 

using unconformities and regional shale horizons. However, the use of the Outer 

Moray Firth Basin to correlate stratigraphic events must be viewed with caution as the 

over-riding control on Jurassic stratigraphy in this area was the Middle Jurassic North 

Sea uplift event (see Underhill and Partington, 1993 and 1994). 

Correlation in the Grand Banks area alone has been attempted by many workers 

particularly McCracken (1991), Cloetingh et at. (1989), Hubbard (1988) and Foster 

and Robinson (1993) using unconformities. The major Aptian unconformity in this 

area (the Avalon unconformity) has received specific attention by Grist (1991), 

Williamson (1992), Avery and Bell (1985), McCracken (1990), Jansa & Wade 

(1975), Gradstein et at. (1987), Grant et at. (1986) with other unconformities and the 

regional tectonic evolution of the area described by McWhae (1980) and Tankard et al. 

(1989). 

Unconformities and facies belts have been correlated in the Lusitanian Basin of 

western Portugal by Wilson et at. (1989), Leinfelder (1987) and Leinfelder and 

Wilson (1989) who also provide the best tectonic synthesis of the basin. Leinfelder 

(1987) and Leinfelder and Wilson (in press) have also used transgressive/regressive 

cycles and high resolution sequence stratigraphy to correlate between outcrops in the 

Kimmeridgian and Tithonian sections across the basin. 

There are numerous publications from the Wessex Basin which deal with both the 

tectonics and stratigraphy and the reader is referred to a reference guide by Thomas 

and Ensom (1989). However, key work referenced to in this study includes that of 

Arkell (1947), Arkell et al. (1952), Allen (1981, 1975), Ruffell (1992) and Ruffell 

and Wignall (1990). The geology of the Dorset coast is described by House (1989) 

and many workers have studied the structural and stratigraphic evolution of the 

Wessex Basin (e.g. Dingwall, 1971; Chadwick, 1985a and 1989; Lake and Kamer, 

1987; Seliwood et al., 1986 and Seliwood & Jenkyns, 1975 and 1991). 

The evolution of the Celtic Sea Area Basins has been described by Petrie et at. (1989), 

Naylor and Shannon (1982), Shannon (1991a), and Millson (1987). This work 

covers the stratigraphic evolution of the area in detail, however, Kamerling (1979), 

Cook (1987), Ziegler (1987a and b), Chapman (1989) and van Hoorn (1987) describe 

specific areas of the Celtic Sea Basins in more detail. The biostratigraphy of the 
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Jurassic and Cretaceous intervals has been researched by Ainsworth et al. (1987) and 

Cohn et al. (1981, 1992). 

Although relatively little is known about the Rockall Trough area due to the lack of 

well penetrations, many publications have discussed its likely evolution, volcanic 

occurrences, crustal nature and stratigraphy based on geophysical modelling or 

research results (e.g. Naylor and Shannon, 1982; Shannon et al, 1993; Tate and 

Dobson, 1989a, 1989b; Megson, 1987; Bentley and Scrutton, 1987; Scrutton and 

Bentley, 1988; Roberts, 1981; Masson and Miles, 1986; Ziegler, 1989; Dore, 1992; 

Megson 1987; Joppen and White, 1990; Roberts et al., 1988; Smythe, 1989; Shannon 

et al., 1994). The geology and evolution of the northern part of the Rockall Trough 

and the Faeroe/Shetland Basins is covered by Fyfe et al. (1993), Earle et al. (1989) 

and Stoker et al. (1993). 

1.6 Regional Setting and geological history 

The following chapters will discuss the regional setting and geological history of 

specific basins in detail. Chapter three will concentrate on the Grand Banks! Iberian 

Margins, chapters four, five and six will describe the stratigraphy of the Celtic Sea 

Area Basins, Wessex Basin and Faeroe-Shetland/ Northern Rockall area respectively 

and chapter seven will summarise the Late Jurassic to Late Cretaceous N.Atlantic 

evolution. What is attempted here is an overview of the main areas of interest and the 

major tectonic events which affected each basin. Basins will be grouped and 

described in the order as they appear in the ensuing chapters. 

It is only possible to comprehend the complexity of the evolution of the N.Atlantic 

when the geology of different basins along the margin of the North Atlantic is taken 

into consideration. The timing of rifting phases throughout the N.Atlantic is critical in 

understanding the tectonic forces operating during the Late Jurassic! Early Cretaceous 

period. It would seem unreasonable to assume that the large scale tectonic movements 

in one area did not have some effect in neighbouring basins. Therefore, where the 

data has existed, basins have been studied which are or were adjacent to each other so 

that regionally correlatable events can be separated from localised basin-wide events. 

A series of stratigraphic columns (Figure 1.9) is used to illustrate the main 

similarities or differences between the basins. 
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Sinclair etal. (1994) recognised that many workers have demonstrated the importance 

of large scale tectonic controls on local basin development throughout eastern North 

America and northwest Europe (Ziegler, 1988,1990; Hubbard, 1988; Tankard & 

Balkwill, 1989; Hiscott et al., 1989). He described three main rifting events that have 

affected the N.Atlantic: the Early Cimmerian, Late Cimmerian and the Austrian 

phases. However, there also seems to be justification to add a further minor but very 

important tectonic phase, the "Mid-Cimmerian" (commonly Middle Jurassic) after the 

work of Ziegler (1982, 1988, 1990) and Underhill and Partington (1993 and 1994). 

The Early Cimmerian rifting phase, through the Late Permian and Triassic periods, 

(initially described by Ziegler, 1982 and now by Sinclair et al., 1994) affects most of 

the basins covered in this study. However, in many cases the sediments deposited 

during this phase have been buried so deeply that lack of well penetrations and the 

poor imaging on seismic data has meant that relative little is known apart from the fact 

that the sediments were predominantly of a continental nature in origin. The basins 

which do not appear to have undergone significant (if any) rifling at this time are the 

Rockall Trough, Orphan and Labrador Sea areas and the East Greenland rift zone. 

These conclusions, however, may be biased due to the lack of data from these areas. 

The "Mid-Cimmerian' tectonic phase, from the late Early Jurassic to the Middle 

Jurassic, comprises of a series of unconformities which may be related to the Middle 

Jurassic break-up and initiation of sea floor spreading in the Central Atlantic (Sinclair 

et al., 1994) or basin-wide tectonic effects (Hallam & Sellwood, 1976; Ziegler, 1982, 

1990; Underhill & Partington, 1993 and 1994). The main basins affected by this 

phase of tectonism are the Celtic Sea Area Basins, Wessex Basin and the Faeroe/ 

Shetland Basins. 

The Late Cimmerian rifting phase was probably the most important in the evolution of 

the N.Atlantic and is the most widely recognised (Ziegler, 1988,1990; Sinclair etal., 

1994; Hiscott etal., 1990). This phase lasted from the Late Jurassic until the Early 

Cretaceous and may be related to the first attempts at sea floor spreading above the 

Azores/Gibraltar fracture zone (Figure 1.1) and is discussed in detail in the 

following chapters. During this period high sedimentation rates are recorded, 

particularly in the Lusitanian basin, where oceanic crust formation in the Tagus Basin, 

caused crustal thinning and basin deepening. The Kimmeridgian-Tithonian succession 

in many area was dominated by marginal or non-marine sedimentation (e.g. the 

Lusitanian Basin, the North Celtic Sea Basin) however in others (e.g. the Wessex 
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Basin and the West Shetland Basin) marine mudstones were deposited. These 

extremes in environments of deposition probably relate to the high level of tectonic 

activity that the majority of basins on the eastern margin of the N.Atlantic experienced 

during this time. 

Finally the last phase of Mesozoic rifting occurred during the Aptian and Albian and is 

defined as the Austrian phase by Ziegler (1988). However, this phase is the most 

difficult to define throughout the basins of the N.Atlantic area. To the south in the 

Grand Banks/Iberian area this rifting phase relates to the initiation of widespread 

oceanic crust formation between the Azores/Gibraltar fracture zone and the Charlie 

Gibbs fracture zone (Figure 1.1). To the north this phase is related to the northward 

propagation of the Rockall rift zone into the Faeroe Shetland area. Elsewhere 

continental rifting during this time took place prior to the initiation of sea floor 

spreading (i.e. the Cantabrian, Aquitaine, Labrador Sea areas) and to a lesser extent in 

the Celtic Sea Area and the Wessex Basins during the Early Aptian. 

The N.Atlantic region has experienced four major phases of tectonism during the 

Mesozoic in the Triassic, Middle Jurassic, Late Jurassic/Earliest Cretaceous and in the 

Apto/Albian. These events are expressed as unconformities in the stratigraphic 

records of the Mesozoic basins of the N.Atlantic and record periods of major plate 

reorganisation. The Late Jurassic/Earliest Cretaceous and the Apto/Albian will be 

discussed in detail in the following chapters as these events would control the opening 

of the N.Atlantic. 

1.7 Project outline 

This thesis aims to document and describe the uplift and rifting history of the North 

Atlantic prior to and during crustal separation. This is achieved by using modern 

sequence stratigraphic techniques, described in chapter two, which initially allows 

local basin-wide correlation but when integrated with other areas permits regional 

correlation. When regional correlation has been established the timing of the main 

unconformities throughout the Late Mesozoic of the N.Atlantic can be constrained and 

an insight into the rifting history of the N.Atlantic can be established. 

Chapter three concentrates on the correlation between the Grand Banks, offshore 

Newfoundland, and the Iberian Margin, offshore Portugal and Spain. This area 



records a number of rifting events and the earliest attempts of sea floor spreading in 

the N.Atlantic region. Having established the timing of rifting this chapter then 

describes the rift propagation throughout the region. 

Chapter four describes the occurrence and timing of major Late Mesozoic 

unconformities from Celtic Sea Area Basins. The timing of rifting events in these 

basins is also defined from subsidence curves and the relationship of the 

unconformities to the opening of the N.Atlantic is discussed. 

Chapter five correlates the unconformities described in chapter four into the Wessex 

Basin and northern France where they can be observed at outcrop. The uplift 

associated with the unconformities is predicted from burial history analysis and a 

tectonic reconstruction of the Channel Basin during the Late Mesozoic is also 

attempted. 

Chapter six documents unconformities which can be defined in the data rich areas 

of the West of Shetland and can then be traced into the Rockall Trough area. The rift 

evolution of this region is also studied using palaeoenvironmental indicators and 

palaeogeographical maps. 

Chapter seven summaries all the interpretations made in the previous chapters into a 

rift evolution model of the N.Atlantic using a modern plate reconstruction program. 

Possible mechanisms for unconformity generation throughout the N.Atlantic and the 

relationship between major plate reorganisations and uplifts are also discussed. 
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CHAPTER 2: Project Methodology 

2.1 Introduction 

The following sections outline the basic seismic and sequence stratigraphy 

methodology used in this research. It is necessary to explain the sequence stratigraphic 

techniques used for regional correlation in this study especially as those used differ 

somewhat from the pioneered work of Exxon Production Research (e.g. Vail et al. 

1977). This chapter aims to describe the methodology which has been used in the 

interpretation phase of this project (see chapters three to seven). 

2.2 Seismic and Sequence stratigraphy 

2.2.1 Introduction 

Sequence boundaries and their correlative conformities have been the building blocks 

for sequence stratigraphic studies over the last 50 years. These surfaces came to the 

forefront of modern geology with the advent of seismic stratigraphy and the work of 

Exxon Production Research in AAPG Memoir 26 (Payton, 1977) and again with the 

application of high resolution sequence stratigraphic techniques (Van Wagoner et al. 

1988; 1990). 

Indeed, most sequence stratigraphers who use the "Exxon Methodology' or variations 

upon it, use sequence boundaries and their correlative conformities as the main stratal 

surfaces which break up a succession of strata into units which can be correlated over a 

considerable distance. The other methodology, less frequently used in sequence 

stratigraphic studies, is that of the genetic stratigraphic sequences developed by 

Galloway (1989a). 

The sequence boundary is an unconformity and its correlative conformity which 

separates all the strata below the boundary from all of the strata above the boundary 

(Mitchum et al., 1977) and has chronostratigraphic significance. Although all the 

points on the sequence boundary do not represent the same duration of time, one 

instant of time is common to all points, therefore it is believed to have time 

stratigraphic significance (Van Wagoner et al., 1990). 
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In this study regional sequence boundaries are related to relative changes in sea level 

either produced by tectonic events or local variations in sea level. Global eustatic 

changes in sea level as suggested by Haq et at. (1987, 1988) have not been considered 

due to the observation that the Late Jurassic/Cretaceous period was one of little ice 

coverage (Gradstein et al., 1990) and therefore a eustatic mechanism for unconformity 

generation is less plausible. Other workers (e.g. Underhill and Partington 1993 and 

1994; Underhill, 1991b; Miall, 1992; Hallam, 1988) have also found problems 

associated with the Haq et at. (1987 and 1988) work and they suggest that tectonic 

controls on sedimentation have dominated in areas of active tectonism. Local changes 

in relative sea level can be detected by identifying regionally correlatable shale horizons 

which have chronostratigraphic significance which represent periods of sea level 

highs. Periods representing sea level highs are separated by periods of sea level fall, 

during which time clastic sequences may prograde into basin centres and minor 

unconformities may form. However, only basin-wide unconformities and regionally 

correlatable shale horizons have been studied in this thesis as they are more likely to be 

related to large scale N.Atlantic tectonic events than those surfaces produced during 

local relative sea level variations. The temporal and spatial evolution of these major 

unconformities can then be traced using the onlap and truncation of regionally 

correlatable shale horizons and related, were possible, to N.Atlantic tectonic events. 

2.2.2 Correlation Methodology 

Correlation between basins can be undertaken using both sequence boundaries and 

surfaces of chronostratigraphic significance. Two groups of researchers weight their 

interpretations heavily on either sequence boundaries (Exxon Production Research e.g. 

Vail et at. 1977) or on maximum flooding surfaces (the genetic sequence stratigraphy 

group e.g. Galloway 1989a; Partington et at., 1993a). 

The use of surfaces of erosion (sequence boundaries sensu. Exxon) as correlative 

boundaries has inherent problems. Firstly, any erosion surface will have associated 

erosion occurring for longer periods of time at specific places, such as topographical 

highs or areas of maximum tectonic uplift if a tectonic process is driving the erosion. 

This means that the age of the unconformity (the time between erosion initiation and 

termination) will vary depending on the site of study. Clearly in the subsurface this 

may lead to the identification of spurious ages for unconformities if well spacing is 
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clustered in specific areas such as structural highs. 

The Exxon approach argues that if sufficient well control is available, the identification 

and correlation of sequence boundaries surpasses all other chronostratigraphic tools 

and sets up a framework for high resolution chronostratigraphy and facies analysis 

(Van Wagoner et al., 1990). Sequence boundaries, therefore, have been used as a 

basin or inter-basinal correlatable tool as these surfaces are suggested to form 

synchronously in many basins around the world (Vail et al., 1977; Vail and Todd, 

1981 and 1984; Haq et.al., 1988). However, many erosion surfaces have limited 

extent and are usually sub-regional with different initiation times, and therefore, are 

localised features and cannot be correlated on a regional scale. 

The approach adopted in this study is to use surfaces of chronostratigraphic 

significance in the sub-surface (and where possible in outcrop) to identify, date and 

trace large regional, seismically-resolved unconformities. The reasons for this are as 

follows: 

Surfaces of chronostratigraphic significance can be accurately dated. 

Unconformities are diachronous and are very hard to date with accuracy. 

Although sub-seismic resolution unconformities can be defined at outcrop 

they cannot be traced offshore. 

The data for this project is mainly from the subsurface. 

Evaluation of regional unconformities relating to rifting has been 

satisfactorily attempted using genetic sequence stratigraphy (in the work of 

Underhill and Partington, 1993 and 1994) 

The dominant use of surfaces of chronostratigraphic significance, such as prominent 

shale horizons, for correlation is therefore different from the well-published Exxon 

sequence stratigraphy methodology (e.g. Van Wagoner et al., 1990). Van Wagoner et 

al. (1990) considers that the basic stratigraphic units are bounded by sequence 

boundaries (unconformities) but subdivided by marine flooding surfaces which record 

shallowing and initial deepening events respectively. As sequence boundaries are hard 

to interpret in shale dominated basins and marine flooding surfaces are potentially 

diachronous (e.g. Mitchener et al., 1992; their figure 16) over wide areas, it does not 

seem reasonable to use these events in regional correlation. This is not to say that 

prominent shale horizons are not at times diachronous themselves but within the 

bounds of the Jurassic/Cretaceous biostratigraphical resolution they are effectively time 

lines. 
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Therefore, the use of a genetic sequence stratigraphic methodology involving the 

identification of the surfaces of chronostratigraphic significance throughout the basins 

involved in the formation of the N.Atlantic was followed as it fitted well with the 

project database. 

2.2.3 Identification and Limitations of surfaces of chronostratigraphic 

significance 

Maximum flooding surfaces are surfaces of chronostratigraphic significance which 

typically occur as distinctive marine shale events with characteristic gamma ray peaks 

and sonic velocity troughs on electrical well logs and occur throughout the basins of 

the N.Atlantic. These surfaces are often, but not always, associated with a high 

organic carbon content, authigenic mineral growth, faunal influxes, extinction 

'bioevents' and a lack of terrigenous sediment and they are formed during periods of 

low sediment supply and low current activity. It is this last point which makes them 

readily correlatable within a region covered by a biostratigraphic scheme. However, 

biostratigraphic schemes change from place to place for the micropalaeontological 

species used for dating (e.g. dinoflagellate cysts [dinocysts]) which sometimes hinders 

correlation. 

Maximum flooding surfaces are therefore distinctive and have been recognized by 

many workers under different guises (i.e: condensed sections sensu Van Wagoner et 

at., 1988, 1990; Posamentier et al., 1988; Loutit et at., 1988, marine condensed 

horizons [Partington et al., 1993a] or bounding hiatal surfaces sensu Galloway, 

1989a). Outside basinal depocentres maximum flooding surfaces are represented by 

thin marine shales in marginal marine areas or thick coals in non-marine areas 

(Underhill and Partington, 1994; their figure 2; Figure 2.1), which occur at the time 

of peak transgression or the "time of maximum flooding (Posamentier et at., 1988). 

The identification of maximum flooding surfaces on wireline logs follows the 

principles employed by Milton et al.(1990) who identified a gamma/sonic bows along 

with an occasional resistivity low (Figure 2.2). Identifying maximum flooding 

surfaces by log response alone has its problems due to poor downhole conditions, 

such as varying hole diameter caused by caving, which can affect the sonic trace. 

Certain lithologies can also mimic a typical maximum flooding surfaces log response 
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(e.g. micaceous hot sands or the heavy mineral sands). Maximum flooding surfaces 

only occasionally correspond to "bioevents" in biostratigraphy reports. Bioevents are 

associated with condensed sections and within them are found extinctions, sometimes 

equivalent to the first downhole appearance (FDA) of a species in the well, inceptions 

or the last downhole appearance (LDA) in the well, and acmes where one species 

dominates the population. The uncommon discovery of bioevents is due to incomplete 

sampling of the well, however with a sufficiently large and diverse database this 

problem may be overcome. 

When a bioevent corresponds to the top of a gamma/sonic bow one may presume that a 

maximum flooding surface has been encountered. The age of this event is then 

assigned from the palynologicallmicropalaeontological assemblage present. These 

estimates are accurate to one ammonite zone (ie— 1 million yrs.) for the Jurassic of the 

North Sea. In the vast majority of cases one ammonite or dinocyst zone is the limit of 

the biostratigraphical resolution using this approach, although occasionally subzones 

lasting 0.5-0.25 my can be defined (Partington et al., 1993a). The maximum flooding 

surfaces defined from biostratigraphical data can therefore be tied to the ammonite zone 

or dinocyst zone in which they lie (Figure 2.2). When the proposed maximum 

flooding surface has been established at the same stratigraphical level in wells from 

widely separated areas, in different depositional or tectonics settings, it is presumed 

that it is has been formed by the same regional rise in relative sea level. This 

information allows a maximum flooding scheme which is tied to ammonite or dinocyst 

zones to be constructed. Although maximum flooding surfaces are assigned a regional 

status they will not necessarily appear in every well in an area due to local tectonics or 

structural highs (ie. the crest of a fault block) which may result in their erosion. These 

surfaces may also appear to be absent due to condensation on a high (ie. no 

gamma/sonic bow may be seen) or when they are amalgamated along with other 

maximum flooding surface from the same ammonite zone. 

In order to identify the correct surfaces a knowledge of the timing of local tectonics and 

biostratigraphic schemes is required. It is also helpful to display gamma and sonic 

logs properly as maximum flooding surfaces do not always stand-out from standard 

electrical well logs scales. However by changing log scales to less than 1:2000 (from 

1:500) one can recognise gamma and sonic bows without much difficulty. 
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2.2.4 Dating and Biostratigraphic schemes 

The timescale used throughout this work is that of Harland et al. (1990). However, 

both the Haq et al. (1987, 1988) and the Gradstein et al. (1994) timescales are good 

alternatives (Figure 2.3). The Harland et al. (1990) timescale was adopted because 

it was used in the GLOBE plate reconstruction program (chapter seven) and the 

subsidence and burial history programs (chapters four and five). All the 

biostratigraphic schemes, dates and geological stages cited in this work are based on 

the Harland et al. (1990) timescale. 

Biostratigraphy was singularly the most difficult subject encountered in this research. 

This is purely due to the size of the study area. Two significant problems in the Late 

Jurassic to Late Cretaceous biostratigraphical data were encountered. The first 

concerns data quality and availability. Although one biostratigraphical scheme was 

selected for use in a particular area in this study, differences existed in the contractors 

and consultants raw data biased by their own specific schemes and hence, which 

presented problems for correlation. Many contractors identify and work with different 

microfossil groups, and additionally problems arise from: caving and reworking; 

sample spacing and sample preparation; and preservation (Partington et al., 1993b). 

The second problem encountered with biostratigraphical data is the result of attempting 

to correlate between widely spaced regions where different biostratigraphic schemes 

exist. There is not one unified biostratigraphic scheme which covers microfossils, 

nannofossils and palynology over the time period or area of study. 

Certain biostratigraphic schemes such as that of Partington et al. (1 993b) use Late 

Jurassic dinocyst stratigraphic ranges which are well known and are based on studies 

which are calibrated with ammonite datums at outcrop (e.g. Woollam and Riding, 

1984). However, in some areas such as offshore Newfoundland or where non-marine 

deposition dominates such calibration to ammonites is not possible. A further 

problem is due to the mixing of Tethyan and Boreal ammonite species in the study area 

(Ziegler, 1982 and 1990) which poses complications for constructing biostratigraphic 

schemes. 

It is not surprising, therefore, with the difficulties stated above that it is hard to 

combine these various schemes due to the geographical distances between the areas 

covered. Problems in correlation may be due to restricted or blocked marine seaways 
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which existed between the Central and North Atlantic seas throughout the Late Jurassic 

and Cretaceous times. Such a problem has been recognized in other areas of the world 

where different species may exist or where species ranges may differ from one area to 

another (Whelan pers. comm.). Correlation between biostratigraphic schemes which 

are based on dinocyst acmes also present problems as separate oceanographic or 

climatic conditions may bring about a dinocyst "bloom' in one area and not in another 

(Whelan pers. comm.). 

Correlations attempted in this work rely on the published biostratigraphic schemes of 

Partington et al. (1993b), Williams et al. (1990) and the confidential schemes of B.P. 

and the Bujak Davis company of Canada. These schemes are presented in chapters 3, 

4 and 6. 

2.2.5 The Correlative Conformity 

The dating of regional unconformities is essential to this study however this requires 

the identification of the correlative conformity. A correlative conformity is a 

depositional surface at the base of the lowstand systems tract, the surface at which the 

most basinward shift in facies is recognized. Although formed at one point in time, the 

following paragraphs outline the dangers of using the correlative conformity to 

represent the age on an unconformity or sequence boundary. 

The sequence boundary is an unconformity and therefore represents erosion or non-

deposition. However, by definition, it should have a correlative conformity (Figure 

2.4a), a surface which represents the missing time of the unconformity with complete 

section. 

It is this surface that is used to correlate and date the unconformity and has given rise 

to the very accurate dates proposed by the coastal onlap curve of Haq et at. (1988) e.g. 

the 177Ma age for the "Mid-Cimmerian" event in the North Sea and the Absaroka/Zuni 

boundary in Western U.S.A. The correlative conformity simply represents the 

maximum areal extent of erosion associated with the sequence boundary or the point 

around which the maximum basinal progradation of facies occurs (Figure 2.4b). 

Therefore, this surface does not date the unconformity but simply represents the time 

of the transition from the prograding phase of erosion to the retrogradation phase of 

erosion (Figure 2.4b). 
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These examples illustrate the need to understand the initiation and termination times of 

unconformity erosion due to the adherent problems associated with using sequence 

boundaries and their correlative conformities as surfaces of chronostratigraphic 

significance within a basin. Information on the age of a sequence boundary can only 

be truly seen from the construction of a chronostratigraphic diagram. The 

unconformity age can then be constrained by tracing the truncation and onlap of the 

maximum flooding surfaces below and onto the unconformity surface. The time of 

maximum areal extent of erosion associated with an unconformity, the equivalent of 

the correlative conformity, can also be constrained when the age of the maximum 

flooding surfaces below and above this surface are known. 

The time duration associated with sequence boundaries can best be seen on a 

chronostratigraphic diagram. The diagram can be further modified to show erosion 

through time. If different geological settings are chosen it is observed that the shape of 

the erosion diagram is remarkable similar even if these settings are of different scales. 

The shape of the erosion diagram (Figure 2.4a) predicts that the stratigraphic gap 

formed by the unconformity in the progradational phase of erosion (before the time of 

the correlative conformity) is often greater than the stratigraphic gap formed after the 

time of the correlative conformity and during the retrogradational phase of erosion. 

2.2.6 Chronostratigraphic Charts 

Chronostratigraphic charts are used throughout this study to show the relationship of 

stratigraphy to time. The maximum flooding surfaces are represented as horizontal 

lines corresponding to their ammonite or dinocyst zone. These lines are "time lines" 

within the Jurassic/Cretaceous biostratigraphical resolution (Partington et al., 1993a) 

and break up the charts into time units. (One must remember that these charts do not 

show sand body thickness, but the geographical distribution during the time when they 

were deposited). Unconformities or sequence boundaries can erode one or more 

maximum flooding surfaces (depicted on the charts as non-deposition) especially if the 

well is located on a footwall high. To achieve a true representation of the erosion 

associated with each unconformity only the wells located in hangingwall depocentres 

should be used for correlation purposes. This avoids footwall high locations, the 

stratigraphic section of which may represent the combined erosion of a number of 

unconformities. 
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The importance of using maximum flooding surfaces as a correlative tool is 

demonstrated in figure 2.5 which shows a typical half graben structure imaged on 

seismic lines. The sediments deposited in this graben produce reflectors which can 

been seen to onlap the tilted fault block. Two wells, A and B, drilled in the graben 

centre and the block crest encounter sediments which can be roughly dated as 

Kimrneridgian in age. However a gas-bearing sand in well A is not found in well B 

suggesting that the sand has pinched out onto the tilted block. Using maximum 

flooding surfaces one can delimit the age of the sandstone in well A between two 

flooding events, the same two events contain a shale in well B. The separation of three 

sand bodies using maximum flooding surfaces which had previously been grouped 

together produces three deposition maps instead of one which delimits the extent and 

distribution of each individual sand. If unconformities or sequence boundaries had 

been used to divide up the sands it would have been difficult to extend the 

interpretation from well A to well B in figure 2.5. It is only when biostratigraphical 

information is used that units can be separated where shale on shale contacts exist. A 

similar scenario to this would also exist if well B (Figure 2.5 ) was located in a 

basinal setting. 

2.5 Conclusions 

New sequence stratigraphic methods are used for regional correlation in this project. 

These techniques can be broken into two groups, correlation using unconformities or 

correlation using maximum flooding surfaces, the latter of which is termed genetic 

sequence stratigraphy. The latter method has been chosen for this study as maximum 

flooding surfaces can be directly dated using biostratigraphy and are effectively "time 

lines" within biostratigraphical resolution. When these surfaces are used to construct a 

chronostratigraphic diagram a very accurate picture of how a region evolved through 

time is achieved. This aids the interpretation of unconformities and can generate 

theories for their mode of formation. 

The problems associated with unconformities and the correlative conformity have 

been outlined. This is important as they play such a dominant role in this project. The 

erosion associated with unconformities has a time range and to fully describe an 

unconformity the timing of erosion initiation, climax and termination age should be 

determined. This means that the correlative conformity does not date the unconformity 

as the unconformity does not form instantaneously but simply represents the maximum 

area! extent of erosion associated with the event. 
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The benefits of well correlation using maximum flooding surfaces 
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Chapter 3: The Late Jurassic and Early Cretaceous unconformities and 

rifting history between the Grand Banks/Iberian margins 

3.1 Introduction 

The Grand Banks/Iberian margins provide a unique setting to describe the 

sedimentological response to intense continental rifting prior to oceanic crust 

formation. A number of unconformities have been described throughout these areas 

during the time period under investigation. However, biostratigraphical problems, 

discussed in detail later, have meant that the timing of these unconformities given in 

the literature has not been well constrained and many authors appear to suggest a 

different age for the same unconformity (e.g. Driscoll et al., 1995; Sinclair, 1995b; 

McAlpine, 1991). This study attempts to overcome these differences by using the 

genetic sequence stratigraphy approach to unconformity timing, described in chapter 

two. Although problems exist in the data quality, the main outcome from this work is 

that major tectonic events can be defined on both the Grand Banks and Iberian 

margins which appear to be synchronous. 

The cause of these major tectonic events is less obvious. However, by using a 

vitrinite reflectance study and by analysing detailed plate reconstructions it was 

possible to construct a mechanism for unconformity generation. With this in mind the 

role of the Late Jurassic to Early Cretaceous rifting phase could be integrated into the 

evolution of the N.Atlantic rift system. 

This chapter aims to document the main tectonic events just prior to the main phase of 

N.Atlantic sea floor spreading in the Grand Banks/Iberian area. These margins, now 

located on either side of the N.Atlantic, were juxtaposed throughout most of the 

Mesozoic and are only considered to have separated in the Aptian (e.g. Driscoll et al., 

1995; Tankard et al., 1989; Srivastava et al., 1988b). However, due to the lack of 

sufficient resolution in the magnetic data the actual timing of the initiation of sea floor 

spreading between the Grand Banks and Iberia remains controversial. It is believed 

that sea floor spreading above the Azores-Gibraltar Fracture Zone, the southernmost 

boundary to this area, took place as early as the Tithonian or Valanginian/Hauterivian 

in the Tagus abyssal plain (Mauffret et al., 1989; Pinheiro et al., 1992) and from the 

Late Hauterivian (Verhoef and Srivastava, 1989) to the Barremian (Tucholke et al., 

1989) along the main N.Atlantic axis. For the purposes of this work it is presumed 



that a rifting event in the Tagus abyssal plain, leading to the formation of an aborted 

sea floor spreading segment, initiated in the Tithonian, and that sea floor spreading 

began along the main axis of the N.Atlantic, above the Azores-Gibraltar Fracture 

Zone, during the Late Hauterivian. Therefore, this chapter concentrates on the 

Oxfordian to Valanginian interval (i.e. the time prior to sea floor spreading) as any 

unconformities recognised from the Hauterivian to Aptian (e.g. Driscoll et a!, 1995) 

are likely to be a direct consequence of the uplift generated due to continental crust 

separation (e.g. Falvey, 1974; Braun and Beaumont, 1989). 

3.2 Geological setting and database 

The Grand Banks/Iberian Margins shall be described separately due to their present 

day separation by the N.Atlantic. The Grand Banks area contains a number of 

palaeo-rift basins underlain by crystalline and metasedimentary rocks of the Avalon 

Terrace (Tankard, 1990). The basins located on figure 3.1 comprise, from south to 

north the South Whale, Whale, Horseshoe, Carson, Jeanne d'Arc, Flemish Pass, 

Orphan and East Newfoundland Basins, situated 300km offshore Newfoundland. 

Exploration activity has resulted in the acquisition of over 375,000km of reflection 

seismic data and over 100 wells (Tankard, 1990). Hydrocarbon exploration began in 

the early 1970's, concentrating on salt diapirs and the spectacular hanging wall 

anticlines adjacent to the main basin-bounding faults. Most of the discoveries to date 

have come from the Jeanne d'Arc Basin (the "Avalon Province" oil and gas fields - 

Hibernia, Hebron, Ben Nevis, Terra Nova and Whiterose; Figure 3.2) which have 

concentrated on Late Jurassic! Early Cretaceous reservoir and are estimated to contain 

in excess of 3.5 billion barrels of recoverable oil. 

Although the stratigraphic record for the Grand Banks has now been well documented 

(e.g. Grant et al, 1988; Hiscott et al., 1990; Sinclair, 1988; Tankard etal., 1989) 

most of the stratigraphic information has come from the Jeanne d'Arc Basin where the 

most complete database exists. Therefore the Mesozoic geological history presented 

here concentrates on the Jeanne d'Arc Basin, which is the largest rift basin in the 

Grand Banks covering an area of 10,000km2  (Tankard, 1990) and contains over 

14km of sediment (Keen et a!, 1987; Tankard and Welsink, 1987). The basin is 

separated from the Bonavista Platform by the Murre and Mercury faults (Driscoll et 

al., 1995) and from the Central Ridge by the Voyager Fault (Sinclair, 
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1995a). These major northeast trending listric faults, first formed from existing 

basement fabrics (Tankard and Welsink, 1989) and were reactivated later during salt 

controlled extension until the Early Cretaceous when a change in the stress orientation 

concentrated extension along the east-west transfer faults (Tankard et al., 1989). The 

faults in this region have been affected by multiple rifting and spreading episodes 

from the Triassic to the Tertiary producing a very complex, tectonically-controlled 

stratigraphy. 

The Mesozoic basins of the Grand Banks formed during Triassic to Early Jurassic 

rifting leading to grabens filled with non-marine clastics and evaporites (the Eurydice 

and Argo Formations- Jansa and Wade, 1975), which, pass into shallow marine 

sandstones, shales and carbonates (the Iroquois, Whale, Downing and Voyager 

formations - Tankard and Welsink, 1987) during a period of thermal subsidence. A 

regional unconformity at the end of the Callovian, attributed to the beginning of 

spreading between North America and North Africa, initiated a major period of rifting 

which would continue into the Kimmeridgian (Driscoll et al., 1995), resulting in a 

change in the extension direction from NW/SE to WNW/ESE. Rifting ceased before 

the Early Cretaceous (Sinclair and Riley, 1994) or in the latest Jurassic (Driscoll et 

al., 1995), by which time fluvial and shallow marine clastics of the Jeanne d'Arc and 

Hibernia Formations had replaced the marine carbonate Rankin Formation. Thermal 

subsidence and basin infilling occurred throughout the latest Jurassic and earliest 

Cretaceous with the deposition of the sandstone, limestone and shale sequences 

(Nautilis, B marker and Catalina Formations) in a marine to marginal marine setting 

(McAlpine, 1991; Hubbard et al., 1985). However, in the northern parts of the 

Jeanne dArc Basin and in the Flemish Pass Basin rifting continued into the Early 

Cretaceous (Foster and Robinson, 1993) and some workers have interpreted another 

rift phase in the Early Cretaceous up to the Barremian (Driscoll et al., 1995) or into 

the Aptian (BP unpublished data). During this later rift phase the extension direction 

changed from WNW/ESE to NW/SE (Tankard et al., 1989) possibly relating to the 

propagation of Atlantic sea-floor spreading above the Azores-Gibraltar Fracture Zone 

and produced Late Barremian/Early Aptian and Late Albian unconformities (Driscoll 

et al., 1990). These unconformities produced fluvial and shallow marine sediments, 

(the Avalon, Ben Nevis and A marker formations) prior to the initiation of thermal 

subsidence and the build up of a large passive sedimentary wedge. The Late 

Barremian!Early Aptian and Late Albian unconformities relate to two "break-up' 

events, the crustal separation of the Grand Banks from Iberia (Driscoll et al., 1995) 

and the separation of Goban Spur from Flemish Cap (BP unpublished data) 
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Figure 3.3 

Tectonic elements map for the Lusitanian Basin. Structure after 
Leinfelder and Wilson (1989) and BP. unpublished data. 	
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Rifting resumed in the northwest in the present day offshore area during the Early 

Cretaceous depositing marine siiciclastic sediments although after crustal separation 

between the North American and Eurasian plates in the Aptian, shallow marine 

conditions existed over much of the basin (Wilson et al., 1989). 

The West Galicia Margin is a starved passive continental margin consisting of a 

number of tilted fault blocks formed by north south trending normal faults and 

transected by SWINE transverse faults containing up to 4km of sediment (Boillot et 

al., 1989b). The Mesozoic stratigraphy of the West Galicia Margin has only been 

recently understood owing to deep research drilling (see Boillot et al., 1989b; Wilson 

et al., in press). Nevertheless, the pre-Tithonian stratigraphy is relatively unknown 

but is thought to comprise a Jurassic to Triassic sedimentary and volcanic sequence 

located in rotated fault blocks with has possible similarities to the Lusitanian Basin 

(Boillot et al., 1989a). Overlying this sequence, again deposited in half grabens, are 

Tithonian to Berriasian shallow water carbonates which are separated from 

Valanginian to Aptian marine siliciclastics by an unconformity (Boillot etal., 1989a). 

This fill could represent the syn-rift, although recent work by Wilson et al.(in press) 

suggests that the syn-rift period was extremely short, below seismic resolution and 

occurred during the Valanginian. The break-up unconformity is recognised in the 

Aptian (Sibuet et al., 1979) above which Albian to Cenomanian black shales and 

carbonate oozes dominate the sequence (Boillot et al., 1989b). 

3.3 The major Late Jurassic/Early Cretaceous unconformities of the 

Grand Banks 

3.3.1 Introduction 

It has been established that sea floor spreading probably occurred above the Azores-

Gibraltar Fracture Zone, along the main axis of the N.Atlantic during the Late 

Hauterivian. This section concentrates on the unconformities which are observed in 

the Grand Banks region prior to this time, in the Oxfordian to Valanginian period. 

By understanding the mechanisms for unconformity generation before sea floor 

spreading it is possible to interpret the nature of rift basins just prior to the initiation 

of oceanic crust formation. Having defined and dated the unconformities it is also 

possible to correlate these events with those observed on the conjugate margin. 
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The major unconformities and their correlative conformities also allow the Late 

Mesozoic stratigraphic sequence to be subdivided into correlatable units. This has not 

been attempted, using a genetic sequence stratigraphy approach, in any published 

literature as most of this work relies on lithostratigraphic correlation (e.g. McAlpine, 

1991; McCracken, 1991). Most of the published correlations rely on either seismic 

data or wireline log characteristics (e.g. McAlpine, 1991; McCracken, 1991; Sinclair 

and Riley, 1994). Seismic correlation was attempted throughout the entire Grand 

Banks area in this study although it was found that due to the extreme erosion 

associated with Aptian or younger unconformities and the poor seismic quality below 

3sec (TWT) in many areas, that correlation was extremely difficult. Additionally, 

maximum flooding surfaces were below seismic resolution over most of the Jeanne 

d'Arc Basin but could only be identified on seismic lines in areas where a thick Late 

Jurassic/Early Cretaceous section existed (e.g. Sinclair and Riley, 1994; Sinclair et 

al., 1994; Chevron unpublished data). However only one such surface could be 

identified on seismic data with any confidence (S.Garrett, pers. comm.) and therefore 

correlation using maximum flooding surfaces was only attempted using well data. 

The lack of chronostratigraphic horizons has meant that published lithostratigraphic 

schemes constructed from both seismic data and wireline logs disagree with each 

other and there still remains no definitive scheme for this area. However, by using a 

method heavily based' on biostratigraphic and well data (i.e. genetic sequence 

stratigraphy) as in this study, it was found that the resultant sequences bounded by 

maximum flooding surfaces or unconformities had chronostratigraphic significance 

and could be correlated over a wide area. This new scheme differs significantly from 

the published lithostratigraphic schemes but agrees with industry unpublished data. 

The genetic sequence stratigraphy approach also aids correlation with adjacent areas. 

3.3.2 The main Late Jurassic/Early Cretaceous sequences identified 

from Maximum Flooding Surfaces. 

The genetic sequence stratigraphy approach to event correlation has been already 

outlined in chapter two. This approach has had favourable results in the dating and 

correlation of unconformities using sub-surface data in other areas such as the North 

Sea Jurassic (e.g. Stephen et al., 1993; Underhill and Partington, 1993 and 1994). 

However both these studies were undertaken in the North Sea, a well explored basin 

with close well spacing. The Grand Banks and Lusitanian Basin contain under one 

tenth of the amount of wells in the North Sea but cover an area at least four times the 
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size. To add to the problem of scale some wells have not penetrated the Lower 

Cretaceous, and therefore cannot be used in this study. 

The genetic sequence stratigraphic approach relies on a rigourous biostratigraphic 

scheme to which the maximum flooding surfaces can be dated (e.g. the scheme of 

Partington et al. [1993b] was used in Underhill and Partington [1993 and 1994]). 

Unfortunately, the highly detailed biostratigraphic schemes used in both the Celtic 

Sea Area Basins and the West of Shetland Area in this project (see chapters four and 

six) cannot be used here because of changes in dinoflagellate diversity and range 

(Partington, pers.comm.). Therefore, a new scheme has been constructed for the 

Grand Banks area using the biostratigraphic scheme of the Bujak-Davies group 

(unpublished biostratigraphic reports) with additional information from the schemes 

included in Williams et al. (1990) and Ascoli (1976). This new scheme (Figure 

3.4) allows the crude correlation of dinoflagellate inceptions, acmes and extinctions 

to the Harland et al. (1990) timescale for the Grand Banks area. The major maximum 

flooding surfaces recognized may be broadly correlated to events identified in other 

areas based on their age of formation and in some cases biostratigraphic evidence. 

However, due to the poor correlation of biostratigraphic events between the basins of 

the N.Atlantic during this period one can only speculate that these maximum flooding 

surfaces are roughly synchronous in Celtic Sea Area Basins, the West of Shetland 

Area and the Grand Banks/Iberian Margin. 

Fourteen maximum flooding surfaces were identified in the Grand Banks area from 

the Oxfordian to the Valanginian. The biostratigraphic criteria used to identify these 

surfaces is illustrated on figure 3.4 along with a generalised lithostrati graphic 

scheme for the area. Using this information it was possible to construct a 

chronostratigraphic diagram along the length of the Grand Banks which shows the 

positions of the major unconformities and their correlatable conformities (Figure 

3.5). However, only four unconformities (Table 3.1), which in places have 

caused considerable erosion, could be accurately dated and hence were considered 

suitable for correlation purposes. 
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Figure 3.4 

A biostratigraphic scheme showing the criteria for identifying the maximum flooding surfaces described from the Grand Banks area. The biostratigraphic scheme has been 
constructed from the confidential scheme of the Bujak Davis Company and the work of Ascoli et al. (1984) and Gradstein et al. (1978). The diagram also shows a lithostratigaphic 
description of the Jeanne d'Arc Basin adapted from McAlpine (1991) and Driscoll et al. (1995). This diagram differs from other lithostratigraphic columns (eg. Sinclair and Riley, 
1994) , however agrees with the timing of unconformities in neighbouring basins (eg. the work of Foster and Robinson 119931 from the Flemish Pass Basin). 
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UNCONFORMITY 
NAME 

REGIONAL/ 
LOCAL 
EXTENT  

SUB-ZONES 
MISSING 

CORRELATIVE 
CONFORMITY 

AVALON REGIONAL 5C OR LOWER Aptian 
K3/LABRADOR REGIONAL 6A TO 3B between K3 and J70 
KJMJvIERIDGIAN/ 
T1THONTAN  

REGIONAL 4A TO lB between J60 and J58 

OXFORDIAN LOCAL 2A TO lB between J50 and J52 

Table 3.1 

The names, extent and ages of the major unconformities identified in the Oxfordian to 

Valanginian section in the Grand Banks. The erosion associated with each event is 

defined by the missing dinocyst sub-zones beneath the unconformity. The age of 

these subzones can be found in figure 3.4. The K3/Labrador unconformity is 

equivalent to that of McWhae (198 1) and the Avalon unconformity is equivalent to 

that of Arthur etal. (1982). 

The major unconformity in the Grand Banks is the Avalon unconformity which has 

caused significant erosion to the south of the Jeanne d'Arc Basin towards the Avalon 

Uplift (Figure 3.1) and observed in well Spoonbill C-30. The erosion beneath this 

unconformity appears to increase to the south (Figure 3.6) and one might assume 

that from the name and erosion pattern of this unconformity that it is related to the 

Avalon Uplift. Unfortunately, the Avalon Uplift is thought to have initiated during 

the Kimmeridgian and the erosion associated with it which produced the clastic 

Jeanne d'Arc sequence (Figure 3.4; Sinclair et at., 1994) culminating in the 

Kimmeridgianl Tithonian unconformity. The Avalon unconformity formed in the 

Aptian (Arthur et al., 1982) in response to uplift generated by the separation of the 

Grand Banks from the Iberian Margin and the erosion associated with this event was 

concentrated on existing highs such as the Avalon Uplift. Therefore the Avalon 

unconformity is only related to the Avalon Uplift in that this area experienced further 

erosion during the Aptian. The Mid to Late Berriasian unconformity (K3/Labrador) 

also appears to be a major regional unconformity whereas the erosion associated with 

the Oxfordian unconformity is minor in comparison and may represent local tectonic 

events. 

The use of maximum flooding surfaces has also shown the weaknesses of using a 

lithostratigraphic scheme for basin correlation. If each maximum flooding surface 
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Figure 3.5 

A chronostratigraphic diagram from the Whale Basin to the Flemish Pass Basin through the Jeanne d'Arc Basin based on maximum 
flooding surfaces. Three major unconformities, identified from the truncation and onlap of the maximum flooding surfaces, divide the 
Oxfordian to Valanginian section. However the largest unconformity in the area is the Aptian Avalon unconformity. The main sandstone 
bodies (the Jeanne dArc  and Hibernia Formations) of the Jeanne dArc Basin are clearly separated by the maximum flooding surfaces and 
are therefore diachronous. Therefore the use of lithostratigraphic schemes for correlation purposes is limited. The location of this section is 
shown on figure 3.3. 
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represents a 'time line" within the boundaries of the biostratigraphical resolution it is 

obvious from the chronostratigraphic diagram (Figure 3.5) that the Hibernia and 

Jeanne d'Arc sandstone bodies are highly diachronous. This is not surprising as both 

these sequences consist in part of non-marine fluviatile sediments (McAlpine, 1991), 

which due to their channelised nature will have a specific geographical distribution at 

any one time. Furthermore, the correlation of individual sandstone sequences based 

on wireline log character, which has been attempted in the Jeanne d'Arc Basin 

(McAlpine, 1991; McCracken, 1991), can be erroneous as "time lines" may have 

been crossed in the process. This has potentially serious consequences for the oil 

industry in the construction of palaeogeographic maps and especially when these 

sandstones represent oil reservoir rocks. Further problems exist with the B-Marker 

limestone, a seismic marker in the Jeanne d'Arc Basin (McKenzie, 1980) which is 

divided by an unconformity and is also diachronous throughout the basin. 

Nevertheless at least one lithostratigraphic term the Egret Member, a shale unit, 

appears to have chronostratigraphic significance as it can be correlated with the J56 

maximum flooding surface (Figure 3.5). 

By using a chronostratigraphic approach it is possible to subdivide the stratigraphy 

into a number of unconformity-bound sequences, the top and base of which can be 

accurately dated and correlated. In the next section these sequences shall be discussed 

along with any changes in the environment of deposition which may be associated 

with the unconformities. 

3.3.3 The environment of deposition of the Late Jurassic/Early 

Cretaceous sequences 

The sequences identified in this study are bounded by unconformities and their 

correlative conformities which in turn are dated by their relative position to the 

maximum flooding surfaces. Four main sequences exist bounded by unconformities, 

the Rankin, Jeanne d'Arc, Hibernia and Catalina sequences (Figure 3.5) and are 

illustrated on well logs in figure 3.7. The Rankin sequence is bounded by a Late 

Callovian and the Oxfordian unconformities. The Jeanne d'Arc sequence is bounded 

by the Oxfordian and KimmeridgianlTithonian unconformities and includes the Egret 

Member and the Jeanne d'Arc Formation (nomenclature after McAlpine, 1991). The 

Hibernia sequence is bounded by the Kimmeridgianlfithonian and K3/Labrador 

unconformities and includes the Fortune Bay Shale unit, Hibernia Formation and the 
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lowermost B-Marker unit (nomenclature after McAlpine, 1991). The Catalina 

sequence is bounded by the K3/Labrador unconformity at its base and the Avalon or 

Hauterivian unconformity (BP unpublished data) at its top. However, the Catalina 

sequence passes into the Whiterose Shale in the northeast of the Jeanne d'Arc Basin 

(McAlpine, 1991). This sequence contains the upper section of the B-Marker and the 

Catalina Formation (nomenclature after McAlpine, 199 1) although the Catalina 

Formation can be broken into upper and lower units (BP unpublished data). 

It has already been mentioned that the approach adopted to construct these sequences 

differs from those used to construct the published lithostratigraphic schemes. The 

differences between the lithostratigraphic and chronostratigraphic approaches for the 

Kimmeridgian to Valanginian section are best outlined in table 3.2. From this table 

it can be seen that the major differences relate to the timing of the sequences. The 

sequences presented in this study are similar to those used by BP (BP unpublished 

data) which rely on biostratigraphic dating from the Bujak-Davies group. It is also 

interesting that Bujak provides the dates from many of the formations listed in 

McAlpine (1991), which are roughly the same as those in this study, although these 

dates are not used in McAlpines (1991) lithostratigraphic diagrams. The scheme of 

Foster and Robinson (1993), using unconformity-bound sequences, from the 

Flemish Pass Basin, while not naming formations, also agrees with the position of 

unconformities established in this study. However, it must be concluded that the 

ages of the Hibernia and Jeanne d'Arc Formations interpreted from the various 

lithostratigraphic schemes (Table 3.2) are remarkably consistent even though they 

do not agree with the biostratigraphic dating by the Bujak-Davies group. The 

sequences defined above divide the stratigraphy into four general units, which when 

subdivided equate to six units, representing overall transgressive- regressive cycles 

(Figure 3.8). 

The Rankin sequence consists of a basal massive limestone unit composed of oolitic 

and skeletal wackestones which grades into an upper unit of interbedded limestones, 

mans and shales (McAlpine, 1991). In the northern area of the Jeanne d'Arc Basin 

the upper unit is regressive with the occurrence of interbedded sandstones, silts and 

shales (McAlpine, 1991). The sediments suggest that a shallow marine shelf 

environment existed in the south of the Jeanne d'Arc Basin which deepened to the 

north and into the Flemish Pass Basin where deep marine conditions existed 

(McAlpine, 1991). No fault activity is interpreted during this sequence. 
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The Jeanne d'Arc sequence initiated with a basal transgressive unit (Egret Shale unit-

nomenclature after McAlpine, 1991) composed of calcareous shales which grade into 

oolitic shoals (BP unpublished data) overlying the Oxfordian unconformity (Sinclair 

and Riley, 1994). The unit was deposited in a restricted intra-shelf basin (Sinclair et 

al., in press) which deepened to the north. The overlying regressive unit (Jeanne 

d'Arc Formation) is composed of non-marine fan delta type deposits typically 

comprised of poorly sorted conglomerates grading into finer grained silty mudstone 

(McCracken, 1991). Two delta systems built out from the southwest of the Jeanne 

d'Arc Basin (McCracken, 1991) restricting marine conditions to the northeast where 

interbedded shales, silts and carbonates were deposited. Active faulting is thought to 

have taken place during the deposition of the Jeanne d'Arc sequence (Sinclair and 

Riley, 1994; Driscoll et al., 1995) probably initiating after the deposition of the Egret 

Shale unit (Sinclair et al., in press). Sinclair et al. (1995) and Sinclair (1988) also 

interpret a regional 'warp' in the southwest of the Jeanne d'Arc Basin relating to the 

Avalon Uplift observed in a decrease in both the Kimmeridgian sediment isopach and 

subsidence rates. 

The lower unit of the Hibernia sequence comprises a basin-wide basal transgressive 

shale (Fortune Bay Shale unit) overlain by coarsening upwards sandstones, coals, 

silts and shales of two regressive delta lobes (Hibernia Formation and the Hebron 

Member, BP unpublished data). These delta facies prograded to the north into a 

marine basin before the development of an unconformity to the south of the Jeanne 

d'Arc Basin (Sinclair et al., in press). The upper unit of the Hibernia sequence 

(lower part of the B-Marker unit) was deposited during unconformity development as 

a marine calcareous transgressive sand which pushed the Hibernia delta shoreline 

towards the southwest. The major KimmeridgianJTithonian unconformity reached its 

maximum areal extent during the Middle Berriasian concluding the sequence. The 

general shallowing throughout this sequence, apart from the lower B-Marker, is 

mimicked in the Flemish Pass Basin (Foster and Robinson, 1993), after which time a 

major phase of faulting initiated, and possibly ends the Late Jurassic rifting phase 

(Sinclair and Riley, 1994) although Driscoll etal. (1995) suggest that the syn-rift 

phase ended before the deposition of the Hibernia sequence. 

The lower Catalina sequence began with the deposition of a transgressive package of 

oolitic limestones (B-Marker unit) in a shallow carbonate shelf (McAlpine, 1991). 

The overlying regressive shallow shelf sandstones (Catalina Formation) built out into 

the Jeanne d'Arc Basin from the southwest where a shoreline may have existed 
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(McAlpine, 1991). The upper Catalina sequence is interpreted to have formed a 

transgressive basal shale sequence (upper part of the Catalina Formation) which may 

become regressive toward the top with the influx of fine silts and sandstone in an 

overall shallow marine setting (BP unpublished data). This phase is interpreted to be 

in the post-rift by Sinclair and Riley (1994) and Driscoll etal. (1995). However, 

Tankard et al. (1989) suggest that this period was included in the rifting episode 

which began in the Late Jurassic and ended in the Aptian. Others (e.g. BP 

unpublished data) suggest that extension began again in the Hauterivian after the 

deposition of the Catalina sequence, relating to sea floor spreading above the Azores-

Gibraltar Fracture Zone. 

In summary, there appears to be two major unconformities during the Oxfordian to 

Valangiman period which have affected the stratigraphy. The Kimineridgian/ 

Tithonian unconformity reached its maximum areal extent after the deposition of the 

Jeanne dArc sequence which records a pronounced shallowing in the stratigraphic 

record and may relate to the emergence of the Avalon Uplift. This time may also 

relate to the cessation of Late Jurassic rifting in the area (Driscoll et al., 1995). The 

overlying Hibernia sequence is similar to the Jeanne d'Arc sequence as it again 

records a shallowing in the stratigraphic record, observed this time over a much wider 

area (i.e. in the Flemish Pass Basin - Foster and Robinson, 1993) ending in the 

regional K3/Labrador unconformity. This period is interpreted to represent the post-

rift during which there was basin infilling (Driscoll et al., 1995). 

3.4 The northwest Lusitanian Basin and West Galicia Margin 

The northwest Lusitanian Basin is situated offshore from the Portuguese mainland 

(Figure 3.3). Few wells have been drilled in this area, although the quality of the 

marine seismic data greatly exceeds that of the onshore seismic data from the main 

Lusitanian Basin. Seismic interpretation involving a small seismic grid in the 

northern part of this area allowed the documentation of the main tectonic events in the 

basin. When this was integrated with biostratigraphic data and other published and 

unpublished work it was possible to constrain the pre-sea floor spreading history 

along this margin. 

Two seismic lines (Figure 3.9) located on figure 3.3 are illustrated to show the 

main tectonic elements established in the offshore Lusitanian Basin. Both lines are 
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Two seismic lines from the northwest I.usitanian Basin which both show two major unconformities in the Late Jurassic 
(green) and the Farly Cretaceous (blue). The timing of rifling is also inferred from the block faulting and the nature of'  
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dip sections and show increasing water depth to the west towards the Galicia Plateau. 

The structure is composed of tilted fault blocks, the half grabens of which are filled 

with syn-rift and post-rift sediments followed by the main post-rift which drapes and 

covers the rift topography. By tying these lines to wells, Lula- 1 and Cavala-4 (which 

were drilled in footwall highs), it was possible to date the main seismic surfaces. 

The Mesozoic succession in this area appears to be broken by the presence of two 

major unconformities, one in the Late Jurassic and the other in the Early Cretaceous. 

Both events appear to have caused erosion, observed in the stratigraphic sections of 

the wells and on seismic sections in the truncation of reflectors beneath the 

unconformity surfaces on the crests of the tilted fault blocks. (However, it is difficult 

to estimate the magnitude of each unconformity without well control in the 

hangingwall sections adjacent to the tilted fault blocks where a complete section may 

exist.) The Late Jurassic unconformity separates Callovian- Early Oxfordian? 

restricted marine carbonates from ?Early Tithonian non-marine red clastics and 

mudstones in Cavala-4 (Attewell et al., 1979 - biostratigraphic report) and Toarcian 

shallow water oolitic grainstones from Early Tithonian non-marine red clastics and 

mudstones in Lula-1 (Ringer et al., 1985 - biostratigraphic report). Using 

biostratigraphic data it was possible to date the Late Jurassic unconformity as being 

latest Kimmeridgian in age. This date was established from the foraminifera 

A.lusitanica which is found in the upper portions of both red bed sequences (Attewell 

et al., 1979; Ringer et al., 1985) and is of a Kimmeridgian/ Tithonian age (Ascoli, 

1984). Unfortunately the dinocyst recovery from both these wells was not good 

enough to identify maximum flooding surfaces, although the extinction of dinocyst 

Muderongia sp.A above the Tithonian red bed sequence in Cavala-4 suggests that the 

J66 maximum flooding surface was penetrated (see figure 3.4 for dinocyst 

scheme). 

The Early Cretaceous unconformity separates Late Tithonian shallow marine pelletal 

limestones from Valanginian shallow marine sandstones, marls and limestones in 

well Cavaja-4 (Attewell et al., 1979) and Lower Berriasian shallow marine 

grainstones from ?Valanginian shallow marine sandstones in Lula- 1 (Ringer et al., 

1985). The biostratigraphy does not allow a precise age to be placed on this 

unconformity although from the well penetrations it appears to have an age range 

from the Middle Berriasian to the earliest Valanginian. The latter part of the Early 

Cretaceous in both wells consists of shallow water sandstones and silts although, 

unlike the Grand Banks no major unconformity in the Late Aptian is recognised. 

M. 



Two phases of rifting are interpreted from this area during the Oxfordian to 

Valanginian period. The first began after the regional unconformity in the Late 

Kimmeridgian and ended after or during the deposition of the Tithonian red beds in 

the Late Tithonian. After a short phase of passive subsidence during the Late 

Tithonian and Early Berriasian rifling resumed in the Valanginian after the regional 

unconformity which appears to have been formed in the Middle to Late Berriasian. 

The concept of two rifling events differs from that of Wilson et al. (in press) who 

suggest that the main rifting phase in the West Galicia Margin, to the northwest, 

occurred rapidly during the Late Berriasian based on seismic evidence, and Boillot et 

al. (1989b) who extend the period of rifting from the Tithonian to the Aptian. It is 

clear that there is still some uncertainty in the published literature as to the timing of 

the rifling events along the margin. However, from the data presented here it appears 

that during the Tithonian to Valanginian period there were two discrete rift phases 

which were accompanied by unconformity development. 

Further to the south in the main Lusitanian Basin the Middle-Late Berriasian (Early 

Cretaceous) unconformity is regarded as the major event in the basin (Ziegler, 1988). 

The erosion associated with this unconformity also increases towards the Nazare 

Fracture Zone (BP unpublished data; Figure 3.10) and the movement along this 

feature is thought to have driven basin-wide uplift This evidence may provide a 

mechanism for rift propagation along the main axis of the N.Atlantic prior to sea floor 

spreading in the Hauterivian. A complete understanding of the tectonic evolution of 

this margin and the adjacent Grand Banks will be discussed in section 3.6. 

3.5 The main Lusitanian Basin 

3.5.1 Introduction 

The onshore section of the Lusitanian Basin, termed here the main Lusitanian basin, 

(Figure 3.3) contains a well exposed Oxfordian to Valanginian stratigraphy. 

Fieldwork was carried out along the western coast from Cabo Mondego in the north 

to Sintra in the south (Figure 3.11). It was found that although other good 

exposures occurred in the inland sections, especially in the Arruda Sub-Basin where 

the majority of published work in the basin has been undertaken (e.g. Leinfelder and 

Wilson, 1989; Leinfelder and Wilson, in press), the lack of good biostratigraphic 
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control and the rapidly changing facies belts provided problems for correlation. This 

has resulted in a plethora of lithostratigraphic names for various areas within the 

Lusitanian Basin and as yet a detailed lithostratigraphic scheme for the entire basin 

outside the Arruda Sub-Basin does not exist (Leinfelder, 1987). However, 

correlation along the west coast could be attempted due to the similarity and the lateral 

extent of the exposures. 

Initially, a genetic sequence stratigraphic approach was planned for the outcrops as 

they displayed similarities with the stratigraphic record of the Grand Banks. It was 

envisaged that transgressions into the predominantly non-marine Kimmeridgian to 

Tithonian sequence described by Leinfelder (1987) would equate to maximum 

flooding surfaces identified in the Grand Banks. However, the lack of correlatable 

marine dinocysts and the occurrence of long ranging foraminifera from samples taken 

from these horizons (Partington pers. comm.) meant that any correlation of maximum 

flooding surfaces was tentative and based on their relative position within the 

Kimmeridgian and Tithonian periods. 

Apart from biostratigraphical problems the coastal section along the western 

Lusitanian Basin provided a unique setting to understand Late Jurassic sedimentation 

during various rifting events. This area was also the closest to the Grand Banks, 

prior to the initiation of sea floor spreading along the main N.Atlantic axis and the 

Tagus Abyssal plain. The following sections describe the Oxfordian to Valanginian 

sequence with particular reference to potential maximum flooding surfaces and 

unconformities. 

3.5.2 The main Late Jurassic and Early Cretaceous sequences 

The Oxfordian to Valanginian section along the western coast of the Portugal is 

dominated by marginal to non-marine deposition during the Kimmeridgian and the 

Tithonian. However, marine conditions existed over many areas in the Oxfordian 

and persisted in the southeast of the Lusitanian, near Sintra, until the latest Tithonian. 

The Late Oxfordian overlies a Lower to Middle Oxfordian unconformity and is 

extremely variable in character ranging from lignitic freshwater marls to coral bearing 

limestones of the Montej unto Formation (Leinfelder, 1987). The overlying 

Kimmeridgian interval consists of the fluvial to braided river deposits of the Alcobaca 

Formation (equivalent to the Abadia to Amaral Formations in the Anuda Sub-Basin), 

although at its base marginal marine siliciclastics with interbedded limestones exist 

70 



(Leinfelder, 1987). To the southwest at Sintra this sequence is represented by the 

Ramalhao shales which contain limestone beds frequently displaying debris flow 

deposits (Ellis, 1984). The Tithonian interval is again dominated by non-marine 

braided river deposits and minor marginal marine limestone or siltstone incursions 

(the Pteroceriano beds) of the Lourinha Formation (Leinfelder, 1987) and in many 

areas its top if not seen due to an unconformity. Again in the southwest marine 

limestone and debris flow sequences of the Mem Martins and the Calcaires Noduleux 

Formations dominated the succession during this time (Ellis, 1984) until the Lower 

Cretaceous when non-marine conditions spread across the area from the northwest 

(Leinfelder, 1987). The Lower Cretaceous deposits are not well preserved over 

much of the basin and they have not been well researched. However, the deposition 

of fluvial sandstones of the Torres Vedras Formation (part of the Lourinha 

Formation) caused widespread erosion (Vanney and Mougenot, 1981), particularly in 

the north and west. Sections which illustrate the main unconformities, formations 

and marine incursions are described below and are located on figure 3.11. 

The section at Barrocal to the north (Figure 3.12), although not on the coast, 

exposes the erosional contact between the Lower Cretaceous fluvial deposits of the 

Torres Vedras Formation and the Kimmeridgian Alcobaca Formation. The log for 

this section is interpreted after that of Nascimento Gomes (1962) as slumping and 

vegetation now obscure parts of the exposure. The section starts with the Late 

Oxfordian Montejunto Formation which occurs at the base of the section and is 

composed of 90m of well bedded crystalline marine limestone grading into limestone 

and shale alternations near the top of the formation. The overlying Alcobaca 

Formation consists of a poorly exposed lower many unit followed by a middle unit 

composed of oolitic and crystalline limestones interbedded with thin marl horizons 

possibly representing a rise in sea level. However, the upper unit of the Alcobaca 

Formation is clastic dominated with the deposition of poorly exposed siltstones and 

thin calcareous sandstone beds which grade into siltstones and mudstones. The 

influx of coarse to conglomeratic yellow to brown non-marine fluvial sandstones of 

the Lower Cretaceous Torres Vedras Formation unconformably overlie the Jurassic 

and represents an abrupt change to the section. 

Further to the south on the coast at Sao Martino do Porto a coastal section (Figure 

3.13) exposes the top of the Oxfordian Montejunto Formation and the Kimmeridgian 

Alcobaca Formation. The base of this section exposes grey shallow marine 

fossiliferous limestones of the Montejunto Formation interbedded with silts and 
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The log and photographs of the section at Barrocal which exposes Early 
Cretaceous non-marine sediments resting unconformably on Early 
Kimmeridgian to Late Oxfordian marginal marine to moderately deep 
marine sediments. The location of the section is shown on figure 3.11 and 
the key for all the logs can be found in volume 2. 
(adapted after Nascimento Gomes, 1962). 
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The log and photographs of the section from the north beach near San Martino do 
Porto. Two transgressions are interpreted in the predominantly non-marine 
succession. Both occur in the Kimmeridgian below an unconformity interpreted 
from the facies change from shallow/marginal marine to braided river deposits. 
For location see figure 3.11. 
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sandstones at the top of the unit. This limestone unit is overlain by over 220m of red 

and yellow, fine to medium grained non-marine fluvial sandstones and silts of the 

Kimmeridgian Alcobaca Formation displaying channelisation, ripples and trough 

cross bedding. Above this a 20m thick unit of yellow cross bedded sandstones and 

mudstone containing a high percentage of carbonate material may equate to a marginal 

marine siiciclastic sequence (and possibly a marine incursion) identified by 

Leinfelder (1987). Overlying this unit, 50m of poorly exposed red sandstones and 

siltstones were logged, again with a possible fluvial origin below a 60m unit 

containing beds of fossiliferous (including corals) limestone, nodular calcareous 

concretions, bioturbated sands and red and green sandstone and mudstones the top of 

which is interpreted to represent a maximum flooding surface. The sequence in this 

locality is concluded with an 80m thick, sharp based unit composed of red 

channelised coarse grained sandstones and siltstones which are interpreted to have 

been deposited in a braided river setting. The base of this unit is interpreted as an 

unconformity with a probable Late Kimmeridgian age. 

Further south, the section at Consolacao (Figure 3.14) exposes the lower part of 

the Tithonian Lourinha Formation which is deposited on top of the Kimmeridgian 

Alcobaca Formation. The log, which also uses additional information from 

Leinfelder (1987), records over 80m of shallow marine coraliferous limestones 

interbedded with bioturbated sandstones and shales of the Alcobaca Formation. 

Overlying this unit are further sandstones and shales containing rare bivalve fossils, 

which are interpreted to have been deposited in a marginal marine environment 

possibly with a peak in sea level in the upper section. Coarse red channelised 

sandstones and gravels form a sharp contact above this sequence which is interpreted 

to be an unconformity, and grade into finer sandstones and mudstones interpreted to 

have been deposited in a fluvial setting. A marine transgression occurs in the middle 

of this sequence in which rare, possibly marine dinocysts have been recorded from 

samples taken from this interval (Partington pers.comm). Fluvial to braided stream 

sandstones and mudstones overlie this interval and dominate the rest of the section. 

A further marginal marine/deltaic interval may occur just below the next coarse red 

sandstone unit in which abundant wood fragment occur in an organic shale unit 

which may have been deposited in a delta top environment. The top of the Tithonian 

sequence is not recorded at this locality. 

A near complete Tithonian section is thought to exist at Santa Cruz (Figure 3.15; 

Leinfelder, 1987). The base of this section consists of Kimmeridgian deposits of the 
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Log and photographs from the Kinimeridgian/Tithonian section at Consolacao. An 
abrupt contact exists between shallow marine deposits of the Alcobaca Fm. and the 
overlying Lourinha Fm. which is interpreted to be an unconformity also identified 
at San Martino do Porto, Santa Cruz and possibly Sintra. Four possible transgressions 
were recorded in this section, one of which has also been recorded by Leinfelder (1987). 
For the location of this section see figure 3.11. 
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Abadia Formation formed of deep water limestones and shales which in places are 

deformed and may represent turbidite flows. A shale succession with thin sandstones 

beds overlies this unit probably still deposited in a deep water environment. This unit 

is capped by a spectacular 20m thick massive channelised coarse sandstone body, 

interpreted as a submarine canyon fill (Wilson, pers. comm.). Above this sandstone 

body interbedded clays, silts and sandstones represent a change in the sedimentation 

pattern with an increase in the amount of terrestrial material found in the sediments. 

This unit may be a lateral equivalent of the Amaral Formation and is interpreted to 

have formed in shallow water although the upper portions may represent a slight 

increase in sea level prior to the very sharp contact with the overlying coarse red 

sandstones. This contact is interpreted to represent an unconformity, similar to that 

found at Consolacao, which can be dated as Late Kimmeridgian in age. Over 200m 

of red coarse channelised sandstones of the Lourinha Formation which grade into 

finer graded sandstone and mudstones overlie this contact possibly representing the 

transition from a braided stream to fluvial setting. An argillaceous limestone unit, 

with oyster and other bivalve shells concludes this thick non -marine interval. This 

latter unit was probably deposited in shallow water and represents a marine incursion 

(Leinfelder, 1987). The latter part of the Tithonian consists of braided fluvial and 

meandering fluvial red coarse sandstones. Leinfelder (1987), describes two other 

possible marine incursions into the non-marine sequence, one of which may be 

equivalent to the upper marginal marine/deltaic unit logged at Consolacao. 

The Kimmeridgian to Tithonian section, logged on the coast near Sintra (Figure 

3.16) to the south, is fully marine. Over 500m of well bedded and nodular 

limestones, wackestones and packstones make up the section which has been 

metamorphosed by the nearby Sintra Granite and cross-cut by basaltic dykes. The 

Kimmeridgian section is represented by the Ramalhao shales which are equivalent to 

the Abadia Formation and the lowest part of the Mem Martins mans. The section can 

be sub-divided into three units based on the presence of limestone breccias. The 

upper Kimmeridgian unit begins with 50m of well bedded marls and interbedded 

shales of the Mem Martins marls which are interrupted by a series of channelised 

debris flows with slump scar features composed of clast supported limestone breccia. 

The sharp base of these flows is interpreted to be an unconformity, possibly related to 

the Late Kimmeridgian unconformity recognised further north along the coast. A 

possible rise in sea level occurred after this interval at the base of the overlying highly 

fossiliferous bedded limestones containing wackestones and packstones. This sea 

level rise would correspond with the disappearance of C.jurassica and the base of the 
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The log and photographs of the section exposed at Sintra. The succession is 
dominated by carbonates and in particular by debris flows. A major unconformity 
is interpreted at the base of a channelised debris flow and transgressions are 
interpreted at prominent shale horizons representing rises in sea level. The location 
of this section is shown on figure 3.11. (log adapted and re-interpreted after Ellis [1984]). 

560 

520 

480 

440 

400 

360 

320 

280 

240 

200 

160 

120 

80 

40 

Urn 



Tithonian and the position of a transgression in other localities (Leinfelder, 1987). 

The upper part of the succession is dominated by nodular limestone interrupted by a 

prominent shale bed within the unit possibly represent increases in sea level and may 

relate to the two Late Tithonian marine incursions described by Leinfelder (1987) in 

Santa Cruz. The younger of these transgressions also represents the inception of 

A.lusitanica which occurs at a transgressive level at Cabo Espichel further to the 

south (Leinfelder, 1987). 

3.5.3 Major Late Jurassic and Early Cretaceous events 

Leinfelder and Wilson (in press; their figure 5) illustrate the main unconformities and 

rifting periods interpreted from the Arruda Sub-Basin. The main unconformities in 

the Late Jurassic/Early Cretaceous occur at the top of the Amaral Formation in the 

Late Kimmeridgian (Leinfelder and Wilson, in press- their K4 sequence) where a 

karstified top to the Amaral Limestone is observed and in the Middle Bemasian at the 

top of the Lourinha Formation (Leinfelder and Wilson, in press- their T6? sequence). 

Leinfelder (1987) and Leinfelder and Wilson (in press) also note the existence of 

three major Tithonian transgressions in their sequences 7, 9 and 11 along with minor 

transgressions in sequences 8 and 10. Transgressions are also recognised in the 

Kimmeridgian by Leinfelder and Wilson (in press) in their sequence 5 (base Late 

Kimmeridgian), sequence 4 (Early Kimmeridgian) with a minor event in sequence 6 

(Late Kimmeridgian). 

From the field logging along the west coast a major unconformity was identified at 

Barrocal in the lowermost Cretaceous. At Sao Martino do Porto, Consolacao and 

Santa Cruz an unconformity was also interpreted from the facies change from 

marginal marine siliciclastics and limestone deposition to red, coarse braided river 

clastics in the Late Kimmeridgian. A possible unconformity also existed at Sintra at 

the base of the channelised limestone debris flows again in the Late Kimmeridgian. 

Marine transgressions, although hard to identify in the field, could be recorded in 

both the Kimmeridgian and the Tithonian. Three possible Tithonian transgressions 

were recorded at Sintra, one at Santa Cruz (although two more may exist further up-

section - see Leinfelder, 1987) and two at Consolacao. Two transgressions were also 

recorded in the upper parts of the Kimmeridgian sections at Sao Martino do Porto and 

Consolacao with only one transgression recorded in Sintra and Barrocal. 
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There appears to be good evidence that the unconformities identified by field logging 

are similar in age to those of Leinfelder and Wilson (in press). In the absence of 

biostratigraphical data it is also tempting to link the three Tithonian transgressions to 

the three major Tithonian transgressions recognised by Leinfelder and Wilson (in 

press). However, it is more difficult to correlate the two Kimmeridgian transgression 

although the two major Kimmeridgian transgressions of Leinfelder and Wilson (in 

press) appear to occur at roughly the same time. 

These surfaces can be integrated into the chronostratigraphic framework set up from 

the Grand Banks (Figure 3.4) using a very tentative correlation (Figure 3.17). 

Such a correlation suggests that the two unconformities observed in both the main 

Lusitanian Basin and the northwest Lusitanian Basin equate to the K3/Labrador and 

Kimmeridgian/Tithonian events and that the three Tithonian transgressions may 

correspond to maximum flooding surfaces in the Tithonian (J66, J62 and J60). It is 

more difficult to correlate the Kimmeridgian transgressions due to the occurrence of 

the Late Kimmeridgian unconformity, however they may relate to maximum flooding 

surfaces in the Kimmeridgian (J58 and J52). The following section will illustrate the 

similarities between the Iberian and Grand Banks Margins and the main processes of 

unconformity generation. 

The main stratigraphic events in the basin (Figure 3.17) can also be related to the 

major tectonic processes which have occurred in the Late Jurassic and Early 

Cretaceous in the basin. It is interesting that the timing of rifting in the basin varies 

between authors, with Ziegler (1988) indicating that rifting took place throughout the 

entire Late Jurassic while Leinfelder and Wilson (in press) suggest an Oxfordian to 

Early Kimmeridgian age. Using information from the Arruda Sub-Basin, Leinfelder 

and Wilson (in press) propose that rifting which began in the Early Oxfordian 

climaxed in the Late Oxfordian, prior to the main clastic depositional phase in the 

basin. The Kimmeridgian to the Tithonian period is thought to represent the 

immediate post-rift when there was peneplanation of the topography and basin infihled 

by non-marine clastics from the west (Leinfelder and Wilson, in press). However, 

analysis of subsidence curves (see Leinfelder, 1987) along with the occurrence of 

northwest-southeast faults in the Lourinha Formation (Leinfelder and Wilson, 1989) 

suggests that rifting continued into the Kimmeridgian possibly ending around the time 

of the Late Kimmeridgian unconformity. This would be consistent with the idea that 

emergent basement highs to the west of the basin continued to supply sediment 

throughout the Kimmeridgian (Wilson, 1989). There may also be evidence in the 
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Figure 3.17 

The lithostratigraphy of the Lustitanian Basin showing the positions of the main unconformities and the transgressions identified. These transgressions 
can tentatively be correlated to the maximum flooding surfaces recorded in the Grand Banks. However, not all of the maximum flooding surfaces are 
recorded in the Lusitanian Basin. The major tectonic events in the main Lusitanian Basin and the northwest Lusitanian Basin are also illustrated. 
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presence of Valanginian dykes parallel to faults (see figure 17 of Leinfelder and 

Wilson, 1989) from the onShore northern part of the basin that rifting resumed in 

northern areas during the Early Cretaceous. A summary of the main tectonic events 

recorded on each margin will be described in the next section. 

3.6 The Mechanisms for unconformity generation 

3.6.1 The main unconformities identified 

It has been established, using biostratigraphical information where possible, that two 

major unconformities exist in the Late Kimmeridgian and in the Middle Berriasian 

throughout the Grand Banks/Iberian Margins. The correlation of these main events 

can be shown on figure 3.18 which summarises the unconformities, uplifts and 

rifting events interpreted in each area. From this diagram it can be seen that there is 

both a coincidence, not only in the rifting in both the south and northern portions of 

each margin but also in the timing of deposition of the major non-marine clastic 

phases. Two major rifting periods of rifling can be documented, from the Late 

Oxfordian to the Late Kimmeridgian, in the southern areas of these margins, and 

from the Late Berriasian to the ? Aptian in the northern portion of these margins. 

Non-marine clastic deposition also occurred synchronously with the latter stages of 

these rift periods although in the Tithonian clastic deposition continued to take place 

after the cessation of rifting. However, these observations are not enough to explain 

the Late Jurassic/Early Cretaceous evolution of the proto-N.Atlantic as a number of 

points must first be explained. 

The first point relates to the timing of Late Kimmeridgian unconformity development 

with regard to the Late Jurassic rifling phase. This unconformity occurs at the end of 

the main Late Jurassic rift phase in the Jeanne d'Arc and main Lusitanian Basin, 

although extension may have taken place in both these basins in the Tithonian (see 

section 3.4 and Sinclair et al., in press). Therefore it is not a rift onset unconformity 

(i.e. Sinclair, 1988) and another explanation is required for its generation. Secondly, 

a source area is required for the clastics of the non-marine Hibernia Formation in the 

Jeanne d'Arc Basin and the Lourinha Formation in the Lusitanian Basin which were 

deposited after this rifting event. Thirdly, the Middle Berriasian unconformity 

occurred prior to a rifting event in both the northwest Lusitanian Basin/ West Galicia 

Margin and the Flemish Pass Basin (Foster and Robinson, 1993) but was not 

associated with a rifting event in the Lusitanian Basin or the Jeanne d'Arc Basin. 
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The following two sub-sections will attempt to explain these anomalies and 

summarise the Late Jurassic/Early Cretaceous history of the Grand Banks/Iberian 

Margins. 

3.6.2 Possible causes of the Late Jurassic/ Early Cretaceous 

unconformities 

Sinclair (1988) described a "broad regional warping" related to the emergence of the 

Avalon Uplift which provided the sediment for both the Kimmeridgian and Tithonian 

Jeanne d'Arc and Hibernia Formations in the Jeanne d'Arc Basin. An uplift is also 

recognised to the west of the Lusitanian Basin during the Kimmeridgian and the 

Tithonian similarly giving rise to the coarse clastic influxes and carbonate debris 

flows (Wilson et al., 1989). The climax of such an uplift probably coincides with the 

Late Kimmeridgian unconformity and in order to validate the extent and type of this 

uplift, vitrinite reflectance against depth was plotted for wells in the Jeanne dArc and 

Flemish Pass Basins. 

Various workers have used vitrinite reflectance as a method for calculating uplift and 

apparent erosion (e.g. Thomson, 1993; Green etal., 1995; Bray etal., 1992). 

(However, Katz etal. [1988] and Feazel & Aram [1990] have illustrated a number of 

problems associated with this technique).The vitrinite reflectance trend method (e.g. 

Hardman et al., 1993; Naylor et al., 1993) relies on the fact that vitrinite reflectance 

increases irreversibly with time and temperature (Thomson, 1993). However, if an 

uplift and erosion event has occurred it is expected that the vitrinite reflectance/depth 

profile becomes stepped beneath an unconformity surface. This implies that erosion 

due to the unconformity has brought buried sediments to the surface and therefore 

their vitrinite reflectance values are higher than those predicted from the normal 

vitrinite reflectance/depth profile (Figure 3.19). 

The vitrinite reflectance (Ro % of maximum reflectance) data was plotted against 

depth for twenty three wells. The position of the Late Kimmeridgian 

(Kimmeridgian/Tithonian) unconformity was also marked on these plots in order to 

ascertain if there was any connection between the unconformity and a change in the 

vitrinite reflectance/depth profile. In some wells there was a clear break in the 

vitrinite reflectance/depth profile (usually indicating an unconformity- Thomson pers. 
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comm.) corresponded to the KimmeridgianiFithonian and Avalon unconformities 

(Figure 3.19). Other wells showed a slight kick in the vitnnite reflectance/depth 

profile at the depth of the KimmeridgianTFithonian unconformity (Figure 3.19). 

However, the majority of the vitrinite reflectance/depth profiles showed no change 

during the time of the Kimmeridgian/rithonian unconformity (Figure 3.19) and 

therefore it can be assumed that substantial uplift and erosion did not effect the Jeanne 

d'Arc and Flemish Pass Basins during this time. These results may suggest that the 

Avalon Uplift had only a minor effect on the area during the Kimmeridgian and 

Tithonian (Figure 3.20) but it must be remembered that none of the wells sampled 

recorded a large amount of erosion associated with the Kimmeridgian/Tithonian 

unconformity unlike the Murre, Cormorant, Spoonbill, Coot, Carey and Skua wells 

(see figure 3.5) which were not used in this study due to the lack of sufficient data. 

Therefore, the greatest uplift probably took place to the south of the Jeanne d'Arc 

Basin where these wells are situated. If this were the case then the emergence and 

erosion of such an uplift, independent of the timing of rifting, may have supplied the 

sediment of the Jeanne d'Arc and Hibernia clástic Formations which prograded from 

the south of the Jeanne d'Arc: Basin into the basin centre. 

But what was the cause of this uplift and the Middle Berriasian unconformity? A 

number of potential mechanisms either pre- or syn-oceanic crust formation, could 

accommodate uplift along the Grand Banks/Iberian Margin. Cloetingh et al. (1989) 

suggested that vertical movements could be produced by the build up of tensional 

stress within the crust. These stresses dissipate during periods of rifting and moreso 

during sea floor spreading and therefore a relative sea level fall can be produced at the 

initiation of extension (pre-syn seafloor spreading). Regional warping of the rift 

zone due to the build up of melt at the base of the lithosphere (Keen, 1987), prior to 

the possible sea floor spreading in the Tagus abyssal plain, (pre-sea floor spreading) 

and rift flank uplift (e.g. Braun and Beaumont, 1989) caused by the initiation of sea 

floor spreading (svn -seafloor spreading) may provide further uplift mechanisms. 

Firstly the timing of sea floor spreading in the Tagus Abyssal Plain must be 

discussed. There is little firm evidence for the age or location of the oceanic crust in 

the Tagus Abyssal Plain (Pinheiro et al., 1992). Nevertheless, Mauffret et al. (1989) 

infer that sea floor spreading took place in this area from the Tithonian to the 

Berriasian. However, Pinheiro eta! (1992) see no unambiguous evidence for such a 

fossil rifling event in the Tagus Abyssal Plain. They observe that the velocity 

structure identified by Mauffret et a! (1989) as fossil oceanic crust is similar to that 
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found at fracture zones and that sea floor spreading is interpreted to have initiated in 

the Valanginian. However as the timing of the Late Jurassic continental rifting in the 

Lusitanian Basin (Leinfelder, 1987) equates well with the Mauffret et al (1989) model 

of rifting in the Tagus Abyssal Plain the Mauffret et al (1989) model is used in this 

thesis. In either case sea floor spreading is inferred to have started in the Tagus 

Abyssal Plain before the main phase of oceanic crust formation along the axis of the 

proto-N.Atlantic in the latest Hauterivian/Barremian-Aptian. It is still unclear weather 

the main phase of N.Atlantic sea floor spreading propagated from the Tagus Abyssal 

Plain in the Valanginian to Galicia Bank in the Late Aptian or if the initial phase of sea 

floor spreading took place to the west of the Tagus Abyssal Plain during the 

Hauterivian and then spread into the Iberian Abyssal plain throughout the latest 

Hauterivian-Barrernian. 

It is possible, therefore, that the Late Kimmeridgian unconformity occurs just prior to 

the possible timing of sea floor spreading in the Tagus abyssal plain in the Tithonian 

(Mauffret et al., 1989) and the Middle Berriasian unconformity occurs after the failure 

of sea floor spreading in the Tagus abyssal plain in the Early Berriasian (Mauffret et 

al., 1989) but prior to a major rift phase which initiated in the Late Berriasian/ 

Valanginian (Figure 3.18). Such a build up of tensional stress in both cases may 

have given rise to these uplifts. The uplift associated with the Late Kimmeridgian 

unconformity may also have been influenced by the possible rift flank uplift in the 

Tagus abyssal plain and the intrusion of volcanics, associated with possible melting 

beneath the Tagus abyssal plain during the Late Jurassic and the Early Cretaceous 

throughout the Grand Banks area and Lusitanian Basin (see Sinclair [1988] and 

Leinfelder and Wilson [1989] for details). The integration of these concepts into the 

evolution of this area of the N.Atlantic during the Late Jurassic and Early Cretaceous 

will be attempted in the next sub-section. 

3.6.3 The pre- and post-sea floor spreading evolution of the Grand 

Banks/Iberian area 

Two main phases of rifting occurred in the Grand Banks/Iberian Margins during the 

Late Jurassic/Early Cretaceous period (Figure 3.21). The first phase which 

initiated in the Oxfordian culminated with the interpreted sea floor spreading in the 

Tagus abyssal plain in the Early Tithonian; the second phase began in the Late 

Berriasian to Valanginian after the interpreted failure of the Tagus spreading centre. 
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The second rifting phase occurred further to the north than the previous phase, in the 

area between the West Galicia Margin and Flemish Pass Basin. This area later 

became the site of the main axis of N.Atlantic sea floor spreading during the Late 

Hauterivian to the Aptian. 

These two rift periods can be described separately. The Oxfordian to Kimmeridgian/ 

Tithonian rift phase initiated during carbonate deposition in the main Lusitanian Basin 

while it was not until the Kimmeridgian that this phase reached the Jeanne d'Arc 

Basin with the deposition of non-marine clastics. Throughout the Kimmeridgian the 

entire area underwent a period of warping (e.g. Sinclair et al., 1994; their rift onset 

warp) which established non-marine clastic deposition well into the Tithonian period 

when only the northern areas of both the Jeanne d'Arc and Lusitanian Basin were 

undergoing extension. This regional warp phase began to subside in many areas in 

the Late Tithonian with the possible initiation of sea floor spreading in the Tagus 

abyssal plain witnessed by a decrease in clastic input into the northern Lusitanian 

Basin and the Jeanne d'Arc Basin. However areas close to the spreading centre in the 

Tagus abyssal plain, such as the west of the Lusitanian Basin continued to be affected 

by rift flank uplift. 

The Grand Banks/Iberian margins again underwent a phase of regional warping in the 

Early Berriasian relating to a build up in tensional stresses, this time affecting more 

northern areas. This can be seen in the shallowing in the Flemish Pass Basin (Foster 

and Robinson, 1993) and the uplift along the Nazare Fracture Zone which may have 

accommodated the increase in tensional stress. The release of tension with the 

initiation of a new rifting phase between the Grand Banks and northwest Lusitanian 

Basin/West Galicia Margin in the Late Berriasian to Valanginian period promoted a 

new axis of extension for the N.Atlantic to form along. Tensional stresses were 

further released during the Late Hautenvian to the Late Barremian when N.Atlantic 

sea floor spreading commenced along this axis up to the Figueiro Fracture Zone line 

of Driscoll et al. (1995) (Figure 3.21) and during Grand Banks Iberia separation in 

the Late Aptian (Driscoll et al., 1995). 

In summary, continental rifting propagated to the north during the Early Cretaceous 

from the Tagus Abyssal Plain (or just to the west) to the Iberian Abyssal Plain and 

into the Galica Bank area (Whitmarsh et al., 1993). This was succeeded by sea floor 

spreading at the rate of 10mm/yr from the ?Late Hauterivian (Whitmarsh et al., 1993) 

to the south of the Figueiro Fracture Zone, then in the Barremian above the Figueiro 
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Fracture Zone (Mauffret and Montadert, 1988) and finally between Galica Bank and 

Flemish Cap in the Late Aptian (Grant et al., 1988; Mauffret and Montadert, 1988; 

Pinheiro et al., 1992; and Whitmarsh et al, 1993). 

3.7 Conclusions 

The sequence of events along both the Grand Banks and Iberian Margins during the 

Late Jurassic and Early Cretaceous falls into a predictive sequence. Extension began 

in the Oxfordian and ended in the Kimmeridgian in most areas. During the latest 

Kimmeridgian a regional warping took place prior to sea floor spreading in the Tagus 

abyssal plain. Renewed extension, predominantly in the northern basins then took 

place from the Berriasian after the failure of the Tagus spreading centre. The main 

findings of this chapter are listed below. 

Using a genetic sequence stratigraphic approach, maximum flooding surfaces 

were used to constrain the age of unconformities, four of which were identified along 

the Grand Banks Margin during the Oxfordian to Valanginian period. The Late 

Kimmeridgian and Middle Berriasian unconformities caused the greatest amount of 

erosion although the later Aptian Avalon unconformity is the most prominent in the 

basin. 

By placing the major non-marine clastic phases of deposition in the Jeanne d'Arc 

Basin into the constructed chronostratigraphic framework their ages were assessed to 

be older than those calculated by using a lithostratigraphic approach. This also 

effected the timing of rifling in this basin which appears to end in the Late 

Kimmeridgian or in the Tithonian. 

Two prominent unconformities exist in the Lusitanian Basin during the Late 

Kimmeridgian and the Middle Berriasian. 

A basic correlation can be made in the timing of uplift, maximum flooding and 

rifting events between the Galicia and Iberian Margins. Similarities also exist in the 

sedimentation patterns on each margin. 

Two uplift events associated with the Late Kimmeridgian and Middle Berriasian 

unconformities can be interpreted from vitrinite reflectance data, sedimentation and 
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erosion patterns. These events may be related to the sea floor spreading in the Tagus 

abyssal plain. 

6) Two major phases of rifting have affected the Grand Banks/Iberian Margins during 

the Late Jurassic and Early Cretaceous. The first began in the Oxfordian and ended in 

the KimmeridgianlTithonian with the possible initiation of sea floor spreading in the 

Tagus abyssal plain and affected the southern basins of each margin. The second rift 

phase began in the Late Berriasian/Valanginian in the northern basins and continued 

with the sea floor spreading along the N.Atlantic rift axis proper from the Late 

Hauterivian to the Aptian. 
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Chapter 4: The intra-Cretaceous unconformity of the Celtic Sea Basins 

and adjacent areas. 

4.1 Introduction 

Although much of the exposed western margin of the United Kingdom and French 

continental shelves are composed of Palaeozoic igneous and metamorphosed 

sedimentary rocks related to the Caledonian and Hercynian orogenies (Roberts et al., 

1981), the offshore Celtic Sea area contains a number of basins which are filled with 

Mesozoic and Tertiary sediments (Kamerling, 1979; Robinson et al., 1981). As such 

it provides an important insight into the response of the Eurasian continental margin to 

Atlantic rifting. 

The Celtic Sea area is situated offshore between the land masses of S.Ireland, S.W. 

Britain and N.W. France. It incorporates a number of rift basins, first formed during 

the break up of Pangea, reactivated throughout the Mesozoic, and finally inverted in 

the Tertiary. These basins which surround the Cornubian Platform are from north to 

south (Figure 4.1) Cardigan Bay and the Bristol Channel, North Celtic Sea, South 

Celtic Sea, Fastnet; Gvban Spur, Southwest Channel, Western Approaches, Brittany 

Basin, Melville sub-basin, and the Biscay Margin. These basins are all offset from the 

main axis of N.Atlantic rifting. The Celtic Sea area basins developed in a complex 

tectonic setting influenced by the exploitation of the basement fabric during Mesozoic 

continental rifling and the development of the N.Atlantic. The Mesozoic stratigraphy 

preserved in these basins is controlled by a number of inter-basinal unconforrnities, 

which appear to have regional extent, and can be dated as climaxing in the Middle - 

Late Jurassic, Early Cretaceous and the Mid Cretaceous. 

This chapter will document and describe an unconformity which may be given an 

Early Cretaceous or intra-Cretaceous age and provide possible mechanisms for its 

formation. (Chapter five will describe this same event in detail, throughout the 

Wessex Basin, and chapter six will document an unconformity of a similar age in the 

West of Shetlands and the Rockall area). The intra-Cretaceous unconformity will also 

be described, along with a younger Mid Cretaceous event, in relation to N.Atlantic 

tectonics which were active during this time. The age of the unconformity is 

determined by tracing the observed stratigraphic gap associated with the unconformity 

to its correlative conformity and by documenting the first marine transgressions onto 
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the non-marine unconformity surface using maximum flooding surfaces. The areal 

extent of this feature can also be estimated by the construction of a subcrop map 

illustrating the erosion associated with the unconformity. The timing of this 

unconformity compared to the age of rifting in the Celtic Sea Area Basins and the 

opening of the Bay of Biscay can best be illustrated using subsidence curves for wells 

throughout the study area. Such an approach also allows the sedimentation patterns 

before, during and after the timing of the unconformity to be described, documenting 

the evolution of the uplift event. 

Geological information from this area has benefited greatly from hydrocarbon 

exploration throughout the Celtic Sea Area Basins and the neighbouring Porcupine and 

Irish Sea Basins. The Porcupine Basin, a north-south oriented basin 150km west of 

Ireland, has had exploration success with some hydrocarbon discoveries in the area, 

from Upper Jurassic/Early Cretaceous reservoirs (e.g. the non-producing Connemara 

Field; Croker and Shannon, 1987). Although the Porcupine Basin will not be 

described further in this chapter information from this basin has been useful in 

biostratigraphic analysis and for comparative purposes. The Irish Sea basins are also 

not discussed further due to the lack of any Late Mesozoic strata which probably has 

been removed by Tertiary inversion (Roberts, 1989). The North Celtic Sea Basin 

however, offshore southern Ireland, has a greater potential for recoverable 

hydrocarbons (e.g. Marathon's large Kinsale HeadlBallycotton Gas Fields and the 

adjacent non-producing Seven Heads Oil and Gas field and Helvick Oil Field -Figure 

4.1), due to the friendlier environment and the presence of more reservoir units within 

the sequence. Oil exploration has meant that the Celtic Sea area along with the English 

Channel have an extensive seismic database, due to the fact that they neighbour the 

North Sea oil and gas province, and the onshore fields in Dorset. However, well 

coverage is sparse (especially around the Cornubian Platform) unlike the intensively 

explored North Sea. 

Despite the limited number of well penetrations in this region enough data exists to 

document the intra-Cretaceous unconformity over this area. However, it is more 

difficult to determine an exact mechanism for the unconformity's generation. Over 

100 exploration wells in addition to research wells provide the stratigraphic database 

for this chapter. However, regional seismic lines, gravity and biostratigraphic data 

have also been incorporated into this study. Although the quality of the data is in 

many instances good the non-marine nature of the Early Cretaceous sediments, the 

vintage of many of the wells and the lack of well penetrations in some areas, has meant 
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that previous correlations and interpretations have been tentative. The conclusions 

described here are simplistic but support the observed data fully. More complicated 

solutions are also possible but there is insufficient information at present to support 

these ideas wholly. 

A number of contentious points will be addressed in this chapter, principally (a) the 

age given to the Early Cretaceous unconformity (b) the areal extent of the 

unconformity (c) the mechanisms of unconformity generation and its associated uplift 

(d) the transgression of the unconformity surface (e) the timing of rifting events in the 

Celtic Sea area and the effect of the Early Cretaceous unconformity and (f) the effect of 

uplift on the subsidence history of the Celtic Sea area basins. 

4.2 Geological Setting 

The Celtic Sea Area Basins named in section 4.1 and illustrated in figure 4.1, have 

different orientations and structural styles and therefore will be discussed separately. 

However, the Mesozoic stratigraphy throughout these basins is generally the same 

(apart from differences in the Late Jurassic and Early Cretaceous) and will therefore be 

discussed together. (Detailed descriptions of this area in a regional context can be 

found in the works of Naylor and Shannon (1982), Shannon (1991a; b), Petrie et at. 

(1989), Ziegler (1987a; b), Millson (1987), Tappin et al. (1994) and Evans (1990).) 

The basins can be divided into those to the northwest of the Cornubian Platform 

(North Celtic Sea, South Celtic Sea, Bristol Channel, Fastnet Basin) and those to the 

south east and west (Western Approaches Basin, Southwest Channel Basin, Goban 

Spur, Biscay Margin). 

The Celtic Sea Area basins are thought to have been formed on the hangingwall to 

major reactivated Variscan and Caledonian detachment surfaces (Petrie et at., 1989). 

However, in some areas, from seismic evidence alone, a link between these basins and 

Variscan structures (described by Coward and Trudgill, 1989; BIRPS and ECORS, 

1986; Ruffell and Coward, 1992) is not seen (Shannon, 1991b). It is the interaction 

of the Caledonian/Variscan lines of weakness and Mesozoic structures, coupled with 

three phases of extension and three phases of passive subsidence, that has resulted in 

development of linked Mesozoic sequences seen throughout the area (Petrie et at., 

1989) which are described below. 



The North Celtic Sea Basin is bounded by one of these major southeast dipping 

reactivated Variscan detachment surfaces (Petrie et al., 1989; Ruffell and Coward, 

1992; Roberts, 1989). The basin is also cut by a series of northwest-southeast 

trending en echelon faults, perpendicular to the main basin axis, which link the half 

grabens (Petrie et al., 1989). The St Georges Channel and Cardigan Bay Basins lie to 

the northeast of the North Celtic Sea Basin above the Sticklepath-Lustleigh Fault 

(Figure 4.1) and were formed during the Mesozoic reactivation of northwesterly 

dipping Caledonian faults (Petrie et al., 1989). The South Celtic Sea Basin to the east 

of the North Celtic Sea Basin, is separated from it by the PembrokefLabadie Bank 

Ridge but maintains a northeast-southwest trend and it has a structural style controlled 

by basin bounding faults which change orientation along the basin axis (Petrie et al., 

1989). This basin is thought to continue into the Bristol Channel Basin by a number 

of authors (e.g. Van Hoorn, 1987). The Bristol Channel Basin, however, has a 

northeast to west-southwest trend formed in a similar manner to that of the South 

Celtic Sea Basin as a hangingwall to a reactivated southerly dipping Variscan 

detachment surface (Petrie et al., 1989),It is flanked to the north and south by 

Palaeozoic terrains (Roberts, 1989). The Fastnet Basin to the southwest runs in a 

northeast-southwest trend, transected by transfer faults (Petrie et al., 1989), at the 

southern end of the North Celtic Sea Basin. 

Whereas the majority of basins to the northwest of the Cornubian Platform transect the 

Variscan deformation front the basins to the southeast and east of the platform (i.e. the 

Western Approaches, Melville, Brittany and the Southwest Channel Basins) are 

superimposed on the Variscan fold belt (Ziegler, 1987a). Other basins included in this 

group, although geographically distant, are the Goban Spur and the Biscay Margin. 

The Western Approaches Basin (containing the Melville, Brittany and the Southwest 

Channel Basins) is a east-northeast trending Permian to Cenozoic basin lying between 

the western end of the English Channel (the Start-Guernsey Ridge - Ziegler, 1987b) 

and the Atlantic Margin (Chapman, 1989), bounded by the Ushant-Alderney Line 

(Curry and Smith, 1975) and the Scilly-Cornubian High (Chapman, 1989). The 

Goban Spur and the northern Bay of Biscay margin consists of a series of narrow half 

grabens between rotated fault blocks which are described in the literature by Montadert 

etal. (1979); Roberts etal. (1981); Masson and Miller (1984); and Cook, (1987). 

The stratigraphy of these two groups of basins is similar in many aspects apart from a 

few significant differences in the Late Jurassic and Early Cretaceous as mentioned 

above. Basin formation is thought to have responded to Late Hercynian orogenic 
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collapse during the Late Carboniferous and Early Permian (Roberts etal., 1981). 

However, the main phase of rifting did not occur until the Triassic (Cohn et al., 1992; 

Roberts etal., 1981; Ziegler, 1987b; O'Reilly et al., 1991; Shannon, 1991b) in 

particular during a transtensional phase in the Late Triassic - Early Jurassic interval 

(Shannon, 1991 a) leaving most of the basins floored by Devonian-Carboniferous 

sediments (van Hoorn, 1987). 

Throughout the Early Jurassic relative sea level rose as a result of thermal subsidence 

and fault activity (Shannon, 1991a; Shannon, 1991b), depositing an argillaceous 

sequence which was only punctuated by a Sinemurian regression in the North Celtic 

Sea Basin (Shannon, 1991b; Robinson etal., 1981; Millson, 1987; Roberts et al., 

1981). Major tectonic restructuring occurred throughout the Middle Jurassic, 

possibly related to the North Sea Uplift (Underhill and Partington, 1993, 1994; 

Millson, 1987), with the deposition of Aalenian to Bathonian sihiciclastic/carbonate 

units. Bajocian fully marine conditions were followed by a major unconformity and 

continental deposition in the Bathonian and Early Callovian (Tappin et a!, 1994; 

Millson, 1987; Shannon, 1991a). This break in Middle Jurassic sedimentation was 

associated with olivine dolerite sill emplacement in the Fastnet-Goban Spur areas 

(Petrie et al, 1989; Tate and Dobson, 1988; Caston et al., 1981; Cook, 1987) and the 

uplift of the Leinster Massif and other highs (Petrie et al, 1989; Roberts et al., 1981; 

Robinson et al., 1981; Kamerling, 1979). 

The Upper Jurassic deposits of the Celtic Sea area display distinct differences from 

classical exposures which have been well documented onshore in southern England 

(Millson, 1987) and described in section 5.2. These differences are seen in the 

Oxfordian to Kimmeridgian sections of the Celtic Sea areas, where preserved beneath 

the intra-Cretaceous unconformity. At this time major rifting and subsidence occurred 

in the Oxfordian with the formation of restricted basins (Petrie et al, 1989; Millson et 

al, 1987; Shannon, 1991b; Tucker and Arter, 1987) and rotated fault blocks (Roberts 

etal., 1981; Kamerling, 1979; Robinson et al., 1981). Regional uplift during this 

period has also been recognised by Tucker and Arter (1987) on the basin margins of 

the North Celtic Sea Basin and in the basin centres of the Fastnet, South Celtic Sea and 

Bristol Channel Basins. However, this uplift is more likely to be Early Cretaceous in 

age when regional correlation is employed (McMahon and Underhill, 1995). The 

preserved Late Jurassic deposits throughout the Celtic Sea Area Basins are mostly 

composed of Oxfordian-Mid Kimmeridgian non-marine sediments (Millson, 1987) 

although marine conditions existed to the south and west (Petrie et al, 1989). The 
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Middle Oxfordian regression and unconformity observed by Kamerling (1979) in the 

basins to the northwest of the Cornubian Platform may be the equivalent of the 

Corallian of Dorset (Talbot, 1973). Marine conditions returned in the Late Oxfordian 

with the deposition of grey mudrocks, but unlike the Wessex Basin, they grade into 

red beds of non-marine to marginal marine affinity of the Early and Middle 

Kimmeridgian (Milison, 1987). A brief transgression occurred in the Late 

Kimmeridgian and Early Portlandian but, as with the Wessex Basin, by the 

Purbeckian age the area was once again in a marginal marine to non-marine setting 

(Milison, 1987; Petrie etal., 1989) before the deposition of the wholly continental 

Lower Wealden Beds in the Berriasian to Hauterivian period. Ruffell and Harvey (in 

press) recognise an intra-Purbeckian unconformity within this sequence. However, 

they distinguish this from a Berriasian, regionally correlatable major unconformity 

which they place at the Purbeck Beds/Wealden Beds junction. 

The latest Jurassic sedimentation, in the Fastnet Basin, Biscay Margin and the Western 

Approaches Trough (Petrie etal., 1989; Roberts etal., 1981; Masson and Roberts, 

1981; Montadert eral., 1979; Auffret et al., 1974; Naylor, 1992; Ziegler, 1987b; 

Evans, 1990) differed from other parts of the Celtic Sea Area Basins with the 

deposition of oolitic limestones, carbonate banks and shallow marine sands and 

shales. Here rifting started in a marine environment without substantial doming 

(Hillis, 1988). Indeed carbonate deposition during this period and into the Early 

Cretaceous has also been reported from northern Spain (Del Pozo,.1971), the 

Aquitaine Basin, Goban Spur (Cohn et al., 1992) and marine deposition also 

dominated in the Porcupine Basin (Croker and Shannon, 1987). This suggests that 

the continental Wealden Beds had limited extent and were concentrated in the basins 

immediately surrounding the Cornubian Massif and the other active massifs at the 

time. 

The Early Cretaceous throughout the Celtic Sea Area Basins is dominated by the 

occurrence of a regional unconformity described by McMahon and Underhill (1995) 

amongst others (e.g. Millson, 1987; Ziegler, 1982). This unconformity caused 

considerable erosion (of the basin margins and centres) in the basins immediately 

surrounding the Cornubian Platform (the South Celtic Sea, Fastnet, Bristol Channel, 

Western Approaches, Southwest Channel, western Channel and Wessex and the 

northern Paris Basins; Tappin et al., 1994; Evans, 1990) and minor, if any, erosion to 

the basins outboard of these (the North Celtic Sea, Cardigan Bay-St Georges Channel, 

Goban Spur, Biscay Margin, Brittany, eastern Channel, Wessex, Wealden and the 
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southern Paris Basins) where sedimentation was continuous (Tappin et al., 1994; 

Naylor and Shannon, 1982). The occurrence of this unconformity is the main subject 

of this chapter and will be discussed in detail in the next section. 

It is unclear whether rifting over the area had ceased by the beginning the Berriasian 

(e.g. Tucker and Arter, 1987; Chapman, 1989) or continued into the Aptian with 

transpression occurring in the basins immediately surrounding the Cornubian Platform 

(Petrie et al., 1989; Shannon, 1991a; Ziegler, 1987c). This debate will be addressed 

in section 4.4.2. However, it is obvious that a relative fall in sea level took place 

during the Early Cretaceous possibly caused by a uplift which may have be generated 

by a thermal mechanism, regional stress build up (McMahon and Underhill, 1995), or 

inversion (Robinson etal., 1981; Coward and Trudgill, 1989; Ruffell and Coward, 

1992) 

Early Cretaceous sediments vary in character depending on location with over 2000m 

of fluvial/ alluvial non-marine clastics and lacustrine/deltaic argillaceous deposits 

(Tappin et al., 1994), potentially sourced from the Irish/Weish/Armorican Massifs and 

the Cornubian Platform (Allen, 1981; Tappin and Morton, unpublished), dominating 

deposition from the Berriasian to the Hauterivian in all but the basins to the south and 

west. In the centres of the Goban Spur, Biscay Margin and southern Brittany Basins, 

marginal marine to wholly marine shales, silts and carbonates were deposited without 

any obvious break in sedimentation unlike the basin margins which suffered erosion 

due to the intra-Cretaceous unconformity (Roberts et al., 1981; Cohn etal., 1992). 

Marine incursions into the non-marine domain are first recorded in the latest 

Hauterivian of the North Celtic Sea Basin (discussed in detail in section 4.3.4) 

following the peak of Late Jurassic/Early Cretaceous regression in the Berriasian. 

Throughout the Late Hauterivian to the Albian a series of transgressions from the 

southwest, building up in intensity and magnitude, punctuated by regressions and 

unconformities, affected the Early Cretaceous terrestrial basins up to the Aptian and 

Early Albian (Tappin et al., 1994; Ainsworth etal., 1987; Colley et al., 1981; Evans, 

1990). These unconformities were formed by renewed tectonic activity (Ziegler, 

1987b) and associated volcanics intrusions in the Western Approaches Basin (Ziegler, 

1987c; Bennet etal., 1985) and the emplacement of oceanic crust first on the northern 

Biscay margin in the Early Aptian (Montadert et al., 1979; Masson and Miller, 1984) 

then west of Goban Spur in the Middle Albian (Scrutton, 1985), along with intensive 

rifting in the Bay of Biscay. By the Late Albian and Cenomanian all areas were 



returned to shallow marine conditions with the deposition of the glauconitic sands, 

silts and shales of the Gault and Greensand Formations (Colley et al., 1981; Tappin et 

al., 1994; Evans, 1990), which probably extended over the Irish Sea to the north. To 

the west and southwest bathymetry in the order of 2000m was established along with 

turbidite deposition, due to the rapid subsidence associated with the emplacement of 

oceanic crust in the Bay of Biscay (Roberts et al., 1981). With the continued sea level 

rise of the Late Cretaceous and passive subsidence (Petrie et al., 1989) Chalk 

deposition took place probably covering even the highest Massifs (Tappin et al., 

1994). This phase of submergence, however, was terminated in the Tertiary (initially 

in the Paleocene but again in the Oligocene and Miocene) by the regional inversion and 

erosion caused by the Laramide and Alpine orogenies which have left the basins in 

their present inverted form (Shannon, 1991 a; Roberts et al., 1981; Roberts, 1989). 

4.3 Documentation of the intra-Cretaceous unconformity surface 

4.3.1 Introduction to the intra-Cretaceous unconformity. 

In some parts of United Kingdom Continental Shelf (UKCS) a "Base Cretaceous 

unconformity" has been recognised (Johnson, 1975), although in places this may only 

be an apparent feature due to sediment condensation. However, in the deepest parts of 

Mesozoic basins (such as the North Celtic Sea and Wessex Basins) nearly continuous 

sedimentation occurred across the Jurassic/Cretaceous boundary (Fyfe et al., 1981). 

This unconformity although present in many areas during the Early Cretaceous is not 

one unique event but is interpreted to be related to different tectonic processes in 

different areas. Chapter three has shown that a major unconformity exists in the 

Grand Banks! Lusitanian Basin during the Early Cretaceous relating to the continental 

rifting of the proto-N.Atlantic. Chapter five will show that this unconformity does not 

exist in many areas such as the Weald Basin and the western Channel Basin and 

therefore is a localised event relating to an uplift event described in detail here. 

Chapter six shows that an unconformity of a similar age formed just prior to the rifting 

of the Rockall Trough but this feature too has discrete dimensions. One of the main 

conclusions of this thesis then is that fact that while such unconformities may be 

related in a broad sense to major plate reorganisations at the time of their generation 

each event has its individual area of influence and is independent of other similar 

events. This is observed in areas which record a complete stratigraphy located 

between basins in which unconformities are developed (i.e. Weald, Goban Spur, 
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Porcupine, Biscay Margin and the northern Galicia Margin Basins during the Early 

Cretaceous). 

One controversial issue is that of the age of the intra-Cretaceous unconformity (van 

Boom, 1987). Many workers suggest that the associated erosion and deformation did 

not occur at one discrete point in time but over a period from the Late Jurassic to the 

Aptian (e.g. van Hoorn, 1987, Roberts et al., 1981). This observation is not 

contested as evidence in the form of the Wealden Beds gives it support. However, it 

is important to establish when the maximum areal extent of erosion associated with the 

unconformity was reached. An age has been determined by McMahon and Underhill 

(1995), Tucker and Arter (1987), Ruffell and Harvey (in press) amongst others as 

being Berriasian to Valanginian for the timing of maximum erosion. This age, as will 

be explained in detail in the following sections, has been based on stratigraphic 

analysis of well logs and the timing of the first marine transgressions into the non-

marine Wealden Beds, after the peak of the Late Jurassic regression. 

The Berriasian-Valanginian age for the timing of the maximum areal extent of erosion 

would make this an intra- Lower Wealden Beds unconformity, however, Evans et al. 

(1990) suggest an Portlandian age based on the non-marine Wealden Beds which rest 

on the Triassic in well 87/12-1. This age is somewhat dubious as the surrounding 

wells (e.g. 73/7-1, 85/28-1, 86/18-1, borehole 16) attest to the oldest Wealden Beds 

being of Barremian to Hauterivian in age and of a similar nature. There is also 

evidence to suggest that two younger unconformities exist in this region, of Aptian age 

(Masson and Roberts, 198 1) and Middle Albian age (Lott et al., 1980). Both of these 

events are thought to be related to the emplacement of oceanic crust west of the Biscay 

margin and Goban Spur (see section 4.4.4) 

4.3.2 Description of the intra-Cretaceous unconformity 

A phase of doming, related to the Late Cimmerian tectonic phase of Ziegler (1982), led 

to widespread uplift and erosion removing much of the Berriasian, Late Jurassic and 

older sediments from the region to the north and south of the Cornubian Platform 

(Milison, 1987; Tappin et al., 1994). This uplift also led, arguably, to the end of 

rifting in both the North Celtic Sea and Western Approaches Basin (Tucker and Arter, 

1987; Chapman, 1989). The erosion associated with the intra-Cretaceous 
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unconformity, the result of such an uplift, is best seen in the South Celtic Sea Basin 

and Western Approaches Basin which flank the Cornubian Platform. 

Over 500m of Early Cretaceous Wealden Beds sit directly on Bathonian or older strata 

in the South Celtic Sea Basin (Tappin et al., 1994) as is true over much of the Fastnet 

Basin. Wealden Beds of Hauterivian to Aptian age also rest unconformably on 

Triassic or Lower Jurassic rocks in the Western Approaches Basin (Figure 4.2; 

Chapman, 1989; Evans, 1990) and they are also thought to lie unconformably on older 

stratigraphy in both the Hurd Deep north of the Channel Islands (Curry et al., 1970) 

and in the Plymouth Bay Basin (Lott et al., 1980). 

In the Bristol Channel Basin Pyle et al. (198 1) recognised an unconformity which 

separated Early Cretaceous deposits from Late Jurassic units and this surface can also 

be traced in the Southwest Channel Basin. However, in the Central parts of the North 

Celtic Sea Berriasian deposits lie conformably on lower Purbeck Beds (Cohn et a!, 

1981; Naylor and Shannon, 1982) as is true in the Brittany Basin, Southwest Channel 

Basin (Evans, 1990) and interpreted on the Biscay Margin (Masson and Roberts, 

198 1) and the Goban Spur Basin (Cohn et al., 1992). Although there is a lack of well 

penetrations it is thought that a correlative conformity to the intra-Cretaceous 

unconformity exists in these areas; nevertheless, any basin margin or basin centre 

highs present at this time would have been eroded. This is observed in the onlap of 

the Early Cretaceous deposits onto the intra-Cretaceous unconformity surface recorded 

on margin highs in the Goban Spur Basin (Cohn et al., 1992). Late Jurassic reefs also 

occur behind the crests of tilted fault blocks in the Biscay Margin on which a pre-

Aptian unconformity is exposed (Masson & Roberts, 1981). This pre-Aptian 

unconformity can be traced to the top of formation four of Montadert et al. (1979) 

which extends to the base of the Aptian (Masson and Roberts, 1981); however, the 

erosion may have occurred on the crests of tilted fault blocks from the Berriasian and 

these locations may not have been covered until the Aptian. 

As well as a complete Wealden Beds section existing in the North Celtic Sea Basin the 

Wealden Beds change character with distance from the Comubian Platform (Ruffell 

and Harvey, in press; see also Figure 4.10) with a typical non-marine succession 

passing southwest into marine clays and eventually into shelf limestones on the 

continental margin (Masson and Roberts, 1981). The continuous sedimentation and 

reefal deposits in the basin centres such as DSDP site 401 on the Biscay Margin 

(Montadert etal., 1979), northern Spain (Del Pozo, 1971), and Aquitaine Basin 
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during the Early Cretaceous attest to the presence of the correlative conformity and a 

facies change. Therefore, the effect of any uplift which may have given rise to the 

unconformity decreased away from the Cornubian Platform. This is illustrated in a 

chronostratigraphic diagram (McMahon and Underhill, 1995) from the Comubian 

Platform northwest into the North Celtic Sea Basin (Figure 4.3). Figure 4.3 

shows the progressive subcrop of older stratigraphy beneath Cretaceous sediments, 

the base of which represents the intra-Cretaceous unconformity, towards the 

Cornubian Platform. It can also be seen that this unconformity passes into a 

correlative conformity in the Lower Wealden Beds of Late Berriasian age in the North 

Celtic Sea Basin. From the depositional environments of the formations surrounding 

the unconformity a relationship is noticed between the most basinal shift in facies (the 

peak of the Late Jurassic regression) and the timing of the maximum areal extent of 

erosion, equivalent to the Late Berriasian age of the intra-Cretaceous unconformity. 

After the Late Berriasian the Wealden Beds became increasing more marine through a 

series of transgressions and regressions in an overall transgressive setting until the 

fully marine conditions of the Greensand, Gault and Chalk Formations. 

The interpretation of the chronostratigraphic diagram is also mimicked on regional 

seismic data using a line of the same orientation (Enclosure 1 and Figure 4.4). 

Line MPCR-17 (Enclosure 1; Figure 4.4) shows the progressive subcrop of older 

stratigraphy beneath the intra-Cretaceous unconformity from northwest to southeast. 

This unconformity has also been noted on seismic data by Ruffell and Harvey (in 

press). It is also clear from this data in the North Celtic Sea Basin that the thickness of 

the Wealden Beds increases towards the area in which the correlative conformity lies. 

Erosion associated with the intra-Cretaceous unconformity is generally not seen where 

the Wealden Beds are more than 500m thick. Another important observation 

concerning the seismic line is the existence of a Mid Cimmerian unconformity, 

commonly of Middle Jurassic age, which has locally eroded Early Jurassic extensional 

structures, such as roll-over anticlines, and has in places exaggerated the stratigraphic 

gap associated with the intra-Cretaceous unconformity. The mid Cimmerian 

unconformity, which is probably associated with the intrusion of the Fastnet Volcanics 

and the Bathonian regression (Tappin eta!, 1994; Milison, 1987; Shannon, 1991a; 

Caston et al., 1981), is itself truncated by the intra-Cretaceous unconformity at shot 

point 2600 (Enclosure 1; Figure 4.4) indicating the magnitude of erosion which 

occurred during the Early Cretaceous. Peneplanation of ancient highs such as the 

Pembroke Ridge during the time of the intra-Cretaceous unconformity can be seen by 

comparing the thickness of the post- 
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Figure 4.4 

An interpretation of composite seismic line MPCP- 17 (including 
parts 17, 17A/1, 17A/2). hits northwest-southeast orientated line 
shows the southeastwards truncation of older stratigraphy beneath 
the intra-Creaceous unconformity. It also shows the existance of 
an earlier "Mid-Cimmerian" unconformity. The tops of the lower 
units such as the Early Jurassic, Triassic and basement are 
tentative in the North Celtic Sea Basin due to poor seismic quality 
and the lack of well penetration. The North Celtic Sea Basin is 
also interpreted to have experienced a higher degree of inversion 
during the Tertiary than the South Celtic Sea Basin as few 
deposits of this age have been encountered. 
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unconformity Wealden Beds on the Pembroke Ridge to those in well 49/29-1 in the 

South Celtic Sea Basin. The thickness is more or less equal and the sediments can be 

dated as being Late Aptian to Early Cenomanian suggesting that prior to this time both 

the northern portion of the South Celtic Sea "Basin" and the Pembroke Ridge were of 

a similar elevation supplying sediment to the North Celtic Sea Basin. 

The intra-Cretaceous unconformity in the Late Berriasian, therefore implies that the 

peak of any deformation and erosion in the Early Cretaceous was prior to any 

unconformities in the Aptian and Albian (i.e. the Base Greensand unconformity) 

which have long been thought of as the main erosion events (e.g. Ziegler, 1982, 

1987b). Wells from the South Celtic Sea and Fastnet Basins (Figure 4.5) support a 

Berriasian age for this event as they show in places Wealden Beds resting 

unconformably on either middle/lower Purbeck Beds or latest Jurassic strata. These 

wells are crucial to defining the age of this unconformity, however, as they represent 

the smallest stratigraphic gap associated with the event. A base Wealden Beds 

unconformity has also been suggested by Ruffell and Harvey (in press) and Shannon 

( 199 1 a) but as mentioned earlier, this unconformity disappears in the North Celtic Sea 

Basin further to the northwest. 

When all available data is combined a regional subcrop map from the most basinal 

setting, can be constructed (Figure. 4.6) which includes information from other 

workers for specific areas (e.g. Hillis, 1988; van Hoorn, 1987; Curry et al., 1970; 

Fyfe et al., 1981; Masson and Roberts, 1981). Stratigraphic information was only 

taken from basins and not from interbasinal highs or surrounding massifs and as a 

result the subcrop map may look elliptical in shape. However, whilst every effort was 

taken to present the most accurate subcrop map the sparsity of data in some areas 

meant that outside the data rich regions a degree of interpretation was used. The 

resultant "elliptical pattern" illustrated in figure 4.6 is, therefore, in part schematic 

and could be significantly altered with the addition of extra data from the areas which 

have seen little or no drilling (e.g. Haig Fras Basin). The subcrop map also does not 

illustrate the Massifs which were present during this time. These areas which have 

been uplifted at least since Tertiary times may have suffered erosion during the Early 

Cretaceous and therefore, would have been subcropped by either the Wealden, 

Greensand or Chalk formations. These Cretaceous sediments may have been later 

removed during Tertiary tectonics. 
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The subcrop map may then only indicate the erosion observed in the basins, whereas 

erosion could have extended over a much greater area on ancient highs. The elliptical 

pattern, therefore, does not correspond exactly to the area of interpreted uplift which 

was unlikely to have had a discrete shape. The map also represents a composite of all 

the unconformities that formed during in the Early Cretaceous as in places the first 

Cretaceous onlapping sequence may be the Barremian-Aptian Wealden, Aptian-

Cenomanian Greensand or the Late Cretaceous Chalk. 

The observation that the Early Cretaceous unconformity progressively subcrops older 

stratigraphy, Upper Jurassic to Permian or older, towards the Cornubian Platform is 

also mimicked in the onshore exposures along the Devon and Dorset coasts (further 

discussed in chapter five). Only in the basins a distance from the Cornubian Platform 

(e.g. the North Celtic Sea Basin) does the correlative conformity exist, where a 

complete Early Cretaceous stratigraphy commonly represented by over 500m of 

Wealden Beds sediment is encountered Indeed, outwith this boundary there is a facies 

change where the contemporaneous 'non-marine Wealden Beds are shallow water 

limestones (Ruffell and Harvey, in press; Masson and Roberts, 1981; Cohn etal., 

1992; see also Figure 4.10). 

One might think that such an subcrop pattern observed in the basins purely results 

from existing topography such as the buoyant nature of the Hercynian granites in the 

Cornubian Platform and the Armorican Massif. (The Cornubian Platform is marked 

by two parallel trends of gravity maxima corresponding to the Haig Fras and Scilly 

Isles granites [Roberts eta!, 1981]). However, the area of erosion extends well past 

the termination of the granites, interpreted from gravity data, in UKCS quadrant 84, 

out to UKCS quadrant 63 (Figure 4.7) indicating that the Cornubian Platform and 

the surrounding area were uplifted in the Early Cretaceous. The elliptical shape of the 

subcrop map merely reflects the widening of the stratigraphic gap towards the 

Cornubian Platform and orientation of the basins which surround the Cornubian 

Platform to each other. Independent uplift studies using the apatite fission track 

analysis method (AFTA) from Palaeozoic sediments from Devon and Cornwall, near 

the centre of the Cornubian Platform, reveal that the most significant uplift event 

experienced by these rocks occurred just prior to 140-1OOMa (Berriasian; Bray pers. 

comm.; Chen et al., 1994). The Cornubian Platform and the Armorican Massif 

granites must also have been partially covered during the Lower Jurassic as the Lias of 

west Dorset (described in section 5.2) was deposited in a deep marine setting and 
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shows no signs of shallowing towards the granites to the west. The subcrop pattern 

about the Cornubian Platform is, however, distorted by the Armorican Massif and the 

Biscay Margin (Figure 4.6). One explanation for this is the uplift and erosional 

effects of the Early Aptian and Middle Albian unconformities mentioned earlier, 

formed by the rifting of the Bay of Biscay and the emplacement of oceanic crust west 

of Goban Spur and the Biscay Margin. These unconformities will be discussed in 

more detail in sections 4.3.3, 4.3.4 and 4.4.3 and in particular the affect of the Middle 

Albian event on the stratigraphy of the Paris Basin will be discussed in sections 5.2 

and 5.5. 

The suggestion that this intra-Cretaceous unconformity separates Wealden Beds from 

older stratigraphy over much of the area surrounding the Cornubian Platform, can be 

confirmed when the distribution of these beds is considered along with the position of 

correlative conformity/unconformity boundary (Figure 4.8). Figure 4.8 shows 

that the Wealden Beds rest on the unconformity surface over a large area inside the 

conformity/unconformity boundary. However, there are many places which have not 

been drilled so the extrapolation of the Wealden Beds coverage outside these areas was 

not attempted. 

4.3.3 The Cretaceous flooding of the unconformity surface 

The entire lowermost Cretaceous and uppermost Jurassic succession in the North 

Celtic Sea and Fastnet Basins is represented by non-marine deltaic clastic sediments 

(Cohn et al., 1981). These sediments were deposited at the climax of the Late Jurassic 

regression and at the time of the intra-Cretaceous unconformity. After the peak of the 

regression in the Late Berriasian a series of marine transgressions, each building in 

magnitude, can be traced in the southern North Celtic Sea (Ainsworth et al., 1987) and 

adjacent areas. The onset of the transgressive phase suggests that the elevation of the 

uplift that caused the intra-Cretaceous unconformity had decreasing due to continued 

erosion and/or the decline of the mechanism that produced the feature. The overall 

transgression has been recognised by many workers (Ruffell and Harvey, in press; 

Ainsworth eta!, 1987; Tappin et al., 1994; Colley et al, 1981; Shannon 1991b; 

Tucker and Arter, 1987; Evans, 1990; Petrie etal., 1989) who suggest that fully 

marine conditions were not established over the entire area until the Late Albian. 

Marine waters spread from the southwest (Evans, 1990) in the Biscay MarginlGoban 
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Spur area where shallow water limestones, the equivalent of the non-marine Wealden 

Beds were formed (Masson and Roberts, 1981; Colin etal., 1992). 

A number of marine incursions, followed by minor regressions into the Early 

Cretaceous Wealden Beds can be identified from the presence of marine dinocysts 

from samples collected from exploration wells. These incursions have been 

recognised: in the Hauterivian by Petrie etal. (1989) and from the North Celtic Sea 

(see- McMahon and Underhill., 1995); in the Barremian by Evans (1990) and Tucker 

and Arter (1987) from the Western Approaches Basin and the North Celtic Sea Basin 

respectively; in the Late Aptian by Evans (1990), Ainsworth et aL(1987) and Shannon 

(1991b) from the Southwest Channel and the North Celtic Sea Basin; and in the Late 

Albian with the deposition of the Greensand in the North Celtic Sea and adjacent areas 

by Naylor and Shannon (1982) and Colley et al. (1981). It is possible to define the 

extent and exact timing of these transgressions by tracing the regionally correlatable 

maximum flooding surfaces in the Early Cretaceous Wealden Beds. This has only 

been attempted for the North Celtic Sea Basin in this study as this is where the oldest 

and thickest Wealden Beds successions occur and the greatest amount of data points 

exist. 

Onlapping the intra-Cretaceous unconformity seven maximum flooding surfaces were 

recognised from the Hauterivian to the Cenomanian although more might exist but are 

beyond biostratigraphic resolution. The main incursions recognised in the Celtic Sea 

Area Basins are latest Hauterivian (K20), latest Barremian (K30), latest Aptian (K40), 

latest Albian (K50) and Cenomanian (K60) which correlate well with those identified 

at outcrop in the Paris Basin and in the Wessex Basin to the east described fully in 

chapter five. The maximum flooding surfaces are plotted on a dinocyst and nanofossil 

range chart (Figure 4.9) collated by the author from various oil company/ 

consultancy reports and the published schemes of Cohn et al. (198 1) and Ainsworth et 

al. (1987). This scheme is equivalent to that presented in chapter six for a similar 

study (Figure 6.4). However, there are some differences principally due to the fact 

that the scheme used in chapter six was established using the entire North Sea and 

West of Shetland database whereas the one presented here (Figure 4.9) used only 

well data from the Porcupine, Goban Spur, Fastnet and North Celtic Sea Basins. 

With a more complete database such as that which exists for the North Sea a rigid 

biostratigraphic framework can be established (Partington, pers.comm.) These 

differences may be responsible for the fact that the age of maximum flooding events in 

the latest Hauterivian (K20) and in the Cenomanian (K60) differ slightly in age from 
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Figure 4.9 

Palynology and nanofossil range chart for the Late Jurassic and Early Cretaceous of the 
Celtic Sea Area Basins compiled by the author. Biostratigraphic schemes have been 
taken from various unpublished oil company reports and the published work of 
Ainsworth etal., (1987). The maximum flooding surfaces identified in this study are also 
shown and are based on dinocyst and nanofossil events. 
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the West of Shetlands area. However such discrepancies may also be due to the fact 

that these flooding surfaces could be diachronous or reflect two different localised 

events. In the North Celtic Sea Basin the increased well control coupled with the fact 

that marine incursions were occurring in non-marine strata has resulted in the 

identification of two further events, in the Barremian (K25) and in the Aptian (K35), 

which have not been recognised further to the north. These, may be local 

transgressions, hence their omission from the West of Shetlands area. 

The Valanginian (K1O) maximum flooding surface identified in the Grand Banks and 

the West of Shetlands area is absent in virtually all the wells in the North Celtic Sea 

Basin as this time is represented by non-marine deposition (Cohn et at, 1981). 

However, as interpolated on figure 4.8 marine deposits of Valanginian (Kl0) age 

probably existed further to the west and may be present in well 62/7-1 on the Goban 

Spur (Figure 4.10). Figure 4.10 shows a roughly east to west oriented well 

correlation illustrating the overall transgressive nature of the Early Cretaceous in the 

North Celtic Sea Basin and the extent of each individual maximum flooding surface. It 

is obvious that the Wealden Beds became increasingly more marine through time as 

marine waters spread from the southwest. This scenario can be viewed in a regional 

sense (Figure 4.11) with the Early Cretaceous transgression flooding the North 

Celtic Sea, Fasthet Basin and South Celtic Sea Basins. It is thought that this pattern is 

mimicked in the Western Approaches Basin; however, inadequate data meant that these 

areas were omitted from the study. Figure 4.11 illustrates the nature of the 

transgression in a northeasterly direction as suggested by Evans (1990). The major 

advances, in between minor regressions, that coincided with each maximum flooding 

surface occurred at the height of the latest Hautenvian (1(20), latest Barremian (1(30), 

latest Aptian (K40) and latest Albian (1(50) events although minor advances were 

made during Barremian (K25) and Aptian (K35). One interesting point is the 

identification of a pre-latest Albian (K50), post latest Aptian (1(40) unconformity 

which affected many areas, particularly in the southwest and on the basin margins. It 

is suggested that this event represents the Middle Albian unconformity which has been 

discussed earlier. This unconformity is tentatively linked to the emplacement of 

oceanic crust west of the Biscay Margin (Scrutton, 1985). 

During sequences Albian (1(50) and Cenomanian (K60) major flooding of all areas 

took place coinciding with the end of the intrusion of the Aptian/Albian volcanics 

found in the Western Approaches Basin. A distribution map (Figure 4.12) for the 

Greensand/Gault interval taken from composite logs indicates that this sequence 
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thinned onto the highs formed by the Cornubian Platform and the Aptian/Albian 

volcanics. In some instances the Greensand Fm. transgressed over many areas which 

were highs during Wealden Beds deposition. This transgression continued into the 

Late Cretaceous with the distribution map (Figure 4.13) for the Lower and Middle 

Chalk intervals indicating that the Chalk also thinned on to the margins of the 

Cornubian Platform. It is interpreted that the Chalk transgression encroached further 

onto the Cornubian Platform than the earlier Greensand/Gault transgression due to the 

regional eustatic sea level rise and the demise of the uplift event which caused the intra-

Cretaceous unconformity. Again the occurrence of Apto/Albian volcanics in the 

Western Approaches Basin is evident as they were not covered until post-Turonian 

times and remained as islands during Lower and Middle Chalk deposition. 

4.3.4 The cause of the intra- Cretaceous uplift 

After correction for Tertiary uplift, the major Mesozoic unconformity shows little 

correlation with the distribution of underlying syn-rift basins (Hillis, 1991). 

However, there is regional symmetry in the stratigraphic gap associated with the 

unconformity, centred on the Comubian Platform, which can be seen on 

chronostrati graphic diagrams (Figures 4.3 and 5.9- see also section 5.3.1). 

Therefore, an uplift mechanism centred on the thicker crust, associated with the granite 

batholiths of the Cornubian Platform, may have exerted a significant control on the 

area as a whole. 

Roberts (1989) suggested that this uplift was the result of Late Jurassic- Early 

Cretaceous extension. However, many workers regard the intra-Cretaceous 

unconformity to represent the end of extension (e.g. Tucker and Arter, 1987; 

Chapman, 1989) and Hillis (1988) noted that extension which may have started in the 

Callovian /Oxfordian took place in a marine setting in many areas, without substantial 

doming, only becoming non-marine in the Early Cretaceous long after rifting had 

initiated. The uplift is also not associated with the N.Atlantic ocean floor spreading, as 

the Atlantic at the time of uplift maximum (Late Bemasian) was only actively 

spreading below the Azores/Gibraltar Fracture Zone (see Chapter seven). Oceanic 

crust formation as mentioned earlier only initiated in the Middle Aptian to Middle 

Albian from the Bay of Biscay to the west of Goban Spur. Therefore, some other 

mechanism is required to generate such a feature. 
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The only way to try and estimate the size of the uplift is to measure the possible area 

over which erosion can be observed in the basins which is some 750km by 500km 

across (Figure 4.14) although this may vary depending on where the correlative 

conformity is drawn on the Biscay Margin, St Georges Channel and onshore England. 

Such proportions may be an underestimate as erosion is likely to have extended 

outside the basinal areas. For comparison this is somewhat smaller in size than uplifts 

predicted by mantle blobs (e.g. 1500km across for the N.Sea- Underhill and 

Partington, 1993, 1994) and for mantle plumes (in excess of 2000km - White and 

McKenzie, 1987) although not all mantle plumes are expected to be uniform in size. 

Therefore, it seems unlikely that either mantle blobs or plumes were responsible for 

this feature. The observation that the erosional patterns appear elliptical is due to the 

orientation of the basins surrounding the Cornubian Platform rather than the 

occurrence of a circular shaped uplift. The magnitude of this uplift can be estimated 

from the amount of erosion seen over the area. Some 2000m of Jurassic sediment is 

estimated to have been removed from the northern shoulder of the Melville sub-basin 

(Chapman, 1989; Hillis, 1988) and over 3300m is thought to have been removed from 

the South Celtic Sea Basin (Tappin et al., 1994). This erosion is not simply due to 

footwall uplift or erosion specifically located on basinal highs as basin centres also 

suffered extreme erosion. Such significant erosion could either be the result of the 

formation of a high by a thermal mechanism which experienced a prolonged period of 

erosion from a number of unconformities or by a significant localised vertical uplift 

which, on this scale, usually would involve either large-scale thermal processes (e.g. 

convection/ underplating) or isostatic adjustment of a crustal unit. 

A thermal mechanism for the generation of the uplift was postulated by McMahon and 

Underhill (1995) based on the occurrence of Early Cretaceous volcanics in the vicinity 

of the Cornubian Platform. Chapman (1989) also suggested that the doming and 

crustal extension during this time was related to mantle processes. Indeed there appear 

to have been three time intervals during which igneous activity is recorded in this area: 

Late Jurassic- Early Cretaceous, relating to active faulting; Early Cretaceous, relating 

to a late syn-rift phase; and Middle Cretaceous associated with sea floor spreading 

west of Goban Spur and the Biscay Margin (Tate and Dobson, 1988). However, no 

volcanics have been found of Late Jurassic-Early Cretaceous age in the area of interest 

although they exist in the Porcupine Seabight region. Intrusive rocks of Early 

Cretaceous age (Hauterivian-Barremian) do occur in the Goban Spur, Brittany Basin 

(Ziegler, 1987b), and on the Cornubian Platform at Wolf Rock and Epsom Shoal 
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where they may have been the cause of renewed hydrothermal mineralization seen in 

the Cornwall granites at this time. During the Hauterivian to Barremian active faulting 

had probably stopped in the region (e.g. Tucker and Arter, 1987; Chapman, 1989) so 

the volcanics cannot be related to rifting. A further phase of volcanism occurred in the 

Aptian and Albian in the Western Approaches Basin (Bennet et al., 1985) at the same 

time as the emplacement of oceanic crust west of Goban Spur and the Biscay Margin 

(Montadert et al., 1979; Masson and Miller, 1984; Scrutton, 1985; Cook, 1987). 

However, these volcanics were offset from the main area of N.Atlantic oceanic crust 

formation and appear to be anomalous although they may relate to a minor rifting event 

in the Aptian. It is even possible that they may have formed the Cretaceous tuffaceous 

Fullers Earths of southern England (Jeans et al., 1977). Magnetic anomalies have also 

been recognised throughout the Cornubian Platform, around the Haig Fras batholith 

(see Edwards, 1984b; Edwards et al., 1991). These lineaments are thought to relate to 

Mesozoic volcanics, either dykes, sills or cones, probably of Early /Middle Cretaceous 

age (Edwards pers. comm.). Other anomalies can be recognised on the gravity image 

illustrated in figure 4.7 (Edwards pers. comm.). Although the lack of high volumes 

of igneous material in this area seems to rule out a thermal mechanism for this uplift, 

significant amounts of unseen volcanics may occur beneath the Cornubian Platform as 

underplated crust which is estimated to have a thickness of several kilometres. 

Hillis (1988) and Kamerling (1979) recognised that the mechanism for the Early 

Cretaceous uplift was focused on the granite batholiths of the Cornubian Platform. 

Deep seismic data shot by BIRPS (Kiemperer and Hobbs, 1991; Figure 4.15) 

indicates that the highly reflective lower crust underneath the Cornubian Platform, 

which has thicker crust than the surrounding extended basins (England, pers. comm.) 

may be a potential mechanism for this uplift. The thickness of the reflective crust is on 

average about 8km and can be seen to be layered. This reflective lower crust may be 

related to the Cretaceous volcanics and therefore could represent underplating 

(England, pers. comm.). If this is the case then a thermal process for the generation of 

this uplift, centred on the Cornubian Platform, would be supported. However, an 

alternate explanation may be that lower crustal flow has generated this layering affect 

due to the buoyancy of the granites (Hipkin, pers.comm.); this topic will further be 

discussed in chapter seven. Such reflective lower crust can be differentiated from the 

AptianlAlbian oceanic crust and has been recognised by Peddy et al. (1989) on the 

WAM line across the Biscay Margin. 
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Ruffell and Coward (1992) proposed that similarities in the Mesozoic stratigraphy, 

throughout the Celtic Sea Area Basins, suggest that there is a link between basement 

tectonics and the intra-Cretaceous unconformity developed in the South Celtic Sea, 

Bristol Channel and the northern margin of the Wessex Basin. The role of basement 

tectonics is thought to have resulted in the reactivation of Variscan thrusts, which had 

been extensional throughout the Triassic and Jurassic in a transtensional setting only in 

the basins closest to the Cornubian Platform and not in the North Celtic Sea Basin 

which experienced no uplift during this time (Coward and Trudgill, 1989; Ziegler, 

1982). One would have expected these thrust faults to be the first to be reactivated and 

to have had a dominant influence on stratigraphy later during the Tertiary compression 

event. However, as can be seen by the lack of Tertiary strata in Enclosure 1 and 

figure 4.4 in the North Celtic Sea Basin, the area of least uplift in the Early 

Cretaceous was inverted most during Tertiary inversion (Hillis pers. comm.). 

Chapman (1989) and Hillis (1988) also comment that the lack of any compressive 

stresses in the Western Approaches Basin during the Early Cretaceous would mean 

that the term inversion is inappropriate when describing the Early Cretaceous uplift. 

Shannon (1991b) suggested that another possible mechanism for the uplift was the 

northward movement of the Iberian margin, although plate reconstructions carried out 

in this study indicated' that such a movement was negligible at this time (see chapter 

seven). Many workers (e.g. van Hoorn, 1987; Shannon, 1991a, Ziegler, 1982) have 

also linked wrench tectonics, associated with the Bay of Biscay opening to this uplift 

but as has been already described this event post-dates the timing of the uplift maxima 

and erosion is not seen to increase to the west. 

The cause of this uplift is uncertain although the author feels that some sort of thermal 

mechanism must have been involved in its formation. It is interesting, however, to 

note that at this time (Late Berriasian) there was a regional plate reorganisation as 

oceanic crust formation was about to take place successfully above the Azores-

Gibraltar Fracture zone which would eventually propagate north throughout the 

Cretaceous, forming the North Atlantic. Therefore, regional stresses must have been 

great during this period, which coupled with possible higher than normal mantle 

temperatures ahead of a propagating sea floor spreading system may have produced 

the uplifts interpreted between Portugal and the Grand Banks and in the north Rockall 

area. 
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4.4 The response of sedimentation and basin subsidence to the intra-

Cretaceous unconformity. 

4.4.1 Subsidence analysis and methodology 

In an attempt to quantify the temporal and spatial evolution of the Early Cretaceous 

uplift and its relationship to rifting events a subsidence study of the Wessex Basin, 

Bay of Biscay and the Celtic Sea Area Basins was undertaken. Using the results of 

this study (the subsidence and sedimentation rates) an interpretation of the timing of 

Mesozoic rifting, the Early Cretaceous uplift, oceanic crust emplacement in the Bay of 

Biscay and Tertiary inversion could be estimated. Although previous authors had 

published similar work (e.g. Kamer etal., 1987; Hillis, 1988) they had concentrated 

on the Wessex Basin or the Western Approaches Basin and therefore had only 

analysed one part of the region. However by using the approach adopted here it was 

possible to interpret regional subsidence data especially from the area surrounding the 

Cornubian Platform. The accuracy of the subsidence curves was also improved by 

estimating the amount of Tertiary inversion, using data from Hillis (1995) and the 

burial history analysis presented in section 5.6.2, which had not been attempted by 

previous studies (e.g. Kamer et al., 1987). 

The subsidence analysis or backstripping program was developed by Jon Turner in the 

University of Edinburgh and has been used previously in published work (e.g. Turner 

and Scrutton, 1993). Backstnpping, described in detail by Steckler and Watts (1978), 

is a technique used to calculate observed tectonic subsidence curves and a simplified 

version of the procedure is described below. 

Wells were initially chosen which had the most complete stratigraphy and had 

penetrated the basement (the level at which no compaction is thought to have taken 

place during the period for which the subsidence history is being calculated). 

Unfortunately many exploration wells in the Celtic Sea Area Basins have had shallow 

reservoir targets and therefore have not penetrated basement. However, there were 

enough wells in which a near complete Mesozoic stratigraphy existed to allow a 

subsidence study to be attempted. The second phase of this analysis was to split the 

successions into a number of layers, the tops of which were known and could be 

dated. Each layer was assigned a bulk lithology and the water depth of deposition for 

both its top and bottom (Figure 4.16) with unconformities treated as periods of non 

deposition. The oldest and youngest age below and above the unconformity surface 
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were also input to represent the amount of time lost as a result of erosion or non-

deposition. If the unconformity represented a period of uplift or inversion an estimate 

of the amount of missing section could be input into the program and was illustrated 

by negative subsidence on the subsidence curves. However, due to the program 

specifications this procedure could only be achieved for one unconformity in each 

well, usually the Tertiary inversion event. Finally the age, depth and water depth of 

deposition of the oldest sediments sitting on the basement were also required. 

Decompaction of the stratigraphy had to take place before the subsidence analysis was 

complete. This process was necessary as lithology thicknesses change with the depth 

of burial. For example, the porosity of newly deposited marine muds is typically 

around 65% whereas the porosity of Jurassic rocks of a similar lithology at depths of 

4km is about 10% (Sciater and Christie, 1980) resulting in a decrease of layer 

thickness of more than 60%. As each layer was removed in the backstripping process 

the porosity, and thickness (Figure 4.17a), of the remaining layers was recalculated 

using the appropriate porosity depth function displayed in Sciater and Christie (1980). 

The effects of this process can be observed on a plot of depth to basement against time 

(Figure 4.17b); decompaction increases the amount of basement subsidence 

calculated for the early part of the basins subsidence history. The amount of 

subsidence calculated' nearer to the present day was then reduced by a commensurate 

amount due to the fact that space for sediments being deposited was being generated, 

in part, by the compaction of the existing sediment pile rather than any additional 

basement subsidence. 

Sedimentation rates can also be corrected for compaction (Figure 4.17c) using the 

simple equation of van Hinte (1978): 

L (1- F) 
R = T(l-F) 

R - Sedimentation Rate (mMa 1 ) 

L - Layer Thickness (m) 

T - Time taken for layer to be deposited 

F - Present day porosity 

FO - Depositional porosity 

The following have been calculated for all subsidence curves in this study (Figures 

4.19 to 4.25): a decompacted depth to basement total subsidence curve with a 
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minimum and maximum water depth correction, the water depth of deposition through 

time (calculated from biostratigraphic reports) and the corrected sedimentation rate. 

4.4.2 Interpretation of the subsidence curves 

Twenty seven wells were chosen for subsidence analysis from the Celtic Sea Area 

Basins (three from the Western Approaches Basin, seven from the South Celtic Sea, 

Goban Spur and Fastnet Basins and eight from the North Celtic Sea Basin) and 

adjacent locations (two from the Bay of Biscay and seven from the Wessex Basin; 

Figure 4.18). The majority of these wells were located in hangingwall lows, 

although due to the quality and density of the data some wells were located near 

structural highs. (The wells from the Bay of Biscay will be discussed in the next 

section.) 

The wells from the North Celtic Sea Basin (47/29-1,48/30-1, 49/11-1, 49/13-1, 

49/19-1, 56/14-1, 56/20-1, 57/9-1; Figures 4.19 to 4.22) show three major 

phases of high subsidence and sedimentation rates: the Late Triassic/Early Jurassic; the 

Late Jurassic; and the Late Cretaceous, and in places a minor phase in the Aptian, 

followed by a period of inversion which either started in the Paleocene or the 

Oligocene depending on author and location. The first two phases of high subsidence 

and sedimentation rates are related to rifting events which started in the Norian and the 

Callovian respectively. It is interesting that high subsidence and sedimentation rates 

also are recorded from the Turonian to the Campanian. Such high values which are 

seen elsewhere (Turner, pers. comm.) may relate to the cooling of the Aptian to 

Cenomanian aged oceanic crust west of the Goban Spur/Biscay margin. 

Only three of the wells studied from the North Celtic Sea Basin record the intra-

Cretaceous unconformity (56/14-1, 56/20-1, 57/9-1) with 56/20-1 recording a major 

stratigraphic gap associated with this unconformity and the older Mid Cimmerian 

event. It can be seen that sedimentation rates increase rapidly after the time of the 

unconformity in these wells contemporaneous with the intra-Cretaceous unconformity 

elsewhere. However, all wells from this area show the Late Jurassic regression, 

associated with the intra-Cretaceous unconformity, which is observed in the water 

depth of deposition plot. An unconformity of Middle to Late Jurassic age is also 

recognised in wells 48/30-1, 56/14-1, 56/20-1 and 57/9-1 which possibly represents 

the Mid Cimmerian unconformity mentioned earlier, associated with the intrusion of 

the Fastnet volcanics. 
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Wells from the South Celtic Sea (49/29-1, 58/3-1, 93/2-3, 102/28-1), Goban Spur 

(62/7-1) and Fastnet Basins (63/8-1; Figure 4.22, 4.23) do not show the same 

simple subsidence pattern that can be seen in the North Celtic Sea Basin. An earlier 

phase of rapid subsidence which began in the Early Triassic is evident in all wells apart 

from 63/8-1 and 62/7-1 which show a period of rapid subsidence in the Late Triassic 

to Middle Jurassic. Early Cretaceous erosion removed much of the Late Jurassic 

section and therefore, apart from wells 63/8-1 and 49/29-lit is unclear if a period of 

rapid subsidence took place in these basins at this time. The evidence from 63/8-1 and 

49/29-1 suggests that rapid subsidence in the Late Jurassic initiated in the Late 

Oxfordian. As with the North Celtic Sea Basin the subsidence and sedimentation rates 

increased again in the Aptian and during the Late Cretaceous, especially from the 

Turonian to the Campanian period prior to Tertiary inversion in the Eocene to the 

Oligocene. 

A number of wells (63/8-1, 62/7-1, 49/29-1) show the effect of the Mid Cimmerian 

unconformity and whilst this event may also exist in wells 58/3-1, 93/2-3, 102/28-1 it 

is undetectable due to younger Early Cretaceous erosion. The erosion associated with 

the intra-Cretaceous unconformity is evident in all wells apart from 62/7-1 in which a 

correlative conformity is proposed to exist. Moderate to high sedimentation rates 

existed immediately after the climax of the intra-Cretaceous unconformity in wells 

62/7-1, 49/29-1, 63/8-1 and 58/3-1. This suggests that the mechanism which 

produced the uplift and unconformity was waning after the Late Berriasian resulting in 

a rapid decrease in the areal extent of the uplift. Due to the amount of missing section 

in many of these wells it is hard to comment on the effect the intra-Cretaceous 

unconformity had on the water depth of deposition although it seems to have decreased 

throughout the interval of erosion. 

Subsidence plots from wells located in the Western Approaches Basin (Figure 4.24) 

show almost a complete stratigraphic record from the Permian to Early Tertiary times. 

Three phases of high subsidence and sedimentation rates are observed on these curves. 

The first occurred in the Late Triassic/Early Jurassic, the second in the Late Jurassic 

and the third in the Early Cretaceous. The Late Triassic/Early Jurassic and Late 

Jurassic phases relate to rifting events whereas subsidence appears to slow in the Early 

Cretaceous due to the uplift event at the time of the intra-Cretaceous unconformity and 

its correlative conformity. The timing of Late Jurassic extension in the Callovian is 

again prior to and may have been terminated by the Early Cretaceous uplift. 
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Therefore, the high sedimentation rates during the Early Cretaceous may relate to post 

rift infihl of accommodation space formed during the Late Jurassic rifting event. 

The intra-Cretaceous unconformity is evident in Lizenn- 1 which shows minor erosion 

of the Purbeck Beds. In Brezell-1 and Lennket-1 no obvious unconformity is 

identified and a correlative conformity, representing a complete Early Cretaceous 

section, is presumed to exist. Sedimentation rates again increased slightly during the 

Late Cretaceous before Tertiary inversion in the Oligocene. 

The final set of wells analysed are located in the Wessex Basin (98/11-4, 98/16-1, 

Arreton 2, 98/11-1, Nautile 1, Winterborne Kingston and Martinstown) and the 

subsidence curves presented for these wells complements the basin history modelling 

attempted in section 5.6. Kamer et al. (1987) suggested that their subsidence work 

from the Wessex Basin illustrated general background thermal subsidence through 

time punctuated by a number of rapid, finite and renewed subsidence events reflecting 

polyphase extension. Each stretching event was predicted to initiate in a major period 

of clay deposition and contain two phases: an active rift or mechanical phase (from 10-

50My in length) and a passive thermal phase (from 80-200My in length; Kamer et al., 

1987). This study shows the location of these rapid rifting events and agrees with the 

overall passive thermal subsidence through time which has been backed up by 

independent research (Thompson, unpublished data). However, this work goes 

further than the Kamer et al. (1987) study by identifying the periods of rifting and 

uplift in basin formation. 

The subsidence curves from the wells described above (Figures 4.23, 4.25) fall 

into three groups: wells suffering no erosion associated with the intra-Cretaceous 

unconformity (i.e. 98/11-4, 98/16-1 and Arreton 2) wells which have minor erosion 

associated with the intra-Cretaceous unconformity (i.e. 98/11-1 and Nautile 1) and 

wells which have major erosion associated with the intra-Cretaceous unconformity 

(i.e. Winterborne Kingston and Martinstown). All wells show a period of moderate 

subsidence and sedimentation rates from the Early Triassic to the Early Jurassic 

associated with slow extension. A period of Middle Jurassic extension is also evident 

in wells 98/11-1, 98/11-4 and 98/16-1 although in Nautile-1 and Martinstown this time 

is represented by low sedimentation rates. A Late Jurassic phase of high subsidence 

and sedimentation rates is evident in all wells relating to a rifting event which began in 

the Oxfordian and appears to have been terminated at the time of the Early Cretaceous 

uplift. It is hard to predict the Cretaceous history of the Nautile- 1 well as this section 
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has been removed by Tertiary inversion and erosion. Nevertheless, it probably 

recorded minor erosion associated with the intra-Cretaceous unconformity due to its 

location, close to the Mid Channel High, followed by Wealden Beds, Greensand, 

Gault and Chalk deposition. 

Moderate sedimentation rates are associated with Early Cretaceous sedimentation, 

especially in basinal locations, such as in 98/16-1 and Arreton 2, whereas to the west 

and basin margins to the north sedimentation did not resume until the Aptian or Albian 

(e.g. Martinstown and Winterborne Kingston). Some wells (i.e. Winterborne 

Kingston, 98/11-1) also show moderately high sedimentation during Chalk deposition 

in the Turonian to the Campanian before Tertiary inversion which took place from the 

Eocene to the Oligocene. 

A number of common features have been illustrated by the subsidence analysis. There 

appears to have been two main extension phases which occur in all areas: the 

Triassic/Early Jurassic; and the Late Jurassic. Minor extensional phase may also occur 

in the Middle Jurassic and this may be related to the Mid Cimmerian unconformity 

which is best developed in the area surrounding the Fastnet Basin and in the Aptian 

associated with extension in the Bay of Biscay. A period of moderate to high 

sedimentation rates is' also recognised in places during Early and Late Cretaceous 

times, although these periods are thought to be the relate to either the infihling of new 

accommodation space or an increase in regional subsidence due to the sea floor 

spreading in the North Atlantic and not the result of active faulting. 

The intra-Cretaceous unconformity exists in many wells as an erosional feature. Three 

distinct groupings of wells show different aspects of the unconformity's character (a) 

no erosion and the development of a correlative conformity (b) minor erosion and 

moderate to high sedimentation rates immediately after the unconformity (c) major 

erosion with sedimentation only resuming from the Barremian to the Albian. These 

divisions shall be discussed further in section 4.4.3. It is also interesting that the 

rifling event in the Late Jurassic appears to have initiated before, (as also noticed by 

Roberts et al., 198 1) and to have been terminated or slowed by, the Early Cretaceous 

uplift event. The view that rifling ended around the time of the intra-Cretaceous 

unconformity has also been suggested by a number of authors (e.g. Robinson et al., 

1981; Cook, 1987; Shannon, 1991b; Tucker and Arter, 1987) and implies that the 

latest part of the Early Cretaceous Wealden from the Valanginian/Hautenvian to the 

Aptian succession qualifies as being post-rift to the Jurassic/earliest Cretaceous rift 
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phase having long being regarded as syn-rift by many workers (e.g. Ziegler, 1987a; 

van Hoorn, 1987; Evans, 1990). A period of extension also existed in the Early 

Aptian, prior to sea floor spreading in the Bay of Biscay observed in the localised 

erosion of the Wealden Beds beneath the Greensand Fm. (Ziegler, 1987b). In places 

this event rotated the older Wealden deposits and led to increased sedimentation rates 

in the uppermost units of the Wealden Beds and Aptian aged Lower Greensand Fm. 

4.4.3 The effects of the Early Cretaceous uplift on the subsidence 

curves 

As suggested in the previous section the erosion and sedimentation associated with the 

intra-Cretaceous unconformity is variable depending on geographical location. It is 

suggested that the evolution of the uplift that caused this feature can be determined 

from subsidence curve analysis. Figure 4.26 shows the results of the subsidence 

analysis in a regional sense superimposed on which are the correlative conformity/ 

unconformity boundary and the Permian or older subcrop boundary beneath the intra-

Cretaceous unconformity. The results of the subsidence curves delineate three area 

which relate to the intra-Cretaceous unconformity. 

The first area represents the region in which the intra-Cretaceous unconformity does 

not result in any erosion of underlying strata in the basin centres and lies outside the 

correlative conformity/ unconformity boundary. Wells within this area include 49/11-

1, 49/13-1, 49/13-1, 49/19-1, 48/30-1, 47/29-1, 62/7-1, Galicia-132, Brezell-1, 

Lennket-1, 98/16-1, 98/114 and Arreton 2. (Well 98/11-1 although located within 

this zone has minor erosion associated with the intra-Cretaceous unconformity due to 

its location on a footwall high). During the climax of the unconformity subsidence 

slowed suggesting that the Early Cretaceous uplift had slowed the active faulting in the 

region. Sedimentation rates were constant during this period and in some places 

increased slightly immediately after the timing of the maximum uplift possibly 

indicating a short lived period of active faulting. This can be seen in the deposition of 

erosion products from the region surrounding the Cornubian Platform on the margins 

of the uplift. It is also in this region that there is a facies change, described earlier, 

from continental deposits of the Wealden Beds to their shallow marine carbonate 

equivalents. Therefore, the effects of the Early Cretaceous uplift in this zone were 

minor resulting in erosion on highs and a regional relative sea level fall which can be 

observed in the Late Jurassic regression. 
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The second zone lies between the correlative conformity/ unconformity boundary and 

the margins of the Cornubian Platform, although this is not as clear cut as the previous 

zone due to the fact that there is less information within this area. Wells within this 

zone include 49/29-1, 57/9-1, 56/20-1, 58/3-1, 63/8-1, and Lizenn-1 which show 

minor erosion without subsidence associated with the intra-Cretaceous unconformity 

with rapid sedimentation occurring in the Valanginian up to 10 million years after the 

unconformity climax. This zone represents the immediate deflation of the uplift after 

its maximum areal extent and possibly the renewal of active faulting. What was once 

an uplifted area during the Late Berriasian, supplying sediment towards the area 

outside the correlative conformity boundary was, during the Valanginian and 

Hauterivian, itself on the margins of the uplift receiving sediment from the Cornubian 

Platform. Typically wells within this zone penetrated pre-Barremian non-marine 

Wealden Beds resting unconformably on older stratigraphy. 

The third zone represents the area immediately surrounding and including the 

Cornubian Platform, which itself is delineated by the Permian subcrop boundary. 

Wells in this zone include 102/28-1, 93/2-3, Winterborne Kingston and Martinstown 

which all record major erosion associated with the intra-Cretaceous unconformity with 

the renewal of sedimentation only during the Barremian to Turonian period. These 

wells do not simply relate to inter-basinal settings which have experienced erosion 

during every sea level drop as their subsidence curves show that their locations have 

subsided since the Early Triassic. This area represents the last remnants of the Early 

Cretaceous uplift which, by the Albian, had declined so much that the first sediments 

laid down on the erosion surface were marine transgressive deposits relating to the 

general eustatic sea level rise of the Late Cretaceous. Again the exact boundary 

between areas two and three is unclear due to the lack of data. However, research 

boreholes have found Wealden Beds of Aptian and Albian age in the Plymouth Basin 

(Lott et al., 1980), next to the Cornubian Massif suggesting that if an area of erosion 

existed during this time it was very small indeed. 

Evans (1990) commented that subsidence in the northern basins of the Western 

Approaches Trough and the Cornubian Massif was caused by the cooling of the 

lithosphere after a thermally driven uplift in the Late Jurassic. Although this study 

may suggest a slightly younger timing for this uplift in the Late Berriasian one might 

argue that the subsidence patterns in the three zones mentioned above reflect the 

waning of an uplift throughout the Early Cretaceous. It is difficult to see how this 

uplift could sustain itself long after rifting had ended if a mechanical mechanism is 
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proposed for its formation. In conclusion, whatever the mechanism for its generation 

it seems likely that the uplift event was centred on the Cornubian Platform and 

influenced the sedimentation and tectonic history of the region from the Late Jurassic 

to the Late Cretaceous, over some 65My. 

4.4.4 The timing of the Bay of Biscay opening 

Many workers (e.g. Ziegler, 1987a; van Hoorn, 1987; Evans, 1990) have suggested 

that the rifting in the Celtic Sea Area Basins has been controlled by the Aptian crustal 

separation of the Bay of Biscay (Olivet et al., 1984) as mentioned in the last section. 

However, it has been shown that the rifting which initiated in the Late Jurassic 

probably terminated around the time of the climax of the intra-Cretaceous 

unconformity in the Late Berriasian or soon after it in the Valanginian. This 

suggestion means that the intra-Cretaceous unconformity formed after the initiation of 

rifting and before the crustal separation of the Bay of Biscay and, therefore, was 

unrelated to both tectonic events. 

To qualify the last statement a knowledge of the timing of rifting and sea floor 

spreading in the Bay of Biscay must be established. Montadert et al. (1979) and Olivet 

et al. (1984) suggested that sea floor spreading initiated west of the Biscay Margin in 

the Aptian which corresponded with a period of faulting and erosion (Ziegler, 

1982;1987b). This tectonic period possibly corresponds to a minor rifting event, 

mentioned earlier, which may have lead to the slight deformation and erosion seen as 

far away as the Wessex Basin (Ruffell, in press). However, the largest event appears 

to have been associated with the Early to Middle Albian unconformity (base Gault 

unconformity) described in section 4.3.3 which corresponds to the initiation of sea 

floor spreading west of Goban Spur (Scrutton, 1985; de Graciansky and Poag, 1985) 

and the uplift of the Bay of Biscay area. 

Subsidence analysis from the Aquitaine Basin, at the southeastern end of the Bay of 

Biscay, suggests that a Late Jurassic/Early Cretaceous rift phase was followed ty 

rapid subsidence in the Aptian relating to the sea floor spreading in the Bay of Biscay 

(Desegaulx and Brunet, 1990; Curnelle and Dubois, 1986). This is supported by the 

subsidence analysis of two wells from the Bay of Biscay, Galicia B-2 and Penma- 1 

(Figure 4.27). These wells date the timing of erosion associated with the opening of 
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the Bay of Biscay and possibly the initiation of sea floor spreading west of Goban 

Spur both having occurred during the Middle Aptian to Middle Albian period. 

A Late Jurassic/Early Cretaceous rifling event is observed in Galicia-B2 with the 

transition from non-marine Late Jurassic clastics into shallow marine limestones 

(Figure 4.27). This equates well with the timing of rifting in both the Aquitaine 

Basin (Desegaulx and Brunet, 1990) and the Galicia Margin (Boillot et al, 1989). No 

unconformity is observed in the Late Berriasian and therefore it is assumed that this 

well was outside the area of influence of the intra-Cretaceous unconformity. 

Deposition of shallow marine limestones continued in Galicia-B2 until a phase of 

erosion illustrated by an interpreted unconformity, which marks a change in deposition 

from carbonate dominated to clastic dominated facies in the Mid. Aptian- Albian. This 

unconformity resulted in the erosion of most of the Early Aptian section in Galicia-B2 

and probably relates to a period of uplift caused by the initiation of sea floor spreading 

in the Bay of Biscay. The Mid. Aptian-Albian continental deposits of Penma- 1 which 

rest unconformably on basement (Figure 4.27) attest to this uplift which was 

possibly also affected by the initiation of sea floor spreading west of Goban Spur but 

soon declined with the establishment of widespread regional subsidence (seen in 

Figure 4.27). Both Penma- 1 and Galicia -B2 show continued subsidence 

throughout the Late Cretaceous and Early Tertiary before inversion in the Oligocene 

(Figure 4.27). 

The uplift associated with the crustal separation in the Bay of Biscay during the Middle 

Aptian- Albian affected a wide area particularly on the rift flanks, possibly due to the 

formation of small convective cells in the rising asthenosphere. Such an uplift 

enhanced by the start of sea floor spreading west of Goban Spur probably led to the 

renewal of continental sedimentation from the Armorican Massif and the Gault 

unconformity (to be discussed in chapter five) as well as the anomalous subcrop 

pattern of northwest France associated with the intra-Cretaceous unconformity, 

described earlier. This uplift event was not on the same scale as the earlier intra-

Cretaceous event described throughout this chapter as it only caused major erosion on 

the flanks of the Bay of Biscay and minor erosion elsewhere. 
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4.4.5 The Early Cretaceous unconformity: its relationship to the timing 

of rifting, sea floor spreading and the "break-up" unconformity. 

As discussed in the previous sections the timing of the correlative conformity to the 

intra-Cretaceous unconformity over the Celtic Sea Area is thought to be in the Late 

Berriasian. The relative fall in sea level that generated this event exposed a wide area 

to erosion which continued to take place until submergence during the deposition of 

the Gault and Greensand in the Aptian and Albian. The most intense erosion took 

place during Wealden deposition, with some areas experiencing erosion down to the 

Triassic, witnessed by Wealden sediments (below the Greensand) overlying older 

strata especially in the South Celtic Sea Basin and Western Approaches Basin (Evans, 

1990). 

It has been argued that active faulting which had occurred throughout the Late Jurassic 

and Early Cretaceous declined rapidly after this unconformity possibly in the 

Valanginian (Shannon, 199 1) or slightly younger (Rowell, 1995). The area 

underwent thermal subsidence indicated by the Wealden deposits resting on older 

stratigraphy outside the main rift basin in the South Celtic Sea Basin and possibly on 

the Pembroke Ridge (Enclosure 1). Potential thermal subsidence through the later part 

of Wealden deposition (Hauterivian-Barremian) is illustrated on the subsidence curves 

presented in the subsidence analysis of wells in the Celtic Sea. This occurred prior to 

a minor rift phase in the Aptian, which caused rotation of the older sequences, initiated 

by the continental rifling in the Bay of Biscay. An Early Aptian phase of rifting has 

also been identified in the Western Approaches Basin by Ziegler (1987b) and at the 

Biscay margin where rapid subsidence produced water depths in excess of 1500m 

(Evans, 1990). Similar ages of rifling are also recorded by other workers for the 

Wessex Basin. Some argue that rifting took place throughout the Early Cretaceous 

(Fraser, in prep.; Stoneley, 1982) whereas others observe more discrete phases such 

as in the Late Jurassic/earliest Cretaceous (Jenkyns and Senior, 1991) and again in the 

Early Aptian (Lake and Kamer, 1987; Kamer et al., 1987). Ruffell (1992) identified 

three unconformities in the Aptian/Albian section from the Wessex Basin. His Early 

Aptian unconformity may relate to the onset of the minor rifting phase in the Aptian, 

whereas the Late Aptian and Mid Albian unconformities may relate to sea floor 

spreading in the Bay of Biscay and off Goban Spur (de Graciansky and Poag, 1985). 

Therefore, a pulsed series of rifling events from the Late Jurassic to the Valanginian 

and in the Early Aptian would explain the present tilting of the Wealden in places 

beneath the Aptian/Albian deposits, the lack of divergence in the seismic reflectors 
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indicating minor faulting during the middle and upper Wealden and the apparent rapid 

slowing in the subsidence during Wealden deposition. 

Continental rifting ceased with the initiation of sea floor spreading in the Bay of Biscay 

during the Mid-Late Aptian (Masson and Miles, 1986; Evans, 1990; de Graciansky 

and Poag, 1985) during which time a regional unconformity can be traced over the 

area. This event caused very minor erosion of the underlying Wealden sediments in 

the basin centres and the overlying marine Greensand Fm. onlapped the basin 

margins. On seismic data this unconformity marks the beginning of the post rift 

sequence which was affected by another unconformity at the base of the Gault during 

the Mid Albian which could be related to the initiation of sea floor spreading west of 

Goban Spur (Masson and Miles, 1986; Evans, 1990; de Graciansky and Poag, 1985). 

These two events, therefore, would be classed "break-up unconformities" because 

they separate definite post rift from the syn- and pre-rift sequences below which may 

include a number of cycles of rifting followed by thermal subsidence as seen in the 

transition from the Late Jurassic to the Early Cretaceous (Shannon, 1991). 

These "break-up unconformities" which have been well documented in the Jeanne 

dArc Basin are thought to be formed by both thermal and isostatic mechanisms. 

Uplift driven by thermal mechanisms (e.g. Keen and de Voogd, 1988; B.P. 

unpublished data from the Jeanne d'Arc Basin) occur when asthenosphere rises due to 

the thinning of the lithosphere controlled by deep crustal faults caused by continental 

extension, prior to sea floor spreading. The rising asthenosphere causes a regional 

increase in the thermal gradient and a subsequent uplift which produces an 

unconformity surface. Uplift and erosion can further be exaggerated if partial melting 

of the upwelling asthenosphere occurs beneath the thinnest lithosphere (the future site 

of crustal rupture) and migrates through the lower crust to the Moho intruding and/or 

underplating the lower crust (Keen and de Voogd, 1988). This is due to the density of 

the melts being less than that of the mantle producing isostatic uplift of the rift zone 

(Kusznir and Ziegler, 1992). Further migration of basaltic magma finally leads to sea 

floor spreading. Kusznir and Egan (1989) also argue that ontop of these thermal 

effects erosion of the rift topography can lead to a regional uplift which is itself eroded 

creating a major unconformity, this concept will be discussed in chapter seven. 

Due to the problems in identifying "break-up" unconformities from magnetic data 

(especially during quiet zones) their timing is taken from seismic and well data which 

usually points to the most prominent unconformity regardless of stratial relationships 
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(Driscoll et al., 1995). However, by following the criteria outlined by Driscoll et al., 

(1995), listed below, a more accurate identification of the "break-up" unconformity 

can be established. 

Bedding beneath the unconformity is divergent due to rifting. Sediments above the 

unconformity have a greater spatial persistence and a more uniform thickness. 

Growth faulting occurs beneath the unconformity. 

Faulting diminishes rapidly through the time of the unconformity. 

Subsidence rate decreases across the unconformity showing a change from rift to 

thermal subsidence. 

Igneous activity in the sedimentary succession beneath the unconformity. 

Based on the above criteria the Late Berriasian unconformity of the Celtic Sea area 

would not be classed as a "break-up" unconformity although it could be argued that it 

fulfils some of the criteria listed above (i.e. point number three). A separate 

explanation for this unconformity and the erosion during the Early Cretaceous is 

offered in this chapter and further discussed in chapter seven which involves a thermal 

uplift of the area eluded to by McMahon and Underhill, (1995) and Fraser (in prep.). 

The fact that erosion beneath the Wealden was severe, and as discussed previously, 

contrasts to the minor erosion associated with the younger Late Aptian-Albian 

unconformities. This has been observed by both Evans (1990) and Ziegler (1987b) 

who documented an unconformity at the base of the Greensand which eroded into the 

underlying Wealden strata which itself rested unconformably on Lower Jurassic and 

older strata in the Western Approaches Basin. These Aptian/Albian unconformities 

could be classed as "break-up" unconformities as they fulfil most of the criteria 

outlined by Driscoll et al. (1995). The Late Aptian/Albian unconformities may have 

formed due to a number of different processes associated with the adjacent sea floor 

spreading in the Bay of Biscay and to the west of Goban Spur. These processes 

include thermal uplift caused by lithosphenc thinning and the rise of the asthenosphere 

beneath the rift zone (e.g. Keen and de Voogd, 1988); isostatic rebound of the 

lithosphere (Wernike, 1985); relaxation of tensional stresses formed during the 

cessation of rifting (Cloetingh et al., 1985); and lithosphenc rebound in response to 

the erosion of the rift topography (Kusznir and Egan, 1989). 

The Late Jurassic to the Late Cretaceous evolution of the Celtic Sea Area Basins could 

be interpreted as a series of discrete tectonic events. Rifting initiating either in the 

152 



latest Callovian or Oxfordian and may have continued until the Aptian with a break 

from the Valanginian to the latest Barremian. However during the Mid to Late 

Berriasian a widespread unconfonnity developed over the area causing severe erosion 

which continued throughout the Early Cretaceous. Fault activity slowed dramatically 

after this event observed on subsidence profiles during the transition into thermal 

subsidence which was dominant throughout the deposition of the Middle and Upper 

Wealden deposition. Prior to the end of the Wealden deposition a renewed phase of 

rifting took place in some areas causing a minor unconformity in the Early Aptian 

above which a more marine environment existed. The rotation associated with this 

event tilted the Wealden sediments. Another widespread unconformity occurred in the 

Mid-Late Aptian representing the "break-up" between Iberia and Southern France in 

the Bay of Biscay. Above this unconformity the region entered a purely post-rift 

phase of thermal subsidence with the deposition of the Greensand Group interrupted 

by another unconformity in the Albian which could be related to the "break-up" 

between Goban Spur and Flemish Cap. 

4.5 Conclusions 

The main conclusions from this chapter are as follows: 

Significant Mesozoic unconformities are recognised in the Middle Jurassic, the 

Early Cretaceous and the Middle Cretaceous. By far the most significant of these is 

the Early Cretaceous event or intra-Cretaceous unconformity which has a correlative 

conformity in the Late Berriasian Wealden Beds and equivalents. 

A subcrop map below the intra-Cretaceous unconformity shows that the erosion and 

stratigraphic gap associated with this feature increases towards the Cornubian Platform 

in all directions. Outside the area of erosion a correlative conformity, representing a 

complete stratigraphic section during the period of uplift, occurs in non-marine 

deposits on the uplift margins and shallow marine deposits further to the southwest. 

An uplift corresponding to the area of erosion associated with the intra-Cretaceous 

unconformity and centred on the Cornubian Platform occurred after the initiation of 

rifting in the Late Jurassic and before the emplacement of oceanic crust West of Goban 

Spur in the Aptian/Albian. The occurrence of rare Early Cretaceous volcanics within 

the uplifted area, high temperatures recorded by AFTA data and deep crustal reflectors 
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may suggest that this region may have been uplifted by a thermal mechanism although 

other mechanical mechanisms are not ruled out. 

The uplift was transgressed from the margins after the peak of the Late 

Jurassic/Early Cretaceous regression in the Late Berriasian in a series of seven (or 

more) marine incursions during the Early Cretaceous. Some of these events correlate 

with the maximum flooding surfaces and events identified in the Grand Banks, 

Wessex Basin and the West of Shetland areas. 

Subsidence analysis suggests that two main extensional phases, the Triassic/Early 

Jurassic and the Late Jurassic/earliest Cretaceous were concluded around the time of 

two major unconformities in the Middle Jurassic (the mid Cimmerian event) and in the 

Early Cretaceous (the intra-Cretaceous event). A minor rift phase in the Early Aptian 

was shortlived being terminated by the initiation of sea floor spreading in the Bay of 

Biscay. This implies that the Valanginian to Aptian sequence should be regarded as 

being post-rift as it appears to post-date the Late Jurassic/earliest Cretaceous 

extensional event although it does pre-date the short Aptian event. 

Three distinct geographical areas can be linked to the development of the intra-

Cretaceous unconformity: a zone of no erosion and constant sedimentation in the Early 

Cretaceous; a zone of minor erosion associated with the unconformity and high 

sedimentation rates immediately after the climax of the intra-Cretaceous unconformity; 

and a zone of major erosion associated the intra-Cretaceous unconformity with 

sedimentation resuming at least lOMy after the unconformity climax. These zones 

show that the uplift retreated inwards to the Cornubian Platform from the Late 

Berriasian to the Late Cretaceous. 

The crustal separation of the Bay of Biscay can be dated as occurring in the Middle 

Aptian from subsidence data and this corresponded to an uplift and erosion event 

which is particularly strong on the Bay of Biscay margins and was enhanced by the 

Base Gault unconformity which may relate to the initiation of sea floor spreading west 

of Goban Spur in the Albian. 
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Chapter 5: The intra-Cretaceous unconformity of the Wessex Basin and 

Northern France 

5.1 Introduction 

The following chapter leads on from chapter four, which described and discussed the 

intra-Cretaceous unconformity in the Celtic Sea Area Basins. This chapter will discuss 

the occurrence of an intra-Cretaceous unconformity, in the Wessex Basin of southern 

England and the northern portion of the Paris Basin, northern France (Figure 5.1 

and 5.2). As outlined in chapter 4, the intra-Cretaceous unconformity is believed to 

have a correlative conformity in the lowermost Wealden Beds of Late Berriasian age. 

Wells located in the North Celtic Sea and South Celtic Sea Basins demonstrate that this 

surface is intra-Wealden in age (Figure 4.3) as Lower Wealden Beds unconformably 

overlie middle Purbeck Beds. Therefore, the timing of the correlative conformity is 

estimated to be no older than Lower Berriasian and no younger than Valanginian in 

age. From chapter four it is also possible to conclude that the stratigraphic gap beneath 

this unconformity increased towards the Comubian Platform. 

Over 100 exploration wells and additional boreholes were used to define the subcrop 

to the intra-Cretaceous unconformity described in chapter 4. Forty of these wells came 

from the Wessex Basin area and combined with the surface outcrop, regional seismic 

lines, vitrinite reflectance, and uplift data form the basis for this chapter. 

It would be unwise to leave the intra-Cretaceous story without considering the 

Mesozoic outcrop of the Wessex Basin and the northern portion of the Paris Basin 

which provides a wealth of information on the Late Jurassic and Early Cretaceous 

stratigraphy. In these locations this unconformity can be traced throughout southern 

England using the 1:250,000 geological map of Great Britain (Figure 5.3). 

However, from this alone and from a general knowledge of the geology of southern 

England one might conclude that the intra-Cretaceous unconformity was Apto/Albia.n 

in age associated with the base of the Greensand Formation, instead of being Late 

Berriasian in age. 

The following sections will describe and document the unconformity surface using 

field studies and recent publications. Field logging was carried out at well-exposed 

localities either to identify unconformities or their correlative conformities in the 
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Wealden Beds and Purbeck Beds. The unconformity is described from a number of 

unambiguous outcrops and this work attempts to reinterpret the well-documented 

Lower Cretaceous sections in a regional context. Although little attempt has been 

made to update previous detailed work undertaken on the onshore exposures, re-

evaluation of field relationships is consistent with a new interpretation of the regional 

paiaeoenvironments and the evolution of this area which is integral with the larger 

setting of the opening of the North Atlantic. Basin modelling is an additional 

technique which was undertaken to support the observations made from the onshore 

and offshore data. Two forms of basin analysis are represented, burial history 

analysis and basin evolution modelling. These two studies have helped to show that 

the occurrence and magnitude of an intra-Cretaceous uplift and unconformity have 

both been underestimated. This chapter illustrates that when basin modelling is 

combined with the on and offshore stratigraphy, the intra-Cretaceous unconformity 

can be interpreted as being Late Berriasian in age and the result of an uplift centred on 

the Cornubian Platform, unrelated to the Late Jurassic Wessex Basin and Bay of 

Biscay rifting events. 

5.2 Geological setting 

The Wessex Basin has featured prominently in British geology since the nineteenth 

century (e.g. Strahan, 1898; Arkell, 1947). As well as classic outcrops displaying 

Mesozoic and Cenozoic strata, Mesozoic extensional and Cenozoic compressional 

tectonics the region has attracted hydrocarbon exploration. Oil extraction from the 

Kimmeridge Clay at outcrop started in the last century and was followed up by 

borehole drilling by the DArcy Exploration company (now BP) from 1939-1945 

(House, 1989). No major hydrocarbon discoveries were made until the Kimmeridge 

Bay oil field in 1959. By this time interest in the Channel Basin had grown with the 

post-war PLUTO pipeline project which carried oil from England to France during the 

Second World War (King, 1954). In 1963 the first offshore well (Lulworth Banks) in 

the UKCS was drilled by BP and with the discovery of the Witch Farm oil field in 

1973 by the Gas Council (now British Gas) a further 17 wells were drilled offshore. 

In the eastern part of the basin a number of oil and gas accumulations have been found 

from exploration activity since the 1930's, the most significant being Bletchingley, 

Stockbridge, Humbly Grove, and Palmers Wood (Butler and Pullan, 1990). 

Exploration both onshore and offshore is still active today with a number of wells 

planned to be drilled in the mid to late 1990's. 
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The Wessex basin of southern England can be divided into four sub-basins: the 

Channel; Winterborne Kingston trough; Vale of Pewsey; and the Weald basin (Lake 

and Kamer, 1987; Figure 5.1). These basins are bounded and dissected by a series 

of prominently east-west extensional faults and northwest-southeast oriented faults 

(Kamer et at., 1987). The basins are thought to have formed due to the reactivation of 

Hercynian basement thrusts during the Permian and Triassic (Lake and Kamer, 1987). 

During the Permian volcanics were intruded and extruded (the Exeter volcanic series of 

Knill, 1969) in the west of the basin associated with rapid subsidence and active 

faulting. Over 3000m of alluvial and aeolian sands and muds were deposited in the 

semi-arid hot climate that prevailed during this time (Hamblin et at., 1992). 

Deposition of these characteristic and colourful coarse red bed" sequences, which line 

the Devon coast, is thought to have occurred during periods of renewed rifting such as 

in the Early Triassic (Whittaker, 1985). The upper portion of this sequence, the 

Mercia Mudstone Group is interpreted to have been deposited during a relatively 

quiescent tectonic period and is represented by an alluvial peneplain environment with 

ephemeral lakes (Simms and Ruffell, 1990). Non-marine deposition ended in the 

Rhaetic with a marine transgression (Taitt and Kent, 1958) and the deposition of 

marginal to fully marine shales, mans and limestones of the Penarth Group. 

The Jurassic succession contains cyclical sequences (Hamblin et at., 1992) relating to 

the changing relative sea level over the basin. The Early Jurassic (Lias) is comprised 

of a predominantly marine sequence of clays, with alternating thin limestones and 

siltstones beds. These sediments record two upwardly-shallowing cycles, the first 

ending in the uppermost Mid Lias Junction Bed, and the second ending in the basal 

Mid Jurassic Inferior Oolite beds (House, 1989). A phase of rifting which can be 

observed on subsidence curves (see chapter four) has also been recognised around the 

time of Junction Bed deposition beginning in the Toarcian (Jenkyns and Senior, 

1977). The Early Jurassic ended with the deposition of the shallow marine Bridport 

sands, which may be related in a regional sense to the initiation of a thermal uplift in 

the North Sea (Underhill and Partington, 1994) and condensed Aalenian deposits. 

The Middle Jurassic can also be divided into gross upward-shallowing units (after 

House, 1989; in his figure 10). The first shallowing period ended with the deposition 

of the Forest Marble bed and the second ended in the Late Jurassic Corallian beds. It 

is at around this time that the major Jurassic rifting phase is interpreted to have started 

(Chadwick, 1985) and this can also be seen in the subsidence curves in chapter four. 



The Late Jurassic continued the pattern of cyclical sedimentation. Global sea level 

probably reached its maximum (Chadwick, 1985) around the Mid Kimmeridgian times 

during the deposition of the Kimmeridge Clay in moderate water depths. There 

followed a period of regression from fully marine conditions to the Early Cretaceous 

non-marine continental style of deposition. This overall regression is recorded in the 

shallowing of the dolomitic silts of the Portland Sands to the marine limestones of the 

Portland Beds (House, 1989). The overlying Late Jurassic/Early Cretaceous Purbeck 

Beds show continued sea level fall with the deposition of marginal to non-marine 

limestones, shales, evaporites and fossil soils which suggest a lagoonal environment 

of deposition (Chadwick, 1985). Faunal and lithological evidence, however, shows 

that there were many marine incursions during this time especially the Cinder Bed 

transgression which can be seen across Europe (Casey, 1973). 

The upper Purbeckian and Wealden Beds deposits lie in the Early Cretaceous and 

correspond to the peak of the Late Jurassic regression and the development of an intra-

Cretaceous unconformity (McMahon and Underhill, 1995). The continental Wealden 

Beds, consisting of alternating arenaceous, argillaceous strata was deposited in an 

alluvial to mudswamp setting (Allen, 1975) in half grabens formed during Late 

Jurassic/earliest Cretaceous extension. Marine incursions particularly in the Barremian 

in the Weald Basin (Allen, 1975) and the Late Barremian in the Channel Basin 

(Ruffell, 1992) increased in magnitude into the Aptian and Albian with the 

transgressive/ regressive pulses of the Greensand Group. During the Early Aptian a 

renewed period of extension is interpreted in several areas which in places caused the 

tilting of the Wealden Beds and a minor unconformity between them and the overlying 

Greensand Group. This base Greensand Group surface, which is locally erosional, is 

interpreted to be a ravinement surface (McMahon and Underhill, 1995) formed by 

renewed uplift and tectonics, relating to the opening of the Bay of Biscay, during an 

overall transgression. The general Early Cretaceous relative rise in sea level, which is 

first identified on the margins of the proposed uplifted area in mid France during the 

Valanginian (Allen, 1975) and in the North Celtic Sea in the Late Hauterivian (see 

chapter 4; McMahon and Underhill, 1995), continued into the Cenomanian and 

terminated in the Late Cretaceous Chalk facies. 

The Latest Cretaceous and Early Tertiary deposits were affected by the initiation of 

basin inversion in which Late Palaeozoic-Mesozoic depocentres were uplifted and 

became source areas while former Mesozoic highs became major Tertiary basins (Lake 

and Kamer, 1987). Non marine deposition returned to the area during the earliest 
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Tertiary only to be replaced by marine conditions throughout the Paleocene and Early 

Eocene (Hamblin et al., 1992). However, as the Eocene Laramide phase of 

deformation, which culminated in the Oligocene-Miocene, grew in magnitude non-

marine and lacustrine conditions dominated in the Wessex Basin (Hamblin et al., 

1992). 

The northern portion of the Paris Basin, extending from the Armorican Massif in 

Brittany and western Normandy to eastern Normandy (Figure 5.2) has a similar 

geological history to the adjacent Wessex Basin. However, the Cretaceous and 

Tertiary history is different due to the initiation of rifting and the subsequent sea floor 

spreading in the Bay of Biscay from Aptian to Cenomanian times and the basins 

proximity to the Late Cretaceous-Tertiary deformation front associated with Alpine and 

Massif Central tectonics. As this chapter deals with the formation of the intra-

Cretaceous unconformity the Late Jurassic to Early Cretaceous history of the northern 

portion of the Paris basin will now be discussed. 

In northern France a similar Late Jurassic stratigraphy is observed to that found along 

the Dorset coast in the Channel Basin. Carbonate deposition on the margins of the 

Armorican Massif took place during the Oxfordian (Dore, et al., 1987). However, 

emergence in the Late Oxfordian is recorded in the form of beach sequences and 

terrestrial fossils. By Early Kimmeridgian times a transgression restored fully marine 

conditions with the deposition of ammonite bearing shales over much of Normandy 

(Albert and Dercourt, 1980; BRGM, 1980). This transgression peaked in the Mid 

Kimmeridgian and there was a relative sea level drop throughout the Portlandian as the 

sea retreated to the northeast depositing marine sands and carbonates (Dore, et al., 

1987). This overall regression continued into the Early Cretaceous with the deposition 

of the Purbeckian lagoonal facies (Albert and Dercourt, 1980; BRGM, 1980). 

The Early Cretaceous deposits of northern France are poorly preserved, the best 

exposures being in the Pays de Bray region (Figures 5.4 and 5.5). The uppermost 

Portlandian strata in this location is eroded in places and overlain unconformably by 

continental "Wealden" type deposits (Pomerol et al., 1980) sourced from the London-

Brabant high and the Armorican Massif (Albert and Dercourt, 1980). At this time an 

intra-Cretaceous unconformity developed associated with the erosion of the Jurassic 

and older strata which is evident across northern and north-western France. The 

dominantly deltaic deposits were punctuated by marine incursions from the southern 

Paris Basin throughout the Early Cretaceous (Pomerol et al., 1980) culminating in the 

162 



NORMANDIE 	I 	MAINE 

- Maestrichti,n Ca/oorrO a 	95jg5 	do, Cororro 

Cc, 	6 	Aa',raOarrraa 999105101 
Cra,, 	a 

	
MI's P. ,111 	1e1rud11c0J 

crc 	'hi 

Sérronien 
C' 	0 

Cr0,, 	S 	tocaslu 	010rpFrO Cr C ,  F 	Vt 	V led. CO 
M,araat,toa. ogrr,0f 

To rorrien C 	o ,cc'e' a 	rUa tarnPOO, 5. 

Cc,, 	a 	fco,,,00.o,_lcO,Or99 Car, 	a 	Ito team,,, 

C,a,c 	0 	ttttat./'Qrgtortarr5/,OS 

C-. rsdo'000g a A0j 5jr,c piano, Ic Grt,r 	Cc rapyg9j a5t 51 0 

() - a 	Pycacdarra 	ar 

C Cénornanten Cr0,1 	a. 	Rooerc 516/1c 	do 	P,,at, 

Can 	0e 	'r,,,pry 	Gab/c, do 	M,r, 

tLJ Cr,', 	g/a000rc,,os, 	d 	SJaonr 	- it 	S.0 	a, 	oattroy 

tWa ,,,,, a, Car/on 	11;111 —1— nre,a, 01 fIr 

o 
cc do 	Cray ,afl.CU,a,0'C' ____ - 

Al t/en Wt9ra, 	ta/re, 	d I 	GO,.,,  

Aptien 5 0/ 	t / 

A g 	p-001, Barrérnien 

Hasten 	en  

Votang/nier /,gatcc 	Va 	Prop 	j,. 	c  - 
5,0/CC 	S 	ic/par,, , 

Pontløndien Arg,/,,, gab/pa. gre, 	or care art,, do 8ra).,> - 
Ca/ta,,, troop'a pt,QJO a 	Sraon,a ' -' 

Org/to 	ovp.t,,ot C, - 	- 
Argrre,  

K/mrnreridgien Mart,, o 91opSo99oL2j.pso/ 
Botc 	at p/orb 	Pt tOoth,, a 	a_Sea_a 

ire/S 	Oo S 1c/pm— MP,,— 

a, Ott qu,0// Pr Ve V.11.—d,
- saG/pa a, 	Gra, - - - 	- - 500/es 	010,,,-,, 

Ox tordi en rr 'g 	area/to, 	d,lro,cr//p Co/caneS 	D,,Irl 	cc 	P0/01,,1 

Coca he; S k_caSt gr,garea cc N tQ5it1,C2n, OO/,rO, 	a. 	macro grr, 	or 	do 	8,1/In, 
/p'to;r'cowse 	P. 	dr//er, GaO/es 	/orrugrt,oa 

to oroes 	dv 	V'//Ot, tWo,t,00p,tt,0 

toot,,, do Does •/ Caacf Pa do M0000,5 p01 501/,, 	a. 	5' Fo/gerr/ 

Math,, 000/too .0 a Mart,, a, Mortb,00t 0/ ca/aorta S 

C,Iviert , 	/ 	'cc, 	, ___ 0 	
/ 

	

_L± 	P 	- 	/0 
GO/rrr, 	,rrcgr,r.o,0000/ratra',ror,,./ 

Mar,,,, ,00,,rn.o S 	rectOry) 	.5995.5951 
arr,, 	a 	rperroso/ 	0 	flcacr//e Macleo do 9/IItoe CF aa/tF//, 	do SorE 

fl Car tot, 	a, Ro::ne Ca/oar,,s 	a 	mar// o;/r,, 	sarr face,,,, 

gJ Bath on ero 11 d, 81—W11 
00051orc,/ Marc,, 	ô 	EoVa,ra 	ao'S'at" 

< Car//ta,., 	de 	Forrra'r',-/te,r'y Cr 	Varn,u,g 
Co/aorta 0, Crew/It - Roarer, 

GaIt/c, 	a, 	M;,r,fl 
C 0/tar,,, 	,o a/ //hogroprrqu,a 

01 Co.,  

Carrot, 	a 	05019' 0,010 Oalrr/re 	is 	0,1/a,',, 

00/, hp 	'ttq9rtfl,sc 	0/tat 9/ondrat 

80100/en 00 Pa;.os 

Coot,, 	corco 

tAo/St, - Sob/I, a. 	V,/ia,tfl-  

::: : 90 
/ 

(000cáriePt Bohr 	dO 	rot 

Pt /ensbachier /har,,O 	S 	dc/err/tea Can arco 	do 	mo.,L 0 	dO 	iuprr/OO 

tCorixi, n Ccrra,rcsatr,ctnoaoCrra 

 

$/n*urten Sc-cacao 	S 	pr,pt.,s 

tetta ogres a, Vaogn,a 
,__, 

dtocaato,'Ie 	- 
C 	90 

- 	— Episode a, d,00rTor,on 

- 

Rheter, 
LIVII 

Figure 5.4 

The Mesozoic stratigraphic breakdown for the northern portion of 
the Paris Basin. Note that the main tectonic feature is the 
intra-Cretaceous unconformity, the erosion beneath which is seen to 
increase towards Brittany and the Maine area. After Dore et al. ( 

1987) 
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deposition of the Argues Panachees during the Barremian (Dore, et al., 1987). 

Important marine incursions also occur in the Valanginian in the Champagne region 

(BRGM, 1980), and in the Early-Mid Hauterivian and Early Barremian in the Pays to 

Bray region when argillaceous sediments can be recognised (Allen, 1959; BRGM, 

1980). Throughout the deposition of the continental Wealden Beds, fully marine 

conditions existed in southeast France (BRGM, 1980) and in the Jura region (Allen 

and Wimbledon, 1991; their figure 2). 

Subsidence increased over N.W. France during the Late Aptian leading to marine 

communication between the Paris basin and the Channel Basin (Albert and Dercourt, 

1980) and the deposition of the Sables Ferrugineux (Ferruginous sands) in the Bray, 

Tovques and Picard areas. These deposits transgressed the intra-Cretaceous 

unconformity and in the Pay de Caux filled palaeovalleys which were formed during 

Wealden Beds deposition (Dore, et al., 1987). 

The Albian records the continuation of sea floor spreading in the Bay of Biscay area to 

the southwest which had initiated in the Aptian (see chapter four). During this time the 

western margin of France, including the Armorican Massif, was uplifted, distorting 

the subcrop pattern preserved beneath the intra-Cretaceous unconformity (see chapter 

four and Figure 4.6).' The renewed uplift of the Armorican Massif lead to the 

deposition of the Poudingue Ferrugineux Formation of the Bec de Caux region. This 

formation, composed of reworked sediments from the formations surrounding the 

Armorican Massif, is discontinuous and grades into black shale deposits towards the 

Pay de Bray to the east (Dore, et al., 1987). The Late Albian, however, represents a 

change in the style of sedimentation from one dominated by the Armorican Massif to 

the deposition of the marine Argues du Gault from the northeast. 

The major marine transgression which began in the Late Aptian returned most of 

northern and northwest France to fully marine conditions by the Cenomanian when 

there was marine communication with the Atlantic (Albert and Dercourt, 1980) leading 

to the deposition of the Upper Greensand and Lower Chalk facies (Dore, et al., 1987). 

To the west over the Armorican Massif the continued Cenomanian transgression is 

recorded in outliers of latest Cenomanian age, some 50km west of the border of the 

ancient massif near Laval (Pomerol et al., 1980). These sediments are composed of 

the estuarine to littoral Sables du Maine which rest unconformably on Palaeozoic 

rocks. However, the intra-Cretaceous unconformity, the erosion associated with the 

rifting in the Bay of Biscay, and the Late Cretaceous- Tertiary inversion of N.W. 
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Europe, have meant that only a few Cretaceous outliers remain on the Armorican 

Massif. 

Toward the end of the Cenomanian, however, uplift generated by sea floor spreading 

in the Bay of Biscay and the start of Alpine compression returned the Armorican 

Massif to a sediment source area. This resulted in the deposition of the Sables du 

Perche in the Bassin Mancellian, Brittany. 

5.3 The unconformity throughout the Wessex Basin. 

5.3.1 Introduction 

Stratigraphic studies in the Wessex Basin, S.England highlight the occurrence of a 

significant intra-Cretaceous unconformity which truncates progressively older 

stratigraphy in a westerly direction from Dorset into Devon (McMahon and Underhill, 

1995). The erosion, associated with the event can be traced on the 1:250,000 

geological map of England and Wales (Figure 5.3) from Exmouth where the Upper 

Greensand (LAlbian) sits upon beds of Permian age, to Worbarrow Bay on the 

Dorset coast where a full Early Cretaceous section exists (Figure 5.6). A 

chronostratigraphic dorrelation diagram (Figure 5.6) constructed from coastal 

outcrops between Hastings in the east to Budleigh Salterton in the west, and which 

avoids footwall highs, shows the convergent nature of this unconformity. The 

diagram suggests that the correlative conformity of this event lies near Worbarrow Bay 

in the Berriasian to Valanginian Wealden Beds, below the prominent Quartz Grit bed, 

rather than in the Aptian as supposed by previous workers (e.g. Ruffell, 1992). 

Eastwards in the Weald Basin the Wealden Beds thicken rapidly, and change in nature 

becoming affected by progressively more important marine incursions after the time of 

the correlative conformity (McMahon and Underhill, 1995). These marine incursions 

eventually led to a progressively westward oriented transgression in which fully 

marine AptianlAlbian Greensand Group sediments were deposited. 

The following sections will describe and document the stratigraphic gap associated 

with the intra-Cretaceous unconformity. The discrepancy in the age of the 

unconformity amongst authors (e.g. Ruffell, 1992; McMahon and Underhill, 1995) 

will be also tested by giving a detailed account of the Cretaceous Purbeck Beds, the 

Purbeck Beds -Wealden Beds transition (both potentially below the unconformity 

surface), the Wealden Beds deposits of the Wessex Basin, and the marine incursions 
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of both the Wealden Beds and the Greensand Group. Finally the regional significance 

of this feature shall be discussed in section 5.5. 

5.3.2 The stratigraphic gap associated with the intra-Cretaceous 

unconformity 

The intra-Cretaceous unconformity can be seen in the coastal outcrops along the Devon 

and Dorset coasts in the Channel, Winterborne Kingston trough, Vale of Pewsey, and 

the Weald Basin although the precise stratigraphic gap is variable due to differential 

erosion (Kamer et al., 1987). 

Donovan and Stride (1961) indicated that an unconformity separating Aptian/Albian 

rocks from the Jurassic existed in the Channel. However, with more data it was 

possible to deduce that west of 2020"W Cretaceous rocks progressively overlie 

Permo-Triassic to Middle Jurassic rocks (Hamblin et al, 1992). Onshore the intra-

Cretaceous unconformity can also be seen in the Oxford/Newbury/Reading area where 

broad shallow folds with east-west trending axes formed and were subsequently 

eroded prior to the deposition of the Lower Greensand (AIlsop et al., 1982). In the 

Vale of Wardour the subcrop to the unconformity is observed to increase westwards 

(Chadwick and Kirby: 1982; their figure 1) with little missing section in the east and a 

pre-Corallian (Late Jurassic) subcrop to the west of Frome (Chadwick and Kirby, 

1982). In the Weald Basin there is no obvious unconformity in the basin centre but 

one is visible on the basin margins (Ruffell, 1992). This is also true of the eastern 

Channel Basin as no intra-Cretaceous unconformity is observed in well 98/16-1 

towards the basin centre; however, closer to the basin margin and across the Purbeck-

Isle of Wight fault progressively greater erosion is seen in wells 98/11-4, 98/11-1 and 

Wytch Farm 5 (Figure 5.7). 

The unconformity surface associated with the largest stratigraphic gap can be viewed 

in an east-west direction along the cliff sections of the Devon and Dorset coasts from 

Sidmouth to Mupe Bay (Figures 5.8 and 5.9). To the east of Sidmouth, Albian 

aged Upper Greensand and Gault can be seen to rest unconformably on the Late 

Triassic Mercia Mudstone Group (Figure 5.8). It is not until Culverhole, 12km 

along the coast, that the stratigraphic gap narrows and the latest Triassic and Lower 

Jurassic Rhaetic, White Lias and Blue Lias subcrop the Albian. Six kilometres further 

along the coast in a section from Pinhay Bay to Stonebarrow the stratigraphic sequence 

from the Liassic Shales with "beef' to the Eype Clay subcrop the unconformity surface 
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Figure  5.8 

The coastal section from Sidmouth to Abbotsbuiy (see figure 5.3 for location) showing 
the progressive subcrop of older formations beneath the intra-Cretaceous unconformity 
(recorded at the base of the Gault) in a westerly direction. 
Diagrams after House (1989) and Edmonds etal. (1975) 
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The coastal section from Bowleaze Cove to Swanage (see figure 5.10 for location). The 
intra-Cretaceous unconformity is observed between Durdle Door and Worbarrow Bay in 
the Lower Wealden Beds. East of Worbarrow Bay no erosion is observed beneath this 
unconformity and it is represented by a correlative conformity. Elsewhere, from 
Bowleaze Cove to Bats Head an anomalous sudcrop pattern is recorded beneath the 
unconformity surface (here represented by the base of the Gault). Such a pattern has 
been produced as this area was located on the footwall to a major fault and due to its 
position has recorded repeated erosion. Between Worbarrow Bay and Swanage Tertiary 
inversion and erosion has resulted in the Late Jurassic strata being exposed along the 
coast. Diagrams after House (1989). 
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represented by the Albian Gault. At the "old lime road" west of Charmouth good 

sections of the unconformity surface are seen with a basal conglomerate at the base of 

the Gault (House, 1989). At Golden Cap, 5km further east, the top of the cliff is 

formed of 60m of Cretaceous deposits which lie unconformably on the Downcliff 

sands and 3km further east on Thomcombe Beacon the younger Upper Liassic 

Bridport sands are truncated (Figure 5.8). It is not until 11km to the east at The 

Knoll and Abbotsbury Hill Fort that the unconformity surface is again recognised 

along the coast with the Albian Gault resting on Middle Jurassic Forest Marble. 

Between Abbotsbury and Bats Hole, west of Durdle Door, the coastal exposures are 

not situated in a basinal setting but are located on the footwall to the Radipole and 

Picnic Inn Faults (Figure 5.10). This has resulted in exaggerated erosion beneath 

the intra-Cretaceous unconformity with the progressive subcrop of the Late Jurassic 

Oxford Clay to the Kimmeridge Clay beneath the Gault and the Upper Greensand 

(Figure 5.9). To the south of these faults it is presumed that before Tertiary 

inversion the entire Late Jurassic and at least part of the Purbeck Beds and Wealden 

Beds would have been laid down in a hanging wall setting along with the Gault and 

Upper Green sand. Two unconformities are interpreted to have existed south of the 

Radipole fault: one at the base of the Gault as seen onshore (described above) and; one 

at the base of the Wealden Beds strata. The position of the latter is tentative as it may 

occur at a point intra- Wealden Beds or at the base of the Wealden Beds. However, it 

is thought to exist for the following observations: uppermost Purbeck Beds (the Upper 

Cypris clays and shales) were not found at Poxwell (Arkell, 1947; page 143) and are 

only interpreted at Bincombe where the upper Purbeck Beds has changed character 

(Fisher, 1856); the underlying upper Purbeck Unio Bed fossils were incorporated into 

the lowermost Wealden Beds at Bincombe (Fisher, 1856) suggesting erosion; Fisher 

(1856) suggested that the full thickness of the Wealden Beds is not represented at 

Bincombe. Although this evidence is not compelling, due to poor exposure and the 

tectonic setting, a series of unconformities in the lowermost Wealden Beds have been 

recognised by Hesselbo and Allen ( 199 1) and at the base of the Wealden Beds further 

to the east by Ruffell (1991). It has also been proved that an unconformity exists in 

the Lower Wealden Beds in the Celtic Sea Area Basins (see chapter 4), be it 

geographically distant but interpreted to be linked to the same tectonic event. 

Further to the east, along the coast, the Wealden Beds are again exposed on the 

southern (most basinal) side of the Purbeck-Isle of Wight Fault system (Figure 5.9) 

at Durdle Door. Unfortunately, the contact between the Purbeck Beds and the 
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Wealden Beds from Durdle Door to Lulworth Cove has either been inferred to have 

been faulted (Arkell, 1947) or is covered in landslips. Therefore, it is unclear from 

these exposures if there has been erosion of the upper Purbeck Beds due to an 

unconformity in the Lower Wealden Beds. If there has been erosion it certainly was 

minor in Lulworth Cove where the Unio Bed, near the top of the upper Purbeck 

Duriston Beds, can be seen. East of Lulworth Cove the Wealden Beds rapidly thicken 

towards Worbarrow Bay, due to the combined effect of erosion associated with the 

intra- Wealden Beds unconformity (interpreted in Lulworth Cove and Mupe Bay by 

Hesselbo and Allen, 1991), the position of an exposure within a palaeo-half graben 

and the post-Wealden Beds faulting mentioned above. The position of an exposure 

within a palaeo-half graben is important as the Wealden Beds may have been thinned 

from west to east by erosion or the lack of accommodation space produced on the edge 

of a Wealden Beds depocentre. This trend is also mimicked by the upper Purbeck 

Beds which thickens to the east as it was deposited in a more basinal section, away 

from Durdle Door (House, 1989; in his table 7), suggesting that graben development 

was still active during the Late Purbeckian. 

The Greensand Group, however, exhibits a clear unconformity at the base of the Gault 

from Durdle Door to the west side of Lulworth Cove (Arkell, 1947; House 1989; 

Ruffell and Batten, 1994). Thereafter, further to the east the Lower Greensand is seen 

beneath the Gault (which may be slightly erosive) resting conformably on the Wealden 

Beds (Ruffell and Batten, 1994). It is interesting that the Lower Greensand also 

follows the Purbeckian and Wealden Beds trend of thickening to the east (Ruffell and 

Batten, 1994; Figure 5.11a). However, a clear facies change from marine to 

estuarine to marginal marine can be seen in the Lower Greensand as it thins from east 

to west indicating that a gradual slope onto a high in the west may have controlled 

deposition (Ruffell and Batten, 1994; Figure 5.11b). 

Two very important observations can be taken from the documentation of the 

unconformity surface. The first is that areas to the west of Abbotsbury (Figure 5.6) 

only record the first marine incursion onto of the unconformity surface and are 

therefore irrelevant in dating the event. Secondly, the nature of the erosion and the 

environment of deposition of the Cretaceous sediments must be taken into account 

before any decision is made regarding which unconformity was responsible for the 

majority of Early Cretaceous erosion. The unconformity at the base of the Gault (or at 

the base of the marine Lower Greensand around the Wytch Farm area- Hamblin et al., 

1992- their figure 43; Ruffell, 1991-his figure 2) was formed during a transgression 
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The thickness variation in the Lower Greensand and Wealden Beds across west Dorset. 
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Lithology variations in the Lower Greensand interpreted to record the change from 
marine to marginal marine conditions towards the west. After Ruffell and Batten (1994). 
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and therefore, is a ravinement surface (sensu Nummedal and Smith, 1987). In 

contrast, the intra-Wealden Beds unconformity was formed during the height of the 

Late Jurassic regression, in which a shallowing in the stratigraphic record is 

recognised from the Mid Kimmeridgian and after which a transgression ensued. So is 

the unconformity intra- Wealden Beds Late (Late Berriasian) or base Greensand 

(Apto/Albian) in age? 

5.3.3 Is the unconformity Apto/Albian or Late Berriasian in age? 

5.3.3.1 Introduction 

Kamerling (1979) among others recognised an important Early Cretaceous (Late 

Berriasian to pre-Aptian) phase of uplift and deformation associated with the 

deposition of the syn-tectonic Wealden type clastics. Others (e.g. Chadwick, 1985; 

Kamer et al., 1987) have acknowledged that the development of the "Late Cretaceous" 

unconformity is of great importance. However, there is a debate as to whether the 

unconformity is of Late Berriasian or of Apto/Albian age. This difference has not been 

overcome by basin modelling as Kamer et al., (1987) recognised a late Cimmerian 

unconformity (Late Jurassic-Early Cretaceous) from subsidence curves whereas 

Ziegler (1981, 1982) inferred an Apto/Albian 'Austrian" phase of tectonics to be 

responsible for the feature. 

The reason for placing the unconformity in the Late Berriasian Wealden Beds of the 

Wessex Basin is the fact that the interpreted regional uplift initiated the regression 

which is observed from at least the Middle Kimmeridgian and continued into the Early 

Cretaceous (McMahon and Underhill, 1995). This regression produced a large scale 

coarsening upward sequence from the Kimmeridgian-Portlandian marine clays to the 

non-marine Wealden Beds (Fyfe et al., 198 1) and the development of a Berriasian 

unconformity (Fyfe etal., 1981). Unconformities in the Wealden Beds have been 

recognised in the Channel basin in wells 98/11-1 (Ruffell, 1991) and 99/12-1 

(Hamblin et al., 1992) and onshore along the Dorset coast (Hesselbo and Allen, 

1991). Other evidence for widespread erosion during this time are the exotic minerals 

from the Cornubian Massif (Allen, 1975) and Lower Jurassic fossils which occur in 

the Wealden Beds sediments. More tentative observations for Early Cretaceous 

erosion come from the interpreted palaeovalleys in northern France (Juignet et al., 

1973) and the northern margin of the Wessex Basin (Ruffell and Wignall, 1990). 
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The argument for an Aptian/Albian age to be given to this unconformity is best 

summed up by Ruffell (1992) who describes the unconformity as varying in age from 

Early Aptian to Early Albian depending on the location and the first transgressive unit 

onlapping the surface. Although minor transgressions and regressions occurred 

within an overall transgressive setting in the Wealden Beds from the Valanginian times 

onwards, the first widespread marine sediments were not deposited until the Lower 

Greensand Formation. Ruffell (1992) indicated that from outcrop studies it could be 

observed that the martinioides to nufieldiensis ammonite zones sediments of the 

Lower Greensand Formation lie on older strata with angular discordance. He went 

further to suggest that the subcrop beneath the intra-Cretaceous unconformity was 

formed by the combined erosion by the martinioides, nufieldiensis, jacobi (latest 

Aptian) and mammillatum (Early Albian) zone sequence boundaries (Ruffell, 1991). 

In places, however, younger transgressions eroded any evidence of previous 

transgressions giving an exaggerated stratigraphic gap (e.g. Hesselbo et al., 1990b) 

witnessed by the jacobi zone transgression which eroded the nutfieldiensis 

transgression in areas of Dorset and Wiltshire (Ruffell, 1992). 

Although within an overall transgressive phase there were minor Lower Greensand 

transgressions and regressions, there seems to be enough evidence to define the major 

Aptian/Albian unconformity as being of pre-Gault age (Early Albian). Ruffell (1992) 

states that rates of subsidence and areas of sediment accumulation changed during the 

Late Aptian and Early Albian with the Upper Greensand and Gault sediments 

thickening into the sites of the Hampshire and London Tertiary basins (Ruffell, 1992). 

Moreover, Seliwood etal. (1986) noticed a change in basin patterns between the 

Lower Greensand and the Upper Greensand and Gault from isopach studies. The 

exact timing of this tectonic change can be detected by the first deposit to onlap the 

basin margins which was the Early Albian Carstone bed at the top of the Lower 

Greensand Formation (Ruffell, 1992). Indeed Hesselbo etal., (199 1) noticed a base 

Carstone unconformity represented by a pebble bed at the top of the Caine sands at 

Caine in Wiltshire. It is more than just a coincidence that this unconformity occurs at 

roughly the same time as oceanic crust formation west of Ireland and the continued 

spreading in the Bay of Biscay. Ruffell (1992b) also acknowledged that Apto/Albian 

tectonics were subtle and were related to the emplacement of oceanic crust in the 

N.Atlantic whereas the deformation of Late Jurassic strata probably occurred in the 

Early Cretaceous. 
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In the following section a detailed description of the Early Cretaceous succession 

attempts to define the evolution of the time period in question (Bethasian to Albian). 

However, it seems likely that some compromise involving two unconformities is 

needed to explain the stratigraphic information discussed above. 

5.3.3.2 The Purbeck Beds 

The shallowing in facies from the marine Portlandian Beds to the Purbeck Beds has 

been associated with the uplift of southern England (Anderson and Bazley, 1971). 

The Purbeck Beds show continued relative sea level fall associated with the Late 

Jurassic regression, with the deposition of marginal marine limestones, shales, fossil 

soils and evaporites (Chadwick, 1985). The Purbeck Beds have two members, the 

lower Lulworth and upper Durlston Beds, and are best described over the N.W. 

European plate by Allen and Wimbledon (199 1) and logged at the type section 

(Duriston Bay, Dorset) by Clements (1993). The middle/upper Purbeck Beds of the 

Wessex basin consists of lagoonal to carbonate lake deposits with occasional increases 

in salinity. However to the west of the basin the Purbeck Beds becomes increasingly 

more sandy (Fisher, 1858). Further to the east, away from the interpreted uplift, the 

same deposits in the Wealden Basin range from the more open-water conditions of the 

Greys Limestones (Lake and Holliday, 1978) to the deltaic/fluvial conditions of the 

Ashdown Beds in the overlying Wealden Beds. Moreover, faunal studies (e.g. 

Casey, 1973; Wimbeldon and Hunt, 1983; Morter, 1984) indicate that even during the 

regression marine incursions such as the Cinder Bed were common (also see 

5.3.3.3.). 

The most westerly preserved complete (if somewhat condensed) Purbeck Beds section 

is recorded at Mupe Bay and Bacon Hole (Figure 5.12). These sections are 

important as they suggest that there is no erosion of Purbeckian strata beneath the 

Wealden Beds. Therefore, the correlative conformity to the Wealden unconformity, 

observed further west, must occur in the Lower Wealden Beds below the Coarse 

Quartz Grit band. Further to the west at Lulworth Cove and Man OWar bay 

(Figures 5.13) the Purbeck Beds / Wealden Beds junction is obscured by faulting 

and slumping and therefore it is not known whether unconformities have cut out the 

upper Purbeck Beds or if it is highly condensed. 
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Figure 5.12 
The Upper Purbeck Beds and Lower Wealden Beds from Bacon hole leading 
into Mupe Bay (see figure 5.10 for location) showing the general transition 
from the marine influenced Purbeck Beds into the fluviatile dominated 
Wealden Beds. This transition records the Late Jurassic regression and the 
most basinal shift in facies is observed above the intra-Cretaceous unconformity 
at the Mupe Bay oil seep. The unconformities recorded here are the same as 
those described by Hesselbo and Allen (1990). 
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5.3.3.3 The Purbeck BedsfWealden Beds transition 

The transition between the Duriston Beds in the Purbeck Beds and the basal Wealden 

Beds continues the regression initiated in the Late Jurassic with a change from 

evaporitic to lagoonal to fluviatile conditions (Arkell, 1947; Allen, 1975, 1981; 

Morter, 1984; Anderson, 1985). This change is broadly dated as Mid-Late Ryazanian 

(or Berriasian; Early Cretaceous; Casey, 1963; Dobson et al., 1964) and is 

accompanied by an influx of fresh water ostracods at the top of the Purbeckian facies 

(Anderson and Bazley, 1971). The mid-upper Purbeck Beds experienced a number of 

marine incursions (two large, four small) in the Weald Basin (Morter, 1984; and his 

figure 2). The two large events, the Cinder bed event (see above) and the Scallop 

event, are dated as mid Early Ryazanian (Tithonian) and base Late Ryazanian (base 

Late Berriasian) respectively with the last minor incursion occurring in the mid Late 

Ryazanian (mid Late Berriasian; Morter, 1984). 

The overlying Ashdown series (part of the Wealden Hastings Beds) in the Weald 

Basin (see logs; Figure 5.14 and 5.15) is more clastic dominated than the Purbeck 

Beds. The Ashdown sands are composed of light coloured sands and silts (Anderson 

and Bazley, 197 1) deposited under deltaic conditions (Allen, 1959). Each sandstone 

is erosionally based and soil capped and is overlain by brackish transgressive clays or 

limestones (Allen, 1975). 

The transition between the Purbeck Beds and the Wealden Beds in the Channel basin 

shows a change from estuarine to lagoonal to fluviatile conditions observed at Mupe 

Bay (Figure 5.16; Hesselbo and Allen, 1991). 

5.3.3.4 The Wealden Beds 

Continental Wealden Beds deposits can be found in many areas of western Europe 

(Allen and Wimbeldon, 199 1) although time-equivalent deposits of a marine nature are 

found in the Goban, Bay of Biscay (Figure 5.17) and French Jura areas. The 

Wealden Beds stratigraphy was controlled by the Cornubian, Armorican and London-

Brabant massifs which supplied sediment into the Wessex Basin. Recognition of the 

progressive erosion of Cornubian Platform during the Early Cretaceous (Groves, 

193 1) and the Armorican Massif has been supported by provenance studies using 

Tourmaline and biotite (Allen, 1975, 1989). The erosion of an uplifted area to the 
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Figure 5.14 
A log and photograph from the Cliff End Point section on the coast 
east of Hastings showing the main Ashdown sandstones. The main 
phase of sandstone progradation may relate to the most basinal shift 
in facies associated with the to the intra-Cretaceous unconformity. 
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Figure 5.15 
A log of the poor exposure found in a river bank beyond Parkwood 
farm, Batemans (6710 2380). The Ashdown pebble bed has an erosive base 
containing pebbles of the underlying sandstone bed and is believed to be a 
ravinement surface relating to the overall transgression. The overlying Wadhurst 
Clay contains rare marine/marginal marine dinocysts indicating a possible marine 
influence (Partington pers. comm.). 
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Sedimentary succession at Mupe Bay (844797) and Bacon Hole (841797) through the 
Purbeck Beds-Wealden Beds junction. Arrows indicate palaeocurrent directions. The 
major unconformi ties recognized are labelled WB2 and WB3. (After Hesselbo and Allen, 
1990) 
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west of the Wessex Basin supports these ideas and the conclusions of chapter 4 which 

suggest an uplift centred on the Cornubian Platform was responsible for the Late 

Jurassic regression, Early Cretaceous erosion and Purbeck Beds -Wealden Beds style 

of deposition. 

The Wealden Beds in many places are conformable on the Purbeck Beds (Morter, 

1984) but a stratigraphic gap between the Wealden Beds and underlying strata has also 

been recognised by Chadwick (1985) in Kent. In the Weald Basin outcrop studies 

have not interpreted any unconformities in the Lower Wealden Beds (Ruffell, 1992, 

Morter, 1984) as the transition from the Purbeck Beds to the Wealden Beds is of a 

gradual nature (Hallam, 1984). 

The Wealden Beds can be divided into several categories depending on location and 

age (see Figure 5.20). In the Weald Basin the formation can be broken into two, the 

alternating arenaceous/argillaceous Hastings Beds, and the more clay dominated 

Wealden Clay which will be discussed in 5.3.3.4. 

The Hastings Beds range in age from the Berriasian to the Hauterivian and record non-

marine to brackish shallow water deposition. (Chadwick, 1985). They are composed 

of, stratigraphically: the Ashdown Beds; Wadhurst Clay; Lower Tunbridge Wells 

sand; Grinstead Clay and the Upper Tunbridge Wells sands. 

The Ashdown Beds are predominantly arenaceous consisting of fine grained 

sandstone, siltstones with prominent mudstone horizons e.g. the now obsolete termed 

Fairlight Clay" Beds (Bristow and Bazley, 1972). A very good section of the lower 

and middle Ashdown Beds can be seen along the coastal sections of Cliff End Point 

and Ecciesbourne Glen near Hastings and Fairlight (Figure 5.1). A log from this 

section at the southwest end of Cliff Bay is represented on figure 5.14. The base of 

the massive sandstone unit may represent a correlative conformity above which is an 

interpreted major phase of progradation depicted by the coarsening upward sandstones 

(Figure 5.14). This surface has been tentatively suggested to be the correlative 

conformity to the unconfonnities seen in Mupe Bay to the west and the time of the 

most basinal shift in facies associated with the Late Jurassic regression and intra-

Cretaceous unconformity. Therefore, this section may depict the start of the overall 

Cretaceous transgression. However, it is impossible to test this theory using 

biostratigraphical information as the surrounding sediments are of a non-marine to 

brackish nature. One observation, nevertheless, is the fact that the upper section of the 



massive sandstone shows a fining upward profile possibly representing a retrograding 

unit which climaxes further up section in the basal Wadhurst Clay, the first 

transgression Allen (1959) and Anderson (1973) recognised in the Hastings Beds. 

The top of the Ashdown Beds is marked by a pebble bed which represents the 

transgressive base of the overlying Wadhurst Clay (Bristow and Barley, 1972). The 

pebble bed is poorly exposed today, however it was logged (Figure 5.15) in a river 

bank at Batemans Farm near Burbush (Figure 5.1).This pebble bed along with the 

top Lower Tunbridge Wells pebble bed are interpreted to have been part of a pebbly 

strandline on the edge of a lagoon (Allen, 1989). 

The overlying Wadhurst Clay is mainly composed of soft dark grey shales and 

mudstones with minor beds of siltstone, shelly limestone and clay ironstone (Bristow 

and Barley, 1972). The top is marked by the lithological change from shales to the 

overlying silts and fine grained sands of the Lower Tunbridge Wells sands (Bristow 

and Barley, 1972). 

The Lower Tunbridge Wells sands consist of fine grained sandstones with minor silt 

and clay beds (Bristow and Barley, 1972). The top of this formation is marked by a 

pebble bed which represents the transgressive base of the overlying Grinstead Clay 

(Bristow and Barley, 1972). The best exposure of this formation can be found at 

Philpots Quarry, West Hoathly, where the upper unit and pebble bed of the Lower 

Tunbridge Wells sands as well as the Grinstead Clay are seen (Figure 5.18). At this 

locality massive planar bedded sandstones containing carbonaceous material, with 

persistent clay horizons are overlain by a coarse pebble bed. This bed was deposited 

with an erosional base as well as infilling wave ripples and contains fragments of the 

Lower Tunbridge Wells sands. The Grinstead Clay overlies the pebble bed with a 

conformable contact and is composed of mudstone with thin intermittent siltstone beds 

and beds of shelly limestone. 

The Upper Tunbridge Wells sandstone is poorly exposed but is represented by a 

rhythmic sequence of fine grained sands, silty sandstones and siltstones with a few 

mudstone beds and is capped by a thin pebble bed (Bristow and Barley, 1972). 

The depositional model for the Hastings Beds adopted here is that of Allen (1975; 

Figure 5.19). Each arenaceous / argillaceous cycle is interpreted to have been 

formed by the periodic uplift of horsts, the sand and gravel erosion products from 
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Figure 5.18 
The 'Cuckfield Stone', the Top Lower Tunbridge Wells Pebble Bed and the Lower 
Grinstead Clay exposed at Philpots Quarry, West Hoathly (3536 3215). A landward 
shift in facies is recognised in the change from a fluvial to lagoon,4horeface to a 
lagoonal setting. This change is thought to represent the time of maximum flooding 
equivalent to the KlO maximum flooding surface. Rare marine dinocysts have been 
recorded in the Grinstead Clay (Partington, unpublished data) which corresponds to 
this transgression. The pebble bed is interpreted to be a ravinement surface produced 
by this transgression. 

18 8 



r 400 

300 

1.200 

Figure 5.19 

Diagram showing the idealised paleogeography of the Weald basin during times of 
arenaceous sedimentation, the Hastings Beds (A) and argillaceous sedimentation, the 
Weald Clay (B). The regional setting is shown in C. After Allen (1976) 
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which were deposited in braided stream and alluvial fans settings. A transgressive 

mudswamp regime, with a possible marine connection is thought to have existed 

during each argillaceous deposited cycle. Allen (1975) proposed that the Hastings 

Beds-Weald Clay transition was brought about by a decrease in stream activity and the 

increased occurrence of marine incursions. 

There is a change in Wealden Beds facies clastic deposition from proximal braid plain 

to fluvial floodplain deposits between the Hastings Beds of the Weald Basin to the 

Wessex Formation of the Channel Basin (Allen, 1981; Stewart ,1981). The Wealden 

Beds in the Channel Basin are represented by the clastic dominated Wessex Formation 

(Ryazanian to Hauterivian) and the Vectis Formation or the Weald Shales (Barremian 

to Aptian; Ruffell, 1988; Figure 5.20). The Wealden Beds vary in character 

depending on the position within the basin e.g. the Wealden Beds offshore are 

generally less arenaceous than those onshore due to the distance from the source area 

(Hamblin et at., 1992). This characteristic has also posed problems in correlation 

particularly over large areas (e.g. between England and France, Robaszynski and 

Amedro, 1986) because of lateral facies variations and thickness changes. 

The basal Wealden Beds in the Channel Basin thins towards the west, which may be 

related to the presence of two (and maybe more) intra-Wealden Beds unconfomiities 

some of which have been well documented by Hesselbo and Allen (1991). Hesselbo 

and Allen's (1991) WB1, WB2 and WB3 candidate sequence boundaries can be traced 

from Lulworth Cove to Mupe Bay and are dated tentatively as Valanginian in age 

(Hesselbo and Allen, 1991). Logs for the Wealden Beds (Figure 5.13), up to the 

Coarse Quartz Grit bed, from Man 0 War Cove and Worbarrow Bay show the 

possible location of the Hesselbo and Allen (1991) candidate sequence boundaries and 

others identified during fieldwork. 

The majority of the Wealden Beds section between Man 0 War Cove and Lulworth 

Cove is composed of what is interpreted to be white fluvial channel sands with thin 

limonite stained crevasse splay sands interbedded with purple, green and grey 

floodplain mudstones and silts. Many of the sandstones have erosive channelised 

bases and contain carbonaceous material whilst the mudstones commonly have rootlets 

preserved. The two unconformities interpreted by Hesselbo and Allen (1991) were 

not clearly seen, although they may have been represented in Man 0 War Cove by the 

basal Wealden Beds sand which unconformably sits on the Purbeck Beds and an 

erosion surface 4.5m above this point. At Lulworth Cove (east side) only two 
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possible unconformity surfaces can be interpreted, one at the oil stained sandstone and 

another 25m below the Coarse Quartz Grit. Along the coast at these localities the 

prominent Coarse Quartz Grit bed is well exposed and is formed of sub-rounded to 

sub-angular pebbles, some exotic, up to 3cm in size. This unit could represent a 

sheetwash deposit with an erosional base and the base of which is interpreted as an 

unconformity. (The unit has been used as a datum for logging purposes, however, 

due to its non-marine nature it has been dated anywhere from the Late Valanginian 

[Hughes and Coxton, 1973] to the Early Barremian [Hughes and McDougall, 1990]). 

The basal Wealden Beds sediments from the Mupe Bay area are best described by 

Hesselbo and Allen (1991), Arkell (1947) and Strahan (1898). They are composed of 

alternating brackish water to fluviatile muds and lagoonal to fluviatile sands (Hesselbo 

and Allen, 1991). Slumping throughout this section during the winter of 1993/94 

(after which time the logs presented here were completed) has meant that some of the 

section logged by Hesselbo and Allen (1991; their units 1 and 2 in Mupe Bay) is not 

represented (Figure 5.16). Hesselbo and Allen's (1991) unconformities (WB2 and 

WB3), however were seen and they occurred at the base of a fluviatile sequence 

composed of massive white sandstones, coarse limonite stained sands and sulphur 

coated mottled red and grey mudstones (Figure 5.16). The log from Worbarrow 

Bay (Figure 5.13), further to the east, represents what is thought to be a complete, if 

somewhat condensed, Wealden Beds section. Apart from the erosive bases to some 

channelised sands there does not appear to be any clear unconformities within this 

section and detailed correlation from exposures to the west is impossible due to the 

sections non-marine nature. 

5.3.3.5 Marine incursions in the Wealden Beds 

Marine incursions into the Wealden Beds are first clearly seen in the Weald Clay of the 

Weald Basin and the Vectis Formation in the Channel basin. However the change 

from the arenaceous Hastings Beds to the argillaceous Weald Clay in the Weald Basin 

occurred in the Hauterivian whereas a similar change from the Wessex to Vectis 

Formations in the Channel Basin occurred in the Barremian (Stewart et al., 1991). 

This indicates that areas in southeast England experienced marine incursions before 

those in the southwest. 
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Although Allen (1967) indicated that alternating arenaceous/ argillaceous formations, 

such as those in the Hastings Beds, could not solely be regarded as marine 

transgressions and regressions, marine incursions into the Wealden Beds of the Paris 

Basin have been recorded from the Valanginian (Pomerol et al., 1980). Allen (198 1) 

also recognised this point as he equated the Duriston (Purbeck Beds ), basal Wadhurst 

(also Allen 1959; Anderson, 1973), Grinstead and various Weald Clay formations to 

the Berriasian, Valanginian, Hauterivian and Barremian transgressions some of which 

appear to have regional extent (Cooper, 1976). Outcrops show this transgressive/ 

regressive relationship well and that there may be indications of brackish water 

conditions in the Hastings Beds argillaceous units (Partington, pers comm.; Figure 

5.21). However, there has been no published information on marine horizons in the 

Hastings Beds ( Allen, 1959, 1975, 1981). The only well documented marine 

incursion during clastic deposition in the Channel Basin occurs at the same time as the 

Hastings-Weald Clay junction in the Weald basin dated as Early to Mid Hauterivian 

(Allen and Wimbledon, 1991). This event is thought to be the result of flooding from 

the Boreal Sea to the north (Allen, 1989) and occurs at the same time as the marine 

flooding of the Paris Basin from the south (Allen, 1955). 

The Weald Clay ranges in age from the Hauterivian to Barremian and, although 

dominated by mudstolie deposition recording increasingly more powerful marine 

incursions, it also contains minor sand and limestone beds (Chadwick, 1985) 

representing minor regressions. These arenaceous sediments were sourced from the 

west, were localised in extent and short-lived (Allen, 1975). The Weald Clay was 

deposited in a variety of environments depending on location ranging from lagoon to 

estuarine conditions with periodic raised salinities (Allen, 1981). Unfortunately, due 

to its nature, where the Weald Clay is exposed it is badly slumped and weathered and 

could not be logged. 

No obvious marine incursions or transgressive/regressive cycles are observed in the 

Channel Basin (Allen and Wimbledon, 1991). Nevertheless, relative sea level changes 

have been recorded by Casey (1961), Hesselbo et al. (1990) and Ruffell (1990). 

Marine influences are thought to have increased after the deposition of the Coarse 

Quartz Grit and Pine Raft of the Wessex Formation in the Early Barremian (Hughes 

and McDougall, 1989). However, it is not until the quasi-marine lagoonal to 

interdistributary bay deposits of the Vectis Formation (Barremian -Early Aptian) which 

overlies the fluviatile Wessex Formation on the Isle of Wight that a gradual increase in 

marine influence is noticed (Ruffell, 1988; Ruffell and Wach, 1991). The 
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Barremian -Early Aptian marine transgression is recognised in both the Channel and 

Weald Basins as a ravinement surface (Ruffell and Harvey, in press). Only a 

regression represented by the lagoonal muds to delta / mouth bar deposits of the 

Barnes High Sandstone Member interrupts this transgression (Ruffell and Wach, 

199 1) which continues up to the Perna Bed (Ruffell, 1992) and also represents a 

ravinement surface (Ruffell and Batten, 1994; Figure 5.22). The increase in marine 

conditions continues into the overlying Atherfield Clay unit (Lower Greensand Group) 

which is made up of alternating regressive/transgressive cycles (Simpson, 1985) 

ending in the major transgression of the Upper Lobster Beds (Ruffell and Wach, 

1991). 

5.3.3.6 The Greensand Group 

The Lower Greensand, Gault and Upper Greensand (Aptian -Cenomanian) represent 

an overall transgression (Hancock, 1969). In the Channel Basin over lOOm of 

AptianlAlbian strata accumulated and offshore all wells drilled show the Lower 

Greensand resting conformably on Wealden Beds strata (Hamblin et al., 1992). 

However, the intra-Cretaceous unconformity appears westward of Weymouth Bay 

(Donovan and Stride,' 196 1) where progressively younger Aptian and Albian beds 

overstep Jurassic formations (Hamblin et al., 1992). It should now appear clear that 

this widespread transgression is only part of the overall transgression that had been 

building up in the Weald Basin from the Hauterivian (or earlier) and the Channel basin 

from the Barremian. 

The Lower Greensand Group can be, like the Wealden Beds, subdivided into different 

units depending on location and age (Figure 5.22). In the Weald basin the group 

can be subdivided stratigraphically into the Atherfield Clay, Hythe Bed, Sandgate 

Beds and the Folkestone Beds. The Channel Basin also has four subdivisions named 

the Atherfield Clay, Ferruginous Sandstone, Sandrock and the Carstone (Hamblin et 

al., 1992). 

As has been mentioned in section 5.3.2 the Lower Greensand Group demonstrates 

thinning to the west (from Swanage to Lulworth Cove in the Channel Basin) which is 

also mimicked in a change of environment from marine shelf to estuarine to lagoonal to 

swamp (Ruffell and Batten, 1994). This thinning is clearly seen in the Atherfield Clay 

at its type locality west of Atherfield on the Isle of Wight (Simpson, 1985). 
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Overlying the Atherfield Clay the Ferruginous Sands continue an overall transgressive 

theme subdivided into transgressive/regressive cycles (Ruffell and Wach, 1991). In 

the Weald basin a major transgression is also recognised from the Hythe Beds into the 

Sandgate Beds (nufie1diensis ammonite zone) when many areas underwent rapid 

subsidence (Ruffell and Wach, 1991). 

Unlike the Early Aptian transgressions which are limited to the Weald and the eastern 

section of the Channel Basin, the latest Aptian and Early Albian transgressive surfaces 

mimic that of the Gault, reaching the western parts of the Wessex Basin (Ruffell, 

1991). In the Weald basin near Folkestone the Late Aptian and Albian can be divided 

into six unconformity bound packages indicating periods of pulsed transgression and 

regression (Hesselbo et al., 1990). A major transgression is also recorded in the 

upper Sandgate Bed in the Weald Basin during the jacobi zone (latest Aptian) and an 

intra-Folkestone Bed unconformity resulted in the erosion of the basin margins prior to 

the Gault transgression (Ruffell and Wach, 1991). 

The erosive base of the Gault transgression, represented by a pebble bed, and 

stratigraphic thinning may have caused the erosion of the Lower Greensand across the 

Channel Basin (Ruffell and Batten, 1994). This surface, as described in section 5.3.2 

can be traced to the west of the Wessex basin where it sits on Triassic or older strata. 

5.4 Discussion 

It has been established that there is an intra-Cretaceous unconformity in the Wessex 

Basin but the main contention which has been discussed, is where this event becomes 

a correlative conformity. The obvious suggestion, if one were unfamiliar with the 

area, is that an unconformity would occur in the Late Berriasian Wealden Beds which 

represent the most basinal shift in facies at the height of the Late Jurassic/earliest 

Cretaceous regression. This would correlate well with an unconformity of a similar 

age found in the Celtic Sea Area Basins (see chapter 4) which has caused the large 

stratigraphic gap seen throughout that area. However, the observation that an 

unconformity lies at the base of the Greensand (e.g. Stoneley and Selly, 1986) as seen 

in coastal exposures to the west of Abbotsbury in Dorset, northeast of Le Havre in 

France, between Portland and Bats Head in Dorset and in wells drilled on palaeo-

structural highs, would be equally correct. Therefore, the intra-Cretaceous 

unconformity (intra-Wealden Beds) was formed during a relative sea level fall centred 
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on the Cornubian Platform, and exaggerated due to a transgression (at the base of the 

Greensand), which in turn was amplified by tectonic events. The Wealden Beds 

unconformity caused the vast Early Cretaceous erosion of southern England whereas 

the base Greensand ravinement surface caused minor erosion and only exaggerated the 

already large stratigraphic gap. The erosion which took place during this transgression 

took place in a series of pulses from the Hauterivian in to the Late Cretaceous after the 

climax to the Late Jurassic regression. This transgression, over a low slope enhanced 

by a change in the tectonic regime in the Albian, caused erosion in a similar style to 

that described by Nummedal and Smith (1987) for the Cretaceous deposits of 

N.America. 

The geology of the Wessex Basin, therefore, is unusual in that it records a major 

regression in the Late Jurassic/earliest Cretaceous, even in the basin centres which is 

distinctly different from that observed in the neighbouring North Sea. This regression 

is associated with a major intra-Cretaceous unconformity whose stratigraphic gap is 

observed to be symmetrical about the Comubian Platform (see chapter 4) but what was 

the driving mechanism behind the intra-Cretaceous unconformity? 

From the subsidence curves in chapter 4 it has been shown that the intra-Cretaceous 

unconformity occurred after the initiation of Late Jurassic rifting and therefore was not 

simply a product of rift related uplift. The curves also show that active faulting had 

slowed or terminated during the deposition of the Wealden Beds only being reactivated 

for a short period during the Early Aptian. In the Wessex Basin direct evidence for 

active faulting in the Late Jurassic has come from the work of Jenkyns and Senior 

(1991) who suggested a phase of extension starting in the Late Oxfordian. The timing 

of this faulting can also be shown to be Late Jurassic/Earliest Cretaceous from the 

seismic data over the Vale of Wadour/Mere fault system in the north of the Wessex 

Basin (Chadwick and Kirby, 1982). Therefore, the link between this unconformity 

and rifting in the Wessex Basin as a mechanism for its generation is unlikely as the rate 

of extension had slowed before the Early Cretaceous uplift had reached its peak. 

Without any conflicting evidence to the contrary one possible mechanism for this 

unconformity, therefore, as has been alluded to in chapter 4, is an Early Cretaceous 

uplift event centred on the Cornubian Platform. Further tectonic events such as the 

possible thermal effects associated with small scale convection during rifting in the 

Bay of Biscay (Lake and Kamer 1987), the emplacement of oceanic crust southwest of 

Ireland, and the intrusion of volcanics in the Western Approaches basin in the Albian 



exaggerated the erosion associated with the transgression onto the former Early 

Cretaceous uplift. 

In summary, it is possible to suggest that a major intra-Cretaceous unconformity 

formed in the Berriasian at the height of the Late Jurassic regression. This 

unconformity caused considerable erosion to areas west of Abbotsbuiy and in 

particular to footwall high locations adjacent to active normal faults. (Footwall high 

locations probably underwent most of their erosion prior to the Greensand Group 

transgression). An overall transgressive cycle started in the Valanginian but became 

increasingly marine during the Aptian with the deposition of the Lower Greensand 

Formation. With a change in basinal style in the Early Albian, potentially caused by 

the continued propagation of N.Atlantic sea floor spreading, former basin margin areas 

become sites for Gault and Upper Greensand (Albian) deposition. Accompanying the 

new tectonic setting of the basin was the erosion of the former high to the west. The 

following Gault and Upper Greensand transgression over such highs caused minor 

erosion and formed a ravinement surface. This surface now represents the 

unconformity surface west of Abbotsbury. 

5.5 The intra-Cretaceous unconformity in Northern France 

The Late Jurassic to Cretaceous stratigraphy of northern France is-dominated by the 

intra-Cretaceous unconformity (Figure 5.4) which has resulted in most of the Early 

Cretaceous, Jurassic and older successions being eroded from Brittany and western 

Normandy. 

The intra-Cretaceous unconformity can be traced at outcrop (see the geological map of 

France 1;500,000 scale, BRGM 1980) in the Normandy and Brittany regions of 

France, towards the Pay de Bray region, northeast of Rouen where the most complete 

stratigraphy is observed (Figure 5.2; Dore et al., 1987). Westwards of this point the 

gap in stratigraphy widens, especially on the periphery of the Armorican Massif where 

Liassic, Triassic and Permian beds progressively subcrop the unconformity in a 

relatively constricted band less than 30 km wide (McMahon and Underhill, 1995; see 

the Geological map of France, BRGM 1980 and Figure 4.6). 

The chronostratigraphic diagram constructed from outcrops, shown in figure 5.5, 

extends from Grumesnil in the Pays de Bray region in the east to Challans in Brittany 
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to the west. Quarries at Grumesnil (Figure 5.3) near St Michel d' Halescourt expose 

a good section of Valanginian to Barremian non-marine to marginal marine Wealden 

Beds deposits which range from white and brown cross bedded sands to brown and 

grey siltstones and muds. In the east a complete section exists, in the Pays de Bray 

region of northern France, and corresponds to the correlative conformity associated 

with the intra-Cretaceous unconformity. However, further west in this region erosion 

beneath the intra-Cretaceous unconformity is observed in quarries and pits near the 

localities of Bully and Laudencourt (Figure 5.2). 

At Bully Early Albian marine black shales and limestones rest unconformably on Late 

Portlandian marine silts with thin lignitic sandstones and Middle Portlandian 

limestones. To the south at Laudencourt a small pit reveals a section through the 

Middle Portlandian (presumed to be beneath the unconformity although a contact is not 

seen). This section (Figure 5.23) exposes massive brown ferruginous sand overlain 

by yellow medium to coarse grained crossbedded sandstone showing bi-directional 

ripples with shell fragments. Above the sandstones a thin white calcareous mud rests 

on a well cemented sandstone. The environment of deposition is interpreted to be one 

of a marine near shore/tidal setting which corresponds well with the overall Late 

Jurassic regression which was occurring at this time. 

The stratigraphic gap associated with the intra-Cretaceous unconformity widens again 

to the north of Le Havre (Figure 5.2) at Cap de la Heve (Figure 5.24) and the cliff 

sections at Octeville (Figure 5.25) 100km to the west of the Pays de Bray. At both 

these localities well exposed deposits from the Late Aptian (Jacobi zone- Bignot et al., 

1978) and Albian marine transgressions sit unconformably on the Late Jurassic 

Kimmeridge Clay (Figure 5.5). The unconformity contact is distinctive at Cap de la 

Heve with the surface being preserved as a hardground at the top of the underlying 

Kimmeridgian strata (Figure 5.24). Further up the section the Gault (L.Albian) 

transgression is represented by an erosion surface containing pebbles of the underlying 

ferruginous sandstones. 

At Octeville, to the northwest, (Figure 5.25) the actual position of the unconformity 

contact is less well exposed due to slumping. However, it is possible to see a pebbly 

erosive base to the overlying Late Aptian ferruginous sands which may well represent 

the unconformity. 
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Figure 5.24 	 . 
Log and photograph from the coastal section at Cap de la Heve (see figure 5.2 
for location). The intra-Cretaceous unconformity is well exposed and separates 
the grey Kimmeridge Clay from the cream Aptian ferruginous sands. At this 
location the latest Jurassic and the earliest Cretaceous are missing. 
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Figure 5.23 
The Portlandian succession exposed at Laudencout(see figure 5.2 
for location). The logged section shows the change from ferruginous 
sands in an inner shelf setting into tidal sands displaying bi-directional 
ripples (photograph) to sandy marlstone formed possibly in a lagoonal 
environment. The overall shallowing is related to the overall Late Jurassic 
regression. 
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Figure 5.25 
The intra-Cretaceous unconformity exposed along the coast at Octevile (see 
figure 5.2 for location) separating grey Kimmeridge Clay from cream Albian 
Gault and Upper Greensand. The apparent stratigraphic gap associated with the 
intra-(ctaceous unconformity may be exaggerated in this location by the erosion 
caused by the base Gault unconformity. The Gault contains rounded pebbles of 
what presumably is the Lower Greensand glauconitic sandstone. 
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Fifty kilometres to the south, at a quarry in Courtonne-la-ville, near Lisieux, (Figure 

5.2) the intra-Cretaceous unconformity contact is again seen (Dore et al., 1976). At 

this location and others in the vicinity the Late Aptian ferruginous sandstones rest 

unconformably on Late Oxfordian sands of the Couche Violette and Sables de Glos 

Formations (Figure 5.5). The stratigraphic gap associated with the unconformity 

increases at Cauquigny, near Sainte Mere Eglise 120km to the west of the Lisieux area 

(Figure 5.2). In this region the Lower Jurassic (Sinemurian) is truncated beneath 

the Late Cretaceous (Cenomanian; Figure 5.5). At Saint-Denis-d'Orques near Laval 

in Brittany, 170km to the south,(Figure 5.2) it is possible to see the unconformity 

surface again where Cenomanian sands unconformably overlie Silurian strata (Figure 

5.5). Finally, further to the south-west 170km from Saint-Denis-dOrques at 

Challans on the Bay of Biscay coast (Figure 5.2) the 1:500,000 geological map of 

France (BRGM, 1980) indicates that Late Cretaceous Chalk lies on Cambrian-Silurian 

strata (Figure 5.5). This contact would represent the greatest stratigraphic gap 

associated with the Late Cretaceous unconformity. 

As suggested in chapter four the regional subcrop map beneath this unconformity is 

distorted somewhat over western France. One explanation for this is the Mid Aptian-

Cenomanian uplift and erosion resultant from the rifting and spreading in the Bay of 

Biscay (Chapter 4). Therefore, the stratigraphic gap associated with the intra-

Cretaceous unconformity at Saint-Denis-d'Orques and Challans may be exaggerated 

by the tectonics in the Bay of Biscay region. If it were not for this event one could 

envisage a more concentric subcrop of progressively older strata onto the margins of 

the Armorican Massif. 

In summary, the intra-Cretaceous unconformity in northern France appears to be of 

Berriasian to Valanginian age with a correlative conformity located in the Wealden 

Beds strata of the Pays de Bray area. This assumption is based on the fact that the 

Late Jurassic regression reached its maximum in the Berriasian and that west of the 

Pays de Bray area towards the proposed centre of the intra-Cretaceous uplift (the 

Cornubian Platform - see chapter 4) the stratigraphic gap beneath this unconformity 

widens. 
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5.6 Basin Modelling 

5.6.1 Introduction 

To test whether a physical uplift event had affected the area in the Early Cretaceous and 

to view any relationship to rifting and the evolution of the basin, basin modelling had 

to be undertaken. 

Burial history studies of thirteen wells, from both the English side of the Wessex 

Basin and into the French side, (Figure 5.26) are presented in this section using the 

BasinMod software package. Burial history curves were output from this program for 

the wells studied, allowing an estimate of the uplift associated with the intra-

Cretaceous unconformity to be made for the Wessex Basin. Well data alone was not 

enough to define the basic burial history curves due to the complex tectonic evolution 

of the basin. Knowledge of the extensional and compressional phases, therefore, was 

required before values could be entered for the thicknesses of missing sections and the 

amount of Tertiary uplift experienced in each well. 

Two dimensional modelling of the basin evolution was also carried out using regional 

seismic montages and the PetroMod software package. The information gained from 

the one dimensional burial history modelling of wells was incorporated into the 

seismic sections to establish what the basin configuration may have looked like, in an 

extensional setting prior to Tertiary inversion. 

The sequences used in the construction of the burial history curves were taken from 

Hamblin etal., (1992). Some of the sequences represented a period of geological time 

i.e. the Tertiary sequence covers the Tertiary interval, whereas others describe well 

documented lithological units i.e.the Chalk section covers the Late Cenomanian to the 

Late Maastrichtian interval, the Coralhian represents the Late Oxfordian interval, the 

Oxford Clay includes the rest of the Oxfordian and the latest Callovian interval. 

The burial history plots show that the succession was greatly affected by uplift. Two 

forms of uplift can be recognised in the Wessex Basin, associated with the intra-

Cretaceous and Tertiary unconformities. The intra-Cretaceous uplift occurred in the 

Berriasian and the Tertiary inversion phase occurred from 45-25Ma (Hillis, 1991; 

House, 1989; Geotrack, 1993). It is important, therefore, to understand the meaning 
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of the terms inversion, which requires fault reactivation in a reverse sense and uplift 

which is a more general term involving a point being uplifted relative to a fixed datum. 

The intra-Cretaceous unconformity, as will be discussed later, is described as an uplift 

event and the Tertiary unconformity, as an inversion event. 

5.6.2 Burial History models 

The BasinMod program, designed for one dimensional burial history modelling, is 

essentially a package in which all relevant stratigraphical, geochemical, environmental, 

depositional, uplift and lithological information can be assimilated. The result 

produces a basic burial history curve for the formations in each well through time. 

One simple fact governs the way the system works: the more data input into the 

program the better the result. For this reason only the wells with the largest amount of 

information were modelled. This program was chosen to study the effects of the intra-

Cretaceous unconformity as it allows the user to model a basin where two uplift events 

may have occurred during its evolution. This can be achieved if estimates of uplift 

from apatite fission track analysis (AFTA) and Sonic Slowness data (see Table 5.1) 

are known for the most recent event (in this case the Tertiary) and vitnnite reflectance 

data is available for an horizon (i.e. the Lias) below the older uplift event (in the Early 

Cretaceous). 

When the burial history simulation was run using only Tertiary uplift values, either 

from AFTA or Sonic slowness data, the software would estimated the present day 

maturity value of the Lias interval. The Lias maturity value calculated by the 

BasinMod model was then compared to the actual maturity of the Lias at this location 

recorded in the Lias samples taken from each well. If the two maturity values for the 

Lias interval were the same (one observed, the other calculated) then it was assumed 

that the values for Tertiary uplift from AFTA or Sonic slowness data input into the 

model were correctand the software had correctly predicted the maturity of the Lias 

interval from the information given. This observation was also checked by applying 

the same procedure to two other units, the Kimmeridge Clay and the Oxford Clay. 

However, if it was found that the calculated maturity value for the Lias was higher 

than the actual maturity value of the Lias sample from the well two assumptions could 

be drawn. Firstly, the discrepancy could be explained by the fact that the value input 

for Tertiary inversion was too high. However, if other wells nearby gave similar 

Tertiary uplift values and if there was an unconformity in the Early Cretaceous section 

the difference in the observed and calculated maturity values could be explained by an 
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earlier uplift associated with the Early Cretaceous unconformity (Figure 5.27). This 

latter approach could also be taken if the predicted Lias maturity values were lower 

than those measured from samples if the Tertiary uplift values were believed to be 

correct (Figure 5.27). However, in this case it was likely that the Tertiary uplift 

values were inaccurate. 

As the role of maturity played an integral part in this work it was necessary that this 

measurement was as accurate as possible. One of the main parameters in the 

BasinMod maturity calculation was the present day heat flow value and it was found 

that the predicted maturity value was sensitive to fluctuations in this figure. As a result 

of this a heatfiow study was attempted for the Channel Basin before the burial history 

modelling began (see 5.6.4). 

The following assumptions were made during the modelling phase of the project. It 

was essential to know the tectonic environment of each well through time, be it in a 

footwall, hangingwail or basinal setting. This information was critical for estimating 

the amount of erosion associated with unconformities. Interpreted seismic data was 

used, where available, to understand the tectonic environment of each well location. It 

was presumed from regional field work undertaken in the area (McMahon and 

Underhill, 1995) and from the interpretation of seismic data that the intra-Cretaceous 

unconformity only caused significant erosion on footwall high locations in and around 

the Channel Basin. Geochemistry data, such as total organic content (TOC), 

maximum palaeotemperature (TMAX) and vitrinite reflectance (%Ro), were used, 

where possible, to correct the uplift estimates associated with the intra- Cretaceous 

event. The uplift associated with both the Tertiary and intra-Cretaceous 

unconformities was also estimated from apatite fission track analysis (AFTA) and 

Sonic Slowness data (Table 5.1) as well as a knowledge of the amount of missing 

stratigraphy, associated with the unconformities, taken from surrounding wells . The 

AFTA data predicted the timing and amount of apparent uplift associated with each 

erosional event. This data, however, in some instances did not match the calculated 

sonic slowness estimates of apparent uplift, the Sonic Slowness method of calculation 

being based on the difference in shale interval velocities from a normal compaction 

curve. The AFTA apparent uplift estimates were generally higher than those from the 

Sonic Slowness and missing section calculations (British Gas, unpublished data; see 

Table 5.1). For this reason although both methods were used for estimating the 

amount of uplift, the Sonic Slowness values were preferred to those calculated from 

the AFTA data. 
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Diagrams illustrating how disparities can occur between observed and calculated maturity values 
for some of the wells studied. The burial history curves are constrained by the preserved section 
in each well, the timing of the Tertiary uplift, and to a lesser extent the calculated amount of 
Tertiary uplift. However, when a prominant unconformity exists in the section, in this case the 
intra-Cretaceous event, the model will assume no subsidence during this time when in reality 
uplift or subsidence may have taken place. The top diagram illustrates the possible burial history 
curve from a well outside the main basin depocentre. Uplift during the Early Cretaceous is 
required for the observed and calculated maturity values to match. However, the bottom diagram 
illustrates the possible burial history curve from a well in the main basin depocentre. In this case 
subsidence then uplift must occur during the Late Jurassic-Early Cretaceous for the observed and 
calculated maturity values to match. The latter case is thought to be rare only being recorded 
when there was inversion on a fault; no fault activity or subsidence during the Earliest 
Cretaceous; or the reactivation of a fault (which had not moved during the Late Jurassic rifting 
phase) producing footwall uplift. 
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Well Name AFTA/VR (uplift in 

metres)  

Sonic (uplift in metres) 

98/11-1 2000 740-1118 

98/11-2 1300-2895 1074-1252 

98/18-1 1300-3583 686-900 

98/22-2 1000 900 

98/23-1 2500 1755-1885 

Arreton2 975-1798 1950-2481 

Kimmeridge 5 975-3400 695 

Wytch Farm D5 2194 64-539 

Winterborne 

Kingston  

1097-2236 136-147 

Table 5.1. 

Table showing the differences between total uplift estimates from AFTA/VR 

(Geotrack, 1993) and Sonic Slowness (British Gas, unpublished data) for wells in the 

Southern England Area Basins. 

The Tertiary and intra- Cretaceous uplift events can also be distinguished from each 

other with a knowledge of the timing of cooling from maximum temperatures (AFTA 

studies) and by only using formations deposited above and below the intra- Cretaceous 

unconformity in each well (sonic slowness studies). AFTA studies (Geotrack, 1993) 

indicated that a cooling event occurred in the Early Cretaceous which is interpreted to 

be associated with the Early Cretaceous uplift discussed in this chapter. The 

AFTA/Sonic Slowness results allowed a possible estimate for the Tertiary uplift to be 

made, but not for the intra- Cretaceous event as the two could not be easily 

distinguished. This problem, however, was overcome by maturity modelling using 

vitrinite reflectance data. 

Burial history models require information from the entire sedimentary succession 

within a basin. This means that only wells which penetrate basement (Carboniferous, 

Devonian or older) can be used initially until a knowledge of the thicknesses of the 

older sections has been established. Wells which had geochemistry, AFTA and sonic 

slowness data available were also favoured. It was found that the BasinMod program 
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had a problem with faulted wells and therefore they could not be integrated easily into 

the study. 

The maturity calculation which defined the maximum maturity achieved by the source 

rock used the Lawrence Livermore National Laboratory (LLNL) method as the Lopatin 

maturity calculation did not respond favourably to wells which had undergone 

considerable inversion (McQuilken pers. comm.). Present day heat flow values were 

taken from the results of the heat flow study described in the next section. Other 

important parameters, including the compaction factor (Falvey and Middleton, 198 1) 

the geothermal calculation (transient Heat Flow) and the lithology matrix conductivity 

values (corrected British Gas values, unpublished), stayed the same throughout the 

study. 

It is also important to add a sea level estimate through time as water depth can 

significantly effect the burial history (Turner pers.comm.). The water depth of 

deposition estimates used in this study were taken from biostratigraphic reports in 

which each formation was given a palaeowater depth based on the faunal assemblage 

present. The sea level, relative to the present day, was calculated from the long-term 

eustatic curve on the Haq et al. (1987, 1988) sea level chart. However, it should be 

noted that the short-term, high frequency sea level chart in Haq etal. (1987, 1988) has 

been proved to be in error by a number of workers (e.g. Underhill, 1992; Underhill 

and Partington, 1993 and 1994, and Miall, 1993) and in general should not be used 

for calculating sea level changes. Nevertheless, the long term curve may be of some 

scientific value and has been used in other basin modelling studies (Nadin and 

Kusznir, 1994), therefore, it was thought to be the best estimate of palaeo-sea level. 

5.6.3 Heat flow study 

The present day heat flow must be calculated from "first principles" to avoid large 

errors in the maturity values predicted by BasinMod. This means that uncorrected 

bottom hole temperatures (BHT) and drill stem tests (DST) data must be taken from 

composite logs and then corrected before they are used to calculate the present day heat 

flow for a well. A Homer correction was applied to those BHT's which had 

documented circulation times. However, BHT values were believed to be less 

accurate than DST values, even when the Homer correction was used, and therefore, 

DST values, which are recorded over a longer period of time, were favoured if there 
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were any differences between the two sets of data. These corrected BHT and DST 

values, calculated by British Gas, formed part of the information needed to calculate 

the present day heat flow values for the BasinMod software package. 

Thirty seven wells (24 onshore and 13 offshore) with corrected BHT's and DST's and 

a geothermal study well, Winterborne Kingston were used in this study (see figure 

5.26). Present day heat flow values were calculated as they were deemed more 

accurate than geothermal gradients which assume a constant gradient and are strongly 

lithology dependant. 

A number of assumptions had to be made in order to compare wells of different 

vintages and those onshore to those offshore. It was decided that in order to overcome 

any effect the water column may have on heat flow a datum of the sediment/water 

interface would be used. On land this datum would be equivalent to ground level. A 

temperature of 80C was used for the seabed/ground surface for all wells in this study. 

This value was estimated from the results of the Winterborne Kingston geothermal test 

well (Bloomer et al., 1982) and is probably a good average for an annual ground 

temperature in Southern England, both on and offshore. The same temperature was 

used on and offshore so as not to discriminate against the two areas which are 

geologically similar. A transient heat flow equation was used in modelling all wells as 

this considers temperature disequilibrium due to rapid deposition of young 

undercompacted sections. 

The percentage of sand, shale, limestone, silt and salt of each lithology type for each 

section was calculated by measuring the amount of section composed of a particular 

rock unit. Unfortunately the BasinMod package used this information to create a very 

simple layer stratigraphy, in which a formation with equal layers of, for example sand, 

shale and limestone would be regarded as being one bed composed of equal 

percentages of sand, shale and limestone. This assumption may differ greatly from 

reality where formations have alternating thin beds of different lithologies. 

The present day heat flow calculation also required information on the conductivity of 

each rock unit. Therefore, the matrix conductivity values (British Gas Research 

values, unpublished data) for each lithology and lithology mix were input into 

BasinMod. The results are illustrated in figure 5.28. 
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5.6.4 Defining palaeo-heat flow 

The modelling software constructs the thermal history of individual wells from either 

geothermal gradients or heat flow data. In this study heatflow measurements rather 

than geothermal gradients were used due to the fact that present day heat flow values 

could be measured (ie. BHTs) and that geothermal gradients calculate temperatures 

without considering the thermal conductivity of rocks. 

The main problem which exists in heat flow modelling is that of palaeo-heat flows. 

Periods of rifting, for example, will cause dramatic changes in heat flow which may 

affect temperature for millions of years and the use of a single heatflow through time is 

unrealistic. However, if the present day heatflow is known and if maximum 

temperature from AFTA calculations is available a more accurate picture of the 

heatflow variations through time can be established. Furthermore a transient heat flow 

model was used which took into account the heat capacity or thermal inertia of the 

rocks and the time element involved when changes occurred in the thermal profile as a 

result of conduction or convection. This resulted in rapid changes in the heatflow 

(which may be associated with the onset of rifting in some rift models) being 

smoothed" through tithe. The time of elevated heat flow, as a result of rifting, could 

also be defined within the program if enough addition data was known. 

Finally variations in the timing and amplitude of heat flow peaks could be defined 

using AFTA data which was available for some of the wells in this study. If AFTA 

data was not available for every identifiable palaeo-rifting event in each well a value 

was substituted from a nearby well or a typical heatflow for a rifting basin was 

substituted from the BasinMod manual (generally >80mW/m2 for a young rift basin). 

These values were then run through a sensitivity matrix to allow for the statistical 

spread of the data. 

5.6.5 Burial History results 

Burial history plots for the thirteen wells modelled are displayed on figures 5.29 to 

5.41. The interpretation of these plots is described below. 
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Well 98/11-1 is positioned on a tilted fault block to the north of the Purbeck-Isle of 

Wight fault but not on the immediate footwall to the fault (Figure 5.26). The burial 

history curve (Figure 5.29) was constructed using an intra- Cretaceous uplift value 

of 9m and a Tertiary inversion value of 111 8m. The latter value was taken from the 

maximum uplift value estimated from the sonic slowness study of British Gas 

(unpublished; see Table 5.1). The estimate for the uplift and erosion associated from 

the intra- Cretaceous unconformity (9m) was based on the fact that there was minimal 

erosion (if any) of the underlying Purbeck Beds. However, considerable erosion 

during the Albian, associated with the Greensand transgression and Aptian tectonics 

may have removed over 90m of Wealden Beds deposits as the Wealden Beds section 

in this well is relatively thin compared to neighbouring wells. 

The burial history curve shows that rapid subsidence initiated during the Late Jurassic 

with the deposition of the Oxford Clay unit. The rate of subsidence slowed after the 

deposition of the Early Cretaceous Wealden Beds facies before steady, passive 

subsidence during the Late Cretaceous and Early Tertiary. 

The Late Cretaceous and Tertiary sections of nearby well 98/11-4, south of the 

Purbeck disturbance (Figure 5.26) have been eroded so their thicknesses, and 

therefore the Tertiary inversion estimates can only best be interpreted from the AFTA 

and Sonic Slowness values and regional knowledge. Uplift values estimated from the 

surrounding wells were estimated to be 1204m during the Tertiary inversion event and 

18m associated with the intra-Cretaceous unconformity. It is not clear, due to the lack 

of section, whether there was any erosion associated with the Greensand 

transgression, and therefore, no estimate of erosion was made. 

The burial history curve for 98/11-4 (Figure 5.30) shows rapid subsidence in the 

Late Jurassic after the deposition of Callovian sediments and steady subsidence after 

the intra- Cretaceous unconformity. 

Well 98/16-1 to the south of 98/11-4 and the Purbeck-Isle of Wight fault, is located 

close to the centre of the Channel Basin and is not predicted to have any erosion 

associated with the intra- Cretaceous unconformity. This well did not have any 

AFTA/Sonic Slowness data to constrain the amount of Tertiary inversion and due to its 

faulted nature it presented a number of modelling problems. It was presumed that there 

had been little or no Cretaceous uplift and erosion and that the only inversion occurred 

in the Tertiary. This observation is due to the fact that interpreted seismic data shows 
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that this well was drilled initially into the hangingwall (as discussed before, Cretaceous 

hangingwall locations generally have not undergone erosion associated with the 

intra-Cretaceous unconformity) and then penetrated the footwall, where the Oxford 

Clay and Lias source rocks were encountered. Although this well has drilled both 

footwall and hangingwall tectonic environments, the parameters used in the model 

were similar to those used for other wells in hangingwall locations in this report. This 

implies that the maturity values for the Oxford Clay and the Lias are minimum values 

due to their footwall location. The estimate for Tertiary inversion (1102m) was based 

on information from surrounding wells (Table 5.1) as no uplift data was available. 

The burial history plot for this well (Figure 5.31) shows that rapid subsidence 

initiated in the Late Bathonian and Early Callovian, ending in the Valanginian. Steady 

subsidence continued through the Late Cretaceous and Early Tertiary until the time of 

inversion. 

Well 98/18-1 is interpreted as having the most basinal (pre-inversion) setting, of any 

well drilled in the Channel basin (Figure 5.26). For this reason no intra-Cretaceous 

erosion was observed in the stratigraphic log and the amount of Tertiary inversion was 

estimated to be 925m from AFTAJsonic slowness data (see table 5.1). The amount 

of uplift was also constrained by fitting the calculated maturity gradient to the 

measured vitrinite reflectance and TMAX values. 

The burial history plot (Figure 5.32) for this well shows that rapid subsidence 

initiated in the Late Bathonian and slowed during the Early and Late Cretaceous up to 

the Tertiary inversion event. It is interesting to note that the rate of subsidence slowed 

after the time of the intra-Cretaceous unconformity possibly indicating the end of active 

fault movement. 

Well 98/22-2 was drilled to the north of the Mid Channel High (Figure 5.26) and as 

a result of considerable Tertiary inversion, the Callovian to recent section is missing. 

Well location is important when trying to estimate the thickness of the Callovian to 

recent sediment that may have been deposited in this area. From the seismic evidence 

this well is possibly located in the inverted hangingwall to the Mid Channel High Fault 

(Enclosure 2). In such a location a large thickness of Callovian to Tertiary strata 

would have accumulated and as a consequence of this, a very large amount of Tertiary 

or combined Tertiary and Early Cretaceous uplift would be required to place the 

Callovian at its present seabed position. The depth of burial (and hence the maturity 
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values) of potential source rocks in this scenario would be very high but unfortunately 

the vitrinite reflectance and TMAX data indicated that this was not the case. If the 

calculated low maturity values are correct and this well was indeed located in a 

hangingwall location then 453m of uplift must have occurred associated with the 

intra-Cretaceous unconformity with an additional 1268m during the Tertiary inversion 

event (total of 1721m uplift). However these values seem unreasonable considering 

the calculated lower AFTA and vitrinite reflectance results (see table 5.1). 

Two major problems were observed in the modelling of this well (a) it is hard to 

establish if this well was drilled in a pre-inversion footwall or hangingwall (b) 

Callovian sediments are present at the sea bed. If only one uplift event was predicted 

(presuming that the well was located in an old hangingwall and, therefore, was not 

affected by intra-Cretaceous erosion) then sediment must have accumulated during 

Late Jurassic subsidence at this location. When calculated thicknesses of this missing 

section are input into the BasinMod program, using regional knowledge and 

information from the surrounding wells, the maturity gradient indicates that the two 

potential source rocks, the Lias and the Oxford Clay should have reached the gas 

generating phase. However, the measured vitrinite reflectance and TMAX data 

suggests that these potential source rocks are at present immature or had just entered 

the early oil generatirg phase. 

On the other hand, if another uplift event is inferred, in the Cretaceous (of some 

320m), which has been noted in all the wells located on footwall highs in the area, a 

much smaller Callovian to recent sedimentary thickness would be predicted, due to the 

additional erosion of another unconformity. This would result in only an estimated 

I 000 of sediment being deposited during the last l6lMa, based on the amount of 

measured uplift, which seems a very slow sedimentation rate even if this well was 

located on a footwall high. 

The most realistic model has to have both intra-Cretaceous and Tertiary erosion which 

implies that this well must have been located on an old (pre-inversion) footwall or a 

small rotated block in front of the Mid Channel High, which could be interpreted from 

the seismic data, and has subsequently been inverted. 

The burial history curve (Figure 5.33) shows very rapid subsidence during the 

Callovian up to the time of the intra-Cretaceous event. During the Cretaceous and 

Early Tertiary gentle subsidence occurred until the time of Tertiary inversion. 
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Well 98/22-1, located just to the north of the 98/22-2 (Figure 5.26) has similar 

problems associated with its location. However, little if any erosion associated with 

the intra-Cretaceous unconformity is predicted in this well due to its hangingwall 

location. The uplift in the Early Cretaceous was given a minimal estimate of 30m in 

the absence of actual Early Cretaceous stratigraphy and a Tertiary inversion estimate of 

1200m. A higher inversion value would have meant that the source rocks would have 

attained a higher maturity level than that actually measured (i.e. early to mid mature). 

The burial history plot for this well (Figure 5.34) shows rapid subsidence in the 

Late Jurassic with subsidence slowing during the time of the intra-Cretaceous 

unconformity. Steady subsidence rates continued into the Late Cretaceous and the 

Early Tertiary before inversion took place. 

Well 98/23-1 is located in a similar structural position as 98/22-1 and 98/22-2, north of 

the Mid Channel High fault (Figure 5.26). The AFFA data (Table 5.1) for this 

well suggests that there has been at least 2500m of uplift since Mid Tertiary times, 

however, when this value is input into the BasinMod program the predicted maturity 

of the Lias source rock does not agree with the measured vitrinite reflectance value 

(i.e. early to mid mature). An uplift estimate of 1500m, therefore, was given for the 

Tertiary, presuming that this well was drilled into an old hanging wall and as a 

consequence did not experience any Cretaceous erosion. 

The burial history curve (Figure 5.35) shows that rapid subsidence occurred in the 

Early Callovian. However, subsidence slowed during the Portlandian into Purbeckian 

times with the basin undergoing passive subsidence from the Early Cretaceous into the 

Late Cretaceous and Early Tertiary before Tertiary inversion. 

Arreton 2 (Figure 5.26) was drilled on an inversion structure, therefore, into a pre-

inversion extensional hangingwall setting, to the south of the Purbeck-Isle of Wight 

fault on the Isle of Wight. The stratigraphical information for this well suggests that 

very little erosion, if any, took place in the Early Cretaceous associated with the intra-

Cretaceous unconformity. An uplift estimate of 2000m for the Tertiary inversion, 

which has brought the Wealden Beds deposits to the surface, is based on the 

AFTA/Sonic slowness data. The calculated maturity, using this inversion value, 

matches the most recent set of vitrinite reflectance values which suggest that the Lias 

source rock reached mid-oil maturity. 
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The burial history plot (Figure 5.36) for this well shows that rapid subsidence 

started in Late Bathonian/ Early Callovian times and slowed down during the Early 

Cretaceous. Passive subsidence continued throughout the Late Cretaceous and Early 

Tertiary before Tertiary inversion. 

The Mesozoic succession of the Coombe Keynes well, which lies to the north of the 

Purbeck-Isle of Wight fault (Figure 5.26) records two major erosional 

unconformities. Unfortunately no AFTA or sonic slowness data was available for this 

well so the uplift associated with each of these unconformities and the age of the 

Tertiary inversion (at 25Ma) was estimated from neighbouring wells and AFTA data. 

The uplift associated with the Tertiary inversion was given a value of 500m and the 

uplift associated with the intra- Cretaceous unconformity was estimated to be around 

200m. These figures were deemed to be correct when the predicted Lias source rock 

maturity value matched vithnite reflectance measurements. 

The burial history curve (Figure 5.37) indicates that rapid subsidence occurred 

during the Early Callovian to the Kimmeridgian and then slowed prior to erosion and 

possible uplift in the Early Cretaceous. Early Cretaceous erosion was enhanced in the 

Albian due to the base Gault ravinement surface and gradual subsidence occurred 

throughout the Late Cretaceous and the Early Tertiary before Tertiary inversion. 

The uplift estimates for the nearby Creech 1 well (Figure 5.26) were inferred from 

surrounding wells and onshore exposures, however, because of the amount of 

missing stratigraphic section beneath the base of the Gault large error bars should be 

placed on these values. A large erosional event is predicted in the Early Cretaceous 

with an estimated 2000m of uplift and erosion (although this value may be an over 

estimate) with 850m of inversion occurring in the Tertiary at 23Ma. It is quite 

probable that another scenario would invoke a larger uplift in the Tertiary and a smaller 

one in the Cretaceous. However the Early Cretaceous uplift would still need to be 

high (i.e. >1500m) to insure that the Lias source rock did not reach maturity as the 

measured vitrinite reflectance values predict. The uplift in the Early Cretaceous is high 

due to wells location on the footwall adjacent to the Purbeck-Isle of Wight fault. 

Figure 5.38 indicates that rapid subsidence occurred from Callovian to Purbeckian 

times. This was followed by a period of erosion and possible uplift in the Early 

Cretaceous which brought Corallian rocks to the surface. The intra-Cretaceous 
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erosion was enhanced by the base Gault unconformity in the Albian and thereafter 

steady subsidence throughout the Late Cretaceous and Early Tertiary ended with the 

Tertiary inversion event. 

Southard Quarry was drilled onshore into the hangingwall of the Purbeck/Isle of 

Wight fault (Figure 5.26). This well, therefore, is unique in that it is located in the 

main oil generating area in the region. Southard Quarry recorded gas shows 

suggesting that during maximum burial the Lias (the main source rock) entered the gas 

phase. However, drilling problems (Buchanan, pers.comm.) in the later stages of the 

well meant that proper geochemistry data was not collected. As this data was not 

available for this well the Tertiary inversion could not be constrained using vitrinite 

reflectance measurements. However, it was presumed that the Lias source rock 

reached at least gas maturity due to its location and the well was modelled accordingly. 

The AFTA and sonic slowness values from the surrounding wells were used to 

estimate the Tertiary inversion (1600m). No Cretaceous erosion was presumed to 

have taken place due to the wells tectonic setting. 

The burial history plot (Figure 5.39) for this well shows that rapid subsidence 

started in Late Bathonianl Early Callovian times and slowed down during the Early 

Cretaceous. Passive subsidence continued throughout the Late Cretaceous and Early 

Tertiary before Tertiary inversion. 

Winterborne Kingston 1 is located to the north of the Winterborne Kingston Trough 

(Figure 5.26) on the basin margin, away from the main area of Tertiary inversion 

which lay to the south. The burial history model used Early Cretaceous uplift and 

Tertiary inversion values of 200m and 158m, respectively, which were constrained by 

vitrinite reflectance data. These figures predicted that the complete Lias section, the 

main source rock in the area, never reached maturity. 

The burial history plots (Figure 5.40) show that above average subsidence initiated 

in the Late Bathonian and continued into the Early Cretaceous until the Early 

Cretaceous uplift event. Erosion associated with both the intra-Cretaceous 

unconformity and the base Gault ravinement surface interrupted the steady subsidence 

which continued into the Late Cretaceous before Tertiary inversion took place. 

Marchwood 1 is located on the edge of the Channel basin (Figure 5.26) in a 

structurally similar setting to neighbouring Southampton 1 from which both 

230 



C 
C 
'U 

C 
C 0 

0 
-I 
C iG 
0 0   E 

E - 
E .1-) 'U'-4 C 
-'-I (U 0-4 .-4 

çcj HO- Co H 

,. 
jiIIIIlIIII,IItI! Itti<.. 

0 0 0 0 0 0 0 0 0 0 
0 	 0 0 0 0 0 0 0 0 0 
L) 	 L) 	0 	LO 	0 	LD 	0 	Ifl 	0 	L) 
I 	 C'J 	('1 	N) 	N) 	IT 	N1 

E 

0 

-J 

2 31 



a) 
E 
I- 

 

0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0" 
0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 
Ic) 	 U•) 	 0 Lo 	 0 	 Ic) 	 0 	 LD 
I 	 -4 	CJ 	 C\1 	 1) 	 N) 

  

 

2 32 



geochemistry data and an estimate of Tertiary inversion were taken. The inversion 

estimates of 61 m for the Early Cretaceous and 750m for the Tertiary agreed well with 

the predicted source rock maturity. The burial history plot (Figure 5.41) indicates 

that above average subsidence started in the Bajocian and although it was not rapid in 

the Late Jurassic continued into the Early Cretaceous. A phase of uplift occurred in the 

Early Cretaceous and this was followed by steady subsidence throughout the Late 

Cretaceous and Early Tertiary ending with the Tertiary inversion event. 

5.6.6 Burial history conclusions 

The thirteen wells studied provided a basic understanding of the timing of uplift and 

rifting in the Southern England Area Basins. From the burial history plots it can be 

interpreted that near the basin centre rifting occurred in the Late Jurassic usually 

commencing in the Callovian to Oxfordian. Depending on location this rifting phase 

either became subdued or stopped during the time of the Early Cretaceous uplift which 

in places may have generated up to 2000m of uplift and erosion. This is 

complemented by the observation that the Wealden Beds tend to coarsen in nature 

towards their base possibly relating to active faulting during the Berriasian and the 

Valanginian. On the basin margins, however, in wells Winterborne Kingston and 

Marchwood 1, the Late Jurassic rifting phase was not as intense as in the basin centre 

and above average subsidence started in the Middle Jurassic. 

It is interesting that both wells in footwall and hangingwall locations record increased 

subsidence during the Late Jurassic, the interpreted main rifting phase. However, one 

might presume that significant footwall uplift may have occurred during this period in 

footwall locations, a feature which is not observed. The erosion observed beneath the 

Greensand Fm. in these locations could then be attributed to a number of mechanisms. 

The first is that erosion caused by the Greensand transgression may have removed a 

considerable amount of sediment. Footwall uplift during Wealden deposition may also 

provide a second explanation for the erosion. However, from the subsidence results 

presented here and in chapter four rifling during the Early Cretaceous, although hard to 

identify, appears to have been minimal compared to that in the Late Jurassic. The 

identification of rifting phases within the Wealden Beds is also hindered by the poor 

seismic character of the Wealden section (Enclosures 1 and 2). An alternative 

suggestion would be that a minor rifting phase during the Early Aptian, associated 

with intense rifting just prior to sea floor spreading in the Bay of Biscay, may have 

produced enough footwall uplift to create this unconformity. Again such a minor 
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rifting phase may not have produced enough uplift to generate the erosion observed 

although it may have exaggerated the erosion associated with an older unconformity. 

Therefore, the lack of significant rifting during the Wealden Beds deposition and the 

associated footwall uplift may mean that the idea of a regional uplift in the Early 

Cretaceous, eluded to in chapter four, may have played some part in the erosion 

observed in footwall locations. 

To summarize, in footwall locations uplift is required during the Early Cretaceous to 

satisfy vitrinite reflectance, AFTA and sonic slowness data as well as the observed 

unconformity which separates the Greensand or Wealden from the Jurassic section at 

outcrop. The most likely explanation for this Early Cretaceous unconformity is 

probably a combination of an Early Cretaceous regional uplift, the footwall uplift 

associated with a minor phase of rifling in the Early Aptian and erosion produced by 

the Greensand transgression. 

The occurrence of such an Early Cretaceous uplift event may have wider implications 

particularly for hydrocarbon maturity. If no uplift is predicted when modelling wells 

from footwall high locations then the Liassic source rock would have reached on 

average late oil to early gas phase maturity. In reality all measured source rocks from 

these settings only reached, at best, the early oil maturity phase. In basin centre 

locations if subsidence was not slowed or terminated by such an uplift event, even 

though no erosion is observed, the source rock in all areas would have entered the gas 

generation phase, which is not seen. 

It is also interesting to note that basinal areas in the east of the Channel Basin (i.e. 

away from the uplift), continued to subside during the regional uplift event. This may 

appear to contradiction an uplift theory but it is simple to envisage basinal areas 

subsiding as a result of minor fault movement or subsidence produced by sediment 

loading. Such a scenario suggests that the Late Valanginian-Aptian Wealden Beds are 

not syn-rift sediments, unlike the Late Jurassic and Early Aptian deposits, but post-

date Late Jurassic/earliest Cretaceous rifting and pre-date Early Aptian rifting infilling 

the rift palaeotopography of the basin,. 

Basinal areas in the west of the Channel Basin, however, were uplifted during the 

Early Cretaceous event and are discussed in the next section. Vitrinite reflectance data 

from the Lias, exposed to the west of Lyme Regis also suggests that this uplift existed 

as their values of 0.34-0.49%Ro (Geotrack, 1993; Paleochem, 198 1) indicate shallow 
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burial. However, further east boreholes to the south of the Abbotsbury- Ridgeway 

fault and the Portland High faults (Figure 5.26) record slightly higher vitrinite 

reflectance values (0.5-0.565 %Ro-early oil maturity; Geotrack, 1993) due to their 

basinal setting and easterly locations during the Cretaceous uplift. 

The conclusion, therefore, is that a physical uplift in the Early Cretaceous is required 

over the Wessex Basin in order to satisfy observed stratigraphy and modelled basin 

evolution scenarios. Erosion due to a transgression and ravinement in the Apto/Albian 

and a minor rift phase in the Early Aptian may also have exaggerated the erosion 

associated with the older uplift. It seems rational that the Early Cretaceous uplift 

centred on the Cornubian Platform and recorded as an unconformity in the Celtic Sea 

Area Basins (see chapter 4) is the same uplift which is observed here and had a major 

influence on the evolution of the Wessex Basin. 

5.6.7 Basin evolution modelling 

Basin evolution modelling was undertaken using the [ES PetroMod software package 

which is a two dimensional basin maturity modelling program. Well data is integrated 

with seismic sections to allow a crude reconstruction of the basin geometry through 

time. 

Two composite regional seismic lines (one dip and one strike line) were chosen for a 

study of the Channel Basin along with burial history data described in section 5.6.2. 

The two lines chosen, composites JS-LM93-24 (parts A/B/E/F) and line GC822-19 to 

JS-LM93-1 1 (Line GC822-19 (SP 355-425), GC821-9 (SP 359-0), OXY-21 (SP 

970-100), JS-LM93- 11 (start SP 1320) 1 lB/CID) are located in figure 5.26 and on 

a similar section in enclosure 2. Line JS-LM93-24 is a strike line which runs in a 

east-west direction just to the north of the Mid Channel High Fault. This line was used 

to see the truncation of progressively older Jurassic horizons beneath the 

intra-Cretaceous unconformity. The second line, GC822-19 to JS-LM93-1 1 (similar 

to enclosure 2), is a dip line which runs in a north-south orientation and extends 

across the Mid Channel Fault allowing the complete Channel basin to be studied. This 

seismic section was useful for establishing the pre-inversion setting of the basin. 

Initially these lines were interpreted, digitised and brought, through the Satleggar 

software program, into a form in which they could be screen-captured into [ES 
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PetroMod. Within PetroMod the captured image was then traced to allow modelling to 

commence. 

The poor seismic quality in the area meant that only the key surfaces were interpreted. 

The best reflectors were found at the base of the Tertiary and Chalk, the Wealden Beds 

unconformity, near top Kimmeridge Clay, top Corallian, Inferior Oolite and the 

Rhaetic. The base Tertiary/Chalk reflectors were only preserved in the northern 

section of the GC822-19 to JS-LM93-11 (see enclosure 2) line due to Tertiary basin 

inversion, and the Wealden Beds unconformity was only distinctive on the old 

footwall highs. 

A number of key assumptions had to be made before each seismic section was ready 

for modelling. The first assumption was generated by the software package itself. No 

overlapping horizons were permitted, therefore, faults which had experienced severe 

inversion had to be changed to account for this. The seismic resolution meant that a 

detailed stratigraphy could not be interpreted and, therefore, gross velocity and 

lithology values were given to each unit (Table 5.2). The length of each composite 

seismic line meant that detailed fault patterns could not be represented as the line was 

squashed, up to twenty times, to fit onto the screen. The layer restoration function 

within PetroMod alloved sections to be flattened. However, this meant that 

unconformities became flat horizons even though in reality they possessed a very 

irregular topography. 

Reflector Reflector Colour Lithology 

(above) 

Interval Velocity 

(m/sec) above 

Base Tertiary Purple Siltstone 2000 

Base Chalk Green Chalk 2400 

Wealden Beds ulc Light Blue Chalk 2400 

Top Kimmeridge Brown Limestone/sand 3600 

Corallian Red Shale/limestone 3000 

l.Oolite Dark Blue Shale/limestone 2700 

Rhaetic Orange Shale/sand 13600 

Table 5.2. 

The lithologies and velocities of interpreted seismic units and their reflector colour. 
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The interpreted seismic lines were depth converted within PetroMod using the 

lithology and velocity values in table 5.2. This was incorporated with well 

information and the calculated uplift values from the burial history modelling in section 

5.6.4 which provided estimates of the amount of Tertiary erosion. These estimates 

were used to reconstruct the position of the base Tertiary on the seismic lines. It was 

then possible to "flatten" this horizon so that an indication of the possible pre-inversion 

basin configuration could be observed. Flattening on the intra-Cretaceous 

unconformity could only be attempted where good data existed and this process 

established which areas were heavily eroded during the Early Cretaceous. The results 

of the basin evolution modelling are illustrated on figures 5.42 and 5.43. 

The original interpreted two way time version of line GC822-19 to JS-LM93-11 is 

illustrated in figure 5.42a. The inversion structure and folds can be clearly seen 

(slightly distorted due to software limitations) against the Purbeck-Isle of Wight fault 

and the Mid Channel High fault (and again in Enclosure 2). The depth converted 

section and a reconstructed Base Tertiary reflector can also be seen on figure 5.42b. 

A greater thickness of Cretaceous section is interpreted to have been present south of 

the Purbeck-Isle of Wight fault than north of the Mid Channel High fault. This has 

been established due to the overall higher rates of inversion surrounding the Purbeck-

Isle of Wight fault and the fact that due to a change in basin character in the Late 

Aptian-Albian (discussed in 5.4.3.1) the Late Cretaceous deposition was concentrated 

on and to the north of the Purbeck-Isle of Wight fault zone. Figure 5.42c and 

Figure 5.42d illustrate the possible pre-inversion basin configuration when the Base 

Tertiary and intra-Cretaceous unconformity reflector are flattened. From this it can be 

clearly seen that only the Purbeck -Isle of Wight Fault was active during the Lower 

Jurassic (Orange to dark blue reflector), producing an asymmetrical basin. After this 

time, during the Late Jurassic (red to light blue reflector) there was movement on the 

Purbeck -Isle of Wight Fault with accompanying movement on both the north and 

south Mid Channel High Faults. It is also possible to see that during Early Cretaceous 

erosion the basin margins north of the Purbeck -Isle of Wight Fault and on the Mid 

Channel High were eroded exposing Kimmeridgian to Callovian rocks. 

The original depth converted version of line JS-LM93-24 is illustrated in figure 

5.43a. Strike line JS-LM93-24, perpendicular to the dip section runs to the south of 

the Portland High and shows the progressive westerly truncation of the Portlandian, 

Kimmeridgian, Callovian and some of the Bathonian below the sea bed. This 

truncation is interpreted to be due to the intra-Cretaceous unconformity as the right 
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hand section of this line has had the most extensive Tertiary inversion and only 

displays a limited amount of truncation. Figure 5.43b shows the possible pre-

inversion basin configuration flattened on the interpreted Base Tertiary reflector with 

the interpreted intra-Cretaceous unconformity also illustrated. The Late Jurassic and 

Cretaceous sediments thicken toward the basin centre to the east suggesting that Late 

Jurassic rifting was more dominant in this area. The progressive westerly truncation 

of the pre-Cretaceous strata and the westerly thinning of the Cretaceous deposits 

observed on the seismic section mimics the onshore stratigraphy from the Devon and 

Dorset coasts discussed previously. 

Figures 5.42c and 5.42d show that in a dip sense the Channel Basin had an 

asymmetric style during the Lower and Middle Jurassic and a slightly symmetrical 

style in the Late Jurassic. These characteristics suggest that the Purbeck -Isle of Wight 

fault and to a lesser extent the Mid Channel High fault exerted the major structural 

control on the basin during its Jurassic to Tertiary evolution. The strike section 

(Figure 5.43b) shows that there was increased erosion towards the west (i.e. 

towards the interpreted centre of the Early Cretaceous uplift) and a thickening of the 

Late Jurassic and Cretaceous sediments into the centre of the basin. These points may 

be the reason why significant hydrocarbons accumulations have only been found to the 

north of the Purbeck -!Isle of Wight fault adjacent to where it had its largest extensional 

throw and presumably accumulated the greatest source rock thickness. 
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5.7 Conclusions 

The main conclusions from this chapter are as follows; 

An intra-Cretaceous unconformity can be recognised in northern France which 

appears to be Late Berriasian in age with a correlative conformity located in the 

Wealden Beds strata of the Pays de Bray area. 

A major intra-Cretaceous unconformity with a correlative conformity of intra-

Berriasian age formed in the Wessex Basin at the height of the Late Jurassic 

regression. This unconformity caused considerable erosion to hangingwall areas west 

of Abbotsbury, as seen on chronostratigraphic diagrams, and in particular to footwall 

high locations adjacent to active normal faults. 

An overall transgressive cycle started in the Valanginian but became increasingly 

marine during the Aptian with the deposition of the Lower Greensand Formation. 

With a change in basinal style in the Late Aptian-Albian, possibly caused by the 

continued ocean crust formation in the Bay of Biscay and the initiation of sea floor 

spreading west of Goban Spur, former basin margin areas become sites for Gault and 

Upper Greensand (Albian) deposition. Accompanying the new tectonic setting of the 

basin was the erosion of an exposed high to the west centred on the Cornubian 

Platform. A minor Early Aptian phase of rifting was followed by the Gault and Upper 

Greensand transgressions which flooded the uplifted areas causing minor erosion and 

forming a ravinement surface. This surface now represents the onlap of the first 

marine deposits onto the Early Cretaceous unconformity west of Abboisbury. 

The unconformities at the base of the Lower Greensand and Gault formed during 

transgressions or a sea level rise. In contrast, the intra-Wealden Beds unconformity 

which is proposed to have been responsible for most of the Early Cretaceous erosion 

occurred during the height of the Late Jurassic regression and was formed by a relative 

sea level fall. 

From burial history plots it can be seen that near the basin centre Late Mesozoic 

rifling occurred in the Late Jurassic usually commencing in the CallovianlOxfordian 

and terminated or slowed in the Valanginian with a further minor rifting phase in the 

Early Aptian. A physical uplift is required in the Early Cretaceous over the Wessex 
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Basin in order to satisfy observed stratigraphy and modelled basin evolution scenarios. 

This means that the Early Cretaceous erosion was due to transgression and ravinement 

during the Aptian-Albian, minor tectonics in the Early Aptian and the regional uplift 

which reached its height in the Late Berriasian. 

The burial history plots also show that the intra-Cretaceous uplift event occurred 

after the initiation of the Late Jurassic/earliest Cretaceous rifling phase and may have 

terminated or slowed down active faulting in the basin. Therefore, the Late 

Valanginian-Aptian Wealden Beds sediments may not reflect syn-rift deposits as they 

were deposited after the Jurassic/earliest Cretaceous rifting phase and before the Early 

Aptian rifting event. 

A reconstruction of the pre-inversion setting of the Channel Basin shows that it had 

an asymmetric style during the Lower and Middle Jurassic and a slightly symmetrical 

style in the Late Jurassic. A strike section through this basin shows increased erosion 

towards the west (the Cornubian Platform), mimicking that observed onshore as a 

result of the intra-Cretaceous unconformity. 
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Chapter six: The Cretaceous evolution of Faeroe/Shetland Basins and 

the Rockall Trough 

6.1 Introduction 

The Faeroe/Shetland and Rockall Trough areas are the most northerly basins studied in 

detail in this project. A number of basins, illustrated in figure 6.1, are described in 

this chapter, and consist of the Rockall Trough, Solan, Rona, Faeroe/Shetland and 

West Shetland Basins and the Slyne Trough, Ems, Donegal, W.Flannan, W.Lewis, 

and Minch Basins which are termed collectively in this study, the "back-basins'. This 

term is used to distinguish these basins from the Rockall Trough which is a separate 

feature. There has been significant exploration interest recently in this area, especially 

with the finding of the Foinaven Oil Field, and the Schiehallion, Solan, Clair and 

Victory discoveries. However, these discoveries have all been located in the West 

Shetland and Solan Basins and because of this data quality and quantity is far superior 

here than in any other area. Such a disparity in the density of data is borne out in the 

Erris, Donegal, Minch and the Hebrides Basins which only have had a total of ten 

exploration wells drilled in an area covering 90,000 km2. To add to this problem only 

one well exists in the centre of the Rockall Trough, 163/6-1 (Figure 6.1), however 

this well terminated in the Paleocene section and, therefore, does not contain 

information directly related to this study. The fact that many wells in the 

Faeroe/Shetland and West Shetland Basins targeted Tertiary reservoirs has also meant 

that what appears to be a data-rich area is in fact often lacking in Cretaceous or older 

information. 

In the following sections a new interpretation of the rifling history of the Rockall 

Trough to West Shetland area is proposed based on modern data. This study 

extrapolated information and interpretations made from the data rich area, the West 

Shetland Basin, to the data poor area of the Rockall Trough and the "back-basins". 

This was attempted to reduce over interpretation and to increase the confidence of the 

stratigraphy. The additional use of a robust stratigraphic template based on a proven 

biostratigraphic scheme, also allowed the timing of relative sea level lows , clastic 

input and rifting phases in this area to be constrained. Only when biostratigraphically-

resolved sequences had been established along the western UKCS margin could a 

relative sea level and rifting history of this area be constructed. 
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6.2 Geological setting and history 

The database for this chapter consists of data from over 60 exploration wells (Figure 

6.2) and 144 boreholes which was examined along with several hundred kilometres 

of seismic data. This information was incorporated with BP's in-house 

biostratigraphic work. The majority of the data comes from the West Shetland Basin, 

however, good quality seismic data was also available over the Donegal Basin and the 

North Rockall area. 

The geological history of the Hebrides and the West Shetland Basins has been 

discussed in detail by Earle et al. (1989) and Stoker et al. (1993) and only a brief 

summary is presented here. The Mesozoic evolution of the area initiated in the 

Triassic during a major rifting phase in which some 8000m of Permo-Triassic 

predominantly continental deposits were laid down in half grabens (Stoker et al., 

1993). Although there is limited information on Jurassic deposits throughout the 

region the Early Jurassic consists of predominantly marine shale and limestone 

deposits which onlapped the Triassic basin margins (Earle et al., 1989). Restricted 

basins formed during the Middle Jurassic in which lacustrine to non-marine sand and 

shales were deposited, under the influence of the regional uplift associated with the 

North Sea Dome (Underhill and Partington, 1993 and 1994). Following this phase of 

regression there was a deepening throughout the Late Jurassic with the deposition of 

the marine mid-outer shelf "Kimmeridge Clay equivalent" mudstone. This marine 

deposit may have been part of a seaway which connected the marine deposits in the 

Goban area to the Faeroe/Shetland basins via the "back-basins", possibly by-passing 

the Rockall Trough. The Early Cretaceous in the West Shetland Basin is different to 

similar aged sediments in the Hebrides Basins and those further to the south as this 

area was affected by an unconformity and a relative sea level drop over the North 

Rockall area identified from the stratigraphic records of wells in hangingwall 

depocentres. At this time a delta shoreface system in the south of the West Shetland 

Basin, is interpreted to have built out into the predominantly marine West Shetland and 

Faeroe/Shetland Basins. Throughout the Early Cretaceous this system was 

transgressed from the north and from the south as a result of the major rift phase in the 

Rockall Trough and a relative sea level rise. It was not until the Aptian that marine 

conditions returned linking the Atlantic to the Norwegian Sea from Goban Spur to the 

Faeroe-Shetland Basin. During this period extension have spread from the Rockall 

Trough into the West of Shetlands area where rifting intensified as seen on the 

subsidence curves published by Turner and Scrutton (1993). Rifting and clastic input 
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Detailed location map for the West of Shetland and Faeroe-Shetland Basins. The 
structure relates to major Cretaceous faults taken from B.P. unpublished data. 
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continued in the Albian and Cenomanian throughout the Faeroe-Shetland and the 

West Shetland Basins and ceased after this time (Stoker et al., 1993). Thereafter Late 

Cretaceous was dominated by dark grey marine shale deposition in the basins although 

during the Early Turonian and Late Campanian relative sea level drops caused the 

exposure of the prominent ridges (Clair, Rona, Victory, West Shetland Platform; 

figure 6.3) producing localised turbidite input into many areas. 

As far as it is possible to deduce, the geology of the marginal "back basins" is similar 

to that of the West Shetland Basin, apart from the Early to Mid Cretaceous periods. 

During this time non-marine to marginal marine conditions dominated the stratigraphy 

before margin-wide subsidence, post-dating rifting, returned to the area. However, 

the Mesozoic succession is difficult to interpret in many areas as it is punctuated by 

major unconformities such as the intra-Cretaceous unconformity. The erosion 

associated with this unconformity has meant that most of the Jurassic and Early 

Cretaceous sections are missirg in the marginal wells, boreholes and outcrops. A 

discussion of this unconformity is the basis of section 6.4.2 and will not be examined 

further here. 

The geological history of the Rockall Trough has been the subject of much 

controversy since the 1970's. This is due to the fact that very little geological 

information concerning this area is available. Only one well (163/6-1) was drilled in 

the Rockall Trough proper, and it was situated in its most northerly extent, whilst 

other wells and boreholes have been drilled on the margins. A limited amount of good 

quality seismic refraction and reflection data also exists over the area although this is 

complimented by a number of magnetic and gravity surveys. As this limited dataset 

has produced such a variety of models it is necessary to outline the current 

understanding of the crustal structure of the Rockall Trough as part of the geological 

setting of the area. 

It has been known since the work of Scrutton (1972) that the crust flooring the 

Rockall Trough was thin but whether it was continental or oceanic in origin was in 

question. The current debate is centred around the following publications. Roberts et 

al. (1988) have described the crust under the Anton Dome seamount in northern 

Rockall as continental. The same conclusion was reached by Shannon et al. (1994) 

who have also described the Rockall Trough as being floored by thinned continental 

crust but Joppin and White (1990) have described the crust as being neither continental 

or oceanic, in fact quasi-oceanic in nature. The timing of volcanics associated with 
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rifling and the possible oceanic spreading in the Rockall Trough is also a topical 

subject. Volcarncs have been interpreted as being Mid Cretaceous (100-70 Ma; 

Roberts et al., 198 1) Late Cretaceous, due to the analogies from other basins (Price 

and Rattey, 1984) or Valanginian to Barremian in the southern Rockall Trough 

(Scrutton and Bentley, 1988) again by analogy. This Cretaceous phase of rifting 

probably ended in the Late Cretaceous (Smith, 1989) based on the high subsidence 

rates measured by Price and Rattey (1984) in the Faeroe/Shetland basin. 

This study differs dramatically from that of previous workers, e.g. Ziegler (1982, 

1988, 1990), Knott etal. (1993), Smythe (1989), Shannon etal. (1994) in the 

interpretation of the opening of the Rockall Trough. For reasons which will be fully 

explained in sections 6.4.2 and 6.4.4 this study proposes that the major continental 

rifling phase in the Rockall Trough probably only initiated in the southern Rockall 

Trough in the Hauterivian (Early Cretaceous), although it is possible that this period of 

rifling may only represent the most important phase of multiple extension episodes 

(Roberts, 1975; Roberts et al., 1981). Previous authors have put the continental 

rifting phase as old as the Carboniferous (Smythe, 1989; Haszeldine, 1984; Ziegler, 

1982, 1988, 1990) or in the Triassic (Knott et al, 1993; Ziegler, 1982, 1988, 1990, 

Shannon et al., 1993). However, these Palaeozoic or Early Mesozoic dates have been 

derived from potential magnetic anomalies on Rosemary Bank (Wood, 1988), regional 

tectonic studies, or have been interpolated from other areas and as yet no actual data 

exists to prove or disprove the timing of the initiation of rifting. However, Smythe 

does comment that if this basin is as old as the Carboniferous one would expect a 

greater sedimentary fill than the 2-3km observed on seismic data. Smythe (1989) 

suggested that the Rockall Trough was affected by four phases of regional rifting: one 

in the Carboniferous; a Mid Cretaceous event which by- passed the Rockall Trough; 

an event just prior to anomaly 34 (Santonian), associated with the spreading in the 

Labrador Sea and the initiation of the Charlie Gibbs Fracture Zone; and an event at 54-

55Ma occurring during the spreading between Greenland and NW Europe. There are 

many problems associated with four phases of extension in the Rockall Trough as the 

following sections will illustrate. The first is that from seismic evidence it appears that 

the Early to Mid Cretaceous sediments lie directly on basement in the Rockall Trough. 

The second point is that the main rifling phase in the marginal "back basins' is 

Barremian-Albian in age. A third point relates to plate reconstruction models which 

show that any extension from the Carboniferous to Early Cretaceous can be accounted 

for by extension along the back basin" trend. The final point, relating to Smythe's 

third opening phase, is that sea floor spreading in the Labrador Sea can also be 
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interpreted to have initiated at the Cretaceous /Tertiary boundary (Chalmers et al., 

1993) instead of in the Late Cretaceous, although this theory is now disputed. 

The following sections will show that the Rockall Trough can be represented as being 

mainly a Cretaceous feature although some form of basin may have existed prior to 

this time. The Rockall Trough is interpreted to have undergone a relative sea level fall 

in the Early Cretaceous followed by extensive rifting probably during the Hauterivian 

to the Aptian in the south and the Barremian to Albian in the north. After this rifting 

event the Cenomanian Greensand (or equivalent) transgression covered most of the 

marginal basins followed by Late Cretaceous Chalk and time equivalent chalky mud 

deposition. 

6.3 The significance of the transgression onto the intra- Cretaceous 

unconformity surface in the West of Shetlands Basins. 

6.3.1 Introduction 

The intra-Cretaceous unconformity in the West Shetland and Faeroe/Shetland Basins 

has been penetrated by at least the 53 exploration wells used in this study, many of 

which are located in Cretaceous hangingwall depocentres. Biostratigraphical 

information was available for 35 of these wells and this data was used to establish the 

age of the intra-Cretadeous unconformity. It was possible to date the correlative 

conformity associated with this unconformity by tracing its stratigraphic gap 

associated with the unconformity from areas where considerable erosion had occurred 

to the most basinal wells where the most complete stratigraphy was preserved. Using 

this approach the best estimated age for this surface was determined as base Late 

Ryazanian although other workers (Fyfe et al., 198 1) have simply dated the 

unconformity as Ryazanian in age. The following table (Table 6.1) records the ages 

of the formations found above and below the intra-Cretaceous unconformity. (N.B. 

Only wells which penetrated the unconformity are shown in the table). The age of the 

unconformity surface could be estimated by tracing the onlap of Early Cretaceous 

genetic sequences (KlO-K60) which were bounded by maximum flooding surfaces 

and constructed from biostratigraphic data (see figures 6.11 and 6.12). These 

sequences could also be traced throughout the United Kingdom continental shelf area 

(UKCS) and up to the Mid-Norway area (Partington pers.comm). The dating of these 

maximum flooding surfaces was based on dinocyst, microfossil and nannofossil 

assemblages tied to a biostratigraphical scheme (BP unpublished data) a summarised 

version of which is illustrated in figure 6.4. The biostratigraphic scheme used here 

(Figure 6.4) differs from that used for the Grand Banks of Newfoundland (Figure 
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Well name Formation age below ulc Formation age above u/c 

202/2-I E-M Ryazanian 070) Maastrichtian 

202/3-1 E-M Ryazanian (J70) Barremian - Albian (K30-50) 

202/3-2 E-M Ryazanian 070) Barremian (1(30) 

20213-3a E Ryazanian (J70) Campanian 

202/8-I E-M Ryazanian 070) Barremian (K30) 

202/9-1 E Ryazanian (J70) Barremian (1(30) 

202/18-I Permo-Trias Quaternary 

202/19-I Permo-Trias Quaternary 

204/19-1 Permo-Trias Barremian (1(30) 

204/22-1 E.Oxfordian L.Paleocene 

204/23-1 E Ryazanian (J70) Aptian (K40) 

204/25-I Lewisian M. Turonian 

204/27a-1 M kyazanian (J70) Barremian (1(30) 

204/28-I M Ryazanian 070) Danian 

204/29-I M Ryazanian 070) Campanian 

204/30-I M Ryazanian 070) Barremian (1(30) 

204/30-2 Correlative Conformity 

205/16-I Lewisian Aptian (1(40) 

205/20-1 M Ryazanian 070) Hauterivian (1(20) 

205/21-la M Ryazanian (J70) Hauterivian (K20) 

205/22-I M Ryazanian 070) Barremian (K30) 

205/23-I M Ryazanian 070) Barremian (1(30) 

205/25-I Correlative Conformity 

205/26a-1 M Ryazanian (J70) Barremian (1(30) 

205/26a-2 Correlative Conformity 

205/26a-3 Correlative Conformity 

205/27-1 Triassic Quaternary 

205/30-I M Ryazanian (J70) Hauterivian (1(20) 

206/5-I M Ryazanian (J70) Albian (K50) 

206/7-I Devonian Santonian 

206/8-1 E. Carboniferous Santonian 

206/8-2 E. Carboniferous Santonian 

206/8-3 E. Carboniferous Santonian 

206/5-4 E Carboniferous Barremian (1(30) 

206/8-5 E. Carboniferous Santonian 

206/5-6 Lewisian Albian (K50) 

206/8-7 E Carboniferous Santonian 

206/8-5 E. Carboniferous Santonian 

206/9-I E. Carboniferous Cenomanian (1(60) 

206/9-2 E. Carboniferous Coniacian 

206/10-I E. Carboniferous Santonian 

206/12-I Lewisian Campanian 

206/12-2 Triassic Albian (K50) 

207/I-1 Lewisian Albian (K50) 

207/1-2 Lewisian Aptian (K40) 

207/ 1 -3 Lewisian Albian (1(50) 

207/1-4 E-M Ryazanian Aptian (1(40) 

207/2-I Lewisian Aptian (K40) 

208/23-I Lewisian Aptian (K4)0 

208/24-I Devonian Hauterivian (1(20) 

208/26-I Lewisian Albian (K50) 

208/27-2 Lewisian Campanian 

209/12-I M. Ryazanian Barremian (K30) 

210/13-I Triassic Aptian (K40) 

Table 6.1: Wells which encountered the unconformity in the West of Shetlands area. 
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Figure 6.4 

Palynology and Microfossil range chart for the Late Jurassic and Early Cretaceous of the West of Shetland area to the 
Rockall Trough constructed from B.P. unpublished data and Partington pp al. (I 993b. The maximum flooding surfaces 
named in the text are also illustrated. 
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3.4) and the Celtic Sea basins (Figure 4.9) due to the better well control offered by 

including the North Sea database. The use of these genetic sequences allows the 

documentation of the transgression of the intra-Cretaceous unconformity surface from 

the Valanginian to the Cenomanian in the West Shetland and Faeroe/Shetland basins 

described in the following sections. 

Micropalaeontology was used throughout this thesis, and in particular in this chapter 

to estimate the changing Early Cretaceous palaeoenvironments in the wells from the 

West of Shetlands area. Many studies have shown the use of microfossils for 

palaeoenvironment interpretation as certain organisms exist in particular habitats (e.g. 

Van der Zwan, 1990; Davies et al., 1982; Copestake, 1993). In particular when more 

than one fossil group is used for interpretation (as in this study) it allows the 

palaeoenvironment to be tightly constrained. This can be further refined in a fully 

marine domain by the recognition of environmentally specialized genera or species 

(Copestake, 1993). For marginal marine and shallow marine settings palynofacies 

analysis, involving the identification of palaeoenvironments using organic particles 

(e.g. Van der Zwan, 1990; Davies etal., 1982) has also proved to be quite accurate. 

The analysis of palaeoenvironments in this study was taken from various industry 

biostratigraphy reporfs, internal B.P. reports and interpretations made by B.P. 

biostratigraphers. The majority of these interpretations were made using a microfossil 

assemblage (i.e. spores and pollen, dinoflagellate cysts, nannofossils, forminifera and 

radiolarians). However, in areas where shallow to marginal marine conditions existed 

spores, pollen and dinoflagellate cysts were used. The use of these palynomorphs 

may not give as accurate an interpretation as other microfossils due to the fact that 

spores and pollen do not live" in the water column. Nevertheless, as mentioned 

before, workers such as Van der Zwan (1990) and Davies et al., (1982) have 

produced very detailed interpretations from such palynofacies studies. 

Where possible the palaeoenvironmental interpretation of each unit, based on 

microfossils identification, was checked against well core reports, electric well log and 

seismic interpretations. The possible depth limits of each palaeoenvironment are as 

follows a) marginal marine 0-15m, b) inner shelf 15-30m, c) mid shelf 30-100m d) 

outer shelf 100-200m and e) bathyal >200m (Copestake, 1993). However, the 

palaeoenvironmental interpretations are only interpretations and the author 

acknowledges that there are some problems with using the microfossil approach. For 

example, problems have been identified with the biostratigraphic interpretations, such 
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as caving/reworking, taxa misidentification and palaeoenvironmental controls. In 

addition local conditions can affect the appearance of forniiniferal associations and the 

remobiisation of shelfal material into a basin can also provide a pitfall to accurate 

palaeoenvironmental interpretations. It is also possible that assumptions made from 

the present day micro-organisms (i.e. temperature and salinity of the water column) 

which are applied to fossil microfossils may be incorrect. However, in spite of these 

difficulties the data presented here is the authors best estimate of the 

palaeoenvironmental conditions (based on interpretations made by biostratigraphers) 

which occurred during the Early Cretaceous in the West of Shetlands area and they 

form the basis of the schematic palaeogeographical maps presented in this chapter. 

6.3.2 The Ryazanian (J70) sequence 

The Ryazanian (J70) "Kimmeridge Clay equivalent" mudstone succession is the main 

source rock for the hydrocarbons in the West Shetland Basin. This succession was 

deposited in relatively deep water as part of a seaway which connected the Tethyan 

and Boreal seas (Ziegler, 1988, 1990). It is suggested that faulting occurred during 

this period, due to the penetrated conglomerate and sandstone units (Stoker et al., 

1993) encountered in the Ryazanian (J70) sequence. These sediments may have been 

derived from the RonA Ridge (Haszeldine et al., 1987) which was bordered by normal 

faults although seismic sections (Enclosure 3- located on figure 6.2) suggest that the 

level of faulting was relatively minor. However, these clastic units may also be the 

response to a relative sea level drop which affected the Rockall Trough area (fully 

described in section 6.4.2) and does not appear to be the consequence of a rifting 

phase in the basin. This study suggests that although there may have been some fault 

activity during the Ryazanian (J70) sequence it was negligible compared to that which 

occurred during the Aptian, Albian and Cenomanian periods which represent the major 

rifting phase in the basin. 

The top of the Ryazanian (J70) sequence is missing due to the erosion associated with 

an intra-Cretaceous unconformity in all but the wells from the most basinal setting in 

this area where the correlative conformity to this event is thought to exist (e.g. 204/30-

2, 205/26a- 1, 205/26a-3). If this unconformity was associated with a relative drop in 

sea level, similar to that observed in the Wessex Basin (see chapter five) a shallowing 

in the environment of deposition should be recognised in the Mid Ryazanian 

succession prior to the unconformity climax. However, this is not clear since a 

complete picture of the Late Ryazanian (J70) depositional environment cannot be 
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established due to the lack of sufficient penetration of the Ryazanian sequence. 

Nevertheless, a change is noticed in the shelfal Ryazanian (J70) deposits of the West 

Shetland Basin, which include some terrestrially derived deposits (Hitchen and 

Ritchie, 1987), in wells 202/8-1, 202/3-la, 202/3-2, 202/3-3 to the south changing to 

a deeper setting to the north observed in wells 204/29-1 and 205/26-3. This may 

indicate shallowing in the environment of deposition in a southerly direction towards 

the area interpreted to have been most affected by the relative fall in sea level. Indeed 

borehole 77/09 in the southern portion of the West Shetland Basin encountered 

sandstone, muddy sandstone and limestone all of Ryazanian (J70) age (Stoker et al., 

1993) indicating that there may have been some clastic input from the south at this 

time. 

6.3.3 The Valanginian (K10) sequence. 

Table 6.2 presents the wells documented in this study which have penetrated the 

Valanginian (K 10) sequence. Three of these wells, 204/30-2, 205/26a-2 and 205/26a-

3, record a complete Mid Ryazanian to Valanginian sequence (within biostratigraphical 

resolution). The fourth well, 205/25-1 records a change in the environment of 

deposition, from Ryazanian (J70) to Valanginian (K 10) times to an inner shelf setting. 

Therefore, the correlative conformity to the intra-Cretaceous unconformity is recorded 

in those wells which appear to have a complete Ryazanian (J70) to Valanginian (K 10) 

sequence. 

Well name Lithologv Interpreted environment of deposition 

204/ 50-2 clavstones mid-outer shelf 

205I25- I sandstones inner shelf 

205/26-2 mudstones mid-outer shelf 

205126-3 claystone outer shelf 

Table 6.2 

The Valanginian K 1 sequence 

It is difficult to produce a palaeogeographical map for this time period as only four 

wells penetrated this interval and the sediments display a poor seismic character. 

However, figure 6.5 represents the interpreted schematic palaeogeographical setting 

including the sediment influencing faults and the potential highs which may have 

existed throughout the Valanginian including information from the younger 

Hauterivian (K20) and Barremian (K30) sequences which are better understood. In 

wells which do not have an exact environment of deposition but an interpreted range 
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The Valanginian (K 10) sequence palaeogeography of the west of Shetland Area. (see 
legend in volume two for key to diagrams) 
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(e.g. mid to outer shelf) the palaeogeographical maps show the best estimate of the 

bathymetty based on the information from the surrounding wells. (All 

palaeogeographical maps in this chapter, and their keys, can also be found as 

oversized maps in the enclosures volume.) 

Figure 6.5 documents the onset of transgression onto the intra-Cretaceous 

unconformity surface after the Late Ryazanian relative sea level drop. As discussed 

earlier this relative fail in sea level over the Rockall area during which time exposed all 

but the deepest basins in the West Shetland area were exposed. The area to the south 

and west of Quads 205 and 204 was probably emergent during the Valanginian (K 10) 

period (due to the relative sea level low) and supplied sediment to the north. This is 

suggested by the lack of this sequence, based on recent biostratigraphical information, 

(and not presence as indicated by Stoker et al., 1993) in Quads 202 and 203 and the 

inner shelf/shallow marine clastics penetrated in well 205/25-1. However, marine 

waters from the Norwegian Sea to the north are interpreted to have flooded the 

palaeotopography preserved in the West Shetland and Faeroe/Shetland Basins after the 

climax of the Late Ryazanian sea level fail. 

Evidence in the form of AFTA data from wells in the West of Shetlands area (e.g. 

202/9-1; 202/19-1; 204/29-1; 205/20-1; 205/27-1 and 205/30-1) indicate that an uplift 

event took place in the earliest Cretaceous (Geotrack, unpublished data). This relative 

drop in sea level must have been significant during this time as fully marine Late 

Jurassic "Kimmeridge Clay equivalent mudstones are conformably overlain by 

earliest Cretaceous marginal marine to shallow water sediments in the hangingwall of 

the Spine Fault. Seismic data (Enclosure 3) shows that there is a lack of any 

obvious fault movement (Mitchener, pers. comm.) even along the Spine Fault 

throughout the Valanginian (KlO) to Barremian (K30) sequences, which suggests that 

the transgression onto the unconformity surface took place over significant 

topography. The Rona, Clair and Victory Ridges were probably exposed during this 

period as was the footwall of the Spine Fault and the West Shetland Platform. Clastic 

input was restricted to entry points along the Spine Fault, normally transfer zones, and 

off the main ridges. Larsen (1987) also postulates that the Rona Ridge was a major 

source of sediment during the Early Cretaceous. Most of the West Shetland Basin is 

interpreted to have been dominated either by an inner shelf or shoreline environment 

where the reworking of clastics deposited in the hanging wall of the Spine Fault took 

place. It is interesting to note that block 205/26, situated away from the hanging wall 

of the Spine Fault, experienced deep water (outer shelf) conditions, throughout the 
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Valanginian and was probably the only area to do so south of the Foula Transfer zone 

(Figure 6.5). The deep water mudstones in wells 204/30-2, 205/26-2 and 205/26-3 

also demonstrate the lack of significant clastic input into even the deepest parts of the 

basin during this time. These deposits have a peculiar setting compared to the inner 

shelf deposits encountered in well 205/25-1 which is located in the immediate hanging 

wall to the basin-bounding Spine Fault as deep marine sediments would be expected in 

such locations. Therefore, very high sediment input which kept pace with the relative 

rise in sea level and localised inversion of hangingwall locations such as 205/25-1 is 

inferred. 

The lack of any preserved stratigraphy of Valanginian (K 10) age in Quad 206 suggests 

that the marine connection northwards to the Norwegian Sea probably was sited in the 

Flett Sub-Basin rather that the narrow section between the Spine Fault and the 

Clair/Victory Ridges. The Flett Sub-Basin is therefore interpreted to have at least a 

mid to outer shelf environment of deposition and was probably not involved in the 

erosion that occurred during the Early Cretaceous relative fall in sea level. However, 

as no well has been drilled in this area only seismic evidence suggests that a 

Valanginian sequence exists. The oldest unit of the five Early Cretaceous units 

interpreted on seismic lines in the Clair basin (see figures 6.25 and 6.26; described 

in section 6.4.5) mayrelate to this Valanginian (K10) sequence and due to its 

transparent seismic character it may represent the infihl of the basin by marine 

mudstones. 

No well data exists to the west of the Quad 205 boundary or to the west of the Faeroes 

Basin bounding fault. This area is presumed to have been non-marine during this 

time, however, to the northwest, east of the Faeroes, marine conditions may have 

existed. The lack of any Valanginian (Kl0) sediments in wells to the south of block 

204/19 also suggests that a clastic shoreline probably developed along from the edge 

of the Faeroe Basin bounding fault to the northern portion of this block. Again the 

lack of any data in this region means that all such interpretations are speculative. 

6.3.4 The Hauterivian (K20) sequence 

The K20 Hauterivian sequence has only been encountered in seven wells (Table 6.3) 

in the West Shetland Basin. Four of these wells also contained the (K 10) sequence 

and during Hauterivian (K20) deposition recorded a similar marine environment of 

deposition than in the previous Valanginian (K10) sequence. The Hauterivian (K20) 
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sediments in wells 205/21-1, 205/23-1 and 205/30-1 all onlap the intra-Cretaceous 

unconformity and biostratigraphic data suggests that this sequence was deposited in a 

shallow marine environment. Table 6.3 illustrates the interpreted environments of 

deposition found in the wells which penetrated the Hauterivian (K20) sequence. 

Well name Lithology Interpreted environment of deposition 
204/30-2 limestone mid-outer shelf 
205/21-1 sandstone marginalJcoastal marine 
205/23-I sandstone inner shelf 
205/25-1 sandstone inner shelf 
205/26-2 sandstone inner-mid shelf 
205/26-3 limestone outer shelf/bathyal 
205/30-I limestone shallow manne 

Table 6.3 

The Hauterivian K20 sequence 

The main difference between the Hauterivian (K20) sequence and the Valanginian 

(K10) sequence in the Faeroe/Shetland and West Shetland Basins is the advance of 

marine waters in the southern portion of the West Shetland Basin into the top of Quad 

203. Indeed the schematic palaeogeographical map (Figure 6.6) shows the 

interpreted retreat of all shorelines throughout the area during the Hauterivian (K20) 

sequence. In general the Hauterivian (K20) sequence suggests that there was 

continued onlap of the intra-Cretaceous unconformity surface which was still exposed 

on topographic highs. Wells 205/21-1, 205/23-1 and 205/30-1 support this idea as 

they all contain shallow to marginal marine sediments and were located in structurally 

elevated positions compared to the wells which contained the Valanginian (K10) 

sequence. The area to the south in Quad 202 is presumed to have continued to supply 

clastic sediments to the north into the West Shetland Basin, albeit from a reduced area, 

due to the transgression after the relative sea level low at the start of the Early 

Cretaceous. Overlapping extensional fault segments (i.e. transfer zones), be they 

marked by transfer faults or relay ramps, along the Spine Fault are also interpreted to 

have been sites for sediment input. Clastic wedges, fan deltas and talus slopes are 

thought to have built out from the Spine Fault during this period (Duindarn and Van 

Hoorn, 1987; Hitchen and Ritchie, 1987; Meadows et at., 1987). These depositional 

patterns are also evident from seismic data (Stoker et at., 1993), however, this 

sediment input is interpreted to be related to high sediment supply which outpaced or 

equalled accommodation space (Stoker et al., 1993) rather than active fault movement. 

In summary the interpreted marine transgression which was initiated during the 

Valanginian (K10) sequence continued to advance to the south and onlapped the 

existing topographic highs throughout the Faeroe/Shetland and West Shetland Basins. 
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Towards the south high sediment input resulted in deltaic to shallow marine clastic 

wedges building out from the Spine Fault. 

6.3.5 The Barremian (K30) sequence 

Seventeen wells (Table 6.4) encountered the Barremian (K30) sequence throughout 

the West Shetland, Faeroe/Shetland and North Rona Basins. Of the wells which 

contained the Hauterivian (K20) sequence all but one recorded similar or deeper 

marine conditions during the Barremian (K30) sequence'. Barremian (K30) 

sediments are the first deposits to onlap the intra-Cretaceous unconformity in wells 

situated in the North Rona Basin and the southern portion of the Faeroe/Shetland 

Basin. The environment of deposition of the Barremian K30 sediments in these wells 

is typically one of a shallow marine setting depicting the interpreted gradual southern 

advance of the marine transgression which was taking place 2 

Well name Lithology Interpreted environment of deposition 

202/3-la limestone she inner shelf 

20213-2 limestone inner 

202/8-I mudstone inner shelf 

202/9-I limestone inner shelf 

204/19-I sandstone inner shelf 

204/27-I limestone shallow/inner shelf 

204/30-1 limestone shallow/inner shelf 

204/30-2 limestone outer shelf 

205/20-I  limestone inner shelf 

205/21- 1  sandy limestone inner shelf 

20S/22-1 limestone inner shelf 

205/23-  limestone inner shelf 

20S/25-1 sandstone inner shelf 

205/26-4  claystone Outer shelf/ bathyal 

205/30-1 limestone and sandstone shallow/inner shelf 

206/6-4 limestone inner shelf 

2-I claystone inner to outer shelf 

Table 6.4 

The Barremian K30 sequence 

The most striking feature of the Barremian (K30) sequence, illustrating in the 

schematic palaeogeography map (Figure 6.7) was an interpreted relative rise in sea 

level (BP unpublished data). This is seen in the marine transgression of the North 

Rona Basin and the southern portions of both the Faeroe/Shetland and West Shetland 

Basins. There is also evidence from the shoreface deposits in borehole 88/01 in the 

North Lewis Basin that the clastic shoreline which had been situated along the top of 

I) The Hautenvian K20 to Cenomanian K60 sequences are absent in well 20926-2 due to Turonian erosion which will be discussed in section 65,1 

(2) Well 2(12)8-I in the North Rosa Basin has been described in the literature (Sioker ci al., 993) as having sediments ranging from the Valanglnian to the 

Barremian (KlO-K30). however, more recent biosiraiigraphical analysis has revealed that the sediments are all in the Barremian K30 Sequence 
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Quads 202 and 203, during the Valanginian (K10) and Hauterivian (K20) sequences, 

had retreated to the south. This phase of accelerated transgression also corresponds to 

the inferred initiation of rifting in the North Rockall area. 

The Barremian (K30) sequence is dominated by a limestone facies which suggests that 

coupled with a relative sea level rise there was an associated period of low elastic input 

(Stoker etal., 1987). The shallow marine sandstones penetrated in wells 205/25-1 

and 205/30-1 suggest that localised entry points along the Spine Fault were still 

supplying sediments to the interpreted prograding delta systems already described. 

Elsewhere, elastic input was limited to the southern section of the Faeroe/Shetland 

Basin (e.g. well 204/19-1) which could indicate that there was some movement along 

the Judd and Faeroe/Shetland Basin bounding faults. 

The northern portion of the Spine Fault, bounding the northern West Shetland Basin, 

may also have experienced some fault movement. This is observed in well 206/84 

which encountered Barremian (K30) limestones indicating that a marine seaway may 

have existed during this time to the east of the Clair and Victory ridges. Apart from 

the wells in Quads 204 and 205 not much is known about the Faeroe /Shetland Basin 

although an estimated 2000m of sediment was deposited during the Early Cretaceous 

(Hitchen and Ritchie, 1987; Mudge and Rashid, 1987). It is thought that there may 

have been some elastic input, especially in the form of turbidites, from the Faeroe 

Platform via the Faeroe/Shetland Basin bounding fault, however, mud probably 

dominated the succession in the basin centres. 

Overall, the Barremian (K30) period throughout the West of Shetlands area is 

dominated by elastic starved basins due to a relative rise in sea level and the interpreted 

low fault activity over this period. However, during the latest Barremian faulting 

activity is thought to have increased prior to widespread extension during the Aptian 

and Albian. 

6.3.6 The Aptian (K40) sequence 

Twenty three wells penetrated the Aptian (K40) sequence (Table 6.5) all of which 

showed a deepening in the environment of deposition from the previous Barremian 

(K30) interval. A mid shelf environment of deposition dominated throughout the 

basins, although adjacent to the active faults an outer sheif/bathyal setting existed. 



However, on the margins and to the north, along the northern section of the Spine 

Fault, an inner shelf environment was established. 

The schematic palaeogeographical map for this period (Figure 6.8) illustrates that 

wells 206/10-1, 207/1-2, 207/1-4z, 207/2-1, 208/24-1 along the northern section of 

the Spine Fault penetrated Cretaceous deposits of Aptian (K40) age on the intra-

Cretaceous unconformity surface suggesting that subsidence had increased along this 

fault. In the shallow marine areas close to the Judd Fault (e.g. 204/23-1), on the 

margins of the Clair Ridge (e.g. 206/84) and along the northern section of the Spine 

Fault (e.g. 207/1-2, 207/2-1) limestone deposition continued to dominate. However, 

in the deeper parts of the basin adjacent to the Spine Fault turbidite or debris flow 

deposition is recorded (e.g. 205/23-1, 206/10-1, 207/1-4z). Clastic input, in the form 

of shallow marine fan deltas or shelf apron fans is observed along the hanging wall of 

the Spine Fault (e.g. 205/30-1, 205/25-1, 207/2-1, 208/24-1) and from the exposed 

highs, the Victory Ridge (e.g. 207/1-2), the Rona Ridge (e.g. 205/20-1) and footwall 

of the Judd Fault (e.g. 204/23-1, 204/19-1). 

Well name Lithology Interpreted environment of deposition 

202/3-la limestone mid-outer shelf 
20218-I mudstone mid shelf 
202/9-I mudstone mid shelf 
204/19-I sandstones mid shelf 
204/23-I limestone/conglomerate inner shelf 
204/30-I shale inner shelf 
205/16-I mudstone outer shelf! bathyal 
205/20-I sandstone inner shelf 
205/22-1 silty mudstones outer shelf! bathyal 

205/23-1 sandstone outer shelf! bathyal 
205/25-I sandstone inner shelf 
205/26-I claystones mid shelf 
205/26-3 claystones outer shelf! bathyal 

205/30-I sandstones inner shelf 
206/3-I sandlclavstone Outer shelf! bathyal 

206/8-4 limestone inner shelf 
206/10-I sandstone mid-outer shelf 
207/1-2 sandstone inner shelf 
207/ 1-4z sandstone outer shelf 
207/2-I sandstone inner shelf 
208/24-I sandstone inner shelf 
209/12-I claystone inner to outer shelf 
210/13-I sandstone outer shelf 

Table 6.5 

The Aptian K40 sequence 

The Aptian records the initiation of active rifting in the West Shetland and 

Faeroe/Shetland Basins after the tectonically quiescent Barremian (K30) period and a 

transgression which restoring fully marine conditions and open circulation along the 
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The Aptian (K40) sequence palaeogeography of the west of Shetland Area. (see 
legend in volume two for key to diagrams) 
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margin (BP unpublished data) which last existed in the Late Jurassic. The Rona Basin 

is the only area interpreted not to be affected by faulting during this time as wells 

202/3-1, 202/8-1 and 202/9-1 all record a mid shelf limestone facies, suggesting that 

clastic input into this area was minor. 

The fault activity on the Spine Fault during this period has been recorded by other 

workers (Booth et al., 1993). It seems likely that as rifling spread from the North 

Rockall area (see section 6.4.4) the basin bounding faults of the West Shetland Basin 

became active. With accelerating fault movement large volumes of clastics from 

localised entry points along the Spine fault were deposited in the West Shetland Basin. 

Wells 205/30-1 and 205/25-1 record the progradation of these clastics associated with 

fan delta deposition (Stoker et al., 1993). 

The initiation of a major tectonic phase is observed along the northern section of the 

Spine Fault (Figure 6.8) where the marine connection, established in the Barremian, 

between the northern and southern portions of the fault continued to widen. Again it 

is suggested that localised sediment entry points along the Spine Fault were 

responsible for the shallow marine clastic deposition observed in wells 207/2-1 and 

208/24-1. 

Elsewhere in the deeper parts of the basins mudstone deposition dominated the 

stratigraphy. The Aptian (K40) sequence, therefore, records a dramatic change from 

the Barremian (K30) sequence with the initiation of widespread fault activity and 

clastic deposition. 

6.3.7 The Albian (K50) sequence 

Thirty three wells investigated in this study penetrated the Albian (K50) sequence. 

These wells and their interpreted environment of deposition are listed in table 6.6 

and illustrated as a schematic palaeogeographical map (Figure 6.9). The difference 

between Albian (K50) and Aptian (K40) is simply one of water depth and increased 

clastic input. The wells throughout the basins all record a deepening to a dominantly 

mid shelf to bathyal environment of deposition. This is associated with the continued 

active faulting which by this time had spread to the northern sectors of the West 

Shetland and Faeroe/Shetland basins. The basinal areas of the West Shetland, Rona 

and Faeroe/Shetland basins were dominated by outer shelf to bathyal mudstone 
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The Albian (K50) sequence palaeogeography of the west of Shetland Area. (see 
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deposition. However, turbidite and debris flow deposits are recorded in wells 204/19-

1, 204/23-1, 204/30-1, 205/21-2, 205/23-1, 205/30-1, 206/3-1, 206/8-4, 206/8-6, 

206/11-1, 208/26-1, 208/23-1 (Table 6.6) indicating that clastic input into the basins 

was high. Other sites of clastic input were either associated with the dominant ridge 

systems (e.g. the Victory Ridge, 207/1-1, 207/1-3) or the active faults (e.g. 205/25-1, 

207/2-1, 208/24-1, adjacent to the Spine Fault) where shallow marine fan deltas type 

deposition took place (Duindam and van Hoorn, 1987; Hitchen and Ritchie, 1987; 

Meadows et al., 1987). The Rona Basin continued to be sediment starved with the 

deposition of limestone or mudstone which represent periods of slow deposition 

(Meadows et al., 1987). 

Well name Lithology Interpreted environment of deposition 

202/3-la limestone mid-outer shelf 

20218-I mudstone outer shelf 

204/19-I sandstone outer shelf 

204/23-1 conglomerate inner-mid shelf 

204/30-I sandstone inner-mid shelf 

204/30-2 claystone outer shelf 

205/10-213 mudstone mid-outer shelf 

205/16-I mudstone outer shelf - bathyal 

205/21-2 breccia outer shelf 

205/22-I silty mudstone outer shelf - bathyal 

205/23-I sandstone outer shelf - bathyal 

205/25-I siltstone marginal marine 

205/26-I claystone Outer shelf 

205/26-3 claystone outer shelf - bathyal 

205/30-I sandstone mid shelf 

2(6/3-1 sandy claystone outer shelf 

20b/5- I claystone outer shelf 

206/8-4 sandstone mid shelf 

20618-6 sandstone mid-outer shelf 

206/10-I sandstone mid -outer shelf 

206/I I - I sandstone mid shelf 

206/12-2 mudstone mid shelf 

207/1 - 1 sandstone inner shelf 

20711-2 sandstone inner shelf 

207/ 1 -3 sandstone inner shelf 

2071 a-4z sandstone outer shelf- bathyal 

207/2-I claystone inner shelf 

208/23- I sandstone outer shelf 

208/24-I limestone/sandstone inner shelf 

208/26-I claystone/sandstone mid shelf 

209/12-I claystone inner to outer shelf 

210/13-I mudstone outer shelf/hathyal 

214129-1 claystone inner shelf 

Table 6.5 

The Albian K50 sequence 

Throughout the North Rona, West Shetland and Faeroe/Shetland basins a monotonous 

sequence of mudstone with occasional limestone and sandstone beds dominated the 

succession (Stoker et al., 1993) and blanketed the half graben structures (Kirton and 

Hitchen, 1987). This style of deposition continued until the end of the "Mid 

Cretaceous" transgression which ended in the deposition of the Plenus Marl formation 

(BP unpublished data). Clastic input is limited to turbidite type deposition probably 
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sourced from the Rona Ridge (e.g. 205/21-2) and the Clair Ridge (e.g. 206/11-1, 

206/3-1) and shallow marine shelf apron fan deposits associated with the Spine Fault 

(e.g. 205/25-1) and the Victory Ridge (e.g. 207/1-2, 207/1-3). Proximal facies 

consisting of mudstones, limestones and sandstones also existed around the prominent 

highs (Hitchen and Ritchie, 1987). 

The amount of clastic input into what was now a deep basin suggests that fault activity 

was still dominant and associated with a period of submarine erosion or subaerial 

erosion of the prominent ridge systems (Stoker et al., 1993). However, in the 

southern portion of the West Shetland Basin, the Rona Basin and over most of the 

Faeroe/Shetland basin a predominantly mudstone-dominated succession may represent 

slow marine sedimentation (Meadows et al., 1987) and the start of passive 

subsidence. These mudstones were deposited in a restricted or silled outer 

shelf/bathyal setting where poorly-oxygenated bottom waters existed (BP unpublished 

data). 

Continued transgression during this period resulted in the onlap of the dominant ridges 

(e.g. the Rona, Clair and Victory Ridges) and may have caused some reworking of 

clastic sediments. However, Meadows et at. (1987) and Stoker et al. (1993) 

suggested that the Roña Ridge was not submerged until the Coniacian or Campanian 

respectively. This study suggests that the Rona Ridge was submerged during the 

Albian and was then exposed to erosion by the Turonian unconformity (see section 

6.5) and was not covered completely again until the Campanian. Figure 6.9 

indicates that fault activity was concentrated along the northern section of the Spine 

Fault although the Judd Fault was probably also active during this time. However, it 

is apparent from figure 6.9 that the fault activity was concentrated on the Victory 

area which experienced a high volume of clastic input. 

In summary, the Albian (K50) period continued the active fault activity that was 

initiated in this area during the Aptian, especially in the northern sections of the basins. 

Clastic input into the basin was mainly in the form of mass flow type deposition, 

however, shallow water clastics developed in the north of the basins. The 

transgression was further exaggerated by active subsidence and encroached upon the 

prominent ridges, possibly submerging the Rona Ridge by the Late Albian. This 

resulted in all areas recorded a significant deepening in water depth during this time 

especially in the Faeroe/Shetland Basin, a trend which would continue into the 

Cenomanian. 
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6.3.8 The Cenomanian (K60) sequence 

Only twenty seven wells encountered the Cenomanian (K60) sequence due to 

basinwide erosion associated with the Turonian unconformity described in section 

6.5. The most striking change over this area from Albian times was the reduction in 

the amount of clastic input and the relative rise in sea level to an outer shelf setting 

(depicted on the schematic palaeogeographical map- figure 6.10 and table 6.7). 

The start of the Late Cretaceous was a time of widespread passive subsidence in all 

basins including the More Basin to the north (Haszeldine et al., 1987; Stoker et al., 

1993; Turner and Scrutton, 1993). The active faulting is believed to have continued 

north into the Mid Norway area where it linked into the Arctic rift system resulting in 

the large volumes of clastics recorded in that area (BP unpublished data). However, 

active faulting was still occurring along the northern section of the Spine Fault where 

localised entry points provided a pathway for sediment dispersal. The Foula transfer 

(Figure 6.2) may also have provided a pathway for sediment at the southern end of 

the Clair Ridge. Eventually over 5000m of Late Cretaceous sediment, estimated from 

seismic sections, would be deposited in the Faeroe/Shetland Basin alone (Stoker et al., 

1993) due to movement along the Faeroe Platform Margin Fault. 

Well name Lithology Interpreted environment of deposition 

202/3-la mudstone mid-outer shelf 

202)8- I limestone outer shelf 

204/19-1 mudstone outer shelf 

2o4/21-1 mudstone bathyal 

204/30-1  mudstone outer shelf 

205/10-2b mudstone mid-outer shelf 

2o5/16-1 limestone outer shelf 

205/21-2 breccia outer shelf 

205/22- 1  silty mudstone outer shelf - bathyal 

205/23-1 limestone outer shelf - bathyal 

205/25-1 sandstone inner shelf 

205/26-3 limestone outer shelf - bathyal 

205/30-I limestone outer shelf 

206/3-I sand/claystone outer shelf 

206/8-6 claystone mid-outer shelf 

206/9-I sandstone Outer shelf 

206/I1-I sandstone outer shelf 

206/12-2 mudstone Outer shelf 

207/I-I sandstone inner shelf 

207/1-3 sandstone inner shelf 

207/Ia-4z limestone outer shelf - bathyal 

207/2-I limestone inner shelf 

208/23-I limestone outer shelf 

208/26-1 claystone outer shelf 

209/12-I claystone outer shelf 

210/13-I mudstone outer shelf - bathyal 

Table 6.7 

The Cenomanian K60 sequence 
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Figure 6.10 

The Cenomanian (K60) sequence palaeogeography of the west of Shetland Area. (see 
legend in volume two for key to diagrams) 
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In summary, there was widespread passive subsidence throughout the Cenomanian 

(K60) sequence with limited active faulting in the north. Associated with this was the 

overall transgression which submerged most prominent ridge systems and the 

continued increase in water depth in the basin centres. 

6.3.9 Summary 

The Late Jurassic to Early Cretaceous sequence in the West of Shetlands area records a 

relative fall in sea level, observed in the change from fully marine "Kimmeridge Clay 

equivalent" mudstones to Early Cretaceous marginal marine sediments, and the 

development an intra-Cretaceous unconformity, the correlative conformity of which is 

found in the most basinal settings and can be dated as Late Ryazanian in age. 

Following the climax of this event a relative sea level rise is recorded in the inferred 

transgression from the north onto the intra-Cretaceous unconformity surface during 

the Late Ryazanian to the Barremian. This period is interpreted to have occurred prior 

to the start of rifling in the Late Barremian but may have experienced minor fault 

activity. The Late Ryazanian to Barremian section is relatively thin over much of this 

area (Enclosure 3) as these sediments were deposited during a mainly tectonic 

quiescent period. Their thickness were controlled by their location relative to the 

major depocentres at that time and the extent of the inferred marine transgression. 

Unfortunately, it is hard to show the advance of the transgression to the southwest of 

the area graphically without using wells located on the dip slope of tilted fault blocks 

which may not record the oldest sediments to have been deposited onto the 

unconformity surface (Figures 6.11 and 6.12). Therefore, a seismic section 

(Enclosure 4 -located on figure 6.2) is used to show the interpreted onlap of the 

Early Cretaceous sediments towards the southwest end of the West Shetland Basin. 

This onlap can also be interpreted from the thickness of the Late Ryazanian to 

Barremian section over the area (Figure 6.13). However, during the following 

Aptian and Albian periods rifling propagated into the area from the Rockall Trough 

introducing large volumes of clastics into the basin and initiating widespread tectonic 

subsidence. Active faulting continued to propagate northwards during the 

Cenomanian into the Mid Norway area whilst the West of the Shetlands area 

underwent a period of passive subsidence. 
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Figure 6.13 

Thickness map for the Valanginian to the Barremian taken from well logs and B.P. 
/British Gas unpublished seismic isochron maps. This sequences lies immediately above 
the intra-Cretaceous unconformity or its correlative conformity. The diagram shows the 
thinning of this unit to the southwest, in the direction of the Rockall Trough. This time 
period is prior to the main rifling phase in the Aptian-Cenomanaian, although minor 
faulting may have affected sediment thickness. The thickest units are located where the 
greatest stratigraphic section exists and therefore, in Quad. 202, which only records the 
latest Hauterivian ? /Barremian interval above the unconformity surface, a thin 
succession is encountered. 
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6.3.10 Comparison of the West of Shetlands area with the Porcupine 

Basin. 

To put the Early Cretaceous deposits of the West of Shetlands area in a N.Atlantic 

perspective a comparison is made between the West of Shetlands area and the 

Porcupine Basin further to the south. 

There are many similarities in the timing and patterns of sedimentation of each area. 

However, there also appears to be some major tectonic differences between both 

basins during the Late Jurassic to Early Cretaceous period. It appears from seismic 

evidence (Enclosures 3 and 4) that fault activity was minor during the Late Jurassic in 

the West of Shetlands area. However, the Porcupine Basin records a major phase of 

rifting during the Late Jurassic which ended in the Tithonian. Unlike the marine 

Kimmeridge Clay in the West of Shetlands area, Late Jurassic deposition in the 

Porcupine Basin was mainly dominated by shallow marine fan deltas on the western 

margins and turbidite deposition in the basin centres (Shannon, 1993b). 

The overlying Late Ryazanian sequence in the Porcupine Basin has been termed the 

'transition sequence'by Moore and Shannon (1995), as it separates the Jurassic syn-

rift from the Early Cretaceous post-rift. This sequence is not widely preserved in the 

Porcupine Basin and exists as alluvial to shallow marine sediment in fault bounded 

basins. Similarly over most of the West of Shetlands area this section is thin, due to 

the interpreted relative sea level fall, but where preserved is composed of marginal 

marine to marine sediments. 

Both areas experienced a Base Cretaceous unconformity. As described in previous 

sections the correlative conformity to this event in the West of Shetlands area appears 

to be of Mid-Late Ryazanian in age. In the Porcupine Basin the unconformity is 

slightly younger and is dated as the base of the Valanginian. The overlying Early 

Cretaceous sequence in the Porcupine Basin can be divided by seismic character into a 

Valanginian-Mid Aptian section and a Mid Aptian - Mid Cenomanian section. 

Although such a division is not as obvious the West of Shetlands area the Valanginian-

Aptian sequence can be broken into four sequences bounded by maximum flooding 

surfaces as described in the previous section. Therefore the main difference between 

the two areas was that the Porcupine Basin underwent thermal subsidence during this 
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period (Moore and Shannon, 1995), whereas rifting started in the West of Shetlands 

area during the Late Barremian. 

The Valanginian-Mid Aptian sequence in the Porcupine Basin is dominated by coastal 

inner shelf conditions on the margins (e.g. in well 35/8-2) where, in places, deltas and 

fan deltas formed (e.g. in wells 35/2-1; 26/27-1b; 26/28-1) (Croker and Shannon, 

1987). Deep marine shale dominated deposition in the basin centre, occasionally 

interrupted by submarine clastics fed from the marginal delta systems. These delta 

systems built out mainly from the western side of the Porcupine Basin possibly in 

response to rifting in the Rockall Trough further to the west (Moore and Shannon, 

1995). A relative rise in sea level in the Porcupine Basin is also mirrored in the West 

of Shetlands area with the coastal to marine shoreline which extended around the 

margins of the basins being pushed further landward and the development of a 

regional limestone facies in the Barremian. After this time the initiation of widespread 

faulting introduced a vast amount of sediment into the West of Shetlands area either in 

the form of shelf fan deltas or submarine fans up until the Late Cenomanian. 

Unlike the West of Shetlands area which had undergone rifling from the Late 

Barremian! Aptian without any noticeable break in stratigraphy, the Porcupine Basin 

experienced a widespxead unconformity at the base of the Mid Aptian which 

represented the initiation of a minor phase of rifling which lasted until the Mid 

Cenomanian. Erosion associated with this unconformity was most severe along the 

southwest margin of Porcupine Bank (Moore and Shannon, 1995) possibly due to sea 

floor spreading in the adjacent area during the Albian. 

On the north and eastern margins of the Porcupine Basin clastic rich delta systems 

developed. Elsewhere, on the margins sedimentation was dominated by low energy 

marine shelf mudstones, condensed especially on the western side onto upstanding 

highs and steep shelves. Downslope from the delta systems turbidites were deposited 

in what was otherwise a mud prone basin. Towards the end of the sequence a 

gradually deepening occurred across the area before the deposition of the Chalk facies 

during the Late Cretaceous. 

It appears that sedimentation patterns were broadly similar in both the West of 

Shetlands area and the Porcupine Basin during the Early Cretaceous. However, the 

timing of the rifting phases which control the sedimentation style and patterns differs 

between the basins. The apparent absence of a Late Jurassic rifting phase in the West 
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of Shetlands area resulted in the style of sedimentation which was completely different 

to that of the Porcupine Basin in the Late Jurassic-Early Cretaceous. Disparities in 

sedimentation style are also apparent during the Cretaceous rifting phases in the West 

of Shetlands area and the Porcupine Basin. This is especially clear in the younger 

rifting event in the Porcupine Basin from the Mid Aptian -Cenomanian which may 

have been affected by high extension rates in the adjacent Rockall Trough. 

6.4. Implications of the flooding of the intra-Cretaceous unconformity 

along the western UKCS margin for the uplift and rifting history of the 

Rockall Trough. 

6.4.1 Introduction 

Section 6.3 described in detail the occurrence of an intra-Cretaceous unconformity and 

its correlative conformity in the West of Shetlands area. The climax of this 

unconformity can be dated quite accurately as being Late Ryazanian in age and the 

stratigraphic gap associated with the unconformity is observed to widen towards the 

south. Unfortunately, further to the south in the Rockall Trough the accurate tracing 

of this feature is hampered by the very poor well database, however, from the few 

wells and shallow boreholes that exist it is possible to describe a relative fall sea level 

during the Early Cretaceous and the rifting history of the Rockall Trough using the 

same genetic sequences described in section 6.3. 

There does not appear to be a localised mechanism for the initiation of a relative fall in 

sea level and the generation of an unconformity in the West of Shetlands area as no 

major fault activity is recorded around the time of unconformity climax. Therefore, it 

is unlikely that rift flank uplift formed this unconformity as it was initiated before the 

peak rifting phase in the Apto-Albian; although this is not to say that this mechanism 

may have exaggerated the stratigraphic gap already created by the earlier event or was 

more important to the south of the West of Shetland area. Another possible 

mechanism for unconformity generation and the relative fall in sea level would be a 

regional uplift event prior to the Cretaceous opening of the Rockall Trough. Such a 

theory would be complemented by the AFTA and vitrinite data discussed earlier which 

indicated an uplift event at this time. This section outlines the main points which lend 

support the idea presented here that the northern Rockall Trough area was uplifted in 

the Mid Ryazanian, observed in a relative sea level fall, and subsided during the latter 
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part of the Early Cretaceous and the Late Cretaceous. In this scenario subsidence 

would have been linked to the opening of the Rockall Trough, with the rifting 

associated with this propagating from the South Rockall area into North Rockall 

during the Early Cretaceous and then into the West of Shetlands area in the Aptian. 

The following Late Cretaceous period would then have recorded the rift failure in the 

Rockall Trough after an attempt at sea floor spreading associated with the observed 

volcanic activity. 

6.4.2 The intra-Cretaceous unconformity in the Rockall Trough 

The Rockall Trough is a Mesozoic rift basin which lies to the west of Ireland and 

Scotland. Evidence from extensive seismic data, exploration wells, BGS boreholes 

and onshore exposures suggests that a relative drop in sea level preceded the 

Cretaceous rifting in the Rockall Trough. This relative drop in sea level, possibly 

related to an uplift event, is recorded in the Late Mesozoic stratigraphy of the West 

Shetland, Slyne Trough, Irish Sea, Minch, Porcupine and the North Celtic Sea basins 

and from AFTA and vitnnite data from the west of Scotland area (Geotrack, 

unpublished data). The main phase of rifting, which has left the basin in its present 

form, probably began'in the Hauterivian in the South Rockall Trough and in the 

Barremian to Aptian in the North Rockall Trough. This age has been determined from 

the syn-rift, Mid to Late Barremian marginal marine to marine deposits of IRE 12/13-1 

and 132/15-1 (UKCS), and the Albian deposits of 164/25-1 which remain the only 

exploration wells to have positively encountered Early Cretaceous deposits in the 

North Rockall area. The rifting is thought to have propagated from the southwest into 

the North Rockall area throughout the late Early Cretaceous before cessation in Albian 

-Cenomanian times. The basin then underwent extensive intrusive and extrusive 

volcanic activity without any obvious fault activity in the Late Cretaceous to Paleocene 

period during which time the North Atlantic rift zone by-passed it to the west (Smythe, 

1989; Ziegler, 1983, 1988, 1990). Although the late history of the Rockall Trough 

appears to be consistent with a rift to drift evolution, the interesting aspect of this basin 

is its nature just prior to rifting. 

Analysis of the wells in the West Shetland Basin (see section 6.3), based on 

regionally- extensive maximum flooding surfaces, shows that a base Late Ryazanian 

unconformity formed a stratigraphic gap which increases towards, the North Rockall 

area (Figure 6.14). Table 6.8 illustrates the wells and boreholes which have 
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penetrated the unconformity throughout the western margin of the UKCS (excluding 

wells in the West of Shetland area). Some of these wells may record a composite 

unconformity (i.e. the combined erosion of the Tertiary and Cretaceous 

unconformities; see Roberts, 1989 for a description of the Tertiary unconformity) and, 

therefore, the stratigraphic gap associated with Early Cretaceous event may be 

exaggerated. 

Well or borehole name Formation age below u/c Formation age above u/c 
1/4-1 Correlative Conformity 
1/4-2 Correlative Conformity 
132/15-1 Lewisian Barremian/Aptian (K30-K40) 
154/3-I Lewisian-Triassic? Early Cretaceous?- Campanian 
164/25-1z Permo-Trias Albian (K50) 
IRE 12/13-I y Jurassic Late Ryazanian (K1O) 
IRE 19/5-1 Quaternary 
B77/9 

FDalraadian 

Oligocene 
B78fl Tertiary 
B81/15 Tertiary 
B84/9 o-Trias Tertiary 
B88/1 Bathonian Barremian (K30) 
B90/2 Bathonian Ternary 
B90/5 M. Ryazanian (J70) Barremian (K30) 
B90/8 E. Ryazanian 070) Quaternary 
B90/9 M. Ryazanian 070) Quaternary 

Table 6.8 

Wells which penetrated the intra-Cretaceous unconformity 

It is clear from well results that a significant intra-Cretaceous unconformity exists over 

the area even in hangingwall depocentres, such as well 164/25-1, (Figure 6.15) 

although a very good estimate of the age of this feature (base Late Ryazanian) can only 

he attempted from the well results in the West Shetland Basin. Only two wells from 

the UKCS western margin, IRE12/13-1 in the Donegal Basin and B90/5 in the Lewis 

Basin, can define the age of this event as being no younger than Late Ryazanian and 

no older than Mid Ryazanian based on accurate biostratigraphic data. 

Well IRE 12/13-1 penetrated non-marine to marginal marine Late Ryazanian deposits 

(dated by dinocysts - Amoco biostratigraphy report, unpublished) resting 

unconformably on either Rhaetic (BP unpublished data) or Liassic deposits (Tate and 

Dobson, 1989). Although no wells are located in the centre of the Rockall Trough, 

which may have been uplifted during this time, 12/13-1 represents the closest well 

situated in an active Early Cretaceous Basin. (Other wells e.g. 132/15-1, 154/3-1 

have a larger stratigraphic gap than 12/13-1, as they are either situated closer to 

structural highs or have experienced further erosion during Aptian to Albian rifting and 

therefore record exaggerated erosion during the Early Cretaceous). The atypical 

Ryazanian section preserved in IRE12/13-1 also suggests that the north Rockall area 
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Figure 6.15 

Well correlation diagram from the West 
Lewis Basin in the north to the Erris 
Trough in the south. Note that the 
boundaries of the K1O and K20 
sequences interpreted in well 12/13-1 are 
tentative due to the sediments having a 
non-marine to marginal marine nature. 
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experienced a relative sea level drop during the Ryazanian period. Following the 

Ryazanian-Hauterivian deposits which relate to the relative fall in sea level, the 

Barremian to Albian succession of the IRE 12/13-1 well represents a syn-rift section 

which formed as rifting propagated from the southern Rockall Trough into the 

northern Rockall Trough. 

Onshore in N.Ireland and the western islands of Scotland the intra-Cretaceous 

unconformity is again observed in the Late Cretaceous deposits which sit 

unconformably on Liassic to older deposits (Wilson, 1972). It is assumed that this 

intra-Cretaceous unconformity is equivalent to that observed offshore. However, the 

stratigraphic gap associated with the unconformity represented onshore is exaggerated 

due to the lack of any known active Cretaceous basin which would have preserved a 

complete stratigraphic section during the regional relative sea level drop which 

occurred at this time (Vail and Todd, 1981). It is also possible that some form of rift 

flank uplift during the Barremian-Albian may have kept these areas above sea level. 

The intra-Cretaceous unconformity is also very evident on seismic data beneath which 

a highly reflective package is truncated (Figure 6.16 and 6.17). This truncated 

package, relating to Lower Jurassic and older deposits, is interpreted to be mainly 

absent in the RockailTrough (Figure 6.16). Therefore, it is assumed that the 

Rockall Trough contains on the whole Cretaceous to recent sediments although in 

places a Triassic pre-rift stratigraphy could be interpreted from seismic data. Another 

observation which supports this theory are the interpreted sills in the Upper 

Cretaceous section of the Rockall Trough (Mitchener, pers.comm.), seen as high 

amplitude "wispy" reflectors (Figure 6.16). If these reflectors do correspond to a 

Late Cretaceous section it seems highly unlikely that the entire Early Cretaceous, 

Jurassic and Triassic sections sit in between this level and the acoustic basement. 

Such an assumption proposes that if the Rockall Trough did exist before the 

Cretaceous it was a minor Triassic? feature possibly similar in size to the present day 

Donegal Basin. This would fit well with the interpretation that the intra-Cretaceous 

unconformity represents a pre-rift uplift of the northern Rockall area. However, it is 

also possible that the large stratigraphic gap observed in well IRE 12/13-1 (Early 

Cretaceous on Triassic) increased towards the centre of the uplift and hence into the 

Rockall Trough. Therefore, the suggestion that Cretaceous rocks lie mainly on 

basement in the Rockall Trough simply reflects the fact that Mesozoic sediments may 

have existed in the Rockall Trough, as suggested by many authors (e.g. Ziegler, 

1982, 1988, 1990; Knott et al., 1993; Smythe, 1989; Shannon et al., 1994), and have 
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been subsequently eroded during the Early Cretaceous. The major problem with this 

line of reasoning is that the vast quantities of pre-Cretaceous Mesozoic sediments, 

removed during the interpreted uplift event, would have had to have been deposited on 

the margins of the uplift, and this is not observed in the basins surrounding the 

Rockall Trough. 

The only direct stratigraphic evidence which represents deposition during a relative fall 

in sea level is the Ryazanian-Hauterivian section that is preserved in well IRE 12/13-1. 

These sediments should prograde away from the area affected by the relative fall in sea 

level in a south-westward direction. Unfortunately, it is not evident from isopach 

studies if these sediments thicken to the southwest into the Erris Trough. However, it 

may be possible to see some downlapping reflectors, representing progradation of 

sediment, between shotpoints 200-400 and 800-1000 on line WM90-391 (Figure 

6.16), which runs west-southwest, east-northeast roughly along the axis of the 

Donegal Basin/Erris Trough. 

From the erosion observed in the well, outcrop, seismic data and the stratigraphic 

record of IRE 12/13-1 it can be interpreted that a relative sea level fall, which affected 

the North Rockall area, climaxed at the base of the Late Ryazanian. To support this 

data three additional, independent observations suggest that the majority of the Rockall 

Trough formed in the Early Cretaceous and a further observation indicates that the 

North Rockall area was subaerially exposed and eroded during this time. 

Firstly, as suggested by Smythe (1989), if the Rockall Trough is an Early Mesozoic or 

older rift without an intra-Cretaceous erosional event, then the sedimentary fill of the 

basin is extremely thin, compared to other basins throughout the N.Atlantic. 

Secondly, Middle Jurassic source rock studies in the Porcupine Trough (BP 

unpublished data) indicate that an area to the west of the Porcupine Trough (i.e. the 

location of the present day Rockall Trough) was supplying sediment to the Porcupine 

Trough indicating that it may have been partly exposed. Thirdly, the plate 

reconstruction program used in chapter seven requires very little, if any, pre-

Cretaceous rifling in the Rockall Trough. All Early to Middle Mesozoic extension in 

this area is adequately accommodated by the Porcupine, Slyne, Erris, Donegal, 

W.Flannan and W.Lewis 'back-basins' (BP unpublished data). 

Evidence for a drop in relative sea level occurring in the Early Cretaceous has also 

come from biostratigraphical analysis. Reworked Jurassic and Cretaceous fauna 
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recovered from Tertiary sediments in the W.Lewis Basin did not record any marine 

fauna of Late Ryazanian to Barremian age (BP unpublished data). However, marine 

fauna from the Valanginian and the Late Barremian have been documented further to 

the south in the Donegal Basin, therefore suggesting that a period of non-marine 

deposition took place before these times in the Early Cretaceous. 

In summary, evidence from well seismic, biostratigraphy, outcrop, source rock and 

plate reconstructions studies indicate that the main rifting event that was to leave the 

Rockall Tough in its present form initiated in the Early Cretaceous after an interpreted 

relative sea level drop which resulted in a regional unconformity. The relative sea 

level drop may have been formed by an uplift event which was also exaggerated by 

younger rift flank uplift during Early Cretaceous rifting. This interpretation differs 

from that of Tate and Dobson (1989) who proposed a Liassic doming, erosion and 

depositional event. They link this event to the unconformity identified in the North 

Sea which is Aalenian (Middle Jurassic) in age (Underhill and Partington, 1993 and 

1994) and has discrete dimensions. The erosion associated with this event is known 

to have been concentrated in the centre of the North Sea with a correlative conformity 

existing to the west (Underhill and Partington, 1993 and 1994) and not the large 

amounts of erosion as postulated by Tate and Dobson (1989). Ziegler (1987b) also 

suggested that the unconformity identified off northwest Ireland was formed in 

response to a two-fold transpressional inversion event during the Early Cretaceous and 

the Tertiary for the Irish Sea!N.Jreland areas. However, Tate and Dobson (1989) 

argue that the erosion associated with such transpression would be selectively 

distributed and this is not observed It is also interesting that the interpreted N.Rockall 

Ryazanian uplift occurs during the same time as a possible change in the regional 

stress field, with the failure of both the North Sea (Knott et al., 1993) and the 

Porcupine Trough (Moore, 1993) rifting events and just prior to rifting in the Labrador 

Sea (Chalmers et al., 1993). 

6.4.3 Onshore exposures of the intra-Cretaceous unconformity 

The intra-Cretaceous unconformity discussed in the last section is best observed along 

the coastal exposures of Antrim, N.Ireland and to the south around the Belfast area. 

Here, Upper Cretaceous, Cenomanian to Santonian Greensand lies unconformably on 

Liassic, Triassic or older sediments. This relationship is also seen, although poorly 

exposed, on the Inner Hebridean islands of Mull, Morvern, Skye, Eigg, Rassay, and 
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Arran (Fyfe et al., 1993). The occurrence of an unconformity with such a large 

stratigraphic gap, and the only Upper Cretaceous outcrops in Ireland and Western 

Scotland (except the Ballydeenlea outlier of Kilarney [Walsh, 1966; Naylor, 1992]), 

has been largely unexplained by previous research. However, as with many 

unconformities of this age (Early-Late Cretaceous) in the Mesozoic basins of the North 

Atlantic the mechanism of unconformity generation has been attributed to the initiation 

of the N.E. Atlantic (Tate and Dobson, 1989; Naylor, 1992) extensional phases 

(Roberts, 1989) or as part of the Mid Cimmerian phase of uplift and erosion (Tate and 

Dobson, 1989). This study proposes, as discussed in the previous section, that this 

erosional event can be partly explained by the interpreted pm-rift uplift and rift flank 

uplift associated with the Barremian-Albian rifting of the Rockall Trough. The idea of 

such an uplift is enhanced by the basin modelling of Fitzsimons etal. (1995) who 

predict an Early Cretaceous uplift in the Rathlin Trough (Figure 6.1) and AFFA data 

from the North Channel, Northern Ireland and West Scotland which shows an uplift 

event in the Early Cretaceous (Geotrack, unpublished data). 

In order to age constrain and explain the cause of this unconformity subsurface data 

along the western margin of the UKCS must be incorporated with the information 

gained from the onshore exposures. With such a large stratigraphic gap existing in the 

coastal sections the pfecise date of the unconformity can be estimated from the 

stratigraphy of well IRE12/13-1 and the wells of the West Shetland Basin (see section 

6.3). These areas record the age of the maximum aerial extent of erosion and the 

correlative conformity to be base Late Ryazanian (see section 6.3) which is some time 

before the deposition of the onshore Late Cretaceous sediments. However, further 

localized uplift after this time during the rifting phase of the Rockall Trough may have 

kept the present onshore areas above sea level. To fully explain the age and formation 

of this unconformity these onshore exposures must first be described. 

The Cretaceous sediments of N.lreland were deposited in the Ulster Basin comprising 

contains onshore, the Rathlin Trough and the Lough Neagh/Larne Basin and offshore 

the Northern Channel Basin (Naylor, 1992). Offshore the seismic evidence suggests 

that the Cretaceous section thins to the north (Hall et al., 1984) and is absent east of 

the Tow Valley Fault (Fyfe et al., 1993). Cretaceous deposition in the Ulster Basin 

took place from the southeast (Naylor, 1992) in a swath from the Irish Sea through the 

North Channel to Mull (Wilson, 1972) during the Early Cenomanian to the Late 

Maastrichtian. This sequence thins to the northwest around Castlerock which is 

presumed to be near the basin margin (Fyfe et al., 1993) and onto the Highland 



Border Ridge where Cretaceous sediments lie on Dairadian deposits (McCaffrey and 

McCann, 1992). East of this point the only Cretaceous deposits to have been 

discovered are those found in the Central Vent in Arran (Gunn, 1903). 

The Upper Cretaceous of N.Ireland is described by Wilson (1972) who subdivided 

the section into two formations; the Cenomanian to Senonian lower Hibernian 

Greensands and the Ulster White Limestones of Late Senonian age. However, 

although exposure is good, with the best section preserved in Island-Magee, there are 

numerous breaks in the section either caused by erosion or non-deposition which 

present problems for correlation. 

The Hibernian Greensand Formation consists of five sequences separated by 

unconformities or hiatii which rest on Liassic or older rocks. The lower sequence, the 

Glauconite Sands, is formed of sandstone, mans and glauconitic sands with a pebbly 

base containing phosphatised fossils (Wilson, 1972). These beds are followed by the 

Yellow Sandstone and the Grey Mans sequence which is disconformably overlain by 

the Glauconitic Sandstones known at Collin Glen and Island Magee. &ratigraphically 

up section the Quartzose Sands west of Belfast, Yellow Sandstones at Woodburn to 

the Glauconitic Sands of Glenarm all unconformably overlie the Glauconitic 

Sandstone unit. It is interesting to note that volcanic ash has been found in the 

Glauconitic Sands suggesting volcanic activity occurred in the vicinity before or 

during the time of deposition in the Turonian. 

The Senonian Greensands, the upper sequence of the Hibernian Greensand 

Formation, are separated from the underlying sequences by a substantial unconformity 

which has eroded most of the ConiacianfFuronian sediments (if they were ever 

deposited). This sequence which is best preserved in the Island Magee area and from 

Whitehead to Garron Point, E.Antrim, is composed of glauconitic sands and eroded 

clasts of the underlying Cenomanian Greensand. These deposits grade into a 

glauconitic limestone with sponge remains and then into the Santonian- Campanian 

White Limestone. The White Limestone, broadly equivalent to the Chalk of England 

(Fletcher, 1977), was deposited over an extensive area due to a eustatic sea level rise 

(Fletcher, 1977; Haq et al., 1987), leading to the covering of upstanding massifs such 

as the Highland Border Ridge (Wilson, 1972). 

Although these Cretaceous deposits are anomalous their depositional pattern is very 

interesting and can be directly related to the rifting history of the Rockall area. The 
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chronstratigraphic diagram (Figure 6.18) from Belfast to North Londonderry 

illustrates the northwest oriented Cretaceous transgression with the Cenomanian 

Greensands only deposited to the south-east of the Highland Border Ridge, a 

prominent feature during this time. Figure 6.18 indicates that the transgression 

came from the Irish Sea area to the southeast as postulated by Wilson (1972) and 

Naylor (1992). However, there is no recorded evidence of Cretaceous rocks in the 

Irish Sea and therefore it is presumed that any Cretaceous deposits were eroded by 

Tertiary inversion over that area (Roberts, 1989). The Albian-Cenomanian 

transgression of the North Celtic Sea (McMahon and Underhill, 1995), discussed in 

chapter four, may provide a mechanism for the Cenomanian transgression of the Irish 

Sea. This transgression clearly took place in a eastward to east/northeast direction in 

the North Celtic Sea and therefore, its continuation along the axis of the Irish Sea 

would seem plausible. 

The Cretaceous outcrops on and surrounding the Island of Mull on the west coast of 

Scotland probably represent the most northerly extent of the Irish Sea transgression 

(Wilson, 1972). At Loch Don, 3m of Cenomanian greensand exist (Richey, 1961) 

while on Morvern, at Beinn ladain, 20m of greensand composed of white 

Cenomanian sandstones and clay are exposed (Fyfe et al., 1993). This white 

limestone is also exposed as 12m of pure silica white sandstone at Lochaline (Hallam, 

1983). Two further outcrops of Late Cretaceous sediments occur on Skye, at 

Strathaird and Strollamus, where 2 and 5m respectively of calcareous grit, overlain by 

sandy limestones, are exposed (Fyfe et al., 1993). These deposits are interpreted to 

have been deposited during the Cenomanian southward transgression of the Minch 

Basin. 

In summary, the progressive onlap of the intra-Cretaceous unconformity surface in 

N.Ireland and the western Islands of Scotland took place during the Cenomanian. The 

transgression appears to have come from the Irish Sea, to the south, and the Minch 

Basin to the north, encroaching on the areas which were exposed as a consequence of 

both the interpreted uplift in the Late Ryazanian and the rifting in the Rockall area 

which took place throughout the Early Cretaceous. This transgression was probably 

eustatically driven, however, it was not until the major rifting phase in the Rockall 

Trough had ended that sediment was deposited on the unconformity surface. 
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Figure 6.18 

A chronostratigraphic diagram across N.Ireland from Belfast to North Antrim and 
offshore,The diagam shows the erosion associatedwith the intra- Cretaceous 
unconformity, the stratigraphic gap associated with which increases toward the uplift in 
the N.Rockall area, west of the Donegal Basin. Note that the onshore stratigraphy has a 
number of unconformities breaking up the section and a complete section is inferred in 
places. Some data was taken from Wilson (1972) and Fyfe et at. (1993). 
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6.4.4 The Early Cretaceous flooding of the intra-Cretaceous 

unconformity 

As already described (section 6.4. 1) a marine seaway is thought to have existed from 

the West Shetland Basin to the Slyne Trough via the "back-basins" in the Late 

Jurassic. However, very little is known about the mode of deposition during the Mid 

to Late Ryazanian period, the time of the development of the intra-Cretaceous 

unconformity. This section aims to show the progressive flooding of this 

unconformity surface throughout the Early Cretaceous over the entire western UKCS 

region. Wells, outside the area of direct interest, are included from the East Shetland 

Basin and the Inner Moray Firth as reference data points for the environment of 

deposition in the North Sea throughout the Early Cretaceous. As the flooding of this 

unconformity surface has already been described in detail for the West Shetland area 

only a brief summary of the main points from that area will be included in this section. 

Although data on the Early Cretaceous sedimentation patterns is limited it is thought 

that a large area of non-deposition and erosion or non-marine deposition occurred 

throughout the region from the Ryazanian to the Aptian. This is merely an 

interpretation, although it is complimented by the stratigraphic record in well 164/25-

1, located in the hangingwall depocentre of the West Lewis Basin, which does not 

record any sediment from this period let alone marine sequences. The stratigraphic 

gap, recorded by the intra-Cretaceous unconformity in this well, separates sediments 

of Albian age from the Triassic supporting the notion that there was a lack of marine 

seaways in this area during the Early Cretaceous. However, due to the low density of 

data points the sedimentation patterns represented on the maps here should only be 

viewed as schematic interpretations. 

6.4.4.1 K10 Mid Ryazanian-Late Valanginian 

Of the data available for this study the Valanginian KlO section was only penetrated in 

four boreholes (see Stoker et al., 1993 and Fyfe et al., 1993) or exploration wells 

(Table 6.9) excluding the wells of the West Shetland area which have been 

discussed in section 6.3. Three of these wells were located on the periphery of the 

area of study (1/4-1, 1/4-2, 76/SLN) and were used as control wells. The Valanginian 

K 1 sequence recorded in these wells suggests an inner shelf environment of 

deposition. However, well IRE 12/13-1 situated in the centre of the area of study in 
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the Donegal Basin (Figure 6.19) encountered Late Ryazanian to Valanginian 

deposits of a non-marine to marginal marine origin based on the occurrence of 

Valanginian aged dinocysts (BP unpublished data) unlike the Mid Ryazanian fully 

marine mudstones preserved to the north in boreholes 90/9 and 90/5. This well, 

which is the closest to the presumed centre of the interpreted Rockall pre-rift uplift, 

has a Late Ryazanian section which unconformably overlies Latest Triassic deposits. 

This suggests that in the intervening time between the Mid and Late Ryazanian periods 

there was a rapidrelative drop in sea level. Such a relative sea level drop correlates 

well with the interpreted age of Early Cretaceous uplift from the AFTA data. 

When the Ryazanian to Valanginian sequence in the Donegal Basin is mapped out on 

seismic lines (see section 6.4.2 and figure 6.17) it is possible to interpret sediments 

of this age prograding to the southwest into the Erris Trough away from the North 

Rockall area. It is also presumed that further to the southwest these non-marine 

deposits would have graded into marine equivalents which would have existed in the 

proto Rockall Trough and the Goban Spur area (Cohn et at., 1992). Marine 

conditions during this period to the south in the Porcupine Basin are also recorded by 

shallow to marginal marine silty mudstones in well 1RE35/8-1. The progradation of 

clastics away from the region which experienced a relative sea level fall, is also 

observed in the shallow to marginal marine shoreline interpreted to be situated around 

the northern boundaries of Quads 202 and 203 to the north. The schematic 

palaeogeographical map for this period (Figure 6.19) also shows that the deposition 

of the turbiditic Devils Hole Formation in the Inner Moray Firth (Stephen pers.comm.) 

took place during this time. Therefore, the Mid Ryazanian to Late Valanginian period 

represents the most basinal shift in facies associated with the intra-Cretaceous 

unconformity. 

Well/borehole name Lithology Interpreted environment of deposition 

/4-I marl inner shelf 
/4-2 marl inner shelf 

IRE 12113-I sandstone marginal-non-marine 
76/SLN 49 limestone inner shelf 

Table 6.9 

The Mid Ryazanian-Late Valanginian K 1 sequence 
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Figure 6.19 

The Mid. Ryazanian to Valanginian (KIO) sequence palaeogeography along the 
western UKCS. (see legend in volume two for key to diagrams) 
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Figure 6.19 'illustrates that no marine deposits of the Mid Ryazanian-Late 

Valanginian (K10) sequence are interpreted to have existed between 55050"N to 

59050"N as this area would have been exposed to subaerial erosion at the climax of the 

intra-Cretaceous unconformity and non-marine deposition. It is also possible that if 

the Rockall Trough had existed prior to this period a marine seaway could have 

formed between the southern Rockall Trough and the West Shetlands Basin 

However, the little evidence there is seems to indicate that most of this area was 

covered by non-marine to marginal marine deposits during this time. From this period 

onward the unconformity surface would be progressively onlapped due to the Early to 

Late Cretaceous relative sea level rise. 

(In wells which do not have an exact environment of deposition but an interpreted range in (e.g. mid to outer shelf) the paiaeogeographtcai maps show 

the best estimate of the bathymetry based on the information from the surrounding wells. All paiaeogeographical maps in this chapter, and their keys, can 

also be found as oversized maps in the enclosures volume.) 

6.4.4.2 K20 Late Valanginian to Late Hauterivian 

Only one exploration well (IRE 12/13-1) penetrated the Valanginian to Late Hauterivian 

1(20 sequence along the UKCS western margin, however, five control wells (1/4-1, 

1/4-2, 71/17, 71/25, 76/SLN 49) outside the area of interest are described for 

comparison. From table 6.10 it can be seen that Inner Moray Firth boreholes (e.g. 

71/17, 7 1/25) record a water depth increase with well IRE 12/13-1 recording a 

marginal marine environment of deposition due to the presence of marine dinocysts. 

'.kelI name Lithology Interpreted environment of deposition 

1/4-I marl inner shelf 

/4-2 marl inner shelf 

IRE 12113-I sandstone marginal marine 

71/17 shale outer shelf 

71/25 shale outer shelf 

76/SLN 49 siltstone inner shelf 

Table 6.10 

The Valanginian to Late Hauterivian K20 sequence 

Figure 6.20 shows the interpreted schematic palaeogeography during the Late 

Valanginian to the Late Hauterivian (K20) period. The overall situation changed little 

from that of the Valanginian (K 10) sequence. However, it is interpreted that rifting in 

the southern portions of the Rockall Trough initiated around this time and may be 

contemporaneous with possible volcanism described by Bentley and Scrutton (1987). 

A possible response to this rifting is the change from a mainly non-marine to a 
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Figure 6.20 

The Valanginian to Late Hauterivain (K20) sequence palaeogcography along the 
western UKCS. (see legend in volume two for key to diagrams) 
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marginal marine setting in well IRE 12/13-1 to a purely marginal marine setting. This 

suggests that marine conditions southwest of this well had transgressed to the north 

following rifting in the southern Rockall Trough. Indeed, well 1RE35/8- 1 from the 

Porcupine Basin to the south encountered a marine mudstone succession of this age 

containing sandstone and limestone stringers indicating a gradual deepening in the 

water depth of deposition. 

To the north the clastic shoreline which supplied sediment into the West Shetland 

basins is interpreted to have retreated to the south (see section 6.3) and was probably 

now situated in the centre of Quad 202. The transgression of the West Shetland Basin 

was not associated with major fault activity (see section 6.3) and is interpreted to 

represent the flooding of old rift topography. In between well IRE 12/13-1 and Quad 

202 (550 50"N to 59040"N) an area of non deposition and erosion or non-marine 

deposition may have existed. Although as mentioned previously this is only an 

interpretation and a marine seaway may have existed throughout this region in the 

basin centres. It is also possible that sediments laid down during the Ryazanian-

Barremian period may have been removed by localised uplift associated with the 

initiation of rifting in the northern Rockall Trough. 

6.4.4.3 K30 Late Hauterivian to Late Barremian 

Three wells from the main area of study (132/15-1, IRE 12/13-1, 88/1) ,excluding the 

West Shetland wells (see section 6.3) encountered the Late Hauterivian to Late 

Barremian (K30) sequence. Table 6.11 also lists four boreholes, four control wells 

(7 1/25, 71/17, 74/18, 77/1) from outside the area of study for comparison. Figure 

6.21 shows the interpreted schematic palaeogeography during the middle of the Late 

Hauterivian to Late Barremian (1(30) period. (Note that well 132/15-1 only contains 

the very latest Barremian (1(30) sequence and is not shown on this map as it is 

unrepresentative of the region as a whole for this time period). 

Well/bore hole name Lithology Interpreted environment of deposition 

IRE 12113-I claystonelsandstone inner shelf 

132/15-I (Latest Barremian) mudstone outer shelf 

71/25 mudstone mid shelf 

71/17 mudstone mid shelf 

74/I8 siltstone mid shelf 

77/I 1 mudstone mid shelf 

88/1 1 sandstone marginal marine 

Table 6.11 

The Late Hauterivian to Late Barremian K30 sequence 
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Figure 6.2 1 

The Late Hauterivian to Late Barremian (K30) sequence pa!aeogeography along the 
western UKCS. (see legend in volume two for key to diagrams) 
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The area affected by the interpreted pre-rift uplift of the northern Rockall Trough had 

decreased significantly by Late Hauterivian to Late Barremian (K30) times. The West 

of Shetland area basins, the East Shetland Basin and the Inner Moray Firth were all 

experiencing progressively deeper water conditions than in the previous Hauterivian 

(K20) sequence. However, no major fault activity is interpreted to have occurred in 

the West of Shetland area basins until K40 times as rifting was propagating into this 

area from the south. The interpreted clastic shoreline, previously in Quad 202 during 

the Hauterivian is suggested to have now retreated to the south into Quad 165 as 

testified by borehole 88/1 which encountered shoreface sandstones. 

Correspondingly, to the south, active rifting which had propagated from the south 

Rockall area, was taking place in the southern sector of the North Rockall Trough. 

Evidence for this exists in the change from marginal marine to marine conditions in 

IRE 12/13-1 and later in 132/15-1 and from the syn-rift seismic expression illustrated 

in figure 6.21 (see section 6.4.2). Therefore, it is idealised that the area of non-

deposition and erosion may now have only existed between 56035"N and 59010"N. 

The northward propagating rift system would dominate the sedimentation patterns of 

the North Rockall area through the Aptian to Cenomanian (K40, 50 and 60) sequences 

as fully marine conditions were restored to along the proto- N.Atlantic. 

6.4.4.4 K40 Aptian 

Only two of the wells 132/15-I and IRE 12/13-1 from the area of interest penetrated 

the Aptian (K40) sequence, excluding the wells in the West of Shetland Area Basin 

(Table 6.12). The wells in the West of Shetland area, the East Shetland Platform 

and the Inner Moray Firth suggest that these basins were experiencing deeper water 

conditions than in the previous period, a trend which continued into the Late 

Cretaceous. Figure 6.22, the interpreted schematic palaeogeographical map for the 

region also shows the inferred north-eastwards flooding of the North Celtic Sea (see 

chapter 4) assuming that the Irish landmass and the Irish Sea were exposed during this 

period (Ziegler, 1982,1990) and were transgressed during the following Albian and 

Cenomanian periods (Wilson, 1972). 
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Figure 6.22 

The Aptian (K40) sequence palaeogeography along the western IJKCS. (see legend in 
volume two for key to diagrams) 
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WelL/borehole name Lithology Interpreted environment of deposition 
IRE 12113-1 claystone !nner 	shelf 
132115-I mudstone outer sheltlbathyal 
74/17 mudstone outer shelf 
74/18 siltstone outer shelf 
77/1 mudstone outer shelf 

Table 6.12 

The Aptian (K40) sequence 

Overall, figure 6.22 implies that the northward propagating rift system had by this 

time reached to the North Rockall area and the West of Shetland Basins, restoring 

marine conditions along the length of the western UKCS. Active faulting probably 

started in the North Rockall area on either side of the West Lewis Ridge and the 

Hebridean margin although no well in the area has penetrated Aptian deposits. 

However, well 164/25-1 in the North Rockall area records Albian shallow marine 

clastics suggesting that fault activity may have initiated in the vicinity shortly before 

this time. It is thought (see section 6.3) that the Aptian period corresponds to the start 

of major fault activity in the West Shetland Basin. Interestingly the majority of fault 

activity during this time had spread to the north of the West of Shetland Basins while 

rifting was still occurring in North Rockall during the Albian. It is possible that the 

Wyville-Thomson Ridge may have acted as a slight barrier to the northward spread of 

rifting due to its orientation which might explain the longevity of the North Rockall 

rifting phase. 

6.4.4.5 K50 Albian 

Only three wells in the main area of study, excluding the wells in the West of Shetland 

Area Basin, penetrated the Albian (K50) sequence (Table 6.13). Tectonic 

subsidence increased over much of the Rockall Trough with the deposition of outer 

shelf mudstones in 132/15-1. From seismic evidence it is possible to date the end of 

the syn-rift period as Late Albian in age over much of the southern sector of the North 

Rockall Trough (see section 6.4.2). However, well 164/25-1 in the northern sector of 

the North Rockall area encountered shallow marine reddened clastics grading into mid 

shelf mudstones, which thicken into the West Lewis Ridge boundary fault (BP 

unpublished data), suggesting that active faulting was still occurring further to the 

north. Fault activity was also taking place in the northern section of the West of 

Shetland Area Basins (see section 6.3) implying that the rift system had propagated 

further northwards. 
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Well/borehole name Lithology I interpreted environment of deposition 
IRE 12113-1 limestone/claystone inner-mid s1elf? 
132/15-I mudstone I bathyal 
164/25-1 sandstone I shallow marine - mid shelf 

Table 6.13 

The Albian K50 sequence 

Figure 6.23, the schematic palaeogeographical map, illustrates that subsidence was 

occurring along the total length of the UKCS western margin during the Albian. All 

areas experienced increasing water depths which possibly resulted in the initiation of a 

well-oxygenated open marine circulation system suggested by the reddened clastics in 

well 164/25-1 (BP unpublished data). This is interpreted to be the time of rift climax 

along the margin and by this time the Rockall Trough would have reached a beta 

stretching factor of four in the south and three in the north (BP unpublished data). It 

is also possible that due to the presence of the Wyville Thompson Ridge rifting and the 

associated marine transgression may have been offset towards the northern end of the 

Minch Basin. This provides one possible mechanism for the presence of Cenomanian 

marine clastics at outcrop as far south as Skye. 

6.4.4.6 K60 Cenomanian 

Shallow marine Cenomanian deposits have been recorded at outcrop across N.Ireland 

and the Western Islands of Scotland (Fyfe et al., 1993; Wilson, 1972; Bell and Harris, 

1986; Richey, 1961; Hallam, 1983; see section 6.4.3). The Hibernian Greensand 

deposits of N.Ireland onlap the Irish massif in a northwest direction (Wilson, 1972). 

These sediments along with green and white sands found on Mull (Richey, 1961; 

Hallam, 1983) are thought to be have been deposited during the marine transgression 

of the Irish Sea and North Channel from the south (Wilson, 1972). The Cenomanian 

calcareous grit and sandy limestone of Skye (Bell and Harris, 1986) however, were 

probably deposited by a transgression which took place from the north following the 

axis of the Minch Basin. Two wells, excluding those in the West of Shetlands Area 

Basins also encountered Cenomanian deposits (132/15-1, IRE12/13-1; Table 6.14). 

These deposits consist of deep marine chalky limestone and mudstone. 
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Figure 6.23 

The Albian (K50) sequence palaeogeography along the western UKCS. (see legend in 
volume two for key to diagrams) 
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Welllborehole name Lithology Interpreted environment of deposition 
IRE 1J13-1 sandstonellimestone outer shell 
132/15-1  limestone outer shelfibathyal 
14/25-I mudstone mid-outer shelf 
t'.lrelandIWest Scotland Greensand shallow marine-inner shelf 

Table 6.14 

The Cenomanian K60 sequence 

Figure 6.24, the schematic palaeogeographical map, illustrates the interpreted 

flooding of the Irish Sea, North Channel and the Minch Basins during the 

Cenomanian. Elsewhere, thermal subsidence resulted in much of the western margin 

of the UKCS experiencing deep water conditions. The interpreted northward 

propagating rift system by this time had linked up with the active Norwegian-Arctic 

rift system resulting in clastic deposition in the Mid Norway area (BP unpublished 

data). It is not known whether the Hebrides Shelf was flooded during this time or if 

marine waters from the Rockall Trough reached N.lreland through the Malin Basin. 

Neither IRE 13/3-1 in the Malin Basin nor borehole 75/39, offshore County 

Londonderry (Fyfe et al., 1993) penetrated any Cretaceous section although these 

wells may have been affected by Early Cretaceous rift flank uplift, Tertiary inversion 

or were located in structurally elevated positions. 

The transgression which started after the Late Ryazanian relative sea level fall 

continued into the Late Cretaceous with the deposition of the Chalk facies over much 

of Western Europe (Ziegler, 1982, 1988, 1990). 

In summary, by using the genetic sequences, from the Mid Ryazanian to the 

Cenomanian (Kl0-K60), it is possible to establish a model for the Cretaceous 

evolution of the Rockall Trough area. The data presented in this section illustrates the 

regional extent of a relative sea level fall in the Early Cretaceous which gave rise to an 

intra-Cretaceous unconformity, interpreted to be the same event as that described in 

section 6.3. (It is also accepted that in the deepest parts of the Rockall Trough, which 

were not penetrated by any wells, a complete fully marine Early Cretaceous sequence 

may exist if a seaway had formed between the West of Shetlands area and the southern 

Rockall Trough from the Late Ryazanian to the Aptian). Presuming that this 

unconformity exists regionally it could be explained, using additional information 

supplied from AFTA and vitrinite data (Geotrack, unpublished data), as been formed 

by an uplift event in the Late Ryazanian centred along the North Rockall Trough prior 

to the main phase of Early Cretaceous rifting. It is not thought that rift shoulder uplift 
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Figure 6.24 

The Cenomanian (K60) sequence pa!aeogeography along the western UKCS. (see 
legend in volume two for key to diagrams) 
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was the actual cause as this event had reached its maximum areal extent prior to rifting 

in the North Rockall area which initiated in the Barremian. However, rift flank uplift 

may have exaggerated the stratigraphic gap seen in some of the wells and expose many 

structurally elevated areas to erosion. Potential examples of this are the onshore 

exposures of the unconformity and well 154/3-1 located on the Hebridean margin of 

the Rockall Trough which records Campanian or Albian deposits unconformably on 

Lewisian Basement. 

If an uplift did occur it may have done so as part of an active rifting process where 

convective cells were set up in the upwelling asthenosphere prior to widespread rifting 

and potentially sea floor spreading. The rifting phase that followed propagated from 

the south to the north during the Early Cretaceous, the timing of which appears to be 

fairly well constrained and matches observations from both the West of Shetlands and 

Mid Norway areas. Such a theory would seem to suggest that the Rockall Trough is 

mainly a Cretaceous rift, similar to the views of Musgrove and Mitchener (1995), 

which initiated due to proto- North Atlantic extension and a Ryazanian (Bemasian) 

plate reorganisation alluded to in chapters three and four resulting from the first phases 

of sea floor spreading north of the Azores-Gibraltar Fracture zone. The Rockall 

Trough rift then failed in the Late Cretaceous probably due to the increased extension 

to the west in the Labrador Sea and between North America and the Hatton/Rockall 

Bank. 

6.4.5 The Cretaceous tectonic and sequence evolution of the Flett and 

Clair areas 

In areas of high subsidence, where over 2000m of sediment are predicted (Mudge and 

Rashid, 1987) such as the Clair Basin, the Early Cretaceous may be broken into five 

seismic sequences. These five seismic sequences are probably related to the six 

genetic sequences, from the Mid Ryazanian to the Cenomanian (KlO-K60), described 

in section 6.3 with Mid Ryazanian to the Hauterivian (K1O-K20) sequences 

comprising seismic sequence 1. The Early Cretaceous was the time of active 

extension in the FlettlClair area and although this interval can be divided into five 

sequences on lines WS94018 (to the south -figure 6.25) and WS94031 (to the north 

- figure 6.26) the depositional patterns within these sequences are different (see 

figure 6.2 for location). 
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The Early Cretaceous faulting associated with the western flank of the Clair basin 

becomes less significant further to the north in Quadrants 214 and 208 and there is 

also a change in character in the Flett Ridge from south to north. In the south the Flett 

Ridge appears to be a possible PermolFrias basement high, however, further to the 

north it may have salt?/mud diapirism associated with it. The Late Jurassic slumped 

pods penetrated in well 206/5-1 (Meadows et al., 1987) can also be explained by 

faulting in Early Cretaceous. The instability required to generate such features may 

have been initiated by movement on the eastern Flett Ridge fault which possibly tilted 

the Clair Ridge. 

On line WS940 18 (Figure 6.27) the first of the five Early Cretaceous sequences can 

be interpreted as prograding off a possible PermolFrias high, which forms the Flett 

Ridge, into the Clair Basin. The second and third sequences show progradation again 

from the Flett Ridge and more so from the Clair Ridge to the east. These sequences 

appear to be coincident with fault movement on the Flett Ridge and the tilting of the 

Clair Ridge. Progradation from the Clair Ridge increased in sequence four probably 

due to a major phase of faulting which ended in sequence five. 

The five Early Cretaceous sequences interpreted on line WS9403 1 (Figure 6.28) are 

similar in a number of respects to those on line WS94018 but different in others. 

Sequence one appears to show progradation from the Clair Ridge into the Clair Basin 

and tilting of the basin. Sequence two shows continued faulting and progradation 

from the Clair Ridge but also minor progradation from the Flett Ridge due the rise of a 

possible salt/mud diapir. Progradation from the Clair Ridge continues through 

sequences three and four with increased fault activity while basinal deposits are 

affected by the continued growth of the diapir. Although faulting again ends in 

sequence five, the diapir continues to disrupt the sequence five deposits. 
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Figure 6.28 

The interpretation of seismic packages picked from line WB94-31 (Figure 6.26) showing 
the development of the Early Cretaceous sequences in the north of the Clair Basin. Two 
major phases of progradation can be seen in sequences K40 and K50 (Aptian-Albian) 
which possibly relates to faulting, the intensity of which is illustrated by the arrows. 
There also appears to be disruption of beds caused by the rise of a diapir (either mud or 
salt) during faulting which is located on the Flett Ridge. The Tertiary tilt caused by basin 
subsidence has been removed. 

— Disrupted Beds - Rise of Diapir? 
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6.5 The Late Cretaceous rifting and unconformity development in the 

West of Shetlands Basins. 

6.5.1 Introduction 

The monotonous Late Cretaceous sediments in the West Shetland and Faeroe/Shetland 

basins (Stoker et al., 1993) appear to correspond to the passive, thermal cooling 

subsidence which was occurring over the area during this time (Haszeldine et al., 

1987). However, unconformities break up the stratigraphy during the Early Turonian 

(Booth et al., 1993), Late Campanian (Hitchen and Ritchie, 1987) and Late 

Maastrichtian (Earle et al., 1989). The Early Cretaceous study of the Faeroe/Shetland 

basin recognised a post Cenomanian (K60) unconformity which, in places, caused 

erosion of the Early Cretaceous and older sequences. These sequences from the Mid 

Ryazanian to the Cenomanian (K10-K60), were dated using maximum flooding 

surfaces described in section 6.3 and their truncation allowed subcrop and onlap maps 

to be constructed for the post Cenomanian (K60) event. The actual age of this 

unconformity or its correlative conformity was estimated as Early Turonian from 

knowledge of the age of the underlying truncated sequence and the base of the 

onlapping surface abdve. This event could also be traced on the Nopec/ Digital WS94 

seismic survey. The integration of high resolution sequences in wells along with 

regional seismic data allowed a better understanding of the Cretaceous basin evolution 

in this area. 

6.5.2 The subcrop of the Turonian unconformity 

Fifty one wells from the Faeroe/Shetland basin were used to construct a subcrop map 

(Figure 6.29) beneath the post Cenomanian (K60) event. This unconformity did 

not appear to be as erosive as the older Mid Ryazanian (K1O) intra-Cretaceous event, 

therefore, the underlying sequences were mainly composed of Early Cretaceous 

sediments. 

Nineteen of the fifty one wells, from the more basinal palaeogeographic locations, did 

not appear to have any erosion associated with this event and they allowed the 

correlative conformity to be dated as Early Turonian in age due to the fact that Mid 

Turonian strata overlie Cenomanian deposits in wells 209/12-1, and 206/12-2. The 

exact date of the unconformity is not possible due to the lack of data and 
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Figure 6.29 

The subcrop pattern beneath the Early Turonian unconformity.(see legend in volume 
two for key to diagrams) 
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biostratigraphic resolution in the region. 

The erosion associated with this unconformity was concentrated on the structurally 

elevated Clair and Rona Ridges, and the North Rona Basin (Figure 6.29) as well as 

small inversion structures adjacent to some of the normal faults. The area covered by 

the southern portions of Quad 204 and the northern part of Quad 202 appears to have 

undergone some inversion (Booth et al., 1993) with many of the wells located in 

hangingwall lows experiencing erosion which, in places resulted in a the removal of 

most of the Cretaceous section. The most elevated parts of the ridges which were 

probably only submerged during the Albian and Cenomanian (see section 6.3) were 

again exposed during Turonian times with the associated relative sea level fall. 

Wells 205/26-1, 205/23-1 and 202/8-1, all located on footwall highs only experienced 

minor erosion. It is interesting that wells 205/25-1, 205/26-2 and 204/30-2 located in 

the hanging walls to normal faults underwent inversion which resulted in erosion, in 

some cases down into K20 (Hauterivian) strata. The area surrounding 209/12-1, 

located in the basinal part of the Muckle Basin also seems to have undergone some 

minor inversion, however, this may be a local effect caused by uplift prior to the 

eruption of the Erland Igneous Complex, which may be Late Cretaceous in age (Ridd, 

1983). 

6.5.3 The onlap of the Turonian event 

The Early Turonian unconformity has not been recognised by previous workers 

although the onlap of the basin margins that ensued has been described by Meadows et 

al., (1987). Figure 6.30 indicates that the onlap surface is best seen on the 

basement highs such as the Clair Ridge which were exposed during the unconformity 

event. The phase of onlap initiated in the Turonian and culminated in the submersion 

of the Clair Ridge in SantonianlCampanian times (Earle et al., 1989) only interrupted 

by the Campanian unconformity. Well data suggests that the onlap of the Clair, 

Victory and Rona Ridges appears to have been from a general northeast direction as 

well as being radial around the most elevated areas of the ridges. This observation is 

also seen to the south in the southern portion of Quad 204 and the northern section of 

Quad 202. In this area, which was possibly inverted, onlap from the Santonian 

through to the Maastnchtian times took place in a south-westerly direction. 
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Figure 6.30 

The oniap of the Early Turonian unconformity surface. (see legend in volume two for 
key to diagrams) 
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In summary it seems that onlap took place in the West Shetland Basin from the 

northeast to the southwest starting in the Coniacian on the basement highs and in the 

Turonian throughout the basins. Further south the Rona Ridge in Quad 205 area was 

onlapped in the Santonian and the elevated area in Quads 204 and 202 during the 

Campanian to the Maastrichtian. 

In basinal areas the Turonian unconformity is represented by a correlative conformity 

in nineteen wells which penetrated Late Cenomanian and Early Turonian sediments. 

Most strata of this age is composed of outer shelf to bathyal mudstones, however, 

some inner shelf limestones were encountered around the margins of the Victory 

Ridge and deeper water silty limestones were found to the south in wells 206/11-1, 

205/16-1 and 205/30-1. Apart from the CenomanianlFuronian breccia in 205/21-2 

only two other wells penetrated Turonian clastics during the CenomanianlFuronian 

interval. Well 206/3-1 encountered 320m of tight sand and well 206/8-6a found sands 

and muds, the thickest unit being 20m. It is possible, therefore, that large quantities 

of clastics produced from this event could exist in the Clair Basin. These sands would 

have been derived from the erosion of the Clair Ridge, which continued into the 

Coniacian, and may be deposited as submarine fans on the flanks of the Clair Ridge. 

The Turonian event represents an erosional unconformity on the basement high 

structures and a correlative conformity in the basins. This event appears to be one of 

regional significance as a similar feature has been observed in both the North Viking 

Graben and Mid Norway. Erosion associated with this unconformity may have 

formed submarine sand packages on the flanks of the Clair Ridge and onlapping 

shallow marine sands on the crest of the Clair structure. 

6.5.4 Possible causes of Late Cretaceous tectonism 

The main sequence bounding unconfonnities of the Faeroe/Shetland basins can be 

found in some form in the North Viking Graben and in Mid Norway. These events 

are, therefore, probably regional in nature and their causes may be due to the many 

changes in intra-plate stresses which occurred as the North Atlantic formed. The 

spreading history of the North Atlantic still provokes controversy but it is possible to 

tie these major sequence bounding unconforinities to particular tectonic events of the 

propagating Atlantic. 
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The Base Turonian unconformity marks the end of the main Cretaceous rifting phase 

in the Faeroe/Shetland Basin. At this time the Arctic Ocean was opening to the north 

and there may have been major extension along the East Greenland rift between Hatton 

Bank and Greenland along with rifting, for the first time, north of the Charlie Gibbs 

Fracture zone. This change in the tension direction may have caused a cessation of 

extension in the Faeroe/Shetland Basin and even minor inversion in the SolanlNorth 

Rona Basin (Booth et al., 1993). The Late Cretaceous volcanics in the 

Faeroe/Shetland Basin may also have generated uplift at this time. However, the 

dating of volcanics is problematical and, therefore, they may not be related to such an 

unconformity although their affects cannot be ruled out. 

6.6 Conclusions 

The use of genetic sequences based on maximum flooding surfaces to define the 

Early Cretaceous stratigraphy in the west of Shetland area has revealed the temporal 

and spatial extent of an Early Cretaceous relative sea level fall and an intra-Cretaceous 

unconformity (base Late Ryazanian). Using this approach it was also possible to 

determine the timing of rifting in this area and the occurrence of an Early Turonian 

unconformity. Seismic evidence also suggests that five seismic sequences can be 

defined in the Early Cretaceous which are probably equivalent to the six genetic 

sequences, from the Mid Ryazanian to the Cenomanian (KlO-K60). 

Using the information derived from the data-rich west of Shetland area it has 

proved possible to trace the Early Cretaceous unconformity to the south into the North 

Rockall area and the onshore exposures of N.Ireland and western Scotland, where a 

large stratigraphic gap associated with this event may be demonstrated. 

Well 12/13-1 from the Donegal Basin, shows that non-marine to marginal marine 

sediments were deposited at the time of the unconformity climax in the Mid-Late 

Ryazanian. This represents a drop in relative sea level after the fully marine conditions 

of the Mid Ryazanian. One possible mechanism for this relative fall in sea level is an 

uplift event which preceded the main phase of rifting in the Rockall Trough. Rift 

Flank uplift may also have added to the erosion associated with this Mid-Late 

Ryazanian unconformity although it is not thought to be the direct cause as the uplift it 

may have generated would only have been initiated in the Apto-Albian, the interpreted 

time of peak rifling. 
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Seismic evidence from the North Rockall Trough and the Donegal Basin shows the 

highly erosive nature of the unconformity beneath the Barremian syn-rift section. It is 

possible to deduce that the Rockall Trough contains a mainly Cretaceous to recent 

sedimentary fill and, therefore, the major rift phase in this area occurred in the 

Cretaceous. 

The main phase of rifting in the Rockall Trough propagated from south to north 

throughout the Early Cretaceous: occurring in the South Rockall area in the 

Hauterivian, the North Rockall area in the Barremian, the west of Shetlands area in the 

Aptian-Albian and the Mid Norway area in the Cenomanian. 

319 



CHAPTER SEVEN: A rifting model for the North Atlantic 

7.1 Introduction 

The unconformities described in the previous chapters have been explained by a 

number of different geological processes. This chapter aims to explain the rationale 

for linking various unconformities to different processes and by documenting their 

relationship to the opening of the North Atlantic. 

Unconformities formed during relative falls in sea level, possibly relating to uplifts, 

have been mapped in the stratigraphic records of the Celtic Sea, West of Britain, 

Offshore Newfoundland and Portuguese basins. These unconformities appear to have 

a distinct temporal evolution and may be caused by a number of tectonic processes, of 

a thermal or mechanical origin. Other unconformities (e.g. the Mid Aptian-Albian 

events of the Celtic Sea Area- see chapters 4 and 5) have been attributed to the 

initiation of oceanic sea floor spreading. These unconformities usually are associated 

with the rift margins and do not have great spatial dimensions, with severe erosion 

usually only up to 100km from the rift zone (Weissel and Kamer, 1989). The 

mechanism of formation of other events described (e.g. the Early Turonian 

unconformity) is unclear, although one possible cause may be the initiation of rifting 

or sea floor spreading in adjacent areas. 

Two final mechanisms of unconformity generation have also been identified and 

although both are most likely to have been caused by a direct tectonic process for their 

generation they also rely on a rapid change in relative sea level. The first mechanism is 

that of a rapid sea level fall identified in areas which do not seem to be affected by any 

local tectonic event but may be related to regional tectonic processes. Secondly a 

further method for generating unconformities identified in this study is that of a rapid 

sea level rise and the formation of a ravinement surface (e.g. the Base Gault 

unconformities; sensu Nummedal and Swift, 1987). Erosion from such 

unconformities, along with uplift generated by the initiation of sea floor spreading in 

adjacent areas is observed to have exaggerated the stratigraphic gap of the earlier Early 

Cretaceous unconformity in the Wessex Basin but they are still regarded as minor 

events. 



To explain the role of the unconformities identified in the stratigraphic record and the 

detailed observations made earlier in this thesis this chapter attempts to define a rift 

evolution model along for the North Atlantic. It is only when all the information from 

the North Atlantic borderlands is collated that rational explanations can be attempted to 

explain the occurrence of the identified unconformities. The meaningful representation 

of the evolving scene has proved to be the construction of accurate palaeogeographic 

maps based on up-to-date plate reconstructions for the area. The results are used to 

show the influences of three tectonic phenomena - transform faults, tectonic uplifts and 

rift propagation which may have controlled the character of rifting in the N.Atlantic. 

7.2 The construction of the palaeogeographical maps. 

Eight palaeogeographical maps ranging from the Late Jurassic to the Late Cretaceous 

were created at specific time periods. The resultant maps illustrate the range and 

distribution of gross sedimentary depositional environments and will be referred to as 

GDE maps hereafter. The age of the reconstructions relates to the times of the most 

significant maximum flooding events Valanginian to Cenomanian (K10 to K60) 

identified throughout the N.Atlantic margin. By using reconstructions at the exact time 

of the genetic sequenc5es outlined in the previous chapters it is possible to gain a 

detailed understanding of the opening of the North Atlantic. This is achieved by using 

five reconstructions for the Berriasian to Albian section, each displaying the interpreted 

palaeogeography taken from the well and seismic data, which show the propagation of 

rifting and sea floor spreading between Iberian and the Grand Banks. Previous 

workers (e.g. Knott et al., 1993; Ziegler, 1982; 1988; 1990) have only used two or 

three reconstructions for this important period which has meant that lithological units 

have been grouped between reconstructions producing generalised palaeogeographical 

maps. 

The GDE maps cover an area from the Azores/Gibraltar fracture zone in the south to 

Mid Norway in the north. The areas covered in detail have already been described in 

the previous chapters (e.g. West of Shetlands, Celtic Sea, Dorset, Portugal and the 

Grand Banks of Newfoundland) and are integrated with recent literature to form a 

complete review of the palaeogeographies of the evolving Late Mesozoic basins of the 

N.Atlantic. The plate reconstructions for each time interval were created using the BP 

GLOBE in-house software package. This package uses the Harland etal. (1990) time 

scale and the rotation poles used are from Srivastava et al. (1990) and Smith etal. 
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(1994) however, the user has the ability to change poles of rotation. The 

reconstructions were also corrected to Verhoef and Srivastava (1989) anomaly MO 

(11 8Ma) reconstruction and the K anomaly (1 O5Ma) reconstruction of Chadwick 

(1989). 

The poles of rotation were slightly changed for three intervals, the Mid Jurassic, the 

Late Jurassic and the Late Cretaceous because there was no hard data (i.e. rotation 

poles) to support the default reconstructions, or because stratigraphic evidence 

suggested an alternative reconstruction or, finally, because the default reconstructions 

differed from recent literature (e.g. Chalmers et al., 1993 - although the findings of 

this paper are now disputed). 

Each GDE map shows the active and sediment influencing faults for the interval. The 

position of these faults has been taken from seismic mapping (BP unpublished data), 

outcrop studies and from the literature. The faults were included to show the areas of 

active rifting, the possible areas of sediment supply and the overall regional stress 

pattern. Table 7.1 lists the literature that was used to construct the active fault 

pattern. 

Overall Knott et al., (1993), Ziegler( 1990) 
The North Sea area BP regional atlas (unpublished), Smith and Ritchie 

(1993), Stephen etal. (1993), Hoiland et al. (1993), 
Underhill and Partington (1993). 

The West of Shetlands BP regional atlas (unpublished), Earle et al. (1989), 
/Rockall area Steel (1990), Stoker etal. (1993). 
The Norwegian Sea area BP Norway GDE maps (unpublished), Engkilde and 

Surlyk (1993) 
Southern England British Gas regional maps (unpublished), Chadwick 

(1989). 
Celtic Sea Area Basins Croker & Shannon (1987), Croker and Kiemperer 

(1989), Moore (1993), Petrie et al. (1989), Shannon et 
al. (1993) 

Portugal/N. Spain Boillot etal. (1989), Curnelle et al. (1982), Garcia 
/S.W. France Mondejar (1989), Wilson et al. (1989). 
Grand Banks Balkwill and Legall (1989), Tankard et al. (1989). 

Table 7.1 

Literature used to construct the structural framework for the GDE maps. 
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7.3 Overview of the plate tectonic evolution of the N.Atlantic 

7.3.1 Introduction 

The evolution of the N.Atlantic rift system has been described in detail by Knott et al. 

(1993) and Ziegler (1982; 1988; 1990) amongst others. However, this study differs 

from this previous work in a number of aspects. Firstly, it is suggested in chapter six 

that the Rockall Trough was only a minor feature throughout most of the Mesozoic, 

extending mainly during the Early Cretaceous to Late Cretaceous. These observations 

differ from the work of Knott et al. (1993) and Ziegler (1982; 1988; 1990) who 

interpreted rifting in the Rockall Trough to be significantly earlier, with Rockall Bank 

attached to Greenland from the Late Paleozoic (380Ma) to the Late Cretaceous (84Ma) 

and Eurasia after that time. Secondly, the recent work by Chalmers etal. (1993), 

although not universally believed, suggests that previous authors (Roest & Srivastava, 

1989) have mis-identified the magnetic anomalies in the Labrador Sea area. The new 

interpretation has identified the oldest oceanic crust to have formed at anomaly 27 

(62Ma, Paleocene) in the Inner Labrador Sea, and not at anomaly 33 (Campanian). 

Therefore, although the Labrador sea opened by sea floor spreading in the Paleocene it 

had probably undergone significant continental rifting prior to this period. It is 

interesting to note that the first syn-rift sediments on the basement in the southern 

Labrador Sea are Barremian in age (Chalmers et at., 1993), the same age as the first 

interpreted syn-rift sediments in the northern Rockall Trough, suggesting a major plate 

reorganisation at this time. 

7.3.2 The N.Atlantic area prior to the Late Jurassic 

The GDE maps show the interpreted evolution of the N.Atlantic rift system from the 

Late Jurassic to the Late Cretaceous. However, the Devonian to Mid Jurassic period, 

although not involved in N.Atlantic sea floor spreading, was important in defining 

structural lineaments which were reactivated during Atlantic opening. 

Structural features that may have influenced the timing and position of fault activity of 

the proto-Atlantic, especially in the Early Cretaceous, are the shape of the Caledonian 

and Hercynian orogenic belts (e.g. Wilson, 1966; Dore, 1992; Figure 7.1). The 

curved nature of these fold belts, from the British Isles to Newfoundland, may have 

created a barrier to northeast-southwest rifting up to the Early Cretaceous. It was only 
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after sea floor spreading between Portugal and the Grand Banks had initiated, in the 

Early Cretaceous, that rifting in the Labrador sea (Chalmers et al., 1993), Rockall 

Trough (see chapter six) and the Bay of Biscay margin (see chapter 4) intensified. 

The GDE maps also question whether ancient highs such as the Irish Massif, Welsh 

High, Pennine/Scottish High, Cornubian Massif, Armorican Massif, Iberian Massif, 

Flemish Cap and the Grand Banks existed prior to the Early Cretaceous as has been 

assumed in previous reconstructions and palaeogeography maps (e.g. Knott et al., 

1993; Ziegler, 1982; 1988; 1990). For example in the North Celtic Sea Basin, the 

onlap edge of the Triassic sediments observed on seismic line composite MPCR- 17 

(Figure 7.2- and also Enclosure 1) may have been located well onto the Irish 

Massif. It is postulated that it was not until the Early Cretaceous phase of uplift and 

rifting, that the underlying formations, including the Triassic, were eroded and the 

Irish Massif exposed. This also calls into question whether the Triassic rift system 

extended from its present preserved position under the Jurassic and Cretaceous of 

N.Ireland across the Irish Massif to the Porcupine Basin (Figure 7.3). If this was 

the case then many of the highs previously considered to be long-standing features, 

listed above, must now be considered to be Cretaceous or Tertiary in origin. 

7.3.3 The Late Jurassic ( Tithonian to Mid Ryazanian 141Ma) 

reconstruction 

The Late Jurassic is recognised as a significant period of rifting throughout many of 

the basins in the proto-N.Atlantic. A rift system extended from the Norwegian Sea 

through the North Sea, Southern England, Celtic Sea, Porcupine, Aquitaine, 

Cantabrian, Galicia Margin to the Lusitanian, Jeanne d'Arc and Whale Basins. 

(Although previous workers [e.g. Knott et al., 1993] propose a rift system from the 

Norwegian Sea to the Whale Basin, this study suggests that the West Shetland Basin 

to Slyne Trough "back-basin" trend was not involved in this rifting episode [see 

chapter six]).  This system is illustrated in figure 7.4 and on the schematic Late 

Jurassic GDE map (Figure 7.5). (All palaeogeographic maps in this chapter and 

their keys can also be found as oversized maps in the enclosures volume.) Extensive 

rifting along this trend, driven by extension in the North Sea area (e.g. Rattey and 

Hayward, 1993), resulted in a change to a general E-W extension direction over the 

proto-N.Atlantic. The overall effect of this was to initiate the possible sea floor 

spreading north of the Azores-Gibraltar fracture zone (Figure 7.6) in the Tagus 

Basin during the Early Tithonian (Mauffret et al. 1989). However, this period is prior 
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Figure 7.3 

A possible reconstruction of the Triassic basins of the British Isles. This reconstruction 
takes into account the possible onlap edge of the basin and not the erosional edge of the 
basin. Information on the extent of Triassic basins is limited due to the severe erosion which 
has taken place since that time.The traditional massifs may be simpily Cretaceous or 
younger features, 
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to the timing of sea floor spreading in the Tagus Abyssal Plain as identified by 

Pinheiro et al., (1992). Pinheiro etal., (1992) interpret sea floor spreading to have 

initiated during the Late Valanginian at Ml 1. Even with a change in the location of the 

ocean continental boundary implied by this model there is still as mismatch between it 

and the ocean continental boundary (using the pre-drift reconstruction in Whitmarsh et 

al., 1993) on the Grand Banks. This may mean that younger (Late Hauterivian) sea 

floor spreading may have taken place to the west of the Tagus Abyssal Plain. 

In many areas the Upper Jurassic succession is missing from the stratigraphic record 

due to erosion from Cretaceous or younger unconformities. In these areas, where data 

is poor, the stratigraphy is estimated using information from the closest surrounding 

areas with a complete stratigraphic record. 

In the North Sea intense rifting generated high density turbidites and mass flow 

deposits in the Brae-Miller areas of the South Viking Graben and submarine fan 

deposits in the Outer Moray Firth Graben (Rattey and Hayward, 1993). The rifting in 

the North Sea, centred on a triple junction at the confluence of the Moray Firth, Central 

and Viking Grabens, was initiated as early as the Callovian in the Viking Graben and 

the Middle Oxfordian in the Moray Firth Graben (Davies, 1995). The deposition of 

the mud prone Kimmeridge Clay Formation during the initial rifting phase gave way to 

a more clastic dominated phase in the Tithonian as relative changes in sea level and 

fault block rotation resulted in the erosion of many footwall crests. The general east-

west extension in the North Sea ended at the Jurassic/Cretaceous boundary when 

faulting along the northeast-southwest "End of the World" fault system at the northern 

end of the Viking Graben was initiated (BP unpublished data). 

The Norwegian Sea experienced regional extension during the Upper Jurassic resulted 

in a general deepening and the deposition of submarine fan units. However, in East 

Greenland a sand prone shallow shelf developed which shed sediment to the south into 

the main basin centre (BP unpublished data). 

Sea level rose throughout the Late Jurassic in the West Shetland and Faeroe -Shetland 

basin as a seaway was again restored linking this area to the Tethyan sea to the south. 

Marginal sediments, composed of sands and silts, transgressed the basin margins, 

whereas anoxic mudstones dominated the stratigraphy in the basin centres. However 

to the south in the West Lewis Basin, Donegal, Erris and Slyne Troughs most of the 
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Late Jurassic (if it was ever deposited) was eroded by the intra-Cretaceous 

unconformity. 

The Porcupine Basin underwent a change from passive subsidence to active rifting 

from the Late Jurassic to the Early Cretaceous (Croker and Kiemperer, 1989). The 

sediments associated with this change record a deepening from a marginal marine to an 

open marine sequence with high density turbidites and submarine debris flows close to 

active faults (Croker and Shannon, 1987). Tate (1990) calculated that during this 

rifting phase Beta factors of 1.2 and 6 were reached in the north and south of the 

basin, respectively. To the west on the basin margins fluvial and shoreline facies 

dominated, and in the north marginal marine mudstones were deposited (Croker and 

Shannon, 1987). A basinwide uplift in the Berriasian, however, caused a shallowing 

in the stratigraphic record and the erosion of much of the uppermost Jurassic section 

(Moore, 1993). 

Subsidence curves for the Celtic Sea Area Basins show that, where preserved, the 

Upper Jurassic sediments adhere to the theory that rifting took place from the 

Callovian to the Upper Portlandian (see chapter four). Typically, shallow to non-

marine sediments dominate the stratigraphy in the centre and north of this area, whilst 

to the west and south open marine conditions existed. 

Throughout the Wessex Basin a dramatic shallowing in the stratigraphic succession is 

recorded and this sequence is described in detail in chapter five. During this period 

predominantly active faulting along east-west trending faults also occurred (Chadwick, 

1989). The Late Jurassic documents the change from deep marine conditions in the 

Kimmeridge Clay, up to the Autissiodorensis ammonite zone, to a regressive regime 

through the moderate to shallow marine Portland Stone and Portland Limestone facies 

to the marginal marine Purbeck deposits. 

A shallowing in the stratigraphic record also took place in the Aquitaine Basin of 

southern France with the Occitan high forming an internal platform (Curnelle et al., 

1982). Lagoonal conditions existed over much of the area with fluvio-deltaic deposits 

entering the basin from the north, possibly in response to the uplift over the Celtic Sea 

area. The initiation of a more clastic dominated sequence also is recorded in the 

Cantabrian Basin of northern Spain, with continental clasucs and non-marine 

carbonates being deposited in fault-bounded basins (Garcia-Mondejar, 1989). 
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The Lusitanian Basin of Portugal suggests that a shallowing through the Upper 

Jurassic took place in active depocentres bounded by NW-SE trending faults. During 

the Tithonian, fluvial deposits developed in the west of the basin whereas to the south 

carbonate facies continued to be deposited influenced by carbonate debris flows from 

the west (Wilson et al., 1989). These fluvial deposits may correspond to a 

KimmeridgianfFithonian uplift between the Portuguese margin and the Grand Banks, 

the erosion associated with which can be traced offshore (see chapter 3). Further to 

the north, along the Galicia Margin, the Late Jurassic is represented by a shallow water 

limestone deposit (Boillot et al. 1989) which may also indicate the initiation of rifling 

during this period. 

Significant rifting and uplift took place in the Jeanne d'Arc Basin along NE-SW 

trending normal faults in the Kimmeridgian and again in the Late Berriasian (see 

chapter 3). The faulting reached a climax in the Late Kimmeridgian and controlled the 

orientation and depositional patterns of braid plains surrounding a restricted basin 

(Tankard et al., 1989). Active faults also controlled the deposition of calcareous 

shales and sandstones along the hangingwall axes in the Whale Basin (Balkwill and 

Legall, 1989), which had a more marine influence due to its southerly location. 

However, over both the Whale and Jeanne d'Arc Basins an Early Cretaceous 

unconformity developed which caused significant erosion on many footwall highs, 

thus decreasing the understanding of this succession. 

To summarise, three major events occurred during the Late Jurassic which appear to 

have influenced the opening of the N.Atlantic. The first was the climax of rifting in 

many basins and the establishment of the Jurassic rift trend. The second was the 

initiation of widespread uplifts over many basins in the N.Atlantic which would 

culminate in the Early Cretaceous. The third event was the possible first attempt at sea 

floor spreading in the N.Atlantic region in the Tagus Basin although this may have 

occurred in the Valanginian. The effects of these three events are only clearly seen in 

the Early Cretaceous when the stratigraphy in the N.Atlantic basins records the onset 

and development of oceanic crust formation in the region. 
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7.3.4 The Early Cretaceous (K10 Valanginian 136Ma) palaeogeographic 

reconstruction. 

The plate motions for the Early Cretaceous, used in the palaeogeographic 

reconstructions up to the Albian, differ from those of Knott etal. (1993) due to the 

timing of the opening of the Rockall Trough. This work presumes that extension 

directions during this time were controlled by the extensive rifting from the 

Azores/Gibraltar fracture zone to the Celtic Sea area, and in the north from the 

Norwegian sea to the End of the World Fault system (Figure 7.7). These rifting 

zones were separated by the interpreted uplifts in the Grand Banks/Iberian Margin 

area, over the Celtic Sea Area Basins and throughout the Rockall Trough to West 

Shetland area. Rifting in the Early Cretaceous occurred in many basins outboard of 

the Jurassic rift trend initiating a new rift trend west of the European continental 

margin. 

The proposed failure of the Tagus rift in the Early Berriasian (Mauffret etal. 1989) 

may have changed the regional stress in the Grand Banks/Iberian Margin area. 

(However, the Pinheito et al., (1992) Tagus model would predict sea floor spreading 

starting in the Tagus Abyssal Plain in the Valanginian and possibly propagating north 

of this area into the Iberian Abyssal Plain during the latest Hauterivian.) 

In the surrounding area the possible sea floor spreading in the Tagus Abyssal Plain 

during the latest Jurassic and earliest Cretaceous possibly caused the cessation of 

rifling in the Whale, Jeanne d'Arc and Lusitanian Basins during the Late Jurassic. 

However, active faulting returned to this area, after the interpreted regional uplift, 

along a newly oriented rift system between the Grand Banks and the Lusitanian 

Basins. From Late Berriasian to the Hautenvian the Grand Banks/Iberian Margin 

experienced extensive continental rifting, prior to extensive oceanic crust formation 

(Wilson pers. comm.). Strata on both sides of the proto-Atlantic record this rifting 

phase which is also observed in the rapid subsidence in the Jeanne d'Arc Basin and 

deepening in the southern Lusitanian Basin during the Valanginian. To the northwest 

of the Lusitanian Basin a non-marine to shallow marine environment of deposition 

existed were continental rifting was concentrated. 
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Basin-wide subsidence and active extension continued in the Norwegian Sea during 

the Early Cretaceous especially in the south along the active "End of the World" fault 

trend where pronounced extension has been recognised (Rattey and Hayward, 1993). 

However, this extension did not propagate to the southwest into the West of Shetland 

area, where no major faulting is recognised during this time. 

The West Shetland and Faeroe-Shetland Basins experienced flooding onto the intra-

Cretaceous unconformity surface throughout the Early Cretaceous. The deepest parts 

of these basins did not experience any break in stratigraphy, associated with this event, 

whereas on the margins and to the south considerable erosion is interpreted to have 

taken place. The uplift which is suggested to have generated this unconformity centred 

along the North Rockall Trough probably formed a clastic shoreline on its margins, as 

seen in the southern section of the West Shetland Basin and the Donegal Basin. 

Towards the centre of the Rockall Trough non-marine deposition is thought to have 

taken place (see chapter six). 

The Porcupine Basin underwent thermal subsidence in the latest Ryazanian after a 

basinwide unconformity, either caused by the interpreted pre-rift uplift of the Rockall 

Trough or the intrusion of volcanics along the axis of the basin (Tate and Dobson, 

1988). The facies in the basin remained the same from this time until the Albian 

(Moore, 1993), with the margins of the basin dominated by a shallow shelf 

environment. Fan deltas also formed at the faulted margins and prograded towards the 

centre and to the south of the basin where the thickest deep water facies accumulated 

(Moore, 1993). 

The North Sea throughout the Early Cretaceous underwent thermal subsidence with 

widespread mudstone deposition and localised submarine fan elastic input (BP 

unpublished data). Clastic input into what was a tectonically-quiescent basin was 

concentrated along the Norwegian margin Western Platform and, in the latter, was 

probably initiated by the rifting and pre-rift uplift of the Rockall Trough. The relative 

fall in sea level over both the Rockall Trough/West of Shetland area and the Celtic Sea 

Basins may have produced the "Base Cretaceous" unconformity observed on the basin 

margins, described by Rattey and Hayward (1993). However, a separate tectonic 

event centred on the Southern North Sea and associated with the Early Cretaceous 

volcanism observed in the Netherlands (Jeans et al., 1977) may also have been 

responsible for this unconformity. This minor elastic phase in the North Sea 
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continued, with decreased intensity, until the start of Chalk deposition in the 

Cenomarnan. 

In the Celtic Sea Basins during the Early Cretaceous uplift event subsidence stopped 

throughout the area as the basins adjacent to the Cornubian Platform underwent 

transpression during the Berriasian (see chapter four). Throughout this time 

deposition in basins on the periphery of the uplift was dominated by the non-marine 

Wealden Beds which became increasing more marine to the west and the southwest. 

The Aquitaine Basin received the eroded sediment from the Cornubian and Amorican 

Massifs on its northern flank. Deltaics also prograded from the uplifted areas to the 

south into the centre of the basin where a shallow lagoon existed (Curnelle, et al. 

1982). Similarly in the Cantabrian Basin continental clastics were deposited in fault 

bounded basins (Garcia-Mondejar, 1989). These conditions continued in both basins 

until the Aptian. 

The Galicia Margin, further south, records the transition from an uplift to rapid 

subsidence during the onset of rifting in the latest Valanginian. This transition is 

observed in the occurrence of a moderately deep marine maristone ( Boillot et al., 

1989). To the south the Early Cretaceous succession in the Lusitanian Basin is 

dominated by non-marine fluviatile deposits of the Tones Vedras Formation whereas 

an equivalent succession south of the Nazare fracture zone is composed of marine 

mans and limestone (Wilson et al. 1989). Volcanic dykes have also been described in 

the west of the basin and may be related to the interpreted uplift between Iberia and the 

Grand Banks. 

The Berriasian-Aptian succession in the Whale Basin was affected by significant 

erosion, probably from the Hauterivian to the Aptian as sea floor spreading initiated on 

its eastern margin. Products from this erosion phase were deposited to the southwest 

in a prograding clastic wedge (Balkwill and Legall, 1989). The Jeanne dArc Basin 

records sedimentation from a restricted marine succession, formed during the period of 

active faulting, to an open marine setting with the deposition of a transgressive 

limestone (Tankard et al., 1989). 

To summarise, the Valanginian was a time when relative sea level falls affected the 

Grand Banks/Iberia, Celtic Sea and Rockall Trough areas reached their peak and a 
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phase of extensive rifting was initiated which would eventually lead to sea floor 

spreading to the north of the Azores/Gibraltar fracture zone. 

7.3.5 The Early Cretaceous (K20 Hauterivian 133Ma) palaeogeographic 

reconstruction. 

The inferred timing of sea floor spreading north of the Azores/Gibraltar fracture zone, 

from the schematic GDE map (Figure 7.8) is coincident with the opening of the 

southern Rockall Trough in the Latest Hauterivian. Sea floor spreading is interpreted 

to have propagated up to the Nazare fracture zone (Figure 7.6) during the 

Hauterivian and on towards the Figueiro Fracture Zone in the Iberian Abyssal Plain by 

the Late Hauterivian (Whitmarsh eta!, 1993) some 12Ma before sea floor spreading 

off Galicia Bank in the Mid-Late Aptian. The turbiditic Hauterivian section of the 

Galicia Margin (Boillot et at. 1989) records the increase in intensity of rifting related to 

the onset of sea floor spreading south of the Nazare fracture zone. This increased 

rifting, to the west in the case of the Jeanne d'Arc basin, is also recorded in the marine 

deposits around the active northeast-southwest transfers in an otherwise restricted 

basin (Tankard et at. 1989). 

Further to the north the southern Rockall Trough may also have undergone rifting 

during this period. However, no direct evidence exists to support this, although a 

Barremian age of rifting is recognized from the North Rockall area. Nevertheless, the 

fact that the locus of rifting had propagated to the north through the Rockall Trough 

suggests that pre-Barremian rifting in the South Rockall region cannot be ruled out. 

Alluvial and deltaic sandstones bodies are also documented on the western margin of 

the Porcupine Basin (Moore, 1993) during this time possibly as a result of the tectonic 

activity in the South Rockall Trough. As rifting initiated in the south Rockall area a 

marine transgression advanced over the North Rockall and West of Shetland areas 

forming the first phase of a relative sea level rise which culminated in the Late 

Cretaceous. 

The flooding of the West Shetland and Faeroe/Shetland Basins increased in intensity 

throughout the Hauterivian. The alluvial/shoreline system is interpreted to have 

retreated further to the south into the Quad 202 area as wells throughout the basins 

centres record a continual deepening. The West Shetland and the Faeroe/Shetland 

Basins experienced no significant fault movement during this period as the majority of 

the clastics were sourced from the south or from the exposed highs (see chapter 6). 
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To the north the Norwegian and North Seas continued to subside with a decreased 

clastic input, and over much of the area mud dominated the succession. 

The plate reconstructions illustrate a Biscay fracture zone or a similar feature which 

may have existed and controlled the opening of the Rockall Trough from the south. 

However, although there is no evidence to suggest that such a fracture zone existed 

(Roberts, pers. comm.), a feature with a similar orientation might explain why the 

Rockall rift was offset from the Grand Banks/ Iberia rift system. This solution may 

also provide a mechanism for the Cretaceous rifting which crosscut the Caledonian 

basement grain (Figure 7.1) and initiated extension in the Labrador Sea in the 

Barremian (Chalmers et al., 1993). 

A major phase of flooding in the Hautenvian (Petrie et al., 1989) onto the Early 

Cretaceous unconformity in the Celtic Sea Area Basins is recorded by the first marine 

incursions into the Wealden Beds (see chapter four). This flooding, described in 

chapters four and five, came from the southwest in the N.Celtic Sea Basin, from the 

east into the Wealden Basin and from the south into the Paris Basin. 

The Hauterivian period documents two major events in the history of N.Atlantic 

opening. The first is the interpreted initiation of sea floor spreading to the north of the 

Azores/Gibraltar fracture zone. This change in the regional stress may also have 

activated the inferred Biscay fracture zone or similar feature and extension in the 

Rockall Trough. The flooding of many areas exposed during the Early Cretaceous 

may also be related to the change in stress and subsidence over much of the North 

Atlantic leading to a transgression which would build in intensity during the 

Cretaceous. 

7.3.6 The Early Cretaceous (K30 Barremian 125Ma) palaeogeographic 

reconstruction. 

The Barremian period represents the last phase of proto-Atlantic break-up. From the 

Aptian onwards a linked rift system along the Cretaceous rift trend from the 

Norwegian Sea to the Azores/Gibraltar fracture zone existed west of the British Isles. 

Many of the Jurassic/Early Cretaceous rift basins throughout the N.Atlantic underwent 

thermal subsidence and tectonic quiescence during this period and, therefore only 

significant changes in the stratigraphic section will be described. The main differences 

from the previous reconstructions were the continued flooding of the Rockall Trough, 



Celtic Sea Area and Wessex Basins, the propagation of the sea floor spreading 

between the Grand Banks/Iberian Margin above the Nazare fracture zone, and the 

increased activity of the Biscay fracture zone which may have lead to the onset of 

rifling in the Labrador Sea and the continued rifling of the Rockall Trough. 

The schematic GDE map (Figure 7.9) shows that the interpreted spreading centre, 

between Grand Banks and Iberia, had extended north of the Figueiro Fracture Zone, 

based on magnetic anomaly dating during Leg 149 of the ODP (Wilson pers.comm.). 

By the Late Barremian-earliest Aptian sea floor spreading is proposed to have started at 

DSDP site 398 south of the Vigo Seamount in the southern sector of Galicia Bank 

above the Figueiro Fracture Zone (Mauffret and Montadert, 1988). However, further 

north, Leg 103 of the ODP timed the break-up unconformity off Galicia Bank to be 

Mid-Late Aptian in age due to the fact that the J anomaly did not exist offshore in this 

area (Mauffret and Montadert, 1988).The stratigraphic response to this was the 

increased turbidite activity along the Galicia Margin and the return to a marine 

dominated environment in the Jeanne dArc Basin. With the northward propagation of 

this spreading centre the Bay of Biscay underwent extensive rifling prior to the 

initiation of the Biscay spreading centre in the Aptian. 

The flooding of the West Shetland/ Faeroe-Shetland basins continued through the 

Barremian observed in the characteristic limestone facies which dominate the 

succession. Clastic input into these basins had also decreased as the inferred clastic 

shoreline to the south had retreated to the Quad 165 area with the continued 

transgression of the Early Cretaceous unconformity. There is little evidence of fault 

movement in the West Shetland/ Faeroe-Shetland basins from the clastic poor 

succession. Rifting in the Rockall Trough by this time had also reached the North 

Rockall area, northwest of the Donegal Basin. This is recorded in the Late Barremian 

syn-rift sediments, of a deep marine origin that exist in this area suggesting that intense 

rifling was occurring at this time. However, the area between Quadrants 165 in the 

north and 132 in the south may have still been undergoing subaerial erosion. It is 

proposed that this area did not subside until rifling in the Aptian propagated to the west 

of the Hebridean Platform, linking the Rockall Trough rift to the West Shetland/ 

Faeroe-Shetland rift system. 

The activity along the Biscay fracture zone may have increased with the northward 

propagation of spreading centre between the Grand Banks/Iberian Margin. This is 

suggested by the initiation of rifting in the Labrador Sea (Chalmers et al., 1993), offset 
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The Early Cretaceous (K30 Barremian 125Ma) plate reconstruction and 
palaeogeography for the N.Atlantic. (see legend in volume two for key to diagrams) 
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from both the Rockall and Grand Banks/Iberian rifting zones. The increased 

occurrence of turbidites and debris flows along the northern Galicia margin record the 

greater intensity of rifting and subsidence prior to the onset of sea floor spreading 

(Boillot et al., 1989). Increasing subsidence is also observed in the deepening marine 

environment noted at this time by Tankard et al.(1989) in the Jeanne d'Arc Basin. 

Overall the Barremian records the continued northward propagation of sea floor 

spreading along the Grand Banks/Iberian Margin and the continued flooding of the 

Rockall and Celtic Sea Early Cretaceous unconformity sufaces. The onset of rifting is 

also recorded in the Labrador sea and northward propagation of rifting along the 

Rockall Trough is observed in the southern end of the North Rockall Trough. 

7.3.7 The "Mid" Cretaceous (K40 Aptian 112Ma) palaeogeographic 

reconstruction. 

By the Late Aptian sea floor spreading had propagated as far north as Galicia Bank 

(Figure 7.10) producing the break-up unconformity between this area and Flemish 

Cap (Mauffret and Montadert, 1988; Boillot and Winterer, 1988; Grant et at., 1988; 

Whitmarsh et al., 1993). The break-up is interpreted to coincides with the deposition 

of the Upper Avalon Mb. in the Jeanne d'Arc Basin during which time a widespread 

unconformity developed across the Grand Banks margin (Grant et at., 1988). Crustal 

separation between Iberia and southern France in the Bay of Biscay also occurred 

during this period in the Mid Aptian (Ziegler, 1988; Masson and Miles, 1985). 

The interpreted 'break-up" unconformity is best observed on the Newfoundland 

margin where two prominent unconformities can be recognized, one at the 

Barremian/Aptian boundary and one in the Late Aptian (Tankard et at., 1989). 

However, these events are interpreted by Driscoll et at., (1995) as rift onset 

unconformities as they argue that rifting continued in the northern portion of the 

Jeanne d'Arc Basin and in the Flemish Pass Basin up to the Late Aptian when sea 

floor spreading is interpreted to have taken place between Iberia and the northern 

Grand Banks (Whitmarch et at., 1993).This presents a problem as conventunal models 

for the initiation of sea floor spreading such as that of Favley (1974) suggest that 

rifting stops when sea floor spreading occurs adjacent to the rifting area. Driscoll et 

al., (1995) suggest that the progressive unzipping of the crust between Iberia and the 

Grand Banks (e.g. as in the Whitmarsh et at., 1993; Whitmarsh et at., 1990 and 

Pinheiro et at., 1992 models) took place in a series of ridge jumps the youngest being 
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in the Late Aptian which turned off rifling in the Jeanne d'Arc Basin. However, if sea 

floor spreading did propagate between Iberia and the northern Grand Banks during the 

Aptian as proposed by Whitmarsh et al., (1993), amongst others, then complex three 

dimensional tensional forces would have to be inferred to explain the Late Aptian 

continental rifting in the northern Jeanne d'Arc Basin and the Flemish Pass Basin 

(Driscoll et al., 1995). If this were the case than a fracture zone roughly in the 

postulated position of the Biscay Fracture Zone would be required to separate the sea 

floor spreading in between Iberian and the northern Grand Banks from continental 

rifting which was occurring between Goban Spur and Flemish Cap (Driscoll et al., 

1995). 

The North Sea and the Norwegian Sea continued to experience mud-dominated 

deposition with very little clastic input during the Aptian period (BP unpublished data). 

In contrast the initiation of rifling along the Rockall-Faeroe margin produced an 

increase in fault activity, especially along the southern section of the Spine Fault and in 

the south of the basins. The Rona and Clair Ridges, the West Shetland and Hebridean 

platforms became the main sources for the clastic sediment such as fan-deltas on the 

margins and high density turbidites and debris flows in the basins (see chapter six). 

Shallow marine and shoreline deposits covered most of the North Rockall area 

especially in Quads 164 and 165. This was possibly the first time since the 

Kimmeridgian that a marine connection existed to the west of Ireland. To the south 

increased flooding of the Wealden facies of both the N.Celtic Sea (Petrie et al., 1989) 

and the Wessex Basin along with a minor rift phase in the Early Aptian resulted in a 

marginal marine to shallow marine environment characterised by the Wealden shales 

and their equivalents. 

The Aquitaine Basin underwent rapid subsidence and turbiditic deposition into deep 

water during the Late Aptian (Curnelle et al., 1982). This succession records the onset 

of sea floor spreading in the Bay of Biscay. Rifling is also recorded in the Cantabrian 

Basin where fluvio-deltaic to shallow marine siliciclastic sediments were deposited on 

the margins and carbonate platform sequences existed in fault-bounded basins. 

There was continued movement on faults throughout the Aptian to Turonian period in 

the Lusitanian Basin (Wilson et at., 1989). This renewed tectonic movement to the 

northwest of the basin may have been in response to the initiation of sea floor 

spreading up to the Charlie Gibbs fracture zone. Associated with this was the 
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continued deposition of fluvial clastics to the north, which also lie offshore on 

basement, and marine marls and shales to the south of the basin. This sequence is 

unlike that of the Whale Basin to the west which had developed a passive margin 

clastic wedge from the Aptian to the Cenomanian (Balkwill and Legall, 1989). The 

Jeanne d'Arc Basin recorded a major unconformity at the base of the Aptian (Tankard 

et al. 1989) probably formed by rift flank uplift associated with sea floor spreading to 

the west between Flemish Cap and Galicia Bank. Further north the tectonic 

configuration of the basin also changed from an east-west stress orientation to a 

northeast-southwest orientation throughout the Late Cretaceous (Tankard et al., 1989). 

To the northwest restricted marine conditions covered the area followed by a 

tectonically quiescent period during Late Cretaceous with the onset of passive margin 

conditions. The Labrador Sea area continued to undergo extensive continental rifting 

from the Aptian to the Cenomanian (Chalmers et al. 1993) with the deposition of non-

marine sediments in active half grabens. 

Rifting in the northern sector of the N.Atlantic dominated the Aptian period whereas 

sea floor spreading continued south and east of this area. The formation of oceanic 

crust between Galicia Bank and Flemish Cap and also in the Bay of Biscay account for 

the break-up unconformities recorded at this time along the Grand Banks/Iberian 

margin and in the Celtic Sea area at the base of the Greensand Fm. However, it was 

not until the Albian, with the onset of sea floor spreading west of Goban Spur and 

intrusion of volcanics over the Celtic Sea area that a regional phase of tectonics 

produced the 'Base Gault" unconformity. 

7.3.8 The "Mid" Cretaceous (K50 Albian 97Ma) palaeogeographic 

reconstruction. 

Sea floor spreading is believed to have initiated between the Goban Spur and Flemish 

Cap in the Albian based on unconformities identified on the Goban Spur margin (Cohn 

et at., 1992; Masson and Miles, 1985) and the timing of rift cessation in the latest 

Aptian (Muller, 1985) and from the interpretation of marine magnetic data (de 

Graciansky and Poag, 1985). To the northwest active continental rifting was probably 

occurring between the Charlie Gibbs fracture zone and the Labrador Sea, illustrated in 

the schematic G.D.E. map for this period (Figure 7.11). Oceanic crust formation 

did not occur in this area, between the Porcupine Basin and Orphan Knoll, until the 
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Coniacian/Santonian (pre-anomaly 34). It is possible that this hold up in oceanic crust 

formation, again behind an active transfer, allowed the Rockall Trough to undergo 

continued extension up to the Cenomanian and igneous activity up to the 

Coniacian/Santonian period. Once sea floor spreading and intense rifting had initiated 

to the northwest of the Charlie Gibbs fracture zone in the Late Cretaceous, the regional 

extension direction changed possibly causing the Rockall rift to fail. Sea floor 

spreading now took place from the Charlie Gibbs fracture zone into the Bay of Biscay 

and along the Grand Banks/Iberian margin. Widespread crustal separation, especially 

in the Bay of Biscay uplifted the margins of the rift zones producing minor erosion and 

the formation of the Base Gault unconformity which can be widely traced throughout 

the western margin of the British Isles (see chapters four and five). This time also 

corresponds to a deepening in the facies of the Aquitaine basin as increased subsidence 

(Desegaulx and Brunet, 1990) and volcanics were intruded into the basin centre 

(Curnelle, 1982). 

Differential subsidence which accompanied fluvio-deltaic to shallow marine deposits in 

the Cantabrian Basin also records the increased oceanic rifting to the north in the Bay 

of Biscay (Garcia-Mondejar, 1989). The Galicia Margin which was undergoing 

passive margin deposition and thermal subsidence (Boillot et al., 1989) during this 

time. However, in the Lusitanian Basin local tectonic highs continued to supply a 

clastic rich fluvial system (Wilson et al., 1989). 

Further to the north in the West of Shetlands area rifting had propagated to the 

northeast of the West Shetland and Faeroe/Shetland Basins. Fault activity occurred 

along the northern section of the Spine Fault and the western side of the Clair Ridge 

initiating deep water mud deposition punctuated by turbidites in the adjacent basins. 

However, in the Victory area (Quads 206 and 208) where rifting was most intense a 

shallow marine clastic sequence was deposited, derived from localised entry points 

along the Spine Fault. 

The Albian period also represents the time of interpreted rift climax and the end of the 

syn-rift phase in the Rockall Trough area. West of the Hebridean Platform a 

deepening environment of deposition in Quad 164 may indicate that active faulting was 

still taking place. It is also possible that a clastic shoreline lay at the northern end of 

the Minch Trough prior to its flooding during the following Cenomanian period (see 

chapter six). The Porcupine Basin underwent a rifting phase during the Late Aptian 

and Albian with the deposition of low energy marine mudstones punctuated by 



turbidites in the basin centre (Moore, 1993) and deltaic deposition on the basin 

margins. Passive subsidence is interpreted throughout the Celtic Sea basins by Petrie 

et al. (1989) where the shallow marine clastics of the Greensand Formation 

transgressed most of the Celtic Sea Area Basins. The marine transgression continued 

into the present day Cardigan Bay in the southern Irish Sea Basin, however, due to 

severe Tertiary erosion no sediments of this age have been preserved throughout this 

area. 

In summary, the Albian was a period when rifting propagated through the West of 

Shetland area and to the northwest of the Charlie Gibbs fracture zone. The initiation of 

the sea floor spreading between the Goban Spur and Flemish Cap resulted in a 

regional unconformity over most of the continental margin of northwest Europe. 

However, this unconformity was only part of a minor phase of regression within an 

overall transgressive setting relating to the regional subsidence which occurred during 

rifting and oceanic crust formation. 

7.3.9 The Late Cretaceous (K60 Cenomanian 91Ma) palaeogeo graphic 

reconstruction. 

Rifting in the Norwegian Sea intensified from the Cenomanian to Campanian period 

with the convergence of the northward propagating Rockall/West of Shetland rift zone 

and the Norwegian/Arctic rift zone. During this time the rifting in the Labrador Sea 

intensified and it is suggested by the plate reconstructions that movement and rifting in 

a transtensional sense also took place along the East Greenland Rift as illustrated on 

the schematic G.D.E. map (Figure 7.12). The Cenomanian period is represented 

over much of the British Isles by the Greensand transgression of the landmasses 

which were exposed during the Late Jurassic and Early Cretaceous phase of relative 

sea level fall. 

The proto-Atlantic rift along the Rockall Trough failed and underwent thermal 

subsidence during the Late Cretaceous (Mitchener, pers.comm.). Volcanic sills are 

also interpreted to have disrupted the Late Cretaceous section in the North Rockall 

Trough indicating that there was still some tectonic activity occurring in this area up 

until the time that sea floor spreading commenced north of the Charlie Gibbs fracture 

zone in the Coniacian to Santonian period. Further north, active faulting had all but 

ceased in the Rockall/West of Shetland area with the onset of thermal subsidence and 

the deposition of predominantly carbonate mud rich sediments. However, in contrast 
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the Norwegian Sea experienced a period of deep water clastic deposition associated 

with the active faulting. Many submarine ridges, (the Nordland and Utrost Ridges) 

supplied sediment into the basins or controlled sediment transportation direction (BP 

unpublished data). 

A Late Cretaceous relative sea level rise is also observed over most of the Celtic Sea 

Area Basins where the shallow marine to shelfal transgressive Greensand Formation 

overstepped older stratigraphy centred around the Comubian Platform and the 

Aptian/Albian volcanics of Quads 72/73. Chalk deposition also initiated towards the 

end of the Cenomanian, the areal extent of which increased throughout the Late 

Cretaceous until eventually all basins were covered (Moore, 1993; Petrie et al., 1989). 

During the Cenomanian it is believed that the Irish Sea was flooded from the south 

(Wilson, 1972) and from the east across a seaway which may have existed prior to the 

formation of the Pennines. Although no information remains to confirm the existence 

of these seaways, the northward and westward onlap of the Greensand Formation in 

N.Jreland and the islands west of Scotland throughout the Late Cretaceous suggests 

that the flooding of the Irish Sea must have taken place. This transgression continued 

through the Late Cretaceous, recorded in the diachronous Hibernian Greensand 

Formation of N.lreland. 

Further south subsidence rates remained high in both the Aquitaine and Cantabrian 

Basins (Curnelle et al., 1982; Garcia-Mondejar, 1989) due to the climax of sea floor 

spreading in the Bay of Biscay. In the Aquitaine Basin deep marine turbidite 

deposition took place whereas the Cantabrian Basin was returned to fully marine 

conditions with basinwide carbonate deposition. However, after this period both these 

basins became part of a Pyrennees foreland basin formed during the Late Cretaceous-

Tertiary Alpine compressional phase. 

Extension and associated tectonic subsidence continued in the Labrador Sea during the 

Cenomanian with the deposition of the first marine sediments in the south of the basin 

(Chalmers et al., 1993) whilst deltas formed on the basin margins. The East 

Greenland Rift probably formed around this time due to the increased extension in the 

Labrador Sea and the plate reconstructions suggest that extension possibly occurred in 

a dextral transtensional mode. 

The Cenomanian records a period of widespread passive subsidence across the 

N.Atlantic region. During this time the active N.Atlantic rift system changed with the 
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failure of the Rockall Trough rift system and a new rift system, the Tertiary rift trend, 

came to prominence along the active Labrador Sea/East Greenland Rift system. It is 

possible that the effect of the Charlie Gibbs fracture zone at the south of the Rockall 

Trough may have resulted in the rifts failure. However, the evolution of the N.Atlantic 

after the Cenomanian would be dominated by the tectonics above the Charlie Gibbs 

fracture zone. This newly-activated rift system may offer one explanation for the 

unconformities observed in the stratigraphic sections in the West of Shetlands area in 

the Late Cretaceous. 

7.3.10 The Late Cretaceous (Early Turonian 89Ma) palaeogeographic 

reconstruction. 

Most areas of the N.Atlantic experienced a tectonically-quiescent period of carbonate 

deposition throughout the Late Cretaceous. The Turonian schematic reconstruction 

(Figure 7.13) which shows the possible existence of volcanics, to the south of the 

Rockall Trough may have formed prior to sea floor spreading north of the Charlie 

Gibbs fracture zone. 

During the Late Cretaceous thermal subsidence along the West of Shetlands/ Rockall 

failed rift and a relatiVe rise in sea level led to the drowning of all but the highest 

topography in the British Isles. To the north in the Norwegian Sea, where rifting was 

still taking place, and throughout the Faeroe/Shetland Basin, mudstone deposition 

dominated the Late Cretaceous succession. Elsewhere, in the Northern North Sea, 

along the Viking Graben, the Late Cretaceous is represented by the carbonate mud-

dominated Shetland Group which grades into the Chalk in the Central and Southern 

North Sea areas. 

During the Turonian a significant unconformity developed in the West Shetland and 

Faeroe/Shetland Basins which exposed the Clair, Rona and Victory Ridges as well as 

the North Rona Basin. This phase of inversion resulted in erosion, in some places of 

virtually all the Early Cretaceous section in these basins and an unconformity in the 

North Viking Graben (BP unpublished data). The resultant unconformity surface was 

gradually onlapped from the northeast throughout Turonian to Maastrichtian times and 

this event may have been the result of a major plate reorganisation to the south. 

However, another explanation for this unconformity's formation could be the possible 

uplift formed by may be the rift flank uplift along the adjacent East Greenland Rift 

system. Increased activity along the East Greenland Rift system may correspond to a 
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period of accelerated subsidence and deep marine conditions throughout the Turonian 

section of the Labrador Sea (Chalmers et al., 1993). 

It is also presumed that intense rifting was occurring above the Charlie Gibbs fracture 

zone during this period, although, the age is hard to constrain. The first magnetic 

anomalies (anomaly 34) to the northwest of the Charlie Gibbs fracture zone are 

interpreted to be at least Santonian in age (Croker and Klemperer, 1989). However, 

this occurs near the end of the Cretaceous long normal period, which is dated as 

Aptian to Santonian in age, during which time no magnetic reversals have been 

recorded (Harland et al., 1990). This implies that the oceanic crust may have formed 

above the Charlie Gibbs fracture zone prior to anomaly 34 but cannot be precisely 

dated. 

7.4 Discussion 

7.4.1 Introduction 

As can be seen from the schematic GDE maps accompanying this chapter the rifting 

history of the N.Atlantic is complex, involving the interplay of propagating rift 

systems, transform faults and uplift events. Nevertheless an understanding of its 

evolution can be attempted by describing sequences which can be correlated regionally 

and that are not diachronous. 

The following five main elements may be deduced from the new palaeogeographies 

presented in this thesis: 

Three different rift trends (Jurassic, Cretaceous and Tertiary) can be identified from 

the Late Jurassic to the Late Cretaceous. These trends can be related to times of 

widespread plate reorganisation during the Tithonian, the Valanginian and the 

Cenomanian. 

Most areas are interpreted to have experienced relative sea level falls, possible 

related to uplifts, prior to these plate reorganisations in the Kimmeridgian-Tithonian, 

Late Berriasian and Middle Albian which held up rift propagation temporarily. The 

majority of these uplifts were short lived, being transgressed with the relative sea level 

rise produced by the initiation of subsidence either from rifting or sea floor spreading. 
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However, the uplift centred on the Cornubian Platform in the Late Berriasian was 

offset from the main zone of N.Atlantic sea floor spreading and occurred after the 

onset of Late Jurassic/ Early Cretaceous rifting and prior to a short phase of Early 

Aptian extension. 

Although a period of regional extension existed in most basins from the Late 

Jurassic to the Early Cretaceous, rifting relating to the actual opening of the N.Atlantic 

occurred along discrete zones. However, many of these zones were never exploited 

for Atlantic sea floor spreading (e.g. the Bay of Biscay, Labrador sea and the Rockall 

Trough to the West of Shetlands rift zone) and failed like many of the Late Jurassic rift 

basins. 

The location of sea floor spreading in the N.Atlantic was controlled, apart from the 

areas of rifting, by dominant transform faults. Both the Azores/Gibraltar and the 

Charlie Gibbs fracture zones held up sea floor spreading for considerable periods of 

time which, in the case of the Charlie Gibbs fracture zone, may have resulted in the 

N.Atlantic bypassing the Rockall Trough. Although there is no direct evidence for the 

existence of a Bay of Biscay fracture zone it seems that some form of transfer may 

have existed in that area as such a feature would have promoted the early rifting in the 

Labrador sea. 

Rifting propagated from the south to north in virtually all N.Atlantic rift zones 

during the Early Cretaceous. This is most clearly illustrated in the Rockall Trough to 

West of Shetland trend. It is also evident that as sea floor spreading initiated in one 

segment of the N.Atlantic, between prominent transform faults, the neighbouring 

section would undergo extension and continental rifting, thus ensuring the 

continuation of rift propagation. 

This study has identified a number of previously-undocumented uplifts from the 

sedimentation patterns recorded in the Mesozoic basins of the N.Atlantic. These 

uplifts appear to be solely associated with tectonic mechanisms and are not purely a 

eustatic effect (see chapter 4). Uplifts relating to major unconformities have been 

recorded in the Late Kimmeridgian (Grand Banks/Iberian Margin), the Berriasian 

(northern Grand Banks! Iberian Margin, S.W. Britain continental margin, north 

Rockall area) and in the Apto-Albian (S.W. Britain continental margin). Many of 

these uplifts have similarities: most show a shallowing in the stratigraphic record just 

prior to the time of the unconformity heralding a major rifting event. However, the 
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uplift over the S.W. Britain continental margin, which affected the Celtic Sea Area and 

Wessex Basins in the Late Berriasian, recorded a shallowing in the stratigraphic record 

during and after a major rifling event. The remaining objective of this thesis is to 

discuss possible causes for the uplifts observed during the Late Jurassic-Middle 

Cretaceous along the N.Atlantic as well as summarising the main points from the 

previous chapters. 

7.4.2 Uplifts relating to rifting 

A number of uplift models have been developed to explain the occurrence of uplifts 

over the rift flanks or rift zone prior to, and during the initiation of oceanic crust 

formation (e.g. Royden and Keen, 1980; Campbell and Griffiths, 1990; White and 

McKenzie, 1989). These models predict a broad dome forming due to the destruction 

of the lithosphere component of the mantle beneath a stable crust either by conductive 

heating, advective heating or by diapirism (McGuire and Bohannon, 1989). 

However, only a few models predict uplifts prior to a rifling event which do not lead 

to oceanic crust formation (e.g. Turcotte and Emerman, 1983; Underhill and 

Partington, 1993 and 1994). This study has primarily aimed to understand the roles of 

uplifts prior to sea floor spreading in the North Atlantic, although, in addition the 

abandoned sea floor spreading centres in both the Tagus abyssal plain and the Bay of 

Biscay have been studied. 

The interpreted uplift of both the Tagus abyssal plain and the Bay of Biscay probably 

represents a relative uplift of the rift zone due to the accumulation of less dense melt at 

the base of the lithosphere prior to the establishment of oceanic rifting (Keen, 1987). 

However, such a symbiotic relationship between the timing of uplift and volcanics is 

not as straightforward in other areas e.g. the Red Sea where Bohannon et al., (1989) 

recorded a delay, sometimes up to 10-14My, between rifting uplift and volcanism. 

The observation that some uplifts can precede rifting and sea floor spreading has been 

illustrated by other workers in the Red Sea (e.g. Menzies et al., 1995; Tewfik and 

Ayyad, 1982). The Northern Rea Sea is believed to have evolved as a result of 

arching (regional uplift) during the Jurassic-Early Cretaceous and a pre-rift uplift in the 

Mid-Late Eocene. During the Jurassic-Early Cretaceous period the fluvio-deltaic 

sandstones of the Nabian Fm. were laid down in the northern Rea Sea. This 

formation which lies on Precambrian rocks varies in thickness and onlaps the 

interpreted uplift during the Jurassic to Early Cretaceous(Tewfik and Ayyad, 1982). 
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However, to the northwest, deep marine facies existed in the northern Egypt. This 

area was then transgressed during the Late Cretaceous as far south as 260N by the 

Tethyean Sea with marine sediments onlapping an emergent area in the southern Rea 

Sea region (Menzies etal., 1995; Tewfik and Ayyad, 1982 - their figure 2). Marine 

conditions continued into the Early Eocene when deposition can be documented as far 

south as the Quseir area of Egypt. However, the absence of Mid-Late Eocene 

sediments over the northern Red Sea and southern Egypt as well as the offlap pattern 

of the Early Eocene sediments from south to north are evidence that possible arching 

occurred post Early Eocene and prior to rifting (Tewfik and Ayyad, 1982). This 

arching collapsed with the initiation of rifting around the Late Eocene-Oligocene 

(>3lMy, Menzies etal., 1995) and the initiation of volcanism from 31-26Ma 

associated with which was the uplift of the rift margins witnessed by the formation of 

the Red Sea Hills and the western Yemen mountain range. Fully marine conditions 

eventually transgressed the rift topography by the Miocene in the northern Red Sea 

area prior to the interpreted outpouring of oceanic crust in the southern portion of the 

Red Sea in the Pliocene. 

Two periods of uplift have then been identified prior to rifting in the Northern Red Sea 

area, a regional uplift in the Jurassic-Early Cretaceous and an arching of the rift zone 

just prior to rifting in the Mid-Late Eocene. Such uplifts, ahead of rifting/sea floor 

spreading have direct analogies to those identified in this study. The interpreted uplifts 

observed between the Grand Banks and Iberia may be related to the Early Cretaceous 

rifting which lead to the propagation of sea floor spreading from south to north in this 

area. The interpreted uplift in the Celtic Sea area could also be postulated to have 

formed ahead of sea floor spreading, although only a minor period of localised 

extension in the Early Apuan is thought to have taken place after this event. Another 

analogue, although data quality is poor may be observed in the Rockall Trough, where 

uplift is interpreted to have preceding rifting and volcanic activity in the Late 

Cretaceous albeit for the fact that this area probably did not continue to oceanic crust 

formation. The possible arching prior to rifting and the uplift of the margins during 

rifting may also explain the observed intra-Cretaceous unconformity and the Early to 

Late Cretaceous onlap of the margins of the Rockall Trough. Both the Celtic Sea and 

the Rockall uplifts did not lead to oceanic crust formation in their immediate areas. 

This could be explained by the fact that as the N. Atlantic rift system propagated from 

the south to the north the associated sea floor spreading was delayed by major fracture 

zones, as described earlier, and was diverted in the process to the west away from 

both the Celtic Sea and Rockall Basins. 
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In summary, using evidence from the northern Red Sea and the Early Cretaceous 

evolution of the N.Atlantic there seems to be a link between regional uplift occurring 

before and geographically in front of a propagating sea floor spreading system. 

Apart from those uplifts relating to sea floor spreading the remainder that have been 

identified do not have an obvious mechanism of generation. These uplift events do not 

appear to be solely formed by eustatic sea level falls as independent evidence from 

AFTA and vitrinite data attest to these areas being uplifted relative to a fixed datum. 

There also does not appear to be sufficient evidence for volcanic activity from the areas 

studied to invoke that these uplifts could be caused by a mantle plume (at least of the 

type described by Campbell and Griffiths, 1990; and White and McKenzie, 1989). 

However, it is obvious from certain basins that moderate volumes of volcanics have 

been emplaced after the cessation of an uplift and rifting event (e.g. the northern 

Rockall Trough and between Grand Banks/Iberian in the Early Cretaceous). In the 

Rockall Trough, uplift is interpreted to have occurred just prior to rifting in the Early 

Cretaceous and was followed by Late Cretaceous volcanism (see chapter 6). An uplift 

model such as Turcotte and Emerman (1983), therefore, involving the build up of an 

asthenospheric pillow below the rift zone, may also seem appropriate for this northern 

Rockall area. Still, with the scarcity of data in the Rockall trough it is difficult to 

envisage a method for the uplift's formation. It is quite possible that a small uplift, 

from the Late Ryazanian to the Barremian, caused a relative fall in sea level and the 

formation of an unconformity, the stratigraphic gap associated with which was further 

exaggerated on the margins of the basin during the ensuing period of rifting by rift 

flank uplift. 

Rift flank uplift has not been considered as the main mechanism for the uplifts 

mentioned above, primarily because those observed, if dated by the correlative 

conformities of the associated unconformities, occurred prior to rifting and therefore 

before rift flank uplift could be generated. However, in other instances if the timing of 

rifting is poorly constrained, rift flank uplift may provide a possible mechanism for 

unconformity generation (i.e. in the northern Rockall Trough). The maximum extent 

of rift flank uplift depends on 1) the geometry of the detachment surface, 2) the lateral 

separation of the maximum pure shear in the upper plate to the maximum pure shear in 

the lower plate, 3) the size and distance separating the pure shear minima compared to 

the wavelength of flexure of the lithosphere (see Weissel and Kamer, 1989). Under 

normal or workable crustal values the maximum distance of flank uplift from the rift is 
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50-100 km (Cochran, 1983; Weissel and Kamer, 1989), which is considerably less 

than the distance over which the erosion associated with these inferred uplifts is 

observed. This distance can vary depending on the depth at which the lithosphere 

necking takes place (Kooi and Cloetingh, 1992b). The depth of lithosphere necking 

can also affect the margins of a major rift, and in the case of the Rockall Trough 

stratigraphic data was only available from these positions. If weakening takes place in 

the upper lithosphere during crustal extension then the rift zone warps up and the 

margins subside but if deep lithosphere levels experience weakening than the opposite 

occurs (Lynch and Morgan, 1990). Therefore the uplift recorded on the margins may 

not be related to an uplift of the rift zone itself, and due to the lack of data from the 

actual rift basin (e.g. the Rockall Trough) during the time of uplift a solution is hard to 

establish. However it appears that the regional uplifts recorded seem to extend over a 

much larger distance than can adequately be explained by either rift flank uplift or 

flexure and therefore they may involve another mechanism. 

Kusznir and Egan (1989) also proposed a model for for the generation of regional 

uplift and unconformity generation at the timing of "break-up". This model which is 

regarded as being oversimplistic (Kusznir, pers. comm) suggested that the removal of 

rift topography (principally the footwall high) by erosion can create a regional uplift 

due to the flexural response of the lithosphere as it attempts to return to isostatic 

equilibrium. If the regional uplift is further eroded a regional unconformity surface is 

predicted to be generated in the centre of the basin. The uplift is further aided by 

regional heating of the lower lithosphere and also magmatic underplating of the crust 

(e.g. Keen and de Voogd, 1988; Kusznir and Ziegler, 1992) just prior to crustal 

separation. 

However, there are four main problems with this model. Firstly the model assumes 

that the basin is filled to sea level or filled completely with the products of future 

erosion being transported away from the basinal areas. Secondly, rift topography is 

eroded very quickly in the immediate post-rift phase. Thirdly, thermal subsidence is 

assumed not to be greater than the rate of erosion induced uplift and fourthly the model 

does not address fault growth and erosion through time but on a very large scale 

>lO6My. 

This model was used to explain the "break-up" unconformity in the Jeanne d'Arc 

Basin, although Driscoll et al. (1995) suggest that the interpretation of "break-up" in 

the earliest Aptian by Kusznir and Egan (1989) may be wrong as crustal faulting 
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continued in this area into the Late Aptian (after Kusznir and Egan's inferred start of 

sea floor spreading in the adjacent area). However this theory seems to present one 

possible mechanism for the generation of a regional unconformity provided all the 

assumptions are satisfied. The use of a similar model does not seem applicable to the 

Late Berriasian unconformity in the Celtic Sea area as faulting may have occurred after 

this event, possibly in the Aptian. Also during this time the basin centres of both the 

North Celtic Sea, Brittany Basin and Channel Basin were accumulating sediment and 

do not appear to record the unconformity which would be predicted in the Kusznir and 

Egan (1989) model. 

Nevertheless, the minor Mid-Late Aptian and Mid Albian "Base Greensand" and 'Base 

Gault' unconformities throughout the Celtic Sea and Wessex Basins (mentioned in 

chapters four and five) may have been formed in part by this mechanism as well as the 

region uplift generated by the initiation of sea floor spreading in the Bay of Biscay and 

west of Goban Spur. These unconformities show minor erosion of the Early 

Cretaceous Wealden strata in the basin centres of the North Celtic Sea, Brittany Basin 

and Channel Basin and appear to separate Late Jurassic/Early Cretaceous syn- and 

post-rift cycles from the true Late Cretaceous post-rift. Therefore, it seems that this 

process may play some part in the formation of "break-up unconformities" although it 

is thought that the thermal processes associated with continental rupture probably 

account for most of the uplift identified on passive margins. 

One further mechanism which seems, at least in theory, to correspond well with the 

uplifts recognised in this study is that of the build-up and relaxation of intra-plate 

stresses (e.g. Cloetingh et al., 1989). This model suggests that tensional stresses 

build-up prior to a major rifting event and are relaxed on the initiation of rifting. 

However, the Cloetingh et al. (1989) model suggests that there should be a sea level 

rise during the accumulation of tensional stresses prior to a rifting event rather than a 

sea level fall which is recorded in many of the cases studied here. Nevertheless, there 

is a good correlation between the timings of these uplifts and major plate 

reorganisations such as in the Tithonian, Valanginian and the Albian, considering that 

the uplifts occur just prior to the reorganisations. 

In summary, uplifts which occur prior to rifting events may be caused by the 

accumulation of intra-plate stresses, especially at times of major plate reorganisations. 

It may also be the case that the erosion associated with the unconformities that can be 

related to uplift events may be exaggerated by the rift flank uplift generated during 
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subsequent rifting. Therefore, in areas of poor data an interpreted uplift events may be 

a combination of relative seal level falls and rift flank uplift. 

7.4.3 Uplifts not associated with rifting events 

Uplifts in an extensional domain not associated with rifting, either continental or 

oceanic are rare in the geological record. The best researched uplifts of this kind are 

"hot-spot" locations where an asthenospheric jet occurs at the base of the lithosphere 

usually resulting in volcanism (e.g. Liu and Chase, 1989). There is no evidence to 

suggest that hot-spots existed throughout the Oxfordian to Valanginian period in the 

area of study so the occurrence of the interpreted Late Berriasian uplift centred on the 

Cornubian Platform (see chapter 4) merits further consideration. 

The interpreted Late Berriasian uplift of the Cornubian Platform initiated during a Late 

Jurassic rifting phase recorded in the surrounding basins but only climaxed with the 

decline of rifting in the Early Cretaceous (and therefore after the period when 

maximum rift flank uplift would be predicted). Minor volcanics are also interpreted 

throughout the area of uplift and are thought to be either associated with this event (see 

chapter 4 and McMahon and Underhill [1995]) or volcanic relating to the opening of 

the Bay of Biscay in the Aptian. However the lack of significant volcanics implies that 

passive rifting, which invokes extension caused mainly by regional tension without the 

need for a significant increase of the geothermal gradient, took place. It is rare that this 

type of rifting causes uplift (Kazmin, 1985) although Hillis (1989) argues that "lateral 

thermal processes", which generate increased geothermal gradients without a dynamic 

heat input (due to the relaxation of uplifted isotherms under the rift flanks by heat 

conduction to the surface), may have been active in conjunction with passive rifting 

throughout the Celtic Sea Basins. 

If these volcanics are related to the interpreted uplift a model which allows the uplift to 

peak, then subside and be followed by intrusions must be formulated. Such a model, 

involving the ascent of a transient asthenospheric "blob", similar to that proposed by 

Underhill and Partington (1993 and 1994) for the North Sea, could explain the rise of 

the S.W. Britain continental margin from the Kimmeridgian to the Late Berriasian after 

which time the uplift deflated. A transient feature would also explain the younger age 

and the existence of the volcanics in the Celtic Sea Area Basins during the Barremian 

to the Aptian after the peak of the uplift event. However, there are two problems with 

this theory in that only low volumes of volcanics have been identified from magnetic 
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interpretation and well penetrations and unlike the Underhill and Partington (1993 and 

1994) model no major rifting occurs after this event. 

It is possible that he quantity of volcanics may be significantly increased if 

underplating, possibly observed beneath the granites on deep seismic data, exists (see 

chapter 4). However, the lack of a major phase of extension after the interpreted uplift 

event means that this feature differs from the Underhill and Partington (1993 and 

1994) model for a similar feature in the North Sea. It seams that throughout the latter 

part of the Early Cretaceous any extension in the Celtic Sea/Wessex Basins was driven 

by rifting in the Bay of Biscay in the Early Aptian prior to sea floor spreading. 

Therefore, not enough evidence exists to relate the uplift over the S.W. Britain 

continental margin to the ascent of a transient asthenospheric "blob similar to that of 

Underhill and Partington (1993 and 1994) for the North Sea in the Mid Jurassic. 

Other uplift processes, such as isostatic uplift must also be considered in order to 

explain this feature. 

As discussed above, the uplift of the S.W. Britain continental margin was centred on 

the granites of the Cornubian Platform. O'Connor and Chase (1989) suggested that 

the rapid Tertiary uplift of the San Pedro Martir granite of Baja, California may have 

been caused by flexuràl isostasy driven by the suppression of a deep (55km) crustal 

root. The San Pedro Martir granite forms a high range bounded by steep escarpments 

relating to Miocene to Recent faulting (Stock and Hodges, 1990). The O'Connor and 

Chase (1989) model proposes that during the Cretaceous when the granites were 

emplaced uplift and erosion of the area placed the granites in local isostatic 

compensation. During the subsequent Early Cenozoic stable period an erosion surface 

developed across the thickened crust. This led to a broad doming associated with the 

regionally compensated crustal structure suppressing the crustal root. A period of Late 

Cenozoic crustal faulting followed which allowed the granite block to be detached 

from the crust producing isostatic uplift of the suppressed block. It is estimated by 

O'Connor and Chase (1989) that the process of uplift to the level of isostatic 

equilibrium took place over a period of 14My with the majority of the uplift occurring 

within the last 3.5My. The present topography around the San Pedro Martir 

(O'Connor and Chase, 1989; their figure 2) also suggests that the uplifted area extends 

outside the area encompassing the fault bounded block, possibly due to frictional drag 

on the faults. 
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The San Pedro Martir granite may provide an analogy to the granites Comubian 

Platform. The granites of the Cornubian Platform were emplaced into the crust during 

the Permian (Hamblin et al., 1992) and this thick crustal package suffered erosion and 

tectonic disturbance until the Early Jurassic. It was only during the Late Jurassic that 

large crustal faults were reactivated on either side of the Cornubian Platform. If the 

Cornubian Platform had a suppressed crustal root prior to this time or major crustal 

thinning in the area surrounding the granites had occurred during Late Jurassic rifting, 

then the granites may have been uplifted throughout the Late Jurassic to achieve 

isostatic equilibrium. Therefore this uplift would be associated, at least in part, with a 

rifting event. 

The Late Jurassic rift period from the Oxfordian to at least the Late Berriasian (-

17My), during which time an uplift would be predicted is similar to the - 14my 

faulting period during which the San Pedro Martir granite was uplifted (O'Connor and 

Chase, 1989). It was found that the characteristic ascent of a granite the size of the 

Cornubian Platform would be greater than lOMy depending on the viscosity assigned 

to the lithosphere. This value was calculated from the following equations taken from 

Turcotte and Shubert (1982 - p. 255). 

w=2.5x 

r= 	1311 

(p l — ID2)..ö. 

where: co = the width of the granite (100km) 

= layer thickness (40km) 

= time of ascent (lOMy) 

= viscosity of the lithosphere (lx 1021  Pas)* 

(PI—P2) = density contrast (100kg/rn3) 

g = gravity (1 Omlsec2) 

= 3xlO14 sec or lx 10 years 

* The viscosity of the lithosphere was given a greater value than that of the 

asthenosphere which was calculated to be lx1020 Pas (Cathies, 1975). 

The equations do not take into account the amount of erosion or the changing viscosity 

within the crust but give an estimate of the time it would take for a granite body to rise 

within the crust. The value of >lOMy for the rise of the granite is in the same range as 

the length of late Jurassic rifting (17My). Therefore, theoretically a granite with the 

dimensions of the Cornubian Platform, if it were suppressed or out of isostatic 

equilibrium, could have risen during and after Late Jurassic rifting. 
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In summary, the interpreted uplift of the S.W. Britain continental margin in the Early 

Cretaceous may have been formed by at least three processes. Firstly it may be of a 

thermal origin, involving the rise of the asthenosphere. Evidence for this process in the 

form of volcanics is limited although AFTA studies suggest a rise in the geothermal 

gradient around this time. Secondly the uplift may have been caused by the isostatic 

readjustment of the Cornubian granites during and after Late Jurassic rifting, although 

further modelling would need to take place before this theory could be justified. 

Thirdly, there appears to be a correlation in the timing of the interpreted uplifts in this 

study (S.W. Britain, Rockall Trough, Grand Banks/Iberian Margin) in the 

Berriasian/Valanginian and a major plate reorganisation which heralded the opening of 

the N.Atlantic. Therefore, it is plausible that intra-plate stresses may provide a 

regional mechanism for uplift ahead of a propagating rift/sea floor spreading system. 
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7.5 Thesis Conclusions 

By using a genetic sequence stratigraphic approach in correlation, involving maximum 

flooding surfaces, and the information from subsidence curves, vitrinite reflectance 

data, AFFA data and computer models, major unconformities and their associated 

uplifts were identified throughout the Late Mesozoic of the N.Atlantic region. These 

uplifts, or relative falls in sea level appear to have been roughly synchronous in time 

but only affect specific areas. This is observed in the Early Cretaceous when both the 

Celtic Sea and the Wessex Basins were undergoing a phase of non-marine deposition 

while in the neighbouring North Sea deep marine conditions continued to exist. The 

correlation between these uplifts and rift zones suggests that any relative fall in sea 

level appears to have been produced by a tectonic mechanism as eustatic sea level 

fluctuations are interpreted to have been negligible. 

Major regional unconformities were identified at four periods during the Late 

Mesozoic. In the Late Jurassic a Late Kimmeridgian unconformity is recorded along 

the Grand Banks/Iberian Margins. This event is not recognised on the same scale in 

any of the other basins studied and therefore is solely related to the inferred abortive 

attempt at oceanic rifting in the Tagus abyssal plain (presuming a Mauffret et al., 

[1989] model for the evolution of the Tagus abyssal plain) or localised tectonics in that 

region. However, this uplift occurs during the formation of the Late Jurassic rifting 

system when rifting occurred from the Norwegian Sea to the Grand Banks/Iberian area 

through the North Sea and the Celtic Sea Area Basins. This rift phase was switched 

off at the beginning of the Cretaceous when the Cretaceous rift system developed from 

the Norwegian Sea to the Grand Banks/Iberian area through the Rockall Trough. 

Just prior to the establishment of the Cretaceous rift system in the Valanginian, 

inferred uplifts occurred over the northern Grand Banks/Iberian area and the S.W. 

Britain continental margin, and possibly over the north Rockall area during the 

Berriasian. With the propagation of sea floor spreading along the main axis of the 

Cretaceous rift system in the Late Hauterivian these uplifts deflated and rifting spread 

northwards towards the Faeroe/Shetland area. The Cretaceous rift systems peaked 

during the Albian when rifting, either oceanic or continental, is recorded from the 

Norwegian Sea to the Grand Banks/Iberian area through the Rockall Trough. By this 

time sea floor spreading between Goban Spur and Flemish Cap as well as in the Bay 

of Biscay allowed another rift system to develop which would control the Tertiary 
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evolution of the N.Atlantic. The new orientation and initiation of sea floor spreading 

in this region produced two "break-up" unconformities in the Aptian and Albian which 

affected the northern Grand Banks, Biscay Margin and the S.W Britain continental 

margin prior to the initiation of passive margin formation. During the Late Cretaceous 

rifting and oceanic crust formation occurred to the northwest of the Charlie Gibbs 

Fracture Zone heralding the new Tertiary rift system. This resulted in only those areas 

to the west of the United Kingdom continental shelf recording the major subsequent 

tectonic events such as the establishment of the East Greenland rift zone. 

Fracture zones appear to have controlled the propagation of these rift systems, 

separating areas where oceanic crust formation was occurring from those areas 

undergoing continental rifting. In some cases these fracture zones (e.g. the Azores-

Gibraltar and the Charlie Gibbs Fracture Zones) held up sea floor spreading 

propagation for considerable periods, usually associated with times of plate 

reorganisations. Continental rift propagation during the Early Cretaceous, after the 

establishment of oceanic crust formation above the Azores-Gibraltar Fracture Zone, 

appears to have occurred in a northward fashion in advance of the sea floor spreading. 

This is best recorded along the Rockall Trough to Faeroe/Shetland trend during the 

Hauterivian to the Cenomanian and it is postulated that the Rockall Trough was only a 

minor Triassic basin prior to this time. 

The continental rift basins of the N.Atlantic appear to have been uplifted and 

experienced erosion prior to major extensional phases and those which continued to 

oceanic rifting experienced renewed uplift prior to and during crustal separation. The 

majority of the uplifts recorded throughout the N.Atlantic region were not formed 

entirely by rift flank uplift as they peaked prior to or after major rifting events. 

However, in certain areas (i.e. the Rockall Trough) rift flank uplift may have 

exaggerated erosion caused by an earlier uplift. Instead the uplifts identified here are 

thought to have been produced by the accumulation of intra-plate stresses prior to 

major plate reorganisations and the formation of the Late Jurassic, Cretaceous and 

Tertiary rift systems. Nevertheless, in some areas associated with sea floor spreading 

a thermal mechanism such as upwelling asthenosphere beneath the rift zone may also 

produce an uplift effect. An alternative uplift mechanism for the Cornubian granites 

involves the isostatic readjustment to compensate for the surrounding thinned crust 

after the Late Jurassic rifting event, or the "release" of a suppressed crustal root. 
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The majority of uplifts in this study appear to have formed in front of a propagating 

sea floor spreading system and it is tempting to think that as well as being linked to 

this system they may also be a precursor to the later rifting stages. Therefore, the 

identification of such uplifts from the stratigraphic record, prior to and post dating 

rifting events, opens up new questions for basin formation and crustal rifting models 

which have as yet failed to explain these features adequately. 
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Appendix 

The regional stratigraphy of the southwest United Kingdom and 
adjacent offshore areas with particular reference to the major 

intra-Cretaceous unconformity 

N. A. McMAHON & J. R. UNDERHILL 

Department of Geology and Geophysics, The University of Edinburgh, Kings Buildings, 

West Mains Road, Edinburgh, EH9 3JW, UK 

Stratigraphic studies in the Wessex Basin, 
southern England, highlight the occurrence of 
a significant intra-Cretaceous unconformity 
which truncates progressively older stratigra-
phy in a westerly direction from Dorset into 
Devon. The erosion associated with the event 
can be traced at least to the west of Exmouth, 
where the Upper Greensand (U. Albian) sits 
upon beds of Permian age. A chronostrati-
graphic correlation diagram (Fig. I), con-
structed from coastal outcrops between 
Hastings in the east and Budleigh Salterton in 
the west, and which avoids footwall highs, shows 
the convergent nature of this unconformity. The 
diagram suggests that the correlative conformity 
of this event lies between Worbarrow Bay and 
Swanage in the Valanginian Wealden Beds, 
below the prominent Quartz Grit bed, rather 
than in the Aptian as supposed by previous 
workers. Eastwards, the Wealden Beds thicken 
rapidly, with progressively more important 
marine incursions. 

The same unconformity also appears to be 
traceable in the Normandy and Brittany regions 
of France, where the most complete stratigraphy 
is observed in the Pay de Bray region, northeast 
of Rouen. Westwards of this point the gap in 
stratigraphy widens, especially on the periphery 
of the Armorican Massif where Liassic, Triassic 
and Permian beds progressively sub-crop the 
unconformity in a relatively narrow band (less 
than 30 km wide). 

Independent analysis of over 90 wells from the 
Celtic Sea, Western Approaches, English Chan-
nel and Brittany Basins reveals that an uncon-
formity, which has a similar character to that 
observed from onshore, exists in the offshore 
basins also. The most complete stratigraphy can 
be found in the Brittany Basin, the North Celtic 
Sea Basin and the Fastnet Basin (e.g. Ainsworth 
et al. 1987). A concentric sub-crop pattern. 
centred on the Variscan granite batholiths of 
Haig Fras and the Cornubian Massif, with the 
oldest rocks in the middle, can be drawn when 
well data are incorporated with gravity data, 
suggesting that this feature may be due to the  

uplift event. However, the batholiths alone may 
not be the sole cause of this unconformity as 
Valanginian erosion is obvious beyond the 
termination of the Cornubian Platform in 
UKCS Quadrant 84. This effect may be 
associated with the drilled Aptian/Albian volca-
nics (UKCS Quadrants 72 and 73) and the 
interpreted pre-Chalk volcanics of the Cornu-
bian Platform, which may have influenced the 
area of erosion caused by the granites. 

The unconformity surface was progressively 
flooded from the margins beginning with the 
'C. Marina' maximum flooding surface in the 
HauterivianBarremian of the southern portion 
of the North Celtic Sea and onshore in the 
Grinstead Clay of the Wealden Basin. The 
flooding continued onshore in an east to west 
direction with a series of transgressive/regressive 
pulses, observed in the sand/clay relationships of 
the Wealden facies and offshore with the 
progressive northeast-orientated flooding of the 
North Celtic Sea. This flooding was rapid, 
coinciding with the end of the intrusion of 
Aptian/Albian volcanics (UKCS Quadrants 72 
and 73), and erosive, observed in the base 
Greensand unconformity. The last evidence of 
this on lap was the flooding of the Aptian/Albian 
volcanics (UKCS Quadrants 72 and 73) in 
Campanian times. Many workers (e.g. Kamer-
ling 1979; Ziegler 1982) have implied that the 
mechanism for the generation of this unconfor-
mity is associated with the rifting North 
Atlantic. However, the spatial extent of the 
feature, removed from the Atlantic margin and 
rather, centred on the granites of the Cornubian 
Platform, suggests that uplift was independent 
of Atlantic opening. If flank uplift is used to 
explain the same uplift unconformity in Dorset, 
where shallowing in the stratigraphic record is 
observed 30 Ma before seafloor spreading west of 
Ireland. then the whole of the British and French 
continental shelves must have been uplifted, 
which would not account for the complete 
stratigraphic section that exists between the 
Atlantic rift and the area of maximum erosion, 
the Cornubian Massif. 

From CROKER, P. F. & SHANNON, P. M. (eds) 1995, The Petroleum Geology of Ireland's Offshore Basins, 
Geological Society Special Publication No 93, pp  323-325 
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A knowledge of the sub-crop and onlap 
patterns associated with this unconformity is 
likely to aid the assessment of hydrocarbon 
prospectivity in the under-explored Celtic Sea, 
Western Approaches and Brittany Basins. The 
uplift associated with this unconformity may 
explain the lack of mature source rocks in the 
Western Approaches Basin. This uplift would 
also affect any oil migration and would cause 
extensive localized erosion on the crests of 
footwall highs, which may have damaged 
potential seals and reservoirs. 

In conclusion, the intra-Cretaceous unconfor-
mity observed in southern England and north-
ern France appears to have its correlative 
conformity in the Valanginian Wealden Beds. 
When traced in the sub-surface, the sub-crop 
beneath this feature appears to be elliptical in 
form, with the stratigraphic gap increasing into 
the centre (roughly the elongate Cornubian 
Platform). The onlap of this feature began in 
the Upper Wealden. was most rapid in Upper 
Greensand times and ended in the Campanian. 
The offset nature of this event, both in a spatial 
and temporal sense, from the rifting axis of the 
North Atlantic indicates that its formation was 
not caused by rift flank uplift but instead by  

intra-plate uplift which was an important 
precursor to North Atlantic Ocean propaga-
tion. An understanding of the regional extent of 
this unconformity can enhance the knowledge 
needed for the further exploration of this 
frontier area. 
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