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Preface

Despite being one of the best known and most visited field areas in the United
Kingdom, a full, integrated and unified assessment of the Wessex Basin has long
been overdue. The purpose of this Special Publication is to use not only surface
outcrops but also information provided by subsurface data, largely obtained in the
successful quest for commercial hydrocarbons, to provide insights into the
development, evolution and petroleum geology of the Wessex Basin. Whilst several
of the papers contained in the book are the products of a highly successful two-day
conference entitled ‘The Development and Evolution of the Wessex Basin and
Adjacent Areas’, held at the Geological Society at Burlington House on 27 and 28
June 1995, others are included so as to provide a balanced and more comprehensive
overview of the main aspects of the basin’s geological history.

Given its status as volumetrically the most important UK onshore petroleum
province, a particular emphasis has been placed upon understanding the hydro-
carbon habitat in the basin. What becomes apparent from reading contributions
contained within this Special Publication is that the “Wessex Basin hydrocarbon
province’ is so limited in spatial extent that the term might be considered a misnomer
(since over 95% of known reserves actually resides in one field). However, what is
equally evident is that the apparently unique nature of the Wytch Farm oilfield may
only be explained via a full understanding of the whole basin’s development and
evolution. Conversely, it is only with the unique insights afforded by the use of well-
calibrated seismic data that provide important clues that have allowed significant
advances to be made into understanding the controls on basin development, the
stratigraphic response and sedimentary fill history in the basin. ’

Given the breadth and depth of the contributions in all of the areas covered in the
volume, I am sure that this Special Publication will become an important reference
for petroleum geologists, academic researchers, students and anyone else who has an
active interest in the basins of southern Britain.

John R. Underhill
The University of Edinburgh
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Introduction to the development, evolution and
petroleum geology of the Wessex Basin

JOHN R. UNDERHILL' & ROBERT STONELEY”

Kings Buildings, West Mains Road, Edinburgh EHY9 3JW, UK
(e-mail: jru@glg.ed.ac.uk)
2]A Pelham Court, 145 Fulham Road, London SW3 6SH, UK

Abstract: Despite containing the largest known onshore oilfield in western Europe, the
Wessex Basin hydrocarbon province appears to be extremely limited spatially and it
currently only consists of three producing oilfields: Wytch Farm, Wareham and
Kimmeridge. The main factor which controls hydrocarbon prospectivity in the area
appears to be preservation of oil accumulations originally sited in Mesozoic tilted fault-
blocks. The extensional palacostructures of Wytch Farm and Wareham are interpreted to
have been charged by upwards migration of oil from mature Liassic source rocks situated
across the Purbeck—TIsle of Wight fault system in the Channel (Portland—Wight) sub-basin
prior to, and unaffected by, either significant effects of intra-Cretaceous (Albian—Aptian)
easterly tilting or by Tertiary tectonic inversion. To date, only the small Kimmeridge oilfield,
which is situated in the core of a periclinal fold created in response to structural inversion,
suggests that any hydrocarbon remigration into younger structural inversion structures has

'Department of Geology & Geophysics, The University of Edinburgh, Grant Institute,

taken place.

Basin definition

The Wessex Basin as defined here consists of a
system of post-Variscan sedimentary depocen-
tres and intra-basinal highs that developed
across central southern England and adjacent
offshore areas (Figs 1 & 2). Given its limits in
age and area, the Wessex Basin may be con-
sidered to represent a series of extensional sub-
basins that form a component part of a more
extensive network of Mesozoic intracratonic
basins that covered much of NW Europe (Ziegler
1990). Like many of the other basins around
the British Isles (e.g. the Weald Basin, Southern
North Sea, Cleveland Basin etc.), the Wessex
Basin also records the effects of Cenozoic intra-
plate contraction and structural inversion of
basin-bounding and intra-basinal faults.
Onshore the geological boundaries to the
Wessex Basin are such that it covers a similar
area to the ancient kingdom of the West Saxons
and includes the present counties of Hampshire
and Dorset, together with parts of East Devon,
Somerset and Wiltshire. The basin is bound to
the southwest and west by the Armorican and
Cornubian Massifs, to the north by the London
Platform (otherwise known as the London—
Brabant massif') and to the south by the Central
Channel High (Fig. 2). Its northeastern and
northwestern boundaries are less precisely
defined. Although the distinction between the
Wessex Basin and the Weald Basin of Sussex,
Surrey and Kent is usually taken to be marked

by a fundamental change in subsurface geology
running NW along Southampton Water, the
WNW-ESE trending Chalk (South Downs)
outcrop is included in the descriptions herein

0 100 200km %\gg Z
0 50  100miles :

Edinburgh

A==y

Fig. 1. Location map indicating the area covered
by Fig. 2.

UNDERHILL, J. R. & STONELEY, R. 1998. Introduction to the development, evolution and petroleum geology of
the Wessex Basin. In: UNDERHILL, J. R. (ed.) Development, Evolution and Petroleum Geology of the Wessex Basin,
Geological Society, London, Special Publications, 133, 1-18.
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INTRODUCTION 3

so as to include the Portsdown Anticline in the
basin (Fig. 2). Although areas to the northwest
of the basin have affinities with the Wessex Basin
(e.g. Bristol Channel Basin), its NW limit is
taken to be marked by a poorly defined bound-
ary running from the Quantock Hills across the
Central Somerset Trough south of the Mendips
to the western extension of the London Platform
(Fig. 2).

Structural components

The Wessex Basin itself can be subdivided into
a number of component parts, bounded primar-
ily by several important exposed or buried tec-
tonic elements, the most significant of which are
given below.

The Pewsey fault system and Central Channel
High which are taken to define the northern and
southern margins of the Wessex Basin respec-
tively.

The Purbeck—Isle of Wight Disturbance (Figs
2, 3 & 4) together with the underlying Mesozoic

Purbeck-Isle of Wight fault system, effectively
separates the Channel (or Portland-Wight) Basin
to the south from the South Dorset Shelf and
Hampshire—Dieppe (or Cranborne—Fording-
bridge) intrabasinal highs.

Other structural elements are also wholly intra-
basinal. Two E-W-trending extensional faults
define a narrow South Dorset Basin (otherwise
known as the Winterborne Kingston Trough
or Cerne Basin) within the South Dorset Shelf.
The Wardour and Portsdown fault systems repre-
sent important sets of intra-basinal extensional
growth faults prior to their reverse reactivation
in the Tertiary. Finally, the largely subsur-
face NNW-SSE-trending Watchet—Cothelstone—
Hazich fault system transects the basin (Milior-
izos & Ruffell this volume).

During Tertiary times, the main site of
deposition differed from those of the impor-
tant Mesozoic basins. Following the latest
Cretaceous—early Tertiary inversion, sedimenta-
tion was mainly restricted to the Hampshire
Basin which lay above the site of the former
Hampshire—Dieppe High (Plint 1982, 1983,

Fig. 3. Satellite image of the South Dorest area showing the significant topographic effect created by the steep
limbs of northward facing monoclinal folds formed in response to Tertiary structural inversion. The approximate
location of the satellite image is shown on Fig. 2. Produced with permission of Earth Images Ltd.
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INTRODUCTION 5

1988). Although temporally and spatially dis-
tinct from the main sites of Mesozoic basin
development, the Hampshire Basin is still con-
sidered an integral part of the Wessex Basin
since it records the syn- and post-contractional
deformation and sedimentation history of the
region.

Stratigraphic framework

The basic stratigraphy and structure of the
Wessex Basin are well displayed in the coastal
cliffs and inland districts of South Dorset, east
Devon and the Isle of Wight. These outcrops,
and deductions made from them, enable predic-
tions to be made about the possible occurrence
of oil and gas in the subsurface, which can then
be tested by reference to information now
available from exploratory wells and from
seismic data (e.g. Stoneley, 1982; Chadwick
1986; Penn et al. 1987; Selley & Stoneley 1987).

Temporally, the sedimentary history of a
distinctive Wessex Basin post-dates the develop-
ment and closure of the Devono-Carboniferous
Proto-Tethys or Rheic Ocean (Glennie &
Underhill 1998). The occurrence of major
thrust faults, intense folding, regional meta-
morphism and intrusion of major granitic bath-
oliths (such as the Dartmoor Granite) all attest
to the severity of Variscan collisional processes.
The deformed Devono-Carboniferous sediments
lie beneath a marked unconformity which
represents the effective lower limit to reservoir
potential in the Wessex Basin (Smith 1993).

Extensional basin development and its com-
ponent sedimentary fill history began in the
Permian within the Variscan fold-and-thrust
belt hinterland and continued until the Late
Cretaceous in the Wessex Basin (sensu stricto,
Fig. 4a & b). The sedimentary fill of the suc-
cessor Hampshire Basin is entirely Tertiary with
the youngest sediments being of Oligocene age
(Fig. 4c). Except for localized volcanics close
to the base (Exeter Volcanic Series), the basin
is wholly devoid of igneous rocks. In general
terms, the Permian—Oligocene succession may
be separated into three internally conform-
able but unconformity bound mega-sequences
(e.g. Hawkes er al. this volume): the Permian to
Lower Cretaceous, Upper Cretaceous and Ter-
tiary megasequences.

Permian—Lower Cretaceous megasequence

The Permian to Lower Creataceous interval has
been the subject of intensive stratigraphic and

sedimentological studies. For example, Ains-
worth et al. (this volume a & b) provide a
detailed biostratigraphic calibration and lithos-
tratigraphic subdivision of the megasequence
and its component parts. Although some
sequence stratigraphic studies of the Jurassic
section have focused upon the recognition and
correlation of sequence boundaries (e.g. Coe
1995, 1996; Hesselbo & Jenkyns 1995), more
recent efforts have attempted to define max-
imum flooding surface-bound, genetic strati-
graphic sequences or depositional episodes
(sensu Galloway 1989; Underhill & Partington
1993, 1994). In particular, Cole & Harding (this
volume) use palynofacies to define genetic
stratigraphic sequences in the Lower Jurassic
with a view to enabling comparison with those
defined in the North Sea and adjacent areas
(e.g. Partington et al. 1993).

The acquisition of significant subsurface data
together with the recent advances in sequence
stratigraphic methods support earlier interpreta-
tions that subdivided the Permian—-Lower Cre-
taceous megasequence into three component
parts (Fig. 5).

The lowest division consists of Permian and
Triassic continental (red bed) sediments, in
which all desert environments are represented.
Deposition was intially restricted to intramon-
tane basins such as the Crediton Trough that
developed due to extensional collapse of the
former Variscan mountain belt. Although there
is much alternation, the sequence is charac-
terised by two large-scale fining upward trends:
conglomerates are confined to the Permian and
the supposed lowermost Triassic, (both of which
were deposited in more or less restricted inter-
montane depressions) and pass up into mud-
stones ascribed to the Aylesbeare and Mercia
Mudstone Groups respectively (Fig. 5).

The Permian, Exmouth and Dawlish Sands of
the east Devon coast pass up into mudstones of
the Aylesbeare Group which are in turn sharply
overlain by Early Triassic Budleigh Salterton
Pebble Beds (Fig. 5). The latter alternate with,
and pass up into, sandstones ascribed to the
Otter Sandstone Formation. Together the Bud-
leigh Salterton Pebble Beds and the Otter Sand-
stone comprise the widespread and important
Triassic Sherwood Sandstone Group (Fig. 5).
The upper part of the sequence is formed by the
extensive argillaceous Mercia Mudstone Group,
known in the subsurface to include localised
evaporites. The Penarth Group at the top of the
Triassic succession heralds the effects of wide-
spread Liassic marine transgression that led to
the re-establishment of marine waters in the area
for the first time since the Carboniferous.
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INTRODUCTION 7

The middle division contains of the domi-
nantly marine sediments of Jurassic age. It con-
sists largely of a broadly cyclic repetition of
shallow marine mudrocks, sandstones and lime-
stones. Many formations have been defined and
mapped but, with the exception of local facies
variations, particularly in some of the carbo-
nates, all appear to be remarkably widespread in
the basin. The Jurassic contains all of the
potential source rocks in the region, and one
major reservoir (the Bridport Sands at the top of
the Lower and base of the Middle Jurassic) and
a number of minor potential reservoir forma-
tions including the Corallian Bencliff Grit (Allen
& Underhill 1989, 1990; Goldring e: al. this
volume), Frome Clay and Cornbrash. The top
of the succession records a major marine
regression and the highest of the limestones,
the Portland Limestone, passes up into sabkha
and brackish water sediments (the Purbeck), and
thence into the entirely non-marine Lower
Cretaceous Wealden Group.

The sediments of the Wealden Group have
a distribution in Dorset apparently localised
along the strike south of major syn-sedimentary
faults. They are essentially of fluvial origin,
although lacustrine environments are well repre-
sented in the considerably thicker succession in
the Isle of Wight. Evidence exists for continued
extensional movement on several of the E-W-
trending faults during the Early Cretaceous. For
example, Ruffell & Garden (1997) document
contemporaneous tectonic control by the Isle of
Wight Fault on sediment dispersal in the Lower
Greensand Group.

Upper Cretaceous megasequence

The Upper Cretaceous megasequence is sepa-
rated from the underlying Permian-Lower
Cretaceous megasequence by an important
Albian—-Aptian unconformity, which is marked
by the progressive westerly truncation of Meso-
zoic and Permian strata. The lowest part of the
Upper Cretaceous megasequence consists of
westerly-onlapping, diachronous, marine, and
commonly glauconitic sandstones which pass up
into the familiar Chalk which shows evidence of
thinning in the far west.

Lateral variation in thickness and Chalk
lithofacies, including the development of
slumps, slip scars and local lacunae have all
been recorded in the Wessex Basin (Gale 1980;
Mortimore & Pomerol 1997). Their close spatial
association with areas that subsequently became
axes of inversion suggests that the E-W-trending
buried faults that either remained active in

extension or, more likely, began to show the
effects of contractional reactivation during the
late Cretaceous.

Tertiary megasequence

The Tertiary succession is separated from the
underlying megasequence by an important, but
subtle, regional disconformity. The stratigraphic
break covers the Maastrichtian and most of the
Paleocene. The overlying sediments that com-
prise the Tertiary megasequence consist of near-
shore marine and non-marine sediments and are
largely confined to the area east of Dorchester
(Fig. 4c). The megasequence reaches a maximum
thickness of over 600 m in the north of the Isle of
Wight as proven by the Sandhills-1 borehole.
Depositional facies analysis of Upper Eocene
(Priabonian) sections demonstrates that the
basin was dominated by lacustrine and brackish
lagoonal environments which were recharged by
marine waters through a restricted inlet in the
east Solent area (Hamblin ez al. 1992).

Development and evolution of
structural styles

Cross section geometries

Surface outcrops highlight the importance of
several important zones of disturbance affecting
the Chalk (Arkell 1947; e.g. landsat image of
Fig. 3). Integration of seismic data with bore-
hole data and field observations enable the
construction of representative structural cross-
sections (e.g. Figs 6 & 7; Stoneley 1982). The
sections not only demonstrate the occurrence of
east-west trending extensional growth faults
beneath the present zones of disturbance but
also in other areas of the basin. The sections also
serve to illustrate the role that many of these
extensional faults had on depositional thick-
nesses and structural geometries during the
Triassic, Jurassic and Early Cretaceous. Exten-
sion not only controlled structural geometries
at a basin-scale but also appears to have been
important at more local outcrop scales too
(e.g. Hunsdale & Sanderson this volume).

Of the major E-W zones of Mesozoic exten-
sion, by far the most significant are the system
of structures that comprise the intra-basinal
Purbeck-Isle of Wight fault system. Variation in
structural styles seen along the length of the
individual, en-echelon fault segments that col-
lectively form the Purbeck-Isle of Wight fault
system may in part be due to the presence of
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least one tilted fault block was affected by the structural inversion process in addition to the more obvious
presence of the major structural inversion-related hangingwall anticline. (OC, Oxford Clay; JB, Junction Bed;
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easy slip (decollement) horizons in the Triassic
in western parts of the basin (Stewart et al. 1996;
Harvey & Stewart this volume). Several workers
believe that there is evidence that syn-sedimen-
tary roll-over anticlines developed in the hang-
ing walls to many of the extensional faults,
particularly those that have a more listric
geometry due to the presence of a salt decolle-
ment at depth (e.g. Selley & Stoneley 1987)

Extension on component fault systems of the
Wessex Basin appears to have largely ceased
during Early Cretaceous times, and except for
those characterised by unusual Chalk lithofa-
cies, most were essentially inactive during Late
Cretaceous deposition which is generally con-
sidered to represent the period of post-rift
sedimentation. Total displacement on parts of
the Purbeck—Isle of Wight fault system are now
known to have had a cumulative pre-Tertiary
displacement in excess of 2km.

Towards the end of the Cretaceous and early
in the Tertiary, initiation or continuation of
south to north compression led to pronounced
reversal of movement and structural inversion
on many of the formerly extensional Wessex
Basin fault segments including those bound-
ing the Central Channel High (Beeley & Norton
this volume). Structural inversion along the

Purbeck—Isle of Wight fault system led to
relative uplift of the Channel (Portland—Wight)
Basin. The amount of uplift has been estimated
to be approximately 1.5km from outcrop geol-
ogy which is consistent with estimates derived
from sonic velocity data (Law this volume) and
apatite fission track data (Bray et al. this
volume). The inversion had the effect of modify-
ing former extensional structures along the
whole length of the basin (e.g. Butler this
volume; Smith & Hatton this volume), with the
creation of major northwards-verging mono-
clinal folds above the reactivated faults (e.g. the
Purbeck—Isle of Wight Disturbance), modifica-
tion of any pre-existing roll-over anticlines and
the formation of periclinal folds in hangingwall
locations and the initiation of local thrusting in
the post-rift sediments (Underhill & Paterson
1998). Outwith the areas affected by Tertiary
fault reactivation, the dips in the Upper Cretac-
eous are for the most part very gentle.

Strike-section geometries

In marked contrast to the N-S-trending dip sec-
tions, east—west (strike-parallel) cross-sections
demonstrate a much simpler structural pic-
ture. There is little evidence of fault-controlled

West

East

Charmouth
Haldon Sidmouth Abbotsbury Burning Swanage lIsle of
Hills Cliff Wight
..;_l I [ I [ [ I I I [ I I I I I
~ ,q T T

Fig. 8. Diagrammatic representation of the east-west effects of, and progressive westerly subcrop of, Jurassic—
Permian strata beneath the intra-Cretaceous unconformity across the Wessex Basin. The occurrence of this
particular unconformity is interpreted to have been detrimental to the area’s hydrocarbon prospectivity since it
probably inhibited source rock maturation in western areas as well as emparting a pronounced easterly tilt to
previously formed extensional tilted fault blocks.
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depositional thickness changes along strike
during deposition of the Jurassic-Early Cretac-
eous. However, marked stratigraphic onlap and
pinch-out of Permian and Triassic sediment-
ary units (including the Sherwood Sandstone
Group; Fig. 3a) is recorded towards the basin
margin (e.g. Butler this volume).

E-W-trending structural cross-sections do,
however, demonstrate that an important easterly
tilt was emparted to the basin during the Early
Cretaceous (Fig. 8). The underlying Permian—
Jurassic sequence was subjected to erosion and
shows progressive truncation towards the west
(e.g. McMahon & Underhill 1996; McMahon &
Turner this volume), the derived sediment prob-
ably mostly passing eastwards into the Weald
Basin. Subsequent westerly transgression during
the Aptian and the Cenomanian eventually led
to cover of the truncated Jurassic, Triassic and
Permian above the megasequence bounding
unconformity.

Hydrocarbon habitat

For any area to become a successful hydro-
carbon province, a number of factors must be
satisfied. There must be one or more suitable
reservoirs capped by coherent seals. There must
be a candidate source rock with sufficiently high
total organic carbon content. Well-defined trap
configurations must exist, be they obvious
structural closures or more subtle stratigraphic
features. Even given all the of the above, an
area would remain unprospective without source
rock maturation due to burial, the existence
of suitable migration routes from source to
trap and, most importantly, appropriate timing
of reservoir-bearing trap formation relative to
hydrocarbon migration. Finally, preservation
of any accumulation must be maintained.

That the Wessex Basin contains producing
oilfields attests to the fact that all the factors
controlling hydrocarbon prospectivity have been
met, at least locally. Integration of onshore
outcrops with subsurface (seismic and borehole)
data enables consideration of each of the
essential requirements which have combined to
make selected parts of the Wessex Basin highly
prospective. Each of these essential requirements
will now be reviewed in turn.

Reservoirs

Potential reservoirs are present in many parts
of the succession, some of major and some of
apparently more minor significance. Review
of onshore exposures suggests that the basin’s

main reservoir potential is provided by silici-
clastic units. However, some minor carbonate
reservoirs also exist.

In the lower part of the outcropping sequence,
the best potential would be provided by the
Permian aeolian sands of East Devon. They have
surface porosity up to 40% and are possibly
equivalent to the Rotliegend sandstones of the
Southern North Sea. The Permian sandstones,
however, are not generally considered to have a
high reservoir potential because it is believed that
they either do not extend sufficiently far to the
east in the subsurface or lie below structural
closure to be of significance in the basin.

Sandstones are frequent in the Lower Triassic
succession. They reach their optimum develop-
ment in the Triassic Sherwood Sandstone Group.
The formation is extensively exposed between
Budleigh Salterton, Otterton and Sidmouth,
where its thickness approaches 120 m (Lorsong
& Atkinson 1995). The unit comprises an almost
continuous, high net:gross arkosic sandstone
body with limited mudstone lenses. Facies
analysis suggests that the Sherwood Sandstone
Group consists of braided alluvial deposits and
perennial sheetflood sandstones, with the local
development of distributary channels and a
couple of aeolian sandstones interbedded with
subsidiary playa lake and floodplain mudstone
lenses (e.g. McKie et al. this volume and
references therein). The latter occasionally con-
tain palaeosols (e.g. Purvis & Wright 1991;
Wright et al. 1991). At Wytch Farm, the Sher-
wood Sandstone Group is interpreted to have
been deposited in a mixed fluvial and lacustrine
proximal braided alluvial plain setting (Dranfield
et al. 1987; Bowman et al. 1993; McKie et al. this
volume). Significantly, the Sherwood Sandstone
Group forms the main reservoir unit (¢. 150 m
thick) in the Wytch Farm Field (McKie et al. this
volume), where it is generally similar to the
outcrops, even though the facies associations
appear not to be continuous in the subsurface in
between. Porosities up to nearly 30% have been
measured with permeabilities in the darcy range.

The stratigraphically lowest potential reser-
voir in the Lower Jurassic interval is the
Thorncombe Sands which lie towards the top
of the Lias Group and are exposed at Watton
CIliff near Bridport. Since they are relatively thin
(23m) and very fine-grained sandstones with
porosity only in the range 7-10% and perme-
ability of approximately 25-30 mD, the Thorn-
combe Sands have not excited as much interest
as either the underlying Sherwood Sandstone
Group or the overlying, Bridport Sandstone.
However, they are believed to contain oil in the
vicinity of Wytch Farm.
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Of more significance are the diachronous 41 m
thick Bridport Sands which lie at the top of the
Lias Group and extend up into the Aalenian.
The sands are fairly uniformly very fine to fine-
grained, clean with outcrop porosities up to
15% and permeability up to 250 mD (and up to
32% and 800mD at Wytch Farm). They are
interrupted by numerous 0.33m thick cemented
beds which could be barriers to cross-forma-
tional fluid flow. The sands are believed to be
shallow marine, whilst the origin of the cemen-
ted layers is still debatable (Bryant et al. 1988).
They are capped by a thin (3m) limestone
representative of the Inferior Oolite which,
where fractured, has yielded oil in the vicinity
of Wareham. The Bridport Sands (¢. 70 m thick)
form the upper reservoir in the Wytch Farm
Field (Colter & Harvard 1981).

Thin limestones in the Middle Jurassic, the
Forest Marble and the Cornbrash, are similar to
the Inferior Oolite in that they too have little
natural porosity. However, the Frome Clay
Member does contain oil at Wytch Farm and
the Cornbrash has been proven to act as a minor
reservoir in the Kimmeridge oilfield where it has
been extensively fractured (Evans er al. this
volume).

In the Upper Jurassic, exposures of the mixed
siliciclastic-carbonate sequence of the Corallian
Group suggest that it could offer some reservoir
potential in the subsurface, particularly the
approximately 3 m thick fine-grained sandstones
known as the Bencliff Grit. Interestingly, at
outcrop at Osmington Mills, the sandstones
show signs of having been extensively impreg-
nated with oil and still provide a live seepage
(Allen & Underhill 1989). Despite this, however,
there are no known occurrences of Corallian oil-
bearing reservoirs in the subsurface to date.

The Portland Limestone at the top of the
Jurassic is porous in two facies: there is still
some primary porosity in oolitic grainstones and
secondary dissolution occurs in bioclastic pack-
stones. It could conceivably provide a target
beneath the Upper Cretaceous unconformity to
the north of the Purbeck—Isle of Wight Dis-
turbance if it could be located seismically,
although the carbonate develops a more chalky
facies inland from the coast.

Restricted fluvial sands in the continental
Wealden Group might conceivably provide
minor reservoirs, but it is unlikely that they are
sealed in the subsurface in southern Dorset. The
Upper Cretaceous and Tertiary do not have any
significant reservoir potential in Dorset since
carbonates of the Chalk Group usually lack
porosity and effective permeability and the
Tertiary clastics occur at or near surface.

Seals

All of the major potential reservoir sandstones
are each covered by a substantial thickness of
mud rocks which have good sealing potential.
The Permian sandstones are overlain by mud-
stones of the Aylesbeare Group. The Sherwood
Sandstone Group is overlain by the red silty
mudstones and local evaporites of the Upper
Triassic Mercia Mudstone Group, which is over
350 m thick near Sidmouth. The Bridport Sands
and Inferior Oolite are overlain by 190 m of the
bentonitic clays of the Bathonian Fuller’s Earth.

Source rocks

Potential source rocks are confined to the
Jurassic and occur at three main levels. In the
vicinity of Lyme Regis and Charmouth, and also
in the subsurface to the east, black shales of the
Lower Lias reach some 100m in thickness
(House 1993). In the lower part of the section
they alternate with pale, very fine-grained lime-
stones approximately 30-40cm thick. Although
marginally immature at outcrop, a total organic
carbon content (TOC) of up to some 8% has
been measured (Ebukanson & Kinghorn 1985):
the organic matter is predominantly Type Il
algal material.

Potential source rock horizons also occur in
the Middle and Upper Jurassic. Some source
rock potential has been proven to occur in the
lower part (Upper Callovian) of the Oxford
Clay, on the shore of the Fleet Lagoon and in
abandoned brickpits in the neighbourhood of
Chickerell some 7km WNW of Weymouth, as
well as in the subsurface to the east.

The Kimmeridge Clay in the Upper Jurassic
reaches a combined total of some 520m in out-
crops at Burning Cliff and at Kimmeridge Bay
itself. The succession consists of interbedded
black anoxic shales and fine dolomitic limestones.
TOCs up to about 20% have been measured
(Farrimond ez al. 1984), although some 70% has
been recorded from the 1 m thick Kimmeridge Oil
Shale just above the middle of the section. Like
the Liassic source rock intervals, Type IT organic
matter is marginally immature at outcrop (vitri-
nite reflectance equivalent 0.48%; Ebukanson &
Kinghorn 1985).

Traps

Two main possible trap types predominate in
the Wessex Basin: periclinal closures mainly
related to structural inversion and buried, tilted
extensional fault-blocks. To date, no evidence
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exists for the presence of any stratigraphic plays.
The periclinal closures are seen running parallel
to, on the south side of, and up to 2km from
the Purbeck—Isle of Wight line of inversion
(e.g. Kimmeridge). These are limited in length
and largely correspond to the centres of indivi-
dual fault segments. Whilst the southerly and
along plunge dips are very gentle, the north
flanks of the periclines commonly steepen into
the main fault. Although these periclines were
clearly uplifted and no doubt modified, possibly
even breached, by the Tertiary structural inver-
sion and uplift, it has been argued that some
may have developed as hanging wall roll-
overs during extension at least in the late
Jurassic-early Cretaceous (Stoneley 1982). How-
ever, most smaller anticlines close to the
disturbance to the west are now believed to
have formed largely during Tertiary inversion
(including the Poxwell Anticline; Mottram &
House 1956).

Although early exploration was directed
towards the periclinal traps (Buchanan this
volume), the advent of seismic data led to the
initial recognition and ultimate successful test
for hydrocarbons in buried tilted extensional
fault blocks lying to the north of the Purbeck—
Isle of Wight fault system in the Wareham area.
It is the occurrence of these tilted fault blocks
adjacent to the active kitchen area to the south
that provides the main structural plays to the
basin including the Wytch Farm and Wareham
oilfields (Fig. 8; Colter & Harvard 1981). A
series of such tilted fault-blocks and terraces
have been defined in the basin. In almost all
cases, faults defining the blocks north of the
Purbeck-Isle of Wight Disturbance remain in
net extension and appear to have been little
affected by the structural inversion process other
than possibly by converting former channels of
migration into seals.

Maturity

At outcrop, all of the potential source rocks are
immature for oil generation. However, there is
ample evidence for source rock maturation
having occurred prior to tectonic inversion in
the Tertiary. Basin modelling supported by well
data suggest that the Lower Lias has reached
peak oil generation throughout the area to the
south of the Abbotsbury—Purbeck-Isle of Wight
disturbance and that, in the east, the Oxford
Clay just entered the oil window (e.g. Penn et al.
1987, fig. 4). To the east of Swanage, the Lower
Lias has been buried deeply enough to raise the
possibility of significant gas generation.

The expectation that maturation has occurred
is supported not only by the presence of pro-
ducing oilfields but also the occurrence and
distribution of seepages. There are a number of
biodegraded oil seeps and impregnations in Jur-
assic and Wealden beds along the coast between
Osmington Mills and Worbarrow Bay east of
Lulworth Cove (Bigge & Farrimond this vol-
ume), and gas seepages have been reported from
the sea-floor south of Swanage (Stoneley 1992).

The oil seep in the Wealden at Mupe Bay has
proved to be a particular focus of research, and
its genesis and evolution have been subject to
considerable debate (e.g. Selley & Stoneley
1987; Hesselbo & Allen 1991; Miles et al.
1993, 1994; Kinghorn et a/. 1994; Wimbledon
et al. 1996; Bigge & Farrimond this volume;
Parfitt & Farrimond this volume; Hesselbo this
volume). A channel sandstone contains boulders
of mineralogically similar sandstones bound
together by black residual oil. These have been
taken by some to be evidence for the existence of
eroded and reworked sediment impregnated by a
nearby Early Cretaceous palaeo-oil seepage
(Selley & Stoneley 1987; Kinghorn et al. 1994;
Wimbledon et al. 1996). As the channel sand-
stone also contains a live, light oil, it has been
argued that the outcrop marks the site not only
Early Cretaceous but also of recent seepage.
Irrespective of its exact evolution, however, the
Mupe Bay exposures together with the other
known seeps have been successfully typed to a
Lower Lias source (Cornford et al. 1988).

Migration

Given the likelihood that the proven Lower Lias
source rock only reached maturity in the kitchen
area south of the Purbeck-Isle of Wight
disturbance, charge into the South Dorset
Shelf was reliant upon leakage across the
Purbeck-Isle of Wight fault system and upwards
migration to backfill tilted reservoirs in the
footwall to the extensional fault segments
(Fig. 9). Such a mechanism is envisaged for the
filling history both of the Sherwood Sandstone
Group and Bridport Sands together with other
minor reservoirs, within the tilted fault blocks
located to the north of the kitchen area. Support
for such a mechanism comes from the occur-
rence of the numerous oil seeps in locations
where they could be fed by migration up the
plane of faults. BP’s Kimmeridge oilfield may
be an important exception to this rule, but
it remains the only producing oilfield in the
hangingwall to the reactivated Purbeck fault
(Fig. 6; Evans et al. this volume).
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Timing of generation, migration
and entrapment

Generation of hydrocarbons from the Channel
(Portland-Wight) kitchen area occurred prior to
Tertiary inversion. Analysis of burial histories
for wells located in the Channel (Portland
Wight) depocentre, and the supposed fossil seep-
age at Mupe Bay, suggest that the Lower Lias
entered the oil window by Early Cretaceous
times with peak generation in the Middle to Late
Cretaceous (Fig. 9). Whilst source rock matura-
tion is likely to have been inhibited or stopped
in western areas affected by Albian-Aptian tilt-
ing (i.e. west of Lulworth), the main Channel
(Portland-Wight) kitchen probably continued to
generate hydrocarbons. That kitchen area was
probably only switched off when uplift south
of the Purbeck—Isle of Wight fault system com-
menced some time between the Campanian and
the Late Palaeocene (Fig. 9).

The disposition of known accumulations
requires that the faults that acted as channels
of migration were sealed over by the Upper
Cretaceous at the time of maximum migration to
prevent escape to surface, and that they sub-
sequently became sealing probably due to the
onset of compression (e.g. Selley & Stoneley
1987). As in many sedimentary basins affected
by tectonic inversion, structures like the peri-
clines that formed during the tectonic inversion
process (e.g. Poxwell) would have been reliant
upon late-stage remigration for them to be
successful plays. As the relative disappointment
of exploratory well results sited on such peri-
clines suggests that such re-migration was of
relatively minor importance in the Wessex Basin.

Finally, understanding of the structural inver-
sion history, superimposed on a very gentle
overall eastwards plunge towards the centre of
the sub-basin, is critical to the interpretation of
the petroleum geology because it implies that
long-established unbreached palaeostructures
are likely to be restricted to the eastern parts
of the basin lying north of the principal axes of
inversion.

Preservation of accumulation

Once an accumulation is in place, it must be
preserved intact and not permitted to escape.
Although many remain undeformed, some
palaeostructures that existed at the end of the
Cretaceous appear to have been affected by the
structural inversion process and either partially
or totally reconfigured by the effects of fault
reactivation and basin inversion during the
Tertiary. Indeed, whilst Tertiary deformation

appears to have been particularly severe in the
immediate vicinity of the Purbeck—Wight Dis-
turbance, large areas to the north seem to have
remained largely unaffected (e.g. the fault block
containing the Wytch Farm oilfield) suggesting
that the footwall to the Purbeck—Wight fault
system acted as a rigid buttress with most of the
compressional strain taken up on it or within the
Channel Basin (Underhill & Paterson 1998).
Intense fracturing in the Chalk, exposed along
the Purbeck-Isle of Wight Disturbance (e.g. at
Lulworth Cove) might have created a seal risk
for the fault block immediately to the north,
which has indeed been found to be water-
bearing although with residual oil staining.
More than a few hundred yards away to the
north, however, where the Chalk remains
undeformed, hydrocarbon accumulations have
remained unbreached as is evident at Warecham
and Wytch Farm.

Limits to the hydrocarbon play fairway

Assessment of the above factors leads to the
conclusion that there may be effective limits to
the main hydrocarbon play fairway. The inter-
preted limits to the main Sherwood Sandstone
Group and Bridport Sands plays are governed
by the respective pinch-out of the lower, and
shale-out of the upper reservoir interval towards
the east, the line to the west of which either the
source rock never reached maturity or was
affected by intra-Cretaceous uplift, and to the
south by the faults and the tilted fault blocks
that they define that show the effects of
contractional reactivation. The resultant play
fairway thus appears to be limited to the area
covered by the Isle of Purbeck (north of the
Purbeck Disturbance), Poole Harbour and
Bournemouth Bay, but appears not to extend
to Solent or to northern areas of the Isle of
Wight. The northerly limit to the play fairway,
however, is not well defined but is probably
controlled by the distance that oil could migrate
from the kitchen area and hence, is dependant
upon the availability of migration routes.
Although the presence of oil at Stockbridge
(Fig. 2) might, however, be taken as evidence
that some oil was able to migrate long distances
to the north of the Channel (Portland-Wight)
depocentre, or from the more local Pewsey
basin, it is more likely that the field is sourced
from the Weald Basin (Butler & Pullan 1990).

Oil production and the Wytch Farm oilfield

Despite the profound bias resultant from oil
production rates from one field, Wytch Farm,
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volumetrically oil production from the Wessex
basin has now overtaken that from the East
Midlands and Weald Basin, thus making it
Britain’s most prolific hydrocarbon area.

To date three producing fields have been
discovered in the Wessex Basin: Wytch Farm,
Wareham and Kimmeridge. The first two of
these occur within the Sherwood Sandstone play
fairway defined above. It is worth noting that
although often shown as a separate accumula-
tion, the Arne discovery is now considered to
form an integral part of the Wytch Farm oilfield.
Furthermore, the offshore 98/7-2 discovery may
also represent an easterly extension of the field
rather than a separate accumulation since it has
the same oil-water contact.

Of the discoveries to date, however, by far the
most significant is the Wytch Farm oilfield
which is the largest onshore field in western
Europe. Although the field was discovered when
the oil-bearing Bridport Sands were penetrated
in 1974, its full potential was not realised until
1977 when an appraisal well was deepened to
test for possible hydrocarbons in the Sherwood
Sandstone Group (Fig. 7; Colter & Harvard
1981; Buchanan this volume).

Volumetrically the Wytch Farm oilfield lar-
gely comprises two main reservoir units: an
upper, Bridport Sands reservoir and a lower
Sherwood Sandstone Group reservoir. A minor
contribution also comes from the Middle
Jurassic Frome Clay Member. The field is now
thought to have had a stock tank oil initially in
place (STOIIP) of 924 MMbbls and contain oil
reserves slightly in excess of 428 MMbbls of
which just under one-half remain to be pro-
duced (239 MMbbls have been produced up
until 31/12/97). The main Sherwood Sand-
stone Group reservoir had a STOIIP estimate
of 754MMbbls of which 397 MMbbls were
thought to be recoverable (52% recovery effi-
ciency). The Bridport Sandstone is believed to
have contained a STOIIP of 120 MMbbls of
which 27MMbbls (23%) is thought to be re-
coverable, and the Frome Clay Member had an
estimated STOIIP of 50 MMbbls and approx-
imate reserves of 4MMbbls (8% recovery
efficiency).

STOIIP and reserve estimates for Wytch
Farm dwarf those of the other two producing
fields and other discoveries in the area. Current
estimates suggest that the Wareham field had a
STOIIP of 21 MMbbls of which 5MMbbls are
thought to be recoverable. Kimmeridge has a
STOIIP of 10 MMbbls, reserves of 3.2 MMbbls
of which 3 MMbbls have been produced to date.
The 98/7-2 discovery is believed to contain an
additional 20MMbbls in reserves which are

currently not included with the Wytch Farm
statistics.

Development of Wytch Farm, which initially
took place in the 1980’s, has more recently been
extended to include that part of the stucture
that runs offshore beneath Poole Harbour and
Bournemouth Bay (see McClure et al. 1995,
fig. 2). Innovative drilling technology including
the use of highly deviated extended reach wells
has been used to drain the field (McClure et al.
1995; Hogg et al. 1996, McKie et al. this volume)
whilst at the same time avoiding the need to put
rigs or other infrastructure in such an envir-
onmentally sensitive area.

Conclusions

(1) The Wessex Basin and the successor
Hampshire Basin contain a Permian—Oligocene
sedimentary fill which may be subdivided into
three unconformity-bound megasequences, each
of which record important phases in the devel-
opment and evolution of the basin.

(2) The lower, Permian—-Lower Cretaceous
megasequence records several phases of exten-
sional faulting which led to the creation of
numerous intra-basinal depocentres, tilted fault-
blocks and terraces. It also contains at least two
main sealed reservoir intervals in the Sherwood
Sandstone Group and the Bridport Sands and at
least three potential source rock intervals in the
Lias Group, the Oxford Clay and Kimmeridge
Clay Formation.

(3) Burial of the Liassic souce intervals in
areas south of the Purbeck—Wight intra-basinal
segmented, extensional fault system led to mat-
uration and migration of hydrocarbons from
Early Cretaceous times. Whilst hydrocarbon
generation was probably arrested in western
areas that experienced intra-Cretaceous (Albian
Aptian) uplift, maturation and migration con-
tinued in eastern areas until Late Cretaceous
times. Neither the Kimmeridge Clay nor Oxford
Clay formations appear to have been matured
for hydrocarbon generation anywhere in the
basin at any time.

(4) Late Cretaceous and Tertiary compres-
sion led to contractional reactivation and
structural inversion along the line of many of
the former extensional structures (e.g. Purbeck—
Isle of Wight fault system), uplift of the Channel
(Portland—Wight) sub-basin and formation of
north-facing monoclines and numerous peri-
clinal folds.

(5) An understanding of the tectono-strati-
graphic development and evolution of the
Wessex Basin helps determine why the basin’s
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hydrocarbon prospectivity appears to be con-
centrated in the east Purbeck, Poole Harbour
and Bournemouth Bay areas. It is only there
that the extensional palaeostructures containing
Sherwood Sandstone Group and Bridport Sands
reservoirs have been unaffected by the pro-
nounced effects either Albian—Aptian easterly
tilting or by Tertiary tectonic inversion.

(6) As in other structurally inverted sedimen-
tary basins in which the kitchen area has been
switched off, hydrocarbon charge into subse-
quent, inversion-related periclinal folds relies
upon remigration from breached palaeostruc-
tures. Despite numerous exploratory wells, it
appears that re-migration did not play a major
role in the basin. Nevertheless, some periclines
modified during the structural inversion episode
may, as at Kimmeridge, have retained from
Cretaceous times or received oil by limited re-
migration.

Both authors are greatly indebted to their many
academic and oil company colleagues for input into
their current understanding of the petroleum geology
of the Wessex Basin. R.S. would particularly like to
thank R. Selley for introducing him to the area and for
his companionship on numerous fieldtrips. S. J. Davies,
J. Evans and A. Ruffell are thanked for providing
advice on the text and G. White is acknowledged for
drafting the diagrams. Earth Images Ltd are acknowl-
edged for permission to produce the satellite image in
the paper.

References

AINSWORTH, N. R., BRAHAM, W., GREGORY, F. J,,
JoHNsoN, B. & KING, C. 19984. The lithostrati-
graphy and biostratigraphy of the latest Triassic
to earliest Cretaceous of the English Channel and
its adjacent areas. This volume.

, —— & ——1998b. A proposed latest
Triassic to earliest Cretaceous lithostratigraphic
classification for the English Channel and its
adjacent areas. This volume.

ALLEN, P. A. & UNDERHILL, J. R. 1989. Swaley cross-
stratification produced by unidirectional flows,
Bencliff Grit (Upper Jurassic), Dorset, UK.
Journal of the Geological Society, London, 146,
241-252.

—— & ——1990. Discussion on swaley cross-strati-
fication produced by unidirectional flows, Benclift
Grit (Upper Jurassic), Dorset, UK [reply].
Journal of the Geological Society, London, 147,
398-400.

ARKELL, W. J. 1947. The Geology of the Country
around Weymouth, Swanage, Corfe and Lulworth.
Memoir of the Geological Survey.

BEELEY, H. S. & NorTON, M. G. 1998. The structural
development of the Central Channel High: con-
straints from section restoration. This volume.

s >

BIGGE, M. A. & FARRIMOND, P. 1998. Biodegradation
of seep oils in the Wessex Basin: a compilation for
correlation. This volume.

BowMAN, M. J. B.,, McCLIRE, N. M. & WILKINSON,
D. W. 1993. Wytch Farm oilfield: deterministic res-
ervoir description of the Triassic Sherwood Sand-
stone. In: PARKER, J. R. (ed.) Petroleum Geology of
Northwest Europe: Proceedings of the 4th Confer-
ence, 1513—1518. The Geological Society, London.

Bray, R. J., Green, P. F. & Duppy, I. R. 1998.
Multiple heating episodes in the Wessex basin:
Implications for geological evolution and hydro-
carbon generation. This volume.

BrYANT, I. D., KanTtOROWICZ, J. D. & LOowE, C. F.
1988. The Origin and Recognition of Laterally
Continuous Carbonate-Cemented Horizons in the
Upper Lias Sands of Southern England. Marine
and Petroleum Geology, 5, 108—133.

BucHANAN, J. G. 1998. The exploration history and
controls on hydrocarbon prospectivity in the Wes-
sex Basins, Southern England, UK. This volume.

BUTLER, M. 1998. The Geological History of the
southern Wessex Basin: a review of new informa-
tion from oil exploration. This volume.

BUTLER, M. & PuLLaN, C. P. 1990. Tertiary structures
and hydrocarbon entrapment in the Weald basin
of southern England. In: HARDMAN, R. F. P. &
BROOKS, J. (eds) Tectonic Events Responsible for
Britain’s Oil and Gas Reserves. Geological Society,
London, Special Publications, 55, 371-391.

CHADWICK, R. A. 1986. Extensional tectonics in the
Wessex Basin, southern England. Journal of the
Geological Society, London, 143, 465—488.

CoE, A. L. 1995. A comparison of the Oxfordian
successions of Dorset, Oxfordshire and Yorkshire.
In: TAYLOR, P. D. (ed.) Field Geology of the British
Jurassic. Geological Society, London, 151-172.

——1996. Unconformities within the Portlandian
Stage of the Wessex basin and their sequence-
stratigraphical significance. In: HESSELBO, S. P.
& PARKINSON, D. N. (eds) Sequence Stratigraphy
in British Geology. Geological Society, London,
Special Publications, 103, 109-143.

CoiLe, D. C. & HarDING, I. C. 1998. Use of
palynofacies analysis to define Lower Jurassic
(Sinemurian to Pliensbachian stages) genetic
stratigraphic sequences in the Wessex Basin,
England. This volume.

COLTER, V. S. & HAvARD, D. J. 1981. The Wytch
Farm Oilfield, Dorset. In: ILLING, L. V. &
HoBsoN, G. D. (eds) Petroleum Geology of the
Continental Shelf of North-West Europe. Hayden
& Son, London, 494-503.

CORNFORD, C., CHRISTIE, O., ENDRESSEN, U., JENSEN,
P. & MYHR, M. 1988. Source Rock and Seep Oil
Maturity in Dorset, Southern England. Organic
Geochemistry, 13, 399-409.

DRANFIELD, P., BEGG, S. H. & CARTER, R. R. 1987.
Wytch Farm Oilfield: reservoir characterisation of
the Triassic Sherwood Sandstone for input to
reservoir stimulation studies. /m: BROOKS, J. &
GLENNIE, K. W. (eds) Petroleum Geology of
northwest Europe. Graham & Trotman, London,
494-503.



INTRODUCTION 17

EBukaNsoN, E. J. & KinGHORN, R. R. F. 1985.
Kerogen Facies in the Major Mudrock Forma-
tions of Southern England and the Implication on
the Depositional Environments of their Precur-
sors. Journal of Petroleum Geology, 8, 435-462.

Evans, J., JEnkins, D. & Gruyas, J. 1998. The
Kimmeridge Bay Oilfield: an enigma demystified.
This volume.

FARRIMOND, P., CoMET, P., EGLINGTON, G.,
EVERSHED, R. P., HALL, M. A,, PARK, D. W. &
WARDROPER, A. M. K. 1984. Organic Geochem-
ical study of the Upper Kimmeridge Clay of the
Dorset type area. Marine and Petroleum Geology,
1, 340-354.

GALE, A. S. 1980. Penecontemperoneous folding, sedi-
mentation and erosion in Campanian Chalk near
Portsmouth, England. Sedimentology,27,137-151.

GaLLowAaYy, W. E. 1989. Genetic stratigraphic
sequences in basin analysis I: Architecture and
genesis of flooding surface bounded depositional
units. American Association of Petroleum Geolo-
gists Bulletin, 73, 125-142.

GLENNIE, K. W. & UNDERHILL, J. R. 1998. Origin,
development and evolution of structural styles.
In: GLENNIE, K. W. (ed.) Petroleum Geology of
the North Sea. Blackwell Scientific Publications,
Oxford, in press.

GOLDRING, R., AsSTIN, T. R., MARSHALL, J. E. A,
GABBOTT, S. & JENKINS, C. D. 1998. Towards an
integrated study of the depositional environment
of the Bencliff Grit (Upper Jurassic) of Dorset.
This volume.

HAMBLIN, R. J. O., CROSBY, A., BALSON, P. S., JONES,
S. M., CHADWICK, R. A, PENN, L. E. & ARTHUR,
M. ). 1992, United Kingdom offshore regional
report: the geology of the English Channel.
HMSO, London.

HARVEY, M. & STEWART, S. A. 1998. Influence of salt
on the structural evolution of the Channel Basin.
This volume.

HAWKES, P. W., FRASER, A. J. & EincHcowms, C. C. G.
1998. The tectono-stratigraphic development and
exploration history of the Weald and Wessex
basins, Southern England. This volume.

Housg, M. R. 1993. The Geology of the Dorset Coast.
(2nd edn). Geologists® Association Guide, 22.
HESSELBO, S. P. 1998. The basal Wealden of Mupe

Bay: a new model. This volume.

—— & ALLEN, P. A. 1991. Major erosion surfaces in
the basal Wealden Beds, Lower Cretaceous, south
Dorset. Journal of the Geological Society, London,
148, 105-113.

—— & JENKYNS, H. C. 1995. A comparison of the
Hettangian to Bajocian successions of Dorset and
Yorkshire. In: TAYLOR, P. D. (ed.) Field Geol-
ogy of the British Jurassic. Geological Society,
London, 105-150.

HoGa, A. J. C., MiTCHELL, A. W. & YOUNG, S. 1996.
Predicting well productivity from grain size
analysis and Logging While Drilling. Petroleum
Geoscience, 2, 1-15.

HuUNsDALE, R. & SANDERSON, D. J. 1998. Fault
distribution analysis: an example from Kimmer-
idge Bay, Dorset. This volume.

JENKYNS, H. C. & SENIOR, J. R. 1991. Geological
Evidence for Intra-Jurassic Faulting in the
Wessex Basin and Its Margins. Journal of the
Geological Society, London, 148, 245-260.

KiNGHORN, R. R. F., SELLEY, R. C. & STONELEY, R.
1994. Discussion on the Mupe Bay oil seep
demythologized? Marine and Petroleum Geology,
11, 124,

Law, A. 1998. Regional uplift in the English Channel:
quantification using sonic velocity data. This
volume.

LORSONG, J. A. & ATKINSON, C. D. 1995. Sedimentol-
ogy and Stratigraphy of Lower Triassic Alluvial
Deposits, East Devon Coast. Excursion Guide of
the Petroleum Group of the Geological Society.

MCCLURE, N. M., WILKINSON, D. W., FrosT, D. P. &
GEEHAN, G. W. 1995, Planning extended reach
wells in Wytch Farm Field, UK. Petroleum
Geoscience, 1, 115-127.

MCcKIE, T., AGGETT, J. & HoGeG, A. J. C. 1998.
Reservoir architecture of the upper Sherwood
Sandstone, Wytch Farm Field, southern England.
This volume.

McCMAHON, N. A. & TURNER, J. D. 1998. Erosion,
subsidence and sedimentation response to the
early Cretaceous uplift of the Wessex basin and
adjacent offshore areas. This volume.

—— & UNDERHILL, J. R. 1995. The regional
stratigraphy of the southwest United Kingdom
and adjacent offshore areas with particular
reference to the major intra-Cretaceous uncon-
formity. In: CROKER, P. F. & SHANNON, P. M.
(eds) The Petroleum Geology of Ireland’s Offshore
Basins. Geological Society, London, Special Pub-
lications, 93, 323-325.

MiLEs, J. A., DOwWNESs, C. J. & Cook, S. E. 1993. The
fossil oil seep in Mupe Bay, Dorset: a myth
investigated. Marine and Petroleum Geology, 10,
58-70.

——, —— & ——1994. Discussion on the Mupe Bay
oil seep demythologized? [reply]. Marine and
Petroleum Geology, 11, 125-126.

MiLIoRIZOS, M. & RUFFELL, A. 1998. Kinematics and
geometry of the Watchet-Cothelstone-Hatch
Fault system: implications for the structural
history of the Wessex Basin and adjacent areas.
This volume.

MORTIMORE, R. & POMEROL, B. 1997. Upper Cretac-
eous tectonic phases and end Cretaceous inver-
sion in the Chalk of the Anglo-Paris Basin.
Proceedings of the Geologists’ Association, 108,
231-255.

MoTTRAM, B. H. & Housg, M. R. 1956. The Structure
of the Northern Margin of the Poxwell Pericline.
Proceedings of the Dorset Natural History and
Archaeological Society, 76, 129—135.

PARFITT, M. & FARRIMOND, P. 1998. The Mupe Bay
Oil Seep: a detailed organic geochemical study of
a controversial outcrop. This volume.

PARTINGTON, M. A, COPESTAKE, P., MITCHENER, B. C.
& UNDERHILL, J. R. 1993. Biostratigraphic cali-
bration of genetic stratigraphic sequences in the
Jurassic-lowermost Cretaceous (Hettangian to
Ryazanian) of the North Sea and adjacent areas.



18 J. R. UNDERHILL & R. STONELEY

In: PARKER, J. R. (ed.) Petroleum Geology of

Northwest Europe: Proceedings of the 4th Confer-
ence, The Geological Society, London, 371-386.

PENN, I. E.,, CHADWICK, R. A., HoLLowAY, S.,
ROBERTS, G., PHARAOH, T. C., ALLsopr, J. M.,
HULBERT, A. G. & Burns, 1. M. 1987. Principal
features of the hydrocarbon prospectivity of the
Wessex-Channel Basin. In: BROOKS, J. & GLEN-
NIE, K. W. (eds) Petroleum Geology of northwest
Europe. Graham & Trotman, London, 109-118.

PLINT, A. G. 1982. Eocene sedimentation and tectonics
in the Hampshire Basin. Journal of the Geological
Society, 139, 249-254.

—1983. Facies, Environments and Sedimentary
Cycles in the Middle Eocene Bracklesham Forma-
tion of the Hampshire Basin: Evidence for Global
Sea-Level Changes. Sedimentology, 30, 625-653.

——1988. Global eustacy and the Eocene sequence in
the Hampshire Basin, England. Basin Research, 1,
11-22.

Purvis, K. & WRIGHT, V. P. 1991. Calcretes related to
phreatophytic vegetation from the Middle Trias-
sic Otter Sandstone of South West England.
Sedimentology, 38, 539-551.

RUFFELL, A. 1998. Tectonic accentuation of sequence
boundaries: evidence from the Lower Cretaceous
of southern England. This volume.

— & GARDEN, R. 1997. Tectonic controls on the
variation in thickness and mineralogy of pebble-
beds in the Lower Greensand Group (Aptian—
Albian) of the Iske of Wight, southern England.
Proceedings of the Geologists’ Association, 108,
215-229.

SELLEY, R. C. 1992. Petroleum seepages and impreg-
nations in Great Britain. Marine and Petroleum
Geology, 9, 226-244.

—— & STONELEY, R. 1987. Petroleum Habitat in
South Dorset. In: BROOKS, J. & GLENNIE, K. W.
(eds) Petroleum Geology of North West Europe.
Graham & Trotman, London, 139-148.

SMITH, C. & HATTON, L. R. 1998. Inversion tectonics in
the Lyme Bay-West Dorset area of the Wessex
Basin. This volume.

Smrth, N. J. P. 1993. The case for exploration of deep
plays in the Variscan fold belt and its foreland. /n:

PARKER, J. R. (ed.) Petroleum Geology of North-
west Europe: Proceedings of the 4th Conference,
667-675. The Geological Society, London.

STEWART, S. A., HARVEY, M. J., OTTO, S. C. & WESTON,
J. 1996. Influence of salt on fault geometry:
examples from the UK salt basins. /n: ALSOP,
G. 1., BLUNDELL, D. J. & Davison, L (eds) Salt
Tectonics. Geological Society, London, Special
Publication, 100, 175-202.

STONELEY, R. 1982. The Structural Development of
the Wessex Basin: Implications for Exploration.
Proceedings of the Ussher Society, 8, 1-6.

UNDERHILL, J. R. & PATERSON, S. 1998. Genesis of
tectonic inversion structures: seismic evidence for
the development of key structures along the
Purbeck-Isle of Wight Disturbance. Journal of
the Geological Society, London, in press.

—— & PARTINGTON, M. A. 1993. Jurassic thermal
doming and deflation: the sequence stratigraphic
evidence. In: PARKER, J. R. (ed.) Petroleum
Geology of Northwest Europe: Proceedings of the
4th Conference, 337-345. The Geological Society,
London.

—— & ——1994. Use of maximum flooding surfaces
in determining a regional tectonic control on the
Intra-Aalenian (“Mid Cimmerian”) Sequence
Boundary: Implications for North Sea basin
development and Exxon’s Sea-Level Chart. In:
POSAMENTIER, H. W. & WIEMER, P. (eds) Silici-
clastic Sequence Stratigraphy. American Associ-
ation of Petroleum Geologists Memoirs, 58,
449-484.

WIMBLEDON, W. A. ALLEN, P. & FLEET, A. J.
1996. Penecontemporaneous oil-seep in the
Wealden (early Cretaceous) at Mupe Bay,
Dorset, UK. Sedimentary  Geology, 102,
213-220.

WRIGHT, V. P., MARRIOTT, S. & VANSTONE, S. D.
1991. A “Reg” palaeosol from the Lower Trias-
sic of South Devon: stratigraphic and palaeo-
climatic implications. Geological Magazine, 128,
517-523.

ZIEGLER, P. A. 1990. Geological Atlas of Western and
Central Europe. Shell Internationale Petroleum
Mjj. Elsevier, Amsterdam.



The exploration history and controls on hydrocarbon prospectivity in

the Wessex basins, southern England, UK

JAMES G. BUCHANAN

British Gas Exploration and Production Limited, 100 Thames Valley Park Drive,

Reading, Berkshire, RG6 IPT, UK

Present address: Conoco Inc., 600 North Dairy Ashford, Houston, TX 77079, USA

Abstract: The Wessex basins were formed during Mesozoic extension and were subsequently
modified by Cretaceous uplift and Alpine inversion events. The basin geometry and evolution
of the area is strongly controlled by the long-lived fault systems which cross the area.

Two primary plays are recognized within the Wessex basins; the Triassic Sherwood
Sandstone and the Jurassic Bridport Sandstone. These plays contribute the vast majority of
the recoverable reserves in the area. The Triassic play consists of a Sherwood Sandstone
Group reservoir, a Liassic mudstone source rock and a Mercia Mudstone Group regional
seal. Hydrocarbons were generated from the Late Jurassic to Tertiary in the main kitchen
area and migrated into a range of fault-related traps. The main risks on the play are reservoir
quality together with the timing and the route of hydrocarbon migration into valid traps.

The Jurassic play consists of the Bridport Sandstone Formation which is also sourced from
the Liassic mudstones and the top seal is provided by the Fuller’s Earth Formation. The
dominant risk on this play is the extent and quality of reservoir facies. In the onshore domain
trap definition, using two-dimensional seismic data, is an additional risk on both plays.

The basins of southern England have been explored for hydrocarbons for over 50 years.
The initial phase of exploration focused on the onshore and tested anticlinal structures
which had been mapped at surface. Onshore activity reached a peak in the successful drilling
by British Gas of the Jurassic and Triassic reservoirs in the Wytch Farm Field in 1973 and
1977, respectively.

The first offshore well in the United Kingdom Continental Shelf (UKCS) was drilled off
Lulworth Cove by BP in 1963. More recently, offshore exploration concentrated on fault-
related traps within or on the edges of the Portland—Wight Basin. Although offshore activity
has been reduced in the last 5 years, the 14th UKCS Licensing Round rekindled interest in
the area as companies were awarded previously unlicensed acreage for exploration.

Successful future exploration in the Wessex basins will require a more complete
understanding of reservoir development and three-dimensional basin evolution. Future
drilling will focus on untested fault bounded prospects and stratigraphic traps with suitable

reservoir quality.

The Wessex basins are a classic area of geology
which has been studied by generations of
students from British universities (Arkell 1933,
1947; Wilson et al. 1958; Evans 1990) (Fig. 1).
The area provides excellent teaching examples
of carbonate and siliciclastic sedimentology,
stratigraphy (both bio and litho), structural
geology, petroleum geology and basin analysis
(Stoneley & Selley 1986; Evans 1990; House
1993). The accessibility and challenging com-
plexity of the geology has resulted in the region
being an area of continued research into many
of the above topics (Evans 1990; Milner et al.
1990; Hamblin er al. 1992; Hesselbo & Palmer
1992; McMahon & Underhill 1995; Ruffell
1991, 1992; Underhill & Paterson 1998: Under-
hill & Stoneley this volume).

This paper is focused on a discussion of the
hydrocarbon system of the offshore and onshore
parts of the Portland—Wight Basin (PWB) and
associated areas (Fig. 2). The prospective sedi-

mentary units (Permian—Tertiary) in the basin
rest unconformably upon Variscan metamorphic
basement (Colter & Havard 1981; Scott & Colter
1987; Penn et al. 1987). The Permo-Triassic red-
bed siliciclastics are overlain by Jurassic and
Cretaceous marine siliciclastics and carbonates
(Fig. 3). The Tertiary strata consist of locally
thick sequences of both marine and non-marine
sediments.

Hydrocarbon exploration and production in
the area has been dominated by the discovery
of the Wytch Farm oil field in eastern Dorset
which has reserves of approximately 300 million
barrels (Colter & Havard 1981; Bowman et al.
1993). There are two primary plays in the area
consisting of the Triassic Sherwood Sandstone
Group and Jurassic Bridport Sandstone Forma-
tion reservoirs, respectively. Both units are over-
lain by regional widely developed mudstone
units which act as effective top seals. Hydro-
carbons are sourced from organic-rich Liassic

BUCHANAN, J. G. 1998. The exploration history and controls on hydrocarbon prospectivity in the Wessex basins,
southern England, UK. In: UNDERHILL, J. R. (ed.) Development, Evolution and Petroleum Geology of the Wessex
Basin, Geological Society, London, Special Publications, 133, 19-37.
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EXPLORATION HISTORY AND PROSPECTIVITY IN THE WESSEX BASIN
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Fig. 3. Summary stratigraphic column for the Portland-Wight Basin with the major elements of the hydrocarbon
plays highlighted. The Triassic Sherwood Sandstone reservoir has a Mercia Mudstone seal and a Liassic
mudstone source. The Bridport Sandstone reservoir is overlain by the Fuller’s Earth Formation seal and is also

sourced from the Lias.

mudstones generated from a kitchen area within
the PWB. Traps are formed as extensional tilted
fault blocks or horsts and rarely show evidence
of extensive inversion tectonics (Fig. 4).

Basin configuration

The details of the structural evolution and basin-
fill of the Portland-Wight and associated basins
are still the focus of much research and only the
points relevant to the hydrocarbon system are
discussed in this paper (Chadwick 1985a,b,
1986; Evans 1990; Hamblin ez al. 1992).

The present-day configuration of the area was
produced by the interaction of the Mesozoic—
Tertiary basin-forming process and Alpine
compressional tectonics on Variscan basement
geometries (Stoneley 1982; Chadwick 1985a;
Karner et al. 1987; Underhill & Stoneley this
volume) (Fig. 2).

The dominant east-west structural trends in
the PWB were formed during the Variscan

orogeny and extensionally re-activated during
the Permo-Triassic and Jurassic (Chadwick et al.
1983). The major fault systems which bound
the PWB are linked by northwest-trending struc-
tures, for example, in the east by the Pays
de Bray system. These faults have a major
control on the evolution of the PWB both the
initial periods of extension, uplift or com-
pression (Cheadle et al. 1987; Lake & Karner
1987; Chadwick 1993). During the basin his-
tory the sedimentation and/or erosion has been
controlled by movement on these major fault
systems (Fig. 4).

Petroleum exploration

The exploration history of the area extends over
more than 50 years with the first exploration
well, Poxwell-1, being drilled in 1937 (Fig. 1).
In the 1950s and 1960s onshore wells were
drilled with variable success at surface anticlines
which were often associated with major faults.
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The main exploration success during this period
was the discovery of the Kimmeridge oilfield on
the Dorset coast which is still in production at
present.

Offshore exploration commenced with drilling
from a ship of the Lulworth Banks-1 well by BP
in 1963 (Fig. 1). It was a milestone in the British
exploration industry as it was the first offshore
well drilled in the United Kingdom Continental
Shelf (UKCS). The well was a relatively shallow
test of Jurassic targets in a broad open struc-
ture which was identified by onshore structural
studies and confirmed by sub-sea mapping. The
oftshore exploration continued in the late 1970s
and 1980s with wells mainly targeted at struc-
tures associated with the major fault systems
which bound the basins. Several wells (e.g. block
98/11) were drilled in or on the footwall of
the Portland—Wight Fault System (PWF) with
variable amounts of success. On the southern
margin of the basin in Blocks 98/22 and 98/23 on
the Mid-Channel Fault System (MCF) similar
plays types were drilled. During this period wells
were also drilled on the fault-related traps in
the central part of the Portland-Wight Basin.

By far the most important discovery in the
southern England basins is the Wytch Farm field

3'00W
51°00'N | |
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(Colter & Havard 1981; Dranfield et al. 1987;
Bowman et al. 1993) (Fig. 5). The field was
discovered in 1973 when the Jurassic Bridport
Sandstone reservoir was drilled. Further apprai-
sal of the Bridport reservoir drilling continued
until 1977 when the deeper Triassic Sherwood
Sandstone reservoir was discovered. The major-
ity of the reserves lie in the Triassic reservoir and
the field as a whole is believed to have recover-
able reserves of 300 million barrels (Bowman
et al. 1993) (Fig. 6). Both reservoirs are now on
production and the field development pro-
gramme continues. In the interests of reduced
environmental impact and cost savings, BP have
decided that the offshore portion on the Triassic
reservoir will be produced by the drilling of
several long reach wells from existing produc-
tion locations (McClure ez al. 1995).

The discovery and appraisal of large reserves
from the Wytch Farm field obviously encour-
aged exploration throughout the basin. Subse-
quent wells were drilled to test the along-strike
extension of Wytch Farm plays both onshore to
the west and offshore to the east. The onshore
exploration areas are now dominated by focused
operators such as Brabant Petroleum, who have
developed a large acreage position in the basin.
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Fig. 5. The hydrocarbon occurrences in the Portland-Wight Basin (only wells released before 1996 are shown).
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Fig. 6. North-South cross-section through the Wytch Farm Field illustrating the structural styles and the
oil-water contact in the Bridport and Sherwood reservoirs (after Bowman ez al. 1993).

Offshore exploration programmes have contin-
ued with, for example, the EIf group acquiring
the first three-dimensional seismic over the
northern part of 98/12.

The 14th licensing round in 1993 opened pre-
viously unlicensed acreage in the Isle of Portland
area (Fig. 1). The blocks have been licensed to
British Gas (97/19 and 97/20), Amoco (97/14)
and Kerr—-McGee (97/12) operated groups. The
results of the drilling programmes in these
waters are awaited with great interest.

Play concepts

As stated in the introduction, there are two
primary plays within the PWB area. There is the
deeper Triassic Sherwood Sandstone play and
an overlying Jurassic Bridport Sandstone play.
In addition to these targets, secondary reser-
voirs are present within the carbonates of the
Jurassic (e.g. Frome Clay and Cornbrash) and
the siliciclastic units within the Triassic Mercia
Mudstone Group (Bowman et al. 1993; Under-
hill & Stoneley this volume).

The widespread distribution of the hydrocar-
bon shows and accumulations illustrates the
validity of the plays and constrains the known
extent their limits (Fig. 5). Fields on production
are limited to northern part of the PWB in an

area close to the PW fault zone. To the west of
Wytch Farm, several small oil fields such as
Wareham, Kimmeridge and Stoborough have
reserves in the Bridport or Cornbrash. Both oil
and gas discoveries were made in the offshore
block 98/11. There have been numerous shows
recorded across the basin which, although some
are enigmatic, the overall impression has been to
encourage the exploration effort.

Triassic Sherwood play: reservoir/top seal

The Sherwood Sandstone Group comprises an
approx. 100-300-m thick red-bed succession
which was deposited during the early Triassic
in semi-arid conditions in a complex alluvial-
fluvial environment (Holloway ez al. 1989)
(Fig. 4). Dominantly arkosic sediment was tran-
sported from the south and southwest from the
Variscan highlands or the east from the Brabant
Massif by a series of complex, braided alluvial
systems (Fig. 7). Three facies associations com-
monly have been recorded from the Sherwood
Sandstone which are named by their dominant
facies; channel sandstones, sheetflood and playa/
floodplain. The best reservoir properties are
recorded in the channel sandstones. Reservoir
properties can be excellent (especially in the
channel sandstone facies), as illustrated by
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the Wytch Farm test rates, but calcrete horizons
can often reduce the vertical permeability
(Bowman et al. 1993). However, in other parts
of the basin, gross sandstone development is
poorer and the presence of the mudstone units,
and poorly sorted conglomerates, in addition
to the calcretes can reduce overall reservoir
quality substantially.

Top seal and often lateral seal for hydro-
carbons in the Sherwood Sandstone is provided
by the mudstones and evaporites of overlying
Mercia Mudstone Group (Lott et al. 1982)
(Fig. 7). This unit is thickly developed across the
entire area (approx. 100—-600+m) and is eva-
porite-rich in the western part of the PWB. The
Mercia Mudstone has proven hydrocarbon
sealing properties as evidenced by the accumula-
tions in the Wytch Farm field and the 98/11
discoveries.

Jurassic Bridport reservoir/top seal

The Bridport Sandstone (approx. 25-100+ m)
consists of very fine to medium-grained sand-
stones deposited under shallow marine condi-
tions (Fig. 8). It is a markedly diachronous unit
with local evidence of fault-controlled deposi-
tional patterns (Torrens 1969; Jenkyns & Senior
1991; Callomon & Cope 1993). The Bridport
Sandstone has good reservoir properties in
the western part of the basin, where the unit
is dominated by siliciclastic sediments. In the
eastern part of the PWB the non-reservoir
calcareous mudstones are present. The siliciclas-
tic reservoir is also down-graded due to the
presence of well-cemented layers or doggers
which form permeability barriers to hydrocar-
bons (Kantorowicz et al. 1987; Bryant et al.
1988; Bjorkum & Walderhaug 1993).

The thickly developed (max. 300+ m) mud-
stones of Fuller’s Earth Formation acts as the
top seal for the hydrocarbons reservoired in
the Bridport Sandstone. The production from the
Bridport Sandstone in Wytch Farm and other
smaller fields testify to the effectiveness of the
Fuller’s Earth Formation as a top and lateral seal.

Reservoirs also lie within the carbonates of
the Jurassic (e.g. the Cornbrash) but production
to date from these units is limited and they
remain a secondary exploration target.

Source units

The Jurassic organic potential has been studied
by Ebukanson & Kinghorn (1986). Geochemical
analysis (Fig. 9) indicates that three Jurassic

three units have sufficient total organic content
(TOC) values to be source rock for the hydro-
carbons in the basin namely the Kimmeridge
Clay, Oxford Clay and Liassic mudstones.
However, maturity studies and burial history
modelling indicate that only the Liassic mud-
stones are sufficiently mature to have generated
substantial amounts of oil and gas (Ebukanson
& Kinghorn 1986) (Fig. 9). The Lias has TOC
values of greater than 2% and the dominant
kerogen is Type II with minor amounts of Type
ITI. This has been confirmed by oil/gas geo-
chemical studies on hydrocarbons produced
from fields in the PWB and surrounding area.

Trap/structures

The PWB area has a long and complex struc-
tural evolution, with several periods of extension
and uplift or inversion (Butler & Pullen 1990).
These tectonics have produced a range of struc-
tural trap styles (Fig. 10). Many of these traps
have been tested by the exploration programmes
in the area (Butler & Pullen 1990).

Three structural trap styles are commonly
present within the PWB area.

(1) The main trap type are east-west-trending
tilted fault blocks and horsts which are still
in the net extension at reservoir level.

(2) There are also inversion-related fold/fault
structures which are possible valid traps.

(3) Salt tectonics within the evaporites of the
Mercia Mudstone Group in the western
part of the basin have produced major
décollements, detached structures and
swells or domes in the post-Triassic units.
The domes or swells could be valid traps
for Jurassic reservoirs.

The complexity of the basin evolution has led
to traps with contrasting style and origin being
superimposed on one another. The structural
evolution each prospect has to be studied in detail
to fully understand the trapping mechanism.

Controls on Sherwood Sandstone play

Reservoir/seal doublet

The Sherwood Sandstone Group has the poten-
tial to be an effective reservoir in many parts of
the PWB. The main controls on reservoir quality
are the primary depositional lithofacies and dia-
genesis. The coarser-grained, channelized units
and sheetflood deposits have good moderate
initial porosity and permeability. The vertical
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Zone where the late oil/early gas maturities are reached.

permeabilities are reduced due to the presence
of mudstone interbeds and burial diagenesis
(Purvis & Wright 1991; Bowman et al. 1993).
The distribution of the lithofacies offshore and
in the central part of the basin are unclear due to
the lack of well penetrations and available core
material.

The Mercia Mudstone Group has excellent
sealing properties and is known to be effective
in the Wessex and other basins. The Mercia
Mudstone is thickly developed across the area

and therefore the top seal risks on the Sherwood
Sandstone targets are low.

Source rock

The PWB has three possible source rock units.
The producing fields and numerous shows con-
firm the presence of a working hydrocarbon
system in the area. Regional geochemical studies
and burial history modelling has shown that
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the Lower Lias mudstones are the source for
the majority of hydrocarbons in the area. The
source kitchen is believed to lie in the hanging
wall of the PW fault system.

Migration

One of the major risks with the play lies in the
migration of the hydrocarbons from the Liassic
source rocks into the underlying Triassic reser-
voir. The migration route requires fault move-
ment to produce juxtaposition of reservoir and
carrier beds or place the Liassic lower than the
Sherwood Sandstone to allow vertical and/or
lateral hydrocarbon migration. A migration
route therefore requires faults with substantial
displacement (hundreds of metres) to be valid.

Trap definition and formation/deformation

The tectonics in the PWB has produced several
trap types as discussed above. These structures
were produced by different tectonic processes and
at separate times during the evolution of the area.
The relationship between the timing of migration
and trap formation is an important control on the
definition of a valid trap in the PWB.

In terms of reserves, the most successful trap
style is the tilted fault block or horst in the
footwall of the bounding faults of the basin. The
best example of this trap type is the Wytch Farm
field, which lies in an east—west-trending horst to
the north of the PW fault zone. The substantial
extensional throw on the major fault zone has
allowed the juxtaposition of source rock and the
carrier or reservoir beds enabling lateral/vertical
migration in to the trap. At reservoir levels, the
Wytch Farm horst structure is still in extension
i.e. it has not been inverted past the null point
(Cooper & Williams 1989) (Fig. 6).

The inversion structures were produced during
the Tertiary compressional tectonics related in
part to the Alpine orogeny (Lake & Karner 1987;
Chadwick 1993; Glennie & Underhill 1998). The
main risk with these structures is the timing of
hydrocarbon migration relative to trap forma-
tion. The traps may have formed post-generation
and/or migration, and for the Sherwood Play the
migration route is very problematic. The inver-
sion tectonics may also breach previously formed
traps allowing hydrocarbons migrate elsewhere
or to escape to surface. The success of this trap
type is poorly documented.

There are problems with trap definition at pre-
Rhaetic levels on seismic data in general and
onshore data in particular. The top Sherwood

Sandstone reflector can be difficult to define with
confidence in seismic profile due to lack of
acoustic impedance contrast.

However, with better acquisition and proces-
sing techniques (especially with statics correc-
tion) these problems largely have been reduced
on more modern seismic surveys. The confi-
dence in the interpretation of Triassic reflectors
is further reduced in the western part of the
basin due to the effect of salt tectonics (Butler
1997 this volume).

Controls on Bridport Sandstone play

Reservoir/seal doublet

Reservoir quality is the major risk on the
Bridport Sandstone play in the area as a whole.
The main controls on the reservoir area primary
deposition and burial diagenesis (Bryant ez al.
1988; Hesselbo & Palmer 1992; Bjorkum &
Walderhaug 1993) (Fig. 8).

The onshore portion of the area in the footwall
of the PWF and Abbottsbury fault system have
good reservoir properties, as recorded in the
Wytch Farm field. The eastern part of the PWB
has very poor reservoir as the sandstone litho-
facies has not been deposited, and the unit is
dominated by the fine-grained carbonates which
are non-reservoir. In the western offshore area
of the basin the same onshore lithofacies are
believed to extend southwards.

The presence of heavily cemented layers and
doggers, as seen in the coastal outcrops within
the Bridport Sandstone, act as major vertical
permeability barriers. The effective permeability
is also reduced by increased burial diagenesis
which occludes the porosity.

The Fuller’'s Earth Formation is widely
distributed across the area and is known as a
valid and effective top seal. The three producing
Bridport fields highlight the quality of the
Fuller’s Earth Formation as a proven top seal.
The Inferior Oolite which lies directly above
the Bridport may act as a top seal or non-
reservoir zone.

Source rock

The source rock for the hydrocarbons in the
Bridport Sandstone play is also the Liassic mud-
stones (Colter & Harvard 1981).

Migration

Hydrocarbon migration does not require fault
movement allowing juxtaposition of the source
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rock and reservoir. As the Bridport Sandstone
directly overlies the Liassic, simple vertical
migration or relatively short lateral migration
is required is required to fill the available traps.

Trap definition and formation/deformation

The first phases of drilling were targeted at
structures which defined on-surface geological
mapping. The introduction of seismic data
allowed the identification of sub-surface traps.
Initially, trap definition was limited due to the
complexity of structure and problems with
seismic acquisition and processing techniques.
In recent years the improved seismic data have
allowed interpretation of Jurassic reflectors with
confidence.

The main trapping styles are tilted fault and
horst blocks. The majority of faults on valid
traps are in net extension with only minor
amounts of inversion on the bounding faults.
Inversion tectonics can produce well-defined
structures but these are not hydrocarbon bear-
ing. The timing of inversion post-dates the
migration of hydrocarbons as the uplift switches
off the hydrocarbon kitchen.

In the western part of the PWB, the evaporite
horizons within the Mercia Mudstone Group
can be a major controlling part in deformation
style (Butler 1997 this volume). The salt acts as a
detachment between the Sherwood Sandstone
and the Jurassic units. In many cases, this can
mean the structure mapped from seismic data at
Top Rhaetic or shallower reflectors is not
representative of the structure at top Sherwood
Sandstone level.

Future

Future successful exploration in the PWB will
require continued refinement of the models for
both hydrocarbon migration system and the
reservoir distribution and effectiveness. There
is potential for stratigraphic trapping owing
to the large number of reservoir units within the
basin and the presence of a proven hydrocar-
bon system.

There is potential for the development of new
plays by the revisiting of previously explored
areas and using better data quality to identify
hitherto unrecogized traps. The prospectivity of
higher risk areas to the west and south of the
basin also requires further analysis.

Environmental considerations are very impor-
tant in any exploration, production and aban-
donment programme in these basins. The oil/gas
industry will have to carry out all its efforts with

a minimal impact of the environment. The costs
of these measures may preclude the further
development of parts of the basins.

Conclusions

There is a long history of oil/gas exploration
in the southern England basins which has
rewarded with abundance of encouragement
from shows and small hydrocarbon columns.
Unfortunately, to date, there has been only one
major field discovered in the basin.

The PWB is a dynamic basin in four dimen-
sions. From the Variscan orogeny to the present
day the basin has had a complex sedimentology
and tectonic evolution. The major controls on
hydrocarbon prospectivity in the basin are
reservoir distribution and effectiveness and
play dynamics. Exploration wells have failed
due to lack of reservoir quality in the targeted
Triassic or Jurassic intervals. Where a dry well
has found good reservoir within a valid structure
failure is likely to be due to the lack of an
effective hydrocarbon migration route or trap
formation post-migration.

Thanks to BGE&P management for permission to
publish this paper. This paper reports and builds on
the work of generations of BGE&P geologists, geo-
physicists and engineers who have worked on the
Portland-Wight Basin. In particular, personal thanks
go to my colleagues N. Vivian, R. Blow, C. Singleton,
A. Law, N. McMahon, N. Anderson and P. Coleman
who helped me recognize the complexity of the
geological and hydrocarbon systems of the Wessex
basins. Reviews by R. Wrigley and N. Anderson have
helped improve the paper considerably. R. Buchanan
is thanked for her help in the editing of earlier versions
of this paper.
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Abstract: Exploration drilling for hydrocarbons in southern England commenced over
50 years ago prompted by numerous seepages along the Dorset coast and gas shows in water
boreholes. The two main depocentres, the Weald and Wessex basins, exhibit many
similarities in both tectonic and stratigraphic evolution through Early Triassic-Tertiary
times, reflecting the regional influences of Atlantic Margin rift-subsidence processes and
subsequent Tertiary (Alpine) inversion tectonics. Given these similarities, the development
of the hydrocarbon play system in both these areas can be compared using a common
tectono-stratigraphic framework which has been identified and calibrated using well and
seismic data. In detail, facies variability recognized within individual depositional units
highlights differences in both source and reservoir distribution between the Weald and
Wessex areas, which have in turn exerted fundamental controls on the hydrocarbon
prospectivity of the two basins. These differences are influenced by the position of major
basin-bounding fault systems and by the changing importance of the Cornubian—Armorican
and the London—Brabant Massifs as clastic provenance areas through time. Sequence
isopachs illustrate the same discrete episodes of rift-related subsidence in both areas. These
rifting episodes led to the development of extensional trapping geometries particularly
during Late Jurassic—Early Cretaceous times. Subsequent Late Cretaceous thermal
subsidence led to the formation of mature source kitchen areas focused within the
hanging walls of the earlier extensional faults. Hydrocarbon expulsion from the source
kitchen areas ceased during Tertiary uplift and subsequent cooling. Inversion movements on
the old extensional faults led to the development of hanging wall anticlines which rely upon
remigration mechanisms, including exsolution of gas from uplifted Liassic source rocks, to
receive hydrocarbon charge. To date over 300 million barrels of oil and 100 bef of gas have

been discovered.

This paper describes the results of a major
regional study carried out at BP Exploration’s
UK land offices in Eakring during the late 1980s.
At that time BP had amassed a substantial
database of modern well and seismic data in
addition to the results of exploration activity
dating back to the 1930s. The facies and isopach
maps presented in this paper represent summar-
ized versions of the detailed maps produced for a
large regional report on southern England which
BP have used to focus exploration in the basin
over the past 10 years.

The authors have adopted a seismostrati-
graphic approach, constrained by both well and
outcrop data tied to modern seismic, to describe
the geological development of the province from
Permo-Triassic to Recent times. Four plate
sequences are recognized: (i) early Atlantic
(Late Permian—Triassic); (ii) Atlantic (Early—
Late Jurassic); (iii) Biscay (Late Jurassic-Late
Cretaceous); and (iv) Alpine (Late Cretaceous—
Tertiary). All are related to major plate margin
processes in the Atlantic and Tethyan provinces

and, importantly, exert a fundamental control on
the development of the hydrocarbon system.
The megasequences are divided into a series
of unconformity-bound depositional sequences.
The latter form the basis for both palacofacies
and isopach mapping which are used to assess the
hydrocarbon habitat in southern England. Our
key objective has been to constrain exploration
risk at a basin scale by building: (i) a predic-
tive model for reservoir, seal and source rock
distribution; (ii) evaluating trap timing; and
(iii) modelling charge/fill history of existing dis-
coveries and remaining exploration prospects.

Exploration history

One of the earliest reports of hydrocarbons from
a well in southern England is from Heathfield in
Sussex. A borehole was drilled in 1896 near the
station to provide water for use on the railway.
When the well reached a depth of 100m, in
Kimmeridgian strata, a strong gas odour was

HAWKES, P. W., FRASER, A. J. & EINCHCOMB, C. C. G. 1998. The tectono-stratigraphic development and explora-
tion history of the Weald and Wessex basins, Southern England, UK In: UNDERHILL, J. R. (ed.) Development,
Evolution and Petroleum Geology of the Wessex Basin, Geological Society, London, Special Publications, 133, 39-65.
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noted which on ignition produced a 5m flare at
the top of the borehole. The well has the distinc-
tion of being completed as England’s first natural
gas well with production of 1000 scf/day used to
provide gaslight for the station.

BP’s involvement in exploration in southern
England dates back to 1934. The exposures of
Lower Cretaceous and Jurassic rocks along the
Dorset coast from Weymouth to Swanage were
examined by geologists for oil seeps and stain.
Rich oil residues were found in Wealden Sands
and Purbeck Limestones cropping out along the
Dorset coast at Durdle Door, Dungy Head,
Lulworth Cove and Hope and Worbarrow Bays.

Structures in the Hampshire Basin were rated
highly and exploration prospects were developed
on the basis of the seeps noted above and the
presence of large surface structures such as the
Portsdown, Winchester and Kimmeridge anticli-
nes. The Portsdown Anticline, a large gentle
structure about 30 km long x 5km wide, was the
prospect chosen by BP as the first deep well in
Britain following the newly issued 1934 Petro-
leum Act Exploration Licences. The well reached
a total depth of 2000 m in the Triassic. There were
some oil shows and several drill stem tests were
conducted but no free oil was recovered. A second
well on the Portsdown Anticline and subsequent
tests on the Henfield, Poxwell and Kingsclere
anticlines were similarly unsuccessful.

The first test of the Kimmeridge Anticline was
spudded on 4 December 1936. After drilling
problems the well was respudded on 7 April
1937. The resident geologist, the then BP Chief
Geologist Sir Peter Kent, noted the presence of
live oil in fractures in a core cut in the Corallian
limestone at 2522m. The well, Broad Bench
No. 1 was plugged and abandoned and it would
be another 22 years before the full significance of
this ‘discovery’ would be appreciated.

The post-war search for hydrocarbons in
southern England began with the drilling of a
deep well on the Isle of Wight. The well, Arreton
No. | spudded on 12 October 1952 on an
anticline identified by gravity surveying. The
well reached a TD of 1573 m in the Inferior
Oolite on 19 April 1953 without encountering
any productive horizons.

The next hydrocarbon prospect to be tested was
the Ashdown Anticline, a large structure over
30km long x 7km wide, located in the centre of
the Weald Basin in north Sussex. It was hoped
that significant gas reserves might be encountered
in Jurassic reservoirs in view of the earlier natural
gas discoveries at Heathfield. The well, spudded
on 3 June 1954, encountered gas shows in the Pur-
beck and Portland beds and gas was produced on
test from the Corallian at a rate of 20 000 scf/day.

The Kellaways Sandstone yielded small quan-
tities of oil and gas with formation water. The

!
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Kimmeridge-1

Fig. 1. Depth to the Top Cornbrash reservoir (metres), Kimmeridge Anticline, Kimmeridge Bay. Location of
seismic section used in Fig. 2 is indicated (cf. Evans es al. this volume).
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Fig. 2. North—south-trending seismic section through the Kimmeridge Anticline, showing the approximate
position of the Kimmeridge oilfield that forms the subject of the paper by Evans ef al. this volume).

Kellaways oil was significant in that it repre-
sented the first time that crude oil had been
recovered from the Jurassic of southern Eng-
land. A second well on the structure recovered
small amounts of oil from the deeper Lias
section as well as the Kellaways Sandstone.
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The lack of success in finding commercial
hydrocarbon accumulations in the Jurassic of
southern England continued until the drilling
of the Kimmeridge oil discovery well early in
1959. Following a re-evaluation of the struc-
ture in 1957, a second well was located on a cliff
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over-looking Kimmeridge Bay less than 500m
from the original Broad Bench site (Fig. 1). The
Kim-meridge-1- well spudded on 12 February
1959 with the Corallian as the main target.
There was no oil in the Corallian and the well
was deepened through the Oxford Clay to the
Cornbrash Limestone. On test, the Cornbrash
produced at over 500 barrels of oil/day from a
highly fractured under pressured reservoir. More
details can be found in a companion paper by
Evans et al. (this volume).

The Kimmeridge No. 1 well was put on
production on 16 January 1961, since when it
has produced some 2.5 million barrels of oil.
This volume is significantly in excess of the
structurally mapped closure (Fig. 1). Seismic
studies conducted by BP Eakring have since
suggested that the accumulation is being actively
recharged via a footwall Bridport reservoir in
juxtaposition with the Cornbrash across the
Kimmeridge Fault (Fig. 2). Since 1964 oil
production has been assisted by pumping.

A marine seismic survey undertaken in Wey-
mouth Bay during 1956 indicated the presence of
an anticlinal culmination in the Lulworth Banks
area. The discovery at Kimmeridge provided the
impetus to test the Lulworth Banks Anticline
and a second marine seismic survey was under-
taken in 1960 to further delineate the structure.
The well was located in 20m of water 4km
southwest of Lulworth Cove and about 12km
from the Kimmeridge oilfield.

The Lulworth Banks well was spudded on
23 September 1963 —the UK'’s first offshore
exploration well, drilled more than 1 year be-
fore exploration in the North Sea commenced.
The well reached a total depth of 762m in the
Bridport sands without encountering significant
hydrocarbons. Small amounts of gas (1750 scf/
day) were produced from an open hole test of
the Kellaways, Cornbrash and Forest Marble,
and minor amounts of oil were recovered along
with formation water from the Bridport Sands.

The early drilling in southern England had
been focused on anticlinal features identified
from surface geological mapping and some prim-
itive geophysical techniques. With the advent of
modern reflection seismic, more complex Jur-
assic fault block structures lying below relatively
undeformed Cretaceous chalk and Tertiary
clastics were identified. The first of these to be
tested was at Wareham. The Wareham No. 1
well spudded on 18 October 1964 and reached a
total depth of 1746m in Triassic Sherwood
Sandstones. Upper Jurassic intervals were non-
productive but oil was recovered at 853 m from a
fine-grained, calcareous sandstone at the top of
the Bridport Sands.

The discovery at Wareham was a fault block
structure bounded to the south by the down-to-
the-south throwing Litton-Cheney Fault. Some
10 years later the Wytch Farm discovery was
made on the adjoining fault block to the south,
again in Liassic Bridport Sands. Reserves in
Wytch Farm were estimated at 50 million
barrels recoverable, by far the largest UK
onshore discovery. However, the full signifi-
cance of the Wytch Farm structure was not
realized until 1977 when the Wytch Farm D5
well was deepened to test the Triassic Sherwood
Sandstone Group reservoir, the presence of
which had been demonstrated by the Warecham
No. | well in 1964. Reserves at Wytch Farm
have recently been revised upwards from pre-
vious estimates of 300 million barrels (Bowman
et al. 1993) to slightly in excess of 428 million
barrels (Underhill & Stoneley this volume)
making it the largest onshore oil discovery in
Western Europe.

The discovery at Wytch Farm led to a
resurgence of interest in exploration in south-
ern England. With the benefit of modern
seismic data, explorers realized that the surface
geology of the Weald and Wessex basins
differed significantly from the structure at
depth. This led to the discovery of significant
oil fields in the Middle Jurassic Great Qolite in
the Weald Basin at Humbly Grove, Horndean,
Stockbridge, Storrington and Singleton. Addi-
tional discoveries at Palmers Wood, Godley
Bridge and Brockham in Upper Jurassic
reservoirs in the north of the Weald Basin
have indicated that fault block structures on
the margins of the Weald and Wessex basins
still represent important exploration targets in
southern England.

Regional geological setting of the Weald and
Wessex basins

Variscan inheritance

The structural development of southern England
during the Mesozoic has its origins in the events
of the late Carboniferous—early Permian culmi-
nation of the Variscan orogeny (Chadwick et al.
1983). At this time southern England lay in the
foreland of a northwards-verging collision zone
with large-scale thrust and nappe development.
Evidence from northern France and Belgium
some 300km along strike (Fig. 3) suggests the
presence of a considerable chain of mountains
running east-west across the region at this time.
The development of anthracites in the Kent
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coalfield points to some 5000 m of burial during
this phase. The Varsican orogeny imparted a
strong east—west (thrusts) and northwest-south-
east (lateral transfers) structural grain across the
province. In the area of the present-day Western
Approaches the east-west trends swing round
- into a more northeast-southwest direction.

During subsequent Permian and Mesozoic
rifting and inversion, Variscan trends were
periodically reactivated in an extensional or
compressional sense (Chadwick et al. 1983).
A similar reactivation of Caledonian collisional
grain during Carboniferous rifting and inversion
was noted by Fraser ef al. (1990) in northern
England. This is, therefore, a fairly common
occurrence.

Regional setting

When we look at the Permian to present-day
geological history of southern England, it is
important, first, to put it in its regional plate
tectonic context and, second, to compare it
with the tectono-stratigraphic evolution of
adjacent provinces such as the Western
Approaches, Celtic Sea and the Paris Basin.
A summarized chronostratigraphic diagram for
the region highlights the similarity of both
facies and stratigraphies observed in each area
during the Permian and Mesozoic (Fig. 4).
During this time the province was influenced by
major plate margin processes active in the
Tethyan, Biscay and Atlantic regions. Although
not directly involved in any of these plate
margin processes, southern England and adja-
cent provinces were all to some degree affected
by these processes. Hence, we would argue that
all were subject to similar tectonic events and
controlled at the megasequence level by the
evolution of rifted margins in Tethys, Biscay
and the North Atlantic.

Plate cycles

The major plate margin processes we observe
are categorized as plate sequences and are
described in Figs 5-7.

The early Atlantic plate sequence from Late
Permian to Late Triassic records two phases of
unsuccessful attempts to open the North Atlan-
tic. Two large-scale fining-upwards cycles char-
acterized by coarse continental clastics at the
base, culminating in basin-scale evaporite events
were developed. The sandstones at the base of
these cycles (Permian Rotleigendes, Triassic

Sherwood/Bunter) constitute important explora-
tion targets throughout the province. The over-
lying evaporites provide effective seals where
developed. The sequence is significantly source
poor and this is an important consideration
when exploring these targets.

The base of the Jurassic across the province is
marked by a rapid and extensive marine trans-
gression. This is tentatively related to widespread
rifting in western Tethys culminating in break-up
and the formation of oceanic crust in the
Toarcian. This ‘syn-rift’ package forms the
most important source interval for liquid hydro-
carbons in the Western Approaches, southern
England and the Paris basin.

The Atlantic plate sequence (Rhaetic-Titho-
nian) records the successful rifting of the Central
Atlantic south of the Azores fracture zone.
Pulsed rifting has generated a series of regionally
correlable shallowing upwards sequences (J1-J6)
across the province. In areas starved of clastic
sediment supply, these sequences culminated in
shallow-water carbonate deposition. When a
clastic source was active, sandstones dominated
the interval. These units form important reser-
voir targets throughout the region. The earlier
mudstone-dominated parts of the cycles contain
locally important source facies.

The Cretaceous, Biscay plate cycle records the
successful rifting and spreading of the Bay of
Biscay and Rockall areas during this time.
The effects are most noticeable in the Western
Approaches and southern England, proximal to
the centre of rifting.

The widespread Cimmerian unconformity
observed across the province in Apto-Albian
times records the break-up unconformity in
Biscay and Rockall, when rifting gave way to
the generation of oceanic crust. The marked
erosional unconformity observed ‘across the
province at this time has often been associated
with inversion. Clearly in an extensional regime,
we have to consider a rift-related explanation.
The most reasonable solution envisages a major
heat pulse at this time leading to massive
thermal uplift of both the basins and margins.
Basaltic volcanics of this age have been recorded
in wells in the French sector of the Western
Approaches and at outcrop in southern Eng-
land. No regionally significant hydrocarbon
reserves have been associated with this plate
sequence, its significance lying in the differential
burial it exerts on Jurassic source facies and the
formation of tilted fault block traps during the
Early Cretaceous rift phase.

The Alpine plate sequence records the north—
south closure of western Tethys and the
subsequent collisions of Spain with southern
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France and Africa with Europe. In simple terms
the onset of the plate sequence can be related to
a marked change in the movement of the
African continent in the Late Cretaceous from
west—east to south-north (Dewey et al. 1989).
These collisions exerted strong compression in
the foreland and the consequent inversion of
east-west trending Jurassic-Cretaceous basins
in the Western Approaches (Ruffell 1995),
Southern England (Stoneley 1982: Penn et al.
1987; Underhill & Stoneley this volume) and the
Paris Basin (BRGM 1980). The effects are also
noted in the Sole Pit Trough (Van Hoorn
1987a), Broad Fourteens Basin (Van Wijhe
1987) and the Celtic Sea Basin (Tucker &
Arter 1987; Van Hoorn 1987b; Petrie et al.
1989). The Alpine plate sequence represents an
important structure-forming event across the
province with the development of broad-scale
inversion anticlines in the hanging walls of
earlier extensional faults (Underhill & Paterson
1998). The Alpine plate sequence records a
period of uplift and erosion centred on the
inversion axes.

Tectono-stratigraphic evolution

We have adopted a seismo-stratigraphic ap-
proach constrained by both well and outcrop
data to describe the structural and stratigraphic
evolution of southern England from Permo-
Trassic to Recent times. Based on our analysis
of plate margin processes in the Atlantic and
Tethyan provinces described in the previous
section, four plate sequences have been identified.

Early Atlantic plate sequence

Major rifting in the late Permian which may
have continued into the Triassic was located on
a series of northwest-southeast and east-west
faults (Fig. 8). Sedimentation was continental
and was dominated by aeolian and fluvial
sediments with evaporites deposited during the
Upper Triassic in the central part of the basin
(Figs 9 and 10). Sand provenance is believed to
have been from the Armorican Massif to the
south with localized input from subsidiary fault
systems such as the Portsdown and Ryme
Intrinseca faults. Isopachs on the Triassic Sher-
wood sandstone reservoir show it thickening
markedly to the southeast from the onshore
Dorset area (Fig. 8). There is little evidence for
Permo-Triassic deposition in the area of the
Weald Basin. The log correlation diagram for

the Triassic sequence shows a marked thinning
onto the Sandhills High in the east of the Wessex
Basin (Fig. 10). The subdivision of the Triassic
sequence follows the lithostratigraphic schemes
developed by Lott ef al. (1982) and Ivimey-Cook
et al. (1980). The paucity of biostratigraphic
control and the poor resolution and under-
standing of facies relationships both vertically
and laterally preclude the detailed sequence
stratigraphic breakdown of the interval carried
out for the overlying Jurassic.

Atlantic plate sequence

The onset of rifting in the Early Jurassic (Lias)
along a series of east-west-trending faults was
accompanied by a widespread marine transgres-
sion. One is tempted to relate this rifting event to
the westerly propagation of oceanic spreading in
the western Tethys.

The Atlantic plate sequence has been divided
into six shallowing-upwards depositional se-
quences (Fig. 4). We argue that each cycle is
initiated by pulsed propagation of Atlantic
rifting. The top of the sequences are typically
represented by either sandstones or carbonates
depending on location with respect to active
clastic source areas.

Sequence J1. Rifting and regional subsidence
of the Weald and Wessex basins during the early
Jurassic led to a widespread marine transgression
and the establishment of a mud-dominated shelf
over the whole of southern England (Fig. 11).
The Lias J1 sequence forms an important oil-
prone source rock interval in the Wessex Basin.
In the Weald Basin the interval is generally
characterized by a higher terrestrial input due to
its proximity to the emergent London—Brabant
Massif. As a consequence of this, Lias source
rock potential is poorer and more gas prone.
Oil-prone source potential improves to the south-
west away from the London-Brabant Massif,
with oil-prone potential only locally developed
within the Weald Basin in the hanging wall
of faults active during sequence J1 deposition,
e.g. the Ashdown Fault.

The J1 sequence shows little reservoir poten-
tial with poor quality sands (Thorncombe Sands
equivalent) restricted to the eastern part of the
Weald Basin, coincident with the area in which
source rock quality is poorest (Fig. 12).

Sequence J2. The boundary between the J1
and J2 sequences is marked by a major angular
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Fig. 11. Gross isopach map for the Early Jurassic Lias Group showing the importance that some extensional

faults had in controlling thickness variation.

unconformity at the top of the Junction Bed of
Toarcian age (Fig. 4). The top of the J2 sequence
is marked by the Inferior Oolite in both the
Wessex and Weald basins. It is fairly well
developed in the sediment-starved Weald, but
is thin and sometimes difficult to identify above
the Bridport Sands in the Wessex Basin. The
Bridport Sands (Figs 13-15) form an important
reservoir horizon in the Wessex Basin. The
sands prograded in a southeasterly direction
from the Cornubian Massif to the west.

Sequence J3. The subdivision of the Middle
Jurassic (J3) sequence is based upon the litho-
stratigraphic scheme developed from coastal
exposures (Arkell 1947). The relationship of
Middle Jurassic lithostratigraphy and wireline-
log signature was established by Penn (1982) with
the drilling of the BGS Winterborne Kingston
Borehole and illustrated in Fig. 16 by the dashed
correlation lines. It is argued, however, that the
Middle Jurassic lends itself to a meaningful
subsequence division suggesting the presence of
four transgressive-regressive cycles (A-D) -
their development possibly related to local or

regional tectonic controls. These cycles can be
traced eastwards from the basinal Wessex Basin
section into the carbonate dominated platform
interval characteristic of the Weald Basin,
e.g. Marchwood-1. The Great Oolite carbonate
platform which covers most of the Weald Basin
during the Middle Jurassic is a major reservoir
in the basin (Figs 17 and 18). The basinal
equivalent in the Wessex Basin (Forest Marble)
forms a secondary reservoir target in the Wytch
Farm area. The presence of a well-developed
carbonate platform during J3 times is related to
the switching off of a clastic source in the area as
drainage patterns switched into the North Sea at
this time.

Sequence J4. A major transgression during Cal-
lovian times (Sequence J4) led to the widespread
deposition of the Oxford Clay over both the
Weald and Wessex basins. The Oxford Clay
forms a major regional seal on Middle Jurassic
Great Oolite reservoirs in the Weald Basin. It is
also an important oil-prone source rock,
although it is probably immature over most of
the Wessex Basin area. The sequence is capped by
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Fig. 14. Gross isopach map for the Bridport Sandstone showing the persistent role that extensional faults had in
controlling deposition.
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the Corallian Sandstones in the north of Weald
Basin which were sourced from the emergent
London Platform to the north. The Corallian
Sands form an important reservoir in the Palmers
Wood oil field (Butler & Pullan 1990). Elsewhere
in the basin the Corallian is represented by
carbonate facies (Figs 19 and 20).

Sequence J5. Sequence J5 represents the lower
part of the Kimmeridge Clay Formation and is
separated from the overlying J6 sequence by a
distinctive middle Kimmeridge carbonate and a
marked regional unconformity which is particu-
larly well developed in the north of the Weald
Basin adjacent to the London Platform. The
Kimmeridge Clay is a dark oil-prone organic-
rich mudstone, but is immature over the whole
of southern England.

Sequence J6. The deposition of the upper part
of the Kimmeridge Clay (sequence J6) occurred in
response to renewed rifting and regional sub-
sidence during late Kimmeridge times. Facies
development within the sequence exhibits an
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overall shallowing upwards profile (Fig. 21),
from the marine mudstones and shallow marine
sands of the Kimmeridge Clay and Portland
Sandstone, respectively, through to the marginal
marine/brackish depositional system of the Pur-
beck Beds. The Kimmeridge Clay again shows
good oil-prone source rock potential but is
thermally immature over both the Weald and
Wessex basins. The Portland Sandstone forms an
excellent reservoir horizon and is the producing
interval at Brockham and Godley Bridge. It was
sourced from the London Platform to the north
(Figs 22 and 23).

The Purbeck Anhydrite forms an excellent
regional top seal. The Purbeck Beds are pre-
dominantly argillaceous but occasional thin
sands may be developed which exhibit reservoir
potential. Their distribution is difficult to predict:
a sandy limestone interval within the Purbeck
Beds forms the gas reservoir at Albury. Evalua-
tion of the J6 sequence within the Wessex Basin
is hampered by the fact that in most wells the
Apto-Albian break-up unconformity has eroded
most of the Lower Cretaceous and Upper
Jurassic. Full preservation of this sequence in
the Wessex Basin is limited to the hanging wall
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of faults active during the Lower Cretaceous
rifting event associated with opening of the Bay
of Biscay.

Biscay plate sequence

During the Early Cretaceous the Weald and
Wessex (Portland—South Wight) basins were
subject to a phase of major renewed extension,
probably associated with active rifting along the
Biscay continental margin (Fig. 7). Faults
initiated during Lower Jurassic extension were
reactivated, although the site of the major depo-
centres migrated eastwards (compare Figs 11
and 24). A series of lacustrine—braidplain—
alluvial fan deposits prograded into the basins,
predominantly shed from active fault scarps to
the north (Fig. 25).

As a result of Tertiary inversion and erosion,
deposits of this plate sequence occur at outcrop
within the central part of the Weald Basin and as
erosional remnants within the hanging wall of
the Portland-Kimmeridge Fault System along
coastal exposures in Dorset.

Occasional gas and oil shows and seeps have
been observed within Lower Cretaceous sands,

but due to their shallow depth of burial and
the fact that they lie above the regional seal
to the basin (Purbeck Anhydrite), they are not
regarded as being important hydrocarbon explo-
ration targets.

In terms of the evolution of the basin as a
hydrocarbon province, rifting, which occurred
during the early Cretaceous, led to the sub-
sidence and the early maturation of Jurassic
source rock intervals within the hanging walls
of active faults (e.g. the central Weald and
Portland-South Wight basins). Rifting also led
to the formation of tilted fault block and horst
structures which form the main hydrocarbon
traps in the basin.

The onset of oceanic spreading in the Bay of
Biscay in the Aptian coincides with the switch
from active rifting to thermal subsidence in the
Weald and Wessex area which continued into
the Late Cretaceous (Fig. 26). The basin was
transgressed, and widespread shallow-marine
conditions were established above a marked
angular break-up unconformity with the deposi-
tion of the Lower Greensand during the Aptian
(Fig. 27). At the beginning of the Albian, further
regional subsidence led to the deposition of
the Gault Clay. The Gault Clay and the Upper
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Fig. 28. Burial history—subsidence curve for the Brockham-1 well demonstrating that whilst the Oxford Clay and
Lias Group both entered the oil-generating window, the Kimmeridge Clay Formation remained immature

throughout Jurassic and Cretaceous subsidence.

Greensand represent a single transgressive—
regressive cycle. Regional evidence shows that
the Upper Greensand is diachronous as a
lithostratigraphic unit and forms a nearshore
equivalent to the Gault Clay to the west of the
Wessex Basin.

The late Cretaceous marks a period of further
thermal subsidence and marine transgression.
Clastic input to the basin was shut off following
deposition of the Upper Greensand by drowning
of the -surrounding hinterlands. The Upper
Cretaceous is therefore characterized by the
deposition of pelagic carbonates (the Chalk).
The Lower Chalk represents cycles of chalky
limestones and interbedded marls. The alterna-
tions occur at 1-5m intervals and are not easily
resolvable on wireline correlation. The Upper
Chalk is characterized by decreasing detrital
clay content but increasing development of
flint horizons.

Although a major aquifer in the region the
chalk has no economic significance as a hydro-
carbon reservoir due to its shallow depth of
burial and lack of top seal (it is at outcrop level
over most of the study area), its importance
was in contributing to the burial of the Lias
and Oxford Clay source rocks during maxi-
mum burial of the basin in Late Cretaceous—
Early Tertiary times (Fig. 28).

Alpine plate sequence

The rapid northward drift of Africa in the Late
Cretaceous culminated in the onset of the Alpine
orogeny from latest Maastrichtian times. The
resulting uplift in the region of the French and
Swiss Alps is well documented. The effects in
southern England were less severe but still had an
important impact on the hydrocarbon potential
of both the Weald and Wessex basins. The main
impact of the Alpine event was to invert earlier
east—west-trending Lias and Early Cretaceous
extensional faults. Evidence fom vitrinite reflec-
tance, shale velocity and basin backstripping
studies suggests over 1500m of uplift and
subsequent erosion in the east-central part of
the Weald Basin and the generation of numerous
inversion anticlines in the hanging walls of the
major basin bounding faults across southern
England (e.g. the Kimmeridge Anticline, Fig. 2).

The isopach and lithofacies maps for the
Alpine sequence (Figs 29 and 30) show how the
inversion has changed the polarity of the basin
with the Tertiary sediments now deposited on the
footwalls of the original Mesozoic Weald and
Wessex rifts forming the Hampshire and London
Basins as mini ‘foreland’ basins. Evidence for
erosion of the evolving chalk inversion anticlines
is provided by flints which were deposited in the
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Palaeocene of the Hampshire Basin adjacent to
the Purbeck disturbance (Plint 1983).

Latest Palaeocene alluvial and marginal marine
deposition took place in the western parts of the
London and Hampshire basins (Reading Beds).
A marine transgression during the early Eocene
led to the establishment of marine mudstone
deposition over southern England (London
Clay). Decreasing marine influence during the
Oligocene led to the deposition of shallow marine
shoreface sands and freshwater limestones.

Play types

Prior to 1960, most wells in southern England
tested Tertiary anticlinal structures whereas the
majority of the Jurassic—Early Cretaceous tilted
fault block and horst plays were drilled after
1960. There was early exploration interest in
the anticlinal structures which can be defined
on the basis of surface geological mapping and
were the earliest defined traps in the area. The
tilted fault block/horst plays lie below the Apto-
Albian break-up unconformity, and cannot be
located directly by surface mapping.

Exploration interest shifted from Tertiary
anticlines to earlier formed fault block structures
during the 1960s. The main reasons for the
change in exploration emphasis were:

(i) continued failure of wells on Tertiary
inversion structures;

(i) new discoveries in earlier formed struc-
tures;

(i) 1improved definition of structures at depth
with the use of modern multifold seismic
data; and

(iv) improved understanding of the geology

and, in particular, the plumbing system of
the Weald and Wessex basins.

Progressively, stratigraphically deeper targets
were identified. Early interest was concentrated
on Upper Jurassic Corallian and Portlandian
reservoirs. However, deeper Great Oolite, Brid-
port and Sherwood targets became attractive as a
result of indications that reservoir quality per-
sisted at depth, improved seismic imaging and
earlier identification of shows in these intervals.

Trap types
Two distinct trap types are recognized (Fig. 31).

(1) Jurassic-Early Cretaceous tilted fault
blocks/horsts: these structures pre-date
hydrocarbon generation in the basin.

(ii) Tertiary inversion anticlines: these struc-
tures post-date hydrocarbon generation in
the basin.

The fault block/horst play is by far the most
successful in the Weald and Wessex basins. In
the Wessex Basin many wells were drilled a
significant distance from mature source (greater
than 12.5km). When these wells are taken out of
the figures, the historical risk for traps with
Jurassic targets is assessed as 1 in 3 and 1 in 5 at
the Triassic level.

The Tertiary inversion anticline play has only
been successful at Kimmeridge (Fig. 2) in the
Wessex Basin, even though most wells on
inversion structures have been drilled in areas
of mature source rocks. Perhaps the secondary
charge mechanism noted earlier for Kimmeridge
is significant here. Elsewhere only residual oil
shows and non-commercial gas accumulations
have been encountered, particularly in the
Weald Basin, where the majority of inversion
trap tests occur.

Reasons for prospect failure

The key reasons for past exploration well
failures in southern England can be analysed
within the tectono-stratigraphic framework
described above.

(1) Influence of Tertiary inversion. Not only
was hydrocarbon generation switched off
but pre-existing accumulations were brea-
ched and/or remigrated to newly formed
traps.

(2) Many unsuccessful wells were drilled on
structures which were never on a migration
pathway. This observation underlines the
importance of understanding migration
pathways in a basin where only a limited
volume of hydrocarbons have been gener-
ated compared with the volume of traps
within the migration limits of the source
kitchen.

(3) Wells encountered poorer reservoir quality
than expected. In the Wessex Basin, the
Corallian (J4) interval reservoir quality is
very poor and has never produced on
test. The Cornbrash limestone (J3) pro-
duces at very poor rates (less than 20
barrels of oil/day) except where local
fracturing occurs such as at Kimmeridge
(up to 500 barrels of oil/day from an
underpressured reservoir). The Bridport
Sands (J2) reservoir silts-out eastwards
towards the Isle of Wight and southwards
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across the Portland—South Wight Basin.
The Great Oolite passes into the non-
reservoir Fuller’s Earth facies to the west
of the Weald Basin (although production
from thinner carbonate equivalents of the
Frome Clay Limestone occurs at Wytch
Farm) and the Sherwood Sandstone Group
reservoir quality appears to deteriorate
eastwards and southwards from the Wytch
Farm horst block, mainly associated with
diagenesis due to increasing pre-inversion
palaeo-burial depths.

(4) Trap definition. It is clear in the light of
modern seismic data that many wells have
not been drilled on valid traps. In the past
onshore seismic data in southern England
have been of very poor quality. Within the
Purbeck—Isle of Wight Fault Zone persis-
tent poor data quality has failed to resolve
the complex structure of this zone. The pre-
Jurassic is characterized by low-amplitude,
discontinuous reflectors and lies within the
realm of interference from long-period
multiples. Data quality and depth conver-
sion within fault shadows can lead to
unreliable structural mapping in such
zones. It can therefore be difficult to accu-
rately define whether or not a structure is
closed at depth or for that matter the exact
location of a closed structure.

Conclusions

Exploration drilling for hydrocarbons in south-
ern England commenced over 50 years ago,
prompted by numerous seepages along the
Dorset coast and small gas discoveries in water
boreholes. To date, over 300 million barrels of oil
and 100 bef of gas reserves have been discovered.

The Weald and Wessex basins exhibit many
similarities in both tectonic and stratigraphic
evolution through Early Triassic-Tertiary times,
reflecting the regional influences of Atlantic
Margin rift-subsidence processes and subse-
quent Tertiary (Alpine) inversion tectonics.
These processes which have impacted on both
basins can be described in terms of four plate
sequences. These sequences highlight both simi-
larities and differences in the hydrocarbon
habitat of the two basins (Fig. 31).

The early Atlantic plate sequence (late
Permian-Late Triassic) records two unsuccessful
attempts to open the North Atlantic. It is sig-
nificant in the Wessex Basin for the deposition of
the Sherwood Sandstone reservoir.

The Atlantic plate cycle (Rhaetic—Tithonian)
records the successful rifting of the Central
Atlantic and is characterized by the widespread
deposition of the Lias and Oxford Clay source
intervals across southern England. The impor-
tant reservoir intervals of the Bridport Sands
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Weald and Wessex basins (see text for details).
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(Wessex), Great Oolite limestone (Weald), Cor-
allian and Portland sandstones (Weald) were
also deposited at this time.

The Biscay plate sequence (Creataceous)
records the successful rifting and spreading of
the Bay of Biscay, and represents the primary
trap forming event in southern England. Max-
imum maturation of source intervals occurred
during the post-rift thermal subsidence phase in
Late Cretaceous (Chalk deposition) times.

Finally, the Alpine plate sequence (Tertiary) is
characterized by regional uplift and formation
of inversion anticlines, breaching of palaeo-
structures and remigration of hydrocarbons in
both the Weald and Wessex basins.

This paper is based on a major BP in-house study of
the petroleum geology of southern England carried out
at our former UK Land offices in Eakring. We would
like to thank the British Petroleum Co. for permission
to publish this paper. Thanks also to our colleagues
1. Simpson and S. Thompson for their earlier contribu-
tions to the study.
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The geological history of the southern Wessex Basin — a review of new

information from oil exploration

MALCOLM BUTLER

Burnside House, Church Road, Paddock Wood, Kent TN12 6HD, UK

Abstract: Mapping of intervals between the base of the Aylesbeare Mudstone (Permian or
early Triassic) and the top of the Penarth Group (early Jurassic) in the Dorset-—Isle of Wight
area indicates that the deposition of these formations was influenced strongly by northwest—
southeast-trending faults, probably related to underlying Variscan elements. There are
significant differences between the distribution of the Aylesbeare Mudstone and that of later
Triassic formations. An unconformity is recognized within the Sherwood Sandstone Group,
separating the syn-rift sequences of Aylesbeare Mudstone, and overlying Budleigh Salterton
Pebble Beds and anhydrites from the post-rift Otter Sandstone and Mercia Mudstone
(middle-late Triassic). It is postulated that the top of the Sherwood Sandstone Group
becomes progressively younger from the Mid Dorset Platform towards the Isle of Wight,
steadily replacing the lower Mercia Mudstone. Halite beds are present within the middle
Mercia Mudstone of Dorset, although they are absent over much of the Mid Dorset
Platform and areas to the east of Wytch Farm. East-west-trending faults became dominant
in the Jurassic, and there is strong seismic evidence for syn-depositional movement on these
faults during the Lias across the entire Dorset—Isle of Wight area. In Dorset, many of these
east-west faults are listric, hading out into the Mercia Mudstone halite and creating very
different structural styles above and below the salt. Major syn-depositional movement is
thought to have also taken place along these faults during Kimmeridgian and Portlandian
times, creating a series of rollover anticlines in the hanging walls. Seismic evidence indicates
that the early Cretaceous sequences of the Portland-South Wight Trough thinned rapidly
onto the footwalls of these east-west faults and that very little deposition took place north
of the Purbeck Disturbance, either in Dorset or on the Isle of Wight. Several of these east—
west faults reversed their throw during compression associated with the mid-Tertiary
inversion. Reverse displacement estimates range from 50 m on the Litton Cheney Fault to
1320 m on the Purbeck Disturbance in the Isle of Wight. Offsets of the inversion trends may
be related to underlying northwest-southeast-trending Variscan faults which influenced the
margins of the Jurassic and early Cretaceous basins, but strike-slip movements may have
accentuated some of these offsets during the Tertiary. These offsets appear to be dextral to
the west of Wytch Farm oilfield and sinistral in the area to the east. Structural styles suggest
that there may also have been strike-slip movements along east-west-trending faults.

The Dorset-Isle of Wight region is a classical
area of British geology and has been studied by
generations of geological students. Over the
years, numerous geologists have published
explanations of the complex structures exposed
along the coast (for example, Arkell 1947), but it
is only with the advent of modern seismic
techniques that oil company geologists have
been able to gain some insight into the broader
(and deeper) picture. Even then, seismic events
beneath the strong reflector formed by the top of
the Penarth Group (White Lias, early Jurassic)
have been very difficult to resolve in the south
Dorset area until recent years. Seismic data
recorded by the Brabant group since 1990 have
provided the first clear indications of pre-
Jurassic structure in the area between Bridport
and Wareham, often with clear imaging of
Sherwood and Aylesbeare events, and have
given new insights into the deep structure of
the Isle of Wight. Exploration wells operated by

Brabant, BP and British Gas in this region have
helped to tie together the seismic data, but it
should be stressed that very little age dating is
available for beds below the Lias: correlations
are based on lithostratigraphy in the knowledge
that some boundaries are almost certainly
diachronous.

This paper presents some of the new strati-
graphic and structural information obtained as a
result of the recent oil exploration work and
discusses the regional significance of this infor-
mation. Other papers in this volume describe
the Wessex Basin stratigraphic sequence and its
hydrocarbon occurrences in some detail and this
information is not repeated here.

Structural framework

The present-day outcrop pattern is dominated
by the effects of Tertiary inversion movements

BUTLER, M. 1998. The geological history of the southern Wessex Basin — a review of new information from oil
exploration. Jn: UNDERHILL, J. R. (ed.) Development, Evolution and Petroleum Geology of the Wessex Basin,
Geological Society, London, Special Publications, 133, 67-86.
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and by the major east-west-trending faults along
which growth took place in the Jurassic and
early Cretaceous (Underhill & Paterson 1998)
(Fig. 1). Crossing these east-west lineations are
a number of major northwest-southeast trends,
including the extensions of the Watchet—
Cothelstone and Poyntington faults of Somerset
and probably related to major late Variscan
faults (Chadwick 1993). These Variscan trends
seem to have had a control over sedimentation
during the Triassic and can be related to offsets
and transfer zones in the Tertiary inversions.
They can rarely, if ever, be mapped as contin-
uous faults on seismic data onshore, although
Smith & Hatton (this volume) and Harvey &
Stewart (this volume) were able to map sets of
northwest—southeast- and northeast-southwest-
trending faults in the offshore Lyme Bay area.
To the west of the studied area, a number of
surface faults have orientations ranging from
north—south to northeast~southwest (for exam-
ple, the Mangerton Fault, Fig. 1). Westhead &
Woods (1994) carried out detailed mapping of
the Chalk at outcrop around Dorchester (close
to West Stafford-1, Fig. 1) and noted the
occurrence of minor faults with these orienta-
tions and with displacements of the order of 30—
60 m. These have not been mapped on modern
seismic data in this area and their significance is
not yet understood.

Aylesbeare Mudstone

The earliest post-Variscan sediments known in
the south Dorset region are those of the Ayles-
beare Mudstone (and associated basal conglom-
erates). These have traditionally been referred
to by oil company geologists as ‘Permian’,
although they may be entirely of earliest
Triassic Scythian age (Hamblin e: al. 1992).
The Permian breccia and volcanic series which
outcrop in the Exeter region have not been
noted in Dorset, although they may be present
beneath some of the thicker Aylesbeare
sequences. Breccias such as those seen in
Wytch Farm wells are considered to be locally
derived and of the same age as the Aylesbeare
Mudstone. New seismic data, acquired over the
past 5 years, and new well information have
enabled the isopachs produced by Whittaker
(1985) to be refined in this area. The new,
somewhat conjectural, isopachs of the Ayles-
beare Group are shown in Fig. 2 and are based
largely on seismic data in the western part of
the area and largely on well data to the east. It
is important to note that seismic imaging of the
base of the Aylesbeare Group is generally poor

to the east of Waddock Cross and south of
the main inversion faults: here, interpretation
remains difficult and is often subjective.

Borehole information suggests that the dis-
tribution of the Aylesbeare Mudstone is con-
trolled to the north by the faults forming the
northern boundary of the Cerne—Winter-
bourne—Christchurch Trough. To the east, the
boundary appears to be formed by a northwest—
southeast-oriented lineation, cutting across
the tip of the Isle of Wight and forming the
northeast boundary to a major depocentre off-
shore Wytch Farm. Although there are few
basement penetrations, there appears to be a
coincidence between the edge of the Aylesbeare
Mudstone depocentre in south Dorset and the
boundary between probably Devonian phyllitic
basement to the south and Old Red Sandstone
to the north and east. It is therefore likely that
the northeastern margin of the Aylesbeare
Mudstone in this region is related to extension
and relaxation along the line of a major
Variscan thrust system, associated with a phase
of late Permian or early Triassic rifting and
differential subsidence.

In the western part of the region, north of the
Abbotsbury-Ridgeway Fault and west of Wad-
dock Cross, the base of the Budleigh Salter-
ton Pebble Beds (resting unconformably on
the Aylesbeare Mudstone) and the base of the
Aylesbeare Mudstone (resting unconformably
on Palaeozoic basement) both form relatively
strong reflectors (note the sonic contrast in
Fig. 6). 1t is therefore possible to form a more
detailed view of the controls on Aylesbeare
deposition in this area. Figure 2 demonstrates
that the Aylesbeare Mudstone thins rapidly
westwards from the depocentre in Bourne-
mouth Bay, in excess of 1000m of sediment
beneath Wytch Farm thinning to less than
100m beneath the western part of the Mid
Dorset Platform. At this time, the Mid Dorset
Platform appears to have been bounded to the
west by a major northwest-southeast-trending
fault system, giving rise to a half-graben on the
southwest side, in which in excess of 800m of
Aylesbeare accumulated (Fig. 3). This north-
west—southeast-trending fault lies along the
projection of the Watchet—Cothelstone Fault, a
major Variscan lineation recognized by Whit-
taker (1972), Chadwick (1986, 1993) and other
authors, and there is indication that strike-slip
movement took place along this trend during the
Tertiary. It is tempting to suggest that this fault
formed by reactivation along the line of a
deep Variscan fault which defines the separation
between the Upper Carboniferous ‘Culm’ noted
in the wells at Seaborough and Nettlecombe and
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the probable Devonian phyllites found in the
wells at Ryme Intrinseca, Mappowder and
Wytch Farm: unfortunately, there is presently
no basement control point between Nettlecombe
and Wytch Farm.

Sherwood Sandstone Group

The overall thickness of the Sherwood Sand-
stone Group in the Dorset-Isle of Wight area
does not appear to have been affected greatly
by contemporaneous faulting (Fig. 5; cf. Hawkes
et al. this volume). It is interesting to note that,
although the Sherwood Sandstone Group thick-
ens into the site of the Aylesbeare half-graben to
the west, it is not affected by the Aylesbeare
isopach thick in the Wytch Farm area. Instead,
the Sherwood thins consistently from Wytch
Farm to the east.

The basal beds of the Sherwood Sandstone
Group at outcrop in east Devon are the
Budleigh Salterton Pebble Beds (BSPB), which
unconformably overlie the Aylesbeare Mud-
stone. Smith & Edwards (1991) carried out

detailed studies on the BSPB in outcrop and
considered the relationship of similar conglom-
erates secen in wells around Southampton and
the Isle of Wight. Seismic and well evidence
supports the views of Warrington et al. (1980)
that the BSPB are not present in the Wytch
Farm area as a result of erosion, although they
may not have been deposited over much of the
eastern part of the Dorset-Isle of Wight area.
Several seismic lines in the area around Dorche-
ster appear to show an unconformity within the
Sherwood Sandstone Group and, passing east-
wards onto the Mid Dorset Platform, the high-
amplitude event associated with the contact
between the BSPB and the Aylesbeare Mud-
stone appears to subcrop this unconformity
(Fig. 7a). This is borne out by correlation of
well logs, which shows the BSPB to disappear
between the Martinstown and Waddock Cross
wells (Fig. 6). Seismic evidence appears to show
that the lower part of the Sherwood Sandstone
Group, including the BSPB, was affected by
faulting which occurred before the intra-Sher-
wood unconformity (Figs 3, 4 and 7). This may
have been contemporaneous faulting, although
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any related thickness changes are of much lower
magnitude than those which affected the Ayles-
beare Mudstone. Smith & Edwards (1991)
discuss the exotic nature of the clasts distributed
by the BSPB streams and the wide regional
distribution of these beds, with a possible lateral
extent of 250 km. The seismic evidence tends to
support their view that the BSPB are not the
result of rapid syn-sedimentary subsidence of the
Wessex Basin.

The intra-Sherwood unconformity marks an
apparent major change in tectonic style and it is
possible that it may be of similar age to the
Hardegsen Unconformity of the southern North
Sea. The correlation in Fig. 6 demonstrates
that the upper part of the Sherwood Sandstone
Group (equivalent to the Otter Sandstone)
thickens westward off the Mid Dorset High
and there is some evidence for this in Fig. 7a.
Martinstown-1 and other wells to the west
record an additional sequence between the
Otter Sandstone and the BSPB. In Martins-
town-1 it consists of coarse sandstones and
conglomerates, and in Nettlecombe-1 and Sea-

borough-1 it consists of anhydrites and silt-
stones. These sequences are considered to have
been deposited in a local basin, probably co-
incident with the Aylesbeare half-graben, and
are interpreted to lie beneath the intra-Sherwood
unconformity.

The Otter Sandstone equivalent can be seen to
lie unconformably on the BSPB and the Ayles-
beare, and appears little affected by syn-sedi-
mentary faulting. It post-dates the early Triassic
rifting phase of the Wessex Basin and its dis-
tribution and that of most of the overlying
Mercia Mudstone Group is probably related to
post-rifting thermal relaxation subsidence. This
interpretation is at variance with the views of
Smith & Edwards (1991) that the Otter Sand-
stone heralds a phase of Triassic rifting in the
Wessex Basin and those of Hawkes et al. (this
volume) that the Sherwood Sandstone repre-
sents a syn-rift sequence in the Channel Basin.

Well correlation carried out by Brabant in the
Waddock Cross—-Wareham—Wytch Farm area
strongly suggests that the top of the Sherwood
Sandstone Group becomes younger to the east,
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being replaced by lower Mercia Mudstone to the
west (Fig. 6). Further to the east, well correla-
tion suggests that the lower Mercia Mudstone
may onlap onto the top of the Sherwood
Sandstone Group on the Isle of Wight High.
The seismic resolution is not sufficient to prove
or disprove onlap at this level, but it is
considered more likely that progressive easterly
replacement of the lower Mercia Mudstone by
Otter Sandstone facies has occurred, as shown in

Fig. 6. In this case, the base of the Sherwood
Sandstone Group also becomes younger to
the east and the basal pebble beds seen in
Sandhills-1 may not be related to the BSPB. The
progressive onlap of the Mercia Mudstone
Group around the margins of the Wessex
Basin can be seen in outcrop in the Mendip
Hills and has been described in the Fifehead
Magdalen area by Evans & Chadwick (1994).
The seismic line in Fig. 7b demonstrates the
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onlap of the Sherwood Sandstone Group and
the Mercia Mudstone onto basement topogra-
phy in the Isle of Wight. The underlying rocks
here consist of Old Red Sandstone facies and,
although it is difficult to fully resolve the detail
of the rather low-frequency seismic event, it
seems likely that onlap has occurred onto an
undulating erosion surface, with high blocks
representing palaeo-hills, rather than the results
of contemporaneous faulting.

Mercia Mudstone

The Mercia Mudstone of much of south Dorset
includes deposits of halite and andydrite and
acts as a décollement zone, into which later
listric faults hade. For this reason, it is often
difficult to recontruct its original depositional
thickness to determine the extent to which it was
affected by contemporaneous faulting. Figure 8,
in particular, shows clearly the separation in
tectonic styles between the pre- and post-Mercia
Mudstone sections. The post-Mercia Mudstone
section is dominated by listric faults which
appear to have begun their growth during the
early Lias and to have continued growth
sporadically through the early Jurassic and
early Cretaceous. These faults sole out into the
Mercia Mudstone evaporite group and their
continued growth has been facilitated by mobi-
lity of the halite beds. Although these do not
form piercement structures, migration of halite
into pillows has given rise to significant variation
in Mercia Mudstone thickness associated with
the hanging walls of listric faults.

The most obvious syn-sedimentary thickening
in this interval appears to occur into the Cerne—
Winterbourne—Christchurch  Trough, across
bounding faults to the north and south, and
westwards of the Mid Dorset Platform into the
Nettlecombe area (Fig. 9). Thus, Mercia Mud-
stone deposition appears to have been affected
to some extent in Dorset by the major east-west
fault trends which controlled the overlying
Jurassic and Early Cretaceous sedimentation,
but the influence of the northwest-southeast
lineation in west Dorset was still marked. As
noted above, the area to the south of the Mid
Dorset Platform is much affected by halokinesis
and it is difficult to determine original deposi-
tional thicknesses and, thus, the extent of
contemporaneous growth across the southerly
bounding faults. Minor halokinesis has also
occurred on the Mid Dorset Platform: the
northern end of Fig. 4 shows part of a small salt
pillow. Figures 3,4 and 8 show that the Sherwood
and older rocks were dislocated by faulting which

appears to die out within the mid Mercia Mud-
stone evaporite group. However, there is no
obvious growth within the lower Mercia Mud-
stone and it is probable that the majority of
these faults are of much later age, being related
to phases of extension in the early Jurassic and
in the late Jurassic to early Cretaceous.

Figure 9 demonstrates that the entire Mercia
Mudstone interval thins from west to east along
the Mid Dorset Platform and continues to thin
across Bournemouth Bay onto the Isle of Wight
High. This is interpreted as being due, in part, to
the progressive replacement of the lower beds of
the Mercia Mudstone by Otter Sandstone facies
towards the east. The major Jurassic faults of the
Isle of Wight appear to have had little effect on
the Mercia Mudstone. Although the seismic
resolution is not good at base Mercia level in the
Portland-South Wight Trough, a comparison
between Sandhills-1, on the crest of the Isle of
Wight High, and Arreton-2, south of the major
bounding fault, indicates very similar thick-
nesses of Mercia Mudstone. In both these
wells, the lower part of the Mercia Mudstone
is interpreted as absent, as a result of transition
to Otter Sandstone facies and overlap on the
margin of the basin (see Fig. 7b). Halite is absent
in Wytch Farm wells and in other parts of
the Mid Dorset High, but is present in the
Cerne-Winterbourne—Christchurch Trough to
the north and in the Portland-South Wight
Trough to the south, at least as far east as
offshore block 98/11.

Lower Jurassic

In their study of the evidence from outcrop for
intra-Jurassic faulting in the Wessex Basin,
Jenkyns & Senior (1991) concluded that move-
ments were concentrated in two phases: Hettan-
gian to Bajocian, corresponding to the early
rifting phase of the Central Atlantic, and latest
Oxfordian to Portlandian, corresponding to the
early rifting phase of the North Atlantic. The
seismic evidence certainly confirms the presence
of intra-Jurassic faulting, which has caused
rapid thickness changes within the sequence
from the top of the Penarth Group to the top of
the Inferior Oolite across east—west-trending
faults. Figure 8 demonstrates obvious growth
within the Lias below the Green Ammonite Beds
across the Litton Cheney Fault. This interval is
estimated to be 180 m thick in the footwall of the
fault and to attain 260m in the hanging wall.
There is apparently little growth across the
Abbotsbury Fault, but the section from the
base of the Lias to the Inferior Qolite appears to
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thicken rapidly to the south within the segment
between the Abbotsbury Fault and the extension
of the Purbeck Disturbance and there is some
indication of early movement of the underlying
Mercia halite. Further growth occurs across the
extension of the Purbeck Disturbance within the
entire Lias section (Fig. 8) and this is the only
place on this line where contemporaneous fault
growth can be seen in the section between the
top of the Junction Bed and the top of the
Inferior Oolite. On this line, the Lias interval
reaches a maximum thickness in the hanging
wall of the Purbeck Disturbance of some 1220 m
(compared with some 450 m on the Mid Dorset
Platform at the northern end of the line), before
thinning gently towards the south. It should be
noted that apparent thinning of Jurassic inter-
vals into the downthrown side of the Abbots-
bury Fault is an artifact generated by increases
in velocity towards the fault zone: depth
conversion indicates minor growth across this
fault within the lower Lias. The maximum
Liassic thickness noted in this area occurs in
Weymouth Bay to the south of Kimmeridge.
The section through Kimmeridge-5 (Fig. 10)
indicates a thickness of some 1515m to the
south of this well. Thickening within the Lias
section also occurs across the faults bounding
the Cerne—Winterbourne—Christchurch Trough,
both to the north and to the south, and
westwards along the Mid Dorset Platform. The
Inferior Oolite—Penarth Group section is some
300 ms (approximately 410 m) thick in the foot-

wall of the Litton Cheney Fault in Fig. 8, but
has thickened to some 350ms (approximately
480m) in the same position in Fig. 3. Indeed, it
is probable that the Mid Dorset Platform
plunged to the west throughout the Jurassic. In
the eastern part of the study area, the Lias is
very much reduced in thickness, but it again
forms the focus of fault growth. Figures 11 and
13 demonstrate Liassic growth across the main
Purbeck Disturbance on the Isle of Wight,
and Chadwick (1993, Fig. 8) demonstrates more
dramatic growth across the Disturbance off-
shore, between Purbeck and the Isle of Wight.

Upper Jurassic and Lower Cretaceous

Major growth across the Litton Cheney and
Abbotsbury Faults and the Purbeck Distur-
bance is postulated to have begun again in the
Kimmeridgian and continued through to Lower
Greensand times. Unfortunately, early Cretac-
eous erosion of the footwall sides of these faults
makes it generally impossible to estimate the
amount of contemporaneous growth. There is
clear evidence of fault control on sedimentary
thicknesses in the Weald Basin at this time
(Butler & Pullan 1990) and the outcrop evidence
summarized by Jenkyns & Senior (1991) indi-
cates that a similar situation prevailed in Dorset.
Figure 11 demonstrates fault-related thickness
changes in the lower Kimmeridgian section of
the Isle of Wight, where there is no underlying
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Mercia halite. In contrast to the Weald Basin,
where there is little Mercia Mudstone and no
halite, renewed extension in the lower Kimmer-
idgian of Dorset gave rise to further movement
on major fault systems which haded out into the
Mercia Mudstone and caused the halite within
this interval to become mobile. Growth on the
Abbotsbury-Ridgeway Fault was compensated
for by swelling of halite immediately to the
south, causing the main growth of the Wey-
mouth Anticline (Fig. 8). A similar, smaller
scale, anticline developed between the Abbots-
bury Fault and the Litton Cheney Fault and can
be clearly dated as pre-Upper Cretaceous in age
by its relationship to the Base Gault (Albian)
unconformity in Fig. 8. It is also interesting to
note that minor faults hade out both into the
non-halite bearing Mercia Mudstone and into
the Fuller’s Earth in the Isle of Wight (Fig. 7b).
Notwithstanding contemporaneous movement
on the bounding faults, seismic evidence indi-
cates that a thick Kimmeridge Clay sequence
was deposited over the Mid Dorset High and
the Isle of Wight High. Remnants of these
beds are commonly seen preserved in half-
graben beneath the Albian unconformity in
both areas.

The original distribution of the Lower Cretac-
eous in Dorset is even more problematical than
that of the Upper Jurassic. Ruffell & Batten
(1994) note that there is evidence for uplift and

erosion at three levels: very early Cretaceous,
mid-Aptian; and early Albian. There is a very
obvious unconformity across areas north of the
Purbeck Disturbance, above which basal Gault
(Albian) overlies beds ranging in age from
Cornbrash to Kimmeridge Clay on the Isle of
Wight High and Mid Dorset Platform. Further
to the west, strong regional tilting which took
place before Gault deposition has caused the
unconformity to cut down into the Triassic (and
eventually to the Palaeozoic in Devon) and
progressive westerly onlap is demonstrated by
the fact that the Gault is eventually overlapped
by the Upper Greensand in the western part of
the area studied. The original depositional
thickness of both Wealden and Lower Green-
sand beds is an important factor in reconstruct-
ing the burial history and source rock
maturation of the Dorset-Isle of Wight region,
particularly in the western part of the area.
Unfortunately, pre-Gault erosion has removed
much of the evidence and the original thick-
nesses must be inferred from isolated remnants
in the hanging walls of faults and by analogy
with areas further east.

In the Isle of Wight area, Fig. 11 provides
valuable evidence which suggests that both
Wealden Beds and Lower Greensand thin
rapidly onto the Isle of Wight High and it
seems unlikely that any great thicknesses were
deposited over the high. This line does not
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show any significant angularity at the bound-
aries between the Wealden, Lower Greensand
and Gault, although outcrop studies suggest
discontinuities between these sequences. Similar
relationships between these beds appear to be
shown in the offshore area to the southeast of
Wytch Farm by Chadwick (1993 Fig. 8) and no
Wealden Beds have been reported in Wytch
Farm wells. Studies of the Weald Basin (Butler
& Pullan 1990, Ruffell 1992) indicate that the
Lower Cretaceous sequences thin rapidly onto
the margins of the London Platform and the
Portsdown High and that little, if any, Wealden
Beds were deposited across the top of the
London Platform.

On the basis of these analogies and the regional
westerly thinning which can be mapped in the
Weald Basin, it seems likely that the deposition
of a thick sequence of Wealden Beds and the
Lower Greensand was restricted in Dorset to
the area south of the Purbeck Disturbance. In
outcrop in south Dorset, the Wealden appears
to thin rapidly towards the west, from 716 m at
Swanage, south of Wytch Farm, to 166m at
Lulworth and 107m at Bincombe, near Wey-
mouth. However, the Lulworth section lies
within the zone of the Purbeck Disturbance
and may represent the thickness on an inter-
mediate fault block, rather than the true basinal
thickness (cf. Fig. 11). In addition, much of this
westerly thinning may be the result of Aptian or
Albian erosion.

It is probable that thinner Wealden Beds were
also deposited outside this main depocentre in a
series of half-graben formed by the east—west-
oriented listric faulting. Thus, Wealden Beds can
be postulated to have been deposited in a
number of half-graben which are partially
preserved beneath the Albian unconformity on
the Mid Dorset Platform and in the area to
the west, where halokinesis commonly assisted
listric fault growth, although much of the
evidence has since been removed by the regional
tilting. There is some evidence for listric fault
growth along the northern margin of the Mid
Dorset Platform, in the Bere Regis area, and
it is possible that Wealden Beds were deposited
here. It seems less likely that these beds were
deposited throughout the remainder of the
western part of the Cerne—Winternourne-
Christchurch Trough, particularly as they are
not preserved in wells drilled within the eastern
part of the Trough. In reconstructions which
have been carried out in Fig. 8, it has been
assumed that the 107 m of Wealden preserved at
Bincombe were also present in the hanging wall
of the Abbotsbury Fault on this line before
Tertiary uplift. This may be too conservative an

estimate for the pre-inversion thickness and
almost certainly underestimates the thickness
before pre-Gault uplift. It is possible that the
high velocities noted in the hanging wall of the
Abbotsbury Fault indicate much deeper burial
before this regional tilting.

In the Isle of Wight area, the Carstone, at the
base of the Gault Clay, can be seen from
outcrop and well information to lie with an
erosional base, but no apparent angularity, on
the underlying Lower Greensand south of the
Isle of Wight Disturbance, but to overstep
across the Isle of Wight High. Here it forms
the base of the post-unconformity sequence,
apparently without any noticeable thickness
change across the main Disturbance fault
(Ruffell 1992). Further to the west, the evidence
is complicated by strong regional tilting as well
as the erosion which took place before deposi-
tion of the Gault Clay and Upper Greensand.
Offshore to the southeast of Wytch Farm, in
well 98/11-1, the Gault lies unconformably on
Wealden Beds. This well appears to lie on a sub-
sidiary downthrown block immediately north of
the main Purbeck Disturbance (Underhill &
Paterson 1998). However, at Swanage, onshore
immediately to the southwest of this well and on
the other side of the Purbeck Disturbance, in
excess of 80 m of Lower Greensand are present,
compared with 246 m at the western end of the
Isle of Wight. Ruffell & Batten (1994) document
the thinning of the Lower Greensand from
Swanage to the west, until it disappears entirely
at Lulworth, close to the southern end of Fig. 4.
These authors also describe facies changes which
indicate that this thinning marks the margin of
the original depositional basin.

Tertiary inversion

Regional uplift and inversion of the main
Jurassic and early Cretaceous basins of southern
England took place within the Tertiary (Under-
hill & Stoneley this volume). There is evidence of
contemporaneous fault movements affecting
Upper Cretaceous Chalk in Dorset (Drummond
1970, Westhead & Woods 1994) and it is has
been postulated that these mark the beginning of
inversion movements. Certainly, there was sig-
nificant erosion of the top of the Chalk in early
Tertiary times (Plint 1982). However, seismic
evidence over the Isle of Wight High indicates
that the deepest erosion of the Chalk took place
beneath what is now the deepest part of the
Tertiary Basin and the Chalk thickens south-
wards, towards the main inversion structure (see
Fig. 13). Butler & Pullan (1990) and Chadwick
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(1993) discussed the evidence pointing to the age
of the inversion and concluded that the major,
intense inversion movements took place during
the Miocene. Figure 12 shows the main areas of
inversion in the Dorset—Isle of Wight region. The
broad regional upwarping of the Portland-South
Wight Trough, with associated intense folding
and reversal of movements along the northern
bounding faults, has been well documented in the
past (for example, Stoneley 1982, Chadwick
1993). Less well documented are the gentle
inversions noted in two areas on the margins of
the Cerne—Winterbourne—Christchurch Trough
and the generation of the Porchfield Anticline by
inversion of the down-to-the-north fault north of
Sandhills-1 and Lymington-1 (illustrated by
Chadwick 1993, fig. 12). The availability of
modern seismic data enables the identification
and dating of structures which lie beneath the
Chalk and it is therefore possible to determine
more accurately which structures are the result of
Tertiary inversion and which pre-date the Upper
Cretaceous. However, seismic ray-paths become
very convolute in the zones of intense inversion
and it is often still difficult to image the beds in
these areas (see Fig. 13).

Figure 8 shows, near its northern end, the late
Jurassic-early Cretaceous rollover structure to
the south of the Litton Cheney Fault and also
demonstrates the extent to which the hanging
wall has been inverted. This appears to have
taken the form of reverse movement up the fault
zone, with a reverse displacement of between 50
and 75m. It is interesting to note that, at depth,
the reverse throw appears to have occurred
along a different path from the original major
normal throw. Unusually, there also appear to
have been reverse movements along faults close
to the crest of the hanging wall rollover to the
south. This may possibly have been the result of
halokinesis associated with Tertiary compres-
sion. However, this structure lies close to the
projected line of the Watchet-Cothelstone Fault
(Fig. 12). The main inversion is offset north-
wards from the Purbeck Disturbance along this
lineation to the Abbotsbury Fault, and the
reverse faulting here may be the result of
transpression. The presence of a strike-slip
fault is inferred south of the Litton Cheney
Fault because of structural offsets, but it can be
mapped on seismic profiles to the north of this
fault. It passes through the Compton Valence
structure, an almost circular uplift of Chalk and
older beds which has been postulated to have
been caused by halokinesis (Falcon and Kent
1950, Stoneley 1982) or by movement of mobile
clays in the Jurassic, and it is probable that this
is a transpressional feature. Chadwick (1993)

has discussed the importance of strike-slip
faults, offsetting the inversion trends in the
Wessex Basin and their probable relationship to
underlying Variscan faults. The Watchet—
Cothelstone Fault extension, through Compton
Valence, is the only major northwest-southeast-
trending fault which it has been possible to map
on Brabant seismic data, but the sub-parallel
Poyntington Fault has been mapped at the
surface to the northeast and other zones in
which the main inversion transfers between the
east-west fault trends may also be related to
underlying Variscan faults with this orientation.
However, the zones of intense inversion are
generally related to zones of greatest Jurassic
thickness and offsets which may have been
intensified by Tertiary strike-slip movement
were already present along the Jurassic and
early Cretaceous basin margins. In particular,
the offset of the main inversion on the Isle of
Wight appears to have taken place along a
northwest-southeast line, parallel to the major
lineation which is inferred to define the deposi-
tional boundary of the Aylesbeare Mudstone,
further to the west (Figs 2 and 12). Seismic
evidence indicates that this offset controlled
deposition during early Cretaceous time and it
therefore pre-dates the Tertiary movements.
These offsets appear have a dextral sense of
movement in Dorset, but Fig. 12 demonstrates
that a major offset to the south of the offshore
Wytch Farm extension and the offset on the Isle
of Wight have a sinistral sense of movement.

A modelling study undertaken in Fig. 8 by
Harvey (unpublished report for Brabant Petro-
leum Limited) concluded that minimum Tertiary
shortening across the northern margin of the
Portland—South Wight Trough was %00m.
Reverse heave of the Abbotsbury Fault itself
was computed at 250 m, with 250 m of reverse
throw and 350m of displacement up the fault
plane. As noted above, this assumes that very
little Wealden remained in the hanging wall
before the Gault was deposited. Figure 4 shows
with reasonable clarity the nature of the inver-
sion on the Ridgeway Fault. The secondary
listric fault to the north of the Ridgeway Fault
is interpreted as an extension of the Litton
Cheney Fault: it shows strong growth before
the Upper Cretaceous unconformity, but only
very minor inversion. The Ridgeway Fault, in
contrast, appears to thrust through the base
of the Chalk and an antithetic reverse fault
has developed to the south, causing a ‘pop-up’
at Corallian level. The morphology of this
feature suggests that there may be an east-west
strike-slip component to some of the inversion
movements.
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An estimate of the minimum reverse move-
ment along the Purbeck Disturbance can be
obtained from the results of the Kimmeridge-5
well (Fig. 10). This well encountered a section
of grey shale immediately above the Sherwood
Sandstone Group. Analysis of this shale
indicates that it is unlike any Mercia Mud-
stone seen in this area and may be of Liassic
age. If this is the case, it probably represents a
sliver of rock downthrown during normal
movement of the major fault and left behind
when movement was reversed along a slightly
different path. Assuming this to be the lower-
most Lias would indicate minimum heave of
some 380m across the Purbeck Disturbance,
with a minimum 380m of reverse throw and
480m of reverse displacement along the fault.
A rather simplistic, non-decompacted recon-
struction of Fig. 13, on the Isle of Wight,
demonstrates estimated uplift of 1050 m on the
south side of the Purbeck-Isle of Wight
Disturbance, with reverse heave of some
800 m across the fault zone itself and combined
reverse displacement along the two fault planes
of some 1320m.

The work of Sibson (1995) has indicated that
the reversal of movement along listric faults with
the range of steep dips shown by the seismic
lines illustrated here would encounter significant
frictional resistance. Without pulsing large
volumes of fluids up the fault plane during
compression, footwall cutoff thrusts would be
expected to develop. It is interesting that these
have rarely been interpreted on any of the recent
seismic data in Dorset or the Isle of Wight.
On the other hand, the absence of reported seeps
on the Isle of Wight is at variance with any
contention that large volumes of fluid moved up
the Purbeck—Isle of Wight Disturbance during
mid-Tertiary inversion, particularly as the Lias
of Arreton-2 appears to have good source rock
potential and is clearly mature. It may be that
some of the dip-slip frictional resistance has
been overcome by a strike-slip component to
the inversion.

The structure of the Isle of Wight Monocline is
particularly difficult to image (Fig. 13). It is very
tempting to draw a major reverse fault through
the seismic data on dip lines, but the outcrop
information suggests that there is no such fault.
It appears that the reverse movement along the
pre-Upper Cretaceous fault is taken up by
folding of the Gault, Chalk and lower Tertiary,
but it is likely that some of the movement is
accommodated along a splay of sub-horizontal
faults through the base of the fold. Such faults
have been described by Phillips (1964) in coastal
outcrops of Chalk in south Dorset.

Discussion

Much of the structural and stratigraphic infor-
mation described above has resulted from the
interpretation of seismic data recorded in the
area since 1990. Unfortunately, recent seismic
coverage remains sparse over much of the area
and more data are needed, particularly to con-
firm the distribution of the Triassic sequences
and the details of minor fault trends. It is
possible that minor breaks at base Gault level on
the Mid Dorset Platform have been assumed to
be static problems when processing the data and
have therefore been edited out. Further work is
necessary to determine the regional significance
of faults with northeast-southwest trends in
this area.

Age dating remains a major concern when
considering the nature of the intra-Sherwood
unconformity and the apparent transition
from Otter Sandstone to Mercia Mudstone
facies towards the east. Fossil evidence is
unlikely to be sufficient to assist in this, but
detailed work on chemostratigraphy may offer
a solution.

The pre-Gault tilting and erosion in the west
(Underhill & Stoneley this volume) poses
problems in determining the maturation his-
tories of potential oil source rocks and it is
important to be able to reconstruct the original
depositional thicknesses of Upper Jurassic and
Lower Cretaceous intervals. Stoneley (1982)
refers to an observation of P. E. Kent that
abundant Kimmeridgian-age ammonites occur
within the Aptian. It would be instructive to
carry out a detailed study of exotic clasts within
the entire Wealden and Lower Greensand
sequence of this area to attempt to determine
the chronology of erosion.

The extent to which Wessex Basin traps may
have been modified, or destroyed, by inver-
sion movements is of major concern to oil
explorationists. In particular, the magnitude of
the reverse displacement on the major bound-
ing faults and the mechanisms which enabled
this to take place are of great interest. Detailed
studies of fault planes, their slickenslides and
their mineralization would assist in determin-
ing the volume of fluid which may have pulsed
up the planes during inversion and whether
there was an oblique-slip element. In addition,
detailed study of micro-fractures and minerali-
zation within Jurassic shales may give some
evidence for pore fluid build-up at the time of
inversion.

The availability of modern seismic and well
data has provided important new information
on the geological history of the Wessex Basin.
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However, new information raises new questions
and much work remains to be done before the
structure and stratigraphy of the area is fully
understood.

The purpose of this paper is to share some of the
information and ideas which the Brabant group has
derived from its exploration programme over the
past 6 years. This would not be possible without
the approval of Brabant Petroleum Limited and its
partners in this venture and thanks are due to BP
Exploration Operating Company, British Gas Explor-
ation and Production Limited, Canyon Resources
Company and Yates Company (UK). The author is
grateful to the reviewers, R. Stoneley and M. Harvey,
for their helpful comments and suggestions. The
assistance of those members of staff of Brabant who
have assisted in preparing this presentation is grate-
fully acknowledged, particularly that of J. Floodpage
and J. White. However, the ideas presented here are
those of the author and do not necessarily represent
those of the companies involved.
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Abstract: Three detailed biostratigraphic zonations, based on ostracods, foraminiferids and
dinocysts, are proposed for the latest Triassic through to the earliest Cretaceous of the
Portiand—Wight Basin and its adjacent areas. A total of 112 zones-zonules (34 ostracod
zones/subzones, 25 foraminiferid zones, 53 dinoflagellate zones, subzones and zonules) are
recognized. All three zonation schemes are based on samples obtained from both outcrop
(the Dorset coast) and boreholes, the latter from ditch cuttings, with some conventional and
sidewall core samples, in association with published data, and have where possible been
calibrated to the standard ammonite zones recognized throughout northwest Europe.

The three biostratigraphic zonation schemes
(ostracods, foraminiferids, dinocysts/miospores)
illustrated in Fig. 1 and discussed below are
based on samples obtained both at outcrop
(the Dorset coast) and the subcrop, in associa-
tion with numerous microfossil publications.
All three zonations have where possible been
calibrated to the standard ammonite zones
recognized throughout northwest Europe. The
authors have used taxa which are, as far as pos-
sible, common and geographically widespread.
The three schemes described below are intended
to be applied to borehole sections, which are
generally represented by ditch cuttings samples,
in association with rarer sidewall and con-
ventional cores, and therefore emphasize the
highest downhole occurrences (extinctions) of
particular taxa and major assemblage changes.
In sections where there may be good conven-
tional core and/or sidewall core coverage, incep-
tions (lowest downhole occurrences) and/or
acmes can be determined.

Ostracod zonal scheme

The zonation of the marine Hettangian to
Portlandian (OJ zones) has in part been extracted
from a number of sources, including Whatley
(1965), Field (1968), Kilenyi (1969, 1978), Chris-
tensen & Kilenyi (1970), Morris (1983), Bate
(1978), Bate & Sheppard (1982), Sheppard (1982),
Wilkinson (1982), Morris (1983), Fuller (1984),
Lord & Bown (1987), Partington ez al. (1993), and

unpublished outcrop and subcrop data. The
ostracod zonation of the non-marine Purbeck
(PW zones) is calibrated to that described by
Anderson (1971, 1985) and Kilenyi & Neale
(1978) from the Weald and its adjacent areas.

Zone OJ1

Top: defined on common/abundant specimens
of Ogmoconchella aspinata.

Assemblage: characterized by a generally low-
diversity ostracod fauna, which is dominated by
the above taxon.

Notable occurrences include Pseudomacro-
cypris subtriangularis and Cardobairdia sp. B
sensu Ainsworth.

Age: latest Rhaetian—Early Sinemurian (pre
planorbis—bucklandi ammonite zones). Occurring
within the Blue Lias.

Zone OJ2

Top: defined on the highest occurrence of Ogmo-
conchella aspinata.

Assemblage: a sparse ostracod fauna is pre-
sent, dominated by the above index taxon.
Notable occurrences include Bairdia sp. 1 sensu
Ainsworth, Cytherelloidea circumscripta, C. pul-
chella, Ogmoconcha hagenowi, Ogmoconchella
nasuta and O. telata. '

Age: Early Sinemurian (semicostatum—turneri
ammonite zones). Occurring within the topmost
Blue Lias and Shales with Beef.

AINSWORTH, N. R., BRAHAM, W. & GREGORY, F. J. et al. 1998. A proposed latest Triassic to earliest Cretaceous
microfossil biozonation for the English Channel and its adjacent areas. In: UNDERHILL, J. R. (ed.) Development, Evo-
ution and Petroleum Geology of the Wessex Basin, Geological Society, London, Special Publications, 133, 87—102.
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Zone OJ3

Top: defined on the highest occurrence of Klin-
glerella gr. triebeli

Assemblage: a generally sparse assemblage
dominated by well-ornamented (ribbed) ostra-
cods. Notable highest occurrences include Iso-
bythocypris elongata, Klinglerella intermedia,
K. variabilis, Ogmoconchella danica, O. cf.
mouhersensis, Paratrachycythere pseudotubulosa
sensu Park Ms., Patellacythere gruendeli and
Progonoidea reticulata

Age: latest Early-Late Sinemurian (upper-
most turneri-raricostatum ammonite zones).
Occurring within the Black Ven Marls.

Zone OJ4

Top: defined on the highest occurrence of
Pleurifera vermiculata.

Assemblage: dominated by Ogmoconchella
spp.

Age: Early Pliensbachian (jamesoni-lower
ibex ammonite zones). Occurring within the
Belemnite Marls.

Zone OJ5

Top: defined on the highest occurrence of
Gammacythere klingleri.

Assemblage: dominated by Ogmoconcha and
Ogmoconchella spp.

Age: Early Pliensbachian (upper ibex ammo-
nite zone). Occurring within the Belemnite
Marls.

Zone 0OJ6

Top: defined on the highest occurrence of Gam-
macythere ubiguita.

Assemblage: dominated by Ogmoconchella
spp. Notable highest appearances include Gra-
mannicythere bachi, Ogmoconcha amalthei form
A, Paradoxostoma pusillum, Pleurifera harpa and
Polycope spp. Similar to Zone OJ5, the more
abundant assemblages occur in the onshore
sections.

Age: Early Pliensbachian (davoei ammonite
zone). Occurring within the Green Ammonite
Beds.

Zone OJ7

Top: defined on the highest occurrence of Wic-
herella semiora semiora.

Assemblage: dominated by Ogmoconchella
spp. Notable highest occurrences include Liasina
vestibulifera and Ogmoconchella transversa. The
more abundant assemblages occur in the
onshore sections.

Age: earliest Late Pliensbachian (lower mar-
garitatus ammonite zone). Occurring within the
Eype Clay and lateral equivalents.

Zone OJ8

Age: defined on the highest occurrence of Ogmo-
conchella spp.

Assemblage: dominated by metacopid ostra-
cods. Ostracods are often rare and/or poorly pre-
served due to the often silty or calcareous nature
of the lithologies. Notable highest occurrences
include Cytherelloidea anningi, Ektyphocythere
quadrata, Grammannella apostolescui, Nana-
cythere simplex, Ledahia septenaria, Ogmoconcha
amalthei, Ogmoconchella aequalis, O. bispinosa,
O. gruendeli, O. pseudospinosa and Pseudohealdia
truncata.

Age: Late Pliensbachian (upper margaritatus—
spinatum ammonite zones). Occurring within the
Middle Lias Clays, the argillaceous sequences
within the Thorncombe Sands and the Marl-
stone Rock Bed.

Zone OJ9

Top: defined on the highest occurrence of Cyther-
ella toarcensis andfor Cytherelloidea cadomensis.

Assemblage: ostracods are rare to moderately
abundant within the Down CIiff Clay. In the
overlying Bridport Sands (equivalent) a marked
decrease in abundance is observed, with few
forms recorded. Notable new occurrence include
Acrocythere herrigi sensu Park Ms., Bairdia
ohmerti, Cytheropteron alafastigatum, Ektypho-
cythere bizoni, E. intrepida, Kinkelinella costata,
Lophodentina cultrata, Otocythere callosa, Praes-
chuleridea pseudokinkelinella and P. ventriosa.

Age: Early-Late Toarcian (falciferum—leves-
quei ammonite zones). Occurring within the
Junction Bed, the Down CIiff Clay and the
Bridport Sands.

Comment: at present, no ostracod faunas
have been recorded from the distinctive ‘Paper
Shales’ unit.

Zone OJ10

Top: defined on the highest occurrence of Kin-
kelinella sermoisensis and/or Praeschuleridea gr.
ventriosa.



FORAMINIFERID ZONATION

DINOCYST ZONATION

AGE AMMONITE ZONES OSTRACOD ZONATION
EARLY- 1 Cypridea setina
5 o VALANGINIAN PW4 &
405
5 71 Cypridea vidrana
> RRIASIAN
El BE § | Cypridea granulosa fascicula
5 a
1456 PW2 1 Cypridea granulosa granulosa
Late 1 Fabanelia boloniensis
PW1
?Titanites ( pp
PORTLANDIAN Titanites anguiformis 1 Macrodentina reticulata
Galbanites (Kerberites) kerberus
Earl
Y Galbanites okusensis 0J29
Glaucolfithites glaucolithus
Progalbanites albani 1 Galliaecytheridea compressa
Virgatopaviovia fittoni 0J28
. Paviovia rotunda 1 Galliaecytheridea spinosa
(_) Pavilovia pallasioides OJ27
1) - -
(9] . Lk 0J26
< Late [pactinatites (Arkellites) hudlestoni -
% Pectinatites ( i hi yensis Mandelstamia maculata
=S KIMMERIDGIAN Pectinatites (Virgatosphinctoides) scitulus
E 152.1 Pectinatites Mrgaros;‘)htfvclordss)‘ elegans
5 Aulacostephanus eudoxus %
0J24 ~ 1 Galliaecytheridea spp. / G. elongata
Early | Aulacostephanoides mutabilis ] i i i
Rasenia cymodoce J23 Macrodentina (M.) cicatricosa
hse 7 Pictonia baylei 0J22
Amoeboceras rosenkrantzi 71 Vernoniella sequana
Amoeboceras regulare
Late Amoeboceras serratum 0421
OXFORDIAN Amoeboceras glosense
Mi Cardioceras tenuiserratum 1 Macrodentina (M.) whatleyi
iddle = — 0J20
Cardi = . triebeli
Early pﬂ lloceras cor alun! 0J19 Lophocythere scabra bucki
157.1 mariae
Late Quenstedtoceras (Lamberticeras) lamberti 1
Peltoceras athleta 0oJ18 Terquemula flexicosta lutzei
CALLOVIAN Middle Erymnoceras coronatum i — s
Kos ( jason s
] F subsp. A sensu
Early Sigaloceras cal lo::l)rse ou17 : nuda Wilkinson
161.3 Clydoniceras (C.) discus - 0J16 1 Micropneumatocythere falcata
o Late lia (Oxycerites) obis 0J15 1 Morkhovenicythereis bouvadensis
1] Procerites hodsoni 1
2 BATHONIAN (M.) morrisi oJ14 Progonocythere polonica /
o Middle | Tulites (T.) subcontractus Paralophocythere chonvillensis
J
3 Pr ocerites pr ;)gra.m;l‘s - o3 TSchuleridea (Eoschuleridea) sp. A sensu
w Early A.‘cphmclllss tlenuiplicatus . Bate
- 166.1 (Z.) zigzag P Y
8 Pakinsonia parkinsoni OJ12pf*— Common Bairdia hilda
s Late ( i
Strenoceras subfurcatum /)
BAJOCIAN Stephanoceras humphriesanum 7 é
Early Emileia (Otoites) sauzei /
Witchellia laeviuscula ot 1 Ektyphocythere triangulata /
" Hyperlioceras discites | Micropngumatocythere convexa
735 Gray eras concavum
AALENIAN Ludwigia murchisonae oJ10 1 ;tnkelinalla semoisensis /
780 Leioceras opalinum raeschuleridea gr. ventriosa
’ Dumortieria levesquei 1 Cytherella toarcensis /
Late | Grammoceras thouarsense Cytherelloidea cadomensis
ie i 0J9
TOARCIAN Héugla vanafwl/s
Hildoceras bifrons
Early | Harp falcife
\ D:
% 87.0 Late |-Fleuroceras spinatum 0J8 1 Ogmoconchella spp
17 Amaltheus margaritatus H 037 “H+— semiora semiora
& | PLIENSBACHIAN ? davosi 0J6 1 Gammacythere ubiquita
Earl Tragophylioceras ibex QJS ! klingleri
9,\ v ’.)hl - 0Ja 1 Pleurifera vermiculata
Ir94.5 Uptonia jamesoni )
5 Echioceras raricostatum 1 Klinglerelia gr. triebeli
E Late | Oxynoti e 0J3
w SINEMURIAN teroceras obtusum o )
C: turneri o002 1 aspinata
Early J
2085 Arietites TAbundant Ogmoconchella aspinata
angulata
HETTANGIAN Alsatites liasicus out
08.0 Psiloceras planorbis
LST.|  RHAETIAN
TRl

/]
1 Lenticulina muensteri / L. uralica
FJ2s
FJ24 | Haplophragmoides sp. (abundant}
Abundant Lenticulina uralica
FJ23 [ Abundant Lenticulina uralica
1 Ammobaculites subaequalis
FJ22
FJ21 Tt canul
1 P i
FJ20
1 Lenticulina quensteadti /
FJ19 Epistomina mosquensis
lutzei
FJ13
FI7 1 Common agglutinating foraminiferids
is /
FJ16 1 Tetrataxis sp. sensu Coleman
FJ15 1 Epistomina stelligera / E. regularis
1 Lenticulina tricarinella / L. dictyodes
FJ14
Common agglutinating foraminiferids
FJ13
FJ12 Planularia eugenii
J
FJ11
1
Nodosaria regularis robusta /
FJ10 Lenticulina dorbignyi
J
FJ9
FJ8 1 Dentalina matutina
1 Influx Involutina liassica
FJ7
1 Marginulinopsis quadricostata
FJ6
TR 1 Planularia
FJa Reinholdella margarita
FJ3 1 Common Involutina liassica
Dentalina langi / Frondicularia terquemi
FJ2 8ubsp. A sensu Barnard
FJ1_g4<— Com.non Eoguttulina liassica

V/

DJ14 a/ 1Egmontodimum polyplacophorum
" Glossodinium di un &

DJ13e il el bt

DJ13d | D Z

1Muderongia duxburyii

DJ13c

DJ13b Common Muderongia duxburyii

DJT3a, Muderongia duxburyii

DJ12b Oligosphaeridium patulum

1 P
Increase Oligosphaendium patulum
=T Gonyaulacysta longicornis

I Tincrease Gonyaulacysta longicornis

DJ11b3

(* IGmsetodrPuwp pa_cmmos%

[+ lincre orisseias, ium panno.

b S niam iy o um pannosum
Influx Geiselodinium paeminosum

I+ Influx Pensseiasphaeridium pannos:

ersistent Gonyaulacysta jurassica

B um
Persistent Scriniocassis dictyotum

DJ10b
Increase Gonyaulacysta jurassica
DJ9b i cr "
Increase Hyatric’»oqanyaulax cladophora
| DJsa | ‘l Influx Gonyaulacysta jurassica
Increase Scriniodinium
DJsd Ctenidodinium c:l'ummm‘np
DJ8c 16 .
DJ8b 1Rigaudella aemula
DJ8a 1 Acanthaulax senta
DJTc linflux Rigaudella aemula
DJTb 1Wanaea fimbriata
DiTaz 1influx Mendicodinium groenlandicum
1 Energlynia acollaris
007l iofion fhenchoodinium groeniandicum

Common Nannoceratopsis peliucide/
DJsa2 [:: Kalyploa stegasta
- al ] Influx Chytroeisphaeridia hyalina

Cte inium combazi/Aldorfia aldorfensis
DJ5c Influx Lithodinia spp. &
[L‘ 9 gochtii
DJ5b Hystrichogonyaulax regale
b———1 Meiourogonyaulax reticulata
Pareodinia prolongata
DJ5a Lithodinia valensii
1 Nanocerafopsis grecilis /
DJ4b Acanthaulax crispe
1Common Nannoceratopsis gracilis
DJ4a
r [ Eyachia prisca
DJ3ds Nannoceratopsis triceras
DJ3d4 T Moesidinium railneaui
T Scriniocassis weberi
DJ3d3
bR Parvocysta suite
DJ3d1 linflux Nannoceratopsis gracilis/N. senex
| Nannoceratopsis dictyambonis
DJ3c Wallodinium cylindricum
_____ . Influx Sphaeromorphs/Spheripollenites spp.
DJ3b
1Consistent / common Luehndea spinosa
DJ3a
J psis gracilis/
Luehndea spinosa
DJ2d
DJ2¢c3 1 Liasidium variabile
DJ2c2 }influx Liasidium variabile
DJ2c | Liasidium vaniabile
DJ2b
DJ2a2 ~ 1Dapcodinium priscum
Increase Dapcodinium pnscum
DJ2a1
1 Rhaetogonyaulax rhaetica
DJ1

Fig. 1. Rhaetian—Early Valanginian microfaunal and microfloral biostratigraphy of the Portland-Wight Basin
and its onshore adjacent areas. Note: the zones shown in this figure are the ‘standard’ zones of Cope

et al. (1980a, b). The opalinum zone has since divided into the opalinum and scissum zones, the murchisonae
zone into the murchisonae and the bradfordensis zones (Callomon & Chandler 1990), the macrocephalus zone has
since been renamed the herveyi zone, while the calloviense zone has divided into the koenigi and calloviense zones
(Page 1989).
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Assemblage: rare forms only are recorded due
to the unfavourable lithologies for fossil extrac-
tion (well-cemented limestones).

Age: Early-Middle Aalenian (opalinum—mur-
chisonae ammonite zones). Occurring within the
Bridport Sands and the Lower Inferior Oolite.

Zone OJ11

Top: defined on the highest occurrence of Ekizy-
phocythere triangula and/or Micropneumato-
cythere convexa.

Assemblage: similar to the overlying zone,
poorly preserved, only rare, ostracods are noted.

Age: Early Bajocian (discites—laeviuscula
ammonite zones). Occurring within the Lower
and lowermost Middle Inferior Oolite.

Zone OJ12

Top: defined on the occurrence of common
Bairdia hilda.

Assemblage: a very poor ostracod fauna is
recovered, with many of the specimens poorly
preserved due to the difficulty of extraction from
the well-indurated carbonate lithologies.

Age: Late Bajocian (upper parkinsoni ammo-
nite zone). Occurring within the Upper Inferior
Oolite.

Zone OJ13

Top: defined on the highest occurrence of
Schuleridea (Eoschuleridea) sp. A sensu Bate.

Assemblage: characterized by a less diverse
and abundant ostracod fauna than Zone OJ12.
Notable new occurrences include Oligocythereis
quadricostata and Pseudoprotocythere bessinen-
sis. Nophrecythere bessinensis is consistently
recorded within this zone.

Age: Early Bathonian (uppermost zigzag—
lower progracilis ammonite zones). Occurring
within the Lower Fuller’s Earth Clay.

Zone OJ14

Top: defined on the highest occurrence of Pro-
gonocythere polonica andfor Paralophocythere
chonvillensis.

Assemblage: characterized by a diverse and
often abundant ostracod fauna, more especially
in the onshore boreholes. Both of the above
zonal taxa are restricted to this zone. Other
notable occurrences include Gen et. sp. nov. B.

sensu Bate, Merocythere postangusta and Praes-
chuleridea quadrata.

Age: Middle—earliest Late Bathonian (upper
progracilis—hodsoni ammonite zones). Occurring
within the uppermost Lower Fuller’s Earth
Clay, Fuller’s Earth Rock, the Upper Fuller’s
Earth Clay, the Wattonensis Beds of the Frome
Clay and the Great Oolite.

Zone OJ15

Top: defined on the highest occurrence of
Morkhovenicythereis bouvadensis.

Assemblage: characterized by a diverse and
often abundant ostracod fauna. Notable highest
occurrences include Marslatourella bullata,
Micropneumatocythere subconcentrica, Nophre-
cythere rimosa, Praeschuleridea quadrata, Rec-
tocythere sugillata, Schuleridea (Eoschuleridea)
bathonica and Terquemula acutiplicata. Notable
extinctions at the base of this zone include
Fossaterquemula blakeana and Glyptocythere
oscillum.

Age: Late Bathonian (orbis ammonite zone).
Occurring within the Frome Clay, the Great
Oolite and basal Forest Marble (Boueti Bed).

Zone 0J16

Top: defined on the highest occurrence of
Micropneumatocythere falcata.

Assemblage: characterized by a moderately
diverse and abundant ostracod fauna. Notable
highest occurrences include Fastigatocythere
juglandica, Fossaterquemula blakeana, Glabella-
cythere dolabra, Glyptocythere oscillum, G. penni,
Lophocythere ostreata, L. propinqua, Micropneu-
matocythere brendae, Oligocytheris fullonica,
Praeschuleridea confossa, Progonocythere stilla,
Schuleridea (Eoschuleridea) trigonalis and Ter-
quemula bradiana.

Age: latest Bathonian (discus ammonite zone).
Occurring within the Forest Marble and the
Berry Member of the Abbotsbury Cornbrash
Formation.

Zone OJ17

Top: defined on the highest occurrence of Fasti-
gatocythere juglandia subsp. A sensu Wilkinson
and/or Glabellacythere nuda.

Assemblage: characterized by sparse and
poorly diverse assemblages.

Age: Early Callovian (upper macrocephalus—
middle calloviense ammonite zones). Occurring
within the Kellaways Formation.
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Zone OJ18

Top: defined on the highest occurrence of Ter-
quemula flexicosta lutzei.

Assemblage: a moderately common and
diverse ostracod fauna occurs throughout the
interval. Notable new occurrences include Lopho-
cythere caesa caesa, L. caesa subsp. A sensu
Wilkinson, L. interupta interupta, Praeschuleri-
dea batei, P. caudata and Procytheropteron sp. A
sensu Wilkinson.

Age: late Middle-Late Callovian (coronatum-
lamberti ammonite zones). Occurring within the
Peterborough and Stewartby Members of the
Oxford Clay Formation.

Zone OJI19

Top: defined on the highest occurrence of
Lophocythere scabra bucki and/or the lowest
occurrence of common Schuleridea triebeli.

Assemblage: a moderately poor ostracod
fauna is present within this interval. Notable
new appearances include Fuhrbergiella horrida
horrida, Glabellacythere dolbra, Nophrecythere
cruciata intermedia, Schuleridea parva Fuller Ms.
and Terquemula redcliffensis Fuller Ms.

Age: Early Oxfordian (mariae-cordatum
ammonite zones). Occurring within the Wey-
mouth Member of the Oxford Clay Formation
and the Nothe Grit.

Zone 0J20

Top: defined on the highest occurrence of Macro-
dentina (M) whatleyi.

Assemblage: a very diverse and abundant
fauna occurs throughout the interval, dominated
by Galliaecytheridea spp. and Schuleridea trie-
beli. Newly occurring taxa include Cytheropteron
sp. A sensu Wilkinson, Hekistocythere osming-
tonensis Fuller Ms., Hutsonia sp. C Glashoff,
Macrodentina (M.) tenuistriata, Procytherura
tenuicostata, Progonocythere multipunctata and
Pseudoperissocytheridea parahieroglyphica.

Age: Middle Oxfordian (densiplicatum—tenui-
serratum ammonite zones). Occurring within the
Redcliff and Osmington Oolite Formations.

Zone 0J21

Top: defined on the highest occurrence of Verno-
niella sequana.

Assemblage: dominated by Galliaecytheridea
spp., many of which extend up into the overlying

Early Kimmeridgian. Other notable highest
occurrences include Galliaecytheridea posteros-
pinosa Fuller Ms., G. ventrocauda Fuller Ms.,
Lophocythere cruciata oxfordiana, Pleurocythere
oxfordiana, Procytherura tenuicostata, Pseudo-
hutsonia tuberosa, Terquemula multicostata and
Vernoniella caletorum.

Age: Late Oxfordian (glosense—rosenkrantzi
ammonite zones). Occurring within the Trigonia
clavellata, Sandsfoot and Ringstead Forma-
tions, and the Ampthill Clay Equivalent.

Zone 0J22

Top: defined on the highest occurrence of Macro-
dentina (M) cicatricosa.

Assemblage: a diverse and common ostra-
cod fauna occurs throughout this interval.
Other notable highest occurrences at this level
include Amphicythere confundens, A. pennyi, A.
sphaericulata, Eocytheropteron decoratum, Gal-
ligecytheridea fragilis, G. postrotunda, Mandel-
stamia (M.) angulata and common/abundant
Schuleridea triebeli.

Age: Early Kimmeridgian (baylei-cymodoce
ammonite zones). Occurring within the Lower
Kimmeridge Clay.

Zone 0J23

Top: defined on the highest occurrence of
Galliaecytheridea dissimilis.

Assemblage: comprising a common, diverse
ostracod fauna. Many of the taxa from the
overlying interval extend into this zone.

Age: Early Kimmeridgian (lower mutabilis
ammonite zone). Occurring within the Lower
Kimmeridge Clay.

Zone 0J24

Top: defined on the downhole reappearance of
Galliaecytheridea spp., including the highest
occurrence of G. elongata.

Assemblage: comprising a moderately com-
mon and diverse ostracod fauna. Other notable
highest occurrences include Dicrorygma (Orthor-
ygma) reticulata, Galliaecytheridea dorsetensis,
Macrodentina (Polydentina) proclivis, Mandel-
stamia (M.) rectilinea, rare Nodophthalmocythere
tripartita and Schuleridea triebeli

Age: Early Kimmeridgian (upper mutabilis—
middle eudoxus ammonite zones). Occurring
within the Lower Kimmeridge Clay.
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Zone 0J25

Top: defined on the highest occurrence of
Mandelstamia maculata.

Assemblage: characterized only by this spe-
cies. Below the last occurrence of this taxon, a
barren interval is recognized, corresponding to
the lower wheatleyensis to upper eudoxus ammo-
nite zones. This barren interval is recognizable
throughout the Dorset region (Christensen &
Kilenyi 1970; Kilenyi 1978).

Age: Late Kimmeridgian (middle wheatleyen-
sis ammonite zone). Occurring within the Upper
Kimmeridge Clay.

Zone 0J26

Top: defined on the highest occurrence of
Schuleridea moderata.

Assemblage: characterized by a sparse ostra-
cod fauna. Galliagecytheridea spinosa has its
lowest occurrence in the upper part of this
zone. Another notable event includes the highest
occurrence of Mandelstamia tumida.

Age: Late Kimmeridgian (middle huddlestoni—
pectinatus ammonite zones). Occurring within
the Upper Kimmeridge Clay.

Zone 0J27

Top: defined on the highest occurrence of
Galliaecytheridea spinosa.

Assemblage: this taxon dominates the poorly
diverse ostracod fauna. It occurs in associa-
tion with the highest occurrences of Aaleniella
(Danocythere) inornata and Dicrorygma (Orthor-
ygma) brotzeni.

Age: latest Kimmeridgian (uppermost pecti-
natus-rotunda ammonite zones). Occurring
within the Upper Kimmeridge Clay.

Zone 0J28

Top: defined on the highest occurrence of
Galliaecytheridea compressa.

Assemblage: the index taxon dominates this
poorly diverse ostracod zone. Other character-
istic taxa include the closely related species
Galliaecytheridea polita.

Age: latest Kimmeridgian—earliest Portlan-
dian ( fittoni—albani ammonite zones). Occurring
within the uppermost Kimmeridge Clay and
the lowermost part of the Portland Sand
Formation.

Zone 0J29

Top: defined on the highest occurrence of Macro-
dentina reticulata.

Assemblage: characterized by the appearance
of a sparse marine ostracod fauna. Other
characteristic forms at this level include Macro-
dentina transiens and Protocythere serpentina.

Age: Early Portlandian (glaucolithus—angui-
formis ammonite zones). Occurring within
the Portland Sand and Portland Limestone
Formations.

PW zones
Zone PW1

Top: defined on the highest occurrence of Faba-
nella boloniensis.

Assemblage: this taxon is generally a long-
ranging (Portlandian-Late Barremian) form.
However, within the Portland-Wight Basin it
is a common taxon within the Lower Purbeck of
Late Portlandian age. Although rare, other new
highest occurrences include Cypridea dunkeri
carinata and Mantelliana purbeckensis. Both of
these species are more frequently recorded in the
onshore boreholes.

Age: Late Portlandian. Occurring with the
Lower Purbeck Beds.

Zone PW2

Top: defined on the highest occurrence of
Cypridea granulosa granulosa.

Assemblage: ostracods faunas are similar to
the overlying interval. Other notable highest
occurrences, however, include Cypridea dunkeri
dunkeri, C. posticalis, C. tumenscens acrobeles,
C. tumescens peltoides, Klieana alata, and com-
mon Bisulocypris dilatata, Damonella ellipsoidea,
D. pygmaea and Theriosynoeum forbesii.

Age: latest Portlandian. Occurring within the
lower Middle Purbeck Beds below the Cinder
Beds.

Zone PW3

Top: defined on the highest occurrence of Cyp-
ridea vidrana. Two subzones can be recognized.

Subzone PW3a. Top: defined on the highest
occurrence of Cypridea granulosa fasciculata.

Assemblage: characterized by an abundant
and diverse ostracod fauna. Other notable high-
est appearances include Cypridea coelnothi,
C. primaeva, C. sagena, C. tumescens tumescens
and Scabriculocypris trapezoides.
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Age: Berriasian. Occurring within the Middle
Purbeck Beds, above the Cinder Bed.

Subzone PW3b. Top: defined on the highest
occurrence of Cypridea vidrana.

Assemblage: characterized by an abundant
and moderately diverse ostracod fauna. Other
notable new highest occurrences include Bisulo-
cypris forbesii, B. verrucosa, Cypridea altissima,
C. amisia and C. tuberculata langtonensis.

Age: Berriasian. Occurring within the topmost
Middie Purbeck Beds above the Cinder Bed.

Zone PW4

Top: defined on the highest occurrence of
Cypridea setina.

Assemblage: characterized by an abundant and
moderately diverse ostracod fauna. Other nota-
ble new highest occurrences include Cypridea
alata, C. bimammata, C. brevirostrata, C. dolab-
rata, C. setina rectidorsata, C. setina setina,
C. wicheri and C. wolburgi.

Age: Berriasian—Early Valanginian. Occurring
only in the Upper Purbeck Beds.

Foraminiferid zonal scheme

The foraminiferid zonation (FJ zones) is taken
from a number of sources, including Barnard
(1950, 1953), Cifelli (1959), Coleman (1979,
1980, 1982), Barnard et al. (1981), Medd
(1982), Morris (1983), Copestake & Johnson
(1984, 1989), Lord & Bown (1987), Copestake
(1989), Morris & Coleman (1989), Shipp (1989),
Partington et al. (1993) and unpublished out-
crop and subcrop data.

Zone FJ1

Top: defined on a poorly diverse FEoguttulina
liassica dominated assemblage.

Age: latest Rhaetian. Occurring within the
Langport Member.

Zone FJ2

Top: defined on the highest occurrence of
Dentalina langi and/or Frondicularia terquemi
subsp. A sensu Barnard.

Assemblage: dominated by nodosariids and
Eoguttulina liassica. Frondicularia brizaeformis is
common throughout this interval. Lingulina
tenera collenoti and L. tenera subprismatica
also have highest occurrences in this zone.

Age: Hettangian (planorbis—angulata ammo-
nite zones). Occurring in the Blue Lias.

Zone FJ3

Top: defined on the downhole reappearance of
common/consistent Involutina liassica.
Assemblage: dominated by nodosariids.
Age: Early Sinemurian (bucklandi ammonite
zone). Occurring within the Blue Lias.

Zone FJ4

Top: defined on the highest occurrence of Rein-
holdella margarita

Assemblage: dominated by nodosariids and
Reinholdella margarita. Other notable occur-
rences within this interval include Astacolus
semireticulata, Frondicularia brizaeformis, and
influxes of both Lingulina tenera tenera and
Neobulimina sp. 2 sensu Bang.

Age: Early Sinemurian (semicostatum-lower
turneri ammonite zones). Occurring within the
topmost Blue Lias and Shales with Beef.

Zone FJ5

Top: defined on the highest occurrence of Planu-
laria inaequistriata.

Assemblage: dominated by nodosariids. This
zone is often not sharply defined due to the rare
occurrence of this taxon.

Age: latest Early Sinemurian (upper furneri
ammonite zone). Occurring within the Shales
with Beef.

Zone FJ6

Top: defined on the highest occurrence of Mar-
ginulinopsis quadricostata.

Assemblage: dominated by nodosariids. Other
notable new occurrences include Annulina
metensis and Nodosaria issleri. The Lenticulina
muensteri plexus is often very abundant within
this interval

Age: latest Early-Late Sinemurian (upper-
most turneri-raricostatum ammonite Zones).
Occurring within the Black Ven Marls.

Zone FJ7

Top: defined on an influx of Involutina liassica.
Assemblage: characterized by large numbers
of long-ranging nodosariids (Dentalina spp.,
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Lenticulina spp., Lingulina spp.). Brizalina lias-
sica has its highest occurrence within this zone.

Age: Early Pliensbachian (jamesoni—davoei
ammonite zones). Occurring within the Belem-
nite Marls and Green Ammonite Beds.

Zone FJ8

Top: defined on the highest occurrence of Denta-
lina matutina.

Assemblage: throughout the study area, this
interval generally yields a sparse foraminiferid
fauna due to the often sandy-silty lithologies of
the Middle Lias. Other notable highest occur-
rences include Dentalina terquemi, Frondicularia
terquemi bicostata, Frondicularia terquemi sul-
cata forms C, E, F, G, Frondicularia terquemi
terquemi, Lingulina tenera pupa, Lingulina tenera
tenuistriata, Marginulina prima spinata, Margin-
ulinopsis speciosa and Saracenaria sublaevis.
A notable marker is the occurrence of common
specimens of Lenticulina acutiangulata within
the subnodosus subzone of the margaritatus
ammonite zone.

Age: early Late Pliensbachian (margaritatus
ammonite zone). Occurring within the Middle
Lias.

Zone FJ9

Top: defined on the lowest occurrences of Nodo-
saria regularis robusta and Lenticulina dorbignyi.

Assemblage: this zone is an interval zone
between the lowest occurrences of Nodosaria
regularis robusta and Lenticulina dorbignyi and
the highest occurrence of Dentalina matutina.
Benthic foraminiferids are generally very rare,
dominated by long-ranging Lenticulina spp. and
Lingulina tenera tenera, due to the interval being
represented by the condensed limestone facies of
the Junction Bed.

Age: Late? Pliensbachian—earliest Late Toar-
cian (spinatum?—variabilis ammonite Zzones).
Occurring within the Marlstone Rock Bed and
the Junction Bed.

Zone FJ10

Top: defined on the highest occurrence of Nodo-
saria regularis robusta.

Assemblage: characterized by moderately com-
mon Lenticulina spp. Faunas occurring within
the Bridport Sands and the Lower Inferior
Oolite are often sparse and very poorly pre-
served. Lenticulina dorbignyi and Saracenella
mochrasensis are generally rare, and therefore
are not used as zonal markers. Vaginulina listi

has its highest occurrence within lower part of
this zone. Its highest appearance in this region
is envisaged to be Late Toarcian, however,
it has not been used as an index taxon due
to its limited geographical occurrence in the
present study.

Age: Late Toarcian—earliest Bajocian (thouar-
sense—discites ammonite zones). Occurring
within the upper part of the Junction Bed, the
Down CIliff Clay, the Bridport Sands and
the Lower Inferior Oolite.

Zone FJ11

Top: defined on the lowest occurrence of Planu-
laria eugenii.

Assemblage: this zone is an interval zone
between the lowest occurrence of Planularia
eugenii and the highest occurrence of Nodosaria
regularis robusta. The faunas are dominated by
long-ranging benthic species.

Age: Early-Late Bajocian (laeviuscula-lower
parkinsoni ammonite zones). Occurring within
the topmost Lower to Upper Inferior Oolite.

Zone FJ12

Top: defined on the highest occurrence of Planu-
laria eugenii.

Assemblage: characterized by very rich and
diverse foraminiferid faunas, comprising episto-
minids and nodosariids. Comparable to Cole-
man’s Faunule A.

Age: latest Bajocian—earliest Bathonian (upper
parkinsoni-zigzag ammonite zones). Occurring
within the topmost Upper Inferior Oolite and
the lowermost Lower Fuller’s Earth Clay.

Zone FJI13

Top: defined on the occurrence of dominantly
agglutinating foraminiferid assemblages.

Assemblage: dominated by low-diversity for-
aminiferid faunas, which occasionally include
rich horizons of agglutinating foraminiferids
(Trochammina globigeriniformis, Verneuilinoides
sp.). Comparable to Coleman’s Faunule BI.

Age: late Early—early Middle Bathonian (tenui-
plicatus—progracilis ammonite zones). Occurring
within the Lower Fuller’s Earth Clay.

Zone FJ14

Top: defined on the highest occurrence of Lenti-

culina tricarinella and/or Lenticulina dictyodes.
Assemblage: characterized by a diverse for-

aminiferid fauna, dominated by the nodosariids
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(Lenticulina spp. and Nodosaria spp.), in asso-
ciation with often common Ammobaculites
coprolithiformis. Comparable to Coleman’s Fau-
nules B2 and C3. Those wells drilled in the
Portland-Wight Basin generally yield poorly
diverse faunas which are similar to the overlying
zone (Zone FJ15).

Age: Middle—earliest Late Bathonian (subcon-
tractus—hodsoni ammonite zones). Occurring
within the Fuller’s Earth Rock, the Upper
Fuller’s Earth Clay, the Wattonensis Beds of
the Frome Clay and Great Oolite.

Zone FJI5

Top: defined on the highest occurrence of Epi-
stomina stelligera and E. regularis.

Assemblage: dominated by epistominids,
within a moderately diverse foraminiferid assem-
blage. However, those wells drilled in the
Portland-Wight Basin generally yield sparser
faunas. Notable occurrences also include Rein-
holdella crebra and Trocholina nodulosa. Com-
parable to Coleman’s Faunule C4.

Age: Late Bathonian (orbis ammonite zone).
Occurring within the Frome Clay, the Great
Oolite and the basal Forest Marble.

Zone FJ16

Top: defined on the highest occurrence of Mas-
silina dorsetensis and/or Tetrataxis sp. sensu
Coleman.

Assemblage: dominated by nodosariids. High-
est occurrences include Cornuspira liasina,
Nodosaria pectinata and Vaginulina legumen.
Comparable to Coleman’s Faunule D.

Age: latest Bathonian (discus ammonite zone).
Occurring within the Forest Marble and the
Berry Member of the Abbotsbury Cornbrash
Formation.

Zone FJ17

Top: defined on the occurrence of a predomi-
nantly agglutinating foraminiferid assemblage.

Assemblage: dominated by agglutinating
foraminiferids, including Ammobaculites agglu-
tinans, Trochammina globigeriniformis and Ver-
neuilinoides tryphera. Calcareous foraminiferids
are rare, but include Eoguttulina liassica, Lenti-
culina muensteri and L. varians.

Age: Early Callovian (uppermost macrocepha-
lus—middle calloviense ammonite zones). Occur-
ring within the Kellaways Formation.

Zone FJ18

Top: defined on the highest occurrence of
Reinholdella lutzei.

Assemblage: dominated by nodosariids, in
association with common epistominids and
Ammobaculites coprolithiformis. Other notable
taxa include the highest occurrence of Episto-
mina stellicostata.

Age: latest Early—earliest Late Callovian
(upper calloviense-middle athleta ammonite
zones). Occurring within the Peterborough and
lowermost Stewartby Members of the Oxford
Clay Formation.

Zone FJ19

Top: defined on the highest occurrence of Lenti-
culina quenstedti and/or Epistomina mosquensis.

Assemblage: dominated by Ammobaculites
coprolithiformis and Lenticulina spp. Epistomi-
nids are also often common. Notable highest
occurrences include Miliospirella lithuanica,
Ophthalmidium compressa, O. strumosum, Tris-
tix triangularis.

Age: Early Oxfordian (mariae—cordatum
ammonite zones). Occurring in the Weymouth
Member of the Oxford Clay Formation and
Nothe Grit Formation.

Zone FJ20

Top: defined on the highest occurrence of
Ammobaculites coprolithiformis.

Assemblage: often dominated by agglutinat-
ing taxa, notably Ammobaculites coprolithifor-
mis, in association with the calcareous benthic
forms Lenticulina muensteri and L. subalata.
Notable new occurrences include Nubeculinella
bigoti, Recurvoides obskiensis, Quinqueloculina
horelli, Spirillina tenuissima, Vaginulina anomala
sensu Gordon and V. pasquetae.

Age: Middle-Late Oxfordian (densiplicatum~
rosenkrantzi ammonite zones). Occurring within
the Redcliff, Osmington Oolite, Trigonia clavel-
lata, Sandsfoot, Ringstead Formations and the
Ampthill Clay Equivalent.

Zone FJ21

Top: defined on the highest occurrence of
Haplophragmoides canui.
Assemblage: dominated by
nodosariids and epistominids.
Age: earliest Kimmeridgian (baylei ammonite
zone). Occurring within the basal Lower Kim-
meridge Clay.

long-ranging
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Zone FJ22

Top: defined on the highest occurrence of
Ammobaculites subaequalis.

Assemblage: diverse and often abundant for-
aminiferid assemblages occur throughout this
interval. Notable highest occurrences include
Ammobaculites subaequalis, Epistomina ornata,
E. parastelligera and Valvulina meentzeni.

Age: Early Kimmeridgian (cymodoce—eudoxus
ammonite zones). Occurring within the Lower
Kimmeridge Clay.

Zone FJ23

Top: defined on the highest occurrence of abun-
dant Lenticulina uralica.

Assemblage: characterized by common calcar-
eous benthic foraminiferids dominated mainly
by Lenticulina spp. A second influx of Lenticu-
lina uralica may also be present, approximating
to the scitulus ammonite zone. Rare specimens
of Reinholdella pseudorjasanensis occur in the
Portland—Wight Basin and its adjacent areas.
Where recovered, it is typical of the autissiodor-
ensis to basal scitulus ammonite zones.

Age: latest Early-Late Kimmeridgian (autis-
siodorensis—lower hudlestoni ammonite zones).
Occurring within the topmost Lower and Upper
Kimmeridge Clay.

Zone FJ24

Top: defined on the highest occurrence of abun-
dant, often crushed Haplophragmoides spp.

Subzone FJ24a. Top: defined on the lowest
occurrence of common/abundant Haplophrag-
moides spp.

Age: Late Kimmeridgian (upper hudlestoni
ammonite zone). Occurring within the Upper
Kimmeridge Clay.

Subzone FJ24b. Top: defined on the highest
occurrence of abundant Haplophragmoides spp.

Assemblage: characterized by an influx of
agglutinating foraminiferids. Calcareous benthic
taxa are absent.

Age: Late Kimmeridgian (lower pectinatus
ammonite zone). Occurring within the Upper
Kimmeridge Clay.

Zone FJ25

Top: defined on the occurrence of Lenticulina
muensteri and/or L. uralica.

Assemblage: characterized by a moderately
sparse foraminiferid assemblage. The calcareous
benthic taxa dominate the assemblages. Notable
highest occurrences including the aggluti-
nating foraminiferids Ammobaculites alaskensis
and Haplophragmoides alaskensis, and the cal-
careous benthic taxa Citharina serratocostata,
Marginulina costata, Pseudonodosaria vulgata
and Saracenaria oxfordiana.

Age: Late Kimmeridgian—earliest Portlandian
(pallasioides—albani ammonite zones). Occurring
within the Upper Kimmeridge Clay and the
lower part of the Portland Sand Formation.

Dinocyst zonal scheme

The Rhaetian-Portlandian sediments investi-
gated in this study have been systematically
organized with reference to the following zonal
scheme. In part, this scheme is based on Rawson
& Riley (1982), Riley & Fenton (1982), Wool-
ham & Riding (1983), Riley ef al. (1989), Riding
& Thomas (1992), Partington et al. (1993), and
unpublished data (particularly that of L. A.
Riley whilst at Gearhart and Paleo Services).
For a review of dinocyst studies on British
Mesozoic sections see Powell (1992) for the
Triassic, and Riding & Thomas (1992) for
the Jurassic.

Zone DJ1

Top: defined by the highest occurrence of
Rhaetogonyaulax rhaetica.

Age: Rhaetian. Occurring within the West-
bury and Lilstock Formations.

Zone DJ2

Top: defined by the lowest occurrence of
Nannoceratopsis gracilis and Luehndea spinosa.

Subzone DJ2a. Top: defined by the highest
occurrence of Dapcodinium priscum.

Assemblage: A two-fold subdivision is recog-
nized based on variations in abundance of
Dapcodinium priscum. Two ‘zonules’ are recog-
nized.

‘Zonule’ DJ2al. Top: based on the occurrence
of increased numbers of Dapcodinium priscum.

Age: Hettangian (planorbis—angulata ammo-
nite zones). Occurring within the Blue Lias.

‘Zonule’ DJ2a2. Top: based on the highest
occurrence of Dapcodinium priscum.

Age: earliest Sinemurian (bucklandi ammonite
zone). Occurring within the uppermost Blue
Lias.
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Subzone DJ2b. Top: defined on the lowest
occurrence of Liasidium variabile.

Assemblage: this subzone corresponds to the
interval immediately below the lowest occur-
rence of Liasidium variabile and immediately
above the highest occurrence of Dapcodinium
priscum.

Age: Early Sinemurian (semicostatum—turneri
ammonite zones). Occurring within the upper-
most Blue Lias, the Shales with Beef and the
lowermost Black Ven Marls.

Subzone DJ2c. Top: defined by the highest
occurrence of Liasidium variabile.

Assemblage: based on fluctuations in num-
bers of Liasidium variabile. Three ‘zonules’ are
recognized.

‘Zonule’ DJ2cl. Top: defined immediately
below the lowest occurrence of abundant Liasi-
dium variabile.

Assemblage: this ‘zonule’ is defined on the
interval immediately below the lowest occur-
rence of abundant Liasidium variabile down to
the lowest occurrence of L. variabile.

Age: carly Late Sinemurian (obtusum ammo-
nite zone). Occurring within the lowermost
Black Ven Marls.

‘Zonule’ DJ2¢2. Top: defined by the influx of
Liasidium variabile.

Assemblage: this ‘zonule’ corresponds to the
stratigraphic acme of Liasidium variabile.

Age: Late Sinemurian (oxynotum ammonite
zone). Occurring within the Black Ven Marls.

‘Zonule’ DJ2c3. Top: defined by the highest
occurrence of Liasidium variabile.

Age: latest Sinemurian (raricostatum ammo-
nite zone). Occurring within the uppermost
Black Ven Marls.

Subzone DJ2d. Top: defined by the lowest occur-
rence of Nannoceratopsis gracilis and Luehndea
spinosa.

Assemblage: this subzone represents an inter-
val immediately below the lowest occurrence of
Luehndea spinosa and Nannoceratopsis gracilis
and above the highest occurrence of Liasidium
variable.

Age: Early Pliensbachian (jamesoni—davoei
ammonite zones). Occurring within the Belem-
nite Marls and the Green Ammonite Beds.

Zone DJ3

Top: defined by the highest occurrence of
Eyachia prisca.

Remarks: recognition of the subzones within
the Junction Bed and the Lower Inferior Oolite
is often difficult due to the condensed nature of
these units.

Subzone DJ3a. Top: defined on the highest occur-
rence of consistent/common Luehndea spinosa.

Age: Late Pliensbachian (margaritatus—spina-
tum ammonite zones). Occurring within the
Middle Lias Clays, the argillaceous sequences
within the Thorncombe Sands and the Marl-
stone Rock Bed.

Subzone DJ3b. Top: defined by an influx of
sphaeromorphs/Spheripollenites spp.

Assemblage: in addition to abundant sphaero-
morph/Spheripollenites spp. clusters, this assem-
blage is also associated with a major increase in
amorphous organic matter (AOM). Forms such
as Eyachia prisca, Parvocysta spp., Phallocysta
eumekes and Susadinium scrofoides do not occur
below the uppermost part of this subzone. The
lowermost part of this subzone yields AOM free
assemblages with sporadic records of Luehndea
spinosa.

Age: Early Toarcian (tenuicostatum—lower
bifrons ammonite zones). Occurring within the
upper Marlstone Rock Bed and the lower part of
the Junction Bed.

Subzone DJ3c. Top: defined by the lowest occur-
rence of Nannoceratopsis dictyambonis and Wal-
lodinium cylindricum.

Assemblage: this subzone is an interval sub-
zone between the lowest occurrence of Nanno-
ceratopsis  dictyambonis and  Wallodinium
cylindricum and the highest occurrence of
abundant sphaeromorphs/Spheripollenites spp.
Significant numbers of N. gracilis/senex, Parvo-
cysta spp., Phallocysta eumekes, Moesidinium
railneaui, Eyachia prisca, Susadinium scrofoides
and Reutlingia cardobarbata may occur within
this subzone.

Age: latest Early-Late Toarcian (upper
bifrons—thouarsense ammonite zones). Occurring
within the Junction Bed.

Subzone DJ3d. Top: defined by the highest
occurrence of Eyachia prisca.

Assemblage: Nannoceratopsis senex/gracilis
figures prominently in the assemblages from
this subzone. Associated species include Dapsi-
lidinium deflandrei, Eyachia prisca, Facetodinium
spp., Mancodinium spp., Moesidinium railneaui,
Parvocysta spp. and Scriniocassis weberi. Five
‘zonules’ are recognized.

‘Zonule’ DJ3dI. Top: defined by an influx of
Nannoceratopsis gracilis/senex.
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Age: latest Toarcian (levesquei ammonite
zone). Occurring within the uppermost Junction
Bed, the Down Cliff Clay and the lower Bridport
Sands.

‘Zonule’ DJ3d2. Top: defined by the highest
occurrence of the Parvocysta suite.

Age: earliest Aalenian (lower opalinum ammo-
nite zone). Occurring within the upper Bridport
Sands.

Zonule’ DJ3d3. Top: defined by the highest
occurrence of Scriniocassis weberi.

Age: Aalenian (upper opalinum—concavum
ammonite zones). Occurring within the Lower
Inferior Oolite.

“Zonule’ DJ3d4. Top: defined by the highest
occurrence of Moesidinium railneaui.

Age: earliest Bajocian (discites ammonite
zone). Occurring within the Lower Inferior
Oolite.

‘Zonule’ DJ3d5. Top: defined by the highest
occurrence of Eyachia prisca.

Assemblage: the highest occurrence of Nan-
noceratopsis triceras is noted within this ‘zonule’.

Age: Early Bajocian (laeviuscula—sauzei
ammonite zones). Occurring within the topmost
Lower and Middle Inferior Oolite.

Zone DJ4

Top: defined by the highest occurrence of Acan-
thaulax crispa and Nannoceratopsis gracilis.

Remarks: subdivision of this zone is often
difficult due to the occurrence of the carbonate
facies of the Inferior Oolite Group.

Subzone DJ4a. Top: defined by the highest
occurrence of common Nannoceratopsis gracilis.

Assemblage: similar to the overlying subzone,
dominated by species of Dichadogonyaulax/
Ctenidodinium and Energlynia. Diacanthum fila-
picatum, Durotrigia daveyi and Nannoceratopsis
gracilis are also prominent components of the
assemblages.

Age: latest Early—earliest Late Bajocian (hum-
phriesanum—subfurcatum  ammonite  zones).
Occurring within the Middle Inferior Oolite.

Subzone DJ4b. Top: defined by the highest occur-
rence of Acanthaulax crispa and Nannoceratopsis
gracilis.

Assemblage: dominated by Ctenidodinium
spp./Dichadogonyaulax spp. and Energlynia
spp., together with Diacanthum filapicatum and
Sentusidinium spp.

Age: Late Bajocian—earliest Bathonian (gar-
antiana-zigzag ammonite zones). Occurring
within the Upper Inferior Oolite and lowermost
Lower Fuller’s Earth Clay.

Zone DJS

Top: defined by an influx of Lithodinia spp., in
association with Nannoceratopsis spiculata.

Remarks: several subdivisions of this zone can
be recognized. However, in areas where lime-
stones predominate in the succession then
recognition of the subzones often proves to be
difficult.

Subzone DJ5a. Top: defined by the highest
occurrence of Lithodinia valensii.

Assemblage: the overall composition of the
assemblages from this subzone is comparable
to the overlying DJ5b subzone. An alternative
pick for the top of this subzone in the absence
of L. valensii is immediately below the lowest
occurrence of Meiourogonyaulax reticulata and
Pareodinia prolongata.

Age: earliest-latest Middle Bathonian (upper-
most zigzag-lower morrisi ammonite zones).
Occurring within the Lower Fuller’'s Earth
Clay and Fuller’s Earth Rock.

Subzone DJ5b. Top: defined by the highest occur-
rence of Hystrichogonyaulax regale.

Assemblage: dominated by species of Cteni-
dodinium and Dichadogonyaulax, with localized
influxes of Chytroeisphaeridia chytroeides and
fluctuating numbers of Ellipsoidictyum spp.,
Dingodinium minutum, Pareodinia spp. (P. cer-
atophora, P. tripartita, P. prolongata) and Valen-
siella spp. (V. ovula, V. ampulla, V. vermiculata).
Energlynia acollaris is prominent in the assem-
blage towards the base of the subzone.

Age: latest Middle-Late Bathonian (upper
morrisi-discus ammonite zones). Occurring
within the Fuller’s Earth Rock, Upper Fuller’s
Earth Clay, the Frome Clay, the Great Oolite,
the Forest Marble and the Berry Member of the
Abbotsbury Cornbrash Formation.

Subzone DJ5c. Top: defined by an influx of
Lithodinia spp., in association with Nannocer-
atopsis spiculata.

Assemblage: dominated by Lithodinia spp., in
association with abundant Dichadogonyaulax
gochtii. In addition, Aldorfia aldorfensis and
Ctenidodinium combazii have their highest occur-
rences in this subzone.

Age: Early Callovian (macrocephalus—lower
calloviense ammonite zones). Occurring within
the Fleet Member of the Abbotsbury Cornbrash
and the Kellaways Formations.

Zone DJ6

Top: defined by the lowest occurrence of abun-
dant Mendicodinium groenlandicum.
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Subzone DJ6a. Top: defined by the highest
occurrence of common Nannoceratopsis pellu-
cida and common Kalyptea stegasta. Two
‘zonules’ are recognized.

Zonule’ DJ6al. Top: defined by the high-
est occurrence of abundant Chytroeisphaeridia
hyalina.

Age: late Early Callovian (upper calloviense
ammonite zone). Occurring within the Peterbor-
ough Member of the Oxford Clay Formation.

Zonule’ DJ6a2. Top: defined by the highest
occurrence of common Nannoceratopsis pellu-
cida and Kalyptea stegasta.

Assemblage: dominated by Chytroeisphaeridia
cerastes, C. hyalina, Kalyptea stegasta, Nanno-
ceratopsis pellucida, Polystephanephorus paraca-
lathus and locally Ctenidodinium continuum,
C. ornatum and Palaeostomocystis tornatilis. The
highest occurrence of Dichadogonyaulax gochtii
is within this ‘zonule’.

Age: early Middle Callovian (jason ammo-
nite zone). Occurring within the Peterborough
Member of the Oxford Clay Formation.

Subzone DJ6b. Top: defined by the lowest occur-
rence of Mendicodinium groenlandicum.

Assemblage: this unit is an interval subzone.
Its top lies immediately below the lowest occur-
rence of the Mendicodinium groenlandicum acme
and its base immediately above the highest
occurrence of common Nannoceratopsis pellu-
cida and common Kalyptea stegasta. Abundant
AOM occurs within this and the underlying
subzone in Oxford Clay facies.

Age: late Middle Callovian (coronatum ammo-
nite zone). Occurring within the Peterborough
Member of the Oxford Clay Formation.

Zone DJ7

Top: defined by an influx of Rigaudella aemula.

Subzone DJ7a. Top: defined by an influx of
Mendicodinium groenlandicum. Two ‘zonules’
are recognized.

Zonule’ DJ7al. Top: defined by the highest
occurrence of Energlynia acollaris.

Assemblage: the assemblage composition of
this ‘zonule’ is similar to the overlying DJ7a2
‘zonule’. In addition to the above index taxon,
Eodinia pachytheca and Dichadogonyaulax sell-
woodii have their highest occurrence at the top of
this zonule. Abundant M. groenlandicum does
not occur below this ‘zonule’.

Age: early Late Callovian (athleta ammonite
zone). Occurring within the uppermost Peter-
borough Member and the Stewartby Member of
the Oxford Clay Formation.

‘Zonule’ DJ7a2. Top: defined by an influx of
Mendicodinium groenlandicum.

Assemblage: also dominated by abundant
Rigaudella aemula, Gonyaulacysta jurassica,
Hystrichogonyaulax cladophora, Ctenidodinium
ornatum and more locally Palaeostomocystica
tornatilis, Ctenidodinium continuum and Surculo-
sphaeridium spp. Pareodinia prolongata has its
highest occurrence at the top of this zonule.

Age: latest Callovian (lamberti ammonite
zone). Occurring within the Stewartby Member
of the Oxford Clay Formation.

Subzone DJ7b. Top: defined by the highest
occurrence of Wanaea fimbriata.

Assemblages: The assemblages occurring in
this subzone are similar to the overlying DJ7c
subzone. Ctenidodinium continuum, Polystepha-
nephorus paracalathus and Chytroeisphaeridia
hyalina have highest occurrences with this
subzone.

Age: earliest Oxfordian (mariae ammonite
zone). Occurring within the Weymouth Mem-
ber of the Oxford Clay Formation.

Subzone DJ7c¢. Top: defined by an influx of
Rigaudella aemula.

Assemblage: dominated by Acanthaulax senta,
Gonyaulacysta  jurassica, Hystrichogonyaulax
cladophora, Scriniodinium galeritum, and more
locally Compositosphaeridium costatum/poloni-
cum and species of Surculosphaeridium.

Age: late Early Oxfordian (cordatum ammo-
nite zone). Occurring within the uppermost
Oxford Clay (Weymouth Member) Formation
and the Nothe Grit Formation.

Zone DJ§

Top: defined by the occurrence of increased
numbers of Scriniodinium spp.

Zone DJ8a. Top: defined by the highest occur-
rence of Acanthaulax senta.

Assemblage: the assemblages characteristic of
this zone are comparable to those in the over-
lying zone being dominated by Gonyaulacysta
Jurassica, Hystrichogonyaulax cladophora, Scri-
niodinium crystallinum, S. galeritum and System-
atophora spp.

Age: early Middle Oxfordian (densiplicatum
ammonite zone). Occurring within the Redcliff
Formation.

Subzone DJ8b. Top: defined by the highest occur-
rence of Rigaudella aemula.

Age: late Middle Oxfordian (tenuiserratum
ammonite zone). Occurring within the Osming-
ton Oolite Formation.
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Subzone DJ8c. Top: defined by the highest
occurrence of Compositosphaeridium costatum/
polonicum.

Age: earliest Late Oxfordian (glosense ammo-
nite zone). Occurring within the Trigonia
clavellata Formation and the Ampthill Clay
Equivalent.

Subzone DJ8d. Top: defined by the occurrence
of increased numbers of Scriniodinium spp.

Assemblage: this subzone is characterized
both by an increase in numbers and in diversity
of Scriniodinium spp. including S. crystallinum,
S. luridum and S. galeritum. Additional ele-
ments of the assemblage include abundant
Gonyaulacysta jurassica, common Hystrichogo-
nyaulax cladophora, Leptodinium spp. (L. subtile,
L. mirabile, Leptodinium sp. FG) and Sentusidi-
nium spp. Significant numbers of Ctenidodinum
chondrum may also be present.

Age: late Oxfordian (serratum—regulare
ammonite zones). Occurring within the Ampthill
Clay Equivalent and Sandsfoot Formation.

Zone DJ9

Top: defined by the highest occurrence of Scrinio-
dinium crystallinum.

Subzone DJ9a. Top: defined by an increase in
numbers of Hystrichogonyaulax cladophora.

Assemblage: characterized by significant num-
bers of Systematophora spp. and abundant
Gonyaulacysta jurassica.

Age: latest Oxfordian (rosenkrantzi ammo-
nite zone). Occurring within the Sandsfoot and
Ringstead Formations, and the Ampthill Clay
Equivalent.

Subzone DJ9b. Top: defined by the highest
occurrence of Scriniodinium crystallinum.

Age: earliest Kimmeridgian (baylei ammonite
zone). Occurring within the lowermost Lower
Kimmeridge Clay.

Zone DJI0

Top: defined by the highest persistent occurrence
of Gonyaulacysta jurassica.

Subzone DJ10a. Top: defined by an increase in
numbers of Gonyaulacysta jurassica.

Age: Early Kimmeridgian (lower cymodoce
ammonite zone). Occurring within the Lower
Kimmeridge Clay.

Subzone DJI10b. Top: defined by the highest
persistent occurrence of Scriniocassis dictyotum.

Age: Early Kimmeridgian (upper cymodoce—
lower mutabilis ammonite zones). Occurring
within the Lower Kimmeridge Clay.

Subzone DJ10c. Top: defined by the highest
persistent occurrence of Gonyaulacysta jurassica.

Age: Early Kimmeridgian (upper mutabilis
ammonite zone). Occurring within the Lower
Kimmeridge Clay.

Zone DJ11

Top: defined by the highest occurrence of
increased numbers of Oligosphaeridium patulum.

Subzone DJl1la. Top: defined by the highest
occurrence of Scriniodinium luridum. Three
‘zonules’ are recognized.

‘Zonule’ DJ11al. Top: defined by an influx of
Perisseiasphaeridium pannosum.

Assemblage: This ‘zonule’ represents the
stratigraphic acme of P. pannosum. Abundant
G. paeminosum also occur.

Age: late Early Kimmeridgian (lower eudoxus
ammonite zone). Occurring within the Lower
Kimmeridge Clay.

‘Zonule’ DJ11a2. Top: defined by an influx of
Geiselodinium paeminosum.

Assemblage: this ‘zonule’ represents the upper
part of the stratigraphic acme of G. paeminosum.

Age: late FEarly Kimmeridgian (upper
eudoxus—lower autissiodorensis zones). Occur-
ring within the uppermost Lower Kimmeridge
Clay.

‘Zonule’ DJ11a3. Top: defined by the highest
occurrence of Scriniodinium luridum.

Age: latest Early Kimmeridgian (upper autis-
siodorensis ammonite zone). Occurring within
the uppermost Lower Kimmeridge Clay.

Subzone DJI11b. Top: defined by the highest
occurrence of increased numbers of Oligosphaer-
idium patulum. Five ‘zonules’ are recognized.

‘Zonule’ DJ11b1. Top: defined by the highest
occurrence of increased numbers of Perisseias-
phaeridium pannosum.

Age: Late Kimmeridgian (lower elegans
ammonite zone). Occurring within the lower-
most Upper Kimmeridge Clay.

‘Zonule’ DJ11b2. Top: defined by the highest
occurrence of Geiselodinium paeminosum.

Age: Late Kimmeridgian (upper elegans
ammonite zone). Occurring within the lower-
most Upper Kimmeridge Clay.

‘Zonule’ DJ11b3. Top: defined the occurrence
of increased numbers of Gonyaulacysta long-
icornis.

Age: Late Kimmeridgian (scitulus ammonite
zone). Occurring within the Upper Kimmeridge
Clay.

‘Zonule’ DJ11b4. Top: defined by the highest
occurrence of Gonyaulacysta longicornis.
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Age: Late Kimmeridgian (wheatleyensis—lower
hudlestoni ammonite zones). Occurring within
the Upper Kimmeridge Clay.

‘Zonule’ DJ11b5. Top: defined by the occur-
rence of increased numbers of Oligosphaeridium
patulum.

Age: Late Kimmeridgian (upper hudlestoni
ammonite zone). Occurring within the Upper
Kimmeridge Clay.

Zone DJI12

Top: defined by the highest occurrence of Oligo-
sphaeridium patulum.

Subzone DJI2a. Top: defined by the highest
occurrence of Perisseiasphaeridium pannosum.

Age: Late Kimmeridgian (pectinatus ammo-
nite zone). Occurring within the Upper Kimmer-
idge Clay.

Subzone DJI12b. Top: defined by the highest
occurrence of Oligosphaeridium patulum and the
lowest occurrence of Muderongia duxburyii.

Assemblage: the highest occurrence of Egmon-
todinium ovatum also occurs within this subzone.

Age: Late Kimmeridgian (pallasoides—lower
rotunda ammonite zones). Occurring within the
Upper Kimmeridge Clay.

Zone DJ13

Top: defined by the highest occurrence of
Glossodinium dimorphum.

Subzone DJ13a. Top: defined immediately below
the lowest occurrence of common Muderongia
duxburyii

Age: Late Kimmeridgian (upper rotunda
ammonite zone). Occurring within the Upper
Kimmeridge Clay.

Subzone DJI3b. Top: defined by the highest
occurrence of common Muderongia duxburyii.

Age: latest Kimmeridgian—earliest Portlan-
dian ( fittoni—albani ammonite zones). Occurring
within the uppermost Upper Kimmeridge Clay
and lowermost Portland Sand Formation.

Subzone DJI13c. Top: defined by the highest
occurrence of Muderongia duxburyii.

Age: Early Portlandian (glaucolithus—okusen-
sis ammonite zones). Occurring within the Port-
land Sand Formation.

Subzone DJ13d. Top: defined by the highest
occurrence of Senoniasphaera jurassica.

Age: Early Portlandian (kerberus ammonite
zone). Occurring within the upper part of the
Portland Limestone Formation.
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Subzone DJI13e. Top: defined by the highest
occurrence of Glossodinium dimorphum and
Dichadogonyaulax pannea.

Age: late Early Portlandian (anguiformis
ammonite zone). Occurring within the upper-
most Portland Limestone Formation.

Zone DJ14

Top: defined by the highest occurrence of Cribro-
peridinium sp. A sensu Davey, 1982.

Subzone DJI4a. Top: defined by the highest
occurrence of Egmontodinium polyplacophorum.

Age: latest Early Portlandian (oppressus
ammonite Zone). Occurring within the lower-
most Lower Purbeck Beds.

Purbeck—Wealden unzoned

Top: defined by the occurrence of miospore-
dominated assemblages.

Assemblage: the microfloras from the upper-
most Purbeck Group are dominated by long-
ranging environmentally influenced miospores
of limited stratigraphic value.

Conclusions

An integrated microfossil biostratigraphy,
based on ostracods, foraminiferids and dino-
cysts, for the latest Triassic through to the
earliest Cretaceous has been applied to the
Portland-Wight Basin and its adjacent areas.
A total of 112 zones—zonules (34 ostracod
zones/subzones, 25 foraminiferid zones, 53
dinoflagellate zones, subzones and zonules) are
recognized. All three zonation schemes have,
wherever possible, been calibrated to the
standard ammonite zones recognized through-
out northwest Europe, based on outcrop
material. The microfossil biostratigraphy has
allowed detailed correlation with wireline log
and lithological data to elucidate a regional
stratigraphic framework for study area (see
Ainsworth this volume).

The authors would like to thank E. Powell for the
draughting of Fig. 1. Some of the data used in this
paper were collected by the authors and included in a
commercial study for PaleoServices in 1993. The
authors are grateful for the assistance of RPS Paleo
in allowing this paper to be published, and wish to
emphasize that the views represented herein are those
of the authors.
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Abstract: The stratigraphy of the latest Triassic through to the earliest Cretaceous of the
Portland-Wight Basin and its adjacent areas may be subdivided using petrophysical
(gamma-ray and interval transit time) criteria, in association with gross lithology to allow a
total of 50 lithological units to be recognized. Three units occur within the latest Triassic,
46 in the Jurassic and one in the earliest Cretaceous. The lithostratigraphy can be integrated
into a biostratigraphic template using published data and subsequent observations based on
micropalaeontology (ostracods, foraminiferids) and palynology (dinocysts, miospores).
Throughout the study area recognition of major lithostratigraphic and biostratigraphic
events enables the chronostratigraphic framework of the basin to be determined, which has
aided identification of regional stratigraphic breaks throughout much of the Portland-
Wight Basin, including haitii in proximity to the Pliensbachian-Toarcian and the Aalenian—
Bajocian boundaries, and also within the Late Oxfordian. Although the majority of the
lithostratigraphic events have been deduced to be isochronous, a number of lithological
units exhibit significant diachroneity. These specifically include the Frome Clay and the
Great Oolite, the Kellaways Sand Member and Clay Member, and the Sandsfoot Grit
Formation and the Ampthill Clay Equivalent.

Exploration of the English Channel Basin and
its adjacent areas began in the early 1940s.
Although many commercial wells have been
drilled onshore since the 1950s, searching for oil
and/or gas, few have proved to be economic due
to variable porosities or complicated geological
structure. The first oil was discovered onshore in
1959, in the Kimmeridge-1 well. Onshore, the
two most important oilfields comprise the
Wytch Farm OQilfield and the Humbly Grove
Oilfield discovered in 1973 and 1980, respec-
tively. The first exploration well to be drilled
offshore was the BP Lulworth Banks-1 well in
1963 under an onshore licence. Further offshore
drilling did not commence until after the 5th
Offshore Exploration Licensing Round in 1977,
with the spuding of the 98/22-1 well in 1979. To
date (October 1996), 24 offshore exploration
wells have been drilled in the Portland-Wight
Basin, with some commercial success. The main
prospective reservoirs comprise the Sherwood
Sandstone Group and the Bridport Sands, with
the hydrocarbon sources limited to the Lower
and Upper Lias mudstones, the Oxford Clay and
the Kimmeridge Clay (Hamblin ez al. 1992).

The purpose of this paper is to describe the
stratigraphy of the latest Triassic through to the
earliest Cretaceous of the Portland—Wight Basin
and its adjacent onshore areas using all released
onshore and offshore exploration wells, in
association with published open-file data and
information gleaned from the study of the
onshore exposures. A sequence stratigraphic
analysis has not been undertaken in this paper
because the authors did not have access to
seismic, detailed sedimentological or dipmeter
datasets over this structurally complex region.

In total, 18 offshore wells and 23 onshore
wells have been incorporated into this study
(Fig. 1). Subdivision of the lithological units has
been based on petrophysical (gamma ray, sonic
velocity) criteria, gross lithological analyses of
ditch cuttings, sidewall cores and conventional
core samples. The lithostratigraphy has been
integrated into a biostratigraphic template using
published data and subsequent observations
based on both micropalacontology (ostracods,
foraminiferids) and palynology (dinocysts, mios-
pores) (see Ainsworth er al. this volume).
A total of 50 lithological units are recognized by

AINSWORTH, N. R., BRAHAM, W. & GREGORY, F. J. et al. 1998. The lithostratigraphy of the latest Triassic to
earliest Cretaceous of the English Channel and its adjacent areas. fn: UNDERHILL, J. R. (ed.) Development, Evoution
and Petroleum Geology of the Wessex Basin, Geological Society, London, Special Publications, 133, 103—-164.
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Fig. 1. Geographical location map, indicating lines of correlation, exploration wells and BGS boreholes used in

the study area.

the present authors; three in the latest Triassic, 46
in the Jurassic and one in the earliest Cretaceous.
A series of facies and isopachyte maps illustrating
the geological history of the area are presented, in
association with three north-south- and one
east—west-trending lines of correlation.

There are numerous publications on the
tectonic history, sedimentary, litho- and bio-
stratigraphy of the English Channel and its
surrounding areas. For a full and comprehensive
overview of the region, the reader is referred to
Arkell (1947), Stoneley (1982), Stoneley & Selley
(1983), Whittaker et al. (1985), Bristow et al.
(1991), Hamblin et al. (1992) and Underhill &
Stoneley (this volume).

Geographical location and structural setting

The 41 exploration wells utilized in this study are
situated within one of three basins (the Portland—
Wight Basin, the Dorset Basin or the Weald
Basin). All three basins are located south of the
‘Variscan Front’, which marks the northern
boundary of the Varsican orogenic belt extending
from the Bristol Channel through to Kent.
Consequently, south of this boundary, the pre-
Permian sediments are more intensely folded and

intersected by a series of major east—west thrusts
and northwest—southeast-trending steep faults.
The deformation increases to the south where it
becomes more intensely folded and metamor-
phosed towards the axis of the Variscan orogenic
fold belt (Whittaker er al. 1985). These pre-
Permian rocks outcrop or occur at shallow
depths in the Mendips, the London Platform
and in Cornubia. In between these positive areas
(highs) are lows which contain Mesozoic and
Tertiary sediments. Kent (1949) believed that the
area south of the Variscan Front comprised a
single depositional basin during the Mesozoic
which he termed the ‘Wessex Basin’. Recent
subsurface information (boreholes and seismic
data) has demonstrated that several distinct
depocentres are present within the Portland—
Wight Basin and its adjacent areas, separated by
zones in which the Mesozoic and Tertiary
sedimentary cover is thin or absent. Seismic and
well data show that post-Variscan basin evolu-
tion is largely determined by the reactivation of
Variscan structural elements, during alternating
compressional and extensional regional tectonic
regimes. For discussion of the regional stress
fields and modelling of basin subsidence and
inversion see Whittaker et al. (1985), Chadwick
(1986), Chadwick et al. (1983), Karner et al.
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(1987), Lake & Karner (1987), Butler & Pullan
(1990), Ziegler (1990), Hamblin ez al. (1992),
Underhill & Paterson (1998) and Underhill &
Stoneley (this volume).

The three basins discussed in this paper
comprise fault-bounded asymmetric grabens or
half-grabens, which are generally aligned in
an east-west or southeast-northwest direction
(Fig. 2). Both the Dorset Basin and the Port-
land~Wight Basin were initiated in the Early
Permian, whilst the Weald Basin was created
during the Early Jurassic (Whittaker et al. 1985).
Intermittent movements along normal fault
zones has led to differential subsidence patterns,
with progressive compartmentalisation of the
basins and highs. The occurrence of synsedi-
mentary normal faults movements are asso-
ciated with abrupt changes in the formation/
member thickness across the growth faults, with
gradual thinning due to condensing onlap up
the dip-slope of the half-grabens. The major
east-west extensional fault zones occurring in
southern England are envisaged to reflect Vari-
scan thrust lines. They do not comprise single
faults, rather en echelon faults segments or zones,
with several subparallel faults, forming transfer
fault systems (Chadwick 1986). Periods of pro-
nounced differential rates of subsidence in these
basins can be seen to alternate with periods when
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differential subsidence is not clearly indicated,
due to a temporary cessation of fault activity.
Surrounding these basinal areas are noticeable
highs, e.g. the Cranborne—Fordingbridge High,
the London Platform, the Hampshire-Dieppe
High and the South Dorset High. These positive
relief structures either possess attenuated Trias-
sic—Early Cretaceous sequences (e.g. Hampshire -
Dieppe High) or remained a positive feature
throughout this time (e.g. London Platform).

The earliest Triassic to earliest Cretaceous
stratigraphy discussed herein is intimately
involved with tectonic activity, as well as being
affected by both eustatic and relative sea-level
changes.

Stratigraphy

The stratigraphy of the study area is summar-
ized in terms of lithostratigraphic units, with
each unit described under the headings of age,
lithology, thickness, distribution and deposi-
tional environment. The age of each unit is
based wherever possible on the standard ammo-
nite zonation described from outcrop material.
Three further biozonation schemes are pro-
posed (see Ainsworth ef al. this volume) using
ostracods, foraminiferids and dinocysts from
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both outcrop and subcrop samples. These
zonules, subzones and zones are mainly based
on the highest downhole occurrences (extinc-
tions) of generally common and geographically
widespread microfossils, and have been inte-
grated into the lithostratigraphy in this paper
(Fig. 3)

A number of interpretative maps illustrating
generalized thickness trends and facies distribu-
tions of selected stratigraphic units, in associa-
tion with one east-west- and three north-south-
trending lines of correlation, have also been
included to help illustrate the stratigraphy of the
Portland-Wight Basin and its adjacent areas
(Figs 3-20).

Penarth Group

The Penarth Group of Rhaetian age can be
subdivided into two formations; a lower West-
bury Formation and an upper Lilstock Forma-
tion (Warrington et al. 1980).

Westbury Formation. Age: Rhaetian. Occur-
ring in palynological zone DJ1 ( pars).

Lithology: this formation is dominated by
dark grey to black, organic-rich, pyritic, sub-
fissile shales. Thin beds of light grey, bioclastic
limestones also occur within the interval. Beds of
white, very fine- to fine-grained sandstone occur
in the lower part of the formation in a number
of wells (e.g. Winterborne Kingston-1 and
Kimmeridge-5).

Wireline log characteristics: the lower bound-
ary is sharp; marked by a prominent increase in
gamma-ray response, associated with a decrease
in sonic velocity values, denoting a lithological
change to organic-rich claystones. The upper
boundary is sharp; defined by a decrease in
gamma-ray response, in association with an
increase in sonic velocity values, coinciding with
a lithological change to calcareous claystones or
limestones. The high gamma-ray and moderate
sonic velocity responses for the claystones, with
low gamma-ray and high sonic velocity values
for the sandstone and limestone interbeds, form
a spiky/serrate log motif.

Distribution and thickness: the Westbury
Formation occurs throughout most of the
study area, except over the Hampshire-Dieppe
High (99/18-1, 99/12-1 and Middleton-1). It is
fairly consistent in thickness ranging from 5 feet
in 99/16-1 to a maximum of 43 feet in
Winterborne Kingston-1. Thicknesses generally
range between c. 14 and c. 30 feet. Thin beds of
sandstone, up to c. 10 feet thick, are noted in a

number of wells (Winterborne Kingston-1,
Chilworth-1, Hoe-1, Horndean-1 and Ports-
down-1).

Depositional environment: the initial Rhae-
tian marine transgression occurring throughout
the UK spread from the southwest (Anderton
et al. 1979) across a subdued topography, form-
ing very wide areas of very shallow water, with
little tidal influence. The base of the Westbury
Formation is envisaged to represent the initial
transgression across southern Britain. The high
organic contents of the claystones, in association
with distinctive low-diversity foraminiferid and
bivalve faunas, is indicative of low-energy,
dysaerobic conditions (Copestake 1989). The
occurrence of thin sandstone and limestone
interbeds, the latter often with disarticulated
bivalves shells are envisaged to reflect higher
energy, episodic marine conditions (Whittaker &
Green 1983). The interbedded sandstones may
represent reworking of pre-existing Triassic
sediments during the initial northeast transgres-
sive phase (Hollaway 1985a). The occurrences in
a number of wells of thick arenaceous units
at the base of the Westbury Formation (e.g.
Winterborne Kingston-1) are thought to repre-
sent shoreline sediments flanking the London
Platform (Knox 1982). With the continuing
transgression these sandstones are replaced
upsequence by mudstones and shales.

Lilstock Formation. The Lilstock Formation
can be subdivided into two members; a lower
Cotham Member and an upper Langport
Member (Warrington et al. 1980).

Cotham Member. Age: Rhaetian. Occurring in
palynological zone DJ1 (pars).

Lithology: this member comprises an inter-
bedded claystone—limestone sequence. The for-
mer consists of grey-green to brown, locally
pyritic, calcareous claystones and marls, while
the latter comprise light grey, often algal or
argillaceous limestones.

Wireline log characteristics: the lower bound-
ary is sharp; defined by a marked decrease in the
gamma-ray response and an associated increase
in sonic velocity values, coinciding with a
lithological change to calcareous claystones
and limestones. The upper boundary is sharp;
defined by an abrupt decrease in gamma-ray
response and a significant increase in sonic
velocity values, corresponding to a lithological
change to well-indurated limestones. The clay-
stones of the Cotham Member possess lower
gamma-ray responses than the underlying West-
bury Formation, reflecting their increased car-
bonate content.
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Distribution and thickness: the Cotham
Member is a very thin unit, ranging in thickness
from 5 feet in 98/23-1 through to 25 feet in
98/22-1. It occurs throughout much of the study
area, except over the Hampshire—Dieppe High
(99/12-1, 99/18-1 and Middleton-1).

Depositional environment: the Cotham Mem-
ber was deposited during a minor, widespread
regressive episode. A number of low-energy,
freshwater through to marine environments are
envisaged due to the occurrence of both marine
and non-marine benthic faunas; these environ-
ments include both lagoonal and supratidal
conditions (Kelling & Moshrif 1977; Poole
1978; Hamblin et al. 1992; Warrington &
Ivimey-Cook 1992).

Langport Member. Age: Late Rhaetian.
Occurring within foraminiferid zone FJ1, paly-
nological zone DJ1 (pars).

Lithology: this unit is dominated by a white
to light grey, microcrystalline, locally pyritic,
well-indurated (recrystallized mudstone—pelletal
packestone) limestones. Thin, light to dark grey,
fissile shales and calcareous claystones are rare
throughout the unit.

Wireline log characteristics: the lower bound-
ary is very sharp; defined by an abrupt decrease in
gamma-ray response and an associated increase
in sonic velocity values, coinciding with a litho-
logical change to well-indurated limestones. The
upper boundary is sharp; defined by an abrupt
increase in gamma-ray response and a corre-
sponding decrease in sonic velocity values,
coincident with a lithological change to clays-
tones. Very low gamma-ray values and high sonic
velocities are characteristic of the Langport
Member, reflecting the highly indurated lime-
stone lithologies. The Langport Member pos-
sesses a very distinctive cylindrical wireline
log motif.

Distribution and thickness: the Langport
Member is present throughout much of the
study area, except over the Hampshire—Dieppe
High (99/12-1 and 99/18-1). It is fairly uniform
in thickness varying from 12 feet in Middleton-1
to 58 feet in 98/16-2A. Its thickest develop-
ments occur in the west part of the study area,
thinning towards the Hampshire-Dieppe High.
In Humbly Grove-1, the occurrence of sandy
oolitic limestones and calcareous sandstones are
envisaged to represent a marginal equivalent of
the Langport Member.

Depositional environment: the calcareous
sequences of the Langport Member were depos-
ited in a shallow, low- to high-energy marine,
warm, carbonate-shelf environments (Whittaker
& Green 1983), starved of clastic input. The
occurrence of low-diversity macro- and micro-

faunas is suggestive of greater than normal
marine salinities (Anderson 1964; Hallam &
El Shaarawy 1982; Copestake 1989). The pre-
sence of slumping in the Langport Member is
indicative of coeval fault activity during this
time (Holloway 1985a). However, the relatively
uniform thickness of this member is attributed
to the subdued topography and the fact that the
major fault zones were relatively quiescent.
The Langport Member equivalent occurring in
Humbly Grove-1 is envisaged to have been
deposited above wave-base, in shallow-marine,
high-energy coastal environments.

Lias Group

The Lias Group of latest Rhaetian—Late Toar-
cian age is divided into three broad units; the
Lower Lias, the Middle Lias and the Upper
Lias. It occurs both at outcrop in the Dorset
Basin, and in subcrop throughout the Channel
Basin and its adjacent areas. Biostratigraphic
and lithostratigraphic resolution of its constitu-
ent units is generally good throughout the
sequence.

Lower Lias. Following Cope et al. (1980a) and
Whittaker et al. (1985) the Lower Lias can be
subdivided into five distinct lithological/wireline
log units; in ascending order, they comprise the
Blue Lias Formation (LL1), the Shales with Beef
(LL2), the Black Ven Marls (LL3), the Belem-
nite Marls (LL4) and the Green Ammonite Beds
(LL5).

Blue Lias Formation (LLI). Age: Latest
Rhaetian—Early  Sinemurian  (pre-planorbis—
semicostatum ammonite zones, /yra ammonite
subzone). Occurring within ostracod zones OJ1-
0J2 (pars), foraminiferid zones FJ2-FJ4 (pars),
palynological subzones DJ2a-DIJ2b ( pars).

The base of the Blue Lias, which comprises
the ‘pre-Planorbis Beds’ of onshore outcrops, is
conventionally dated as latest Rhaetian as it
lies below the earliest occurrence of the Juras-
sic ammonite Psiloceras planorbis (Cope et al.
1980a).

Lithology: the Blue Lias is characterized by
alternations of light to medium grey marls and
calcareous claystones, in association with light
grey, well-indurated, bioclastic limestones (mud-
stones to wackestones) and medium grey to
greyish black, locally pyritic, organic-rich, fissile
shales (‘paper-shales’). The latter are the domi-
nant mudrocks in the middle and upper intervals
of the Blue Lias within parts of the Central
English Channel (UK Quadrant 98).

Each claystone-limestone cycle comprises a
laminated organic claystone (‘paper-shale’) with
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Fig. 6. Stratigraphic cross-section C-C', wells 99/16-1, 99/18-1, 99/12-1 and Horndean-1.

99/16-1 HORNDEAN-1A
0 o 150 140 o 40 ° 150 140 40
GROUP FORMATION MEMBER GR SONIC
Wealden % Wealden f o
= ¥
Upper v 99/18-1 Upper Purp
Purbeck Lower & Middie 3008 [ 150 140 <
Purbeck Lower - Middie
c
Portland GR SONI :u‘beok
Ortland
“Upper Calcareous Mbr| } { % ‘§
* ¥ -
S
[1 E x
Kimmeridge Clay  [*Lower Calcareous Mbr"| 35 \%-‘ S
Member"
3588;
Gault Clay & 99/12-1 Ampthill Clay
- Ampthill Clay <000 Lower Gresnsand Equivalent
Corallian Equivalent o o “ it Frm
ai
i Noth Gri % x = m| : oS Notfe Grit Fm.
i leymout! < > Weymouth Member 4008;
Wi h
Osmington Oolite } }
Oxford Clay Stewartby 3 ’g? 3 % 7} Stewartby Member {5 g
458 2
Peterborough i _ 3 2 < 300 Peterborough Mbr. E
Kellaways ~w
Forest Marble _~Abbotsbury Cornbrash | —] Great Oolite ‘e
T - == Great Oolite
ot Frome Clay Py ¥ r2 > .
Great e : uller's Earth
800
Fuller's Earth Fullers Earth Rock E g = 3508 = = 2—
- Middle
? L?;‘:(’:rriur Oolite 58089 j
Unper = S
. | . ?
Inferior Oolite Middie Jf—,_ ? Bridport Sands 3‘
Upper Lias [ Down Gitf Clay = ssa, ? i Down Cliff Clay
= = Variscan Martstone Rock Bed
Shales with Beef _|Junction Bed ) Basement - Sed
Lower Lias Sherwood Middie Lias 5508
Blue Lias EI SG“, vone een Ammonite 3
¥ — Gre®geds 2
Penarth Westbury & Lilstock Langport = | = ‘Black Ven Marts .
Mercia Mudstone
Blue Lias seee: %
Mercia
Mudstone
Group



99/12-

150 1

1

30080

Fig. 7. Stratigraphic cross-section D-D’, wells 98/6-8, 98/11-3, 98/7-2, Bottom Copse-1 and 99/12-1.

98/11-3
0 150 140 «
GR SONIC
Gault Clay
2500, ault Clay Gault Clay - Lower
Lower Greensand Greensand BOTTOM COPSE-1
98/6-8 ] . 98/7-2 0 150 140 4“0 Gault Clay
Kimmeridge Clay | , 150 140 0 GR SONiG Kimmeridge Clay | Lower Greensand
150 140 a0 Formation GR SONIC Formation
GROUP FORMATION MEMBER GR SONIC =750, 3 0
>3 emingion Oolite Fm. g g =
Greensands & ¥ GR
% % i —
Gault Clay 750 . Nothe Grtt Fm § Nothe Grit Fm. =
— . Redclift Fm . Weymouth Mbr.
ﬂﬂ\lm > 2 858" Rl
< £
=~ i
Oxford Clay Stewartoy 3 £ 2 %
asa 3
Kellaways Peterborough P4 3vee == <
i 9 S = — = — <
=
Forest Marble ‘Abbotsbury Cornbrash § % 3 :> 4008; m
S +e B3 3 & ?
Great Oolite Frome Clay s ?
§ ¥ - 2 1ese. — !
§ e =
lnlenorI Oolite Fuller's Earth ‘55 ¥ 4000; J | %_ o
2
. o5 2 3 % g Lower - Middle
Bridport Sands 3 3 1150 4500 - Inferior Oolite
g arlst
Upper Lias P. oo Rock Bed -
Down Ciiff Clay 1150 4500 \ i -
Migdle Lias | unction Bed ——— j 250 :g — | Middle'L+as
5 Variscan
Lower Lias hales wilh Beel % \ 5008: Basement
Blue Lias Langport 1258
Penarth Westbury & Lilstock + ~ 13504 = i
Mercia Mudstone %

35080




LITHOSTRATIGRAPHY OF THE ENGLISH CHANNEL AREA 109

a sharp base, followed by a calcareous mud-
stone, then an argillaceous limestone and finally
a claystone (Hallam 1975; Whittaker & Green
1983). Successive cycles vary by omission or
expansion of each of these components (Weedon
1986). It is possible to subdivide the Blue Lias
regionally by identification of several limestone-
dominated or claystone-dominated intervals.
For example, the claystone-dominated interval
in the lower part of the Blue Lias can be
identified in the subsurface and at outcrop
within the Middle Hettangian (liasicus zone).
Towards the base of the Blue Lias, one or more
thick limestone beds are often present.

Wireline log characteristics: the lower bound-
ary is sharp; defined by an abrupt increase in
gamma-ray response and an associated decrease
in sonic velocity values, coinciding with a litho-
logical change to claystones. The upper bound-
ary is sharp; defined by a decrease in gamma-ray
response, associated with an increase in sonic
velocity values, reflecting a lithological change
to more calcareous claystones. The gamma-ray
and sonic log motifs through the Blue Lias are
characteristically highly serrated and ‘spiky’,
reflecting the limestone—claystone interbeds.
A similar gamma-ray profile has been described
by Parkinson (1996) for the Blue Lias out-
cropping along the Dorset coast.

In general, a broad two-fold subdivision of
the Blue Lias can be recognized; a lower less
serrate, more mudrock-dominated section and
an upper highly serrate, interbedded limestone—
mudstone sequence. The gamma-ray response of
the Blue Lias, however, varies throughout much
of the study area. In the central part of the
Portland-Wight Basin, gamma-ray values are
often higher than onshore reflecting the more
organic-rich nature of the claystone lithologies.
In many wells in UK Quad 98 and in those
onshore wells immediately north of UK Quad
98, the higher gamma-ray values occur in the
middle and upper intervals, whereas in those
wells situated on and close to the Isle of Wight
the highest gamma-ray values occur in the lower
half of the Blue Lias. Those wells situated in the
eastern and northeastern regions of the study
area possess more uniform gamma-ray motifs,
in association with the least organic-rich higher
gamma-ray shales. The pre-Planorbis Beds can
often be recognized at the base of the Blue Lias
by a marked decrease in gamma-ray and an
associated increase in sonic velocity values,
reflecting an increase in the carbonate contact
of the claystones.

Distribution and thickness: there is little evi-
dence for any significant lateral facies changes
within the Blue Lias in the present study, except

for a tendency to an increase in the proportion
of limestones in the more attenuated sequences.
Outside of the study area, within the main
part of the Weald Basin, the Blue Lias passes
into a nearshore facies comprising bioclastic
calcarenites (Young & Lake 1988; Hamblin
et al. 1992), while in the eastern part of the
Hampshire-Dieppe High (Grove Hill-1) basal
Early Sinemurian red-beds are suggestive of
some emergence during the early part of the
Lower Jurassic (Lake & Karner 1987, Hamblin
et al. 1992). Similar sediments may fringe the
southern and eastern margins of the Channel
Basin, however, these have not yet been proved
by drilling.

The Blue Lias occurs throughout most of the
study area, with thicknesses varying between
47 feet in Humbly Grove-1 and 471 feet in
Arreton-2. In general the Blue Lias is less than
350 feet thick. A major depocentre is indicated
near the northern edge of the Portland-Wight
Basin, suggested by large thicknesses of the Blue
Lias (e.g. 471 feet at Arreton-2 and 372 feet at
98/13-1). South of this depocentre within the cen-
tral and southern Portland—Wight Basin, there
is a decrease in thickness varying between 149
(98/16-2A) and 357 feet (98/23-1). Similarly over
the Purbeck-Isle of Wight Fault Zone, thick-
nesses decrease to between 107 (98/11-3) and
85 feet (98/6-8), while thickening into the Dorset
Basin (420 feet at Winterborne Kingston-1).
Moderately thick sections are recorded on the
northwestern part of the Hampshire-Dieppe
High (e.g. 176 feet at Hoe-1, 332 feet at
Chilworth-1 and 308 feet at Horndean-1). South-
eastwards along the main part of the Hamp-
shire-Dieppe High the Blue Lias is absent or
thin; in well 99/18-1 the Lower Lias is attenuated
and could not be stratigraphically subdivided.
Identification of a complete Lower and Middle
Lias sequence in these areas by Bristow et al.
(1991) is considered to be erroneous, based on
the lithostratigraphic and biostratigraphic data
evaluated during compilation of this present
paper. Their conclusions were based solely on
wireline log data, whereas the present study
indicates that in places Lower Lias lithologies
and microfaunas occur directly beneath the
Junction Bed.

Depositional environment: deposition of the
Blue Lias occurred during the continuing marine
transgression initiated in the latest Rhaetian—
earliest Hettangian. The Blue Lias was deposited
over a subdued topography, with no clastic
input, under similar conditions to the underlying
Penarth Group. The sediments of the Blue Lias
were laid down below wave-base in a low-energy,
muddy bottomed, shelfal environment (Hallam
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1975; Whittaker & Green 1983). Dysaerobic epi-
sodes on the sea floor are, however, indicated by
the restricted benthic faunas. Periods of anoxia
are also suggested by the absence of benthos and
the occurrence of organic-rich shales. Offshore,
in the central part of the Portland-Wight Basin,
anoxic/dysaerobic bottom water conditions are
more common, especially within the upper half
of the interval as suggested by the lack of
benthic microfossils and the occurrence of dark
grey shales.

The Blue Lias exhibits small-scale rhythms/
alternations of limestones and mudstones
(Hallam 1975). The lowest part of the cycle
(a basal shale containing no benthos) is envi-
saged to reflect an initial rapid water deepening
in association with sediment starvation. The
overlying calcareous mudstone yielded macro-
and microfaunas indicative of aerated bottom
waters, associated with pulses of sedimentation
and a shallowing water depth. A change to
shallower water conditions is indicated by the
development of limestones, while the topmost
cycle (mudstones) are indicative of a return to
somewhat deeper conditions (Whittaker &
Green 1983). These rhythms are envisaged to
reflect astronomically induced climatic cyclicity
(House 1985, 1987).

Shales with Beef (LL2). Age: Early Sinemur-
ian (semicostatum ammonite zone, scipionianum
ammonite subzone—turneri ammonite zone,
lower birchi ammonite subzone). Occurring
within ostracod zone OJ2 (pars), foraminiferid
zones FJ4 (pars)-FJ5, palynological subzone
DIJ2b (pars).

Lithology: the Shales with Beef comprise an
interbedded claystone and shale-limestone
sequence. The former comprises medium grey
to dark grey, non-calcareous to calcareous,
locally fissile mudrocks, while the latter consists
of light grey to medium grey, microcrystalline
limestones and argillaceous limestones. The
Shales with Beef can be subdivided into two
gross lithological packages, a lower more marly
dominated sequence and an upper more argil-
laceous and less calcareous sequence.

Wireline log characteristics: the lower bound-
ary is sharp; defined by a decrease in gamma-ray
response and an associated increase in sonic
velocity values, coinciding with a lithological
change to more calcareous claystones. The
upper boundary is sharp; marked by a signifi-

cant increase in gamma-ray response and a
corresponding decrease in sonic velocity values,
reflecting the poorly calcareous nature of the
claystones. The Shales with Beef display a highly
serrated gamma-ray response, indicating the
interbedding of calcareous claystones and lime-
stones.

Parkinson (1996), using the hand-held spec-
tral gamma-ray tool at outcrop along the Dorset
coast, found similar low gamma-ray values to
the present authors for the Shales with Beef.
Both the Blue Lias and the Shales with Beef
possess similar total gamma-ray counts, making
differentiation between the two units extremely
difficult (Parkinson 1996). However, the bound-
ary between the units can be easily differentiated
using uranium gamma-ray counts, denoted by a
marked decrease in uranium counts and also low
thorium/uranium ratios from the Blue Lias up
into the Shales with Beef.

Distribution and thickness: the Shales with
Beef occur throughout much of the present
study area. Recorded thickness variations range
from 37 feet in Middleton-1 to 240 feet in
98/16-1. Within the Portland—Wight Basin, the
thicker sections are envisaged to occur along the
northern and central regions (e.g. 240 feet at
98/16-1 and 192 feet at 98/11-2), with a thinning
towards both the Central Channel (e.g. 101 feet
at 98/22-2) and the Hampshire—Dieppe Highs
(98 feet at 99/16-1). Over the Purbeck—Isle of
Wight Fault Zone, a rapid thinning is observed
(e.g. 67 feet at 98/11-1, 56 feet at 98/6-8 and
72 feet at Wytch Farm-X14). On the north-
western margin of the Hampshire-Dieppe High
thicknesses range from 37 (Middleton-1) to
141 feet (Chilworth-1). Over the main part of the
Hampshire—Dieppe High the Shales with Beef is
absent, including well 99/12-1. The Lower Lias
is attenuated in 99/18-1 and could not be
stratigraphically subdivided.

Depositional environment: sediments com-
prising the Shales with Beef were deposited in
a low-energy, marine shelfal environment, below
wave-base. A number of authors (including
Hallam 1981; House 1993) infer a deeper water
environment than the underlying Blue Lias. Low
oxygen levels are envisaged, denoted by the
occurrence of pyritized, laminated organic-rich
shales in association with restricted benthic
micro- and macrofaunas. These conditions are
often associated with sluggish water circulation,

Fig. 8. Generalized stratigraphy and relative sea-level curve (after House 1993). Note: the zones shown in this
figure are the ‘standard’ zones of Cope et al. (1980a, b). The opalinum zone has since divided into the opalinum and
scissum zones, the murchisonae zone into the murchisonae and the bradfordensis zones (Callomon & Chandler
1990), the macrocephalus zone has since been renamed the herveyi zone while the calloviense zone has divided into

the koenigi and calloviense zones (Page 1989).
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but only appear to become occasionally anoxic
in the onshore sections. However, offshore, in
the central part of the Portland-Wight Basin,
anoxic bottom water conditions are more
common suggested by the near absence of
benthic microfossils and the occurrence of
highly organic-rich shales.

Black Ven Marls (LL3). Age: latest Early—
Late Sinemurian (turneri ammonite zone, upper
birchi ammonite subzone-raricostatum ammo-
nite zone). Occurring within ostracod zone OJ3,
foraminiferid zone FJ6, palynological subzones
DIJ2b (pars)-DIJ2c.

Lithology: this formation is dominated by
dark grey to greyish black, pyritic, generally
organic-rich, poorly calcareous, shales and clay-
stones. Impersistent thin beds of light grey, well-
indurated limestone and argillaceous limestone
are also noted throughout the section.

Wireline log characteristics: the lower bound-
ary is sharp; defined by a marked increase
in gamma-ray response, in association with
a decrease in sonic velocity values, reflecting
a lithological change to poorly calcareous
claystones. The upper boundary is sharp;
defined by a decrease in gamma-ray response
and an associated increase in sonic velocity
values, reflecting a lithological change to lime-
stones and calcareous claystones. The Black
Ven Marls are characterized by serrate, high
gamma-ray responses, often with the highest
gamma-ray levels developed mid-way through
the sequence reflecting organic-rich claystone
lithologies. The highest gamma-ray values in
the Lower Lias occur within this forma-
tion. Sonic log spikes reflect the presence of
limestone stringers.

Similar high gamma-ray counts are described
by Parkinson (1996) using portable gamma-
ray spectrometry on the Black Ven Marls se-
quence along the onshore Dorset coast. He
recorded very high uranium, thorium and
potassium levels and also high thorium/potas-
sium ratios. A major uranium peak is indicative
of organic rich shales within the obtusum ammo-
nite zone.

Distribution and thickness: the Black Ven
Marls occur throughout much of the study area.
Its thickness varies between 13 feet in 98/11-1
and 145 feet at 98/16-1. Thicknesses of the Black
Ven Marls are generally within the range 50-120
feet, with the more consistently thicker sections
occurring in the central and southern parts of
the Portland—Wight Basin (125 feet at 98/16-2A,
113 feet at 98/18-1 and 90 feet at 98/22-2).
Eastwards, the Black Ven Marls decrease in
thickness (e.g. 45 feet at 98/13-1 and 40 feet at
99/16-1) and they are absent over the main part

of the Hampshire-Dieppe High, including
99/12-1. The Black Ven Marls are envisaged to
be partly truncated by pre-Toarcian erosion in
Wytch Farm (29 feet) and the adjacent offshore
areas (e.g. 13 feet at 98/11-1 and 18 feet at
98/7-2). On the northwestern edge of the
Hampshire—-Dieppe High moderate thicknesses
of between 50 feet (Marchwood-1) and 114 feet
(Chilworth-1) are recorded.

Depositional environment: the Black Ven
Marls were laid down below wave-base, in a
broad, shallow to moderately deep, low-energy,
epicontinental sea. Periodic episodes of re-
stricted circulation occurred, leading to low
oxygen levels at the sea floor, denoted by the
restricted or absence of benthic micro- and
macrofaunas. Shallowing events caused by
either eustatic sea level falls or tectonic change
are indicated at a number of horizons in the
Black Ven Marls (Hallam 1978, 1981), suggested
by marked faunal turnovers and omission of
strata. Both the Black Ven Marls and the
underlying Shales with Beef are considered
by Wignall & Hallam (1991) to represent the
most prolonged phase of oxygen restriction
or anoxic deposition in the onshore British
Jurassic sequences.

Belemnite Marls (LL4). Age: Early Pliensba-
chian (jamesoni-ibex ammonite zones). Occur-
ring within ostracod zones 0OJ4-0JS, fora-
miniferid zone FJ7 (pars), palynological sub-
zone DJ2d (pars).

Lithology: the Belemnite Marls comprise
alternating beds of light grey to medium grey,
calcareous, silty claystones—marls and medium
dark grey to dark grey mudstones. Impersistent,
light grey, microcrystalline limestone beds also
occur throughout the interval.

Wireline log characteristics: the lower bound-
ary is sharp; defined by a decrease in gamma-ray
response and a corresponding increase in sonic
velocity values, reflecting a lithological change
to calcareous claystones and limestones. The
upper boundary is sharp; denoted by an increase
in gamma-ray response, in association with a
decrease in sonic velocity values, coincident with
a lithological change to poorly calcareous
claystones. Where the Belemnite Marls are
attentuated, this boundary becomes more shar-
ply defined, suggesting the possibility of a
stratigraphic break at the Belemnite Marl-
Green Ammonite Beds contact.

The Belemnite Marls are characterized by
serrate gamma-ray and sonic log motifs, reflect-
ing the interbedding of mudstones and calcar-
eous claystones. Low gamma-ray responses
and high sonic velocities are characteristic of
the unit, often with several prominent sonic
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spikes indicating thin limestone beds. The low
gamma-ray responses are in agreement with
those data described by Parkinson (1996), using
the hand-held spectral gamma-ray along the
Dorset coast. He recorded low thorium and
potassium levels, and also reduced thorium/
potassium ratio levels. In those wells where the
Belemnite Marls are thin, two units can be
recognized; a lower claystone and an upper
limestone—calcareous claystone unit.

Distribution and thickness: the Belemnite
Marls are recognizable throughout half of the
wells in the present study area. There is
considerable thickness variations throughout
the study area, from a minimum of 6 feet in
Hoe-1 to a maximum of 150 feet at 98/16-2A.
These relative thickness changes within the
Belemnite Marls are far greater than in other
units of the Lower Lias due to removal by pre-
Toarcian uplift and erosion. Moderately thick
sequences of the Belemnite Marls occur in both
the central and southern parts of the Portland—
Wight Basin (e.g. 150 feet at 98/16-2A and
61 feet at 98/22-1). On the Hampshire—Dieppe
High the Belemnite Marls often reduce in
thickness to less than 20 feet (e.g. 9 feet at
Chilworth-1 and 13 feet at Horndean-1) or are
absent (e.g. 99/12-1). It is uncertain, however, if
this thinning reflects sedimentary condensing or
a reduction of section due to stratigraphic
breaks within this interval. On the Dorset
coast two minor stratigraphic breaks are recog-
nized, one within the Belemnite Marls and one
at the Belemnite Marls—Green Ammonite Beds
boundary (Cope et al. 1980a, b).

Depositional environment: the Belemnite
Marls are envisaged to have been deposited
below wave-base in a low-energy, shallow-
marine shelfal environment. Bottom water con-
ditions were more aerobic than the underlying
Black Ven Marls, as suggested by the more
calcareous nature of the sediments, in associa-
tion with the moderately common benthic
micro- and macrofaunas. The occurrence of
scours in the top section of the Belemnite
Marls on the Dorset coast is suggestive of storm
origins (Hesselbo & Jenkyns 1995). The deci-
metre alternations of light grey calcareous
claystones-marls and dark grey claystones
couplets may reflect climatic controls, with the
regular couplets recording orbital precession
cycles with a duration of 20ka (Weedon &
Jenkyns 1990; Hesselbo & Jenkyns 1995).

Green Ammonite Beds (LL5). Age: late Early
Pliensbachian (davoei ammonite zone). Occur-
ring within ostracod zone 0J6, foraminiferid
zone FJ7 (pars), palynological subzone DJ2d
(pars).

Lithology: the Green Ammonite Beds are
dominated by medium-light grey to medium
grey, micaceous, non- to slightly calcareous
claystones and silty claystones. Rare thin, light
grey limestones also occur throughout the
interval.

Wireline log characteristics: the lower bound-
ary is sharp; defined by an increase in gamma-
ray response and a corresponding decrease in
sonic velocity values, reflecting a lithological
change to claystones. The upper boundary is
sharp; defined by a decrease in gamma-ray
response, In association with an increase in
sonic velocity values, denoting a lithological
change to silty, calcareous claystones. The
Green Ammonite Beds are characterized by
moderately high gamma-ray responses and
moderately low sonic velocities. Gamma-ray
values are generally highest in the middle of
the formation, decreasing slightly towards the
top and base indicating both an increase in silt
and calcareous content. Occasional sonic log
‘spikes’ indicate thin limestone beds.

The spectral gamma-ray data recorded from
the Dorset onshore (Parkinson 1996) indicate
high thorium and potassium levels, and also a
high thorium/potassium ratio.

Distribution and thickness: the Green Ammo-
nite Beds are envisaged to occur in approxi-
mately half of the wells studied. Their thick-
nesses vary from 15 feet in 98/11-2 to 203+ feet
in Radipole-1. Similar to the Middle Lias Clays,
this formation occurs in four main areas, the
Dorset Basin, the Portland—Wight Basin, the
northwestern margin of the Hampshire—Dieppe
High and the Weald Basin. The latter two
areas possess the generally most expanded
sequences with thicknesses varying between
92 (Middleton-1) and 204 feet (Chilworth-1).
The Green Ammonite Beds are notably absent
from the main part of the Hampshire-Dieppe
High, and also from some wells situated along
the northern edge and central parts of the
Portland—Wight Basin (e.g. the Isle of Wight
wells, 98/6-7, 98/11-3, 98/13-1 and 98/18-1)
where they have been removed by pre-Toarcian
uplift and erosion. Thin sequences of the Green
Ammonite Beds are noted close to the Central
Channel High (e.g. 24 feet at 98/23-1).

Depositional environment: a low-energy, shal-
low-marine, muddy sea floor shelfal environment
is envisaged for the deposition of the Green
Ammonite Beds. Dysaerobic/anaerobic condi-
tions are indicated by the restricted/absence of
benthic micro- and macrofaunas in the sedi-
ments. Hallam (1975) has suggested a slight
shallowing began at the base of these sediments
continuing to the base of the Middle Lias.
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Middle Lias. Following Cope et al. (1980a) and
Whittaker et al. (1985) the Middle Lias has been
divided into three distinct units in the present
study;, in ascending order they comprise the
Middle Lias Sands (MLI1), the Middle Lias
Clays (ML2) and the Marlstone Rock Bed.

Middle Lias Sands (MLI). This unit encom-
passes both the Down CIiff Sands and the
Thorncombe Sands of the Dorset coast. It is
extremely difficult to correlate the offshore
subsurface stratigraphy with that of the onshore
coastal exposures, therefore the more general
name of Middle Lias Sands has been used in the
present study.

Age: early Late Pliensbachian (margaritatus
ammonite zone). Occurring within ostracod
zones OJ7 (pars)—OIJ8 (pars), foraminiferid
zone FI8 (pars), palynological subzone DJ3a
(pars).

Lithology: the sequence is dominated by light
grey to pale yellow, micaceous, sandy mudstones
and claystones. Very fine to fine-grained, micac-
eous, quartzose or calcareous, glauconitic, silty
sandstones and siltstones are also developed
throughout the sequence. Clean sandstones are,
however, rarely observed in the study area. There
is considerable lateral and vertical variation in
lithology throughout the region, with local devel-
opments of calcareous doggers, ferruginous
micaceous sandy clays and sandy limestones.

Wireline log characteristics: the lower bound-
ary is sharp to gradational; defined by a decrease
in gamma-ray response, associated with an
increase in sonic velocity, reflecting a lithological
change to sandy mudrocks and silty sandstones.
In a number of wells this boundary is transi-
tional. The upper boundary is sharp; denoted by
a decrease in gamma-ray response and an
associated increase in sonic velocity values,
denoting a lithological change to limestones.
The Middle Lias Sands are characterized by
moderately low to low gamma-ray values and
relatively low sonic velocities, reflecting the high
silt content of the sands. The logs may be
noticeably serrated, reflecting the presence of
thin calcareous beds. In the offshore Lyme Bay
area the banded nature of the Middle Lias Sands
gives rise to good seismic reflectors on shallow
seismic profiles (Darton et al. 1979).

Distribution and thickness: the Middle Lias
Sands are absent in many of the wells in the
present study. This may reflect some contem-
poraneous facies patterns or more likely a phase
of pre-Toarcian uplift and erosion. To date they
have only been identified in the onshore wells
and at outcrop, occurring in two discrete areas.

First, within the Dorset Basin, the north-
western part of the Cranborne-Fordingbridge

High, Dorset and Somerset, with a northern
limit approximating to the Mere Fault and an
eastern limit near the Hampshire-Dorset
border. Owing to their interfingering with the
Middle Lias Claystones, and their often transi-
tional lower boundary, their thickness is very
difficult to determine, however, average thick-
nesses of between 100 and 250 feet appear to be
typical. On the Dorset coast, the two major sand
units, the Down CIliff Sands (up to 98 feet) and
the Thorncombe Sands (up to 85 feet), are sep-
arated by a thin argillaceous unit — the Margar-
itatus Clay Bed (Melville & Freshney 1982;
Stoneley & Selley 1983). These sand packages
have been proved along strike in Radipole-1,
however, a large part of the Thorncombe Sands
is very argillaceous. In Winterborne Kingston-1,
the Middle Lias Sands (227 feet thick) comprise
only a single discrete sand package. In the
former it has been suggested that the reduc-
tion in thickness compared to Radipole-1 is
due to eastward thinning of the lower argillac-
eous part of the Thorncombe Sands (Hamblin
et al. 1992). Second, on the northwestern edge
of the Hampshire—Dieppe High (e.g. 31 feet
at Chilworth-1) and within the Weald Basin
(e.g. 42 feet at Humbly Grove-1).

Depositional environment: the sands of the
Middle Lias (Down Cliff Sands and Thorn-
combe Sands) are typically fine grained, cross-
bedded and highly bioturbated, often containing
thick-shelled bivalve species, deposited in lower
shoreface to shallow offshore marine environ-
ments (Sellwood 1978; Sellwood & Wilson 1990;
Callomon & Cope 1995). Their distribution
pattern suggests progradation from the west
(‘Cornubia’) and the London Platform. Small-
scale sedimentary cycles are noted within the
arenaceous Middle Lias, culminating in thin
condensed sequences, for example the Margar-
itatus Stone and the Thorncombiensis Bed
(Sellwood & Jenkyns 1975).

Middle Lias Clays (ML12). Age: early Late
Pliensbachian (margaritatus ammonite zone).
Occurring within ostracod zones OJ7 (pars)—
0J8 (pars), foraminiferid zone FJI8 (pars),
palynological subzone DJ3a (pars).

Lithology: The principle lithologies comprise
medium grey to bluish grey, silty, micaceous,
calcareous claystones and mudstones. Occa-
sional beds of light to medium grey limestone
and argillaceous limestone are noted within the
section. Light grey to brownish grey siltstones
and fine-grained calcareous sandstones are
locally developed onshore.

Wireline log characteristics: the lower bound-
ary is sharp; denoted by a decrease in gamma-
ray response and a corresponding increase in
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sonic velocity values indicating a lithological
change to silty, calcareous claystones. The upper
boundary is sharp to moderately well delimited;
defined by a decrease in gamma-ray response
and a corresponding increase in sonic velocity
values, reflecting a lithological change to silt-
stones and silty sandstones. This upper bound-
ary can be easily recognized where clean
arenaceous lithologies of the Middle Lias
Sands overlie silty claystones of the Middle
Lias Clays. However, in many of the wells in the
present study, the boundary is transitional and
often very difficult to identify. The gamma-ray
and sonic velocity profiles are constant through-
out the unit. The occasional sonic ‘spikes’
indicate thin limestone beds.

Distribution and thickness: the Middle Lias
Clays possess a similar distribution to that of the
underlying Green Ammonite Beds; occurring in
the Dorset Basin, the Portland~Wight Basin, the
northwestern edge of the Hampshire-Dieppe
High and the Weald Basin. Its thickness varies
between 9 feet in Bottom Copse-1 to 210 feet in
98/16-1. The thickest sections of the Middle Lias
Clays occur in the central and northern margins
of the Portland-Wight Basin (e.g. 210 feet in
98/16-1, 197 feet at both 98/11-4 and Radipole-1,
and 108 feet at 98/16-2A). Towards the Central
Channel High, a rapid thinning can be observed
(e.g. 23 feet at 98/23-1). Over both the north-
western margin of the Hampshire-Dieppe High
and the Weald Basin the formation is thinner
than that occurring in the Dorset Basin (e.g. 150
feet at Hoe-1 and 140 feet at Horndean-1),
however, thicknesses increase into the centre of
the Weald Syncline (Hamblin et al. 1992). The
Middle Lias Clays are absent from much the
Hampshire—Dieppe High, and also from some of
the wells situated along the northern edge and
the central parts of the Portland-Wight Basin
(e.g. Arreton-2, Sandhills-1, 98/7-2, 98/13-1 and
99/16-1) where they have been removed by pre-
Toarcian uplift and erosion

Depositional environment: the Middle Lias
Clays, including the Eype Clay, possess both
a wider geographical and stratigraphical range
than the Middle Lias Sands. They are envis-
aged to have been deposited in warm, slightly
deeper marine environments than the arenac-
eous sequences of the Middle Lias. Bottom
water environments were generally aerobic due
to the presence of often profuse benthic orga-
nisms. Within the main Domerian shallowing-
upwards event, small-scale shallowing cycles
have been described; for example the Starfish
Bed and the Eype Nodule Bed. These often
yield large numbers of both benthic and
nektonic fossils.

Marlistone Rock Bed. The Marlstone Rock
Bed is frequently included (and often confused)
with the overlying Junction Bed. It is lithologi-
cally distinct and biostratigraphically older than
the Junction Bed.

Age: latest Pliensbachian—earliest Toarcian
(Spinatum—tenuicostatum  ammonite  zones).
Occurring within ostracod zone OJ8 (pars),
foraminiferid zone FJ9 (pars), palynological
subzone DJ3a (pars).

Lithology: the Marlstone Rock Bed comprises
medium grey to light brown, locally oolitic,
bioclastic, ferruginous sparry grainstones, wack-
estones and mud-supported conglomerates.

Wireline log characteristics: the lower bound-
ary is sharp; denoted by an abrupt decrease in
gamma-ray response and an associated increase
in sonic velocity values, reflecting a lithological
change to ferruginous limestones. The upper
boundary is often difficult to identify, as it is
usually overlain by limestones of the Junction
Bed, which have similar log responses. Where
overlain by the Down CIiff Clay, the boundary is
sharp, defined by an abrupt increase in gamma-
ray response, associated with a decrease in sonic
velocity values, reflecting a lithological change
to silty claystones. The Marlstone Rock Bed
possesses a cylindrical log profile, with low
gamma-ray and high sonic velocity responses.

Distribution and thickness: the condensed
Marlstone Rock Bed is generally present
wherever a complete Middle Lias section has
been preserved. In the present study it has only
been recorded in two discrete regions; the
northern edge of the Portland—-Wight and
Dorset Basins (Radipole-1 and Winterborne
Kingston-1), and the northwestern margin of
the Hampshire-Dieppe High-Weald Basin
(Bottom Copse-1, Horndean-1, Crokerhill-1
and Humbly Grove-1). Its thickness is always
less than 12 feet.

Depositional environment: the Marlstone
Rock Bed comprises a condensed unit laid
down in a low-energy, sediment-starved, inner
sublittoral, marine environment, which is locally
near emergent (Sellwood & Wilson 1990). The
presence of small poorly coated chamositic ooids
in outcrop sections has been described by Hallam
(1967) as indicating agitated environments.

Upper Lias. Following Cope et al. (1980a) and
Whittaker et al. (1985) the Upper Lias can be
subdivided in four units; in ascending order,
they comprise, the Paper-Shales, the Junction
Bed, the Down CIiff Clay (UL1) and Bridport
Sands (UL2).

‘Paper-Shales’ and Junction Bed. Age: Late—
Early Toarcian ( falciferum-levesquei ammonite
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zones, dispansum ammonite subzone). Occurring
within ostracod zone OJ9 (pars), foraminiferid
zones FJ9 (pars)-FJ10 (pars), palynological
subzones DJ3b-DJ3d1 (pars).

A lithologically distinctive organic-rich, sub-
fissile claystone unit, 8-10 feet thick, underlies
the Junction Bed on the southern margin of the
Channel Basin. Sediments of equivalent age and
similar lithology also occur in southern England
and the Midlands, and have been informally
named ‘Paper-Shales’ (from their fissility). The
Junction Bed, as typically developed, is a highly
condensed unit spanning most of the Toarcian
Stage.

Lithology: (1) The ‘Paper-Shales’ comprise
dark grey to greyish black, organic-rich, non-
calcareous, silty claystones and fissile shales.

(2) The Junction Bed is dominated by white,
light grey to light brown, microcrystalline, bio-
clastic, hard (mudstone—packestone) limestones.
Where the Junction Bed is thickly developed,
interbeds of medium grey to dark grey, calcar-
eous claystone and marls are also noted.

In ditch cuttings samples, the light grey
bioclastic limestone of the Junction Bed is
lithologically distinct from the sparry ferrugi-
nous limestone of the Marlstone Rock Bed, and
this has enabled positive identification in a
number of wells where wireline log character-
istics are indecisive.

Wireline log characteristics: (1) ‘Paper Shales’:
the lower boundary is very sharp; defined by an
abrupt increase in gamma-ray response and a
corresponding decrease in sonic velocity values,
reflecting a lithological change to organic-rich
claystones. The upper boundary is sharp;
defined by a marked decrease in gamma-ray
response and a corresponding increase in sonic
velocity values, reflecting a lithological change
to well-cemented limestones.

This thin unit locally underlies the Junction
Bed on the southern margin of the Portland—
Wight Basin. It has a very distinctive wireline log
signature comprising high gamma-ray responses
and very low sonic velocity values, reflecting the
high organic content of the lithologies.

(2) Junction Bed: the lower boundary is sharp;
defined by an abrupt decrease in gamma-ray
response and a corresponding increase in sonic
velocity values, reflecting a lithological change to
well-indurated limestones. The upper boundary
is generally sharp; defined by a marked increase
in gamma-ray response and a corresponding
decrease in sonic velocity values, reflecting a
lithological change to claystones.

The Junction Bed is characterized by very low
gamma-ray and high sonic velocity values
typically forming a cylindrical log motif. In

areas where the Junction Bed is more thickly
developed and more generally argillaceous,
separation from the Down CIliff Clay is not as
well defined (e.g. in 98/13-1). These wireline
log motifs are much more subdued, character-
ized by moderately low, coarsely serrated
gamma-ray responses, indicating interbedded
calcareous claystones—marls and argillaceous
limestones. These thicker developments have
previously not been differentiated from the
overlying Down CIiff Clay (e.g. in Winterborne
Kingston-1), however, their lithological charac-
teristics and the biostratigraphic data clearly
indicate that they represent a more expanded
equivalent of the Junction Bed.

Distribution and thickness: the ‘Paper-Shales’
unit is developed at the southern edge of the
Portland—Wight Basin in wells 98/22-1, 98/22-2
and 98/23-1. A very thin claystone unit, which
is present between the Junction Bed and the
underlying Marlstone Rock Bed in Horndean-1,
Humbly Grove-1 and Bottom Copse-1, is envis-
aged to be equivalent to the ‘Paper-Shales’.
It reaches a maximum thickness of no more than
10 feet.

The Junction Bed and its expanded equivalent
occurs throughout much of the present study
area, except over the Hampshire-Dieppe High
and in the main part of the Weald Basin. Its
thickness varies from a minimum of 4 feet
in Chilworth-1 to a maximum of 172 feet in
98/16-2A (Fig. 9). In many wells it rests
unconformably upon the Lower Lias. Its thick-
est development occurs in the Portland—Wight
Basin, where it reaches a maximum thickness of
172 feet in 98/16-2A, thinning in a southerly
direction towards the Central Channel High
(e.g. 41 feet in 98/22-2). The Junction Bed
generally thins northwards over the Purbeck—
Isle of Wight Fault Zone (e.g. 16 feet in 98/11-3
and 20 feet in 98/6-8), remaining thin over
much of the Dorset Basin and the Hampshire—
Dieppe High, with average thicknesses less than
10 feet (e.g. 5 feet at Hoe-1 and 7 feet at
Horndean-1). An exception occurs in the Win-
terborne Kingston-1, where an expanded equiv-
alent of the Junction Bed (41 feet) is envisaged to
be present (data from Rhys et al. 1982, although
not therein recognized as the Junction Bed).
The absence of the Junction Bed in the
main part of the Weald Basin may reflect lateral
facies changes into the lower part of the Down
CIiff Clay.

Depositional environment: The ‘Paper Shales’
unit represents deposition in a low-energy re-
stricted shallow-marine environment, denoted
by its monospecific microfaunas, in association
with the organic-rich nature of the sediments.
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Fig. 9. Thickness and distribution of the Lower Jurassic Lias Group.

The Junction Bed comprises a highly con-
densed wunit, containing algal stromatolites,
several non-sequences and planed surfaces,
deposited in a low-energy, very shallow-marine
environment, similar to the underlying Marl-
stone Rock Bed. The presence of iron staining is
indicative of negligible deposition over a long
period, with no terrigenous influx. Possible
extreme condensing is suggested by the occur-
rence of local pebble layers (Hallam 1975). The
occurrence of large numbers of well-preserved,
vertically orientated ammonites is suggestive of
episodic rapid sedimentation (Hallam 1967).

The Junction Bed marks the last regressive
phase of the Domerian sedimentary cycle (Sell-
wood & Wilson 1990). Throughout the Middle
Lias of Britain a ‘shallowing upwards’ (coarsen-
ing upwards) cyclicity is noted, similar to that
described for the topmost Upper Lias (Hallam
1961; Sellwood & Jenkyns 1975). In southern
England this depositional cycle, in ascending
order comprises the Eype Clay (mudstone), the
Down CIliff and Thorncombe Sands (sand-
stones) and the Marlstone Rock Bed-Junction
Bed (condensed, iron rich limestones).

Down Cliff Clay (UL1). Age: latest Toarcian
(levesquei ammonite zone, levesquei ammonite
subzone). Occurring within ostracod zone OJ9
(pars), foraminiferid zone FJ10 (pars), palyno-
logical subzone DJ3d1 (pars).

Lithology: the formation is dominated by
bluish grey to dark grey, micromicaceous, silty,
calcareous claystones. In the upper part of the
interval, medium grey to medium dark grey,
highly micromicaceous, locally sandy, calcar-
eous siltstones are often present. Rare, light grey
limestone stringers, some of which are argillac-
eous, occur throughout the interval.

Wireline log characteristics: the lower bound-
ary is generally abrupt; defined by a sharp
increase in gamma-ray response, associated with
a marked decrease in sonic velocity, denoting a
lithological change to silty claystones. The upper
boundary varies from being sharp to grada-
tional; defined by a decrease in gamma-ray
response, in association with a slight to sharp
increase in sonic velocity values. The gamma-ray
responses between the Down CIiff Clay and the
Bridport Sands are generally not well marked
due to the high feldspar and clay content of the
overlying Bridport Sands. The change in sonic
velocity responses from a very serrated character
in the Bridport Sands, reflecting the alternation
of friable and cemented bands, to a more even
response in the Down CIliff Clay, is the most
useful indicator for the boundary. In Dorset and
the adjacent offshore areas, this boundary is
often transitional and therefore can be difficult
to identify consistently, possibly partly due to
interfingering between these two units. The
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Down CIiff Clay is characterized by moderately
high to high, finely serrated gamma-ray and
moderately low sonic velocity responses, reflect-
ing the siltstone lithologies. Within the Down
Cliff Clay, several medium-scale stacked coar-
sening-upwards trends can be observed in
some wells (e.g. Arreton-2). A thin basal unit
with a relatively high gamma-ray response has
been observed in the southern Channel Basin
(98/22-1, 98/23-1 and 99/18-1), which probably
represents a more argillaceous unit or a con-
densed section.

Distribution and thickness: the Down CIiff
Clay is present throughout most of the study
area, excluding the main part of the Hampshire—
Dieppe High where it is absent (Fig. 10). On the
southwesterly edge of the Hampshire—Dieppe
High (99/18-1), however, an attenuated devel-
opment (17 feet) does occur. The more silty
developments of the Down CIliff Clay generally
occur in the Portland—Wight and the Dorset
basins, whereas the more argillaceous sequences
are noted along the northwesterly margin of the
Hampshire-Dieppe High and also the Weald
Basin, reflected by a sharp contact with the
Bridport Sands (e.g. in Southampton-1). In well
98/18-1, thin limestone and claystone beds are
present in the Down CIiff Clay. It is most likely
that the boundary between the Down Cliff Clay

N. R. AINSWORTH ET AL.

and Bridport Sands is regionally diachronous.
However, biostratigraphical resolution is not
sufficient to determine the exact nature/degree of
diachroneity.

The thickest developments of Down Cliff Clay
(i.e. 530 feet at 98/11-2, 594 feet at 98/16-1 and
586 feet at 98/16-2A) occur within the northern
and central part of the Portland-Wight Basin.
There is a progressive decrease in thickness of
the Down CIiff Clay in both a southerly
direction towards the Central Channel High
(e.g. 65 feet at 98/22-1 and 46 feet at 99/16-1)
and a westerly direction (e.g. 138 feet at
Radipole-1). Movement on the Purbeck-Isle of
Wight Fault Zone is indicated by a very marked
northwards decrease in thickness (210 feet
in 98/7-2, 273 feet in Arreton-2 and 21 feet in
Sandhills-1). The development of 251 feet of
Down CIiff Clay in the Winterborne Kingston-1
decreases to between 70 and 200 feet over the
northwesterly margin of the Hampshire—Dieppe
High (e.g. 93 feet at Chilworth-1 and 191 feet at
Horndean-1). Similar thicknesses are recorded
to the east in the Weald Basin (e.g. 45 feet at
Humbly Grove-1).

Depositional environment: the Down Cliff
Clay represents the base of the second major
shallowing-upwards cycle in the Jurassic, follow-
ing a rapid transgression, after the deposition of
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the underlying Marlstone Rock Bed—Junction
Bed (Sellwood & Wilson 1990). The Down CIiff
Clay deposition commenced with an influx of
clay in response to climatic change and/or
deepening in a basin immediately offshore of a
low archipelago (Cornubia and Amorica) (Sell-
wood & Wilson 1990). Within the Down CIiff
Clay sequence a subtle increase in grain size
is noted upsequence from claystones through
to silty claystones to micaceous siltstones—
argillaceous siltstones suggesting a decreasing
water depth. High sedimentation rates are
envisaged due to the thick sediment pile
accumulated during the short time span, with
deposition having taken place in well-oxyge-
nated shallow-marine environments.

Bridport Sands (UL2). Proven hydrocarbons
have been described from the Bridport Sands
in several localities in Dorset. They form the
upper oil reservoir at Wytch Farm (Colter &
Havard 1981).

Age: latest Toarcian—earliest Aalenian (/eves-
quei ammonite zone, moorei ammonite subzone—
opalinum ammonite zone, opalinum ammonite
subzone). Occurring within ostracod zones OJ9
(pars)—OJ10 (pars), foraminiferid zone FJI10
(pars), palynological subzones DJ3d1 (pars)—
DIJ3d2 (pars).

Lithology: three distinct lithofacies have been
recognized in this present study.

(1) The Bridport Sands facies comprises light
grey to yellowish grey, very fine- to fine-grained,
variably silty and argillaceous, locally glauconi-
tic, sandstones or calcareous sandstones. At
outcrop and in conventional core samples the
Bridport Sands are heavily bioturbated, with a
variety of burrow types picked out by clay-rich
linings. At some levels they retain traces of
original sedimentary structures, including cross-
lamination and flaser-bedding. They comprise
metre-scale alternations of friable sands and
calcareous nodular sandstones. The calcareous
sandstone beds are cleaner, slightly coarser-
grained sediments and are rich in bioclasts.
Occasional thin beds of sandy, ferruginous
(chamositic), bioclastic limestone are also noted.

(2) The ‘ferruginous’ facies is dominated by
medium grey to yellowish brown limestones.
They are locally argillaceous, ferruginous, with
goethite-berthierine ooliths and grains, and
contain abraded bioclasts (bivalve and echino-
derm debris) in a matrix of goethite, with
ferroan calcite and dolomite cement. Conven-
tional core samples from the Winterborne
Kingston-1 and Hoe-1 wells also show planar
cross-stratification at some levels.

(3) The ‘Bridport Sands equivalent’ (calcar-
eous) facies comprises alternating beds of light

grey, sandy, silty, bioclastic, microcrystalline
limestones and light grey, very fine-grained,
silty, argillaceous, micaceous sandstones, in
association with medium grey, silty, calcareous
claystones and siltstones.

Wireline log characteristics: the lower bound-
ary is gradational to sharp; denoted by a slight
decrease in gamma-ray response, associated with
a slight increase in sonic velocity values, denot-
ing a lithological change to silty—argillaceous
sandstones. The upper boundary is usually well
defined; denoted by a decrease in gamma-ray
response and an associated decrease in sonic
velocity values, reflecting a lithological change
to well-indurated limestones. In some areas,
however, the base of the Lower Inferior Oolite is
represented by sandy limestones, and in such
instances the contact with the Bridport Sands
can be more difficult to differentiate.

The Bridport Sands are characterized by
moderately low gamma-ray and high sonic
velocity responses. The gamma-ray values are
relatively high for a sandstone unit, due to the
significant clay and feldspar content. The sonic
log is characteristically serrate, reflecting the
alternation of friable sandstones with indurated
calcareous sandstone beds. Larger-scale vertical
fluctuations in log characteristics indicate
changes in clay content, which may be cyclic.
The ‘ferruginous’ facies displays lower gamma-
ray and higher sonic velocity responses than the
typical Bridport Sands. In the ‘Bridport Sands
equivalent’ facies, the alternation of argillaceous
limestones and argillaceous sandstones produces
rather irregular log motifs, with low gamma-ray
and high sonic velocity responses. The limestone
beds possess lower gamma-ray and higher sonic
velocity responses than the sandy lithologies.

Distribution and thickness: three major facies
belts are recognized in the Bridport Sands
(Fig. 11).

(1) The ‘Bridport Sands’ facies is present
throughout the northern Portland-Wight
Basin, south Dorset, the Cranborne—Fording-
bridge High, and as far east as the Southampton
area. At the eastern margin of this area (South-
ampton-1 and Marchwood-1) it includes beds
of ferruginous limestone; these have also been
described from Winterborne Kingston-1, sug-
gesting that they occur over a wide area. At
outcrop and further south in the subsurface
at Wytch Farm (Dorset Basin) and in the
Portland-Wight Basin the available data suggest
that only sandstones are present. The maximum
thickness of the ‘Bridport Sands’ facies occurs
in Winterborne Kingston-1 (324 feet) and
Kimmeridge-3 (443+ feet). In the other parts
of the present study they range in thickness from
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Fig. 11. Thickness and facies distribution of the uppermost Toarcian Bridport Sands.

¢. 190 to c. 300 feet, thinning both in a southerly
direction (e.g. 226 feet at 98/16-1 and 115 feet at
98/18-1) and westwards at outcrop on the
Dorset coast. It is probable that some of these
thickness variations are due to lateral facies
changes with the Down CIliff Clay. The ‘Bridport
Sands’ facies pass northwards (at outcrop in
north Dorset and Somerset) into the Yeovil
Sands, which are similar in lithology but cover a
slightly longer stratigraphical range.

(2) In the eastern part of the study area, the
Bridport Sands are represented by alternations
of ‘Bridport Sands’ facies and ‘ferruginous’
facies, with the latter often dominant. This
facies belt is recognized in Hoe-1, Chilworth-1,
Horndean-1 and, possibly, Portsdown-1 (north-
western edge of the Hampshire—Dieppe High),
and throughout the western Weald Basin. The
thin succession at Middleton-1 (47 feet) is,
however, apparently within the Bridport Sands
facies belt. Their thicknesses vary from 1335 feet
in Humbly Grove-1 to 270 feet in Chilworth-1.
Thicknesses of between 100 and 250 feet are
typical in this area.

(3) The calcareous ‘Bridport Sands equiva-
lent’ facies is developed on the eastern and
southern margins of the Portland-Wight Basin,
including Arreton-2, Bottom Copse-1, 99/18-1
and 98/22-1. Those wells situated close to the

Central Channel High (i.e. 98/22-1, 98/22-2 and
98/23-1) possess thin developments of ‘Bridport
Sands equivalent’ (e.g. 80 feet at 98/22-2 and
64 feet at 98/23-1), whereas those wells occurring
along the eastern margin have thicker develop-
ments (e.g. 162 feet at Arreton-2). The calcar-
eous ‘Bridport Sands equivalent’ is absent over
the main part of the Hampshire-Dieppe High.

Depositional environment: the Bridport Sands
were deposited in association with a shallow-
marine migrating barrier bar (Davis 1969, Davis
et al. 1971) which extended east-west, with a
forebar facies to the south and a back bar facies
to the north. The presence of small-scale cross-
bedding in the otherwise heavily bioturbated
sand indicates transport and deposition by
wave-generated currents. The numerous calcar-
eous sandstone nodular beds are interpreted as
storm-generated, with early diagenetic cementa-
tion, due to the high calcareous bioclastic
component (Bryant et al. 1988). Deposition was
relatively rapid, as evidenced by the high sedi-
mentation rates. However, these high sedimenta-
tion rates may have been intermittent as indicated
by very common localized bioturbation.

This thick sand sheet apparently resulted from
rapid progradation from the west, where sand
deposition commenced rather earlier than in the
study area (Cope et al. 1980a), indicated by the
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occurrence of progressively younger faunas
southwards. The Bridport Sands comprise a
southwards-extending basinal infill which
formed the broad sand flats onto which the
overlying carbonates of the Inferior Oolite were
deposited. Progradation may have been inter-
mittent, as there is some evidence of lateral
passage and interfingering between the Bridport
Sands and the Down CIliff Clay. Pauses in
progradation may reflect minor episodes of
relative sea-level rise. This interpretation is
reinforced by the occurrence of thin ferruginous
limestone beds (interbeds of the ‘ferruginous’
facies) in Winterborne Kingston-1, which are
sharp-based and form the initial phases of
cleaning-upwards (interpreted as shallowing-
upwards) sequences. Hoe-1 also possesses simi-
lar sequences to Winterborne Kingston-1. These
appear to represent condensed units deposited
during the initial phases of minor episodes of
relative sea-level rise.

The ‘ferruginous’ facies is characterized by the
presence of ferruginous ooliths and cross-strati-
fication at some levels, indicating deposition
above wave-base in an environment starved of
clastic sediments. Where developed, fringing the
London Platform, this may not have been a
significant source of sediment during the latest
Toarcian. The distribution of calcareous ‘Brid-
port Sands equivalent’ is at present poorly
documented due to inadequate well data. This
sequence of sediments is, however, envisaged to
represent a clastic-starved facies, deposited in
shallow, sublittoral environments.

Knox et al. (1982) suggest that both the
“ferruginous’ facies and the calcareous ‘Brid-
port Sands equivalent’ were deposited during
periods of relative uplift, with their sediments
derived from carbonate facies located on nearby
shallows.

Inferior Oolite Group

The Inferior Oolite Group comprises carbonate-
dominated units subdivided at outcrop into the
Lower Inferior Oolite, Middle Inferior Oolite
and Upper Inferior Oolite. Each of these units is
separated by erosion surfaces marking strati-
graphic breaks. In the subsurface the boundary
between Lower and Middle Inferior Oolite is
generally difficult to recognize both lithologi-
cally and on petrophysical log criteria, how-
ever, the Upper Inferior Oolite can usually be
differentiated.

Age: Aalenian—earliest Bathonian (opalinum
ammonite zone, scissum ammonite subzone—
zigzag ammonite zone, lower yeovilensis

ammonite subzone). Occurring within ostracod
zones 0J10-0J12, foraminiferid zones FJ10
(pars)-FJ12 (pars), palynological subzones
DJ3d3-DJ4b.

The Lower Inferior Oolite is of Aalenian—
earliest Bajocian age, the Middle Inferior Oolite
is of Early-early Late Bajocian age, while the
Upper Inferior Oolite is of Late Bajocian—
earliest Bathonian age.

Lithology: a three-fold subdivision is recog-
nized.

(1) The Lower Inferior Oolite is dominated
by light grey to yellow, locally ferruginous,
bioclastic, sparry wackestones and packstones.
A few limestone beds yield abundant limonitic
ooliths and pisoliths. Towards the base of the
unit there may be local thin developments of
light grey to light yellow, very fine-grained, silty
sandstones and calcareous sandstones.

(2) The Middle Inferior Oolite comprises light
grey to buff, oolitic, bioclastic sparry packstones
and grainstones, many of which are ferruginous.
Thin, interbedded horizons of buff to medium
grey marl occur in a number of wells. Dark grey
to black chert is present at some levels.

(3) The Upper Inferior Oolite is dominated
by light grey to white or buff, bioclastic, sparry
packstones and grainstones. Oolites and glau-
conite may occur throughout the section. Beds
of buff to medium grey marl and calcareous
claystone may be developed throughout the
unit. A basal bed with reworked limestone
clasts and phosphatic pebbles is noted in a
number of localities.

Wireline log characteristics: the lower bound-
ary is generally sharp; defined by a decrease in
gamma-ray response and a corresponding
increase in sonic velocity values, reflecting a
lithological change to oolitic or sandy lime-
stones. The upper boundary is sharp; defined by
a marked increase in gamma-ray response and
an associated decrease in sonic velocity values,
denoting a lithological change to claystones. In
some areas, where the Fuller’s Earth Clay is very
calcareous and the Upper Inferior Oolite argil-
laceous, the contrast in the gamma-ray response
may be less marked, however, the sonic log
velocity still exhibits a clear break.

Low gamma-ray values, in association with
moderately high sonic velocity values, charac-
terize the Inferior Oolite Group, with thin,
argillaceous beds being marked by higher sonic
velocity responses. The Lower and Middle
Inferior Oolite are characterized by similar low
gamma-ray and high sonic velocity values to the
Upper Inferior Oolite. The boundary between
these units, however, cannot be consistently
identified from wireline log characteristics in
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the present study. The base of the Upper Inferior
Oolite is often marked by a very prominent
gamma-ray spike, reflecting a concentration of
phosphate.

Distribution and thickness: the Inferior Oolite
Group occurs throughout the study area, except
over the main part of the Hampshire-Dieppe
High. Its thickness ranges from a minimum of
4 feet in Wytch Farm-X14 to a maximum
of 361 feet in Crokerhill-1. Wireline log criteria
indicates that both the Lower—Middle and
Upper Inferior Oolite are present in many of
the wells. In many cases the Lower-Middle
Inferior Oolite are generally thicker than the
Upper Inferior Oolite, although the thickness of
all the units seems to be very variable regionally.

Great thicknesses of the Inferior Oolite Group
occur in the northern part of the Portland-
Wight Basin (e.g. 231 feet at Arreton-2) and the
northwestern edge of the Hampshire-Dieppe
High (e.g. 361 feet at Crokerhill-1 and 387 feet at
Portsdown-1 (Taitt & Kent 1958)). The limited
data available indicate the presence of a
depocentre in this region (Fig. 12). There is a
very rapid eastward decrease in thickness to less
than 30 feet over the Purbeck-Isle of Wight
Fault Zone (e.g. 16 feet at 98/7-2, 4 feet at
Wytch Farm-X14 and 6 feet at outcrop on the
Dorset coast); southeast of Sandhills-1 the
Inferior Oolite is absent on the upthrown side

N. R. AINSWORTH ET AL.

of the Wight-Bray Fault (Hamblin et a/. 1992).
Southwards into the central part of the Port-
land-Wight Basin, thicknesses in the range of
20-37 feet are encountered, these rapidly in-
crease westwards (e.g. 148 feet at 99/16-1) and
towards the Central Channel High (e.g. 148 feet
at 98/23-1). The Inferior Oolite Group thickens
northwards into the Dorset Basin (69 feet at
Winterborne Kingston-1) and continues to
thicken eastwards across both the Cranborne—
Fordingbridge and Hampshire-Dieppe Highs
(e.g. 169 feet at Chilworth-1) (Thomas & Holli-
day 1982; Young & Lake 1988). This trend of
increasing thickness continues into the Weald
Basin, where a maximum of over 400 feet of
Inferior Oolite Group has been recorded (Gal-
lois & Worssam 1993).

Depositional environment: the Inferior Oolite
Group represents the culmination of a shallow-
ing upwards cycle which commenced with the
Late Toarcian Down CIliff Clay. These sediments
were envisaged to have been deposited in an
intra-basinal structural high, distal to a carbo-
nate-ramp facies developed along the London—
Brabant landmass (Sellwood & Jenkyns 1975).
The occurrence of oolitic-shell detrital grain-
stones, conglomerates (‘snuff boxes’) and pro-
fuse benthic faunas, including algal stromatolites
and oncolites, indicates deposition in shallow,
generally high-energy, marine environments
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(Penn et al. 1980; Hollaway 1985¢). Gatrall
et al. (1972) suggested that these sediments were
laid down in waters only tens of feet deep, upon
a submarine swell or on an undulating shelf.
A number of non-sequences are noted within
the formation (accentuated by episodic tectonic
activity) associated with the development of
hardgrounds and erosion surfaces (Arkell 1933).
These are followed by marine transgressions
which can be identified across much of southern
Britain. Examples include the Aalenian—Bajo-
cian and the intra-Early Bajocian hardgrounds.
Condensed intervals, resulting from marine
transgression or sediment starvation over the
highs are often enriched in iron and local phos-
phate. The development of calcareous sand-
stones in some areas indicates local or regional
shallowing at times, however, it is uncertain
whether this was due to structural or eustatic
controls.

Great Oolite Group

Following Cope et al. (198056) the Great Oolite
Group can be subdivided into five formations; in
ascending order, they comprise, the Fuller’s
Earth, the Frome Clay, the Great Oolite, the
Forest Marble and the Abbotsbury Cornbrash
Formation. Conventionally the base of the Fleet
Member, the upper member of the Abbotsbury
Cornbrash Formation, lies above the Great
Oolite Group. However, for the purposes of
this paper, it has been placed within the Group.

Fuller’s Earth. The Fuller’s Earth comprises
two thick claystone-dominated units, the Lower
and Upper Fuller’s Earth Clay, separated by a
thinner unit dominated by argillaceous lime-
stones, the Fuller's Earth Rock (Cope et al.,
1980b).

Age: Early—earliest Late Bathonian (zigzag
ammonite zone, upper yeovilensis ammonite
subzone—hodsoni ammonite zone, lower querci-
nus ammonite subzone). Occurring within ostra-
cod zones OJ13-OJ14 (pars), foraminiferid
zones FJ12 (pars)-FJ14 (pars), palynological
subzones DJ5a~DIJ5b ( pars).

The Lower Fuller’s Earth is of Early-earliest
Middle Bathonian age, the Fuller’s Earth Rock
is of Middle—earliest Late Bathonian age, while
Upper Fuller’s Earth is of earliest Late Bath-
onian age.

Lithology: a three-fold subdivision is recog-
nized.

(1) The Lower Fuller’s Earth Clay comprises
medium grey to dark grey, locally silty mud-
stones, many of which are quite calcareous.

Rare, medium grey argillaceous limestone strin-
gers also occur throughout the section.

(2) The Fuller’s Earth Rock is dominated by
light to medium grey, bioclastic, argillaceous
limestones, interbedded with thinner medium to
dark grey, silty mudstones and marls.

(3) The Upper Fuller’s Earth comprises light
to dark grey, locally silty, calcareous mudstones.
Stringers of light grey limestone, some of which
are argillaceous, occur in many well sections,
more especially towards the top of the unit.

Wireline log characteristics: a three-fold sub-
division is recognized:

(1) The Lower Fuller’s Earth Clay: the lower
boundary of the Lower Fuller's Earth Clay is
well defined; denoted by an abrupt increase in
the gamma-ray response associated with a sharp
decrease in sonic velocity values, coinciding with
a lithological change to claystones. The upper
boundary is well to poorly defined; denoted by a
decrease in the gamma-ray response, associated
with an increase in sonic velocity values,
coinciding with a lithological change to marls
and limestones. The Lower Fuller’s Earth Clay
possesses similar log responses to the Upper
Fuller’s Earth Clay, comprising moderately low,
slightly serrate gamma-ray and moderately high
sonic velocity responses, reflecting the uniform
lithologies. Towards the base of this unit the
gamma-ray response increases whilst sonic
velocity decreases, reflecting the less calcareous
nature of the claystones.

(2) The Fuller’s Earth Rock: the lower
boundary is sharp to gradational; denoted by a
decrease in the gamma-ray response, associated
with an increase in sonic velocity values,
coinciding with a lithological change to marls
and limestones. The upper boundary is well to
poorly defined; denoted by an increase in the
gamma-ray response associated with a decrease
in sonic velocity values, coinciding with a
lithological change to calcareous claystones.
The Fuller’s Earth Rock is represented by a
serrated log profile with low gamma-ray and
high sonic velocity, reflecting the interbedded
argillaceous limestones and calcareous clays-
tones. The argillaceous nature of the limestones,
however, only gives a very limited contrast with
the claystones above and beneath. The Fuller’s
Earth Rock is more clearly differentiated in
north Dorset and Somerset. In the Portland-
Wight Basin it is only poorly developed and
often cannot be recognized with any degree of
certainty.

(3) The Upper Fuller’s Earth: the lower
boundary is well to poorly defined; denoted by
an increase in the gamma-ray response, asso-
ciated with a decrease in sonic velocity values,
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coinciding with a lithological change to calcar-
eous claystones. The upper boundary is gener-
ally sharp; defined by a decrease in gamma-ray
response and an associated increase in sonic
velocity, reflecting a lithological change to
argillaceous limestones—calcareous claystones.
In areas where the Wattonensis Beds are
poorly developed, the Upper Fuller’s Earth is
differentiated from the Frome Clay by its more
spiky gamma-ray response. The Upper Fuller’s
Earth Clay generally has serrate, moderately
high gamma-ray responses, and moderately low
sonic velocities, reflecting the interbedded argil-
laceous limestone—claystone lithologies.

Distribution and thickness: the Fuller’s Earth
occurs throughout the study area and in many of
the wells examined. Subdivision of the
Fuller’s Earth into the three constituent units
(Lower Fuller’s Earth Clay, Fuller’s Earth Rock
and Upper Fuller’s Earth Clay) can often be
extremely tenuous due to poor wireline log dif-
ferentiation and the recovery of only long-
ranging microfossil taxa. This is most evident
in the offshore areas, in UK Quadrant 99 and
parts of UK Quadrant 98. In a number of wells
(e.g. well 98/18-1) the Fuller’s Earth could not be
subdivided due either to the absence of the
Upper Fuller’s Earth Clay or, more likely, to
the Fuller’s Earth Rock shaling out.

A maximum thickness of almost 700 feet of
Fuller’s Earth occurs in Lulworth Banks-1,
situated within the northern Portland-Wight
Basin (Martin 1967), in an area where the
seismic and sparse well data indicate a depo-
centre. The adjacent wells (Kimmeridge-5 and
Seabarn Farm-1) also possess thick sections, 573
and 661 feet, respectively. The Fuller’s Earth
thins very slightly towards the Central Channel
High (e.g. 419 feet at 98/16-2A and 471 feet at
98/22-2), but thins abruptly to the north across
the Purbeck-Isle of Wight Fault Zone (e.g. 167
feet at 98/11-3 and 117 feet at Sandhills-1)
and over the south Dorset High (Fig. 13).
In the Wytch Farm area less than 200 feet of
Fuller’s Earth is present. There is a general east-
ward thinning from the Cranborne—Fording-
bridge High across the northwesterly part
of the Hampshire-Dieppe High (e.g. 140 feet at
Bottom Copse-1, 97 feet at Chilworth-1 and
114 feet at Southampton-1) and into the Weald
Basin (e.g. 100 feet at Humbly Grove-1). The
Fuller’s Earth is the oldest Jurassic formation
present over the main part of the Hampshire—
Dieppe High (e.g. 197 feet at 99/12-1), which is
envisaged to have been onlapped by Jurassic
sediments during the Bathonian.

Depositional environment: the Fuller’s Earth
was deposited in a low-energy, open marine,
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shelf environment, largely below wave-base.
Benthic micro- and macrofaunas occur through-
out the formation, indicating well-oxygenated
bottom waters. However, episodes of restricted
circulation, locally with bottom water anoxia,
are indicated by the absence of microfaunas.
Similar restricted environments have been
described by Penn (1982) from the Fuller’s
Earth of the Winterborne Kingston-1.

The Fuller’s Earth represents an initial dee-
pening event before the commencement of a
major regressive sedimentary cycle (House 1993),
which culminated at the top of the Forest
Marble. Superimposed upon this cycle are two
further shallowing-upwards cycles; an under-
lying Lower Fuller’s Earth Clay—Fuller’s Earth
Rock cycle and an overlying Upper Fuller’s
Earth Clay-Wattonensis Beds cycle (Sellwood
et al. 1985). Penn (1982) also recognized a
number of very minor regressive cycles, com-
prising a basal, silty limestone yielding a varied
shelly fauna, passing upwards into mudrocks
containing a less diverse benthos and finally into
a minor regressive facies at the top.

Hesters Copse Member. The Hesters Copse
Member (Sellwood er al. 1985) comprises a
carbonate-dominated interval, which includes
both sandstones and dolomitic limestones. It
occurs between an underlying Fuller’s Earth and
an overlying Great Oolite in the Humbly Grove
Oilfield. It is regarded as a member of the
Fuller’s Earth Clay due to its lateral passage into
the upper part of the Fuller’s Earth Clay.

Similar lithologies to the Hesters Copse Mem-
ber are recognized over a wide area, apparently
passing laterally into the Fuller’s Earth Rock(?),
Upper Fuller’'s Earth and Wattonensis Beds.
Sellwood et al. (1985) recognized a representa-
tive of the Fuller’s Earth Rock underlying the
Hesters Copse ‘Formation’ in the type area.

Age: earliest Late Bathonian. Occurring
within ostracod zone OJ14 ( pars), foraminiferid
zone FJ14 (pars), palynological subzone DJ5b
(pars).

Lithology: The Hesters Copse Member com-
prises a complex interbedded sequence of sedi-
ments. Notable lithologies include white, very
fine- to fine-grained, calcareous sandstones and
light grey to medium grey, dolomicrites through
to bioclastic dolomitic packstones. Some of
the dolomites are locally oolitic or oncolitic,
while others are sandy. The claystones are
generally medium grey, oncolitic (characteristi-
cally with black oncolites and pisoliths) and
are calcareous.

In the Humbly Grove Oilfield, the Hesters
Copse Member comprises three subdivisions

(Sellwood et al., 1985), in ascending order they
comprise the lower Sandstone Unit, the Wack-
estone Unit and the Dolomitic Unit. Similar
lithologies are widespread in the subsurface,
however, where conventional core samples are
not available the existence of a similar succes-
sion is difficult to verify. The Hesters Copse
Member differs from similar aged units mainly
by the presence of sandstones and dolomitic
limestones.

Wireline log characteristics: the lower bound-
ary is sharp; defined by a decrease in gamma-ray
response and an increase in sonic velocity values
reflecting a lithological change to sandstones.
The upper boundary is sharp; defined by an
increase in gamma-ray response, with a coincid-
ing decrease in sonic velocity values reflecting a
lithological change to claystones. The Hesters
Copse Member is characterized by moderately
low, erratic irregular gamma-ray and moder-
ately high sonic velocity responses, reflecting the
interbedded lithologies.

A prominent, low sonic spike is recognized
within this member in the Humbly Grove
Qilfield. It is not obvious in Humbly Grove-1,
however, it is clearly defined in other wells in the
area (Sellwood et al. 1985). This spike is situated
in the lower part of the Wackestone Unit, close
to its base. An identical log feature is present in
other wells in the study area where the Hesters
Copse Member is developed (e.g. Horndean-1).

Distribution and thickness: the Hesters Copse
Member occurs mainly within the Weald Basin.
Its western limit lies to the west of South-
ampton, extending southeastwards along the
northern margin of the Hampshire-Dieppe
High. Its thickness ranges from 23 feet in
Southampton-1 to 79 feet in Horndean-1. An
equivalent to the Hesters Copse Member can be
seen as far south as the Isle of Wight (e.g.
Sandhills-1).

Depositional environment: the Hesters Copse
Member is envisaged to represent a nearshore
equivalent of the Upper Fuller’s Earth. The
lower Sandstone Unit is envisaged to have been
deposited as an offshore bar-lower shoreface
sand, accumulating during a phase of increased
sediment supply (Sellwood et al. 1985). Follow-
ing sand deposition there was a relative rise in
sea level leading to the deposition of argil-
laceous sediments (the Wackestone Unit and
the Dolomitic Unit) formed in a quiet, wave-
influenced, shelf-lagoonal environment, with
storms introducing oolitic debris into the area.
This member fringes the London Platform,
passing downslope into the upper part of the
Fuller’s Earth, which was deposited in a deeper
marine setting.
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Frome Clay. The Frome Clay comprises two
units, the Frome Clay (sensu stricto) and a basal
calcareous unit, the Wattonensis Beds (Cope
et al. 19806).

Age: Late Bathonian (hodsoni ammonite zone,
upper quercinus ammonite subzone—lower orbis
ammonite zone). Occurring within ostracod
zones OJ14 (pars)-OJ15 (pars), foraminiferid
zones FJ14 (pars)-FJ15 (pars), palynological
subzone DJ5b (pars).

Lithology: a two-fold subdivision is recog-
nized:

(1) The Wattonensis Beds comprise an inter-
bedded argillaceous limestone—calcareous clay-
stone sequence. The former are light grey,
generally bioclastic, with common echinoderm
debris; while the latter comprise medium grey,
silty, bioclastic calcareous claystones and marls.

(2) The Frome Clay is dominated by
medium-light grey to dark grey, locally silty,
mudstones. The calcareous content of these
mudrocks is high both at the base (the Watto-
nensis Beds) and also in its upper third. Stringers
of light grey, bioclastic argillaccous limestone
occur throughout the section. In UK blocks
98/6, 98/7 and 98/11 the Frome Clay is domi-
nated by medium-light grey marls and argillac-
eous limestones.

Wireline log characteristics: the lower bound-
ary is sharp; defined at a decrease in gamma-ray
response, associated with an increase in sonic
velocity denoting a lithological change to cal-
careous claystone-argillaceous limestone. The
upper boundary is sharp; defined by a decrease
in gamma-ray response, associated with an
increase in sonic velocity values, denoting a
lithological change to limestones.

The Frome Clay (sensu stricto) is character-
ized by a progressive upsection increase in
gamma-ray response, mirrored by decreasing
sonic velocity, reflecting a progressive upward
decrease in carbonate content. An interval with
very low sonic velocities can be identified at the
base in some onshore wells (e.g. Winterborne
Kingston-1; Whittaker ez al. 1985), correspond-
ing to a unit of black organic-rich claystones.
This unit can also be recognized in some other
wells in the area (e.g. Wytch Farm-X14).
The gamma-ray values of the Frome Clay are
characteristically higher than those of the
claystones of the underlying Fuller’s Earth
Clay. In UK blocks 98/6, 98/7 and 98/11 the
Frome Clay possesses a flattened, low gamma-
ray motif reflecting the high calcareous con-
tent of the lithologies (marls and argillaceous
limestones).

The top of the Wattonensis Beds is marked by
an increase in the gamma-ray log response and a

corresponding decrease in the sonic velocity. The
sonic log is more serrate in the Wattonensis Beds
than in the overlying Frome Clay. These log
motifs reflect a downward lithological change
from claystones to calcareous claystones with
interbedded argillaceous limestones. In the
onshore sections the Frome Clay is relatively
thick compared with the Wattonensis Beds,
however, in the Portland—Wight Basin, the
Wattonensis Beds are thicker and become more
argillaceous. In some wells, particularly in the
Portland-Wight Basin (e.g. 98/23-1), a thick
sequence of interbedded argillaceous limestones
and claystones with a markedly serrated wireline
log profile lies between the Lower Fuller’s Earth
and the Frome Clay. This unit represents a
lateral equivalent of the Wattonensis Beds
which, together with the Fuller’s Earth Rock
and the Upper Fuller’s Earth, cannot be readily
differentiated.

Distribution and thickness: the Frome Clay
occurs in the western and southern parts of the
present study area, including Dorset and the
western and southern parts of the Portland-
Wight Basin (Fig. 14). Northeastwards it passes
laterally into the carbonates of the Great Oolite
(Martin 1967; Green & Donovan 1985; Holl-
away 1985h; Whittaker 1985). In UK blocks
98/6, 98/7 and 98/11 the Frome Clay is highly
calcareous, comprising marls and argillaceous
limestones throughout its section. This is envi-
saged to reflect proximity to the boundary
between the Frome Clay and the Great Oolite
facies belts.

The thickness of the Frome Clay varies from
16 feet in well 99/16-1 to 246 feet in both
Kimmeridge-5 and Seabarn Farm-1. The max-
imum thicknesses of this unit are situated
towards the northern margin of the Portland—
Wight Basin indicating a depocentre within this
area (Martin 1967). Within the main part of the
Portland—Wight Basin, the Frome Clay ranges
in thickness between 164 feet at 98/23-1 and
239 feet at 98/18-1. There is a significant reduc-
tion in thickness across the Purbeck—Isle of
Wight Fault Zone (e.g. 166 feet at Wytch Farm-
X14, 168 feet at 98/11-1, 110 feet at 98/6-8
and 79 feet at 98/7-2) and the Dorset High.
The sequence thickens up northwards in the
Winterborne Kingston Trough (190 feet at
Winterborne Kingston-1), while slightly reduced
thicknesses are noted over the Cranborne—
Fordingbridge High.

Depositional environment: the Frome Clay
was deposited in low-energy, shallow shelf
marine environments (with parts experiencing
slightly restricted circulation), associated with
moderately high sedimentation rates. Although
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Fig. 14. Thickness and facies distribution of the Late Bathonian Great Oolite and Frome Clay.

relatively shallow-marine deposition, this for-
mation was laid down in a deeper water setting
compared to the Great Oolite Formation. The
basal, silty Wattonensis Beds, containing an
abundant epifaunal benthic macrofauna, are
indicative of a period of limited clastic sediment
supply and slow sedimentation rates (Penn
1982). This basal sequence is thought to be the
end phase of a minor regressive sedimentary
cycle which commenced at the base of the Upper
Fuller’s Earth Clay.

Great Qolite. The limestones of the Great
Oolite form the main reservoir in the Humbly
Grove Oilfield as well as several other localities
in the Weald Basin (Sellwood et al. 1985,
Hancock & Mithen 1987).

Age: late Bathonian (hodsoni ammonite zone,
upper quercinus ammonite subzone-lower orbis
ammonite zone). Occurring within ostracod
zones OJ14 (pars)-OJ15 (pars), foraminiferid
zones FJ14 (pars)-FJ15 (pars), palynological
subzone DI5b (pars).

Lithology: the Great Oolite is dominated by
white to light grey, buff, bioclastic, oolitic
grainstones and packstones. These limestones
are locally argillaceous or more rarely dolomi-

tized. Thin, light grey to medium grey calcareous
claystone—marl interbeds occur throughout the
section.

Wireline log characteristics: the lower bound-
ary is sharp; denoted by an abrupt decrease in
gamma-ray response, coinciding with an increase
in sonic velocity values, reflecting a lithological
change to oolitic limestones. The upper bound-
ary is sharp; defined by a marked increase in
gamma-ray response and an associated decrease
in sonic velocity values, corresponding with a
lithological change to calcareous claystones.
The Great Oolite is characterized by a cylind-
rical, slightly serrated log motif, with very low
gamma-ray values and moderately high sonic
velocities. Thin intervals with slightly higher
gamma-ray values indicate beds of calcareous
claystone. Large-scale vertical variations in
gamma-ray response indicate the positions of
prograding oolite shoals, with concomittant
‘cleaning-upwards’ trends. The Great Oolite
grades into the Frome Clay (e.g. UK block
98/11); at the distal margins of the Great Oolite,
argillaceous limestone units are developed,
denoted by higher gamma-ray responses (e.g.
in Marchwood-1).

Distribution and thickness: the Great Oolite
forms a carbonate ramp surrounding the
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southern and western fringes of the London
Platform (Sellwood et al. 1985). In the pre-
sent study, its maximum thickness (275 feet at
Crokerhill-1) occurs on the northwestern margin
of the Hampshire-Dieppe High (Fig. 14). It
thins slightly northeastwards, extending north
and east of the study area towards the London
Platform (Hamblin er al. 1992). The Great
Oolite rapidly thins both southwards (120 feet
at 99/12-1) and southwestwards (e.g. 83 feet at
Bottom Copse-1 and 97 feet at 98/13-1), passing
transitionally into (98/11-1 and 98/11-2) and
inter-fingering with the Frome Clay. The north-
ern margin of the Great Oolite apparently
extends from Wiltshire through western Hamp-
shire, south of the Isle of Wight and then
eastwards towards the centre of the English
Channel. Thin oolitic limestone beds within
the Frome Clay in a Wytch Farm well (Bristow
et al. 1991), are suggestive of a wide area
of interdigititation at the boundary between
these facies belts.

Depositional environment: the Great Oolite
was deposited on a shallow carbonate shelf, above
wave-base, which gradually deepens southwards
and westwards (Sellwood et al. 1985; Sellwood &
Evans 1987). It comprises cross-bedded oolite
dunes, with intervening bioclastic limestones,
which reflect an intermittently mobile complex
of oolite sand dunes with shell debris accumulated
in interdune channels. In cored sections, stacked
coarsening-upwards cycles with hardgrounds at
the base are identified. These are interpreted as
successive episodes of oolite shoal progradation
under tidal influence, followed by abandonment
(Sellwood er al. 1985). There is evidence for
emergence at the tops of some of these cycles. Ona
regional scale, the Great Oolite can be seen to
form a wedge prograding outwards from the
London Platform during a period of relative
structural stability.

Forest Marble. Age: Late Bathonian (upper
orbis—discus ammonite zones, hollandi ammo-
nite subzone). Occurring within ostracod zones
OJ15 (pars)-0J16 (pars), foraminiferid zones
FJ15 (pars)-FJ16 ( pars), palynological subzone
DIJ5b (pars).

Lithology: this formation encompasses a wide
variety of sediment throughout the study area. It
is dominated by alternations of limestones,
marls and claystones. The limestones comprise
light grey to brownish grey, bioclastic micrites
through to grainstones, a number of which are
oolitic; while the marls and claystones are light
grey to medium grey, grey—green, locally silty
or oolitic and often bioclastic. Thin stringers

of medium grey to brown, very fine-grained,
sandy limestones—calcareous sandstones are also
noted in a number of wells. Plant debris is
common locally.

Wireline log characteristics: the lower bound-
ary is sharp; where it overlies the Great Oolite or
the Frome Clay. In the former, it is denoted by
an abrupt increase in gamma-ray response and
an associated decrease in sonic velocity values,
reflecting a lithological change to calcareous
claystones; in the latter, it is denoted by a
decrease in gamma-ray response and an asso-
ciated increase in sonic velocity values reflecting
a lithological change to limestones. The upper
boundary can be difficult to identify in the
subsurface as both this unit and the overlying
Abbotsbury Cornbrash Formation comprise
interbedded limestones and claystones. The
upper boundary of the Forest Marble is placed
at the top of the highest thick claystone bed,
beneath the limestone-dominated Cornbrash.
This boundary is indicated by a marked decrease
in gamma-ray response and an associated
increase in sonic velocity values.

The Forest Marble is characterized by a
serrated/irregular log motif, indicating inter-
bedded limestones, claystones and sandstones.
The claystones exhibit moderately high gamma-
ray responses due to their low calcareous
content, whilst the limestones and sandstones
are characterized by high sonic velocities with a
spiky/serrated profile and low gamma-ray
responses. A prominent unit with moderate to
high gamma-ray and very low sonic velocity
responses can be identified within the upper part
of the Forest Marble, with an average thickness
of 20-30 feet. This unit has been cored in the
Winterborne Kingston-1 borehole (Rhys et al.
1982), and comprises grey calcareous claystones.
This unit can also be recognized in south Dorset
and within the Portland-Wight Basin.

Thin, bioclastic limestone beds within the
lower part of the Forest Marble form promi-
nent low sonic velocity spikes. Two such dis-
crete units are recognized in south Dorset;
the Boueti Bed (which defines the base of the
Forest Marble) and the higher Digona Bed
(Melville & Freshney 1982); these beds have
been tentatively identified in some wells in the
Portland-Wight Basin.

Distribution and thickness: the Forest Marble
occurs throughout the study area, with thick-
nesses ranging from less than 5 feet at Horn-
dean-1 to a maximum of 245 feet in Seabarn
Farm-1 (Fig. 15). Its thickest developments
occur along the northern edge of the Portland-
Wight Basin, where thicknesses of over 200 feet
in both the Seabarn Farm-1 and Lulworth
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Fig. 15. Thickness and distribution of the Late Bathonian Forest Marble.

Banks-1 suggest an east-west elongated depo-
centre (Hamblin er al. 1992). Further south
within the main part of the Portland-Wight
Basin the Forest Marble ranges between 95 and
161 feet (98/22-2 and 98/16-1, respectively). The
influence of both the Purbeck-Isle of Wight
Fault Zone and the Dorset High is subdued,
reflected by a slight thinning of the Forest
Marble (e.g. 150 feet at 98/11-2 and 143 feet at
98/6-8). Thicknesses of between 100 and 180 feet
are maintained over a wide area to the north
over the Cranborne-Fordingbridge High. Due
east of the Cranborne-Fordingbridge High,
however, there is rapid eastward thinning over
both the Hampshire—Dieppe High (e.g. from 165
feet at Hoe-1 and Bottom Copse-1 to 10 feet at
99/12-1 and 5 feet at Horndean-1) and the
Weald Basin (e.g. 32 feet at Humbly Grove-1).
This trend continues into the main part of the
Weald Basin (Hamblin ez al. 1992).

Laterally the thin developments of the Forest
Marble occurring within parts of the study area
coincide with the thick developments of the
Great Oolite. These thin sequences of Forest
Marble may reflect the persistence of a rela-
tively shallow platform—ramp fringing the
London Platform leading to limited differential
compaction.

A detailed stratigraphical breakdown of the
Forest Marble is extremely difficult due to the

impersistence of many of the individual beds,
however, the overall facies development is
similar in most parts of the study area. Moder-
ately thick sandstone units (the ‘Hinton Sands’
facies up to 50 feet thick) are developed to the
northwest of the study area. In other parts of
the region sandstones generally occur as very
thin beds, or laminae, and lenses rather than
discrete units.

Depositional environment: the Forest Marble
is envisaged to reflect the topmost unit of a
major regressive cycle which commenced at the
base of the Fuller's Earth (Penn 1982; House
1993). Superimposed on this major regressive
cycle are three shell beds (in ascending order
comprising the Boueti Bed, Digona Bed and the
hebridica lumachelle unit) which represent basal
phases of three minor sedimentary cycles (Penn
1982). In all three instances, a decrease in both
sediment supply and grain size is noted.

The lower part of the Forest Marble is
envisaged to have been deposited in low-energy
marine environments below wave-base. The
occurrence of further thin, bioclastic limestone
beds probably represents minor breaks in
sedimentation or storm-generated lag deposits
(Sellwood et al. 1985). The middle and upper
parts of the formation show progressive shal-
lowing, interrupted by minor transgressive
episodes, with clays and silts deposited in
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low-energy, restricted marginal marine (bay/
lagoon) environments. In less restricted shal-
low-water environments, tidal influences are
indicated by lenticular and flaser bedded sedi-
ments, while bioclastic limestone lenses reflect
tidal channel deposits with sands deposited as
tidal sandwaves. The increasing thickness of
sands towards the northwest of the present study
suggests clastic sourcing in this area.

Abbotsbury Cornbrash Formation. The Abbots-
bury Cornbrash Formation comprises two dis-
tinct lithological units, often separated by a
stratigraphic discontinuity, the Lower Cornbrash
(latest Bathonian) and the Upper Cornbrash
(earliest Callovian). Page (1989) has renamed the
Upper Cornbrash the Fleet Member, and
the Lower Cornbrash the Berry Member. These
two members cannot, however, be readily be
discerned in the subcrop without conventional
core samples. Therefore, in the present study the
Abbotsbury Cornbrash Formation has been
treated as a single lithological unit.

The Kimmeridge Oilfield, located on the
Dorset coast, produces hydrocarbons from a
fissure system within the Abbotsbury Corn-
brash Formation (Brunstrom 1963; Colter &
Havard 1981).

Age: latest Bathonian—earliest Callovian
(discus ammonite zone, discus ammonite sub-
zone-macrocephalus ammonite zone, lower
kamptus ammonite subzone). Occurring within
ostracod zone OJ16 (pars), foraminiferid zone
FJ16 (pars), palynological subzones DIJ5b
(pars)-DIJ5c (pars).

Lithology: this formation is dominated by
light grey to buff, bioclastic limestones (micrites
through to packstones), some of which are
argillaceous or locally sandy. Thin interbeds of
light grey to dark grey, calcareous claystone and
calcareous siltstone also occur throughout the
section.

Wireline log characteristics: the lower bound-
ary is sharp; denoted by a marked decrease in
gamma-ray response, associated with an increase
in sonic velocity values, coinciding with a litho-
logical change to limestones. The upper bound-
ary is well defined; marked by an increase in
gamma-ray and an associated decrease in sonic
velocity values, reflecting a lithological change
to claystones.

Low gamma-ray values and high sonic velo-
cities are characteristic of the Abbotsbury
Cornbrash Formation. Where subdivisions can
be recognized, the Fleet Member often has a
serrated wireline log profile reflecting inter-
bedding of limestones and claystones, while

the Berry Member possesses a cylindrical log
profile due to the less frequently interbedded
lithologies.

Distribution and thickness: the Abbotsbury
Cornbrash Formation is present throughout the
study area with thicknesses ranging from 7 feet
at 98/11-3 to 62+ feet at Seabarn Farm-1.
Average thicknesses range between 20 and 40
feet. Similar to the underlying Forest Marble,
the thickest developments of the Abbotsbury
Cornbrash Formation occur in the northern half
of the Portland—Wight Basin (e.g. 62+ feet at
Seabarn Farm-1 and 43 feet at Kimmeridge-5)
suggesting a depocentre in this region. South-
wards towards the Central Channel High
the Abbotsbury Cornbrash Formation thins
abruptly (e.g. 14 feet at 98/22-2 and 10 feet at
98/22-1). A slight thinning of the formation also
occurs across the Purbeck—Isle of Wight Fault
Zone (e.g. 27 feet at 98/11-2 and 18 feet at
98/7-2), while thin attenuated sequences are
noted across much of the Hampshire-Dieppe
High (e.g. 12 feet at 99/18-1 and 18 feet at
Southampton-1).

Depositional environment: the Abbotsbury
Cornbrash Formation was deposited in a mar-
ine, inner sublittoral, carbonate-shelf environ-
ment, mainly below wave-base, during a period
of relative quiescence (Page 1989). The occur-
rence of large numbers of infaunal and epifaunal
benthic macrofaunal suspension feeders is sug-
gestive of warm, shallow waters, with little or no
terrestrial clastic input (House 1993). Itisais a
relatively condensed unit formed during two
successive marine transgressive phases, both of
which were probably eustatically controlled
(Arkell 1933).

Kellaways Formation

The Kellaways Beds were formally designated a
formation by Page (1989). A two-fold subdivi-
sion is recognized throughout the area, a lower
Kellaways Clay Member and an upper Kell-
aways Sand Member.

Kellaways Clay Member. Age: Early Callovian
(macrocephalus ammonite zone, upper kamptus
ammonite subzone—calloviense ammonite zone,
lower calloviense ammonite subzone). Occurring
within ostracod zone OJ17 ( pars), foraminiferid
zone FJ17 (pars), palynological subzone DJ5c
(pars).

Lithology: the Kellaways Clay Member com-
prises medium grey to light brown, locally silty
claystones, some of which are calcareous, more
especially towards its base.
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Wireline log characteristics: the lower bound-
ary is very sharp; defined by an increase in
gamma-ray response, coincident with a marked
decrease in sonic velocity values, denoting a
lithological change to claystones. The upper
boundary is sharp; defined by a slight decrease
in gamma-ray response, associated with a sharp
increase in sonic velocity values, denoting a
lithological change to siltstones and sandstones.
In areas where the overlying Kellaways Sand
Member is argillaceous, the gamma-ray response
of the Kellaways Clay Member is not definitive,
however, the sonic log maintains its character.
Gamma-ray responses increase upwards from
the base of the Kellaways Clay Member, while
sonic velocities decrease, reflecting a decrease in
carbonate content.

Distribution and thicknesses: the Kellaways
Clay Member is present throughout the study
area. Its thickness ranges from a minimum of
9 feet in Chilworth-1 to a maximum of 39 feet in
98/22-2. Average thicknesses are between 20 and
30 feet, with the more condensed sequences
occurring in the northwestern edge of the
Hampshire—-Dieppe High (e.g. 17 feet at both
Middleton-1 and Horndean-1) and the Weald
Basin (10 feet at Humbly Grove-1). This
member is absent in Sandhills-1, where it has
been removed by pre-Albian uplift and erosion.

Depositional environment: the generally silty
Kellaways Clay Member, which contains a rich
bivalve fauna, was deposited below wave-base in
a low-energy, well-oxygenated marine environ-
ment (Page 1989). Its formation was due to the
initiation of a marine transgression subsequent
to the deposition of the underlying shallower
water Abbotsbury Cornbrash Formation.

Kellaways Sand Member. Age: late Early Cal-
lovian (calloviense ammonite zone, upper cal-
loviense-lower enodatum ammonite subzones).
Occurring within ostracod zone OJ17 (pars),
foraminiferid zone FJ17 (pars), palynological
subzone DJSc ( pars).

Lithology: this member generally comprises
white to medium grey, very fine- to fine-grained,
quartzose to locally calcareous siltstones and
sandstones. In many of the wells examined both
the siltstones and sandstones possess high
argillaceous contents. Beds of medium to dark
grey, silty claystone also occur throughout the
Kellaways Sand Member. Calcareous doggers
are noted in a number of wells.

Wireline log characteristics: the lower bound-
ary is sharp; defined by a slight decrease in
gamma-ray response, coinciding with a sharp
increase in sonic velocity values, coincident with

a lithological change to siltstones and sand-
stones. The upper boundary is sharp; defined by
a marked increase in gamma-ray response and
an associated decrease in sonic velocity, reflect-
ing a lithological change to claystones. The
Kellaways Sand Member typically exhibits a low
gamma-ray response decreasing away from the
base, and a moderately high sonic velocity
response which increases away from the base
forming a funnel log profile. Sonic log ‘spikes’
reflect thin, calcareous sandstone beds.

In the Portland-Wight Basin the Kellaways
Sand Member comprises a more silty and argil-
laceous interval, with a gamma-ray response
only slightly lower than in the overlying Oxford
Clay Formation (e.g. in well 98/23-1). However,
the sonic log velocity response is still distinctive
enabling identification of this unit.

Distribution and thickness: the Kellaways
Sand Member occurs throughout the present
study area, with thicknesses ranging from a
minimum of 17 feet in Wytch Farm-X14 to
a maximum of 46 feet in Arreton-2. On average,
thicknesses range between 20 and 40 feet, with
generally no major thickness variations across
the region. It is, however, absent in Sandhills-1
where it has been removed by pre-Albian uplift
and erosion.

Depositional environment: the Kellaways
Sand Member forms the upper part of a coars-
ening-upwards (shallowing-upwards) sequence,
which culminates in the progradation of shallow,
offshore sheet sands, deposited above wave-base
(Page 1989). The generally finer-grained litholo-
gies in the Portland—Wight Basin are suggestive
of either greater water depths or limited clastic
supply being attained within this area.

Oxford Clay Formation

The Oxford Clay was formally designated a
formation by Cox et al. (1992). A three-fold
subdivision of the Oxford Clay Formation using
the traditional subdivisions (Lower, Middle and
Upper) was endorsed as lithostratigraphic units
and, respectively, named the Peterborough
Member, the Stewartby Member and the Wey-
mouth Member.

Age: latest FEarly Callovian-latest Early
Oxfordian (calloviense ammonite zone, upper
enodatum ammonite subzone—cordatum ammo-
nite zone, lower cordatum ammonite subzone).
Occurring within ostracod zones OJ18-0J19
(pars), foraminiferid zones FJ18-FJ19 (pars),
palynological subzones DJ6a-DJ7b ( pars).

The Peterborough Member is of latest Early—
earliest Late Callovian age, the Stewartby
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Member is of Late Callovian age, while the
Weymouth Member is of Early Oxfordian age.

Lithology: a three-fold subdivision can be
recognized.

(1) The Peterborough Member is dominated
by bluish to dark grey, grey brown, non-
calcareous to calcareous, silty, fissile mudstones.
Towards the base of the interval, the lithologies
are often dominated by calcareous siltstones and
silty claystones. Organic-rich (carbonaceous)
claystones are often common in the upper two-
thirds of the section. Stringers of medium grey,
bioclastic limestone occur throughout this
member. A prominent limestone band (the
Acutistriatum-comptoni Bed) occurs at the top
of this member.

(2) The Stewartby Member comprises me-
dium to dark grey, silty, fissile shales and calcar-
eous claystones. The more calcareous lithologies
occur mid-way through the unit. Thin, light to
medium grey, argillaceous limestones may occur
throughout the interval.

(3) The Weymouth Member is dominated by
bluish to dark grey, grey brown, non-calcareous
to calcareous, silty, in part organic-rich, fissile
mudstones. In the upper half of the interval the
sediments are often less calcareous in nature.

Wireline log characteristics: a three-fold sub-
division is noted.

(1) The Peterborough Member: the lower
boundary is sharp; defined by an increase in
gamma-ray response, and an associated decrease
in sonic velocity values, corresponding with a
lithological change to claystones. The upper
boundary is sharp to abrupt; defined by a
decrease in gamma-ray response, associated
with an increase in sonic velocity, reflecting a
lithological change to a well indurated lime-
stone. The Peterborough Member exhibits a
highly serrated gamma-ray response. Towards
the base of the interval there is a decrease in
gamma-ray response, associated with increased
sonic log velocity. Intervals with high gamma-
ray response and very low sonic velocity denote
organic-rich claystones, while several prominent
sonic ‘spikes’ indicate the presence of thin
limestone beds.

(2) The Stewartby Member: the lower bound-
ary is sharp; defined by a decrease in gamma-ray
response and a corresponding increase in sonic
velocity values, denoting a lithological change to
a well-indurated limestone. The upper boundary
is moderately sharp; defined by an increase in
gamma-ray response, associated with a decrease
in sonic velocity, corresponding to a decrease in
the carbonate content of the claystones. The
upper three-quarters of the Stewartby Member
is characterized by a bow log profile, with the

lowest gamma-ray responses and highest sonic
velocities midway through the unit, reflecting
the more calcareous natures at this point. The
occurrence of a serrated log motif denotes
thin, argillaceous limestone beds and/or concre-
tions, interbedded within the claystones. The
lower quarter of this member possesses the
higher gamma-ray responses denoting the more
organic-rich claystones.

(3) The Weymouth Member: the lower
boundary is moderately sharp; defined by an
increase in gamma-ray response, coinciding with
a decrease in sonic velocity values, reflecting a
decrease in the calcareous content of the clay-
stones. The upper boundary is sharp; defined by
a marked decrease in gamma-ray response,
associated with an increase in sonic velocity
values, reflecting a lithological change to sand-
stones. The Weymouth Member is characterized
by serrated wireline log motifs with moderately
high gamma-ray and moderately low sonic
velocities. ‘Sonic’ spikes reflect thin limestone
beds or concretions. Several high-gamma ‘peaks’
are often present in the upper part of the
Weymouth Member. These are envisaged to
reflect organic-rich claystone beds as described
by Wright (1986b) from outcrop at Furzy Cliff.

Distribution and thickness: throughout the
study area the three units of the Oxford Clay
Formation maintain a consistency in sedimen-
tary facies. Thicknesses of the Oxford Clay
Formation vary from 129 feet at 98/16-2A
to 608 feet at Winterborne Kingston-1, with
average thicknesses between 300 and 550 feet.
There is little evidence within the present study
area for any major variations in thickness on a
regional scale, with structural control appearing
to have been minimal. However, a regional trend
of progressive thinning from west to east is
noted (e.g. 608 feet at Winterborne Kingston-1
and 576 feet in 98/18-1 to 338 feet at 99/12-1
and 371 feet at Humbly Grove-1). In all those
wells which possess a complete succession of the
Oxford Clay Formation, it is the Stewartby
Member which consistently is the thicker unit
and is also the least variable in thickness
throughout the region. The Peterborough Mem-
ber is generally the most inconsistent in thick-
ness due the presence/absence of its lower silty
sequences.

Depositional environment: deposition of the
Oxford Clay Formation was initiated during a
marine transgression commencing in the latest
Early Callovian. The Oxford Clay Formation
was deposited below wave-base, in a low-energy
marine environment, on a wide, shallow shelf
(Morris 1980; Wright 1986b). Water depths are
envisaged to have been no more than a few tens
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of metres (Hudson & Martill 1991) with low-
lying land situated nearby, indicated by the
remains of large herbivore and carnivore dino-
saurs, and an abundant terrestrial nutrient
supply. Water column stratification did occur
leading to temporary dysaerobic bottom water
environments throughout the Oxford Clay For-
mation, however, these were more prevalent in
the Peterborough Member. They did not,
however, give way to anoxic bottom water
conditions for any length of time as denoted by
the often intensely burrowed nature of the
sediments (Duff 1975; Hudson & Martill 1991).
The organic-rich shales of the Peterborough
Member often possess low-diversity micro- and
macrofaunas due to sluggish water circulation at
the sediment—water interface.

During the deposition of the Stewartby
Member conditions ameliorated with deposition
in more open marine, well-oxygenated environ-
ments, indicated by the more profuse benthic
faunas in association with the more calcareous
lithologies. A moderately low sedimentation rate
is envisaged for the Stewartby Member.

Similar open marine environments occurred
in the Weymouth Member, denoted by their
profuse benthic micro- and macrofaunas (epi-
faunal bivalves). An increase in water depth has
been described by Hollingworth & Wignall
(1992) at the Stewartby—Weymouth Member
boundary, denoted by a faunal diversity
decrease. This is suggestive of either a transgres-
sion or of subsidence. The presence of carbonac-
eous sandy clays is indicative of tropical storms
redepositing rotting vegetation and quartz sand
into the shelf depths (Wright 19865).

Nothe Grit Formation

Age: latest Early Oxfordian (cordatum ammo-
nite zone, cordatum ammonite subzone). Occur-
ring within ostracod zone OJ19 (pars),
foraminiferid zone FJ19 (pars), palynological
subzone DJ7c (pars).

Lithology: this unit is dominated by light grey
to pale yellow, very fine-grained to medium-
grained, locally argillaceous or calcareous sand-
stones. Medium grey, calcareous siltstones and
silty claystones are also moderately common,
more especially in the Portland-Wight Basin.
Onshore along the Dorset coast calcareous
sandy concretions up to 3 feet in width are
observed.

Wireline log characteristics: the lower bound-
ary is sharp; defined by a marked decrease in
gamma-ray response and an associated increase
in sonic velocity values, denoting a lithological

change to arenaceous lithologies. The upper
boundary is sharp; defined by a decrease in
gamma-ray response and an associated increase
in sonic velocity values, corresponding to a
change to well-indurated limestones.

The Nothe Grit Formation is characterized by
a cylindrical, serrated wireline log motif, with
low gamma-ray responses and high sonic
velocities, indicating the dominantly arenaceous
lithologies.

Distribution and thickness: the Nothe Grit
Formation occurs in many wells in the study
area, with thicknesses ranging from a minimum
of 9 feet in Humbly Grove-1 to a maximum of
56 feet in 98/18-1. The available data indicate
a progressive northward thinning from the
Portland-Wight Basin (e.g. 28 feet at 98/23-1
and 45 feet at 98/11-1) into the Dorset Basin
(e.g. 22 feet at Winterborne Kingston-1)
(Fig. 16). North of the Purbeck-Isle of Wight
Fault Zone (e.g. 98/6-8 and 98/7-2) and over
the Cranborne—Fordingbridge High the Nothe
Grit Formation has been removed by pre-
Albian uplift and erosion. Over much of the
Hampshire-Dieppe High the formation is also
envisaged to be absent, the exceptions being
Bottom Copse-1 (25 feet), Arreton-2 (22 feet)
and its northwestern edge (e.g. 30 feet at
Chilworth-1 and 23 feet at Horndean-1).

Depositional environment: the sediments of
the Nothe Grit Formation were deposited as
high-energy, nearshore subtidal sands (Wright,
1986a). Two coarsening-upwards cycles have
been recognized by Wright (1986a), with the
upper cycle having been deposited closer to the
shoreline. The top of this formation is envisaged
to mark the termination of Talbot’s (1973) first
regressive cycle.

Corallian Group

Sediments of the Middle to Late Oxfordian
Corallian Group (formerly the Corallian Beds)
can be subdivided into six stratigraphic units,
five of which have been reviewed by Wright
(1986a). In ascending order, they comprise, the
Redcliff Formation, the Osmington Oolite For-
mation, the Trigonia clavellata Formation, the
Sandsfoot Formation, the Ringstead Formation
and the Ampthill Clay Equivalent. All of these
units, excluding the Ampthill Clay Equivalent,
are very difficult to recognize outside of the type
area (outcrop on the Dorset coast). In much of
the subcrop, the upper part of the Corallian
Group is predominantly represented by a clay
facies, which is envisaged to be equivalent to the
Late Oxfordian Ampthill Clay of the English
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Fig. 16. Thickness and distribution of the uppermost Early to Middle Oxfordian ‘lower’ Corallian Group (Nothe

Grit, Redcliff and Osmington Oolite Formations).

Midlands (Cope et al. 1980b). Biostratigraphic
and lithostratigraphic resolution of its constitu-
ent units is generally good throughout the
sequence.

The Corallian Group is composed of three
shallowing up sedimentary cycles, comprising
mudstones, sandstones and limestones (Arkell
1933, 1936). Talbot (1973) suggested that the
boundaries between each cycle should be situ-
ated at the erosion surfaces which mark an
abrupt change between moderately deep and
shallow water depositional environments. A
large number of sedimentological and palacoe-
cological studies on the Corallian Group have
been undertaken since Talbot’s (1973) paper,
including Wright (1986a), Fiirsich (1975, 1976,
1977), Sun (1989, 1990) and Rioult ez a/. (1990).
At present no definitive depositional model has
been established to explain the formation of the
cycles of the whole Corallian Group on a
basinwide scale.

‘Lower Corallian Subgroup’

Redcliff Formation. Following Wright (1986a),
the Redcliff Formation is subdivided into three
members. In ascending stratigraphic order they

comprise the Preston Grit Member, Nothe Clay
Member and the Bencliff Grit Member.

Preston Grit Member. Age: earliest Middle
Oxfordian (densiplicatum ammonite zone, lower
vertebrale ammonite subzone). Occurring within
ostracod zone OJ20 (pars), foraminiferid zone
FJ20 (pars), palynological subzone DJ8a (pars).

Lithology: this unit comprises medium-light
grey, locally oolitic, argillaceous or arenaceous,
bioclastic wackestones, which often yield abun-
dant moulds of ovoid siliceous sponge spicules
(Rhaxella perforata).

Wireline log characteristics: the lower bound-
ary is sharp; defined by a marked decrease in
gamma-ray response and an associated increase
in sonic velocity values, denoting a lithological
change to well-indurated limestones. The upper
boundary is sharp; defined by an abrupt increase
in gamma-ray response and an associated de-
crease in sonic velocity values, corresponding to
a lithological change to claystones.

The Preston Grit Member is characterized by
a cylindrical log motif, which is most prominent
in the onshore wells.

Distribution and thickness: the Preston Grit
Member occurs in a number of wells in the study
area, with thicknesses ranging from a minimum
of 5 feet in Marchwood-1 and 98/18-1 to a



LITHOSTRATIGRAPHY OF THE ENGLISH CHANNEL AREA 135

maximum of 31 feet in 98/11-1 (Fig. 16). Within
much of the study area, this unit maintains a
consistency in thicknesses, averaging less 15 feet.

Depositional environment: the Preston Grit
Member has been interpreted as a rapidly accu-
mulating, transgressive beach deposit formed
under high-energy, normal marine conditions
(Wright 1986a; Coe 1995), or possibly in a
lower shoreface environment (Sun 1989). The
base of this member is envisaged to mark
the commencement of Talbot’s (1973) second
regressive cycle.

Nothe Clay Member. Age: Middle Oxfordian
(densiplicatum ammonite zone, upper vertebrale—
lower maltonense ammonite subzones). Occur-
ring within ostracod zone OJ20 ( pars), foramini-
ferid zone FJ20 (pars), palynological subzone
DIJ8a (pars).

Lithology: this member is dominated by light
to dark grey, locally silty, bioclastic claystones
and calcareous claystones. Stringers of light to
medium grey, bioclastic limestones (mudstones—
wackestones) are also noted.

Wireline log characteristics: the lower bound-
ary is very sharp; defined by a marked increase
in gamma-ray response and an associated
decrease in sonic velocity values, denoting a
lithological change to claystones. The upper
boundary is sharp; defined by a decrease in
gamma-ray response and an increase in sonic
velocity values, corresponding with a lithologi-
cal change to sandstones.

The Nothe Clay Member is characterized by a
slightly serrate log motif with high gamma-ray
and low sonic velocity responses, reflecting the
interbedding of claystones and limestones.

Distribution and thickness: the Nothe Clay
Member occurs in much of the present study
area. It ranges in thickness from 8 feet in
Crokerhill-1 to 64 feet in Winterborne King-
ston-1, with average thicknesses between 20 feet
and 50 feet (Fig. 16). Thickness trends for the
Nothe Clay Member show a progressive south-
ward and eastward thinning from 56 feet at
Kimmeridge-5 to 27 feet at Bottom Copse-1 and
14 feet at 98/16-1. These sediments are absent
over the Cranborne-Fordingbridge High and
much of the Hampshire-Dieppe High, except
for the northwestern edge of the latter (e.g. 28
feet at Marchwood-1). In the Weald Basin the
Nothe Clay Member is considered to be
condensed (14 feet at Humbly Grove-1).

Depositional environment: the generally argil-
laceous sediments of the Nothe Clay Member
are envisaged to have been deposited into a
generally quiet, shallow-marine (nearshore sub-
tidal to offshore shelf) sea (Wilson 1968; Talbot
1973; Firsich 1977; Wright 1986a; Coe 1995).

Towards the top of the member Whatley (1965)
envisaged a period of restriction, possibly with
reduced salinities denoted by the marked
decrease in ostracod microfaunas. The occur-
rence of thin, shelly sandstone beds is suggestive
of higher-energy marine depositional episodes,
transgressing from the west of the south Dorset
coast (Wright 1986a).

Bencliff Grit Member. Age: early Middle
Oxfordian (densiplicaturn  ammonite  zone,
upper maltonense ammonite subzone). Occur-
ring within ostracod zone OJ20 (pars), forami-
niferid zone FJ20 ( pars), palynological subzone
DJ8a (pars).

Lithology: the Bencliff Grit Member is domi-
nated by white to pale yellow, very fine- to
coarse-grained, quartzose sandstones, which
are locally argillaceous and/or contain large
amounts of fragmented plant debris. The
sandstones decrease in their argillaceous content
and/or increase in grain size upsection. Interbeds
of medium to dark grey, variably calcareous,
claystones and siltstones can also occur in this
member.

Wireline log characteristics: the lower bound-
ary is sharp; defined by a decrease in gamma-ray
response and a corresponding increase in sonic
velocity values, denoting a lithological change to
sandstones. The upper boundary is moderately
well defined; denoted by a slight decrease in
gamma-ray response, associated with an
increase in sonic velocity, corresponding with a
lithological change to well indurated oolitic
limestones. There is often a thin claystone unit
at the top of the Bencliff Grit Member (e.g. in
Marchwood-1).

This unit possesses a funnel-shaped log motif,
denoting the upward grain size increase. Mod-
erately low gamma-ray values and moderately
low sonic velocities are characteristic of this
member; the latter reflecting the predominantly
uncemented nature of the sandstones, with
sonic spikes denoting thin cemented beds or
concretions.

Distribution and thickness: the Bencliff Grit
Member has a sporadic distribution through-
out the study area. Where recognizable, thick-
nesses vary between a minimum of 9 feet in
98/23-1 and Bottom Copse-1 to a maximum of
40 feet at Chilworth-1 (Fig. 16). Although
isopach data are poor for the Bencliff Grit
Member, the thicker sections are envisaged to
occur in the Dorset Basin (29 feet at Winter-
borne Kingston-1) and the northwestern edge of
the Hampshire-Dieppe High (e.g. 39 feet at
Southampton-1 and 40 feet at Chilworth-1).
In the main part of the Portland—Wight Basin
the Bencliff Grit Member is generally thin
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(e.g. 12 feet at 98/11-3 and 15 feet at 98/23-1).
Over the Cranborne-Fordingbridge High and
the main part of the Hampshire-Dieppe High
this member is absent. In the western Weald
Basin, these sediments are difficult to differenti-
ate due to occurrences of condensed sequences
of the ‘lower’ Corallian Group.

Depositional environment: several interpreta-
tions have been put forward to explain the
sedimentary history of the Bencliff Grit Mem-
ber, ranging from deposition in a braided
alluvial fan which has extended seawards
(Wright 1986a), through intertidal/tidal flats
(Wilson 1968; Talbot 1973; Fiirsich 1975, 1977,
Coe 1995), shoreface deposits (Sun 1989) to
estuarine (Allen & Underhill 1989; Goldring
et al. this volume). Sediment sourcing for the
Bencliff Grit Member is via localized uplift
to the northeast of the south Dorset coast,
with sediments being reworked from -earlier
deposited Corallian sediments (Wright 1986a).
High rates of sedimentation are envisaged due to
the occurrence of large-scale cross-bedding and
the presence of the extended burrow tubes.

The top of the Bencliff Grit Member is
envisaged to mark the termination of Talbot’s
(1973) second regressive cycle.

Osmington QOolite Formation. Onshore, the
Osmington Oolite Formation has been subdi-
vided by Wright (1986a) into three members; in
ascending order they comprise the Upton
Member, the Shortlake Member and the Nod-
ular Rubble Member. None of these three units
can be recognized with any degree of certainty
using either petrophysical logs and/or lithologi-
cal criteria in the present study.

Age: late Middle Oxfordian (tenuiserratum
ammonite zone). Occurring within ostracod
zone OJ20 (pars), foraminiferid zone FJ20
(pars), palynological subzone DJ8b.

Lithology: the Osmington Oolite Formation is
dominated by white to light grey, generally
oolitic, bioclastic, limestones (mudstones—grain-
stones). Thin stringers of light grey to medium
grey, locally oolitic—pisolitic calcareous clay-
stones and mudstones, and sandy marls/sandy
limestones are also noted. Ovoid siliceous
sponge spicules (Rhaxella perforata) are locally
a common consistent of the sediments.

Wireline log characteristics: the lower bound-
ary is moderately sharp; denoted by a slight
decrease in gamma-ray response and an asso-
ciated increase in sonic velocity values, denoting
a lithological change to well-indurated oolitic
limestones. The upper boundary is sharp; de-
noted by an abrupt increase in gamma-ray

response and an associated decrease in sonic
velocity values, corresponding with a lithological
change to claystones and marls. The Osmington
Oolite Formation is characterized by a cylind-
rical wireline log motif, with very low gamma-ray
responses and high sonic velocity values.

The top of the Osmington Oolite Formation
forms an important regional seismic reflector
(Whittaker ef al. 1985).

Distribution and thickness: the Osmington
Oolite Formation is present throughout the
study area, with thicknesses varying between
10 feet in Humbly Grove-1 and 91 feet in well
98/23-1. Average thicknesses for the formation
are within the range 40-75 feet (Fig. 16). The
thickest sequences of the Osmington Oolite
Formation occur within the Portland-Wight
Basin (e.g. 91 feet in well 98/23-1, 73 feet in
98/18-1, 86 feet at Arreton-2, 80 feet at Kimmer-
idge-3). Across the Purbeck—Isle of Wight Fault
Zone the formation thins or is absent (e.g. 40 feet
at 98/11-3 and 0 feet at Sandhills-1), while over
the Cranborne-Fordingbridge High and the
main part of the Hampshire-Dieppe High these
sediments are envisaged to be absent. On the
northwestern edge of the latter, the formation is
moderately thin (e.g. 39 feet at Southampton-1
and 24 feet at Middleton-1), while in the Weald
Basin it comprises a condensed sequence (e.g.
10 feet at Humbly Grove-1).

Depositional environments: the Osmington
Oolite Formation was deposited under a variety
of shallow marine regimes, varying from lagoo-
nal through subtidal, low- to high-energy
shallow-marine, offshore environments (Wilson
1968; Talbot 1973; Wright 1986a; Sun 1989; Coe
1995). The presence of large numbers of oolites
in the various well sections, in association
with cross-bedded oolitic limestones at outcrop
(Wright 1986a), is suggestive of shallow-water
oolitic deltas and/or sand shoals similar to
those described by Evans er al. (1973) from
Abu Dhabi.

Talbot’s (1973) third shallowing up cycle
commences at the base the Osmington Oolite
Formation, and finishes at the Osmington Oolite—
Trigonia clavellata formational boundary.

‘Upper Corallian, Calcareous Subgroup’

In a regional context, the ‘Upper Corallian
Calcareous Subgroup’ (in ascending order, the
Trigonia clavellata Formation, the Sandsfoot
Formation and the Ringstead Formation) are
envisaged to reflect a localized marginal facies
development of the predominantly argillaceous
Ampthill Clay Equivalent, which was deposited
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over topographically positive areas. Their occur-
rence in south Dorset and the adjacent offshore
area (UK block 98/11) may be related to
movement on the nearby Abbotsbury and
Purbeck Faults, part of the Purbeck-Isle of
Wight Fault Zone. Late Oxfordian sediments
are absent over the Cranborne-Fordingbridge
High, probably reflecting pre-Kimmeridgian
uplift and erosion. These sediments also occur
on the northern margin of the Cranborne-
Fordingbridge High. In the Weald Basin they
grade laterally into the Ampthill Clay facies.

Trigonia clavellata Formation. Wright (1986a)
subdivided the Trigonia clavellata Formation
into four members. In ascending stratigraphic
order they comprise; the Sandy Block Member,
the Chief Shell Beds Member, the Clay Band
Member and Red Beds Member. These four
members could not be recognized definitively in
the subcrop in the present study.

Age: earliest Late Oxfordian (glosense ammo-
nite zone). Occurring within ostracod zone OJ21
(pars), foraminiferid zone FJ20 ( pars), palyno-
logical subzone DJS8c.

Lithology: the Trigonia clavellata Forma-
tion comprises a sequence of interbedded lime-
stones and sandy calcareous claystones—marls.
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The former comprise light grey to white, bio-
clastic, oolitic mudstones to wackestones, while
the latter comprise medium light to dark
grey, silty to fine-grained, sandy, calcareous
claystones—marls.

Wireline log characteristics: the lower bound-
ary is sharp; defined by an abrupt increase in
gamma-ray response and a sharp decrease in
sonic velocity values, denoting a lithological
change to calcareous claystones and marls. The
upper boundary is sharp; defined by an increase
in the gamma-ray response and a decrease in
sonic velocity values, corresponding to a litho-
logical change to claystones.

Distribution and thickness: the Trigonia
clavellata Formation could only be identified
in the southern part of the Dorset Basin and in
the northern part of the Portland-Wight Basin
(Kimmeridge-3 and 98/11-4), reaching a max-
imum thickness of 34 feet in the former well
(Fig. 17).

Depositional environment: this formation
was deposited under shallow-marine, low- to
moderate-energy, well-oxygenated marine con-
ditions, below wave-base. The base of the
Trigonia clavellata Formation is envisaged to
mark the commencement of Talbot’s (1973)
fourth regressive cycle.
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Fig. 17. Thickness and facies distribution of the Late Oxfordian ‘upper’ Corallian Group (Trigonia clavellata,
Sandsfoot and Ringstead Formations, Ampthill Clay Equivalent).
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A slight increase in water depth (offshore
shelf) is envisaged for the deposition of the
Chief Shell Beds Member through to the Red
Beds Member, denoted by the occurrence of
claystones and micrite muds, with the high-
energy shelly faunas deposited onto the offshore
shelf by storms (Wilson 1968; Talbot 1973,
Wright 1986a; Coe 1995). Sun (1989), however,
regards the Trigonia clavellata Formation as
a lower shoreface deposit. Sedimentation rates
for the formation is thought to be slow, more
especially for the upper intervals (e.g. Red
Beds Member), as indicated by the phosphatic
nodules, intense bioturbation and post-mortem
encrustation of shells.

Sandsfoot Formation. The Sandsfoot Forma-
tion can be subdivided into two members; a
lower Sandsfoot Clay Member and an upper
Sandsfoot Grit Member (Wright 1986a).

Sandsfoot Clay Member. Age: Late Oxfordian
(serratum-lower regulare ammonite zones).
Occurring within ostracod zone 0J21 (pars),
foraminiferid zone FJ20 (pars), palynological
subzone DJ8&d ( pars).

Lithology: this member is dominated by
bluish to medium dark grey, bioclastic, calcar-
eous claystones and silty mudstones. Thin, light
grey, marl, limestone and sandstone horizons
are also noted.

Wireline log characteristics: the lower bound-
ary is sharp; defined by an increase in the
gamma-ray response and an associated decrease
in sonic velocity values, corresponding to a
lithological change to claystones. The upper
boundary is sharp; defined by a decrease in
gamma-ray response and an increase in sonic
velocity values, denoting a lithological change to
sandstones or siltstones. The wireline logs
exhibit vertical alternations between intervals
with low-gamma-high sonic log velocities and
high gamma-low sonic log velocities, reflecting
the interbedded nature of the clay, sandstone
and limestone lithologies.

Distribution and thickness: in the present
study the Sandsfoot Clay Member is only
recognized with certainty in the southern part
of the Dorset Basin and in the northern part of
the Portland-Wight Basin (Kimmeridge-3 and
98/11-4), reaching a maximum thickness of
44 feet (Fig. 17).

Depositional environment: a low-energy, near-
shore (Wright 1986a) or offshore (Talbot 1973;
Sun 1989) marine environment is envisaged for
the deposition of the Sandsfoot Clay Member.
The absence of profuse ammonite faunas at
outcrop, compared with its lateral equivalent

the Ampthill Clay, has been suggested by both
Talbot (1973) and Brookfield (1978) to indicate
low salinities.

Sandsfoot Grit Member. Age: Late Oxfordian
(upper regulare—rosenkrantzi ammonite zones,
lower marstonense ammonite subzone). Occur-
ring within ostracod zone OJ21 (pars), forami-
niferid zone FJ20 ( pars), palynological subzones
DJ8d (pars)-DJ9a (pars).

Lithology: the Sandsfoot Grit Member com-
prises pale yellow to light grey, very fine-
to medium-grained, iron-stained, calcareous or
quartzose sandstones and siltstones, many of
which are very argillaceous. Rare chamosite
ooliths have been recorded.

Wireline log characteristics: the lower bound-
ary is sharp; defined by a decrease in the gamma-
ray response and an associated increase in sonic
velocity values, corresponding to a lithological
change to sandstones. The upper boundary is
sharp; defined by a slight increase in gamma-ray
response and a decrease in sonic velocity values,
denoting a lithological change to oolitic, sandy
ironstones. The petrophysical logs exhibit highly
serrate motifs, reflecting the variable argillac-
eous content of the sandstone lithologies.

Distribution and thickness: similar to the
overlying Ringstead Formation, the Sandsfoot
Grit Member is noted in only the southern
part of the Dorset Basin and in the northern part
of the Portland-Wight Basin (Kimmeridge-3,
98/11-4). No discernible thickness variations can
be observed from the limited data (Fig. 17).

Depositional environment: the sediments are
envisaged to have been deposited as marine,
well-oxygenated subtidal bar shelly beach sands,
with a relative decrease in water depth from
base to top (Wright 19864; Sun 1989; Coe 1995).
The presence of chamosite in a number of the
sand units onshore was possibly derived from
westerly situated lagoons (Wright 1986a), with
the sands reflecting either uplift in the source
area (Wright, 1986a) or coastal progradation.
The close similarity of the successions north and
south of the Cranborne-Fordingbridge High
suggests that either eustatic control may have
been predominant or that similar tectonic
influences effected both areas at this time.

Ringstead Formation. Onshore Dorset, the
Ringstead Formation can be subdivided into
two distinct units; a lower Ringstead Clay
Member and an upper Osmington Mills Iron-
stone Member (Wright 19864). In the present
paper, these two members could not subdivided
on either lithological or wireline log criteria in
the subcrop.
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Age: Late Oxfordian (rosenkrantzi ammo-
nite zone, upper marstonense—bauhini ammonite
subzones). Occurring within ostracod zone OJ21
(pars), foraminiferid zone FJ20 (pars), palyno-
logical subzone DJ9a ( pars).

Lithology: the Ringstead Formation com-
prises medium to dark grey, silty, locally waxy,
mudrocks, interbedded with beds of light to
medium light grey, oolitic, bioclastic limestones
(generally wackestones) and brownish yellow,
sandy, oolitic ironstones.

Wireline log characteristics: the lower bound-
ary is sharp; defined by a slight increase in
gamma-ray response and a decrease in sonic
velocity values, reflecting a lithological change to
oolitic, sandy ironstones. The upper boundary is
sharp; defined by a marked increase in gamma-
ray response and a decrease in sonic velo-
city values, reflecting a lithological change to
claystones.

Distribution and thickness: the Ringstead
Formation occurs in only a small area in the
present study (Fig. 17); in the southern part of
the Dorset Basin and within the northern part of
the Portland—Wight Basin (Kimmeridge-3 and
98/11-4). No discernible thickness variations
can be observed from the limited data.

Depositional environment: the Ringstead For-
mation was deposited under shallow-marine,
low-energy, well-oxygenated conditions as sug-
gested by the common occurrence of benthic
macrofaunas including corals. Talbot (1973),
Fiirsich (1977) and House (1993) suggest that
this unit was laid down in a lagoonal environ-
ment, whereas a number of other authors,
including Wright (1986a) and Sun (1989),
envisage a deeper offshore shelf deposition. The
presence of a diverse macrofauna, borings,
encrustation, phosphatic nodules and iron-
rich ooids within the Osmington Mills Ironstone
Member is suggestive of condensation (Coe
1995). The Ringstead—Kimmeridge Clay forma-
tional boundary is envisaged to mark the top of
Talbot’s (1973) fourth regressive cycle.

Ampthill Clay Equivalent. Age: Late Oxfordian
(glosense—rosenkrantzi ammonite zones). Occur-
ring within ostracod zone OJ21 (pars), forami-
niferid zone FJ20 ( pars), palynological subzones
DIJ8c (pars)-DIJ9a (pars).

Lithology: the Ampthill Clay Equivalent
is dominated by medium to dark grey, silty,
locally pyritic mudstones and calcareous clays-
tones. The claystones become progressively
more calcareous up sequence. Beds of light to
medium grey, pale yellow, bioclastic limestone
and argillaceous limestone occur throughout
the sequence, especially in the upper third. The

latter may grade up to wackestone textures,
and locally may be oolitic. Thin, light grey,
very fine- to fine-grained calcareous sandstones
are often noted in the upper sections of the
Ampthill Clay Equivalent in wells situated in the
Weald Basin.

Wireline log characteristics: the lower bound-
ary is sharp; defined by an abrupt increase in
gamma-ray response and an associated decrease
in sonic velocity values, reflecting a lithological
change to claystones. The upper boundary is
gradational to sharp; defined by an increase
in gamma-ray response and a corresponding
decrease in sonic velocity values, reflecting a
lithological change to poorly calcareous clays-
tones. The Ampthill Clay Equivalent character-
istically displays a relatively high gamma-ray
response in the lower part, decreasing upsection,
which is mirrored by the sonic response.

Distribution and thickness: the Ampthill Clay
Equivalent occurs over a wide area in the
present study. It has a minimum thickness of
24 feet in 98/11-1 and a maximum of 251 feet in
Horndean-1, with average thicknesses between
50 and 200 feet in the study area (Fig. 17). The
thickest sections in the study area occur on the
northwestern edge of the Hampshire-Dieppe
High (e.g. 233 feet at Horndean-1 and 251 feet at
Middleton-1), thickening to over 300 feet in
the centre of the Weald Basin. The Ampthill
Clay Equivalent is absent over the Cranborne—
Fordingbridge High. The thickness trends ob-
served in the Portland-Wight Basin suggest
that it originally extended over much of the
Hampshire-Dieppe High, however, the Upper
Jurassic has subsequently been removed by pre-
Albian erosion (e.g. 99/12-1).

It is represented entirely by claystones in the
Portland-Wight Basin (UK Quad 98) and
Dorset Basin. However, the upper part of the
Ampthill Clay Equivalent in the Weald Basin
and Portland-Wight Basin (UK Quad 99) is
often represented by limestones and thin sand-
stone beds, especially in the top third of the
interval (e.g. 99/18-1 and Middleton-1). North
of the Cranborne—Fordingbridge High, and also
in south Dorset, the Ampthill Clay Equivalent
passes laterally into the Sandsfoot and Ring-
stead Formations.

Depositional environment: the Ampthill Clay
Equivalent is a deeper water equivalent of the
Sandsfoot and Ringstead Formations having
been deposited below wave-base in a moderately
shallow-marine, low-energy, well-oxygenated
environment. There is a general shallowing-
upwards trend, which culminates in the occur-
rence of thin shallow-marine sandstone beds in
some areas (e.g. the Weald Basin).
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Kimmeridge Clay Formation.

Age: Early-Late Kimmeridgian (baylei~fittoni
ammonite zones). Occurring within ostracod
zones 0J22-0J28 (pars), foraminiferid zones
FJ21-FI25 (pars), palynological subzones
DI9%-DJ13b (pars).

Lithology: six distinct lithologies occur in
the Kimmeridge Clay Formation, of which the
argillaceous components (claystones, bituminous
shales and oil shales) are the most common. The
claystones comprise medium grey to dark grey,
variably calcareous and silty, bioclastic sedi-
ments. The bituminous shales are greyish black
to brownish grey, kerogen-rich (10-40%), pyri-
tic, locally bioclastic, fissile sediments, while the
oil shales comprise dark brown to olive black,
organic-rich (40-70%), pyritic rocks. The clays-
tone lithologies generally increase in grain size
(silty claystones-siltstones) in the uppermost
part of the Kimmeridge Clay Formation where
they grade into the Portland Group. Beds of
white to medium light grey, bioclastic limestone
and argillaceous limestone—marl are also devel-
oped. The former generally comprise coccolith
limestones. Three prominent calcareous units
are easily identifiable in the subsurface in the
present study area; the White Stone Band,
(a white coccolith-rich limestone) and the ‘Lower’
and ‘Upper Calcareous Members’ which com-
prise calcareous claystones—marls in the west of
the study area and limestones—argillaceous lime-
stones in the east of the area. Dolomites are also
noted in the Kimmeridge Clay Formation form-
ing distinct greyish orange, fine-grained, well-
indurated sediments.

The Kimmeridge Clay Formation has been
shown to comprise a cyclic sequence of small-
scale sedimentary rhythms of the above litho-
logies (Downie 1955; Tyson er al. 1979; Cox &
Gallois 1981; Tyson et al. 1979; House 1993;
Tyson 1996). The patterns vary from an asym-
metric (ABCABC, ABAB) cycle to an symmetric
(ABCDCBA) pattern. Within this formation the
coccolithic limestones reach their greatest devel-
opment above the Lower Kimmeridge Clay,
disappearing in the Upper Kimmeridge Clay.

Wireline log characteristics: the lower bound-
ary is sharp to gradational; denoted by an
increase in gamma-ray response, in association
with a decrease in sonic velocity values, reflecting
a lithological change to poorly calcareous
claystones. The upper boundary of the Kimmer-
idge Clay Formation is sharp to gradational;
defined by a decrease in gamma-ray response and
an associated increase in sonic velocity values,
reflecting a decrease in argillaceous content and a
corresponding increase in calcareous content.

The Kimmeridge Clay Formation is charac-
terized by its moderate to highly serrate wireline
log motifs, with high gamma-ray responses and
moderately high sonic velocity values. The
serration reflects the fine-scale alternation of
calcareous and organic claystones, with low
sonic responses reflecting marls and limestone
beds. The more highly organic-rich claystones
(oil shales) are identified by their exceptionally
high gamma-ray and low sonic velocities.

Broad-scale vertical changes in lithology can
be delineated regionally and have enabled a
detailed stratigraphical subdivision of the Kim-
meridge Clay Formation using wireline log
criteria, calibrated to cored boreholes (Whit-
taker et al. 1985). However, considerable diffi-
culty has been encountered in the identification
of these units in sections of structural complexity
or where the Kimmeridge Clay Formation
is unusually thin and, consequently, Whittaker
et al.’s (1985) units have not been employed in
the present study. Melynk er al. (1992, 1994)
subdivided the Portland—Wight and Weald
Kimmeridge Clay Formation into 13 distinct
cycles using digitally filtered gamma-ray logs.
Similar to the overlying Portland Group, many
of these cycles can be consistently recorded in
many of the wells in the present study.

In the present paper, four lithostratigraphic
units within the Upper Kimmeridge Clay are
widely recognized in the study area.

(1) ‘Lower Calcareous Member’: this unit
comprises a moderately thin calcareous clays-
tone in Dorset and adjacent areas. Further east
it thickens and becomes an argillaceous lime-
stone. It is characterized by low gamma-ray
response and high sonic velocity log values,
often with a bow profile. Age: wheatleyensis
ammonite zone.

(2) The ‘Upper Calcareous Member’: this unit
is of similar lithology to the ‘Lower Calcareous
Member’, but is generally thinner. It exhibits
similar low gamma-ray and high sonic velocity
log responses, characteristically with the gamma-
ray response increasing upwards. Age: hudlestoni
ammonite zone. This unit forms a mappable
seismic reflector in the east part of the study area
(Hamblin ef al. 1992).

(3) The Blackstone (named at outcrop in
Kimmeridge Bay, Dorset; Arkell 1947): one of
the thickest highly organic-rich claystone units.
It possesses a very high and distinctive gamma-
ray response. Age: hudlestoni ammonite zone.

(4) The White Stone Band (named at outcrop
in Kimmeridge Bay, Dorset; Arkell 1947): this
thin limestone bed is reflected by a low gamma-
ray response and a high sonic velocity value.
It is lithologically distinctive and can often be
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identified in ditch cuttings samples. Age: earliest
pectinatus ammonite zone.

Distribution and thicknesses: the Kimmeridge
Clay Formation occurs throughout the study
area, except where truncated by pre-Albian up-
lift and erosion (e.g. Wytch Farm-X14, 98/6-7,
98/7-2 and 99/12-1). Thicknesses vary from a
minimum of 18 feet in Bottom Copse-1 to a
maximum of 1902 feet at Bolney-1 (Hamblin
et al. 1992). The huge thickness of the Kimmer-
idge Clay Formation in the latter well is
incomplete due to its faulted contact with the
Forest Marble. A major depocentre is envisaged
to occur between the central part and the
northern edge of the Portland-Wight Basin
(Fig. 18) due to the presence of several very
thick sections, including wells 98/11-4 (1159
feet), 98/13-1 (1864+ feet), 98/16-2A (1119 feet)
and Arreton-1 (1107 feet). South of this depo-
centre there is a progressive southward thinning
towards the Central Channel High (e.g. 826 feet
at 98/18-1 and 200+ feet at 98/23-1).

A northward thinning of the Kimmeridge
Clay Formation over the Purbeck-Isle of Wight
Fault Zone is indicated in well 98/11-3 (332 feet)
and at outcrop to the northwest from Kimmer-
idge Bay, to less than 700 feet within a few miles
of this locality (Arkell 1947). Immediately north
of this fault zone these sediments are notice-
ably absent (e.g. 98/6-7, 98/6-8 and 98/7-2).
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Over the Cranborne—Fordingbridge High the
Kimmeridge Clay Formation is often truncated.
Truncation is also noted on the edges of the
Hampshire-Dieppe High (e.g. 18 feet at Bottom
Copse-1 and 582 feet at Chilworth-1), with
complete removal by erosion of the Kimmeridge
Clay Formation over the main part of the high
(e.g. 99/12-1 and Sandhills-1). On the north-
western edge of the Hampshire—Dieppe High
thicknesses of less than 600 feet are preserved
(e.g. 588 feet at Horndean-1), increasing towards
the centre of the Weald Basin to over 1900 feet
(Hamblin ez al. 1992). A localized depocentre
appears to have existed adjacent to the Ports-
down Fault Zone, with over 1100 feet of
Kimmeridge Clay Formation preserved in Ports-
down-1 (Taitt & Kent 1958).

Depositional environment: the Kimmeridge
Clay Formation was initiated by the base Kim-
meridgian transgression, with deposition onto
a very extensive marine shelf (Gallois 1976;
Tyson et al. 1979; Oschmann 1991). Many
of its various units are correlatable across a
widespread area, e.g. the White Band (Cox &
Gallois 1981).

The sediments and faunas/floras of the Kim-
meridge Clay Formation can be placed into
number of recognizable cyclothems (Aigner
1980; Tyson et al. 1979; Cox & Gallois 1981;
House 1985; Oschmann 1991; Tyson 1996).
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A number of models have been presented by
various authors to explain their formation, for
example Gallois (1978), Tyson et al. (1979) and
Wignall (1989); all of which have provoked a lot
of debate. Gallois (1978) considered that the
monospecific character of the coccolith lime-
stone assemblages represented formation by
seasonal blooms. By direct analogy the bitumi-
nous laminated shales were considered to result
from seasonal blooms of organic walled phyto-
plankton (‘red tides’). Modern phytoplankton
blooms are often associated with deep oceanic
upwelling and increased nutrient supply; the
former of which must have been far removed
from the Kimmeridge Clay basin and suggest
that this model is not entirely applicable.

In Tyson et al.’s (1979) water column model,
the migration of the oxygen-hydrogen sulphide
interface in a stratified water mass influences
the type of sediment deposited, similar to that
occurring in the present-day Black Sea. The
bituminous shales were formed as the hydrogen
sulphide zone moved to immediately above the
water—sediment interface, whereas the oil shales
were formed when the oxygen-hydrogen sul-
phide interface was quite high, while the
coccolith limestones formed when the oxygen—
hydrogen sulphide interface reached the eupho-
tic zone. In this model the oil shales mark the
deepest part of the rhythm with the coccolith
limestones representing a relatively shallower
environment.

Oschmann (1988) envisaged Kimmeridge Clay
Formation deposition constrained by palaeo-
geography and palacoclimate. He described
stratification of the water mass, with production
of anoxic bottom waters resulting from the
influences of currents between the North Atlan-
tic Shelf and Arctic Ocean areas. Fluctuations in
bottom water oxygen levels were considered to
have been influenced by four different cycles
with widely varying periodicity affecting the
counter current system.

Wignall (1989) has suggested deposition
induced by storms, in association with a
stratified water column for the Kimmeridge
Clay Formation. He envisages rapid deposition
from short-lived, high-velocity benthic currents.
Episodes of anoxia are thought to have been
terminated by storm-induced mixing of stratifi-
cation and the re-establishment of water circula-
tion. Wignall’s (1989) model suggests that an
inner shelf deposition existed around Boulogne
and Swindon, with an inshore basin in the
vicinity of Warlingham, an offshore swell at
Ringstead Bay and an offshore basin at Kim-
meridge, with each region possessing distinct
lithological characteristics.

Various estimates of water depths during the
deposition of the Kimmeridge Clay Formation
have been suggested (Hallam 1992). For exam-
ple, Hallam (1975) envisaged deposition under a
water column in the order of tens of feet deep,
whilst Tyson et al. (1979) influenced by a Black
Sea analogue favoured depths in the order of
hundreds of feet. Oschmann (1988) suggested a
palacodepth in the range of 150-350 feet,
although Wignall’s (1989) recognition of storm
disturbance in organic claystones in south
Dorset suggest that somewhat shallower depths
may be more appropriate.

The alternations of oxic and anoxic sea floor
environments may be due to long-term cli-
matic control, perhaps reflecting Milankovitch
cyclicity (Dunn 1974; House 1985; Wignall &
Ruffell 1990).

Portland Group

The Portland Group (Townson 1975) corre-
sponds approximately to the former Portland
Beds (Arkell 1947). At outcrop on the Dorset
coast, it was divided by Arkell (1947) and
Townson (1975) into a lower Portland Sand
Formation (mainly dolomitic limestones, dolo-
mites, siltstones and minor sandstones) and an
upper Portland Limestone Formation (mainly
bioclastic limestones, significantly cherty in the
lower part). Most of the ‘sand’ in the Portland
Sand Formation is composed of sand-sized
dolomite crystals. In the subsurface, these two
formations and their constituent members
cannot be identified on lithology or wireline
log character due, in part, to lateral facies
changes. Therefore, no formal subdivisions
have been herein recognized regionally within
the Portland Group.

Age: Early Portlandian (albani—anguiformis
ammonite zones). Occurring within ostracod
zones OJ28 (pars)—0J29, foraminiferid zone
FI25 (pars), palynological subzones DJ13b
(pars)-DJ13e.

Lithology: the Portland Group comprises a
highly variable sequence of sediments, domi-
nated by siltstones, sandstones and limestones.
The siltstones are generally medium grey to
medium dark grey, variably argillaceous or
sandy, often possessing calcareous or dolomitic
cements. These sediments are more character-
istic of the basal intervals of the Portland
Group. Sandstone development occurs in the
lower half of the formation and comprises light
grey to light brown, very fine- to fine-grained,
locally glauconitic, argillaceous silty sandstones
and sandstones, which possess calcareous or
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more often dolomitic cements. The limestones
are dominated by white to light grey, bioclastic,
locally oolitic, cherty or dolomitic mudstones
through to packstones. The main calcareous
units occur within the upper part of the Portland
Group. Thinner beds of light grey to medium
grey, locally bioclastic and/or dolomitic clay-
stone and marls occur throughout the interval.

Wireline log characteristics: the lower bound-
ary is gradational to sharp; defined by a decrease
in gamma-ray response and an associated
increase in sonic velocity values denoting a
lithological change to siltstones or limestones-
dolomites. The upper boundary is sharp; defined
at the base of a gamma-ray spike, which is
envisaged to represent carbonaceous claystones
at the base of the Purbeck Group (see below).
The upper part of the Portland Group usually
exhibits lower gamma-ray responses and higher
sonic velocities than the Purbeck Group reflect-
ing a lithological change to ‘cleaner’ limestones.

Where fully developed in the subsurface
the Portland Group is characterized by three
stacked funnel-shaped signatures, each com-
prising an upwards-decreasing gamma-ray log
motif and an upwards-increasing sonic velocity
response representing an increase in carbonate
or coarse clastic content. The boundaries of
these cycles are often marked by prominent
gamma-ray spikes which appear to represent
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hardgrounds. The three shallowing-upwards
cycles described at outcrop by Townson (1975)
cannot be consistently recognized in the subsur-
face. However, there is an overall upsection
decrease in gamma-ray response, with an asso-
ciated increase in sonic velocity, marking a
decrease in the clay content of the sediments.
Melynk et al. (1992, 1994) used digitally filtered
gamma-ray logs in the Portland-Wight and
Weald basins to subdivide the Portland Group
into five distinct cycles. These cycles could be
consistently recorded in many of the wells in the
present study.

Distribution and thickness: the Portland
Group occurs in half of the wells in the study
area, with thicknesses ranging from 15 feet in
well 99/18-1 to 232 feet in well 98/16-2A. On the
Isle of Purbeck, the Portland Group reaches
a maximum thickness of over 300 feet (Arkell
1947). Offshore, data are limited, however, the
occurrences of thick sequences in wells 98/16-2A
(232 feet) and 98/13-1 (216 feet) are sugges-
tive of a major depocentre within the central
and northern parts of the Portland-Wight
Basin (Fig. 19). The Portland Group is envi-
saged to thin southwards (e.g. 138 feet at 98/18-1
and 91 feet at 99/16-1) and is envisaged to
be absent close to the Central Channel High.
Rapid thinning northwards over the Purbeck—
Isle of Wight Fault Zone is suggested by the
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northward decrease in thickness from well
98/11-4 (212 feet) to 98/11-1 (95 feet). These
sediments are, however, absent immediately
north of these well locations, e.g. 98/6-7, 98/6-8
and 98/7-2. There is also a thinning of the
Portland Group along the outcrop in Dorset
(Melville & Freshney 1982). Tt is absent over
much of the Cranborne—-Fordingbridge High due
to pre-Albian uplift and erosion. On the north-
western edge of the Hampshire—Dieppe High
thicknesses of between 81 (Portsdown-1) and 162
feet (Southampton-1) are recorded. Over the
main part of this high the Portland Group is
either highly attenuated (e.g. 15 feet at 99/18-1)
or absent.

The Portland Group also occurs in the Weald
Basin, with a general increase in thicknesses
towards the northern part of the Weald Basin
with in excess of 200 feet present (e.g. 196 feet at
Humbly Grove-1). The apparent asymmetry of
the Weald Basin is suggestive of more rapid
depositional rates along its northern margin and
may be due to a lateral facies change within the
lower part of the Portland Group comprising
silty claystones and mudstones (Whittaker et al.
1985; Hamblin ez al. 1992).

Depositional environment: Townson (1975)
recognized three major regressive and minor
transgressive phases in the Portland Group,
within an overall regressive sequence which
commenced during the deposition of the Kim-
meridge Clay. He suggested that during the
deposition of the Portland Group the Dorset
region was divided into two discrete areas, an
eastern and western basin, separated by a north-
east—southwest-trending swell. His depositional
model envisaged a marine basin with a marginal
carbonate ramp which sloped into deeper off-
shore waters, with sediment distribution con-
trolled by depth.

Two shallowing-up cycles are recognized in
the Portland Sand Formation, with deposition
having commenced in relatively deep basins
which were locally anaerobic on the sea bed.
The upper part of two regressive cycles indicates
deposition in low- to medium-energy deeper
shelf and shallow-water carbonate-shelf environ-
ments. The siliclastics, where present, indicate
derivation from the west, however, the main
constituent of the ‘sand’ is dolomite, formed in
relatively deep waters by magnesium-enriched
brines concentrated due to basin margin evapora-
tion. Subsequent sinking due to heavier density
concentrates material to the sea floor, dolomitiz-
ing aragonite and high-magnesium calcite muds
on or within the sea bed (Townson 1975).

The Portland Limestone Formation was
mainly deposited during the third shallowing-

up cycle of Townson (1975) upon a low- to high-
energy shallow shelf or open lagoon, as denoted
by the presence of often common macrofaunas
and carbonate lithologies. The presence of ooid
sands indicates shallow water depths over the
swell areas, while the rarity of certain benthic
fossil groups may be indicative of hypersalinities
(Townson 1975).

Coe (1996) has recognized three uncon-
formity bounded sequences and also several
transgressive—marine flooding episodes

Purbeck Group

The Purbeck Beds (Purbeck Group of Townson
1975) were originally divided into the Lower,
Middle and Upper Purbeck Beds (Arkell 1947).
Townson (1975) subdivided this group into a
lower Durlston Formation and an upper Lul-
worth Formation, with their junction taken at
the base of the Cinder Bed (Jurassic—Cretaceous
boundary), a bioclastic limestone unit within the
‘Middle’ Purbeck Beds (Casey 1963, 1973;
Melville & Freshney, 1982). Both of these
formations have been further subdivided into a
number of differing member nomenclatures (see
Ensom 1985; Clements 1993; Westhead &
Mather 1996). All of these members, including
the Cinder Bed, are extremely difficult to identify
both on wireline logs and in ditch cuttings
samples, therefore, in the present paper, the
authors have retained the original three-fold
subdivision of Arkell (1947).

Lower and Middle Purbeck Beds. These two units
are herein grouped together as they cannot easily
be differentiated in the subsurface either on
wireline log lithology or by palaeontological
criteria.

Age: Late Portlandian—Berriasian (oppressus
ammonite zone). Occurring within ostracod
zones PW1-PW3, palynological subzone DJ14a.

Lithology: the lithologies are dominated by
alternations of limestones—argillaceous lime-
stones and calcareous mudstones. The former
are highly variable, comprising white to medium
grey mudstones grading to packstones, which
are often highly bioclastic (algal or ostracodal)
and locally pelloidal. The variably calcareous
mudstones are light grey to medium grey, often
bioclastic (ostracodal), and blocky to subfissile.

At the base of the Lower Purbeck Beds there
are units of light grey to white, microcrystalline
to coarsely crystalline anhydrite (Gypsiferous
Beds). The Cinder Bed, a shelly, dark grey lime-
stone containing oysters, can sometimes be iden-
tified in ditch cuttings samples.
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Wireline log characteristics: the lower bound-
ary is sharp; defined at the base of a gamma-ray
spike which reflects the carbonaceous claystones
at the base of the Purbeck Group. The upper
boundary is sharp; defined by an increase in the
gamma-ray response and a decrease in sonic
velocity values corresponding with the litholo-
gical change to a calcareous claystones.

The Lower and Middle Purbeck Beds are
characterized by serrate, low gamma-ray and
high sonic velocity log motifs, reflecting the
limestone-dominated succession, with some
higher gamma-lower sonic intervals represent-
ing calcareous claystones. A prominent gamma-
ray ‘spike’ often occurs at the base of the Lower
Purbeck Beds. This is considered to be equiva-
lent to a thin carbonaceous claystone unit, the
‘Dirt Bed” (Arkell 1947), present at outcrop on
the Isle of Purbeck. Above this unit there is
often a thin interval of calcareous claystones
with slightly higher gamma-ray responses. The
Gypsiferous Beds are a distinctive unit within
the lower part of the Lower Purbeck Beds char-
acterized by a very low gamma-ray response,
high sonic velocities and very high resistivity.
Thin interbeds of claystone within the Gypsifer-
ous Beds are reflected by high-gamma ‘spikes’.

Distribution and thickness: the Lower and
Middle Purbeck Beds occur in approximately
half the wells in the present study with thick-

nesses ranging between 38 feet in well 99/18-1
and 531 feet in well 98/13-1. Average thicknesses
vary between 100 and 300 feet with little or no
facies variation. The thickest sections in the
study area occur within the northern and central
parts of the Portland—Wight Basin (e.g. 347 feet
at 98/16-2A, 315 feet at 98/11-4, 335 feet at
Arreton-2 and 531 feet at 98/13-1), the latter
three of which are adjacent to the Purbeck—Isle
of Wight Fault Zone (Fig. 20). These sediments
progressively thin south and southeastwards
into the southern part of the Portland—Wight
Basin (e.g. 232 feet at 98/18-1 and 190 feet at
99/16-1) and are absent close to the Central
Channel High (e.g. 98/22-1 and 98/23-1). Very
rapid northward thinning over the Purbeck-Isle
of Wight Fault Zone is marked by the change in
thicknesses from 291 feet in well 98/11-2 and
154 feet in 98/11-1 to an absence in wells
98/6-7, 98/7-2 and 98/11-3. A similar thinning
towards this fault zone is seen at outcrop in the
Isle of Purbeck (Melville & Freshney 1982).
The Lower and Middle Purbeck Beds were
probably also deposited to the north of the
Purbeck-Isle of Wight Fault Zone, over the
Cranborne-Fordingbridge High and the Hamp-
shire-Dieppe High, although they are much
thinner than in the adjacent basins. In many
wells these sediments have subsequently been
removed by pre-Albian uplift and erosion. They
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reappear on the northwestern edge of the Hamp-
shire—Dieppe High (e.g. 117 feet in Hoe-1 and
178 feet at Portsdown-1) thickening into the
Weald Basin (e.g. 186 feet in Humbly Grove-1).

Depositional environment: a series of shallow-
water environments occurred during the deposi-
tion of the Lower and Middle Purbeck Beds.
The basal part of the Lower Purbeck contains a
variety of sediments including gypsum and
anhydrite beds, dirt beds (fossil soils), pellet-
oidal and algal limestones, in association with
algal stromatolites, ostracods, fossil forests and
various macrofaunas deposited in an intertidal-
supratidal evaporitic lagoon (West 1975; Sell-
wood & Wilson 1990). Regressive phases are
denoted by the presence of fossil soils, gypsum—
anhydritic salt deposits and fossil forests, while
the minor transgressive marine incursions are
indicated by stromatolitic limestones, and gen-
erally profuse marine ostracod microfaunas (e.g.
Galliaecytheridea, Macrodentina) and marine
macrofaunas (bivalves and echinoids) recovered
from dark grey shales and limestones (Anderson
1971, 1985; West 1975). A markedly seasonal
semi-arid climate, with rainfall of up to 400 mm,
has been suggested by West (1975) based on the
occurrence of fossil forests, tree rings and the
presence of evaporites which lack red beds and
wind-blown sand.

Conditions generally ameliorated during the
remaining part of the Lower Purbeck and into
the Middle Purbeck, with environments ranging
from low-energy, quasi-marine lagoonal types
which were periodically hypersaline or hyposa-
line through to freshwater or brackish lagoonal.
These conditions have been suggested by the
absence/presence of the various ostracod micro-
faunas (Anderson 1971). Emergence has been
noted by the presence of desiccation cracks and
dinosaur footprints (Delair 1960; El-Shahat &
West 1983). A marine transgressive episode in
the lower half of the Middle Purbeck Beds (the
Cinder Bed) is indicated on the occurrence of
echinoids, marine bivalves and ostracods (Casey
1963; Anderson 1985).

Upper Purbeck Beds. Age: Berriasian-Early Val-
anginian. Occurring within ostracod zone PW4,

Lithology: the Upper Purbeck Beds are
dominated by light to medium grey, bluish
grey, bioclastic (ostracodal) mudstones and
calcareous claystones. The uppermost argillac-
eous sediments of this unit are generally the least
calcareous, leading to a transition between the
Purbeck and Wealden rocks. Interbedded within
the mudstones are white to light grey, bioclastic
(often ostracodal) limestones and argillaceous
limestones.

Wireline log characteristics: the lower bound-
ary is sharp; defined by an increase in gamma-
ray response, associated with a decrease in sonic
velocity values, reflecting a lithological change
to calcareous claystones. The upper boundary
ranges from moderately sharp to sharp; defined
by an increase in gamma-ray response and a
more prominent decrease in sonic velocity
values, reflecting a lithological change to non-
calcareous claystones.

The Upper Purbeck Beds are characterized by
serrated log motifs, with relatively high gamma-
ray and moderately low sonic log responses
reflecting variations in carbonate content. Thin
limestones are represented by sonic ‘spikes’. Up-
section through the Upper Purbeck Beds there is
a general increase in the gamma-ray response,
in association with a sonic velocity decrease,
reflecting the decrease in carbonate content.

Distribution and thickness: the Upper Pur-
beck Beds occur in approximately half of the
wells in the study area, with thicknesses ranging
from a minimum of 16 feet in Hoe-1 to a
maximum of 268 feet in well 98/16-2A. Thick-
ness variations across the study area are similar
to those of the underlying Lower and Middle
Purbeck Beds with maximum recorded thick-
nesses of 268 feet in well 98/16-2A, 192 feet
at 98/16-1, 167 feet at 98/13-1 and 152 feet at
98/11-2, suggesting a depocentre situated in the
northern and central parts of the Portland—
Wight Basin (Fig. 20). To both the south and
southeast of this area a progressive thinning
is noted (e.g. 50 feet at 98/18-1 and 52 feet at
99/16-1), while it is absent close to the Central
Channel High (e.g. 98/22-1 and 98/23-1). Across
the Purbeck—Isle of Wight Fault Zone the Upper
Purbeck Beds are absent (e.g. 98/6-7, 98/7-2 and
98/11-3) or highly attenuated (e.g. 40 feet at
98/11-1). Over both the Cranborne-Fording-
bridge High and its continuation, the Hamp-
shire-Dieppe High, the Upper Purbeck Beds
have generally been removed by pre-Albian
uplift and erosion; it is only on the northwestern
edge of the latter that these sediments have been
preserved (e.g. 16 feet at Hoe-1 and 51 feet at
Middleton-1). On the western edge of the Weald
Basin the Upper Purbeck Beds are moderately
thin, however, they thicken into the centre of the
basin (e.g. 97 feet in Humbly Grove-1).

Depositional environment: the Purbeck
Group are a rhythmic sequence, with sedimenta-
tion controlled by cyclic variations in climate
and/or relative changes in water depth (Ander-
son 1971, 1985), forming the end member of an
extended phase of Jurassic marine sedimenta-
tion. Throughout the Upper Purbeck sequence
both the macro- and microfaunas (ostracods)
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are commonly recovered in both the shales and
limestones suggesting deposition in freshwater
to brackish salinities within sheltered lagoonal/
pond environments, with periodic evidence of
occasional emergence denoted by desiccation
mud cracks and fossil soils (Casey 1963, 1973;
Anderson 1971, 1985; Sellwood & Wilson
1990). These environments occurred through-
out southern England and its adjacent offshore
area (Portland-Wight Basin), with palaeotem-
peratures similar to those occurring in the
present-day Mediterranean Sea (Sellwood &
Wilson 1990).

Geological history

The marine transgression in the latest Triassic
led to the establishment of shallow-marine
sedimentation over a wide geographic area, as
indicated by the extent and uniformity of the
Lower Lias. The continued lithospheric exten-
sion (‘Early Cimmerian event’) resulted in inter-
mittent fault movements, continued subsidence
of pre-existing basins, and the initiation and
rapid subsidence of the Weald Basin (Chadwick
1986). There was progressive onlap onto the
London Platform, probably due to successive
phases of relative sea-level rise and subsidence
(Donovan et al. 1979). Fault-controlled differ-
ential subsidence of the various basins had
relatively little effect on lithofacies except at

certain levels discussed below. The fluctuating
sea-level changes led to the development of a
near ‘layer-cake’ lithostratigraphy, dominated
by relatively fine-grained sediments, and vertical
lithofacies changes which are effectively syn-
chronous over wide areas.

House (1985, 1993) considered that the
Jurassic succession in Dorset could be divided
into a series of sedimentary rhythms (herein
termed J1-J6), which will be used as a frame-
work to discuss the depositional history of the
study area (Fig. 21). Each rhythm commences
with a mudstone and finishes with a either a
sandstone or limestone, and represents a large-
scale shallowing-upwards sequence. Based
partly on the concept of ‘shallowing cycles’, a
schematic relative sea-level curve for the latest
Triassic to earliest Cretaceous is illustrated in
Fig. 8. Some variations in sediment thickness
and facies may be due to low-amplitude
epeirogenic movements of an epicontinental
shelf. In shallow, epicontinental shelf seas, low-
amplitude (less than 30 m) movements are able
to produce pronounced changes in sedimentary
facies. There is, however, also evidence that
penecontemporaneous movements along deep-
seated faults also had a marked effect on
sedimentation (House 1993). Consequently,
whilst eustatic/relative sea-level changes have
had significant effects on deposition, some parts
of the succession demonstrate the more local
effects of tectonic influences (e.g. Junction Bed,
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Fig. 21. Major sedimentary rhythms in the Upper Mesozoic of Dorset (after House 1985).
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Inferior Oolite Group). Throughout the succes-
sion tectonically active episodes alternate with
more quiescent periods.

During these ‘quiet’ periods progradation of
higher-energy sediments from the basin margins
occurred, and these episodes are the only times
when significant lateral facies changes are noted.
Some of the most important potential reservoir
units were deposited during these quiescent
periods (i.e. Bridport Sands, Great Oolite and
Corallian limestones). These long-term changes
in structural control probably reflect the alter-
nation of extensional tectonics with periods
characterized by thermal relaxation subsidence
(Chadwick 1986).

Unit J1

Deposition of the Lias was initiated by a marine
transgression during the latest Rhaetian which
resulted in a broad, shallow, epicontinental shelf
sea with alternations of aerobic and restricted
bottom water circulations. Conditions such as
this persisted throughout the Hettangian through
to the Early Pliensbachian. In the study area, the
Middle and Upper Lias comprise shallowing-
upwards sequences with a prominent condensed
component marked by the Marlstone Rock Bed—
Junction Bed. The Middle Lias in the main part of
the Portland~Wight Basin comprise, mudstone
or calcareous claystone sequences, while in a
number of wells it is cut out beneath an
unconformity.

Sediments attributed to the Marlstone Rock
Bed—Junction Bed show considerable evidence
of having been deposited in very shallow
water, and exhibit a significant number of non-
sequences and examples of sedimentary conden-
sing in the coastal area. A period of tectonic
quiescence during the latest Toarcian permitted
a deepening/flooding ‘event’ which resulted in
the deposition of the Down CIliff Clay in an
offshore shelf environment into which subtidal,
storm-influenced Bridport Sands prograded
southwards.

House (1985, 1987, 1993) recognized the Marl-
stone Bock Bed-Junction Bed and the Inferior
Oolite Group as the culmination of two overall
swallowing-upwards ‘cycles’ (Fig. 21). Hallam
(1961) in a regional synthesis of the Lias in Britain
recognized 11 sedimentary (I-XI) rhythms/
cyclothems — although not all are equally well
developed in the study area. Significant points of
Hallam’s (1961) work are illustrated in Fig. 22
and include:

(1) erosion and a slight non-sequence at the
end of Cyclothem V;

(2) erosion cutting out most of the oxynotum
ammonite zone,

(3) a non-sequence in Cyclothem VIII with
uplift and shallowing in the spinatum ammonite
zone;

(4) significant sedimentary condensing and
attenuation resulting in the Junction Bed repre-
senting Cyclothems IX and X;

(5) a flooding event within the levesquei
ammonite zone in Cyclothem XI, with inunda-
tion of the top of the Junction Bed and
progradation of the Bridport Sands.

Hallam (1964) accounted for variations in
sedimentation in the Blue Lias by climatic oscil-
lation, whilst House (1985, 1987) considered the
cyclicity to be due to climatic variation controlled
by orbital forcing (i.e. Milankovitch cycles).

Differential subsidence continued through the
Lower Lias, with dominantly argillaceous sedi-
mentation below wave-base in shallow-marine
environments. Restricted circulation at the sea
floor has led to the deposition of organic-rich
claystones at several levels (e.g. Blue Lias, Black
Ven Marls). The lower parts of the Lower Lias,
the Blue Lias and the Shales with Beef comprise
interbedded thin limestones and claystones. The
Lower Lias units are very widespread, with little
in the way of lateral facies changes within the
study area. Several minor stratigraphic breaks
are recognisable at outcrop in Dorset. These
include non-sequences at the following horizons.

(1) Table Ledge (bucklandi ammonite zone)

(2) Birchi Tabular Bed (turneri ammonite
zone)

(3) Coinstone (oxynotum ammonite zone)

(4) Apoderoceras Bed (raricostatum—jamesoni
ammonite zones)

(5) Belemnite Stone (davoei ammonite zone)

These ‘events’ cannot be identified with cert-
ainty in the subsurface due to limited biostrati-
graphic control. For example, the Belemnite
Marls are very thin in some wells, while in
others they are locally absent. The attenuation/
truncation of the Belemnite Marls accordingly
may represent a subregional unconformity pos-
sibly associated with the non-sequence marked
by the Apoderoceras Bed on the Dorset Coast.
The genesis of the above major and several
minor non-sequences within the Lower Lias
is considered to be related to a combination of
minor tectonic influences and relative sea-
level changes.

The Middle Lias initially continued the
pattern of Lower Lias sedimentation, but a
subsequent shallowing-upwards trend culmi-
nated in the eventual deposition of shallow-
marine sands in Dorset and the northern part of
the study area. These sands, which appear to
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fringe the London Platform, occur in the Dorset
Basin and parts of the northern edge of the
Portland-Wight Basin. They probably reflect
the temporary cessation of regional subsidence,
perhaps allied to a relative sea-level fall, permit-
ting progradation from basin margins and
progressive shallowing of water depths. Differ-
ential subsidence is not obvious during the
Middle Lias, while major fault movement
seems to have ceased or been minimal.

Over some of study area the Middle Lias
shallowing-upwards trend is terminated by a
very thin, condensed Late Pliensbachian fer-
ruginous limestone unit, the Marlstone Rock
Bed. This is overlain by another condensed
carbonate-dominated interval of Early to Late

Toarcian age, the Junction Bed. In the eastern
Portland-Wight Basin, and adjacent onshore
areas including the Wytch Farm area and the
Isle of Wight, wireline log correlations and
biostratigraphic data indicate that the Middle
Lias, and in places the upper part of the Lower
Lias, are absent or incomplete, with Toarcian
sediments resting unconformably on older sedi-
ments. Previous interpretations (e.g. Bristow
et al. 1991) have attempted to identify a com-
plete Lower and Middle Lias succession in the
Wytch Farm area, but this cannot be supported
by the data available from the present
study. This stratigraphic break, with evidence of
uplift and erosion, clearly indicates a com-
plex regional tectonic event which influenced
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subsequent sedimentation patterns producing
condensed facies such as the Marlstone Rock
and Junction Beds. Frequently the Junction Bed
is closely associated with the Marlstone Rock
Bed (Wilson ef al. 1958; Howarth 1980). The
Junction Bed contains indications of several
episodes of shallow-water sedimentation and
many non-sequences represented within a con-
densed unit of micritic and algal limestones in
Dorset. Howarth (1980) has shown that the
Junction Bed contains ammonites from several
horizons in the Lower and lowermost Upper
Toarcian, whilst Jenkyns & Senior (1991)
reviewed evidence of synsedimentary faulting
at outcrop and considered that it was a
significant influence on deposition. Differential
subsidence rates, with thicker sections in the
Portland~Wight Basin and the Dorset Basin, do
suggest that fault movement was a significant
control on sedimentation on a regional scale.

Coeval sediments to the Junction Bed in the
vicinity of the south Dorset coast may possibly
be represented by claystones and argillaceous
limestones (e.g. Radipole-1, BGS Borehole
74/36, Hamblin et al. 1992). In Normandy the
whole of the Upper Lias is represented by a
condensed sequence of sediments c. 30 feet thick,
a significant part of which is correlative with the
uppermost Junction Bed.

A thin unit of organic-rich claystones is
locally present at the base of the Junction Bed.
In the study area it is too restricted in occurrence
to be of significance as a source rock, but it
expands to form a major Early Toarcian source
rock unit in the Paris Basin and The Nether-
lands. It is possible that it is well developed
to the south of the Central Channel High, as
it is present in wells immediately north of
this structure.

Unit J2

The sediments included within this unit comprise
the Down CIiff Clay, the Bridport Sands and the
Inferior Oolite Group. The Down CIliff Clay
represents a return to shallow-marine clastic
sedimentation and was deposited during a
relatively short period (one ammonite sub-
zone). This suggests that sedimentation rates
were relatively high compared to the underlying
units (the Marlstone Rock Bed and Junction
Bed). The widespread distribution of the Down
Cliff Clay and its stratigraphic position, above
the condensed limestones of the Junction Bed,
point to the onset of a period of relative tec-
tonic stability and a relative rise in sea level.
The contact between the Down Cliff clay and the

Bridport Sand is often gradational and reflects
an upwards-coarsening (shallowing) sequence.

The Bridport Sands represent the continu-
ance of the shallowing-upwards trend discern-
ible in the Down CIiff Clay. The sands are
shallow-marine sediments, deposited as an off-
shore sand shoal with some indications of storm
activity within the lower part of the succession,
and form part of a latest Toarcian—earliest
Aalenian sand complex extending from the
Portland-Wight Basin to Gloucestershire. In
the present study area this sand sheet prograded
rapidly from a presumed westerly source with no
evidence for regional structural control, suggest-
ing that differential fault movement was rather
limited at this time.

Decreased subsidence in the Weald Basin
during the Late Toarcian is reflected by the
development of condensed and iron-rich sedi-
ments and clastic-starved facies. The Bridport
Sands pass laterally into thinner, more argillac-
eous and calcareous facies over the fringes of the
Central Channel and the Hampshire-Dieppe
Highs. These are relatively condensed shallow-
marine units by comparison with the Dorset
Basin and main part of the Portland-Wight
Basin. It is uncertain whether the depositional
attenuation is structurally controlled, or merely
reflects sediment starvation and a position at the
limits of sand progradation/supply.

Renewal of tectonic activity during the Early
Aalenian, possibly associated with marine trans-
gression (cf. Rioult ez al. 1991), led to the initia-
tion of carbonate-dominated marine deposition,
which persisted into the earliest Bathonian.
Active structural controls on sedimentation are
clearly indicated by the regional thickness varia-
tions of the Inferior Oolite Group. A highly
condensed succession occurs over the Purbeck
Fault Zone, with relatively thick sequences in the
Weald Basin and northern parts of the Portland-
Wight Basin.

The major divisions of the Inferior Oolite
Group (i.e. Lower-Middle—Upper) are marked
by prominent erosion planes. Arkell (1933)
considered that the subdivisions of the Inferior
Oolite represented phases of sedimentation,
denudation and transgression. In Dorset the
Inferior Qolite Group is highly condensed (Cope
et al. 1980b), with several horizons compris-
ing remainé beds with rolled ammonites and
localized non-sequences which are considered
to reflect the effects of penecontemporaneous
tectonics.

Regionally Arkell (1933) recognized a ‘Bajo-
cian transgression’ at the base of the Middle
Inferior Oolite and a “Vesulian transgression’ at
the base of the Upper Inferior Oolite. In general
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the Upper Inferior Oolite is more uniformly
developed than the Lower—Middle subdivisions.
The onset of Inferior Oolite Group deposition
follows on conformably from the Bridport
Sands in many parts of the study area, however,
there is some minor diachroneity of the two
facies in Dorset (Cope et al. 1980b). This, in
association with evidence for continued shallow-
water shelf conditions throughout the deposition
of the Inferior Oolite Group, suggests that
Arkell’s (1933) ‘transgressions’ may be thought
of as phases of onlap/tectonically influenced
relative sea-level change rather than eustatic sea-
level rise. For example, Whittaker (1985) con-
sidered that the stratigraphic breaks recognized
at the Lower-Middle, Middle—Upper Inferior
Oolite boundaries may be due to uplift in the
North Sea area. Recently, however, Rioult ef al.
(1991) have made an outcrop sequence strati-
graphic analysis of the Middle Jurassic of
Normandy and Dorset and have recognized
several of Haq er al’s (1988) eustatic sequence
boundaries.

North of the present study area, the Upper
Inferior Opolite oversteps onto older Jurassic
sediments. Within the study area the thicker
Inferior Oolite Group sequences appear to be
relatively complete, although sedimentary con-
densing and minor stratigraphic breaks are
prominent features of the thinner successions.
The Upper Inferior Oolite is generally less
condensed and more uniform in facies than the
Middle and Lower Inferior Oolite, possibly
having been deposited in rather deeper water
environments, indicating more regional subsi-
dence with more subdued structural control.

Unit J3

The Great Oolite Group in association with the
upper Fleet Member of the Abbotsbury Corn-
brash Formation comprise Unit J3. Deposition
of the Great Oolite Group was initiated by a
major deepening which may have encompassed
both an eustatic sea-level rise and the onset of a
phase of subsidence and onlap. Holloway
(1985d) comments that considerable subsidence
occurred in the Dorset Basin during the Bath-
onian. In the western part of the study area the
Great Oolite comprises an argillaceous sequence
with occasional prominent carbonate units,
whilst oolitic and shell detrital limestones
comprise most of the succession in the eastern
part of the area.

Consideration of the stratigraphic architec-
ture of the Great Oolite Group suggests that a
carbonate ramp was developed in the east and
north of the study area, whilst a fault-controlled

basin in the west was the locus for a series of
four shallowing-upwards sequences. The docu-
mentation of significant growth faulting during
the Bathonian (Chadwick 1986) suggests that
the generation of these sequences owes more to
tectonic rather than eustatic controls, however,
in contrast, Rioult et al. (1991) recognized and
refined some of Haq et al’s (1988) sequence
boundaries in Normandy, so eustatic influences
cannot be entirely excluded.

The relationship between basinal argillaceous
sequences and the carbonate ramp is illustrated
in Fig. 23. Following the initial deepening event
at the base of the Great Oolite Group the
first shallowing-upwards sequence is developed
through the Lower Fuller’s Earth Clay culmi-
nating in the Fuller’s Earth Rock. This event
may correspond to the sandstone unit developed
in the Hesters Copse Member of the Humbly
Grove Qilfield. A second ‘flooding’ or deepening
event is marked by the Upper Fuller’s Earth
Clay and by the intra-Hesters Copse oyster unit
(Sellwood et al. 1985). The shallowing phase of
this sequence is represented by the Wattonensis
Beds and possibly the dolomites in the upper-
most Hesters Copse Member. The third ‘flood-
ing event’ is marked by the onset of clay
deposition in the Frome Clay, with the culmina-
tion of this phase represented by the Boueti Bed.
Coeval sediments on the carbonate ramp com-
prise oolitic limestones of the Humbly Grove
and lower (Unit IT) Herriard Members. In
Dorset, an oyster bed present within the
Frome Clay is envisaged to represent a minor
phase of shallowing, reflecting the maximum
development of the oolitic shoals of the Humbly
Grove Member. A subsequent minor flooding/
deepening event represented by Hoddington
Member claystones is inferred to reflect the
termination of this intra-Frome Clay cycle. The
fourth and final ‘flooding event’ is marked by
the base of the Forest Marble. In the Cotswolds,
the Upper Rags Member of the Great Oolite
facies is coeval with the lowermost part of the
Forest Marble and suggests that the base Forest
Marble transgression was less marked than the
preceding events. This hypothesis is supported
by the more restricted distribution of Unit I of
the Herriard Member (e.g. Sellwood et al. 1985)
which may represent a retrogradational setting
analogous to the Upper Rags Member of the
Cotswolds.

The depositional history of the Great Oolite
Group may be summarized as the repetition of a
series of shoaling events coupled with the
construction/progradation of a carbonate ramp
southwards and westwards. Subsequent deepen-
ing events may be viewed as resulting from a
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Fig. 23. Stratigraphic relations of the Great Oolite Group and relative sea level.

combination of growth faulting and rapid
subsidence (tilting?) of the ramps and relative
sea-level changes (Whittaker 1985; Sellwood
et al. 1985; Rioult et al. 1991) rather than purely
eustatic changes.

The Abbotsbury Cornbrash Formation spans
the Bathonian—Callovian boundary and was
considered by Arkell (1933) to be a transgressive
unit. In a regional context, the Abbotsbury
Cornbrash Formation represents a series of
shallow-marine limestones and claystones
which mark the beginning of an important
marine transgressive episode (Arkell 1933,
Rioult et al. 1991). In the Humbly Grove
Oilfield, the lower Berry Member packstones
transgress the Forest Marble and are succeeded
by bioturbated clays in the upper Fleet Member
(Sellwood et al. 1985). The relatively attenuated
development of the Abbotsbury Cornbrash
Formation by comparison with the underlying
Great Oolite Group suggests that the latest
Bathonian—earliest Callovian represents a period
of relative stability/tectonic quiescence. Page
(1989) envisages the presence of a broad shallow
shelf to the north of the study area throughout
deposition of both the Abbotsbury Cornbrash
and Kellaways Formations. Northwest of the
study area a structural high/shelf edge was
present in Wiltshire, where Page (1989) records
the occurrence of cross-bedded coarse sands and
common hardgrounds in the Abbotsbury Corn-
brash Formation. Overstep of the Abbotsbury
Cornbrash Formation onto pre-Jurassic sedi-
ments on the London Platform reflects its
persistence as a positive feature until the latest
Bathonian—earliest Callovian. An erosional stra-

tigraphic break is regionally present between the
Berry and Fleet Members, and has been inter-
preted as possibly reflecting a relative sea-level
fall (Bradshaw e al. 1992). Following this break
in sequence, argillaceous limestones attributed
to the Fleet Member spread progressively north-
wards (Calloman 1955). The onlap at the base of
this unit may correspond to the maximum
flooding surface recognized by Rioult et al.
(1991) in Normandy and south Dorset.

Unit J4

Unit J4 comprises the thinnest unit recognized in
this study, consisting of the Kellaways Forma-
tion. The uniform thickness of this formation
indicates that by the Early Callovian much of
the study area represented a shallow-marine
shelf (Arkell 1933; Page 1989). The lower Kell-
aways Clay Member reflects a well-developed
marine flooding event which represents an off-
shore muddy shelf onto which the Kellaways
Sand Member prograded. The Kellaways Sand
and Kellaways Clay Members represent one
of the large-scale coarsening-upwards cycles
(J4 herein) recognized by House (1985, 1993).
Page (1989) notes that the Kellaways Clay
Member contains a rich bivalve fauna, whilst
the overlying unit exhibits opportunistic benthic
assemblages and restricted ammonite faunas.
This assemblage change was considered to pre-
date the 156 Ma sequence boundary by Rioult
et al. (1991). The uppermost Kellaways Sand
Member exhibits small-scale cross-bedding and
contains abundant trace fossils at outcrop.
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In contrast, Bradshaw et al. (1992) interpreted
the Kellaways Sand to be a ‘basinwards’ spread
of sheet sand reflecting strong shelf current
reworking of coastal/alluvial sands during a
period of transgression.

Unit J5

This unit consists of the Oxford Clay Formation
and the Corallian Group. Deposition of the
lower Peterborough Member occurred in an
extensive, shallow, epicontinental sea which
was not undergoing agitation below wave-base
(Hallam 1975). An abundance of organic matter
(fed into an inshore area experiencing a warm
humid climate) was rapidly oxidized favouring
whole or partial stagnation whenever water
circulation was minimal. Stagnation/stratifica-
tion of the water column was promoted by the
existence of a series of shallow sills created and
maintained by mild tectonic activity which
inhibited recycling of bottom waters in the
intervening shallow basinal areas. The bitumi-
nous shale of the Peterborough Member repre-
sents the transgression, during the latest Early
Callovian, of such a shallow epicontinental shelf
sea with restricted water circulation and tempor-
ary dysaerobic conditions (Hallam 1975). Con-
tinued transgression/subsidence produced more
open marine shelf sedimentation with aerated
bottom waters, resulting in the deposition of the
calcareous claystones of the Stewartby Member.
The Peterborough—Stewartby Member contact
was interpreted as the horizon of a maximum
flooding surface by Rioult et a/l. (1991). Holling-
worth & Wignall (1992) have suggested that
there may be a localized but marked shallowing
event in the latest Callovian associated with the
development of carbonate-rich sediments (lam-
berti Limestone) in the uppermost Stewartby
Member. In addition, Rioult er al. (1991)
recognized a latest Callovian (intra-lamberti
ammonite zone) maximum flooding surface
within the uppermost part of the Stewartby
Member, post-dating the lamberti Limestone
horizon. Deposition of the upper Weymouth
Member is considered to result from subsidence/
transgression during the earliest Oxfordian.
Certainly the Stewartby—Weymouth Member
contact reflects significant changes within the
basin: for example, Hollingworth & Wignall
(1992) note a change from high- to low-diversity
assemblages across the boundary, while Wright
(1986b) notes the presence of organic-rich shales
within the Weymouth Member. An intra-Early
Oxfordian sequence boundary (151 Ma mariae—
cordatum ammonite zonal contact) was recog-
nized by Rioult et al. (1991), with a maximum

flooding surface occurring within the cordatum
ammonite zone.

A regional tectonically driven regression in
the latest Early Oxfordian resulted in deposi-
tion of sandstones, claystones and limestones
of the Corallian Group. This is in marked
contrast to the overall trend of rising sea levels
through the most of the Oxfordian postulated by
Hallam (1975). In a regional context, Oxfordian
sequences are dominated by the deposition of
predominantly argillaceous facies (e.g. Oxford
and Ampthill Clays, West Walton, Staffin Bay
and Heather Formations). However, by the
latest Early Oxfordian the mixed limestone,
shale and sandstone facies of the Corallian
Group were widespread throughout the north-
ern edge of the Portland-Wight, Dorset and
Weald basins. Bradshaw et al. (1992) considered
that the maximum spread of Corallian facies
occurred during the Middle Oxfordian (tenui-
serratum ammonite zone). Since the pioneering
studies of Arkell (1933, 1936), the Corallian has
been extensively studied with respect to the
‘cyclicity’ of its constituent sediments. Several
interpretations of the depositional history of the
Corallian Group have been presented with
varying emphasis on the tectonic and eustatic
controls on deposition (e.g. Arkell 1933; Grieves
1968; Brookfield 1978; Wright 1986a; Sun 1989;
Allen & Underhill 1989; Rioult ef al. 1991). Sun
(1989) reviewed most of the previous work and
presented his own revised model which is
outlined in Fig. 24. Rioult e al. (1991)
compared the Corallian sequences of Normandy
and south Dorset and provided a sequence
stratigraphic interpretation which was signifi-
cantly influenced by and modified the work of
Haq er al. (1988)

Corallian sedimentation took place in a tec-
tonically unstable period following on from
basin inversion initiated during the latest
Early Oxfordian (Kent 1980). Deposition of the
Middle Oxfordian sequence took place in a
series of extensional basins bounded by deep-
seated faults with intra-basin highs providing
a sediment source. Isopach data suggest that
there may be a depocentre within the northern
part of the Portland—Wight Basin, but otherwise
the gross distribution of the Corallian is marked
by low subsidence rates. There is little evidence
for significant subsidence in the Weald Basin
during the Middle Oxfordian except for the
development of a thick carbonate sequence at its
northern margins. Fault movement along the
Purbeck-Isle of Wight Fault Zone may, in
tandem with sea-level changes, account for
what has long been considered to be the under-
lying influence on sedimentation of the Corallian



(0661 UNS 191J8 PayIpow) J9sI0(] Ul Juswdo[oAdp [BlUsWUOIAUS dnoin) uer[e10) 3y} Jo suorelardIajur Jo MaAdy "pT S

N. R. AINSWORTH ET AL.

puvs suy A1oA 3 SUOKYITM '€ o soupns s oo I
’ [PUOISOIT A~ ise[oRnuL ﬂ& a\ SEROE U m
PUBS WNIPIW % FUOISUIRID *§ 11§ 7 QUOISPNI T pr—
pues suyy % duCIYOLJ b £ 1 UE e A— MWPS S soInawds sduods LT, PO 905 auowawy @ suospues [T
) LR iy kD piopxo| o
J19Ys 240HO uoissaidap o0 J124S pALISAY ousIO JIPS MOUSO wonais | =S _ £
vopeunog | & £
auoispues £s
852101 298ja10S 1m0 J12ys Sunepy 1eprans wo oyoN |5
b .o..aa._i e h N AoYLIIN [eptuaiug - ]Hg
asoysivaN wewy /L R
™ Sowjmsons i Kl AN E J194S SousO auoisawr] g
1m0 112ys uado 23S Svin g
1epnans — 2
Jieus parwnsay usodap ? 1puans o soquaw |
SRS uorssasdop omuodL, 1 . — i
|||||||||||||||||||||||||| p g El
quIW (£
2] duuenisy AuolIspue . 3
(e PR 30 [epraag wid (epiL pass o wmwea(®|
|||||||| b g
[ompe~. | J124S 20usPO e e - £
feurdivw [epneadng quaw (O Q
|||||||| S  uodn w 2
iepnqns doop uoodey 2 £ &
llllllllllllllll / o gl 3
1epngng
mojjeys e T ? o W
" H
poys pues! Jeq [eptuap [epnesdng sopewT ° o swquaw |7
ik ool 182 o] o o] rrRioys |§
moIeys N\ Faros :
~Talxlele 5
xxxxxxxx 5 S
1008 uoo! g
l uoode 1 e
wous [voys-satuf ! e S
o u Jeussowmo | | g s
[FamaiomC_ — T T T fleus o2 1L [epiL
1omo] ]
2 Iepnqng P g -
uorssasdap o1 s - 5 W 5
AOBPO usodap [euidiepy I
|||||||| [~~~ m| =
: gl &
HIE]
spues yoveg 1vq [epHgNS 1% [wphians auospuTs . E
0wjas0ys ! g
smoy N R I U AN SN N R A S L E :
ETTTTY PR AB13U5 MO - P A P
JIPKs 200 uorssaadap o013 ] uoose] r
|||||| . TGS 230 Teprqng _
Fuimolvys IO, _ o
(8L61) unsuing Sqaziy s P . (8261 ‘wemeg) ”
[ 1o (9861) soa210 (9861) wdum (0861) Anypmoy> (q %9 ¥3961) uosym £661) 1BV L61 “weie »
(8861) v 12 bey Uesnes e 210 (2427 KSojoyny BJRAS 13510(]| m
aaIn3 (242 vag dnwsng suonerpidiau] snotaasg vag onmsng

154



LITHOSTRATIGRAPHY OF THE ENGLISH CHANNEL AREA 155

in the Dorset Coast area (Brookfield 1978;
Wright 1986a4,b). In contrast some workers
have suggested that controls on typical Coral-
lian sedimentation were greatly influenced by
eustatic processes. (e.g. Talbot 1973; Rioult
et al. 1991)

The Late Oxfordian represents a period with
more widespread regional subsidence and loca-
lized uplift (Wright 1986a). Rawson & Riley
(1982) recognize a base Late Oxfordian trans-
gression which correlates with the develop-
ment of a transgressive systems tract within
the Trigonia clavellata Formation, above the
postulated position of Rioult et al’s (1991)
147.5Ma sequence boundary. In the Dorset
Basin, and the northern part of the Portland—
Wight Basin, alternating sandstones, limestones
and claystones of typical shallow-marine ‘Cor-
allian’ facies were deposited until late in the
Oxfordian. In other parts of the study area (e.g.
central and southern parts of the Portland—
Wight Basin, parts of the Hampshire-Dieppe
High, Weald Basin), low-energy, marine shelf
clays with minor limestones and sandstones
comprising an equivalent of the Ampthill Clay
were deposited. In contrast, basin boundary
faults in the Weald Basin were reactivated in the
Late Oxfordian, and the Weald became the site
of a depocentre for the first time since the
Bajocian. The isopach data, however, suggest
that the Portland—Wight Basin was not under-
going differential subsidence during the Late
Oxfordian.

The Cranbourne-Fordingbridge and the
Hampshire-Dieppe Highs underwent a phase
of uplift and erosion during the Late Oxfordian.
Middle Oxfordian sediments are unconformably
overlain by Early Kimmeridgian claystones. It is
difficult to assess the full extent or significance of
this stratigraphic break due to limited well
control, but comparable breaks in succession
have been documented north of the study area in
Oxfordshire (Cope et al. 1980b). Wright (19864)
suggested that a minor stratigraphic break may
occur within the Late Oxfordian in south
Dorset, whilst Cox & Gallois (1981) indicated
that a widespread non-sequence occurs at the
base of the Kimmeridge Clay Formation
throughout wide areas of southern England.
Wright (1986a) considered the progradational
nature of some of the Corallian sequences as
resulting from a balance between high- and
low-energy sedimentation, with localized fault-
generated subsidence producing regular progra-
dation of sand interrupted by clay deposition.
Phases of extensional movement were consid-
ered to be marked by clay sedimentation, whilst
coarse clastic progradation marked periods of

stress easement. Consequently, whilst each basin
exhibits similar stratigraphic architecture and
subsidence history, the detailed succession in
any particular location varies with the amount
of absolute subsidence and sediment availability
(Wright, 1986a).

Unit J6

This unit encompasses the Kimmeridge Clay
Formation, the Portland and Purbeck Groups
(pars). The onset of the marine claystones of
the Kimmeridge Clay with enhanced organic
material was initiated by a base Kimmeridgian
(baylei ammonite Zone) transgression. In
Dorset, Cox & Gallois (1981) noted a minor,
yet widespread, erosion surface at the base of the
Kimmeridge Clay Formation. Rawson & Riley
(1982), although concentrating on ‘events’ in the
North Sea area, reviewed cvidence from sur-
rounding areas including southern England and
consider that the baylei ammonite zone ‘event’
was controlled by local tectonics.

Wignall (1991) recognized a series of 10 hiatus-
bounded sedimentary packets or sequences
within the Kimmeridge Clay Formation, which
were compared to the sequence models of
Galloway and the Exxon Group. Few of the
‘hiatuses’ described by Wignall (1991) conform
to the sequence boundaries recognized by Haq e?
al. (1988) on the eustatic sea-level chart. Wignall
(1991) considered that the sequence boundaries
resulted from falls in base level controlled
by storm wave-base, with the development of
transgressive-regressive cycles being symmetri-
cal as recognized in FEinsele’s (1985) model
of sedimentation in epicontinental seas. These
changes in base level may represent either a
fall in sea-level or widespread tectonic (epeiro-
genic) movements independent of intra-basinal
tectonics (Wignall 1991; Hallam 1992). Further-
more, Wignall (1991) commented that con-
densed sections are significantly absent within
the Kimmeridge Clay Formation, a feature
which he considered to be a reflection of the
small scale of Kimmeridgian basins in which
progradational sediments are poorly developed.

Wignall’s (1991) sedimentary hiatuses are
illustrated in Fig. 25, together with those recog-
nized by Rawson & Riley (1982). Some of
the differences may be reconciled as a differ-
ence in philosophy or calibration, for example
event K10 (intra-fittoni ammonite zone) of
Wignall may equate to Rawson & Riley’s
(1982) rotunda ‘event’. Similarly, event K9
(pallasioides ammonite zone) may equate to
the pectinatus ‘event’. Rawson & Riley (1982)
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Fig. 25. Chronostratigraphic chart of some onshore Kimmeridgian sections in southern England (modified from

Wignall 1991).

recognize a transgressive event within the
eudoxus ammonite zone, associated with the
onset of oil-shale deposition, whilst Wignall
(1991) places his ‘eudoxus event’ at a non-
sequence at the base of the zone. Further
differences in the level of ‘event’ recognition
may be accounted for by differences in the scale
of investigation (i.e. regional v. subregional).

In the context of northwest Europe, Rawson
& Riley (1982) described transgressions/flooding
events in the baylei and eudoxus ammonite
zones, whilst subsequent unpublished work
also suggests a further flooding ‘event’ may
also occur in the Audlestoni ammonite zone. The
pectinatus and rotunda ‘events’ were considered
to represent regressive events linked to tectonic
effects. Townson (1975) illustrated the onset of a
regressive unit within the Lingula Shales ( fittoni
ammonite zone) in the uppermost Kimmeridge
Clay Formation. Rawson & Riley (1982) recog-

nized the commencement of regression in the
uppermost part of the Kimmeridge Clay For-
mation and considered that the regression
continued in tandem with phases of uplift into
the Portlandian.

The rhythmic lithological alternations on a
metric scale have been described from Dorset
and other onshore areas, comprising sequences
from laminated bituminous shale through bio-
turbated shales to coccolith-rich limestone. The
origin of this thythmicity has been the subject of
some debate (see Gallois 1978; Tyson ef al. 1979;
Oschmann 1988). Various estimates of water
depths during the deposition of the Kimmeridge
Clay Formation have also been made, from tens
of feet deep (Hallam 1975) through to hundreds
of feet deep (Tyson et al. 1979). House (1985,
1987), when considering the nature of the
rhythmic alternations within the Kimmeridge
Clay Formation, suggested that there is some
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indication that orbitally forced climatic change
may be a significant factor in the formation of
these units. Sea level may have reached a
maximum during the middle of the Kimmer-
idgian, with a gradual fall through the later
Kimmeridgian into the Portlandian (Hallam
1978, 1988).

Thick developments of the Kimmeridge Clay
Formation are present both in the Weald Basin
and in the northern Portland-Wight Basin. The
thickness of the Kimmeridge Clay Formation
rapidly decreases towards the Cranbourne-
Fordingbridge and Hampshire-Dieppe Highs
where it is cut out by a non-sequence beneath
the Portland Group. In the vicinity of the
Marchwood-1 and Bottom Copse-1 wells, the
Kimmeridge Clay Formation is truncated by the
Lower Albian Carstone, the former in turn
overstepping onto truncated Corallian Group
sediments.

A gradual relative sea-level fall initiated
during the Kimmeridgian continued during the
Portlandian and was possibly accentuated by
uplift of some areas such as the London-
Brabant Platform. The Kimmeridge Clay For-
mation coarsens upwards via the dolomitic silts
of the Portland Sand Formation into the marine
limestones of the Portland Limestone Forma-
tion. In onshore areas, the faunal associations
are suggestive of a restricted shallow-marine
environment with fluctuations in salinity in
strong contrast to the Kimmeridge Clay For-
mation. Townson (1975) revised the base of the
Portland Beds and recognized three trans-
gressive—regressive cycles, while Coe (1996)
recognized three unconformites (P1-P3) bound-
ing distinct sequences.

In Townson’s (1975) model relative sea-level
fall/regression coupled with the relatively arid
Late Jurassic climate resulted in increased evap-
oration in shallow marginal areas of the basin.
The denser brines produced in the marginal
areas are interpreted as having settled out and
flowed beneath normal salinity seawater to
have become ponded in the deeper parts of the
basin. Townson postulated a critical depth
below which the resulting brine seawater blend
became too alkaline and oxygen deficient/
stagnant to support any benthos and where the
lime-rich muds would have become dolomitized.
Above the critical depth bottom water condi-
tions were unsuitable for any benthos other than
sponge spicules such as Rhaxella spp. but where
no dolomitization occurred. Progressive sea-
level fall resulted in shallow shoals being
developed with an aerated, turbulent water
column. In this setting bivalve-rich shell beds
were developed from both drifted and auto-

chthonous fauna whilst any lime muds were
winnowed out by wave action. The shallowest
parts of the basin developed as oolite shoals
fringing isolated, periodically hypersaline
lagoons with algal stromatolites and occasion-
ally evaporites.

Townson’s cycles and lithostratigraphy are
illustrated in Fig. 26. The basal transgressive
part of each sequence is represented by the
following units (in ascending stratigraphical
order).

Lingula Shales (Kimmeridge Clay Forma-
tion).

Pondfield Member (Portland Sand Forma-
tion).

Dungy Head Member (Portland Limestone
Formation).

The third cycle was considered to reach its
culmination in the Lower Purbeck Beds. In
the Portland-Wight Basin and parts of the
onshore area it is possible to recognize coarsen-
ing-upwards profiles on the wireline logs which
may reflect Townson’s ‘regressive’ sequences,
although it has not been possible to consistently
map out each of these in the present study area.

Rawson & Riley (1982) noted the onset of
regression during the latest Kimmeridgian and
considered that the combined effects of uplift
and regression are marked throughout the Early
Portlandian. A major phase of uplift and regres-
sion is noted during the oppressus ammonite
zone spreading shallow-marine sands across the
East Midlands Shelf, whilst the study area
became the site of an enclosed basin of non-
marine deposition. Synsedimentary fault move-
ment is evident as marked by differential
subsidence between the Weald Basin and the
northern Portland—Wight Basin.

Coe (1996) also reviewed the Portland Group
succession using sequence stratigraphic meth-
ods. Coe’s interpretations differ from those of
Townson (1975) in that she recognized three
unconformites (P1-P3), which are considered to
delimit individual sequences. Unconformity P1
is coincident with the base of the Corton
Member, P2 with the basal Shell Beds and P3
with the lower part of the Portland Freestone.
Within each of these unconformity bounded
sequences, Coe identified transgressive/marine
flooding surfaces.

The Purbeck Group lacustrine and lagoonal
micritic limestones and marls, together with
evaporites and soil beds, represent continuation
of the ‘regression’ represented by the Portland
Group. Townson (1975) considered the lower-
most part of the Purbeck Beds to comprise the
uppermost part of his Portland Group ‘regres-
sive units’. Rawson & Riley (1982) related the



158 N. R. AINSWORTH ET AL.
1935
1947 1979
" ARKELL 3% TOWNSON
2
(/2] Upper 22m
Qu|PURBECK " g Durkston Formation PURBECK
So| BEDS Lulworth Formation GROUP
<N +120m| Lower 51m +120m
P. opp 5 -
2 m‘i’. FREESTONE WINSPIT %
3 E Z SERES MEMBER 3
= r
if |8 25
F e o 15m 6-tom§l 2 g
=)
Z DANCING >C
< CHERTY 42
. J LEDGE MEMBER om
e 2 (7} o SERIES 6-15m P4 3
5[ Q1o Bed J o
ss W)a DUNGY HEAD z
G = a Basal Shell MEMBER
= Bed 19.5 45-14mill 22-40m
< L WEST v
si| d | oPortan Black Ssts + 9
g - % 2_ Y /West | Paratel GAD CLFF MEMBER 3
Slo Weare| Bands 135 35-145m -
2 g | £ [ Ssts|cast >
£3 by Beds PONDFELD MEMBER Z
£ £ 15 6, ap. 0-65m
8 [a) e . Abans o
Z3 Z | g9y | Head Maris CORTON HLL MEMBER v |2
&3 3 | 9698 75m 2-7z7nl 19 | O
- o2 | €
- T | Upper sl 7| O
c & | Black Nore [Emmit Hil mmit >
2 Beds Marls Beds 28
) E ———10m| gm— o o
[ ] B.'N. Sst Massive Be: max 11.5m -4 g
BLACK Z
o
Lower Hounstout Hounstout
£
= Black Marls Maris NOR
£ 2 Nore
P het : Beds 15mlf max 18m MEMBER N
_§ g E’) y4 " |Hounstout Hounstout -
- T w ? Clay eml| CAY max 6m 5
% o g / Rhynchonelal}| Rhynchonela 3
o -— 1
I I Marls | MarS max 1om 15-45m | 22-72m
€ =S permanently| Lingula .
Q Lingula Shales
& £ | °xposed) [shales gf M9 Topmost beds]of the
P - X max_15m
ek Rotunda ||| Rotunda Clays| KIMMERIDGE |CLAY
5 3 Clays Aodule bed
a ® oK O 161 max 31m
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onset of Purbeck deposition during the latest
Early Portlandian to the regressive event and
phase of uplift in the oppressus ammonite zone.

In Dorset and the Weald a prominent oyster
lumachelle, the Cinder Bed, is considered to
represent a marine ‘incursion’. Casey (1963)

equated the Cinder Bed with the base of the
Cretaceous (runctoni ammonite zone), whilst
subsequently Rawson & Riley (1982) correlated
the ‘Cinder Bed’ with the transgressive ‘event’
they recognized in the Early Ryazanian (kochi
ammonite zone). Following Casey (1963, 1973),
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the Cinder Bed was considered to represent the
invasion of the early Ryazanian Boreal Sea into
southern England. More recently, however,
Wimbledon & Hunt (1983) and Morter (1984)
have suggested that the Cinder Bed probably
represents an inundation of a Tethyan Sea into
the Anglo-Paris Basin.

Small-scale cyclicity is well represented within
the Purbeck Beds, denoted by alternations of
stromatolites, evaporites, soil beds, etc. The nine
molluscan associations recognized by Morter
(1984) have been interpreted as representing
different salinities and can be matched with the
ostracod faunicycles of Anderson (1971, 1985).
The development of alternating freshwater—
marine faunas may reflect peaks of regression—
transgression, respectively, possibly representing
aggradational parasequences or alternatively
fluctuations in climate. The continuation of
differential subsidence in the Portland-Wight,
Dorset and Weald basins reflects ongoing fault
movement, continuing the trend which com-
menced in the Portland Beds.

Conclusions

A consistent and applicable stratigraphic frame-
work integrating lithological, petrophysical and
biostratigraphic data has been achieved for the
latest Triassic through to the earliest Cretaceous
of the Portland-Wight Basin and its adjacent
areas. The majority of the rock units present are
geographically widespread, however, a number
exhibit significant diachroneity. These specifi-
cally include the Frome Clay and Great Oolite,
the Kellaways Clay and Sand Members, and the
‘Upper Calcareous Corallian’ and the Ampt-
hill Clay Equivalent. Sand-prone units occur at
various levels within the Jurassic, although most
individual developments have a localized geo-
graphic distribution. Foremost amongst these
include the Middle Lias Sands, the Benclhiff Grit
and the Sandsfoot Grit. Their distributions are
envisaged to be influenced by local tectonic
structuring. Tectonically controlled subsidence
of the various subbasins had little effect on
lithofacies except at certain horizons, for exam-
ple the Junction Bed, although it has had a
marked effect on sediment thickness. Regional
stratigraphic breaks have been recognized,
including haituses close to the Pliensbachian—
Toarcian and the Aalenian—Bajocian boundaries
and also within the Late Oxfordian.
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Use of palynofacies analysis to define Lower Jurassic

(Sinemurian to Pliensbachian) genetic stratigraphic sequences

in the Wessex Basin, England

DAVID C. COLE & IAN C. HARDING

Department of Geology, University of Southampton, Southampton Oceanography Centre,
Empress Dock, Southampton SO143ZH, UK (e-mail: ich@mail.soc.soton.ac.uk)

Abstract: Quantitative palynological and palynofacies analyses allow the Lower Jurassic
succession of the Dorset coast (Wessex Basin, southern England, UK) to be placed within a
genetic sequence stratigraphic framework. The multifaceted approach employed utilizes
various palynological criteria adopted from previous publications (e.g. both relative and
absolute particle abundance data, allochthonous versus autochthonous palynomorphs
ratios, phytoclast type, etc.), and suggests new parameters which may be studied in this
context (e.g. ratios of acritarch spine length). Interpretation of palynofacies trends within
the studied succession enables the identification of eight genetic sequences informally
described as Genetic Stratigraphic Sequences I-VIII. Genetic stratigraphic sequence
boundaries are placed at the following horizons: Mongrel, Grey Ledge, Pavior, the
Coinstone, Hummocky, the Belemnite Stone, Day’s Shell Bed and the margaritatus Stone.
These results compare well with sequence stratigraphic frameworks for published for the
British Lower Jurassic interval both in Dorset and elsewhere, suggesting that the maximum

flooding events recognized are likely to have been of inter-regional extent.

Insoluble organic matter, when acid-macerated
from a sediment, may be used to interpret the
sedimentary environment prevailing at the time
of deposition (Miiller 1959, Combaz 1964). The
study of the particulate organic matter con-
tained within a sediment is usually referred to as
palynofacies analysis, a technique recently
defined by Tyson (1995, p.4) as ‘the palynolo-
gical study of depositional environments. ..,
based upon the total assemblage of particulate
organic matter’. This new definition broadens
the somewhat more restricted definitions pro-
posed elsewhere (e.g. Traverse 1988, Prauss
1993), which have attempted to delimit deposi-
tional environments solely from distinctive
palynomorph assemblages (dinocysts, spores,
pollen, etc.) with little attention being paid to
the plant-derived detritus (phytoclasts).

Qualitative and quantitative studies of the
particulate organic matter (POM) contained
within a sediment allow the determination of a
number of characteristics of the depositional
environment (Tyson 1995). These characteristics
include, for example, such parameters as varia-
tions in proximal-distal location of the depo-
centre with respect to sedimentary source,
regressive—transgressive trends within a strati-
graphic sequence and the nature of the environ-
ment of deposition (such as water column
oxygenation, salinity, etc.), all of which have
great potential to aid sequence stratigraphic
interpretations.

Analyses of POM have only recently been
utilized as a tool to aid sequence stratigraphic
interpretations (e.g. Prauss 1993; Steffen &
Gorin 1993). Although studies concerned with
the relationships between palynofacies and
sequence stratigraphy in several different deposi-
tional settings had been published earlier (Pasley
& Hazel 1990, Gregory & Hart 1992; Powell
et al. 1992; Blondel et al. 1993; Jones et al. 1993).
The term ‘sequence palynology’ was introduced
by Prauss (1993). The study and subsequent
interpretation of the palynofacies response to
relative sea-level chnge forms the foundations of
sequence palynology. Such studies rely on the
assumption proposed by Posamentier et al.
(1988) that relative sea-level change controls
accommodation space (sensu Jervey 1988) which
is the principle control on sequence stratigraphic
architecture.

Principles and methodology of sequence
stratigraphy as applied to sequence
palynology

Sequence stratigraphy provides a method for the
examination of sedimentary successions within
a chronostratigraphic framework. The two main
sequence stratigraphic models developed allow
for the correlation of syndepositional facies
as opposed to the more traditional correlation
of like lithologies (lithostratigraphy). It is well

CoLE, D. C. & HARDING, I. C. 1998. Palynofacies analysis of the Wessex Basin Lower Jurassic. /n: UNDERHILL, J.
R. (ed.) Development, Evoution and Petroleum Geology of the Wessex Basin, Geological Society, London, Special

Publications, 133, 165-185.
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established that sedimentary successions can be
subdivided into a series of depositional episodes
or cycles.

The principle controlling mechanism on such
cyclicity is relative sea-level change (Posamentier
et al. 1988). The repetitive, cyclic nature of such
change is the product of the ongoing complex
interplay between sediment supply, basin sub-
sidence (and uplift) and eustatic sea-level
fluctuations. Workers from the Exxon school
(see Vail et al. 1977) developed the interpreta-
tions made regarding such cyclicity a stage
further and defined the principles underlying
current sequence stratigraphic studies, integrat-
ing many of the seismic stratigraphic concepts
concerned with sequence architecture. The basic
(‘slug’) model developed by the Exxon group
was further honed in a series of important
conceptual papers (e.g. Jervey 1988; Posamentier
et al. 1988; van Wagoner et al. 1988) into the
depositional model in usage today.

An alternative, genetic sequence stratigraphy
has, however, also been developed (Galloway
1989) and is widely employed within certain
depositional settings such as the North Sea
(Partington ez al. 1993). Central to genetic
sequence stratigraphic interpretation is the
recognition of the key bounding surfaces to each
individual sequence, which form at the point
of maximum shelfal accommodation, i.e. max-
imum transgression. Such levels within a marine
stratigraphic succession are termed maximum
flooding surfaces (MFSs). The boundaries to
genetic sequences differ from those utilized in the
depositional or Exxon model, where sequence
boundaries are formed at relative sea-level

minima. Further conceptual differences between
the two models are outlined in Galloway (1989).

Geological setting

The Dorset Coast between Pinhay Bay
(SY 318908) to the west and Eype Mouth
(SY 447910) to the east (Fig. 1) exposes an
almost complete succession of Lower Jurassic
strata (see House 1989). The studied section
comprises some 260m of predominantly fine-
grained, marine siliciclastic sediments with occa-
sional limestone horizons. Lithostratigraphic
nomenclature for the Lower Jurassic Dorset
section follows that of Cope et al. (1980), based
on almost two centuries of work by various
authors (de la Beche 1826, Day 1863, Woodward
1893, Lang 1914, etc.) (see Fig. 2).

Sediment grain size is seen to increase progres-
sively up through the section (House 1989, Hes-
selbo & Jenkyns 1995): the Lower Lias consisting
of predominantly fine-grained shales, marls and
limestones, whereas the Middle and Upper Lias
comprise coarser silts, sands and limestones.

At the time of deposition, the Dorset area lay
within the Wessex Basin, bounded to the north
and east by the London-Brabant Massif, to the
south by the Armorican Massif, to the west by
the Cornubian Massif and to the northwest
by the Welsh Massif (Bradshaw et al. 1992).
The basin itself can be divided into a number
of sub-basins and associated topographic
highs, controlled principally by east-west-orien-
tated normal faults (Holloway 1985). The stud-
ied section was deposited in the area of the
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Fig. 1. Location map of study area, highlighting main localities referred to in text (inset map of British Isles
shows location of Dorset coast succession in southern England).
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Fig. 2. Ammonite biozonation and lithostratigraphic nomenclature for the Sinemurian and Pliensbachian strata
of the Dorset coast (after Cope et al. 1980; for references to bed numbers see text).

Mid-Dorset High, an upstanding fault block,
bounded to the north by the Bere Regis Fault
and to the south by the Abbotsbury—Ridgeway
Fault (Holloway 1985) (see Fig. 3). Numerous
publications have dealt with both the forma-

tion of and structural controls on the Wessex
Basin (Sellwood & Jenkyns 1975; Stoneley 1982;
Chadwick 1986; Lake & Karner 1987; Hesselbo
& Jenkyns 1995, 1997, Underhill & Paterson
1998; Underhil & Stoneley this volume).
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Fig. 3. Simplified palacogeographic reconstruction of southern Britain in mid to late Pliensbachian times (after
Bradshaw e? al. 1992), with major Mesozoic structural features round the study area (after Chadwick 1986;

Lake & Karner 1987).

From a period of general regression and
associated continental sedimentation in Permo-
Triassic times, the Lower Jurassic period saw a
worldwide marine transgression, with northwest
Europe being covered by a large, generally
shallow, epeiric sea (Hallam 1975). This first-
order transgressive cycle was punctuated and
locally modified by a number of smaller-scale
second- and third-order changes in sea level
(Vail et al. 1984, Haq et al. 1988). Owing to the
relatively subdued Early Jurassic topography
within the Wessex Basin these lower-order
fluctuations caused quite marked sedimentary
variations within the localized depositional
environments. These variations are considered
to be controlled by the interplay between
eustatic change and localized epeirogenic move-
ment (Sellwood & Jenkyns 1975; Chadwick
1986; Jenkyns & Senior 1991).

The role of relative sea-level cyclicity in con-
trolling the characteristics of sedimentary deposi-
tion has been investigated at several different
scales within the Lower Jurassic succession of the
Wessex Basin (see Arkell 1933; Sellwood &
Jenkyns 1975; Hallam 1988). These have varied
from the Milankovitch-scale cyclicity discussed
by House (1985) and Weedon (1986) for the Blue
Lias and Weedon & Jenkyns (1990) for the

Belemnite Marls, to the major second-order
(sensu Duval et al. 1992) transgressive—regressive
cycles and third-order eustatic cycles proposed
by Haq et al. (1988).

Most sequence stratigraphic interpretations,
of both genetic and depositional nature, are
based around the third-order sequence cycles
(0.5-3Ma) which relate to changes in shelfal
accommodation. Hesselbo & Jenkyns (1997)
propose a sequence stratigraphic framework for
the British Lower Jurassic succession based
principally on lithological facies evidence, utiliz-
ing outcrop information from the Wessex, Bristol
Channel, Cleveland and Hebrides basins. This
study recorded four large-scale (second-order)
lithological cycles, with durations of 3-10Ma
that ‘appear to be synchronously developed in all
onshore British basins’ (Hesselbo & Jenkyns in
press). In addition, numerous smaller sequence
cycles (0.5-3 Ma). were also proposed.

Materials and methods

One hundred samples were taken through the
section, using an average sampling interval of
between 2 and 3m (Fig. 7). Each sample
consisted of approximately 250 g of sediment, of
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which an accurately weighed 15 g was processed
according to standard acid-maceration techni-
ques (Phipps & Playford 1984; Traverse 1988),
with the following modifications made to
enhance the recovery of POM:

(i) structured debris was concentrated by
tuned ultrasonic treatment of residues for
a standard 15s and subsequent sieving at
6mm to remove as much of the finely
disseminated amorphous organic matter
(AOM) as possible. Tests were carried out
to ensure that none of the structured
debris was destroyed by this process;
(i) a known volume of a pre-calibrated spike
of the exotic modern spore Lycopodium
clavatum was added as a suspension to all
samples prior to the addition of hydro-
fluoric acid. This was undertaken to allow
absolute quantitative counts of the POM
components;
small volumes of concentrated nitric acid
were added for a period of not more than
Smin to remove any diagenetic pyrite
from the residues. Tests showed that this
limited oxidation period did not signifi-
cantly alter POM assemblages.

(iif)

Investigation of the samples was undertaken
using an Olympus BH-2 stereoscopic binocular
microscope following the strew-mounting of
residues in Elvacite on glass slides. Palynofacies
analyses were conducted utilizing a Swift Model
F 12-channel point-counter. Counts were made
of 400 particles per sample residue, a separate
running total of Lycopodium spike also being
recorded. Absolute abundances of each POM
category per gramme of sediment were obtained
by ratioing abundance data with the recorded
abundance of the exotic spike.

The definition of palynofacies analysis by
Tyson (1995, p.4) encompasses only structured
particulate organic matter (POM) and not the
total insoluble organic matter fraction, i.e. it ex-
cludes unstructured, amorphous organic matter
(AOM). The non-particulate nature of AOM
renders the collection of comparable abundance
data impossible in palynofacies counts, but it
may be assessed separately either by visual
estimation of AOM yields in kerogen slides or
quantitatively by integrating palynofacies and
total organic carbon (TOC) data.

Classification of particulate organic matter

Since the work of Combaz (1964) many schemes
have been proposed to classify insoluble sedi-
mentary organic particles, such diversity being

a reflection of the different requirements of
each specific study (see for examples Whitaker
1984; Boulter & Riddick 1986; van der Zwan
1990). A universally accepted, all encompassing,
working classification is still some way from
fruition, although attempts to this end have been
made (Open Workshop on Organic Matter
Classification, Amsterdam 1991; Boulter 1995;
Tyson 1995).

The POM classification scheme used in this
work (Fig. 4) is a composite based around the
schemes proposed by Whitaker (1984) and
Boulter & Riddick (1986). Essentially POM
can be divided into two categories: autochtho-
nous and allochthonous. The autochthonous
component is composed principally of marine
algae — dinocysts, acritarchs and prasinophyte
phycomata. Most allochthonous material is
derived from higher-order plants (with the
exception of fungal spores and freshwater algae)
and comprises terrestrial sporomorphs (pollen
and spores) and phytoclasts. In this study the
phytoclasts may be further subdivided according
to shape, size and preservational state:

e well preserved/brown wood — large (25 mm),
angular woody fragments, largely unoxi-
dized and still displaying evidence of cell
structure, tracheids, etc;

e cequidimensional  black  debris — small
(15 mm), black, well rounded, highly oxidized
material, thought to be of woody origin;

e Dblade-shaped black debris — black laths,
variable in length (15-40mm) of highly
oxidized woody material.

For a detailed description of the POM cate-
gories utilized the reader is referred to Whitaker
(1984), Boulter & Riddick (1986), Boulter (1995)
and Tyson (1995).

Palynofacies and sequence stratigraphy

The relative sea-level interpretations proposed in
this study are based on a multifaceted palyno-
facies approach utilizing relative and absolute
abundance data, as well as environmentally
controlled assemblage and morphological varia-
tions in microplankton taxa. To test published
palynofacies responses to relative sea-level
change only limited sedimentological informa-
tion has been utilized to aid in interpretation.
The results will principally be compared to the
sequence stratigraphic interpretations of Hes-
selbo & Jenkyns (1997) for the same Lower
Jurassic Dorset section (based on sedimentolo-
gical facies evidence) and also to published
sequence stratigraphic frameworks developed



170

D. C. COLE & 1. C. HARDING

ARFTOX. MAIN CATEGORIES OF POM
MACERAL . o .
EQUIVALENT | Whitaker (1984) | Boulter & Riddick (1986) This Study
] PALYNOMAGERAL 1 DE;F:“[I)EBV %%B:IS DEGRADED DEBRIS
_ , S BROWN WOOD
VITRINITE WELL PRESERVED WOOD WELL PRESERVED WOOD
PALYNOMAGERAL 2 PARENGHYMA
LEAF CUTICLE,
CUTINITE 9 PALYNOMACERALS | |\ croy i CEBRIS LEAF CUTICLE
o)
= BLACK | BLADE - SHAPED
INERTINITE :—E, PALYNOMACERAL 4 BLACK DEBRIS | DEBRIS | EQUIDMENSIONAL
5 NON-SACCATE BISACCATES AND SPORES SPORES
§ SPOROMORPHS (PRO PARTE)
SPORINITE 3
FUNGAL SPORES FUNGI FUNGAL SPORES
LIPTINITE FRESHWATER ALGAE ALGAE (PRO PARTE) FRESHWATER ALGAE
|| sAccaTtE BISACCATES AND SPORES
SPOROMORPHS (PRO PARTE) POLLEN
DINOCYSTS DINOFLAGELLATE DINOCYSTS
CYSTS
@ T
LIPTINITE 3 ACRITARCHS — ACRITARCHS
3 — | meae — «
Z | MARINEALGAE (PRO PARTE) MARINE ALGAE
X
TECTIN é FORAM TEST LININGS FORAM TEST LININGS FORAM TEST LININGS
<
STRUCTURELESS AMORPHOUS MATTER,
ORGANIC MATTER SPECKS

Fig. 4. Comparison of the classifications of organic matter adopted by Whitaker (1984), Boulter & Riddick

(1986) and the scheme used in this study.

for the Lower Jurassic strata of other British
depositional basins.

Sedimentological sequence stratigraphic stu-
dies differ from sequence palynological analyses
in that they are able to examine continuous
vertical sedimentary sequences. Each palyno-
logical residue represents a single discrete
horizon which may only be compared to other
spot samples directly above or beneath that
level. Candidate stratigraphic surfaces bounding
sequences may be discerned from fiuctuations in
the palynofacies signatures. The bounding sur-
faces most readily recognized by palynological
means are maximum flooding surfaces (MFSs).
These bound genetic stratigraphic sequences or
depositional episodes (sensu Galloway 1989).
MFSs and their correlative basinal condensed
sequences (sensu Loutit et al. 1988) display the
highest abundances and diversities of micro-
plankton and thus are horizons of major
importance for biostratigraphic correlation
both within and between basins (Gorin & Steffen
1991, Habib et al. 1992, Powell 1992). It is often

possible for approximations to be made as to the
probable location of MFSs from reconnaissance,
low-resolution palynological studies in succes-
sions which might then be resampled in more
detail in order to delimit the precise location of
the surface.

Palynofacies response to relative sea-level
cyclicity at a number of different hierarchical
scales has been reported. Cycles of a lower (first
and second) order may overprint their own long-
term palynofacies characteristics onto the third-
order sequence-level variations. However, at the
scale of this study, third-order sequence palyno-
logical responses may be readily distinguished
within the more long-term, lower-order relative
sea-level cycles (Steffen & Gorin 1993). In a
similar manner, the palynofacies response to
higher orders of cyclicity has also been noted
(e.g. Waterhouse 1995). For sediments deposited
in shallow-marine settings the effects of higher-
order sea-level oscillations on palynofacies
response can be discerned. Where a high-
sampling resolution is employed within a section
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Fig. 5. Schematic diagram to illustrate the component
nature of cycle hirachy with respect to palynological
sampling resolution.

a higher-order cyclic palynofacies response is
observed. Such variations, however, can be
considered to be a component of the third-
order cycle (see Fig. 5).

Palynofacies response to relative
sea-level change

The responses of a number of different palyno-
logical criteria have been used in previous studies
to infer changes in relative sea level. Garnered
from published research, a review of predicted
trends in palynofacies characteristics through a
third-order siliciclastic sequence was given by
Tyson (1995). However, as definitions of many
of the parameters used in Tyson’s work and
the present study are scattered throughout the
literature, a detailed explanation of the various

palynological analyses and expected trends is
considered justified in the present study (see
Fig. 6). Three different approaches have been
utilized to interpret relative sea-level change:

(1) the relative abundance variations of dif-
ferent POM categories throughout the
study section;

(ii) the fluctuations in absolute abundances of
the different POM categories;

(iii) variations in assemblage composition and

species morphology within the micro-

plankton fraction.

Where appropriate, within such a framework,
information has been provided regarding the
behaviour of individual POM categories, as
deduced in the present study.

Variations in the relative abundance of POM

Terrigenous vs. marine palynomorphs. One
method in common usage is to compare the
relative abundances of allochthonous terrige-
nous sporomorphs and autochthonous marine
palynomorphs (Gregory & Hart 1992; Prauss
1993), the so-called Terrestrial/Marine index
(T/M index). The relative abundance of the
autochthonous fraction increases through trans-
gressive intervals as less allochthonous material
is transported to the site of deposition. This
index has only a limited application to the study
of the Dorset succession (Fig. 7) because
Classopollis pollen dominates the sporomorph
fraction (~90%). As the percentage abundance
of this cheirolepidiaceous pollen has been shown
to increase distally in European Jurassic sedi-
ments due to its size and buoyancy (Frederiksen
1980), the T/M index can be artificially
depressed.

Autochthonous POM response. The distribu-
tion of autochthonous POM is controlled by
physical, biological and ecological parameters.
Prauss (1993) studied the autochthonous
response to relative sea-level change through a
marine depositional cycle from Cenomanian—
Turonian sediments in Germany, determining
that in transgressive periods prasinophyte
phycomata were usually absent and the rela-
tive proportions of dinoflagellates increased
whilst that of acritarchs diminished. However,
in oxygen-deficient conditions a prasinophyte
maxima may occur in early transgressive sedi-
ments (Leckie et al. 1992). The MFS correlative
in distal environments, the condensed section
(marine condensed horizon), corresponds to
the point of maximum planktonic palynomorph
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Fig. 6. Predicted palynological and palynofacies responses through one simplified genetic stratigraphic sequence
cycle. 1, Cheirolepidiaceous pollen; 2, equidimensional black debris; 3, well-preserved brown wood; 4, blade-

shaped black debris; and 5, acritarchs.

diversity (Powell 1992; Blondel et al. 1993;
Steffen & Gorin 1993). Foram test linings also
display a peak in relative abundance associated
with MFSs. Regressive phases of relative sea-
level change show a diminishing proportion of
dinoflagellates relative to acritarchs, a trend that
continues until the next relative sea-level rise
occurs (Prauss 1993). Reworking of autochtho-
nous palynomorphs is also seen to increase
through early regression to a maximum fre-
quency at the onset of lowstand conditions
(Gregory & Hart 1992).

Allochthonous POM response. Phytoclasts: dur-
ing periods of increases in relative sea-level, the
ensuing coastal onlap implies that the site of
deposition becomes relatively more distal and
as a result the relative proportions of brown/well
preserved wood progressively diminishes. From
deep-sea carbonates Steffen & Gorin (1993)
recorded the relative abundance of blade-
shaped black debris as increasing during relative
sea-level rise. However, under the more marginal,
higher-energy conditions intermittently present
in the early Jurassic Wessex Basin, much of the
phytoclast fraction was liable to oxidation and
fragmentation through transportation and hence
peaks in the relative abundance of blade-shaped
black debris are diluted as this fraction becomes
broken down into smaller, more equant, frag-
ments. Thus, the relative proportion of small,

equidimensional black debris gradually increases
with increasing distance from source.

The POM responses to a fall in relative sea
level are the inverse of those seen through trans-
gressive conditions: the proportion of blade-
shaped black debris diminishes quite rapidly
above the MFS, and the size and quality of
preservation of the phytoclast fraction increases
through highstand conditions.

Allochthonous POM response. Sporomorphs:
studies of Recent sediments have shown most
sporomorphs to be introduced into a basin by
river transport (Heusser 1988) and as such this
fraction can be treated as any other allochtho-
nous fragment. However, due to their relatively
high degree of buoyancy, sporomorphs may be
transported varying distances from shore before
being sedimented out and as such may show a
peak in relative abundance with respect to the
phytoclasts some distance offshore, as the latter
are sedimented out more rapidly.

Variations in the absolute abundance
of POM

The absolute abundance of POM per gramme
of sediment is controlled by the interplay of
three important variables: the proximity to
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source of supply (for allochthonous POM); the
degree of sediment dilution (both siliciclastic
and carbonate), and the oxygen regime within
the basin.

Under these controls, the vertical trends in
absolute abundance for the different POM cate-
gories appear to parallel one another, irrespective
of their constituent relative abundance variations.
The absolute POM abundance decreases away
from source as POM becomes progressively
sedimented out. In this study the absolute abun-
dance of POM in the dominantly fine-grained
Sinemurian and Lower-Middle Pliensbachian
sediments does not appear to have been influ-
enced by sediment dilution. However, the Upper
Pliensbachian Down Cliff and Thorncombe
Sands show a progressive upwards increase in
mean grain size (Hesselbo & Jenkyns 1993)
which can be seen to result in the pro-
gressive dilution of POM (see Fig. 9).

The degree of oxygenation prevalent at the
time of deposition may also have a control over
absolute total POM abundances (Tyson 1993).
The MFS correlative condensed section, for
example, under oxic conditions may produce a
hardground or surface of non-deposition with
low absolute total POM counts; however, under
oxygen deficient conditions the organic matter
will continue to accumulate and be preserved
(Creaney & Passey 1993).

The degree of oxygenation at the time of
deposition can also be assessed, irrespective
of relative sea level. High relative abundances
of allochthonous pollen (and high absolute
POM abundances) are associated with more
oxygen-deficient conditions (suggested by the
increased abundance of AOM): this results
in suppression in productivity of the auto-
chthonous fraction and an increased probabil-
ity of organic preservation wunder such
conditions. In such sediments cheirolepidiac-
eous pollen dominates the total palynofacies
assemblage (~78%).

Hesselbo & Jenkyns (1997) interpret most
condensed successions in the Wessex Basin
as corresponding to relative sea-level rise (this
report provides corroborative evidence for
this intepretation). Sedimentological, ichno-
logical and palynofacies observations indicate
that these successions were deposited under rela-
tively well-oxygenated conditions. Conversely,
expanded parts of the succession are regarded
as having been associated with relative sea-
level fall. It is in these successions that the
markers for oxygen deficiency occur: a high
abundance of AOM and an increase in the
relative abundance of prasinophyte phyco-
mata, etc.

Variations in the microplankton assemblage
and microplankton morphology

Wall (1965), in a study of the Lower Jurassic
Dorset succession, showed that the distribution
of microplankton was environmentally con-
trolled. In this study, it has been found that
Lower Jurassic sediments from the Dorset Coast
contain microplankton assemblages in which the
relative abundance of the acritarch component is
~95%. By studying the ratio of polygono-
morphic to acanthomorphic acritarchs it can
be shown that acanthomorphic acritarchs domi-
nated in proximal environments, whilst the
proportion of polygonomorphs increased in
more distal settings. This supports the supposi-
tion of Wall (1965).

Wall (1965) also determined that long-spined
acritarchs were associated with low-energy, distal
deposition and with increased water depth, whilst
the short-spined forms were tolerant of proximal,
more turbulent environments. The present study
has utilized a ratio between the relative abun-
dances of subspecies of a single acritarch taxon,
Micrhystridium lymense, to identify proximal-
distal environmental fluctuations (Fig. 6). The
relative abundance of M. lymense rigidum (spine
length 15-33% of body diameter) is compared to
the combined relative abundances of M. lymense
gliscum (spine length 33-66% of body diameter)
and M. lymense [ymense (spine length 66-100%
of body diameter). A low value for this ratio is
considered indicative of more distal settings.
Significant fluctuations in the relative abundance
of many common, long-ranging, acritarch taxa
(e.g. Micrhystridium fragile) were also recorded.
These variations are considered to be environ-
mentally constrained.

Results
Sinemurian

The base of the Sinemurian stage in Dorset is
taken as being the Second Mongrel horizon,
Bed 21 (Lang 1924), and 78 m above this the base
of the Hummocky Limestone, Bed 103 (Lang &
Spath 1926), marks the top of the stage. The
results of the palynological study of the Sinemur-
ian stage are summarized in Fig. 8. Four distinct
genetic stratigraphic sequences, two complete
and two truncated by stratigraphic breaks, have
been identified in the succession each bounded by
candidate flooding surfaces, as follows.

Genetic Sequence I — Mongrel (Bed 23, Lang
1924) to Grey Ledge (Bed 49, Lang 1924),
conybeari-lyra ammonite subzones.
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Genetic Sequence IT — Grey Ledge to Pavior
(Bed 82, Lang & Spath 1926), scipionanum-mid
birchi ammonite subzones.

Genetic Sequence III — Pavior to Coinstone
(Bed 89, Lang & Spath 1926), upper birch,
obtusum and stellare ammonite subzones.

Genetic Sequence IV — Coinstone to Hum-
mocky (Bed 103, Lang & Spath 1926), densino-
dulum and raricostatoides ammonite subzones.

Genetic Sequence I, interpreted from Mongrel
to Grey Ledge, is characterized by a relatively
long regressive phase through the bucklandi zone
which was followed by a rapid transgression
(Iyra subzone). The alternating Milankovitch-
controlled limestones and mudstones of this cycle
(House 1985, 1989; Weedon 1986) appear to exert
a strong control over the palynofacies assem-
blages, hindering interpretation. The Mongrel
horizon contains high relative abundances of
equidimensional black debris (40%) and auto-
chthonous components (27.9%) and has a T/M
index of <1. Low absolute total POM abun-
dances (150000 particles/g sediment) relative to
the rest of the Sinemurian stage characterizes a
well-oxygenated, relatively distal depositional
setting.

Sediments lying stratigraphically above the
Mongrel horizon, through the bucklandi zone,
show generalized regressive characteristics, for
example an increasing T/M index: 0.59 in the
Mongrel horizon up to the Venty Shales, Bed 42i
(mid bucklandi subzone) where the index peaks
at 3.69. Absolute total POM abundances also
increase from the Mongrel horizon (150000
particles/g sediment) up to the Glass Bottle
Shales, Bed 46 (mid bucklandi subzone)
(3700000 particles/g sediment). The autochtho-
nous fraction decreases from 27.9% in the
Mongrel to 8.7% in the Glass Bottle Shales.
Within this autochthonous fraction the average
acritarch spine length becomes reduced and
the proportion of polygonomorphic acritarchs
decreases.

This general regression was punctuated by a
short-lived, minor transgressive event associated
with the Second and Best Beds (Beds 39 and 41,
Lang 1924), a conspicuous limestone horizon at
the base of the bucklandi subzone. This horizon
shows many of the palynofacies characteristics of
a possible flooding surface: low absolute abun-
dances, low T/M index, a low relative proportion
of sporomorphs, a high relative proportion of
equidimensional black debris, etc.

However, the overall regressive characteristics
outlined above continue until the upper buck-
landi subzone prior to what is interpreted as a
rapid rise in relative sea level which resulted in
the formation of the much condensed [yra

subzone at the base of the semicostatum zone.
The horizon of maximum flooding is taken at
Grey Ledge, a discontinuous tabular limestone,
above which a stratigraphic gap has been
postulated (Hallam 1960). The POM assemblage
characteristics are similar to those described for
the Mongrel horizon, for example low absolute
total POM abundance (64000 particles/g sedi-
ment) and a high relative percentage of poly-
gonomorphic acritarchs (27%).

Genetic Sequence II begins at Grey Ledge in
the Iyra subzone at the base of the semicostatum
zone. Deposition throughout the semicostatum
and lower turneri zones appears to have
occurred under falling relative sea levels which
progressively introduced more proximal char-
acteristics to the POM assemblages. Palynofa-
cies data indicate that this relative sea-level fall
terminated in the upper brooki to lower birchi
subzones. Absolute total POM abundance peaks
(1 140 000 particles/g sediment) in the mid brooki
subzone as does the relative abundance of pollen
(46.8%), and the T/M index is also high (7.76).
However, the abundance maxima of sporo-
morph tetrads/clusters, generally a good indica-
tor of proximity to source (i.e. maximum
regression Tyson 1993), occurs in the Birchi
Nodular and Birchi Tabular, Beds 75a-76a
(Lang et al. 1923). This peak is considered to
be representative of a low-energy, oxygen-
deficient depositional environment with conse-
quently a reduced disaggregation of sporo-
morph tetrads/clusters. Evidence for such an
environment is threefold: the presence of
organic-rich paper shales in this interval
(Wignall & Hallam 1991); a high relative
abundance of the dysaerobia-tolerant prasino-
phyte Tasmanites sp.; and the well-preserved
fossil insect remains recovered from these beds
(Whalley 1985).

The succeeding palynofacies assemblages
reflect a subsequent relative sea-level rise which
persists up to the Pavior or Upper Cement Bed
horizon: a decreasing T/M index from 7.76 (mid
brooki subzone) to 0.56 in the Pavior, and an
increase in relative abundance of the equidimen-
sional black debris fraction from 28.1% (lower
birchi subzone) to 42.3% (Pavior). The Pavior
horizon can be interpreted as a flooding surface
on similar palynological criteria to those pre-
viously discussed (see Fig. 6). Further evidence
for such a designation is the small stratal gap
recorded directly above this horizon, thought to
be the result of sediment starvation (Hesselbo &
Jenkyns 1995).

The proposed Genetic Sequence 11T is incom-
plete, truncated by the major stratigraphic gap
represented by the Coinstone horizon. Above
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Fig. 8. Palynofacies characteristics of the Sinemurian succession, Dorset coast. FAD, first appearance datum;

LAD, last appearance datum.

the Pavior, in the upper birchi subzone, the
POM assemblages from the base of this succes-
sion show regressive characteristics. However,
the interpretation of the POM signals within the
organic-rich, high TOC Obtusum Shales above is
more difficult. The increasing T/M index (0.59 in
the Pavior to 12.00 in the Obtusum Shales),
rising absolute total POM abundances (155000
to 2500000 particles/g sediment) and the falling
relative abundances of acritarchs (24.0 to 2.2%)
would be expected during relative sea-level
fall. However, the relative abundance of well-
preserved brown wood also declines through the
obtusum subzone from 14.7% in Bed 83c (Lang
& Spath 1926) to 7.0% at the top of the shales.
Also in the Obtusum Shales, the acritarch
assemblages show an increase in relative abun-
dance of polygonomorphic forms (up to 25%)
and a sharp decrease in the M. lymense spine
length ratio: both regarded as indicative of
increasing water depth. The POM assemblages
extracted from sediments immediately below
the Coinstone are indicative of a continuing
fall in relative sea level. Interpretation of this
part of the sequence is therefore ambiguous.
Major stratigraphic gaps are recorded both
above (macdonelli and aplanatum subzones)
and beneath (upper stellare, denotatus, simpsoni
and oxynotum subzone) the Coinstone hori-

zon (Lang & Spath 1926) preventing a contin-
uous palynological sequence being recorded.
This study can support the presence of such a
stratigraphic break as the dinoflagellate Liasi-
dium variabile, restricted to the oxynotum zone
elsewhere around Britain (Riding 1987), is com-
pletely absent from the Dorset Coast sediments.
This is not considered to be the result of
ecological exclusion as previous studies have
recorded Liasidium variabile from a number
of different depositional environments (Morbey
1975; Woollam & Riding 1983; Davies 1985;
etc.). Hesselbo & Palmer (1992) provide a
detailed discussion of the formation of the
Coinstone, but no palynological residues were
obtained from the Coinstone itself prohibiting
corroboration of any of the interpretations
presented by these authors.

Genetic Sequence 1V appears to span the lower
two subzones of the raricostatum zone. This
sequence is incomplete being bounded by two
unconformities, one associated with the above-
mentioned Coinstone and the erosional upper
discontinuity known to occur beneath the
Hummocky limestone. From the ammonite
record this latter discontinuity represents the
macdonelli and aplanatum subzones. Paly-
nofacies indicators through that part of the
raricostatum zone that is developed indicate a
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transgressive character to sediments moving
towards the Sinemurian—Pliensbachian bound-
ary: increasing relative abundances of equidi-
mensional black debris (45.5 to 74.1%), a fall in
the relative abundance of the pollen (22.3 to
8.1%) and well-preserved brown wood fractions
(15.5 t0 9.7%). A declining T/M index (5.87 to
2.29) is also re-corded. The raricostatum zone
contains the only occurrence of the acritarch
genus Multiplicisphaeridium through the section.
This distinct polygonomorphic acritarch has
previously only been recorded in the Jurassic
period from sediments deposited under trans-
gressive conditions from the Lias ¢ in Germany
(Prauss et al. 1991).

Pliensbachian

The base of the Pliensbachian stage in Dorset is
taken as the base of the Hummocky limestone
(Bed 103) and its top at the base of the Junction
Bed (sensu lato). The Junction Bed and overlying
Down CIiff Clays are of Toarcian age. Palyno-
logical results for the Dorset Pleinsbachian are
summarized in Fig. 9.

The Pliensbachian stage of Dorset represents
an almost complete succession of predominantly
siliciclastic sediments, 176 m in thickness, with
only the upper subnodosus and gibbosus subzones

missing. Within this succession four genetic
stratigraphic sequences may be distinguished.

Genetic Sequence V — Hummocky (Bed 103,
Lang & Spath 1926) to the Belemnite Stone
(Bed 121, Lang 1928), jamesoni and ibex ammo-
nite zones.

Genetic Sequence VI — Belemnite Stone to
Day’s Shell Bed (Bed 20, Howarth 1957), davoei
zone and lower stokesi subzone.

Genetic Sequence VII — Day’s Shell Bed to
the margaritatus Stone (Bed 24, Howarth 1957),
upper stokesi subzone.

Genetic Sequence VIII — margaritatus Stone to
the base of the Junction Bed (sensu lato) (Beds 34—
35, Howarth 1957), lower subnodosus subzone.

The Belemnite Marls are considered to repre-
sent one complete sedimentary cycle (Hesselbo &
Jenkyns 1995). This view is supported by paly-
nological evidence. Within Genetic Sequence V
two minor, yet distinct, regressive—transgressive
phases may be discerned.

Following the major Upper Sinemurian—
Lower Pliensbachian transgression responsible
for the erosional discontinuity and the formation
of Hummocky, the polymorphus and brevispina
subzones represent the first regressive—transgres-
sive phase. A minor flooding surface may be
postulated from palynofacies evidence at the
Middle Pale Band (Bed 113, Lang et al. 1928), for
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example, the absolute total POM abundance
peak in the polymorphus subzone of 1250000
particles/g sediment (Bed 110a, Lang et al. 1928)
declines to 192000 particles/g sediment in the
brevispina subzone (Bed 113, Lang ef al. 1928),
whilst across the same interval the relative abun-
dance of equidimensional black debris increases
from 14.9 to 37.0%, and that of sporomorphs
decreases from 54.6 to 27.6%. High-resolution
natural gamma-ray spectrometry further sup-
ports the presence of a flooding surface at this
level (Bessa & Hesselbo 1997), although such an
interpretation was not made for this interval
in Dorset by Parkinson (1996), based on a
lower-resolution study. The overlying jamesoni
subzone and ibex zone represent the second
regressive—transgressive phase. Palynofacies
assemblages through this fourth-order cycle
display regressive characteristics from the
Middle Pale Band through to the Upper Dark
Band (Bed 115, Lang 1928) in the mid-jamesoni
subzone: the absolute total abundance of
POM rises from 192000 to 623000 particles/g
sediment, whilst the relative abundance of equi-
dimensional black debris falls (37.4-15.1%).
The ensuing transgressive phase occurs from
the upper jamesoni subzone to the Belemnite
Stone (Bed 121, Lang et al. 1928), a conspicuous
condensed limestone representing the luridum

subzone. This horizon is characterized by a low
T/M index relative to the preceding jamesoni and
lower ibex zones (3.54), very high relative abun-
dances of equidimensional black debris (65%),
low relative abundance of well-preserved brown
wood (6.7%) and a very low absolute total POM
abundance (29800 particles/g sediment). The
relative abundance of polygonomorphic acri-
tarchs within the Belemnite Stone was also high
(28% of the total acritarch assemblage) sug-
gesting more open marine conditions. Ongoing
high-resolution studies suggest that regressive—
transgressive pulses of even shorter duration
may be recognizable within the ibex zone.
Genetic Sequence VI comprises the Green
Ammonite Beds, Three Tiers and the Eype
Clays, and is bounded by the Belemnite Stone
at the base with Day’s Shell Bed as the upper
bounding surface. Callomon & Oates (1993)
report a minor stratigraphic gap directly above
the Belemnite Stone. The overlying Green
Ammonite Beds represent a fully marine succes-
sion of mudrocks which generally becomes more
silty upwards towards the Three Tiers. The base
of the margaritatus zone is recognized as a
second-order depositional sequence boundary
(sensu Vail et al. 1984) throughout Britain and
the North Sea (Partington ez al. 1993). The grad-
ual increase in grain size through this part of the
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succession influences the relative abundance of
POM due to the effects of hydrodynamic
sorting. The absolute total POM abundance
declines upwards towards the Three Tiers from
2400000 particles/g sediment at the base of the
capricornus subzone to 138000 particles/g sedi-
ment in Three Tiers. In most situations this
would be interpreted as indicative of transgres-
sive conditions. However, this interpretation is
contradicted by the increase in the M. lymense
spine length ratio from 0.25 at the Belemnite
Stone through the Green Ammonite Beds to
a maximum in the Three Tiers (0.70) and
Eype Clays (0.83): such high figures being
considered indicative of a proximal depositional
setting, arguing against a transgressive deposi-
tional regime. Taking into account the high
M. lymense spine length ratio and the increasing
sediment grain size through the section, the
decrease in absolute total POM abundance is
interpreted as due to the effects of sediment
dilution in a more proximal setting. The pro-
gressive increase in grain size through the davoei
zone is considered to have negated the typical
proximal-distal trends in absolute total POM
abundance response, and to have overprinted its
own response characteristic.

Following the formation of the Three Tiers,
sea level is interpreted as having risen, enabling

accommodation space to be created to allow for
the rapid deposition of the stratigraphically
expanded Eype Clays. The top of the cycle is
marked by Day’s Shell Bed. Palmer (1966)
interpreted the Shell Bed as a winnowed shell
accumulate. However, the palynological results
suggest another interpretation. The relative
abundance of both equidimensional and blade-
type black debris are considered high relative
to the adjacent sediments, 41.0% and 13.2%
respectively, whilst the pollen (20%) and brown-
wood fractions (8%) are low. A trough in the T/
M index (2.2) is also associated with this horizon
and the absolute abundance of total POM falls
to 67000 particles/g sediment. All these para-
meters may be interpreted as being characteristic
of a mid-cycle shell bed (sensu Vail et al. 1984),
thus enabling Day’s Shell Bed to be interpreted
as a maximum flooding surface.

The upper stokesi subzone represents one
complete regressive—transgressive cycle, Genetic
Sequence VII, bounded by Day’s Shell Bed and
the margaritatus Stone. Above the Shell Bed 1 m
of shaley sands occur which in turn are overlain
by the coarser Down CIliff Sands. Grain size also
coarsens upwards through this cycle (pers. obs.).
Absolute total POM abundance varies from
67000 particles/g sediment in the Shell Bed to a
maximum of 240000 particles/g sediment 15m
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above the Starfish Bed and then gradually falls
to 6 500 particles/g sediment in the margaritatus
Stone. The relative abundance of pollen displays
much the same pattern, from 21.3% in the Shell
Bed to a maximum of 47.2% 9m above the
Starfish Bed and then gradually declining
through the Down Cliff Sands to 15.7% in the
margaritatus Stone. An inverse pattern in the
relative abundances of both equidimensional
and blade-type black debris is recorded.

Genetic Sequence VIII, represented by the
interval from the margaritatus Stone to the base
of the Junction Bed (sensu lato), is incomplete.
The margaritatus Stone has herein been inter-
preted as a flooding surface. Stratigraphically
above this 2m of the margaritatus Clay occurs,
which is in turn overlain by the fine siliciclastics
of the Thorncombe Sands. The succession is
believed to represent the regressive phase of a
genetic sequence cycle truncated by the uncon-
formity immediately below the Junction Bed
(sensu lato). Absolute total POM abundances do
not exceed 17 500 particles/g sediment through-
out the Thorncombe Sands due to the effects of
increased sediment dilution and winnowing, the
result of clastic deposition close to source.
Despite this, variations in the absolute abun-
dance of POM are still characteristic of a
regressive phase: 6500 particles/g sediment in
the margaritatus Stone (Bed 24, Howarth 1957),
rising to 17300 particles/g sediment in Bed 28
(Howarth 1957).

Discussion

Solely from palynological evidence it has been
possible to discern eight discrete genetic strati-
graphic sequence cycles (or depositional episodes)
for the Sinemurian and Pliensbachian stages of
the Dorset Coast. The palynofacies response for
a complete genetic sequence cycle is character-
ized by a typical regressive—transgressive trend
(see Fig. 6).

In order to test the validity of this indepen-
dent study the proposed genetic sequence strati-
graphic framework is compared here with
sequence frameworks for Lower Jurassic sec-
tions both within the Wessex Basin and else-
where in Britain developed principally from
sedimentary facies studies (Haq et al. 1988;
Partington et al. 1993; Hesselbo & Jenkyns
1997). Hesselbo & Jenkyns (1997) analysed
sedimentary facies changes in the Dorset succes-
sion allowing the construction of a sequence
stratigraphic framework for the Lower Jurassic
of Britain. Partington et al. (1993) utilized

biostratigraphy to calibrate Jurassic genetic
stratigraphic sequences within the North Sea
area, whilst Haq et al. (1988) incorporated the
Dorset and Yorkshire Lower Jurassic sections
in the construction of a worldwide Mesozoic
eustatic sea-level curve. The principal results of
these studies are reproduced in Fig. 10.

Most of the major candidate flooding surfaces
proposed by Hesselbo & Jenkyns (1997) in their
study of the Dorset section have been recorded
here. The upper bounding flooding surface
of Genetic Sequence I is taken to be Grey
Ledge within the /yra subzone, Hesselbo &
Jenkyns (1997) likewise propose this horizon to
represent a candidate MFS. The lower boundary
for proposed Genetic Sequence V the upper
raricostatum-lower jamesoni zonal interval, in
Dorset represented by a stratigraphic break
followed by the condensed Hummocky lime-
stone, is recorded by Partington ez al. (1993),
Hesselbo & Jenkyns (1997) and the present
authors as a MFS.

Despite the general trend of palynofacies
assemblages showing progressively more prox-
imal characteristics throughout much of the
upper jamesoni and ibex zones, the palynofacies
assemblages recovered immediately below and at
the Belemnite Stone within the stratigraphically
condensed luridium subzone suggest that this
subzone represents a short-lived period of rela-
tive sea-level rise, culminating in the formation
of the condensed Belemnite Stone. Hesselbo &
Jenkyns (1997) suggest the condensation of the
luridium subzone to be related to sediment
starvation and hence deepening, as opposed to
the sediment by-pass (associated with shallow-
ing) proposed for condensation within the
underlying valdani subzone. This interpretation
supports the present proposal that the Belemnite
Stone represents a flooding surface correlative.
It should be noted that Haq et al. (1988)
provided a conflicting interpretation for the
mid-upper ibex zone, postulating a sequence
boundary at the valdani—luridum transition. Such
an interpretation is not supported by high-
resolution palynofacies analyses currently being
undertaken on sample material from the Dorset
succession.

The margaritatus Stone (the lower bounding
surface of Genetic Sequence VIII) is proposed as
a major candidate MFS by Hesselbo & Jenkyns
(1997), time equivalent to the upper stokesi and
lower subnodosus subzones. This is supported by
the results of the palynological study. However,
despite the fact that Hesselbo & Jenkyns (1997)
recorded this candidate MFS from a number of
basins within the British Isles, neither Partington
et al. (1993) nor Haq et al. (1988) record a
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flooding surface as present at the srokesi-
subnodosus subzonal boundary horizon. Day’s
Shell Bed (mid-stokesi subzone) is herein pro-
posed as a genetic sequence boundary. Similar
time-equivalent flooding surfaces have been
recorded both by Haq ef al. (1988, the Cycle
4.1 flooding surface) and by Partington et al.
(1993, the J14 (MJ8A PJ6B) genetic sequence
boundary at the base of genetic sequence J14).
Hesselbo & Jenkyns (1997) do, however, record
the presence of several fourth-order coarsening-
upwards cycles within the margaritatus zone.
Genetic Sequence VII proposed herein may
represent one such fourth-order cycle (see
Fig. 10), the base of which, Day’s Shell Bed,
might be correlated to the flooding surfaces
recorded elsewhere for the mid-stokesi subzone.

Despite the clear corroboration of the palyno-
logical data by sedimentological studies for
certain horizons in the section, the following
examples indicate that discrepancies between the
proposed palynological and sedimentological
interpretations do occur. Hesselbo & Jenkyns
(1997) recognize a major candidate MFS in the
scipionanum subzone (also recorded by Parting-
ton et al. 1993 as the MJ3B PJ3 level). However,
at the time this study was undertaken this part of
the succession was not available for palynologi-
cal sampling, hence this candidate MFS cannot
be confirmed palynologically. Subsequent
higher-resolution palynological studies might
elucidate this interval further.

The placement of the lower bounding flooding
surface for Genetic Sequence III also differs
between studies. Hesselbo & Jenkyns (1997)
regard the strong sedimentary facies change at
the base of the obtusum Shale to represent the
point of maximal flooding; however, palyno-
logical evidence contradicts this lithological
interpretation, suggesting that the Pavior horizon
represents the surface of maximum flooding. The
obtusum Shales comprise sediment deposited
under oxygen-deficient conditions (cf. high rela-
tive abundance of both AOM and the prasino-
phyte Tasmanites) which it is thought may have
unduly biased the palynofacies assemblages
recovered (see the discussion in the section on
‘Variations in absolute abundance of POM’).

Hesselbo & Jenkyns (1997) interpret the
Coinstone as representing a MFS, however,
no palynological data were obtained from this
horizon. Natural gamma-ray spectrometry
further supports the presence of a flooding
surface at this level (J. Bessa, pers. comm.).
Partington et al. (1993) record their ‘oxynotum’
JO6 (MJ5 PJ4) maximum flooding surface from
the stratigraphically more complete Upper
Sinemurian sections in the North Sea, whilst

Haq et al. (1988) similarly document their
Cycle 3.2 flooding surface at the base of the
oxynotum zone.

Conclusions

Operating within sample preparation/observa-
tional constraints, this study demonstrates that a
detailed palynofacies investigation can aid the
construction of a sequence stratigraphic frame-
work for a sedimentary succession. For the
Dorset Coast Lower Jurassic succession it has
been possible to recognize eight discrete palyno-
logically based genetic sequences for the Sine-
murian and Pliensbachian stages, informally
designated Genetic Stratigraphic Sequences
I-VIII. The placement of the bounding flooding
surfaces of these sequences (by palynological
interpretation) can be corroborated by compar-
ison with the sedimentological facies studies of
Hesselbo & Jenkyns (1997) in an independent
study of the same section, as well as by com-
parison with existing published frameworks for
the Lower Jurassic (Haq et al. 1988; Partington
et al. 1993). Such comparisons enhance the
validity of a sequence palynological approach to
sequence stratigraphic interpretation.
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Regional uplift in the English Channel:
quantification using sonic velocity
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Abstract: Analysis of the substantial well database held by British Gas Exploration and
Production Ltd enables regional estimates of uplift for the English Channel area to be
derived from anomalous measurements of downhole sonic velocity. Estimates of section
uplift, or apparent erosion, can be derived from variations in sonic velocity/travel-time
between wells in a basin relative to a function defining the velocity/travel-time and depth
relationship for the basin; the normal compaction relationship. These estimates are,
however, extremely sensitive to errors in the normal compaction relationship, and to
variations in sedimentary facies and/or diagenesis between wells. In this study, these
problems have been minimized using regionally persistent, homogeneous thick facies such as
shales and by carefully constraining the normal compaction relationship by ‘backstripping’
apparent erosion values to determine ‘residual apparent erosion’.

Apparent erosion has been determined for three intervals from the Mid- and Upper
Jurassic, broadly corresponding to the Fuller’s Earth, Oxford Clay and Kimmeridge Clay
Formations. Averaging these values and constraining them as above results in robust
estimates of total uplift across the English Channel Basin, with uncertainties of around 20%.
The results of this study suggest kilometre-scale uplift within the area, with maxima over the
Purbeck-Isle of Wight Fault Zone and the Mid Channel High inversion axes. To the north
of the Purbeck—Isle of Wight Fault Zone the apparent erosion calculations estimate uplift of
500m or less, suggesting that this area may have remained relatively stable during basin
inversion. When compared to equivalent estimates from AFTA/VR (apatite fission track/
vitrinite reflectance) palaeotemperature data, the sonic-derived uplift is similar within errors
in inverted areas. However, in more stable areas such as to the north of the Purbeck—Isle of
Wight Fault Zone, calculated apparent erosion indicates that little uplift has occurred,

whereas uplift estimates derived from AFTA/VR models are still significant.

The tectonically complex history of the English
Channel Basin has been the major control on the
success of hydrocarbon exploration within the
area (see Buchanan 1997 this volume). In general,
the magnitude of the well-documented Late
Cretaceous—Tertiary basin inversion episode is
poorly understood. One method of quantifying
uplift and/or erosion of section within a semi-
mature basin, such as the English Channel area, is
to study variations in the interval transit-time/
velocity between wells relative to a derived
regional velocity—depth relationship, the normal
compaction relationship, to derive estimates of
uplift or apparent erosion for that well (e.g. Hillis
et al. 1994; Menpes & Hillis 1995).

Using the extensive well database held by BG
Exploration and Production, estimates of uplift/
erosion have been determined for the Portland-
Wight Basin (after Smith & Curry 1975) and the
southern Wessex Basin using this method. Over
45 wells have been used in this study, 26 of which
are in the public domain and are presented here

(Table 1). Owing to the lack of Cretaceous facies
within many of the wells used estimates are of
total uplift of section within the basin, and are
derived using the regionally homogeneous Upper
and Mid-Jurassic shales and clays of the Kim-
meridge Clay Formation, the Oxford Clay
Formation and the Fuller’s Earth Formation.
The Lower Jurassic lithofacies are too hetero-
geneous to provide meaningful uplift estimates
using this method.

Estimating uplift using sonic velocity—
apparent erosion

Lateral variations in sonic velocity or travel-time
within regionally homogeneous facies have been
widely used to estimate the amount of erosion or
missing section within sedimentary basins. Shales
have traditionally been used (Marie 1975; Cope
1986; Bulat & Stoker 1987), although recently
workers have argued that other facies can also

LAaw, A.1998. Regional uplift in the English Channel: quantification using sonic velocity. fn: UNDERHILL, J. R. (ed.)
Development, Evolution and Petroleum Geology of the Wessex Basin, Geological Society, London, Special

Publications, 133, 187-197.
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Fig. 1. Location of study area.

give valid results, for instance the Cretaceous
Chalk of the United Kingdom Continental
Shelf (Hillis et al. 1994; Menpes & Hillis 1995).

For a given study interval, a relationship can
be derived relating the effect of burial on inter-
val transit-time/velocity: the normal compac-
tion relationship. Although the loss of porosity
with depth has been shown to be logarithmic
(Magara 1976), a linear relationship between
interval velocity and depth is found to yield
equivalent results over the formation mid-point
depth range commonly used in these studies
(Bulat & Stoker 1987). Theoretically, over-
compaction or uplift of a particular formation
is therefore represented by interval velocities
that show anomalously high values relative to
this normal compaction relationship.

Methodology

A method similar to Menpes & Hillis (1995) has
been used in this study to estimate apparent
erosion using wells from the southern Wessex

Basin and the UK sector of the Central English
Channel Basin: the Portland-Wight Basin
(Fig. 1). As discussed above, the Cretaceous and
Tertiary sections are poorly preserved or missing
from most of the wells used. The study was
therefore focused on the regionally persistent
shale—clay-dominated facies of the Jurassic
section. Each well was first subdivided on the
basis of the main formation tops of the Jurassic
used in the basin; from Top Kimmeridge Clay to
Top Corallian, corresponding broadly to the
Kimmeridge Clay Formation, the Top Corallian
to Top Cornbrash, corresponding to the Oxford
Clay Formation, and the Top Cornbrash to Top
Inferior Oolite, corresponding to the Fuller’s
Earth Formation. The Lower Jurassic (Top
Inferior Oolite to Top Rhaetic) interval was
also used to examine the effect of large-scale
facies variations on apparent erosion estimates,
but could not be used to determine meaningful
estimates of uplift/erosion within errors. These
results are, however, presented here for com-
pleteness (Table 1).

For each of these intervals, the average sonic
velocity was computed and plotted against
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mid-point depth (Fig. 2). A normal compac-
tion relationship was derived for each interval
(Table 1) by finding the best-fit linear function
that passed through those wells that showed the
lowest interval velocity for a given burial depth —
the reference wells. The amount of apparent
erosion (E,) could be determined within any
given well relative to this normal compaction
relationship, and therefore relative to the refer-
ence wells, using the equation:

1
E,= a(l/l — Vo) -z,

where m is the gradient of normal compac-
tion line; ¥, is the surface intercept of the
normal compaction relationship; V; is the inter-

val velocity of the interval under consideration;
and z; is the mid-point depth of interval under
consideration.

Limitations and error constraints

Apparent erosion studies can be subject to large
and potentially unmanageable errors, which
must be understood and constrained as much
as possible for such a study to be successful.
The three main sources of error in such
estimates result from the reference wells being
at some elevation above their maximum burial
depth, from variations in diagenesis or facies
type between wells, and from statistical errors
in the derivation of the normal compaction
relationship.
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Reference wells and maximum burial depth

Apparent erosion calculated in this manner is
determined relative to the normal compaction
relationship derived from a series of reference
wells. If these reference wells are not at their
maximum burial depth, then the calculations
will underestimate the amount of uplift/erosion.
To provide an absolute calibration of apparent
erosion estimates, uplift/erosion of the reference
wells can be examined using estimates of missing
section derived from regional geological knowl-
edge, or by calibrating the results using other
estimates, for instance using AFTA or vitrinite
reflectance (see Bray er al. this volume). The
implications of reference well uplift to this study
are discussed later.

Normal compaction relationship

In this and other studies, the intercept velocity
of the normal compaction relationship, that is,
the velocity predicted by the normal compaction
relationship at zero depth, has been constrained
between around 1500 and 3000ms~!. An error
in the gradient of the normal compaction
relationship of around +10% results in an
equivalent error in apparent erosion values of
between £5% and £20%. This, however, only
results in a small error in the intercept or surface
velocity, well within the limits imposed on the
intercept velocity discussed above. Figure 3
shows the effect this variation has on the
values of apparent erosion calculated for the
Fuller’'s Earth Formation. Here, an error of
10% has been built into the normal compaction
relationship, resulting in an average error in
apparent erosion of around 12%. However, the
error induced in the intercept velocity is only
around 25ms~!, or around 1%. Thus, the use of
intercept velocities to constrain the normal
compaction relationship is a relatively insensi-
tive control.

The normal compaction relationship may be
better constrained by using residual apparent
erosion. In general, geologically older intervals
should not show a decrease in apparent
erosion relative to formations above. Thus, if
apparent erosion values from younger intervals
are sub-tracted, the residual apparent erosion
should not be negative (Cope 1986). Figure 3
shows an example of how this can be used. In
this study, two normal compaction relation-
ships can be derived for the Lower Jurassic
interval. Both give valid intercept velocities
within the constraints used here (Fig. 4a),

however, the difference in the estimated
apparent erosion values calculated relative to
the two possible normal compaction relation-
ships are around 50%. Calculating the residual
apparent erosion for this interval relative to
the Upper and Mid Jurassic average results in
a considerable number of negative residuals if
well ‘A’ is used as a reference well, implying
that well ‘B’ is a better choice as reference well
(Fig. 4b).

Using this concept to constrain the normal
compaction relationship for each interval used in
the study results in an average statistical error of
around 20% in the estimated apparent erosion
values, with a resolution limit of around 200 m
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(b) Residual apparent erosion between the Lower and
Upper to Mid-Jurassic intervals for each well. Using
the well ‘A’ to define the normal compaction
relationship for the Lower Jurassic results in negative
residuals for most wells. However, the normal
compaction relationship derived using well ‘B’ results
in few negative residual. Well ‘B’ is therefore a better
choice as a reference well to define the normal
compaction relationship for this interval.

below which the associated velocity anomalies
are less than the error in the normal compaction
relationship.

The effects of facies and diagenetic variation

The effect of sedimentary facies variation on
apparent erosion estimates can also be examined
by calculating residual apparent erosion values.
By removing the apparent erosion calculated for
the Upper to Mid-Jurassic interval, the Lower
Jurassic interval shows large residual apparent
erosion values where wells contain a high pro-
portion of Bridport Sandstone Equivalent lime-
stone facies (solid circles, Fig. 6), and smaller
but significant values where the Bridport Sand-
stone is thick (solid squares, Fig. 6). Excluding
these values, residual apparent erosion within
the Lower Jurassic, that is, uplift before the
deposition of the Inferior Oolite or equivalent,
appears to be less than 700 m.

But does this have a significant effect on the
Upper and Mid-Jurassic intervals used, where
facies were assumed to be regionally homo-
geneous and persistent? This can be studied
using cross-plots of apparent erosion estimates
from geological intervals within each of the
wells used (Fig. 5). Where facies are regionally
persistent, adjacent intervals should have a high
degree of correlation within a well if apparent
erosion has been calculated successfully, assum-
ing there are no major erosive episodes present
between intervals. In this study, cross-plots of
the three intervals within the Upper to Mid-
Jurassic give regression coefficients of around
0.7. However, the variation in facies type within
the Lower Jurassic interval results in a regres-
sion coefficient of 0.5 when correlated with
apparent erosion values derived from the Upper
to Mid-Jurassic.

Results

The apparent erosion values calculated here
provide estimates of the fotal present-day uplift
within the southern Wessex Basin and the
Portland-Wight Basin, due to the lack of
regionally extensive and homogeneous Cretac-
eous and Tertiary facies within many of the study
wells used. These estimates are relative to the
burial depth of the reference wells used to define
the normal compaction relationships for each
interval, and are therefore relative to any uplift
or erosion that has occurred in the area of the
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(a) Kimmeridge Clay Formation (Top Kimmeridge Clay to Top Corallian) vs. Oxford Clay Formation

(Top Corallian to Top Cornbrash); (b) Kimmeridge Clay Formation (Top Kimmeridge Clay to Top Corallian) vs.
Fuller’s Earth Formation (Top Cornbrash to Top Inferior Oolite); (¢) Oxford Clay Formation (Top Corallian to
Top Cornbrash) vs. Fuller’s Earth Formation (Top Cornbrash to Top Inferior Oolite); (d) Fuller’s Earth
Formation (Top Cornbrash to Top Inferior Oolite) and Lower Jurassic (Lias).

reference wells. To increase the robustness of the
results and statistically quantify errors, the three
main Upper and Mid-Jurassic intervals used
have been averaged to provide one combined
estimate of apparent erosion (Table 1). This
further reduces the effect of facies variation. As
discussed previously, the results from the Lower
Jurassic interval have not been used in this
averaging, due to the heterogeneous nature of
the facies within this interval.

Table 1 summarizes the results from the
Upper and Mid-Jurassic sections for the released
wells used in the study.

These results have been combined with results
from 19 unreleased wells to produce a contour
map of the estimated total present day uplift
(Fig. 7). To the north of the Purbeck—Isle of
Wight Fault Zone, here termed the ‘Wytch
Farm area’, the combined apparent erosion
estimates give values of 500 m or less, approach-
ing the resolution limits of the method, suggest-
ing that this area has undergone little inversion.
However, many of the reference wells used for
the study are located within this area, indicating

that this method will not be able to resolve any
inversion that the area has undergone. Estimates
of missing section from the composite logs
where derived (Table 1) imply around 500 m or
less has been eroded from the wells within the
‘Wytch Farm area’, suggesting that the results
may be underestimating by around 200-300 m.
The total estimated uplift increases from this
area eastwards to around 1000m at Lee-on-
Solent-1.

The maximum apparent erosion estimates
come from wells within the Purbeck-Isle of
Wight Fault Zone, drilled on the main inversion
axis of the basin. Estimates of total present-
day uplift range from 600m at Bushey Farm-
Al, increasing rapidly eastwards to approxi-
mately 1100m in the 98/11-2 well, and reaching
a maximum of around 2000m at Arreton-2,
although estimates of missing section indicate
that this may be an overestimate.

Well information is sparse within the Port-
land Wight Basin, to the south of the Purbeck-
Isle of Wight Fault Zone. However, regional
estimates of apparent erosion can still be
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derived. Immediately south of the Purbeck-Isle
of Wight Fault Zone, the estimated total
present-day uplift drops to less than 1000m at
Kimmeridge-5 and the 98/11 wells to the south
of the fault system. Uplift/erosion appears to
remain constant southward to 98/18-1 (900 m),
and increases to a maximum of over 1000m at
the Mid Channel High (98/22-2 and 98/23-1).

Comparison with other estimates of uplift
and erosion

Several other methods also exist for the estima-
tion of uplift-erosion within a basin, including
the estimates of missing section discussed above.
Using data from 10 of the wells in this study
area, Geotrack International Pty Ltd (see
Bray et al. 1997 this volume) have determined
absolute values of uplift using AFTA/VR data.
Uplift/erosion of missing section can be esti-
mated from palacotemperature profiles derived
from AFTA/VR data. An estimate of uplift is
determined by extrapolating the derived palaeo-
geothermal gradient from the well to an assumed
palaeosurface intercept, assuming a linear rela-
tionship between palaeotemperature and burial

depth. The maximum resolution of palacotem-
perature for such studies is commonly 10°C,
giving a corresponding maximum resolution of
around 300 m for typical geothermal gradients.
The Geotrack study was limited by the lack of
suitable lithologies within wells for the collection
of apatite samples (commonly restricted to
Bridport Sandstone Formation and the Sher-
wood Sandstone Group) and the possible
geochemical suppression of vitrinite reflectance
within organic-rich shales. However, AFTA/VR
results can provide an absolute value of uplift
and in this case can also subdivide uplift
episodes in geological time.

The estimates of total present-day uplift
derived using AFTA/VR data are generally
greater than the apparent erosion estimates
derived in this study (Fig. 8), again suggesting
that the reference wells used to derive normal
compaction relationships may not be at their
maximum burial depth. This difference is less
than 500 m over most of the study area, with the
estimates from wells 98/11-2 and 98/23-1 agree-
ing within errors.

Wells within the “Wytch Farm area’ (Kim-
meridge-5, Wytch Farm-D5 (AFTA/VR is a
Wytch Farm composite) and Winterbourne
Kingston-1) have a much larger difference
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between AFTA/VR and sonic velocity derived
estimates of uplift and erosion, on average
1200m. The AFTA/VR derived estimates
suggest that 1000-2000m of uplift and erosion
has occurred in an area which seems to have
remained relatively stable through geological
time. Estimates of missing section for Kimmer-
idge-5 and Winterbourne Kingston-1 (Table 1)
agree more with the apparent erosion estimates
from sonic velocity, at around 1200 and 400 m,
respectively. Although the wells in the Wytch
Farm area are used as reference wells for the
apparent erosion estimates presented here, and
are therefore assumed to have undergone little
or no uplift, it is apparent that the AFTA/VR
estimates are significantly greater than both
estimates of missing section and of apparent
erosion from sonic velocities throughout the
basin. The AFTA/VR estimates from this area
could possibly be reflecting a component of
non-burial related heating, such as hot fluid
flow through the sampled Bridport Sand-
stone Formation and the Sherwood Sandstone
Group, thus be significantly overestimating

uplift/erosion (Bray et al. 1997 this volume).
This could also be a possible explanation for
he disparity between estimates for the 98/
18-1 well.

Conclusions

Borehole measured sonic velocity has been used
here to derive estimates of uplift/erosion for
wells within the southern Wessex Basin and the
Portland-Wight Basin, using the concept of
apparent erosion. By using residual apparent
erosion as well as surface intercept velocity to
constrain the normal compaction relationship,
and by statistically averaging the results over
several intervals of regionally homogeneous
facies, statistical errors are limited to an average
of +£20%. The minimum resolution limit is
around 200 m, below which it is impossible to
resolve velocity anomalies relative to errors in
the normal compaction relationship. The esti-
mates are derived relative to the burial depth of
the reference wells that define the normal
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compaction relationship for each interval. The
apparent erosion calculations will therefore
underestimate uplift/erosion should these wells
not be at their maximum burial depth within
the basin.

Owing to the lack of Cretaceous and Tertiary
facies within many of the study wells, estimates
of the total uplift/erosion have been derived
using this method for the Kimmeridge Clay
Formation, Oxford Clay Formation and Fuller’s
Earth Formation. These were then averaged to
provide one combined estimate of total present-
day uplift/erosion per well. The results show that
the area to the north of the Purbeck-Isle of
Wight Fault Zone may have remained a
relatively stable block, with estimates of total
present-day uplift of 500m or less. The largest
estimates of inversion are from within the
Purbeck-Isle of Wight Fault Zone itself, and
vary from 1000-2000 m. Around 800-900m of
uplift is estimated from within the Portland-
Wight Basin where wells are available, increas-
ing to the north to over 1000 m along the Mid
Channel High inversion axis.

The apparent erosion estimates compare well
with estimates of missing section derived for
the wells, although in the ‘Wytch Farm area’
missing section estimates imply that the appar-
ent erosion calculations are underestimating

uplift/erosion by around 200-300 m, suggesting
that the reference wells may not be at their
maximum burial depth. However, the estimates
of uplift/erosion derived from AFTA palaeo-
temperature estimates are significantly greater
than the apparent erosion estimates, by on
average 1200m in the ‘Wytch Farm area’
within errors. One possibility is that the refer-
ence wells used in the apparent erosion calcula-
tions may not be at maximum burial. However,
another explanation for these significant differ-
ences may be that the AFTA palaeotemperature
estimates in the ‘Wytch Farm area’ show a
component of non-burial related heating, possi-
bly as a result of hot fluid flow through the
Bridport Sandstone Formation and the Sher-
wood Sandstone Group sample intervals. When
combined, all the estimates are consistent with
kilometre-scale uplift/erosion within the area.
Apparent erosion is only one parameter that
can be used to describe basin evolution. There is
scope for these values of minimum erosion to be
tied to and checked against the more absolute
values derived using AFTA/VR data and other
independent methods. As sonic information is
generally more widely available for drilled wells,
a few well chosen AFTA or VR points should be
enough to calibrate apparent erosion estimates to
an absolute depth, enabling erosion or maximum
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burial depths to be quickly and cheaply extra-
polated across a basin.
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Multiple heating episodes in the Wessex Basin: implications for

geological evolution and hydrocarbon generation
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Abstract: The timing of maturity development and hydrocarbon generation with respect to
structuring is a primary factor controlling oil and gas accumulation. Hydrocarbon genera-
tion is largely a temperature-dependent process and in order to predict accumulation it is
necessary to reconstruct thermal history. In this study of the Wessex Basin and adjacent
areas, direct thermal history data are obtained from Apatite Fission Track Analysis (AFTA)
on samples from wells, shallow boreholes and outcrops, enabling the key facets of a complex
thermal and tectonic history to be reconstructed. Several distinct styles of thermal history
are recognized, with clear differences across the region in the time of cooling from maximum
palaeotemperatures. Areas of east Devon show evidence of an early thermal episode,
sometime after the mid-Triassic and before ~170Ma. The cause remains uncertain at
present. In the area of the “Wytch Farm block’ maximum palaeotemperatures were reached
prior to cooling in the early Cretaceous, in the range ~140-100 Ma, due mainly to uplift and
erosion. This area remained relatively high through the rest of its history compared to the
areas to the north and south. The Lias (early Jurassic) was not heated sufficiently to cause
significant generation and any that occurred effectively ceased in the early Cretaceous. South
of the Portland-Isle of Wight faults, maximum palacotemperatures were reached prior to
cooling due to uplift and erosion in the mid- and late Tertiary, at ~40Ma and ~20Ma,
respectively. Tertiary uplift and erosion affected a wide region. Maximum erosion occurred
immediately to the south of the Purbeck structure where maturation of Lias source rocks
continued through peak oil and into the gas generation phase until terminated by the
Tertiary cooling. In most wells, AFTA and vitrinite reflectance data define low or non-linear
palaeogeothermal gradients indicative of an element of heating due to fluid movement in
addition to heating due to burial, making quantitative estimation of erosion difficult, but
any reasonable model requires kilometre-scale uplift and erosion over a wide region. West of
Portland in Lyme Bay, a key question is whether maturation history is dominated by early
Cretaceous or by mid- to late Tertiary events. At present there are not sufficient data to
extrapolate confidently from the area of well control east of Portland. No parts of the basin
are currently generating hydrocarbons, implying that surface seepages are from previously
reservoired accumulations.

The rocks of the Wessex Basin have been subject
to detailed study since the 18th century. The
coastal outcrop provides exposure of all the
main stratigraphic divisions from Palaeozoic
basement to Oligocene. This, combined with
the more recent stratigraphic data from explora-
tion wells and seismic from both onshore and
offshore, has allowed numerous models of basin
subsidence, uplift and geological evolution to be
constructed (e.g. Buchanan 1997 this volume;
McMahon & Turner 1997 this volume). The
clear success of some of these models is
illustrated by the history of exploration for oil
at Wytch Farm (Colter & Harvard 1981;
Underhill & Stoneley this volume). The pro-
blems of accurately predicting hydrocarbon
accumulation in the basin are equally well

demonstrated by the number of dry holes,
most located on surface features, drilled in the
period leading up to the Wytch Farm discovery.
A relatively small number of exploration wells
have been drilled since then without notable
success. At the time of writing, despite the
numerous natural seepages of oil and gas, the
Wytch Farm field remains the only large
discovery in the basin.

The timing of the development of maturity
and hydrocarbon generation with respect to the
time of structuring and trap formation is a
primary factor controlling oil and gas accumula-
tion in the Wessex Basin. Hydrocarbon genera-
tion is largely a temperature-dependent process
and in order to predict whether hydrocarbon
accumulations will exist in potential traps it is

Bray, R. J., DupDY, L. R. & GREEN, P. F. 1998. Multiple heating episodes in the Wessex Basin: implications for
geological evolution and hydrocarbon generation. In: UNDERHILL, J. R. (ed.) Development, Evolution and
Petroleum Geology of the Wessex Basin, Geological Society, London, Special Publications, 133, 199-213.
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necessary to reconstruct thermal history as
accurately and precisely as possible.

It is now well established that the Wessex
Basin has undergone several episodes of sub-
sidence and tectonism resulting in uplift and
erosion. In basins with such complex histories it
is very difficult, if not impossible, to confidently
reconstruct the development of palacotempera-
ture and maturity by the traditional methods of
burial history reconstruction based on the
preserved stratigraphic section combined with
theoretical models of palaeo-heat flow. In such
settings direct data on thermal history can,
however, be obtained from Apatite Fission
Track Analysis (AFTA).

In sediments that have been hotter in the past
AFTA can identify the timing and magnitude
of thermal maxima, and provide qualitative
determination of maximum and subsequent
peak palaeotemperatures, thus allowing the
key facets of thermal history to be recon-
structed. Palaeotemperature estimates from sev-
eral AFTA data points in a vertical sequence
from a well can define a palaeotemperature pro-
file which gives unique insight to the causes of
heating and cooling in discrete palacothermal
episodes. For example, palacotemperature pro-
files can be inspected to provide estimates of

R. J. BRAY ET AL.

palaeogeothermal gradients and the amount
of section removed by uplift and erosion, or
alternatively to recognize episodes of high heat
flow and heating due to fluid movement or
igneous activity (Bray et al. 1991, Duddy et al.
1994).

Vitrinite reflectance (VR) can also provide
quantitative estimates of maximum palaeotem-
peratures. Once the timing of maximum palaeo-
temperatures is determined from AFTA, VR
values can be used to give independent estimates
of maximum palaeotemperature, providing the
potential to greatly increase the number of data
points in a vertical sequence. Combination of
AFTA with VR thus brings a number of
advantages in thermal history reconstruction.

This paper presents a review of new thermal
history data from the Wessex Basin. These
comprise AFTA and VR measurements from
onshore and offshore wells, shallow offshore
boreholes and outcrop samples from south
Devon and Dorset (Fig. 1). These data have
enabled the main features of the thermal history
to be reconstructed. Several episodes of heating
and cooling through the basin’s history are
revealed, some of which can be linked to the
tectonic events recognized or speculated upon by
previous workers.
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The timing of the key palaeothermal
episodes affecting the Wessex Basin

The AFTA and VR data show that all samples
examined from wells, shallow boreholes and
outcrop have experienced significantly higher
temperatures at some time in the geological past.
Several styles of thermal history can be recog-
nized, with clear differences across the region in
the time at which the Mesozoic section began to
cool from maximum palaeotemperatures.
Evidence for five distinct episodes of heating
and cooling emerge from regional synthesis
of the data: mid-Triassic—early Jurassic; early
Cretaceous; late Cretaceous—early Tertiary; mid-
Tertiary; and late Tertiary. For each of these,
the range of geological time in which the cooling
commenced is constrained directly by AFTA.
It is important to note that any particular
point in the study area could have experienced
each of the above heating episodes, with the
timing of cooling from maximum palaeotem-
peratures varying across the region. The kinetic
responses of thermal indicators such as AFTA
and VR are dominated by the effects of
maximum temperature, so that earlier, lesser
temperature peaks are obscured by subsequent
maxima. For example, the early Cretaceous
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episode could to some extent have affected all
the samples that show maximum palacotempera-
tures in the Tertiary.

Conversely, AFTA can identify palaecotem-
perature peaks after the maximum. For exam-
ple, over the Wytch Farm field where maximum
palaeotemperatures occurred in the early Cre-
taceous, a later palaeotemperature peak in the
Tertiary can also be recognized and measured.

The early event (?mid-Triassic—
early Jurassic)

An early episode of cooling from maximum
palaeotemperatures in the range 65-95°C is
recognized in outcropping Permian and Triassic
rocks at the western end of study area, from
south and southeast Devon (Fig. 2). Direct
evidence for this early event comes from the
Permian Breccias just west of Crediton and from
the Triassic Sherwood Sandstone at Ladram Bay.
AFTA data from these rocks show that cooling
from maximum palaeotemperatures began at
some time before ~170 Ma.

Samples of the Sherwood Sandstone from
Ottery St. Mary and the Permian Breccias from
the vicinity of Exeter and Paignton show cooling
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from maximum palaeotemperatures of >110°C
began prior to 110, 100 and 120 Ma, respec-
tively. These could, therefore, have commenced
cooling from their maximum palaeotempera-
tures during the early episode, or some later
episode in the Jurassic or early Cretaceous, and
indeed the data show that these samples were
still at relatively high palaeotemperatures in the
Tertiary. However, as the data are consistent
with cooling during the early episode revealed by
the Crediton and Ladram Bay samples, it
is concluded that the Sherwood Sandstone
and older samples from the western margin of
the basin cooled from their maximum palaeo-
temperatures during an early episode post-mid-
Triassic and pre ~170 Ma (early Jurassic).

The cause of this early episode remains
uncertain at present. Regional uplift and ero-
sion, a regional hydrothermal episode or ele-
vated heat flow combined with uplift and
erosion associated with Triassic rifting are
possible causes. Palaeotemperature profiles
from vertical sequences of samples would
enable further insight but these are not available
in the study area. A similar mid-Triassic to early
Jurassic timing is recognized in AFTA studies
elsewhere in the UK and Northwest European
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Continental Shelf, raising the possibility that
these data are a manifestation of a widespread
regional heating event.

Warrington et al. (pers. com.) point to
evidence of east—west extension which caused a
north—south cross-cutting vein system in Corn-
wall and east Devon, with vein mineralization
during the Triassic. Sandeman et al. (1995) pre-
sent *OAr/*® Ar data from the Lizard Complex in
Cornwall which suggest a low-temperature
thermal overprint at ~220Ma. They note that
this is in good agreement with the age esti-
mated for an episode of hydrothermal activity
affecting the Lizard Complex reported by Halli-
day & Mitchell (1976) and suggest that this
was caused by fluxing of hydrothermal fluids
related to rifting of the North Atlantic in the
late Triassic.

The early Cretaceous episode

The AFTA data from wells on the “‘Wytch Farm
block’ to the north of the main Portland-Isle of
Wight Fault Zone show cooling from maximum
palaeotemperatures at some time in the early
Cretaceous (Fig. 3). Taking all the available data
constraints into account, the cooling commenced

Winterbourne Kings
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some time in the range 140—100 Ma. This places
this episode in the early Cretaceous — possibly as
early as the latest Jurassic Ryazanian to Valan-
ginian, possibly as late as the Albian. The data
also show that the area stayed relatively cool
through the rest of its history, although there is
evidence for a distinct reheating followed by
cooling during the Tertiary. Thus, the Wytch
Farm block cooled in the early Cretaceous and
apparently remained as a relatively cool, struc-
turally high, block through to the present day.

AFTA data from outcrop samples extending
westwards from Lulworth into Lyme Bay, to the
north of the Lyme Bay—Portland Fault System,
also show some evidence of early Cretaceous
cooling. In most cases the maximum palacotem-
peratures experienced by these currently out-
cropping rocks was in the range 65-80°C and
most samples show evidence of later phases of
cooling in the Tertiary. These two factors — the
relatively low palaeotemperatures and the sub-
sequent heating—cooling episodes — make precise
observations on an early Cretaceous cooling
difficult, but it seems likely that the area affected
by early Cretaceous cooling recognized in the
Wytch Farm block can be extended westward
into Lyme Bay. Evidence for early Cretaceous
cooling is also seen over the Cornwall granites
from fission track work by Chen et al. (1996).

The timing of this early Cretaceous episode
recognized by AFTA coincides with a major
unconformity (e.g. McMahon & Underhill 1995;
MaMahon & Turner 1997 this volume). There is
a clear break in the section at the base of the
Aptian-Albian, which rests locally on various
stages of the Jurassic or Wealden Beds. Over
the Wytch Farm field the Albian rests on the
Callovian Oxford Clay, therefore much of
the Upper Jurassic and Lower Cretaceous is
missing. However, the correlatable unconfor-
mity to this event from the most basinal
succession occurs in the lowermost Wealden
beds and is of Berriasian—Valanginian in age
(McMahon & Underhill 1995).

The area where the AFTA data clearly
recognize early Cretaceous cooling coincides
with the area where Wealden sediments are
absent, traditionally considered not to have
been deposited. The presently available data do
not have sufficient resolution to say whether the
early Cretaceous event was pre- or post-Wealden.
However, it is easier to explain the palacotem-
peratures attained prior to the cooling if burial
by a Wealden section is allowed, i.e. if the
erosion is post-Wealden. This interpretation
would involve some re-evaluation of present
concepts of Wealden palacogeography (e.g.
Hamblin et al. 1992).

The late Cretaceous—early Tertiary episode

A regional base Tertiary unconformity exists
between the Upper Cretaceous Chalk and the
Tertiary rocks of east Dorset and Hampshire.
Variable amounts of Chalk section are missing
beneath the Tertiary and the oldest preserved
Tertiary sediments are of late Palaeocene age.
A similar break in the stratigraphic record exists
in other parts of Britain and offshore on the UK
Continental Shelf. Widespread cooling commen-
cing in the latest Cretaceous—early Tertiary
associated with uplift and erosion has been
revealed by AFTA data over much of northern
and eastern England and adjacent offshore areas
(Green 1986, 1989; Bray e al. 1991; Green et al.
1993; Green et al. 1997). It might be expected
therefore that an early Tertiary timing would
dominate AFTA data from most of the Dorset
and Hampshire basins, but this appears not to
be the case.

The AFTA data in Winterbourne Kingston-1
do allow an episode of cooling from maximum
palacotemperatures some time in the range
80-60 Ma, but the data from all the other wells
showing cooling from maximum palaeotempera-
tures in the Tertiary are dominated by mid or
late Tertiary effects. It is therefore concluded
from the present data that early Tertiary erosion
is of only minor significance in this region.

The mid- and late Tertiary cooling episodes

The AFTA data from wells from areas immedi-
ately south of the Portland-Wight Fault Zone,
from the Portland-Wight Basin and the Central
Channel Basin, and from one sample from the
Southampton-1 well show clear evidence of a
significant cooling episode in the mid-Tertiary,
with cooling from maximum palacotempera-
tures at ~40 Ma (late Eocene) (Figs 4 and 5).
The exception to this is a single AFTA sample
from Lulworth Banks-1 which shows that cool-
ing commenced somewhat later at ~20Ma
(Miocene). These episodes relate to the major
phases of mid-Tertiary structuring along the
Portland-Wight monocline, inversion of the
channel basin, and possible uplift of regions to
the north of the ‘Wytch Farm block’ as suggested
by the Southampton-1 data. The Lulworth
Banks data suggest that the latest phase of
inversion commenced in the Miocene, causing
uplift of the area around the well on the
Weymouth Bay Anticline.

The literature has long speculated a Miocene
timing for the main phase of inversion on the
Purbeck-Isle of Wight monocline. The late
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Palaeocene—Eocene sediments of the Hampshire
Basin were deformed during the inversion
tectonics. Early Oligocene sediments lie uncon-
formably on the Eocene in the Isle of Wight, and
post-early Oligocene sediments are absent from
the study area. Post- or late Eocene and post-
Oligocene phases of movement can therefore be
deduced from the stratigraphic record. The
timing of the Tertiary episodes derived from
the AFTA data therefore fit well with the
geological evidence and with the ‘Laramide’
inversions of Northern Europe and the Helvetic
and Pyrrenean orogenic events.

As mentioned above, cooling from elevated
palaeotemperatures during the Tertiary is recog-
nized by AFTA over a wide region. High degrees
of cooling are seen on the classical inversion
structures, but samples away from obvious
inversions to the west of study area also show a
significant degree of cooling. It is therefore con-
cluded that the Tertiary cooling is regional in its
effects and not restricted to the main inversion
axes. Similar conclusions concerning the regional
extent of Tertiary cooling have been drawn from
AFTA studies elsewhere in Britain, e.g. the Sole
Pit axis and the East Midlands Shelf (Bray et a/.
1992) and the Irish Sea region (Green ez al. 1997),
and seem to be characteristic of inverted basins
(Green ez al. 1995).

Palaeotemperature profiles,
palaeogeothermal gradients and estimates of
uplift and erosion

Palaeotemperature estimation, the construction
of palaeotemperature profiles and measurement
of palaecogeothermal gradients are important
aspects of thermal history reconstruction. Inspec-
tion of palaeotemperature profiles allows inter-
pretation of the mechanisms of heating and
cooling, and allows recognition of lateral heat
transfer in the past, for example by igneous
intrusion or the passage of hot fluids. Measure-
ment of palacogeothermal gradients can provide
constraints on viable heat flow models and in
some cases enables estimation of the amount of
section removed by uplift and erosion, as
described below.

Integration of AFTA and VR data

Both AFTA and VR record maximum palaeo-
temperatures. AFTA gives direct estimates of
palacotemperatures in °C. VR values can be
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converted to maximum temperature estimates
using an appropriate kinetic model relating
temperature—time history to reflectance (e.g.
Burnham & Sweeney 1989).

Once the timing of maximum palaeotempera-
ture has been established from AFTA, percen-
tage reflectance values can be converted to
temperature in °C. Where both the AFTA and
VR parameters were set by the same heating
episode, palaeotemperature estimates from the
two techniques are generally highly consistent.
This consistency is not surprising because the
independently derived kinetic descriptions of
fission track annealing (Laslett ez al. 1987) and
of VR (Burnham & Sweeney 1989) are very
similar in their response to temperature, irre-
spective of heating rate. This implies that a
particular degree of fission track annealing
should always associate with a particular level
of VR. This is borne out by observation from a
variety of basins and geological settings (e.g.
Kamp & Green, 1990; Bray ez al. 1992; Green
et al. 1995).

Thus, AFTA- and VR-derived palaeotem-
perature estimates from a well can be plotted
on the same axes to provide palaecotemperature—
depth profiles. The integration of AFTA and
VR data in this way has big advantages. For
example, independent estimates of maximum
palaeotemperature from AFTA and VR can be
compared in the same or in adjacent samples;
AFTA and VR are run in different lithologies,
enabling greater vertical stratigraphic coverage
and therefore better constraint on gradient;
AFTA can be used to recognize geochemical
suppression or other problems in VR data; and,
although it does not apply in this study, com-
bined AFTA and VR can be used to identify
histories involving multiple heating episodes.

Estimating amounts of section removed
during uplift and erosion from
palaeothermal data

The primary information derived from AFTA is
in the form of time—temperature history, which
must be known before hydrocarbon generation
can be predicted. However, for a number of
reasons it is also important to reconstruct burial
history, which in inverted basins involves
determining the timing and amount of uplift
and erosion.

Inspection of palaeotemperature profiles as
described above can help determine whether
heating and cooling was due to burial followed
by uplift and erosion, or to other causes. In the
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case of cooling due to uplift and erosion, the
time of cooling derived from AFTA gives the
time of uplift. An estimate of the amount of
section removed by uplift and erosion can be
made by extrapolating the palacogeothermal
gradient in the preserved section through the
removed section to a palaeosurface temperature
intercept. This approach is illustrated in Fig. 6.

Certain important assumptions are made in
applying this method. It must be assumed that
the palaeogeothermal gradient in the preserved
section is linear and can be extrapolated as a
straight line to the palacosurface temperature,
i.e. that the gradient in the removed section is
the same as in the preserved section. This implies
that the conductivity and therefore lithological
mix in the removed section is similar to that of
the preserved section. We must also assume that
we know the palaecosurface temperature at the
time of uplift.

The linearity of the palaecogeothermal gradient
in the preserved section can be evaluated from
the data. It is more difficult to assess whether the
assumption of linearity in the removed section is
valid. It is important to realize that these
assumptions must be made in order to use any
sort of palaeothermal data to estimate uplift and
erosion, regardless of whether we use a heat flow
modelling approach or the palaeogeothermal
gradient approach described above. The key
point is that although this assumption is sup-
ported by a range of evidence (Green et al. 1995)
we cannot be certain whether the assumptions
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are valid, and the resulting estimates of uplift and
erosion should be viewed with this in mind.

Because of the uncertainties involved, esti-
mates of section removed by uplift and erosion
from palaeothermal data should be used in
conjunction with estimates from non-thermal
techniques such as the sonic velocity method.
However this method is also subject to a range
of uncertainties and assumptions (see Law this
volume).

Estimates of uplift and erosion in the
Wessex Basin

With the presently available dataset from the
Wessex Basin there are several difficulties in
relating palaeotemperatures to depth of burial,
with consequent problems in using the palaeo-
temperature data to estimate the amount of
section removed by uplift and erosion. First,
there are difficulties in acquiring well-constrained
palacotemperature profiles. In several wells good
AFTA data are only available from two or three
samples per well, due to restrictions on access to
samples and because of a tendency for good
apatite yields to be limited to the Bridport Sands
and the Permo-Triassic section. There is gener-
ally no problem in collecting samples for VR
from the Jurassic and Cretaceous shales but there
are distinct problems in interpreting VR data
from the Wessex Basin, as discussed below. The
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Tsp = Paleo-surface temperature

Ti = paleotemperature at present surface Zp =
(dT/dz)p = Paleogeothermal gradient

Ground surface of sea bed

Paleotemperature
profile

Removed section (Zt)= Z+ Z
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Fig. 6. Method of estimating section removed by uplift and erosion from palacotemperature data.
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data often form a wide scatter or are anom-
alously low due to suppression. The second
problem is that where palaeotemperature profiles
can be established from AFTA and VR data,
there are widespread suggestions of a component
of localized heating in the section possibly due to
fluid movement through the permeable aquifer
or reservoir horizons.

Lateral transfer of heat due to fluid movement
gives rise to perturbed, non-linear palaeotem-
perature profiles or low palacogeothermal gra-
dients (Ziagos & Blackwell 1986; Duddy et al.
1994). A non-linear temperature profile implies
a non-linear relationship between temperature
and depth of burial. A low palacogeothermal
gradient measured in the preserved section in a
well may be indicative of high palacogeothermal
gradient in the removed section. If non-linear
palaecotemperature profiles or low palaeogeo-
thermal gradients are evident, then we cannot be
confident that the assumptions implicit in esti-
mation of uplift from palaeotemperature data
are valid. In the Wessex Basin, the complex form
of the palaecotemperature profiles make it diffi-
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cult to estimate of the amounts of section
removed by uplift and erosion in individual
wells. Examples from selected wells are discussed
below.

The palaeotemperatures derived from AFTA
and VR in the Lulworth Banks-1 well form a
good linear profile, typical of a section that
has been cooled by uplift and erosion with a
‘normal’ geothermal gradient (Fig. 7). These
data can be explained by ~1800m of section
removed by Tertiary uplift. The resulting burial
history is illustrated in Fig. 7.

In Arreton-2 (Fig. 8) the AFTA- and VR-
derived palaeotemperatures do not form a linear
profile and suggest a reduction in the gradient in
the lower part of the section. Estimates of
removed section depend on how the gradient is
extrapolated. Between 1 and 2 km can be accom-
modated within the data which seems reason-
able as there is ~1200m of preserved Chalk and
Tertiary section nearby and both of these
units are incomplete. The timing of the uplift is
well constrained to the mid-Tertiary by the
AFTA data.

Possible ’
Burial
History

Jurassic

Depth (km)

Time (Ma)

LULWORTH BANKS

Fig. 7. Palaeotemperature profile and reconstructed burial history from AFTA and vitrinite reflectance (VR) data
from the Lulworth Banks-1 well. The ‘Default’ burial history are constructed based on the preserved stratigraphy
alone (i.e. by assuming no uplift and erosion at uncomformities).
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Fig. 8. Palacotemperature profile and reconstructed burial history from AFTA and VR data from the Arreton-2
well. See caption to Fig. 7 for further details.
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Fig. 9. Palaeotemperature profile and reconstructed burial history from AFTA and VR data from the
Kimmeridge-5 well. See caption to Fig. 7 for further details.
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In Kimmeridge-5 (Fig. 9) the uplift also
commenced in the mid-Tertiary. The data
show a similar palaeotemperature profile to the
Arreton-2 well but here we have AFTA samples
from the shallower section. These define a rela-
tively low palaeogeothermal gradient, whereas
the VR data are quite scattered. There is a
strong possibility that the low VR values in the
Lias section are suppressed and not providing a
true measure of palaecotemperature or maturity,
as discussed below. As with the Arreton-2 well,
an estimate of removed section depends on how
the gradient is fitted and could range from 2 to
3.4 km. The missing section ranges from Kim-
meridgian to mid-Tertiary so this range does not
seem unreasonable.

Figure 10 shows a composite palacotempera-
ture plot made up of data from three Wytch
Farm wells. Here maximum palaeotemperatures
in the pre-Cretaceous section were attained in the
early Cretaceous. The AFTA data reveal a
distinct palacotemperature peak prior to a
second phase of cooling commencing in the
mid-Tertiary. Again the palacotemperature pro-
file appears to be non-linear and consequently the
amount of uplift is very difficult to constrain.
However, up to 2.3km of erosion prior to
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reburial in the late Cretaceous and early Tertiary
is compatible with the data.

Law (this volume) presents the results of a
study of uplift in the Wessex Basin based on sonic
velocity data. The sonic velocity and palaeother-
mal data are consistent in that they both show
that significant uplift and erosion has taken place,
but there is a wide range in the differences between
the estimates derived from the two techniques.
This range in differences reflects the problems in
applying the palacothermal and sonic velocity
techniquesin this basin, as described above and in
detail in Law’s paper, respectively. The estimates
derived from the AFTA and VR data are
generally significantly higher than those from
the sonic velocities. As discussed by Law, this
could be explained if the reference wells (i.e. those
with the lowest interval velocity for a given depth
of burial) have themselves undergone a degree of
uplift and erosion. The AFTA and VR data show
that none of the wells studied in the Wessex Basin
are currently at their maximum depth of burial
and the outcrop data suggest that the heating was
regional, therefore the sonic velocity-derived
estimates indeed reflect the difference in uplift
between a given well and a reference well which
has itself been uplifted.
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Fig. 10. Palacotemperature profile and reconstructed burial history from AFTA and VR data from the Wytch

Farm wells. See caption to Fig. 7 for further details.
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Clearly both the palaeothermal and sonic
velocity approaches suffer from problems in
this region for the reasons discussed above.
However, because of the high palaeotempera-
ture estimates from relatively shallow in the
section, any reasonable model attempting to
explain the AFTA and VR data requires regional,
kilometre-scale uplift and erosion.

A note on vitrinite reflectance data from the
Wessex Basin

VR values need to be measured as accurately as
possible for the purpose of palacotemperature
estimation. The difficulties of measuring and
interpreting reflectances in good source rock
sections such as the Kimmeridge Clay and Lias
of the Wessex Basin are well known. Because of
this, new vitrinite reflectance data were acquired
to a high standard for this study using the
exacting R, method of measurement on whole-
rock sample mounts (Cook unpublished data).
Measurement on whole-rock samples enables the
organic particles to be petrographically observed
and measured in situ. This greatly assists in the
identification of true vitrinite and allows assess-
ment of liptinite fluorescence, petrographic
observation of the type and mix of organic
macerals present in the sample, estimation of
their relative abundances, etc.

It was noted that many of the VR values are
lower than would be expected on the basis of
progressive heating to present-day temperatures,
or on the basis of the interpretation of the
AFTA data. In some wells a large scatter in the
VR data is evident where the AFTA palaeo-
temperatures form relatively linear profiles. The
reasons for this are not immediately clear but
there are strong suggestions that ‘geochemical
suppression’ of VR values occurs in parts of the
source rock sections. Factors known to cause
suppression, such as the presence of oils, bitu-
mens, sulphur and liptinite macerals, are com-
mon in some of the samples. The inclusion of
measurements made on bituminite, often very
difficult to distinguish from vitrinite, could also
be a factor in lowering mean reflectance values.

The integration of AFTA with VR data
forms a basis for investigating suppression
effects. This is not pursued here but is a topic
for further study.

Evidence for fluid flow

Natural seepages of oil and gas along the
Purbeck-Isle of Wight Fault Zone are well
known and these faults are evidently conduits

for fluid flow at the present day. It is interesting
therefore that there is some evidence in the
palaeotemperature data for an episode of fluid
movement in the mid- to late Tertiary.

The low interval palacogeothermal gradients
in the Tertiary through parts of the section in
Kimmeridge-5, Arreton-2 and the Wytch Farm
wells are also recognized in other wells along the
trend of the Portland-Isle of Wight faults
analysed in this study. These gradients may be
due partially to episodes of hot fluid flow
through reservoirs or other permeable zones,
introducing heat laterally into shallower parts of
the section.

In Wytch Farm, for example, the deeper
AFTA sample has cooled by a maximum of
~10-20°C since the late Tertiary, whereas the
the shallower samples have cooled by ~30-40°C
during the same period. If all the cooling in the
deeper sample was due to uplift and erosion, this
leaves a significant degree of cooling in the
shallower samples that could have been due to
cessation of hot fluid flow. A similar line of
reasoning can be taken to explain the patterns of
palaeotemperatures in other wells, although
more detailed sampling for AFTA is needed
before firm conclusions can be drawn.

The similarity in timing between the late phase
of uplift and erosion seen in the Lulworth Banks
well and the apparent cessation of fluid flow
north of the Purbeck structure suggests some
link, and this episode could mark the termination
of oil migration into the Wytch Farm structure.

Implications for source rock maturity and
hydrocarbon accumulation

Hydrocarbon generation effectively ceases as the
source rock begins to cool from maximum
palaeotemperature. Important conclusions on
oil and gas generation and migration can there-
fore be drawn from the thermal histories
reconstructed in this study (Fig. 11). The time
of onset of generation in the basin is more
difficult to constrain as, in all wells studied,
generation commenced during burial by sedi-
ments now removed by uplift and erosion.
In addition, to determine the temperature of the
onset of generation, the kinetic parameters for
kerogen in specific source rocks must be known.
Nevertheless, the AFTA thermal history recon-
structions allows some insight.

Putting all the data together, a picture emerges
of early Cretaceous structuring causing signifi-
cant erosion on the Wytch Farm block, which
remained relatively high compared to the areas
to the north and south through the rest of its
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history. The palaecotemperature data suggest that
the Lias in the Wytch Farm block did not reach
sufficient maturity for significant generation az
any time. It is probable that the maturity levels in
this block were a response to burial in the Juras-
sic and early Cretaceous, and that no further
hydrocarbon generation occurred after cooling
due to uplift and erosion commencing in the
early Cretaceous.

Burial during the late Cretaceous and early
Tertiary probably occurred throughout the
region and in the north, around the Winter-
bourne Kingston well, post-Chalk uplift and
erosion may have caused cooling, terminating
any hydrocarbon generation there. Subsequent
reburial during the Tertiary was limited in this
area and not sufficient to re-initiate generation
from Lias source rocks.

The most widespread phase of structuring
commenced in the mid-Tertiary (late Eocene—
Oligocene) with uplift and erosion over the
whole of the Wessex Basin area covered by this
study. This culminated in major uplift and
erosion immediately to the south of the Purbeck
structure in the late Tertiary.

In Kimmeridge-5, generation from Lias
source rocks may have commenced in the early
Cretaceous and continued through peak and late
generation phases until the mid-Tertiary cooling
episode. At Arreton-2, the Lias section is much
less mature, probably only becoming early
mature in the mid-Cretaceous prior to cool-
ing in the mid-Tertiary. This period of cooling
effectively terminated hydrocarbon generation
over a wide region, although it is possible that
active generation continued into the late Ter-
tiary around the Lulworth Banks well on the
Weymouth Bay Anticline until uplift of this area
in the Miocene at ~20Ma. There is also some
evidence from the AFTA that fluid migration
into the Wytch Farm reservoirs also ceased at
this time, as noted previously.

All samples analysed over the study area have
cooled from significantly higher temperatures in
the past and therefore no parts of the basin are
currently generating hydrocarbons. This implies
that the numerous active oil and gas seepages
along the Dorset coast are from leakage of
previously reservoired accumulations, or re-
migration due to the late Tertiary structuring,
and are not due to generation at the present day.

Conclusions

The Wessex Basin has undergone a complex
thermal history and several phases of uplift and
erosion. An understanding of this history is
critical to the prediction of maturity develop-

ment and hydrocarbon generation. AFTA can
provide data on the timing of significant thermal
episodes and periods of uplift and erosion which
are difficult or impossible to obtain from other
methods. Combination of AFTA with VR data
to construct palacotemperature profiles is a
useful approach. These provide constraints on
the amount of uplift and erosion and recogni-
tion of non-burial related heating such as the
effects of fluid movement. The main conclusions
of the study are as follows.

e Four thermal episodes have been recognized,
occurring in the mid-Triassic to early Jur-
assic, the early Cretaceous, the mid-Tertiary
and the late Tertiary, each affecting different
parts of the basin to different degrees. The
recognition of a mid-Triassic to early Jur-
assic episode in the western part of the study
area is important to the understanding of the
carly history of the basin.

e The “Wytch Farm block’ and the area of
Bournemouth Bay to the north of the
Portland-Isle of Wight Fault Zone com-
menced cooling from maximum palaeotem-
perature during uplift and erosion in the
early Cretaceous. The Lias source rock
section here did not reach sufficient maturity
to generate significant hydrocarbons. Any
generation that did occur would have ceased
during the early Cretaceous.

e The area south of the Portland-Isle of Wight
Fault Zone experienced a major thermal
episode prior to cooling in the mid-Tertiary
caused by regional uplift and erosion. Uplift
culminated along the recognized inversion
structures, with maximum amounts immedi-
ately south of the Purbeck disturbance. A
second distinct phase of Tertiary erosion
caused cooling from maximum palaeotem-
peratures during the Miocene in the Lul-
worth Banks well. Hydrocarbon generation
ceased during Tertiary uplift with the latest
phase of generation occurring prior to the
Miocene cooling around Lulworth Banks.
Evidence exists for cessation of hot fluid
movement in the Wytch Farm block at this
time, which could represent the end of oil
migration into the reservoirs.

e Uncertainty exists over the timing of max-
imum palacotemperatures and maturity
development in Lyme Bay. Existing AFTA
data here are consistent with cooling in either
the early Cretaceous or Tertiary episodes
recognized to the east. Resolution of this
timing question is critical for exploration in
Lyme Bay and could be resolved by AFTA in
future wells.
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Fig. 11. Schematic summary of the thermal history styles recognized in this study. Corresponding schematic
cumulative hydrocarbon generation curves are also shown to illustrate the variation in the style of generation
histories. Note that hydrocarbon generation ceases on cooling from maximum temperature. The data from the
Wytch Farm block suggest that the Lias source rock probably did not attain significant maturity here, but any
generation would have ceased during the early Cretaceous. South of the Portland-Isle of Wight Fault Zone, in the
English Channel Basin, peak hydrocarbon generation was caused by maximum palacotemperatures in the mid-
Tertiary, prior to cooling at ~40 Ma. The data suggest that around the Lulworth Banks well generation continued
into the late Tertiary until cooling at ~20 Ma. In the western part of the study area, maximum
palaeotemperatures occurred early in the history, prior to ~170 Ma. The data show that this area was still at
elevated palacotemperatures in the Tertiary and it is likely that this region experienced all of the episodes
recognized to the east to some degree, but with an overall cooling trend from the late Triassic-early Jurassic to the
present day.

e The data show that Tertiary uplift was e Anomalously low VR values in parts of the

regional and not restricted to the inver- section have been recognized by a combina-

sion of the area south of the Portland-Isle tion of AFTA and VR data. The possibility of

of Wight Fault Zone. Significant cooling widespread VR ‘suppression’ has significant

occurred in west Dorset and east Devon, and implications for correct measurement of

in the Wytch Farm, Winterbourne Kingston source-rock maturity. In these circumstances

and Southampton wells. AFTA provides an independent check on
o Estimates of the amount of uplift and erosion maturity levels.

are hampered by the low or non-linear

palacogeothermal gradients defined by the The authors would like to thank BP Exploration
AFTA and the scattered, sometimes anom- Operating Co Ltd for allowing information from the
alous, VR data. Lateral transfer of heat by Lulworth Banks-1 well to be published. We would also

; o like to express our thanks Dr A. Law at British Gas
€ t X . .
fluid mov ment may haye had Slg.mﬁczlint Exploration and Production Ltd for helpful discussions
effects and implies non-linear relationships

b lacoburial concerning estimates of uplift and erosion from their
etween palacoburial depth and palacotem- sonic velocity data, and to many friends and colleagues

perature. However, kilometre-scale upliftand  yho have assisted in sample collection and analytical
erosion during both the early Cretaceous and  work during the course of this study. AFTA is a
Tertiary is required to explain the data. registered trademark of Geotrack International Pty Litd.
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Abstract: The development of the Wessex Basin, Celtic Sea Basins and the Western
Approaches Trough was initiated during the break-up of Pangea with active subsidence
continuing throughout the Mesozoic until the basins were inverted in the Tertiary.
The Mesozoic stratigraphy in these basins is characterized by a number of unconformities.
In the Early Cretaceous two major erosional events can be identified, one in the Berriasian
and the second in the Aptian. These unconformities have a significant bearing on both the
Cretaceous stratigraphy and the hydrocarbon potential in the region.

Stratigraphic data from onshore exposures in the Wessex Basin, from over 100 boreholes,
and seismic data document the evolution and erosion pattern of both unconformities. The
Aptian unconformity has been well documented by previous authors, and may be related to
uplift associated with commencement of sea-floor spreading in the Bay of Biscay. However,
an older unconformity can be identified as Berriasian in age on the basis of tracing its
correlative conformity using vertical and lateral facies changes and a rapid lateral increase in
the thickness of the Wealden Group. This older unconformity is herein interpreted to have
been formed by a latest Jurassic-earliest Cretaceous uplift event and can be recognized in all
basins surrounding the Cornubian Platform. The areal extent of the unconformity implies
that the interpreted uplift was of regional significance, centred on the Cornubian Platform,
but unlike the younger Aptian event was unrelated to any specific intra-basinal extensional
event or the Apto-Albian sea-floor spreading in the nearby Bay of Biscay. Its effects
dominated Early Cretaceous sedimentation, the results of which are demonstrated in
subsidence patterns within these basins.

The thermal maturity of the Lias (Early Jurassic), the main hydrocarbon source rock in
the area, has also been affected by the latest Jurassic—earliest Cretaceous uplift, as well as
Tertiary uplift and inversion. The latest Jurassic—earliest Cretaceous event resulted in the
erosion of much of the Jurassic succession in the basins closest to the Cornubian Platform,
and in many areas uplifted the Lias from the top of the oil window. Only on the flanks of the
uplift, where high sedimentation rates occurred during the deposition of the Purbeck and
Wealden Beds, were source rocks buried to depths sufficient to generate hydrocarbons. Only
by understanding the tectonic evolution of the latest Jurassic—earliest Cretaceous uplift can
accurate play risk modelling and prediction of the hydrocarbon fairway take place.

The Celtic Sea, Wessex Basin and the Western
Approaches Trough (‘the Basins’) are situated
on- and offshore between the land masses of
southern Ireland, southwest Britain and north-
west France (Fig. 1). These Basins actively
subsided during the Mesozoic but were all offset
from the main axis of North Atlantic rifting.
Their preserved stratigraphy records a number of
inter- and intra-basinal unconformities during
the Middle Jurassic to ‘Mid’-Cretaceous, two
of which, identified in the earliest Cretaceous
(e.g. McMahon & Underhill 1995) and in the
Aptian (e.g. Ruffell 1992), appear to be the most
significant. This paper concentrates on the
erosion associated with both events (but in
particular the earliest Cretaceous unconformity),
the possible causes for their formation and
reasons for separating these two unconformities

which are commonly grouped together and
assigned an Apto-Albian age.

Information from onshore exposures, over 100
exploration wells (Fig. 2), additional research
boreholes, regional seismic lines and gravity data
were integrated using a detailed biostratigraphic
framework to describe the Late Jurassic-Early
Cretaceous evolution of the Basins. Where
possible, wells from the basin depocentres,
where the most complete stratigraphic succession
would be preserved, were used. Subsidence
analysis was also undertaken on 27 wells
calibrated using apatite fission track (AFTA)
and vitrinite reflectance data with a view to
understanding the tectonic evolution of the area.
The results document the erosion, subsidence
and sedimentation patterns that developed
during the Mesozoic in the basins surrounding

McMaHON, N. A. & TURNER, J. 1998. The documentation of a latest Jurassic—earliest Cretaceous uplift
throughout southern England and adjacent offshore areas. /n: UNDERHILL, J. R. (ed.) Development, Evolution and
Petroleum Geology of the Wessex Basin, Geological Society, London, Special Publications, 133, 215-240.
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Fig. 2. The location of the wells used in this study and the main oil and gas fields in the area of interest.

the Cornubian Platform. This allows an evalua-
tion of the likely mechanism for the development
of the major intra-Cretaceous unconformities
and a critical assessment of the likely contribu-
tion of intra-basinal extension and Apto-Albian
sea-floor spreading in the Bay of Biscay.

The Early Cretaceous was also the time of
initial hydrocarbon generation in the study area
(Stoneley & Selley 1986). However, apart from
the discovery of the producing Wytch Farm
oilfield, and the Ballycotton—Kinsale Head gas
fields (Fig. 2), and despite containing all the
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elements of a hydrocarbon fairway (source,
reservoir, trap) the discoveries in this area have
been disappointing compared to the neighbour-
ing North Sea oil and gas province. This paper
attempts to show the effects of Early Cretaceous
tectonics on the maturity of the main hydro-
carbon source rocks and, therefore the hydro-
carbon prospectivity of the area.

Geological setting

The Basins are subdivided into two areas for this
discussion, the Wessex Basin and the Celtic Sea
Basins—Western Approaches Trough, as they
display different late Mesozoic depositional
environments. However, on the whole, there
are gross similarities in the depositional environ-
ments of the Triassic-Middle Jurassic section
and the Late Cretaceous—Tertiary section.

The Wessex Basin

The Wessex Basin is composed of a number
of sub-basins namely; the Channel Basin, the
Winterborne Kingston Trough, the Vale of Pew-
sey Basin and the Weald Basin (Lake & Karner
1987) which will be described collectively, except
where used as specific examples.

Throughout the latest Jurassic—earliest Cre-
taceous the sedimentary sequence in the Wessex
Basin reflects a gradual relative fall in sea level,
climaxing in a widespread unconformity sur-
face (the intra-Cretaceous unconformity of
McMahon & Underhill 1995). Other unconfor-
mities can be recognized during this period
particularly in the Portlandian (e.g. Coe 1996)
where erosion appears to increase in a westerly
direction. This drop in relative sea level was
initiated during the Late Jurassic rift phase
and resulted in the transition from the open
marine Kimmeridge Clay, through the shallow
to marginal marine Portland and Purbeck Group
to the non-marine deposits of the Wealden
(Fig. 3). However, by the Barremian times a
gradual increase in relative sea level was initiated
with marginal marine incursions in the Weald
Basin (Allen 1975) and in the Channel Basin
{(Ruffell 1992) which increased in magnitude and
spread westwards eventually leading to the
deposition of the Aptian—Cenomanian Green-
sand Group. During this time renewed uplift,
volcanic activity and fault movements, possibly
associated with the opening of the Bay of
Biscay, generated a number of unconformities
the most significant of which was a Mid-Aptian
event (Ruffell 1992) . A further rise in sea level

led to the deposition of the Chalk facies
during the Late Cretaceous after which time
the initiation of basin inversion commenced.
Throughout the Early Tertiary, Late Palaeo-
zoic-Mesozoic depocentres were up-lifted and
became sediment source areas while former
Mesozoic highs became major Tertiary basins
(Lake & Karner 1987).

The Celtic Sea area basins

The Late Jurassic deposits of the Celtic Sea
Basins and the Western Approaches Trough
display distinct differences from the classical
exposures documented onshore in the Wessex
Basin (Millson 1987). The preserved Late Jur-
assic deposits throughout the Celtic Sea Basins
are mostly composed of Oxfordian-Mid Kim-
meridgian non-marine sediments (Millson 1987),
although marine conditions existed to the south
and west (Petrie et al. 1989). Major rifting and
subsidence occurred during the Oxfordian with
the formation of restricted basins (Millson 1987;
Tucker & Arter 1987; Petrie et al. 1989; Shannon
19914) and rotated fault blocks (Kamerling 1979;
Roberts ez al. 1981; Robinson et al. 1981). A brief
transgression occurred in the Late Kimmeridgian
and Early Portlandian but, as with the Wessex
Basin, by Purbeckian times the area (apart from
the Fastnet Basin, Biscay Margin and the
Western Approaches Trough) was once again in
a marginal marine to non-marine setting (Mill-
son 1987; Petrie et al. 1989) before the deposition
of the wholly continental lower Wealden Group
in the Berriasian—-Hauterivian period.
Throughout the Celtic Sea Basins and the
Western Approaches Trough the pattern of Early
Cretaceous sedimentation was dominated by the
occurrence of a regional, earliest Cretaceous aged
unconformity described by McMahon & Under-
hill (1995) amongst others (e.g. Ziegler 1982;
Millson, 1987). This unconformity caused con-
siderable erosion of basin margins and centres
producing a significant gap in the Mesozoic
succession. The unconformity occurred towards
the end of the Late Jurassic—Early Cretaceous
regressive sequence, and was followed by a
transgressive sequence characterized by marine
incursions into the non-marine Wealden in the
latest Hauterivian (McMahon & Underhill
1995). Throughout the Late Hauterivian to the
Albian a series of transgressions from the south-
west, building up in intensity and magnitude,
punctuated by regressions and unconformities,
penetrated the Early Cretaceous terrestrial basins
up to the Apto-Albian when a period of erosion is
identified (Colley er al. 1981; Ainsworth et al.
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1987; Evans 1990; Tappin ef al. 1994). As with
similarly aged events in the Wessex Basin,
discussed above, these unconformities are
thought to be the result of renewed tectonic
activity (Ziegler 1987b) which was associated
with volcanic intrusions in the Western
Approaches Basin (Bennet er al. 1985; Ziegler
1987b) and the emplacement of oceanic crust first
on the northern Biscay margin in the Early
Aptian (Montadert e al. 1979; Masson & Miller
1984) then west of Goban Spur in the Middle
Albian (Scrutton 1985), and with intensive rifting
in the Bay of Biscay.

Intra-Cretaceous unconformities

Evidence for major discrete Berriasian and
Aptian unconformities

Many workers suggest that erosion and defor-
mation during the late Mesozoic did not occur
at one discrete point in time but over a period
from the Late Jurassic to the Aptian (e.g.
Roberts ef al. 1981; van Hoorn 1987). However,
this paper aims to show that discrete erosional
events within the Early Cretaceous were respon-
sible for the majority of the erosion associated
with the large stratigraphic gap observed in the
Mesozoic succession.

The Late Jurassic-Early Cretaceous stratigra-
phy of the Wessex Basin is dominated by two
significantly different depositional environments;
the marine strata of the Late Jurassic and the
Aptian—Albian; and the non-marine to marginal
marine strata of the Valanginian-Aptian period.
This stratigraphic sequence appears to corre-
spond to a large-scale regressive—transgressive
cycle and therefore one would expect a major
unconformity at the regressive—transgressive
boundary. This boundary has been given a
Berriasian—Valanginian age by McMahon &
Underhill (1995) and occurs at the top of a
large-scale coarsening-upwards sequence from
the Kimmeridgian—Portlandian marine clays to
the non-marine Wealden (Fyfe ez al. 1981).

Unconformities in the Wealden Group have
also been recognized with a similar age to that of
the maximum extent of the latest Jurassic—
earliest Cretaceous regression. In the Channel
Basin, wells 98/11-1 (Ruffell 1991) and 99/12-1
(Hamblin ez al. 1992) record a pronounced
unconformity, as do onshore exposures along
the Dorset coast (Hesselbo & Allen 1991). These
erosive surfaces lie in the lowermost Wealden
Group (possibly Berriasian) and appear to die
out in an easterly direction in the Wessex Basin

where the Wealden succession thickens rapidly.
Other evidence for widespread erosion during
this time are the exotic minerals from the
Cornubian Massif (Allen 1975) and Early Jur-
assic fossils which occur within the Wealden
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 & Wignall 1990).

However, in order to establish the exact age of
the regressive—transgressive boundary and asso-
ciated unconformities the first marine incursions
(the initiation of the transgressive cycle) into
the non-marine setting (the Wealden) must first
be traced.

The sediments of the Wealden Group are
generally represented by non- to marginal marine
facies throughout the Basins. This characteristic
poses a major problem when defining the age
of any event which lies in the earliest Cretac-
eous. However, detailed analysis of the shale—
mudstone successions from the Celtic Sea Basins
has identified a number of transgressive and
maximum flooding surfaces defined by biostrati-
graphic data (McMahon 1995). These surfaces
appear to mark the initiation or peaks of trans-
gressions into the Wealden Group, a trend which
would continue throughout the Early Cretaceous
ending with the deposition of the Greensand and
Chalk Groups. Exact dating of these surfaces is
difficult but it appears that many of the events
herein identified in the Celtic Sea Basins are
synchronous with (Early Cretaceous) transgres-
sions already documented in the Wessex, Weal-
den and the Paris basins (e.g. Pomeral ef al. 1989;
Stewart et al. 1991; Ruffell 1992). The base of
these shale-mudstone units is in many places
erosional, often entraining pebble-sized clasts of
the underlying sand unit (observed in the pebble
beds of the Wealden Group of the Wealden
Basin) and may represent ravinement surfaces
(sensu Nummedal & Swift 1987).

The transgressions into the non-marine Weal-
den of the North Celtic Sea Basin (and later in the
South Celtic Sea Basin) appear to have advanced
from the southwest and increased in magnitude
throughout the Early Cretaceous. The main
events identified, dated using confidential oil
industry biostratigraphic reports, can be found
in the latest Hauterivian—earliest Barremian,
Mid- to Late Barremian, latest Barremian—
earliest Aptian; Mid- to Late Aptian; latest
Aptian—earliest Albian; latest Albian and in the
Mid-Cenomanian. These transgressions suggest
that the reappearance of marine conditions in
this region occurred well before the deposition
of the Greensand Group in the Apto-Albian,
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thereby dating the Early Cretaceous regression—
transgression boundary as pre-Hauterivian in
age. This characteristic together with the obser-
vation that Wealden sediments lie directly on the
unconformity surface (further described in
the next section) suggest that a Berriasian age
could be ascribed to this earliest Cretaceous
unconformity.

The argument for a major Apto-Albian aged
unconformity has been widely published and is
best summarized 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. This
event can be clearly identified using data from
the basin palaeodeeps, where the maximum
section is preserved, the amount of missing
stratigraphy is seen at many localities where it
erodes into the Wealden Group. However, it is
important to separate this event from the older
Berriasian-aged unconformity, as the latter may
have caused the majority of erosion previously
attributed to the Apto-Albian event.

The stratigraphic gap associated with the
unconformity

A major stratigraphic gap in the Mesozoic suc-
cession can be recognized in the Wessex Basin
and is best observed in the coastal outcrops of
Devon and Dorset where Cretaceous sediments
lie unconformably on Jurassic or older strata.
The amount of missing section decreases in an
easterly direction from the Cornubian Platform,
where Permian and older stratigraphy subcrop
the unconformity surface, to the east, where
erosion is limited to the Berriasian section of the
lowermost Wealden Group (see McMahon &
Underhill 1995, fig. 1) and also in the Aptian
(Ruffell 1992). A stratigraphic gap is also
recognized along south-north transects from
the basin centre in the Channel Basin increasing
towards the Wessex Shelf to the north. However,
this gap is exaggerated due to the basin margin
location of most of this section which was
extensively eroded during Wealden deposition.
Whilst it is possible to recognize two separate
unconformities within the Early Cretaceous, it is
unclear from the stratigraphic record in areas
which have undergone substantial erosion
whether both, or only one, of the unconform-
ities was responsible. However, where discrete
events can be identified, erosion at the base of the
Wealden is profound in many places (described
below), whereas erosion associated with the
Aptian unconformity is less significant and only
appears to penetrate the uppermost Wealden

N. A. McMAHON & J. TURNER

succession even in the basin centres. Therefore, it
is possible that the Berriasian unconformity
developed parallel to the main structural grain
of the Wessex Basin and was responsible for the
large stratigraphic gap which exists in western
Devon and on the Cornubian Platform.

The stratigraphic gap is again recognized in
the South Celtic Sea Basin and Fastnet Basin
where over 500m of Wealden sediments sit
directly on Bathonian or older strata (Tappin
et al. 1994). Wealden deposits of Hauterivian—
Aptian age also rest unconformably on Triassic
or Lower Jurassic rocks in the Western
Approaches Basin (Chapman 1989; Evans
1990), and these deposits are also thought to
lie unconformably on older stratigraphy in the
Hurd Deep north of the Channel Islands (Curry
et al. 1970) and on the margins of the Plymouth
Bay Basin (Lott ef a/. 1980) and in the Bristol
Channel Basin (Fyfe er al. 1981). However, in
the central parts of the North Celtic Sea
Berriasian deposits lie conformably on Lower
Purbeck (Colin er al. 1981; Naylor & Shannon
1982), as is true in the Brittany Basin, Western
Approaches Trough (Evans 1990) and inter-
preted on the Biscay Margin (Masson & Roberts
1981) and the Goban Spur Basin (Colin et al.
1992). In these areas it is thought that a
correlative conformity of Berriasian age exists
(Fig. 4), nevertheless, any basin margin or basin
centre highs present at this time is expected to
have been eroded. The interpretation of the
chronostratigraphic diagram is also mirrored on
regional seismic data in the same orientation
(Fig. 5). Line MPCR-17 (composite) shows the
progressive subcrop of older stratigraphy
beneath the Berriasian unconformity from north-
west to southeast. Outside the area of erosion the
Wealden deposits change character with distance
from the Cornubian Platform (Ruffell 1995)
(Fig. 6) with a typical non-marine succession
passing southwest into marine clays and even-
tually into shelf limestones on the continental
margin (Masson & Roberts 1981).

Using the above information, together with
published data and proprietary oil industry
reports, a subcrop map can be constructed
from the most basinal setting (Fig. 7). This map
reveals the progressive subcrop of older strati-
graphy, Late Jurassic-Permian or older, towards
the Cornubian Platform below Wealden or
younger Cretaceous strata. Qutside the edges of
this elliptical pattern lies the correlative con-
formity, where a complete stratigraphy exists
commonly represented by 500-1000m of non-
marine Wealden or marginal to marine ‘Wealden
equivalent’ deposits. From the depositional
environments of the formations surrounding
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Fig. 6. The distribution of Wealden sediments, from well penetrations, seismic data, regional interpretations and
the published work of Lott et al. (1980), Evans (1990), Tappin et al. (1994). Some areas have been affected by

severe Tertiary erosion which has removed any possible Wealden strata which may have been present. The change
in pattern denotes a facies change from non- to marginal marine deposits to shales and limestones.
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Fig. 7. The subcrop map beneath the Berriasian and Aptian unconformity. White areas are interpreted to have
suffered no or minimal erosion during Berriasian and in these locations a correlative conformity to this event
exists. Basement highs and ridges which may have experienced many periods of erosion throughout the Mesozoic
have not been included. Erosion associated with the Berriasian unconformity increased towards the Cornubian
Platform where Permian or older strata exists beneath Late Cretaceous sediments. Dashed lines indicate

boundaries which are poorly constrained.

the eroded area, a relationship is evident between
the most basinal shift in facies (the peak of the
latest Jurassic—earliest Cretaceous regression)
and the timing of the maximum areal extent of

erosion which appears to be Berriasian in age.
After this time the Wealden deposits became
increasingly more marine through a series of
transgressions and regressions (described in the
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last section) in an overall transgressive setting
until the fully marine conditions of the Gault,
Greensand and Chalk Groups are established.
It might be tempting to assume that such an
elliptical subcrop pattern purely results from
existing topography and the buoyant nature of
the Hercynian granites in the Cornubian Plat-
form and the Armorican Massif. However, the
area of erosion appears to extend well past the
termination of the granites, interpreted from
gravity data to end in UKCS quadrant 84,
indicating that the Cornubian Platform may
only have played a part in the latest Jurassic-
earliest Cretaceous uplift. 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 in the earliest Cretaceous (Chen
et al. 1994 unpublished; Bray et al. this volume).
Before this time the Cornubian Platform and the

N. A. McMAHON & J. TURNER

Armorican Massif were probably not significant
highs as the Lias was deposited in a deep-marine
setting in west Dorset, close to the edge of the
Cornubian Platform, and shows no signs of
shallowing in a westerly direction. The subcrop
pattern about the Cornubian Platform is, how-
ever, distorted by the Armorican Massif and the
Biscay Margin (Fig. 7). One explanation for this
is the uplift and erosional effect of the Aptian
unconformity mentioned earlier, possibly a
result of the emplacement of oceanic crust
rifting in the Bay of Biscay. Again, although a
large stratigraphic gap in the Mesozoic succes-
sion is obvious it is difficult to differentiate
between the erosion associated with the Berria-
sian and Aptian unconformities. Only the record
of a much larger stratigraphic gap beneath the
Wealden Group of the Western Approaches
Basin in wells 87/12-1a, 86/18-1 and 73/7-1
(Evans 1990) than beneath the Aptian—Albian
section suggests that the Berriasian event was the
most significant.
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Fig. 8. The location of wells used in the subsidence study. The wells record three patterns of sedimentation and
erosion associated with the latest Jurassic—earliest Cretaceous uplift: continued subsidence with no erosion; uplift
during the Berriasian followed by rapid subsidence and uplift throughout the Late Jurassic and the Early

Cretaceous.
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Subsidence analysis, methodology workers (e.g. Karner et al. 1987; Hillis 1988) who
and database concentrated specifically on the Wessex Basin or
the Western Approaches Trough. By using this
Twenty-seven wells were chosen for subsidence regional approach it was possible to formulate a
analysis from the Basins (Fig. 8) in order to model for the pattern of Early Cretaceous
quantify the tectonic response of these basins tectonics from the preserved stratigraphy.
during the Early Cretaceous. This study was Subsidence analysis, or backstripping, was
designed to cover a wider area than previous carried out using the method of Steckler &
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O metras Sea bed 0 0 100
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— — ~ T|Alternate layers
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Fig. 9. Data preparation for the subsidence calculation. The succession found in each well is divided into layers
the age, depth below sea level, water depth of deposition and bulk lithology of which are assigned values. The age,
depth below sea bed and water depth of deposition of the oldest sediments sitting on basement are also required.
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Watts (1982) and sedimentation rates were
calculated from the simple equation of van
Hinte (1978). The wells used were chosen
because as they had the most complete strati-
graphy and/or had penetrated the basement The
successions in these wells were split into a
number of layers, the tops of which could be
assigned an age (Fig. 9). Each layer was
assigned a bulk lithology and the water depth
of deposition estimated for both its top and
bottom. Unconformities were treated as periods
of non-deposition except where information
was available for the amount of missing section.
This was the case for the Tertiary unconformity
throughout much of the study area for which

the amount of erosion was corrected using the
apparent erosion estimates of Hillis (1995).
The philosophy followed in this study has been
to concentrate on the accuracy of the strati-
graphic data and make only very simple
corrections for sediment compaction. More
compli-cated corrections are difficult or impos-
sible to verify and are not included, therefore
minimizing the risk of introducing artefacts
from the data processing into the subsidence
results. The porosity—depth relationships estab-
lished by Sclater & Christie (1980) for North Sea
lithologies were used for decompaction; the
curves were plotied against the time scale of
Harland et al. (1990).
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Fig. 10. Subsidence plots from the North Celtic Sea Basin. Sedimentation rates were fairly high during the Early
Cretaceous with no obvious erosion associated with the Berriasian unconformity apart from 57/9-1. The locations
of all these wells can be found in Fig. 8. The shaded area beneath the upper horizontal axis indicates water depths
of deposition in metres. The solid line is depth to basement through time (in metres) with minimum and maximum
water depth of deposition corrections indicated by the cross-hatched area beneath. Sedimentation rates (in metres
per million years) are plotted along the bottom horizontal axis as a dark shaded area.
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Although this simple approach introduces
some errors and uncertainty into the subsidence
calculations these are insignificant compared to
the differences in the subsidence history between
different wells, sub-basins and basins. The sub-
sidence plots presented (Figs 10-13) show total
basement subsidence, no correction has been
made for sediment loading. Water depth infor-
mation is also illustrated (Figs 10-13) where it
was available.

Interpretation of the subsidence curves

North Celtic Sea Basin

Wells from the North Celtic Sea Basin (Fig. 10)
show three major phases of high subsidence and
sedimentation rates: the Late Triassic-Early
Jurassic; the Late Jurassic; and the Late Cretac-
eous, followed by a period of inversion which
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started either in the Palaeocene or the Oligocene
(depending on author and/or 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 sedimentation rates
are also recorded from the Turonian to the
Campanian. These high values, which are seen
elsewhere (Turner unpublished data), may relate
to the cooling of the Aptian- to Cenomanian-
aged oceanic crust west of the Goban Spur—
Biscay margin.

Only three wells record an unconformity
which could be dated as earliest Cretaceous in
age (56/14-1, 56/20-1 and 57/9-1), with 56/20-1
showing a major stratigraphic gap associated
with the amalgamation of this unconformity and
the older mid-Cimmerian event. It can be seen
that sedimentation rates increase rapidly after
the Late Barremian in these wells following
a period of non-deposition, a feature which
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Fig. 11. Subsidence plots from the South Celtic Sea and Fastnet Basin (63/8-1) illustrating the erosion and
shallowing associated with the Berriasian unconformity. Wells 93/2-3 and 102/28-1, not shown, show extreme
erosion associated with Early Cretaceous tectonics. Subsidence on the Goban Spur margin (62/7-1) appears to be

unaffected by Berriasian erosion. See Fig. 10 for key.
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can also be seen in other wells in this area
(e.g. 48/30-1). The increase in sedimentation
rates also follows the climax of the latest
Jurassic—earliest Cretaceous regression observed
in the plot of water depth for all wells in the
North Celtic Sea Basin. Following the increased
sedimentation during the Early Cretaceous, sedi-
mentation rates again slowed in the Aptian. An
unconformity of Middle-Late Jurassic age is
also recognized in wells 48/30-1, 56/14-1, 56/20-1
and 57/9-1 which possibly represents the mid-
Cimmerian unconformity and may be associated
with the eruption of the Fastnet volcanics
(Caston et al. 1981).

South Celtic Sea, Goban Spur and
Fastnet basins

Wells from the South Celtic Sea, Goban Spur
and Fastnet basins (Fig. 11) do not show the
same simple subsidence pattern that can be seen
in the North Celtic Sea Basin. An earlier
extensional phase, which began in the Early
Triassic, is evident in all wells, apart from 63/8-1
and 62/7-1 which show a Late Triassic to Middle
Jurassic extensional period of moderate subsi-
dence. Subsidence data for the Late Jurassic are
limited, apart from wells 63/8-1 and 49/29-1, as
much of this section was removed by Early
Cretaceous erosion and it is unclear whether an
extensional phase took place in these basins at
this time. The evidence from 63/8-1 and 49/29-1
suggests that a Late Jurassic rift phase did exist,
which began possibly in the Late Oxfordian.
As with the North Celtic Sea Basin, subsidence
and sedimentation rates increased again during
the Late Cretaceous, especially from the Tur-
onian to the Campanian period, prior to Tertiary
inversion in the Eocene—Oligocene.

A number of wells (63/8-1, 62/7-1 and 49/29-1)
record the development of the mid-Cimmerian
unconformity (Early to Mid-Jurassic). This
event may also exist in wells 58/3-1, 93/2-3 and
102/28-1, but is undetectable due to younger
Early Cretaceous erosion. A period of non-
deposition and/or erosion associated with either
or both the Berriasian and Aptian unconformi-
ties 1s evident in all wells, apart from 62/7-1 in
which a correlative conformity is proposed to
exist. Moderate sedimentation rates developed
immediately after the Mid-Late Berriasian in
wells 62/7-1, 49/29-1, 63/8-1 and 58/3-1. This
increase in sedimentation may be either due to a
short period of extension or the resumption in
deposition in an area which had suffered erosion
during the previous Valanginian and Berriasian
period. Owing to the amount of missing section in

many of these wells it is hard to comment on the
effect that the Berriasian unconformity had on
the water depths of deposition, although it
seems to have decreased throughout the interval
of erosion.

Western Approaches Trough and
Brittany Basin

Subsidence plots from wells located in the West-
ern Approaches and Brittany Basins (Fig. 12)
show an almost complete stratigraphic record
from 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. However, sedimentation slows
during the Berriasian with an unconformity being
recorded in Lizenn-1 which shows minor erosion
of the Purbeck strata. 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.
Following the Berriasian, sedimentation rates
again increase during the Hauterivian—Barre-
mian with all wells recording a decrease in
subsidence during the Mid-Late Aptian. Sedi-
mentation rates again increased slightly during
the Late Cretaceous before Tertiary inversion in
the Oligocene.

Wessex Basin

Karner et al. (1987) suggested that subsidence in
the Wessex Basin showed 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 to 50Ma in length) and a passive thermal
phase (from 80 to 200Ma in length) (Karner
et al. 1987). This study shows the timing of these
rapid rifting events and agrees with the overall
passive thermal subsidence through time which
has been supported by independent research
(K. Thompson unpublished data). However, this
work goes further than the study of Karner et al.
(1987) by identifying the periods of rifting and
uplift in basin formation.

All of the wells studied show a period (Fig. 13)
of moderate subsidence and sedimentation rates
from the Early Triassic to the Early Jurassic
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Fig. 12. Subsidence plots from the Western Approaches and Brittany Basins illustrating rapid subsidence in the
Late Jurassic and high sedimentation rates after the climax of the latest Jurassic—earliest Cretaceous uplift.
Erosion associated with the Berriasian unconformity is only recorded in Lizenn-1 and a complete section and
correlative conformity are present in the other wells. The depth scale remains the same on all these plots so that
they can be easily compared to other curves. See Fig. 10 for key.

associated with active 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 repre-
sented by low sedimentation rates. A Late
Jurassic phase of high subsidence and sedimen-
tation rates is evident in all wells relating to a
rifting event which began in the Oxfordian and
appears to have been terminated during the
Valanginian. For the Early Cretaceous the sub-
sidence curves from the wells fall into three
groups: wells suffering no erosion associated
with the Berriasian unconformity (i.e. 98/11-4,
98/16-1 and Arreton 2); wells which have minor
erosion associated with the Berriasian unconfor-
mity (i.e. 98/11-1 and Nautile 1); and wells
which have major erosion associated with both
the Berriasian and Apto-Albian unconformities
(i.e. Winterborne Kingston and Martinstown).

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 in basin
margins to the north sedimentation did not
resume until the Aptian or Albian (e.g. Martins-
town and Winterbourne Kingston). All wells
show either erosion or low sedimentation rates
during the Mid-Late Aptian. This period of
erosion and low subsidence is more pronounced
in this area than in any other studied location
indicating that separate or more pronounced
regional tectonic forces affected the Wessex,
Channel and surrounding basins at this time.
Some wells (e.g. Winterbourne Kingston and
98/11-1) also show moderately high sedimenta-
tion during Chalk deposition in the Turonian—
Campanian before Tertiary inversion which took
place from the Eocene to the Oligocene.
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Fig. 13. Subsidence plots from the Wessex Basin. Three of the wells (98/16-1, 98/11-1 and Arreton-2) record no or
very minor erosion associated with the Berriasian unconformity. Rapid subsidence associated with Late Jurassic
rifting is observed to slow during the Berriasian and Valanginian. Winterborne Kingston shows major erosion
associated with the Berriasian unconformity. This erosion is not a result of being located on a palaeo-high as
these wells record continued subsidence from the Triassic. See Fig. 10 for key.

Summary of the subsidence results

A number of common features have been illus-
trated by the subsidence analysis. There appears
to have been two main extension phases which
occurred in all areas: the Triassic—Early Jurassic;
and the Late Jurassic. A minor extensional phase
may also have occurred in the Middle Jurassic.
This may be related to the mid-Cimmerian
unconformity which is best developed in the
area surrounding the Fastnet Basin. A period of
moderate to high sedimentation rates is also
recognized locally during the Early Cretaceous
(Hauterivian—Mid-Aptian). This could be inter-
preted to be associated with a minor extensional
phase, although there is little evidence of exten-
sion prior to a minor phase in the Early Aptian
(Ziegler 1987b) from seismic data. High sedi-
mentation rates returned to the area during the

Late Aptian—Albian and Late Cretaceous times
after a period of low sedimentation or erosion
associated with the Apto-Albian unconformity.
These high rates may be related to either the
infilling of new accommodation space formed by
increasing sea level or an increase in regional
subsidence due to sea-floor spreading in the
North Atlantic and are probably not the result of
active faulting.

The Berriasian 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 cor-
relative conformity;

(b) minor erosion and moderate to high sedi-
mentation rates immediately after the
unconformity;
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() major erosion with sedimentation only
resuming from the Barremian to the
Albian.

It is also interesting that the rifting event in
the Late Jurassic appears to have been termi-
nated in the earliest Cretaceous. The view that
rifting ended around the time of the Berriasian
unconformity has also been suggested by a
number of authors (e.g. Robinson et al. 1981;
Cook 1987; Tucker & Arter 1987; Shannon
19916) and implies that most of the Early
Cretaceous succession qualifies as post-rift,
although it has long being regarded as syn-rift
by many workers (e.g. van Hoorn 1987; Ziegler
1987a; Evans 1990). The increase in sedimenta-
tion rates during the Hauterivian—Aptian could
also be associated with a renewed phase of
rifting, as discussed above, although if extension
took place it was minor in comparison with that
of the Early and Late Jurassic.

The effects of the latest Jurassic—
earliest Cretaceous regional uplift on
subsidence curves

When the latest Jurassic—earliest Cretaceous
regression is coupled with the existence of an

earliest Cretaceous unconformity, which has
been attributed a Berriasian age, one could
draw the conclusion that an uplift event was
responsible for the formation of both events.
This uplift can also be recognized in the decrease
in water depths of deposition from the Late
Jurassic to the Berriasian and the transgressions
onto the unconformity surface as well as the
regional subsidence pattern up to the Apto-
Albian. Figure 14 summarizes the results of the
subsidence analysis together with the correlative
conformity-unconformity boundary and the
Permian or older subcrop boundary beneath
the Berriasian unconformity. These results delin-
eate three areas, each with a distinct subsidence
history from the time of Berriasian uncon-
formity development to the Apto-Albian.

Constant sedimentation and the
correlative conformity

The first area represents the region in which the
Berriasian unconformity does not result in any
erosion of underlying strata in the basin centre
(Fig. 14). During the Berriasian subsidence
slowed, suggesting that the Early Cretaceous
uplift had terminated the active faulting in the
region. Sedimentation rates were generally low

- Continuous subsidence, no uplift
m Uplift and erosion followed by
rapid subsidence
Uplift and erosion throughout the
Early Cretaceous
== == Correlative conformity
===**' Permian/older subcrop

Fig. 14. Three zones which can be defined from the subsidence curves relating to the sedimentation patterns
associated with the latest Jurassic—earliest Cretaceous uplift. Zone 1 exists outboard of the correlative conformity
boundary. Zone 2 occurs between the Berriasian correlative conformity boundary and the Cornubian Platform.
Zone 3 exists from the area surrounding the Cornubian Platform (indicated by the Permian subcrop boundary
beneath the Berriasian and Aptian) onto the Cornubian Platform itself.
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during this period although in some places they
increased slightly immediately after the time of
maximum uplift. This can be seen in the deposi-
tion of the Wealden Group which, in this area
contains the erosion products from the region
surrounding and including the Cornubian Plat-
form. A facies change, described earlier, also
exists in this region from continental deposits of
the Wealden Group to their shallow marine
carbonate equivalents. The above factors demon-
strate that the effects of the latest Jurassic—earliest
Cretaceous uplift in this zone were minor,
resulting in erosion on highs and a regional sea-
level fall which can be observed in the Late
Jurassic—earliest Cretaceous regression and the
formation of the Wealden.

Minor erosion, rapid post-uplift
sedimentation

The second zone lies between the correlative
conformity—unconformity boundary and the
margins of the Cornubian Platform, although
this zone suffers from the exact character of the
poor data coverage. Wells within this zone
(e.g. 57/9-1, 56/20-1 and Lizenn 1) show minor
erosion associated with the Berriasian unconfor-
mity followed by rapid sedimentation for
approximately 10Ma after the unconformity
climax until the Barremian. This zone is inter-
preted to represent the area which experienced
immediate deflation of the uplift after its
maximum areal extent. What was once an
uplifted area during the latest Jurassic to the
Early Berriasian, supplying sediment towards
the area outside the correlative conformity
boundary was, during the Valanginian—Barre-
mian, itself on the margins of the uplift receiving
sediment from the Cornubian Platform. Typi-
cally wells within this zone found pre-Barremian
non-marine Wealden deposits resting uncon-
formably on older stratigraphy.

Major erosion

The third zone represents the area immediately
adjacent to and including the Cornubian Plat-
form, which itself is delineated by the Permian
subcrop boundary. Wells in this zone (e.g. 93/2-3,
102/28-1 and Winterbourne Kingston) all record
major erosion associated with both the Berria-
sian and Aptian unconformities followed by
sedimentation in the Barremian or Aptian—
Turonian period. These wells do not simply
correspond to highs which have experienced
erosion during every drop in sea level. Sub-
sidence curves show that their locations have
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subsided since the Early Triassic. This area,
where the latest Jurassic—earliest Cretaceous
uplift was most long-lived, was flooded by
marine transgressive deposits in the Albian
relating to the general eustatic sea-level rise of
the Late Cretaceous. This is supported by
research boreholes that have found Wealden
deposits of Aptian and Albian age on the margins
of the Plymouth Basin (Lott et al. 1980), next to
the Cornubian Platform, suggesting that if an
area of erosion existed during this time it was very
small indeed.

Evans (1990) attributed the subsidence in the
northern basins of the Western Approaches
Trough and the Cornubian Platform to cooling
of the lithosphere following a thermally driven
uplift in the Late Jurassic. Although the evi-
dence presented herein may suggest a slightly
younger timing for this uplift (climaxing in the
Berriasian) one might argue that the subsidence
patterns in the three zones mentioned above
reflect the waning of an uplift throughout the
latest Jurassic—earliest Cretaceous. However, it
is difficult to see how this uplift could have been
sustained long after rifting had ended, without
some permanent change to the structure or
thickness of the crust.

The timing of the Bay of Biscay
opening and the development of the
Apto-Albian unconformity

Many workers (e.g. van Hoorn 1987; Ziegler
1987a; 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). However,
it has been shown, in this and other studies, that
the rifting which initiated in the Late Jurassic
probably terminated in the Berriasian—Valangi-
nian with a renewal in extension during the
Early Aptian. This suggestion implies that the
Berriasian unconformity formed after the initia-
tion of Late Jurassic 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. Mon-
tadert et al. (1979) and Olivet et al. (1984)
suggested that sea-floor spreading initiated west
of the north margin of the Biscay Margin in the
Aptian which corresponded with a period of
faulting and erosion (Ziegler 1982, 1987¢). This
tectonic period possibly corresponds to the slight
deformation and erosion seen as far away as the
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Wessex and Weald basins during the Aptian
(Ruffell pers. comm)

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 by rapid subsidence in
the Late Aptian and Albian related to sea-floor
spreading in the Bay of Biscay (Curnelle &
Dubois 1986; Desegaulx and Brunet 1990).
This is supported by the subsidence analysis
of two wells from the Bay of Biscay, Galicia
B-2 and Penma-1 (Fig. 15). These wells date
the timing and nature of the opening of the Bay
of Biscay.
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Fig. 15. Subsidence plots from the Bay of Biscay
region showing erosion during the early Cretaceous.
Note the rapid thermal subsidence in both wells in the
Late Albian and Cenomanian associated with sea-floor
spreading in the Bay of Biscay. Galicia B2 also shows
rapid subsidence during the Early Cretaceous when
areas to the northeast were experiencing uplift. See
Fig. 10 for key.

A Late Jurassic-Early Cretaceous rifting
event is observed in Galicia-B2 with the transi-
tion from non-marine Late Jurassic clastics into
shallow marine limestones of Early Cretaceous
age (Fig. 16). This equates well with the timing
of rifting in both the Aquitaine Basin (Deseg-
aulx & Brunet, 1990) and the Galicia Margin
(Boillot er 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 Berriasian unconformity.
Deposition of shallow-marine limestones con-
tinued in Galicia-B2 until a phase of non-
deposition or erosion in the Aptian, which
marks a change in deposition from carbonate-
dominated to clastic-dominated facies of the
Albian. The interpreted erosion has resulted in
the absence of the much of the Aptian section in
Galicia-B2 and may relate to a period of uplift.
The Aptian—-Albian continental deposits of
Penma-1, which rest unconformably on base-
ment, attest to this uplift which soon declined
with the initiation of widespread subsidence
(seen in Fig. 15) and the formation of oceanic
crust in the Bay of Biscay. Both Penma-1 and
Galicia-B2 show continued subsidence through-
out the Late Cretaceous and Early Tertiary
before inversion in the Oligocene (Fig. 15).

The uplift associated with the crustal separa-
tion in the Bay of Biscay in the Aptian affected
a wide area particularly on the rift flanks,
possibly due to rising asthenosphere. Such an
uplift probably led to the renewal of continen-
tal sedimentation from the Armorican Massif,
Aptian-Albian unconformities in the Wessex
and channel Basins, and the anomalous subcrop
pattern of northwest France associated with the
Berriasian unconformity, described earlier. This
uplift event was not on the same scale as the
earlier Berriasian event as it only caused major
erosion on the flanks of the Bay of Biscay and
minor erosion elsewhere.

The cause of the latest Jurassic—earliest
Cretaceous uplift

The amount of Late Jurassic and Early Cretac-
eous stratigraphy preserved in the Basins
decreases in direction towards the Cornubian
Platform. This indicates that erosion and or
non-deposition were greatest in the Cornubian
Platform area during the latest Jurassic and
earliest Cretaceous, suggesting that the area may
have been actively uplifted at this time.
Roberts (1989) suggested that this uplift was
the result of Late Jurassic-Early Cretaceous
extension. However, many workers regard the
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Berriasian unconformity to represent the cessa-
tion of Late Jurassic extension (e.g. Tucker &
Arter 1987, Chapman 1989), with any extension
in the Early Cretaceous being minor in compar-
ison. Hillis (1988) also 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
unlikely to be associated with either North
Atlantic ocean-floor spreading, as the Atlantic
at the time of the uplift maximum (Late
Berriasian) was only actively spreading below
the Azores—Gibraltar Fracture Zone, or sea-
floor spreading in the Bay of Biscay which began
in the Aptian.

The subcrop map indicates that the size of this
uplifted feature is at least 750 x 500 km across,
which is somewhat smaller in size than uplifts
predicted by mantle blobs (1500 km across for
the North Sea; Underhill & Partington 1993,
1994) and for mantle plumes (>2000 km; White
& McKenzie, 1989). However, some 2000m of
Jurassic sediment is estimated to have been
removed from the northern shoulder of the
Western Approaches Basin (Hillis 1988; Chap-
man 1989) and over 3300 m are thought to have
been removed from the South Celtic Sea Basin
(Tappin et al. 1994) during this event. This
erosion was not simply due to footwall uplift or
erosion specifically located on basinal highs, as
even basin centres (e.g. the South Celtic Sea
Basin) suffered from erosion. Such significant
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erosion can either be the result of a prolonged
period of erosion (similar to North Sea Dome
described by Underhill & Partington 1993, 1994)
or by a significant vertical uplift which, on this
scale, would suggest a thermal mechanism.

A thermal mechanism for the generation of
the Early Cretaceous uplift was postulated by
McMahon & Underhill (1995) based on the
occurrence of Early Cretaceous volcanics in the
vicinity of the Cornubian Platform which were
offset from the main area of North Atlantic
volcanism and the fact that the volcanics pre-
dated the opening of the Bay of Biscay. Chap-
man (1989) also suggested that the interpreted
doming and crustal extension during this time
relates to mantle processes. Intrusive rocks of
Early Cretaceous age (Hauterivian-Barremian)
do occur in the Goban Spur, Brittany Basin
(Ziegler 19875), and on the Cornubian Platform
at Wolf Rock and Epsom Shoal. During the
Hauterivian—Barremian active faulting had
probably ceased and had only a minor effect
on sedimentation in the region (e.g. Tucker &
Arter 1987; Chapman 1989) suggesting that the
volcanics are unlikely to be related to active
rifting although a further phase of volcanism
occurred in the Apto-Albian in the Western
Approaches Basin (Bennet et al. 1985) prior to
and at the same time as the emplacement of
oceanic crust west of Goban Spur and the Biscay
Margin (Montadert et al. 1979; Masson &
Miller 1984; Scrutton 1985; Cook 1987).

Implications for source rock maturity and
hydrocarbon prospectivity

To date the number of hydrocarbon discoveries
in the study area has been disappointing despite
the region displaying optimum hydrocarbon
generating and trapping mechanisms. This low
success rate is generally regarded as being due to
the lack or low maturity of source rocks,
although no model has been generated to be of
use predictively. The model developed here indi-
cates that the absence or low maturity of the main
known source rock, the Lower Jurassic Lias
deposits, can be explained by uplift and erosion
during the Late Jurassic and Early Cretaceous.
The subcrop map (Fig. 7) can be used as a first
step in assessing the potential source rock
maturity of an area.

The subcrop pattern observed at Lyme Regis,
in the west of the Wessex Basin, shows that in
this area the Albian Gault and Greensand rest
unconformably on the Lias. Using the results of
the subsidence analysis it is possible to suggest
that Middle-Late Jurassic sediments, deposited

prior to the Early Cretaceous event, were
uplifted and eroded. It is not surprising, there-
fore, that the maturity of the Lias in these
locations is reduced as a result of this uplift and
the sediments are today immature for oil
generation (McMahon 1995). However, to the
east, in an area south of the Wytch Farm oil
field where the subcrop pattern indicates no
erosion beneath the Berriasian unconformity,
the Lias is known to have matured at least to the
early gas generation phase.

Late Jurassic source rock maturity evolution
in the Wessex Basin

The results from subsidence analysis indicate a
phase of intense rifting in the Late Jurassic
which was certainly region-wide during the
Kimmeridgian (Fig. 17a) but more localized
during the Portlandian. It is possible that the
first signs of the Late Jurassic—Early Cretaceous
uplift are recorded in the shallowing in the
stratigraphic record from the Late Kimmerid-
gian into the Early Cretaceous. The effects of
this uplift were probably minor in the east of the
Channel Basin which continued to subside
resulting in the Lias being buried deep enough
to initiate oil generation (McMahon 1995). To
the west, the uplift was more significant resulting
in the still immature Lias deposits being exposed
and eroded at the surface (Fig. 17b).

Early Cretaceous source rock maturity
evolution of the Wessex Basin

The development of the latest Jurassic—earliest
Cretaceous uplift is interpreted to have reached
its peak in the Late Berriasian. Rifting had
slowed or stopped by this stage and the entire
area experienced the effects of uplift resulting
either in erosion or in the shallowing of the
stratigraphic record to a continental facies
depositional style. Erosion occurred over the
uplifted area to the west (Fig. 17c), whereas to
the east only the highest areas, such as footwall
high locations, were eroded. Basinal areas in the
Channel Basin continued to receive sediment
from the uplifted area and were slowly subsid-
ing, further burying the Lias source rock which
continued to generate oil.

Although both the east and west of the Chan-
nel Basin continued to subside throughout the
Late Cretaceous subsequent to the uplift event,
the Lias in the Lyme Regis area did not reach
sufficient depths to mature further.
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Late Cretaceous—Tertiary source rock
maturity evolution of the Wessex Basin

The regional subsidence and rise in sea level
throughout the Late Cretaceous led to the depo-
sition of the Greensand and the Chalk facies over
the areas which had experienced Early Cretac-
eous erosion. Renewed sedimentation continued
the burial of the Lias succession and the juxta-
position of Late Cretaceous sediments on older
units towards the west. In the east of the Channel
Basin in the most basinal settings the Lias had
entered the early gas phase (McMahon 1995) and
by this time oil is likely to have migrated into the
tilted fault block traps of the Wytch Farm oilfield
(Fig. 17d). Oil and gas generation continued in
the east until the Tertiary when widespread
inversion uplifted even the most basinal areas
(Fig. 17¢). By this time oil generation and
migration had taken place so that the Tertiary
inversion event simply terminated hydrocarbon
generation in a basin where the Lias was in the
gas window.

Implications for hydrocarbon prospectivity

The above account illustrates that the hydro-
carbon potential of the basin is governed by the
erosion associated with the Berriasian unconfor-
mity, itself controlled by the distance from the
Cornubian Platform on which it was centred.
The Tertiary inversion event, contrary to gen-
erally held views, is of negligible importance
in controlling the distribution of source rock
maturity. This study therefore emphasizes the
fundamental importance of including the effects
of the Late Jurassic—Early Cretaceous uplift and
the Early Cretaceous unconformities (particu-
larly the Berriasian unconformity) in defining
the source rock play fairway.

Conclusions

In the Wessex Basin, Celtic Sea Basins and the
Western Approaches Trough a number of uncon-
formities can be identified using outcrops, well
logs and seismic data, combined with biostrati-
graphic analysis. By far the most significant of
these events is an earliest Cretaceous uncon-
formity, which has a correlative conformity in the
Berriasian interval of the Wealden Group. The
correlative conformity is dated as Berriasian
from evidence in the North Celtic Sea Basin
where deposits of Valanginian age overly the
unconformity surface, and because the first
regionally correlatable (accurately dated) trans-

gressive event above the unconformity is of Late
Hauterivian age. The Berriasian unconformity is
more subtle in areas which experienced high
sedimentation during the Early Cretaceous,
although unconformities of this age are recorded
at outcrop in the Wessex Basin and in boreholes
throughout the study area. This event also corre-
sponds to the regressive—transgressive boundary
indicated by the change from the marine Late
Jurassic, non-marine earliest Cretaceous to the
marginal marine to shallow-marine Early Cre-
taceous. Evidence for an Aptian unconformity
can also be observed particularly in the Wessex
and Western Approaches Trough areas where the
associated erosion cuts into the underlying non-
marine Wealden succession.

Using all available data a subcrop map can be
constructed for the study area representing
erosion from both the Berriasian and Aptian
unconformities. The majority of the erosion can
be ascribed to the Berriasian event and shows
that the stratigraphic gap associated with this
unconformity increases towards the Cornubian
Platform. Outside the area of erosion a correla-
tive conformity, representing a complete strati-
graphic section during the period of uplift,
occurs within non-marine deposits on the uplift
margins, and within shallow-marine deposits
further to the southwest.

The extreme amounts of Early Cretaceous
erosion surrounding the Cornubian Platform,
and the shallowing facies trends recognized in the
transition from marine to non-marine strata
during the Late Jurassic to earliest Cretaceous,
are interpreted to be the result of an uplift event.
The timing of this event suggests that it initiated
after the main period of Late Jurassic rifting had
ceased, and before the emplacement of oceanic
crust in the Bay of Biscay during the Apto-
Albian. This indicates that most of the Early
Cretaceous sedimentary succession post-dates
the Late Jurassic extensional event and was
deposited during a period of limited fault
activity. With no direct tectonic mechanism for
the formation of the uplift, circumstantial
evidence from anomalous Early Cretaceous
volcanics within the uplifted area implies that
this region may have been uplifted by a thermal
mechanism.

The sedimentation record of this uplift can be
documented by subsidence analysis. The sub-
sidence curves generated indicate that three
distinct geographical zones can be identified,
each of which have their own distinct sedimen-
tary response to the uplift. The outermost zone
(Zone 1) is characterized by the absence of
erosion, with sedimentation in the Early Cretac-
eous. An intermediate zone (Zone 2) exhibits
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minor erosion associated with the Berriasian
unconformity and subsequent high sedimenta-
tion rates. The inner zone (Zone 3) records a
major stratigraphic gap produced by significant
erosion with sedimentation not resuming until
the Barremian. Subsidence analysis of these
zones also indicates that the uplift was trans-
gressed during the Late Berriasian to Late
Cretaceous.

The timing and evolution of the Late Jurassic—
Early Cretaceous uplift had a significant effect
on the Lias, the main hydrocarbon source rock
in the area. Only in the areas which received
sediment during the period of uplift (Zone 1 and
in places Zone 2) was the Lias buried to a
sufficient depth for the generation of hydro-
carbons. In other areas closer to the centre of the
uplift (most of Zone 2 and Zone 3) the Lias was
either eroded or elevated above the oil window.
Areas where the Lias had not reached maturity
by the Early Cretaceous remained immature as
the region was again uplifted during the
Tertiary. Any regional maturity study must,
therefore, consider the effects of the Late
Jurassic—Early Cretaceous uplift and Berriasian
unconformity as these are fundamental in
controlling the hydrocarbon potential and fair-
way distribution in these Basins.
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Abstract: The north margin of the Channel Basin is defined in Dorset and the Isle of Wight
by Mesozoic extensional faults which were reversed during Tertiary contraction, causing
forced folding of the Albian-Oligocene post-rift cover. The resulting contractional
structures (the Purbeck and Isle of Wight Monoclines and the reversed Abbotsbury—
Ridgeway Fault) have previously been used as type examples for inversion tectonics. The
Jurassic-Cretaceous basin margin crosses the eastern edge of a Triassic salt basin (Dorset
Halite, Upper Triassic Mercia Mudstone Group) near Swanage. Detachments in Triassic
salt around Weymouth resulted in extension and inversion styles which differ from the better
known basement-linked structures to the east. The Abbotsbury-Ridgeway Fault is listric
and unlike the Tertiary hangingwall folds to the east the Weymouth Anticline formed as an
extensional rollover, only tightened during inversion.

Seismic and well data and structure maps are used to illustrate for the first time the
increasing effects of salt on structural style as the salt thickens westwards. The onset of
detachment on the basin margin is placed at Ringstead, where a north-stepping shift in the
margin at pre-salt level defines a relay zone. Here extension was accommodated on many
basement faults and the ratio of basement fault displacement to salt thickness was reduced
sufficiently to allow the post-salt section to detach throughout extension (Abbotsbury—
Ridgeway Fault). Tight Tertiary compressional folds in this area may result from linkage of
the pre- and post-sait sections during inversion, a consequence of salt welds developed
during the last stages of extension.

In the western part of the Channel Basin (Lyme Bay) the Triassic salt is sufficiently thick
to have detached the pre- and post-salt sections over a wide area. North-south shortening
during basin inversion may have been accommodated in the Lyme Bay post-salt section
by displacements on conjugate, northwest-southeast- and northeast-southwest-oriented,
strike-slip faults such as the Mangerton Fault. The Dorset Halite is a complex sequence of
halite and mudstone interbeds, different from the ‘pure’ halites seen in the North Sea Basin,
and its influence on structural style differs accordingly. Variation in salt tectonics style
between the Weymouth area (salt swells and rollers) and Lyme Bay (salt rollers only) may
reflect lateral facies variation and hence rheology in the Dorset Halite Formation.

The northern margin of the Channel Basin is
exposed in south Dorset and the Isle of Wight as
an east-west-trending fold and fault zone.
Tertiary basin inversion led to the reversal
of major Mesozoic down-to-the-south normal
faults and forced folding of the overlying
Cretaceous—Palaeogene post-rift sediments. Pro-
gressively deeper Recent erosion towards the
west has exposed a range of structural levels,
from monoclinal forced folds in the Isle of Wight
and Purbeck to the underlying reversed faults
outcropping north and northeast of Weymouth.
Commercial seismic data in Bournemouth Bay
have enabled the fault zone to be traced offshore
between the exposed Purbeck and Isle of Wight
monoclines, but west of Weymouth in Lyme Bay
the basin-bounding fault zone becomes more
diffuse (Fig. 1).

The Channel Basin was identified as a distinct
structural unit from early offshore seismic data

by Smith & Curry (1975). The increase in hydro-
carbon exploration activity in the area since 1980
has provided enough well and seismic data to
allow the extension and inversion history of the
basin to be constrained. Stoneley (1982), Whit-
taker (1985), Chadwick (1986) and Karner ef al.
(1987) described Permian—early Cretaceous
extensional structures, recording several phases
of approximately north—south extension. Stone-
ley (1982) and Selley & Stoneley (1987) used the
concave-southward map geometry of the major
northern basin-bounding faults onshore in
Dorset to suggest that they are deep-seated
(basement-linked) listric structures, whereas
Chadwick (1986, 1993) proposed that these
faults are planar and link to re-activated mid-
crustal Variscan thrusts. The geometry of exten-
sional, predominantly dip-slip, basement-linked
cover faults has previously been illustrated with
seismic lines from Bournemouth Bay (Penn et al.
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Fig. 1. Location map showing the northern margin of the Channel Basin. Main faults are mapped at base
Jurassic level from the 2D seismic grid shown. Shading shows the estimated extent of Triassic salt; boxes outline
detailed structure maps presented in this paper. Inset map: location of the Channel Basin relative to depocentres

and highs of the Wessex Basin system.

1987; Hamblin ez al. 1992; Chadwick 1993) and
the Isle of Wight (Chadwick 1993; Underhill
& Paterson 1998; Underhill & Stoneley this
volume).

The geometry of the basin margin further west
is less well documented. The possibility that
Permian-Triassic salt influenced the structural
evolution of the west of the basin was first pro-
posed by Lees & Cox (1937) for the Tertiary
periclines south of the Abbotsbury—Ridgeway
Fault and by Falcon & Kent (1960) for the
Compton Valence structure to the north. Jen-
kyns & Senior (1991) used outcrop data to give a
detailed account of the timing of extension
across basin margin faults between Bridport
and Weymouth, but no geometrical analysis of
the onshore faults has been published. Stewart
et al. (1996) used seismic data to illustrate
extensional detachments on salt horizons of the
Triassic Mercia Mudstone Group in Lyme Bay.
That work is expanded here, using cross-sections
and maps based on interpretation of 9000 km of
offshore two-dimensional seismic data covering
the whole basin (Fig. 1) and published onshore
maps. The aim of this paper is to describe the
variation in structural style along the northern
margin of the basin, focusing on the role of

Triassic salt. The distribution of Triassic salt is
described first, followed by detailed descriptions
of the structure of the basin margin at several
points along an east-west traverse, concluding
with a discussion of the salt-related structures
observed.

Distribution of Triassic salt in and around
the Channel Basin

The Triassic Mercia Mudstone Group crops out
on the shores of Lyme Bay in south Devon as a
monotonous sequence of terriginous red—brown
silty mudstones containing thin interbeds of
anhydrite or gypsum. A regionally correlatable
Carnian sandy unit lying in the middle of
the sequence, the Weston Mouth Sandstone
Member - WMSM (Warrington & Scrivener
1980; Whittaker 1985), overlies mudstones
which contain pseudomorphs of halite at outcrop
in Devon (Lott ez al. 1982). The dolomitic lateral
equivalent to the WMSM can be correlated
between onshore wells to the north of the
Channel Basin (Lott et al. 1982). The underlying
saliferous unit, the Dorset Halite, thickens along
the axis of the Winterborne-Kingston Graben in
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the Seaborough-1, Nettlecombe-1 and Marsh-
wood-1 wells, and is correlated with 150 m of salt
cored in Winterborne Kingston-1 (Colter &
Havard 1981). The released exploration well
Chickerell-1, drilled south of the basin margin on
the Weymouth Anticline, proved a much thicker
salt-bearing sequence with many interbeds of
mudstone and anhydrite (Fig. 2). The lateral
equivalent of the WMSM in the Central Somer-
set Basin (Ruffell 1990) overlies another Carnian
salt sequence (the Somerset Halite). Both Car-
nian salts have been correlated with evaporites in
the Worcester and Cheshire basins (Whittaker
1985).

The probable limits of the Triassic salt
sequence are shown in Fig. 1. Previous estimates
of the minimum extent of Triassic salt (Stoneley
1982) have been restricted to the area between the
Nettlecombe and Winterbourne Kingston wells,
entirely to the north of the Channel Basin. More
recent wells drilled within the basinal succession
(e.g. Chickerell and Southard Quarry) have
proved much thicker Triassic salt sequences
than to the north (Fig. 3). The limit of the
Dorset Halite in the south and southwest of the
Channel Basin, where no well data are available,
has been estimated here by mapping the extent of
detached overburden faulting from offshore
seismic data.

The southern margin of the salt basin is
defined by a sinuous zone of symmetrical graben
within the Jurassic—Cretaceous section which
detach within the Triassic sequence and strike
ENE-WSW from south of Swanage (block

98/16) to south of Lyme Bay (block 97/22,
Fig. 3). Along most of its length this fault zone
coincides with a break in basement slope, with
steeper basement dips to the north, towards the
basin-margin half-graben faults (see below).
Such a hinge zone may have controlled the
position of the edge of salt deposition and
similar examples of the spatial association of
cover fault zones and inflections at top basement
level have been described from the Campos salt
basin, Brazil (Cobbold & Szatmari 1991). The
salt margin further east must lie in Bourne-
mouth Bay, as the Arreton-2 well encountered
no salt within the basin sequence on the Isle of
Wight. Salt is also absent on the Mid-Dorset
High around Wytch Farm and its presence
immediately to the south infers that Triassic
movement on the Purbeck Fault may have con-
trolled salt distribution or preservation in
Purbeck. The western limit of the Dorset Halite
is controlled by the Mercia Mudstone outcrop in
Lyme Bay, west of the study area (Quad 9b,
Hamblin ez al. 1992). The most westerly avail-
able seismic data (in Lyme Bay, 3°W; Fig. 1)
image a thick Triassic interval, which is inter-
preted as saliferous on the basis of tectonic style,
less than 20 km east of the WMSM outcrop near
Sidmouth. Dissolution of the salt during early
Cretaceous and Tertiary uplift may account for
the absence of thick evaporite layers at outcrop,
although westward thinning of the Triassic
towards the Cornubian Massif may have been
accompanied by lateral facies changes, limiting
the original extent of the salt. The distribution
of the salt-bearing Triassic sequence shown in
Fig. 3 is consistent with thickness trends of the
entire Permo-Triassic section offshore (Hamblin
et al. 1992).

Basement-linked fault zone in
Bournemouth Bay

The northern margin of the Channel Basin
between the Isle of Wight and Swanage conforms
well to existing models of inverted thick-skinned
extensional fault zones (e.g. Williams ez al. 1989).
A north—south-oriented seismic section running
across the basin margin in Bournemouth Bay
(Fig. 4) shows that the Mesozoic basin section to
the south has been uplifted during Tertiary
inversion. The Purbeck-Isle of Wight Fault
Zone defines a terraced basin margin. This fault
terrace is bounded in the south by the Purbeck
Fault and to the north by what is termed here the
Needles Fault. Although seismic imaging below
the Jurassic section on the basin margin is very
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Fig. 3. Distribution of Triassic salt from well and offshore seismic data. Present-day isopachs are for the total
saliferous interval, including interbeds, and are smoothed to remove local thickness changes due to overburden
faulting and folding. Onshore wells show depositional control by the Purbeck Fault and the Winterbourne—
Kingston Graben to the north. Figure numbers are for seismic examples and depth sections presented in text.

poor, most faults can be traced down to lower-
most Triassic and top Permian levels. Even after
considerable Tertiary reversal on the Purbeck
Fault, Lower Jurassic rocks in its hanging wall
are still juxtaposed with the Permian section in
the footwall.

The basin-bounding faults appear curved on
seismic data (Fig. 4) but become planar after
depth conversion. The depth-converted north—
south section in Fig. 5 (Skm to the west of
Fig. 4) is constrained by wells on the northern
footwall, the intermediate fault terrace and
within the basin proper. The regional depth
section shows the relationship between a break
in basement slope and the Portland-Wight
Graben, an overburden fault zone thought to
define the southern edge of the Triassic salt
(Fig. 5a, southern end). The possibility that
north-dipping basement faults underlie the sym-
metrical overburden graben to the south cannot
be ruled out with the available seismic data. The
depth to top basement shown in the half-graben
is a minimum estimate as no thickening of the
Permo-Triassic section across the Purbeck Fault
has been assumed and the Permo-Triassic
thickness proved in the footwall is used. Thick-

ness changes across the Purbeck Fault (Fig. 5b)
show that it was active in extension throughout
the Jurassic, with accelerated movement during
separate early Jurassic and late Jurassic—early
Cretaceous regional rift events (cf. Chadwick
1986; Jenkyns & Senior 1991). Upper Jurassic
and Lower Cretaceous syn-rift sediments are
only preserved beneath the Albian unconformity
on the intermediate terrace block and within the
basin proper. The post-Albian cover sediments
are folded above the basin margin in two
northward-facing monoclines, whose location
indicates that Tertiary reversal occurred prefer-
entially on those faults with greatest pre-Albian
extensional displacement. Despite the high
degree of deformation in the post-rift section
related to fault reversal, the blocks between the
inverted faults appear relatively undeformed and
display only moderate northward dips. The
footwall high to the north, which was uplifted
and eroded during the last rift episode, was the
site of renewed subsidence during early inver-
sion, and deposition of Tertiary sediments of the
Hampshire Basin was probably influenced by
the uplift of the Channel Basin to the south
(Plint 1982; Lake & Karner 1987).
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On most inverted faults within the Purbeck—
Isle of Wight Fault Zone (Fig. 5) the displace-
ment null point lies within the uppermost
syn-rift section. The Purbeck Fault displays
extensional displacements for all Jurassic and
older markers, with a null point within the Weal-
den section, close to the surface. To the north the
inverted faults have null points within the Upper
Jurassic sequence and in places below the Coral-
lian Beds (base Upper Jurassic). This spatial

trend infers a higher degree of reversal relative to
initial extensional displacement (inversion ratio
of Williams et al. 1989) for the northern faults.
Figure 6 shows a structure map in two-way time
drawn at the base Upper Jurassic level. The
largest preserved normal displacement is clearly
across the Purbeck Fault, and the Needles Fault
preserves little displacement at base Upper
Jurassic level. Minor short-wavelength folds in
the hanging wall of the Purbeck Fault may
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Fig. 5. True-depth section across the northern Channel Basin from depth converted seismic data tied to
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Portland-Wight Graben probably marks the southern edge of Triassic salt, drilled in the hanging wall of the
Purbeck Fault 10 km to the west of the line. Probable intra-Triassic salt reflectors (near top Permian) are seen in
the half-graben, but cannot be traced south of the Portland—Wight Graben. (b) Bournemouth Bay Fault Zone.
All wells proved an absence of Triassic salt north of the Purbeck Fault; basement and overburden faults were
hard-linked during extension and inversion. Despite | km of differential uplift of the basin during reversal of fault
zone all faults preserve net extension at the Middle Jurassic level.

indicate that compressional detachment folding
occurred at the far eastern edge of the Triassic
salt basin.

Oblique movement across the Bournemouth
Bay Fault Zone

The intermediate block between the Purbeck
and Needles faults is affected by reversed ENE-
WSW trending faults (Fig. 6) striking obliquely
to the main faults by up to 25°. Faults of this
orientation may indicate sinistral oblique-slip
movement across the east-west-trending basin-
bounding faults during extension. Similar geo-
metries have been reproduced in physical models
of cover sediment deformation during oblique
extension across a basement step (Richard et al.

1995, fig. 1) and oblique extension across a rift
zone (McClay & White 1995, fig. 5c¢). Although
similar geometries can be produced in cover
sediments by oblique shortening across a base-
ment step, with the same shear sense as the
extensional models above (Richard et al. 1995,
fig. 10) a Jurassic—early Cretaceous transten-
sional origin is favoured here (Fig. 7), as fauits
within this set display net extension in cover
sequence and some show clear evidence of pre-
Albian syn-sedimentary movement. The orienta-
tions of subsidiary faults suggest that, at least
during the late Jurassic—early Cretaceous, this
part of the basin margin was subject to north-
west—southeast or NN'W-SSE extension.

The orientations of major basement-linked
structures in the Channel Basin have previously
been linked to a postulated east-west Variscan
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Fig. 6. Structure map of central part of Bournemouth Bay Fault Zone (blocks 98/7 and 98/12), from seismic grid
shown in Fig. 1. Contours are in two-way time to the base Upper Jurassic horizon. Minor faults in the
intermediate block between the Purbeck and Needles faults show evidence of late Jurassic—-early Cretaceous
extension and Tertiary contraction. Tertiary folds south of the Purbeck Fault may indicate detachment in the
hanging wall at the eastern edge of the salt basin.
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Fig. 7. Cartoon showing possible Jurassic—early
Cretaceous sinistral-oblique extension across the
east—west-trending basement-linked fault zone in
Bournemouth Bay, leading to obliquely trending
subsidiary faults.

thrust fabric within the basement, re-activated
during Mesozoic extension (Stoneley 1982;
Chadwick 1986). Basement fabric control on
the east-west-trending basin-bounding faults
may have resulted in the persistence of this
orientation of structure despite an oblique
extension direction. Other Variscan fabric orien-
tations have been proposed as having controlled
the extensional geometry of Wessex Basin
depocentres, notably the northwest—southeast
or WNW-ESE Variscan wrench trends (Drum-
mond 1970; Stoneley 1982; Lake & Karner 1987)
picked out by the Sticklepath, Quantock, Pays
de Bray and Rouen-Senelly fault zones. The
Sticklepath and Pays de Bray faults define the
western and eastern margins of the Channel
Basin (Fig. 1) but within the eastern part of
the basin there is little evidence for basement-
controlled faults with this orientation. Minor
north-south-trending faults in Bournemouth
Bay (Fig. 6) and to the east in Purbeck and
Weymouth Bay are associated with east-west-
trending Tertiary compressional folds.

The salt-detached basin margin north
of Weymouth

Location of major structures

To the west of Bournemouth Bay the northern
margin of the Channel Basin is marked by the
Purbeck Monocline, a forced fold overlying
the reversed Purbeck Fault which trends from
Swanage westwards to Lulworth Cove in south
Dorset. The monocline runs offshore between
Lulworth Cove and Ringstead (Fig. 8), and the
Purbeck Fault can be traced on seismic data
westwards in Weymouth Bay until it dies out
onshore beneath Weymouth. During extension
the westward decrease in displacement on the
Purbeck Fault was compensated by increasing
displacement across the Abbotsbury-Ridgeway
Fault, exposed onshore north of Weymouth. This

M. J. HARVEY & S. A. STEWART

northward step in the extensional basin margin,
as defined by preservation of the late Jurassic—
early Cretaceous syn-rift section beneath the
Albian unconformity, defines a relay zone where
the two major south-dipping faults overlap
northeast of Weymouth. During Tertiary inver-
sion contractional displacement was also trans-
ferred northwestwards from the Purbeck Fault to
the Abbotsbury—Ridgeway Fault.

At outcrop between the villages of Abbotsbury
and Poxwell the Abbotsbury—Ridgeway Fault
shows net reverse displacement (Fig. 8), with the
Upper Jurassic-Lower Cretaceous syn-rift sec-
tion to the south upthrown against post-rift
Cretaceous and Tertiary rocks to the north. The
short-wavelength periclines in the hanging wall
are clearly related to contraction across the fault
as the pre-Albian subcrop shows that a syncline
was present here at the end of the extension
(Ridd 1973). Where the footwall to the fault is
exposed in inliers west of Poxwell no Upper
Jurassic-Lower Cretaceous syn-rift sediments
are preserved and the Albian unconformity cuts
down to Middle Jurassic level (Arkell 1947),
indicating that the fault acted as a major basin-
bounding structure during the final extension
event.

The Litton Cheney Fault lies 5km north
of, and parallel to, the Abbotsbury—Ridgeway
Fault and also shows evidence of movement
during the last rift event. A narrow syncline
cored by Upper Jurassic Kimmeridge Clay
subcrops the post-rift section on the north-
dipping hanging wall, close to the fault (Fig. 8).
Similar pre-Albian folds are present in the relay
zone between the Purbeck and Abbotsbury—
Ridgeway faults between Poxwell and Ringstead
where the pre-Albian subcrop pattern shows the
Upton Syncline in the hanging wall, close to the
Abbotsbury-Ridgeway Fault and an anticline to
the south (Ridd 1973; Selley & Stoneley 1987).
House (1961) used the continuity of the south
limb of the pre-Albian Upwey Syncline and the
north limb of the Weymouth Anticline to infer
that the Weymouth Anticline was, at least in
part, an early Cretaceous structure. The contrast
in geometry between the nearly symmetrical
Weymouth structures and the north-facing
inversion-related folds on the Isle of Wight and
Purbeck also supports a more complex mode of
formation than simple hanging-wall folding
during inversion. Stoneley (1982) deduced from
the cuspate map trace of the Abbotsbury—
Ridgeway Fault that it has a listric geometry,
and placed the detachment level within the
basement. Recent well and seismic data clearly
show, however, that the fault detaches within the
Triassic salt series.
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The Weymouth Anticline

Recently released exploration wells Martins-
town-1 and Chickerell-1 (Figs 1 and 2) were
drilled, respectively, on the immediate footwall
and in the hanging wall of the Abbotsbury—
Ridgeway Fault and both wells proved over
450 m of Triassic saliferous beds correlated with
the Dorset Halite. Nettlecombe-1 showed that
the Triassic salt series exceeds 240 m in thickness
to the north of the Litton Cheney Fault. High-
quality two-dimensional seismic data shot by
Brabant Petroleum in 1992 image the full
Triassic section clearly for the first time onshore
and enable confident identification of reflectors
at the base of the salt sequence (Butler this
volume). Figure 9 shows a true-scale depth
section running north-south across the Litton
Cheney and Abbotsbury-Ridgeway faults and
the Weymouth Anticline, produced by depth-
converting the Brabant line B92-40 using a
velocity model derived from all nearby wells.
The true-depth geometries of both major south-
dipping faults are clearly listric in the Jurassic

section. The lower part of the Abbotsbury—
Ridgeway Fault is especially well constrained by
clear fault-plane reflections in the seismic data
and can be seen to sole out close to the base of
the Triassic salt sequence (Butler this volume).
The post-salt Jurassic and uppermost Triassic
section displays a markedly different structural
style to that picked out in the pre-salt section by
bright reflectors at base salt and base Triassic
levels. Numerous normal faults at pre-salt level
constitute a relatively complex basin margin
which still preserves a slope towards the basin.
There are fewer, but larger, normal faults at
base Jurassic level and the post-salt section is
gently folded over steps at pre-salt level. The
Triassic salt series acted to separate the upper-
most Triassic and Jurassic section (cover) from
pre-salt level structures. The pre-salt lower Mer-
cia Mudstone, Sherwood Sandstone, Permian
and Pre-Permian section are or for simplicity
referred to here as ‘basement’.

The Weymouth Anticline is cored by a
thickened salt sequence and there is a similar
swell in the hanging wall of the Litton Cheney
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Fault. The salt swell beneath Weymouth formed
initially during extension by movement of salt
away from the descending hanging wall of the
Abbotsbury-Ridgeway Fault to passively fill
the core of the rollover anticline and form a salt
roller in the footwall of the fault (following the
terminology of Jackson & Talbot 1986). The
amount of Tertiary reversal on the Abbotsbury—
Ridgeway Fault can be estimated by assuming a
thickness of 150 m for the missing pre-Albian
section in the immediate hanging wall (from
Lower Cretaceous outcrops at Bincombe cut-
ting, 1 km E). Restoring the base Albian level in
the hanging wall reveals 350 m of reversal on the
fault. Slip-line restorations of this reversal show
that the pre-inversion displacement on the fault
exceeded 1300m at base Jurassic level. None of
the basement faults show present-day displace-
ments of this magnitude and even allowing for
Tertiary reversal on the pre-salt faults, the
difference in displacement, location and angle
of the faults above and below the salt infers
complete detachment of the overburden during
extension,

Thickness changes in the Lower Jurassic
section across the Litton Cheney Fault (Fig. 9)
show that, as in Bournemouth Bay, active
extension occurred during the early Jurassic.
Depositional facies changes and the presence of
neptunian sills and dykes at outcrop (Jenkyns &
Senior 1991) record early Jurassic extension on
the Bride and Eypemouth faults, along strike
to the west. Although the Lower Jurassic is
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only 9m thicker in Chickerell-1 than in Martins-
town-1 to the north of the Abbotsbury—Ridge-
way Fault, the depth section illustrates rapid
thickening of this interval northwards from
Chickerell-1 towards the fault. This evidence
demonstrates that the Weymouth Anticline
began to form as a rollover feature at this
time, and Lower Jurassic sediments also thicken
southwards on the southern flank of the fold
into the basin. Both major south-dipping faults
were also active during late Jurassic—early
Cretaceous extension, although the Abbots-
bury-Ridgeway Fault accommodated by far
the most displacement. During Tertiary inver-
sion the hanging wall of the Abbotsbury—
Ridgeway Fault was uplifted and eroded so
that the entire Cretaceous and Tertiary sequence
is now absent over the southern part of the
depth section. Removal of the effects of this
uplift at pre-salt level indicates that the basin-
ward slope across the length of the depth section
(Fig. 9) was greater prior to inversion than at
the present day. Even if most of the Tertiary
uplift was generated by reversal on a single
basement fault (e.g. the south-dipping fault 1 km
south of the axis of the Weymouth Anticline),
the restored Jurassic-early Cretaceous basement
dip between the Purbeck and Abbotsbury-
Ridgeway faults would still have been towards
the basin, as evidenced by southward thickening
of the detached Jurassic section.

This evidence leads to the conclusion that
extensional deformation in the overburden was

North

Abbotsbury-

Litton Cheney Fault Ridgeway Fault

~1km

~2km

3km

— South

Weymouth Anticline

Purbeck Fault —>

Fig. 9. True-scale depth section across the Litton Cheney and Abbotsbury-Ridgeway faults and the Weymouth
Anticline. Depth converted from 1992 Brabant onshore seismic (Butler, this volume) using a velocity model
derived from all adjacent wells. Triassic salt detaches the Upper Triassic-Lower Cretaceous overburden from sub-
salt structures. The true-depth section shows the listric geometry of detached overburden faults: the Weymouth
Anticline is a pre-Albian rollover structure tightened during Tertiary reversal on the Abbotsbury-Ridgeway
Fault. Slope-driven overburden extension occurred above a basinward-dipping part of the margin, in the relay

zone between major pre-salt faults (see text).
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closer in nature to thin-skinned tectonics than to
extension directly linked to basement displace-
ments. The thickness of the salt sequence
appears to have been sufficient for complete
detachment of the overburden from basement
fault movements. The location of the Abbots-
bury-Ridgeway Fault may, however, have been
influenced by basinward fault steps at pre-salt
level (e.g. Gaullier et al. 1993), which would
have been larger prior to Tertiary inversion.
Basinwards migration of cover extension during
thin-skinned rifting has been demonstrated on
the East African margin by Lundin (1992) who
linked the end of extension on up-slope cover
faults to grounding of the hanging-wall block
and creation of a new pin (salt weld) between

basement-cover pin

?
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the overburden and pre-salt sections (Fig. 10).
This process may explain the greater late
Jurassic—early Cretaceous extension across
the Abbotsbury-Ridgeway Fault compared to
the Litton Cheney Fault, as there is a salt weld
where the hanging wall of the latter fault has
grounded (Fig. 9). The more prolonged exten-
sion across the southern fault may, of course,
have been a response solely to shifts in the locus
of basement extension. The overall geom-
etry of the Channel Basin margin in this area
reflects synchronous down-dip extension of the
cover and active basement rifting — this tem-
poral association is unlikely to be a coincidence
and displacements on the basement faults prob-
ably balance cover faulting via detachment in

latest syn-rift
youngs basinwards

cover

salt weld
forms new pin

Incipient rafting
within fault blocks

keystone graben root
anchors cover

'strong' inter-salt layers
inhibit graben growth &
lateral movement of keystone

opin

faults intersect
near top detachment

Fig. 10. Simple model of basinward migration of overburden rifting during slope-driven extension (cf. East
African margin, Lundin et al. 1992). Grounding of hanging-wall blocks results in the formation of salt welds
which pin the overburden to the pre-salt section, halting fault growth up-dip. This process may explain greater
early Cretaceous extension on the Abbotsbury—Ridgeway Fault than that on the Litton Cheney Fault. Inset:
possible grounding of narrow overburden graben within the saliferous section; stronger mudstone layers may pin
overburden during incipient raft tectonics (see text, Fig. 13).
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the Triassic salt. In other words, each cover fault
represents the upwards continuation of base-
ment fault(s), offset via a ‘flat’ in the salt. Such
ramp—flat geometry is characteristic of exten-
sional faults in multilayers (Nalpas & Brun 1993;
Jackson & Vendeville 1994).

Lateral onset of detachment faulting. the
Ringstead relay zone

The Chickerell and Martinstown wells and
recent data demonstrate that salt detachments
have had a significant influence on the exten-
sional geometry of the basin margin around
Weymouth. As cover faulting in Bournemouth
Bay is clearly basement-linked a question arises
as to where the lateral transition lies between the
two geometrical styles. Key parameters that may
affect whether extensional detachments develop
include the thickness of salt and overburden
sequences and the magnitude and rate of base-
ment fault displacement (Koyi et al. 1993). Two
of the these parameters are described by the
displacement ratio D,, defined as the thickness
of the viscous layer T, divided by the basement
fault displacement D (Koyi et al. 1993). Stewart
et al. (1996) suggested that for values of D, > 1
salt detachments might be expected to develop,
but where basement fault displacement exceeds
salt thickness (D, < 1) a single, hard-linked fault
is likely to propagate from basement to cover.
Such classifications are complicated in the Chan-

nel Basin by the impure nature of the Triassic
salt sequence (Fig. 2) as the effective thickness
of the viscous layer may be much smaller than
the thickness of the entire salt sequence. Along
the Jurassic—Cretaceous basin margin salt is
only present in the hanging wall of the Purbeck
Fault, inhibiting the usual horizontal offset
between cover and basement elements of fault
strands (cf. Nalpas & Brun 1993; Jackson &
Vendeville 1994).

The thickness of the Triassic salt sequence in
the Purbeck Fault footwall increases rapidly
westwards from the point at which the salt
oversteps onto the footwall near Kimmeridge
(Fig. 3). Between this point and the emergence of
the Purbeck Fault in Weymouth Bay, however,
extensional displacement was far greater than
the salt thickness and a single, planar fault can
be seen to pass from the pre-salt section into the
cover (Fig. 11). Even where the salt was thick
enough to detach the Abbotsbury-Ridgeway
Fault, the Purbeck Fault had sufficient displace-
ment to completely displace the salt (Fig. 9) and
link directly to the cover section, indicating that
D, < 1 along much of the length of the Purbeck
Fault strand. To the north of the Purbeck Fault
in the relay zone between Ringstead and
Poxwell, extension at pre-salt level appears to
have been partitioned between many small
faults. Each basement fault has a small displace-
ment compared to the probable thickness of
Triassic salt (i.e. D, < 1) enabling faults in the
Jurassic-Cretaceous section to detach at Triassic
level (Fig. 11).
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Fig. 11. Depth section across the Abbotsbury-Ridgeway and Purbeck faults. The southern part from depth
conversion of offshore seismic data using separate interval velocities for the footwall and (inverted) hanging wall
sequences from adjacent wells. Northern part modified in the shallow section from Mottram (1949) and Stoneley
(1982), redrawn in deep section assuming extensional salt detachments and using thickness estimates based on

data from Chickerell, Creech and Bushey Farm wells.
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Fig. 12. Geometry of the Ringstead extensional relay zone. (a) Outcrop geology of the area between the
Abbotsbury-Ridgeway and Purbeck faults, from BGS sheet 341. (b) Three-dimensional pre-Albian restoration
(i.e. with the effects of Tertiary inversion removed). The easstern depth section was constructed using the mapped
subcrop beneath the Albian post-rift unconformity (pre-salt structure north of the Purbeck Fault is conjectural).
The western depth section is from fault-to-bed chevron constructions of the rollover geometry on the
Abbotsbury-Ridgeway Fault north of Weymouth, using heaves corrected for Tertiary inversion and a fault
profile constrained by seismic.
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It is difficult to estimate the eastward extent of
the Abbotsbury—Ridgeway Fault, as it becomes
obscured within the Chalk east of the Poxwell
Pericline (Fig. 8) (Mottram 1949). Reversal of
the fault during Tertiary inversion resulted in
the formation of this tight fold and presumably
also the Chaldon Herring Pericline to the east.
A broad anticline north of Lulworth is picked out
by the base Tertiary outcrop and by mapping of
Chalk zones (Taitt in Arkell 1947). This was
probably caused by inversion of the eastward
extension of the Abbotsbury—Ridgeway Fault, as
the base Tertiary contact describes a tight
syncline directly along strike from the fault’s
easternmost outcrop. It is unlikely that signifi-
cant salt-detached fault zones developed to the
north of the Purbeck Fault much further east of
here, as the thickness of the salt series reduces
very rapidly (Fig. 3), being less than 60m at
Creech and absent on the Wytch Farm block (e.g.
in Bushey Farm-1 in the immediate footwall of
the Purbeck Fault).

The cropping-out Tertiary periclines are
superimposed on the pre-Albian Upton Syncline
which probably formed as a hanging-wall
syncline during extension on the Abbotsbury—
Ridgeway Fault. The overburden structure prior
to Tertiary inversion can be reconstructed using
the pre-Albian subcrop pattern. Figure 12 is a
three-dimensional representation of the geome-
try of the relay zone between the Purbeck and
Abbotsbury—Ridgeway faults at the end of
extension (early Cretaceous). The top and east-
ern side panels of the block were constructed
using the subcrop pattern. The western side
panel is constrained by fault-to-bed chevron
constructions, which model the rollover geome-
try in the hanging wall of the Abbotsbury—
Ridgeway Fault for known detachment shape
and pre-inversion heaves. The pre-salt faults
have been modelled using the assumption that
they strike roughly eastwards from the line of
Fig. 9. Their positions beneath the eastern edge
of the block diagram and in Fig. 11b are
therefore conjectural, although they conform
to the structural style observed further west
(Fig. 9) and on seismic data across the Poxwell
Pericline (Butler this volume). The more pro-
nounced inversion-related folding at the eastern
end of the Abbotsbury—Ridgeway Fault (com-
pare Figs 9 and 11) may indicate that there was a
higher degree of linkage between pre- and post-
salt level faults in the east, at least during the
Tertiary. This hard linkage may have arisen
from grounding of the hanging wall of the
Abbotsbury-Ridgeway Fault during extension
where the salt sequence thins to the east. A salt
weld in this area may have led to the develop-
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ment of the extensional Spring Bottom Fault
downthrowing the crest of the rollover anticline
to the south (Fig. 12). The westwards thicken-
ing of salt explains a sharp northward swing
in strike of the Abbotsbury—Ridgeway Fault
(Fig. 8, [GR 369 084]). The overburden fault is
more fully detached in the west where the salt
is thicker, and is offset further towards the
footwall of the main basement steps, conforming
to analogue models of cover deformation above
basement faults with varying thicknesses of an
intervening ductile layer (e.g. Larroque 1993).

Detached basement and cover faulting in
Lyme Bay

The relationship between pre- and post-salt faults
can be studied in more detail where the basin
margin strikes westwards from Weymouth into
Lyme Bay. Figure 13 shows an offshore seismic
line from Lyme Bay, running southeast from near
Lyme Regis, and displays high-amplitude reflec-
tions at top Triassic and top pre-salt (lower
Mercia Mudstone) levels. These events, along
with top Permian (base Budleigh Salterton
Pebble Beds), top Triassic salt and intra-Jurassic
markers, have been correlated with seismic data
tied to the Chickerell-1 well. Although the pre-
salt reflectors are difficult to map over long
distances, the data illustrate a similar structural
style to that already described in the Weymouth
area, with relatively flat-lying basement fault
blocks stepping down into the basin. Four major
south-dipping normal faults displace the cover
sequence (at shot-points 1700, 1200, 800 and 600)
and have far greater heaves than those at pre-salt
level. All faults in the overburden display listric
geometries on the time data (Fig 13a and b) and in
the hanging wall of the northernmost fault an
anticline in the Jurassic section is cut by crestal
collapse faults like those on the Weymouth
Anticline. After depth conversion (Fig. 13c),
using interval velocities from Chickerell-1, the
overburden faults appear more planar than the
Abbotsbury-Ridgeway Fault, and they separate
rotated fault blocks which are less folded but
more faulted than those further east.

The four major south-dipping overburden
faults in Fig. 13 each have a displacement of
>600m at top Triassic level, whereas none of the
present-day pre-salt level displacements exceeds
350m. The overburden faults in the centre and
at the north end of the section show a clear
spatial relationship with steps at pre-salt level, in
contrast to the Abbotsbury-Ridgeway Fault
which developed away from any large basement
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structure. The difference in displacement
between the faults at top Triassic level and
those in the pre-salt section, along with the
significant lateral offsets between overburden
faults and basement steps, suggests however that
they are not ‘hard’-linked. The two southern-
most overburden faults overlie an area of poor
seismic imaging beneath the salt, but top Per-
mian reflectors appear to show that there are no
corresponding basement faults of this magni-
tude. Antithetic faults in the hanging wall of
each major south-dipping fault intersect the
major faults close to the top of the salt sequence
(cf. Childs et al. 1993) as do small symmetrical
grabens within the main overburden fault blocks
(see below), showing that detachment tectonics
did occur in the area. The current easterly tilt of
the basin means that the Middle and Lower
Jurassic scction crops out in Lyme Bay, making
it difficult to estimate the timing of Jurassic—
Cretaceous movement on overburden faults.
Slight thickening of the Lower Jurassic sequence
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is apparent across the major south-dipping fault
in the centre of the depth section (Fig. 13c, shot-
point 1200) but not on those at the southern end,
and early Jurassic growth appears to have been
less pronounced than on the Abbotsbury-Ridge-
way and Litton Cheney faults. Most displace-
ment on the overburden faults must have
occurred after the early Jurassic, as is the case
onshore to the east. As Albian outcrops overstep
east—-west normal faults onshore to the north,
the major extension on this fault set is inter-
preted as late Jurassic—early Cretaceous.

Narrow, salt-detached grabens

The lateral continuity of overburden structures
at top Triassic level has been mapped in Lyme
Bay (Fig. 14) using a 1.5-2km spaced grid of
two-dimensional seismic data. In addition to the
major south-dipping cover faults, several smaller
symmetrical grabens can be traced laterally for

Fig. 14. Summary map of overburden structures in the Lyme Bay area, mapped at base Jurassic level. All east—
west faults, apart from Purbeck Fauit, detach within the Triassic salt series. A narrow sinuous graben in Lyme
Bay may indicate raft tectonics within the main overburden fault blocks. Northwest-southeast and northeast—
southwest fault zones form a conjugate sets and appear as steep upward-branching structures on seismic.
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up to 10km. The hanging-wall cut-off spacing of
around 300m at top Triassic level is constant
along each graben, further indicating that they
share a common keystone level at the top of the
salt sequence. These grabens result from minor
amounts of gravity-driven down-dip slip of the
cover sequence, accommodated by formation of
planar faults detaching at top salt. After the first

600 500 400

increments of displacement on such ramp-flat
systems, hanging-wall rollover is accommodated
by formation of an antithetic fault which roots
onto the ramp—flat junction (at top detachment)
in the synthetic strand (cf. Faure & Chermette
1989). With further increments of down-dip
cover slip, collapse of the keystone grabens
formed in this way may lead to a local anchoring
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Fig. 15. ENE-WSW seismic (a) and geoseismic (b) across northwest-southeast and northeast-southwest fauit
zones in Lyme Bay. Steepness and the anastamosing geometry of the fault zones is similar to the ‘flower” geometry
of strike-slip faults. No clear continuations of the structures are detectable within the pre-salt section.

(data courtesy of Kerr McGee Oil Ltd.).
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effect liable to inhibit further extension across
the graben in favour of nucleation of new
faults down-dip (Fig. 10). These narrow gra-
bens may represent a nascent raft tectonics
system in this part of the basin (cf. Smith &
Hatton this volume), geometrically similar to
distributed graben systems related to low-angle
detachments which have been described, for
example, in Canyonlands, Utah (Trudgill &
Cartwright 1994).

Conjugate strike-slip fault zones

A striking feature of the map pattern of faulting
in Lyme Bay is the presence of northwest—
southeast- and northeast-southwest-trending
fault zones which intersect and apparently
displace the east-west-trending normal faults
and narrow grabens. These fault zones are most
easily detected on strike lines which run sub-
parallel to the east—west-trending extensional
structures. Figure 15 shows a strike line that
images two steep fault zones, one trending
northeast-southwest and the other northwest—
southeast. Each zone contains several fault
strands with both normal and reverse displace-
ments within the Lower Jurassic section. In
cross-section the fault strands tend to splay
upwards at rheological interfaces (Fig. 15)
giving ‘flower’ geometries —a structural style
which has been reproduced in analogue models
of strike-slip faults (Richard er al. 1995, fig. 9).
Seismic resolution of the pre-salt horizons
beneath the fault zones is too poor to be able
to trace the faults downwards with confidence
and it is unclear whether the fault zones are
basement-linked or are restricted to the over-
burden. A similar northeast—southwest-trending
fault zone crosses the line of section of Fig. 13 at
shot-point 1350.

The relationship between the northwest—
southeast and northeast-southwest fault zones,
which form a conjugate fault set in map view,
and the east-west-trending normal faults which
they appear to truncate can be examined in
more detail onshore to the north. The Manger-
ton Fault trends northeast-southwest from
Mangerton in Dorset to the coast south of
Bridport (Fig. 16) and is a continuation of the
steep fault zone shown in Fig. 13 (shot-point
1350). Like those mapped offshore, the Man-
gerton Fault appears to displace east-west
trending normal faults. The Eypemouth Fault
runs eastwards from the coast, where it is well
exposed at Watton CIiff, until it meets the
Mangerton Fault at West Bay and is offset
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sinistrally by 1km to Bothenhampton, from
where it strikes eastwards towards Litton
Cheney. The fault forms the northern boundary
of a half-graben, which is cut 1.5km to the
south by a north-dipping antithetic fault (Fig.
16). The spacing between synthetic and anti-
thetic strands at the level of the Inferior Oolite
outcrop is similar to that on the major south-
dipping faults in Fig. 13 which suggests that the
Eypemouth Fault has a similar geometry to
those in Lyme Bay, detaching within the salt.

Kinematic indicators on the surface of the
Eypemouth Fault at Watton Cliff infer pure dip-
slip movement during the last displacement
event. Jenkyns & Senior (1991) demonstrated
several early Jurassic periods of fault activity but
the last extension must have been during the late
Jurassic or early Cretaceous as the top Middle
Jurassic sequence is downthrown in the hanging
wall. Although the Mangerton Fault truncates
the Eypemouth Fault and the narrow graben to
the north in map view, the possibility that the
two fault sets developed simultaneously must be
considered, as the northeast-southwest- and
northwest-southeast-oriented faults might have
acted as transfer zones during extension on the
east-west structures. The dip-slip movement on
the Eypemouth Fault suggests, however, that it
could not have moved simultaneously with the
Mangerton Fault, which from recent onshore
data (Butler pers. comm.) and offshore seismic
data is near vertical. A space problem would
prevent movement of the hanging wall of the
extensional fault in the west (Fig. 17) and a pull-
apart would have developed in the transfer zone.
The geometrical character of the steep north-
east—southwest and northwest-southeast fault
zones, along with outcrop evidence that they
post-date extensional faulting, suggests that they
formed as a conjugate strike-slip set during late
Cretaceous—Tertiary compression. Faults of
each set are shown on BGS maps (e.g. Sheet
327, Bridport) to post-date the Cretaceous post-
rift sequence, including those cutting the Chalk
north of Compton Valence and several north-
west—southeast faults separating the Eypemouth
and Litton Cheney Faults (Figs 8 and 16). The
development of strike-slip faults in the Lyme
Bay post-salt section during inversion implies
that it was easier for the overburden to
accommodate north-south shortening in this
area by an element of east-west expulsion than
by uplift alone. Partitioning of some inversion-
related shortening into lateral expulsion in the
western part of the Channel Basin may be
related to the distribution of Triassic salt,
which is the obvious candidate for facilitating
such lateral movement.
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Fig. 16. Geological map of West Dorset showing relationship between east-west extensional faults and
conjugate northwest-southeast and northeast-southwest fault set (after BGS Sheet 327). East—west-trending
Eypemouth Fault is displaced sinistrally by the Mangerton Fault and is separated from the Litton Cheney Fault
by dextral displacement on a northwest-southeast structure. The Litton Cheney Fault detaches in Triassic salt
(Fig. 9). Northwest—southeast and northeast-southwest faults also affect the Cretaceous post-rift section at
Compton Valence and to the north (Fig. 8).

Summary of salt tectonics in the west, contrasting with the basement-linked
Channel Basin deformation style in the east. Within the

region of detachment tectonics several different
Seismic and well data demonstrate the presence  extensional fault and fold patterns exist, ran-
and influence of significant Triassic salt detach-  ging from low-angle listric faults, with asso-
ments on the extensional basin margin in the ciated salt rollers and hanging wall anticlines,
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Fig. 17. Cartoon of relationship between the
Eypemouth and Mangerton faults. The Mangerton
Fault must post-date the final extension on the
Eypemouth Fault as kinematic indicators on the latter
indicate pure dip-slip.

to more rigid rotated blocks bounded by
steeper, planar faults. Slope-driven overburden
extension around Weymouth may have been
localized to a pre-salt relay zone where the
basement dipped basinwards. The variation in
style suggests that the halite is more mobile in
some parts of the basin (e.g. Weymouth area)
than in others (Lyme Bay). The mobility of the
Channel Basin ‘salt’ section is related to the
stratigraphy of the saliferous succession which,
unlike the North Sea Permian salt, contains
many non-evaporitic interbeds which are vari-
ably developed across the basin. Although
sufficiently mobile to redistribute locally into
swells and rollers, the salt would seem to be
reinforced by less mobile, interbedded units and
could not achieve the degree of lateral move-
ment required for diapiric intrusion of cover
faults, despite cover extension exceeding that
which characterizes the onset of reactive
diapirism (3 =1.2; cf. Vendeville & Jackson
1992).

Analogue models of extension in overburden
sequences separated from basement faults by a
ductile layer have shown that where the ductile

layer is thick enough to detach the overburden,
faulting in the cover will be offset towards the
footwall (Richard 1991; Larroque 1993; Vende-
ville et al. 1995). Spatial variation in such ramp—
flat geometries within the Channel Basin can be
considered in terms of the viscous layer thick-
ness to fault displacement ratio D; (Koyi et al.
1993; Stewart et al. 1996). Departures from these
simple models occur within the Channel Basin
and may reflect stratigraphically controlled var-
iations in rheology of the salt sequence. The
variation in basement—cover fault linkage as a
function of salt layer thickness in the Channel
Basin is summarized in Fig. 18, which also
attempts to portray the impact on inversion style
of salt redistribution during extension. The end
members of hard-linked and unlinked over-
burden faulting can be easily distinguished
within the Channel Basin. The intermediate
cases of soft-linked and ‘firm-linked” overburden
faulting have been observed along the north
margin of the basin and differ in their relation-
ship to basement faults in terms of lateral offset
and differences in displacement. Firm-linked
overburden faults developed during extension
around Ringstead (Fig. 12). Extensional folding
of the Abbotsbury—Ridgeway Fault hanging
wall shows that some detachment between
cover and basement occurred but the location
of the overburden faults was probably closely
controlled by basement faulting. Grounding of
the hanging wall during extension allowed it to
become hard-linked with the basement and
facilitated cover fault reversal during inversion.
Two categories of soft-linked overburden fault-
ing can be distinguished (Fig. 18). Around
Weymouth the overburden deformed by
down-slope extension on listric normal faults,
which show no close spatial association with
basement steps. Displacement on large cover
faults may have been soft-linked to many
basement faults via a master detachment
within the salt. In Lyme Bay the major over-
burden faults are either com-pletely separated
or substantially offset from basement fault steps.
In the latter case present-day displacement on
the cover fault strands far exceeds that beneath
the salt, either due to reversal at basement level
that is not transferred to cover faults or to
linkage of overburden displacement to many
basement faults via a shared detachment. The
salt appears to have been less mobile than
around Weymouth resulting in rotation of
rigid overburden blocks rather than folding
above swells and rollers.

There is also evidence for temporal variation
in basement—cover fault linkage during fault
growth. The early formation of a rollover fold in
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a) Extension cover faults detached
from basement fault

overburden lateral salt
slips basinwards : pinchout

' cor fault
linked to =
basement fault

, basement
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Fig. 19. Summary block diagrams showing a westward increase in the influence of salt on the evolution of the
north margin of the Channel Basin. (a) During extension salt detachments cause the step-back of overburden
margin faults towards the footwall (e.g. from the Purbeck to Litton Cheney Faults). (b) During inversion salt
detechments inhibit propagation of basement fault reversal into the overburden, and other shortening
mechanisms may be utilized (e.g. strike-slip faulting).
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the hanging wall of Purbeck Fault can be
inferred from rapid northward thickening of
the Lower Jurassic isopach close to the fault
(Fig. 11). The less pronounced thickening of the
overlying Jurassic intervals towards the fault
indicates that by mid-Jurassic times, after fur-
ther displacement, a hard link between basement
and cover fault strands had been established.
Figure 13 shows a reverse fault within the Lower
Jurassic section in Lyme Bay (shot-point 1650)
that, in its geometry and relationship to the
basement fault, is very similar to reverse faults
produced during monoclinal forced folding
above the tip of an underlying extensional
fault (Richard 1991, fig. 6; Couples et al. 1994;
Vendeville ef al. 1995). This suggests that early
draping of the cover occurred above the base-
ment fault with relatively small displace-
ment and a link between basement and cover
faults (via a ‘flat’ within the salt interval) only
developed after further extension.

An additional control on the current geo-
metry of the margin is the degree to which
extensional structures in the basement and
cover were reactivated during basin inversion
(Fig. 18). The presence of conjugate strike-
slip fault zones in the Lyme Bay area, which
apparently accommodate some Tertiary north—
south contraction, may represent an unusual
partitioning of shortening styles between base-
ment and cover (Fig. 19). However, there
remains a possibility that the cover strike-
slip faults are linked to unimaged basement
equivalents as major basement structures
parallel to both of the conjugate trends are
present around the Channel Basin (Lefort &
Max 1992, fig. 1). The effects of inversion on
east-west structures included reduction of
extensional displacement on cover faults and
modification of existing extensional folds, with
fold amplification (e.g. Weymouth Anticline)
or superposition of shorter wavelength folds
(Poxwell Pericline superposed on the Upton
Syncline). The likelihood of reverse displace-
ment propagating from basement to cover
fault strands depends on the thickness of the
intervening viscous layer, a parameter which
will have been altered by salt redistribution
during extension (Fig. 18). For example, base-
ment faults close to salt welds will be more
likely to pass into the overlying cover than an
inverting fault below a salt swell, which is
likely to generate further redistribution and
fold amplification. The style of inversion is
therefore controlled by salt distribution and
rheology directly, and indirectly following
tectonic modification of salt thickness during
extension.

The authors acknowledge Amerada Hess Limited,
Brabant Petroleum Limited, Kerr-McGee Oil (UK)
Limited and OMYV (UK) Limited for permission to use
the seismic examples. The views expressed here are
those of the authors and not necessarily those of
Amerada Hess Limited, Brabant Petroleum Limited,
Kerr-McGee Oil (UK) Limited or OMV (UK)
Limited.
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Inversion tectonics in the Lyme Bay—West Dorset area
of the Wessex Basin, UK
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Abstract: Inversion in Lyme Bay and West Dorset was characterized by the reversal of
motion on major Jurassic faults, and regional uplift which resulted in the widespread loss
of the mid-Cretaceous to Tertiary post-rift cover throughout the area. North-south contrac-
tion during the Tertiary resulted in the development of a major anticline in the hanging wall
of the Lyme-Portland faults, which was accompanied by widespread folding within the
footwall of these faults. Northeast-southwest sinistral and northwest-southeast dextral
strike-slip faults were also developed throughout the Lyme Bay-West Dorset area and
accommodated much of the north-south contraction. These features are considered to be a
consequence of the mechanical effects of an extensive salt interval within the Triassic Mercia
Mudstone Group of this area. Major Early Jurassic faults appear to have been directly
linked with basement through the salt interval, although smaller faults within the footwall
apparently detached on this horizon. The major faults were inverted in a complex manner
during the Tertiary, commencing with simple reversal of motion on these faults, followed by
detachment of the post-salt carapace as the footwall and hanging wall salt layers were
brought into close proximity, thereby resulting in the widespread deformation observed in
the footwall of these faults.

West Dorset and the adjacent offshore area of
Lyme Bay are located towards the western
margin of the Wessex Basin (Fig. 1). In this
part of the basin rocks of Triassic and Jurassic
age are exposed at the surface together with a
thin, patchy cover of mainly Late Cretaceous

Chalk (Hamblin er al. 1992). A major uncon-
formity of mid-Cretaceous age exists in this area
which increases in magnitude from east to west
with the result that the Late Cretaceous pro-
gressively oversteps the Jurassic formations to
overlie the Triassic towards the western margin
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Fig. 1. Simplified geological map of the western English Channel.
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Fig. 2. Generalized stratigraphy of the Wessex Basin in the western English Channel area.
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of the basin (McMahon & Underhill 1995). The
stratigraphy of the area is illustrated in Fig. 2
and is generally well documented from the
excellent exposures along the Dorset coast
(Melville & Freshney 1982), supplemented by a
number of onshore exploration wells which were
drilled between 1937 (the Poxwell deep borehole,
Taitt & Kent 1939) and the present day. These
wells (Fig. 3) reveal dramatic variations in the
thickness of the Sherwood Sandstone and
Mercia Mudstone Groups of Triassic age, and
the development of a substantial evaporite
interval within the Mercia Mudstone Group.
From downhole electric logs it would appear
that this unit consists largely of halite, although
significant quantities of interbedded claystone
are present throughout the section which attains
a gross thickness of approximately 300 m in the
Chickerell-1 well.

Inversion styles in the Wessex Basin

The inversion of pre-existing extensional struc-
tures has been recognized throughout the
Wessex Basin (Stoneley 1982; Whittaker 1985;
Lake & Karner 1987; Chadwick 1993; Underhiil
& Paterson 1998; Underhill & Stoneley this
volume). In the east of the area the inversion is

mainly focused on the Purbeck-Isle of Wight
faults, and has resulted in the development of
major monoclinal flexures within the Late
Cretaceous and Tertiary cover immediately
overlying the inverted faults. Late Jurassic—
Early Cretaceous rocks are currently exposed
in the hanging wall of these major faults, while
the post-Aptian succession has been largely
preserved in the footwall of the same faults.
However, in the west of the basin the latter
interval is severely restricted in distribution,
suggesting that the inversion in this area has
been more diffuse in nature. In part this reflects
regional west to east tilting of the British Isles,
although broad doming is also evident in West
Dorset where the mid-Cretaceous unconformity
occurs at an elevation of approximately 125m at
Thorncombe Beacon on the Dorset coast (Mel-
ville & Freshney 1982), descending westwards
(in opposition to the regional dip) to sea level
immediately to the west of Seaton in East Devon
(Edmonds et al. 1975).

Further insight into the nature of inversion in
the Channel Basin may be gained from con-
sideration of the residual Bouguer anomaly map
of the area (Fig. 4). The inversions associated
with the Purbeck-Isle of Wight faults are evident
as areas of positive anomalies, reflecting the
uplift of more compacted and therefore denser
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Fig. 4. Residual Bouguer gravity map of the western English Channel.
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Fig. 5. Aeromagnetic anomaly map (reduced to pole) of the western English Channel.

material in the hanging walls of these faults, and
details such as the sinistral offset in the Isle of
Wight Monocline (Stoneley 1982) are apparent
(cf. Underhill & Paterson 1998). In the east of the

area the anomalies parallel the edge of the Chalk
outcrop, although west of Purbeck the anomaly
heads offshore before terminating to the east
of Weymouth, while the Chalk outcrop swings
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inland to parallel the Ridgeway—Abbotsbury
Fault. The gravity anomaly appears to be
associated with a prominent anticline upon
which the Lulworth Banks-1 well was located,
but not exactly coincident with the structure,
although this may be an artefact of gaps in data
coverage between the onshore and marine
datasets from which the map was produced.
The major east-west anomaly close to the
southern boundary of the map corresponds to
the inversion of the Central Channel Fault,
structural culminations along which have been
unsuccessfully tested by wells 98/22-2 and
98/23-1. This fault has been previously consid-
ered not to have undergone significant reversal
(Hamblin er al. 1992), which is difficult to
reconcile with the magnitude of the observed
gravity anomaly, although this may partly be
accounted for by the presence of more magnetic
material (typically basic in nature and therefore
denser) along the fault zone (Fig. 5). The
correlation of seismic reflections across this
fault is severely hampered by the lack of nearby
wells to the south of the structure, although
recent high-quality regional seismic lines clearly
show the development of a south-facing mono-
cline above a fault which dips steeply to the
north, rather than to the south as previously
reported by Hamblin ez al. (1992). Assuming
the structural maps published by these authors

to be otherwise correct in that the Mesozoic
section is ‘downthrown’ on the southern side
of the Central Channel Fault, this implies that
the structure is now in net contraction and has
therefore undergone much more severe inver-
sion than that observed in the Isle of Wight—
Purbeck area.

Within Lyme Bay a positive residual Bouguer
anomaly of comparable magnitude is located in
the hanging wall of a series of major faults with
southerly throw (the Lyme-Portland faults of
Hamblin ez a/. 1992). The aeromagnetic anomaly
map (Fig. 5) in this part of the area is relatively
featureless, suggesting that the observed gravity
anomaly is also probably the consequence of
structural inversion. It would therefore appear
that in addition to the widespread inversion
observed in this area, the reversal of motion on
major faults has also occurred in this part of the
Wessex Basin.

Lyme Bay

The eastern half of Lyme Bay is dissected into
numerous fault blocks (Fig. 6), typically of
3-5km in width, by a series of east-west- to
ENE-WSW-oriented faults with throws fre-
quently in excess of 100 m. The central part of
this area is characterized by the development

—p— Inversion Anticline j

BLOCK 97/12

= Narrow Graben

—— Location of
Seismic Profile

Fig. 6. Structural features of the Lyme Bay area.
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of several narrow graben (Figs 6 and 7) which
persist laterally for distances commonly in excess
of Skm, despite having relatively small throws.
The bounding faults of these graben invariably
intersect close to the top of the Dorset Halite
and are usually unrelated to the sub-salt struc-
ture. These features are considered to be the
result of incipient raft tectonics under conditions
of relatively small amounts of extension in this
part of the area. The grabens exhibit growth
mainly during the Upper Lias, which in the
example shown (Fig. 7) increases in thickness by
some 30% relative to the footwall succession. The
base of this interval is marked by a prominent
onlap surface which corresponds to the Middle—
Upper Lias Junction Bed exposed onshore.
Onlapping reflections are observed to be repeated
across the faults, indicating that these faults
extended up to the sea floor, an observation
which is consistent with the syn-tectonic inter-
pretation of fissure-fills associated with the Eype
Mouth Fault (Jenkyns & Senior 1977).

A series of major faults with southerly throws
occurs immediately to the west of the Isle of
Portland. These faults exhibit considerable

C. SMITH & I. R. HATTON

growth throughout the Lower Jurassic succession
(Fig. 8) and are associated with a broad hanging
wall anticline, the crest of which is located
approximately 3 km to the south. Figure 8 also
demonstrates that deformation is not restricted
to the hanging wall of this major fault, as the
footwall horst immediately to the northwest has
been folded into a syncline, and an anticline
has developed in the adjacent graben. This style
of deformation is also evident further to the
north (Fig. 7), although the folding is greatly
reduced in amplitude.

The hanging wall fold clearly affects pre-rift as
well as syn-rift sequences and is therefore not a
classical inversion anticline (Williams ez a/l. 1989),
although it is similar in the respect that the limb
which faces the fault is significantly steeper than
the gently dipping southern limb. The elevation
of the hanging wall anticline (with respect to
datum) is comparable to that of the footwall
(Fig. 8), despite a southerly throw of approxi-
mately 500m across the fault, and increases
westwards until the structure is effectively termi-
nated by a north-south- to NNE-SSW-trending
fault. This is also evident from the residual

e

Fig. 7. Seismic profile from the centre of Lyme Bay illustrating narrow grabens, thought to represent incipient
raft tectonics. IO, Inferior Oolite; JB, Junction Bed; TT, near top Triassic; DH, near top Dorset Halite. Data

courtesy of Kerr-McGee Oil (UK) plc.
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Fig. 8. Seismic profile showing a major Early Jurassic growth fault with a prominent hangingwall anticline. For
legend see Fig. 7. Data courtesy of Kerr-McGee Oil (UK) plc.

Bouguer gravity (Fig. 4) where the positive
anomaly referred to in the preceding section is
greatly reduced in magnitude to the west of 2°48’.
The throw on the major fault substantially
exceeds the interpreted thickness of the Dorset
Halite in this area, and for this reason it is
considered likely that the fault is directly linked
through the salt interval to a major basement
fault (Stewart et al. 1996).

The west of the area (Fig. 6) is more complex
structurally with a series of sinistral northeast—
southwest faults, including a probable extension
of the onshore Mangerton Fault, and dextral
northwest-southeast faults forming conjugate
strike-slip arrays which testify to widespread
north-south contraction throughout the Lyme
Bay area. The northwest—southeast faults invari-
ably exhibit a small reverse component, as is the
case with the northwest-southeast Watchet
Fault in Somerset (Whittaker 1972), while the
northeast-southwest faults show a degree of
extension and commonly form small negative
flower structures (Fig. 9). The latter set appear
to form longer and more continuous faults than
the northwest—southeast dextral set, which may
reflect the dominance of NNE-SSW structures

in the basement of the western half of Lyme
Bay, as revealed by the trends of magnetic
anomalies in that area and further evidenced by
the orientations of faults and outcrop patterns in
East Devon. However, the degree to which the
northeast-southwest sinistral faults are linked
with the basement structures remains conjec-
tural as a result of the lack of sufficient good-
quality seismic reflection data in the west of
the area. This also precludes any assessment
of the possible role of the Mangerton Fault
during the Mesozoic development of the Lyme
Bay area. Jenkyns & Senior (1991) suggested
that this fault was active during the Bajocian
from observations of facies distribution within
the Inferior Oolite Group, although no other
evidence of pre-Tertiary displacement has been
reported. However, significant changes in the
thickness of Cenomanian strata in East Devon
(Smith 1961) appear to be associated with
north-south, to NNE-SSW-trending faults in
the vicinity of Seaton (Fig. 1), suggesting that
structures of this orientation in Lyme Bay may
well have been re-activated during the Mesozoic.

North-south to NNE-SSW structures are
unique to this part of the Wessex Basin, within
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Fig. 9. Seismic profile illustrating the characteristics of a conjugate strike-slip fault-set from the Lyme Bay area.
For legend see Fig. 7. Data courtesy of Kerr-McGee Oil (UK) plc.

which northwest—southeast basement trends are
more commonly observed and may have exerted
a fundamental control on the evolution of the
Channel Basin (Lake & Karner 1987). However,
the re-activation of northwest-southeast base-
ment faults in the basins to the south and
southwest of Britain is distinctly patchy, with
major structures such as the Scilly Wrench Zone
(Hillis & Chapman 1992) playing no role in the
Mesozoic—Cenozoic evolution of the Western
Approaches Basin (Smith 1995). This patchiness
is also evident from the northwest margin of the
Wessex Basin where the Cothelstone Fault
(Webby 1965b), which offsets Variscan basement
structures dextrally by 14—16km (Miliorizos &
Ruffell this volume), has undergone demon-
strable post-Variscan displacement (Whittaker
1972) while the smaller northwest-southeast
Timberscombe and Monksilver faults (Webby
1965a) immediately to the west appear not to
have been re-activated. It is reasonable to assume
that similar considerations should apply to the
north-south to NNE-SSW structures of the
Lyme Bay area, and that although the Manger-
ton Fault clearly could have been active during
the Mesozoic, there is no reason to conclude that
this must have necessarily been the case.

Structural development

Inversion tectonics in the Lyme Bay area are
characterized by the development of a broad
anticline in the hanging wall of a major Liassic
growth fault, and folding of the footwall post-
salt carapace accompanied by conjugate strike-
slip fault sets. The widespread nature of this
deformation is to be expected, considering the
presence of a relatively thick salt succession in
the Triassic which can effectively decouple
contraction in the carapace from that within
the pre-salt succession, and it was noted in the
previous section that many of the Jurassic-
?Early Cretaceous extensional faults in the Lyme
Bay area detach on this layer. In fact, the nature
of the inversion structures in South Dorset led
Lees & Cox (1937) to postulate the existence of
an extensive salt layer in the area before the
drilling of any deep exploration wells took place.
However, the influence of this salt interval on
inversion tectonics in South and West Dorset
has otherwise been ignored, with the exception
of Chadwick (1993).

A range of possible mechanisms can be envis-
aged depending upon the degree to which the
major faults are linked through the salt interval
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with basement. This depends on a number of
factors, including the thickness of the salt layer
relative to the fault displacement, the thickness
of the overburden (Koyi er al. 1993) and the
amount of interbedded claystone in the salt
succession (Stewart et al. 1996).

The simplest mechanism is illustrated in
Fig. 10, which is considered to be the most likely
scenario where the salt is free of interbedded
claystones and is relatively thick compared with
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Fig. 10. Cartoon illustrating the development of
a hanging wall anticline by the amplification

of a pre-existing rollover developed above a listric
detachment.

the fault displacement. During the extensional
phase, faulting in the carapace is detached from
that in the pre-salt succession and results in the
development of a syn-rift hanging wall anticline.
Subsequent contraction then results in the
amplification of this pre-existing fold, together
with more widespread deformation in the
carapace. However, an inverted major fault
within the pre-salt succession is still required to
explain the magnitude of the positive residual
Bouguer gravity actually observed.

This mechanism has been suggested for the
periclinal structures associated with the Ridge-
way Fault (Harvey & Stewart this volume)
where there is clear evidence of pre-Aptian
folds in the hanging wall of the fault, and the
Purbeck Monocline (Stoneley 1982), although in
the latter example the Purbeck Fault is con-
sidered to be directly linked with basement, but
listric in geometry rather than planar.

A key prediction from this model is that the
a