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Foreword

This report is the published product of one of a series of studies covering England, Wales and Northern
Ireland commissioned by Radioactive Waste Management (RWM) Ltd. The report provides geological
information about the South-west England region to underpin the process of national geological screening set
out in the UK Government’s White Paper Implementing geological disposal: a framework for the long-term
management of higher activity radioactive waste (DECC, 2014). The report describes geological features
relevant to the safety requirements of a geological disposal facility (GDF) for radioactive waste emplaced
onshore and up to 20 km offshore at depths between 200 and 1000 m from surface. It is written for a
technical audience but is intended to inform RWM in its discussions with communities interested in finding
out about the potential for their area to host a GDF.
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Glossary

This glossary defines terms which have a specific meaning above and beyond that in common geoscientific
usage, or are specific to this document.

Aquifer — a body of rock from which groundwater can be extracted. See also definition of principal aquifer.

Aquitard — a rock with limited permeability that allows some water to pass through it, but at a very
reduced rate (Younger, 2017).

BGS Lexicon — the BGS database of named rock units and BGS definitions of terms that appear on BGS
maps, models and in BGS publications. Available at http://www.bgs.ac.uk/lexicon/home.html

Depth range of interest — 200 to 1000 m below the NGS datum (see NGS datum definition).

Detailed technical instruction (DTI1) — this sets out the methodology for producing the technical
information reports and supporting maps.

Evaporites — rocks that formed when ancient seas and lakes evaporated. They commonly contain bodies of
halite that provide a suitably dry environment and are weak and creep easily so that open cracks cannot be
sustained (RWM, 2016a).

Generalised vertical section (GVS) — a table describing the lithostratigraphic units present within the
region, displayed in their general order of superposition.

Geological attributes — characteristics of the geological environment relevant to the long-term safety
requirements of a GDF. They may be characteristics of either the rock or the groundwater or may relate to
geological processes or events (RWM, 2016a).

Geological disposal facility (GDF) — a highly engineered facility capable of isolating radioactive waste
within multiple protective barriers, deep underground, to ensure that no harmful quantities of radioactivity
ever reach the surface environment.

Higher strength rock (HSR) — higher strength rocks, which may be igneous, metamorphic or older
sedimentary rocks, have a low matrix porosity and low permeability, with the majority of any groundwater
movement confined to fractures within the rock mass (RWM, 2016a).

Host rock — the rock in which a GDF could be sited.

Lower strength sedimentary rock (LSSR) — lower strength sedimentary rocks are fine-grained
sedimentary rocks with a high content of clay minerals that provides their low permeability; they are
mechanically weak, so that open fractures cannot be sustained (RWM, 2016a).

Major faults — faults with a vertical throw of at least 200 m and those that give rise to the juxtaposition of
different rock types and/or changes in rock properties within fault zones, which may impact on the behaviour
of groundwater at GDF depths (RWM, 2016b).

National geological screening (NGS) — as defined in the 2014 White Paper Implementing Geological
Disposal, the national geological screening exercise will provide information to help answer guestions about
potential geological suitability for GDF development across the country. It will not select sites and it will not
replace the statutory planning and regulatory processes that will continue to apply to a development of this
nature.

NGS datum — an alternative datum for depth as described in the DTI, defined by a digital elevation model
interpolated between natural courses of surface drainage in order to address a potential safety issue around
GDF construction in areas of high topographical relief.

NGS3D — a screening-specific platform extracted from the BGS digital dataset, termed UK3D. In order to
ensure the separation between the source material and the screening-specific platform, the extract has been
saved, and is referred to as NGS3D.

Potential rock type of interest — a rock unit that has the potential to be a host rock and/or a rock unit in the
surrounding geological environment that may contribute to the overall safety of a GDF.

Principal aquifer — a regionally important aquifer defined by the Environment Agency as layers of rock
that have high intergranular and/or fracture permeability, meaning they usually provide a high level of water
storage (Environment Agency, 2013).
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The guidance — national geological screening guidance as set out by RWM, which identifies five
geological topics relevant to meeting the safety requirements for a geological disposal facility.

UK3D — a national-scale geological model of the UK consisting of a network, or ‘fence diagram’, of
interconnected cross-sections showing the stratigraphy and structure of the bedrock to depths of 1.5 to 6 km.

UK3D v2015 is one of the principal sources of existing information used by the national geological
screening exercise (Waters et al., 2015).

vii



1 Introduction

The British Geological Survey (BGS) was commissioned by Radioactive Waste Management Ltd (RWM) to
provide geological information to underpin its process of national geological screening set out in the UK
Government’s White Paper Implementing geological disposal: a framework for the long-term management
of higher activity radioactive waste (DECC, 2014). The geological information is presented in a series of
reports, one for each of 13 regions of England, Wales and Northern Ireland (Figure 1) that describe the
geological features relevant to the safety requirements of a geological disposal facility (GDF) for radioactive
waste emplaced onshore and up to 20 km offshore at depths between 200 and 1000 m from surface. The
production of these reports followed a methodology, termed detailed technical instructions (DTI), developed
by the BGS in collaboration with RWM safety case experts, and evaluated by an independent review panel
(RWM, 2016b). They are written for a technical audience but are intended to inform RWM in its discussions
with communities interested in finding out about the potential for their area to host a GDF. This report
contains an account of the South-west England region (Figure 1).

1 Northern Ireland

Northern England

w

Pennines and adjacent
areas

Eastern England

Wales

Central England

East Anglia

4
5
6 Welsh Borderland
7
8
9

Bristol and Gloucester region

10 London and the Thames valley

11 South-west England

12 Hampshire Basin and
adjoining areas

13 Wealden district

Figure 1 The BGS region boundaries as defined by the Regional Guides series of reports (see
http://www.bgs.ac.uk/research/ukgeology/regionalGeology/home.html). British Geological Survey © UKRI
2018.
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2 Background

2.1 NATIONAL GEOLOGICAL SCREENING GUIDANCE

The approach adopted by RWM follows instruction laid out in a White Paper Implementing geological
disposal: a framework for the long-term management of higher activity radioactive waste (DECC, 2014) to
undertake a process of ‘national geological screening’ based on ‘existing generic GDF safety cases’ using
publicly available data and information (Figure 2). To satisfy these requirements, RWM developed a national
geological screening “‘guidance’ paper (RWM, 2016a) that describes:

* safety requirements to which the ‘geological environment’ contributes
* geological “attributes’ that are relevant to meeting these safety requirements
» sources of existing geological information that allow the geological attributes to be understood and

assessed

« the outputs (documents and maps) that will be produced as part of the “screening’ exercise

Implementation
geological

disposal

DECC White Paper’ 2014

[

1 Request to RWM to undertake

national geological screening

'

National geological
screening guidance
the guidance

= RWM draft guidance

Key

l:l Government-owned document
|:| RWM-owned document
I:I BGS-owned document

RWM’ 2016a
[ = RWM worked with the BGS to
* define how the guidance
Detailed would be applied
technical
instructions ‘DTI'
RWM' 2016b
\—1—> The BGS applied DTI to 13 regions to create TIRs and maps
Technical Technical Technical Technical Technical
information information information information information
report (TIR) report report report report
Eastern England Northern Ireland Northern England The Pennines and The Wealden
adjacent areas district

Narrative Narrative

Eastern England Northern Ireland

Narrative Narrative
The Pennines
and adjacent
areas

Northern England

‘—» RWM write non-technical
summaries and

integrate with safety case

information

Narrative

The Wealden
district

Figure 2 Schematic diagram of the national geological screening process and arising documents.

The geological attributes identified by RWM that at are relevant to the safety case of a GDF fall into five
topic areas: rock type, rock structure, groundwater, natural processes and resources, as described in Table 1.



Table 1 Geological topics and attributes relevant to safety requirements as set out in the national geological
screening guidance (RWM, 2016a).

Geological topic Geological attributes

Rock type Distribution of potential host rock types (higher strength rocks, lower
strength sedimentary rocks, evaporite rocks) at the depths of a GDF

Properties of rock formations that surround the host rocks

Rock structure Locations of highly folded zones

Locations of major faults

Groundwater Presence of aquifers

Presence of geological features and rock types that may indicate
separation of shallow and deep groundwater systems

Locations of features likely to permit rapid flow of deep groundwater to
near-surface environments

Groundwater age and chemical composition

Natural processes Distribution and patterns of seismicity

Extent of past glaciations

Resources Locations of existing deep mines

Locations of intensely deep-drilled areas

Potential for future exploration or exploitation of resources

2.2 DETAILED TECHNICAL INSTRUCTIONS

In order to gather and present the appropriate geological information in a systematic and consistent way
across the 13 regions of England, Wales and Northern Ireland, RWM worked with the BGS to develop
appropriate methodologies to provide the information on the geological attributes relevant to safety
requirements set out in the guidance paper (RWM, 2016a) for each of the five geological topics (Table 1).
These instructions are referred to as detailed technical instructions (DTIs) (Figure 2). In developing the DTIs,
the BGS provided geoscientific expertise whilst RWM contributed safety-case expertise.

The DTIs were intended to provide the BGS with an appropriate technical methodology for the production of
the technical information reports (TIRs) (Figure 2) and maps, but which retained an element of flexibility to
take account of variations in data availability and quality. The DTIs are specific to each of the five geological
topics: rock type, rock structure, groundwater, natural processes and resources. For each, the DTI sets out a
step-by-step description of how to produce each output, including how the data and information related to the
topic will be assembled and presented to produce the TIRs and any associated maps required by the
guidance. Specifically, for each topic, the DTI describes:

« the definitions and assumptions (including use of expert judgements) used to specify how the maps
and TIRs are produced

« the data and information sources to be used in producing the maps and TIRs for the study

» the process and workflow for the analysis and interpretation of the data and for the preparation of a
description of the required outputs of maps and the text components of the TIRs.

The reader is referred to the DTI document (RWM, 2016b) for further details of how the TIR and maps are
produced for each of the five geological topics.



2.3 TECHNICAL INFORMATION REPORTS AND MAPS

The TIRs, of which this report is one, describe those aspects of the geology of a region onshore and
extending 20 km offshore at depths between 200 and 1000 m below NGS datum of relevance to the safety of
a GDF. Due to their technical nature, TIRs are intended for users with specialist geological knowledge.

Each TIR addresses specific questions posed in the guidance (Table 1) and does not therefore provide a
comprehensive description of the geology of the region; rather they describe the key characteristics of the
geological environment relevant to the safety of a GDF. For each geological topic the following aspects are
included.

i. Rock type

« an overview of the geology of the region including a generalised geological map and illustrative
cross-sections

» anaccount of the potential rock types of interest (rock units with the potential to be host rocks and/or
rocks in the surrounding environment that may contribute to the overall safety of a GDF that occurs
between 200 and 1000 m below NGS datum in the region, classified by the three host rock types (see
glossary)

» for each potential rock type of interest, a description of its lithology, spatial extent and the principal
information sources

ii. Rock structure

e adescription of the major faults in the region with a map showing their spatial distribution
» adescription of areas of folded rocks with complex properties and their location shown on a map

iii. Groundwater

e an explanation of what is known of shallow and deep groundwater flow regimes, of the regional
groundwater flow systems, and of any units or structures that may lead to the effective separation of
deep and shallow groundwater systems, including evidence based on groundwater chemistry, salinity
and age

» adescription of the hydrogeology of the potential rock types of interest, the principal aquifers (see
glossary) and other features, such as rock structure or anthropogenic features (including boreholes
and mines), that may influence groundwater movement and interactions between deep and shallow
groundwater systems

» anote on the presence or absence of thermal springs (where groundwater is >15° C), which may
indicate links between deep and shallow groundwater systems

iv. Natural processes

e an overview of the context of the natural processes considered, including glaciation, permafrost and
seismicity

« anational map showing the extent of past glaciation

» anational map showing the distribution of recent seismicity

» anational-scale evaluation of glacial, permafrost and seismic processes that may affect rocks at
depths between 200 and 1000 m below NGS datum

* aninterpretation of the natural processes pertinent to the region in the context of available national
information (on seismicity, uplift rate, erosion rate and past ice cover during glaciations)

v. Resources

» for arange of commodities, an overview of the past history of deep exploration and exploitation with
a discussion of the potential for future exploitation of resources

» regional maps showing historic and contemporary exploitation of metal ores, industrial minerals,
coal and hydrocarbons at depths exceeding 100 m

» adescription of the number and distribution of boreholes drilled to greater than 200 m depth in the
region, accompanied by a map displaying borehole density (i.e. the number of boreholes per km?).



3 The South-west England region

This region lies south-west of a line running approximately from Minehead to Lyme Regis, and includes the
whole of Devon and Cornwall, and part of Somerset, forming the South-west England peninsula.

The region divides broadly into two landscape types, associated with the bedrock geology. Cornwall and
west Devon are characterised by a rolling landscape with broadly west—east aligned ridges associated with
the structural ‘grain’ in the Devonian and Carboniferous bedrock (sometimes referred to as ‘basement rock”)
(Figure 3). The typical coastal profile is 20-30 m of rugged cliffs backed by steep coastal slopes rising to
100-150 m, with intervening pocket bays. The east Devon and Somerset landscape, by contrast, comprises a
series of escarpments, plateaux and intervening low-lying vales associated with the younger Mesozoic and
Cenozoic ‘sedimentary cover’ strata. The coastal profile varies from subvertical cliffs rising to in excess of
100 m to low-lying stretches, depending on the nature of the bedrock.

The surface and shallower geology (to about 200 m depth) of the region is well known from exposure of
rocks in natural outcrops — in particular, in cliffs and rock platforms around the coast — and in quarries and
mines. The last two relate to both building stone (e.g. slate, granite and limestone) extraction and
metalliferous mining (e.g. copper, tin, arsenic). Knowledge of the deeper geology of the region comes
largely from a small number of deeper boreholes, mainly associated with mineral exploration around the
Cornubian granite batholiths in the south-west of the region and also with geothermal energy. Direct
observations of the Cornubian batholith, in outcrop and mines, have generally been within a vertical
elevation range of + 600 m OD. However, the Carnmenellis Granite has been proved to a depth of just over
900 m below surface (-800 m OD) in the deepest mines (Dolcoath and South Crofty) and to a depth of 2600
m below surface (-2400 m OD) in the Rosemanowes boreholes. Knowledge of the subsurface geometry and
extent of the larger part of the batholith is indirect and entirely dependent upon the interpretation of
geophysical data. There is limited information from fossil-fuel exploration due to absence of these resources
in the region, although seismic survey information useful for interpreting the deeper structure does occur in
the area onshore and offshore of Lyme Regis in the south-east of the region. Other geophysical
investigations, including gravity and magnetic surveys, also provide information on the deeper structure.

3.1 OVERVIEW OF THE GEOLOGY OF THE REGION

The geology at surface in the region is shown in Figure 3, and Figures 4 and 5 illustrate the geological
variation across the region. The reader is referred to the regional summary on the BGS website (see
http://www.bgs.ac.uk/research/ukgeology/regionalGeology/home.html) for a non-technical overview of the
geology of the region and to national geological screening: Appendix A (Pharaoh and Haslam, 2018) for an
account of the formation and structure of the basement, and the older and younger cover rocks of the UK.

The bedrock geology of the region divides broadly between sedimentary cover rocks in the east and
basement rocks in the west (Figure 3). The Mesozoic and Cenozoic sedimentary cover rocks (Figure 3) range
in age from 25 to 300 Ma, and include a wide variety of sedimentary rocks, including sandstone, siltstone,
mudstone and limestone, interbedded on a metre to 100 m scale. The Palaeozoic basement rocks (broadly
315 to 410 Ma in age) mainly comprise Devonian and Carboniferous, largely sedimentary sequences,
deformed and metamorphosed by the effects of the Variscan Orogeny (mountain building) event, which
ended about 300 Ma. These rocks, along with rocks of the same age along the southern onshore fringe of
south Wales, lie south of the Variscan fold and thrust ‘front” (Stephan et al., 2016) — also termed the
“Variscan cleavage front” — and are thus distinct in character from other Devonian and Carboniferous
sedimentary rocks across much of Britain, in that they developed significant folding, faulting (often
thrusting) and cleavage. The deformed sedimentary rocks of the region are intruded by the major Permian
Cornubian granite batholith, known from outcrops forming the moors of the south-west but also potentially
connecting at depth (Section 4).


http://www.bgs.ac.uk/research/ukgeology/regionalGeology/home.html
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Figure 3 Generalised geological map and key showing the distribution of sedimentary rocks and basement
rocks in the onshore South-west England region. The inset map shows the extent of the region in the UK. See
Figures 4 and 5 for schematic cross-sections. The “‘Geological sub units’ column is highly generalised and
does not represent all geological units in the region. Stratigraphical nomenclature and lithological
descriptions are simplified and therefore may differ from those used in other sections of this report. The
locations of key boreholes mentioned in the text are shown by a circle and dot. Contains Ordnance Data ©
Crown Copyright and database rights 2018. Ordnance Survey Licence no. 100021290. British Geological
Survey © UKRI 2018.
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Figure 4 Schematic south-west cross-section from St Just to Crewkerne through the South-west England
region. Line of the section and key are shown in Figure 3. Contains Ordnance Data © Crown Copyright and
database rights 2018. Ordnance Survey Licence no. 100021290. British Geological Survey © UKRI 2018
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database rights 2018. Ordnance Survey Licence no. 100021290. British Geological Survey © UKRI 2018



4 Screening topic 1: rock type

41 OVERVIEW OF ROCK TYPE APPROACH

The rock type DTI (RWM, 2016b) sets out how data and information on the topic of rock type are assembled
and presented to produce maps for each region showing the ‘distribution of potential host rocks at 200 to
1000 m depth’ and ‘rock formations that surround the host rocks’. For this study, these are combined and
referred to as ‘potential rock types of interest’ (PRTIs). Therefore, PRTIs are defined as rock units that have
the potential to be host rocks and/or rocks in the surrounding geological environment that may contribute to
the overall safety of a GDF. An example of the latter is a mudstone that may be insufficient in thickness to
host a GDF but could potentially act as a barrier to fluid flow above the host rock.

The methodology for selecting units as PRTIs is described in the DTI document (RWM, 2016b) and is
summarised here. Guided by the safety requirements for a GDF, in the form of selection criteria, lithologies
were assigned to each of the generic host rock types as shown in Table 2.

Table 2 Lithologies assigned to each of the generic host rock types. *Definitions of the generic host rock
types are provided in the glossary.

Generic host rock type Selection criteria (where Lithologies to be considered
available) PRTIs

Evaporite* e halite Rock-salt

Lower strength sedimentary e high clay content (low Clay

rocks* permeability) Mudstone

e continuous laterally on a
scale of tens of kilometres

e no minimum thickness

e mechanically weak (not

metamorphosed)
Higher strength rocks* e low matrix porosity Older compacted and
e low permeability metamorphosed mudstones of
e homogeneous bodies on a sedimentary or volcanic origin

scale to accommodate a GDF | within established cleavage belts

e 80% of the mapped unit must | Extrusive igneous rock

be made up of the specific Intrusive igneous rock such as
PRTI granite
Metamorphic rock — medium to
high grade

The lithologies were extracted from the NGS3D model, a three-dimensional geological model derived from
the UK3D v2015 model (Waters et al., 2015) comprising a national network, or ‘fence diagram’, of cross-
sections that show the bedrock geology to depths of at least 1 km. The stratigraphical resolution of the rock
succession is based on the UK 1:625 000 scale bedrock geology maps (released in 2007) and has been
adapted for parts of the succession by further subdivision, by the use of geological age descriptions (i.e.
chronostratigraphy rather than lithostratigraphy), and to accommodate updates to stratigraphical subdivisions
and nomenclature. Lithostratigraphical units are generally shown at group-level (e.g. Lias Group), or
subdivided to formation-level (e.g. Burnham Chalk Formation). Amalgamations of formations are used to
accommodate regional nomenclature changes or where depiction of individual formations would be
inappropriate at the scale of the model (e.g. Kellaways Formation And Oxford Clay Formation (Undivided)).
Chronostratigraphical units are classified according to their age and lithology (e.g. Dinantian rocks —
limestone; Silurian rocks (undivided) — mudstone, siltstone and sandstone). Igneous rocks are generally
classified on the basis of process of formation, age and lithology (e.g. Unnamed extrusive rocks, Silurian to
Devonian - mafic lava and mafic tuff).




The NGS3D (see glossary) was developed from UK3D v2015 including the incorporation of additional
stratigraphical detail to allow the modelling of halite units. The NGS3D model was used as an information
source for estimating the presence, thickness, depth of occurrence of geological units discussed below, and
the geometry of their boundaries. Interpretations based on this model rely on geological relationships
depicted in cross-sections, and it is possible that understanding of these relationships in some areas may be
limited by cross-section data availability.

The units extracted from the NGS3D model, the PRTIs (see RWM, 2016b for a description of the
methodology), were used as the basis for writing the rock type section of this document. For each PRTI, an
overview of its distribution, lithology and thickness is given, including information on the variability of these
properties, if available, along with references to key data from which the information is derived. Information
on the distribution of each PRTI between 200 and 1000 m is guided by the geological sections in the NGS3D
model.

42 POTENTIAL ROCK TYPES OF INTEREST IN THE SOUTH-WEST ENGLAND REGION

Table 3 presents a generalised vertical section (GVS) for the South-west England region, identifying the
PRTIs that occur between 200 and 1000 m below NGS datum. The geological units are generally shown in
stratigraphical order. However, due to regional variations, some units may be locally absent or may be
recognised in different stratigraphical positions from those shown. Only those units identified as PRTIs are
described. Principal aquifers are also shown and are described in Section 6.

For the South-west England region, the GVS (Table 3) groups the rocks into two age ranges: sedimentary
cover rock (Palaeogene to Permian) and basement rocks comprising Carboniferous and older sediments and
igneous intrusions from Palaeogene to Devonian age). The basement rocks incudes Some of the rock units
are considered to represent PRTIs present within the depth range of interest, between 200 and 1000 m below
NGS datum. These include a number of lower strength sedimentary rock units (LSSR) and an evaporite
(EVAP) PRTI in the sedimentary rocks and as well as higher strength rock (HSR) PRTIs predominantly in
the basement rocks.

The GVS for the South-west England region (Table 3) divides rock units into two broad lithostratigraphical
systems: Palaeozoic basement rocks and igneous intrusions, mainly comprised of deformed and
metamorphosed Carboniferous and older sediments and intruded by the Cornubian granite batholith; and a
younger Permian to Palaeogene sedimentary cover.

Numerous potential LSSRs have not been included for a number of different reasons:

e The Bracklesham and Barton groups have not been included as PRTIs due to their insufficient
volume.

e The Gault and Upper Greensand formations occur only in the east of the region, capping the Black
Down Hills in the area between Exeter and Crewkerne. These strata lie unconformably on the Lias
Group in the east and the Mercia Mudstone Group in the west of the Black Down Hills area. These
rocks do not descend into the depth range of interest in the onshore part of the region and are not
discussed further.

o Similarly, the undivided Kellaways and Oxford Clay formations and the Great Oolite Group only
crop out to the east of Crewkerne, in the extreme eastern part (Great Oolite Group) or just outside
(Kellaways and Oxford Clay formations) the region. They do not extend to the depth range of
interest within the region and are therefore not discussed further in this report.

e The unnamed mafic Palaeogene igneous intrusion (HSR) is inferred at depth beneath the Lundy
Island granite . It occurs below the depth range of interest and is therefore not discussed further here.

e The Carboniferous Holsworthy Group is not identified as a PRTI on the basis of the significant
number of turbiditic sandstones that occur throughout the sequence.

The PRTIs are described in Table 3 in stratigraphical order from youngest to oldest (i.e. in downward
succession), grouped by the sedimentary cover rocks and basement rocks. The descriptions include the
distribution of the PRTI at surface (outcrop) and where the PRTI is present below the surface (subcrop)
within the depth range of interest, along with key evidence for the interpretations. The main geological
properties of the PRTIs and how these vary across the region are also summarised. Data are mostly taken
from the BGS Regional Guide to South-west England (Edmonds et al., 1975) and other published sources
(see references). They may include terminology or nomenclature that has been updated since those
publications were released. The term ‘mudstone’ follows BGS usage to include claystone and siltstone-grade
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siliciclastics (Hallsworth and Knox, 1999). The locations of boreholes referred to in this chapter are shown
on Figure 3.

The UK3D model (see glossary) was used as an information source for estimating the presence, thickness
and depth of occurrence of geological units discussed below, and the geometry of their boundaries.
Interpretations based on this model rely on borehole-derived geological relationships depicted in cross-
sections, and it is possible that understanding of these relationships in some areas may be limited by cross-
section data availability.

Maps showing the regional distribution of PRTIs between 200 and 1000 m below NGS datum for the three
generic host rock types are provided in Figures 6, 7 and 8. A summary map showing the combined lateral
extent of all PRTIs is provided in Figure 9.

Table 3 Schematic GVS for the South-west England region showing units that contain PRTIs and/or
principal aquifers. Geological units are generally shown in stratigraphical order and display variable levels of
resolution reflecting the resolution within the UK3D model. The units are not to vertical scale and due to
regional variations; some units may be locally absent or may be recognised in different stratigraphical
positions from those shown. See Figures 6, 7 and 8 for the regional distribution of PRTIs amalgamated by
host rock model (i.e. LSSR, EVAP and HSR respectively).
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Geological | Geological unit Dominant rock type Potential rock types of interest Principal aquifers
period identified in [withil logical
NGS3D HSR LSSR EVAP unit)
Oligocene Undivided formations
(undivided) Varied N/A offshore and onshore in N/A N/A
(including Eocene ane Petrockstowe and
2 to Miocena) Bovey basins
8
8 Bracklesham
%: and Barton groups Sand, silt and clay /A MNA MN/A N/A
Z (undivided)
] Eocene to Miocene .
g rocks (undivided) Clay, silt, sand and gravel N/A N/A N/A NiA
°
F Unnamed igneous
intrusion, Palaengene Felsic rock Lund_ylsland NIA N/A N/A
(basement rocks — granite
placed here due to age)
Chalk Group Chalk N NiA Ni&s Chalk Group (not significant)
] Upper Greensand and
2 | Gault formations Mugstone, sandstone N/A N/A N/A Upper Greensand Formation
H (Selborne Group) (not significant)
B
5 Lower Cretaceous
5} . Lower Cretaceous
(undivided), Varied N/A (undivided) N/A N/A
offshora only
Late IJL:lrassic rocks Mudstone, siltstone and N/A Va:iou§ Late Jurassic MiA NiA
w (undivided) sandstone formations
P
=] .
Q Ancholme Group Mudstone, siltstone and N/A NIA N/A N/A
= sandstone
] ) -
S Corallian Group Limestone, sandstone, N/A N/A N/A Corall]an‘{iroup
9 siltstone and mudstone (not significant)
-] Mudstone-dominated, o
L Great Oolite Group | and ocidal and bioclastic | N/A NiA N/A it e
z E limestone {not significant}
= B Limestone, sandstone - ,
@ |3 | inferior Golite Group | siltstone, mudstone and N/A NIA N/A Lo ORI
@ ironstone {not significant)
Mid Jurassic rocks q . -
(undivided), Ml:jdﬁ‘one; sandstone N/A }J"anou§ Mid Jurassic NIA NIA
offshore only and limestone formations
Bridpornt Sand, Beacon
: Mudstone with sandstone, Limestone, Dyrham,
Lias Grou 4 MN/A N/A N/A
P limestone and ironstone Charmouth Mudstene and
Blue Lias formations
Mercia Mudstone Dominantly red mudstones Penarth Group and Blue
Group lincludes and subordinate siltstones, Anchor, Branscombe
© Panarth Group as with halite and gypsum beds NIA Mudstone, Arden Sandstone N/A
'g combined with Mercia | (Penarth Group— % and Sidmouth Mudstone 4
B Mudstone Group in interbedded limestone formations of Mercia
= NGS3D) and mudstone) Mudstone Group
Sherwood Sandstone Sandstone with conglomerate| 4 NIA N/A Helsby Sandstone and Chester
Group and mudstone Sandstone formations
Sc
2.8 | Permian and Triassic Mudstone, siltstone Various Permian and Triassic
E E | rocks (undivided) and sandstone N/A farmations (undivided) /A N/A
£d
=
g
£ Permian rocks Mudstone, siltstone Dawlish Sandstone Formation
E (undivided) sandstone and conglomerate N/A Aylesbeare Mudstone Group N/A (Exeter Group)
E
2 Permian igneous . Cornubian
E | ormanig Granite - N/A N/A N/A
H intrusion batholith
a
E‘arbonifemsus Limestone /A NA N/A Carboniferous Sandstone
E imestone Supergroup Supergroup
5 Mudstone, sandstone,
’E Holsworthy Group subordinate siltstone and /A NiA 1y N/A
2 conglomerate
]
(5] Teign Valley and Mudstone, siltstane Multiple p
Tintagel groups and sandstone formations NA NA N/A
Late Devonian rocks Mudstone, siltstone, Multiple ; sl
E (undivided) sandstone and limestone formations | /A NiA Late Davonianlimestone
= Mid Devenian rocks Mudstone, siltstone, Multiple ; " o
= {undivided) sandstone and limestone formations | N'A NiA Sl Bzl
wi
= Early Devonian rocks Mudstone, siltstone, Multiple
uﬁ H (undivided) and sandstone formations N/A N/A NA
= 2
5 Unnamed igneous, Ultramafic and mafic Part of Lizard | |, NIA NIA
g Devonian igneous rock Complex )
Devonian rocks Hernblende schist and Part of Lizard
(undivided) mica schist and Start | N/A N/A N/A
complexes
) Undivided
Devonian rocks Varied formations | N/A N/A N/A
(undivided)
offshore
cc
g 2 X Undivided
§ = | Early Palaeozoic racks |y, 0y formations | /A N/A N/A
2 @ | (undivided) at depth
og
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D South-west England and adjoining areas

| ‘ Lower strength sedimentary rocks
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Figure 7 The
generalised lateral
distribution of
EVAP PRTIs at
depths of between
200 and 1000 m
below NGS datum
in the South-west
England region.
Contains Ordnance
Data © Crown
Copyright and
database rights
2018. Ordnance
Survey Licence no.
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© UKRI 2018
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Figure 8 The
generalised lateral
distribution of
HSR PRTIs at
depths of between
200 and 1000 m
below NGS
datum in the
South-west
England region.
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Figure 9 The
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generalised lateral
distribution of
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depths of between
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below NGS
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4.2.1 Sedimentary rocks

Mesozoic and Cenozoic sedimentary cover rocks, which occupy the eastern part of the region, include a
number of significant mudstone-dominated formations designated as potential LSSR PRTIs. The Triassic
rocks also include an EVAP PRTI.

The following section describes these PRTIs in descending stratigraphical order. Reference can be made to
the summary generalised vertical section from Barton et al. (2011) (Figure 10).

Period| Epoch / Age Lithostratigraphy | = —1——————— 1 =]
Landslides, All . =
’__" hm‘ FLEISTOCEME |River Terrace Deposits, Head, Portlandian PORTLAND GROUP
Clay - with - Flints, Sea Bed
- PLIOCENE  |ccdiments, Litttoral & Beach | ] T e
g w Deposits Kimmeridgian EORMATION
=
E 5 Oxfordian CORALLIAN GROUP
'4_( o MIOCENE OXFORD CLAY FORMATION
2 w Callovian S
g = KELLAWAYS FORMATION
CORNBRASH FORMATION
2 F . [ FOREST MARBLE FM
(] Bathonian L = O FROME CLAY FORMATION
] 7] @S | FULLER'S EARTH FM
£ | Chattian 7]
8 é Bajocian I%Fgﬂ!gl
g Rupelian ;), FORMATION
. - Aalenian
w Priabonian BRIDPORT SAND FM
=
% Bartonian Toarcian uﬁ»\t&)ﬂ!)l\'lgE
8 Fr H] CREECH BARROW LMST . . L FORMATION
< |8 | Lutetian ég BRANKSOME SAND Pliensbachian g
1 45 FORMATION o
< L CHARMOUTH
o . 2 | POOLE FORMATION Sinemurian | £ MUDSTONE
Ypresian  [E A s oA = FORMATION
LONDON CLAY FM
. . BLUE LIAS
Sw Thanetian . READING FORMATION Hettangian FORMATION
WZ [ selandian TITTTTTTTIT Rhaeti
Lo - “THAMES GFP aetian PENARTH GROUP
Danian LT
“LAMBETH GP
Maastrichtian HJ\ MNorian
) PORTSDOWN CHALK ngg'lc':(l)‘?ﬂE
Campanian FORMATION O ] choup
% | CULVER CHALK FM & Carnian
] w
o NEWHAVEN CHALK FM (
Santonian Q E
— S | SEAFORD CHALK FM = .
Coniacian 3 Ladinian
T | LEWES NODULAR CHALK FM
Turonian O [NEWPITCHALK AL |
il Anisian
Cenomanian D) fral G RN SHERWOOD
w T SANDSTONE
o Olenekian GROUP
g Induan
Albi Lo AYLESBEARE
IE an Changhsingian MUDSTONE
g GROUP
1apii i 11 T ™
S Wuchiapingian
LOWER GREENSAND Capitanian
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M E ordian
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. o
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I 5 T
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Figure 10 Palaeozoic—Cenozoic stratigraphy in the east Devon—Dorset region (from Barton et al., 2011).
Note some of the stratigraphical names have now been superseded (see BGS Lexicon).. British Geological
Survey © UKRI 2018
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4.2.1.1 UNDIVIDED OLIGOCENE ROCKS — LSSR

The mid Eocene to Oligocene Bovey Formation, comprising clays, sands and lignites, is mostly contained in
a series of partly fault-controlled, non-marine sedimentary basins, which formed along the length of the
Sticklepath—Lustleigh fault (Figure 11), a major north-west — south-east-trending dextral strike-slip fault
(Edmonds et al., 1975; King, 2016). Many of the basins are of insufficient volume to be considered as
PRTIs with the exception of the Bovey Basin between Bovey Tracey and Newton Abbot in south Devon and
the Petrockstowe Basin in north Devon. Offshore, these rocks occur in the Stanley Bank Basin east of Lundy
Island in the Bristol Channel. The basin, 20 km x 30 km and some 20 km north-west of Barnstaple lies on a
continuation of the Sticklepath—Lustleigh fault line. Thicknesses are unknown and hence it is not known if
these rocks extend into the depth range of interest.

The Petrockstowe Basin, which is 661m deep, contains Bovey Formation sediments that range from cobble
gravels to almost sand-free, kaolinite-rich clays. The main part of the Bovey Basin extends for about 11 km
between Bovey Tracey in the north-west and Newton Abbot in the south-east and comprises up to 900 m of
the Bovey Formation. The middle Bovey Formation is about 200 m thick and includes the main productive

ball clay beds (see Section 8).

Principal information sources

Evidence on the lithology and distribution of rocks of this age comes principally from surface mapping
including analysis of exposures and shallow borehole information, as published in BGS and other
publications. Only one deep borehole exists to prove the entire sequence in one of these isolated depositional
basins: the 697 m-deep Petrockstowe 1B borehole. Evidence for the offshore occurrence comes principally
from subsurface geophysical interpretations.
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Figure 11 Paleogeography of South-west England during the mid Eocene to Oligocene identifying the basins
that formed along the length of the Sticklepath—Lustleigh fault (thick dashed line), a major north-west to south-
east-trending dextral strike-slip fault (partly after Murray, 1992) with locations of Tertiary deposits in South-
west England.
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4.2.1.2 UNDIVIDED EARLY CRETACEOUS ROCKS — LSSR

This classification is used only in the offshore area, grouping together a range of units of Early Cretaceous
age. Offshore in the current region, these rocks are represented in outcrops at the seabed in the outer Bristol
Channel some 20 km north-west of the Isle of Lundy, and in a discontinuous east—west linear outcrop
extending from 10 km south of the Isles of Scilly to 40 km offshore of Plymouth. In the Bristol Channel
outcrop, some 20 km by 10 km in extent, the rocks lie within the depth range of interest in the centre of a
faulted syncline. Tappin et al. (1994) indicates (using borehole 103/18-1 as evidence; outside the area of
interest to the west-north-west of the Isle of Lundy) that the Early Cretaceous in the Bristol Channel
comprises dominantly Wealden Formation mudstones (more than 150 m thick) overlain by thin (tens of
metres) Lower Greensand Formation, hence not containing significant Gault Formation. South of Cornwall,
the rocks dip gently to the south from outcrop and do not reach the depth range of interest even 20 km
offshore. Within this outcrop, a representative borehole outside the area of interest to the south (Number
BH75/52 (49-005/440)), demonstrates grey-brown, silty mudstones and sandstones to 45 m depth,
provisionally interpreted (here) as representing the Early Cretaceous unit.

Principal information sources

Information regarding the lithology and outcrop of these offshore sequences comes partly from a
combination of offshore information used to compile the published BGS 1:250 000-scale offshore bedrock
mapping. This includes seabed grab samples and shallow cores (spaced about 5 km apart across much of the
seabed in the south-west) and limited borehole information. For example, about seven boreholes intersect the
Bristol Channel outcrop, and only three intersect the English Channel outcrop. Borehole evidence (namely
borehole 103/18-1) provided by Tappin et al. (1994) is also used. The seabed mapping is supported by
extrapolation from subsurface seismic interpretations (made by the BGS in support of regional seabed and
subsurface mapping), which are also used to provide information on the subsurface thicknesses and structure
of the bedrock units.

4.2.1.3 UNDIVIDED LATE JURASSIC ROCKS — LSSR

This classification is applied only in the offshore area, and used only for occurrences in the central outer
Bristol Channel. Here, these rocks occur in a faulted syncline, unconformably overlain by Early Cretaceous
rocks; they descend through the centre of the syncline into the depth range of interest and have an estimated
thickness in NGS3D of several hundred metres.

Borehole information is very limited, with only a small number of shallow boreholes providing useful
bedrock information. For example, one borehole within the outcrop demonstrates grey, laminated calcareous
mudstone interpreted as Late Jurassic.

Principal information sources

Information regarding the lithology and outcrop of these offshore sequences comes exclusively from a
combination of offshore information used to compile the published BGS 1:250 000-scale offshore bedrock
mapping. This includes seabed grab samples and shallow cores (spaced about 5 km apart across much of the
seabed in the south-west) and limited borehole information. The seabed mapping is supported by
extrapolation from subsurface seismic interpretations (made by the BGS in support of regional seabed and
subsurface mapping), which are also used to provide information on the subsurface thicknesses and structure
of the bedrock units.

4.2.1.4 UNDIVIDED MID JURASSIC ROCKS — LSSR

As with the undivided Late Jurassic rocks classification, this classification is applied only in the offshore
area, and used only for occurrences in the central outer Bristol Channel. Here, the rocks descend through the
centre of a faulted syncline into the depth range of interest and have an estimated thickness in NGS3D of
several hundred metres.

Borehole information is very limited, with only a small number of shallow boreholes providing useful
bedrock information. For example, one borehole (Number BH 75/16 (51-005/552)) within the outcrop
demonstrates green-grey mudstone to 13.1 m depth.
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Principal information sources

Information regarding the lithology and outcrop of these offshore sequences comes exclusively from a
combination of offshore information used to compile the published BGS 1:250 000-scale offshore bedrock
mapping. This includes seabed grab samples and shallow cores (spaced about 5 km apart across much of the
seabed in the south-west) and limited borehole information. The seabed mapping is supported by
extrapolation from subsurface seismic interpretations (made by the BGS in support of regional seabed and
subsurface mapping), which are also used to provide information on the subsurface thicknesses and structure
of the bedrock units.

4.2.1.5 LIAS GROUP — LSSR

The Lias Group crops out in the east of the South-west England region, in the area between lIminster,
Crewkerne and south towards the coast at Lyme Regis. The group is progressively overstepped and cut out
from east to west by the Aptian unconformity at the base of the overlying Cretaceous rocks. The group dips
gently to the east and the base of the unit only exceeds the depth range of interest in the extreme east of the
region, principally in the area 10 km to the north and south of Crewkerne.

The base of the Lias Group occurs at 466 m bgl in the Seaborough 1 borehole (Figure 3) just to the south of
Crewkerne. Rocks of Early Jurassic age also occur extensively in the Bristol Channel, and occur within the
area and depth range of interest in the central area as far as west as north of the Isle of Lundy. The onshore
extension of these deposits outcrops in the area around Watchet and to the west along the Somerset coast
within the area of interest.

Rock type descriptions

The Lias Group in this area is represented (in descending stratigraphical order) principally by the Bridport
Sand, Beacon Limestone, Dyrham, Charmouth Mudstone and Blue Lias formations, which overall comprise
a mudstone-dominated sequence, but with significant vertical variations in sand content and occurrence of
limestone beds; these variations are used to define the formations. Coupled with the estimated thicknesses
for the formations, it is likely that only the Dyrham, Charnmouth and Blue Lias formations reach the depth
range of interest beneath the Crewkerne area.

The principal lithologies of the Bridport Sand Formation in the current study area are rhythmic alternations
of siltstone and fine-grained sandstone, with cemented beds (or ‘doggers”) of calcareous sandstone (Barton et
al., 2011). A unit of variably sandy mudstone (the Down Cliff Clay Member) occurs at the base. The
formation averages 135 m thick in south Dorset, compared to 186.7 m thickness proved in the Winterborne
Kingston borehole [384700,097900], some 50 km further east into the Wessex basin, outside the region
(Barton et al., 2011), which also demonstrates 80 m thickness for the Down Cliff Clay Member. The
formation is thinner where seen in coastal sections in south Dorset; for example, Wilson et al. (1958)
describes a thickness range of 47-92 m in the Bridport area.

In the region, the Bridport Sand Formation rest on the Beacon Limestone Formation. This comprises ooidal
limestones that reach only several metres thick.

The upper part of the Dyrham Formation comprises poorly cemented, fine-grained sandstone, which includes
occasional large argillaceous, silty or sandy limestone nodules (Down Cliff Sand Member and Thorncombe
Sand Member; Barton et al., 2011), while its lower part comprises pale to dark grey and greenish grey,
micaceous mudstone and sandy mudstone, with interbeds of siltstone or very fine sandstone, in some cases
muddy or silty (Eype Clay Member). The formation is well exposed on the south Dorset coast, just outside
the eastern extent of the region, where it is around 115 m thick, but it varies in thickness towards the east into
the Wessex basin (Figure 12) (Barton et al., 2011; Wilson et al., 1958).

The principal lithologies of the Charmouth Mudstone Formation are dark grey, laminated, fissile mudstone
and dark to pale grey and bluish grey mudstones. In addition, the formation contains sporadic concretionary
and tabular beds of argillaceous limestone, phosphatic and sideritic nodules, organic-rich fissile mudstone
(‘paper shales’), and, in the upper part, silty and sandy beds (Barton et al., 2011). The formation is exposed
on the south coast around Lyme Regis where it is about 147 m thick and the Winterborne Kingston borehole
proved 127 m; it thickens to over 200 m to the east into the centre of Wessex basin (Figure 12) (the latter two
are to the east in the adjacent Hampshire Basin and adjacent arears region).

The lowest part of the Lias Group is the Blue Lias Formation. This consists of cyclic decimetre-scale
alternations of argillaceous limestone and mudstone. Individual limestones are typically 0.10 to 0.30 m thick,
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and intervening mudstones, which may contain limestone nodules, are typically less than 1 m thick. The
upper boundary coincides with a marked upward decrease in abundance of limestone beds, sometimes
associated with a marked decrease in their individual thickness and lateral persistence. The formation is
exposed on the south coast in the current region in the area around Lyme Regis, where it is about 30 m thick.
It thickens eastwards into the Wessex basin (Figure 12), reaching more than 200 m thick in the Winterborne
Kingston borehole.

Principal information sources

Evidence regarding the lithology and outcrop of the Lias Group in the South-west England region comes
principally from surface geological mapping, including from numerous exposures and quarries that are more
common in the limestone-dominated facies. The mudstone-dominated units are generally less well exposed,
often underlying low or gently sloping ground.

Several deeper boreholes, on the eastern edge of the current region or immediately to the east in the adjacent
Hampshire Basin region, also provide useful information. For example:

¢ the Marshwood 1 borehole (Figure 3) proves 125 m of Lias Group rocks overlying Triassic rocks

e the Seaborough 1 borehole (Figure 3) proves the full thickness of Lias Group (some 447 m) beneath
Inferior Oolite Group and overlying Triassic rocks

e the Winterborne Kingston borehole, 50 km outside the region to the east; this provides a useful
comparison to the sequence in the Wessex basin
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Figure 12 Isopachtye maps for Early Jurassic (Lias Group) formations in Dorset and south-east Devon
(from Barton et al., 2011) showing the group dipping gently to the east into the adjacent Hampshire Basin
and adjacent areas region, with the base of the unit only exceeding the depth range of interest in the extreme
east. British Geological Survey © UKRI 2018
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4.2.1.6 MERCIA MUDSTONE GROUP AND THE PENARTH GROUP UNDIVIDED ( INCORPORATING THE
SOMERSET HALITE MEMBER: LSSR AND EVAP

The Triassic-aged Mercia Mudstone Group crops out in a broad 20 km-wide swathe across the east of the
region, from the north Somerset coast across to the east Devon coast, where it is exposed discontinuously
between Sidmouth and near Lyme Regis. It rests unconformably on the Sherwood Sandstone Group and is
succeeded by the Penarth Group. It dips gently to the east towards the Wessex basin and occurs extensively
within the depth range of interest to the east of a line extending from Sidmouth on the south coast, through
west of Taunton to west of Watchet on the north coast.

Rock type descriptions

The Mercia Mudstone Group was deposited in a continental terrestrial setting with considerable local relief,
under arid or semi-arid conditions. It is composed mainly of red and, less commonly, green and grey
mudstone and siltstone, with some localised sandstone units and breccias. Substantial deposits of halite occur
in the thicker, basinal successions in central Somerset, but die out on the eastern margin of the South-west
England region against a line extending northwards from Bridport through Crewkerne. A significant part of
the Mercia Mudstone Group section (over several hundred metres thick and within the depth range of
interest) in the central Bristol Channel region is possibly dominated by evaporites (Tappin et al., 1994)
representing the westward extension of the Somerset Halite Member seen around Bridgwater. There is,
however, only limited information from two locations, onshore to the east of the Bristol Channel (Burton
Row borehole; Figure 3) and in the west, south of the tip of Pembrokeshire (borehole 103/18-1, outside of
the region). The presence of continuous evaporites in the centre of the Bristol Channel is therefore uncertain.
Sulphate deposits (gypsum and anhydrite) and sandstone beds are common at higher stratigraphical levels in
the present region, but are a minor constituent throughout most of the group.

Nationally, the group has been divided into several distinct formations, mostly mudstones but with some
sandstone units and marginal breccias. These are in descending order: the Blue Anchor Formation;
Branscombe Mudstone Formation; Arden Sandstone Formation and the Sidmouth Mudstone Formation
(Figure 13). In the present region, on geological maps, the Arden Sandstone Formation has been mapped
within an encompassing mudstone unit termed the Dunscombe Mudstone Formation (Gallois, 2001; Barton
et al., 2011), but for consistency the national classifications are used here.

The thickness of the Mercia Mudstone Group in the south of the present region is estimated from outcrop as
475 m on the east Devon coast (Barton et al., 2011). Three deep boreholes, which occur on the eastern
margin of the South-west England region, also provide thickness information regarding the Mercia Mudstone
Group as a whole, and also an indication of whether ‘saliferous’ (halite) beds are present. These are:

e The Puriton Borehole (Figure 3) near Bridgwater, which proves at least 388 m of Mercia Mudstone
Group (Stratigraphical Surface Database), extending down from the surface. No halite beds are noted
in the log.

e The Seaborough 1 Borehole (Figure 3), 2 km to south-west of Crewkerne, proves 511 m of Mercia
Mudstone Group (from 492 to 1003 m depth) but with no significant halite units identified in the log.

e The Marshwood 1 Borehole (Figure 3), 10 km north-west of Bridport, proves 624 m of Mercia
Mudstone Group (from 147 to 771 m depth); some 175 m thickness of ‘saliferous beds’ are noted in
the log from 352 to 527 m depth.
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Figure 13 Stratigraphical nomenclature of the Mercia Mudstone Group (top and bottom delineated by thick
black lines) comprising the Blue Anchor Formation, Branscombe Mudstone Formation, Arden Sandstone
Formation and the Sidmouth Mudstone Formation (from Howard et al., 2008). British Geological Survey ©
UKRI 2018
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Figure 14 Generalised vertical section for the Triassic rocks of South-west England based on the succession
exposed on the east Devon coast. Ages based on Gradstein et al. 2004. See Figure 13 for revised stratigraphic
nomenclature. British Geological Survey © UKRI 2018

Barton et al. (2011) uses this information to draw up an isopachyte map of the Mercia Mudstone Group in
the east Devon to Dorset region i.e. extending from the east margin of the present region towards the Wessex
basin area to the east (Figure 15). This demonstrates a general thinning of the group from a maximum of
more than 900 m in the centre of the Wessex basin to about 500 m on the eastern boundary of the present
region; an absence of deep boreholes proving the full thickness of the Mercia Mudstone Group means it is
not clear if this thinning continues westwards across the present region. Barton et al. (2011) also uses the
information to show a western margin to the occurrence of the saliferous/halite beds (Figure 15), which
effectively coincides with the eastern margin of the present South-west England region.
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al., 2011); lines of box markers show approximate limit of halite beds (lines pointing towards occurrence),
which coincide with the eastern margin of the region. British Geological Survey © UKRI 2018
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The Penarth Group is present in the extreme east of the region and represents an upwards transition from the
underlying Mercia Mudstone Group into the Lias Group. In NGS3D the Mercia Mudstone and Penarth
groups are modelled as a combined unit. The Penarth Group, a PRTI, comprises mudstones with subordinate
limestones. The unit is best exposed on the west Somerset coast between Watchet and Lilstock. At Blue
Anchor the Penarth Group is approximately 20 m in thickness (Edmonds et al., 1975; Tappin et al., 1994).
The unit extends offshore into the Bristol Channel. In borehole 103/21-1 the Penarth Group is 32 m thick and
comprises interbedded calcareous shale and limestone. In borehole 103/18-1 the Penarth Group is 10 m
thick. Both these boreholes are outside the area of interest in the extreme west of the Bristol Channel basin
(Tappin et al., 1994).

Rock type descriptions

Lithologically, the Blue Anchor Formation (previously known as the ‘Tea Green Marl’) typically comprises
pale green-grey, dolomitic, silty mudstones and siltstones with thin argillaceous or arenaceous laminae and
lenses and a few thin, commonly discontinuous, beds of hard, dolomitic, pale cream to buff, porcellanous
mudstone and siltstone. Along the north Somerset coast, an upper unit of grey, black, green and, rarely, red-
brown dolomitic mudstone occurs, with some yellowish-grey dolostones. The Blue Anchor Formation is
around 25 m thick on the coast near Lyme Regis, which is consistent with the 7-12 m seen in the Wincanton
area to the east; the formation thickens to the east towards south Dorset where 60 m occurs, and thins
northwards towards the Mendips (see companion Bristol and Gloucester region report).

The base of the Blue Anchor Formation is marked by an abrupt colour change to the red mudstones of the
Branscombe Mudstone Formation. This unit consists of red-brown mudstone and siltstone, with common
grey-green reduction patches and spots. The formation is over 200 m thick in south coast exposures (Barton
et al., 2011). The mudstones are mostly structureless, with a blocky weathering habit. Gypsum and anhydrite,
locally of economic importance, is common throughout in beds, nodules and veins. In south Devon and
Somerset (and extending into Gloucestershire), the highest 10-20 m of the formation include common beds
of greenish grey mudstone, giving rise to markedly colour-banded sections where exposed.

Below the Branscombe Mudstone Formation, the Arden Sandstone Formation consists of interbedded
mudstone, siltstone and sandstone, predominantly greenish grey in colour. The proportion of sandstone is
variable and is locally the dominant lithology. The unit is 24 m thick on the south Devon coast in the east of
the South-west England region.
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The lowest part of the Mercia Mudstone Group is the Sidmouth Mudstone Formation, which is around 220 m
thick in south coastal exposures; it thickens eastwards from the present region. The formation comprises red-
brown, mostly structureless, dolomitic mudstone with sporadic, thin beds of siltstone and fine-grained
sandstone (more common and thicker — up to 1.2 m — in the lower part); grey-green reduction patches and
spots are common in the mudstones.

Principal information sources

Although it often forms low-lying ground, the Mercia Mudstone Group is locally well exposed in the South-
west England region, with good exposures occurring on the north Somerset coast at Blue Anchor, and on the
south coast around Sidmouth. It gives rise to characteristic red soils, which are easily mapped. However, it is
often concealed beneath younger superficial deposits.

The lithological classification of the Mercia Mudstone Group is discussed by several authors including
Warrington et al. (1980); Gallois (2001); Howard et al. (2008), and Benton et al. (2002). Local details are
provided in the 1:50 000 map sheet geological memoirs.

Information regarding the Mercia Mudstone Group is also provided through analysis of a number of deep
boreholes within and not far to the east of the South-west England region, including the Puriton, Seaborough
1, Marshwood 1 boreholes in the region (Figure 3) and the Winterborne Kingston and Chickerell 1 (365729,
082219) boreholes outside the region to the east.

4.2.1.7 UNDIVIDED PERMIAN AND TRIASSIC ROCKS — LSSR

This classification is used only in the offshore area, principally to the south. In south Cornwall and Devon,
the rocks overlie a range of basement rocks largely of Devonian age. Between Torquay and Lyme Regis the
classification includes a wide range of units from basal Permian through to uppermost Triassic in age, which
extend offshore from the coastline. Towards the end of Carboniferous and into the early Permian, on-going
regional scale extension on earlier thrusts and steep faults led to the formation of deposition basins such as
the Plymouth Bay basin which filled up with up to 8 km of Permian deposits (Evans, 1990). This in turn led
to eustatic uplift and unstable conditions at the crust/mantle boundary conducive to granite generation and
magma intrusion at the front of the southerly extending major nappe pile (Figure 16). A southward dip
means the base of this undivided sequence extends to below the upper depth range of interest limit in the
offshore to the south of Cornwall and Devon (Figure 16). Much of the offshore area of Lyme Bay is
underlain within the depth range of interest by this sequence, principally represented by the Mercia
Mudstone Group.
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Figure 16 Depositional basins formed during the late Carboniferous to Permian that filled up with up to 8
km of Permian sediments (Evans, 1990). British Geological Survey © UKRI 2018

Principal information sources

Information regarding the lithology and outcrop of these offshore sequences comes exclusively from a
combination of offshore information used to compile the published BGS 1:250 000-scale offshore bedrock
mapping. This includes seabed grab samples and shallow cores (spaced about 5 km apart across much of the
seabed in the south-west) and limited borehole information. The seabed mapping is supported by
extrapolation from subsurface seismic interpretations (made by the BGS in support of regional seabed and
subsurface mapping), which are also used to provide information on the subsurface thicknesses and structure
of the bedrock units.

Rock type descriptions

Borehole information is very limited in the offshore area, with only a small number of relatively shallow
boreholes providing useful bedrock information. For example, a borehole (number BH74/30 (50-004/184))
within the Lyme Bay outcrop demonstrates red-brown, gypsiferous mudstones to 17.1 m below the seabed.
The offshore outcrop here is, however, continuous with the onshore outcrop, so the lithologies represented
will be as described for the Mercia Mudstone Group.

Another potential occurrence is also in Plymouth Bay, where the northern edge of the Plymouth basin is
within the 20 km limit. The depth to pre-Permian surface map combined with the subsea surface geology
map in Evans (1990), suggests that this interval is within the depth range of interest across Plymouth Bay,
but particularly in the east. There is little information with regards to the lithology of the interval. Borehole
BH74/41, close to the 20 km offshore limit, recorded a red breccia/conglomerate from 2.2 to 20 m below the
seabed, at which depth the borehole terminated.
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4.2.1.8 UNDIVIDED PERMIAN ROCKS — LSSR

The PRTI within this classification is represented principally by the Aylesbeare Mudstone Group (previously
assigned to the base of the Triassic) (Figure 14), occurring stratigraphically between the sandstone-
dominated sequences of the underlying Exeter Group and overlying Sherwood Sandstone Group. The
Aylesbeare Mudstone Group crops out in a broad (5 km wide) swathe, running northwards from the coastline
near Exmouth, passing just to the west of Wellington, and narrowing to the north as the group thins towards
the western side of the Quantock Hills. The group is up to 400 m thick east of Exeter (Edwards and
Scrivener, 1999) and 530 m thick on the south coast (Selwood et al., 1984), thinning to between around 50
and 100 m thick to the west of the Quantock Hills (where it is represented by the Littleham Mudstone
Formation and underlying Vexford Breccias (Edmonds and Williams, 1985)).

The group dips gently to the east towards the Wessex basin, and hence occurs within the depth range of
interest for a broad, approximately 25 km-wide strip as far east as a line passing northwards from Lyme
Regis through liminster. North and east of the Quantock Hills, the group occurs within the depth range of
interest in the Watchet and Bridgwater areas, where it dips northwards away from the Quantocks Hills,
reaching below the depth range of interest as it passes into the offshore. For example, in the Burton Row
Brent Knoll borehole (Figure 3), rocks (sandstones with subordinate mudstones) correlated with these
undivided Permian rocks are encountered at 953 m depth down to the base of the borehole at 1105 m.

Rock type descriptions

Several outliers of the Bussell’s Member, occurring within the Exeter Group beneath the Aylesbeare
Mudstone Group, cropping out just north of Exeter, are also classified within the undivided Permian rocks
category. This member is only in the order of 25 m thick (BGS Lexicon) and comprises reddish mudstones
and fine-grained sandstones. These occurrences are within small (only about 1 km wide) fault-bounded areas
within the east—-west fault-controlled Crediton trough depositional basin. This unit does not descend into the
depth range of interest at any point.

Lithologically the Aylesbeare Mudstone Group is divided locally into two formations: the higher Littleham
Mudstone Formation (up to 275 m thick) and the lower Exmouth Mudstone and Sandstone Formation (up to
255 m thick in the Exeter and south coast district). The former is distinguished through the presence of
sandstone interbeds (up to 30 m thick in places) within the mudstone-dominated sequence. The Aylesbeare
Mudstone Group as a whole is characterised by reddish brown (haematitic) silty mudstones, with the
sandstone units being fine to medium-grained and weakly cemented. The proportion of lithologies within the
Exmouth Mudstone and Sandstone Formation is 2 per cent claystone, 15 per cent silty claystone, 50 per cent
siltstone, 33 per cent sandstone. The Littleham Mudstone Formation is dominated by silty claystone and
siltstone with only minor proportions of sandstone (Edwards and Scrivener, 1999).

4.2.2 Basement rocks

Geological description of the Devonian and Carboniferous PRTIs of the South-west England region requires
an understanding of their overall depositional and structural characteristics. Although broad correlations are
possible in these rocks across the region, their occurrence within a series of variably isolated and fault-
bounded depositional basins (Figure 17) (Leveridge and Hartley, 2006), with varying structural controls on
deposition and variable subsequent Variscan deformation, means detailed stratigraphical correlations across
the south-west based on shared age and lithological characteristics (as is possible with the Mesozoic cover,
for instance) are difficult. Figure 18 shows the progressive rifting of the northern passive margin of the
Gramscatho Basin, showing the formation of separate basins and associated highs and the northerly then
southerly sediment sourcing of the rift basins. Consequently, a complex formational stratigraphy has been
developed for the South-west England region to account for these lateral intrabasin and interbasin variations,
and these form the basis for the following PRTI descriptions. See section 5.2 for a more overview of the
regional tectonic setting of South-west England.

Devonian and Carboniferous rocks across South-west England region within these basins were deformed by
the Variscan Orogeny, which produced an intricate series of thrust nappes with complex folding, cleavage
development and low-grade metamorphism. Related to this orogeny are major igneous intrusions (not least
the regional Permian Cornubian granite batholith) and multiple local-scale intrusions, producing localised
thermal metamorphism.

29



CULM BASIN

T

........

. .
Eddystone Rock Start Point

Land's End 7 0 5,0 km

Mica and amphibolite schists
(Devoninan & older)

Permian and younger

Pennsylvanian Granite (Permian)

- Mississippian - Hornblende Schist
Lizard

Gabbro Ophiolite
(Devonian)

Upper Devonian

Mylor Slate Formation

(Upper Devonian) Serpentinite

Middle & Upper Devonian SP Sticklepath Fault

Gramscatho Group . .
(Middle and Upper Devonian) SM St Mellion Outlier

- Lower Devonian  ------- Basin boundary

- Sub-basin boundary

Figure 17 Geology and location of the main sedimentary basins of South-west England. Modified from
Leveridge and Hartley, 2006. © Geological Society of London.

The main PRTIs represented in the Devonian and Carboniferous sequences are, therefore, in the HSR
category, represented by the more significant ‘slaty mudstones’ formations of the basinal sequences
(Sections 4.2.2.3 t0 4.2.2.6). Along with this, there are significant occurrences of HSR PRTIs relating to the
intrusive igneous rocks from Palaeogene to Devonian in age (Sections 4.2.2.1t0 4.2.2.2 and 4.2.2.7 to
4.2.2.9). HSR PRTIs are described below in descending stratigraphical order, in agreement with Table 3.

A general lack of useful deep borehole information and subsurface geophysical information means that only
a low level of confidence can be placed in the subsurface assessments for Palaeozoic rocks in the region. The
few deeper boreholes that do occur do not provide detailed information on the principal stratigraphical
boundaries within the Palaeozoic sequences. Thicknesses and depths for concealed formations are generally
based on extrapolation from surface outcrops, in particular the well-exposed coastal sections. The confidence
in these extrapolations is further reduced owing to the significant structural complexity of these rocks,
including complex folding and thrust faulting.
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