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Executive summary

This report presents the results of a geological mapping
and earth science research project carried out by the British
Geological Survey (BGS) in the Afon Teifi catchment. The
work was undertaken between 1995 and 1997, and was co-
funded by BGS, Carmarthenshire County Council, Cyngor
Sir Ceredigion, Pembrokeshire County Council and the
Environment Agency (Wales). The principal aim was to
provide up-to-date geological maps, and report on
geological factors relevant to planning and development.

The report summarises previous geological work in the
area, and provides a description of the geology and
geomorphology of the region based on the mapping. The
report focuses on the description and inferences, that can be
drawn from six thematic maps, designed to address the main
issues relevant to land use in the area. The maps are for use
by planners and engineers, and should be used with reference
to relevant sections of this report. The maps are as follows:

Thematic Map 1: Drift deposits

Thematic Map 2:  Solid geology

Thematic Map 3: Mineral deposits and surface mineral

workings

Thematic Map 4: Engineering properties

Thematic Map 5:  Hydrogeology and flood limits

Thematic Map 6: Landslips and slope steepness

Copies of the report and maps can be obtained from the
British Geological Survey, Kingsley Dunham Centre,
Keyworth, Nottingham NG12 5GG. Archival data are held
at the same address.

Limitations

This report aims to provide a general introduction to the
geological factors relevant to planning and development in
the Afon Teifi catchment, and background information
essential for desk studies and site investigations. The report
and associated thematic maps provide information, which
is interpretive, of variable quality and unevenly distributed.
Other data may exist, which was not available to the
project, which would have added to the information shown
on the maps and included in the report.

This report, and associated maps, provides only
general indications of ground conditions and must not
be relied upon as a source of detailed information about
specific areas, or as a substitute for site investigations
or ground surveys. Users must seek appropriate
professional advice and, if necessary, carry out site
investigations and ground surveys, to ensure that
ground conditions are suitable for any particular land
use or development.

The study area

The mapped area (Figure 1) is of irregular outline,
reflecting the form of the Teifi valley and its tributaries. It
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extends from Cemaes Head, on the Cardigan Bay coast,
37 km inland to Ffos-y-ffin, 2 km east of Lampeter; and
from Ferwig, Blaenannerch and Aberbedw, in the north, to
Cwmorgan and Pencader, in the south, covering over
300 km? of the catchment. About sixty percent of the
project area lies in the county of Ceredigion, thirty percent
lies in Carmarthenshire and the remaining ten percent in
Pembrokeshire. The area is predominantly rural, with
agriculture and tourism dominating the local economy. The
principal towns of the region are Cardigan, Newcastle
Emlyn, Llandysul, Llanybydder and Lampeter, which are
the main sites of light industry. The westernmost part of the
project area lies within the Pembrokeshire National Park.

Sources of information

The information used in this study was acquired from
numerous sources. The project area was geologically
surveyed at 1:10 000 scale and the resulting geological
maps underpin many of the thematic products of the
project. Additional sources of information were aerial
photographs, borehole and trial pit records, site
investigation data, hydrogeological and hydrological data,
and library references. Lists of some of these data sources
are provided.

Geology

The solid rocks (bedrock) of the catchment comprise a
sedimentary succession, over five kilometres thick,
dominantly composed of mudstones, with some siltstones
and sandstones. These rocks were deposited between 450
and 420 million years ago, during the Ordovician and
Silurian periods. They were subsequently folded, faulted
and uplifted during the Caledonian Orogeny.

Over much of the area, solid rocks are overlain by
poorly consolidated drift (superficial) deposits. These
comprise Quaternary glacial deposits, including till
(boulder clay), glaciofluvial sand and gravel and
glaciolacustrine clays and silts, as well as periglacial or
post-glacial deposits such as head, peat, alluvium, alluvial
fan deposits, river terrace deposits and tidal river deposits.
Drift deposits locally exceed 70 m in thickness, but such
cases are restricted to buried valleys. Man-made deposits
locally overlie both the bedrock and drift deposits.

Details of the nature and thickness of the natural drift
and artificial (man-made) deposits, and the solid rocks, are
presented in sections of the report covering Thematic Maps
1 and 2 respectively.

Mineral resources

The distribution of potential bulk mineral deposits, and
sites of active or disused workings in these materials are
shown on Thematic Map 3. Sand and gravel deposits are
widespread and may be an important regional resource.
They have been accurately surveyed and both good and
poor quality materials have been distinguished. Planning
factors which may limit their exploitation have not been




assessed. Glaciolacustrine clay deposits were formerly
worked as brick clays and for mixing with coal dust in the
manufacture of inferior fuel. They have been used, and
may have economic potential as, a lining agent for landfill
sites. The solid rocks of the area are a source of building
stone, roadstone and rock fill.

Engineering ground conditions

The report discusses the nature and properties of the
common engineering soil types and solid rocks in the
project area. The distribution of these materials together
with a summary of their engineering properties are shown
on Thematic Map 4. Potentially difficult ground conditions
may result from areas of soft ground associated with some
drift deposits, including glaciolacustrine clays, alluvium and
peat, and with the weathering of bedrock. The suitability of
bedrock and superficial deposits as foundations, as
engineered fill and their excavatability are discussed. The
report summarises measures required to identify potential
problems and to permit safe development of sites.

Hydrogeology and flood limits

The report presents data on the physical and chemical
properties of groundwater within the catchment, and discusses
issues associated with the abstraction and quality of both
surface water and groundwater. The nature and distribution of

viii

the principal aquifers and their vulnerability to pollution are
addressed on Thematic Map 5. The floodplains of the Afon
Teifi and its tributaries have been mapped in detail and, in
conjunction with data provided by the Environment Agency,
provide a framework for both assessing and managing flood
risk throughout the catchment.

Landslips and slope steepness

Landslips were systematically mapped and their
distribution is shown on Thematic Map 6, together with
slope steepness data. There is, on average, only one
landslip per square kilometre. Steep slopes in superficial
deposits have the highest potential for slope instability.
Nearly half the mapped landslips are associated with
Glaciolacustrine clay deposits. About a third of the
landslips mapped are currently active. This report
identifies the principal factors leading to landslips, and
indicates measures which should be undertaken to ensure
that future development does not cause slope failure.

References, glossary and appendices

This report contains a comprehensive reference list and
glossary of technical terms. Appendices provide information
on borehole and geotechnical data sources, the geophysical
investigations, drilling programme, geotechnical database,
and quarries and bulk mineral workings.



1 Introduction

This report presents the results of a two year geological
mapping and earth science research project, on the Afon Teifi
catchment between Cardigan Bay and Lampeter. The work
was equally funded by the British Geological Survey (BGS)
and a consortium of local authorities, and the Environment
Agency (Wales). The project was initiated prior to the recent
reorganisation of Welsh local authorities, at which point, it
was funded by Carmarthen, Ceredigion and Preseli
Pembroke district councils, and the former Dyfed County
Council. Following reorganisation, local authority funding
was provided by Carmarthen County Council, Cyngor Sir
Ceredigion and Pembrokeshire County Council.

1.1 BACKGROUND TO THE PROJECT

Recent research in the USA (Bernknopf et al., 1993) has
demonstrated that modern geological maps, in facilitating
cost effective resource and waste management, site
investigation and road and building design, can result in
savings to both the public and private sectors, amounting to
four times the cost of the survey itself, within a five year
period following publication.

The relevance of geological maps to land use planning
and development is given formal recognition in the
planning guidance notes issued by the Department of the
Environment on minerals and unstable land (Department of
the Environment, 1989; 1990), and in the scope of its earth
science research programmes. Over the last decade these
have included several BGS geological mapping projects in
the industrialised regions of Wales and England. The aim
of these projects was to develop map-based products and
databases, designed to present geological information in a
form tailored to the needs of local authorities. Areas in
Wales for which BGS has produced such thematic (or
environmental) maps include the Bridgend district (Wilson
and Smith, 1985), Deeside (Campbell and Hains, 1988)
and the Wrexham urban area (Hains, 1991). The Bradford
area (C N Waters et al., 1997) is one of several comparable
examples in England.

Geological maps provide data on ground conditions
which is essential for safe, cost effective site investigation
and construction. They locate potential sand and gravel,
hard rock aggregate and other mineral resources, they
delineate flood-prone land, and they identify geohazards
such as landslips and mine entrances. Geological maps are
valuable to hydrogeologists in locating sources of
groundwater and in assessing the susceptibility of local
aquifers to pollution, thus providing data vital to effective
waste management. They are also used by the Welsh
Office, Agriculture Developmemt and Advisory Service
for the categorisation of agricultural land. Therefore,
geological maps and accompanying geological and
geotechnical reports provide a framework for effective land
use planning and development; this is as necessary in rural
areas as it is in urban and industrialised regions.

The project area falls within a broad sector of central
Wales for which the only systematic geological maps
previously available, date from reconnaissance surveys,

undertaken at the one-inch scale during the middle of the
nineteenth century. These maps fall well short of modern
user requirements in that they fail to depict features such as
drift deposits, landslips, many solid rock divisions, mineral
workings, waste tips and flood-prone land. However,
recent events in the region, such as the St Dogmaels
Landslip, ground instability in Newcastle Emlyn, the 1987
flood of the upper reaches of the Teifi valley, and contested
planning applications for mineral aggregate extraction and
waste disposal sites, have highlighted the urgent need for
detailed, up-to-date geological map coverage.

In 1994, the BGS put forward a costed proposal to survey
part of the Afon Teifi catchment, inviting contributions from
the local authorities and the Environment Agency (Wales),
then the National Rivers Authority. The scope and area of the
proposed survey reflected a combination of scientific,
geographical and political factors. It encompassed the
predicted distribution of certain categories of superficial
deposits, so as to address the land instability problems
identified by all three local authorities in their regions. It
offered an early opportunity to assess potential sand and gravel
resource areas around Cardigan and Lampeter, identified in the
recent Department of the Environment/Welsh Office
commissioned appraisal of sand and gravel resources in South
Wales (Crimes and Lucas, 1992). Studying the majority of a
catchment meant that the project fitted in with the river
catchments initiative of the Environment Agency. Critically,
the inclusion of parts of three local authority regions within the
proposed survey area allowed the costs of the project to be
shared. The local authorities agreed to cofund the project in
1995; the Environment Agency (Wales) offered funding in
1996.

1.2 OBJECTIVES

The principal aims of the project were three-fold:

e To geologically survey the designated area at 1:10 000
scale and to present this data in the form of BGS
1:25 000 scale geological maps.

¢ To provide the earth science information resulting from
the project in a form understandable to non-geologists
in the local authorities, the Environment Agency and
other interested bodies. This was to be achieved by:

i A series of thematic maps, designed to present
aspects of the geological data in ways which address
particular landuse issues such as mineral planning,
ground instability, engineering conditions and
aquifer vulnerability.

ii An explanatory Technical Report which, in addition
to providing general planning guidance, was to
address specific geological issues which were of
concern to the local authorities and the Environment
Agency in the Teifi valley. In formulating these
products, the project was to build on the example of
earlier BGS/Department of the Environment studies
in support of local land use planning in Wales and
England.



¢ To provide a modern geological framework for the region,
which would underpin any future scientific or applied
research into the geology, engineering geology and
hydrogeology by private or public sector organisations.

1.3 PROJECT AREA

The area specified for geological survey was that part of
the Afon Teifi catchment which lay below the 120 m
contour, an area of around 250 km? (Figure 1). For
practical reasons, substantial areas above 120 m were also
surveyed, so that at the completion of the project,
geological maps for over 300 km? of the catchment had
been produced. The mapped area includes parts of eight
1:25 000 scale Ordnance Survey maps. It extends from
Cemaes Head, on the Cardigan Bay coast, 37 km inland to
Ffos-y-ffin, 2 km east of Lampeter; and from Ferwig,
Blaenannerch and Aberbedw, in the north, to Cwmorgan
and Pencader, in the south. It ranges from low water mark
in the Teifi Estuary to a high point of 220 m at Coedeiddig,
to the south of Cwmann. About sixty percent of the project
area lies in the county of Ceredigion, thirty percent in
Carmarthenshire and the remaining ten percent in
Pembrokeshire. The area is predominantly rural, with
agriculture and tourism dominanting the local economy.
The principal towns are Cardigan, Newcastle Emlyn,
Llandysul, Llanybydder and Lampeter and these are the
main sites of light industry in the region. The westernmost
part of the project area, between Poppit and Cemaes Head,
lies within the Pembrokeshire National Park.

1.4 METHODOLOGY AND SOURCES OF
INFORMATION

The main investigative procedures used during the project
were:

Ground surveying

The whole of the project area was geologically surveyed at
1:10 000 scale. This involved the logging of natural and
temporary exposures in both solid rocks and superficial
deposits, and the detailed surveying and interpretation of
landscape features with the aid of aerial photographs. Hand
augers were used as an aid to delineate and categorise
superficial deposits. Data gathered during the field survey
was recorded on 1:10 000 scale field slips, which will
eventually be archived, and made available for inspection
at the BGS National Geoscience Records Centre (NGRC),
Nottingham.

Collection and databasing of borehole, trial pit and
geotechnical data

Although such data considerably enhance the
understanding of subsurface geology, they are generally
sparse in rural areas. Prior to the initiation of the project,
the number of borehole and trial pit records held by the
NGRC for the project area totalled 71, while the number of
site investigation reports numbered seven. By actively
seeking data from the local authorities, from public bodies
including Welsh Water and the Environment Agency, and
from site investigation companies and geotechnical
consultants, the borehole and trial pit database has been
expanded to 278 items, and the site investigation reports

to 40. Even so, the distribution of data within the area is
very uneven, being concentrated in areas where
development has already occurred, in the towns and along
major roads. Lists of geotechnical reports and borehole
information obtained for the catchment area are given in
Appendix 1, and geotechnical testing results are collated in
Appendix 4. Data on groundwater sources and flooding
was provided by the Environment Agency.

Review of scientific and geotechnical literature

A comprehensive literature search of published scientific
and technical sources has been undertaken. Pertinent,
unpublished PhD and MSc theses were also examined. A
comprehensive bibliography is provided at the end of this
report.

Geophysical investigations

A total of eight gravity and 14 resistivity traverses have
provided data on the depth and fill of abandoned and
buried segments of the Teifi Valley between Cardigan and
Rhuddlan. An account of these investigations is provided
in Appendix 2.

Drilling

Two cored boreholes have been drilled to investigate the
fill of the abandoned segments of the Teifi valley, to
provide calibration for the geophysical traverses, and to
provide material for engineering testing. The BGS
Cardigan No.1 (Llwynpiod) Borehole [1786 4769], west of
Cardigan, proved a sequence of superficial deposits 79 m
thick. Rockhead in the borehole was at -38.7 m OD. The
BGS Cardigan No.2 (Pen-y-bryn) Borehole [1759 4284],
west of Cilgerran, penetrated 68 m of superficial deposits
with rockhead at -29.3 m OD. Details of the drilling
methods and results are given in Appendix 3.

Groundwater sampling

Over 50 spring, well or borehole sites were sampled for
chemical analysis of groundwaters. Physical measurements
of water table surfaces and data on rates of flow were also
obtained.

1.5 PRESENTATION OF RESULTS

The results of the project are presented in two parts: a
series of geological maps, and a technical report, including
a set of thematic maps for use in land use planning and
development

Geological maps

The results of the geological mapping are included on eight
1:25 000 scale geology maps comprising parts of the
following Ordnance Survey sheets:

SN 14
SN 34

SN 23
SN 43

SN 24
SN 44

SN 33
SN 54

These maps display much of the complex primary
geological data from which the thematic maps are derived.
They constitute part of the published BGS large scale
geological map coverage of the UK landmass. Copies can



be ordered from the British Geological Survey,
Kingsley Dunham Centre, Keyworth, Nottingham,
NG12 5GG.

Technical Report

This report provides a comprehensive review of
earlier scientific and geotechnical studies of the
solid rocks and superficial deposits of the region. It
describes the geology of the surveyed area and
summarises the scientific findings of the survey.
However, it focuses principally on the description
of the six 1:50 000 scale thematic maps. These
maps are designed to highlight aspects of the
geology, which have a direct bearing on land use
planning and development in the Afon Teifi
catchment. The topics addressed by these maps are:

Drift deposits

Solid geology

Mineral deposits and surface mineral workings
Engineering properties

Hydrogeology and flood limits

Landslips and slope steepness

1.6 USES AND LIMITATIONS OF THE
DATA

This report, and associated maps, provides only a
general indication of ground conditions and must
not be relied upon as a source of detailed
information about specific areas, or as a
substitute for detailed site specific investigations
or ground surveys. Users are advised to seek
appropriate professional advice and, if necessary,
carry out site investigations and ground surveys,
to ensure that ground conditions are suitable for
any particular land use or development.

This report and its thematic maps are intended to
provide general information on earth science factors
which are relevant to land use planning and
sustainable development in the Afon Teifi region.
Much of this information is interpretative and is based
on data of variable quality and uneven distribution.
The report reflects the limitations of that data. All
boundaries shown on the various maps should be
regarded as approximate. Whilst every effort has been
made to collect a representative range of relevant data,
some information may not have been accessed.
Localised or anomalous features and conditions may
not be represented in the data. No information made
available after 31st March 1997 has been taken into
account. New information is continually being
acquired, and users of the report and maps are advised
to check carefully for additional relevant information,
particularly when considering the characteristics and
suitability of specific sites.

This report and thematic maps are mainly aimed
at the non-geologist. However, the use of some
specialist geological terms has been necessary, and
a glossary of these is provided. The individual
thematic maps assume some specialist planning or
technical knowledge. Each map has only a limited
key, and it is essential that the maps are used in
conjunction with the appropriate section of the
report, where more detailed descriptions are
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provided, and where the limitations of the information
portrayed are more fully assessed. Though the report and its
thematic maps are intended to provide stand-alone
information for use in land use planning and development,
they should also be seen as components of a more detailed
and extensive BGS database, which should be consulted in
the course of site specific investigations. This database
includes all the primary material from which the report and
maps are derived, including geologist’s field slips, locality
descriptions, borehole, trial pit and geotechnical data,
borehole core, rock samples and geophysical information.
These data are held in the NGRC, at BGS Keyworth and,
with the exception of material donated on a confidential
basis, are available for inspection by prior arrangement.
Primary hydrogeological data are held at BGS Wallingford.

The co-operation of all those who supplied data is gratefully
acknowledged.

All National Grid References in the report lie within
the SN 100 km square. Grid references are either given
eight figures (accurate to within 10 m) for specific sites,
or six figures (accurate to within 100 m) for general
locations.

The report presents the views of the authors, which
may not necessarily be those of the cofunding local
authorities or the Environment Agency (Wales).

Orders for copies of this report or enquiries concerning
it, should be directed either to:

British Geological Survey Sales Desk, Kingsley Dunham
Centre, Keyworth, Nottingham, NG12 5GG. Telephone
0115936 3100.









































































































































































































































































































