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PREFACE

This report is one of two which presents the results
of a survey of the geology of the Great Broughton-
Lamplugh area of Cumbria. This volume, Part 2,
reviews the geological factors relevant to land-use
planing and development. A separate volume, Part
1, describes the geology in detail.

The district is covered by 1:10 000 sheets
NY 03 SE, NY 02 NE and SE and lies within
1:50 000 geological sheets 22 (Maryport) and 28
(Whitehaven). The district was first surveyed at
the six-inch scale by TV Holmes, R Russell and
J C Ward and published in 1892 on the one-inch
scale as Old Series Quarter Sheets 101 NW and
101 SW. Some revision of these sheets was under-
taken in 1894 by J G Goodchild and Sir A Strahan
with assistance by J D Kendall, and new editions
were published in 1895. A detailed resurvey of the
area was carried out between 1921 and 1927 by T
Eastwood and E E L Dixon as part of the full revi-
sion of one-inch sheets 28 and 22. The new maps
were published in 1929 and 1930 respectively as
separate solid and drift editions: sheet memoirs
were issued in 1931 and 1930.

The present survey, which was jointly funded by the
Department of Environment and the British
Geological Survey, revised the geological maps and
prepared thematic maps designed for use by plan-
ners and developers. It was undertaken between
1989 and 1990 by M P Boland (NY 03 SE, NY 02 SE
(part)) and B Young (NY 02 NE, NY 02 SE (part)).

Palaeontological work was undertaken by P J
Brand: R A Monkhouse compiled the section on
hydrogeology, K Ball offered useful advice on radon
and R Musson provided information on seismicity.
Advice and assistance with establishing the com-
puterised database was given by D J D Lawrence
and B Porteous. The maps were drawn by Mrs C
Simpson under the supervision of R Parnaby in the
Keyworth Drawing office of BGS.

The programme managers were D J Fettes (BGS)
and S H Mallett and S Cosgrove (DOE).

We are grateful for much help and valuable infor-
mation provided by British Coal, both the Open-
cast Executive and deep mines North-western
area, Tendley Hill Quarries Ltd, Cumbria County
Council and numerous land owners.

Mrs J Dunkley and Mrs S Clothier are thanked for
preparing the typescript.

P J Cook, DSc

Director

British Geological Survey
Keyworth

Nottingham NG12 5GG



EXPLANATORY NOTES

This report is one of two which describes the re-
sults of a research project funded jointly by the
Department of the Environment and the British
Geological Survey. The objectives of the project
were to provide an up-to-date geological database
for the Great Broughton-Lamplugh area as a foun-
dation for land use and development, effective fu-
ture geological research and the safeguarding of
mineral resources. Part 1 (BGS Technical Report
WA/92/54), available separately, describes the geol-
ogy. The results, with particular emphasis on land-
use planning, are described here. The present
study is the third DOE sponsored applied geologi-
cal mapping project in Cumbria; previous surveys
have covered the Workington and Maryport, and
Dearham and Gilerux areas.

The British Geological Survey has undertaken
these studies as part of the programme to main-
tain its coverage of 1:10 000 scale geological maps
of the UK.

Several centuries of coal mining and, in recent
decades, an extensive search for coal seams which
could be worked opencast, have provided a wealth
of geological data for the district. In compiling this
report and accompanying maps, data from the fol-
lowing sources were collated and interpreted:

¢ a detailed geological field survey at 1:10 000

¢ deep mine coal boreholes and shaft records

¢ deep mine coal abandonment plans

¢ opencast coal prospecting boreholes

¢ opencast coal completion plans

¢ site investigation boreholes, trial pits and re-
ports

¢ existing geological maps

¢ Local Authority data

¢ geological reports and journals.

The type, quantity, quality and limitations of each
of these data sources are discussed.

Computerised databases of borehole and geotechni-
cal information comprising more than 16 000
records (i.e. lines of data) were established. Their
structure and value, both current and potential,
are described in Appendices A and B of this report.
Computer-aided and conventional techniques were
used to produce the 1:10 000 scale standard geolog-
ical maps, the 1:25 000 scale thematic maps and
the accompanying reports.

All National Grid references in this report lie with-
in the 100 km square NY. Grid references are
given to either eight figures (accurate to within
10 m), or six figures for more extensive locations.

Each borehole or shaft registered with BGS is
identified by a four-element code (e.g. NY 03 SE/1).
The first two elements define the 10 km square of

the National Grid in which the borehole is situated
(e.g. NY 03); the third element defines the quad-
rant of that square (e.g. SE), and the fourth is the
accession number of that borehole. In the text of
the report the borehole/shaft is normally referred
to by the last three elements alone (e.g. 03 SE/1).

The word ‘district’, unqualified, in this account
means the whole ground covered by NY 03 SE, NY
02 NE and SE.

The maps were constructed in February 1991. No
information subsequent to that date has been
taken into account.

LIMITATIONS

This report and accompanying maps have been
produced by the collation and interpretation of
data from a wide variety of sources. However, the
data are not comprehensive and do vary in quality.
It is inevitable that this will be reflected in the doc-
uments presented; local features and conditions
may not be represented and many boundaries may
be approximate.

CONFIDENTIALITY

Confidential data, chiefly British Coal Opencast
Executive prospecting information, have been
taken into account and used in a generalised way
during the preparation of the geological maps and
this report, but details of specific boreholes are not
individually quoted.

Data used in preparing this report and associated
maps are lodged at the Newcastle upon Tyne office
of the British Geological Survey. (Windsor Court,
Windsor Terrace, Newcastle upon Tyne, NE2 4HB,
Tel: 091-281 7088; Fax: 091-281 9016.) Any en-
quiries concerning these documents should be di-
rected to that office.

The following reports describe the adjoining areas:

BAgrNES, R P, YouNg, B, Frost, DV, and LAND,
DH. 1988. Geology of Workington and Maryport.
British Geological Survey Technical Report

No. WA/88/3.

YouNG, B, and ARMSTRONG, M. 1989. The applied
geological mapping of the Dearham and Gilcrux
area, Cumbria. British Geological Survey
Technical Report No. WA/89/70.



NOTES

Data used in preparing this report and associated
maps are lodged at the Newcastle upon Tyne office
of the British Geological Survey (Windsor Court,
Windsor Terrace, Newcastle upon Tyne NE2 4HB;
tel: 091 281 7088; fax: 091 281 9016. Any enquiries
concerning these documents should be directed to
that office.

The following reports describe the adjoining areas:

Barnes, R P, Young, B, Frost, D V and Land,
D H. 1988. Geology of Workington and
Maryport. British Geological Survey Technical
Report, No. WA/88/3.

Young, B, and Armstrong, M. 1989. The
applied geological mapping of the Dearham and

Gilcrux area, Cumbria. British Geological Survey
Technical Report, No. WA/89/70.

All National Grid references in this report lie with-
in the 100 km square NY. Grid references are
given to either eight figures (accurate to within
10 m), or six figures for extensive locations.

Each borehole or shaft registered with BGS is
identified by a four-element code (e.g. NY 03 SE/8).
The first elements define the 10 km square (of the
National Grid) in which the borehole is situated;
the third element defines the quadrant of that
square, and the fourth is the accession number of
that borehole. In the text of the report the bore-
hole/shaft is normally referred to by the last three
elements alone (e.g. 03 SE/8).

The word ‘district’, unqualified, in this account
means the whole ground covered by the report.



EXECUTIVE SUMMARY: LAND USE PLANNING

Introduction

The Great Broughton-Lamplugh district includes
part of the Cumbrian coalfield and the northern-
most part of the West Cumbrian iron orefield. The
east of the district is underlain predominantly by
limestones whereas the low fells in the south-east
of the district are formed by resistant, older silt-
stones and sandstones which form part of the Lake
District. Exploitation of these rocks, together with
the effects of natural geological processes, has re-
sulted in variable ground conditions throughout
the area. Coal mining has left a legacy of spoil
heaps, underground workings and abandoned
shafts. Areas of variably restored opencast coal
workings, clay pits and quarries for sandstone,
limestone and siltstone also occur. Resources of
coal, limestone, sandstone and sand and gravel re-
main in the district. Natural phenomena such as
limestone dissolution may also lead to ground col-
lapse. Thus the availability of comprehensive, up-
to-date information on the geological environment
is essential for planners, geologists and engineers
when considering both issues relating to ground
stability and future resource development within
the area.

Two sets of maps and accompanying reports have
been prepared.

1. Geology report WA/92/54 with text detailing the
solid and drift geology of the area:
Three geological maps at 1 10 000 scale.

2. Land-use planning report WA/92/55:

A series of nine thematic maps at the 1:25 000
scale with accompanying text detailing geological
factors for consideration in land use planning.

The study was jointly funded by the Department of
Environment and the British Geological Survey
(BGS). The work was carried out by BGS staff at
the Newecastle upon Tyne office. Hydrogeological
information was supplied by BGS Wallingford.

Objectives

1) To produce new geological maps of the area in- .

corporating all available geological information.

2) To collect and organise borehole and mine-plan
data into a database/archive.

3) To identify elements of the geology which are of
particular interest to planners and developers and
to present this information in a form that is under-
standable to those not trained in geology or related
disciplines.

4) To highlight the limitations of interpretations
based on the existing data-set and to indicate the

need for further specialist advice in relation to spe-
cific planning proposals or objectives.

Methodology

The work involved the collation and interpretation
of data from many different sources; a specially
commissioned 1:10 000 scale field geological survey
together with examination of coal exploration bore-
holes, deep mine and opencast coal abandonment
plans, site investigation boreholes and reports, existing
geological maps and memoirs and other archival mate-
rial held by third parties. Computerised databases of
borehole and geotechnical information were established.

Conclusions

The study has produced a comprehensive re-inter-
pretation of the geology of the district. The new
1:10 000 geological maps, 1:25 000 thematic maps,
reports and databases provide a thorough frame-
work for the evaluation of geological issues in land-
use planning and planning decisions. The principal
geological factors highlighted by this work are:

1. Areas of shallow coal mining exist which may
cause stability problems. Many shafts and adits
have been identified within the area, though un-
doubtedly others exist.

2. Large, underground voids related to iron ore
working exist. The behaviour of these voids is diffi-
cult to predict.

3. Made ground and fill is extensive. The variable
nature of these deposits makes prediction of relat-
ed problems difficult. Backfilled opencast work-
ings, quarries and former colliery sites have been
identified. However, smaller quarries and pits un-
doubtedly exist and may cause localised instability.

4. Gas production, either within old coal workings,
natural limestone cavities or from waste within
backfill sites may prove hazardous.

5. Dissolution of limestone may result in surface
instability. This phenomenon occurs on the lime-
stone outcrop and where the limestone is overlain
by mudstones, siltstones and sandstones of the
Hensingham Group.

6. Slopes may prove unstable where these are ste-
pened or undercut by natural erosion or by excava-
tion, or are overpressured when materials are de-
posited or structures built on them.

7. Resources of coal, limestone, and sand and grav-
el exist within the district. These should be taken
into account in forward-planning of land use.
Resources of other minerals such as sandstone also



occur but are unlikely to be of economic signifi-
cance.

This study has attempted to collate and evaluate
all relevant geological data. However the maps and
reports produced should not be seen as an alterna-
tive to a detailed site investigation when planning

a development project. The reader is strongly ad-
vised always to consult primary sources of data.
Where mining is suspected the mine plans and
shaft atlases maintained by British Coal and the
abandonment plans of non-coal mines held by the
Health and Safety Executive should be consulted.
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1 INTRODUCTION

1.1 Geographical setting

Described in this report is a belt of country of some
75 km? lying immediately to the west and south-
west of Cockermouth within the Allerdale and
Copeland districts of Cumbria (Figure 1). This is a
predominantly rural area with population concen-
trated mainly in the comparatively large villages of
Broughton Moor, Great Broughton and Brigham in
the north and in the smaller settlements of
Eaglesfield, Dean, Branthwaite, Ullock and
Lamplugh further south. Scattered farms occur be-
tween the villages.

A varied landscape reflects the diversity of the
underlying geology. The area includes parts of the
eastern margin of the Cumbrian Coalfield, the
northernmost extremity of the west Cumbrian
iron orefield, and extends into the western slopes
of the Lake District fells. The western boundary
of the Lake District National Park lies less than 1
km east of much of the area, although about 2
km? around Lamplugh lie within the National
Park.

The area is drained to the Irish Sea by the River
Derwent and its major southern tributary, the
Marron. The Derwent rises in the central Lake
District draining Derwent Water, Bassenthwaite,
Crummock Water, Buttermere and Loweswater.
The Marron rises about 1 km south-west of
Lamplugh and drains much of the district and the
adjacent western slopes of the Lakeland fells.

The area north of the Derwent valley and much of
that to the south towards Branthwaite and
Lamplugh consists of rolling drift-covered country
with numerous NE-SW drumlin ridges. This land
reaches almost 120 m above OD north of the
Derwent near Broughton Moor: south of the
Derwent altitudes of just over 140 m above OD are
reached between Eaglesfield and Dean. The broad
flat floor of the Derwent valley rises from
32 m in the west to 38 m in the east. Although gen-
erally heavily concealed by drift deposits the out-
crop of the Carboniferous Limestone may be traced
along much of the eastern part of the area from
Brigham, through Eaglesfield to Dean and Ullock.
In places, most notably on Eaglesfield Crag and
near Pardshaw, limestone scars and low crags are
prominent landscape features and such character-
istic features of limestone scenery as swallow holes
and springs are common locally.

South of Branthwaite resistant outcrops of Coal
Measure sandstones give rise to the steep sided
plateaux features of Branthwaite Edge and Dean
Moor which reach altitudes of over 180 and 215 m
above OD respectively. East of Mockerkin and
Lamplugh the ground rises sharply to the north-

western Loweswater Fells at 248 m above OD at
Mockerkin How and 409 m at Owsen Fell.

Apart from the rough upland grazing which char-
acterises the higher ground of Dean Moor,
Mockerkin How and Owsen Fell, much of the area
is given over to pastoral farming with small areas
under arable cultivation.

Three major roads cross the area, the A594
Maryport-Cockermouth, A66(T) Whitehaven-
Cockermouth and A5086 Egremont-Cockermouth.
In addition a complex network of unclassified
roads connects the villages, most of which lie away
from the main roads. A number of railways former-
ly served the area both for passenger and colliery
traffic. All have long been dismantled. The course
of the former Cockermouth-Workington line is fol-
lowed through much of the area by the realigned
A66 trunk road.

In common with much of the Cumbrian Coalfield,
the area has a long history of coal production. All
underground mining ceased many years ago al-
though opencast extraction continues today at the
Fox House site in the north-west of the district,
and opencasting is expected to commence at the
Broughton Lodge site in 1992. Prospecting of fu-
ture sites was underway at a number of sites
throughout the district during the survey.

Iron ore was worked underground at a few places.
Clay ironstone from the Coal Measures was extract-
ed, mainly last century, in the Branthwaite area.
Hematite was mined from the Carboniferous
Limestone near Lamplugh and trials were made
last century for the same ore in the Eaglesfield
area.

Limestone has been extracted from numerous
quarries, with the largest at Broughton Crags,
Brigham and Eaglesfield. Tendley Hill Quarry at
Eaglesfield is the only active limestone quarry in
the district today.

Several sandstone units have provided stone,
mainly for local use, although none has been
worked for many years.

Other mineral products recorded from the district
include very small amounts of sand and gravel and
brick and tile clays, the latter believed to have
been obtained from the Coal Measures. -

With the decline of extractive industries the dis-
trict has resumed its essentially agricultural char-
acter. The former colliery villages-of Broughton
Moor and Great Broughton now serve mainly as
dormitories for Workington, Cockermouth and be-



yond. Greysouthern, Eaglesfield, Dean and the dis-
trict’s other villages are dominantly farming settle-
ments, in some cases with several farms within the
same village. Many of these villages are becoming
increasingly popular as residential areas for the
urban centres of west Cumbria.

1.2 Data Sources

Several centuries of underground coal mining, to-
gether with the recent prospecting for opencast
sites, has provided a wealth of geological data for
the district. In compiling this report and accompa-
nying maps data from the following sources were
collated and interpreted:

a detailed geological field survey at 1:10 000
deep mine coal boreholes and shaft records

deep mine coal abandonment plans

opencast coal prospecting boreholes

opencast coal completion plans

site investigation boreholes, trial pits and reports
existing geological maps

Local Authority data

geological reports and journals

H K K K K K K K %

The type, quantity, quality and limitations of
each of these data sources are discussed in
Appendix A.

Computerised databases of borehole and geotechni-
cal information comprising more than 16 000 records
(i.e. lines of data) were established. Their structure
and value, both current and potential, are described
in Appendix B. Both computer-aided and convention-

al techniques were used to produce the 1:10 000
scale standard geological maps, the 1:25 000 scale
thematic maps and the accompanying reports.

1.3 Presentation of results

The results of the study are presented as a series
of 1:10 000 and 1:25 000 scale maps, the latter
listed in Table 1. Details of the districts’ geology
are described in Part 1 of the report and aspects of
the applications for land-use planning and develop-
ment are presented in this (Part 2) report.

1.4 Planning framework

Town and Country Planning aims to protect and
enhance the environment, ensuring that the need
to provide mineral and water resources, housing
and industrial land is balanced against the need to
conserve landscape, wildlife and historic sites. The
safety of, and impact on, residents is also an im-
portant consideration in development plans.

Land-use and development plans are drawn up
under guidelines set up at several levels. National
policies are outlined in Planning Policy Guidance
and Minerals Planning Guidance documents is-
sued by the DOE. At the local level in West
Cumbria, the Great Broughton-Lamplugh area is
considered within planning documents issued by
Cumbria County Council, the Lake District
National Park, and Allerdale anidd Copeland district
councils. The relevant planning documents affect-
ing the Great Broughton-Lamplugh district are
listed in Table 2.

Table 1 Titles and scope of 1:25 000 thematic maps which accompany this report.

MAP TITLE DESCRIPTION
NUMBER
1 SOLID GEOLOGY Major rock units, named coals, faults
Superficial deposits (recent and glacial), made, landscaped and
2 DRIFT GEOLOGY worked-out ground
3 ROCKHEAD ELEVATION | Contours at 10 m intervals on bedrock surface
4 DRIFT THICKNESS Thickness of superficial deposits, contoured at 5 and 10 m intervals
Areas of known, probable and possible coal mining within 30 m of
5 GROUND STABILITY surface. Extent of known hematite iron ore workings. Extent of area
known to be underlain by limestone. Sites of swallow holes
MADE AND DISTURBED | Areas of artificial ground, landscaped and other disturbed ground.
6 GROUND Location of landfill sites
BOREHOLE AND SHAFT | Locations of boreholes, shafts and adits
7 SITES '
8 g%Eg}?%Ri%'sl‘?gg CES Sij:es of past apd present mineral extraction and extent of potential
(EXCLUDING COAL) mlneral depOSltS
GEOLOGICAL FACTORS )
9 FOR CONSIDERATION Significant elements from individual thematic maps presented together
IN LAND-USE PLANNING




In considering the potential resources which may be
developed in an area and the constraints on this de-
velopment, planners should take account of a num-
ber of geological factors. The principal geological re-
sources are minerals. Planners need to know where
potential mineral resources exist, in order to avoid,
as far as possible, sterilising these, for instance by
allowing built-up development above them.

The influence of development on water supplies,
particularly the potential for contamination, could
be a major constraint on development. Planners
thus require information on sources of water sup-
ply and the interrelationship between these water
sources and the geology.

Other geological factors may influence the feasibili-
ty of safe and cost-effective development. Stability
factors such as subsidence into natural or man-
made cavities, landslipping of natural slopes or of
quarry faces, seismicity and foundation problems
related to various types of made ground may need
to be taken into account by planners.

Similarly chemical affects such as accumulation of
gases, chemical deterioration of building materials
and spontaneous combustion of waste material
may also influence planning or development deci-
sions.

This report outlines the geological resources and
constraints which may be of significance in the
Great Broughton-Lamplugh area. For planning

purposes the report needs to be read in conjunction
with the relevant planning documents listed in
Table 2.

1.5 Limitations

This report and accompanying maps have been
produced by the collation and interpretation of geo-
logical, geotechnical and related data from a wide
variety of sources. However extensive this research
may seem the data are not comprehensive and do
vary in quality. In particular little hydrogeological
or engineering data were available. It is inevitable
that this variation in quality and quantity of data
available will be reflected in the documents pre-
sented; local features and conditions may not be
represented and many boundaries may be only ap-
proximate.

The aim has been to produce a general description
of the geological factors which are relevant to land-
use planning and development. This report and as-
sociated documents can contribute to drafting and
evaluating structure and local plan policies. This
may alert planners, engineers and developers to
opportunities or constraints by highlighting partic-
ular aspects of the geology of the district but they
cannot and should not replace site-specific surveys
aimed at evaluating potential resources or prob-
lems. Users must satisfy themselves, by seeking
appropriate professional advice and by carrying
out ground surveys, that conditions are suitable for
any particular land use or development.

Table 2 1 Department of Environment Documents.
Planning Planning Policy Guidance Notes.

documents PPG1 General Policy and Principles

relevant to the PPG3 Land for Housing

Great Broughton- PPG7 Rural Enterprise and Development

Lamplugh area. PPG12 Local Plans

MPG3 Opencast Coal Mining

Cumbria Coal Local Plan

3 Allerdale District Council
Southern Allerdale Local Plan

North East Copeland Local Plan

Minerals Planning Guidance Notes
MPG1 General conditions and the Development Plan System
MPG2 Applications, Permissions and Conditions

4 Copeland District Council

PPG14 Development on Unstable Land
PPG15 Regional Planning Guidance, Structure Plans and the Content of Development Plans

MPG4 The Review of Mineral Working Sites

MPG6 Guidelines for Aggregates Provision in England and Wales

MPG8 Planning and Compensation Act 1991: Interim
Development Order Permissions (IDOS) — Statutory
Provisions and Procedures

2 Cumbria County Council Documents
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2 GEOLOGICAL SUMMARY

2.1 Introduction

The geology of the district is described in detail in
Part 1 of this report. The following is a very abbre-
viated account of the salient features intended to
provide sufficient background to place in context
the subsequent sections dealing with land-use
planning elements.

The district’s geology may be conveniently consid-
ered in two parts. Firstly those deposits known as
‘solid’. In this area these comprise rocks which
range in age from Ordovician (510-438 million
years old) to Carboniferous (300—320 million years
old). The disposition of the solid formations is
shown in Figure 2 with details of the solid succes-
sion in Figures 3, 4 and 5. Greater detail may be
seen on 1:25 000 scale Map 1 or the three compo-
nent 1:10 000 scale maps which cover the district.

Quaternary or ‘drift’ deposits are less than 18 000
years old and form a discontinuous, generally un-
consolidated layer, up to 20 m thick covering the
solid rocks. The disposition of the drift formations
is shown in Figure 6. Greater detail may be seen
on 1:25 000 Map 2 or the three component 1:10
000 scale maps which cover the district.

2.2 Solid Geology

2.2.1 ORDOVICIAN ROCKS

Rocks of the Skiddaw Group, which is Ordovician
in age, crop out in the east of the district. These
rocks were deposited as turbidity currents (a
‘slurry’ of sediment and water which behaves as a
discrete fluid phase) which flowed along the floor
of the depositional basin. The deposits of turbidity
currents are called turbidites. A complete tur-
bidite will show a change in grain size from coarse
sand at the base of the unit to fine-grained mud at
the top. The ratio of coarse to fine-grained materi-
al in a turbidite changes with distance from the
source of the sediment. The further away from the
source the finer the sediment, as coarse material
will fall out of suspension first.

In the Great Broughton-Lamplugh district the
Skiddaw Group is dominated by siltstones. Mudstones
and occasional sandstones are also present.

2.2.2 CARBONIFEROUS ROCKS

Cockermouth Lavas

The Cockermouth Lavas are restricted in their oc-
currence to a NE-SW trending strip extending
from Papcastle north-eastwards to Bothel. The
lavas are exposed in the bed of the River Derwent
at Stoddart Hole [0986 3113]. The lavas are olivine
basalts. They are vesicular with cavities filled with
both calcite and quartz.

Chief Limestone Group

The Chief Limestone Group is Dinantian to lower
Namurian in age. The Chief Limestone Group can
be divided into seven separate limestone units
named the First to Seventh Limestones (Figure
3). The First Limestone is at the top of the se-
quence and hence the youngest, the limestones
being numbered from the top down in the order
they were reached during exploration and mining
for iron ore. Individual limestone units vary in
thickness from 85 m (Fourth Limestone) to 5 m
(Third Limestone). In the present study area the
Fifth to Seventh Limestones could not be consis-
tently differentiated and thus they are represent-
ed as a single unit on the geological maps.

The limestones show a range of lithologies. Most
are wackestones or packestones of Dunham’s
(1962) classification. No individual limestone unit
is lithologically distinct however, though specific
fossiliferous beds may be recognised within the
Fourth Limestone. The limestones vary in colour
from cream to dark grey. The limestones may be
dominated by either mud or crystalline carbonate
with fossil fragments, dominantly crinoid colum-
nals and brachiopods, present locally. Beds are up
to 1 m in thickness and bedding surfaces are either
planar or wavy; mudstone partings occur between
limestone beds. Chert nodules occur in the Fourth
Limestone.

The individual limestone units are separated by
mudstone or sandstone dominated beds. The thick-
est interval is between the Second and Third
Limestone, which is dominated by thickly bedded
sandstones which have been termed the Orebank
Sandstone. The Orebank Sandstone is up to 15 m
in thickness in the Great Broughton-Lamplugh
district. A sandstone unit also occurs directly be-
neath the First Limestone. This sandstone is called
the Little Whirlstone.

Excellent sections through many of the limestones
may be seen in numerous abandoned quarries and
natural outcrops. The First Limestone is well ex-
posed in the large working quarry at Tendley Hill,
Eaglesfield [088 289].

Hensingham Group

The Hensingham Group occurs between the First
Limestone and the Coal Measures (Figure 4). The
group is Namurian in age. The basal units of the
Hensingham Group are dominantly sandstone and
these beds have been termed the Hensingham
Grit. The Hensingham Grit is exposed in a number
of quarries at Brigham [083 302] where it is a buff
to white, fine- to medium-grained sandstone. The
Hensingham Grit becomes flaggy towards the top
of the exposed quarry faces.
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Figure 3 Generalised vertical
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Above the Hensingham Grit the Hensingham
Group consists of interbedded sandstones, silt-
stones and mudstones, with occasional limestone
and coal beds. A named coal, the Uldale, occurs to-
wards the top of the Group.

Coal Measures

The Coal Measures were deposited in a predomi-
nantly deltaic environment during Westphalian
times. The succession in West Cumbria is up to
350 m in thickness, and is dominated by mudstone,
siltstone and sandstone with occasional coals and
seatearths.

The individual lithologies are as follows:

Mudstone Mudstones are light to dark grey in
colour and have a maximum grain size of less than
0.004 mm. The mudstone may be fossiliferous and
occasionally rich in organic material. They may
contain clayed ironstone nodules. The nodules
form, by diagenetic segregation of siderite which
may be present as a minor constituent of the mud-
stone. Nodules are on average 10-20 cm in size
and, in places, were formerly worked as iron ores.

Sandstones and siltstones Coal Measures
sandstones are normally buff to cream in colour. In
west Cumbria some sandstones high in the se-
quence may locally be red due to secondary alter-

A ——ra——nan SUBCRENATUM MARINE BAND (SbMB)

BRANTHWAITE - LAMPLUGH
— AREA

UDALE COAL

HENSINGHAM GRIT

ation. Sandstones vary from fine to very coarse-
grained. Depending on their mode of deposition
sandstone units may occur either as lenticular bod-
ies tens of metres wide or as laterally extensive
sheets. Individual sandstone units vary in thick-
ness from 1-45 mm.

Seatearths (fireclay or ganister) Seatearths
represent the soil layer on which vegetation grew
and hence they are typically found underlying
coals. Seatearths are generally more persistent
than their associated coals. No relationship exists
between the thickness of the seatearth and of the
overlying coal. Like present-day soils, seat earths
vary in composition. The seatearth may be com-
posed predominantly of sand. When this has devel-
oped a siliceous cement the rock is germed ganis-
ter. Some seatearths are composed of clay. When
these are kaolinite-rich the rock is termed a fire-
clay. Seatearths typically contain abundant
rootlets which have destroyed or disrupted the
original bedding.

Coals Coal seams formed from the vegetation
which grew in swamps on the delta plain. There
are up to 29 named seams in the Cumbrian coal-
field, all of which have been worked by either deep
mining or opencasting. The seams may be up to
3 m in thickness. Individual seams may occur as
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Table 3 Correlation of | \ooRSIDE | DEAN MOOR ASBY COLLIERY | BGS SEAM
local seam names with COLLIERY COLLIERY NOMENCLATURE
seam nomenclature used SR ——
in this report Rough Dean Moor Upper Coal Slaty
Anthony Wiley Bannock Band Ten Quarters
Eighteen Inch Galloway Band Rattler Rattler
Yard Dean Moor Lower Coal | Yard Band Bannock

either single or, where beds of clastic sediment
intervene, as split seams. Splits may be being de-
veloped locally or in some instances over a wide
area. In some cases the individual leaves of the
split seam have been named, e.g. the Main Band is
subdivided into the Cannel, Metal and Crow.

Care must be taken in accepting seam nomencla-
ture from old plans, borehole logs or other data
sources. Both homonyms (different seams being
given the same name, e.g. Yard) and synonyms
(the same seam being given different names e.g.
Slaty and Rough) occur (Table 3).

2.2.3 Structure

Throughout much of the distriet bedding dips gen-
tly (more than 20°) to the west.

The area is heavily faulted. The dominant trend of
the faults is NW-SE with subordinate NE-SW and
east-west striking faults. The majority of faults
have normal displacements, although some strike-
slip (lateral) displacement directions have been
recognised. Normal displacements of up to 350 m
have occurred on some faults, e.g. the Mockerkin
Fault. Open folds developed in conjunction with
the faulting.

2.2.4 Intrusive igneous rocks

A dyke, estimated to be up to 75 m wide, which in-
trudes the Skiddaw Group, has been mapped to the
east of Eaglesfield. The rock is a fine-grained micro-
diorite. When fresh it is light grey to pale fawn in
colour but weathered surfaces are reddish- brown.

2.3 Drift geology

Bedrock is overlain over much of the area by un-
consolidated deposits, usually known as drift. The
drift is of variable thickness and is absent in
places. Here, the bedrock is present beneath a thin
soil profile or is exposed at the land surface. The
upper surface of the bedrock is known as ‘rock-
head’. This rockhead surface corresponds to the
land surface where drift deposits are absent but,
elsewhere, is at a depth equal to the thickness of
the drift. The form of this rockhead surface, as in-
ferred from the logs of boreholes and field observa-
tions, is shown in Figure 7 and in more detail on
1:25 000 scale Map 3. The rockhead surface may be
taken to be the pre-Quaternary landscape, on
which was deposited the mantle of drift deposits.
This surface very broadly mirrors the present-day
land surface, although the form of certain features,
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perhaps most notably the courses of the major
rivers Derwent and Marron, differ slightly; where
drift deposits are absent the rockhead surface obvi-
ously corresponds to the modern land surface.

The overall thickness of drift deposits is shown in
Figure 8 and on 1:25 000 scale Map 4. From this it
will be seen that over much of the district the drift
is less than 20 m thick and there are wide areas,
especially in the east, where drift deposits are con-
sistently less than 5 m in thickness. Drift deposits
are commonly absent from the higher hills espe-
cially in the east and south of the district. In addi-
tion post glacial erosion by the rivers Marron and
Derwent have locally cut through the drift deposits
exposing areas of ‘solid’ rock on the steep valley
sides.

Whereas much of the drift comprises deposits laid
down during or immediately after the last glacia-
tion there are some deposits, e.g. alluvium and
river terrace deposits, which are of more recent ori-

gin.

The following notes provide a brief guide to the
main characteristics of individual drift deposits.
For greater detail reference should be made to the
Geology report.

Till Till or boulder clay is the most widespread
single drift deposit, although good natural expo-
sures are few. The deposit is typically a variable
mixture of clay, sandy clay or clayey sand in which
occur a large number of cobbles or boulders, in
places up to 1.5 m across or even larger locally.
Much of the till appears to be less than 20 m in
thickness although greater thicknesses may be
present south-west of Great Broughton, and near
Branthwaite and Ullock. Thin lenses of sand and
gravel may be present locally within the till.

Glaciofluvial deposits These comprise the
deposits previously mapped as glacial sand and
gravel. They form a belt of discontinuous outcrops
along parts of the Derwent and Marron valleys as
well as a number of comparatively wide spreads to
the north and north-west of Mockerkin. These de-
posits comprise a variable mixture of sands and
coarse to fine gravels. No reliable maximum thick-
nesses are known but the deposits are unlikely to
exceed a few metres. '

Alluvium Belts of alluvium flank most of the
course of both the rivers Derwent and Marron as



KEY

> 300

250-300
200-250
150-200

f 100-150

50-100

0-50

Metres relative to OD.

Contours are at 10m intervals upto 260m,
20m intervals thereafter

Solid rock at or near surface

Worked-out opencastcoal seam
areaorquarry in solid rock
(some quarries are not backfilled)

This figure is a simplified portrayal of 1:25 000 scale map 3
which should be consulted for detailed information

Scale

kilometres

Figure 7 Rockhead elevation map

12



Figure 8 Drift thickness map
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well as some minor streams. These deposits consist
mainly of silts, clays, sands and gravels. Thin beds
of peat or peaty clay may be present locally within
the alluvial deposits.

River Terrace Deposits These have been
identified at a number of places along the rivers
Derwent and Marron. Like the alluvial deposits
they appear to consist principally of silts, sands
and gravels. They may locally be cemented into
comparatively hard deposits by iron and man-
ganese oxides.

Lacustrine Deposits Isolated areas of silty
alluvium which fill enclosed basins, formerly oc-
cupied by small lakes, occur in a number of places
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throughout the district. These deposits are un-
likely to exceed 2 m in thickness.

Alluvial Fan Deposits Small fans, composed
of silts, sands or gravels occur locally where tribu-
tary streams join main valleys. These deposits are
unlikely to exceed 4 m in thickness in the district.

Peat Peat occurs filling shallow enclosed
basins, mainly in the southwest of the district
south of Branthwaite, although small areas occur
elsewhere. In places thin beds of peat or peaty clay
or silt have been recorded within the alluvium.
None of the district’s peat is likely to exceed 1.5 m
in thickness.



3 GEOLOGICAL RESOURCES FOR DEVELOPMENT

3.1 Introduction

At least nine different mineral products have been
extracted from the district. These are described
below, and the sites of workings, and where appro-
priate, the location of the deposits, are delineated
on Map 8 and Figure 9.

An appreciation of the nature and extent of previ-
ous workings is an essential basis for understand-
ing the present and likely future potential of a
mineral. In the following pages the salient features
of the minerals’ occurrence and the history, if any,
of working are briefly described and the resource
potential assessed.

Coal continues to be the region’s most important
mineral product but considerable quantities of
limestone are still produced from the one remain-
ing active limestone quarry. A variety of other min-
erals such as iron ore, ganister, building stone and
sand and gravel, have been produced in the past,
generally in much smaller amounts. There are cur-
rently no permanent workings for any of these.

Resources of these and other minerals may well
exist within the district. The likely extent of these
and, where appropriate, the potential for further
extraction are discussed below. It must be noted,
however, that no systematic assessment of any in-
dividual mineral or deposit has been undertaken
during the present survey.

A brief account of the district’s hydrogeology is in-
cluded in this section. Pollution and the effects of
mining are dealt with in Section 4.

3.2 Coal
3.2.1 OCCURRENCE

Coal seams of economic significance occur almost
entirely within the Lower and Middle Coal
Measures, the combined thickness of which is
about 300 m in the district. Approximately 20 main
seams have provided most of the production. All of
these are known to vary in thickness and quality
throughout the district and they are not all eco-
nomically workable in all places. Minor seams, and
local splits of the main seams, assume importance
locally. In places even the better seams deteriorate
in thickness or quality and locally may have been
either partially or completely removed by washouts
(known locally as ‘nips’). Washouts particularly af-
fect the Main and Sixquarters seams. Shale or dirt
partings adversely affect the quality of some seams

and in places may render them uneconomic. Pyrite

(FeS,), present in abundance in some seams, e.g.
the Brassy, is an undesirable contaminant espe-
cially in view of the increasing demand for low sul-
phur coal.
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Most of the Cumbrian seams yielded bituminous
coals of high volatile content and with strong cak-
ing properties, perhaps best described as ‘general
purpose’ coals. They were well suited to coking, gas-
making, steam raising and household use. Few re-
cent analytical data have been published although
Taylor (1978, p.185) notes that volatile contents cal-
culated on a dry ash-free basis vary from 32 to 39
per cent. Jones (1957, pp.83-84) gave brief descrip-
tions of the characteristics of Cumbrian coals.

3.2.2 HISTORY OF EXPLOITATION

The Cumbrian Coalfield, of which the present dis-
trict forms part, has had a long history as a coal
producer. Documentary records exist of coal work-
ing from the mid-sixteenth century. The heyday of
coal mining was during the latter half of the nine-
teenth and first half of the twentieth centuries.
The large reserves of coking and steam raising coal
combined with the nearby abundance of high grade
hematite iron ore, formed the basis of the heavy in-
dustrial economy of west Cumbria. The district de-
scribed in this report also include the northern-
most part of the west Cumbria iron ore field. A
considerable portion of the coalfield’s output was
exported through the formerly large coal handling
port of Maryport.

The history of coal mining in Cumbria has recently
been traced in detail by Wood (1988).

An outline of coal mining methods employed in the
area is given in section 4.2.1 of this report.

The date of the earliest coal working within the
district is not known. Almost certainly the earliest
workings were open pits and small adits driven
into a seam outcrop from a valley side or other con-
venient point. The earliest shaft mining consisted
of bell pits. These were unlikely to have exceeded
15 m in depth. From these an area of coal, perhaps
little more than 20 m wide, was extracted before
the pit was abandoned and a new one sunk nearby.
Although the areas of working from these early op-
erations were comparatively small, it is likely that
rates of extraction were high with, in places, rela-
tively little coal left unworked.

As mining techniques advanced workings became
larger and more systematic. Progressively deeper
seams became workable, especially as better
pumping and ventilation methods were adopted.
The pillar and stall system was widely practised
with extraction rates of up to 50 per cent. Panel
working was probably introduced into some col-
lieries early in the nineteenth century. This
method, which enabled a greater level of extraction
to be achieved, commonly involved reworking or
‘robbing’ earlier pillar and stall workings. The
longwall system eventually replaced these earlier
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methods allowing the highest rate of coal recovery.
This was the method almost universally adopted in
the final years of underground mining. Deep min-
ing came to an end in the district with the aban-
donment of Dean Moor Colliery in 1951 (Table 4).

The increased demand for coal during World War
1T gave impetus to exploration for opencast coal. A
considerable amount of investigation was under-
taken in Cumbria but production did not begin
within the present district until 1958 at the
Broughton Moor site. Since then several large
sites have been worked in the northern part of the
district around Broughton Moor, as well as in the
southern part of the coalfield (Table 5).

Opencast coal is won both from virgin seams and
virgin areas of seams worked elsewhere. Much of
this coal comes from seams high in the Coal
Measures sequence. Reworking of ground, previous-
ly mined by underground methods, is also impor-
tant.

Considerable tonnages of coal have been won from
blocks of coal left either as pillars in old workings
or as unworked areas between collieries or within
unworked districts of collieries. Opencast mining is
currently (1991) in progress at the Fox House
North-west [053 332] and Fox House South [065
327] sites.

Prospecting for further reserves of economically re-
coverable opencast coal has been undertaken
throughout much of the coalfield including the pre-
sent district.

Most of the coal won from opencast operations in
Cumbria is currently transported by lorry to a cen-
tral stock yard, blending and despatch facility adja-
cent to the railway at Maryport. From here it is dis-
tributed to its various markets by road, rail and sea,
the latter via Workington harbour. In 1988-1989 the
destinations for Cumbrian coal were as follows:-

Power stations ........cccccvvvveeeienns 44%
Export via Workington

— mainly for cement

manufacture in Ireland ............. 34%

Collieries — for blending

with coal produced from

deep collieries in the

Manchester area ........cccceeeeneeen. 16%
Local industry .....ccccceveeveveecnneennn 6%

3.2.3 RESOURCE POTENTIAL

Despite the long history of coal extraction, further
resources exist within the district. Included here
are blocks left unworked during previous mining
for a variety of reasons such as seam thickness or
quality, or structural position within a colliery or
royalty area. Substantial quantities of coal are
likely to be present as pillars and similar residual
blocks left as support during previous mining.

Under the present and foreseeable future economic
climate any resumption of underground mining for
coal within the district is very unlikely. There is,
however, considerable scope for opencast extrac-
tion, though the viability of any proposal will of
course be dependent upon a broad range of eco-
nomic conditions.

:‘,Iz‘:ll(l;lien‘lthel\glilsl’frsigg?v}i]ti COLLIERY and individual shafts or sections Date of abandonment
dates of abandonment. OUTFIELDS; Alice Nos 1 and 2 1921
(NB The date of abandonment | BROUGHTON MOOR: Bertha, Nos 1, 2 and 3 1925
on which abandonment plans Henry, Engine Unknown
were deposited is Mary 1871
not necessarily the date of Brough, Standingstone Unknown
cessation of mining.) ROAD END 1846
FOLLY 1889
DOVENBY 1894
DOVENBY CLOSE 1891
BUCKHILL 1932
MELGRAMFITZ: Mary, Whittaker 1880
MOORSIDE 1899, 1943
BRANTHWAITE 1923
DEAN MOOR, Nos. 1 and 2, 1951
Bird 1931
ASBY 1908
FORTUNA 1934
LOWTHER 1894
LONSDALE 1894
GREYSOUTHEN: George, Hope 1823
Engine, Nepgill, Newbanks 1960
Mary Unknown
LAMPLUGH 1880
CLIFTON: Little Clifton, Lowther, Nepgill, Stainburn 1960
HARRYGILL: Bridgefoot Unknown
CROSSBARROW: Chapel Brow, Lowther Close Unknown
IRON ORE MINES and individual shafts
LAMPLUGH: Coronation, John Wood, 1931
Winnah and Murton




Table 5 Open cast sites within the district

B

roughton Moor
Blooming Heather plus extensions D and D1
Blooming Heather extensions E, F, G and H

Woodside completed 1982
Low Close - Foxhouse completed
Foxhouse South active
Foxhouse North West active
Broughton Moor (new site) active

completed 1959
completed 1969
completed 1974

At the time of writing (April 1991) opencast mining
is under way at two sites in the north of the dis-
trict (see above), while planning application has
been made for a future site at Lostrigg south of
Little Clifton and prospecting has been carried out
at other sites.

Planning and environmental factors concerning fu-
ture coal working in Cumbria are discussed in
Cumbria Coal Local Plan (Cumbria County
Council: 1989).

The general location of coal resources can be de-
duced from a study of the 1:25 000 maps which ac-
company this report, the three component 1:10 000
scale geological maps and Part 1 of the report
which contains notes of seam thicknesses and
other characteristics.

3.3 Limestone

3.3.1 OCCURRENCE

Limestone is the district’s second most important
mineral product after coal. Much of the Lower
Carboniferous (Dinantian) and lower part of the
Namurian sequence consists of limestone. Wide
outcrops of limestone extend almost continuously
from north to south across the district, although a
variable thickness of drift deposits, mainly till or
boulder clay, conceals much of this. Within those
areas which are drift free, or which have only a
comparatively thin drift cover, old limestone quar-
ries are often conspicuous. These range from small
pits which provided small quantities of stone for
local use, either for building or lime burning, to
much more extensive workings which supplied
limestone for a variety of end uses, mainly outside
the district. One large quarry, at Tendley Hill [088
289] is still working.

Small quarries exist in all of the district’s limestone
units though large scale production has come main-
ly from the First Limestone with significant though
smaller quantities from the Fourth Limestone. The
distribution of drift-free limestone outcrops and
limestone quarries is shown on Map 8.

3.3.2 HISTORY OF EXPLOITATION

The earliest local uses of limestone were for burn-
ing to produce quicklime and mortar. Appreciable
quantities were also employed locally in drystone
walling. Very little was employed as building
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stone; the relatively abundant and more easily
dressed sandstones were preferred for this pur-
pose. With the rise of iron smelting during the last
century the sharp increase in demand for lime-
stone flux was met by many quarries in west
Cumbria. In the present district large quarries de-
veloped at Broughton Crags, in the First and
Fourth Limestones and around Brigham and
Tendley Hill in the First Limestone. In addition to
limestone flux the Brigham quarries had kilns for
the production of quicklime.

At the district’s sole surviving limestone quarry at
Tendley Hill [088 289] the full thickness of the
First Limestone is worked entirely as a source of
aggregate and roadstone, the quarry having a tar-
coating plant. Overburden is small and, subject to
land and mineral ownership and planning con-
straints, considerable reserves of limestone remain
to be worked.

3.3.3 RESOURCE POTENTIAL

No systematic study of limestone composition or
properties has been undertaken during this sur-
vey. Considerable resources of limestone which
could provide future sources of aggregate and
roadstone may be identified both in the First
Limestone and in parts of the lower units. No
deposits of high purity limestone suitable for
chemical manufacture are known within the dis-
trict.

Apart from planning and environmental considera-
tions, the establishment of new limestone quarries
or extensions to existing quarries is dependent
upon rock quality, overburden thickness and local
geological structure.

3.4 Sandstone: Building stone

3.4.1 OCCURRENCE

Sandstones form an important part of the Coal
Measures, Hensingham Group and Chief
Limestone Group sequences. A variety of sand-
stone types are present. Some have been worked in
the past, mainly for building stone. A smaller
quantity of the siliceous sandstone known as ganis-
ter has also been worked from Coal Measures
sandstones for use as refractories (see section 3.5).

The distribution of drift-free sandstone outcrops
and sandstone quarries is shown on Map 8.



3.4.2 HISTORY OF EXPLOITATION

Although many of the small sandstone quarries no
doubt provided only comparatively small amounts
of stone for local use such as farm building con-
struction and dry stone walling, a few quarries pro-
duced freestones of sufficient quality to be market-
ed outside the district. No sandstone has been pro-
duced from the district for many years.

The most important and largest sandstone
quarries were those at Broughton Crags [090 318]
and Brigham [083 302]. The Orebank Sandstone at
Broughton Crags is a medium-grained rock in
which cross-bedding is locally conspicuous. At
Brigham Quarries the Hensingham Grit which is
here a medium- to coarse-grained thickly bedded
sandstone has been worked in several large pits.

No production figures are available for either of
these groups of quarries though clearly a consider-
able amount of stone was produced. The date of the
workings is unknown.

Smaller quarries for building stone were worked
on Branthwaite Edge [0595 2290 and 0644 2287]
on the hillside above Moorside Colliery [0528 2170]
and at Salter Park [0585 2008]. These quarries
worked a medium- to coarse-grained pink Coal
Measures sandstone. The precise stratigraphical
position of these sandstones, which were termed
Whitehaven Sandstone in earlier accounts of the
district’s geology, is discussed in the Geology report.

3.4.3 RESOURCE POTENTIAL

The sandstones of the district are unlikely to be at-
tractive to the modern dimension stone trade and a
resumption of quarrying for building stone is very
unlikely. Some sandstone may be saleable as
crushed rock produced as a by-product of coal or
limestone working.

3.5 Sandstone: Ganister

3.5.1 OCCURRENCE AND HISTORY OF EXPLOITATION

Siliceous sandstone or ganister was formerly
mined from the Sixquarters Rock at Branthwaite
Colliery [059 253]. Much of the output from these
workings consisted of wet and dry ground ganister
made from a mixture of the ganister and fireclay
which was also worked here (see Section 3.6 below)
(Anon, 1920B, p.15-16).

Other ganister sandstones are present with the
Coal Measures, Hensingham Group and locally
within the Chief Limestone Group of the district.
There are however no records of any production
from these.

3.5.2 RESOURCE POTENTIAL

Future working specifically for ganister is unlikely
though some production may be possible as a by-
product of opencast coal working.
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3.6 Brick Clay and Fireclay

3.6.1 OCCURRENCE AND HISTORY OF EXPLOITATION

Bricks, tiles, refractory and sanitary products
were formerly manufactured in the district from
locally worked raw materials. Refractory bricks of
various types and sanitary ware were made at
Broughton Moor Brickworks [0536 3365].
According to Vol. 14 of the Special Reports on the
Mineral Resources of Great Britain (HMSO,
1920A, p.12) the clay was obtained from the
seatearth of the Fireclay Band Coal though
Eastwood (1930, p.1260) states that ‘clay shales
from about the horizon of the White Metal Band’
were used. Building Bricks were also produced
from the seatearth clay beneath the Little Main
Seam of Bertha Pit [0626 3336]. This clay is said
to have been ‘very oily’ when mined and to have
been allowed to weather for long periods before
being used for brick making (Anon, 1920A). Some
fireclay was formerly produced, together with gan-
ister, from Branthwaite Colliery [059 253] (Anon,
1920A & B). The horizon from which this was ob-
tained is not clear but may have been beneath the
Sixquarters Seam.

Vol. 14 of the Special Reports on the Mineral
Resources of Great Britain (Anon, 1920A, p.14)
notes that a shale worked at outcrop near the old
brickworks at Standing Stones near Broughton
Moor produced, when mixed with fireclay, a blue
brick used to floor sulphate of ammonia plants.
The horizon of this shale was not specified. The
site has now been removed during the working of
Low Close Opencast Coal Site.

An old brick and tile works east of Branthwaite
Edge [067 230] was supplied with clay from nearby
pits. According to Eastwood et al. (1931, p.271) this
was either a shale from ‘near the Cleator Moor
Coal Group’ or from the glacial drift. The pits, the
site of which cannot now be identified, were pre-
sumably long disused and degraded at the time of
the last field survey in the 1920s.

It is likely that a number of seatearth clays in the
Coal Measures could be suitable for the manufac-
ture of fireclay refractories. A number of mud-
stones in both the Coal Measures and Hensingham
Group may be suitable as raw materials for brick
making. Whereas it is considered that working for
these materials alone is unlikely, the extraction of
suitable clay and mudstone during opencast coal
working may be viable. Fireclays are understood to
be produced as occasional by-products of opencast
coal mining in Cumbria although the level of pro-
duction is unknown.

Weathered Skiddaw Group mudstones in the
Askham area, south Cumbria, are currently worked
as a raw material for brick making. The Skiddaw
Group rocks of the present district are almost cer-
tainly too indurated to be considered for such use.



Boulder clay or till, where comparatively stone-
free, may provide suitable material for brick mak-
ing. In this district much, if not all, of the boulder
clay is almost certainly too stony for such use and
there is no evidence that any has been worked. The
boulder clay is unlikely ever to be considered a pos-
sible source of brick clay within this district.

3.6.2 RESOURCE POTENTIAL

A resumption of extraction of raw materials for
brick, tile or refractory manufacture within the
district is very unlikely except as a by-product of
opencast coal working.

3.7 Cleaved Mudstone and Siltstone

3.7.1 OCCURRENCE AND HISTORY OF EXPLOITATION

Cleaved mudstones and siltstones belonging to the
Skiddaw Group crop out in the south-east of the
district between Mockerkin and Lamplugh, al-
though like the other solid formations they are
mainly concealed beneath glacial deposits.

Small quarries in the Kirk Stile Formation at
Mockerkin How [0994 2272] and in the
Loweswater Formation on the hillside east of
Lamplugh [0961 2114] have provided small quanti-
ties of grey cleaved mudstone and siltstone, appar-
ently exclusively for local use as random building
stone or for drystone walling.

The rock types present within the Skiddaw Group
of this district have little appeal as building stone
save for extremely local, mainly farm, use. The use
of Skiddaw Group mudstones elsewhere in
Cumbria for brick making is mentioned above in
Section 3.6.

3.7.2 RESOURCE POTENTIAL

Whereas very considerable reserves of cleaved
mudstone and siltstone are present it is extremely
unlikely that they will attract any commercial in-
terest in the foreseeable future.

3.8 Igneous Rock

3.8.1 OCCURRENCE AND HISTORY OF EXPLOITATION

Igneous rocks of different types and different ages
crop out in two parts of the district.

The Cockermouth Lavas, near the base of the
Carboniferous succession crop out in the Derwent
Valley north-east of Brigham. Except in the banks
and bed of the river [0993 3113] these are all con-
cealed beneath Quaternary deposits. The lavas
comprise mainly olivine basalts, with both compact
massive and amygdaloidal varieties present. No
quarrying of Cockermouth Lavas has taken place
in the district.

One intrusive igneous body is present in the dis-
trict. This is the microdiorite intrusion in the Kirk
Stile formation east of Eaglesfield. The intrusion
crops out from the surrounding boulder clay as a
steep-sided low rocky knoll. Although no contacts
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are exposed the body cannot occupy an outcrop of
more than 0.6 ha. The rock at outcrop is a fine-
grained pale grey to white microdiorite with closely
spaced jointing. Dark brown ferruginous weather-
ing is conspicuous, no doubt resulting from the
breakdown of abundant disseminated pyrite seen in
thin section of the rock. There is evidence of some
very small-scale quarrying in the small outcrop.

3.8.2 RESOURCE POTENTIAL

Although very similar rocks are quarried else-
where in Britain for roadstone and crushed rock
aggregate, the Cockermouth Lavas of the present
district have too limited an outcrop, are too heavily
drift-covered and are too poorly situated to attract
any commercial interest.

The microdiorite of the Eaglesfield intrusion has no ap-
peal as a roadstone, an aggregate or a building stone
and is unlikely ever to invite commercial interest.

3.9 Iron Ore: Hematite

3.9.1 OCCURRENCE

The district includes the northern-most known de-
posits of the formerly important west Cumbrian
hematite iron ore field. The main deposits of this
field lie to the south of the district and are concen-
trated between Frizington and Egremont.
Although records of iron mining date back over
several centuries, the industry reached its peak in
the latter half of the nineteenth and first half of
the twentieth century. Large-scale mining ceased
in the late 1970s but mining on a comparatively
small scale continues today at one mine near
Egremont. Unlike the coal mining industry no
comprehensive history of west Cumbrian iron min-
ing has yet been published. These hematite de-
posits together with local coal, gave rise to the iron
and steel industry for which west Cumbria was
long famous. Accurate production figures are not
available but west Cumbria is known to have pro-
duced well in excess of 100 million tonnes of
hematite ore containing on average between 50
and 60 per cent of metallic iron.

The majority of the hematite deposits (and the
largest) occurred as replacements and vein-like
bodies within the Lower Carboniferous
Limestones. Some important but smaller deposits
oc