
  

 

  

 Strategy, Location and 
Sampling of the Lias Group (2). 
Ground Movements: 
Shrink/Swell Project. 

 Urban Geoscience and Geological Hazards Programme 
Internal Report IR/03/074 

 

  

 





 BRITISH GEOLOGICAL SURVEY 

INTERNAL REPORT IR/03/074  

  

Strategy, Location and 
Sampling of the Lias Group (2). 
Ground Movements: 
Shrink/Swell Project. 

K. A. Freeborough & L. D. Jones 
 

The National Grid and other 
Ordnance Survey data are used 
with the permission of the 
Controller of Her Majesty’s 
Stationery Office. 
Ordnance Survey licence number 
GD 272191/1999 

Key words 
Shrinkage, swelling, clay, soils, 
UK. 

Front cover 
Shrinkage cracks in Gault clay, 
Arlesey, Bucks. 

Bibliographical reference 
FREEBOROUGH, K. A. & 
JONES, L. D., 2003. Strategy, 
Location and Sampling of the 
Lias Group (2). Ground 
Movements: Shrink/Swell 
Project. 
British Geological Survey 
Internal Report, IR/03/074.  

 

© NERC 2002 

 

Keyworth, Nottingham   British Geological Survey   2003 



The full range of Survey publications is available from the BGS 
Sales Desks at Nottingham and Edinburgh; see contact details 
below or shop online at  www.thebgs.co.uk 
The London Information Office maintains a reference collection 
of BGS publications including maps for consultation. 
The Survey publishes an annual catalogue of its maps and other 
publications; this catalogue is available from any of the BGS Sales 
Desks. 
The British Geological Survey carries out the geological survey of 
Great Britain and Northern Ireland (the latter as an agency 
service for the government of Northern Ireland), and of the 
surrounding continental shelf, as well as its basic research 
projects. It also undertakes programmes of British technical aid in 
geology in developing countries as arranged by the Department 
for International Development and other agencies. 
The British Geological Survey is a component body of the Natural 
Environment Research Council. 
 

Keyworth, Nottingham NG12 5GG 
BRITISH GEOLOGICAL SURVEY 

 0115-936 3241 Fax 0115-936 3488 
e-mail: sales@bgs.ac.uk 
www.bgs.ac.uk 
Shop online at: www.thebgs.co.uk 

Murchison House, West Mains Road, Edinburgh EH9 3LA 
 0131-667 1000 Fax 0131-668 2683 

e-mail: scotsales@bgs.ac.uk 

London Information Office at the Natural History Museum 
(Earth Galleries), Exhibition Road, South Kensington, London 
SW7 2DE 

 020-7589 4090 Fax 020-7584 8270 
 020-7942 5344/45 email: bgslondon@bgs.ac.uk 

Forde House, Park Five Business Centre, Harrier Way, 
Sowton, Exeter, Devon EX2 7HU 

 01392-445271 Fax 01392-445371 

Geological Survey of Northern Ireland, 20 College Gardens, 
Belfast BT9 6BS 

 028-9066 6595 Fax 028-9066 2835 

Maclean Building, Crowmarsh Gifford, Wallingford, 
Oxfordshire OX10 8BB 

 01491-838800 Fax 01491-692345 

Parent Body 
Natural Environment Research Council, Polaris House, 
North Star Avenue, Swindon, Wiltshire SN2 1EU 

 01793-411500 Fax 01793-411501 
www.nerc.ac.uk



Foreword 
This report is the published product of a study by the British Geological Survey 

(BGS). It refers to the work carried out on behalf of a Science Budget funded research 
project, under the Urban Geoscience & Geological Hazards Programme of the BGS. 
 

Acknowledgements 
A large number of individuals in the BGS have contributed to the project. This 

assistance has been received at all stages of the study. In addition to the collection of data, 
many individuals have freely given their advice, and provided the local knowledge so 
important to the project. Key staff have helped to review draft chapters of this report. Of the 
many individuals who have contributed to the project we would particularly like to thank the 
following: 

 
Prof. M. G. Culshaw 
Mr A. Forster 
Mr P. R. N. Hobbs 
Mr M. A. Sumbler 

 

Contents 
Foreword ........................................................................................................................................ i 

Acknowledgements ....................................................................................................................... i 

Contents ......................................................................................................................................... i 

Summary ....................................................................................................................................... ii 
 

1 Introduction ........................................................................................................................... 1 

2 The Lias - A Geological Background .................................................................................. 1 

3 Visit Strategy and Objectives ............................................................................................... 3 

4 Contact and Schedule Information ..................................................................................... 3 

5 Site locations and Sampling ................................................................................................. 5 

6 Review of the Sampling Process ......................................................................................... 21 

7 Related Publications ........................................................................................................... 24 

 

 i



Summary 
 
The authors published a report in 2002 describing the sampling of argillaceous 

formations of the Lias Group at twenty-eight sites in South Wales, Eastern and Southern 
England. This report forms an addendum to the original report and describes the sampling of 
further Liassic formations in the counties of Nottinghamshire and Lincolnshire.  

 
Weathered and unweathered material was collected as undisturbed block samples and 

disturbed bulk samples from exposed faces. The samples were taken to give representative 
geotechnical properties of the lithostratigraphic formations of the Lias Group present at the 
sampling sites in a weathered and unweathered condition, if possible. 

 
The location of each site is described briefly and is indicated on a 1:50K OS map 

base. The stratigraphic units present at the site are listed and the site indicated on a 1:50K 
geological map base. Photographs of sections and sampling sites are also present. The types 
of samples taken from each site are specified and difficulties regarding the sampling are 
indicated where appropriate. 
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1. Introduction 
 
 This report is concerned with the location, collection and sampling, by various 
methods, of test specimens from Nottinghamshire and Lincolnshire, for the determination of 
the shrinking and swelling properties of argillaceous formations within the Lias Group. It 
contains information relating to the sampling methods and the sample sites, descriptions and 
locations. All the samples were collected by members of the Shrink/Swell Project team of the 
British Geological Survey. 

 
This work was carried out for the Ground Movements: Shrink/Swell Project 

(ESB8390006703), under the leadership of Lee Jones. This Science Budget funded research 
project forms a part of the Geohazards and Risk Sub-Programme, under Alan Forster, which 
itself forms part of the Urban Geoscience and Geological Hazards Programme, under 
Professor Martin Culshaw. 

 
The main aim of the project is to determine the shrinkage and swelling properties of 

UK clays and mudrocks and to investigate the relationships between them. Thus leading to a 
better understanding of the shrink/swell behaviour for the user community. The formations 
that have been studied so far are the Gault Clay Formation, the Mercia Mudstone Formation 
and the Clays of the Lambeth Group. 
 

2. The Lias - A Geological Background 
(M. G. Sumbler) 
 
 The Lias (or in strict lithostratigraphical terminology the Lias Group) comprises those 
predominantly argillaceous sediments of latest Triassic and Early Jurassic age found in and 
around the United Kingdom, and represents that period of geological time from about 180 to 205 
million years before present. Onshore, the outcrop of the Lias extends from the coast of Dorset 
(Lyme Regis to Burton Bradstock) to Yorkshire and Cleveland (Ravenscar to Redcar), with 
outlying areas in Somerset and South Wales, although parts are concealed beneath Quaternary 
(drift) deposits. In general, the strata dip very gently towards the east or southeast beneath 
younger beds, and so the Lias is present at depth eastwards (downdip) of the main outcrop other 
than in the London area. 
 
 During the early Jurassic, the region that is now the UK lay somewhat closer to the 
equator than at present, probably at a latitude equivalent to the modern Mediterranean area. 
Accentuated by the presence of a large northern continental mass and the lack of a major 
North Atlantic Ocean at that time, the climate and seas which gradually overwhelmed the 
region were warm. The seas were shallow; even in the basins, it seems that sedimentation 
generally kept pace with subsidence so that the water was generally no more than a few tens 
of metres in depth. Away from the contemporary shorelines, conditions were remarkably 
uniform over the whole area of deposition so that many beds can be traced across large areas 
of the country. 
 
 Sediments, mainly muds, were washed into the seas by rivers on the adjoining land 
areas, building up the succession of Lias strata. Much of the succession is more or less 
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calcareous and limestone nodules or beds are developed at many levels most notably at the 
local base of the succession, having been deposited when the seas were particularly shallow. 
In some areas these basal beds include pebbly and shelly limestones evidently laid down 
close to the contemporary shoreline. Sands and silts may represent climatic events which 
washed coarser sediments into the sea and are also associated with two main periods of basin 
infill and general shallowing. 
 
 For purposes of stratigraphy, the ammonites are the most important fossils of the Lias, 
providing the basis for chronostratigraphical (age-based) classification, enabling correlation 
on a world-wide scale. The Lias has been divided up into some twenty zones and over 50 
subzones based on ammonites (Figure 2.1); a typical ammonite zone represents about 1 to 1.5 
million years. 

Figure 2.1 - Lias Stratigraphical Section 
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3. Visit Strategy and Objectives 
 

The work described in the Lias sampling report published in 2202 comprised the 
sample collection phase of the fourth stage of a study of the shrinkage and swelling behaviour 
of major UK clay formations. It dealt with the location, suitability, assessment and sampling 
of Lias Clay at sites in Eastern and Southern England and South Wales. The samples were 
taken from twenty eight pits, quarries, landfill sites or cliff faces in Northamptonshire, 
Warwickshire, Oxfordshire, Gloucestershire, Avon, South Glamorgan, Somerset, Dorset and 
North Yorkshire. Where possible at these sites an ‘upper’ (near surface) and a ‘lower’ (at 
depth) sample of the Lias Clay exposed by the quarrying operations was taken. The ’upper’ 
site was intended to be representative of weathered, and the ‘lower’ site relatively 
unweathered, Lias Clay. Also, if there were several Lias stratigraphical formations within the 
sites an attempt was made to take samples from all of them. The geotechnical testing of these 
samples was carried out in the Geology, Geotechnics and Palaeontology laboratories (GGP) 
of the British Geological Survey (BGS). 
 
 After studying the initial report, a significant gap in the sampling was noted from the 
East Midlands Shelf basin and this report deals the location, suitability, assessment and 
sampling of the Lias succession from the five quarries visited in Nottinghamshire and 
Lincolnshire.  
 
The East Midlands Shelf provides a succession of shallow marine deposits, characterised by a 
more or less complete Lias succession of moderate Thickness (typically 150 to 250m) The 
succession on the East Midlands Shelf thins southeast as the London Platform is approached. 
The main difference between the stratigraphy of this area compared with that of the 
Worcester basin to the south is the replacement of the Blue Lias formation by the Scunthorpe 
Mudstone Formation. 

4. Contact and Schedule Information 
 
4.1. Visit Staff 
 

L. D. Jones  Geological Engineer 
K. A. Rowlands  Environmental Geologist 

 
4.2. Organisations/Individuals Contacted 
 

Blue Circle (Barnstone Works)  

Daniel Dolman – Environment Coordinator 

 

C & G Concrete (Norton Bottoms) 

Andrew Mosely – Unit Production Manager 

 

Lafarge Redland Aggregates Ltd (Whisby)

Ian Pearson 
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North Lincolnshire County Council (Conesby and Flixborough) 

Vick Hodgson 

 
 Details of all of the sampling sites visited for the collection of Lias Samples 
throughout the outcrop, including those from the previous sampling report, are shown in 
Table 4.1. These include site location (OS National Grid and Sheet No.), site type, current 
owner, contact and initial visit date. 

Table 4.1 - Sampling Site Contacts 
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5. Site Locations and Sampling 
 

On the 1st and 2nd of October reconnaissance field visits were made to five identified 
Lias locations in Nottinghamshire and Lincolnshire. A selection of disturbed samples but no 
undisturbed samples were taken at these visits. A return visit was made to two sites in 
Lincolnshire on the 10th March 2003. Further disturbed bulk bag samples and several large 
undisturbed blocks were extracted for index and strength testing  

5.1. Barnstone Works 
 
Barnstone works, Nottinghamshire, is owned by Blue Circle and is now a cement 

works. The sampling site is an ex-quarry that has since been flooded and is now used as a 
fishing lake. The site is located in the village of Barnstone approximately 6.5km to the south 
of Bingham, off the A52 (Figure 5.1). The excavation is located near the base of the Lower 
Lias, in the alternating shales and shelly-argillaceous partly concretionary limestone of the 
Barnstone Member (Hydraulic Limestones), of the Scunthorpe Mudstone Formation (Figure 
5.2). The sampling site was located at SK 4735 3336, at an elevation of 25 m above Ordnance 
Datum (aOD) (Plate I). Samples were taken from the partially exposed succession on the 
south facing edge of the fishing pit, at a depth of approximately 0.2m below ground level 
(bgl) (Plate II). Access to the sampling site was good although as the site is a fishing lake 
extreme care had to be taken at the waters edge and large areas of the site were inaccessible. 
 

The sampling visit to the cement works Barnstone, Nottinghamshire, took place on 
the 1st October 2002. At this time both undisturbed block and disturbed bag samples were 
taken for geotechnical index testing, SEM and XRD. Undisturbed sampling was not possible 
due to the extremely hard nature of the material at the accessed exposure and this limited 
access preventing the inspection of other potential sampling sites. No further visits to the site 
are planned. 

 Figure 5.1: The Location of Barnstone Works 
 

 

Barnstone Works
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 Figure 5.2: The Geology of the area surrounding Barnstone 
Works 
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Plate I – General View of Barnstone Works 
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Plate II – Sampling Site 1 (Barnstone Works) 
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5.2 Norton Bottoms 
 

The Norton Bottoms site, Norton Bottoms, Lincolnshire, is owned by C & G concrete 
Ltd and is an active sand and gravel quarry. The site is located approximately 5.5km north of 
Newark-on-Trent, 2km east of the A46 (Figure 5.3) and is located on the Scunthorpe 
Mudstone Formation of the Lias (Figure 5.4), which immediately underlies approximately 
8m of Quaternary sand and gravel. The sampling site was located at SK 4867 3589, at an 
elevation of 20 m above Ordnance Datum (aOD) (Plate III). Samples of the Scunthorpe 
Mudstone Formation were taken from the Lias exposed at the quarry floor by the removal of 
the sand and gravel in the centre of the current excavation site. Samples were extracted from 
minor exposed areas alongside the current drainage channels (Plate IV), at a depth of 
approximately 1m below the quarry floor level (bql), 9m bgl. Access to the sampling site was 
good. 
 

The sampling visit to the sand and gravel quarry at Norton Bottoms, Lincolnshire, 
took place on the 1st October 2002. At this time both undisturbed block and disturbed bag 
samples were taken for geotechnical index testing, SEM, XRD, analyses. Undisturbed 
sampling was not perceived to be possible at this site due to the potential compaction 
experienced, of the material being sampled by the quarry machinery. No further visits to the 
site are planned. 
 

Figure 5.3: The location of Norton Bottoms  
 

 

Norton Bottoms 
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 Figure 5.4: The geology of the area surrounding Norton 
Bottoms  

 

Norton Bottoms 
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Penarth Group 

 
 

Plate III – General View of Norton Bottoms 
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Plate IV – Sampling Site 1, located at the edge of pictured Drainage Channel (Norton Bottoms) 
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5.3 Whisby 
 

The Whisby site, Lincoln, is owned by Lafarge Redland Aggregates Ltd and is an 
active sand and gravel quarry. The site is located off the A46, approximately 3.5km west of 
Lincoln (Figure 5.5) and is situated on the Scunthorpe Mudstone formation of the Lower Lias 
(Figure 5.6), which immediately underlies approximately 10m of Quaternary sand and gravel. 
The sampling site was located at SP 4896 3667, at an elevation of 30 m above Ordnance 
Datum (aOD) (Plate V). Samples were taken from the Lias exposed at the base of the quarry 
by the removal of the sand and gravel in the centre of the site (Plate VI & VII), at a depth of 
approximately 1m bql, 11 m bgl. Access to the sampling site was good although care was 
needed around the very wet areas of clay resulting in some potential sampling areas being 
inaccessible.  
 

The sampling visit to sand and gravel quarry at Whisby, Lincolnshire, took place on 
the 1st October 2002. At this time both undisturbed block and disturbed bag samples were 
taken for geotechnical index testing, SEM, XRD, XRF and geochemical analyses. 
Undisturbed sampling was not perceived to be possible at this site due to the potential 
compaction and remoulding experienced of the material being sampled, by the quarry 
machinery. No further visits are planned. 

 
 

 Figure 5.5: The location of Whisby  
 

 

Whisby  
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 Figure 5.6: The geology of the area surrounding Whisby 
 

 

Whisby 
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Plate V – General View of Whisby Sand and Gravel Quarry 
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Plate VI – Sampling Site 1 (Whisby) 

 

 
 

Plate VII – Close-up of shrinkage cracks in exposed Lias Clay (Whisby) 
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5.4 Conesby 
 

North Lincolnshire County Council now manages the Conesby site, Scunthorpe, 
Lincolnshire. The site used to belong to Corus steel works and is an old Ironstone Quarry. 
The old quarry site is being developed, using the area for the disposal of contaminated soils 
from a nearby enterprise park and including the construction of a clay lined waste 
management cell for landfill. The old quarry is currently also being extended further with the 
Ironstone being removed for road surfaces, and the Liassic mudstone for the lining of the 
cells. The area is eventually to be sealed and landscaped as a heath land habitat. The site is 
approximately about 2 km north of Scunthorpe (Figure 5.7) and the excavation is located in 
the Frodingham Ironstone member of the Scunthorpe Mudstone and the overlying Charmouth 
Mudstone (Figure 5.8). The site was located at SP 4895 2145, at an elevation of 30 m above 
Ordnance Datum (aOD) (Plates VIII & IX). Samples were taken from the east face of the 
recently extended cell (Plates X, XI & XII) at a depth of approximately 9 m below ground 
level (bgl), approximately 3m above the top of the Frodingham Ironstone. Access to the 
sampling site was good although care was needed around the very wet areas of clay resulting 
to some potential sampling areas being inaccessible.  
 

The initial sampling visit to the quarry at Conesby, Lincolnshire, took place on the 2nd 

October 2002. At this time both undisturbed block and disturbed bag samples were taken for 
geotechnical index testing, SEM, XRD, XRF and geochemical analyses. A return visit to the 
site was made on the 10th March 2002, after further excavation and clearance was underway. 
Further disturbed bulk bag samples and undisturbed, orientated and carefully extracted large 
blocks for K0 swelling (Triaxial) tests were taken. No further visits are planned. 
 

 Figure 5.7: The location of Conesby and Flixborough 
Quarries  

 

Flixborough  

Conesby 
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 Figure 5.8: The geology of the area surrounding Conesby and 
Flixborough Quarries  
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Plate VIII – General view of Conesby Quarry before expansion works 
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Plate IX – General view of Conesby Quarry after initial phase of expansion works 

 

 
 

Plate X – Close-up of Frodingham Ironstone (Conesby) 
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Plate XI – Sample Site 2 (Conesby- return visit) 

 

Plate XII – Close-up Sampling Site 2 (Conesby) 

 

 
 17 



   

5.5 Flixborough 
 

North Lincolnshire County Council now manages the Flixborough site, Scunthorpe, 
Lincolnshire. The site used to belong to Corus steel works and is an old Ironstone Quarry. It 
is currently being extended further with the Ironstone being removed for road surfaces, and 
the Liassic mudstone for the lining of the cells. The old quarry site is being developed and 
excavated, and is ultimately to be used as a business park. The site is approximately about 2 
km north of Scunthorpe (Figure 5.7) and the excavation is located below the Frodingham 
Ironstone member within the Scunthorpe Mudstone (Figure 5.8). The site was located at SP 
4877 2142, at an elevation of 50 m above Ordnance Datum (aOD) (Plate XIII & XIV). 
Samples were taken from the north face of a trial pit and the recently extended cell at a depth 
of approximately 2 m below ground level (bgl), approximately 1.5m below the base of the 
ironstone (Plates XV, XVI XVII). Access to the sampling site was good although care was 
needed around the very wet areas of clay resulting to some potential sampling areas being 
inaccessible.  
 

The initial sampling visit to the quarry at Flixborough, Lincolnshire, took place on the 
2nd October 2002. At this time both undisturbed block and disturbed bag samples were taken 
for geotechnical index testing , SEM, XRD, XRF and geochemical analyses. A return visit to 
the site was made on the 10th March 2002, after further excavation and clearance was 
underway. Further disturbed bulk bag samples and undisturbed, orientated and carefully 
extracted large blocks for K0 swelling (Triaxial) tests were taken. No further visits are 
planned. 
 

Plate XIII – General view of FlixboroughQuarry before expansion works 
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Plate XIV - General view of Flixborough Quarry after initial phase of expansion works 

 

 
 

Plate XV – Close up Sample Site 1 (Flixborough Quarry; initial visit) 
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Plate XVI – Sample Site 2 (Flixborough Quarry return visit) 

 

 
 

Plate XVII – Close-up Sample Site 2 (Flixborough Quarry return Visit) 
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6. Review of the Sampling Process 
 
As a result of the previous sampling report and on examination of the location of the 
sampling sites, it was noted that there was a significant gap in sites around the Nottingham/ 
Lincolnshire area. Three potential sites were quickly identified after publication of the 
previous report and it was planned that visits to these sites were in order, to obtain as 
representative coverage as possible within the constraints of time and funding.  
 
Thus these three sites plus two further identified potential sampling sites were visited in the 
two counties; including one disused flooded limestone quarry, two active Quaternary sand 
and gravel quarries which overlay Lias deposits, and two former ironstone quarries that are 
currently being extended with intentions of redevelopment.  
 
All of the sites provided sampling opportunities for disturbed bulk bag samples for 
remoulded tests, SEM, XRD, and XRF and geochemical analyses where applicable. Samples 
were successfully taken from the Scunthorpe Mudstone Formation; which includes the 
Barnstone Member (Hydraulic Limestones) and the Frodingham Ironstone Member, and the 
Charmouth Mudstone Within the flooded fishing pit at Barnstone only limited access to the 
exposure was obtained in order to take these samples. The site at Norton provided good 
access although as the samples were take from the Quarry floor potential of compaction by 
quarry machinery prevented undisturbed samples being taken. This was also the case for the 
site at Whisby, although access to areas around this site was limited due to the wetness of the 
underlying Liassic Sediments. Therefore, as noted above, sampling was again limited by 
heath and safety implications at a couple of the sites.  
 
Undisturbed samples were obtained from two of the sites visited, Conesby Quarry and 
Flixborough Quarry, as a result of a return visit after the commencement of excavation works 
to expand the sites. Due to the fairly hard nature of the material and time restraints, these 
undisturbed samples were taken in the form of orientated and carefully extracted large blocks 
rather than in tins and boxes, wrapped in several layers of Clingfilm for transportation and 
storage. One of these samples was taken from the Scunthorpe Mudstone formation directly 
below the Frodingham Ironstone, and one from directly above the Ironstone, the Charmouth 
Mudstone Formation.  
 
The visits to the sites described in this and the initial sampling report, now forms a complete 
sampling record across the Lias outcrop of the UK (Table 6.1 & Figure 6.1).  
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Table 6.1 Sample Details 
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Figure 6.1 – Sampling Site Locations across the Lias Outcrop 
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