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GEOTECHNICAL AND GENERAL

A GEOTECHNICAL INVESTIGATION
INTO THE PROPOSED CONSTRUCTION

OF A RAIL LINE CONNECTING
LAFARGE’S CAULDON CEMENT WORKS

TO THE RAIL NETWORK
P. BEETHAM (JOYNES PIKE AND ASSOCIATES)

Shale is considered to be a problematic material in
Geotechnical Engineering and many historical slope failures
have been attributed to shortcomings in understanding its
behaviour. This can be linked to shale ranging in reported values
of strength, from 0.6-100 MPa and exhibiting behaviour from
soil like to rock like (Bell 2000). The proposed construction of
a 25 metre high, 220 metre long rail cutting through folded
shale, near Lafarge Cement’s Cauldon Works, Cauldon,
Staffordshire is discussed in this presentation.

A literature review of the engineering behaviour of shale has
identified a relationship between slake durability and strength.
This relationship has been investigated for the Cauldon shales
by conducting slake durability rests on six samples. Mineralogy
has also been established by x-ray diffraction analysis. This has
identified stratigraphic variations in durability and strength
attributed to a calcite cement having principle control over the
shales properties. Based on this, units within the shales are
identified as either soil like or rock like shales.

Slope stability analysis has been conducted, using limit
equilibrium techniques to satisfy the requirements of soil
mechanics for the soil like shale and a traditional rock mechanics
approach to planar and wedge failure, to account for rock like
shales and 30 degrees is proposed as a stable angle for the cutting.

A STRATEGIC APPROACH TO THE
INTEGRATION OF GEOTECHNICAL
DESIGN FOR IMERYS OPERATIONS

R. COLLINS (SLR CONSULTING LTD.) AND

J.H. HOWE (IMERYS MINERALS LTD.)

Following the introduction of the Quarries Regulations 1999
it became apparent that a robust geotechnical investigation,
design, implementation and inspection regime was required to
realise fully the benefits of the legislation whilst remaining
compliant. In order to consider where improvements could be
made an operational analysis of the complete mining function
was undertaken using the IDEFO modelling technique to
describe what is currently done and thereby derive what will be
done at Imerys Minerals Ltd (IML) operations. This paper
briefly describes the process and presents some of the
geotechnical studies undertaken by Imerys which include both
regulatory and added value assessments. Data derived from
exercises such as field inspections, face mapping, GSO/rock
mass classification, piezometer monitoring and laboratory testing
are managed and stored in an efficient and easily accessible
manner. These data are subsequently retrieved to fulfil input
requirements into a number of geotechnical design tools,
including slope stability, rockfall, groundwater flow, ground
deformation and flowslide programmes. The use of these tools
assists in the production of quantitative risk assessments,
the findings of which form an integral part of the resource
maximisation/risk-minimisation phased design process adopted
by IML. This approach utilises additional GIS and CAD

software to prepare and present short, medium and long term
designs, Quarterly reviews and six-monthly inspections are
carried out by the IML survey, geotechnical and operational
management teams to ensure that the proposed designs are
appropriate. Regular field monitoring is also used to compare
predicted behaviour with actual performance.

A LARGE SCALE ROCK STABILISATION
PROJECT AT ARCOW QUARRY,

NORTH YORKSHIRE

P. MACMILLAN AND A. RUTHERFORD (WA FAIRHURST
& PARTNERS)

Major instability remediation is no simple task, especially
when a potential failure mass of around 200,000t has been
identified within an operation quarry. Arcow Quarry, in the
Yorkshire Dales National Park, has long been subject to major
rock slope stability problems associated with the main western
faces of the quarry. A series of tension cracks were observed
above the crest of the western faces of the quarry in the early
1990s. These developed over a ten year period, reaching the
scarp of the overlying cSAC protected limestone pavement,
close to the quarry land ownership boundary with the National
Park. There was serious concern that the tension cracking could
be a precursor to a multi-bench catastrophic failure of the upper
western faces of the quarry, threatening the quarry operations
and potentially affecting land outwith the quarry boundary.

A detailed appraisal of the site was carried out in 2001,
concluding that action was required to mitigate against the risk
of a large scale sliding failure involving around 200,000 tonnes
of greywacke. This paper describes the approach taken in
appraising the unstable rock mass, assessing achievable
remedial works options and designing a long term stable
solution for the quarry. In doing so it reveals how a thorough
understanding of the complex structural geology of the site was
the key to the development of the preferred re-profiling reme-
dial works solution, and how specialist drilling and blasting
techniques are being employed to achieve the final design.

ASSESSMENT OF AGGREGATE ‘LEGACY
QUARRIES’ THAT ARE PRIORITIES
FOR FUTURE ENVIRONMENTAL

ENHANCEMENT WORK

P. COX (CAPITA SYMONDS LIMITED)

Capita Symonds Limited is undertaking a project on behalf of
DEFRA, to determine the extent to which there are inadequately
restored aggregates Legacy Quarries across England, and where
the priorities should be for intervention. The project is one
element contributing to the review of the Aggregates Levy
Sustainability Fund (ALSF) and is intended to inform decision
on the level of funding that should be dedicated to the issue
nationally in the future.

In summary, Legacy Quarries are former aggregated
extraction sites where no person or company can now be held
responsible for further work, and which would benefit from
intervention work to deliver environmental enhancement. Such
sites include: quarries (or parts of quarries) that closed before
the Town and Country Planning system came into force;
quarries that had planning permission and have been formally
‘signed off’; and dormant quarries which the operator and the
Minerals Planning Authority (MPA) agree will not re-open.
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BUILDING STONE IN SCOTLAND:
CHANGING DEMANDS AND FUTURE

REQUIREMENTS

E. HYSLOP AND A. MCMILLAN

(BRITISH GEOLOGICAL SURVEY)

There is a growing need for new sources of indigenous
building stone in Scotland. The expanding market in repairs to
the traditional stone-built building stock is accompanied by a
need for traditional stone for new-build projects, due to both
the increasing perception of stone as a ‘high status’ building
material and tighter planning legislation demanding that many
new structures are ‘in keeping’ with their surroundings.
In Scotland, less than 3% of the building stone quarries active
in the mid-to-late 19th Century are operating today, and most
of the stone is imported from other parts of the UK and
increasingly from abroad. Recent research investigating the
performance of previous repairs has demonstrated the
importance of obtaining compatible matching stone for repairs,
not only to retain the appearance of historic buildings, but
crucially in terms of ensuring optimum performance over the
longer term and minimising damage to the existing stone
fabric. Much of the stone being used today is not always the
most appropriate material, and there is increasing demand for
stone of a more local character. Stone has also traditionally been
used for roofing, streets and paving, and the large volumes
currently in demand for new streetscape schemes is also
increasing the need for indigenous sources of these materials.

SCOTTISH SLATE: EXTRACTION AND
TESTING OF BALLACHULISH AND

MACDUFF SLATE

J. WALSH (UNIVERSITY OF PAISLEY)

Slate quarrying was one of Scotland’s most significant
building material industries throughout the 18th and 19th
Centuries. Slates were used extensively throughout the country
and elsewhere and are still found on historic buildings and
in most conservation areas in Scotland, sixty years after the
industry ceased to operate. Many of these slate roofs are now
over a hundred years old and approaching the end of their
service life. Repairs and maintenance have to rely on the use of
second-hand material. Many of these traditional roofs are being
lost as the supply of used slates diminishes.

There are four main types of Scottish slate: Ballachulish,
Easdale, Highland Boundary and Macduff, each with its own
characteristics and durability. The regional variation has had a
significant impact on vernacular architecture.

In recognising the importance of indigenous slate to the built
heritage, Historic Scotland commissioned a survey in 1995 of all
the slate quarries in Scotland with a view to selecting quarries
for further testing and possible re-opening. One of the
Ballachulish group of quarries and one of the Macduff group
were selected for further investigation and blocks of slate
were extracted from each and tested. This paper presents a
description of the different types of Scottish Slate, the reasons
for selecting the quarries and the results of the testing
programme of the first new Scottish slate in over sixty years.

The project is being approached in two stages. The first
stage provided an early indication of the nature of the issue,
using necessarily subjective information based largely on a
nationwide survey of Minerals Planning Authorities (MPAs).
The survey provided subjective information including an
approximation of the numbers of Legacy Quarries in each MPA
area, and the views of the authorities on the priorities for
intervention at sites within their areas. Statistical analysis of the
data obtained from the survey suggested a best estimate of
some 360 aggregates Legacy Quarries nationwide, with
landscape enhancement and conservation being the most
commonly cited reasons for intervention being required.

The second stage of the project builds upon the findings of
the first state, informing decisions on selection of eight
representative pilot areas for more intensive study by means of
a more objective approach. For each of these eight areas, a
catalogue of all qualifying sites has been prepared by screening
map information and verifying through desk studies. This
catalogue of sites is then filtered to produce a subset of ten
sites, for which detailed background information will be
obtained and rapid field assessments undertaken, including
assessment of the opportunities available. These sites will
then be collectively statistically analysed to produce more detail
and rigorous estimates of the numbers of sites and costs of
intervention.

The first stage of the project was completed in late 2005.
The second stage is largely complete and it is hoped that the
findings will be revealed at the conference.

BUILDING STONE

GEOLOGY AND ARCHITECTURE:
STANDING THE TEST OF TIME
(KEYNOTE PRESENTATION)
I. MAXWELL (HISTORIC SCOTLAND)

Much has happened in the 200 years since Louis Nechar
published the first geological map of Scotland in 1808.
In architecture, the correlation between buildings and geology
has existed for much longer. Throughout the stone, bronze and
iron ages the use of stone created many structures of distinction
and merit. In the 1st Century AD the Romans brought a range
of new quarrying and stone working skills. The monastic
foundations developed these to give rise to the third significant
exploitation of the country’s geology for building purposes.

The medieval use of stone was dictated by pragmatic needs.
This called for developments in quarrying to create defensive
structures of some mass, strength and security. Sourcing stone
was driven by economics. Quarries located on the doorstep
avoided undue transportation needs.

Many large 17th and 18th Century estates were using their
own stone to build the mansion, home farm, tenanted farms
and mills. By the 19th Century, the construction of each city,
town and village demanded a wider variety of sources.
Currently estimated to number over 10,000 locations, quarries
proliferated.

From 1900 to 1960 the close bond between architecture and
geology became lost. Fortunately, this has been reversed.
A greater architectural demand for stone has re-emerged. Our
built heritage has also been recognised as part of the tourist
industry, and the building industry is aware of the need
to maintain and preserve it. This demand for appropriately
matching stone will emerge as a challenge for the extractive
stone industry.
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THE TRIASSIC BUILDING SANDSTONES
OF THE ENGLISH MIDLANDS,

A DWINDLING SUPPLY

G.K. LOTT, D.G. CAMERON AND E. HOUGH

(BRITISH GEOLOGICAL SURVEY)

The Midlands Counties of England (Cheshire, Shropshire,
Staffordshire, Derbyshire, Nottinghamshire, Leicestershire,
Warwickshire and Worcestershire) today are not particularly
renowned as sources of building stone. In the past, however, it
is evident from the extensive stock of surviving stone buildings,
that the local Triassic sandstones in particular were widely used
for building purposes. These sandstones, quarried from both
the Sherwood Sandstone and Mercia Mudstone groups, include
a wide range of lithologies and colours, from purple-red to
greenish grey or white.

In the 19th Century there were at least eighty working
building stone quarries, some of which (Storeton and Runcorn)
developed considerable commercial production and even
exported stone overseas. There are now only two red and two
white sandstone quarries currently active in the area. The
‘white’ Triassic sandstones, which were particularly valued for
building purposes, have proved increasingly difficult to source
for repair.

In this presentation we will look at the former extent of the
Triassic sandstone quarrying industry in the Midlands area and
assess the potential for possible future quarrying developments
to support both conservation repair and possible new build
projects.

SOME APPLICATIONS OF IMAGE
PROCESSING AND ANALYSES IN PETRO-
GRAPHIC INVESTIGATIONS OF BUILDING
STONE, AGGREGATES AND CONCRETE

A. BROMLEY AND J. STRONGMAN (PETROLAB LIMITED),
R. HARDIE (HEATH AND HARDIE GEOSCIENCES LTD)

Over the last few years digital imaging has made staggering
progress. The demise of film photography is only a short
while away. Image processing and analysis was first used by
petrographers in the early 1970s but for many years techniques
failed to live up to early expectations. Now, the ability to
create high resolution digital photographs using a variety of low
cost imaging devices, in addition to conventional microscope
cameras, provides the petrographer with a new, extensive and
versatile set of qualitative and quantitative tools with many
applications in the minerals industries.

This paper examines the dual roles of image processing:
(a) improving the visual appearance of images for human
viewing; and, (b) preparing images for measurement of features
and structures, using three imaging devices. These are the
conventional high resolution microscope camera, the low cost
35 mm film scanner that can be adapted for producing high
resolution, low magnification images of whole thin sections,
and the flatbed scanner, ideal for making images of polished
slabs, fracture surfaces and many kinds of particulate materials.

We examine ways in which the petrographers can use image
processing to improve communication and understanding with
end users and demonstrate some simple quantitative techniques
that are of interest in the investigation of weathering of
building stone, in particle size and shape factor analysis of
aggregates and in the investigation of hardened concrete.

INNOVATION

BENEFITS OF 4D STRUCTURAL
MODELLING IN THE NON-PETROLEUM

EXTRACTIVE INDUSTRY

A. KLOPPENBURG, A. GIBBS AND J. GROCOT

(MIDLAND VALLEY EXPLORATION LTD)

Structural modelling is a combination of a geometrically
valid description of structures (beds, faults, granitoid intrusions
etc.) and understanding of the development of these structures
in 3D and through time. With limited information from outcrop
and/or core, predictions on the geometry of a particular bed
and the associated rock volume of interest are made by
extrapolation and/or interpolation, either statistically, or with a
geological model in mind. Unless structure is absent or very
simple, uncertainty due to interpretation should be risked, and
this risk can be minimised.

Digital structural modelling in 2D and 3D space and through
time allows quantitative construction of models using a range of
deformation algorithms and a set of geological geometrical
rules such as dip-domain construction. Also, it allows testing
for validity of various interpretation scenarios by line-length
balancing and/or map fitting. The effects on bed geometry of
folding and faulting can be quantified. When the change of shape
of a bed through time can be quantified, fracturing due to
deformation can be predicted with more confidence, as fracturing
is the main deformation mechanism, assuming a brittle regime.
A range of case studies will illustrate the above benefits of 4D
structural modelling in the non-petroleum extractive industry.

COMPUTER STANDARDISED
LOGGING IN THE FIELD:
A PRACTICAL APPROACH

A. MIDDLETON AND E. CHAPMAN

(DATAMINE CEMENT AND INDUSTRIAL MINERALS),
C. ARDITTO (TARMAC LIMITED)

The concept of standardised logging in the field is not new
and there have been many attempts by various people to try
and implement a robust procedure. Computerised field logging
is becoming widespread within the general mining world and
with the advent of new cheap and robust technology in the
form of palm computers it is hoped that this could spread to the
aggregates industry. Computer standardised logging will help
overcome a major issue which is the variation in the description
of samples between loggers, even if British Standard guidelines
are adhered to. This is particularly true for an inexperienced
geologist or contractor who does not follow strict company
guidelines. This can result in a time consuming process of
rewriting the logs, re-examination of the samples or in the
worst-case scenario, misinterpretation of the deposit. Datamine
Cement and Industrial Minerals are working in co-operation
with Tarmac Limited UK to produce a computerised logging
package that ‘walks’ the user through the logging procedure in
a logical and succinct manner. The logging is undertaken in the
field on a palm pilot that ensures a standardised log description,
removes the hassle of paper logs and allows the easy transfer
of the information to a database therefore saving time and
money. This paper will review the problems, considerations
and benefits of developing such a system.
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Drawing from four case studies of where these systems are
currently employed or planned, this paper will discuss the
issues that have to be considered in order to maximise their
efficient use. The case studies are:-

• Pant Quarry: Existing multi benched Carboniferous
Limestone quarry operating a Lokotrack and mobile
conveyor system.

• Swinden Quarry: Progressively deepening Carboniferous
Limestone quarry operating a LT160 crusher feeding on
to a LokoLink and fixed field conveyor system.

• Holme Hall: Permian Limestone quarry operating an in
pit crusher linked to a mobile link conveyor feeding
onto a field conveyor.

• Barrasford Quarry: Dipping Whin Sill dolerite quarry
where a Lokotrack system is being considered.

THE BLACK ANGEL MINE:
A PLATFORM FOR GEOLOGICAL

KNOWLEDGE CREATION

T. DAFFERN (WARDELL ARMSTRONG INTERNATIONAL)

The prospect of re-opening the Black Angel Mine located on
the mid-western west coast of Greenland encompasses the
normal artic logistical, operational and technological issues.
The project design is based on creating a physical platform of
infrastructure for the creation of geological knowledge.

The Black Angel Mine was operated from 1970 until 1990 by
Cominco and latterly by Bolden AB. Approximately 1.7Mt of
ore remains in the mine workings contained in pillars remnant
from the mining methodologies employed during operations.
It is a deposit consisting of a series of ore zones which are
structurally controlled. The structural control is complex and
despite c160,000 of diamond drilling and over ten years of
advanced exploration, no other significant ore zones were
discovered. Several small satellite deposits were located which
were, however, not economically viable to extract due to the
operational infrastructure.

Recent site visits and mine design work completed as part of
pre-feasibility studies, has identified a suitable method of
extracting the pillars and concurrently creating a platform for
detailed geological fieldwork both local to the mine and within
a 10km regional boundary and physical examination of the
structures in a manner other than contemporary and logistically
constrained geological techniques.

The project will consist of a series of interconnecting
underground and surface roads and excavations which access
the rugged terrain historic workings, existing satellite deposits,
newly constructed tunnels and quarry. It is the interconnection
of the various geological assets which allow their diminutive
mineralisation to achieve economic viability. The proposed
tunnel and quarry intersect the complex geology and allow
detailed geological knowledge to be created.

QUARRY AND MINE DESIGN

TOWARDS A RATIONALISATION OF
ROCKFALL PROTECTION

MEASURES IN QUARRIES – STANDOFFS
AND WORKING METHODS

M. SWAILES, B. DUTHIE (KEYGS) AND

R. PEARCE (HSE)

The paper provides a critical review of existing rockfall
protection strategies commonly used in quarries within the UK,
considers and compares methods used in more mainstream
geotechnical engineering and derives a rationalised methodology
for rockfall control measures in quarries that is straightforward
to apply and cost-effective.

It is recognised that quarries often adopt judgement-based
approaches to rockfall protection measures in the UK. In recent
years, cost-effective rockfall control strategies such as the use of
informal standoff zones, sacrificial waste or stockpiles against
faces and more formalised standoff bunds have been advocated,
but even for these simple strategies only limited guidance exists
currently on how and where these should be placed. The
potential for further subjectivity arises when additional factors
are added, such as the need to provide effective rockfall
protection over the height of multiple-faces, and benches
around faces in the quarry that differ in potential rockfall
hazard and resultant risk to plant and personnel. Faces may be
considered as either active, temporarily inactive or long-term
inactive and the practical provision of standoffs for each is
different. A further factor for consideration is the effective
reach of plant when working at faces, which is another form of
standoff and rockfall protection measure. In view of the above,
it is clear that there is a need for industry-wide guidance on
deriving site-specific and holistic rockfall protection strategies in
quarries, which this paper attempts to initiate.

In summary, a pragmatic approach to the determination of a
staged derivation for rockfall strategies at quarries is discussed.
Whilst it is recognised that existing rock mass hazard rating sys-
tems are useful, these tend to be time consuming and infre-
quently applied – therefore, the concept of a straightforward
“Rockfall Control Strategy” is introduced, which ensures that all
potential rockfall hazards are addressed throughout a quarry,
and such that by adopting the systematic approach, operatives
can be deemed to have applied due diligence and care in
respect to the safety of quarry personnel.

PLANNING FOR THE USE OF IN-PIT
CRUSHER AND FIELD CONVEYOR

SYSTEMS IN HARD ROCK QUARRIES

C.S. ARDITTO, N. JONES AND S. BARKER

(TARMAC LIMITED)

In response to the constant pressure to reduce production
costs, the last 10 years has seen the slow but gradual
introduction of in pit crushers with flexible conveyor systems
feeding directly back to the main plant. These systems thereby
largely if not wholly eliminate the requirement for a load and
haul fleet. They dramatically reduce operating costs but they are
less flexible than a traditional load and haul fleet. Their use
requires far greater advanced planning of the quarry in order to
ensure that they can operate to their maximum potential.
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GEODIVERSITY

GEODIVERSITY AUDIT OF ACTIVE
AGGREGATE QUARRIES

IN DEVON AND SOMERSET

C. NICHOLAS (DAVID ROCHE GEO CONSULTING)

Working quarries offer some of the best and most extensive
geological exposures available. They offer a unique opportunity
for three-dimensional observation as the geology continues to
be revealed by ongoing operations. This detailed information
can provide a developing insight to the geology at locations
where surface exposure may be poor and interpretation of the
underlying geology from surface features alone may be difficult.

The nature of the quarrying business rarely permits detailed
geological study other than that necessary for commercial
quarry planning required for long term operations. Much
valuable geological information goes unrecorded and is
therefore lost.

In 2003-2005, projects were undertaken to collect, collate,
investigate, interpret and record available information on
diverse features of geological interest revealed in 23 active
aggregate quarries in Devon and Somerset. The projects were
enthusiastically supported by the industry to provide each
quarry with information useful for educational and scientific
purposes, especially for visitors and for their own staff.

The projects were supported by the Aggregates Levy
Sustainability Fund through Mineral Industry Sustainable
Technology (MIST). Partners in the projects included the
Devon Stone Federation and the Mendip Quarry Producers
representing the industry, Devon and Somerset County
Councils, BGS and MIRO. The presentation will be illustrated
by examples of the geodiversity of the two counties.

THE CHESHIRE REGION LOCAL
GEODIVERSITY ACTION PLAN – A CASE
IN GEOCONSERVATION PARTNERSHIP

C. BUREK (UNIVERSITY OF CHESTER)

The Cheshire region LGAP was the first dedicated Local
Geodiversity Action Plan (LGAP) published in the UK in
September 2003, although work had started in 2002 on the
concept building on and learning from the experience of the
Local Biodiversity Action Plan. It is a success story of the
partnership approach to geoconservation with active members
across the community from RIGS, education, local authorities,
voluntary organisations, statutory organisations and industry.
The involvement of industry in the action plan has been very
beneficial and shows the holistic nature of the geoconservation
approach in Cheshire. The plan is now being assessed after the
initial three years to improve and re-evaluate the original
objectives. With the development of company GAPs by the
industry, it is valuable to look back at the purpose and
meaning of both geodiversity and geoconservation in the
context of LGAPs. That is the purpose of this presentation.

GEOCONSERVATION IN THE
CONTEXT OF STONE AND AGGREGATE

QUARRYING

C. MACFADYEN (SCOTTISH NATURAL HERITAGE)

Scottish Natural Heritage has a duty to conserve, promote
enjoyment of, and enhance Scotland’s geodiversity, both in the
network of Sites of Special Scientific Interest (SSSIs) and in the
wider countryside. Within the network of geological SSSIs
there are numerous former quarries, ranging from disused
slate and aggregate quarries to dimension stone quarries.
In addition, there are several active quarries in the site network.
The artificial exposures contained in quarries are valuable for
geological research and education; without them the network
of sites that demonstrates the geological evolution and
development of Scotland would be significantly diminished.

With appropriate health and safety provisions, research and
educational activity is able to continue within working quarries.
Old and disused quarries, however, usually require a degree of
maintenance to prevent the site being used as a repository for
tipped-waste, and the rock faces becoming overgrown and
inaccessible. Non-statutory quarry sites can become the focus
of voluntary conservation efforts involving RIGS groups.

There are a number of site management issues associated
with quarrying and conservation of geodiversity, in particular,
the fate of quarries coming to the end of their activity; the
reopening of disused quarries; and the loss of glacial and other
landforms. Landfill or the inappropriate afteruse of quarry sites,
the removal of old and historically important faces within
reopened quarries and the destruction of irreplaceable glacial
landforms all threaten the geological heritage. In many
situations, however, early dialogue can achieve sensitive
exploitation, and integrated afteruse through the application of
appropriate restoration techniques, to the benefit of both the
geological heritage and the extractive industry.

SUSTAINABLE DEVELOPMENT

AND

MINERAL PLANNING

SUSTAINABLE DEVELOPMENT –
AN ANGLO AMERICAN PERSPECTIVE

(KEYNOTE ADDRESS)

D. EMMETT (ANGLO AMERICAN PLC)

The primary global drivers of the sustainable development
imperative for mining and resource companies are addressed in
this presentation. Key aspects of the mining industry’s positive
response via inter alia the Global Mining Initiative and the
establishment of the International Council on mining and Metals
(ICMM), will be described. Specific examples of how Anglo
American plc is increasingly integrating sustainable
development into its normal business practices will be included.
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essential part of sustainable communities but the needs of
future generations for materials from the ground are being
overlooked as other natural resources such as flora, fauna and
landscape receive more popular and political support and are
therefore perceived as being in greater need of protection.

Using funding from the ODPM’s Sustainable Aggregate
Minerals Programme, a project is being undertaken with an
aims to assess and advise Government on the magnitude of the
current mineral sterilisation problem. Focus is given to
measures that could be employed now to address the issue of
mineral safeguarding and how those measures might be
developed and maintained in the future, through the land use
planning system and using the latest GIS technology.

RESERVES AND RESOURCES

REPORTING CHINA CLAY MINERAL
RESERVES AND RESOURCES

IN THE UNITED KINGDOM FOR
ASSET VALUATION AT CORPORATE LEVEL

BY IMERYS MINERALS LTD

J.H. HOWE, AND R.J. ELLIS (IMERYS MINERALS LTD),
O.P. HEROD (SRK CONSULTING LTD) AND

A.J. MIDDLETON (DATAMINE INTERNATIONAL LTD)

Early in 2002, a corporate objective to report reserves and
resources for the whole of Imerys Minerals Ltd was set. The
requirement was to gain a firm understanding of the Company’s
Global Mineral Reserve asset following the merger between the
English Company English China Clays and the French company
Imetal. A consistent approach across the organisation was
required according to the Code for Reporting of Mineral
Exploration Results, Mineral Resources and Mineral Reserves
(The Reporting Code). In that context this paper describes
the approach adopted for the primary China Clay deposits
operated by Imerys Minerals Ltd (IML) in SouthWest England.

Datamine mine planning software is integral to the method
and procedure applied and significant efficiency gains have
been achieved through the development of a suite of bespoke
processes. The procedure involves building comprehensive
geological block models taking into consideration data from
both field mapping and exploration drilling, enhanced
geostatistical studies, multi element estimation, detailed
reconciliation, the application of comprehensive cost models
and consideration of geotechnical risk. At the final reporting
stage quality cut-offs are applied and all relevant modifying
factors are considered.

RESOURCE ASSESSMENT FOR
MARINE AGGREGATES

A. BELLAMY (UNITED MARINE DREDGING LTD)

Assessment of marine aggregates is undertaken in line with
the IoM3 code. Once a potentially suitable deposit is located
following reconnaissance surveys, assessment comprises
seismic data interpretation using closely (<100 m) spaced
survey lines to minimise extrapolation errors. Characteristics
defined include geometry, thickness and internal seismic

MINERAL PLANNING – SOME THOUGHTS
ON STRATEGIC CONSIDERATIONS

J. COWLEY

(MINERAL & RESOURCE PLANNING ASSOCIATES LTD)

Mineral development in Great Britain has been under
comprehensive control through the planning process for nearly
60 years. This is a period within which major social and
economic changes have occurred with significant impacts on
extraction and use of minerals. Planning has only one real
purpose. That is, to manage the land and resources of the country
in the interest of the whole of society (the ‘public interest’).
Sustainability considerations have always been an underlying
and implied objective in that process well before the modern
use of ‘sustainability’ became relative to resource management.

Planning, which includes mineral planning, must therefore
be focussed on the objective of managing land and resources in
the public interest, not for private interests such as the private
interests of one element of society or the private interests
(desires?) of pressure groups. By implication, planning must be
rational in its mechanisms and consider the long-term. By its
balanced and public decision process it should also be the final
arbitrator, subject to oversight by the courts. The question
arises as to if the process is fit enough to meet its obligations,
specifically for mineral supply, for the current and for future
generations?

A number of indications suggest that the process, as it may
directly or indirectly relate to mineral planning, is less effective,
or becoming less effective, or even that it interferes with or
works against rational and long-term planning for resources.
These issues range widely and need to be addressed now in the
public interest. They include at the strategic level (i) a creeping
‘Balkanisation’ of policy within the UK, mirrored by a failure to
provide a UK wide strategy; (ii) a fundamental failure to plan
for the long-term, in direct conflict with the supposed adoption
of sustainability objectives; (iii) a failure to focus properly on
holistic management of resources for the ‘public interest’ coupled
with overzealous application of constraining designations; and
(iv) the growing overt and unbalanced influence of single issue
agencies, agendas and interests with on the other hand a vague
caretaker role for minerals in government. These, and related
issues, will be discussed in the presentation.

UK MINERALS - A NATIONAL RESOURCE
WORTH PROTECTING?

F.M. MCEVOY, J.M. MINCHIN, D. MCKEWON AND

D.E. HIGHLEY (BRITISH GEOLOGICAL SURVEY)
K. HOBDEN, AND V. MUNN (SOMERSET COUNTY COUNCIL),
J. COWLEY (MINERALS AND RESOURCE PLANNING ASSOCIATES),
J. MANKELOW, AND R. LONG (DURHAM COUNTY COUNCIL)

For over four thousand years man has worked the mineral
wealth of this country. Minerals fuelled the industrial revolution,
post-war reconstruction and will continue to play a major part
in shaping our social patterns into the future.

And yet, at a time when we are becoming increasingly aware
of the need to manage all our finite resources in a prudent and
responsible manner, land use planning seems to pay little
regard to the protection of our mineral resources for the future.
Unlike other resources such as our landscapes, our ecology and
our built heritage, there is no statutory protection for our
mineral wealth and as a result, many exploitable materials have
been wasted or sterilised indefinitely by inappropriate forms of
development. Built development has become accepted as an
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signature, inferring depositional environment and sediment
type. Interpretation is assisted with core samples whose depths
of recovery define proven resource volumes, subject to sufficient
sample density relative to seismic coverage. Examples of this
approach include newly licensed areas in the English Channel
off West Sussex and the Isle of Wight, which contain
Pleistocene cold climate river gravels. Inferred depositional
processes are cut and fill over braid plains and lateral accretion,
forming cross-bedded bank attached bars.

Resource assessment is regularly repeated during dredging
operations when relatively new techniques and approaches of
multibeam echo sounding and high resolution, low range side
scan sonar allow a detailed appreciation of seabed depth and
morphology changes due to dredging. Examples of anchor and
trail dredging techniques illustrate the challenges of resource
definition and economic recoverability in deposits reaching the
end of their productive life. Survey data also serves the purpose
of explaining to marine environmental stakeholders the
relationship between offshore dredging and coastal processes.
Large datasets and improved 3D visualisation are helping to
dispel the misconception that extraction accelerates coastal
erosion along vulnerable coastlines, for example in NE Norfolk
and the Isle of Wight.

TITANIUM MINERALS RESOURCE
EVALUATION – COMPARING AND
CONTRASTING APPROACHES
USED IN MINERAL SAND AND

HARDROCK DEPOSITS

E. SIDES (SNOWDEN GROUP)

The majority of titanium mineral production is used in the
production of titanium dioxide which is one of the key
industrial mineral products used in modern society. This paper
examines the sources of these minerals from a geology and
resource evaluation perspective, bearing in mind some of the
constraints of the market for this product. The importance of
titanium dioxide in our every day life is illustrated by the fact
that household paint is estimated to contain 16% by weight of
TiO2 constituting an estimated 25% of the ingredient cost.

The market and supply of titanium oxide are briefly
reviewed in order to identify some of the key parameters
that have to be considered during resource evaluation. The
mineralogy and geology of the main sources of titanium oxide
are discussed, highlighting differences between ilmenite and
rutile bearing heavy mineral sands and bedrock sources of
rutile and ilmenite.

The properties to be determined during sampling are then
outlined, including a discussion of issues related to the
determination of the quantity of titanium bearing minerals
present. Analysis of mineral sands deposits normally involves
a combination of physical and chemical methods. This involves
initial separation of the heavy mineral fraction using gravity
separation methods, followed by magnetic separation
of separate mineral components. The different mineral
fractions are then analysed chemically, normally using X-Ray
fluorescence spectrometry (XRF). The proportion of each
mineral present is then estimated based on an average
chemical composition for each of the main minerals present.
The use of a physical separation stage has the advantage of
using similar processes to those likely to be used during
subsequent processing. Analysis of samples from bedrock
deposits will have to include a stage of sample reduction by
crushing and grinding, which is generally followed by chemical
analysis. A less costly approach used in some instances is

through the use of portable XRF devices in the field for
determinations on outcrop or drillcore samples. In this
instance, obtaining reliable data for resource grade estimation
can be complicated due to calibration issues. However, this has
to be balanced against the benefits of obtaining more complete
sample coverage more rapidly and at a lower cost.

The use of the resultant data in resource estimation is then
discussed. Issues such as the geological considerations such
as the importance of delimiting separate domains are also
outlined. Examples will be given from several deposits that the
author and colleagues have been involved with as well as
published case studies.

RESTORATION AND

AFTER-USE

WATER-BASED QUARRY RESTORATION –
METHODOLOGIES, TECHNOLOGIES

AND APPROACHES

P.A. ELLIS, AND C.C. LEAKE (HAFREN WATER)

Sub-watertable mineral extraction has been undertaken for
hundreds of years resulting in the creation of large areas of
wetland and numerous water bodies. Many of these have
significant ecological and public amenity benefit, such as
the Norfolk Broads, and are important resources at regional
and national levels. Increasing public awareness, greater
understanding of the water environment and progressive
tightening of planning regulations and European Union (EU)
directives have placed a greater emphasis on the optimisation
of water-based restoration design. This is appropriate given the
long-term effects of restoration compared with the relatively
short operational life of a quarry and the proven potential
for schemes to make a major beneficial contribution to the
surrounding area.

Waterbodies can have significant consequences for the local
environment which may include effects upon ecology, flooding,
water resources, river baseflow, public amenity and perception,
bird-strike and landscape. These issues are generally considered
in isolation, or on a site-specific basis, however it is considered
that a more holistic and structured approach to the assessment
of water-based restoration would be extremely beneficial.

A MIRO-MIST funded project is being undertaken to review
water-based restoration methodologies. Key elements have
been the development of assessment criteria to prioritise
water-based restoration objectives and the determination of the
physical and practical constraints on each restoration scheme.
The focus of the presentation is on the hydrogeological and
hydrological environment and the influence that this has on the
final restoration scheme. The engineering requirements
associated with different restoration objectives form an integral
part of the study. The project is intended to inform the planning
process such that restoration schemes could be tailored to
address local issues such as low flows, scarce water resources,
flooding, landscape setting and ecological diversity.
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HYDROGEOLOGY

QUARRYING AND THE WATER
ENVIRONMENT, 2006:

ADDRESSING THE IMPLICATIONS
OF THE NEW PLANNING AND

LICENSING REGIMES

C. HUXLEY (CAPITA SYMONDS LTD)

In recent years, the importance of the water environment
and its associated ecosystems have risen up the political
agenda. European legislation in this area (particularly the Water
Framework Directive and the Habitats Directive) has placed
increased emphasis on the need for holistic catchment
management and for a stronger requirement for scientific proof
in decisions relating to the control of potential impacts.
In England and Wales, this change has been seen in the
emergence of Catchment Abstraction Management Strategies
(CAMS) and wider-ranging River Basin District Plans. More
specifically, in relation to the extractive industry, the Water Act
2003 has brought in a requirement for exemptions to be lifted
on the need for abstraction licences for quarry dewatering.
As a consequence, once the relevant regulations have been
published by DEFRA later this year, the potential impacts of
dewatering will be controlled by Environment Agency licences
as well as by the planning system.

All of this is set against the backdrop of a substantially new
planning system, brought about by the Planning and
Compulsory Purchase Act 2004. Two of the most relevant
changes here are the explicit requirements for planning policies
and decisions to be founded on “robust and credible evidence”
and the introduction of Regional Spatial Strategies as part of the
statutory Development Plan. Together, these dictate a need for
the relationships between quarrying, water consumption and
environmental protection to be examined far more closely at a
strategic level (and thus for a need for regional information on
all relevant factors), and for the planning and regulatory
strategies that should emerge from that process to have a strong
influence on individual planning and licensing decisions.

In 2006, all of these changes are beginning to take effect and
the potential exists for some confusion (or at least uncertainty),
which could lead to unnecessary delays to planning and
licensing decisions. To address these and other issues, and to
provide independent evidence of the effectiveness of certain
impact mitigation measures, Capita Symonds have been
undertaking a number of ALSF-funded research projects, as
listed below. This paper will report on the progress made to
date on each of these projects.

Planning Policy – Minerals and the Water Environment:
A Guide to Good Practice (updating the 1998 DETR guide
produced by Symonds Travers Morgan and providing ODPM
with material for the impending water annexe to MPS2).
Development Control Protocol – Managing the Interface
between Planning and Licensing with Respect to Quarry
Dewatering (a joint ALSF / Environment Agency project,
designed to facilitate the smooth introduction of the new
licensing regime). Mitigation Techniques – Mitigating the
Impacts of Quarry Dewatering (good practice guidance on the
design and efficacy of a variety of dewatering mitigation
measures, based upon the results of new empirical research).

TOOLS FOR QUANTIFYING
HYDROGEOLOGICAL PROCESSES IN THE

VICINITY OF QUARRIES

M. STREETLY (E.S. INTERNATIONAL LTD)

This paper presents a range of techniques of varying degrees
of complexity for identifying, constraining and quantifying
hydrogeological processes in the vicinity of quarries.
Techniques presented include steady state and transient
groundwater flow calculations in 1 and 2D together with a
range of time series recharge-runoff models. The techniques
are applied to sand and gravel, hard rock and karstic aquifers.
Each technique is illustrated with an appropriate example from
the extractive industry showing how they have been of
relevance in helping to develop the conceptual model of the
local hydrogeology and hence of identifying the nature, size
and timing of potential impacts.

IMPLEMENTATION OF SUDS FOR
RESTORATION OF QUARRIES,
THE COMBINED GOAL OF
FLOOD REDUCTION AND

ECOLOGICAL GAIN

M.J. TRAVIS (SLR CONSULTING LTD)

Historically the management of surface water runoff from
mineral sites has not been a priority consideration. However,
with the changes brought in through the PPC (Pollution
Prevention and Control) Regulations and Planning Policy
Guidance notes (PPGs) the focus has been driven towards the
sustainable management of surface water through both the
operational and restored phases of site development.

Until recently PPGs have focused on reducing peak flow as
a means to reducing flooding elsewhere within the catchment.
This has generally been achieved on mineral sites by using
attenuation lagoons/ponds, and fitting the outfalls with suitable
controls to ensure that the operational or restored runoff from
the site is no greater than the pre-development runoff.

More recently the Interim Code of Practice for Sustainable
Drainage Systems (ICoP) was published by the National SUDS
Working Group, in July 2004. ICoP reflects a further change in
the way SUDS are to be designed in that it defines the methods
for calculating the greenfield runoff (i.e. the pre-development
runoff to which the SUDS are designed to restrict runoff
from the site). It also introduces the concept of volume
balancing, whereby the runoff volume from the pre- and
post-development sites must be the same for any storm event.

In these situations the SUDS also provided an opportunity
for ecological enhancement of a former mineral extraction area.
Therefore, detailed designs have been carried out ensuring
that planting and landscaping schedules would encourage
enhancement of the area’s ecological value and diversity.
There are often opportunities within SUDS schemes to provide
a positive ecological benefit to former mineral areas, alongside
managing the surface water runoff generated from the site.
These measures can also aid in the planning process by
providing positive benefits to the surrounding area following
implementation of the scheme.
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EXPLORATION

CHALLENGES OF EXPLORATION
IN SOUTHERN CANADA

K. COATS (AGGREGATE INDUSTRIES US INC)

The Great Lakes shorelines of the United States and Ontario
Canada have historically been a major source of aggregate and
chemical flux stone, supplying the major metropolitan markets
and the steel industry. The primary source of the quarried
materials is the Devonian and Silurian carbonate formations
found along the lake shorelines. The ability to ship materials
by large lake freighters and/or barges allows low cost
transportation to markets.

Aggregate Industries entered into a lease agreement with a
large land owner on Cockburn Island in northern Lake Huron
in the fall of 2004. The island included exposures of the
Silurian Amabel formation, which is widely used in the Ontario
as the premier aggregate resource. Within the ownership, a
10,000 acre area-of-interest (AOI) was identified for exploration,
hoping to site a 2000 acre quarry development. Very limited
published geological information was available and virtually no
subsurface information was known as well. Fieldwork, aerial
geophysics and a desktop review of limiting environmental
constraints were done prior to drilling to try and find a suitable
quarry development site with in the AOI.

While the Great Lakes basin houses approximately 35 million
people, the island location for this project brought usual
challenges and preconceived ideas for identifying the nature
and location of the resource. Special logistical problems also
made getting information expensive and challenging.

DO TOWED EM INSTRUMENTS’
READINGS, 2D RESISTIVITY PROFILES
AND BOREHOLES GIVE US COMPATIBLE

RESULTS OVER THE SAME SITE?

P. FULLER (GEOMATRIX EARTH SCIENCE LTD)

A recent survey used the GEEP system, loaded with Geonics
EM31 and EM34 (10 and 20m coil spacing), to map in detail
sand and gravel deposits for potential commercial extraction.
Currently this area is farmland, divided into fields of
approximately 10-12 ha. Within one field of nine Hectares a
very large number of boreholes on a tight grid were drilled,
sampled and analysed in a manner designed to give as a
complete a picture as possible of the site geology using
variogram plots. Several 2D resistivity profiles were also made.
This allows a direct comparison of the results found from all
three methods, and provides detailed analysis of the quality of
data recorded by the GEEP system.

The Geophysical Equipment Exploration Platform (GEEP)
can be used to survey large areas quickly (6 line km/hr at 10m
line spacing), using a variety of standard geophysical
instruments simultaneously. Instrument outputs are plotted at
an on site logging station in real-time, allowing instant analysis
and quality control. Positional data is provided by a differential
GPS system, eliminating the need to set up a survey grid.

CASE STUDY ON THE USE OF
GAMMA LOGGING PROBE TO RAPIDLY

DELINEATE A CHALK DEPOSIT

P. JACOB (ARCADIS GMI)

The investigation of the sub surface at sites is routinely
carried out by drilling holes and taking samples at wide spaced
depth increments. From this drilling data a continuous detailed
profile of the soil stratigraphy is then expected. Since the 1940s
it has been possible to obtain a continuous profile of the soil
stratigraphy at sites by using the Cone Penetration Test (CPT).
The load, pressure and other sensors are mounted into the
robust CPT probes and allow the determination of soil type
and strength. However, when soft rocks such as Chalk are
encountered they cannot be uniquely identified from layered
soil deposits. The use of CPT reduces time spent on site
investigations by a factor of 20, the use of CPT increases the
volume of soil data points by a factor 50 and reduces the cost
of site investigation by 75%.

Since the 1950s borehole geophysics has been used in the
offshore oil and onshore construction industry to fill in the
stratigraphy gaps between sample depths. One of the standard
borehole logging tools is the logging of Natural Gamma
Radiation. As Chalk has a unique gamma signature from soil it
is ideally suited to be used for all soil and chalk investigations.

In the late 1990s Fugro developed their borehole NGR probe
to be fitted behind a standard CPT probe. This probe was used
at the Lafarge Site in Northfleet to delineate the exact location
and volume of a buried chalk deposit. This paper will discuss
the development of the Natural Gamma Cone technology,
present data from the Lafarge Northfleet soil investigation
and discuss the wider use of the CPT technology for quarry
resourcing activities.

COMMUNICATION AND

EDUCATION

QUARRIES IN TIME AND SPACE:
HELPING COMMUNITIES VISUALISE

RESTORATION SCENARIOS
A.J. BLOODWORTH, A. MINKS, R. NEWSHAM, AND

C. WARDLE (BRITISH GEOLOGICAL SURVEY),
D. JARVIS (DAVID JARVIS ASSOCIATES),

S. PRICE (DERBYSHIRE WILDLIFE TRUST),
G WALTON

(WWW.QUARRYAFTERUSE.INFO)

Restoration methods have improved in the last few years,
and end-use options for quarries once mineral extraction has
ceased are more diverse. Although the positive benefits of high
quality restoration are well known amongst professionals,
communities affected by mineral extraction may have a more
negative perception of the likely impact of restoration plans.
A major factor in this negative perception is the difficulty which
most people have in visualising the changes which quarry
development and restoration will bring about. Whilst static and
fly-through imagery is now used routinely to communicate
proposals for quarry development, viewer access remains under
the control of the developer and the imagery used generally
lacks interactivity by the user.
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A new web-capable interactive package will be described
which will allow the general public to visualise restoration
plans via a CD or the internet. The package takes data from a
standard quarry design tool and uses this as a basis for a series
of ‘photoreal’ ground-based views of the quarry from different
points in time and space. The heart of the package is a unique
viewer which allows the user to chose the time and place from
which to view the restoration. The user can also find out more
information by clicking on points of interest on the image being
viewed. The package has been designed to communicate
general issues relating to restoration of two ‘generic’ operations,
a limestone quarry in an upland location and a sand and
gravel quarry in a river valley. Development of this system was
funded by the Aggregates Levy Sustainability Fund. This
methodology could also be used as part of a consultation
exercise related to planning applications for new mineral
extraction operations.

COMMUNICATING THE EXCITEMENT
OF WORKING IN THE EXTRACTIVE

INDUSTRY TO THE PUBLIC

H.M. PRICHARD (CARDIFF UNIVERSITY)

We need to change the public perception of exploration and
mineral extraction. Currently it is popularly thought that
mining and quarrying are dirty, dangerous operations that cause
damage to the environment and should be hidden. In contrast
they often have only a quite localised impact on the environment
and reveal fantastic rocks, minerals and structures that have
been concealed for millions of years. Today the industry uses
up-to-date equipment to provide essential materials to be used
in our buildings and transport systems.

Historically the UK produced a diverse range of metals
which has created a fascinating legacy and today there is an
active extractive industry. Mineral deposits usually form from
several unusual geological events. The thrill is to locate a new
deposit by detective work. This takes place on a global scale
promoted by ease of modern travel. The exploration geologist
goes to places no tourist would ever think of going. They meet
different peoples and see spectacular unknown landscapes.
The exploration geologist needs to develop an ‘eye for country’
as it is the expression of landscape that is one of the clues to
where a hidden mineral deposit may lie.

There is great potential for multimedia material that will
appeal to a broad audience because of geodiversity, links with
civilisation and vivid images (from micron sized to the scale of
planet earth). These themes will be developed during the talk.
Communicating the excitement of mineral exploration to the
public is neglected and there is a niche to be filled.


