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INTRODUCTION

Northern Ireland possesses a variety of rock
aggregates and other valuable mineral resources. In 2007,
the quarry industry produced 29.5 million tonnes of
aggregate, valued at £125 million and employed about
2000 people (DETI Mineral Statistics 2008) accounting for
about 10% of total United Kingdom production of
aggregate. The Quarry Products Association (QPANI) has
estimated that the total annual turnover of the Northern
Ireland quarry and quarry products industry is about £400
million or 1.75% of Northern Ireland’s Gross Domestic
Product (www.qpani.org)

There is an emerging consensus between the
quarrying industry (QPANI) and Government that
mineral planning policy should ensure that mineral
resources are developed in a sustainable manner and that
where necessary, scarce minerals resources should be
protected from sterilisation by competing surface
development. Northern Ireland minerals planning
regulation is currently based on policies contained in
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“A Planning Strategy for Rural Northern Ireland”
(Department of the Environment for Northern Ireland,
1993). The Planning Service is however in the process of
drafting a new planning policy statement (PPS-19:
Planning for Sustainable Mineral Development) which
will provide detailed guidance and promote a more
strategic and sustainable approach to mineral resource
development.

It is essential that mineral planning policy and
planning decisions recognise the finite nature of mineral
resources and the need for future planning decisions
to be based on the best possible knowledge and
information about these resources. Planners will
therefore require a range of detailed geological data to
help inform their decision-making in relation to minerals.
To provide this context, the Department of Enterprise,
Trade and Investment set out to map the physical and
chemical characteristics of rocks, soils and waters, with
the objectives of revising geological mapping and
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defining the regional physico-chemical baseline. This
work was managed by the Geological Survey of Northern
Ireland (GSNI) through the Tellus Project, which ran from
2004 to 2007 and delivered new series of detailed
geophysical and geochemical maps of Northern Ireland.

The results are an unsurpassed resource for planning
and management of the natural resources and are now
available to mineral developers, planners and academia.
This paper presents a brief summary of the project
parameters and some of the results and applications
relevant to the extractive industry in Northern Ireland.

THE GEOPHYSICAL SURVEY

In 2005 and 2006, the British Geological Survey (BGS),
in partnership the Geological Survey of Finland, flew a
detailed low-level airborne geophysical survey over the
whole of Northern Ireland, using one of several scientific
aircraft owned by the Natural Environment Research
Council. 86,000 line-km were surveyed at a height of 56 m
and line interval of 200 m. The aircraft acquired digital
magnetic field, electrical conductivity and terrestrial
gamma-radiation data at closely spaced intervals. Data
have been gridded onto a 40 x 40 m net for contouring.

The airborne magnetic results refine existing structural
mapping by delineating regional and local faults,
mapping dyke swarms, and delineating other magnetic
rocks, notably the Antrim basalts. The electromagnetic
method maps predominantly shallow variations of
electrical conductivity of rocks and soils and detects
pollution plumes. Gamma-ray results show gross
differences in the radioactivity of rocks and soils, by
mapping emissions of certain isotopes of uranium,
thorium and potassium. Data are available in the original,
corrected formats, in industry-standard formats, or as a
variety of numerical transformations that enhance trends
and features of interest.

THE GEOCHEMISTRY SURVEY

The regional geochemistry programme comprised two
parts:

• A soil sampling programme covering the whole of
Northern Ireland;

• A drainage sampling programme covering the east
of Northern Ireland, which completed a survey of
western Northern Ireland undertaken by BGS in the
mid 1990s.

15,058 soil samples were collected at a nominal
distribution of one site per 2km2 in the countryside
and four sites per km2 in certain urban areas. Two
horizons were sampled, at 15-20 cm and 40-50 cm. Five
sub-samples of each horizon were sampled within a 20
m square and aggregated. The survey was undertaken
according to the BGS ‘G-BASE’ sampling protocol.
Soil samples were analysed by X-ray fluorescence
spectrometry (XRF) and inductively-coupled plasma mass
spectrometry (ICP-MS) methods for some 55 trace
elements and inorganic compounds. Urban samples were
also analysed for a selection of organic contaminant
compounds.

Drainage samples were taken from 1st and 2nd order
streams at a sample density of approximately one site per
2.1 km2. Samples of water, sieved stream sediment and
panned concentrate were collected, again under G-BASE
field protocols. A total of 5,970 regional stream sites were
sampled. Sediment samples were analysed by XRF and
water samples by ion-chromatography and ICP.

THE GEOPHYSICAL RESULTS

The airborne geophysical survey has produced new
high resolution imagery of the sub surface of Northern
Ireland. At the regional scale, the new airborne magnetic
data (Figure 1) reflect the gross regional geology shown
in Figure 2 (Mitchell, 2004). The magnetic image is
dominated by the intense magnetic field of the
Palaeocene Upper and Lower Basalt Formations in the
northeast. The Lower Palaeozoic sediments of the
southeast are generally unmagnetised but are intruded by
Palaeocene granite and Caledonian granodiorite
intrusions in the south, all with prominent magnetic
anomalies. The oldest, Dalradian, rocks in the northwest
are characterised by subdued magnetic fields. In
the southwest, Upper Palaeozoic sediments are
unmagnetised but are underlain or intruded by deeper
magnetic formations.

The whole is overprinted with the generally
northwesterly grain of Palaeocene dolerite dykes.
Figure 3 summarises the extent of these dykes, some of
which are worked for aggregate. At the large scale, these
data provide considerable detail on shallow structures
and facilitate refinement of geological mapping of
magnetic rocks, particularly in areas covered with peat
and glacial material. Figure 4 shows the detail over a
working quarry in these rocks. The quarry runs for
some 600m along the line of the dyke, the dyke is
approximately 400m wide and the potential resource
extends for a total of over 5km in length. The Tellus
results prove to be a potentially invaluable resource in
the future development and management of this quarry
operation.

Terrestrial electrical conductivity increases with the
clay content, saturation, porosity and salinity of the near
surface. The results are therefore valuable for mapping
shallow rock and soil properties that may be significant
for mapping aggregate resources. With some control, the
results may indicate variations in overburden thickness,
and changes of rock type concealed beneath cover.

Figure 5 illustrates the gross variation of electrical
conductivity over Northern Ireland. The hard Dalradian
rocks in the northwest show low conductivities, as do the
compact Lower Palaeozoic sediments in the southeast.
The Palaeocene Slieve Gullion intrusion in the south is
particularly resistive. The Upper Palaeozoic carbonates
and lithic sediments of the southwest show a range of
conductivities, reflecting variations in porosity. High
conductivities reflect the presence of clays south and east
of Lough Neagh. High conductivity over the basalts in
the northwest indicates weathering, peat and glacial
overburden.

Figure 6 shows the level of detail visible at the larger
scale over an area of Lower Palaeozoic greywacke, a rock
widely worked for roadstone. Local conductivity
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Figure 2. Simplified geology map of Northern Ireland. Major faults are overlain on the image in red. © Crown Copyright 2008

Figure 1. Total Magnetic Intensity over Northern Ireland showing the main anomalous centres. reverse polarised rocks are coloured blue
and normally polarised rocks are coloured in red. Major faults and regional geology are overlain on the image. © Crown Copyright 2008
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Figure 3. Line interpretation of the igneous intrusive and extrusive rocks in Northern Ireland. © Crown Copyright 2008

Figure 4. Total Magnetic Intensity image overlain on orthophotograph showing the location of a quarry (circled in red) working the dyke.
© Crown Copyright 2008
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Figure 6. Large scale high frequency conductivity image of an area of County Down showing the rough NE-SW trend of the underlying
rocks and variations in superficial deposits. © Crown Copyright 2008

Figure 5. High frequency electrical conductivity map over Northern Ireland. Areas of high conductivity are marked in reds and yellows,
low conductivity in blues. Major faults are overlain in red. © Crown Copyright 2008
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variations reflect changes in overburden thickness and
the presence of east-north-easterly striking shale beds.

Levels of natural radioactivity vary widely (Figure 7).
This ternary image combines the signals of uranium,
thorium and potassium, coloured as blue, green and red
respectively. Black indicates areas where there is no
transmitted radiation and white where all three isotopes
are abundant. The Palaeocene intrusions in the south
show the highest radioactivity. The Dalradian
metasediments and Lower Palaeozoic greywacke display
moderate levels. The basalts in the northeast show low
radioactivity, which are further reduced by the effect of
overburden. Low levels in the west and southwest also
reflect the masking effects of peat but streams can be
identified where the bedrock is exposed. Higher values
occur over outcrop in the southwest, where limestones,
particularly, show elevated uranium.

THE GEOCHEMISTRY RESULTS

The geochemistry images have been interpolated by
Inverse Distance Weighting onto a 250 x 250 m net from
the one site per 2 km2 sampling. These images take no
account of the underlying geology, which is the primary
control on soil geochemistry (Rawlins et al., 2003).

These results are of most value in base and precious
metals exploration, but also define a geochemical
environmental baseline applicable for monitoring other
industrial activity. As an example, Figure 8 shows the

distribution of nickel in shallow soils. High values of
nickel (and also chromium and copper) are recorded
over the Palaeocene Upper and Lower Basalt Formation.
Moderate values are typically recorded over Lower
Palaeozoic rocks in the southeast. In the west, nickel
values correlate more with superficial geology, although
enhanced levels are clearly associated with some of the
northwest-trending dykes.

Figure 9 shows the distribution of arsenic in stream
sediments. The distribution shows strongly developed
regional patterns that are apparently controlled by
lithological variation, hydrothermal mineralisation and
secondary enhancement in the surface environment. The
highest levels occur in the northwest over parts of the
Dalradian and are widely associated with gold deposition
in this area. High levels also occur in the Lower
Palaeozoic rocks in the south and southeast, also in
association with gold mineralization. The basalts in the
northeast are characterized by very low arsenic levels.

Deep soil platinum geochemistry is shown in
Figure 10. Geographically continuous anomalies occur
over the basalts, reflecting naturally elevated mineral
concentrations in basic magma. There appear to be two
naturally anomalous zones, the source of which remains
unknown but is currently the object of prospecting.
Elevated concentrations on Dalradian metasediments are
correlated with faults, sills and pillow lavas. Other
anomalies in the southwest coincide with dolerite dykes.

Figure 7. Enhanced Radiometric ternary image over Northern Ireland. Areas of little or no radiogenic signature are coloured black.
Increasing colour indicates increasing signal of thorium (coloured green), potassium (coloured red) and uranium (coloured blue).
Combinations of colours reflect combinations of signal, with the Mourne Mountain area in the SE showing elevated signal for all three
elements. © Crown Copyright 2008
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Figure 9. Distribution of arsenic in stream sediments across Northern Ireland. Elevated values (coloured red) have associated gold
mineralisation in the west of the country. © Crown Copyright 2008

Figure 8. Distribution of nickel in soils ( 20 cm horizon ) over Northern Ireland, clearly showing the elevated levels (coloured red)
associated with the Antrim flood basalts. © Crown Copyright 2008
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Figure 11. Water conductivity image over Northern Ireland. Upland areas are identified by low (blue) values. © Crown Copyright 2008

Figure 10. Distribution of platinum in soils (50 cm horizon) over Northern Ireland showing the anomalous zone (coloured in red)
concentrated in the vicinity of the Antrim basalts. © Crown Copyright 2008
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Tellus waters data provide a baseline for environmental
monitoring of industrial activity. Electrical conductivity of
stream water is a useful combined indicator of the
concentrations of dissolved electrolytes, both natural and
artificial. The conductivity of stream waters shown in
Figure 11 varies from 8 µS/cm to 3,400 µS/cm, with an
inter-quartile range of 200-460 µS/cm. Natural water
conductivity is controlled by both geology and terrain;
over igneous and metamorphic rocks, and in upland,
high rainfall, areas stream waters typically have low
conductivities while higher values are associated with
sedimentary rocks, with river valleys and the margins of
lake basins.

CONCLUSIONS

Promoting and monitoring sustainable development of
resources is a key role of government. The benefit of
the Tellus project in stimulating investment in minerals
development is clearly demonstrated by the increase in
base and precious metals prospecting since the data were
first released. Pre-Tellus, only 17% of the country was
licensed for exploration, with an annual investment
value of less than £0.5 million. In 2008, over 60% of
Northern Ireland was under minerals prospecting licence
or application, with investment commitment for the 2008-
2009 period of £15 million.

At the same time, the extensive range of geochemical
maps of soils and streams provide new baseline data for
monitoring of mineral development. These results
provide a standard against which to monitor change
and a means of identifying abnormally depleted or
potentially toxic levels of key elements or compounds.
With this information government can identify areas for
remediation or control.

The Tellus Project has therefore succeeded in
encouraging economic development by promoting
investment in mineral exploration, has provided
contextual, baseline geo-science information for
managing development sustainably, and has stimulated
research into a range of applied geological and
environmental issues.
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