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commission from the Department of the Environment. This map, along with one for each of the five other counties (including
county boroughs), was completed in 2012 and a series of six digitally generated maps at a scale of 1:100 000 are available.
The mineral resource data depicted on these maps are also available in a digital format for use within a Geographical
Information System (GIS).

Mineral resources

Mineral resources are natural concentrations of minerals which might now, or in the foreseeable future, be of economic value.
The assessment of mineral resources is, therefore, a dynamic process which must take into account a range of factors.
These include geological reinterpretation as additional data becomes available, as well as the continually evolving demand
for minerals, or specific qualities of minerals, due to changing economic, technical and environmental factors. Consequently,
the economic potential of mineral resources is not static, but changes with time.

Generally, a mineral resource is known to exist within the boundaries outlined by geological mapping, which may be
supplemented by more in depth geological data. Mineral Resource data depicted on the map shows the inferred extent of a
mineral resource. Inferred resources are those defined from available geological information and assumed but not verified
geological continuity. They have neither been evaluated by drilling or other sampling methods, nor had their technical
properties characterised, on any systematic basis.

Limitations

The mineral resource data presented are based on the best available information, but are not comprehensive and their
quality is variable. The inferred boundaries shown are, therefore, approximate. Mineral resources defined on the map
delineate the areas within which potentially workable minerals may occur. These areas are not of uniform potential and also
take no account of planning constraints that may limit their working. Much of Northern Ireland is covered by thick superficial
deposits of peat and glacial till, neither of which is shown on the main map. This overburden would need to be removed prior
to the working of many of the bedrock resources depicted. Peat, as a mineral resource, is included on an inset map. Till is not
considered to be a resource although it may contain small sand and gravel deposits. The economic potential of specific sites
can only be proved by a detailed evaluation programme. Such an investigation is an essential precursor to submitting a
planning application for mineral working. Areas are shown on the map as having no mineral resource potential, but some
isolated mineral workings may occur. The presence of these operations generally reflect very local or specific situations.

The locations of extant or expired planning permissions for the extraction of mineral are shown. These have been supplied by
the Department of the Environment. Due to the complex and historic nature of planning permissions, some digtal outlines are
not available and, therefore, may not be shown on the map. In addition, building stone quarries are also shown. Information
on the location of building stone quarries was taken from the Natural Stone Database of Northern Ireland, developed by the
Consarc Design Group and Queens University Belfast, supplemented by information from GSNI. Due to the historic nature of
many building stone quarries, digital outlines of the planning permission are unavailable and, therefore, are not shown on the
map. While the compilers have tried to ensure that the site details are as accurate as possible, any map depicting the
location of mines and quarries is a snapshot in time. Moving the extraction location as reserves become exhausted or a new
extension starts production, and renaming of sites are regular occurrences, and in addition planning permission may cease to
be extant.

The map is intended for general consideration of mineral issues and not as a source of detailed information on specific sites.
The map should not be used to determine individual planning applications or in taking other decisions on the acquisition or
use of a particular piece of land, although they may give useful background information which sets a specific proposal within
context.

Copyright

Topographic data is Crown Copyright and is reproduced with the permission of Land & Property Services under delegated
authority from the Controller of Her Majesty's Stationery Office © Crown copyright and database rights, EMOU206.1 (2012).

Environmental designation data is based on Crown Copyright and is reproduced with the permission of Land & Property
under delegated authority from the Controller of Her Majesty's Stationery Office © Crown copyright and database rights,
EMOU206.2. Northern Ireland Environment Agency Copyright 2012.

Mineral planning permission data and areas of constraint on mineral developments are reproduced with the permission of the
Planning and Local Government Group, Northern Ireland Department of the Environment. Copyright 2012.

The locations of building stone quarries from the Natural Stone Database of Northern Ireland are reproduced with permission
of the Consarc Design Group. Copyright 2012 Stone Database.

Geological Map © Crown Copyright 2012. All rights reserved.

This publication has been produced by the British Geological Survey and Geological Survey of Northern Ireland for the
Department of the Environment (Northern Ireland). The publication (excluding logos) may be reproduced free of charge in
any format or medium for research, private study or circulation within an organisation. This is subject to it being reproduced
accurately and not in a misleading context. The material must be acknowledged and the title of the publication specified.
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Distribution of peat in County Armagh

PEAT

Peat is an unconsolidated deposit formed by decaying organic matter which accumulates in a water-saturated environment
such as a bog or moss. Bogs occur in areas where they are dependent on rainfall for supply of water or in sedimentary
basins such as former lakes. Vegetation is characterised by acid tolerant plant communities of which the genus Sphagnum is
dominant. The two main types of bog are (i) raised bogs, characteristic of flat underlying topography and found on plains and
broad valley floors and (ii) blanket bogs, which occur mainly in upland areas where conditions are suitably cool and wet.

Although most widespread in the west and north of Northern Ireland, blanket bog also occurs in eastern upland areas. Peat
depth is variable, with an average of 0.5-3 metres being fairly typical, but depths in excess of five metres are not unusual.
Raised bogs occur across the province. These may be infilling former lagoons or glacial lakes behind other coastal deposits
or older glacigenic deposits respectively. Peat bogs in Northern Ireland are relatively small and were never developed on an
industrial scale for power generation as they were in the Irish Midlands. Whilst peat is cut locally for fuel, its main usage is as
a horticultural growing medium, although its potential as a carbon sink has been recognised.

There are widespread resources of peat in raised bogs overlying the Lough Neagh Clay Group and glacial tills in the northern
part of County Armagh which are worked for horticultural use.
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METALLIFEROUS MINERALS

The principal metal occurrences in County Armagh are historically important lead veins, associated with zinc, copper and
barytes, hosted within sedimentary rocks. These rocks also host a number of important gold occurrences. Selected mineral
occurrences to illustrate the diversity of metallic minerals in the county are shown on the map.

Precious metals (gold and silver)

Gold always occurs alloyed with silver and other elements, and as deposits of silver alone are not known in Northern Ireland,
the two metals are discussed together. Sedimentary rocks, which represent an extension of the Southern Uplands Terrane of
Scotland into Ireland (the Southern Uplands-Down-Longford Terrane) dominate the southern two thirds of Co. Armagh. A
number of significant gold occurrences occur in these rocks in Scotland and close to the border of Co. Armagh in Co.
Monaghan in the Republic of Ireland. Gold in association with quartz veins has long been known at Clontibret in Co.
Monaghan. The Clontibret mineralisation contains antimony and is part of the same vein swarm that includes the lead veins
of south Armagh. Some six kilometres to the east, in Co. Armagh, bedrock gold has been identified at a number of localities.
Drilling at Cargalisgorran, north of Derrynoose, has identified a mineralised zone extending for at least 150 metres and
consisting of three steeply dipping, gold-bearing quartz-carbonate veins. At Tivnacree, one kilometre south-west of
Cargalisgorran, trenching and drilling has identified low-grade gold mineralisation. Drilling to the north-east of these
occurrences, in an area known as ‘Clay Lake’, has intersected further bedrock gold mineralisation. Alluvial gold occurrences
are scattered throughout Co. Armagh, with a particular concentration to the west of Armagh City, suggesting that bedrock
gold occurrences remain to be discovered. A spectacular discovery in 1980 was the Clay Lake nugget from Co. Armagh,
weighing more than 30 grammes.

Lead, zinc, copper and barytes

The South Armagh-Monaghan Mining District is centred on the town of Keady in south Armagh. In Co. Armagh there are
records of 57 shafts and adits. A few of the veins were worked on a relatively large scale by the standards of the 1800s. The
Derrynoose Lead Mine to the west of Derrynoose, abandoned in 1842, comprised 13 shafts extending to depths of up to 45
metres and a single adit. Other workings of local significance, which had multiple shafts, were the Clay Mine, south-east of
Derrynoose, College Mines, north of Derrynoose, Creggan Mine, north of Creggan, and Carrickgalloy Mine, south of
Whitecross. Mineralisation predominantly comprises lead, zinc, and copper minerals in association with quartz, calcite and
barytes.

Barytes occurs in the sedimentary rocks of Southern Uplands-Down-Longford Terrane, commonly as a gangue mineral in
metal- bearing veins. Barytes as a gangue in metalliferous veins is rarely ever of economic importance.

As in neighbouring Co. Down, the rocks of the Newry Igneous and Slieve Gullion complexes and their immediate
surroundings are prospective for mineralisation. These rocks have been focus of a number of mineral exploration campaigns,
concentrating on their potential for gold, copper, lead, zinc, uranium and other metals.

Oil and Gas o

[ Permo-Triassic basin main target area
[l Permo-Triassic basin marginal area

HYDROCARBONS
Conventional oil and gas

Exploration for oil and gas in Northern Ireland began in 1965 and whilst gas has been detected it has yet to be discovered in
commercial quantities. The hydrocarbon potential of most sedimentary rock ‘basins’ in Northern Ireland has yet to be fully
tested and so these remain ‘prospective’ for oil and gas.

The Lower Carboniferous-age rocks of southern County Tyrone and most of Co. Fermanagh form one of the two major
provinces in Northern Ireland most prospective for oil and gas. The second prospective province comprises the younger
Permian and Triassic (Permo-Triassic) age rocks beneath Lough Neagh and the Antrim Plateau.

Underlying northern Co. Armagh are sedimentary rocks deposited in the Lough Neagh Basin. This is the deepest, and
possibly the most prospective, of the Permo-Triassic basins in Northern Ireland. An exploration borehole (Annaghmore No. 1
in Co. Antrim) identified black bituminous oil in the Permian-age Magnesian Limestone (dolomite) and minor gas was
discovered at various intervals in the underlying Permian-age sandstones. Underlying Carboniferous-age coals and shales
are the likely ‘source’ rocks for this oil and gas, although data from boreholes indicate that these rocks are missing (have
been eroded) from some areas in the basin. The younger Triassic-age Sherwood Sandstone (which forms important
reservoirs in the East Irish Sea gas field), along with Permian-age sandstones form potential ‘reservoir’ rocks into which any
oil and gas generated from the source rocks might migrate and become trapped. The overlying Triassic-age Mercia
Mudstone Group is likely to provide a good ‘seal’ for any hydrocarbons trapped in the underlying sandstones.

Shale gas

Shale gas is extracted directly from mudrocks and shales which have previously been considered too impermeable (tight) to
allow economic recovery of gas. Unlike conventional gas, which collects in porous reservoir rocks (such as sandstone) and
can be released simply by drilling boreholes into those rock formations, shale gas is locked in the matrix of much less
permeable mudrocks and shales. It can be accessed only by using a specialised drilling and production technique, called
hydraulic fracturing or 'fracking', which enhances the limited natural micro-porosity to free the gas from the rock for extraction
via a borehole.

In Co. Armagh, the Carboniferous-age organic rich shales underlying the Lough Neagh Basin may have potential for
unconventional shale gas production. The distribution of shales at depths suitable for shale gas production is unknown
because few exploration wells have been drilled in these basins.

CRUSHED ROCK AGGREGATES

Crushed rock aggregates are a key component of construction materials such as concrete and asphalt where aggregate
adds low-cost reinforcement to these composite materials. Loose aggregates are also used as a stable foundation or
road/rail base with predictable, uniform properties.

A wide variety of hard rocks are suitable for use as aggregates including igneous, sedimentary and their metamorphic
equivalents (igneous or sedimentary rocks which have subsequently been altered by heat and/or pressure). Their technical
suitability for different applications depends upon physical characteristics, such as crushing strength and resistance to impact
and abrasion.

High specification aggregates (HSA) are needed to produce skid-resistant road surfacing. These materials must have a high
resistance to polishing. This is expressed as a ‘Polished Stone Value’ (PSV) of 58 or higher. HSA must also meet strict
specifications for resistance to abrasion, fragmentation and weathering, as well as compositional restrictions. For less
demanding applications such as constructional fill and drainage media, a wider variety rocks with lower specifications are
acceptable.

This text box describes resources of crushed rock aggregate in County Armagh derived from igneous rocks, sedimentary
rocks such as sandstones, together with their metamorphic equivalents. Limestones, which are also a source of crushed rock
aggregate in Co. Armagh, are described in a separate text box.

Igneous and meta-igneous rocks

Most igneous and igneous-derived rocks in Co. Armagh are suitable for general aggregate use. However, igneous rock
resources suitable as HSA material for road surfacing applications are limited.

The basalt lavas and intrusions of the Antrim Lava Group have elevated PSV values that make them suitable for a wide
range of applications. Basalt lava in the northern part of Co. Armagh is exploited for crushed rock aggregate and roadstone.

A felsite dyke and/or a crosscutting basalt sill, is worked at the Swan Rock quarries located to the east of Crossmaglen in the
southernmost part of the county. Also in the south of the county, the Newry Igneous Complex and the adjacent contact
metamorphosed meta-sedimentary rocks are worked for crushed rock aggregate.

Sedimentary and meta-sedimentary rocks

The extensive quartz-rich sandstones (or gritstones) underlying much of Co. Armagh constitute a major source of HSA
material. Eleven quarries are currently active of which three produce in excess of 100 000 tonnes per year and several
supply HSA to England. Average PSV values range from 57.8 to 66.0, with most quarries recording values in the interval 61-

Sandstones and siltstones, commonly with thick mudstone interbeds, in the southernmost parts of Co. Armagh, generally
produce inferior aggregate material except in the vicinity of the Newry and Slieve Gullion igneous complexes where they
have been thermally metamorphosed. HSA aggregates are exploited at various sites in the vicinity of these granitic
complexes.

The Carboniferous-age limestone around Armagh is primarily used as a local source of crushed rock aggregate. The
limestone, which was formerly for building stone (see text box on Building Stone), is currently worked at the Carganamuck,
Annacramp and Tynan quarries near Armagh City.

CLAY
Brick clay

‘Brick clay’ is a term used to describe clay and shale used predominantly in the manufacture of bricks, and to a lesser extent,
roof tiles and clay pipes. These clays may sometimes be used in cement manufacture, as a source of constructional fill and
for lining and sealing landfill sites. The suitability of the raw material depends principally upon its behaviour during shaping,
drying and firing. This dictates the properties of the fired brick such as strength and frost resistance and, importantly,
architectural appearance.

Most facing bricks, engineering bricks and related clay-based building products are manufactured in large automated
factories. These represent a high capital investment and are increasingly dependent, therefore, on raw materials with
predictable and consistent firing characteristics in order to achieve high yields of saleable products. Blending different clays to
achieve improved durability and to provide a range of fired colours and textures is an increasingly common feature of the
brick industry. Continuity of supply of consistent raw materials is of paramount importance.

Stone-free red plastic clays from the Triassic-age Mercia Mudstone Group, with later re-deposition, have been worked for
brick-making elsewhere in Northern Ireland (e.g. the Belfast area and Lagan Valley). The Mercia Mudstone Group occurs
north-west of Portadown, in the north of County Armagh. There are no active sites working brick clay in Co. Armagh.

Lough Neagh Clay

The Lough Neagh clays extend over 500 km?, of which 300 km? underlie the lough. The lignite-bearing clays form a belt that
extends around the western, southern and eastern shores of Lough Neagh. Clays are interbedded with up to 400 metres
thickness of flat lying or shallow dipping sands, silts and lignite within small fault-bounded basins (see also text box on
Lignite). Clays from the Lough Neagh Group were used in the manufacture of sanitary pipes at Coalisland, Co. Tyrone, and
on the east side of Lough Neagh near Portmore, Co. Antrim. The same Lough Neagh Group of rocks underlies superficial
deposits in the north of Co. Armagh.

The Lough Neagh clays are of a similar age and character to the ball clay deposits found in the south-west of England. The
principal exploitable properties of these ball clays are their plasticity, dry strength, white-firing character and vitrification
behaviour. Unfortunately, the high iron content of the clays around Lough Neagh limits their use and no resources have been
identified that would be acceptable to modern ceramic producers.

BUILDING STONES

A wide range of rock types are used as a source of building stone for masonry, field walling, roofing and flooring purposes, all
of which give a specific character to an area. The stones can be used as coarsely dressed ‘rubble walling’, however, there is
a need for finer, more easily worked stones, for details such as mullions and sills on such buildings. The suitability of
particular rock types depends not only on aesthetic qualities such as colour and textural consistency but also factors such as
strength and durability, as well as other commercial considerations.

A wide variety of hard rocks are suitable for use as building stone including igneous, sedimentary and their metamorphic
equivalents (igneous or sedimentary rocks that have been altered by heat and/or pressure). Many rock types suitable for
building stone are also suitable for crushed rock aggregate (see text box on Crushed Rock Aggregates). Some units, notably
the thicker sandstone formations, lend themselves to being used as a freestone or dimension stone as they can be worked in
any direction without splitting or failing. A continuing supply of building stone is important for new build and conservation
work.

Igneous and meta-igneous rocks

The Newry Granodiorite within County Armagh has been worked along its northern margin for building stone at Goraghwood
Quarry near Jerrettspass, and at Drumalane Quarry near Newry. The granodiorite is a bluish-grey granitic rock that is an
extremely hard and resistant building material. It has been used as facing stones on buildings and for kerbstones in Newry
and Belfast. Stone from Goraghwood Quarry was used in the construction of the Craigmore railway viaduct. Drumalane
Quarry is currently worked for crushed rock aggregates (see text box on Crushed Rock Aggregates).

The granitic rocks of Slieve Gullion Complex in the south of the county have been exploited for building stone at the
Mullaghbawn Central, Slieve Gullion Forest and Camlough quarries. In the case of Camlough Quarry, thermally
metamorphosed greywackes and shales are also present.

Sedimentary and meta-sedimentary

Armagh Limestone is probably the best recognised of Northern Ireland’s limestones. It varies in colour from pale grey to
purplish red and was used extensively in Armagh City, and the surrounding area, in the 18th and 19th centuries. The majority
of the main stone quarries (e.g. Annacramp and Carganamuck) are still active, although largely used for aggregate. Rock
Road and Benburb No 2 quarries have ceased working. Armagh Limestone shows little decay over time, with only mild
weathering along stylolites (surfaces generated by pressure dissolution) and where fossils are present, and occasional mortar
damage where cement pointing has been used.

The Maydown Limestone Formation was formerly exploited for building stone at Benburb No 1 Quarry. Some building stone
is still extracted at the currently active Navan and Tynan quarries, although they are primarily worked for crushed rock
aggregates.

Well-bedded sandstones/gritstones, which underlie much of Co. Armagh, have been subject to very low grade
metamorphism, making them good structural building stone as well as high specification aggregate. Gala Group greywackes
have been exploited for building stone at Drumalane, Glebe Hill and Outlack quarries. Sandstones/gritstones within the
Moffat Shale Group have been exploited for building stone at Killycapple (Outlack) and Mullaghbrack (Markethill) quarries.

LIMESTONE

Limestones are sedimentary rocks composed mainly of calcium carbonate (CaCO;). Dolomites are limestones which also
contain between 10-50 per cent magnesium carbonate (MgCOs). As well as being relatively hard and durable, most
limestones and dolomites form bedded deposits which are generally easy to work. These properties mean that they are
commonly worked for construction aggregate and building stone. Limestones are also valued for their chemical properties in
applications such as cement manufacture, glass making, iron ore smelting, flue gas desulphurisation, as a soil conditioner,
food supplement and white filler. The strict chemical limits applied to material used in these applications restricts extraction to
high purity stone (>97% CaCO:).

Carboniferous-age limestones occur in the north and east of the county around Armagh City. They are extensively worked at
quarries to the west of Armagh City for crushed rock aggregates (see text box on Crushed Rock Aggregates), agricultural
lime and derivative pre-cast concrete products. More argillaceous limestones, which are exploited for aggregates in the same
area, are less amenable to industrial use.

The Cretaceous-age Ulster White Limestone Formation is an extremely hard, high purity product (>97% CaCQO:). It is worked
in Counties Antrim and Londonderry for the manufacture of white filler and agricultural lime. In County Armagh, resources of
this limestone occur in a small area north-west of Portadown.

GEOTHERMAL ENERGY

Geothermal energy is derived from naturally occurring heat from rocks at depth. Naturally heated groundwater can contribute
to heating buildings and, if hot enough, to drive turbines, thus providing a renewable source of heat and electricity. In
Northern Ireland there are two provinces prospective for intermediate and deep geothermal energy. The first comprises the
Permian to Triassic (Permo-Triassic) age sedimentary rocks deposited in the Rathlin, Lough Allen, Larne and Lough Neagh
basins. These basins are also potential hosts for oil and gas (see text box on Hydrocarbons). The second is the Mourne
Mountains, where geothermal potential exists in the deep, granitic, igneous rocks.

One borehole (Larne No. 2, in County Antrim) has been drilled in Northern Ireland with the specific aim of assessing
geothermal potential. The temperature at the bottom of the borehole (2880 metres) was 87.8 degrees centigrade. Only one
other borehole (Ballinlea, also in Co. Antrim) reached a depth of over 2500 metres (2683 metres), where the bottom-hole
temperature was 97.8 degrees centigrade. These, along with temperatures encountered in numerous shallower boreholes
and knowledge of the properties of rocks at depth, allow temperatures expected at 2500 and 5000 metres to be extrapolated.

Underlying the north-west of Co. Armagh is part of the Lough Neagh Basin. Here the Triassic-age Sherwood Sandstone
Group at depth has the potential to act as a ‘geothermal aquifer’ with naturally heated groundwater accumulating in the pore
spaces of the sedimentary rocks. Deeper sandstone aquifers are also prospective. Depending on the depth of an aquifer, it is
expected that, at 2500 metres, water would be between 65-85 degrees centigrade (suitable for heating buildings and, with
additional heating, driving turbines). At 5000 metres deep, water encountered would be between 115-150 degrees centigrade
(suitable for direct driving of turbines). In a geothermal aquifer, such water would be released by drilling boreholes into the
host rock formation. If this is a ‘tight’ sandstone with very low permeability, it would probably require some form of enhanced
recovery technique to maximise the geothermal potential.

LIGNITE

Lignite (brown coal) is a fossil fuel derived from dead plant material which has been transformed by burial and compression
at elevated temperatures over a long period of time into combustible sedimentary rocks.

Lignite is present within the Lough Neagh Clay Group that underlies superficial deposits in the north of County Armagh.
Around Lough Neagh, this group occurs across an area of 500 km?, of which about 300 km? occur below the lough. The
lignite bearing sediments form a belt that extends around the western, southern and eastern shores of Lough Neagh. Lignite
beds are interbedded with up to 400 metres thickness of flat lying or shallow dipping sands, silts and clays within small fault-
bounded basins (see text box on Clay). Individual beds of lignite are up to 43 metres thick. The lignite could be used to
generate electricity from a thermal power station.
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SUPERFICIAL SAND AND GRAVEL

Sand and gravel are defined on the basis of particle size rather than composition. In current commercial practice, following
the introduction of the European standards in 2004 (BS EN 12620), the term ‘gravel’ (or more correctly ‘coarse aggregate’) is
used for general and concrete applications to define particles between 4 and 80 mm. The term ‘sand’ (or more correctly ‘fine
aggregate’) is used for material that is finer than 4 mm, but coarser than 0.063 mm. For use in asphalt, 2 mm is the break
point between coarse and fine aggregate. Most sand and gravel is composed of particles that are durable and rich in silica
(quartz, quartzite and flint).

The principal uses of sand are as a fine aggregate in concrete, mortar and asphalt and the main use of gravel is as coarse
aggregate in concrete. Substantial quantities of sand and gravel may also be used for constructional fill.

The variability of sand and gravel deposits together with their possible concealment within or beneath till (boulder clay),
means that it is difficult to infer their location and the likely extent of potentially workable resources.

Most workable deposits of sand and gravel formed at the end of the last ice age. They lie on top of the bedrock geology and
are generally concentrated in the river valleys. Superficial sand and gravel resources in County Armagh comprise proglacial
and glaciofluvial outwash deposited by meltwater flowing from the retreating ice margin. Small areas of glaciofluvial sands
and gravels occur on the flanks of the valleys of the Callan River (6 kilometres south of Armagh City), Oona Water and the
River Blackwater.

County Armagh is a relatively small producer of sand and gravel in Northern Ireland, accounting for about four per cent of
total output. This production is derived from dredging the littoral zone (<6 metres depth) of Lough Neagh and is brought
ashore for processing at Emerson’s Wharf, near Lurgan. Whilst Lough Neagh is one of the main sources of sand and gravel,
the reserves have not been estimated.
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