Figure 3. A schematic stratigraphical column summarising the rock sequence in Carlow.
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and chlorite schists due to their close proximity to the granite. This type of
metamorphism is known as contact metamorphism. Both the Tullow and Blackstairs
plutons are mostly composed of granite but also include some granodiorite.

The emplacement of the granite was roughly synchronous (at the same time) with a
phase of shearing responsible for the East Carlow Deformation Zone (McArdle and
Kennedy 1985). This zone can be traced from Graiguenamanagh to Wicklow. Earlier
folds were tightened during this event and new mineral alignments and foliations
developed within the rocks. The timing of the crustal movements responsible for the
East Carlow Deformation can be determined with some accuracy. Because the
movement affected the margins of the granite and was accompanied by contact
metamorphism it can be inferred that movement took place during and immediately
after granite emplacement.

Another feature of the Leinster Granite is the presence of vein-like aplites and
pegmatites. Aplite veins developed when residual granitic magma was squeezed
through cracks and fractures that formed as the granite cooled. Pegmatites are very
coarse-grained igneous rocks of granitic composition. They usually occur in
association with intrusive igneous rocks, most commonly felsic intrusions (e.g.
granite). Of particular interest in the Carlow region is the occurrence of lithium-rich
pegmatites containing an unusual mineral called spodumene. The most important
occurrence is at Aclare.

The closure of the lapetus Ocean saw the amalgamation of two landmasses to form
the Old Red Sandstone Continent (or Laurussia), during the Devonian. Ireland’s
position within this landmass, which covered most of northwest Europe, had a latitude
and as such, climate, similar to that of the Sahara desert today. Marine processes
were not a major factor as most of the land lay above sea level. Instead terrestrial
processes, such as wind and fluvial systems dominated. The Old Red Sandstone
Continent remained throughout the Devonian from about 410 to 360 million years
ago. In the Carlow area the only evidence for this period is found on the
Kilkenny/Carlow border, southeast of Goresbridge. Here a thin, northeast-southwest
trending sliver of transitional Upper Devonian/Lower Carboniferous rocks can be
found. Known as the Kiltorcan Formation these rocks are characterised by red and
green mudstones capped by distinctive yellow sandstones. The rocks are rich in plant
fossils in localised places outside the county. The lack of Lower Devonian deposits
suggests that at that time Carlow was a site of erosion rather than deposition.

During the early Carboniferous, sea level began to rise and the shoreline moved
northwards from Cork flooding the land as it passed. The sea lapped up against the
emergent granite high ground and laid down sediment in the Barrow Valley (Aldwell
1975). At this time Ireland experienced a tropical climate much like that of the
Bahamas today making it the ideal setting for limestone deposition. This early
Carboniferous transition to a marine depositional environment is recorded in the
shallow water Porter's Gate Formation, consisting of grey calcareous sandstone,
shales and thin limestones. Fossils found within this formation, including brachiopods,
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bivalves, crinoids and corals, provide valuable information on the age of the formation
and the depositional environment. The Porter's Gate Formation passes northwards
into the Quinagh Formation. Although not very well exposed at the surface a GSI
borehole at Quinagh allowed for detailed analysis of this formation. The Formation is
characterised by alternating thin beds of mudstone, siltstone and very fine-grained
sandstone. The Quinagh Formation rests unconformably over the Leinster Granite
with no sign of any intervening Devonian deposits. This suggests a period of non-
deposition and implies that the granite was in fact above sea level at this time. Further
evidence to support this comes in the form of weathered granite clasts found
throughout the Quinagh Formation and in overlying limestone formations (Tietzsch-
Tyler et al. 1994a).

Marine conditions continued with the slightly deeper-water, lower energy deposition of
the Ballymartin Formation consisting of interbedded grey muddy limetones and
calcareous mudstones. The overlying Ballysteen Formation records a gradual
deepening over time from clean, shallow-water limestones to more fine-grained,
muddy, deeper-water limestones. Oolitic limestones are also found throughout this
formation implying temporary shallowing of the sea to higher energy settings where
wave and tidal action could form well-rounded oolites. Much of the Ballysteen
Limestone has been dolomitized. Dolomitization occurs when magnesium rich fluids
pass through the rocks altering calcite (present in limestone) to dolomite. Earth
movements sometime after the deposition of the limestones resulted in the
development of faults which acted as conduits for Mg-rich fluid to travel through. The
Ballysteen Formation is well exposed in the quarry at Ballyellin.

Fine-grained, grey, muddy limestones with occasional bands of black calcareous
mudstone characterise the succeeding Butlersgrove Formation. Intermittent limestone
beds rich in fossil brachiopods and corals are also common and are used as ‘Kilkenny
Black Marble’ in the building trade when polished. The Milford Formation,
encountered by a GSI borehole at Milford is believed to represent the lateral
equivalent of the Butlersgrove Formation. Peloidal, calc-arenitic limestones are
dominant in this formation. Minor mudstones, micrites, oncolites and stromatolites are
also found. The lower part of the Milford Formation is completely dolomitised.
Shallow-sea, crinoidal packestones and wackestones define the later Ballyadams
Formation and Clogrenan Formations (exposed at Clogrenan Quarry). Irregular clay
horizons within the Ballyadams Formation indicates periodic shallowing of the sea to
such an extent that at times the seafloor was exposed above sea level. The
Carboniferous limestones between the Ballysteen and Ballyadams Formations are
very poorly exposed in Carlow, and as such drillhole data has proved invaluable to
understand how they formed.

Upper Carboniferous rocks (Namurian and Westphalian) occur in northwest Carlow
and form part of the Castlecomer Coalfield spanning Counties Carlow, Kilkenny and
Laois. Lower Namurian deposits are absent in the Carlow area reflecting a period of
non-deposition. The Namurian succession here begins with the black/dark grey
shales of the Luggacurren Shale Formation. Marine fossils occur at many horizons
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throughout this formation and there is a distinct lack of sand and silt. These rocks
were deposited in deep, quiet waters. The succeeding formations, the Killeshin
Siltstone Formation and the Bregaun Flagstone Formation, reflect the filling of the
basin by a southwards advancing deltaic system similar to the modern day
Mississippi. The delta was fed by sediment from a large landmass that stretched from
southeast Ireland to the English Midlands (Tietzsch-Tyler 1995).

The overlying Westphalian succession consists of many regression cycles each one
displaying sequences of marine mudstones shallowing upwards into deltaic siltstones
and swampy, vegetation-rich deposits. These swampy horizons, full of plant material
were later transformed into coal. The Westphalian succession in Carlow consists of
the Moyadd Coal Formation, the Clay Gall Sandstone Formation and the Coolbaun
Formation, in ascending order.

Towards the end of the Carboniferous the rocks were gently folded by a phase of
mountain building known as the Variscan Orogeny, but which mostly affected rocks
further to the south. The uplift and tilting of the saucer shaped Castlecomer Plateau
occurred at this time, visible from much of the county, even though most of it is in
Kilkenny and Laois.

For much of the following 300 million years Ireland was mostly a land area dominated
by erosion rather than sedimentation. Eroded sediment was carried offshore and
deposited in ocean basins. During Cretaceous times, approximately 135 million years
ago, it is believed that most of Ireland was covered by a chalk sea, remnants of which
can be see today in northern Ireland. Following this marine incursion Ireland became
emergent again. An interesting site at Ballyellin quarry may provide evidence of
Tertiary deposition. A conical solution pipe, discovered in the Carboniferous limestone
at this locality was found to contain micaceous clay deposits. These clays, eroded
from the Mount Leinster granite some time during the last 60 million years, were
protected by the pipe as other evidence of Tertiary deposition was destroyed
elsewhere by glaciers during the Ice Age (Mitchell 1980). However, the general relief
of the county with river lowlands in the west, even on the granite areas, and residual
granite hills in the east, was probably largely established before the Quaternary, or
Ice Age time.

Excluding the mountainous areas in Carlow geologically recent sediments have
covered much of the rest of the older geology here. These deposits accumulated over
the last 1.6 million years, during the Quaternary period, as Ireland’s climate oscillated
between arctic and temperate conditions. Most are products of the Ice age and were
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deposited either from large sheets of ice that extended across the land or by
meltwater released towards the end of the glaciation.

Evidence from other areas suggests that Ireland was affected by at least two
separate glaciations. Most of the surface features seen in Carlow relate to the last
glaciation, the Midlandian, which ended approximately 10,000 years ago. Earlier
glacial and interglacial deposits were either buried by the Midlandian deposits or
removed by the ice. As the ice moved over the ground loose debris was incorporated
into it producing an abrasive base to the ice sheet, sculpting the landscape as it went.
The debris was deposited directly by the ice as till or by melt waters as gravel and
sand. Towards the end of the last glaciation rivers, which developed beneath and
within the melting ice sheets deposited sand and gravel in the form of striking, often
bead-like ridges, or eskers like that seen at Bagenalstown.

Following the last glaciation geological processes have continued in the Carlow area
with rivers and streams eroding the landscape and depositing alluvium in the valleys.
Peat bogs developed during the post-glacial period but with the exception of the
Blackstairs and the area between Carlow town and Castlcomer very few remain
today. The veneer of glacial sands and gravels, and till covering much of the lowland
granite areas in the middle of the county have contributed to rich soils which make
good farmland. In some areas such as around Ballyloughan Castle, stony and sandy
soils form heathlands with rock boulders close to surface.

A spectacular and more recent event occurred in Carlow in November 1999 when a
meteorite plummeted to Earth from outer space. Samples of the meteorite were
recovered at Leighlinbridge. The meteorite has been classified as an ordinary
chondrite and is thought to have originated in the inner asteroid belt. Analyses of the
specimens indicate that the meteorite exploded before it hit the ground suggesting
that the debris may well have extended beyond the Leighlinbridge area. To date 4
specimens of the meteorite have been recovered totalling 271g in weight.

Further information on this meteorite may be found at:
http://fernlea.tripod.com/leighlin.html
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GLOSSARY

Amphibolite
Andesite
Aplite
Calcareous
Chondrite
Chondrule
Clast

Extrusive
Felsic

Foliation
Formation

Granite
Granodiorite

Intrusive
Lithification

Metamorphic aureole

Metasediments
Metavolcanics
Micaceous
Micrite
Oncolite

Ooids

Orogeny

Oolite

Packestone
Pegmatite

Pelite

Peloidal limestone
Phyllite

Pluton

Plutonic
Regression
Schist

Stromatolites
Till

Tuff

Wackestone

a metamorphic rock rich in the minerals amphibaiitel plagioclase.

a volcanic rock of intermediate composition (betwegyolite and basalt).

a fine to medium-grained igneous rock found assveiithin coarser-grained
plutonicigneous rocks.

containing significant calcium carbonate.

a stony meteorite containirapondrules

small globular mass of pyroxene, olivine and somes glass.

an individual constituent, grain or fragment ofedisnent or rock, usually
produced by mechanical weathering (disintegratidrg larger rock mass
an igneous body emplaced at the Earth’s surfatavas

containing at least one of the light coloured matefeldspar, leucite,
nepheline or silica.

a finely spaced planar parting caused by compreskformation of rocks.
a sequence of related rock types differing sigaiitty from adjacent
sequences.

a coarsely crystallinmtrusiveigneous rock composed mostly of quartz and
feldspar.

an igneous rock similar to granite but containingrenof the mineral
plagioclase and also more iron and magnesium-kgearinerals.

an igneous rock emplaced within the Earth’s cnust,extruded like lava.
the process of rock formation from unconsolidatediraent.

zone of country rock, surrounding an igneous indrusvhich has undergone
metamorphism due to the heat of the intruding magma

metamorphosed sediments.

metamorphosed volcanics.

mica-rich.

limestone made up of a very fine-grained, muddyitzl

a spheroidal algal mass generally greater than amadrcommonly found in
shallow water.

spheres of calcite 1-3mm in diameter, which forrhigh-energy water.

the creation of a mountain belt by tectonic agfivit

a limestone made up obids

a limestone in which coarse grains form a self-sutipg frame-work.

a very coarse-grained igneous rock of granitic oasitmn.

a metamorphosed mudstone.

limestone comprising of ellipsoidal particles ofait@ mud.

a foliatedpelite

an igneous intrusion formed at sufficient depthaltow for the growth of
large crystals.

originating at great depth.

a recession of the sea from a land area.

a metamorphic rock exhibitingfaliation defined by the preferred alignment
of tabular minerals.

an algal deposit usually found in shallow water.

unconsolidated, unsorted glacial deposits congigifrboulders and cobbles
mixed with very finely ground-up rock or silt.

rock formed from volcanic ash usually composedlbk&zed to sand-sized
particles.

limestone in which coarse grains float in a caloasemud matrix.
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Data sources on the geology of County Carlow

This section summarises the main sources of information available through the GSI
and others on the geology of Carlow, although many of the actual data sets are
included in appendices here.

Geological maps

Since Ireland was first mapped geologically, from the earliest development of the
science, Carlow has featured. Herries Davies (1983) has documented the early
history of geological mapping by Sir Richard Griifith of the Valuation Survey and many
others and is recommended for further detail. The Geological Survey of Ireland ,
established in 1846, began an official mapping programme. Carlow was one of
several counties first produced on County Index maps, before the one inch to one
mile series was established as the published base map. Geological mapping was
done on six inches to the mile fieldsheets. Both six and one inch sets are available for
consultation in GSI's Customer Centre, as well as other archival maps by
appointment.

The 19" century mapping and numerous other GSI and external mapping was used
in the compilation of GSI's 1:100,000 series which represent the current state of the
art general purpose geological maps for the country. Sheet 19 covers Carlow (and
parts of Wexford) and is available for purchase from GSI (currently €25 including map
and explanatory booklet). It can also be purchased digitally. A seamless national
1:100,000 series map is also available digitally in a GIS, which allows tailored
selections to be made.

GSI Document Management System

Around half a million geological documents have been scanned in the GSI, and
loaded into a document management system allowing easy searching, on screen
viewing and digital output for customers visiting the Customer Centre. Appendix 1 is
an illustrative summary of the titles of all documents relating to Carlow. However, new
data is continually being added and additional indexes of other material also included.
Included in the DMS are the one inch and six inch fieldsheets described above. The
Open File mineral exploration reports and records are also included.

Open File exploration data

For a scheduled list of many minerals of economic importance (excluding rock
materials such as aggregates) a licence is required from the government in order to
mine or extract the mineral. An exploration licence is also required to search for these
minerals. Presently these regulatory matters are administered by the Exploration and
Mining Division of the Department of Communications, Marine and Natural
Resources.

As part of the licence conditions reports on the exploration work carried out must be

submitted and surrendered with licences. These records are normally classed as
Open File data, so that the country benefits from such effort, and future exploratory
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work is able to make use of earlier study. They may include bedrock and subsoil

mapping, geophysical studies, geochemical studies, assay results, and other
material.

The country is divided up into exploration licence areas given a unique Prospecting
Licence (or PL) number, often following townland boundaries, and those for Carlow
are shown on the map below.

Geological papers and books

The GSI Library holds many books and journals with varied geological information,
some of which are specifically pertaining to Carlow. The bibliography following this
section highlights the main specific references identified in this project. Obviously
Carlow will be mentioned in many general works on the Irish landscape, and this list
is not claimed to be definitive, but should include all the most specific papers.

Directories

The GSI produces a Quarry Directory (in paper or CD format, now in its third edition)
which provides the most recent information on working quarries and their products,
output and contacts etc.
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Further sources of information

The GSI now has the expertise, knowledge and experience to be able to assist Local
Authorities in all matters relating to geological heritage, including incorporation into
Development and Heritage Plans. A document outlining generic issues for all local
authorities is available on request. For further information or advice please contact:
Sarah Gatley [01-678 2837: sarah.gatley@gsi.ie]

or visit the IGH section of the GSI web site at:
http://www.gsi.ie/Programmes/Heritage

GSI publishes a very wide range of maps, reports and products on various aspects of
geology, some of which will include information relevant to specific interests, even if
they are not specifically about Carlow. For information about such paper products,
visit the GSI website at: www.gsi.ie

ES2k
In September 2003, the organization Earth Science 2000 (ES2k) evolved into an all
Ireland organization with the express aims of:

- promoting public awareness of Earth Science issues affecting the quality of
life, quality of the environment and the sustainable and responsible
development of the geological resources in Ireland;
promoting education and life-long learning in the Earth Sciences;
to act as a coordinating body for and a significant voice of the Earth Sciences
in Ireland.

This organization publishes a colour magazine which is distributed free, thanks to a
number of sponsors. It is very accessible for a general audience, well illustrated and
is recommended for distribution to schools and public libraries in Carlow.

It is recommended that the Heritage Office orders a bulk number of the
magazine for wider distribution in the county throu gh established structures.

See http://www.habitas.org.uk/es2k/index.html
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Site Reports — General Points

The following site reports are brief non-technical summaries of the proposed County
Geological Sites for Carlow. These have been specially prepared for this Report in
order to make the information accessible to planners and others without geological
training. For most sites more detailed reports and information files are held in the IGH
Section in the Geological Survey of Ireland. These are available for consultation if
required. Further sites may become relevant as IGH Programme work develops.

Each site report has primary location information, a mention of the main rock types
and their age, and a short description of the key aspects of scientific interest. A
section outlining any particular management or other issues specific to the site is
included, along with one or two low resolution photographs exemplifying the site. A
CD accompanying this report will include further pictures of most sites at higher
resolution, should they be required. Grid references are given normally for a central
point in the site, or two extreme points at opposite ends of the site.

A map may be provided with an outline of the site b~ oundary. It is important to
note that no legal or definitive basis should be ba  sed on these boundaries.
They are indicative only of the limits of exposure or of geological interest, and
not based on detailed field surveys, which were out  side the scope of this
contract.

For sites that have been proposed or will be proposed for NHA designation detailed
site boundary maps will become available to the Local Authority, through NPWS as
the designation process is undertaken.

In terms of any geological heritage site designatio n as NHA, due process of site
reporting, boundary survey and very importantly, co nsultation with landowners
where they can be readily identified, will take pla  ce before GSI makes
recommendations to NPWS on the most important sites to be designated.

Any landowner within areas or sites identified in t his report with concerns over
any aspect of this project is encouraged to contact Sarah Gatley at the Irish
Geological Heritage Programme, in the Geological Su  rvey of Ireland, Beggars
Bush, Haddington Road, Dublin 4.

Phone 01-6782837. Email: sarah.gatley@gsi.ie
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