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Site Name
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Site name
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Site Name
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Rathcore Spring
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Report Summary

County Kildare is a place with a subtle but distinctive landscape compared to
parts of western Ireland or adjoining Wicklow for example. The bedrock
foundation, with hundreds of millions of years in the formation and shaping,
and the more recent history of geomorphological processes such as river
channels and glaciers are what has created that underlying geodiversity.
Geological understanding and interpretation is best done on the ground at
sites where the rocks and landforms are displayed. County Kildare has a
range of such natural and man-made sites.

This report documents what are currently understood to be the most important
geological sites within Kildare by the Irish Geological Heritage Programme of
the Geological Survey of Ireland. It proposes them as County Geological
Sites, for inclusion within the Kildare County Development Plan. County
Geological Sites do not receive statutory protection like Natural Heritage
Areas (NHA) but receive an effective protection from their inclusion in the
planning system. However, a selection of the sites described in this report are
considered to be of national importance as best representative examples of
particular geological formations or features. They either have been, or will be,
formally proposed by the Geological Survey of Ireland, for designation as
NHAs by the National Parks and Wildlife Service after due survey and
consultation with landowners. However, some of these sites fall within existing
NHAs and SACs where the ecological interest is founded upon the underlying
geodiversity. The commission of this report, and adoption of the sites within
the County Development Plan places Kildare at the forefront of geological
conservation in Ireland.

The report also documents a wide variety of geological data sources providing
information about Kildare. It has a simple geological history of the county, with
maps, charts and a glossary that make the information accessible to those
who have not had any formal geological training.

*kkkkkhkkk

This report is written in non-technical language (with a glossary for
unavoidable geological terminology) and structured as a working document
for use by the Heritage Officer and the Planning department of Kildare County
Council. It is not primarily intended for publication for the people of Kildare as
it stands. A chapter of the report includes recommendations on how to best
present and promote the geological heritage of Kildare to the people of
Kildare. However the preliminary sections, summary geological history and
accompanying map, timescale and stratigraphical column may be used as
they stand to preface a booklet or as website information in the development
of this work and for information.
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Kildare in the context of Irish Geological Heritage

This report places Kildare in the very forefront of geological heritage within
Ireland, as it is only the fourth county to commission such an audit within the
scope of the Heritage Plan. It will hopefully act as a model and an inspiration
for other councils to follow. It represents a significant commitment on the part
of the Local Authority to fulfil its obligations to incorporate geology into the
spectrum of responsibilities under the Heritage Act 1995, the Planning and
Development Act 2000, Planning and Development Regulations 2001, and
the Wildlife (Amendment) Act, 2000 and the National Heritage Plan (2002).
The Geological Survey of Ireland views partnerships with the local authorities,
such as this report, as a very important element of its strategy on geological
heritage.

The Irish Geological Heritage Programme (IGH) in the Geological Survey of
Ireland (GSI) complements other nature conservation efforts of the last
decade, by assessing Ireland’s geodiversity, which is the foundation of the
biodiversity addressed under European Directives on habitats and species by
the designations of Special Areas of Conservation (SAC) and more recently
on a national scale by the introduction of Natural Heritage Areas (NHA) as the
national nature conservation method through the Wildlife (Amendment) Act
2000. As a targeted conservation measure to protect the very best of Irish
geology and geomorphology it fills a void which has been there since the
abandonment of the Areas of Scientific Interest scheme, listed by An Foras
Forbartha in 1981.

The IGH Programme does this by identifying and selecting the most important
geological sites nationally for designation as NHAs. It looks at the whole of
Irish geology and geomorphology under 16 different themes. A fundamental
approach is that only the minimum number of sites necessary to demonstrate
the particular geological theme is selected. This means that our first criterion
is to identify the best national representative example of each feature or major
sequence, and secondly any unique or exceptional sites. The third criterion, of
any sites of International importance, is nearly always covered by the other
two.

IGH THEMES

Karst

Precambrian to Devonian Palaeontology
Carboniferous to Pliocene Palaeontology
Cambrian-Silurian

Precambrian

Mineralogy

Quaternary

Lower Carboniferous

Upper Carboniferous and Permian

10. Devonian

11. Igneous intrusions

12. Mesozoic and Cenozoic

13. Coastal geomorphology

14. Fluvial and lacustrine geomorphology
15. Economic geology

16. Hydrogeology

©CeNoarwWNE
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Designation of geological NHAs is by the partners in the Programme, the
National Parks and Wildlife Service (NPWS — formerly a part of Duchas) in the
Department of Environment, Heritage and Local Government. Once
designated any geological NHAs will be subject to normal statutory process
within the Kildare Planning Department and other relevant divisions. However,
management issues for geological sites are generally less, and different from
many ecological designations. A later chapter considers these issues.

As a result of extensive comparison of similar sites to establish which is the
best, we have a good picture of many other sites, which are not the chosen
best example, but may still be of National importance. Others may be of more
local importance or of particular value as educational sites or as a public
amenity. It is also these other sites that are proposed here for CGS listing in
the County Development Plan, along with the clear NHA selections.

At the time of writing this report, candidate sites have been established by
Expert Panels for all the 16 themes, and the indicative site lists have been
finalised. For three themes, the entire process has been essentially completed
and detailed site reports and boundary surveys have been done along with a
Theme Report. A small number of the sites documented here are already
selected and proposed for NHA designation, but due to various factors, they
have not been formally designated yet. Members of the Expert Panels for
each theme are too numerous to list here but the information is available in
GSlI's Annual Report for 2003 and on the Heritage Programme’s pages on the

website (www.gsi.ie).

The procedure for identifying and assessing sites has developed as the whole
Irish Geological Heritage Programme has got established. Early thematic
reports on Karst, Precambrian to Devonian Palaeontology and Carboniferous
to Pliocene Palaeontology (IGH1, IGH2 and IGH3) were done in their entirety,
with contractors or by Matthew Parkes. The Expert Panels met to decide
which sites should be assessed and prioritised, with site reports and fieldwork
being done following that to allow a basis for selection of the most important
for NHA designation.

However, due to lessons learnt in establishing the methodology, and because
of urgent demands for information on sites from many quarters, the approach
has evolved. All Expert Panels have concluded their preliminary selection of
candidate sites so that we now have a picture of the full range of sites to be
examined nationally as candidate NHAs or County Geological Sites. This is
also valuable because sites which have scientific importance under more than
one theme can be properly defined in an integrated way. It is hoped that these
candidate site lists and location maps will be available on the GSI website
later in 2005.

Commissioned desk study site reports from members of the Expert Panels will
then be followed by field site reporting by IGH Programme staff, including
boundary surveys if the sites are suitable. After this stage the Expert Panels
will then review sites to make the final selection for NHA status. Any suitable
site may be promoted with a local authority as a County Geological Site,
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whether or not it goes forward as an NHA at a later stage after full
assessment.

The sites proposed here as County Geological Sites (CGS) have been
visited and assessed specifically for this project, and represent our

current state of knowledge . It does not exclude other sites being identified
later, or directly promoted by the Council itself, or by local communities
wishing to draw attention to important sites for amenity or education with an
intrinsic geological interest.
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Geological conservation issues and site management

Since geodiversity is the often forgotten foundation for much of the
biodiversity which has been identified for conservation through SAC or NHA
designation it is unsurprising that many of the most important geological sites
are actually the same areas. In these areas, the geological case enhances
and cements the value of these sites for nature conservation, but requires no
additional designation of actual land areas. In Kildare, the Curragh and
Pollardstown Fen are such cases.

There tend to be two broad types of site identified by the IGH
Programme. Most geological sites tend to be small a  nd discrete . They
may be old quarries, natural exposures on hilly ground, coastal cliff sections,
or other natural exposures, such as the Chair of Kildare, Ballykane Hill,
Carrick Hill or Carbery Castle. They usually have a specific interest such as
fossils, minerals or are a representative section of a particular stratigraphical
sequence of rocks. The other type of site tends to be larger areas tha t
represent a geomorphological interest — landscapes that illustrate

processes which formed them . In Kildare, the whole landscape is largely
dominated by deposits of glacial origin and large areas such as the Curragh
present issues in how to best encompass the geomorphological interest.

It is also important from a geological conservation perspective that planners
understand the landscape importance of geomorphological features which
may not in themselves warrant any formal site designation, but which are an
integral part of the character of Kildare. A lack of awareness in the past, has
led to the loss of important geological sites and local character, throughout the
country. The Landscape Characterisation process, recently undertaken by
Kildare County Council, includes these broad scale features and hopefully will
provide a tool to help future planning decisions maintain the integrity of the
County.

There are big contrasts in the management requirements for geological sites
in contrast to biological sites. Most geology is actually quite robust and
generally few restrictions are required in order to protect the scientific interest.
In some cases, paradoxically, the geological interest may even be served
better by a development exposing more rock. The important thing is for the

sites to be known about in the planning department, and more generally,
so that consultation can take place if some develop ment or change in
land use is proposed for a site . In this way, geologists may get the

opportunity to learn more about a site or area by recording and sample
collection of temporary exposures, or influence the design so that access to
exposures of rock is maintained for the future, or prevent completely
inappropriate developments through a strong scientific case.

In Kildare, as in some other counties, working quarries may be considered as
CGS or NHAs simply because they are the best representative sections
available of entire sequences, in areas where exposure is otherwise poor. No
restriction would be sought on the legitimate operation of these quarries.
However, for hard rock quarries, maintenance of exposure after quarry
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closure would be sought with the operator and planning authority in such a
case. In sand and gravel pits faces tend to degrade and vegetate once
abandoned, but active management of a site can maintain access to the
scientific interest once the pit has stopped working, if the site merits it.

Specific sites may require restrictions and a typical case might be at an
important fossil locality or a rare mineral locality, where a permit system may
be required for genuine research, but the general opportunity for collecting
may need to be stopped. However, Kildare’'s palaeontological sites are not
likely to require such an approach, being slow to yield their fauna without very
hard work by a palaeontologist.

New exposures in development

One less obvious area where the Local Authority can play a key role in the
promotion and protection of geology is in the case of new roadways.
Wherever new carriageways are built , or in other major infrastructural work,
it should be a policy within the Planning Department that where new rock
exposures are created, that they be left open and e xposed unless
geotechnical safety issues occur (such as bedding dips prone to rock failure).
The grading and grassing over of slopes in cuttings is largely a civil
engineering convenience and a mindset which is hard to change. However, it
leads to sterile and uninteresting roads which look the same throughout the
country. By leaving rock exposures along the routeway, where they are
intersected, it provides an improvement in character and interest, reflecting
the geology and landscape of an area. Sympathetic tree or shrub planting can
still be done, but leaving bare rocks, especially where they show interesting
features, not only assists the geological profession, but creates new local
landmarks, to replace those removed in the construction of the roadway. It
can also potentially save money on the construction.

Geoparks

An extremely interesting development in geological heritage, not just in
Europe, but internationally, has been the rapid recent growth and adoption of
the Geopark concept. From an initial European Geoparks Network, there is
now a Global Geoparks programme, fully endorsed by UNESCO. A Geopark
is a territory with a well defined management structure in place (such as
Local Authority support), where the geological heritage is used to develop
sustainable tourism opportunities . A fundamental basis of the Geopark is
that it is driven from the bottom up — the communities in the Geopark, are the
drivers of the project and are the main beneficiaries. It therefore provides
protection of the geological heritage resource so that the community can
benefit from it.

In Ireland there are already two members of the European Geopark Network
(the Copper Coast in Waterford and Cuilcagh-Marble Arch in Fermanagh), but
there is also an active proposal in development for the Burren, in Co Clare as
a Geopark. Applications usually need to demonstrate some existing promotion
of geological heritage. It is the opinion of the authors that Kildare does not
have any areas likely to conform with the quite stringent requirements of an
application to the Geoparks Network.

10
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World Heritage Site status

Previous criteria of either a natural site or a cultural site, meant that the
majority of sites were of cultural heritage and in Ireland Newgrange and the
Boyne Valley archaeological sites, and the monastic site of Skellig Michael in
Kerry were our only World Heritage Sites. In Northern Ireland, the Giants’
Causeway is a World Heritage Site of prime geological importance as a
natural site. The criteria have been modified recently to reflect a more holistic
approach, and to realise that many sites have a natural component and a
history of cultural modification which results in unique landscapes. The Burren
in County Clare is perhaps the strongest case Ireland has for another World
Heritage Site. It is the opinion of the authors that Kildare does not possess
any sites likely to be suitable as candidate World Heritage Sites.

11
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Proposals and ideas for promotion of geological her itage in

Kildare

The clear and significant inclusion of geological heritage in the Heritage Plan

for County Kildare is a most welcome and positive step, for a topic that is

often undervalued and poorly known in the wider community. Listed below are

the objectives and actions in the plan, which this report contributes, either

wholly or in relation the geology as a part of the spectrum of heritage.

Objective 1 — To facilitate the collection and diss  emination of
heritage information

1.4 Prepare an inventory of heritage objects relating to Kildare in
private collections

Appendix 4 is a preliminary record of geological collections held in
museums.

1.23 Identify sites of geology and geomorphology in the county.
Compile an inventory of scientific papers relating to geology and
geomorphology in the county.

This report is aimed at achieving this action in full.

1.24 Prepare an inventory of flood plains, naturally occurring springs
and fords in the County.

This report does not attempt to address this action, which requires a
separate project, and the expertise and records of Geological Survey
of Ireland staff from other areas than just the Irish Geological
Heritage Programme. However, the data on spring sites here makes
a small contribution, and the recently completed Groundwater
Protection Scheme for the County Council also provides significant
parts of this action.

Objective 2 — To raise public awareness, understand  ing and
appreciation of County Kildare’s Heritage

21. Promote the County Kildare Heritage Plan and its implementation
by an annual seminar, progress reports and media coverage.

The first author is willing to make a presentation at such a seminar or
to talk separately (action 2.5).

2.3 Publicise inventories and surveys conducted as part of the plan,
lodge in the County Library and make available to the public.

The exhibition materials completed as part of this project is designed
to fulfil this action and is best suited to display in libraries as well as
council offices and local museums.

2.4 Produce a series of heritage publications to promote all aspects
of Kildare’s heritage built, natural and cultural. Target of two
publications per year.

12
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This report provides the foundation for one such publication, but it
would require a different treatment, than this layout and structure.

Objective 3 — promote best practice in Heritage Con  servation
and Management

3.16 Promote the geology and geomorphology of the county

The commission of this audit and report, the exhibition, possible talks
at seminars and the possibility of a booklet on the geological heritage
of Kildare all achieve the ambition of this action.

Of course, aside from the specific objective and actions relating to
geological heritage, there are many other actions in the Heritage
Plan, where geological heritage may feature as an integrated facet of
the topic. More obvious areas include:

Geodiversity provides the habitats for much of the biodiversity
which it is hoped to conserve.

Archaeological and architectural monuments, vernacular
buildings and features are often influenced by geodiversity, and this
should be kept in mind in achieving any of the specific actions related
to these parts of Kildare’s heritage.

If the Council do own any of the geological heritage sites
included here it will be easier to achieve positive results for both
protection and promotion of those sites, and this may provide a basis
for prioritising future actions.

As a repository of the National Archives, the GSI holds various
records relating to County Kildare’s geology. Efforts to publicise
archives in Kildare may need to report such external archives too.

Landscape Character Assessment is a tool which fundamentally
defines differences in geology as the basis for land-use and cultural
modifications, and the resultant landscapes. However it is clear from
the County Development Plan, that this underlying basis is
recognised.

Specific ideas for projects

Guides

There are very few existing guidebooks to the geology or Quaternary
geomorphology of Kildare, but none are aimed at a general audience and
there is certainly scope for others, and for guides at different levels of detail
and accessibility to non-specialists. A range of leaflets, booklets, books and
other media are all feasible, but the research and production of appropriate
text and images is a difficult task to do well without appropriate experience,
and adequate time and resources. However, with appropriate resources, a
simple, highly illustrated booklet on the geologica | heritage of Kildare
could be compiled for a wide general audience, base  d on the substance
of this report.

13
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Signboards

Simple explanatory or interpretive signboards may be advisable at some
geological heritage locations, but if these are considered, their locations and
individual siting should be very selective, since a proliferation of different
interest groups may provoke a ‘rash’ of panels all over the county. The
Planning Section should clearly have a controlling input, in conjunction with
the Heritage Office. The subject of panels, the text and graphics are a fine art
to do successfully, and the IGH Programme can offer input if signs are
desired and planned for key visitor localities. However, given the nature of the
majority of sites described in this report, which are on private farmland, or with
no suitable parking lay-bys to get an overview (e.g. Glen Ding), it is difficult to
suggest a suitable site that would benefit from a panel.

Museum exhibitions

As a result of the work to produce this report, the material for a panel based
exhibition has been largely compiled (see Appendix 7). With some extra
resources an interesting exhibition can be put together for display in the
Council offices, Libraries etc. A good model is that produced for Carlow or for
Dun Laoghaire Rathdown. Whilst the work on this may be possible within the
scope of the Project and GSI’s contribution, it would be beneficial if the cost of
materials (colour plots and mounting boards) could be met by a contribution or
sponsorship from a third party.

Geoparks
As stated above, it is not considered that any areas are suitable candidates
for Geopark status, based on the criteria.

World Heritage Site bid

It is not considered that any areas are suitable from a geological or
geomorphological perspective as candidate World Heritage Sites. It is
understood that the National Parks and Wildlife Service and the Department
of Environment, Heritage and Local Government are the recognised body for
such a bid from Ireland. It should perhaps be confirmed that they have no
current assessment of sites within Kildare. If there were any sites under
consideration from a wider perspective, then the GSI should be consulted in
relation to including a geological assessment in the work.

TV programmes

An existing programme series concept is in development and fundraising at
time of writing, and is national in scope, but could include Kildare in various
ways. Contacts can be provided for the Heritage Officer to consult with the
programme makers if it becomes clear that the series is going ahead, if so
desired.

14
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A summary of the Geology of Kildare

The varied landscapes in County Kildare formed over hundreds of millions of
years by various geological processes, each one leaving its mark in the rock
record. Careful examination of the rocks in the region can help unravel the
story of their formation and thus shed light on the evolution of the Kildare
terrain.

Rocks can be divided into three main groups, sedimentary, igneous and
metamorphic. Sedimentary rocks are laid down as particles of material such
as sand or mud and then hardened by compaction and lithification into
sandstones, siltstones, mudstones and limestones. Fossils, often preserved in
these rocks, can give us an idea of when the rock formed and what the
climate and environment were like at that time. Igneous rocks crystallise from
magma originating deep beneath the Earth’s surface and may be extrusive
(i.e. lava flows at the Earth’s surface) or intrusive (emplaced within the Earth’s
crust, below the surface). Metamorphic rocks are sedimentary or igneous
rocks that have been altered by changes in temperature and/or pressure. New
minerals grow in response to these changes and their composition depends
on the composition of the original rock, and the temperatures and pressures
that affect it.

The predominant rock types in Kildare are sedimentary rocks, limestone of
Carboniferous age in particular. These sedimentary rocks have only been
mildly affected by folding and retain many of their original sedimentary and
depositional structures. There are also some minor igneous rocks and the
larger Tullow Granite Pluton, which is a part of the Leinster Granite.

At any one locality there is usually more than one rock type, or lithology and
they are generally inter-layered. Ranges of lithologies over a small area are
largely consistent and sequences of rock often share common characteristics
allowing them to be grouped together as packages or geological units. The
most important of these ‘units’ is the Formation, which is defined as a
sequence of related rock types differing significantly from adjacent
sequences.

These formations are mapped as a sequence or succession of units in a
stratigraphical order, with younger rocks overlying older rocks unless they
have been strongly faulted or folded. By compiling the formations into a
column with oldest at the bottom and youngest at the top we can represent
the geological history of an area, with international names for the time
periods. The following description of the main events and the rocks they
formed in Kildare should be read with reference to the map, stratigraphical
column and geological timescale. The simplified map of Kildare's geology
outlines the main units by age. For more detail of the individual formations
described it would be necessary to examine the GSI's 1:100,000 scale maps
of the area — Sheet 16, covering Kildare-Wicklow.

15
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AGE
(Million
Years)

ERA

PERIOD

Events Relating to Ireland
and Kildare (in bold)

1.6

65

Cenozoic

Quaternary

A series of ice ages leaving plains of
sand and gravel followed by spread of
vegetation, growth of bogs and the
arrival of man.

Tertiary

Erosion. Opening of the North Atlantic
ocean. Volcanoes in NE Ireland.

135

205

250

Mesozoic

Cretaceous

Erosion. Probable incursion of the sea.
Chalk deposition preserved today in
northern Ireland.

Jurassic

Uplift and erosion. Sediments deposited
offshore.

Triassic

290

355

410

438

510

544

Palaeozoic

Upper

Permian

Erosion and deposition under desert
conditions.

Carboniferous

Land progressively submerged. Coasta

plain and nearshore deposits followed hy

limestone deposition in shallow tropical
seas Subsequent building out of the lan
deltaic sands and muds deposited ofter
under swampy conditions. Variscan
mountain building event (affecting

southwest Ireland) towards the end of the

Carboniferous.

O

Devonian

Continued mountain building, rapid

erosion and deposition under semi-dese

conditions.Intrusion of granites and
metamorphism during early Devonian

t

=

Lower

Silurian

Closure of lapetus Ocean, continental
collision and initiation of Caledonian
mountain building.

Ordovician

Deep-sea mudstone deposition on the
floor of the lapetus OceaWolcanism
along the southeast margin of lapetus
as the ocean contracts.

Cambrian

Opening of the lapetus Ocean between
northwest and southeast Ireland.

2500

4000

Pre-
cambrian

Proterozoic

Oldest rocks in Ireland.

Archaean

Oldest known rocks on Earth.

Formation of the Solar System approximately 460ioniyears ago

A Geological Time Scale with events affecting Kilda  re highlighted.

17
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Lower Palaeozoic

The oldest rocks in Kildare are of Lower Palaeozoic age and are the Upper
Ordovician and Silurian rocks of the Kildare Inlier (older rocks surrounded by
younger rocks). This outcrops in the northeast-trending line of hills from south
west of Dunmurry Hill to the Hill of Allen. At the base of the Kildare Inlier
succession lies the Conlanstown Formation consisting of dark green-grey
shales and siltstones, for which fossil evidence (graptolites) indicates a
Llanvirn age. Following the deposition of these rocks, there was a period of
uplift and erosion caused by a minor orogenic event, mainly affecting rocks
further to the south. The only evidence for this in the Kildare area is seen in
the Kildare Inlier, where the Caradoc Grange Cottage Formation
unconformably overlies the Llanvirn Conlanstown Formation with a thin basal
conglomerate.

It is now well understood that Ireland is made up of two 'halves’, which were
orginally separated by an ocean that geologists call lapetus. The northwestern
half was on the margins of a North American continent, whilst the
southeastern half was on the margins of the European continent. Plate
tectonic movement throughout the Ordovician period saw this lapetus Ocean
close and the two halves converge and eventually combine in Silurian times.
Kildare's rocks tell parts of this story, and need to be understood in the wider
context.

In Kildare evidence of this is seen in the Kildare Inlier. Andesite lavas are
products of continuing subduction of lapetus, which led to a volcanic arc — a
chain of volcanoes on the surface above the plate which was being destroyed
beneath the leading edge of the European plate. The volcanic arc did not
build up above sea level and all it's preserved erupted products were
deposited under water, interbedded with fine-grained sedimentary rocks. This
volcanic activity during the Middle to Upper Ordovician is preserved in the
Kildare Inlier producing predominantly andesite lavas. They are seen at
Grange Hill and are quarried on the Hill of Allen.

The lavas are enclosed by tuffaceous sedimentary rocks containing fossils
that allow us to place their age very accurately as middle Caradoc. A small
but important limestone, rich in fossils and indicating a shallow water
environment, overlies these rocks. The fossils allow an upper Ashgill age to
be determined, indicating it was deposited much later on the shallow water of
the by-then extinct volcano.

The next rocks to be deposited (still preserved at the surface) were the
Kilcullen Group, and the Silurian Guidenstown, Rahilla and Dunmurry
Formations of the Kildare Inlier. These two successions are separated by
faults from adjacent older strata so the exact relationships are not known. The
rocks record continuing submarine deposition. They were deposited
predominantly by turbidity currents, with the Kilcullen Group gradually
becoming finer upwards, reflecting increasing distance from the sediment
source. The Guidenstown and Rabhilla Formations record quieter conditions of
sedimentation before the influx of turbidity currents. The Guidenstown
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Formation contains graptolites that give a Llandovery age, and the overlying
formations in the Kildare Inlier are thought to be Silurian. Although poorly
constrained by the fossil record, the age of the Kilcullen Group is also
believed to be Silurian, mainly through some microfossils found within it.

Following the deposition of the Lower Palaeozoic sequences, the continents
on opposite sides of the lapetus Ocean were brought together as the ocean
floor was consumed by subduction. The extreme pressures of the collision
uplifted the rocks to produce a range of mountains, in an event known as the
Caledonian Orogeny. Rocks were crumpled into folds at different scales. The
axes of these folds and associated cleavage are aligned generally northeast
southwest and give an idea of the orientation of the mountain range and the
continental margins during collision.

The base of the crust was pushed down under the weight of the mountains
and the heat at depth caused it to partially melt, producing a large volume of
granitic magma. This rose into the upper crust and was intruded in several
discrete bodies or plutons. The magma cooled slowly in the crust to form
coarse-grained granite. The poorly exposed Tullow Pluton can be seen in the
southern Kildare area. It is one of a number of plutons making up the Leinster
Granite, which runs from Dublin to near New Ross.

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 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.

The Caledonian mountain belt was an area of erosion rather than deposition
during most of the Devonian period, and few rocks of this age are present in
the Kildare area. The prolonged erosion wore down the mountains, right down
to the granite so that the next stage of deposition produced a major
unconformity, or gap in the rock succession.

The Carboniferous

The uplift and partial erosion of the Lower Palaeozoic rocks and plutonic rocks
during the Devonian and earliest Carboniferous left broad lowlands, across
which fluvial red-bed sediments (Old Red Sandstone) accumulated. General
subsidence permitted the sea to invade the lower ground from the south
during the Carboniferous. The initial marine sediments were intertidal
laminated muds and sands. Offshore sands accumulated in deeper water
(Cloghan Sandstone Formation).

Continued subsidence resulted in shallow and then deeper water marine

sediments (Feighcullen, Ballysteen and Boston Hill Formations) accumulating
across most of the Kildare area. The depth of the sea and type of bottom
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varied from place to place, producing a variety of carbonate sediments at any
one time; for instance, oolites, which form in only very shallow water occur
mainly around the present Kildare Inlier.

The rate of subsidence also varied from place to place, resulting in a variation
in the thickness of accumulated sediment. However differential subsidence
was much more pronounced after the Courceyan, at the earliest part of the
Carboniferous period.

Towards the end of the Courceyan, carbonate mud banks or “reefs”
(Waulsortian Limestones) developed as upstanding mounds on the sea floor
across parts of the Kildare area (and much of the Midlands of Ireland). Growth
of the mounds was probably due to the rapid accumulation of fine carbonate
mud produced by unknown organisms in favourable areas. A rich fauna of
brachiopods, bryozoa and varying micro-organisms lived on the mounds.

At about the time of the Waulsortian mound growth, differential subsidence
affected the sea floor much more strongly than before, and distinct basin and
shelf areas were formed, with relatively steep marginal zones. The Kildare
Shelf may have been separated from the Edenderry Shelf by a narrow basin.

Shallow water carbonate sediments relatively free of land-derived mud and
sand, accumulated on the shelves (Allenwood Formation) and in some areas
they consisted mainly of oolites (Edenderry Oolite). The considerable
thickness of these sediments indicates that subsidence continued even in the
shelf areas, but presumably less rapidly than in the basins. South of the
Kildare Inlier sediments of the same age, known as the Milford Formation, are
somewhat muddier, but include sparse shallow-water indicators, such as algal
stromatolites. The depositional environment here may have been on the
landward side of the shelf, where some terrigenous muds were able to collect.
The fauna was quite impoverished, suggesting an unfavourable, lagoonal
environment.

Volcanic activity occurred in and adjacent to the western part of the Kildare
area, due north of Edenderry during the later part of the Dinantian. Small
volcanic cones were produced as well as more widely dispersed bands of fine
ash. Dykes and other intrusive bodies connected with the volcanism occur in
rocks of Courceyan age. The volcanic rocks are not dated precisely, but they
appear to be approximately coincident with phases of uplift with the shelves,
and reflect deep-seated earth movements.

At some time, probably between the Arundian-Asbian Stages of the
Carboniferous, much of the limestone in the shelf areas was turned into
dolomite, when magnesium-rich fluids passed through the still porous
sediments. The original sedimentary structures are obliterated to varying
degrees, but commonly they are well preserved at hand specimen level. The
distribution of dolomite is irregular, some of it being located around faults,
where it may extend higher into the succession than normally.
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The deposition of predominantly calcareous sediments came suddenly to an
end at the close of the Lower Carboniferous. A period of very slow deposition
in quiet, possibly deep waters followed. Then, the uplift and erosion of
mountain areas to the north of Ireland gave rise to vast quantities of land-
derived sediments being carried by rivers across the Kildare area to form
deltaic and related deposits of sand and mud. As the deltas spread
southwards, flattish swamps and sea level forests replaced the sea, and in
due course became buried themselves, to form coal deposits now preserved
in the Castlecomer Coalfield district, Co. Kilkenny. These Namurian and
Westphalian sediments may once have covered Kildare too, possibly along
with younger marine sediments from the Cretaceous Period, but have been
stripped off by prolonged erosion of the land surface during the intervening
period. This erosion was probably most pronounced during the Tertiary, under
warm climatic conditions.

Quaternary

The Quaternary Period is the final one of the geological timescale. It marks
the period of the Ice Age, which began about 1.6 million years ago, and the
postglacial period or Holocene, which extends to the present day. All of the
surface deposits in the Kildare area were deposited during the Quaternary
Period. Most of the sediments were deposited during the Ice Age itself, either
directly from the huge ice sheets that spread across the area or by meltwater
flowing from the ice sheets as they finally melted. The Irish ice sheet, like it's
modern counterparts in Greenland and Antarctica, was formed by a number of
coalescing ice domes from which ice flowed radially outwards. As it did so it
ground down the underlying bedrock, breaking down protruding pieces and
further grinding these down. The end result of this process is the production of
sediment within and beneath the ice sheet. This may include particles of all
sizes ranging from clay to boulder and which, when spread over the land
surface by glacial ice, is known as till (also as boulder clay). Alternatively,
sediments may be carried and sorted by meltwater and deposited as sand
and gravel, with silt and clay deposited separately in lake systems or carried
away to the sea. These glacial deposits therefore contain fragments of the
type of bedrock over which the ice passed. In addition they contain
sedimentary information, which tell us about the conditions in which they were
deposited, whether underneath or on the margins of the ice sheet.

Ireland was glaciated on at least two separate occasions during the Ice Age.
Almost all of the glacial deposits and surface features of Ireland relate to the
latest of these and there is no indication in the Kildare area that any of the
surface deposits are older than this.

Glacial and glaciofluvial deposits are generally very thick in this area.

Deposits are commonly more than 30m thick and reach thicknesses in excess
of 70m in the Curragh and Blessington areas. Over large areas they take the
form of plains of sands and gravels deposited by glacial meltwater, particularly
over the area of central and southern Kildare between the Curragh and
Castledermot.
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After the ice had melted and large-scale ice marginal lakes had drained,
extensive depression surrounded by glacial deposits remained. These
retained shallow lakes in whose basins the great raised bogs of the midlands
developed in the postglacial period. The Bog of Allen, one of the best known
of these runs across the northwest part of Kildare. Likewise, the great spreads
of blanket bog that cover the upland areas of the district to the east formed in
the 10,000 years following the end of the Ice Age. The alluvial deposits of the
rivers, including the Liffey and Barrow, were also deposited during this period.

The above image is a processed digital elevation model, which has been
illuminated from the northeast, at a very low angle to highlight landforms in the
Kildare area and aid understanding of the dominantly glacial outwash plain
nature of the county. Not all possible features show up but the mountains of
Wicklow are a clear distinct area in the southeast quarter. The small Kildare
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inlier of the Hill of Allen with its massive quarry and the Chair of Kildare/
Dunmurry Hill/ Red Hills also shows up clearly. Specific low lying features
such as Pollardstown Fen and Kilberry Bog or the Bog of Allen show up
reasonably clearly too. However, the overriding illustration provided is how flat
and relatively featureless Kildare is. There are a few areas such as in the
Kilcock-Summerhill area or in the west of the map north of Kilberry Bog,
where a glacial lineation can be seen. These parallel lines are the ‘grain’ of
the ice sheet movement. Compared to many other parts of the country, there
are very few of these tell-tale linear features, which are sometimes only
apparent when viewed from a very high altitude.

Kildare’s land surface then is characterised by glacial deposition. It has
Carboniferous bedrock under the majority, which only occasionally reaches
the surface (e.g. Carbery Castle), but older rocks underlie the hills on the
eastern edge of the county, and the distinctive high ground in a fault bound
inlier to the north of Kildare town.

The Curragh grassland plains of outwash sand and gr avel, with the faulted inlier of
Dunmurry Hill and the Chair of Kildare, noticeable landmarks in the distance.

The plains are fertile grassland, principally because they are underlain by
sand and gravel outwash plains, especially in the Curragh area (see photo
above), but in places the glacial deposits are more till than gravels. These
would encourage the growth of bogs through poor drainage, and have
resulted in the growth of the western boglands centred on the Bog of Allen,
and also the Kilberry Bog in the southern part of the county.
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The River Liffey only shows in part, due to orientation of flow, compared to
illumination direction from the north east, but also as a geological artefact.
The Liffey is constricted by a hard rock ‘step’ where it meets the Rye Water at
Leixlip. This means that it has a very low gradient over the stretch between
Ballymore Eustace and Leixlip, and therefore has a sluggish meandering
course across the plains.
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Glossary
Alluvium
Andesite
Basin
Bedrock

Blanket Bogs

Brachiopods

Bryozoa
Calcareous
Carbonate
Cleavage

Coal

Conglomerate

Crust
Delta

Dolomite
Dyke

Extrusive
Fault

Fauna
Fluvial
Fold(ing)
Foliation

Formation

a term for unconsolidated clay, silt, sand and gravel,
deposited by a body of running water.

a volcanic rock of intermediate composition (between
rhyolite and basalt).

low areas in the Earth’s crust, of tectonic origin, in which
sediments have accumulated.

a general term for the rock, usually solid, that underlies
soil or other unconsolidated, superficial material.

bog covering a large, fairly horizontal area, which
depends on high rainfall or high humidity, rather than
local water sources for its supply of moisture.

a marine invertebrate of the phylum Brachiopoda
characterised by a lophophore and by two bilaterally
symmetrical values. Ranging from Lower Cambrian to
present.

invertebrates belonging to the phylum Bryozoa, ranging
from Ordovician to present, often found as frond-like
fossils.

containing significant calcium carbonate.

sediment formed by the organic or inorganic deposition
from an aqueous solution.

a finely-spaces planar parting caused by compressive
deformation of rocks.

a fossil fuel comprised primarily of carbon formed by the
decomposition of plant matter in non-marine
environments billions of years ago.

sedimentary rock comprising of large rounded fragments
in a finer matrix.

the outermost layer of the solid Earth.

a low, nearly flat alluvial tract of land at or near the mouth
of a river, commonly forming a fan or triangular shaped
plain of considerable area, which is crossed by many
smaller channels of the main river.

calcium and magnesium bearing carbonate mineral; also
a rock composed of the mineral.

a tabular igneous intrusion that cuts across the bedding
or foliation of the country rock.

an igneous body emplaced at the Earth’s surface as lava.
planar fracture in rocks across which there has been
some displacement.

collective term used to group all animal life.

of or pertaining to rivers.

flexure in layered rocks caused by compression.

a finely spaced planar parting caused by compressive
deformation of rocks.

a sequence of related rock types differing significantly
from adjacent sequences.
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Fossils

Glacial

Glaciofluvial

Granite

Granodiorite

Graptolite

Igneous
Intrusive
Laminated
Lava

Limestone

Lithification
Lithology

Magma
Metamorphic

Microfossils
Mudstone
Orogeny
Oolite
Outcrop

Plate Tectonics

Pluton

any remains, trace or imprint of a plant or animal that has
been preserved in the Earth’s crust since some past
geologic or prehistoric time.

of or relating to the presence and activities of ice or
glaciers.

pertaining to the meltwater streams flowing from wasting
glacier ice and especially to the deposits and landforms
produced by such streams.

a coarsely crystalline intrusive igneous rock composed
mostly of quartz and feldspar.

an igneous rock similar to granite but containing more of
the mineral plagioclase and also more iron and
magnesium-bearing minerals.

extinct organism of the phylum Hemichordata with
colonies consisting of one or more fine branches with
cups. Ranging from Middle Cambrian to Carboniferous.
a rock or mineral that solidified from molten or partially
molten material i.e. from a magma.

an igneous rock emplaced within the Earth’s crust, not
extruded like lava.

the finest example of stratification or bedding, typically
exhibited by shales and fine-grained sandstones.
magma extruded onto the Earth’s surface, or the rock
solidified from it.

a sedimentary rock consisting chiefly of calcium
carbonate (CaCOg), primarily in the form of the mineral
calcite.

the process of rock formation from unconsolidated
sediment.

the description of rocks on the basis of such
characteristics as colour, composition and grainsize.
molten rock, which will cool to form igneous rocks.
pertaining to the process of metamorphism or to its
results i.e. a metamorphic rock.

a fossil too small to be observed without the aid of a
microscope.

a blocky or massive mud-supported sedimentary rock, in
which the proportions of clay and silt are approximately
equal.

the creation of a mountain belt by tectonic activity.

a limestone consisting largely of spherical grains of
calcium carbonate in concentric spherical layers.

part of a geologic formation or structure that appears at
the surface of the Earth.

a theory that states that the crust is divided up into a
number of plates, whose pattern of horizontal movement
is controlled by the interaction of these plates at their
boundaries with one another.

an igneous intrusion formed at sufficient depths to allow
for the growth of large crystals.
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Plutonic
Raised Bogs

Reef

Sandstone

Sedimentary

Shale

Shelf

Siltstone
Stromatolites
Subduction
Subsidence (zone)
Terrestrial
Terrigenous

Till

Turbidity Currents

Tuff(aceous)

Unconformity
Volcanic Arc

Volcanism

Volcano

originating at great depth.

an area of acid, peaty soil, in which the centre is relatively
higher than the margins.

a mass or ridge of rocks, especially coral but sometimes
sand, gravel or shells, rising above the sea or lake bottom
to or nearly to the surface.

a medium-grained sedimentary rock composed of
abundant rounded or angular fragments of sand set in a
fine-grained matrix of silt or clay.

a rock formed by the deposition of sediment, or pertaining
to the process of sedimentation.

A fine-grained sedimentary rock, formed by the
compaction and lithification of clay, silt, or mud. It has a
finely laminated (composed of layers) structure that gives
it a fissility, or tendency to split along bedding planes.
part of the continental rising that is between the shoreline
and the continental slope.

a rock whose composition is intermediate between those
of sandstone and shale and of which at least two-thirds is
material of silt size.

an algal deposit usually found in shallow water.

the sinking of one lithospheric plate beneath the edge of
another

the sudden sinking or gradual downward settling of the
Earth’s surface with little or no horizontal movement.
pertaining to the Earth’s dry land

something derived from the land or continent.
unconsolidated, unsorted glacial deposits consisting of
boulders and cobbles mixed with very finely ground-up
rock or silt.

density current of suspended sediment in water moving
rapidly down a subaqueous slope.

rock formed from volcanic ash usually composed of silt-
sized to sand-sized patrticles.

erosional surface representing a break in deposition.

a linear belt of volcanoes above a subduction zone and
the volcanic and plutonic rocks formed there.

the process by which magma and its associated gasses
rise into the crust and are extruded onto the Earth’'s
surface and into the atmosphere.

a vent in the surface of the Earth through which magma
and associated gasses and ash erupt.
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Data sources on the geology of County Kildare

This section is a brief summary of relevant GSI datasets, to assist any enquiry
concerning geology to target possible information easily. The GSI has very
many datasets, accumulated since it began mapping Ireland’s geology in
1845. A recent project has established a Document Management System into
which about half a million documents and maps have been scanned. This
means that any user can visit the GSI Customer Centre themselves and
search on screen for data of relevance to them. High quality colour and black
and white prints can be made or data supplied on CD, for small charges.

Key datasets include:

1:100,000 Map Report Series

All historical, modern and other mapping has been compiled into very useful
maps and reports that describe the geology of the entire country. Sheet 16
covers Kildare. In addition digital mapping from the 1:100,000 series is now
available on a seamless national basis and customised output can be
produced for specific areas.

19" century 6 inch to the mile fieldsheets

These provide an important historical and current resource, with very detailed
observations of the geology of the entire country. The Archives of the GSI
also include a set of first edition Ordnance Survey six inch to the mile maps,
which generally predate the geologically coloured fieldsheets. For historical
study they can be useful in showing changes in time.

19" century one inch maps and Memoirs

Information from the detailed 19" century mapping was distilled into one inch
to the mile maps, of which Sheets 114, 115, 122-125, 131-134, 140-144 cover
County Kildare. Each sheet or several sheets were accompanied by a Memoir
which described the geology in some detail. These still provide valuable
records of observations even though interpretations may have changed with
better geological understanding.

MinLocs Data

The MinLocs Database records all known mineral occurrences, however
small, from GSI records, such as 19" century fieldsheets and Open File data.
There are approximately 92 records for Kildare. These include economic
deposits such as sand and gravel pits, brick clays, building stones as well as
metallic and non-metallic minerals.

Historic Mine Records

Abandonment plans and varied other material exists for the various mining
and exploratory ventures in the county, at places like Cannonstown, Grange
Hill and Wheal Church (Wheatfield Upper, near Straffan).

Quaternary Mapping

Since a Groundwater Protection Scheme has been done for County Kildare
by GSI, a modern mapping of the Quaternary sediments exists as well as
bedrock mapping. This provides a significant resource in general terms as
well as for groundwater protection. Customised output is possible. Further
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work is planned in 2005/6 to examine areas where coverage is poor or
discrepancies exist between various interpretations and compilations of
existing data of different vintages.

Aerial Photography

The GSI has almost full coverage of the country in 1973 black and white Air
Corps vertical aerial photography, which together with a stereoscope can be
be very useful in interpreting geological and geomorphological features.
Partial coverage of 1954 photography is also available. All are available for
public consultation, with a stereoscope in the Customer Centre of GSI.

In addition the GSI network has more recent digital ortho photography and
colour aerial photography from about 2000 which can be consulted for
particular purposes on request, but OSi copyright applies.

Open File Data

Each Mineral Prospecting Licence issued by the Exploration and Mining
Division of the Department of Communications, Marine and Natural
Resources (currently) carries an obligation on the exploration company to
lodge records of the work undertaken, for the common good. These records
are held by the Geological Survey and are available as Open File Data, once
a period of time has expired. They may include geological interpretations,
borehole logs, geophysical and geochemical surveys and so on. Exploration
is based on areas known as Prospecting Licences (PL) which allow someone
the right to search and investigate for minerals under the ground within the PL
or a block of PLs. The PLs covering Kildare, and their current status are
shown below.
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Shortlist of Key Geological References

This reference list includes a few key papers, books and articles on the
geology and geomorphology of Kildare that are recommended as access
points to Kildare’s geological heritage. A full reference list of papers relating to
the geology of County Kildare is contained in Appendix 6, including all
references cited in the individual site reports.
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Further sources of information and contacts

The Geological Survey of Ireland, and the Irish Geological Heritage Geologist,
Matthew Parkes can be contacted in relation to any aspect of this report.
Bridget Loughlin, the Heritage Officer of Kildare County Council, is the primary
local contact for further information in relation to this report. Other contacts
are the Conservation Rangers of the National Parks and Wildlife Service, of
the Department of Environment, Heritage and Local Government.

The names and phone numbers of current staff may be found in the phone
book.

Web sites of interest

www.gsi.ie - for general geological resources
http://www.habitas.org.uk/es2k/index.html - for general geological information
of wide interest

http://www.tcd.ie/Geography/IQUA/Index.htm - for information, fieldtrips,
lectures etc in relation to Ireland’s Ice Age history
http://www.squ.se/hotell/progeo/index.html - for information about ProGEO the
European Association for the Conservation of Geological Heritage
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