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What is Karst?

Karst is a term used world-wida 1o describe lha distinetive
landforms that develop on rock types that are readily dissolved
by water. In Ireland, limestone [compozed of calcium
carbonate] and o a lesser extent dolomile {calcium and
magneasium carbonate) are by far the most widaspread rocks
that show karst features. There is also a small oulcrop of a
younger softer rack also made of calcium carbonale = the
chalk of Co. Antrim — which shows some of the fealures
characieristic of karslic terrains. In other pants of the world,
highly solubla rocks such as gypsum {calcium sulphate) and
haiita {common salt or sodium chionde) are abundant and
they also exhibit karstic landforms.

The word karst is derived from tha Serbo-Croat
wiord krs and the Slovenian word kras meaning
stony bare ground. The Kras is a limestone
region, now a part of Slovenia and Croatia, in
which the distinctive karst landforms ara
excepiionally well developed.

Karstified limasiones cover approximately one tenth of the
land swurface of the Earth, but some 25% of the waorld’s
population Fves in these regions - for example southern Chira,
large areas of ceniral and southern Europe and much of
central America. Az the map on page 7 shows, half of tha
Republic of Ireland is underdain by limestonas, many afwhich
are karstified.

Typically, karsl regions lack rivers and other surface waters
bacause the rain is swallowed up by lssures and conduils in
the rock and then Nows as underground streams In caves.
Eventually the waters return to the land surface, often as
large springs. Karst areas are indicated by a general absence
of permanent surface streams and the presence of swallow
holes and enclosed depressions. The water is usually all
underground in solutionally entarged channes, some of which
are big enaugh to be @rmed caves.

Karst regions have always been important to human socielies,
In prehistoric times they were used as refuges and are thus
very important for archaeological remains = the cave paintings
of Lagcaux in France and of Altimira in Spain being famous
axamples. Karst rocks also often conlain large quantities of
waler which are widely used for water supply

Tourizm is one of the most rapidly growing indusiries world-
wide and karst regions, in many cases with speciacular
scenery and nalural cunosifies such as caves, altract large
numbers of visitors,

Some well known karst areas and features:

Pinnachs karst of the Guilin area, southesn China
Mammoth Caves, Kentucky, USA
The Greak islands

+ Dordogne, Vercors and Tam areas of France

+  Posiojna Caves in Slovenia

Concal karst Billa in tha Philippénes | Ken Gardrer|

Mariel Stalaciile, Marble Arch Coves
iRbart Thompson|

Limesigne pavemanl (f ke
Burren with B [urlpugh in the
backround [Donal Dualy)



The Development of
Karst

How karst features are
formed

The development of karst {karstification) takes place best in
Ireland on limestone rocks that are hard and almost
impermeable to water, The rock must have cracks and
fissures into which rain water can seep, and theres must be a
plentiful supply of rain.

r:ﬁfnafﬂiﬁ:: :Lr'r':::'::;?:: Rain waler is slightly acidic and this acid (carbonic acid)
rochs Rave baan dissotyad wesy readily dissolves the rock, carmying it away as an Invisible
southarn Tirkay (David Drew) solution. Rain waler which first passes through soll before

reaching the limestone becomes much more acidic and is

capable of dissolving a greater quantity of rock.

As the acidified rain waler trickles down the cracks in the
limestone, it progressively enlarges them which then allows
a greater quantity of water to entar and hence enlange the
cracks even more. In time, the fissures are sufficiently
enlarged to engulf all rainwater within moments of its falling.
In some areas, rivers which rise on non-limestone rocks,
flow on to the limestone and sink underground in swallow
holes — again formed by the corrosive aclion of the river water
on the soluble rock.

Underground, the waters from fissures unite to form small
streams and in lumn these join and excavate cormespondingly
large conduits. Conduits accessible fo humans are called
& river amarging from @ -'|-|||,||-_- Eave neEdr Lthe cavas, 'E"t EOma FH:III'I': thE IJI'IdEFgmLII'Id W-E{EFB I'Bl.l.ir'l'l ln |.'hE
Medilermamean coast of Turkey [David Brew) surfacs os springs, except whera hﬁﬁrgﬂﬂlﬂglcal condltions
fay causa the watars to emerge from the sea bed somea
distance off-shara, as on the Burren coast of Co, Clare. Thus
caves and cave slreams are the equivalent of valleys and
nvers in a non-Karstic area, Caves and karst fissures ara
common at shallow depths bensath the ground surface bt
thay are also known to axist at great depths, The mechanism
by which deep karst features are formed is mol wholly
undarsioond.

In Ireland, some hundreds of caves are known, some
containing rivers (Marbla Arch Caves in Co. Fermanagh, for
example), some long abandonad by the streams that formed
them {e.g. the Milchelstown Caves in Co. Tipperary). Uinlike
the mountains of the wadd, all of which ara known, new caves
are continually being discoverad or new passages discovered
In known caves — aven in lreland. Thus no one knows wherg
the longest and despest caves in the warld really are,

Ireland’s longest cave | Polinagolium in the Burren, Co. Clare
whers over 15 km of passageways have baen explored thus

Small sohibional haliows (lypes of far. The deepest cave in ireland i tha Reyfad system near
hesven] pil the imeslone surface on Boha, Co. Fermanagh, This cave has been explored fo 8
the Atlanlic coeal of Co, Claré

[Deavid Drew)




depth of over 180 m below the entrance and its exploration involves descending deep vertical shafts.
Recent water well drilling near Kinvara in Co. Galway discovered caves at 48 m below the presant day
sea level.

The longest explored cave in the world (by far) is the Mammoth Cave in Kenfucky, with some 530 km of
passages mapped, The longest cave developed in gypsum rock is Optimisticheskaja in Ukraine. The
165 km of passages in this system form a maze contained in an area of less than one square kilomatre
im extent. The world's deepest caves are the Lamprechstofan in Austria (-1632m) and the Gouffre Mirolda
in Haut Savoie, France [-1610m}, The largest undarground cavems yet discovered include a chamber in
Lubang Nasib Bagus in Sarawak 700 m long, 300 m wide and 120 m high, whilst the maln chamber of
Maijlis Al Jinn cave (now renamed}in Oman has a volume of 4 million cubic metres.

YWhean cave passages are abandoned or
partly abandoned by the streams that
farmed them, drips of water entering the
cave from above may deposit crystals of
pure caklcium carbonate (calzite) which
gradually farm calcite deposits, 2.9
stalactites or, as in the photograph of
Dunmore Cave (page 19). stalagmites.
The white calcite may be coloured by
Impisrities such as inon dissobved from the
roCcks above the cave.

Thus a mature karst landscape is devoid
of surface water, The surface may be pitted
with deep hollows, conical or saucer
EhEPEd. and sometimes hundreds of I ik uppermast laysrs of limestone, solutional anlprgaments
metres deep and several kilometres in R oS AN WU [T e N
diameter, These dolines (small 1o madium '

sized enclosed depressions) act as
funnels, collecting rainwater and leading
it underground into cave systems.

Linless deposits of loose material blanket
the limestone, e.g. glacially derived
malerials in the case of much of the Irish
midlands, the soils which develop are
typically very thin and patchy and are lable
Io aresion. Thick sopils suitable for
cullivation are confined te the hollows or
dolinas.

The solutkon of limesione rock takes place
at the surface as well as underground,
Many limesione surfaces are pitted with
small hollows or runnels, collectively
termed karren, which range from & few

. A desalale Wars] pledwau in Mallorca Thare 18 almoes no lewal
centimetras 1o a few metras in depth and ground, daling deorecsiors are abundard and salls are [hin o
length. The dissodution of the limastone is non-meslant (David Drow

again due lo acidified water standing in
pools or running over the surface and
sculpting the rock.



Ancient karst or palaeokarst
in Ireland

In addition to active karst which is still funclioning and
developing today, there is evidence of much older karsl also
prasarved in various parts of the country.

Relict karst is karst which formed under different conditions
from those now active, bul which is stll exposed and being
modified by present processes. Examples Include remnant
towers, which might once have looked like the cassic iowers
of modern south-east Asian karst, They are difficull (o
recognise as they have been modified by glaciation which
may have knocked off the tops and smoothed the sides. This
may be the origin of some of the small hills anound Lough
Gill, Co. Sligo, the small hillocks in the Cork valleys and the
Stradbally hills south-east of Porllacise (e.g. the RBock of
Dunamase).

Palasckarst is burked, iner and fossilsed karst which is often
difficult o find, Thera are burled polles (enclosed depressions,
1 km ar more wide | across the country, often only detectable
by peophysical surveying, such as that at Dunshaughlin, Ca,
Maath. These are often infilled by sediments associgled with
the breakdown of rocks in a tropical climate; a clue o the
remarkable appearance of the landscape of Ireland some B0
million years agao, when hol and humid conditions prevailed,

O a smaller scale there are buried dolines, several of which
are known to contain identifiable plant remains which were
deposited during the Tertiary, Some are connecled to buried
cave systems but others are isolated. Thesa infillad
palagokarst dolines, plpes, fragments of cave passages and
channels have been found across the country from Headford,
Co. Mayo; 1o Hollymount, Co. Carlow; o a group at Tynagh,
Co. Galway. Infilled karst features have also been encounterad
in boreholes near Tipperary and Rathdowney, and al
Ballymacadam, Co. Tipperary.

Further south, the infilled deposits are older still, .9, deposits
of Cretaceous limeslona al Ballydeenlea, Co. Kerry, and
Jurassic clays al Cloyne, Co. Cork. Ancienl palasokarst is
also known at Portrana, Co. Dublin, where a 15 m wide, 100m
deep, sedimenl-filled dofine in very ancient {Ordoviciamn; 440
million years agao) limestones has bean recognised. In the
Lower Carbonifarous (Ihe same age as the limestones),
palagckarst formed al Feltrim, Co. Dublin and Ballykane, Co.
Kildare, when saa levals fall

However, best known to lrish geologists are the "clay
wayboards' recorded all over the country, but classically from
the Burran, Co. Clare and the Aran [slands, Co, Galway. These
thin clay layers, usually rich in volcanic ash. rapresant
parods whan the seafloor was elevated above sea level for
relatively short limes, allowing karstification of the surface
and tha accumulation of & thin soil. They give rise to the
digtinctive lerraced hillsldes of the Burren: an excellent
example occurs al Alllwee, where the show cave was iniliated
along and above a wayboand

Burren larracas (David Draw)

A doling 10m deap mn tha Ulstor Chalk. At Garnan
point, To, Antrir the doline & irfiksd widh & mikins of
FEnls from He chalk, cléys and solcans ashes ang
lavas from Ihe ouartpng basah rook. Thus e dolne
was formed befors the lavas [basalls) al s Aalim
plateay oulloved [John Kalip)



Lopation af présumed ancieil kot fealures, caves ischated
limestome hills and onclosed depress|ons {ususily ssdiment Nilled),
in Ireland {Devid Orew and Gangth L Jones)

D Mayer walar-talour of Ress Cuarry, south of Lough Shealin, Co. Meath.
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The Importance of Limestone and
Karst in Ireland

Irish limestones
Appraxmately 40% of the island of Ireland, and 50% of ihe Republic, is underlain by limestone.

With wery minor exceptions, Irish imastenes balong o two penods of gaalogical history, ona known as
thie Carboniferous (around 300-340 million years ago) and the other known as the Cretaceocus (70-120
million vears ago}). The Garboniferous limestonas ara normally hard and grey to black in colour, and ara
found in almost every part of Ireland (every county except Antrim and Wicklow]: the Crataceous imeastona
ichalk) is somewhat softer and normally white in colour, and is found only in Ulster {Countias Antrim,
Armagh, Down, Demry and Tyrone).

Chean Bedded imesiong
Clean unbackled limastona
My limasions
Chesty Emestane
# Chalk oulcron
[ Undifferentiated imesiones
|| Mon-lmestons

Gesiogical map showing expant of mastones and chailk (fMoegan Burke)



Limesiones are rocks, which are composed predominanily or enfirely of calcile (calcium carbonate or
dolomite {calcivmimagnasiom carbonala). Soma limestones are almast pure carbonate, others contain
substantial proporbons of cther material — mosl commaonly sand, elay (mud or shale) and chert {(very fine
grainad silica). Tha non-carbonale matarial may be distributed throughout the rock, may coour as small
nodules (aspecially of chert) or may be concantraled in dislincl beds (most commonly, beds of shalg}
intar-bedded with the limasiones. Tha limestoneg may also contain small amownts of matallic minerals
such as pyrile, marcasite, or galena, and in somea places these may be concentraled in distinct veins or
masses. where thesa mineral deposiis are sulliciently large and concanlbrated ta be exploifed economically,
they are termed orebodies, as found al Tara Mines {Mavan), Galmoy [Co. Kilkenny) and Lisheen {Co,

Tipparary).

Limestones can be formed In several different ways and in different geological situations, usually in tha
sea. They may be deposited In deep water far from land, in shallow waler near the shore, or somewhera
in between. Many limestones are predominantly composed of the calcarecus shells or skelelons of
maring organisms, but others are formed chemically by precipitation of carbonale from shallow waters.
Some form in extensive horlzontal layers (beds) which may be as thin as a few millimetres or as thick as
several metres, Others form as massive unbedded banks or mounds of fine-grained calcareous debris
(mud mounds), which can be many metres thick in the ceniré, thinning oul lowards the edges,

Dolomitic limestones {or dolomites) are rocks which have undergone chemical changes resulting in the
replacement of sgme of the calcium by magnesium, Magnesium carbonate (the mineral dolomite) has a
diffgrent crystal struciure to calcium carbenale and this creates additional woid space in the rock which
can enhance the develppment of permeability and, in some cases, karstification.

Tha nature of the limestona strongly influancas its susceptibiity to karstification. Purer limestones are
mode susceptible than impure limestones. Anolher strong influence is the geological structure: folding of
the limestone causes fracturing and the formation of a nebwork of fissures along which water can penetrate
and bagin to disspolve the rock. In general, pure limesiones tend fo be brittle, allowing exlensive apen
fractures, while impure imésiones tend to deform more readily, sealing up the fractures and impeding
waler movement. The dagree of karstificalion is significanily reduced where there are inter-bedded shale
layars which restrict water movement and where very strong deformation causes re-gealing of fraciures
with crystalline calcite.

Why are karst
limestones important?

Karst limestones are
important sources of water

bost of the largest springs in Iraland emenge
from karst, Karst springs, both large and small,
are ready sources of dnnking water in areas
where there are oflen no other alternatives dus
o the absence of adequate surface water
courses. Numerous springs are venerated as
holy wells, lestifying to thair significanca for
many hundreds of years

In recent years, many new water sources have
Pu:.'llnlal-:lul::l-ll'r wall i@ harsl ares al Terlough, Co. Clars been constructed b]"'lil'"‘"ﬂﬂ dE'E!D horeholes for
Gt el Both public and indusirial water supplies. Some
examples include the public supply wells at
Cioyne ard Mitchelstown in Co. Cork: the welis
supplying Dungarvan and Ardmore in Co.
VYaterford; and those In Athenry and Kinvara In
Co. Galway




Karst limestone is often encountered in civil engineering
projects

Due toits particular characteristics, including an irregular bedrock surface, the presence of large voids
and rapid underground drainage, karst limestone presents special problems for engineering projects
such as roads, bridges, tunnels, sewerage pipalines and mining. Careful preparatory investigations arg
therefore required with special design measures and provision for unforeseen problems.

Karst regions are very important for heritage/tourism

The distinctive scenery of karst regions, especially the upland karsts, is a major attracton for tounsis n
all parts of the waorld. Much of the attraction of the Mediterranean tourist regions. for instance, depends
on the contrasts bebween the white limestone cliffs and mounitain slopas, and the deep blue sea. In
Ireland, the upland karst regions such as the Burren, the Aran Isiands, Ben Bulban, and the Cuilcagh
maurntains, have particulary attraclive scenery. Elsewhere, lowiand karst araas atso have a distinctive
and beautiful landscape, including for example such dramatic featuras as tha Rock of Gashal, ihe shore
of Lough Leans, Killarmey ar the turloughs in the Gort-Kinvara area.

Thea cavas thal are opan 1o the public, such 3% Alllwes
Cawe (Clare), Crag Cave (Kerry), Marbla Arch
iFarmanagh), Dunmare Cave (Kilkanny) and
Mitchalstown Cave (Tipperary), attract many to the
magical underground scanary.

Many people take an active interest in exploring cave
systems (caving or poltholing). Spebeology (the study
of caves) |3 an Important lelsure pursdit, often
combined with other interests such as botany,
zoology, geolagy and photography.

Karst regions contain sites of
ﬂl‘thﬂtﬂlﬁgitﬂ I‘mmﬂﬂﬂu Limesions pamement and & Bronze Ages wedyge shapsd orib

Caves have always been used for shelter by animals st Ennty Mo in the cantral Burren  (Diavid Dee)
and many cave systems house a distinctive and
spacially-adapted fauna. Humans have used caves
for habitation from the earliest times and many
important archaesological collectionz have been
discovered in caves. Excavations in cave sedimeants
have provided vital evidence of Irefand’s pre-histary,

In many areas, prominant hills of karst limasions Rava
been usaed as sites for some of Ireland's basl-known
castles, such as Dun Aesngus on Inishmore,
Dunamase Castla near Porlaocise, and for churches
such as the Rock of Cashal for example.

Karst environments have a
distinctive ecology

Kars! areas often possass a disfinctive ecology such

as in the luroughs of Co. Galway and other limestane Kesh caves — anclent caves abandoned by e waler thal
wetlands, and ihe distinctive flore of the Burmen. These farmed them. They afe now rich archaeological slites
unique ecalogical environments are under threat from (Danal Daky

modern developments such as drainage, toursm,
laisure activities, farming, industrial and wrban
developmeant



The Main Karst Regions of Ireland

This seclion takes each of the six karst regions in Ireland and outlines the main characteristics and
ivpes of karst features found there,

The north-western plateau karsts

Upland karsls and associaled cave syslems ane well developed in Counties Slige, Leitim, Cavan and
Fermanagh, The area is largely a dissecled plateau with caps of shale and sandsione on some of the
mountaing including Truskmore summit, Dartry Hills, Dough Mountain, Tullybrack, Balmore Mountain,
Cullcagh, Slieve Anlerin, Carrane Hill and Knocknarea. The uplands are often separated by cliff-edged,
glacially-deepenaed valleys. Most of the karst and caves are daveloped around the edges of thesa mountains
and on the sides of the associated valleys. A good example is Rayfad Pol on the north-east side of
Tullybrack. Streams osriginating on the impervious shales and sandstonas sink inko swallow holes when
they reach the limestone and fall into imprassive vertical potholes. They then pass through the caves of
the deepest pothole in Ireland, before re-emerging at Carrickbeg spring at the foot of the mountain.

Mountains which have lost their capping of impermeable rocks include much of the Truskmore upland,
the Castlegal-Leean Mountains, O'Donnell’'s Rock, Keshcorran and the Brickliove Mountains. In the
absence of a shale cap to concentrate the drainage, the karst has developed a diffarent character: thare
are no swallow holes and only rare access o cave systems. Raimvater sinks underground, aither through
a diffuse system of enlarged joints such as on Lesan Mountain, or by being drawn into fossil potholes
formed on major joints and faulls such as in the Largy Rifts al the east end of tha Truskmora. Hara the
surface is characterised by enclosed depressions, dry valleys and limastons pavarmeants.

Warst of ths Mortivasst ragion: 1m, Knocimama; b, Castlegal; 1o, Lesan; 14, Lomgh Gil, 2, Truskmom Mazsst, 2a_King's Mouniain
#h, Gt 2e, Baryles Moe 2d, Truskmone summil; 2e, Lamgy, 21, Teatipod Shslrc; 79, Barracashiaen, Zh, Oudliers; 3, Dartry Hills
4a. Sacdle HilHDough Mosiniain; 4b, O'Donrsll's Bock: 40, Dromahaire: Sa, Geavah. St Kiknacirenny-Corran Hill, Ba; Lecaros; §b
Bricklirss Mountains; 8o, Keshooman, Ta, Slivwe Anwicing Th, Skosmons Hil 8, Aghaboy; 8, East Cuilcagh; 10, Tullybonos 11, Frod's
Pal-Cascades: 12, Marta Arch; 13, Hanging Rock-Tura: 14 3rannan Cave, 15, Pollnagossan: 16, Balmsore, 17, Balva; 18, Reyrad
19, Noon's How; 20, Knookmarm
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The variations in limestone types affect the
development of the karst landforms and cave passages.
In much of the area, caves are formed in cherty, bedded
limestones on major joints or faulls. The initial sections
of the caves are often narrow pothole rifts whose walls
ara characlerisad by brittle chert ledges, If thea floors
of the potholes ara not choked with debris, It can be
seen that vertical step profiles to the cave systems
develop unlil a lavel close to that of the outiet springs
are reached, as in Polliska, Co, Sligo (see Figure
balow). The collapse of one of these ledges. which
was being used as a handhold by Ida Tighe of Sligo in
Teampal Shefric, Sligo, caused her to fall 27 m down
a pothole to her death in 1935, the first recorded
sparting caving fatality in Ireland,

In some areas, and especially in Fermanagh, the pure
Dartry limesione has allowed the development of caves
such as the Marble Arch and Revlfad Systems. If the
entrance leads to a pothole, this frequently descends
in a single or complex shaft ko the lowest level,
producing an L-shaped profile to the cave system such
as is seenin the Noons-Arch System. The passages
reach impresslve sizes in this stronger, more
competent rock, High on the mountains at Gleniff,
Diarmaid and Grainne's cave is located in this same
limestone Iype.

Al Boho in Co. Fermanagh, the limestones host an
unusual joint-controllad maze cave and at Knockmorne
{Fermanagh), Pollrafiara cave is formad along a major
inclined faull which can be sean through much of its
3.1 km langth.

B -IET

Iffluanca of imesione bype on cove pofiles
{Garaih Ll Jones)

Tha cliff a8 Ben Hulhen marks the aodge af he pabedd kiral [Dan Tielzsch:Tydar)
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Many of the older larger cave systems weare initlated before
and during tha glacial pariod. This iz evident where glacial
debris has been daposiled within the cave system. A
significant feature of the area is the glacial modification of
karstic landforms, seen most dramatically in the glacial
truncation of the old system of Diarmaid and Gralnne's Cave
in Gleniff, The fopography has changed so much In this valley,
that it is difficull o envisage the nature of the orlginal cave
system, The enlargament of the impressive frosi-shatlered
entrance to the cave, suspendad hgh in the cliffs, was caused
by the cold climale at the end of the Ice Age.

wom o Dharr

LEaEMg aif Fom 8 VEElL grmire

Gminne's cave, Glenill, Co. Slgoa (Pam Foy

The Burren

Tha Burren plateau of north-west Co, Clare is the finest example of a karstic berrain in Ireland, with a full
assemblage of the curious landforms and subtarranean drainage systems that characterisa such limasiong
terrains. The Burren is famous internationally, not just because of its baautiful limestona landscapes bul
also bacauss of the remarkable fora of the region and its rich archasological haritage. The term 'Burren'
is derived from the Gaelic for 'stony place’.

The Burren is bounded to the west and north by the Allantic Ocean and the southern shores of Gahway
Bay. respectively. The southern boundary, an east to west line from Corofin, to Kilfenora, to Lisdoonvama,
to the coast at Doolin, is where the limestone passes beneath younger rocks composed of shale and
sandstona. To the east of the plateau lie the Gorl-Kinvara lowlands, described later in this booklet.

The Burren is 360 km? in extent and lorms a plateau gently tilted to the south, at 200-300 m above sea
level in the north and 100 m in the south, bounded by steep scarps on all but the southem flank. The
highest point is the shale-capped Slieve Elva at 345 mabove sea leval,
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To the west of the Burren, the Aran islands
are an exiension of e main plateau n many
respects, and for long periods during the
recent geclogical past were almost
certainly linked to the Burren by dry land

To a greater degree than in any other karst
region (and perhaps any region) of Ireland,
ihe rocks that form the skelefon of the
landscape ara visibde; more than 60% of the
area is bare rock or rocky pasture.
Accordingly, differences in the character or
structure of the limestone are often
manifesied in particular landforms or other
features of the landscape, For example, the
noerthern hills of the Burren overdeoking
Galway Bay rise in tiers of cliffs and terraces
where horizonial lines of weakness In the
rock have been exploited by erosive waters
and the loosened rock subsequently
scraped away by glaciers. Below these
terraces, massive, unfractured limestones
form smooth slopes whilst above the
terraced zones the limestones have
crumbled more readily and allowed a thin
soil cover to davelop, These are the upland
pastures of the Burren, long used to graze
cafllke during the winter months, Thin bands
ol clay or other non-soluble rocks force
waler, seaping down through the fissured
limaslone, to emerge at the surface ta form
many small springs — the main source of
walar far slock on the otherwise waterless
upland. In the south-eastearn Burren, the
rocks have been folded and fractured by
aarth movements and each distortion of the
strata is faithfully reflectad in the landscape,
for example in eccenfrically shaped hills
such as Mullaghmore and Slieve Rua

Springs and Wells

- A anCEngsll Dagin [downs) on Be. sumeml o I Aibyan nemr

Badlyvmghnn (Dasvid Demw

Harg fos i | wideaprasd ot lhe hile of tha morth flank of the Buren

overinaking Grataay Hay, Glaglgl Ice Mg acnes e Burmen Trom

he narih has smoothed the seasard aong slopes [Oevid Drey

Springs and wells supply almost all the water used on the Burren. Killeany spring near
Lisdoonvama is used to supply water over a wide area. The tourist centra of Ballyvaghan
utilises water from springs on the mountains nearby and from a bored wall just outside the
iown. Carofin, anather important tourist centre, uses water from Lough Inchiguin, which is
fed largely by spring waters from the Burren plateau,

All of these supplies are vulnerable to cantaminaticn from any pollutants that are allowad
to enter the underground waters of the Burren,
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The landscape of the Burren, especially the central and eastemn parts, seems a stony chaos to 1he
casual observer. Only at the junction of the limestone and the impermeable shale rocks, around Slieve
Elva for exampie, are there valleys containing straams. Where these streams cross from the shale to the
limestone they disappear underground at swaliow holes, the waters flowing through cave systems before
amerging from springs such as those at Killeany and 5t Brendan's Well near Lisdoonvarma. Away from
the non-limestone rocks, the landscape is pitted with fragments of gorges and with innumerable hollows
or enclosed basins termed dolines. Some of these basing are a few metres In depth and width, but
others, for example the enclosed deprassion al Carron, are several square kilomelres in extent and tens
of metres deep,

Another remarkable feature of the Burren Is the large expanses of bare limestone called limestone
pavements. The vertical issures (points) in the rock have been opened by acidic rain water (grikes), thus
comparmenialising the rock surface ko blocks or dlints, each a few square metres in extent. Limasions
pavements are a legacy of the ice age that ended some 15,000 years ago in this pari of Ireland. The ice
scraped away the surface debris of soll, slones and the topmost layer of solutionally weakened rock, to
leave a massive, uneroded rock surface when the ice melted, Extensive limestona pavements are common
in high Alpine limeslone areas of Europe and elsewhere where ice persisted until vary recantly.

Human impact on the Burren

The barren appearance of the Burren may be due, in part at laast, to pasl human actions.
Evidence from soils lodged in cracks in tha rocks and from anciant preserved pollan suggest
that in prehistoric times the Burren may have been wooded, with more fertile and maore
widaspraad soils than now. The cutting down of the forests by sarly settlers may have allowad
the soils 1o be eroded away — an ocourrence known to have taken place in many of the
warld's karsl regions

The Burran contains the greatest number of expiored caves of any karst region of Ireland, most of them
narrow, twisting canyon-like passages carrying a stream and locatad in the west of tha area close to
Lisdoanvarma.

Caves

Aillhwee Cave near Ballyvaghan, containing vast, dry cavemns. is one of Ireland's oldest caves and
must have formed when the landscape of the Burren was very differant from that of the present
day.

Exploring the cave of Pol an lonain at Ballynalackan, involves a low, steny crawl in water, Howeaver,
al the end of the crawl, the explorer enters a large chamber where, hanging from the roofis a
huge stalactite, 6.7 m long and reputadly the longest known In the world.

Although other karst areas in lreland have
impressive archasological remains, the passage
graves on the Bricklieve Mountains for example,
the evidence for human cccupancy of the Burren
for the past six millennia or mare s siriking. Stone
has of necessity bean the building matarial and
hence structures have been preserved long after
they were buill.

In addition 1o the famous wedge-tombs and ring
forts, the surface of the plateau is covered by
netwaorks of field walls, hut circles and other more
obscure features all of which Lestify to the attraction
humans have had to what seems a bare and

Bara rock is widespread an the hils of the north Sark of he ] ; i
Burmin owarnoking Galway Bay. Giacil o8 maving achoas inhospitable ragion, largely devoid of soi and water,

fivie Wurren Trom B nodh has amcol b= tha Gecwarg (sciryg
alopes (David Drow)
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The western lowlands

The area extending from the River Fergus {Co. Clare] in the
south, morth into sputh Mayo, 2ast o the River Suck and
west o the large Loughs of Corrlb and Mask is mainly less
than 70 m above sea level, with few hills o interrupt the typical
gxtensive plains. Unlike those paris of the central lowland
further east, this area does not have a thick covering of glacial
deposits and the limestone bedrock s often exposed at the
surface, Many kars! features are therefore apparent, althowgh
meast of them are nol obvious 10 the casual visitor,

Underground Drainage

There are sevaeral major rivers draining the area (the Rivers

1% large Clweni {Palkiki ufgfand] on 1he IDWwiands
Clare, Robe, Abbert and Dunkellin, for axample) but for most cliwean Got end Kinvera, & coan ool 0 Bhe cave
of their courses these rivers flow in artificial channeis s boan expiomd by cave dhirs who Rave mapps
canstructed in the nineteanth century to help drain the land 7S VTR (N MRS AP o T
Before that, nearty all drainage was subtarranean, In the south o el S

of the area, and especially between Gort and Kinvara,
drainage wag never underiaken, and hare the rivers disappear
underground, emerge at the surface from springs, and sink
underground once more in a very complex pattern. Most of
the cave passages are completely water filled and explorable
only by cave divers, It is known that a vast flooded cave
passage up io 25 m in diameter carrigs the drainage from
much of this area to large springs near Dun Guaire castle on
the shores of Galway Bay at Kinvara. Inland from Kinvara,
many collapsad hollows give access o shart sections of this
underground river

ire south Mayo, 10 Km east soculh-east of YWestpart, the larga
Allle River descands from tha Pariry Mountains and vanishas
unaerground at a specacular sink. Spefasdogists have mapped
an extensne nebwork of passages, oflen containing deap
waler, betwean the sink and the reappearance of the rver at i y 3
Bellaburke, 3 km distanL. TEPQIINN 198 SN, SRR O Sy U S

tha Gorl Rives lows rom he Punchbowl sin

[ Dadd Deswiy

Mog of (he passspes of Ballyglumn Cave m Co. Gatway. The possspss sel=nd 81 wery ahallow

paplhe banaalh tha Heasar Abban wilh IS leakegs acoumng inln ha cave (123w Dred )
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Ballyglunin Cave

The River Abbert, a fributary 1o the River Clare, looks like a typical, sluggish lowland river,
Howewver, when the river channel was being enlarged by blasting in 1955, the rver suddenly
disappeared down a hole in its bed. Flow was only restored when the newly openad swallow
holes were blocked. Later, an extensive cave system was discovered at a depth of only a few
metres below the suface and extending beneath thebed of the Abbert River. River water leaks
inta the cave at only a few points; the bed of the channel presumably being clogged with glacial
clays.

Cross iellodn Ihigh & Wildugh showing e 0ke Delwesn Undergitind conidulls and he hardsgh, and olsa e salns e
turaagn wegelEiion. 0 e semme menibs e wkgugh 5 dey G in i monits waber may 8 ibe hieioogh o e baeight of the
daabied blus ins (adagied from Cathenne Coxan)

Turloughs

Seasonal lakes, callad turloughs, are a parily karstic feature, More than 100 of them have been recorded,
of which the greal majority are in the western lowlands. Turloughs fill and empty, often unpredictably from
openings on their margins, Commonly an opening can function both as a swallow hole and as a spring
{estavelle), depending on the season. Turloughs have a very distinctive ecology {see diagram) due to the
periodic flooding with lime-rich waters, Many lurloughs have been drained in order to lessen flooding,
including the largestin Ireland, the 250 ha Rahasane Turlough near Kilcolgan, Co. Galway. Only in south
Co. Galway and around Ballinrobe in Mayo are there significant numbers of ‘'natural’ wrloughs,

Caherglassaun Lake

Caherglassaun is a small turough,
lxcated 5 km from the sea, between
Gort and Kinvara. Unlike ather
turloughs it newver properly drias ouf
and in-summear it fills and almosi
emplies twice daily in response ta
high and low tide at the coast, The
risa and fall is lagged batween 3 and
4 hours behind the high and low tides
at Kinvara on Galway Bay.

Cahemglassmin Leke. 5 km inland frorn (B coadt &) Kinvars
{Bawid Dy

The Lough Mask-Lough Corrib isthmus

One of the most remarkable karst landscapes in Ireland s found on the narrow neck of land which
saparales Lough Mask from Lough Corrib. The waters from Lough Mask sink underground al numeanius
points on the southerm shora and flow at shallow depth via many lissures and caves 1o emarge from the
vanous springs in Cong village, soma 5 km (o the south. The ground belwean the lakes resembles
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Gruyere cheese, being riddied with large rifts, caves and chambers hollowed oul by the underground
waters. The greatest concentrafion of swallow holes is to the eas! of the entrance to the Cong Canal:

here the rocks form a chaotic landscapa of hollows and tilted blocks whene collapses have taken place
into the caves beneath.
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The Cong Canal

A canal linking Lough Mask with Lough
Comb was excavated In the 1840's as a
Famine relief project. The canal was
intended o lowar winter water levels in
the higher lake, Lough Mask, and to
provide a navigation channel linking the
lakes. The second objective was not
realised as the canal encountered highly
fissured karstic imestones which swallow
up the canal walers during the summer
months, leaving it completely dry.

Carg Canad [Matthaw Parkes)
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The east midlands

The limestones of the east midlands, stretching from the River Shannon and its lakes to the Irish Sea,
and from Monaghan to Kilkenny, would not generally be associated with karstification. These limestones
are mantled by a variable thickness of glacial and recent sediments — sands and gravels, tills {boulder
clays), peal and alluvium (river silts and clays). The small-scale relief is provided by eskers, drumlins,
raised bogs and river flood plaing, which leaves the area resembling a plain of glacial deposition rather
than a karst landscape. Isolated hills that rise up to B0 m above the surrounding lowlands consist of
limestones peeping through the glacial deposits. Sandstones and shales provide the higher topographic
featuras, such as Slieve Bloom, the Devil's Bit mountains and the Castlecomer Plateau. The surface
water features — rivers, streams and lakes — ara typical fluvial systems. Sa, unlike the Burren, the
Fermanagh area or the western lowlands, there is no readily appraciable influsnce of karstification. However,
closer examination shows many typical karst features are present, at least in some areas, which gives
rise 1o the questions: what is the evidence of karstification? what has influenced karstification? and how
karslified is the araa relative to other araas?

Evidence of karstification

The main evidence of karstification comes from the presence of caves in many of the isolated hills,

swallow holes in areas such as Monaghian and around the Castliecomer Plateau, infilled solution pipes
and cavilias in wealls,

The steep. rocky, isolated limestone hills in Counties Westmeath, Offaly, Laois and Kilkenny may be
residual karst hillocks (called lower karst), similar to hose found in many lowiand karsis in, for instance,
the: Mediterranean, south China and many tropical areas. The presence of what are obviously fossil
remnants of formerly active caves such as Paoll na gCat in Wesimeath. and Mount Briscoa Cave in Offaly,
support this view.

in the Camickmacross area in Co. Monaghan, sinking streams, resurging rivers, caves and collapse
features are present. Among the best known features are Finn McCool's Cave and Tiragarvan Cave.
Further sauth, in the Drogheda area. cavitles in boreholes and quarnies provide tha avidenca for anciant
karst.

in Counties Offaly, north Tipperary and Laois, some wells contain cavities; swallow holes are present bul
ara nat common, and solution pipas infilled with Teriary clays occur at Ballymacadam, Hollymount and
Ballygaddy.

In Kilkenny, there are numerous karst features such as large springs (in the Nuanna valley); swallow
holes (south-west of Kilkenny in the Clonmoran/Shellumsrath area); underground drainage (in the
Balintaggart area, west of Callan); caves (Dunmore Cave), dry valleys and karst depressions (Nuenna valley),

Lough Lene

The lakes of Co. Westmeaath straddle
the watershed between the River lnny
(River Shannon) and River Deel (River
Boyne) catchments, t was remarked
by Piers in 1682 that Lough Lene
drains wvia a surface channel
eastwards to the River Deel and
subterranepusly via sinkholes to
springs in the setilement at Fore to
the north, and hence flows both to
the Atlantic and to the Irnsh Sea. A
recent hydrological  study
demonsirated that water from the
swaliow holes on the shores of the
lake does indeed flow underground fo
the southerly spring at Fore with a
flow rate of 80 m per hour,

Fore spmngs, o Wesimaalh (Devid Draw)
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Dunmore Cave

There are few sxplorable caves in the sast
midiands bult Dunmore cave, north of
Kilkernny city, is ona of the axcaplions. |t
appears to be one of the oldest caves in
ireland and is a remnant of a much larger
cave system, theraby providing evidence of
a malure palasakarstic landscapa in the
area. Il consists of a number of large cavemns
linked by a fossil stream cave. Thess cavarms
contain many fina examplas of stalagmites
and slalactites. The cave is important
archeslogically and hislorically and thare
have bean numarous finds of human and
animal skeletal remains. along with othar
interasting artafacts. The discovery of coins
and other artefacts of Viking age supports
e account in the Annals of the Four Mastars
that the Vikings massacred many people in
the cave in 929 AD.

Dunmora Gave, Go, Kllkenmy (Tarance P Dunrs|

What factors influence karstification?

Three factors In particular seem to have influenced the degree of karstification in the east midiands;
¥ fhe lithology (type and conteant) of tha limasiones:;

#  the presance af low pammeability sandstones and shalas naarby,

= (he geclogical histary.

While karst fealures are present in all limestoneg types, they are far more commaon in the purer limestones
than in muddy limestones, Muddy limestones underlie a high proportion of the east midlands (perhaps
T0%), in particular in east Co, Offaly, Co, Dublin and Co. Meath. Rarstification does not seem 1o be
significant in areas underlain by these rocks. Where pure limestones are located close to areas underlain
by sandstones and shales (far instance, at Carrickmacross and around the Castliecomer Plateau), water
with a high dissolving capacity flowing on fo the imestones has increased the degree of karstification

The geclogical history of the area during Tertiary (fram 65 to 1.6 million yvears ago) and Quatemary imeas
{1.6 millicn years ago to foday}, while poorly understood, helps explain the present day situation. 1115
probabile that most of the solution of the limestones ococurred during the Tediary, forming a mature karst
landscape in the process, During the later pari of the Tertiary, much of ihis landscape was dissoived and
ercded, leaving residual features such as the isolated hills, caves and swallow holas.

How karstified is the area relative to other areas?

‘Less karstified’ Is the best answer at present. A definitive answer is not possible as few studies have
been conducted and the mantling of the limesione by the glacial deposits may be hiding more karstification
than we are aware of, However all the evidence, particulary from boreholes, suggests that groundwater
fiow in fisgures is morg important than flow in large conduits. The predominance of muddy limesiones in
many areas has reduced the degree of solution, Well vields are more predictable than, for instance, in
fhe western lowlands.
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The southern valley karst in Counties Cork, Kerry,
Tipperary and Waterford

The karst in the southern counties of lreland differs in a number of ways from that further north. The
limestones in the south have been quite intensaly folded: the further south, the more intense is tha
falding. This resulled from a mountain-building episode (the Vanscan Orogeny), some 280 million years
ago at the end of Carboniferous mes, which created an extensive systam of faults and fractures in tha
rocks, These wera later opaned up by solution to form a karst network. The work of erosion on the folded
rocks has resulled in a distinctive landscape of sandstone ridges {Inciuding the mouniain ranges of tha
Galteas and the Knockmealdowns ) separaled by limestone valleys drained by large rivers such as the
Suibr, Lea, and Munsiar Blackwater

The limesione valleys ihemselves show a disfinctive topography: the centre of the valley, underlain by the
main limestone formations, tends o be elevated a little above the land on either side, The lower lying
areas occur where streams or rivers have more deeply eroded the softer shales and shaly imestones
immediately overling the older Devonian sandstones. The limestones are often largely covered and
obscured by Quatemary houlder clays and graveis but can often be seen as small hils bounded by steep
limestone crags. These areas expose the main karst features — caves, swallow holes and springs
Although large areas of bare limestone are uncommon, there are many small outcrops and the subsoil
cover is often very thin

Within the limestones, sevearal differant units have been mapped. The most widespread is the Waulsortian
Limestone, comprising the coalescance of massive calcareous mud-mounds, Other limesions formations
are more recognisably bedded. Investigations so far have not allowed detailed distinctions between the
hydrogealegical propertias of the various clean limeastone units to be made. In general, the Waulsortian
Limestone is a better aguifer than the more shaly, bedded limestones, and is therefore considered (o
be more karstified

An impartant factor in the development of karst in the southern counties was the refalive lowering of sea
level, by over 60 m, which ks believed to have occurred durng the Tertiary and Quaternary eras of gaological
Lirne, Whien the sea level was so much lower, the rivers were able (o cut deeply into their beds, and karst
solubion could penatrale well below the present-day water table creating a high porosity and permeability.
When the sea level rose o its current level, the karst voids filled with water, giving rise 1o highly permaable
limestone aquifers which are important water resources today.

Examination of limestone exposures in many places, especially at the coast (e.g. at Fenit, Co. Kerry) ar
on lake shores (e.g. Killarney) shows numerous open joints and surface karstification, Evidence of deepar
karstification along these joints can be found in cave surveys, which often show main passages or
galleries about 1-8 m apart, Cloyne Cave in To. Cork, is one of the best examples of a grid network of
passages.

The southem counties include numerous important karst
features: swallow holes which take in surface runcfl from the
adjacent hills {e.g. Thonoge sink, near Ardfinnan, Co. Tipperary
and Water Rock sink, near Middleton, Co. Cork); large karstic
springs (e.g. Dower spring, near Castlemartyr, Co. Cork and
Tobarmaing, Castleisland, Co. Kerry); and lange caves, including
show caves such as Crag Cave, near Castleisland and
Mitchelstown Cave. Another well-known cave is Castlepocok
Cave, near Doneraile, which confained abundant and important
archaeclogical ramains and is consaguently sometlimes referred
o as 'Mammaoth Cave’

The large karst springs, many of which are important regional
or local water supply sources, and the relatively low Iving aspect
of the limestone valleyvs, ansura that the rivers of these argas
maintain a reascnably constant flow through the summar,

Esgla s Wing, Milchalgtown CZava
| Tarmarme P Qunned




The Ulster Chalk

The Crelaceous chalk {135-65 million years old)
i5 a thickly bedded, almast pure carbonata rock
and is the younges! rock unil in Ireland 1o axhibil
karst chaeracterstics. |t iz exposed as a narrow
strip-like outocrop which itoials approximately
B0 km?® Bround the periphery of the owverlying
Terliary basall {volcanic lava). The chalk dips
gently heneath the overlying basalt. Before the
eruption of the basalls, uplift and erosion of the
chalk allowed the development of a karst
landscape, and palasokarst featuras are still
evident at the basalt-chalk contact. The chalk,
generally less than 50 m thick and with a8 wide joint
spacing, differs from the chalk of England and
other areas of north-wesi Eurocpe, in that
groundwater flow relies on the presence of ;
fracturea, Few apen boreholas penetrate the chalk Loighireama sk, e langesl s
beneath the basall, so aquifer investigations have 17 % SHHEHEE Fr TR BRI
IJ'E’EI'I rEI'gEl'ﬁl' restricted tﬂ the areas naighhuuring !!I:- :-Il e Tha walar igvsl I-:I-l-l- andl fallg degpending on ramhs
the outcrops znd e chalk' 5 alimy 1o ke in e waber {Cons Dy

Mumerous springs emenge from the basa of the
ehalk al its junction with the undarlylng, ralativaly
Iimparmeable, mudstonas. Chemical analyses of
their waters show thal the springs are mainly fed
by surface waler which rung off catchmant areas
on the basall plateau and sinks at the basalt-chalk
boundary. The vear-round flow into the numerous
stream sinks has resulted in active dissolutlon of
the chalk matrix In the outcrop areas. These
pCCuffences are more common in the sast, as
overying glacial deposits in the west have reduced
outcrop exposure and streams tend 1o be parched
above the aguifer. Small dolines and numarous
fissures showing solution fealures are also dispersed
over the outcrop areas

Flow from the chalk springs is closely relaied to
rainfall; sustained flow is very limited during
prolonged dry pericds. This confirms that the
contribution of ‘old’ sub-basaltic water to the chalk
springs is only 8 minor component of the overall =
water budget in the chalk. Beneath the basalt, large Tt narrow ouscrap of fhe Ulstier Chal along the Anirim coasl. The
scale dissolution |s not thought to have occurred in ©¥erlying rack s besall [Slephen Barmas)

the chalk as recharge water |s resiricted and is often

close 1o saturation with calciie before reaching the

chalk

Waiter tracing experimenis using arificial dyes have
demonsirated links betwean individual sinks and
springs, with groundwater flow velocities between
0.2 and 2.8 kmdday,
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Engineering and Environmental
Aspects of Karst

Engineering and construction

Karst regions may provide particular problems for all kinds of engineering projects, from house
construction 1o major roads and bndges and also civil engineering works such as mining, canals and
reservoirs. These problems mainly arise from:

* the unprediclable occurrence, exient and depth of underground cavities which may lead to
inadequate foundation suppot:

* [he great variability in the depth of subsail, leading o unpredictability in the type and depth of
excavation required and the likely extent of drilling or blasting.

Risk assessment

The implications of karst for engineering problems may be studied using a nsk assessment approach
with thie level of acceplabie risk increasing with decreasing sensilivity of the structure. For example, the
laval of risk dua to karst in the construction of a hay-barn is much less than that for the development of
g housing estate, and the subsequent investigation and site works should be designed accordingly.

The first step in the Investigation of every site where karst is a potential problem should be a desk study
This will prove o be an economic and a profitable exercise. The desk study should include:

* @ sile walkowver,

v 3 study of the geological maps of the araa;

+ refarence to the Karst Dalabase al the Geological Survey of Ireland;

= & study of present and historical Ordnance Survey maps;

= gxamination of any nearby site iInvestigation records or references to past evenls or works;

= examinalion of aserial photographs;

* local knowledge;

= g sludy of local drainage patterns with particular emphasis aon seasonal and historical variations.,

The information obtained from the desk study will allow the design of 8 site specific ground Investigation.
The ground investigation could include geophysics, frial pitting, rotary percussive boreholes, rotary corad
boreholes, down the hole logging and in-situ 1esting,

Engineering problems -
foundations

The presence of karst on a sile can resull in
additional requirements in the design and
construction of foundations. Foundations can
be designed to span over & potential karst
feature @z an afternative to grouting. This might
consist of a reinforced concrete strip fooling,
or raft, or & high strength plastic geogrid.

This collspse only became spparsnl whien e bpsol whks
ramervedd (Clonal DOady)

22



Engineering problems - drainage

The understanding and control of drainage is of critical importance in karst areas. [nadequately controfled
drainage can trigger previously dormant karst activity. Good drainage design in karst areas should
include redirection of natural drainage away from the structure, sealing of all drains and surface areas,

and avoidance of soakpits and distribution systems.

Engineering problems - mining

Problems have been encountered in mining due to the presence of deep karst. One recent mining
davatopment in the Irish midlands encountered peat filled karst solution features at a depth of about

60 m.

Engineering problems -

reservoirs and canals

Obviously, it is very difficult to construct water-
retaining reservolrs in karst areas, and there are
several examples (from abroad) of such reservoirs
which failed to hold any water. Ireland has ane
particular example of a canal, the Cong Canal in
Co. Mayo, which failed because the water
dizsappeared through the fissures in the limestone
alang its course

Engineering problems - radon

The accumulaticn of redon gas in basements and
beneath ground fioors of buildings can be harmfiul to
humans. Radon |s 8 potential health hazard in karst
areas, particularly those adjacent tao rock types
which are relatively rich in radon and whare opan
fissures exist, Anexampla is the Galway area whera
the limesione is closely associated with a granite
body, Howewer, radon problems can be ameliorated
by ventilation

Water supply

Cine important feature of kKarst areas is the absance
of surface water which often leads to groundwater
being the main source of supply. Drilled wealls can
be difficult to construct in these areas and karst
springs remain critical as a method of hamassing
the supply. Mast of Ireland’s largast sphngs ara in
karst regions, including the Kedrah springs near
Cahir, Co. Tipperary; Dowear Spring near
Castlemartyr, Co. Cork; Two Gneaveas Spring near
Kanturk, Co. Cork; Cong Springs in Co. Galway; and
Killaglan Spring, Co. Roscommdon.

Karst springs have been usad for water supply from
the gardies! times of human existence. They can
ranga from small seasonal seapages (o very large,
raliable springs which may be the source of a
substantial rver. Many springs, both large and small,
hava bean named, often in honour of saintz, and In
some cases have given thelr names [o towns and
vilages, such as Patrickswell or Ballintubber, Many
springs probably had religious significance in pre-
Christian times.
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The area around the mouth of a spring Is often very boggy, especially in winter, and this can lead o
poeliution of the spring. Engineers use a varety of methods to combal this; for example where the spring
mauth is essentially a cave, a wall is bullt around the spring mouth and the intake pipes are insialled deap
into the cave, Where the water wells up through broken rock or gravels the spring flow is often confined
within a sguare or circular wall containing the Intake and the spring is allowed © everflow in a controlled
manner.

Bored wells in karst limestonas can prasent several problems to the hydrogeckogist and engineer. Firstly,
it is difficult to identify the best place o drill a5 a successful borehole depends on meeling sufficient walter-
bearing fissures. If these fissures are & few metres aparl and neary vertical it can be easy 1o miss them. In
wall developed karst areas, a dry well can be drilled a few metres away from & successful one. Traditionally,
this difficulty was resolved by using the sarvices of a water diviner, Today, there are scentific methods
using geophysical instruments which are ofien successful in identifying the presence of fissure zones. The
second difficulty is thal if large fissures are encountered, the Emestone rock can be unstable and may
collapsa inio the borehole. Competent drillers can overcome this, but they need 1o be ready for such
conditions, An associated problem is that the fissures can contain large amounts of loose sedimant which
can enier the well, damage the pump and render ihe water undrinkable. Again, this can usually be solved
by proper construction of the well, including the installation of well screen, casing and cement, and by
careful development of the well, invalving contralled pumping over a lengthy pericd.

As with a spring, it s important to emphasise the need for extreme watchfulness with regard to protecting
thia wall from pollution. and this bagins with drilling the weall in & location whera pollution is least iikely.

In apite of all the proldems (aciual and potential) there are many thousands of successful boreholes in karst
limestones throughout Ireland, dalivering reliable quantities of good quality water to tens of thousands of

peopie

Quarrying and mining
The pure limestones in which karst develops have many uses:

* Building stone: easy to cut but strong and durable, limestone has been a traditonal building
matarial for many hundreds of yvears. The most decorative types which can take a high palish, are
often described as ‘marble’; wall-known exampies are the "Hack marbie’ of Kilkenny and the ‘red
marbla” of Cork,

» Aggregate: crushed limestone is wsed for road construction, as an aggregate in concrale and
cement rendaring, and as loosea chippings for driveways and paths,

#  Agrcultural lime: finely crushed and ground limesione Is used o improve lime-daeficient soils in
many parts of Ireland. 1.1 million tonnes are spread on our fields annually,

* Cement: pure limestane is the major raw material in the manufacture of cement.

* Chemicals: many chemical processes require ground limestone or burned lime as an essential raw
matarial, including stesl manufacture,

The high demand for pure limestone has led
lo & thriving quarrying industry in Ireland.
Currently, 21 million fonnes of limestone are
fuarried awary yaar.

Quarrying has someltimes revealad very
interesting karsl features and has led to the
dizcovery of some caves. Howaver, caves and
solution cavities, often fillad with clay, can
prasant quarry managars with both production
and environmental problems.

Active gquarrying can lead o pollution, for
example from spillages of molor fuels. It is
impaortant that quarry oparators take special
precautions to ensure that spillages,
Limestone quamy (Minerals Secton, GE1) leakages, or effluent from sanitary facilities
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provided for quarry workers, cannol enler the local groundwater, Unfortunately, abandoned quarries
have often baen used for the disposal of all kinds of waste which can alsolead o pollution of groundwater
as the effluents seep downwards along open fissures.

Some limestones in lreland contaln important deposits of metallic minerals (orebodies), especially
bead, zinc and siver. In recent years, two large orebodies have been identified at Galmoy, Co. Kilkenny,
and Lishean, Co. Tipperary. In both cases, the orebodies lie at considerable dapths below the regional
water table in limestones which are at least partially karstified, In order to successfully develop these
minerals it is necessary lo pump out large valumes of water from the limestones. Datailed investigations
of the water-bearing properties of the limestones were essential o the design of the ming and 1o the
anvironmenlal impacl assassmant.

Agriculture

The practice of agriculture |s closely Intertwined with Irish karst landscapes. Farming communities are
dapendent on the area's characteristic soil and water resources, and agricultural praclices may themseihves
alter the nature of hese rescurces.

In their most extreme forms, karst landscapes can be extramely difficull to farm, as any visitor to the
Burren or the Aran lslands can readily appreciate; the bare rocky surfaces have virfually no soil or water,
Where there is a litile more soil cover developed on a mare crumbly limestone layer, as in the upland
pastures of the Burren, thera may ba good winter grazing butin summer, grass growth may be inhibited
by & kack of water. Evan karst areas with a deeper soil cover may have water supply problems: the water
table may be very deep, so streams and springs may dry up in summar and the grass may die back.

The famed Burren Mora, found on a patchy mosaic of soll and rock, is not entirely a natural phenamenon.
In the absence of traditional grazing activities,
the famous flower meadoes bacome Coionised
by hazel scrub. Indead, the palchy soil cover
is itsell al least partly a consequance of
agriculture, as praviously described: clearance
af the forast cover for agriculture in prehistorc
timas rasulled in soll arosian.

In the Aran |slands, there is & long tradifion of
creating soil on the bare limestone by colleciing
seaweed and sand and spreading them on the
fields or in lazy-bed ridges. In the Burren, the
crealion of smooth, soil covered fields from rocky
scrubland has become a widespread practice
to faciitate agricultural modermisation. Grani-
aided reclamation has involved scrub dearance,
bulldazing of loose boulders and stone walls,
and spreading of topsoll to make the land
sultable for silage production. A balance needs
o be achieved between agricultural needs and
anvironmental and heritage consideralions,

While upland karst areas such as the Burran
plateau may suifer from a shortage of water for
summer grass growih and for humen and animal
consumption, low-lying karst areas such as the
weslern lowlands may suffer from periodic
excesses of water, The seascnal flooding of
wrioughs brings the advantage of annual liming
of the pasture on the turlough floor, but
nevertheless many turloughs have bean
artificially drained o provide grazing over a longar
pariod of the year. Occasionally, extensive
flooding takes place in karst areas beyond the
normal turlough winter flooding limits. In the Silage clamp on baie karsiie bmesions [Daee Clew)
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Gorl-Kinvara area, this has given rise 1o problems for agricultural land use, as wall as fooding roads
and houses far many weeks. As with the upland dry karst pastures, a balance needs o be achieved in
the turlough areas betwean agricultural and conservation nesds.

Agricullure can also have an influence on water quality in karst areas. if agricultural wastes are badly
handled, they may give rise to pollution of springs and wells. Silage effiuent can easily pass through open
fissures into drinking waler supplies if it is not properly contained. The recent move to silage bales rather
than silage clamps in the Burren is minimising this risk. Particular care must also be taken with slurry
storage 1o avoid leakages, and landspreading of slurry should avoid areas whera the sail cover is thin.
Farmyard runcff needs to be collected and landspread only in suitable areas.

To summarise, agricultural activity is an integral feature of Irish karst landscapes and the challenge for
the future is to achieve an economically and environmentally sustainable livelihood in these areas.

Water pollution: the need to protect water resources
in karst areas
Why are karst areas naturally highly vulnerable to pollution?

= Waler can move rapidly through fissures widened by salution.

= Sinking streams provide diract water entry points to groundwater, with fittle or no filtration or attlenuaticn
af contaminanis.

*  Salution hoflows or dolines may also provide direct eniry routes through vertical shafts,

= Tha characteristic soil cover over karst limesione is very thin, maybe only a few centimetres desp, and
s0 provides litthe protection.

AWV AE WAk i
by mrkireg siman

Possitle antry roubes for contaminants o anter karst groundwatar (Joahn Gurin)

What sources of contamination are there?

Agricultural sources of pollution include badly slored farm wastes (e.g. unlined manure pits and slurmy
lagoons, silage clamps with cracked bases or no effluent collection system), unmanaged farmyard runoff,
and sheep dip disposed of in spakholes or swallow holes. All farm effluents and dirty water should be
collected and spread on land, and the rate of application should be discussed with an agriculiural advisor,
Excessive manure spreading, or spraading on thin soils, may cause pollution of groundwater with a range
of subslances.
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Septic tanks may pose a risk, especially if soakholes are used for effluent disposal. Where the subsoil
is very shallow, artificial percolation areas or 'package’ domestic sewage treatment systems may be
MECassary.

Matural depressions, caves and quarries in karst limestones have often beean used for disposal of wastes,
Dumping of household rubbish, dead animals, farm wastes and rotten vegetables inlo such places is a
comman problem., At a larger scale, landfills in karst areas, particularly in old quarries, will cause pollution
if the lzachate is not properly contained, Environmental Prolection Agancy guidelines now prohibdt landfil
sites on regicnally important karst aquifers.

Leaking fuel storage tanks may also cause serious water poliution, whether above ground {e.g. domestic
healing oil tanks) or undarground (a.g. al patrol slations).

Palemlial pallil=an Rasards i rifal kaes] grisgs. Pollutinls mbve rapidly Waim iha BEnd Sifscs
mrough Frachues and condulls in he imesiones desn 0 1he weier @Bole m O procass
graundwatar pals polluted and walls may be affected {Catharme Coxonj

Types of pellutant
The poflutants found in waler supplies in kars! areas vary depeanding on the local sources of contamination.
The most cormmon problem is contamination by micro-organisms from human or animal wasies.

Farm wastes and sewage can also give rise to chemical pollutants including nitrate and ammonia. In
some cases, an unusually high level of a chemical constituent (e.g. chloride, potassiumj, thowgh not in
itself harmful, may indicate a pollution problem. Excessive iron and manganese causing iaste or staining
problems, may ocour naturally, butl may also be released from the soil or rock into water supplies by
paliution, particularly by silage effluent pollution. Sheep dip which is incorrectly disposed of may poliuta
water suppiies with phenols and & range of potentially harmful pesticides, Leaking fusl tanks can
contaminate groundwater with a range of hydrocarbons which will cause taste and odour problems and
may pose a health risk, even at very low concentrations.

Removing the risk of micrabial pallution in vulnerabla karstic areas reguiras two complamentary approaches.
It is usually impossible to exclude all faecal micro-organisms, so the water supply must be treated 1o
remove them, e.q. by fillration and treatment with chlorine, ozone or ultra-viclet radiation. However, these
treatment systems may fail occasionally (e.g. inadequate dosage of chlorine, suspended sediment
interfering with ultra-violat freatment), so it is important to keep the raw water supply as uncontaminatad
as possible by controlling sources of faecal pollution. Prevention is better than cura!



Microbial pollution
Karst groundwater i3 parlicularly
prone ko polistion by faecal micro-
organisms (baclerla, viruses or
profozoans fram human or animal
wasle) because the solutionally
widened fissures and cave
passages provide ready access
routes. Contaminants can fravel
widely in very shor times. with no
purification.

Faecal coliform bactena, including
Sarikhaks EllEd with rubEHen [Zaliherew oo | E -I:.I:I‘fl., are usel:l a3 o ||'Iljll:.ﬂ1 Rr
arganisms when testing water
supplies because they ocoour in
targe numbers in human and animal
waste, They are not necessarily
harmful themselves (although some
strains of E. colf are dangerous)
but indicate thal pathogenic
{disease-causing) micro-
arganisma, which are more difficult
1o delect, might be present in the
waler,

ConsiriEiion ol 8 tumgales and sephc 1ank I 3 ama whore
karsio imestones are at groursd aurface (Calbérine Coxon)

Dealing with microbial pollution in water supplies

. Protect the water resource by confrolling pollution sources {e.g. septic lank sysiems
farm wastas)

; Treat the water supply to ensure absence of faecal micro-organisms

&roundwater protection schemes in karst areas

The Geglogical Survey of Ireland, the Department of Environment and Local Government and the
Environmental Protection Agency have joinily developed a methodology for the preparation of groundwater
protection schemes. Schemes based on this methodology are gradually being drawn up and implemsanted
by local authorities. Each scheme involves a county-wide map of groundwater protection zones, based
on an aguifer map and a map of the natural yulnarability of the groundweatar o pallution. This is acoompanied
by guidelines for controlling various sources of poliution {e.g, septic tank systems)

Karst is includad in the profection schame in twa ways: firstly as part of the aguifer calegorisation; and
secondly, as a factor in vulnerability mapping

Karst limestonas ara shown as a separate, distinct aguifer calegory on aguifer maps, as a maans al
drawing attention o the variability In the hydrogeological charactenstics, the difficulties in locating
sucoassiul wealls, the fecussad nature and high velocities of groundwater flow, and the kow laval of pallutani
purification in karst araas.
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LAND SURFACE ZONING PROTECTION RESPONSES

RESPONSES (Ri, B2, RY, Bd) to the locxion
5“““‘“ E“‘““”““""“‘ containtion respemies () depend on the ik, i.2. hazand,
uquiﬁ:'r cotegory onid vulnerabaliy, and
(b} desicribe the degree of scceptebility,
conditions ard investigotion requirements, as
[GRB(.'HHWATI’.‘II PIII'H'EETIHH E'.IHF.-E-]- nppropriate.

.

E}Hﬂumnwaﬁﬂ PROTECTION scﬁEmj

Summary of Components of Sroundwater Prolection Schame

Tha vulnerability map mainly depands an the nature and thickness of subsoils [unconsolidated matenal
overlying bedrock, daling from the lce Age and the last 15,000 years since tha end of the lce &ga).
Two faclors relating o the subsoil cover are warth noting in karsi areas:

*  The irregular bedrock surface arising from limestone solution [(with buried solution holfows) means
that the subsoil thickness is often vary variable over short distances. 5o the degree of protection
provided is hard 1o predicl

* Where subsoil deposits are absent, imestone weathering gives rise to a thin or patchy soil, which
provides litlle or no profection Lo the underiying groundwater.

The greatest vulnerability arses where water can move underground directly at particular points, bypassing
the protective soll or subscdl cover, 0.g. where siream waler sinks underground (swallow holes) or along
sireams where water is lost over a longer reach (often where an artificial channel has been created by
arterial dralnage).

COne element in a8 groundwater profection scheme is the drawing up of source prolection zones around
major public water supply sources. Each source’s calchment area (or Zone of Contribulion} must be
identified. In karst areas this is paricularly difficuli, since the underground pathways are highly
unpredictable. Where a sinking stream is thought likely to re-emerge at & spring, it is somatimes possibla
to trace the water from sink (o spring by using special dyes or other tracers. The speeds at which waler
travels underground in karst systems, as revealed by dyve Iracing, can be several km per day, as compared
with perhaps one or iwo metres per day in non-karstified aguifers. This emphasises the impartance of
avoiding poliution as rapid fliow means a pollutant can guickly reach a water source without any chanca
for the harmful matter 1o be fillered out, absorbed or degraded.

Exiremely vulnerable areas defined in the national
prufucﬂun scheme methodology include:

Areas whare bedrock is exposad al the surface or where the subsoil cover 15 less than 3 m
thick,

= Areas within 30 m of karst fealures (including atong the area of loss of 10sing or sinking

streams) and within 10 m on either side of losing or sinking streams upflow of the area of
Ioss,



Conserving Our Karst Landscape

Our karst heritage

Think of Ireland's natural herilage and what comes 1o mind? Perhaps an image of the Lakes of Killarney,
the purple-brown boglands or the Giant’s Causeway, but whatever it might be it will undoubtedly include
surreal limestone landscape areas like the Burren in Co. Clare and the Cwilcagh mountains in Ca,
Fermanagh, Seme of the best karst landscapes and features In Europe are found in Ireland.

W’h’f should the best examples of these features be conserved?

They are an integral part of our natural heritage.
« We have a duty to future generations io preserve our heritage so that it may become fheirs.

« Karst has @ distinctive character. To the usual three-dimensional relief, karst landiorms add a
fourth dimension’, namely the sublarranean raliaf, a sort of negative raplica of the surface drainage
patierns, to which it is closaly connectad,

« Conservafion has direct and immediate benefits for humanity,

Whl:ﬂ' benefits?

Karst areas have a distinctive beauty for both local people and visitors.
# The tourism polential of areas like the Burren and Marble Arch Caves needs no elaboration.
* They are a valuable scientific and educational resource,

« They are fundamental in understanding and appreciating our historical, ecological and
archaeological herltage.

# They are often the only source of drinking waler, parcularly in rural areas.

Threats to our karst heritage

Karst imestone areas are & valueble part of our natural hertage, but they are also under threat from
several sources: waler pollution, dumping, insensitive tourism or other development, vandalism, bad
caving practice, quamying and drainage.

Farming, parficulardy land reclamation and drainage, can lead to infilling of features such as dolines and
swallow holes, the levelling of landforms, and damaging tudoughs and caves, Arterial drainage can change
not only the landscape, but more significantly the water regime — the main distinctive characteristic of
karst areas. Over-devalopmeant and intrusive founsm can reduce the visual ameanity value and pose a risk
to the ecology of karst areas. Developmant whera there has been inadequate attention 1o waste disposal
can contaminate karst groundwater, and in the process affect the scology. Irresponsible atlitudes towards
caves can lead to damage, the loss of the amenity and the educational, scientific and archaeclogical
value of the caves.

A relatively recent threat has arisen from the demand for natural stone for gardens. Water-worn stone
from limestone pavements i5 very attractive and in many places has been removed by heavy mechanical
plant leaving a scarred surface which will fake centuries of weathering before it is restored to its former
condition. Stone should not be removed from any limestone pavement for garden use, Satisfactory
substitutes should always be available from quarry waste or reconstituted stone The Heritage Council
and the Countryside Agency in Britain have noted the extent of trade in limestone pavement, Effective
protective measuras in Britain have put pressure on Irish pavement to meet the UK, demand.




What needs conserving?

Our objective must be to conserve the best examples of the main karst features. 'Best' can be considenad
at international, national and county levels. The main features include caves, limesione pavement, lurloughs,

sinking streams, karst springs and karst landscapeas.

Achieving successful
conservation

Achisving successful conservation involves: selecting
sites worthy of conservation; identifying practical site
managament lachniques,; having a good legislative
framework backed up by site moniloring; and
Increasing public awareness and support. The official
recognition and designation of sites is only one step.
Conzervation has to be supported by the landowners
who are custodians of these special areas for
gverybody, and the public must in urn support them
and their affors.

Tha Geological Survey of Ireland has now undertakan
this first step, as part af the Irnsh Geological Hentage
Programme, which has the objective of conserving
and promating the best of Irsh gedlogy. Karst was
chosen as the first gealogical theme bacause of ils
wulnarahility and the evar-mounling hreats. A naw
site salection process (building on a first listing of
conseration sites from 1981 has bean complatad.
Tha designaticn of siles will ba complated by DGchas,
Thie Herilage Sarvica, and those salacted will becamea
part ¢f tha national suile of Matural Harilage Areas.
Lecal authorilies and local growps could support (he
consarvation of key national sitas by salecting local
or county karst herilage and educational sites and
including them in their County Developmant Plans.

Choosing the sites s only the first and, arguably, the
easiest step. Some sites may be 50 vulnerable that
purchase of the site by the State may be necessary,
However, most sites can be conserved by appropriate
site management, For example, in the case of caves
thiz could be in conjunction with the Speleciogical
Urdon of Ireland, as the cavers’ representative body,
Cave conservation measures could include; access
agreements, provision of durable walkways at popular
caves, and In new caves for example, cavers could
reduce thelr impact by laping a single roule through
fragile sections.

The more the public wants and supports nature
consenvation, the sasier it will be to achieve it. The
concept of conservation can only be viable when it
takes firm rect in public opinion. Therefore, it is
essential to see |local people as partners!
stakeholders in karst conservation, The implication
of this is that priority must be given to publicity and
education, This booklet is part of that process
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Glossary of Technical Terms

Agulfer
Carbonifarous

Clint
Crataceous

Davanlan

Dollne

Daolomite

Estavella
Grika
Jurassic

Karran, Karranfield

Karsl

Limastone Pavemant
Ordovician

Polja

Quaternary

Spelaclogy
Stalactite

Slalagmite

Swallow hola, Pothole

Tertiary

Turlough

Waulsortian Limaslongas

A rock that stores and transmits waler in significant quantities.

The geclogical time period from 355 to 280 million years ago when most
of our limestonas were laid down (refer to lable on page 8).

A block of limeslone on a limeslone pavemenl bounded by open grikes.

Thee gaalogical time period from 135 o 65 million years ago {refer to table
on page 6 for major evenis)

The gealogical time pericd from 410 i 355 milllon vears ago {refar to lable
on page & for major evenis).

A small to medium sized closed depression, a few metras o a few hundrad
metras in diametar and depth. Dolines are formed by slow, concantratad
solutional removal of rock in an area, from [he surface downwards, or by
the callapse of overlying rock Into a cave or chamber beneath (collapsea
dolina}). Dolines function as funnels, allowing paint recharge of the karstic
aquiter. In the USA, dolines are termed sinkholas.

Carbonate rocks which have undergone chemical changes resuliing in the
replacement of same of the calcium by magnesium. Can be highly karstified
in places.

A karst Teature thal can funclion as a spring or as a swallow hole dapending
on underground water levels.

A fissure (crack of joint} in the limestone badrock that has been widened,
somelimas o tens of centimetras, by the dissolving action of rainwater.

The geslogical time period from 205 to 135 million vears ago {refer to tabla
on page 6 for major evenis).

Small {millimatres to a few melras) solutional channals, hollows or enlarged
fissures on the surface of the rock. Extensive exposures of bedrock with
slch featiras are called karrenfialde.

An area of limestone or other highly soluble rock, in which the landforms
are of dominantly solutional arigin, and in which the drainage is usually
underground In solulicnally enlarged fissures and conduits.

Bare limestong surface from which 5ol and loose rocks have been sirippad
= usually by redativaly recenl ice erosion during a glacial period.

The gecdogical time period from 510 1 438 million yvaars ago {refer to table
on page § for major events).

A large, relatively flat floored enclosed depression bounded by steep sides,
with a floor area of one 1o several hundred square kilometras, Commaonly,
sediments Manket somea or all of the flooar.

The geoslogical ime penod from 1.6 million years ago o the present day
which includes the Ice Age (refer to lable on page & for major events).

The scientific study of caves.

The mineral calcite (calcium carbonale) deposited in crystalline form from
lime-rich dripping walters on o the roof of 8 cave. Stalactites grow
downwards to form faparng pendants.

Calcite deposits as par stalactites bul with the deposition taking place whare
trickies of waler splash on o tha cave floar. The resulling deposits grow
upwards ta form a column.

The point at which a surface siream sinks underground.

The gaalogical tme pariad from 85 Lo 1.8 million years ago (refer to tabla
on page 6 for major evenls).

Saasonal lakes found in the lowland karsts of western Ireland. They often
fill and empty via eslavellas.

A group of limaslonas of Carboniferocus age which were laid down as
massiva calcaraous mud mounds. Found in many parts of the cowntry,




Irish Place Names and Karst

(extracts from The Origin-and History of Irish Mames of Places’ by P.W. Joyce, Published by
Appletres Press.)

Poll: a hole of any kind. Topographically it is applied to holes, pits or caverns in the earth, deap
small pools of water, very deep spots in rivers or lakes, etc. In the beginning of anglicised names it
is always made Poll, Poul, or Pull, and as a termination it is commonly changed to Foyle, phuil,
phull by aspiration of the 'P', and by the genitive inflexion. Diminutives: Pullen, Polaun, Polleans,
Failfagh, Puitagh.

Thera are several words for a cava: poll, pall-talmhban [pouliaioon), deare (derrig) of derc (8 cawe ol
grottad, cuas [anglicisaions: Coos, Coose, Cose, Cous, Couse). Somalimes the "C', is changed to
'H', g.9. Hoosh. Diminutives: Coosan, Coosane, Coogaun, Cooshesen. In addition: Lagh, Uaimb
iganitive: Uamha, Uamhain) and Uath are very common, the latter denoling an occurrence in a
cave. Anglicisations: Nahoe, Nahoo, Nahoova, Nahone, Nahoon, Oovan, Owen [occagionally},

Indications of water are numercus. Uisce, anglicised 1o lska, Isky, and isk. Turlough: dried lake
Tobar, Tiebrad: well {Tober, Tipper, Tubber, Tubbrid). Uaran, Fuaram: fresh or cold water springing
from the earth { Oran)
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Where to Find Out More

Caving as a sport
If you wani o sea more than you can sae in a show cave, join a Caving Glub whera you can lsarm

to explore caves safaly in company with experianced cavers. Never go caving alona or without the
proper aquipment and good knowledge of current local water lavel conditions.

Caving clubs

The Speleclogical Union of Ireland c/o AFAS, House of Sport, Longmile Road, Walkinstown, Dublin 2,
can pravide contact details for clubs and cavers in al! areas. Most of its members are also part of
the Irish Cave Rescue Organisation,

Journals/magazines

frish Speleclogy (The Joumal of the Speleclogical Union of Ireland); published irregularly. oo AFAS,
House of Sport, Longmile Road, Walkinstown, Dublin 12,

Cave and Karst Science (The Transactions of the British Cave Research Association]; published
three times a year, subscription (1996) £16 per year, post paid. Contact British Cave Research
Assaciation, London WCN 3XX

Caves and Caving; British Cave Research Associalion, published 4 times a year. Free o members.

Descent magazing has an Irizh column (six published per vear} and is available by subscription
from Wild Places Publishing, 51 Timbers Square, Roath, Cardiff, CF24 35H, UK.

Reference books/textbooks

Gavas of Co. Clare, edited by C. Self, University of Bristol Speleciogical Society, 1981,
Caves of ireland, by J.C. Coleman, Anvil Books Tralee 1265 {out of print)

Caves of MW Clare, by E.K. Traiman, David and Charlas, 1869,

Groundwater and Karstification in mid-Galway, Scuth Mayo and Norih Clare, by D.P. Drew and D,
Daly, Geological Survey of Ireland Raport Series RSMA3/E, 1993,

Karst Geomorphology and Hydrology, by Derek Ford and Paul Williams, published by Chapman and
Hail, 1989, ISBN 0 412 44590 5

Karst Geomorphalogy, by J.M. Jennings, publishad by Basil Blackwell, Oxford, 1985
Limestone Geomorphology, by 5. Trudglll, published by Longman, London, 1985,

The Caves of Fermanagh and Cavan, by G. LI Jones, G. Burns, T, Fogg and J. Kelly, 1997,
Florencecourt, Co. Fermanagh

On Stony Ground: an investigation into trade in watar-wom limestones between the United Kingdom
and the Republic of Ireland, by Pendry, 5. and Allan,C.(Eds). Counfryside Agency, the Heritage
Council and TRAFFIC International, 1894

Show caves

Aillwee Cave, Ballyvaghan, Co. Glare.
Tel. D65-TOTTO3G/TOTTOGT. Opan mid-March to early November.
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Crag Cave, Castleisland, Co. Kerry.
Contact: the Manager, Crag Cave, Castlaisland, Co, Kerry, Tel. DB6-41244.

Dunmare Cave, Ballyfoyle, Dunmore, Co. Kilkenmy.
Tel 056-B7726. Open daily mid March to mid October, and at weekends in winter. Phone Office of
Public Warks, Dublin o confirm,

Marble Arch Caves, Florencecourt, Co. Fermanagh.

Contact; the Warden, Marble Arch Caves, Martbank, Florencecourt, Enniskillen, Cag, Fermanagh,
BT92 1EW. Tel. 02866-348855 within Northern Ireland and 04866 348855 from the Republic of
Iredand. Open March to October.

Mitchelstown Cave, Burncourt, Co. Tipperary.
Tel. 052-67246. Open daily

Geological Surveys

Geological Survey of Ireland
Beggars Bush

Haddingten Road

Dublin 4

Tal: +353 1 6707444
Fax: +353 1 6681782
hitp: /hwww. gsi.ie

Geological Survey of Northern Ireland
20 College Gardens
Belfast BT 9 685

Tel: 028 90666595 within Morthern Ireland
048 90666595 from Republic of Ireland

Fax: 028 90662835 within Mortharn Ireland
043 90662835 from Republic of Ireland
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Public Bodies
The Heritage Council
Rothe House
o "~ Kilkenny

P irsicartiy o Telephone: +353-56-70777; E-mail: heritaged@heritage.iol ie

ENFO - The Environmental Information Sendcs,
17 5. Andrew Street, Dublin 2, Ireland,
—ENFO Telephone: 1890 200191; Fax; -353-1-8883048; E-mail: info@enfo.ie;Website:
v anfo.ie
ENFO is a free public service of the Departrnent of the Envirgnment

1 Environmental Prolection Agency
(@0 P.O.Box 3000, Johnstawn Castle Estale, Co. Wexford
" —— Telephone: +353-53-60600; Fax: +353-53-60699; Website: http:/fwww epa. sl

Geological Survey of Ireland

v Beggars Bush, Haddington Road, Dublin 4
-ﬂ;}_‘ Telephone: +353-1-6707444; Fax; +353-1-6681782; Website: hitp:/lwww.gsiie

Geological Survay of Northern Ireland
20 College Gardens, Belfast BTS GBS
. Telephone: 028 30866595 within Morthem lreland; 048 D0BE6595 from
Cimgicd Serey Republic of Ireland; Fax: 028 90662835 within Northem Ireland; 048 90852835

ul Parsturt bl atd from Republic of Iraland
Consultants
David Ball

Emmet Bridge House, 38 Upper Clanbrassil Street, Dublin 8
Telephone; +353-1-4530320/30/10; Fax: +353-1-4530331

Peter Bennatt

Hydrogeological & Environmental Services Lid., Unit 215, Lisbum Enterprise Centre, Balinderry Road,
Lisburn, Co, Antrim, BT 2BP

Telephone: (028) 92628424; Fax: (028) 92606719 (within Northern |reland)

Bord na Mona Environmeantal Lirmibed
Main Street, Newbridge, Ca. Kildara
Telephone: +353-45 431201 Fax: +353-45 431647

K. T. Cullen & Co. Lid.,

Hydrogeological & Environment Consultants, Bracken Business Park, Bracken Road, Sandylord
Industrial Estate, Dublin 18

Telephone: +353-1-2941717; Fax: 4353-1-2941823

Jer Keohane

Geatechnical & Environmeantal Services Lid., The lnnovation Centre, Cardow RTC, Green Road, Carlow
Telephone; +353-503-30314; Fax: +353-503-40459
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Dames & Moora Inc.
4" Floor, Iveagh Court, 5-8 Harcourt Road, Dublin 2
Telephone, +353-1-4754422; Fax: +353-1-4754R78

Minerex Environmental Lid
Taney Hall, Eglinton Terrace, Dundrum, Dublin 14
Telephone: +353-1-2964435; Fax; +353-1-2064436

2 Callaghan Moran & Associales
Granary House, Rutland Street, Cork
Telephore: +353-21-4321521; Fax: +353-21-4321522

' Medll Grownd Water Enginesring
T South Main Streat, Naas, Co, Kildars
Telephone: +353-45-895668; Fax; +353-45-881705

M.C. O'Gulivan & Co. Ltd

Consulting Engineers, Carmegie House, Library Road, Dun Laoghaire, Co. Dublin.
Telephome: +353-1-2020870; Fax: +353-1-2020707

TES Consulling Engineears
Unit 4, Blanchardstown, Cooperate Park, Dublin 15,
Telephone: +353-1-B030401; Fax:+353-1-6601702

Patrick Briody & Sons Limited

Aquadrill Services, Water Driling & Site Investigations Services, The Grove, Rathangan, Co. Kidare
Telephone: +353-45-524360; Fax: +353-45-524 785,

Show Cave Owners

Marbla Arch Caves
Cuilcagh Mountain Park, Marlbank Scenic Loop, Florencecourt, Co. Fermanagh

Mitchelstown Cave
Bumncourt, Cahir, Co. Tipperary

Alllwea Cave,
Ballyvaughan, Co. Clare

Societies

LAH {Irish Growp)
oo Geological Survey of Ireland, Baggars Bush, Haddington Road, Dubilin 4
Tedephone: +353-1-6707444; Fax: +353-1-6681782

LAE.G.

o Geological Survey of Ireland, Baggars Bush, Haddington Road, Dubdin 4
Telephone: +353-1-6707444; Fax: +353-1-6681782
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Aerial photograph of Mullaghmore area, Burren, Co. Clare
by Dr. Con O'Rourke, Teagase.

Fronted on recycled poper by Woodprantoraft
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