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I.M. TIn «tratigraphy and BDirpliolcigy of tha
Plaiatooana daposlta In County IRatarford with apaclal
rafaranoa to tha Ballyvoyla Till.

Tha Ballyvoyla Till <Vatta, 195> waa originally dascrlbad
by Vright and Muff (1004) aa a bouldar clay dapoaltad by
aoutharly-noving lea of Inland, northarn origin. Thay
ragardad thla advanca aa having poat~datad ona of Irish
Saa origin along tha south coast. Vhlla Vatts ((1090)
conaldarad that tha two lea nacMiaa wars broadly
contamporanaous. Synga <1977) suggaatad that tha
glaclganlc aaquance pradatad tha dapoaltlon of tha
undarlylng raised baach and was subaaquantly sollfluctad
downslopa to Its present stratigraphic position overlying
the raised baach unit.

I1thostratlgraphlc units are recognised In County
Vaterford. The sequence (In ascending order) Is
Interpreted as an Interglacial raised beach deposit,
overlain by a gallflucted deposit (head) associated with
onset of cold conditions, followed by a glaclgenlc
sequence which was subcMquently subjected to perlglaclal
conditions only In tha upper 1.9 n. Two major
I1thostratlgraphlc units are recognised within tha
glaclganlc aaquanca: a laminated and massive silty
dlamlcton (Vhitlng Bay Member, Ballycroneen Formation) and
a sandy, stony massive dlamlcton (Ballyvoyle Member,
Bannow Formation). The former Is confined to tha south
coast and Is regarded as a meltout and lodgement till
facies of Irish Sea basin provenance respectively. It Is
overlain by the latter which Is found throughout the
county and Is Interpreted as a lodgement till facies
associated with a southerly movement of lea from tha
midlands. 1t Is concluded on tha basis of tha
I1thostratlgraphlc avldanca that movement of
terrestrially~based lea onshore was followed by an
offshore movement of lea of northarn provenance In eastern
County Vatarford.

Tha earlier observations of Vright and Muff (1004) are
aubatantlatad and developed. Synge®s (1077) slumped
hypothesis Is refuted. Tha entire Interglacial and
overlying in mitu glaclganlc aaquanca In County Vatarford

aalgnad to tha moat recant Interglacial and glacial

following normal stratigraphic procedure

(Hadbarg, 1070). The traditional stratigraphic framework
(Mitchell at aJ., 1073) aa applied to tha
I1thoatratlgraphy of tha glaclganlc aadlaenta In County
Vatarford, la rejected In favour of tha simpler
stratigraphic moda! (Varran, 1070, 1069).
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1.1. Introduotlon

This th«sl« «xanlMs the Infornally nansd Ballyvoyl« Till
(Vatts, 1959) In County Vatarford (Figura 1). Saaaarch %aa
largaly concantratad on aatablishlng whathar tha
Ballyvoyla Till axlats as a distinct stratigraphic unit.
In ordar to carry out this objactlva tha Ballyvoyla Till
Is firstly dascrlbad at Its stratotypa, Ballyvoyla <X 335
949), In tarns of lithological charactarlstlcs. Horizontal
and vartlcal variations In tha Ballyvoyla Till ara than
axaalnad on a similar basis. Thus, having daflnad tha
stratigraphic unit, tha spatial and stratigraphical
ralatlonshlp bat«iaan tha Ballyvoyla Till and surrounding
Plalstocana sadlmants Including thosa of Irish Saa I>asln
provananca (Vright and Huff, 1904>, local glacial
sadlmants from tha Knockmaaldown and Comaragh Hbuntalns
IfidS) Lawls, 1894 ate.), and nalghbourlng
Bannow <Synga, 1984), Xothal <Vatts, 1959), Knockakaan
(Kltchalltt1978) and Oarryvoa (Kltchall, 1980) tills ara
Tha stratigraphic ralatlonshlps batsaan tha
Ball]rvoyla Till an% tha ralsad baach, haad <vt*Ight and
Muff, 1904), and organic deposits (Xltchall, 1948; Vatts,

1959) In tha southarp part of tha county ara also



0 Arta covtrtd by tarty ict of Scottish origin
Arta covtrtd by lattr ict of Irish origin

Arta ptrhaps not covtrtd by ict
Cait«r Xlteh«ll. 197«>

Flgur« 2 ?ot«ntlal <«a(irc« ot Mdlatato in County Vatoriord



investigated <Figure 2>. Finally, the assessment of the
stratigraphic status of the Ballyvoyle Till i1n relation to
adjoining nonconsolidated sediments provides a basis for
the establishment of a lithostratigraphic,

biostratigraphic and chronostratigraphic frame>iork for the

Quaternary sediments iIn part of County Vaterford.

1.2. Location of tbs Study Area

The study area is coig>rised of approximately 000 km?, one
third of the total area of County Vaterford <1837 km?>
(Figure 3>. Observations and results of field mapping uere
recorded on twenty seven of the forty six inch/1:10580
0.S. maps which cover the county (Figure 3). The coastal
strip stretching from Passage Bast on the western side of
Vaterford Bstuary at the mouths of the Rivers Barrow,
Bore, Suir and Blackwater, to Ferrypoint on the eastern
side of Toughal Harbour at the mouth of the Xunster
Blackwater was initially surveyed with a view to
establishing the nature and extent of the Quaternary
sediments, particularly those of the Ballyvoyle Till, 1n

the coastal exposures.

Fieldwork then proceeded inland In order to iInvestigate
the provenance, spatial and stratigraphic relationships of

the unconsolidated sediments as defined iIn the course of






aaaaOaiae I coas”. Tffo broad tranaac”™s acroaa bba
county aara aalactad:

a> a nortb*-aouth tranaact which atratchaa northward to
tha Rlvar Sulr fron tha coaat around Dungarvan. Tha area
covarad Includaa tha ralatlvaly low ground on althar alda
of tha Coaaragh Xbuntaina and tha hlghar ground of tha
Drua HlIl1la to tha aouth; and,

b> a north-waat/aouth*-aaat trandlng tranaact acroaa tha
county axtandlng froa tha anvlrona of Clonaal In tha north

to Traaora Bay in tha aouth.

1.3. Solid Qaology

1.3.1. In*tc*oductlon
4 datallad knowladga of tha aolld gaology of tha
araa la a praragulalta for an undaratanding of ita affact
on the landacapa In taraa of rallaf which In turn would
hava Influancad and would hava baan Influancad by

A thorough awaranaaa of tha natura of
lithological variation, outcropa and thalr location la
alao aaaantlal for aatabllahlng provananca and tranaport
pattarna aa raflactad In tha arratlc contant of

unconaol ldatad aadlaenta.

Two aapacta of tha polld gaology coablna togathar to
produca a baalc contraat batwaan tha aaat and waat of tha

county: [lithological,coag>oaltlon and tactonlc Influanca. A



glmnom at altliar a topographical or a gaologioal aap of
the county will aarva to highlight this contrast. Thara is
a naat, discrata distinction bstasan tha ralativaly low
lying raliaf in tha aastam half of tha county and tha
upland araas to tha wast. Tha foraar i1s assoolatad with
tha oldar Lowar Palaaozolc Ordovician and Silurian shalas.
slatas and volcanic saquancas. Thasa rocks wars subjactad
to Caladonian tactonic activity which took placa along,tha
colliding north~aast and south-*wast trending nargins of
tha continantal platan surrounding tha lapatus Ocaan
(Vaylor at ai., 1000). This i1s raflactad in County
Vatarford by tha praaanca of tha raanants of a volcanic
island arc charactarisad by large shield volcanoes lying
to tha south*-aast of a sadinantary arc. Tha Caladonian
influence i1n tha geological structure 1i1s typified by tha
north~aast and south-west trend of tha fault-controlled
boundaries of tha subsiding subsarina basins which lay
parallel to tha sargins of tha colliding continantal
landaassas. In contrast, tha upland araas In tha western
half of tha county coincide with Upper Palaeozoic Devonian
strata. Thasa, together with tha underlying Lo¥ar
Palaeozoic strata ware subjactad to Haroynian earth
movasants, as also were tha overlying Carboniferous
linastonas. Tha folded strata of tha Devonian and
Carboniferous Systasa resulted in an aast-wast aligned
structural grain «fith Old Sad Sandstone cropping out in

tha sountainous araas and Carboniferous liaastona



undarlyin”™ thm floor« of th« IntorvonIn”™ «yncllnal

v«lley«. Only on« cloavag« <pr«doainantly axial-planar to
th« folds) 1« pr«8«nt In th« Upp«r Pala«ozolc strata, tlIn
th« Los«r Pala«ozolc rocks of th« Cal«donld«s th« Variscan
«arth aov«B«nts r«sult«d oainly In nornal north-south
faults In County Vatsrford <P«nn«y, 1960a)3. Th« Coaaragh
and Xonavullagh Xountalns fora th« c«ntral spin« of th«
county «rith th« Knockaaaldown Mountains lying to th« .
north—>i«st. Th«y ar« ««paratad froa th« Drua Hills to th«
south by ths Dungarvan synclIns and ars boundsd on ths
north by th« lla«ton« lowland of th« Carrlclt-on-Sulr

synclIn«. Harcynlan tactonlc activity Is rsflsctsd In th«

eeet-wost tr«nd of th« fold ax«s In both synclln««.

1*6.2. Ordovician

Th« old«st rocks crop out In th« «ast«rn half of th«
county. Th«y belong to th« Ordovician systaa, which was
characterised by periods when sedlaentatlon and volcanlsa
both alternated and coincided with each other. The
stratigraphic sequence Includes deep and shallow water
aarlne sandstones, audstones and llaastones which are
intercalated with and Intruded by the products of
Interalttent and persistent subaarlne volcanlclty
(Stlllaan et aJ., 1973, 1974). The Ordovician shales were
first described and sapped by Holdsworth (1634) and later,
as part of the Transition Series, by Weaver (1636). The
rocks of eastern County Waterford were coaprehenslvely

napped In the years 1646 to 1651 by Wilson of the



O«olo8lcal Survey. This work was ravlsad by Du Voyar and
tha nape wara publiahad in 1850. Than tha work wae latar
ravlaad by Jukae (1859) and tha aanolre wara publlehad In
1805. Furthar ravlalon by Kllroa <1899, 1900) followed and
thaaa publicatlone coincidad with additional obearvationa
publiahad by Raad <1899, 1900) who racogniaad tha thraa
unite In tha atratigraphic eaquanca. Tha Ordovician
ahala and volcanic eaquanca iIn County Vataford forna part
of a broad bait which axtande eouth-waetward froa tha
Dublin araa and flanka both eidae of tha granlta uplande

in tha Lalnetar Chain <Hallieey, 1939).

Tha aaquanca for eouth-aaat County Vatarford i1e baead on
axpoaurae i1n tha vicinity of Traaora whara i1t i1e 4000 a
thick and 1e divided into five fornatione <Carliala, 1971;
Downaa, 1974; Mitchell at alJ. , 1972; Schianar, 1974,

Stillaan at ai. , 1974):

Upper Traaora Volcanic Foraation
Oarraun Shale and Tuff Foraation

Middle Traaora Volcanic Fornation

Now p o

Traaora Liaaatona Fornation

1. Lower Traaora Shale and Volcanic Foraation.
Tha oldaet bads eaan are tha Lower Tranora Shale and
Volcanice which are 300 a thick. They are conpoead of

highly dafornad distal turbidita sandstones and slates

"8






which crop out to th« «««t of Traaorc and ara Intarcalatad

with Intaraadlata to basic volcanico <andasltas>. Thaaa

Tocll9t although unfoMlllfaroua, ara corralatad with tha
Llandallo Ribband Group (Bruck and Stllimn,

1978) (Figuras 4 and 5>.

Traaora Llaastona Foraatlon Is saan to rast
unconforaablj on tha undarlylng strata. Calcaraous
slltstonas ara Intarbaddad with thin bads of nodular
Ilaaotona and ara corralatad on tha basis of thalr
dossil Ifarous contant vrith Bala-Caradoclan sadlaants. Tha
succasslon furthar north Is soaawhat dIffarant whara
shalas and acid tuffs crop out. Downas <1074), as raportad
In Stlllaan (1978), «shows that tha shalas axtandlng aast
fron Kllaacthoaas ara probably aqulvalant to tha lowar
part of tha Traaora succasslon, tha Traaora Llaastona
facias apparantly not axtandlng far to tha north.** Thasa
shalas wars actually aappad as part of tha Traaora
Llaastona Foraatlon (Stlllaan at aJ.., 1978) (Figura 5>.
Howavar, Pannay (1980a> ragardad tha aast Vatarford
saguanca as younglng northward. Ha asslgnad thasa shalas
to tha Ross Foraation (saa sactlon following) as thay both
ovarlla and ara Intarbaddad with acid tuffs of tha Xlddla

Tramra Volcanic Forsatlon.

N"ddla Traaora Volcanic saquanca (tha Lowar Traaora
Volcanic Group of Kltchall at aJ, 1972; and tha

Sarlas of Raad, 1899 and Halllssy, 1939)






rmmtm conforaRbly on th« underlying strata. Tha tbicknaaa
of tha foraatlon varlaa from 090 to 2000 m In tha south
whara it Is thickest. Tha volcanic sequence Includes
rhyolites, andesites and both subaerial and subsarlne
tuffs derived froa volcanic centres to the south and

south-sest of Bunaahon.

The Trasore sequence Is capped by the Garraun Shale and
Tuff Porsatlon where sedlaentatlon occurred In faulted
localised basins In the area around Penor between Dunhlll

and Tranore.

The Upper Tranore Volcanic Pornatlon Is represented by the
products of a final phase of volcanlclty which took the
fora of a return to tholelltlc and aore alkaline
Intrusions (Schlener, 1974; Stlllaan, at ai., 1078;
Phillips, 1980). These intrusive rocks were probably
associated with Caledonian folding at the close of the
Silurian or early Devonian tlaas as they are seen to cut
the rhyolites associated with sedlaents of Llandello/Bala

age <Halllssy, 1939).

1.3.3. Silurian

Slaty rocks of this age have been laid bare on the
Rathgorauok Plateau by denudation of the eastern end of
the Araorlcan ridge of the Cosaraghs to the south of the

River Sulr in north-eastern County Vaterford. According to



P«nn«y <1960a> thm saquanc« la 3000 m thick and raata
confornably on and Intarflngara with .tha undarlyln”™ Koi

Foraatlon. Tha aaquanca iIn north-aaat County Vatarford

cozqiriaaa:
3. Ballindyaart Foriaation <1000 a thick)
2. Kilaacthonaa Foriaation <1100 a thick)
1. Rosa Foraation <0-800 a thick)

Tha Roas Foraation 1a coagpoaad of dark {pray alataa and
thin graywacka bada intarbaddad with acid tuffa. Thaaa

rocka crop out to tha north-aaat of Kilaacthoma.

Tha turbiditaa of tha Kilaacthoaaa Foraation crop out to
tha aouth and aaat of Croughaun Hill. Thay ara intarbaddad
with acid tuffa, particularly, in tha lowar part of tha
aaquanca and iIn tha aouth. Thia aaquanca indicataa tha
waning of volcanic activity and i1a attributed with an

Upper Vanlock/Llandovery age.

Tha Ballindjraart Foraation includaa baain plain type
turbiditaa which crop out iIn tha north aaat of tha county.
Thay ara intarfoldad with a coaraa turbidita which finaa
diatally to tha north <tha Ballyhaat Xaabar) and cropa out

around Xbthal and Aughnabrona.

All tha bada of tha confornabla aaquanca daacribad above

dip at high anglaa. Sonatiaaa there 1a pronounced cleavage



with certain bade yielding elatee eultable for roofing

purpoeee In the peat <Hallleey, 1030)..

k Mich eaaller Silurian inlier crop# out in Xuggort®e Bay
to the eouth of Helvick Head. The ehales are cut by a dyke
eouth of Seaview House and there are indications of a
second dyke at the northern end of the outcrop (Vynne,

1331).

1.3.4. Dswoatan

The rooks of the Devonian eyetes are well exposed iIn the
western half of County Waterford to the west of Ballyvoyle
Head, 1n the Coseraghs and in the ridge «#hich extende
eastward along the aouth bank of the River Suir. The OId
Red Sandetone of the nineteenth century Oeological Survey
have been described by Capewell (1007), KacCarthy at nm2,
<1978>, Penney <1000b) and Boldy (1062). The sandstones
and oongloaarates fora a conforaable sediaantary aequence
over 2000 a thick i1n the %eet. A total thicknese of 4000 a
Is estiaated for the Devonian strata in the Coanraghe
which reet unconforaably on the underlying Lower

Palaeozoic rocks.

The aequence as seen iIn weat Waterford foras part of the
Olengarriff Harbour Group and is divided into the

following foraations (XacCarthy at ai., 1970)t



3. CooaholA ForaAtion <28-203 a thick)
2. Vest Cork Ssndstons Forastlon,<1000 a V thick)

1. Tsaplstoim Congloasrsts Forastlon <100 a thick)

In the CoBsrsgh Xbuntslns and the sastwsrdlj sxtsndlng
rla, tha ssqusncs as aappsd by Capssall <1007) and Psnnsy

<1080b), Is divided Into four foraatlons:

4. Klltoroan Foraatlon <230-000 a)

3. Her Sandstone Foraatlon <0-2210 a)

2. Coaaraffh Congloaerate-Sandstone Foraatlon <120-010
a)

1. Couaahlngaun Congloaerate Foraation <0-800 a)

The three upperaoet foraatlons of both groups are
I1thostratlgraphloally correlatable with each other based
on descriptions of the sequence at Ballyvoyle Head

<Capewell» 1907; XacCarthy et m2,, 1078).

The lowest foraatlon In the Coaeraghs, the Couaahlngaun
Congloaerate Foraatlon» usually crops out as a red breccia
coaposed largely of Lower Palaeozoic fragaants as In the
backwall of the cirque at <”uaahlngaun. Two volcanic
Bsabers are also recognised within this foraatlont the
Carrlgduff Volcanic Neaber and the Coolnahorna Volcanic
Xeaber <Penney, 1978). Both aeabers are coaposed of green
Neejcular lava and have very localised outcrops on the

*«t-faelng eeoarpaant of the Coaaraghs to the north of
/
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CouMhInffaun.

Tha CouMhlngaun Congloaarataa ara ovarlaln conforaably by
tha Coaaragh CongloMrata-Sandatona Poraatlon, which, Ilka
Ita corralativa, tha Taig>latown Congloaarata Poraation, la
coopoaad of quartz pabbla congloaarataa, rad aandatonaa
and alltatonaa. Tha backwalla of tha Coaaragh clrquaa
afford axcallant axpoauraa In thaaa waatward dipping

strata <Anonyaoua, 1820; Vaavar, 1838 atc.>.

Outllara of congloaarataa and audatonaa crop out In tha
araa around Dunaora Baat and at Knockavallah Haad. Thaaa
ara corralatad with tha Taaplatown and ovarlylng Harrylock
Poraatlona on a lithological basis. Contacts with tha
surrounding Lowar Palaaozolc rocks ara faultad and thara
Is no upward transition into rocks of tha Carbonlfarous

aystan (Dawsy and Past, 1085; Orl and Pannay, 1082>.

Tha Croughaun Fornatlon cropa out on tha south slda of tha
hill of tha aaaa nans. It la coapoasd of staaply dipping
wall baddad congloaaratas and has a distinctlva graan
colour. It Is consldarad by Pannay <1980b> to ovarlla
quartz pabbla congloaaratas and Is tharafora Intarpratad
as a lataral corralativa of tha Coaaragh Conglonarata-
Sandstona Poraatlon, although Capawall (1057), followad by
Oardlnar (1083), consldarad It to ba oldar than tha

Couashlngaun Congloaarata Forinatlon.



Th« CoMragh CongloMrata-Sandaton« Foraation gradaa
upward Into tha flat baddad rad aandatonaa of tha liar
Sandatona Poraatlon vdilch cropa out on tha waat and aouth
aida of tba Coaaragha and la baat axpoaad at Ballyvoyla
Haad. Two locallaad baalc volcanic Intrualona occur at
Boola and Xbanyarha raapactlvaly. In thalr aaatarn
axtanalon acroaa tha north of tha county, tha aandatonaa
of tha liar Poraatlon poaa latarally Into tha undarlylng
congloaaratlc foraatlon and thara la an abrupt vartlcal
tranaltlon Into tha ovarlylng Klltorcan Pornatlon (Pannay,

loaob).

Tha Klltorcan Foraatlon la charactarlatlcally coapoaad of
whlta or yallow aandatonaa and graan or gray nudatonaa
with abundant rad aandatonaa. Thalr outcropa occur around
tha adgaa of tha aandatona uplanda, particularly, to tha
north of Ballynacarbry, parallal to tha Slvar Sulr and In
tha axtraaa aouth, on tha waat alda of Ballyvoyla Haad.
Tha baaa of tha fornatlon waa racognlaad patrologlcally,
by Pannay <1060b>, aa tha Incoalng of faldapar datrltua
aaaoclatad with tha unroofing of tha Lalnatar granlta to
tha north; wharaaa XacCarthy at alJ. , <1076) ragard tha
baaa of tha corralatlva CooaQiola Foraatlon at Ballyvoyla
Haad aa tha *Incoalng of thick aandatonaa” In which a
coloration diffarantlatlon dua to tha praaanca of datrltal
faldapara occura hlghar up In tha aaquanca (XacCarthy,

1983).
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Tte OlImigarriff larbour Oroupi
TImn T«apl«town CongloMrat« Foraatlon coaprlMs poorly
eortod pal« purpla braceio-congloaarat«« and a rhythadc
altamatlon of aadlua sorted pal« rad purpla, pabbla and
cobbla, shaat congloaaratas and grayish purpla shaat
mudstonas. Tha raprasantatlva sactlon i1s at Ballyvoyla
<X 346 502) (NacCarthy at al., 1976).

t
Tha basa of tha Vast Cork Sandstona Fornation ia takan at
tha contact batwean conglonarata-doainant and nudstan«-~
doalnant saquancas. Sad colours pradoninata in tha finar
lithologias, whila graan and gray colours ara ganarally

associatad with tha coarsar onas.

Tha Coonhola Fornation ia raprasantad in waatarn County
Vatarford by tha Dysart Manbar which contains hatarolithic
units which crop out around Ardnora. Cray sandstona« and
gray siltstonas pradoninata and display a ganaral fining-

up saquanca iInto tha ovarlying Carbonifarous strata.

1.3.9. Carbosifarous

Rocks of this aga ara dividad into tha Ringaballa Group
and tha *Carbonifarous Linastona*. Tha fornar group is
roughly aquatad with tha "Lower Linastona Shalas* of tha
Fanoirs and consists of two fornations in wastarn County

Vatarford (XacCarthy at ml., 1976)t
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2. Courtmc«h«rry Formtion <10.0 m thick)

1. Kinsal« Pormtlon <370 m t thick)

Th« bas« of th« Kinsal« Poraation i1« tak«n as th« first
"significant clay-doainant sudstons unit” <Oardin«r and
Homs, 1070) which rssts conforaably on ths underlying
Glengarriftf Harbour Group and th« transition is visibls at
Vhiting Bay and at Crushsa <Ardaors Bay). Th« transition
at Vhiting Bay is aarksd by a quartz psbbls congloaarat«i
taraad th« Oarryvo« Congloaarat« Poraation, at th« top of

th« underlying Glengarriff Harbour Group OlacCarthy «t
alJ., 1071).

The base of the conforaably overlying Courtaaesherry
Poraation is taken as the lowest liaestone i1n the sequence
and 1s visible at Vhiting Bay <llacCarthy at aJ. , 1070).
The foraation consists of alternating bioclastic liaastone
and locally calcareous audstone with i1solated sandstones

and crops out at Vhiting Bay and Crushea <Sxgrth» 1030).

These beds pass conforaably up iInto the "Carboniferous
Liaestone* which crops out i1n the synclines at Dungarvan,
Ardaore, Vhiting Bay and Clashaore with reef liaestones
overlying dark grey cherty liaestone. Outcrops of these
cherty liaestones to the east of Dungarvan are interbedded

with doloaite <Sayth, 1030; Dawson-Grove, 1093).
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1.3.0. CaDclusloA

Thm altsmation of mrIno and tarraatrlal condition«
accoapanlad at tlaas by both prolonged and Intaralttant
volcanlam and tectonic activity in County Vaterford have
resulted In a coi”™lex geological history. The concositant
wide lithological variation is reflected In the erratic
content of the unconsolidated sedisants which have been
transported by various agents over such a cosplex
basesent. However, lithological cosposition of the
unconsolidated sedisents will not reflect a sisple carry-
over effect. The relationship between the total
coxg>ositlon of any unconsolidated sedisents and the
terrain traversed by thes say be coaplicated by the
following five processes:

a> Erratic content say contrast sharply with local
underlying lithologies over which the sedisent has been
transported due to the absence or weakness of the
adalxture process. This is particularly evident where
relatively cohesive silty diaaictic sediaants containing
clays, shells, flints and far-travelled erratics have been
transported on-shore. Thus, the lithological coaposition
of the unconsolidated sediaents i1s a function of the
carry-over rate which 1n turn is governed by the nature of
the sediaants being transported and by the transporting
aachanisa itself.

b> Lithological composition and erratic content aay
reflect vertical as well as lateral variation at any one

section due to coaplex depositions! or sediaantological



proc««Ms «.g. lag dapoaits aay ba Introducad Into a
tranaportad alx via vartical loaarlng through tha
aadlMntary column aa la probably tha caaa with tha
dlatributlon of aaaalva congloaarata and aandatona
arratlca which abound In tha aadlainta raatlng on tha
Lower Palaaoxolca around tha margina of tha Davonlan
outcrop. Further coapllcatlona In tracing tha origin of
erratic content could ba Introducad by tha affacta of tha
weathering out of "erratic” claata from breccia- t
conglomerataa.

c> Relative content of a particular lithological type
will depend on Ita arodiblllty and aurvlval ability In a
tranaportad medium l.a. flint and quartz pabblaa tend to
survive aa erratic claata even through many cyclaa of
eroalon due to their raalatanca.

> Lithological or erratic content may ba altered
aubaaquantly due to tha Influence of poat-dapoaltlonal
procesase a.g. «feathering and leaching of carbonates and
calcareous claata In the upper horizons of unconsolidated
MdImenta. Subsequent admixture of "erratica” may result
from human agricultural or cultural activities.

e> Finally, owing to the repetition of alternating
outcrops of east-west aligned Upper Falaeozolc and north-
east/south-west aligned Lower Falaeozolc rocks along a
north-south profile l.e. the path of the dominant
transporting mechanism i1vidm infrai>t the task of assigning

individual transported ciaste to actual outcrops for the
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Figur« O Physiography of County Vatarford.



purpoMS of lithological content analysis bacosas
virtually Isposslibla. For this reason broad categories for
lithological types sere esployed as being sost suitable to

the acale of research adopted.

1.4. Topography

1.4.1. Belief

Du Voyer (1809) wrote of the part of County Vaterford east
of a line from Ballysacarbry to Ardsore that "There are
few districts In Ireland where the geological structure of
the ground has aore clearly Influenced Its aaln physical
features*. He observed that the "lowest ground Is alsost
entirely occupied by the Carboniferous Llseetone. The next
In elevation has been formed on the Lower Palaeozoic

rocks, especially when they have been associated with
trappean beds. The third level Is on the same formation
where they are purely schistose; and the highest ground Is

covered by the overlying Old Bed Sandstone™.

The Comeragh, Xonavullagh and Knockmaaldown Mountains In
the western and central parts of County Vaterford are
underlain by Devonian Old Red Sandstone which provides the
~omt extensive and highest relief element In the

landscape. The Comeragh /Xonavullagh range Is separated
from the Knockmealdown Mountains to the west by the

Ballynamult Gap (183-214 m O.D.>. The Drum Hills with



tiMlr trending rldg«« fora thm aoutbarn
countarpart of tha northam uplanda. BlaTatlon of tba
higbaat paaka rangaa froa 790 a 0.D. at Knookaaaldown,
through 792 a 0.D. at Knockanaffrin In tba Coaaragba and
720 a 0.D. at SaafIn iIn tba XbnaTullagb Xbuntalna to 302 a
0. D. at Carronadavdarg in tba Drua Hilla. Tba olrqua
Indantad aaatarn aaoarpaant of tba Coairagb Nbuntalng with
tba aaatarly axtanalon at Crougbaun Hill and tba ria toI
tba north of tba county around tba aoutbarn llab of tba
Carrlck~on-Sulr ayncllna all proévida Davonlan upland

raliaf wbiob ovarlooka tba naxt bigbaat rallaf alaasnt iIn

tha landacapa (Figura 0O>.

Tha Satbgorauck plataau to tba aoutb and aaat of tba
Davonian uplanda foraa tba aacond bigbaat raliaf alaaant
in tha county and i1a underlain by Loi«ar Palaaozoic
Ordovician and Silurian alataa and abalaa affacted by tba
Caledonian orogeny. Tba aurfaca of tba plataau liaa
batuaan 92-122 m 0.D. and axtanda aoutbaard aoroaa tba
Loner Palaeozoic abala and volcanic rocka abara i1t bacoaaa
Incraaaingly loner and la diaaaotad into i1aolatad volcanic
billa aucb aa tba Balljracanlan Hilla <134 a 0.D. > to tba

aoutb-aaat of Kilaactboaae.

Tba lonaat ground coinoidaa “"tb tba aaat-naat oriented
Carbonifaroua aynclinaa of tba Dungarvan-Cappoquin valley,

ardaora and Claabaora in tba aoutb and tba Suir valley 1in
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th« north.

1.4.2.

*1t 1« ronarkabl« that ovar tha araa occuplad by tha Loaar
Palaaozolc rocka, tha forcaa of danudatlon hava axcavatad
vallaya and fornad hilla diractly acroaa tha ganaral
atratlfloation, and totally unInfluancad by tha
coxgparatlva hardnaaa or aoftnaaa of tha bada”. <Du Voyar,

1805) -

Tha dlacordant dralnaga In aaatarn County Vatarford which
la rafarrad to abova la particularly wall axanpllflad by
tha lowaat raachaa of tha Rlvar Sulr whara It cuta acroaa
underlying atrata of Devonian Old Rad Sandatona and Lower
Palaaozolc ahalaa, juat north of Vatarford city, before
entering tha aaa at Vatarford aatuary. Tha dlacordanca
dlaplayad by tha River Sulr la nlrrorrad in tha couraaa of
tha Rivera Tay, Dalllgan and Xahon, whoaa aubparallal
couraaa follow a aouth-aaatarly dlractlon In wide open
vallaya ovar Caledonian atructuraa In tha underlying Lower

Palaaozolc rocka.

In contraat, tha drainage of waatarn County Vatarford
dlaplaya a atrlklng concordance with tha underlying
geological atructuraa cutting "into tha vary lowaat ahaly
and aoft portlona of tha dapoalt. Tha Old Rad aandatona
bada which rlaa diractly from beneath tha Ilaaatona hava

alao yielded on tha I™naa of thalr dapoaltlon and laaat
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rMistanc«” . <Du Voyar, 1805). Tha coursaa of tha Vlar,
Colllsan and Finnlak which drain tha waatarn alopaa of tha
CoBtragh/I1lanavullagh ranga fallow tha aaxiaua topographic
alopaa to drain into tha Carhonifaroua lowlanda. Tha
couraaa of tha Ooiah and Licky Rivara in tha Drua Hilla
follow tha aynclinal atructuraa whila tha aaatarn and of
tha Dungarvan aynclina la drainad concordantly by tha
Rivar Brickay. Only tha Kunatar Blackwatar which foraa tha
waatarn boundary of tha county providaa tha axcaptlon.
Having flowad concordantly aaatward for tha graatar part
of Ita coursa, 1t nakas a right anglad turn at Cappoquin
and flows discordantly southwards across thraa aast-wast
trending sandstone ridges just before it enters tha sea at
Toughal. Thera i1s soaa suggestion that this north-south
stretch of tha river does iIn fact coincide with a

siailarly oriented fault"Jukes, 1881).

1.4.3. Ths CosstliiMi

Tha fora of tha present coastline i1s notably governed by
geological coaposition and structure with pracipitoua
cliffs and headlands coinciding with resistant sandstone
and volcanic aatarials, whila tha aabayaants and sandy
beaches are associated with Ordovician shale and

Carboniferous liaastonas.

forking south and west froa Passage Bast on tha west side

of Vatarford Bstuaryt the litholgy changes froa Old Rad



Sandston« to Lo¥%#«r Palaoozolc rocks which ar« colfeld«nt
with an «Bl>sya«nt punctuatsd hy a sinor hsadland st
Sawtown whsr« volcanic rocks crop out. Th« «sbaya«nt of
Vood«to«m Strand i1s «rodad into a Lowsr Palaaozoic hdrst
Inlisr (Z>«awy and East, 1909). Ths southsrn boundary 1is
faultsd against an outliar of Davonian sandstona which
foras tha prosinant Knockavalish and Craadan haadlands and
prasants a cliffad coastlina along tha south coast which
continuas wastward as far as Brownstown Haad on tha aast
«ida of Traaora Bay <Ori and Pannsy» 1082). Tha bay itsalf
Is arodsd iInto tha south-wastarn continuation of tha
Silurian «halas and slatas which crop out in tha aabayaant
~twaan Passaga Bast and lawtown Haad on tha aast sida of

Vatarford Bstuary.

Oraat Vawtown Haad, on tha wast «ida of Traaora Bay is
dorsad of dolarit« and tha «a«t~wa«t trand of tha
coastlina continuas wastward to provida a dip «action 1in
tha Ordovician «halas and volcanic« (Stillaan at si.,
1076) Y%<hich i1s ragardsd by Daway and Rast <1909) as
narking a fault zona travarsad at intarvals by north*south
faults. Tha diractlon of tha coastlina changas
significantly to coincida with tha outcrop of Old Rad

Sandston« at Ballyvoyla Haad.

Proa this point wastward to ths cliffs at Hina Haad ths
coastlina 1s claarly influancad by tha altarnation across

tha strika, froa sandsténa on tha wast sida of Ballyvoyla
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H«ad to IIMoton« In Dungarvan Harbour, back to sandatona
around Halvick Head on tha aouth alda of Dungarvan Bay.
Tha Binor aabayaant at XuggorVa Bay, <aa alraady atatad
In aaction 1.3.3.) la colncldantal with an outcrop of
Lowar Palaeozoic ahalaa which hava baan Intruded by

volcanlc oatarlal at two polnta.

Proa Nina Head to Cruahaa, tha ataaply cllffad coaatllna
parallala tha aaat-waat atrlka of tha Old Rad Sandatona
atrata and than changaa direction to fora a north-aouth
aligned bay acroaa tha atrlka of tha Ardaora Carbonlfaroua
ayncllna (Sayth, 1039; Dawaon-Grova, 1093). Tha direction
of tha coaatllna ravarta to an aaat-waat trend aa It
parallala tha atrlka of tha aoutharn Ilab of tha Ardaora
ayncllna to fora a clliffad coaat eroded In aandatona
batwaan Raa Head and Blackball Head. Tha line of tha coaat
la Interrupted by VhitIng Bay where tha aoutharn l1lab of
tha ayncllna la breached by tha praaanca of a faulted

~ock of Carbonlfaroua lIlaaatona <I'grth, 1030).

1.9. Cllaata

1.9.1. Introduction
t
Aa cllaata la one of tha factora which Influancaa tha type

and rata of denudational/gaoaorphlc procaaaaa auch aa

S«I>1"uctlon ate. , a brief daacriptlon of tha cllaatlc



paraMtsrs Is consldsrsd rsisvant at this point.

1.9.2. Tsapsrsturs

The i1sotherns for nean dally air teapsrature for the aonth
of January 1931-1990 Indicate variation of teaperature
froB 97C In the north of the county to 9.97C In the south
(Atlas of Ireland, 1979). The aean dally air tsaperatures
of 19-10"C for the aonth of July over the saae period
display little or no variation within the county,
although, obviously, altitude would produce localised
effects on teaperature and other cllaatlc variables.
Annual aean dally air teaperatures range around I10~C and
the aean dally range also shows a north-south gradient,
froa 7.50C In the north to 5.5®C In the south of the

county.

1.5.3.

Like mean dally range In ailr teaperature, the probability
ol earlier frosts Increases with distance froa the coast.
1be Bsan date of fTirst air frost ranges froa Voveabsr 1st
In the north of the county to Dsceaber 1st In the extreae
south. The reverse also holds true for the aean date of
the last air frost which occurs around Kay 1st In the

north and Xarch 1st In the south.

1.9.4. Prsclpitatl”on
The variation In aean annual precipitation which occurs

aostly outside the aonths April-June, Is associated with
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th« distribution of upland arss In ths county. Tbs
grsatsst orographic affact Is producad by tha sountalnous
araas which racalva a total of 1400 am of rainfall p.a.
Tha Drua Hills also produca a significant local orographic
affact racalving a total annual precipitation of 1200 an
Tha rast of tha county racalvas batwaan 1000 and 800 am
p.a.» with tha south-aastarn corner of tha county being

tha driest area.

1.5.9. mad

Although no wind rose Is provided for County Vatarford due
to tha absence of official wind records for tha county
(0"Connor, 1083), those for tha neighbouring Counties,
Vexford, Kilkenny and Cork, show that tha predominant and
prevailing winds are from tha west and south-west. Soma
northerly and easterly winds are also axparlancad by these

counties (Atlas of Ireland, 1979).

1.9.0. Conclusion

As may be deduced from tha relatively humid tanparata
climatic conditions, gallfluctlon rates are potentially
high wherever the vegetation cover has been disturbed.
Deflation any also occur during the drier periods. The
effect of altitude on teagperatures may be sufficiently
significant during the colder winters to produce sianll
scale active perlglacal features on exposed surfaces at

the summit of the Coaaragh Mountains (Saul, 1978).



CHAPTBB TIO

BALLTVOTUI TILL LITnNATUSB
2.1. Introduotlicm to thm “BAlljnpojri« Till*
2.1.1. InTorml Statu« of th« "BallyTOTl« Till*

Th« till at Ballyvojl«» r«f«rr«d to by Vatts <1990) a« tha
Ballyvoyla Till, wa« Ffirst i1dantiflad and d««crib«d a«
”bould«r-clay of tha inland typa” by Vright and Muff
<1904) during tba couroa of an invaatigation of tha *pra-
glacial* raiaad baach. Tha **bouldar-elay of tha inland
ica” uaa charactariaad by tha author« a« a typical till
containing «triatad aub-angular and roundad bouldara of
Old Rad Sandatona <prado«inant>, with aoaa adaixtura of
Carbonifaroua and Silurian claata randomly positionad
throughout a clayay matrix. Thay alao concludad that tha
till was dapositad by a southward advanca of ica from tha
Cantral Plain. Tha avidanca for this waa basad on tha
northarly provananca of arratica in tha till and tha
north/south orrantation of atriaa on aubjacant rock
surfacaa i1n tha Toughal and Vatarford araaa. A distinction
was mada batwaan tha *bouldar-clay of tha inland i1ca* at
Vhiting Bay and tha undarlying *marly bouldar-clay*
asaociatad with *lrish Saa lca*. A third *bouldar-clay*

waa distinguishad as baing aaaociatad with *Va«t Cork Ilca*
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at Ballycottln i1n Co. Cork and poMIbly at Toughal In want
Vatarford. Thalr analyala of tha stratigraphy, sorphology
and lithology of tha glacial daposlts along tha south
coast lad to tha racognltlon of a singla glacial avant
during %#hlch tha *Ilrish 8aa Ica* advanca slightly pradatad
thosa of tha "Inland lea*. Tha following saquanea was

racordad Issadlataly aast of Ballsrvoyla Brldga:

Bouldar-clay
Coarsa blocky haad
Baach shlngla tracas <3.5-4.4 a HVX>

Rock-piatfora

Tha abova stratigraphic saquanca, although Incoaplata, was
ragardad as typical of tha typa of succasslon coaaon to
tha coastal axposuras on tha south coast froa Counties
Cork to Vatarford. Tha "tarracas of drifts* which lay In
tha laa of tha *pra-glaclal* rock cliffs wars coaaonly
aaan to ba capped by an "upper haad* at aany points along
tha south coast. Tha coigponanants of tha saquanca ware
interpreted as tha and products of *pra-glaclal*-
parlglaclal-glaclal-psriglaclal cllsatlc conditions
raspactlvaly. Thus tha Ballyvoyla Till was Inforsally

introduced as a stratigraphic unit Into tha literature.

4s a tars, tha "Ballyvoyla Till* was Inforaally coined by
Vatts (1950) and adopted to describe *tha local bouldar-

clay which forsa tha thickest drift deposit of Bast County
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Vat«rford, and la wall axpoaad on tha coaat at Ballyvoyla
Haad™*. Daacriptiona of tha till acho cloaaly tha raaarka
of Vright and Xuff (1004): *At all altaa tha bouldar
contant of tha clay la pradoalnantly local, but a llttla
Ilaaatona and chart occura and tha clay aay glva a
calcaraoua reaction In placaa, although largely
decalcified” . Tha atratlgraphlc ralatlonahlp between tha
Ballyvoyla Till and three other glacial dapoalta
(Including thoaa laid down by *Ilrlah Sea lea*, an earlier
local till at Vawtown and a later llaaatona~baarlng till
found at tha aurface In tha Kothal area) waa outlined and
wider conclualona and corralatlona ware drawn (aaa

dlacuaalon below).

2.1.2. Foraal Statue of tha "Ballywoyla Till*

Tha tarn "Ballyvoyla Till* waa widely accepted. Between
1059 and 1973 there were nany referencea to the Ballyvoyle
Till (aee under heading entitled: "Background

Literature*). The tern appeared Inforaally In a general
paper on the correlation of Quaternary depoalta In lreland
and the Brltlah lalea (XlItchell at ai., 1973). The tern
"Ballyvoyle Till* aa applied to Ita outcrop at the tyre
site, Ballyvoyle Head (X 34 94), doea not fulfill the
atandard requirementa (under three aeparate headlnga) aa
outlined by i1|tandard atratlgraphlc procedure neceaaary for
the eatabllahnent of a formal atratlgraphlc unit (Hedberg,

1970). Flratly, the upper (eroalonal) boundary of the till
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unit which 1l« defined at other altee by the unconforaably
overlying “upper head* la not preaent at the typealte <aee
the deacrlptlon of Vright and Huff» 1904, above).

Secondly, the term la not ranked and finally. It Includea
a genetic connotation. Becauae of Ita eatabllahed nature
the tera "Ballyvoyle Till* la retained In an Inform!
capacity until or unleaa the preaent atudy concludea that
a change In atatua la Juatlfled. Alternatively, If a
change In the atatua of the tera la warranted, the

Introduction of a new tera my reault In lees confualon.

2.1.3. Currant Statua of the "Ballyvoyle Till*

The Inform! atatus of the tera la partly recognlaed in
the aoat recent reference to the Ballyvoyle Till aa a
ranked l1l1thoatratlgraphic unit <Varren, 1985). The till le
regarded aa a "‘constituent maber"™ of the Bannow Formtlon
Caee under heading entitled: "Background Literature") on
the beala of slallar petrology. Reference to both the
Bannow Formtlon and the Ballyvoyle Till la preaumbly

covered by the Inform! tera "TXunaterlan tllla?"

2.2. Barly Background Literature

2.2.1. Introduction
The flrat mjor publlahed referencea to the glacial
aedImnta of County Waterford date froa the early

Geological Survey of Ireland.
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2.2.2. 1844-1800

This Motion dsals with ths findings of Oldhaa <1844), Du
loysr <1898), Jukss and Vynns <1881) and Du Voysr <1800).
Ths Glacial Thsory was iIn its infancy and intsrprstation
of ths origin of ths supsrficical dsposits was still
partly influsncsd by ths Diluvial Thsory. As a rssult»
sechanlSM of sroslon, transport and dsposition wars not
gsnsrally spscifisd or diffsrsntiatsd and stratigraphic
ralationships bstwssn “drift* typss wars not intarprstsd

to any grant axtant.

Tha aajor "“drift* typss which %ara idantifiad in County
Vatarford by tha officars of tha add-19th cantury
Gaological Survay Includad tha following:

1. A gravally liraastona "drift* locatad up to 150 m 0.D.
in tha northarn foothills of tha Coaaragh and
Knocknsaldown Xountains in tha northarn part of tha county
(Oldhaa, 1844; Du Voyar, 1898). Erratic liaastona pabblas
wars obMrvad at soaawhat highar altitudas of 223 a O.D.
In tha saaa araas.

2. "Drift* with liaastona pabblas and soaa adaixtura of
local rocks (Silurian and Davonlan) on tha Rathgorauck
plataau and to tha aast (Du Eoyar, 1889). (Larga arratic
bouldars of Davonian Old Rad Sandstona lying south of
Kilaacthoaas and north-south oriantad striaa iIn tha

aastarn part of tha county wara also notad by tha saaa
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author.>

3. Sand and gravai dapoalta of local origin In tha
Blackwatar vallay and "clay and gravai drift* containing
Iljnaatona arratlca In tha Llckay vallay, In aaatarn County

Vatarford <Jukaa and Vynna, 10dl).

4. Davonlan drift In tha Coaaragh Xountalna <Du loyar,
1609) .
9. Calcaraoua "aarl* containing aarlna ahalla and fllnta

at Vhitlng Bay In aouth>vaatarn County Vatarford <Jukaa

and Vynna, 1891).

2.2.3. Diluvial/Olacial Paradlga <1309-1304>

Closa <1809> and Vinahan <1890>

Close waa tha first to draw tha connactlon batwaan tha
eroslva and daposltlonal affacts of glaciation. Ha also
distlngulshad batwaan ganaral, district and local lea and
assoclatad dapoaits. On tha basis of strlaa and
distribution of Ilnestona arratlcs In tha "drifts* to tha
south of Clonael, ha racognlsad that tha Coaaragh
Mountains had axparlancad a local glaciation and that tha
lowland to tha aast had baan glaclatad by a najor advance
of lea froa tha north-west (Close, 1899). Later, Klnahan
(1878) considered that tha local glaciation of tha
Coneraghs succaadad that of tha lowland as ha regarded tha
vallay aoralnas to be suparlnposad on tha deposits laid
down during tha ganaral glaciation. This conclusion was

reiterated by Hull (1978>.
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Following Kinahan <1800), Cloaa accaptad that flint and
Galway granita arratlca in tha aoutharn pax” of Iraland
auat bava baan droppad by floating lea In tba "Bakar Saa*.
Thla aaa waa thought to hava foraad *a abort tlaa pravloua
to tha cloaa of tha glacial parlod* whan tba country waa
subaargad 00-120 a balow currant aaa-laval. Tha dapoaltlon
of tha aaaoclatad atratlflad drift and aakara waa
tharafora conaldarad to bava occurrad aftar tha production

of tha druallna and tha rock atrlatlona <Cloaa, 1888).

vynna <1888>

In a papar on tha dlaturbanca of tha lavai of tha land
near Youghal, Vynna rafarrad to two dapoalta which ha
attrlbutad to foraar changaa In tha lavai of tha land vim
a vim that of tha aaa:

1 Stratlflad drift containing ahalls and fllnta of
which tha cliff at Youghal waa coapoaad wara Intarpratad
as a ralaad baach dapoalt aaaoclatad with a foraar
lowarIng of tha land aurfaca In tha Youghal araa. A
alallar dapoalt at Vhlting Bay, County Vatarford waa
rafarrad to In a poat-acrlipt.

2. Tha aacond dapoalt waa tha aubaergad outcrop of paat
on tha foraahora at Youghal. Thla dapoalt had baan
pravloualy daacr;lbad In Salth"a Himtory of Cork <1750).
Vynna waa uncartaln aa to whathar both dapoalta wara
ralatad. Ha concludad that at tha cloaa of tha "Glacial

Parlod* that tha land bacaaa dapraaaad by 27-30 m Oor aora
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<th« approxImt« balght of tIM drift cliff). SubMqucntly,
th« land was thought to hava risen again but not to its
forsar level '"for a great portion of the boggy strand at
the eestem side of Toughal Bay is never sore than a few

feet below low-water sark.'™ Ofynne, 10dO1 p.7>.

Kinahsn <1878>

Kinahan recorded raised beaches of various levels although
they were not accoapanied by precise references,

localities of outcrop or descriptions. He also alluded to
the frequent reports of subaerged bogs and forests off the
eouth-%#est coast of Ireland. He cited an interesting
exaaple of a subaerged pine forest at Clonea and one of a
subaerged peat at Traaore at a depth of "lour to five

fathoas' off the Waterford coast CKinahan, 1878, p.285>.

Vsshsr and Hinahan (1870>

A further reference to post-glacial subaergence 1is
provided by these authors who describe in detail a
subaerged crannog on the foreshore resting on aarly till

at Ardaore i1n County Waterford.

Lewis <1804>

Lewis accepted Close"s observations, reaarking on their
unerring accuracy, particularly that of the existence of
the end-aoraine. He concentrated on trying to establish
the southerly Halt of glaciation in the country and

atteapted to distinguish between glaciated and unglaciated
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terrain. Sa raeognlaad a xona or “fringa* Ilying south of
<tha Boralns* which was oharactarisad by radapositad
glacial mtarflal and which ha wsvaringly considarad to ba
unglaciatad. Ha also raoognlsad till which had baan
radapositad with tha adaixtura of frost shattarad local

fragaants.

On tha whola, Lawls ragardad tha wast Vatarford araa as
unglaciatad but to hava baan substantially affactad by
radaposition of glacial products by running watar as on
tha Tallow ridga and in tha Blaokwstar vallay around
Cappoquin and LlIssora«x Ha viawad tha till in tha Drua
Hills as having baan radapositad with local angular
fragaants in placas. Tha south sida of Tha Oap i1In tha
Knockaaaldowns %@0 thought to ba Jnglaciatad- Tha araa to
tha north of Dungarvan, particularly around Ballinaault,
was considarad to hava baan subjactad to a locally darivad
glaclar froa tha sountains up to a haight of 250 a 0.D.
approxinataly. Siailarlyt tha araa to tha aast, batwsan
Dungarvan and Stradbally was vlawsd as having I»aan Invadad
by ica from tha Contraghs. Only tha northarn and north-
aastarn part of tha county wara ragardad as glaoiratad
tarrain. Tha north-aastarn shouldars of tha Conaraghs wara
raportad to hava baan glaoiratad up to 300 n O0.D. and *tha
aoraina* was tracad aastward from thara, north of
Kathgornuck to tha lowland into tha abundantly strlatad

tarrain of aast County Vatarford.
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2 3. 20th CMtury Olaclal hrtmrmtvim
2.3.1. tiright and Huff <1904>
"Ixidaad, It la only In that part of Iraland which haa baan T

moat naglactad by glacial gaologiata that thara axiatad a
condition of glaciation aufficiantly faabla for tha aapla
preservation of unconaolidatad dapoaita laid down prior to
tha bouldar-clay.... Tha action of tha land-ica on tha
coaat from Clonakilty to Carnaora Point haa baan
conparativaly faabla; and whara racant narina aroaion haa
not procaadad too far» tha baach 1a In oonaaquanca wall

praaarvad.* (Vright and Nuff» 1004)

Although thia papar purporta to ba about tha epra-glaoial*
rataad baach of tha aouth coaat of Iraland» 1t alao daala
very largaly with tha unconaolidatad dapoaita which raat
upon 1t. Tha tara epra-glacial* i1a uaad throughout tha
pepar to aignify *prior to tha dapoaition of tha bouldar-~
clay of tha araa iIn quaation* . It waa raopgniaad that aoat
of lraland had baan covarad by an i1ca-cap oantrad '"in tha
naighbourhood of Farnanagh' during 'tha Glacial Pariod".
Proa thara tha i1ca waa thought to hava aovad 1In a aouth-
aaatarly diraction until i1t paaaad off tha aaat coaat
north of tha Vicklow Xountaina. At thia point tha ica ia
daacribad aa dividing into an aaatarly and waatarly

branch. Tha waatarly branch aovad aouthward along tha
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Slifc- Ee-'iy'liif'; tLv m-

we«t«rn flanks of tks VIcklow Nbuntalns into Vatarford
“whara tha strlaa Indlcata i1ca-aotion fros north to south
out to saa.” Tha aastarly branch ass ragardad as having
baan daflactad southward along tha aast coast by tha
praaanca **in tha basin of tha Irish 8aa, of a worm or lass
indapandant ica-shaat,* which flowed iIn a southerly
diractioni passed over tha south**aast corner of Ireland
and spread along tha south coast "at least as far as Power

Head 1n County Cork.”

Tha stratigraphic relationship between tha deposits
associated with tha two i1ce straasa i1s also considered. It
IS suggested that tha *Iriah Saa lce* attained i1ta saxisus
extant before that attained by tha i1ce of inland origin.
Tha fact that tha narly bouldar-clay of tha Irish Saa Ice
iIs overlain” by tha bouldar-clay deposited by tha ice of
inland origin at Dungarvan i1s cited, aaong other axasplas,
as supporting evidence. Further west, in County Cork, tha
boulder-clay associated with tha local Karry/Cork ice 1is
seen to overlie, and therefore, also postdates, tha sarly
bouldar-olay of tha Irish Saa lIce at Ballycronaan. Tha
western liait of tha deposits laid down by tha i1ce of

inland origin was not actually established.
Tha authors investigated aany sites along the south coaat
of Ireland i1In Counties Cork, Vaterford and Vexford. The

Tive sites <froB west to east) visited in County Vaterford
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includ«: Youghal. Whiting Bay, hramorm, tha aouth aid« of
Dungarvan Harbour and Ballyvoyla Haad* Thalr alta
obaarvatlona ara worth noting for thalr waalth of datall»
praclaa daacrlptlona and Inclalva eonoainta (aaa Appandlx

1>.

Although no aactlona to tha aaat of Ballyvoyla Haad wara
daacrlbad by tha aaalduoua authora, a Hat of atrlaa In
tha nalghbourhood of tha aouth coaat of Iraland waa
coillad <for datalla of tha Watarford atrlaa aaa Appandlx
2, Figura 7>. Tha atrlaa locatad In County Vatarford
includad nina aata and a alngla aat not rafarrad to In tha
Nanolra of tha Oaologlcal Survay, but Includad on thalr 1"

0.S. ahaat 188.

A auanary of obaarvatlona nada by Vrilght and Ihiff <1®@04>
and atartlng with tha lowaat ldantlflad atratlgraphlc unit

Includaa tha following:

1. Baitaad Book-Platfon

"Tha aoat paralatant rallc of tha ralaad*-baach parlod la
tha burlad rock-cliff and ahora platforaT. Obvloualy, tha
ralaad baach and platfora wara ragardad aa aynchronoua.
Tha anooth watar-worn aurfaca of tha platform waa
daacrlbad aa aloplng aaaward at 3® to 10®. It la notchad
up to 1-1.2 m abova lta aurfaca on tha landward alda whan
thla la vlalbla. Tha platform waa thought to ba about 3.8

m abova tha modarn platform. Ita praaanca waa notad at
i
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Toughal, Vhiting Bay, Ardaora, Dungarvan and Ballyvoyla

Hand i1n County Vatarford?

*Tbaaa conaitat of atratlflad graval and aand coaaonly
caaentad Into a hard congloaarata or aandatona by oxidaa
of Iron". Tha baachaa vary In thlcknaaa froa a faw
cantiaatraa to 3.0 a and ara coapoaad of allipaoldal
pabblaa, aoaotlaaa covarad by aortad aanda. Tha rairaad
beach waa regarded aa tha product of coaatal procaaaaa on
a dapraaaad land aurfaca 3.0 a below that of tha praaant.
Karaad beach dapoaita ware recorded in tha text at
Ballyvoyla and iaplicitly, on tha aouth aide of Dungarvan
Harbour, i1n County Vatarford. However, in accordance with
Vright and Huff*a practiaa of aaaociating tha raiaad beach
dapoaita with tha rock platfora, tha raiaad beach %aa
napped on tha accoapanying akatch nap at tha and of tha
text aa occurring alao at Vhiting Bay and Ardaora Bay.
Brratica identified froa tha raitaad beach at Youghal
include gray flinta and volcanica. Tha volcanica ara
airailar to thoaa which outcrop to tha aaat along tha aouth
coaat of Ireland <aaa Appendix 3 for detailed
daacription). Tha provenance of tha arratica indicataa
tranaport i1In a aouth-waatarly direction i1.a. againat tha
prevailing winda.and tidaa, and for thia raaaon a glacial
origin and aubaaquant aarina working %aa adduced; hence

tha qualified uaa of tha term *pra-glacial*.
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eTh« lo»f«r b«adf or rubblo-drift, Is found ovorlylng tho
ralMd-boacb ohingla and blown sand. Vhsn tha lattsr ars
not prasant, It rasts dlractly on tha platfora. It
consists of angular rock-fragaants of strictly local
origin ldsntlcal with tha rocks foralng tha cliff or slopa
against which It Is bankad.” Its accuaulatlon was thought
to hava occurrad toward tha and of tha ralsad baach phasa
and was Intarpratad as tha product of frost shattering
under changed cllaatlc conditions. It was considered to
hava fornad whan tha land was alavatad to between 3-0 m
above present day levels. Tha lower head was recorded by
Vright and Muff <1004> at tha following localities In
County Watarfordt Vhltlng Bay, Ardaora, Dungarvan and

Ballyvoyla Head.

4. Tha Marly Bouldar-Clay

This deposit was described as a grsanlsh or bluish-gray
calcareous clay %flth contorted laalnatlon. It %as seen to
contain shall fragaants and Infrequent rounded and
striated pebbles Including flint and volcanic srratlcs of
north-aastsrly provenance. Localities of Its outcrop, as
cited by Vright and Muff (1004), Include: Vhltlng Bay and
Dungarvan where It was recorded to overlie the lower head

and underlie the *boulder-clay of Inland* origin.
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5. Th« Wauldmr-CImj at tbm Imlaad lem

In County Vntoriord, bould«r-cl«y «Moelatod with tha
advanoa oi Inland lea waa aaan to raat dlraotly on a
atrlatad platfora In tha Blackwatar, north-
aaat of Toughal. "In Vhiting Bay It ovarllaa tha aarl and
contains aoM [llaastona In addition to Old Sad Sandatona,
which la tha pradoalnant conatltuant aa far aa Dungarvan.'
Furthar aaat, tha eontalnad olaata wara raportad to
raflact tha Lowar Palaaozole volcanlca, abalaa and alataa
of tha aolld gaology; until at Ballyaaddar» County
Vaxford, tha bouldar-clay "la ooapoaad ehlafly of local
rockat but alao contains larga blocks of tha Lalnatar
granita.” Cltad outcrops of tha bouldar-olay aasoclatad
with lea of Inland origin oeour at Toughalt Vhltlng Bay,

Dungarvan and Ballyvoyla Haad In County Vatarford.

B. Tha Uppar Haad

"In aoaa aaotlona tha uppar haad diffara from tha lowar
haad only In that It contains a faw pabblas darlvad from
tha Cundarlylng) bouldar”~clayj In othara It baeoaos vary
loaay, and tha roundad pabblas rathar abundant. In tha
lattar casa It la not aasy to aaparata from tha waatharad
top to tha rad bouldar-clay”. Vary oftan It la found to
fora "snail flat conas at tha aoutha of vailays"™ In othar
araaa. Bo outcrops of this parlglaolal dapoalt wara

raportad froa tha aaotlons loggad In County Vatarford.
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2.3.2. iMd <1907)

This author publishsd flvs ssparats short papsrs In tbs
Geological Kagaxinm within ths mama yar (Sssd, 1907a, T,
c, d, and a>. Twio of thsas notas concsmsd ths clrquss of
tha Cosaraffh Mountains <Rssd, 1907to and c>, whlls ths
ranalndsr daalt with ths unconsolidatsd glacial ssdlsants
In thrsa coastal localltlas In sast County Vatsrford

<Raad, 1907a, d and a>.

Coaaragh Mountain Clrquss

Tha sutojact undar discussion In tha two notas which daal
with tha clrquas Is vary nuch rastrictad to tha clrqua
charactarlstlcs Kaad, 1907to and c>. Following Closa <1800>
and Carvlll Lawls (1894> In turn, Raad agraad that tha
clrquas whosa toasas 11s toatwaan 360 n and 457 n O.D.
protoatoly lay atoova tha naxlnua altitudinal Unit of tha
lowland glaciation, 305 n O.D. Only at Coungorra, at tha
hand of tha Mlar vallay, »ms any possltolllty of nountaln
lea dascandIlng Into ths lowland anvlsagad. Mo contact
bat>«aan tha nountaln and lowland lea »ms consldarad as It
was assuMd, Tfollo»flIng Hull <1878), that tha local lIca~cap
~tth Its attendant clrquas, fornad sutosaquantly to tha

advance of lowland lea.

Pomaght Strand
Tha first of tha three coastal sections dascrltosd Is at
Pornaght Strand (Raad, 1907a>. Tha 12 n high section Is

located at tha northern and of tha strand. Hare tha
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<i*poslts, which r««t asalnst tha Davonlan conglomratas of
Knockavallsh Haad, ara dascrlbad aa dipping away froa tha
vallay alda toward tha south or south-south~aast at an
avaraga dip of 15®, in which diraction, thay ara also
found to thin out rapidly. Tha variad saquanca was

dascribad as follows:

8. Soil with cockle shells 0.1-0.3 B
7. Head and boulder clay 1-1.5 a
6, Head <angular fragaents) 1-1.2 a
. Boulder clay 0.3-8 a
4. Stratified subangular stones 0-4.5 a
3. Angular fine head 0-1 >
2. Sand layer 1-1.2 a
1. Stony, sandy layer 1.2 a

nexknF N froa tha bottoa up, and within tha stratigraphic
fraaswork of Vrlght and Kuff <1904), bads 1. and 2. wars
~verrP**sfhad as tha aquivalant .of thair raisad baach graval
and sand units <saa above). Bad 3. was thought to
corraspond with tha lower head. The overlying bad 4. was
intarprated as ''stratlflad early glacial gravels™. Beds 5.
and 0. ware regarded as corresponding with the till and

upper head raspactivaly.

As 1In tha case of Vright and Muff <1904), Kinahan <1378)

and Vynna <1838), Read also thought in tarns of **Post-
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Tertiary land movaaent«™™ In ordar to axplaln tha praaanca
of tha rairaad baach, aava-cut platfora and tha "subaargad
Noraata*. CSaad notad tha aziatanca of a aubaargad foraat,
raportad to appaar aoaa 9-12 a (horizontal dlatanca) froa
tha RVX on Fornaght Strand. Thirty traa atuapa i«ara
countad. V0@aaly, no atratlgraphlc intarpratation of tha
aubaergad foraat aaa attaaptad givan lta ralatlva apatlal

I*d*tlon froa tha racordad aaquanca aa daacrlbad abova. 3

Voodatoan to Paaaaga Baat
Tha aacond abort papar daala with tha coaatal aactlon on
tha waat aida of tha Vatarford Batuary (Saad, 1907d>.
Hara» tha typical aaquanca aatabllahad by Vright and Muff
(1904) of platform, baach, loaar haad, "bouldar clay* and
baad %ma found to ba Intarruptad In tha townland of
Mawtown by a lower *bouldar clay* . Thla unit waa raportad
to Intarvana batwaan tha baach and tha lower haad for a
abort dlatanca <200 a> before thinning out to tha north
Appendix 4 for further datalla of Bead*a 1907
publlcatlona). Read*a dlacuaalon of tha detailed
obaarvatlona waa alnlmal. Tha origin of tha lower till at
Vawtown waa not alluded to and no attaopt waa made to
correlate It with any other pravloualy ldentified

atratlgraphlc unit.

Bay to Dui
Read*a third abort papar dealing with coaatal faaturaa In

County Vatarford covar4 tha coaatal atrip aouth and waat
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of Dunanr« Bast as far as Traaora Bay <Raad, 1007a>. Ha
obaarvad tbat tha aandatona cllffa wara iIntarruptad at
Intarvals by vallaya whlch aara filiad %rith *Bouldar-clay
and othar drift aatarlala®, whilch fact, In hla vlaw,

taatlflad to tha pra-glaclal axcavatlon of tha vallaya.

Two aactlona wara daacrlbad In soaa datall: tha first of
thasa lias south of Sumarvllls Housa on tha aast sida of
Traaora Bay; whlla tha sacond sactlon Is locatad at tha
haad of Sathaoylan Cova on tha south coast batwaan Tranora
Bay and Dunaora Bast. Tha platfora, lowar haad, *bouldar
clay* and uppar haad saquanca of tha south coast was

raconflraad In thasa two localltlas.

Saad*s datallad fIndIngs largaly corroboratad tha aarllar
obsarvatlons aada by Vrlght and Muff <ig04>, although tha
*m"1*» assoclatad wlth "lrish Saa lIca" furthar wast, was
not ancountarad In tha sactlons fron aast County

Vatarford.

2*3.3. Charlasworth <1028)
In thls papar on tha daglaclatlon of cantral and southarn
Iraland, Charlasworth daducad that tha "Oldar Drift* In
tha south of Iraland was saparatad fron tha "Bawar Drift"
to tha north by tha "Southarn Irish Bnd Xoralna*

«appad by Lawls (1604)]. Charlasworth ragardad

tha *Val#ar Drift* as tha aqulvalant of tha "¥iim



Glaciation of tha Alpa”. Hla daductlona «wra basad on tha
*iraahnaaa* of tha *drifta* to tha north of tha *Bnd
Xbralna*, tha ralatlva abaanca of aoralnaa aouth of tha
*Bnd Noralna*, and tha finda of raaalna of "glacial
aamalian fauna* axclualvalj In tha cavaa of aoutharn

Iraland.

Charlaaworth ragardad tha Indapandant ica-cantraa In tha
™y and Vicklow HlIlla, tha Coaeragha, Galtaa,
Knockaaaldown, and othar aountaln-cluatara of tha aouth aa
contajg>oranaou8 wlth tha elrlah Saa Ica* , and wlth
aouthward advanca of tha ganaral Ica In tha Xldlanda to
tha *Bnd Bbralna* : *In tha Coaaragha tha glaclara __ wara
confinad to tha aaatarn and northarn aldaa, and
protrudad bayond tha aoutha of tha nagnlflcant corrlaa to
conaldarabla distancas down tha aountaln-alopa, In placas
dascandlng to altltudas as low as 000 faat <182 m> abova
saa laval. Tha outaraost aoralnaa, lIlka thosa of latar
data <as dascrll>ad In tha Xaaolrs, 1805 and by Baad,
1G07>, ara of graat slza, and coapoaad chlafly of supar-
glacial aatarlal.** (Charlaaworth, 1G20>. tJnfortunataly, no
accoapanylng aap of thasa faaturas Is providad In tha

papar .

2.3.4. Charlaaworth <1G30>
Charlaawrth* a conclusion **that tha only forcas whlch
affactad saa-laval (durlng tha Plalatocana) wara thosa dua

to tha Ica-shaata thanSalvas; ” rapraaantad a stap forYard
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In til« Irish glacial literatura froa tha previous position
of Inferred forser changes In the level of the land
surface. He envisaged a drop In sea level of about 90 =
"during the period of aazlaua glaciation and of the
Nepo«i-tlon of the shelly boulder-clay of the southern
coast.... The Ice sheet - possibly not for the first tlaa
- shrank froa the southern coast of Ireland to a position
at present unkno%m, but situated possibly soaewhere In the
the Central Plain. Its subsequent re-—-advance
~Barly Kagdalenlan] carried the Ice-front foraard to the
line of the "Southern Irish End-Moralne*... It Is certain
that life entered the country during soae part of this
"Aurlgnacean Oscillation* or aaelloratlon of teaperature'.
This last conclusion was based on the glacial cave fauna
found to the south of the so-called "Bnd-Xbralne*, as

Already referred to above.

2.4, Hid-Twentieth Century Glacial Literatura

2.4.1. Farrington <1G3Q>
The *end-aoralne* was unquestlonlngly adopted as such by
Farrington <1939) who accepted It as '""the Halt of the
younger of the two Ice-sheets" as traced by Charlesworth
<1928). The "older drift*, either to the south of, or
above the Halts of the “younger drift* was described: ™"In
*ountalnous areas there Is found, above the younger
/
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moralx&M, trac«« of tha oldar I1laaatona—baarlni™ drift, now
largaly daatro3ad by waatbarlns e»d» tor tha aoat part,
only racognlaabla by tha aaaoclatad arratlca, alnca tha

Ilaaatona haa baan alaoat totally laachad."

racognlaad tha axlstanca "at varloua placaa* of
man old bouldar-clay, nuch knaadad and contortad,” which
waa found to undarlla tha “youngar drift* and to crop out«
In araaa lying "far aouth of tha marginal bait of tha
youngar drift'”. Ha alao racognlaad tha dapoalta of "a
third lca-ahaat"™ which had axtandad from tha mountalna of
Vast Cork and Karry. Lika Wright and Muff, bafora him,

found that tha aaaoclatad *bouldar-clay”
contained only local rocka and waa found to ovarlla tha
*bouldar-clay* "of tha older northern lca-ahaat.'" <aaa
note below). Although tha atratlgraphlc auccaaalon la
clear, tha time ralatlonahlp between tha two dapoalta la
quaatlonad: "Thera are certain Indlcatlona which point to

tha conclualon that thia drift waa conaldarably older than

tha early mountain glaciation.

m0TB: Tha *marly bouldar-clay* doaa not appear to have
baan dlatlnguiahad from tha *older IImaatona-baarilng
drift* on tha aouth coaat by Farrington, who aaama to have
Ignored tha earlier conclualona of Wright and Muff <1904)
who found that tha former predated tha latter wherever
they ware found to crop out iIn tha aame aactlon aa at

Whiting Bay and Dungarvan.
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2.4.2. Fkrrlagtcm <1047>
Tha qu«stlon of tbo contoaporanoltj of tho local 1ica
cantraa with tha advanca of lowland ganaral loa to tha
"Southarn Irish Bnd Mdralna* was axaalnsd by Farrington In
his work on ths local and ganaral glaciations In County
Vicklow. Hs assartsd that studlas of tha Lslnstar Chain
hava shown that thsra wars at laast four glacial aplsodas
in that araa. Two ganaral and two aountaln glaciations <
baan racordad with cartalnty. Thaaa appaar to

altarnata with ona anothar and thalr daposlts ara
suparlsposad In tha following ordar, tha sost racant balng
naaad fTirst:

Athdown Nbuntaln Glaciation

Midland Oanaral Glaciation

Brittas Mountain Glaciation

Bastarn Ganaral Glaciation

aountaln glaciations hava baan dascrlbad from tha
Galtaa group and froa tha Mount Lalnstar group. Thay also
occur In tha Coaaragh ranga whara frash aoralnas hava baan
notad by tha author lying within tha vallays tha aouths of
which ara occuplad by oldar bouldar-clay. ... Thara Is soaa
avldanca that south aast of tha Coaaraghs this lca”™cap was
ralatlvaly ~ora axtanslva than alsawhara, but no datallad
atudy has baan aada.* <Parrlngton, 1G47>. Mo accoapanylng

meP publlshsd, Prasuaably this lattar stataaant



to th« dlotributlon of con™loMrat« arratlc« froa
tba Coaaragha in tha lowlands batwaan KIllaactboms and tha
aaa aa raportad In tha mmmoirm of tha Oaologleal Survay aa
rafarrad to abova <aaa aaction 2.2.2.). A atill aarllar
Bountaln glaciation, taraad tha Bnniakarry Xbuntaln
Olaclatlont waa thought to hava pracadad tha Baatarn
Ganaral Glaciation In tha VIcklow araa (Farrington. 10Q44).
t
Farrington had pravioualy corralatad tha oldar Coaaragh
clrqua glaciation with that of tha Brlttaa Mountain
Glaciation and tha youngar/innar clrqua aorainaa of tha
Coaaragh Nbuntalna with tha Athdown Mountain Glaciation of
tha Vicklow Mountains (Farrington, 1930). By axtanaion.
although ha did not rafar to it, ha auat hava ragardad tha
aarllar advanca of tha lowland liraaatona-baaring ica into
County Vatarford (south of tha "Southarn Irish Bnd
Moraina®), as pradating tha aarllar of tha Conaragh

Mountain glaciations.

Tha Baatam Ganaral Glaciation in County Mbtarford
Following Lawla (1894). Farrington notad tha occurranca of
enortharn drift* at 1,200 faat (388 m> 0.D. at Tha Gap in
tha Knockaaaldo%ma. Again, TfTollowing La%ria (1894),
Farrington accaptad that tha i1ca -did not axtand down tha
aoutharn alopa**, which ha ragardad aa unglaciatad. Howavar
ha did anviaaga that ica, which succaadad in building up
to such haighta against tha northarn foothills of tha

Knockinaaldown Mountains,” lauat cartainly hava allowad *a
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consld«rabla tonsua of lea to paa« by tha Balllnaault gap
at tha aaatarn and of tha rldga, and i1t la poaalbla that
tha axiatanca of auch a tongua adght halp to axplaln aoaa
of tha difficult problaaa of tha glaciation of tha country
to tha aaat of tha Blackwatar gorga.' Farrington viaaad
tha affacta of glaciation i1n aaatarn County Cork and
"eeestarn County Vatarford aa baing ao alight *aa to laava
tha topographic faaturaa virtually unaltarad. Probably
nowhara i1n Iraland can tha datai la of aubaarial
topographic davalopaant ba ao claarly aaan.™ <Parrington
ragardad tha **raddiah I>ouldar-clay** at Youghal aa a
dapoait aaaociatad with tha "aarliar Karry and Cork
glacial phaaa” and not with tha Baatarn Oanaral

Glaciation.>

2.4.3. mtchall <1943)

Writing in 1946, Xitchall baliavad hiaaalf to hava
Invaatigatad an intarglacial dapoait containing organic
ranaina which raatad in a hollow on tha aurfaca of tha
drifta aaaociatad with tha *Brittaa Mountain Glaciation*,
which in turn ovarlay thoaa of tha "Baatarn Ganaral
Glaciation* and occurrad approxiaataly 9 ka to tha aouth
of tha *Southarn Iriah Bnd Nbraina* <aa aappad by
Charlaaworth, 1028), at Ardcavan in County Vaxford. Tha
organic-rich aadraanta wara ovarlain by what waa
intarpratad aa a aolifiuctad faciaa of tha undarlying

drift coapoaad of local aatarial. Thia Intarglacial
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mat«rlal was Intarpratad aa bain« of laat Intarglaclal aga
and waa accaptad aa corroboratlns proof of tha atatua of
tha ao-callad and-aoralna of ahat bad by than bMn taraad
tba *Paw Drift*. Tbla drift waa aaaoclatad with tba
aaparata and aoat racant ganaral glaciation l.a. tba

Xldland Oanaral Glaciation (Farrington, 1044).

Farrington*a atratlgrapblc fraaaaork aaa flaabad out and
glvan furtbar aalgbt by tba flIndInga aa daacrlbad In tba
aacond half of Xltcball"a 1046 papar. In contraat to tba
dapoalt at Ardcavan tba Intarglaclal mid, wblcb undarlay
tbha *01d Drift* at Kllbag In County Vatarford, contalnad
pollan. Tba *drift* aaa, boaavar, daacrlbad aa
**probably balonglng to** tba Brlttaa Fountain Glaciation.
I*"'ttar correlation aaa aoaevbat aurprlalng In vliaw of
tba fact that tba *bouldar-clay of Inland origin* aa
racordad by Vrigbt and Muff (1004) on tba aoutb coaat of
County Vatarford at Tougbal, Dungarvan and Ballyvoyla, bad
baan correlated (laplicltly) wltb tba Baatarn Ganaral
Glaciation (Farrington, 1047 p. 01>. Tba new correlation
reverted to Farrington*a (1030) vlaw that tba correlative
of tba Brlttaa Fountain Glaciation In waat Vatarford waa
separated froa tba preceding Baatarn (Ganaral Glaciation by
an Intarglaclal. Tba Intarglaclal aud at Kllbag waa
therefore Intarpratad aa a panultlaata Intarglaclal
dapoalt lying undamaatb tba dapoalta aaaoclatad wltb tba
Brittaa Fountain Glaciation and poaalbly overlying tboaa

of tba earlier Baatarn (»vnaral Glaciation.
»
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2.4.4. 1090-1907

During th« n«xt d«ca<to Mvaral short rafarancaa wars aada
to tha glaciation of County Yatarford In tha light of naw
findings aada outslda ths confinas of tha county

boundaries.

Parrlngtoa <1000>

In a vary brilst nota on unglaclatad arsas, Farrington
rafarrsd to ths vary thick "rockaantla” on tha alddla
slopes (batsaan 304 and 305 a 0.D. > on tha southern side
of tha Kockaaaldown Xbuntalns as a possible Indicator of

unglaclatad terrain.

Utchsll <1901>

Tha position adopted by Kltchall <1951) and <1952) where
tha Eastern General Glaciation and tha Brlttas Mountain
Glaciation wars Interpreted as roughly panacontaaporanaoua
events conflicted with Mitchell®"s earlier Interpretation
that the Interglacial deposit at Kllbeg divided the
dsposlts of the two glaciations stratlgraphlcally Into

separate phases of glaciation.
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Virts <ig03>

In thls pap«r on th« Pl«l«tc3c«n« «uccaMlon iIn Ir«land and
»eetarn Brltain, Virtz Includad daacriptlona of two
aactiona In County Vatarford: Ballyvoyla and "Voodatown*
on tha aaat bank of tha Vatarford aatuary:

1. Tha daacrlption of tha aaction at Ballyvoyla hardly
diffarad froa that of Vright and Nuff <1004). Tha alta %aa
accaptad aa lylng aouth of tha and-aoralna of tha laat
glaciation and tha glacial aadlaanta axpoaad at tha coaat
wara tharafora, autoaatlcally aaalgnad to tha panultlaata
glaciation.

2. Tha aaction at "Voodatown* la daacrlbad aa balng 29 m
hlgh. Tha only aaction of that halght In tha locallty la
tha ona In tha townland of Bawtown and ao It la aaauaad
that thia la In fact tha aaction Hhich Virtz vlaltad. Tha
taxtual daacrilption Includaa tha folloHIng datalla and

cloaaly raaaablaa that of Raad <1007):

6. Sollfluctad layar darlvad froa undarlylng tlll.
7. TII1 of local orlgln contaaporanaoua wlth Ica In

Irlah Saa <Baatarn Ganaral Glaciation).

Sluapad
9. Layar of couraa haad aarklng ranawad glaciation.
4. Phaaa of «laatharlng aaaoclatad wlth Ica ratraat.

3. TII1 of local northarn orlgln laid down by lca whlcb
arodad tha baach <aqulvalant to tha Bnnlakarry

Mountain Olaclatlon)/b
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2. SalMd b«ach sluapad on platfora <corr«latad with
panultlaata Intarglaclal>.

1. Salaad rock~platfora.

Farrington <1004)

Onca again Farrington <aaa coananta on Farrington 1990)
aaaaa to hava baan unawara of Fright and Kuff"a racord of
local drift of Inland origin on tha aaat alda of tha
Blackwatar aatuary naar Toughal. Hla dlacuaalon of tha
glacial auccaaalon In aaat County Cork rafarrad only to
tha "bouldar-clay of tha oldar Karry~Cork glaciation™
which ovarllaa '"tha marly bouldar-clay of tha Baatarn

Ganaral Ica-ahaat" aa portrayad In hla accompanying map.

mtchall <1907)

In thla ganaral ravlaw of tha Plalatocana Bpoch In
Iraland» flva naw davalopmanta concarnlng tha
Intarpratatlon of Quatarnary avanta In County Vatarford
wara flaatingly Introducad (atarting from tha bottom of
tha atratlgraphlc column) :

1. A thin layar of paat waa found to 1la on tha rock
platform at Bawtown, County Vatarford. It waa raportad to
ba of tha aama aga aa tha Intarglaclal dapoalta at Oort In
County Galway and Kllbag In County Vatarford on tha baala
of Ita Abimm, Piema and Rhododandron panticum pollan
contant. Tha paat waa daacrlbad aa balng '‘covarad by
glacial dapoalta of Saala aga."

2. Thraa glacial atagaa jot probable Saala aga wara
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r«cogniMd Cth« BnnlslIMrry aountaln glaciation, followad
by tba Xunatar ganaral glaciation <fora»rly tha Baatarn
Ganaral Glaciation) and tha Brittaa mountain glaciation 1in
turn]. A atratigraphic aquivalant of tha Bnniakarry
mountain glaciation waa briafly rafarrad to aa having baan
idantifiad "on tha coaata of Vilcklow, Vaxford and
Vatarford.” Bo localitlaa «ara citad, although it 1is
posaibla to daduca that tha rafaranca probably alludad to
tha losar diasictona at Clogga, Bamaatosn and Bawtown
raapactivaly.

3. For tha first tiaa ainca 1004, tha praaanca and aourca
of tha "bouldar~clay of inland origin* 1in tha coastal
axpoauraa on tha south coast of County Vatarford «ara onca
again racognisad. Tha racognition «as only partial in that
tha linas of ica-sovaaant on tha acconpanying sap claarly
show BovazMnt of ica fros tha cantral lowlands off tha
coast of County Vatarford. Unfortunataly, no thara is no
supportiva taxtual rafaranca to this supposad ica
novasant.

4. Tha affacts of pariglaclal activity in tha fora of
stona polygons <which ara saan iIn saction at tha roadsida
at Sahaans, County Vatarford) «ara notad south of tha
"main Vaichsal 1i1ca". This pariglaciation «as associatad
with tha advanca of i1ca i1n tha midlands to tha "Tipparary
aoraina" (formarly tha *Southarn Irish Bnd Koraina®). It
was takan as partial proof of tha limit of tha Kidland

ganaral i1ca iIn tha absanca of any marina intarglacial
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daposlts. All thm waight of avidanca for tha axlatanca of
tha laat Intarglacial contlnuad to raat on tha
Intarglaclal dapoalt at Ardcavan.

5. Finally, tha Athdown aountain glaciation aaa
racorralatad with tha "aain Vaichaal lea* and no longar
with tha lata Lata-Olacial as haratofora <Jaaaan and
Farrington, 1038; Farrington 1047 and Kitchall, 1051),
thus 1oplicitly rainatating tha contaagporanaity of tha
Coaaragh Xbuntain cirqua ica <which had pravioualy baan
corralatad with tha Athdown aountain glaciation on tha
baaira of arallar halght of tha anowlina and aorphology of

tha cirqua aorainaa) and tha ganaral i1ca i1In tha airdlanda.

Staphana <1057> n

In thia papar tha oldaat and youngaat alaaanta in tha
Quatarnary stratigraphic coluan wars raviawad: naaaly tha
“intarglacial platforaT and tha aarly post-glacial raiaad
baach on tha aaat coast of Iraland. Staphana* findings an
potantially ralavant to tha Plaiatocana "history* of
County Vatarford as aapacta of both aubjacta faatura 1in
tha glacial litaratura of tha county. Staphana accaptad
Kitchall®s <1048, 1051) corralation of tha Plaiatocana
auccaaaion in lraland including hia aaalgniMnt of tha
raiaad rock platfora on tha south and aaat coast to tha
Graat Intarglacial Olindal-Kiaa) to which ha addad:
"although thara is no dafinita proof that i1t aay not ba
avan oldar.'" Ha also concludad that as tha platfora

appaarad to display ""no ddacarnibla tilt along tha aaat
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coa«t of Ireland™, poMIbly indicating that **Bastarn
Iraland had racovarad i1aoatatically i1ta *intarglacial*

I*val, i1t 1a rataad fd.th rafaranca to praaant day laval.*

Sagarding tha aarly poat-glacial raiaad platform found
along tha aaat coaat, Staphana conciudad that '"to tha
south of Arhlow tha watar plana of tha rairaad baach pariod
muat ba ragardad as raaching prasant day high watar nark
or passing balow i1t. Consaquantly tha old baach and
clitillna hava baan dastroyad by latar aubaarganca and
eroaion» whila furthar north 1aoatatic racovary waa
®ufflciantly rapid and of auch an asgplituda aa to praaarva
tha rairaad baach.... Tha subxMrgad paat bada and foraats
around our coasts ranga in aga from tha Xasolithic (Pollan
Zone VI approxinataly, which pra-datas tha Barly Post-
Glacial submerganca in Scotland and i1ortharn Ireland) to

tha Lata-Vaolithic, and perhaps even more recently."

2.4.9. «atta (1099)

In this Boat recant major published rafaranca to tha
glacial sedimenta of County Vatarford (aaa discussion
above under 2.1.1.) Vatts ra-axaminad tha intarglacal
deposit at Kilbag which was previously i1nvestigated by
Kitchen (1940). Ha also ayatamatically examinad for tha
first tima, two types of intarglacial deposits at Kawtown,
one of which has already baan briefly alluded to

(Kitchall, 1997).
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K111M8
In contrast to Xltclisll®s sarlisr gsnsral conclusions
which wars dus to ths unloggsd naturs of ths original
organic satarial fros which ths sasplss wars drawn, Vatts
abla to dstaraina and chart ths progression of an
interglacial cycle almsst froa i1ts initial stags through
to tha final stags. Ths continuity of ths vagstational
succsssion, as dstsrainsd froa pollan rain into a rock-
bottoBsd laks, was punctuated by ons aajor interruption
toward ths end of ths cycle. Ths cycle was divided iInto
stages: ths airddls period was characterised by an
"unusual arboreal vegetation" consisting of an alaost
evergreen forest with ilhiss, Piema, Pinum, Taxum,
Phododandron and Buxua. Vith the exception of Alnua and
Batula the deciduous trees ware absent. This tree-flora
was stailar to that in the Caucasus now and was aixed with
a "fully Atlantic™ type herb-flora resulting In a aarked
siailarity between the i1nterglacial flora at Kilbeg and
Oort, and dissiailarity bethifeen the interglacial flora at
And the i1nferred British equivalents at Hoxne and

Clacton.

Ths thin layer of peat resting on the rock-platfora in the
townland of Vewtown on the west shore of Vaterford
Harbour, was first noticed by Farrington and Xitchell. It

was subsequently referred to by Xitchell <1097> and its
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stratigraphic position was dsscribsd by Virtx <1993).
Vatts rs-sxasinsd ths stratigraphy at Vswtotm. His
descriptions clossly concurred with ths detailed
observations of Seed (1007) to whoa he did not refer. He
recorded the fTollowing ooaposite sequence which was based
on descriptions of two separate points approxiaately 200 a

apart and of the iIntervening exposure:

**Boulder~clay *Ball3voyle Till*.
Second *head*.

Boulder-blay *lewto«m Till*.
Stratified sand and silt.

First *head*.

Peat and associated silts.

Rock platfora of raised beach.**

Vatts <1090 p.118)

The flora of the peat (which was nowhere clearly stated to
crop out in section under any of the above unite In mitu>t
was characterised as pine forest with local willow and
birch scrub and a heath-type herb flora. Vatts concluded:
"1f 1t (the flora) belongs to the ease period ae the
Kilbeg interglacial deposit» as the author believes to be
indicated by the stratigraphy» it sust belong to the end
of the interglacial period and not the beginning. If this
IS so» It aust represent a continental period at the end

of the interglacial» and belong in the period represented
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by an unconforalty at Kllbag.

I
"At a point 50 n to tha north of tha aaln axpoaura of tha
lower bouldar-clay"” two layara of "apparantly atratifiad**
ailta containing "aacondary" warsth-damnding plant
ranaina, akin to thoaa of tha Kilbag dapoalt, wara
obaarvad. Thay wara tharafora dlaadaaad aa baing

stratigraphically uninportant.

Vatta undaratood tha iaportanca of aatting tha poaition of
tha organic aadlaanta accurataly "in tha ganaral aaquanca
of Quatarnary dapoaita In tha araa'". Ha racogniaad tha
axiatanca of tha *pra-glacial " raiaad baach (taraad tha
Ckjurtnacaharry baach by Xltchall, 1957> aa tha lowaat
alaaant of tha atratigraphic coluan (with which ha
corralatad tha Kilbag intarglacial dapoait) but did not
cita any localitiaa of ita outcrop in County Vatarford.
Tha undarlying raiaad rock platforn and tha ovarlying

*lowar haad* of pravioua litaratura wara not alludad to.

Vatts i1dantifiad aa naxt in aaquanca four typaa of
bouldar-clay which wara ragardad aa tha product of a
aingla glaciation "baat undaratood aa tha raaulta of
contact and coapatition batwaan an inland i1ca ahaat and an
ica ahaat cantrad on tha Iriah aaa which aovad parallel to

tha coaat" <Vatta, 1059):>
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1. Vatt« statad that tha advanca of tha lea ahaat froa
tha Irish Saa (taraad *tha Bastarn Oanaral Glaciation* >
was shown by stona orlantatlon studlas to hava aovad along
tha County Vatarford coast In a south-%«astarly dlractlon.
Vo data was provldad to support this clala and no
rafaranca was cltad although an acknowladgaaant to tha
following author (Stavans, 1050) **for soaa of tha data on
tha Vatarford drifts* was Includad anong savaral othar
nanas at tha and of tha papar. Tha daposlts assoclatad
with tha "Irish Saa lea shaat* wara raportad to crop out
at Traaora, Kllfarrassy Strand, Ballyvoyla Haad and
Dungarvan. Of thasa outcrop localltlas, only Dungarvan had
baan pravlously notad (Vright and Xuff, 1G04).
Unfortunataly tha sactlons wara not dascrlbad and only tha
ganaral stratigraphic position was racordad: *Tha clay Is
not saan Inland, and whara It Is saan It Is tha lowarnost
bouldar~clay. Outslda this araa this clay ovarllas

daposlts of tha Courtnaesharry Baach.*

2. Tha slIngla outcrop of tha rad stony "Vawtown Till* Is
than dascrlbad as cropping out batwaan two layars of haad
and undarnaath tha *Ball3voyla Till*. It Is Intarpratad as
raprasantlng *an aarly stags of activity of an Inland lea
shaat, saparatad from tha aaln parlod of activity of tha

Inland lea by a ratraat stags In which *haad* was forsad”.
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3. Th« "Ballyvoyl« Till* <a« d*«crib«d”™in Svction 2.1.1>
was rsgardsd as ths product of ths sain local glaciation. -
- . / - "WIAVY- il
Ths fTourth, a llsastons bouldsr-clay rsprsssntsd ths
uppsrsost unit In ths accoapanylng stratigraphic tabls. Itp

was tsrasd ths "Kbthsl Till* and was rscordsd at Nbthsl

o>
Ea

>
|

/Il

and Halfway Houss on ths sast and west sldss of ths
Cossragh Mountains In northsm County Vatsrford
rsspsctlvsly. "Ths “Mbthsl Till* appsars to ovsrlls
bouldsr-clay of ths sain local glaciation (Ballyvoyls
Till) but ths stratlgraphlcal situation is obscurs and no
sxposurs Is known whsrs ths two ars satisfactorily sssn to
bs In contact”. Mors flsldwork was callsd for to
*ascertain Its distribution and stratlgraphlcal

relationships™.

All three Interglacial deposits occur south of ths *snd-
soralns*. They ars located within and under glacial
d*po*lIts <*ths Ballyvoyls Till*) which were correlated,
along with ths antecedent *Mswtown Till* and ths
subsequent *Mothsl Till*, with ths Seals Glaciation of
Vorthsrn Europe. As a result, ths Interglacial deposits
were automatically referred to the Hlss-Saale or Great
Interglacial according to Mitchell*s <1957) stratigraphic
Vatts did Investigate the possibility of the
KIllbeg deposit belonging to the preceding Interglacial. He
dismissed this possibility on the grounds of florlstlc

differences with British “romarlan sites and the lack of a
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strong Tsrtlsry slsasnt In ths florlstlc contsnt of ths
Kilbsg dsposlt. Howsvsr, bscauss of his uncritical
accsptancs of ths status of ths "snd-soralns* of ths T"last
glaciation*, Vatts did not fully sxplors ths possibility
of a last Intsrglaclal ags for any of ths thrss deposits
sxaalnsd Csss Varrsn <1079) for a dstallsd and critical
»emeessent, on palynologlcal and stratigraphical grounds,

of ths ags of ths "Oortlan* deposits].

2.4.0. Stsssns <1900)

This doctoral thesis rsprsssnts ths last sajor unpublished
rsfsrsncs to Quaternary sadlaants In County Vatsrford. In
ths course of her research on the Pleistocene deposits of
Counties Vexford and Vaterford the author described th«enty
exposures In glacial sedlsents In County Vaterford. Till
fabric analyses, heavy alneral analyses and erratic
content sere ei™>loyed to distinguish between glacial
deposits of various origins and ages. The now traditional
stratigraphic fraaework as proposed by Xltchell (1997) was

adopted with few and slight anandasnts:

1. The "Eastern General Till* was described as being
quite slsllar to the calcareous facies of the "Ballyvoyle
Till* <see below) In teras of Its erratic content except
for the shell content of the foraar. Texturally, the
®I®y*yness of the forasr contrasted with the sandiness of

~be latter. The heavy aineral content of the *Eastern
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O«ii«ral Till* MBS coiparabl« with that of tha "Fathard
Till* <both balng darlvad froa a northarly, granitic
araa>. Prafarrad atona orlantatlona of claata takan froa
outcropa of tha *Baatarn Ganaral Till* at Ballyvoyla.
Kllfarraaay and Garrarua Strand <naw locality) ahowad a
north-aaat to aouth-waat allgnaant. Thla obaarvatlon waa
Intarpratad aa balng conalatant with a flow of lea In a
aouth-waatarly dlractlon acroaa tha aouth~aaat of Iraland.
Tha pravloualy racordad outcrop of "Baatarn Ganaral Till*
at Traaora <Vatta, 1959) doaa not appaar to hava baan
conflraad by Stevana <1999).

2. Tha *Vawtown Till* waa thought to ba an aarly outllar
of tha "Pathard Till* of County Vaxford aa thalr
charactarlatlca colnclda vary cloaaly. Tha haavy alnaral
content of tha two depoalta waa aaan to ba alacat
Identical reflecting thalr derivation from tha Lalnatar
granite and tha aaaoclatad aetaaorphlc aureola (Appendix
5). Tha prafarrad orientation of }ha contained atonaa In
tha *Bawtown Till* waa ahown to parallel that of tha
claata froa tha *Fathard Till* 1.a. north**north"~waat to
8outh*-aouth-aaat (Figure 8. Tha rad, atony character of
tha lower till.at Vawtown waa conaldarad to ba darlvad
froa tha contained Old Sad Sandatona claata «dilch, In
turn, waa thought to ba darlvad froa Devonian Old Sad
Sandatona near Vatarford town to tha north. It waa
cozg>arad to a lower faclaa In a alalleir atratlgraphlc
poaltlon at LuasdIn*a Bay on tha aaat aide of tha

Vatarford aatuary. Bacauap of thla probable correlation
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b«tw««B thm two tills it was suggsstsd that ths *Vs¥rtown
Till* possibly sucossdsd tbs sdvsnt of tbs *Bastsrn
Osnsral Olaciatlon*. <Tbs dsposits assoclatsd wltb tbls
lattsr svsnt wars found to bs ovsrlaln by tbs “Fatbard
Till" to tbs aast of Kllsora Quay.) Tbls tantatlva
corralatlon was suggastad In tba absancs of any point of
contact bstwaan tba "Vawtown Till®" and that of tba
"Bastarn Oanaral Olaciatlon”.
3. It was suggsstad tbat tba sacond <uppsr> layar of
baad at Tawtown algbt bava baan "transportad Into a
aacondary position by tba lea" although no raason for such
an Intarpratatlon was put forward.
4. Tba “Ballyvoyla Till* was dlvldad Into two facias: a
lower llsastona-baarlng calcaraous till and a non-
calcaraous sandy till containing occasional chart and
IInastona arratlcs. Tba calcaraous facias Is raportadly
cbaractarlstlc of daapar sactlons and was found aalnly In
coastal/vallay axposuras as at Ballyvoyla, Kllfarrassy,
Oarrarus and Vawtown; wblla Inland, It has baan raportad
at Ballycasbln, south of Vatarford town. Tba non-
calcaraous facias was found salnly In shallow axposuras,
coaaonly on tba blgbar land as at Kllaactboms and
Coastal outcrops wars obsarvad at Clonaa
I>unabra§tln Haad, Annastown and Traaora. XOst of
tba abova localltlas raprasant pravlously unracordad finds
of tba "local bouldar-clay*. Both facias Y%ara ragardad as

grading Into aacb otbar to produca a hybrid non*calcaraous
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till with a «sail proportion of llaastona and chart aa at
Kllbag. Haavy alnaral analyaaa ahow tha *Ballyvoyla Till*
to ba particularly poor In contant In contract to tha
undarlylng glacial dapoalta; It la charactarlaad by thoaa
minarala darlvad froa tha volcanic rocka of County
Vatarford ltaalf, largaly hornblanda and chlorltlc aattar.
Prafarrad orlantatlon of tha contalnad atonaa la froa
north-waat to aouth>aaat at aoat Inland altaa. Vhlla a
north”aaat to aouth**waat dlractlon waa prafarrad at aoat
of tha coaatal aactlona. Thaaa dlractlona wara takan to ba
conalatant with tha ganaral north to aouth pattarn of
atrlaa aa racordad by Vright and Muff <1904) In aaat
County Vatarford and with alallarly orlantad atrlaa at
Kllbag. Stavana concludad that a aouth-aaatarly aovaaant
of lea %@a Indicatad ovar aaatarn County Vatarford whlla a
aouth-waatarly trand waa Infarrad at tha coaat. A long,
aitnuoua north-tranding rldga coapoaad of “fluvlo-glaclal™*
gravala waa alao racordad naar Callaghana Brldga. Thla
Intarpratad aa balng aaaoclatad with tha
northarly ratraat of tha Ballyvoyla lea.
5. Finally, tha "Xbthal Till* of Vatta <1999) waa
conaldarad radundant aa tha aaaoclatad Ilatatona”-rlch
fluvlo-glaclal* gravala around Mbthal and Halfway Houaa
w»ra ragardad aa grading latarally Into tha llasatona-rich
faclaa of tha "Ballyvoyla Till*. In affact It waa ragardad
aa an Inland aqulvalant of tha lowar Ilaaatona-baarlng
faclaa of tha “Ballyvoyla Till* and %iaa found aalnly In

tha vallaya, particularly Vha vallay of tha Rlvar liar.
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Unfortunately, none of the above concluelone have been
publlehed and do not eeea to have been widely appreciated

as a reeult.

2.4.7. 1000-1070

Several brief referencee to the glacial eedlaente In
County Vaterford have appeared In revle%r-type papers
relating to the Quaternary succession In lIreland during
these sixteen years. Apart fron general references, a
small number of more detailed contributions have been aad<
(dealt with In chronological order according to date of
publication). Many will be referred to again at relevant
places throughout the text and In the chapter on

correlations.

Mitchell <1000> ]
In this paper Mitchell reviewed the evidence for three
former couplets of viarm and cold periods In the Irish Sea
area: the Cromer, Hoxne and Ipswich warm periods whose
deposite Intercalate those of the Lowestoft, Glpplng and
Samstow cold periods, lew terms were Introduced for some
of the Irish deposits of the, by then, traditional
succeeslon (see Figure 14). Three deposits of particular
relevance to the Pleistocene record In County Vaterford
renazMd: the Ballycroneen [formerly the Eastern
General (Farrington, 1044), later, the Munster General or

Kunsterlan (Mitchell, 1G57>] “boulder clay* (after the

moot westerly site at whlcii the depoelt wae recorded), the
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Oarryvo« bouldar clay i1tormmrly thm Graatar Cork-Karry)
[aftar thm locality of ita aoat aaatarly outcrop aa
daacrlbad by ParrIn”on <1054): "whara a bouldar~clay
with local rocka raata on aanda and bouldar clay of
Ballycronaan aga”] and tha Tlpparary aoralna <foraarly tha
Southarn Irlah Bnd Xoralna). Tha arratlca contalnad In tha
Courtoacsharry baach furnlahad tha author with auffliclant
avldanca upon which to baaa tha foraar axlatanca of an
aarly cold parlod (Lowaatoft): "l attrlbuta tha tranaport
of tha arratlca now found on tha platform and In tha
baachaa to an lIca~ahaat of Lowaatoft aga that caaa down
tha Irlah Saa, raachlng at laaat to Cork and to Cornwall_**

Kltchall <1960).

Synga <1Qoo>

SoxMwhat alBllar vlawa In relation to tha glaciation of
aoutharn Ireland ware axpraaaad In thla aaaaaanant of tha
Quaternary Parlod In Ireland, although, tha creation of
new taraa waa largely avoided. **Scottlah lea In tha baaln
of tha Irlah Sea" %wa thought to have advanced aouthward
and to have croaaad onto tha praaant coaat between
Dungarvan and Power Head. Synga agreed with Kltchall
(1957)! *In tha aouth, between Dungarvan and Kanaatown
<Co. Wexford), lea fron tha north~waat (thla advance waa
taraad tha Xunatar General Glaciation by G. P. Kltchall)
waa powerful enough to kdap tha Scottlah lea off tha

coaat.** Thua tha view, originally axpraaaad by Carvill
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Flgur* 9 Skatch of Mction at Vawtown

<aft«r Xltchall,
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Lewis <1804>, that wsstsrn County Vatsrford did not
oprond\gt efffalflcant glaciation by ics froa ths aldlands
contlnusd to bs held. Bastarn Gsnsral ics from ths north-
wsst was, howsvsr, shown diagraasatlcally by Syngs to havs
rsachsd ths Toughal arsa on ths accoapanying aap <p- 120>.
This i1cs was considsrsd by Syngs to havs bssn rssponsibls
for ths carriags and dsposition of Galway granits srratics
to Cork Harbour and south Kilksnny to ths wsst and north
of County Vatsrford. Corris glacisrs wars considsrsd to
sxlstsd In ths Coasraghs and Knockasaldowns during

ths Latsr Kidlandian Glaciation.

Mitchsll <1Q02>

This rsport on a fisld assting hsld in Valss and Ireland
recounts visits to Hswto%m, Callaghans Bridge, Sahssns,
KIlbsg and Ballyvoyls Head in County Vatsrford. Two new
pieces of inforaatlon gleaned froa ths descriptions of ths
sites include:

1. Ths occurrence of shell fragasnts (thought to havs
been picked up In ths Vatsrford estuary by southbound lIcs>
in ths “upper boulder clay* (Ballyvoyls Till) at Hswtown
Csee sketch and stratigraphic table (Figures 9 and 14)].

2. Both fresh and weathered liasstons were recorded 1in

the "'degraded esker™ at Callaghans Bridge.

Hitchell and Synge <1Q04>
Both authors contributed to the section on glacial geology

In the soil survey of Counidy Vexford. Two points of
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(after Xltchall and Synga, 19d4>

figura 10 Glaciation of aoutharn Ireland



r«l«vanc« to tb* glacial auccaMion In County Vatarford
wara notad:

D> Doubts about tha intarglacial status of Ardcavan wars
raflactad In 1ts uncososantad-upon oaission <for tba first
tins) as a typa-sita for tba last intsrglacial fros tha
accospanying stratigraphic tabls.

2. Tha accoapanying aap saaas to raflact doubts about
tha axtant of glaciation iIn wastarn County Vatarford as
tha arroffs dapicting tha aovaiitant of i1ca froa tha Oalway
araa of Saaliran aga point to aast Cork, aast Vatarford and

Vaxford only <saa Figura 10).

Graa st ml. <1004)

Sinilar confusion al>out tha axtant of Saalian ica froa tha
Irish Saa In «fast Vatarford is also raflactad in this
joint contribution on tha physiqua of tha south of

Iraland. Outcrops of this daposit which wara foraarly
racordad on tha south coast of County Vatarford at
Dungarvan CVright and Muff, 1004), Tramora, Kilfarrassy
and Ballyvoyla Hand <Vatts, 1950) and at Oarrarus by
Stavans <1959) wara all oaittad fro« tha aap <p. 492). Tha
coastal araas batwaan Ardaora, wastarn County Vatarford
and Kilaora Quay in County Vaxford wara portrayad as
having baan glaciatad by i1ca of Saalian aga froa ths

aidlands.
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Ormm <1004)

This study of Tsrtlary surfscss in ths Drua Hills includsd
tbs only dirsct rsfsrsncs to ths glaciation of this
particular part of aast County Vatsrford. Oraa folloaad
his prsdscsssors i1n accepting ths following position:
although ths area aas ''‘covsrad by various i1cs strsaas
during Plsistocans tiaas**, i1t ans ""not savsrsly glaciated
and rsaainsd i1ca”™*fraa during ths last regional glaciation
in Ireland.” Hoaavsr, unlike his prsdscsssors, he appears
to have appreciated Vtight and Huff®"s <1004) conclusion
regarding the i1nvasion of the area by i1ce of i1nland
origin. The "various 1ice streaas” included ”at least tao
sain 1ce streaas... 4n earlier phase carried bro%m,
calcareous till containing shell fragaents, flints, east
Vaterford igneous rocks and Irish Sea basin aaterials iInto
the ]>ungarvan corridor and to beyond Toughal brickaorks
froa the east and north~east.... A later phase carried
coarser red till of aainly local debris south and south"
aest across the Drua Hills i1into the Lickey valley, where
large liaastone erratics occur, and down the Blackaater
valley." <Orae, 1044 pp 00-47). Unfortunately, Orae did
not discuss the evidence upon which his conclusive

etateaents %fsre based and no localities are described.

Synge C1004>
Syage discovered beach aaterial intervening between the
loweraost Clogga Till and the overlying Bastern

General/Hacaaore Till on the east coast. The beach was
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tentatively correlated with the Courtaaceherry beach on
the south coast. The overlying Nacaaore Till aas thought
to be overlaid by the Bannow Till (foraerly the Nunsterian
or inland equivalent of the Bastem General and the
Brittas Boulder Clay of Mitchell» 19B7 and 1G02> 1in
western County Vexford (see Figure 14>. This discovery had
1aplications for future Interpretations of the succession

in Vaterford as will be seen later.

VSatts <iged>

Interglacial deposits were discovered in the course of
well-digging at Baggotstown, County Liaerick (inside the
liaits of the Tipperary aoralne) i1n 1050. Sai”™les were
taken froa the excavated aaterial and subsequently
analysed. An interglacial sequence siailar to that at Gort
and Kilbeg «ms sand«#iched betimen &0 stony tills and
overlain by "a saall organic interglacial deposit
containing a tei™Mirate flora stratified iIn the boulder-
clay above the aain interglacial deposit”. The upperaost
boulder-clay was less than five aetres deep and was
considered» rather doubtfully» by Vatts to "represent
several glacial episodes”. The lo«#eraost boulder-clay «ms
interpreted as pre-(kjrt in age and a siailar occurrence

was cited at Kildroaln» County Liaerick.

Farrington <1050)

Farrington reaarked about the preoariousnsi of
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correlations in this attsapt to corrslats those "drifts of
the south~east™ which were regarded as overlying the
Eastern General boulder-clay saying that the aost

proslnsnt syabol In his stratigraphic table was a query.

Orae <10M>

A nuaber of astute observatlons In relation to the age and
distributlon of thé beach and platfora and the overlylng
surflclal deposita In County Vaterford are aade (or
reaade) In thé course of thls artlole:

1. The posltlon, as outllned In Orae et al, <19G4> (see
above), was corrected In thls revlew of Quaternary sea-
level In Ireland to Indicate a aore extenslve glaclatlon
of thée Vaterford coast by *Bastern (GQeneral* Ice of
Scottlsh/Irlsh Sea orlgln (see Figure 11, a reproduction
of aap on p. 129).

2. It was suggested that the coaparatlve rarlty of
recorded strlae on the ralsed platfora (glven that It %as
glaclated twlce slnce thé foraatlon of the ralsed beach
whlch reste dlrectly on Its surface) was due to
"‘contenporary wave action."

3. It was further suggested that the platfora ltself
tended to survlve "In sheltered locatlons protected froa
destructlon by aodern seas by elther a thlck cover of
superflclal deposita or protectlve rock hsadlands." (p.
130). Followlng Vright and Xuff (1904), aany of the
bevelled cllffs on the Vaterford coast %fere Interpreted as

havlng been eroded, along /Zdlth any overlylng surficlal

«
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8«diMnts, «Inc« th«lr d«po«ltlon.

4. At oth«r plac«s, th« r«l««d teach and associated
shor« platfora war« tracad Into «steyaants and astuarias
such as that of tha Blackwatar and tha 'llaastona
corridors of Vatarford**. This obsarvation, also noted by
Vright and Xuff <1004>, lad to tha conclusion that tha
fornation of tha platfora (and tharafora, that of tha
teach) fTollowad a pariod of downcutting associated with
low saa*-l«v«l, (probably during tha lata Hoxnian or aarly
Saalitan) as axazqpliflad by tha buriad rock channal of tha
Blackwatar astuary. But, as Oraw polntad out, tecausa of
tha doubt« cast about tha status of tha Ardcavan
intarglacial daposit and i1ts reaoval by sarins arosion,
the "alnisuB age of the platfora, which certainly pre-
dates the sain Vaichsalian glaciations, thus depends
insecurely on the variable weathering rates of the older
drifts.” (Orae, 1900, pp- 135-130).

5. Finally, Orae underlined the difficulty in
establishing the "precise age of the foraer shore-zone"
according to tha age of the overlying deposits. He polntad
out that the floristically featureless peat which rests on
tha platfora at V«%rtown (Vatts, 1959) 1is overlain by
sluapad deposits and could therefore Just as easily
raprasant a post-glacial peat deposit. However, Kitchell
(1970) reported a data of greater than 30,000 years

B.P. (Bira. 09) for this paat.
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Farringtcm <1000>

Tbs «arly ralMd baacb In County Cork was tha aubjact of a
aiallar <to that of tha abova publication), though aora
apacific, atudy which appaarad In 1900. Xany of tha
obaarvatlona racordad in thia papar ara of potantial
ralavanca to tha coaatal auccaaalon iIn Vatarford which
atrongly raaaablaa that to tha %aat in County Cork.

1. Tha author notad tha north-aaatarly origin of tha
far-travallad arratica in tha baach and attributad thair
praaanca thara to an oldar (Xindal) glacial avant.

2. Ha alao racordad pariglacial ahattaring and atriaa on
tha platforn (uaually in baach-fraa araaa) to tha waat of
Garryvoa 1.a. araaa which wara ragardad aa having baan
invadad by axpanaion of ica during tha Graatar Cork-Karry
glaciation.

3. Tha araa to tha aaat of Garryvoa waa charactariaad by
Bora fraquant occurrancaa of tha raraad baach and tha
absanca of atriaa. Tha lo%#araoat bouldar-clay at thia
locality and further aaat waa typified by tha
coaparatlvaly atona~fraa dapoaita of Baatarn General 1ica

~esaa lack of aroaiva power waa inpllcitly inferred.

In thia publication Farrington continued to echo aoaw
doubt about tha corralationa put forward by Mitchell
(19G0) where tha rairaad baach and i1ta overlying dapoaita
ware attributad to tha panultiaata interglacial and
*ubaaquant glacial parioda raapactivaly. Farrington

acknowledged tha challenge/praaantad by John <1905) and
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Bowwn and Oragory <1909) wharaln tha Courtnacsharry baach
and Ita British aqulvalant and tha ovarlylng glacial
aedlaanta Y%#ara aaalgnad to tha last Intarglaclal and

glacial parloda raapactlvaly.

Vhtta <1907>

Furthar doubts aara cast on tha basis of tha stratigraphic
corralatlon with tha publication of this papar on an
interglacial slta In County LInsrick.

1 Floristlcally» tha Intarglaclal sltas at Kllbag,

Gort, Baggotstown and Klldronln display narkad
sinllarltlas dasplta tha fact that only tha flrst-naned
elta lias outside tha sb-callad and-aoralna of tha last
glaciation and underneath "older drift*, while tha two
latter sltas occur under less than five metres of till
which must raprasant "both tha Saala and Valchsal
glaciations**. **Tha placing of Klldromln In tha Gortlan
interglacial draws attention to tha strange failure of
Irish Quaternary geologists to find Bamlan (Last
Interglacial) deposits. In principle, It should be easier
to find Bamlan than Gortlan deposits since they have bean
less exposed to erosion and should not be so deeply
burled. One might be tempted to think that tha known Irish
interglacial sites have bean wrongly dated and are really
of Bemlan age.™ <p. 349).

2. Tha upper Fini/s-domliiatad organic deposits at Bawtown

and at Panlt (Xltchall, 1970) ware Interpreted as being
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"alBOst cartalnly pra-Basian*", praauaably bacausa of thalr
occurranca undarnaath dapoalta lying outalda tha *and-
moralna* .

3. Vatta was uncartaln whathar to placa tba uppar
probably unconfornabla harbacaoua~doainatad aadlaanta at
Baggotatown and Kildroaln in a aaparata and youngar
Intaratadlal or to assign than to tba and of tha "Gortian®
intarglacial.

4. Tha author also statad that "whila tha sanpling
sethod was adaquata for pollan-analysis 1t doss not yiald
anough aatarial for nacrofossil work or for studying
stratigraphy of tha glacial daposits.” <Vatts, 1907,
p.340>.

Killaan <1900>

"Prash® aorainas with staap slopas wara locatad within tha
cirquas of tha Conaragh Xbuntains. Tha aorainas displayad
a doubla saquanca usually saparatad by 00 a in altituda.
Thasa aorainas wara attributad to tha latar aountain
glaciation (which was ragardad as tha local aquivalant of
tha Kidlandian) as tha Coaaraghs wara considarad to lia

bayond tha liaits of tha last ganaral glaciation.

Sjngs <1900)

Synga concludad in this briaf papar on tha Vura ica liait
in tha wast of Iraland that tha Ballylandars and aoraina
tioraarly, tha "Southarn Irish Bnd Xoraina* of

Charlasworth (1926) and thaf Tipparary aoraina of Xitchall
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<19Q0>] of th« last glaciation sas foraad c. 23» 000 B.P.

although no basis for ths ags sas citsd.

Sjags <I1070a>

The traditional stratigraphic table was rs-presented once
again. According to this author, Ardcavan was reported to
have been rejected by Mitchell as the type-site of the
last interglacial iIn Vilson <1906>. Mitchell no longer
regarded Ardcavan as lying outside the Units of the last
glaciation and consequently, the foraer interglacial
deposits were assigned by hia to the Late-Glacial. Other
organic sediments of possible last interglacial age were
suggested in i1ts place: namaly, the pine-containing
organic horizon under a drunlin at Itoenbog, County Mayo
and a layer of pollen!ferous sands caught up between two

layers of till at Shortalstown, County Vexford.

Synge saw no "evidence to support the idea that the drift
south of this glacial limit, here termed the Ballylanders
noraine, can be regarded as an earlier stage of the same
glaciation” <. 40>. He cited the absence of
constructional glacial features (with the exception of
kames), the widespread impact of solifluction,
pariglaciation and weathering exclusively found iIn areas
underlain by "older drift* as evidence of the subsequent
interglacial and glacial jperiods. He considered the

Ballyvoyle till on the east Waterford coast as the lateral
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equlvalant of th« Bannow till on tha Vaxford coast and

both units wars flraly asalgnad with a Saallan aga.

Syng* <1070b>

In this brlaf analysis of tha glacial drifts of south-aast
Llaarlck, Synga raltaratad tha basis for distinguishing
batwaan tha *oldar* and “youngar drifts®": dagraa of
weatharlng, "frashnass* of drift faaturas and aaount of

aollfluctlon.

Finch <1071)

This author working on tha soils of tha south Tlpparary
arsa, rasappad tha Units of tha Valchsal drift daposlta
(fornarly nappad by Charlasworth, 1928) according to tha
charactarlstlcs of tha soils which hava davalopad on thalr
aurfacas. Ha also ragardad tha prasarvatlon of IllInastona
bouldars on tha aurfaca of tha drifts as faaturas

"axcluslva to tha Valchsal Aga drift In Iraland".

Using tha distribution of tha Blton. Ho%«ard and
Baggotstown soils, Pinch radaflnad tha Halts of tha
Valchsal lea shaat In tha south Tlpparary araa axtandlng
tha original Halt as daflnad by Charlasworth <1926) to
tha south and south-aast. Tha naw Halt lapllad tha
Incursion of KIldlandlan lea Into tha northarn foothills of
tha Knockaaaldown and Coaaragh Xountalns and down tha Sulr

vallay as far as Plltown (Flgura 12).
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Colhoun and Kltctell <1071>

Batuarlna aanda caught up batviaan two til la at
Shortalatown. County Vaxford war# found to contain
relativaly larga aaounta of traa pollan Including that of
Qumrcum, Pinum and Brmtulad® with 7% Ulmum* Tha short pollan
diagraa froa this slta was intarpratad as indicativa of
Intarglacial conditions vary sinilar to thosa dascribad
for tha aiddla of Zona a of tha last intarglacial at

Ipswich <Vast, 1957).

Tha lowast unit in tha disturbad saquanca consistad of a
lower till which was thought to ba darivad fron tho north
as i1t containad flint and shall fragaants and othar sub-
local arratlcs **darivad fron parant rocks a short distance
north of tha slta". Howavar, tha snail parcantaga <2.57%)
of Carnsora granita (whose outcrop lias wall to tha south)
was not explained. Nachanically, tha lowar till was
distinguished froa tha upper till (which was found to
overlie tha Intarglacial narina beach and pollan-baaring
estuarine sands) by being slightly coarser on average. It
containad higher parcantagas of gravel and sand and lass
silt and clay than tha upper till. Tha upper till which
was sheared into position, was thought to have cone fron
tha north also on tha base of i1ts erratic content and till
fabric analysis. Chanically, tha lowar till had a slightly
higher carbonate content than tha upper till. Mitchell

affirnad: "Pron their stratigraphic position and their
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differanc« iIn colour, carbonat« contant, and avaraga grain
alza, 1t auat ba concludad tbat tba Lowar Till and Uppar
Till dapoaita aara of diffarant origina and aga.'" <p.

216>.

Tha organic dapoait at Ardcavan waa onca again atatad to
ba of lataglacial aga aa it liaa %d.thin tha linita of tha
laat glaciation. Outaida thaaa nawly aatabliahad liaita at
Toncool, County Vaxford, "aolifluctad Kunatarian till
whoaa aurfaca haa baan diaturbad by tha foraation of
pIngoa (Kltchall, [10?1)**, waa contraatad with tha pock-
aarkad aurfaca of tha Kidlandian glacial dapoaita whara
lataglacial aadiaanta datad to 9,100 B.C. wara found 1in

tha baaina of tha kattla holaa.

Xitchall <1072)

Tha corralation~tabla iIn thia aacond approxiantion of tha
Plaiatocana hiatory of tha Iriah Saa diaplayad naw
corralationa aoaa of which appaarad to diaragard pravioua
Intarpratationa of tha Iriah Quatarnary aadiaanta on tha
aaat and aouth coaat <Synga, 1970a>:

1 Tha Cahora baach Cforaarly corralatad with tha
Courtnacaharry baach of tha panultiaata intarglacial
(Xitchall, 1900)] waa corralatad with tha Shortalato%m
mrina aand and waa tharafora attributad with a laat
Intarglacial aga. Thla corralation confiraad Kitchall"a
(Colhoun and Xltchall, 1972) aarliar viaw that tha bad of

tha Iriah Saa waa Invadad 6y i1ca during tha laat and
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p«nultiflat« glacial periods and Introduced tlie ldea of two
separate Interglacial beaches associated with the last and
penultlsate Interglacial periods respectively.
2. During the penultlsate glaciation Xltchell envisaged
an Initial advance of Ice from the Irish Sea westward to
Ballycroneen, followed by ”an Interval, narked In soaa
places by the development of head <e.g® Garrarus, Co.
Vaterford)”, and then by an advance southward of Irish Ice
as far as Kldleton, Co Cork (termed the Knockakeen Lobe,
the village of that name where associated gravels
occur). "Farther to the east a lobe pushed between the
Galtees and the Coseraghs, and then expanded southwards
between Ballyvoyle Head and Waterford Harl)our.'" <p. 190).
According to this description, much of west Waterford was
not glaciated during this or the subsequent glacial period

(Figure 13).

Finch and (Gardiner <1972>

In a soil survey carried out at Ballygagln, 3 ks to the
west of Dungarvan, a brief reference was nade to the
glacial drift "of Saale age laid down by an Ice sheet from
the north-east or east-north-east. This drift Is ooig>osed
principally of Old Red Sandstone from the Knockmealdown
and Xonovullagh Xbuntalns but some shales and
(“rbonlferous are also present.'" Unfortunately, these

o> Jwa“"tlons were not elaborated, nor were any references

quoted to support them.

82



Utctell nt m1. <107S>

This publication on ths corrslation of ths Quatsrxmry
dsposits of Irsland and Britain aarksd ths first attsapt
to link soas of ths changss which had taksn placs iIn ths
intsrprstation of ths succsssion on ths sast coast with
ths traditional aodsl as applied to ths succsssion of

Quatsrnary dsposits on ths south coast of Irsland.

In ths coluan for ths south-wsst <Countiss Kerry, Cork and
Vatsrford>, on ths general corrslation chart for Irsland
(Figure 14), all of the recognised Plsistocsns dsposits of
ths succsssion on ths south coast wars assigned to ths
psnultiaats <prs-Shortalstown> glacial and interglacial
periods. Penney stated iIn the explanatory notes on the
regional contributions <p.7-6> that deposits wars not
necessarily arranged in stratigraphlcal order within any
one "box®" *(though where the order i1s known, they are; and
this 1s aads clear iIn the notes).” Hence the following
units were listed from the Vaterford succession (obviously
not in order of stratigraphic succession, although i1t 1is
stated in ths notes that ’the Ballyvoyle Till %as
deposited by ice that aoved S froa the Midlands; 1t passed
to the B of the Coaeragh Mountains, and crossed the
present coast-line at Ballyvoyle. This till 1is probably
younger than the Ballycroneen Shelly Till (Vatts, 1999)]:

Ballycroneen Shelly Till

Ballycroneen Lower Head

Ballyvoyle Tilliand associated tills
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V«wtown P«at
CourtBBcsharry SalMd Baach and eiallar® baachas

Killbag Kud

Tha '"aaaoclatad tilla” Includad tha uppar till at Vawto%m
and tha till ovarlylng tha Kllbag intarglaclal daposit.
Raitaad baachaa airallar to that at Courtaacaharry aara
racordad at Va<rtomn and Ballyvoyla froa tha Vatarford
coaat. This i1ntarpratatlon alaoat totally Ignorad Synga®a
<1970a> corralatlon of tha Cahora and Courtaacaharry
baachaa. Tha only acknowladgaaant of tha laplicatione of
Synga®a <1970a> corralation wara tha poaltionlng of tha
Ballyvoyla Till balow tha Ballycronaan Shally Till In tha
corralatlon chart and tha Inclualon of tha word "probably*

In tha accbzQ>anylng axplaxiatory nota aa quotad abova.

Of tha aaquanca aa llatad abova, only tha haad and tha
ahally till flgurad In tha racoanandad Stratlgraphlcal
Tabla of tha Irish Quatarnary aa foraal atratlgraphlc

units <p.09).

Synga at mi, <107d>

Intarpratatlona which wara alaboratad In tha couraa of a
flald trip to waat Clara, north Karry and tha Blackwatar
vallay auggaatad that tha daltaa at 75-90 a 0.D. naar
LIsaora (Including tha Ballyln daltaa) **wara laid down In

a laka froa outwaah darlvad froa MIdlandlan lea furthar
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north. This lakoLwas aoat Ilkaly [”™poundad by Irish Saa

lea at Toughal.”

South ot Tallow a dIfrarant gravai aarlaa waa ldantliiad
capping tha Vatargraaahlll watarahad. Thasa gravala wara
found to contain Oalway granita arratlea and wara
"Intarpratad aa kana tarracaa dapoaltad on tha rldga craat
aa It aaargad i1ron tha dacaylng lca ahaat at tha cloaa of
tha Kunatarlan Olaclatlon. Froat haaving la auch In

avldanca In tha uppar layara.”

Lawla <1970)

This papar conflraad Farrington®s <1047) obaarvatlon that
tha Knockaaaldowns raaalnad unglaclatad during tha
"Baatarn Oanaral Glaciation* although tha unglaclatad araa
waa auch aora raatrlctad than hltharto racordad. Lawla
daflnad tha uppar Halts of tha Nunatarlan glaciation at
around 390-3G9 a on tha basis of tha distribution of
Ilatatona arratlcs at tha aurfaca and In tha drifts. Ha
conaldarad tha Knockaaaldowns to hava baan aurroundad by
lea during this ganaral glaciation whlla clrqua/Zvallay
glaclara occupied tha north-facing hollows of tha high
ground (above 490 a O0.D. In tha valley which contains
Lough Xbylan at Its head). Subsequent cirque glaciation as
avldanoad by "aorphologlcally "fresh*™* cirque aoralnas«
was thought to hava extended down to 240/279 a 0.D. during
tha advance of Xldlandlan lea which was regarded as

taralnating In tha lowlandar, soaa distance to tha north of
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th« Knockaaaldown«.

Utctell <1070>

The tabl« allowing tha atagaa of tha latar Plalatocana in
Iraland and Britain <p.43> waa largaly baaad on that of
Xltchall at alJ. <1973). It Includad two naw ltaaa of
Intaraat to tha Vatarford auccaaalon:

1. Tha atratlgraphlc poaltlon of tha Ballyvoyla Till waa
raturnad to Ita pra-1973 poaltlon Indicating a poat-
Ballycronaan lea advanca of Inland origin, taraad tha
Ballyvoyla Loba. Thla loba waa parallelad by tha
Knockakaan Loba which advancad Into part of waat Vatarford
laaving tha Intarvanlng araaa unglaclatad and thalr Units
undaflnad (Flgura 2).

2. A radapoaltad fanur froa a woolly nannoth <B.
prijoignmDiusy from a cava at Caatlapook In County Cork waa
datad to 33,900 B.P. and waa Intarpratad as Indicating
Ica-fraa conditions In southarn lraland during tha aarly
stagas of tha mat racant glacial phaaa until nld-

XlIdlandlan tlnaa.

Finally, tha distribution of pravlously racordad, but
unrafarancad outcrops of subaargad paats or forasts
(Including sltas at Traaora, Dungarvan and possibly
Toughal In County Vatarford) was plottad and Intarpratad
AS avldanca of a post~glaclfal transgrasslon which occurrad

around 9,000 yaars B.P. (@igp p-94, Plgura 19).
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2.4.0. TIim LMt Dmoadm <1277-1Q67>

Th« last tan yaars hava aaan tha publication of ana or two
papara which coaMntad diractly on tha glacial auccaaaion
In County Vatarford. Apart lron thaaa fairly racant noval
1daaa, othar publicatidna baaad on work iIn tha adjoining
Countiraa Vaxford and Kilkanny hava coaa up with cartain
findings which hava i1aplicationa for tha intarpratation of

the Quaternary aadiaanta in County Vatarford.

Synga <1077>

In this chapter on tha coasts of Leilnster, Synge"s views
on tha glacial succession related back to a correlation of
tha Cahora beach %fith tha Courtsacsharry raised beach on
tha south coast (Synga, 1970a>. Accepting tha panultinata
Interglacial age for tha Kilbag organic sadisants, and
thair correlation with tha Vawtown peat which was regarded
as resting iIn turn on tha beach and raised rock platfom,
Synga was faced with tha question of tha age and
significance of tha stratigraphic position of tha
overlying Ballyvoyla/Bannow Till. Tha paradox of a till of
panultisata glacial age overlying younger interglacial
sarina sadiaants at soxm points and older pollan-bearing
dajxjsits of panultisata interglacial age at others (as at
Kilbag and Vawtown) was resolved by Synge"s sophisticated,
conprahansiva and challenging hypotheses.

y

Syxiga presented four different (and cospatibla)
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Int«rpr«tativ« nodal« to «xplain th« s”acial nucc«Mlon on
th« «outh coast of Ireland:

1. According to Syng« th« nornal glacial «ucc«Mion
between Cullenstown and Vood Village on the Vexford coaet
was characterised by the Bannow Till of penultiaate
glacial age which had been redeposited during the last
(Xidlandian) glaciation as a soliflucted unit to overlie
head and beach of last glacial and i1nterglacial age
respectively. <The western Unit of this Midlandian
advance of ice southward down the basin of the Irish Sea
was repositioned at Kilnore Quay. > This type of succession
was found to rest on an unstrlated aarine surface whose
surface had been nodified during the relatively higher sea
levels of the last interglacial or subsequent interstadial
and was typified iIn the exposures east of Ballynadder
Point. The position and age of both the till and the peat
at Vewtown were r«~interpreted and accounted for iIn terae
of this ''sluaped succession** aodel.

2. Only at Cullenstown, was the original Bannow Till to
be seen iIn mitu. Here, S3nge believed **that the present
coast now lies behind the old one, so that fresh till 1iIn
mitu is now being exposed.* (Synge believed that the
foraation of the *old* raised beach post-dated that of the
underlying platfora and that i1t paralleled the aodern
coastline 1.e. that It was not necessarily associated with
the erosion of the *pre-glacial * notch on the landward

aide of the platforn). The in mitu Bannow Till was seen to
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rmmt on a striatad platfora. Tha *old* baach i1n tha
viclnity of Cullanatown waa aaan to contain aany arratica
darlvad froa tha till and aaa ragardad aa bavins activaly
arodad tha till in prlaary poaition according to thia
"pbahind tha baach' aodal.

3. Tha third &canario anviaagad to axplain tha glacial
auccaaaion i1n County Vaxford involved tha Hook Haad araa.
Strlaa aara obaarvad under till iIn priaary poaition at tha
top of tha low rock cliffa. Tha abaanca of any aarina
aroaional or dapoaltional faaturaa waa noted. Synge
auggaatad that parhapa "thia li1aaatona plateau aubaldad aa
a block after tha foraation of tha rairaad beach.*™ <p.204>.
4. A fourth and final varaion waa put forward to axplain
tha coaplata abaanca of tha raraad baach on tha aaat ahora
of Vatarford Harbour and hence tha i1ZHpoaaibility of
aasaaaing tha atratigraphic ralationahip between i1t and

tha tilla aa at Brooahill and Stonewall.

Cullaton <197S>

SoiM quaationa of potential relevance to tha glacial
auccaaaion i1n Vatarford arlaa out of thia work on tha
linita and diractiona of ice novaaanta in aouth County
Vaxford. A north/aouth-alignad boundary waa found to
aaparata tha autually axcluaiva diatributiona of tha
drifta of Iriah Sea and inland origin raapactivaly.
Following Vatta <1990) and Colhoun and Mitchell <1071),
Cullaton viewed tha two i1ce ahaata aa panacontaaporanaoua.

Three unraaolvad quaationaylapinga on tha interpretation
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of th« Vatorford succaaailon. d

1. FlInt~rich gravala occur at Nulaontry In aoutli
Vaxford bayond tha liaita of tba Irlah Saa dapoaita. Thaaa
Kara claaaifiad on tha baala of arratlc contant and wmrm
intarpratad aa indicating i1ca-fraa conditiona to tha "at
of tha liadt. Horfavar thay sight alao hava baan
intarpratad aa having baan raworkad by aaltaatara froa a
alightly latar advanca of ica of inland origin. Thia
interpratation would ba aora in lina with pravloua
obaarvationa concarning tha auparpoaition of tha till of
Inland origin ovar that of Iriah Saa baain origin In araaa
to tha waat, aa at Dungarvan <Vright and Niiff, 1904).

2. Alao anigaatic 1a tha diatribution of tha Carnaora
granita arratica in tha axtrama aouth-aaat of County
Vaxford. Tha diatribution of tha arratica indicataa a
waat-north-waatward carriaga. Such a direction runa
countar to tha aroaional and dapoaitional avidanca
aaaociatad with tha till ovarlylng tha outcropa of Carna
granita and adjacent araaa. Striae with a north-north-
aaatarly orientation have baan recorded on rock aurfacaa
underlying thia till <Vright and Muff, 1004). While till
fabric analyaila carried out on tha contained atonaa alao
Indicataa a airallar direction of ica aovaaant <Stavana,
1959).

3. Tha third, and to vy aind, 1i1ncoaplataly explained
phanoaanon 1a tha occurrence of ainuta ahall fragaanta 1in

the till of inland origin at Cullanatown, Blackhall,
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St_Patrick*= and Dollar and Boolay Bays. Cullaton
axplainad tbs prsssncs of tbsss shall arratics by
postulating that tbay sara plckad up by soutb-bound lea of
local origin as i1t crossad tba Vatarford astuary and

Bannow Bay.

Colli] CIMI)

A study of soils on Kunstarian and Xidlandian drifts 1in
tha Suir vallay on tba north bank of tba rivar at Piltown,
County Kilkanny bigbligbtad an intarasting contrast in tba
natura of tba soils and of tba drifts as parant satarials
for tba ovarlying soils: "Tbha soils davalopad on
Kunstarian-aga drift ara ganarally sora acid and

podzol load than tbosa on tba youngar Xidlandian-aga drift
with tba axcaption of arodad and/or rajuvanatad araas."'
Tha drifts wars contrastad according to tba lithology of
tha containad pabblas and stonas. Tba Kunstarian-aga drift
appaarad to bava baan largaly darivad fros tba acid
volcanic rocks of aastarn and soutbarn County Vatarford;
wbila lisastona was tba pradoslnant constituant lithology
of tbha Xidlandian-aga drift. Tba forsar cosposition 1is
sonewbat surprising in viaw of tba diractions of 1ica
sovasant as i1ndicatad in pravious and background
litaratura concarning tba Plaistocana sadlsants iIn County
Vatarford. All pravious racords rafar to a soutb-aastarly
sovasant of i1ca In aast Vatarford wbatbar of Kidlandian or
Xunstarlan aga. Tbraa bypotbasss wara suggastad to axplain

tha ratbar anoaalous carria”™ of arratics ovar a distanca
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of 30 ka from south-aast™rn County Vatarford.

1. Synga auggaatad ra%«orklng of fluvial dapoaita In a
northward-flowing dralnaga ajrataa froa tha Vatarford
plataau <dua to glacial blockaga qg aouth-flowing atraaaa
by lea froa tha Irlah aaa> (paraonal coaaunlcatlon, 1980).
Hovmvar, aa Colllna polntad out, tha angularity of tha
aatarlal allltataa agalnat thla hypothaala.

2. A northwaatward axpanalon of lea froa tha Irlah Saa
aa Indlcatad by tha dlatrlbutlon of Carnaora granlta waa
conaldarad aa a poaalbla axplanatlon until Cullaton
eatabllahad tha waatarn Halt of auch an axpanalon at
Kllaora Quay to tha aaat, In County waxford.

3. A final axplanatlon waa conaldarad. Thla Involvad a
northward aovanant of lea froa tha Coaaragha, but aa
Colllna notad, **It would hava to hava novad In a larga
anticlockwlaa arc to pick up aubatantlal aaounta of acid
volcanic dabrla In aouthaaat Vatarford.” (Colllna, 1981,

p.107).

Synga <1981>

Tha non-confornlat vlawa axpraaaad by Synga (1977) and
Varran (1979) wara furthar axtandad and raflnad In thla
brief papar on Quatarnary glaciation and changaa of aaa
laval In tha aouth of Iraland. Synga again quaatlonad tha
panacontaaporanalty of tha Ballycronaan and Inland lea
(Synga, 1977) and auggaatad that thara 'ara Indicatlona
that tha coaatal lea arrlvad conaldarably latar, aftar th«

\ 1
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dissolution of ths iInland ics.”" Hs raisad a nunbsr of
raasons i1n support of his intsrprstatlon:

1. Syngs sondsrsd whsthar tha till which aaala tha
intarglacial dapoait at Kilbag waa not i1n fact

aolifluctad, thua 1aplylng a panultiaata or
antipanultiaata glacial aga for tha dapoait dapanding on
whathar tha youngar or oldar aga intarpratation waa
appliad to tha undarlying intarglaclal dapoait.

2. Synga introducad yat anothar poaalbla [fifth, aaa
Synga <1977) aboval way of iIntarprating tha (to hla>
paradoxical auccaaaion: *At Vawtown, also in Co.

Vatarford, tha organic bada occur naar tha baaa of a
aarina cliff whara auch aluaping occura at tha praaant day
(Synga, 1977). Bvan if tha ovarlying till la In mitu
(Nitchall, 1948) ita i1dantification with inland ica rathar
than with coastal i1ca 1a a aattar of conjactura**. Ha notad
tha (alaoat) coig>lata abaanca of atriaa on tha
Courtaacaharry platforn batwaan (Marrjrvoa and Kllaora Quay.
Ha alatakanly quotad a sola aat of atriaa racordad at
bungarvan undarnaath ahally till (Vright and Xuff, 1904)
aa corroborating support for hia arguaant. (Synga waa
alatakan on two counts: Tirstly, tha atriaa rafarrad to
wars found undar till conaidarad by thasa authors to ba of
inland origin; aacondly, anothar aat of striaa waa
racordad undar ahally till naar Toughal, in County Cork.>
Tha abaanca of striaa waa thkan aa avidanca of glaciation
prior to tha foraation of tha Courtaacaharry baach. Vith

ragard to tha youngar Ballyc™ponaan ica, Synga aaintainad
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that tha '"coastal lea that laid down tha aarina tilla on
tha aouth coast, for tha momt part, would appaar to hava
bean waak 1n aroalva powar, aa in aoat placaa It aaraly
truncatad tha haad that aaala tha ralaad baach. In aoaa
localltlaa tha aarlna till paaaaa upwards Inég a local
atony till attributed to Inland lea froa tha north (Vright
and Xuff, 1904). But this Ballyvoyla till <Vatts, 1999)
nay. In part at least, represent a local facias of tha
coastal lea, derived froa tha local rock and pra-axlsting
drift. Further Investigation Is required to daaonstrata
whether this Is so, or not." <Synga, 1961, p.310>.

3. At Boolay Bay on tha east side of tha Vatarford
estuary In County Vaxford, Synge noted that tha 'stony
till bads Interspersed with layers of shelly aarlna till
have bean pushed against tha rocky coastline and daforaad
into a vertical position by sea lea." <p.309>. This
observation seam to be a little at odds with tha

previously noted weakness of tha erosive power of tha

advance of lea fron Irish Sea .

Thosas and SbMsrs <1982)

Vork on tha east coast In tha Screen Hills area lad to tha
conclusion that tha glacial sadlnants there ware
explicable In tariw of an advance, retreat and narglnal
oscillation of a terrestrially based Irish Sea Ice-sheet

during the late Xldlandlan glacial stage.
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2.9.

In all, mmvmn llthcxitratlgraphlc and ti«o bloatratlgraphic
units hava bssn rscognlsad aaong ths Quatarnary aadlMnts
In County Vatarford. Thasa includa tha rairaad baach which
iIs ovarlain at Vawto%m by silts and intarglacial paats and
In aost othar localitias, by tha ldxar haad. This haad is
ovarlain by Ballycronaan Till which 1s in turn ovarlain
(at Dungarvan) by Ballyvoyla Till. Tha intarglacial aud at
Kilbag, tha lower till and ovarlying haad at Vawtown ara
also raportad to ba ovarlain by tha Ballyvoyla Till. This
till is ganarally found to crop out at or naar tha surfaca
in aastarn and nqrtharn County Vatarford and is ovarlain
by an uppar haad. Finally, post-glacial subnsrgad paats
and forasts (not ganarally includad 1n tha stratigraphic

colunn) hava baan racordad balow HVX.

The bulk of tha saquanca haa baan traditionally assigned
to tha panultiaata intarglacial and glacial raspactivaly
(ICitchall at si., 1973). Alternatively, tha saquanca has
bean attributed with a last intarglacial and glacial age
respectively (Varran, 1969). Vhila Synga (1970a and 1977)
enviaagad a panultisata interglacial age for tha
brostratigraphic units, a penultisata glacial age for tha
Ballyvoyla Till unit, a last intarglacial age for tha
beach, and a last glacial age for tha Ballycronaan Till of

Irish Saa basin provenance.
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2.0. Iwmumm far Clarlfioatioa

The questions which srlss out of this dstailed review of
0
the literature

1. Vhat i1s the true origin,

include the following:
nature, and extent of

the Ballyvoyls till?

2. Is the Ballyvoyle till 1In mitUt sluspsd or a

reworked facies of an older till of i1inland

origin by a younger advance of coastal 1ce?

3. Vhat 1i1s the relationship between the Ballyvoyle

till and neighbouring/Zadjacent glacial and

interglacial deposits?

90



CHAPTER TURRE
NBTBQDGLOGT

3.1. Introductlcm

Investigational procedures were selected according to
their perceived, or anticipated, degree of usefulness iIn
determining the nature and extent of the "Ballyvoyle till*
and In differentiating it fros other neighbouring glacial
or unconsolidated deposits. Methodology and techniques
adopted to carry out this essentially stratigraphic
research project nay be divided into two major groups:

field and laboratory procedures.

3.2. Fisld York

3.2.1. Rsconnaisssnos Survey
A reconnaissance mapping programme was carried out to

Identify the basic stratigraphic units iIn the area in

1®79.

Initially, the object of the reconnaissance survey of the
coastal exposures to the east and west of Ballyvoyle Head

>mis to appreciate, establlshyand extend the findings of
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previous %<ork«rs In th« This work «ntallod th«
logging <In flald not«-books> of fact«« cbanga«,
charactarlatlcs of individual unita as ldantlfiad on tha
baaia of taxtural, atructural/aadlaantologlcal,
patrographic and arratic contant (including ghoatad
linaatona caata, whara appropriata). Tha natura of tha
contact batwaan tha unita diatinguiahad waa notad.
Ralavant Inforiaation waa aumaarily and ragularly racordad
(wharavar axpoaura allowad) on quartarad aactiona of tha
1:10500 aapa of tha Ordnanca Survay. Standard aquipaant
includad pick, apada, haanaar, knifa, hand lana»
conpaaa/clinonatar» 30 b tapa» TfTlapping caaa, aapa, Tiald
nota~book» pandi» watarproof aarkar» aaigpla baga, and 10%
di luta hydrochloric acid. Vail axpoaad aactiona wara
photographad and aaa”™lad for taxtural» and patrographic
analyaaa (@aa daacriptiona balow)» whila dianicton or

gravai fTabric analyaaa wara carriad out i1n tha fiald.

3.2.2. Datallad Skatchaa and Daacrlptiona of Bapoaui
Onca tha aaliant aadinantary units had baan i1dantifiad at
a nuabar of locations» a ayatanatic aurvay of tha coastal
aactions of County Vatarford» was undartakan to aatabliah
tha lataral axtant of tha units and thalr ralatlonahip to
aach othar and naighbouring dapoaits. This work which
involvad a flora datal!lad varaion of tha foraar approach
was also continuad Inland as daacribad abova (Saction

1.2.).
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All «xposur«« of glacial dapoalta wara notad and amainad
In datali. Alaoat avary aactlon ovar 2 m high waa mamplma
for fabric or labrlcatlon (In tha caaa of gravala)
analyala and patrographlc analyala, whlla tmnty aaaplaa
wara collactad for partida alza analyala (aaa balow).
Xoat axpoauraa aara craatad by ona of tha follo%fling
procaaaaa: Tluvial aroaion, tranchlng for aoll dralnaga
achaaaa, axcavatlona aada at building altaa and road
wldanIng/atralghtanlng projacta and quarrying for aand and
gravail or road aatalllng aatarlal. At critical altaa <a.g.
Vawtoan and VhitIng Bay), axpoauraa i«ara drawn to acala on
aquarad papar and ralavant Inforaatlon waa akatchad and

photographad whara poaalbla.

XorphoiMtrilc mapping waa aigployad wharavar tha aurfaca
axpraaalon of conatructlonal unconaolldatad faaturaa
warrantad attantlon. Glacial aroalon aa avldancad by tha
aurvlval of atrlatad aurfacaa and rochaa aoutonnaaa
faaturaa waa racordad. Surfaca dlatrlbutlon of arratlca
waa alao notad and aappad, although, aa will ba aaan
latar, aom (In placaa, aany) of thaaa ara conaldarad to
baan anthropoganlcally Introducad to tha araa aa

aanurlal apraada.
3.2.3. Fabric Analyala
tachnlqua waa aalactad aa ona poaalbla mana of

~"*=*n*ralnlng tha ragionai dlractlon of tha aoat racant lea
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mov«]Mnts as raflactad in tha glacial aadiaents to tha
east, waat and north of Ballyvoyla. Doubta about tha
thaoratlcal undarplnnlnga caat aoaa doubt on tha
relitability of ita ganaral iIndiacriainata application aa
an isolated indicator of forazr regional i1ca aovaaenta
(see below). However, given tha aalactiva application of
this technique, tha i1aplicationa of the raaulta of fabric
analyaia wars conaiderad valid, particularly aa they wars
used In conjunction with coigplaaantary techniques such aa
distribution of erratics, striae, carry-over of pebble
lithologies, grain-size analyses and consideration of

glacially-derived mrphology.

The technique was also selected as a neana of
distinguishing between glacial deposits 1In mitu and those
whose fabric has been poat-depositionally realigned
parallel to the aaxiaua topographic slope by periglacial

gelifluction.

Theoretical Background

The fact that the aajority of the long axes of clasts In
till display a preferred orientation has long been noted
(Killer, 1890; Holms, 1941 etc.). It was realised that
nany fabrics displayed both parallel and transverse aaxim
with respect to inferred directions of ice aovemnts
(Boulton, 1971; Dreinanis and Vagners, 1972; Lindsay, 1970
etc.). Bvenson (1971) concludes that the genesis of

organised fabrics inlbasal tills 1s related to shearing of
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partlcIM in a flowing aadlua with raspact to aach othar
and tha i1ca/tlll i1ntarfaca. Obviously atraasaa In tha
daposltlonal and poat-dapoaltlonal anvlronaant ara of

paraaount lig>ortanca In datarsinlng tha raaultant fabric.

A ravlaw of tha lltaratura auggaata that at laaat four
broad glacial dapoaltlonal anvlronaanta aay ba aaaoclatad

with tha production of organised fabrics:

XacClIntock and Dralioanla <1004> noted that fabric
subaaquantly overridden by lea of continental thickness
can bacosa reoriented parallel to tha direction of tha
Dost recant lea aovamant up to depths of approxisataly 10
a along up¥«ard curving shear planes as displayed at tha

narglns of aany lea sheets.

Banhaa (1960) reported that transverse and parallel
fabrics could ba related to two different defornatlon
styles In two tills at Xundesley, Vorfolk: Till which had
been subjected to open folding was associated with fabric
aaxlna parallel to the direction of lce sovesent, and
noraal to the fold axis. These fabrics were attributed to
lanlnar shearing along the llnbs of the folds. Tightly-
folded till, on the other hand, %@as associated with fabric
saxlBa parallel to the fold axes and norsal to Inferred

Ice Bovesent. These preferred clast orientations were
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explain«d as balng dua to rotational axial planar shaaring

In tha fold noaaa.

¥h IS flcnm/1
Parallal oriantation of fabric by viscous flow In ahaaring
ica 1s suggastad by Gian, Donnar and Vast <1G57>. This
thaory i1s alaboratad by Bvanson <1071) to suggast that
flow occurs within basal i1ca along upward- curving ahaar
xonas in araas of low praaaura dua to tha axistanca of
aub-glacial praasura gradlants. Rasultant fabrics in basal
tills display strong parallal, and waakar transvarsa
saxina associatad with protractad flow (Kauranna, 1GdO;
Harris, 1071 ate.). Bvanaon also racordad an associatad
up-glaciar plunga of tha long axis of individual clasts or
bouldars. This up-glaciar plunga i1s notad by Vright
(1997), Boulton (1971) and othars.

Inharltad tactonic structui froB parant K
Harrison <1997) suggastad that fabrics in anglacially-
darivad dabris rasult fron and ara inharitad froa original
tactonic shaaring of tha parant i1ca as iIn a basally-
darivad aalt-out till. Tha survival of this typa of till
Intact i1s thought to ba a ralativaly rara phanoaanon

CBoulton 1996).

Oriantad fabrics la surfaoa ablation tills
Tha survival of oriantad fabrics associatad with flow

tills ralatad to ablation axyl surfaca slopa is thought to
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b« nuch worm camon (Boulton. 190B; 1971>. Fabrics froa
supraglaclal flow/ablation tills will tbsrsfdrs, sost
probably, not rsflsct torwmr directions of regional ice

Boveaents.

SuMsry

Of the al>ove types of till, therefore, only those derived
froa subglacial depositional processes (intact
englacially-derived aelt-out tills being rarely preserved)
and those subsequently overridden, will produce fabrics
with naxiaa parallel to the last phase of i1ce aoveaent in

the area.

Distribution of saaple sites

Till fabric analysis as described by Andrews (1971) was
applied to eighty saaples largely on a single saaple per
site basis (usually, at least one per 15 ki™). Vhere
facies changes had been noted on the basis of field work,
each facies was sai”™>led. Several saagples were taken froa
individual facies at critical sites such as Fewtown. Sites
where post~depositional processes aay have been active
were also saapled i1n order to ascertain whether the
preferred orientation of the contained clasts was

influenced post-depositionally by local rock slopes.

Method

The vertical face of each exposure was cleared. Clasts
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were selected froa a restricted area/shelf cut iInto the
cleaned-up face below aodern or perlglaclal disturbance.
Sites lying adjacent to large boulders visible 1In the face
of the exposure were avoided, as were clasts which were
not separated froa each other by at least a thin fila/skin
of aatrix. The orientation and plunge of the *a* axis
(axis noraal to the *b* axis, which was taken as the
mxi1aua plane of projection) were aaasured using a
coig>a8s/clinoaeter. The characteristics of fifty clasts
were recorded at each site. Clasts which had an a/b ratio
of 2:1 and whose long axes aeasured between 6 aa and 120

un were selected.

Presentation of data

Fabric data is presented iIn the fora of rose diagraas. The
percentage of clasts in 10® class iIntervals starting at 5®
Is portrayed. The resultant aodality indicates foraer
lines of i1ce aoveaant. A directional sense of ice aoveaent
iIs rel1ably conveyed only when other lines of evidence
such as erratic carry-over etc. are considered as plunge
Is not consistently up- or down—glacier (as inferred).
Strength of aodality is tested statistically according to
vector analysis as described by Curray (1050) where vector
aean and standard deviation are calculated. This data 1is

presented in tabular fora and on individual rose diagraas.

3.2.4. Orsvsl Fabric Analysis

This technique was applied 1™ a aanner very siailar to
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that d««crlb«d for till fabric analysis <Rust, 1979).
FIftaan sasplas wars collactad from tsslva sitas. Tbs
tachniqua sas sainly appllad to isbrlcatad para-
horizontally baddad gravals of glaclofluvlal origin to
ascertain directions of palaocurrants <Rust, 1979 and
others). The orientation and dip of the a/b plana of
Inbricatad dlscoldal clasts with a:b:c ratios of 2:2:1
ware recorded. Observations ware confined to clasts with
long axes longer than 3 cm to avoid scatter or "noise*.
Stones whose dlpe did not lie between 9 and 89" ware
omitted as their direction with respect to the paleo-
currant direction could not be reliably determined. Sample
size averaged 29 stones. This Inforsatlon Is presented In
tabular fora. Data Is visually presented as points plotted
on directional plunge rose diagrams. Data was also
subjected to vector analysis as described above CCurray,
1950). The resultant vectors are Interpreted as Indicative

of former paleocurrents In streams Issuing from nearby Ilce

3.2.9. Aerial Photogrmite

Several fTlights of aerial photographs at the 1:10000 scale
exist for the coastal areas of County Vaterford (available
for consultation at the ((Jeologlcal Survey of Ireland).
These were used In conjunction with field work to map
erosional and constructional glacial and perlglaclal

morphology.
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*2»3*

Th« bor«hol« records In th« Ground«at«r S«ctlon of th«
Geological Survey were coneulted to gain som Insight Into
the depth of unconsolidated sedlsents. The sajorlty of
these records consist of returns sad« for the drilling of
wells. As such the level of classification of the
unconsolidated naterlal Is rudlsentary. The records for
County Vaterford Included Inforaatlon relating to over 527
points which are located on a townland basis only. Depths
were plotted on a 1:250,000 scale aap of the county and
provide a generalised lapresslon of regional depths of

eurflclal deposits.

In the absence of sufficient exposures, local knowledge,
derived fron well-digging and quarrying for sand and
gravel, was used to distinguish between features coiqgposed

of solid rock and constructional glacial landforas.

Logs of boreholes drilled In the course of alning
exploration (lodged In open files with the Mineral
Resources Division of the (Q«ologlcal Survey) provided
additional Inforsatlon about 100 localities

(approxlaately).

Further Infornatlon about depths of surficlal
unconsolidated sediments was based on borehole records
relating to major construction projects In the Dungarvan

/
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ar«a <g*n«rou«ly supplied by Vaterford County Council).

Finally, slInisua depths sere indicated in the logging of
the shallow 1.7 a trench dug for the laying of the
Vaterford gas pipeline in the north of the county <logs
held In the Quaternary and Geophysical Section of the

Geological Survey of Ireland).

3*3. Laboratory Work

3.3.1. Particle Siss Analysis

This technique was used on a restricted basis In order to
establish a gquantitative basis for observations which had
previously been aade qualitatively i1.e. the strong
contrast between the tills of Irish Sea and inland origins

was already widely recorded (Vright and Muff, 1904).

Theoretical Background

Given the well established variablility in granuloaetric
characteristics within and between tills, the liaitations
In the application of textural paraaeters as an isolated
distinguishing factor in till differentiation are
S™nerally acknowledged (Krunbein, 1933; Shepps, 1950;
XcGown, 1971; Boulton, 1971; Dreinanis, 1970 etc.). A few
broad generalisations about till granuloaetry sees to be

N11 established:
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1 Ttexturally, ablation tills airs sors varlabls than
basal tills of ths saaa stratigraphic unit (Drsisanis,
1970). Thsss tills say bs dsplstsd of finss by surface
winnowing aaltwatsr, or anrichsd in finss by rsdsposition
procsssss (Boulton and Paul, 1070).

2. Lodgement/basal tills and tills derived relatively
intact from englacial positions within the glacier system
by means of melt-out display relatively straight line
frequency curves due to maximum mixing of all grades and
lithologies (Dreinanis and Vagners, 1972).

3. Bi-modality in the clast and matrix sections of the
frequency curves 1is associated %rith mono-mineral ic content
I.e. predominance of one lithology (Dreimanis and Vagners,
1972). According to this premise, the proportion of fines

should increase down-glacier due to comminution processes.

Sui

Prom a consideration of the above observations i1t would
seem that the granulometry of a given till is explained 1in
terms of constituent lithologies and glacier mechanics.
Given the high degree of potential variablility in both
factors, the use of this technique as a basis for till
differentiation per se was considered to be very limited
and hence was not applied extensively throughout the

research.

1thod

Sixteen samples from multifac/ies sequences were analjrsed.
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Th« saapl«s «Mr« processed according to Irish standard
procadurs <I.S. 5:1974). lon-gravsl sasplas sér« first
hrokan up by hand and drl«d In an slactrlc ov«n at a
tenparatur« of I0S?"C. Tha saaplas sara than dry slavad and
aalghad down to 40 slcrons. Silt and clay fractions <b«low
40 nierons or .04 nn> war« datarnlnad by tha plpatta

nethod (according to tha I1.S. 5:1974 nathod).

Prassntatiem of data

Fractions war« calculatad as parcantagas of tha total
walght of tha natarlal raxaalning on tha 37.5 am «lava.
They ware than plotted as cunulatlve frequency curves on
sent-logarlthnlc .graph sheets. The finer fractions of the
data (below 2 am) are also presented on a clay-sllt-sand
ternary diagram as a visual aid In rapidly sunaarlsling
data characteristics (Kruabeln, 1933; McGown, 1971 etc.).
Thus having established general grain size envelopes for
the various dlanlctons, these are used as an aid In
distinguishing between dlanlctic facies which display
elements of both types as ldentified In the field. The
nature of the granulometry of the various sediments
identified Is considered and forms part of the basis for
con™“rlson with findings of others as reported In general
discussions relating to genesis of dlamictlc
characteristics and for correlation of the sediments with

others outside the area Investigated.
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3.3.2. Patragrmpklc AMily«l« OStOM Coumt«>

This tschnlqus, as usad In ths Quatsmary Ssctlon of ths
Gsological Survsy of Irsland, %as sslsctsd as an aid In
tracing spatial/latsral and vsrtlcal trsnds within ths
surfacs glacial/pariglaclal dsposlts as prsvilously
Idsntlfisd on a qualltatlvs basis as a rssult of flsld
obssrvatlons. This analysis of ths pstrography of ths
phsnoclasts provldss a basis for ths diffsrsntiatlon of
ths various stratigraphic units rscognlssd within ths arsi

(Varrsn, In prsss).

Thsorstlcal Background

Tarlatlon In ths lithological contsnt and granulonstric
paraastsrs In till nay bs Influsncsd by ths subglacial
surfacs, undsrlylng solid gsology, and glacial sroslon,
transport and dsposltlon (Drslnanls, 1970 stc.>.
Progrssslvs coamlnutlon and abrasion at ths bass of an
tsapsrats les shsst rssults In ths rsductlon to Isss than
O. IX In ths frsqusncy of occurrsnes of clasts of any
lithology ovsr a distanca of 39 ka (Goldthwalt, 1971). On
ths othsr hand, satsrlal which Is transportad
supraglaclally or snglaclally say survlvs Intact for
hundreds of klloaetrss. Bnglaclal satsrial say also bs
prefersntlally dsposltsd on aodsratsly high ground
(Shuts, 1970). Thus ablation till (as oppossd to
lodgsaent till) say contain”™proportlonatsly sors far-
travel lad satsrlal and say bs found on hlghsr ground or

higher In ths stratigraphic ssqusncs assuming an
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uncozBpllcat«d phas« of daglaclation. Hoi*favar, In zonas of
conprassad flow wbara basal satarlal is avacuatad to an
englaclal position, tbs abova distinction in lithological
content will not ba apparant (Draka, 1971). Tharafora
variation in pabbla lithology say ba partially azplainad
by rata of survival of individual clasts, and thair soda
of anplacamsnt within tha glacial systan, soda of

transport and nods of daposition.

liethod

Tha techniqua i1nvolvas tha washing, slaving.
Identification and counting of approxinataly 400 pabblas
of the total nuabar which hava passad through the 11.2 aa
aesh sieve and which have raaainad on tha 5.0 aa aesh
sieve par site saaplad. Tan lithological types were
recognised: liaestona, silicifiad liaestona or chart,
sandstone, congloaerata, quartz, granite, acid volcanic,
basic volcanic, shale, and flint for each of tha 104
saaples. Tha results are presented iIn tabular fora

(Appendix O>.

Praaantation of data

It was attaaptad to group tha data statisticallly
according to cluster analysis (Orlocl and Kankal, 1983).
The results of this procedure are suaaarisad for visual
appraisal in dandrograa forfi. Tha data are also presented

in a siaplifiad and generalisad collapsed version on
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ternary dlagraas to lllustrata tha natura of variation In
pabbla contant of tha natarlala aaaplad (alngla aaapla par
alta/facias basis) and tha variation In carry-ovar of

arratic Ilthologlas.

a*3*3*

Although not saasurad dlractly, a ralatlva Indication of
tha dagraa of stonlnass Is provldad (rsfarrad to
Informlly throughout tha taxt) by tha absoluta nusbars of
atonas countad par saspla. Thosa sasplas whara lass than
400 pabblas wars countad and ldantlflad for tha purposas
of lithology analysis raprasant tha total prasanca
of stonas In tha antlra sanpla. Occasionally, nora than
one 9 kg saigrla was raqulrad In ordar to ganarata a
sufflclant quantity of stonas sultabla for statistical
analyses. Such Instances are clearly Indicated throughout
tha taxt and most comBonly relate to tha processing of
sanplas froa tha relatively stona*~fraa dlaalcton of Irish
Sea basin provenance. Tha degree of stonlnass Is
Intarpratad as an Indication of tha Ilthlc or non-l1lthlc
origin of tha glacially deposited aatarlal and thus serves
to highlight tha contrast between tills of different
origin, although It Is never used as a differentiating
Indicator In Its own right <saa discussion of background

theory for particle size analysis above).

10TB: Tha application of slcrofabrlc anal]rsls was

considered Inappropriate owl|”™ to tha general high dagraa
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GLACIATIGV AID DBOLACIATICW - PBQLOOICAL BV IDKKB

4.1. Introdyctlon

This chapter loolnt minly at tha aorpliologlcal avidanca
for glaciation and daglaclatlon In tAa araa nappad.
Altitudinal lea llalta and dlractlona of aovaaant or
ratraat arm aatabllahad on tha baala of arratlc
distributlona, dapoaltlonal and aroalonal glacial and
glaclofluvlal faaturaa. Tha Infornatlon raaultlng froa
thla gaoaorphlc Invaatlgatlon la than coablnad with tha
raaulta of tha stratigraphic approach adoptad In tha
auccaading chaptara to ldantlfy and nana tha various
facias dlIstlngulshad aaong tha unconsolldatad sadlaants of

County Vatarford.

4.2. Glacial Brcaslon and Daposltlon

4.2.1. Glacial Broslon

Strlaa

Strlaa have baan racordad on at laast 42 badrock surfacas
In tha araa aappad. Tha vast aajorlty of thasa horizontal
o parahorlzontal surfacas ara outcrops of Davonlan

aandstonas. Tha aastafn strlka ara atchad Into addle
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volcanlc surfac«« and i1ncludad quartz valna. Only ana aat
la racordad on a diorlta outcrop in tha vicinlty of

Cullancaatla.

Tha north/aouth trand i1n oriantation of tha atriaa is
brokan only by thoaa atriaa which ara locatad at
ralativaly high altitudaa (uaually abova 000 m O.D.> at
tha haada of tha Xahon and Coualara vallaya iIn tha
Coneragh Nountaina. A faw sata of atriaa ara racordad at
Intaraadiata haighta. Thaaa atriaa ara alao locatad within
tha Coaaragh vallaya and ara alignad parallal to tha
vallay aldaa. Tha raaalndar ara locatad on aurfacaa lying
at or balow 100 a 0.D. Tha highaat of thaaa occur iIn tha
Ballynaault Gap and on tha Drun Hills to tha aouth. Thia
lowar group diaplaya a fairly conaiatant north/aouth trand
which In aany placaa cuta right acroaa tha atructural

grain of the underlying bedrock.

Dracuaaion

Tha pattarn of atriaa, i1n conjunction with ica aouldad
aurfacaa 1a indicative of foraar glaciation froa north to
aouth iIn tha area aappad. It would appear that thia
glaciation aztandad right to tha coaat iIn both aaatarn and
waatarn halvaa of tha county. Apart froa tha atriaa
racordad by Vright and Xuff to tha aaat of Dungarvan, only
one other aat of atriaa waa racordad on tha raiaad ahora

platfora 1taalf <Vright and Xuff, 1904). Thaaa atriaa ara
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located Mar tha aastarn boundary of Ballyaallnan townland
undar dlaaicton which haa a calcaraoua and allty aatrlx
and which contaiM ahalt fragaanta, and flint, chart and
volcanic arratica. Tha prafarrad oriantation of tha
containad claata yialda a north-waat/aouth~aaat alignaant
<Vo.54> i>arallal to that of tha vallay whoaa south 1a
infillad with tha plug of diraaicton. Howavar it 1a
1apoaaibla to infar froa thia baaia alona whathar tha
diaaicton waa dapoaitad by ica of northarn or Iriah Saa

basin provananca <aaa Chaptar SiXx).

Tha atriaa on tha raiaad platfora at Bayviaw to tha aaat
of Dungarvan which wara racordad by Vright and Muff
undarlia a diaaicton vary aizdlar to that at Ballyaalinan
(Vright and Muff, 1904). Thaaa authors conaidarad tha
dianicton to ba tha local "0.S.S. bouldar clay”™ of Inland
origin. Maarby outcrops of tha saaa diraictic unit yiald
fabrics with aast/west alignaant (Mos. 4 and 70) (saa
Chaptars Six and Savan). This alignaant i1s quits at odds
with tha north/south diraction of tha striaa. Howavar a
north/south prafarrad oriantation of tha containad clasts
Is displayad In a daap saction iIn diaaicton at
Ballynacourty lighthouse further south (Vo. 1). This
diraction i1s also generally airrorrad by tha striaa near
HalVick Head on tha south sida of Dungarvan Bay. Thasa
data probably raprasant an early aovaaant southward of ica
of inland origin. A later aast/wast aovaaant of ica iIn tha

area to tha east of Dungarva”™ i1s probably indicated by tha
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fabric analysas rsfsrrsd to abovs <sss Chaptsr Ssvsn).

Th« coiQ>arativs abssncs of strias on tbs ralssd shorn
platfora has prsviously bssn sxplainsd as bslng dus to
post-glacial sarins sroslon <Orss, 19dd>. It has glso bssn
intsrprstsd as bsing dus to non-glaciation of ths south
coast sines ths rs-cuttlng of ths raissd shorn platform
according to Syngs*s "sluapsd succssslon” sodsl (Syngs,
1977), or, sors rscsntly, to ths non-srosion of strias by

latsr "coastal les” <Syngs, 1981).

Ths only sxcsptions to this aodsl which could allow for
ths survival of strias on ths ralssd shorn platform wars:
1. whsrs ths modsrn bsach is now backsd by an In mitu
till ssqusncs of northsrn provsnancs which according to
Syngs actually lay out of rsach of srosional marina
procsssss during ths dsposition of ths raissd bsach, as
sxsmpliflsd by his "bshind ths bsach'" Intsrprstation of
ths Cullsnstown succsssion (Syngs, 1977).

2. or whsrs ths strlatsd Ilmsstons block of ths Hook
Hsad arsa with Its mantis of In mitu till vas thought to
havs subsidsd aftsr ths formation of ths raissd bsach
according to Syngs®"s ''subsidsnes aodsl'™ . This aodsl was
partly bassd on ths abssncs of marins fsaturss iIn ths
arsa.

/

Howavsr nsithsr of thsss aodsls could bs appllsd
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IndiscriMIinatAly to aroao furthar «fast iIn County
Vatarford. Tha striatad raiaad platfora at Ballyaallnan,
for axag>la, la coapoaad of Davonlan sandatona and la
currantly aubjactad to aarlna aroaion. Tha ovarlylng till
la ragardad aa in mitu for tha following raaaona:

1. Tha draaicton haa a aaaalva aatrix-aupportad
atructura which containa glacially abradad claata
Including arratlca.

2. Although tha containad claata ara orlantad north
waat/aouth aaat <320™>, alaoat parallal to tha aaximm
topographic alopa (319>, thia orlantation 1a alao airailar
to that of tha north-waatarly/aouth-aaatarly trand
dlaplayad in tha axpoauraa of ailty, ahally dianlcton to
the west <Ma Chaptar Six).

3. Tha prafarrad dip of tha a~axaa of tha aodal claaa 1a
dividad batwaan a north-waatarly (34%) and a aouth-
eaatarly (&dX> diraction. Thia typa of dip pattarn ia
conalatant with that of lodgaaant tilla (Bvanaon at ai. ,
1977). 1t 1a not conailatant with that noraally aaaociatad
with galifluction procaaaaa CVataon and Vataon, 1970,

Varran, 1967a).

Tha till auat tharafora poat-data tha fornation of both
tha underlying head and rairaad beach unite which raat on

tha rairaad ahora platfora.

Thus tha quaation aa to whether tha "Ballyvoyla till*™ on

tha aouth coaat of County Vatarford rapraaanta '"'a local
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facl«8 of thm coastal Ics", as suffgastsd by Syxigs (1961),
rsaalas unansssrsd for ths coastal sxposurss of uppsr

sandy stony diaadcton bstsssn Ballyvoyls Hsad and Toughal

Polishsd and plucksd surfaces of rocky knolls ssrs noted
on the O* 0.S. naps and field notebooks In the course of
field work. These features were largely confined to the
Lower Palaeozoic acid volcanic outcrops in eastern County
Vaterford, particularly around the Ballyscanlan Hills, and
to occasional Devonian Old Red sandstone outcrops in the
western half of the county, especially to the south of the
Ballynaault Gap. They are usually restricted to altitudes
below 120 n O0.D. i1n western County Vaterford and 90 a 0.D.
In eastern County Vaterford. Xany of the surfaces,
particularly in western County Vaterford are exposed 1in
areas where intsraittent glaciofluvial gravel deposition
has taken place. There is some possibility that these
surfaces are remnant glacial features in a landscape which
iIs essentially characterised by glaciofluvial deposition

associated with déglaciation.

The general trend consists of clearly polished surfaces at
the northern end, and plucked surfaces at the southern end
of rock outcrops which appear to have been streamlined in

a north to south direction <Figure 7>.
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4.2.2. Glacial Dapoaitioa

Tha dlatributlon of diaalcton throughout tha araa aappad
In County Vatarford aaaaa to ba largely confined to valley
bottoaa and aabaynanta. Shallow atony diaalcton aantlaa
tha aurfaca of tha Sathgoraack plateau and Intarfluvaa In
tha Drua Hllla. Thaaa ahaata of dlaaicton do not generally
provide notable aurfaca relief In any of thaaa localltlea
as they tend to drape tha underlying aolld rock aurfaca
which la In placaa deeply dlaaactad, particularly In tha

aaatarn half of tha county.

In tha few laolatad cases where dlanlcton crops out at tha
aurfaca In a landscape characterised by glacial
daposltlonal features, It Is seen to drape underlying
features coaposed of glaclofluvlal gravels which provide
the Initial surface relief. This type of Morphology Is
partliculaurly evident In the townland of Ballylenon Lower
where a thin dlaalctlc unit drapes glaclofluvlal terraced
and deltaic gravels which were deposited at the point
where the Colllgan River debouches onto the Carboniferous

Ilaastone plain northwest of Dungarvan.

The other exception where dlanicton provides surface

relief la In the arcuate valley and cirque aoralnea on the
east and west aides of the Coaeragh Xountalna <Flgure Ib>.
The cirque aoralnes tend to fora a cascading aeries within
each valley with as few as one Increaent <. Xbhra) or as

aany as thirteen separate depbsltlonal phases CCouaaahon).
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Morphologically the outeraost discernible moraines in the
Her and Mahon valleys appear to have slightly post-dated
the deposition of diaaicton of northern provenance (see
Chapter Seven) as both of these outeraost aoraines contain
very occasional erratics from the surrounding lowland and
retain reisnants of distal slopes, although these latter
are quite dissected In parts by current fluvial activity

(Figure 17).

The comparative absence of glacial depositional features
in County Vaterford has traditionally been explained by
the assignation of the formation of the tills to the
penultimate glacial and to their subsequent gelifluction
during the last glaciation (Charlesworth, 1929; Mithchell
1973). However the comparative absence of glacial
depositional morphology may In fact be related to the
operation of glacial processes which differed from those
which were characteristic of the Carboniferous limestone
lowlands to the north of the River Suir. The hilly and
mountainous topography south of the Suir valley, which 1is
associated %fith underlying changes in geology, presents a
complete contrast to that further north (Varren, 1987a).
Given this contrast iIn topography and the frequency of
glaciofluvial gravel deposits to the east and west of the
Comeragh Mountains, 1t is far more likely that the glacial
element i1n the surface relief is related to the relative

importance of glaciofluvial” processes associated with
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déglaciation of a northérly ratraating ica ahaat and tha
coaparativa waaknaaa of glacial aroaional (and tharafora
dapoaitional) procaaaaa i1n upland tarrain at tha diatal
Kurgina of a aouthward advancing icaahaat of lowland

provananca </incant, 1909>.

Altitudinal Lindta of Glaciation

Bvidanca for tha nininua haight attainad by i1ca in tha
araa nappad la largaly baaad on tha naxlnun altltudaa at
which various arratlca wara notad in tha fiald. Thaaa
arratica occurrad ao raraly that thair praaanca failad to
show up In tha patrogaphic aang>las fron naarby outcrops of
dlanicton. This approach is baaad on tha assunption that
arratic contant 1is unifornly distrlbutad throughout tha
transporting aadiun of tha advancing ica shaat and that
dapositional procassas also raflact such a distribution.
It is wldaly acknowladgad that naithar of thasa
assunptions rasanbla arratic distributions as obsarvad in
currantly glaciatad araas (Boulton and Paul, 1970).
Tharafora tha rasults froa tha arratic distributions ara
ragardad as indicativa of tha ainiaal lavais attainad by
glacial action of lowland provananca. Thasa rasults ara,
wharavar possibla, backad up by support!va avidanca auch
as Units of arosion and/or daposition of subangular

clasts and/or till.

Tha possibility of radistrlbution of arratics by a

subsaquant novanant of i1ca 4ay undarnina tha usa of
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erratlc distributions as an adéquats basis for the
investigation of altitudinal Units attained by a
particular lIce sheet. This factor Is probably of relevance
in the Investigation of flint erratic distributions close
to the south coast where more than a single novenent of
iIce has already been Invoked to explain variation In the
petrography of the phenoclasts In the tills fron this

locality.

It Is also recognised that Units based on this criterion
alone (distribution of erratics) nay be slightly
underestlnated because of subsequent novenent downslope
due to gellfluctlon processes. Evidence of forner
perlglaclal activity Is very restricted throughout the
area napj>ed In County Vaterford. Constructional features
associated with gellfluction appear to be confined to
patterned ground at the sunnlt of the Comeragh Kountalns
(Saul, 1974), high level gellfluctlon terraces above 300 n
0.D. on one or two south-facing slopes, plngold features
in relatively lowlylng areas associated with restricted
drainage (Figure 19) and the accunulatlon of *pre-glacial”
(Vright and Kuff, 1904) head deposits at the coast.

However resulting discrepancies between present and forner
erratic distributions are reckoned to be of a minor order
due to the aerially restricted nature of the perlglaclal
features. The extent of ugderestimation Is also minimised
by the fact that erratics may become trapped on flat areas

of slopes less than.5® on Stepped terrain where
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gravitational slope forces are practically negligible
(Villlaas, 19Q1>. In areas of aountalnous terrain Wherg.
napped landnarks are sparse, location of erratics Is

approxInate as are the resultant Units.

Erratic Distributions

The areas which were nost closely examined for altitudinal
distributions attained by various erratics were the
northern and southern foothills of the Comeragh Mountains
and the Drum Hills. Limestone and chert erratics Y%ere
observed at the northern end of the Coneragh Mountains.
Occasional flint and granite erratics were also observed
In this area. The granite erratics were usually confined
to gravel deposits at lower altitudes. Flint erratics were
occasionally observed along the southern slopes of the
southern foothills of the Comeragh Mountains, while flint,
chert and volcanic erratics were fairly abundant In the
Drum Hills area. Shell fragments were very occasionally
found In association vrith the latter suite of erratics In
dlamlcton at slightly lower altitudes In this area also.
Granite erratics were fairly common In the tills along the
Vaterford Harbour sections. Very rounded granite cobbles
with pink feldspars probably from the Galway area were
confined to the gravel deposits In the Blackwater valley

around LIsmore.
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VortIMrai Altitudinal Liadta of Glaciation

On th« baala of aroalonal avldanca <8triaa> tha atniaua
uppar Halt raachad by tha lea of northarn provananca In
northern County Vatarford was approxlaataly 180 a O.D.
south of Ballynaault on tha wastarn slda of tha Coaaragh
Kountalns iIn tha townland of Knockacaharna. Howavar,
dapositlonal avldanca basad on tha prasanca of occasional
silicifiad liaastona arratlcs obsarvad at tha surfaca in
tha to%mland of Glanpatrick on tha northarn slopas of tha
Comaragh Mountains indicates glaciation up to an altitude

of 420 B. 0O.D.

However, careful use must be nada of chart or liaastona as
Indicator erratics iIn this area because there is ample
historical evidence referring to tha practice of
collecting aanurial limestone boulders and large pebbles
"for tha purpose of being burnt for lime** <Du Voyar,

1885). This fact was supported by Tield observation of
rounded limestone clasts at tha surfaca in loany ploughed
Tields and their total absence from nearby cMictions. In
fact two pieces of flint erratics were also found at tha
surfaca in association with surfaca limestone erratics on
tha northeastern slopas of tha Comeragh Mountains in tha
townlands of Poulavona and Kilbrack. This latter find was
associated with clearance of an old stone wall field
boundary. Therefore tha distribution of limestone and
associated erratics was, basad on their prasanca iIn section

rather than at tha surfaca “"thin tha cultivated zona.
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However at hlghar altitudas, as in the case of the
silicified liaestane erratics in Glenpatrick, surface

occurrences were also noted.

Silicified linestone erratics are not generally
encountered In section with any notable degree of
frequency above 300 m O.D. i1n this northern area and on
the Curraheenavoher ridge on the northwest side of the
Coilaeragh Mountains. Ice of northern provenance abutted
against the northern foothills of the Comeragh Mountains
up to at least 300 n 0.D. The central mountainous spine
caused the ice stream to bifurcate. Both streams advanced
southward through the lowlands on either side until they

passed off the south coast.

On the east side the general level of 300 m O0.D. seems to
have been maintained by the southbound i1ce as evidenced by
the presence of silicified limestone erratics iIn section
up to 270 m O0.D. on the eastern slopes of Deelish

Mountain. A single flint and a volcanic erratic were found
at the surface at still greater heights around the 300 m
level iIn the same area. These erratics, normally
associated with 1ce of Irish sea basin provenance, may
have been redeposited by the i1ce of iInland origin. This
would also explain the clayeyness of the diamicton in the
area. Stone-fronted gelifluction lobes occur occasionally
at heights above 300 m O0.D. 1n the same area. This same

southbound 1ce stream seems\o have crossed southwestward
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over Ballynacourty Point as iIndicated by the striae at \
Bayview and fabric analyses <Vo. 3, Figure 8>. It probably
continued lts advance southward to erode the north/south

oriented striae on Helvlck Head at altitudes between 55 m

and 80 n 0O.D.

Ice limits on the western side of the Coaeragh Mountains
were less easy to define on the basis of sillclfled
limestone erratic distribution owing to Its comparative
absence from the sediments to the south of Ballynamult
(. 102, Figure 28>. Small amounts of chert erratics vfsre
recorded In a shallow, Hlocally derived, angular Devonian
sandstone-domlnated hill slope deposit near the striated
rock surface at Knockacaharna at 180 m O.D. Sillclfled
limestone erratics were recorded along with rounded
Devonian material further south, at the surface. In
Ballyknock Upper townland on the northern side of the
Carboniferous Dungarvan syncline above the 180 m contour.
They were also recorded at somewhat lower altitudes
(around 134 m O0.D.) In section In the townland of

KIlgobnet nearby.

In the Drum Hills where the dlamlctlc cover Is so shallow
or poorly exposed In most places as to render a
distinction between till and sollflucted till Impossible,
chert or sillclfled limestone erratics are usually found

0

at or near the surface 1In association with flint and
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volcanic arratics. Occasionally thsss srratics ars
asbaddsd in a stony, silty/claysy calcarsous diasicton
which contains shall fragaants and crops out at thraa
placas on tha northarn slopas of tha Drua Hills
ovarlooking tha Dungarvan Carbonifarous synclina. Tha
distribution of flint arratics whan plottad saparataly 1is
aaan to ba largaly coincidant %fith tha 192 a contour 1n
this araa (Quinn, 1904). Vhan plottad with silicifiad
liaestona and volcanic arratics, two distinct
distributions ara found to aaarga: ona whara silicifiad
liaastona i1s found as an i1solatad arratic and tha sacond
whara 1t 1s found iIn conjunction with flint and volcanic
arratics (Figura 18). Isolatad silicifiad lisastona
arratics pradoninata along tha northarn slopas of tha Drun
Hills. In this araa tha prasanca of associatad flint and
volcanic arratics is confinad to axposuras in diasicton at
tha coast and vallays of soaw north flowing straans. Tha
isolatad lizMstona arratics ara found with dacraasing
fraquancy towards tha sumiit of tha Drua Hills <219 a
0.D.) and raraly on tha southarn slopas. Tha associatad
group of arratics, on tha othar hand, tands to ba fairly
ragularly distributad along tha suaait of tha upland araa

and on tha slopas to tha south.

This suits of arratics (silicifiad liraastona, volcanics
and flint) 1is distributad with disinishing fraquancy to

tha north and wast of Dungarvan. Howavar 1t iIs quits
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common on th« summit spurs and southsrn slopss of ths Drum
Hills. Only in tlirss casss i1s i1t found to occur 1In
dianicton with a silty, shally and calcaraous matrix
(Flgura i1a>. All thraa outcrops ars locatad i1n thras
north-facing vallsys in ths Drum Hills up to 00 x O.D. Tha
sane arratic suita was also obsarvad at Barranastook naar
tha summit of a southarn spur just abova tha 192 a
contour. Tha arratics wara containad iIn a 2 a daap
exposura of sandy, stony tough matrix which did not hava a
calcaraous raaction. Apart from thacM i1solatad
observations tha arratic suita was aitthar found at tha
surfaca or in shallow sactions composad of frost shattarad
angular fragments of local origin. Thasa sactions raraly

excaedad ona metra in depth.

These distributions may be interpreted as resulting from
an initial invasion of tha Dungarvan area by ica of Irish
Sea basin provenance carrying flint and volcanic arratics.
It 1s not possible to conclude whether i1t was ica from
this source or a later advance by i1ca of northern inland
provenance which was responsible for tha deposition of tha
sandy, stony diamictic facias which occasionally crops out
at tha surfaca in tha Drum Hills and at tha mouths of tha

valleys on the south coast.

That i1ca passed from north™to south over tha Drum Hills 1is
evidenced by north/south striae naar Halvick Head, Kaaraan

and Bayviaw, north/south orisntad glacial breaches in tha
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Drua Hills, north/south orlsntsd fabrics and tbs southern
transport of sllliclfled limestone onto the Devonian
basement of the Drum Hills from the lowlylng Carboniferous
Dungarvan syncllne (fabric sample Vos. 03 and 72, Figures
8 and 18). The maximum altitude attained by the Ice of
northern provenance must have been somewhat greater than
that of the Drum Hills as flint, volcanic and slliclfled
limestone erratics were recorded around the summit <2Id m
0.D. ). It Is quite possible that Ice of coastal and
Inland origin were confluent In the Dungarvan area at this
stage. Given the unequivocal nature of the evidence
Indicating the presence of Ice of northern origin at
relatively high altitudes In the Drum Hills It Is quite
probable that the stony uppermost dlamlctlc facies exposed
In the coastal sections further west were deposited during
the same southerly advance of Ice (see Chapters Six and

Seven).

4.3. Glaciofluvlal Erosion and Deposition

4.3.1. Glaclofluvlal Broslon

Glaclofluvlal erosion may have played an Important role In
shaping topography. It Is rarely possible to pinpoint
categorically examples of this type of erosion In the
field due to the lack of adequate knowledge of prior form

and exposure of the eroded sediments. There Is however one
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feature whicli showe up i1n aerial photographs and which is
probably attributable to this type of erosion. -A washed
zone is cut iIn the superficial slope sedisents at an
altitude of 107 s 0.D. iIn the townlands of Glenaore,
Vindgap, Barranallra, Pulla and Reanaviddoge around the
watershed at the head of the Licky River, on the northern
edge of the the Drun Hills (Figure 19). This feature
Isplies ponding of nelti«ater by i1ce snsses in the
Blackwater and Dungarvan valleys although no associated
glaciolacustrine or glaciofluvial depositional features
were observed at this relatively high altitude iIn either
valley. Ponding of water against the northern slopes of
the Drua Hills to this level would have necessitated
accumulation of i1ce to at least this height on the
northern side of the Dungarvan synclinal valley. It would
also have required the blocking of both the western and
eastern ends of the valley by ice of Irish Sea basin or
northern origin. Ice of northern provenance %as probably
Involved given the north/south fabric obtained froa till
of local origin at a siailar altitude i1n the intervening
valley of the Goish River to the northwest <Ro. 03, Figure
6). It has already been shown that this i1ce achieved an
altitudinal aaxiaua of approxiaately 100-190 a 0.D. 1in
areas to the north. However 1t i1s not possible to conclude
whether the distribution of flint and volcanic erratics
normally associated with ice froa the Irish Sea baein were
deposited at higher levels up to 219 a 0.D. 11n the Drua

Hills directly by ice from tl”s source or whether the
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erratlcs war« r«d«posit«d by a lat«r south«rly advanc« of

Ick of north«rn Inland prov«nanc«.

4.3.2. OlaclofluTlal Daposltloa

R«cognltlon of glaciofluvlally d«po«it«d f«atur«s l«
largoly ba««d on «xposur«« In th«M f«atur«s usually for
th« purpos« of sand and/or gravai axtraction. Only In ons
case was th« Int«rpr«tatlon of such a fsatura basad on
fora alona. This was in tha casa of a raportad askar-1lka
featura orlantad north/south to tha south of Vatarford
city In tha vicinity of Callaghan« Bridga <St«v«ns, 1059).
This fsatura has sine« baan alaost totally raaovad by sand
and gravail axcavatlon and its forsar axlstanca could not
ba confirned in tha fiald by tha prasent rasaarchar. Only
dlsuaad and vagatatad sand pits ranain to baar wltnass to
the fornar axistanca of virtually the only racordad
outcrop of glaciofluvial sands and gravels iIn the airea

napped i1n eastern County Vatarford.

Thera are only two other norphological features coaposed
of surficial sand and gravai i1n the napped areas of
eastern County Vatarford. The first faatura i1s a vary
localised and badly exposed outcrop of baddad sands and
gravels on a spur overlooking tha Clodiagh River i1n the
townland of Ross. Tha second feature is located iIn the
townland of Knockanacullin™ to tha north of tha point

where tha River Tay leaves the confines of i1ts Devonian
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sandstOM vallay. Tlii« flat-toppad faatura at 120 » O.D.
18 approxlaataly 200 in plan. It« «outharn aargin is
charactarisad by staap i1ca-contact slopas <19™>. Davonian
sandstona crops out dosa to tha northarn adga of tba
faatura which appaars to aarga into tha undarlying rock
slopa. Tha faatura is coaposad of baddad silt, sand and
graval 1In a coarsaning upward saquanca. Tha basal bads of
nasiva (occasionally parail«l-laainat«d> silty-sand dip
toward tha south at approxisataly 5. Thay ara latarally
continuous throughout axposuras in tha pit and ara of
variabla thicknass up to 1.9 n. Thay ara ovarlain by
approxinataly tan natras of sora staaply southward-dipping
(11> sand and gravel bads. These ara i1n turn ovarlain by
three i1IMtras of horizontally-baddad aostly aatrix-
eupportad gravels. Isbrication in tha more gravelly parts
of this unit indicates deposition in a palaaocurrant
emanating from a north-westerly direction <3007>. The
southwardly-dipping bads are interpreted as battoasats,
forasats and topsats In a prograding deltaic saquanca
respectively (Jopling and Valker, 1979). Tha steep outer
slopes which do not appear to be related to internal
bedding structures are regarded as ice-contact and tha
Host likely depositional environment is one of subglacial
origin (Boulton, 1972). Tha delta could have formed iIn
ponded waters trapped beneath ice at tha confluence of ice
emanating from tha Tay valley and Joining tha main south-
flowing i1ce stream on the .eastern flanks of the Comeragh

Xountains.

133



Glaclofluvlal depositlonal features ar« relatively
abundant to the north, west and south of the Coaeragh
Mountains. In the northern part of the county high level
gravels fora discontinuous aarglnal kaae terraces along
the northern foothills of the Coaeragh Mountains
overlooking the River Sulr at 90 a 0.D. <Mo. 1, Figure 0).
This type of feature also occurs at 120 a 0.D. In the
townland of Russellstown on the north side of the
Curraheenavoher ridge In the northwestern corner of the
county <Ro. 17, Figure 8>. A saall fTlat-topped delta-
shaped feature Is located at a slightly higher altitude
(150 a 0.D.> In the townland of Bawnfune on the southern
side of this ridge overlooking the Vler valley. Llalted
exposure of the upper aetre Indicates that It Is coaposed
of coarse gravels overlain by a bed of sand 0.3 a thick
which dips at 18" to the north west <338™. This bed Is
overlain by a bed of structureless sand (0.5 a thick)
which contains snail pebbles and dips also to the north
west at 8. The dip of the beds Is towards the ridge. |IT
the feature Is In fact deltaic In origin then the
neltwaters In which the sedlaent accunulated aust have
been draining froa Ice standing at this height In the Vler
valley. Alternatively the feature aay be a marginal kaas
deposit associated with Ice In the Vler valley. Slliclfled
limestone erratics on the”™Curraheenavoher ridge extend up

to 300 a O.D. Indicating former presence of Ice to at
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least that altitude. Thus It say be Inferred froa the
location of the delta at a ldifsr altitude that Its
fornatlon and that of the terraces at still Ilc>ier
altitudes sust have taken place during subsequent

déglaciation of the area.

To the sest of the Coaeragh Mountains there are aany
patches of superficial sands and gravels resting on
Devonian bedrock. They fora a shallow and discontinuous
cover to the south of Ball3naault and do not really
provide any significant effect In teras of relief. The
deepest ekposure encountered <1.7 a thick) In this area
during the course of field aapplng occurs In the townland
of Knockgarraun on a south-facing rock spur overlooking
the FInlsk River just at the point where the south-flowing
river changes course to flow southwestward across the
Carboniferous llaestone Dungarvan syncline Into the River

Blackwater <Mo. 4, Figures 6 and 20).

Features coaposed of glaclofluvlal sedlaents abound i1n the
Dungarvan area to the south of the C"™oaeragh Mountains. The
sajor feature Is an actively «forked deltaic sequence <15 a
0.D.>. The lowest horizon exposed In the course of
extraction of the sands and gravels during the aost recent
visit to the pit <1954) shows Input froa a southerly
direction. Higher up In the sequence palaeocurrent
direction Is froa the north. This direction le aalntalned

In the overlying terraced grpvels of a coarsening upward
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sequ«nc« which 1« capp«d by a «hallow <1.2 => flsalla
loany diasiicton which thickans 1n a «outharly diraction.
The upper 1.5 a of the underlying gravel« i1« raver««-
faulted (Figure 19). The fTi««ility of the aa««iv«
diaaicton, together with the pro-grading deltaic «equence
and faulting In the upper layer« of the underlying gravel«
any be i1nterpreted a« the reeult of a ainor readvance of
ice of northern origin which wa« reeponaible for the
deposition of a lodgeaent facie« over gravel« which had

been glaciotectonised by ov«rriding Iice.

Other depoeitional features occur iIn the Dungarvan area to
the south of the Coaeragh Mountains. These i1nclude linear
east/west trending ridges coaposed of horizontally bedded
sands and i1abricated gravels deposited in paleocurrents of
northern or northeastern provenance (Vos. 3, 13, and 19,
Figure 6>. They are located to the south and southeast of
the Ballyleaon Lower deltaic coaplex at soaawhat siailar
levels of approxiaately 15 a 0.D. The Internal structure
of the features was poorly exposed. Exposure was
sufficient for fabric saapling in two localities where the
sediaents were characterised by horizontally-bedded coarse
gravels In a sandy aatrix <Mos. 3 and 13>. The dip of the
ab-plans i1n the aodal frequency indicated i1abrication
towards the north and north east and therefore
glaciofluvial deposition froa that direction (Rust, 1975>.

They transversely-aligned ridges probably represent the
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lateral «quivalant of thm uppar coaraa gravai unit at tha
Ballylaaon Loriar coaplax. This unit la probably a pro-
glacial aandur-typa aaquanca although no channal
structuraa wara obaarvad In tha two noraal/dlp aactlona.
Tha rldga-1lka faaturaa any hava baan fornad by aubaaquant
glaclofluvlal aroalon by aaatwardly aacaplng aaltwatar aa
obaarvad Intarnal aadlnantary atructuraa did not appaar In

any way to ba ralatad to outar alopa foraa.

Further waat, In tha townland of Ballyaa Vaat, near
Liaaora. In tha Blackwatar valley, terraced gravala
accuaulatad In palaaocurranta of aouthwaatarn provenance.
They are axpoaad In an aaat/waat-trending rldga alxBllar to
those to tha north of Dungarvan. Tha abort rldga-I1lka
feature llaa at 30 a 0.D. It la probably part of a
discontinuous and patchy aandur coaplax of gravala In tha
Blackwatar valley aa there are Indications of extraction
of gravels at alallar altitudes In tha neighbourhood

(Figure 8>.

Sand and gravel la currently being extracted froa a
deltaic complex to tha north of Llaaora In tha townland of
Ballyln at approxlaataly 90 a 0.D. Tha aadlaanta In this
and a lower delta ware deposited In ponded water by
palaaocurranta aaanatlng from tha north, probably
aeltwatara from lea which had entered Tha (Qap <385 a> on
the western side of Knockioealdown (Lewis. 1394;

Farrington. 1947; Lewis. 1973*. Ponding of water at this
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l«v«l in thm BlacIn«Bt«r Vallay by tba prasanca of lea In
tha offabora zona both In tha Dungarvan araa and naar
Touffhal at tha aouth of tha Blackaatar, a auggaatlon

pravlioualy put for™iard by Synga <1981).

A aoaawhat airallar aaquanca to that of tha tlll-cappad
daltalc aaquanca in tha townland of Ballylaaon Ld#ar 1a
aaan on tha aouth aida of tha Dungarvan aynclina on an
intarfluva in tha townland of Barranaatook in tha Drum
Hilla <150 m O.D.>. Hara a aound of fina aand and allt
with faint currant badding indicating dapoaition froa tha
north 1a aurroundad by aaaailva diaaicton. Thia lattar unit
has a wall-dafinad north aaatarly/aouth waatarly fabric
do. 72, Figura 18) and containa volcanic, flint and
siliciftiad liaeatona arratica. Tha aaquanca i1a intarpratad
as a pro-glacial or aub-narginal glaciofluvial dapoait
ovarlain by a basal lodgaaant till facias dapositad by lea
of northarly provananca. Thia lea probably did hava aona
1]igjact on tha uppar parts of tha stratigraphic aaquanca 1in
araas furthar aouth and i1s almost cartalnly aaaociatad
with tha aroaion of atriaa, glacial braachas and till
dapoaition in adjoining aaatarn and wastarn araas <aaa

abova).
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4.4. Ccmclusloiw

Kinlaun l«v«ls attained by lea of northarn provananca
appaar to ranga fron 305 m In tha axtrazM northwast around
Knodoaaaldown <Lewls, 1070) to around 420 m 1n tha
northarn foothills of tha Coaaragh Mountains. Tha laval of
glaciation assoclatad with tha lea of northarn provananca
appaars to hava baan ralatlvaly aalntalnad right to tha
coast having fallan to 300 a on tha south-aastarn slda of
tha Coaaragh Mountains. On tha wastarn slda, tha nlnlnua
laval attalnad by lea of northarn provananca, as avidencad
by arratlc distributions In tha Drun Hills, saans to hava
dacllnad to approxlsataly 200 a 0.D. Tha contrasting
daclina In nInlaun lavais affactad by lea of northarn
provananca on tha aast and wast sldas of tha Conaragh
Mountains laay ba apparant only In that tha wsstarn slda
say hava baan subjacted to différant processes following
initial glaciation. Certainly tha northwestern part of
this area saass to hava had quite a aarked history of
déglaciation which nay hava baan responsible for tha

rénovai of evidence of glaciation at higher levels.

In the south-wastern part of tha county, tha southerly
advance of lea of northarn provananca nay hava baan
soaawhat weaker than that on tha eastern slda of tha
Conaragh Mountains due to tha conblnad blocking affect of

tha topographic barrier presented by the Drun Hills and
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the conteeporaneoue presence of ice of Irish Sea basin
provenance offshore. The presence of this ice off the
Dungarvan coastline and the relative weakness of the
western i1ce strean of northern provenance say be related.
The topographic barrier presented by the Knockaaaldown and
Coneragh Mountains i1n the path of southbound ice 1s such
higher than that presented by the relatively low and
narrow Devonian ris in the eastern part of the county.
Thus the relative weakness of the western streaa was
probably exploited by an advance of offshore ice iInto the

Dungarvan lowland and lowly!'ng areas to the west.
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CBAPTEB FI1¥B
LITBQLOGT OF UFCGBSOLIDATED UFIT8 IF COUFTT
VILTEBFOBD

5.1 omnmmi1 Stratlsraidilc Fraaswork

5.1.1. Introduction

ipproxlaatuly tun typuu of units havs bsen ruco”issd
among tks unconsolldstud ssdliNnts In County Vatsrford
(see Chapter Two). They Include (In ascending
stratigraphic order): raised beach deposits, organic
horizons, a lower diaaicton containing angular clasts, a
diasicton containing subangular clasts of northern Inland
and Irish Sea basin provenance, glaciofluvial sands and
gravels, an upper diamlcton containing angular and. 1in
places, subangular clasts, postglacial peat, colluvium,
alluvium and soil development. This basic stratigraphic
sequence was confirmed qualitatively by field observation!
of the petrography of the phenoclasts. texture,
sedimentological structure, nature of contact with
adjacent units and stratigraphic position of outcrop. It
therefore acts as the setting for the current study which
concentrates on the glacigenic sediments and their

stratigraphic relationships.
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5.1.2. Lcxsatlon and Thlckne* of Unccmoolldatod SadlMnta
in County Wntarford

UndIffaruntlatud aurflclal aadin»nta aa plottad on Figura
20 ara nainly concantratad in araaa of ralativaly low
topographic raliaf, particularly i1in vallaya and i1n tha laa
of tha epra-glaclal* <Vrlight and Muff, 1904> rock cliff

along tha aouth coaat.

Although aaatarn County Vatarford ahowa a graatar danaity
of daap borahola racorda in tha Quatarnary aadinanta thraa
pointa ahould ba borna in nind: Firstly, graatar
thicknaaaaa of glacial aadinanta ganarally occur in low
lying araaa which ara fiora conmon in tha aaatarn half of
tha county. Sacondly, highar fraquanciaa of racorda nay ba
relatad to nora fraquant wall drilling (aaaociatad with
graatar danaity of population i