
llliL BRlST. SPfLAEOL SOG. 

~ 
UNIVERSITY OF BRISTOL 

SPELAEOLOGICAL SOCIETY 
R 

SYMPOSIUM ON THE AGE OF THE CAVES Ql1' NOR'rH-WEST CO. CLARE Il~ELAND 

To be held in the Department of Geography on Saturday 12th December, 1964
at 2.30 p.m. 

INTRODUCTION 

South of Galway Bay Ireland lies a large area of liraestoneupland 
called the Burren. In the south of this area near the spa of Lisdoonvarna 
there are a considerable nillnber of caves. 

The society has been actively engaged in the exploration, survey and 
scientific investigation of these caves over a nuraber of years. The 
question of the age of these caves has alHays been a particularly interesting 
one. The caves of' the area are somewhat unusual in many respects and the 
solution to this problem may be of considerable importance to a complete 
appraisal of the geomorphology of this Karstic region. 

SOME NOYES ON THE AGE OF THE CAVES OF N.W.CO.CLARE 

by C.High 

EARLIER IDEAS 

It has been considered that in general the caves of N. W" . Clare are a
/tttJ'"PM't! f!t'-the last glacial age. This has been expressed by several rneC1bers 

of the U.B.S.S. in proceedings (notablY Ollier and Tratman 1956 and 
Perratt and Eaton 1960). 

The arguments put fornard may be swmr,aris8d as 

1. 	 The simplicity of the passage system and general apparent youthi'ul 
appearance of the caves. Their shalloqness and slight gradients. 

2. 	 Lack of frost shattering in the entrances and in the roofs of the 
shallow caves which are very near the surface. 

3. 	 Lack of drift blockage in the entrances. 

4-. 	 Rate of solution data. Perratt 1960 has shown that according to the 
data then available the caves could have been fOrQed in the l as t 
20,000 years. (This calculation ,oms for C3. cave only but would apply 
to the Callaun caves in general) 

EXCEPI'IONS 

There are Borne caves or parts of caves that have been considered 
as being pre glacial in origin. Kilcorney caves and Fergus River cave 
are obvious exaoples as are s ome of the caves i n the cliffs along the 
coast betvveen Doolin and Fanore. Collingridge 1962 has concluded that 
parts of Poulnagollun are at least pre the ewer Drift. (72,000 years 
according to Zeuner). 

\"{ork done by the society in July 1964 has given rise to some ne" er 
ideas on the age of the caves in the area. 

The work is of t-w kinds 

a) Morphological studies 
b) Solution of limestone studies. 
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a) Morphology. 

SUIIffilary of the work on the Cullaun caves. 

I. 	 The Cullaun valleys below the sinks are filled with large aLlounts of 
grey clay containing shale fragments. As far as can be ascertained 
by borings no shale occurs in the Cullaun valleys belo'" the sinks 
(contrary to the map in OIlier and Tratman 1956) 

II. 	 There are notable gorge features in the valleys in the lowest sections. 
These must have been for::o.ad at a time vvhen there ,;"las a considerable 
amount of surface drainage i.e. during peri glacial conditions of 
melt water and or perCla frost. 

III. 	The streams sink just belorr the shale e dge. There is no stream 
coarse belO>f the sinks but tne valleys are p.artially blocked by 
infill. It i3 reasonable to argue that t he streams must have gone 
underground before the infill ~as deposited. pster the deposition 

of the infill it -'las easy for the s trea.8 to re-excavate an old 
sink nithout having to cut a ne~ stream coarse in ~~e valley. 

IV. 	 It is reasonable to ascribe a peri-glacial origin for the grey clay 
with shale fragments infill. The deposits are of a solifluction 
type and would require periglacial conditions of considerable 
lubrication and freeze thavl to produce them. 

V. 	 The lower gorge sections of the valleys must have been fornled before 
the deposition of this solifluction infill because there is some of it 
in the floors of these gorges. 

A suggested sequence for the drai~age of the Cullaun valleys ~ay be 
summarised as follows : 

a) 	 Original Drai nage patter n at l east pr e the -ewer drift (probably pre 
the Glacial Pe~od) 

b) 	 Ne'Jerdrift dep osited boulder clay on top of Poulacapple and elsewhere. 

c) 	 Peri glacial conditions at the end of the e"e r drift s rface streaos 
deepei.1.ed the cullaun valleys and probably formed the gorges. 

d) 	 The caves initiated between the end of the Newer drift and the 
beginning of the Scottish Readvance. 

e) 	 Scottish Readvance peri glacial period solifluction deposits of 
valley infill. 

f) 	 Return to warmer conditions surface drainage nould have quickly 
re-excavated the old sinks and gone under ground leaving the lower 
sections of the Cullaun valleys dry and partly filled rri th solifluction 
deposits. 

This suggests that the caves "ere formed behleen 72,000 and 20,000 
years ago. 

Solutional data does not corresrond with this age but indicates a much 
younger age for the caves. However the data obtained this year is the most 
detailed yet available for the area and indicates that as yet the unknown 
factors and the inadequacies of the data are so great that no reliable 
conclusions can be drawn from it. ~~ilst the original figures for the rate 
of limestone solution obtained this year are completely different to the 
figures used by Perratt (1960) they give an age of a similar order but 
rather younger than those given in that paper. .liso it has been shown that 
there are notable differences in the rate of s olution between different 
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eepages in their contribution to the total f'igures f'or calci~~ carbonate 
content of' the stream water. Solutional data has not yet advanced 
suf'f'iciently to enable it to be used f'or Geochronology. 

COOLAGH RIVER CAVE 

IlIlDediately below the Coolagh River Cave entrance (Poldonough) 
t here is a very large blockage of' the valley by boulder clay. This gives 
a characteristic blind valley f'orm. It seems illOSt unlikely that the stream 
entering Coolagh River Cave could have cut through sOi7:l ething of the o:cder 
of' 60 f'eet of' Bou,lder Clay into a sink unless there vms a pre-existing 
sink and underground drainage system into which it Elight have f'ound its 
way. Boulder clay is exposed. in the sio.es of' ".;he valley above the cave 
entrance as remanents of' a once much larger inf'ill, The situation at 
Poldonough south is some1'1hat sirr..ilar 

A. 

SOME POINTS BEARING ON THE AGE OF THE CLARE CAVES 

By E.K.Tratman 

Flora. 

Soil cover f'rom its f'lora will have a relatively high CO2 content 
and water percolating through it will have a high CO2 content and 
therefore high dissolving pm,er Q 

Where there is shale cover and peat bogs a f'air cove}' of t:ce8s 
~ r; shown in peat cutting.s. This cover c ontinlled sparsely till late 
Br'onze Age times (c. 800 B.C.) at levels up to Goo f't. O.D. On. 
Poulacapple a forest layer occurs up to 900 ft. O.D. and rests 011 

l'claY"3 presumably boulder clay. This f orest layer can be dated f'rom 
the objects f'ound in it as existing as late as c. 1800 B.C. The layer is 
not vcry thick and may hav8 been f'c rmed f'airly rapidly~ Defo:ceGta':~ ion 

seeDS t.o be of' human origin and f'or Poulacapple tOOK place duril1g 
the early Bronze Age. It may be inf'erred that similar :forest growth 
covered Slieve Elva up to 900 f't. O.D. and perha.ps right over the 
surnr;;i t. 

The little evidence that thel~e is suggests that on Poulacapple at 
least there was no thick soil cover bef'ore c. 2000 B.C. but this is 
an inf'erence based solely on observations on Poulacapple. 

r"or the bare limestone there are hvo opposed vie'..'s 

1. The vegetation cover is increasing. 
20 The vegetation cover is decreasinge 

Personally I favour (2) from detailed examinations of considerable 
areas. Dessication is progressive but is la:cgely if noc entirely 
man made (e6g. over grazing by beasts especially goats) " It L:; probable 
that from at l.east 2000 B. C. and perhaps as early as 4000 B. c~ t~1n.t the 
1imestone carried a substantial amount of vegetation m:lch moX'e th2.1l now 
though it is still considerable if the plants growing in grikes are 
considered. 

Percolation water f'rom the bare limestone does not seem to play an 
important part in cave fOrIDiition in Co. Clare so vegetation cover is 
probabl.y an unimportant factor. Temporary large f'lows do appear in 
caves and can only have been derived from percolation through cave 
J.imestone. 
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B. 

The changes c~~ only be inferred because little ir anyLhing is 
known about them. By extrapolation rrom Britain sea levele can be 
assumed. However sea levels would not errect the Clare caves that ~1e 

are considering except the Doolin system, unless the high level caves 
were rormed very, very much earlier tha.'1 is thought, sometime during 
the early middle Pleistocene ,men sea leveJ might have been + 200 rt. 
and Doolin could not have rormed. 

The last glaciation (Wurm) in Britain had the lowest sea level 
(at - 150 rt. in Bristol Channel ror example). It r:as not till the 
rirst maximum had passed that sea levels began to rise much. By 
2000 B.C. they were about -10 rt. at Brean Do~m ror eXample. A 
similar gradual rise can be postulated ror Ireland after the maxlinum 
or the Irish 2nd glaciation correlated generally ,cith Wurm 2. 

C. Post-glacial Surrace Erosion 

The Aille River and its tributaries have cut deep narrov, gorges in 
the shales. The se gor ges coul d not possibly have survived an actual 
glaciation. Besides ther e are glacial erratics along the edges of the 
gorges in pla ce s or near them. Exposed sections or shale do show some 
degree of dis i ntegrat ion in depth dorm to c.10 rt. This is prest~ab~ 
the result or r rost action. ? permafrost cOPflitions. 

D. The Potholes A.~ From the Shale Edge 

(1) Poulnagree. This m~ have glacial rill in it but ir so is 
it stream borne or glacially borne ? 

(2) Pollapooka. ? has glacial rill in it. Most or the material 
and that in adjacent hollO"lors seems to be stream borne debris. ? 
temporary lakes under permafrost. In a br~~ch or this depression is 
the choked mouth or a considerable cave, The r oor i~ only jU.3t under 
the surrace. There is a rudimentary valley system rUlming into 
Pollapooka rrom N. descending from a sulilIIl.it ['.rea N. or Slieve Elva . 
If this was covered v'lith shale it could have been the collecting gro1.l:r.d 
ro~ the original P. water. There is also a valley systSG of sorts 
rUIl..ning out of Pollapooka 1 and 2 to end on the steep slope dOffil to the 
sea. The sides or P. 1 and 2 are breached ,;jell above their bottoms 
by these valleys. 

(3) Poulnagollum. The passages or Upper Pg. run very close to the 
surrace as they approach pot. Baker's Rirt is unroored some v-lay back 
rrom the pot. (Only boulders bloc~ the roof opening). (This is NOT 
the opening Baker describos). U.Pg. main route is unroored as s oon as 
it gets ,rithin confines or pot. Considerable evidence or phreatic 
solution upwards in the pot. This 
amount or rock and mud in the pot 
examined in detail. One must also 
tion by man to this infilling. 

(4) Pollbeg. Pollard.ua. The 

runs up close to the surface. The 
is surprisingly s8all when it is 

consider the substantial contribu

latter is tho top of' an aven opening 
rrom a trough Ol~ dog valley in the limestone not rar rrom Pgo the trough 
continues south an~ the next opening is Pollbeg. ~Then this wa s open 
the stream route, a neH route still developing, entered en the north 
with its roor ab out 15 rt. under the top of the limestone. The stream 
cascade s donn over a steeply sloping boulder ruckle and waslrisible. 
The dry valley continues about 100 yd. beyond Pollbeg. 

(5) Poulelva. U.Pe . is ur~oofed as it enters pot. and there has 
been ~aterrall retreat. Round the top or the pot, especially at south 
end are many solutional re atures running up to are" reet rrom the 
surface. Their rorm indicates solution under phreatic conditions. 
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Pa:;:o;al1el to the east side of the pot is a vertical rift. Its roof' is 
close under the surface. It is quite wide at base. l'her e are mB,UY 
ve:ctical flutings dOVln its walls. The total amount of rill in tl ',l~ 

pot is quite small. The mud slope on thG south is largely a ruck 
slope with a covering of' mud. This applies also to north end. 

(6) Hawthorn Swallet/Rising. The water rises temporarily in 
an extension of' a closed depression with a massive f'il1. '? stream 
borne under permafrost conditions. The extension connists of' two 
parallel joints about 2 f't. apart 0 The rock between has collapseo.• 
The rift so f'ormed contained only material from the collapse as can 
be seen from the material cleared out by the farmer. The cave roof' 
where the ,later rises is only 8 f't. under the surface. This is about 
tr mile f'rom source • 

Swallets at shale edge 

The extent of hGadward retreat and the size of' the potholes is 
surprising]s large considering that these swallets must be of' post
glacial origin. There are very many of' them. 

Potholes Within Shale Edge 

Fisher Street. There is about 15 ft. of' shale on the top of the 
limestone here. There is no more debris in f'loor than can be accounted 
f'or by simple c011apse of' shale into EIl"1 exis ting cavity. There is no 
glacial borne debris. 

Mud Fills 

Several caves contain these. There may be rerunants as yet 
unobserved in other caves. Some of' these fillings are laminated and 
appear to be resorted boulder clay. In places they rest of coarse 
stream borne shale debris and the like. In gener&.they are being 
removed and not deposited, at least in th~ accessible p~~ts of the 
systems. 

Poll-an~Ionian 

The only cave in which glacially borne deposits can be seen to 
have been intruded into it by glacial action. 

Caves at Sea Level 

Pollsallagh and Poulcraveen. The latter still has a small stream 
issuing. Both are typical tall canyon passages of considerable size. 
Both are invaded by sea. They must belong to an older set of cave:::.. 
They are quite isolated f'rom existing knovm systems. 

Water Supply 

P:resent day "ater supply conditions, except under occasional 
rloods, probably bear but little relationship to those vlhen major parts 
or the systems "ere developing. Under periglacial conditions there 
vould be f'or considerable periods each year diurnal f'lo ods (c of • 
periglacial conditions today or even the rise and fall of' rivers 
issuing f'rom, f'o1.' example, the Pyrennees). The daily f'lood could have 
been very substantial. It might have f'requently equalled the 1961 
f'lood nhen the surplus water not going throu&h the Coolagh River Cave 
Has of' the order of 400 cu.f't./Sec assUllling only rate of' 10 f't./sec. 
floH. (The temporary river moved f'lattish sto!1es along -c18ighing at 
least 14 Ibs.). 
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_" ~, AGE OF THB CI,.Al:ill CAVES 

K. 	 Closed Depressions 

In the area considered there are several. A :few are quite large. 
Some, such as the one related to Pollballiny and ThornbushSwallet 
rising have considerable deposits in them. Others only seem to have 
limestone bouJders in them and a little soil dorived from weathering. 
A noteable example o:f this type is on the col bet\1een the twin 
summits o:f Gleninagh Mt. This hollow must be postglacial in origin. 
It must be solutional in origin and represents a loss of at least 
5 m. cu.:ft. of limestone. 

Selected Re:ferences on the Age of the Caves of N.W. Clare 

OllieI' C. and Tratman E.K. 1956 

The geomorphology of the caves of N.W. Co. Clare. 
Proc U.B.S.S. 1956 Vol.7 No.3. 

Perratt Bo and Eaton 1960 

Cullaun 3 cave Co. Clare, Eire. 
Proc U.B.S.S. 1960. Vol.9 No.1 

Collin.gridge et ale 1962 

Poulnagollum - Pouleva Caves. 
Proc U.B.S.S. 1962 Vol.9 No.3. 
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AG-E OF THE CI,ARE CAVES 

. R. Collingridge 

The interstadial referred to in this selection of ideas is that which 
ay between the 2 main phases of the last glaciation. This ignores the 
rief and restricted phase of the Highland or Scottish Readvance and thus 

postulates only 2 possible periods for the formation of the Clare caves; 
ei ther before or after the laying down of the NeVler Dri:ft. 

he Criteria for judging the period of formation of the caves appears to 
to be as follops:-

Infilling 

(i) 	 If deposits are present in a cave and can be proved. to have a 
glacial origin this is evidence of the formation of that cave at 
least before the last major advance of the ice. 

(ii) 	 If deposits of glacial orlgln are not present this fact alone 
need not preclude the earlier date of origin for the cave but 
the lack of' such deposits is significant "hen one considers the 
relativeJ.y exposed position of some of the varved remnants on 
the 8helves to the side of PolnagollULl Main StreamHay "hich Hill 
be covered by flood waters fairly :frequently but still remain. 

There is a possibility of con:fusion over the nature of deposits but 
general~ the varved, immediately ~ost glaciation deposits are markedly 
dissimilar to present day stream silt and boulder clay washed in from 
near a cave entrance. 

B. The relation of the stream to the passage it occupies. 

In a normal streamway the passage is~n historical record of the 
~<----~r occupying stream's or streams' character as evidenced by its or their 

I erosive capacity. 

I 'Typical' (i) r.Iany of the Clare passages have a cross section of 
Canyon uniform rlidth ,\rith a stream filling the passage floor 
Pas'S age and evidently in harmony ,Iith the passage long a...."'1d 

cross sections. These can be called unicyclic - the 
;'--. r-~. "" -

\,,;.- . ( .... ~ 
....!;;  . stream floTIing in the passage formed it. 

(ii) 	 Several of the passages lack this harmony betweon 
stream and cross sectiun resulting in one or both of 
tHO variations. 

Either the stream is eroding vertically where formerly it eroded 
lateral~y or v. versa. Or the passage plan reveals that the upper 
part of the passage meanders at a different ~avelength to the lower 
part. 

Both of these variations '-!Quld appear to have been produced by 
(a) A prolonged change in rain:fall regime, or 
(b) A new stream adapting an old passage, or 
(c) A change in solubility resulting from a change in bed, or 
(d) A change in catchment. 

If (a) is the cause it mIl have affected all the caves of the area 
equal~ so evidently the unicyclic passages all developed nithin the 
present rain:fall regime. HOllever, SO!!1e of the one cycle passages are 
quite considerable and it seems unlikely that they could have fOY'med 
in a sufficiently short time to allo,;. more than that one development 
since the last glacial advance • 

-.. ~.~.,--.-.,~ - .' 	 .' . -... ".. - - ~-- '.~~!!:Iir-~''''''''''~~' ' .•- ~ - -;, 
• ,-: ~~.' 	 _ -:.4.- 1106.... ...... ..... ~ ",. f -... - •. '""!'..::...: - c; -~ -" 
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Examples of (b) are kno'iln i.e. P.G. Low Road, Pol-an-Ionain. 

It would appear that (c) can be largely disre8arded as a cause, the 
beds of the llliestone appear to be significant onJ.y at the start of 
a cave. 

(d) can lead either to changes in a passage cross section or result 
in a small stream flowing in a passage out of proportion to its 
erosive capacity. 

C. Periglacial collapse 

For a considerable period this area undervlent periglacial conditions 
and the probable effects of this can be seen clear~ in some of the 
interstadially formed passages. Roof collapse on a massive scale 
with the admixture of much sticry clay is evident in cottar's Gallery 
P.G. and in the entrance to Pol-an-Ionain for example. These 
passages and the others in which collapse has occurred are not tho 
only ones near the surface however. It is a feature of the Clan; 
caves that they are shallO'l. Thus it could reasonably be expected 
that collapse attributable to periglacial conditions would be 
apparent in most if not all of those caves '7,hich were of the same age 
as the two mentioned above. Relatively fe\7 caves exhibit this form 
of collapse. 

Although this area li es to the north of the S. Irish End n.10raine it 
Has evidently never an ice centre, and. so, as Charles\7orth suggests, 
these uplands must have been 8.lIlong the first in Ireland to be free 
of ice, if in fact the crests wero ever covered. So for a long time 
after the last main phase and perhaps again at the time of the 
Scottish Re-advance, N.Wo Claro had a tundra climatc ,71th its 
atteniant p8nua:frost. Dury- 17riting of peTI18,frost in N. Canada statcs 
"In the belt of continuous permai'rost, the sub·-soil never thaW's. 

oTemperatures at 30 to 50 feet bel01l1 the surface are beloH 23 F., and 
go as low as lO~. in places". Dury gives no indication of' the 
nature of the rock in which these observations 'Here made unfortunately. 

D. Surface evide nce 

There are f e,1 surf ace f eat ures '\"Ihich gi ve any clear irrlications which 
will a s sist. .fost of the cave s s tart inside or at the Shale/Lime stone 
boundaF.f but so e passages app ear to have been formed when the Shale 
extended furthe r out. ese are pri ncipally the tributaries of 
PolnagolltL'll which e nter from t he East e"g. Branch F'assage Gallery, 
the surveyed end of which lies several hundred feet away from the 
present Shale edge and its stream is only a relatively insignificant 
trickle in a large passage. The three pot holes also stand clear of 
the shale edge. 
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i. e . P.~. Low Road, Pol-an-Ionain. 
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'UDY OF LI ME,)TONE SOLUTION' POULACAF:?LE , CO.CLARE,EIREe 

Colin Hip;h . 

It i s increasi ngly obvious tlli~t geo~orphology must involve 
detailed study of the processes that a r e at work on t he l andscape, 

a better understanding of these is e ssential t o apr oper i nt er
tation of l andfor ms . The i nvest i gation of e r osional p r ocesses 
complex . One of the most diffi cult pr oblems i s that of 

asuring the quanti tie s of materia l whi ch ~re being r emoved . 
much of t he material i n limestone a r ea s is being r emoved in 

luti on , i t i s possi bl e , by the application of simple chemical 
chniques, t o measure t he amount of limestone which is being 

eroded . The purpose of this 2,ccount is to drm7 attention to 
O:le of t he se techniques 2nD. to describe how they were used in 

a scal l sca le study in County Clare, Eire. 
It i s possible theoretically to meas~re the amount of 

solution t aki ng place in a limestone area. This involves 
~'3termining t he calcium carbonrlte content·of the water draining 
the a r ea and t he discharge of the streams, so that an estimat e 
f the r at e and amount of solution C(,.D be made a s did WilliaP.ls 

(1965) i n the R. Fergus b8-sin in Co. Cl2,re. The study described 
ere is of the solution in a very small a r ea drained underground 

by a 1st . order stre8,!l1 . 
s one of t he nost not;).ble fe'?tures of limestone areas is 

he tendency of dr~inage to eo underground; many of t he stream 
ourses a r e not o~en to sub-aerial erosion. Thus, subterranean 
treams have eroded passage s ~hich are essenti a lly the products 

of solution of t he lime s t one . This compar ative s i mplicity of 
rocess greatly f "',cilitat e s Q quant itat i ve study . 

onsider a s~all st r eam go i ng underground and re-emerging 
t a r i sinG sl!l '3,ll c.istance a,ny . This may be considered as 

:lodel sit uation which is f airly t yp ic3-l of streams in the 
o . Clare Karstic ",r ea . A good example is t he Cul18,u.n 

str eam uhich drains froD the peat covered summit of Poulacapple 
ill (907 ft.) on a basal geology of non-calcareous and imperme
ble Namurian shal es. On the surface it has cu·t a small gorge 

into the shale on t he fl anks of t he hill. \.'/her e t he stream 
reache s the lime stone underlying t he shales it sinks in a small 

llet and from this point it runs underground to re-emerge at 
Killeany . It is possible to enter and explore the stream passage 
fo r much of its length. 

asur ements of C2.1cium Carbonate. 
This s tudy considers only erosion by solution. There is 

good evidence that mechanical erosion is of only minor i mporta.'1ce 
in underground stream passa!!es. In some places in the caves of 
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the area false floors of insoluble chert bands remain at higher 
levels whilst solution has proceeded in the passage below. 
There is very little obvious bed or s1J.spension load in the 
stream and most of the deposits i n the c C'-ve are reddish-brown 
mud '.'.rhich is largely the i nsoluble r emains of the limestone. 

The tech.Ylique for the determination of the calcium 
carbonate content of the v?'i'tter by titration ,;.ritl: E.D.T.A. for 
calcium is adequately described in the liter<:.ture (Smith and 
Mead 1962). This technique i s simple and lends itself to the 
titration of a large number of samples unde r field conditions. 
250 millilitrcs samples were collected i n pol ythene bottles, 
excluding 8.S much air CI, S possible. Titrations "ere carried 
out on 100 ml ,,vithin 36 hours of collect i on , l eaving sufficient 
a t e r for a further titrp.tion if required . The tables and 

graphs show the c8.lcium cA.rbonate contents of ' some sA.mples 
collected a t various places in Gulla.un I cave , and from the 
stream on the surface. 

Calcium Carbonate is the r.1ost i mpor tant constituent of 
t he dissolved load. The only other significant constituent of 
the limestone which is dissolved is magnesium carbonate . 
MgCo") is never ' more than 5 /~ of the tota l di solved carbonates 
in this stream. 

Disch'3,re;e • 
It is i m'()ortant to be abl e to determine t he discharge of 

the stream in order to c8.1culate t he rate of erosion of the 
limestone . The best method of mea suri ng the discharge of a 
small stream is by the use of a. V notch weir. If the stream 
is ponded up and allowed to escape over the notch then it is 
possible to r el at e t he dept h of water over t he apex of the V (H) 
to t he di schar ge of the st r eam , usin~ the equation, 

Q ~ 2.5 H2 . 5 
~here Q i s the di scharge i n cubic f eet per second , and H is in 
f eet . 

The bui ldi ng of wei rs in under ound pas ages can present 
di ff icul t i e s and in consequence a chemical t echnique' f or 
determini ng t he dischar ge uas u ed in some i nstances. If a 
chemical of kno mn concentr ation (in t hi s case ' sodi~~ chloride) 
is introduced i nto the stream at a knO\7U r ate , then the r atio 
of the dilution of the chemical by t he strea.m will be the same 
as t he r8.tio of t he r ate of introduction of th2.t chemical to 
t he disch;::rge of t he stream . The salt concentration of the 
introduced solution and of the dilute sample from the stream 
can be determined by titration 'Viith silver niirate down to 
concentrations of 50 :opm. This means that a discharge of up 
to 200 times t he r ate of introduction of the salt solution can 
be determined by this me thod. The formula for this calculation 
is ~ ~ r x cl 

ci 
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-.7here Q is the discharge of the streaEl, and r is the rate of 
introduction of the salt solution. Cl and C2 are the salt 
contents of the concentrated solution introduced and the 
diluted stream sample respectively. 

Results 
The stream entering Cull<~.un I s W2.llet was s8.mpled daily 

for 3 weeks D.nd the calciulll ca rbonate content as '.vell as the 
c.ischarge and the 10C2.1 rainfa ll are s ho,m on fig 1. It will 
be noted from this that there is a good correlation between 
increasing discha r ge and ecreases i n t he ca lcium carbonate 
content of tho s t r e m. This accords wi th t he \'lork of Smith 
and MeEl.d in t he Uendi ps . The figure s fo r t he calciu.m carbonate 
content of t he stream increas e down t he cave and the tributary 
stre2.ms contribute to t he total. Fig 2 s hows this progressive 
increase in the solution load do'7i1l the cave. It is difficult 
to be sure to '.-,hat extent the increase can be accounted for by 
additions from tributary stree,ms, 8.S t hese an more particularly 
seepages s.re invariably of a higher calciuTI ca rbon8:to content 
thEm the main stream. The origin of these Ha ters is, in the main, 
by percola.tion through the soil and into fissures and joints. 
This mea ns that the ~ater will dissolve more carbon dioxide than 
a surfa.ce strea.ill and hence '."ill be more capable of solution. 
'rhus, t he ":7.C> 'cers in their slmI passB.ge from the surfa ce ma.y 
become very highly charged v,ith calcium c-'3.roonate. 

The discharo,-e figures also shm-v a progressive increase down 
the cave. It had been thought previously that the actual volume 
of water a dded. by small seepa ,ges "a.s not significant but dis
charge measu.rements by meE:.:,1S of the s a l t solution method have 
shoi'Tn that even vlhen the individual volume of t he s Gepa.ge s is 
so small tha t they c an hardl y be detected , their compound effect 
is considerable. That much of t he \Tat e r flowing past the end 
of t he cave is f r om s e ep ge s VThic h have ente ren by percolation 
through t he soil and r oc k is i mportant in ma king an assessment 
of the amount of sol ut i on by the s t r eam . 

The ave r age calcium c a r bonate content for the s ~allet of 
Cullaun I stream is 15 pnr:l , wh ile t hat for the end of the 
explorable part of t he stream passage is 85 ppm. It could 
therefore be considered that t he Calcium C8.rbonate increase 
vras about 70 pPl!l. A c8.1c:ulation base(1. on this and an average 
discharge of 100 litres per minute ITould indicate that the 
str88.l!l ·was dissolving at·the rate of 7 grams of CaC0 3 pe r 
minute, As stated above, this does not take into consideration 
the considerable amount of calcium carbonate which is dissolved 
by the small seepages and tributa ry streams. The CaC03 content 
of the stream at the termj_n8.tion of the passaze includes this 
a ddition; nonetheless these figures do shQ1.7 that solution is a 
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very potent force in limestone c\reas. 
This raises some interesting questions including the 

possiblity of calculating the age of C2,ve passage s in some 
cases by the rate of solution. Some writers have made 
attempts at this but, 8.S yet, the arJount of detailed data 
on the r ate of solution is not sufficient for [my accuracy 
to be obtained. 

Conclusions. 
It cp.n be shown t hat solution seems to follow a reasonably 

logical pattern a nd that unde rground streams show a progressive 
increase both in the amount of di s sol ved load and in discharge. 
There is also a ve ry good correlat ion between rainfall, dis
charge and calcium carbonate con tent. This variation of 
calcium content nith dischar ge is important in consid.ering 
the long term solution of the area for, unlike normal mechanical 
erosion, there is not such a simple increase of erosion with 
discharge and velocity. It is not clearly established. when or 
wyler ';That conditions the most rapid solution t2.kes place - much 
more detailed field and laboratory measurel"1ents of this are 
needed. 

It should be possible by the use of chemical teclmiques 
to neutralise the solutional properties of the main stream 
and then determine the effect of i.;!J.e additions by small 
tribut;::.ries in increasing the calcium carbonate content of the 
stream. By such clethods it may be possible to assess the 
solution rate of the streClf:J alone and to detemine hOH it 
varies seasonally, and under differing discharge 2.nd velocity 
conditions. Finally detailed solutionf1.1 studies m.~,y solve 
the problem, r ?,ised by Corbel, of t he r a te of solution;:o.l 
development in contrasting climatic regifle s. 
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