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EDITORIAL 

John Gunn and Dave Lowe 

In previous editorials we have commented on the unique status of cave science in its reliance upon input from 

'non-academic' volunteers. Some of those who assist have a genuine interest in cave science that has grown out 

of their recreational caving. These individuals may be likened to the 'amateurs' without whom many archaeolog­

ical digs would not take place, and who form the heart of most wildlife trusts and similar bodies. Sadly, the 

number of British cavers with such an interest seems to be declining. The proportion of 'professional' academic 

speleologists [essentially University employees and their students] to non-academic delegates at events such as 

the British Cave Research Association Cave Science Symposium seems to increase year by year. The 1999 

Symposium at Nottingham Trent University, the abstracts from which are published in this Issue, is a case in 

point, with no papers from cavers unrelated to the University sector. We regard this situation as regrettable, and 

would welcome suggestions on how the build-up of a more healthy population of 'amateur' cave scientists might 

be fostered in Britain. As Cave and Karst Science has a growing international readership, we would also be 

interested to learn of related trends in other countries, and of any initiatives to encourage cavers to become better 

informed scientifically. One initiative that we certainly welcome is a renewal of interest in cave faunas, and we 

hope that the letter in Forum from Knight and Wood will elicit a good response. Also in Forum is a letter 

concerning bones handed over to the University of Leicester Department of Geology. Readers who know their 

history will note that Eli Simpson, a sporting caver and founder of the BSA, was involved in their discovery and 

excavation. More recently a 'dig' in the Peak District led to an exciting archaeological find, which was reported 

by Andrew Chamberlain at the 1999 Cave Science Symposium. 

In addition to this need to foster a body of 'amateur' cave scientists, there is an equally urgent need for 

Britain's recreational cavers to become more active in the protection of cave environments. Somewhat 

surprisingly, there seems to be an attitude amongst some that pollution should be tolerated, unless it is so bad that 

it actually prevents access to a cave. We are aware of cases where cavers have indicated that they knew who was 

responsible for illegal dumping [in one case of carcasses], but did not wish to inform the relevant authorities, in 

case the source of the complaint was traced and access restrictions were imposed by way of retaliation. While 

acknowledging that such fears may be justified, as borne out by events on Mendip some years ago when certain 

cave SSSI were notified, there is surely an obligation on us to do everything in our power to protect the 

underground environment. That environment is very fragile and, whereas all cavers must be aware of the 

potential for damage to speleothems, there seems to be less understanding of cave life, which can be devastated 

by levels of pollution that may cause little or no annoyance to recreational cavers. Recently, large amounts of 

paper, and other waste, have been deposited in the Castleton area of the Peak District. The mounds of waste, and 

the large numbers of trucks bringing waste into the area, must have been seen by cavers. At least one has said 

that he assumed it was legal, and hence never mentioned it. Fortunately, another person, having read an appeal 

for information on pollution in another area [Monyash], telephoned JG to report the Castleton waste and 

speculate that similar dumping might be the cause of the pollution at Monyash. While this is not the case, a call 

to the Environment Agency revealed that they were unaware of the Castleton dumping, and the matter is 

currently under investigation. 

The material dumped at Castleton is on the surface, where others might reasonably be expected to take notice, 

but cavers are the only people who can be expected to provide information about underground situations. Such 

information must be factual and timely. There is little point mentioning a pollution incident several weeks after 

it took place, when all evidence has disappeared. In the case described above it seems that liquor from the waste 

3 



4 

entered Peak Cavern, but was sufficiently diluted by the stream that it was not noticeable at the rising or 

downstream. However, it may well have wiped out entire aquatic invertebrate communities in the cave, which 

included at least one nationally notable species . Perhaps we are preaching to the converted, as only those with 

some interest in cave science, and hence, hopefully, in the protection of cave environments, are likely to have read 

thus far. However, this is an important issue and it behoves all cavers to think seriously about it. 

In bringing this editorial to a close we regret that yet again it is our sad duty to mark the passing of another 

stalwart of British caving, Bryan Ellis. No doubt other, fuller, epitaphs will appear in due course, but it is 

particularly appropriate that we recognise Bryan's contribution in this editorial, as he epitomised the type of 

'enthusiastic amateur caver' that we would hope to encourage. His particular interest was in cave surveying, a 

topic about which he wrote various papers and the book 'Surveying Caves', a standard reference for several 

generations of cave surveyors. As an aside, it is worth noting that accurate surveys are essential to most cave 

research, and their production is one of the most important contributions to science that can be made by the 

'ordinary' caver. The word 'research' leads us back to Bryan, as he argued consistently that the whole raison 

d'etre for BCRA was cave research, even if the majority of its members never undertook any! In this we are, 

inevitably, in full agreement. 

Much of Bryan's work for the Association was related to one aspect or another of publications, whether as a 

contributor, editor or simply as a sales agent. The latter task was passed on only relatively recently to Ernie Shield, 

and it is one of those sad twists of fate that in the same editorial where we must remark upon Bryan's passing, we 

have been asked to mention a welcome initiative to make past BCRA publications more easily affordable. As part 

of the BCRA's 25 th Anniversary Sale, all available pre-1996 issues of Cave (and Karst) Science and Caves and 

Caving are available to BCRA members for £1-00 per copy (plus postage). Binders that will hold 12 copies of 

these publications are also being offered for £4-00 each (plus postage). The first 7 titles from the Cave Studies 

series (of which Bryan Ellis was Series Editor) are available at £2-50 each (plus 30p postage), while the excellent 

"Limestones and Caves of Wales" , edited by Trevor Ford, has been reduced from £40-00 to £10-00 for BCRA 

members, or £15-00 for non-members (plus £3-75 postage in both cases) . All of these publications are available 

from Ernie Shield, at the address given at the foot of the inner back cover. 

Finally, tributes to Alfred Bogli and P B Smith in the editorial of Issue 25(3) displaced our normal editorial 

recognition of those who assisted with the production of Volume 25. Thanks are due to our referees : Simon 

Bottrell , Andy Farrant, Trevor Ford, Chris Hunt, Stein-Erik Lauritzen, Mike Simms, Tony Waltham, Paul Wood, 

and all those who worked with Fiona Whitaker to review the thematic papers that appeared in Issue 25(2). Fiona 

is also thanked, somewhat belatedly, for her painstaking and much appreciated work as Guest Editor of the latter 

Issue. Finally, we thank Jean Reeve for her continuing understanding and stalwart efforts in dealing with a 

growing spectrum of desk top publishing aspects, and the Sherwood Press for the high standard of the final 

product. 
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The Inception Horizon Hypothesis in vertical to steeply­
dipping limestone: applications in New South Wales, Australia ~ 
R Armstrong OSBORNE 

BeRA 
School of Professional Studies, A22, University of Sydney, N.S.W. 2006 , Australia 

Abstract: The Inception Horizon Hypothesis has generally been applied to explain cave morphology in 
horizontal or gently-dipping limestones. When applied to vertical or steeply-dipping limestones , the 
Inception Horizon Hypothesis offers explanations for many characteristic features of the small impounded 
karsts found in the Eastern Highlands of New South Wales, Australia. In vertical or steeply-dipping 
limestones a linUted number of pathways through the limestone are available, resulting in the development 
of multilevel passages and an increased likelihood of modem caves intersecting and/or exhunUng 
palaeokarstic features. The few hydrologi cal pathways through the limestone are easily blocked by 
sediment, abundant in small , impounded karsts, resulting in flow switching with surface streams and the 
consequent development of lateral dry valleys. Partial sediment blockage will result in paragenetic 
enlargement of passages , allowing relatively small streams to produce large, out-of-scale conduits with a 
"keyhole" cross-section , and paragenetic loops that can be nUsinterpreted as phreatic loops. 

INTRODUCTION 

Previous Work 

The Inception Horizon Hypothesis (Lowe, 1992; Lowe and Gunn, 
1997) seeks to explain the location and growth of the initial sub­
conduits from which caves later develop in karstic rocks, by 
postulating that they are most likely to form along particular 
lithostratigraphical features called inception horizons. Lowe (1992, 
p.114) defined an inception horizon as " ... any lithostratigraphically 
controlled element of a carbonate sequence that passively or actively 
favours localised inception of dissolutional activity, by virtue of 
physical, lithological or chemical deviation from the predominant 
carbonate f acies within the sequence. " 

Lowe and Gunn (1997) described four general categories of 
inception horizon: 

Aquifuge, aquiclude, aquitard and aquifer horizons (commonly, 
but not always clastic beds); 
Trans-bedding contrasts ; 
Acid generating horizons ; 
Physically soluble horizons. 

Given the high degree of lateral facies change in many carbonate 
sequences, it is likely that many inception horizons will be dis­
continuous both laterally and along strike. 

Much of Lowe' s original work exanUned the role of inception 
horizons in relatively horizontal limestones, though the ready 
applicability of the idea to dipping situations was noted generally and 
by specific reference to cave development in the Mount Robson 
Syncline and Bocock Peak areas in the Canadian Rocky Mountains. 
Ongoing research elsewhere (e.g. Sustersic, 1997; L Brown, University 
of Huddersfield, oral communication) has also dealt predonUnantly 
with relatively gently-dipping limestone situations. Lowe and Gunn 
(1997) used the Inception Horizon Hypothesis to discuss the origin of 
many features commonly found in limestone caves. Although the 
applicability of the concept to cave development in fo lded terrain was 
mentioned, for simplicity all of their diagrams illustrated horizontally 
bedded situations. 

Karst of eastern New South Wales, Australia 

Many of the best-known and most cavernous karsts in New South 
Wales , are developed in small bodies of Siluro-Devonian limestone 

within the Lachlan Fold Belt, exposed in deeply-incised terrain along 
the margins of the Eastern Highlands (see Osborne and Branagan, 
1988) (Fig. I ). The limestones are mainly carbonate shelf/platform 
facies , overlain by marine muds and volcaniclastic rocks. No evidence 
has yet been found of exposure and/or karstification affecting these 
limestones prior to major episodes of folding during the Palaeozoic. 
With the regional tectonic grain orientated generally north-south, many 
of these limestones have steeply-dipping beds, which strike north-south 
and form narrow, elongate outcrops that taper at their northern and 
southern ends (Fig.2). 
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Figure 1. Major cavernous knrsts of the Lachlan Fold Belt in New South 
Wales, after Osborne (1984): A = Abercrombie, B = Bungonia. BD = 
Bendithera, BN = Borenore, CF = Cave Flat, CL = CUefden. CP = Coolemall 
Plain, J = Jenolan, KY = Kybean, LB = Lalldon Bridge, LC = Colong, M = 
Michelago, MA = Marble Arch. MF = Mount Fairy, T = Tuglow, R = 
Rosebrook, TB = Toll Bar, TM = Taemas, W = Wombeyan, WA = Walli, WE = 
Wellington, WJ = Wee Jasper, WT = Wyanbelle, Y = Yarrangobilly. 
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Figure 2. Outcrop 
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Caves are typically developed with their major axes oriented along 
strike, and many display multi-level passages. Upper level passages are 
commonly filled, or part filled , with cemented silicic sands and gravels . 
Sheer limestone cliffs, gorges , dry valleys and natural bridges , locally 
known as arches , are prominent surface features of these karsts. It is 
common for caves in these karsts to intersect and expose palaeokarst 
deposits (Osborne, 1984, 1993b, 1995) and/or have close genetic 
relationships with hydrothermal ore deposits (Osborne, 1996). In some 
cases the present cave passages are exhumed ancient passages 
(Osborne, 1993c). Karsts and caves developed in the more western 
parts of the Lachlan Fold Belt and in the New England Fold Belt of 
New South Wales are quite different in character. 

Examples 

The following examples should be considered as theoretical. Many of 
the cases discussed to illustrate situations that may arise in vertical or 
steeply-dipping limestone are based roughly upon real occurrences 
found within the impounded karsts of New South Wales. However, 
inception horizons have yet to be investigated in detail in the field in 
eastern Australia, so any comparison between real places and the 

Figure 3. Cross-section of horizontaLLy-bedded Limestone perpendicuLar to 
major joint direction showing phreatic passage deveLopment. "J" = inception 
horizons, "J" = joints. The vertical position of the cave passages is guided by 
inception horizons whereas their LateraL position is guided by verticaL joints. 
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idealised examples described remains speculative. Where a case or 
diagram is based upon a real situation this is indicated in the text, or in 
the figure caption. 

INCEPTION HORIZONS IN STEEPLY -DIPPING 
LIMESTONES 

In the discussion that follows, several simplifying assumptions are 
made: 

I. Inception horizons are widely spaced both physically and 
stratigraphically within the limestone mass; 

2. The limestone between the inception horizons , except where 
otherwise indicated, is mechanically strong, massive and 
chemically pure; 

3. Despite multiple tectonism, beds and/or planar structures parallel to 
bedding are the principal features guiding speleogenesis; 

4. Other than inception horizons, planar joints are the only features 
present that can guide or inhibit cave development; 

5. There was no karstification, or only insignificant karstification, 
prior to the limestone being exposed after a major folding event. 

~~ I lll/tB 

~ trN 
- -I- - - -

~ 

~I( J 
-- - -

~~ ~~I 
Figure 4. Cross-section of verticaL to steepLy-dipping limestone body 
perpendicular to strike direction, showing phreatic passage development. "J" 
= inception horizons and their projection through the axes of the caves, "J" = 
joints. The lateral position of cave passages is guided by inception horizons 
whereas their vertical position is guided by vertical joints and/or hydraulic 
gradient. In "A " two phreatic passages have developed at different 
topographical leveLs aLong the same inception horizon. In "B " the two 
passages have been joined by subsequent vadose action. 
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Figure 5. Cross-section of horizontally-bedded limestone body perpendicular 
to major joint direction showing phreatic cave de velopment. "/" = inception 
horizons, " j" = joint. Passage guided by upper inception horizon is captured 
via vertical joint-guided shaft to passage guided by lower inception horizon. 

Inception horizons and cave development 

Two simple situations are considered to compare and contrast the likely 
influence of inception horizons on cave development in limestones 
with gentle dip with that in limestones with steep dip, both in massive, 
compact limestone: 

1. Inception horizons are horizontal and widely spaced; 
Joints are planar and vertical (Fig.3). 

2. Inception horizons are vertical and widely spaced; 
Horizontal planar joints mayor may not be present; 
Vertical planar joints may be present (Fig.4). 

In horizontally-bedded or gently-dipping limestone the vertical 
position of cave passages is guided by inception horizons, whereas the 
lateral position of some cave segments may be guided by vertical 
planar structures such as joints (Fig.3). Following the interpretation of 
Lowe and Gunn (1997), where conduits exist at more than one level it 
is likely that upper and lower level conduits began to form at the same 
time, under artesian or phreatic conditions. 

In vertical or steeply-dipping limestone the lateral position of cave 
passages is guided by vertical inception horizons, whereas their vertical 
position can be guided either by horizontal planar joints ("A" in Fig.4) 
(with both upper and lower conduits forming under artesian or phreatic 
conditions , see above) or by hydraulic constraints acting upon the karst 
system ("B" in Fig.4) . As a result of both of these processes it should 
be common for conduits to develop at different vertical levels, one 
above the other, along the same inception horizon. 

In horizontally-bedded or gently-dipping limestone, sub-vertical 
joints will permit caves to develop between one inception horizon and 
another (Fig.S). Where the bedding is inclined, these connections can 
lead to the development of phreatic loops. 

In vertical or steeply-dipping limestone, vertical joints aligned 
perpendicular to bedding will permit caves to develop laterally between 
one inception horizon and another (Fig.6) and will also permit the 
progressive lateral capture of surface streams running parallel to strike 
(Fig.7). 

Where inception horizons are a significant distance apart 
stratigraphically (e.g. in pure limestones deposited under constant 
depositional conditions) there may be a considerable thickness of 
limestone between conduits , or only a single level of cave 
development. 

Figure 6. Cross-section of vertical to steeply-dipping limestone body perpen­
dicular to strike direction along line of major cross-joint, showing phreatic 
cave development. "/" = inception horizons and their projection through the 
axes of the cave. Passages guided by left and right inception horizons are 
joined by horizontal (or more likely sloping) passage guided by cross-joint. 

Figure 7. Sequential capture of a surface stream along cross joints, "J 1" and 
"12" by cave guided by inception horizon in vertical to steeply-dipping 
limestone. "/" = inception horizon and its projection through the axis of the 
cave. 
A. Plan view. Stream is fi rst captured by J1 and then after further incision by 
J2. "S2" is the active stream sink and "S I " is the former stream sink. The 
valley below "S2 " is dry. Note caves are unlikely to develop in zones, "X", 
"Y" and "2" with no inception horizon and berween major cross-joints. 
B. Section along plane of joint "]2 " . "/" is the inception horizon and its 
projection through the axis of the cave. 
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Figure 8. Cave development guided by lensoidal inception horizons in 
horizontal to gently-dipping limestone. Note similarity of outcome to that 
shown in Fig. 3. 
A. Disposition of inception horizons in limestone body in plan . "J 1 " and "J2" 
are vertical plane joints. "X-Y" line of cross-sections "C", "D", "E" and "F". 
B. Plan of cave that may develop in these circumstances, note blind 
termination of passages. 
C. Section along line "X" - "Y" showing disposition of inception horizons in 
limesrone mass. 
D. Section along line "X" - "Y" showing phreatic/artesian development 
guided by lensoidal inception horizons. 
£. Section along line "X" - "Y" showing situation after later vadose incision. 
F. Secrion along line "X" - "Y" showing siruarion afrer later paragenesis. 

Wide spacing of inception horizons in vertical or steeply-dipping 
limestone will resu lt in cave development being restricted (except for 
cross passages along joints) to those parts of the limestone mass in 
which inception horizons , and cross-joints intersecting inception 
horizons, are present. Caves are unlikely to develop in the masses of 
limestone bounded by the inception horizons and the cross-joints ("X", 
"Y" and "Z" in Fig 7) . This raises the possibility of using the 
disposition of inception horizons and cross joints to predict where 
caves are most likely to be located in a particular mass of vertical or 
steeply-dipping limestone. 

Laterally discontinuous inception horizons 

In all of the cases above it is assumed, for simplicity, that inception 
horizons are thin (relative to the rock sequence as a whole) and 
laterally conti nuous perpendicular to strike. While aquifuge, aquiclude, 
aquitard and aquifer horizons (Lowe and Gunn' s first category of 
inception horizon) are likely to be relatively thin features in a carbonate 
sequence, in many cases they will not be extensive perpendicular to 
strike. Shale and sand bodies in carbonate sequences are commonly 
elongate, narrow, lensoidal features, reflecting their mode of 
deposition. Lateral discontinuity of inception horizons has quite 
different effects on later cave development in horizontally-bedded or 
gently-dipping limestone and in vertical or steeply-dipping limestone. 
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Figure 9. Cave development guided by lensoidal inceprion horizons in 
ve rrical to steeply-dipping limesrone. 
A. Disposirion of inceprion horizons in limestone body in plan. "J 1" 
and "]2 " are vertical plane joinTS. "X- Y" line of cross-sections "C", 
"D ", "E" and "F". 
B. Plan of cave that may develop in rhese circumstances, note blind 
termination of passages along strike. 
C. Section along line "X" - uY" showing disposition of inception 
horizons in limestone mass. 
D. Section along line "X " - "Y" showing phreatic/artesian development 
guided by lensoidal inception horizons. 
£. Section along line "X" - "Y" showing situation after later vadose 
incision. 

Fig.8 illustrates inception and later cave development guided by 
narrow lensoidal shale or sandstone bodies in generally massive, 
horizontally-bedded or gently-dipping limestone. It would be 
extremely difficult from observation in the cave to differentiate 
between the situation shown in Fig.8 and that illustrated in Fig.3 . 
Fig.8B shows the plan of a possible cave guided by these discontinuous 
inception horizons. Vertical joints, "J", permit development of lateral 
passages connecting between those developed along the isolated 
inception horizons. One important consequence of this form of 
development is that cave passages will have blind terminations. Note 
that later development of the cave, either by vadose incision (Fig.8E) 
or paragenesis (Fig.8F), is likely to preserve a trace of the inception 
horizon in the cave walls. 

Fig.9 illustrates inception and later cave development guided by 
narrow lensoidal shale or sandstone bodies in generally massive 
vertical or steeply-dipping limestone. Although this situation is 
somewhat similar to that illustrated in Fig.4, there are some significant 
differences. Firstly, vertically stacked cave passages are less likely to 
form in this situation and, secondly, subsequent cave development, 
particularly paragenesis, is likely to destroy all trace of the guiding 
inception horizon. As in the case of lensoidal inception horizons in 
horizontally-bedded or gently-dipping limestone, passages will have 



Figure 10. Cross-sections "A" an.d "B " showing cave development below a 
lithological boundary in horizontal to gently-dipping limestone. SrrUlIL brick 
shading is thinly-bedded generally less-pure limestone, large brick shading is 
pure massive limestone. In "B" later cave development is generally unaffected 
by the presence of the thinly-bedded unit. 

blind terminations, but in this case the terminations will be along 
strike, and hence more puzzling (Fig.9B). Note that later development 
of the cave, either by vadose incision (Fig.9E) or paragenesis (Fig.9F), 
is likely to destroy all traces of the inception horizon in the cave roof 
and floor. 

Inception related to lithological boundaries 

In all of the cases so far considered the inception horizon is relatively 
thin and so could easily be removed by post-inception cave 
development. Inception may also occur at the boundary between 
massive pure limestone and thinly-bedded, commonly impure, 
limestone, which may contain acid-generating minerals. 

In horizontally-bedded or gently-dipping limestone, caves will 
develop generally below the boundary, for instance at the upper 
boundary of an oolitic unit, as shown in Fig.2 of Lowe and Gunn 
(1997). This type of situation is illustrated in Fig. 10. Note that in this 
situation the upper thinly-bedded unit will have little influence over 
futu re cave development, except, perhaps, to inhibit paragenesis. 

In vertical or steeply-dipping limestone the thinly bedded unit may 
exercise considerable guidance over later cave development, both in 
plan and section (Fig.I!). Whereas inception is most likely to occur 
along the boundary (Fig. I I A), later cave development is most likely to 
extend into the relatively more soluble pure limestone than into the 
relatively less soluble impure limestone (Fig. I I B). 

Inception horizons alld surface streams 

Figure II . Cross-sections "A" and "B" showing cave development adjacent to 
a li thological boundary in vertical to steeply-dipping limestone. Small brick 
shading is thinly-bedded generally less-pure limestone, large brick shading is 
pure massive limestone. In "B" later cave development is laterally inhibited by 
the thinly-bedded unit. 

limestone canyon may result (Fig, 13). If there are cross-joints between 
a surface stream and an inception horizon (as shown in Fig.7), the 
stream may be captured progressively upstream, as headward erosion 
permits access to the cavity via cross-joints farther upstream, 

Where a stream crossing a limestone body has not been captured it 
may flow along strike, at or close to the limestone boundary, producing 

A 

B 

The interaction of surface streams with limestones containing inception C 
horizons is considered under the following conditions: 

I. The body of limestone is surrounded by insoluble rocks; 
2. Streams rise on insol uble rocks and flow in bedrock valleys before 

encountering the limestone; 
3. Streams must continue to flow over insoluble rocks after their 

encounter with the limestone, 

Where surface streams encounter bodies of gent ly-dipping 
limestones perpendicular to strike, particularly if the beds are dipping 
downstream (Fig.12A), the streams are likely to be captured 
underground by caves developed along inception horizons, This is less 
likely to occur if the beds dip upstream (Fig, 12B). 

Where surface streams encounter bodies of vertical or steeply­
dipping limestone, however, cavities developed along inception 
horizons will not al ways capture streams underground (Fig.12C) and a 

Figure 12. Cross-sections of impounded limestone bodies perpendicular to dip. 
Assume surface stream flow from left to right. In case "A ", with beds dipping 
downstream, stream capture is likely to occur. Hydrological conditions in 
limestone will be controlled by headward erosion of the insoluble unit at "a". 
In case "8 ", with beds dipping upstream, and "C", with vertical beds, stream 
capture is less likely to occur, and commonly such streams will cut a canyon 
through the limestone. Underground capture may occur if there is a major 
joint pelpendicular to strike. 
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Figure J 3. Plan showing stream "A " - " A' " crossing a body of vertical to 
steeply-dipping limescone perpendicular co strike. Hydraulic gradient in lime­
scone, large. arrows "B" and " B ' ", is along strike, but towards the stream. 
Water cannot escape from the stream along inception horizons against the 
gradient and the limestone is impounded along strike. The stream is not 
captured underground, but incises a valley or canyon "C" - " C' " through the 
limestone. Based on Bungonia Caves, New South Wales. 

a marginal valley (Fig. 14). A stream crossing the limestone body 
farther along strike ("B" in Fig.14) may expose initial conduits, 
allowing the first stream to be captured. This will produce a dry 
marginal valley along the downstream side of the limestone. 

DISCUSSION 

Sediment blockages of caves 

One important implication of the Inception Horizon Hypothesis is that 
there are only a limited number of planar surfaces within limestone 
bodies along which inception will take place. In situations where there 
is a plentiful supply of clastic sediments in the catchment area, as is 
commonly the case with impounded karsts, underground pathways 
through the limestone may become blocked. 

In eastern Australia streams sinking into the karsts generally have a 
non-limestone catchment and carry a range of materials including 
cobbles and pebbles of silicic volcaniclastic rock, quartz sand and mud 
derived from the weathering of igneous rocks and flysch. There are 
historical accounts of major stream caves becoming blocked by log 
jams as a result of flooding. 

In horizontally-bedded or gently-dipping limestone, blockage of 
hydrological pathways can result in lateral flow-shifting within the 
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Figure 14. Plan showing vertical to steeply-dipping limestone body 
traversed by two streams, "A " and "8 ", both perpendicular to strike. 
Stream "A " and "B " join coform "A B" at point" E ' n. After stream "A " 
crossed the limestone it flowed along strike close co the limestone 
boundary forming a marginal valley "E" - " E' " When stream "B " had 
incised below level of "A " , a hydraulic gradient existed and stream "A " 
was captured along strike at "C", rising at spring "D ". As a result" E­
E ' " became a dry marginal valley. Based on Colong Caves, New South 

same inception horizon, as illustrated in Fig.IS. When the pathway 
developed along an inception horizon in vertical or steeply-dipping 
limestone becomes blocked the flow will be shifted laterally and 
vertically, commonly to the surface (Fig. 16). In many cases marginal 
valley development along the lateral boundary of the limestone will 
result, with sequential flow-shifting occurring between underground 
and surface drainage. Another result could be complete blockage of 
underground flow paths for a considerable length of time. Osborne 
(1993a) proposed that complete blockage of underground drainage by 
sediment at Bungonia Caves, N.S.W., allowed surface incision greatly 
to outpace lowering of base levels in the caves, resulting in springs 
becoming perched almost 200m above the floor of the canyon into 
which they flow. 

Exposure of palaeokarst deposits in caves 

Ford (1996) noted that it was unusual for modem caves to intersect and 
exhume filled palaeokarstic cavities, except where the modem caves 
were the result of per ascensum hydrothermal, artesian or stratiform 
karstification . Caves developed in the karsts of eastern Australia 
commonly intersect and exhume palaeokarst (Osborne, 1984, 1993b, 
1993c, 1995). Whereas there is evidence pointing to per ascensum 
processes in many of these karsts (Osborne, 1996), the behaviour of 
inception horizons in vertical or steeply-dipping limestone provides 
another mechanism that is likely to result in more widespread than 
average intersection and exhumation of palaeokarst. 



Figure 15. Section showing cave development in horizontally-bedded 
limestone. When cave at "A" becomes blocked with sediment a new 
pathway of underground drainage "B" I1wy form following the same 
inception horizon. It is unlikely that Cave "B" will intersect blocked cave 
"A". 

When ancient karsts become filled and/or buried and are later 
exhumed, situations similar to those illustrated in Figs.15 and 16 will 
result. With the exhumation of a previously buried karst in 
horizontally-bedded or gently-dipping limestone, an inception horizon 
may again become exposed at the surface. If palaeokarst deposits block 
a previous pathway through the limestone, a new pathway may develop 
laterally adjacent to the old. 

In the case of vertical or steeply-dipping limestone, alternative 
laterally adjacent pathways may not be available and the only pathway 
will commonly be one along which caves formed during previous 
periods of surficial exposure. Exhumed caves, and exposures of 
palaeokarst deposits in caves, are thus more likely to be found in 
vertical or steeply-dipping limestone than in horizontally-bedded or 
gently-dipping limestone. These considerations may explain why 
exhumed caves and palaeokarst exposures in caves are common in 
eastern Australia, but are uncommon, for example, in Slovenia, where 
widespread palaeokarst deposits have been found in natural surface 
exposures and in expressway excavations. 

Development of "keyhole" passages and paragenetic loops 

As can be seen in Fig.17, vadose incision of phreatic passages 
developed along vertical to steeply-dipping inception horizons 
produces a passage cross-section quite unlike the classical "keyhole" 
shape. 

Passages with a cross-section somewhat similar to that shown in 
Fig.17 "A" (see also "h" in Fig.52 of Jennings , 1985) do occur in 
eastern Australian caves developed in vertical to steeply-dipping 
limestone. These have been interpreted, following the examples in 

Figure 16. Section showing cave development and the effects of sediment 
blockage in a narrow impounded body of vertical to steeply-dipping limestone. 
"I" = inception horizons. Caves "A" and "B" become blocked with sediment, 
as no other inception horizons are present water formerly flowing through "A" 
and "B" flows overland excavating marginal valley "C", exposing some of the 
sediment filling "B" as a palaeokarst deposit. "D" and "E" form in the same 
inception horizons as "A" and "B" after excavation of "C". In the case of "D" 
paragenesis following later partial sediment blockage results in the under­
ground exposure ofsedimentjilling "A ". Based on lenolan Caves, New South 
Wales. 

popular texts , as having formed from vadose incision of initially 
elliptical phreatic pressure tubes. Large passages with cross-sections 
somewhat similar to the classic "keyhole" at Jenolan Caves have 
generally been considered to be the product of higher flow regimes in 
the past, and to form phreatic loops. 

Pressure tubes in vertical to steeply-dipping limestone should not, 
however, take the form of an ellipse with a horizontal axis, but should, 
as in Fig.17 "B" have the form of an ellipse whose axis follows the dip 
of the bedding. The development of passages with the classic 
"keyhole" profile in vertical to steeply-dipping limestone demands a 
different interpretation. Re-examination of some large "keyhole"­
shaped passages at lenolan Caves (August 1998) revealed several 
features that are inconsistent with development by vadose incision of a 
phreatic pressure tube, but are consistent with development as a result 
of paragenesis, following partial sediment blockage of initial slot-like 
passage sections . 

In cross-section (Fig.17 "C"), the principal morphological features of 
these passages are: 

1. An essentially flat ceiling that has been cut directly across bedding, 
with no sign of any horizontal joint or any other structure that has 
guided its development; 

c 

Figure 17. Sections comparing 
"keyhole " cave passages produced 
under different conditions. Thick lines 
are inception horizons. "A" 
traditional "keyhole" passage formed 
by vadose incision of phreatic conduit 
developed below inception horizon in 
horizontally-bedded limestone. "B" = 
elongated "keyhole" passage formed 
by vadose incision of phreatic conduit 
developed along inception horizon in 
vertical bedded limestone. "c" = false 
"keyhole" passage formed by 
paragenetic modification of passage 
like "B " in vertical bedded limestone. 
Note how flat ceiling truncates 
bedding. 
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Figure 18. Diagrammatic profile and cross­
sections of a paragenetic loop, based on River 
Cave, lenolan Caves, New South Wales. 
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2. An upper, usually widest , section of passage with a curved 
indentation closest to the ceiling, below which there is an 
inward-sloping wall. It is this section of the passage profile that has 
previously been interpreted as the initial phreatic tube, as seen 
below the inception horizon in Fig.17 "A". 

3. Below the wide section is a series of curved indentations in the 
passage wall. This has previously been misinterpreted as being 
equivalent to the vadose canyon that forms the lower part of a 
"keyhole" profile, as seen in Fig.17 "A". It is important to note that 
thi s part of the passage in Fig.17 "c" is relatively wider than its 
equivalent in Fig.17 "A". 

4. A sediment floor or, in rare cases , a narrow, in some cases 
meandering, slot in the centre of a sloping bedrock terrace. 

Viewed in long section the passage ceilings can be either relatively 
level or have a sinusoidal profile (Fig.18), interpreted in the past as 
forming phreatic loops (see Kiernan, 1988). 

The wall indentations, previously interpreted as channel incuts, are 
not horizontal, but parallel to the roof profile, forming benches that are 
draped with fine-grained laminated muds, whose dip follows that of the 
benches on which they sit. 

Where the ceilings of the passages are high, the floor is commonly 
also elevated, and composed of sediment ("B" in Fig.18) , generally 
with only the highest level indentation being exposed above the 
sediment. The walls of the passage slope inward, resembling the 
"planes ofrepose" described by Lange (1963) and Goodman (1964). 

It is proposed here that these passage forms result from a partial 
blockage of the initial slot-like passage (near point "x" in Section "B" 
of Fig.18) , leading to the sediment accumulation forcing water upward 
into the roof, allowing a planed ceiling to develop, cutting across the 
bedding. The fine-grained nature of the sediment on the wall niches 
suggests that this process occurred under a low velocity flow regime. 
Sediment coating the fl oor and wall niches protected them from 
corrosion. 

CONCLUSIONS 

Many of the observed features of caves developed in the small 
impounded karsts of eastern Australia can be explained by applying the 
Inception Horizon Hypothesis to vertical and steeply-dipping 
limestone. In this context, features such as "keyhole" passages and the 
loops they form are revealed not to be indicators of past high volume 
phreatic flows , but as being the result of slow flow over sediment 
blockages . Lateral gorge formation and intersection and exhumation of 
palaeokarst should also be expected, forming as a consequence of only 
limited hydrological pathway availability related to vertical or steeply­
dipping inception horizons within the limestone sequence. 
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Foreword: The main body of this paper is an English translation of a presentation given at the Colloque 
E A Martel, held at Mende in Lozere on 17 to 18 October 1997, and it appears with the permission of the 
organizers. Two additions have been made for its publication here: 
a) a new section at the beginning introduces Martel and his life's work, and briefly discusses his place in 

the history of cave study; 
b) an appendix provides extra information about the English and Irish members of the Societe de 

Speleologie, and others associated with Martel between 1889 and 1914. 

Abstract: Two of E A Martel's 7 visits to the British Isles are described - a 4-week excursion in 1895 to 
Ireland , Derbyshire and Yorkshire, and one of 3 days to the Mendip Hills in 1904. Besides new 
explorations, including the firs t descent of the 100m-deep wet shaft of Gaping Gill, he mapped other 
caves and studied several inaccessible underground rivers. The main descriptive publications in both 
languages are reviewed. Martel's ways of encouraging and helping British cave work are discussed, and 
also the English and Irish membership of the Societe de Speleologie. Wherever possible new information 
is given about these Franco-British links , with some new illustrations. 
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INTRODUCTION previous year he had only a very few days available. The eighth 
campaign, in the British Isles in 1895, is described below. 

Commonly Edouard Alfred Martel (1859-1938) is spoken of as the 
father of speleology. Was he and, if so, why? Certainly there had been 
cave explorers for centuries before his time, and he was preceded by 
some that had been serious students of cave science, publishing books 
and papers in the mainstream literature of Europe. The bulk of this 
paper addresses just one part of his work - his international influence. 
This introduction therefore seeks to summarise his work as a whole, 
placing its international part in context. 

Martel's explorations were the basis of all his cave work. Without 
them he would have had nothing with which to influence people, and 
he would not have had the data to support his ideas on underground 
water flow and other scientific matters. Indeed, his main objectives 
were to explore, survey, record and publish, which he did to an 
impressive extent over many years. The exact number of explorations 
during his entire career has never been worked out, but has been 
estimated to be about 1,500. Even by the end of 1893 (after only six 
years of exploration) he had visited 230 caves. Of the 110 gouffres or 
vertical caves included in this number, 90 were previously 
undescended; of 120 mainly horizontal caves, 30 were previously 
unentered and 45 had not been explored fully. Additionally, he had by 
then sounded the depths of 35 other shafts in preparation for later 
descents, and investigated 55 resurgences that proved to be 
impenetrable. Also by this time, he had surveyed 28km of cave 
passages himself, while his collaborator had surveyed another 22km. 

Most of his discoveries were made in the course of 26 annual 
"campaigns" , from 1888 to 1913, though he continued his cave studies 
and writing after World War I and up to his death in 1938. The 
campaigns took place in seventeen countries: France, Belgium, 
Germany, Ireland, England, Norway, Switzerland, the Czech Republic, 
Slovakia, Hungary, Slovenia, Greece, Italy, Spain, Turkey, Russia and 
the USA. Almost all were important. The sheer bulk of the work carried 
out increased its value even above the intrinsic significance of the 
individual explorations. All the discoveries were fully published at the 
time, and it would be tedious to relate the successive achievements 
here. The duration of the campaigns varied widely from year to year. In 
1892 he was able to devote five months to his fifth campaign, which 
was spread over eleven different departments of France, but in the 

Experienced as he was in exploring many different kinds of ever 
more difficult caves, it is only to be expected that Martel developed 
some of the basic techniques involved. In 1889 he and Gaupillat were 
the first to use telephones in caves, where they found them useful on 
deep shafts, especially any that were more than 100m deep. Their 
apparatus was fairly light for the time, being about 8cm in diameter and 

Martel in J 895, the year of his Gaping Gill descent. 
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weighing 480g, and they used it successfully with as much as 400m of 
wire. The telephone was used in his Gaping Gill descent. Martel's other 
claim for originality in equipment was in the cave use of the folding 
canvas canoe, though Schmidl in 1852 had already used a wooden boat 
that could be taken to pieces. 

The volume and quality of his publications is as impressive as hi s 
explorations. He produced some 20 books and 780 papers, many of 
them in scientific journals of the highest quality. Many of hi s writings 
were also translated and published abroad . 

With such a remarkable record, how can he not be considered the 
father of speleology? Of his predecessors, the most important and 
influential was Adolf Schmidl (1802-1 863), who was largely 
responsible for a flourishing tradition of cave work in the Austrian 
Empire, complete with cave exploration societies, before Martel's work 
began 1. But, Schmidl was involved actively with caves for a mere seven 
years , and produced only three books and several dozen papers on 
caves. This is not to say that Martel was necessarily more important. 
Certainly his achievements were greater, but that was largely the result 
of the very much longer period that he was active, coupled with the fact 
that speleology already existed by then as a recognised and organised 
subject, at least in German-speaking central and southern Europe. 
Martel had Schmidl 's work as hi s starting point, so it could be said that 
each of them influenced the development of the subject to the same 
degree. 

Nevertheless the sheer quantity of Martel's work and writing and the 
very wide extent of his personal contacts ensured that his influence on 
cave investigation and the people who carried it out was far and away 
the greater. It is from Martel that there seems to have been a continuous 
tradition in many parts of the world; direct influence and personal 
contact can be traced back to him like an apostolic succession . So 
Martel was surely the father of speleology. Schmidl, with equal 
certainty, was its grandfather. 

MARTEL'S INTERNATIONALISM 

Martel was more that just a cave explorer, cave researcher and writer. 
He also consciously caused the study of caves to spread into countries 
outside the European core where it was already flourishing. He was a 
leader who inspired and encouraged people to investigate the caves and 
karst problems of their own lands. 

There can be no doubt about the extent of Martel's personal links 
with speleology in other countries. Of his 26 annual campaigns of 
exploration, 19 went outside France in what are now 20 nations and, in 
addition , he made lecture tours and other visits abroad. At least 61 of 
his own publications on caves appeared elsewhere in his lifetime. 
Many of these were papers presented to learned societies, and there 
were also popular articles and the texts of public lectures; others were 
simply translations or reprints of work already published in France, 
showing the interest with which this was regarded abroad. 

The Societe de Speleologie, founded by Martel in Paris in 1895, 
enjoyed high scientific standing from the outset, and it was one means 
by which he contrived the extension of cave study into an international 
subject. Foreign membership of the Societe was remarkably high. 21 % 
of the founder members lived outside France, indicating the close links 
already existing before 1895. Between 1895 and 1904 the proportion 
rose to 29%; in addition three foreign cave societies were members. 
Many papers by foreign contributors, most of them members, were 
published in the Societe's journal , Spelunca, comprising between 14% 
and 50% of the papers printed in individual years. 

In the USA he had little opportunity for physical cave exploration. 
Nevertheless, he formed close links with speleologists there long 
before he vis ited America2 In other countries, such as Slovenia, where 
home-grown cave societies were already active, he participated in their 
work during his visits, while influencing them in some ways and 
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drawing them closer to their colleagues in other lands. The case in 
England and Ireland was between these two extremes, with many caves 
already explored but with no well-established cave societies . Many 
interesting sites were awaiting exploration and proper investigation and 
Martel took the opportunity to do some of thi s. He also visited several 
other caves to learn regional characteristics and to compare them with 
those he knew elsewhere. At the same time, he met local people and 
inspired them by his example, encouraging them into further activity in 
Britain and causing some of them to join the wider world of the Societe 
de Speleologie and to submit papers for publication in Spelunca. 

In studying Martel's relationship with the British Isles, such indirect 
activities may initially seem less prominent than they were with 
America. This is because more travels and cave visits are reported, 
tending to overshadow the less tangible matters of personal influence 
and consequent future cooperation. Nevertheless this did happen, no 
doubt mostly initiated while Martel was in the country and then 
fo llowed up after his return to France. 

MARTEL'S VISITS TO THE BRITISH ISLES 

Martel is known to have made 7 visits to England. Two of these are 
important and one of them is very well known indeed. All are part of 
the pattern of his international life, however, and they all influenced 
him or his work to a greater or lesser extent. They are summarised here 
from the "Repertoire chronologique ... " in the recent volume of Martel 
letters), referred to here as La plume .. . 

1870 

1886 (April) 

1888 (July) 

1889 

visited England with his parents at the age of 1 0 
or II . 

attended a meeting in London. 

in London for at least 4 days. 

visited museums in London. 

1895 (July-August) nearly 2 weeks in Ireland and a little less in 
England, exploring and attending an International 
Geographical Congress. 

1904 (June) 3 days in the Mendip Hills. 

1905 (November) lectured in Leeds and visited the geology 
museum at Cambridge (about a week). 

THE 1895 VISIT 

Martel had naturally been in touch with his English colleagues before 
planning the visit. Early in 1895 Mark Stirrup (Fig. I ), an early member 
of the Societe de Speleologie who had known Martel for many years, 
informed the Manchester Geological Society as follows4

; 

HM. Martel, I should state, desires to extend his explorations to 
this country, and with that view he wishes to be informed of 
any caverns of sufficient importance and extent to justify him in 
sending over the very extensive apparatus which it is necessary 
to employ in carrying out these explorations. He has to use for 
this purpose, amongst other things, collapsible boats for 
navigating underground streams, rope ladders many hundreds 
of feet in length, and telephonic apparatus for keeping up 
communication with the surface whilst the explorations are in 
progress. He has also found it necessary in some cases to be 
provided with tents, in order to be able to camp out in the 
absence of proper house accommodation. If there is sufficient 
inducement to extend his operations to this country he should 
be informed early, as the arrangements for his summer holiday 
have to be made some months in advance. It is just possible 
that he will attend the Geographical Congress in London at the 
end of July, and then come northward. " 



Figure 1. Mark Stirrup (1821-1907 ). A photograph taken just before 
he joined the Geological Society of London in 1876. From their 
archives and reproduced with their permission. 

Stirrup also supplied Martel wi th information about English caves5
, 

as did Professor Boyd Dawkins, Dr R F Scharff (another Societe 
member) , Lyster Jameson of Dublin and Thomas Plunkett of 
Enniskillen in Ireland. Martel also made arrangements with James 
Farrer of Yorkshire (father of Reginald Farrer the Asian traveller and 
plant collector) on whose land lay Gaping Gill. 

A detailed account of what Martel did and saw, retelling it like a 
story, is not appropriate here. It is readily avai lable in the original 
published sources and much of it is fairly well known. What is required 
is an overview of his travels, highlighting the more important parts, 
together with some assessment of their significance. The sources will 
not usually be cited in the course of this summary, but they are 
discussed separately. It is necessary, though, to acknowledge that the 
dating of the various visits has been taken mostly from La pLume ... l . 

Many of the dates are evident in the primary sources but the editors of 
La plume ... have also been able to draw on other information. The 
main places and regions visited are shown in Figs 2 and 3. Martel's 
route between these places is not known. 

He arrived at Edinburgh in Scotland by ship on Saturday 6 July, aged 
36, together with his wife Aline. The next day he went northwards by 
train to the city of Perth and by 12 July he was in Ireland. (This account 
ignores political boundaries and describes locations in Ireland by 
reference to counties). 

Ireland 

From Friday 12 July until the following Wednesday, Martel was in 
County Fermanagh, at Marble Arch and other nearby caves. He was 
accompanied by H Lyster Jameson , a young entomologist from the 
Ulliversity of Dublin , who studied cave fauna. Marble Arch Cave had 
not been explored fully before, and they were concerned to establish 
the complex links between the several underground rivers and the 
rising. This they did, using a collapsible boat6

, on July 12 and 16. On 
14 and 15 July they studied Arch Cave, from which a large stream 
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~ 
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Figure 2. The three karst areas that Martel visited in England in 1895 and 
1904. 

emerges They also descended the shafts of Noon ' s Hole and 
Pollanaffrin. Noon's Hole was sounded to a depth of 47m, but the 
volume of the stream entering the hole made it impossible to go below 
25m that day. 

Travelling southwest from County Fermanagh, Martel reached 
County Mayo on the west coast. Here there is extensive underground 
drainage in the limestone near Cong, where water from Lough Mask 
flows towards Lough Corrib, but is inaccessible. There are many small 
caves and karst springs thereabouts, some of which were surveyed on 
July 18. A little farther south again, in County Galway, he reported on 
the 3.5km-Iong underground river at Gort. Its underground course is 
hidden, except where visible in collapse dolines and at the bottom of 
shafts, but accurate measurements enabled him to draw its profile. He 
also noticed a surface stream that divided into two branches, which 
then sank separately. La plume ... does not provide a date for this visit 
but it must have been on Friday 19 July, for by the following day they 
were in County Clare, farther south again. 

He was in County Clare for at least two days. On Saturday 20July he 
visited the limestone sea cliffs of Kilkee and the so-called "Puffing 
Caves" where in stormy weather the action of the Atlantic waves forces 
sea water up natural chimneys in the rocks to form plumes of spray. 
Next day he was already heading east towards the centre of Ireland, and 
stopped near Ennis to study the Tomeens, a series of open pits in the 
limestone revealing the course of a 300m-long river running only about 
4m beneath the surface. As he said, it was an example of an 
underground stream becorlling a surface one by roof collapse. 

The Mitchelstown Cave in County Tipperary was the subject of a 
6-hour visit on 24 July, in which he made a plan of the somewhat 
complex joint-controlled passage system, totalling over 2km in length. 
He pointed out that it was thus "".La pLus Longue caveme actuellement 
connue des lles-Britanniques " and notes also that at that time it was 
the only cave in the British Isles in which "" .['on ait ... trouve des 
animaux reellement cavemicoLes,,7 It was the Mitchelstown "New 
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Figure 3. The caves and karst regions oj Ireland visited by Martel 
in 1895. 

Cave" (discovered in 1833) that he saw, not the "Old" or Desmond 's 
Cave, close by. 

Quite a large part of the 13 days Martel spent in Ireland was devoted 
to non-karst subjects and much of his book is concerned with its 
scenery and antiquities. He did, however, visit 5 classic karst sites. 
Three of these, with the inaccessible underground rivers of Cong, Gort 
and the Tomeens, are not caves as such but they demonstrate the 
breadth of hi s interest in karst problems , concentrating especially on 
what he found different in Ireland to e lsewhere. The caves of Marble 
Arch and its vicinity, and of Mitchelstown. were the longest and most 
challengi ng in Ireland , for Poulnagollum in the Burren of County Clare 
was not then widely known . 

Derbyshire 

Martel must have crossed from Ireland to the English mainland the day 
after his Mitchelstown visit , for between 25 and 27 July he visited and 
studied 3 major caves at Castleton in the Derbyshire Peak District. 
These were the Blue John Mine (a natural cave from which "Blue 
John" fluorspar was formerly extracted), the Peak Cavern and the 
Speedwell Mine (a natural cavern entered by a lead mine tunnel ) 
(Fig.4). He made plans and sections, more or less complete, of all three 
caves, carefully noting altitudes throughout , and he described the 
several karst springs associated with the Peak Cavern system. 

"Telles sont les observations que j'ai fa ites dans les trois 
pril1cipales cavernes de Castleton; elles n 'ont pas ete 
suffisallll1lenl approfondies, et il y reste encore bien des 
recherches a executeI'. II doit en eire de meme dans toUles les 
aLlires groltes et pertes des environs, qui allendenl, de la part 
des speleoiogues anglais, des invesligations peifectionnees, 
cOl1lme celles exicutees, depuis dix ans, en Autriche et en 
France. "R 

His short stay in Derbyshire meant that he was unable to visit many 
other caves but he summarised what he knew of them from the 
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Figu re 4. The "Bottomless Pit " in Speedwell Cavern showing the 
natural oven penetrated by an old lead mine tunnel. From 
Irian de .. 6 p.299. 

literature. Bagshawe Cavern, 3km away near Bradwell , was the only 
other one that he did explore and survey, on 28 July. It was not an easy 
cave and his thorough examination showed that it was not more than 
1500m long, rather less than had been thought. 

Thus Martel 's visits in Derbyshire were all to caves that had long 
been known , but he measured them, drew plans and sections, and 
discussed the possible interrelationships of their underground rivers. 
Al so, of course, he added to his own knowledge of caves and karst, in 
a country where the local climate and the geomorphology were unlike 
those famili ar to him. 

Yorkshire 

The relentless itinerary meant that on the very next day he was in the 
limestone Dales di strict of Yorkshire, staying at the New Inn (Fig.5) in 
Clapham vi llage, whose visitors' book contained the entr/: 

E.A. Martel (and Madam) 
29 July 200 August 1895 
Paris, France 

On Thursday I st of August 
1895 I went down Yaping [sic] 
Gill hole, etc. 

The main object of this visit was to descend for the first time the 
100m-deep entrance shaft of Gaping Gill 10, on the moorland about 4km 
from Clapham. What particularly fascinated him was that it was still an 
acti ve water sink: 

... voila bien ce qu ' etaient jadis tous nos avens des Causses! 

Attempts had been made before but had not been successful, 
hindered by the force of the stream falling down the shaft and by 
inadequate equipment. 

Martel sounded the depth of the shaft on July 30 but the stream 
falling over its lip was too heavy fo r a descent to be made. He had 
already been in communication with the landowner James Anson 
Farrer (1849-1925), who had arranged to have the diversion channel on 



the moor re-excavated. This had originally been dug to direct the 
stream water away from the entrance for an earlier attempt, in the 
I 840s. Re-excavation continued on July 30 and 31, and Martel took the 
opportunity to visit the nearby caves of Great and Little Douk, 
Gatekirk, Hurtle Pot and Weathercote Cave, at the last of which he 
made a measured plan and section. He also examined Ingleborough 
Cavern , the resurgence cave 146m lower than the entrance of Gaping 
Gill , where the water reappears. 

Martel made his descent on 1 August (Fig.6) and the climb down the 
long rope ladder took 23 minutes . Having only 80m of ladder 
altogether, he lowered it well down the shaft and used plain doubled 
rope for the top 20m of the descent, where he was greatly aided by the 
pull on his lifeline. He remained at the bottom for 102 minutes, 
exploring the Main Chamber and making notes (Fig.7). The climb back 
to the surface lasted 28 minutes. Afterwards Martel handed copies of 
his sketch plan and section and his notes to Henry Harrison of 
Clapham, and they appeared two days later in The Bradford Observer 
newspaper, the first published account of the discovery. Harrison, 
described by Martel as " .. .fort aimable et intelligent " , was the guide at 
Ingleborough Cavern . 

Figure 5. The New Inn at Clapham, where Martel 
stayed when he descended Gaping Gill. From a post­
card of about 1920 in the collection of Don Mellor, 
reproduced with his pemlission. 

On the very next day Martel was in London attending the 6
th 

International Geographical Congress, at which he spoke on caves, in a 
lecture that will be referred to again below. On the following Tuesday, 
August 6, he reached Paris after 32 days away. 

The literature of Martel's 1895 excursion 

It is not intended here to provide a complete bibliography of the 
writings on Martel's visit. Most of the references have been listed by 
Chabert and Courval 10A

, though their regional relevance is not always 
apparent from the titles. The purpose here is to draw attention to the 
more important and the most complete accounts, together with any 
others that are useful in some particular way. 

The almost immediate publication of details of the Gaping Gill 
descent has already been mentioned. Printed anonymously in The 
Bradford Observer on August 311

, it is a detailed factual account of 
some 1,600 words, with the sketch plan and section reproduced here in 
Figs 8 and 9. 

Figure 6. Martel about to descend the 100m shaft of 
Gaping Gill in 1895. Photograph by John Anson 
Farrer, reproduced by permission of the present Dr 
J A Farrer. 
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Figure 7. Martel ill the Main Chamber of Gaping Gill. From 
Irlande ... 6 p.247. 

The fullest account of the entire excursion is, of course, in Martel's 
own book IrLande et cavernes angLaises6

, published in 1897. Much of 
its text on the Derbyshire caves had already appeared, with minor 
variations, as part of a paper in AnnaLes des Mines

l 2 
in the previous 

year. The two folding surveys used in the book accompanied this 
earlier publication. That they had been prepared for the book is clear 
from the fact that one of them includes the section of the underground 
Gort river in Ireland , which is not referred to in the Annales text. 
Somewhat similarly the Mitchelstown Cave chapter had appeared in 
the Irish Naturalist l l

, also in 1896, and it is the English-language map 
from there that is used in the book. 

Of highest formal status were the two short papers published by the 
Academie des Sciences, one on Gaping Gill 14 and the other mainly on 
Marble Arch Cave l 5 Directed at other special audiences were the paper 
"British caves and speleology" published by the Royal Geographical 
Society in London l6

, a report on Marble Arch and Gaping Gill in the 
Annuaire du Club Alpin Fran~ais l7 , one on the Gaping Gill descent for 
the Alpine Club in London5

, and the one already mentioned in the Irish 
Naturalist magazine

l3
. Most of these appeared before the book was 

published. So did three articles in the popular French magazine La 
Nature l 8

. 19.20, two of which were translated for the Scientific American 

Supplement
21

•
22 the same year. 

The immediate effect on British speleology 

The personal contacts that Martel made in England and Ireland resulted 
in some cooperation with the French in lectures, publications and other 
ways. There were also several attempts by Martel, in his lectures and 
publications, to stimulate more cave activity in the British Isles. Was 
this successful? That is a difficult question to answer, for cause and 
effect were probably not clear even at the time, and are still less so 
now. Nevertheless, in 1904 the noted English cave explorer E A Baker 
wrote2l

: 
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Figure 8. A foreshortened section of the Gaping Gill entrance 
shaft alld part of the Main Chamber at the bOl/om. Figs 8 and 9 
were /:ublished in The Bradford Observer newspaper of 3 August 
j 895 I where they {Ire described as being "practically 
reproductions otM. Martel's own sketches". 

"Since 1895 cave-exploring has become a more popular 
pursuit, thanks Largely to the example and enthusiasm of M. 
Martel. Clubs and societies have taken up the work, many 
discoveries have been made, and both the scientific and the 
sporting allractions of cave-exploring have received general 
acknowledgement. " 

Figure 9. A plan of Gaping Gill Main Chamber based 011 Martel's 
sketch and published in The Bradford Observerl/. The horizontally 
shaded oval on the right denotes the mouth of the shaft, and the 
larger vertically shaded area represents its lower end. 



Figure 10. Herbert Ernest Balch (1 869-1958). Photographed in 1923 by 
Dawkes and Partridge of Wells. 

The Yorkshire Ramblers ' Club, formed in Leeds in 1892, was 
predominantly a mountaineering club, but it also explored caves , 
though without descending any deep ones before 1895. Its members 
were already planning a descent of Gaping Gill in the year of Martel's 
visit, which seems to have taken them by surprise, but " ... much time 
was absorbed in discussion, and ... the expedition was repeatedly 
postponed" 24 . Then, "spurred on by M. Martel 's success", an attempt 
was made in September 1895 , but on that occasion they got no lower 
than the ledge at 58m24. When they did reach the bottom, on 9 May 
1896, they used a windlass and a boatswain's chair, which made for 
much more rapid working - only two minutes for the descent and four 
minutes to come Up24 

Perhaps a more important and long-lasting result of Martel's descent 
than any national competitive spirit was the psychological effect of 
knowing that this formidable hole could be overcome without undue 
difficulty. The Yorkshire Ramblers gained confidence that they too 
could succeed, which they did the next year and then went on to 
achieve successful descents of other deep and difficul t caves. 

1904 VISIT TO MENDIP 

In 1904, in addition to his main campaign of exploration in the 
Dauphine, Martel came to England again. In May he is said to have 
been at the megalithic monument of Stonehenge

25
, and then he spent a 

few days on the Mendip Hills of Somerset in June. He was taken into 
Wookey Hole and the two principal caves at Cheddar; and he visited 
several cave entrances and other karst sites on and around Mendip, 
including the big karst spring of St Andrew' s We1l 26. 27. 28 

He arrived in Wells on Monday 13 June, with his wife. The visit was 
made at the invitation of H E Balch (Fig. lO) and E A Baker, and for 

Figure 11. The entry by Martel and party in the Coughs Cave visitors ' booeY 

on 15 June 1904. Reproduced by permission of the late Douglas Cough. 

some (or probably all) of the time he was accompanied also by J W 
Puttrell (later to become a member of the Societe de Speleologie) and 
others (see Fig. II). 

The entrances to Eastwater Cavern and Swildon's Hole were seen the 
next day, and Martel commented on the way in which they had been 
entered by digging out the chokes that originally blocked them: 

"C'est par la methode de la desobstruction artificielie, donI 
j'ai recommande l 'emploi depuis longtemps, que M. Balch et 
ses coliaborateurs ont pu realiser, dans les gouffres bouches, 
des descentes et des constatalions inattendues, le long des 
ecoulements souterrains " a 120 metres de profondeur (1901) 
au swallet de Swildon 's Hole, dans l 'interieur duquel on a 
reussi a desamorcer un siphon nature!' ,,27 

Wookey Hole and the caves at Cheddar were visited on the 
Wednesday. The visitors ' book29 of Gough's Cave, Cheddar, has an 
entry signed by the whole party (Fig. II). Martel's complimentary 
remarks about the rival Cox ' s Cave were seized upon by the proprietor. 
They were quoted in several printed advertisements (Fig. 12) and the 
entire gable end of cottage bore an inscription in large letters: COX'S 
CAVERN VISITED BY H.M. KING EDWARD VII. MARTEL SAYS 
THE BEST OF 600 (Fig. 13). 

There were only these two days of cave vISIting and Martel 
presumably left the next day. There is no indication that he remained in 
England afterwards, and the Mendip visit seems to have been the 
reason for his coming. It is clear that he did not set out to make any new 
explorations in the area; indeed he did very little exploring at all. What 
then did he aim to do, and what did he achieve? It was always his 
practice not only to explore caves, but to study them and their 
associated hydrology. lust as in 1895 he had visited tourist caves in 
Derbyshire, so in 1904 he studied the characteristics of the Mendip 
karst. He was particularly interested in the effect of the soluble 
Dolomitic Conglomerate (which in places covers the limestone) on the 
major springs. 

MAINTAINING CONTACT 

So much for Martel's physical activity in the British Isles - the 
excursions in which he visited caves and studied karst at first hand. 
There were also other ways in which he sought to ensure that France 
and England, and indeed the rest of the world , remained in touch on the 
subject of speleology. These included: 
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Figure 12. An advertisement for Cox 's Cave, Cheddar, of 
about 1906 (collection of the Karst Research Institute, 
Postojna). 

a) lecturing in Britain and publication of his own writings there; 
b) printing information in France about English and Irish cave work; 
c) attracting English and Irish members into the Societe de Speleologie 

and persuading them to publish in Spelunca; 
d) maintaining personal friendships, lending material for lectures, and 

constantly encouraging new work. 

Publication in England and about England 

Here are a few examples of the way in which Martel kept the subject of 
caves visible in England, both to specialist and to general audiences: 

• his lecture at the 6th International Geograrchical Congress in 
London, the day after the Gaping Gill descent 0; 

• a popular article on cave exploring in the 1898 volume of Wide 
World Magazine3[ (later reprinted in a book32); 

• the lecture he gave in Leeds in 1905, on speleology as a modern 
sporting science33. 

In addition, two lengthy quotations from his writings on French caves 
were translated in an English book about the Causses, published in 
189434

. Several of his books were reviewed in England, including Les 
Abfmes, which received an illustrated review by Professor Bonney in 
the prestigious scientific journal Nature35 . 

French and foreign readers of Spelunca were kept informed about 
progress in England, as elsewhere in the world, not only by occasional 
papers printed there but also by shorter notes and reviews of 
publications. These included lengthy descriptive reviews of the 
contents of The Yorkshire Ramblers ' Club }ournaz36

• 37, of learned 
society publications38. 39.40 and of a book on Derbyshire caves4t

. The 
1897 descent of Rowten Pot in Yorkshire was described

42 
from an 

English newspaper report43
, supplemented by cross-sections that were 

not published in England until the following year
44

• Jameson, who had 
been with Martel in Ireland, wrote on caves in County Leitrim

45
. 
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Figure 13. Cox 's Cave advertised on a cottage wall nearby, 
photographed in 1908 (from a postcard in the collection of 
the Karst Research Institute, Postojna). 

Figure 14. lonathan Barnes (1855-1927). A photograph taken shortly 
before he joined the Geological Society of London in 1896. From their 
archives and reproduced with their permission. 



Name Lived Known to be 
member 

Frederick Macotta 1894 - 1904"'" 
(London) founder member 

life member 

Mark Stirrup (Cheshire) 183 1 - 1895 - 1904"" (Fig. I ). Fellow of the Geological Society of London (from 1876); member of the 
1907 Manchester Geological Society 47 (from 1880), 

President 1896 - 97; wrote on caves 4.48.49.50 

Richard Dixon Oldham 1858 - 1895 - 1909" Fellow of the Royal Society (from 1911); President of the Geological Society of London 
(London) 1936 (1920 - 22); a seismologist who established the existence of the earth's inner core 

Robert Francis Scharff 1858 - 1895" President, Royal Irish Academy (1903 - 06, 1909 - II , 1919 - 21); Keeper of the Natural 
(Dublin) 1934 corresponding History Collections, Museum of Science and Art, Dublin 

member 

Edward Perceval Wright 1834 - 1895 - 1909' 1 (Fig.22). Professor of Botany, Trinity College, Dublin (1896 - 1904); anatomist and 
(Dublin) 1910 geologis t; wrote on Mitchelstown caves5J 

Samuel Wells (Goole) 1896 - 1909' 
corresponding 
member 

Jonathan Barnes 1855 - 1896' (or 1897'°) (Fig. 1 4). Fellow of the Geological Society of London (from 1896); member of the 
(Manchester) 1927 - 190951 Manchester Geological Society (from 1895), Prcsident 1901 - 02 ; wrote on Derbyshire 

Caves55 and karst hydrolog/6
, published in Spelunca57 

William Cecil Slingsby 1849 - 1897 - 1909'1 President, Yorkshire Ramblers ' Club (1893 - 1903); Vice-president, Alpine Club (1906-
(Skipton) 1929 08); a distinguished mountaineer who also explored caves 

Frederick Lambert Fellow 1902 - 1904"" Fellow of the Royal Geographical Society (from 1894); wrote on Australian caves" 
(London) 1894-

1905 

William Newbold 1907 - 1909°' 
(Tunbridge Wells) 

James William Puttrell 1868 - 1914"' Rock climber and cave explorer" , see Fig. 1 5 
(Sheffield) 1939 

Francis Amold Winder 1881 - 1914"" Later President, Derbyshire Pennine Club; author of a book on Derbyshire cavesO l
, a 

(Sheffield) 1947 chartered surveyor62
, see Fig. 16 

Stanley C Philips 191400 Member of the Derbyshire Pennine Club ; see Fig.16 
(Sheffield) 

Table l. English and Irish members of the Societe de Speie%gie (based mainly on the published membership lists of 1895. /904 and / 909). 

Membership of the Societe de Speteologie 

English and Irish membership of the Societe is shown in Table I. It will 
be noticed that four members had joined before Martel's visit in the 
summer of IS95, one of them as a founder member. 

when he was 62 and suffering from heart trouble, he wrote to the 
Yorkshire Ramblers ' C lub librarian , " ... how glad I would be to enjoy 
at least 2-3 days camping at Fell Beck Moor,,67. 

Mark Stirrup (Fig. I), who was also a member of the Association 
Franyaise pour I' Avancement des Sciences, was in frequent contact 
with Martel. He drew English attel'\,tion in 1895 to the formation of the 
Societe 4 and invited anyone wishing to become a member to tell h im, 
so that he could pass on their names. Jonathan Barnes (Fig.14) was 
joint author of a paper

S7 
in the Societe's Memoires, and a letter from 

him is printed in La plume ... 63 . Herbert Ernest Balch (Fig. I 0), who was 
Martel 's host in Mendip in 1904 and who wrote in Spelunca64 on the 
caves there, seems never to have been a member. 

Personal contact 

One of the people Martel met in Yorkshire in IS95 was Thomas 

Richard Clapham (1837-1909) (Fig.17) who lived at Austwick Hall , 
41,4 km from Gaping Gill. As early as 1868 he had tried to explore the 
cave of Meregill but evidently without much success6S

, and he gave 
Martel much other local information. It was probably on the very day 
of his Gaping Gill descent (for he was in London on August 2) that 
Martel presented Clapham with a bound volume of papers by his wife 
and himself, inscribed and dated August 1895 (Fig. IS). They kept in 
touch, for Clapham sent a letter of thanks for more separata in IS97M 

Martel retained his affection for the hills near Gaping Gill, and in 1921 , 

Another inscription indicating friendship, or at least respect, is one 
dated 19 January IS97 (Fig.19) in the copy of Irlande et cavernes 
anglaises that he gave to Matilda Betham Edwards (IS36-1919). Miss 
Edwards was a fluent French speaker, a traveller in many lands and 
author of five books on France, so it is likely that they had met either in 
France or at the 1895 Geographical Congress in London. 

Martel must have made a strong impression on many people. O ne of 
these was Walter Parsons (d. 1944) who attended a dinner party given 
for Martel by the Yorkshire Ramblers' Club president after the lecture 
in Leeds on 22 November 1905. He vividly recalled the occasion many 
years later when he wrote68

: 

"I ... had a considerable amount of conversation with Martel 
himself. I found him to be modest and unassuming with nothing 
of the voluble loquacity which one sometimes associates with 
the French. He spoke English with ease but with a pleasing 
French accent... In appearance he was characteristically 
French, about 5'9" or 5'JO" in height and carrying no 
superfluous flesh. He looked like a wiry athlete, as he had 
proved himself to be. To me it was a great pleasure and 
stimulus to meet and to hear this intrepid Frenchman. " 

It is particularly interesting to have this comment about Martel's 
good English. 
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Figure 15. PUllrell 's signature in the Gough's Cave visitars' booe· in JUlie 
1914, in which he proudly stales his membership of the Societe de Spe/eologie. 
Photographed 13 March 1988 by Chris Howes FRPS and reproduced by 
permission of the lale Douglas Gough. 

Encouragement and assistance 

Martel ' s blunt comment when writing about Dcrbyshire in 1897 that 
the English should do some thorough investigation like the Austrians 
and the French were already doing was quoted earlier. To the 
international audience of his London lecture given the day after the 
Gaping Gill descent he said30 
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"I hope ... Ihat the English speleologisls may be ... incited 10 

renewed investigations into the most remote recesses of their 
caves and swallow-holes, and to a search for their yet 
unrevealed but certainly exisling marvels and instructive 
phenomena. " 

THE 

CAVERNS OF DERBYSHIRE, 

BEING AN EXTRACT I'ROM 

.. IRLA NDE ET CAVERNES ANGLAISES," 

U\' ~1. E.-A. ~IA"T£L. 

TRANSLATED FROM THE FRENCH, WITH THE 

CONSENT OF THE AUTHOR, 

BY 

FRANCIS A. WINDER , F.S .I. , 

ST!\NLEY C. PHILLIPS, 

~Ioillhers of the Societe de Spcl~ologie, Paris. nnd 

The Derbyshire Pennine Club. 

SIlI!FFIELO: 

I'IU :-;'I'El> It\" Iit s tlOI' &. SONS, OIHF.~T \\·mo~s. 

Figure 16. The tiIle page of the 1914 English version of Marte/ 's 
account of his Derbyshire visilo, which shows that the 
translators were both members of the Sociere de Speleologie. 

Referring to that lecture two years later in his paper for the Royal 
Geographical Societyl 6, he called it: 

" ... a memorandum on the encouragement which ought 
to be given to researches of all kinds in caves . ... The 
principal aim of my communication was to allract the 
atlelllion of English scientific men and tourists to all 
that still remains 10 be done and to be found in the 
natural caves of Great Britain . ... I wish that cave­
hunting may now be energetically resumed there by 
English investigators, to the greal benefit of human 
knowledge and curiosity. 

There were many occasions on which Martel , used to the constant 
interchanges of information and pictures for books and lectures in 
France, assisted English cave workers in the same way. The paper that 
Balch had written for Spelunca64 on caves in the Mendig Hills formed 
the basis of a chapter in a book a few years later 9. Among the 
photographs illustrating it are several taken by Martel. Supply of 
photographs to and from France seems to have been quite common. A 
postcard written in English by Martel to Balch on 30 October 1904, 
and formerly in Wells Museum, makes arrangements for the return of 
half-tone blocks borrowed from Balch, no doubt those for the seven 
English photographs previously used in the Climbers' Club Joumaz7° 
The postcard also asks for the loan of some slides for lectures in 
France. Long before Martel's 1895 visit to England he had lent slides 
and a map and provided information to Mark Stirrup for lectures on the 
Causses given in 1890 to the Manchester Geographical SOciet/9 and 
the Manchester Geological Societ/R

• A few years later Stirrup was 
again talking to the Manchester Geological Societ/o and "On the table 
were laid numerous plans and sections of English and Irish caves 
visited by M. Martel in July last, and drawn up by him ". In 1898 
Martel wrote to an unidentitied person in Ireland71

, thanking him for 
cave photographs . At the same time he pointed out the exploration and 
water tracing that were necessary so that " ... a nice and special paper" 
cou ld be published with the photographs in Spelunca. His prompting 
was evidently unsuccessful, for the paper never appeared. 

Figure 17. Thomas Richard Clapham (1837-/909) of Austwick, 
photographed in /888 or 1889. Reproduced, with permission. 
f rom Royal Astronomical Society I\dd. MS. 94180. 



RECOGNITION OF MARTEL IN ENGLAND 

Recognition of Martel in England has been of two kinds: 

a) as a valued source of information about British caves; 
b) as a great international figure. 

In 1914 it was written that: "II is perhaps difficuillo realise that the 
only comprehensive work on English and Irish caves has not been 
written in the English tongue. " This comes from the introduction to an 
English translation60 (Fig.16) of the five chapters on Derbyshire in 
Irlande et cavernes anglaises. Four corresponding chapters on 
Yorkshire caves were translated and published in 1951 72 Most of the 
text on his Irish explorations has never been translated, though the 
Mitchelstown Cave chapter did appear in 194973

, in a different 
translation to the original one of 1896 13 

An unfailing indicator of the recognition of a great man is the award 
of honorary membership by societies in his field. These are sometimes 
difficult to trace, often being reported only in membership lists and 
formal notices of meetings . It is known that he was made an honorary 
member of the Yorkshire Ramblers ' Club in 1905

74 
when he came to 

England to lecture in Leeds. He also became an honorary member of 
the Mendip Nature Research Committee when it was founded in 
190675

, and of the Alpine Club 76. The British Speleological 
Association, formed in 1935, made him an honorary member almost 
immediatel/7

, along with the Abbe Breuil, Karel Absolon, Eugenio 
Boegan, Benno Wolf, Georg Kyrle and other major figures of cave 
study. In the following year the Association printed a short 
biograph/8

, and in due course a lengthy obituary appeared in The 
Yorkshire Ramblers' Club .IournaF6 
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Figure 19. Martel's inscription to Matilda Betham Edwards in a copy of 
1rlande ... 6 (copy made in 1978; present whereabouts not known). 
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Figure 18. Martel 's inscriptiun to Thomas Richard Clapham in a buund 
vulume of separata (in the library of the Karst Research Institute, Postojna ). 

APPENDIX 

MORE ABOUT THE ENGLISH AND IRISH MEMBERS 
OF THE 

SOCIETE DE SPELEOLOGIE 

AND OTHERS ASSOCIATED WITH MARTEL 

Many of the Societe de Speleologie members from the British Isles explored or 
studied caves there ; others were important for different activities. About others 
again, little or nothing is known and it is hoped that this paper may lead to the 
appearance of some information about them. It is possible, too, that there were 
other members as yet unidentified, for the last published membership list was 
for I October 1909

51 
and the Societe survived until 1914. Its administrative 

records have not survi ved, however, so knowledge of the later members depends 
on coming across references to their membership by chance. Indeed three of 
those listed in Table I were found in this way. 

Nevertheless several of the English and Irish members played a significant 
part in cave study at the turn of the century, yet are hardly known today. The 
purpose of this appendix is to provide some details about their lives and work. 
They are listed here in alphabetical order, whereas in Table I they are arranged 
in the order in which they joined the Societe. Three others are also included 
here: H Lyster Jameson who, though not a member, accompanied Martel in 
Ireland; W F Holroyd, joint author with Barnes of a paper published in 
Spelunca57

; and T R Clapham, friend of Martel and provider of information 
about Yorkshire caves. 

JONA THAN BARNES (1855-1927) 

Jonathan Barnes (Fig.14), together with Holroyd, wrote a classic paper on the 
Blue John Cavern in Derbyshire, with a survey and advanced ideas about 
speleogenesis and the origins of helictites and botryoidal or coralloid 
speleothems. 

Born in Blackburn7
" on 5 August 1855, he was the son of Henry Barnes, a 

cotton weaver, and his wife Mary. By profession an analytical chemist, having 
studied at Owens College (now the University of Manchester), he lived at 
Broughton near Manchester and worked in the cotton industry. He was also an 
amateur geologist of some standing, being elected a Fellow of the Geololiical 
Society of London in 1896, proposed by Boyd Dawkins and Mark Stirrup 0 In 
the previous year he had become a member of the Manchester Geological 
Society of which he was President in 1901-190zS l

. He wrote on Peak District 
rocks and their invertebrate fossils, collaborated with Boyd Dawkins on the 
physical properties of coal, and made a collection of Derbyshire rocks and 
fossils that went to Manchester Museum. He died on 22 July 192i2 

Barnes and Holroyd's paper on cave science is a study of the Blue John 
Cavern55

, carried out from March 1895 to June 1896. Their survey of the cave 
included roof heights measured by balloon. They argued that the cave must 
have been formed below the water table and printed sections to show the effect 
of joints on dissolution. Such an idea had been put forward in Belgium two 
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years earlier by Dupont8
) but, even if Barnes and Holroyd were aware of this, 

they argued on the basis of their own observations and related their postulated 
earlier cave water levels to be local surface topographl4

. Probably independent 
also were their explanations of helictite formation as a result of air currents85 

and of coralloids being formed on hair-like fungi on the cave walls86. There was 
a long and quite informed discussion on the paper, including remarks by John 
Tym of Castleton, probably the same who descended Eldon Hole in 1873 with 
Rooke Pennington. Not surprisingly, one of the votes of thanks was given by 
Mark Stirrup, a doyen of the Manchester cave men. A shortened version of the 
paper was published in Spelunca in 190057 

In another paper on Derbys hire kar t56 the same two authors extended their 
work, measuring the rate of limestone dissolution , water-tracing from 
Speedwell Cavern to Russet Well near Peak Cavern , and di scussing the effect of 
karst drainage on pollu tion, and on atmospheric humidity and health in the 
district. 

THOMAS RICHARD CLAPHAM (1837-1909) 

T R Clapham (Fig.17) was one of Martel 's main informants on the caves of 
Yorkshire and it was he who was given the inscribed volume illustrated in 
Fig. 18 . 

Born on 23 October 1837 in the Yorkshi re village of Feizor87, he inherited 
the nearby Austwick Hall as a child in 184688 and his life was fully occupied in 
managing the estate. Austwick Hall came to him, not from his father, but from 
a Thomas Clapham89 His father, Richard, had been a surveyor 87. Thomas 
Richard himself had wide interests in the natural sciences, being elected in 1891 
a Fellow of the Royal Astronomical Society, from which he resigned in 1900 9

0. 

He already belonged to the Liverpool Astronomical Societ/ I
, and one of his 

few known publications is a short note on the aurora boreali s91 He died of heart 
fail ure on II August 190993 

Clapham's attempt to explore Meregill Hole in 186865 has been mentioned. 
He was nearly 58 years old by the lime he met Martel who acknowledged his 
gratitude ""./0 my friend M. Clapham, of Austwick, who gave me valuable 
illfo l'l1wtion Ort £ILL the caves in the lI eighbourhood ,,94, including Rowten Cave 
(Kingsdale), Meregill , Al um Pot (where he had the wooden beam across it of 
the 1870s removed when it became unsafe) and the rising of the Alum Pot water 
at Footnaw's Hole95 Clapham was later to be involved in the underground water 
tracing project of the Yorkshire Geological and Polytechnic Society in 190096. 
Like Mark Stirrup, he was one of those who provided photographs for Martel' s 
book97. 

WILLIAM FIRTH HOLROYD (1 854/55-1938) 

W F Holroyd was co-author wi th Barnes of the two papers on Derbyshire karst 
described above, one of them translated and published in Spelunca. 

Holroyd died on I March 1938, aged 8398, so he was born in 1854 or early 
1855 . Like his friend Barnes he was an analytical chemist, and he lived near 
Oldham (in 1895), Broughton ( 1896), Pendleton (1902) and Eccles ( 1903)99 . 
He also taught geology in many towns of the Manchester district. He was 
elected Fellow of the Geological Society of London in 1896 10°, on the same day 
as Barnes, but resigned in 1908101. His membership of the Manchester 
Geological Society started in 1895 and he was Vice-President in 1900, but he 
resigned in 1904 99 These resignations suggest failing interest in geology, or 
perhaps failing health ; alternati vely hi s interest may always have been less than 
that of Bames, who remained FGS until hi s death , and who may have been the 
dominant partner in their research. 

HENRY WILLIAM PAUL LYSTER JAMESON (1875-1922) 

H Lyster Jameson, as he preferred to be called, accompanied Martel in hi s Iri sh 
visits in 1895. Professionally he was a zoologist and he studied cave fauna in 
both Ireland and Derbyshire. 

Born in 1875102
, the only son of Paul Lyster Jameson, rector of Killencoole, 

he went to Trinity College Dublin where he took his BA degree in 1896 and 
became MA and DSc in 1902

10
] So he was still an undergraduate when Martel 

described him as a young entomologis t from the University of Dublin 104. After 
graduation he spent a year at the Royal Colle~e of Science in London and then 
went to Heidelberg where be became PhD I 5 Shortly afterwards he went to 
Ceylon, studying pearl fi sheries l05 , and then from about 1901 until between 
1903 and 1905 he worked at the Technical College in Derbyl 06. 107, during which 
time he explored caves ~ain. By 1906 he was at the Transvaal Technical 
Institute in Johannesberg l , his health obliging him to live in a warm climate. 
In 1911 he was back in England, at first with the Board of Education and then 
from 1916 he is known to have worked for the Board of Agriculture and 
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fisheries in southeast Englandlo5.lo7 He died at Wivenhoe near Colchester in 
Essex on 28 February 1922 at the age of only forty-seven

98 

The first evidence of Jameson's interest in caves is a paper he published on 
bats at the age of nineteen lO8 . This was followed by a definitive study of the 
distribution of all the bat species in Ireland, including four found in caves

lO9
. It 

was Dr Scharff who recommended the young Lyster Jameson to accompany 
Martel underground in Ireland, and in the same year the Flora and Fauna 
Committee of the Royal Irish Academy awarded him a grant ''for the pu~ose 
of further investigating the cave-fauna". He published a detailed account 10 of 
hi s exploration of several Iri sh caves, only some of them with Martel, and listed 
the fauna collected there . Jameson spent four days in Mitchelstown Cave, 
though Martel left after only one. He described one other cave, in Co. Lei tri m, 
from a report by O.B . Maffet lll and this note was reprinted in Spelunca"

2
. 

When Lyster Jameson settled in Derby, he joined with J W Puttrell and 
members of the Kyndwr Club on 4 May 1901 to make the first descent of the 
Bottomless Pit in the Speedwell Cavern, where he collected the fauna described 
in some detail by BakerlO6. Then on I March 1902 he collected other animals 
from Peak Cavern II ] 

FREDERICK A HEYGATE LAMBERT (active 1894-1905) 

Lambert, who joined the Societe de Speleologie in 1902, visited the Jenolan 
Caves in New South Wales and published a detailed description of them in 
190558 . He was a Fellow of the Royal Geographical Society, whose records 
show that he was elected in 1894 114. In 1896 he was living at Epsom, in Surrey, 
and by 192 I he was no longer a Fellow. Nothing more is known about him. 

WILLIAM NEWBOLD 

William Newbold was described in the 1909 membership list of the Societe as 
living then at Tunbridge Wells in Kent, having been elected in 1907. He may 
have been the "WW Newbould" who became a member of the Yorkshire 
Ramblers' Club in 1902 or 1903 when he lived in Leeds"5, and who descended 
Gaping Gill at the weekend 29 May - I June 1903"6 Names were sometimes 
spelled wrongly in the Spelufl ca membership lists. Kent having no natural caves 
makes it not unlikely that someone there who was sufficiently interested to join 
the Societe may have come from a limestone region. Puttrell was at the same 
Gaping Gill meet and became a member of the Societe some time after 1909 
and the two may have influenced each other. 

JAMES WILLIAM PUTTRELL (1868-1939) 

Puttrell (Figs 15, 20) explored caves in Derbyshire, Yorkshire and Ireland 
between 1899 and 1912. 

Born on 7 October 1868 117 he spent his whole life in Sheffield, where he 
worked first in the cutlery business and then ran a firm of house painters. As a 
rock climber in the 1890, he achieved several new routes in England and spent 
a few climbing seasons in the Alps before 1914. He died on 14 August 1939"8 

Cave exploring became his major interest from 1900 onwards, especially in 
Derbyshire. Most of his explorations he described first in newspapers , though 
some were elaborated in a book61. He also visi ted tourist caves in Austria and 
Slovenia59. 11 9 Puttrell was an extrovert, even somewhat of a showman, as may 
be seen from his writing style, hi s choice of newspapers for publication, and 
even hi s pose in Fig.20. His library and mineral collection were given to public 
institutions at his death . 

ROBERT FRANCIS SCHARFF (1858-1934) 

Dr Scharff (Fig.2 1) explored many caves in Ireland, describing them (some with 
plans) and the bone deposits within them. It was he who recommended Lyster 
Jameson to accompany Martel. 

Born at Leeds in 1858, he studied at the Universities of Edinburgh, London 
and Heidelberg and became Keeper of the Natural History Collection in the 
Museum of Science and Art in Dublin. He was President of the Royal Irish 
Academy in 1903-06, 1909-11 and 191 9-21 , and also Secretary of the Royal 
Zoological Society of Ireland. He died on 13 September 1934 in Worthing 118. 
120 

Some of Scharffs principal writings on caves are listed in the references. 
Most interesting historically is one of the first , in 1895 121 , for in it he foresees 
the need for a catalogue of all Iri sh caves as a preliminary to their proper study. 
He himself listed 23 caves there, with a location map and with a short 
bibliogrl~rhy for each .. The paper evoked useful suppleme~~~ by Ussher

122 
and 

Praeger . and Its btbhography was repnnted In Spelunca . Other papers by 



Figure 20. James William Punrell (1868-1939) outside an upper entrance 
to Peak Cave rn on 1 March 1902 152 He was thejirst person to enter the 
cave by this route. 

Scharff described caves at Kesh in Co. Sligo '25.128
, in Co. Antriml29, at Edenvale 

in Co. Clare '30.132 (one of them 131 with cave plans) and the Castlepook Cave in 
Co. Cork'33.134 It was Scharff who reviewed Martel's Irlande et cavern es 
anglaises for The Irish Naturalist ' 35 

WILLIAM CECIL SLlNGSBY (1849-1929) 

As member and President of the Yorkshire Ramblers ' Club, Slingsby took part 
in the first descents of several deep Yorkshire potholes. 

He is known mainly as a mountaineer, in Norway (from 1872), the Alps and 
the English Lake District (from 1885), being Vice-President of the Alpine Club 
in 1906-1908, and President of the Climbing Club 1904-06 and of the Fell and 
Rock Climbing Club 1910-12, as well of the Yorkshire Ramblers' Club 
1893-1903. Two portraits were published with hi s obituary' 36 

His cave work in Yorkshire was much more than just a token duty by a good 
President. After being in the surface party at one of the earliest English descents 
of Gaping Gill in 1896, he was on the first descents of Long Kin West (98m) 
and Sell Gill Hole (64m) in 1897 and Boggarts Roaring Hole (50m) in 1898. In 
1906 he took part in new exploration in Gaping Gill and in 1910 he was one of 
the surveyors there m . His interes t in caves in the early years of the Club, when 
cave exploration was not one of the stated objectives in its constitution, may 
have encouraged or at least facilitated the very significant work that it did do 
underground. 

MARK STIRRUP (1831-1907) 

Mark Stirrup, who had known Martel since 1898 or before and had assisted in 
the arrangements for hi s visit to England in 1895, published on the Causses of 
France, with their caves and underground streams. 

Born in 1831 , Stirrup (Fig. I ) retired early from the cotton trade in 
Manchester and devoted the rest of hi s life to science, taking an active interest 
in the scientific societies of the district. He became a member of The British 
Association for the Advancement of Science in 1867 107 In 1876 he was elected 
a Fellow of the Geolorical Society of London and wrote on marine erosion and 
Quaternary geology'3 . Joining the Manchester Geological Societ~ in 1880, he 
was its secretary for about ten years and its President in 1896-97 . In 1885 he 
was a fo under member of The Manchester Geographical Society and he was at 
once elected to its counci l 139 A fluent French speaker, he was a member of the 
Association Fran~aise pour I' Avancement des Sciences and lectured at their 

Figu re 21. Robert Francis Scharff(l858-1934)l2o 

1880 meeting, mentioning the excavations in Yorkshire's Victoria Cave '40. He 
travelled much in mainland Europe, and in Italy he was generally taken for a 
Frenchman. When he died, on 10 June 1907, he left most of his property to the 
University of Manchester; his collection of rocks , minerals and fossils from 
Europe went to the Manchester Museum '41 . 

Stirrup 's published papers on the karst of Languedoc4K. 49. 50 were all from 
lectures given in Manchester and in all of them he acknowledged information 
and documents provided by Martel. Just when he first met Martel is not known. 
Not only did he help in the preparations fo r Martel's English visit, he was also 
one of those who provided photographs for use in Irlande et cavernes 
anglaise/7 

FRANCIS ARNOLD WINDER (1881-1847) 

Winder was an active explorer of Derbyshire caves, about which he wrote a 
book61, and a President of the Derbyshire Pennine Club. 

Born in Sheffield on 12 April 188 1, the youngest son of Edmund Winder (a 
land surveyor) and Mary Winder (nee Wrangham)'42, he became a chartered 
surveyor and architect. In 191460 he was a member of the Derbyshire Pennine 
Club, and later its President, but little is known of his activities there for the 
Club 's records no longer exist '43. In 1931 he resigned but he was made an 
honorary member in November 1947 '44. A month later, on 29 December 1947, 
he died at Rushley Cottage, Dore, near Sheffield '45. 

EDWARD PERCEVAL WRIGHT (1834-1910) 

Dr Wright (Fig.22) described his visit to Mitchelestown Cave (Co. Tipperary) in 
1857 with the collection of cave animals he made there53, the first time that Irish 
cavernicoles had been recorded. 

Born on 27 December 1834 in Dublin, the son of a barrister, he entered 
Trinity College in 1853 and qualified MD in 1862. Meanwhile his interest in 
natural history was evidenced by hi s founding The Natural History Review in 
1854 and remaining its editor until 1866. He had been appointed Director of the 
Museum in Trinity College in 1857, and Lecturer in Zoology in Trinity College 
and Secretary of the Royal Geological Society of Ireland in 1858. Then in 1869 
he was made University Professor of Botany, a post he retained for 35 years, 
though his publications show that his wide interests included zoology and 
anatomy. He died in Dublin on 2 March '46 (or4 March'47) 1910. 
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Figure 22. Edward Perceval WrighT (1834-1910),47 

His vis it to Mitchelstown Caves took place in August 1857 with the 
entomologist Alexander Henry HaJiday (1807-1870)53. The published abstract 
of the version he presented at the Dublin meeting of the British Association in 
that year

l48 
states that he showed a plan of the cave; this was almost certainly 

the one made by Thomas Kearney in 1833 149. Most of Wright's paper was 
occupied by description and discussion of the cave fauna in the context of 
discoveries made previously by Schi6dte l50 in Postojnska iama. Wright himself 
visited that Siovenian cave on 25 February 1861 (Fig.23) I I but is not known to 
have written about it. 
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Speleothem deterioration at Cango Cave, South Africa 9 Stephen A CRAVEN 
7 Amhurst Avenue, Newlands 7700, South Africa BeRA 

Abstract: Cango is a leading South African show cave that has deteriorated markedly, especially during 
the second half of the Twentieth century. Little pure and applied research has been carried out at the Cave. 
The historical record, which goes back two centuries, documents the decline of the bat population, the 
deterioration of the speleothems especially in the proximal part of the Cave, and the exponential rise in the 
numbers of visitors. Contemporary observation in Cango I and" reveals that many of the speleothems are 
covered by phosphate material, and that they are better preserved more distally in the Cave. Despite this 
trend , there are a few isolated active speleothems near the entrance. This evidence supports the hypothesis 
that the spectacul ar speleothems were successively formed in the conventional way, corroded by bat guano, 
and then covered by new calcite. This recent calcite was eventually dissolved when increasing numbers of 
visitors were responsible for the development of unfavourable climatic condit ions. 

(Received 08 September 1998; accepted 22 February 1999) 

INTRODUCTION 

Cango Cave, situated in the Swartberg foothills , 27km north of 
Oudtshoom in the (new) Western Cape Province, can be conveniently 
divided into three sections (Fig. I ): 

I) Cango I - the first 750m is a show cave and has been known since 
1897. The proximal part, as far as the Drum Room, has been open 
to visitors for two hundred years; 

2) Can go " - the intermedi ate part of the Cave is 300m long and has 
never been opened to touri sts. Although Cango II was not 
discovered until 1972, there has always been unimpeded movement 
of air, and of bats, between Cango I and Cango II . 

3) Cango III - the terminal part of the Cave - is I ,500m long, and was 
discovered in 1975 by lowering a sump . This water appears 
effectively to seal Cango III from the proximal part of the Cave. 

The legal owner is , and always has been, the State. Since 1921 the 
Cave has been managed by the Oudtshoom Municipality. For two 

centuries Cango Cave has attracted visitors to Oudtshoorn, where 
tourism is now the dominant industry. The other tourist attractions in 
the district are largely dependent on the Cave, in the sense that they are 
not peculiar to Oudtshoorn . 

It is the spectacular speleothems, and the large chambers, that attract 
visitors to Cango Cave. From the historical record it is evident that the 
speleothems have deteriorated during the past two centuries. This is 
confi rmed by comparing the speleothems in Cango I with those in 
Cango " and III ; quite clearly those in the show cave have deteriorated 
markedly. Many have a matt crumbling "dead" appearance, compared 
with the glossy smooth "live" appearance exhibited more distally in the 
Cave. This deterioration is most obvious in Van Zyl's and Botha's 
halls , which most of the touri sts visit and which have been open to the 
public for the longest period of time. 

It is therefore indisputable that Cango Cave is not the Cave it was 
two centuries ago. It has been shown that the intrusion of people is 
directly and indirectly responsible for speleothem deterioration 
(Craven, 1994), but the destructive processes have not been described 
fully. 

Cango Cave I & II 

500 Metres 

CANGO II CANGO I 

Botha's Hall 

Registry 

Van Zyl's Hall 

ENTRANCE 

FigureJ . Survey a/Cango I and II. 
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THE HISTORICAL EVIDENCE 

The date of discovery of the Cave was about 1780 (Craven, 1987), 
since when the historical record has repeatedly reported the destruction 
and removal of speleothems by visitors. The first written description of 
Cango Cave, of a visit in 1808, used the words "crusty coverings", 
"pearls and jewels" , "like glass ", and "an uncountable multitude of 
bats" (Faure, 1824). This suggests that as early as 1808 some of the 
speleothems were dead, but that most of them were still alive. 

A visitor in 1816 was most impressed by the bat guano, and was in 
places "".prevented from proceeding by huge dunghills ". which 
covered the walls and ceilings", but did not mention the speleothems 
(La Trobe, 1818). In 1822 the bats were so numerous that, "". it was 
with difficulty we could prevent them from extinguishing our lights" 
(Thompson, 1827). The bats were still present in 1840, and the 
speleothems were described as "". dazzling, sparkling, like diamonds" 
(Sherwill , 1842). 

It was in 1849 that the first clue to the causes of the deterioration of 
the speleothems was noted. Freeman (1851) made no mention of the 
bats. He was greatly impressed with the speleothems, and continued 
that: 

"The process of crystallisatioll is still going 
forward, bUI not in all places. ". The stalactite is 
still gradually forming in innumerable places; in 
others il has ceased, and the slow process of decay 
and disintegration is going forward. " . The 
exterior becomes first moist and clammy, then the 
cryslals are destroyed; the adhesion ceases, and 
they crumble to powder. " 

A similar observation was made in 1853 (Ellis, 1858). Thus it 
appears that in the middle of the Nineteenth century some of the 
speleothems were already dead. 

"Hundreds" of bats were still present in 1855 (Victorin, 1863). A 
visitor in 1873 found the speleothem quality to be variable. Some were 
of a "". dazzling and sparkling whiteness" , but others were: 

"". of a dirty yellowish brown colour. Were it 
possible 10 scrape off the yellow coating and 
expose the white crystals of lime, there is no doubt 
lhat lhe effect would be much improved. " (Anon ., 
1873) 

This description is compatible with the process of phosphate material 
being "subsequently covered by younger flowstone ". turned into a 
hard, brown, resinous material " (Martini , 1993). 

In 1877 the bats were merely ''jlilling'' through the Cave (Troll ope, 
1878), suggesting that their numbers had become considerably reduced 
during the preceding two decades. Two years later the bats "" .sit in 
silent wonderment ". into their domain" (Laing, 1879); but by 1886 
they had gone (Anon., 1886), no doubt because of increasing visitor 
numbers (Anon., 1890). However some were reported temporarily a 
decade later (Anon., 1896). The bats must have been in residence for a 
very long time and in huge colonies - the last of the guano was removed 
as late as 1938 (Craven, 1985). 

THE CONTEMPORARY EVIDENCE 

A tour through Cango I and II at the end of the Twentieth century 
reveals that the further into the Cave the speleothems are, the better 
they are preserved - an observation that was made a century ago 
(Brown, 1893). In Van Zyl's and Botha ' s halls most of the speleothems 
have a grey-white powdcry covering of a phosphate material called 
"apatite" by Martini (1987) (Fig.2), a phenomenon that becomes 
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Figure 2. Phosphate material covering a speleothem in Cango I. 
PhOillgraph by Dr J E J Martini. 

progressively less common towards the distal end of Cango II. 
However, as Fleischer and Mandarino (1995) deny the existence of 
"apatite" as a mineral species, the phrase "phosphate material" is used 
in this paper to avoid semantic criticism. 

Many of the surviving, active, speleothems have been damaged by 
lampenflora, Nineteenth and early Twentieth century graffiti, and 
deposits of dirt. In many places fresh calcite deposits have since 
covered these disfigurements (Fig.3). 

Some bat skeletons are found in Cango II , but there is no guano, 
suggesting that the bat population there was never large. However, "A 
few isolated patches of apatile moonmilk have developed on 
flowstone" (Martini, 1987). 

No phosphate material has been reported from Cango III (Martini , 
1987). This negative observation, and the absence of bat skeletons and 
guano, indicate that bats never colonised Cango III. 

In the mid-I920s a vertical groove was cut in the limestone of the 
Registry, between Van Zyl's and Botha's halls, to accommodate an 
electricity cable. This cable was removed three decades ago when the 
Cave was rewired. The groove now contains a respectable deposit of 
active calcite (Fig.4). In Botha's Hall there is a well-preserved solitary 
active flowstone speleothem, surrounded by flowstone that is covered 
by phosphate material (Fig.5). These observations indicate that, if 
climatic and other conditions are favourab le, calcite will be deposited 
comparatively quickly. 



Figure 3. Calcite covered graffiti in Congo l. 
Photograph by Mr T J Hall. 

DISCUSSION 

Biological literature about the chemical composition of bat urine and 
faeces appears to be wanting. Mammalian physiology differs in detail 
but not in principle. Human urine contains calcium and phosphate ions; 
human faeces contain calcium phosphate that originates mostly from 
the dietary sources (Lentner, 1981). Mineralogical literature confirms 
that bat guano contains varying but significant quantities of P20S 
(Hutchinson, 1950), with a pH as low as 2 - 3 (Martini, 1993). A 
sample from Cango Cave, analysed in 1921, was said to be of "very 
medium quality" for agricultural purposes, but detai ls of the analysis 
were not presented (Anon , 1921). 

The nearest source of quantitative data is some 1 ,500km away, where 
cave bat guano analyses were carried out in the former Transvaal 
(Table I): 

Site, near: P20S Reference: 
% 

Soutpansberg 3·81 Ingle, 1908 

Potchefstroom 2·82 Ingle, 1908 

W onderfontein 1·71 Ingle, 1908 

Wonderfontein 26·55 Ingle, 1908 

Wonderfontein 2·26 Ingle, 1908 

Elandsfontein 7-40 Ingle, 1908 

Ermelo 53 ·58 Marchand, 1918 

Ermelo 55·60 Marchand, 1918 

Table I. Selected cave bat guano analysis data from the (former) Transvaal. 

This wide variation in Pps content can be explained by species and 
dietary variability and by sampling bias, but nevertheless the analyses 
serve to confirm the presence of PP5 in bat guano. Unfortunately the 
dietary requirements of the Transvaal bats were not stated. 

Herselman and Norton (1985) have listed the bats reported from the 
Cango Valley. The only Megachiropterid (i.e. frugivorous bat) is 
Rousettus aegyptiacus, which typically occupies the twilight zone of 
caves. All other reported bats are Microchiropterids (i.e. insectivorous) 
viz. Rhillolophus clivosus, Rhillolophus capellsis, Myotis tricolor, 
Eptesicus melckorwn and Miniopterus schreibersi. (t can therefore be 
assumed that the guano in Cango Cave derives from insectivorous bats , 
confirming observations made by the author in other Cango Valley 
caves. 

This acidic guano, on being deposited directly onto a speleothem, 
reacts with the calcite, corroding it to produce a phosphate material by 
a complex chemical process (Neuberg and Grauer, 1957; Martini, 
1993; Hill and Forti, 1997). 

Figure 4. New calcite deposit in the Registry, Cango I. 
Photograph by Dr J E J Martini. 
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It appears from the attendance figures at Cango Cave (Fig.6) that it 
was excessive human disturbance that caused the bats to depart. They 
left their roosts as soon as attendance figures began to rise. The 
dramatic increase in visitor numbers ensured that the bats never 
returned, and that deposition of phosphate material ceased. 

Cango Cave is a low energy sack cave. The natural energy entering 
the Cave is very low compared with that introduced by visitors and by 
the electric lights (Heaton, 1986). It has been shown that large numbers 
of visitors do raise the pC02 in the Show Cave (Craven, 1996), and it 
can safely be assumed that the relati ve humidity and temperature will 
also be increased. 

Speleothem deposition is a reversible process that depends, inter alia, 
on the temperature, humidity and pC02 in the cave (Ford and Willi ams, 
1989). There comes a time when increasing numbers of visitors have an 
effect on the above atmospheric variables, leading to dissolution of the 
speleothems. Fig.6 shows that there has been an essentially exponential 
increase in visitor numbers since 1945. It is postulated here that before 
1945 there were insufficient visitors to have a significant effect upon 
the deposition of new calcite over the phosphate material. After 1945 
increasing numbers of visitors changed the cave atmosphere to such an 
extent that the new calcite was dissolved, exposing the underlying 
phosphate material. 

CANGO CAVE 
ATTENDANCE 1780 - 1997 

Visitors (Thousands) 
300 .-----~------------------~----~~~------, 

Electric cable removed c. la64

1 250 

200 

150 

100 

60 

La.t guano removed 1938 

L ••• bat departed c. 1896 

Pho.ph.t. m.terl., lirat 1 
deacrlbed 1849 ~ 

O ~----------------------~~~--------~ 
1780 2000 

Year 

Figure 6. Allendallce figures for Cango Cave, with significant events 

superimposed. 
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Figure 5. Active speleothem in Botha's Hall, Cango 
I, with dead speleothems on both sides. 
Photograph by Dr J E J Martini. 

It is not only the Cave atmosphere that controls the deposition and 
dissolution of speleothems. Other things being equal, a high CO2 

content of the rain water seeping into the Cave will promote calcite 
deposition, while a low CO2 content will encourage dissolution (Ford 
and Williams, 1989). Rainwater CO2 content is augmented by CO2 in 
the soil atmosphere, which depends on the respiration of plant roots, 
invertebrate fauna and micro-organisms (Gillieson, 1996). Therefore 
the condition of the speleothems in the Cave also depends on the 
rainfall, and on the soil and vegetation above the Cave - a concept that 
was described a century and a half ago (Liebig, 1842). One of the 
characteristics of most karst landforms is a thin soil cover that is 
vu lnerable to further depletion by human influence, thereby reducing 
the CO2 available in the rainwater for speleothem deposition. 

The new calcite deposits in the Registry and in Botha's Hall, and the 
active speleothems elsewhere in the Cave, suggest that if the favourable 
environmental conditions were to be reintroduced, there would be an 
attractive show cave in three decades. Their presence indicates that the 
Cave's atmosphere is locally favourable, and an appropriately high 
pC02 exists in the soil overlying parts of the Cave. 

It is not known what and exactly where that supportive vegetation is. 
The Oudtshoorn Municipality has recently fenced the land over the 
Cave and excl uded domestic grazing animals. It is hoped that this will 
facilitate the re-growth of the unknown original vegetation that was 
present before eighteenth century settlers disturbed the veld by their 
farming practices. Whatever the outcome, on theoretical grounds, any 
increase in vegetation that will elevate the soil pC02 and reduce water 
losses by transpiration and run off can be expected to encourage calcite 
deposition with in the underlying cave. 

Unfortunately, the "scientific study" recently commissioned by the 
Oudtshoorn Municipality (Grobbelaar el ai, 1996) failed to define the 
ideal environmental conditions, manipulation of which could be 
expected to affect the regeneration of the speleothems (Craven, 1996). 
It is to be hoped that a more authoritative investigation will be 
commissioned urgently by the Oudtshoorn Municipality. 

This paper is not merely an exercise in academic speleology; it is an 
exercise in sustainable tourism. If the Cave is allowed to deteriorate 
further to a condition where it no longer attracts visitors, Oudtshoorn 
will become an insignificant economic backwater of South Africa. 



SUMMARY 

The postulated sequence of events for the deposition and deterioration 
of the speleothems in Cango I and II is therefore (Fig.7a-d): 

a) The Cave and its speleothems were formed by normally accepted 
processes of limes tone dissolution and subsequent calcite 
speleothem deposi tion (Ford and Wi lliams, 1989). 

b) Bats that inhabited the Cave dropped urine and faeces on some of 
the speleothems, causing conversion of some superficial calcite to 
phosphate material. 

c) When bat populations were reduced or eliminated in response to 
increasing human disturbance at the end of the Nineteenth century, 
the Cave climate remained favourab le for calcite deposition on top 
of the phosphate material. 

d) Increasing numbers of visi tors, especially in the second half of the 
Twentieth century, brought about an un favourable change in the 
Cave climate. This caused re-dissolution of calcite, re-exposing the 
phosphate materi al that current ly disfigures much of the Cave. 

a) 

c) 

Phosphate Minera l 

Fil!,ure 7. Diagram of The postulaTed sequence of evenTs. 
aJ Cave and calcite speleoThem before bat colonisaTion. 
bJ BaT urine alldfaeces convert calcite to phosphaTe maTerial. 
c) The phosphaTe maTerial is covered by calciTe afTer departure of the baTS. 
d) The calciTe cover is laTer dissolved. re -exposing The phosphaTe rnnTerial. 
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Abstract: Balhca Cave is formed in crystalline limestones. Considering the limited limestone outcrop, the volume of 
the cave is extremely large. The limestone is unbedded , faulted and fractured, and cracks are fi lled with calcite. The 
limestone is composed of 96% CaC03. Karstic structures in the limestone include karst pits, swallow holes, 
dissolution funnels and clints, developed on discontinuity planes . The fractured structure and chemical composition 
of the limestone are the main factors control ling karstification and the formation of stalactites, stalagmites and 
columns in the cave. The cave comprises two main galleries trending NE-SW ( I ) and NW-SE (2), and has associated 
rooms and saloons]. The 1st Gallery has an undulating floor, whereas the floor of the second comprises gradually 
declining levels, related to a series of normal faults . Fallen blocks on the floor of the cave might have broken off as a 
result of regional earthquakes. Stalactites , stalagmites, columns , tlowstones, draperies, macaroni -shaped stalactites , 
dripstones, pools and cave pearls are present in the I st Gallery. All of these speleothem types, and a variety of other 
stalactite shapes including a 6.5m-Iong stalactite (with no corresponding stalagmite) are also seen in the 2nd Gallery. 
There is evidence that karstic , tectonic and earthquake episodes have all affected the cave's development. The most 
significant pieces of evidence are: (a) the presence of surface travertines that are believed to be sourced from seepage 
waters in the cave; (b) the opening of the cave entrance along the fault ; (c) fallen blocks in the cave; (d) signs of 
horizontal fractures in thick columns; (e) secondary mineral occurrences indicating that for a long time groundwater 
remained at the c;bktintti Saloon level , along a horizontal line visible in the wall; and (f) long stalagmite-free 
stalactites in the lower part of the Yeni Saloon. Balltca Cave most probably began to form 3.4 million years ago and 
its development has continued until recent times, dependent upon regional climatic conditions. 

(Received 31 lilly, 1998; accepted 15 March, 1999) 

INTRODUCTION 

D! 
BeRA 

........... ;;. 
Balhca Cave lies 8km south of Pazar town in the d istrict of Tokat 
(To kat H36-c I quadrangle) in the Central Black Sea region (Fig. I ). 

... ~ ... .... . DOkmetepe / " ....... Tokat 

Swdies of the surface geology and cave mapping were started in 
January 1992 (Fig.2) and completed in June 1995 . Cave galleries 
were mapped by the Cave Research Society in 1992. Further 
mapping was conducted in 1994 by a team from the Cave Research 
Project, under the General Directorate of Mineral Research and 
Exploration of Turkey (MTA) . Incomplete parts of the original map 
were dealt with when compiling the MTA map (Fig.3). 

Balltca Cave has formed in karstic crystalline limestones 
overlying metamorphic schists of the Tokat Massif. The surface area 
of the crystalline limestone mass, under which the cave lies, is about 
30 hectares and, as a resu lt of tectonism and karstification , 
dissolution voids in the deeper part of this outcrop have given rise to 
the cave. Despite the restricted surface extent of the limestone, the 
known cave has a length of 680m and covers an area of about 
6,500m2

, indicative of extensive karstification. 

This study set out to examine the hydrogeological and 
speleological features of the Balltca Cave. Even though this phase of 
the study is complete, the cave will continue to attract many visitors , 
becau e all parts of the cave are rich in speleothems. 

I Editor 's footnote: In the United Kingdom and most English­
speaking countries the terms "Chamber", "Room" or perhaps 
"Hall", would probably be used rather than "Saloon ". "Salooll" is 
retained throughout the paper to maintain consistency with the 
accompanying cave plan. 
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Figure I. Location maps of the study area. 
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Figure 2a. Geological map of the cave area. 
Figure 2b. Geological section at the same horizontal scale as 
the map. 

GEOGRAPHICAL SETTING 

The largest river in the region is the Ye~illITnak, running north of the 
town of Pazar. Other rivers join the Ye~ihrmak. inderesi creek, 50m 
southwest of the cave, is ephemeral and feeds groundwater to Balhca 
Cave. The highest point of the hill composed of the cavernous 
limestones is 1,306m, and the entrance altitude of the cave is I,085m. 
Akdag, the highest hill in the region, is I ,916m high (Fig. I). 

Lush vegetation covers the study area, and its presence causes 
CO2 enrichment of rainwater, which percolates into the cave along 
rock discontinuities. Based on data from the Turhal (Tokat) 
Meteorological Observatory, the average annual rainfall of the area 
(1933 - 1990) was 413.4mm. 

GEOLOGICAL SETTING 

Brown, green-yellow and black schists of the Palaeozoic Tokat 
Massif cover much of the area around Balhca Cave. Schistosity 
surfaces are distinctive in the unit rather than bedding. The schists 
have a lepidogranoblastic texture and are commonly of phyllite, 
chlorite-schist, quartz-schist, and calc-schist type (Abbas Novinpour, 
1993). They consist mai nly of quartz, calcite, chlorite, and sericite 
minerals, with the calcite displaying pressure twinning. Quartz 
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crystals are partly fissured, showing a cataclastic texture, and 
fractures and cracks are filled with secondary calcite. 

The crystalline limestones are white, beige and pale grey in 
colour. Mostly they are observed to overlie the schists, but in some 
cases they also occur as wedges. Bedding surfaces are vague and the 
limestones are dominated by fracture structures. They are intensely 
karstified, and the fractures guiding the karstification are generally 
vertical, providing routes for deep penetration of rainwater. Two 
main fracture systems, aligned along N300W (I) and N47°E (II), are 
mapped in the limestones (Fig.3). 

Travertine deposits formed by older karstic springs are also found 
around the cave. The slope of the travertine deposits is towards the 
southwest, consistent with old spring water flow directions and the 
topographic slope. They occur commonly around Balhca village 
(Fig.2). 

LIMESTONE KARST FEATURES 

Balhca Cave is formed completely within the limestones and the 
limit of karstification is defined by the basement schists (Fig.2). The 
fract ured limestones display a discontinuous structure. Microscopic 
studies show that the limestones have a micritic texture and fractures 
and fissures are filled with calcite that exhibits pressure twinning 
indicative of metamorphism. Chemical analysis revealed CaO and 
CO2 values of 52.45% and 43.55%, respectively (Table I). The 
calculated CaC03 content is 96%. Considering their structural 
properties and chemical compositions, the limestones appear well­
suited to karstification (Pasvanoglu, 1993). 

Sample Si02 AI20 J Fe20J CaO MgO CO2 
% % % % % % 

I 0.02 0.49 0.09 54.78 0.29 43 .67 

2 0.51 0.29 0.48 49.60 4.80 44.12 

3 1.45 2.10 0.23 52.98 0.25 42.88 

Table I . Chemical analyses of waters from the recrystallized limestones. 

Three swallow holes, one dissolution funnel and one karst pit 
were found around Balhca Cave. All these karstic structures are 
located on discontinuities in the limestones. It was observed that a 
swallow hole (No. 1), with an oval entrance 40 to 80cm-wide and 
160cm-high, in inderesi Creek allows transfer of surface water from 
the creek into the cave during rainy periods, (Fig.2). In winter, clouds 
of water vapour emerge from swallow hole No.2, just north of 
inderesi Creek. It is believed that this swallow hole is linked directly 
to the cave. The opening of swallow hole No.2 is 120cm long, 45cm 
wide in its upper part and 50cm wide in its lower part. The fracture 
direction of this hole is Nl SOW. Swallow hole No.3, which was 
discovered during a road excavation in 1994, lies at the northern edge 
of the limestone, at the contact between limestone and schist. It has 
an oval entrance with a height of 70cm and a width of 40cm. It 
extends towards the cave with an 80° slope. Dissolution funnel No.1, 
with a height of 45cm and width of 30cm, lies at a higher elevation 
than the cave entrance, on a fracture with a strike of N68°W and dip 
of 53° SW. A ] m-deep funnel is blocked by breakdown. The sinkhole 
(No. I) south of inderesi Creek is the largest karstic feature around 
Balhca Cave. It has an entrance diameter of 110 to 115cm and a 
depth of about 12m. This sinkhole, which enlarges from its entrance, 
has a height of 7 to 8m and a width of 3 to 4m at its floor (Canik and 
<;:orekyioglu, 1985). It is believed to have no link to the cave, and is 
located in the hillside to the southwest (Fig.2). In addition to the 
sinkhole, swallow holes, and dissolution funnels, clints to ] .95m in 
length are also present around the cave (<;:elik and Canik, 1996). 



b = block sO = column 
~ = mud ss = drapery 
d = stalagmite ps = leek stalactite 

h = pool sst = group of stalactites 
and stalagmites 

N 

t 
30 m 

~m" 
block 

Cave 
entrance 

~1 

3 

~ 

s 

Figu re 3. Speleological features of Balilca Cave. 

EXPLANATION 

• passage 

0 passage of 
groundwater 

0 artificial pool - road 

sO 

Fosil saloon 

d 

h 

meters below entrance 
of cave level 

relief 

inclined floor 

Mantarh 
saloon 

+19 

37 



5~,--------,--------,--------.--------.--------, 

500 

E 450 
E 

~ 400 
'0; 
c:: 3~ 

, 
--------r-------l - ---- - --r--- - -- -

, , 
---r ----- - - l- -------r---- -- -

- - - - - - - -, - - - - - - - - ~ - - - - - - - ~ - - - - - - -' .. -.,:.~.~.~.~.~ .. 
, , , , 

300 - - - - - - -..., - - - - - - - - r - - - - - - - .., - - - - - - - - r - - - - - --, 

250 +--------+--------+--------+--------~------~ 

1990 1991 1992 1993 1994 1995 

Years 

Figure 4. The relationship between rainfall and time (years). 

CHEMICAL COMPOSITION OF WATERS FROM THE 
BALLICA CAVE 

Groundwater in Ballica Cave has a meteoric origin, and includes 
rainwater percolating through the limestone outcrop and surface 
water discharging from inderesi Creek, which cuts the limestone. The 
groundwater in the cave appears to be ponded, and in January 1992 it 
was 75m below the entrance, in the deepest part of the cave. 

The nearest weather recording point to the study area was Turhal 
Meteorological Observatory, which ceased operation in September 
1995 . The highest annual rainfall during the 1990-1995 research 
period (FigA) was 498 .6mm. Total rainfall was 296.5mm in first 
eight months of 1995 . It thought that the annual rainfall was 
approximately 350-400mm in 1995. The average annual rainfall 
between 1933 and 1990 was 413.4mm (FigA), and the average 
annual rainfall in the study period was almost the same. 
Consequently, it is concluded that there has been no extreme change 
of rainfall pattern during the 1933-1995 period. 

Chemical analysis shows that the Balhca Cave groundwater, 
including percolating waters in the vadose zone, is of calcium 
bicarbonate type (Table 2 and Fig.5). The total dissolved solid (TDS) 
content of water in the vadose zone is low in comparison to that of 
the groundwater. Particularly, SO/ and cr have the lowest 
concentrations. Enrichment of groundwater in sulphate and chloride 
is explained by sulphate and chloride input to the groundwater during 
percolation through the vadose zone and contact with organiC 
materials within the cave. N03' has similar concentrations in both 
groundwater and percolating water. The source of Si02 in the waters 
is probably the quartz-schists (Table 2). 

GEOMORPHOLOGY OF BALLICA CAVE 

Ballica Cave has developed mainly in two directions: NE- SW (1st 
Gallery) and NW-SE (2nd Gallery). These directions are consistent 
with those measured on fracture systems in the limestones (N38°W 
and N47°E) (Fig.3 ). The cave floor declines gradually in the 
northwest to southeast direction, and extends as a series of irregular 
levels from the northeast towards the southwest. This suggests 
repeated tectonic activity during the cave' s development (Bogli , 
1980). 

Breakdown blocks cover the cave floor, particularly in the 1st 
Gallery. There are also significant amounts of clay and organic 
material (bat guano). The <;amurlu Saloon and the Cellar in the north 
of the cave are accessed along connecting landings. Two vertical 
pipes about I m in diameter extend from the top of the Fosil Saloon. 
They become narrower upwards and do not reach the surface. 
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Figure 5. Schoeller diagramfor waters from Ba/iLea Cave. 

Pools derived from percolation water are found at the margins of 
the Btiytik Damlatatlar Saloon, Stitunlar Saloon and Yarasalar 
Saloon. The percolation water flow is insufficient to wash sediment 
into the cave. There is no river in the cave, although there is 
groundwater in the southwest part of the Yeni Saloon. Other parts of 
the cave lie completely in the vadose zone, and hence most of the 
cave is either vadose or relict , whereas the lower levels characterise 
an active stage. 

CAVE FORMATIONS 

When examining the formations in Balltca Cave, the galleries are 
best studied in two parts , the 1st Gallery (aligned in a NE-SW 
direction) and the 2nd Gallery (aligned in a NW-SE direction). 
Both galleries have different features. The I st Gallery displays an 
irregular morphology related to tectonic acti vity; the 2nd Gallery 
shows a gradually declining structural level. In the I st Gallery, 
structures common to many caves are observed, whereas the unusual 
structures recorded in the 2nd Gallery mark Balhca Cave as being 
different from other caves in the area. 

Extensive secondary formations of various types are present from 
the entrance to the end of the cave. Of these, stalactites (including 
draperies, dripstones, macaroni-shaped, parachute-shaped, onion­
shaped and leek-shaped), stalagmites, columns, flow structures, pools 
and cave pearls are the most important. The passages and so-called 
saloons are mostly cut along tectonic lines and, thus, they either 
change direction abruptly or their levels gradually decline. Because 
columns are generally formed along fracture lines, they display linear 
structures that are well recorded in the Btiyiik Damlatapar Saloon. 
Block failure is common in the I st Gallery, and stalagmites and 
columns have formed on some blocks. Fractures indicate that seismic 
activity has affected some parts of the columns, probably after the 
cave achieved its present form. The floors of small pools at the 
margins of Biiytik Darnlatatlar Saloon are covered with cave pearls. 
<;amurlu Saloon, which is accessed by a vertical passage from the 
Biiytik Damlatatlar Saloon contains blocks, stalactites, stalagmites 
and small pools. The Fosil Saloon, at the highest point in the cave 
(+ 19m), is also connected to the Biiyiik Damlatatlar Saloon, and 



Sample pH Conductivity Evaporation K+ 

I-Imho/cm residual 

(25°C) (25°C) (180°C) mgr' 

Groundwater 
1.8. 1995 7.6 345 248 0.4 

Infiltration water 
11.5.1 992 7.6 475 324 0.29 

Infiltration water 
6.3 . 1995 7.6 243 210 0.5 

Table 2. Chemical analyses of groundwater alld waters from the vadose zone. 

blocks are also common on its floor. It was probably the first saloon 
that formed in the cave. The Yarasalar Saloon is accessed from the 
Fosil Saloon, and its floor is blocky, reflecting the typical of 1st 
Gallery features (Fig.3 ). 

The 2nd Gallery is separated from the 1st Gallery by the Cbkilntii 
Saloon , which has an inclined floor. The floor level of the Cbkilntii 
Saloon relative to the cave entrance is -35m, and the Blocky Cellar is 
accessed by a connecting landing. The walls of the Cbkilntii Saloon 
are completely covered with cave formations. Speleothem 
occurrences along a horizontal line from the wall to the centre of the 
cave indicate that there was a groundwater rest level within the 
saloon for a significant length of time, lying about 32m below the 
prescnt entrance. Karstic features in the 2nd Gallery below this level 
are younger. Progress beyond the Cbkilntii Saloon, towards the 
Siltunlar Saloon , is made over large blocks. Thcre are pools in the 
northern part of the Siltunlar Saloon, and its columns are much larger 
than those in the other saloons . 

Beyond the Siltunlar Saloon are the Mantarh and Yeni saloons. 
The former is small and connected in tum to the U,<urumlu Cellar, 
which has a height between I and 3m and is extensively covered with 
blocks. The random scatler of the irregular blocks across the floor of 
the cellar does not permit easy access for examination of some parts 
of the cave. Due to the presence of manganese, stalactites and 
stalagmites in the U,<urumlu Cellar are dominant ly dark grey and 
black in colour. The U,<urumlu Cellar is connected to the Bilyilk 
Damlatatlar Saloon, as the Blocky Cellar is connected to the (:bkilntil 
Saloon. 

In terms of karstic features , the Yeni Saloon is the most 
interesting part of Balhca Cave. In addition to karstic features si milar 
to those found in the other saloons, leek-shaped stalactites, large 
stalagmite-free stalactites (about 6.5m in length) and onion-shaped 
stalactites are recorded (Plates I, 2 and the cover photo). The lowest 
part of the cave is accessed from the Yeni Saloon by way of a shaft­
like route, and the groundwater, which can be seen at two different 
points, is also reached throu gh a shaft-like landing. 

Distinct signs of the influence of groundwater - (I) horizontal 
cracks in the columns; (2) formation of large stalagmite-free 
stalactites and (3) travertines forming at the surface - give important 
indications of some of the cave's stages of development. Linked to 
item (I) is the evidence of a former groundwater level marked by the 
limit of calcite formation 3m above the floor of the Cbkilntii Saloon. 
The absolute altitude of this level is I ,053m, whereas the modem 
groundwater level (January 1992) is 1,000m. The presence of 
relatively shallow ponds with a low flow regime, or a static level 
below the item (2) stalactites, hindered the formation of stalagmites 
but not the higher CaC03 accumulations. The upper altitude of 
surface-forming travertines (3) is about I, 120m, and it is thought that · 
these travertines were deposited from waters discharging from the 
cave. The difference between the upper altitude of the surface 
travertines and the recent groundwater level suggests that the 
groundwater level has lowered by at least 110m between deposition 
of the oldest preserved travertine and the present. 

Na+ 

mgr' 

5.1 

0.95 

4.3 

Cal> Mg+ B Si02 HCO)' SO/' cr F' NO)' 

mgr' mgr' mgr' mgr ' mgr ' mgr ' mgr ' mgr' mgr' 

68 II 0.5 12 250 28 6 0.2 6 

106 3.2 <0.1 44 360 24 4 <0.5 <I 

54 9.5 0.1 15 210 6 5 <0.1 5 

The major development of Balhca Cave may have been started 
about 3'.4 million years ago, during the Villafranchian Stage) 
(Steininger et ai, 1996). Because waters contain more CO2 during 
rainy and cold periods, they can more easily dissolve and transport 
particles of carbonate rock at such times. The later development 
activity has thus continued in parallel with changes in the regional 
climatic conditions. Active development is now continuing in a 
water-filled karstic shaft -75m below the entrance, whereas 
speleothems are currently growing at other sites. Isotope studies to 
determine the ages of the speleothem formation are still being 
conducted. 
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Plate I. Recently formed stalactites and stalagmites. 
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HISTORICAL CLIMATE RECORDS FROM ANNUALLY 
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Un usually fast growing, orange-capped stalagmites have been 
demonstrated to grow through the mechanism Ca(OH)2 + CO2 = 
CaCO) + H20. These stalagmites have continuous annual band 
observed in both visible and ultra-violet light. Two stalagmites that 
have been deposited over the period 1905-1997 AD have been 
analysed for ( I) variations in annual band structure and (2) variations 
in luminescence wavelength. For the annual band structure in the two 
stalagmites , 88% of the years have luminescence laminae that exhibit a 
near sinusoidal shape with no structural variations. However 10 
laminae (12% of total) exhibit a double band structure; these are 
demonstrated to occur in years with high monthly or daily mean 
precipitation. It is suggested that high intensity (>60 mmld) and high 
quantity (>250mm / month) of precipitation may flush luminescent 
organic material onto the stalagmites from either the soil or 
groundwater zones and generate a double lamina. However, not all 
precipitation events generated double laminae. High intensity events in 
summer were ineffective due to either a soil moisture deficit and / or 
interception by the woodland canopy. High rainfall months (>250mm) 
failed to generate double laminae when preceded by two or more 
months of greater than 150mm, suggesting that exhaustion of the 
organic acid supply can occur. When compared to month ly 
precipitation data for Buxton , laminae shape and the percentage of 
double laminae of the Poole's Cavern stalagmites are best explained by 
a centre weighted running mean of the preceding 6 to 7 months 
precipitation. The palaeoclimate can also be deduced from the 
luminescenec wavelength, since seasonal variations were observed that 
were formed in the soil the previous summer. 

PREHISTORIC CAVE BURIALS IN BRITAIN - AN UPDATE 

Andrew T Chamberlain and James Williams 
Department of Archaeology and Prehistory, University of Sheffield, 
Northgate House, Sheffield, S I 4ET, UK 
a.ehamberl ain@sheffield. ac. uk 

We currently know of 237 cavcs in Britain that have produced 
prehistoric human remains, and there are a small number of new 
discoveries of burial caves reported each year. Cave sites in all of the 
caving regions of Britain from northern Scotland to South Devon were 
used for buri al purposes. The most interesting pattern in the data is the 
chronological one, which suggests that some usage of caves as burial 
sites occurred in the Late Palaeolithic and the Early Mesolithic but 
there was a clear peak of activity during the Neolithic (4000 to 2000 
BC). More than 100 of the cave burial sites date to the Neolithic 
period, and it is no coincidence that this is also a time of major 
demographic and cultural change in Britain , with a transition in 
subsistence from hunter-gathering to farming, as well as a possible 
influx of people from continental Europe. 

The spatial distribution of burial caves is less clear, but for specific 
regions like the Peak District, the Morecambe Bay area and in South 

Wales there is some evidence for spat ial clustering in the sites. Whether 
this relates to patterns of prehistoric settlement is completely unknown, 
but patterns of raw material utilisation indicate that prehistoric people 
had an excellent understanding of geology and would very likely have 
known of the existence of many of the caves in their neighbourhood. 

Recent collaborative work by the Pegasus Caving Club and the 
University of Sheffield at Carsington Pasture Cave in Derbyshire has 
revealed one of the largest collections of human remains recovered 
from a Peak District cave site. Preliminary dating evidence, based on 
study of the fauna and artefacts, suggests that the cave was used as a 
buri al site during the Neolithic. The human remains represent 
individual s of all ages from newborn to elderly, and some of the bones 
have cutmarks that indicate post-mortem defleshing and disarticulation 
of the bodies. 

FAECAL INDICATOR BACTERIA IN THE CASTLETON 
CA VES, DERBYSHIRE, UK 

John Gunn and Jamie Tranter 
Limestone Research Group, Department of Geographical and 
Environmental Sciences , The University of Huddersfield, Queensgate, 
Huddersfield, HOI 3DH , UK 
j.gunn@hud.ac.uk 

The risk to cavers from Weil 's disease is well known , but there appears 
to have been little research into the health risks to cavers who might 
come into contact with faecally contaminated karst waters. The closest 
analogues are investigations of health risks to those taking part in 
direct-contact recreational activities, such as canoeing and bathing. The 
link between enteric bacterial (faecal coliform and faecal streptococci) 
concentrations in such recreational waters and the incidence of disease 
amongst users is well known , and it is not unreasonable to an ticipate a 
similar risk to cavers . With this in mind a study was undertaken of 
faecal indicator bacterial concentrations in water draining into, and out 
of, the Castleton karst. The study showed that the faecal coliform 
concentrations in the P6, P7 and P8 streams could represent a health 
risk to cavers using the Jackpot cave, especially during the summer 
months and during summer/autumn storms. The Castleton springs are 
less seriously contaminated, but there is a potential health risk to cavers 
using Peak and Speedwell caverns. The source of the contamination 
appears to be sheep grazing in the catchment. 

PALAEOENVIRONMENTAL RECONSTRUCTION THROUGH 
A STUDY OF SPORES AND ORGANIC ACIDS IN 
SPELEOTHEMS 

Siobhan McGarry 
Open University and University of Exeter, UK 
S.F.Mcgarry@open. ac.uk 

Speleothems have a distinct advantage over other terrestrial 
palaeoenvironmental records such as lake and bog sediments, in that 
they preserve longer records, as their cave environment protects them 
from destruction by surface erosion. They contain 0 and C isotopes, 
organic acids, pollen and spores. They can be dated back to 450,000 
years, allowing the terrestrial record of environmental change to be 
extended up to an order of magnitude further back in time than 
radiocarbon dating of wetland sediments would allow. As the waters 
that form speleothems pass through the overlying soil, they pick up 
spores and organic acids, both of which are associated with 
decomposing organic matter, and are characteristic of the soil and 
climatic condit ions prevailing at the time. The water eventually enters 
a cave and deposits calcium carbonate to form a speleothem. The 
waters of formation also deposit the spores and organic acids, which 
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are then preserved within the calcite. The spores, produced by soil 
fungi , provide information about the soil type and environmental 
conditions under which they were living. Different types of organic 
acids are now known to be related to the degree of humification (state 
of decomposition) of the soil , which is in tum related directly to 
climate and vegetation changes. As fungi play an active role in the 
decomposition of organic matter , the two records may complement 
each other. In the current study being undertaken , fungal spores from a 
number of speleothems from throughout Britain have been extracted 
and identitied . The organic acids they contain have also been studied as 
part of a wider project, in which the pollen record and U-Th ages of the 
speleothems are also being used in order to build up a clearer picture of 
environmental conditions at certain times in the past. This is the first 
time such a study involving spores and speleothems has been 
undertaken , and the research trip to a lab in the University of 
Amsterdam, to access the necessary facilities for identification of the 
spores, was funded by the BCRA. This paper fonTIS part of the report 
on the findings of the study. 

SEDIMENT STUDIES IN SLEETS GILL AND 
DOWKABOTTOM CAVES, NORTH YORKSHIRE, UK 

Phil J Murphy 
Department of Earth Sciences , University of Leeds, Leeds, LS2 9JT, 
UK 
P.Murphy@earth.leeds.ac .uk 

Sleets Gill and Dowkabottom Caves arc situated in Littondale, near 
Hawkswick, North Yorkshire. Both caves constitute fragments of an 
ancient phreatic cave system truncated by surface lowering and now 
out of equilibrium with the present geomorphology (Waltham el ai, 
1997). 

Sleets Gill Cave consists of a large (4m diameter) phreatic tube called 
the Main Gallery accessed via the entrance ramp, one of two examples 
of abandoned phreatic lifts in the cave. Two immature streamways run 
parallel to the main passage. The streamway on the northern (up-dip) 
side is called the Wharfedale Series and consists of 30m of streamway, 
ending both upstream and downstream in choked sumps. The 
streamway on the southern (down-dip) side of the main passage is 
called Hypothermia/Hydrophobia and allows a choke at the end of the 
Main Gallery to be by-passed into further large phreatic passages. 

Grab samples were taken of sediment from both streamways and at 
intervals along the Main Gallery. Very well rounded granule and 
pebble grade grains of milky quartz were recorded from all the samples 
but were far more common in those from the Wharfedale Series. On 
thin sectioning these proved to be meta-quartzites, showing 
characteristic undulose extinction and annealed grain boundaries. High 
grade metamorphic rock pebbles are characteristic of the Millstone Grit 
facies. The Millstone Grit no longer crops out in the Sleets Gill 
catchment but such pebbles are recorded from the nearest outcrop on 
Fountains Fell to the west (Arthurton el at, 1988). Black sand grade 
particles with a sub-metallic lustre are present in all samples. X-ray 
diffraction analysis revealed a composition of hydrated iron oxide 
(goethite). Similar deposits are described from South Wales by 
Gascoine (1982) and are attributed to the leaching of iron compounds 
from shales overlying the limestone. Ironstone nodules are recorded 
from the WensleydaIe Group shales (Arthurton el ai, 1988), a small 
outlier of which survives in the catchment area. A yellow friable 
iron-rich material also forms discrete particles in the samples. This is 
believed to be an alteration product of the black hydrated iron oxide, as 
particles consisting of different proportions of black and yellow 
material can be found. 

Dowkabottom Cave is at a higher elevation than Sleets Gill and an 
underfit stream utilises the abandoned phreatic passage before entering 
a much smaller stream passage. The water flow is eventually lost in a 
boulder choke. Samples from a sediment bank in the small streamway 
were washed to remove silt and clay grade material. The sand grade 
grains are more angular than those found in Sleets Gill Cave, but both 
meta-quartzite pebbles and black and yellow iron rich material are 
present. Very angular quartz grains, showing conchoidal fractures and 
cleavage pl anes are present. These are characteristic of glacial 
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environments (Krinsley and Doornkamp, 1973). Limestone clasts with 
clearly defined glacial striae are also present, clearly indicating a 
glacial origin for the sediments. Glacial striae exposed from beneath a 
protective drift cover on the surface are known to disappear in around 
a decade (Sweeting, 1966). The limestone clasts must therefore have 
been emplaced in the cave and isolated from aggressive waters by rapid 
burial. 

Both Waltham el at (1997) and Long ( 1974) comment on the 
occurrence of 'Yoredale sandstone pebbles' in the sedimentary fill of 
Dowkabottom and Sleets Gill caves. Analysis of the sediment has 
revealed the presence of material originating from the Millstone Grit 
facies. Waltham et at (1997) speculate as to whether the sediments 
were emplaced in the caves when the cover of rocks overlying the 
Great Scar Limestone was more extensive, or whether they were 
derived from a partial cover of glacial debris since largely eroded away. 
The occurrence of striae on limestone particles clearly indicates a 
glacigenic origin for the sediments. Whether they are from the 
Littondale ice stream or from a cover of active ice over the Sleets Gill 
cave catchment area is not known . 
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HOLEY ROCKS AND BOULDERS IN SOCKETS: WEIRD 
KARST FROM THE WEST OF IRELAND 

Mike Simms 
Department of Geology, Ulster Museum, Botanic Gardens, Belfast, 
BT9 5AB , UK 
michael.simms.um@nics.gov.uk 

Upwardly-tapering vertical tubes (rohrekarren) pierce the underside of 
limestone blocks and overhangs around the shores of Irish lakes and 
testify to rapid dissolution of the limestone even where the lake waters 
are permanently carbonate-saturated. They form by condensation 
corrosion in the epiphreatic zone of fluctuating lakes. Rohrekarren 
morphometry is lake-specific and linked to long-term water chemistry. 
Rohrekarren in persistently carbonate-saturated lakes are narrow while 
those in lakes which are periodically undersaturated have a broader 
taper due, in part, to direct dissolution by lake water. The presence or 
absence of other lacustrine dissolution features provides further 
evidence of long-term lake-water chemistry. 

CONTROLS ON THE ANNUAL GEOCHEMICAL VARIATION 
OF SPELEOTHEM-FORMING KARSTIC DRIP WATERS AT 
P8, CASTLETON, DERBYSHIRE,UK 

Anna FTooth 
Department of Earth Sciences, University of Keele, Keele, 
Staffordshire, ST5 5BG, UK 
ggdI4@keele.ac.uk 

The P8 cave, Castleton, has developed at the site of a stream sink in a 
closed karstic depression , formed at the approximate boundary of the 
basal Namurian Millstone Grit shales and Dinantian apron reef 
limestone complex. The near-surface cave is dominated by narrow 
passageways that have developed along joints. It has a highly fractured 
subcutaneous zone. The overlying soils vary locally with the 



topography. Up-slope regions are characterised by thin organic-rich 
brown earths, whilst down-slope profi les comprise greater thicknesses 
of clay-rich soils. A monitoring study was performed at the site over a 
period of one year, from Jul y 1997 to June 1998. Temperature and CO, 
concentrations were recorded each month in atmospheric, soi l and 
aquifer zones. The pH of rain, soi l and karst water samples was 
measured in situ. Samples were retained for laboratory analysis of trace 
elemental concentrations. Soil gas CO2 concentrations exhibited a peak 
in levels coincident with the summer 1997 maximum in ambient air 
temperature. Values then began to decrease unti I November 1997 when 
an increase in levels again occurred, remaining elevated until February 
1998. Concentrations subsequently rose steadily towards a second 
summer peak in June 1998. Soil water CO2 concentrations were in 
phase with th at of soil gas, though the November 1997 increase was not 
as pronounced and values were elevated in Janu ary, remaining greater 
than that of the gas phase for the rest of the monitoring period. Analysis 
of trace elemental composition in soil and karst waters evinced peaks in 
calcium concentration not only in the summer months of 1997 and 
1998, but also during the winter months of January and February 1998. 
Such a trend in CO2 and calcium concentrations is related to the rainfall 
regime. Monthly precipitation increased steadily from September 1997 
onwards, with a winter maximum occurring in January 1998. Soil 
moisture content rose in response to rainfall, attaining maximum levels 
in the period of November 1997 to January 1998. The hi gh winter soi l 
moisture content is postulated to have stimulated the microbial 
production of soil gas CO2 , via the decomposition of organic maller, 
leading to enhanced dissolution of soil carbonate in winter 1998. Since 
soil and karst water calcium concentrations are in phase, the winter 
peak in levels cannot be attributed to a time lag occurring between the 
summer elevation in values and delivery to karst water sites, due to 
subcutaneous zone aquifer storage. Therefore, rainfall input and 
duration can be shown to influence soil and karst water calcium 
conccntrations. At this site, rainfall would appear to be as important a 
control upon karst water chemistry as the temperature-constrained 
summer growing season. An understanding of the influences of the 
dominant controlling factors upon karst water chemistry is essential for 
the interpretation of the geochemical signal of banded speleothems. 
This study reinforces the implicat ion that the palaeoclimatic signal of 
the speleothem record must be interpreted in tcrms of palaeo-wetness 
as well as palaeo-temperature. 

THE DROWNED KARST OF HA LONG BAY, VIETNAM 

Tony Waltham 
Civil Engineering Department, Nottingham Trent University. 
Nottingham, NGI 4BU, UK 
tony. waltham@ntu.ac.uk 

The spectacular islands and rock pinnacles of Ha Long Bay constitute 
a landscape of classic tower karst that has been modified by its marine 
invasion . Fenglin, fengcong and doline landforms are of subaerial 
origin, dating from the Pleistocene stages of lower sea levels and 
perhaps from earlier times. The wave-cut notches, many of the base­
level caves and much of the cliff undercutting are marine features. 
Sea-level caves pass through some of the islands and provide the only 
access to tidal lakes within the fengcong karst. Stratified calcite 
deposits and shell beds are abundant in the many cave remnants. 
Elucidation of the geomorphological history, including a 
comprehension of the record of eustatic sea-level changes combined 
with tectonic ground level changes, awaits mapping and dating of these 
cave sediments. 

RADON CON CENTRA TIONS IN CAVES - AN EV ALUA TION 
OF THE PASSIVE CANISTER METHOD 

Jo Whistler 
Oxford University, Oxford. UK 
joanne. whistler@las.ox.ac.uk 

The aim of this undergraduate study was to evaluate the pass ive 
canister method of Radon 222 measurement in caves. This naturally 

occurring radioactive gas is both a potential health hazard, and a source 
of information about airflow and sediment co mposition in caves. It is 
important to choose the most appropriate method of determining the 
Radon 222 concentrations, depending upon the aspect of interest. For 
the technique used in this study, the Radon 222 was adsorbed onto 
grains of acti vated charcoal during exposure of the canister. Back in the 
laboratory, the radon concentration was determined by counting the 
gamma-ray emissions of two of the progeny of the radon alpha-decay. 
A Li-Ge detector connected to a Personal Computer Analyser was used 
to achieve this, and the Radon 222 concentrations were calculated from 
the data using various calibration and decay factors. The canisters were 
exposed at several locations in Cuckoo Cleeves (Mendip Hills , 
Somerset) , where no serious cave-specific difficulties were experienced 
with the method . An overview of the statistical error analysis was 
given, and the likely sources of systematic error were described. The 
statistical error on the results is believed to be small since, when 
several different peaks in the spectrum were analysed, the derived 
concentrations were within error bars. This, however, does not allow 
for statistical error between different samples, and a more thorough 
investigation would have placed several samples at each site. There 
were many possible sources of systematic error, and the measured 
conccntrations are unlikely to be very close to the actual values. Some 
of the systematic errors described could be much reduced but, due to 
lack of time and resources, this was beyond the scope of the study. One 
useful aspect of the techniquc is that it is measuring Radon 222 
concentrations specifically, rather than just any alpha emitter that 
happens to be present. In conclusion, the data collected are likely to be 
very inaccurate in absolute terms, but the method is useful when 
relative values are importanl. The work was carried out as an 
undergraduate project, supervised by Dr W D M Rae, and won the 
Magnox Electric Prize for the best Oxford Physics BA projecl. 

COMPUTING DEVELOPMENTS IN CAVE SURVEYING 

Wookey 
Aleph One Ltd, Bottisham, Cambridge, CBS 9BA, UK 
wookey@alephl.co.uk 

This paper ranged widely over recent developments in cave survey 
hardware and software and data interchange software. Digital 
instruments are available from Martin Sluka and Silva, making digital 
surveying systems affordable. Compass calibration experiments are 
being carried out at Pcnwyllt. Drawing-up of surveys by computer has 
also improved, prime examples being the recent survey of Ogof 
Draenen, and the entries for the UIS Survey Competition. There has 
been much change in available survey software: Survex (Linux-based. 
now incorporating blunder detection); Winkarst (GPS tracking, square 
3D, VRML); Compass (Phong-shaded 3D with graphics-card libraries, 
surface modelling); Tunnel (Full cross-sections, Survex-compatible, 
written in Java); and many others such as Walls, Visual Topo, 
Toporobot, OnStation , etc. A Cave Data Interchange (COl) format is 
being developed. 

POSTER PRESENTATIONS 

SUBSTRATE PREFERENCE OF MICROBIAL 
COMMUNITIES IN CAVE SEDIMENTS AND FOREST SOILS 
IN GUNUNG MULU NATIONAL PARK, SARAWAK, 
MALAYSIA 

Sal Burgess 
University of Aberdeen, UK, in collaboration with the Sarawak Forest 
Department 
s.burgess@au.sac.ac.uk 

The importance of the soil microbial biomass in mamtammg soil 
fertility through stabilisation of soil structure and control of nutrient 
cycling is now widely recognised. It is also fundamental as the base of 
the food web in many ecosystems especially in cave environments in 
which it can be the most important dietary component. Despite its 
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significance, studies on the microbial ecology of tropical forests are 
sparse and almost no previous work has been done on the microbial 
ecology of forest soils and cave sediments in Gunung Mulu National 
Park, Sarawak. Fieldwork was carried out in Stone Horse Cave (Gua 
Kuda Batu) and part of the secondary alluvial forest dominated by 
pioneer tree species, near to an artificial clearing. In biospeleological 
literature the zonation of environmental conditions from cave entrance 
to the deep cave is considered to be important in the distribution of 
cavemicoles. Soil and sediment microbial biomass and activity were 
measured in situ against the change in environmental conditions (soil 
matric potential, pH, temperature, nitrate and ammonium-N, total 
organic carbon (TOC) and light at the soil surface) along prevailing 
light gradients. In Aberdeen, microbial community composition was 
determined and a unique substrate-preference test was developed to test 
the adaptation of the community. 

There were differences in the size and activity of the soil microbial 
biomass between the sites, which often depended on environmental 
conditions . The total biomass was greater in the forest than in the cave, 
due to a greater supply of organic matter. The cave entrance was 
associated with a biomass comparable with both the forest and the 
cave, which reflected the steep gradient of environmental conditions in 
this zone. Actual activity also followed this pattern. Fungal and 
bacterial biomass unexpectedly differed only at the entrance to the 
cave, in which they were both highly associated with neutral soil pH 
values and high total organic carbon and available nitrogen. Bacterial 
biomass was related to light intensity that was seen to be the governing 
factor of a difference, due to its large effect upon soil temperature. It 
follows that the bacterial biomass was most influenced at the entrance 
to the cave by soil temperature. High quality substrates positively 
influenced both microbial groups. 

The matric potential-optimisation of soils and sediments increased 
the respiration response in two zones and decreased it in a third. The 
decrease was due to a site not normally limited by water. The two 
increased soils had high TOC and low pH and one had high available 
nitrogen , which showed that substrate quality is important to allow a 
full microbial response when a limiting factor is optimised. Other 
zones were concluded to have more than one limiting factor. 

The environmental conditions that most influenced microbial 
characteristics were total organic carbon, avai lable nitrogen and soil 
pH values. The manner in which they affected the microbial 
communities differed between each site. 

The litter bags suffered greater mass loss in the forest than in the cave 
which was concluded to be due to a greater diversity of microbial 
community that were better adapted to decompose plant material. The 
total carbon and nitrogen remaining in the litter was similar in all bags 
and was therefore utilised to the same extent by both communities over 
six weeks. The remaining mass was assumed to be recalcitrant carbon 
compounds. 

This study has shown uniquely that the microbial biomass of cave 
sediments and forest soils is physiologically adapted to utilise 
indigenous, locally available substrates over easily utilisable laboratory 
substrates such as glucose. Microbial populations displayed different 
strategies in response to both substrates. It is proposed, therefore, that 
the selection of indigenous substrates is a cruci al aspect of 
characterising the kinetics of respiration response of soil microbi al 
populations from different ecological sources. 

SUB-SURFACE RADIO LOCATION USING 
FIELD GRADIENT TECHNIQUES 

David Gibson 
Institute of Integrated Information Systems, University of Leeds, UK 
gibson@mcrosolv.demon.co.uk 

Radio-location of cave passages using an induction loop is a standard 
procedure. Essentially, a horizontal transmitter loop (vertical magnetic 
dipole) is placed underground and its location and depth below the 
surface are calculated by taking measurements of field direction and 
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angle using a receiver loop on the surface. This is tedious but, if we 
were to measure a set of field magnitudes instead of angles and 
directions, we could de-skill the operation. This would allow us to 
construct a 'global positioning system' for sub-surface applications 
such as surveying or search and rescue. A major factor in the 
simplification of the radio-location procedure is that measurements of 
field magnitude can be made electronically without adj usting the 
antenna orientation. This is in contrast to conventional usage, where 
the operator has to adjust the antenna to a 'null' position and make 
visual readings of its angle with respect to ground . A second factor is 
that the 'roving' surface antenna that is used in conventional radio­
location can be replaced by three or more fixed antennas at accurately 
surveyed stations . A further development is to use a ratiometric 
technique, whereby a field gradient is derived. This is more accurate 
than a simple magnitude measurement, because knowledge of the 
transmitter power is not required. Accurate radio-location usually 
requires that the range be much less than a skin depth. However, a 
ratiometric field gradient technique allows the operation to be extended 
to regions where far-field effects distort the field lines and make 
conventional location difficult. Practical tests at 200m depth using a 
4kHz beacon have verified this. Radio-location in mines gives rise to 
different problems. Frequently, due to the depth of the passages, access 
from the surface is not possible. But here, too, field gradient techniques 
could lead to improvements because a fixed receiver antenna allows a 
much lower bandwidth to be used than is the case with an antenna that 
requires adjustments to its orientation during the measurement process. 
An additional problem is that the orientation of the underground 
transmitter (e.g. a miners belt-mounted device) may not be known. 
(This is the so-called 'dead body problem'). Limited solutions to this 
problem already exist, but they do not take into account far-fie ld 
distortion , nor do they use fu ll y-static antennas. A field-gradient 
technique offers the possibility of providing a more comprehensive 
solution to this problem. 

AN OLIGOCENE CAVE FILL AT BALLYGmLIN, 
CO. CORK, REPUBLIC OF IRELAND 

Mike Simms 1 and Mike Boulter 2 

lDepartment of Geology, Ulster Museum, Botanic Gardens, Belfast, 
BT95AB,UK 
michae\.simms.um@nics.gov.uk 

2 University of East London, UK 

TOURISM IN KARST LANDSCAPES 

Mike Simms 
address as above 

EXTRAORDINARY KARST FROM 
THE SHORES OF LOUGH MASK 

Mike Simms 
address as above 

BONES IN CAVES - HOW DID THEY GET THERE? 

Mike Simms 
address as above 

A BROWN BEAR NURSERY 
IN CO. LEITRIM, IRELAND 

Mike Simms 1 and Nigel Monaghan 2 

1 address as above 
2 National Museum, Dublin, Republic of Ireland 
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Forum 
Readers are invited to offer thesis abstracts, review articles, scient ific notes , comments on previously published papers and discussions of general 

interest for publication in the Forum of Cave and Karst Science. 

All views expressed are those of the individual au thors and do not necessari ly represent the views of the Association unless this is expressly stated . 
Contributions to the Cave and Karst Science Forum are not subject to the normal refereeing process, but the Edllors reserve the nght to revIse or 
shorten text. Such changes will only be shown to the authors if they affect scientific content. Opinions expressed by authors are their responsibility 
and wi ll not be edited, although remarks that are considered derogatory or libellous wi ll be removed , at the Edi tors' discrction. 

CORRESPONDENCE 

Dear Sir, 

While preparing a practical on 'vertebrate bone accumulation in 
caves' for some of our third year undergraduate students, I 
encountered in our department collection 7 jars of bone concentration 
[museum accession numbers LEIUG 84240-84243 and 84244-
84246]. The locality details for these specimens indicate that they 
come from a Quaternary 'Rodent Band ' of Jubilee Cave, [Settle, 
North Yorkshire] and Lesser Kelcoe (=Kelcow) Cave, [Giggleswick, 
Sett le, North Yorkshire], respectively. (The square brackets indicate 
information that has been added to the documentation here at 
Leicester) . 

These specimens are part of a co llection donated to the University 
of Leicester by the British Speleological Association, through the 
good offices of Dr Trevor D Ford. Our records show that the Jubi lee 
Cave concentrate came to the BSA from an 'E Douglas ' ; the Lesser 
Kelcoe concentrate seems to have to come to the BSA from an 'E 
Simpson' , in 1932 (or thereabouts). 

Examination of the matcrial (coarse fraction of LEIUG 84242) 
during the practical showed that it contained well-preserved small 
mammal (probably rodent) bones, cspecially long bones, as well as a 
few bird bones and the occasional crinoid ossicle. Although no teeth 
were discovered in this brief investigation, their presence is recorded 
in the documentation for sample LErUG 84243, which was not 
examined. 

A literature review yielded no references that discussed either of 
these two caves. I would appreciate any information about these 
caves and their faunas. Alternat ively, anyone in terested in studying 
these specimens is welcome to contact the University. 

Thank you very much for your time and attention. 

Sincerely, 

Kim Freedman 
Department of Geology 
University of Leicester 
University Road 
Leicester 
LEl7RH 
UK 

Dear Editors, 

Re Cave Ecology 

There appears to be an increasing interest in subterranean ecology in 
British caves, and renewed interest in the recording of species found 
within them. Information regarding the distribution of subterranean 
taxa from caves is relatively poor, most having been compi led during 
the heyday of the Cave Research Group / British Cave Research 
Association biological sub-committee, largely due to the efforts of E 
A Glennie and M Hazelton. 

In an attempt to increase our understanding of cave geo­
ecosystems, co-operation between cavers and scientists is required. 
Any records of invertebrate taxa or faunal specimens would be 
greatly appreciated (collecting vials containing preservatives can be 
supplied if required). However, care and restraint is advised since 
subterranean environments do not support large numbers of fauna 
and excessive sampling could seriously degrade the ecology of the 
system concerned. Each record should be accompanied with the date 
of the observation and a detailed description of the collection site. 
This should include the name of the cave, a grid reference for the 
entrance, and the location of the sampling point within the cave. 

We have a particular interest in hypogean records of Crustacea 
(such as Niphargus spp. and Asellus cavaticus) and other aquatic 
macroinvertebrates, such as beetles (Coleoptera). However, most 
terrestrial fauna can also be identified. Anyone interested in further 
details should contact either of the authors below. 

Lee Knight 
No.1 The Linhay 
North Kenwood Farm 
Oxton 
Nr. Kenton 
Devon 
EX68EX 
UK 
Tel: 0162689 1 431 

or 

Paul Wood 
Limestone Research Group 
Geographical Sciences 
University of Huddersfield 
Queensgate 
Huddersfield 
HDI3DH 
UK 
Tel: 01484472687 
Email: p.j.wood@hud.ac.uk 
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BOOK REVIEWS 

Chen Xiaoping and 15 others, 1998. South China Karst! [I.Karst 
Studies of Yunnan; 2.Karst Studies in Western Guizhou]. 247pp. 
Published by Zalozba ZRC, Ljubljana. 
Price: US$39.40 (plus postage: Europe US$3.00, outside Europe 
US$4.00) 
Available directly from: Zalozba ZRC, Gosposka 13. p.p.306, SI-
1001 , Ljubljana, Slovenia. 
Fax: +38661 1255253 
E-mail: zalozba@zrc-sazu.si; http://www.zrc-sazu.silzalozba 

Credit card payments (Eurocard/Mastercard, Vi sa) and personal 
cheques (payable to Zalozba ZRC) are accepted. 

This grand, glossy and impressive volume documents a cross 
between an expedition and a research project (over 1995 to '97) in 
the karst of Yunnan and Guizhou. It is a product of the Karst 
Research Institute in Postojna working with Chinese colleagues, and 
is therefore a significant contribution to China karst research, based 
soundl y on a wealth of karst experience. A bonus is that its colour 
photos provide probably the best avai lable visual impression of the 
fengcong cone karst in Guizhou - which is one of the world's key 
si tes for karst geomorphology. The volume suffers fro m a serious 
lack of good maps, and also from some rather peculiar English; the 
latter is hardly surprising from Slovenian and Chinese authors, and 
cred it is due for publishing in the international language. 

The Yunnan half of the book concentrates on the Shilin Stone 
Forest. There is an excess of descriptive detai l, with little that is new 
in deduced concepts of genesis, and no site map. Some 
morphological details are related to soil permeabilities during their 
sub-soil genesis, and others are re lated to sub-vegetation genesis. 
Lithology is shown to have minimal influence, while the comments 
on the structural geology say little, but there is a useful mass of data 
on dissolution processes (gathered by conductivity measurements 
during rainfall events). Assessed erosion rates are interpolated to 
indicate that Shi lin has evolved over 1.6 Ma (but with no 
consideration of P leis tocene climatic variations). This fits in with 
accepted concepts of the long timescales in the evol ution of China' s 
karst, while the conc lusion that "Deducting the influence of the 
rocks, the rainfall is the main motivation of the karst developing." is 
hardly controversial. 

Also in the Yunnan section, there are notes on the large and 
impressive show cave of luxiang (but there is no scale on its survey), 
and on the hydrology of the nearby Tianshengan area (where caves 
are claimed to exist, but with no further comment). 

The Guizhou half of the book has great picturcs and some 
fascinating items , but its value is generally diminished and locall y 
lost due to a lack of decent location maps. The map shortage is 
probably one aspect of political dogma, which unfortunately 
continues to blight scientific research in Ch ina. Why else should the 
key site map (p.145) omit half of the cited locations , and yet include 
an expanded inset map of China with a national border carefully 
drawn to include both Taiwan and the disputed Spratly Islands 
(besides Tibet)? Politi cs al so mean that the British are credited with 
the exploration of Wujiadong, but no other reference is made to 
previous and more extensive work by the China Caves Project and its 
Guizhou University collaborators (who are the political rivals of the 
local geologists who worked with the Slovene team). 

Within the Guizhou section, one chapter describes the karst at 
Tianshengqiao (Natural Bridge), with surveys of the adjacent caves 
(aU less than a kilometre long). The bridge itself is a most spectacular 
feature - a slab of limestone (dipping at 20°), 15m thick and 30m 
wide (and carrying a road) , at a height of 136m across a gorge about 
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50m wide. It is a remnant of cave roof that has collapsed on each 
side, and has then had its cave floor greatly entrenched by the active 
river; the height appears to be a world record for a natural bridge. A 
chapter on the cone karst geomorphology recognises the great age of 
the cones and the youth of the canyons that cut through them (leaving 
some spectacular truncated cones). There is nothing new in this 
conclusion, nor in the results of a minimal survey of cone 
morphologies. A very readable and well -illustrated chapter on land 
use in the karst draws attention to the problems of desertification 
after deforestation and the loss of soil from the cone slopes. 

Th is speciali st volume will hardly qualify as a popular read, but it 
is a useful contribution to the database on China's karst. Anyone 
going to China, or researching cone karst or stone forests , should 
definitely check out thi s book. 

Reviewed by Tony Waltham, NOllingham Trent University, 
NOllingham, UK. 

Tectonska zgradba sistema Postojnkih jam. Tectonic structure of 
Postojnska jama cave system. Stanka Sebela. I 12pp + illustrations. 
Published by Zalozba ZRC, Ljubljana. 
Price: US$21.80 (plus postage: Europe US$3.00, outside Europe 
US$4.00) 
Available directly from: Zalozba ZRC, Gosposka 13, p.p.306, SI -
100 I , Ljubljana, Slovenia. 
Fax: +38661 125 52 S3 
E-mail: zalozba@zrc-sazu .si; http://www.zrc-sazu.silzalozba 

Cred it card payments (Eurocard/Mastercard, Visa) and personal 
cheques (payable to Za lozba ZRC) are accepted. 

In reviewing this eye-opening monograph I have the advantage of 
having had the benefit of a guided tour of parts of Postojnska jama 
with the author. Even before reading and digesting most of the 
information in the book r was debating some of its contents on site, 
not only with Stanka Sebela, but also with another eminent Siovenian 
colleague, Professor France Su5tersic. Whereas a visit to Postojnska 
jama ought to be on every caver 's or cave scientist's "must do one 
day" list, the added value of a visit and on-site discussions with local 
experts cannot ever be over-estimated. 

Stanka Sebela describes this publication as " . .. a synthesis of my 
structural-geological field investigations of the PoslOjnska janw cave 
system ... ill the 1991-1997 period". Whereas this is doubtlessly 
unembroidered fact , it is also an understatement of the amount of 
study (begi nning with work towards a doctoral dissertation), 
interpretation and preparation that must have gone first into building 
the model presented, and then into producing this impressive 
publication. 

The synthesis presents the state of the art in the study of Postojnska 
j ama , which is currently the longest explored cave in Slovenia at 
about 20km. Much of what is presented comprises the fruits of 
"straight" observation and recording - no small task in its own right, 
even in such a cave as thi s. The remainder is interpretive. Throughout 
there is an obvious bias towards study of the role played by (broadly) 
tectonic structures in guiding the cave' s development. This may in 
part reflect the context of the study undertaken and the background of 
the author ' s main mentor during her research, Professor Dr loze Car, 
who is well known for his work on tectonic structures. 



Before my visit to Slovenia, John Gunn handed me his own copy of 
the publication, praising it hi ghly, but saying, "You 'll like this - it 
doesn't melllion inception horizons once/". [ have to agree with his 
assessment. [ did like it, and the words "inception horizon" are 
absent. However, careful reading revealed that a number of 
significant bedding planes, as well as the more eye-catching tectonic 
features , were recognised as having contributed to guiding the cave' s 
inception and expansion. Faced with the same research opportunity, 
my approach to looking at the cave's history would have begun from 
a different point, but I suspect (or hopei) that the final excellent 
overview might have differed only in emphasis. Whereas I find that I 
disagree in detail with some aspects of the author's writing and fie ld 
demonstrations, I would be unable to provide a better overview and 
synthesis as a working hypothetical model. It would be nugatory to 
dwell upon such minor differences and equally pointless to attcmpt to 
find fault with what is presented. Readers can judge for themselves, 
on the basis of their own backgrounds and preconceptions! What is 
clear though , is that much remai ns to be seen and interprcted in 
Postojnska jama, and the developmental model will inevitably evolve 
and improve. 

The publication itself is the first [ have seen of its type, though its 
format is so obviously useful that [ can't believe it is a new idea. 
Except where larger format illu strations intervene, each A4 page 
contains two columns, with Slovene text in the left-hand column and 
an English translation to the right. Generally, good use is made of 
column-width illu strations to balance columns where the translated 
text is shorter or longer than the original. Overall the English text is 
easy to read , though locally slightly awkward. Some 
technical/geological terminology has not moved well into English, 
and a limited number of typographical errors have sli pped through 
the editorial net. [n most cases, however, the essencc can be grasped 
without too much trouble, and the minor flaws present on ly a slight 
irritation , mainly due to their interruption of the ·'flow" . 

Black and white and coloured photographs, many at page width , 
are present throughout , augmented by tables , line drawings, maps , 
surveys and projected tectoni c data. A minor annoyance to the 

outsider is that some of the photographic plates (perhaps those not 
referenced directly in the text) include no caption. Most include 
captions, however, in Slovene and in English, and though some are 
minimalist, most of them are adequate. Usually the pictures illustrate 
points made and cross-referenced in the text, so further details can be 
located. This can be slightly disruptive, as it has not everywhere been 
possible to place text reference and illustration on the same page. But 
these are minor criticisms. 

The book will be fascinating throughout to anyone with an interest 
in detailed cave development studies. However, most of the real 
" meat" is found close to the end of the volume, where a fold-out 
cave/geological survey , geological cross-sections and a variety of 
smallcr interpretive maps and plans are located. The use of colour to 
help clarify these locally complex illustrations is most welcome, and 
effective. A minor critic ism is that the main survey/map is multi­
fo lded and bound into the book, a side effect of which is that it is 
easi ly torn or otherwise mutilated during opening and closing both 
the map and the book. Perhaps the map would have been more useful 
and usable if left unbound and stowed within a pocket inside the back 
cover. Presentation of this type of material seems to be an ongoing 
problem for publishers. 

Any criticisms raised above are minor when weighed against the 
overall quality of the presentation and the work that is described. 
Though parts of the book, especially some of the photographic plates, 
would appeal to all those with a love of caves , especially those that 
have visited Postojnska jama, thi s is first and foremost a publication 
by a specialist for specialists. It does not so much provide a guide to 
how underground geological studies should be carried out, which will 
vary depending upon context, but it is a testimony to what can be 
ach ieved on the back of painstaking observation and data recording. 
And you don ' t need to be a structural geologist to appreciate that. 

Reviewed by Dave Lowe, Limestone Research Group, University of 
Huddersfield, Queensgate, Huddersfield, HDJ 3DH, UK. 
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RESEARCH FUNDS AND GRANTS 
THE BCRA RESEARCH FUND 
The British Cave Research Association has established the BCRA Research Fund to promote research into all aspects of speleology in Britain and 
abroad. Initial ly, a total of £500 per year will be made available. The aims of the scheme are primarily: 
a) To assist in the purchase of consumable items such as water-tracing dyes, sample holders or chemical reagents without which it would be 

impossible to carry out or complete a research project. 
b) To provide funds for travel in association with fieldwork or to visit laboratories that could provide essential facili ties. 
c) To provide financial support for the preparation of scientific reports. This could cover, for example, the costs of photographic processing, 

cartographic material s or computing time. 
d) To stimulate new research that the BCRA Research Committee considers could contribute significantly to emerging areas of speleology. 

The award scheme will not support the salaries of the research worker(s) or assistants, attendance at conferences in Britain or abroad, nor the 
purchase of personal caving clothing, equipment or vehicles. The applicant must be the principal investigator, and must be a member of the BCRA 
in order to qualify. Grants may be made to individuals or groups (including BCRA Special Interest Groups) , who need not be employed in 
universities or research establishments. Information about the Fund and application forms Research Awards are avai lable are available from the 
Honorary Secretary (address at foot of page). 

GHAR PARAU FOUND A TION EXPEDITION A WARDS 
An award, or awards, with a minimum of around £1000 available annually, to overseas caving expedi tions originating from within the United 
Kingdom. Grants are normally given to those expeditions with an emphasis on a scientific approach and/or exploration in remote or little known 
areas. Application forms are available from the GPF Secretary, David Judson, Hurst Farm Bam, Cutler's Lane, Castlemorton, Malvern, Worcs., 
WR 13 6LF, UK. Closing dates for applications: 3 1 st August and 31 st January. 

THE E.K.TRA TMAN AWARD 
An annual award, currently £50, made for the most stimulating contribution towards speleological literature published within the United Kingdom 
during the past 12 months. Suggestions are always welcome to members of the GPF Awards Committee, or its Secretary, David Judson, not later 
than I st February each year. 

BRITISH CAVE RESEARCH ASSOCIATION PUBLICATIONS 
CA VE AND KARST SCIENCE - published three times annual ly, a scientific journal comprising original research papers, reviews and discussion 
forum, on all aspects of speleological investigation, geology and geomorphology related to karst and caves, archaeology, biospeleology, exploration 
and expedition reports. 
Editors: Dr. D.1. Lowe, c/o British Geological Survey, Keyworth, Notts., NGI2 5GG, UK and Professor J. Gunn, Limestone Research Group, Dept. 
of Geographical and Environmental Sciences, University of Huddersfield, Huddersfield HD 1 3DH, UK. 

CA YES AND CAVING - quarterly news magazine of current events in caving, with brief reports or latest explorations and expeditions, news of 
new techniques and equipment, Association personalia etc. 
Editor: Hugh St Lawrence, S Mayfield Rd., Bentham, Lancaster, LA2 7LP, UK. 

CAVE STUDIES SERIES - occasional series of booklets on various speleological or karst subjects. 
No. 1 Caves and Karst of the Yorkshire Dales; by Tony Waltham and Martin Davies, 1987. Reprinted 1991. 
No. 2 An Introduction to Cave Surveying; by Bryan Ellis, 1988. Reprinted 1993. 
No.3 Caves and Karst of the Peak District; by Trevor Ford and John Gunn, 1990. Reprinted with corrections 1992. 
No.4 An Introduction to Cave Photography; by Sheena Stoddard , 1994. 
No.5 An Introduction to British Limestone Karst Environments; edited by John Gunn, 1994. 
No.6 A Dictionary of Karst and Caves; compiled by Dave Lowe and Tony Waltham, 1995. 
No.7 Caves and Karst of the Brecon Beacons National Park; by Mike Simms, 1998. 
No.8 Caves and Karst of the Mendip Hills; by Andy Farrant, 1999. 

SPELEOmSTORY SERIES - an occasional series. 
No.1 The Ease Gill System-Forty Years of Exploration; by Jim Eyre, 1989. 

BCRA SPECIAL INTEREST GROUPS 
SPECIAL INTEREST GROUPS are organised groups within the BCRA that issue their own publications and hold symposia, field meetings etc. 
Cave Radio and ELectronics Group promotes the theoretical and practical study of cave radio and the uses of electronics in cave-related projects. 
The Group publishes a quarterly technicaL journal (e.32pp A4) and organises twice-yearly field meetings. Occasional publications include the 
Bibliography of Underground Communications (2nd edition, 36pp A4). 

Explosives Users ' Group provides information to cavers using explosives for cave exploration and rescue, and liaises with relevant authorities. The 
Group produces a regular newsletter and organises field meetings. Occasional publications include a Bibliography and Guide to Regulations etc. 

Hydrology Group organises meetings around the country for the demonstration and discussion of water-tracing techniques, and organises 
programmes of tracer insertion , sampling, monitoring and so on. The group publishes an occasional newsletter. 

SpeLeohistory Group publishes an occasional newsletter on matters related to historical records of caves; documentary, photographic, biographical 
and so on. 

Cave Surveying Group is a forum for discussion of matters relating to cave surveying, including methods of data recording, data processing, survey 
standards, instruments, archiving policy etc. The Group publishes a quarterly newsletter, Compass Points (c.16pp A4), and organises seminars and 
field meetings. 

Copies of BCRA publications are obtainable from: Ernie Shield, Publication Sales, Village Farm, Great Thirkleby, Thirsk, North Yorkshire, Y07 
2AT, UK. 
BCRA Research Fund application forms and information about BCRA Special Interest Groups can be obtained from the Honorary Secretary: John 
Wilcock, 22 Kingsley Close, Stafford, STl7 9BT, UK. 




