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ABSTRACT
The Astrak a mountain and p lateau, in N.W . Greece, c o nstit u te a spectacular and
little visited glaciokarst cut through bv the 3000 feet deep Vicos Gorge.
Deepest of
the numerous shafts are Epos Charm, Provet ~. na and Tripa tis Nifis . The morpho logical
details of the gorges, potholes, karren fields and post-glacial patterns present problems
which are not yet completely solved, though their evidence suggests the possibility of
both recent ~C\r th movements, and also karst development by g lacial meltv;ater.

The mountain of Astraka rises to an e:.8vation of 7992 feet in the north
western corner of Greece, close to the Albanian border and 40 miles from
the Adriatic COd st.
It is an uplifted fault block which projects westwards
from the main escarpment of the Tymfi }'ountains, themselves rising to 8192
feet.
Below the scarp face, east of Tymfi, lies the River Aoos, and cutting
through the western end of Astraka is the Vicos River.
These act as base
level to the local relief of just ove r 6000 feet - entirely in massive
cavernous limestone.
Scenicly, Astraka is masnificent.
On its west and south the hori zontal
lime~tone forms a plateau cut by the Vico s Gorge, 3200 feet deep, with over
half that depth down vertical cliffs.
To the north there is a ma ssi ve fault
scarp.
The eastern side is more comp lex with the folded limestones rising
to Tymfi and dipping down to the villaaes around Tsepelovon .
The rather
less hostile cliffs along the southern side qive access to the one village ,
Vradeton, actually on the Astraka block.
This side is also the approach
used by the handful of shepherds and their sheep who are normally the only
occupants of the mountains through the long hot summer.
The countryside
is wil d and untouched, and surpris~ng~y few cavers have ever sampled its
delights .
Unfortunately the full depth potential has not yet been realised in
the caves of Astraka.
But Greece's deepest cave, and one of the world 's
deepest shafts , are both on this one mountain, i.n addition to dozens of
other potholes which have been looked at or descended.
Not every fissure
in this splendid karst has been explored or even foun~ - there is still
the chance of the big one.
For so far none of the known caves has much
horiz o ntal extent, and none has entered any sort of master s ystem .
The
great incentive is the Vicos River .
For five months of every year the e ntire
flow of the river sinks upstream of Kipi and passes under Astraka to emerge
at the sprin g at the northern end of the gorge (Fig. 1).
The underground
course of the river is more than 3000 feet below the potholes of the plateau ;
it is unen~8rable at both ends and is completely unexplored.
Cave exploration
Interest in Astraka developed in 1962 when a vis itin g party of British
cavers was directed by t~e shepherds t o the entrance of Provetina , which
was clearly a very deep hole .
British expeditions visited it in 1966 -7- 8
and finally bottomed it, claiming a depth of around 1300 feet; and it wa s
then the deepest known shaft in the world .
Handering s by individual members
of these expeditions led to the discovery of the entrances at both Epos Chasm
and Tripa tis Nifis.
In 1969 an ex~edition led by Pete Livesey explored
Epos, so gaining the Greek depth records which still st ands today (Waltham ,
1970).
They also descended the first pitch of Tripa tis Nifis, then known
as the Hole of the Married Woma n.
A s mall British expedit ion in 1970
explored Tsepelovon Spiara and a number of lesser shafts in the same area
(Bull, 1970).
In 1973 the Americans arrived .
They descended Epos and Provet in a on
ropes and also prospected most of the sh af ts on the plateau between Astraka
and the Vicos Gorge .
Their deepest discovery was a 430 fee t deep pothole
whose entrance wa s originally found by Livesey in 1968.
~ro years later, in
1975 , an Australian/Bristol mini - expedition used the new road to Vradeton
to give easier access to the southern end of the limestone.
They explored
Ulysses Pot , got a bit further down Tripa tis Nifis , a nd stirred up interest
by find in g a hole wh ich "took ei0ht seconds for stones to fall down:"
So
1976 saw an even s maller British expedi tion in the area.
Ulys s e s was
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surveyed, Tripa tis Nifis was "bottomed" at 956 feet, the "8 - second hole"
was found to be only 200 feet deep (Tripa Kranoula) and an extensive search
of the area between Tymfi and Astraka found no more major shafts. Finally,
the Americans returned in 1977, led by Wil Howie.
They surveyed Provetina,
finding it to be 1275 feet deep, and excavated the fissure at the bottom
of Tripa tis Nifis to deepen it a little.
In addition, they explored
dozens of other lesser shafts, and discovered Tripa Oedipus, 447 feet deep,
near Vradeton, and a single shaft, Gailotripa, 518 feet deep on the western
side of the Vicos Gorge near Elefotopas.
Besides the expeditions noted above, there have been other visits by
British, French, Greek and Czechoslovakian cavers which have, however, only
resulted in minor discoveries.
The situation on Astraka at present is
therefore that it contains four out of the seven deepest caves in Greece.
All these have been explored by the British, but the dozens of other, smaller
but still very fine, potholes have nearly all been explored by the Americans
who have put much more time into prospecting the limestone. Any future
expedition will therefore require a little luck to make a major discovery;
but it is a big karst, the potential is there and, if all else fails, the
scenery is fabulous.
The potholes
Epos Chasm was discovered and partly descended in 1968 by Pete Livesey,
and then fully explored and surveyed by his expedition in 1969.
Its
entrance lies at the confluence of five gulleys feeding down shale slopes
into a shallow closed basin floored by the limestone.
It is a splendid
situation, at the inner edqe of the limestone pavements which extend to
the lip of the Vicos Gorge almost directly above the resurgence, more than
3000 feet below.
Epos is a simple series of vadose shafts formed at the
almost perpendicular intersection of two major sets of fractures.
The
first 100 feet of descent is a steep gulley down one of the se fractures
until, just beyond daylight, the first large pitch is met.
This i s 445
feet deep, down the wall to the Pulpit ledge and then 260 feet free to
the floor.
A few feet away lies the next shaft which is 540 feet deep.
The obvious way down is a 400 feet drop to a ledge, but a small adjacent
hole offers a route down four pitches via a series of ledges to the same
point. From the foot of the shaft a few yards of steep canyon in clean
white limestone offers great prospects, but only lead to the lip of the
final 305 feee pitch. This ends in the middle of a deep, unplumbed lake
with the sides of the shaft dropping vertically into it.
It is a spectacular
finish to what is still the deepest cave in Greece at - 1454 feet (Fig . 5).
Prove tina opens as a gaping hole in a gulley wall near the top of
the enormous cliff line which overlooks Papignon at the northern end of
Astraka.
It was partially explored by Jim Eyre and others in 1966/7 and
was bottomed by a British army expedition in 1968.
It is formed on the
intersection of two joints and appears to be an isolated, but very large
shaft cut into by the surface gulley in its top corner; there is still a
roof over part of the entrance.
It is not certain that it ever took a
large stream, for it may have been formed entirely underground by drip
and film water before being exposed by the gulley.
The first pitch is
528 feet, down a superb cylindrical shaft, to the sloping snow ledge of
the Spider. From there a drop of 705 feet is free to a floor of gravel
and boulders with no hope of a continuation. At 1275 feet Provetina is
no longer the deepest shaft in t~e world, and it is arguable that it i s in
fact two shafts; but it still provides one of the world's greatest
vertical trips.
Tripa tis Nifis had its name loosely translated to "Hole of the Married
Woman" when Jim Eyre was directed to it by the shepherds in 1967 and told
of the bride who had fallen down it "a thousand years ago". He descended
the first pitch in 1969 but then, incredibly, the cave was unvisited for
six years.
The Australians gained a pitch in 1975 but ran out of rope
only a little way down the next large shaft.
This was de s cended by the
Astraka '76 expedition the following year but they were stopped at a narrow
fissure which was bypassed by the Americans in 1977 but led only to another
even more hopeless crack . The whole cave is formed in a pair of parallel
faults and is a series of vadose shafts, though the massive stalagmite on
the second one suggests it is much older than the entrance shaft - there
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may be an old inlet high in the roof.
The entrance shaft is 600 feet,
free down the centre of a perfect cylinder for 430 feet to a large ledge
and then down the end of a massive rift. Following the dip of 100 this
rift leads to a climb over a stalagmite blockage to another large shaft,
leading in turn to a floor of cobbles and a single narrow fissure.
This
leads to a small chamber and an even narrower dug fissure to a smaller
rock floored chamber which is the end, 980 feet down (Fig. 4).
Tsepelovon Spiara was found only a few feet from the road leading
to the village of the same name, by the Westminster Speleological Group
in 1970. The rather uninspiring, tree- shrouded, entrance yields a few
feet of passage leading to the first pitch of 330 feet.
The poth o le is
essentially a single vadose shaft nearly 650 feet deep, and the first
pitch ends on a nasty scree covered ledge, from where three shorter pitches
lead down between more broken ledges. From the foot of the main shaft
two short pitches lead to a clean washed boulder choke at a depth of 740
feet.
Ulysses Pot is the only cave yet found on Astr a ka with any significant
horizontal development. Found by the Australians in 1976, it occupies an
obvious site draining a closed depression on the south flank of the Kasarma
gorge.
It is 1240 feet long with seven short pitches, taking it to a
depth of exactly 500 feet.
There are no traces of early phreatic development,
as it is just a simple vadose canyon devoid of inlets except dowg a few
avens.
In classic sense it meanders in an overall down-dip direction with
a pitch on each of.a series of minor faults, until it reach es a major
fault which it follows along and down to the termina l chamber and mud choke.
Ice cascades and stalac tites adorn the first secti o n of passage, and add
even more variety to what is anyhow a very pleas a nt l i ttle system; it is
onl y unfortunate that the mud choke prematurely terminates a very promisingly
situated cave (Fig. 3).
The above five systems are only the major ones of Astraka explored or
surveyed by the various groups of British cavers. The numerous other sh a fts
and potholes, mostly explored by the Americans and, with the exception of
Gailotripa, not as deep as Ulysses, are not described here (but see b e low).
In summer none of the potholes takes any stream.
After a heavy thunderstorm
Epos may have a little spray on the pitches, and the bottom pitch in Provetina
is sometimes damp due to meltwater from the Spider.
Tripa tis Nifis is
totally dry and Ulysses only has its one pe r manent deep p ool. The caves
have not yet been visited other than in summer, so little is known about
their active hydrology.
However, Astraka normall y bears a mantle of si x
feet or more of snow right down to village level thro ugh the winter, and
there must be a significant spring melt period.
Epos, Nifis and Ulysses at
least must then carry streams as they offer the immediate drainage to
sizeable areas of shale cover. Most of the smaller potholes high on Astraka
and Tymfi and remote from the shale boundaries are blocked by snow plugs
right through the summer.
Geology
Astraka lies in a region of Mesozoic and Tertiary sedimentary rocks
which were heavily involved in the Alpine orog e nesis, from the point of
view of both the sedimentary facies and the subsequent folding and faulting.
The main limestone is Upper Cretaceous to Upper Eocene in age and is
about 2000 feet thick.
It is a massive or bedded sublithographic calcilutite,
containing chert bands and units of autobreccia some of which are on a
spectacular scale. Fossils are rare.
Beneath this another 2500 feet are
of limestone of Upper Jurassic and Cretaceous age, of which the 0ase is
not seen in this area.
This is more thinl y bedded than the upper unit,
and contains some dolo~ite, though the proportion is only significant east
of Astraka. ~bove the limestone is the flysch which dates from Upper Eocene
into the Miocene.
These thinly bedded marls, shales, siltstc nes and
sandstones total over 3000 feet in thickness but only the lower units are
exposed around Astraka.
The ma jor structural features are the two ENE- WSW faults which divide
the area into three blocks, of which the middle one is structurally and
topographically the highest.
Due to the contrasting fold structures in
each block the throws vary along the length of the faults, but in round
figures that of the southern fault is 2000 feet or more.
The northern,
Papignon, block consists of two westward dipping escarpments of the limestone
separated by a large north - south fault.
Th is f a ult continues into the c en tral
6
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block, which contains Astraka, and forms the impressive east wall thereof,
before dying out to the south just near Kasarma.
Both Astraka and Tymfi
are therefore escarpments in the west-dipping limestone terminated eastwards
by faults, that of Tymfi lying in tne Aoos valley.
Southeast of Kasarma
the dip is locally to the south, and west of Astraka the limestone levels
off to form the great horizontally bedded plateaux on either side of the
Vicos Gorge.
Thin outliers of flysch lie in the structural depressions
and cap some of the hills on the Astraka block.
The southern, Tsepelovon,
block has mainly flysch at the surface.
However the underlying limestone
is exposed along much of the floor of the Vicos valley and on an anticline
just west of Tsepelovon village.
Superficial deposits in the area are sparse.
There are scattered
pockets of residual clays, screes, coarse alluvium in the main valley floors,
and some isolated moraines on the higher slopes .
The limestone gorges
The largest single feature of the topography of the area is the Vicos
Gorge, cut through the horizontal limestone plateau west of Astraka (Fig. 6).
It is seven miles long, between half and l~ miles wide at its rim and around
3000 feet deep. For much of its length the upper half of its walls are
vertical, cut through the massive upper limestones.
Its lower, scrub-covered
sides slope down through the more thinly bedded limestone in a V-shaped
profile.
It has two major tributaries on its right bank. The short Kapesovon
gorge is close to the southern boundary fault fed by gullies from the shale
cap behind Vradeton. Much larger is Kasarma.
It starts as an open V-shaped
valley between Astraka and Tymfi, but gains massive proportions with spectacul Ar
vertical cliffs as it swings south then west into the Vicos. All three gorges
are dry for about six months of every year.
Then, through the summer, the
Kasarma and Kapesovon catchments are dry, but the Vicos receives perennial
drainage from t~e flysch of the Zagoria valleys to the south. All this water
sinks upstream of Kipi and no significant caves are known at the various
sites.
The powerful permanent resurgence at the lower end of the Vicos
Gorge is at floor level but emerges from boulders with no hope of access
to the cave feeder.
The underground route covers seven miles, in a straight
line, with a drop of around 1000 feet.
The Kasarma and Kapesovon gorges are graded tributaries to the Vicos
but, while the Vicos itself is also roughly graded, it cuts straight through
the Astraka block and thereby presents something of an anomaly. There are
no signs of glaciation in the gorges; they are of fluvial origin; yet the
Vicos River originates in the low hills of the Zagoria before entering
the confines of the gorge . This could be explained by the Vicos River
predating the lowering of the flysch surface in the Zagoria, but such
extreme differential erosion rates seem unlikely as a flysch cap is still
preserved o n the Vradeton ridge.
Similarly the Vicos could be an antecedent
river initiated before uplift of the Astraka fault block, but this invokes
a rather difficult time scale of earth movements in relation to erosion.
It seems more feasible that the Vicos (and Kasarma) originally flowed south
off Astraka, on to the Zagoria and became a tributary of the Araxthos
River, which still flows south off Zagoria (see area map). The reversal
of the upper Vicos may then have been due to tilting of the Astraka block,
or even glacial diversion.
This would then have allowed at least some
excavation of the gorges under locally periglacial conditions during the
cold stages of the Pleistocene.
The remaining va lleys of Astraka are on a much smaller scale than the
three gorges.
A glacial trough on the s o uthwestern flank of Astraka
itself, feeding just north of Epos is the only s pect~cular result of the
glaciations.
There are intricate dendritic valley s y stems on the flysch
outliers anJ some of these feed into steep gulleys on the limestone; these
may be impressive, such as those below Provetina, but they show signs of
only carrying water in the spring melt season. Most of the gently graded
valleys on the limestone are permanently dry, and must be relics of the
Pleistocene cold phases; many are now dissected into chains or mosaics of
dolines.
The limestone karst
The dry valleys are a fossil feature of t he Astraka karst, but integral
with them are the dolines and potholes, many of wh ich are still active (Fig. 7).

10

Lar ge areas of the limestone show no signs of carrying integrated surface
drainage at any time of the year - the limestone is adequately permeable.
There are three important doline fields on the flanks of Tymfi but elsewhere
dolines are not a major component of the landscape. More than 100 dolines
were checked on Tymfi. Most are 100 - 300 feet in diame t er and 20 - 70
feet deep with sloping debris-covered sides though many contain rock
outcrops. They are mostly floored with nettle patches growing on a soil of
sand, clay and broken limestone debris.
Some have open shafts against
limestone walls and a few drain into horizontal caves; all cave passages
are choked within 50 feet of the entrance.
Far more widespread than dolines are potholes, of which hundreds are
known allover Tymfi and Astraka. Nearly all are on major joints or faults,
and their essential geological control means that only a small proportion
lie in dolines. Most are choked with snow or limestone debris at the foot
of the daylight rifts - the product of winter frost-shattering is more
than can be removed by flowing water as they carry hardly any of the modern
drainage. Most precipitation on the limestone sinks straight into the
ground . The exceptions are the few potholes close to the boundaries of
the flysch outliers where streams off the flysch ensure both the larger
dimensions of the potholes and that they are cleared of choking debris.
Epos, Nifis, Tsepelovon Spiara, Ulysses ana Oedipus are all located close
to the flysch boundaries; Provetina is away from the flysch but is
morphologically distinct from the other pots in that it is a fossil, jointcontrolled, pothole more similar to the many small choked example s all
over the area.
The age of the cave systems is debatable. All are purely
vadose and therefore post-date at least much of the downcutting of the
Vicos Gorge and the Zagoria.
Youthfulness is also indicated by their
current activity, and clean washed walls, and the fact that they post-date
any major retreat of the flysch cap edges.
On the other hand, Ulysses
and Nifis, and others, contain some massive inactive stalagmite depo s its ,
which probably date to a phase of contrasting climate within the Pleistocene.
Until these stalagmites are dated, or the history of the entire area is
better understood, further comment on the ages of the caves can only be
speculation.
Over most of the limestone area the surface consists of very broken
pavements with vegetation, mainly grasses, well established between the
limestone blocks. On the higher parts of Tymfi some of the rock is so
shattered that the surface is best likened to a felsenmeer.
There are
also some extensive karrenfields.
Those at higher altitudes, and therefore
younger, on both Astraka and Tymfi are dissected by deep joints, kluftkarren,
and also by extensive rillenkarren.
In contrast, the lower and older
pavements, especially those around Tripa tis Nifis, are spectacularly
dissected by deep rundkarren with superimposed rillenkarren. Fis s ures
between the clints are commonly more than 20 feet deep, and scored for
their entire depth by rundkarren with troughs around six inches wide.
Tiny sharp edged rillenkarren are then etched into most of the surfaces.
It appears that the rundkarren are relics from a past phase of more
moderate pluvial climate, and the rillenkarren are the active erosional
forms developed from snow melt which represents the great proportion of
the modern precipitation.
Isolated patches of boulder clay occur on both Tymfi and Astraka.
Most significant are a series of terminal or retreat moraines at altitudes
of approximately 4000, 6000 and 7000 feet rising from Tsepelovon up the
southern slope of Tymfi.
It is unknown which st~ges of the Pleistocene
these date from, or even if they are all retreat stages from a single
glacial advance in either the wolstonian or Devensian. Absolute chronology
apar t, however, they do exhibit distinct spatial relationships with some
of the karst features (see detail map). Upslope fro.m the two lower
moraines are extensive areas of pavement - compatible with their essentially
glacial origins; furthermore the lower pavement, behind the older moraine,
is the more mature - that behind the middle moraine bears few karren forms.
There is only felsenmeer in the high altitude, presently cold zone behind
the upper moraine.
On Fulakion th e re is a very spectacular, almost complete, arcuate
terminal moraine with the immature pavement inside it. Just outside the
moraine, and below it, is a major concentration of dolines. Other doline
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fields lie not far below the high - level moraines on Tymfi: the lowest
moraine at Tsepelovon extends off the limestone. This rel a tionship of
moraine and doline fields suggests a genetic connection and the possibility
of meltwater having formed the dolines.
This is contrary to current
thought, and most available evidence, on glacial and periglacial karst
processes.
It could be that the situation on Tymfi is due to doline fields
dating from the inter9lacial stages having been removed by glacial erosion
stripping the limestone down to the pavements inside the moraines. But
dolines are not distributed allover the rest of the karst - there appe~r
to be distinct concentrations below the moraines.
In conclusion, the Astraka area stands as a spectacular glacio-karst.
There are dozens of potholes but the deepest have probably been found already,
even though the underground course of the Vicos is still a mystery. This
report has outlined the main elements of the geomorphology but has only
touched on some of the problems - notably the implications of meltwater
doline formation and the anomaly of t he Vicos Gorge. From the points of
view of both karst geomorphology and pure speleology , Astraka still offers
potential for worthwhile visits in the future.
Acknowledgements
The author gratefully acknowledges the assistance offered t o him by the two
expeditions with which he has visited Astraka - the Epos Chasm expedition (led by Pete
Livesey) of 1969, and Astraka '76 which took place in summer 1976. The latte r expedition
was generously supported by a grant towards travel costs from the Sports Council of Great
Britain.
In particular, the author is grateful to Dick Willis and Paddy O'Reilly, of
Astraka '76, for their co-operation in the field, and also to Wil Howie, of the American
expeditions, for valuable discussion.
Bibliography
1970, Expedition to the Pindus Mountains; Bulletin Westminster Spel. Gp.,
Vol. 6 , pp . 174-183.
Mercer, D. C.
1963 , Cambrdig e expedition to the Pinnus Mountains, Greece, 1962;
Cave Res. Gp. Newsletter, 87 , pp. 1-5.
waltham, A.C .
1970, The Karstlands of the Ioa nnina region , N.W. Greece; J our.
Brit. Spel. Assoc., No. 45, pp. 1-11.
A fuller bibliography will appear, together with a full description of all the caves
and their exp loration up to the end of 1977, in a comprehensive report edited by wil Howie
which will be published under the auspices of the National Speleological Society of the
U.S.A. in 1978. This report will also contain fuller details of the discoveries, major
and minor, of the British expenitions.
Bull, G.

A.C. Waltham,
Trent Polytechni c,
Nottingham. NGl 4BU

December 1977

12

Trans. British Cave Research Assoc.

PALAEOLITHIC

CAVE

ART

AND

Vol. 5, No.1, pp. 13-16

THE

NATURAL

LIGHTING

OF

March 1978

CAVES

by Alex Hooper

ABSTRACT
Recent theories of the topographic zoning of cave art in r e lation to the entrances
are re-assessed in view of the possibility that caves might have been better lit by
natural agencies in the Pleistocene than they are today. Reflection from snow or icecovered surfaces or from open landscapes rather than forest cover could have been more
effective in lighting the twilight or nearly dark zones.

In recent studies of French and Spanish caves decorated with representations of animals and signs of unknown signific a nce, dating from the Upper
Palaeolithic (approximately 35000 - 10000 BP), much attention has been
given to the zones inside the caves in which the art is found.
LamingEmperaire (1962) suggested a distinction between art found in or near the
cave entrance, open to daylight and often associated with human habitation
debris, e.g. the deeply engraved animal frieze at Le Cap Blanc, Dordogne,
on the one hand, and art found deep in caves away from light and human
habitation sites, e.g. Lascaux, Dordogne, on the other. Laming - Emperaire
noted differences in content between the two categories: for instance,
there are fewer representations of dangerous animals like rhinoceros, mammoth
or lion in the open-air category and certain signs ("penniforms" and
" "tectiforms") are only found deeper in the caves. Walker suggested that
the daylight art might " ... represent little more than secular, aesthetically
inspired efforts" (1976, p. 542); while deep cave art is generally thought
to be religiously motivated.
There are a number of caves with art on the walls which do not seem
to fit easily into either of these categories. Commarque, Dordogne, for
instance, contains shallow and deep engravings of animals and although
at first sight this art may appear to be in darkness, there are a number
of reasons for believing that originally it might have been executed in
twilight: the art begins not far from the cave porch (Fig. 1); relatively
recent rockfalls have partially obscured the entrance to this cave (see
Capitan, Breuil and Peyrony, 1915) and the deep relief engravings in this
cave would have needed much time and effort to effect with Stone Age tools,
presumably precluding any prolonged work in artificial light (see below
for additi o nal possibilities). Thus, Ucko and Rosenfeld (1967) suggested
a third category which includes sites with art starting near daylight and
habitation but which also penetrates into the darkness of caves, e.g. Altamira,
Northern Spain.
Leroi-Gourhan (1968) put forward a theory of progressive penetration,
through the millenia, on the part of the artists into the cave; i.e. using
the cave threshold early in the Upper Palaeolithic, later placing the first
art in the cave at the beginning of darkness and eventually going deeper
into the dark zones until about the Middle Magdalenian period (approximately
15000 BP). This progressive penetration may have been associated with the
development of more efficient lighting methods such as the wooden torches
and stone palette fat- or oil-hurning lamps known from several sites,
including Lascaux and La Mouthe, Dordogne, or some religious requirement.
But Leroi-Gourhan suggested (1968, p. 307) " ... lack of lighting methods
certainly were less important than were psychological reasons in accounting
for the fact that the oldest sanctuaries occur close to the cave entrances".
Leroi-Gourhan also postulated an ideal plan for the topographical
lay- out of art images - whether painted, engraved or sculptured - through a
cave. For instance, representations of stags may often be found at the
beginning of a decorated area, while bison may be found in a central position,
with felines at the far end.
A consideration to be taken into account with all these theories is
that, with the long periods of time involved, paint is preserved in the
entrances of caves only where it has been isolated from the atmosphere and
daylight. For example, at Marsoulas, Haute-Garonne, an ancient rockfall
had sealed the cave entrance, or at Angles -s ur-l'Anglin, Vienne, fallen

13

PALAEOLITHIC CAVE ART

Alex HOOPER

Fig. 1. COMMARQUE
(after Capitan, Breuil
& Peyrony, 1915).
~

J

art forms present
cave entrance

o

Fig. 2.

o

10

M<zt r<zs

M<ztr<zs

40

FONT-DE-GAUME (after Capitan,
& Peyrony, 1910).

Fig. 3. USSAT-LES-EGLISES (after
& Hooper, 1976).

o

30
M <ztr<zs

All three plans are oriented with
north to the top of the page.

14

fragments of painted rock had been covered by layers of debris.
In both
of these cases painted images have been preserved close to the open air
but, otherwise, only engravings and relief sculptures normally survive
in the cave porches.
Deep relief sculptures have never been found deep
within caves (presumably because the amounts of effort, time and lighting
required to make these reliefs were too great), although engraving on rock
or mud is frequent in this zone and a few cases of moulded clay sculptures
are also known, e.g. several bison figures at Le Tuc d'Audoubert, Ariege,
or the headless bear at Montespan, Haute-Garonne.
Ucko and Rosenfeld, in their discussion of Leroi-Gourhan' s theories,
noted several discrepancies, one of them being that explanations by Breuil
and by Leroi-Gourhan for the absence of art in the threshold of the richly
decorated cave of Font-de-GaUffie, Dordogne, are quite different.
Breuil
(1952) suggested that the movement of air between two openings at the
threshold of Font-de-Gaume probably caused any art that had been there
to decay (Fig. 2).
Leroi-Gourhan, in accordance with his theories of
dating and topographical lay-out of images through a cave, considered that
the present first representations in this cave were originally intended
by the artists to be the first ones. Although Breuil's explanation might
well contain the truth of the matter, Leroi-Gourhan's theoretical position
might still be maintained if it could be shown that the twilight zone of
Font-de-Gaume may have extended as far as the beginning of the extant
series of paintings.
To this end, it is possible to make use of the results of tests
conducted by Wigley and Brown (1976), which show that ice may form on the
surfaces of a cave threshold e v en while outside temperatures are a little
above freezing pOint.
Such ice may form from seepage water or water
vapour as well as from ground water. Wigley and Brown show a photograph
of ice covering the surfaces of the porch of Castleguard Cave in the Rocky
Mountains of British Columbia (p. 342). They do not mention to what extent
the ice might reflect, refract and generally scatter light into the cave,
but clearly this could be considerable.
This point is confirmed by
Casteret's observation in the Spanish Pyrenees that the undecorated glaciere
(iced cave) named after him acted as a huge mirror reflecting light from
the entrance into the interior (Casteret, 1952, p. 111).
It is likely
that this p henomenon would often have occurred at the latter part of the
Pleistocene period in Europe, when the cave artists were working.
Further, Collison and Hooper (1976) found that in the dry cave of
Ussat-les-Eglises, Ariege, enough daylight was reflected from rocks (between
C and K on Fig. 3) to find the way to the decorated gallery (at S on Fig. 3),
which is about 120 metres from the cave mouth, although this was not enough
light by which to perform complex tasks.
Hooper (1977) suggested that
with a bright sky, ground snow, ice, lack of foliage or other light blockages
at the cave entrance, together with time to adjust one's eyes, vi s ibility
might have on occasion been relatively good surprisingly far into the
interior.
Given conditions such as these, it seems quite feasible that Font- de Gaume might have been naturally illuminated up to the beginning of the
present decor a ted area, and Leroi-Gourhan's theoretical position would,
thus, still be tenable. Also, it is clear that Commarque should not be
considered a "dark zone" decorated cave.
Further observations taken in situ in the caves will no doubt help
to clarif y these issues.
However, since most decorated caves in France
and Spain are now enclosed by protective doors and many have artificial
or modified entrances, the ideal circumstances for testing these idea s
may often have been lost .
Received December 1977
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SUMMARY

Studies of the potassium and sodium content and ratios of the stream in Swildon's
Hole have shown that, while these can be useful indicators of speleological potential,
there are several factors affecting results. These include the presence of sewage, septic
tanks, livestock and fertilizers in the catchment area, as well as minor contamination of
the stream by cavers. Flood pulses stir up mud and may affect ion exchange and even the
presence of a number of cavers may stir up sufficient sediments to affect ratios.

The well documented selective adsorption of alkali metals on to clny
minerals was first suggested by Christopher (1975) as a means of testing
resurgences for possible speleological potential.
The authors felt that this principle could and should be applied within
an active cave system in order to test the possibility of locating new
passages.
Taking Swildon's Hole as an example of a typical stream cave, if water
samples are taken at regular intervals along the mainstream passage, it should
be possible to detect the presence of tributaries by plotting a graph of
KINa ratio against passage length.
It would be expected that the KINa ratio
would show a tendency to decrease with passage length due to the interaction
of the mud, silt, clays, etc. on the passage floor.
At the junctions of
the tributary streams with the mainstream some discontinuity of the plot
would be expected unless the tributaries were of an identical nature to the
swallet fed mainstream.
In Swildon's Hole, Somerset, appropriate tributaries for study are
(a) the small stream at the end of the Dry Ways passage, and (b) that in
the Black Hole series.
Theoretical aspects
In any discussion of ion exchange phenomena in the soil, reference is
invariably made to the various types of alumino-silicates that are present.
The hydroxyl groups present in the alumino-silicates are capable of ionising
thus:
~

M-OH~

M-O

-

So the Clay has acidic properties, and a resultant net negative charge, the
extent of which depends on the pH. Present in the soil are a multitude of
cations which are attracted to the negatively charged surface and are held
in close association to this surface by a combination of coulombic and Van
der Kaals' forces.
The cations are not held firmly to the clay crystal
surface and are regarded as exchangeable ions; the process of exchange of
one cation by another is called cation exchange.
In a series of ions with common valency, the size of the ion dictates
which is the more strongly attracted and held.

Increasing ion size and
increasing affinity for clay surface at equal concentration
Thus, if a clay surfa~e has Na+ adsorped on to it, it can be replaced
by K+ ions in solution. Na can also be replaced by H+ provided that the
H+ ions are present in a large enough concentration.
In cave hydrology some importance has been attached to the potassium
to sodium ratio in an attempt to deduce the sources of karst streams. The
basic principle is that pota ssium is adsorped preferentially to sodium by
an ion exchange process on to clays (Fyfe, 1974). However, all ion exchange
systems have a finite capacity; i.e. they can become s d turated. The ion
exchange capacities for the three types of alumino-sili cate concerned have
been given by Selby (1974) as follows:
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Montmorillonite - 100, Illite - 30, Kaolinite - 10, (Milliequivalents
per 100 g at pH 7).
The fact that ion exchange does occur in the soil is indisputable,
what remains unclear is the regeneration process which must occur. The
water content and pH of the soil may provide an answer.
In moderately
wet conditions potassium in the groundwater is adsorped, normally replacing
ions less strongly adsorped, so the original theory holds. In periods of
high soil-water content the concentration of potassium in the solution
between clay particles is lowered by the flow of water; to maintain the
internal equilib~ium between this solution and the solution adjacent to
the clay crystals, potassium ions are lost from the latter. Also the pH
of the soil may be lower under these conditions, and the hydrogen ion
concentration (pH) may be high enough to replace some potassium.
In periods of drought the whole system is destroyed only to be reformed
in the event of rain.
Any further theories involving the use of K/Na ratios must take into
account these factors. Although the clay fractions in the soil are responsible
for ion exchange, they are not the only ion exchanges in the soil. The
other major material is humus for which some of these suggestions may not
be applicable.
Experimental
The work was somewhat hindered by the dry summers of 1975 and 1976.
During these droughts the entrance series of Swildon's Hole completely
dried up, hence no surface samples could be taken.
During the winters of
1975/76 and 1976/77 six experiments were carried out in the mainstream
passage of Swildon's as far as Sump 1. Samples were collected in polystyrene
or polythene screw cap bottles; these were completely filled and where
possible sealed under water. Analysis was usually carried out within three
days using an EEL flame photometer for potassium and sodium. Total hardness
and chloride were determined by titrimetric methods described by Vogel (1962).
Results
A preliminary investigation was designed to test the areas around the
junction of the Wet and Dry Ways, and at the junction of the Mainstream and
Priddy Pool Passage (respectively 100 m and 500 m in from the swallet
entrance). A number of samples was taken in the main streamway, also
samples were taken from the small Dry Ways stream, the Priddy Pool Passage
stream, and a heavy drip entering from the region around Tratman's Temple
was also sampled, giving a total of 15 sample points. The results are
displayed in Fig. lao Total hardness and its somewhat dependant parameter
pH, showed very little significant change, and the prospect of someone
dumping spent carbide in the pw instream and thereby invalidating our results
led us to disregard these parameters for all Mainstream readings.
A further three experiments were carried out in order to isolate what
appeared to be further inlets (springs in the cave floor). The results are
displayed in Fig. lb.
The stream issuing from Priddy Pool Passage was always found to be high
in potassium and sodium relative to the mainstream, as well as being much
harder than the mainstream (314 ppm caC0 3 in Priddy Pool Passage; 214 ppm
cac0 in the mainstream - average of six results). Tests on this inlet
3
for anionic
detergent as described in B.S. 2690 (1971) proved positive, and
this fact in connection with the work of Brooks and others (1963) leads to
the concl usion that this stream is collecting sewage outfalls from septic
tanks, possibly from around the village school area.
A sample of a septic tank outfall was analysed and found to contain
70 ppm pot2ssium and 50 ppm of sodium.
To test for the effect of sewage at a resurgence, a series of tests
were carried out at Swildon's and St. Cuthbert's Swallets, and their
resurgence at Wookey Hole. The results (averages) are given in the table
below:
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Fifth and sixth experiments were designed to investigate the effect
cavers have on t .he K/Na ratio, either by stirring up the cave floor
sediments or from leaking Nife cells, etc. The results are displayed in
Fig. lc. The fifth experiment was conducted when the cave was being
visited by a large number of cavers; so many, that the water in the
mainstream was distinctly turbid. The sixth experiment was conducted
when to our knowledge there were only six people in the cave. On both
occasions no rain had fallen in the area for three days, and sampling
points in bOth cases were identical.
Discussion
In the first experiment the K/Na plot was not that which was expected.
The ratio dropped as expected, but rose again before the Dry Ways stream
which in turn seemed to have no effect. Inste ad of a steady decrease it
levelled off and then exhibited a sudden decrease between Barnes' Loop
and Tratman's Temple. Whilst some change of discontinuity was anticipated
at the Priddy Pool Passage / Mainstream junction, the high levels of
potassium and sodium (5.0 ppm and 7.8 ppm), giving a ratio of 64.1 %, for
the Priddy Pool Passage stream were again no t expected.
Investigation
showed that the small Dry Ways stream is most likely a split from the
mainstream.
Experiments 2, 3 and 4 showed very little correlation except at sample
points 4, 5 and 6, chosen because of a discontinuity found in the plot of
experiment 2. However, preliminary tests of flow and temperature give no
indication of an inlet at this point. The tests on a septic tank outfall
were carried out on a caving club septic tank in which the bulk of the material
would be of a biological nature. In domestic premises where larger
quantities of soaps (sodium salts of long chain fatty acids) and detergents
(sodium salts of aryl alkyl sulphonate) are used, the situation may be
reversed, i.e. the sodium figure may be higher than the potassium.
The results obtained from the analysis at Wookey etc. indicate that
sewage and other organic animal waste can have an effect at this resurgence.
Whilst this effect is small and subsequently of no consequence to the per s on
requiring the water for drinking purposes, it can present problems to the
investigator of ion/ion ratios. As can be seen from the table the potassium
content falls, but the sodium content of the water rises during its passage
from swallet to resurgence. Also the chloride content, an indicator of
animal pollution, rises.
The value of the K/Na ratio at Wookey (18.5%) is comparable with values
obtained for a number of supposed percolation inlets in the upper part of
Swildon's - approximately 20%. However, in these cases the average content
of potassium and sodium was found to be 0.75 ppm and 3.8 ppm respectively.
This would suggest that in percolation water both potassium and sodium
content fall.
In the case of Wookey, either the inputs of sewage, etc. are
having an effect or Wookey is not 96 % percolation water as suggested by
Smith (1975).
In the fifth and sixth experiments, as can be seen from the plots,
there are less fluctuations in the values for the K/Na ratios in the last
experiment. It is therefore possible that the presence of cavers in a cave
may disturb the K/Na ratio to such an extent that misleading results can
be obtained. As has been already stated, the prospect of spent carbide
being dumped in the mainstream led the authors to disregard hardness figures
in the mainstream. However, other sources of pollution such as leaking
Nife cells, urine, or even sweat can have a dramatic effect on such parameters
as potassium, sodium, chloride, free ammonia and conductivity. Values have
been obtained for the amounts of potassium and sodium in biological material
(Diem, 1962) these are as follows:
Potassium

Sodium

Urine

2280 ppm

3850 ppm

Faeces

2820 ppm

810 ppm

390 ppm

13'40 ppm

Sweat

20

Thus it would appear imprudept to take any water samples in the presence of
a large number of cavers.
Another possible source of potassium is from farm fertilizer.
An
example given by Chumbley (1975) for grassland fertilizer is: 50-200 kg/ha
of K20, or 750 to 1500 gals of cattle slurry per acre being equivalent to
50-100 kg/ha of K20.
One relationship which has become apparent in the course of this work
is that of K/Na ratio and flow.
It has been noted that the higher the state
of the stream in the cave, the higher the mean ratio value. The authors
feel that this is o~e aspect which should be investigated further, as the
successful application of K/Na ratio to speleological reconnaissance may
lie in this direction. Unfor·tunately no accurate measurements of flow
have been taken at the cave entrance during this work.
It is doubtful if
this site would be suitable for testing this relationship due to the close
proximity of Priddy Borehole which can supply a variable amount of water
to the Swildon's stream as a result of the pumping operations of Bristol
Water Works.
Conclusions
Whilst the author s are well aware of the dangers of proposing theories
on too few results, it is possible to indicate sources of errors which
could give rise to misinterpretation of results, these are:
1. Sewage ou tfalls. The effect of these (raising the potassium and sodium
content) wo uld be most noticeable at resurgences with habitation within
their catchment area.
2.
In the cas e of resurgences, and in view of the possible relationship
between K/Na (and indeed any other ion/ion ratio) and flow, the effect of
flood pulses should be taken int o a ccount.
3. Within a cave system the passage of cavers may disturb the K/Na and
other ion/ion balances.
4. The effects of the agricultural usage of the land within the catchment
area of the cave or resurgence under investigation should be considered.
Fertilizer and livestock will release potassium onto the soil, both
directly, and indirectly by increasing the ammonium ion concentration of
g roundwater, thus releasing potassium by ion exchange, (Cooke, 1967). This
may find its way into cave conduits.
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LIMESTONE

by D.J. Lowe
Summary
Farnham Cave is a rift 1 30 m long developed at right angles to the Magnesian
Limestone escarpment which shows little sign of phreatic or vadose origin. It is
thought to be due to tensional stress associated with a gentle synclinal folding.
Short stalactites are probably due to seepage of excess water from a water-supply
tower nearby, while mud formations and coatings may reflect occasional flood discharge
fr om the tower.

Farnham Cave (SE 3533.6029) is a 130 m long and 30 m deep rift
system developed above and below the level of the Hampole Beds of the Lower
Magnesian Limestone (Fig. 1). In addition to possessing an importance
as a relatively long and deep cave in the Permian limestone it contains
several interesting small-scale features which are described below, but
which may require a more detailed investigation before they are fully
explained.
General area description
Farnham is a small village 3 km north of Knaresborough, Yorkshire,
occupying a scarp-foot position at the edge of the well-marked outcrop
of the Permian rocks. Locally the escarpment runs more or less north-south
and the beds dip at a very low angle (maximum 2 0 ) towards the east. To
the west of the village are areas of active and disused gravel pits,
some of which are now flooded. The general level of the area is below
35 m 00 and the escarpment reaches a maximum elevation of about 70 m 00
at Limekiln Hill (Fig. 2) before drop~ing away again to the east.
Generalized geology
The face and top of the Permian escarpment are formed by the relatively
resistant beds of the Lower Magnesian Limestone. The marked topographic
feature can be reliably traced in a roughly north-south direction through
Yorkshire and southwards to Nottinghamshire. Locally the simple picture
is disturbed by faulting, for instance north and south of Farnham (Fig. 1),
but the over~ll structure of the outcrop is simple.
In the Farnham area
the Lower Magnesian Limestone attains a thickness of about 35 metres and
it appears that Farnham Cave penetrates almost the full thickness. The
general lithology of the rock is that of a fairly shallow water deposit,
often oolitic and cross-bedded and always a dolomite or calcitic dolomite.
Elsewhere in the region a period of very shallow water deposition or nondepositi o n - the Hampo le Discontinuity (Smith, 1968) - has been noted,
and it is believed that the beds formed during this episode, the Hampole
Beds, are here represented by a 15 cm band of contorted green mudstone
exposed at a depth of about 15 metres in the cave, thus approximately in
the middle of the formation (Fig. 3) .
Detailed location
The cave lies on land belonging to Quarry Farm (Fig. 2) and access
permission should be sought well in advance of an intended visit. The
farm is best approached by way of a gravelled drive leading from Farnham
Lane to the north.
From the farmyard a large concrete water tower can be
seen dominating Limekiln Hill and the entrance to the cave lies only a
few metres below this. The approach is through a gate off the farmyard
and across the gently-sloping pasture to the entrance.
Description of the cave
The discovery and initial exploration of the cave by the Cave Projects
Group has been previously described by Lowe (1974) and full details will
be included in the revised edition of Northern Cav e s, Volume Pive, in the
near future.
The entrance was revealed by collapse and rem~ins somewhat unstable,
though it has been securely gated by the land owner. A ladder can be
attached to the fence around the hole, or more safely with a long belay
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to a nearby tree. About 4 m down the shaft sidesteps into a more solid
rift, whence simple bridging leads to a hard mud floor.
Eastwards up a
mud slope leads into the impressive Stalactite Chamber, really a widening
of the rift, which contains numerous small calcite deposits and abundant
evidence of massive blockfall. At the far end of the chamber is an active
inlet, varying seasonally between a steady trickle and uncomfortably
strong showerbaths. Passing beneath the inlet the chamber narrows again
and is almost choked, but an unstable crawl can be followed in and out of
boulders for several metres before the blockage becomes complete. There
are several small inviting holes leading to greater depths and pebbles will
rattle down for varying distances.
Moving westwards from the foot of the entrance shaft the rift bends
sharply to the right and the floor drops away. A descent here is tight
and awkward and a short ladder attached to the obvious massive chocks tone
offers useful assistance.
Initially the rift below is tight, though very
high, but soon it swings left onto its original trend (Fig. 3) and becomes
wider.
The floor is of boulders cemented by varying amounts of mud and
a downward trend is apparent as the rift continues. The width in this
section is between 1 and 2 metres and the roof is generally out of sight.
The walls throughout are decorated by minute and fragile deposits of
mud and rarer spreads of flowstone.
Also throughout are small cavities
in the rock, sometimes intricately connected, containing numerous small
crystals.
The general downward trend continues, though piles of boulders and
jammed blocks occasionally necessitate a brief return to higher levels.
After 50 m the rift narrows again and a mud slope at about 45 0 leads
back up towards the roof, passing the exposure of supposed Hampole Beds on
the right.
Debris exposed in the massive pile forming this slope includes
fragments of ancient-looking brick, suggesting that there was once another
surface connection close by. Ten metres vertically above its foot the
mud slope levels out and at once the floor drops away. Strenuous chimneying
in the narrow rift leads back to the original level, where once more the
passage dimensions increase. A low crawl leads back under the mud pile
towards the entrance, passing through a short excavated sand choke into
a tiny boulder chamber with no other way out. Back in the other direction
the floor drops into a boulder choked depression before rising slightly
to the present end of the cave where the rift narrows and is choked. The
higher levels are still narrower and there i s obviously no way over the
top.
Origin of Farnham Cave
Overflow, leakage and vented water from the water storage tower on
Limekiln Hill (Fig. 2) now finds its way into the cave, being responsible
for t he inle t in Stalactite Chamber.
It is believed that water from this
source was responsible for the collapse which formed the present entrance
in 1974. The route of the water on from the chamber in normal conditions
is not known, as it is not seen anywhere else in the cave.
The pre sent topographical position of the cave and the relief of
the surroundi ng area make it difficult to envisage a mode of formation
that was water-dependant, either vadose or phreatic, though the possible
effects of ponded glacial meltwater, or of groundwater in pre-uplift
conditions cannot be ruled out. All things considered it would seem
that a wholly tectonic initiation must be envisaged, followed by blockfall
modification a nd solution by a film of water trickling down the walls.
Th e general east-west trend of the cave is parallel to the direction
of regional dip and hence perpendicular to the scarp edge, such that a
formation akin to th at of the Jurassic windypits of certain other caves
in the Magne sian Limestone farther south (Gibson e t ai., 1976) seems
out of the question.
There are no signs of any rift development parallel
to the escarpment which might substantiate the idea of scarp-edge peeling,
cambering or slipping .
Fault control is a possible explanation, but there is no evidence
of vertical or horizontal shear movement.
Slickensides are absent and there
is no obvious brecciation. At various places in the Main Rift, however,
there is very strong evidence that the cave walls have simply moved apart.
Another observation is that in general the Main Rift is wider at lower
levels than near the surface. On this evidence it has been suggested that
the r ock cracked due to gentle tension during the formation of a synclinal
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fold.
If this theory is correct the syncline in question must be very
gentle, since a quarry close by to the east gives excellent exposure of
the overlying beds and a cursory examination revealed no sign of folding.
Closer inspection and measurement might reveal more detail. The dips
into the postulated syncline might be partially masked by the regional dip
adding a shallow plunge component to the east. A further complication
is the presence of intricate cross - bedding in the exposed beds.
Flowstone
Stalactite Chamber contains abundant tiny stalactites and stalagmites
as well as associated flowstone filming of walls and boulders. These all
give the impression of being young deposits and it seems that they might
have formed in the short time that a plentiful supply of water has been
available from the water tower above. Alternatively the small size may
be a function of the low solubility of the Magnesian Limestone and limited
percolation of precipitation water. The localization of these deposits
in Stalactite Chamber, however, weighs in favour of the former explanation.
Lower in the cave, in the Main Rift, occasional spreads of flowstone
occur on the rift walls. Often these are of large size and in this case
it seems that an origin in the seepage water from the surface must be
accepted.
Mud
Throughout the Main Rift the walls are coated in fine mud which often
takes the form of delicate hanging comb-like formations. The origin of
these is uncertain. The combs could represent finely suspended colloidal
mud brought down from the surface by percolation water and deposited on
evaporation or by some form of weak bonding of the mud particles in the
presence of dissolved limestone causing flocculation.
A second possible mechanism involves the fact that periodically the
Limekiln Hill water tower is drained, sending a massive head of water into
the cave. The effects of this flooding have not been observed, but it
would be expected that much of the water would find its way into the section
of the Main Rift before the mud slope and then pond up before draining
slowly through the floor.
The fragile nature of the combs suggests that
they would be destroyed by such an influx, but ample supplies of muddy water
would be available for re-deposition by one of the mechanisms mentioned
above. Examination of selected combs before and after tank drainage might
help to provide an answer to the question.
Crystal cavities
Small vughs, up to 10 cm in diameter and averaging 5 cm, are common
in the walls of the cave. They are lined with slightly rounded calcite
crystals, bearing scattered minute crystals of malachite. Such crystal-lined
cavities are common throughout much of the Magnesian Limestone and are
thought to represent a volume reduction on dolomitization of the original
limestone. The lack of solutional features developed from such cavities
suggests that groundwater solution has never been effective in this part
of the Magnesian Limestone.
Potential and background
Old literature (Marshall, 1825) mentions malachite mines in the
neighbourhool of Farnham. The nature of the cave, however, ruled out
un-natural origins and subsequently it was found that the mines were some
distance away at Folly Hill (SE 3490.6080).
The ultimate destination of the water sinking today is not known and
it could simply be assimilated into the saturated zone of the Magnesian
Limestone aquifer . A more interesting possibility is that passages could
continue down dip, possibly picking up water on route either to resurge
farther east or eventually to enter the flooded zone. Digging beyond the
Stalactite Chamber chokes could provide the answer, but the digging site
is unpleasant and unstable.
Farther north near Fountains Abbey the River Skell sinks in its bed
to rise again at Hells Wath c. 2 km to the ENE and about 40 m lower down
(Fox -Strangways, 1908). This suggests the possibility of a significant
down-dip cave development in the Magnesian Limestone, though even if airfree passage was present in the Skell system it is no guarantee that similar
rewards would be found in the apparently streamless Farnham Cave.
27

Ac cess
The landowner is prepared to allow access to responsible cavers, but
aks that they contact him well in advance to make arrangement s :
Mr. M.J.R. Cowling,
Quarry Farm,
FARNHAM,
Knaresborough,
Yorkshire.
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CHINA

by Paul W. Williams
Summary
2
2
Karst occurs over about 2 million km of China, 1.26 million km being exposed;
the rest is buried beneath other rocks. Karst rocks range in age from Holocene to
Archaean and may be carbonate, sulphate or halite. Climates vary from alpine through
temperate desert to humid tropical. An immense variety of landscapes results. Numerous
scientists and engineers are engaged in karst research, especially on applied hydrological
problems, but speleological investigation is not important except in relation to hydrology
and palaeontology.

I was privileged to be the guest of the Chinese Academy of Science
(Academia Sinica) from 15-30 October 1976. The principal scientific
objective of my visit was to learn more about karstic research in China,
to exchange ideas and discuss recent developments, and to visit some of the
famous karst landscapes of the country.
In only two weeks in a country of
9.6 million km2~ including 1.26 million km 2 of exposed karst and a further
0.74 million km of limestone concealed by other rocks not much can be
accomplished. However, the full and free reporting to me of their work by
scientists in Peking in north China and at Kweilin in south China (Fig. 1)
enabled me to learn a great deal about the progress of karst reserach in
the country. Most of the observations and explanations reported here,
therefore, are attributable to Chinese colleagues from the Institutes of
Geography and Geology and from the Engineering Hydrogeology Team of Kwangsi.
In particular I wish to record my indebtedness for karst information to
Chang Li (interpreter), Chang Shou-ye,Chen Chi-ping, Chen Wen-chun and
He Yu- bing, although numerous other administrators, interpreters and
scientists contributed significantly to the value and pleasure of my visit.
There is no national organisation for karst or speleology in China,
despite the large numbers of scientists and technicians involved in karst
research and the obvious economic importance of overcoming the difficulties
associated with the development of karstic terrains. However, I was informed
that there is every prospect of a Karst Institute being established in
southern China in the next few years. This should help to focus national
research effort and will be an obvious important point of contact for foreign
karst specialists.
Although the history of karst studies in China goes back at least 300
years (Ming Dynasty) to the initial classifications of karst features in
Hsu Hsia-ko's Travels, the most rapid phase of scientific progress in karst
research has undoubtedly occurred since "Liberation" in 1949. Since that
time two national conferences in 1961 and 1966 have been held to sum up
research experience and to exchange ideas. At both conferences considerable
attention was given to the practical problems of hydrology and engineering.
No publication is available for the second conference, but thirty-seven
papers were published in the Proceedings of the first in 1962, covering a
wide range of topics from review articles on the progress of karst research
in the country to detailed studies of regional geomorphology, laboratory
analyses of carbonate rocks, and dam seepage problems. There is a relative
dearth of more recent published work, although a beautifully illustrated
book for the general public called Karst in China was publishe6 in 1976 by
the Institute of Hydrogeology and Engineering Geology of the Chinese Academy
of Geological Sciences. There are short articles for the non-specialist in
China Reconstructs and the periodicals Vertebrata Palasiatica and Quaternaria
Sinica occasionally also have papers of karst interest.
Of considerable
value is a paper presented at the 1976 International Geological Congress
in Australia on the underground river system of the Tisu karst area, Kwangsi.
Karst terrain in China
2
With over 2 million km of exposed and buried (interstratal) karst
and with carbonate rocks extending from the coast to the summit of Jolmo
Lungma (Mt. Everest) at 8848 m, China has the greatest vertical range of
karst landscapes found anywhere on earth and the second largest karst area
2
of any country (in Russia, carbonate rocks cover 4.2 million km , much of
which is karstified (Komatina, 1975». These karsts also cover a range of
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climatic zones from virtually frost-free tropical monsoonal S.E. China
(1500-3000 rnm annual rainfall, over 75 per cent of which falls in the six
summer months) to the high dry plateaus of Tibet and Sinkiang (less than
300 mm annual precipitation and mean monthly July and January temperature
extremes of about 13 0 C and -18 0 C) and to the permanently ice-bound heights
of the Himalayas. However, karst features do not always occur where
carbonate rocks are found, because climatic conditions are not always
suitable. Thus although Ordovician limestone forms the summit of Mt. Everest,
no corrosion features are found there. Gypsum and rock salt karst also occur
in China, but are comparatively little studied because of their relative
unimportance.
The greatest unbroken tract of karst is found in southern China where
it covers more than 500 000 krn 2 (Fig. 1). The southern China karst and
that of neighbouring Vietnam has been described by many European authors
including von Wissmann (19?4), Balazs (1962), Gellert (1962) and Silar
(1965). Jennings (1976) has also made a recent contribution, following a
similar visit to mine last year. However, the extensive karsts
of the dry interior plateaus of China and the temperate karsts of the
north have not yet been described, except for the reports that I assume exist
in China.
I was told that · surface karst forms are not well developed in the
interior, although karstic drainage exists underground and, further, that
in northern China a karst with dry valleys rather than with closed depressions
is characteristic, although again subterranean drainage is an important
feature.
It is to be hoped that greater publication of recent Chinese
karst research will be encouraged, so that we can learn more of these comparatively unknown but interesting regions.
Recent Progress in Karst Studies in China
Although karst studies in China since "Liberation" have in general
been more pragmatic in orientation than the karst research from western
scientists, this practical emphasis was still further strengthened by the
"Cultural Revolution" in the period 1966-1969. In China today, it is
maintained that the most useful theories grow from practical experience
and that these theories will be strengthened and improved by practical
testing and application. Chinese scientists measure their progress not
so much by advancement in theoretical knowledge as by the success of the
application of their knowledge to the goals of socialist construction.
Their task is to raise production and their method involves the combined
cooperation of cadres, scientists and peasants, focusing their joint effort
on practical problems. This can involve the simultaneous mobilisation of
hundreds if not thousands of people on, say, the water supply and irrigation
problems of a commune in karst country. In this way springs have been
dammed and reservoirs created underground, canals have been built through
caves to lead irrigation water to pOints of need, and water has been raised
from deep underground rivers.
Recent progress in karst research in China may therefore be considered
under four headings:
1. provision of karst water resources to agriculture and industry;
2. development of methods to explore and exploit karst resources;
3. development of engineering and related hydrogeological techniques
applicable to construction problems in karst;
and 4. advancement of theoretical knowledge.
In my short stay in China, I had little opportunity to make a first-hand
asse ssment of progress in these four areas, although I was told of many
successful developments in difficult karst country. For example, many water
supply schemes have been established on communes; geophysical techniques
are being investigated in an effort to locate subterranean conduits;
numerous large and small dams have been built in karst areas, evidently with
some success in countering leakage problems; and hundreds of kilometres
of railway line have been built through exceptionally rugged and gorgetraversed terrain. Water tracing using dyes and spores is widely practised,
though I am ~ot sure if fluorometers are available. Water tracing using
isotopes (natural or introduced) does not seem to have been used, nor does
pulse-train analysis.
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-II

AS a first step in resource exploitation, the karst rocks and terrains
of China have been surveyed on a broad scale. Members of the Institute of
Geology in Peking gave me a breakdown of the main exposed carbonate rocks
in the country by age, as follows:
Mesozoic
Upper Palaeozoic
Lower Palaeozoic
Proterozoic and Archaean

140
815
189
101

Total

000
000
000
000

1 245 000 square km

In addition, Cenozoic limestones also cover many thousands of square
kilometres, especially in coral islands of the South China Sea. Hence
karst rocks in China span in age from Pre-Cambrian to Holocene, although
those of the Upper Palaeozoic are of greatest importance.
An article by Jing Yu-chang in the Proceedings of the Conference on
National Karst Research (1962) provides an insight into the chemical
composition of some of these rocks, the data having been obtained from
152 samples collected in the major karst Province of Kwangsi. Details
are reproduced in Tables 1 and 2. Variations in the calcium and magnesium
values of rocks of different ages were also identified (Fig. 2) and this
is recognised as being of significance in helping to explain differential
karstification. Laboratory work in China using thinly cut tablets of
various carbonate rocks indicates that the solubility of limestone in
C02-enriched waters is lower than that of dolomite, although the solution
velocity of limestone is higher than that of dolomite. Micritic limestones
are found to corrode easily, sparites less easily, and metamorphic
carbonates least of all. I should have liked to have learnt much more
about the details of this work, but limited time precluded it.
Field studies on the rate of solutional denudation are limited
because of the lower priority accorded to this more theoretical work.
However, provisional estimates of karst solution by the Institute of
Geology suggest the following rates:
Annual
Precipitation
mm

Region

°c

January

July

-7
-2
2

500
800
1000

Shansi
C. Shantung
w. Hupeh

Mean Temperatures

Solution Rate
mm/lOOOy

23
27
26

10
30
85

Lithological type is recognised not only to influence the rate of
solution and therefore the speed of development of karst hydrologic
networks, but also to have a bearing on the t ypes of aquifer that result
(Table 3).
TABLE 3
Source:

KARST

ROCK

COMPLEXES

Institute of Geology, Peking.

KARST ROCK COMPLEXES

TYPES OF AQUIFERS

Homogeneous Limestones

Tubular Flow

Homogeneous Dolomites

Fractured Aquifers

Homogeneous Pure
Carbonate Rocks

Alternative Fractured
and Tubular Flow Aquifers

Homogeneous Impure
Carbonate Rocks

Fractured Aquifers

Interbedded Pure
Carbonate Rocks

Multiple Layers of
Tubular Flow Aquifers

Interbedded Impure
Carbonate Rocks

Multiple Layers of
Fractured Aquifers

Metamorphic Carbonate
Rocks

Fractured (or Tubular
Flow) Aquifers
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w
w

Triassic

Permian

Carboniferous

Devonian

0.2120.56
0.0020.86
0.442.15
1. 316.26
1.044.46

28.0656.05

37 . 7855.56

53.4854.98

35.5951.07

44.2453.93

(C )
3

(pI)
1

(p2M)
1

(P 2)

(T )
1

58.26

0.3619.25

0.5322.71

30.7856 . 01

(C )
2

..31. 52-

0.58 21. 57

30.7854.27

(C )
1

(T )
2

0.0023.53

31. 4855.89

0.4125.62

29.3654 . 81
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In this connection structural configuration is also seen to be important;
thus in combining rock types with geological structure, fifteen different
karst hydrogeological settings are identified (Table 4.)
TABLE

4

Source:
I

II
III
IV

V
VI
VII
VIII
IX
X
XI
XII
XIII
XIV

XV

KARST

HYDROGEOLOGICAL

STRUCTURES

Institute of Geology, Peking.

Homogeneous Limestone, Flat Fold
Homogeneous Dolomite, Flat Fold
Homogeneous Pure Carbonate Rocks, Flat Fold
Homogeneous Impure Carbonate Rocks, Flat Fold
Homogeneous Pure Carbonate Rocks, Anticline Fold
Homogeneous Pure Carbonate Rocks, Syncline Fold
Interbedded Pure Carbonate Rocks, Anticline Fold
Interbedded Pure Carbonate Rocks, Syncline Fold
Interbedded Carbonate Rocks, Synclinorium
Interbedded Carbonate Rocks, Linear Fold
Homogeneous Pure Carbonate Rocks, Monocline Strata
Homogeneous Pure Carbonate Rocks, Fault-Block
Interbedded Pure Carbonate Rocks, Fault-Block
Metamorphic Carbonate Rocks, Fault-Fold
Carbonate Rocks, Fault-Fold

Earlier views on the question of karst hydrodynamics were expressed by
Lu Yao-ru in the Proceedings of the National Karst Research Conference
(1962).
Usua lly four hydrodynamic zones are recognised in karst, the
first being that of vertical infiltration, the second of seasonal change,
the third of horizontal flow, and the fourth of deep slow circulation.
Considerable variations in the thickness of these zones have been observed
according to local conditions; the degree of dissection and extent of
local relief being particularly i mportant. The zone of vertical
infiltration, for example, can be 500 m thick, while in some cases 100 m
of seaso nal fluctuation has been noted.
There is uncertainty over the
depth to which actively circulating groundwater extends, although buried
palaeokarst is common in China and corrosion cavities are known to occur
to 3000 m beneath the surface.
As a result of the geomorphological, geological and hydrogeological
investigations, it has been found possible to divide karst in China into
broad regi ons according to genetic similarity, geology and c l imate. Four
main karst divisions based principally on climatic zones are recognised,
subdivided further into eight provinces defined by geotectonic elements.
These provinces are in turn broken down into 14 areas according to landscape
type.
The details of this cl a ssification are not yet available, but it
inc ludes differentiation of the sto n y karst forests of inland Yunnan,
hemisphere and doline ka rst of Hupeh, tower karst p lains of Kwangsi, dr y
valley karst of the northwest, and coral islands karst of the South China
Sea (Sis ha Is).
In China researc h on caves is not at all advance d, except where
inv estigation for under g round water provides a spur for e x plor ation.
The only survey of note in the Conference Proceedings (1962) is that
provided by He Yu-pin o f Mao Shan Cave (Fig. 4) in the Fung Huang Mountains.
However, t he excava ti o n a nd inte rpret ation of cave fos sil deposits h a s
been taken much further, although t he s heer abundance of material has
apparently hinder ed the synthesi s of results.
The Institute of Vertebrate
Palaeontology and Paleoanthropology in Peking i s the main cent r e for this
research, and al thoug h I did not have the opportunity to visit that Institute
a good review of their work is provided in the report of the Australian Nat ion al
University delegation to China , published in Australian Quat e rnar y News l e tter
no. 7 (1976).
Kowalski (1965) also commented on the p alaeontological work.
Karst Geomorphology and Hydrogeology of the Kweilin District, Kwangsi Province
One o f
of Kweilin
area with a
g uide.
The
the karst.

the best known landscapes of China is the beautiful tower karst
(Pl ate 1, fig . 1 and Plate 3, fig . 2).
I spent six days in the
local hydrogeolo g ist, Chen Wen-chun, as my principal scientific
account that follows rests heavily on his interpretati o n of
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Kweilin city is situated 150 m above sea-level at latitude 25 0 15' N.
It has a subtropical climate with 190C mean annual temperature and almost
2000 mm of rainfall, mainly in the five summer months April-August.
Average relative humidity is approximately 76% and open water evaporation
is roughly 1400 mm. Frosts occur in winter and snow falls on neighbouring
mountains that rise above 1200 m, where Pleistocene cirques also testify
to more rigorous conditions in the past.
The geology of the region was outlined by Balazs (1962).
The total thickness of carbonate sediments in the district sometimes
attains 3000 m of which 70 percent is of upper Palaeozoic age and most is
of limestone, although dolomite also occurs. These rocks unconformably
overlie Cambrian sandstones and shales and eroded granites intruded during
Caledonian earth movements. Remnant patches of Cretaceous dark red shales
are found in places above the limestones and extensive Quaternary deposits
of colluvium, alluvium and' glacifluvial sediments blanket lowland plains.
The carbonate rocks are pure biosparites, ~sually with less than 9 %
MgO and more than 45% CaO; the remainder being largely CO except for a
2
small insoluble residue. They are massively jointed and generally coarsely
bedded, with beds up to several metres thick. Superficially at least,
they appear similar to the Carboniferous limestones of the British Isles,
though most of the carbonates in the Kweilin area are of Devonian age.
The regional structure has a marked NNE or N to S orientation. Fold
axes reflect this trend, the basis of the Kweilindistrictbeing a
synclinorium. Dominant faulting follows the regional strike, although
there are also minor NW- SE and E- W cross-faults. Dip varies with folding,
but appears commonly to be in the range of 100 - 20 0 .
The structural configuration of the region was acquired principally
in the Indosinian orogeny of the Triassic period, but intermittent uplift
has continued ever since, particularly in the Mio-Pliocene Himalayan
Movement of 10-20 m.y. ago. Uplift has been accompanied by erosion in
the mountains and by sedimentation in intermontane basins. Lakes and
swamps often occurred in these structural basins, but in the case of the
Kweilin area the formation of the River Li system in the Quaternary permitted
the lowlands to be drained efficiently.
This river appears to have had
a history of antecedence, maintaining its course as uplands across its
path have been uplifted. Evidence for this is seen in the Li gorge
between Kweilin and Yangshuo (Fig. 3), where karst cones and depressions
have been incised and truncated by the River Li, which is clearly downcutting at a faster rate than the karst depressions are deepening (Plate 1,
fig. 2). A similar situation has been observed by the writer in the
gorge of the Rio Grande de Manati as it cuts across the karst of northern
Puerto Rico.
Karst Geomorphology
The gross morphology of the Kweilin district is closely related to
the geological structure, which also strongly influences the main drainage
pattern. The basis of the area is a N-S oriented synclinal basin in which
is developed an elongate karst plain approximately 80 km by 10- 50 km wide.
Highlands surrounding the area are associated with anticlinal structures
and upthrust blocks.
A stepped series of erosion surfaces has been recognised in the
region for many years (e.g. von Wissmann (1954) , Balazs (1962»
(Fig. 5).
The highest in the Kweilin region is at over 600 m but is cut mainl y across
detrital non-carbonate and magmatic rocks. The highest karst surface is
at around 450 m. This is succeeded at a lower level by another at about
360 m and still others at 260-300 m, 150 m and 50- 70 m. The reason for
the stepped relief is not entirely clear.
It could be attributed to
intermittent uplift of erosion surfaces, to step faulting or to a
combination of both. It is possible that alternative explanations hold in
different localities, although details have not been worked out.
In basins and valleys there are also river terraces: thus in the
vicinity of Kweilin city there are four terraces of Quaternary age at the
following elevations above the Li River: 3-5 m, 7-8 m, 10-15 m, and 20- 40 m.
Although there are aggradational terraces, additional .rock-cut benches
occur beneath the accumulations. The 10-15 m terrace contains swampy lake deposits and glacifluvial materials. The latter sediments are also
present in the uppermost terrace, which is considered to have a mid-
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Plate 1

P.Williams

Karst in China

1. Karst topography in the Kweilin di3trict.

2. Antecedent gorge of the River Li , Kwangsi , dissecting
steep-s ided cone karst topography.

3. T ower karst of the Star Lakes near Chaoching .
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Plate 2.

P. Williams

Karst in China

1. Calligraphy around a cave entrance, Kweilin.

2. Foot-cave with a flat roof at the base of a karst tower,
Star Lakes near Chaoching.

3. Swamp notches at the base of a karst tower, Kweilin .
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1. Speleothems in Reed Flute Cave,
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Isolated karst tower at Kweilin.
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Pleistocene age. Landforms of valley glaciation occur in the surrounding
mountains where, in addition to cirques and U-valleys, glacial erratics
up to 3-4 m diameter are found in enclosed karst depressions with clay
fills.
Contrasting karst morphologies have been recognised on the stepped
surfaces (Fig. 6). The uppermost karst plateau at around 450 m is
dissected by cockpit style or polygonal karst, locally termed 'Fung Sung'
or peak cluster karst. The depth of incision is less than a third of
the regional relief, i.e. usually less than 100 m. The depressions are
elliptical and up to a few hundred metres in diameter. On the 360 m surface
the karst dissection is apparently more advanced, with Fung Sung valleys
up to 10 km long between interfluve remnants of Fung Sung depressions.
These Fung Sung valleys may be incised up to a depth of about half the
regional relief. They are essentially linear, structurally guided and not
dendritic, with intermittent flow and alluvial terraces. At the 260-300 m
level, incision extends up to 66 per cent of the available relief above
the adjoining lowlands. Valley forms are dominant and isolate remnant
blocks of Fung Sung depressions. This is locally known as Fung Lin (peak
forest) karst, because of the forest of conical peaks isolated by the
extending valleys, which may be 500-2000 m wide and covered with clays
and alluvium. On the lower two surfaces, the areally dominant landforms
are karst corrosion plains, although the towers are visually most striking.
The Fung Lin plain (peak forest plain) marks the stage when Fung Lin valleys
have incised to local base-level (e.g. R. Li floodplain), but clusters
of karst towers 40-150 m in height still dot the plain, whereas by contrast
the lowest surface of all is an alluviated corrosion plain with only the
occasional very steep sided tower (Plate 3, fig. 2) sometimes undercut
at its base by swamp notches (Plate 2, fig. 3). The undulating alluvial
veneer may be _3-S0 ~ thick.
This description of landforms developed at different levels implies
a genetic sequence, but does not easily explain the occurrence of tr.e
apparently youngest landforms - Fung Sung or cockpit karst - on the
highest and presumably oldest surface and the more evolved landforms
(towers) on the lower and younger surfaces. This difficulty largely
disappears, however, if tower karst and cockpit (polygonal) karst are
seen as a response to hydrological conditions rather than to age of
development. Thus under conditions of essentially vertical drainage,
a polygonal karst organisation may persist in dynamic equilibrium almost
indefinitely (Williams, 1972). But should the incising depressions
reach the water-table, horizontal flow conditions take over, lateral
corrosion rather than vertical deepening ensues and isolated tower
karst develops. Thus in the Kweilin area, polygonal or Fung Sung karst
on the higher surfaces may be as old or older than the, Fung Lin tower
karst on the plains, being in a different process environment. The
duration of the polygonal karst stage on the lower surfaces would have
been short, because of the proximity to the local base-level of the Li
River. However, the towers are likely to have developed since at least
the Pliocene, as indicated by fossiliferous cave deposits.
Caves
There is a saying in Kweilin that where there's a hill there's a
hole. Presumably there are many cave systems in the upland areas, although
none of these was investigated. In the lowlands numerous cavep riddle
the karst towers, and those at river level are still active.
In addition
to these modern caves, Chen Wen-chun indicated that nine distinct older
cave levels have been recognised in the Kweilin district at the following
heights above the River Li: 5 m, 5-7 m, 8-15 m, 16-20 m, 30 m, 50-70 m,
100-110 m, 150 m and 300 m.
Individual towers do not exceed 150 m in
relative height; thus only the lower cave levels are found in the vicinity
of Kweilin city. Palaeontological and palaeoanthropological deposits
have been discovered in the lower three cave levels in particular, the
higher accumulations being progressively less well preserved. Animal
finds include elephant, panda, tapirs, rhinoceros, buffalo, stegodon, deer,
boar and monkey. Rema i ns of modern man occur in the lowest level and
ashes with burnt bones indicative of man exist at the 5-7 m level. The
latter is considered to be mid-Pleistocene or older in age. The period
of active water circulation in the uppermost caves is therefore likely
to be at least late Tertiary if not much earlier.
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Fig. 6.

TYPES OF TOPOGRAPHY IN THE SOUTH CHINA KARST

FUNG SUNG DEPRESSION
Cockpit-like, polygonal karst
topography. Internal relief
less than 33% of total
regional relief. Depression
diameters 10'5-100'5
metres. Commonly found
1m high erosion surfaces.

Linear, structurally
influenced valleys, not
dendritic, sometimes with
terraces, intermittent
f 1m.. , may be closed. Up to
10 km long and 1 km wide.
Depth of incision to 50%
of regional relief.
Commonly incised into
erosion surfaces of
intermediate height.

FUNG SUNG VALLEY

FUNG LIN VALLEY
Similar to Fung Sung but
valley incision deeper,
to 66% of regional re1ief.
Valleys up to 2 km wide
with alluviated floors.

FUNG LIN PLAIN

Deep wide flat-floored
valleys often incised
to level of nearby plain,
isolating clusters of
towers ('peak forests')
40-150 m high. Plain
undulating to flat with
3-10 m thick alluvial
soils.

ISOLATED PEAK PLAIN
A flat to rolling plain
with isolated towers 20100 m high. Sediments of
variable origin (fluvial,
glacifluvial) and 3-50 m
thick.

.........1'.;
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Two tourist caves were visited in the city district: Seven Star
Cave and Reed Flute Cave, both discussed by Jennings (1976). Seven Star
Cave is geomorphologically the more interesting as its main passage of
about 1 km in length shows a combination of old levels to 30 m above
the River Li. Alluvial terrace deposits and speleothem formations are
also of interest.
Reed Flute Cave is essentially a very large and
profusely decorated chamber; the tourist route weaving a circular
tour through the formations (Plate 3, fig. 1). Seven Star Cave has been
a tourist attraction since about the 14th Century while Reed Flute Cave
ha s been known since the 9th Century, although it was lost and not
reopened for modern tourism until 196 2 .
At the entrances to these and other caves in the district are numerous
calligraphy inscriptions chiselled into the hard grey limestones (Plate 2,
fig. 1). These date back over 1000 years and often provide very
important historical records.
Some are also of geomorphological interest.
For example, in the arch called Lung Yin Tung (Dragon Hides in the Cave)
there are calligraphy tablets of Sung or Ming age ( >800 years old) within
the zone of inundation by summer f l oods of the River Tao Hua (Plate 3, fig. 3).
The rock tablets are distinctly scalloped by small current marks giving
an indication of the rapidity with which scalloping can develop.
In the
same arch cave, but beyond the reach of the modern river, another tablet
with Sung Dynasty inscriptions is partly overgrown for 1.6 m by a tufa
stalactite, indicating a mean rate of growth of 20 cm/100 years.
Karst hydrology
The widespread occurrence of horizontal caves at distinct but separate
levels truncating steeply dipping beds, indicates maximum cave development
at the level of the water-table. Similar epiphreatic development is
occurring today, with the River Li - an allogenic stream with its source
100 km from Kweilin - being the main drainage line for the district and
the main control on subterranean water levels within the karst.
Considerable hydrogeological work has been done in the district and
Chen Wen- chun explained the situation with the aid of a 1:25000 map. Three
kinds of underground waters are recognised in the area: (I) karst water
with considerable storage; (2) fissure water in non-karst rocks; and
(3) alluvial waters of the R. Li flood-plain sediments.
The karst water is mainly unconfined, but may be covered by clay and
thus be under pressure beneath the karst plains.
Recharge is partly from
precipitation on the plateau karst, where beneath Fung Sung (cockpit)
karst the vadose zone is at least several tens of metres deep, but
occurs from rainfall on the plains. Recharge is also provided by influent
flow from the River Li during the summer flood season. The karst water
system beneath the plains is considered to be a well integrated, unified
aquifer, with sympathetic annual water-table oscillations of several metres.
Bored wells yield flows of 100-400 m3 /hr . However, beneath the Fung Sung
plateaus, no integrated karst hydrologic network appears to exist. Most
flow is evidently through conduits so that pore and fissure storage is low.
Apparently some dye tracing has been conducted.
The groundwaters from the floodplain gravels of the River Li are
extremely important, providing most of the water supply for Kweilin city.
The gravels are more than 50 m deep in places, infilling a buried channel.
Their main water source is s e e page f r om the river, but recharge also occurs
from karst waters inflowing from each s ide . Wells in the floodplain
sediments yield flows of 50- 200 m3 ihr .
The work undertaken on the hydrology strongly reflects the practical
approach explained earlier and, a s may also be realised from the account
of the geomorphology, is not so much concerned with the niceties of theory
as wi t h the necessity for increased production. A further excellent
illustration of this is afforded by the report of the Hydrogeological
and Engineering Geology Team of the Geological Bureau of the Kwangsi Chuang
Autonomous Region (HEGTKCAR 1976) concerning their work on the Tisu underground river near Tuan (Fig . 1) in the mountainous karst of the YunnanKweichow Plateau . Fig. 7, taken from the above report, illustrates the
terrain. The area is waterlogged in the rainy season but arid in the dry
season , and with groundwater levels 30- 80 m below the surface during the
dry season, it has not been easy to define or exploit the underground
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Ka r s t in China.
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F ig . 7. Sketch showing the re lati onship between the trunk flow of the
unde r ground river a nd the Tis u surfac e r iver .
(aft e r the Hyd r ologocal and Engineering T eam of the
Geological Bu reau of the Kwa ngsi Chuang Au tonomous r egion, 1976) .

water resources. The report describes how "more than 2000 local people
were mobilized to e x e c ute surface reconnaissance, deep-cave surveying,
pumpi ng tests, observat i on on g round water regime, and ka rst - cave
connecting tests.
299 spots of natural ground-water outcrops were investigated in 17 month s, among which 169 were deep caves". The result is that
the subterranean ro ute of the Tisu River is now known with reasonable
2
accura c y over a c ourse of about 50 krn in a catchment o f about 1050 km .3
The dischar ge o f t he river at its resurgence has been gaug ed as 4-390 m / s
according to the season, with a mean flow of about 33 m3 /s, thus ma king
it about the f ourth largest karst spring reported (Bakalowicz, 1973).
Water def i ci enc y evidently never occurs in the region now, with about 52
sites devel oped for groundwater access. Agricultural production has in
consequence more than doubled.
Karst of the Star Lakes Resort, near Canton
About 200 krn south of Kweilin and 104 krn west of Canton is the tower
karst of the Star Lakes Resort near Chaoching (Fig. 1). It is a small but
picturesque area of karst developed along a narrow outcrop of extremely
massive, brecciated upper Paleozoic limestones. The topography consits
of hemispherical to rocket-shaped towers, rising steeply from the flood
plain of the Si River . Shallow but extensive artificial lakes have been
constructed round the wooded towers to enhance their beauty (Plate 1, f i g. 3)
and pavilions affording good views are perched high on crags and in the
middle of lakes. The area has been a favourite recreation site for many
centuries, but is currently undergoing a particularly active phase of
tasteful development.
The karst morphology of the district is similar to the Fung Lin p la in
of the Kweilin area and may be assumed to have developed in a comparable
manner. Maximlimlocal relief is about 140 m and caves are developed at
several heights, presumably associated with Si River terrace levels which
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are clearly in evidence nearby. The point was made to me that the vertical
separation between cave levels is less than at Kweilin, indicating less
pronounced uplift in this more coastal region.
Of particular interest to the karst geomorphologist are two fussh~hlen
caves developed for tourists and visited by boat - although only in the
dry season. They are known as the Double Entrance ' Cave and Seven Star Cave.
These caves are distinguished by their extensive, extremely flat ceilings
(Plate 2, fig. 2) clearly water - table related truncating the geological
structure. The tourist sections are evidently part of a water - table
network of passages that have more than one exit and completely traverse
the base of towers. Seven Star Cave also has a 30 maven that ascends
into the heart of the overlying tower. Large wall scalloping indicates
slow groundwater flow.
As in the Kweilin area, caves here have al s o been excavated for fossil
vertebrates.
I was given no account of this, but Jennings (1976) reported
some of the details.
Conclusions on Karst Research in China
We generally evaluate research progress by the volume and quality of
research publications emanating from a place. Since there have been few
publications on Chinese karst since the earl y 1960s it would be easy to
conclude that not much is going on in the field of karst research in China.
Evidence from the 1961 Conference Proceedings (1962) indicates that at the
time the conceptual framework of karst thinking in China was similar to
that in other parts of the world. However, since the Cultural Revolution
there has been a change of emphasis in karst work towards more strictly
applied aspects, and publication of results has not been encouraged.
Although having met very few of the large number of scientists and
engineers evidently engaged in karst research in China, it is clear that
there is considerable activity in karst research in many parts of the country.
The work is aimed mainly at practical problems in order to raise production
and in this there seems to have been notable success - as illustrated from
the example of the Tisu underground river project cited earlier - although
I had no first - hand experience of these developments. On the other hand,
it was my impression that progress in theoretical aspects is more limited
for while individual scientists and engineers are doubtless advancing their
theoretical knowledge as a by-product of their applied work, I personally
received few new insights into the pure science aspects of karst as a
consequence of my visit. By contrast, I learnt a great deal about applied
problems and gained a considerable respect for the Chinese approach to them.
Overall I concur with Jennings' (1976) conclusion, that karst scientific
work is not going on in China to a degree proportionate to the great
importance and extent of carbonate rocks in the country, with the
exception of some notable work in palaeontology and hydrology.
Nevertheless, the growing awareness of the importance of karst research
in China is indic a ted by the possible foundation of a new Karst Institute
there within the next few years . Thus there is good reason to be optimistic
about the continued development of karst research in China, especially in
applied fields but probably least in pure speleology
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Summary
Laboratory experiments have shown that small amounts of magnesium carb~nate in
solutions significantly increase calcite solubility, whereas larger amounts decrease
it. The speleological implication is that saturated cave water can become aggressive in
two ways: by passing from one limestone to another containing more magnesium, or by
the mixing of waters with differing magnesium contents. Either effect can be responsible
for cavern enlargement in the phreatic zone of karst.

There has been considerable interest in a suggestion made at the 1971
International Symposium Seminar on Karst Denudation at Oxford, that small
amounts of magnesium in solution had the effect of increasing calcium
carbonate solubility (Picknett, 1972). This is contrary to normal expectations since such a substance in dilute solution should always reduce
calcium carbonate solubility by the Common Ion Effect.
The speleological
importance of the suggestion lies in the possibility of a special
"Mischungskorrosion" effect due to magnesium, i.e. two phreatic streams
saturated with calcium carbonate but differing in magnesium content become
aggressive when mixed, promoting cavern formation at the confluence of the
waters.
The suggestion of 1971 was made on indirect evidence arising from
pH measurements, and it was desirable that the effect of magnesium on
calcium carbonate solubility should be confirmed more directly.
This has
now been done in the laboratory, and the experimental results are presented
here.
.A pparatus
In order to demonstrate the influence of magnesium on calcium carbonate
solubility it was necessary to eliminate any effects due to changes in
carbon dioxide concentration. This was done by bringing the same sample
of air and carbon dioxide gas to equilibrium with two suspensions of
calcite crystals in water: one containing no extra substance and the
other containing magnesium carbonate in dilute solution. Once full
equilibrium was obtained between solid, liquid and gas, the effect of the
magnesium on calcite solubility could be reliably determined by comparing
the calcium concentrations of the two solutions.
It was also necessary
to eliminate any effect due to temperature change, but this was readily
achieved by means of a thermostatic water bath.
The apparatus used was based on the "egg-timer" principle of Frear et
al . (1929), illustrated in Figure 1.
Water in the upper bulb jets into
the lower bulb through the narrow connecting tube, and in so doing forces
air to fl ow from the lower bulb via the reservoir to the upper bulb, where
it bubbles through the liquid.
There is thus good opportunity at the
bubbles and at the liquid jet for gas exchange between air and liquid,
and good opportunity for calcite dissolution due to the dispersion of the
crystals throughout the liquid.
Inversion of the apparatus each time the
upper bulb is drained of liquid allows the process of gas exchange and
dissolution to continue until equilibrium is attained.
F or the present purpose each of the two suspe nsions of calcite
crystals in water was contained in a separate pair of bulbs, there being
only one air reservoir which was shared between the four bulbs. Traps in
the connecting tubes prevented contamination of o ne solution by the other,
and there were stoppered filling points, stopcocks and joints to permit
detachment of the reservoir. A sketch of the apparatus is shown in Fig. 2.
The apparatus , made o~ PyrGx glass with Teflon stopcocks, was mounted
in a wdte~ bath and was automatically rotated through 170 degrees, first
clockwise and then anticlockwise, at intervals of about 2 minutes. Apiezon
ILl grease was used to seal all ground-glass joints because this insoluble
material did not contaminate the water in the bulbs.
The water bath was
maintained at 25 + O.05 0 C by means of a laboratory thermostat unit.
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Materials
All water was distilled and deionized to a high degree of purity.
The calcite was of Analar grade (BDH Ltd.) and was pretreated to remove
fine particles of abnormally high solubility by storage as a slurry
containing carbon dioxide. Magnesium carbonate solution was made by
dissolving the solid (May and Baker Ltd.) in water through which carbon
dioxide was bubbled.
It was stored in an atmosphere cont a ining 1 % carbon
dioxide by volume.
The mixture of carbon dioxide and air used in these
experiments was obtained from a high-pressure gas cylinder.
Procedure
The apparatus of Fig. 2 was cleaned and aged with repeated washings
of deionized water while the carbon dioxide / air mi x ture was bubbled through
a slurry of calcite and water in a narrow-necked flask.
The partly
equilibrated slurry was then divided: half was poured into one bulb of the
apparatus, and half was treated with the required amount of magnesium
carbonate solution before being poured into the neighbouring bulb. At
this stage the lower bulb of each "egg-timer" contained calcite slurry,
one slurry having magnesium present and the other not.
The air reservoir
was flushed with the air/carbon dioxide mixture before being connected to
the bulbs so that the whole apparatus was sealed.
A flexible tube was connected to the middle stopcock of the air
reservoir and the free end was kept clear of water while the apparatus was
mounted in the water bath at 25.0 0 C.
This tube was needed during
temperature equilibriation when the middle stopcock was opened intermittently
to prevent changes in pressure in the apparatus.
The same procedure was
used during the day following the start of periodic inversion of the
apparatus, when carbon dioxide exchange could also alter the pressure.
Trial experiments showed that the water, calcite and c a rbon dioxide
in the air would be at equilibrium after 5 days in the apparatus, but to
make sure of equilibrium the periodic inversion in the water bath was
maintained for at least 15 days.
The apparatus was then removed from the
water bath, dried externally and stopcocks turned to seal the air reservoir
from the bulbs. After one hour of standing, all calcite crystals settled
to the bottom of the bulbs, leaving clear water which wa s sampled by
pipette. The two samples were acidified immediately and were subsequently
analysed for calcium and magnesium.
Chemical Analysis
Magnesium was determined by atomic absorption spectroscopy with an
air - C2H2 flame, the accuracy being about 0.0005 roM at low concentrations,
1 % at higher concentrations.
Calcium plus magne s ium was determined by
titration with EDTA using NH40H - NH4Cl buffer and Eriochrome Black T
indicator.
The accuracy was 0.01 roM (95 % confidence level).
The determination of the carbon dioxide concentration in air presented
unusual problems because of the high humidity and small sample volume
(300 mIl.
The best procedure was to measure the change in gas v olume
when the carbon dioxide was absorbed in dilute sodium hydroxide at constant
temperature and pressure, the accuracy being + 0.05 % by volume.
Results
Results for the 8 successful experiments are given in Table 1.
Solution concentrations are in millimolar units, i.e. roM.
(For calcium
1 roM is equivalent to 100.1 ppm of calcium carbonate, while for magnesium
1 roM is equivalent to 84.3 ppm of magnesium carbonate).
Experime nt No.1
was a blank, with nomagnesium added, although traces did appear in both
solutions due to inefficient soaking of the apparatus prior to this
particular experiment. The agreement between the two calcium concentrations
s hows that the apparatus did work as designed, bringing both solutions
to equilibrium with the carbon dioxide in the air.
In the other experiments
listed magnesium was sometimes found in Solution No . 2, indicating
contamination f rom Solution No.1, but this was usually slight.
That equilibrium has been attained can be checked by comparing the
carbon dioxide concentrations of the air with the calcium concentration of
the solution without magnesium . The relationship between the two parameters
is known from earlier work (Frear e t al., 1929). The result s of this check,
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Table 1

Results of Concentration Measurements at Equilibrium
1st Solution

Experiment
No.

Magnesium
(mM)

Calcium

2nd Solution
Magnesium

(roM)

Calcium

(roM)

(mM)

Air
Carbon dioxide
(% by volume)

1

0.002

0.960

0.002

0.960

0.20

2

O.Oll

0.957

0

0.893

-*

3

0.015

1.ll0

0.003

1.045

0.25

4

0.048

1. 225

0.001

1.095

0.29

5

0.058

2.400

0.002

2.23

2.23

6

0.096

1. 654

0

1. 582

0.81

7

0.216

1. 510

0

1. 620

0.85

8

0.335

1.403

0

1. 573

0.81

*

Table 2

Exper i ment
No.

Sample lost by accident

Equilibrium Criterion: Experimental and Predicted Carbon Dioxide
Values

Carbon diox ide concentration in air
( % by volume)
Experimental

Percentage
difference

Predicted

0.20

0. 1 9

-5

3

0.25

0.24

-4

4

0.29

0.28

-3

5

2.23

2.15

-4

6

0.81

0.78

-4

7

0.85

0.84

-1

8

0.81

0.77

-5

1
2

50

shown in Table 2, confirm that equilibrium was reached since discrepancies
between carbon dioxide concentrations never exceeded twice the expected
error of measurement.
Apart from the experiments of Table 1 there were 7 others where the
results were discarded.
In 2 experiments there was gross contamination
of Solution No.2, and in the others there was gross lack of agreement
between measured and predicted carbon dioxide concentrations, although
the pattern of the magnesium effect followed that of Table 1.
Discussion
At equilibrium the calcium contents of the two solutions represent
the solubilities of calcite in the presence of the same concentration
of carbon dioxide in air, the difference in solubilities being due to the
effect of the magnesium carbonate in the one solution. Examination of
Table 1 shows that low magnesium concentrations have the effect of
increasing calc ite solubility while high concentrations decrease it.
This is unusual because the typical behaviour of a substance having one
ion in common with calcium carbonate is to decrease calcite solubility
(Picknett, 1976).
In order to aid interpretation of the results use can
be made of the fact that, with the Common Ion Effect, the percentage change
in calcite solubility varies with the proportion of magnesium to calcium
in a way which is independent of carbon dioxide concentration. Thus,
despite the ten-fold range of carbon dioxide values in Table 1, the plot
of solubility against molar ratio Mg:Ca gives points lying on a single
curve, as demonstrated in Fig. 3.
In this diagram the very rapid rise
in calcite solubility with small amounts of magnesium present is clearly
demonstrated, a peak enhancement of about 12% being achieved at a Mg:Ca
ratio of 0.04. At larger ratios the effect of magnesium on calcite
solubility falls to zero and then becomes negative (diminished calcite
solubility), eventually approaching the predicted trend for the Common
Ion Effect, which is shown as a broken curve.
The shape of the graph is remarkably similar to the one obtained
from pH measurements of saturated calcite solutions with and without
magnesium carbonate present (Picknett, 1972), and confirms the concept
of a region of anomalous behaviour at low magnesium concentration where
calcite solubility is augmented.
The broken curve in Fig. 3 shows the
behaviour expected from the Common Ion Effect, and it is clear that such
normal behaviour only occurs when the molar ratio of magnesium to calcium
is greater than about 0.3.
Regrettably the cause of this anomalous behavious remains obscure
since no guidance is to be had from experience with related phenomena.
Ion pairing between a cation Ca 2 + or Mg2+ and an anion HC03 or CO~- is
known to occur, but cannot for the peak in the curve of Fig. 3.
Absorption of Mg2+ ions on the calcite surface will take place, but this
is expected to interfere with the dissolution of calcite, not promote it.
Speleological Implications
Although the above experiments were done at the one temperature, 25°C,
it is reasonable to expect similar behaviour at other temperatures, and so
the general trends in results may be applied to cave conditions.
In the
following discussion this will be done and, furthermore, in numerical
examples the actual 25 0 C results will be taken to apply to cav~ temperatures,
although there is less justification for this step.
Changing the magnesium content of water is but one of several ways
of influencing calcite solubility, and is often of little significance
compared to the effect of change in carbon dioxide concentration.
In
karst, for example, carbon dioxide variation can readily cause calcite
solubility to change by more than 300%, which would swamp the 12%
augmentation caused by magnesium variation.
However, the deep phreatic
zone of karst is little subject to carbon dioxide variation, and it is
here that the magnesium effect may be important in promoting cave formation.
One way of producing the magnesium effect is for the water to have
passed through a pure limestone initially, so that it is saturated with
calcite and contains no magnesium.
On encountering a bed of magnesian
limestone the water will start to take up magnesium from the rock and
will thus become aggressive to the calcite part of the limestone. The
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region downstream of the junction between the two limestones is therefore
one of cave rn enlargement. As an illustration consider a typical saturated
cave water containing no magnesium and 100 mg of calcium carbonate per
litre as it encounters a magnesian calcite rock with 3% of magnesium
carbonate in solid solution. Although saturated with respect to calcite
the water is initially aggressive to the magnesium carbonate component
of the rock, and so the magnesium content of the water starts to increase.
During the course of this process the water becomes aggressive to c a lcite,
enhancing the solubility by about 12 %. Even though the calcite of the
limestone is about 2% less soluble than pure calcite due to the effect of
solid solution, the net effect is the enhancement of calcite solubility
by 10%. Overall, each litre of water can dissolve about 10 mg of calcium
carbonate and 4 mg of magnesium carbonate from the magnesian rock, despite
the fact that it was initially saturated with respect to calcite.
An o ther way for the magnesium effect to operate is for two saturated
waters of differing magnesium contents to come together, when the resulting
mixed water will be aggressive.
The region downstream of the confluence
will thus be one of cavern enlargement.
How this works is best understood
by considering the relationship between calcite solubility and magnesium
concentration such as that of Fig. 4, which was constructed from Fig. 3.
Here the solid line representing the solubility curve separates the zones
of agg ressive and supersaturated water. Now take any two saturated
solutions such as Band C and mix them.
The resulting mixture must lie on
the straight line joining Band C, the position depending on the proportions
of the two original solutions in the mixture.
Since all of this straight
line falls in the aggressive zone of the graph, it follows that all mixtures
of the two original solutions must be aggressive. A measure of the
aggressiveness can be obtained by the distance between the solubility curve
and the straight line.
D, for example, is the point representing an equal
mixture of Band C, while E is the point on the solubility curve for the
same magnesium concentration. The distance DE, expressed in units of
calcium concentration, is the aggressiveness of solution D.
In this
example the aggressiveness is 0.07 roM of Ca, i.e. the mixture can dissolve
a further 7 mg of calcium carbonate for each litre of mixture.
Fig. 5 shows h ow the mixing aggress iveness varies with the proportions
of the original solutions in the mixture.
Two examples are considered:
Example 1.

1st solution
2nd solution

Ca 1.0 roM, no Mg
Ca 1.0 roM, Mg 0.1 roM

Examp le 2.

1st solution

Ca 1.0 roM, no Mg

2nd solution

Ca 0.9 roM, Mg 0.2 roM

All four ori ginal solutions are saturated with respect to calcite.
The
peak in aggressiveness varies in magnitude, steepness and position as
the magne sium content of the original solution is varied, and it is of
interest that the more dilute magnesium solutions give significant
aggressiveness over a broad range of mixtures.
The two solutions being mixed can differ markedly in calcium c o ntent
and still produce aggressiveness.
Indeed it is possible to have one or
both solutions supersaturated and produce the same effect on mixing.
Finally it should be stated that is is also possible to produce
supersaturation instead of aggressiveness by mixing water s . How this can
happen may be seen from Fig. 4.
The two solutions E and F, for example,
always produce supersaturation when mixed since all of the line EF lies
in the aggressiveness zone of the graph.
It is intriguing to consider the
possibility of flows tone being formed underwater at the confluence of
phreatic streams.
Conclusions
0

Laboratory experiments at 25 C have shown that calcite solubility
is affected in an unusual way by magnesium carbonate in the water.
Small
amounts of magnesium carbonate enhance calcite solubility, while large
amounts dimini s h it.
The maximum enhancement of about 12 % is obtained
when the ratio of magne s i um to calcium in solution is abou t 0 . 024 by
weight (molar ratio of 0.04), and the cross-over from enhancemen t to
diminution occurs at a ratio of 0.045 by weight (molar ratio 0.074).
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It is inferred that cave water can become aggressive to calcite on
flowing from one limestone to another one which contains more magnesium
carbonate.
This can be important in the phreatic zone of karst, where
the water is normally saturated with calcite so that cavern enlargement
cannot occur.
A second inference is that water can become aggressive to calcite
by mixing with another water of differing magnesium conter.t, the process
again being of possible importance in the phreatic zone, with waters
normally saturated with calcite.
A final inference is that supersaturation can sometimes be obtained
by mixing waters of differing magnesium content, leading to the
possibility of underwater deposition of flowstone in the phreatic region .
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by Nick Reckert
SUMMARY

Successful pitch-rigging for single-rope techniques is essentially a question of common
sense. The four main considerations are rope - wear, shelter, comfort and logistics. If
those are borne in mind the rest should follow naturally, but care must be taken with both
natural and artificial belays, particularly other people's disposed-of slings.

When this paper was first delivered, at the BCRA symposium on new caving
equipment and techniques, (see Tr.ans. BCRA, Vol. 4, No.3, August 1977) I felt
rather guilty at having been asked to speak on pitch- rigging for SRT, because
in theory I should have been dead.
Shortly beforehand I had made the mistake,
on a 50 m pitch, of taki·n g someone else's bolt for granted: the rope frayed
and I was lucky not to go all the way to the bottom.
That I'm alive is due
to good equipment and familiarity with self-rescue techniques; but if I'd
taken proper precautions and looked for a better rig in the first place, the
accident would never have happened.
If SRT did not call for a re-appraisal of basic skills, few of the
experienced cavers present at the symposium would have needed to turn up.
The
most apparent skill necessary is the perilous-looking art of climbing a thin
rope, but comparatively little attention is paid to the skill required to
achieve a secure rig.
There are four main considerations for a safe hang:
1.
Rope wear
2.
Protection from boulders, water and other nasties
3.
Avoidance of the 'mangled knuckle' syndrome
4.
Logistics.
Rope-wear is the most common problem and probably the most dangerous.
It is early yet to draw authoritative conclusions from the small sampling of
accidents which have occurred since SRT caught on, but the majority must have
been caused by rope-damage rather than equipment or belay failure.
Yet it is
generally belays - wrongly placed - which are responsible for rope-wear.
The
two types of external abrasion to be found underground are reciprocating and
pendulum frays, of which reciprocating is more common, pendulum more insidious.
There are not many pitches where a simple hang straight from the lip would not
cause reciprocating wear somewhere along the rope, so it is obviously important
to reduce it to the minimum.
That is the first criterion of the ideal rig.
The second criterion concerns shelter: shelter from falling boulders,
cameras, diving-bottles, cavers and - most often - water. Many people abseiling
down Malham Cove, the Avon Gorge or some big continental pot have been plagued
by overheating gear.
But while water makes an excellent heat-dispersant for
descendeurs - in Britain you are more likely to drown than to fry - it can also
disperse body-heat fairly effectively.
And while some ropes are as effective
as a greased pole when covered in running water, others swell up and jam your
gear solid.
If your descendeur jams and your jumars don't, and you're wet
and miserable and your light has just drowned, you're not going to get far.
Admittedly it is slightly easier to prusik up a torrent than to ladder it,
because the movements are more mechanical and repetitive, but there is less
margin for error if things do go wrong. Far better to take the dry option.
Boulders should likewise be avoided.
The less your rope touches the wall,
the less likely it is to bring down rubble.
Any rubble which does fall is
far less likely to damage a free-hanging rope than one stretc~ed taut over
solid rock.
Thirdly, there is the mangled knuckle syndrome: this is just a pompous
way of saying that it is far more comfortable to prusik up a free-han~ing
pitch than a jagged, bitty one where the laceration/elevation ratio is
excessive.
Lastly, there is the question of logistics, or tactical pitch-splitting,
which, frankly, does not crop up very often in Britain.
Car Pot has an example
of a big, wet cork-sc.rew pitch which might be rigged all the way from the top
to satisfy the first three criteria, but which would deteriorate markedly
towards the bottom.
It is not possible to re-belay at every ledge, but it
should be possible to improve such rigs with a bit of forethought.
The main
advantage, though, of pitch-splitting, and one which is particularly handy
on big continental drops, is that you no longer need to stand at the foot of
the climb fighting the stretch in the rope before you actually leave the ground.
By belaying back once or twice on the pitch it is possible both to reduce the
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bounce and to reduce any wear which might occur if the rope should inadvertently
pass over a flake, because reciprocating wear is proportional to the length
of free rope above the point of friction.
Another, and rather surprising
advantage of pitch-splitting is that it can actually speed matters up, despite
the need to unclip SRT gear at each belay-point.
Because several cavers can
be kept moving at once on different sections of the pitch, you tend to get
better communication, easier t a ckle-hauling, less sitting around freezing and
far better morale.
For those reasons I would suggest that wherever practical
(obviously not on bell- shafts like the Golondrinas) individual prusik-lengths
should be restricted to 50/ 60 m.
Less haste, more speed - that should be the
watchword.
The above are the four main points in favour of a specialised approach
to SRT rigs: rope-wear, shelter, comfort and logistics. As for the belays
themselves, they fall into three categories:
1.
The natural belay
2.
The expeditionary artificial belay
3. The long-term artificial belay
Natural belays are fine: either they exist or they don't. Gener a lly they
don't.
If they are the slightest bit precarious or badly placed, they should
be left well alone.
If they are safe but slightly thrutchy we are generally
too lazy to replace them.
If they are solid, well-rounded and offer a good
free-hang with a convenient stepping-off point, they are unbeatable - but how
many are like that? A useful trick, if you are forced to loop your rope around
a very big boulder and do not have enough rope-protectors to go all t he way
round is to re - position the knot after every couple of ascents or descents,
thus spreading the wear.
The next category is the expeditionary artificial belay-point. This is
the belay with the shortest life-requirement, yet it is also the most critical
in terms of safety.
Such belays are used by small teams exploring pots
whose immediate potential does not warrant the use of more expensive and
durable gear.
These belays can afford to rust or rot, on the basis that they
should not be left behind.
It sounds defeatist to say that expeditionary
gear need not be as safe as heavy-weight domestic tackle, but it's just
another way of saying that 1f expeditionary gear can be made safe, domestic
gear can be made safer still.
Safety must be tempered with practicality:
would Ghar Parau ever have been bottomed with two-inch diameter bolts, fiveton ladder and double-lines? We can accept that expeditionary gear gives a
reduced safety margin, because we also know that modern techniques can restore
that margin to an acceptable level.
The complex rigs necessary for a big
expedition do not preclude speed of ascent or descent. American climbing
pundits make much of the 'experiential conte x t of extended life on a wall',
but for the expeditionary caver speed is synonymous with safety. Occasion a lly,
as in the 328 metre pitch of the Gouffre d'Aphanice, a cantilevered platform
may be justified in terms of a perfect free-hang and a good resting spot,
but pegs and bolts are still the best soluti ons.
True, there are mini-stemples
such as those made by Le Vieux Campeur, chocks, cam-nuts, copper-heads,
crackn'ups, mashies and trashies, but the superiority of the bolt was firml y
established a few years ago when Cesare Maestri bolted his way up the sheer
face of Cerro Torre using a petrol-driven compressor - a feat which says little
for his sense of ethics but a great deal for the bolt.
It's possible to economise on SRT rope by the use of wire tethers from
distant belay-points, but it's a rather half-hearted solution. Firstly,
most c-links will open at a far lower shock-loading than the breaking-strain
of the rope, some as low as 350 kilos.
Secondly, a tether is unlikely to
provide a genuine free-hang.
There are answers to both these problems: use
stronger, bulkier, heavier c-links or - better still - use bolts instead.
A recent article by an American caver claimed that European cavers make
too little use of back- up bolts. Whilst I can't accept the need for a
back-up bolt when a really solid natural belay is available, it's always worth
putting one in if the main belay is the slightest bit dubious.
The most
common rig (Fig. 1) assumes that the back- up bolt will prevent a fall in the
event of main belay failure; but in the unlikely event of failure occurring
in the figure-of-eight knot rather than in the belay, it is unlikely that the
remains of the knot would survive the sudden shock. Also, it is too easy to
rig the rope as in Fig. 2; such a rig would greatly increase the loading on
the back-up belay and probably shred the rope as it was dragged sideways.
By and large, though, these are the most useful rigs.
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An alternative is the principle of the two load-sharing bolts (Fig. 3).
This is the rig which features in most of the climbing textbooks, but again
it's easy to get it wrong.
If one sling is longer than the other or if the
angle of pullan the rope changes during use, the parallelogram of forces will
flatten out and one bolt may end up taking all the strain. And if both slings
are too short the bolts will be overloaded and there will be a dangerous
three-way pull on the krab.
However, it is a vastly safer system than that
shown in Fig. 4, which I have actually witnessed.
If just one bolt goes,
the user will soon find himself neck-deep in solid limestone. Fig. 5 shows
an acceptable rig, but the top run of rope must be kept as short as possible
to minimise the strain on the bolts and knots. Finally, there is much to be
said for a crossed-sling rig (Fig. 6).
Here the sling is formed into a
figure-eight loop and the krab is clipped through both halves across the 'x'.
If one bolt goes, the other will hold: but the main advantage is that the
krab can slide backwards and forwards, maintaining a more or less even tension
on both bolts. On the other hand, if the sling itself gives way, the caver
is unprotected.
The most complex rig is seen in Fig. 7: virtually failsafe,
but possibly a belt-and-braces job.
If the shared-bolt system is to be used
in preference to the back-up bolt system, the two-sling rig should be reserved
for long pitches where a vertical hang is feasible; but on short or awkward
pitches a caver is more likely to pick his own route up and the crossedsling rig should be used (Fig. 8).
In all the diagrams it has been assumed that the belays have been bolts
and that they have been secured by krabs - but of course they needn't be bolts
(they can be pegs, nuts or stemples) and they needn't be secured by krabs.
Several years ago alloy krabs were thought suitable only for mountaineers,
but now they are essential for any light-weight, well-equipped potholing
expedition.
The trouble is that they are expensive and it is tempting to
make do with second-rate cheap ones.
But for far less money it is possible
to buy MSR lock-links or the French Maillon Rapide which, in its smallest
version, has a quoted breaking strain of 2000 kilos. They aren't all that
rapid in use, so it is prudent to carry a small spanner, and they lead the
rope round a rather small radius - a problem which can be cured by the use of
a small splicing-eye. They are cheap, light and safe.
A couple more points while on the subject of expeditionary belays. The
first point is more a matter of taste than anything else.
I am not really
keen on the type of hanger shown in Fig. 9, but it does have the advantage
that the knot isn't frayed against the wall as the rope swings from side to
side, because the krab holds it clear. With the more normal type of hanger
(Fig. 10) the krab hangs parallel to the wall and fraying can result.
The
answer i~ to use an extra krab if available (Fig. 11), thus distancing the
knot from the wall.
The other point is this - most of the techniques so far mentioned have
called for a fairly lavish use of rope. When doing a known pot it is easy
to plan accordingly, but in exploration a rope often ends halfway down a big
pitch. Let's assume for clarity of illustration that there is a large ledge
handy for the re-belay, and that in Fig. 12 one rope begins where the other
ends.
Ideally the lower rope should be belayed back to the start of the
traverse by way of a figure-of-eight knot at the pitch-head, but since there
is almost certainly some slack from the top rope lying on the ledge it
is more economical to use that for a traverse line and krab the end of it to
the pitch-head bolt. Normally the lower rope would be fastened to the
same krab, ensuring that the two ropes would remain linked in the event of
a bolt failure and that a climber on the lower rope would fall no further
than the length of the traverse line. But if it is the krab which fails,
the precaution is wasted.
The solution is to tie the two ropes together
as in Fig. 12a and run the krab through the two loops; then even if the krab
does fail the upper and lower ropes should remain together.
Krab failure is
admittedly unlikely, but the procedure is a simple one and should not be
ignored for the sake of a statistical improbability. At risk of cluttering
the change-over point an etrier or a short length of ladder rigged from the
same bolt can make all the difference on the more awkward take-offs.
Ideally
one's sit-sling should be every bit as comfortable as a good etrier, but
etriers can provide valuable psychological aid on tricky manoeuvres.
Lastly on the subject of expeditionary rigs: always derig fully: every
bent krab, shredded sling and chopped rope should be brought out, and not
just in the interests of economics and conservation. Whilst we know that
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every individual must bear the responsibility for using a particular piece
of tackle, it would be hard to live down the guilt of being indirectly
responsible for a tragedy in later years.
Every item of equipment left
behind is a dangerous temptation to subsequent parties. Japanese mountaineers
have earned themselves a reputation for leaving miles of abandoned rope
festooned on all the best faces in the Alps and Himalayas, but we can't afford
such a cavalier approach in caving.
I think that just about covers expeditionary artificial belays, and in
some ways long-term artificial belays are much simpler.
Some of the pots
which were once classic expeditionary systems, such as the Pierre St. Martin,
the Gouffre Berger and the Spluga della Preta now fall into the 'tourist'
category, if only because they are regularly visited for their purely sporting
appeal, but most tourist pots suffer from big crowds, little pitches and
lots of water - in other words they are British.
The rigging techniques are
basically similar to those used for full expeditions, but are adapted to
circumstance.
On very short pitches, for example, it isn't strictly necessary
to find a perfect free-hang, as the rope can generally be run over a smooth
edge or through a lifelining groove.
Frankly, though, why bother? The perfect
device for such pitches has already been invented, and while it may not have
the macho appeal of a single rope it is a good deal more practical - it's
called a ladder ••.
Since so few pitches in Britain need to be split, our main requirement
is for rust- and idiot-proof top-belays.
Even now it is not uncommon to find
pots with festering old wooden beams wedged over the pitch-heads, a fact
which proves that the joys of a good free - hang were not unknown to the pre- SRT
generation. Wood should not now be considered, but galvanised stemples are
an attractive proposition.
I am in two minds about the ideal long-term belay:
there is much to be said for stemples - they are easy to check for corrosion,
they can be used without krabs, they offer useful pitch-head handholds but they are perhaps too obtrusive in the current conservationist atmosphere.
On the other hand, if we are to favour heavy-duty bolts because they are
ecologically acceptable, it follows that those bolts will have to blend in with
the surrounding rock.
I may be stretching a point, but once again there are
analogies in the world of rock climbing; the controversies for example over
the disfiguring effects of pegs and chalk.
If camouflaged bolts ever do
become reality it is doubly important that cavers should be trained to-rook
for them in the right and logical place.
I can think of only one technique which is common in everyday caving and
rarely used in expeditionary trips: rappeling.
And while on the subject, I
wish more people would distinguish between abseiling - sliding down a fixed
rope - and rappeling, which is the art of sliding down a retrievable rope.
That may be a rather arbitrary linguistic distinction, but it avoids a great
deal of confusion.
The most common way to rappel is to run the doubled rope
through a disposable sling: the trouble is that such slings are very seldom
disposed of. A trip down Swinsto Pot or Langstroth Pot will confirm this lengths of frayed polypropylene, ulstron, tape and even manilla decorate every
pitch-head, disposed of, admittedly, by their first owners, but taken on
trust by subsequent parties. An American climber called Cal Magnusson has
produced some interesting statistics: he discovered that a ~ inch tape-sling
loses 36 % of its strength through abrasion and heat damage after 110 ft o f
(clean!) kernmantel rope is pulled over it during rappel recovery.
I do not
have all the details of the test, but assuming an initial tape-strength of
3000 Ibs, it can be seen that the sling becomes lethal after a mere six parties
have used it, with a breaking strain of barely 200 Ibs .•. Now I do not
imagine that those figures tell the whole story, or there would have been
quite a number of accidents, but they are disturbing.
Of course with a pitch
properly rigged for SRT in the first place, the problem disappears.
No sling
is necessary.
The rope is simply looped over a stemple or led through a
splicing-eye on a hanger and tugged down after use.
Alternatively one could
use one of the Pierre Allain decrocheur devices which automatically rele ase s
one's rope from the bolt as soon as the last man has released the tension.
These devices certainly economise on rope. as the precious commodity need
no longer be doubled, and I have seen a French club use them for rappeling from
ledge to ledge in the 330 metre Lepineux shaft without killing a single person!
There are just a couple of final points to be considered in passing, the
first concerning rope-protectors.
A recent Sunday paper headline read "Durex
More Reliable than the Pill, say Doctors", which appears to prove that in one
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sport at least the simplest protector is still the safest.
On the other
hand caving is a much younger sport, and there hasn~t been much time for
experimentation.
If someone has developed the ideal rope-protector, he is
keeping the news fairly quiet-.--A profitable topic for research .•.
The other point is this: expeditionary artificial belays will obviously
be placed by the most convenient team-member, but who is to look after the
belay points in 'tourist' caves? May we expect to see NCA officials doing
their rounds with grease-guns and Kango drills every weekend? Or is it more
reasonable to hope that the major clubs will take on themselves the responsibility
for placing a definitive belay at every pitch-head? Indubitably a three-pipe
problem, and one which I gladly leave to someone else.
Nick Reckert,
36 Kyme Street,
YORK.
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