


Here Q is the spring discharge and A(s) is the cross-sectional area of 
the conduit. Recession of well and spring hydrographs should then be: 

(hw -h,p )'2 Q,; 
(hw - h,p) /I Q,; 

between times t1 and t2, providing this interval is chosen consistent 
with the assumptions given above. Consequently, if Q ex e'OI then hw 
should be proportional to e·2a

" providing h,p doesn't change 
significantly. In this case the well hydrograph recession constant would 
be twice that of the spring (aquifer) discharge. 

In conclusion, we believe that a quantitative assignment of local 
aquifer parameters based on well hydrographs is confusing and 
misleading. We regret that the authors felt it necessary to include these 
data in their paper when it seems that a more qualitative comparison of 
recession constants and hydro graph characteristics would have 
sufficed. 
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We appreciate the attention and comments provided by Sidney Jones 
and Gareth Davies and I will attempt to clarify and emphasize some 
parts of the paper. Note that their comments mainly refer to a previous 
paper (Shevenell, 1996), which discusses a well hydrograph analysis 
method. 

The presentation of the results of the well hydrograph method for 
estimation of aquifer parameters is only one of several types of 
information included in the Cave and Karst Science paper. The various 
data demonstrate differences in flow behavior in a highly 
heterogeneous karst aquifer where areas dominated by microporosity 
are markedly different than those dominated by macroporosity 
(conduits), as expected. Jones and Davies express concern over the 
locations of surface discharges that might be associated with the 
aquifer waters monitored by wells, and they question whether well and 
spring hydro graphs are equal. In no paper have I stated that the two 
discharges are equal. Equation 1 from Shevenell (1996) relates flow 
and water levels at one point (the well), suggesting that measured water 
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levels are directly related to the flow through the conduit at that well. 
There is no implied relationship between the well and a discharge 
spring. Regarding this possible relation between well and spring 
hydrographs, waters monitored in wells in the valley mayor may not 
discharge locally to specific springs monitored within Bear Creek 
Valley. Without thorough, reliable, tracer tests from particular ells to 
known discharge locations, specific discharge locations from 
individual wells generally cannot be identified at present. Such tracer 
tests are generally lacking at the site, except some that have shown 
ambiguous results (Goldstrand and Haas, 1994). With regard to the 
assumption that recession slopes on a well hydro graph can be related 
(are equal) to those at a distant discharge site, very few data exist to 
evaluate this possibility (due to the general lack of the aforementioned 
tracer tests). Hence, I have made no such claim of equality. 

The only data of which I am aware concerning hydrographs from a 
well and spring that are potentially connected indicate that the 
recession slopes will not be equal. Hydrograph data have been 
collected from one well (GW-684) and a nearby spring (SS-5) by 
Desmarais (1995). These two monitoring points are known to be 
directly connected to one another via a cavity, on the evidence of an 
observed increase in turbidity in SS-5 during drilling of GW-684 
(Shevenell et ai, 1992) and an increase in turbidity and water level in 
SS-5 during water injection into GW -684 (Shevenell et ai, 1995). 
Again due to the lack of tracer tests under natural flow conditions, it is 
unknown if the water tapped by the 39m-deep well actually discharges 
at the spring located approximately 27m away. However, as can be 
observed from the Desmarais (1995) data (Fig. 1), the rises and 
recessions of the spring mimic closely those in the nearby well, which 
is completed in a conduit that exhibits direct hydraulic communication 
with the spring. The slopes of the recessions from the spring and well 
are not equal, with the well recessions being 1.6 and 1.8 times those 
observed in the spring, depending upon the storm. The inequality ofthe 
two recessions is most likely a result of the two sites draining different 
areas, with the spring probably representing flow from a number of 
different conduits. The recessions of the spring or well represent 
drainage characteristics from areas up-gradient of them, which feasibly 
will not be the same for both the spring and well, and hence, they will 
have different recession constants 

Jones and Davies ask if they are to believe that water in wells 30m 
apart (GW-694 and GW-704) drain to different discharge areas. No 
such statement or implication was made in the paper. The responses in 
these two wells demonstrate one of the major points in the paper. 
GW -704 necessarily exhibited different behavior than GW -694 
because it is NOT completed in a conduit or fracture (as is GW-694), 
and hence, diffuse, slow flow dominates. The two wells share the same 
suite of contaminants (as Jones and Davies note) showing direct 
communication between conduits/fractures and matrix intervals, and 
hence that the two aquifer regimes are interconnected. However, as 
also stated in the paper, the flow regimes are indeed different as shown 
by (I) the hydrographs, which reveal quick versus diffuse flow 
conditions, and (2) geochemical characteristics. Calculations of calcite 
and dolomite saturation indices in conduits show changes between 
super- and under-saturation at different sampling times, because of the 
nature of quick flow in these features, which transmit younger, more 
dilute recharge waters rapidly during and after storms. Saturation 
indices in GW -704, and other wells dominated by diffuse flow, show 
that the matrix parts of the aquifer are not influenced by quick flow 
(consistently supersaturated), but more diffuse flow (longer residence 
time fluids) toward fractures and conduits. Although this comes as no 
surprise, these data were included to demonstrate further the different 
flow behavior between matrix (microporosity) and conduit 
(macroporosity) portions of the aquifer. Jones and Davies point out that 
wells completed inside and outside of conduits may display quite 
different responses to storms and yet drain to a single spring. That is 
true, and there was never any suggestion in the paper that waters in 
matrix zones are isolated from waters in conduit/fracture zones. In fact, 
a previous paper (Shevenell et ai, 1994) addressed specifically the 
process of matrix diffusion into fractures at the site, although not in the 
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carbonates. It is unreasonable to assume the two adjacent aquifer 
waters in the two types of porosity discussed would discharge in 
different locations, and this suggestion was not made in the paper. 

In looking at hydrograph responses in a highly heterogeneous karst 
aquifer, Jones and Davies suggest that only the simplest cases could be 
analyzed quantitatively and they provide one example of a simple case. 
Another simplistic case is illustrated in Fig. I. One would not expect a 
well at much greater distance than the one depicted in Fig. I to have 
hydrograph responses that are so similar to those at a discharge 
location. This is because discharge locations can be an agglomeration 
of fl ows from a network of conduits that receive flow from a 
considerable volume of the aquifer composed of microporosity. 
Hydrographs from each of those wells throughout the drainage area of 
the spring could have markedly different ri ses and recessions. The 
latter differences are due to, among other things, their location relative 
to the recharge area, and the local hydrogeologic characteristics where 
macroporosity (conduits) experiences quick flow and wells monitoring 
only microporosity (matrix intervals) do not. One would not expect that 
the sum of these responses, observed at the discharge site, would equal 
any of the responses in individual well hydrographs. 

Jones and Davies suggest that the hydro graph data presented in the 
paper could be augmented with chemograph analyses and groundwater 
tracing to or from these wells. I couldn ' t agree morc that thi s type of 
data would help greatly in understanding the system. 

I spoke with Dr Jones on 1211/98. It appeared that his main concern 
with the paper was the use of the quantitative hydrograph results when 
all of the other qualitative data presented would have sufficed to make 
the point of the importance of multiple porosities in karst aquifers. I 
agree that the point could have been made without the quantitative 
hydro graph data. As written in the comments, Jones and Davies 
indicate that the hydrograph analysis presented here and in Shevenell 
(1996) " ... goes against the grain of conventional thinking about 
carbonates", and that the " ... assignment of local aquifer parameters 
based on hydrographs is confusing and misleading." In this 
hydrograph work, I use these very commonly collected hydrograph 
data to try to go beyond conventional, qualitative methods and, in 
using this method, begin to quantify some aspects of the karst aquifer. 
What transmissivities (T) mean in a highly heterogeneous karst aquifer 
is a very different issue, and is certainly subject to considerable debate. 
That being said, ongoing work using the hydrograph analysis technique 
in over 40 karst wells at three different karst sites (Oak Ridge, TN, Ft. 
Campbell, KY, and Crane, IN) is being conducted to compare the 
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Figure 1. Spring and well hydrographs, Oak 
Ridge, Tennessee, August 1994 (after Desmarais, 
1995). See text for discussion. 

results of the hydrograph analyses with those of more traditional 
aquifer testing methods (pumping, slug). At all three sites, the 
hydrograph T (which estimate matrix T) agree quite well with data 
obtained from pumping tests from the same wells, or from slug tests in 
nearby matrix dominated wells. These data are currently being 
compiled for inclusion within a future paper to be submitted for review. 
What the T from hydrograph, pump or slug test results really mean in 
the context of a karst aquifer is debatable. However, the latter two 
methods are now used frequently, and the hydrograph data appear at 
least to provide the same level of information as other more traditional 
methods that stress the aquifer. Therefore, I do not believe that the 
hydrograph analysis method should be discarded so quickly, but that 
additional work should be conducted to understand better its 
limitations and try to improve on the basic method presented in 
Shevenell (1996). 

REFERENCES 

Desmarais, K M, 1995. Carbonate spring response to storm events, 
Bear Creek Valley, Tennessee. Oak Ridge Y-12 Plant Report, YrrS-
1555, 104pp. 

Goldstrand, P M and Haas, J, 1994. Comparison of results of two 
dye-tracer tests at the Chestnut Ridge security pits, Y -12 Plant, Oak 
Ridge, Tennessee. Y-12 Plant Report, YrrS-l005, 62pp. 

Shevenell , L, 1996. Analysis of well hydrographs in a karst aquifer: 
estimates of specific yields and continuum transmissivities. Journal of 
Hydrology, Vo1.l74, 331-355. 

Shevenell, L A, McMaster, B Wand Desmarais, K M, 1995. 
Evaluation of cross borehole tests at selected wells in the Maynardville 
Limestone and Copper Ridge Dolomite at the Oak Ridge Y-12 Plant. 
Oak Ridge Y-/2 Plant Report, Y rrS-1166, 64pp. 

Shevenell, L A, Moore, G K, and Dreier R B, 1994. Contaminant 
spread and flushing in fractured rocks at the S-3 Ponds Site, Oak 
Ridge, TN. Ground Water Monitoring and Remediation, Vol.XIV(2), 
120-129. 

SheveneIl , L, Dreier, R B, and Jago, W K, 1992. Summary of fiscal 
years 1991 and 1992 construction, hydrologic, and geologic data 
obtained from the Maynardville Limestone exit pathway monitoring 
program. Oak Ridge Y-12 Plant, Oak Ridge, TN, YrrS-814. 

147 



SCIENTIFIC NOTES 

CANGO CAVE IN THE 1930s: A HISTORICALLY 
~PORTANTPHOTOGRAPH 

Stephen A CRA YEN 
7 Amhurst Avenue, Newlands 7700, South Africa 

Cango Cave, situated in the Swartberg foothills about 27km north of 
Oudtsboorn in the (new) Western Cape Province, is South Africa's 
leading show cave. Many aspects of its history are buried in the 
Oudtshoorn Courant and other newspapers, and in obscure archives, 
but details have recently been summarised and published (Craven, 
1994). Ownership of the Cave has always lain with the State, but 
control and management were transferred to the Oudtshoorn 
Municipality in 1921 (Anon , 1921). These responsibilities came 
without land and without money; nor was the Cave equipped with the 
conveniences that tourists and local businessmen demanded. There was 
nei ther electricity, toilet, ablutions nor running water, though these 
facilities were available at the now long defunct Cango Hotel, 4km to 
the south. 

The Oudtshoorn Municipality first turned its attention to the problem 
of providing these essential services from the limited funds at its 
disposal. Surrounding land remained in private ownership and the 
landowner refused to sell, even at an inflated price, because he wanted 
to provide the necessary facilities on his own account. However, his 
financial resources were even more limited than those of the 
Municipality, and no private development ever took place. 

Municipal solutions to the land problem are well illustrated in the 
accompanying photograph, which was found recently in the archives of 
the National Monuments Council in Cape Town. The electrification 
was effected in 1928, using a diesel generator, which was so 
underpowered that it could illuminate only a third of the Cave at a 
time! The photograph shows the engine house at the right, within the 
8m public road reserve. Consent for this was obtained from the 
Oudtshoorn Divisional Council, which was responsible for the road 
(Craven, 1987a). The engine house was demolished in the mid-1960s, 
when provision of electricity from the national grid finally rendered the 
generator obsolete. 

The next problem was overcome in 1930, when a tea room was 
provided. Built underneath the overhang, this was technically inside 
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the Cave, so permission was not required from either the landowner or 
the Divisional Council. The tea room, shown on the left side of the 
photograph, survives today as one of the curio shops. The identity of 
the lady in the doorway is not known with certainty. She may be the 
lessee, Mrs S du Plessis, wife of Junior Guide Wynand du Plessis 
(Craven, 1987b). 

The problem of providing toilets was not solved effectively until the 
mid-1960s, when a modern building was erected at the cave-mouth. 
Initially the Divisional Council refused to allow toilets and ablutions to 
be built on the road reserve, so it was necessary to provide them inside 
the Cave. Bucket latrines and hand basins were installed in the first and 
second chambers, before the descent into Van Zyl ' s Hall. Water was 
taken from the adjacent Grobbelaars River. A labourer put river water 
into a 200-litre galvanised drum (visible in the bottom left of the 
photograph) and a donkey pulled it up the hill to the Cave entrance. 
The labourer then carried buckets of water into the Cave. Despite the 
concerns of the landowner and of the Divisional Council , the slops 
were dumped in the adjacent veld (Anon, 1937)! 
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CAVES IN THE UNITED ARAB EM IRA TES 

Tony WALTHAM I and Pierre-Yves JEANNIN 2 

I Nottingham Trent University, Nottingham NGI 4BU, UK 
2 Rue de Concert 4, 2000 Neuchatel, Switzerland 

The recent report on the caves of Jabel Hafeet (Waltham and Fogg, 
1998) in Cave and Karst Science indicated that no other caves were 
recorded in the United Arab Emirates. This was incorrect. A Swiss 
expedition that visited the country in 1990 (Jeannin, 1992; Anon, 
1990) found many caves (all less than 100m long) in the northern 
Emirate of Ras al Khaimah , and explored a few caves in Jebel 
Hafeet. 

The main Swiss exploration in Hafeet was in Kahf Hamam, 
which yielded 340m of passages. This cave's significance lies in its 
extensive development of smooth-walled, beautifully rounded , 
bulbous chambers, which link to form the phreatic passages. Kahf 
Hamam also has extensive gypsum deposits in its lower passages. 
These two features led the Swiss team to suggest that the Jebel 
Hafeet caves were formed by hydrothermal fluids and gases 
enriched in hydrogen sulphide that originated in the adjacent 
oil-bearing basins (Jeannin, 1992). Analogies were drawn with the 
now-famous hydrogen sulphide-excavated caves of Carlsbad 
Caverns (Hill , 1987) and Lechuguilla Cave, in New Mexico, USA. 

This concept of hydrothermal cave genesis still appears to be 
reasonable, and could perhaps be applied to Magharet Qasir 
Hafeet. The bulbous chambered style of passage is only poorly 
represented, in Top Passage (Plate 6 in Waltham and Fogg, 1998), 
and no gypsum is known in the explored passages. The British 
team described the cave as a conventional phreatic system, formed 
by meteoric (i.e. rainfall) waters. Unfortunately, there is a shortage 
of positive evidence in the very old abandoned passages for either 
of the proposed development theories. However, the concept of a 
hydrothermal origin should certainly be considered by anyone 

Cango Cave in the 1930s. 

examining the geomorphology of Magharet Qasir Hafeet and any other 
caves in this region. 

The foot caves of Jebel Hafeet do appear to be conventional 
dissolutional features related to meteoric groundwater (Waltham and 
Fogg, 1998). These caves formed at recent base levels of the desert 
basins, where hydrothermal fluids constitute only a minor component of 
the groundwater regime. The Swiss team did not explore them when they 
were developing their hydrothermal cave genesis concept. 

Kahf Hamam is also notable for its temperature; 37.6°C was recorded 
in one bl ind chamber (Jeannin, 1992), and the cave entrance sometimes 
emits blasts of hot air. The British team looked into the first few 
unpleasant rifts in 1997, but did not reach the spectacular bulbous 
passages, and considered their time would be better spent in other caves 
in the mountain. The hot air blast prompted suspicions of a link to a 
geothermal vent. Consequently the radon level in the first chamber was 
monitored and found to be 237 I Bq/m3; this is not exceptional and was 
much lower than levels found in Magharet Qasir Hafeet. On the return 
visit to collect the detector, the hot wind was absent. It appears that the 
cave merely breathes, and notions of possible modern geothermal activity 
have been dismissed. 
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SYMPOSIUM REVIEW 

INTERNA TIONAL SYMPOSIUM ON KARST AND 
TECTONICS 

Held at Han-sur-Lesse in Belgium from 9 - 12 March, 1998, the 
Symposium was organised by Yves Quinif of the Faculte Polytechnic 
de Mons, Belgium, with assistance from Belgian and French geological 
and karst research organisations. 38 papers and 16 poster sessions were 
presented, and scientific visits were conducted in 3 local caves. There 
were over 100 attendees, including 2 from the UK. This review 
summarises the main ideas presented, and includes some personal 
observations. Much of the background literature is in French and 
Italian, with little written in the English language. Hence, an English­
speaking audience may be generally unaware of recent developments in 
understanding relationships between karst and tectonics. The 
Symposium had two main themes: the influence of tectonics upon 
karstification, and the role of caves as recorders of tectonic events. In 
the Symposium context "tectonics" included slow crustal processes, 
such as deformation, isostatic uplift and pressure release, and rapid 
seismic phenomena. 

Claude Drogue's opening paper introduced the historical 
development of ideas. Tests on limestone cylinders show that 
compressi ve axial pressure causes brittle fracture at 35 bars. Fracturing 
increases with pressure until deformation becomes ductile at circa I 
kbar. Geological deformational processes were reviewed. Any large­
scale compression or extension force could locally cause smaller-scale 
compressional and extensional movements, creating fractures. This is 
because the movement boundary is usually wavy rather than planar. 
Hence fracture opening can arise from either local extension or 
compression within a primary or secondary tectonic fault or joint. If 
fractures interconnect, water circulation is possible and karstification 
promoted. Secondary permeability is zero in unfractured rocks and 
increases to provide braided channels as fracturing increases. By the 
1990s accumulated evidence suggested that the recording of tectonic 
events in caves is a common phenomenon. Studies of fallen 
speleothems and cracked flowstones have led to conclusions that some 
must have broken by seismic activity. Rock movements were deduced 
in cave walls from observations of dislocated calcite veins and 
stylolites. (Many Symposium presentations included photographs of 
displaced karst shapes on opposite sides of passages, and bedding 
plane slips revealed in passage cross-sections). 

Yves Quinifs paper started from the assertion that three conditions 
are necessary for karstification (rather than surface flow) to succeed. 
There must be an adequate water supply, uplift to generate potential 
energy, and tectonic activity to create the fractures needed for 
karstification. Whereas the first two conditions are well known, the 
premise that all karstification relies on tectonic movement seemed 
novel to this reviewer, if not to others in the audience. From this 
premise it could be deduced that all karst cave passages originate as 
openings created by tectonic processes. [It should be noted that, due to 
the themed objectives of the Symposium, there was no contrasting 
appraisal of more complex published chemical, stratigraphical and 
hydrological theories of speleogenesisJ. 

Evidence leading to the "hole in one" tectonic conclusion is both 
spatial and temporal. Many speakers showed examples of 
correspondences between karst locations and tectonic regions. This 
was supposedly related to a common association of carbonate rocks 
with active plate boundaries and associated deformation zones, though 
other explanations are possible. Similarly, rose and Schmidt diagrams 
were used widely to demonstrate the familiar concept of alignments 
between passage direction and fracture orientations. However, it 
appears that karstification does not just follow pre-existing geological 
structures. An increasing body of evidence from palaeokarst studies 
indicates that there is always a date correspondence between 
karstification and major tectonic activity, which are claimed to occur 
together. 
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Paulo Forti's presentation re-emphasised the potential for 
speleothem studies to reveal details of palaeo-planetary conditions 
back to about 500,000 - 750,000 years BP. In favourable situations it 
is now possible to evaluate palaeo-earthquakes in highly seismic 
karst areas by using broken speleothems and still actively growing 
stalagmites. Previously it had been difficult to discriminate between 
speleothems broken by earthquakes and those broken by other 
processes (floods, flu vial undercutting of underlying sediments, slow 
movement of ice, freeze-thaw during glaciations, and human 
activity). The solution is to examine many broken speleothems 
statistically, and couple the results with detailed morphological 
analysis. Evidence that a group of speleothems from different 
situations in an area broke at the same date can suggest that a single 
seismic event was responsible. A good diagnostic is to examine the 
broken face of a stalagmite, which can be modelled as a cylinder 
clamped firmly to the floor. At its location, the horizontal component 
of a strong high frequency seismic wave may correspond with the 
resonant frequency of the stalagmite. It can then shear with a smooth 
horizontal break in the plane that coincides with the weaker c-axis of 
its calcite crystal structure. At the first harmonic frequency, this will 
be fairly near the floor. Other different sized stalagmites in the same 
group may not resonate and can therefore be left standing. If several 
fallen stalagmites lie in the same direction, they align with the 
direction of shaking of past earthquakes. When new stalagmite 
growth occurs on a fallen stalagmite, then dating the tip of the fallen 
stalagmite and the start of the new growth gives an age range for the 
earthquake. Also, it should be possible to determine theoretically the 
location, epicentre and magnitude of past earthquakes, using 
calculations derived, for example, from the analysis of collapsed 
buildings and leaning tombstones. However, there are many practical 
difficulties to overcome. Forti also reported that SchiIlat (1977) had 
shown that a still-active stalactite-stalagmite pair records any change 
in position of the stalactite over the stalagmite. Hence a relative 
movement of the ceiling causes a shift in the stalagmite growth 
direction, and is datable. The method can be used for observing both 
slow movements and seismic events. In the latter case, all tectonic 
structures vibrate during an earthquake and may come to rest in a 
new position, giving a discontinuous growth pattern. Also, there can 
be a sharp variation in colour and texture. Similarly, an abrupt 
change in cross section of a speleothem shows a sudden change in 
drip rate that may have a seismic cause. Practical tests of these 
concepts have taken place in recent years. Measurements from many 
different stalagmites in the same cave enable reconstruction of the 
fairly recent seismic history of the host region. This has economic 
importance in the prediction of earthquake hazards in the highest risk 
tectonic zones. 

Several speakers showed evidence, from broken stalactites, of 
previous earthquakes in areas now regarded as stable. In fact, strong 
earthquakes may occur anywhere, but recurrence intervals vary. 
Locally, seismic accelerations can be magnified by the topography, 
and underground by the presence of cavities. The British geologist 
Colin Davenport reviewed the evidence for a strong (m - 6.25) 
shallow earthquake during the late glacial history of the Scottish 
Grampian Highlands. This evidence comprises an extensive database 
of records of soft-sediment deformation and landslides which, using 
the pattern recognition method of isoseismal mapping, provides a 
palaeo-earthquake map. Use of similar techniques was recommended 
when studying speleothem damage. Other speakers discussed the 
theory that very large underground chambers may have a mainly 
tectonic origin, formed by slow moving extension. Supporting 
evidence may be provided by preserved slabs fallen from walls and 
ceiling. 

Paola Tognini reported that in the well-known Lombard karst 
region in Italy, vertical parts of caves are located under crests and 
ridges close to the steep slopes of deeply embedded valleys. She 
suggested that postglacial, slow, gravitational slope movements and 
tensional release are the mechanisms for the apparent and continuing 
tectonic extension of joints into straight walled shafts that cut down 
to pre-existing cave systems. A photograph of a stalactite that is 



fracturing its partner stalagmite by compression supported the evidence 
for slow movement. The caves are in Jurassic limestone with 30-80cm­
thick parallel beds separated by cm-scale beds of marls and clays along 
which the movements may occur. This mechanism seems very similar 
to the one described by Charlie Self a few days beforehand [at the 1998 
BCRA Cave Science Symposium). He explained the origins of recently 
discovered caves east of Bath by mass movement caused by slope 
dynamics down the valley side of the River Avon. 

A paper presented by Vaclav Suchy described the development of 
hydrothermal caves in the Bohemian karst of the Czech Republic. The 
available data show that movements of hot fluids along fractures may 
have occurred episodically throughout geological time and may have 
been tied to earthquake cycles . The fractures remain active to this day, 
as evidenced by micro-earthquakes. Apparently the caves developed 
both within calcite veins and in the host limestone, which also contains 
hydrocarbons. This leads to the possibility of karstification promoted 
by strong acids moving upwards. 

During a Symposium visit to La Grotte de Han, signs of movement 
along faults and fallen stalactites and stalagmites were observed, some 
of the latter covered by later deposits. In the Fontaine de Baghdad 
passage in the disused La Grotte de Rochfort show cave, Yves Quinif 
provided an overwhelming amount of evidence for tectonic movement 
rather than internal gravitational collapse. Stalagmites placed by cave 
guides on a ledge are now pinned in position by compression from the 
roof. A 20cm movement along a bedding plane that dips at 4S" E is 
visible along the top of an uneven wall. Angular rocks lie on the floor 
below, and the ceiling has longitudinal cracks several cm wide. 
Complementary karstic forms can be seen to have moved apart near to 
an alcove where the limestone has collapsed by compression. The 
passage, which was previously a stream route, ends at a choke of 
angular rocks that have not fallen from high above but result from 
compression of the bedrock. This passage is now being utilised as an 
underground tectonic laboratory. Unpublished results (Quinif and 
Vandycke - in press) show that the movements in the cave can be 
accounted for by the tension field that has been measured in the rock 
mass. A 0.03mm movement along the slipped bedding plane has been 
measured since December 1997. It should be noted that another 
presentation at the Symposium described a karst cave near Paris where 
movement along a fault has been measured at I mm in 10 years, and 
3.4mm of movement in 18 years has been recorded in an Italian cave. 

La Grotte de Pere Noel is a large, long, relict, strike-aligned cavern 
lying in a topographically high position on the opposite side of the 
anticline to La Grotte de Rochfort. The bedding dips at 4S" W. There 
are many huge formations and flowstones throughout the cave, many of 
which have fallen. One large flowstone now rests perpendicular to its 
original position and displays (vertically) a previous underside. This 
consists of a sediment bank comprising black pebbles that had been 
transported SOkm along the palaeo river Lesse into the cave at an early 
stage of its development. Since its fall, tall vertical stalagmites have 
grown on the flowstone. Another 6m x 3m x 3m fallen stalagmite block 
has 1m-high stalagmites growing on it. Yet another moved block of 
f1owstone reveals many broken stalagmites lying horizontally that were 
completely buried by the flowstone. Since its fall, new stalagmites are 
now growing on the new upper side of the block. High on the side of 
the passage, compression from the roof has broken several pillars. 
Nearby along a ledge is a line of 40cm-Iong stalagmites that have all 
fallen and lie parallel to each other. They are now re-cemented to the 
floor. Apparently the cave ends where movement along a fault has cut 
the passage. A speleothem from another cave in the area was dated at 
over 400,000 years BP. This is believed to indicate the general 
geomorphic stability of the whole area after rapid uplift in the Tertiary 
and early Pleistocene. Although crushed tectonically, the speleothem 
grew at a similar level to the present external river. During this time the 
River Lesse is thought to have cut down only a few metres, into its own 
alluvium. Ice movement and freeze thaw effects are ruled out as 
possible mechanisms for breaking the large speleothems and 

flowstones. No Pliocene or Pleistocene glaciations are believed to have 
been persistent enough in this area to have this effect. Hence La Grotte 
Pere Noel is believed to hold a true record of damage caused by ancient 
palaeo-earthquakes. 

Trevor Ford (1997) has called for readers of Cave and Karst Science 
to look for shattered stalagmite sheets in British caves. The Karst and 
Tectonics Symposium has revealed that there are many more diagnostic 
features that it would be rewarding to find. The Symposium also gave 
new insight into karst inception, which, rather than contradict the 
Inception Horizon Hypothesis (Lowe, 1992), could provide a 
supporting mechanism. For example, Knez (1996) has studied the 
IS0m-high Velika Doline, Skocjanska Jama, Slovenia. He found that 
underground karstification was concentrated at just 3 "formative 
bedding planes" (Inception Horizons) from a total of 62 bedding 
planes. He did not find contrasting lithologies between the beds, as 
might be expected if inception horizons are viewed in a narrow sense. 
However, he observed that calcite veins are essentially more numerous 
in the vicinity of the formative bedding planes than in the rocks 
between them. His conclusion is that these bedding planes have opened 
by sliding, allowing both carbonate dissolution to enlarge inception 
fractures and carbonate recrystallisation to form the veins. With the 
evidence from the River Avon and from Lombardy, it is possible that 
where non-carbonate beds do exist within a limestone succession, 
seismic and slow tectonic movements could occur along them. The 
main limestone beds could move together as coherent blocks. The 
fractures would then be along the previously defined Inception 
Horizons, with karstification promoted by both new voids and the 
presence of non-carbonate chemicals. Inception by tectonic movement 
could also perhaps explain the origins of silicate endokarst. As well as 
widening the "tectonic" scope to include gravitational mass movement, 
the independent reports from Tognini and Self indicate that in some 
situations cave inception and enlargement can be essentially "dry". 
Thereafter, both vadose and phreatic developments, as well as calcite 
deposition, are possible. 

To summarise, the evidence from the Symposium is that tectonic 
activity is all around us, with tiny but continuous bedding and fault 
movements interrupted by large seismic events at infrequent intervals. 
These movements create voids from which cave inception can start and 
be repeated. Cave development is an integral part of the geological 
history of the host region. After endokarstic enlargement the caves 
created can themselves record the later tectonic history of the area. 
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THESIS ABSTRACTS 

BUNTING, B, 1998 

The Impacts of Recreational Caving on the Physical Environment of 
Wild Caves 

MSc dissertation, Department of Earth Sciences, University of 
Waikato, Private Bag 3105, Hamilton, New Zealand. 

The aesthetic and scientific values of wild caves (caves not modified 
for tourist development) are being degraded as a result of recreational 
use. Although the impacts are recognised, little research has previously 
been undertaken on recreational impact assessment, mitigation or 
monitoring in caves . The physical impacts of recreational use on caves 
were investigated , and research methods were developed to assess and 
monitor caver impacts on the Zweihohlen and Henry Lambert Sections 
of Gardner ' s Gut Cave, Waitomo (an open access cave heavily used by 
recreational cavers) and Honeycomb Hill Cave, North Westland (a 
restricted access cave with low visitor numbers). 

A Cave Impact Assessment Rating System (CIARS) was developed 
using a set of criteria to visually assess and quantify the physical 
impacts of recreational cavers on a wide range of cave environments. 
Results indicate that the more severely impacted areas of a cave are 
those with trails located on clastic floor materials, areas with unmarked 
or non-defined trails and those areas where trails are located close to 
walls or are in confined sections of passage. An accurate base map has 
been prepared for the Zweihohlen and Henry Lambert Sections of 
Gardner' s Gut Cave. Visi tor Area Impact Maps, which indicate the 
location , extent, and severity of physical impacts to cave floor features, 
were developed for sections of Gardner's Gut Cave. The results of the 
Visitor Area Impact Mapping indicate that severe impacts were most 
apparent on clastic (sand/silt/mud) floor material and least apparent on 
trails located on rockfall deposits. 

Photo monitoring was used to determine the extent of recreational 
impacts in Honeycomb Hill Cave, which has a photomonitoring record 
of key sites within the Cave taken in 1986. The 1986 sites were 
re-photographed and compared to the initial photographs to determine 
changes caused by recreational cavers. From the photographic 
comparison, significant physical changes such as speleothem breakage, 
disturbance to sub-fossil deposits, trail widening, significant 
disturbances to sediment and rock deposits, and significant sediment 
transfer onto previously clean areas had occurred in the intervening 
period. A limited amount of photomonitoring had been undertaken in 
Gardner's Gut Cave in 1981, which was also repeated. A 
photomonitoring method was devised and baseline photomonitoring 
survey was undertaken in the Zweihohlen and Henry Lambert Sections 
of Gardner's Gut Cave. 

Monitoring of floor cross-sections was established on trails at seven 
sites within the Zweihohlen and Henry Lambert sections of Gardner's 
Gut Cave to determine whether significant changes to floor deposits 
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had occurred at these sites. Erosion of material occurred at four of the 
monitoring sites, deposition occurred at two sites and one site remained 
unchanged. 

A boot-washing experiment was also undertaken near the entrance to 
the Zweihohlen and Henry Lambert Sections of Gardner' s Gut Cave to 
determine the amount of sediment transported into the Cave by cavers. 
The results indicate that each caver transports an average of 100 grams 
(dry weight) of sediment into the Cave. With an estimated 1800 visitors 
to the Zweihohlen and Henry Lambert Sections of Gardner's Gut Cave 
between June 1996 and December 1997, the total amount of sediment 
transported into the Cave over this time was estimated to be 
approximately 180kg. 

The impacts of recreational caving are more severe in the Zweihohlen 
and Henry Lambert Sections of Gardner's Gut Cave than at 
Honeycomb Hill Cave, reflecting differences in levels of recreational 
use and management. 

BURGESS, S, 1998 

The microbial biomass of forest soils and cave sediment in Gunung 
Mulu National Park, Sarawak, Malaysia 

Honours thesis, prepared in partial fulfilment of the requirements for 
the degree of Plant and Soil Science BSc (Hons), Department of Plant 
& Soil Science, University of Aberdeen, Aberdeen, UK. 

The importance of soil microbial biomass (SMB) in maintaining soil 
fertility, and as the base of the food web, has now been widely 
recognised. Despite its significance, studies on the microbial ecology 
of tropical forests are sparse, and almost no previous work has been 
done on the microbial ecology of forest soils and cave sediments in 
Gunung Mulu National Park (Sarawak). 

The biomass, activity and potential activity of these soils was studied 
by incubation methods (SIR) in situ. Using soil/sediment from Mulu, 
incubations were also carried-out in Aberdeen to determine the 
composition of the biomass and a unique substrate preference test to 
observe whether microbes were adapted to an indigenous substrate (bat 
guano) or could metabolise a "good" microbial substrate (glucose) 
equally well . Environmental conditions (soil matric potential, pH, 
temperature, nitrate and ammonium-N, TOC and light at the soil 
surface) of the sites were also measured and correlated to microbial 
data. 

Biomass and activity were greater in the forest than in the cave and 
the sediments at the entrance to the cave showed an overlap with both, 
indicating a threshold in microbial characteristics as well as in 
environmental factors. Microbial activity was increased by the 
optimisation of soil matric potential in some sites, which showed 
strong correlations between potential activity, total organic carbon and 
lower pH values, indicating that the biomass of these sites was only 
limited by water. Other sites were concluded to have more than one 
limiting factor, and one site was not limited by soil water. The main 
environmental characteristics that influenced microbial activity were 
organic carbon, available nitrogen and soil pH. Fungal and bacterial 
biomass differed only at the entrance to the cave, both were strongly 
associated with the above environmental factors. Bacterial biomass was 
related to light intensity, due to the effects upon soil temperature. 

The forest displayed a balanced microbial community, whereas 
fungal biomass dominated in the cave. Microbial communities showed 
a preference for bat guano as a substrate over glucose. It was concluded 
that the selection of an indigenous substrate was fundamental in 
characterising the kinetics of respiration response of soil microbial 
populations from different ecological sources. 



RESEARCH FUNDS AND GRANTS 
THE BeRA RESEARCH FUND 
The British Cave Research Association has established the BCRA Research Fund to promote research into all aspects of speleology in Britain and 
abroad. Initially, a total of £500 per year will be made available. The aims of the scheme are primarily: 
a) To assist in the purchase of consumable items such as water-tracing dyes, sample holders or chemical reagents without which it would be 

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

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

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

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

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

BRITISH CAVE RESEARCH ASSOCIATION PUBLICATIONS 
CA VE & KARST SCIENCE - published three times annually, a scientific journal comprising original research papers, reviews and discussion 
forum, on all aspects of speleological investigation, geology and geomorphology related to karst and caves, archaeology, biospeleology, exploration 
and expedition reports. 
Editors: Dr. DJ. Lowe, c/o British Geological Survey, Keywofth, Notts., NG 12 5GG, UK and Professor J. Gunn, Limestone Research Group, Dept. 
of Geographical and Environmental Sciences, University of Huddersfield, Huddersfield HD I 3DH, UK. 

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

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

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

CURRENT TITLES IN SPELEOLOGY - from 1994 this publication has been incorporated into the international journal Bulletin 
Bibliographique Speleologique!Speleological Abstracts; copies of which are available through BCRA. 

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

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

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

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

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

Copies of BCRA publications are obtainable from: Ernie Shield, Publication Sales, Village Farm, Great Thirkleby, Thirsk, North Yorkshire, Y07 

2AT, UK. 
RCRA Research Fund application forms and information about RCRA Special Interest Groups can be obtained from the Honorary Secretary: John 
Wilcock, 22 Kingsley Close, Stafford, STi7 9RT, UK. 




