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2. General observations of breakdown in caves 

Whereas there is no doubt that removal of support plays an important role in 
breakdown, the author's observations indicate that vadose weathering plays a signif­
icant role in many, if not most, occurrences of breakdown in high strength (strongly 
indurated) limestones. Breakdown in poorly indurated limestones, such as aeolian 
calcarenites, has not been investigated. 

The following general observations have been made of breakdown in caves. 
2.1. Breakdown is an active, ongoing process 
The most striking impression gained from examining active breakdown sites in 

caves is that zones in the rock are literally (and rapidly) in the process of "blowing 
apart" or disintegrating. 

Since the environment in caves tends to protect breakdown features from the ele­
ments, the apparent "freshness" and "rapidity" of the process is more often than not 
an illusion. What is clear, however, is that breakdown is a process active today, not 
one that occurred mostly in the past (i.e. just after the caves entered the vadose zone). 

2.2. The position of breakdown relative to the water table 
In all of the areas where observations have been made, breakdown, particularly 

that resulting in the development of large breakdown chambers, was commonly 
found to be occurring high in the vadose zone. That is, in areas quite removed from 
where the limestone has recently lost hydraulic support from phreatic water. 

High-level breakdown chambers are quite common. European examples include 
Grosse Dom in Mammuthole, Austria (Fig.2A) and Manita Pee in Croatia (Fig.2B). 
A good example is Kozja jama v Pogorelem hribu, (Fig.2C) in the high karst of 
Slovenia near Mt Nanos. It is an isolated breakdown chamber (Fig.3) in which break­
down processes are currently active. The entrance elevation of Kozja jama v 
Pogorelem hribu is l090m, some l,OOOm above the regional karst water table. 

2.3. Breakdown in small-section passages and chambers 
Whereas breakdown does play a major role in the development of some large 

chambers, breakdown is by no means restricted to large-section cave passages. In the 
limestone caves examined by the author this is only a qualitative observation. 
However, Klimchouk and Andrejchuk (this volume) have shown quantitatively that, 
in large gypsum caves, there is no direct correlation between large passage diameter 
and the occurrence of breakdown. 

2.4. Breakdown occurs in cave walls and floors 
Davies ( 1949) noted that collapse of cave walls accounts for a large amount of 

rock debris in caves. The author's observation have shown that breakdown is not 
restricted to the cave ceiling and the area just below the ceiling-wall junction, as 
might be expected from failure due to loss of support, but also occurs at a variety of 
levels in cave walls and at the wall-floor junction. 

In Treak Cliff Cavern, Castleton, England (Fig.2D), heaving of bedrock can be 
observed at the wall-floor junction. At Jenolan Caves, N.S.W. Australia (Fig.I), gyp-
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Fig. 3 - Kozjajama v Pogorelem hribu, Note proximity of._breakdown chamber to plateau sur­
face. Map and sections from survey by D. Rojsec and F. SustersiC, September 5, 1997. 

sum wedging is resulting in active failure by exfoliation of thin scales of limestone 

around the walls and ceiling surfaces of a circular-section passage with a diameter of 

about l.5m. 

2. 5. Surfaces of breakdown blocks 

Fallen breakdown blocks, in general, do not have the clean, fresh bedrock surfaces 

that might be expected if they were the result of failure along recently propagated 

cracks. On the contrary, recently fallen blocks are commonly coated with thin layers 

of clay, limonite and other minerals, giving them a weathered appearance. On being 

broken open, however, the centres of such blocks are found to be composed of fresh, 

unaltered limestone. 

The walls of the Grand Dome, Glory Hole Cave, Yarrangobilly Caves, N.S.W. 

Australia (Fig.l), have a distinct yellow colour, as do fallen blocks from the break-
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down pile lying on the chamber floor. The interior of these blocks, however, is dense 
(sound) white limestone, transected by sparry veins containing small crystals of 
pyrite (Osborne, 1996). In this, and many other instances, breakdown blocks are 
found to bounded by pre-existing discontinuities in the limestone (veins, joints, 
micro-faults etc.) that have been opened/mobilised by weathering, rather than by 
recent fractures of sound rock. 

2. 6. Continued fragmentation of fallen blocks 

At many of the localities examined (e.g. Kozja jama v Pogorelem hribu), fallen 
blocks in breakdown piles were found to be in the process of disintegration. This dis­
integration was clearly taking place after the rocks had fallen (Fig.4). This continua­
tion of fragmentation, principally due to crystal wedging, plays an important role in 
the removal of breakdown material from cave voids. 

Post-parting disintegration, dissolution of breakdown by strong acid released from 
the weathering of pyrite, and dissolution of breakdown piles below the water table 
provides the answer to Waltham's dilemma (see above). Whereas breakdown may in 
some cases fill caves, commonly the breakdown pile is removed, resulting in contin­
ued expansion of the cave void. 

2. 7. Movement of breakdown piles may be independent of fresh breakdown 
Breakdown piles in caves, like talus slopes and cones in the surface environment, 

may move without any new material being added to them. Also, like their surface 
equivalents, breakdown piles should be considered to be in a constant state of slow 
motion. As a consequence, movement of a breakdown pile may considerably alter the 

Fig. 4 - Limestone blocks in breakdown pile, Kozja jama v Pogorelem hribu. Note "weath­
ered" surface of blocks. Blocks show continuing post-fall disintegration. Lens cap 55mm. 


