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Preface 

Dear Ladies and Gentlemen, dear Guests! 

 

We meet in the same region, and very close to the place in which the 3rd Pseudokarst 

Symposium was held in 1988. The scenic landscapes of the Saxon Switzerland are the 

same, as we admired in 1988. However, 22 years from 1988 to 2010 means one human 

generation, so this time-span gives accurate opportunity to ask about the development of 

our knowledge, progress of scientific studies and organisation of work. Since the 3rd 

Symposium in Königstein in 1988 we have several general International Symposia held in 

different European countries: Czech Rep., Hungary, Italy, Poland, Romania, Slovakia as 

well as many other international and national meetings concerning various aspects of 

pseudokarst phenomena – from geology and geomorphology, through biology, archaeolo-

gy, caving and nature conservation, which were organised all over the Europe and out of 

this continent. Let me express our thanks for organizers of all these events. 

Since the beginning of the eighties of the 20 century the activity in studies of pseudo-

karst phenomena gradually gained more apparent organisational forms, which was servi-

ced in large part by Mr Jiří Kopecký and his Czech colleagues. And owing to efforts of Mr 

István Eszterhás, the organisational works were finalized by formal foundation of the 

Commission for Pseudokarst UIS in 1997. Therefore, both the Honorary Presidents of the 

Commission, Jiří Kopecký and István Eszterhás are given our gratitude. The Commission 

under the leadership of Mr Eszterhás focussed its activity on organisation of meetings and 

symposia as well as publication of Newsletters. Newsletter no 20 has been issued this 

spring. 

Looking at the recent past, we remember the last, 10th Symposium on Pseudokarst in 

Go-rizia, Italy, in May 2008 and hospitality of our hosts from the Centro Ricerche Carsi-

che “C. Seppenhofer”, so I would like to say our thanks to them, once more. Between that, 

10th Symposium and this, 11th Symposium, the pseudokarst scientific session and mee-

ting were organised during the 15th International Congress of Speleology, Kerville, July 

2009. Thanks to Jan Paul van der Pas chairing the meeting in Kerville, George Szentes 

and all other persons attending this meeting. The recent achievement of the Commission is 

its web-page accessible all over the world – we appreciate the work of Hartmut Simmert. 

Since the First Pseudokarst Symposium publications have been the most important, real 

and persistent effects of the scientific activity in pseudokarst. The materials of all Interna-

tional Pseudokarst Symposia as well as of many other meetings concerning similar scien-

tific problems have been published. They have illustrated the progress in exploration, de-

scription and studies of unique and specific formations and phenomena resembling karst 

but not karstic. And although the scientific definition of the term “pseudokarst” have still 

not been commonly accepted, we gathered under the motto of pseudokarst again, here in 
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Saxony Switzerland so as to share our experiences, results of our explorations and scien-

tific studies of such formations and phenomena. 

I am sure that this, 11th Symposium on Pseudokarst will contribute to develop our 

know-ledge about processes producing specific landforms and landscapes recognised as 

pseu-dokarst and about life in such landscapes. I would like to express our thanks to orga-

nisers of this Symposium from the Hoehlen-und Karstforschung Dresden e.V, for their ef-

forts in its preparation and hospitality. And I wish all of participants to get interesting 

knowledge profiting in your further exploration and scientific work as well as fascinating 

experiences during field sessions in unusual and picturesque landscapes of the Saxony 

Switzerland. 

 

The 11th International Symposium on Pseudokarst in Saupsdorf, Saxony Switzerland is 

open! 

 

Jan Urban 

President of the Commission for Pseudokarst UIS 
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Programme 

12 May 2010 (Wednesday) 

from 04:00 p.m. Arrival and registration of participants 

13 May 2010 (Thursday) 

08:00 – 08:45 a.m. breakfast 

09:00 – 09:20 a.m. Jan Urban: 

Opening session 

09:20 – 09:40 a.m. Hartmut Simmert: 

Pseudokarst in the Elbe sandstone mountains 

09:40 – 10:00 a.m. Rudolf Pavuza: 

A short treatise on Austrian pseudokarst-speleothems 

10:00 – 10:20 a.m. Jiri Adamovic: 

Lithological controls on sandstone weathering: a proposal of 

morphofacies for the humid temperate zone of Europe 

10:20 – 10:40 a.m. Wlodek Margielewski: 

Crevice type caves of Polish Flysch Carpathians and their con-

nection with development of surface mass movements 

10:40 – 11:00 a.m. - break - 

11:00 – 11:20 a.m. Ludovit Gaal: 

Current state of tree mould caves research 

11:20 – 11:40 a.m. Jiri Bruthans: 

Sandstone caves with spherical cavities: Did they originate by 

airflow-induced disintegration during glacial period? 

11:40 – 12:00 a.m. Laura Sanna: 

Two examples of pseudokarst features in South Supramonte 

(Sardinia, Italy) 

12:00 a.m. – 01:00 p.m. lunch 

01:00 – 07:00 p.m. Excursions E1, E2, E3, E4, E5 

07:00 – 08:00 p.m. dinner 
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08:00 – 09:00 p.m. Meeting of the Pseudokarst Commission 

14 May 2010 (Friday) 

08:00 – 08:45 a.m. breakfast 

09:00 – 09:20 a.m. Elzbieta Dumnicka: 

Variability of environmental conditions and aquatic fau-

na composition in Jaskinia Miecharska Cave (Beskidy 

Mts., Outer Carpathians) 

09:20 – 09:40 a.m. Radek Mikulas: 

Oblique notches and ledges on natural surfaces of po-

rous rocks: a record of past level of soil surface (central 

and western Europe, north eastern Africa) 

09:40 – 10:00 a.m. Matthias Arnhold: 

Bio speleology of the Elbsandsteingebirge 

10:00 – 10:20 a.m. Wojciech Gubala: 

Bats hibernating in pseudokarst caves in Eastern Beski-

dy Mountains 

10:20 – 10:40 a.m. break 

10:40 – 11:00 a.m. Juan-Ramon Vidal-Romani: 

Speleothem development and biological activity in gra-

nite cavities  

11:00 – 11:20 a.m. David Holmgren: 

Microclimatological survey of the Ice Gulch in the Whi-

te Mountains, New Hampshire, USA 

11:20 – 11:40 a.m. Istvan Ezterhas: 

Butterflies like the Caves of the Volcanic Rocks 

11:40 – 12:00 a.m. Rabbe Sjöberg: 

Welcome to the 2nd Conference on Granites Caves in 

Sweden 2011  

12:00 a.m. – 01:00 p.m. lunch 

01:00 – 07:00 p.m. Excursions E1, E2, E4, E5 

07:00 – 08:00 p.m. Lunch 

15 May 2010 (Saturday) 

08:00 – 08:45 a.m. breakfast 

09:00 – 09:20 a.m. Jan Urban: 

Caves in the Flysch Carpathians detected by ERT me-
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thod 

09:20 – 09:40 a.m. Brano Smida: 

The longest quartzite caves in the world 

09:40 – 10:00 a.m. Tomas Lanczos: 

Quartzite Caves of the Venezuelan Table Mountains – 

Speleogenesis 

10:00 – 10:20 a.m. Tomas Lanczos: 

Quartzite Caves of the Venezuelan Table Mountains – 

Speleothems 

10:20 – 10:40 a.m. Break 

10:40 – 11:00 a.m. Marcos Vaqueiro: 

Pseudokarst in granites - How granite caves are develo-

ped 

11:00 – 11:20 a.m. Georg Szentes: 

Presentation of some Abrasion Caves in New Zealand - 

near Auckland 

 

11:20 – 11:40 a.m. Maurizio Tavagnutti: 

Pseudokarst phenomena on the island of Malta 

Presentation of the proceedings of the 10th International 

Symposium on Pseudokarst 

11:40 – 12:00 a.m. Jörg Templin: 

Erosion and corrosion in quartzite sandstone 

12:00 a.m. – 01:00 p.m. lunch 

01:00 – 07:00 p.m. Excursions E1, E3, E4, E5 

07:00 – 08:00 p.m. lunch 

08:00 – xxx p.m. Closing ceremony 

16 May 2010 (Sunday) 

08:00 – 08:45 a.m. breakfast 

from 09:00 a.m. Departure of participants 

10:00 a.m. – 01:00 p.m. Guided sightseeing tour of Dresden 
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Excursions 

E1: Hike (walking tour) to the table mountain “Quirl“ and visit of various small caves 

E2: Hike in the area of the Polenztal and visit of the cave „Höhle am Neuweg“ 

E3: Hike to the Affensteine concerning various pseudokarst phenomena 

E4: Cave tour “Tiefe Höhle“ (“Deep Cave”, Bielatal) 

E5: Cave tour “Wohlrabhöhle“ (“Wohlrab Cave”, Bielatal) 

E6: Cavetour “Ruscherhöhle“ (“Ruscher Cave”, Bielatal) 

 

 

Location of the meeting place and excursion areas 
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The Elbe Sandstone Mountains 

The origin of the Elbe Sandstone Mountains dates back to the Cretaceous period. At this 

time almost all of Europe was covered by water. On the bottom sand, clay and chalk were 

deposited. These sediments were compacted to a homogeneous sandstone board by the 

pressure of the sea. 

This board was broken by the movements of the earth‟s crust, cracks and clefts were deve-

loped. 

After the sea withdrew the sandstone was formed by the ice age, wind and water, whe-

reupon the more solid sandstone put up stronger resistance against erosion. Like that the 

gorges and valleys between the bizarrely formed jagged sandstone rocks that today give 

the Saxon Switzerland its special appeal emerged. 

The touristic exploration began in the early 19th century. The name Saxon Switzerland 

goes back to the Swiss painters Anton Graff and Adrian Zingg who were workig in Dres-

den around 1780. 

To preserve the beauty and uniqueness of the Saxon Switzerland with its about 900 

climbing summits, 320 caves and a hiking trail network of around 1200 km for climbers, 

hikers and tourists it was put under protection in 1990. In 1991 the National Park Saxon 

Switzerland with an area of 93 square kilometers was founded. 

Three surface excursions E1, E2, and E3 will guide the participants of the symposium 

in very different areas with characteristic symptoms of sandstone weathering, which will 

be showed the spot, explained and discussed. 

Interested in Caving can participate to the field trips E4, E5 and E6. Moreover, it fol-

lows a number of other ways to get to know in the days of the symposium the beautiful 

sandstone mountains in the center of Europe. One thing is definitely: the time is of course 

much too short. 
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Concerning the geology of the Elbe Sandstone Mountains 

Martina Glauche 

Höhlen- und Karstforschung Dresden e.V. 

Summary 

This paper gives a description of the geological situation of the Elbe Sandstone Moun-

tains. For that purpose it gives an overview of the petrography and morphology, the sand-

stone erosion with its interesting effects, the tectonics of the area and peculiarities. 

Introduction and connections between petrography and morphology 

The Elbe Sandstone Mountains, also called Saxon Switzerland in the vernacular, belong 

to the most beautiful low mountain ranges of Germany because of their peculiar scenic 

appeal. They have an area of around 700 square kilometres and are characterized by bizar-

re rocks, populated and agriculturally used plateaus, the deeply cut Elbe valley and its ca-

nyon-like side valleys. 

The Elbe Sandstone Mountains are a subarea of the Saxon Upper Cretaceous that is 

bound to the NW/SE-striding Elbe Valley Area. 

The Elbe Valley Area, also called Elbe Valley lineament, represents a complex fault 

with expansion and contraction signs in the Cretaceous formations and in the bedrock wi-

thout recrystallization on the level of today‟s outcrops. It has been active from the Creta-

ceous period until today. 

The geological layer succession in the Elbe Sandstone Mountains reaches from the Ce-

noman to the Coniac. A purely sandy facies dominates through which the scenery is coi-

ned by curt formations. 

The purely sandy facies of the Elbe Sandstone Mountains can be seen alongside the 

clay-limestone facies west and south-west of the line Pirna-Rosenthal, whose scenery is 

smooth and even. The facies changes in the Pirna area. This is expressed in the exceptio-

nally rich layer formation. 

Because sandstone has a high absorptive capacity – it can absorb up to one tenth of wa-

ter of its own weight – a considerable part of the run-off water drains away. The water 

movement is stopped by ponding layers, mostly razor-thin but also up to two decimetres 

thick, and proceeds partly horizontally to a emersion point. Outcrops of those layers are 

less characterized by humidity but rather by weathering phenomena (hole series, cavettos 

up to deep strata caves – here the predominant cave shape). 

Where those intermediate layers accumulate the sandstone seems strongly subdivided 

and with small beds. In the landscape these zones appear slope forming or planarity for-

ming. But if the sandstone is marginally structured steep rock faces are formed. 

With the help of the described petrographic-morphologic differences Lam-precht 

(1927) classified this sandy facies of the Elbe Sandstone Mountains that is poor in fossils 

(see appendix 1 – revised by H. Rast). The sandstone levels are identified by Roman let-

ters, the separative marginal horizons are written in Greek letters. 
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Sandstone weathering and mineral generation 

The sandstone weathering mainly results from chemical weathering – mechanical forces 

and influences of the vegetation take inferior effects. 

The water circling within the sandstone contains free sulphuric acid and the elements 

aluminium, potassium and calcium are dissolved away from the binder. If this solution di-

scharges on the rock surface the water (solvent) evaporates and around the emersion 

points circular secretions of gypsum are formed that cement the sandstone. Only if very 

much solvent has evaporated also the easily solved alum discharges within the gypsum 

cementation circles. But in contrast with the gypsum the crystallized alum octahedron do 

not work cementing but destroying by breaking away single grains of sandstone. In this 

way deep holes within the gypsum rings are formed, so called honeycombs on the sand-

stone surface. 

But next to the initial cementation also the gypsum contributes to the destruction of the 

sandstone. The volume increase that is connected to the gypsum secretion leads to the de-

tachment of thick crusts (with the honeycomb structures) and smooth sandstone surfaces 

are formed on which under suitable circumstances the “honeycomb weathering” can start 

again. 

Particularly good circumstances for chemical weathering are met above the already sta-

ted intermediate clay layers where even deep layer weathering (fissure caves) and follo-

wing avalanches are possible. This kind of destruction can often be seen on the rock struc-

tures of the Elbe Sandstone Mountains. 

Similarly to the gypsum also iron hydroxide and silicic acid work compacting. 

Another phenomenon of the Elbe Sandstone Mountains is the apparition of brown hae-

matite ledges, i.e. some sandstone parts are waterproofed by brown haematite. This brown 

haematite appears needle iron ore. The pyrite and brown haematite fraction of the sand-

stone, locally also sandy brown iron ore scree and – especially in the lusatian thrust fault – 

the tertiary basalt volcanism come into question as iron suppliers. 

But not only the chemical weathering alone but also the physical and biological weathe-

ring have destroying effects on the sandstone. As examples the caldera-, tub-, clint- and 

gryke-like weathering formations shall be mantioned. For instance the formation of so cal-

led “tubs” starts where there are differences in structure and texture of the sandstone. Un-

der accidental external influences, perhaps the wind-caused drop-out of rougher grains, 

the influences of inferior plants etc. a chemical and mechanical loosening of the rock sur-

face sets in and smaller hollows are the consequence. The formed “dimples” facilitate the 

moisture absorption and by thet the attrition of the rock, organisms can settle more inten-

sively andethe chamical, physical and biological weathering work together and find good 

points of attack. 

Next to the mentioned formations you can find small caves in warious walls with left-

behind pillars that are called hourglasses. They develop at percolation points of the water 

escaping at the sides because of the intermediate layers. At these percolation points the 

binder and quarzite grains are washed away and hollows are formed where also the other 

weathering formations work. In the end bigger hollows separated by not affected sandsto-

ne parts are formed. 



14 

 

Tectonics 

The Cretacious sediments of the south-west Elbe Sandstone Mountains are transgressively 

bedded on the older ground (gneisses of the eastern Ore Mountains resp. Precambrian and 

Palaeozoic stone of the Elbe Valley Slate Mountains) with few exceptions, so that the to 

SW prescinded subsoil represents an erosion edge. However the NE boundary of the Elbe 

Sandstone Mountains is characterized by the Lusatian Fault (also called Lusatian Thrust 

Fault). The Lusatian granodiorite massif is lifted up on a fault line whose winding course 

on the north-eastern boundary of the sandstone area corresponds to the granite-sandstone 

border and is locally thrusted upwards. The higher resistance of granodiorite to erosion led 

to a higher outcrop than the sandstone at the Lusatian Thrust Fault – characterized by soft 

mountainous formations. 

The nearly WE directed important fault line of the Lusatian Thrust Fault of the grano-

diorite was approx. 300 to 400 m higher than the already existing sandstone. It runs from 

Hinterhermsdorf via Altendorf to Hohnstein and separates the granodiorite in the north 

from the sandstone in the south and with that also two different landscapes. The stone 

border is hard to recognize in the scenery. The whole tectonic picture is rather complica-

ted and seems to be a clod mosaic (NE/SW, N/S, NW/SE) – here the Lusitian System and 

the Ore Mountain System are distinguished. The Elbe Sandstone is passed through by a 

predominantly rectangular fissue system where the two tectonic main directions of the Lu-

sitian Thrust Fault and the Ore Mountains break-off follow. Including the fissures the 

sandstone is split into cuboid which lead to the term cuboid sandstone. 

Both the horizontal and vertical pressure component of the Lusitian Thrust Fault took 

essential part in forming. In the area around the thrust fault there are two rectangular main 

fissure plane systems, one in the direction of the pressure, one rectangular to it. The exis-

ting cleft fissure system was already formed during the diagenesis – that is to say from the 

Upper Cretaceous on – and was recoined and emphasized by the following tectonic activi-

ties (Lusatian Thrust Fault, Ore Mountains brink, basaltic breakups). The Ore Mountains 

brink (Oligocene to Pliocene) went on to the excursion area as a step fault which led to the 

general inclination of 1 – 3° N of the Saxon part of the Elbe Sandstone Mountains. 

The rise of basic melts in the desruption zone has to be seen in close connection to the 

tectonic activities in the Tertiary Period. These volcanites rose up to different altitudes and 

formed conical and ridge shaped “basaltic mauntains” (Tephrites or Nephelinites, Phonoli-

tes - real basalts cannot be found in the Elbe Sandstone Mountains) that stand out from the 

conifer wooded sandstone massifs, because they were more resistant against weathering 

than sandstone. Mostly the sandstone formations are called “Steine” (rocks) while while 

the basic resp. granodioritic elevations are called “Berge” (mountains). In areas where the 

intrusion peak of the basic volcanites lies deep canyons were formed through the draining 

of the torn sandstone above. Occasionally volcanites bogged in the sandstone were exca-

vated by weathering processes. For example the Großer Zschirnstein, Großer Winterberg, 

Kleiner Winterberg, Raumberg, the Vosi vrch and the Tanecnice are made of basaltic ma-

terial. 



15 

 

References 

Lamprecht, F.: Die Schichtlagerung des Turons im sächsisch-böhmischen Elbsandsteingebirge; 

Ber. d. math.-phys. kl. sächs. Akad. d. Wiss. Leipzig, S. 155-186, Leipzig 1934 

Müller, B.; Wächter, K.: Beiträge zur Tektonik der Elbtalzone unter besonderer Berücksichtigung 

der Lausitzer Störung; Geodät. Geophys. Veröfftl., R. III, Heft 8, Berlin 1970 

Pfeiffer, L.: Beitrag zur Petrochemie der sächsischen Tertiärvulkanite, Freiberger Forschungsheft 

333, Leipzig 1978 

Rast, H.: Geologischer Führer durch das Elbsandsteingebirge, Freiberg 1959 

Rast, H.: Zur Geologie der Basalte im Elbsandsteingebirge, Geophys. U. Geologie, Folge3, S. 18-

73, Leipzig 1962 

Exkursionsführer: „Die Elbezone als Teil des Elbelineaments (Gebiet DDR), Strukturelle Bedeu-

tung und Entwicklung“ Gesellschaft für Geologische Wissenschaften, Berlin 1983 

Dr. K.-A. Tröger: Vortrag „Geologische Exkursion Elbsandsteingebirge 1975“ (Mitschrift) 

Exkursionsführer der Gruppe Höhlen- und Karstforschung Dresden im Kulturbund der DDR, FG 

Geologie, Teil „Abriss der Geologie“ von M. Barthel; Rathen, 04.-06.06.1982 
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Excursion I: Table mountain Quirl 

Guide: Reinhard Müller 

Route: Starting point Pfaffendorf sports ground, Quirl north side, Baumann Cave, 

Zwergenlöcher (Dwarf Holes), Small and Big Fissue Cave, Biwak Cave, Diebs-

keller (Thieves Cellar), climb notch, over plateau to south-east point of the Quirl 

(vantage point, rock bowls), descent to south side via Sterl Cave I resp. via the 

Kanonenweg (hiking trail). footslope south side to Sterl Cave II, strata fissure 

cave, back to sprots ground. 

The caves of the Quirl 

Although also the caves of the Quirl got higher attention through the touristic exploration 

of the Saxon Switzerland one can assume that as early as in prehistoric times they were vi-

sited and inhabited by human beings. During the first surveying of the Diebskeller (Thie-

ves Cellar) proofs for the use of the cave during the Neolihic Period were found. Later, 

during the Bronze Age, the neighbouring Pfaffenstein accommodated a settlement. Becau-

se of the direct neighbourhood it can be assumed that also at this time the Quirl with its 

many caves was visited by humans. 

At the end of the 19th century the caves served as hiding places for the bunch of crooks 

aroung Sterl. The two caves on the south side of the Quirl are named after him. 

1 Concerning the geology of the Quirl 

The massif of the Quirl is a solid body with a length of approx. 1000 m in NW-SE directi-

on and a maximum width of 350 m. The plateau of the Quirl is the biggest compact sum-

mit surface of all table mountains of the Saxon Switzerland. In the area of the Quirl you 

can find at least 13 caves, most of them on the north-east side. 

The Quirl is set up of the Postelwitz formation (β3 to γ3) and a Pleistocene clay layer in 

the area of the summit plateau. At the south-east point the upper parts of the level “β 3” 

crop out. The summit plateau is made of Pleistocene d ecalcified loess that makes the ve-

getation on the plateau possible by damming up water. 

The Layer β3 is set up of clayey-sandy rock and is easily recognized by a distinctive 

fold resp. a rock edge. The maximum thickness of this layer is 2,0 m. An example for cave 

formation in the level β3 is the Pferdestall (Horses Stable); also parts of the Baumann Ca-

ve are apparently situated in this layer. 
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Fig. 2. stratigraficial situation in the area of „Königstein“ 

The following layers C1 and C2 are hardly distinguishable and entirely free of caves. 

The next speleologically interesting layer is γ2. In this layer with similar condition as 

β3 lies the biggest strata fissure cave of the Saxon Switzerland, the Diebskeller (Thieves 

Cellar). C3 is strikingly yellow coloured and built of thick beds. 

The layer γ3 is characterized by small grained sandstone and a concise weathering (ca-

vetto). The Quirl does not bear a cave in this layer. 

The northeast side has in the range of source horizons many moisture-cave formations. 

The reason is the northeast dip of the layered complex. On the dry south-west side mainly 

debris formation and honeycomb weathering lead to speleologically interesting structures. 

The northsided aquiferous layers (“strata fissure layers”) are formed as abris on the south 

side of the Quirl. 
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2 The caves of the Quirl massif 

 
 

14 smaller and bigger caves are known in the Quirl area. A peculiarity of the Quirl is 

the fact that here all cave forms, partly in combination can be found. Solely the stone gate 

cannot be found, whereas in this case it is only a special form of the strata fissure cave. 

Next to that also other forms of sandstone weathering can be found (hourglasses, honey-

comb weathering, alum crusts, etc.). 

2.1 Strata Fissure Cave 

On the northern side of the Quirl 3 some levels with fugues of layer are distinctive (above 

β3, γ1 and γ2). On the level above γ3 no strata fissure cave can be found in the nearly mis-

sing layer “d”, probably because of the minor formation and with that the missing water 

storage. 
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2.1.1 The Diebeshöhle (Thieves Cellar) 

 

 

Fig. 3. Ground plan and cross section of the cave “Thieves Cellar” 

As the biggest Strata fissure cave in the Quirl and also one of the biggest caves in the Sa-

xon Switzerland is the so called “Thieves Cellar”. This cave, also called “Thieves Cave” 

or “Gutbier Cave” (after the Saxon geologist August von Gutbier) lies above the level 

„γ2“. The cave has a length of 29 m, a maximum width of 8 m and is 2 to 4 m high. At the 

back a dislocation joint that serves as ground water pipe through the water storing layers 

above cave level and by that has a major influence on the cave genesis is cut. Significantly 

the cave ends exactly at this fault. 

2.1.2 The Zwergenlöcher (Dwarf’s Holes) 

The Zwergenlöcher are smaller but nonetheless interesting in their formetions, where a 

combination of strata fissure cave and joint cave can be found. Also here the strata fissure 

formation ends in the area of the joint fissure. In the entrance area the fissure is weathered 

forming hourglasses, the inner parts get bigger and reach 2 x 1,5 m. The cave formation in 

nearly northern direction takes the shape of a joint fissure cave. 
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2.1.2 The Schichtfugenhöhle (Strata fissure cave) 

On the south-west side of the Quirl the only cave formation bound to a strata fissure can 

be found, the Schichtfugenhöhle. In this area also the only spring of the south west side, 

but this spring only carries water after the snowmelt or extensive rainfall. The Schichtfu-

genhöhle consists of a 2 x 3 m sized strata fissure weathering. 

2.2 Joint Caves 

Due to tectonic influence during the Tertiary joints and faults were formed withing the 

sandstone and then represented favoured migration paths for the ground water. In this con-

text you can find erosion and corrosion phenomena in the sandstone. These processes led 

to the formation of so called joint caves in the marginal areas of the Quirl. 

2.2.1 Kleine Klufthöhle and Große Klufthöhle (Small and Big Joint Cave) 

North of the Dwarf‟s Holes you can find two parallel, nearly NE-SW stridung faults, the 

Small and the Big Joint Cave. Whereas the Small Joint Cave is only accessible for the first 

5 m the Big Joint Cave is very high and can be visited horizontally for 8 m. A vertical tour 

is possible for at least 6 m. 

2.2.2 The Kletterhöhle (Climbing Cave) 

The only in 1974 discovered cave (first known visit 25 May 1974 R. Winkelhöfer, U. 

Rathner, W. and H. Heine) is situated above the other cave levels and is only accessible by 

climbing which explains the late discovery. This cave is a joint on an also NE-SW stri-

dung fault (similar to Kleine and Große Klufthöhle). In the front area the rock is weathe-

red in the course of a strata fissure as an abri. Boulders formed in this context form a deb-

ris cave in the area of this abri. The cave might be in the layer „γ3“. There are remarkable 

salt afflorescence inside the cave due to the low humidity. 

There is also a joint fissure of the Climbing Cave that can easily be localized on the pla-

teau. 

2.3 Collapse caves 

This is a special form of the joint caves where a joint was widened by tectonic influences 

and relatively limited sliding movements so that sliding boulders get jammed in the wide-

ned joint and formed the cave. 

2.3.1 The Baumann Cave 

The Baumann Cave is a collapse cave consisting of several chambers. The single cham-

bers are up to 6 m long and 4 m high. It is one of the biggest caves in the Quirl. 
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2.3.2 The Bivouac Cave 

The Bivouac Cave (also called Bunker Cave or X1) consists of a relatively big main 

chamber that is connected to a chamber with two passage facilities by a crawling gang-

way. The anthropogene artefacts (wall, installations) give evidence of the lack of judg-

ment of overcome times. 

2.3.3 The Sterl Cave II 

This cave was formed when the outer boulder slided a little downhill so that the already 

existing joint was widened. sliding boulders covered the joint and formed the cave ceiling. 

2.4 Debris caves 

Debris caves are formed within the rubble of rock masses that were taken off the rock by a 

debris avalanche. Next to the Sterl Cave I that was formed by nature there is also the 

Trümmerhöhle (Debris Cave) on the north east side of the Quirl that was formed during 

the Prussian-Austrian War in 1866 when the old access to the Quirl was blasted. 

2.5 Further speleogenetic formations at the Quirl 

Next to the dfferent cave types the Quirl shows a series of formations connected closely to 

the weathering of the sandstone. “Hourglasses” and honeycomb weathering are two 

examples. Are hourglasses are mainly spread on the more humid north eastern side whe-

reas the honeycomb weathering can be found mainly on the dryer south western side. 

Areas with low humidity show gypsum and alum efflorescence. In the area of the vantage 

point on the plateau several “rock bowls” as a form of the locally stronger weathering of 

the sandstone can be found. 
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Excursion II: Hohnstein / Polenztal 

Guide: Hartmut Simmert 

Route: Starting point Hohnstein, Hiking car park „Am ehemaligen Bahnhof“, Halben-

weg, Kaltes Loch / Gautschgrotte (Gautsch Grotto), Diebskeller (Thieves Cellar) 

in former mine of Hohnstein, Kleiner Kuhstall (Small Cow Stable), ledge Nas-

horn, cave “Höhle am Neuweg”, Hohnstein. 

Hohenstein / Polenztal 

The excursion area Hohenstein / Polenztal is situated on the right Elbe bank on the nor-

thern boundary of the Saxon Switzerland. 

Geomorphologically this area is coined by two faults. On the one hand by the lusatian 

thrust fault coming arcross Hohnstein from N and NE, a tectonic dislocation at which at 

the end of the Cretaceous Period (67 m years ago) the older lusatian granodiorite was 

shelved onto the younger chalkstone (regional fault height approx. 600 m). (Pre-

scher 1975, p. 14). The second fault is the canyon-like erosion valley of the Polenz brook. 

The sandstone cropped out in the excursion area lithostratigraphically belong to the 

Upper Turone and Coniac (sandstone layers c-d-e). Due to the enormous tectonic stress in 

the contact area of the Lusatian Thrust Fault the sandstones are often pervaded with fissu-

res and capillary cracks that mostly healed with quarzite accumulations / silicic acid and 

can now be seen as quazite veins, silifications, quarzite layers and slickensides. 

(Gerth 2006, p. 68) 

Our excursion route leads to a variety of geologic and speleologig outcrops on the left 

Polenz Valley slope. 

Starting and finish point of our excursion is the Hohnstein. From the car park in th up-

per city we go to the southern point of the city, here lies the access to the Schindergraben / 

Apothekersteig behind the Hotel “Abiente”. In the upper valley in the contact area to the 

Lusitian granite complex a small brook rises and flows through this steep small side valley 

to the Polenz brook. We walk down the Apothekersteig to a sandstone bridge over the 

Schindergraben and meet the Halbenweg. This hiking trail leadt approximately horizontal-

ly, roughly said on in niveau of the delta 2 layer in the upper part of the Polenz Valley 

slope. We follow this trail to the left (north west) and have an attractive view over the his-

toric Castle of Hohnstein. The trail leds us suoth around the ledge Großer Halben. It lies in 

the upper part of the sandstone layer d. 

On the mountain side we now see hole layers, hourglasses and strata fissures as charac-

teristic, often horizontally bound weatherig formations. 

From the Halbenweg a small path branches off to a vantage point on a wooded ledge. 

Here we have an impressive outlook into the Polenz Valley. The Polenz Brook rises in the 

Lusitian granite massif east of Neustadt / Saxony. 

After barely 30 km it is united with the Sebnitz Brook becoming the Lachsbach (Sal-

mon Brook) and near Bad Schandau flows into the Elbe. 

After this side-trip we follow the Halbenweg to the “Kaltes Loch” (Cold Hole). 
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Kaltes Loch (Cold Hole) / Gautsch Grotto 

The Cold Hole is a NW-SE striding side valley in the left Polenz Valley slope between the 

rocks Großer Halben und Kleiner Halben. In the upper valley the Gautsch Grotto is situa-

ted. It is one of the backward valleys typical for the Saxon Switzerland. 

The erosion of the today episodically and with little water flowing brook is dropped be-

hind the one of the receiving stream (Polenz Brook). The valley brink today lies 30 m 

above the Polens level. 

The bottom of the valley of the Cold Hole is covered by boulder akkumulations where 

also a remarkable debris cave was faormed. The big thrust masses derivate from valley 

widening wall disruption, mostly from wall areas over deeply weathered layer borders. 

From the Halbenweg a signposted path leads to the upper valley and the Gautsch Grot-

to. 

This remarkable natural formation was named after the famous explorer of the Elbe 

Sandstone Mountains Carl Gautsch (1810 – 1979). 

The deeply weatered stratum delta 2 is situated around the arched valley brink and in 

the foot wall of the ledge “Kleiner Halben”. The walls above of the sandstone layer e form 

remarkable abris. A small water flow with rather little water supply falls from the wall in 

the back. Its point of impact on the bottom of the valley lies in a rock basin a few metres 

below the layer delta 2. The formation of the impact basin that has a 10 – 12 m diameter 

must have taken place in times of a stronger water supply (Pleistocene, see also Rast 1959, 

p 119). 

From the Cold Hole we take the Halbenweg southwards to the excursion point “Diebs-

keller” (Thieves Cellar) in a former quarry. 
 

 

Fig. 4. The Gautsch Grotto near Hohnstein (Photography: H. Simmert 2010) 
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Diebskeller (Thieves Cellar) near Hohenstein 

The former quarry has been levelled and is now wooded and therefore hard to recognize. 

Only the sandstone paved exit (Steinbruchweg) reminds of this period. 

The Tieves Cellar is a strata fissures abri above the layer delta 2. (Börtitz 1962, p. 209) 

The Tieves Cellar has an arched ground plan. The range of the daylight entrance is app-

rox. 23 m, the height to the eaves are approx. 3.2 m. The flatly curved ridge of the abri 

gets lower to the inside. A small abyss water emersion can be seen on the left strata fissu-

res arches. The bottom is covered with sand and sandstone boulders. 

A vertical abyss over the strata fissures has been washed out to an up to 1,5 m wide 

channel with potholes in times of bigger water supply. In these times there is only a small 

dripping water supply. 

 

Fig. 5. Thieves Cellar in a former quarry near Hohnstein (Photography: B.Wutzig 2009) 

We leave the former quarry on the “Begangsteig”. This path leads with many bends 

over the Polenz Valley and on the western side on the level of the layer delta 2. On this 

path we reach a number of reports of the intensive sandstone weathering and traces of the 

tectonic stress of the Lusitian Tust Fault. 

At first we follow the “Begangsteig” in the northern side of the north going ledge. On 

our way we can see the “Clementiner Tor”, a rock-like perforation a few metres above our 

heads in a stone ridge. 
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Kleiner Kuhstall (Small Cow Stable) 

The “Small Cow Stable” is a strata fissure tunnel in the foot wall of the climbing summit 

„Berken von der Duba Wacht“. 

This stone tunnel was formed in the area of the strato border layer delta 2 and a NNE-

SSW striding vertical joint. (Börtitz 1962, p. 209/210) 

The tunnel is approx. 8 m long, in the centre it is approx. 3.5 m wide, the entrance on 

the south ist approx. 4 m and on the north approx. 8.2 m wide, the entrances are about 1.5 

m high. The rocky bottom of the cave is rather uneven and in the south it goes down in 

stairs. 

As an effect of the Lusitian Thrust Fault the outcropping sandstone in the border layer of 

the lower walls is made of small pieces and has quarzite grains. On the north and west side 

the layer delta 2 forms a visible terrace. 

From the south access of the Small Cow Stable we follow the path going along the wall 

into the next valley arch. we pass deep strata fissure weatherings and abris, small slicken-

sides, stone walls with big areas of honeycomb weathering and two slided wall clods in a 

rock alley (near forest number 251). 

On this trail around a small valley we reach an approx. 16 m long and on strata fissure 

level 6 m wide stone alley that separates the Nashorngipfel (Rhinoceros Summit) from the 

ledge. 

 

 

Fig. 6. Small Cow Stable near Hohnstein, view from the north (Photography: H.Simmert 2010) 
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Nashorngipfel (Rhinoceros Summit) 

At the Rhinoceros Summit you can see an 

exemplary the strata fissure weathering and 

cave genesis in the area of the here strongly 

quarzitic layer delta 2. (Börtitz 1962, p. 210) 

Through the stone alley we reach the south 

side of the rock. Next to the deeply weathe-

red strata fissure a small collapse cave was 

formed at a joint cross. In this cave you can 

climb over two rock stairs to an upper exit. 

The west point of the rock entirely excava-

ted except for some small pillars and the flat 

strata fissure cave is accessible from three di-

rections. 

On the north side of the Rhinoceros Sum-

mit the layer delta 2 is vastly covered with 

soil and boulders. At the Rhinoceros Summit 

plenty of slickensides and small quarzitic 

joints can be found. 

From the Rhinoceros Summit we walk the 

same path back to the valley arch and walk 

through the stone alley next to the forest 

number -251- onto the massif plateau. Here 

we follow the forest trail south-east to the 

Räumigtweg. We follow this hiking trail app-

rox. 200 m to the left (east) until a few metres 

behind a forking a forest path branches off to 

the right. It leads eastwards, also past a small 

wild meadow, to the Neuweg. We follow this 

path to the right (south) and after approx. 80 

m the Neuweg leads down to the Polenz Val-

ley. Right away in the upper valley part we 

reach the waterfall of the “Waldborn”. 
 

The small brook rises a few hundred metres north-east in the contact area to the Lusa-

tian granite complex. With seasonally strongly varying water supply it falls down a barely 

10 m high sandstone step and runs dry exactly at the impact point into the “Höhle am 

Neuweg” (Cave at the Neuweg) below. 

Höhle am Neuweg (Cave at the Neuweg) 

The cave is situated in the upper part of the Neuweg leading down to the Polenz Valley, 

belaow the waterfall of the Waldhorn. The cave entrance can be found directly at the foot 

wall of the strongly bedded, partly overhanging wall, directly south-west next to the Neu-

weg. 

Fig. 7 Horizontal section through the rhino 

Summit (Cave and Karst Research Dresden, 

1981) 
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Fig. 8. Stone alley at the Nashorngipfel, view from the south (Photography: B. Wutzig 2009) 

Speleomorphologically the “Cave at the Neuweg” is a combination of collapse and deb-

ris cave above a strata fissure layer. The longitudinal side of the cave in SSW – NNE is 

approx. 38 m. The cave has got a temporary cave brook (Börtitz 1962, p. 210). In the in-

stable debris area and in winterly glaciation caution is necessary. 

   

Fig. 9. Terrain situation in the entrance area 

of the “Höhle am Neuweg”. In the bottom left 

corner the cave entrance can be seen, in the 

upper right corner in the background the wa-

terfall glaciated in winter (Photography: B. 

Wutzig 2010) 
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Way back to Hohenstein 

After the cave tour we ascend to Neuweg to the plateau and follow the now wide forest 

path north, approx. 1 km to Hohenstein. 
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Excursion III: Affensteingebiet/Vordere Sächsische Schweiz 

Guide: Bernd Wutzig 

Route: Starting point Kirnitzschtal (Kirnitzsch Valley) / Beuthenfall, Car park Beu-

thenfall, Bloßstock, Zwillingsstiege, to the upper Häntzschelstiege, onto Lan-

ges Horn, via Reitsteig to Schneeberger Loch, back via Frienstein and des-

cent to Kirnitzschtal. 

Alternative: ascent over Felsklamm, Wilde Hölle, vantage point Carolafelsen, Langes 

Horn, further as above. 

Affensteine 

The excursion Affensteine leads us to an attractive part of the Saxon Switzerland on the 

right side of the Elbe with a pronounced geomorpholocical structure of the landscape. The 

sandsones forming plateaus, slopes and 

high rocky formations belong to the stra-

tas of the middle and upper turone to co-

niac (sandstone layers b-e) (1). These li-

thostratigraphic layers and the tectonic 

joint network are characteristic attack 

poits for an intense sandstone weathering 

and a requirement for its often horizontal-

ly bound makro, meso and mikro forms 

(Börner 1988, p. 8). 

Starting and finish point of our excursi-

on is the Beuthenfall in the Kirnitzsch 

Valley. 

The Beuthenfall is a brook on the nor-

thern valley slope with mostly small water 

supply that here falls down a stone step. 

Over a sandstone bridge we cross the 

Kirnitzsch brook that rises in the Lusitian 

granite district not far from Rumburg in 

the Czech Republic and flows into the El-

be near Bad Schandau. 

Our way to the Affensteine leads us on 

a slightly rising forest road through the 

Dietrichsgrund and on southwards on the 

Unterer Heideweg to the Unterer Affen-

steinweg that here branches off to the 

west. After a short distance a path bran-

ches off uphill to the Bloßstock. 

Fig. 10. The Bloßstock, remarkable climbing 

summit in the Affensteine, Saxon Switzerland 

Photography: Bernd Wutzig 2009 
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Bloßstock 

The Bloßstock forms a massive 80 m high rock tower as the nortern point of the ledge 

Langes Horn, it stratigraphically belongs to the wall forming sandstone layers c3 and d. 

Traces of the corrosive and erosive sandstone weathering can especially be found in the 

lower parts of the Bloßstock west wall. As a likely side effect of the Tertiary volcanism 

you can find typical brown haematite accumulation (limonite) as joint-bound but also sha-

peless meandering brown haematite ledges. 

From the Bloßstock a mountain trail leads us through the Großes Bauerloch to the lo-

wer entrance of the Zwilligsstiege (Twin‟s Stairs). The climbing passages of this deman-

ding staircase are constructed with solid iron clamps as climbing assistance. As steep fo-

rest track this way leads onto the Oberer Affensteinweg (Upper Affenstein Trail). We 

follow this hiking trail to the left (east) to the entrance of the upper part of the Häntzels-

tiege (Häntzschel Stairs). In corrosively widened joints of the sandstone level this also ful-

ly constructed staircase leads to the summit plateau of the ledge Langes Horn (Long 

Horn). 

Langes Horn (Long Horn) 

From the ledge Langes Horn you have an impressive view over the erosion landscape of a 

part of the front Saxon Switzerland with its bizarrely divided rock massifs, deep erosion 

areas and table mountains – partly with Tertiary volcanic intrusions of basaltic rocks. 

On the Langes Horn we can find a variety of weathering forations of the Creataceous 

sandstone. 

Grykes that trace the typical sandstone cuboid formation and other karst-forms especial-

ly at the outcropping rock areas as well as bizarre stone formations as weathering remains 

and single hourglasses. 

Numerous only 1-2 cm wide joints in the outcropping rocks are healed with brown 

haematite accumulation. 

We now leave the Langes Horn to the south and follow the hiking trail Reitsteig east-

wards to the Winterberg (Winter Mountain). After approx. 400 m we reach a distinctive 

appearance of grykes. 

Grykes above the Schneeberger Loch (Schneeberger Hole) 

The grykes on the massif plateau above the Schneeberger Loch are a descriptive example 

for the weathering formations in exposed location. They are applied in the sandstone of 

the layer d, where joints cross, striding NEE-SWW and NNW-SSE. Also in this outcrop 

brown haematite accumulations as joint filling can be found. (Börner 1988, S. 9) 

As a further often horizontally bound weathering formation some rock bowls (Kamenit-

sa) can be found on the summit plateau. 

At the exposed south point of the plateau above the Schneeberger Loch and on the 

summit plateaus of the rock towers in front we can look upon numerous channel forms. 

From our point of view we have a marvellous view over the rock scenery around the 

Schmilka caldera down to the Elbe Valley. 



32 

 

 

 

Fig. 11. Filigree sandstone arch on the Langes Horn (Photography: B. Wutzig 2009) 

 

 

Fig. 12. Grykes above the Schneeberger Loch (Photography: B. Wutzig 2009) 
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Stone Gate (Kleiner Kuhstall/Small cow Stable) and Strata Fissure Cave in 
the Schneeberger Loch 

 

Fig. 13. Flat rock bowl on the plateau above the Schneeberger Loch (Photography: B. Wutzig 

2009) 

From the fork Reitsteig – descent to the 

Frienstein (forest number 177) we go on approx. 

60 m towards the Winterberg and walk from the 

Reitsteig southwards through a small stone alley 

to the bottom of the Schneeberger Loch. 

At the south-west end of the ledge the remar-

kable stone gate can be found. 

The strata fissures and joint bound fissure is 

approx. 8 m wide, has a maximum height of 3.8 

m and is approx 4 m deep. The bottom of the 

stone gate is flat and covered with some boul-

ders from the jointed and small pieced sandstone 

ledge. (cmp. Börtiz 1962, p. 215/216) 

Through the strata fissure cave in the Schnee-

berger Loch we walk through the stone gate and 

follow the path at the bottom of the sandstone 

ledge on the level of the strata fissure layer. 

 
Fig. 14. View of the stone gate from the north (Photo: 

B. Wutzig 2009) 
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Speleologically seen it is a big Abri in the area of the horizontal strata fissure and a ver-

tical joint in the stone wall. The span width of the abri measures approx. 25 m, the maxi-

mum depth approx. 7 m, the height below the eaves approx. 3.5 m, the average chamber 

height at the back approx. 2 m. The flat bottom is covered with sand. (vgl. Börtitz 1962, 

p. 216) 

From the Schneeberger Loch we take the same trail back to the crest path Reitsteig and 

leave it at the forest number 177 to the north on the descent to the Frienstein. 
 

 

Fig. 15. Strata fissure cave in the Schneeberger Loch (Photo: B. Wutzig 2009) 

Frienstein (Vorderes Raubschloss/Front Thieves Castle), Frienstein-höhle 
(Frienstein Cave) 

The Frienstein is a big ledge between the Kleiner Winterberg (Small Winter Mountain) 

and the Affensteine. Like many other “stones” in this area it carried a castle complex in 

the Middle Ages, hence today the Name “Vorderes Raubschloss”. 

We reach the Frienstein summit at the south side at the niveau of the border layer delta 

2. The west side of the Frienstein is coined by strata fissure weathering, a sandy terrace 

and coarsely pieced boulders derivating from debris avalanches. 

At the north side the path leads down through a big chockstone and as a small ledge to 

the east side to the Frienstein Cave. 
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Fig. 16. View to the Frienstein Cave from the Upper Affenstein Trail (Photography: B. Wutzig – 

2010) 

The Frienstein Cave is a typical cave formation in the contact area of the water dam-

ming layer delta 2, the sandstone layer e above and a vertical SW-NE striding joint. At the 

bottom of the north eastern cave entrance is covered with coarsely pieced debris from the 

excavated joint area. 

The strata fissure part of the cave goes as a tunnel around a rock pillar. The bottom of 

the cave is covered with sand. In front of the entrance the layer delta 2 forms a terrace 

from which you have a marvellous view over the Kleiner Zschand. (cmp. Börtitz 1962, 

p. 215) 

Back to the Beutenfall in the Kirnitzschtal 

From the Frienstein we take the Friensteinstiege down to the Königsweg. We follow this 

trail to the west until the forking Hinterer Heideweg. Via the Vorderer Heideweg in the 

Dietrichsgrund and the forest road back to the Kirnitzsch Valley and the Beuthenfall. 

Ascension alternative Wilde Hölle (Wild Hell) 

If the Zwillingsstiege should not be accessible on the excursion day we take this attractive 

alternative. 

From the lower Affensteinweg we take the south-eastern branching forest path through 

the Kleines Bauernloch up to the gorge Wilde Hölle. Shortly before the access to the gor-
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ge we take a side trip on the left (east) to the foot of the ledge. In the lower parts sandstone 

honeycombs and bizarrely filigree brown haematite accumulations can be seen. 

On the same path we go back to the Wilde Hölle. 

The gorge “Wilde Hölle” (Wild Hell) is a classic example for an intense sandstone wea-

thering in the intersection area of a strata fissure layer and a vertical joint that in this case 

also serves as an erosion channel of a temporary brook. 

Over staricases and boulders we descent through a short gorge into a calder. The brook 

falls down a stone step in the caldera wall, mostly only as dripping water, into a flat sand-

stone basin at the bottom. In the very wet caldera wall we can see another flat strata fissu-

re weathering formation. 

The descent leads over an iron staircase out of the caldera onto a forest trail up to the 

Upper Affenstein Trail. Not far from this crossing we take the eastern uphill path onto the 

ledge Langes Horn and with that we are again on our actual excursion route. 

 

Fig. 17. The gorge Wilde Hölle in the Affensteine (Photography: B. Wutzig 2009) 
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Excursion IV: “Tiefe Höhle” (Deep Cave) 

Guide: Falk Thieme 

Route: Drive by car into Bielatal (Biela Valley), parking at Ottomühle (Otto mill, about 

1 hour), from here walk about 30 minutes to the cave with a slight increase. 

The cave is located near the restaurant in Bielatal Otto mill on the left side slope above the 

cave “Bennohöhle”. She was for some time the deepest cave in the Saxon Switzerland, 

hence the name. The explorers tried to find at the end of excavation by a sequel in the 

depths - to no avail. It is a characteristic of the Saxon Switzerland gap cavity. The cave is 

formed by mass movement of large blocks, to drop the preconceived tectonic fissures in 

the valley. 

 

Map of the “Tiefe Höhle” Drawing: Frank Börner (1985) - Reproduced with kind permission 

In the input column you climb over the block (also including crawl possible) and rises 

about 10 meters down to a corner. This one we follow to the left and passes through a 

constriction into a larger chamber. In the back of this room you climb ca. 2m from a nar-

row point and follows the column filled with blocks horizontally about 5m. The column 

opens up to a 13m deep shaft. You have two ways of achieving the shaft floor: in the main 

shaft or abseiling, climbing down into the small shaft on the right side. At the shaft base is 

the Book of Caverns and you can visit the excavation site. 

For the cave-tour shaft-cave equipment is recommended. Skilled climbers navigate the 

cave without any equipment. For the excursion we have installed a rope ladder and a fixed 

rope. 
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Excursion V: “Wohlrabhöhle” (wohlrab cave) 

Guide: Jörg Templin 

Route: Drive by car into Bielatal (Biela Valley), parking at Ottomühle (Otto mill, about 

1 hour), from here walk about 20 minutes to the cave with a slight increase. 

The cave was discovered in the 70s 

and still is the deepest known cave in 

the Saxon Switzerland. It is situated in 

the upper Biela Valley in the south-west 

part of the Saxon Switzerland. Starting 

point is the car park OTTOMÜHLE. 

From the southern part of the car park 

you cross the Biela below. After follo-

wing the main hiking trail for approx. 

150 m upstream the Biela you walk up 

the slope. The joint cave is situated in a 

group of rocks between Schildkröte/ 

Schildkrötenturm and Kanzelturm. 

The orifice of the cave lies in a verti-

cal gap opening to the outside. Follo-

wing this gap for approx. 20 m hori-

zontally you get to the actual roping 

point. The following main pit is 32 m 

deep. Via a approx. 7 m high climbing 

spot and two further pits that are con-

nected by horizontal parts you get to the 

deepest point of 45 m. But this is only 

accessible through a very narrow pit. 

The deepest point has got two cave la-

kes on ground water level.

Fig. 18. In the narrow crevices of Wohlrabhöhle 

(Photo: Jörg Templin) 
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Excursion VI: “Johannes-Ruscher-Cave” 

Guide: Jörg Templin 

Route: Drive by car into Bielatal (Biela Valley), parking at Ottomühle (Otto mill, about 

1 hour), from here walk about 20 minutes to the cave with a slight increase. 

Johannes- Ruscher – Cave 

The cave is situated in the Upper Bielatal in the south-west part of the Saxon Switzerland. 

Starting point is the car park OTTOMÜHLE. Following the main hiking trail in the direc-

tion of the Grenzplatte you walk through the BIELAGRUND and pass the recuing hut. 

After crossing the BIELA you take the rising left hand trail parallel to the BIELA towards 

the EISLOCH. Passing by the group of rocks STUMPFER KEGEL you take the steep 

track and on the right hand sided group of rocks you come to an entrance of this joint ca-

ve. 16 metres above this you can find a second entrance. Via both you get through narrow 

pits to the horizontal centre part and climbing down to the bottom of the cave. The total 

depth of the cave is 43 m and the total length is 86 m. It was discovered in 1978. Speleo-

logists grade the visit of the cave as difficult. 
 

 

Fig. 21. During the new surveying in February 2010 (Photo: Jörg Templin) 
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Fig. 22. Tunnel formation on a strata fissure. The sand is preserved. (Photography: H. Simmert) 

 

Fig. 23. Cave formation through disruption of boulders from the rock unit (Photography: H. 

Simmert) 
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Fig. 24. Cave formation through strata fissure weathering in the table mountain Quirl (Photog-

raphy: H. Simmert) 

 

Fig. 25. Quarzite speleothemes in the climbing cave (table mountain Quirl) (Photography: H. 

Simmert) 
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The landforms developed on sandstones and conglomerates are typically described as 

discrete phenomena with no genetic interrelationships, and their lithological controls are 

as yet poorly understood. The concept of micro- and mesoscale sandstone morphofacies is 

employed as a key to the understanding of sandstone weathering processes in the realm of 

humid temperate zone. 

The type of microforms on steep cliff faces is a function of sandstone lithology (grain 

size, sorting, cementation, tectonic deformation), climate, and local conditions (microcli-

mate, height above cliff base, height above local base level, vegetation, etc.). In our re-

search, we eliminated the effect of climate by restricting our observations to the humid 

temperate zone, typical for central and western Europe. Such climate is favourable for the 

complexity of sandstone microrelief, as it combines warm summers with sufficient solar 

irradiation and noctidiurnal temperature variations, cold winters with regular frost and 

snow cover, and more or less evenly distributed precipitations throughout the year. Local 

effects were respected by documenting cliff faces at various settings within one site. This 

approach permitted us to describe the relationships between the sandstone relief and sand-

stone lithology with the least possible bias. 

Outcrop documentation concentrated on sandstone districts of the Bohemian-Saxonian 

Cretaceous Basin (Kokořín area, Bohemian Paradise, Bohemian-Saxonian Switzerland, 

Lusatian Mts., Broumov area), Moravian, Polish and Slovak Carpathians, the Petit Suisse 

region at the Luxembourg–Germany border, and the sandstone/quartzite districts in the 

Paris Basin (Fontainebleau, Larchant) in France. The lithological parameters recorded in 

the field and in the lab included clast and cement composition, sedimentary textures and 

structures, jointing and faulting, rock crust formation and composition of speleothems and 

salt efflorescences, pore size distribution, and technological properties of rocks. The ob-

served weathering patterns were grouped into eleven morphofacies, each characterized by 
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a specific set of micro- to mesoforms. A tentative list of the morphofacies is presented he-

re, best fitting to moderately inhomogeneous sandstones. 
 

Morpho-facies Principal relief-shaping 

lithological factor 

Typical microforms Type locality 

smooth surfaces no cementation, weak lithi-

fication, fine to medium 

grain size 

poorly developed linear-arranged 

honeycomb pits, rhombic honey-

comb pits, Trittkarren, rock win-

dows, rounded pillar tops  

Apolena Cliffs near 

Jičín, Bohemian Pa-

radise, CR 

symmetrical cavi-

ties 

weak cementation, fine to 

medium grain size  

flat-bottomed cavities of triangular 

or oval shapes, cellular honey-

comb pits, rock windows 

Komín Gorge, 

Kokořín area, CR 

sedimentary struc-

tures 

horizontal stratification and 

cross-bedding, poor sorting, 

moderate cementation 

low-relief ledges, linear-arranged 

honeycomb pits 

Dědovy kameny 

Cliffs, Svojkov near 

Česká Lípa, CR 

spherical honey-

combs 

massive or poorly stratified 

structure, medium grain si-

ze, moderate cementation 

spherical honeycomb pits: solitary, 

forming grids or irregular ledges, 

Wandkarren 

Kobylka Gorge near 

Mńeno, Kokořín 

area, CR 

thick rock crusts sulphate rock crusts, fine 

grain size, presence of clay 

or carbonate matrix 

undulating surfaces, shallow tape-

ring honeycomb pits 

Rač Plateau, 

Kokořín area, CR 

thin rock crusts 

with case-

hardening function 

opal crusts/coatings on cliff 

surface, medium grain size 

honeycomb pits with prominent 

linings 

Chipka Pass near 

Berdorf, Luxem-

bourg 

heterolithic – con-

cave forms 

strong cementation with 

weakly cemented enclaves  

spherical or tunnel-shaped cavities Čertůvky Cliffs, 

Chřiby Mts., CR 

heterolithic – con-

vex forms 

strongly cemented tabular/ 

lenticular beds or concreti-

ons in less cemented sand-

stone 

high-relief ledges, tensional co-

lumns, mushroom rocks 

Perekop near Ber-

dorf, Luxembourg 

stenomorphic ho-

neycombs 

shear faults with silica ce-

mentation, deformation 

banding 

stenomorphic honeycomb pits, 

ribs 

Horní skály Cliffs 

near Rynoltice, Lu-

satian Mts., CR 

polygonal cracks evenly distributed silica 

cement, macropore volume 

reduction 

polygonal cracks, rock basins Apremont-Bizons 

near Barbizon, 

France 

siliceous karst 

forms 

strong silica cementation, 

strong macropore and mic-

ropore volume reduction 

facetted surfaces, rock basins, sili-

ca speleothems 

Milńtejn, Lusatian 

Mts., CR 

 

Physical weathering, like frost weathering, solar irradiation or wind abrasion, were long 

believed to be the only processes of sandstone relief shaping. In the last two decades, 

other factors have been also proved to play a role. Quartzose sandstones were shown to be 

partly shaped by chemical dissolution of grains and/or cement (Young 1986). The high 

degree of silica dissolution in such cases is explained by elevated pH values or elevated 

temperatures of pore waters, or by high flushing rates over a prolonged time. Even if 

quartz dissolution removes only a minor proportion of the rock volume, it is critical for 

landform evolution: large masses of loose residue are then easily removed by physical 

transport. The same obviously applies to sandstones with unevenly dispersed carbonate 
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cement. Crystallization of salts and silica from pore waters has been also revealed to be 

responsible for the formation of a range of microforms, especially honeycomb pits (Cílek 

1998, Mikuláń 2001, Williams and Robinson 2001) Substances dissolved in pore water act 

in two opposite directions: 1. salt weathering – crystallization of salts in pores in a near-

surface zone ca. 1 m broad, 2. case hardening − the precipitation of cement at or near the 

rock surface, which results in the formation of rock crusts of variable morphology, thick-

ness and durability. 

Each of the outlined sandstone weathering morphofacies is characterized by a specific 

combination of physical weathering, salt weathering/case hardening, and chemical disso-

lution of clasts and cement. The estimated shares of these processes for separate morpho-

facies are expressed in the ternary diagram below. 

This study was funded by project No. IAA300130806 of the Grant Agency AS CR. 

 

References 

Cilek V. (1998): Fyzikálně chemické procesy vzniku pískovcového pseudokrasu. In Cílek V. and 

Kopecký J. eds., Pískovcový fenomén: klíma, ņivot a reliéf. Knih. Čes. speleol. Spol., 32: 134-

153. Praha. (in Czech, English abstract) 

Mikuláń R. (2001): Gravity and orientated pressure as factors controlling “honeycomb weathering” 

of the Cretaceous castellated sandstones (northern Bohemia, Czech Republic). Bull. Czech 

Geol. Surv., 76: 217-226. 

Williams R.B.G. and Robinson D.A. (2001): Experimental frost weathering of sandstone by va-

rious combinations of salts. Earth Surf. Process. Landforms, 26: 811-818. 

Young R.W. (1986): Tower karst in sandstone: Bungle Bungle massif, northwestern Australia. Z. 

Geomorph. N. F., 30: 189-202. 



47 

 

Biospeleology / Saxony sandstone - caves 

Matthias Arnhold 

Höhlenforschergruppe Dresden e.V. 

Summary 

The Elbe Sandstone Mountains are situated in the far Southeast of Germany, only a few 

kilometers from Dresden, between the Erzgebirge and the Lausitzer Bergland. It extends 

from Pirna across the Czech border to Decin in Bohemia. The German part is named Sa-

xon Switzerland and is 368 square kilometers wide. Over thousand of years heavy water 

and wind erosion made a fascinating variety of shapes: mesas, canyons, rock needles and 

sandstone-caves. This biospeleological lecture gives an overview over the cave fauna and 

cave flora. 

The Elbe Sandstone Mountains are divided in Sächsische Schweiz and Böhmische 

Schweiz (Ceské Svýcarsko). It gives us a many-sided open space in plants and animal 

world experience. By help of observations and information in cadastral documents of ca-

ves numerous animals could be proved in the area. In general the living conditions often 

are marked in the area by relatively steady temperatures, low annual temperature variati-

ons, high air humidity and nearly absolute darkness. The food offer is low. The occurence 

of "real" cave animals (Troglobionte) is limited. The most of these animals are arthropods. 

Water-inhabiting cave animals play no essential rule in the sandstone caves, because stea-

dy water aggregations are extremely seldom. To the troglophielen kinds are counted parti-

cularly bats, cave-spending the winter butterflies, diptera, gliridae and salamander. Some 

specific features are the occurence of luminous moss (schistostega osmundacea) and root 

stalagmits (Wurzelstatagmiten). 

Some local kinds 

Arthropod (arthopoda) 

 insects (insecta) / diptera: trichoptera, limonia nubeculosa, culex pipiens, heleomyzidae 

 insects (insecta) / neuroptera: myrmeleon formicarius (a specialist in the fine sand is the 

antlion, he digs a funnel and waits for prey) 

 butterflies (lepitoptera): scoliopteryx libatrix, inachis io, triphosa dubitata 

 spiders (araneida): meta menardi, meta meriane, nesticus cellulanus...(The caves csoss 

spider – meta menardi, is a specialist. This spider captures its prey by a net and as a 

hunter. Throughout all territory it lives.) 
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Mollusc (mollusca) 

 snails (gastropoda): morlina glabra, balea biplicata, limax cinereoniger, arion rufus, ari-

on fuscus 

Grasshopper (salatoria) 

 rhaphidopharidae 

Water inhabitant (There are few water caves.) 

 hirudinea, gammarus fossarum, dugesia gonocephala, planorbis planorbis 

Vertebrate (vetebrata) 

 bats (chirotera): myotis daubentoni, rhinolophus hipposderos, myotis mytos,... 

 rodent (rodentia): microtus agrestis, gliridae,... 

Mushrooms (mycobionta) 

 basidomycetes (many species, due to lack of light there are specific shapes and colors) 

Root stalagmits 

 A special feature in the sandstone caves are the root stalagmits. They are not made of 

limestone, they are a network of roots. This is a real feature and is tied to moist sites  

Moss (bryophyta) 

 Luminous moss (schistostega osmundacea) 

 

 
Fig. 1. Root stalagmit 
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Fig. 2. Meta Menardi 

 
Fig. 3. Myrmeleon formicarius 
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Many sandstone caves in so-called Bohemian Paradise (Czech Republic) contain spherical 

cavities. By shape they resemble hydrothermal karst caves, for example Sátorkö-puszta 

(Hungary). 

Caves were mapped in horizontal plane and vertical sections. Thickness of the sedimen-

tary fill was measured by soil probe. In several caves carbonate sinters covering surface of 

spherical cavities were found and sampled. Cave sinters in 4 sandstone caves in the Bo-

hemian Paradise were dated by means of 14C and U/Th methods. 

Caves are typically several meters or few tens of meters long. They are open in rock fa-

ce; thickness of overburden is commonly just several meters. Sedimentary fill in the caves 

is mostly several decimeters thick. In vertical sections the upward chimneys and pockets 

are mostly deeper than hollows in the floor filled by sediment. In many cases the fractures 

does not affect the shape of the spherical cavities. This means that fractures are either 

younger than caves or they did not affect the cave formation. 

Cave sinters were deposited 5-13 kyr BP. Sinters proved that sides of studied caves did 

not retreated even few mm for at least last 8 kyr BP. This demonstrates that caves were 

created by processes, which does not operate at recent time. Based on dating and archeo-

logical evidence, the caves were created prior Holocene, probably in glacial time. 

Remarkable similarity with some hydrothermal karst caves indicates possibility that 

fluid convection mechanism may be responsible for origin of these caves. We believe that 

originally bedding plane-guided or join-guided caves were extended by repeated free-

ze/melt cycles in sandstone subjected to permafrost conditions. Heat was transported by 

flowing air in convection cells. In summer time the relatively warm air was entering the 

caves, where it was cooled down by cold sides of passages. Condensated water was acting 

in sandstone below the floor of cave. Sand grains from decomposed sandstone were trans-

ported out of caves by periodic streams. Hypothesis is supported by measurement of air 

flow in caves during summer, which is the same as proposed by the model. 

Research was supported by institutional project no. MSM0021620855 and grant project 

IAA300130806 (GA AV ČR). 
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Jaskinia Miecharska Cave, formed in the sandstone rocks, is a single Polish pseudokarst 

cave with a stream flowing into its passages from earth surface and passing by the greater 

part of its galleries (Margielewski et al. 2007). Moreover in the lower part of the cave a 

pool is found. The majority of cave galleries and chambers is situated 10 – 20 m below 

earth surface, but in few points cave passages reach to the ground level. 

In September 2009 in one of such places stream water found a new way inside the cave 

bringing inside large amount of organic matter (leaves, plant‟s remains, etc.), washed out 

from the soil. At this time in the subterranean sector of the stream the availability of food 

for aquatic fauna distinctly increased. Also the number of organisms, representing “surfa-

ce-water” forms such as larvae of aquatic flies and caddis-flies considerably increased, but 

these species survived in the subterranean sector of the stream for a short time only. Popu-

lations of permanent cave waters inhabitants stated previously in the cave stream (Dumni-

cka 2008, 2009), such as: polychaetes (Hrabeiella periglandulata), oligochaetes (Rhyacod-

rilus falciformis, Marionina argentea, Cernosvitoviella spp.) and crustaceans (Niphargus 

tatrensis) continue to exist. 

The relative abundance of terrestrial oligochaete species increased, probably due to the 

bigger organic matter content in the sediments – comparable to that found in the soil. In 

the same time the composition and density of fauna found in the pool did not change in 

comparison to that stated in years 2006 – 2007. In the waters of Jaskinia Miecharska cave 

some environmental parameters such as temperature, conductivity, pH value, content of 

calcium, magnesium, sulphates and chloride are stable or almost stable but other parame-

ters such as nutrient and oxygen concentrations and the amount of organic matter in the 

sediments could change considerably depending on the magnitude of water flow. Such va-

riations influence mainly the abundance of fauna, but species composition of permanent 

cave water inhabitants is almost stable. Nevertheless monitoring of environmental para-

meters as well as the situation of the cave dwelling species should be continued due to its 

uniqueness. 
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Butterflies like the Caves of the Volcanic Rocks 

István Eszterhás 

Honorary President of the Pseudokarst Commission 

Isztimér; Hungary 

After the comparsion in more than two hundred karst and non-karst caves in turns out that 

the habitats of the troglophile butterflies are 2-3 times larger in the non-karst caves. These 

butterflies are using the caves as resting place in the daytime, as well as allowing the ima-

go to overwinter in the caves. The study presents three prevalent species of Central Euro-

pe, which are charasreistic for the non-karst caves in Hungary, too. The majority of the 

butterfly species are accidentally got into the caves, but three of them purposely reside in 

the caves. The three species are the Tissue (Triphosa dubitata L.), the Herald Moth (Sco-

liopteryx libatrix L.) and the European Peacock (Inachis io L.) 

Up to now in twenty-one non-karst caves of Hungary were found troglophile butterflies. 

Also in seventeen non-karst caves of the adjacent areas (mountains ranging into Austria 

and Slovakia) troglophile butterflies are to be found. In 30 caves, only 1 species is to be 

found. Two species are living in 5 caves (Ebeckého jaskyňa, Klafterlucke, Komín na 

Ragáči, Labirintová jaskyňa, Nyáryho jaskyňa) and all of the three species were found in 3 

caves (Blindstollen, Csörgő-lyuk, Rózsa Sándor-barlang). – See the tabling! 

 There are more reasons that the butterflies to be found in caves that were formed in the 

volcanic rocks. One of them is that some caterpillar of the troglophile butterflies solely 

feed upon leaves of the plants, which grow in carbonate-free soil. The spreading of the 

vegetal nourishment of their caterpillars obviously affects the density and proportions of 

the butterflies in a cave. The berrybearing alder (Frangula alnus), the goat willow (Salix 

caprea) and the aspen (Populus tremula) grow solely in lime free soil. Therefore the Tis-

sue (Triphosa dubitata) and the Herald Moth (Scoliopteryx libatrix) can be observed rarely 

in karst caves, whilst their occur frequently, sometimes in a mass in the non-karst caves. 
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No. and Caves: Countries and 

 Towns: 

Triphosa 

 dubitata: 

Scoliopteryx 

 libatrix: 

Inachis 

 io: 

1. Araszoló-barlang H, Raposka O   

2. Arzgrube A, Lockenhaus  O  

3. Asbest-werkstollen II.  A, Rechnitz  O  

4. Asbestwerkstollen III. A, Rechnitz  O  

5. Blindstollen A, Bernstein O O O 

6. Csörgő-lyuk H, Mátraszentimre O O O 

7. Dreifrauen-höhle A, Althodis  O  

8. Ebeczkého jaskyňa SK, Hajnáčka  O O 

9. Galériás-barlang H, Háromhuta O   

10. Gotthartkluft A, Markt Neuhodis O   

11. Halász Árpád-barlang H, Nagyvázsony O   

12. Heanzenstein-Felsdach A, Bernstein O   

13. Hodisbach-stollen A, Markt Neuhodis  O  

14. Josef-Polatschek-Kluft A, Markt Neuhodis O   

15. Kalapos-kői-barlang H, Bozsok O   

16. Kis-barlang H, Fony   O 

17. Kis-barlang H, Legyesbénye O   

18. Kis-kői-bazaltbarlang H, Szilaspogony   O 

19. Kis-Szilvás-kői-hasadék H, Salgótarján  O  

20. Klafterlucke A, Rechnitz O O  

21. Kleine Beerriegelzelle A, Lockenhaus   O 

22. Komín na Ragáči SK, Hajnáčka  O O 

23. Kőajtós-barlang H, Nagygörbő  O  

24. Labirintová jaskyňa SK, Stara Basta   O O 

25. Lepke-barlang H, Telkibánya   O 

26. Lepkés-barlang H, Nagygörbő  O  

27. Lepkés-barlang H, Szokolya   O 

28. Lepkeszárny-barlang H, Regéc   O 

29. Marcinek-barlang H, Salgótarján O   

30. Nyáryho jaskyňa SK, Stara Basta  O O 

31. Póklak H, Háromhuta O   

32. Pokol-lik H, Kapolcs  O  

33. Pulai-bazaltbarlang H, Pula  O  

34. Redlschlag-stollen A, Redlschlag  O  

35. Róka-lyuk H, Fony O   

36. Rózsa Sándor-barlang H, Fony O O O 

37. Sinterspalte A, Lockenhaus   O 

38. Sziklakonyha H, Somlóvásárhely O   

In the non-karst caves of Hungary (and of adjacent areas) occurring troglophile butterflies 
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Current state of tree mould caves research 

Ludovít Gaál 

Slovak Caves Administration, Liptovsky Mikulas, Slovakia 

Tree mold caves belong to the most interesting pseudokarst underground spaces. They 

originate by pyrogenic (born out), mechanical (weathering) and biogenic (by bacteria, 

fungi) removing of tree trunks covered by lava or volcanoclastic material. According to 

our knowledge they have been researched as early as beginning of 20th century in Slova-

kia (Kmet, 1902) and Japan (Ishihara, 1929). Several hundred well researched tree mould 

caves occur in Japan, less in United States (e. g. Greeley & Hyde 1972, Owen 2008) and 

Central Europe (Slovakia, Hungary, Czech Republic). Tree mould caves occur also in Ca-

nary Islands (Socorro, in verb.), probably in Haiti and Romania but their documentation is 

absent. 

Lot of classifications of tree mould caves have been proposed in the past. The most of 

them in Japan but these relate only for lava tree mold caves. Ishihara (1929), Tanaka 

(1995) and Ogawa (1996) proposed classification according to features and structures of 

lava tree mould caves, Honda (1999) according to their formation process and Tachihara 

et al. (2002) by their morphological shapes. Bella & Gaál (2007) proposed the classificati-

on of tree mould caves according to their genetic process. They distinguish the following 

types: syngenetic pyrogenic caves, epigenetic mechanical weathering caves, epigenetic 

biogenic destructive caves and the combination of the two last types. However in case of 

older tree mould caves we can hardly distinguish the mechanical weathering and biogenic 

destructive caves or its combination. 

Several new tree mould caves have been researched during last years in Slovakia and 

Hungary. Especially important is the finding of Miocene andesite lava tree mould cave in 

3 localities in Slovakia: Vihorlat (Jaskyňa pod Dúpnou finding by Tomasz Mleczek), 

Ostrôņky Mts (Jánońíkova skrýńa) and Polana Mts (Brankova skrýńa). In all cases the cy-

linder-shape of body drifted by fluent andesite lava is apparent. In northern Hungary 2 

new tree mould caves have been found by geologist Peter Prakfalvi in 2008. Both caves 

originated in Miocene andesite conglomerate on the distal part of Lysec volcano which is 

situated in Slovakia. Some tree mould caves have been described by Gradziński (2008) in 

travertine of Slovakia. 

Less known in pseudokarst literature is an interesting compound tree mould cave in 

Miocene lahar named Jeskyně skřítku (Babůrek et al. 1990). 
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Pseudo karst landforms in the Adriatic side of north-east Apennine 
(Italy) 

Sandro Galdenzi 

Jesi (AN), Italy 

Abstract 

The review of the caves and landforms in the north east Apennine led to the identification 

of different types of pseudokarst phenomena, developed in different geomorphic and stra-

tigraphic settings both in karst-bearing and insoluble sedimentary rocks  

The most favourable places for non-karstic caves or landforms are the thick slabs of 

competent rock, generally limestone, overlying claystone and marl. Depressions, open 

cracks and shafts (up to 165 m deep) are common in these areas subject to landslide mo-

vements. Bedding caves and niches on the contrary develop in the sedimentary rocks whe-

re claystone and thick permeable layers alternate. 

Water flow can occur inside the vertical caves, but it is not implied in their genesis and 

generally has only a secondary importance during the cave evolution. On the contrary, the 

large inclined caves (up to 250 m long) in claystone can develop from stream water erosi-

on on the floor after a first, embryonic karst passage was formed inside an overlying cal-

carenitic layer  

Introduction 

Karst landforms are well known in the north east Apennines, where many small caves and 

some important cave systems, such as Monte Cucco and Frasassi (Galdenzi, 2004; 2009), 

develop in the limestone outcrops of the mountainous inlands. Surface landforms, on the 

contrary, are less developed; few polje-like endoreic areas ("Piani") are known, while do-

linas are not common. Small limestone outcrops are also in the eastern hilly zone, near the 

Adriatic Sea. Surface karst and some caves are also in the narrow outcrops of Messinian 

gypsum  

Pseudokarst landforms develop in different geologic settings owing to different proces-

ses, but they are not well described in the existing scientific literature. A geologic guide 

(Guerra, 2001) incorrectly cites one of the most important gypsum caves of the region as 

pseudokarst. On the contrary, some caves were referred to gravitational movements but 

reported as karst (Berluti Lorenzini et al., 2003)  

The present paper offers a review of the existing pseudokarstic landforms, mainly ca-

ves, that were not formed by solutional processes. They will be described according to the 

Vitek classification (1983). In this paper, all the landforms produced mainly by solutional 
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processes will be considered as karstic, without regard to the characteristics of the rocks or 

the type of the chemical process  

Geographic setting 

The studied region, in central Italy, is found on the Adriatic side of the appennic chain 

between the valleys of Marecchia and Tronto Rivers, and can be divided in two main 

parts, that differ in terms of litology, altitude, and morphology (Fig. 1). In the inland, a 

mountainous landscape prevails in the Apennines, with mainly carbonate rocks. Two main 

ridges develop from NNW to SSE, parallel to the Adriatic coast line. In the south, these 

ridges join and the altitude increases, exceeding 2000 m in the Laga and in the Sibillini 

Mountains (M. Vettore, 2474 m). Near the Adriatic Sea, the Apennine is bordered by a 40 

km wide hilly zone, with prevailing weakly lithified marine terrigenous rocks. The altitude 

ranges between 200 and 600 m and increases up to over 1000 m in the southern part of the 

region. 

The climate is temperate sub-continental in the main valleys and apenninic continental 

in the mountains. The annual average temperature varies between 10 and 13°C, depending 

mainly on altitude. In January the average temperature is lower than 6 °C, while in July it 

can exceed 25 °C. The average amount of precipitation varies between 700 mm year-1 in 

the valley and 1800 mm year-1 in the mountains. Precipitation generally reaches a maxi-

mum in autumn and spring, while evaporation exceeds precipitation in summer. The 

south-eastern part of the area has lower precipitation and higher temperature than the inner 

and northern zones. 

Geologic setting 

This sector of the Apennines consists of a fold-and-thrust belt, verging North-East (Fig.1), 

formed owing to the converging movements between European and African plates that in-

volved the Mesozoic-Tertiary marine sedimentary succession (Crescenti et al., 2004, with 

references)  

The mountains correspond mainly to outcrops of the Umbria-Marche-Romagna marine 

succession, that deposited in the Tethyan continental domain from Triassic to lower Mio-

cene (Regione Marche, 1991). The oldest outcropping unit is the Early Jurassic carbonate 

platform, overlied by hemi-pelagic limestone (Jurassic – Eocene) and marl (Oligocene – 

Miocene)  

In the Montefeltro, in the north-west, the Miocene deposits of the Umbria-Marche-

Romagna succession are overthrust by Ligurian and Subligurian Units in the Marecchia 

Valley klippe (Fig. 1). The Ligurian Units mainly consist of mudstone and marl, while 

Subligurian Units are mudstone deposits containing clasts, conglomerates and a thick 

competent level, formed by San Marino Fm. (limestone) and Monte Fumaiolo Fm. (sand-

stone). This level has an important morphologic result in the surrounding argillaceous 

rocks. 

The Apennine tectonic uplift reached its acme in the late Miocene – lower Pliocene, and 

was accompanied by the deposition of thick siliclastic foredeep units, with a progressive 
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eastward migration of the thrust fronts and foredeeps. The sedimentary evolution was also 

influenced by the salinity crisis that occurred in the Mediterranean Sea during the Messi-

nian (late Miocene), which caused the deposition of evaporites (gypsum and salt), shales 

and organic marls  
 

 

Fig. 1. Geologic map, showing the location of the sites studied 

A – Tuscany Units; B – Calcareous, marly-calcareous and marly Umbria-Marche succession 

(Lias-Miocene); C – Umbria-Marche siliciclastic turbiditic deposits: (1) Internal (Preapennine) 

area (Burdigalian-Tortonian); (2) Intra-Apennine basins (Tortonian-Messinian); (3) Foothill area 

(Messinian); D – Plio-Pleistocene peri-Adriatic succession; E – Liguride and Subliguride Units. 

1 – San Marino; 2 – San Leo; 3 – gypsum caves; 4 – Sasso Simone; 5 – Apecchio; 6 – Voragine 

Arcobaleno; 7 – Ambro Valley; 8 – Panico Valley; 9 – Fossa del Lupo; 10) San Marco travertine; 

11) Laga caves; 12) Sant'Eustachio caves; 13) Piano di Monte Lago  

The Miocene turbidites and evaporites outcrop in the hilly inland, generally close to the 

limestone mountains of the Apennines Chain. (Fig. 1). In the south-east sector the Mioce-

ne turbidites are known as Laga Formation, mainly arenitic, whose thickness gradually in-

creases toward the south and exceeds 3000 m in the Laga Mountains. 
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The Plio-Pleistocene succession ( 3000 m thick) characterizes the Adriatic hilly zone, 

it is mainly formed by hemipelagic mudstones and contains some thick, conglomerate-rich 

turbidites, overlain by shallow marine deposits. The lower levels of Plio-Pleistocene suc-

cession are folded and involved in the buried thrust fronts produced into the foredeep du-

ring the latest evolutionary stages of the Apennines uplift. 

At the end of lower Pleistocene, the compression in the frontal zone was accompanied 

by a general isostatic uplift, that also produced a tilting to the north-east. Pliocene marine 

deposits were uplifted at over 1000 m of altitude, and the fast deepening of the valleys 

destroyed a pre-existing low relief energy paleosurface. In the South of the region, the rise 

of thermal water from the Mesozoic carbonate units also deposited some important traver-

tine plates inside the valleys. 

Surface pseudokarst mesoforms 

Dolinas are uncommon in the limestone outcrop of the Apennines, while in the same 

area similar close depressions due to human activity are quite diffuse. Small old quarries, 

used to get freestone, are known in many places. Some holes derive from excavation due 

to quarring or collapse in mines, while small hollows dug by charcoal burners are com-

mon in the woods. All these structures can sometimes be confused with true dolinas, when 

the soil fills mask their original shape and function. 
 

 

Fig. 2. Kettle hollows in Val di Panico (Sibillini Mountains). 

In the mountains, dolina-like features produced by natural processes are known in the 

alluvial deposits of the Piani (a polje-like tectono-karstic landform) and are also represen-

ted by kettle hollows in the moraines of the glacial cirque in Val di Panico, near Monte 

Bove in the Sibillini Mountains (Fig. 2). 
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Artificial caves 

In the region, many caverns or tunnels were dug by humans for different reasons, and 

these artificial voids are generally easily distinguished by natural caves. In a few cases, 

however, some groups of caverns are probably due both to karst processes and human ac-

tivity, and it makes it difficult to consider whether each single phenomenon is natural or 

artificial. 

Many small caverns develop in a specific lithofacies of the Lower Jurassic limestone, 

represented by a low cemented grainstone. These levels are highly permeable, and the 

seepage of water makes the development of wide, low deep bedding-caves very common 

(Galdenzi, 1983). This limestone is easy to carve due to the uniform size of the grains and 

the low cementation. For this reason, this lithofacies was quarried in the past and used as 

decorative stone in public buildings. In some localities, as in Sant'Eustachio caves, the 

quarries were inside caves, completely or at least partly excavated by humans, where re-

cognizing the importance of natural and artificial contribution can be difficult. 

In the Monte Lago area, a group of small caves were produced mainly by sulphuric acid 

speleogenesis due to pyrite oxidation (Galdenzi et al., 2008). Some of these caves show 

evidence of human modification, and it was already suggested that they were in part dug 

by man to get limonite deposits. The subsequent discovery of an ancient mine in the same 

place confirms that mining contributed to the creation of some parts of the existing caves. 

Weathering caves 

Small, superficial caves produced by weathering are known in many different settings, but 

they are quite common in the periglacial breccias of the mountain zones and in the Laga 

Formation, where the most beautiful and significant examples are situated. 

Periglacial breccias 

Slope deposits consisting of limestone and chert breccias formed diffusely in the mountain 

zone during the cold periods of Pleistocene, when glacial or periglacial conditions exten-

ded in the whole zone. The seepage water circulation produced calcite precipitation, there-

fore breccias are irregularly cemented, alternating hard beds, completely lithified, with 

prevailing low or not cemented levels  

The general deepening of valleys and the running water in the slopes caused the diffe-

rential erosion of the breccias, where the low cemented beds were removed, producing 

small caves supported by the cemented layers (Fig. 3). Small shelter caves are known in 

different places, and some of them can have a certain speleologic interest. 

Sandstone  

Different types of caves are known in the Miocene siliclastic turbidites (Laga Fm.), comp-

rising bedding caves and niches (sensu Vitek, 1983). This unit is formed by sandstone and 

claystone, that alternate in different percentages, varying from mainly fine deposits to al-

most pure sandstone, in thick strata divided by thin layers of claystone. This last lithofa-

cies is the most favourable for the cave formation, that typically occurs below the thick 
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sandstone levels, for the alteration of the underlying clays. These bedding caves can be 

quite wide (Fig. 4) and were often used as temporary shelter in the mountains or as sheep-

fold and deposits near the villages  
 

 

Fig. 3. Differential erosion in periglacial breccias (near Monte Lago) 

 

Fig. 4: Noce Andreana Cave, in the Laga Mountains. 

 



62 

 

Niches inside the sandstone levels are common, mainly consisting of tafoni with diffe-

rent sizes, sometimes in groups of small hollows and cupolas (Fig. 5). The tafoni are often 

associated with honeycomb and other erosional wall features (Fig. 6)  

Caves and tafoni are less common in the Plio-Pleistocene sandstones, probably because 

these deposits are less lithified than Laga Fm., and it doesn't favour their development and 

preservation. 

 
Fig. 5: A group of small tafoni in Noce Andreana Valley. 

 

Fig. 6: Wall erosion in the Laga Mountains 
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Landslide caves 

Cracks and caves formed by extensional movement in coherent rocks can form anywhere 

close to steep slopes and cliffs, but important systems of open and debris-filled cracks or 

caves are related to specific stratigraphic and geomorphic settings, generally inside karst-

bearing rocks: 

 upper Miocene gypsum, a few tens of meters thick, overlying shales; 

 Miocene limestone and sandstone, over 100 m thick, overlying clasytone in the Monte-

feltro region;  

 Pleistocene travertine, up to 100 m thick, overlying Miocene marls in the Tronto Val-

ley; 

 Pliocene conglomerate levels, a few tens of meters thick, interbedded with claystone. 

These thick layers of competent rocks overlying soft and low-permeability argillaceous 

materials are affected by diffuse gravitational phenomena that produce the pseudokarst 

morphologies. Similar phenomena can also develop in the mainly carbonate Umbria-

Marche succession, where the interbedded marl formations represent the detachment sur-

face. 

Messinian gypsum 

The Messinian evaporitic sequence, mainly constituted by shales and organic marls, often 

contains gypsum strata that sometimes are a few tens of meters thick. Surface erosion ea-

sily removes the weak overlying shale and clay, and the gypsum layer can remain in relief, 

bordered by steep slopes, where small fissures and crevasses form, due to the effect of 

gravity  

San Marino Formation 

In the Montefeltro region, inside the mainly argillaceos rocks of Ligurian and Epiligurian 

successions, the San Marino and Monte Fumaiolo Fms. (Miocene) represent an important 

competent level, over 100 m thick. The San Marino Fm. consist of organic limestone, whi-

le the overlying Monte Fumaiolo Fm. has an arenitic composition, and the whole level has 

an important morphologic result in the surrounding sliding argillaceous hills  

The outcrops of these formations are generally bordered by steep cliffs, and sometimes 

they form isolate rocky slab bordered by steep cliffs on all their sides, as in San Leo, Sas-

so Simone, and Simoncello (Fig. 7). Peacks and cliffs were often utilized to build castles 

and fortified towns in the Middle Ages, but they are also interesting for karst and pseudo-

karst landforms. This competent level is affected by diffuse instability phenomena, due to 

local block falls and deep-seated gravitational movements (Cancelli et al., 1987). 

Close to the steep cliffs extensional movements cause a progressive widening of the 

joints, and produce toppling and block falls in the cliff walls, also favoured by the seepage 

of water to the underlying argillaceous substratum. Some of these cases are well studied to 

define the geotechnical parameters and stabilize the cliffs near built-up areas or castles. 

Depressions, cracks and small fissure or crevasse caves are known near these cliffs. The 

deepest reported cave in this setting is located in Tausano, a hamlet near San Leo, and it is 
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unexplored owing to the danger of rock falls (the deepth was estimated in  80 m, Bambi-

ni R., personal communication). 
 

 

Fig. 7. Sasso Simone. Miocene limestone overlying claystone in the Montefeltro (Photo: Roberto 

Bambini). 

 
Fig. 8. Voragine del Titano, San Marino Republic. (re-drawn, based on survey: Biondi P.P., 

Bentini L. - G.S. Faentino, 1963)  
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More important phenomena are produced by deep-seated movements that involve the 

whole rocky slab overlying the claystone substratum. The cambering of the competent le-

vel and the extensional movements produce important fractures that cross the whole slab. 

On the surface, depressions, open or debris-filled cracks, and sometimes caves develop 

parallel to the marginal cliffs. The infiltration and percolation of water through the open 

fractures to the argillaceous substratum enhance the progress of landslides. 

Open fractures can prosecute into deep and wide crevasse caves. The most important is 

in San Marino Republic, where two caves open near the top of the steep fortified cliff, in-

side the same fracture. The most important cave is the Voragine del Titano, that was joi-

ned by speleologists with the Genga del Tesoro, reaching a total depth of ~160 m (Fig. 8). 

The features of the caves are only influenced by breakdown and block collapse. In the sa-

me limestone slab the groundwater drainage can also form active karst caves. 

Pleistocene travertine  

In the southern part of the region, the rise of thermal sulfidic water from the buried carbo-

nate Umbria-Marche succession formed wide travertine plates that overly Miocene marls 

(Boni and Colacicchi, 1966). The travertine is constituted by pure limestone, up to 100 m 

thick, deposited in lenticular terraced bodies in the southern side of the valley of Tronto 

river. The depositional setting produces morphologic conditions similar to those described 

for San Marino Fm.. Isolate slabs of competent limestone overlies claystones and marls, 

that have a long-term ductile behaviour, also for the imbibition due to seepage of water 

trough the limestone. 

 

 

Fig. 9. Crevasse caves in the Colle San Marco travertine 
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Several small caves are known in one of the largest travertine plates (Colle San Marco, 

near Ascoli Piceno). They are located at the foot of the main cliff, inside a set of orthogo-

nal open fractures produced by extensional gravitational movements in the travertine slab 

(Fig. 9). The caves are only weakly modified by the solutional or depositional action of 

seepage water, and can cut small pre-existing karst caves, developed before sliding produ-

ced the main void (Berluti Lorenzini et al., 2003). 

In the surface of the slab long linear depressions and open cracks produced by exten-

sional movements were explored, reaching a depth of  30 m, without any evidence of so-

lution processes (Selvaggio R., personal communication). 

Umbria-Marche carbonate succession 

Important deep-seated gravitational movements develop in the Meso-Cenozoic carbonate 

sequence, where they are favoured by the rapid deepening of the valleys that produced 

steep slopes in the Middle and upper Pleistocene. The interbedded marl formations repre-

sent the failure surfaces, and the slides involve the whole thickness of the overlying com-

petent levels. The rock fracturing produces closed depressions, cracks and caves in the 

surface. Slides often occur in the Scaglia Rossa Fm., that is thin-bedded and overlies an 

important Cretaceous marl level, the Marne a Fucoidi Fm. (Farabollini et al., 1995)  

Most interesting examples are in the Sibillini Mountains: a shaft cave (Voragine Arco-

baleno) represents the crown of a slide, where some open crevasses descend 10-20 m from 

the surface in the Scaglia Rossa Fm. In the Ambro Valley, a large slide involves the Juras-

sic succession, that contains a middle Jurassic marl level (Fig. 10). The slide involves the 

overlying levels, over 100 m thick, consisting of cherty limestone and chert, and formed 

long surface depressions and cracks partly filled by debris in the detachment zone (Fig. 

11). 
 

 

Fig. 10. Geologic section of Casale Ricci slide - Ambro Valley (Sibillini Mountains) 
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Fig. 11: Pseudokarst cracks in the Casale Ricci slide. 

Pliocene conglomerates  

An interesting cave (Fossa del Lupo) is known at Monte dell'Ascensione (m. 1103), inside 

coarse-grained turbidites interbedded in the Pliocene hemipelagic claystone (Cantalamessa 

et al., 2009). Some conglomerate levels a few tens of meters thick are exposed on the 

south-western mountain side (Fig. 12). Here in the steep slopes the claystone levels are 

deeply eroded by running water, while the north eashern slope is less inclined. The cave 

opens as a sinking shaft near the top of the mountain and descends inside weakly cemen-

ted conglomerate. Some successive shafts quickly reach ~ 75 m of depth, where the cave  

 
Fig. 12: Pliocene conglomerates in the SW side of Monte dell'Ascensione  
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continues along a vertical narrow fissure in a gently inclined passage, explored up to -80 

m (Fig. 13). An active flow of water occurs in the lowest part of the cave. The cave deve-

lopment can be related to the opening of fissures in the conglomerate levels, probably 

produced by extensional gravitational movements. 
 

 

Fig. 13. Fossa del Lupo (re-drawn, based on survey by Gruppo Speleologico Marchigiano, 1983). 

Deep caves in claystone 

Some caves with a significant wideness develop in part or almost completely inside clays-

tone. This type of cave occurs in specific stratigraphic setting, where thick soluble layers 

overly the claystone. 

The cave development begins in the permeable layers owing to karst solution, but the 

cave widening continues as a result of stream erosion in the subjacent insoluble rocks. Af-

ter the deepening of the stream, the growth of the pre-existing karst passage ceases, and 

the cave development continues only due to erosion caused by the flow of water in the 

claystone. Caves that have a similar origin are known in two different settings  

Miocene turbidites 

Two caves are known near Apecchio, in the north-western part of the region into Miocene 

turbidites, an alternation of claystone and sandstone with some thick calcarenitic layers. 

Each cave is ~ 250 m long (Bani and Girelli, 1999) and has a gravitational section, almost 

entirely developed in the low permeable and insoluble claystone, with a flat ceiling repre-

sented by the overlying calcarenite layer (Fig. 14). This first stage of cave development is 

due to solutional processes in the limestone, testified by the meandering ceiling channel. 
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Fig. 14. The Volpe Cave, near Apecchio, developed inside Miocene claystone. The arrows indi-

cate the ceiling channel. 

The passage evolution continues due to the erosion of the claystone, until the stream 

water leaves the karst channel and entirely flows in the underlying insoluble layers. Sta-

lactites in the cave ceiling are formed by dripping water coming from the calcarenite. 

The prevailing role of mechanical erosion of clay in the cave formation induces to con-

sider these caves non-karstic, even if their development begins inside the calcarenitic level 

with the contribution of solution processes. 

Messinian evaporites 

A similar evolution occurs also in some caves in Messinian evaporites, where gypsum and 

shale layers alternate. Some caves develop in the Montefeltro (Fig. 1) inside the gypsum-

rich bodies of the evaporitic succession, and their pattern is completely conditioned by the 

attitude of the karstified bodies. They keep near the surface and are often related to sin-

king points in small blind valleys or dolinas, but a slow recharge of water also comes 

through permeable gypsum or arenitic beds, where the water has acquired a high content 

of dissolved sulphates and sulphide. A large part of the cave passages often develop in 

part or completely inside the shale underlying gypsum. 

The development of the caves occurs due to karst dissolution inside the gypsum beds, 

but the deepening of the stream often cuts the underlying shales (Fig. 15). The importance 

of the two processes changes in different zones of the same cave, ranging from passages 

entirely developed in the gypsum beds or in the shales. 

Even if the erosional processes locally can play an important role in the evolution of 

many passages, the caves are more correctly considered as karst phenomena. In contrast to 

the turbidite caves, such as Volpe Cave, these caves are closely related with the infiltration 

and the flow of water through the gypsum beds. Furthermore, they are often directly con-

nected to classical surface karst features, such as dolinas and blind valleys  
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Conclusions 

In the region several know caves were not formed by karst processes. Many bedding ca-

verns and niches, with a short development, are created by differential weathering in se-

dimentary rocks formed by different lithologies, where the degradation of argillaceous 

layers or less cemented levels is the main cause of the cave widening  

 

Fig. 15. A passage in a gypsum cave of Montefeltro, partly developed in the underlying shales 

(Photo: R. Bambini). 

Gravitational movements are the main cause of pseudokarst cave development. Crevas-

se caves with similar origin are known in different geologic settings, and are more com-

mon in the presence of thick layer of competent rocks overlying claystone or shale. Solu-

tional processes only in part contribute to the cave widening, and the water mainly have a 

weak encrusting action on the cave walls. Fractures and caves, however, can promote the 

infiltration of water inside the rock mass and in soluble rocks it contributes to feeding a 

karst circulation. In the presence of a low-permeable cover, the cave can also act as a sin-

king point, with running water flowing inside (Fossa del Lupo). 

Some caves can be formed in part by solutional karstic processes, in part by simple wa-

ter erosion. It occurs where strata of soluble and argillaceous rocks alternate. The cave de-
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velopment begins in the soluble layers for solutional processes, but the cave get wider 

owing to the erosion of the subjacent non-soluble rocks. The relative importance of the 

two processes highly changes, also inside the different parts of the same cave. These caves 

can be referred or not to karst based mainly on the general hydrologic and geomorphic set-

ting  
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Due to their change from the Ice-buildup phase to the ice-depletion phase during the year, 

ice caves, such as the “Schellenberger” ice cave in Bavaria, can be seen as an outstanding 

climate indicator for short-term and long-term changes within the climate of their respec-

tive region. Alongside the frequently well-known and often enlarged show caves there are 

also so-called ice gulches, in which we can find ice-carrying parts during the whole year 

due to their extraordinary topography. The significant detail about these ice holes or little 

cave-like formations that are often situated in the talus pseudokarst is that the ice can out-

last in altitudes, which are far below the summery snowline. During the fall of 2008 the 

Workgroup of Cave & Subway Climatology of the Department of Geography of the Ruhr-

University Bochum started, in cooperation with the Mount Washington Observatory in 

NH (USA), a microclimatic analysis of a perennial ice carrying gulch in the White Moun-

tains. 

The so-called “Ice Gulch” is a gulch situated in the North-American Appalachian 

Mountains with an east-southeast alignment and an average hillside-inclination of 14%. It 

can be located 16km north of Mount Washington in NH on the eastern flank of Mt. Cres-

cent at a height of 605 – 770 m above sea level. The steep towering cliffs with a height of 

about 85 – 100 m on the northeastern- and southwestern side limit the insolation conditi-

ons throughout the whole year. Additionally, the width of the gulch – about 80 m - redu-

ces the insolation conditions. The debris is made up of blocks of granite with an average 

diameter of about 0,6 – 1,5 m, in some cases blocks can be found in the gulch with a dia-

meter of up to 3 m. Annually new blocks of debris fall into the Ice Gulch due to frost 

wedging. 

One characteristic of the gulch is a permanent ice between rocks of a former toppling in 

an altitude of just 670m above sea level; in contrast to this Mount Washington with its 

height of 1917m is ice-free from May to September. 

The project‟s goal is a microclimatic analysis of this particular ecosystem with the fol-

lowing questions: 

 Determination of the number of ice carrying holes and caves; 

 Determination of the thickness of each single piece of ice during the ice-minimum 

in the fall and during the peak in the spring; 

 Variability of ice occurrence and ice capacity in relation to the weather over a dura-

tion of many years 

 Determination of the microclimatic situation within the gulch, especially in the area 

of hollow spaces, but also along the negative edges of vegetation, plus in compari-

son to the weather conditions within the region. 
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Ever since October 2008 progressive studies based on the temperature measurements of 

temperature loggers that had been placed in various places within the gulch, have been 

carried out. During the times of the potential ice minimum and during their peaks thermal 

pictures of the blocks of granite and the bodies of ice were taken. From the middle of Oc-

tober 2008 and 2009, as well as from the beginning of June 2009 ice stock measurements 

on the bodies of ice were being conducted, to be able to assess the extent and thickness at 

the times of the potential minimum and peak. 

In October 2009 another gulch with a comparable ecosystem was added to the project. 

The Mahoosuc Notch is located a few kilometers northeast of the Ice Gulch and was also 

equipped with temperature sensors, to add on to the previous researches and to offer addi-

tional hints to the understanding of this special climatope. 

Furthermore, the researches are supposed to offer hints concerning the climate change 

in New England. 
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The recently most accepted model for the genesis of the sandstone caves in the Venezue-

lan tepuis is the arenization concept presented by Martini (1979). The term “arenization” 

involves the dissolution of the cements in the arenitic rocks, with subsequent erosion and 

winnowing of the loose sand material. If the “arenization” theory was true, most of the 

sandstone caves could really be attributed to karst as the dissolution is considered there to 

be trigger process of the cave formation. 

This model is fully accepted for description of quartzite caves e.g. by Briceño et al. 

(1991). The arenization model was also used to explain the origin of the Aonda karst sys-

tem of the Auyán table mountain in Venezuela by Mecchia and Piccini (2009). However, 

our findings gained during two expeditions in 2007 and 2009 on the Macizo de Chimanta 

and Roraima table mountains in Venezuela showed that the role of quartz and/or quartz 

cements dissolution dominancy is questionable, therefore we propose use term “pseudo-

karst” for these phenomena, instead of the term “karst”. 

Geological and geomorphological research showed that most feasible way of the caves 

genesis is winnowing and erosion of unlithified or poorly lithified arenites. The unlithified 

arenitic beds were restricted by well-cemented overlying and underlying rocks. There is a 

sharp contrast between these well-lithified rocks and the loose sands which is the content 

of the poorly lithified to unlithified beds. They are only penetrated by well-lithified pillars 

formed by vertical finger-flow of the diagenetic fluids from the overlying beds. Such fin-

ger flow is typical for loose sands and soils only with containing beds with sharp differen-

ce of hydraulic conductivity. The pillars are apparently more resistent against erosion, 

whereas the surrounding loose sands are easily eroded. The caves are formed by erosion 

by flowing water accessing the poorly lithified beds through clefts. Collapse of several su-

perposed winnowed horizons can create huge subterranean space, e.g. the Gran Galeria 

Karen y Fanny of the Cueva Charles Brewer cave, the biggest known quartzite cave in the 

world. Futher propagation of the collapses upward can lead to large collapse zones which 

are commonly observed on the tepuis. 
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Quartz and/quartz cement dissolution is also present but probably plays neither the trig-

ger role, nor volumetrically important role in the cave-forming processes. The strongest 

observed dissolution/precipitation agent is the condensed air moisture which is most likely 

the main agent contributing to growth of siliceous speleothems. As such, it can be active 

only after, not before the cave is created. 

Another frequently observed phemomenon in the cave systems of the Macizó del Chi-

mantá is the red coloured mud, so-called “barro rojo” often forming huge flow bodies, up 

to 5-6 m in diameter. Following the results of X-ray difraction analyses this material con-

tains kaolinite and goethite which originated by weathering of alumosilicate minerals, i.e. 

by their incongruent dissolution in acidic waters. Following this finding we suppose that 

the above described proces probably also contribute to the quartzite caves speleogenesis 

by weathering of sandstone layers with higher alumosilicate minerals contents (e.g. feld-

spars, mica, etc.). 

Summarizing the information presented in the paper we conclude that the most impor-

tant factor of quartzite caves speleogenesis is the predisposition of the quartzite rock bo-

dies propagated in non-uniform lithification leading to their non-uniform erosion. Other 

two observed processes are corrosive. Alumosilicate weatherig (lateritization) may signi-

ficantly contribute to the cave genesis, whereas quartz and/or quartz cement dissolution by 

condensed air moisture is less significant for the speleogenesis. The lateritization in broa-

der sense is the only factor for which we may admit the studied caves can still be ranked 

among karst phenomena. 
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Caves formed in silicate rocks often host siliceous speleothems formed dominantly by 

opal. Unlike in carbonate speleothems, microbial mediaition is much more common du-

ring formation of siliceous speleothems. Siliceous speleothems commonly represent small 

forms, rarely exceeding 2 cm in size. The speleothemes occurring in the investigated 

quartzite caves of the Venezuelan quartzite caves of the Macizo del Chimanta and Rorai-

ma table mountains during our expeditions in 2007 and 2009 are characterized by enor-

mous variability in size and morphology and most of them bear signs of microbial origin. 

Many of the speleothems remind classical stalactites and stalagmites known from li-

mestone caves but their structure and genesis are different. Apart from variable shapes, the 

microbial speleothems show identical principal texture, corresponding to various stages of 

their evolution. 

They consist of two principal zones: Laminated columnar stromatolite, consisting of fi-

nely laminated non-porous layers of pure compact opal, intercalated by some zones of fi-

lamentous microbialite, with thin filaments oriented in the direction of the stromatolite 

growth. SEM study of the etched surfaces of the columnal stromatolite showed that it 

mostly consists of concentric laminae formed by dense parallel tubes representing casts af-

ter filamentous microbes. The microbes are most similar to filamentous cyanobacteria 

from the order Oscillatoriales (Golubic, 1976). In other places, irregular, larger-scale, 

double-layered cross-sections of microbe tubes occur. They resemble casts after cyano-

bacterial cells of the genus Cyanostylon or Entophysalis (Golubic, 1976). 

Strongly porous zone peloidal microbialites formed by white chalk-like opal, represents 

accumulation of microbial peloids and forms mostly the outer zones of the speleothems. 

The peloids are densely packed, arranged in concentric laminae. The size of peloids varies 

from 0.1 to about 0.3 mm. Microscopic study revealed that the peloids are formed by Nos-

toc-type cyanobacteria. Fungal hyphae, metazoan and plant remains also subordinately 

contribute to speleothem construction. 
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In many places, initial colonization of the surface by Nostoc-type cyanobacteria was ob-

served, forming mats and shrubs covering the underlying arenites. The microbial filaments 

are commonly encrusted by white silica, whereas the surrounding arenites are intact. This 

is a strong evidence that the microbes were not only passively encrusted by silica but the 

encrustation was microbially mediated, either by their metabolism, or by changing physi-

co-chemical cionditions.This phenomenon is common in the limestones but it was not yet 

evident for the siliceous microbialites. Presence of cyanobacteria, which are otherwise 

phototrophic organisms in caves is not so surprising as it seems to be. Some cyanobacteria 

do not withstand an excess solar light that can damage their cells (Vincent and Roy, 1993; 

Quesada and Vincent, 1997).Some of them produce protective pigments in extracellular 

sheath (e.g.. Lyngbya estuarii produces pigment scytonemine - Kylin, 1937); others are 

even able to protect themselves against the excess light by boring the substrate, e.g. endo-

lithic boring cyanobacteria Hormathonema and Hyella (Golubic, 1976). The genera Fishe-

rella and Calothrix are even able to change their mode of life to slow heterotrophic in 

complete darkness (Whitton, 1987). The most convincing fact is that some cyanobacteria, 

e.g. Geitleria calcarea and Scytonema julianum were found to live in caves (Friedman, 

1955; Bourelly and Depuy, 1973). It is obvious that the cyanobacteria in Venezuelan ca-

ves are also adapted to heterotrophic life mode. 

Some speleothems, e.g. the cobweb stalactites represent mostly inorganic precipitates, 

encrusting various structures, such as spider threads. There are also large inorganically 

precipitated stalactites and flowstones. Comparing the size of the speleothems from va-

rious caves, there seem to be dependence between the cave size and speleothems size. 

Cueva Charles Brewer and Cueva Colibri hosts the largest recorded silica speleothems (up 

to several dm in size) whereas those in other caves were not so large (cm to dm. size). 

The reason for the size dependence between the caves and the speleothems is yet un-

clear. One of the possible explanations would be that the larger the cave is, the more sili-

ceous material undergoes the dissolution/reprecipitation cycle. Larger cave corridors and 

galleries e.g. of the Cueva Charles Brewer have several times larger surface than other ca-

ves available for the condensed air moisture which plays the most important role in the 

cycle. 
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The crevice type caves developed due to the widening of fractures (dilation) along the dis-

continuity surfaces within rock massifs (joints, faults) owing to the unloading of shearing 

stresses. The caves, which are yielded by tension surfaces, represent the initial stage of 

gravitational fragmentation of slopes in the Flysch Carpathians. Propagation of fractures 

(as tearing surfaces) is continued till the extend of marginal strain and destruction of rock 

massif due to the gravitational movement of its fragment. Various types of subsequent 

movements can be distinguished: fall, topple, lateral spreading, rock flow or landslides – 

translational, rotational, compound or their combination. Crevice type caves could form 

during the initial stage of mass movements (e.g. Jaskinia Zbójecka Cave in the Gorce 

Mts.) or contribute to development of successive generations of mass movements within 

previously formed landslides (as Jaskinia Złotopieńska Cave in Łopień Mt., Beskid Wys-

powy Mts.) (Margielewski, Urban, 2003, Margielewski, 2006). 

Occasionally the crevice type caves developed along the sliding (failure) surfaces of 

landslides due to fissure macrodilatancy – a process of rock massif bulk in volume increa-

se within the destruction zone due to the opening of fractures and increasing of their den-

sity during the movements. The example of such a form (developed due to the dilatancy 

process) is the Jaskinia Miecharska Cave in the Beskid Śląski Mts. – maze system of wi-

dened fractures totally 1810 m long, formed within the sliding zone of consequent-

rotational landslide (Margielewski et al., 2007). 

Common occurrence of non-karstic caves in the Flysch Carpathians (more than 1000 

caves have been explored there – Klassek, Mleczek, 2009) indicates, that the mountains 

slopes represent various stages of gravitational disintegration. Extremely strong initial fac-

tor (e.g. intensive rainfalls, earthquakes) can generate frequent finalization of mass mo-

vements (landslides), which were previously prepared in the process of the tension cracks‟ 

propagation. This thesis is confirmed by radiocarbon datings of stalactites occasionally 

occurring in the crevice type caves. 

The crevice type caves, as forms important for the geo- and biodiversity (bats, inverteb-

rate fauna) of the mountainous areas (environments) represent object requiring protection, 

although some of them can be arranged for tourist access. 
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Oblique notches and ledges corresponding to the presumed/proved past levels of soil sur-

face were recognized as a recurring pattern on sandstone cliffs. They were found on rock 

formations of the Upper Cretaceous sandstones of the Bohemian Cretaceous Basin (Czech 

Republic), and have been briefly reported by Mikuláń (2001, 2007). In several past field 

seasons, they were documented in more detail there, and analogous shapes/patterns were 

recognized in another areas, namely Petite Suisse (Luxembourg), Fontainebleau Forest 

(France) and Gíza Plateau at Cairo (Egypt). The diversity in lithologies and climatic con-

ditions among the above mentioned areas enables us to present a relatively detailed and 

“robust” description of oblique notches/ledges, and to suggest their genetic classification. 

Also, we attempted to outline the possibilities of their interpretation, which concern espe-

cially the reconstruction of the development of past soil levels and possible man-made 

modifications of the outcrops. 

Three morphogenetic types (1, 2, and 3) of oblique forms have been recognized within 

the moderately humid temperate zone of Europe; another type (4) falls to the dry subtropi-

cal zone of northern Africa. Morphogenetic Type 1 is characterized by its clear “ledge” 

form, and is presumably of salt- and mechanic-erosion origin. Type 2 is represented by an 

“overhanging step” that develops under a strong influence of case hardening (see figure). 

Type 3 occurs as oblique “notches” on mechanically persistent but (in the specific clima-

te/composition) relatively easily soluble rock. Type 4 is of aeolian origin; it is specific, 

e.g., by larger dimensions. Despite the differences in the shape and origin, all the forms of 

oblique ledges/notches represent the record (often the only decipherable record) of events 

of sedmentation/erosion of loose substrates (soil, talus, sand dunes). 

In the sandstone landscapes of central Europe (Czech Republic, SE Germany), only mi-

nimum loose sediments (taluses, slope deposits, fills of caves and abri) are pre-Holocene 

in origin (e.g., Cílek and Ņák 2007). It is because the glacial periods were characterized by 

a rapid development of the rock morphology and rapid loss of loose sediments (low base 

level, sparse vegetation cover, and frost erosion) which were thus deposited far from their 

source areas. Considering the present rate of processes on sandstone surfaces, the present 

surfaces preserve only exceptionally pre-Holocene features. Consequently, the geologic 

record conveyed by microrelief, including the record encoded in oblique ledges/notches, is 

nearly exclusively the record of Holocene settings and events. The present study shows 

that oblique ledges (especially if preserved in multiple sets) document much more fre-

quently erosion events than episodes of sedimentation. Two circumstances could easily 

activate the erosion of loose material in sandstone landscapes during the Holocene: 1, plu-

vial episodes; 2, Neolithic and early modern deforestation. 
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At present, correlation has been done only in a few cases in the realm of the Bohemian 

Cretaceous Basin (Czech Republic), where human adaptation of certain sites connected to 

the change of ground level was directly or indirectly dated. However, future research can 

be focused, among others, to the effort to correlate individual prominent ledges/notches 

with climatic fluctuations and/or regional and local changes of the human landscape ma-

nagement. We also suggest that the future research of oblique features of microrelief 

should be done in combination with excavations of loose material. Thus, the chance to test 

the reliability of oblique features as a geomorphological memory record should be further 

tested, not only in rather clear historically dated situations (where the origin of an oblique 

form is connected with human intervention in loose material of known age), but also for 

complex terrains. 

Oblique forms of similar or clearly different origin may have the same information po-

tential in all the as yet studied areas, i.e. Petite Suisse, Fontainebleau Forest and Giza Pla-

teau. The ledges/notches may reflect climatic changes, direct human land-forming activity 

or indirect influence of human population. This seems to be very promising especially for 

the area of Giza Plateau, which has been studied – adequately to the contemporary know-

ledge and methods – since Antique times; in such cases, written record of related human 

activities, re-burials of buildings and also climatic events should be retrieved and compa-

red with the geomorphic record. 

This study was funded by project No. IAA300130806 of the Grant Agency AS CR. 
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Origin of oblique forms of microrelief on surfaces of poorly litihfied sandstones of the Bohemian 

Cretaceous Basin, Czech Republic (schematic drawing). Top: Type 1; no influence of case harde-

ning; a “normal” step is formed. Bottom: Type 2; strong influence of case hardening; a “rever-

ted”, “overhanging” step is formed. 
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A short treatise on Austrian Pseudokarst-Speleothems 

Rudolf Pavuza 

Department of Karst and Caves, Museum of Natural History Vienna, 

Summary 

Actual examples on pseudokarst speleothems in Austria comprise four locations of root 

stalagmites, two examples of biogenic, non-karst-stalactites and calcitic and limonitic spe-

leothems in gneiss and granite. The latter have been reported frequently from abandoned 

mines in different geologic settings forthermore. 

Root stalagmites 

 four caves/tunnels/shelters with r.s. in Austria (as of 2/2010) 

 sometimes two different spots in each cave 

 12 individual r.s. altogether 

 in limestones, gneiss and granite so far 

 5 to 10 meters from cave entrances at most 

 severe alterations controlled by dripping rates 

 r.s. are obviously not abundant in Austrian caves, mines & tunnels 

The four locations are situated in entirely different geological settings far away from 

each other. 

In 2006 during a cave-cleaning action in the “Güntherhöhle” (2921/2), a small karst-

cave of possible hydrothermal origin in the SE corner of Lower Austria near Hundsheim, 

a group of four broad-based root stalagmites below a moderately dripping wall section 

could be located, accompanied by a group of free standing juvenile stalagmites (Pavuza & 

Mayer, 2007). Since then the situation has not changed much. The biggest stalagmite bare-

ly reaches 10 cm. During the wintertime distinct icing could be observed, whereas drip-

ping sometimes declines to nearly zero during dry periods without major deteriorations of 

the root stalagmites. 

The most likely corresponding plant, situated come 10 m apart from the root-

stalagmites is a wild pear (Pyrus pyraster). 

The age of these examples remain unclear despite the fact that they are situated along 

the often used walkway in the cave. 
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Fig. 1. Root stalagmites in the “Güntherhöhle” (Hundsheim, Lower Austria) 

In a vast second world war tunnel (“Rudolfstollen”), constructed in coarse gneiss of the 

southern bohemian massif in the city of Linz (Upper Austria) two groups of root stalagmi-

tes have been detected in 2007 (Pavuza, 2008). 

They formed behind an entirely walled entrance where the roots subsequently penetra-

ted this structure. 

In this case during the dry period, where the feeding dripwater almost declines to zero 

there a severe deterioration can be observed. The root stalagmites loose nearly all of their 

fine, light coloured roots – a process which is enhanced by feeding isopoda producing 

dark columns similar to the well known root stalagmites described from several locations 

in Europe. The tallest individual reaches barely 10 cm. Some smaller individuals have va-

nished as the feeding dripwater changed its path. 
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Fig. 2. Root stalagmites in the “Rudolfstollen” in Linz, Upper Austria 

The third location lies in the Greywacke zone in central Styria near the city of Leoben. 

Situated in a so far unmapped, nameless cave in paleozoic limestones a massive root sta-

lagmite, being some 15 cm tall, with striking hair-roots and a dripping hole could be ob-

served by the Austrian caver Harald Pliessnig (Pavuza, 2010). This spot lacks closer in-

vestigation so far. 
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Fig. 3. Root stalagmite in an unnamed cave near Leoben (Styria) 

The most recent discovery has been reported from the “Luagalucka” (6845/170), a 

small cave in coarse-grained granites of the southern bohemian massif near Altmelon in 

Lower Austria. Near the entrance a peculiar stalagmite formed composed of degraded or-

ganic debris most likely surrounding a root core. 

Biogenous stalactites 

Near the entrance of caves and small shelters with an increased water flow some stalactite-

like features an be observed, consisting of slimy coatings of bacteria respectively branches 

of certain mosses in combination with algae and bacteria. 

In no case it was possible so far to monitor the development of these features over a 

longer period in order to document their development and consistency. 

Slimy bacterial stalactites 

During an expedition Austrian caver Eckart Herrmann discovered peculiar stalactites 

composed of a jelly-like matrix in the “Schneekarturm – Halbhöhle” (1712/54))in the high 

alpine mountain range of the “Gesäuse” (Styria) at an altitude of 1820 m a.s.l. This small 

cave is most likely related to physical weathering of the dolomitic host rocks and can be 

considered as a pseudokarst-cave within a karst area. 

Investigations showed that the matrix of the tiny, up to 3 cm long stalactites is compri-

sed of Blue Algae (Nostoc sp.). In this environment Green Algae (cf. Palmella sp.), Dia-

toms (Navicula sp.) and Wheel Animalcule (Rotaria sp.) encounter an ideal substrate. The 
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feeding dripwater seems to be persistent even during the dry summer months. Moderate 

but distinct light still enables photosynthesis. 

Being the only known habitat in Austria currently, it is obvious that this phenomenon 

probably exists elsewhere too, but may have be overlooked so far due to its limited poten-

tial occurrence near the cave entrances and its small size. 
 

 

Fig. 4. Bacterial stalactites in the “Schneekarturm-Halbhöhle”, Gesäuse (Styria) 

Moss related stalactites 

Spring tufa can be encountered in karst areas as well as non karst areas with a certain 

amounts of carbonate content (like sandstones, shales…). 

In an area dominated by glacial sediments in the Lammer Valley near Annaberg (Salz-

burg), surrounded by the high alpine karst massifs of Tennengebirge and Dachstein, a tufa 

producing spring emerging from glacial moraines formed a tiny cave where incrustations 

of mosses, algae and bacteria form stalactite-like, somewhat clumsy dripstones – “bioge-

nic pseudo-stalactites” – up to a length of 15 cm. It can be assumed that the growth rate of 

these features exceeds the ones of karst-speleothems by several orders of magnitude. 
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Fig. 5. Tufa-stalactites in a small shelter near Annaberg (Salzburg) 

Calcitic and limonitic speleothems in non-karstic rocks 

In the Rudolfstollen in Linz (Upper Austria) - already mentioned as a location of root sta-

lagmites – calcitic and limonitic dripstones emerge from gneisses that lacks noteworthy 

amounts of calcite. Therefore other sources of Calcium including loess sediments as well 

as chemicals for measures against mosses in the gardens above have to be taken into ac-

count. 

The growth rate of the dripstones is remar-

kable, forming distinct white sinter decorations 

of certain parts of the tunnel within 60 years. 

The formation of these features is identical to 

karst-dripstones whereas the tunnel and the ini-

tial process is non karstic. 

Tests with tablets below dripstones yielded 

grow rates of ~10 cm/cm2 in 60 years. 

In remoter parts of the Rudolfstollen where 

the overlay consists only of a few centimetres of 

soil above the gneiss the tunnel lacks white 

dripstones, instead there are a few brown straw 

stalagmites consisting mainly of limonitic mine-

rals. Features like this are more common in mi-

nes. 
 

Fig. 6. Straw-Stalactites in the Rudolf-

stollen (Linz, Upper Austria) 
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Fig. 7. Limonitic straw stalactites in the Rudolfstollen (Linz, Upper Austria) 

An example of peculiar calcitic popcorn sinter could be observed recently in the Pfaf-

fenhaus (6841/1), a small cave in coarse grained granites of the Southern Bohemian Mas-

sif in Upper Austria still lacking a scientific investigation. 
 

 

Fig. 8. Calcitic popcorn sinter in the Pfaffenhaus (N Linz, Upper Austria) 
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Outlook 

There is a certain variety of aberrant features in caves that can be subsumed under the 

term “pseudokarst” although some occur in karst caves too. Our investigations included 

comparatively few caves and tunnels and thus there is a good chance to encounter more of 

these features probably overlooked by cavers so far. 

A study comparing the environmental settings of the different root stalagmites more 

thoroughly is in preparation, as well as DNA studies to identify the corresponding mother 

plants, where a direct determination is not possible. 
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Speleothem development and biological activity in granite cavities 
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The weathering of the granitic rocky massifs is carried out not only on their surface but al-

so inside their fissure system when this latter is partially open and allows the water circu-

lation. In the fissure system the microbiological activity has an important role as it accele-

rates the weathering. The mobilization of the ions coming from the rock minerals depends 

on the water pH that is affected by the microbiological activity. The chemical elements of 

the rock minerals are mobilized in a different way; some of them (Na, K, Ca, etc.) are 

evacuated quickly by the water flow being dragged far away from their original situation. 

Others such as Al and Si, the most abundant ones, contributing to the formation of new 

minerals, will be deposited close to their initial position, creating deposits considered as 

speleothems by their genesis and morphology. 

The speleothem mineralogy is very varied: evansite, struvite, pigotite, taranakite, allo-

phane, hematites, etc.. Up to now, the prevailing mineralogies in the described speleo-

thems are three from greater to minor frequency according to their citations in the literatu-

re: opal-A, pigotite and evansite. For the case of Si, the opal-A (biogenic opal) 

speleothems will be formed. When it is Al that precipitates, evansite speleothems will be 

formed. In the last case, when the water transports humic acids abundantly, the pigotite 

speleothems will be produced. Early descriptions reports named the deposits as coralloids, 

crusts, speleothems, etc. Later, by analogy with calcareous speleothems, the nomenclature 

is stalactites for deposits associated with a punctual output of the water at the roof of the 

rock cavity, stalagmites for the ones due to the dripping on the ground of the cavity and 

flowstones for the ones deposited by laminar water flow. Most of them have been descri-

bed in varied geographic-climatic environments: temperate humid (Spain, Portugal, Uni-

ted Kingdom, Germany, Poland, Czhec Republic), tropical (Brasil, Venezuela, Madagas-

car, Hawaii), arid (Australia, Argentina, Nigeria, Namibia, Mexico, U.S.A., etc.). This 

paper is focused on the three main mineralogical (quantitatively speaking) types of speleo-

thems : opal-A, pigotite and evansite. 

Opal-A speleothems 

These types of speleothems are formed by amorphous biogenic silica (opal-A). Si comes 

from the dissolution of the crystalline quartz (mainly) and other silicate minerals (mica, 

feldspar). The Si dissolution depends on the water pH. In natural environments (with pH 

values between 5-8), the Si dissolution included in stable crystalline structures is very low. 

However, after the biogenic weathering by different microorganisms the silicates are deg-

raded in biogenic opal that is easily mobilized in dissolution. These microorganisms acce-

lerate the Si dissolution by means of the production of organic acids of low molecular 

weight (mainly oxalate) determinative in the biochemical weathering of the granite mine-

rals. 
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Pigotite speleothems 

They form incrustations on the granite walls of fissures and caverns. Pigotite has been first 

described as an organic substance considered to derive from the decay of moist moorlands 

above. It consists in organic acids combined with alumina and Fe oxide. The quantity of 

water present in this mineral is therefore in some degree variable, but always large. 

Evansite speleothems 

Al3(PO4)(OH)6.6H2O. They occur as speleothems on the walls, roof or ground of granite 

fissures. Evansite is always amorphous and most of the time contains Al, Si, Fe, H2O and 

organic matter. 

The following morphological types of speleothems are distinguished: cylindrical and in 

crusts or sheets. The first ones are associated to water circulation by dripping or to move-

ments by capillarity. The second ones or flowstones are associated with laminar water 

flows. Three types of cylindrical speleothems are distinguished: (1) Stalactites: formed on 

the high part of the rock fissures or the roof or caves of cavities when the weight of the 

drop surpasses the surface tension (when dripping is produced). (2) Grass-shaped stalag-

mites: multiple associations of very thin cylindrical forms (maximum 1 mm) and associa-

ted with the roof or ground of cavities. (3) Anti-stalactites: The speleothems grow by ca-

pillary circulation of the water from a clast agglomerate bed of amorphous silica soaked in 

water. 

The second ones, flowstones, are layered speleothems produced by laminar flow of the 

water. They may appear on the roof, ground or base of the cavity. Three types are distin-

guished. (1) Flowstone: continuous covers of the rocky surface with variable thicknesses. 

(2) Gour-dams: accumulations of opal-A clasts with lineal and sinuous development that 

may hold water temporarily contributing to opal precipitation in the maximum overspill 

rim. They are normally associated with flat, little-sloped surfaces or even subvertical sur-

faces when the flow speed does not go beyond the forces of the water adherence to the sli-

ding surface. (3) Rimstones: lineal speleothems with deposition halos on the perimeter of 

the fissure, when the water is spread on strongly sloped rocky walls or even on the roof or 

rocky cavities by superficial tension. They may have some micra of thickness. 

At least for opal-A speleothems, the biological influence on the speleothem develop-

ment does not finish with the first deposition but is renewed after each new episode of 

rainwater circulation. The re-dissolution and later re-precipitation of biogenic opal will gi-

ve rise to speleothems with an accretion texture in rhythmic layers. In this stage it is fre-

quent to observe diatoms which take advantage of silica remobilised and grow colonies 

where water concentrates. Also mites and polychetes have activity in the speleothem using 

for their subsistence the organic matter content of the same speleothem. 

The last stage in the speleothem development is the so-called azoic stage where S of or-

ganic origin is combined with the Ca of the plagioclases, and using the substratum of 

amorphous silica (silica gel) gypsum crystals develop with an excellent idiomorphy. In all 

types of speleothems the oversaturation by water evaporation causes the precipitation of 

the elements and solubilised compounds originating speleothems of pigotite (fulvic acids), 

evansite (Al and Si phosphates) and opal-A. 
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Introduction 

Supramonte is an extremely well karstified plateau located in Central-East Sardinia (Italy) 

and is well known due to its intricate enormous network of cave passages and tunnels, the 

most extensive of the island. The area hosts a wide variety of landforms (karren, dolines, 

sinkholes) and complex underground streams, which are partially developed on the con-

tact between carbonate rocks and the granite/metamorphic basement. Groundwater erosion 

of the impermeable beds at the lower contact with the carbonate rocks is commonly re-

cognized inside Sardinian cave systems (i.e., Su Colostrargiu, S‟Eni „e Istettai, Su Mam-

mucone, Lovettecannas, Su Clovu, Su Palu, Su Crabargiu caves). Recently, pseudokarst 

features have been revealed strictly connected with the karst ones. Nondissolutional pro-

cesses have been discovered in the deeper parts of two caves in South Supramonte (Fig. 1) 

and have formed a huge chamber (Perdeballa cave) and a large passage (S‟Orale „e Su 

Mudrecu cave) completely hosted in non-carbonate rocks. 

Study area 

Supramonte massif occupies an area of approximately 170 km2, almost 80% of which is 

composed of carbonate rocks. It is characterised by an almost 1 km thick Middle Jurassic-

Lower Cretaceous sequence composed of dolostones and limestones covering a crystalline 

Palaeozoic Variscan basement made out of metasediments and metavolcanic rocks, injec-

ted with granitic batholites and late intrusive dikes during Carboniferous and Permian. 

The transition from granites and phyllites to the overlying Mesozoic carbonate platform is 

often characterised by the outcropping of siliciclastic sediments related to continental to 

transitional environments. 
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Fig. 1. Southern part of Supramonte with the plans of the most important karst 

Caves and pseudokarst features 

Since the last ten years the major explorations made in the South Supramonte have enab-

led speleologists to make detailed investigations on the transition between impermeable 

basement and carbonate platform that greatly influences the asset of all caves discovered 
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in this area. Two of those cavities show evident pseudokarst characters in some part of 

their structure. 

Perdeballa is one of the most beautiful caves on the southwestern side of Supramonte 

and was discovered in April 2004 by cavers of GASAU. This 680 m long cave is constitu-

ted of small shafts in the Jurassic basal dolostone up to about -70 m from the entrance 

where well decorated rooms develop for half their heights in Palaeozoic metamorphic 

rocks. It is deepened up to -88 m, where a narrow passage allowed to explore a huge void 

20 m large and 10 m high, in which walls and ceiling is made of phyllites underlying the 

dolostone. White stalactites and draperies hang from the ceiling (Fig. 2) while the bended 

floor is obstructed by a muddy boulder choke, except for a funnel-shaped sink covered by 

flowstone. 
 

 

Fig. 2. The chamber completely developed in phyllites inside Perdeballa cave (Photo by Riccardo 

De Luca) 

S‟Orale „e Su Mudrecu cave (also called VPF) is the second deepest cave of Sardinia 

and was found in autumn 2001 on the bed of the almost dry Flumineddu canyon by ASP-

roS cavers. Currently it reaches a development of more than 4500 m and after limestone 

and dolostone vertical shafts up to a depth of 340 m, a small underground river follows 

horizontal passages close to the contact between Mesozoic dolostones and sandstones and 

the Palaeozoic basement. Several metres of passages with flat dolostone ceiling are arran-

ged inside massive sandstones with localized, thin lignitiferous horizons with plant frag-

ments, and subordinately in badly stratified quartzose conglomerates; the most exceptional 

feature is represented by a 5 m large circular conduit excavated into quartz veins-bearing 

black phyllites. 
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Morphogenesis 

Although physical erosion features are quite ubiquitarious in the Supramonte cave sys-

tems, developed on the contact with non-carbonate rocks, the karst-type morphologies 

found in Perdeballa and VPF caves can be related to mechanical grain removal of particles 

by flowing water interpreted as piping pseudokarst. The sandstones also undergo bedding 

collapse, in turn caused by subsurface erosion along the main fracture systems that started 

on underlying phyllites. The evolution of these features seems attributable to the hydrauli-

cal connection with the karst conduits, testifying even a multiprocess for the speleogenesis 

of these caves. 

Conclusions 

Pseudokarst types identified in Perdeballa and VPF caves are the first example of piping 

phenomena reported in Supramonte. These morphologies are formed in phyllites by sub-

surface drainage along the fault planes, locally involving collapse of overlying sandstones. 

Further observations will allow to better define its role on the karst evolution of this area. 
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What is Pseudokarst? 

Hartmut Simmert 

Höhlen- und Karstforschung Dresden e.V., Germany 

The preparation and carrying out the 11th International Symposium on Pseudokarst was a 

good opportunity to express and agree on what is meant by pseudokarst. What is being re-

searched, what is the point and why do professional and hobby scientists meet to exchange 

knowledge about it? 

To anticipate the question: there was almost no communication about the term in 2010 

and also this paper cannot answer this question satisfactory or completely. How could the 

combination of terms "pseudokarst" be better, if there are multiple views and ideas about 

the term Karst itself? Terms are tools of thinking and serve communication, to make one-

self understood. But even if one does not have a definitive answer it is nonetheless possib-

le and necessary to describe one's own opinion concerning this topic. 

Interpretation attempt: history of the term 

When the term "pseudokarst" was first used in literature (Knebel 1906) the geologist wan-

ted to express that the lava caves and the structures hanging from the ceiling have nothing 

to do with karst, despite the commonly spread opinion. He named those phenomena Pseu-

dokarst: 

"Man kann aber auf den Lavafeldern nur von einer "Pseudo-Verkarstung" reden, da 

der Übergang von der Horizontalentwässerung in die Vertikalentwässerung - also 

die Verkarstung - in den Karstgebieten auf andere Ursachen zurückzuführen ist. Ist 

es doch eine ganz andere Art von Zerklüftung, als die, welche in Karstgebieten sich 

findet." (von Knebel 1906, S. 183) 

"But in the fields of lava one can only speak of "Pseudo Karst Phenomena" because 

the transition from horizontal to vertical drainage - that is to say Karst development 

- in Karst areas is attributable to other causes. Because it is a sort of cleft formation 

very different from that which can be found in Karst areas." (von Knebel 1906, p. 

183) 

I interpret his opinion in a way that Knebel did not use the term as a working title but as 

a drastic attempt to correct wrong opinions.I am certain: Knebel did not want to estalish a 

new scientific term but simply delimit from the wrong use of the term Karst. He did not 

want to use the term to say what the phenomena are but to show what they are not, that is 

to say: certainly not Karst. 
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Interpretation attempt: part terms 

"Pseudo" comes from the greek word for false or wrong. So pseudokarst is "false karst"? 

This is why forming this term absurd because it shows what it is not although it looks like 

it. This is about the same as calling bananas pseudo-cucumbers. The opposite happened 

later: the term was spread and established over the years. It would be more convenient to 

create a new term that does not collide with other established terms. Other names like 

"mesokarst", "semikarst" and "nonkarst" are not better there. Even "thermokarst" is mis-

leading because it could mean a particular form of Karst. 

What is Karst? 

While the term Karst was originally used for landscapes formed through solution of limes-

tone and dolomite by water (more specifically: carbonated water) only, it was later exten-

ded to gypsum and salt stone, because they are easily soluble by water as well. So the 

central feature of Karst is solution (as process or result). But even this term is used in ma-

ny ways. Next to various colloquial uses (to solve a task or a problem, etc.) it is also used 

in chemistry and physics. While in physics a mechanic or kinetic loss of link is meant, 

chemistry has a different use for the term solution: a substance is being dissolved by ano-

ther substance (solvent), if it exists in an ionized state after the neutralization of the attrac-

ting forces. This process, known as dissociation, can be reversible or irreversible. We 

know that dissolved gypsum can become gypsum in overconcentrated solvent, also as a 

different mineralization structure. Dissociation of limestone takes the detour of hydroge-

nated carbonate ant calcite. 

And the other minerals on this planet? 

All rocks are influenced by natural stress and destruction. At the surface and close to it 

there are various forms of erosion. Corrosion requires solution by water. Although princi-

pally all minerals and rock consisting of them can be dissolved but there are significant 

differences concerning: 

 solution rate, 

 soluble quantities per litre and 

 solution conditions (pressure, temperature, accompanying substances etc.). 

For instance basalt or granite are regarded not soluble while gypsum and salt are easily 

dissolved. But because of the existence of landscapes without easily soluble rocks or soil 

forming sediments that show similar or equal features, the term pseudokarst was establis-

hed for these phenomena. Often all phenomena of Karst can be found there: dolinas, col-

lapse sinkholes, ponors, subterranean drainage, brook seepage, grykes, caves, etc. Here the 

formation of these features is a result of tectonics, boulder movements, erosion, suffosion, 

etc. There are also true solution processes that are of minor importance. But: they are the-

re. Also granite shows exogene forms that indicate solution phenomena. Corrosive featu-

res can be found in many sandstone caves (solution cavities, cave sinters). How could the-
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re be diatoms or fossile wood if silicon dioxide was not soluble in water? During a wor-

king conference in 1997 eight different forms of pseudokarst were distinguished: 

"...with notably different implications for extrsterrestrial habitats.... 

1. Rheogenic pseudokarst 

2. Glacier pseudokarst 

3. Badlands and piping pseudokarst (including loess) 

4. Permafrost pseudokarst 

5. Talus pseudokarst (including boulder fields and roofes streamcourses) 

6. Crevice pseudokarst 

7. Compaction pseudokarst 

8. Consequent pseudokarst" 

(Halliday 2007, p. 104) 

Here the dilemma becomes clear: not one in these eight forms has got anything to do 

with Karst. Neither the lava caves nor the phenomena in loess clay or ice or permafrost 

soil. Also the so called consequent caves do certainly not belong to Karst. Because of the 

wrong term there are no pseudokarst areas for me, also our Elbe Sandstone Mountains are 

not a pseudokarst area. But it is also not a Karst area although there is no doubt about the 

existence of Karst processes: rock solution and reversible processes connected to it. The 

landscape is vastly coined by erosion, not corrosion. Predominantly the binder between 

the grains of sand loses its strength or is dissolved before the grain itself. There are erosi-

on processes in Karst areas just as well - just think about the extremely weathered rock 

wall above the entrance to Stefans Cave (Southern Harz Mountains, Germany). It is not 

fixed how big the portion of corrosion processes forming a landscape has to be for Karst 

areas. So categorizing a landscape is again at one's own discretion. 

In 1982 Czech cavers and Karst researchers first organized a Pseudokarst Symposium, 

already with international participants. In this time these conferences take place in Europe 

on an international level approximately every two years. The third symposium was orga-

nized by cavers from Dresden in 1988 in Königstein, conference venues in many parts of 

Europe were found in the later years. Since 1997, the UIS has an independent Pseudokarst 

Commission. Many scientists, institutions and interested people who are occupied in re-

search in this field became members of this commission. The last Symposium in the Sa-

xon Switzerland took place in 2010. 

In the end, let us come back to the initial question and ask differently: what do we mean 

by "Pseudokarst"? After years of work in sandstone caves I decided for myself to explain 

the term like this: 

The term Pseudokarst describes geomorphologic phenomena or parts of a landsca-

pe that shows qualities or features of Karst genesis although the rock forming mi-

neral or soil forming sediment is not regarded capable of forming Karst. 

This is how I put it on Wikipedia in 2010. Let us see how it will change through the 

help of other authors in the future. I also know many geologists who simply refuse to use 

the term. It's use is only justified by the notorious application and the absence of a better 

scientific term. To get further in terms of content the term should possibly be avoided and 

a better description should be used. 
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By the way, a short summary concerning the history of the term can be found in an ar-

ticle of István Eszterhás that does not yet exist in literature form but only as a web article. 

 first use by Walther von Knebel in "Höhlenkunde mit Berücksichtigung der Karstphä-

nomene" (1906) 

 classification of pseudokarst phenomena in loess and clay sediments by F. P. Savarens-

kij (1931) 

 especially Russian and italian scientists work and publish in this field, using the term, in 

the middle of the 20th century; later also Bohemian Geologists (see Eszterhás, 2008) 

With this opinion, how can you be in a "Pseudokarst Commission" and organize a 

"Symposium on Pseudokarst" with a good conscience? We became part of the Commissi-

on not only because we work in a sandstone area but also because we appreciate the work 

of the colleagues and do not want to become heated in the discussion about the scientific 

term. This very same commission has decided to keep the term after numerous discussions 

because it is clear it is supposed to desribe. 
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Pseudokarst in the Elbe Sandstone Mountains 

Hartmut Simmert 

Höhlen- und Karstforschung Dresden e.V., Germany 

The origin of the Elbe Sandstone Mountains dates back to the Cretaceous period. In this 

time our area was covered by a flat sea. The rivers from the near mountains brought sand, 

but also clay and chalk were deposited in the broad estuary of the rivers. Despite local dif-

ferences occurred in the entire area to relatively homogeneous deposits. These sediments 

were compacted to a homogeneous sandstone board by different binders and the pressure 

of the own weight and the water. After the retreat of the sea (elevation of the area) imme-

diately began the weathering. 

The sandstone plate was broken by the movements of the earth‟s crust. The first small 

cracks and crevices of the valley developed into chasms and valleys, leaving mesas and 

pinnacles. The landscape has been shaped by different events in the Tertiary and Quater-

nary (uplift of the Ore Mountains in the south, Lusatian Thrust in the north). Today's wea-

thered forms have been dominated by the ice age. 

The Saxon Switzerland is inhabited for centuries. First economies are agriculture and 

timber industries, including fishing and use of selected areas as a trade route. In the val-

leys there are board mills and handicraft. From the middle of the 17th Century the popula-

tion increases considerably. In the main valleys developed in the 19th and 20 Century so-

me industry, such as shipbuilding in the Elbe Valley. In the quarries the sandstone was 

mined and shipped on barges all over Europe. 

Artists, travelers and the local historian as the pastor Götzinger made the Elbsandstein-

gebirge nationally and internationally known. It wraps itself a tourism that leads to today, 

people from all over the world come here. 

So the touristic exploration began in the early 19th century. The name Saxon Switzer-

land goes back to the Swiss painters Anton Graff and Adrian Zingg who have worked and 

taught at the Art Academy in Dresden around 1780. 

At the end of the 19th Century developed the free climbing that goes from here in the 

world. Nearly 100 years ago, the first mountain rescue service was established here. 

To preserve the beauty and uniqueness of the Saxon Switzerland with its hiking trail 

network of around 1200 km and about 1000 climbing summits with more than 15.000 rou-

tes the area was put under protection. In 1991 the National Park Saxon Switzerland with 

an area of 93 square kilometers was founded. 

Situated in the Saxon Switzerland, in addition to many small caves we find a number of 

different pseudo-karst phenomena. The majority of these have already been presented at 

various conferences, such as on the 3th Pseudokarst-Symposium 1988 in Königstein. 

On our excursions we will see these forms: 

 Caves 

 Mushroom rocks 

 Abri 
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 Rock arch 

 Corrie / rock bowl (Kamenitsa) 

 Crikes ands clints 

 Speleotheme 

In the area of the Saxon Switzerland there are currently three active speleological asso-

ciations. There are also a number of individuals that are dedicated to topics of caving. 

Main areas of research in present are: 

 the further collection and documentation of objects 

 the search for new objects 

 the anthropogenic influences on the ecology of the caves 

 the cave biology 

Currently there are no quantitative research on the relationship between weathering and 

karstification of the quartz sand stone, but only general observations. The discussion about 

the definition of pseudo-karst will be continued in our own research group, the term is 

used because of his little blur. 
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Geomorphology of the largest sandstone caves in the world on the 
Proterozoic table-mountains Churí and Roraima (Gran Sabana, 
Venezuela) and their research in the years 2002 - 2009 

Branislav Ńmída et al. 

Slovak Speleological Society, Bratislava, Slovakia 

The longest quartzite caves in the world (state on December 31, 2009), compiled 

by B. Ńmída 

1 Cueva Ojos de 

Cristal 

16.1 

km  

-73 m Venezuela Roraima SSS-ČSS-SVCN / 

SVE-OUCC 

2 Cueva Muchimuk-

Colibri 

8.0 km -160 m Venezuela Churí SSS-ČSS-SVCN 

3 Cueva Charles 

Brewer 

7.3 km +110 m Venezuela Churí SVCN-SSS-ČSS 

4 Gruta do Cen-

tenário 

 4.7 km -481 m Brasil Inficionado Grupo Bambuí 

5 Gruta da Bocaina 3.2 km -404 m Brasil Inficionado Grupo Bambuí 

6 Cueva Juliana 3.0 km -45 m Venezuela Churí SSS 

7 Sima Auyan-tepuy 

Noroeste 

2.9 km -370 m Venezuela Auyantepuy SSI-SVE 

8 Gruta das Bromé-

lias 

2.7 km  Brasil Ibitipoca  

9 Cueva Zuna 2.5 km -90 m Venezuela Churí SSS-SO PD Vele-

bit 

10 Cueva de la Araña 2.5 km  Venezuela Churí ČSS 

SVCN - Grupo Espeleológico de la Sociedad Venezolana de Ciencias Naturales, SSS – Slovak 

Speleological Society, ČSS – Czech Speleological Society, SVE – Sociedad Venezolana de Espe-

leología, OUCC – Oxford University Cavin Club, SSI – Societa Speleologia Italiana 

 

In January and May 2009, under the leadership of Mr. Charles Brewer-Carías, Mr. Branis-

lav Ńmída, Mr. Marek Audy and Mr. Federico Mayoral the 4th and 5th international spe-

leological-scientific expeditions were performed with participants from Venezuela, Slova-

kia, Czech and Croatia on one of the mesetas (tepuy) of the Chimantá massif in 

Venezuela, called as Churí. 

More than 14 km of cave passages were explored. 

The largest system named by us as Cueva Muchimuk-Colibri is 8 km long and starts in 

the abyss which is about 200 m long, 100 m wide and 120 m deep. The cave is formed by 

huge branches where the average width of galleries is about 20 to 50 m. A large labyrinth 
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of smaller river channels is formed there, too. The system has 8 entrances; 5 of them are 

situated directly on the outer, 500 m high wall in the northern corner of the tepuy. The lar-

gest entrance is formed by the 80 m wide portal, partially covered by giant fallen blocks. 

In the cave, several until now not described forms of biospeleothems and mineral aggrega-

tes were found. 

The entrance of the Cueva Colibri was discovered by us in January 23, 2009 and its ex-

ploration was realized under difficult circumstances during 6 days long stay of 9 cavers 

and scientists on the northern part of the massif. The entrance of the Cueva Muchimuk 

was discovered by us in May 29, 2009. 

The next cave, Cueva Juliana, discovered by us in 2007, was prolonged up to 3 km. For 

the first time in quartzite caves the standard digging methods were applied. In this cave, 

giant forms of champignon-type biospeleothems were recognized with diameters up to 1 

m. 

Other very important result of the expeditions was discovery of the connection between 

the Cueva Charles Brewer and the Cueva del Diablo (Devil´s cave) to one common sys-

tem with actual length of more than 7,3 km. 

The Cueva Zuna was mapped to the length of 2,5 km. The newly discovered Cueva 

Yanna is almost 1 km long. Some other smaller caves were found, too. 
 

 

Fig. 1. Galería Orinoco in Cueva Charles Brewer (Photo by J Stankovič, B. Ńmída, D Bakńić 

and V Guľa 2009) 

Simultaneously with the classical speleological exploration, scientific investigations 

were performed, too by a scientific team from the Comenius University in Bratislava. 

Geological, geomorphological and biological conditions were investigated repeatedly in 

the underground and the surface, water samples were analysed and also microclimatic 

conditions were evaluated. 
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The Cueva Muchimuk-Colibri system is now the 2nd longest and 2nd volumetrically 

largest quartzite cave in the world! 

The entire actual length of the cave systems of Churí explored by us is now more than 

28,5 km. 
 

 

Fig. 2. Cueva Muchimuk-Colibri (Photo by M. Audy and R Bouda 2009) 

 

Fig. 3. Columns in Cueva Canon Verde (Photo by B Ńmída 2007) 
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The expeditions were covered by the GE SVCN (Grupo Espeleologico de Sociedad 

Venezolana de Ciencias Naturales) in cooperation with Faculty of Natural Sciences – Co-

menius University Bratislava and its Speleoclub UK, Slovak Speleological Society (SSS), 

Czech Speleological Society (ČSS) and SO Velebit Zagreb. The scientific research was 

financed by the projects VEGA 1/0246/08 and APVV 0251-07, as well as from private fi-

nancial resources. 
 

 

Fig. 4. Cerro Autana and Lago Leopoldo (Photo by Ch Brewer-Carías) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Biospeleothems,Champignones, and a fly, 

photo by B Ńmída 2005 
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Presentation of some Abrasion Caves in New Zealand near Auckland 

George Szentes 

Bad Vilbel, Germany 

Abstract 

The rim of an ancient volcano extends along the coast of the Tasman Sea to the west and 

northwest of Auckland City. The rugged, rocky coast is mainly composed of coarse vol-

canic gravel and finer tuffaceous interbeddings. 

Over millions of years the volcanic sequence has undergone significant tectonic defor-

mation and as a consequence the formation is cut by many faults of various dimensions. 

This rock formation – mainly the unstable rock along the fault zones – is suitable for abra-

sion cave development. Along the fault zones of the 25 km long coastal area many caves 

have developed with various shapes and lengths. The recent connection of the caves to the 

sea and their elevation above sea level are very different, which reflects the geomorpholo-

gical and climatic changes of the recent past. 

Introduction 

I presented a paper on the relict abrasion caves near the village of Whatipu at the 9. Inter-

national Symposium on Pseudokarst in Bartkowa, Poland (Szentes 2007). Along the 

coastline of the Tasman Sea to the north of Whatipu the remains of the heavily eroded 

Oligocene Waitakere Volcano can be traced for a further 25 km. In most places the coarse 

volcanic gravel and the tuffaceous intercalations are suitable for abrasion cave develop-

ment. The study of several smaller cavities, rock shelters and bigger caves has allowed us 

to understand the development and the recent stages of the caves, which depend on several 

geological, geomorphological and oceanographical factors. The most importants factors 

are the tectonic situation and the local influence of the tidal range. Some of the caves have 

interesting and important historical roles concerning the Maori natives and the European 

immigrants. In some caves – particularly in those which are mainly influenced by the tidal 

effect – a specific ecosystem has evolved. 

Description of the investigated area 

The investigated area lies to the west and northwest of Auckland City between the lon-

gitude E 174o30‟04” and 175o24‟30” and at a latitude between S 36o49‟50” and 

37o02‟45” along the coastal area of the Tasman Sea (Fig 1.). The coastal region and the 

hinterland - the Waitakere Mountains - are the remains of the heavily eroded Oligocene 

Waitakere Volcano, which once stood a massive 3000 m high (Balázs 1981). 
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Fig.1.: Location of the investigated area 

The region is chiefly composed of Manukau Breccia, which is the product of a period of 

volcanic activity 12 – 25 million years long from the Upper Oligocene to the Middle 

Miocene.The rock formation consists of coarse andesite breccia with interbedding of fi-

ne tuff, lapilli and marine sediment layers (Hayward 1976). Iinterbedded andesite lava 

banks and pillow lava together with dyke rock intrusions can frequently be observed. 

The rugged, up to 300 m high Manakau Breccia bluffs of the West Coast, in which the 

caves were formed, consist of mainly shallow marine andesitic breccia, andesite tuff, 

conglomerate, sandstone and siltstone and a mixture of gravel and sand left behind by 

the underwater lahars. The rocky coast is dissected by flat sandy beaches, where it is 

possible to acces the region. The base rock below the volcanic formation is composed of 

Cretaceous sediments, Eocene mudstones and Oligocene muddy limestone (Thornton 

1985). The southern part of the formation is cut by generations of NE – SW and NNE – 

SSW trending faults, while in the northern part the NW – SE trending faults are domi-

nant. These faulty belts result in loose zones in the rock formation, which are of decisi-

ve importance for cave development. 

The chasms between the cliffs and the hilly hinterland are covered by the typical tempe-

rate rain forest of New Zealand (Ombler 2001). 
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Fig.2.: Location of the Whatipu caves and survey of the Cave 6. (Big Cave, Te Ana Ru) 

Cave development 

The development of the caves depends on the surrounding rock quality, the loose rock zo-

nes along the faulty belts and the joint systems, as well as the present and past relationship 

between the cave and the loose rock zone to the tidal range. Intermittent stratification has 

also played a part in the formation of the cavities. 

The caves have basically been formed by abrasion. The diameter of the coarse gravel 

pices in some places exceeds several metres. From the loosened cementing material large 

gravel pieces have fallen out and in their place remain large hollows. Where these hollows 

are within the tidal range the abrasion is able widen the holes forming caves or rock shel-

ters. Where the abrasion effect prevails, and when the hollows in the tidal range coincide 

with a tectonic belt more resilient and larger, typical abrasion caves can be formed. In the 

hard and fine grained tuffaceous formation cave development is to be found only in faults 

and fissures. Here the caves have narrow, high and sometimes long and branching passa-

ges. Of course, caves can be formed by various combinations of the above mentioned ef-

fects and the occasional stratification of the Manukau Breccia can also affect cave deve-

lopment. The abrasion cave development can intensified along the andesite dykes which 

intruded into the tuff and agglomerate and later fragmented. 

The relationship of the caves to the sea, and to the tidal range varies. The study area is 

influenced by the Westland Current and occasionally by the West Auckland Current. The 

maximum tidal range is 2.9 m in height. This is a high wave energy coast with waves of 

1.5 – 2.5 m on average. Many caves are partly or wholly flooded by the tidal waves and 
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the wave attack widens the cavity. In other instances the caves open at the recent limit of 

the tidal range and the waves barely (only when there is a storm tide) reach the caves and 

thus the widening effect here is only sporadic. Some caves, have no longer any contact 

with the sea, because of the rapid acceleration of coastal sand flat and dunes. This is due 

to the fact the littoral sand movement longshore to the north is largely driven by a Sou-

thern Ocean derived swell. Heavy storm wave action often causes beach erosion, moving 

sand to offshore bars. 

Choking by sand is the main reason for the destruction of the caves. Windblown dune 

sand intrudes into the holes and chokes the passages. Many caves fall the victim to the 

collapse of the surrounding rock. These collapses can reach the surface forming narrow 

canyons, which may be widened by the tidal waves. In other case the remains of a collap-

sed cave appear as a rock shelter. 

Speleothems in these caves are rare. In some places a millimeter thin brownish-reddish, 

ferric-manganiferous coating can be observed on the walls, which has precipitated from 

the seeping water. In one case a 15 cm long dark red stalactite was observed, which as 

well as the iron and manganese content includes carboniferous material. The carbonate 

content originated from the limey interbedded sediments. Due to the high magnetite and 

ilmenite content the sand filling the caves is often black. This black sand is typical of the 

west coast of the North Island. 

I have to mention a few words how the ecosystem has evolved in the caves. There are 

significant differences between the flooded caves and the caves, which have no any longer 

any contact with the sea.. In the flooded caves the walls are covered with large masses of 

sand-tolerant black mussels (Modiolus neozelanicus) and rock barnacle (Elminius plica-

tus). A high neap tide species red alga (Bostrychia arbuscula) and high colour green algae 

(Dictyosphaeria cavernosa) cover the walls of the twilight zone. The tidal waves carry lar-

ge quantity of both living and dead creatures into the caves and those which are still alive 

become unintentionally trogloxene. On the moist walls of those caves which are no longer 

subject to tidal waves living green and red algae species are to be found, whilst in the 

dryer part of the caves insects, spiders and resident birds are occasional cave dwellers. 

Bats were not observed, not even in the dryer parts of the caves. In some higher elevated 

rock shelters glowworms (Arachnocampa luminosa) can be observed. 

Field observations (Description of the caves) 

In seven sections of the coastal region abrasion caves, rock shelters and initial cave deve-

lopments were studied. 

At the 9. International Symposium on Pseudokarst I described in detail the relict abrasi-

on caves near the village of Whatipu. Nine caves open at the foot of a 800 m long steep 

volcanic conglomerate cliff, which represents the former coast line. The 56 m long Cave 

No.6 (Fig. 2, Pict. 1.), the Big Cave or in Maori Te Ana Ru has the largest and well-

known opening. This cave has his own history (Williams-Niven-Turner 2000). It served as 

shelter for travelling parties in pre-European times. In the last years of the 19th century the 

cave was used by the local timber-mill workers for social events and even had a dance 

floor. Today a 1 km wide scrubby sand flat lies between the caves and the Tasman Sea. 

This is just the latest phase of a longer term process, in which a huge volume of sand is 



112 

 

slowly being moved northwards up the coast by currents and long-shore drift (Dench--

Parore 2001). 

 
Pict. 1: Entrance to the Whatipu Cave 6. (Big Cave, Te Ana Ru), in the forefront the intruding 

sand dunes 

 
Fig.3.: Surveys of the North Piha Caves 1. and 2. 
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Pict. 2: Karekare; fragmentation originated rock shelters (the bigger one is the Maori Shelter 

Cave) in the Cave Rock 

  

Pict. 3: The Keyhole has formed by the 

abrasion along an andesite dyke, which 

intruded into the agglomerate 
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Pict. 4: Large chamber in the North Piha Cave 1. 

The next coastal region is to be found on the outskirts of the settlement and beach of 

Karekare. Along the coast only smaller rock shelters are to be found. On the valley slope 

behind the coast line, 50 m above sea level two rock shelterrs open in coarse andesite 

breccia (Pict. 2.). The name of the elevationis Cave Rock. The bigger shelter, the Maori 

Shelter Cave, has an entrance 8 x 10m with a 5 m bay, while the size of the smaller shelter 

is 5 x 5 m. The rock shelters are sacred places of the Maoris, indicate the historical and 

archaeological significance of the region. As regards the morphology of the hillside and 

the valley, the abrasion effect is unlikely to have influenced cave development. The caves 

are examples of how caves can be formed by fragmentation along fault lines after frag-

ments of gravel have fallen out leaving large hollows in their place. 

Further north lies Piha Beach. In thesouthern part of the beach one cave and one rock 

shelter and in northern section of the beach four caves are to be found (Cameron-

Hayward-Murdoch 1997). In the South opens the Keyhole, a 46 m long through cave, 

which passes across the Taitomo Island (Fig 7. Pict 3). The island is surrounded by the sea 

only at high tide. The name of the island means in Maori a through cave, which passes ac-

ross the hill. The Keyhole itself is a 12 – 14 m high and 4 - 5. m wide crevice, which has 

developed by the abrasion along into the agglomerate intruded NNW – SSE trending an-

desite dike. Oposite to the southern end of the island a rock shelter is to be found, which 

has developed also along an andsite dyke. The rock shelter is permanently flooded. In the 

northern part of the Piha Beach the No. 1 cave has a 13 x 9 m large entrance and a 27 m 

long and 10 m high abrasion chamber (Fig. 3.,Pict 4.), which was formed by the intense 

effect of abrasion along the fault belts. Inside the cave the tectonic structure can be easily 

observed. At present the waves reach the cave rarely, only when there is a storm tide due 

to the accumulated dune sand, which forms a dam in front of the entrance. Fifty metres 
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away No. 2 cave is to be found. The entrance is 

at the end of a 16 m long broken fissure, which 

is a collapsed part of the cave (Fig.3.). The cave 

itself is a 13 m long, 6 m high and 2 – 3 m wide 

passage, which was formed along a NE-SW 

trending fault. The accumulated dune sand also 

blocks the tidal waves from the cave. No. 3 ca-

ve is a fissure 19 m long over 10 m high 0.5 – 2 

m wide (Fig. 5.). This tectonic cave is the con-

tinuation of a 10 m long open fissure, which is 

the collapsed section of an abrasion hole. The 

tidal waves reach the cave occasionally. No. 4 

cave consist of a rock shelter and a group of 

cave passages (Fig. 4.). The rock shelter is the 

remains of a break down chamber, from where 

passages lead along NE – SW trending faults. 

The longest passage is 27 m long, 4 m wide and 

5-6 m high (Pict. 5.). Close by are 8 m long and 

a 4 m long passages. The rock shelter and the 

caves are partly filled in by the intruding dune 

sand, which separates them from the tidal ran-

ge. 

 
Pict.6: The numbers show the entrances of the five caves in Whites Beach 

Pict.5: The main passage in the North  

Piha 4. follows a fault line 
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Fig.4.: Survey of the North Piha Cave 4. and the Rock Shelter and the Whites Beach 5. Cave 

 

 

The sand banks of Whites Beach 

lie north of Piha Beach. The beach 

is surrounded by 200 m high cliffs. 

At the foot of the andesite agglome-

rate rock wall five caves have deve-

loped (Pict.6). Four closed by caves 

ranging in length from 5 m to 20 m. 

The cave entrances and the caves 

themselves are partially filled by 

rock debris, which has broken down 

from the relatively loose surroun-

ding rock. The dominant fault lines, 

which relate to the cave develop-

ment can be observed easily in agg-

lomerate rock wall. The fifth cave is 

a 33 m long wide passage (Fig. 

4,Pict. 7), which has developed 

along a N- S trending fault line. Fi-

ne grained, loose sand covers the 

floor. 
 

 

Pict.7: The passage of the 5. Cave in 

Whites Beach 
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Fig. 5: Surveys of the North Piha Cave 3. and Bethells Beach 3.Cave 

 
Fig. 6: Surveys of the Bethells Beach 1. and 2. .Cave 
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Fig. 7: Surveyes of the Bethells Cave 4. and the Keyhole 

 

Pict. 8: In an agglomerate block of the Anawhata Beach a rock shelter has formed 

Anawhata Beach is noteworthy for its spectacular cliffes. There is also a smaller river, 

which falls into the sea. The rock formation is coarse andesite agglomerate with tuff inter-

beddings. The steeply dipping layers and the vertical faulty zones are conspicuous. In an 
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agglomerate block in the central region a 30 m long and 9 m deep rock shelter has formed, 

which is within the tidal zone (Pict. 8.). The floor of the rock shelter is covered by fine 

sand. Many holes formed as a result of rock breakdown or fault line determined narrow 

fissures appear in the steep rock (Pict.9.) wall. At the foot of the wall smaller rock shelters 

open. The name of the area -Anawhata- means in Maori uplifted rock shelter or hole for 

food storage. Both names would appear relevant. 

 
Pict. 9: In the Anawhata Beach many holes formed as a result of rock breakdown or fault line de-

termined  narrow fissures appear in the steep rock wall 

 
Pict. 10: The wide entrance of the 1. Cave in Bethells Beach 
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Further northward Bethells Beach, is located, where four caves were studied. No. 1 ca-

ve is to be found in the southern part of the area (Fig 6.). The wide cave entrance is visible 

from afar (Pict. 10.). At high tide the cave is inaccessible. It is flooded to a height of 3 m. 

The 70 m long, 20 m wide and 10 m high hole is one of the most spectacular caves in the 

region. Opposite, No. 2 cave opens (Fig. 6.). This cave is a 24 m long fissure passage, 

which bifurcates near the termination. It has formed along a NW-SE trending fault in the 

relatively fine grained tuffaceous formation. In one place on the wall a brownish-reddish 

stalactite like speleothem can be observed. No. 3 cave is a N –S trending fissure passage. 

In the first section of the cavity the abrasion effect is easily recognizable, whilst in the se-

cond part of the hole the tectonic forms are the dominant. A major part of the cave is filled 

in by sand (Fig. 5., Pict.11.). No. 4 cave opens in the northern part of the area. It is a 18 m 

long, 1.5 m wide and 4 m high through cave, which has developed along a NE – SW tren-

ding fault and widened by the abrasion (Fig. 7.). 

 
Pict 11: The Bethells Cave 3. partly filled with sand and the crawl is the only way to advance 

 Muriwai Beach is the northernmost part of the study area. Here two caves were inves-

tigated. The 18m long, 4 m wide and 7 m high No. 1 cave was formed along a NW-SE 

trending fault in fine grained tuff (Fig. 8.). From the rim beside the cave the tidal move-

ment can be directly observed. At high tide 3 m high water floods the cave and the ingress 

of the tidal waves has an effect as far as the end of the cave, while at low tide the cave can 

be visited dry-shod. No 2. cave is the longest cave in the study area. The 120 m long pas-

sage system has formed in fine grained tuff, in an overhanging cliff (Fig. 8.). The deve-

lopment of the cave is the result of the complex effect of abrasion. From the western foot 

of the cliff a 44 m long, 6m wide and 10 m high passage leads along a NW-SE trending 

fault into a large chamber (Pict 12.). In the chamber a wide entrance overlooks the sea 

(Pict. 13.). Several narrow passage open from the chamber. One of the passage can be fol-



121 

 

lowed to the sea, the other passages gradually narrow. In this wide cavity the incoming ti-

de is spectacular and the tide-related ecosystem can be observed in considerable detail. 

Conclusion 

Certainly many areas are suitable for ab-

rasion cave development along New Zea-

land„s several thousand kilometre long 

coastline (Crossley 1988). The present 

study has investigated the caves of a cha-

racteristic coastal area, which is compo-

sed of volcanic gravel, tuffaceous inter-

beddings and has a specific morphology. 

The unique coastal currents of the Tas-

man Sea have played an important part in 

the formation and present-day position of 

the caves. It would suggest that there is 

potential for carrying out speleological 

studies for other coastal regions. 

 

  

 
Pict. 13: The Sea Entrances to the Muriwai Cave 2 

Pict.12: The main passage of the 2. Muri-

wai Cave at the beginning of the high tide 
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Fig.8: Surveys of the Muriwai Caves 1. and 2. 
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Erosion and corrosion in quartzite sandstone 

Jörg Templin 

Höhlen- u. Karstforschung Dresden 

Introduction 

In recent times the genesis of cavities in sandstone and especially the formation of atec-

tonic fissure caves is newly interpreted. In particular the erosion respectively the solution 

of the binder or even of the quartzite grain is being researched. In my opinion this is often 

about conceptual interpretation, because on the whole people agree. 

This presentation is an attempt to show differences in interpretations and to suggest con-

ceptual sharpness. 

Terms 

Erosion – Subrosion  

Erosion is explained as destruction by water and ice. In the context of the genesis of cavi-

ties we take into account the „…flushing effect of flowing water (erosion)…“, that“…also 

takes part in the removal of the weathered pieces.“ (Börtitz, Eibisch 1962) 

„Lixiviating processes of the ground water below the surface of the earth are summarized 

by the term Subrosion.“ (Reinsch 1991) There is chemical (lixiviation, karst processes) 

and mechanical (suffosion) subrosion. Frank Börner includes „…corrosion and under-

ground erosion.“ concerning the genesisi of atectonic fissure caves in the Biela Valley 

(Börner). Regarding argillacious cement it comes to a neutralization of the friction forces 

between the pelitic debris(< 0,063 mm). This is a physical (mechanical) destruction proc-

ess. Whereas the chemical solution of the cement is a form of chemical erosion and here p. 

e. R. H. Winkelhöfer speaks of a SiO2 Karst process (Winkelhöfer 2003), F. Börner about 

corrosion in general (Börner). Both (SiO2 Karst processes and corrosion) are regarded 

chemical solution processes. 

Mechanical erosion through salt-crystal growth weathering will have to be treated sepa-

rately because minerals are being transformed chemically during the hydration.  

Ein zu klärender Übergangsbereich ist die mechanische Verwitterung durch Salzspren-

gung, da bei der eigentlichen Hydratisierung Minerale chemisch verändert werden. (Viete 

et al. 1960) 

Chemical erosion 

„Contains the complete dissolution or entire transformation of the chemical contents of the 

mineral substances of rocks.“ (Reinsch 1991) 

Or defined similarly: 

“Chemical erosion summarizes all processes which cause a transformation of rocks 

through chemical reactions and conversions.” (Viete et al. 1961) 
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Karst/ Karst processes 

“The term Karst is of Indo-Germanic origin (as in karre for rock or karg) and was derived 

from the Kras landscape between Trieste in Italy and the Sneznik Mountain in Slovenija as 

a geomorpholically typical area for similar landscapes throughout the world by german 

geographers in the 19
th
 century.” (Kettner 1959) 

Also G. Viete und H. Reichert write: 

“... 2. an area morphologically and geologically created by karst processes, i. e. by solu-

tion activity of water above or below the surface. Depending of the dominating type of 

rock limestone and gypsum karst can be distinguished. (Viete et al. 1960) 

Concerning the mrphology the authors speak of geologic organs (gypsum), lixiviation 

runway in the form of limestone pavements (limestone) and grykes (gypsum), cavities, 

caves, dolinas (depression areas up to 20 m deep and 100 m wide) and poljes (connected 

dolinas as depression areas). (Viete et al. 1960) 

These are terms for the solution processes or also corrosion in carbonate and sulphate 

karst. 

Also R. H. Winkelhöfer speaks of grykes in sandstone areas. He sees them and the for-

mation of the “sacrificial bowls” (bowl grykes) on the mountains Quirl and Pfaffenstein as 

SiO2 karst processes because they originate from the solution of the “... minerals quartz 

and the silicates...” (Winkelhöfer 2003). He also mentions the solution of “quartz silicic 

acid”. 

Solution processes in sandstone 

The destruction of sandstone and the eventual formation of new minerals in and on the 

sandstone are regarded as part of the chemical erosion (corrosion) in the acknowledged 

specialized literature (Beyer, Rast, Beeger, Börtitz/ Eibisch, etc). 

Mineral structures of sandstones (selection) 

To be able to give a statement concerning solution processes we have to examine the sand-

stone compounds. The sandstones regarded here are called quartzite sandstones in litera-

ture. At the present time this includes: 

 Sandstone with > 95% quartzite grains, grain binder silicious, calcareous, argillaceous 

linked or a multiple mix (Reinsch 1991) 

Some examples: 

1. Quartzite sandstone of Königstein and the Upper Biela Valley (according to 

Beeger 1962) 

Labiatus sandstone, quantitative determination 

Major components: 

Grained: quartz (90%), glauconite, Feldspar (microline, plagioclase, probably 

albite and oligoclase), mica (mainly muscovite, as well as biotite) 

Cement: mainly indirect grain linkage, partly direct (pore cement) 
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 often thin cemented selvages of serizite (mica with K and OH) and limonite 

around the mineral grains 

 pore cement: finest quartz and mica-like minerals in equal portions of 8% 

 Pores in the pore cement of 0,02 mm 

 granulitic converted silicate minerals to the clay mineral illite (Beeger 1962) 

2. Sandstone (according to Damaschun, Jekosch 1991) 

Cotta 

according to the investigation of the author: “… from the quarry of the Lohmgrund as 

well as the variety no. 12 from Neundorf (south of Pirna)…” (Damaschun, Jekosch 

1991) and with that labiatus sandstone 

“A typical feature of the Cotta sandstone is a fine grain structure, occurrence of glau-

conites (content: single grains up to 2%) and amphiboles, a relatively loose grain struc-

ture, little grain linkage as well as a high share of pore filling material with clay min-

erals, mica, Fe-oxides and –hydroxides. …” (Damaschun, Jekosch 1991) 

 Quartz:    55%-65 

 Glaukonite:   1%-2% 

 Mica:   1%-2% 

 Feldspar:   < l% 

 Rutile, zircon, amphiboles: < l% 

 Cement:  20%-30% (clay and mica minerals, partly chloriti-

nated; Fe-hydroxides and -oxides; little silicified) 

 Pores:   10%-20% (Beeger 1962) 

Posta 

according to the investigation of the author: from Postelwitz (1907) and Reinhardtsdorf 

(1890) and with that sandstone layer a. 

“… Typical features of the Posta sandstone are: 

 a pronounced grain linkage, wide pores, 

 an irregular arrangement 

 the already mentioned relatively high portion of metamorphous quartz 

 low portions of cement.” (Damaschun, Jekosch 1991) 

 Quartz  65%-75% 

 Feldspar  <1% 

 Amphiboles  < l% 

 Cement : 3%-5% (hydromuskovite, little silicified) 

 Pores: 20%-30% (Beeger 1962) 
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3. Statements of S. Grunert (2007) 

The distribution of grain sizes of the Posta sandstone forms a closed spectrum. The 

quartz grains of the sand fraction are arranged in grain linkage. Because of the coaxial 

growth during the genesis they are connected punctually without showing a recogniza-

ble cement. Mostly cement is entirely missing... 

The grains of the Cotta sandstone are arranged in grain linkage as well and are linked 

up tightly. The grain gussets, partly also the pores between the grains, are filled with pe-

litic material that is mainly consisting of phyllosilicates. This binder is not directly tak-

ing part in the linkage of the sandstone, so it is wrong say clay linkage when talking 

about Cotta sandstone... Cotta sandstone is linked siliciously, too.” (Grunert 2007) 

Concerning the cement of labiatus sandstone we can summarize: 

Beeger Damaschun/Jekosch Grunert 

 indirect grain linkage 

(silicious) 

partly linked with serizite 

and limonite 

 pore cement quartz and 

clay minerals 

 little grain linkage 

 clay and mica miner-

als, 

 Fe-hydroxide and -

oxides;  

 little silicification 

 silicious 

 pelitic Schichtsilikate 

with indirect grain link-

age 

Concerning the cement of Posta sandstone we can summarize: 

Damaschun/Jekosch Grunert 

 3%-5% (hydromuskovite, some 

silicification) 

 pores 20%-30% 

 Quartz grains of the sand fraction with Grain 

linkage 

 quartz grains connected punctually without sho-

wing a recognizable cement 

 binder almost entirely missing 

Even if Grunert recognizes the cement of both types as silicious resp. the quartz 

grains as connected both sandstone types have different technical propertys. 

The Posta sandstone is more resistant to erosion than the Cotta sandstone. Grunert inves-

tigated this during tests of 42 different sandstones from the most important quarry areas 

of the Saxon Switzerland. Among other qualities compared to the Cotta sandstone the 

Posta sandstone has got: 

 higher maximum compression strength 

(Grunert 2007) 
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 ang a higher grain linkage stability 

(Grunert 2007) 

 concerning the fabric features there are distinctive differences in the binder (pore fill-

ing) 

(Grunert 2007) 

Amongst others, the higher portion of pores with easier soluble pore fillings and the re-

sulting weaker grain linkage are the reasons for the lower erosion resistance of Cotta sand-

stone as labiatus sandstone. In this report the grain distribution is not clearly considered. 

But the author refers to Beeger who points out the changes in grain size between Königs-

tein and the Upper Biela Valley. He describes a layer of coarse-grained sandstone in the 

Upper Biela Valley with visible rock pillars like the Herkulessäulen, Mühlenwächter, 

Wiesenstein etc. (Grunert 2007) 

Chemical solution processes (Corrosion) in sandstone 

1. Oxydation weathering 

Conversion from cubic pyrite to brown haematite and acid sulphur 

 
accumulation of brown haematite because of the pyrite content of the sandstone resp. ter-

tiary basalt volcanism 

2. Hydratation weathering 

by 

 water agglomeration in the molecular range 

 boundary surface reactions 

 water agglomeration to single cationes 

 water enclave into the structure 
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Gypsum CaSo4 x 2 H2 O 

formation of potassium alum KAl(SO4)2·12 H2O 

sodium alum NaAl(SO4)2·12 H2O 

transformation of mica/illite (Schichsilikat) to 

swellable montmorillonites (clay mineral) Al2 [(OH)2 | Si4O10] 
.
 nH2O 

(Viete 1960) 

 

These reactions above cause erosion processes by vapour pressure balance between in-

terior crystal water and the steam partial pressure of the air. 

The created crystallization pressure is a sign for mechanical erosion (salt-crystal 

growth). 

 

 
Alum blooming in the Wohlrab cave, wall area at approx. 30 cm depth (Seifert/Templin, HKD, 

march 2010) 
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Potassium and natrium are provided by the clay minerals (silicates). sulphates may be 

brought in by water resp. be formed during the pyrite genesis. The carbonates have to 

come from cement because the water in the entire sandstone area (except Zeschnik) react 

clearly acidic. (Börtitz 1962) 

The formation of swellable clay minerals leads to their transportation because of the circu-

lating water (suffosion). 

3. Protolyse – silicate weathering 

Protolysis of feldspar: 

 2 KalSi3O8 + 8 H2O  2 KOH + 2 Al (OH)3 + 2 H4 Si3 O8 

orthoclase caustic potash free poly silicic acid 
 

 

According to the opinion of the author this solution reaction is very rare in the cemented 

quartzite sandstones of the Elbe Sandstone Mountains. Although Beeger expects low coa-

line deposits in the sandstone of Königstein he judges them by a sparse feldspar portion. 

(Beeger 1962) 

The silicic acid as cement in quartzite sandstones “…can be delivered by the diagenetic 

dissolution into stable silicates in the sand during the early diagenesis…” (Reinsch 1991) 

4. Solution of quartz in quartzite sandstone 

“The dissolution of quartz is a normal hydratation and silicic acid is formed. 

SiO2 (solid) + H2O H4SiO4 (fluid)“
 
(Winkelhöfer 2003) 

“Most of the silicic acid comes from the sandstone itself, partly from the solution of the si-

licic acid inherent in the quartz grains of the sandstone, partly from the drivage of silicious 

sandstone components, especially feldspar.” (Winkelhöfer 2003) 

The SiO2 in the formula above is no crystalline quartz but amorphous. 

Solubility in mg/l at 25 °C (Benedix 1999) 

amorphous quartz crystalline quartz 

120 2,9 

Consequently amorphous quartz itself is an erosion or transformation product. 

In this amorphous quartz the spatial translation order is not recognizable, just like in 

“real quartz”. 

So the cement of the silicic cortex (cemented quartz grains) on sandstone rocks could 

mainly be precipitated silicic acid that primarily takes its origin in the dissolved silicic gel 

of the cement. But also this solution process only works at high pH value: 
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As mentioned above the water in the Elbe sandstone area has a pH-value of <7. (Börtitz 

1962) 

In general we have to state: “high pH-values that allow alkali silicate solutions to exist 

can rarely be found in natural water. …however, their occurrence cannot be denied com-

pletely. For instance in the pore solutions of decomposing volcanic material relatively high 

pH-values can be reached. Also evaporation processes in certain geologic cases can cause 

the pH-values of pore solutions close to the surface of the earth to rise.” (Landmesser) 

Crystalline quartz itself is soluble only with difficulty, only at a pH-values >9, as 

shown above. Compared to other silicious minerals it is the least soluble mineral. 

The formation of silicic cortex is stated with 0.1 – 0.2 mm per 100 years in specialized 

literature, without indications to research results. (Friedrich 2002) 
 

 

 

solubility of quartz, amorphous silicic acid and 

Al2O3 at 25°C depending on the pH-value (ac-

cording to Correns et al. 1949), ppm = parts 

per million (Börtitz 1962) 



131 

 

Cavity formation in the sandstone and Karst processes 

To speak of SiO2 Karst processes during the cavity formation in quartzite sandstone is 

considered worth thinking over by the author for the following reasons: 

1. The silica crust formation exists on sandstone rocks, but it is not a main phenomenon 

and its formation conditions should be analyzed exactly in the future. 

2. The formation of caves by SiO2 Karst processes plays a minor role because the solu-

tion processes are very protracted. Reasons for that are the low solution of real qua-

rtzites respectively of the quartzite silica gel and the low portion of feldspar as neces-

sary supplier of the silica gel. 

3. Especially the formation of fissure caves (atectonic and also tectonic) is mainly caused 

by hydratation weathering (swelling processes) of the clay and the following suffosion. 

Also the hydration of the salts alum and gypsum and connected to that their later me-

chanical weathering through crystallization contributes to the cave genesis. 

4. Allowing the use of the term SiO2 Karst process changes the original nomenclature of 

the terms Karst/Karst processes. It should be inspected if this serves an unopposed pro-

fessional examination. 

5. If the term SiO2 Karst process was acknowledged as chemical weathering many wea-

thering processes in the Elbe Sandstone Mountains that are mainly of chemical nature 

would be Karst processes. Then at least half of the Elbe Sandstone Mountains would be 

Karst mountains. 
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Introduction  

The caves formed owing to the gravitational deformation of mountain slopes are very 

common in Polish Outer (flysch) Carpathians and represent majority of about 1100 caves 

explored in this region up till now. Among them are numerous relatively long caves – 34 

caves are longer than 100 m, the longest is Jaskinia Wiślańska Cave – 2275 m (Klassek, 

Mleczek 2009, Szura 2009). These caves are important subjects of scientific research into 

processes shaping mountain slopes  

Gravitationally induced cavities differ from other non-karst caves, e.g. weathering or 

erosional forms in their location underground and accessibility. They are formed owing to 

relatively deep transformations of rock massifs, resulting in widening of cracks or total di-

sintegration of the rock massifs producing irregular voids amongst displaced rock blocks. 

Such cavities, genetically not related to the superficial processes, are often not opened to 

the ground surface (resembling in this some karst systems, especially hypogenic karst). 

Therefore the identification and exploration of them (widened cracks or irregular voids) is 

not easy and various methods are applied for their detection, e.g. analysis of maps, geo-

morphological observations, observations of warm air escapes etc. The geophysic methods 

have not been used for this purpose in the region. The electrical resistivity tomography 

(ERT), enabling to image discontinuities and other elements in the bedrock framework, 

seems to be adequate method to detect such cavities. It was applied for geomorphological 

interpretations, also for landslide structure reconstruction (e.g. Lapenna et al. 2003, 

Schrott, Sass 2007, Sass et al. 2008). This paper reports and discusses the first attempt of 

application of the geophysic methods, just ERT, for detection of non-karst, gravitationally 

induced caves in siliciclastic, flysch rocks and in mountainous area. 

Regional settings 

Outer Carpathians, called Beskidy (in Polish) or Beskydy (in Czech language), are formed 

of siliciclastic-clayey flysch rocks of predominantly Cretaceous-Palaeogene age: sandsto-

nes, sandstone-shale heterolithes, shales and conglomerates (Fig. 1). The mountainous re-

gion is dissected by river valleys several tens to 800 m deep and mountain slopes are often 
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steep and formed of altered series of sandstones, shales and heterolithes. Such morphology 

and geological structures are conducive to development of gravitational mass movements, 

which are the most effective processes shaping the slopes (e.g. Margielewski 2006). The 

slope mass destruction generates formation of subsurface discontinuities and voids, which 

are caves when accessible for people. According to Viték‟s (1983) classification two ge-

netic-structural types of caves can be distinguished there: 1) crevice type caves represen-

ting joints or systems of joints widened by tension (extension) strains in rock massifs and 

2) talus type caves representing irregular voids formed among distinctly displaced (shifted 

and rotated) rock blocks. These first (crevice) type caves are usually formed during slow 

processes of slope fragmentation preceding landslide formation, while the latter (talus) ty-

pe caves are formed usually during the main stage of landslide formation and are typical 

for landslide main body (Margielewski, Urban 2003a). However the genesis of these caves 

is not always strictly connected with their shape, outline and situation within rock massifs 

and slopes. 
 

 

Fig. 1. Situation of the study sites at the background of the geological map of Polish Carpathians: 

1 – Jaskinia Malinowska site, 2 – Diabla Dziura site, 3 – Jaskinia Miecharska site 

To examine various condition of the ERT method application, the caves representing 

different genetic and morphological types were chosen, as follows:  

 Jaskinia Malinowska Cave situated in the Beskid Śląski Mountain Range, western part 

of the Beskidy (Fig. 1) and representing typical crevice cave preceding a landslide for-

mation (Margielewski, Urban 2003a) – 3 ERT profiles  

 Diabla Dziura Cave situated in the Rożnów Foothill of the central part of the Beski-

dy.(Fig.1) – a system of (sub)vertical crevices developed close to the landslide head 

scarp, thus preparing the rock massif for the next phase of landslide development (Mar-

gielewski, Urban 2003b.. 

 Jaskinia Miecharska Cave and landslide surrounding it with 16 small caves, situated in 

the Beskid Śląski Mountain Range (Fig. 1); the main cave is a maze system of passages 

formed within large landslide body during the mass movements producing this form 

(Margielewski et al. 2007, 2008)  
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Methods  

The maps of the Jaskinia Malinowska and Diabla Dziura caves are used after cave inven-

tory (J. Ganszer and M. Rachwaniec in: Pulina, 1997a, and J. Ganszer and T. Mleczek in: 

Pulina, 1997b), whereas maps of the Jaskinia Miecharska Cave and surrounding landslide 

were made by authors recently. Detailed geomorphological observations at studied sites 

were conducted by authors several years ago and recently (Margielewski, Urban 2003a, b, 

Szura 2006, Margielewski et al 2007, 2008)  

The ERT profiles were performed in June 2009. The two-dimensional electrical resisti-

vity tomography is a geophysical technique based on differences of ground (bedrock) 

electrical properties (conductivity-resistivity), which are conditioned by lithology, structu-

re, occurrence of (tectonic, sedimentary or other) discontinuities and cavities as well as 

water/air saturation of porous or/and fractured rocks. It enables to image a bedrock resisi-

tivity pattern as deep as several tens meters. The resistivity image is a result of digital 

multiphase interpretation of hundreds of electrical signals measured in the bedrock by 

each two electrodes, in effect of applying current (electrical) signals into the ground 

through other two electrodes arranged in multi-electrode and multi-cable straight-line pro-

files (Milsom 2005)  

Totally 14 ERT profiles were performed; 3 at the Jaskinia Malinowska site, 3 at the 

Diabelska Dziura site and 8 at the Jaskinia Miecharska site. The length of the profiles ran-

ged from 63 m to 355 m. The electrode spacing (distance) ranged from 2 m to 5 m  

From the three most frequently used electrode systems (Dipole-Dipole, Wenner and 

Wenner-Schlumberger) the Dipole-Dipole array appeared to be the most useful for the 

purpose of study (Pánek et al. 2010) and the results of application of this array is reported 

hereafter. This array consists in two current electrodes situated on one side of the multi-

cable profile and two potential electrodes (measuring the signal) on its other side. This 

system is especially suitable for the detection of vertical structures (Milsom 2005)  

The methodological aspects of the ERT method application for the imaging of caves 

and slope (landslide) structures at the studied sites are reported and discussed in the other 

paper (Pánek et al. 2010)  

Study sites and results of field works  

Jaskinia Malinowska site 

Jaskinia Malinowska Cave (245 m long, 20 m deep) is situated in the upper part of the 

southern slope of Mt. Malinów (1117 m asl.) formed of the Upper Godula beds (Upper 

Cretaceous) representing very thick-bedded sandstones and conglomerates (with rare shale 

inserts), which are slightly inclined to the south-southwest (Margielewski, Urban 2003a). 

The cave, accessible through shaft ca 10 m deep, comprises a gallery composed of several 

straight-line sections, which follow two diagonal joint sets: D1 (300-310º) and D2 (20-

25º). The main gallery is spacious and up to 10 m high in its central and western part, 

whereas the eastern segment of the cave represents narrow passages among rock blocks 

(Fig. 2 A-C). As observations of the cave walls proved, the cave was formed due to the 



135 

 

extension and slight tilt of the downslope part of rock massif (Margielewski, Urban 

2003a). This process of rock massif deformation can be also defined as dilation – a growth 

of volume without the change of shape. 

Three ERT profiles were performed in this site – two ones parallel to the slope dip and 

one along the slope countours (Fig. 2 A). Two of them could test the ERT efficiency in 

cave detection, since they crossed the cave passages  

Cave passages usually overlap high resistivity anomalies on the profiles, although the 

shapes of these anomalies are not similar to the outline of the galleries. The high resistivi-

ty body marks also the surface depression situated west of the cave. It suggests that high 

resistivity anomalies preferentially record widened fractures or densely fractured zones 

(fracture arrays). Assuming that the fractures correspond to the joint sets controlling the 

development of explored cave galleries, the presumable pattern of fractured zones expan-

ding the Jaskinia Malinowska Cave can be constructed (Fig. 2 D)  

Diabla Dziura site  

Diabla Dziura Cave (365 m long and 42 m dip) is situated within hill ridge stretched east-

west and formed of very thick-bedded sandstones of the Ciężkowice Formation, which 

slightly dip to the south. On the northern slope of the range two generations of landslide 

movements, represented by two head scarps are discernible. Upper part of the higher and 

older scarp displays the rock cliff in which the cave entrances are situated. The landslide 

main body (colluvium) lies at the foot of the range slope, 40-50 m below the ridge (Fig. 3 

A, B, D). 

The Diabla Dziura Cave is composed of a few vertical and subvertical fractures situated 

very close each to other and often combined in one system of vertically elongated voids. 

The fractures are subparallel to the ridge direction and widened due to the tensional (dila-

tional) translation of massif to the north, transversal to the ridge (Fig. 3 D, E). The wide-

ned fractures are extremely deep (although divided by rock blocks into three or four “sto-

reys”), thus the cave is practically the deepest one in Polish part of the Beskidy 

(Margielewski, Urban 2003b) and reaches the level of the slope foot Three ERT profiles 

transversal to the ridge and cave were performed there. The longest one crossed the cave 

and both generations of landslides. Two shorter profiles were situated east of the cave 

(Fig. 3 A)  

 

 

 

 
(see previous page) Fig. 2. Jaskinia Malinowska site; A – map of the cave and its surroundings 

(cave map after Rachwaniec M. in Pulina 1997a); B – longitudinal cross-section (after Ganszer J. 

in Pulina 1997a); C – conceptual transversal cross-section (after Margielewski, Urban 2003a, 

modified); D – ERT 1 and ERT 2 profiles. Symbol explanations: 1 – cave, 2 – surface depression, 

scarp, 3 – ERT profile, 4 – apparent high resistivity anomaly and its depth in meters, 5 – less ap-

parent high resistivity signal and its depth in meters, 6 – densely fractured zone (on map) inferred 

from ERT; 7 –densely fractured zone inferred on ERT profile, 8 – schematic cave gallery cross-

section on ERT profile. Steeply dipping ERT profiles on map are shortened according to their 

projection on horizontal plane. 
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Two large high resistivity anomalies are the main elements of the longest profile (Fig. 3 

E). They are most likely a sandstone series cut and displaced by fault. The sandstone body 

in the northern (left), upper side of the fault is underlain by low-resistive elongated body – 

most probably shale series, which is confirmed by small shale outcrop at the slope foot. 

The resistivity signal produced by large (high and long) fractures forming the cave overlap 

the sandstone high resistivity body and can be distinguished only in the uppermost part. 

The sandstone high resistive body is also marked in the central profile, although its nor-

thern, upper part (in upper side of fault) displays distinct variability of resistivity, which 

can be caused by the occurrence of fracture arrays  
 

 

Fig. 3. Diabla Dziura site: A – topographic situation of the site; B – map of the cave and its sur-

roundings (cave map after Ganszer J. and Mleczek T. in Pulina, 1997b, simplified); C – longitu-

dinal cross-section (after Ganszer J, Mleczek T. in Pulina 1997b, simplified); D – conceptual 

transversal cross-section (after Margielewski, Urban 2003b,); E – ERT 1 profile. Symbol expla-

nations: 1 – fault inferred from ERT profile, 2 –lithological boundary inferred from ERT profiles, 

3 – tension zone (cutting surface) and potential sliding surface on ERT profiles, 4 – landslide 

scarps: a – rocky, b – soil, 5 – landslide body (colluvial rampart), 6 – creeping and colluvial ton-

gue; other symbols – see Fig. 2. Steeply dipping ERT profiles on map are shortened according to 

their projection on horizontal plane. 
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The landslide pattern is the second structure clearly imaged on the main (longest) ERT 

profile (Fig. 3 E). The landslide body (colluvium) is displayed by several oval and hori-

zontally elongated high resistivity anomalies overlying low resistivity bodies similar in 

shape. Such an image is caused by inconsistent mixture of crushed sandstone and shale 

rocks saturated by water in the deeper part. Slightly circular shape of narrow and inclined 

low resistivity zone in the slope above the landslide body suggest its genetic connection 

with lanslide formation or preparation. Therefore, it can be cutting surface and potential 

shearing (sliding) zone of the landslide, which is less resistive probably due to the higher 

humidity. 

Jaskinia Miecharska site 

Jaskinia Miecharska cave (1810 m long, 56 m of the vertical extension, 10-20 m deep un-

dreground) developed within the landslide situated in the southern slope of Mt. Mali-

nowska Skała range, just above the Malinka stream. The landslide, ca. 350 m long (S-N) 

and 200 m wide (W-E) (Fig. 4A), is formed of the Upper Godula beds (Upper Cretaceous) 

comprising the series of thick-bedded sandstones with shale inserts (several centimeters to 

30 cm thick), which dip 20º to the south, thus practically parallel to the slope. Consequent-

ly, the landslide represents intermediate deep slip-consequent gravitational movement 

displaced along the bedding planes (which is confirmed by the underground stream in the 

cave, flowing on the sliding surface, which does not sink into the rock basement untou-

ched by deformations, thus devoid of widened joints – Fig. 4 B). The landslide was for-

med during at least two stages of mass movements. The oldest stage is represented by the 

highest head scarp and the trench at its foot, whereas the younger landslide generations are 

represented by several scarps, trenches and landslide bodies (with rock packets and rock 

forms) in the central part of this area as well as landslide body and colluvium dissected 

with several depressions in its lower segment (Fig. 4 A) (Margielewski et al. 2007, 2008). 

The Jaskinia Miecharska Cave is a maze system of passages formed along diagonal 

(D1) and transversal (T) joint sets within the landslide body of the central part of the land-

slide zone. The cave system is composed of some crevice type galleries (formed owing to 

simple widening of joints), but some of its passages represent voids formed among chaoti-

cally displaced (shifted, turned, rotated) rock blocks. Some galleries and chambers are 

spacious, up to 10 m high and 10-30 m long. Observations in the cave suggest its formati-

on due to the process of the fissure macrodilatancy – growth of the rock material volume 

and change of its shape due to the propagation and widening of fractures (Margielewski et 

al. 2007, 2008)  

Within the landslide zone, there are also 16 minor caves, situated usually close to the 

scarps and trenches and 3-34 m long (Fig. 4 A) (Pánek et al. 2010)  

Eight ERT profiles were performed at this site: Six profiles are more or less parallel to 

the slope dipping – longitudinal to the landslide zone. Three of these longitudinal profiles 

cross the main structures (landforms) of the landslide zone. Two ERT profiles are trans-

versal to the landslide zone, parallel to the slope contours (Fig. 4 A)  

The first observation of ERT profiles (Figs. 4 and 5) is that the high resistivity bodies 

overlap large galleries and chambers of the Jaskinia Miecharska Cave, thus the cave is 

properly detected by this geophysic method. However, there is much higher number of 

high resistivity anomalies on the profiles than cave galleries accesible in the landslide, 
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which suggests that there are numeroous not accessible cavities or/and not only apparently 

widened cavities are imaged as high resistivity anomalies, but densely fractured zones, as 

well. 
 

 

Fig. 4. Jaskinia Miecharska site: A – a map of landslide and cave (after Margielewski et al., 

2007); steeply dipping ERT profiles are shortened according to their projection on horizontal pla-

ne. B – longitudinal cross section of the Jaskinia Miecharska Cave. Explanation of symbols: 1 – 

landslide scarps, a) rocky, b) soil; 2 – landslide depression, trench; 3 – landslide body – rampart; 

4 – landslide body – colluvial tongue; 5 – rock forms, crags; 6 – contours of Jaskinia Miecharska 

Cave; 7 – contours of other, small cave; 8 – spring; 9 – forest pathes 10 – ERT profile with mar-

ked high resistivity anomalies: a – apparent high resistivity signal and its depth in meters, b – less 

apparent high resistivity signal and its depth in meters 

Numerous and distinct oval high resistivity bodies occur within the main landslide body 

at the depth 10-20 m, close to the largest cave galleries of the cave. They are accompanied 
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by less frequent (several) low resistivity anomalies of similar shapes and sizes (marked by 

A letter in Fig. 5). Most of them are situated at the straight-line zone, which can be identi-

fied with landslide sliding zone and simultaneously with the boundary between the gravi-

tationally disintegrated massif and stable basement and landslide sliding surface (zone) 

observed in the cave. The second type of high resistivity anomalies are represented by 

wedge-like and lenticular bodies, situated shallow underground usually within or near 

scarps and trenches, close to some small caves discovered in the site (marked by B letter 

in Fig. 5). 

Discussion and results  

The air-filled subsurface voids, as caves, should be expressed by ERT as high-resistivity 

anomalies (e.g. Milsom 2005). It is true for the study sites – large cave galleries and 

chambers are usually imaged by the high resistivity bodies independently of a type of ca-

ves and stage of slope evolution. However, the reverse relation that each high resistivity 

anomaly means the cavity (potential cave) has not been proved and doubtful or even de-

nied, since, the high resistivity feature attributes also the sandstone body most probably 

lacking the cavities, as the deeper sandstone series at the Diabla Dziura site and the rock 

basement (below the cave galleries and sliding surface – Fig. 4 B) at the Jaskinia Mie-

charska site. 

Besides of cave detection, at each site (representing different type of caves and slope 

modifications) different structures of the rock massif were imaged and detected by ERT. 

In the case of very slightly disintegrated and lithologically monotonous rock massif 

forming slope at the Jaskinia Malinowska site the main structures detected by ERT are 

most probably fractured zones (Fig. 2). Their pattern is related to the joint sets and indica-

tes that the network of initial fractures prepared the rock massif to landslide formation is 

much larger than it is visible in the cave  

At the Diabla Dziura site the lithological structures are accurately recorded by ERT on 

the main (longest) profile. Such image was most probably possible to obtain owing to dis-

tinct lihological diversity. The lithology even confuses the cave detection at this site. Con-

sequently, the ERT method evidences the lithological control of the gravitational slope di-

sintegration and cave development, which was assumed (postulated), but not so clearly 

perceived (proved) on the basis of direct field observations (Margielewski, Urban 2003b). 

Moreover, the structures of landslide are distinctly visible in this profile. Its elements are 

displayed by slightly less resistive zone of potential shearing surface of rotational landsli-

de as well as landslide body and colluvium characterized by variable, in deeper part low 

resistivity driven by lithological variability and water saturation (Fig. 3)  

In the case of Jaskinia Miecharska site, where the gravitational structure (landslide) is 

much more complicated, the high resistivity bodies overlap numerous cave galle-

ries/chambers of different types, however the connection of great number of anomalies 

with the underground voids was not proved. Nevertheless, two genetic types of zones fa-

vorable for cavities‟ (caves‟) occurrence have been proved. The first type is represented 

by oval entities (numerous high resistivity and rare low resitivity anomalies) situated close 

to the sliding zone and the bottom of landslide body. Most probably they are characteristic 

for the zone od highly differentiated fracturing and displacement of rock massif (as e.g. 

Jaskinia Miecharska Cave), which can be described as zone of differentiated bulk-density  
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Fig. 5. Selected ERT profiles of the Jaskinia Miecharska site. Symbol explanations: 1 – schematic 

cave gallery cross-section, 2 – landslide sliding surface abserved in the cave and inferred from the 

ERT profiles. Explanation of letters in the text 
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of rock massif (more or less densely accumulated block-debris material), transformed by 

fissure macro-dilatancy process (Margielewski et al. 2007, 2008). However, the water 

distribution (underground water stream existing in the Jaskinia Miecharska Cave) can also 

influence the resistivity pattern near the boundary between lower in situ rock massif and 

upper, displaced rock masses, which is sliding (failure) surface of the landslide. 

The second type of high resistivity anomalies, represented by lenticular or wedge-like 

and vertically elongated bodies, are most probably connected with apparent tension zones 

within the landslide trenches. This is why they are often (but not always) situated within 

or close to the scarps, trenches and small caves. Most of them can be probably defined as 

dilation zone of landslide (Margielewski et al. 2007, 2008)  

Conclusions 

The electrical resistivity tomography ERT technique (Dipole-Dipole system) is adequate 

method to interpret structures of slopes formed of the siliciclastic-clayey flysch rocks, 

which undergo to the gravitational deformations, especially if the rocks are lithologically 

differentiated. It displays the main lithological features as well as systems of densely frac-

tured zones. The resistivity pattern of slope can also reflect the differentiation of general 

bulk-density of gravitationally disintegrated rock massif within complex landslide forms  

ERT is also appropriate method to detect underground air-filled spaces within these 

structures, if they are sufficiently large, however, not only accessible and potential caves 

are reflected as high resistive entities in the ERT profiles. Consequently, this method can 

not be used as direct and unequivocal “detector” of caves (strictly cavities) occurrence. 

Nevertheless, the Dolny Waserszlog Cave (34 m long) at Jaskinia Miecharska site was 

found and explored in summer 2009 on the basis of the ERT profiles data, near the place, 

where three crossing profiles detect shallow high resistivity body  
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Introduction 

The relation between discontinuities and subterranean network drainage is analyzed for 

two granitic systems of cavities: O Folón and A Trapa located at the Galiñeiro Sierra (A 

Trapa) and in Fragoselo-Coruxo hills (O Folón), both in Pontevedra (Galicia, NW Spain). 

The genesis and evolution of the two cave systems are not yet known in detail though, ba-

sed on the geomorphological data, an approximate sequence may be established. The for-

mation of these cavities starts in the Tertiary Period s.l., as the age supposed for the thick 

cover of alterites exposed in the close tectonic basin of Porriño-Tui (Miocene age). But 

the formation of these cavities does not begin till alterites are eliminated by erosion and 

the rocky substratum becomes exposed subaerially. At first, the runoffs circulated directly 

over the rock but the involved watercourses were of second order and discontinuous, rela-

ted to the seasonality as proved by the fact that no specific forms (gorges, rocky channels, 

etc.) were developed on surface. Later, when the tight fissure network had been cleaned of 

alterites, the water was forced to circulate in depth at high velocities and it was at that 

moment when O Folón and A Trapa caves started to develop. Anyway, the outline of the 

two subterranean systems is mainly defined by the system of discontinuities, of endoge-

nous origin (final intrusive stage of the granitic body), which have not been modified 

substantially. At present, the cavities at the bottom of two small valleys are partially cove-

red by blocks mobilized down the slope by gravity. Therefore, the sequence of formation 

that defines the two studied cave systems is as follows: 1st: a long episode of edaphic 

weathering that credibly ends with the climatic change that begins in the Pliocene and is 

guided by the changes in the base level (of tectonic origin). 2nd: elimination of the rego-

lith cover by the erosion carried out by the runoffs or the action of the fluvial drainage 

network of the Miño River for A Trapa and the Oitabén-Verdugo rivers for O Folón. 3rd: 

slope processes associated with the dismantling of the regolith cover with release of resi-

dual blocks which are accumulated at the bottom of the slopes. 4th: erosion of the subter-

ranean rocky bed by the water channelized through the pseudokarstic system of A Trapa 

and O Folón (essentially development of pot hole and polished surfaces). And 5th: deve-

lopment of speleothems (pigotite, evansite and opal-A) in the inactive cave levels of the 

subterranean drainage network. The datings carried out for these deposits (from 1.8 to 3 

kyr BP) and the ages of the remains of anthropic origin found in these pseudokarstic sys-

tems (from the Bronze Age to the Neolithic Age) confirm that at the end of the Pleistocene 

both caves were already defined approximately with their present aspect, though some la-
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ter subsidences were produced in certain zones of both caves. The morphology of the con-

duits is related firstly to the characteristics of the discontinuity system (orientation, ope-

ning grade of the fissure related at the same time to the movement of the blocks which de-

limit it). Secondly, it depends on the incision process of the drainage network (normally 

vertical) that gives rise up to 3 types of transversal profiles of conduits. The conduits of 

phreatic type are originated when the water circulation is produced lineally through the 

partially open fissures though the section may extent acquiring an elliptical shape due to 

enlargement along discontinuity planes. 
 

 
Fig. 1. Sketches of an intrusive body of granite in which it is showed the main systems of fractu-

res. To the left, block diagram of a pluton showing the schistosity/foliation developed parallel to 

the granite contact fading to the inner part of the magmatic body (Hills E.S. 1963 Elements of 

structural Geology, Sherbon Hills Ed.). To the right another model showing the sheet structure. 

If the disposition of the original fissure is vertical or verticalized, the development of the 

conduit will be similar to incise and vadose incise conduits. Finally, vadose conduits are 

originated by the water circulation along a subhorizontal planar fissure or at least not very 

inclined, for example shear bands corresponding to the sheet structure. It is specially evi-

dent the relationship between families of discontinuities and the outline of the subterra-

nean network. This is recognized in the longitudinal profile of both cave systems with 

step-like section alternating subhorizontal and vertical steps. Since the movements of 

blocks are produced along the slopes and the development axis of both systems follows 

the talweg, this effect allows the creation of new spaces. For A Trapa, this occurs either 

downward, essentially on the western slope of the valley, or along the axis of the talweg in 

the chaos located at the bottom of the valley. The circumstances are quite different for O 

Folón where the prevailing discontinuity system is subhorizontal and the displacements 

are exclusively on the vertical and not lateral. All the cases of hollows of either greater 

(Big Doline) or smaller dimensions have been developed by vertical movements. 
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Erosional granite cave systems 

In this paper there are only considered those granite caves or granite cave systems which 

have been formed directly by flowing water. These systems are defined as erosion caves 

(erosionhoehlen) and two subtypes are considered:  

 Boulder fragment caves or erosion boulder caves 

(blocktruemmerhoehlen; erosionsueberdeckungshoehlen): 

"If a rock slide occurs within a narrow, water-carrying gorge, the creek is first blo-

cked by boulders. It erodes these boulders by finding a new way and forms water-

carrying cavities and caves. Later there may occur further rock slides caused by 

continued erosion. Such caves may occur generally in deeply incised, water-

carrying gorges in rock beds crossed by joint or fissure networks." (Striebel, 1996). 

 Structural caves (tektonikgebundenehoehlen): 

"Related to zones of fragmentation and subsequent alteration in granite massif, ca-

vities may be found, produced as a result of the canalization of underground water 

through them and of the erosion of rock altered there" (Vidal Romaní, 1989)  

Until now, there have been studied about 126 granite caves closed to the Granite and 

Migmatitic Domain in the western part of Galicia (Northwest of Spain) and Portugal. The-

re are included nine samples of erosion caves, from which only five of them are structural 

systems (ordered by survey date): O Folón (Vigo), A Porteliña (Vigo), A Cunchosa (Can-

gas), O Cebro (Pindo) and A Trapa (Tui). 

All these structural systems have a similar structure:  

 A narrow vadose canyon that is cut into the valley floor, filled and covered by rock ed-

ges making a bounded chaos of blocks. The blocks that fill the gorge are developed 

from edges of rock produced in situ, but also many blocks are provided by mass was-

ting downward valley slopes or cliffs collapses (tallus). 

 It always exists an underground water-carry, usually a sinking stream, that is, a superfi-

cial stream pirated into the cave system  

In this paper only O Folón and A Trapa systems are taken into consideration because 

they are the best developed multi-level cave systems studied in the area. 

Forms and structural fabric in granite caves 

In granite bodies, there are distinguished 3 systems of fractures: horizontal and vertical, 

mainly planes, and the curved joints of exfoliation of variable orientation. This last system 

is due to shear stress that acts on the rock during the intrusive stage: 

"Sketches presented by Thomas (1978) and also Twidale (1982), and in them it may 

be seen that the frequency of the planes of discontinuities fades progressively with 

the depth when moving from the outer to the inner part of the pluton. According to 

this, the morphology of the different types of granite forms would be predetermined 

by the characteristics of the jointing (frequency, morphology, dimensions, relati-
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onship among joints, spatial orientation, etc.) and, therefore, the morphology of the 

granite landscapes will depend more on the endogenous factors (essentially tecto-

nics and jointing) than exogenous factors (erosion, weathering) though it is un-

doubtedly that these latter contribute decisively in the process as they help to expo-

se the rock on surface. This does not go against the fact that the exogenous 

processes (eolian, fluvial, glacial, of marine erosion, of chemical etching, etc.) are 

able to generate specific forms like rills, pits and pans, pot holes, etch platforms, 

ventifacts, etc.." (Vidal Romaní, 2008) 

Patterns of cave passages 

The passages that make up granite caves tend to be of two types, those that are more or 

less horizontal and those that are more or less vertical. By definition passages are the 

voids defined by continuous limits or/and granite blocks, large enough for human entry. 

Voids enclosed inside granite cave systems can be divided in three groups: those limi-

ted by continuous rock, those defined by removed but not collapsed blocks, and finally the 

collapsed areas. 

The distribution and geometry of passages within a cave are dictated by a combination 

of local lithologic, structural and hydrologic factors (Veni, 2005). In the granite cave sys-

tem of O Folón (Vigo) and in A Trapa (Tui), these systems capture the superficial waters 

as in the classic karst channelizing them in the subterranean cavities. Palmer and Veni use 

the terms "sinking stream", "tap-off passages" and "pirated into" to describe this pheno-

menon. Subterranean water circulation formed passages along discontinuities which tend 

to be narrow and linear, with tight-angle turns and intersections with other passages. Then 

subterranean water-carry seems to be developed and adapted to the local conjugated sub-

vertical discontinuities (Vaqueiro et alli, 1998; Vaqueiro, 2003; Vaqueiro et alli, 2006). 

(See fig. 2). 

This correlation between subvertical discontinuities and the subterranean drainage has 

been observed in other granite cave systems: A Porteliña (Vigo), A Cunchosa (Cangas) 

and O Cebro (Pindo)  

Also, the collapses and other vertical movements of blocks seem to be determined by 

the same sets of discontinuities  

In accordance with Palmer (2005), the most common cave pattern is a network maze, 

which consists of intersecting fissures/fractures arranged in a pattern like that of city 

streets. Locally, and related to horizontal discontinuities, there exists a braided pattern of 

intersecting tubes, usually arranged two- dimensionally along a single parting or disconti-

nuity (anastomosic mazes)  

 
(see next page) Fig. 2. Patterns of cave passages from four different structural systems: Plant 

views from O Folón, A Trapa and A Furna systems are plotted in mode "colour by depth" (this 

option causes the cave to be a colour by depth where the deepest part of the cave is coloured 

Blues and Purples, while the highest parts of the cave are coloured Red and Yellows). Drainage is 

always from the highest part of the system to the deepest level. Survey plant views from O Folón 

and A Porteliña show the correlation between the subvertical sets of fractures and the main water-

carry. They have been distinguished the sinking stream (dark blue arrows) and subterranean 

springs (light blue arrows) 



148 

 

 



149 

 

Passage morphology 

In granite systems it is interesting to consider and classify two types of passages: first, 

neo-passages developed by opening fractures; and second, conduits or water-carry passa-

ges. The first type cuts the oldest cave pattern when collapses or block movements are 

produced. 
 

 

Fig. 3. Cross-sectional patterns of conduits. 

By definition, conduits are those voids (passages) that transmit or also have capacity to 

transmit turbulently flowing water in karst (Veni, 2005). 

It is important to note that in granite systems a "conduit cross-section" is determined 

from partial passages surveyed and projected over the same cross-section plane: due to the 

chaos of blocks it is impossible to visualize directly the conduit morphology and their li-

mits are obtained from superimposed and correlated voids. This "union" of partial passa-

ges, closing the voids between continuous rocky walls, are called "complex cross-

sections" and represent the transversal profile of the subterranean canyon developed by the 

erosional water stream. 

The morphology of the conduits is related firstly to the characteristics of the disconti-

nuity system (orientation, opening grade of the fissure related at the same time to the mo-

vement of the blocks which delimit it). Secondly, it depends on the incision process of the 

drainage network (normally vertical) that in karstic systems gives rise up to 3 types of 

transversal profiles of conduits: phreatic, vadose and incised passages. 
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The cross-sectional patterns of passages observed in granite systems are similar to those 

described by Veni (2005) for karstic systems s.s.. The most common cross-sectional pat-

terns are vadose and incised passages. 

The upper and intermediate levels of a keyhole cross-sectional pattern have circular to 

elliptical cross- sections. It has been observed that these levels are closed and adapted to 

the shear bands related to the sheet structure, and almost the size and form of the cross-

section is directly correlated with the structural fabric of the shear band: usually, the ellip-

ses will be horizontal or diagonal, depending on whether the passage is enlarged along the 

pseudo-foliation of the shear band, but what is most relevant is that the enlargement of the 

cross-sections is confined along the shear band. The symmetry of these elliptical conduits 

could be produced by a roughly equal water pressure on all walls. 

Water levels in aquifer naturally decline over time as the land surface erodes, allowing 

groundwater to discharge from progressively lower elevations. Consequently, passages on 

cave level will often drain and become modified by the new vadose hydrologic conditions. 

The most common change is the incision of passage floors to drain water to the descen-

ding water table  

When a vadose passage is related to a vertical discontinuity (fracture or shear band), the 

final conduct is relatively high and narrow in cross section, especially where the hydraulic 

gradient is steep (waterfalls: O Folón and A Trapa Systems). But also vadose conduits 

may be broad when they are originated by water circulation along a subhorizontal planar 

fissure or at least not very inclined, for example exploiting a shear band corresponding to 

the sheet structure. 

As their flow is gravitational, most vadose passages tend to have a strong component 

down the dip of the rock strata. In karstic caves phreatic passages show no consistent rela-

tion with the dip, except when that is the only direction to potential outlets or when pro-

minent fractures also extend in that direction. But in granite systems main conduits are re-

lated to the shear bands enclosed by the sheet structure and passages evolve adapted and 

bounded by the structural fabric. 

In many cases, water from one passage will be captured or pirated into another passage 

with a steeper hydraulic gradient. These passages are known as tapoff passages. In grani-

tes caves the most important changes observed on cave morphology have been produced 

by an abrupt change in the water carry, commonly by a pit or shaft, which pirated the wa-

ter in a deep level. 

Cave development 

Given that caves are formed by flowing water, cave development is strongly controlled 

by base level elevation. These caves are developed in the vadose zone (above base level), 

and underground streams carve narrow canyons that lead downward in the fastest manner 

possible until the base level is reached (Anthony, 2005). 

O Folón Cave has developed taking advantage of the discontinuity system of the granite 

massif. The formation of the cavity is carried out in two stages. During the first one, the 

subedaphic weathering advances in depth along the system of discontinuities encompassed 

with the incision of the drainage network (ruled by isostatic, eustatic or tectonic move-

ments). Weathering produces alterites that infilled the discontinuities by water infiltration. 
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Fig. 4. Complex cross-section: Sector Pozo Cabrón - Cova da Cascada - X:Xebas. O Folón Cave. 

In this figure are showed the correlation between like key-hole passages and the main structural 

discontinuities: Many broad circular to moderately elliptical, smooth-walled tubes are sit over a 

narrow vadose canyon that is cut into its floor. These circular-elliptical tubes are developed and 

bounded along horizontal to moderately sloping shear bands. 
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During the second stage, water infiltrations produce mechanical erosion thus cleaning of 

alterites progressively, and the cavity becomes free of obstacles. So, water circulation be-

comes easier and the erosion contributes to enlarge the pseudokarstic system producing 

other types of forms as potholes, rills, etc.. Once there exists a great availability of space, 

the rock blocks may move or fall giving rise to the present aspect of the cavity, mix of 

block chaos and straight passages along the big discontinuities  

Comparing many complex cross-sections along the system, different superimposed pa-

leo-levels or paleo-flows have been observed (Vaqueiro, 2007). 

Shear bands and polished elliptical cross-sections have been measured (location inside 

the system, passage direction, i.e. the compass bearing (azimuth) measured from the loca-

tion, and the inclination or slope angle of the pseudofoliation or passage dip). Values are 

resumed in table 1 and are partially showed in figure 5. 

 

Point Dip Direction System  Notes 

Pozo Bernardiño 25,2º N345ºE Fc  

Folón XIII 18,3º N220ºE Fc  

Salida Folón XIII 14,7º N345ºE Fc  

Laberinto Superman 11,9 – 12,7º N330ºE Fc  

Laberinto Superman 24,5º N10ºE Fs  

Burbulla 71,0º  Fv   

Paso da Moura 22,7º N10ºE Fc  

Cascada  23,7º – 20,1º  Fc Archaelogical remain FL-1 

Encorvada 20,0º N15ºE Fc  

Arañeira 29,2º N315ºE Fs  

Sifón Xemelgos 11,2º N350ºE Fc  

Pozo Xemelgos 70,2º N240ºE Fv Archaeological remains FL-28/29 

Pozo Xemelgos 36,0º N60ºE Fs  

Pozo Xemelgos 12,5º N350ºE Fc Archaeological remains FL-28/29 

Rastro II – Areal 13,0º – 12,0º N350ºE Fc.  

Fondo Areal 78,0º N280ºE Fv Archaeological remain FL-11 

Rampa X.Xebas 22,0º – 32,0º  Fc  

Rampa X.Xebas 12,0º  Fc  

Laberinto X.Xebas 28,0º  Fs  

Laberinto X.Xebas 85,0º  Fv  

Pozo Cabrón 78,6º N240ºE Fv  

Pozo Cabrón 11,5º  Fc  

Tbl. 1. Data related to the main fracture systems of O Folón. Three groups of discontinuties takes 

an important role directing the cave development: One, denoted by Fc are shear bands characteri-

zed by a planar foliation which dip less than 20º; a second group, denoted by Fs, are big planar dis-

continuities dipping between 20 to 38º and seems to be related with subterranean rock slides; and 

the third group, denoted by Fv, are subvertical planes typically N170ºE and also N60ºE characteri-

zed by a strong dip sheet structure and also with a subvertical pseudo-bedding or suvertical foliati-

on). Main incised vadose canyons are related to Fv. 

 



153 

 

 

F
ig

. 5
. C

o
rrelatio

n
 b

etw
een

 co
n

d
u

its an
d
 th

e m
ain

 fractu
re sy

stem
s o

f O
 F

o
ló

n
. D

etailed
 p

ro
file o

f C
en

tral D
o

lin
e. A

rch
aeo

lo
g

ical 

rem
ain

s (ag
e an

d
 ty

p
e), d

etritic d
ep

o
sits an

d
 d

ated
 p

ig
o

tite d
ep

o
sits are p

o
in

ted
  



154 

 

 

Fig. 6. Discontinuities between sheets structures and their associated shears bands may have as-

sociated cavities and subterranean drainages. Two samples are showed: First a talus cave from 

Cobreiras - Touba do Brión cave system. And second, Lapa da Moura cave, a tafoni cave develo-

ped inside a shear band. In these examples water springs in caves flowing along the sheet planes. 
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The importance and the role of these shear bands can be analyzed in other types of ca-

ves: there have been studied many small caves, tafoni-like caves, related to shear bands 

and sheet structures: subterranean water spring is channelized though the shear band. This 

stream exploited stretching planes and in general all the joints (cross, longitudinal and flat-

lying) to penetrate from the upper shear band to the inner and subjacent levels (see fig. 6). 

Conduit stability 

The stability of the conduit is determined primarily by the fracture systems affecting its 

ceiling or vault (orientation of the discontinuities with respect to the pipe axis) and the 

characteristics intrinsic to the material. The curved joints of exfoliation of variable orien-

tation (sheet structures, shear bands,…) where broad levels of incised and vadose conduits 

are developed are discontinuities of great continuity cut also by the other families of dis-

continuities like stretching planes. Rocky wedges or large unstable blocks are developed. 

The stability of the conduit is determined from three factors: the size of blocks (effecti-

ve distance between discontinuities and degree of fracturation); the shear strength between 

the blocks (relation between the roughness index of the joint and the alteration-weathering 

inside the joint) and the local stress state (relation between the hydraulic affection by wa-

ter flowing across joints and the stress reduction factor of the rock massif). Note that 

structural systems are started out from the surface and the passages are located relatively 

close to the terrain surface (no more than 12 m below the surface), and then there is a low 

tensional stress with sub-superficial open fractures  

Cave evolution 

It is important to note that collapses are produced when a subjacent void exists  

Two types of collapses have been observed: breakdown collapses of conduits and rock-

slides. 

In the first type, breakdown is produced by a vertical movement of ceilings over the 

main subterranean canyon. Given that the collapsed rock will fill more space than when it 

was intact, it could extend to the upper cave levels and prevent further collapses. In this 

case, cave pattern is shown. In the second type, a big subterranean landslide is produced 

affecting important zones of the cave system. In O Folón and A Trapa systems, these glo-

bal movements seem to be guided by discontinuities, probably stretching planes, like dip 

slopes. In the case of O Folón, almost three big rockslides have been found out in different 

areas. The most important was in the big Central Doline, and it is formed by a landslide 

developed over a discontinuity which dips about 28º to the centre of the doline. Slides 

cause the opening of vertical fractures in the perimeter of the doline, many of them for-

ming neo-passages. The distance between the two borders of the fractures are more than 2 

m, and it implies a sliding of about 2,3 m  

These rockslides fill subjacent voids blocking previous subterranean water stream. Two 

associated phenomena have been observed: first, upstream the doline, a pool is formed 

and the water remains at the same elevation (the border of the doline) for long periods of 

time. Given that the cave stream is a sinking river, water stream fills the system till rea-
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ching the limit of the new doline and then the stream overflows. The second phenomena is 

that water erodes these collapsed blocks by finding a new way and forms a new water-

carrying cavities and conduits. In O Folón cave, this new conduit is an incised canyon de-

veloped by cutting the floor of previous flow-level. The water stream exploited also trans-

versal discontinuities (see also the plant view in figure 4), forming a new narrow meander-

anastomosed channel which drained water in favour of a low level while abandoned levels 

remain as paleo-flow levels. As the new drainage is developed down the collapse, perma-

nent sumping areas are developed. 

Varves deposits, rhythmite deposits have been found out upstream the doline preserving 

the record of the pool once occupying the abandoned level. These deposits are located in-

side neo-passages. 

Dating cave events 

Dating deposits located in cave passages allows scientists to correlate the development of 

the cave with regional events  

Five types of cave deposits in granite caves are considered: detritic and fluvial deposits; 

varves and rythmites; speleothems of pigotite; bones; and prehistoric to historic remains. 

Although granite systems are related to Pliocene erosional paleosurfaces, until now all 

dated deposits have been related to Holocene events. 

(see Tbl. 2). 
 

 Age BP O Folón A Trapa O Cebro O Forno Other granite caves 

Holocene 

events 

>1950 From Ro-

man times 
 X      X X 

1800-2750 

Iron Age 

Pigotite 

Varves 
       X 

2750-3750 

Bronze Age 
 X    X  X X 

3750-4700 

Coper Age 
 X      X X 

4700-6000 

Neolithic Age 
 X       X 

6000-11000 

Epipaleolothic 

Age 

         

Pleistocene 

events 
          

Pliocene 

events 
2800 kyr Paleosurface        

Tbl. 2. Datings in the granite systems closed to the Atlantic coast in Galicia. 
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The datings carried out for pigotite speleothems (from 1.8 to 3 kyr BP) and the ages of 

the remains of anthropic origin found in these systems (from the Bronze Age to the Neoli-

thic Age) confirm that at the end of the Pleistocene both caves have been already defined 

approximately with their present aspect, though some later subsidences were produced in 

certain zones of both caves  

Discussion 

The formation of the Galician cavity systems in granites is due to the usage of the structu-

ral fabric of rocky massifs by the weathering processes. The shear strain developed during 

the granite emplacement in the outer part of the granite intrusion generates first the sheet 

structure system and later the radial one. The weathering processes during the Lower Ter-

tiary (Paleogene) were canalized preferably through the discontinuities leaving them filled 

with regolith. Later, the caves were formed by the circulation of water through the discon-

tinuity planes cleaning the fissures and eventually enlarging them by physical erosion and 

allowing the formation of bigger conduits, so this explains that all the cavity systems are 

invariably associated with the rock structure. The water that fed the underground streams 

proceeded from the superficial drainage pirated through the network of discontinuities. 

The main subterranean conduits show a morphology tightly related to sheeting planes 

of highly variable attitude from subhorizontal to subvertical dip. Nevertheless, the water 

circulation was able to create new shapes on the channels other than the previous defined 

by the structure. The typical key-hole cross-section of the channels is thus a neo shape due 

to the continued incision of the subterraneous stream related to the lowering of the regio-

nal base level. 

The channels habitually show cross-sections either circular or elliptical. Both shapes 

seem to be related to water circulation in phreatic conditions. There have been observed 

shelving developments when the stream affects the successive slabs of the sheet structure 

during continued channel incision. 

So, the cave systems progress at first by the stream incision but subsequently by collap-

se/sliding of the slabs forming the walls of the channel into the void created by the water 

erosion. Sometimes the underground movements are recognized on surface by fields of 

dolines roughly aligned by the main axis of the subterraneous stream. 

Internal subsidences are also responsible for changes in the hydraulic regime of the 

stream transforming temporarily sections of the course in pool areas as showed by the 

rythmites that partially infill the caves. In turn, the abandon of parts of the channel for 

stream migration lets the growing of different types of speleothems as stalactites, stalag-

mites and flowstone whose dimensions depend on the magnitude and speed of the external 

contributions of water to the cavity. It may be thought that these types of deposits coincide 

with the end of the active stage of the cavity. The datings by radiocarbon of these speleo-

thems allow to establishing that the growth stage of the speleothems starts at the last stage 

of the evolution of the caves and continues at present. 
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Abstract 

The speleological exploration and research of quartzite karst caves began only half centu-

ry ago. The quartzite karst areas rich in caves are located in Guyana Highland (Venezuela, 

Brazil), Minas Gerais and Mato Grosso area (Brazil) and Northern Transvaal or Cape Pe-

ninsula in South Africa. But the most abundance of caves represents the areas of quartzite 

karst of the table mountains (tepuis) in Venezuela. First in detail explored caves were 

Cueva del Cerro Autana on Autana tepuy and caves on Sarisariñama plateau, explored in 

´70. Important progress constituted the discoveries on Auyán tepuy in ´80 and ´90. Very 

important discoveries of caves brought the exploration of plateaus Roraima and Churí 

(Macizó Chimantá massif) in the beginning of century. Nowadays, 25 localities in the 

world are longer than 1 km. Many of them are active fluvial caves with horizontal corri-

dors, similar to the corridors in caves of classical limestone karst with rare biologically 

mediated opal speleothems. The list of the longest quartzite caves, longer than 1 km con-

sists of 25 localities: Cueva Ojos de Cristal (Crystal Eyes Cave) in Venezuela – 16.14 

km/-73 m, Sistema Muchimuk – Colibri in Venezuela – 8.0 km/-160 m, Cueva Charles 

Brewer (+Cueva del Diablo) in Venezuela – 7.5 km/-110 m, Gruta do Centenario in Brazil 

– 4.7 km/-481 m, Gruta da Bocaina in Brazil – 3.2 km/-404 m, Cueva Juliana in Venezue-

la – 3.0 km/-45 m, Sima Auyán-tepuy Noroeste in Venezuela – 2.95 km/-370 m, Gruta das 

Bromélias in Brazil – 2.75 km, Cueva Zuna in Venezuela – 2.52 km/-90 m, Sistema de la 

Araña in Venezuela – 2.5 km, Sistema Akopán (Cueva Akopán + Cueva dal Cin) in Vene-

zuela – 2.5 km, Magnet Cave in South Africa – 2.49 km, Sima Aonda Superior in Vene-

zuela – 2.128 km/-136 m, Sima Aonda in Venezuela – 1.88 km/-383 m, Bat´s – Giant´s – 

Climber´s System in South Africa – 1.63 km, Caverna Aroe Jari in Brazil – 1,4 km, Toca 

do Chico Lino in Brazil – 1,35 km/-15 m, Krem Dam in India – 1.35 km, Sima Acopán 1 

in Venezuela – 1.376 km/-90 m, Sima de La Lluvia de Sarisariñama in venezuela – 1.352 

km/-202 m, Gruta Alouf in Brazil – 1.20 km/-294 m, Sima Menor in Venezuela – 1.158 

km/-248 m, Cueva Yanna in Venezuela – 1.08 km/-40 m, Sima Aonda 2 in Venezuela – 

1.05 km/-325 m, Cueva Eladio (Cueva del Maripak) in Venezuela – 1 km. 
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Foreword 

The most number of quartzite-karst caves are localized in the area of Venezuela´s table 

mountains. The quartzite speleology began right on this geographic area more than 30 

years ago... Why are just the caves so extraordinary and important discovery in the area of 

Guyana Highlands? All the table mountains – tepuis are builded by non-karstic sedimenta-

ry rocks – particularly by quartzites and quartzitic sandstones, represents one kind of 

world´s most resistant rocks! 

Autana & Sarisariñama – the beginning of quartzite karst explorations 

The speleology in world´s quartzitic massifs began on tepuis Autana (Colveé, 1972, 1973; 

Urbani – Szczerban 1974; Szczerban – Urbani, 1975; Szczerban – Gamba, 1973; Brewer-

Carías, 1972, 1973a, 1976a; Galán, 1982; Pérez La Riva, 1976; Pérez La Riva – Reyes, 

1976) and Juaua-Sarisariñama (Urbani – Szczerban 1974; Szczerban – Urbani 1975; 

Szczerban – Gamba, 1973; Brewer-Carías 1973b, 1976b; Nott, 1975). On Autana (1400 m 

n. m., Fig. 1), was known the cave, mentioned in Indian´s legends, wroted for the first ti-

me in 1782. In 1971 was explored and measured in lenght 395 m by expedition leaded by 

Ch. Brewer-Carías and after was in detail described (e. g. Urbani – Szczerban, 1974; Bre-

wer-Carías, 1976b). Cueva del Cerro Autana became the first in detail explored cave in 

quartzite rocks in the world. 

Mt. Sarisariñama (2300 m n. m., Fig. 2) has on its top two huge vertical depressions 

with up to 350 m (!) in diameter and with their walls the same deep. Cave depressions Si-

ma manor, 314 m deep and Sima menor, 248 m deep, explored in 1974 by scientific expe-

dition leaded again by Ch. Brewer-Carías, are drainaged to resurgences kilometres away 

(e. g. Brewer-Carías, 1973b, 1976b, 1983; Urbani – Szczerban, 1974; Szczerban – Urbani, 

1975; Szczerban – Gamba, 1973). The volume of 18 millions m3 makes from Sima Mayor 

(Sima Humboldt sensu De Bellard, 1974a, b; 1975; resp. Sima Brewer-Carías sensu Bre-

wer-Carías, 1974) the 5th bigest karstic cavern in the world. This locallity was explored 

by two expeditions: first leaded by Ch. Brewer-Carías (e. g. 1973; 1976b, 1980) 

and second – Polish-Venezuelan expedition leaded by F. Urbani (e. g. Zawidzki – Urbani 

– Koisar, 1976; Dyga – Székely – Zawidzki, 1977; CEDV, 1976; Kuczynski, 1976 a, b; 

Koisar – Solicki, 1977 a, b; Urbani, 1976). From the bottom part of the smaller chasm – 

Sima Menor (or Sima Martel sensu De Bellard, 1974a, b, 1975; resp. Sima Gibson sensu 

Brewer-Carías, 1974) lead off two branches to the cave segments called Cueva de la Cas-

cada and Cueva de los Guácharos. Nearby those localities is located an another huge cars-

tic colaps, called Sima de la Lluvia with the lenght 1.352 km, including Cueva de los Cris-

tales branch. 

Venezuela´s tepuis (Auyán etc.) 

The caves were explored also on another Venezuela´s tepuis. From Guaiquinima tepuy are 

known caves up to 130 m long (Szerban – Urbani – Colveé, 1977; Urbani, 1977). Caves 

on plató Sierra de Pacairima (Pacaraima) described Urbani (1977), Pérez La Riva (1977); 

(Bo. 4 – Bo. 7). National Speleological Cataster enumerate caves from Yuruaní tepuy 
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(Galán, 1982), Sierra Marutani (Bo. 9 – Bo. 19), Kukenán tepuy (Bo. 22 – Bo. 25), 

Acopán and Amurí (Bo. 40 – Bo. 53), Cerro Chirikayén (Bo. 90 – Bo. 91), small cavities 

from Río Aponguao catchment (Bo. 20 – Bo. 21). Galán (1988) enumerates the caves on 

partial tepuis of Jaua-Sarisariňama (3), Guaiquinima (9), Eutobarima (1), Aonda (8), Uru-

tany (2), Auyantepuy Norte (1), Tramén (1), Aguapira (15), Kukenán (5), Roraima (1) 

a Yuruani (2), in the vicinity of Santa Elena de Uairén – El Paují (4), Mt. Aponguao (2), 

Serrania Pereña (2), Chimantá (1) a Autana (3). In 1988 were 60 known quartzite caves in 

Venezuela, in total lenght of 14.504 km from states Estado Bolívar (57) and Territorio Fe-

deral Amazonas (3). Small caves were discovered on Ilú tepuy (Bo. 33), in Districto Ce-

deño (Bo. 56 – Bo. 82), Chimantá (Briceño – Schubert, 1992; Meaztu et al., 1995; SVE, 

1994). In Venezuelan´s cave bibliography state Ghneim (1999) all localities from Catastro 

Espeleológico Nacional; all “Bo.“ (Bolívar state) are created in quartzites (91 locallities), 

and some another are in Territorio Amazonas (“Am.“) (e. g. Cueva del Cerro Autana). 

Nowadays, we know more than 150 quartzite caves in Venezuela. Some from these are 

very interesting sites. 

In ´80 was explored Sima Aonda on Auyán tepuy (2560 m n. m.). International expedi-

tions leaded by Venezuelan, Italian and Polisch cavers explored here hundrets metres deep 

tectonic valleys with water streams connected occasionally by horizontal tunnels. These 

caves described by Galán (1983a, b, 1984), Inglese – Tognini (1993), Pezzolato (1993, 

1996), Piccini (1994), Gori et al. (1993), Barnabei et al. (1993), Carreño (1996), or Piccini 

– Mechia – Preziosi, Mecchia et al., Pezzolato et al. and Barnabei in monographic issue of 

Progressione (Bernabei, Ed., 1994) et al., became the deepest caves of South America and 

world´s deepest in quartzite. Sima Aonda Superior, 2,1 km long and initially 320 m, af-

terwards 362 m deep (Martínez, 1989; Urbani – Bordón, 1997), Sima Aonda 2325 m deep 

and Sima Auyan-tepuy Noroeste, 2.95 km long and 370 m deep (Barnabei et al., 1993; 

Bellomo et al. 1994; Bernabei, Ed., 1994; Piccini, 1995; Mecchia – Piccini, 1999). 

Caves in Brazil and rest of the world 

Another caves were discovered in Brazil (area of Mato Grosso and Minas Gerais state, 

e.g. Wernick – Pastore – Pires Neto, 1977; Auler, 2002; Travassos – Guimarães – Varella, 

2008), in Tchad, Niger, Algeria (e.g. Busche – Erbe, 1987), South Africa (e.g. Martini, 

1981, 1982, 1984, 1985). Gruta das Bromélias in Ibipotica massif, Minas Gerais state has 

2.75 km (Auler, 2004), also Magnet Cave (2.49 km; Martini, 1990, 1994) in Northern 

Transvaal and Bat´s/Giant´s/Climber´s Cave System in Cape Peninsula (1632 m; Truluck, 

1996) in South Africa became to the top 15 of world´s longest quartzite caves. In Brazilian 

Mato Grosso upland was in 1999 described Caverna Aroe Jari, 1.4 km long (Borghi – Mo-

reira, 2000, 2002). In the and of ´90 the Brazilian cavers explored, some already in ´50 

discovered, fissure caves Grutta do Centenario (3.8 km long/481 m deep), Grutta da Bo-

caina (3.2 km long/404 m deep) and Gruta Alaouf (1.2 km long/294 m deep) in Pico do 

Inficionado, Minas Gerais state (Faverjon, 2003; Auler, 2002; Rubbioli, 1996, 1998, 2001, 

2003; Dutra 1996b; Dutra, 1997; Hirashima, 1997; Perret 2001; Sausse 2001; Chaimovicz, 

2001; Rodríguez – Silverio, 2002; Dutra – Rubbioli – Horta, 2005) and other quartzite ca-

ves (e. g. Dutra 1996a). Rubbioli (1996) wrote, that the first map of quartzite cave was 

drowed in 1952 (Grutta do Centenario). In Meghalaya area between India and Bangladesh 
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is located 1.297 km long sandstone inlet cave Krem Dam, which corridors are open for the 

public as part of show cave (Oldham, 2003). 

Exploration in Venezuela 2002 – 2009 

The historic mark in the quartzite speleology was the year 2002, when was discovered 

unique cave in Venezuela (Ńmída – Audy – Vlček, 2003). During the Czech-Slovak expe-

dition from 2003 (Audy, 2003; Ńmída – Audy – Vlček, 2003; Audy – Ńmída, 2003; Vlček, 

2004; Ńmída et al. 2005b) were discovered extensive continuance of this cave, and another 

horizontal corridors on Roraima tepuy in border territory between Venezuela, Brazil 

and Guyana. Kilometres long active fluvial system of horizontal corridors in Cueva Ojos 

de Cristal (The Crystal Eyes Cave) was in the time of it´s discovery world´s unique (Fig. 

3). Cave was surveyed and documented during 2003 – 2007. This cave was for certain ti-

me the longest one in Venezuela (currently, limestone cave Cueva del Samán is the lon-

gest one in Venezuela – 18 km long) and nowadays, it is the longest quartzite cave in the 

world. After 2006, was 15.28 km long and 73 m deep (Vlček – Ńmída, 2007). In 2007 we-

re some new corridors in Cueva Ojos de Cristal measured and the length of whole cave ri-

sed to 16 140 m (Ńmída et al., 2008a, b, c, d; Vlček et al., 2008). 

In Chimantá massif (2698 m n. m.), Ch. Brewer-Carías discovered in 2004 another ca-

ve, which becam the greatest quartzite cave in the world. It was documented also by 

Czech-Slovak-Venezuelan speleologists in 2004 – 2007 (Fig. 4). Cueva Charles Brewer 

(The Charles Brewer Cave) was 4800 m long and consists of only two giant branches 

(Brewer-Carías, 2005a). The chambers are someplace 100 m (!) wide with flat ceilings in 

the 40 m (!) hight. The volume of chambers is comparable with the greatest chambers 

from limestone caves in Laos, Borneo or New Guinea (Ńmída – Audy – Mayoral, 2005a, 

b, c, d, e; Ńmída et al., 2004a, b; Audy – Ńmída, 2005 a, b; Ńmída et al., 2005a, 2007; 

Ńmída – Brewer-Carías, 2005; Ńmída – Brewer-Carías – Audy, Eds., 2005). On Chimantá 

were discovered and documented by Czech-Slovak-Venezuelan and Croatian speleologists 

many of large caves, in 2007. One of them, also Sistema de la Araña (Ńmída et al., 2007; 

Audy – Tásler – Brewer-Carías, 2008; Ńmída et al., 2008 a, b, c, d, e), 2.5 km long. The 

unusual an interesting biospeleothems were observed in these caves (Aubrecht, 2005; 

Aubrecht et al. 2007, 2008; Brewer-Carías, 2005b). 

After the discoveries of Cueva Ojos de Cristal, came the Venezuelan-Spainish-English 

team of cavers to Roraima, remapped the part of system and renamed it to Cueva Roraima 

sur (Galán – Herrera, 2005; Galán – Herrera – Carreño, 2004; Galán – Herrera – Astort, 

2004; Carreño – Urbani, 2004; Carreño – Blanco, 2004; Galán et al., 2004; Pérez – Car-

reño, 2004; Carreño et al., 2005). On Wei-Assipu (called also Roraimita, 2400 m a. s. l.) 

discovered the Venezuelans also small caves (Carreño – Nolla – Astort, 2002), on Ku-

kenán tepuy the Slovak expedition also small horizontal fluvial caves (Vlček – Ńmída, 

2007). Cerro Aracaima massif in Brasilian part of Guyana Highland in 2006 brought an 

important discovery – Abismo Guy Collet (Epis, 2006) 670.6 m deep – the deepest quart-

zite cave in the world. Slovak-Venezuelan-Croatian expedition in 2009 discovered and 

documented new huge caves in Chimantá massif and connected Cueva Charles Brewer 

with Cueva del Diablo to one cave system, 7.5 km long, documented Cueva Juliana (3.0 

km long), Cueva Zuna (2.52 km long), Cueva Yanna (1.08 km long) and discovered and 
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documented Cueva Colobri (4.0 km long). This expedition with following one Slovak-

Czech-Venezoelan expedition discovered in 2009 two very important caves, which were 

connected to one large system Sistema Muchimuk – Colibri with length of 8.0 km and de-

nivelation 160 m (Ńmída, 2009). This cave system is genetically connected with Cueva 

Charles Brewer. By the results of the last survey and measuring the ends of their main 

passages are located just few meters, one from the other. Audy – Kalenda (2010) and 

group of scientists and explorers lead by Ch. Brewer-Carías mean about one cave system 

included these two caves with length of 17.8 km.Nowadays, the cave system Cueva Char-

les Brewer with the hall “Gran Galería Karren y Fanny” (400 000 m3) and the passages of 

average 30 × 60 m, is the largest cave in quartzites in the world. The Italian team in the 

same time on the same place discovered new corridors in Sistema Akopán (2.5 km long) 

and Cueva del Maripak (Cueva Elladio, 1 km long). Until now, to the table mountains of 

Venezuela were realized more than 40 speleological expeditions, were explored and do-

cumented 18 karstic areas with more than 150 quartzite caves with total lenght about 60 

km. 

The list of 25 quartzite caves longer than 1 km 

1) Cueva Ojos de Cristal (Crystal Eyes Cave, Jaskyňa kryštálových očí) 

16.14 km/-73 m 

Venezuela 

Roraima tepuy, Estado Bolívar 

B. Ńmída et al. (SSS, CSS, GE SVCN, SVE 2003 – 2007) 

2) Sistema Muchimuk – Colibri 

8.0 km/-160 m 

Venezuela 

Churí tepuy, Estado Bolívar 

B. Ńmída et al. (SSS, CSS, GE SVCN, 2004 – 2009) 

3) Cueva Charles Brewer (+Cueva del Diablo) 

7.5 km/-110 m 

Venezuela 

Churí tepuy, Estado Bolívar 

B. Ńmída et al. (SSS, CSS, GE SVCN, 2004 – 2009) 

4) Gruta do Centenario 

4.7 km/-481 m 

Brazil 

Serrra do Caraça, Minas Gerais 

G. M. Dutra (Grupo Bambuí, 2005) 

5) Gruta da Bocaina 

3.2 km/-404 m 

Brazil 

Serrra do Caraça, Minas Gerais 

G. M. Dutra, (Grupo Bambuí, 2005) 

6) Cueva Juliana 
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3.0 km/-45 m 

Venezuela 

Churí tepuy, Estado Bolívar 

B. Ńmída et al. (SSS, GE SVCN, 2007 – 2009) 

7) Sima Auyán-tepuy Noroeste 

2.95 km/-370 m 

Venezuela 

Auyán tepuy, Estado Bolívar 

F. Urbani (SVE, 1996) 

8) Gruta das Bromélias 

2.75 km/ 

Brazil 

Conceição da Ibitipoca, Minas Gerais 

A. S. Auler (2004) 

9) Cueva Zuna 

2.52 km/-90 m 

Venezuela 

Churí tepuy, Estado Bolívar 

L. Vlček et al. (SSS, GE SVCN, 2007 – 2009) 

10) Sistema de la Araña 

2.5 km/ 

Venezuela 

Churí tepuy, Estado Bolívar 

M. Audy et al. (CSS, GE SVCN, 2007) 

11) Sistema Akopán (Cueva Akopán + Cueva dal Cin) 

2.5 km/ 

Venezuela 

Akopán tepuy, Estado Bolívar 

www.tepui.info (La Venta, 2009) 

12) Magnet Cave 

2.49 km/ 

South Africa 

Northern Transvaal 

J. Martini (1990, 1994) 

13) Sima Aonda Superior 

2.128 km/-136 m 

Venezuela 

Auyán tepuy, Estado Bolívar 

F. Urbani (SSI, SVE, 1996) 

14) Sima Aonda 

1.88 km/-383 m 

Venezuela 
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Aonda tepuy, Estado Bolívar 

SVE (1983), SSI, SVE (1993 – 1996) 

15) Bat´s – Giant´s – Climber´s System 

1.63 km/ 

South Africa 

Cape Peninsula 

T. Truluck (1996) 

16) Cueva Eladio (Cueva del Maripak) 

1,7 km/ 

Venezuela 

Churí tepuy, Estado Bolívar 

SSS, CSS, La Venta (2009) 

17) Caverna Aroe Jari 

1,4 km/ 

Brazil 

Chapada dod Guimarães, Mato Grosso 

L. Borghi, M. I. C. Moreira (SBE, 1999) 

18) Toca do Chico Lino 

1,35 km/-15 m 

Brazil 

Laminárias, Minas Gerais 

G. M. Dutra (1996) 

19) Krem Dam 

1.35 km/ 

India 

Meghalaya 

T. Oldham (2003) 

20) Sima Acopán 1 

1.376 km/-90 m 

Venezuela 

Acopán tepuy, Estado Bolívar 

UEV, SVE (1993) 

21) Sima de La Lluvia de Sarisariñama 

1.352 km/-202 m 

Venezuela 

Sarisariñama, Estado Bolívar 

FPA, SVE (1976) 

22) Gruta Alouf 

1.20 km/-294 m 

Brazil 

Minas Gerais 

M. Faverjon et al. (2003) 
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23) Sima Menor 

1.158 km/-248 m 

Venezuela 

Sarisariñama, Estado Bolívar 

FPA, SVE, GE SVCN (1976) 

24) Cueva Yanna 

1.08 km/-40 m 

Venezuela 

Macizó del Chimantá, Estado Bolívar 

L. Vlček et al. (SSS, GE SVCN, 2009) 

25) Sima Aonda 2 

1.05 km/-325 m 

Venezuela 

Aonda tepuy, Estado Bolívar 

SSI, SVE (1993) 

 

Fig. 1. Cerro Autana – one of the smallest tepuis, with Cueva del Cerro Autana (395 m) – the 

first in detail explored quartzite cave. Photo by Ch. Brewer-Carías 
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Fig. 2. Top of Sarisariñama plateau with quartzite-karst collapses more than 300 m in diameter. 

Photo by Ch. Brewer-Carías 

 

Fig. 3. Cueva Charles Brewer (7.5 km) – the most spacious cave in quartzite rocks in the 

world. Photo by J. Stankovič 
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Fig. 4. Cueva Ojos de Cristal (16.14 km) – the longest one in quartzite rocks. Photo by P. 

Medzihradský 
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