
Z. Geomorph. N. F. Berlin · Stuttgart Juni 2006 

Cave genesis in the Alps between the Miocene and today: 
a revtew 

by 

PHILIPPE AuDRA, Nice, ALFREDO BINI, Milano, FRANCI GABROV~EK, Postojna, 
PHILIPP HA.usELMANN, Wien, FABIEN HoBLEA, Chambery, 

PIERRE-YVES }EANNIN, La Chaux-de-Fonds, ]URIJ KuNAVER, Ljubljana, 
MICHEL MoNBARON, Fribourg, FRANCE ~u~TER~I~ Ljubljana, 

PAOLA ToGNINI, Barzago, HuBERT TRIMMEL, Wien, 
and ANDRES WILDBERGER, Ziirich 

with 6 figures and 1 table 

Summary. Progress in the understanding of speleogenetic processes, as well as the intensive 
research carried out in the Alps during the last decades, permit to summarise the latest know
ledge about Alpine caves. The phreatic parts of cave systems develop close to the karst 
watertable, which depends on the spring position, which in turn is generally related to the val
ley bottom. Thus, caves are directly linked with the geomorphic evolution of the surface and 
reflect valley deepening. The sediments deposited in the caves help to reconstruct the morpho
logic succession and the paleoclimatic evolution. Moreover, they are the only means to date the 
caves and thus the landscape evolution. Caves appear as soon as there is an emersion of lime
stone from the sea and a watertable gradient. Mesozoic and early Tertiary paleokarsts within 
the Alpine range prove of these ancient emersions. Hydrothermal karst seems to be more wide
spread than previously presumed. This is mostly due to the fact that usually, hydrothermal 
caves are later reused (and reshaped) by meteoric waters. Rock-ghost weathering is described 
as a new speleogenetic agent. On the contrary, glaciers hinder speleogenetic processes and fill 
caves with sediment. They mainly influence speleogenesis indirectly by valley deepening and 
abrasion of the caprock. All present datings as well as morphological indications suggest that 
many Alpine caves (excluding paleokarst) are of Pliocene or even Miocene age. Progress in dat
ing methods (mainly the recent evolution with cosmogenic nuclides) should permit, in the near 
future, to date not only Pleistocene, but also Pliocene cave sediments absolutely. 

Zusammenfassung. Hohlenentstehung in den Alpen vom Miozan bis heute: eine Ruck
schau. - Das zunehmend besser werdende Verstehen von hohlenbildenden Prozessen sowie 
intensive Forschung in alpinen Hohlen wahrend der letzten Dekaden erlauben eine Riick
schau auf die Entstehung alpiner Karsthohlen. Die phreatischen Hohlenteile entwickeln sich 
nahe des Karstwasserspiegels, der von der Hohenlage der QueUe abhangt. Diese wiederum 
steht zumeist in Zusammenhang mit dem Talboden. Deshalb sind Hohlen direkt mit der geo
morphologischen Entwicklung der Oberflache gekoppelt und geben die Taleintiefung wieder. 
Die in den Hohlen enthaltenen Sedimente helfen mit, die morphologische Abfolge und die 
palaoklimatische Entwicklung zu rekonstruieren. Mehr noch: sie sind die einzigen Mittel, um 
Hohlen und damit die Landschaftsentwicklung zu datieren. Hohlen entstehen, sobald Kalk
stein iiber den Meeresspiegel gehoben wird und ein hydrographischer Gradient entsteht. 
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Mesozoischer und fri.ihtertiarer Palaokarst in den Alpen zeugt von diesen alten Verkarstun
gen. Bydrothermaler Karst scheint weiter verbreitet zu sein, als bisher angenommen wurde. 
Dies, wei! hydrothermale Bohlen spater zumeist von meteorischen Wassern benutzt und so 
iiberpragt werden. Phantom-Verwitterung von unreinen Kalksteinen ist eine neu beschriebene 
Art der Bohlenbildung. Dagegen verlangsamen oder stoppen Gletscher hohlenbildende Pro
zesse und fi.illen die Bohlen mit Sediment. Sie beeinflussen die Bohlenentstehung hauptsach
lich, indem sie die Taler eintiefen und den Kalk i.iberlagernde Schichten abtragen. Aile vor
handenen Datierungen sowie morphologische Indikationen deuten darauf hin, dass viele 
alpine Bohlen (ausser dem alteren Palaokarst) pliozanen oder miozanen Alters sind. Die 
Emwicklung absoluter Datierungsmethoden (vor allem die Entwicklung der kosmogenen 
Nuklide) diirfte in naher Zukunft ermoglichen, auch pliozane Bohlensedimente zuverlassig 
zu datieren. 

Resume. Nouvelles considerations sur Ia genese des cavites dans les Alpes depuis le Miocene. -
Les progres dans Ia comprehension des processus speleogenetiques ainsi que les recherches 
intensives conduites dans les Alpes depuis quelques decennies donnent de nouvelles clefs a Ia 
comprehension des cavites alpines. Les parties noyees des reseaux karstiques se developpent a 
proximite de Ia surface piezometrique, qui est determinee par Ia position de !'emergence, elle
meme generalement dependance de Ia position du talweg. Par consequent, les cavites sont 
directement en liaison avec I' evolution geomorphologique superficielle et enregistrent l'appro
fondissement des vallees. Les sediments pieges dans les cavites permettent de reconstituer les 
phases morphogeniques et !'evolution paleoclimatique. De plus, ce sont les seules possibilites 
de dater les grottes et en consequence I' evolution des paysages. Les grottes se form em des lors 
que les calcaires emergent et qu'un gradient hydraulique est present. Les paleokarsts du Meso
zo'ique et du Paleogene attestent de ces emersions precoces. Le karst hydrothermal semble 
beaucoup plus frequent qu'envisage auparavant, car les circulations posterieures om souvent 
gomme les indices hydrothermaux originels. La fantomisation est decrite comme un nouvel 
agent speleogenetique. En revanche, les glaciers om plutot ralemi les processus speleogene
tiques et colmate les cavites. Leur influence n' est qu'indirecte, par l'approfondissement des val
lees et le decapage des couvertures impermeables. L'ensemble des donnees chronologiques et 
morphologiques montrent que Ia plupart des cavites alpines (a I' exception des paleokarsts) sont 
d'age pliocene ou meme miocene. Les progres des methodes de datation (particulierement 
l'essor recent des nucleides cosmogeniques) devrait permettre de dater les sediments karsti
ques, non seulement pleistocenes mais egalement pliocenes. 

1 Introduction 

The progress in speleological exploration and theoretical bases of speleogenetic prin
ciples (AuDRA 1994, ]EANNIN 1996, PALMER 2000) permitted to recognise the poten
tial of caves for the study of landscape evolution, valley deepening and thus erosion 
rates and climate changes on a wider regional scale (HA.usELMANN et al. 2002, BINI et 
a!. 1997). Most of the information that is sheltered within the cave's morphology and 
sediments is no more available at the surface, mainly due to the intensive erosion, 
especially during the glaciations. 

The aim of this article is to give information about the general facts of cave gen
esis, that is then usable to reconstruct the evolution of the landscape and its timing: 
Part 2 presents the latest results concerning cave genesis and their strong link with 
the landscape at the surface. Part 3 deals with new concepts about early speleogene
sis, including paleokarst, hydrothermal karst, and pseudokarst. Many theories sup
ported a strong link between caves and glaciers, thus suggesting that caves are mainly 
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of Quaternary age. But today, it can be shown that many caves are older than the 
glaciations and that glaciers generally are rather hindering speleogenetic processes. 
Part 4 consequently presents evidence for a high age of cave systems, based on the 
relationship between surface, climate, and cave sediments. In Part 5, ages obtained by 
different dating methods prove that karst genesis in the Alps is not related to the Qua
ternary alone, but reaches back as far as the Cretaceous, even though most of the dat
ings deal mainly with the Quaternary. This is due to the fact that dating methods are 
still evolving. 

Setting 

The Alpine belt extends from Nice (France) to Vienna (Austria). Its area is divided 
into seven countries (France, Switzerland, Italy, Liechtenstein, Austria, Germany and 
Slovenia). Karst landscapes are found in each of the countries, the largest karst areas 
are found around the main range. All massifs are dissected by deeply entrenched val
leys which divide continuous structures into different physiographic units. Annual 
precipitation varies between 1,500 to more than 3,000 mm. The described caves are 
mentioned within the text with the massif where they are found (e. g. Eisriesen
welt/Tennengebirge). The massifs are located on fig. 1. 

The French Western Prealps consist of folded and thrusted massifs of mainly 
Cretaceous rocks. The elevation is generally between 1,000 and 2,000 m. The Vercors 
displays a landscape of ridges and valleys, whereas the Chartreuse presents a steep, 
inverted relief. 

• Genova 

IOOkm 

Fig. 1. Map of the alpine karsts with localisation of the mentioned massifs (karst areas after: 
Buzw & FAVERJON 1996, MrHEvc 1998, STUMMER & PAVUZA 2001, WrLDBERGER & PREISWERK 

1997). 
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The Central Swiss Alps harbour the highest alpine karst areas at Jungfrau 
(3,470 m a. s.l.). The Siebenhengste (2,000 m a. s.l.) are located north of Lake Thun, 
and the Hi::illoch-Silberen area (2,450 m a. s.l.) in Central Switzerland. They consist 
of nappes of Cretaceous and Eocene rocks. 

The Italian Southern Alps are located to the south of the Insubric Line. The 
series of carbonate rocks range in age from Carboniferous to Cretaceous-Eocene. 
They are deformed and displaced by S-vergent thrusting and large scale folding. The 
elevation ranges from 200 m to 2,400 m a. s.l. 

The Northern Calcareous Alps in Austria are composed of a slightly folded suc
cession of Trias limestones and dolomites with a thickness of more than 1,000 m, in 
some parts covered by jurassic limestones. Large plateaus extend from 1,800 to 
2,200 m a. s.l. 

In the Slovenian Alps, the Julian and the Kamnik Alps correspond to the roots 
of the Austrian nappes. Thus the landscape is often similar, with plateaus and narrow 
steep ridges which are dominated by high peaks reaching more than 2,800 m a. s.l. 

2 General concepts of speleogenesis 

The topic of cave genesis, in relation to geology, climate, dissolution kinetics, and 
other related fields, has been a subject of interest for many decades. The basics of cave 
genesis are beyond the scope of this paper. The reader can refer to the most compre
hensive and up-to-date work Speleogenesis: Evolution of Karst Aquifers (KLIMCHOUK 
et al. 2000). 

2.1 Genesis of caves and morphology of passages related to watertable position 

Water flowing into limestone corrodes and erodes the rock. Driven by gravity and 
geological structure, it flows down more or less vertically, until it reaches either the 
karst water table or impermeable strata. Then it continues flowing more or less hori
zontally towards the spring, collecting water from other lateral passages. Water flow
ing in the vadose (unsaturated) zone can only erode the floor of a gallery. Therefore, 
with time, a meandering canyon is created. On the other hand, water flowing within 
the phreatic (saturated) zone can corrode a passage over its whole cross-section, so 
that an ideally rounded passage forms (fig. 2). The morphologies that are preserved 
once the watercourses have been abandoned give information about the prevailing 
position of the phreatic zone during the genesis of the galleries. 

2.2 Recognition of speleogenetic phases and relation to the spring 

Within the saturated zone, two geometric types of conduits prevail (FoRD 1977, 
2000): 1) the watertable caves, represented by horizontal conduits located at the top 
of the saturated zone; 2) the looping caves, represented by vertically lowering and ris
ing conduits, whose amplitude may reach as much as 300 m. 

With the help of the passage's morphology, speleogenetically distinct phases can 
often be recognised. In the first step, the ascending and descending phreatic tubes 
(loops) that have been created by the same waterflow are followed. The top of these 
tubes indicates the minimum elevation of the corresponding water level. Then, the 
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floodwater level 

tube 

Fig. 2. An undulating phreatic tube is co-fed by a vadose meandering canyon, whose shape 
turns into a tube below the floodwater table. The arrow marks the transition from vadose to 
phreatic. 

transition of vadose canyons into phreatic tubes gives an absolute indication of the 
karstwater level. This level is usually in perfect accordance with the top of the loops 
(fig. 2). One often observes an inclination of the water table of the order of 1 to 2 
degrees. Because of this inclination, the definition of the water level is difficult. For 
obvious reasons it is done with reference to the presumed spring level. Observations 
show that when flooding, the water does not rise uniformly from the lower, perma
nently flooded galleries, but that the systems often function in the "filling-overflow" 
manner (H.AusELMANN et al. 2003 ). This means that the water rises from upstream 
parts until it reaches a threshold leading into lower galleries, which in their turn are 
filled. The transition from meandering canyon to phreatic tube takes place at the top 
of the epiphreatic zone, thus creating the inclination toward the spring. Below the 
transition, the overall morphology of all galleries is phreatic, in spite of the vadose 
torrents sometimes prevailing. Therefore, we conclude that in the epiphreatic zone, 
phreatic corrosion is predominant and vadose entrenchment negligible. Because of 
this inclination, the definition of the water level is difficult between different, but sep
arated parts of a cave system, unless there are horizontal water table caves. There has 
to be proof that the observed paleo-water tables are really controlled by spring posi
tion and not by geological structures (impervious barriers or levels such as folds or 
faults). 

2.3 Succession of speleogenetic phases, cave levels recording base level changes 

If the spring lowers slowly and gradually, the cave system behind also adapts gradu
ally by entrenchment to the new situation: no distinct phases exist. If the lowering of 
the spring occurs rapidly, followed by a time of relative stability, the flowpath read
justment in the cave system also occurs rapidly and a next speleogenetic phase devel
ops. Calculations have shown that, once a small paleo-conduit has been formed, caves 
may evolve very rapidly, i.e. within a few 10,000 years, to reach penetrable size 
(PALMER 2000). Through pre-existing or newly created soutirages (H.AusELMANN et 
al. 2003), the water reaches the spring level and creates a new karstwater table, which 
then controls the evolution of the next phase (fig. 3). Former conduits, presently 
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perched in the vadose zone, are abandoned as a dry level. Provided that the speleo
genetic phases reflect the deepening of the valleys during time, then they give infor
mation for the reconstruction of paleorelief. Equivalent information at the surface is 
usually no longer present, mostly due to the erosion by the youngest glaciations or 
river incisions, by slope dynamics or by sediment deposition. 

It has to be noted that in some cases, the base level may rise even within the 
Alpine domain (post-messinian infilling of the overdeepened canyons in the south
ern part of the Alps; FELBER & BINI 1997). This caused a drowning of pre-existing 
karst systems and a reactivation of previously vadose or abandoned passages (Toc
NINI 2001). 

2.4 The relation between morphology, climate, and sediments 

It has been shown above that cave morphology depends on the position of the 
epiphreatic water table. The size of the passage, however, depends (among other, 
mostly geological factors) on time and flow rate. WoRTHINGTON (1991) puts forward 

epiphreatic gallery 

main spring _ ~ 

~ perenn.watertable ~~~ 
....___... "'''1\. . -"' ./ soutirages 

'- , tlow towards spring " 

underflow 
perenn. protogallery 

Fig. 3. Schematic flow system. Black= main (epiphreatic) gallery; light grey= soutirages 
(downward) and upflow (upward); dark grey= perennial phreatic conduit. 

s St. Beatus Cave 

l 
"""'""'haoh) N 

-1 km 

Fig. 4. N-S-projection of Barenschacht and St. Beatus Cave with the recognised phases. The 
numbers are the elevations (in m a. s. I.) of the corresponding spring. Phase 558 is the present 
one. 
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that there is an "equilibrium size" of a phreatic passage for a given flow rate. After 
this size is attained, the passage hardly grows anymore, and a growth above this size 
is mainly dependent on an increase in flow rate. Such an increase is only possible 
either by capturing another catchment area, or by increased precipitation. Given a 
specific catchment, the passage size should therefore reflect, to a certain extent, the 
precipitation and thus the climate. 

This theory was applied in the Siebenhengste area to assess the connection of the 
Schrattenfluh, which has a linear distance of about 20 km to the Siebenhengste 
springs. Volume comparisons of the passage sizes of speleogenetic phases of different 
age indicated an increase of at least double the original size between cave phase 700 m 
and 660 m (see fig. 4 ). The same principle can be used also to point out a reduction in 
the catchment area due to topographic variation, particularly to valley entrenchment, 
which often causes a dissection of the karst systems. 

In contrast to the surface, flow within the cave is limited to the passage size. 
Therefore, an increase in water supply directly reflects an increase in head pressure 
and therefore in flow rate. So, the presence of gravel within a passage indicates a huge 
flow, whereas silt indicates almost stillstanding conditions of the water. Coupling the 
information from cave plan (directions and size of the galleries), morphology, and 
sediments, a picture of climate and climate changes can be made at the same time as 
information about the surface morphology is gained (HA.usELMANN 2002). 

3 New concepts about speleogenesis 

3.1 The influence of early phases: paleokarst, hypogenic karst and pseudokarst 

3.1.1 Syn- and post-sedimentary paleokarsts 

The term "paleokarst" summarises all karst features that are not related at all to pres
ent or near-present water circulations. Since most of the caves (including fossil tubes) 
that can be entered are related to present rivers and valleys, they are not considered 
as paleokarst, but, at the maximum, as fossil karst. 

Some paleokarsts have been formed during or immediately after the sedimenta
tion of carbonate platforms, mainly in Upper Trias age (Calcare di Esino/Grigna; 
Dachsteinkalk/Northern Limestone Alps). Dolines, pockets and red paleosoils inter
fere within the cyclic sedimentation of the so-called loferitic succession. Under a pre
mature diagenesis, dissolutional and concretional phenomena (as for example the evi
nosponges, BINI & PELLEGRINI 1998) form highly porous discontinuities, as do the 
dolomite-filled fractures that contain iron oxides from paleosoils. Other paleokarst 
had been set up after the emersion of the limestone strata. They now are fossilised by 
Jurassic cave sediments (Prealps of western Switzerland, Julian Alps), Upper Creta
ceous sandstone (Siebenhengste), Eocene sands (Vercors), or Miocene conglomerates 
(Chartreuse). In the Julian Alps, many paleokarstic caves have been filled with car
bonate mud and later were completely lithified, so that - presently - a paleocave is 
just a portion of somehow differently coloured solid rock. All of those paleokarsts 
are totally obstructed and not connected to the present water circulations, even if 
they might have guided the placement of later cave systems. 
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middle Miocene 

2 
Messinian 

late Pliocene 

Fig. 5. Pseudoendokar t cave sy tern in the: m<trly-silicated Moltrasio Lime tone: of Mt. Bis
bino, Lake of Como (ToGNrNI 1999, 2001). 1- Late Oligocene-Early Miocene: The tectonic 
structure was achieved during the nco-a lpine pha e. "rom Late Oligocene onwards uplift 
raised the area above sea level, producing a gentle relief dissected by valleys. 2-3- MjddJe-Late 
Miocene: According to very long base level stability under warm and humid climate, deep soils 
develop. With very low gradiem and water movements, weathering pr gressively penetrates 
deeply into the water-filled zone. Uplift gradually deepens the valleys. 4- Messinian: Valley 
dramatically entrench watertable lowers, inducing an active .flow. The weathered rock-ghost 
arc er ded away by piping, causing the formatio n of cave sy tern which extend progressively 
in size and complexity. Steep hydraulic gradienr prevent a further weathering at depth. The 
present remnams of rock-ghosts mark the maximal depth (700 m) reached b weathering that 
corresponds to the presenL 500- 600 m altitude. With a continuous entrenchment, p eudoen
dokarsts become perched and only "classical» cave y cern develop bel w. 5- Early-MiddJe 
Pliocene: P eud oendoknrstic cave sy terns already got their pres em arrangemcm and stopped 
developing. However, pedogcnetic processes occulTed cominuous l ince the beginning of 
continemal evolucion. 6- Late Pliocene-Quaternary: Sequences of sediment erosion and de
position are developing, e. g. lacustrine caves sediments recording the presence of the margin 
of the Adda glacier close to the caves entrances. Speleothem formation is enhanced during 
interglacials. 
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3.1.2 Hydrothermal caves related to tectonic build-up 

Some caves are clearly hydrothermal in origin, proved by typical corrosional features 
originating from convection cells (p.ex ceiling cupolas) and sediments like large cal
cite spar. They are mentioned in the Glarus Alps in Jurassic limestone (WILD BERGER 
& PREISWERK 1997), at Grigna (BINI & PELLEGRINI 1998), within the Dolomia prin
cipale at Tremezzo/Lake of Como, which by the way is not very karstified, within 
marble lenses in the Inner Alps, Valtellina and Bernina, in the Provence (AuDRA et al. 
2002), in the Julian and Kamnik Alps (SusTERSIC 2001). Those hydrothermal upflows 
are usually located near huge thrust and strike-slip faults. Such karstifications created 
well organised cave networks which later had generally been re-used by "normal" 
gravitative flow after uplift above the base level. Since this change has mostly deleted 
the marks of their origin, they are only conserved when rapidly fossilised. 

3.1.3 Pseudokarst creating rock-ghosts (cave phantoms) 

Models of apparent karst features that were created by processes other than pure dis
solution are called pseudokarst. The phantomisation (rock-ghost weathering) was 
recently described as a major agent of karstification in impure limestones (VERGARI 
& QuiNIF 1997). Weathering of such limestones along fractures, mainly due to pedo
genetic processes in a warm and humid climate and with a long-term stability of the 
base level, caused the limestone cement to dissolve. The impurities were kept in place, 
preserving the parent material textures and structures. Rock porosity increases up to 
30-35%, causing a dramatic increase in hydraulic conductivity. This weathered mate
rial is called rock-ghosts, or phantoms. After a base level lowering below the phan
tomised rock, the increase in hydraulic gradient generated fast flow across the highly 
permeable residual material and caused its erosion by piping. Thus cave systems sim
ilar to the "normal" ones were created. Their different origin may be traced by some 
peculiar features (weathered walls, regularly spaced 3D network, brisk change in pas
sage morphology, dead-end gallery terminations with conservation of the ghost of the 
weathered host-rock at the end of the passage, ToGNINI 2001). After the piping event, 
the rock-ghosts remained perched on an unweathered rock, in which only "classical" 
karst processes adapted to the new base level began to be active. An example of cave 
phantom formation is shown in fig. 5. 

3.2 Complex relationships to glaciers 

Some older theories supported a direct relationship between glaciations and genesis 
of cave networks through glacial meltwater. However, more recent datings (U/Th, 
paleomagnetism) and fieldwork has clearly proven that many caves are older than the 
glaciations. The role of the glaciers seems to be mostly limited to valley deepening, 
base level rising and subsequent sedimentation of the conduits (AuDRA 1994, BINI 
1994, HA.uSELMANN 2002). The genesis of new caves only takes place in certain con
texts, where the glacial influence often is only indirect. 
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sage altitude and old karst levels. Karst development began during rhe Oligocene beneath rhe Augensteine (1 ). During the Miocene, horizontal 
systems developed with alpine water inputs (2), showing different levels (3) rc.lated w successive phases of stability: Ruinenhohlen (4) and Riesen
bohlen (e. g. Eisriesenwelr- 5). Following Pliocene uplift, alpine systems developed (c. g. Cosa Nostra-Bergerhohle- 6). Horizontal rubes at the 
entrance correspond to a Miocene level (7). A shaft series (6) connect to horizontal rubes from Bergerhohle-Bierloch (8), corresponding to a 
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3.2.1 Glacial processes mainly fill caves 

In the Alps, glaciers were temperate with flowing water. Since the ice itself and gla
cial sediments are prone to obstruct the preexisting springs, a large glacier body in a 
valley may rise the karstwater level 500-600 m higher than the original base level 
(Bergerhohle/Tennengebirge, fig. 6). A rising karstwater level caused small flow 
velocities and therefore deposition of fine-grained carbonate-rich sediments. Since 
this carbonate flour could not be dissolved by the natural aggressivity of the water, it 
implies that a chemical erosion of the walls around the cave is also very improbable. 
Old concretions that show almost no erosional features are another proof. The only 
means to enlarge the cave would be mechanical abrasion which is also improbable 
because of the small discharge. We conclude that the genesis of deep-seated cave con
duits is not favoured during glaciations (AuDRA 1994 ). 

In contrast, interglacials induce the presence of vegetation and soil at the sur
face. Both elements greatly enhance the C02 content of the water (Bocu 1978), but 
reduce the amount of debris washed into the cave. So, the water has a much higher 
initial acidity and is therefore enlarging the caves. Water in the vadose zone reaching 
a passage is usually close to saturation, upon contact with the cave air, it degasses 
C02 : speleothems form. In the low valleys with flat bottom, lakes filled the previ
ously overdeepened valley and kept the watertable high. Therefore, in spite of the 
sometimes considerable valley deepening by glaciers, the karst water table could 
never reach the total depth of the valley, blocking thus the genesis of deeper cave lev
els (Kanin). Nevertheless, in the South Alpine domain, the fluvial valley deepening 
may have allowed deep (and today submerged) karstification. 

As a general conclusion, a warm climate induces passage growth and speleothem 
deposition, whereas a cold climate generally tends to obstruct the lower passages by 
sediments. 

3.2.2 Glacial sediments covering older speleothems: cave systems 
may predate glaciations 

Some sediments correspond to very old glaciations, according to paleomagnetic 
measurements that show inverse polarity: Ofenloch/Churfirsten (MuLLER 1995), 
grotte Vallier/Vercors (AunRA & RocHETTE 1993 ), Crnelsko brezno/Kanin (AuDRA 
2000). These sediments often overlie successions of alterites or massive flowstone 
deposits which in turn prove of a warm and humid climate, thus showing that the 
cave systems predate those glaciations. Some of the old speleothems are more or less 
intensely corroded by flowing water postdating their deposition. 

3.2.3 Conditions for cave development connected with glacial activity 

Glacial abrasion at the surface and erosion in the vadose zone. At the surface, the gla
cial activity is without doubt responsible for the abrasion of a variable amount of 
bedrock (50-250 m), which has surfaced old conduits that previously were deeply 
buried. This is manifested by wide open shafts, cut galleries and arches. During the 
glacial melt, the meltwater disappeared in distinct sectors. As soon as fractures were 
connected to preexisting conduits, they enlarged quickly and thus formed the "inva-
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sion vadose shafts" (FoRD 1977), which can reach several hundred meters of depth: 
Granier, Silberen, Kanin (KuNAVER 1983, 1996). The effectiveness of such meltwater 
is mainly due to its velocity in the vertical cascades as well as their abrasive mineral 
load originating from bedrock and till material. 

Some new cave systems appear at the intra-Alpine karst due to glacial erosion. 
Thin limestone belts or marbles intercalated with metamorphic series were recently 
freed from their impervious cover. The caves still are more or less in direct relation
ship with the periglacial flow, and they act as swallowholes. Their morphology re
flects the cascading waterflow and has a juvenile form: Perte du Grand Marchet/ 
Vanoise, Grisons (WILDBERGER et al. 2001 ). At the Grotte Theophile/Grandes 
Rousses, U/Th datings evidenced that the cave had been active for at least two gla
cial-interglacial cycles that are marked by the sequence of passage-forming/filling 
with gravel/sinter deposition (AunRA & QurNIF 1997). 

The lower phases of huge cave systems are indirectly generated by glacial valley
deepening. While it is hypothesized that the uppermost cave systems in many areas 
of the Alps are older than the glaciations (see Part 4 below), the lower passages often 
are of Quarternary age, since they are related to valleys of evidently glacial deepen
ing. In this respect, glaciers are indirectly responsible for the creation of new cave pas
sages, as is evidenced in many places (Siebenhengste, Chartreuse, and Vercors). This 
is starkly contrasting to the South Alpine domain, where the valleys were deepened 
during the Messinian event. Here, the glaciations contributed merely to the infilling 
of the preexisting valleys. Thus, most of the South Alpine cave systems are thought 
to be older than the glaciations. 

4 Morphologic and topographic evidences for a high age of cave systems 

Some existing caves and karst features correspond to a different topography than 
today and therefore have to be older than the present landform. In the first paragraph, 
the position and morphology of the caves are compared with today's landscape, 
whereas in the second, the sediments contained within the cave are analysed. In the 
third part, links between caves and well-recognised paleotopographies are explained. 
All those indications are clear evidence for a high age of cave systems. 

4.1 Cave systems unconsistent with the present topography 

4.1.1 Perched phreatic tubes 

Conduits with a tubular morphology are present at various elevations, sometimes 
perched considerably above the present base level (table 1, yd column). They clearly 
correspond to different periods of time and elevations of the base level. At the 
Siebenhengste, the highest phases even show a flow direction opposite to the pres
ent one. 

4.1.2 Caves intersected by current topography 

Old perched caves are often segmented by the lowering of the surface. Several types 
of surface lowering that postdates the speleogenetic event can be distinguished: 
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- At the surface of karst plateaus by glacial abrasion (Grigna, Dolomites, Triglav, 
Kanin, Tennengebirge ... ). 

- Along the valleys, by retreat of the valley flanks (Adda, Adige, Salzach, Isere): Pian 
del Tivano, Mt. Bisbino, Mt. Tremezzo, Campo dei Fiori (Southern Alps), 
Paganella (Dolomites). Such systems, formerly united and now fragmented, are 
difficult to be tied together. 

4.1.3 Dimensions too large with respect to the present catchment and climate 

The dimensions of some conduits are far too large compared with the present catch
ment area, thus proving that the older catchment areas feeding the conduits had been 
much larger, but now is truncated by erosion (Eisriesenwelt/Tennengebirge (fig. 6); 
Antre de Venus/Vercors; Snezna jama na Raduhi/Kamnik Alps, Siebenhengste, Pian 
del Tivano, Campo dei Fiori/Southern Alps). 

4.1.4 Spring location unadapted to the present base level position 

If the position of a spring is not due to a geologic perching above an impervious layer, 
it has to be at the base level. However, some rare cases attest that the springs didn't 
adapt to fluctuations of the base level: 
- Some of them are perched, demonstrating a retarded adaptation of the karst to the 

valley incision caused by rapid uplift (Pis del Pesio/Marguareis). 
- Others are presently submerged below the base level and hidden by alluvial fill or 

till (Emergence du Tour/ Aravis; Campo dei Fiori). They were set into their place 
before the base level rised and continue to function due to the high transmissivity 
of the sediment fill. 

A speciality is given when old vertical vadose caves are suddenly stopped by the 
present water table, proving that the horizontal drains are at much greater depth and 
completely drowned. Typical vadose morphologies (speleothems, karren) are known 
in some drowned conduits (Grotta Masera, Grotta di Fiumelatte/Lake of Como; 
Fontaine de Vaucluse/Provence). Here, the spring location is adapted to the present 
base level, but the caves are proof that the base level may, in some cases, also rise. This 
is especially true for areas affected by the Messinian crisis. 

4.2 Cave sediments showing evidence of a remote origin, 
different climate and old age 

4.2.1 Old fluvial material 

The presence of some sediments found in the caves is inexplicable with the present 
waterpaths. Big rounded pebbles found in caves perched high up the cliffs mean that 
a valley had to exist at this level, whose water went partly or completely underground 
upon reaching the limestone. Since then, the valleys deepened so that they are no 
more in contact with the perched massifs (Salzach/Salzburg Alps; Granier/Char
treuse). Often, such gravel has a petrograpy and mineralogy that is not found in the 
present rocks. They are issued either from caprock that has disappeared long ago 
(Fontana Marella, Campo dei Fiori) or from distant catchments, as prove the fluvial 
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pebbles (Augensteine/Northern Limestone Alps in Austria), quartz sandstones 
(Slovenian Alps), fluvioglacial sediments (Lake of Como). 

4.2.2 The record of climatic changes in the subterranean sediments 

Often, the analysis of the sediments evidences climate changes, with a change from bio
static conditions, marked by the rarity of allogenic sediments, towards rhexistatic con
ditions, with lots of allogenic sediments. These sediments come from the erosion of 
soils in a context of climate degradation and general cooling. They usually are inter
preted to reflect the climatic change in the Pliocene, before the onset of the glaciations. 
Such sediments are present in most of the old cave phases, which therefore should be 
older than the end of the Pliocene: Grotte VallierNercors; Tennengebirge (AuDRA 
1994 ), Campo dei Fiori (BINI et al. 1997), Monte Bisbino (ToGNINI 2001 ). In the 
Dachstein-Mammuthohle, which dates back to the Tertiary and shows a phreatic tube 
perched 1,000 m above the Traun valley, flowstones grown during the interglacials in
terfinger with a series of debris-flow conglomerates of glacial origin (TRIMMEL 1992). 
In the Grotta di Conturines/Dolomites, the mean annual temperatures deduced from 
the 180 of speleothems were between 15 and 25°, which implies that the cave was filled 
with the spelothemes in a warmer climate within the Tertiary, possibly also in a lower 
altitude than it is found today (FRISIA et al. 1994). Furthermore, in many caves, either 
the conduits or the flows tone have been deformed by late Alpine tectonic movements, 
for example: Grotta Marelli, Grotta Frassino/Campo dei Fiori (U GGERI 1992). 

4.2.3 Some dating results prov e the antiquity of cave systems 

The calculated age of old speleothems are regularly above the U/Th limits (700 ka, 
even 1.5 Ma according to the 234U/238U equilibrium (BINI et al. 1997); Tab. 1). The 
paleomagnetic measurements often show inverse magnetism, sometimes with multi
ple inversion sequences, proving of a very old age of the cave sediments. 

4.3 Links to an old topography 

The geomorphologic approach which uses external markers of old base levels (paleo
valley , paleoborders with a ociated sediments) that are well dated offers preciou 
po sibilitics for the dating of karst systems. ad ly, correlations are almost impossible 
up-to-dare due to the carciry of information. In the northern flank of the Alps, rhe 
glaciation often caused the remnants of an old topography to d isappear. T he south
ern Alp , less glaciated and better studied in this context, offer more pas ib il ities, also 
thank to the presence of guiding events like the Messin ian incis ion and the fo ll ow
ing Pliocene marine highstand. 

4.3.1 Old erosion surfaces 

The identification of old erosion surfaces is a precious tool in geomorphology. Large 
surfaces often top the relief and cut across very old caves that are difficult to link to 
an old drainage system because of their fragmented character. The cave systems devel
oping below those high surfaces are more recent, such as the stacked surfaces in the 



Table 1 Synthesis of informations about the quoted caves systems. 

Cave Massif Difference Darings Allogenic O ld sediments Partly eroded Presumed References 
system system in height, fluvial -weathered catchment, age of the 

horizontal pebbles soils large dimen- system 
cave levels/ - presendy sions nor rclar-
presem base removed c:d to present 
level covers topography, 
(m a.s.l.) t runcated 

by erosion 

France 

Ch.du Devoluy 2300/ 875 m > 780 ka Tertiary Upper Audra () 
Ill 

Goutourier (paleomag.) weathered soi ls Miocene? 1996 < 
(1) 

Gr. Vallier Vercors 1500/200 m Tertiary, Lower Tertiary Upper Audra 
(]Q 

yes (1) 

::s 
Pleistocene glacial weathered soils Miocene & Rochette (1) 

~ . 
varves (paleornag.) 1993 "' s· 

Reseau de Ia Chartreuse 1700/250 m >400 ka Cretaceous yes Upper Audra 1994 B-
Dent de (U/Th) sandstones Miocene? (1) 

>-Crolles ~ 
"' Grotte Grandes 1900/ 1850 m 95 ka (U/Th) Middle Audra & 

Theophile Rousses Pleistocene Quinif 1997 

Gr. de Provence No dating Miocene pebbles Artesian Tortonian Audra& a!. 
l'Adaouste 2002 

Systeme du Chartreuse 1500/1000 m > 1-1.5 Ma Upper - Cretaceous yes Upper Hoblea 
Granier (mu;mu Cretac. and sandstones, Miocene? 1999 

equiJibr., Oligocene - weathered 
paleomag.) limestone soils 

Switzerland 

Beatushohle - Sieben- 890/558 m > 350 ka Pleistocene Hause!- ...... 
Barenschacht hengste (U/Th) mann 2002 

0'-
'.J 
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Table 1 Continued. 
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Cave Massif Difference Darings Allogenic Old sediments P:mly eroded Presumed References 0" 
00 

system system in height, fluvial - weathered catchment, age of the 
horizontal pebbles soils large dimen·- system 
cave levels/ - presen tly sions no t relat-
presen t base removed ed ro presenr 
level covers topography, 
(m a.s.l.) tru ncated 

by erosion 

Switzerland (Continued) 

Jochloch Jungfrau 3470m Lower practically Lower Wild berger 
Pleistocene? no catch- Pleistocene & Preis-
(palynology) mem today werk 1997 

Ofenloch Churfisten 655/419m > 780 ka Pliocene Muller "'0 
?: 

(paleomag.) 1995 >-c:: 
Holloch- Silberen 1650/640 m > 350 ka (U/Th), Lower tl 

Silberensystem < 780 (palcomag.) Pleistocene? ~ ... 
'"' 

Italy t=:-

Battisti Pagan ella 1600 m > 1-1.5 Ma (234 UI Cherts from yes Oligo-
mu equi libr.) Eocene limestones Miocene 

Conrurines Dolomite 2775m > I- 1.5Ma(234U/ yes Oligo- Frisia 
mu equilibr.) Miocene & al. 1994 

Cap ana Pian del 900/200 m > 350 ka Boulders yes Oligo- Tognini 
Stoppani, Tivano (U/Th) from glacial Miocene 1999,2001 
Tacchi.-Zelbio sinkholes 

Grona dell' Mte 1000/200 m > 350 ka Miocene Tognini 
Alpe Madmna Bisbino (Uffh) 1999,2001 

CovoLi di Velo Mte 33-38 Ma yes Eocene and Rossi & 
Ponte eli Veia Lessini (K/Ar) Oligocene Zorzin 1993 

Grona On Campo 805 m > 1-1.5 Ma (234U/ Oligo-
the Road dei Fiori 238U equilibr.) Miocene 



Grotta Via Campo 1015 m > 350 ka (Uffh) Oligo-
col Vento dei Fiori Upper Plio. Miocene 

glacial sediments 

Grotta sopr-a Campo 1040 m Middle Conglomerate Ferralitic soils yes Oligo Zanalda 
Fontana dei Fiori Pleistocene w/crystalline Miocene 1994 
Marella (mjcrofauna) pebbles 

C iota Ciara- Monte Large Miocene yes Oligo Fanroni 
Cuitarun Ferrara fluvial pebbles Miocene &Famoni 
caves 199-1-

Austria 

Cosa Nostra- Tennen- 1600-1000/ > 780 ka yes Augensteine yes Miocene - Audra & al. 
Bergerhohle gebirge 500 m (paleo mag.) Upper 2002 () 

"' Pliocene < (1) 

Dachstein Trimmel 
CIQ 

Mammut- 1500-1300/ yes Augensteine yes Miocene (1) 

:;3 

bohlc 500m 1961, 1992; 
(1) 

~ -
Frisch & al. "' s· 
2002 '"' ::r 

Eisriesen- Tennen- 1500/600 m Low er Audra 
(1) 

yes yes > welt gebirge Pliocene? 1994 ...,... 
"' Feichtner- Kitzstein- 2000/ 1000 m 118 ka Pliocene? Audra 2001, 

schacht horn (U/Th) Ciszewski 
& Recielski 
2001 

Slovenia 

Poloska jam a Mt Osojnica 750/ 500 m yes 

Crnelsko Kanin 1400/400 m > 780 ka (palcomag.) Audra 2000 
brezno G lacial van·es 

Snezn3 Kamnik 1600/600 m 1.8 to 3.6 or yes yes yes Miocene? Bosak & a!. 
)3013 Alps 5 Ma (paleomag.) 2002 ...... 

Cl' 
'-.0 
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Vercors, of Eocene, infra-Miocene and Pliocene age (DELANNOY 1997). Flattened val
ley slopes, created by lateral corrosion of the rim of ancient depressions, have the 
same significance as perched valley bottoms. In the Vercors, Pliocene caves depend 
on them, such as the Antre de Venus and the Grotte Vallier (DELANNOY 1997). In the 
area of Varese (Lombardy), the Oligo-Miocene surface that cuts across limestone, 
porphyritic rocks and granites, is dissected by the late Miocene valleys that had been 
deepened during the Messinian (CITA & CoRSELLI 1990, FrNCKH eta!. 1984 ). 

4.3.2 Morphological and sedimentological evidences 
of pre-pliocene paleovalleys 

A fluvial drainage pattern of Oligo-Miocene age, incised in the relief, predated the 
Alpine tectonic events of the late Miocene. The drainage originated in the internal 
massifs, cut through the calcareous border chains, and ended in alluvial fans in the 
molasse basins. In the border chains, perched paleovalleys more than 1,500 m above 
the present ones (Salzburg Alps), as well as fluvial deposits coming from siliceous 
rocks (Augensteine/Northern Calcareous Alps; siliceous sands/Julian Alps (HABIC 
1992)), sometimes buried in caves near the valley slopes (Grotta di Monte Fenera/ 
Piemont, Grotta Fontana Marella/Campo dei Fiori) are found. 

In the northern flank of the Alps, these valleys had been destroyed by the deep
ening of the hydrographic network, aided by the action of the glaciers. In the South, 
the old valleys are deepened by the Messinian incision and filled by Pliocene sedi
ments (Lake of Como/ Adda, Varese, Tessin, Adige, Durance). As a consequence, the 
horizontal karstic drains that were linked to the old valleys had been truncated by 
slope recession, and are presently perched (Grotta Battisti/Paganella; Grotte Val
lier/Vercors; Pian del Tivano, Monte Bisbino (ToGNINI 2001); Campo dei Fiori 
(UGGERI 1992)). The almost generally observed input of allogenic waters coming 
from impermeable rocks upstream, combined with a tropical humid climate with 
considerable floods, explains the considerable dimensions of those caves. 

5 Age of Alpine karstification: from paleokarsts to recent mountain dynamics 

5.1 Paleokarst, a milestone for old karsts 

The study of paleokarsts is a separate domain. No alpine cave system has survived in 
its integrality from the periods predating the Miocene. In the Northern Limestone 
Alps in Austria, the possibility that caves of the highest level (Ruinenhohlen) may be 
relicts of an oligocene karstification has been discussed recently (FRISCH et a!. 2002). 
However, Paleogene paleokarsts are frequent, put into evidence after natural or arti
ficial removal of their filling: 
- Upper Cretaceous (Siebenhengste): Paleotubes and fractures in Lower Cretaceous 

limestone, filled with Upper Cretaceous Sandstone. 
- Eocene: Northern French Prealps (Vercors, Chartreuse): vast pockets covering the 

most external reliefs. 
- Upper Eocene and Lower Oligocene (Covoli di Velo, Ponte di Veia/Monte 

Lessini), large cavities infilled by basaltic intrusions that had been dated by K/ Ar 
(Rossr & ZoRZIN 1993 ). 
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In several regions (Vercors and Chartreuse, Monte Lessini), the karstification is 
more or less continuous from the Eocene onwards. However, the tectonic and paleo
geographic changes have only left dispersed paleokarsts. From the Miocene onwards, 
several massifs emerge from the molasse basins, thus allowing a karstification that 
continues today. 

5.2 Estimation of the first exposure according to molasse petrography 

The main phase of karstification begins when suitable rocks are exposed to the sur
face. Since the oldest remnants of karst often are eroded, it is possible to calibrate the 
beginning of the karstification by the foreland sediments (mainly the Molasse), which 
contain limestone eroded away at the surface. However, absence of evidence is not 
evidence of absence: sedimentary gaps are frequent, and a karst in biostatic conditions 
does not spread detritic elements towards the foreland. As a general rule, the Miocene 
molasse registered the beginning of the last big karstification phase, earlier in Italy, 
later in Switzerland: 
- Upper Oligocene-Lower Miocene (30 to 20 Ma) in the Southern Molasse, based 

on dated fluvial sediments located in paleovalleys (GELATI et al. 1988). 
- Lower Miocene (20 Ma) in the molasse south of Grenoble, corresponding to the 

erosion of the emerged anticlines of the Vercors and Chartreuse (DELANNOY 1997). 
- Lower Miocene (20 Ma) in the Austrian Nord-Alpine molasse, corresponding to 

the erosion of the Augensteine cover, which is of Upper and Middle Oligocene age 
(LEMKE 1984, FRISCH et al. 2000). 

- Upper Freshwater Molasse in the Eastern Swiss basin (Hornli fan, Middle 
Miocene 17-11 Ma) registered in form of pebbles the first erosion of Helvetic 
nappes (Siebenhengste, Silberen, SPECK 1953, BURGISSER 1980). 

5.3 Dating the youngest phases and extrapolation 

The most generally applied dating method is U/Th contained in the speleothems. In 
the best cases, it allows to go back as far as 700 ka- dating only the sediment contained 
within the cave and not the cave itself. The use of paleomagnetic dating permits, in 
some rare cases, to push back the datable range to 2.5 Ma. The use of cosmogenic iso
topes (GRANGER et al. 2001) is the only recent method that opens new possibilities, 
having a datable range of 300 ka up to 5 Ma. Another solution consists in dating low
er cave phases that are supposed to be younger, and in progressively going up the phas
es towards the oldest cave systems, until reaching the limits of the used methods. From 
the calculated rate of valley deepening, one can then extrapolate the age of the upper
most phases. Of course, such an approach can only give a general idea about the age. 

The lowermost phases of the Siebenhengste cave system, St. Beatus Cave and 
Barenschacht, have been dated by U/Th. The following ages have been obtained: 
Phase 558 began at 39 ka (max. 114 ka) and is still active today; Phase 660 was active 
between 135 and 114 (max. 39) ka; Phase 700 was active between 180 and 135 ka; and 
Phase 760 started before 350 ka and ended at 235 ka (fig.4). 

These age values indicate a general valley incision rate of 0.5 to 0.8 mm/a, with 
a tendency to slow down as the age gets higher. Extrapolation indicated an age of 
about 2.6 Ma for the oldest cave systems, at 1,850 m a. s. 1. Absolute cosmogenic dat-
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ing yielded an age of 4.4 Ma for the oldest sediment, contained in the second-highest 
cave phase at 1,800 m, showing a slower entrenchment in the older phases. 

Dating of the cave systems at Hoelloch/Silberen gave maximal rates of valley 
incision in the range of about 1.5 to 3.5 mm/a. 

5.4 Relative uplift rates and erosion volumes in sediment 

Uplift rates generally are calculated for long periods of time, taking the average of 
variable rhythms and integrating vast parts of the area, without taking into account 
block tectonics which can differ considerably from one massif to the other. In the 
same range, the estimated volume of the foreland basins only give a global approach. 
Such results only may give a general frame for validation. 

Modeling the fission-track measurements of the Swiss Central Alps (Reuss val
ley) give an average uplift of 0.55 mm/a (KoHL, oral comm. 2000) comparable to cal
culations of recent uplift (0.5 mm/a; LABHART 1992). 

Uplift is maximal in the central parts of the mountain chains, therefore the rocks 
are more deeply eroded in this area. As a consequence, the oldest caves had to have 
disappeared from the central zones, compared to the border chains where they are 
better preserved due to the slower erosion. 

6 Conclusion 

The examples mentioned above are distributed throughout the Alpine belt. There
fore, the conclusions drawn here are valid for Alpine caves at least, but they may be 
applied to other cave systems also. We put forward evidence for the following: 
- In contrast to some earlier views, caves are not directly linked to glaciations. On 

the contrary, there is evidence that during glaciations, caves mainly are filled with 
sediments, while they are enlarged during the interglacials. The main influence of 
glaciers upon speleogenesis is the deepening of the base level valley, thus inducing 
a new speleogenetic phase to be formed. 
U/Th datings, coupled with paleomagnetism, inferred a Lower Pleistocene to 

Pliocene age for several cave sediments. Fossil or radiometric datings of solidified 
cave fills (sandstone, volcanic rocks) gave ages reaching back to the Upper Creta
ceous. It follows that caves are not inherent to the Quaternary period, but are cre
ated whenever karstifiable rocks are exposed to weathering. Due to later infill, 
however, most explorable caves range from Miocene to present age. 
We have shown that caves are related to their spring, which is controlled by a base 
level that usually consists of a valley bottom. So, the study of caves gives informa
tion of valley deepening processes and therefore of landscape evolution. 
Caves constitute veritable archives, where sediments are preserved despite the 
openness of the system. The study of cave sediments gives information about the 
paleoclimate. Moreover, the linking of cave morphology and datable sediments 
allow to reconstruct the timing of both paleoclimatic changes as well as landscape 
evolution between the Tertiary and today. Differential erosion rates and valley 
deepenings can be retraced. Information of this density and completeness has dis
appeared at the surface due to the erosion of the last glacial cycles and the present 
vegetation. 
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- Correlations between well-dated cave systems may further the geodynamic under
standing of the Alpine belt as a whole. The location of most cave systems at the 
Alpine border chains is very lucky: since they are dependent on base level (in the 
foreland) and recharge and topography (towards the central Alps), they will 
inevitably register changes in both domains. Caves are therefore not only a tool of 
local importance, but may have a wide regional/interregional significance. 
The advances of modern dating techniques (cosmogenic isotopes, U /Pb in 
speleothems) will allow to gain more precise age information in the future, thus 
greatly enhancing the cave's potential for scientific research. 

- The messinian event influenced cave genesis over the whole southern and western 
sides by overdeepening valleys. However, the subsequent base level rising flooded 
those deep systems creating huge deep phreatic aquifers and vauclusian springs. 

Acknowledgements 

PH, PYJ and MM acknowledge the Swiss National Science Foundation for support of the 
Habkern Workshop (Grant No.21-62451.00) and for research support (Grant No.2100-
053990. 98/1 ). 

References 

The reader will find a complete bibliography, compiles by the authors of this paper, in: Hiu
SELMANN, PH. & MoNBARON, M. (eds.) (2001): Cave Genesis in the Alpine Belt.- Rapports de 
recherche, lnstitut de Geographie Universite de Fribourg, 156pp. 

AuDRA, PH. (1994): Karsts alpins, genese de grands reseaux souterrains. Exemples: le Ten
nengebirge (Autriche), l'Ile de Cremieu, Ia Chartreuse et le Vercors (France).- PhD The
sis, Univ. of Grenoble, Karstologia Memoires 5, 280pp. 
(2000): Le karst haut alpin du Kanin (Alpes juliennes, Slovenie-ltalie). Etat des connais
sances et donnees recentes sur le fonctionnement actuel et !'evolution plio-quaternaire 
des structures karstiques.- Karstologia 35: 27-38. 

AunRA, PH. & RocHETTE, P. (1993 ): Premieres traces de glaciations du Pleistocene inferieur 
dans le massif des Alpes. Datation par paleomagnetisme de remplissages a Ia grotte Val
lier (Vercors, lsere, France). - Compte-rendu a I' Academie des Sciences S. 2, 11: 1403-
1409. 

AunRA, PH. & QmNIF, Y. (1997): Une cavite de haute-montagne originale: Ia grotte Theophile 
(Alpe d'Huez, France). Role des paleoclimats pleistocenes dans Ia speleogenese. -
Speleochronos 8: 23-32. 

AunRA, PH., BIGOT, J.-Y. & MocoCHAIN, L. (2002): Hypogenic caves in Provence (France). 
Specific features and sediments.- Acta Carsologica 31(3): 33-49. 

AunRA, PH., QUINIF, Y. & RocHETTE, P. (2002): The genesis of the Tennengebirge karst and 
caves (Salzburg, Austria).- ].of Cave and Karst Science 64(3): 153-164. 

BINI, A. (1994): Rapports entre Ia karstification perimediterraneenne et Ia crise de salinite du 
Messinien: l'exemple du karst lombard (Italie).- Karstologia 23: 33-53. 

BINI, A., UGGERI, A. & QUINIF, Y. (1997): Datazioni U/Th effettuate in grotte delle Alpi 
(1986-1997). Considerazioni sull' evoluzione del carsismo e del paleoclima. - Geologia 
lnsubrica 2(1): 31-58. 

BINI, A. & PELLEGRINI, A. (1998): II carsimo del Moncodeno. - Geologia lnsubrica 3(2): 1-
296. 



174 PH. AunRA et al. 

BbGLI, A. (1978): Karsthydrographie und physische Spelaologie. - Springer Verlag, Berlin, 
292pp. 

BosAK, P., HERCMAN, H. MrHEVC, A. & PRUNER, P. (2002): High-resolution magnetostratigra
phy of speleothems from Snezna jama.- Acta Carsologica 31(3): 15-32. 

Bt'rRGISSER, H. M. (1980): Zur mittel-miozanen Sedimentation im nordalpinen Molassebecken: 
Das ,Appenzellergranit" -Leitniveau des Hi:irnli-Schuttfachers (Obere Siisswasser
molasse, Nordostschweiz) . -Mitt. Geol. Inst. ETH + Univ. Zurich, N.F.232: 1-196. 

Buzw, A. & FAVERJON, M. (1996): Grottes et speleologie en Italic.- Spelunca 61:31-50. 
CISZEWSKI, A. & RECIELSKI, K. (2001 ): Caves of the Kitzsteinhorn.- Polish Caving 1997-2001, 

Caving Commission of Polish Mountaineering Association, Krakow: 22-24. 
CITA, M. B. & CoRSELLI, C. (1990): Messinian paleogeography and erosional surfaces in Italy: 

an overview.- Palaeogeography, Palaeoclimatology, Palaeoecology 77: 67-82. 
DELANNOY, ].-]. (1997): Recherches geomorphologiques sur les massifs karstiques du Vercors 

et de Ia Transversale de Ronda (Andalousie). Les apports morphogeniques du karst. -
These d'Etat, Institut de geographic alpine, Grenoble, 678 pp. 

FANTON!, E. & FANTON!, R. (1991): Geologia del monte Ferrera: ipotesi sulla genesi del sistema 
carsico.- De Valle Sicida 2(1): 11-22. 

FELBER, M. & BINI, A. (1997): Seismic survey in alpine and prealpine valleys of Ticino 
(Switzerland): evidences of a Late Tertiary fluvial origin.- Geol. Insubrica l: 46-47. 

FrNCKH, P. G., KELTS, K. & LAMBERT, A. (1984): Seismic stratigraphy and bedrock forms in 
perialpine lakes. -Bull. Geol. Soc. Am. 95: 1118-1128. 

FoRD, D. C. (1977): Genetic classification of solutional cave systems.- Proc. of the 7'h Inter
nat. Congress of Speleology, Sheffield: 189-192. 
(2000): Speleogenesis under unconfined settings.- In: KLIMCHOUK et al. (eds.): Speleo
genesis: Evolution of Karst Aquifers: 319-324: National Speleological Soc., Huntsville. 

FRISCH, W., SZEKELY, B., KuHLEMANN, J. & DuNKL, I. (2000): Geomorphological evolution of 
the Eastern Alps in response to Miocene tectonics.- Z. Geomorph. N. F. 44: 103-138. 

FRISCH, H., KuHLEMANN, J., DuNKL, I., SzEKELY, B., VENNEMANN, T. & RETTENBACHER, A. 
(2002): Dachstein-Altflache, Augenstein-Formation und Hi:ihlenentwicklung - die 
Geschichte der letzten 35 Million en Jahre in den zentralen Ni:irdlichen Kalkalpen.- Die 
Hi:ihle 53(1): 1-36. 

FRISIA, S., BINI, A. & QurNIF, Y. (1994 ): Morphologic, crystallographic and isotopic study of 
an ancient flows tone (Grotta di Cunturines, Dolomites)- Implications for paleoenviron
mental reconstructions.- Speleochronos 5: 3-18. 

GELATI, R., NAPOLETANO, A. & VALDISTURLO, A. (1988): La Gonfolite lombarda: stratigrafia 
e significate nell'evoluzione del margine sudalpino.- Riv. Ita!. Pal. Strat. 94: 285-332. 

GRANGER, D.E., FABEL, D. & PALMER, A.N.(2001): Pliocene-Pleistocene incision of the 
Green River, Kentucky, determined from radioactive decay of cosmogenic 26Al and 10Be 
in Mammoth Cave sediments. -GSA Bull. 113(7): 825-836. 

HABIC, P. (1992): Les phenomenes paleokarstiques du karst alpin et dinarique en Slovenie. -
In: SALOMON, J.-N. & MAIRE, R. (eds.) (1992): Karst et evolutions climatiques. Hom
mage a Jean Nicod: 411-428: Presses universiraires de Bordeau . 

Hii.u ~LMANN, PH. (2002): Cave Genesis and its relationship with urface processes: lnv' riga
tions in d1e Siebenhengste region (BE, Switzerland).- PhD thesis, Univ. of fribourg, 
wirzerland, Hohlenforschung in der Region Sicbenhengste-Hohgam 6: 1- 168. 

ri.AUSELMANN, Pl-l.,JEANNlN, P.-Y., MONRARON, M. & L\URITZT::N, s. E. (2002): Reconstruction 
of Alpine enozoic paleorelief through the analysis of Caves at Siebenhengsrc (BE, 
Switzerland).- Geodinamica Acta 15: 261-276. 

HA.usELMANN, PH., }EANNIN, P.-Y. & MoNBARON, M. (2003): Role of epiphreatic flow and 
soutirages in conduit morphogenesis: the Barenschacht example (BE, Switzerland). -
Z. Geomorph. N. F. 47(2): 171-190. 



Cave genesis in the Alps 175 

HoBLEA, F. (1999): Contribution a Ia connaissance eta Ia gestion environnementale des geosys
temes karstiques montagnards: Etudes savoyardes. - PhD Thesis, Univ. of Lyon 2, 
995 pp. 

J EANNIN, P.-Y. ( 1996 ): Structure et comportement hydraulique des aquiferes karstiques. - PhD 
thesis, Univ. of Neuchatel, 248 pp. 

KLIMCHOUK, A., FoRD, D. C., PALMER, A. N. & DREYBRODT, W. (eds.) (2000): Speleogenesis: 
Evolution of Karst Aquifers.- National Speleological Soc., Huntsville, 528 pp. 

KuNAVER,]. (1983): Geomorfoloski razvoj Kaninskega pogorja s posebnim ozirom na glacio
kraske pojave (Geomorphological development of Kanin Mts with special regard to 
glaciokarstic phenomena). - Geografski zbornik 22: 197-346. 
(1996): On the location factor of the caves in upper Soca valley, with special regard to 
Kanin Mts. - Alpine Caves: Alpine Karst Systems and their Environmental Context. 
Proc. of the Internat. Congress, Asiago, Italy: 275-282. 

LABHART, T. P. (1992): Geologie der Schweiz- Ott-Verlag, Thun, 211 pp. 
LEMKE, K. (1984 ): Geologische Vorgange in den A! pen ab Obereozan im Spiegel vor all em der 

deutschen Molasse.- Geol. Rdsch. 73(1): 371-398. 
MrHEVC, A. (1998): Krasko povrcje.- In: PERKO, D. (ed.): Geografski atlas Slovenije: 90-91: 

Ljubljana. 
MuLLER, B. U. (1995): Die Hohlensedimente des Ofenlochs.- Stalactite 45(1): 25-35. 
PALMER, A. N. (2000): Digital modeling of individual solutional conduits.- In: KLIMCHOUK et 

al. (eds.): Speleogenesis: Evolution of Karst Aquifers: 194-200: National Speleological 
Soc., Huntsville. 

Rossr, G. & ZoRZIN, R. (1993): Nuovi dati sui fenomeni paleocarsici dei Covoli di Velo (Monti 
Lessini - VR). - Le Grotte d'Italia XVI (Atti XVI Congr. Naz. Speleol., Udine 1990): 
169-174. 

SPECK, ]. (1953 ): Gerollstudien in der Subalpinen Molasse am Zugersee und Versuch einer 
palaogeographischen Auswertung. - Kalt-Zehender, Zug, 175 pp. 

STUMMER, G. & PAVUZA, R. (2001): Karstverbreitungskarten Osterreichs.- In: GEYER, E. eta! 
(eds.): Speleo-Austria, Verein fur Hohlenkunde in Obersteir (VHO): p.45: Bad Mittern
dorf. 

SusTERsrc, F. (2001): Some characteristics of Alpine karst in Slovenia. - In: HXusELMANN, 
PH. & MoNBARON, M. (eds.): Cave Genesis in the Alpine Belt: 125-140: Univ. de Fri
bourg. 

ToGNINI, P. (2001): Lombard southalpine karst: main features and evolution related to tec
tonic, palaeogeographic and palaeoclimatic regional history - two examples of a global 
approach.- In: HXusELMANN, PH. & MoNBARON, M. (eds.) (2001): Cave Genesis in the 
Alpine Belt: 81-114, Univ. de Fribourg. 

TRIMMEL, H. (1961): Hohlenausfiillung, Hohlenentwicklung und die Frage der Hohlenbil
dungszyklen. - Memoria V della Rassegna Speleologica Italiana (Symposium Inter
nazionale di Speleologia, Varenna 1960): 49-65. 
(1992): Developpement des grottes des Alpes orientales au Pleistocene eta !'Holocene.
In: SALOMON,J.-N. & MAIRE, R. (eds.): Karst et evolutions climatiques. Hommage a Jean 
Nicod: 285-292: Presses universitaires de Bordeaux. 

UGGERI, S. (1992): Analisi geologico ambientale di un massiccio carbonatico prealpino 
(M. Campo dei Fiori, Varese): geologia, geologia del Quaternario, idrogeologia.- PhD 
Thesis, Univ. di Milano, 153pp. 

VERGARI, A. & QurNIF, Y. (1997): Les paleokarst du Hainaut (Belgique).- Geodinamica Acta 
10: 175-187. 

WrLDBERGER, A. & PREISWERK, C. (1997): Karst und Hohlen der Schweiz/Karst et grottes de 
Suisse/Carso e grotte della Svizzera/Karst and Caves of Switzerland). - Speleo Projects, 
Basel, 208 pp. 



176 PH. AunRA et al. 

WrLDBERGER, A., WEIDMANN, Y., PuLFER, T., ADANK, M. & STREBEL, R. (2001): Ruosna el 
Plaun Cumin (Laax), eine Ponorhohle im Btindner Oberland.- Actes du 11e Congrcs 
national de speleologie, Suisse: 231-234. 

WoRTHINGTON, S. R. H. (1991): Karst hydrogeology of the Canadian Rocky Mountains. -
PhD thesis, McMaster Univ., 227 pp. 

ZANALDA, E.· (1994): Dinaromys bogdanovi (Mammalia: Rodentia) from the middle Pleis
tocene of western Lombardy (Italy).- Riv. It. Paleont. Strat. 100: 143-148. 

Addresses of the authors: Dr. Philippe Audra, Equipe Gestion et valorisation de l'environ
nement, UMR 6012 "ESPACE" CNRS, University of Nice Sophia-Antipolis, 98 boulevard 
Edouard Herriot, BP 209, 06204 Nice cedex, France. audra@unice.fr- Prof. Dr. Alfredo Bini, 
Dipartimemo di Scienze della terra, Un.iversira di Milano, via Mangiagalli 34, 20133 Milano, 
Italy. alfrcdo.bini@unimi.it -Dr. Franci Gabrov5ck, K.1.rsr research In titU[e ZRC SAZU, 
Titov erg 2, 66230 Po tojna, lovenia, gabrov ek@zrc- azu. i- Dr. Philipp Hauselmann, 1n ri
rur fur angewandrc Geologie, Univcrsitat fi.ir Bodenkulrur, Peter-Jordan- tr. 70 1190 Wien 
Au tria. prae:z.i @gco.unibc..ch- Dr. Fabien Hoblca, EDYTEM., U niversitc de avoie, 73376 Le 
Bourget cedcx France. Fabien.Hoblea@univ-savoic.fr - Dr. Pierre-Yves Jcannin, u1stitut 
suisse de speleologie er de ko.rstologie (ISSKA), CP 818, 2301 La Chaux-de-Fonds, Switzer
land. picrre-yve .jeannin@is ka.ch- Prof. Dr.J unij Kunaver, Hubadova u]jca 16 6 I 000 Ljubl
jana, lovenia. jurij.kunaver@siol.net - Prof. Dr. Michel Monbaron, Depanement de gco-
ciences/geographie, Uni ersite de Fribourg, ch. du Musce 4, 1700 Fribourg, Switzerland. 

michel.monbaron@wlifr.ch- Prof. Dr. France Suhedic, Dept. f Geology NTF, University of 
Ljubljana, 1001 Ljubljana, Slovenia. france.sustcrsic@ntfgeo.uni-lj.si- Dr. Paola Tognini, via 
Santuario inferiore, 33/D, 23890 Barzago (LC), Italy. paolatognini@iol.it- Prof. Dr. Hubert 
Trimmel, Draschestrassc 77, 1230 Wicn, Austria. speleo.austria@netway.at- Dr. Andres Wild
berger, Dr. von Moos AG, Engineering Geology, 8037 Zurich, Switzerland. wildfisch@
bluewin.ch. 


	AudraEtAl20060001.pdf
	AudraEtAl20060002.pdf
	AudraEtAl20060003.pdf
	AudraEtAl20060004.pdf
	AudraEtAl20060005.pdf
	AudraEtAl20060006.pdf
	AudraEtAl20060007.pdf
	AudraEtAl20060008.pdf
	AudraEtAl20060009.pdf
	AudraEtAl20060010.pdf
	AudraEtAl20060011.pdf
	AudraEtAl20060012.pdf
	AudraEtAl20060013.pdf
	AudraEtAl20060014.pdf
	AudraEtAl20060015.pdf
	AudraEtAl20060016.pdf
	AudraEtAl20060017.pdf
	AudraEtAl20060018.pdf
	AudraEtAl20060019.pdf
	AudraEtAl20060020.pdf
	AudraEtAl20060021.pdf
	AudraEtAl20060022.pdf
	AudraEtAl20060023.pdf
	AudraEtAl20060024.pdf

